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ABS'I'EILC T 

CAPE YI l1 G RJ\..r.l.S 

A study 'iras rr::::.rle of t 1e rr.s:i-0-tic c:lE·ornosomes in aii.'-oried 

an� quality of dividi�g cells wero hest W�8n testioular rnq�c�ial was 

trea�nent nnd the c�lls were fi�Pd in sus�enR�_on with glacial acetic 

t e C'._hr�i que . Fourteen of the rams had a normal mitotic kary�type 
( r;!l yy) :=yl ./ '"i :f.. . -'· .1\. 

a Ha::>soy T, PasF,ey Il or K.asscy J"II Eobertso:rtian translocation and had 
tb e fo llo-,;.L-lg lfli toti c karyo ty _9s.s: 53, x�r, t ( 5q26q) ; 52, z:y, t ( 1)q26q_) " 

(5q26q); 53,xy,t(8q11q); 53jxy1t(7q25�l); 52,xy,t(7cl2:!y) t ('7q25q_L 

J,na.lys:i.s of p:ci'.I:a:cy s:r;srr-:�:toc.y-l.e e:clls s�wvn�cl thui. a �noclal 
number of 2'1 e:hrc-nosoioa�- eler.�Gflts 1·:as pTesent in no:!:TI!G.l rc-.rns, 1·rhile 
in both hetoi�ozygons and ho;r.czygons Ro'bertso:::1ic-.n trc.ns�_ocaticn-c:J.rriers, 

a modal nu:nber of 26 chromoscca.al elc:1ur::nts 1JP�� rec0rded. Heterozygous 

car.r.cers of tl1e th1··ec t:n)erJ o.�- F:Gbertso.c-:tl C:.i1 tran.s1c-·c.'3.ticms; which 
involved nc•:n·--homologoiJ.�=; chr-on:osoves, v:el'e cha:o:·::;ct;erizocl by the p:::·Gsence 

of a t:r-ivalent in cells at the diplotene, cl:i.e.ki11esis and metapha:=;e I 

s-k-;ges. The mods.l number- cf chromcscmal el€Elc-nts was reCOl'ded in 
over 80 per cent oi' the cells at dialcinesis and metc.phase I in the 
heten•z;yg-ous and normE:Ll rams ':rhile over '77 per ce.r.t of the cells in the 

Massey I homozy�ote and 90 per cent of the cells in the Massey III 

horrJozygote had modal cut.m.ts. An association 1)e"cvreE:n the sex bivaJent 

and a <:;mall autoso:nal bivalent vms recorded in '/. 5 per c;ent of the 

diakines:i.s-metaphase I cells frOJ!l normal rams and in beh1een ) . 4 and-
4.7 per cent of the cells from the translocation-carrying ra�e. 

Separation c:f the sex ch:comosomes 1·1as observed in 0. 5 to 1. 5 per cent 
of the diakinet:>is--:nebJ.phase I cells in both Hobn:tsor.i.an tnmsloca tion-

carrying and norrr.:al rams. 1-Iol'i'E:!Ver no evidence at metaphase II of the 



sex cr::comosome aneuploidy ezpt�cted if the two univalents disjoined 

at :�"l.ndom at fj_ rs t anaphase H<:ts observecL 

Eight ,I' seven me t:aphttse II figures from non:a.l rams and 

1 , � 46 metaphase II i'igures from Robertson:Lan t:cansloca tio:J-carryir:g 

rams ••ere recordeci. Detailed analysis of 1,131 celJs showed that 

over 80 per cent of the non-llO lyploid rJ.etaphase li fig-ures from the 

normal and. homo�oygous rams had eu ploid chrrJmof'.ome; c:.rt:'. counts. In 

contr:1st beh1een S4 and 67 per cent of the metaphase II figures from 

the heteroz::;;;z;ous rams 1-rere eup loi d . No hypermodo.l cells -.rere 

1·ecorded. at 111etc:.l)tase II in either the normal or homozygous ra:ns but 
fro� 4.5 to 9.2 per cent of the m etaphas e II cell s in the three types 

of beterozygmJ.s ;·am 1·rere hypermodal. The 1·esults obtained in tlJ.is 
the3is shov.red tho.t the proportion of cells ui th chromosome arm counts 

of 29 vras higher in the heterozygotes them in the nom,al or homozygous 

Robertsoninn translocation-carrying rams. 'I'here ':!ere significantly 

greo.ter r<umbers of c:ells ui th 29 chromosome arms than 1-rith 31 
chromosome arms in the three heterozygote classes i'rhich suggested that 

chromos ome loss due to lat;ging at first a�a})hase or technical 

manipulation , must have occur red in additicn to non-disjunction. 

Statistically significant differences iD chr omos o;:ne arm distri1YJ.tions 

were s:bown to exist bet1-;een rams 1·1hich VH:n:·e heterozygous for a 

particular translocation and rams 1·rhich Here homozygous for the same 

translocation er normal rams . In addition to differences between 

individual I.'ams, a sie;nificant diff8rence between the Massey II 

Robertsonian translocation and the Massey I and III Robertsonian 
translocations occurred. Fe-vrer balanced translocation X-bearing 

metaphase II cells v1ere recorded than expected in three of the four 

l\iassey II Roberts onian translocation heterozygotes. Non-trans location 

bearing X ar.d Y cells predominated at metaphase II j_n the three 

translocation types 1-rhen total metaphase II counts 1vere considered, 

and greater than expected numbers of X--bearj_ng cells were fo-:.1.::.1d in 

both the euploid and aneuploid classes in the Nassey III Rober tsonian 

translocation heterozygotes. 

Since the majority of normal m-1es mated with Robertsonian 

translocation heterozygous rams conceived to their first service, and 

because no lambs wi t!1 unbalanced karyotypos associated vli th a Roberts­

onian translocation have been recorded1 it is suggested that only 



clno;r,osomally balanced (eu:plc,id) spernv:J.toz.oa are involved in 
ferti Uza tio.::o. It is fu.r-the.r· ;:.u.r;r;es ted tb:;_ t tte abs8n<;e of 
unbalanced karyo t:n�os j_n pro(Seny is explicable on th�_, bas:i s Gf a 
degeneratiou of aneuploid s:t"·erma1;CJcytei3 occ't.lrring p ri er to their 

rua tura tion. 
1'he thrse translocations in the homo>oygmJs state be:r..aved 

as no':'Illal au tosorr:al 1:-i valents at tneiosj .. s 1·:i th r<.;gulal· St:sgr.sgati.on 
at anaphase I. 

It is suggested that the 1o�<7ered fert:�li ty seen in mEltings 

involving heterozygous ra.ElS and heterOZY6CJUS 81·f8G CD.Lno'i:; ce attributed 
to any deficiencies in the spermatogenic iiJ.i1ction of the ram, 
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CHAPTER I 

Ii'JTRODUC �L'ION 

The term "meiosi s 11 i s  given to the process by v<hi eh four 
haploid cells are produced from a single diploi d cell by means o f  
hw successive cell divisions ivi t h  only one r edup licati on of  the 

chromo some s .  The genetic  diversi ty o f  the gamete end-produ cts i s  
assured through the independent as sortment o f  members o f  di fferent 
pairs of chromosome s ,  as i·rell  as  through the recombinati on due t o  

exchange o f  chrome.tid s egments between maternally derived and 
paternally derived homologues ( ru1�des , 1 961 ) .  

Meiosis has b een vJell  described in plants and insects 
( Darlington , 1 931 ; RhoR.es ,  1 96 1 ; J ohn and Loris ,  1 965 ) ,  but only 
recently has i t  been possible to study this process in detai l in 
higher mammals . Tes t i cular tissue ;.ras the c lassical s ource of 
material for chromosome studies in animals and meiotic  studj_ es were 
initially done to determine or confirm the di ploid chromosome number .  

Improved cytological techniques have result ed i n  the rapid 
accumulation of new information on mammalian chromosomes , parti cu larly 
those of man . Thes e  methods including the use of tissue culture 
techniqu es (Moorhead , Novr el l ,  r<Tellman ,  Ba ttips and Hunger ford , 1 960 ) ,  
au to radiography (IVIi ll er ,  1 970 ) and recent ly the techniques of  fluoro­
chrome stainine ( Caspersson , Fa.rber , Foley ,  Kudynowski , Modes t ,  
Simonsson , Wagh and Zech , 1 968 ) and Gi emsa banding ( Sumner ,  Evans 

and Buck land , 1 971 ) have b een appli ed to b oth mitoti c and meiotic  
material . In man, t he development of these  t echniques has h elped t o  

define a whole s eri es of  s tructural and d evelopmenta l  abnormaliti es 

which are directly related to  chromosomal anomalies . 
Although re la ti vely few workers have s tu di ed the chromosomes 

of domestic animals many anomalies simi lar to thos e seen in  man have 
b een described ( Fechheimer , 1 971 ) .  Most of these studie s  have  been 

on mitotic  chromosomes and only i n  the last year o r  tvro have the more 
sophisticated t echni ques nm-r used routinely in human s tu dies , b een 
applied  to animal chromosomes .  I t  i s  probable that this i'fi ll produce 
an increase in the range and understanding of the chromosomal aberrations 



found in animal s .  

The examinati on of mammal i an mei o ti c  chromo somes has enabl e d  

th e de t e c tion of change s whi ch cann o t  b e  reco gni z ed i n  mi t o ti c 

chromo some s . The s e  inc lud e s ome p e ri centri c inversi ons , para centr i c 

inversi ons , an d c ertain tYl)eS o f  recir,r ocal transloc a  t i ons , all of 

whi 8h are r ecogni zab l e  b y  thei r unusu al pa iring confi gu rations at 

m e i o si s .  In addi tion , i t  i s  a l s o  po s s ib l e  to s tu dy tb e s et,"'''ega ti on 

produ c t s  of the fi rs t m ei o t i c  divi s i on ; a prerequi s i t e  t o  th e 

unde rstanding o f  zygo t e  imbalance vJhi ch i s su ch an important factor i n  

tb e s tudy o f  embryoni c lo s s .  

Meio tic chromos ome s tudies have aided the diagnosi s  and 

understanding of c lini cal i nferti l i ty in man , and examinati on of the 

early m eiotic s tages has provided data su ch a s  that on chiasma 

fr equencies and pachyt ene chromomeri c patterns . 

Rob erts onian t rans locati ons are probab ly the most commonly 

d e s crib ed chromosomal change in man ( C ourt Brown , 1 967 ) ,  and have 

b een des cri b ed in dome s t i c  animal s at an even hi gher incidence ( Bru�r e ,  

1 969 ; Bru�re and Mi l l s , 1 971 ; B ru�r e ,  C hapman and Wyl li e ,  1 97 2 ;  
' 

B ru er e ,  1 973 ; 1 974 ) . Since 1 9 67 investigati ons a t  I1ias s ey Univ er s i ty 

lBru�r e ,  1 974) have b een carri ed out i n  an effort t o  unders tand the 

e ffe c t s  o f  the s e  translocations on ferti lity,  parti cularly in sheep 

and cat t l e  . .  A large flock o f  sh eep b earing singl e , doubl e  

(homozygous ) and doub l e  (h et erozygous ) translocati ons o f  thr e e  

different typ es have b ee n  b red . Thi s  the s i s  forms an important 

part o f  thi s study b ei ng a detai l e d  examination of the mei o ti c  

·chromo s ome s of normal rams as vfell a s  rams from the s p ecial flocks 

o f  t ranslo cati on- carryi ng sheep . 

The thesi s h a s  three aim s : 

1 .  T o  d es crib e  the m ethod developed fo r the p repara t i on o f  m ei o ti c  

chromo somes from rams . 

2 .  T o  de s crib e  the mei oti c "kary o gram " of the normal ram . 

3 .  To descri b e  in detai l  the b ehaviour i n  primary and s e condary 

spermato cyt e s  o f  the vari ou s  t rans location chromo some s o f  this 

ui.dqu e  flock o f  s heep . 

2 



I I . 1 .  

CHAPTER II  

C YTO GENET' I C  S TUD I ES IN SHEEP - LI TE...ttATURE REVI E'd 

ESTAB LI SHMENT OF THE DIPLOID CHROMOS OHE l1ffiMJ3ER AND �10RPHOLOGY 
OF SHEEP C H lWHOS ONBS 

Early -vrork on sheep cyto&ene ti cs  vras concerned mainly 1-ri th 

determiPing the diploid chromosome number , the sex chromosome 

compl ement and chromosome morphology. The his tori cal findings on the 

chromos omes of shee� a r e  summariz ed in Table  II . 1 .  

l'lods edalek ( 1 922 ; 1 929) made the first s tudi e s  on sheep 

chromosomes . Varying estimates of  the diploid chromo some number and 

comments on the s e x  chromosome complement and chromosome morphology 

w·ere made later by Shi vago ( 1 930) , Krallinger ( !  931 ) , B ruce ( 1 935 ) , 

Butarin ( 1 933- 1 934 ; 1 935 ) , Novikov ( 1 935)  and Pchakadze  ( 1 936) . 

Berry ( 1 938 ; 1 941 ) found a diploid chromosome number of 54  

-vrhi ch 1.;as similar to that found earlier by  Shi vago ( 1 930) and later 

confirmed by Ah.med ( 1 940) , r-1akino ( 1 943 , a) , filelander ( 1 959 ) , Nakani shi 

and Mizutani ( 1 959) , Boms el-Helmrei ch ( 1 959) , Gimenez-Martin and Lopez­

Saez ( 1 962 , a ;  1 962 , b ;  1 96 6) , Lopez-Saez and Gimenez-Martin (1 963) , 

B orland ( 1 964) , and Makino , Shimba , Sofuni and Ikeuchi ( 1 967) . 

Ahmed ( 1 940) , Berry (1 94 1 ) ,  r-1akino ( 1 943 , a ) ,  ll1e lander (1 959 )  

and Borland ( 1 964) all  att empted t o  classify according to their size , 

the chromosomes of the sheep . Uniformi ty in the arrangements was not 

achieved b ecause there 1·1as disagreement among authors as to the morphology 

of  the sex chromosomes . 

The techniques for chromosome study availabl e  to the early 

1vorkers yie lded preparations greatly inferior  to those  produced by 

leucocyte culture teclmiques . I t  i s  therefore not surprising that 

considerable  disagreement as to chromosome number as well as morphology 

o c curred . Krallinger ( 1 931 ) ,  Bruce ( 1 935 ) , Butarin ( 1 935 )  and Novikov 
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( 1 935)  for example,  vlho  reported 60 as  the diploid number, probably counted 

the two arms of one long metacentric chromosome as t1vo chromosomes lying 

close to one another (Berry, 1 941 ) .  

I n  1 960, a method for the in vitro growth of leucocytes and the 

preparation of air-dri ed chromos ome spreads from such cultures was 



Investigator Yoor Breeds examined 

WODSEDALEK, J.E. 1922 Not stated 

1929 Southdown 

Lincoln 

Dorset Hom 

Rambouillet 

SHIVAGO, P.l. 1930 Merino 

KRALLINGER, H.F. 1931 Merino 

BRUCE, H.P. 1935 Merino 

BUTARIN, N.S. 1933· Arkhar 
1934 Fat-rumped sheep 

1935 Arkhar 
Kurdiuchny ram 
Hybrids of the above 

NOVIKOV, 1 . 1 .  1935 European mouflon x 
Merino 

PCHAKADZE, G.M. 1936 Georgian fat-tailed 

BERRY, R.O. 1938 Rambouillet 

1941 Rambouillet 

AHMEO, I.A. 1940 Leicester 

MAKINO, S. 1943 Merino 
Karakul 
Corriedale 

MELANDER, R.Y. 1959 Karakul 

BOMSEL·HELMREICH, 0. 1959 lie-de-France 
Limousin 
Southdown 
Merino d' Aries 

NAKANISHI, Y.H. 1959 Lamb (Ovis sries) 
MIZUTANI, M .  

GIMENEZ·MARTIN, G. 1962a ? 
LOPEZ-SAEZ, J.F. 1962b 

1966 Merino 
LOPEZ-SAEZ, J.F. 1963 ? 
GIMENEZ·MARTIN, G. 

BORLAND, R. 1964 Merino 
South down 
Rvoland 
Dorset Horn 
Border Leicester 
Romney Manh 
Oleviot 

McFEE, A.F. 
BANNER, M.W. 1965 Suffolk & Crol8as 
MURPHREE, R.L. 

BUTTLE, H.L. 1966 HANCOCK, J.L. 
' 

BRUERE, A.N. 1966 Scottish Block Face Gnv Faco 
S..ffolk 
Border Leicester 
Soav 
Clun Forest 
Welsh Mountain 
Cheviot 

GERNEKE, W.H. 1967 Merino 
Karakul 
Afrikaner 

MAKINO, S. 
SHIMBA, H. 1967 Corredaele 
SOFUNI, T. 
IKEUCHI, T. 

DAIN, A.R. 1970 Clun Forest 
1972 ? 

BRUERE, A.N. (Pan. Dryodale 
Com.) Romney 
1973 Cheviot 

Perandale 
Suffolk 
Southdown 
Tasmanian Merino 

TABLE 1 1 .1 
SUMMARY OF HISTORICAL FINDINGS ON 

THE CHROMOSOMES OF DOMESTIC SHEEP 

Number Number Chromosome 
of Material used of Number 

Animals Cells Diploid Haploid 
l2n) In) 

Spermatogonial cells 33 17 
Oogonia 34 

Amnion Cells 54 

Spermatogonial cells 50 to 80 30 
Spermatogonial cells 60 

4 Spermatogonial cells 54 to 56 X 
10 52 to 54 

Spermatogonial cells 80 

Spermatogonial cells 60 60 

Primary Spermatocyte 30 
cells 

3 Amnion cells 54 

Spermatogonial cells >66 54 27 

Spermatogonial cells 54 27 

Testicular material 54 27 

2 Lung tissue from 118 54 
embryos 

7 
1 Spermatogonial tissue 567 48 to 60 
1 mode of 
3 54 

1 Lung tissue culture 50 54 

54 

54 
Bone-marrow 54 

54 

26 Direct examination 
2 of bone marrow 
2 following parenteral 1927 54 
4 colcemid injection 
1 
2 
1 

8 Leucocyte culture 100 54 

Embryo material 9 54 

22 Leucocyte culture 1831 54 

Bone marrow 54 

2 Leuc:ocyte culture 39 54 

Leucocyte culture 54 
26 Leucocyte culture 61 � 

Leucocyte culture Several 52- 26--
thousand 54 27 

.;., 
2030 (Sea 

Table 
V2). 
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Sex Chromosome Morphology 
Chromosome 
Complement Autosomes Sex Chromosomes 

xo 
XX 
xv y Chromosome 

XX larger in horned 
than polled breeds. 
Suggest.t variation 
in y chromosome 
associated with 
+ or - horm 

XV 
xv 

xv Rod-like 

xv Majority x is V-shaped 
xv rod·lhapod y one of the smallest 

xv 

jNot Ktentified Elongated rods and 
v-shaped chromosomes 

- -

XV 3 pairs large v-shaped 
42 rod·lhapod x - medium sized rod 
4 bent rods y - smallest & spherical 

xv 3 larve •·lhapod r:hrom y - small rod-shaped 
osomes one of which is subterminal 
x which has a submed- centromere 
ian centromere 

XV 3 pairs v-shaped x larger than largest 
23 pairs telomitic telomitic 
rod·lhapod y minute size 

xv 3 pairs large chromo- x · not identified 
somas with submedian y - median centromere 
centromeres smallest chromosome 
Rest telocentric 

6 •·lhapod x - probably medium-
xv Rest rod-shaped sized 

y - round & smallest 
of complement 

xv 6 v-shaped metacen- x · J shaped with a 
tries subterminal centrom· 
40--44 J shaped ere. In length it lies 
subterminal between autosomes 
centromeres. number 6 and 7. 
2-6 rod·lhaped V · rod shaped with 
chromosomes with a terminal centromere 
terminal centromeres. smallest of the 

complement. 

Couldn't 
differentiate. 

xv 3 pairs metacentric x large telocentric 
XX rest telocentric y smallest telocentric 
xv 

3 pairs large x - small acrocentric 
metacentrics 

xv 23 pairs acrocentrics y • 'dot-like' 

xv 3 pain large submeta- y • small submetacentr' XX centric or metacentric 
23 pairs acrocentric x - large acrocentric 

3 large metacentrics 

XV 6 metacentrics y submetacentric 

XX 46 acrocentrics x • largest of the 
acrocentric chromo-
somas. 
Has small short arms 

6 larve submeta· y • Submetacentrlc 
centrics x · acrocentric and not 
46 acrocentrics easily distinguished 

from autosomes 

6 larve submeta· y - smallest meta-
centrics centric 
46 acrocentrics x - largest acrocentric 

xv x - largest acrocentric XX y • submetacentric 

XV 6 large metacentrics x • largest of acrocen-XX 46 acrocentrics tries 
y - submetacentric 



publ i shed by Moorhead e t  a l . . Thi s t e chni qu e  wa s developed a s  a re su l t  

o f  the d i s covery by Nov1 e l l  ( 1 960 , a ; 1 960 , b )  tha t peripheral b lood 

lympho cyt e s , vrhen placed i n  sui table cu l ture medi a ,  cou ld be stimu la t ed 

t o  divide rep eat edly und e r  th e influ ence of a mitogeni c agent named 

b actophytoha emagglutini n , a na tlual extract o f  red b ean . Basrur and 

Gi lman \ 1  964 ) gave the first des cri p ti on of a 1-rh o l e  blood cu ltu r e  m e th od 

applicab l e  to sheep and catt l e . Their t echni qu e pro duced eood qu ali ty 

vT ell  spread metaphas e ch romo s orre s and b ecaus e of i t s  simp li ci ty vms 

sui tab l e  for chromo s om e  examination o f  large numbers of animal s .  

Using the t e chniqu e o f  B a s rur and Gi lman ( 1 964 ) , Jll cFee , Banner 

and �1urphre e ( 1 965 ) a t t empt ed to d e t ermine the requi rement s for i n  vj_ tro 

grov-1 th of sheep leu co cyt es and the chromosomal charac teri sti cs of su ch 

ce l l s . They studi e d  1 00 metapha s es from Su ffo lk she ep and thei r cro sses 

and again found a modal numb er o f  54  cr...r omosome s .  Photo e;raphi c  kary otypes 

of r epre s entativ e ma l e  and fema l e  c e l l s  ';·lere produ c e d .  The i nt e rpretation 

of th e X chromo s ome made by McFee e t  a l .  ( 1 965 ) did no t agr ee w i t h  tha t o f  

Borland ( 1 964 ) . I n  c ontras t ,  �1cFee e t  a l .  \ 1 965 ) identifi ed t h e  X a s  the 

larges t  of the acro c en tri c group and the Y as a very small subme tacen tri c 

chromo some . Th ey d i d des cribe ho1vever three pairs o f  subm etacentri c or 

m etacentri c autosomes and 23 pai rs of acrocentri c au toscmes Hhi ch was i n  

agre ement I•Ti th Bo rland ( 1 964 ) .  
Ar1 ext ensive study of the chromo s omes o f  sheep was carri e d  ou t 

\ 
by Bru ere ( 1 966 ) u s i ng a modi fi cati on of Ba$Til r and Gi lman' s ( 1 964 )  

l eu co cyte cul ture method. Homol o gous sheep serum ( 1 0  per cent ) was u s ed 

i n  place o f  calf s e rum , and the cel l s  were t reated for 20 minu t e s  

( inclu ding centri fugation) v-ri th hyp o toni c ;  ini tially 1 / 1 0
th 

Hanks 

balanced salt s o lu t i on , and in lat er preparati ons , 0 . 7  per cent so dium 

ci trat e . Chromo somes were fixed with glaci al aceti c a c i d  and ethyl 

alcohol 3 : 1 ,  stained 1<i'i th aceto-orcein , and mounted in D. P . X . .  Bru�re 

( 1 966 ) examined and count ed a t o tal of 1 831 metaphases from 1 2  rams and 

1 0  ewe s ,  all l e s s  than two y ears of age , as well a s  1 449 m e taphase s  from 

six o lder intersex shee p .  Al l hype rmo dal c el ls w ere analysed from 

photomi crographs as well as by direct mi c ro s copy. Altogether 333 
karyotypes o f  the c leares t m et aphases 1o1e r e  prepared .  T h e  chromosomes i n  

each karyot ype were arranged i n  des c ending order o f  si z e  w i th c entromeres 

aligned.  A basi c idiogram 1vas constru c ted from t en of th e b e s t  

pho t ographi c karyo types �ive rams and fi ve ewe st Final ly a sk e t ch 

/ 
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i dioGram was prepared for each karyotype an d chromosomes vri th secondary 
constri ctions marked on ·th is . Recorded data for each chromos ome vms 
sorted , and lines drawn to scale ancl measured from the sketch i dioGram 

' I ) w e r e  a dded to the basic idiogram . Bru. er e  \ 1 956 used the term 
"karyotype" to describe the "systematised array of chromosomes of a 

cell , pr epared ei ther by dravving or photography , \vi th the extensi on in 
meaning that the chromo� wmes of a single cel l can typify the chromo som es 

o f  an indivi dual or evcm of a speci es " . The term "idiogram"  was 
r e s erved for the "diagrammatic representation of a karyotype based on 
measurements of individual chromosomes in s everal or many cells " .  
These terrr.s were defined by the Den-v-er Report ( 1 960 ) .  

The centromere , the chromosomal site o f  attachttent of the 

spindle fibre is referred to as the " prima::.·v c onstri c t i on "  ( S,·mnson , 
1 958 ) .  Additional constriction regions " s e c ondary c ons tri c t i on s "  

sometimes occur in certain somati c metaphas e chromosomes .  When found 
in the di stal porti on of an arm , they constri ct th e t ermina l segment 
(a "satellite " ) w·hi ch J."emains attached to the main body of the chromosome 
by a thread of chromatin ( Svmnson ,  1 958 ) .  Secondary constri ctions have 
usually ari s en as the result of nucleolar formation (Heitz , 1 931  ) . The 
nucleo lu s  de creases in volume during prophase until finally i t  detaches 
from the chromosome and di sappears into the cytoplasm , leaving an 
uncondensed or lightly s taining area in the space i t  formerly occupied .  
The nucleolus forms in the same area during telophase . 

Secondary constrictions have b een reported in the cat (Chu , 
Thuline and :Norby, 1 964- ) , pig (Harvey , 1 969 ) and the sheep (B:ru�re , 1 966 ) .  

The latt er author used cri teria similar to those of Ferguson-Smith J 
Ferguson-Smith , Elli s and Dickson t ( 1 962 ) ,  and Oppenheim and Fishbein 
( 1 965 ) , for his analysis of s econdary constri ctions . An obvious 
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constri cted region di stinct from the centromere in b o th chromatids , or a 
regi on whi ch appear ed as a sharply demarcated area o f  negative heteropylmosis , 
was taken as a "secondary constri ction" . Non-alignment o f  the chromatids 
at a eu chromatic gap >vas a ssumed due to breakage , unless clear strands of 
chromatin could be seen bridging the gap ( Fer�Json-Smith et. al . , 1 962 ; 
Oppenheim and Fishbein , 1 965 ) .  

Bru�re ( 1 966 )  in contrast t o  previ ous workers , attempted to 
i dentify individual chromosomes of the sheep ' s complement .  He concluded 
that clearly measurable differences existed between chromosome lengths 



in the sheep , bu t tha t th ese di fferences were v ery smal l .  The 

accu racy of vi sual e s t i ma ti on of ch romo s om e  l ength and p o s i t i on , as 

shmm in kary o t ypes , prov e d  to be low a t  p o s i t ions b el m·r chr omos ome 7. 

There was frequ ently di ssimi larity ir1 l ength b ehJ e en homol ogues , 

e speci ally in chromo some 1 . 

Gimenez-Ma r t in and Lop ez-Sa e z ( 1966 ) found that th e larg e s t  

chromo s om e  had a subm e dian centromere , t h e  s e cond chrom o s om e  of almo s t  

trw s ame l ength a subm edian o r  medi an cent rom ere and the th i rd; vri th a 

m edian centromerc
)

d i ff ered in si z e  by a greater amount than th e 

di ffer ence ivhi ch exi s t ed b ehreen the fi r s t  hv o chromo some s .  

and NcLaren ( 1 967 ) and R o ca and Rodero ( 1 971 ) hm·rev er , found tha t the 

s i z e  o f  chromo som e  2 uas mi dvray b etvreen that- of chromosom e  1 and 3 .  

Dain ( 1 972 ) claimed that th e long arms o f  t h e  fi rst and s e c ond pai r s  

o f  m e tacentri c chromo some s and th e fourth pair vrhi ch a r e  a cro centri c ,  

were longer in ram s  than i n  ewe s ,  and di s cu s sed her theory tha t  t h e s e  

o b s e rvati ons a r e  c o ns i s t ent vli th t h e  p r e s ence of male-determining genes 

on the long arm s of the fi r s t  t1vo pai r s  of au to somes . D ai n '  s 

o b s e rvat i ons wer e n o t  in agr eement 1·ri th , an<1 no reference vras made b y  

h er t o , the 1>10 rk o f  Bru�re ( 1 966 ) o r  B ru�r e  a n d  l'k Lar en ( 1967 ) .  

Th ere was some variatj_ on b o th in position and mo rpho l ogy o f  

s e condary cons t r i c t i ons . The maj o ri ty v1e re found on aut os ome pai rs 1 , 

2 ,  3 and 4 and
_ 

the X chrom o s om e .  Half o f  the recorded s e c ondary 

con s tri c ti ons o ccu rred on the three pai rs of m etacentri c chromos omes . 

I t  vms suggested (B ruhe ,  1966 ) tha t th e s e  may be th e main nu c leo lar 

organi z er chrom o s omes in the sheep .  Sub s equent evi den c e  from 

aut oradi ographi c and Gi emsa b anding s tu d i es ha s confi rmed this suggesti on 

( Zartman and B ru�r e ,  1974 ) .  The various constric tions r e c o rde d on the 

remainder of the a cro cen tric chromo some s did not sugges t any means of 

di fferentiating th ese chromo s omes . Bru�re and McLaren ( 1967) noted an 

increase in the inci dence of s e condary c ons tri ctions when hyp o t o ni c  

s o dium ci tra t e  s o luti on was u s ed i ns t e a d  o f  Hanks balanced salt solution 

and suggested that thi s cou l d  be as s o ci a t ed vli th removal of cal cium from 
'"' 

t h e  m edium du ring the hypotonic treatmen t .  

The c entrom ere posi t i on was n ever seen v ery c l early i n  ei th er 

th e metacentric o r  a cro centri c chrom o s om e s , althou gh i t app eared t o  b e  

more central i n  chromo s ome 3 than i n  1 or 2 (Bru�re and llicLaren , 1 967 ) .  

Bru�re and McLaren ( 1 967) s tr e s s e d  two morph o l ogi cal feat�res 
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in the karyo type of the sheep not emphasi z ed by previ ou s au thors ; 

firstly , t h e  p res ence of c l ear,  sh ort arms on th e X chromo s ome , and 

s econdly the su'ometacentri c natur e of th e Y chromo some . The X 
chromosome whi ch was the largest of the acro centric chromo somes had 

mu ch more c l early defined short arm s  than t h o s e  o ccas i ona l ly s e en on 

the oth er a c rocentri c chromos ome s . 

B1��re (1 966 ) found that the modal diploid numb er o f  

chromo some s ( 54 )  was pres ent i n  87 . 44 p e r  cent o f  cells c ounted from 

a total of 1 831 . Later , i n  a compari son of chromo some counts o f  22 

normal sh eep wi th five fr eemar ti n sheep , Bru �re ( 1 967 ) r ep o r ted a 

signi fi cant increas e in bo th hypomodal and hypermodal ce l l s  "l'ii th 

increasing age . He su gges t ed th at simi lar b i o l ogi cal m echanisms to 

tho s e  whi ch contribu t e  t o  age aneuploidy in man (Jacob s , C ourt B rovm 

and Dol l ,  1 961 ) coul d a l s o  app ly to the sheep . 

Gerneke ( 1 967 ) found a diploid numb er o f  54 chromo somes in 
the Merino , Karaku l  and Afrikaner breeds . H e  <ms unab l e  to decide 

whi ch o f  the acrocentri c c hromo s omes was t he X ,  bu t his d e s crip t i on 

of the Y chr oJLo some wa s i n  agreement wi th that of Bru�r e  ( 1 966 ) .  
A l thou gh no features comparab l e  to the sat e ll i t es s e en in 

human acro cen tri c chromo some s ( Fergu son-Smith et al . ,  1 962 ; Fergv. s on­

Smith and Handmaker , 1 961 ; 1 963 ) w ere record ed hy Bru�re ( 1 966 ) ,  

what h e  interpreted as ass o ci ati ons b e tw een acrocentr i c  chr omo s omes 

were seen.  As soci ati ons b etween acrocentri c and metacentri c 

chrom o somes Here also re co rded by Bru�re ( 1 96 6 )  but h e  c ou l d  not 

dravr any c orrel afi ons between th ese as s o ciat ions and s e c ondary 

constri c t i ons . Ferguson-Smi th and Handmaker ( 1 963 ) found that 

excessive treatment 1-ri th hyp o tonic s o lution appeared to reduce the 

frequency of chromosome ass o ci a tions . Likev1i s e  i n  the she ep , B ru�re 

( 1 966)  suggested tha t the s a t e l l i t e  associations in the sheep mi gh t  

b e  more compl ex and de licat e than i n  man and mi gh t  b e  di s rup t ed by 

t e chni ca l  manipu lation . 

The diploi d chr omosom e  numb er , s ex chrom o so m e  complement and 

chrom o s ome morphology of the dome sti c sheep ( Ovi s ari e s ) have b een 

e s tab li shed and are independent of the b reed studi e d . Using 

conventi onal method s ,  i dent if i ca t i on of the individual chromo some s in 

the karyotyp e i s  di ffi cul t  a s  many are morphologi cally simi lar . I t  i s  

now po s sib l e  t o  identi fy every chromosome in the s heep' s complement 

u si ng Quinacrine fluores cenc e t echni qu es ( Evans , Buck land and Sumner , 
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1 973 ; Hansen , 1 973 , a )  and Gi emsa ban ding techni ques ( Evans e t  al. , 
1 973 ; Zar tman and Bru�re , 1 974 ) .  Th ese techni cal advanc es shoul d  

aid the de tection o f  chromosomal abnormalities i n  sheep . 

suggestion is di scu sse d  fu rther i n  Chapter Vo 

I I . 2 TAXONOI'U C Al\TD EVOJ_,U'J'I OEARY IW.lESTI G AT I ONS IN SHEEP 

This 

Chromosome studie s have recent ly been app l ied to taxonomi c 

and evolu ti ona ry i nvestigations i n  sheep ( Hurster and Beni r s chke , 1 968 ; 
Dain , 1 970 ; Nadler ,  1 971 ; Nad l e r , Lay and Hassinger , 1 97 1 ; Evans 

e t  a l . , 1 973 ; Nadler , Ho ffmann and Vloolf, 1 973 ) . Di fferent t ype s of 

wi ld and dome s t i c sheep have been shovm to b e  characteri z ed by di fferent 

diploi d chromosome numbers ( 2n == 54 , 55 , 5 6 , 57 and 58 ) -.ri th in a l l  cases 

a fundamen tal number or the numb e r  of chromosome a rms ( Na tthey , 1 945 ) 
of 60 (Nadler �al . ,  1 97 1 ; 1 973 ) .  Examinati on of two other species 

b elonging to the family Bovi d ae , the goa t ( C apra hi rcus ) and the ox 

( Bos taurus ) ,  a s  lre l l  as the sheep has sh mm tha t although the chromosome 

numb e r  is variab l e , the fundamental numb er ( N .  F. ) is remarkab ly constant , 

varying behreen 58 and 62 in th e ma .jori ty of species,  ( l·lurster a nd 

B enirschke , 1 968 ) . . This has b een regarded as good evidence tha t the 

chi ef mechani sm o f  karyo typ e  evolution in the Bovi dae is by Rob er tsonian 

translocation ( Vlu rster and Beni rschk e ,  1 968 ) .  This vi ew is suppor ted 

by Evans et al . ( 1 973 ) who used modern ban ding techniqu8s to s tu dy 

chromosome homologi es as well as c entromeri c hetero chromatin i n  t h e  ox , 

goa t  and sheep . These authors consi der hovrever that band i ng t echniqu es 

are not ab l e  to gi ve an unequivocal indication of the direction of 

evolu tion ( Evans et a l . , 1 973 ) .  

Nadler e t  a l .  ( 1 973 ) suggested t hat although Rob er tsonian 

changes du e to centric fusions b ehreen acrocentri c chromosomes m i gh t  b e  

responsible for changes in karyotyp e  i n  sheep from 2n == 58 to 2n == 54,  
i n  certain popula tions centri c fission could have occurred to rai se the 

chromosome number . 

I I . 3 SHEEP x GOAT HYBRIDS 

The p rob l em of hybri di sa tion of she ep and goa ts has i n t erest ed 

many vrorkers in the fi elds of a ni maJ. b re eding and reproductive physiology 

(Hancock , McGovern and S tamp , 1 968 ; r1cGovern , 1 969 ) . Inab i li t y  to 
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produce  viab le hybrids l ed to investigations into the cyto logical 

cons ti i;u tion of hybrid embryos in an effort to determine w·hether 

abnormali ti es of chromosome numb er o r  s tructure contributed to 

embryoni c death in femal e  goats inseminated >-ri th ram s emen ( Berry , . 

1 938 ; Buttl e  and HaYJ.cock ,  1 966 ; Hancock and Ja.cob s ,  1 96 6 ; I lb ery , 

A lexander and Wi lliams , 1 967 ; Roca and Rode:co , 1 971 ) . The cells 

of the hybrid were found to contain 57 chromosomes (Berry , 1 938 ; 

Buttle  and Hancock ,  1 966 ; Hancock and Jacobs , 1 966 ; l lb ery et al. , 

1 967 ; Roca and Rodero , 1 97 1 ) , a number half vray beh1een 54  in the 
sheep ( Berry , 1 938 ; }1akino , 1 943 , a ; Melander , 1 959 ) and 60 in the 

goat ( l'·1akino ,  1 943 , a ;  Buttle and Hanco ck , 1 966 ) .  

Berry ( 1 938 ) thought that th e sire  c ontrj_but ed hro large 
metacentri c chromo somes to the hybrid .  In contrast ,  Hanco ck and 

Jacobs ( 1 9G6 ) , Buttle and Hanco ck ( 1 966 ) ,  Ilb ery .cl_ al.  ( 1 967 ) and Ro ca 

and Rodero ( 1 97 1 ) agreed. that hyb rid cells contained three mstacentric 

chromosomes ,  all contributed b y  the sire . These  findings are us efu l  

a s  they shou that goat x sheep hybrids can b e  distingui shed from either 

of the parent species  by examination of tl�e karyotype ( 1'-kGovern , 1 969 ) .  

There i s  at l east one report of  57  chromosomes b eing found in 

the cells of a viable  chabin ( sheep x goat hyb rid ) although the authors 

do not s tate l·rhether this dip loi d number l·ras present in all  of the 3 5  

metaphases exa,mined ( Roca and Rodero , 1 971 ) .  vlhen mated t o  a ram , the 

chabin aborted at about four months gestati on ( Roca and Rodero , 1 971  ) .  

Buttle and Hancock ( 1 966 ) did no t rej ect the possibi li ty that 

hybrid death was due to cytological anomali es b ecause  they could  not  

determin e  11hether th e variation in chromosome number obs erved in the 

cells they examined 11as a feature of the cultured tissues or of  the 

original cells . In a lat er publication however , Hancock and Jacobs 

( 1 96 6 )  shO\<led that there was no  evidence of  any chromosomal abnormalities 
whi ch could explain the embryonic mortality. Similar vie>-TS were 

1 0  

express ed by Roca and Rodero ( 1 97 1 ) ,  Berry ( 1 938 ) and I lbery et al. ( 1 967 ) .  
Other  possib le causes of death are di scuss ed by Berry ( 1 938 ) ,  Hancock 
et a l .  ( 1 968 ) and McGovern ( 1 969 ; 1 973 , a ;  1 973 , b ) .  



II . 4 C YTOGENE'TI CAL I NVESTI GATI ONS ON HALJ<'ORJVIED SH EEP 

Three chromo s omally distinct types of  int ersexes have been 

s tudied in sheep . Be caus e of their anatomi cal appearance , two of 

them are u sually refE:rred to as mal e  pseudohermaphrodi t es .  This 

term includes male hypospadias vrhi ch have XY sex chromosomes in all 

tissues ( Bru'er e ,  l'kDonald and JVIarshall , 1 96 9 , a ) , and male- type 

freemartins ( Gerneke ,  1 9 65 ; Bru�re and :1-1a cnab , 1 966 ) . The latter 

have ambi guous ext ernal g-eni talia and testicular gonads bu t ahmys XX 

sex chromosomes in ti ssues  other than blood and bone marrow , which shovr 

XX/XY s ex chromosome mosai ci sm .  This mosai cism is  the resu lt o f  

intra-ut erine transplacental exchang-e o f  b J_ood between opposite 

sexed fo etus es during pregnancy. 

A third sheep int ersex is typified by  rams vri th normal 

pheno t yp e  except for t esticular hypoplasia , but vri th an XXY sex-chromosome 

complement simi lar to that seen in chromatin-positive Klinefelter ' s 

( ' ) syndrome in  man B ru ere , Harshall antl \'lard , 1 969 , b . IVIetaphases from 

thes e rams contain 55 chromosomes . B ruer e  et al. ( 1 969 , b )  suggested 

that non-disjunction of  the X chromosomes during sperma togen::sj.s and 

subs equent fu sion of the resultant X and Y b earing spermatozoon with an 

ovv� b earing normal chromosomes or vi ce versa occurred , a situation 

analogous to the origin of Klinefelter ' s syndrome in man ( Jacobs  and 

Strong , 1 95 9 ;  · Fergu s on-Smi th , 1 96 1 ) .  The extra X chromosome may 

inhibit t esticular development and spermatogenesis more in the ram 

than in man (Bru�re et a l . , 1 969 , b ) . Limi ted data on the ram indicates 

that in contrast to the si tuation in man , "mental" abili ti es o f  

Klinefelt er rams d o  not appear very different from those  of  normal sheep 

(Ki lgour and Bru1re ,  1 970 ) .  

Rams whi ch v1ere het erozygous for Rob ertsonian chromosome  

translocations (Chapter V)  and with d eformed testes have b een reported 

on s everal o ccasions (Bru�re , 1 96 9 ;  
' 

Bruere and Mi lls , 1 97 1 ; Bru�re 

et  al . , 1 972 ) . The relationship between these phenotypi c anomalies and 

the chromosome translocations i s  uncertain . 

A possible chromosomal aberrati on  in an acephalic-acardiac 

monster born as one of a s et of triplets ,  was sugges ted by Dunn and 

Rob erts ( 1 972 ) .  These authors did not however examine suffi cient cells 

and ti ssu es to enable  the type of aberration to be determined 

c onclusively. 
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D"u. ri n g  an inv e s tigati o n  o f  congcmi tal cranio facial 

malformations in sh 0 ep , Henry , Ingalls and Bi nns ( 1 966 ) report ed 

one d efo rmed lamb vJi th a d e l e ti on of the sho:r t  arms of one 
submetac entri c ch romo some . Thi s d e fect 't,'as seen i n  every metaphase 

p lat e .  I n  additi on , cul tt< r es from four oth er ab normal lamb s s h o �·r e d  

th e pre senc e in  37 ou t o f  1 2 1 8  met aphas e s , o f  c hromo somes l'rhi eh had 

apparent ly sp1i t l ongi tudinal ly through the c e n t romere . S ta t i  s ti c a l l y  

t l 1 i s  \vas a :::; i gn i fi cant ly hi gher frequency t h an -�ras s een in cu l tures 

from c on t r c l  a ni mals . Such "ski-pair" a rrangemen t s  a r e  usua lly 

i n t erp r e t ed as a r t efa c t s  du e to t r eatm ent' o f  t h e  cu l tures 1vi  th c o l chi cine 

( llenry et al_. , 1 96 6 ) .  S tudi es o n  p lates cu ltu red from the b lood o f  

b o t h  n o rma l and malformed lamb s i n  'v'lti ch c ol chi cine tr eatment was 
omi tted h ow ever , also s howed a hi gher propo r ti o n  o f  chromo somes sp lit 

a t  t h e  c entrome re i n  ma lform ed anima ls . The s igni fi can c e  of th ese 

fi ndings remain .s s p e culati ve .  

I I . 5 SEX C HROI•IATIN Il� SHEEP 

The s ex chromatin b o dy f i r s t  observed in the neuron e s  o f  th e 

femal e cat b y  B arr a,nd B ertram ( 1 9�-9 ) ,  i s  c learly demonst rab l e  in 

Purkinj e cells from th e cereb e llum and ventral ho rn cells of  t h e  spinal 

co1·d in the evle ( S chmidtke , 1 957 ; Bruere , 1 966 ; B ru�re and f1acnab , 

1 968 ) .  

B ecau s e  i n fo rmation o n  s ex chromatin i n  sheep i s  esp ecia lly 

us efu l  a s  a diagnostic  aid in s tu di es o n  int ers exua l animal s  ( Moore ,  

1 2  

1 966 ; Bruere and Nac nab , 1 968 ; B ru.ere et aJ. , 1 9 69 , b ) , i t  i s  unfortunate 

that the s ex chr om a t i n  b ody cann o t b e  reliab ly de tected i n  ti ssues  -vrhi ch 

may have applicat ion for screening tests  ( S truck , 1 96 1 ; 

Moore , 1 966 ) .  

I I . 6 CHROJI10S Ofi'lA L  POLYHORPHISNS IN D Ol1ESTI C SHEEP 

' 
Bruere , 1 966 ; 

Bru'ere , in  1 969 , discovered an autosomal trans lo cation invo lving 

the c entri c  fusion o f  h-10 acrocentric chromosomes ).n five c los e ly relat ed 

Romney sheep .  Thi s  was the first report o f  the occurrenc e of  thi s type 

of trans lo cati on in domes tic sheep . Subs equent ly,  following extensive 

cytogenetic  studi es , h-10 further autosome_l trans lo cations \vere reported , 

a s econd type in the Romney breed (Bru ere and I-li lls , 1 971 ) and a third 



type in the Drysdale breed (Bru�re et al . , 1 972 ; Bru�re , 1 973 ) .  

The incidence , identification , behaviour at meiosis , segregational 

consequ ences and. implications of these translocations are dis cus::Jed 

in Chapter V of this thesis . 

II . 7 THE CHRONOS OI'1ES O F  SHEEP AT MEIOSIS 

Testicular material was commonly used by the pioneer v1orkers 

in their attempts to elucidate the number and morphology of sheep 

chromosomes (\'lodsedalek , 1 922 ; Krallinger ,  1 93 1 ; Bruce , 1 935 ; 

Butarin ,  1 933-34 , 1 93 5 ; Novikov , 1 935 ; Pchakadze ,  1 93 6 ;  ��ed , 1 940 ; 

Berry, 1 941 ; Nak:ino, 1 943 , a ;  Bomse l-Helmreich , 1 959 ) .  I n  general 

these 1wrkers examined spermatogonial cells only,  but Pchakadze ( 1 93 6 )  

gave his estimate o f  chromosome number from a study of primary 

spermato cytes , and Wodsedalek ( 1 922 ) ,  Kralling er ( 1 931  ) , B erry ( 1 941 ) 

and Bomsel-Helmrei ch ( 1 959)  all confirmed their counts 1vi th spermatocyte 

material . 

There is very little information on the meiotic chromosomes 

of sheep .  Ahmed ( 1 940 ) , Makino ( 1 943 , a ) , Bru�re ( 1 969 ) ,  Loir ( 1 97 1 ) 
and Nadler et 111.• ( 1 973 ) have des cribed various stag es of meiosis in the 

ram , and Ed>-rards ( 1 965 ) has described the maturation in vitro of ewe 

oocytes , but none of these authors has examined a large number of cells ,  

nor stndied in· de ·i:;ail the s econdary spermatocytes . 
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CHAPTER III 

MATEBl ALS AND I'1ETHODS 

In order to avoid repetition, all materials and methods 
used in this study of meiosis in the ram , are recorded and di scu ssed 

in thi s chapter . 

III . 1 EXPERH1ENT.AL Al'fHTALS 

(i )  SELEC TION 

The rams used i n  this s tudy were from flocks of  sheep 

carrying the three re r.oenized  Rob ertsonian translocati ons , which have 

b een e stabli shed by Dr . A. N.  Brt1�re at Nassey University. 
Neiosis  was studied in preparations from a total of 35 rams , 

1 4  of whi ch had a normal karyotype and the remainder were trans location 

bearing animals ( Tab le I I I . 1 ) . 

TABLE I I I . 1 

N'"LJJ'YIBERS Al\TD KARYOTYPES OF RAHS 

EXAMINED 
Ram Type as Determined Number of 
b:z Leu coc:zte Cu lture Rams 

Normal (54;xy) 1 4  

I>iassey I het erozygote ( 53,xy) 9 
1-iassey II heterozygote  ( 53;cy) 4 
Massey Ill het erozygote (5�y) 5 
Mass ey I homozygote (5qy) 1 
Massey III homozygote ( 52,xy) 1 
"Double " Translocati on 
heterozygot e  (MI & :f.UII )  (52,xy) 1 

Total 35 

Number o f  :f-ieiotic 
Preparati ons 

24 
1 4 

6 

8 

1 
1 
1 

55  
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Selecti on of  individual rams for mei o ti c  investigation was 
ba s ed on four criteria - history ,  geni tal examinati on , semen analys i s  
and mi to ti c  karyo type . 

( A )  His tory 

1 1No rmal 11  rams v.rere heal thy , geni tal ly sound. 

( Chap t e r  III , s e c t i o n  1 ( i ) (c) ( D )  ) and had a karyo type of  2n = 5 4 , xy .  

All the Massey I heterozygous rmns vlere related t o  a p rop osi tus 

Romney ram (M6 1 / 66 ) .  This ram vms born as a t1·1i n to  a evre ( r162/66 ) and 
was ascertained from his testi cular hyp oplasia . !Vi6 1/66  had small , 
abnormally shaped t es ti c les and vms azoospermi c ,  a l thou gh he sho1-red 
normal libido in t h e  presence  of e1ves on heat . Leucocyt e  cul tu r e  

rev eal ed that M61 / 6 6  had a Rob ertsonian trans l o cati on be tween two 

acrocentri c chromosomes and a resultant number of 53 instead of the 
u sua l 54 chromosomes (Bru'ere , 1 969 ) .  

One homozygous Mass ey I trans l o c a t i on ram was stv.di e d .  This 

ram was produ c ed as a result of ma ting a heterozygous ram ( B236/67 ) to 

a h e t er o z ygous ewe . B236/67 was one of th e hetero zygo t es inc luded in 
the s tudy. 

The J'l1as s ey II transl ocation heterozygous rams >v ere o ffspring 

from t he mating of normal ev1es to B 1 3 1 /71 , a Massey II h eteroz;ygous ram 
whi ch ·was the son o f  eive A1 02 , one of the first metacentric ( I\1assey II ) 

transl oca tion animals found .  
T1vo of  the Drysdale (Massey I I I ) t ranslocation heterozygotes 

came from the Utu1vai flock , a pedigree breeding flock .  The other three 

were o ffspring of matings of  homozygous rams A1 34 and D 1 2/70 to normal 

ewes .  
The "doubl e  translocation1 1  ram (B9/72 ) which -vras the first 

recorded sheep of  this type (Bru�re and Chapman , 1 974) , was the off spring 
of a Massey I I I  homozygous ram ( Dry 1 2/ 70 )  and a Massey I heterozygous 

ewe (M283/69 ) .  B9/72 had a karyotype o f  2n = 52 , xy,  having received one 

Rob ertsonian translocation chromosome from each parent . 
Individual rams are discu s s ed in great er detail in later 

s e ct ions of  this thesi s .  
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(B ) Management 

Experimental rams were grazed ro tationally on 

perennial ryagrass pas ture . Jfuring the 1rinter , their diet was 

supplemented dai ly 1-li th meadow hay and approximat ely four ounces of 

l\ioose  pure l inseed oilcake nuts per ram , Fresh vmt er was ahmys 

avai lable .  The rams vrere drenched regularly i·ri th a broad spectrum 

anth elminti c and vaccinat ed hri ce against  footrot . Late  in Octob er ,  

and again i n  Apri l ,  all ra.rns vrere shorn , special care being taken o f  

the s crotal area . 

I nitially the rans vrere brought indoors , housed in concrete 

pen s ,  bedded dovm on stravJ and fed hay and nuts for up to one \-leek 

pri o r  to castration . Latterly , they vrere brought from , and returned 

to , the paddo ck on the same day as they were castrated . 

' (Bruere , 1 970 ) . 

(c) Genital Examinati on 

Rams ivere examined and found to  b e  geni tally sound 

Testi cular size and tone were assessed by manual  

palpation .  The test es were cla s s ed as  small ,  medium or large and their 

tone as soft and dull ,  fi rm and elasti c ,  or firm and dull . 

I t  i s  generally accepted that testis size  is  a reasonab le 

guide to spermatogenesis in the ram and that increases in si z e  are due 

mainly to increased activity of the seminiferous tubul es ( lvatson , 

Sapsford and l\kCance ,  1 956 ; Voglmayr and l\'lattn.er , 1 968 ) . Hovmver , 

there is l i ttle evidence that testi s size  i s  closely related to ferti lity 

(Bru'ere , 1 970) . 

In relati on to  t esticu lar t one ,  it  i s  generally accepted that 

firm and elasti c testes  produce b etter  quality semen than soft and 

flabby testes (Dun , 1 956 ) . 

(D ) Semen Analysis 

.§:. Collection 

The ram 1vas restrained in a Begg1 s foot trimming 

cradle (Appendix I ) (Plate I I I .  1 ) .  The penis w·as gently extruded 

from its  sheath , held wi th gauze and the urethral process directed into 

the collection tube .  A transistori zed probe (Appendix I I ) , ( Plate I I I . 

2 )  was inserted into the ram' s rectum, and operated as suggested b y  

Nichols and Edgar ( 1 964 ) .  

1 6  



P late III . 1 :  

Plate I I I . 2 :  

Semen collection (by electro-ej aculation ) from a 

ram restrained in a B egg' s foot trimming cradle . 

Transi storized  rectal prob e for ej aculating rams . 
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After colle cti on , the semen -vra s  put into an incubator a t  35°C . 

The concen tration o f  s emen is  l e s s  and i ts volume grea ter  

wi th c o l l e c tion b y  e l e c tro- e;j a cu latio n  than i n  collec tions made 

fol lov1ing na t-u ral s ervi ce ( Ji:at tner and Voglmay:c ,  1 962 ) . 1'he 

usefulness of the parameters of volume and concentrati on may thu s b e  

limi t8cl in an analysi s of s emen coll ec ted by <:: lectro - e j aculation . 

I t  is probab l e  b o11ever , that sp erma tozoa ob tai ned b y  thi s technique 

refle<:!t the s ta t e  of sp ermatogenesi s as accura te ly as sperm collec ted 

by  an artifi cial vagina (Rhodes , 1 97 1  ) .  

h Volum e  

Immediately after collecti on , the volume o f  

semen vJas noted , the sperm concentrati on es tima t e d  vi sually and 

c lass i fi e d  according to t h e  c ri teria used by Gunn 1 Sanders and 

Granger ( 1 942 ) : -
creamy ( a pproximat ely 20 X 1 o8 s p ermat ozoa/ml ) 
mi lh.-y ( " 5 X 1 0  8 " " ) 
c loudy ( " X 1 o8 !I " ) 
clear ( less than X 1 o8 " " ) 

c Hotility 

A drop of semen vas di l\J.ted with pre-uarmed 

normal saline on a warmed micros cope s lide and a drop of  this mixt-ure 

transferred,  using a warm pasteur pipet t e ,  to  a standard depth slide 

and covered 1vi th a cover slip . ( Saline was used to dilute the semen 

so that individual spermatozoa could be examined more easily (Salisbury 

and Van Demark , 1 961 ) ) . The slide was placed on a warm stage 

(Appendix IIIa) , maintained at 35
° ± 0 . 5°C and the moti lity assessed 

at a magnification of x 1 00 (Appendix IIIb ) . 
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Both the percentage of moti le spermatozoa and their rate · 
of progression were assessed :  

0 - 20';1� motile  spermatozoa 

20 4o% 1 1  1 1  

40 6o% 1 1  1 1  

60 so% 1 1  1 1  

80 1 oo% tl t l  

oscillating movement only 
2 slmv progress ive movement 
3 moderately rapid progressive movement 
4 rapid progressive movement 
5 very rapid progressive movement 

d Proportion of live spermatozoa 

A small drop of  semen 1-:as gently mixed •·li th a 
fe1v drops of Nigrosin Eosin s tain (Hancoc.k ,  1 951 ) which " had been 

pre-warmed to  35°C . After staining for tvro minutes , a thin smear 

-vras prepared . The slide 1-ms allowed to dry in the incubator , labelled 

and mounted vli th D . P  . X .  b efore being examined under oi l immersion at 

x 500 (Appendix IV) . Dead spermatozoa s tain a pink or red colour vli th 

Eosin and live spermatozoa remain colourles s .  Nigrosin provides a b lue-

b lack background stain .  In many smears partially stained spermatozoa 
were observed . I f  these took up the s tain with similar intensi ty to 
fully s tained spermatozoa , they were classi fi ed as dead , as suggested by 
Jl1ayer , Squi ers , Bogart and Oloufa ( 1 951 ) and Salisbury and Van Demark 
( 1 961 ) .  

The numbers of live and dead spermatozoa i n  several randomly 
chosen fields -vrere counted unti l 1 00  spermatozoa had been evaluated . 
If  present , morpho logically abnormal spermatozoa were included in thi s  
count . 
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� Morphol ogical examination 

Rou tine morpho logi cal exD.mina tions were ma de 

on 1 00 randomly ch o s en spermatozoa u sine th e Ni ?,ro s i n  Eosin sme2l'S 

prepare d for live/ dead spermatozoal counts . 'I'l;j_s number vras based 
on vro rk done by S a l i sbury and M ercier ( 1 945 ) .  

Abnormal s permatozoa w ere clas �ifi e d  once only according 

to either the m o s t  severe or the most obvi ou s de fect seen . Th ese 

defects were cat egori s ed ( Rob erts , 1 97 1 ) according t o  the part o f  the 

sp ermatoz oon aff e c t ed : -

Head abnormali ti e s  inclu ding 

Neck abnormal i ti es inclu ding 

Illidpi ece abnormaliti es 
i ncluding 

Tail abnormaliti e s  includi ng 

C ytoplasmi c drop l et s  

detach ed or free , sma l l ,  large 

doub l e ,  elont;at ed , p ear- shaped , 

i rr egu lar shaped . 

kinked neck ,  broken neck , abaxi al 

attachm ent of neck to head . 

b en t , b roken , coi l e d ,  doub l e . 

return ed ,  broken , tightly coi led , 

doub l e .  

proximal and di s ta l . 

f. C orrelation b eh;reen s emen quality and ferti li ty 

Hulet and Ercanb rack' s ( 1 962 ) s emen s tandards 

for rams with sati sfact ory t o  very go od ferti lity were u s ed as a gu ide 

in thi s study : - 60 to 90 per cent moti l e  sperm ce l l s  with a moderate 

d egree of m o t i li ty and progressive movement , 70 to  90 p er cent live 

normal spermatozoa , and sperm ce l l  concentrations of 1 0  to 1 8 x 1 0
8
/ml 

(mi lky or c reamy semen ) . 

S em en quality has b e en shmm to b e  of limi t ed value in 

pr edi cting the r eprodu ctive p o t ential o f  cli ni cal ly no rmal ram s . 

Th ere i s  probab ly no single c ri teri on apart from a ctual conception 

r a t e s  whi ch can be used as an accu rate overal l  measure of sperm quali ty 

1 9 

( Rob erts , 1 971 ; C lark e ,  0 1  Nei l l ,  He1vetson and Thomp son , 1 973 ) . Fo r thi s 

reason , s emen examination vms u s ed a s  an adjunct t o  geni tal examination in 
the choi ce o f  rams wi th "norma l "  sp ermato geni c function for meio ti c s tudi es . 



(E) }h t o  tic Karyo typ e  

The Ll i  to ti c  karyotype o f  each of the ram s u s ed i n  

thi s s l;udy 1-ras det ermined in t h e  c ou r s e  o f  a survey car-ri ed out b y  

D r . Bru'ere ,  ( Plates I V .  1 and V. 1 -6 ) �  

Leu co cyt e cu ltures.  ':Tere prepared b y  a v1ho l e  b lo o d  t e chniqu e . 

Tvw 1 0  ml sa.ID.ples o f  b l o o d 1·rere co l l e ct ed asep ti cally from the .ju gu lar 

vein into a 1 0  ml Veno j e c t  tub e containing 1 43 I . U .  sodium h epari n . 

The tub e was s eal e d i n  an envelope on whi ch the she ep ' s tae numb er vJas 

1vri tt en . 

The leuco cy t e  cul ture t e chniqu e fo r sheep i s  shovm in the 
flm<T-diagram Fi gu re I I I . 1 .  

in App endix V.  

Detai l s  o f  the mat eri a l s  u s ed arc given 

Each slide v1as lab e ll ed wi th the s li d e  numb er , y ear an d 
cu lture numb er . �men d ry ,  the s li de s  were dipped i n  ab s o lu te alcohol 

s tained vri th two per cent Gi emsa for t en minu tes , ri n s e d  u nder tap 

water and d ri ed on th e h o t p la t e .  

A smal l  amoun t o f  D .  P . X .  1<1as p laced o n  a c over s li p Nhi ch 

had b een c l eaned wi th abs o lu t e  alcoh o l .  S lides whi ch had b e en s oaking 

in Xyl o l t:ere invert ed onto the cover s li p ,  p laced ri ght s i de up and 

a l l  air bubb les gent ly r emov e d .  
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vlhole  

centrifuged 1 0  mins. I at 1 000 r . p .m. j 
b l o o d  Homo logous 
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5 ml 0 . 75 ml 1--2 

� 
t 

0 . 05 ml Aqua-Colchin 

t 
37°C for 3 hrs. 

t 

ml 0 . 4  ml 

----------------

Total incubati on 
time 48 hrs 
(Universal jars 
in incubator ). 

Transfer cult�res to centri fuge UJ.bes. 

Discard 

t 
Spin 5 mins at 1 000 r. p . m .  / //� 

supernatant Cell deposit l Resuspend cells in 1 0  ml t hypotonic ( 0 . 075M )  KCl 

Incubate 5 mins. at 37°C (Waterbath ) 

- t 
Centrifuge 5 mins. at 1 000 r . p . m . 

Discard __ -- -- -- - -- -- 1  
supernatant Cell deposi t r- Suspend cells in chi lled , 

freshly prepared fixative 
(3 : 1 methanol : glacial 
aceti c acid ). 

Stand 45 mins. at 4°C 

t 
CentrifUge 5 mins. at 1 000 r . p .m .  

-- -- -- -- -- -- -- -- 1 
Discard supernatant C ell deposit 

Cells dropped from pipe tte t Resuspend in fe,; drops 
on to c lean , chilled, wet s l� -· . �fresh fixative (as above ). 
Ai r-dried on vmrm hot p late. �d 1 0  mins at 4 °C. 



( ii ) I�E'l'HOD FOR OBTAININC TES'ri CUL/.,_R MA'rERI AL 

Tvro m e thods , namely t esti cular b i opsy and c a s t ration 

are avai lab l e  for obtair.inG t e s ti cu lar mat eri al from the living anima l . 

( A )  Testicu lar Bi opsy 

Charny ( 1 940 )  fi rs t des cri b ed the t echni qu e  of 

testicular b i op sy in man . S i n c e  that time th ere have b e en a numb er 

of papers describing the method in bo th man ( Charny , 1 963 ; Rowl ey 

and Heller , 1 966 ; I-I end ricks , Lam b i rd and r-'lurphy, 1 969)  and the 

domeshc anima ls ( Sykes , \ifrenn , ll1o ore , Undenrood and S1veetman ,  1 949 ; 

Byers , 1 953 ; Knu ds en , 1 960 ;  NcD ona l d  and Hu dson , 1 9 5 0 ; G a lina , 1 971 ) .  

Authors differ in thei r e valu ati on of tes ti cular biopsy in 

farm animal s ( G a l i na ,  1 971 ) . Decrease in sp erm c oncen tration , 

m o rpho l ogi ca l  changes i n  t-ubu le s  and o th er d e trimen ta l  effe c t s  such as 

coaeu l at i on n e c ro si s  near the b i op sy si t e ,  hav e b e en rep o r t ed i n  the 

bull ( Sykes et a l . , 1 949 ; Gassn e r  and Hil l ,  1 955 ; veznik 1 o62 · ' j ' 

Go rdon , Barr , Herri gel and Pau l s en , 1 965 ) .  

C onversely , Byers ( 1 953 ) , McDonald ( 1 960 ) and Knu d s en ( 1 960 ) 

c o n s i dered that t h e  technique did no t app r e c i ab ly a l t e r  semen qua li t y  

o r  t esti cu lar histology. S tipancevic ( 1 966 ) sugges t ed tha t surgi cal 

tr auma produced by b i op sy in t h e  ram. c au s e d  i n flallllla to ry re sp ons e s of 

the t esti cl e , r e sultin g  in spermat o geni c depression which vm s slovl to  
resolve .  Simi larly in the bu l l , p ro t ra c t ed recovery o c cu rred follo>ving 

b iopsy . I n  one s tudy ,  four t o  ei gh t  mon ths elapsed b e for e  an a ccep table 

de gree of improvement in semen qua l i t y 1-ras s een (Hill  and. Gassner , 1 95 5 ; 
Ga ssner and Hill , 1 95 5 ) .  

Bi opsy i s  an accep ted inves ti gationa l technique i n  human 

medi cine providin g  material fo r b o th his t o l ogi cal and cytogene ti cal 

analysis , bu t t he dis tribu ti on of the tes ti cular bl ood vess els in the 

ram (Harri son , 1 949 )  makes thi s technique diffi cult ( Galina , 1 97 1  ) .  
The s permatic a r t ery forms an ac ce s s ory arterial plexus in the ventral 

part of the testi cle and haemo rrhage is a common s equel to b iopsy 

( Galina , 1 97 1  ) . I n  man , the spermati c a rt ery d oe s  not rami fy in the 

ven tral part of t he testis and the pampi niform plexus is l es s  w e l l  

developed than i n  t h e  ram (Harri s on , 1 949) . Galina ( 1 97 1 ) has overcome 

the anatomi cal handi cap des c ribed above and repor ted an improved b i opsy 

method sui tab le for rams , boars , bulls and s talli ons . Sati s f a c t ory 

s amples were obtained and the met hod c aused nei t her testicu lar damage 

n o r  interfered with normal s perma t o gene sis , at leas t in t h e  ram . This 
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method could therefore b e  us ed if  small samples only are required 

for analysis .  

(B )  Castrati on 

A second method for obtaining t esticular material 

and the one used in this  s tudy, vias that of unilateral cas tration . 

This method ensured adequate material for bo th hi stologi cal and 

mei o ti c  studies . 

Samples from both testi cles v1ere uti lized in the maj ori ty 

of rams . 'l'h e  second testi s 1-ras removed at any time b etween three 

and 41 6 days after the fir s t .  I t  vias observed_ that in tvro o f  the 

five cases of bilateral castration where the second testi s  >ms removed 

within ten days of the firs t ,  i t s  v<eigbt was less than that of the 

first .  Thi s  did not affect the result  although there i s  at lea.st 

one rep ort suge;esting that su rgical int erference may adversely affect 

the spermato gen i c  function of the contralateral testi s  ( Gassner and 

Hil l ,  1 95 5 ) .  In all other cases  1-rhere vreigh ts were recorded for b o th 
testicles , the second testis 1-ras found to have increased j_n -vreigh t 

( Table I I I .  2 )  due to compensatory hypertrophy , an effect similar t o  

that observed by Voglmayr and Jliattner ( 1 968 ) .  

Rams vrhich vrere to b e  given a general anaesthetic ,  1-rere 

s tarved overnight pri or to  castration . The scrotum Has clipped and 

if  soiled , cleansed wi th >varm water containing detergent . 

Pentobarbitone sodium , 60 mg/ml , vms given intravenously to  

effect . This method was used for the first 38 operations . 

Subsequently, all surgery was done  under local anaesthesia . For this , 

the ram -vras pre-medi cated with 4 mg acetyl promazine intrarnuscu larly, 

and 1 .8 ml of Xylo caine was inj ected subcutaneously along the line of 

the intended incision (Appendix VI ) .  Galina ( 1 971 ) used a simi lar 

anaesthetic technique  fo r testicular bi opsy. 

For castration under general anaesthesia ,  the ram was 

restrained on its  side , whil e  for lo cal anaesthesia i t  was held firmly 

in an upri ght position on its  hindquarters . Before surgery was 

commenced ,  the scrotum was fi rst disinfected with aqueous hibi tane and 

then with hi bj_ tane tinctUre . Sterile drapes  vrere placed around the 

surgi cal site  and the ram unilaterally castrated by the " open" method . 
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TABLE III . 2 

EFFECT O F  UHI U,TERAL CAS'l'll_A.1'I ON ON TESTI S \'lEI GHT IN 'fH E RAH 

Ram I d enti- Weight  
fication ( g )  

first 
t estis 
r emoved 

X435/ 69 2871 

X1 1 7/ 69 2281 
X21 4/ 69 21 0R 

R244/ 69 242R 

B68/ 69  2251 

B 1 2/ 69  2 1 9R 

B53/ 69  238R 

A1 82 231 1 

B25/72 2071 

B66/72 2061 

ffi\�199/ 58 3431 

B1 1 6/71 21 1 1 
B76/72 1 871 

B8/72 1 791 

R = Right testis 
1 = Left testis 

. vlei gh t 

( g )  
second 
t e s t i s  
r emoved 

2 98R 

4 1 3R 

2791 

3371 

259R 

2441 

2571 

207R 

205R 

245R 

374R 

21 3R 

2 5 1 R 

2 1 7R 

Difference Time 

in weight j_nterva1 
( g)  days 

( + )  1 1  1 2  

(+ )  1 85 1 28 

(+ )  69 1 27 

( + ) 95 1 1  9 

(+ ) 34 23 

(+ ) 25 5 

( + )  1 9  41 6 

( - ) 24 6 

( - ) 2 1 0  

( + )  39 1 20 

(+ ) 31  3 

( + ) 2 6 

( + ) 64 21 6 

( + )  38 235 



An incision vms made dovm to  the tuni ca a lbuginea , care b eing taken 

not to cut into the substance of the t esti cle ,  emas cu la t or s  'irere 

appli ed across the s p erma t i c  coTd and the t esti cle removed . The 

blood vess els •·rere ti ed o ff and the inci sio:::1 sutured . 

Immediately after removal from the b(Jdy , th e testiclA vms 

taken to the lab oratory Hhere i t  vras vrei ghed .  Pi eces w ere fixed 

for hi s t o l oc;ical examination and other sections used in the meiotic  

preparations . 

III . 2 TIIETHOD FOR OBTAINI NG �mi OTI C C ELLS 

( i )  PRIHARY AND S EC ONDARY SP ER�fATOCYn;,s 

Three main techniques are av ailable for the preparation 

of chromosomes from testi cular mat eri al . 

(A )  Histologi cal Se cti ons 

In the past , mu ch of th e 1vork on animal chromo s omes 
was done on s e c t i one d mat erial preserved uith various fixatives . 

These sections , although time consuming t o  make and o ften Giving 
disappointing resul�s due to poor preservation and separat ion of 
chromosomes, vrere used for example in meiotic studies in the sheep 

(A..lJ.rned , 1 940 ; JVIakino , 1 943 , a ) , goat (r1akino , ·J 9Lt-3 , a ) , bul l (IIlelander 
and Knudsen , 

.
1 953 ) and boar (Henri cson and Backstrom � 1 9G4 ) .  

(B)  Squash Preparations 

A technique for ob tai ning satisfactory cyto logi cal 

prepare3,tions directly from mammalian gonads was first developed in 

1 952  by Makino and Ni shimura . These authors appli ed to animal 

material the squash technique used in plant cytology .  Thi s  techniqu e 

had s everal advantages over the his to logi cal methods in common use . 

The pro cedure �as simpl er and gave morpho logi cally bet ter chromosomes 

than tho se from paraffin sections . 

Variou s modi fi cations o f  the squash technique have b een u sed 
by  many authors . l1eio tic  chromos omes prepared by squash methods have 

b een described fo r example ,  in the cat  ( Ohno , Stenius , vlei ler ,  Truj i llo , 

Kaplan and Kinosita ,  1 962 ) ,  bull (IVIelander and Knudsen , 1 95 3 ; Knudsen ,  

1 954 ; Treadviel l ,  Ki effer and Carhiri gh t ,  1 968 ; Gustavsson , 1 969 ) ,  
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sheep (Berry, 1 941 ; Loir,  1 971  ) ,  man ( Ford and Hamerton , 1 956 ; 

Book and Kj ess ler , 1 964 ; Ohno , 1 96 5 )  and rodents ('tlelshons , 
Gibson and Scandlyn , 1 962 ; Brooks and LengGmann , 1 967 ) . 

Teasi ng of testi s tubul'3s in a hypotoni c  soluti on prior  to 
fixation and squashing , gave Hell spread chromosomes at the diakine sis 
and metaphase stages ( Ford and Hamcrton, 1 956 ; Book and Kj essler ,  
1 964 ; Obno , 1 965 ) , vrhile prophase stages l•fere easi er to  s tudy if  
hypotoni c treatment was omi tted ( Refer section I I I . 2 (ii ) ) .  

The advantaees of  squashing as  described earli er are out-
vlei ghed by the disadvantages of thi s method . These  include -

( 1 )  Cell loss and damage v1hen coverslip is r emoved ( Eicher , 1 96 6 ) . 

( 2 )  Repeated observati ons under the mi croscope are required for 
control of squashing by thumb (Rothfels and Siminovi tch ,  
1 958 ) . 

( 3 ) C lusters of  ce lls ( Ford and Hamerton , 1 95 6 ) . 

( 4 )  l'lhen hypotonic treatment i s  us ed , fevr spermatogonj al cells 
are found and those  present may b e  broken ( Ford and Hamerton , 
1 95 6 ) . 

( 5 )  Not enough w·ell spread figures of a particular s tage of 
meiosi s are found in the limi ted number of slide s 1-rhi ch can 
be  made i n  the 40 minute time limi t suggested by vlelshons 
et .al . ( 1 9 62 ) .  

( 6 )  Chromosome morphology i s  often poor ,  and nuclei are often 
damaged (Melander and Knudsen , 1 953 ) .  

In general , squashing t echniques are inferior as a chromosome 
spreading method to  the nm·l well  accepted air-drying methods . 

( c )  Air-Dried Preparations 

Air-drying of films o f  cells as describ ed by 
Rot9fels and

. 
Siminovit ch ( 1 958 ) produces well spread metaphases with 

superior chromosome morphology.  
Th e  first air�drying method for male mammalian meiotic  

chromosomes was published in 1 963 by Benirsc��e and Brownhill.  
Subs equently other air-drying methods were pub lished  (Evans , Breckon 

26  



and Ford , 1 964 ; Sasaki and Makino , 1 965 ; Meredi th , 1 969 ; 1-lilli ams , 
Hagen , Hunyan and L-2fferty , 1 971 ) . Modi fi cations of these methods 
have been vridely used for mamma ls includ.inc man and the domestic  
animals ( Eichcr , 1 966 ; Hulte;l ,  Lindsten , J'lling and Fraccaro , 1 9G6 ; 

' Ferguson-Smith , 1 966 , pers . comm . to  Bru ere ; Ford ancl Evans , 1 96 9 ;  
Clendenin ,  1 969 ; Hoo and Bowles , 1 971 ;  Lu ciani , Devi ctor-Vuillet 
and Stah l , 1 971 ;  Page , pers . comm . , 1 971 ;  Polani , 1 972 ) .  

The method of  Evans et a l .  ( 1 964 ) has been used successfully 
in cat tle ( Popescu , 1 97 1 , a ) vrhile modi fi cations have b een used for 
exampl e ,  in the doG' ( Eliasson , Gus tavsson , Hult'n and Linds ten ,  1 967 ) 
and bull ( Gustavsson,  1 969 ) . Bruere ( 1 969 ) used a simplifi cati on 
supplied by Ferguson-Smi th ( 1 96 6 ,  pers . comm . to Bruere) of the method 
of Evans ..!iL.&· ( 1 964) , �vhile Nadler et  al . ( 1 973 )  u sed Neredi th' s 
( 1 9 6 9 )  method for mei oti c preparations from rams . Meiosis in the 
goat vms studi ed by Datta ( 1 970) who used the method of Benirschke and 
Brownhill ( 1 963 ) o 

Table I I I . 3 summariz es the pertinent points concerning the 
basic air-drying t eclmiques  used for meio ti. c chromosome preparati on . 

Evans e t  al . ( 1 964 ) att empted to  overcome some o f  the 
techni cal hindrances produced by the "wave "  nature of the spermatogenic 
cycle .  By converting the cont ents of  the tubules into a suspension , 
the clumps of: spermatogonia and spermatocytes  v-rere separated into single 
cells  and thoroughly mixed .  The formati on of a suspens ion also allowed 
advantage to b e  taken of the more even spreading of cells on the slide 
afforded by the air-drying procedure of Rothfels and Siminovit ch ( 1 958 ) .  
Evans et al . ( 1 964 ) did no t recommend their method for prophase s tages ,  
and suggested that the s carcity of spermatogonial cells 1vas due either 
to their greater fragility or ,  more likely,  to the fact that they v;ere 
more firmly bound to the basement membranes of the tubu les and therefore 
less easily released into suspensi on . 

Meredith' s ( 1 969 )  m�thod vrhich employed nei ther centrifugati on 
nor fragmentati on of tubules 1vas found sui table for spermatocyte 
metaphases in both the rat and Syrian hamster. Meredith ( 1 969) 
confirmed Benirschke and Bro�vnhill' s ( 1 963 ) co��ent that slides could 
b e  made successfully from tubules lvhi ch had been s tored in fixative 

0 . (at 0 to 4 C )  for s everal weeks . This could b e  useful in the collection 
and subsequent examination of sampl es collected on expedi tions . Like 
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�1eredith ( 1 969 ) , ih. lliwus et al . ( 1 971 ) considered that ce ll loss vms 
reduced by n o t  centri fu ging at an y s tag e .  They commented that 
consi s t en cy in their r c:; ::;�J. l ts vras enhanced by having the aqueous solutions 
used at a c on s tant pH of 7 . 2  to 7 . 4 .  

Ei ch er ( 1 966 )  found th at althou gh flami ng o f  slides produ ced 
good spreading of mitotic metaphascs and of fi rs t and second metaphase 
figures , s om e  l o s s of bival ent s at diakinesi s and first metaphase 
o ccurred . She considered that 1 part aceti c acid to 3 par t s methyl 
alcohol ,  commonly used as a fixative for mito ti c  chromosomes from 
leu co cyte cultures gave i n f eri o r  results on tec.ti cular material . B etter 
resu lt s were obtained with a 1 : mixt-ure o f  aceti c acid and methyl 
alcohol ( Eicher , 1 96 6 ) .  

Ei cher ( 1 966 )  commented on the large number of good mitotic 
metaphases s een when colchi cine was inj ected intra-peri toneally prior 
to the sacri fi cing of animals for mei o t i c  study. B eni r s chke and 

Bro';.mhi l l  ( 1 963 ) , Clendenin ( 1 969) and Hoo and Bowl es ( 1 971 ) also 
u t i l i z ed colchicine pre-treatment of animals . 

The use of colchicine in s tudi es of mei o ti c chrom o s om e s  was 
based on the premis e that since it arrested somati c cells at mi totic 
metaphase , it should also arres t germ cells at first and second mei o t i c  

metaphase ( Clendenin ,  1 969 ) .  A marked increase in ce lls at fi rst 
mei otic metaphase after one and tvro hour intervals of pre-treatment 
,.,i th colchi cine was demons trated by Clendenin ( 1 969 ) .  His results 
shmved that three hour pre-treatment increased second meiotic metaphase 
cell counts . Because colchicine vrould caus e pain to the ram , the 
effects of pre-treatment with thi s drug were not s tudied .  Clendenin 
( 1 9 6 9 )  suggest ed that in vi tro exposure to colchicine of intact 
fragments or suspensi ons of cells in ti ssue culture would be an obvious 
modifi cation of treatment of the live animal vQth this drug. 

Sodium citrate is commonly used as a hypotoni c agent in 
mei otic preparati ons to cause swelling of cells , disruption of the 
spi�dle and dispersion of the chromosomes . Recently however , s everal 
workers have reported advantages in using potassium chloride as the 
hypotonic solu ti on .  Clendenin ( 1 969 )  and Luciani et al . ( 1 97 1 ) reported 
sharper definition of chromosome outline and less disruption o f  
individual chromosomes than occurred -vri th other hypotonic solutions . 
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Although the fixati on pro cess was unchanged ,  Hungerford ( 1 965 )  

had noted prior t o  these conclusi ons that the n;i to ti c chromosomes 

appeared b etter fi xed e.fter hypotonic treai;ment vti th po tassium 

chloride . The r-eason for this i s  not und.erstood.. 

A preliminary report by Sperling and Kaden ( 1 971 ) SUBgested 

the use of s eminal fluid as an alt erna tive to testicular materi al as 

a source of  imma ture germ cells for studi es o f  human mei osi s .  

Sperling and Kaden ( 1 971 ) noti ced that th e percentage o f  immature 

cells  i ncreased as the sp erm count decreased. Using Evans et a l . 1 s  

( 1 964) m8 thod , they were able to mak e preparati o�s of primary 

spermatocyte cells  from seminal fluid .  

Yet  another method for the preparation of spermatogonial 

cel ls and sperm.ato cytes of all stages from so lid  tissue vras described 

in 1 972 by Sto ck ,  Burnham and Hsu . 

(D ) Method Used In This Study 

The method used in this study 1vas a modifi cation 
of  those  of  Evans et a l .  ( 1 964 ) and Ferguson-Smi th ( 1 966 , pers . comm. 

to Dr . Bru�r e ) . 

Immediately after r emoval from the body, the testis >vas 
taken to the laboratory and weighed . Within five minu t es , pieces of 

ti ssue 3 to 4 -mm in diameter were cut from the testis , the tuni ca 

albuginea removed and testis sections quick ly washed i n  a few ml  of  

vrarm ( 37°C ) sodium tri - ci trate  solution ( 2 . 2 per cent ) in  a vrat ch 

glass . The pi eces were then transferr ed to another watch glass 

containing about 3 ml of 1 . 2 per cent sodium tri-ci trate  and teased 

and chopped , using fine forceps and a s calpel  blade , unti l a cell 

suspension was obtained .  Thi s suspension v1as transferred to a 

graduated c entri fuge tube .  The pro ce ss was repeated and more hypotoni c 

solution was added unti l 1 0  ml of  cell susp ensi on were pro duced . A 
glass rod was u sed to crush the larger fragments of  tubu l es . Two 

centrifuge tubes  of  material were pro cess ed together . They w ere put 

into a water bath ( 37°C ) and incubated . When the tubules  had been 

expos ed to the hypotonic solu ti on for 20 minutes , the .centri fuge tu.bes 

were removed from the wat er bath and spun for 1 0  minutes  at 1 000 r . p .m • •  
The total time of exposure of the cells to hypotonic solution was thus 

30 minutes . At thi s stage the supernatant was carefully removed wi th 
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a pipette and dis carded u nt i l  only 1 . 5 m l  remaine d .  Th e cells 

were gent ly r e suspended i n  t h e  hypotoni c  s o lu ti on and 0 . 5  m l  o f  

fr e s h ly made , c o l d  fi xa t i ve ( ab solu te eth anol : c_;ladal a c e ti c  aci d ,  

3 � 1 + 3 drops chloroform) 1va s  s lowly a dded and allov1ed t o  run 

do;m the si des o f  the tub e unti l a layer formed on top of the 

hypotoni c c.;ell susp ensi on . Gent l e  pip e t t i ng mixed the fixative 
v.ri th the c e l l  su spension . Ho re fi xati v e  uas added unti l the 1 0  ml 

mark on the tub e Nas rea ched . At thi s  s t age , any large tubu lar 
fragments Here r emov ed from t h e  tub e . The tub e s  1·mre then p la c e d  

i n  a coplin j ar in a n  i c e bath and allm·r ed to s ·� B.nd f o r  30 minu t e s  

in the r efri gera t or .  

After fixati o n ,  t h e  c e lls Here again centri fuged a t  1 000 

r . p . m . fo r 1 0  min� t e s  and th e sup ernatan t fi xative d i s carde d . 

Ab ou t 1 to 1 . 5  ml o f  fi xative was reta i ned and the cel l s  re su s p end e d  

in thi s .  A f eiv drops o f  f r e s h  fixative were a dded i n  the s ame way 

as previ ou s ly d e s cri b ed unt i l  about 1 . 5 m l  had b e en added . After 

1 5 t o  2 0  minu t es the c el ls ·w e re again r e su s p end e d .  

i l lu s t rates t h e  mei o t i c  t e chni que di agrammati c a l ly .  

Figure III . 2 

Four or fiv e  drops o f  th e c e l l  su sp ension vlere pi pe t t ed 

from a h ei eh t  o f  about 30 cm onto chi l l e d ,  >-le t  but >-Te ll- drained 

s lide s .  

Ai·r was gent ly b lown onto the s li de s  lvhi ch were then p la ced 

on a •·;arm ( 37°C ) thermo s ta ti ca lly contro l l ed hot p lat e unti l dry . 
The numb er o f  the mei o t i c  prepara ti on ,  th e year in 1vhi ch i t  1va s  made , 

and the s l i d e  numb er vlere a l l  r e c orded on the s li de , usi ng a diamond­

tipped p enci l ,  for examp l e : 

Up to 50 s lide s were p r�pared a t  ea ch session . 

w ere stained and moun t ed a s  des c rib ed in s e c t i on III . 3 (i ) . 

The s e  s li d e s  

The mat erials u s ed i n  making mei o t i c  p reparati ons are 

li s ted in Appendix VII . 
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( E ) Discussion 

Some ai r-drying methud s produ ce  excellent results 
-vri th meioti c s tages of  speci fi c animals but these methods are not 
necessari ly directly applicab l e  to  o ther animals (Meredi th , 1 969 ; 

author ; and o thers ) . Modifi cation s were therefore required b efore 
a sati s fac tory number o f  cells  lJere prodvced at each preparati on. 

There a re only two reports in  sheep of  the use  o f  a 
' technique oth er than histologi cal or squash techniques .  Bruere 

( 1 969 ) and Nad ler et al. ( 1 973 ) studi ed she ep meiotic cells but the 
r esults from both studies judging from publi shed yhotographs , vrere 
poor.  

cells .  
1-1any fact ors affect the quali ty and quantity o f  meiotic 

'I'hes e include : -

(a ) The length o f  time between removal o f  testicular mat eria l  from 
the animal and its  sub sequent pro ce ssing. 

Best resu lts were obtained when the time interval between 
castration and ini tiati on of the hypotonic treatment was minimal . 

(b ) Effect of  time of  year . 

The ram , a s easonal breeder , undergoes a partial physiolog� ca l  
involution of  <_>permatogeni c ti ssu e  i n  the non-breeding season. During 
thi s time the testes be co�e smaller and los e their tone . Mei oti c 

preparati ons made at this time were often poo r .  As spermatogeni c 
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activity increas es vri th the ons et  of the breeding season (Autumn ) the tes tes 
increase in size  and b ecome fi rm and e las ti c .  Consequently mei o ti c  
p reparati ons ob tained during thi s time 1-rere usually goo d .  

( c ) Teasing o f  tubules .  

critica l .  
Ford (pers . comm . , 1 971 ) do es not consider this step t o  b e  

The aim i s  to releas e  the cells from the s eminiferous 
epithelium as  rapidly as possib l e  wi th as  little  damage a s  pos sib le 
(Ford: pers . comm. , 1 971 ) .  Too much teasing wi ll produc e a suspension 
containi ng many small  fragments of tubule ; inadequat e teasing lvi ll 
result in many cells , particularly spermatogonia , remaining wi thin the 



discarded t-ubules ( Ford and_ Evans , 1 969 ) . 

( d ) Hypotoni c fluid 

Ford ancl Evans ( 1 969 ) stat ed that the optimum concentrati on,  

exposure time and temperature at -vrhi ch the hypo tonic solution act s , 

probab ly di ffer from one speci es  to anoth er and therefore have to  b e  

determined empiri cally fo r each neN s et o f  conditions . 

I deally,  the shortest exp�sure time consistent wi th 

obtai ning acle�uate spreading of chromosomes is required . Exces sive 

expos�Jre  to hypo toni c fluid reduces th e propo rti on of useful  cells in 

the final preparati on . I t  is beli eved th�t the membranes of cells 

in mi tosi s or mej. osis  are more prone to ruph1 re than non-mi toti c cells . 

This occurs becaus e  of  the lo-vrer viscosi ty of  the cytoplasm , whi ch 

presumptively -v10uld mean that the cell membrane had less physi cal 

support ( Ford , pers . c omm . , 1 971 ) . Ford ( p ers .  comm . , 1 971  ) sugges ted 

that th e lyso somes might be p rogressively rup tured on exposure t o  the 

hypo toni c fluid and thei r contents r eleased into the cytoplasm , and 

that autolysis could b egin whi le the cell  was still living. He  further 

sugge s ted that i f  this were tru e ,  optimal hypotoni c exposure w·ould b e  

carri ed out at low t emperatures although for practical purposes , ambi ent 

temperatures are used.  

'rhe author u s ed fresh sodium ci t rate  solution fo r hypotoni c 

treatment as sugges ted by Ford and Evans ( 1 969 ) . In contras t ,  Page 

( pers. comm. , 1 971 ) , on the advi ce of Chand l ey ( pers . comm. , 1 970 ) ,  

found that three to  four day old sodium ci trate gave bet t er res,J lts . 

Aged solu tions were tried by the author without any no ticeable 

improvement in result s .  

Concentrations o f  hypotoni c solu t i on were vari ed from 0 . 7% 
to 1 . 1 ;7'o,  1 . 1 ;!fo, 1 . 2% ,  1 . 3% and 1 . 4%. Exposure times of  the cells to· 

hypotoni c  solu ti on ranged from · five to 55  minutes . An exposure  time 

of  30 minutes gave the b est  spreading and morphology of  chromo somes . 

Various concentrations of potassium chloride were exp erimented 

wi th as  a hypotonic soluti on, but the author did not observe the 

improvements in  chromosome morphology no t ed by Hungerford \ 1 965 ) , 

Clendenin ( 1 969 )  and Luciani et a l .  \ 1 971 ) . Consequently the use  o f  

sodium tri-ci trate solution was conti nued . 
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( e ) C entrifug:1 t i on 

Po rd ( p er s . comn1 . , 1 97'1 ) consi dered i t  a di sadvantage to 

expo s e  the c e l l s  t o  a gr eat c entri fugal fo r c e  a 3  fixati on vraa 

di ffi Gul t  i f  th e c e l l s  in th e p e l l et uere t o o  co!llpa c t ed and t o o  many 

cel ls vrere di s carded in the supernatant . 

The au thor c o l l e c t ed , c entri fuged and p ro c e s s ed th e 

sup ern a tant on s ev e ra l  o c caBions as v'a s  sugGe s t el by Ford and Evans 

( 1 969 )  and Pord ( p crs . corGm . , 1 971 ) . As v e ry few ce l l s  were se en on 

th e s li d e s  made from thes e preparati ons i t  w a s  c ons i dered that the 
sup ernatant did n o t  c ontain v a luab l e  mat erial a n d  i t  1-ms di s carded 

h encefo rth . 

Tim e s  o f  centri fuga t i o n  �-r ere vari e d  and t en minut e s  ·v1as 

found to be adequate . 

( f )  Fixati on 

Thi s  s t ep is c on si dered by Ford ( p ers . c omm . , 1 971 ) to b e  

the mo st cri ti cal o f  all the s t ep s  i n  ob taining sati sfa c tory 

preparati ons . He ci t ed a gr eat numb er o f  p o s sib l e  empi r i c al variati ons 

such as th e v o lum e ,  shape and d ensi ty of t h e  p e l l e t  of c e l l s ; the 

volum e of th e supernatant fluid r etained ; the si z e  and shap e o f  t h e  

tube u s ed fo r fi xati on ; the rat e at whi ch t h e  fi xahve i s  a dded and 

i t s  to tal volum e ; the tim e interval b etween fixative changes ; the 

numb er o f  changes o f  fixatives ; the eff e ct s o f  t emperature and t h e  

addi t i on of adjuvant s such as c h lorofo rm .  

Ford and Evans ( 1 969 ) no t ed that speed o f  p enetra t i o n  o f  th e 

fixative i s  prob ab ly the most i mpo rtant variab l e .  :1-1aximum sp e ed o f  

p ene trati on i s  probab l y  a ch i eved when the c e l l s  a r e  in su spen s i on at 

the time when the first fixative i s  adde d .  The greater the v o lume 

of the p ellet , i f  cells are f i x e d  i n  this way , th e s lower th e r a t e  of 

p en etration o f  fixativ e .  Fo r d  and Evans ( 1 969 ) cons idered that t h e  

optimum si z e  f o r  a p e l l e t  would b e  one 2 mm i n  depth . The s e  authors 

a l s o  noted that t h e  to tal yi e l d  of cells was often less when c e l ls 

w e r e  fixed i n  su s p ension than wh en t h ey were fix ed as a p e ll e t . 

suggested that many cells were pr obably di s rupted in susp ensi o n .  

They 

The au thor found that marked l o s s  o f  c e lls o ccurred i f  t h e  

fixative was changed more than ii-Ti ce , th er efore only two changes o f  

fixatives \-Tere u s ed .  Bru�re (p e r s . c omm . , 1 973 ) also n o t ed thi s cel l 
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loss wi th leuco cyt e cultures . 

F'ord arc<i Evans ( 1 969 )  fo,_t:ncl that mu ch b et t er :::;preading of 
ch:como f:l omes v1a s  a chieved with d.i =Lute  SUSlJenci on� than vli th dense 

sU S]Jensi ons . 

m ethod . 

The author confirmed this resu lt b efore adopti :ae th ei r 

(h ) Stages vi sible 

Sati s fG.c t o ry preparations o f  cel l s at diplo tene and good 

prepara tions at d iakinesi s .:md fir s t  and s e c ond. Ec;taphase �1ere 

obtained by the au thor1 s method .  However , a t  ei ther fi rst o r  s ec ond 

anaphas e very few cells v1ere s e en . Th es e rt.::sults  are e}:plai ned by 

Ford ancl Evans ' ( 1 969 )  sta t a:tent that expo sure to hypotonic fluid 

cau s es arrest  o f  cell divi sion at :rr.ei.:afha se and th erefore the 

progressive disappearance of spermat ocyt es in first and second 

anaphase . The s e  authors b eli eved that anaphase figures could be  

obtained if the p eri od of hypot oni c tr eatment vras reduced. to  a 

minimum o r  eliminated altogether . 
The o b servati on (Eliasson et al. , 1 967 ; Ford and Evans , 

1 969 ) that few spermatogonial metaphases are norma11y present in 

preparations macle by the above methods uas confirmed cy the author' s 

resu lts . Netl::: ods for increasi ng the number of spermatogonial ce lls 

have been suggested by Ford and Evans ( 1 969 ) .  

(ii ) PROPHASE STAGES 

(A) Review of Literature 

Pri or to the 1 960' s very little work had been 
done on the topological mapping of indivi dual mammalian chromo somes 
according to the chromomere patterns characteristic of each of them 

at the pachytene stage of meiosis . Schultz and St . Lalvrence ( 1 949 )  

using a squash procedure after aceta-orcein staining , i'fere the first 
to a tt empt a standard diagram of chromomere patt ern in a pachytene 
bivalent in man. Several years later Yergan.ian ( 1 957 ) who describ ed 

a method involving the use of a vlaring b lender and centrifugation ivas 
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ab l e  t o  ana lys e  chromom ere nu.mb e r , s i z e  and sequence i n  many o f  the 

b iva l ents h e  c o l l ec t ed .  

Squash t e chn ique s �l thout hyp o t otri c p= e-tre atment ( B�Sk 

and K�·, os :Jl8r , 1 96 4 ;  Fergu son-:3mith , 1 964 ; Gardno' and :·>mmet t ,  i 964 ; 

Gri ff en s 1 95 5 ;  1 96 0 ;  Olmo s 1 96 5 ; B o rd.j adz e and Proko f:i e',;.q-Jelc;rwskaya , 

1 97 1 ) r:�.nd vri th hyp o t oni c. pr-e-tTeatJ:�ent ( I<'eJ:'€:,'1.1 Son--Sm:i th , ·j 96tl ;  Fo r d ,  

C a ch eiro , N o rby and H ol l e r ,  l S 6B ; Ford , 1 96 9 ; Annerr:m ,  B erg[;Tcm , 

S tahl an d Kj ess l e r , 1 970 ) have b een u s ed in m ei o ti c propha s e  stu di e s . 

Both ty-p es o f  techni qu e had thei r di sadvantagc;s . C hrom o s ome 

b r eakae:e and overlapping fr eql.l. ent ly o c curre d i n  s quash te chniqu es and 

hypotoi,:i. c pre-tr eatment t end ed t o  rup ture t h e  nu c l eo li and alt er t h e  

p o s i t i o n s  of indj vidual chromo s omes wi thin the ce J.l ( Fergcl son- Smi th , 

1 964 ) .  Hypo "Gon i c  t r eatm ent had the advantage ho'tr ever of spreading 

chromo s omes &n d m ak i ng them eas i e r  to analys e  ( Fergu. s on-Smi th , 1 964 ; 

Hunger± ord , 1 971 ) .  
Al thou ch prophase s t ages are s e en i n  mei o t i c  p reparati o ns 

m&de by the ai r- drying t e clmiqu es in colllll!on u s e  ( e . g . Evans e t_..§:l · , 1 964 ; 
Sa sa.ki and r1akino , 1 965 ) , th e i r  morpho l o gy rare ly m eets th e minimal 
c r i t eria. propo s ed by Hungerford ( 1 971 ) fo r chro�om e ri c  lliapping.  
Hungerforcl ( 1 97i ) consi dered that pr epara t i ons should b e  go od enough 

t o  a ll ow a ccura t e  chrom osom e  c oun t s , the r e c o gni t i on of centromere 

p o s i t i o n  and the pat t ern o f  di s c re t e  chromomeres , and he d e s crib ed a 

method i'l'hi ch met the s e  r equi rement s ., 

( B )  r1etho d s  Used In Thi s Study 

An a t t empt 1ms made t o  s tudy the chr omo s o me s  a t  

fi r s t  me i o t i c  prophas e u s ing tvTO di fferent met:l-}o d s . T h e  first 1ms 

that of Ferguson-Smi th ( 1 964 ) and t h e  s e c o nd 1vas b a s ed on Hungerford' s 

( 1 971 ) method .  

1 .  Small pi eces of t e s t i cu l a r  mat eri al vrere t eased i n  fr e sh 3 : 1 

e thyl al coho l gla c i a l  a ce t i c  acid fixative and a l l ou e d  to s tand 

for one h ou r  in a uni vers al c ontai n e r .  Th e t11tu les 1v ere r e:noved from 

the c ontai ner and fin e ly chop-ped in a. fe1·r ml of f re sh fi xa ti v e .  The 

su s p en s i o n  was dropped onto co ld , ivet s l i de s ,  air-dri ed and s t ained 

vri t h  aceto-orcei n  i n  the S aL'le way as o th er m ei o ti c  stages ( I II . 3 ( i ) ) . 
2 .  T e s ti cu lar mat eri a l  was t ea s ed i n  a fevr ml from 1 0  mJ. o f  ivarm 
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( 37°C ) ti s su e  cu l tu r e  m edium containing 200 I .U .  of heparin 

(Appendix VIII ) .  Th e ws peo sj_ on vms tran s f erred from the p etri di sh 

t o  a cen tri fuge iub e .  Th e pro ces s wus re�o�ted unt i l  1 0  m l  of 

s u s p ens:'_ on w ere ob tained after v:hich the t"tJ b c  vu s centri fu ged. at 
1 000 :r . p . m .  for three minutes to separate  out th8 la.rc;er tubular 

The supe:cnatant Has tran ;:; f erred to  a s e co�1d centri i'uge 
tub e and after spinni ng for t en minu t es at 1 000 r . p . 1n .  the superna tant 

'\vas di s c arded . 

200 I . U .  h eparin w e re added to 1 0  ml of 0 . 1 25 M Potassium 

chloride (Append ix IX) . Th e c e l l  pell e t  1-ras suspended in 1 m J_ of 
0 

thi s solu ti on and incubated for one hour at 37 C .  Aft c-:r centrifu gation 

and remova l of the sup ornatant 1 the c e l l s  -:vere fixed in 3 : 1 methanol : 

glacial a c eti c a ci d  for 1 5  minutes . Finally , the st: sp e.nsi on vias again 
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centrifuged and the su per:nata.nt r emov ed , leaving 1 11 1 of cell suspension. 

A few drops of fre sh fixativ e vr e re adde d ,  th e c e l l s  rcsuspended and 

s li de s  made and stained in the same manner as that U.ee>c:r-ib ed for 

mei o ti c s tages in se cti ons I II . 2 (D )  and I I I . 3 (i ) . 

I I I . 3 S'I'.A.INING TECHNIQUES 

( . l l ,  MEIOTIC CELLS - GENERAL 

Shdes were stained in refilt ered ace to- ·orcein (Appendix 

X ) , for at leas t t�w hcm r s . They uere then pass ecl through t1-;o 

changes of 95 p er cent alcohol ( )0 seconds i n  each ) , dipp ed in absolute 

alcohol and a l l mved to  stand for 1 5  to 20 minu t es j_n two cons ecu tive 

di shes of xylo l before being permanent ly mounted , in D . P . X .  

(Appendix V (  c )  ) . 
I ni t i ally a l l  meiotic s lides were stained wi th a ceta-orcein . 

Latterly only a fm-r were s tained in this -vray , the ma.j ori ty being 
stained 1vi th Gier.1sa after the "C-banding" tecr..nique had b een carried 
out . 

( ii ) CENTRO�ffiRE S TAINING 

(A)  Revi ew of Li terature 

Centromere position is diffi cu l t  to locate in 
sheep meiotic chromosomes stained by conventional methods . 



In most bival ent s e xallli ned from human spermat o cy t e s  at the 

lat e  di p lo t ene stage C hen and E'al pf.: ( -! 969 ) o b serv ed bro round bodies 
s tained ll11rk 1d th Gi emsa , whi ch t h e y  b eli F1r su 1v c re cen t r omere s .  

'fbe au thor of the y,res en-'c s tudy o c ca s i onal ly ob.sc;!rved in regi ons on 

the hi val ent 11b ere th e cent romere was exp ect e d , dark :o.taini ng areas 

vli th Gi 8m s a ,  and l i gh t  staini ng a 1·eas '"i th a c e t o--orcei n .  The s e  

findings were n ei ther c on s i s t en t  f o r  a l l  th e b i valent s i n  a c ell , n o r  

f o r  th e  o th e r  c e l l s  on t h e  s am e  s li d e  at th e s aL! e stae;e o f  mei os i s . 

S ome biva lent s sh owed thr ee dark s taining b o d i e s  whereas only two were 

exp ect ed . The s e  resu l t s  di ffer ed from thos e of Chen and Fa lE:·k ( 1 969 ) . 
Du ring exper imen ts on tbe c hromo s oma l l o ca tion o f  mou s e  

sat e l li te DNA ,  Pardue and Gall  ( 1 970 ) n o ti ced that t h e  c entromeric 
h e t er o chromatin of m ou s e  mi t ot i c  chr omos ome s whi ch had b e en treated 
wi th s odium hydroxid e  and s taine d 1•ri t.t1 Gi emsa , s taine d  mo re dens ely 

than the r e s t  of th e c hromo s om e .  Thi s obs e rvat i on was c onfi rmed b y  
Yuni s , Ito ldan , Yasmineh and Lee  ( 1 97 1  ) .  S i n c e  thes e ini t i a l  

ob s erva t i o ns 1rr e r e  made , a numb e r  o f  pap ers have appeared c o n c e rni ng 

the s tai nin g  of c on s t i tu ti v e  h e t ero chromatin at and adj a c en t t o  the 

centrom eri c r et;i o n  of mi to t i c  chromo somes o f  many sp eci es o f  animals , 

( Arri ghi and llsu , 1 97 1 ; C h en and Ruddle , 1 971 ; Hsv , C o op er ,  iVJace 
and. Brinkley ,  1 971 ; Tak:agi , 1 971 ; Sumner et a l . , 1 971 ; Snmner , 
1 972 ; Polaril , 1 972 ; Han s en ,  1 973 , b ;  Evans �t al . ,  1 973 ; McKenzie 
and Lubs ,  1 973 ; Vosa , 1 973 ) .  

Centromeri c s taining ( "C-banding" ) techniqu es hav e  also b een 
used successfully with me i o ti c  chromosomes (Hsu et al . ,  1 971 ; B obrm>�" ,  

Madan and Pearson ,  1 972 ; D ev ,  Miller , Allderdice and Miller , 1 972 ; 
Falek ,  Chen and Chan , 1 972 ; Polani , 1 972 ; Sumner ,  1 972 ; C handley 
and Fl etcher , 1 973 ; Gagne , Vagner-Capodano and Devictor-Vuillet , 
1 973 ) .  

Whi le some method s are more tedious than oth ers , a ll appear 
to give comparable results . In this study therefore a simple ,  
relig,ble , method was chosen by  vlhi ch to s tai n the centromeres  o f  both 
mitoti c  and meiotic chromosomes .  

(B )  Hethod Used In  'fhis St-udy 

The c entromeres of sheep meiotic chromosomes were 
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stained using th e method of Chandl ey and E'letcher ( 1 973 ) >vhi eh was 

ba.sed on that de s crj b ed by Surmer ( 1 972) . 
Slid e s  were prepared as de scrib fd in s .ction III .  2 (D ) ,  

and allo-vreu t o  age for up t o  eigh t days ,  The au tho r  found that 

three to fou r day old sli d e s  gave results s imi lar in quality to those 

produc.:ed by o l der s li d e s .  C ons equ ent l y  .s l i d e s  vwre pro c e s s e d , five 

at a tilli e ,  th:;_· e e  and four days after thei r preparati on . 

After standing for one hour at r o om t erJ.p eratu r e  i n  a cop lin 

j a r  containing 0 .  2 r-1 h ydl' o chlori c aci d ( to remove surplus  prot ein from 

the slide (Sunm er, 1 972 )  ) ,  the slid e s �rere rins ed in dei oni z e d  wat er . 

They l'f ere th en placed j_::J. another c oplin j ar containing a freshly 

prepared solu tion of 5 per c ent barium hyclroxide ( Ea ( OH )
2

, BH2o )  a t  
0 

5 0  C for ten minu tes , a much l onger time than the t Em s e conds used by 

Chand ley and l<'l e t cher ( 1 973 ) for human mei o ti c  chromo somes . The 

slides were rinsed a t  least three tim e s  in dei oniz ed 1vater ,  after vrhich 

they were incub a t ed for one llour at 6o
0
c in 2 x SSC . B o th th e b arium 

hydroxi de and the 2 x SSC solutions uere h eated to the required 

temperatu re in the 1-1 ater bath prior to th e time the sli des  1vere put 

int o them . Follo1-ring  a rinse vli th fresh deionized ·mter ,  the s li des 

were s tained for up t o  one h ou:c 1-ri th Gi emsa . · Finally , the slides 

were rinsed in deionize<l 1vater ,  dri ed , soaked in xylol and mounted in 

D . P .X  . •  Details of the materials u s ed for centr0mere s taining are 

given in Appendix XI . 
Slides representative  o f  each o f  the three diffe r ent 

Rob ertsonian transl o cation types  dis cuss ed in this thesis v;e:re 

stained by the centromere-staining techniqu e . The findings v:ere u sed 

to elucidate the strJcture of the trivalent configurations seen at the 

diakinesi s and th e metaphase I stages of mei osis ( Chapter V) . 

III . 4 HISTOLOGICAL SEC TI ONS 

Immediately after excision , pi eces o f  testis  5 mm thi ck 1-rere 

placed in fixative . Two pieces vrere fixed in Bouin' s flui d (Culling , 

1 963 ) and t1vo pieces in 1 0 per cent neutral buffered formalin 

( Thompson , 1 966) . Aft er approx�nat ely 24 hours and 36 hours 

respectively ,  the pieces v1ere removed from the fixative and 1-mshed in 

70 per cent alcoho l .  The alcoho1 was decanted, and the tissue placed 
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overnich t i n  a Shand o n  E l li o t t  au toma ti c � -vl SSU e pro ce s s o r . The next 

m orni n G , the t i s su e s  vi ere em:)eddod �-n :p2 raffi n blocks anc cut into 

s e ct:i. ons �/" t o 5/;v tlli ck . 
S e c t i ons fixed j n  ::Souin! s were s tained v!i th H .  & E .  

(Ehrlidl !  s haemato:zylin + 1 %  o.q' leou s Eosin -Y ) l'!hi l e  s ecti ons fi xed 
i n  formo. lin 1:rere s tained •�i th Feu l gen ( Thomp son , 1 966 ) .  

I I I . 5 _h.NALYSIS Of' R ESULTS 

(i ) MICROSC OPY 

All s l i d e s  were s cann ed c ov1p l e t e ly using the 1 0 x 
obj e c ti ve (Appendix IV) . Ea ch cel l which was to b e  examined more 

c los ely had i ts p o s i ti on on the s l i d e  read from a verni er s cale and 

record e d . C e l l  po s i t i on cou ld be d e t e rmi ned to wi "c:i.1in an accuracy 
o f  0. 1 mm . 

When a c e l l  vias s een , i i:; \vas ex amined under the 20 x 

obj e c ti v e .  I f  t he chr omo s omes -vrere to o c ontra c t ed o r  not adequ a t e ly 

spread ,  the cell was r e j e c t e d .  Th e o th er c e l ls were examined under 

oil inmer s i on vJi th the 500 x or 1 000 x obj e c ti ve s .  A Balz ers K-4 
green fi l t er was placed over th e li gh t  source to imp rove chromo some 

defi ni t i on and to r e du c e  glare par ti cu larly vlhen larg e numb ers o f  

sli de s  vr ere b eing s cann ed . 

histology slides 6 

The fi l t er vTas n o t  us ed for s em en or 

The chl·cm o s om e s  i n  each c el l  a t  di p l o t ene , diak i ne s i s  and 
metaphas e I were cou n t ed and the number r e c o rded . The p r es ence , 

nature and position of the s ex chromosomes and any o th er u nu sual 

featu r e s  o f  the c e l l  were no t ed .  B o th the numb er o f  chromo somes 

and th e numb er of ch romo s o me arms , vr ere c ount ed fo r eG.ch s e condary 

sperma to cy t e . Th e  typ e o f  s ex chrom o s ome , and of tran s l o c a ti on 

chrom o s om e  when pres ent , was recorded . The analysi s o f  the s e  cells 

i s  di s cu s s ed in greater d e tai l i n  Chap t ers IV and V. 

groups .  

xn ) . 

For eas y re fer enc e ,  all s li d es were lab el led and fi led in 

Ea ch grou p c o ns i s t ed o f  s li d es pr epared from o ne anima l .  

C e l ls vr ere c oun t ed using a hand operated coun t e r  (Appendix 

I f  any doubt occurred as t o  a c ount , th e c e ll c oncerned 1-IBS 

exc luded from the resul t s .  A numb er o f  the cells from each mei o ti c 

prepar a t i on were pho tograph ed and kary o type s  prepa red . 
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( . .  \ l l j .PJ::O'J'OGRAPHJC TECHNI Q1m._� 

J'o:c photogra.phy l the wide fi eld ( 1 5x )  eye-pi eces on 
the mi cro s co p �' �·1 e r o  excl 1.anged for on e ordinary ( 1 Ox ) eye--pi ece ) and 
one ( 1 Ox)  photogr<:.ph:i c eye--pi e c E:  wi th c .  fo cu:-� i ng sigh·c and fram e . 

Ph o t c graphs were tal-:: e�l a t  b 8 th 500x and 1 OOOx '.vi th the green fi lter 
vlhenever possible .  A Lei tz exposure meter i n t e r chane;ec.b l e  vri t h  one 
eye-pi ece 1ms used to make li ght readi ngs . 

taken at a c on s tan t exp o su r e  time o f  onP. s econd on Copex-pan rapid 
film 37 A . S . A . ( Agfa-Gevaert ) .  Records l<ere kept of each photograph 
taken . 

Each film •·1as developed aml print ed by the au thor 1vi tl t some 
techni cal help . Films vrere developed as d e s cribed in Appendix XII I  

and the negatives vrere lab e l l e d  and sto red in book form .  
Each :negab.ve 1-.ra s enl arged ( Appendix XIV)  .;:._nd printed on 

I lfobrom (llford , Au stralia Propri etary Ltd . ) Numb er 3 or 2 paper � 
dependine on 1·rheth er the negative ·w-a s  light or Ciark ( refer App endix 

XV for de tai l s  of developer and fixer ) .  
Histologi cal preparations were pho tographed on Pan F fi lm 

(32 A .  S .  A .  llford ) . (The -vray in ·whi ch the fi lm i-T as processed i s  noted 
in Appendix XVI ) .  

( iii ) KARYOTYPES Jl.ND DRAvHNGS 

Ademco dry mounting ti ssue "\vas tacked onto the back 
of each print with a h eated fixing iron . The chromosomes on each 
print were cut out making sure no accidental omissions 8r duplications 
o ccurred . They were arranged on ruled sheets of cardboard in 
decreasing order of size vli th centromeres approximately aligned . The 
sex bivalent or sex chromo somes were placed last . The bivalents , or 

chromosomes were lab elled and the karyotype placed in a press ( 70°C 

to 80°C )  for 1 0  to 1 5  seconds. An entire photograph of each cell 
was also pressed oDt o  the card which vra.s la.b elled and filed. 

In several karyotypes at the prophase , diakinesis and 
metaphase stages , an atterr.pt was made t o  drm-T the chromosomes . They 
1-Tere traced from photographs , 1vi th tracing paper over a light s ource , 
and the dravring placed beside the corresponding chromosome on the 
karyotype .  In this way chiasmata positions were more easi ly defined , 
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and centromere posi tio n t  uht ch 1vas a c cu ra te ly s e en after the c e l ls 

1·rore s tained by t]:'l e "C.-t,nnding "  teclmi que t 1-ms marked on ths 
drmri ngs . Triva l e nt s trv. c'b.J. re -vms a l s o  d efi ned . 

(i v ) SEMEN AN HYSI S Has d es cribed i n  se c ti on III . 1 

(i ) ( D ) .  

EXAHINATI ON OF m s rrOLO GI C A L  S EC TI ONS 
His t o l o gi cal s e c t i ons of th e t estes of all rams were 

a s s e s s ed for sp ermat ogeni c ac tivity. 
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I 
I 

CHAP'l'ER. IV 

fJ!EI OSJ S Ill TEE H (}til'1AL ( 54 , xy )  R/IJ-1. 

I V .  1 :t:WJ'1EHCLATUF�S OF T1EI O 'l'I C  CHR.CJr(!OSOliES 

The notations used to des crj b e  singl e cells and to summari z e 
the meiotic  analysi s in the ram foll ovr the recommenda hons of the 
Paris Confere�ce ( 1 971 ) for human cytogene ti cs . 

" The s tages of  meiosis are indi cated by abbreviati ons : 

PI pi'ophase of first division 
HI first  diakinesis and metaphase 
AI first  anaphase 
MII second metaphase 
Ail s econd anaphase 

These are folloHed by a to tal count of separate chromosomal elements . 
The s ex chromos omes are then indi ea t ed by X"Y or XX 1-rhen a s s o ciated 
and X , Y  l"lhen separate .  .Any additi onal , mi ssj_ng or abnormal element 
follows , with that element specified within parentheses and preceded 
by the Roman numeral I ,  I I , I I I  or IV to respectively indi cate i f  i t  
i s  a uni valent , bivalent , trivalent , or quadrivalent . 
of a particular element is indi e;ated  by a minus sign . 

The absence 
Th e plus sign 

i s  used i n  first metaphase only when the additional chromosome i s  not 
included in a mu ltiYalent . 'rh e  chromosomes involved in a rearrange-
ment are li sted numerically 1-ri thi� parentheses and separated. by a 
s emicolon ( ; ) . "  

For example :  

MI , 27 ,XY 

MI , 28 ,X , Y  

A primary spermatocyte at diakinesi s  
or metaphase I -v;i th 27 chromosome 

elemen ts including an XY bivalent . 

A primary spermatocyte at 

diakin e s i s  or metaphse  I w-i th 28 
el ements including X and Y 
univalents . 
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MI , 26 ,XY, I I I ( 5q26q) A primary srJermatocyte a t  

diakin esis u r  m etaphase I from 8. 

balanced rllu s s ey I H.ob er ts oni an 
tran slocc.t.i on h e t :�rozygo te w.i th 
26 el em ent s .:i.nc Juding an XY 
bivalent and a trivalent 1vhi ch 

repre s ents the trans locati on 

submetacentri c paired v<j tll ·i:,wo 

acrocentri c autosomes . 
MI , 27 , XY , I I I , + I+l A primary sperma to cy t e  at 

diakinesi2· or metaphas e I vri th 
27 elem en ts including an XY 

bivalent , a trivalent ani t1w 
univalents . 

MI , 26 , X , Y , I II , -A A primary sp ermato cyte a t  
diakinesi s o r  me taphas e I vii th 

26  elements including X and Y 

separated and a trivalent . .An 
autosomal bivalent i s  missing.  

The nomenclature used in descriptions of cells at second rnetapbase 

is described in s ection IV. 3 ( c )a .  

I V .  2 LI TERATURE REVIEW 

(i ) MEIOTIC STUDIES IN MALE DOJVlESTIC ANIMALS vliTH NORJ.'LAL 
KARYOTYPES 

The meioti c  chromo somes of  domestic  animals have been 

less extensively studied than thos e  of man or rodents .  

most of the data on them i s  quali tative . 

C ons equently 

( A) Horse 

Makino ( 1 943 � b )  recorded counts of 33 in b o th 

primary and s econdary sperrnatocyt es and de s cri b ed the morpho logy of 

meiotic chromosomes in hvo breeds of horse .  It is now knovm that 

the diploid chromosome number for the horse is 64 ( Trujillo , Stenius , 
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Chri s t i an and Oln10 ,  1 96 2 )  and yet no fur ther m ei o ti c  s tudi es have 

b een reported in thi s s p e ci e s "  

(B )  C a t tl e  

C a t t l e  meioti c chromo s omes have b 8Em investiga t e d  

b y  s everal a u  t b  ors inc lu di n g  K rallinger ( 1 93 1  ) , Ihkino ( 1 944 ) , 
Me lander and Knudsen ( 1 953 ) ,  Knu d s en and Bryne ( 1 960 ) ,  Treacvrell  

et al . ( 1 968 ) ,  Gu::; t avss on ( 1 969 )  a.nd Popescu ( 1 971 , a ) . A modal 

chromos olfJe numb er of 60 1-ra s coun t ed in spermat ogo ni a l  metaphases 

(Kra llinger ,  1 931 ; Nakino , 1 944 ; Nela nder and Knuds en ,  1 95 3 ; 

Yumds en and Bryn e ,  1 960 ; Gustav s s o n ,  1 96 9 ; Popescu , 1 97 1  , a )  and 

Popes cu ( 1 97 1 , a ) ob s erved a proporti on of hyperdiplo i d  c e l ls ( 7 . 5 p e r  

cent ) i n  hi s p reparati ons . 

Studi es reveal ed that p ri o r  t o  the onset o f  mei o ti c  p rophase 

in the bu l l ,  th e chrom o s omes were contra c t ed ( I·1elander and Y..nud s en , 

1 953 ; Knudsen and Bryne , 1 96 0 ;  Popes cu , 1 97 1 , a ) bu t they b ecame 

fili form at l ep t o t en e .  The "bouqu e t " arrangemen ts des cri b ed by 

J11elander and Knuds en ( 1 953 )  and Knuds en and Bryn e ( 1 960 )  vwre no t 

s een by Popescu ( 1 971 , a ) wno at tribu ted thi s to th e di sturbance o f  

chromo somal relati onships b y  the hypo toni c s o luti ons employed during 

s li d e  preparati on .  Staining i n t ensi ty o f  chromosomes 1<Va s  ob served 

t o  i n c rease from l ep t o t en e  to zygot en e  ( Gu s tavss o:n , 1 96 9 ; Popes cu , 

1 971 , a ) . Pachy-t ene nu c l ei were more numerous than any o th er stage 

( Treadv.rel l _s;t nL , 1 968 ; Popescu , 1 97 1  , a ) and Popescu ( 1 97 1  , a ) 
rep o r t ed only one ou t of 1 00 cells exal!lined a t  pachytene 1·rb ere th e 

numb er of b ivalents devi a t ed from 30 . The s ex chromosomes 1vere 

present as a darkly-s tained , peripheral ly-l o cated heteropyknoti c 

b ody unti l  late pachy tene (T readvJell e t  a l . , 1 968 ; (}J.s tavss on , 

1 969 ; Popes cu ,  1 971 , a ) when the
'' 

sex vesi c l e
" 

d isappeared an\i the 

c ons t i tuent chr omos omes s trai ghtened ou t and became i sopykn o t i c  wi th 

the auto s omes at diplot ene ( Gustavss on , 1 969 ) .  

Diploten e  stages 1·re::.·e rare ( Treadvl o l l  et _§.J.. , 1 968 ; 

Popes cu ,  1 97 1  , a ) but Gus t avss on ( 1 969 ) counted 76 c ells a t  diakinesis­

metapha s e  I .  Melander and Knu ds en ( 1 953 )  aDd. Popes cu ( 1 97 1  , a ) a l s o  

analysed a numb er of cel ls at these stage s . S eparated s ex 

chrom o s omes w ere found in 33 . 3  per cent o f  diakinesi s-me t apha s e  I 

cells examined by Pop e s cu ( 1 971 f a ) who e s timat ed the average 
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chiesmata numb er p er e; e l l  ( from 30 c r-; ll s ) as 5 3 . 73 1-1i th the average 
rr:.mb er p er bi•m len-1.; as 1 .  78 . The c>.v erage co e ffi ci ent of 
t erminali zat.i on w-a:3 0 . 6 1 p E:r  ccmt 2nJ. th t: :i.nd.'="X of recombina t i on , 

whi ch Pup�s cu ( 1 97 1  , a )  cal r::ulat ecl according to FoT d '  s ( 1 96 9 ; a ) 
m e th od ,  was 8 2 . 73 .  Th ers i s  ne o th er comparab l e  data for the 

bul l . 

Maki n o  ( 1 944 ) gav e  the f i r s t  d e s c ri p b  on of the sex 
b i va l ent and des cri b ed an end- t o- end  ass o ci at i on of the X and Y 

chrom os omes . Nelander ar1d Knudscn ( 1 953 ) maintained that the sex 
chromo somes hacl h omo logou s and non-ho:mo l ogo-u. s s eement s and that 
chiasma forma t j_ o n  o ccurred h e br e en hmo.oloeou s  s e gment s . Pope s c.u 

( 1 97 1  , a ) wh o ob s erved an end-to-end asso ci a t i on o f  the X a nd Y 

chromosomee c onsi d ered that th ei r uni on in·ro lYed a terminal chiasma . 
( c ) Goat 

Goat meiot ic  chromosomes were investiga t ed by 

Makin o ( 1 943 . a ) and more r e cen t ly by Datta ( 1 970 ) , Both au tlJ Ors 
c ounted 30 bj_valents  at metaphase  I inc luding a sex b iva l ent a.nd Datta 

( 1 970 ) from a s tudy of 200 ce l l s in all stages of mei o s i s ,  con clude d 

that the proce s s  vms simi lar t o  that in o th e r  animals . C hi a smata 

frequencj_es \� ere calculate d  from 1 5 nuclei by Datta ( '1 970 ) 1·tho 
recorded the average mmb er per c ell at di:9 l o t ene , diakinesis and 
metaphase I a s  72 , 54 . 2  and 49 respect:Lvely 1 1-.ri th an average o f  2 . 4 , 

1 . 8 and 1 . 6 chiasmata per biva l ent . 

Datta'  s ( 1 970 ) interpretation of the s ex bivalent differs 
from that of Nakino ( 1 943 , a ) who found the X to have a tripartite  
structure and b e  connected at i ts  end with the Y chromosome . Datta 
( 1 970) propos ed that chiasma formation occurred b etween the short 
arm of  the X and one of the arms of the Y chromosome and pos tulated 
that the gap b eh1een the two chromosomes s ometime s s een at metaphase 
I was pro of of the oc��rrence of  chiasma t erminalizati on .  

(D)  Sheep 

The early s tudies o n  sheep meio ti.c chromosomes , 
now of historical interest  only , were concerned with determining 
the diploid chromosome number (Wodsedalek ,  1 922 ; Krallinger , 1 93 1 ; 
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Pchakaclz e ,  1 936 ) .  P.Jl!ned. ( 1 940 ) , Berry ( 1 94 1 ) and f-1akino ( 1 943 , a ) 
counted 27 bivalen ts a t  m etaphase I and Makino ( 1 943 , a )  gave the 
fi.rs t des cripti ons o:J' i h e  chr OI'l<..'SOmcs in :::; p ermat ogon i al eells  � s  

vlell as j_n primary ancl s econdary sp•C! rn: a t o cy t e.s . Ho indication of 
ei ther the numb er of mei o ti c  c ells analys ed , o r  of the range of 
chromos o:ne counts ob tained , 1-ms given by B e rry ( 1 941 ) a n d  NaJ:ino 
( 1 943 , a ) . 

Chiasmata counts from 25 cells 1v er<:)  reco rded by .A..hm ed 
( 1 940 ) -,.;ho must therefore have analys ed at l eas t  that numb er of 
cells . Loi r  ( 1 97 1 ) report ed ob servi ng " s everal hundreds o f  nuclei 
of sperma.toc.ytes I over a s8ri e s of eight t o  ten :prepara ti ons " bu. t 

dj_d_ not sub stantiate his ob s ervati ons Hi th any tables of  chromosome 
counts .  There 11·er-e 27 bivalent s in di aki nesis-metaphase I cells 
(Loir ,  1 971 ) ,  the s��e numb er as Nadl er et  al . ( 1 973 ) coun ted in 

each of 45 cells from a wi ld ram .  

( E )  Pi g 

Bryden ( 1 933 ) summariz ed previous authors'  work 
on pig chromosomes and rep orted a haploid  c hromosome number of 1 9 
for th e d ome s ti c pig.  R e  commented on chromo s ome morpho l ogy in the 
prophas e , metaphase  and anaphase s tages bu t did not reyeal the 
number of  cells ana lys ed , n or provide any i nfo r1na t i on on chiasmata 
counts . 

The type of  associa tion behveen the sex chr omosomes could 

not be ascertained by Bryden ( 1 933 ) but C rew and Kol ler  ( 1 939 ) 
described pai ring and non-pairing segments on the X chromosome and 

chiasma formati on b eh1een the homologous s ections of the X and Y 

chromosomes . C rew and Koller ( 1 939 ) whose  info rmation was obt�ined 

from a study of histological secti ons s tudi ed chiasmata frequencies 

in five boars of  di fferent age and geneti cal c ons ti tution . They 

found no  relati onship between chiasmata frequ ency and age of b oar 

and s:alculated the average number of chiasmata per bival ent as 2 . 1 6  
at diplotene and 2 . 06 at metaphase I ( data from five boars and :56 

cells ) . Crew and Koller ( 1 939 ) i llus trated their obs ervati ons with 

good diagrams but their photographs were poor and di ffi cult to 
interpret .  
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( F) Do� and Cat 

f-hno11�hi ( 1 928 ) , Al"Hned ( 1 94 1  ) s Eliass on _crt_3. l .  
( 1 967) , Fo rd ( 1 9 69 )  and Wi l l i aru s e t  a l . ( 1 97 1 ) hav e a l l  contrib� t e d  

informati on OL m 0 r�ho l ogi G a l  aspe c t s  of dog m ei o ti c chromo s omes . 

Ahmed ( 1 941 ) found a similar r;hiasma fr equ ency for each of 

th e thr ee b r e ed s  o f  dog he  s tudi e d. ; a t  m etaphase I the mean number 

of total chiasmata per nu c l eu s  vari ed be b.reen 78 . 2  and 82 . 6 .  He 

described a s ex chromosom e pa i r  in v1h i ch one or more ch i a smata Here 

formed i n  t h e  homologous regi ons of X and Y and c ommented on the 

inconstancy of  the morphol ogy of the s ex biva l ent . 

Eli a s s o!l P.t al . ( 1 967 ) s tu d i ed hvo dogs •·;bi le 11i l l i arr. s 

e t  al . ( 1 9'(1 ) 8XaJYJi ned pr eparati ons from 1 50 do gs ; both groups of 

w o rkers colillilcmt eci on all s t ages o f  mei o si s .  EEasson §t al_. ( 1 967 ) 
l' . ,, 

vrere l'nab l e  t o  d emons t rat e the s ex vesicle at  lep totene , z ygotene 

or  pa chyt ene , b u t  i t  was c learly shovm by 'iVi l lia:ns et al .  ( 1 971 ) 
at pachytene . The latter auth o rs a lso obs erved at this stage , 

non-homologous associations of  b i va l en t s , u sually appearing as end-

to-end attachments . The diplotene s tage wa s rare (Eliassor. et al . , 

1 967 ; l'li l liams et a l . , 1 97 1  ) . S eparate d  X and Y clwomo some ;3 Vl'ere 

observed by Vli lliams· et a l .  ( 1 97 1  ) , and Eliasson et  al . ( 1 967 ) vlho 

s tudied 92 di akinesi s-metaphase I bivalents in  detai l and found 

s eparation in 1 7 . 4  per cent of the c e lls . 

'l'h e X and Y chromo somes were usually associated t ermi na l ly 
( Eliasson et  e l . , 1 967 ; vli lliams et al . ,  1 971 ) and Eli a ss o n et al . 

( 1 967 ) thought the union involved the short arm of  the X chromo some . 

A d etai l ed study of pachytene stages from the dog was made 

by Ford ( 1 969 )  Vlho o. ttempted to i dentify and characteriz e the 39 

bivalents s een at  thi s stage . 

Studies o:r.. cat mei oti c chromosomes are fev; . Kol ler 

( 1 941 ) examined histologi cal s ec ti ons from the test es of s everal 

cats and des crib ed in detai l ,  the b ehavi our of the chromosome s during 

meiosis .  He counted an av erage o f  2 . 7  chi asmata per bivalent at 

diakinesi s  and 2 . 4 at metaph as e I .  Three types of sex bivalent at 
meioti c metaphas e were ident i fi ed a nd des cri bed by KoJ.ler ( 1 941 ) . 

One of these was a ring-shaped bivalent having two t erminal chiasmata 

whi le the remaining two were rod-shaped and each had one t erminal 

chiasma. 
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Oh no et ll_l_. ( 1 9G2 ) w ho s tudi ed squash prepa ra ti ons from 

f o etal c3. t tesb s ,  re}:ortcd no:!:'ma l (by comparj_ son vri th s imi lar 

s taGeS fJ·om an adult cat ) pac!w t r-;n e ,  d i plo t e n e  and diak i n o o.; i s  

figure s . No chromos ome count s v.1e re given , but thes e s t ages were 

de monstr ated photographica lly . 

( i i ) MEI OTI C S TUDI ES IN "NOPJ.!AL ' '  MEN 

(A) Introduction 

C on siderab ly m o r e  da t a  has b een a c cumu l a t e d  on 

human ma le mei oti c chromo somes than on the mei o ti c  chrom o s om e s  of 

any of the mal e domesti c anima ls . 

Tj i o  and Levan ' s ( 1 95 6 )  finding o f  46 as th e c o rrect 
dip l o i d  chromosome number fo r man , was confirmed i n  th e same yoar 
by Ford and Hamerton who demons trat ed 46 ch romo s omes in s permatogom_ al 

m etaphas es , and 23 bivalents  incltl.ding a sex bival ent in p rin::ary 

sp ermatocyte s .  I n  addi ti o n  an estimati on of the gene ti c  l ength for 

man \vas calcul ated by Ford and Ham e r t on ( 1 95 6 )  from chi a smata counts 

i n  cell s a t  the la t e  di p l o t ene to mid-diakinesi s s ta ge s . Sub s equ ent 

to the s e fi ndings , there has b een a gr eat increase in knmvledge on 

the m o rpho l o gy  and b ehavi ou r o f  m ei o t i c  chr omos omes in m e n  wi th a 

normal karyotype ( 46 , xy )  and normal s permatogenesis ( Eb erle , 1 963 ; 

1 96 6 ;  Boo k and Kj es s ler , 1 964- ;  Sa saki and !'1ai(ino , 1 965 ; �ki lree, 

Tu lloch and Nevrsam, 1 96 6 ,  a ;  Fale k and- Chiare lli , 1 968 ; Fraec aro , 

Hult{n and Lindsten , 1 968 ; Lu ciani , 1 970 ; Luciani , C a r l on and 

Stahl ,  1 970 ; :r-1cD e rmo tt , 1 971 ; Ferguson-Smi th , 1 972 ; Skakk eba ek , 

Bryan t and Philip , 1 973 ) .  

lii th incr easi ng interest in meiotic chromos omes has come 

the pub lication of many papers con cerning me i o ti c  chro mo some s in 

men with various clini cal condi tions inc luding inf erti lity . Thi s 

aspect of mei otic study i s  further considered in C hapters V and VI ,  

whi le some of the findings from studies o f  normal human mei osis are 

summariz ed below. 

(B) The St ages of l'1eiosis 

McDermott  ( 1 971 ) who des cri bed tbe pre-meiotic 

stages of mei o sis  rep o rt ed pairing of mitoti c  chromo some s during 
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spermatogonial prophase , a })henomenon not previously observed in 
man . 

l""'erg'1.J.so:n-Srr:.i th ( 1 97?.. ) considers that i do:'lti fi cnhon of 
the vari ou s early prophase  stag8s of  pri.mary sp enna t o cyt es is 
di ffi cu l t ;  the info rm a t i on svmmar-i z e d  h e:r·e i s  from th e descri1)tions 
given by- s everal au thor3 l'fho hav e re co gni z ed these s t& �;es . 

.§:. L ep to tene 

The chromosomes appear a s  a ne t1'f o rk of fine 
threads b earing n.l.ID erous dark-staini ng chrcnnom e r e s  ( Lu ci ani , 1 970 ; 

rkDermo tt , 1 971 ) .  'l\ro heter o pykn ot i c  bodies 1vni ch t1J e;>' thoueht 
cou ld. re-pre s ent the sex chr o mo s ome s \vere r2 po r t: ed by Sasaki and 
Makino ( 1 965 ) ,  S o J � r i  and Tres ( 1 967 ) and M cD errnot t ( 1 971 ) .  

Lu ci ani ( i 970 ) did not s e e  these b o d i e s  al though h e  reported the 
appea rance of a u s e x  v e s i c l e u ( Sachs , 1 954 ) a t  t h e  e n d  o f  the 
l ep totene stage . However in  a la t e r  paper ( Luciani et al. , 1 970 ) 
th e exi s tence o f  u one or perhaps hm u het eropykn o ti c b o di e s  in the 
pre-leptotene s t age i s  acknm·rledged . 

McDermot t  ( 1 971 ) p ro vi d ed evidence "1hi ch i ndi cated that 
some pairing b etween chromosomes o ccurred at lep to tene . 

b Zygotene 

Se.sald and Makino ( 1 96 5 )  1'ferc unabl e to 
demor.strate a zygotene nuclev_s . Photographic repr·es entation of 
cells  at this stage has been given by several authors :including 

Luciani ( 1 970 ) , Eb erle ( 1 96 6 ) , �TcD ermott ( 1 971 ) and Ferguson-Smi th 
( 1 972 ) .  The pai ring of the homologous  chromosomes and the 

11. " 
heteropy-kno ti c s ex vesicle was demonstrated in  some o f  these 
photographs ( for exampl e ,  McDermott , 1 971 ) .  

The d istribution of  small heterochromatin b o di es throughou t  
the nucleus at  zygotene -;v-as rep o rt ed b y  Eberl e ( 1 96 6 )  and Luciani 
( 1 970 ) . Heterochromatic  bodies have been previous ly reported in 
meiotic prophase chromosomes of  s everal speci es including man by 
\fool lam anci Ford ( 1 964 ) who observ ed tna t these were s i tuated in 
the vi cini ty of th e region occupied by the centromere in mitoti c 
metaphase chromosomes . 

5 1  



c Pachytene 

The pa chyt ene s t age has been more intens ively 

studi ed tlta11 any o J:' the o th9r early mei c b. c pr ophas e s tages . 

Hom o lo gou s chromosomes are c owpl�t ely paired. 1\ s 
p a chyt ene progress e s  tl1 e bival ent s con d er:se by developing a spira l  

s tructure ( Luciani , 1 970 ;  HcDermot t ,  1 9? 1 ) unti l by lat e  pachytene 

they are abou t hal f  their o rigi n.:1l length (}1cDermo tt � 1 s7·i ) . The 
11  11  

( sex vesi cle is  h et eropylr..noti c Sa saki and r;iakino , 1 9G5 ; Reitalu , 

1 970 ; Fcrgc;. son-Smi th , 1 972 ) s i t-uat ed peri pherally i n  79 p er cent 

of cells ( Lu ciani , 1 970 ) and vi sible  until the end o f  p achy t ene 

when it los es "� ts heteropyknoti c: character and becomes incli stingu.ish­

able  fro:n th e au to som e s  (NcD e:cmott , ·1 97 1 ) .  

Woollam and Ford ( 1 964 ) , Luciani ( 1 970 ) , I1kDcrmott ( 1 97 1  , 

1 973 , a )  a.nd Ferguson-Smith ( 1 9'72 ) reported lateral "hair-like" 

proj e cti o.rts on mi d to late pachytene bi valer.ts giving these a 

" furry': app earance vJhi ch Hoo llam and J?ord ( 1 96t1r ) and EcDormo tt 

( 1 971 ; 1 973 ,  a )  found vms enhanced b y  treatment vvi t h  po tassium chloride . 

Luciani ( 1 970)  suggested that whi le techni cal procedures could be  

re spons ib le fo r thi s effect , he  could. not  di scount the possibili ty 

that the lJroj ectioris v<ere due to  inflexions and loops in the DNA 

chain. McDermott ( 1 971 ) could not decide whether the pr o ce s s e s  

were true loops or th e result of  loop r.lpture . He observed and 

described the nature of the apparent �nterconnect:ion of lateral fib res 

b etween adjacent non-homologous chromosomes in intact cells 

( M cD ermo t t ,  1 973 , a ) .  A similar phenomenon \vas reported by Chen 

( 1 973 )  who noti ced int erchromosomal fibres co�Decting the centromeri c 

heterochromatin of  pachytene bivalents . 

The chromom ere pattern chara cteristic  of each of  the 

bivalents at  pachytene in man is  b eing determined s lowly ; contribu tors 

towards the mapping o f  the 

Lawrence ( 1 949 ) ,  Yerganian 

human compl ement include S chultz and St . 

( 1 957 ) , Ferguson-Smi th ( 1 964 ) ,  Eberle 

( 1 9 66 ) , Ford e ·c R l .  ( 1 968 ) ,  Ford , Cacheiro , Norby and Hell er ( 1 969 ) ,  

Luciani ( 1 970 ) , Bordj adze and Prokofieva-Belgovskaya (- !  971 ) , 

Hungerford ( 1 97 1 ) ,  Hungerford , La Badi e and Balaban ( 1 97 1  , a ) , 

Hungerfcrd , La Badi e ,  Balaban , filessatzz:!-a ,  Baller and Miller ( 1 97 1  , b )  

and Page ( 1 973 ) . 
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d Diplo tene 

At thi s stage , tb.A m. tosc:-n.�l biva lent s  tre e  

usual ly d8El crj b eG. a s  thirl th r eads loo s e ly c.oi l ccl around o n e  ano ther 
and conn e ct ed 'by chia smata (Book and Kj ess ler , 1 964 ; Sasaki and. 
Makino , 1 9G5 ; Lu ciuni , 1 97 0 ) . F'ergu son-S�1i th ( 1 972 )  emphasi zes 
that thi s is t h e o r e t i c a l l y  the best time to exami ne and coun t 

chi asma a s  they have not yet b egun to t ermi na liz e .  The ''s ex 
v esi cle

11
has di sappeared (Book and Kj ess l er l 1 964 ; Sasaki and llakino , 

1 965 ; Lu ci ani , 1 970 ) and b e en replaced by an X-Y bival en t . B'ook 
and Kj e s s l er ( -1 964 ) , Sasaki and l'Iakino ( 1 9 65 ) and Eberle ( 1 96 6 ) 

s tated that t h e  s ex chromosomes vl ere posi tively heteropykno tic at 
this stage . In c ont rast , Falek and Chiarelli ( 1 968 ) Rei talu ( 1 970 ) 
and Luci<mi ( 1 970)  ob served that the sex chromosomes v<ere no longer 
het eropyknoti c .  

e Diakinesi s and m etapha se I 

A l l  workers a�ree that bivalent morphology i s  
most clea rly shmm a t  the diakinesis ancJ. firs t metaphase s tages . 

Bivalents . can b e  classi fi ed a t  th i s  stage on the basi s of 

size  ( Sasaki and T-Iakino , 1 965 ; Mci lree et a l . , 1 966 , a ) and chiasmata 
position ( Lu cic-mi l 1 970) . �·bre recently C a sp ersson , HuJ.t en ,  

Linds t en and Z ech ( 1 971 )  have sh ovm that all bivalents can b e  

recogElzed by thei r banding pat terns after quinacrine mus tard 
staining ,  as each of the bivalents shmv di fferent f luore s c ent patt erns 
s im i lar t o  tho s e  o f  mi toti c  clrromosome s .  I dentification of  meioti c  
bivalents is  also being at tempted on the basi s o f  t hei r bandi ng 

patt erns produced vli th Giemsa s tain (Bath and Gendel ,  1 973 ) , as vrell 
as by the location of their  centromeres ( Chen and Falek , 1 969 ; 
Chandley and Fletcher , 1 973 ) . 

Chiasmata b etween homologous chroiJJ.osomes although vi sible 

at the diplotene stage , are usually counted at the diakinesis s tage .  
Estimates o f  chiasmata frequ ency p er cell ( Table IV .  1 )  vary am.ong 
authors . 
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Au thor 

---·----------
Ford , C . E . and Hamerton , 
J . L . ( 1 956 ) 

Mci lr ee , �L E .  e t  al . 
( 1 966 , a )  

Eberl e , F .  ( 1 96 6 )  

TABLE IV. 

NumbGr of  C ells 
C ounted 

23 

9 6  

4 
60 

Avernr;o Numb er 
Cll iasme.ta/C ell  

55 . 9  

49 . 8 - 58 . 3  
55 . 7  (D:i.plo tene ) 
44 . 0 (Di2bnesi s )  

54 

Falek ,  A .  and Chial'elli , 
B .  ( 1 968 ) 

Luciani , J· . r1 . ( 1 97 0 ) 
Hul t e'n ,  r1 . ( ?ari s 

C onference ,  1 97 1 ) 

8 
88 

49-58 - ( 53 . 3  Averar;e ) 
47 . 5  

Chandley, A C . ; Chris ti e ,  
S . ; Fletch er ,  J . ;  
Frackiewicz , A and 
Jacobs , P . A .  ( 1 972 ) 

Fergu s on-Smi th , r·t A .  ( 1 972 ) 
McDermott , A .  ( 1 973 , b ) 
Skakk ebaek , N .  E .  ,£t al . 

( 1 973 )  

* Standard deviation 

41 

93 
849 
5 1 8  

57 

Th e number of chiasmata per bivalent vari es . 

5 0 . 61  + 3 . 87 ·)(-

49 

5 1 • 1 1  + 2 • 97 ·x-
53 . 7 

5 1 . 2  

From one to  
six c hiasmata were reported by  Book and Kj essler ( 1 964 ) , Sasaki and 
Makino ( 1 965 ) and HcDermott ( 1 973 , b ) ; one to five by Ford and 
Bamerton ( 1 95 6 ) and Luciani ( 1 970 ) ,  whi le Eberle ( 1 96 6 )  counted up to 
eight chiasmata in bivalents at diploten e .  

Estimates o f  geneti c  length also vary b etween authors ;  for 

example  Ford and Bamerton ( 1 956 ) calculated the geneti c length for man 
as 27 . 9  morganB , McDermott  ( 1 973 , b ) calculated it as 27 mo rgans , while  
Fergus on-Smi th' s ( 1 972 ) estimate \'las 25 . 6 morgRns . 

The bivalents c ontinue to  contract until the metaphas e I 
stage is reached .  There i s  also a reduction i n  chi asmata number. 



Ferguson-Smith ( 1 972 ) states that it is uncer tain lvh ether this 
repressnts t enninali zati on or  enmuerati on di ffi culti e s  d ue t o  the 
bivalen t conden sati on . 

Anomalies including s epc.rat ed X ;n:i Y chromo s omes ( Tab l e  

IV.  2 ) , s eptlrati on of au tos on1al b j.val e n t s  ( Se.saki and. Hak.ino , 1 965 ; 
Skalr..k eb a ek e t  a l . , 1 973 ) and. int 8rlo cked. b i va l en ts (HcDermot t ,  

1 966 ) , hav e been repor ted i n  die.kin esi-s-:nc" tapha s e  I c e l l s  from 
apparent ly normal men . Proposals con cerning the origin and 

importance of these anomali e s  have b e en made by th e authors who 
reported. them . 

TABLF� I V .  2 

SEPARATED SEX CHROHOSOI•U<;S AT D HXHTESI S--ME'l'APHASE I 
IN NJUil 

.Author 

Ford , C . E .  and Hamerton , 

J . 1 .  ( 1 95 6 )  
Sasaki , 11 . and Makino , S .  

( 1 965 ) 

Hul t:n ,  M . . �t al . ( 1 966 ) 

Falek ,  .A .  and Chiarelli , B .  

( 1 968 ) 

Fraccaro , M .  et al . ( 1 968 ) 

Lu ciani , J . M . ( 1 970 )  

Lu ciani , J . M . e t  a l . ( 1 970) 

McDermott , A .  ( 1 97 1 ) 
Ferguson-Smi th , M . A. ( 1 972 ) 

Total Number. o f  
Cells Counted 

1 74 

1 62 

1 00 

1 00 

1 1  

1 45 

389 

849 

Skakkeba ek ,  N . E .  et a l .  ( 1 973 ) 492 

* S tandard deviation 

f J�etaphase II 

% X and Y as 
Univalents 

1 4 . 3  

27 

24 

1 8  

9 .  1 

20 

7 . 5  

6 

3 . 2  

21 .84 ± 1 4 . 1 6  * 

1 5  

The chromos om e s  o f  metaphas e  II are d i s cussed 

in Chapter V .  

55 



( c )  The Sex Chromosomes 

Th ere ha s b eon considerab le spe�ulation 

regarding the mo:cpb o1c,gy 5 b ehav i ov. r  and tY.LJe o f  uni on o f  human s ex 

chromo s omes at m ei o s i s .  

The 1 1 sex v es i c le " ,  a het e J•o pykn o t i c  complex ( Sacll s ,  1 954 ) 

appears at ln t e  lept otene and d i s a p p ea rs during diplo t en e  (B�6k 
and K j ess l.er , 1 964 : Ebel'le ,  1 9G 6 :  Ford and \<i o ollam , 1 969 ; 

Luciani , 1 970 ; Lu c i ani e t  a l . 1  1 970 ) .  'rh ese •·rorkers f ound i t  

di ffi cult to j_denti fy the components of th i s  dens ely s ta ining b ody, 
although Sachs ( 1 954 ) then Rei talu ( 1 970 )  sugr;es ted that it contained 
hro di fferenti8.lly s tained b odi es 1·rhi ch c ou ld re?resent the X and Y 

chromosomes . Electron mi cros cop e s tudies by So lari and Tres ( 1 967 ; 
1 970 ) confirm ed_ the exis tence of a sex chron:.o some pair formi ng a 

l\ . l ll t . t •  h d d ' b  d . d t ' l  ( C' l . 1 s ex ve s l c  e a mel o l C  prop as e an e s crl e ln e al 00 arl ana 
) 

. u u 
Tres ,  1 970 the fi ne s tructu r e  o f  thi s ves i c l e . 

Although i t  has been generally agreed upon tha t the s �x 

chromosomes form an end- to-end bival ent a s s o c i a t i on a t  dipl o t en e ,  

the type of uni on '.ra s  uncertain pri or  to  t h e  introducti on of  

techniques whi ch enab l ed the determinati on of  centromere posi ti on 
in meio tic  chromo some s . 

Sasaki and Ivlakino ( 1 965 ) thought the link involved the 
distal encls of both arms 1 whi le Rei talu ( 1 970 ) consi dered that the 

associ nti on vras b ot1·1e en the medial part o f  the lo�1g arm o:f the Y 
chromos ome and the di s tal part of the short arm of  the X chromo some 
and included homologous segments on  b o t h  chromosome s .  

F'ord and Hamerton ( 1 95 6 ) , Ferguson-Smi th ( 1 96 5 ) , Hu lt�n 
et al .  ( 1 966 )  and Luciani ( 1 970 ) t hought a t erminal union existed 

b ehi een the sh ort arms of the X and the long arms o f  the Y chromo so m e .  

In 1 969 ,  Zech found that the  Y chromosome in man >vas easi ly 
recognized by an i nt ense fluorescence wi th ce rta in flu o re s c en t  compounds . 
The same year ,- Chen and Falek iden tified the centromere positi on in 
human diplotene cells and demonstrated an association between the sh ort 
arms_, of both s ex chromosomes . This finding v1as partially confirmed by 
Pears on and Bo trm.; ( 1 970 ) who showed that after staining >ri th quinacrine 
dihydrochloride , in all cases \vhere the X and Y chromo.somes were assoc­
iated , a highly fluorescent region was si tuated at one end o f  the sex 
bivalent ; this they interpreted from mit oti c st-udies (Pearson ,  Bobrmv 
and. Vosa , 1 970, a ) to mean an associati on between the short arm o f  the 
Y chromosome and the X chromosome . Later, Chen and F.alek ( 1 971 ) 
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and Chand l ey and Fl e -L c h e r  ( 1 973 ) gave unequivo c a l  evi d e nc e  for the 

a s s o c ia t i on of the X a1l d  Y chromo :3 o:::I f: S  by th e:i_ r sh o r t  arms , 
Ligr1 t mi c ro s c o p e  s tudi es have b e en unable t o  give c �mclu s i v e  

evid enc e as to t h e  type o f  tmi o n  b e tv1 e en the s e x  chromos omes in man . 

Lu ciani ( 1 970 ) and Ell e r l e  ( 1 963 ; 1 96 6 )  cons i d e red t h e  link to be 
a ch i a smati c .  I n  c on tras t ,  Ford and Hemerton ( 1 95 6 )  thought that 

t e rmina l  chi asmata c ou ltl exi s t  and Fergu �on-Smi th ( 1 972 ) i s  c onv i .nced 

tha t t e nn ina l ch i a smata o c cu r  i n  s om e  a s s o c i a t i ons a t  lea s t .  
and Kj e s s l e r  ( 1 964 ) ancl Sasak i and Hakino ( 1 965 ) found no rea l evi dence 

o f  chj_asmata a l t hough the la t t e r  au tb ors c o ns i d e 1· ed they cou ld n o t  

ex clude th e pos s i b i l i ty . Hu l t �n e t  a l .  ( 1 966 ) al though fi ndi ng some 

confi gura ti ons sugbAsti ve of ch i asmata fo rma t i o n  could no t prove thi s .  

Evi d ence from el ec tron Jni c ro s c o p e  s tu d i e s  ( S o lari and Tr es , 

1 970 ) v1hile not conclu s i v e ,  su gge s t s  t ha t  t h e  sex chrom osomes are 

j oined b y  a chi a sma and that there may be h om o l ogous r egi ons in the 

human s ex chromo s orJte s . S ome impli cati ons o f  thi s hyp o th esi s are 
di s cu s s ed by S o l a ri and Tres ( 1 970 ) . 

IV. 3 r-mi O S I S  IN THE NORMAL RJIJYJ ( 54 , xy ) 

( .  ) l ,  I NTRODUCTI ON 

'l'h e au tho r  exami ned m e i o t i c  preparations from 1 4  rams 
( Ovi s a ri es ) . Ar1 example of a mi t o t i c  karyo t yp e  from a normal ram 

i s  shmm in Pla t e  IV .  1 .  The rams aged from one t o  t hr e e  yea rs 

fu lfi l l ed the cri t eria d i s cu s s e d  i n  Chap ter I I I , s e c t i on 1 ( i ) . 
Data on s emen ana lys es and hi s t o l ogi cal exami na t i on of the t e s t e s  

from t he s e  rams are given � n  App endix XVI I I , a  and XVI I I , b .  The 

i denti fi cati on and breed of each ram used i n  the study is summari?.;ed 

in Tab le IV. 3 .  Every ram was �dentified b y  a numb er and usua l ly 

a l e t t e r  ( f o r  examp l e  X435 ) , and the year o f  � ts b i r th was ind i c a t e d  

i'l'hen knovm ( 69 ;:;:: 1 969) • 
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Ihtotic  karyotype from a normal ram ( 54 , xy ) .  

'rhere are six large meto.centri c chromos omes , 

an acrocentri c X chromo some and a submetacentric 

Y chromos ome . 

( Aceto-orcein ) . 



I) 

, , 0 
1 

0 0 

R 0 ft 

1\ ft tl a 
y 



TABLE IV. _]_ 

X435/G9 Romney 
R285/69  " 

X1 1 7/69 " 

X21 4/ 69 " 

84/68 Drys da le 

B1 57 Romney 
B1 58 " 

R1 95/ G9 1 1  

X452/ 69 1 1  

R294/ 69 " 

R 1 6/69  " 

R244/ 69 " 

PT1 95/70 " 

R225/ 69 " 

The technictu.es u s ed by th e autho r gc:.v G D. predo!I!.inanco of 

a11 a l ys ab l e  diakinesi s-m etc.ph ase I stagss . Quanti tative ana lysi s of 

some of the oth er meioti c s t ages vms impossible because  of the small 

number.':> oi' c e lls avai lab le for study from many· o f  the ramt\ . 

(A )  Spermatogonial C ells 

The numbers of cells and the d is tribu ti on o f  

chromosome counts in these  ce lls is recorded in Tab lR IV.  4. The 

modal number 'ms 54 ; there were no hyperploj d cells bu t several  

hj�oploid ce lls and chromosome loss i n  these probab ly occurred 

during s lide preparation . 

F:i.ve polyploid cells vrere seen ( 2 1 . 7 per cent of the t otal 

number of  sperm a t o gonia l cells ) , but the degree of ploidy could  not 

be deternined .  
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TABLE I V. 4-

Ram N�mber of C e ll s  W i th Numb er o f  � Total 
I denti fi ca t i o n  I ChromosoDe Numb er Polyploid C e ll s  11 

< 52  5 2 53 54 5 5  � i -- - - · __ j;; - · -- ... -..; · � 
X435/ 69 1 2 ' 3 I . . L 
R285/ 69 1 I 1 

X1 1 7/ 69 1 3 11 ---4· 
X21 4/ 69 ., 1. !I 3 L. l\ 

i r· 
84/ 68 L __ 

I! 0 JL 
B1 57 1 11 1 

1r B1 58 ,., 1 3 c. I! .. - i l ----tl� R1 95/ 69 

X4-52/ 69  

R294/ 69  

R 1 6/ 69 2 

R244/ 69 _l_ _ __ _ _ _!L _ _ 
2
_ 

l'T1 95/70 i 1 
I 

R225/ 69  [ 
Total 5 1 1  0 5 1 23 

The degr e e  o f  condensati on o f  th e chromosomes va ri ed b ebve en 

met apha s e s  ( Pla t es I V .  2 and I V .  3 )  bu t because  so fe.v cells \iG re 

avai lab l e  for analy�3 i s  i t  \va s  not possible to decid e  vrhether these 

were in fact di fferent· typ es c f  spermatogor>..ia  ( A  o r  B )  or merely 

extremes o: the same pre-mei·;:, tic divi si on .  

b een observed in man ( Fer g� s on-S�i th , 1 972 ) .  

Similar eff e c t s  have 
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P l a t e_ I V .  2 :  

P la te_ I V .  3 :  

No t e  d<t:�-:� s i.,c;j_ning areas in region of 

cen trome:r: e .  

i d.en t i fi f.) :l .  
( 1  · · 1 ..., - o '  l.ce'Co- o r s eJ..n . x , · , ?  ) .  

Spermato gonial me tapha s e  from no rmo.l rail' . 

Chrc,ka t i d  s eparation i s  evi dent in s ome 
chromcsome :o .  

Sex c}n·o;J c s omes i denti fi ed .  

( Aceto-orcei n .  x 1 , 750 ) . 
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(B) T;w Primary Sp ermato cyt e s  

Ea(·l-) o f  th e ;·n ,:;i otic  s �;a.ges when fu l l y  d eveloped 

s ta.ges \·ra.s a:r'bi tra:r-y. 
a r .ep tot ene a nd z ygo t ene 

I t  vms d i ffi cu l t  t o  i denti fy tho l ev t o �:ene and 

� ygo ten e s tagQs of m ei os i s  in th e re m . 1\v-o exar:1p l e s  o f  cel l s  ttou ght 

t o  be in the s e  s tages & re shown in P lat es I V .  4 and IV . 5 .  Ind iv i dua l 

chromo s om.;; s caJm o t  b e  d o li n E.at ed a n d  th e ce l l  app ears an a l!l!'.iF;::; o f  fine 

threads ( Flu te IV.  4 ) .  Parts of sor..1e chroru o s om e ;-:> eau b <;  l'•::J C•) ;·;ni z ed 

at the p eripht:H'Y o f  th e l ep t o t 8ne-zygo t ene c e l l  i l h�s b·&t ecl :i r, F la t e  

I V .  5 .  'l'!:o e ou tline o f  the chromosornc:s in P l a t o  I V .  5 i s  more dis tinct 

than tha t  o f  t h e  r:�r owo some s  sl, oun �i t le;:, to tenr;;, in Pla t e  IV.  4 .  

):he s ex chromo somes v. e r o  n o t  i den t i fi ed in ear ly mei o ti c  prophase 

c e lJ.s in th o rarn ; n ei ther \�a s  a t ru e  zygo t en e  s t age clem ons t ra t e cl . 

b Pachytene 

Humc:;:·ous c e l ls  at the pa e:h yt e!le s';.o<ge \:ere 
s e en b o th in prep ara b on s  made by the ma in tec:,.niqu e u s e d  ( Chapter I l l  
s e c ti o n  2 (  i )  ( D )  ) a s  well a s  b y  t h e  spGcial mdho :l s  f o r  pr ::;pha s e  

s t a ge s  (Chap t e� Ill s e c ti on 2 ( i i ) ( B )  ) .  Pai ring o f  th e hcu o l o gou s 

cllrorr1o so:nes i � c'JJJp l e t e  b:.lt th e dual r-a ture o f  the b i  "J a l ents car1 b e  
s e en cl eil:rly i n  1·�any ce llr.; ( examp le Plo.te I V .  1 2 ) a l though it i s  

di ffi cu l t  t o  distinc;uish the chromati d s  in the t e t rad a s  s eparate 

en t i ti e s . 

\'fn en cells at the pachyt ene s tage vr ere lcaryo typed , i n  & 1 1  
c a s e s , 27 biva lents w ere evident . Three of the biva lent s  •·rere 

di s tinc tive in tha t they were c o ns i de rab ly longer than the :r emainde r 

wh i ch c ou. ld b e  arranged in de cr ea s .i ng order o f  s i z e .  Plat e IV . 1 2  
G\ and Figure I V .  2 are example s o fA c e ll� karyo typed a t  rJa chy t cne . 

A di stinc t chroiJomcl'ic pa t t ern cou ld. b e  s e en on the b iva l ent s  

i n  s ome c el ls bu t th e au tho r di d n o t  at t eJr•.pt t o  map b iva lents on the 

basi s o f  t hei r chromomere r:att ern s . 

The inHia tion cf sepai·a t i o n  of the chromosomes forming the 

biva l ent s Ha s obs erv ed j _n s ome la t e  pachy t ene cells ( Figure IV .  1 ) . 



Dark s ta i n i ng areas ( o f t en biparti to ) on the au. to s omal 

b iva l ents were s om e t i me s  s e en in e arly and mid pa chyt ene ce l l s 

s tained w i th a c e t o-o�cein ( PJ. a t es I V . 6 ,  I V .  9 ) . These u ere :Ln 

the t erminal regi on on all but th e t h ree laree au t o s omal bi va1 ents 
whi ch h a d  a simi lar dark s tai ned. a r ea at thei r mid-point s .  

Du ri ng the lat ter s tages o f  zygo t ene and t h e  ei.ir ly s ta {SeS 

of p a chyt en e ,  the s ex chromosomes vwre in the form o f an he t eropykn o ti c  

"ma s s "  ( Plates I V .  7 and I V .  8 )  o ft en s i  tua�c e d  nee.r th e periph ery o f  

th e nu c l eu s  a s  i s  sh o1m i n  Pla te I V . 1 1  and Fi gu r e  I V . 3 .  Th e shape 

of tll i s  " s ex V 8 si cle " vari e d  b e tvre e n  c e l l s  bu t l'l.'ls oc casi onal ly 

tri angt< l a:::· or oyal in  form an d h ad a c l enr ou t li n e  1·ri th d ark and 

li gh t staiPinz ree;i cns . 
In early t o  mi d pachyt en e c e lls th e s ex chr omo somes app earod 

i n  a c ompact fj gu r e - o f- ei ght c on fi gu.rati o.r1 ( P la t e I V .  9, IV. 1 2  ,A) 
vrh i ch uas usua lly s i mi larly s t ai r:.ed to the au t o somes . In some c e l l s , 

a li ght er staini nG t a i l- l.i.ke s tru c tu re comp o s e d of h1 0 t llroaclr:> c ou ld 

b e  s een a t ta ch ed t o  a. mo re condens e d structure ( Plat e IV .  I 0 )  and 

thi s s t age probab ly p r eceded the di s ti nc ti v �  fi gure-o f-eight s tage . 

I n  a fe1·1 ce l ls i t  c ou ld b e  s e en tlw t thes e c onfi gu ra t i ons op ene d ou t 

to f o rm a ci r cl e , 1vi th a dark s tai ning h et er opykno ti c protfl.lb eran ce 

a t  the juncti on o f  th e two free ends in at l eas t one c e l l  whi ch i s  

shown i n  Plat e I V .  1 1  . 

.£. Dip lo tene 

C e l l s  at the di p lo t en e stage were ra re and i t  

was not p os si b l e  t o analys e the maj ori ty b e c aus e o f  th e at t enua t ed 

form o f  t�e biv:J.lent s wh i ch were o f t en overl apping and very ligh t ly 

staine d . A.."'l exc:.mpl e o f  an early di p l o tene c e l l  i s  shown i n P la te 

IV. 1 3 . Thi s p o lyp l oi d c e l l  has three deep ly s taini ng stru ctu r es 

whi ch are p robab ly t h e  s ex chr�mo some s . I n  t h e  few diploid diplotene 

cells studi ed , a s ex bivalen t isopykno tic vli th the au t o s ome s vra s 
J 

i d enti fi ed .  H ovr ever the s e  c e l l s  c o-uld h ave b een i n  th e tran si ti on 

s tage , b e tween di p lo t ene and di akinesi s .  Th e dark stai ning areas 

vj. s i b l e  a t  the centromeri c r egi o n o f  b ivalen t s  in s om e  pach ytene ce lls 

Vfere a lso  s ee n  on early d i p l o tene autosomal b ival ents in area s 

adj a ce nt to , or at the regi on c orresponding t o  the c entrome re . 
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Plate I V . 4 :  

Pl_at e I V .  5 :  

Leptot tme �;tage . 

(Aceta-orcei n .  x 5 , 700 ) .  

Lep t otene-zygotene s tage . 

( Aceta-orcein . x 5 , 700 ) .  
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La t c  zygc)ts:te .. early pachytene stage sho'lli ng 
1 1b �S[i l  krio1-J s 1 1 ( some examples are arTO\ved ) . 
(Aceta-orcein .  x 3 , 5 00 ) . 

Early pachytene s t ags . The 11 s ex ve:=:JicJ.eu  
( a rrow e d ) i s  s i  tu e. t 8d near t h e  p er i ph e ry 

o f  th e c e l l . 

( A c e t a-orcei n .  x 2 , 850) . 
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EaTly pachy t ene stage . 
... . .  

'1'b e s ex vesi cle 

i s  arro>-r�?.d. Th e chro.momeri c  pat t ern 

can l.•e s e en on s everal of th e au t o somal 

b :i_val ents . 

( Aceto-orcein . x 4 , 000 ) .  

Mi �-pa chytene s tage . Tb e s ex bivalent 

i s  in a figu r e- o f- e i ght confi gura h on . 
( Aceta-orcei n .  x 2 , 000 ) 

9a : S ex b ivalent en larged (x 8 , 000 ) .  
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Pla t e  IV , ·1 0 : 

Plate IV. 1 1 : 

Ear1y pachytene s tage . A " tai l-like " dual 
thread stra � tu r e  pro tru de s  from the " s ex 

vesi c l e "  (arro-v;ed) . 
( Ac e t a- o r c ein . x 4 , 000 ) . 

Late pachytene s tage . Bivalents are contract ed .  

Sex bival ent ( ar ro'ITed ) i s  i n  form o f  a circle . 
( Aceto-orcein . Phase  contrast .  x 4 , 000) . 
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1 1  



Plate IV.  1 2 : 

Figure IV .  1 :  

T1id-late pachytene s tage . Sex bivalent ( arrowed)  

i s  in  figure-of-eight  configurati on and is  
i sopy¥-...notic vlith the autosom:1l biva J. ents . 
(�ce to-orcein .  x 2 , 000 ) .  

Dravling of pachytene bivalents i l lustrated in 
Plate IV. 1 2 . Small arrows point  to part of a 
b ivalent in whi ch the chromosomes are separated 
at one end (No . 25 )  and to bivalent numb er 1 1 , 
the dual nature of 1vhich can b e  seen . 
arrovr points to s ex bivalent . 

Large 
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F:i.,::;u.re IV .  2 :  Karyo type o f  pachytene bival ents i l lus tra ted 

in Pla t e  I V . 1 2 . 
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Flat•;::. IV.  1 2A :  Mid-late pachytene sta ge . 

(Aceto-orcein . x 2 , 000 ) .  

Figt_!:te I V .  3 :  Drawing of pachyt ene bivalen t s  i llu 3trat ecl. in 

:Plate I V .  1 2A .  The sex bivalent ( 1n'ro·.-recl )  i s  

i n  a fi eu:::oe-of-eight confi gurati on a.nd i s  

situat ed a t  th e p e:::oiphery o f  the cell . 1'he 

bivalents are numb ered in approximate order 

o f  siz e  as de termined from an analysis  o f  the 
karyotype . 
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I "  

Plai;2_ IV. 1 3 : Po lyp l o i d  c e l l  at ear l y diplotene . 

Tb ree s ex b ival en t s  are identifi ed 

( a rr ows ) .  

( Ac e t o - orceln . x 1 , 000 ) .  



d D i akines i s-m e t apha s e  I 

The s e  two s tages were combi ned f o r  the 
ana lys i s  of cbromoscme cu:.m t s  as it 1·:�s di f:f' i cu l l: to d.e -!- ermLn e -th::; 

tran s i t i o n  s tage . 

Th e chrorr, o s oi'les in c e lls a t  th e d i akin O;si s-me t Eq:.11E. s -:. I 

s t ages were easy to count anrl. i d enb fy . 'rh ey 1·I cr�J invariGb ly well  

s epara t ed a n d  rarely overlapping o f  b l v a l en t s  o ccu rr A d . 

A total of 309 c e lls of whi ch 56 were p o lyp loid s ( 1 8 . 1  p e r  

cent ) � ere re corded . I t  was po ssi b l e to a c curately count the 
chroJ:os or:,es  i n  a ll bu t fou r ( po lypl o:i. d ) c ell s .  Th ese count s are 

sum.'llari >.o 8d i n  Tab l e s  I V .  5 and IV. 6 .  The mod'll n:LU!'b er of 27 1li val eEt f> 
vms reco:r<lecl i n  8 ':  . 8  p er c .::;n t  o f  the· c e l l s  D. n:: ly ::; ed . Tn te:T e vr ere fiv e  

byp c:rl1lod al c e l l::; ou t o f  t!w 2)�) anaJ y s e d  ( 1 . 93 per cen t ) . In th...ree 
of th ose t h e  X ::iJ:d Y chr c rn o s owes v;eT e s epnrai.:ed (T'lat e l V . i 4 ) ,  i n  one 

'"" 
cell hro &:u. t o sor:tu.l ;; 11i 'Tal en t s w·ere o b s erved ( P late IV. 1 5 ) ,  1ihilo A the 

fou r th , t;w exb:·a chromo some �<Lem en -L s  1-TC:rc?. :preser:t ( J)late  l 'J . 1 6 ) .  
Lo s s  o f  onP- auto s omal bival ent Has th e Res t  c omrr:on cau s e  o f  hypoplo i dy ; 

t h e  r e111ainder o f  the b yp o p lo i d  s e l l s  vr ere th o s e  i n  -vrhi ch o r:. e  o r  mo r e  

aut o s omo.l bi val enh-' and/ o r  o ccasi onal ly t h e  r> ox -bi va l ent <wre mi ssi ng. 

Approximat ely 1 6 . 2  p'er c ent of the c e l l s  analys ed vT ore hypo!2o d al . 

The 27 bi val ent s  c oun ted in th e maj ori ty o f c e l J s compri s e d  

26 au to soD!a l bi·.raler: ts a n d  a s ex bj.valcm t .  It VI 9. S  d:i. ffi c;D l t  to 

iden t i fy ind.ivi du a J  b i ve.l ent s :i n  a spread and :relai- 8 H 1 em to tb eir 
m_i_ -t. o t i c  c o un t err�art s 1-1 hen comrent:i. o nal s t ainine t e :::h ni �u e s  ( acet o-
o r cei n or gi ems a  stein ) w e re ueed .  Ho\·1 0ver the s i x  !I!etacontri c 

chromos rnn e s  di s tinsti ve in mi t o t i c metaphases ( Pla t e IV .  1 ) ,  were also 

easy t o  C..i s t i n t;u i s h  in m e i o ti c me taphs s e s . These ch romo s omes forme d 

t hr e e  l a rga bi val ent s , one s li gh t ly shorter than the o ther hw -vrhi ch 
in s ome c e l l s  were of simi la r l ength . Thi s l ength d i fferen ce was 
not ed by Gimen ez-M8.rtin and Lop ez-Saez ( 1 96 6 )  in mi t o ti c metapha ses . 

I n  contras t , Bm'ere and M cLar en ( 1 967 ) and Roca and Rodero ( 1 971 ) 

i'ound tha t the s.'L z e  of the s e cond chromo s ome pair was mi dway b e i\.reen 

that of the fi r s t  and thircl pai rs . 'l'he differer1ce in length b ehre en 

the fi rst hro and thi r d  biv-alents Has mo s t  o f t en s ee n  in early 

diakinesis cells . Th e largest bivalent Has mo re than 'bri c e  the 

l en gth of the fourth large s t  bival en t and fou r  to fi ve time s  the 

l ength of th e smallest bivalent in the m a j o ri ty of cells . Th e thr e e  

large biva l en t s  appea :::-ed a. s a series  o f  pai r ed loops , t h e  numb er o f  
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R8nl 
Identifi-
cation i 23 
X435/69 0 
R285/69 0 

X1 1 7/69 . 1 
X21 4/69 0 

84/68 0 

B1 57 0 
U) 

B1 58 r-1 0 rl Cl> u 
R1 95/69 

... 
0 

0 
X452/69 0 

� Cl> 
�94/69 '§ 2 

R1 6/69 
� 

0 

R244/69 0 

FT/1 95/70 ·t 
P225/69 0 

TOTAL 4 

� IV. 5 

NORMAL RAMS ( 2n = 54, XY) 
CHROMOS OME COUNTS FROM PRL\lARY S PERM.ATOCITE CELLS AT DIAIGNES IS - METAPHASE I STAGES 

Number of Chromos ome 
bodies/cell Total 

24 25 26 27 28 29 
0 0 1 5 0 0 6 
4 2 2 41 0 1 50 

0 2 0 9 0 0 1 2  

1 1 1 1 3 1 0 1 7  

0 0 0 8 0 0 8 

0 0 0 6 0 0 6 

0 1 1 4 0 0 6 

0 3 6 31 1 0 41 

0 0 1 3 0 0 4 
0 1 1 1 7  0 0 21 

0 0 0 7 0 0 7 

1 2 0 4 2 0 9 

0 0 3 25 0 0 29 

0 0 3 34 0 0 37 
6 1 2  1 9  207 4 1 253 

Number of Total 
Polyploid includin g 

Cells Fb l,yploid s 

1 7 

1 3 63 

2 1 4  

7 24 

1 9 

4 1 0  

1 7 

5 46 

1 5 

2 23 

5 1 2  

4 1 3 

4 33 

6 43 

56 309 

Analysis of Cells Exclud�g Polyploids 
Number of Cells with : -

h 27 ,XY j28 , X , Y  j26, X Y,-A � 2 5,X:Y �� .. ��ant ,.,,,. 
5 0 ·. 1 0 0 

41 0 2 5 29,XY,+II+II? 1 
24, -XY , -2A 1 

9 0 0 3 0 
1 3 0 1 1 28,XY ,+I+ I 1 

25 , -XY, -A 1 
8 0 0 0 0 

6 0 0 0 0 

4 0 1 1 0 

31 1 6 3 0 

3 0 1 0 0 
1 �� , -XY , -A 1 1 7  0 1 O, -XY, -6A 1 

7 0 0 0 0 

4 2 0 3 0 

25 0 3 1 0 

34 0 3 0 0 
207 3 1 9  1 8  6 

X-Y 
T ot al Associated 
Ansl- with Aut o-
ysed ����fent 

6 0 

50 5 

1 2  0 

1 7  3 

8 3 

6 0 

6 0 

41 1 

4 1 

21 3 

7 0 

9 0 

29 0 

37 3_ 
2 53 1 9  

X and Y S eparat ed 

Number % 
0 0 . 0  

0 0, 0 

0 o.o 
0 o.o 
0 o. o 
0 o.o 
0 o.o 
1 2.4-

0 o. o 
0 o. o 
0 o.o 
2 22 .2  

0 o. o 
0 0 0 

3 1 . 2 

0'1 \J.l 



TABLE IV. 6 

NORMAL R&�S (54.xy) POLYPLOID CELLS AT DIAKINESIS-METAPHASE I 

Ram Ident- Number of  cells Analysis of PolyEloid C ells 
i fi cation shm•ring chromosome 4n 6n com12lement Total 

4n 6n 8n N . A . 54, 2xy 53 , xy ,-xy �53 , 2xy 653 , xy, -xy 81 , 3xy �0. 3xy 

X435/69 1 1 1 

R285/ 69 1 2  1 . 1 3 5 1 6 1 

X1 1 7/69 2 2 2 

X21 4/ 69 3 2 2 7 2 1 1 

84/68 1 1 1 

B1 57 3 1 4 2 1 

B1 58 1 1 1 

R1 95/ 69 2 3 5 2 3 

X452/69 1 1 1 

R294/69 2 2 2 

R1 6/ 69 4 1 5 3 1 1 

R244/69 1 2 1 ' 4 1 2 

PT1 95/70 3 1 4 1 2 

R225/ 69 6 6 5 1 

Total 42 9 1 4 56 26  1 1 2  3 4 4 

N . A .  = No t Analysed 

8n 

�0, 2xy, -xy 1 C8 , 4xy N . A. 

1 2 

1 

' 
1 

1 

1 1 4 

Total 

1 

1 3 

2 

7 

1 

4 

1 

5 

1 

2 

5 

4 

4 

6 

56  

0'1 .p.. 



whi ch vari ed 1•i th t h e  stage of the m ei o ti c  cyc le .. Th ei r illorph o l o gy 

as d et cnninecl by th e number ancl positi on of chia sma ta p resent , was 

very simj lar i;:, r'c:;_ !.feren ·L :o•.J.cl c:i . 
The te-r;r2.d che.rac t eT o f  many o f  tlle bj_vn l en t s  1·ras c Je&r in 

some cells ancl chi asmata cou l cl b e  seen invo l.vint; hvo of th e four 
chrom a ti d s .  ( Ezamples are shown i n Plates I V . 1 7 ,  I V .  22 and I V .  26 ) . 

Th e sex b ivo l en t  1·H l s  the only o t h e r  b ivalent H!'li ch could consi s t ent l y  

b e  i den tj_ fi 8cl i n  every cell . 
Th e form of the rema inin G au t o s omal b iva l e n t s  vari ed 

a c c o rdi n e  t o  th<:: s tage of mei o si s  of the cell . S everal forms vTere 

apparent i n cJ c1.rh n g  a seri e s  of pai red l o o pr3 ( u ivalen t s >·li th thr e e  o r  

m o r e  chi a mnctta ) , rir G�sh&l_:,ecl b i va l en t s  ( tvi O ch i :;.smata , o f+.en t err:.d.naJ­
i z ed ) , cross-shaped b ivalen t s  ( one chia sma ) and. ro d- ::;haped b.i.valents  

( one t ermj_nal i z ed chi asma ) . S ome of  the s e  b i va lent f orms are 
i llus tra t ed in tr: e  s eries of Pla t e s  IV. 1 7  to I V .  26 �•h i c h  a 1·8 typi cal 

of the d i oki n es i s-m e'Lc.nhase I c e l l s examined in thi s ::d;u dy . 

The sha p e  of t h e  b iv a l e n t s  chan ged as  the metaph ase I s t age 

was rea ched aud devel o ped . The r e  was a progr e s s i v e  shor tening of the 

b iva l ents 1·1hi ch be c am e very di ff i cu l t  to analys e .  I t  1v as still  
p ossj_bl e t o  count chromo soma l e l ements a t  this s tage but biva lent 

contracti on pr e c lu d e d  accura t e  chi a smata coun ts . Examp l e s  o f c el l s  

at th e m e taphas e  I stage a r e  shmm i n  P lat es I V .  1 4 , I V .  1 5  and IV.  1 6 . 

Chiasr::a 'La ;·r e re count ed in 34 di lll o:i. d c el l s . Th8se counts 
were made from :ph c t:) graphi c karyo t yp e s  s j J:�i lar to tho s e  i llustrated 

in Fi eu re s  IV. 4 and I V .  6 ,  and confi rm ed b y  vj. su al ch e cking of the 

cell under the mi cros cop e . Only tho se c e lls in whi ch an estimation 

o f  chi asmata numb er c ou l d  b e  mad e o n  ev ery bival ent 1v- e r e  included in 

the re su lt s . Th e r e  were many c e l l s  i n  whi ch it was p ossible to count 

th e chi a sruata from one or several bivalent s tut as yet i t  is not possibl e 

t o  de si gna t e every bivalent in  the mei oti c karyo typ e ,  and therefore 

diffi cult  to compare these indi vidual b i val ents Hi th their counterparts 

in other m1 cloi . The data on frequency and distribution o f  chi a smat a  

wa s deri v s d  from diakinesis-metaphase I ce l ls 1>1i th one exception , a 

diplot en e  cell . The results are summari z ed in Te.ble I '! .  7 .  The 

numb er of chiasmata per bivaJ.ent vari ed from one to s even with the 

lat ter nllilb er b eing observed in one diplot en e and several early 

diakinesis c e l l s . The ma j ori ty of b i va l en t s  had tYTo chia smata ; the 

n ext m o s t frequent number was one chiasma , vli th from three to six 
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chi a sma ta bein� found in va:r·yine numb ers o f bi va1ents d e p endin g  on 

th e c e l l  b el n g  s tu di ed . A chi asmf:!.ta numb er o f  gr ea t er than fou r 
was re stri c t �d t o  the Lhree larges t b ivalen t s .  
b i va l ents li<�:l ej_ tlJ .::-r o Ec o r  t\'io c ro s s over poin. t �: ,  v:i t h  the maj ori. ty 

( Th e  c ounts for i ndivj dual bival ent s  a re re corded in 

Appendj_x Xll. ) . The averB.ge numb er of cr�i. a sm a t u  p er 'biva l e:r.t ranged 
from 1 , SJ  to 2 . 8 .  'I'he t o t al numb er c f  shi2s:nu i. a  p er c ·2 J l  vari e d. 

b e tv1 e er. IJ.2 &ml T3 wi th the e x t r em e s  b eing- co'JJJ.t s r s c o rdcd. fe r a 

m e tap
'
rwse I and d j. pl o t en e  cell r e s p e c ti -.r e ly . '\riherc; nore than one 

c e ll vlas c Gunted r or animal , the a v e rage chi 2.smata c cunt p er c o 1 J. 

rang ed b dl·reen 5 0 . 00 and 58 . 00 .  SiJ..i1.i l.s.rly 11h en t enninal chi a 2mata 

were c onsi dsred a ��ange o :::· 1.J0hreen 1 5 to jO \·•as l'C corcled ,  'but vrJ·1 en 

avera.ges -vwr-e c a l c.u l a  ted the tot&l t e rm i n a J. chj G.2 J1 ·ata ranged from 
20 . 7  t o  25 . 2 .  'rh e  t err'lina li za b  on co e ffi c �  e�l l. :·ih :L:.:r; i s  an index 
of chi asmo ta muverr. sn'L and an ind i cat i on of tL e i Ei ti .:.d  chiD. :3JJata. 

fr equ ency in a parti cu li:i.r bi'J a l on t  NA S C.'� lc'LJ J.c:�'i:r3d.  a. c c o rdin.; i . o  the 

formu la :  

T emina li :0 B  t i on co cf L'i ci ent 
nun1l) cr o :f t ermi na l chi asma t a  

total Lumb er o f  chia sri;ata 

( per c e l l ) . Thi s vari ed frcJm 0 . 25 t o  0 . 61� <:md th e average e s t im a t es 

ranged from 0 . 35 to 0 . 4 9 .  

Th e mean t o to.J. numb sr o f  chi a sne.ta por di pl o i d c e l l  a t  

diakinesis--metaph [!. S e  I for a .norme.l ram v1as 5 5  . 4 .  'l'hi s  c o :rr('sponds 

t o  an approxj rr�a t e  .mi niTI'l.m gcr1eti c l ength o f  27 . 7  mo rgans . A morgan 
i s  defi ned as " th P.  4!ap-length o f  a ch:co:;:na tid. s egment that h:J.s 

exp eri enced,  on average , o ne cro ss over event p er mei o si s "  ( Renvri ck , 

1 97 1  ) • Each chi asma corr espond s to 50 "map-uni t s " ( vihi t e ,  1 961 ) • 

A morgan is equal to 1 00 centiTiorgans or 1 00 "map-uni t s !' ( R em1i d: , 

1 97 1 ) thu s  a chie.sma i s  equ i va l ent t o  5 0  centimo rgan s . 
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Ram Total Number 
Identification Counted 

Cells Bivalents 

X21 4/69 3 78 

B1 57 1 26 
X452/69 1 26 
Pl'1 95/70 3 78 

X1 1 7/69 1 .. 26 

R244/69 1 26 

R225/69 4 1 04 

R1 95/69 1 0  260 

84/68 2 52 

R285/69 5 1 30 

IJ..35/69 3 78 

• Diplotene Cell 

� IV. 7 

Fi!EQUENCY AND DlSTRIBilliON OF CHIASMATA m NORMAL RM'.S ( 54,X " 

(Table design after McDermott , 1 973,b) 

Distribution of Chiasmata Number Average Total Chiasmat �Cell 
Average Number of Bivalents With Number of 

Chiasmat� 

1 
6 .7 

8.o  
4.0  

6 ,0  

1 .0 

4.0 

6.8 
5 . 8  

8 . 0  

8 .o 
8.7 

Given Number of Chiasmata 

2 3 4 

1 4 . 3  2 . 0  0,7 

1 3. 0  2 , 0  2 , 0  

1 6 ,0  3.0 0 

14.3 2.7 0.7 

1 4,0  7 . 0  1 ,0 

1 9 . 0  0 1 .0 

1 4.5  1 .7 0,2 

1 5 . 6  1 ,7 1 .3 

1 5 . 0  0.5 2 , 0  

1 3.4 2 , 0  1 .6 
1 2 .3 3.3 0,3 

Bivalent 
5 6 7 

1 ,0 0.7 0 .7 2 .2  

1 ,0 0 0 2 . 0  

1 ,0 2 . 0  0 2 .4 

1 ,3 1 . o  0 2 . 2  

0 2 , 0  1 . 0 2 . 8  

1 .0 1 .0 0 2 . 2  

1 . 2 1 , 5 0 2 . 2  

0.7 0.8 0 2 . 2  

0.5 0 0 1 . 9  

0. 8 0,2 0 2 , 0  

1 .0 0.3 0 2 ,0 

- ----------

Average Range 

57.7 53 - 65 

53 

62 

58 .0  55  - 64 

73 

57 

57 . 3  53 - 65 

56. 3 49 - 65 

50. 0  47 - 53 

52 .4 47 - 60 

51 .7 42 - 64 

Total Terminal 
Chiasmata 

Average Range 

21 .7 1 9  - 26 

26 

23 

20.7 15 - 25 

24 

1 8  

24.8  24  - 26 

24. 3  1 6  - 30 

23.0  22  - 24 
25.2 21 - 30 
23.3 22 - 26 

--- - - - --

Tenninalization 
Coefficient 

Average Range 

0,38 0,29 - 0.49 

0.49 

O S !  
0. 35 O. Z7 - 0,40 

0.3$ 

0. 32 

0 ,43 OS ! - 0.49 

0.44 0.25 - 0.61 

0,46 0.45 - 0.47 

0.49 OS! - 0.64 

0.47 0. 34 - 0, 62 

0'\ -J 



Plate I V .  1 4 :  

Plate I V .  1 5 :  

Metaphase I ceJ l ( from normal ram , R244/69 ) 

wi th 28 chromosomal elements .  Arrovrs 

point to s eparated X and Y chromosomes . 

( Aceto-orcein . x 2 , 000 ) . 

Metaphas e I cell ( from normal ram , X21 4/69 )  

with 28 chromosomal  e lements . Large arro1-T 

points to s ex bivalent and small arrows point 

to autosomal univalents .  

( Aceto-orcein.  x 2 , 000 ) . 





Plate IV.  1 6 : Metaphase I cell ( from normal ram , R285/ 69 ) ';.ri th 
29 chromosomal elements :i.nclucling a s eY biva l ent 

( arrow ed ) . 

(Aceto-orcein . x 2 ,800 ) . 

C el l  i:::-1 diakin esi s ( from a normal ram ,  R1 95/ 69 )  
wi tn. 27 -i)j_vo.lent s iEcluding an XY bivalent 
( arrowed) . Tb_e t etrad s tructure of many 

bivalents can be s e en .  
(Aceto-orcein .  z 2 , 000) . 



1 6 

• 

1 7 



4 . . . 

Figure IV.  5 :  

Karyo type of cell  i l lustrated in Plate  I V .  1 7 . 

Bivalents .are  arranged approximately in 

decreasing o rder of si z e  and the s ex bivalent 

is placed las t .  The three largest bivalents , 

made up of the pai red metacentric chrorwsomes , 

are distinctive . 

DrcnJings of ·oivalents from . cell j_ llustrated in 

Plate I V.  1 7  and arranged in s ame order as in 

}<"'igure IV . 4 .  The number o f  chiasmata per 
bivalent i s  recorded beneatt each au tosomal  

bivalent . 
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Plat e I V .  1 8 :  

Figur� I V .  6 :  

C ell i n  d i akine si s ( from a normal ram �  X435/69 )  

ivi th 27 bivalents including a s ex bivalent.  

( Aceto-orcein .  x 2 ,850 ) . 

Karyotype o f  cell illus trated in  Plate I V .  1 8 .  

The approximat e  numb en. o f  chiasma ta per bivalen t  

are reco rded b eneath each autosomal bivalent . 
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Plate IV. 1 0 . :J •  

Plate  IV.  20 :  

A c:ell in d i aki!lesis ( from a normal rm1, ll1 95/ 69 ) 
wi th 27 bivalents inc luding a sex bivalent 
( ) , and a fragment ( - ) vi hi eh could 
have come from bivalent 1 3 . 
( Aceto-orcein .  x 2 , 850 ) . 

A cell in  diakinesis ( from a normal ram:  X21 4/ 69 )  
1vi th 27  bivalents including a s ex bivalent 
( � ) ivhi ch i s  associated with a small 
auto somal bivalent ( - ) .  
( Aceto-orcein . x 2 , 850 ) . 



1 9 

2 0 



Plate I V .  2 1  : 

Plate IV.  22 : 

A ceU in diakinesis ( from a normal ram , R225/ 69 ) 
lvi th 2'7 bivalents including a s ex bivalent 
( e.rro"\"Ted) . 
( Aceta-orcein .  x 2 , 200 ) .  

A cell in diakinesis  ( from a normal ram , TI.285/ 69 ) 
vli th 2'7 bivalent s inclt-..cling a s ex bivalen t in the 
form of a loop ( �) . The chromatid structure 
of some biva.l ents can be seen ( - ) .  
shaped bivalents ( � ) . 

(Aceto-orcein. x 2 , 500 ) . 

I .  

Not e  cross-

I 



/ 

21  

2 2  



D rawing of au to�;oma.l  bj va J.ents from G e l l  

i l lu s tra ted j. n }'J ate IV . 22 . 'i'he 

approxiu::at e  nu:::nb er of chi asmata p er 

b i  v al (�.c.t are recorded b eneath e&c:!:l drarrine. 
N o te tv1i sted chroma tids in s econ d large s t  

bi val e11 t .  
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1 3 3 1 I 2 1 2 � , 
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EJ..llte IV . 23 : 

Pla te IV.  24 : 

C e LL in di a.."i(inesis ( froln normal ram , R225/ 69 ) 

>vi th 2? bi··mlen t s  includ.ing a sex bi·mlent 

whi ch is IJ eripher&lly located ( � ) • 

No te the sma ll ring-shaped bival ents ( - ) . 

( Aceta-orcein . x 2 , 200 ) .  

C el l  i n  diakinesis ( from norEtal ram , 84/ 65 )  

vri th 27 biva lent 3 including a s ex 'oivalen t  

( � ) which is associated wi th a small 

autosomal bivalent ( - ) . 
( Gi ems a .  x 2 ,  000 ) • 

. , I 
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Plat e_ IV . 25 : 

P la t e  IV.  2 6 :  

C ell. in d i c.kinesi s-metaphas e I ( from no:rwal r am 

R285/69 )  vri th 26 bival ents including a s ex 

bivalent . Tvro thin threads s epara t e  the Y 

chromos oiil e ( smal l  arrow ) from the X chromosome 

( large arrow ) . A sma l l  rod- shaped bival ent 
( r ) is si t� a t ed at the p eriph ery of the sprea d .  

( A )  i s  Ft t e chni cal artefa c t . 

( Aceta-orcein . x 2 ,800 ) . 

C el l  in d i akin e si s-metapha s e  I (froiil norma l ram 

R285/ 69 )  vd th 27 biva lents includi ng a s ex 

bivalent . Th e Y chromo some ( large arrow ) i s  

s epara t ed from the X chromos ome b y  a pale­

s t aini ng area ( sma l l  arrmv ) . Chi a smata can b e  

s een on some au t o somal bival ent s j_nclu ding the 

large s t .  A sma l l  r od--shaped bivalent ( r ) i s  

simi lar to that i n  P lat e IV .  25 . A small 

bivalent is over lapping part of a large bivalent 

in th e top right hand c o rner of the ph o tomi c rograph . 

(Ac e t o-orcein . x 2 , 800) . 
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Fi fty-h-.ro p o l yp lo i d  d i aki n e s i s-me taphase I c e ll s w e r e  

analysed ( Tab l e  I V .  6 ) .  O f  th i s  numb er , 2 6  \·r ere t e trap l oi d ,  four 
hexap l o i d  .'FlrJ one '.m s  C• (· t a p l o i d. .  

c e l l s  d ivi d ? d  b et� ocn the te trJp loid ( 1 6 c e l l s ) and h exap lo i d  ( fiv e  

c e l l s ) c a t egori e s . 

A p o lyp l o i d  c e ll 1-ms d e fi n ed as " one -vrh o s e  ch r o m o smoe 

comp l emen t i s  a n  ex a c t  mu l ti p l P- of t h e  ba si c hap l o i cl  numb er 
cha ra c t e ri r; ti c  of th e sp e c i 0 s "  ( Svm.n s o n , f�e rz and Youne , 1 967 ) .  
Th e fo l l Oi·l i ng t el'L1i n o l ogy H .:.;. s  1.! S t;d by the au thor vrb en r e f e rring to 

polyp l o i d  di al:inc s i s -m e t a  pha s e  1 c e l l s : 

d i p l o i d c e lls ( 2n )  hav e 54 chr omos01n e s  o r  27 b iva l en t s  

t e t rap l o j cl c e lls ( 4 n )  bav e 1 08 chromo s ome s o r  54 biv.s. le n t s  ) 

h exap l o j. d  c e 1 l :·; ( 6n )  llave 1 G2 chrorno so m e s  o r  8 1  h :i. va l en tD ) Po lyp loi d 

o c tap l o i d  c e l l s  (Sn )  have 21 6 chromo so me s o r  1 03  b i v a l ents ) 
Th e s ex chromos omes vrere in t h e  f o rm o f  a blva l sn t  i n  all 

polyploid c e ll s  examinGd . fJ'hey 1·1 e r e  p r e s ent in mu l t i p l e s  o i:' the 

dip l o i d  numb er , the t is hro s ox o i \r a lent s i n  a t e t rap l o i d  c e l l  and 

three in a h exap l o i d  c e l l ,  vri �1 fou r b ei n g  ob s erv ed in an o c tap lo i d 

c el l .  An examp l e  of p o lyploi d diakinesi s c e l 1 s  i s  sh oim i n  P la t e  

IV .  27 . 

The s ex ch romo so :r.e s v1h i ch w e r e  r e cogni zab le i n  ev ery 

diaki n e si s--me ta;Jhct s e  I c e l l  e):DJTii r�e d ,  fo rm e d  e. biva l en ·l, i n  a l l  but 

thr e e  o f  t h e  2 ) 3  chr omo some s p reads s tu d i e d . The thr e e  a t yr i c:al 

c el l s  l'i er e  in m e t ·;.phas e and in them the s ex chromo s om e s  N e r e  s eparated . 

Examp l e s  ars s hmm i n  P l a t e s  I V .  1 4 and I V . 28 t .  

There 1-m s  n o  d i fferen c e  b et w· e en t h e  au t o somes a n d  the s ex 

chro m o s o m e s  i n  thei r a ffini ty fo r s ta i n  i n  early diaki n es i s c e l l s  

bu t t m-1ard s the end o f  d i akin esi s and i n  m e taphas e I c e l l s , the 

s ex ch romos omes w e r e  c on s i s t en t ly l es s  i n t en s e ly s tained b y  c omparis on 

w i th th e au t o s omes ( Pla t e  IV.  ·1 4 ) .  I n s ome spread s , t h e Y chrom o s ome 

was n egat ive ly h e t eropykn o t i c  when c ompa r e d  w i th the X chr omo s ome . 

The s e  findi ngs are i l lu s t rated i n  P l a t e I V .  28m and IV.  28 g .  

r.l'.b e mo rph o logy o f  th e s ex b i v a l en t  vari ed b e tw een c e lls and 

a c c ording to the s tage of thE m ei o t i c  cyc le . 

In early d i ak i ne s i s  i t  was thread- like , s om e ti m e B  s traigh t  
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but o ft en in a l oop or curved a t  on e end ( Plat e  I V  28a-f ) . I t  was 

d i ffi cu lt and i n  most cas es impo s s ib le at t Li s  stage to iden ti fy the 

X and Y compcl� e.:nt s . I n  s om 0  bivo. l e:n t �� a c o n s t r.'L c t crl rce;:i. on ·viE S  

ob s erved neaT one end 1vh:i ch vras thought to b e  the 1· e�:i on o f  a s s o c i a ti on 

b ehv een -�he ti-10 chrmEo somes ( Plat e I V .  28 c ,  IV . 28 g a nd I V .  :::eh) . 
As the diakine si s s tage progress ed the bival ent con trac t ed and 

app eared mo re r o d-lik e .  I t  b e crune c l ear that th e chr omo s ome s i n  the 

b i va lent vr ere i n  an en d-to-end a s s o ciati on .  I n  some ce l l s  th e dual 
s t ru c ture of part of the s ex b iva l en t  could b e  s e en . 'l'hi s featu re 

i llu s t ra tecl i n  P l a t e s  I V .  2 5  and I V .  28k...:s ,  Has i dentifi ed a s  the 

chromatid s o f  the long arms of th e X chromosom e .  The Y chromos ome 

-vras thus a s s o c i a t 8d vli th the sho r t  arms of the X chror.r:osome . In mi d 

t o  lat e di al.;j_r. esi s cel l s ,  a c onstri c t ed pale s taining area Has 

ob s e rved "t> e tvroen the s ex ch romo s om es . I n  lat e di akinesi s and 

me taphase I CBl l s the X and Y appeared as di s ti nct ent i t i e s  j o ined by 

two fin €  tl:.r· P.ad- like conn e c ti on s  ( Plate I V .  28i-s ) . 
1\ " 

Preparati ons s ta i ned by the C-banding t e chnique ( C hap te:c I I I  

s e c t i on 3 ( ii ) ( B )  ) v: ere s cru t i ni z ed i n  an effort t o  ob tain more 

d e t a i l ed info rmation on the n2. ture o f  the X-Y chr omo s o;ue a s s o ci at i o n . 

Unfo rtunat ely thi s t echniqu e was o f  no value as the c entrom e ri c 

r egi ons of the s ex chromosomes , unlike tho s e  o f  the aut osomes , were 

n o t  s tained di fferenti a l ly from the chromosome arm s . 

An a s s oci ation b e tween the s ex b i va lent and o r e  o f  the smal l  - 1 9 aut o somal bival ents was s e en i n  7 . 5 p e r  cent ( / 25 3 )  cf c e l l s  at the 

diakin e si s-Qetaphase I stage . S om e  example s of th e s e  a s s o c i at i o ns 

are s hown in P l a t e  I V .  29 . I t  was not po ssib l e  t o  as certain ei ther 

the exact natur e  of the ass o ciation or the i denti ty of the i nvo lved 

au t o s ome and s ex chromo s ome . 

Y chromos ome vra s  impli cated . 

I t  was thought that in some c a s e s  the 

The numb ers of c e l l s  i n  \orhi ch s ome 

form of relati onship v.ras s e en vari ed b e hreen rams . 

Although th e s ex b i va l en t  was s een at th e p eriphery o f  some 

c e l l  spreads , there 'fras no evidence to indi c a t e  that i t s  l o ca t i on i n  

the nu cleus -..vas n o t  random . 
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Plate I V .  27 : Polyploid diakinesi s cell ( from normal ram , 

B1 58 ) wi th 54 bivalents . Arrov1s point to  

tvro sex b ivalent s .  

(Aceto-orcein . x 1 , 750) . 
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,Elate I V .  28 a-- t :  Demonstrates  the vari ation in morph o l o gy  of  

the s ex b ival ent in  repre�,; entative cells in 
early di akine sis to 1a t e  metaphase I .  
ArTo\•T points to Y chromo some in cells i n  

vrhi ch i t  c:an b e  i denti fi ed . Thin chroma tin 

" threads " can b G  seen j oining the X and Y 

chrom o s omes in i to s .  'l'he s ex chromos orv. es 

are s eparated in t .  Variation in the 
intensi ty of staining is seen on both 

chroma t i d s  of the X chrom o s om e  in n ,  

(Aceto-orcein . x 4 , 750 ) .  
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Plate IV.  29 a-h : 

Plate IV. 30 a-f : 

Se:r·:i_ es o f  photomicrographs to demonstrat e the 

a ss o cj_ati on of the s ex bivalent wi th a small 

auto somal bivalent at diakinesi s-metaphase I 

i n  normal rams . 

(Accto-orcein . x 4 ,750 ) .  

Cut-out  X chromosomes from metaphase II cells to 

show chromosome morphology . 

vi sibl e  on each chromos ome . 

(Aceto-orcein . x 4 , 750 ) . 

Short arms are 
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(c) Analysi s Of S e con dary Sp erm at o cytes 

The :I1 e th o d  fo r analy s i s  o f  d::.rorr:o s o �rl8 f) of 

s e cond metaplw.s e  (m e tapha s e  II = HII )  fi gures \vas basc:d on that used 

by �.'et t enb o rn anL1 Gr opp ( 1 970 ) .  
At metaphase I I , the hro s :L s t E:r ch romati ds o f  an indi v i dual 

chromosome are o f t en s eparated from thei r centromere . A s i nzle 

chron:.a.ti cl fror.:.. a rr,e t a ccntri c or a c r o cerctr i c chr or.:o sows cou J.d b e  ea sily 

confused 1ri th tr, e  hro chromati d. ::;  of an a cro c entri c chr-omosome s ti l l  
h e l d  tosethar at the cen trom e �o . Thi s i s  i l lu s tra t ed di acrammc:. ti cally 

in F-_:_ gu.re I V .  8 o e l ol'r . 

1 ( a )  and (1 ) Acro cen tr i c  ch rom o s ome s with two s i s t er ch roma tids 
h eld toee ther at t h e  centromere 

1 a  

2 (a ) lV: e t a c e�1tri c chr0mo s om e  

(b ) Netacent:r:i -:� chromo s ome vri t�: hJo·  si st c"r chroma tid.s ::; epara ted 

f �  2a ){ � . 
Figure IY._. 8 :  

2b � t 
.1\n acrocen�:ric chromo some ( 1 b )  could b e  confus ed rri th a 

s i ngl e chromati d from a metacentric chrom o s ome ( 2b ) .  

Tette�1born and Gropp ( 1 970 ) suegested that counts of to tal 
chromo s ome al'!:'!S rather tha.'1 cou n t s  of c}n·oruosomes tl:emselves w ere the 
most reliab l e  method of determining vrh ether a giv en s econda ry 

spermatocyte contain ed a complet e haploid chromo s o m e  set .  
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'rhe an thor c ounted both the chrom o s ome numb er and the numb er 

of chromosor!le arm s in h e r  analys es of cells at metaphase II . All 

a. c r o c e n tr· >:: cl  . .i'GI�c s om (c; :::; �: e r e  co1.:.:1 t e d  a s  lwvi :ng ono c:h:r omo s om e  3 rrn .  

Netac ent:cj_ c ar.d SlJ.br,� o t a centri c chrom o s omes 11e r e  corwi d.ered t o  have two 

chromo s om e  a m.s . The X chrom o :;, ome vm s consi dered to have one 

chromo some arm , a s  1·ra s the Y chromo some even tb ough "t!oi s is knovrn to b e  

a s1.Ibm 2 ta cent:::-i c c:hr omosorne ( C ha p t er I I ,  s ec ti on 1 ) . 
For exa'.ll}.lle : 

Normal rco.m ( 2n = 54 , xy ) .  Th e karyo type i3 ma<le up of : 

46 acro o entri c s  + 6 metacen t ri cs + X +  Y = 54 chromo somes 

46 + 1 2  + + = 60 cl·Lromoso!r.e  arms 

= N .  F .  

The hapluid cm�pJ.eme!J t then i s :  

2) a c..:.·o c entri c s  + 3 metacentri c s  + s ex chromos one 2'7 cLromo somes 

30 chromosome 
arms 

23 + 6 + 

N .  F./ 2 

The au thor has adopt ed the pract i ce of  v1 ri ting the haploid number as 

mJ.mlj ei._<) f  _s..lfromo somes . _ _  iu_cJld.c!i ng _s ex -�l'CI[:_']somes 
numb er o f  cll romo sorr.e arms 

for example or 2'], Y  
30 

( -v;-he re X :=  x and Y ; y) .  

Definition of Terms : 

Enploi d 

Aneuploi d 

A euploid cell  i s  d efi ned as a cell that has 

a balanced set  of chromosomes , in any numb er 

(Dorland ' s Medi cal Dictionary , 1 965 ) .  

- An aneuploid cell i s  defined as a cell having 

more or· less than the normal diploid number of 

chromosomes (Dorland '  s Medical Dicti onary , 1 965 ) .  

Throu choD. t this th e si s , the author refers to euploid secondary 

spermatocytes as tho s e  having a fundamental 11umb er divided by two 

( i . e .  1�2 F. ) of  30 and aneuploid secondary spermato cytes as those 

with an 1�2F. o f  great er thfu"l ,  or less than 30 .  
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Po lypJoj_d  seconda-ry suerllla t Q£Yt es - A po lyploid ce l l  i s defined as one 

whose chromosome comp lement is an 

polyploi d 

numb er ciia:CEJ. c t c :ri s b. c of tb e 
S .,._J e c.: _i ec.: ( 0\·''tr·· � �n e t  ··J l 1 0co� )  t · .._, � f :.  _ ..,;; \.) ---�·, I _,  I • 

The au thor used the fo llouing t erminology vrhen referring t o  

s econdary spermato cyt e c ells i n  ti1e sh e e p : 

monoploi d n 27 chrOJ>10 SOil!eS 

" ( n_i :ploid 2n = 5 4  Polyploid � tr:i.ploj_ (l_ cells 3n  = s ·1 " 

( t etrapl o i d.  4n 1 08 " 

b Rcsu l ts  - chromosome morpholOs'JT 

The meta cent ri c chromoso l11 es and the s ex 
chro!Jlo so:nes , ei ther an X or a Y ,  vr ere easily d i s tinguished in every 

cell examined . Th ese three types of chro�o some had a similar 

app8aranc.:e to that in mi t oti c cells . . The metacentrics were the 

larges-:;  and the hro chro:natids 1v er e usu a l ly at tached in "<:he reGion of 
the c ent romere although in some c el l s  the hro si ster cb r omat i d s  w e re 

s ep2.rated fron one e.no tber bu t rem'lined in the vi c i :1i ty ( .Phtc; I V .  34 ) .  
The acro c entri c chromosomes vari ed in app earance wi th the 

s tage of mei o s i s  o f  the ce ll b eing viewed.  Generally in C ·:) l2. S  at 

me tapha s e  I I , the a c r o c en tri c c hromosomes had a seagull-in-fli,::;ht­

like appearance wi ih both chromatid arms spr ead vrj_dely apart and 
held t o gether only at the centromere regi on ( Plate  I V .  3 1 ) .  As 

metaphase pro ceeded. and the chromati ds b ecame more con tracted they 

often appeared as ·hvo "blobs " s eparated by a lightly 3t aining area 

(Plat e IV.  34) or sometimes comp l etely s eparated as anaphase o c curred. 

The chromatids of all chromosomes show ed a coiled appearance . 

The Y chromosome consistently s tained mo re lightly than the autosomes . 

I t  was the smallest chromo som e vi s:i.ble in the haploid complement and 

frequently its submetacentri c nature could be seen . 
i t  app eared as a "blob " . 

In other cas es 

The X chromosome Has d i s tinc tive by the fac t  that both 

chromati d arms remained more or  less in apposi ti on and i t was rare to 
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s e a  them wi d e l y  d iv ergen t as was the norm for other acro centri c s . A 

coi l ed apr(�ura.'l(:e >·!as often evi den t anJ c.n m9.ny o cc a s i o n :;  c l e a r  s h o r t  

arms 1·1ere vi s i  u le ( PJA.te :: v.  )0 ) . 
th•2 ob serva ti.:.'n:3 rr.ad e  by Bru�re ( 1 966 ) on the mo rphol ogy o f  the X 
chromos ome of th e she ep.  

Rarely � e r e  any c e ll s  at s econd anaphase observed and none 

at s e cond t e l o phas e . 

c Resu l t s  - analy::: i s  o f  metaphas e I I  c e l ls 

Ei g:h t y  s ev en. r wtapha se I I  fi gureto ( ':!:'ab l e  
IV. 8 )  v' e :re recorrJec.� i n  ram s ui th a karyo t yp e  ( 2n = 5 4 , xy ) . 'rhi s  

t o t a l  :l.ncl,< cl0d. 2 5  po l yJl l o i d c e l ls o f  l·ihi ch 1 1  c ou ld no t b e  analys ed 

and 1wr e  r •:)cor.Jed und er the headi ng N .  A .  i n  the tab l es o f re�m 1 t s . 
Tl te an2.lys es o f  m e tapha s e  I I  ce lls f:com normal re.!ns a-r:-c 

r e c o r de d  in 'Tab l e s  I V .  9 and IV .  1 0 . 
vnwn me t apha s e  I I  count s from a l l  th e no rma l rarr.s 1vere p o o l ed , 

( 62 c e ll s ) 84 per c r:m t  o f  the figure s examinen vlere eu p loi d .  There 

\vere no hypermodal c e.lls and 1 6 per cent o f  the c e l l s  w ere hypomo dal 
or an e1,;. p lo i d . 'rhe figm· e for t h e  an eu p l oi_ d  cel ls probab l y  repre s ents 

mainly chromo som e l o s s  durilj g s lide preparati on .  

Tuent y five p o lyp ] o:i. d  c e lls 1wro re c orde d . Cne <.;81 1 'i'Ji th 

34 ch� omo sornc arm s  p r obab ly repres e n t ed a d i p l o i d  s e condary spermat o cyte 

wi th ex t ensive l o s s  of chromo3o mes . One trip loi d and one tetrap lo i d  

ce l l  w e r e  recorded , the r emainder b ei ng d i p loid.  The po lyplo i d  c e l ls 

app eared t o  b e  t ru e  p o lyp loids and no t just tvro or three cells l ying 

in appo s i t i on . 
Becau s e  o f  the loior tota l  numb ers o f  secondary sperma t o cy t es 

examined i t  i s  di ffi cu l t  t o  d rm1 conclus i ons regarding su ch paramet ers 

a s  the percentac;e of po lyploi d c e ll s . No polyploid c e l ls 1.,rere 

recorded in four r�m s bu t in one of thes e no metapha s e  II c e l l s  were 

r e co rded a:r.d in the o.ther three very small nuffib ers . Like1d s e  i n  

rams wi th a re l a t i -.r ely hj_ gh percentage o f  po lyplo i d  cells only a 

f e1·1 c el l s  l·rere ana lysed . 
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The po o l ed results of th e rams ivcre ana lysed by the C h i ­

square test and it vra s  found tbE:.t t here uas n o  departure from i:b e  

1 : 1 r" tl· 0 0 f' mal "'  f elli'"' ·1 e m tr . '"' T T . " l " ( \� 2 '<'lOY!- '' l_. ')1' .· .;·., can t ) "" _ . ·=- : n -- "' e npn_. s e  ··· - c·.�-L -� , ' "' 1 . ., G J.J. J • .L • 

P la t e s  I V .  30 to I V .  38 are repre s en�ativ� o f  m etaphase I I  

cells f rom no rmal rams and demonstra t e  s o:rr. e o f  the features L'l enti oned 

in thi s s e c ti on .  

TABLE IV .  8 

C OUNTS O F  JVIII C ELLS MID NUI'IBER OF TU I C ELLS YARYOTYPED 
l"EOT·1 NORi:l AL H.AI•;S _l2.4:_,�.Y..L 

Ram M I I  C ells Polyp l oi d Total I n c luding lifllm'o er of 

I dentifica t i on l\II I  C e lls Po ly};l o i ds Ka:;:yo types 

X435/69 1 2 3 
R285/69 1 3  5 1 8  9 

X 1 1 7/69 2 3 0 

X2 1 4/ 69  4 5 3 
84/68 3 0 3 
B1 57 0 0 

B 1 58 0 0 0 0 

R1 95/ 69 5 6 5 

X452/69 'l L 3 
R294/69 2 0 

R1 6/ 69 1 0 0 

R244/ 69 0 2 2 1 

PT1 95/70 1 3  6 1 9  5 

R22 5/ 69 1 9  2 2 1  2 

Total 62 25  87  28 
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TABLE IV .  9 

DISTRIBUTION OF CHROMOS OME C OUNTS IN CELLS AT MTI !JIJ NORMAL RAJ.TS (2n = 54 . xx2_ 

P\8.li! Identi- ' £J...,.x 2J...,:;[_ Total , 2 2 . x , 24,x j �  24._;_y , .Q_LL ! .Q,Y ,?6.� j 2S.X.. l 27 . x j 28 .y ' Total 
ficati on 30 30 25 26 ! 27 27 27 ! 28 2 9  j 29  j 29 30 I' 

I I - fl 
X435/ 69 1 1 I ! i ·:----1---Q__/1 "j 
R285/ 6 9  5 6 1 1 -+ 1 I I 1 2 1 1 3 

X1 1 7/ 69  1 1 1 I . 1 � 2 
X21 4/ 69 1 1 0 Jl 1 
s4; 68 � 1 1 2 1 --1- i 1 

,____t_jL 3 
B1 57 � 1 1 

' I I 0 !L 1 . - ll 

3 

B1 58 J � 0 . I 0 !� _ _Q __ 
R1 95/69 fti 2 2 4 ------+· · 1 .. 1lL 5 
X452/ 69 .S 1 1 =+= . 1 - :�- 2 

R294/ 69 � 1 1 l ___ _l t- 0 I! 1 
R1 6/69  0 j I 1 1 .  i __ j__ _ _  JJ 1 -

1 l ' R244/ 69 I 0 ! 0 ll 0 

PT1 95/70 2 9 1 1 l . ' 1 ,__ ·::-;--i I 2 !i 1 3 

R225/ 69 I 8 9 1 7  1 ! .L _ _ j _ _ � 1 2 J 1 9  

I l I l '1 To tal 20 3 1  5 1  1 1 1 2 1 ! 1 1 1 l 1 1 1 1  li 62 

--J 
\.I) 



TABLE IV.  1 0  

DISTRIBUTION OF CHROMOSOME COUNTS IN POLYPLOID MII CELLS IN NORMAL RAivJS (2n = 54,xy) 

Ram Ident-
ification 

X435/ 69 ---- - -
R285/ 69 

X1 1 7/ 69 

X21 4/ 69 

84/ 68 

B1 57 

B1 58 

R1 95/ 69 

X452/ 69 

R294/ 69 

R 1 6/69 

R244/ 69 

PT1 9rJ/70 

R225/ 69 

Total· 
- --

IJl 
r-j 
(j) 

0 

� 
-,::j 

(j) 
.g 
� 

28.x �2,x,:y: �2.x,:y: 
34 58 58 

1 . 

1 

1 

1 1 1 

N . A .  = N o t  Analysed 

2n 3n I 4n 
22,x,:y: 21,x,y :21,x,x 81 ,x,x,:y: 1 0:;1, y:y:;y;y 

59 60 60 90 1 1 7  -
1 

1 1 I 
1 1 

1 

1 
-

1 

2 

1 

1 7 1 1 1 

N . A.  

2 

1 

1 

1 

1 
4 

1 

1 1  

To talL Rail! 

2 

5 

1 

4 

0 

0 

0 

1 

1 

1 

0 

2 
6 

2 

25  

--J 0'\ 



Plat e I V .  3 1  : Netapha s e  I I  cel1 ( from a normal ram R?25/ 69 ) 
with 30 chromosome arms and 27 chromos omes 

i n c luding three metacentri c chromosome s and 

an X chromos ome (arrowed ) . 

( Acet o-orcein x 4 , 000 ) 

J:i_gu�. I V .  9 :  Karyotype of cell i llustrated in Plate IV .  3 1 . 



3 1  

4 

1 0 

1 6 

2 2  

9 

2 3 

5 6 

1 1  1 2  

1 7  1 8 

2 3  2 4  

7 8 9 

1 3 1 4 1 5 

1 9 2 0 2 1 

2 5  2 6  X 



Plate I'l .  32 : 

NII cell ( from normal ram , R285/ 69 ) £f..d 
Arrow points to X chromosome . 30 
(Ac8 to-orcein . x 4 , 000 ) .  

PlatE: lV .  33 : IUI cell ( from normal ram , P.1 95/ 69 )  

wi th 3 0  chromosome arms and 27 chromosomes 
including an X chromosome .  There is  a 

pale staining are� in the centromeric 
region of some o f  the acrocentri c 
chromosomes .  
( Aceta-orcein. x 4 , 000 ) .  
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Platt IV. :3 4 :  IH l cell from a norma l  ram R1 95/ 69 

Th ere a r o  27 chromo s oMes i nclu d i ng three 
metbcentrics and a Y chromosome ( large 

arrc1v ) \·ihi ch i s  more ligh t ly s tained than 

the autosomes . One o f  t h e  s ma l l e s t  

a cr o cen tri c chr0mosomes ( small a rrow ) 
app ears as two ' ' b l ob s "  s ep a;-a t e d  by a 

l i gh tly s tain ed c entromeri c r egi o n .  

(Ac eto-orcein . x 4 , 750)  

�re I Y .  1 0 : Ka ryo type o f  cell i l lus tra t ed in P la t e  IV. 34. 

There a r e  30 ch romosome arms . The chroma t i d  

a rms of t h e  three metacen t ri c chrom o s omes 

are s li ghtly s epara t ed ar.d c ou l d  b e  con�! s e d  

with one o f  the large acro c entri c chromos ome s .  
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Plat� IV .  36 : 

r�etaphas e  I I  c e l l  ( from normal ram PT1 95/70)  

vl:i th 30 chromosome arms and 27 ch romos omes 

includj.:ng a Y chromosome ( large o.rrow ) and 

three metacen t ri c chromosomes .  Two o f  the 

a cr o c en t ri c au to somes are overlapping ( small 

arrm., ) . 
( Aceto-orcein . x 4 , 000 ) . 

Aneup loid metaphas e  I I  cell  from a normal ram , 

PT1 95/70. There are 28 chromosome arms and 

25 chromosomes inc luding three metacentri c 

chromosomes and a Y chromosome ( arro-vred ) . The 

coiled nature  of some chromati ds i s  evident . 

(Aceto-orcein. x 4 , 000 ) . 
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Plat e IV.  37 : 

Pla.t e I V .  38 : 

D i p l o i d  m etay,h�s e I I  cell from a norma l ram PT1 95/70 . 
There are 60 chromoso:ne arms and 54 chromoso:nes 
in c luding six m e t a c eut ri c chromosomes , an X 

chromoscrue anC. a Y chr omo s ome . 

( Aceta-orcein .  x 2 , 050 ) . 

Polyploid ( trip l o i d ) m e ·i:.aphas e I I  c e l l  from a normal 

ram X2 1 4./ 69 .  There are 90  chromosome arms , and 
8 1  chro:nosomes inc luding nine rr:.etacentri c  chromos omes , 
two X chr01nosomes and a Y chromosome . 
( Ace to-�rcein. x 1 , 500 ) . 
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Karyo typ e  o f  the dipl o i d  s econdary sperma t o cyt e 

i li_us trat e d  in P late I V .  3 7 .  
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(D )  C e l l  Dis tributions A t  M eio sis In Normal Rams 

Cell dis tribuhons in e ach of th e cat egori es ,  

spermatogoni 'l l  m e:- �upha s e ,  C.j_ akines:i :.:: c:w cl rn etaphas c.� I [mJ. m •:')tapha.se I I  

are shom1 in  Ta1) le IV .  1 1 . 

'rABLE IV.  1 1  
DISTH T B�1 'l'J ON ()};' C E T,LS T H SPETriA'1'0!;0NJ .t.J, I·TETXP!P SE ( c;_J ) -r I -\ v-ncs- 0 ,��:�c . l " • - •· l u  ·----·- r LI l ]I}J D J�i1�111P_PE i\S i�� I Al:lJ �·I ST /'.J)IJ 1�S �� · (J:Zn' .1 - -- ) J. : :  �TOW·TAJ� R A  · ··: - -- _,_; - � 241 x-'L 2 

( After 
* Pc.' lyploi d c e J l s  inc:lu d e d  

RaL1 I de�1 t- SJ\1 
i fi catior_ 

-- -------·-·-
X435/69 3 ( 2 ) 
R2� h / 6 °  .b ), - j 1 ( o )  
X1 1 7/69 4 ( 0 ) 

X2 1 4/ 69 3 ( 1 ) 
84/68 0 ( 0 )  

B1 57 ( o )  

B1 58 3 ( i ) 
R1 95/ 69 ( o )  

X452/ 69 0 ( o )  

It294/ G9 0 ( o )  

R1 6/ 6 9  4 ( 1 ) 
R244/ 69  2 ( o )  

PT1 95/70 ( o )  

R225/ 69 0 ( o )  

Tota1 23 ( 5 )  

Ske.kJ<: e ba ek Q_!__:':i 1_ . ' 1 973 ) 
in counts a r c:  :r e c o rd.e -1 in bracke t s  o.fter 

------------
!�I JH I 'l'otal Fiii/I•li 

Ratio 

7 ( 1 ) 3 ( 2 ) i 3  ( 5 ) 0 . 43 
63 ( 1 3 ) 1 8  ( 5 )  8 2  ( 1 8 )  0 . 29 

1 4  ( 2 ) 3 ( 1 ) 2 1  ( 3 )  0 .  2 1 

24 ( 7 )  5 ( 4 ) 32 ( 1 2 )  0 . 2 1 

9 ( 1 ) 3 ( o ) 1 2  ( 1 ) 0. 33 

1 0  ( 4 ) ( o )  1 2  ( 4 ) 0 . 1 0  

7 ( 1 ) 0 ( o )  1 0  ( 2 )  o. oo 

46 ( 5 )  6 ( 1 ) 53 ( 6 )  0 . 1 3  

5 ( 1 ) 3 ( 1 ) 8 ( ...... \ 0 . 60 C.. J 
23 ( 2 )  2 ( 1 ) 2r.: ::> ( 3 )  0 . 09 

1 2  ( 5 )  ( o )  1 7  ( 6 )  o . os  
1 3  ( 4 )  2 ( 2 )  "17 ( 6 )  o .  ·j 5 
33 ( 4 )  1 9  ( 6 )  5 3 ( 1 0)  0 . 58 

43 ( 6 ) 2 1  ( 2 )  64 ( 8 )  0 . 49 

309 ( 5 6 )  87 (25 )  4 1 9 (8 6 )  0 . 28 

coun�s .  

The proporti on o f  cells in each ea tegory vari ed behreen rams . 

Relat i v e ly few s perm:t t ogonial cells were seen . 

Th e average rat i o  of metaphas e  I I  to metaphas e I c e l l s  was 

0 . 28 w i th a range of z ero (no c e l l s  ob served at s e cond m e taph a s e ) 
to 0. 60 . 
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I V .  4 DI SCUSSI ON ------

i'-1eios i s  i s  an i n t e b':ra l part of  the ::_;:r- e:-matogen:i. c  cycle 

in the ra.lll , lm A-type sp erma t ogoni a l  stem cell produces two 

daught e r  ce l ls one of which divides fou r  times to p r odu c e  1 G  primary 

s perma t o c yt e s ,  the c ells  ��1i ch undergo mej otic  division .  'J'he othe r 

d.augbt er cell b ecomes a dorn;arl t A- type  cell during a frac ti cn ( 0 .  68 ) 
of the seminife:::·ous cycle and aft enrards ensure s the reneHal o f  the 
spe:r·J.N:t t ogoni al popu lati on  ( Ortavant , 1 959) . Th e primary spen:J.atocytes 

at metaphase I i n  a noi1lial ram each have 27 bi val. Em -:;f. o:r tetrads ( 1 08 
chroll'.ati ds ) .  At th e firs t mei o ti c  divi si on 27 o yads ( ::;4 chroJLatids ) 
pass to each p0l '.o .  The tvro daught er s econda ry sperma t o cytes thus 

formed are equa ti onally s eparated i n  anaphase I I vi th 27 mone.ds ( 27 

chromatids )  coing t o  each of the four hapl oid nu cl ei formed at the end 

of th e second �eio tic  division .  

(ii ) C ELL D I STRIBUTI ONS AT 1-TEI OS I S  IN NORf1iAL RAMS 

Few sp ermatogonial cells were ob served in meiotic  

preparations from t h e  n ormal rams s tudied .  This was simi lar to the 

resu lts  of s tudies on men ( Ford and Hamer-'.:on , 1 956 ; Nci lree et al ., 
1 966 ,  a ;  Ska.kk:etc::.ek et al . , 1 973 ) ,  dogs ( Eliasson 8 t  a J  . , 1 967 ) and 

rodents ( Ford ar,_ cl E·v ans , 1 g69 ; Rult t'n ,  Karlman , Lindsten ar..d Tiepo lo , 

1 970 , a ) . 
Th e obs er�ed rati o of  metaphase I I  to me taphase  I cel ls in 

normal rams ( Tab l e  I V .  1 1 )  was less than the ex pe � t ed theoretical rati o 

of 2 . 0 .  In the absence o f  any ot her data on rams , i t  is  interesting 

to no te  that in one study on norma l men ( Skaldcebaek et a l . , 1 973 ) , 

although a theoretical rati o of  2 . 0 was expected , in fac t  a mean ratio 

of O. 9 with a range of 0 .  6 to 1 • 4 1ms found.  The data from the normal 

rams probab ly underestimates the true proportion of cells  at first and 

second metaphase as only those  cells Hhi ch were analysed ·vT ere included 

in the counts and more metaphase II than metaphase I cells \vere 

rej ected as b eing unsui tab le for analysi s .  By compari son Skalr..kebaek 

et al . ' s  ( 1 973 )  data was based on all the fi rs t and s econd metaphase  

stages seen ; only a proportion of  th es e were act-ually analysed . 

Informati on on metaphase II t o  metaphase I rab.o s cou ld be 
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usefuJ in de tec ting d i s turbanc es o f  spermatoeenosis i n  rams . 'l'his 

u s e  vm s sugge s t ed and uti l i z ed by SkaJili: e b a ek et al .  ( 1 973 ) i.n si:uc1ies 
in norma ] and infer tj le �en . 'l'he-;e autl! o::.�s p ointed ou t tl1at tlw 
spermatocyt e  arr e ::; �; somet im e s  obs 8rved in h i s t o logi ca l  s ecti ons i s  

not alwo.ys easy t 0  locahze  t o  o parti cular s tage o f  t11e spe rma togeni c 

cycl e , b e cau s e  i t i s  often di ffi cu l t  t o  di s t inguish b e:\·: e en the fi rs t 

and s e cond me i o ti c  divi si ons in hi sto logi ca l  s ecti ons , Hh erea :::; these 

can be iden b fi ed in r.1 ei o ti c  preparations . 

( i i i ) EAR LY MEI O�'I C PROPHASE S'rlt G F.S 

T!J.e comp9.ct h ceavi ly- s tain ed r egj_ ons ob :.3 erved on some  

bival ents at th e z yc;o t ene o r  pa clqt ene s tages i n  th e rum ,  a r e  simi lar 

to the "basal knob s "  reported in other DJa!Il.l!lEl.�LS inc lud ing man , mouse  

( Woollam and Fo rd , 1 964 ; Jagi e l l o  and Po lani , 1 969 ) and wal laby 

( Fredga , ! 964 ; Vl o o llaw and Fo rd , 1 964) . Thei r lo cati on on ram 

prophase bivalents is consis t ent 1·1i th \voo l lam and Ford ' s ( 1 964 ) 

proposal tha.t thes e "knob s "  c orrespond to the hetero chromati c re gi ons 

ad j oining the centromere i n  mi toti c metapha s e  chromosome s . 

Severa l authors have c orn1.� ented on tho occurrence o f  " la t era l 

outgrovrths " on biva lents at the la t e z ygo t ene and pachyt E,ne s tages 

( Fredga , 1 964- ; Woo llam and Ford,  1 964 ; Lu ciani , 1 970 ;  Po gosianz , 

1 970 ; Loi r ,  1 97 1 ; I� cD ermo t t , 1 97 1 ; 1 973 , a ;  Per gu s on-Srr:.i th , 1 97 2 ) . 

In some cell t! a -L early m eio t i c propha s e  i n  th e :tarn , the ll ivaJ.en ts had 

a "furry" out lin e vJhich cou ld be due to out gro 1-.r ths simi l a r  to those 

ob s erved by Lo i r  ( 1 97 1  ) . The lat t er autho r used a special preparative 

technique vrhich may have enhanced this featur e on t h e  bival en ts he 

s tudied . 

No evidence of a nuc leo lus \vas seen in any of the mei ot i c 

preparations examined in thi s s tudy . Gustavsson ( 1 9G9 ) �nd Popescu 

( 1 971 , a )  repo rt Ed o. simi lar finding in cat t l e  and suggested tha t the 

hyp o to ni c  s o lu ti ons used in sli de preparation , caused nu cleo li t o  

ruptur e .  Likewi s e  i t Ha3 suggested by B ru'ere ( 1 966 ) that t h e  same 

techni cal factors disrupted the deli cate satellite  associations 1·rhich 

probab ly occur in she ep mi to tic  chro mosome s . 
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( i  v) DI PLOTEim . DIAK IHl�Sl S .1\ND NETAPHAS E I STA GES 

Di p lo t en e  rliJ c l ei 1 : c r e  raT e  and di f fi cu l t  to analyse i n  

the ram , a sirralar fi;ldj_ nt; t o  that o f  Loi. r ( 1 97 1 ) and �;0veral au tho r s  

vrorking with s p e ci e s  othei' t han s h e 8p ( Tr ead\": e l l et_§l_l.}  1 968 ; Pop e s cu ,  

1 971  , a ;  Ferguson- Srr.i th , 1 972 ) .  
Ahmc::i ( 1 9AO ) who c lain:s to hav e c ount ed chi asmata from ten 

late dip J o tcne c e l :i :::. , found a variati on in t o ta l numrJ er of from 60 to 

73 per nu c l eu s . Til e au th or c ounted the c h i a srr.a ta in one lat e  
diplo t ene c e ll and f ou n d  7 3  chi a s::r:a ta , a t o tal c or1si s t cn t vri tb li.hmed ' s 

( 1 940) es ti mati ons . Jlh e larges t  bivalent had S t=:VGD cb i a;;ma ta a::; \·!B. S 
the case i n  one o f  the  c e l l s  examined by Ahmed ( 1 94-0 )  1·:�l 0 ob served 
that b i va l ents  v1i tt h·<O ch i asma ta o c curred m o re frequ en t ly tb an tho se 

wi th f ew er o r  c;:r-E:a ter nullib e:r-s , similar find incs t o  tho s t>  in thi s s tu dy.  

Loir ( 1 97 1 ) a l though not stat ing t o t a l  ce l l  c ou.n t s , r epo r t ed finding 

five chi a s mata on the -hvo large s t  biva l ent s a t  d ipl o t e n :;  and "chree o r  

fou r on the t h i rd la rge s t  b i  vo. l ent . 

Th e pro po sal that t h e  s carci ty o f  dipl o t en e  nu c l e i  cou ld b e  

due t o  t h e  rnpi di t y  1·1i t h  1vhi e h  thi s s tage o c curs in th e ram �� a s  mo.de 

by Loir ( 1 97 1 ) ;  hi s ob s erva t i ons shovr ed that thi s sta[;e and the 

diaki n e s i s  s tac;e vr ou ld probab l y  tak e about the same l en t;th of time as 

m etaphas e I ,  less than tuo hn..�r-"3 . Thi s time l i rni  t is i n  marke d  contrast 

to tha t  su g� e s t ed by Ortav :::tnt ( 1 959 )  Hho qu o t ed 2 . 4  to 3 . 5  da.ys as the 

time for the riip lot erl8 s t a ge , bu t is mu ch sho :r-ter than th8 durati on of 

the p a chyt ene s t&ge in tb e ram , whi ch hac b een qHo t ed a s  nine d ays 

( Lo i r s  1 971 ) and four to s i x  days ( Ortavan t ,  1 95 9 ) . 

In a ddi tion to c oun ting chi a smata at dip l o t ene , P�ed ( 1 940 ) 
examined five diakinesi s nu clei and t en me taphas e  I nu c lei and report e d  

chia smata ranges o f  5 8  to 6 4  and 5 6  t o  62 p er nu c l eu s , whi ch i s  a 

range o f  between 5 6  and 64  fo r the two stages consi dered togethe r .  

The correspondi ng v a lu es ob tai_ned i n  thi s s tu dy v1e r e  �L2 t o  65 -with an 

average range o f  5 0  to 58 , vri th metaphase I chiasmata e s t imat ions 

b eing lm·rer than tho s e  counted Ly .Ahm ed ( 1 940 ) . 

The approximat e  gen et i c l ength o f  the she ep es tima t ed from 

Ahmed1 s ( 1 940 ) clata ( d iakines i s -metaphase I s tages ) l\"a 3  2 9 . 4 morgans . 

Thi s i s  greater t han t b e  au tho r ' s e s t imation o f  27 . 7  morgE',ns , <vhi ch i s  

a minim1-<m value a s  a proporti on o f  th e chi asmata had t e rmina li zed by 

the d iakinesi s-me tapha s e  I s t age and the numb ers o f  terminal chiasma t a  
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a r e  gr eater at metapha s e than di akinesi s . 
No other data wi th 1·rh i ch these re su lts can b e  c ompared i s  

avai lab l e  fr or.i no :o'jJ; ;d sL eep , :1l<. t i t  r�a s  b e en shmm t[,a t e s t ima t E:; s  o f  

human gen e t i c l ong·ch vu. 1-y b eh1een research e r s . 
I t  i s  j_n t ores h rcg t o  no t e  that a l though Ahruecl ( 1 911- 0 )  bas e d  

his s tud i e s  o n  hi s t ologi c a l  s ec ti ons 1·rh i ch vr ere 1 6 1u i n  thi ckne s s , 

his resu l t s  were v ery simi lar t o  tho s e  ob tai ned by the au tho r u s ing 

modern cyto loei cal r::te tho ds . 

(V ) :1-1 ETAPHASB II 
Tb e s econdary sp ennato cyt e s  o f  normal �ams a r e  dis cu ss e d  

i n  Chap t er- V o f  tl::i. s th e s i s  a nd. 11'i l l no t b e  conside:r.:-ed h er e .  

( vi )  THE-: §EX CHROi·WSOHBS 

C o mnared w i tb thos e o f  man a nd some rodents , th e sex 

chromosomes o f  dome s t i c  anima ls have no t b een studi ed exten sively . 
Th e r esul t s  ob tained i n  thi s thesi s are in a c co rd wi th the 

des crip tions of the s ex chrom o s ome s in early mei o t i c  pro phas e  gi ven 

by Ahmed ( 1 940 )  and Loi r ( 1 97 1 ) .  The progres sive change in appearance 

of the s ex chr om o s omes from a fi gu re-o f- ei gh t  confi gura ti on at zygo t en e , 

t o  a c i r c le a t  la t e  pachyt ene and a rod a t  di plotene no t ed in th i s  

s tu dy were a ls o  r eport ed i n  s he ep by Lo i r ( 1 971 ) and i n  cat t le by 

Po pes cu ( 1 971 , a ) . 

Thi s s h. d y  c onfirmed th e bi va l e:c.t a s s o ci at i on o f  th e s ex 

chromo somes at di .9.ki nesi s as repo rt ed h y  Ahmed ( 1 940) , Berry ( 1 941 ) ,  

Makin o  ( 1 943 , a )  and Loir ( 1 971  ) . From thi s s tudy th e d e s cri p ti on o f  

the s ex b i val ent h ovr ever , was different f r o m  that o f  Ahmed ( 1 940) . 

Ahmed ( 1 940 ) id ent i fi ed two different c onfi gura ti ons at diakine s i s  

and me taphas e I .  One type r es emb l ed an au t o somal biva l en t 1-li th bvo 

o r  three i nt e r[; ti b a l chi asmata whi l e  the o ther , an asymm et ri ca l 

b i va lent had t erminally or sub- t erminally a ss o ci a t ed chr omo some s .  By 

c omp ari s on , in thi.s s tudy , no s ex b ival ent res emb ling an au t o somal 

b ival en t  ivas r e c o rded and the exi s t en c e  of homo logou s  pai ring s egment s 

in the X and Y ch romosomes cou l d  n o t  b e  e s tab li sh e d .  I t  11a s  no t 

p o ssib l e  t o  d e t ermi.ne the relati onshi p b e hr e en th e chromo s omes in 

early prophas e and it ·w-as di ffi cul t to d emons trat e the point at whi ch 

the X chromo so m e  t erminated and the Y b egan in many biva l ent s at the 

diakines i s  s t age . C on s equentl y t h e  possibi l i ty o f  homo l o go u s  pa i ring 



s egments in sh eep sex chromos om e s  cannot b e  excluded. 

rr·he o c currence o f  homologou s  regi ons i n  s ex chromo s ome s has 

b een con�i dered in man ( So lari and Tr� G ,  1 970 ) a nd cat t l e  (M e lande r  

a n d  Knudso n ,  1 953 ) ,  and d eraons tra t c:od i r.  t h e  ATlflCl1ian ha10.s t sr ( Lavappa 

and Y erga.n i an , 1 970 ) and in the Chinese and 1'uropean hams t ers by 

Pr edga and San t o s s c n  ( 1 9G4 ) Hho su cge s ted that the end-to-end 
asso ci at i on b etween th e X and Y chromosomes in thes e speci es was the 

r esul t  of chi asma t errrd nali zati on . 

Th e au th or has estab l i sh ed that th.s sh o r t  arm s  o f  th e X 
chromo some are invo lved i n  a t ermi nal a s s o c i a t i on wi th th e Y chromo s ome 

from a s tucly o f  ce lls at the l at e d i al<"inesi s and m �::taphc1 s e  I s te ges . 

Oth er ''lo rkers on sheep chromosomes di d not cmll!!le.:-J t on thi s a spect of 

bivalen t  m o rpho loey . rChe coni.TOV8l' SY as t o  W�1i ch a:cms o f  tho SeX 

chromo s o!I!es of man uni ted. '"as so l'Ted using flu o rescent and. centromere 
s tai nin e t e chniqu es ( Chap t e r  I V. 2 ( i i ) ( C ) ) . 'I'hero a r e  no r epor ts 

i n  the li t era i ure on G i cmsa b andi n g ,  flu o ro cl1rome s t aining or centromere 

s tai ning of sheep mei o ti c ch romosom e s . Th e au tho r  us ed th e 1'C-bandin g 11 

t eclmi que to s tudy cen t r om e re po s i ti on in b o th wi to t i c chromosomes 

( Bl��re , Zartman and Chapman , 1 97 4 ) ( Appendix XX) and mei o ti c  

chromo s omes . By thi s m ethod the s ex chromos omes l'rere ei ther very 

ligh t ly s tained in mi t o t i c  ce l ls ( Bru'ere et a l . , 1 974 ) , o r  uni forr:1ly 

s tained in m e i o t i c  c e l ls . Evans et a l . ( 1 973 ) and Hansen ( 1 973 , a ) 

ob s e rved s i mj 1ar no11-di ff'cr ential s -Laining o f  the c er..t:.·c.,r..c?.'i c regions 

compared vl i th t!1e chrom o s ome arms in sheep mi totic chrom os owcs . 

Evans et al . ( 1 973 ) claimed fai n t  s t aining of the c entromeri c 

region of sheep mi t o t i c chrom o somes fo llmving a Giemsa banding 

t e chni qu e . Using the same t e chnique Zartman and B ru�r·e ( 1 974 ) showed 

simi lar fain t  · staining o f  the centromeri c regions o f  all chromosomes 

except the metacentri c s . 

I t  was shown by Pearson , B obrow , Vosa and Bar low ( 1 971 ) that 

the i n tense fluores cence s een on th e human Y chromos om e  did no t occur 

o n  tho s e  of the dome s t i c animals th ey examined . I n  contra s t , Evans 

e t  a T. ( 1 973 ) repo rt ed fluo rescence o f  s ex chromosome centromeres i n  

s h e e p ,  goats and cat t l e  a n d  Hansen ( 1 973 , a ) de scri b ed a n  i ntense 
flu o re s cence of the long a rms and faint s t aining on th e short arms of 

the sheep Y chromosome. 
I t  is i mpos s i b l e  to decide from the light m i c ro s cope 

exami nation o f  cells in this study w·he ther or not the uni on behreen 
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the s ex chr omo somes involves a chiasma .  Further 1-;ork u t i l i z j ng t h e  

Gi ems a  s t aining me thod , fluore s cen t s tu d i e s  and electron microscope 

examination ::::.hould  ·o e do n e  i rJ order to dc s cri :1 e  shrs er' sex bivalents . 
Dissociaiion o f  th e X L.r;d I chromosome 1-ras found in 1 .  2 p er 

cent of the 253  diakinesi s-ll!o to.pi1 a s e  J ce ll s analys ed frorc. n ormal rams . 

The occurrence of  s ex ch romos omes as u n i va l e11ts hRs b e en r ep o r t od i n  

o ther s p e ci es including man ( l''ord and Ho.merton , 1 9�6 ; Sasaki and 

Hakino , i 965 ; Hu l te'n et al . , 1 966 ;  Fa lek and Chi &. r e l li , 1 968 ; 

Fraccaro et  al . , 1 968 ; Luci ani , 1 970 ; Lu c i ani et a l .  , 1 970 ;  NcDermott , 

1 97 1 ; Fergus on-Smi th , 1 972 ; Skakkeba ek et  al . .  1 97 3 ) , d.og 
( Eliass on e t  a l . ,  1 967 ) ,  cattle  ( Popescu , 1 97-i , a ) , rai c e  ( Li r; , 'l.' .:;u chi da 

and Horr:i . .s ,  1 97 1 ; ?urnell , ·1 973 ) ,  hams t e:;:· ( ElT.rr.:ons .s.r:d. Hu s t eG. , 1 963 ) 

and han: ( Gus tavsson , 19'1 1 , a ) .  
The pe:r e: entage s o f  s eparat ed sex chromosomes 1-; ere hi gh er in 

speci es o th er than the sheep ; for examp l e  in man a range of 3 . 2  to 

27 per c en t ue s found ( refer Tab l e  IV.  2 )  vlh i l e  in the dog 1 7 A per 
cent ,  cat t l e ,  33 . 3  per c en t , mi ce 6 . 2  t o  1 4 . 4  per cent , and hams ter 

6 p er c en t  of the sex chromosome s w ere pre s ent as uni \Ta len t s . 

The cause of  the non-ass oci ati on of the s ex chr omo somes has 

b een cons idered by several authors . Ford and Hamerton  ( 1 956 ) thought 

that whi l e  most cas es c ould be due to p recocious non--disjunction , 

rup ture of  the t ermi nal c onne c ti on b e tvJ e en the chromoso;:aes c1uring s lide 

preparati on,  could n cc ount fo r som e c a s es . Hult£'1 dt a l . ( 1 966 ) ,  
Fraccaro et_ al. ( 1 968 ) , Sknkke"tJaek et a.l .  ( 1 973 ) and t he au thor ,  all 

found that s eparati on of th e s ex chromosomes tended to  o c cur· t ovrards 

the latter stages of me tapha s e I whic h suggested that precocious 

disjunction of the chromosomes could have o ccurred (Hul  te'n _et al . , 
1 966 ; l<'raccaro et a l .  , 1 968 ; Skakkebaek .� al . , 1 973 ) .  Hulte'n 

et  al.  ( 1 966 ) considered prematu re t erminali zation of  chiasmata was a 

possibili ty in man . Ano ther alternative cause of non-as soci ation 
could .b e a failure of the chromosomes to pair at zygotene (Hamerton , 

1 96 1 ) .  Fb rd and Evans ( 1 964)  noticed unival ent s ex chromosomes in 

mice··· in both ai r -dri ed and s quash preparations end attribut ed this 

dissociation largely to  the effect on the cells of manipulations 

during slide preparation . Ho'.vever e.s suggested by Skakkebaek et al .  

( 1 973 ) the fa c t  that different invest i gators , using di ffering 

techniqu es and speci e s ,  have all observed thi s phenomenon t ends to 

suggest that i t  is  not artefact ual . 
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Kih lberg, Gus tavs s o n  and Sundt ( 1 96 9 )  reported an association 

b ehrN;r1 the "s ex vesi c l o
11

and a n  autosomal bivalent in some pachytene 

c ellt� fr om th e ci1Ut�krat . Th ey cone1iderc'd Lha t t h e s e  associa ti ons vrere 

"proba:) ly :t'o r tui t o u �'  and e au s ed by s ti ck iness I! , an explana tic�1 ·vrhi ch 

could al� o app l y  L the p r evi ou sly unreport ed. s ex 1;iva lent - smnll 

au tos omal b ivalent ass o ci ati ons at dialdnes i s -metu.pll D s e  I in the sheep . 

(vii ) OTHER ANORI\.LIES OBS ERVED AT r-mi OSI.'3 IN  FOPJIAL RA.Iv;S 

A separated au tosomal bi valeJ:.t was seen i n  only one 

c e l l  in one ram and could have b een due to  prematu r-e c}-,i asrca terminal­

i zati on as i t  involved th e chromosomes of one of th 8 smaller bivalents 

i n  a fi rs t met&pha!:' e cell . Al ternatively , thi s s er-<nation could b e  

i n t erp r e t ed a s  a technical art efa c t . 

Sasaki and Nakino ( 1 965 ) report ed finding a precocious  

t ermina Ji zab. on i n  60 per c ent  of the human meta:;:,has e I cells they 

exami ned . These au thors ob s er ve d  tha t the smallest aiJ.tos cmal bival ents 

wer e involv ed and propos ed that these product s of precocious t erminal-

i za t i on cou ld b e  co:>1fus ed 1v i th supernumerary chroJOosomes . Further 

reports 0!1 non-paj_ring of autosomal bivalents in men vere made by 

Lucia�1i ( 1 970 ) ,  Lu ci ani .§:i R � .  ( 1 970 ) and Skakkebaek et  al .  ( 1 973 ) 

1vh o  cormn e n t ed on the role t h ese abnorma li t i e s c ou l d  have in the 

production of aneuploid s :p e ma t o z oa and subs equently, a neup loj. d zygote s .  

The proportion of hypornodal and hyperwodal cells was 
approximate ly the same i.n dial:inesis and first  and second metaphas e  

cells i n  the normal rams examined . Values o f  1 6 . 2  per cent for 

hyp omodal diakj_ nesis-metaphase I cells and 1 6  pe:r c en t  for hypomodal 

me taphas e  II  cells were r e c o rde d .  No  hypermodal metapha s e  I I  cells 

were recor-ded. but approximately two per cent of  diakinesis-metaphase 

I cells were hypermodal . 

(viii ) POLYPLOIDY 

Poiki l opl o i Q,y  i s the term ei ven to " the state o f  

having varyi ng numbers of chromosomes i n  different c e l l s "  (D o rland 1 s 

Medical Dicti onary , 1 965 ) .  The term includes diploid , aneuploid and 

po lyploid cells , all o f  v!hi ch may be found in the same animal . 

The o ccurrence of appar ently po l yp l oi d  c ells in squash and 

air-dri ed pr epara ti ons has been reported in many mammals (Table IV. 1 2 ) .  
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�'ABLE I V. 1 2  

INCIDENCE OF POLYPLOID C ELLS IN MEIOTI C PREPARATIONS 
FRON SOHE N.ltl"!H.ALS 

Author a.r;.d 
Date 

Fechheimer, 
( 1 961 ) 

N . S .  

Darlington, C . D .  
and Haqu e ,  A .  
( 1 962 ) 

Sasaki , 
( 1 964) 

M .  

Sasaki , M .  and 
Makino , s .  
( 1 96 5 )  

-
Moi lree et al.  
( 1 96 6 , a )

--

Eliasson, K .  

tfg#) 7 

Pogosianz , H . E .  
and Brujako , 
E . T . ( 1 969) 

Hult�n ,  M. 
et  al. ( 1 970, a)  

Luciani , J .M.  
( 1 970 )  

Lin ,  C-C . 
e t  al . 

( 1 971 ) 

Pogosianz , H. E. 
and Erujako , E. T . 
( 1 971 ) 

Species 

Nouse 

l1an 

!1an 

Man 

Man 

Dog 

Steppe 
Lemming 

Striped 
hairy 
footed 
hamster 

Chinese 
hams ter 

Man 

Mous e  

Djungar-
ian 

hamster 

Sperma to- Primary Secondary 
gonial Sperruato- Spe::"lllato-

C e lls cytas * cytes * 
- -

..21.. 7 . -d> - -
431 
triploid 
tetraploi d 
hexaploid 
octaploid 

- ll 37% -
46 

..A§. 8 . 1 %  .If.. 3 . r:Jfo __.2.1. 7. 4% 
594 91 0 734 
mainly mainly mainly 
tetraploid tetraploid d.iploid 

....§.§. 7 . 1 %  _.2Q 2 . 5% ...21... 6 . 9%  
923 1 1 90 818 
mainly mainly mainly 
tetraploid tetraploid diploid 

..2£ 6 . 2% ....11. 1 . 6% � 9 . 1 %  
520 746 21 0 

- _2 5 . 1 %  ___§_ 5 . 8% 
98 1 38  
Tetraploid 6-Diploid 

2-Triploid 

- _.1_4.§_ 1 o.'d> -
1 429 
All 
tetraploid 

Some Tetraploid Some 
polyploid and polyploid 
cells hexap1,Jid cells 

cells 

20 8 . <$  __2. 1 .  7-d> _.2. 1 . 3% 
225 1 74 392 

1 4  tetraploid 
4 hexaploid 
2 o otoploid 

_1_1 1 0% _2 3 . 3% � 1 1 . 1 %  
1 1 0  1 50 63 

Tetraploid Diploid 

Some 1 8  3 . 1 %  Some 
polyploid 586 polyploid 
cells cells 

- 29 tetraploid 
4 hexaploid 18 diploid 

1 triploi 

Type of 
Preparation 
Comments 

Squash 

Squash 
Polyploidy 
associated 
with chromo-
some breakage. 

Air-dried 

Air-dri ed 
Some polyploid 
pachytene cell s . 
Air-dried 

Air-dried 

Air-dried 

Numb ers of 
cells not 
given. 

Air-dried 
Squash 

Air-dried 

Air-dried 
2 . 7% of 
pachytane 
cells were 
polyploid. 

Air-dried 

5 tetraplchd 

Popescu � C . P. Cattle 
( 1 971 , a  

Skakkebaek, N . E. Man 
et a l .  
( 1 973 ) 

* 
Number of po lyploid call s 
Number of c e l ls counted 

7 . 5% Air-dried 
mainly - -. 
tetraploid 

8 4 .8% 1 1  1 . 3% ...n. 3 . 6% Air-dried 166 856 752 
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I n  genera l ,  the p ercentage variati ons b ehre en indi v:� duals 

appeo.r to be random , al th ou gh Fe chh eimer ( 1 96 1 ) found one geneti c 

s train of m i c e  vJi t> e. s i gni fi c B.nt l y  b. gr1 e :::· proporti oc, o f  po l y p l o i d  

spermato gonial c e ll s  than '.-ms found in thr e e o ther s trains exaruined 

a t  the same time . 

The percentage o f  appa rent po l yp lo id cells  in sperma togonial 
and secondary s p e rmR t o cy t e  ce l ls from th e n o ri!!a l  rcuns Ll se d in this  

s tudy 1·ras higher than the values  reported in o ther speci e s , bu t 

relatively f ew cel ls a t  thG s e  s tages w e r e  c ount ed from th e ram s . In  

ram primary sp erma to cy t e  c ells the peTcentage o f  po l;y-ploid c e l ls -vras 

greater thb.n that repo r te d  by o ther· au thors . 

M o s t  speTma togoni a l  3.nd. primary ;:;p e rm a t o ::y t e  po lyploid cells 

1vere t e trap loid and dip l o i d  c e l l. s  1·rerc cormnon 8.mo n g  th e sesondary 
sperma to cyt e s . C ells o f  h i�1er ploi dy wer8 r ec o �ded rarel y .  'l'hese 

fi ndings are s imi lar t o  tho s e  o f  Sasaki ( 1 9 64 ) , Sasakj_ and Jl1akino 
( 1 965 ) , Hu l te'n et al.  ( 1 970, a )  and Pogosianz and Bruj ako ( 1 97 1  ) .  

The cause  o f  the apparen t  polyploidy i s  uncertain.  In some 

cases i t  may b e  an artefa c t  resu lting f'rorn tne overlappi ng of adj oining 

cells ( Fe chl1 eimer , 1 961 ; Sa saki , 1 964 ; 
;' 

Hul ten .st a l . , 1 970, a ;  For·d and Evans , 

S asaki and Makin o ,  1 96 5 ;  

1 97 1  ; Lin et a l .  , 1 971 ) 

al  th ongh the simi lar app earance and b ehavi our of the chromo some s i n  

many of tbe cc;lls suggests o ther facto rs may be  i nvo lved. (I-Ju}t.£'1. 
et ad· , 1 970 , a ;  Ford and Evans , 1 971 ) . 

Di s tn rbances o :  cytokinesi s in spermatogonial cells ( Lin 

e t  al . , 1 971 ; Pogo sianz and B1� j ako , 1 971  ) , eniomi tosis and fusi on 
o f  spermat ogonial cel ls c ou ld b e  i nvo lve d ( Fechheimer , 1 96 1 ; 

Po gosi anz and. B ruj ako , 1 97 1  ) .  A lternative ly cells may fu s e a t  

pachytene ( Iki l.ree et  a l . , 1 96 6 , a ;  Pogosianz and Brujako , 1 971 ) and 

produ ce poly·ploid primary sp erma to cytes .  

Polyploid s e condary spermatocytes may be  a c ons equ ence o f  

the normal divisi on o f  t e traploid primary s permato cytes , whi le cells 

of higher ploidy could b e  explained on the basis of cell  fusi on as 

sugges ted by Po go sianz and Brujako ( 1 97 1 ) .  

l<'ec!Ll}eimer ( 1 96 1  ) suggested that the maj ority of polyploid  

spermat o go1ria may � ever comp le t e meiosis . Hmve.ver diploid 

spermato zoa have b een demons trated in mi ce , rabbi ts , bulls (revi e>ved  

by Be a tty, 1 970)  and m en ( Sumner ,  1 971 ) 1·1hi eh means that some 

polyploid cells must  develop into spermatozoa and these could b e  one 
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o f  the causes of tri ploid zygotes  ( S a seki and �1akino , 1 965 ; Sumn e r ,  

1 97 1 ; Jona s s on ,  Therkelsen,  Lauri tscn and Lindsten ,  1 972 ; Niebubr ,  

1 97� ) .  A lthour,h t h i s  m schan isrn o f  t r i p l o i d_  fo rl:'E! ti O!i i s  })roba t ly 

rare (Aw :nin , 1 9C:J )  it c ould contrj_bu t e  t m·;a rds 8mb ryonic l oss , as 

most trip lo:i ds a r c  a.t. orted (IvTd�e e l y ,  1 967 ; Car-r , 1 9'7 1 ; N i ehuh r ,  
1 97 � ) .  
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CHAJ''l'F..R V 

ROBERTSON I AJ� TR 4i,T3LOC.ii.TI OHS IN SHEEP 

The t erm " t rans l o ca t i o n ' '  1 923 ) impli es the 

s h i f ti ng o f  a s egm ent or frae:n en t of or;. e cY roTosol!:e into an o ther 

part of a di ffer ent chrom os ome . I t  i s  b el i e"\-ed. that wos t simp l e  

tran s l o cati. ons o:ci gi nate ttrou e::h chr oJao s om e  l>reakace fc l lmr ed b y  

tl1 e r euni on of ·::he n on-re l a t ed b r· oken ends . �1i s d e s c ripti on 

d o e ::.� n o t  h ovc:-re:;c exa c t ly fj t all trEms J.o ce t i on t:y-pes . Rob or tsonian 

tran s l o c a t ::_ c,n 2 ,  fi r s t  d e s cri bed in i n s e c t s  by R::b e r t s o n  ( 1 3 1 6 ) ,  
:i nv o lv e  th G Ew r::; o ci a t i on o f  tvro a cro ce nt ri c o r  t elo cen t r i c  ch romo s om e s  

t o  form a s:i.EgJ. e m e t a c cnt2.·i c o r  subm etacen tri c chrc,mosome . 

T�e m echan:i. sm of fo rma tion of Rob ert soni an t rrm slocati ons 

is un certain . 1-lhi te ( 1 954 ) d e s c rib e d  th ei r format i on in the 

fo l lowing h'ay . Two acroc entri c chr om o s om e s  br eak at or n ear the 

centrome::::-e and the J.:cn-hom o l o gou s s e gm ent s r euni t e  to form a 

m et a cen tri c or subm e t acentri c clrc om o s ome plus a centri c fragment 

w·hi ch i s  com..ro.only J.os t du ring sub s equ ent c e l l  divi s i ons . The 

mim� te CG!',Jsr:_ c: frc: g.'Ilcnt i s  comp o s ed o f  the C 8::.'ltrom e r c  fron, one and 

sho rt a.r;,1 JJj a t eri a l  from b o th a cro c entri c ch..r o:n o s om e s .  Thi s  mechan i sm 

assumes that th e l o s s  o f  the c entri c fragm ent has l i t t le or no effe c t  

o n  t n e  genome o f  th e individual ( \lhi t e ,  1 954- ) .  There i s  one 

chrom o some l2ss than normal in the resul tant ka:cy o typ e bu t the numb er 

of chromo s ome ar� N . F . . ( I•1atthey , 1 945 ) remains th e sarc e .  

Whi t e  ( 1 954 ) a l s o  prop o s ed t he pro cess i n  revers e vTi th t\-vo 

ne1,r acro Gentri c chrom o s omes being pr o du c e d  by a pro c e s s  o f  " di s s o ci a ti o n "  

i n  whi ch a trans l o c a ti on pro du c e s  hro ac ro ce ntri c chrom o s om e s  from 

a J.arge m e ta cent:·i c chromo some p lus a hypo theti cal "donor" chromosome 

whi d� provi d e s  the n e c e s s a ry ext:ca c entromere and tlvo t e J.ome res . 

O ther alt erna tives to vlhi te1  s hypo thes e s have b e en sugges ted 

in plant m:d insect s p e c i e s  as 1-v ell a s  animals . Fission within the 

cen tromere of a met.::t cen tri c or subm e ta centri c chromo some may take 

place to fo rm telocentric chr omosome s and th e s e  may p ro du ce me ta­

centri c  chromosomes by s imple fu sion (John and H evli t t ,  1 968 ; 

McFee and Bann er, 1 969 ) .  Hsu and Mead ( 1 969 ) suggested t hat none 
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o f  the centromeres are lost in the Robertsonian p ro c e s s  but one 

is not vi s i b le und er the light mi cro s cope . 

Rt: c eYlt:Ly evi denc e vlE.S pr e �; en t ed vr h:i. ch co c el!:ei t o  indi cate 
that Rob e r t s onia�" tran s 1ocati uns i n  !nan rrtight be du e to b reaks in 

the short arms of b o th ac ro centri c s  with forma t i o n  of d i c entric 
trans l o c a ti on cllro!:10s omGS ( Ni ebuhr , 1 972 ) .  Ni ebuhr ( 1 972 ) a ls o  

sugges ted that on e o f  the cen: r om er es 1·ras "m o re o r  less frequ ently 

su ppr e s sed and no l onger vi sib l e  i n  light mi c ro s copy " . Th e 

m e chani cs of the suppre ssion P..r e  not knm.rn . Tha t  thj_ s  hy�o the s i s  

i s  po s sib ly corre c ··� i s  shmm by th e fa c t that a l th ough di c entri c 

chromosoi'les have b e en repor ted rar ely i n  Rob er ts oni an tra'1 s l o ca ti ons 

( C ohen , Takagi and Ha1· ro d , 1 9 68 ; Ni ebuh1· , -! 972 ; Fergll son-S:c!i th , 

1 972 ) thei r exi s t eHce hac'l_ b een su gc;es t cd previ ou s ly (Barni co t , Elli s 

and Penrose , 1 963 ) .  further evi dence tha t cen tri c fu si ons may 

i nvo lve bo th cen tr om e r e .s  has b een given from e l e c tron mi cro s cop e  

s tu di es by Ccmings and Okada ( 1 970 ) wh o demons tra ted tha t the 

centrom el'e s of m eta c entri c and submetacen t ri c chromosomes were 

quadriparti ie in s tr'J_ c ture ivhi l e  tho s e o f  t e l o c entri c chr omo somes 

vJe re bipar t i t e  in man , mou s e ,  c.hi n e s c  h3l1ls t er , sheep and go a t  

chrom os ome s .  Unfort�nat ely a l though s tudi e d ,  no m e�tion was made 

by the s e au thors of the exact nature of the c en t romere j_n the 

a crocentri c chromos ome s o f  the she ep .  

Prel:Lr:ainary s t-udi e s  on the centromeri c s ta i n ing of th e 

mi t o ti c  chromosomes of the thr e e  Rob ertsonian transl o2ations found 
in d ome s ti c she ep suggest that two of these ( j'lla s s ey I and Hassey I I I ) 

are d i c en t ri c .  This is di s cu s s ed i n  a paper , t o  ivhi ch the author 

1-ras a c ontribu t o r , i n  Appendix XX o f  thi s thesi s .  

C entromere s taining m e t h o d s  have shown t he possible 

dic entric nature of a t ransloca ti on chromosome in m i c e  (ivhi te, Tj i o �  

Van d e  Water and C randall , 1 972 , a ) . 

Comings a�d Avelino ( 1 972 ) conc luded tha t the pro ces s o f  

Rob ertsoni an translocati on i s  a r ecip:to cal trans l o c a ti on resu lting 
from a cro ss over vri thin the chromatin fibres that e;o to make u p  the 

centrom ere regi on . 

Mo s t  -.wrk ers have assum ed that there i s  n egli gib le lo s s  
o f  geneti c mat eri al i n  the formation o f a Robertsonian transbcati on. 
Thi s i s  emphasi?. ed by th e '1-Wrk of C omings and Okado ( 1 970 ) , Chen 

and Ru. ddle ( 1 971  ) and C omings and Avelino ( 1 972 ) .  
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·what ever their me thod o f  format i o n  may b e ,  i t  is  knovm 

that Rob erts oni an transloca t i o ns o c cur frequently in the phy1og; eny 

of many groups o£' <.m in: a ls aml a.re novr consi der e d  to r_, 8 .:1 re{.:;ctlE.<l' 
fea tu re o f  karyotype al-tera ti on :l n t h e  wkaryote s . 

( ii ) ROBSR'rSOHIJ!J) T u",:PS LOC ATI O_;s IN CAT'l'U;;,__E_I_GS , GO_A'l'S 
S H i: EP JU:D DOGS ---

She e p , c a t t l e , goRts and pi gs b e long to the o r d e r  

T h e  chromoE"o:-nes o f  t h e s e  anima ls have E:h ovm 
wid espr·eacl Hob erte;onian vari at i on , p o s s i b ly due t o  th e l arge nurub er 

o f  acrocentri c or t e l o cent r i c  chr omo s omes found i n  Gach 3pc c i es . 
Wi thin tb is Order i s  tll e s·up er fami ly B o vo i d ea in lifJ ich the 

chromo somes of o -,, er 50 sp e ci e s  ha·ve nm·1 b e en i!lv e s t iga te:l (vlurster  
and Benirschke , 1 9G8 ) .  Al though the di plo i d  numb o r  varj_ e s  from 

30 to 60 among t h o s e  inves tiga t e d , the N . P.  vari es C ·1i th only thre e 

ex cep ti ons ) fro1n 58 to 62 . vlu r s t er and B enirschke ( 1 962 ) c laim 

that thi s  indi ca t e s  an alm o s t  exclusive u s e o f  the Rob erts oni an 

fu si on m e chani sm o f  karyo type evo luti on i n  thi s group o f  speci es  
whi ch repre sent over 30 genera . 

Th e compl exi t y  o f  chr omo s ome variati on and i ts relat i on ship 

t o  evo lu ti onary pat t erns has b e en summari z ed fur th er b y  Taylo r ,  

Hungerford and Sn:y ;.lei' ( 1 96 9 ) , NadJer et 9-�· ( 1 97 1 ) c.nd vf·J.rster ( 1 972 ) .  
Thes e  reports emph a s i z e  that c onsi dera t i on mu s t  b e  �ven t o  the 

evo luti onary pu rpo s e of Rob er tsoni an t ransl o eati ons ccs Hell as t o  

th eir possible d e l e t eri ou s effe c t s . 

(A )  Cattle 
The presen ce o f  a Robertsonian transl oc a t i on in 

ca t tl e  was fi r s t  rep orted by Gus tavsson and Ro ckb c rn in 1 964 . 
These authors de s crib ed a t rans loc a t i on b et�Veen the largest autosome 

and probab ly t h e  sma ll est autosome of the karyotype r esu l ting in a 
di ploid chromosome number of 5 9  instead of the usua l 60.  I n  later 

s tudies Gustavsson ( 1 966 ; 1 96 9 )  showed that s om e  animals were 
homozygous for the trar�slo cati on �Dd had a chrom o some numb er of 58 . 
Trans locati ons tlw s ame as , or simila r to  the 1 / 2 9  translocation 

have since been recognized in u variety of breeds from many di fferent 
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c ountri es and a re l i s t e d  i n  Tab le V .  1 • 

Rece n t ly , two di fferent Robertsoni an t rans } o ca t i on s  o f  

domes tic  cat tl e  w e r e  r eported . 'l'h e first .in J3ri h. sl1 Fri e s i an 

c a t t l e  1-ras a tran�3 l o0ation b c"cv;e cn c hrom o s om e s  hio ::�1d :f.sur t o  

form a meta centri c chromo s ome ( Po l l o cl� , 1 972 ) .  'I'I�e second typ e 

of Robertsoni an trans lo ca ti on foun d i n  Simmental cat t l e  imported 

into l'T evr Zealan<l £'rom S c o t land vras a ls o  a metac: en tri c chl' Om o s ome 

made up of chromos omes 1 1  or 1 2 and 1 5 or 1 6 (Bn1�ere and C!1apman � 

1 973 ) . A simi lar trans loc ab. o n  to the latt e:c has been re1)0r t ed 

b y  Harvey (P er s . c omm . to D r .  B ru0re , 1 973 ) in th e snm e  line o f  
SirrJLental e a  t tle . 
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ROBER'J'S ON I AN TRANSLOC AT I ON STUDIES ON CA'l'TLE 

Autbor an d Date 

Gu s tavss on . I .  and 
R o ckb o rn ,  G .  ( 1 9fi4)  
Gus t avsson ,  I .  ( 1 966 ) 

Herschler ,  H . S . and 
Fechheimer , 1\J . s .  ( 1 9GE 

Rv.giati , s .  and 
Fedri go ,  1'1 . ( 1 967 ) 

( 1 %8 ) 
- --

Rieck ,  G .  vr . ; If0hn , u �· . 
and Herzog, A .  ( 1 968 ) 

Amru d , J .  ( 1 969 ) 

�'us tavsson , I .  ( 1 969)  

Gu s t avs s on ,  I .  ( 1 97 1 ·, b )  

Pop e s cu , c .  P .  ( 1 �7 1  .. \ 'j ' ' 0 )  

Fish er , H .  ( 1 971 ) 

� R . ; Q /. Darre , u elrmec , G .  
and Berland , H . M . ( 1 972 ) 

-

Froeet , J . ;  Coulon , J . ; 
Nain , M . -C .  and Dalbiez , 
J . -M .  \ 1 972 ) 

Pollock , D .  ( 1 972 ) 

Har M vey,  . J . A . \ 1 97 1  
and 1 972 )  

\ 
Bru ere , A . N . and 
Chapman , H . N .  ( 1 973 ) 

Breed 

? 

S;·redi sh F-ri esian 
( SI,B ) 
S;·redish Red and 
\·lhi te ( SEB ) 

Holstein 

Romagnola 
" 

German Red Pied 

Hon1egian Red 

SHedish Hed and 
i·lhi te 

S;-redi sh Red and 
i'lhi te 
S1·wdish Ayrshire 

Nontb'bliard 

Siamese 

Limou s in ,  Blonde 
d ' Aquitaine 

Charolais 

Friesian 

' CharolaJ.s 
Simmental 
Limousin 
Offsprine; o f  

rt�ar�tf.is bu ll * 

Bl onde d ' Ao ui taj ne 
Simmental 

Blonde d ' Aqui taine 

C ountry Trans l oca- Numb er of  

Sweden 

SvJeden 

U . S. A. 

Spain 
" 

Germany 

No:nmy 

S1·reden 

Sweden 

Frauce 

Thailand 

France 

France 

Scotland 

Sco tland { origin 
Continent 
Scotland 

Britain 
France 

New Zealand 
( origin 
Scotland ) 

New Zealand ( origin 
France ) 

ion C a t t l e  

Studi ed 
(Number Vli th 
'rranslocatio�.,_ ; 

1 1 29 - \ 3 )  

1 1 29 1 ' 1 34 \ 1 2 6 )  

4 ( 3 )  

1 1 28 ? 1 ( 1 ) 
" 4 ( 2 )  

1 I 2 9  5 ( 4 )  
1 I 29 430 ( 1 8 )  

1 1 2 9  1 ' 91 6 ( 374 )  

1 I 29 944 ( 1 20 )  

1 I I ') () � ../  2 ( '2 )  

1 I 29 ? 4 ( 1 ) 

1 1 29 1 75 ( 3 1  ) 

1 1 29 1 ( 1 ) 

2/ 4 ? \ 1 ) 
1 
I 29 1 43 \ 1 ) 
" 42 \ 2 ) 
" 5 \ 1 ) 
!! 44 ( 23 ) 
" ? ( 1 ) " ? ( 2 ) 

5 ( 1 ) 
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( B ) Pi gs 

Chrom o s ome po lym o r�h ism has b e en reported in 

European 1:1i lcl pigs (nd�e e ,  Ban.11er aEd Rax·y , i C)C6 ) ,  Of th e 3 6  pigs 

th es e au thors s tudi eel , none was found wj. th 38 ctror.Jc �-; oncs s the 

charact eri stic number fo r dome s t i c  pigs . Sev enty three p er cent 

o f  th e animals u ere b omo zycous ( rri th 36 ch romosom es ) and 27 per 

c ent 1·1ere h e t e ro :0ygous (Hi th 37 chr om o s omes ) for a Rob e r t s o n.i an. 

t ran s lo c at i on . In a fu r th er s tu d y  Rary , Henry , Ma t s chke and 

IVJ.u rphree \ 1  968 ) examined 1 03 rri ld pigs and. found d i ploi d ch�'owo some 

numb ers of 36 ( 3 1 . 5  p e r  c ent ) , 37 ( 5 3 . 7 per ce11-: )  <mu 38 ( 14 .8 per 

cent ) . Intermati ng exp eri m ents b e h:e en p�gs c arryi nG' t h e  di fferen t 

chromo s om e  numi! ers produ ced. the exp e c t ed rati o s  o f  p ro g ony 1·ri th the 

thre e chro'!Ilos ome typ es \HcJi'ee and Bann er , 1 969 ) . 

(C ) Goa ts  

S e l l er , i'Tys oki and Padeh ( 1 96 6 )  repo r·ted a 

fami lial cen tri c fu s i on o f  tvro ac ro c en t ri c: au tosomes in a family 

o f  S aanen goat s .  A s imi lar trans loca tion was als o  ob served i n  an 

apparent ly unrelat ed AX./ XY p s eudohermaphrodi t e  (Padeh , \'lys oki , 

Ayal on and S o l l e r ,  1 965 ) .  Pa deh , vfys oki and S e l l er ( 1 971  ) in 

fu r th er s tu d i e s  o f  t h e  t ranslo cat i on ob s erved that b o th t rans l o c a t i o n  

h e t e rozygo t e  and h omozygo t e  anima l s  b o rn in a s eri es  of  mati n gs 1-rer e 

pheno-typi cal.. ly n o rBa l .  

Fourt een o f  1 9  male and six o f 1 1  female o ffsp ring o f  a 

mal e het erozyt;ous carr i e r  of a Rob er tsonian tran s lo ca ti on carri ed 

th e submetacent ri c translocation chromos ome (Pop es cu , 1 972 ) .  No 

homozygous carrie rs 1-rere obs erved by Pope s cu \ 1 972 ) .  

Hulo t ( 1 969 )  and Evans e t  al . ( 1 973 ) a l s o  r eported 

Rob ertsonian trans l o cati o ns in a go at and Ev·ans e t  al . \ 1 973 ) 

i dentifi ed th e ind ivi dual chromo s omes involved i n  the transl o cati on. 

\D) Sheep 
Although there have been many s tudi es on sh e ep 

chromosomes involving large numbers o f  animals from many different 

countries it i s  on ly re cently that chromos ome po lymorphi sm has b een 

extensively described in domestic  sheep \ Ovi s ari es ) ( Bru�re , 1 969 ; 
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' ' ' Bruere and Yli l ls ,  1 971 ; Bruere et  al ., 1 972 ; Bru ere , 1 973 ; 
Bru�r-9 ,  1 974 ; Bru�re and Chapman , 1 974 ) .  Work on Robertsonian 
trans locati ons  in domesti c sheep commenced fo l l ow i ng the di s covery 
b y  Bru�re ( i 969 ) of a t:cansloca tion b eh;een a larze and small 
autosome in l eu c ocyte cul tl:.res from a steri le ram 1·Thich had 

abnormal ly shap ed tes ti cles . Four ph eno typi cal ly normal re lat ives 
o f  the ram a lso  c arri ed the translocati on .  Results  from cytogeneti c 
examinati on of  1 80 Rowney sheep fr om whi ch the trans locati on­
carrying fami ly -vm s original ly i s o la t ed , identi fied 25  anilliB. ls ( 1 7  
eHes and 8 rams ) ll e t eroz ygou s for the t rans location .  Of tl1 e e i gh t  

translocati on- carryi 2·1g rams examined , five had testicular 
abnormaliti es .. Bru�re and Hil ls ( 1 971 ) named this submetacentri c 
translocation chro:nosome the Nasse:r I tran s l o ce._ti on . 

A phenotypically norma l Romney eHe vras found 1vi th a 

Rober tsonian translocati on involvinG bvo of the larger a crocentri c 
chromosomes during the same survey. \vhen 309 e1•res \'lere s creened. 
for the pres ence of Ci no rmal karyo type ,  three more ewes vli th a 
similar tr-anslocation chromosome were found (Bru�re , 1 973 ) . 
Bru�re ( 1 973 ) reported that these e1·1 es were phenotypically normal 
and that the translocation vras fami lial but of unknmm o ri gi n . 
The metacentri c  translocation chromosome vms named the Masse;y__ll 
translo cation ( Bru�re  and Jlli lls , 1 97 1 ) .  

A thi r·J t;ype o f  Robertsonian trans l o c a t i o::.1 ·�ms reported in 
' the Drysdale breed of sheep by  Bruere et al .  in 1 972 . Both 

structurally homozygous (2n = 52 ) and s tructurally heterozygous 
( 2n = 53 ) Hassey I I I  translocati on animals 1vere found as  �<rell as sheep 
1vi th the normal diploid chromosome numb er for domestic  sheep ( 2n 54 ) .  
This translocation involved a fusion b etween one of the larger and 
one of the smaller acrocentri c autosomes to fo rm a submetacentri c 
chromosome (Bru�re et aJ . ,  1 972 ) .  The overall incidence o f  
chromosome po lymorphism in  this s tudy of  327  sheep v1hich included 
224 ewes and 1 03 rams , vras 26 . 3 per cent (Bru�re et al.  , 1 972 ) . 
vli th the exception of hvo sheep 1vi th geni tal abnormali tie s ,  all  were 
phenotypically normal .  Bru�re et  R l .  ( 1 972 ) concluded fro£1 a 
study of pedigree data �hat the transloc ati on c�romosome had b e en 

present in the Drysdale breed for a numberof years and that i ts 
breed derivation vmuld be diffi cu lt to determine. 

The suggestion was made by Bru�re et al . ( 1 972 ) that 
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ch romos omal po lymorphi sm in dome st i c sheep i s  c onfined to certain 
breeds nnd s trr1i ns Hi thin the s e  breeds in cases where clo s e mating 
has L een p ra c ti cod . 

The i n c i u enc e s  o f  Robertf:' onj_ ::.n tran s l o cati ot1s in d omc;stic 
sheep are summari z ed in Tab l e  V .  2 .  

Tb e arm compon ents o f  the three t rl'!. n s l oc a t j_ on s  have now 
b e en i d e r1 t i fi ed by a Gi emsa-ban ding techniq_n e  \ Appendix XX ) . 
I f  th e thr e e  pairs o f  large metacentri c ch romo s omes are numb ered 

one to ttJ·e� anci the fi r s t  acro centri c is nu mb er f ou:r , th e 

compos i t i on of th e tran s l ocation clrr omo s orne s  i s  �s fo llows : 

Mas s ey I :- t 1 ( :; 26 ) 

Ma s s ey I I  : .  .L \ 8  1 1  ) (,2 
Mas s ey I I I  : - t

3 
\ 7  25 ) . 

'l'hl; di p loid ch rotw s ome numb er vari e s b e tween 52 <.w d  

58 in memb ers o f  the genu s  Qvi s  ( Schmi t t  and U lbri ch , 1 968 ; 
Wu rs t er and Benirschk e ,  1 968 ; Nadle r ,  1 971 ; Nadler e t  a l . , 

1 973 ) .  In a ll  ca.s es the N . F'. 1vas 60 ,  or 58 i f  only the au tosomal 
arm s w ere counted ( Nad l e r  et al . , 1 97 1 ) .  

I n  add i ti on to numeri c a l  varia ti ons b etwe en di fferent 
m emb ers o f  the s e  !'l e  genu s o f  Hi ld sheep 1 Nac1ler _e.:.!_§-1-..· ( 1 9'7 1 : 1 973 ) 
report ed wild sheep :i. n <ii fferent l o ce li ti e s  i·li th d i fferent ch romo some 
nullibers .  I n  th e c as e  of two l o c a l i z ed sheep populati ons in  C en tral 
Iran , Na dle r d al . ( 1 971 ) sugges t ed that thi s var.i. a ti cn in 
chromo s ome n"�.;.mb e�� represented a fo rm of "intergradation behieen hro 

e 
chromo soma l ly homogellfus but distinctive -taxa, ratt er than chromo some 
pol:ymorphism , an even t vrhi ch occurs wi thin a popu la tion and not a t  
the zone of  cont a c t  b e hreen tl-i"O forms " .  _ Table V .  3 sunnarizes 
the vari ati on in chromosome numb er occurring in 1vlld she ep . 
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TABLE V .  2 

I N C T D EIJC E O li' HOBER'T'S OHI A.N T?J'JTS LOCA 'l'T ONS IN D01'1 K.::> '!'I ·::: SH EEP 

Author Breed C ountry 2n Numb er Studied % Tran;:;locati on 
\Number 'di t� 'l'yr:·e 
Translocatiol'l ) 

' Brucre , A . N .  
( 1 969 )  R omney N . Z .  5 3 6 ( 4 )  l'hssey I 

' Bruere , A .  H . 

and Hi lls ,  
R . A .  ( 1 971 ) RoTILDey N .  Z .  53 1 80 ( 25 )  1 3 . 88 Hassey I 

; \  " 11 2 \ 2 )  l"lassey I I  

' Bruere , A . N . ; 
Chapman 1 H .  Jll . ; 

and vlylli e '  D .  R .  
( 1 972 ) Drysdale N . Z .  5 3  {321 ( 76 ) 23 . 67 JV!assey I I I 

1 1  t :  5 2  \ 6 )  1 . 8 6  11  1 1  

'\ Bruere , .A .  N .  

\ 1 972 ' 
unpubli shed ) Polled 

Drysdale 1 1  5 3  1 1  27 . 2  1 1  " 

' Bruere , .A . N . 

\ 1  973 ) Rom.."ley !r . z .  53 309 ( 3 )  Hassey I I  

' Bruere , A .  N .  

\ 1 973 ' 
Unpublished )  Romney N. Z .  53  33 1 4-5 Massey I I  



TABLE V. 3 

CHROMOSOME POLYMORPHISM IN WILD SHEEP 

Author and Date 

Schmitt , J. and 
Ulbrich , F. 
( 1 968 ) 

Wurster, D . H .  and 

Species 

Ovis ammon nigrimontana ( Servertzov , 1 873 ) 
(Kara-Tau sheep) 

Ovis ammon musimon ( Pallas , 1 8 1 1 )  
(Mouflo!iT" 

OVis ammon Laristancia (Nasonov, 1 909 ) 

Ovis ammon cycloceros ( Hutton , 1 842 ) 
(Afghanistan sheep) 

Benirschke·, K .  ( 1 968 ) Ovis canadensi s 

N dl G F . H ff ( Bighorn sheep) a er , • .  , o mann , 
R . S .  and Woolf , A. 
( 1 973 ) 

Nadler , C .  F. ( 1 971 ) Ovis dalli dalli (Nelson ) 

Nadler , C . F. ;  Lay , 
D . M . ; and Hassinger , 
J . D ." ( 1 971 ) 

Nadler, C . F. ;  
Hoffmann , R. S .  and 
Woolf , A. ( 1 973 ) 

Ovis � populations in Iran 
Eastern populationD 

Central populaticns 

lvestern populations 

Ovis musimon (Schreber )  
(European mouflon) 

Ovis orientalis ( Gmelin ) 
(Asiatic mouflon ) 

Ovis vignei (Blyth ) 
(Urial sheep ) 

(Autosomes ) 
Numb er of  Number of 

NF 2n Metacentrics Acrocentrics Sex Chromosomes 

60 56 4 50  X acrocentric 
Y bj,armed 

60 54 6 46 " 

60 54 6 46 " 

60 58 2 54 " 

60 54 6 46 " 

60 54 6 46 " 

60 58 2 54 " 

60 54 6 46 " 
60 55  5 48 " 
60 56  4 50 " 
60 57 3 52 " 
60 58 2 54 " 

60 54 6 46 " 

60 54 6 46 1 1  

60 54 6 46 " 

60 58 2 54 " 
\..0 --..J 



( E) Dogs 

C en t ri c f'u s i  or. of  chromos orn8s has b een o b s e rved 

on at leas t tl lrue d.i fi'e:r·-:mt o c casi ons in the dog.  '11vTO c a s e s  of 

apparent centri c fus i o::1 b ehreen t;-ro au tosomes have b een repo:!:'ted i n  

dogs wi th cong�mi tal abnormo.li. tics  ( Shive $ Ha:ce and Pat t e rson , 1 965 ; 
Har e ,  Wi lkins on , hcFeely and Riser , 1 967) and a third cas e i n  a 

pheno tY]li ca l ly normal doe ( Jila and Gi lrno re , 1 97 1 ) . 

( i i i ) RCBETI'J'SONI AY TR/IJTS J,OC A TH JI;:3 _J__N tfJAN 

The human kary o type ha s b een s tudi ed mo r e  ext ens iv e ly 

than that of any o tbel' marcma l .  Much o f  thi s s tuQy has b een 

prompted by th e v a ri e ty of c l i ni ca l  condi t i ons :ff.'eg_uen tly f ound to 

b e  a s s o c ia t e d vfi -t,h an abno rmal karyo type . R o b er t;;oni:':'.n trans l c ca ti on s  

are the mo s t  conl!Lon type o f  t ran s l o c a t i on r ep o r ted j_ n man and a:!:'e 

pre s ent in about 0 . 5  per cen t of the popu la t i on ( C ourt Br o>m , 1 967 ) . 
The human karyo typ e contai ns only tl1 0 grou ps ( group D and group G )  

of acro centric  chr omo some s ( '1 0  out of a to tal of 46 chromos omes ) .  

I n  c on trast t o  the a c ro centri c chrom o s omes o f  the domestic animals ,  

human acro centri c  chromosomes have vi sib l e  satell i tes , b elieved to 

consist of eu chromatin , on their short arms ( Ferguson-Smi th and 

Handmaker,  1 96 1 ; 1 963 ) .  The catelli ted ch romo s o�e s o f  rnQn a s s o ci a t e  

short arm to s h o r t  arm i n  mi t o ti c  m etaphase preparati ons ( Fergu s on-­

Smi th and Handiilaker , 1 96 1 ; 1 9 63 ;  C oh en and Shavr , 1 967 ; Galperin , 

1 968 ;  C ooke , 1 972 ) and a l s o  duri ng mei o s i s  ( Ferguson-Smi th , 1 964 ) .  
From thi s ass o ciati on i t  has b een sugeeste d that t hes e chromosomes 

are non-dis j uncti on pron e ( Ohno , Truj i llo , Kaplan and Kinos i ta ,  

1 961 ; Galperin , 1 968 ) and Ohno et al . ( 1 96 1 ) postu lated that i n creas ed 

sat elli te a s s o ciati on might a l so be rebt orl fo the formation o f  

tran s lo ca.ti ona b e tween t h e  acrocentri c chromosome s . Breakages could 

possib ly o ccur more easi ly i n  the attenuated s econdary constri ction 

areas and the  chance of a transloc ation occu rr.ing would. be great er 

if the broken ends of di fferent memb ers w ere i n  proximi ty in the 

nu cleo lar region .  



Three types of Rob erts oniar" tr.::tn s l o cation have b e en 

repo rt ed i n  man ; b eh1een memb ers o f  the D group of chromo s omes 

( 1 3 , 1 t� an cl 1 5 )  D/ D o r  

t ( DqDq ) 

b e tween memb ers o f  the G group o f  chromo somes 

( 2 1 and 22 ) G/ G o r  

t ( 2 1 q22q ) an d 

b etw een m emb ers of b oth groups D/ G o r  t ( Dq Gq ) . 

The D/D trans l o c a t i o n  :!_ s  th e mos t colli!lon , CJCC',; rring i n  

ab out on e in 1 , 000 adults i n th e g eneral F'Pulati on ( C ou::.:-t B rown : 

1 967 ) .  I t  i s  a r.1etaccntri c t ranslocat i o n ,  fami lial a11cl c:arri ers 

of it produ c e  o ffspring whi ch a re ei ther n o rmal , balanced carri ers , 

or tri s omi c fo r a D group c h romo s om e .  Apart from the tri s omi c 

stat e ( �ayl or , 1 9 68 ) there app ears to be li t t l e  evi denc e o f  

pheno t ypi c abnormali ty in ba lanc ed D/D c arri ers . Individua ls 1·rho 

are tri somi ::: for a D chromo s ome ei ther may b e  aborted ( Lu cas , 1 96 9 ;  

Dhadi a l ,  I1achin and Tai t ,  1 970;  Kaj i i , Ohama , Nii kavra Ferri er and 

Avi ra chan , 1 97 3 ) or b orn a live bu t vri th s ev ere congeni ta l mal­

formati ons ( Gi annelli , 1 96 5 ; C ourt Brown , 1 967 ; Tayl o r ,  1 968 ) .  

Kj e s s le:r ( 1 964 ) o.es cribed a subferti l e  man -vri th a D/D t rans l o cati on , 

but the ass o c i a t i on j_ f any wi th s t eri l i ty ,  was no t c lear . 

Regular mongo li sm i n  man i s  as s o ci a t ed 1vi th the p r e s ence 

of an additi ona l acrocentri c chromo som e of the G group and i s  

referred t o  a s  tri s omy G o r  tris omy 2 1 . I n  thi s case the mon gol 

has 47 chromo somes i nstead o f  the normal 46 . Hovrever approximat e ly 

two t o  fi ve p e r  c en t  of a ll mongo l o i d  i ndivi duals have 46 chrom o s omes 

but carry the ex tra chromo s ome in the form o f  a t ransl o c a t i o n .  The 

c omm onest transl o c&tion i s  bet.1-reen a m embe r  of the D group and 

chromosome 2 1  ( D/ G )  and l e s s  frequent ly b e tween h1o group G 

chromosomes . 

Behv e en 2 5  and 5 0  p e r  c ent o f  trans l ocation mongo l s  have 

i nh e ri ted the trans l o cati o n  chromos ome from a parent ( Gi ann e l l i , 

Hamerton and. C a rt er ,  1 965 ; C ourt Broim , 1 967 ) I·Ihi le in the r ecnai nder 

the trans lo cati o n  has ari s en d e  n ovo . Th e parent in cases vihere 

the chi ld has inh eri ted th e trans l ocati o n  chromosome, i s  a 
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phonotypical ly normal balanced translocation carrier wi th 4 5  

chromo s om e s  and a normal numb er o f  chromosome a rms . The 

tran s l o c e  -L i on mango:� wi t�1 46 chromo s o m e s  :!_ s tri s om:ic fo r t!1e G 

group chromo son; e Hhi ch ha s presumably ents::.' e d  h i s  karyotype f��om 
a non-disjunct1onal event du ri ng gametogenesis . 

Th ere a r e  many repo r t s  of populati on s t-udi es on t h e  

thr ee human Rob er tsoniaD t rans l o c a ti o n  Jcyp es ( HamertoD , 1 968 ; 

Du tri l laux and L ej eune , 1 969 ;  S t en e , 1 970 ; J a c obs , Ai tk en , 

Frackim·ri cz , Lavr , !IT9w ton and Smi th , 1 970 ) and from these s tu di es 

s everal p o i n t s  emerG e  whi ch are  relevant to studi es in do!lle s t i c  

anima l s , 

Fi r s tJ y ,  :)a laYlced translocation carr i ers , tha t is  
tran s l o c ati on h e t e r o z ygo t e s  w i t h  normal N . F. ( Ma t th ey , 1 945 ) bu t 

one l es s  chrom o s ow e  than normal a r e  apparently unaffe c t ed 

phenotypi cally e x c ep t  und e r  s p e c j_ a l  ci rcums tanc e s  su ch as the 

case d es c rib ed b y  Kj ess ler ( 1 964 ) .  

S e cond ly ,  a l l  t hree human Hob e rts o n i an trans l o c a t i o n  

types ar e fami l i a l  as a r e  t ho s e  r epo r t e d  i n  m o s t  other s p e c i e s . 

However in man i t  ha s b e en shown that a high p roportion o f  

Rob er t s onian t rans l o ca ti ons c o n t i nu a l ly ari s e  o n  a d e  novo b as i s  

(C ourt Bl' mm ,  1 967 ) .  

A thi rd important o b s e rva ti on from human s tudies i s  the 

t end ency for non - randoJil in7o ]_vernent of s p e ci fi c chromo soEleS i:>.1 
b o th D and G groFps in th es e t ran s l o c a tions (Rm·rley and P e rgarn ent , 

1 969 ; K ohno and l'·!akino 1 1 969 ; D e  C apoa and R o c chi , 1 970 ; H e ch t 

and Kimb erling, ·1 971 ) .  

(i v) NON-RANDOM INVOLVEMENT OF C HROMOSONES I N  ROBERTSONIAN 
TRA..WSLOC ATI ON S  

The reasons fo r the n on-random i nvo lvem ent o f  

acro c entri c chromo s ome s in Rob erts onian tran s l o cati ons, o f  man and 

th ei r m ethod o f  formati on hav e b e en di s cu s s e d  r e cent ly by Fergu so!.'l­

Smi th ( 1 972 ) and C!1andley and Fl e t ch er ( 1 973 ) .  By compari s o n , 

there i s  li t t l e  evi d enc e for the non-random a s s o c i a t i o n  o f  

chromo s omes in su c�1 trans l o c a t i ons in the toba c c o  mou s e  ( Gropp , 

Winking,  Z e ch and Nuller , 1 972 ) ,  bu t the di spers ion of th e 1 /29 
translocation am ong many bre e d s  of cattle in s everal countries 
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sugges ts tha t in thi s s p e ci es ,  non- random invo lvement could take place 

(Bru�re and Chapman , 1 973 ; B ru�r e , 1 974 ) .  I t  s eems rea s onab l e  

therefore t o  a c c e p t  th e possibi l i ty that cer t �i n chroru o s omes i n  the 

d omesti c she ep may have a greater t enden cy t o  foriT.t trans l o ca t i ons 

than do others . 

( v )  PHEl''OTYPIC EFFECTS OF ROBERTS Ol'TI JJ; TRANSI,OC ATI ONS 
IN DO;\Jf�STTC AJJi r.;).LS 
M o s t  repo r t s  indi c a t e  that dome s t i c  anim� l s  

carrying a R o b e r t sunian t ran s l o c a t i on are ph en otypi cally norma l . 

Th ere are fe1,, confirmed rep or t s o f  pn eno typ i c  effe c t ::;  du e t o  

Rob e r t s onian trans locati ons i n  domes t i c  ar.imals, bu t s everal repo r ts o f  

ph enotypic change::; and a Rob er t s o ni a n  trans J. o c a t i on o c cu rrinp; in the 

s am e  anima l  a re summari z ed .in Tab l e  V. 4 .  I n  mo s t  cas es th3 re lat i on-
ship b e h1 een t h e  chrom o s omal and pheno typi c anomo. ly 't�a s  not c l ear and 

i t  may hav e b e en c o i n ciden tal that th ese were found t o gether . 
I n  S1·r edi sh cat t l e ,  a l th ough no pheno typ i c  abnorma li ti e s  vr e re 

ob s e rved i t  was c l ai m ed that dau ght ers of bu l ls he t er ozygous for th e 

1 / 29 trans l o c at i on sh o>ved an inc rea sed retu rn t o  s ervi c e  ( Gu s t av s s on , 

1 969 ;  Gu s tavss o n ,  1 97 1  , c ) . Thi s c laim was b a s e d  on s tati s t i cal 

evidence only and the extrapolati o n  was mad e  that thi s  r elative 

reprodu ctive i n e ffi c i e ncy was probab ly du e to an ab no rmr.<. l ka:cyo t yp e  

i n  some o f  the daugh t ers . Gu s tav s s on ( 1 96 9 )  further c l aimed. from the 

d evi ating non-return rat es vri thin 273 days o f  :pregm:.ncy and the 

difference ob s erved in h ei fers b etv<een the non- retu rn rat e s  "ri thin 5 6  
and 273 days , tbat th e redu c e d  f erti li ty 1-ra s du e t o  an increased rat e  

' o f  embryoni c death . Close examination o i  Gus tavsson' s data b y  B ru ere 

( 1 974 ) indi c a t ed. that o f  1 1 b u l l s  who s e  daught ers vr ere i nve s t i gated , 

th e progeny of one showed a b et ter than exp ected concepti on rat e ,  

whi le th e data from s even was not s i gnifi cant and that from t h e  

transloca t i on homozygo t e  barely s i gni ficant .  Gu s t avss on ( 1 969 )  
nei ther produ ced cyt o l ogi cal evi dence of redu ced fertility i n  th es e 

bu l ls nor o f  embryoni c death in the trans locatio:J. h e i fers . B e  did 

not tak e  into account sire r elati onshi ps nor any of the inheri t ed 

factors whi ch could have a ffe c t ed. the resu lt s .  
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'l'ABLE V. 4 
.ANIJI1 J\LS \rJI T H  PHEJ:JOTYPI C ABN ORMAL I 'ri ES M�D A ROBERrrsONIAl'if 

TRAl1 S L OC A1'T ON 

.Autho r and Date 

Gu s tavs s on , I .  and 
Ro ckbo rr1 , G. ( 1 964 ) 

Ru gi. a h , S .  and. 
Fed ri go , M, ( 1 967 ) 

( 1 968 ) 

Hen� oe,  A .  and 
Hohn , H .  ( ': 971 ) 

Froget , J . ; C ou lon , 
J . ; Nain , JV� . -c .  
and D a lbi ez , J. -M .  
( 1 972 ) 

Shive , R . J . ; Hare , 
\>! . C .  D .  and 
Pa t t er s on .  D .  F. ( 1 965 ) 

' 

Hare , \'! . C . D . ; 
\Vi lki nson , J .  S .  ; 
H c Fe e l y ,  R . A .  and 
Ri ser , � . H .  ( 1 957 ) 
Padeh , B . ; i·iy c c; 1�i , 
I'-1 . , Ayalon, lJ . and 
S o l l er ,  M. ( 1 965 ) 

" 
Bru e r e ,  A . N .  
( 1 96 9 )  

B ' A n -ru ere , . l-.. . and 
Mi l ls , R. A .  ( 1 97 1 ) 

' 
B:ru ere, A. N .  ; 
Chapman, H . M.;  nncl 
Wyl l i e ,  D . R . ( 1 972 ) 

SpcC'i e s  
Cat t l e  

C a t t l e  

" 

C a t t le 

C at t l e 

Dog 

Dog 

Goat 

Sh e ep 

She ep 

Sheep 

Numb er 

3 

2 

5 

2 

Ph r::noty;_:1i r� /�b :::w r)';}ali ty Karyo t yp e  

Ly:r:pha ti. c Leuka emi a  

Achondro p la s t i c 
dwarfi sm 

Chondro dys trophi c 
l e S l OllS 

C . N . S .  abnorma h t i r.s 

Cro ok e d  for e legs 

C ongeni tal cardi a c  
defect 
C l eft u pper h p  

Bone chondroplasia 

· Pseu d oh ermaphrodi_ te 

Sma l l  abno rma l ly shaped 
t e s ti c l e s a s s o ci a ted 
with c omp l ete spe rma­
to c yt e  a rr es t .  

2 Rams - monorchids 
3 Rams - "hour-g la ss " 
tes tes VIi th 
spermatocyte arr e s t  

1 Ram - a trophi c t es tes 
and absence o f  
epi di dymi s  o n  ri ght 
te s ti s .  

1 Ew e  - s e gm enta l  
aplasia o f  geni t alia . 

59  ch romosomes 
i ncludi ng 1 /29 
trans l o c a ti on 

58 , xy i. n c ludin£ 
2 (  1 / 28 )  
trans l o c a t i 0 n  
59 , xx i n c ludin .:: 
( 1 / 28 )  

-
trans l o c ati on 

-------- - -� 

59  ch r omos omes ! 
i n c lu di n g  
trans l o ca t i on 

5 9 , xx i n c lud i n.: 
1 /29 
trans locati on 

77 , xy i n c lu. di n ,: 
subm e ta c entrl c 
tran s l o c a  ti 011 
chromos ome 

77 , xx i n c ludin;­
subt e l o c entri c 
trans l ocati on 
chromosome 

I XX/ x y  5 9  
chromo s omes 
i n c lu ding 
t rans locati on 
i n  xx ce l l s  

53 , xy i n c lu dinP 
trans l o c a ti on I 
chromo some 

53 , xy i n c lu ding 
trans l o cati on 
chromos ome 

53 , xy i n c lu ding 
tran s l ocation 
chromo s ome 

5 3 , xx inc luding 
trans l o c a t i on 
chr omos ome 



V. 2 NEIO.SI S IN ROBERTSOHI AI'T TRANSLOCATI ON ChRRI ER RAivTS 
( i ) INTRODUCTIOI -------... -· 

Th e incidence o f  RobGrtscnia� trens locations in cat tle 

and sheep is  lligher than tha t in r.:;.an ( refer s ec h ons V .  1 ( i i ) ,  

( iii ) ) .  Tvlu l  tipl e Rocertsonian trans loca ti on heterozygos j_ t y  i s  

p o s sib l e  i n  cattle  since thre e di fferent t ra ns l ocation s h ave  b e en 

demonstrated ( Gus tavsson and Ro ckb orn , 1 964 ; Pollock ,  1 972 ; 

Bru'ere and Cha pman , 1 973 ) .  Simi larly in sheep , three di fferent 

Roberts oni an translocations are kn o1m ( Bruere , 1 96 9 ;  Bru'E;re and 

flli lls , 1 971 ; Bn1�re et a l. , 1 972 ) and mati ng experim2nts carried 

ou t by Dr . A . N . Bru'ere at Mas s ey Uni versi ty have produ ced she ep 

vihi ch are het ero:�:y gou s for two di fferent Robertsonian h·ans location 

chromosomes wi th all c ombinat i ons of the three types b eing i n vo lved 

(Bru'ere , 1 974 ; Bru'ere and. C hapman , 1 974 ) .  

Tl:e high incidence of  Rob ertsonian translocations iJ.J 

domestic animals , apparent from th e numb er o f  new cases  c ontinual ly 

b eing reported ,  and their po ssible delet eri ous effects on fertility 

as has been shm·m to occur in som e  species o f  mi ce , make an under­

standing of  the b ehaviour o f  these translocations important . In 

additi on , data from the sheep could  b e  a us eful  model for human 

studies  as there has been li ttle  pub lished on mei o tic chromosomes 

in Rob ert soni. c:.n tr·ansJ.o c at i on carri ers i::1 ei ther man or d.omes ti c  

animals .  

Th e Rob ertsonian t rans locati ons of  sheep d is cu s s ed i.n 

this thesis  1-rere o riginally referred t o  as the Hass ey I ,  Nas s ey I I  

a n d  Mas s ey I I I  translocati ons . A scheme of nomenclature based 

on the l'ecommtmdations  of  the Paris C onference ( 1 971 ) has b e en 

dravm up and i s  summari z ed in  Tab l e  V. 5 .  For example ,  t h e  t erm 

11Massey I trans location heterozygous ram" is synonymous vli th the 

nomenclature " 5 3 , xy , t1 11 and the short de signat i ons as listed , are 

used in the tezt .  
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Breed o f  Ori gin 
Chromo sornos Involved 

in Tr3Ds l o ce. t i on 

Type of Translocation 
Chrom o s oi:J.e 

HeterozyGote 
Der�igna ti on -

detai led 

short 

Homozygote 
Desi gna b on 

Double Translocati on 
Massey I ,  II 

Massey I '  III 
Massey II , Ill  

TABLB V .  5 

IIJ'ASS EY I 

Romney 

5 ; 26 

Su bmetacen tri c 

53 , xy , -5 , -26 ,+ 
t ( 5g_26g_) 

53 , xy, t ( 5q26q) 
or 

53 , xy , t1 
53 ,xx , t 1 

52 , xy 7 t ( 5g_26q ) ,  
t ( 5c12Gq ) 

52 , xy , t 1,t 1  

Heterozygotes 

-----------

Romn ey 

8 ;  1 1  

rvletacentri c 

5 3 , xy , -8 C 1 I , + 
t (8g_1 1 g_ ) 

53 , xy , t(Sg_ 1 1  g_)  

53 , xy , t2 
5 3 , xx , t2 

l\1ASSEY I I I  

Drysdale 

7 ; 25 

Su bmetacen tri c 

53 , xy , ·-7 , -2 5 , + 
t ( 7q25q )  

53 , xy , t ( '7q25q ) 

5 3 , xy , t3 
53 , xx ,  t3 

52 , xy , t ( 5q26q ) , t ( 8q 1 1 q ) or 52 , xy , t 1 , t2 
52 , xy , t ( 5q26q ) , t ( 7q25q) or 52 , xy , t 1 , t3 
5 2 , xy , t (8q1 1 q ) , t ( 7q25q ) o r  52 , xy, t2 t3 
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Repres entative rams from each o f  the thre e  Rob e rt sonian 

trans l o cati on het erozygo t e  typ es as well as a Ma s s ey I trans l o c a t i on 

hom ozygo t e ,  a r�a s s ey I I I  trans l o cs. ti. o n  homoz ygo t e  an d 2 !·Ias s ey I 
and I I I  doub le t ra:-1s l o c a t i on h e t e:r o zygo t e  1.;-ere included in this 
s tudy .  Th e i d en t i fi ca t i on , numbers and k a ryo typ ec> of the rams 

s tudi ed are sum�&ri z ed in Tab le V. G .  

111ass ey I 
53 , xy , t 1 

B46/ 69 

B68/ 69 

B 1 2/ 69 

B53/ 69 

TABLE V. 6 

ROBF.R:J2SO�TI /cN TRil.rs:::.,OC ATI ON-C ARRYJ 111 G RAr1]. 
FROM \'l1�ICH i·:EI OT_L C c:mo;.[QS O!·:ES S'i'C DI 1s·o 

Nassey II  j T'1a ss ey I l l  

52,  xy 1 t 1 , t 1 5 3 , xy , t2 53 , xy , t3 5 2 , xy , t
3

, t
3 

B55/70 B25/72 Link 1 966 A1 34 

B87/72 HML 99/ 58 

B68/72 B 1 1 6/7 1  

B66/72 B1 3/72 

I IVJas s ey I and 
52 , xy , t

1 
, t3 

B9/72 

236/67 ( B1 5 )  B76/72 

B26/70 

A1 82 

BS/72 

B71 / 69 

9 1 4 5 1 1 

The cri teria by whi ch individual rams -v;ere chosen for 

I I I  

inclu sion in  the s tudy have b een des cribed in Chap ter III , secti on ( i ) . 
The r esu l ts of the semen and histological analysis from each ram are 

summarized in Appendices XVII I a  and XVI I Ib . 
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( i i )  RESULTS OF ANALYSES OF SP ERJITATOGONI AL 

AND PRI M ARY SP ERMATOC YT E  C ELLS 

(A) Sp erma t o gon:i a l  r1etaph c :w e s  

sperm a t o goni a ::. e;cJls anz.:l_ys ed fr·orn the thr e e  H ot ertso�inn tr.:t� s l o cati on 

types s tu di e d  nre g:i.ven in 'l'ab l e  V.  '7 . 

Tl1BLE V .  7 
DI S'rRJBUTI OE OF CHROI-iOSOi-'1<; CO�JFTS n: SPEP..:-:A' OGOTU.U � ELLS 

I N  R Ai·;S PS'J'EE OZYC�OUS FJ,1 i\ ROF Ei.:'l':3 011 I i'JJ TEJ0T S LO C ATI ON 

Type o f  Rc>.m 
Hetero zygo t e  Idnn ti­

fi cat.i on 

53 , xy , t
1 

5 3 , xy ,  t2 

B46/ 6 9  
B68/69 
B1 2/ 69  
1353/69 
236/ 67 
B26/70 
A1 82 
B8/72 
B71 /  69 

T otal 

B2?/ 72 
BWr/72 
B68/72  
1366/72 

To tal 

Link 1 96 6  
HML 99/58 
B1 1 6/71  
B1 3/72 
B76/72 

Tota.l 

Humb er of 
Chrom o s or.1 e ----
< 5 2  52  

2 

5 0 

3 

4 

C e l l s  vli th 
Nu m1) er 
53 

2 

5 
1 

1 0  

4 . 

5 

6 

4 
3 

1 4  

54 ) 54 

0 

0 

0 

0 

0 

0 

Humb C:'r of 
Po lypJ. oi cl  

C e l l s  

0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
1 
4 
0 
0 
5 

T o t a l  

0 
2 
1 
2 
3 
0 
7 
0 

1 6 

4 

7 
0 
7 
7 
7 
3 

24 
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Four spe rmatogonial m e tapha s es wer e r ec o rded from the M.ass ey 

I hom ozygote , B5 5/70 .  Th e m ocla J  chromosome numb er 1·ras 53 in e a ch of 

th e h e t er o�yc;o �; e typ es and 52 in t h e  b o:r::ozy go i; e ; a simi la:r finding t o  
that i n  somati c m e tuph a3 es . 1-J o hyp<::rmudal m e t&phas8s VJ ere se eL , b u t  

s i x  p o lyploi d c el ls w ere re c or de d .  
The mi t o ti c metapha s e  s pr vo.ds fro"!I! e a c h  c f  the M.a ss ey I ,  I I  

and I I I  Robert s n�i an t ran s l o c a t i o n  h e t o ro�ygot e s  w e r e  mad e up of : 
6 m e ta cen t ri c c hromo s omes , 1 t ra.r: s l o cati on r.wta c er..tri c ( 53 , xy ,  t 2 ) or 

submetncentri c ( 5 3 , xy , t 1  and 5 3 , xy , t2 )  chromosorr.e , 4 4- acro c enb.·i c 

ch romo somes ,  2 sex chrom osome s . KaryotyJ?e s r ep re s en tative of each 

of the tbree t �,rp e s  of Hoi:w: .. · t s oni an t ran s l o c a t i o�1 b e t e ro ��ygo t e  are 
sh01m in Pla t e s  T .. .  1 ,  V. 3 an d V. 5 .  

Th8 5 2  chr omosomes s e e n  i n  rni t o ti c metEtpha�e spreads from 
rams homozygous for each of the Rober tsoniar.. tran s l o cations included : 

6 meta cen tri c chromo s ome s , 2 tran slo cation metacentric or sutmetacel1tri c 

chrom o s omes , 42 acro c entri c c hromo s ome s , 2 s ex chromosomes . 

Exampl es o f  mi t o t i c ka ry o typ e s  from rams homozyg ou s fo r the 

thre e  types of trans locati on a r e  given in Pl at e s V. 2 ,  V. 4 and V. 6 .  
C hromo s ome m o rpho l O g'J i n  the sp ermatogoni a l  m e taphas es 1-.ras simi lar 

to that seen in s om ati c mi to ti c metephascs . Plate s  V. 7 an d V. 8 
sh mv examples of mitoti c cel l s from germina l ti ssue . 
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Plate V. 1 :  Karyotype o f  a male Massey I Rob ertsoniar.. 
translo ca t i on h e t e rozygot e .  The trans lo cati on 

submetacentri c chromo some ( t1 ) and the sex 

chromo somes are identifi ed . 
( Ciemsa ) . 

Karyotype of a male rJJassey I Robertsonian 

translocation h omo zygo t e .  

( Giemsa ) . 
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Plate V .  3 :  

Plate  V .  4 :  

Karyotype of a male Massey Il R.ob ertsonian 
translouation heterozygote .  The metacentric 
translocati on chromosome ( t2 ) and the s ex 
chromosomes are identified . 
( Gi emsa ) . 

Karyotype o·f a male Massey I I  Robertsonian 
translocati on homozygo t e .  
( Gi emsa ) . 
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_
P l a t e  V .  r o :  

Kary oty1) e of a wa.l e r1� s3 ey T I I  Rot ert sonian 

trans l ocat i on heTerozygo te . The 

subme tacentri c t rans l o ca t i on chromo some ( t3 ) 
and the 3 ex chr omo s omes are j. den t i fi e d .  

( Gi ems a ) .  

Karyo type of a mal e Mass ey I I I. Rob er ts onian 

trans loca t i on homozygote . 

( G:i emsa ) . 



X 

y 

5 

X 

y 

6 



P l a t e  V .  7 : 

Pl a t e  V. 8 :  

�., + ·1 · d t 
· l- � · f'_ rom 236/ b' '' . e vTGp-0�- Spe!"ma ·o gonla . me .;ap!l9.S8 1 

Large arrows point to the 

trans J.o cati o n  chromoso:nes , and sma ll arror,;s 
poi nt to th e Y chromosomes . 

( Ac eto--orcein . x 1 ,  750 ) .  

Diploid spermatogonial metaphase fr om HJ'II199/ 58 

( 53 ,  xy , t3
) . 

(Ac eto-orcein .  x 3 , 000 ) . 
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( B )  Di al:::inesis And r�eta phas e  I Stages 

A t o tal of 2 , 402 cell s  a t  the 

uiald n e s i s -metc.ph8. S 8  I .;;; tag'.':3 \\'ere c. ·:>U nt e·:l in ;opj_ o t i c  p reparations 

from the Hob ert s o:u i an tran s Jo cati on-carrying het ero zygou s alld 

homozygous rams included in thi3 s tudy .  This t otal included 232 

po lyp l o i d cells . 

cells . 

Karyo type s w e r e  maue of 67 d i akinesi s-metaphase I 

a 5 3 , xy ,  t 1 
Chromo sowe counts from diaKinesis­

m e taphase I cells are given in Tab l e  V. 8 .  Of th e 534 cells counted, 

89  ( 1 6.  7 per cent ) 1v ere polypl oi d c el J  s.  Analys e s of  non-polyploid 
c ells are also sho1m in Tab l e  V.  8 .  The ma j o ri ty of c el ls , 8 2 . 7  per 

c ent , had 2 6  chr om o s omal b odi es . Four cells , bad 27 chromosomal 
b odi es . N o  c ells r7i th more than 27 chromo s oma l b o dies wer s: r ecorded 

among the non-po lyploid c ells s tudi ed . There vr ere 73 hypomoda l  ce lls . 
C los e examination of  the 368 c e l l s  hav i ng chromo some counts 

of 2 6 , showed that t hi s  numb er i n c luded 24 a.u. t o s omal bivalent s , a sex 

b ivalent and a triva l en t .  The 2 4  au tosomal biva lents compri s e d  three 

large b ival ent s and 2 1  smal l b ivalent s .  The three large b ival ents 

w ere formed by th e pai ring of the m eta centric chromosomes and the 

small er b i va l e n t s  1"-Tere formed by the pairin g of the acro c en tri c 

chromo somes s eer:, in :m_i_ toti c metapha s e s . The triva l eLt i s  compo sed of 

the translocation submetacentri c chromosom3 paired vri th i ts two acro-

c en tri c homologu. e s . These mo rphologi cal featares are sh mm in Plates 

V. 9 ,  V. 1 0  and V. 1 1 . 

Four o f  the 445 c ell s analys ed had chromosome body counts 

of 27 . Th e l a t t er numb er compri sed two c ells having 24 autosomal 
biva l ents , a t riva l ent an d s ep8.rate d X and Y chromos omes ,  and two cells 
with 23 autosomal biva l ents , a s ex b ivalent , triva l en t  and two other 
smal l stru c tu res interpreted a s  uni-val ent s .  An exampl e  o f  the lat ter 

typ e ,_.of cell i s  sbovm ir.. P lat e V. 1 2 . The r emainder o f  the ce ll 

counts i n c lu d e d  tho s e  1-:i th or1 e  o r  mo re aut o s oillal b ivalents missing, a s  

vr e l l  as cells wi th hypomoda l  c ounts in lvhi ch t h e  s ex biva l ent o r  

tri va l ent \·Tas mi ss ing . Tlv enty o n e  o f  the s ex b ivalents were associated 
1vi th one of t:t e sma l l  aut osomul bivalents . The percentages of cell s  

from t h e  three rams i n  vlhi ch thi s a ss o ciation wa s recorded varied from 
3 . 5  to 7 . 4 per cen t . 

1 CB  



TABLE V.8 ROBERTSON IAN TRANSLOCATION H ETE ROZYGOTES : 53,xy,t1 
CHROMOSOME COUNTS FROM PR IMARY SPERMATOCYTE CE LLS AT D I A K I N ESIS - METAPHASE I STAGES 

Ram NUMBER OF Number Total ANALYSIS OF CE LLS EXCLUDING POL YPLOIDS 

ldenti- CHROMOSOME of Including 
BODI ES/C E L L  Total Polyploid Polyploid NUMBER OF CE LLS �ITH : 

fication Cells Cells 

-A -2A 
OTHE R  

ABERRATIONS 
<24 24 25 26 27 �27 26,xy,l l l  27,x,y, l l l  25,xy,l l l  24,xy,l l l  

846/69 0 0 0 2 0 0 2 0 2 2 0 0 0 

24, -xy, I l l ,  -A 1 
B68/69 2 1 3 51 0 0 57 7 64 51 0 3 0 2 1 ,  xy, I l l ,  -5A 1 

17,  xy, I l l ,  -9A 1 

27, xy, I l l ,  + I  +I 1 
B1 2/69 1 1 4 26 1 0 33 4 37 26 0 4 0 24, xy, - I l l ,  -A 1 

19, xy, - I l l ,  -6A 1 

27, xy, I l l ,  +I  +I 1 22, xy, - I l l ,  -3A 

B53/69 
(I) 

7 6 2 1  195 2 0 231 48 279 195 1 21 5 24, -xy, I l l ,  -A 1 22, xy, I l l ,  -4A 
..J 23, I l l ,  -3A 2 1 9, -xy, I l l ,  -6A ..J xy, 
w 23, -xy, -1 1 1 ,  -A 1 1 8, xy, - I l l ,  -7A CJ 

236/67 
u. 0 2 2 0 23, xy, I l l ,  -3A 1 

( B 1 5) 0 7 0 1 1  2 13 7 0 2 0 
a: 20, xy, I l l ,  -6A 1 
w 
m 

B26no � 1 0 0 9 0 0 1 0  0 1 0  9 0 0 0 23, xy, - I l l ,  -2A 1 
:::> 
z 

25, -xy, I l l ,  1 22, xy, I l l ,  -4A 
A182 4 3 8 29 1 0 45 24 69 29 1 7 2 24, xy, - I l l ,  -A 1 22, -xy, I l l ,  -3A 

23, xy, I l l ,  -3A 1 22, xy, - I l l ,  -3A 

B8/72 1 2 2 47 0 0 52 3 55 47 0 2 2 2 1 ,  -xy, I l l ,  -4A 1 

B7 1/69 1 0 1 2 0 0 4 1 5 2 0 1 0 12,  -xy, I l l ,  - 1 3A 1 

TOTAL 1 9  1 3  41 368 4 0 445 89 534 368 2 40 9 19 

Total 
Number 

Cells 
Analysed 

0 2 

57 

33 

1 
1 231 1 
1 

1 1  

1 0  

1 
1 45 
1 

52 

4 

7 445 

Number 
of cells 
with xy 
associa-
ted with 

Auto-
some: I 

Bivalent 

0 

2 
(3.5%) 

0 

1 7  
(7.4%) 

0 

0 

2 
(4.4%) 

0 

0 

2 1  
(4.7%) 

x and y 
Separated 

numbe % 

0 

0 

0 

1 0.4 

0 

0 

1 2.2 

0 

0 

2 0.5(%) 

0 1..0 



C e l l  in di ilkine3i 3 from B53/ 69 ( 53 , xy , t1 ) . 

nre three large a�t o somal bivalents , n tri val ent 
( I I I ) ,  21 s�all acro c entri c biva l ent s and a sex 
biva l ent . 

( Ace to-orc8in .  x 2 , 500 ) .  

Firr,u;_re V .  1 :  Karyotype of  cell i l :U.1s h·at ed in Plate V. 9 .  
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PlatE;. V. 1 C :  

Pla t G  V .  1 1  : --·--

� e lJ  i n  d i ak inesis fr o� A1 82 ( 53 , xy , t1 ) with 

25 b i va l ents an i a trivalent ( arro :led ) .  
(Aceta-orcein . x 1 , 750 ) . 

C e l l  i n  dialcinesis from A'l 8 2  ( 53 , x.f , t 1 ) vrith 
25 b i va l e n t s  and a triva lent ( a:rToired ) .  
( Ac eto-o r�ei n .  x 3 , 500 ) .  



1 0  
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1 1 



Me taphase c e l l  f�om B53/ 69 ( 53 , xy , t
1

) wi th 27 

chromo3omal e l emen t s  i. nclu:ling a tr ivalent 

( I I I ) ,  s ex bivale:::tt ( arro �,r e d )  and an ex tra 

e l em ent uhi c:h is probab ly a univa lent ( I ) .  

( Ac eta - o r c ei n .  x 3 , 080 ) .  

Tet rap l o i d  c e ll in diakinesi s from A1 82  
( 5 3 , xy , t1 ) . Th ere a r e  two triva l en t s  ( I l l ) 

and two s ex bival en t s  ( arroiv ed ) .  One of the 

s ex bi va l cn t s  i s  as s o ci a ted v1i th a s ma l l  

au t o somal bival ent ( a ) . 

( Ac e to-o rcein . x 3 , 000 ) .  



I 

1 2 

1 3 



Results from chromos ome count s o f  po lyploid  cells are given 

j_n Table  V .  9 .  Eighty ninP. cells  were recorded .  Of thos e cells  

which w e r e  analysed , 5 7  were t e t rapJ.oid ( Plate V.  1 3 ) �  nine w ere 

hexapl oi d �  three wc�:re octap 1oi u v;hil e  one cell haci 1 2t. elerc. ents 
including five s ex biva lents and five trivalents  (Plate V. 1 4 ) .  

Apart from the tri ·mlents , no mu ltivalents �-.'ere ob senred. in any of  the 

apparently polyploid cells examined. 

1 1  0 



Pla te V .  1 4 : Po lyp loi d c e l l  i n  di al<inesi s-metap�lase I from 

B 53/ 69 ( 53 , xy , t
1

) wi th a chromoso�al count o f  

1 24 includin g  five s ex b ival ent s and five 

trivalents ( arrowed ) . 

( Ace to-orcei n .  x 2 , 000 ) .  
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TABLE V . ..2. 
MASSEY I ROBE::tTSONIAN TRAT,iS LCCj.'ri O�·i HSTE�OZYGOTES ('53 , xy, t1 l!_ 

CHROMO S O:VIE COUN�S FROI:l._?O LYPLOID  C El_!..T::.S .\'I' !2l.j!g:rt:SIS-11ETA :PHASE I STAGES 

Ram I den ti- Humber o
-
f C e ll�-; j I! -

Anal·rs i s  o f  F o l-,rp 1 c· .� c1. 8 e :;. L  
--

I 
fi cati on Showing I _j_::..z...: _______ �---------1 

C hrocno s orne 4n � - 6n i 8n 
�lement N . A .  Tota l 52 , 2xy, 2I I I,-5. 5 "1 1 2xy , 2II I  78 , 3xy , 3I I I  I Other C el l s  I i CLl. , .1xy , 4III  O th er C e lls ! N . A. Total 

4n 6n 8n I I I I J I 

B46/ 69  o o o o o o I . o o o I o . I -·-c·-, ----+-
o
-t--

o
-

B63/ 69 3 0 0 4 7 2 I 1 0 0 0 I 0 4 7 

B1 2/ 6 9  I 4 0 0 I 0 4 3 1 0 0 0 I 0 0 4 
B53/ 69 31 7 3 I 7 48 21  1 0  6 71  , 3xy , 3I I I  ! 1 1 0·1 , 4x:y , 4I I I ?  7 48 

I i I 1 24 , 5xy, 5I I I ?  

236/67 1 0 0 1 2 1 0 0 0 I 0 0 1 2 

B26/ 70 0 0 0 0 0 0 0 0 0 I 0 I 0 0 0 

A1 82 1 4  2 0 8 24 1 1  3 1 73 1 3xy , 3I II I 0 I 0 8 24 

B8/72 3 0 0 0 3 I 3 I 0 0 I 0 I 0 i 0 ' 0 3 

:::.�9 5: : I : 2: 8: I 4� ! 1: J : I : I � : ---
I _

2: 8: 
N . A. = N o t  Anal ysed 



Chromo some COllnts i n  dj_ akin e s i s-

metapha s e  I cel l s  from Mas s ey I I  Rob ertso ni an tran:J l o ch.tion h e tero­

zygo tes , are summari zed in T abl e  V.  1 0. 
Of t h e  1 1 022 c el l s  c ount sd , 48 ( 4 . 7  per cent ) 11 ere p o lyp loi d .  

Analys i s  of  the 974 n on-po lyploi d c e l l s  - reveal ed that 26 , t h e  modal 

c hromos omal e l ement c ount , vras pre s ent in 8 3 0  o f  the 974 cel l s . 

Fi f t e en cells had hypermodal counts of 27 1·rh i l e  hypomcdal coun ts Here 
r e co rded i n  1 29 c e l l s . Hyp e rm odal and hypornodal cel l  count s  i'l"ere 

found i n  each of t�1e mei ot i c p1· epara ti ons fro-:u the fou::" rams s t"u.di e d . 
Twenty six chromosoma l b odi e s  including 24 au tos omal biva l en t s , a sex 
biva l ent and a tr;_yalent were foum� in 827 c e lls (84. 9 p er c ent ) . A 
simi lar t o tal numb e r  of  chromosomal b o di e s  was found in three c e l ls , 

one i n  e ach o f  th e pr eparati ons from rams B25/72 , B68/72 and B66/72 . 
In  two o f  thes e c e lls , the s ex chromosome s  were s epara t ed and an 

au t o s omal biva l ent vras miss i ng ,  1-.rhi l e  i n  the third , the s ex b iva lent 

was fragm ented i nt o  two pi eces and an au t os omal bivalent was abs ent . 

Tvrenty s ev en chromosomal elements i ncluding 24 autosomal 

bivalents , a t rivalen t and s eparated X and Y chromosomes were observed 

in nine cells ( 0 . 9 per c ent ) . Six o th er c e l ls , fiv e  from ram B68/72 
and one from ram B66/72 also sh01•red total c ounts of 27 .  Five o f  the s e  

c e l l s  were compo s e d  o f  23 au tosomal biva l 0nts , � trival ent ( the i dentity 

o f  this 1-.ras di ffi cul t  t o  ascertain i n  thre e cel ls ) , a sex bi va lent and 

�1o extra elem ent s though t  t o  b e  auto s omal univalents . 

Other aberrant chromosome counts >vare due to  m i s s i ng element s .  

An ass o ci a ti on b et1veen the sex b i valent and an au.tosomal 
bival ent -vms s een i n  some cells from each o f  the rams u sed in  the study. 
Th e p er centage of cells containing thi s  a s s o ciation vari ed from 3 to 
5 . 7  pe:r cent . A to tal of 43 of th e 974 cells stu di ed s b ov1ed this 
phenomenon o f  sex bi valent-autosomal bival en t  asso ciation . 

Sepe_rati on o f  the sex chromosomes \·:as ob served i n  1 3 of the 
974 ce lls ( 1 . 3 p er cent ) 1-.ri th a ran.ge o f  from 0 . 7  to 1 . 8 per  cent in 

preparati ons frorr. the di fferent rams . The chromosomal composition of  
individual cells shml'ing this separation i s  summarized in  Table V .  1 0. 

Polyploid ce lls were recorded from each ram . Thirty six o f  

th e t o tal number o f  48 counted, v1ere analysed . The maj ori ty of  these 
( 68 . 8 per cent ) were tetraploid .  Two cells h a d  counts  of 77 and 78 

1 1 2 



TABLE V.10 ROBE RTSONIAN TRANSLOCATION HETEROZYGOTES : 53,xy,t2 
CH ROMOSOME COUNTS FROM PR IMARY SPERMATOCYTE CELLS AT DIAKINESIS - METAPHASE I STAGES 

-
Ram NUMBER O F  Number Total ANALYSIS OF CELLS EXCLUDING POL YPOLOIDS Total Number x and y 

ldenti- CHROMOSOME of lncludi�� Number of cel ls Separated 
BODI ES/C E L L  Total Polyploid Polyploid NUMBER OF CELLS WITH : Cells with xy 

fication Cells Cells Analysed 
assoc1a-

ted with 
Auto-

-A -2A OTH ER so mal 
<24 24 25 26 27 1>27 26,xy, l l l  27,x,y,l l l  25,xy,l l l  24,xy,l l l  ABER RATIONS Bivalent numbe % 

26, x,y, I l l ,  -A 1 
24, -xy, I l l ,  -A 1 

825/72 5 2 1 0  93 1 0 1 1 1  9 1 20 92 1 1 0  1 22, xy, I l l '  -4A 1 1 1 1  5 2 1 .8 
20, xy, I l l ,  -6A 3 (4.5%) 
19, -xy, I l l ,  -6A 1 

25, xy, -I l l ,  2 
25, x,y, I l l ,  -2A 2 
23, xy, - 1 1 1 ,  -2A 1 

B87/72 1 1  6 42 331 5 0 395 21  4 1 6  331 5 38 6 
23, xy, I l l ,  -3A 4 

(I) 23, -xy, I l l ,  -2A 1 395 1 2  7 1 .8 
..J 22, xy, I l l ,  -4A 1 (3.0%) ..J 
w 19,  xy, I l l ,  -7A 3 
u 1 7 ,  xy, I l l ,  -9A 1 
LL 0 
a: 27, xy, I l l ,  +I  +I 2 
w 27, xy, I l l ?, +I +I 3 
CD 

868/72 :::!: 6 3 1 1  1 5 1  6 0 177 10 187 150 1 1 1  3 
26, x,y, I l l ?, -A 1 I ::J 23, xy, I l l ,  -3A 3 1 77 1 0  2 1 . 1  

z 20, xy, I l l ,  -6A 2 (5.7%) i 
19, xy, I l l ,  -7A 1 

27, xy, I l l? ,  1 
26, xy (fragmented into 2 pieces) . I l l ,  -A 1 

866/72 2 1 1  20 255 3 0 291 8 299 254 2 20 9 
24, -xy, I l l ,  -A 1 
24, xy, - 1 1 1 ,  -A 1 291 1 6  2 0.7 

23, xy, I l l ,  -3A 1 (5.5%) 
20, xy, I l l ,  -6A 1 

TOTAL 24 22 83 830 1 5  0 974 48 1 022 827 9 79 1 9  40 974 43 1 3  1 .3 (4.4%) -

\..N 



chromo somal e l em ent s and in one c e ll , 1 02 chromosomal e l emen t s  w-ere 

s e en . Th e s e  findi ngs are summari z ed in Tab le V .  1 1 .  
Some of thG morpho logi cal :f' oaturoc: o f  ce1ls j n  t h e  di::ll::i nesis-

m etaphas e 1 s tages fTon: Jl!ass ey I I  Rob ertsoni an tra.ns l o cati on h e t ero­

zygo t e s  a re sb own in P J at e s  V. 1 5  to V. 20 . 

1 1 4 



TABLE V. 1 1  
MASSEY II  ROBERT S ON I �� TRANS �OC A�I O� HETERO ZYGO TE�3, xy, t

2
) : 

CHROMOSGr18 COUNTS FROM PO LYPLOID C ELLS A'"l DLAKINESI3-I-1ETAFHP_SE I STAG3S 

Ram I denti- Number of C ells Analys i s  o f  Polyploid C e l l_� , 11 fi ea ti on Shovling I 
Chro�osome 4n 6n i --�8�n��---
Comple m e n t __ N . A .  Total 5 2 , 2xy , 2I I I �� 5f, 2xy , 2 I I I  78 , 3xy , 3 I I I  j O th e r  C ells 1 l 04 , 4xy , 4I I I .,. O ther C ells 
4n I 6n T 8n I i 

0 0 

N . A . Total 

4 3 B25/72 77 , 3xy, 3I I I  I 0 1 1 02 , 4xy , 4I I I  

PB7/72 1 1 5 1 1 I 0 I 5 I 2 1  11 1 1  I 4 r. 0 �� 0 I 0 - i 5 ; 2 1  I I I l ---1 I ' 

4 3 9 9 

B68/72 

B6 6/72 

8 0 0 2 1 0  0 2 

0 

5 ! 3 0 0 I 0 I 
I I I I I I' _j_ -� : . 1 1 1 D i 6 I 1 0 0 ! 0 I 0 7 0 

I 

1 0  

8 

, , , � n� - I , - , 1 rrotal I 33 I 2 I 1 I 1 2 I 48 li 25 j 8 ! 1 I 1 I 0 
1 I 1 2 1 4B 

N . A .  = Not Analysed 

\Jl 



Pla t §.  V ,  1 5 : 0 "' l l  l. r· d� "'k � n =- �J· � fro·.-n B6 r/72 ( 57 '{Y t ) 'J �. 1 ..!. � :...!. ..... ..::> . o.:J  !.1.1. '0 . \ J ,  .. !' '2 . There 

are thre2 larg0 autosomal bivalents ,  a trival ent 
( III ) ,  2 1  smal l  a;l t o s omal bivalents and a s ex 

biva len t ( arrowed ) .  
(Aceto-orcein.  x 3 , 750 ) .  

_:e�.ti!.lre_ V .  2 :  Karyo t ype o f  cell i llus tratsd in Plate V .  1 5 . 
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Plate V. 1 6 : 1 1 C --bm;.cl od ce ll 11:i n d i alci:r1c::.>i s fr om E66/72 

Tll e three large au t o s omal bival ents 

hav e a nc; r:cow faintly s t'l:i.nc(l area in the cer, tro­

m eri c r eg;icn ( s!n3 ll  ar:r-:;u ;J ) comparGd 1-ri th that  en 
th a srris.ll bival ents and ·c:cival ent . I n  contrast , 
th e c ent:::·omeri c �c·2;s·i ons on tb e trival ent ( III ) :::.nd 

21 sma l l er au t o s o mal bi \"alents  are s taine d rr. ore 

d ar·k J. y .  'I']o_e s ex bj .va l ent ( large arrov.r )  i s  not 
di ff ere�tj ally stained . 
( C-banded . x 2 , 000 ) .  

Fi."'L!LQ. V .  3 :  Karyo type of c e ll i llus tra t ed in Pla t e  V. 1 6 . 
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G e l l  in di e...'k:iHe: .::; _i_ s from B68/ 'i2 ( 53 , x:y 1  t� ) .  c. 
'fh ere ar e 24 au tosoJJal bj_val en : s ,  a trivalent 
( IIl ) and. a sex bi val ellt ( arro�·red ) . 
(Aceta-orcein . x 3 , 730) . 

C ell  from B87/ 72 ( 5 3 , xy,  t2 ) in firs t metaphase 
Hi 'Lh 26 chromos-)mal el ements including a 

trivalent ( II I ) and s ex bivalent ( a.rro;ved ) .  
( Aceta-orcein .  x 4 , 000 ) .  



I l l  / 

1 7 
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Plate V .  20:  

Nete.phase I cel l  from B25/72  ( 53 , xy , t2 ) .  

There. are 27 chromosomal elements inc luding 

a trivalent ( I I I ) and separated X and Y 

ch ro:r.o s ome s .  

( Aceto-orcein . x 3 , 000 ) .  

Po lyploi d cell from B25/72 ( 53 , xy, t2 ) .  

There are 1 02 chromoso::nal elements 

including four tri valen ts ( small arrovrs ) and 

four  sex bivalents ( large arrows ) .  

( Ac e t o-orcein. x 2 , 000 ) .  
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c 53 , xy ,  t3 

Tab l e  V. 1 2  coni;ai:;J s the ref:;U l ts 
of chromosome c ounts fl'Om the Ivlass oy I II H.ob er ts cnian t - ranslocation 

hetero zygous rams i n cluded in this s tudy . Sixty four ( 1 1  . 9  per 
cent ) of  the 537 cells counted vJere p o l YJJ l o i d . A mo dal number of 
26 chromosomal bodi es p er cell v.ras recorded in 389 o f  the Ln3 non-
polyploi d cells . Six cells uere hyp e rmodal and 78 cells  1vere 

hypomoda l . Of  the 473 cells analysed , 389 had 24 autosomal b ival ents , 
a sex bivalent and a t rivalent ( Plates Y.  2 1  and Y/ . 2�� ) ;  five 

had 24 autosomal bj valent s , a t rival ent and separated X and Y chr omo­
somes (Plates V. 23 and V. 24 ) ;  one had 27 chromo soDaJ elements 

i ncluding 23 autosomal bival ents ,  a s ex ·hivalent , a tri ve.lent and 
hm extra autosomal elements thought t o  be  univa.lents ( Pla te V .  25 ) , 
lvhi le  the remaining c e ll s  had one o r  more chromoson:al elements mi ssing. 

In 1 6  o f  the 473 c ells analysed the s ex bivalent was ass oci-
ated w i th an au tosomal bival ent . In  indi.vidual meio tic  preparat ions , 
thi s t ype o f a s s o cia t i o n  was 3 ecn in between 1 . 3 to 5 . 9  per cent of 
ce ll s .  The X a nd Y chromosorr:es vrere separa ted in five cells ( 1  . 1  per 
cent ) ,  vri th a range of  from 0 .  4 t o  2 .  9 per cent b f,ing found in prepar­
ati ons from d i fferent ra�s . 

The resLl l  ts frcm c ounts of  polypl oid ce l ls a:re gi v en in 
Tab l e  V .  1 3 . A total  of 64 cells were ob served a n d  o f  th e 53 analysed ,  
48 ( 90 . 6 per c ent ) w er e  t e trap l o i d , four ( 7 .  5 per c e11 t )  ·.;,ere hexaploid 
and one ( 1 . 9  per cent ) was octaploid .  

1 1  6 



TABLE V . 1 2  ROBE RTSON IAN TRANSLOCATION H ETEROZYGOTES : 53,xy,t3 
CH ROMOSOME COUNTS FROM PRIMARY SPERMATOCYTE CE LLS AT D I A K I N ESIS - M ETAPHASE I STAGES 

NUMBER OF ANALYSIS OF CELLS EXCLUOING POL YPLOIOS Total 
Number x and y 

Ram Number Total of cel ls 
ldenti- CHROMOSOME of Including Number with xy 

Separated 

BODI ES/C E L L  Total Polyploid Polyploid NUIV'BER OF C E L LS III'ITH : Cells associa-
fication Cells Cells Analysed ted with 

OTH ER 
Auto-

-A -2A so mal 
<24 24 25 26 27 >27 26,xy,l l l  27,x,y, l l l  25,xy,l l l  24,xy,l l l  ABER RATIONS Bivalent numbe % 

Link 
1 966 1 0 0 5 0 0 6 1 7 5 0 0 0 18,  xy,  -I l l ,  -7A 1 6 0 0 

HML 20, xy, I l l ,  -6A 1 34 2 2.9 
99/58 2 2 3 26 1 0 34 4 38 26 1 3 2 1 

22, xy, I l l ,  -4A 1 (5.9%) 

27, xy, I l l ,  +I  + I ?  1 
24, xy, -1 1 1 ,  -A 1 

B 1 1 6n 1  3 1 2 59 2 0 67 1 1  78 59 1 2 0 23, xy, I l l ,  - 3A 1 67 4 1 1 .5 
22, xy, I l l ,  -4A 1 (6.0%) Cl) 1 8, I l l ,  -BA 1 ..J xy, 

..J 
w 
(.) 25, -xy, I l l ,  1 2 1 ,  xy, ·-I l l ,  -4A 1 
LL. 24, xy, -I l l ,  -·A 2 2 1 .  -xy, I l l ,  -4A 1 0 

B1 3/72 1 0  22 193 0 236 274 1 93 21  
24, -xy, I l l ,  -A 2 20, xy, I l l ,  -6A 1 

a: 1 0  1 38 1 6 23, xy, I l l ,  -3A 4 19,  -xy, I l l ?, -6A 1 236 3 1 0.4 
w 
Ill 23, xy, -I l l ,  -2A 1 ( 1 .3%) 
� 22, xy, I l l ,  -4A 1 :;) 
z 

23, xy, I l l ,  -3A 2 18,  xy,  -I l l ?, -7A 1 
22, xy, I l l ,  -4A 1 

B76n2 7 8 7 1 06 2 0 1 30 1 0  140 1 06 2 7 8 2 1 ,  xy, -I l l ,  -4A 1 1 30 7 2 1 .5 
20, xy, -I l l ? ,  -6A 1 (5.4%) 
19,  xy, I l l ?, -7A 1 

TOTAL 23 21 34 389 6 0 473 64 537 389 5 33 1 6  25 5 473 1 6  5 1 .1 
(3.4%) 
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Ram Identi- 1 Numb er of C ells 
fication Showing 

Chro:no s ome 
C omplement 

4n 6n 8n 

Link 1 966  I 1 0 0 

HI1199/58 4 0 0 

B1 1 6/7 1  7 0 0 

B1 3/72 26 4 1 

n76/72 1 0  0 0 

Total 48 4 1 

TABLE V. 1 3  

MASS�f I I I  ROBE RTSONIAN TRANS L08ATI ON HETEROZYGO TES (53, xy,t
�

) CHROMOSOME 

C OUNTS FROM POLYPLOID C ELLS AT Di ftJ( f NES T S -METAPnAS E I TAGES 

4n 

Analysis of Polyploid C el l<'. 
6n 8n 

I 
I I 
i 

N . A .  Total 52 , 2xy , 2III  f 5 1  , 2xy, 2III  78 , 3xy , 3I l1 �- Other C e lls 1 04 , 4xy, 4I Ii J N . A . 
I I ! 

0 1 1 0 0 
I 

0 0 I 0 

I I I I 
0 4 4 0 0 0 0 I 0 I i : -

I ! 4 1 1  5 2 0 I 0 0 4 

I I I 
7 38 1 5  1 1  4 0 1 I 7 I 

I I I I r I 
I 

0 1 0  7 3 0 I 0 0 0 
i I 

1 1  64 I 32 1 6 4 0 1 1 1  

--------

N . A .  = No t Analysed 

Total 

1 

4 

1 1 

38 

1 0  

64 

m 



Pla t0 V. 21 : .., - 1 . l . 1 . . f '=\1 7/ �-2 ( c:� t - ) !... e J J. n cnaKln esl s · . rom .1.: :; f -::;) � xy , -3 . 
'j'h ere are 26 chromosoJ!al eJ.e:nent s inclu ding 

a triiTaJ.ent (III ) and a s e:x bivalent ( arroi'red ) .  

I11 di vidual chromat:i. ds are clea r j_n s o:ne 

bival ent s ( smal l  arrows ) .  
( Aceta-orcein . x 2 , 000 ) .  

Figure V. 4 :  Karyo type o f  cell i llus trated i n  Plat e  V. 21 . 
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Pla te. V .  2 2 : 

Plate V. 23 : 

Cel l  in di akinesis-metaphase I fro:n B1 1 6,/7·1 
( 53 s xy , t� ) .  'l'he re are 26 chr or;w sornal e l ement s ) 
including a s ex b i va l en t  ( a rroo·i ) and a triva lent 

( I I I ) .  

( Ac e to-o r c ei n . x 3 , 000 ) .  

C ell at metaphase I from B1 1 6/71  ( 53 , xy , t3 ) .  

Th ere aTe 24 au t o s oma l bival en ts , a triva lent 

( I I I )  and s eparated X and Y chromosomes . 

( Ac e t o - o r c 3 i n . x 3 , 000 ) .  
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Pla te V .  24 : 

Plate V. 25 : 

C o} l  at m 9taphas e I from Bl�IL99/ 58 

There are 24 autos oJTlg_l bivalents , 
a tdval ent ( I I I ) and separated X and Y 

chromosomes . 

( Aceto-orcein . x 2 , 500 ) .  

C:e J.l at metaphase I from B·! 1 6/7 1  ( 53 , xy: t3 ) . 
There are 27 chromosomal e l emGnts includ.ing 
three large biv::tlents ( 1 , 2 , 3 ) , a trivalent ( I II ) 
and an XY bivalent .  T1w extra elelilents whi ch 

are possibly univalents are present ( small 
arrovrs ) . 
( Aceto-orcein . x 3 , 000 ) .  
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Q The tri val ent 

Tb a morph o lo gi. cal 2.pp earance o f  

th e t:ci val ent s e en in c e l l s  at the d i plot en e ,  diaki n e r;i s-metapha s c  I 

s t a ge s  i n  ':;O.Ch o f  the Rob ertsonian translo cati on hetero zygo te typ es 
vari ed from cell to c e l l . Tru_ s variation was dep end ent o n  th e type 

of trans location chr ::mn s orn e  involv e d  and on the numb e r  and l o cati on 

o f  the chiasmata in the trivalent . 

Some examp l e s  o f  the mai n  t yp e s  o f  triva l en t o b s e rved i n  

c e l l s f rom Has s ey I Rob ert s oni an trans l o ca t i o n  h et ero zygo t e s a re 

shown i n  Pl ate V .  2 6 .  The s tructure of s c m e  o f  th es e  trivalents has 
b ee n  ,shovm in f'_._ f,lJ_re V .  5 .  The m aj ori ty of tl1 e t ri va l ents had t hr e e  

chi a smata i n c lu c E ns· o ne i n t ersti ti a l and o:ae t er:rninal chi a sma ·b etl.veen 

th e l o n g  arms o f  t i1 e t rans l oca ti on s ubm etac sntr:i_ c chr cJncsc:lle  and i t s 

h om o l o gu e , and one int e rs t i t i a l  o r t e rminal c r,i a sma b e twe en th e shor t  

arms . Tri va l ent s  having great er or fewer chi asmata w e r e  rar e .  

?la t e  V .  27 shows a range o f  cu t- out triva l en t s  from primary 
sp ermat o cy t e c e ll s  i n  the  Mas s ey I I  Rob ertsonian t ransl o ca t i on hete r o-

zygo t es . Sugges ted i nterpretations of a f evJ o f  th e configurations 
are sh ovm in Figu re V. 6 .  Four chi a smata w ere c ommonly s een in thes e  

t ri va lent s .  One in t ers ti ti al chi asma and one t ermi nal c hi a sma vrere 

found on each side of th e c en trom ere of the metaccn tri c t rans lo c ati o n  

chr omo some . Occe.sionf=':lly t riva l en� ;s  I·Ii th bro cl:!.i as.mata ( one inter-

s t i t i a l  chi a sma on ea ch s i d e ) and thr e e  chi a smata ( one int ers ti t i al 

chi a sma and h;o t ermi nal chiasmata ) l•rere s e e n .  

Triva l ents from p rimary spermato cyt e s  i n  t h e  Ha s s ey I II 
R ob e rtsoni an translocation h e t e ro zygo t e s  like thei r cou � t e rpart s i n 

the Mass ey I Rob er t s onian translocation heterozygotes , commonly had 
three chia smata , one int e rs t i ti al and one t erminal chiRsma invo lving 

the long arm s , and one i n t e rsti t i a l  or t ermi n al chia sma invo lving the 

short arms of the �mbm e t acent ri c trans l o ca b_ on chromosome and i t s  

acro centri c homo logu e . Tri val ents wi th t1v o c hi as mata vrere s e e n  bu t 

none 1vi th a gr ea ter number than three 1v ere ob s erved . Examples of 
t ri valent c o nfi gurat i ons and suggest ed int e:rp reta t i ons o f  s ome of 
the s e  are shown in Pl a t e  V .  2 8  and Figure V .  7 .  · N o triva l ent was 
:found wi th m o r e  than one chiasma on i t s short arms from ei th e r  the 
Massey I or Mas s ey I II R o b er t s o n i an translocati on heterozygot e  type s . 

l'l"\0 �  
Although tri valents 'v i th g£ s · r �han three chi asmata t\1,;- chias.""o.\01. 

( 53 , xy , t3 ) and four chiasmata ( 53 , xy , t �  and,ft3 , xy , t2 J were no t i denti-

fi ed i n  thi s s tudy , their exi st ence c anno t be  excluded as it v1a s not 
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p o s s i b l e  to show the exa c t  confi gurati on of many of the t rivalents 

s e en . Th e " C -b anding" t echni qu e enab l ed the c entrom ere p os i t i on to 

b e  det ermined in o. fe�r examp l8 s o f  t h e  t :ri va:t ar.t types describ ecl . 
The c en t rorr.ere s u e r e  pre s en t  as clo. rk l y  s tained reg:i. o i.lS (Pla t es V .  1 6 , 

V .  26  and V .  27 ) . 
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Plate V. 26A-L : 

Figure V.  5 :  

Cut-ou t trivalent s  from dial:iner:>is-m<:: taphase I 

e e l l G  to d emons trate th e range in mor:pholO£;.f 
( 5 3  , xy � t 1 ) . 

( D ,  C-bru:tde d ;  A- C ,  E- 1 ,  a ce t o- o :ccein� x 5 , 000 ) .  

Suggested interpretati ons of s everal o f  the 

trivalents i llus trat ed in Plate V.  26 .  

Numbers vf chiasmata are given b e low· each 

drawing. 
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Plate V. 27A-L : 

l<"'igure V .  6 :  

Cu t-out  trivalents from diakinesis-metaphase I 
cel ls to  demons trate the range in morpho }_ogy 

( 53 , xy , t2 ) .  

(A-H ,  ace to-orcein;  1 -K , C-banded . x 5 , 000) .  

Sugge sted int erpretations of  repreaentntive 

trivalcnts from Plate V. 27 . Numbers of 

chiasrr.c.. ta are given b elm: eac�1 dra1ving. 
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Pl? t e. V. 28A--L : Cu t-ou t triYalents fro:-o. d iakinesi s-met.:::.pha s e  I 
ceJ. l s  to d ew.ons trc;.te tll G r&nge in morph o logy 

( 5)  , xy, t3 ) . 

( Ace to-orcein . x 5 , 000) . 

Sugges t ed i nterpretati ons of s everal cf th e 

triva l ent s i l lus t�a t ed in Plate V.  28 . 

Numb ers of c"biasma ta ars given b elow each 

dra-vring. 



·A c D 

E F G H 

j K L 

2 8  

A c D 

I 
lt 

I I ' ' 
n. 

I \ ' 

3 .•)t-; - ... ... 

\.:-� 
. , ' . 3 

.. .. 
3 

F H L 

J!d � ~ , .t 
', ' ... • 

• •  

-; ' \ t 
J ,f 

.. ..... 
,-� ···-;..· · 1� 
3 3 J 

7 



Tat, les V .  1 4  and V .  1 5 show the 
resu l ts of chromoso�:: e  c ounts from th2 h10 homoz;ygous ram s i n c luded 

in this s tudy . A t o b l  of 21 3 c e ll s  vrere ana l ys ed from the IvJa ss ey I 

Rob erts oni an trans loc ation homozygo t e  and 96 from th e Ma s s e y  II I 

R o b e r t s o ni an t rans l o c a t i on homozygo t e .  The s e  t o ta l s  i nclud ed 1 9  

(8 . 9  p er cent ) po lyp l o i d  c el l s  i n  th e Massey I and 1 2  ( 1 2 . 5  per c ent ) 
po lyp loid c e l l s  i n  tlJ e  Mas s ey I I I  Rob erts orLi.an t ran s l oc a t i o n  homozygous 

ram . In  both homozygotes a modal numb er of 26 chromos oma l b odi e s  per 

cell was ob served . Five cells from r am B5 5/70 w er e  hy p enno d & l .  

C lose  exc::.mir:a 1.: :i.on c f  d i ak i n e s i s-m etaph a s e  I ce lls showed 

that a lthough a s imi l ar numt er o f  cb romo s o;:.:.al fi gure s to  tha t c ounted 

in Rob er t sonian t ra� s l oc a t i o n  h e terozygou s ram3 i s  ob s erv ed in these 
c e ll s , th ere are some difference s in the numb er and types o f  element 

ob served . Four large bivalent s �  2 1  sma l l  bival e nt s  and a sex bival ent 

are u sually s een .  Thr ee of  the  large bivalents are the  paired meta-

centri c chromos omes as s een in h etero zygotes , whi le the fourth i s  

compo sed cf the pai red t ranslo cat i on chromos0mes and i s  really a quad-

rival ent made up of four a croc entri c chr omosomes . Thi s c e ll compo-

si ti on vms recorded in 1 50 cell s from B55/70 ( 5 2 , xy , t
1 , t 1 ) and 7 6  

c e l ls fJ.'Om A1 34 ( 5 2 , xy , t3 , t3
) . Examples o f  diakinesj. s cells from 

the s e  rams are sh0wn in P lat es V .  29 ard V .  30 and Figures V.  8 and V .  9 .  

The s ex chromo somes v1ere s eparated in  three o f  the five cells 

i n  �.;hich count s of 27 chromo somal e l ements v1 ere reco rde d .  An exampl e 

o f  thi s i s  shown i n  Plat e V .  3 1 . I t  was thou ght that t1-ro univalents 

w �re pre s ent i n  tvro cells wi th count s o f 2r( chromosomal el ement s as  a 

s ex b ivalent 1vas observed in b o th c e ll s . 

Hyp o d i p l o i d  chromosome counts were due to chro::!losome loss . 

The apparent polyp loid c el l s analysed were all shown t o  b e  

t etraploid. 
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TABLE V, 14 
ROBSHTSONIAN TRANSLOC ATI ON HONOZYGOTES 

CHRONOSOME COUNTS FROJo! PRINARY SPER!-!ATOCYTE C ELLS AT DI AKINESIS-METAPHASE I STAGES -------
Ram I denti- Number of Chromosome Numb er of To tal 
fica ti on Bodi es/C e::. l Total Polyploid Includ.i.ng 

� 23 24 25 26 27 Cells PolYPloid 23 , x , y , I I  2 6 , xy , I I  2 5 , xy, II-A �24,±.xy ,±.II , -xA 
Cells 

Drysdale 
Massey I II A1 34 1 · o 7 76 0 84 1 2 96 0 76 7 1 
Hcmozygote 

Romney 
B55/70 �iassey I " 1 9  6 1 4  1 50 5 1 94 1 9 21 3 3 1 50 1 4  25 

Ho:nozyeote + ( 2 27 , xy�I I ,  
+I+I? 

Total 20 6 21 226 5 278 3 1 309 3 226 21 28 

Total Number Number C e l ls With 
C ells xy Associated With 
Analysed Autosomal Bivalent 

84 3 

1 94 7 

278 1 0  

Number of C ells 
Ylith x and y 
Separated 

0 

3 

3 

N N 



TABLE V. 1 5  

RQBEHTSONIAN TRAJ'�S LOCATi ON HO.YiOZYGOTES 
CHROMOSOME C OUNTS :FROM POLYPLOID PRU1ARY SPERMATOC YTE C ELLS AT DI AKINES I S-METAPHAS E I STAGES 

Numb er of C e l ls T o t a l  Numb er Analys i s  of Po lyploi d  C el ls 
Polyploid C e lls 

4n N . A . 5 2 , 2xy, 2I I  4 52 ,  2xy , 2 I I  

Drys da le 

Mass ey III  7 5 1 2  6 1 

H omo zygo t e  

(A1 34 ) 

Romney 

Mas s ey I 
H omozygo t e  1 6  3 1 9  1 1  5 

(B55/70) I 
Total 23 8 31 1 7  6 

N . A. = N ot Analys e d  

N v� 



Plate V .  2 9 :  C ell  in diakinesis from B55/70 ( 52 , xy, t 1 , t1 ) .  
There are 26 chro:nosom'.:ll ele:nents  including 
fo�r large au t o s omal bivalent s ,  21 small 
autosomal bivalents and a sex bivalent . 
( Ac eto-orcei n .  x 2 , 000 ) .  

Figure V .  8 :  Karyotype of cell  i l lustrated in Plate  V .  29 . 
The fourth largest  bivalent i s  formed by the 

paired translocation chrom o s o:nes . 
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PJate V .  3 0 :  Cell  in diakinesis from A 1 34 ( 5 2 , xy , t3 , t3 ) .  

There are 26 bivalents i ncluding three large 
autosomal bivalents ,  a translo cation bi.valent 

( t ) ,  21 small autose>mn.l bivalents  and a sex 
bivalent ( arro�ed ) .  

( Aceta-orcein . x 3 , 000 ) .  

Fig� V .  9 :  Karyotype of cell i l lustrated in Plate V. 30 .  

The translo cation bivalent  is the fourth 
largest autosomal bivalent . 

I I 
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Plate V. 3 1 : C e l l  in metaphase I from B5 5/70 ( 52 , xy , t , t ) . 1 1 
There are 27 chromoso.:nal elements including 

s eparat ed X and Y chromosomes . 

(Aceta-orcein.  x 3 , 000 ) .  
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(c) Discussion 

Th e percentage va h e s  for hypomodal , 
moclal and hyperrnodal cells from tb e translocati on types included in 
thi s  study are givon in  Table V .  1 6 . 

TABLE V . 1 6  
PERCEFT_A r�ES QE:.JJYPOIW"pAL , f•10D .AL AJ!J) RYPEP.TiQD.41 C ELLS AT 

DI AKI EES IS-i·I ETA PP:; ::JS I J N nOl�l!:ii.l'SOIU PJi 'l�u,; : s LOC .A'l'::. OE-
C.AHJ\.Y ING RAi·1S 

% % o·f (v 
Rypomodal  Nodal Hyp2ril10dal 

5 3 , xy , t
1 

1 6 . 4 8 2 . 7  0 . 9 

53 , xy , t
2 

1 3 . 2  8 5 . 2  1 . 5 

53 , xy ,  t3 1 6 .  5 82 . 2  1 . 3 

52 , xy, t 1 , t1 20. 1 77 . 3  2 . 6 

5 2 , xy,  t
3

, t3 9 . 5  90. 5  o. o 

[54- , xy 1 6 .  2 8 1 . 8  1 . 9 J 

The valu es recorded in the translo cation-carrying rams are 
similar to and show the same trends as those  for normal rams . There 

are few hype:t"'lllodal cells but a greater proporti on of hypomodal cells . 
Most hypermodal counts have been sho-vm due to ei ther separation of 
the sex chromosomes or separation of the chromosomes in autosomal 
bivalents . No cases of s eparation of the chromosomes invo lved in  
the t rivalent w e r e  recorded in thi s  study.  

Asso ciations betueen s ex bivalents and small autosomal 
bivalents were observed in 4 . 7  per cent , 4 . 4 per cent and 3 . 4 per c ent 
respec tively of the c ells in the Jl1assey I ,  II and I l l  R obertsonian 
translocation heterozygotes studied . A similar value o:t' 3 .  6 per cent 
was recorded for each of  the Robertsonian trans locati on homozygous rams 
s tudi ed. .  The levels found in  the Rob ertsonian translocation-carrying 
ran;s were comparable  \oJ"i th those recorded for the normal rams examined.  
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The s ex chromos omes were s eparated in from 0 . 5 per cent to 1 . 5 per 
cent of  the diakin esi s-netaphase I cells s tudi ed in Rob ertsonian 
tran s lo cation-- c arrying rams . These levels were wi th in the range 
reported in the nc;rrrH:�. J. rams . 

Vari ous nutlbers of c e J ls with separated sex chromosomes 
have b een reported. :in human D/ G tra.ns location carri e::.·s . Mikke J.sen 
( 1 966 ) and Hulte'n and Lindsten ( 1 970) reported low numb ers of  ce lls 
vli th this anoilla ly in D/ G trans loca b on carriers corupar ed vri th the 
numbers seen in normal men . Hamerton , C m-.rie ,  Giannelli , Briggs 
and Polani  ( 1 96 1 ) reported a higher level bu t even thi s vras st ill  
vri thin the raLge reported fo r normal men . Ht.1.lten and Lindsten ( 1 970 ) 
have sugge s t ed therefore thnt the translocation  chromo so�e does n ot 
exert an "interchromosomal effect 11 • �us iavsson ( 1 969 )  reported 
separation of the s ex chromosomes in 28 per cent of tlw cells from 
one h e teroz,ygous carrier  o f  a 1 /29 translocation but di d not comment 
on thi s phenomenon . This value i s  less than the value recorded in 
normal cattle by Popescu ( 1 97 1  , a ) . The cau s e s  o f  non-associ ati on 
of the s ex chromosomes have b een di scussed in  Chapter IV ,  s ection 4 
( vi ) .  Random segregati on o f  sex chromosome univalents at the fi rst 
mei oti c divi si on could be  one of the causes of sex chr omosome aneuploidy . 
Failure of the association betvreen the X and Y chromo somes in the 
maj ority of cells at the diakinesis and metaphase I stages has b een 
reported in conjunction wi th s teri li ty in mice ( Beechoy, 1 973 ) and man 
(Mci lree et al . , 1 966 , b )  and i t  has b een sugges ted that the association 
b e t\-.reen the s ex chromosomes in  some species may be necessary for normal 
spermi ogenesis ( Beechey,  1 973 ) .  

Trivalent formation at tho diakinesis-metaphase  I s tage is 
characteristic  for heterozygous  carriers of Robertsonian t ranslocations 
involving non-homologous chromosomes . This  was first repor ted in a 
ram heterozygous for the Mass ey I Robertsonian trans locati on by Bru�re 
( 1 969 )  and has been reported in many other specie s (Kj ess ler , 1 964 ; 
Evans , Lyon and Dagl ish , 1 967 ; \:Jhite and Tjio , 1 967 ; Gus tavsson , 

.. 

1 96 9 ;' Hul t�n and Lindsten ,  1 970 ; Gropp , Tettenborn and Lehmann , 1 970 ;a ;  
Tettenborn and Gropp , 1 970 ; Chandley et al . , 1 972 ) .  Bivalent 
formation is  characteristic  of homozygous carri ers of  a Robertsonian 
translocation involving non-homologous chromosomes . Thi s confirms the 
findings of 'vlhit e  and Tji o  ( 1 967 ) and Gustavsson ( 1 969 ) . 

S everal of the t rivalent configurations obse1·ved in cells from 
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tb o Nass ey I and Ma s s e y I I I  R ob er t s o ni an t rans l o cati on h e t erozygo t e s  

were s j_mj_ lar t o  th o s e  d e s c ribed in t h e  human D/ G triva l ent .  A 

s irni lnri ty a J_ s o  eYi s �; F;rl  b e h,' een U1 e c onfj_g-nra t i ons rcop o r t ed in human 

tr. o c; e  s een i r.. the primary s pe rma-

t o cytes from Mas s ey I l  Rob erts nnian trans J c cati on h e t e r o zygo t e s , 

a l thou gh the:re '//as a grea t er 'n!rj _o U_ c) ;; j n  t rive.l er.t types i n  the human 

ce ll s . 
There 1·ia s no evi cle:1 c c  o 2� dL�p::;.:ci ty L1 the s i z e o f  the b l o cks 

o f  centrome:!:'i c  he t er o ch romati:ti �c11 th e s ora :ra.te h omol oeu e s  wh en compared 

wi th tha t on the t r a n s l o cation chrom o so me in the tri v a l en t . Evi dence 

from mi to b . c ITJeta:plw.ses  ha�: sho;m tr1 at the Mass .2y I and I I I  Rob er t s o n i an 

tra.n s l o c; u L i on chroJ;;o soJC·.es h ave a larGer b lo d-:: of  cent rO!r.eri c het ero-

ch roma t i n  than is found on ei ther of the acro c entri c  h om o l ogu es , 

vlh erea s th e l�ns s ey I I  R ob erts o ni an t ran s l o ca t i o n  chromo some d o e s  n o t  

s h m·r t h i s  featu re ( Br-u�r e  e t  a l . , 1 9 74 ; App endi x XX) .  C hand l ey and 

Fl e t ch e r  ( 1 973 )  hav e corJIDented en th e s i z e  di fferen c e  b e tl,-e en the 

b l o ck s  of c en t romeri c h e t erochro m a t i n on th e fus ed D chrom o s om e s  of a 

triva l ent c or:.p ared w i t h  those on t h e i r  s eparat e homo l ogu es . Further 
,, lt 

w o rk n e ecls to b e  d on e wi tb th e C-banding t ec.hni qu e i n  trans l o cat i o n-

carrying ra.IJ1S in o r d e r  to s ee lvh e t h e r  o r  n o t  the s e  fea hn· e s  are a l s o  

chara c t e ri s t i c o f  th e IIJas s ey I and I I I triva l en t s . 
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( iii ) ANALYSI S  OP SECONDARY SPERMATOCYTES 

r1et aphnse figur8s i n seco:o.da:cy spennato cytes 
from Robertsonian translocation-- carrying :cam s  were analysed in a 
manner simi lar to the. i.; already der:: cri bed in Chapter I II section 5 ( i ) 
and Chapter IV section 3 ( i i ) ( c) .  

(A ) S tati sti cal Analysis 

��ere relevan t , secondary spermatocyte 
c ount results \·! e re cmalysed using th e ste.ndard method for the chi­
squared ex .. 

2 ) test ��i th the correction for c·ontinui ty vrhsre required 
( Snedecor and Cochran , 1 967 ) .  Counts from neighbouring classes were 
c ombined i f necessary to ensure tha.t the smallest e):pected number was 
at least one ( C ochran , 1 954 ) .  

I n  the comparison of heterozygo tes , homozygotes and normal 
groups ,  orthogona l comparisons after the manner employed vli th the 
analysis of variance were used ( Grant , 1 968 ) .  

The null hypothesi s was rej ected when probabi li ties of 
less than 0 . 05 ( p  ( . 05 )  were obtained . 

(B )  Theoreti cal Considerations 

a Rams heterozygous for a Rob ertsonian 
transloca tion 

At the diplotene , dia{inesi s and metaphase 
I stages of mei o si s  in rams het erozygous for the Tl!assey I ,  I I  and I I I  

Robertsonian trans locations ,  26 chromosomal figures a r e  usually seen. 
This numb er included : -

3 large bivalents ( 1 2  chromosome arms ) , 

trivalent ( 4 11 1 1  ) ' 

21 acrocentric ( small ) bivalents ( 42 1 1  11  ) ' and 

sex bivalent ( 2 !! " ) . 

The chromos ome complement of the secondary spermatocytes , and 
in particular the second metaphase s tages analysed by the author ,  is 
affec ted by the orientation of the chromosomes forming the trivalent at 



first  metaphase and thei r subsequ ent segregation at anaphase I .  

Trivalent s havi ng three centromeres  can orientate in various 
vJays clependine in part ,  on how the three ct:como s oG e s  are associated . 
I f  more than one trivalent i s  present , the trivalents orientate 
independently ( Lewi s and Joh...n. ,  1 963 ) . Assuming that regular di s­
junction o f  t!J e bivalents occurs a t  both first and second nceiotic  
divi sions , the chromosomal complement of  the gamete ''ri l l  depend on  the 
patt ern of disjun ction fol lowed by the trivalent . 

Theoreti. cally there are four p o s s i b l e  types of segregati on 
and eight possiblA segregation products if the chance that  fi ssion o f  
the translocation chroraosome ever occurs i s  i gnored . The range of  
chromosome type and numb er as vre ll  as the number o f  chromosome arms 
produced by each type o f  segregation are summariz ed in 'l'able  V .  1 7 .  

Alt ernate  segregation of the chromosomes of the trivalent 
l eads to the formation of chromosornally balanced metaphase II cells , 
and provi ded no disturbance s  of the meiotic  process occur  subs equently,  
t o  b alanced gametes : one a balanced trans location carrier 
26, t,x or 26 , t ,y, the other a normal 27, x or � gamet e .  

3 0  30 30 30 

Partial non-di sjunction in which the translo cation chromos ome  
toge ther vri th an acroc entric homologue pass t o  the same  pole  produces 
gametes carrying eitber a duplication ( n+1 ) or defi ci ency ( n-1 ) of  
chromosome material . Theoreti cally four di fferent types o f  gamete 
are possibl e  depending on whi ch of the acrocentric homologu es s egregates 
with the t ranslocation chromosome .  Thes e  s egregation types are 
s ometimes referred to in the li terature as adj acent non-homologous 
( non-homologous centromeres pass to  the same pole)  and adj acent 
homologous ( homologous centromeres pass to the same pole)  (Hamerton , 
1 96 6 ) . 

Total non-dis junction occurs when the translocation chromosome 
and i ts two acroce�tric homologues pass to the same pole producing 
gametes with duplication (n+ 2 )  and deficie�cy ( n-2 ) of chromosomes . 
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TABLE V �  
ROBERTSONIAN TRA.'N'SLOCATI ON HETEROzyGOTE : TYP ES OF SEGREGATI ON AT MI AND PRODUC TS FRm�T TRI VALENT Type of J I Segre t '  ga l O� Segregation 

----P.-

Alternate I ��l 2 1 / 

I X or y -j;otal -� J 

Partial 

! Kex * total number chromoso�es 
. - - - '- -· -- - r== total numb t::.J. vu.J. v w v 

some arms 
Total Meta = metacentric chromosom�s 
non-dis Acro = acrocentri c " juncti on t = translocation chromosome 

f B 

� � + 

. 2 1  I' 1 I 2 6  

t �--
1 I 

__!:__ 
I A + B 3; 2 ' -

30 

' A; E I ±6 -�; 23 

I __ 53/6 

I B 

! 27/ . 0 

. � B A; 3 I 
I 30 

�(' ")� B + B ! / 6 1 2 2/ 22 
-- _ , 

I A 
A

+ 3 I 
- "3! 

A -; 
6 

1 I 
' 60 

I B 

I / .  I 0 

t�l A/B + A � �-1"6/2 9 

� � -+ 
I I I 

13 I B 
" I --,�·- --

� 
I 

I " 
.  

I A/B ' I -k i 1 1 ' I 
A A/ A 

' I 

53/ 60 " 

�\// B . + A/ 3 ��� 
�� J" B + B / 6  1 1 - -�-_j 

, � I"" _ 

I 2 I 1 2s I 

I 3 I 

,----L- 32 

I 6 
0 1 I 

5 3 I 60 

I 1 251 28 

f\) '-.0 



]2. Rams homozygous for a Robertsonian 
trans loca tion 

I n  runs homozygous  for a Rob ertsonian 
t ranslocation , at metaphas e I 26 chromosomal figures IT!ade up o f  5 2  

chromosomes having 6 0  chromosome arms are observed i n  the maj ority of  
cells .  This nu�ber comprises : 

3 large bivalents ( 1 2  chromosome arms ) , 
trans location bivalent ( 4 chromosome arms ) , 

2 1  small bivalents ( 4 2 chromosome arms ) , and 
sex biveilent ( 2 chromosome arms ) .,  

The theoreti cal s egregation possibi li ti es  a t  the fir s t  
m eiotic  divisi on for the Robertsonian trans locati on homozygote  are 
summari zed in  Table V .  1 8 . 

These possibi liti es assume that malsegregation of chromosomes 
o ther than those i nvolved in  the translocation chromosomes does  not 
o ccur .  

( C )  Resu lts  

A total of 1 , 1 46 s ec c:r.dary S:!_)erma tocytes 
from the three di fferent translocation types I"J ere recorded .  Of these , 
1 05 5  including 1 1 6  polyp loid cells were analys ed . A fu r th e r  91  

polyp loid  cells ,,rere recorded but it was not possible to make accu rate 
counts from them . They \vere recorded in the tables under the heading 
N . A . (not analysed ) . Total metaphase I I  counts from each of the 
rams from whi ch t esti cular material was utiliz ed as well as the 
number of cells karyotyped from representatives of the translocati on 
types , are sumnarized in  Table V .  1 9 . ' 
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TAB LE V .  1 8  
ROBERTS ONIAN TRANSLOCATI ON HOMOZYGOTE TYPES OF SEGREGATI ON AT Ivii OF TRANSLOCATI ON B I VA LENT 

Type of  
Segrega t i or: S egr ega t i on Products Meta . 

t 

1\ A/B 
3/ 6 

Normal / 

t/B V 3/ 6 
• 

A/B • ... A/B Pachytene 
t 3 ;  

�· 
Total 

)B + A/B 
I 6 

non-dis •  
junc tion // I 1 numb er of  chromo somes 7 �\ * to ta 

tota 1 numb er of chromosome - 3 ' 
arms 1 6 

Meta = metacentri c chromo some� 
Acro = acrocentri c chromosome� 
t = trans location chromosome 

Acro .  1-0 

I 
11 /21 

1 / 
2 

J 
2 1 / 21 

1 /
2 

I 
2 '  2/ 1 / ? ' _ I  4 

21 / -

21 

I X o r  Y I Tot� 
I I I . 

1 1  , 1 261 I I 1 I 30 

I C):;J , I 

A ! / 
1 

1 / 1 

1 I I 1 I 

I I 60 
j 2 6; I · 30 

I I ! 27; i 32 ' I I i 52; 

25; 
28 

60 

\.>l 



TABLE V. 1 9  

C OU NTS OI•' IVJII  C E LLS Alm NUIJffi ER O F  IVIII  C ELJ,S K ARYOTYPED 

+'....-.. 
:>, t><: .. 

('<\ 
m 

1 1  
s::l 

(\) 

(\) 
+' .. 
:>, t><: ... 

('<\ 
m 

1 1  
s::l 

(\) 

('<\ 
+' .. 
:>, !><: .. ('<\ m 
1 1  

cG 
..-+' ... ..-+' ... 

:>, !><: 
N m 

('<\ 
+' .. 

('<\ -P .. 

Ram ldenfl HII C ells 
ifi ca ti on 

B46/69 ! 0 

B68/ 69  I 7 

B1 2/ 69 I 6 I 
B53/ 69 � I  58 <lJ 

236/67 ( B1 5 )  I ; I  9 
- � I  B26/70 0 

.D 

-ff; A1 82 . � BB/'72 

B71 / 69 

To tal 

B25/72 

B87/72 

- -

___,.. 
B68/72 i 

B66/72 
-

Total I 
Link 1 966 

ID1L99/58 

I I 0 

1 60 
,.0 

rl 
rl 6 1  Q) 

'r-r 1 5 1  0 
H 65  Q) 

-9 � I  5 4  

133 1 
4 

rl 
rl 1 0  Q) 

B1 1 6/7 1 I ; I  7 

B1 3/72 
H 
Ql 206 ..f2 

B76/72 � j 99 
I b26 Total i I ·--

B55/70 99 

A1 34 r;-3 
� F-· .. N. 'l'o t a l  939 m 

-

1 1  
Polyploid_ •ro tal Numb er o f  I I 
IHI C el ls ����:���s �� Karyo types 

0 0 

2 9 li 2 

7 2 

1 2 70 li , I 8 

I 2 I 1 1 1 1  8 
I 

0 I 0 I 0 
--

I 22  8 1  I 33 , , 

2 23 I 2 I 
I 

0 0 I 0 ! 

41  201 I 55  

1 3  74 l 3 

1 5 I 1 66 I I 4 ' --I I 

I I 83 !I 3 1 8  

7 6 1  1 0  
::xwuc;; �Jr- == 

53 384 20 

I ; 
0 4 0 

1 0 20 1 1 
I 1 0  1 7  I 1 0  

I 
64 270 I 29 I 1 3 1 1 2  ' 0 

I -I 423 I 50 97 --
1 1  1 1  0 1 2 

I 
5 28 1 

207 1 1 46 1 38 
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� J11a ss ey I R ob er ts onian translocat j_on 
heterozygo tes 

C oun b> of chromosome::. and cr.r omO fJ Om e  
a rms  1-1 ere mad e  j_n a tot al o f  1 60 c el l s  a t  t h e  me taplw::.� o I I  s tage in 

ram s (2n = 5 3 , xy , t1 ) . In addj_ ti on 4 1  p o lyplo id metaphus e  I I  c ells 

w ore record ed and 1 7  o f  thes e dnaly s e d .  Counts w ere arranged 

Hhere p o s sible under the :r, ea ding;,� sugg e s t e d  from the th eo reti cal 

s egrega ti on po ssibi liti es fo r the trans l o cati on chromos om e . C ells 

with coun t s  whi ch did no t fi t i n t o  the cat ego ries alt ernat e 

s egrega tion , partial non- d i sjuncti o!l. or ( t o tal ) non-di s j u nc t i on , 

1'l8Te listed. u D der the genera l heading "o ther c ell coun ts '' . A 
detai led analysi s o f  53 xy t c ell coun t s  i s  recorded in Tab les V.  20 ' ' ' 1 
and V . 21 . 

A modal numb er o f  30 chromos ome arms was f ound for each ram . 
Ryperm o da l  c e lls were recorded for four  of the six rams and hypomodal 

cells in all  rams .  

Iliploid cells �orere recorded ( Tab le V.  21 ) b u t  no c e l l s  wi th 
hi gher ploidy were ob s erved . The perc entage of po lyploid c e ll s  

vari ed from 8.  7 t o  27 . 2  p er cent ( 'l'abl e  V .  22 ) . 

Only four of the 1 3 p o lyploid me taphas e II  c e l l s  analysed 

had a euploid chromosome arm complement ( 60 ) .  
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TABLE V.20 

DISTR I BUTION OF CH ROMOSOME COU NTS IN C E L LS AT M l l  IN ROMNEY RAIVIS (2n = 53,xy,t1 ) 

Ram ALTERNATE PARTIAL 
SEGR EGATION NON-DISJUNCTION NON-D ISJU NCTION 

Identification 
21 ,t,y 22,y 'Zl,x 27,y 26,t,x 26�y 

Total 
26,x 26,y 27,t,x 27,t,y 

Total 
25,x I� 28,t,x or y 

Total 
30 30 30 29 29 31 31 28 28 32 24 25 

B68/69 3 0 1 1 5 1 1 0 0 2 0 

B1 2/69 Cl) 1 1 0 0 2 1 0 0 2 3 0 ..J -1 w 
B53/69 

(.) 
u.. 5 1 4  8 8 35 5 6 1 0 1 2  2 2 1 

0 
236/67 a: 
(B15) 

w 1 2 3 1 7 0 1 1 0 2 0 Dl 
::::2: ::> 

A 1 82 
z 1 1  1 1  5 1 2  39 4 4 3 1 1 2  1 1 2 1 

BB/72 5 4 1 6 1 6 1 2 0 0 3 1 1 

TOTAL 26 32 1 8 28 104 1 2 1 4  5 3 34 4 1 0 5 1 1 

-

OTH E R  C E L L  COUNTS 

22,y 23 24 24,t 25,t 25,t,y 25,t,x 26,t,y 

26 26 26 28 29 29 29 29 

1 

1 1 1 2 1 

1 1 1 

1 

1 1 1 1 1 3 2 1 

26,y 28,y 28,y 

30 30 31 

1 1 

1 1 

1 2 1 

Total 

0 

1 

9 

0 

6 

1 

1 7  

Total 
M 1 1  
Cells/ 
Ram 

7 

6 

58 

9 

59 

21 

1 60 
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TABLE V.  21 

DISTRIBUTION OF CHROMOSOME COUNTS IN POLYPLOID MII CELLS IN ROMNEY RAMS (?n = 53,xy. t1) 

Ram Ident­
i fi cati on 

38, t ty I L16 , txy I 46 ,  txy I .2..1.., txy I 49, txy 
4 2  I 5 1  I 53 55  56  

_2Q, txy 
56 

5 2  , xy I .2.1_, txy 
. 

.2.£, xy I 52 � txy I .2]_, xy 
57 j 58 58 I 79 j 59 N . A . II Tot' 52 , ttyy ! .2_2_, txy j 54 , xy 

6o 1 6o 1 6o 

B68/69 

B1 2/69 

B53/69 

I I I 1 I I I I I 

I T 
I 

I 

I l 
I I I 

11 1 1 1 2 li 11 l . -- -- ,- I . - I - - . f . .. - - - ]! 
I I I I I 1 I 0 1 1 

� ! I I ,. I I l l � 1 I I I I i . I I 1 l 1 0 1 1 1 2 

Cr-i I I ' I I I l I I 
23 6/67 I 0 I I 1: 1 I 1 0 I 2 
( B l 5 ) I � I : I I I I 

.0 I I I I Q) I I I ' I I 11 � I I 1 1 I 1 I 1 . 1 1 I I j 2 11 11 1 1 1 3 I 22 A
1 82 

I ' I I I I ' ! 1 I o 
I 

B8/72 
I 
,, 2 I 
I I Total I 1 I 1 I 1 I 1 I 1 

I 1 I 1 I 1 I 
1 I 1 I 3 I 1 I 1 

I 
2 

1
24 

!1__:_ 

N . A.  = No t Analysed 
. 
' \. 



TABLE V.  22 

·--·-- ·---
Ram I den t- JV.i.I I  c el ls Polyploid Total % Polyploid 
i fi cation MII cells  

B68/69 7 2 9 22 . 2  

B 1  2/69 6 7 1 4 . 3 

B53/ 69 58 1 2 70 1 7 . 1 

236/67 9 2 1 1 1 8 . 2  

A1 82 59  22 · 8 1  27 . 2  

BB/72 ?1  2 23 8 . 7  

1 3 6  



Tabl e  V.  23 sho1-rs the dis tribution of  euploid and aneuploid 

metaphase I I  figures  accordi ng to the number o f  chromosome arms per 

cell .  

I n  t h e  s i x  rams s tudi ed ,  the  frecru ency of euploi d ce lls 

exceeded that of aneuploid cells  and ranged between ::5 3 . :5  per cent 

in B1 2/ 69 and 77 . 8  per cent in B1 5 .  However in b o tb th ese anima ls 

only a fm-r cells -v;ere  analys ed . I f  rams from v1hi ch fmver than 20 

m etaphase I I  cells  Here analys ed are excluded from the resul ts , there 

j_ s s t i l l  a variation b etvreen indivi duals 1-1i tl1 regard to the p ercentage 

frequ enci es of the various chromos ome arm counts . The modal numb er 

of  30 is found in b etween 62 . 1  and 76 . 2  per cent of cells a n d  an 

asy1nmetri cal vari a t i o n  from the eu.ploid val1_1.e i s  ob served ,.,ri th an 

excess  of hyp omodal ce lls . 

The relative percentage arm com:>.ts in the tln·ee  rgms B53/ 6 9 ,  

A1 82 and BB/72 from vrhi ch over 20 c e l l s  were analys ed are represent ed 

in Figure V. 1 0. 

Two estimate s  of aneuploid  spermatocyte freqHency were made . 

Both were based on the method u s ed by Cattanach and Mos eley ( 1 973 ) .  

The first  estimate  gave the to ta l  p roport i on o f  cells with either 29  

o r  3 1  chromosome arms and the s ec ond was derived by doubling the 

frequency o f  cells wi th a chromosome arm cou n t  of 3 1 . Cattanach 

and Moseley ( 1 973 ) consider that the  former frequency may b e  an 

overestimate of the  frequency of  8. n eu p l o i d  s p erm<·tt o z oa. wb:i. Je the 

lat t er may be an underestimate . The frequenci es calculated for the 

three  rams from whi ch at least 20 metaphase I I  cel ls were analysed 

were as fo llO\vS : 

29+ 3 1  31 x2 
(%) (%) 

B53/ 69 2 9 . 3 1  6 . 90 

A1 82 23 . 7 3 1 3 . 5 6 

BB/72 1 9 . 05 o. oo 
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TABLE V .  23 

DIS TRIBUTION O F  EUPLOID (N . F'./2 ·: 30) AND ANEGPLOID (N . F./2 ( or )30) HI I FIGURES IN RONNEY 
Rill�S (2n = 5 3 , xy , t1 ) 

R-?.m. I dent-
i fi cation 

B68/ 69 

B1 2/ 69  

B53/69  

23 6/ 67 
(B 1 5 ) 

A1 82  

B8/72 

To tal 
- - ·- --- ---

< 28 28 
N % N I % 

o I o 1:/) 0 0 
r-l I 
r-l 
(J) 

0 1 1 6 . 67 0 0 

Cr-i 3 5 . 1 7  2 3 . 45 0 

H 0 0 I 0 0 
(J) p s � 1 

1
1 . 69 3 5 . 08 -

I ! 
0 0 �-.7� 

3 . 1 3 t 6 1 3 - 75  5 --- -------- -- __ _j -· -

N = number o f  cells 

% = percentage o f  ce lls 

(N . F. /2 ) I 29 30 I 31 :> 3 1  I 
N % N % 

I N % N % I T o ta l  -
2 28 . 57 5 7 1  . 43 0 0 0 0 7 

1 1 6 . 67 2 j 33 .  33 I 2 133 .  33 0 0 I ' 6  

1 5 2 5 . 86  36 6 2 . 07 2 1 3 .  45 0 0 I 58 1 1  i 
1 1 1  . 1 1 7 77 . 78 1 1; 1 • 1 1 0 0 9 

I 
1 0  1 1 6 . 95 , 41 69 . 49 1 4 6 . 78 0 I 0 5 9  

I ' 

4 1 9 . 05 1 6  76 . 1 9  0 0 
I !l 0 0 2 1  -

33 20 . 63 1 07 66 . 88 I 9 r 5 . 63 0 0 I! 1 60 
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1 00 

9 0 

80 

% 

ft:l:l:l:l:l:�:l:l:J B 53/69 (58 M l l  = 100%) 

� A 1 82 (59 M l l  = 1 00%) 

l:::::;:;j B 8/72 (21 M l l  = 1 00%) 

< 2 8  2 8  2 9  3 0  3 1  > 3 1  
Figure V. 1 0  NUMBER O F  CHROMOSOME ARMS 

Frequency histogram showing the distribution of euploid (N .F ./2 = 30) and aneuploid 

(N .F ./2 < or > 30) M l l  figures in three Romney (53,xy,t1 ) rams. 

1 39 



The frequency o f  aneupl oidy vari ed b etvJeen rams and in 

each cas e the es timat ion of aneuploj d frequ ency bas ed on the 

hypermodal ce l l  counts >·ms consi derab l y  sma l ler than the e stimate 

bas ed on the 2 �� 3 1  chromosome arm count s .  

A chi -squared ana lysis shov;ed that there were no 

signifi cant di fferenc es b e tween rams ( 53 , xy , t1 ) with regard to  the 

distribution of euploid and aneuploid ce lls vTh en these vrere 

cons idered as groups . 

Approxima tely equal numbers of balanced trans locati on­

carrying and norrr;al c ells were produced (Tab le V. 20) (")(2 1 not 

signi ficant ) , and of thes e trans locati on--carrying cells , approx­

imate ly 50 per cent carri ed a Y chrowosome and 50 p er cent an X 
chromosom e  (�( 21 no t signi fi cant ) ( Tc:..ble  V .  24 ) . 

There was no statistically signi fi cant departu r e  from 

the 1 1 : 1 :  1 rati o  expected for each o f  the four p o s sible cell  

classes  produced by a l t en1at e  s egregation . 

When cel l s  from a ll class es ( eup l o id plu s  aneuploid ) 

were combined , a departu re from the exp e c t ed 1 : 1 : 1 : 1 ratio o f  

trans l o cati on-carrying male : transl o cation-carrying f emale : 

male ( Y )  : female (X) cells \-las observed (/( 23 = 1 0 . 52 p (  . 05 )  v.ri th 
fewer trans location-carrying female (X) c e l l s  and more non- trans­

locati on-carrying male  (Y )  cells  than expec t ed (Tabl e  V. 25 ) . 
However , there vras no s igni fi cant departure from the 

expec t ed 1 : 1 rati o  of X and Y carrying ce lls when data vms 

pooled  (Table V .  26 ) . 
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TABLE V. 24. 

-

Ram I dent- ( N . F./2 = 30 )  ( N . F ./2  < or )30) 
i fi cation Euploid  Aneuploid 

+ t , y I + t , x  I -t , y  I - t ,�x 1 -t , y  -t , x  

B68/ 69 I� r 1 1 0 3 o 1 o 1 1 

B1 2/ 69 
GJ I  

' u  0 0 1 1 2 0 1 1 

B53/69 
ct-J I I 
0 8 8 1 5 5 3 I 2 7 7 

- I 

236/ 67 
i-l l  I GJ I  1 3 2 1 0 1 1 0 (B1 5) - � I  I ::i �� I I A1 82  1 2  5 1 3  1 1  3 3 6 5 

I 

B8/72 6 1 4 5 0 1 2 2 
·- -· - --

Total 28 1 8  35 26 8 7 1 8  1 6 

TABLE V .  25 

Ram I dent- I 
ification +t , y  +t , x  �y -t , x  

I I -

B68/69 1 1 1 4 
UJ I 

rl I B1 2/ 69 rl 2 0 2 2 Q) 
u 

B53/ 69 Cf-.! 1 1  I 1 0  22 1 2  0 
236/ 67 H 1 4 3 I 1 
(B 1 5) 

Q) 
.n El 

A1 82 � 1 5  I 8 1 9  1 6  
t--·-j_ __ 

BB/72 6 1 2 6 7 

Total 36 25 53 42 



< 28 

X 0 

y 3 

TABLE V. 26 

DI STRIBU TION O F  S S.X C ill{OHJSOl':iES I H  

28 29 

4 1 4  

1 8  

. - ---- ------·--
MII C EUJS 

(N . F./ 2 )  

30 

44 

63 

3 1 · > 31  

5 0 

4 () 

I Total 

67 

89 

Th e resu lt s  showed that there was no preferen ti al 

s egregation o f  the t ransl o ca t i on chromosome with ei tter o f  the sex 

chromo s omes i n  the eup loi d  gamet e c la s s es bu t the. t vThen re su l ts 

from euploi d a nd aneuploid c e lls 1v ere p o o l e d , non- trans loca t i o n  X 
and Y b earing c e l l s  predomina ted . 

A s e l e c ti on o f  metaphase I I  c e l l s  inc luding balance d 

trans location-carrying cel ls , n o rmJl c e l ls and so me aneuploid c e lls 

are shmm in Pla t es V. 32 t o  V.  39  and Fi gures V.  1 3  to V. 1 6 .  

1 42 



,P..J. ... a te V. 32 : Me taphase I I  cell from A1 82 ( 53 1 xy, t1 ) . 

There are 26 chromoso:nes includint:; a 

trans location submetacentric ( t ) and a 
Y chromosome ( arroNeu ) .  
(Aceta-orcein .  x 4 , 200 ) .  

Fi � V.  1 3 :  Karyotype of cell  i l lustrated in Plate 

V. 32 .  There are 30  chromosome arms . 
The translocati on chro�osome i s  the fourth 
largest chromosome . 
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Tktapb a s e Jl cell from 236/ 67 ( 53 , xy, t1 ) .  '.rhi s  
is  a balan ced translocati on-carrying cell  vrl th 

26 chrr;mosOL1es and 30 chromosome arms , The X 

cln'orno � ':Jme and the transl ocation chronos ·::Jme are 
id en ti fie d .  
(Aceta-orcein,  x 4 , 200 ) . 

F:hf?2re V.  14 :  Karyotype of  cell i llus trated in Plate V .  33 . 
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Plate V. 34 : M8tapha se I I c e l l  from Be/ 72 ( 53 ,  xy , t. ) . 
I 

T};lcre are 2'7 ehromoso:nes  inc:Luding an X 
chroJ1loso m e1 e nd 30  chr omos o:ne arws.  
( C-banded . x 4,  000 ) .  

�� V. 15 : Karyc type o f  c e l l  i llus tra t e1 in P late V.  34 . 
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Plat e V .  3 5 : 

Plate V.  36 :  

M8taptase I I  c e l l  from A 1 8 2  ( 53 , xy , t 1 ) . 
'l'hcre ar e 30 chrom o some arm s and 2 6  

chro mo �ollies including a translo cation 

subm etace nh·i c chromo s ome ( t ) and a Y 

chromoso m e  ( arrowed ) .  Part of one arm of 
a m eta cen t r i c  chroru o s o m e  i s  obscur ed . 

( Acet a-o rcei n .  x 4 , 500 ) .  

An eup loid m e tapha s e  I I  ce ll  from A 1 8 2 ( 53 , xy , t1 ) . 
Th ere are 29 chromo some arms and 25 chrom o s omes 

i n c luding thr e e  m etacen tri c chromo.s ·)me s ,  a 
subDJ.e tacentri c trans lo cati on chrom0 some ( t  ) and 

a Y  chromo some (arrowed ) . 

T"lvo a cro c entri c chromo s o:n e s  are overlapped ( small 
arrm._rs ) .  
( A c e ta-orcei n .  x 6 , 000) . 
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Plate V. 38 : 

Jm eup l o i cl  I!l e t aphase II  c e ll  from A1 82 ( 53 r XYr t1 ) .  
IJ'll <:�re are 2 9  chromcsora e a rms and 26 chrom ::>som-:>s includ­

i ng a Y cln•offirJ s ome (arrow e d ) . 
( Aceto-o r c ei n .  x 2 , 500 ) .  

Aneuploi d metaphase I I  ce ll  frotYJ. BS/ 72 ( 53 , xy , t, ) .  I 
'rhere are 28 chrom ::>some a m s  an d 25 chromo somes 

includi ng an X chromosome ( arrowed ) .  The 

ch ro;no s ome arms o f  bro o f  th e sm:J.ll  acr(l Centri c 

chrom o s om e s  are in appos:L t i o!l ( srrtall arrovm ) . 

(C-banied . x 4 , COO ) .  
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Pla t.Q V .  39 : · �1e taphase l i  c e l l  from B1 2/ 69  ( 53 ,  xy , -[; 1 ) . There 

are 3 1  chromosom e arms and 27 ch:r omo s omes i ncluding 

three metacentric chromosomes , a subm etacen tri c 

trans l o cation chromo some ( t ) anC. a Y  chromosome 

( arrmo; ed ) .  
( A c e t o - o rcei n .  x 1 , 7 50 ) .  

F.ig.J.re V, 1 6 :  Karyo typ e of c e l l  i l lu stra t ed in Plate V .  39 . 

The t ranslo cation chromo s om e  and Y chrom osome 

are i dent i fi ed .  
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� Massey I I  Robertsonian trans location 
heterozygotes 

viere recorded i ll the s e  rams ( 53 , xy, t, ) . 
c._ 

This  total j_ ncluded 5 3  

pol;y-ploid cells . The maj ority o f  these  cells ( 359 Iiletaphase I I  

figures incluMng 28 polyploids )  vrere analysed in  the manner previously 

described for the 53 , xy , t 1 rams . Tab le s  V. 27 and V.  28 shovr a 

detailed analysis o f  the cel ls s tudi ed . As was observed in  53 , xy , t 1 
animals , a modal number of 30 chromosome a-rms was ob s erved for all 

rams studi ed.  l�o hYIJermodal cells were observed in  B66/72 but some 
were recorded in the o th er three rams the proportion var�Qng from 
4 . 6  per cent to 6 . 6  per c ent of the total metaphas e Il ce lls analyse d .  
Hypomodal cells \18l'e recorded from all rams and these  s hovred a 1rider 
distribution than that of  the hypermodal cells . Three rams B25/72 , 
B87/72 and B68/72 had a higher proportion o f  cell counts sh01-ring 28 

chromosome arms than vms observed in  B66/72  or in any o f  the 53 , xy ,  t 1 
rams . 

When the dis tributi on of euploid and aneuploid cells was 
compared over the four rams a signi fi cant ( X2 

3 = 8 .  94 p ( . 05 ) 
difference b etween rams \vas shmm.  Most o f  this difference cou ld be  
attributed t o  one ram B66/72 from which more euploid cells than 
expected vrere count ed . 

No mc taphA.s e II  ce l l s  1·ri th chromo s ome cotmts ·::ozc seding the 
diploid number were observeu_ ,  ( Tabl e V .  28 ) a simi lar finding t o  that 
in the 5 3 , xy , t1 rams .  Tuo diploid c el ls (both from the same ram ) 
carrying a YY sex chromosome complement were s een ( Plate V.  4-0) . 

The percentage of polYIJloid c ells vari ed from 9 . 0  to 2 1 . 7  ( Tab le  
V .  29) . 1'uploid chromosome arm counts 1·rere seen in 1 1  of the 28 
polyploid cells analys ed . 

1 43 



TABLE V.X7 
DISTRI BUTION OF CHROMOSOME COUNTS IN CELLS AT M l l  IN ROMNEY RAMS (2n = 53,xy,t2) 

Ram 

Identification 

825n2 Cl) -' -' w 
887n2 (.J 

.... 
0 
a: 

868n2 w ID 
:::;: 
::::> 

866{12 z 

TOTAL 

ALTERNATE 
SEGREGATION 

V.x V,y26,t,xtzs,t,y Total 30 30 30 30 

1 2  1 2  3 6 

19 1 8  16 19 

10 1 1  3 10 

8 15 7 7 

49 56 29 42 

33 

72 

34 

37 

176 

PARTIAL 
NON-DISJUNCTION 

26,x 26,y V,t.x V,t.� Total 29 29 31 31 

3 5 2 2 

1 1  28 2 5 

8 6 0 1 

5 8 0 0 

V 47 4 8 

12 

46 

1 5  

13 

86 

NON-DISJUNCTION 

25,x l� 28,t,x or y Total 
28 28 32 

4 4 0 8 

14 10 0 24 

2 3 0 5 

1 0 0 1 

21 17 0 38 

OTH ER CELL COUNTS 

� �x �3.x 22,x 1� 23,x 23 25 1� 26 27 ,x !!_;j_ 28,y � 25,y 1� 28,y 28,x 21 ,t,x�� 22,t_,y 24.��t.x1� 
17 22 25 26 26 26 26 28 28 29 29 29 29 29 30 30 31 31 25 25 26 28 29 31 

1 1 1 1 2 2 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 2 1 1 1 1 

1 1 1 

1 1 1 1 1 1 1 1 2 1 2 2 1 1 1 3 1 .1 1 1 1 1 3 1 

Total 

8 

9 

1 1  

3 

31 

Total 
M 1 1  �lis/ 
Ram 

61 I 
151 1 
65 

54 

331 

+>­+>-



R�n Identi- 47 , x , y  
fica tion 52 

325/69 ! � I tx.\7 /'12 I :� I 1 
B68/'72 
B66/72 _g l  a :£ 
Total i 

TABLE V.  28 

DJS·r.!UBU'nON O F  CHR0!10SO�iE COUNTS IN POLYPLOID NII C ELLS IN RONNEY RAMS (2n = 53.xv, t
2

) 

43 , :c , y  52 , x , y  .2f., x , y  .2l, x , y  53 , x , y  .2±, x , y  5 4 , x , y  21.. y , y  43 , t , x , y  48 ,  t , x , y  50, t , x , y  .21., t , x , y  53 57 58 58 59 5 9  60 60 50 55 57 58 
' I I 2 1 I I 

I I I 
I 1 1 

1 1 1 2 1 4 1 1 1 
1 2 1 

I 
I I I 2 I 1 1 1 3 1 8 1 1 1 1 1 
i i 

N . A. = No t Analysed 

52 , t , y , y .22., t , x , y  5.1, t , x ,  y 5.1, i , x , y  59 59 59 60 
1 I 

1 I 1 
1 1 

1 1 1 2 

N . A. 

I I 9 
1 0  

I 
I 3 

I 3 
I ' 
I 25 ! 

I I I 
t 

Total 

1 3 

1 5 

1 8  
7 

53 

.p. 
IJl 



Plate V .  40 : Diploid metaphase I I  cel l  wi th two Y 

c1Jromosomes ( arrowed. ) from B68/ 7 2  

( 53 , xy , t2 ) .  
( Aceto-orcein .  x 3 , 000 ) . 
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Ram Idsn b. -
fication 

B25/72 

B87/72 

B68/72 

B66/72 

TABLE V. 29 

PERC�ITAGE O F  POLYPLOID MI I CELLS 

rv;n cel l s  

61 
1 51 
65 

54 

Polyploid 
MI I cells 

1 3  

1 5 

1 8  

7 

'l'otal  
NI I cells  

74 

1 66 

83 

6 1  

7 7o 
Polyploi d 
MI I cel ls 

1 7 . 6 

9 . 0 

21 . 7 

1 1  . 5 

The di s tribution o f  eup loid arcd aneuploid figures is shovm 
in Tab l e  V .  30 . I n  three o f  t h e  four rams s tudied ,  the metaphase I I  

euploid  frequency exceeded 50 per cent vrhi le  i n  one ram the fl·equency 
vm s l ess  than this figure ( 47 .  7 per cent ) .  Thus there are betvre en 
animal variations of i ndividual cell  counts from the various c lasses 
of chromosome arm number . This has been commented on in th e Massey 
I Rob ertsoni an translocation heterozygous ram s . 

The moda l  chromosome arm numb er of  30 was found in b e tvleen 
47 . 7  per cent and 70 . 4 per cent o f  the metaph c. s e  li cells stv.died . 
An excess of hypomoda l cells 1<1a s recorded . The percentage dis tribution 
o f  metaphas3  I I  cell  counts accordi ng to thei r :cumb er of chromosome 
arms is further i l lustrated in Figure V .  1 1 . 

Aneu ploid  frequencies based on Cattanach and Mo seley' s ( 1 973 ) 
method are given in Table  V. 3 1 . Again there i s  bet1veen ram variation 
and one animal , B66/72 , has a value  of zero when the aneuploidy estimate 
is  based solely on a doubling of the value  for the number of ce lls  
with 31  chromosome arms . 

1 46 

l 
i 



TABLE V. 30 

DISTRIBUTION OF  EUPLOID (N . F./2 = 30) AND ..A..NEW>LOID (N . F ./2 < or. >  3...Q) fU I FI GURES IN 
ROIVINEY RM1S ' ' 

Ram I d enti- N. F ./2  
fi cat i on < 28 I 28 I 29 30 31 I ) 31 

N % 
I N I % N % N % N % N I -! I 

B25/72 2 3 . 28 8 i 1 3 . 1 1  1 1  1 8 . 03 36 59 . 02 4 6 . 56 0 fll I r-1 I 5 . 30 BB7/72 
r-1 I 1 1 5 . 89 Q) 7 4 . 64 24 40 26 . 49 72 47 . 68 8 0 () I I 

B68/72 
<H ! 52 . 31 I 3 I 0 1 1 .  54  8 1 2 .  3 1 1 9 29 . 23 34 4 . 62 0 
H 

B66/72 
Q) ..0 0 0 2 3 . 70 1 4 25 . 93 38 70. 37 1 o 0 0 ! I I I 

I I 
Total 1 0  3 .  02 1 42 i 1 2 .  69  84 25 . 38 1 80 54. 38 1 5 4 . 53 0 I I __ l - I I 

% 
0 I 

I I 
0 

0 

0 I 
0 li I ·  11 

Total 

61  

1 51 

65  

54 

331  

_.,.. -.J 



1 00 

9 0  
tl?tf::i:@ 
-

8 0  E:::::::3 

% 

< 2 8  

B 25/72 (61 M l l  = 1 00%) 

B 87/72 ( 1 51 M I I  = 1 00% ) 

B 68/72 (65 M l l  = 1 00%) 

B 66/72 (54 M l l  = 1 00%) 

2 8  2 9  3 0  3 1 > 3 1  
F igure V. l l NUMBER O F  CH ROMOSOME ARMS 

Frequency histogram showing the distribution of euploid (N .F ./2 = 30) and aneuploid 

(N. F./2 < or > 30) M l l  figures in four (53,xy,t2) Romney rams. 
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TABLE V .  31 

29+31 31 x2 (%) (%) 
B25/72 24 . 59 1 3 . 1 ·1 
B87/72 31 . 79 1 0 . 60 

B68/72 33 . 85 9 . 23 
B66/72 25 . 93 o . o 

Fe1.;cr balanced translocation-carryi.ng metaphas e  I I  cells 
tllan expected for a 1 : 1 ratio 1.;i th normal cells >.;ere recorded 
(X,2

1 = 6 . 1 9  p (  . 05 )  but approxima tely equal numbers of Y-bear:Lng 
and X-bearing balanced translocati on-carrying cells were recorded . 
There 1vas  no stu.tistically signi fi cant departure from the expec ted 
sex rati os v1hen the ·  aneuploid cells  -vrere considered as a group nor 
when both euploid and aneuploid c e lls v1ere grouped ( Tables  V .  32  
and V. 33 ) .  

When data from euploid  cells 1-.ras a nalysed there ;.;as a 
departure ex! 3 .. 9 . 05 p ( • 05 ) from the expected 1 : 1 : 1 : I ratio 
of  26 , �,K, £l,y, 2�, �,y, 26 , �  cel ls produced as a resu lt of  

30 30 30 30 
alternate segregation of the trivalent . 

recorded than expected .  

Fewer 26 . �. �  cells Here 
30 

When euploid and aneuploid data were pooled , tl:.ere was a 
significant departure (�2

3 = 70 . 3 9 p(( . 001 ) from the expected equal 
numbers of transl ocati on-carrying X and. Y cells and non-translocation­
carrying X and Y cells 1d.th an excess of non�trans loca tion-carrying 
cells being fo-und. , mos t o f  thGm in the aneuplo:i.d group.  

Some examples of metaphase I I  cells  from the Massey I I  

Robertsonian translocation carrier rams are shown i n  Plates V .  40 

to V .  49 and in Figures V. 1 7  t o  V .  20 . 
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TABLE V. 32 

Ram I dcnti -
- I N .  F./ 2 = 30 

fi cati.o n  � + t , y I + t , x  1 - t , y  - t , x  
N . l<' . / 2  < o r / )0 

+ t , y i + t , x  - t , y  I - t , x  

B25/ 72 'I ·� 6 3 1 1 3 1 4 

BB?/72 ° 1 9  1 6  1 8  1 9  
I '8 

9 

3 1 1  1 0 

1 5 

B68/72 I H 1 0  I Q) 

.:::; 

2 4 

8 4 

0 0 

1 0  

39 

1 3  

1 0  

1 2 

27 

1 3  

7 B66/72 I � 7 i 7 J-4-2 
__ 1_

2
_
9
--+-5

7
--+-

5
-
2
--�

1 
-
1
-
1
--r-

9
--·�7

2
--+-

5
-
9
--

Tota l 

TABLE V .  33 
AS SOC I ATI ON OF TRANSLOC ATI ON C HRm10SO�lE WI TH S EX 
CHRQl\WSOJ.!ES AT rH I  I N  ROr·1NEY RiJ''iS (2n = 53,xv, t 2 ) 

EUP�I D_}�D AN�UPLO I D  C ELLS GROUP ED 

-

Ram I d ent i-· 
fi cati on + t s Y  + t , x  - t , y - t , x  

B25/72  m 8 7 23 26 rl rl 
BB?/72  Q) 27 20 57 46 () 

Cf1 
B68/72 0 1 1  4 24 23 H Q) 
B66/72 p 7 7 25 1 6  s � 
Total 53 

.� 38 �-���-1--�·----

1 50 



I 

PJ s!-1£. V .  41 : Me taphase I I  c e l l  frorJ B6G/72 ( 53 , xy , t2 ) .  There 

a re 3 0  chromo s ome arms and 26 ch romo ;:; ome3 inclu di.ng 

a trans lo cat i o n  m etacentri c ch romos o� e  ( large 

arrO\v )  ani an X chrom o s ome ( SL�al l  arrovr ) .  
( Ac et o - o r c e i n  x 4 , 200 ) .  

1''ifi':!_!:Q. Y .  1 7 : Karyo typ e o f  c e l l  i llus trated in Pla t e  V .  41 . 
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P l a t e  V. 42 : 

Pla t� V .  43 : 

l\1 ctaphas e  I I  c e Jl :f�·o:n B66/72  ( 5 3 , xy , t2 ) .  
'l'h er e are 30 chr:Jmo:> ol1le a r;11s . Tb e X 
chr omo s om e  is arrm1 ed . S e  para ti on o f the 
chro;n :1. t i d s  o f  th e me "ta c en tri c ch rom oso.JJe s  
maY: es i t  di ffi cu l t  to  de t e:..·mine vlhe ther o r  
no t a tr�ns l o cati on m a tacentri c chrom o some 

is pres en t .  
( A c e t a-o rc ein.  x 2 , 500 ) .  

IVJ:et aph�1se I I  c e l l  from B66/ 7 2  ( 5:5 , xy , t2 ) .  
Th ere ar e 27 chromo s o mes i n cluding three 

m e t a c e:J. t rj c ch romosomes an:l a Y chromo so:ne. 
Th e c en tromer i c  h e t ero chro:na tin s ta i n s  fa int ly 

o n  the th r e e  m e ta c en trics ( large arro�s ) . 
Dua l  b l o cks o f  h e t ero chroma t i n  can b e  s e en on 

s ome a c riJ c en t r i c  ch rom o so mes ( s:n r:. l l  a rr ows ) . 

There i s  no di fferen t i a l  s taining on t h e  Y 

chromo s om e  ( curved arro;.; ) . 

( C-banied . x 4 , 200 ) .  
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Pla t e  V.  44- : M� taphas e II cell from B66/72 ( 53 , xy , t2 ) .  

There are 30 chromosome arms and 26 chromosomes 

inclu ding a metacentri c translocati on chromosome 

( t2 ) and a Y ch romo s om e  (a rrowed ) . 

( C --b:mde d .  x 4,  000 ) .  

F:i{�u.re '1 . 1 8 :  Karyotyp3 of cell i l lustrated in Plate V. 44 . 

There is  a large b lock of centro�eri c hetero­

chromatin on the trans locati on metacentric 

chromosome .  

s tai ned.  

T h e  Y chromoso:ne i s  uni forillly 
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_]�'late V .  4 5 : 

Plate V .  4 6 :  

Hetaphas e I I  c e l l  fr om B66/'l2 ( 53 f xy , t 2 ) . 
'l'here are 30 chromo s om e  arms and 27 chr omo s om e s  

i n c lu dir.g an X cbromo s om e  (arl'(li,-ed ) '1-rh i ch has a 

pa l e  s taining area in the c el;.trom eri c res·i on by 
compari s on wi th tbat on the acrocentri c chr omo s ome s . 

(C-banded. x 4 , 000 ) .  

Metaphas e I I  cell from B66/72 ( ?J , xy, t2 ) .  
There are 29 chr omos om e arms and 26 chr omo s om es 

i n c luding an X chromosome (arrowed) . 
large metacentric chromo s o m e::; and the X 

chromo s o me are uni formly s tained. 
( C-banded . x 4 , 000 ) .  

The three 
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P_la_iE.!.. V .  47 : 1-'Ie taphase I I  c e l l  f:rom B55/ 72 ( 53 , xy , t) . 
Th ere are 3 1  cLroruo some arms and 27 

chromosomes including a translocati on 

metaceutri c chromosome · ( t  ) and an X 
2 

chromoso�e ( a rrowed ) ,  

( Aceto-orcein .  x 4 , 300 ) .  

Kar-yotype o f  cell  i l lustrated i n  P late V. 47 . 
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Plate V.  ��8 : Mcte.rh a s e  I I  cell from B87/ 72 ( 53 , :r.:y, t2 ) .  

Th er e are 31 chromo some arms and 27 chr0mosomes 
inc luding a. t ran::: J. o ca b. on metacen tri c 

chromos0�9 ( t2 )  a n d  a Y  chromo s ome ( arrowed ) . 
( A c e to- o r c eiu . z. 3 ,  500 ) .  

Figure V.  20 : Karyotyp e of cell i llustrated in Plate  V .  48 .  
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Plate  V .  4-9 : Dip loid ruetaphase I I  cell from B66/ 72 

( 53 , xy, t2 ) .  Th ere ar e 6 0  chromo some 

ar:u) .:; . The s ex chromo somes a�e indi catsd,  

X chT omosome ( large arrow) and Y chromosome 
( sma l l  a rrow ) . 

(C-b anded . x 1 , 900) . 
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c Massey III Robertsonian translocation 
hetero zygotes  

A to tal of 423  s eco:c.dary spermatocyte 
figu.res were re c o :>:>decl and analys es made of  394 of these .  The r emaining 
29 e; ells were polyploids and accurate  counts 1-.rere not poss ibl e . 'l'he 
results  of  ana lyse s o f  metaphase I I  figures are summarized in  'l'ab les 
V.  34 and V.  35 . 

A modal nc<P1b er of 30 chromo some a rm s  •·ms agai n s e en in the 
five rams s tudied , No hypermodal c ells were recorded in the limited 
ma t eri a l  from three of  the rams bu t signi ficant leve ls 1.;-ere seen i n  
h10 other ram s .  Hypomodal cells  were s een i n  a l l  ram s . Two cells 
from one ram (B 1 3/72 ) vre:;.·o recordc::d as having a count of 28, t ,x . 

32 
This was the only record of  such counts and i t  i A  :possj_ble  that these 
counts if  not due to  techni cal artefact , could be the complementary 
cells to the cells wi th counts of �. 

28 
Four c e l l s  •·ri th counts o f  

� 1-.rere recorded in  mat erial from B76/72 , but no complementary 
28 

cells were  observed . 

Of the 68 polyploid met.s.phase I I  cells analysed ( Tab l e  V.  35 ) ,  
66  could be considered to b e  diploid , one possibly triploid and one 
possibly tetraploid .  J f  coun��s  from rams v1herc; fe1ver than 20 cells 

were evaluaterl. are exclude d ,  the percentage of poly-ploid c al l s  ranges 
b etween 1 1 . 6 and 23 . 7  ( Tabl e  V. 36) . Twenty one of the 68 polyploid 
cells whi ch were analysed h a d  a euplo i d  chromosome arm complement ;  
six were hypermcdal and the remainder hypomodal . 

TAB1E 
PERCENTAGE POLYPLOID 

Ram I denti- MII cells 
fi cation 

ID1L99/ 58 1 0  
Link 1 966 4 
B1 1 6/71 7 
B1 3/72 206 
B76/72 99 

V .  36 
MI I CELLS (53 1xy. t7 ) - :J 

Po lyploid Total % 
l1I I  cel J.s Polyploid 

MI I c ells  

1 0  20 50 . 0 
0 4 o. o 

1 0  1 7  58 .8  
64  270 23 . 7  
1 3  1 1 2 1 1 . 6 
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TABLE V.34 
DISTRIBUTION OF CH ROMOSOME COUNTS IN C E L LS AT M l l  IN DRYSDALE RAMS (2n = 53,xy,t3) 

Ram ALTERNATE PARTIAL 
SEGR EGATION NON-DISJUNCTION NON-DISJUNCTION 

Identification 
Zl,x 27,y 26,t,x ps.t,v Total 

26,x � 27,t,x �.t,y Total 
25,x 25,y 28,t,x �8,t,y Total 

1 9  19,x 

30 30 30 30 29 29 31 31 28 28 32 32 21 21 

H M L  
1 2 3 2 8 1 0 0 0 1 0 

99/58 
(I) ...J 

link ...J 1 1 1 0 3 0 1 0 0 1 0 w 
1966 u 

u.. 
B1 1 sn 1  0 3 0 3 0 6 1 0 0 0 1 0 

a: w 
al 

B 1 3n2 � 33  34 31 1 7  1 1 5  27 1 3  8 8 56 1 7 2 10 1 1 
z 

B1sn2 1 8  1 1  5 10 44 20 1 5  6 5 46 4 4 

TOTAL 56 48 43 29 176 49 29 1 4  1 3  105 5 7 2 0 14 1 1 

----

OTH E R  C E L L  COUNTS 

19,x 21 ,x 2 1 ,x 2 1 ,y 22,y 23,x 23,y � 25,x 25,y 24,x 28,x 

22 23 24 24 25 26 26 27 27 27 27 31 

1 

1 1 1 1 1 2 2 2 1 1 

1 1 1 

1 1 1 1 1 2 1 2 3 1 2 1 

-- - -

19,t,x 23,t,y 23,t,x 24,t,x 25,t,x 

22 27 27 27 29 

1 1 1 3 1 

1 1 

1 2 1 3 2 

25,t,y 
Total 

29 

1 

0 

0 

3 25 

5 

3 31 

Total 
M l l 
Cells/ 

Ram 

1 0  

4 

7 

206 

99 

326 

\Jl 
N 



TABLE V.35 

DISTRIBUTION OF CHROMOSOME COUNTS IN POLYPLOID Mll CELLS IN DRYSDALE RAMS (2n = 53,xy,t3) 

Ram . . . j3D.XI�I34.vk4.xh;1.x,..h;2.x,vh;2,y,.h;J,x,.J;4,x,.h;s.x.�.t.vPo.t.xPs.t.xl35.t,xi3B.t.v���� � 49,t,x,y �� � 48.t,x,y 1 48,t,x,y l 49,t,x,x 1 51 ,t,x.x 1 51,t,x.y 1 52,t,x,y 1 53,t,x,y 152,t,t,x.yl52,t,t,y.� 54,t,x.y 154,t,t,x.yl 58.t.x.y 1 55,t,x,y 182�t,'�.y� 10;���.x.y l  N.A.ITotal l
dentlfocabon 33 39 39149 f57T58T58T59T6oT61r33 -� 40 431� 54 rss ss 56 56 58 58 59 60 60 60 s1 62 62 62 100 120 

HML 3 1 10 

2 

4 8 

10 

6 

�99158 j � 
... 0 

O l  0 

3 1 10 

B13172 1--��wttmm=nm=Hit±±J=ta$R=Bfm 191 64 

B1sn2 

2 I 4 

4 1 13 

291 97 TOTAL 1 1 1 1  1 1 1 3 I 1 2 I 5 13 

N . A. Not Anal ys ed 

\Jl 
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The distribution of euploid. and aneo :ploid metaph a s e  I I  cells 

in 53 , xy , t3 rams is summari z ed in Table V. 3? . I n  on ly one ram 

( B76/72) vms the f'n:qucncy of  eup l o i d  c e l l s  l e s s  than �50 ]Jer cent . 
Agaj_n , i f  animals from whi ch f'cv:er -t h an 20 r,wtaphase II  cells 'N"ere 

evaluat ed are ex cluded � the p e!'cenLE�ge frequ ency o f  eurJ l oi d  cells  

is 44 . 4  p er cent (D76/72 )  ancl 53 . 8  per  cent for B1 3/72 . 'rhe  frequency 
distribution of c !'.:c om o s ome a rm count s fo r these bra ra:r.s is f"J.r th e r  

illustrated in Fi gure V. 1 2 .  The fr equ ency of cells li!i th a chromo s ome 

arm c ount of 29 is  a t  a h i gh l ev e l  ( 36 . 4  per cent ) in B7G/72 and hi gh 
frequenci es o f  c e lls l,Ji th chromosome arm coun ts of  3 1  were recorded 
in B 1 3/72 ( 8 . 3  per c ent ) and B76/72 ( 1 1  . 1  per cent ) .  

When me taph a s e  I I  counts from rams· from wlli ch :n o r e  than 20 

cells were ana lys ed are considered according to the m e thod of 
Cattana ch and H os e l ey ( 1 973 )  th e frequency of aneuploid cells  i s  high 
( Tab l e  V. 38 ) . 

TABLE V .  38 

ANEUPLOID FREQUENC I ES (53.xy,t3 ) 
29+3 1  31 x2 

(%)  (%) 

B1 ;/72 29 . 61 1 6 . 50 

B76/72 47 . 47 22 . 20 

The 3 1 x2 values are considerably  higher than those  calcu lated 
for either the ��ass ey I or Mas s ey I I  Robertsonian translocation 

heterozygote  types . 

An overall  chi-squared test of  Tab le V .  37 showed a signi fi­
cant difference in the distribution of euploid and aneuploid cells 

� 2 (pooled counts ) (X.  4 = 1 0 . 2 1 P (  . 05 )  but one ram B76/72 h a d  a greater 
numb er of aneuploid than e"J.ploid cells ( 44 euploid and 5 5  aneuploi d ) . 

The pooled results of the five rams showed that a signifi­
cant ly greater (X.21 = 5 . 46 P (  . 05 )  numb er of normal cells were analysed 
than balanced translocation- carrying cells . 
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TABLE V. 37 
DISTRIBUTI ON OF EUPLOID ( N . F./ 2  = 30) AND A.J.\TEUPLOID (N. F./ 2 < o r > 30) I'-IT I FI GURES - - - - - - · - - - • - w - ' - - - \ 

Ram Identi-
fi cation < 28 28 

N % N % 
I 

IIML99/58 i 

I 1 1 o . o  0 0 

Link 1 966 UJ 0 0 0 0 r-l 
r-l 

B 1 1 6/71 
(j) 
() 0 I 0 0 0 

� I B1 3/72 
0 
H 20 9 . 7 1 8 3 .88 
(j) I B76/72 p s 4 I 4 . 04 4 4 . 04 � I 

Total 25 7 . 67 1 2 3 . 68 

( N . F . /2 ) 
29 30 3 1 I > 31  !To tal 

N 

1 

1 

1 

44 

36 

% N 

1 o . o  I 8 

25 . o  1 3 

1 4 . 29 1  6 

2 1 . 36 1 1  5 
I . 

36 . 36
1 

44 

I ' I 83 �-� 76 

% N % i N % I 
80 . 0  0 0 I o 0 1 0  

75 . 0  0 0 I 0 0 4 

85 . 7 1 0 0 I 0 0 7 

5 5 . 83 1 7 8 . 25 2 0 . 971 206 

44. 441 1 i 1 1 .  1 1  0 0 I 99 

. 53 . 99 ! 
I I ' I I 28 I 8 .  59 1 2 I 0 .  61 32 6  
! I . .._I _ __... __ 

\Jl 
\Jl 



1 0 0  

9 0  

8 0  

7 0  

6 0  

% 

5 0  

4 0  

3 0  

2 0  

1 0  

0 

� ii I �  : · : · : · :  

< 2 8  

B 1 3/72 (206 M l l  = 1 00%) 

B 76/72 (99 M l l  = 1 00%) 

2 8  2 9  30 3 1  > 3 1  
Figure V. l 2 NUMBER O F  CHROMOSOM E ARMS 

Frequency histogram showing the distribution of euploid (N .F ./2 = 30) and aneuploid 

(N. F./2 < or > 30) M l l  figures in two Drysdale (53,xy,t3) rams. 
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Approximately equal numbers o f  Y-bearing and X-bearing 

balanced tran s l o c a t i on- carrying metaphase  I I  cells  as well as 

aneuploid translocation-carrying c e l l s  were reco rded . Overall , the 

ra ti o o f  Y-carryiYJg to X- carrying c e l l s  di ff er ed C/.. .. 2 .1 - 7 . 37 p (  . 01 ) 

with an e xce s s  o f  X-carrying c e l l s  b ei ng observed . 

The r e  -vras a departure from the expected equal proportions o f  
the varj. ous cell c a t egories resulting from a l t erna t e  segregation 

(:\,2
3 = 8 .  77 p (  . 05 )  wi tb fe;·rer  tran s l o cati on- c a rryi ng Y c e l l s  and 

more normal X c e l ls than expected ( Tab l e  V. 39 ) .  Thi s  trend ;-ras 

observed when the pooled results  of both euploj_ d a nd aneup l o i d  c la s s e s  
over all rams were analysed fA..23 == 38 . 68 p ((. 001 ) (Table  V. 40 ) .  

Exampl es o f  euploid ,  aneuploid and apparent polyp loid 

metaphase I I  cells from rams hetero zygous f o r  the Massey I I I Rob ertsonian 

trans l o c a tion are shown i n  Plates V .  50  to V.  5 6  and Fi gure V. 21 . 
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TABLE V .  39 

Ram I denti- (N .  F. / 2 = 30 ) ( N . F./2<  or ) 30) 
fi cation �J.ploid Aneuploid 

+t , y  1 + t , x - t , y - t , x  + t , y + t , x  - t , y  - t , x  

HML99/58 2 3 2 1 0 0 0 2 

Link 1 966 (/) 0 1 1 1 0 0 1 0 .--i 
.--i 
([\ 

B1 1 6/7 1  0 I 0 3 0 3 0 0 0 1 
'H 

B1 3/72 
0 
H 1 7  3 1 3 4  33 1 2 I 1 6 25 37 
(j) 

B76/72 
..0 � 1 0  5 1 1 1 8  6 7 1 6 26 ;:s ..... ("·-1 

Total 29 43 48 56 1 8  23  42 66 

TABLE V. 40 

ASSOC L'l.TI O?J OF' 1.'H J.' N S LOC ATI OF C HROMOSQr:IE Fl TH SEX C HROI·WSOMES 

-----AT HI I J: l'·i.  DRYSDJ�"iE-RAf§]>n = i3 .  xv ;dsJ-· 
EUPLOID AND ,\N ETJ PLOID C ELLS GCWTJPED 

Ram Identi- +t , y  + t , x  -- t , y  -t , x  
fi cation 

HML99/ 58 2 3 2 3 
Link 1 96 6  (/) 0 1 2 1 r-i 

r-i 
Q) 

B 1 1 6/7 1 () 0 3 0 4 e;, 0 
B1 3/72 H 29 47 59 70 Q) 

..0 
B76/72 s 1 6 1 2  27 44 � -� 

1'otal 47 66 90 1 22 
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Pla t e  V .  50: 

Plat e V. 51 : 

Ba lanced trans lo cati on-carryi ng m etaphas e I I  cell 

from B 1 1 f:/71 (53 , xy , t3 ) �'here are 30 chromosome 

arms and 26 chromoso�ss . rrhe t:r.·an s lace. tion 

submetacentric chromosome a nd th e X chrorccsome are 

i d en ti fied .  

( Ac e ta-orcein.  x 3 , 800 ) .  

Balan ced t rans location- carrying metapha s e  I I  cell 

from B1 3/ 72 ( 53 , xy , t3 ) .  The t ranslo cation 

subme tacentri c chromo some and the X chromos ome are 

i denti fi ed .  There are 30 chromosome arms and 26 
chromosomes . 

( Ac e ta-orcein .  x 4 ,500 ) .  
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Plate  V. 52 : Balanced trans lo cat ioE-c:<lrrying metaphase II  
cell from B1 3/ 72 ( 5) , xy, t3 ) .  There are 30 
chromosome arms and 26 chromosomes inclu dillG 
three  metacentri c chr omo somes , a submetacentric 
trans locati on chr omosome ( t7 ) and a Y  chromo s ome 

J ( arrow ) . 

( Ac eto-o rcein .  x 5 , 000) . 

Metaphase I I  cell from B1 3/72 ( 5 3 , xy , t3 ) .  
There are 30 chromo some arms and 27 c:hromosomes 
inclu ding three metacentri c chromo so�es and a 

Y chromosome ( small arrow ) . 

(Aceto-orcein .  x 4 , 800 ) . 
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Plate  V .  54 : 

Plate V .  5 5 :  

r1e taphas e I I  cell from B1 3/ 72 ( 53 , xy , t3 ) .  

There are 29 chromosome  arms and 25 

chromo som e s  including three metacentric 
chromo some s , a tran!:?. lo ca t i o n  subm r"'tacentric 

chromo s o:rr e ( large ar:cow )  and a Y chromo some 
( small arrow ) . 
( Aceto-orcein .  x 4 , 200 ) . 

Aneuploid metaphas e II  cell from B 1 3/ 72 

( 53 , xy , t3 ) .  There are 28 chromosome arms 

and 25 ch romos omes including three me ta c en tri c 

chromo s ollie s and a Y  chromosome ( arrowed ) .  
( Aceto-orcei n .  x 4 , 000) . 
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Plate  V. 5 6 :  Diploid. metaphase  I I  cell from B1 3/72 
( 53 , xy , t3 ) .  The translo cation chromos ome 
( t )  and the s Gx chromosomes are i den ti fi ed 

( arrows ) .  
( Aceta-orcein . x 2 , 450 ) .  

J!).�_re V .  2 1 : Karyot�/p8 of ce ll  i llustra ted in  Plate V. 5 6 .  
There are 6 0  chromos ome arms and 5 3  chromos omes 
including six metacentric chr omosomes , a 
translocati on submetacentric chromos ome ( t3 ) ,  
an X and a Y chromosome . 
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d Rams homozygous for a Rob ertsonian 
translocation 

A total of 1 1 0  me taph a s e  I I  cells 
i nc luding 1 1  pol .\'1' loids  vrere counted in a Romney hom ozy&ous ram 

( 2n = 5 2 , xy , t 1 , t1 ) . A sma l ler Eumb er of ce l l s ,  28 vtere co1..mted. in 

a Drysdale hom o 2 ygous ram ( 2n = 5 2 , xy, t� , t3 ) . 
:; 

These resu lts  are 

lis ted in Tab l e  V. 41 . 
A subm etacentri c t raJlslocation chr o m o s ome was easi. ly 

distingui shed in 92 o f  the 1 1  0 cells  studi ed :from B55/70 . Simi larly 

i n  2 1  of the 23 cells from A! 34 ,  th e t r an s l o c at i on chrom o s o m e  vras 
easy to recognize . I n  bo t h  t rans l o ca t i o n  types ,  the translocati on 
chromosome vJa s  the four t h  larges t of  the kary o type . 

No  hyp emoda l ce l ls were recorded in  ei ther th e 52 , xy , t 1 , t 1 
or  the 52 , xy , t<: , t  _ _  , I f  al l hypomodal ce l ls w e r e  included 1 4 . 1  per 

j ) 
cent were r ecorded in 5 2 , xy , t 1 , t 1 and only 8 . 7 per cent in 52 , xy , t3 , t3 . 
I f  c e l ls w i t h  ch romo some arm counts of 28 and less vier� ex c lu de d , the 
percentage of  hypomodal cells  in B55/70 is  6 . 1 ,  nearer to the value 
ca l cu lated for A1 34 .  I n  one cell  each from B55/70 and A 1 34 a sex 
chromosome was missi ng .  The X chromosome was present in 5 2  ce lls 
and the Y in  46 cells from B55/70 while  nine X-carrying and 1 3  

Y-carrying ce lls were seen in metaphase II figures from A1 34 . In  

both cases thi s dogs not depart from the expected 1 : 1 rati o . 

Polyploid metaphase II cells were r ecorded in b o t h  

translocati on t y p e s  but only three out of the total 1 6  were anal yse d .  

Two of thes e cells carried tiw triill slocati on chromosomes and an X 
and Y chromo some , whi le one cell carried only one translo cati on 

chromosome ( Table  V. 41 ) .  
Ten per cent o f  the cells at metaphas e  I I  from B55/70 and 

1 7 . 9  per cent of the cells  from A1 34 were apparently polyploid .  
Plates  V .  57 and V.  58  are  typical o f  the metaphase p lates 

s e en in mei otic  preparati ons from ram B5 5/70 . 
� Double translocation heterozygous ram 

1 5 9 

Ram B9/72  ( 5 2 , xy , t 1 , t � ) Has the sub j e c t  
' ) 

o:f a paper i ncluded in the Appendi ces (Bruere and Chapman , 1 974 ; 

Appendix XXI ) .  Insuffici ent numbers of metaphas e  I I  cells were 
ana lysed to enable a conc lusi on to  be  reached regarding th e s egregation 

b ehaviour o f  the trivalents a t  metaphase I .  



TABLE V. 41 
IliSTP.I31iTTO:; OF C�Q�CS.J,:E CO<Th"TS .\T 1-'II Ill RA1·1S l!O;.:QZYGOUS FOR A RQBERTSO!:IAJ-i TRANSLOCATION 

R;,.:!. X den't if':.cation I n 
a:1d Karyo !:ype 

26,t:x � _?.Q.J;. ll.._y_J21 ,t,x �1£2.....!. 1ll...1.d � £1..y £'L.i...y, £2, � � �� 
30 30 23 23 24 25 25 27 28 28 29 29 29 29 

:155/70 " I rl 
)2 , xy , t1 , 1:1 · ·c; 41 jg 1 , 1 1 1 1 1 1 2 1 2 () 

<,.. 0 
... " .D I Al34 � 

5 2 , xy , t3 , ":;3 I 8 1 2  1 1 

_j_ I 
N . A . Not Ana lys ed 

?L:i. 
29 

1 

£L:L./� 1 28,t,X 
30 30 30 

2 2 J 1 

1 

Total/Ram 

99 

23 

Polyploid cells 
t ,  t , x , y  I t ,  t , x , ,. , I / 2Q .2 � II . A .  ' 
58 60 60 

1 1 1 8 

I l 5 

Total/Ram 11 Total ;nr 

, Cells /Rat: 
, J 

1 1  I 
i 
I 

5 11 
1 1 0  

25 

0'1 0 



Plate. V .  57 : 

Plate V. 58 : 

I'le taphas e I I  c e l l  from B55/70 ( �12 , xy , t ,  , t1 ) .  . . I 
'l'here are 30 ch romo some a l'rns and 26 
chromosomes including a tran s loc ation 

submc tacrmtri c ( t, ) and X chr omo som8 I 
( arrowed ) .  

( Aceta-orcein . x 4, 200 ) .  

Metaphas e I I  ce l l  from B55/70 ( 52 , xy , t1 , t 1 ) . 

There are 30  chr omosome arms and 26 chromo somes 

including a translocati on submetacentric 
chromosome ( large arro"r ) and a Y chromosome 

( small ar-ro1·: ) • 
(Aceto-orcei n .  x 1 , 900 ) .  
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( D )  Discussion Of Resu l t s Frcm Secondary 
Spermatocyte Analyses 

.§;. Introduc t i on 

The corr@only u s ed me thod o f  

segregation analysis of  di fferent chromosome s by the examinati on of the 

karyotypes  of progeny can be unreliable . Nal s e grega ti o n  o f  
chromo so!I'.es wi th ,sub s e q u ent preferen tial ferti l i z a ti o n  of ge>..llletes 

or  zygoti c s election could o ccur obscuring some of  the ur"balanced 

kary otyp e s  produced . Examination of metaphase I I  figures i s a 

mor e  a ccurate methcd. o f  det ermining the s egrega tion pa t tern that 

o ccu r s  at anapha�;e I .  There i s  li t t l e  pub1 i she<i informa t i o n  on the 

analysi s of m etaphase I I  figures in m ammals other than mi ce . Several 

au t h o rs have discussed the reasons for this ; these include techni c a l  

d_i ffi cul h e s  invo lved in  o-b taining sufficient high quality cell s ,  

and difficulties in int erp r e t i ng the chromos ome c ounts from these 

c e l ls ( Fr edga and Sant es s on , 1 964 ; Sa saki , 1 965 ; S a s ak :i. an d Makino , 

1 965 ; Fraccaro et a l . , 1 968 ; Datta , 1 970 ; Hu lt e'n ,  1 970 ; Ohno , 

1 970 ; Pogo s i anz , 1 970 ; Pad eh et al . , 1 971 ; Fe rgus on-Smi th,  1 972 ) .  

Some examples of  the numbers of metaphase  I I  ce lls recorded 

by mammalian w ork ers are given in Table V.  42 . In mos t cases no 

information was given as to the a c tual chromosome counts in each ce l l 

a nd c ells �-rere merely recorded a s  b eing haploid or p olyploid . For 

example Skakkebaek et al . ( 1 973 ) recorded a larr;e numb er of me t aphase 

I I  cells but ga v e  no tab les of  accurate counts from these , and Sasaki 

a n d  J.l1akino ( 1 965 ) gave a ccura t e  counts of  only 1 8  c e l l s  from a total 

of 76 1 . The hi gh numb ers o f  metaphase I I  cells  recorded. in some 

mice  studies may have been due in part to the use o f  co l ch i cine 

( Tettenbol� and Gropp , 1 970 ; Doring, Gropp and Tett enborn , 1 97 2 ;  

C a t tanach and Moseley , 1 973 ) .  Reasons for the non-use of thi s  drug 

in sheep have already been explained . 

The maj ority o f  authors who observed s e condary sperma tocytes 

in mei o tic  preparations commented on chromosome morphology (Makino , 

1 943 , a ;  Book and Kj essler ,  1 964 ; Sasaki and r-1akino , 1 965 ; Lavappa 

and Yerganiail , 1 970 ; Luciani , 1 970 ; Pogosianz , 1 970 ; l·icDermott , 

1 971 ; Popescu , 1 971 , a ) . In general i t  i s  considered that metaphase 

I I  chromosomes resemble mitotic metaphase chromos ome s ,  a t  least  in 
man ( Luciani , 1 970;  Lu ciani et al . , 1 970 ;  Ferguson-Smi th , 1 972 ) .  
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TABLE V. 42 

---------··-------- ---
Author 

Sasaki , I-1 .  and I·lakino , 
( 1 965 ) 

Sasaki , I"l . ( 1 965 ) 

:fllci lree ) M . E .  e t  a l .  
( 1 966 , a 

( 1 966 ' b )  

Eliasson , 
( 1 967 ) 

K .  

Gu s  tavss  on , 

e t  al . 

I .  
' r \ \ 1 9o9 ; 

Luciani , J .M . ( 1 970) 

Gustavsson,  I .  ( 1 971 � a)  

Skakkebaek , 
( 1 973 ) 

N . E .  e t  al . 

Species (Humber) 

s .  
Man ( 1 6 )  
�ian ( 1 ) 

IvJan ( 1 6 )  
IIJan ( 50 )  

Dog ( 2 )  

Bul l  ( 2 )  
11  ( 2 )  
1 1  ( 1 ) 

Jlian ( 4 )  
( 4 )  

Variab le ( 1 ) 
hare 

C ommon ( 1 ) 
hare 

�1an ( 1 8 )  
1 1  ( 74 ) 

* Perc entage polyploid cells in  brackets . 

N on�al ferti li ty 

Dovm1 s synd rome 

Normal ferti lity 

Infer ti l e  

2n = 60 
2n = 59 
2n = 58 

Normal fertility 
Infertile 

2n = 48 

2n = 48 

Normal ferti lity 
Inferti le  

Number 
C ells  
Counted* 

761 ( 6 . 9 )  

2 1  ( 4 . 8 )  

2 1 0 ( 9 )  
32 ( 1 2 . 5 )  

1 57 ( 5 . 1  ) 

38 ( 7 . 9 )  
1 5 1 ( 7 . 3 )  
62 ( 3 . 2 )  

5 6 ( 1 2 . 5 )  
39 ( 5 . 1 )  

1 6 ( 1 8 . 8 )  

1 9 ( 5 . 3 )  

757 ( 3 . 6 )  
1 909 ( 1 0 . 6 ) 
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No difference s  in  the int cnsi ty of s taining b etvreen the 

s ex chromosomes and au tosomes were observed in metaphas e  I I  ce lls in  

man (Book and Kj ess ler , 1 964 ; Luciani , 1 970)  th e Dju ng-a rian hamst er 

( Pogosianz , 1 970 ) o r  the Syrian hamst er ( Fredga and Santesson , 1 964 ) .  
Hovrever , posi tive het eropyknosis o f  the s ex cllromosomes was noti ced 

in th e Arm enian ham s t er ( I"avappa and Yerga.nian , 1 970) , hare 

( Gu stavs s on ,  1 97 1  , a ) and j_n man by F'ergus on-Smi t h  ( i 972 ) . The latter 

obs ervation differs from tha t of BooK and Kj essler ( 1 964 )  and Luciani 

( 1 970 ) .  
From the only report of me taphas e I I  analys i s  in the she ep ,  

Makino  ( 1 943 , a ) found a haploid numb er o f  27 cbromosomes v;i th hro 

typ es o f  s econd2.ry spermatocyte , one wi th an X and the o ther a Y 

chromosom e .  He ob s erved " three  very p romi nent at elomi ti c chromosomes 

wi th a double V-shaped confi gu rati on" but did not give any idea of 

the numb ers of cells  count ed nor  the range of chromosome counts in 

the s e .  

b Chromos ome  morphology 

The morpho logy o f  the chromos omes in  

s ec ondary spermatocyt es in b o th normal and t ranslocati on-carrying rams 

has b een des cri b ed ( Chapter I V .  3 ( i i ) (C ) £) . The three large meta­

c entri c c hromos omes des cribed b y  the autho:::- w ere synonymous vri th the 
1\ lt ( ) a te lomi ti c chromo s omes referred to  by Makino 1 943 , a  • 

The transl o cati on and s ex chromosomes w ere easi ly identifi ed 

b o th i n  c e lls s tained with a c et o-orcein and by th e cent romere-staining 

techniqu e .  There are two o t he r  reports of th e use  of the lat ter  

technique in  sheep (Hsu and Arri ghi , 1 97 1  : Evans et  a l .  . 1 973 ) but 
these  s tudies did not refer t o  testi cu lar or ovarian material . 

S taining features s im i lar to those  obs erved in  mitotic  chromo­

s omes were recorded for metaphas e  II cells s tained by the "C-banding" 
techniqu e .  Blocks of heterochromatin were s een o n  all autosomes . 
Occ3.:,si onally a pale staining a rea v;as seen in the cen tromeri c region 
of the s ex chromosomes bu t u su ally there was no d i ffer&ntia1 s tai ni ng ,  

a similar si tuati on t o  that in  mi toti c chromo somes . Hsu and Arrighi 
( 1 97 1 ) and Evans et al .  ( 1 973 ) also reported a lack of differential 
s taining b ehveen the centromeri c region and the chromosome a rms in 
sheep mi toti c sex chromosomes with this staining method , although the 
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centromeric region o f  cat tle sex chromosomes 1-ras s tained . Non-differ-
ential staining of the sex chromos omes may b e  species-spe ci fi c ,  as 
Hsu et al. ( 1 971 ) ar1d Polani ( 1 972 ) reported staining of the centromeric 
heterochromatin on the X chromosome in metaphase II c e l ls in mice , and 
Polani ( 1 972 ) also thought he o ccasionally observed i t  on the Y 
chromosome in the same speci es . 

'l'he blocks of centromeri c heterochromatin vi sible  on the 
au tosomes varied in size  and staining intensity an; o ng chromosomes . 
The three large metacentri cs had narroH , relatively lightly staining 
bands , similar to mi totic  metacentri c chromosomes .  I n  some rn eta-
centri c chromosomes a bl ock o f  heteroch romatin was visible on each 
chromatid bo th in metaphase I I  and mi toti c metaphases , whi le in others 
where the chromatid arms wer e in  apposi tion there appeared to be a 
s ingle block . The centromeri c heterochromatin in the acrocentri c 
autosomGs was nei ther of uni form s taining intensi ty nor vre re the b locks 
always similar in size . 

The large block of  hetero chromatin seen in the centromeric 
region o f  the three types o f  translocati on c�romosomes 1·ras a simi lar 
finding to that of Polani ( 1 972 ) in mouse metaphase I I  cel ls . 

Q Non-disjunction and ·aneuploidy 

Table  V .  43 shows the dis tribution 
of euploid e.nd aneuploid metaphase I I  cells ( po lyploids excluded ) 
for the three di fferent types of  Roberts onian transl ocation hetero­
zygotes , the two types of Robertsonian transl o cation homozygotes and 
the normal rams . The results tabulated for the heter ozygotes and 
normal , are the pooled resu lts for all the animals in that category. 

The percentage dis tribu tion of euploid cells i s  lowest  for 
the heterozygous animals : 54 . 0 , 54 . 4  and 66 . 9  for the 5 3 , xy , t3 , 
53 , xy, t2 and 53 , xy , t1 respectively . The 54 , xy, 52 , xy , t 1 , t1 and 
52 , xy , t3 , t3 all had euploid percentage di stributi ons of greater than 
so. o .  
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TABLE V. 43 

DISTRIBUTION OF EUPLOID (N . U?. = 30) AND ANEUPLOID N. F. 2 < o r > 30 MII FI GURES 
lN NORr1AL RAIV!S AND RA!VIS HET ERO Z YGOUS/FOR A ROB ER'l'SOli.Jll.N TRA"t-!SLOCAT I ON P001_ED DATA) l/1tv i> rf0r110< '( 6-0. t .r  

N . F . /2 
I ( 28 28 29 30 > 3 1 

Karyo type N % N % N % N ! % I 3 1 
N % N j '/a 

! I 
5 3 , xy , t1 ( 6  rams ) 5 3 .  1 3  6 3 . 75 33 20 . 63 1 07 1 6 6 . 88 9 5 . 63 0 I 0 

I 

( . ) 1 0  3 . 02 42 1 2 . 69 84 25 . 38 1 80 54 . 38 ' 1 5 4 . 53 0 0 53 , xy , t2 , 4  rams 
(/} I I 

j 'I' o tal 

i 1 1 60 

331  

53 , xy, t
3 ( 5 rams ) .--i 25 1 . 67 I 1 2  3 . 68 83 25 . 46 1 7 6  

1
53 . 99 1 28 1 8 . 59 I I .--i 2 I 0 . 6 1 1 326 

(J) 
() 

0 I 0 ! 99 52 , xy, t 1 , t 1 ( 1 ram ) 

5 2 , xy, t3 , t
3 ( 1  ram) 

54 , xy ( 1 0  rams ) 

'H 6 
0 

f.-! 0 (J) 
,.0 s � 6 

6 . 06 2 2 . 02 0 0 0 

9 . 68 1 1 1 .  6 1  

6 

2 

3 

6 . 06 I 8 5 ! 8 5 • 8 6 I 0 I 0 
8 . 70 

4 . 84 

21  91 . 30 l 0 
I I 

52 1 83 .87 I o 
I I 

0 0 I 
0 0 I 23 0 0 I 62 i 1 1 001 

0'1 
\J1 



There vrere no hypermodal cells in homozygous or .normal rams 

bu t from 4 . 5 to 9. 2 per cent  of thes e  c ells for the hetero zygous 
animals ( po oled �a ta ) . Th e percentage of c e l l s  with counts of 29 
chromo some arrc· s WE'.s higher j_n the het erozygotes them i:.l the homozygo tes 
and normals : 

20. 6% i n  53 , xy, t ,  I 
25 . 4% i n  53 , xy , t2 
25 . 5% i n  5 3 ,xy , t3 

6 . 1 % 

8 . 7% 

4 .8% 

in 52 , xy , t
1

, t
1 

in 5 2 , xy , t3 , t3 
in 54 , xy 
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Thi s trend is i llu strated in :B'igures  V .  22 and V. 23 .  Percentage values 
of from 6 . 9  to 1 5 . 7  for the di stributi on of cells vri th fevrer than 29 
chromos ome arms , \Ie.re recorded for the three types of heterozygo t es . 
Value s  wi thin this range were als o recorded for the nornta l rams ( 1 1  . 3 p er 

cent ) and }iass ey I Rober tsonian translocati on homozygote (8 . 1  per cent ) . 
No  cells v:i th fm·:er than 29 chromosome arms 1·1ere ob s erved in preparations 
from the r�assey I I I  Robertsonian trar..sloca tion homozygote . 

Estimates  of the percentage frequency of aneuploid metaphase I I  

cells were ca.lcu la ted i n  tw·o different 1·mys based on the methods used by 
Cattanach and Mos eley ( 1 973 ) .  I n  addition ,  an estimat e of the percentage 
non-disjuncti on was calculated in a simi lar 1-my to that by Ford and Evans 
( pers .  co�n. , 1 973 ) .  The results of these  calcu lations are summarized 
in Table  V.  44 . 

TABLE V .  44 

ES_'l'IJI1J�TI ONS OF AlmUFIJOID MI I FRF.QUENCY Al'ill PERC EN'IAGE NON­
DISJLJNCTI ON IN R.6JIS 

Karyo type 

53 P xy, t
1 

( 6 rams ) 
5 3 , xy, t

2 
( 4  rams ) 

53 , xy, t
3 

( 5 ra�s ) 
52 , xy, t

1 
, t

1 
( 1 ,ram ) 

52 , xy, t
3

, t
3 

( 1  �am ) 
54 , xy ( 1 0  rams ) 

Aneuploid MI I 
Frequ ency 
( Cattana.ch and 
Moseley , 1 973 ) 
29+31 3 1 x2 

(%) (%) 

2 6 . 25 1 1  • 25 

29 . 91 9 . 06 

34 . 05 1 7 . 1 8 
6 . 06 o . oo 
8 . 70 o . oo 
4 . 84 o . oo 

% non-di sjuncti on 
( Ford and Evans , 
per s . comm . , 1 973 ) . 
f: 29,31 classes X 1 00 £. 29,  30 , 3 1 class es 

28 . 1 9 

3 5 . 48 

38 . 68 

6 . 5 9  
8 . 70 

5 . 45 

Total 
MII 
C ells 
Scored 

1 60 

331 

326 

99 

23 

62 

C ounts of  less than 28 chromosome arms per cell  probab ly 

represent chromos ome loss and cell  breakage during slide preparati on ,  



1 0 0  

90 1· : · : · : · :] I I t t 

l:l:l:OO:l:l:JJ 
8 0  

7 0  

% 

< 2 8  

53,xy,t1 ( 1 60 M l l  1 00%) 

53,xy,t2 (331 M I I  1 00%) 

53,xy,t3 (326 M l l  1 00% ) 

2 8  2 9  3 0  3 1  > 3 1  
Figu re V.  22  NUMBE R  OF CH ROMOSO M E  ARMS 

Frequency h istogram showing the distribution of euploid (N . F ./2 = 30) and aneuploid 

(N.F ./2 < or > 30) M l l  figures in rams heterozygous for t1 , t2 and t3 translocation 

chromosomes. (Results for each translocation - type are pooled resu lts from 

individual rams). 
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1 00 - 52,xy,t1 ,t1 (99 M I I  = 1 00%) 

9 0  

8 0  

7 0  

6 0  

% 

5 0  

4 0  

3 0  

20 

1 0 

0 ...._ __ 
<' 2 8  

Figu re V .  23 

(23 M l l  1 00%) 

54,xy (62 M l l  1 00%) 

2 8 2 9  30 3 1  
NUMBER O F  CH ROMOSOM E ARMS 

> 3 1  

Frequency histogram showing the distribution of euploid (N .F ./2 = 30) and aneu ploid 

(N .F./2< or > 30) M l l  figures in two homozygous rams and the pooled results from 
ten normal rams. 
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and these counts were not included in the above calculations .  A 
proportion o f  t�e counts of 29 and 3 1  chromosome arms may also 
r epresen t  cell loss , or gain  due t o  chromosome  breatage , during 
t e chni ca l manipulations as iH:cll  A.s true aneuploid ce lls . 

The obs ervations of Cat tanach and Mos eley ( 1 973 ) Horking 
with tobacco mou s e  crosses suggest ed that the fi rst  estimate of 
aneuploid metaphase I I  frequency ( 29+31 c lasses  as a percentage ) is  
an ovcresti�ate whi le the  s econd ( 3 1 x2 c las ses as a percentage ) i s  
a n  underes timate o f  the t ru e  occurrence . The resul ts ob tained in 
this thesis show that this is also probably true for the ram . There 
are signj_ fi cantly grea ter numbers of cells  in the 29 chromosome arm 
c lass than j_n its complementary 3 1  chromosome arm class in all  three 

heterozygot es ( Table  V. 45 )  vrhich tends to suggest  that some chromosome 
l o ss , possibly due to lagging at first anaphase ,  mus t  have occurred in 

addi tion to  non-disjunction .  Ford and Evans (pers . cornm . ,  1 973 ) 

r eported finding approximately equal numbers of c ells i n  the hm 
analogous classes in mi ce  heterozygous for each of four di fferent 

Robertsonian translocations , and deduced that anomalous chromosome 
counts coulci therefor e  b e  ivhol ly attribu ted to non-disjunction . 
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Tettenhorn and Gropp ' s ( 1 970) data for hvo Mu� musculus x Mus pos chinvinu s 

F1 hyb rids  showed no s ignificant di fferences b ehreen the numbers of  cells 

in the 1 9  and 2 1  chromo some arm c las s es . Similar resu lt s  were seen 
wi th the pooled resu l ts o f  Do :d.ng §t a l .  ( 1 972 ) and fo1• the T 4 
translocation heterozygo te  of Cattanach and Mos eley ( 1 973 ) .  When 
data from mice  singly heterozygous for th e T1 Bnr ,  T2 Bnr , T3 Bnr , 
T5 Bnr , T6 Bnr and T7 Bnr translocati ons  ( Cattanach and Moseley , 1 973 ) 
were examined , i t  was found that signifi cant di fferences existed b etive en 

the numbers of cells in the tvm complementary c lasses . The differences  
varied b ehreen di fferent heterozygotes but the results suggested that 
as in the ram , some chromosome loss probab ly also occurred in mei o ti c  
preparations from mi c e  singly heterozygous for a Robertsonian tran slo-
cati on. Table V .  45 summarizes these  results .  



TABLE V .  4-2_ 

NUMBER CH-, c :s;:,LS ':!T'rE HY?ER-·- AHD HYPOr�OiiAL CHROT�OS Oif-E Afl.M COUNTS 

Author  Num.b er o f  Chron;o s ome 

Ford and Evans ( pers . cornm. , 
1 973 ) 

1 g 

( T1 +T2+T3+T7 - totals ) 1 60 

Tettenborn and Gropp ( 1 970 )  
( F1 hybri ds - tob. ls )  62 

29 

Doring e t  a l .  ( 1 972 ) 
( F1 hybrids - totals ) 1 50 

Cattanach and Mo seley 
( 1 973 ) T1 

T2 

T3 

T4 

T5 
T6 

T7 

63 

66  

58 

8 1  

5 6  

49 

48 

Arms * 2 1  

1 82 

48 

22 

1 24 

37 

29 

27 

59 

1 6  

1 2  

24 

Number of C hrom o s ome 

Author ( totals ) 

* !'lice 

** Sheep 

� 
33 

84  

8 3  

Arms ·** .21 
9 

1 5  

28 

x?-1 

1 • 29 p )  . 2 

1 . 54 p :> • 2 
0 . 7 1 P )  . 3  

2 . 28 P )  . 1  

6 . 25 p < . 05 

1 3 .  64 p < . 001 

1 0 . 59 p (  . 01 

3 . 1 5  p ) .  05 

21 • 1 3 p < . 001 

21 . 23 p < . 001 

6 .  35 p < .  05 

1 2. 60 p <. • 001 

46 . 7 1 P(( .  001 

26 . 27 P (( . 001 
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The calculated values o f  the three estimates show that 
marked differcnses exist  behreen animals whi ch are heterozygous for 
a Rob ertsonia.r::. tra1:s l o ca t i on , a.nd animals 1-1hi ch a r e  e i  i.:her homozygous 
for a simi lar Robertson:i.an trnns lo ca t�L o n  o r  v<hich are noTmE1l rams . 
Differences also exist  behreen groups o f  rams het erozygous fo r a 
di fferen t Rob c r t s o ni a n  translocation . 

An overe. ll chi-squared t es t o f  the three tra.ns location 
het erozygo tes ( po o led data fo r each ) , the hm t l·ans locati on hcmo zygo tes 
and th e no rmal , show ed tha t  (�20 = 1 05 . 5 9 p((. 001 ) . Stati sti cally 
signi fi cant di fferences  exist  b e tw e en these grou11 s 1fi i:;h r8gard. t o  t h e  

d i s t ribu t i on o f  chromos ome arm count s .  The data 1.-ms analys ed as 
describ ed in Chap ter V .  2 ( iii ) ( A) . The results  are ::mmma.rized  in 

Table V .  46 .  

C ompari son 

H omo t 1 t, 
. I 

Het ero t 1 
H e t ero t2 

Hetero t1 

TABLE V.  46 
STATI STICAL C OMPARI SONS OF Ili i CELL C OUNTS IN RA.rllS 

Vs Hetero 
t1 +t2+ t3 +normal 

Vs Homo t
3

t
3 

(wi thin 
homozygotcs ) 

+ Homo t3t
3 

Vs Norma l 

+t2 +t3 Vs Normal  

Vs Hetero t 1 + H et ero t3 
(within heterozygo tes ) 

Vs Hetero t 
(within �eterozygotes )  

Chi-squared d . f . Probabili ty 
value 

40. 02 

0 . 1 2  
1 .  67 

2 6 . 25 

29 . 98 

9 . 41 

4 

3 

4 

4 

4 

< . 001 

> . 70 

> . 50 

< . 001 

< . 001 

) . 05 

Addi tional compari sons are recorded in Appendix x.:v;v� 
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There i s  a s tatis ti cally signi fi can t  difference bet>'l"een the 
homozygotes and the h e te:rozygotes plus normal rams , bu t no di fference 
beh1een the hro types of homozygo te nor behw cn the homozygo tes  and 
normal rc.ms ir;  tlw di s trib1.J. ti on of euploi d c.ncl aneuploid cel l 
frequenci es . Similarly , there i s  a signi_ fj_ cant difference b etv;een 
the pooled resu lts from the three h eterozygo te types and the normal 
rams ,  No di. ffcrGnce exi sts  betv;sen 5 3 , xy 1 t1 and 53 , xy , t3 but 
signifi cant differences  betv1e en 5 3 , xy,  t2 and b o th the other types of  
heterozygo tes . :P.lo s t  of  this Ji fferenc e  could b e  attribu t ed t o  the 
greater number of cells with arm counts of  28 in th e 5 3 , xy , t2 rams . 

A comparison of the data in Tab le s  V .  44 and V .  46 indicates 
tha t heterozygosity for a Rob ertsoni.an trans location appears to  be  a 
maj or factor leadi ng to an increased frequ ency of aneuploi d s ec ondary 
spermato cytes and also the maj or factor associated with non-dis juncti on . 
This trend was shown in tobacco  mouse  hybrids by Cattanach and Moseley 
( 1 973 ) and Ford and Evans ( pers . comm . , 1 973 ) .  

The tobacco mouse and its various crosses are a us efu l model 
wi th which to compare data from sheep Robe�tsonian translocation 
carriers . Seven different meta centric chromosomes derived from the 
tobacco mouse 1-.rere s tudied by C a  ttanach and Jllos eley ( 1 973 ) and four 
of thes e were also  examined by Ford and Evans ( pers . comm. , 1 973 ) .  
These  metacentri c chromosomes origi nated i n  the follO'ding 11ray : the 
domesti c mous e (H� rmisculv s s  Linn . ) has 40 acrocentri c  chromosomes 
l'l"hile  the tobacco  mouse (Mu s  po s chiavinu s ,  Fatio ) has a karyotype of 
26 chromosomes of "\Thi ch seven pairs are metacentri c .  Th e N .  F .  i n  
both speci es i s  t he same ( 40 ) .  I t  has b een shown in both mi totic  
studies  ( Zech , Evans ,  Ford and Gropp , 1 972 ) and meioti c  s tudi es 
( Gropp et al . , 1 970 , a ;  Tettenborn and Gropp , 1 970 ) that the tobacco 
mou s e  metacentri c chromosomes vrere derived from the domesti c mou s e  
acrocentri c chromosomes by a process o f  Rob ertsoni�� translocati on . 

The F1 hybrid has 33 chromosomes including s even metacentri c 
chr9mosomes ( Gropp et al . , 1 970 , a ) designated T1 Bnr to  T7 Bnr ( Gropp, 
Tettenborn and L{onard , 1 970 ,  b ) .  Each metacentri c has b een i s ola ted 
as a homozygous line upon a predominantly Hus mus cu lus genetic back­
ground (Cattanach ,  Wi lliams and Bai ley , 1 972 ; Cat tanach and Mos eley, 
1 973 ) .  

In addi tion s everal different Robertsonian translocation 
chromosomes have been identifi ed in mice . Thes e  include T1 63H-
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( Evans _et al . ,  1 967) , T1  Ald- ( Ltonard and Deknudt , 1 96 7 ) , T�  vlh­
(Whi t e  and Tji o ,  1 967 ) ,  T8 B nr ( Gropp , Olert and Maurizio , 1 971 ) , 

T1 I El11 (Baranov and Dy-ban1  1 971 ) ,  T9 Bnr , T "B ondo !l , T 1 1Chiav 11 1 -3 

and T "Rov 11 1 -6 ( Gropp et .§:l· , 1 972 ) .  Arm homologies exist  b e tween 

some of  thes e  ( Gropp ll,_a l . , 1 970 , 1 ; 1 97 1 ; 1 972 ) .  Thi s is  in 

contrast to the sheep vrhere i t  has been shown tha t tbe chr omosomes 

involved in the t1 , t2 and t3 trans location chromosomes do not have 
any arm homologi es (Bru�r e ,  1 974 ; B 1u�re and Chapman , 1 974 ) .  

Studi es on mei o t i c  dis junction of t rans l ocation chromosomes , 
and zygotic analyses from various mat .ine;s of mi ce carrying Robertsonian 

t ranslocations , have shown that non-dis junct ion at anaphase I of 

t ranslocati on chro11osomes £� occctr (Tettenb orn a.nd Gropp , 1 970 ; 

Doring et a l . , 1 972 ; Cattanach and Moseley , 1 9 7:�· ; Ford and Evans , 

pers . cormn . , 1 973 ) .  Daring et al . ( 1 972 ) examine d metaphase I I  

figures from l'Tf.!IU (Laboratory mi ce ) ,  r-h� pos chiavinus and the F1 hybrids 

b etween thes e ,  and not ed the average frequency of euploid metaphase II 

p lates as_  95 . 2  and 93 . 1  per cent respectively for the parent strains 
and 46 . 2  per cent in the F1 males . In all three groups there 1•vas an 

excess of hypomodal count s .  Hhen the data of D�ring _et al . ( 1 972 ) ,  

whi ch included earlier counts  made by Tet tenborn and Gropp ( 1 97 0 ) , vras 

analysed u sing the methods of  Cattanach and Moseley ( 1 973 ) and Ford 

and Evans ( pers . comm . , 1 97 3 ) , simi lar trends were observed to  those  

seen in  the ram. Table  V .  47 shows that percentage e stima tions of  

aneuploid metaphase I I  frequency and non-disjunction v1ere lo;v for 
NMRJ and �1us poschiavinus s trains but hi gh for the F1 hybrid .  

TABLE V .  47 

ESTIMATIONS O F  Al'IEUPI,0ID l'H I  FREQUENCY AriD PERCE!'-"fTAGE 
N ON-DI SJUNC 'l'I ON IN i-II C E  

NMRI 

Hus poschiavinus 

F
1 

hybrid 

(Based on 

Average 1 9+21 (%) 
3 . 1 3 

6 . 1  9 

36 . 29 

data of Daring et al. , 1 973 ) 

Aneuploid Frequency Average % 
2 1 x2 Non-dis-(�0) junction 

0 . 99 3 . 1 8  

1 • 1 3 6 . 24 

32 . 85 43 . 98 

Number  
C e l ls 
Scored 

607 

533  

755  
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D oring et al._ ( 1 972 ) found tha t there was no s igni fi cant 
di fference b etwe en ind i v i dual s pecimens \·Ti t hi!:. ea ch of the three 

group s  nor b et<reen t.-he HNRI and fftu s J2.0Qchi ayjr.us males , bu t signi fi­

cant di fferences Hore s h ovm t o  exi s t  vlhr:.:n F'1 hybrids 'I; ere compared 
with NMRl a.nd !�us pos c h i_ avi nus . 

Wh en mi c e  whi c h were het erozygous and homozygous for each 

of the s even lD •�tac en tri c t ra ns l o ca t i ons T
1 

Bn.r - T
7 

Bnr , \·;ere studi ed 
( Cat tanach and �';os e l ey , 1 973 ) i. t became clear that th e frequency of 

non-di s ju n ct i on a ss o ci ated with the different ruetacentri c chromosomes 
vari ed . Thi s was a l s o  no ted by Ford and Evans ( pers . comm . , 1 973 ) .  

The average values fo r an eupl o i d  frequencj e s  calcula hd hy Cat tanach 

and Mosel ey ( 'i 9�'3 ) are li s t ed i n  Table V .  48 . 

TA.BLE V .  48 
ES'I'HIATI ON S  O F  ANEUPLOI D  HII FF.ECUENCI ES I N  IHQ;m_ 

( C a t tanach and Mo se: ey , 1 973 ) 

Genotyp e o f Average Average Numb er o f  Average % 
c?' 1 9+2 1  2 1 x2 C ells Non-dis-

(% )  (% )  Sco:;:ed jur.ction w. 

T 1 /+ 25 . 0  1 8 . 5  400 26 . 04 

T 2/+ 23 . 8  1 4 . 5  400 24 . 55 

T 3/+ 21 . 3  1 3 . -5  400 2 1 . 85 

T 4/+ 35 . 0 2 9. 5 400 38 . 78 

T 5/+ 1 8 . 0 8 . 0  400 1 8 . 80 

T 6/+ 1 3 . 3  6 . 0  400 1 5 .84  

T 7/+ 1 8 . 0  1 2 . 0 400 1 8 . 70 

}1etacentric 
Homozygo tes 7.  28 2 .86  700 7 . 42 

+ I+ Normal 
control 8 . 50 0 . 00 400 7 . 5 1  

* Calcu l at ed according to method o f  Ford and Evans ( pers . comm . , 1 973 ) . 
£ 1 9, 21 class es. x 1 00 
€ 1 9 , 20 ,  2 1 classes 
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C omparison of  thes e figures vli th tho s e  for mice homozygous 

and het erozygous for all seven (T 1 Bnr-T7 Bnr ) Robertsonian 

translo cation chromos omes (Table V. 47 ) ,  shows that  the percentage 

aneuploid  frequency and non-dis junction is conGi derab ly higher i n  

(N11RI x Mus poschie.vi nu s ) F1 hybri cls  than i n  mi c e  heterozygous for a 

single translocation chromosome . The metapb.ase I I  anmlploid 

frequencies also vari ed vli th the different translocation chromosome s .  

T/+ had the hi�hest frequency o f  aneuploid cells ( also confirmed b y  

Gropp e t  al . , 1 972 ) and T/+ the lowest (Cattanach and Moseley , 1 973 ) .  
When the results in Table  V .  48 are compared vri th those  calc'J.lated for 

rams ( Tab le V .  44 ) ,  s imilar trends are seen . Tte fi gure calculated 

for 53 , xy , t7 of 35 . 1  per cent based on the 29 and 3 1  c lass was simi lar 
) . 

to that for the T 4 Bnr heteroz ·rgote but the c omplementary figu.re based  

on the  3 1  x2  class es v•as lower for the  ram ( 1 7 .  ;( per cent ) , than for 

the mous e ( 29 . 5 per cent ) . Simi larly wi th the 53 , xy , t1 and 53 , xy , t2 , 
figures for the 29+3 1 c lasses were recorded whi ch ;.Jere higher than 

those  for any of the o ther six types of mous e het erozygote . However 

thos e for the 31 x2 classes 1vere lo1-.rer than calculated for the mouse . 

Individual rams vari ed in  the estimations of aneuploid metaphase 

II frequ E-ncy . For example  B76/72 ( 53 , xy , t3 ) from whi ch 99 cells Here 

evaluated , had valu e s  of 47 . 5  and 22 . 2  per cent , vlhile  B1 3/72 ( 53 , xy , t7 ) 
J 

from which 206 cells  vr ere evaluated had values  of 29 . 6  and 1 6 . 5  per c ent 

and B87/ 72 ( 53 , xy , t2 ) from whi ch 1 5 1 cells were evaluated. had. values  of 

3 1 . 8  and 1 0. 6 per cent . Differences between different mi ce hetero zygous 

for any one metacentri c chromosome were observed by Ev11ns _9t o. l .  ( 1 96 7 ) ,  
vlhi t e  and Tjio ( 1 967 ) , Cat tanach and Jl1o seley ( 1 973 ) and Ford &"ld  Evans 

(pers-. comm. , 1 973 ) . 
Hyperploid cells were n o t  s een in either of the tv;o homozygous 

rams studi ed but low levels were found by Dorin� et al. ( 1 972 ) and 

Cattanach and Moseley ( 1 973 ) . The percentages of aneuploid cells based 

on the sum of the 29 and 3 1  classes  ( rams ) and 1 9  and 21 c lasses  (mice ) 
were similar for the homozygous rams and mice  (Tables V .  44 and V .  48 ) .  
Si�1ifi cantly lower l evels of aneuploid metaphas e I I  cel ls were 

recorded. in both h omozygotes and normal rams when compared to hetero-

zygous rams . Simi lar trends were repor ted in mice ( D�ring et  a l . , 

1 972 ; Cattanach and Hoseley , 1 973 ) .  
I t  was i nteresting to no t e  that in the 53 , xy , t

2 
there were 

fevTer balanced translocation-carrying female metaphase I I  cells 

( 2 6 , t , x ) than expected  in three o f  the four rams s tudied,  and the 
30 
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difference  Nas stati sti cally  significant ( po oled data , page 1 49 ) .  

Bru:'ere ( pers . co;-c.ru . , 1 974 ) found a significantly lmver number of 

transl o cation--carrying e"':Ie lambs ( ) 3 , xx ,  t) born in 1 97?.  from 

matings of  5 3 , xyr t2 x 5 4- , xx ,  and a bigher nUJub er o f  ram lCt.JTlbS  5 3 , xy, t 1 
borD i n  1 971 from 53 , xy , t 1 x 54 , xx matings than expected . Bru�re 

(pers . c omm . ! 1 97t1r )  i s  continuing r,i s  study of these matings with 

larger numb ers of  sh eep in an attempt to explain these  di screpanci es . 

The author also not i c ed that non-translocati on-bearing X 
and Y cells  predominated at metaphase I I  in all  three translocati on 
types whe n  all metaphase  I I  cel ls  were considered , and greater than 
expected numbers of X-carrying cells "trere found. in both euploid and 

aneuploid cell c lasses in the t-.: group ( pag� 1 5 7 ) . This  is in contrast  
../ 

to the data of  Tettenb orn and Gropp ( 1 970 )  whic�1 indicat ed that there 
-vms no  preferential sex chromosome distribution in any o f  the aneuploid 
cell types .  Several other  reports on anomalie s o f  thi s kind have 
been made . \mite and Tj :i_ o  ( 1 967 )  noted an excess of  balanc ed non­
trans location carrying metaphase I I  cel ls  in T1 Wh- het erozygous mice 

but could nei ther determine  the reason for �hi s ,  nor i ts relationship 

to the karyotypes of progeny from matings involving these mi ce . 

Evans �t al , ( 1 967 ) observed an excess of  T1 63H daughters and a 

defi ciency of sons in matings o f  hetero zygous males to normal females . 

No sex linkage nor any ass o ci ati. or�s of the translocation c:hromosome 

\·li th s ex chromusowes at metaphase  I I  were recorded . Although the 

numb ers of animals invo lved i'lere small ,  Hamerton ( 1 968 ) su[;gested that 

perhaps the s ex imbalance in the progeny could be explain ed as a result  

of  the T 1 63H- X-bearing sperm having a s elective advantage over the 

Y-bearing sperm. 
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� Caus e  o f  aneuploidy in Rob er tsoni an 
t rans l o ca t i on het ero zygot es 

S everal theories have b een sugges ted 
in  e xp l anati on of t h e  no n-di sjunc t i on obs erved at me taphQs e I I  in 
s tructural heterozycotes . Tettenbcrn and Gropp ( 1 970) propos ed that 
ei ther genetic het e ro L:;y�osi ty per___:se  o r  the structural he t eroz ygos i ty 
resu lting in t :ci\'3.lent formation was re sponsible  for the indu ction of  

. . ,,�,... --� i �J ":"'"(. h" o.-,� 
meJ o h c  Tfi"" · .u;:con .  C a t tanach and l"los e ley ( 1 973 )  h ow e v e r ,  cons i der 
that " >�hil r, n cm--<lisju nction ca.n be associat ed \vi th heterozygos i ty for 
Rob ert sonian tr&ns lo cati ons , it i s  not a n ecessary consequence " .  
'rhe di ff eren c:os in  l eveL3 of non-di sjunction for mi c e  h et ero zygou s for 

clifferen.t meh::cent:>:·ic t ran s l o ca t i on chromosomes a:"ld the o1.:; s erva t i on 

tha t n on- d i sju n c t :i. on iliay also b e  occurri ng in mi c e  l·Thi ch are homo zygous 

for a m e tacen tr.i. c trar: s lo cation chromos om e ,  a3 vi ell as data on zygote 
lethali ty and linkage groups 7 led Cat tanach and Hos eley ( 1 973 ) to  

p ro p o s e  that gene ti c  differences associated with the sp eci es ( �Tus 

mu s cu lu s x Mu s pos chi avi nu s ) cro ss me.y b e  an important factor in 
mals egr egati on s . 

� Fate o f  aneuploid cells  and effects of  
h e t ero zygo s i ty 

Eviden ce  from di ff eren t species sugges t s  

th<1 t aneup loid s econdary spermatocytes have severa l possible  fates : 

( 1 ) 'rhey lilay degenerat e durir;g sperma togenesis ( Roos en-:D.,mge , 1 973 ) o r  

( 2 ) develop into matu re spermato z oa capab le of  ferti lizing an ovum 
(Doring et a l . , 1 972 ; Ford , 1 972 ) .  These spermatozoa even 
although chromo soma lly u nbalanced may be morphologi cally simi lar 
to geneti ca lly ba J.:mced sperma t o z oa (Henric ·son ancl Backstr'om , 
1 964 ; Hul te"n and Lindst en ,  1 97 0 )  and may parti cipate in ferti li z ­

ation in numb ers related to the total numbers produced rather than 
accordin� to \�hGther their genome i s  normal or unbalanced ( Ford , 
1 972 ) .  
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( 3 )  The product o f  ovum fertilization b y  an aneuploid sperm , an aneuploid 
zygote ,  may die b efore implantati on ( Evans et a l . , 1 967 ; Gropp 

et al. , 1 970 , a ; Cattanach and Nos eley , 1 973 ; Ford and Evans , pers . 
comm . , 1 973 ) and this pre-implantation loss  could b e  confused with 



losses o ccurring b ecause of  reduced rat e o f  ovum ferti li zation 
( Ford and Evans , pers . comm. � 1 973 ) .  

( 4 )  Post-implantaJcior.. d ea t h , recognizab le as ab o rt ions , me.y occur ;  
many o f  the abortus es could b e  monosomi c or tris omic eulbryos or 
foetuses  (Waxman , Arakaki and S:nith , 1 967 ; Gropp e t  al . , 1 970, a ;  
Tet tenborn and Gropp , 1 970 ;  Cat tanach and Moseley, 1 973 ; Ford 
and Evans , pers . comm . , 1 973 ) .  

( 5 )  A pl'oportion of the aneuploid zygotes may s1.1.rvive unti l tsrm and 

produce  individuals  which are monosomi c ( Say,  Tuncbi lek , Yamak , 

Balci , 1 970 ) or tri somi c for a parti cu lar chi' omosom 8 ( Griffen and 

Bunker ,  1 964 ; Schroder,  Lydecken , de �a Chapelle , 1 97 1 ; vlhi te , 

Tji o , Van de Wat er and C randall , 1 97 2 ,  u ) .  
The effects of heterozygosi ty for a Rcb ertsoni an translocati on 

in the male are manifested in various ways in di fferent speci es . 
Fertili ty depressi on has b een recorded in mi ce ( Evam et al . , 1 967 ; 

Whi te and Tjio , 1 96 7 ;  Gropp et al . ,  1 970 , a ;  Tettenborn and Gropp , 
1 970 ; Cattanach and Mos eley , 1 973 ; Ford and Evans ,  pers . comm. , 1 973 ) . 

In  man , i t  has b een propo sed that the D/D translocations may b e  hetero­
geneous in thei r clinical effects vri th some carriers having normal 
ferti li ty whi le others are steri le (Palmer , Morris , Thompson and Nance , 
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1 973 ) .  Only about fou r  per cent of  the progeny of mal e  D/ G translocation 
carriers are chromosomal ly unbalanced whereas 50 per c ent might b e  
expected ( Ferguson-Smi th ,  1 972 ) ,  and_ Hamerton ( 1 96 6 ;  1 968 ) has at tempted 
to explain this on the basis of sele ction agaj_nst aneuploid spermatozoa 
at ferti lization .  Similarly the vi rtual absenc e of adjacent segre-
gants in the offspring of D/D trans location carriers has been sugges t ed 
due to preferential alternate s egregation of the chr omosomes involved 
in the trivalent , and thi s is suppos ed ly related to the simi lar arm 
lengths of the chromoscme pair invo lved in the trans location as oppos ed 
to the unequal l engths of the chromosomes forming the D/ G translocation 

i'rher� adjacent segregation is more common (Hamerton , 1 96 6 ; 1 968 ) . 

From limi ted metaphase II  data and the identifi cation of  

balanced karyotypes only , Gustavsson ( 1 969 ) suggested that preferential 
alternate s egregation of the chromosomes in the trivalent o ccur red  in 

1/29 translocation hetero zygous cattle . This type of  s egregation i s  

also thought t o  predominate  i n  mice h etero zygous for the T1 Wh- (Whi te 
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and Tji o ,  1 96 7 ) and T1 63 H ( Evans e t  al . ,  1 96 7 ) translocations whe re 

aneuploid lev e l s  o f  only nin e  and two per cent resp ectively Here 

found in metaphas e II  c e l ls , and Fo rd and Evans ( p er s . comm . , 1 973 ) 

suggested that tb e f8rh :; i ty d epr e s s i on reco rded by Evans et al. ( 1 967 ) 

c ou ld p erhaps have b e en du e t o  the r educ ed ferti l i z o.tion capaci t y  of 

the spe rm . 

I t  app ears that the s i tu a t i on in the s h ee p  may di ffer from 

that so far d e s cri b ed in o thGr mamma l s .  

The p o s s i b l e  chr om o soma l c omp os i ti on o f  zy got es p rodu c ed i n  

t rans locat i o n  het ero zygo t e  r ams x no rmal ewe r:1at ings a re li sted in 

Tab l e  V .  4 9 .  I n  fact , n o  cases o f  lambs vri t h  unba l anced karyo types 

a s s o c i at ed wi th Robertsoni an t rans locat i ons have b een re c o rde d .  

Nei ther are t b e r e  any rep o r t s  o f  monos owi c o r  tris omi c c a t t le 

( Gu stav s s o n ,  1 96 9 )  o r  goat s ( S e ll er et al . , 1 96 6 ;  Popescu , 1 972 ) 

a s s o cia t ed w i th Rob erts onian trans locations . 

I t  i s  known from mating expe riment s that the ferti li ty o f  

the three t yp es o f  Robertsonian t rans locati o n-car rying rams w·hen mat ed 

vfi th no rmal ev;es i s  at l east as good as that reco rded fo r o ther Romney 

mating flo cks at Hassey Univers i ty and e quiva l ent to National Romney 

ferti li ty data (l3ru'e re , p ers . comm . , 1 974- ) . Since the maj o ri ty o f  the 

elves conceived to the i r  first s e rvi ce thi s sugge s t s  that only 

chromo s omal ly balan ced ( eupl oj_ d )  s p e rmatozoa 1vere i nvolved in f er ti l i z a-

t i o n .  I n  add�L h on th e three trans l o ca ti ons i n  the h o::no �ygou s s t a t e  

b ehe.ved as no rm� d  au tos omal b i va l ent s wi th re gular s e grega tion a t  

anaphas e  I pr edominating,  and a l l  lamb s produ c ed fr8m h omo zygous x n o rmal 

matings were tran s lo c a ti on h et erozygo t es (Bru �r e , per s .  c omm . , 1 974 ) ,  

c onfi 1�ing th e reg�lar alternat e s egregati on pat t ern a t  anapha s e  I .  

Th ere i s  s ome evi dence for ma ls egrega ti on o f  chr om o s omes in th e form o f  

hyp erp loid c ells in the metac entri c mou se homozygo tes (Cat tana ch and 

Mos e ley , 1 973 ) bu t this l-Tas not s een in th e homozygou s rams . 

Bru�re'  s data ( pers . c omm. , 1 974 ) s howed that there was a 

signi fi cant decrea s e  i n  fert i li ty , s e en a s  a lower lambing p e r c en tage , 

vlhen tran s l o cation het erozygous rams v1ere mated with tran s location 

heterozygou s ev1es and this was especi a l ly n o t i ceab l e  for the Ma s s ey I 

t rans location.  In vi ew o f  the fac t  tha t hetero zygou s and homozygous 

f·1as s ey I ,  li and I I I  Roberts oni an t rans l o c at i on- carrying rams mated 

vTi th no rma l e;ves (Bru�re , pers . comm . , 1 974 ) and a d oub l e  het erozygo te 

( 52 , xy ,  t 1 , t3 ) ram when mat ed w i th normal evres, ( Bru�re and C hapman , 1 974 ) 



wore o f  n o rmal ferti l i t y ,  t h e  ferti li ty depression could n o t  b e  

attribu t ed t o  the het ero z ygou s  rnrus . 

I t  s eems m G s t likely that th e ab s ence o f  unbalanc ed 

karyo t yp es a ncl the norma l fP-rti l i t,y of t ranc J o c a t i on h e t erozygous rams 

i s  expli cab l e  on the basi s of a degenera t i on of aneup l o i d  s p e rma t o c yt es 

( Ortavan t , 1 958 ci ted by E o o s en-Runge , 1 973 ) vrh i ch is sp eci es·-sp e cific 

end o c cu r s  a t  s ome s tage pri or t o  sperma t ocyte matu rat i on ( Roo s en­

Runge , 1 973 ) .  B i shop ( 1 96 4 )  and R oosen-Runge ( 1 973 ) sugge s t ed tha t 

the loss of male germina l c e l l s  was one ·way of ensu ring tha t unsu i t ab le 

gam e t e-typ e s  were YJ o t  d i s s eminat ed . 

A lthough a s i gni f i c: a n t  l evel of aneu p l o i d y  occurs i n  s e c ondary 

spermat o c y t es of a l l  three t rans l o c a t i c, n  heterozygous ram s , the concep t-

ion rat e s and pro geny a r e  not affe c t ed . By compar i s on th e f er t i li ty 

of t ob a c c o  mou s e  c ro s s es ( h e t erozygot e s ) j_ s s i gnifi cant ly redu c e d  

b ecau s e  aneup l o i d  s p erm are produ c ed. a n d  ferti l i z e ,  resul t ing i n  z ygo t i c  

l o s s . Th e reas on for t he di ffer en t fat e  of aneuploid sp erma t o cyt es i n  

the ram and t obacco mous e c r o s s es j_ s probably du e t o  t h e  fac t  t h a t  the 

chromosomes o f  the l att er ar e d erived from two geneti cally diff erent 

speci e s  ( C a ttana ch and Mo s e l ey , 1 973 ) .  
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f Polyploid secondary spermatocytes 

The possible modes of  formation of 
polyploid. s econdary s_p e rmato cytes h�we a lr eady b een di scu.s s<:::d in 
Chapter I V ,  s ection f� ( viii ) . 'I'b e a1mor:nal  sex chromoso:ne complements 
seen in s everal rr.e b-chase I I  cells as 1vell  as the aneuploid  polyploid 
cells  could be 8)\j)lained o n  the basis of cell fu si ons at t elophase  I 
thus : 

26,x ( or y) 
29 

fus ed Hith 27,};_( o:r y_) to give )),xv 
30 59 or 

26,x (or .xJ fu sed wi th 
29 

..?2.J.,_y_( o:r y) to gi ve )2, t .. �..t2S. 
30 59 

and 26 ,.:L_y fused l'l'i th 26, t, v i..o give � . . LJ...t.Y..:Z. 
30 30 60 

53 ,_xx , 
59 

.5.2, t,x,y, , 
59 

The percentages of  polyploid cel ls estimated from th e totals for each 
of the translocati on types were 20 . 4 per cent ( 53 , xy , t 1 ) , 1 3 . 8  per cent 
( � 3 , xy , t2 ) ,  22.9 per cent ( 5 3 , xy , t

3 ) , 1 0 per cent ( 5 2 , xy , t1 , t 1 ) and 
1 7 . 9  per cent ( 52 , xy, t

3
t3 ) (Table V. 1 9  page 1 32 ) . A variation in the 
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propor tions of  polyploid cells b etween rams was observed .  These findings 
were similar to those  for the normal rams . 

� Unival ent sex chromosomes 

Separa ted sex chromosomes v1er e recorded 
in preparations from bo th normal and Robertsonian translocation-carrying 
ranis at dia.'dr,esis and metaphase I ,  but no evidence uas o·b servcd of  the 
s ex chromosome aneuploidy exp ected in secondary sperm :1tocytes if the two 
univalents di sj oined at random at first  anaphase . S imi lar findings have 
been r eported i n  mice ( Ford and E\rans , 1 964 ; Ohno , Kaplc..n and Kinosita , 
1 959 ; Lin et aj . •  , 1 971 ) . Th e exceptional sex chromosome complements 
seen i n  some polyploid cells  in the ram were probab ly the products of  
cell fusi on a t  t e l ophase I .  . Beechey ( 1 973 )  has sugees ted that " ce lls 
with X-Y dissociation do not usual ly proceed beyond metaphase 1 "  and the 
results  reported in thi s thesis confi:r'ID his observations . 



( E )  C ell  Di s tri bu t i ons At Mei o s i s  I n  
Robertsonian Translocation-carrying 
R.arr.s 

Cell  dis tribut i ons in each o f  the 

ea t egori es , s p e rmat ogonia
_
! metaphas e ,  cliakine s i s-m etaph-s.s e I anci 

me taphase I I  are e;i ven in Appendix XXI I . Th e proporti on o f  c e l l s  in 

each cat ego ry va:'ied b etween rams . On average t h e  I'III IH rat i o  ;-;as 

grea ter than tha t found i n  the normal r ams , bu t in only r:1m A1 82 did i t  

approach t h e  expect ed va l u e  o f  2 . 0 , and th e rams w i t h  va lue s o f  z e ro 

were pro ducing s em en o f  acceptab le qua l i ty . The prepond e ranc e o f  ce lls 

i n  the diakine si s  and m etapha s e  I s tages over thos r:: dt m e "� aphas e  I I  are 

no t at tribu tab l e  to sperma t o e;eni c di s turbance s but :::'a ther to t e chnica l 

variables . 

1 8 3 



BIBLI OGRAPlfY 

AIJ}1ED , I . A . ( 1 940 ) :  The s tructure and b ehaviour of  th e chromosomes 
of th e sheep during mi tosis and. meiosi s .  
Pro c .  R .  Soc . Edinb . , 6 0 :  260-270 . 

A.HJI]ED, I . A . ( 1 94 1 ) :  Cytological analysis  of chromosom e b ehaviour in 
three b reeds of dogs . Proc . R .  Soc . Edinb . , 61 : ·1 07-1 1 8 .  

Al'-lRUD , J .  ( 1 969 ) : C entri c fusion of chromosomes in No rl,! egian Red 
cattle (N . R . l!,. ) . Heredi tas , 62 : 293-302 . 
" 

ANNEREN, G . ; BERGGREN, A . ; STAI·IL , Y .  Ju'fD KJESSLER, B .  ( 1 970 ) :  

Preparation methods for human pachytene chromosomes . 
Hereditas , 64 : 21 1 -21 4 .  

ARRI GHI , F . E .  AND HSU , T . C .  ( 1 97 1 ) :  Localizati on of heterochromatin 
in human chromosomes .  Cytogenetics , !..Q.: 8 1 -86 .  

AUSTIN ,  C . R . ( 1 960 ) : Anomalies of  fertilizati on leading to  triploidy .  
J .  cel l .  comp . Physiol . , .2£, suppl .  1 : 1 -1 5 . 

BARANOV , V . S .  AND DYBAN , A .P . ( 1 971  ) :  A new marker Rob ertsonian 
translocati on ( centric  fusion of autosomes ) in the laboratory 

mouse Hus musculus . Cytologia ,  1.2: 820-829 . 

BARNICOT, N . A . ; ELLI S ,  J . R.  AND PENROSE ,  L . S .  ( 1 963 ) :  Translocation 
and tri somic mongol sib s .  Ann·. hum . Genet . ,  26 : 279-285 . 

BARR , N . L .  AND BERTRAIVJ: , E . G . ( 1 949 ) :  A morphological distinction 

behreen neurones of  t1:e mal e  :md female ,  and th e b ehaviour  of the 

nucleolar se.tclli te  during accelerated nucleoprotei n  synthesi s .  
Nature , Lond . , 1 63 : 676-677 . 

BA.SRUR, P . K .  Al'JD GIU1A.TIJ , J .  P .  W .  ( 1 964 ) :  Blood culture r:J.ethod for the 

s tudy of bovine chromo somes . Nature ,  Lend . , 204: 1 335-1 337 . 

BATH , D . \V .  AND GE1l]) EL ,  B . R .  ( 1 973 ) :  Giemsa banding of mei o tic  
chromosomes . Lancet , 2 :  455 . 

BEATTY , R . A .  ( 1 970) : The genetics of  the mammalian gamete . 
Biol . Rev. , .42_: 73-1 1 9 . ·  

BEECHEY , C . V . ( 1 973 ) : X-Y chromosome di ssociation and s terility in 
- the mouse . Cytogene t .  C ell Genet . , 1£: 60- 67 .  

BENIRSCHKE , K .  AND BRO'w'NHI LL , L .  E .  ( 1 963 ) :  Heterosexual cells  in 
testes of chimeric marmoset  monkeys . Cytogeneti cs , �: 331 -341 . 

BERRY, R .  0 .  ( 1 938 ) :  C ompara ti-.re studie s  on the chromosome numbers in 
sheep,  goat and sheep-goat hybrids . J .  Hered . , £2: 343-350.  

1 84 



BERRY , R . O . ( 1 94 1 ) : The chromosome complex of domesti c sheep 
J. Hered . , .2£: 26 1 -267 . 

BISHOP , M . W . H .  ( 1 964 ) :  Parental contribution to embryoni c death. 
J . . Reprod .  Fert . ,  1: 383-396 . 

BOBROW , I"l . ;  ;'!AJ) P�l'if ,  K .  AND PE/\.RSON . P . L .  ( 1 972 ) : S tai r..iug of  some 
specific  regions of human chroruosor.1es particularly the secondary 

constri ction regj_ on of numb er 9 .  Nature , N ew Bio l . ,  238 : 
1 22-1 24. 

BOiviSEL-HELHREICH , 0 .  ( 1 959 ) : "" Methode d ' analyse du nombre  de chromosomes 

dans les cellu les gerwinale s  du b {lier . iL"lnl s Zoo te ch . , §.: 

323-343 . 

BOOK ,  J . A . Al'ID KJ ESSLER , B .  ( 1 964 ) : I1ei osis  in the human male . 
Cytogenetics , } : 1 43-1 47 . 

BORDJAD ZE,  V , K .  AND PROKOFl EVA-BELGOVSKAYA , A . A .  ( 1 97 1  ) : Pachytene 

analysis o f  human acrocentri c chromosomes • Cytogene ti cs , 

.1Q: 38-49 . 

BORLAND , R .  ( 1 964 ) : The chromos omes of  domesti c  sheep . J .  Hered . ,  
2.2.: 61 -64.  

BRIDGES , C . B .  ( 1 923 ) . Ana t .  Re c . , 24 : 426 . Cited by FORD , C . E . 
Alm C LEGG , H . I"l .  ( 1 969 ) : Reciprocal translocations . Br .  rued . 
Bu 1 1 .  , 25 : 1 1  0-1 1 4 .  

BRO OKS , A. L .  AND LENGEJv!.ANN , F. W .  ( 1 967 ) :  Compari son of rad.iation­
i nduced chromatid aberrati on s  in the testes and b ene marrow of 

the Chinese hamster .  Radiat . Res . , 2?.: 587-5 95 . 

BRUC E ,  H .  A .  ( 1 935 ) :  'l'he spermatogenic his tory of sheep .  
thesis , Pit tsburgh , University o f  P i  t tslmrgh Library . 

\ 
BRUERE , A . N .  ( 1 96G ) : A s tudy in cytogenetics in the sheep .  

thesi s ,  Glasgow , Universi ty o f  GlasgOi'i Library . 

Ph . D .  

Ph . D .  

\ 
BRUERE , A . N .  ( 1 967 ) :  Evidence of age aneuploidy in the chromosomes o f  

the sheep . Nature , Lond . , £12: 658-659 .  
\ 

BRUERE , A.N .  �� McL��EN , R . D .  ( 1 967 ) : The idiogram of the sheep with 

� particular reference to s econdary cons trictions . C an .  J .  Gene t . 

Cytol . , .2,: 5 43-5 5 3 .  
\ 

BRUERE ,  A . N .  AJ\1]) JI1Jl.CNAB , J .  ( 1 968 ) : A cytogeneti cal investigation of  

six intersex sheep shown to  b e  frecmartins • Res . vet . Sci . , 

.9_: 1 70-1 80 . 

1 85 



BRUERE , A.N . ( 1 969 ) : IVla le s teri li ty and an auto somal translocation 

in Romney sheep . C ytogene t i cs , g: 209-21 8 .  
BRUERE,  A . N . ; IvJ.cDONALD , M . F. AN,.J !V"�..ARSHAU , R . B .  ( 1 96 9 , a ) : 

C ytogen e h caJ. analysis  of  arl ovine �ale ps eudohe rmapllrodi te and 

the possib le role  of the Y chromosome in cryptorchidism of  

sheep . Cy togene ti c s , �: 1 48-1 57 .  
BRUERE,  A . N . ; T·L£ul:j_SJlALL ,  R . B .  Al!D vlARD , D . P. J .  ( 1 96 9 , b ) :  T esti cu lar 

hypoplasia and XXY sex chromosome coJ.np:i.ement in  two rams : the 
ovine counterpart  of Klinefe l t er ' s syndl'Ome in man . J .  Reprod . 
Fert . , ll: 1 03-1 08 . 

' 
BRUERE , A .  N .  ( 1 970 ) : Some c lini cal asp ects of hypo-orchi di sm ( small 

tes tes ) in the ram . N . Z .  vet .  J . , 1 8 :  1 89-1 98 . 
BRUERE, A .N  . . t'\.ND JVII LI,S , R . A. ( 1 97 1  ) : Observations on the incidence o f  

Robertsonian t:cans l ocations and assodat ed t e3b. cu lar changes in  
a flock of  New Zealand Romney sheep . Cytogeneti cs , 1Q: 260-27 2 .  

BRUERE , A .N . ; CHAPMAN , H .M .  A1'ID vlYLLI E ,  D . R. ( 1 972 ) : Chromosome 

polymorphi sm and i ts possibl e impli cations in the s el ect Drysdale  

breed of  sheep . Cytogenetics , 11: 233-246 . 
BRUERE, A . N .  ( 1 973 ) : Popu lati on s tudi es on a further fami lial 

trans location of sheep . Vet . Rec . , �: 3 1 9-321 . 
BRUERE , A .JIT .  AND CHAPJVIAN , H . M .  ( 1 97 3 ) : Autosomal translocations in two 

exoti c breeds o f  cattle in New Zealand . Yet .  Rec . , �: 61 5-61 8 .  
BRUERE , A. N .  ( 1 974 ) : 'l'l:e di sco'rery and biologi cal cons equences of  

some important chromosome abnormaliti es i n  dome s t i c  animals . In 
Internati onal Congress  on Geneti cs Applied to Animal Production ,  

1 s t , Madrid ,  1 974 .  Proceedings . In  Press .  
BRUERE ,  A . N .  Al'ID CHAPI-1AN , H . M .  ( 1 974 ) : Double translocation hetero-

zygosity and normal ferti li ty in domestic sheep . C ytogenet .  

C ell Genet . In  Press . 
BRUERE , A . N . ; ZARTJVI.tu� , D . L . AND CI-IAPr'LAN, H . �'! .  ( 1 974 ) : The significance 

of the G-bands and C-band s of  three di fferent Rob ertsonian 
trans locations of domesti c sheep  ( Ov�s ari es ) . C ytogenet . C ell  

Genet .  I n  Press . 
BRYD EN ,  W .  ( 1 933 ) : The chromos omes of th e pig .  

1 49-1 53 . 

Cyt ologia , .2,: 

1 86 



BUTARIN ,  N .  S .  ( 1 933-1 934 ) :  [Th e chromosome complex of  the arkhar 
and the fat-rumped sheep 1 Trudy ki rgiz . kompleks . Eksped . ,  
_1: 77-BO.  IJl Anim. Breed .  Abstr .  ( 1 936 )  .1_: tJ- 5 .  

BUTARI N ,  N . S .  ( 1 935 ) :  [The chromosoRe comp lex of  arkhar ( 0 .  po lii 
kare li ni �' ev . ) ,  kurdiucl:my ram ( 0 .  s teatonvga ) and th eir F1 
hybrid .] C .  r .  Dokl . ( Pro c . ) Acad . S c i .  U . S . S . R . , N . S . , 
,1: 287-290 . Lil Anim . Breed . Abstr .  ( 1 936)  .1_:  4-32 .  

BUTTLE , H . L .  1\l\TD HANC08K ,  J . L .  ( 1 966 ) :  The chromosomes o f  goats ,  
sheep and thei r hybri ds . Res . vet . S ci . , 1: 2:50--231 . 

DYERS , J . H .  ( 1 953 ) :  The influence o f  test es biopsy on semen quali ty. 
J .  Dairy Sci . , _36 : 1 1  65-1 1 7 1 • 

CARR , D . H .  ( 1 971 ) :  Chromosome s tudi es  in s e l e c ted spontaneous 
abortions . Pol;-,rploidy in man . J .  m ed .  Genet . ,  §. :  1 64-1 74 . 

CASPERSSON ,  T . ; FARBER,  S .  ; FOLEY , G.  E . ; KUDYNOvJSKI ,  J . ; MODEST ,  
E . J . ; SIMONSSON , E . ; "\ATAGH , U .  AND ZECH , 1 .  ( 1 9 68 ) : Chemi cal 
differentiation along metaphas e  chromosomes . Expl C el l  Res . , 
.19_: 21 9-222 . 

CASPERSSON , T . ; HULTEN , M .  ; LINDSTEN, J .  AND ZECH , 1 .  ( 1 971 ) : 

I dentification o f  chromosome bivalents in human male meiosis  
by quinacrine mustard fluorescence analysis .  Hereditas , 67 : 
1 47-1 49 .  

CATTANACH ,  B . l\1 . ; WI LLIAl'lS , C . E . lL�D BAILEY , H .  ( 1 972 ) :  I dentifi cation 
of the linkage r;rm::.ps carri ed by the metacentri c chromoso;u es of 
the tobacco mouse  (Mu s po s c h i avinu s ) . Cytogene tics , 11.: 41 2-423 . 

CAT'l'ANACH ,  B . H  . .!LfifD MOSEJ,EY , H .  ( 1 973 ) :  Non disjuncti on and reduced 
fer t i li ty cau s ed by the tobacco mouse  metacentric chromosomes . 
Cytogenet . C ell Genet . , 1£: 264-287 . 

CHANDLEY , A. C . ; CHRISTIE ,  S . ; FLETCHER , J . ; :F'RA.CKI E\HCZ ,  A .  AND 
JACOBS , P . A .  ( 1 972 ) :  Trans location heter.nygosity and associated 
subfertility i n  man . Cytogeneti cs , 11: 5 1 6-533 .  

CHANDLEY , A .  C .  AND FLETCHER , . J .  ]\1 . ( 1 973 ) : C entromere s taining at  
meiosis  i n  man . Humangenetik , �: 247-252 . 

� 
CHARNY , C . Vl .  ( 1 940 ) : Testi cular biopsy;  its value in  male s t eri lity. 

J .  Am. med . Ass . , 1 1 5 :  1 429-1 433 . 
CHARNY, C . W .  ( 1 9 63 ) : Reflecti ons on t es ti cular biop$y. Fert . 

Steril . , 1.1: 6 1 0-61 6 .  

1 87 



CHEI'I , A . T . L  . . AND FALEK , A .  ( 1 969 ) :  C entromcres i n  human meiotic 

chromosomes . S cience , N . Y . , 1 66 :  1 008-1 01 0 .  

CHEN 1 A .  T .  1 .  MfD FALEK , A .  ( 1 971 ) : Cytologi cal e'Jidenc s for the 

asso ciation of the sho rt arms of the X and Y ch romo s omes in 
the human male .  Natu.re , Lond . , 2?2 : 5 5 5-5 5 6 .  

CHEN , A .  T .  L .  ( 1 973 ) : lnt erchrmnosomal fibres .in human male mei o ti c  

chromosome s . Lance t ,  1:  828 . 

CHEN , T . R . AND RUDDLE ,  F. H .  ( 1 971  ) : Karyotype analy.si E; u ti li zing 

d i ff erentially s tained c onsti tu tive hoterochrom.:1.tin o f  human 

and murine chromosomes . Chromosoma , .:H_: 5 i -'{2 . 
C HU ,  E . H . Y . ; THULINE,  H . C  . .AN]) NORBY , D . E .  ( 1 964 ) :  Thp loid-diploid  

chimeri sm in a mal e  torto i s E:shell  cat . · Cyt ogeneti c s ,  1, :  1 -1 8 .  

C J�ARKE , R .  II. ; 0 1  NEI LL, G .  H . ; HE\VETSON , R .  Vl . AND 'IJ-IOT·fPSON , B . J .  

( 1 973 ) :  The predi ctabi li ty of  ferti lj ty from s emen scores . 

Aus t .  vet . J . , ±2.: 498-499 .  

C LENDENIN , T .  11 . ( 1 969 ) : Intraperi toneal colchi cine and hypo toni c KC l 

fo r enhanc ement of abundance and quality of  meiotic chromos ome 

spreads from hamster testes . Stain TAchno l . , 44 :  63-69 . 

COCHRAN , H .  G .  ( 1 95L� ) : S ome m e thods for st rengthening the common X 
tests . Biometri c s ,  �: 41 7-451 . 

C OHEN , Ili . M . AND SHAvf , t1. vl .  ( 1 967 ) :  The associ ation o f  a crocentric 

chromosomes in 1 000 normal human mal e  metaphase cells . Ann . 

hum .  Gene t . , iL: 1 29- 1 40 . 

C OHEN , IVi . JII . ; 
h10 D/D 

1 85-1 90. 

TAKAGI , N. AND HA.RROD , E .K . ( 1 968 ) : Tri somy D 1 vri th 

h·anslocation  chromosomes . Am. J. Di s .  Chi ld . , .1J..2: 

COHEN, �1 . M .  ( 1 971 ) :  'I'he chromosomal co nsti t't.1. tion o f  1 65 human 

translocati ons invo lvi ng D group chromosomes i dentified by 

auto radio graphy . Annls Ge'ne't .  , .1±: 87-96 . 

l. 

C OMINGS , D . E . AND OKADA , T . A .  ( 1 970 ) :  Who le-mount e l e c tron microscopy 

of the c entromere regi on of metacentri c and t el o centri c 

mammalian chromosom es . Cytogenetics , .9_: 436-449 .  

C OMINGS , D .  E .  AND AVELINO , E .  ( 1 972 ) :  DNA loss duri ng Rob ertsonian 

fusi on i n  s tudie s  of the tobacco mou s e .  Nature r  Ne'I'T Biol . ,  

m_: 1 99 .  

1 88 



C OOKE,  P .  ( 1 972) : Patterns of  s econdary a s soci ation behJe en the 

acrocentri c aut o somes of man. Chromosoma , 2£: 221 -240. 
C OURT BROw'N , lv. M. ( 1 967) : Human p opu lati on cytogeneti cs . 

Am s t erd&m , North--Ho l land . 

CREW , F. A . E ,  Al�D KOLLER , P . C .  ( 1 939 ) :  Cyto genetica.l analysi s  of  the 

chromosomes in the �i g .  Proc . R .  So c .  Edinb . , �: 1 63-1 75 . 

CULLING,  C . F. A .  ( 1 963 ) : Randb ook of h i s t o pathological techniqu es .  

2d 
, N _ �· , ea . ev, J. O r.v.: ,  Appleton-C entury-C roft s .  

DAIN,  A . R .  ( 1 970 ) : S eparating the she2p  from the goat s on the basi s 

of  thei r chromosome s .  Nature , Lond . , 228 : 5 60-56 1 . 

DAIN , A . R .  ( 1 972 ) :  C hromosome l ength di fferences b e tw e en ma le  and 

femal e  sh eep.  Natur e ,  Land . , .£)_]_: 455-457 .  

DARLINGTON , C . D .  ( 1 93 1 ) :  �1eios i s . Bi o l .  R ev. , .§..: 221 -264 .  
DARLINGTml , C .  D . .1\ND HAQUE , A .  ( 1 962 ) :  Polyploidy wi th chromos ome 

breaka.ge at meiosis  in the human r:J.ale . Cytogeneti c s , l :  1 96- 1 98 .  
/ ,.. 

DARRE,  R . ; QUEINNEC , G .  AND BERLAND , H . M .  ( 1 972 ) :  La trans l ocati on 

1 -29 des  bovins . Revu e m�d .  ve't . , 1 23:  477-!�94 . 

DATTA , N .  ( 1 970) : Reinvestigation o f  m eiosis  i n  the mal e  goa t ,  Capra 

hircus  Linn . , wi th sp ecial reference to chiasma fo rma ti o n  in the 

s ex and autosomal bival ent s .  Cytologi a ,  L2: 344-35 3 .  

De CAPOA, A .  AND ROCCHI , A .  ( 1 970 ) : Autorad i ographic i denti fi cation o f  

a 1 3/ 21 translocati on . Cytogen e tics , �: 396-400 . 

DENVER C ON FERENC E ( 1 960) : A propo s ed s tandard system o f  nomenclature 

of human mi totic chromo�omes . Lance t ,  1: 1 063-1 065 . 

DEV, V. G . ; IHLLER, D . A. ; ALLDERDI C E ,  P . \ol ,  AND MILLER , O . J .  ( 1 972 ) : 

Metho d for locating the centromeres of  mouse  mei o t i c  chromosomes 

and i t s  applicah on t o T 1 63H and T 70H tran s locati ons . Expl 

C e l l  Re s . , ]]_: 25 9-262 . 
DHADIAL, R . K . ; ��CHIN , A . M .  AND TAIT ,  S .M .  ( 1 970) : Chromosomal 

anomal i e s  in spontane ou s ly aborted human fe tuses . Lanc et , .£: 
20-21  . .. 

DORING , L .  ; GROPP, A .  AND TETTENBORN , U.  ( 1 972 ) :  DNA c ontent and 

morph o logi cal properti es of �re sumably aneuploid spermatozoa of  

tobacco  mouse hybrids . J,  Reprod. Fer t . , 2Q: 335-346 .  

DORLAND' S i llus trated medical  di cti onary . ( 1 965 )  24th e d .  Philade lphia ,  

1'/ . B . Saunders . 

1 89 



DUN r  R . B .  ( 1 956 ) :  Temporary inferti li ty o f  rams asso ciated with 

flooding. Aus t . vet . J . , .3.£: 1 -3 .  

DU!'JN, H . O . AND ROBERTS , S . J .  ( 1 972 ) :  Chromosome s tu di es on an 
ovi ne acephali c--ncardiac rr:onster . C ornGll Ve t . , .§g: 425-43 1 . 

DUTRI LLAUX , B .  ANTI L&T EUNE , J .  ( 1 9 69 ) : Etude de la descendance 
des p orteurs d 1 une translocation t ( 2 1 qDq_ ) .  �'lnls G�n&'t . , 

11_: 77--82 . 
EBERLE , P .  ( 1 963 ) : Mei otische Chromos omen des Jv;annes .  Kli n .  

Ws chr . , .ll_: 848-856 . 

EBERLE , P .  ( 1 966 ) :  Die  Chromosome:r.struktur des f1ens ch<m in  Mi tosis 
und �1eiosj_ s .  S tuttgart , Gu stav Fis cher.  

EDV!ARDS ,  R . G . ( 1 965 ) :  Tvhturation in •h tro of  oouse , sh eep , cow ,  pig ,  
rhesus mo:okP.y nnd human ovarian oocytes .  Nature , Lond . , 2CB : 
349-35 1  . 

EICHER , E . M .  ( 1 96 6 ) : P-.n air-drying procedure foy mammalian male 
meioti c  chromosomes fol lowing softening in gluconic acid and 

cell s eparati on by an ethano l-aceti c mixture . Stain Technol . ,  

.!1..: 31 7-321 . 
, 

ELIASSON , K . ; GUSTAVSSON , I . ; HULT&� ,  M . AND LINDSTEN , J .  ( 1 967 ) :  

The meioti c  chromosomes of the male dog ( Cani s fami liaris ) . 
Hereditas, .5.§.: 1 3 5- 1  37 . 

El\IIviONS ,  L . R .  AND RUSTED , L .  ( 1 9 63 ) : The s ex bivalent o f  the golden 

hamster .  J .  Hered . ,  u: 227-232 . 

EV Al\fS ,  E .  P .  ; BRECX:ON , G .  A1ID FORD , C .  E .  ( 1 964 ) : An air-drying 

method for meiotic preparations from mammalian t es tes . 
Cytogeneti c s ,  2:  289-294 . 

EVANS , E . P . ; LYON , M . F. AND DAGLI SH , M .  ( 1 967 ) : A mouse  translocation 

1 90 

giving a metacentric marker chromosome . Cytogeneti c s ,  .§.: 1 05-1 1 9 . 
EVANS , H . J . ; BuCKLAND , R . A. A1� SU�ffiER , A . T . ( 1 973 ) :  Chromosome 

homology and heterochromatin in  goat , sheep and ox s tudied by 
banding techniques . Chromosoma , �: 383-402 . 

FAIJEK , A. Al'{D C I-{I ARELLI , B - ( 1 968 ) :  Meio ti c  chromosomes of  man. 
Am. J .  phys . Anthrop. , 28 : 35 1 -354 . 



FALEK , A . ; CHEN, A . T . L . AND CHAN , Y . K .  ( 1 972 ) : :t'Je asurement o f  

human m ei o ti c  chromoso mes a c c o rding t o  arm l engths and 

c e nt rome re p o s i ti on . Am . J .  hum . Gene t . , 24 : 544-548 . 

FECHHEH1ER, E .  S .  ( 1 96 1 ) :  Poiki l o p l o i dy amo ng sp ertla tcgen i c  c e l l s  

J .  Repro d . Fer t . ,  � :  68-7 9 .  

FECHHEIIfJER , N . S .  ( 1 97 1 ) :  C ytogenet i c  c on s i derations in animal 

b r e eding . Annl s  Ge'ne't . S {l .  ani m . ,  2_: 43-58 . 

FERGlJSON-SI1ITH ,  M . A .  ( 1 961 ) :  Chrom o s omes and human di s ea s e .  I n  

Pro gress i n  m edi cal geneti c s . N ew Yo rk ,  Gru.::1 e & S tra t t on .  

p .  292-334 . 
FERGUSON-Sl'JIITH, r- L A . ANJ) HANDH ... 4KER , S . D .  ( 1 96 1 ) :  Obs e rva t i ons o n  

t h e  satel l i t ed human chromo s omes . Lanc e t ,  1 : 638-G40. 
FERGUSON-SMITH ,  N . A . ; FERGUSON--SNI TH ,  r.t E . ; ELLI S ,  P . r·'I . AND DICKSON , 

1'1 . ( 1 962 ) :  The s i t es and r e lat i v e  frequ encies of s e c ondary 

1 91 

c ons tri c t i ons i n  human somat i c  chromos omes . Cyto gene ti c s , j_: 325-343 . 

FERGUSON-SrUTH ,  M . A .  AND HANDMAKER , S . D . ( 1 963 ) :  '!'he a s s o c i a ti o n  o f  

s a t e l l i teu chr omos omes vri th sp e c i f i c  chromo s omal r egi ons in cu l tu r e d  

human soma t i c  c e l l s .  Ann . hum . G en e t . , n_: 1 43-1 5 6 .  

FERGUSON-Sl'1ITH , N .  A .  ( 1 964 ) :  The s i t es o f  nu c l e o lus fo rma ti on i n  human 

pa chyt ene chrom9 s o mes . C yt ogene ti c s , l: 1 24-1 34 . 
FERGUSON-SMITH , M . A .  ( 1 966 ) :  X-Y chr om o s omal inte rchange i n  the a e ti o l o gy 

o f  t ru e  h e rmaphrodi tism and o f  XX Klinefe l t er ' s synd r ome . Lan c e t , 

£ :  475-476 .  
FERGUSON-SrtiiTH ,  M . A .  ( 1 972 ) :  Human chromosomes in mei o s i s . I n  

I nterna ti o na l  C o ngress o f  Hun::an Gene ti c s , 4 t\ Pari s ,  1 97 1 . Human 

geneti c s ; p ro c e edings . Ams t erdam , Exc erp ta Medi ca . p .  1 95-21 1 .  
( Ex c erp t a  JV)edi c a  Founda ti o n .  I n t ernational c o ngr e s s  seri e s ,  no . 20) . 

FISHER , H .  ( 1 97 1 ) :  B ei trag zur Kenntn i s  des einheimi s chen thai landi s ch e n  

Rindes mi t Hi lfe d er C hromo s omenana lys e . 

B i o l . , 88 : 21 5-22 1 . 

z .  Ti erzu ch t . Zu ch t ·  

FDRD , C . E  • .AJifD HAI1ERTON, J . L . ( 1 95 6 ) : Th e chromo somes o f  man . 

Na tu r e , Land . , 1 78 :  1 020- 1 023 . 
FDRD , C . E .  ( 1 969 , a ) : Mei o s i s  in mamma l s . l:r:!. C ompara tive mamma li an 

cytogen e t i c s .  

p .  91 -1 06 . 

Ed . K .  Benirschk e .  B er li n ,  Spri nger-Verl ag. 



FORD , C . E . AND EVANS , E. P . ( 1 964 ) : A reciprocal trans loca tion 

in the m ou s e  between the X chromos ome and a short autosome.  

Cytogen e t i c s , 2 :  295- 385 . 
FORD , C . E . AHD EVANS , E . P .  ( 1 969 ) : lVI ci o t i c  p reparati ons from 

mammalian tes t es . I n  C o mpara tive mamBB.lian cytugenetics . 

Ed . K .  Benirs chke , Bsr lin , Springer--Verla g .  p .  461 --464 . 
FORD , C . E .  AND EVAHS , E . P .  (1 971 ) :  Origin of apparen t polyploi d 

sperma tocytes in the mou s e . Natu r e ,  Lond . , 220 : 389-390 . 

FORD , C . E . ( 1 972 ) : Gross genome unbalance in mou s e  spermatozoa : 

does  i t  i nfluence  the capaci ty t o  ferti lize?  I n  Int ernati onal 

Sympo sium on the geneti cs o f  th e sp ermat o z o on ,  Edj nbu rgh , 1 971 . 
P r o c e ech ngs . Ed . R . A. Beatty and S .  Glu ecksohn-Ha elsch . 

Edinburgh , R . A .  Beatty and S .  Glut.:cksolm-Uaels ch .  p .  359-369.  

FOiill , E . H . R .  MiD WOOLLAM , D . H . M .  ( 1 969 ) : The s tructure of th e 

human s ex v esicle . J . Ana t .  , 1 04 : 1 96 . 

FORD , L . ; C ACHEI RO , N . ; N ORB Y ,  D .  iillrn HEL1ER , C . G . ( 1 968 ) : 
Identi fi cati on o f  normal human pa chy t ene chromo somes . ! .  
The normal human karyo typ e .  Nu c l eu s , C a l cu t ta , .1.1: 83-95 .  

FORD , 1 .  ( 1 9 69 ) : Identifi cat i on and chromom ori c interpretation of  

pa chytene biva l e n t s  from Cani s fami li ari s . C a n .  J .  Genet . 

C ytol . , 11: 389-402 . 
FORD , 1. ; C ACESIRO , N .  ; NORBY , D .  AND HELLER , G. ( 1 969 ) : 

I d enti ficati on of no:::·wal human pachytene chromo s omes .  I I .  A 

c omp ari soil of the mi totic  metaphas e  and m e i o t i c  pachytene 

chromo s omes of  the normal human karyotype .  Nucleu s ,  

Calcutta , 1 2 :  1 -8 .  
/ 

FRACC ARO , rJI . ; rilJ1TEN , M .  AND 1IND STEN , J .  ( 1 968 ) : Relevance  of 

meiotic  s tudi es in human chromosome identifi cati on . Ann . 

N .  Y .  Acad. Sci . , fu: 664-678 . 

FREDGA , K .  ( 1 964 ) : H eterochromati c regions in mi to tic  and meioti c 

chromosomes o f  Rennet t '  s wallaby ( Pro t e-:nnod.on rufogri s ea . 

D esmarest ) . Expl C ell Res . , 2£: 696-699 . 

FREDGA , K .  AND SANTES S ON ,  B .  ( 1 964 ) : Hal e  meicsis in the Syrian, 

Chines e and European hamsters . Heredi tas,  2£: 36-48 . 

1 92 



FROGET , J . ; COUJ�ON , J . ; NAIN , l\1 . -C .  AND DALBIEZ , J . -T1 . ( 1 972 ) :  

Anornali e chromosomiqu e  de type fu si on centrique chez un 

veau . Bu l l .  S o c .  Sci . v�t . Me'd .  comp . Lyon , 14.: 1 ·3 1 - 1 35 . 
GAGNE , M . R . ; VAGNER-CAPOBANO , A . -I-1 .  Al'JD DEVIC TOR-VUI LLE1' ,  M .  

( 1 973 ) :  IntCret de  la localisati on de 1 ' h�te"rochromatine 

pour 1 '  i denti fi ca ti on d e s  chromos omes m(i ot:i. ques a la diacin�se 
ch ez l ' Homm e .  C .  r. hebd . s&anc .  Acad . Sci . , Paris , 276 : 769-771 . 

GALINA , C . S .  ( 1 971 ) :  An evalua ti o n  o f  t es ti cu lar biopsy in farm 

animals .  Vet .  Re c .  , 88 : 628-63 1 . 

GALPERIN , H .  ( 1 968 ) : C omparative study o f the ass o c i a ti on o f  human 

acrocentri c  chromosomes in male and female mi toses . 
Cytogenetics , 1: 447-454 .  

GARDNER , H . H .  MID PUl'WE'� H . H  ( 1 964 ) :  An improved squas ll techniqu e 
for human male meiotic chromosomes . Stain Technol . , 22_: 
245-2�8 . 

GASSNER , 1i' '" - , A ,  AND HILL ,  H . J .  ( 1 95 5 ) :  Testicular biopsy in the bull : 

I I . Ef fect on morphology of t es t e s . Fert . S t eri l . , £: 290-301 . 

GERNEKE , vl . H .  ( 1 965 ) :  Chromosomal evi dence o f  the freemartin condi tion 
in  sheep . Jl  S .  Afr . vet .  med .  Ass . , �: 99- 1 04 .  

GERNEKE, \•l . H .  ( 1 967 ) :- C ytogeneti c investigations on normal and 
malform ed anima l s  Hi th special reference to inter s ex e s . 

Onders tepoort J .  v e t .  Res . , .3.±.: 21 9-300 . 
GI.ANN}�LLI , 1<' . ( 1 965 ) :  .Autoradiogr.s.phi c  identi ficati on of  the D ( 1 3-1 5 )  

chromosome responsible  for D1 tri somi c Patau ' s syndrome . 

Lond . , 2�: 669-672 . 

Nature , 

GI.ANNELLI , F. ; H.AMERTON , J . L . AND CARTER , C . O .  ( 1 965 ) : Cytogeneti cs of 
D own' s Syndrome (�1ongolism ) . I I . The frequency of interchange 
tri somy in pati ents born at a maternal age of less  than 30 years . 

C yt ogene tics , ±: 1 86-1 92 . 
GIJ\1ENEZ-M.ARTIN , G . .A1TD LOPEZ-SAEZ , J . F . ( 1 962 , a ) : C romo somas de los  

mamiferos domesticos . Boln R .  S oc .  esp.  Hist . nat . , 60 :  1 2 1 -1 22 .  

GIMENEZ-MARTIN , G .  AND LOPEZ-SAEZ , J .  F .  ( 1 962 , b ) : Dotaciones 

cromosomi ce.s en los mamiferos dome's ti cos  (nota preliminar ) . 

Genet iber. , 1±: 7-1 7 .  

1 93 



GHlENEZ--l'lARTIN ,  G .  AND LOPEZ-SAEZ , J .  F .  ( 1 96 6 ) : Cromosornas de 

mami fcro s dom :fs t.i co s .  Gene t . ib er . , 1§.: 1 3--1 39 . 

GORllON , D . L . ; BARR , A. B . ; HERRI GEL , J . E . AND PAULSEN , C • .A. ( 1 965 ) : 
'l'esticular b:i. o psy in man . I .  Effec t  upor1 sperm concen tration . 

Fert .  Steri J. . , J..§. : 522-530. 
GRAN'r , P . S .  ( 1 968 ) : Ova-implantati on , embryoni c sur7ival and 

emb ryoni c spacing i n  ovariectomi s ed mice after progest erone and 

o es trogen treatment . M . V. S c .  thesi s ,  Palrr:erston North , IVIass ey 

University Lib rary . 

GRI FFEN , A . B . ( 1 955 ) : A late pachytene chl'Omosome r:1ap of  the ma.le 

mou se .  J .  Jll o rph . , .2..§.: 1 23-1 36 . 
GRI FFEN , A . B .  ( 1 96 0 ) : Mammalian pachyten e .  chroiJo some mapping and 

s omatic c�n·omosome identi fi cati on . J .  c e l l . comp . Physi o l . , 

.2.§_, suppl .  1 : ·j 1 3- 1 2 1  . 
GRI FJ<'EN , A . B .  AND BUW£ER , M . C .  ( 1 964. ) : Three cases o f  tri somy i n  the 

mous e .  Proc .  na tn . Acad . Sci . U . S . A . , ,2£: 1 1 94-- 1 1 98 .  
GROPP , A . ; TETTENBORN , U . .A1T]) LEH}1At�N , E .  von ( 1 970 , a ) : 

Chromosomenvari ation vom Rob ertson' s chen TY'_tJUS b ei der Tabakmau s ,  

]i. pos chiavinus , und ihren Hyb ri d. en mi t der Lab oratoriumsmaus . 

Cytogeneti cs , �: 9-23 . 
I 

GROPP , A . ; TETT��ORN , U .  AND LEONARD , A .  ( 1 970 , b ) : I d entifi cation 

o f  acrocentric chromosomes involved i n  the formation  of " fusi on-

metacen tri c s "  in mi ce . Proposal for nomenclature o f  Ii· 
poschiavinu s  metacentri cs . Experi entia , 26 : 1 0 1 8- 1 01 9 .  

GROPP , A . ; OLERT , J .  AND MAURI ZIO , R .  ( 1 97 1 ) : Rob ert sonian chromosomal 

polymorphi sm in the mou se  (!'1.. mus culus domesticus ) . 

Experi entia , .n_: 1 226-1 227 . 
GROPP , A. ; vliNKING ,  H. ; ZECH , 1 .  AND MULJJER , H. ( 1 972 ) : Rob ertsonian 

chromosomal va�. ation and identifi cati on of metacentri c 

chromo somes ::i.n feral mi ce . Chromosoma , 2.2_: 265-288 . 
GUNN , R . M . C . ; SAl�DERS , R . N .  AND GRAN GER , 1-l . ( 1 942 ) : S tu d i e s  in 

ferti li ty in sheep . 2 .  S eminal changes affecting ferti lity i n  

rams . Bull.  C o·Lm . s c i ent . ind . Res . , Melb . , No . 1 48 .  

GUS'l'AVS SON , I .  AND ROC ICBORN , G .  ( 1 964 ) :  Chromo some abno rmali ty in 

three c a s es o f  lymphat i c  l eukaemia in catt l e .  

203:  990 .  

Na ture ,  Lond . , 

1 94 



GUSTAVSSOliT , I .  ( 1 966 ) :  Chromosome abnormality in cattle . Nature , 
Lon.d , , 2 1 1 : 865-866 .  

GlJSTAVSSOIJ , I .  ( 1 969 ) : C ytogeneti cs , di st :cibuti cn 2nd phenotypi c  effects 

of a tran sl ocati on in Swe dish cattle . Ee:r·editns ,  .0_: 68- 1 69 . 
GUSTAVSSON , I .  ( '1 971 , a ) : l'h to  tic  and mei o ti c chromosomes of the variable 

hare ( LeDu�- timi dus Linn . ) , the common hare ( Lepu s _Qg£.Q.P.aeu s  Pall . ) 
and thei r llsbrids . Beredi tas , fil..: 27-34 . 

GUSTAVSSON , I .  ( 1 971 , b ) : Dis tribution of the  1 / 29 translo cati on in the 

A. I .  bull population of SHedi sh Red and Whi te c..:att le .  Heredi tas , 
..§.9.: 1 01 - 1 06 Q  

GUSTAVSSON , I .  ( 1 971 , c ) : Chromos omes of rep.eat-bre8der he::_ fers . 
Hereditas , 68 : 331 -332 . 

HA11lERTON , J , I, .  ( 1 961 ) : Sex chrome.ti n  and hunan chromosoll.tes .  Int . 
Rev. Cytol . , .1.£: 1 -68 . 

HAMERTON , J . L  .. ; COv:I E ,  V . A. ; GIANNELLI , F. ; BRI GGS , S . M , ANI> POLANI , 
P . E .  ( 1 96 1 ) :  Di fferential transmission of Do1-m1 s s yndrome 
(Mongo lism ) through male and female  translocation carriers . 
Lancet , £: 956-958 . 

1 95 

HAMERTON , J . L. ( 1 966 ) :  Chromosome s egregation in three human interchanges . 
In  Oxford Chromosome Conference 1 s t , Oxford , 1 964 . Chromosomes today ; 
proceedings . Edinburgh , Oliver and Boyd. V. 1 ,  p .  237-252, 

HAJ'IIERTON , J . L . ( 1 968 ) :  Rob ertsonian trans1ocatio:J.s in man : evidence for 
prezygotic se ls c ti on . Cytogeneti cs ,  ].: 260-27 6 .  

HANCOCK , J .  L .  ( 1 95 1  ) : A s taining techniqu e for the study of temperature -
shock in s emen . Nature , Lond . , 1...§.1: 323�324 . 

HANCOCK , J . L . AND JAC OBS , P . A .  ( 1 966 ) : The chromosomes of goat x sheep 

hybrids . 
HANCOCK , J .  L .  ; 

J .  Repro d .  Fert . ,  1£: 59 1 -592 . 
McGOVEEN , P . T . AND S'l'AMP , J . T .  ( 1 968 ) : Fai lure of 

gestati on o f  goat x sheep hybrids  in goats and sheep.  J.  Reprod. 
Fert. , suppl .  3:  29-36. 

HANS�� . K.M .  ( 1 973 , a ) : The karyotype of the domestic sheep ( Ovi s aries ) 
�iden tifie(l by quinacrine mustard staining and fluorescence 

microscopy. Hereditas , 1.2.: 233-240. 

HANSEN, K.M .  ( 1 973 , b ) :  Heterochromatin (C  bands ) in bovine chromosomes . 

Hereditas , ]2: 65-70 . 



H.Afu.S, W . C . D . ; WIJ1CINSON,  J . S . ; McFEELY, R . A. AND RISER ,  W. H .  ( 1 967 ) : 
Bone chondl·oplasia e.nd a chromosome anomaly in the same  dog. 

fu� . J .  vet .  Res . , 28 : 583-586 .  
HARRISOH 1 R .  G .  ( 1 949 ) : 'l'he  cor.:tpara ti ve ana tomy c f  tlce blood supply of 

the mammalian tes ti s . Pro c .  zool . S oc .  Lond. , �: 325-344. 
HARVEY , IV! . J . A . ( 1 969 ) : A s tudy of cytoger1e ti cs in the pi g ,  Ph . D .  

thesi s ,  Glasgow , Universi ty o f  Glasgow Library. 

EARVEY , J.T . J . A .  (1 97 1 ) : An a1.1 t osomal translo cation in the Charolais 

breed of ca ttle . Vet . Rec . , §2: 1 1 0- 1 1 1 . 

HARVEY , l.f . J . A . ( 1 972 ) :  Chromosome abnormalities of  cat t le in Britain . 
Vet .  Rec . , 21: 630 . 

HECHT , F. AFD KHIBERLING , \1/ , J .  (1 971 ) : Pat t erns of D c�non! osome involve­
ment in human (DqDq ) and (DqGq ) Robertsonian rearrangenents . 

Am .  J ,  hum . Genet .  , .f.l: 36 ·1 -367 .  
REITZ , E .  ( 1 931 ) :  Nukleolen und Chro:nosomen in  der Ga t tu ng Vicia . 

Planta ,  12: 495-505 . 
HEt'fDRICKS , F. B .  ; LAlv'IBIRD , P . A .  AND MURPHY , G .  P .  ( 1 969 ) :  Percutaneous 

needle biopsy of the t e s ti s . Fert .  S teri l . ,  20 : 478-481 . 
HENRICSON1 B .  AND BACKSTROM ,  L .  ( 1 964 ) : A systemati c s tudy of the 

mei oti c divisi ons in normal and subfertile  or steri le boars and 

bulls . J .  Reprod .  Fer t . , 1: 53-64. 
HENRY, T . A. ; INGALLS , T . H. AND BINNS , 1·1 . ( 1 966 ) : Teratogenesis of 

craniofacial malformations in animal s .  I V .  Chromosc�al anomalies  
associated ':li th  congeni tal ma.lforma ti ons of  the ce:1tral nervous 

sys t em in sheep . Archs envir.  Hlth , lrl: 71 5-7 1 8 .  
HERSCHLER , 11l , S .  AND FECIIHEH1ER > N. S .  ( 1 966 ) : C entri c f\.·l sion of 

1 96 

chromosomes in a set  of  b ovine triplets . Cytogene tics , i: 307-31 2 .  
HERZOG ,  A .  AND HORN , H .  ( 1 97 1 ) :  [cytogenetic  analysis  o f  calves vli t h  

congenital abnormalities  o f  the central nervous sys temJ 
Annls Genet . Sel .  anim . , _L: 225-234 . In _ Anim . Breed . Abstr .  
( 1 973  ) 4 1  : 60 .  

HILL , H . J . /J'ID GASSNER , F. X. ( 1 95 5 ) :  Testi cular bi opsy in the bul l .  I .  

-· Effect on quali ty of s emen.  Fert . Steril . , £: 2 1 5-227.  
HOO , S . S .  AND BO\<!LES , C . A . ( 1 971 ) : An air-drying method for preparing 

metaphase chromosomes from the spermatogonial cells of rats and 

mi ce . lfutat.  Res . , .12..: 85-88 . 
HSU , T .  C .  AND �mAD , R .  A. ( 1 969 ) :  Mechanisms of chromosomal changes  in 

mammalian s pecia tion. In C omparative mammalian cytogenetics . 
Ed , K. Benirschke .  Berlin , Springer-Verlag.  p . S-1 7 . 



HSU , T . C . AND -�1RI GHI , F. E .  ( 1 971 ) :  Distribution of constitutive 
het ero chroma tin in mammalian chromosomes . C hromo soma , 2±_: 243-25 3 .  

HSU , �I' . C . ; C OOPER , J . E . K . ; MACB,  H . L  AND BFI HKLEY , E . R . ( 1 971 ) :  
Arrang eJHor).t o f' centromeres i n  mou 8 e  cells . C hromo�� oma , 34 : 73-87 .  

HULET , C .  V .  Al'ill ERCATJBRACK , S . K . ( 1 962 ) :  A fer t i li ty j_nclex for rams 
J .  Anim . S c i .  , _gj_: 489-493 . 

1 97 

HULOT , F. ( 1 969 ) :  Nouveau cas de fusion centriquc  che z  la ch�vre 
domestique  ( Capra hi rcu s  Linn . ) . AJml s  Gbne't . Sel .  anim . , 1: 1 75-1 76 . 

HUJREN ,  M . ; LINDS1'EN , J . ; NING , P . -M . L .  Mill l<RACC.ARO , Jl1 . ( 1 966 ) :  

The XY bivalen t in human male mei o si s .  Ann . hum . Genet . ,  lQ.: 1 1 9- 1 23 . 
, HULTEN , M .  ( 1 970) : Meiosis  in XYY m en . Lance t , 1: 7 1 7-7 1 8 .  

HU LT£'\l" ,  H .  AND LINDS TEN , J .  ( 1 970 ) : Th e b ehaviour of s tr.1 ctu.ral 
aberrations e.t male mej_ c si s . I n  Human populati on cytogenetics .  

Edi nbu rgh , Edinburgh U ni versity Press . p .  24-61 . (Pfizer Medi cal 

Monographs ,  5 )  

HULTEN , �1 . ;  KARL�'IAN , A . ; LI NDSTEl'l" , J .  AND T I EPOLO , L .  ( 1 970, a ) : 
Aneuploidy and polyp loidy i n  germ line cells  of the male Chines e  
hamster ( C ri c e tu lu s  gri s eu s) . Heredi t as , .§2: 1 97-202 . 

/ 
HULTEN , M . ; ELI ASSON , R .  AND TI LLI NGER , K . G .  ( 1 970, b ) :  Low chiasma 

count and other mei otic i rregu. lari ties in tvro inferti le  46  , xy men 
with spermatogenic arrest .  Hereditas , .§2 :  285-290 . 

HUNGERFORD , D . A . ( 1 965 ) :  Leukocyt es cu l tured fr om small inocu la of Hhole  
b l ood and the prepar2 ti on o f  m eta pha s e  chromosomes b y  tr ea tment with 
hypotonic KC l .  Stain Technc l . , iQ: 333·-338 . 

!rJNGERPORD , D .  A .  ( 1 971  ) : Chromosome s tructure and functi.on i n  man . I .  

Pachytene ma ppi ng in the male , improved methods and general 
discussion o f  ini tial resu lts . Cyt ogene t i cs , 1Q: 23-32 . 

HU1'WERFORD , D .  A.  ; La BADI E ,  G .  U .  AND BALAB.AN , G . B .  ( -1 971 , a ) : Chromosome 
structure ancl function in man .  I I . Provisi ona l maps of the tvTO 
smallest au tosomes ( chromo !3omes 21 and 22 ) at pachytene in  th e male .  
Cytogenetics , 1 0 :  33�37 • . 

HUNGERFORD , D . A . ; La BAD I E , G . U . ; BAL.A.BAN , G .  B . ; MESSATZZI A ,  L . R . ; 

J HALLER, G .  AND Ivll LLER , A . S .  ( 1 971 , b ) : Chromosome structu re and 
function in  man. I V .  Provi sional maps o f  the three long acro centri c 

autosomes ( chromosomes 1 3 , 1 4  and 1 5 )  at  pachyt ene in the mal e .  
, , Annls  Genet . ,  1..!: 257-260 . 

I LBERY, P . T . L . ; AL��DER ,  G.  AND W I LLI AMS ,  D .  ( 1 967 ) : The chromosomes 

of sheep x goat hybrids .  Aus t .  J .  biol . Sci . , 20 : 1 245-1 247 .  



JAC OBS , P . A .  AND S TRONG , J . A . ( 1 959 ) : A case of  human int erse�lality 

having a possible  XY..Y s ex-determining meche.ni sm . 

Lond . , 1 8�: 302-303 .  
Nature , 

JAC OB S ,  P . A . ; CCUllT BRmfl'; , '\tl , !'l. t.JW DOL L ,  R .  ( 1 961  ) : Dis t6bution of  

human chromoso�e counts in :::-e la t i on to  .'3.ge . 

ffi: 1 1 78-:i WO . 
Na t-u :r e ,  Lond . , 

JAC OBS , P . A . ; AI TK EN , J . ; FP..ACKE �IHC Z , A . ; LAI:l , P . ; NE\'lTON , M . S .  

AND Sfli TE , P . G , ( 1 970 ) : The inheri tance o f  t:ransloc:1 tions i n  man : 

data from fami li es ascertained through a balanced het erozygo te . 

Ann.  hwn . Genet . ,  .:Li.:_ 1 1 9- 1 3 6 .  

J AG I ELLO , G . IvJ: • . AND POLANI , P . E .  ( 1 969) : �1ammalian mei o s j_ s  vri th spe cial  

reference to man . Guy' s Ho sp . R ep . , 1 1 8 :  4 1  3--43 1 . 

1 98  

J OHN , B .  A."l'D LEFI S , K . R .  ( 1 96 5 ) : The mei o t i c  sys tem. 

.§.: 1 -335 .  

Protoplasmatologi a ,  

J OHN , B .  AND HEWI T'r ,  G .M . ( 1 968 ) :  Pat t erns and path1-;ays o f  chromosome 

evo lution wi thin the Orthoptora_. C hromo soma , �-= 40-74 . 
J ONAS S ON , J .  ; 

( 1 972 ) :  

1 68-1 71 . 

THERKELS EN ,  A. J . ; LAURITSEN , J .  G .  AND LINDS TEn , J .  

Origin o f  triploidy in human ab odnses . Hereditas , ]1 :  

KAJ I I , T . ; OHM'I.A , K . ; N I IKAvTA , N . ; FERRI ER , A .  AND AVIRAC HAN , S .  

( 1 973 ) :  Banding ana lys is o f  abnormal karyo types i n  spontaneou s  

ab ortion.  Am .  J .  hum.  Genet . , .Q: 539-·547 .  

KIHLBER G ,  C.- G . ; GUS TAVSSON , I .  AND SUNDT , C . O . ( 1 969 ) : 'rh e  mit oti c 

and mei otic chromosomes of  the r:ruskra t ( Ondatra z i  b e th i ca Linn . ) . 

Acta vet . scand . , .1Q: 1 81 -1 92 . 

KI LGOUR, R .  AliD BRUERE , A . N .  ( 1 970 ) :  B ehavi ou r pat t erns in ch romatin-

p o s i tive Klinefelt er' s syndrorue o f  sheep . Natu r e ,  Lond . ,  .ill_: 
71 -72 . 

KJ ESSLER , B .  ( 1 964 ) :  Mei os i s  i n  a man with a D/D transloca tion and 

clini cal s teri li ty.  Lancet , 1:  1 42 1 -1 423 . 

KNUDSEN , 0 .  ( 1 954 ) : Cytomorpho logi ca l  investigati ons into the 

spermi o cyto gene si s o f  bulls wi th normal fertility and bulls 1'li th 

acquired di s t-u rbances in spe rilli ogenesi s .  

s cand . suppl . Ci : 1 -79 . 

Acta path . mi crobia l .  

KNUDSEN , O .  ( 1 960 ) : Te s ti cular biopsy in the bull . Int . J .  Fer t . , 

.2,: 203-208 .  



KNUDSEN, O .  AND BRYNE , N .  ( 1 960 ) :  The spermi o cytogenesis of the 

bul l .  Acta vet . scand . , l :  ·t 40-1 60. 

Kmmo , s • .A .. 1"�i'Il NAKINO , s .  ( 1 969 ) : An autoradiogrephic investigation 

o f  the chromosomes shm·ring a D/D transJ. oca  ti on . Pro c .  Japan 

Acad . , 12: 1 2 1 - 1 ?.5 . 

KOLLER , P . C . ( 1 941 ) : The geneti caJ. and _mechanicaJ. properti es of  the 
sex chromosomes .  VI I I . The cat ( Feli s  d omeati ca ) . Pro c .  R. 
S o c .  Edinb . ,  6 1 : 78-94 . 

KRALLI N GER , H . F. ( 1 931 ) : CytoJ.og:i sche s i;udi en an e:i.ni gon Haussaugeti eren . 
Arch . Tierernahr . Tierz . Ab t .  B ,  5 :  1 27- 1 8'7 .  

LAVAPPA , K . S . AND YEII.GANIAN ,  G .  ( 1 970 ) :  S p e.rma togonial and meioti c  
chromosomes o f  the Armenian hamster ( C ri c etu lus _11i �ra torius ) .  

" 
Expl Cell  Res . , .£1.: 1 59-1  72 . 

LEONARD , A • . AND DEKNUDT , Gh . ( 1 967 ) : A nevr marker for chromosome 
s tudies  in the mouse .  Natu re , Lond . , 2 !  4 :  504--505 . 

LEvriS , K. R .  AND J Oim , B .  ( 1 963 ) :  In Chromosome marker . London ,  
C hurchi ll .  

LIN , C . -C . ; TSU CHI DA , �l . S .  AND NORRIS ,  S . A . ( 1 971 ) :  Spontaneous 
meioti c chromosome abnormali ties  in ma l e  mic e  (�1u s mu sculus ) .  
C an .  J .  Genet .  Cytol . ,  ll: 95-1 00 . 

LOIR , r·'l. N .  ( 1 97 1  ) : Evo lution morphologique des chromos omes m�i o tiques 
chez le b:E er ( Ovi s a.ri�£) . C .  r .  hebd . se"anc . Acad . Sci . ,  

ll,l. Paris . Stri e D ,ANo 20 : 2587-2590. 

L0P:8Z-SAEZ , J. F .  Af,T]) GH'iENEZ-MARTI N ,  G. ( 1 963 ) :  Chromosome stucli es  
of  domesti c mammals . In Internati or�l Congress of  Genetics , 1 1

th
, 

The H8.gue ,  1 963 . 

Pergamon Press . 
GBneti cs today ; proceedings . Oxford , 

V.  1 , p .  1 37. 

LUCAS , M . ( 1 969 ) : Translocati on  betvreen both members of  chromosome 
pai r number 1 5  causing recu rrent aborti ons . Ann . hum . Genet . , 

.:g: 347-35 2 .  

LUCIANI , J . M. ( 1 970 ) :  Les chromo somes m�ioti ques de  l 1 homme : 
v1 . La mei o s e  no rmale .  
2 .  Le nucleole .  Les chi a smas . 

3 .  La ste'ri li t e  masculine . 
Annls G8'net . , 1 3 :  1 01 -1 1 1 ; 1 69-1 82 . 

1 99 



LUC I ANI , J . £1 . ; CA..ltLON , N .  AND STAl-IL , A .  ( 1 970 ) : 

cours de la sp ermatogen�se che:e:: l ' homme. 

Paris , �o . 1 48 :  423-432 .  

- " 0 
l.Ja me1ose au 

Bu 1 1 .  Ass • Ana t .  , 

LUC I Aiifi , J . l'1 . ; D EV l C TOR-VUI LLET : M . .AND S'I'.AHL , A .  ( -1 97 1 ) :  Hypotoni c 

KC J : An :i mproved method of  pro cessing human tes t i cular ti ssue 
for meioti c  chromosomes . . C lin . Gene t . ,  �:  32-3 6 .  

I"J.il. ,  N .  S .  F.  ABD GI il10RE , C .  E .  ( 1 971 ) : Chrornosooal abnormality in  a 

phenotypically and c linically normal dog. 

254-259 . 

Cytogenetic s ,  lQ: 

MAKIN O ,  S .  ( 1 943 , a ) : Th e chromosome complexes tn goa t ( C apra hi�) 

200 

and sh eep ( Ovi� _§ri e_3_) and thei r relati onship .  Cytologia ,  1 3 :  39-·53 . 

111AK I NO , S .  ( 1 943 , b ) : The chromosomes o f  the horse ( Ec ru�£ cabRllus ) . 
Cytologia ,  12: 26-38 . 

:rt"tAKI NO , S .  ( 1 944 ) : Karyotypes of  domes ti c cattle ,  z ebu and domes ti c 
iva ter-buffalo . (C hromosome :::> tudi es  in  domestic  mammals , I V . ) 
Cytologia , 12: 247-264 . 

MJJGNO , S .  AND NISHIMURA, I .  ( 1 952 ) :  Wat er-pretreatm ent squash 

techniqu e .  A new and simple practi cal method fo r the chromo some 

study of animals . S tain Techno l . , £I: 1 -7 .  

MAK IN O , S . ; SIIIMBA , H . ; SOFUNI , T .  AND IKEUC HI , T .  ( 1 967 ) :  A revised 

s tudy of the chromosomes in  the goa t  and the sheep . Pro c .  

Japan Acad. . ,  43 : 9 1 3-91 7 .  

MATTHEY , R .  (1 945 ) : L '  �volutior"' d e  la formule chromosomi ale chez les 

vert�bre's .  Experientia ,  1..: 78:._8 6 . 

MATTNER , P . E  • . AND VO GLHAYR , J . K .  ( 1 962 ) : A compari son of  ram semen 
collected by the artifi cial vagina and by electro-ej aculation .  

Aus t .  J .  exp . Agri c .  Anim . Husb . ,  £: 78-8 1 . 

�1AYER , D . T . ; SQUI ERS , C . D . ; BOGART , R .  AND OLOUF'A , �L M .  ( 1 95 1  ) : The 

t echnique for characterizing mammali an spermatozoa as  dead or 

livi ng by di fferential s taiuing . J. Anim . Sci . , l.Q: 226-235 . 
r1ELANDER , Y .  A.ND K1TUDSEN , 0 .  ( 1 953 ) : The spe:nniogenesi s of  the bull 

from a karyological point of view . Hereditas , 2.'2. :  505-51 7 .  

MELANDER , Y .  ( 1 95 9 ) : The mitoti c  chromoscmes of s ome ea vi corn mammals 
( Bos taurus , Linn . , Bison b onasus , Linn .  and Ovis aries , Linn . ) . 

Heredi tas ,  �: 649-664. 



MEREDITH , R .  ( 1 969 ) :  A simple  method for preparing mei otic  

chromosomes from nammalian testi s .  Chromosoma , 26 :  254-258 . 

MIKKELSEN , M .  ( 1 966 ) : Transmi ssion of  a 1 3- 1 5/2 1  trans locati on in 
six fami lies . Ann .  hum . Genet . ,  ..LQ: 1 47-1 54 . 

MILLER , O . J .  ( 1 970 ) : Autoradiography in  human cyto5enetics . In 

Advances  in human genetics . New York , :F' :L enum Pross . V .  1 .  

MI N OUCHI , 0 .  ( 1 928 ) : The sp ermatogenesis  of  the dog , vri th special  

reference to  meiosis . Jap . J .  Zool . , 1 :  255-268 . 

MO ORE , K .  L .  ( 1 966 ) :  'J'he s ex chromatin .  

Philadelphia ,  W .B .  Saunders . 

MOORREAD , P . S . ; NOV!ELL , P . C . ;  MELLHAN , H . J . ; BATTIPS , D . T-1 .  AND 
HUN GERFDRD , D . A .  ( 1 960 ) : Chromosome preparati ons of leukocytes  

cu 1 tu red  from human peripheral bloo d .  

61 3-61 6 .  

Expl C ell  Res . , 20 : 

M cDEID10TT ,  A .  ( 1 966 ) : Human meiosi s :  the occurrenc e of  interlo cked 
bivalent s i n  a normal male . Ann . hum .  GenGt . , 2Q: 1 63-1 6 5 .  

McDER�OTT , A .  ( 1 971 ) :  Human male meiosi s :  chromosome b ehaviour at  

pre-meioti c  and meioti c stages of  spermatogenesi s .  C an . J .  

Genet . Cytol . , . U: 536-549 .  

HcDERMOTT , A .  ( 1 973 , a ) : Interchromosomal fibres in human male mei otic  

chromosomes .  Lancet , 1: 1 1 79 .  

McDEmfO'l'T , A .  ( 1 973 , b ) :  The fr-equency and dis tributicn of chiasmata 

in man . Arill . hum . Genet . ,  }1: 1 3-20 .  

McD ONALD , 1 .  E .  ( 1 960 ) : The effects  of test icular biopsy on 

spermatogenesis and t esticu lar cytology in the bu ll . 

vet .  R e s . , �: 767-77 1 . 

Am .  J .  

McDONALD , L . E .  A1� �uDS ON , R . E .  ( 1 960 ) :  The 1 2- gauge Vim- Si lverman 

needle for testicu lar  biopsy in the bu ll .  

£1.: 772-774. 

Am .  J, vet . Res . , 

McFEE , A . F. ; BA:NNER , �1 . iV .  AND MURPHREE , R . L . ( 1 965 ) : Chromosomal 

analysi s  of periphera l  leucocytes of the sheep • J .  Anim. Sci . , 

.£1: 5 5 1 -554.  

l11c li'EE , A . F. AND BANNER , N. W.  ( 1 969 ) :  Inheri tance of  chromosome number 

in pigs . J .  Reprod . Fert . , �: 9-1 4 .  

201 



NcFEE , A .  F. ; BANNER ,  M . W .  AJIID RARY , J . M .  ( 1 966 ) : Variation in 
chromosome number among European wild pigs . 
.2_:  75-131 . 

Cytogenetic s ,  

McFEE LY , R . A . ( 1 967 ) :  Chro:no some abnormali ties in early embryos 
of the pig. J .  Reprod .  Fert . , .1.2.: 579-581 . 

r-JcGOVERN, P . T .  ( 1 969 ) :  Goa t and sheep hybrids . Anim . Breed . 
Abstr . , 2J..: 1 -1 1 .  

McGOVERN , P . T  ( 1 973 , a ) : The effect of maternal immunity on the 
survival of goat x sheep hybri d  embryo s .  J .  Reprod .  Fert . ,  

2.!: 21 5-220 . 

Jl1cGOVERN , P .  T .  ( 1 973 , b ) :  The fat e  of goat x sheep hybri d embryos 
in goats treated parenteral ly 1-ri th sheep s emen . J .  Rep�od . 

Fert . , }1: 22 1 -225 . 

Mci LREE , I"l . E . ; TULL OCH , W . S .  AND NE\'!SAM , J . E .  ( 1 966 , a) : S tudi es 

on human mei o ti c  chromosomes from t esticu lar  ti ssu e .  

Lancet , 1 :  679-682 . 
Mci LREE, M . E . ; PRI C E , \'T . H . ; COURT BROI'JN , W. M . ; S ELBY TULLOCH , W . ; 

N EVISAM , J . E .  AND MACLEAN , N .  ( 1 966 , b ) : Chromosome s tudi es on 

testi cular cells  from 50 subferti le  men .  Lancet , £:  69-71 . 

:1-kKENZI E ,  VT . H .  AND LUES ,  H . A . ( 1 973 ) :  An analysi s of the techni cal 

variab les in the production o f  C-bands . Chromo soma , ±1: 1 75-1 8 2 .  

NADLER ,  C .  F .  ( 1 9Tl ) : Chromosomes of  the Dall sheep , Ovi s_ 5ialli dal li 
(Nelson ) .  J .  l>lamma l . , .2£: 46 1 -463 . 

NADLER , C .  F. ; LAY , D . I•L AND HAS S I NGER , J . D .  ( 1 97 1 ) :  C ytogenetic 
analysis of wild sheep popula tions in Northern I ran . 
C ytogenetic s ,  .LQ: 1 37--1 52 . 

NADLER , C . F. ;  IIOFF'IVIANN , R . S .  AND 1-lOOLF, A .  ( 1 973 ) : G-band patterns 
as chromos omal markers and the int erpretation of chr omosomal 
evoluti on in -vri ld sheep ( Ovi s ) .  Experientia ,  £2.: 1 1 7-1 1 9 . 

NAKANI SHI , Y . H .  AND l'1I ZUTANI , M .  ( 1 95 9 ) :  Observations on the somatic  
chromosomes of  lamb cells in cultur e .  Tex . Rep .  Biol . Me d . , 

ll: 1 34-1 41 . 

NICHOLS , G.  De la IVI . AJim EDGAR, D . G . ( 1 964 ) : A transistorized rectal  

probe for ej 'l cu1a ting rams . N . Z . vet . J . , 1£: 1 45-1 46 .  

NI EBUHR , E .  ( 1 972 ) : Dicentric and monocentri c Robertsonian 

transloca tions in man. Humangenetik , 1£: 21 7-226 . 

202 



NI EBUHR , E .  ( 1 974 ) :  Triploidy in man. Cytogenetical and clini cal 
aspects . Hurnangenetik , 2L: 1 03-1 25 . 

NOVlKOV , I .  I .  ( 1 935 ) : Chromosomes in the sperma togfmesi s of inter­
spe ci fi c  hybri ds of  the European mouflon and the domesti cated 

sheep (Merino ) .  C .  r .  Dokl . (Pro c . ) Acad . Sci .  U . S . S . R . , N . S . , 

!: 93-94- .  I;.1 Arlim . Breed . Abstr .  ( 1 936 )  _1._: 4 6 .  

N01:TELL ,  P . C .  ( 1 960 , a ) :  Differentiation of  human l e"!.J.ke:rni c l eu.cocytes 
in tissue cu ltu re . Expl C el l  Res . , .1..9.: 267-277 . 

NO\VELL ,  P . C .  ( 1 960 , b ) :  Phytohe!tlagglutinin :  An initiator of mito sis 

in  cultures of normal human leukocytes . Cancer Res . , 20 : 

4-62-466 .  
OHNO , S . ; KAPLAN , \V . D .  AND KI NOSI TA , R .  ( 1 95 9 ) : Do XY- and 0- sperm 

occur in Nus muscu lus? . Expl Cell Res . , 1 8 :  382-384 .  

OHNO , S . ; TRUJI LLO ,  J . N . ; KAPLP.N , W . D .  AND KilJOSI'l'A , R .  ( 1 96 1  ) :  
Nucleolus-organisers in the causation of  chromosomal anomalies in 

man . Lance t ,  1: 1 23-1 26 . 
OHNO ,  S . ; STENIUS , C . ; vlEI L ER ,  C . P . ; TRUJ I LLO , J . M . ; KAPLAN , \Ai. D .  

ANTI KINOSI TA, R .  ( 1 962 ) : Early meiosis  o f  male germ cells  i n  foetal 
testi s of  Felis  domesti ca.  Expl C ell  Res. , 21: 401 -404 .  

OHNO , s .  ( 1 96 5 ) : Direct handling of  germ cells . In Yunis , J . J .  ed . 

Human chromosome methodology. Neiv York , Academic Press . p .  75-90 .  

OID�O , S .  ( 1 970) : Norphologi cal aspects o f  m eiosis and their gene ti cal 
sie;n i fi cance . I n  Uorkstop Conference on the Hwnan Testi s ,  
Posi tano , I taly, 1 970 . Th e human t es t i s ; proceedings . Nev-r York , 

203 

Plenum Press , 1 970 .  p .  1 1 5-·i 2 3 .  ( Advances  in experimental medi cine 
and biology, V .  1 0 ) 

OPPENHEH1 , J .  J .  Al'ID FI SHBEI N ,  Vi .  N . ( 1 965 ) :  I nduction of c�romosome breaks 
in cultured normal human leukocytes by potassium arsenite , 
hydroxyurea and relat ed compounds . C ancer Res . , £2.: 980-985 . 

( ) " " � 
ORTAVANT , R .  1 958 : La cyc le spermatogenetique chez le b eli er .  

Thesis ,  Paris , University of Paris Library . Cit ed Qx. ROOS EN-RUNGE , 

E. C . ( 1 973 ) :  Germinal-cell loss in  normal metazoan spermatogenesi s .  
J . • Reprod . Fert . , ]2 :  339-348 . 

ORTAVAN T ,  R .  ( 1 95 9 ) : Cycle  sperms. toge'n�tique  chez le b�J.ier . 
A.nnls Zoo t ech . ,  ,1: 27 1 --32 '1 . 

PADEH, B . ; WYSOKI ,  !-1 . ; AYALON, N .  AND S O LLER, !-1 . ( 1 965 ) :  An XY./K.Y 
hermaphrodit e  i n  the goat . 
I srael J .  med .  Sci . , 1: 1 000-1 01 2 .  



PAD EH ,  B . ; \VYSOKI , M. AND SOLLER , M .  ( 1 97 1  ) : Fu rth e r  s tudi e s  o n  

a Rob er t s o ni an translo ca t i on i n  the Saanen dai ry go a t .  

C ytogeneti c ::> , .lQ :  6 1 -G9 . 
PAGE , B . r� .  ( 1 97 3 ) : I d enti fi c a ti on ·of chro171 o so :r; c' :n: . .unber 9 i n  male 

mei o si s . C y to gene t . C e l l  Gen et . , 1 2 :  254�263 . 
PALMER, C . G . ; HORRI S ,  J . L . ; TI-IOMP30N , B . H .  AND NANC E ,  1\T . E .  ( 1 973 ) : 

Ferti li t y  and 1 3/ 1 4 trans lo cation .  J"anc et ,  .1. : 728 . 
PARDUE ,  M . L .  AND GALL , J . G . ( 1 970 ) :  Chromo s oma l lo cah zati on o f  

mou s e  s a t e l l i t e  DNA .  Scienc e ,  1 68 :  1 3 5 6- 1 358 . 
PARI S C ONFEREN C E  ( 1 97 1 ) :  S t andard i zc. ti on in human cytogeneti c s . 

C yto geneti c s , .11: 31 3-362 . 

PCHAKADZE , G . �L ( 1 93G ) : A r.ew data abou t the chromos ome number in 
d omes ti c she e p .  C .  r.  D ok l . ( Pro c . ) Acad. Sci . U . S . S . R . ,  
N . S . , £1: 794-795 . 

PEARS ON , P . L .  AJIID BOBROVI , M .  ( 1 970 ) : Defi ni ti ve evi d en c e for th e 

short a rm o f  the Y chromo s ome ass o c i at ing with the X ch romo some 

du ring me i o s i s  i n  the human ma l e .  Nature , Lond . ,  226 : 959-96 1 . 

PEARSON , F . L . ; B OBROw·, M .  AND VOSA , C .  G.  ( 1 970 , a ) : T echniqu e  for 

i denti fying Y chromosomes in human i nt erphas e nu c l ei . Na tu re , 
Lond.  , 22§.: 7.8-80 .  

PEARSON , P . L . ; E LL I S ,  J . D .  AND EVANS , H . J .  ( 1 970 , b ) :  A gro ss 

redu c ti on in chiasma format i on during mei o t i c prophas e and a 

d e f'ect i  ve DNA repair m e chani s:JJ as s o ci a.ted wi th a cas e o f  human 

ma l e  i nferti l i t y .  Cytogene ti c s ,  � :  460-467 . 
PEARS ON , P .  1 . ; B OBROVI , I�L ; VO SA , C .  G .  AND BARLO\v , P .  VI .  ( 1 971 ) :  

Qu i na c �ine flu o r e s c ence in mammalian chromosome s .  Natu r e ,  

Lond . ,  231 : 326-329 .  

POGO S I AN Z ,  H . E .  M{D BRUJAKO , E . T .  ( 1 969 ) :  P o lJ� l o i d  c e l ls i n  

mammali an m ei o s i s .  Gen e tika ,  .2_ :  1 76-1 78 . 

POGOSI ANZ , H . E .  ( 1 970 ) : M ei o s i s  in the Djungarian h am s t er. I .  

Genera l  pat t ern o f  male m ei os i s .  C hromo soma , 21 : 392-403 . 

204 



POGOSUNZ , H. E.  AI\1J BRUJAKO, E. T . . ( 1 971 ) : Meiosis  in the Djungarian 

h am s t er II . Polyploid spermatocytes. Cytogenetics, 1Q: 70-76 . 

POLANI , F . E . ( 1 �Y'2 ) : C entrom el' e loca li zation at m ej o .s i s  and the 

posi tion of bh i a sQata in the male and femal e  mous e .  

36_ : 343-374 . 

Cb.romosoma, 

POLLOCK , D .  ( 't 972 ) :  A chromosome abnorn:.ali ty in Friesian cattle in 

Great Britain . Vet . Rec . , .2Q: 309-3 1 0 .  

POFESCU , C . P . ( 1 97 ·i , a ) : L e s  ch romo somes m�ioti qu es du b o eu f  ( B o s  

.!mb-ru s Linn. ) .  Annls G�ne't . S 6l. anim . , ].: 1 2 5-1 43 . 

F OPESCU , C . P .  ( 1 97'1 , b ) :  Deux cas nouveaux de fu sj. on centrique chez 

les l:; ov .L· "' -.-· . A 1 ° "  " J  s "  · -;;,; 5 2 1  r-:: ') 5 """ nn s "'enc c .  el . anun . , ..t.. : .. - ..J � • 
POrESCU , C . F .  ( 1 972 ) :  Mode de t ransmi ssion d. 1 une fusion centrique dans 

la descendance d. 1 un bouc ( Capra hi rcu s  L:i.nn . ) he"t&rozygote. 

Annls G�n�t .  S �l .  anim . , !: 35 5-36 1 . 
PURNELL , D . .J .  ( 1 973 ) :  Spontaneous univalence at male meiosis in the 

mouse . Cytogenet . Cell Genet . , 1£: 327-335 . 

RARY ,  J . I-1 . ; IIENRY, V . G . ; IUTSCHKE , G . H . AND MURPHREE , R . L .  ( 1 968 ) : 

The cytogeneti cs o f  swine in the Tellico wi ldlife management area , 

Tennessee . J .  Hered . , �: 201 -204 .  

H.El 'l'.ALU , j" . ( 1 970 ) : Observati ons on the behavi oural pattern o f  the 

s ex ch:r:orno some complex during spermatogene sis  in man . 

Heredi tas, 64 : 283-290 . 

RENWICK ,  J . H. ( 1 97 1 ) :  'l'he mapping of human chromosomes. A .  Rev. 

Genet . ,  .2_: 8 1 -1 20 .  
A 

RHC)PES, A . P .  ( 1 971 ) : The effect of Chorioptic mange (Chor:i,.Qptes Bovi s ) 

on ram fer tility .  Ph . D .  thesis , Palmers ton Nor�1 , Massey 

University Library . 

ill10DES, M .M .  ( 1 96 1  ) : Meio sis . In Brachet, J .  and Mirsky , A . E . ,  eds . 

The cell ; biochemistry , physiology, morphology. 

Academic Press . V. 3 ,  p . 1 -7 5 .  

New York, 

RIECK, G .W . ; HORN , H .  AND HERZOG, A .  ( 1 968 ) : Familiares Vorkommen der 

zentromeren Chromosomenfusion beim Rind . Zuchthygiene, .2_: 1 77-1 8 2 .  

ROBER'rS , S . J. ( 1 97 1 ) :  I n  Veterinary obstetri cs an0.. genital diseases. 
d 

2 ed . Ne1.; York , I thaca . 

205 



IWBR.TnSON , i'l . R . B .  ( 1 9 1 6 ) : Taxonomi c relat i onsh i p s sh01m i n  th e 

chromos ome s of Tet tigidS!:_§. and Acri d i da e : V- shaped chromo s omes 

and thei r ;:> i gni fi can ce in _6cr�SJigae , Locu;-J::idae. a1-d Q.z:ylli da(� : 

Chro·:I O [; O JJJ CS and vari a t i on .  J .  illorph . £1_: 1 7 9-33 1 . 

ROCA , R • .AJ'm HCD EIW , A .  ( 1 971 ) : The chromo s omes of a s h e ep x goat 

hybri d .  Archos Zoo t e cni a ,  20 : 235-2�-7 . 
ROOS EN-RUNGE , E .  C .  ( 1 973 ) : Gerr.11in a l-ce l l  loss  i n  normal me taz o an 

spermato.zenesi s . J. Rep ro d . Fert . , .:25_:  3 3 9 -- 3 48 . 

ROTH FELS , K . H . AND S I MI N OVI TCH , 1 .  ( 1 958 ) :  An ai r-dryi ng t e chnique 

for f la t t ening chromos om e s  in mamma lian c e l ls grown in vi tro . 

S tain 'r e chno l .  � 2.2: 73-77 . 
ROWLEY, J . D .  Alffi P.bR GAl'1E:lJT , E .  ( 1 969 ) : Possibl e non-random se lecti on 

of D gr oup chromos omss i nvo lved i n  c entri c-fu. si on transl o ca ti ons . 
, � Annls Gen e t . ,  1£: 1 77-1 83 . 

ROi'lLEY , M . J ,  .Al\TD HELLER , C . G . ( 1 966 ) : The testi cular bi op sy : 

Surgi cal pro cedur e ,  fixati o n  and s t aini ng technics • 
. F'er t . S t eri l. , U: 1 77-1 86 . 

RUGI ATI , S .  AND F'RDRI GO , M .  ( 1 967 ) : Al t era z i one cromo s omi ca 

ri s co ntra ta in un toro acondrop1asti co di razza Romaen o la .  

Ateneo p armens e. , 2§. :  522-526 . 
RUGIATI , S .  AND FEDRI GO , N .  ( 1 968 ) : Anomali e  cromos omi che ri s contrate 

in b ovini condrodi s t r o fi c i  d e1la razza Rome.g11o la . At en e o  

parm ens e ,  .2.9..: 457-470 .  
SACHS , 1 .  ( 1 954 ) : S ex-- linkage and the

. 
s ex clu' omosom es in man . 

Ann . Eugen . , 1 8 :  25 5-261 . 
SALISBURY , G . H . A.tiTD MERC I ER ,  E .  ( 1 945 ) : The reliabi lity o f  e s t imates 

of  the pro p o rt i on of morpho logical ly abn o rmal s permat o z oa in bull 

s emen. J. lillim . S c i . , !: 1 74-1 78 . 
SALISBURY , G . W .  AlTD VA1ID EMARK , N, L .  ( 1 961 ) : In  Physiology of  

reproduction and arti:fi ci a :!.  ins emina tion o f  cat t le , San 

Francisc o , Freeman .  

SASAKI , N .  ( 1 964 ) : Notes  on po lyploidy in human male germ cells . 

Proc .  Japan Acad . , .1Q: 5 53-55 7 .  

SASAKI , M .  ( 1 965 ) :  Neiosis i n  a mal e \'Ti th Down' s syndrome . 

Chromos oma , j..§.: 652-657 . 
SASAKI , H .  AND NAKINO , S .  ( 1 965 ) :  The meioti c chromosomes of  man .  

Chromosoma , 1 6 : 637-65 1 . 

206 



SAY , B . ; '.fU1JGBILEK , E . ; YAMAK , B .  AND l3A1CI , S .  ( 1 970 ) :  An 
unusual chromo somal ab errati on i n  a cas e o f  Chedi ak-Higashi 

syndrome . J .  m ed .  Genet . , ]_ : 41 7-421 . .. 
SCIDJIIDTKE , C .  ( 1 95 '7 ) : Ub er di e karyo logi s che Geshl echt scli fferenzi erung 

b ei Tieren. Ti erzuch t .  u .  Zil chtungsbi o l . , '70 : 203-232 . 

SCHHITT , J .  AND U1BRICH , F. ( 1 968 ) : Di e Chromos omen vers chi edener 

Caprini Simpson , 1 945 . Z , Saugeti erk . , li: 1 80-1 86 . 

SCHRODER , J . ; 1YDECKEN , K .  AND D e  La CHAPE1LE , A .  ( 1 97 1 ) : Mei o s i s  

and sp ermat ogenesis in G- tri somi c males . Hurr:o.ngenetilc , .12: 1 5-24 .  

SCh1J1TZ ,  J .  AJIID St . 1AirmEt�CE.  P .  ( 1 949 ) : A cyto logical b1.:.s i s  for a 

map o f  t h e  nucleolar chromosome in man . J .  Hered . , ±Q: 31 -38 . 

SHIVAGO , P . I .  ( 1 930) : On [chromo s ome c omp lex e s in sh eep and goatsj 
Zei t s  ek sp . B i o l . , �: 385-394 . 

SHIVE, R . J . ; HARE ,  vl . C . D .  AND PATTERSOU, D . F. ( 1 965 ) : Chromo some 

studies in dogs Hi th congeni tal cardi ac d e fects . Cyto gene ti cs , 

_1: 340-348 . 

SKAKKEBAEK , N .  E .  ; BRYANT , J .  I .  AND PHI LIP ,  J .  ( 1 973 ) :  S tu di e s on 

mei o ti c chromosomes in inferti l e  men and controls wi th no rmal 

karyo typ e s . J .  Reprod . Fe rt . , 12.: 23"·36 .  

SNEDECOR , G, lv ,  A1TD COCHRAN : W. G .  ( 1 967 ) :  In Statisti cal m ethods . 

6
th 

ed.  Ames , I owa , I owa S t a t e  Univ ersi ty Press . 

S01ARI , A . J .  AJIJ""D TRES , 1 . 1 .  ( 1 967 ) :  The ultrastructure o f  th e human 

s ex v e si c 1 e . Chr om o soma , .££: 1 6-31 . 

S01ARI , A. J .  AND TRES , 1.  1 .  ( 1 970 ) : The three-dimer1si onal r e cons tru cti on 

o f  the XY chromos omal pai r in human sp ermato cyt es . 

Bi o l . , _42: 43-53 .  

J .  C e l l  

S011ER , M . ; WYSOKI , M .  AND PADEH ,  B.  ( 1 96 6 ) : A chromos omal 

abnormal i ty in ph enotypi ca.lly normal Saanen goats . Cytogenet i cs , 

�: 88-93 . 

SPER1ING , K . .AND KADEN ,  R .  ( 1 97 1  ) :  Mei o ti c s tudies o f  tb e ej aculated 

s eminal fluid of huma. ns 1·l i th n ormal s perm count and o li gospermia . 

Nature , J� ond . ,  232 : 48 1 .  

ST�JE,  J .  ( 1 970 ) :  Sta ti s ti cal i nf erence on s egrega t i on rati o s  for 

D/ G - tran s l o cati ons , when the fami l i e s  are as cer tai ned in 

diff e rent ways . Ann . hum .  Genet . ,  21: 93-1 1 5 . 

207 



S'riPANC EVIC, Lj . ( 1 96 6 ) : Biopsy of  the t e s ti s  in the ram . I t s  

appli cation i n  diagnosing steri li ty an d the effect o f  the 

operat i on on the quali ty of sperm . 

12.: 203-221 . 

Veterinaria ,  Saraj . ,  

STOCK , A .  D .  ; BUR.NHPJ>'I , D .  B .  A..ND HSU , T .  C .  ( 1 972 ) : Gi ems a banding 

o f  m ei o ti c  chro mo somes 1-ri th description  o f  a p:r.·o cedu r e  for 

cytol ogi cal preparati ons from solid ti ssues . Cytogene ti cs , 

1 1  : 5 34-·539.  

STRUCK , E.  ( 1 96·J ) :  VP.rglei chende untersu chungen ub er d.'ls 

geschlechtsd: romatin b ei einigen havs ti eren mi t hi lfe des buccal 

tes ts . Z .  Ze J.l fors ch . mi kre>sk . Ana t . , 2.2.: 662-672 .  

Sill>'INER , A .  T .  ( 1 971 ) : FreqtJ_ency of polyp loi d  spermatozoa in man . 

Na tu re , Lond . , 2j: : 49 . 

SUT'�NER , A . T . ; EVANS , H . J .  AND BUCKLAND , R . A .  ( 1 971 ) : N evr techniqu e  

for di stingu:i. 8hi ng b e h;een human chromos omes . Na ture , New 

B i o l . , 232 : 3 1 -32 . 

SUMNER , A . T .  ( 1 972 ) :  A simple t echnique for demons trating centromeri c  

h e t erochromatin . Expl Cell  Res . , ]2: 304-306 . 

200 

8\'lAl'JS ON , C . P . ( 1 958 ) : In Cytology and cytogenetics . London , Macmi l lan . 

S\ri'ANSON , C .  P .  ; MERZ , 

Englewo od C liffs , 

geneti cs ) . 

T .  AND YOUN G ,  i·l . J .  ( 1 967 ) : In Cytogeneti cs . 

N . J . , Prenti ce-Hall . ( Foundations o f  modern 

SYKES , J . F . ; vlRENN , T . R . ; KOORE , L . A . ; mmERVlOOD , P . C .  AND S\ri'EETMAN , 

vl . J .  ( 1 949 ) : The effect of  testi s b i o psy on s em en charac t eri st i cs 

of bul l s . J .  Dairy Sci . , .:g: 327-333 . 

TAKAGI , N .  ( 1 971 ) :  A simp l e  technique to demonstrate th e ce ntromeric 

1 hetero chromatin ' in the mouse  and other animals • J ap . J .  Gene t . , 

..1.§.: 3 6 1 -363 . 

TAYLOR , A . I .  ( 1 968 ) : Au to somal tri somy s;yndromes : A detai led �.tudy 

of 27 cases o f  Ed1vards '  syndrome and 27 cases of Patau ' s syndrome . 

J .  med . Genet . ,  2: 227-252 . 

TAYLOR , K . M . ; IiUNGERFORD , D . A .  AND S1J"YDER, R . L .  ( 1 96 9 ) :  Artiodactyl 

mammals : Their chromosome cytology in relation to  patterns of 

evolution . I n  C omparative mammalian cytogenetics . Ed . K .  

Benirschke .  Berlin , Springer-Verlag. p .  346-35 6 .  

TETT ENB ORN , U .  At-i'D GROPP , A .  ( 1 97 0 ) : Mei oti c nondis junc t i on in mice and 

mouse hybrids. Cytogenetics , �: 272-283 . 



THOM:!:'SON" , S . iV . ( 1 966 ) :  I n  S e l e c t ed hi s t o ch emi cal and hi s topath o lo gi cal 

m e thods . Springfi e ld , I ll . , C . C .  ��ornas . p .  9 .  

T.JIO ,  J . H . AND LlWAN , A .  ( 1 9 5 6 ) : The chr omo s ome numt e r  o f  man . 

H er c;di tas , .12..� 1 - 6 .  
TREADWELL , M . A . ; K I EI<'l"ER , N . M .  AND C ART\'iRI GHT , T . C . ( 1 968 ) :  Propha s e  

I chromo s ome m o rpho l ogy :i. n  the bu l l .  J .  Anirn . S c i . , 27 : 1 1 30 .  
TRUJ-ILLG , J . J'II . ; STENIUS , C . ; C HRI S'r i AN , L . C . A.l\ID OHNO , S .  ( 1 962 ) : 

C h romosome s o f  th e h o rs e ,  th e d onk ey and the mul e .  C hromo s oma , 

1 3 :  243-248 . 

VEZNIK , Z .  ( 1 962 ) :  [1 . C h r oni c granulating orchiti s in bulls . I I .  
Poss ibi li t i e s  of uti lizing t e s t i cu lar b i o p s y  i n  ci ia.gno s i ng ferti l i t y  

disturbances in bu l l s .] Ved .  Pra ce Ustavu v e t . B rno .,?: 93-1 1 1 , 
1 1 3- 1 3 9 .  I n  Ve t .  Bu ll . , Weyb r i d ge , 21..: 50.  

V0Gil1AYR , J . K .  AND MAT'l'NER , P . E .  ( 1 968 ) : C ompensa t o ry hypertrophy i n  the 

r emaining tes t i s f o l l owin g uni lat era l o r cl! i d e c t omy i n  the a du lt 

ram . J .  Repro d . Fer t . , fL: 1 79- 1 81 . 

VOSA , C . G . ( 1 973 ) :  Ace ti c-orcein , a ne1·r s tain f o r  the d e t e c ti o n  o f  

consti tutive h e t er o chromatin i n  p lant and animal chromo s omes . 

Expl C e l l  lles . , 'J.5)_: 463-465 • . 
UATSON , R.H . ; SAPSFORD , C . S .  AND r-1 c C ANC E ,  I .  ( 1 95 6 ) : Th e dev e l o pm en t  

o f  the t e s ti s , epidi d ymi s and p enis i n  the young m eri no ram . 

Au s t .  J .  agri c .  Re s . , 1: 574-590.  

WAXMAN , S . H. ; ARAKAKI , D . T .  A ND  SMI TH , J . B .  ( 1 967 ) :  C yt o gene ti GS o f  

f e tal ab o r tions . P ediat ri c s , Sp ringfi e l d , 2�: 425-432 . 

209 

WELSHONS ,  W < J . ; GIBSON ,  B . H . AND S C A�ID LYN , B . J .  ( 1 962 ) : Slide pro c e s s i ng 

f o r  t h e  examina t i o n  o f  mal e mamma lian m e i o ti c chromo s omes . 

S tain Technol . ,  21._: 1 -5 .  

WHITE , B . J .  AND TJIO , J . H .  ( 1 967 ) : A mou s e  t rans l o c a t i o n  w i th 38 and 

39 chromos omes bu t norma l N . F . He r e di ta s , �: 284-296 . 
1VIUTE , B . J . ; TJI O ,  J . H . ; Van de 1-!ATER , L . C .  AND CRM!DALL , C .  ( 1 972 , a ) :  

S tu di e s  of mice w i th a ba lanc e d  compl ement o f  3 6  chromo s omes 

d eri v ed from F1 hyb r i d s  of T1 Wh and T1 A ld trans l o c a t i on 

homozygotes . Pro c .  natn . Aca d .  S ci .  U .  S .  A . , .§.2.: 2757-2761 . 

WHITE,  B . J . ; TJI O ,  J . H . ; Van d e  WATER , L . C .  AJITD C RANDALL , C . ( 1 972 , b ) : 

Tris omy for the sma l l e s t  au t o s ome o f  t h e  m ou s e  and i d enti fic a t i on 

of the T1 \fu tran s l o ca t i on chromo s ome . Cyt ogene ti c s , .1.1..: 363-378 . 



WHI T E , I-L J . D .  ( 1 954 ) :  In Animal cytology and evoluti on . d 
2 ed . 

London , Cambridge University Press . 

WHI T E , M . J . D .  ( 1 961 ) : In The ch�omosomes . r:: th d ., d :J e . l.r On on , 

Methu en.  P- 96 . 
\VI LLIAMS , D .  1 .  ; HAG EN , A. A .  ; RtJNYAN , J .  \if . AND U.FFEH'IY,  Jl . A .  ( I  971 ) : 

A method for the dj fferentia ti on c f  ma le  mei otic  chromosome s tage s . 

J .  Hered . , 62 : 1 7-22 . 

\tlODSEDALEK , J .  E .  ( 1 922 ) :  S tudi es on the c e lls of she ep v1i th s pecial 

refer ence to sp ermat ogenesis , o ogenesis  and sex-cle t ernination . 

Anat . Rec . , .fl: 1 03 .  

\VODSEDA LEK , J . E . ( 1 929 ) : Sex chromo somes i n  different bre eds of sheep 

and thei r relati on to s ex-link ed inheri taEce . Ana t .  Rec . 1 44 : 233 . 
WOOLLM1 , D . H . M . P1m FORD , E . H . R .  ( 1 964 ) :  'l'he fi n e  stru ctu re o f  the 

mammalian chro:::no sorne in mei o t i c  prophnse  <li th s pe ci a l  r eference to 

the s yna p tinemal comp l ex.  J .  Anat . , .9§_: 1 63-1 7 3 .  

WURSTER , D . H  • .Ml) B ENI RSC HKE , K .  ( 1 968 ) : Chromo s ome s tudi e s  i n  the 

super  family Bovoidea . Chrcmosoma , £2.:  1 5 2-1 71 . 

\'WRSTER , D . H . ( 1 972 ) : S ex-chromo s ome trans locations and karyo types in 

bovi d tribes . C yt o gene ti cs ,  1 1 :  1 97-207 . 

YERGAN I A N ,  G .  ( 1 957 ) : Cytologi c maps o f  s ome isolated human pachytene 

chromosomes . Am .  J .  hum . G enet . ,  �:  42-54 . 
YUNIS , J . J . ; ROLDAN , 1 . ; YASIUNEH � \'! . G . AND LEE , J . C .  ( 1 971 ) :  

S taining o f  sat elli t e  DNA in m etaphas e  chromoson1es . Nature , 

Lond . ,  2Ll_: 532-533 . 
' 

ZARTr1AN , D . L  . .AND BRU}�RE ,  A . N .  ( 1 974 ) : Gi emsa banding o f  t h e  chromosomes 

2 1 0 

o f  th e domesti c sheep ( Ovi s ari es ) . Ce.n . �T . Genet . C ytol . In press . 

ZECH , 1 .  ( 1 969 ) :  Inves t i gation of me tapha se d,r omos omes with DNA-

b inding fluoro chromes . Expl C ell  R es . , 2_fl: 463 . 
ZECH , 1 ;  E'v.ANS , E . P . ; J:i'ORD ,  C . E . AND GROPP , A.  ( 1 972 ) :  Banding 

patterns in mi totic  chromosomes o f  toba.cco mou s e .  Expl C el l  

Res ., ]Q :  263-268 . 



Appendix 
I 

II  

III  

IV 

V 

APPENDICES 

Re s t raint o f  ram : 

B e gg 1 s Foo t  Trimming Cradle ( G . N .  Begg Engineering 

C o .  Ltd. , Southland , New Zealand ) . 
El ectro-siacu lation : 

Ru akura Mk .  I V  Ram Prob e ,  Plastic  Produ c t s ,  Hami l ton , 

Ne1v Zealand . 

Examination o f  sem en for moti li tv : 

( a ) \'!arm Stage Rei chert , Au stri·a . 
(b ) lvi ld MI I JVIi croscope (:ilild Heerbrugg Ltd . ,  

Swi tz erland ) . 

Examinati on o f  semen, hi sto logica l and chromo som e  
preparati o:!.'l s : 

Wild M20 JVIi croscope fit t ed with pho tographic a t tachment 

and camera (Wi ld Heerb1�gg Ltd . ,  Swi tzerland ) . 

Material s  for blood  leucocyt e cu l ture : 

(a ) For each cul ture : steri li z ed 1 x 1 0cc syringe + 
20g x 2 "  needle 

1 0  ml Venoj ect  tub e ui th s odium 
h eparin (Jintan Terumo Co . ,  Ltd. , 
Tokyo , J ap an ) + 20g x 1 "  needle 

univers a l  j ar + lid .  

Adapt er for venoj e c t  tub e� 

· Nethylated spirit s + swabs .  

Media T C  1 99 ( GJ.axo Labora t o ries  (N . Z . ) Ltd . , Palmerston 

North , New Zealand. ) . 

20cc syringe + 1 8 g  x 1 "  needle .  

Phytohaemagglutinin (vlellcome Reagents Ltd . , Wel lcome 

Research Laboratories ,  B e ckenham , Kent , England} 
5 ml syringe + 1 8g x 1 "  needle .  

C entri fuge (Bench centri��ge Watson Victor Ltd . , 

Australia and Nm·r Zealand ) . 
0 Incubator set at 37 C .  

01 
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con t .  

(b ) To harvest cu l tu res : 

For ea eh culture - graduated centri fuge tube .  

pa.steu r pipette + rubber bulb s .  

Colchi cine (Aqua-C ol chin , 1 m l  contains 0 .  5 mg of 

C o l chi cine ) Parl: , Davi s and C ompany , Sydney , 
Aus t ra l i a .  

Pi xati ve - ·1 5  m l  · meth ano l + 5 m l  glacial a ceti c acid 

( for each cu l ture ) .  

0 .  075 Ivi KCl ( Hungerfo rd , 1 9G5 ) .  

To make b a s i c s o lu t i on hypo toni c KC l :  J\dd 7 .  46 g 

KCl t 0  1 00 m l  glass disti l led H2 0 .  
'l'o make working- s c lu t i on KC l :  Take 7 .  5 m l  of 

basic solu t i o n  and make up to 1 00 ml v1 i th 

glass dis ti l led wat er . 

\'later bath a t  37
°

C ( Grant uater bath , Grant ' s I ns truments 

( C ambridge ) Ltd . , Barrington , C ambridge , England). 

Beake r  fo r sup ernatan t .  

Cleaned s lides ( 5/ cultu re in beaker i ce d  water ). 
Buns en Burner. 

Hot p la t e .  

C entrifuge ( a s  abov e ) .  

Refri gerator. 

( c ) To mou n t  slides : 

Mat eri a l s : C over gl ass es (Mat sunami 22 x 64 No . 2 ,  l'lat son 

Vi ctor L td . , Wellingt on , Nevl Zealan d ) . 

D . P . X .  ( D e  PeX mounting m edium , G . T .  Gurr 

Ltd . , London , England ) .  
Gla s s  rod ,  Xyl o l , ab solu te al cohol and mmb s . 

( 1 ) Cover glass sh ould b e  soaked in a l coho l and dri ed 
wi th swab . 

( 2 ) Place drop o f  D . P . X .  on cover s li p .  

( 3 ) Remove s lide t o  b e  mount ed from Xyl o l  and invert 
over c over s li p .  
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(4 ) Turn right  side up and gently express any air 
bubb les . 

( 5 )  Leave to  dry overnight . 

Mat e:r.·ia 1 s  u sed in at! a esthesia of ram and. ·nrr:)paration of 

§ Cl'9tB l 3.�: 

Nembutal Sodium (Pent obarbi tone Sodium)  60mg/ml . 

Abbot  Laboratori es (N . Z . ) 1td . , Na enae , Nevr Zealand . 

Acetyl promazine ( 2mg/ml ) .  

Bo o ts PL'-re Drug C o .  IJtd . ,  No t tingham , EngJand . 

Xylo cain e  containin g I-IC l  20 mg/ml and e.drenaline 1 : 80 , 000 . 

Astra Pharmacwi:j_ cals (Au strali a ) Pty . Ltd . .  
Hibitane ( Chlorhexi din e )  1%  solution 60 ml distilled 

Hibitane tincture : 

H20 + 1 5  ml 5% concentrate 

solution Hibitane 
Umporial Chemical Industri es Ltd . , 

Cheshire , England .  ) 

7 fluid oz . 5% concentrat e solution 

1 0 . 5  
5 2 . 5 

11 

11 

11 

1 1  

disti lJed H20 
methylat ed spirits  

03 

VI I Mater�_§l_)s for n1eiotic  preparati ons : 

Tri-sodium citrate (Na7C6H5o,., • 2H?O )  
:_; I � 

2 .  2% and 1 • 2% so le:. tions made in 1 00 ml 

flask wi th glass dis ti lled water . 
Watch glasses - (x2 ) . 
Forceps . 
Scalpel b lades ( x2 ) . 

Graduated centri fuge tubes (x4 ) . 

Glass rod .  

\·lat er bath at 37°C ( see Appendix V) . 

C entrifuge 

Alarm clo ck .  

( 1 1  11  
" ) . 

Pasteu r  pipettes , one for fixative , one for hypotoni c solution . 

C oplin j ars (x3 ) . 
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I ce bath . 

Slides ( 3 "  x 1 " ,  . 8  to 1 mm thickJ:Jess ). Up to 1 0  for each 

ccmtri fu.t;·() tub e of  mat erial processetl .  

Fixative,  5 m l  glacial acetic acid + 1 5  m l  ab solu t e  
alcohol in universal j ar ( for each pair centrifuge 

tubes of mat erial ) .  

Chloroform .  

VI I I  Tissue  culture @edium for mej o tic  propha se stages : 

IX 

1 0  ml TC 1 99 ( Glaxo Laboratories ,  N. Z .  L Ld . , Palmerston 

North , New Zee.Jand ) to whi ch Heparin 

( Pularin B . P .  Evans Medi cal C o .  Ltd . ) .  

200 I . U .  added . 

0 . 1 25 M KC l 0 . 93 g KC l in  1 00 ml glass di sti lled water .  

X Aceto-orcein Stain :  

Mat erials Synthetic Orcein ( G . T .  Gurr Ltd . , London , 
England ) 8 g 

Glacial acet i c  acid 

Glass distilled water 

Method ( 1 ) Heat acetic acid to 1 00°C .  

( 2 )  Add o rcein powder and stir well . 
0 Keep at 90 C+ for 1 hr . 

( 3 )  Cool  and add glass distilled water . 

( 4 )  Filter before use . 

XI :f-1ateri als used for c entromere staining: 

240 ml  
1 60 ml 

( 1 ) 5% Barium hydroxide ( Ba ( OH ) 2 s 8H2o )  5 g in 1 00 ml 

glass dis ti lled uater . 

( 2 )  2xSSC (0 . 3  M Sodium chloride containing 0 . 03 M 

tri-sodium citrate )  

NaC l 

Na
3
c

6H5o7 . 2H20 

Deionized H20 

1 7 . 53 g 

8 .82 g 
1 li tre 

Store in refrigerator and do not use hot 2xSSC 

more than two days old .  
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( 3 )  0 . 2 M hydro ch l o ri c  acid 

1-9 . 64 m l  HC l in 1 l i tre o f  deioni z ed H20 .  

( 4 )  G:i ems a s tain 

Di s s o lve 0 . 5 g Gi em sa p onder ( A1l"i ed C h emi ca l 

C orp ora. ti on , New York ) in 3 3cc glycerine 
0 0 a t  5 5  C to 60 C f o r  1 . 5  to 2 hr s .  To 

thi s add 3 3 c c  of me thyl a lcoho l . D i. ss o lve 

1 m l  of th i s  s t o ck s o lution in 50 ml 

bu ffer at pH 6 . 8 ( Bu ffer tablets pH 6 . 8 ,  
Geo . W .  lh lton and C o . Lt d . , Lov;er Hutt ,  
New Ze�land : 1 tab l e t  to 1 00 ml di s t i l le d  

vla t er ) .  

XII C ount ing cel l s : 

Hand o p erat ed Tally count e r  ( English Numb ering Machines 

L t d . , England ) .  

XI I I  Developing Fi lm : 

( 1 ) P lace fi lm i n  tank i n  neat D ek t o l  print developer 

(Kodak , Nm.,r Z ealand L t d . ) at 20°C fo r 3 minu t es 

wi th continuou s  agi tat i on fo r fi rs t  mi nu t e ) .  

( 2 )  Wash fi lm under runni ng tap 1va t er for 1 minu t e .  

( 3 ) Fix i n  UniversHl fix e r  2 minu t es . 
( 4 )  Wash i n  running tap vm t er 5 mi nut es . 

( 5 )  Wip e  ani hang up to d ry .  

XIV Enlarger : 

Fo comat I I c ,  Lei t z , Germany . 

XV Developing Prints : 

( 1 ) D evelop print s i n  s o lu t i on of 1 part Dekt o l  d i luted 

wi th 3 parts 1-ra t er a t  20°C for 2 lLi nu t e s .  

( 2 )  Transfer pri nts t o  s t o p  b a t h  ( 1vat er + 1 t ea sp o on 

a c e t i c  a ci d ) .  

( 3 )  Transfer pri nts to hypo b a th ( 2t lb hypo c rys t a l s  + 

8 o z  m e t ab i su lphat e  + 1 t easpoon alum ) .  
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Appenc.ix 

(4 ) Transfer pri nts t o  wat er bath and w·ash for 20 minu tes . 

( 5 )  Glaz e . 

XVI His tol og�y nhoj:_g£IaDhs -- ·  deve l o pir;.o; f·i lm : 

XVI I 

( 1 ) 
( 2 ) 

( 3 )  

0 Develop fi lm in Ni croclol-X at 20 C for 9 mj_nutes . 

1' Stop bath'' 2 minu te s . 

Fix , vmsh 20 minutes  and glaz e .  

\'lashing o f  GlassNare :  

All glass1•rare >vas soak EOd. fo r 24 hrs i n  D e  con '7 ) concentrate 

( 20 ml/ li tre ) , rin s e d  in  tapwater,  washed in Pyroncg, 

rin s ed , drained and dri ed . 
Universal j ars and l i ds used in b lood leu co cyte cu lh<res 

were rinsed in 1 N BCl then given 3 rinses wi th glass 

dis ti lled H
2

o b efore b eing dri ed and au to c laved . 
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Ram Ident- · I  
ifi cation 

54,xy I 
x435/ 69 i 

R285/69 I 

x1 1 7/ 69 
x21 4/ 69 

84/68 
B1 57 
B1 58 
R1 95/ 69 
x452/ 69 
R294/ 69 
R 1 6/ 69 
R244/ 69 

tl  

PT1 95/70 
R225/ 69 

11 I 11 

Appendix 
' 

Testes SEri[EN 
SizeJ Tone :Volume I Colour I 

1 

1 

M 
1 
1 
M 
M 
M 
s 
M 
1 .  
1 
tl 

1 
M 

M 
M 

I 1 1  cc I I 
I Fi & El l l 1 .  5 I Creamy I 

I Fi & El 11 1 : 0 I Milky 

Fi & El 
Fi & El 
Fi & El 
F'i & El 
Fi & El 
Fi & El 
Fi & D 
Fi & El 
:B'i & El 
Fi & El 

t l  

Fi & El 
Q & Fl u 

2 .  5 l Creamy 1 .  0 Creamy 
Not ej aculated 
Not ejaculated 
Not ejaculated 
Not ejaculated 
Not ej aculated 
0. 5  Creamy 
0 . 7 C r eamy 

0 . 5  Ihlky 1 . 0 I !  

1 . 5 I C reamy 
2 . 0  Creamy 

t l 11 1 0 
Fi & El 1 : 5 I Mi lky 

Creamy 

I 

Kev : Fi = fi rm .  El = elastic .  D = du l l .  

XVI I I  ( a ) S EIVIEN ANALYSIS 

Motility % 1 Rate  

I 
80 I 4 

I 70 3 I 

80 4 
80 4 

90 4 90 5 75+ 3 
75 3 
90 4+ 90 5 
70 j 3 90 4 

'I % Live/ ! 

I dead 

, I 
! 86/ 1 4  1 1 

I 78/ 22 1 1 
8�20 7 /30 
99/ 1  95/5 9Z!3 
8)/ 1 5 I 7�21 I 9 I 1 0  

I 4V,56 I I 6 /40 

Normal 

!/a_ 
96 

I 86 I 
79 90 

86 I 94 
95 I 64 
95 74 

I 89 99 

MORt:ROLQGIQA1 E.XA.NINATION 
Tai l  
Ab norm-
ali ties 

fa_ 
1 

2 
6 1 
1 
6 
4 8 4 1 1  • 5 

8 
-

I. l 

Free Mid- Cytoplas-
Heads Piece mic 

Ab norm- Droplets 
d ali tiewr "' ;o jo jo 

2 . 5  0 . 5  -

1 1 1 I I 
0 . 5 I 0 . 5 

I 7 - .8 
9 - -

I I 
I I ' l I j 

I I 
I A -- - i )  I .. - -- - 1 

1 5 3 -1 - -
3 1 . 5 I 0 . 5  

I I 

t I I 3 - I -1 - -

Hea.d 
Abnorm-
ali ties 

% 
I I -

I -

I -
-

I 

i -
-

I -' I 1 
-0 . 5  
-
-

S = soft . Fl = flabby . 1 = large . l\'I = medium . S = small . 

Deoen-ll Date 0 
era·;e 
Sperm r 

I 
I -

I -I 

I 
I I = 

-
-. -
9 
-
9 

-
-

% 
1 24/4/72 
I 2 00 

spermat 
zoa cou 11 1 7/ 4/;� ! 200 j sperrnat 
zoa c ou 

- tee 1 2/4/72 
1 29/ 1 ! / 7 

r �1 6/ i 0/7 , 1 6/ 1 0/7 � 2 9/ 1 1 /7 � 1 5/ 3/72 �23/5/73 1 1 5/3/72 
200 sp� 

·lliatozoa 
1counted 
12 1 I 6/72 ! 2/7/73 

� --.. 



XVIII (a) cont . 

53.xy,t1 

B46/69 M Fi & El 0. 4 Creamy 80 I 4 98/2 95 4 I 1 I I 5/7/72 I - - - -

B68/69 
I 

1 Fi & El 1 . 0 Ivii lky 80 4 88/ 1 2 93 4 I 2 - 1 I - - 1 5/2/72 
: I B·t 2/69 r1 Fi & El 0 � Creamy 90 4 95/ 5 96 2 - - 1 - 1 3/2/72 • I 

B53/69 Ivl Fi & El 1 • 0 C reamy 80 4 95j 5 99 - ·- - I - - 21 / 2/72 

1 1 . 7 
I I 1 2/4/73 1 1  1 1  1 1  Mi lky 70 4 77/ 23 96 2 2 - I - - -

! 
23 6/ 67 1 B'i & El 1 1 • 5 C reamy 75 3 7?21 98 I 1 - - - I - 1/ 6/72 
(B1 5 )  
26/70 M Fi & El Not ej acula t ed I A1 82 1 Fi & El 0 . 8  Milky 70 3 93/7  99 - 1 - - I - - 26/ 4/72 I " M 11 0 . 8  C reamy 90+ 5 8 1  I 1 9  98 - 2 - - - - 2 1 / 6/72 

B8/72 N Fi & El P . 7  Creamy 60 3 42/ 58 94 5 1 I . - - - - 5/ 4/73 
I 

B71 / 69 1 Fi & El 1 . 0 C reamy I 90 4 72/ 28 1 00 - - - - - - 2 1 / 6/72 

11  1 1  11 1 . 5 11 70 3 7 1 / 29 73 2 24 1 - - - 5/7/72 
I I I 11 11 1 1  1 • 5 Hilky 50+ 3 70/30 97 I 1 1 - - 1 - 25/5/73 I 

B8/72 M Fi & El 0 . 5 r1i lky 70 3+ I 73/27 71 3 1 1 24 - I _ 1 27/ 1 1 /73 l I i 
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XVI I I  ( a )  cont. 

53,xy,t2 

.B25/72 M 

B87/72 r-1 
B68/72 M 
B66/72 M 
" 1 

5:2.x;y:�t3 
Link 1 966  1 
HHL99/ 58 1 
B1 1 6/ 7 1 H 
B1 3/72 s 
B76/ 72 M 

" 1 

2_2, x;:r, t�3 
A1 34  I 1 

52,xy, t1-41 

F.i. & El 

Fi & El 
Fi & El 
Fi & El 

" 

Fi & El 
s & Fl 
Fi & El 
Pi & El 
1:<� & El 

1!1. & El 

EJ. & El 

I 

! ! 3 0 . 5 Mi lky I 70 90/ 1 0 

I 
0. 7 C reamy 80  4 85/1 5 
1 . 0 Mi lky 70+- 3+ 62/32 
1 . 5 Creamy 90+- 5 80/20 
0 . 5 C reamy 85+ 4+ 73/27 

C reamy I 0. 7 90 I'; . 92/8 ·' 
0 . 7 C reamy I 70 3 84; 1 6 . 
0 . 8  C reamy 85 4 87/ 1 3 Not ej aculated I 0. 5  I C reamy 90 I I'; 85  . I .,/ / 1 5 
0 . 5 Creamy 70 3+ 74/26 

0 . 7  Mi lky 40 2 3 1 I 69 

I 1 - I --
9 1  2 5 I - I 2 - 3/4/73 

I I 1 3/4/73 
electro-1 

I jaculated 
bu t no 

I sample oi 
-tained . 

98 1 . 0 1 . 0 - - - - 1 o/ 4/73 
92 3 1 '2; 1 - - 31 / 5/73 ./ 
96 - 4 - - - - I 6/ 6/73 

' I 4/ 1 0/73 8) 9 4 - 2 -· -

I I 92 I 7 I 1 28/ 2/72 I - I - - -
83 1 0  I 6 I 1 - - - 28/ 2/72 I 
82 4 . 0  1 . 0  2 . 0  I - - 1 1 . 0 1 5/ 3/72 I 

9 6  - 3 - - I 1 - 1 1 4/3/73 
I I I 1 5/ 1 o/73 79 1 3 I 1 2 2 I 3 -

I r 
80 6 1 3  - - - 1 1 7/4/73 

B55/70 I Ejaculated but semen sample unobtainab l e . 

B�7�
2,xy,

t1 �
1
t3M I EJ. & El �� 0 . 6  -�C-r-eam�y�,�90

��-4+�8�2�/ 1
-
8
��9-4�-T��-1

�r� �
4

���-���--����-1
���-�,

��?1�/ Y
�
� 

" " " 0 .  7 Thin-cr:eamy 75 3 80; 20 98 1 I 1 - - - - 1 3/ 4; 7:; 

I ' I 



Appendix XVI I I (b ) 

Examina ti on o f  Hi s t o l o r;i c a l  S e c t i on s  F'l_·,�g_i:i_q_r;nal 
and Rob�rtsoni an- trans l o ca t i on Qarryj_ n� R ams 

Hi s to l o gi c a l  s e c ti ons o f  the t e s t e s  of all rams , b o th n o rma l 

and t rans loca t i on- c a r:cying , vrere exami ned micro s copi -::: a l l y .  N o  

d i fferences tl ere d e t e c t ed between th e s e  samp le s .  I n  a l l  rams a 

n o rm a l  sperma t o geni c p r o c e s s  vra s  ob s erv e d .  Pho t omi c ro graphs o f  t h e  

t e s t i s  s e cti ons a� e shown in Pla t e s  01 and 02 . 

01 0 





il.ppendi>r XI X CHI ASH!\TA C OUNTS IN NORJ.1AL RA.i'1S ( 54,_�) 

Bivalent I Numb er of Chiasmata/ Bivalent I Numb er X21 4/ 69 t B1 57  X452/ 69 PT1 95/ 70 X1 1 7/69  R244/ 69 

1 7 6 7 it 6 6 5 5 7 6 

2 6 3 5 4- 5 6 5 5 6 5 

3 5 5 4 5 6 6 4 4- 6 4 
4 I 2 1 4 2 3 2 3 ) 
5 2 3 2 3 2 2 2 3 

4 2 

3 2 

6 1 2 2 3 1 3 2 2 3 2 
7 2 2 2 2 2 1 2 3 ') L 2 
8 2 2 3 2 2 2 2 2 3 2 

9 2 2 2 2 3 2 2 2 3 ? 
1 0  1 2 2 1 2 2 2 ,.., c.. 2 

1 1  1 2 3 1 3 2 2 2 2 2 

1 2  2 1 2 2 2 3 2 2 3 2 

1 3  2 2 1 1 1 1 2 2 3 2 

1 4  2 2 2 2 2 1 1 2 2 2 

1 5 1 2 2 1 2 2 2 1 2 2 

1 6 2 2 3 2 2 2 1 1 2 2 

1 7  1 2 2 2 2 3 2 1 2 2 

1 8  2 1 3 1 1 1 2 2 2 2 

1 9 2 2 1 2 2 2 1 2 1 2 

20 1 1 2 2 2 3 2 2 3 
21  1 2 2 2 I 1 2 2 1 

22 2 2 2 2 2 2 1 2 

2 2 

2 2 

23 1 1 1 1 2 2 1 1 2 2 

24 1 1 2 1 2 2 2 1 2 2 

25 2 1 2 1 2 2 1 1 2 

26  1 1 2 2 2 2 2 1 2 

L 

01 1 

R225/ 69 

6 5 6 6 

6 5 4 6 

5 5 5 6 

3 3 2 3 
3 2 3 

2 2 2 2 

2 2 2 

2 2 2 2 

2 2 2 

2 2 2 2 

2 2 2 3 
2 2 2 2 

2 

2 

2 2 

2 2 2 

2 

2 1 2 2 

2 2 2 3 
2 2 2 

2 1 1 

2 2 

2 2 

2 2 

2 2 2 

2 2 2 2 



XIX cont . 

Biva l en t  
Numb er 

2 
3 

4 

5 
6 

7 

8 
9 

1 0  

1 1  

1 2 
1 3  

1 4  
1 5  
1 6  
1 7 
1 8  
1 9 

20 
21 
22 
23  

24 
25  

26  

R1 95/ 69  I 84/ 68 ,_R2_8_5/_6_9_, __ 
t--

X

-

43

_

5

_

/

_

69

-
6 5 6 4 6 6 5 6 4 � 4 4 5 6 2 3 6 5 
6 4 5 7 4 6 3 4 5 4 4 4 4 4 5 5 4 3 5 3 
5 4 4 4 5 6 4 4 5 4 4 3 4 4 5 4 3 3 5 3 
3 2 2 3 3 3 3 2 2 2 2 2 3 2 2 2 2 3 2 
2 2 2 2 3 3 2 2  2 2 1 2 2 3 2 2  2 4 2  
2 2 2 2 2 3 2 2 2 3 2 2 2 2 3 2 2 
2 2 2 2 3 2 1 2 2 2 2 2 2 2 3 2 2 
2 2 3 2 3 3 2 1 2 2 
2 2 2 
2 

2 3 2 1 2 2 2 
2 2 2 2 2 2 2 

2 1 2 2 2 2 1 2 2 

2 2  2 2 2 2 2 1  
2 2 2 2 2 2 2 1 2 2 
2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 1 
2 2 2 2 1 2 2  1 
3 2 1 2 2  2 2 2 2  
2 1 2 2 2 2 2 2 2 
2 1 2 1 2 2 2 2 2 
2 1 
2 1 
2 1 

2 

2 2 
2 1 3 

2 2 2 2 

2 2 
2 2 1 

2 2 2 2 
2 2 2 2 2 2 2 

2 2 1 2 
1 2 1 2 2 1 2 1 
2 1 2 2 2 2 1 

2 2 
2 2 

2 
2 2 
2 1 

2 1 

2 2 
2 2 
2 2 

2 
2 2 
2 1 

2 1 
1 

2 2 

2 

2 2 1 2 2 
2 3 3 2 1 
2 2 3 2 2 
2 2 
2 2 2 2 2 

2 2 2 
2 2 1 2 

2 2 1 1 
2 3 2 

2 2 2 2 
1 2 1 
2 2 2 

2 3 2 
2 1 2 
2 1 2 1 
2 1 2 2 1 

2 1 2 2 
2 2 1 1 

2 

2 2 3 
2 2 
3 2 

2 3 
2 2 2 

2 1 

2 1 2 
2 2 
2 1 
3 

2 1 2 
2 2 

2 2 1 
2 2 

2 2 2 
2 

2 1 
2 2 

2 1 
2 1 

2 1 

01 2 
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App endi x XX 
Abs t ra c t o f  the fo ll m·ri ng pap er whi ch i s  In Pre s s  

' 'The s i gnifi eanc e o f  t h e  G-bands aid C -bands o f  th:r·ee d i ffe rent 
Rob er ts o ni an trana loc a t i ons of domes ti c  sheep ( Ovi s ari e s ) 
A . N . B RUERE, D . L .  ZARTI'1A1J , HELEN M .  C H.APMJJif 

Ab s t ra c t  

G-b anding o f  thr e e  di ff erent Rob ert soni aa tran s l o cations 

of d o me s ti c  s he ep (MI , MII and r·nn ) has shown tha t the arm 

c omponent s of ea ch are non-h o�o l o Gous . 'I'he C-band.s o f  the MI and 

MI I I  tran s l o cati on chromo s om es shovred h e avy b l o cks o f  c e ntri c 

h etero chromatin 1vhi ch w e r e  d i s tri bu t ed evenly on ei ther s i d e  o f  th e 

centromeri c cons tri c t i on and sugges t ed a d i centri c s t ru c ture . The 

C -band pa t t ern of the NII trans l o c a t i o n  wa s regu larly ex o c entri c ,  

su gges t i ng that i t s me tho d o f  format i o n  may b e  tha t o f  a r e c i pro ca l 

tran s lo c a tion . Th e n eed for eau t i on o n  t h e  u s e  o :  the t e rms 

Rob e r t s o nian trans l o c a t i o n  i s  di s cus s e d . 

'l'h e  amount s o f  c en tromeric h e t e r o ch roma tin in e &.ch o f  the 

tran s l o ca t i on chrom o s om e s  i s  El pparen t ly grea t er than i n  the r egu la r  

m e ta c entri c s ,  vrhi ch sugge s t s  that they are of a m o r e  r e c e n t  origi n . "  

01 ) 



Fi g .  2 .  Tb e C -b and karyo typ e  o f  the dot'le sti c  sheen ( fema l e ) 
2 n == 54 . Note the ab s enc e o f  c en trom e ri c s taini ng 

in b o th X chromo somes . X 1 500. 

Fi gs .  3a- c .  The C -b ands of th e 3 Tllas s ey translocations (a rrmved ) 
a-c NI , a and b from h om o z ygo t e s . d-f Ni l ,  d from 

a homozygo t e .  g-i MI I I , g from a hom o zygo t e . 

N o t e  the large blo ck o f  c en tr i c  het e ro chromatin i n  

b o th N I  and ru n and t h e  exo c entri c h e t ero chroma ti n  

i n  NII , a l s o  the narrow c en t r i c  regi on o f  the r egu lar 

meta c entri cs in all pho t omi c ro graphs . X 2500.  



• • • • • 

X X 

• • • • • • • • • • • 

' 

8 1 1 
• • • • • • • • • 

' I 

• • • • • • • • • • 

2 

• 

t '/ • • 

• t 
• • • f .. • 

. .. • 
• •  • 

• 
a # b c 

• • • • • • • -
J � , • 

"' " • • " 
' • • 

, • • 
. . 

., 
� - · -

• • .. 

- - • 

• • d e t 
� 

• · - .. 

-
• • 

• 
-

• 

g 
• h 

3 



Appendix XXI 

SAG Cyto 443 1 

J )C!'<�rtment of \'c l l' r i n :n y Cl i n i , ;: l  Sciences, J\ h �->cy l J n i w.r� i l y ,  P a l ' l > •:·.-s!o'l  N<•r ih 

/1 /JSINIC/ 
l ntcrm;:t i nr: pf ; hccr hc tcrm_l'�:''"'· for what  1'.-:" 1 • -· l i c·l·cct p rn·iP\" 1 \  t<1 I > �  t .vo 

d i l fcr.: n l  S U t l llh' l : • ('c i ! l ri<: l r•• ns1o�:J t i \'il' ( 1\ i a,,r)' I < ! l •il \ J ."'C\ 1 1 1 )  :• 1 1 . 1  : :t:bs(,jl lC! l l  

11H.· iot ic  St l ! � ! ic:-. O l l  t l t l� of the r:d11 r r�:�!C 11} "  have l'\H lf l t·qh.�d th�11 t : l � ·s� � r ; l ! l �)lo,:�t f i OJ1'\ 
�tn.: cnn1 pl �.:tc l�  ncn·o l h111 lologL'lh.  ,A 1 ; 1 1 1 1  het2ro1.y�r.u.., fer t l • e  ! \\'0 t r�u��.lc •·.: a t i P n � .  

when n1:-ttcd t n  ('\·--�·, o f  l lO i ll l :d k;q·y:1 t )  l'L�. prnd n .' l',� i t n  �•hO\'C· n · 1 \  ·;1·:l n u nl ; H" i' of 
progeny. Dui i n g  J J J :t t i ng t l lCi l! \ql� ! �() t: n J u c  rL l t l t" l i  f\1 :-:: e n  ice.  T!l . �·�q· t i : i l �· nr  
doubk t ra mlo-: a t ion h c t cro ;- y�<' ll'� c,,.,_.., '"''' al <l> n < � •·m� l .  An hyp01 i • .--;is j,  'ng­
gcstcd [ 0  G � p J : : i !l t h e:  OUcl i l \1(\!l l <; J i • · '  OJ f..:ri i J i t y  [ l J : J I  l t ' > \'c' ht<'ll ( !(',,· , i i -ccl i i l  , ! Jt'tj) 
and  hun1 a n �  r: ; , ;T\ i n g  H oh�·rho n i : n1 l i ; l r � ) ocC1 i in n :' .  

The h igh i n c i ch' J J U: of I{ Pbcrlson i a l !  t r:-.n-; lncai ion' i n  � � 1 m r  pt ;:w : :t t iu ; 'S  
or domest ic  �.k· ·-· :) cn! {Ul  !< I :\ ! t d  J\1 1 1  I .S,  ] 1J 7 J ; U! !d ldc Cl ; d . ,  JC;72 ; B i<l ' I:J-� l , 
unpubl d1cd) ; :nd d omest i c  c:; i i k  ( G u s·rA\ �;:;"'' · 1 'J6Q ; }J ,·,!z v :  Y, J �l / 2 ,  
1 973 ,  pl!l "on:J l  con1mun ic:1 t ion ;  U,\ R R t: e t  a l . ,  J CJT',;  P K L' i:R i :  a n ti C'I IAPf\l A .  · ,  
J 973) ha' ra ised impo:·t a n t  iss t«.:s for breeders of t h �se sp:cic'>. A.ll h 0 1 1gh 
in most ins tances these trans](iC a t ions a rc COJhid.:r..:d t :; bL: a n ormal Cl'r.­

lu t ionary p rocc�s assoc i" l cci ,-,· i th  specie�· phyl,1gCIW (\'Ji l i : r,  1 969) , !her,' 
a rc a n t l !n bcJ of repo r t s  frum hc, t l t  l l l <1 P. (W 1 1  :,O'l, l 'J 7 l ;  C! ' i.'\ I J I  FY c l  a l . ,  
1 972 ; FRM'Ct\IW et  al . ,  1 973 ; Pi-. I . � I F R  c1  a l . ,  1 '-J73J  a n d  dou<c:; t i c  2 1 1 i m ;1 l '>  
(GUSTAVS�:ON, 1 %9, 1 97 1 ; l3 !1,l ' lT I ' , 1 969 ; Bl< U i f� l  ,, ; ,d  l\1 : ! .i '� ,  j ':J7 J )  u r  
their possible c:s:,oc ia t ion wi 1h in fert i l i t y .  Unfn �·t l l:J <J f c ly ,  ! he <' ''uc i <�l i tn,  
between these t r;msloca1 iom and infert i l i lv i ·-; J <J t :1 c r  in ,�rJi1C : u '; ivc a n d  t l i c  
cause of  t h e  i n fe r t i l i ty sG ;i·:c\l·h ; ! (  spc-cu lc n ivc .  

1 Support e d  by � grant (ron: t he \t."\ ... i l c! �:·�1e- ·rn: .-,' � ) f  '" i �·lat H;  ; t a i n .  
R equest rcp1 ints frrnn: i ) r. A.  N .  �) RUE!tE, l 1 C �'[;.rtn1Ct �t  0f 'Jet.:-· i t . a r y  (.! jnic � l  

Sciences, M asscy U n i versi ty,  l' ;d m c-r>lon Norlh (Nl'w Zr.::dancl). 
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The 1 '1hacco mouse ( !\ ftu po.•:clli(l t ' il l l : s) is the on l y  cnmJ1<tralJ1e C '. ci i l1-

p k  of t r;�n si ocat ion hc i .:- 1:0/Yf:,l'Si t y  in h i �!wr ll1 <Hl1 1l l iib in \\·h ich L i 1 ..:  Hic:c!w­
n ism that < l f f-.'d�; fcrt i l i t v  j ,  u n dcr�t n(l c i  (< ; J : < J I ' l '  c1 : ! ]  , J O 'JO) . Tl : i :  spc : ic:. 
has 7 Rol .,: r t su J J i :m t ;·;J ; d oc • t i o n s  �1 1 1 d  ; ] , L·o(' J i J U ! l ip lc  u c: : ·, s ioca: i ,);l� in t he 
h c t c ro zyi-:l)ll\ sLt tc  Ul u�c t h e  prod u c t i o n  of :• high k \-c l  of <l ! lCupln id :' • t : n c ­

l cs (T1 1 rr.l\ iiO!{N a n d  (1r.nP1', 1 970 ; DOR ! f\'G e t  a l . ,  J 072;  C ..\'1 rA�Ac: J and 
I\1oc.,r J  u·, 1 971) .  T hese m :n urc a n d  a rl' c apabk of icJ ! i ; i7al i (m,  lw t the 
chromo�<> m � tl l y  unb«I < Iw:cd Z)'!.: O ! cs t N . ! <i l l) cl! t: i 1 1  C < i i l y cmbryogl'J'J � ', i s  

(TIT! 1 1\ B< >!c'; and G!WI' l ' ,  1 970 ;  CAT J ,•.-:-: \Ci f and M ( >' > J · l  l :Y,  F> 73 ; T 'o1w 
and EY.\ :-; . ..,, 1 973,  Jl·� r�o : l : : l  com n J ll ! l i l ·a l i · n J ) .  

A fn'. l'<I '- C S  of doul lk t rans locat ion J�ciGJ ozygo ., i !y  lu•:<: bCC J 1  rt:pl lnc< i  
i n  m : m .  0RY I '  and Dn .nu (1 96'/) dcsc :·i l •ccl ; J  D/D : 1nd D;c: lr<m s : •:•u.t i on 
i n  a b�lY \\'i th  Dm\'n's synclro:n� who�c. h n > ! I J '.' i ,  , ,  b;d :l i1CC'd c::· J i C'!' or 1 lot!J  
t ran�loc;J t i on:,, w;�s norm a l .  

The  fn l l o\\' ing report f ro m  cln m c s t i c  �hccp (Ot ·is wic:.) dcs� ri b:::s y. ; 1 · 1 t  
a rc believed t o  b e  t h e  f i rst ca�c:; o f  mtdt iplc Pc llC: J hlP l ic.n ! J a n�Jocn t i o n  
l ! c t noi'y�n�:ty i n  domrst i c: a n i m a l ;: .  l t  ;: l ·;o g iH:� dc t : • i l ,  ; ; • 1 c l  d i � c t • :;� <;� t l : c  
fert i l i t y  of  bo t h  r :J m s  < l l Jd l'\\'eS earry i n �  t w o  t ! Ll i i :,I o c a l ; O : J �' · 

J\ fulc:'riu.'s unrl  n l <'t/;ods 

The .l'h<'Ci' 
The s! l <>�: ·  h c ll'ro:- n:C1 t h  f• n t h e  t \\'l> 1 r:u; , J , •c: t t il'n<: ( \ l ·•'·', c )  i ;l !lcl 1\ la · .::�.; l l i J  

were brc·d t··y n • a l i : J f:  i n  J 'n 2  a Dr) ' d a k  r�> < . l  l il :' t  '' " '  hoJ ; :u7 ::;;ol" f,1;· t h e  :- t ; J s · 
scy I l l  t l··q :o; !o ·: a l i n n  (2n  " 52) to I � OI ! l !lcl' C\\ .: · .  hl'l n: > .'J'l�ll l ! '  ior t h e  i\ l a '> '-'Y i 
t r a n ,l oc:J [ i u i J  : 1 n d  by l l l : . l i n�  !\L���cy 1 hl.'itToi'yguns !",t ir� �  l '. '  �\-! ' t " 'IC\' 1 ! i  f1 -- t c ru­

zyp o u -;  C\\'l'' · The rt� s u l t�. of the..:.;�..· 1 n ; 1 t i 1 1 f�S \ . i l l  b� dl'�cr i l ,cd i n  : : n c· l l '·�'· p u h ! � ·  .... �d i ' l : -, 
d ea l i n g ' · : t l i  t h C'  i n t l:J n1at i n ;;!  �.lr h L t c ru?ygotc� .  ( ) :1�  of t i n :· nt l 1 :  l : l P i 1 � ·, · 1 �9 //2-i) l';Jrn 
in J u ly ,  1972,  \Vas a dou hl�  t ra n�loctt t i c n  b ·t� t u,:J go tr (f ig .  ! ) . l :i 1\ l n rc i i ,  J �J7� , 
fo l l o w i ng J't l b .: n y ,  Oih' !C> I i s  \l < t'  r�Jth>Vcd f t P n ;  !h i<;  r:ltl l f,,r 1 1 : •: iut i:  ,·: :nt.l' "'O! J < C  
s t u d ic,.  Twc> wcc:ks l r t tcr,  w h .: n  t l < c  c a <,trat i c nl W(lt< n d  h;;d ;h:;i l cd  a mi i 1 i �  <;cll'•.' l t  

producl ic>n • ' l < n s id.:rcd sat i'>f: < c t ory ,  n l ll ! ; m ; h  H�Ji72 w a s  m.< tul  i o  1 0  fl't:r-yrar-c� l d  
R n m ney ewes of normal l..a 1  Y '-' : i  J k  ( 2 n  ' "  5-i). ' J  :1c<.c t'Wt'S h�,i ; i l l  prod• tccd l . tmh 
previously.  

D u ri n g  t h e  ! ll ;l t i ng .  r:t n t  lamb H9 172 l':as h;t J ncs�ed wit! ,  < !  h·i,\.:c t  ra d.l le ,  >IJ 
t h a t  :1s each l'W� casnc i n to c- s l r H s  � ,nJ was :· l: l'\:2U by h i n � ,  !1 ::.- ! · sc:rv irl' �Li l t.:  cnldd 
be record e d .  'J ! tc  colur of  t ! lc- ra,id le  "' " �  cl: .l rt!,'C:d e1 cry 15 tbys, v ' l t ich io,  j t J S l  �: ,on 
of t i lt; a1·cra�e c�t l'll'> cycle ( 'f  thr  >hc..:p.  By t his mc.:an�, sh�cp which r<:tu>nPd 1 0  
estn1s  could l >t' 1 ccogn ized . 

Th rl'C' C\\'C l : t l l lhs !,C\ �i"; 1 l 1 ('l l 1 t i 1S  of � I f!\� n r: d  � l �n }H" �f'f • \"/Yf-t ' ! : ';  f:n :h(' �-� : :,....: :.:  ! \' "� 
l ra nsloc.Hion� : • s  t h 12  1 a n1 l �t l i 1h  \V�rc 11 1 � 1 lCd , ,_, t l h:  �fa"-::ey 1 1  t �-,! ! i'\lt 'l'(\ t ) ()i1 h \ ' ' !h' 
zygous ram l a m (' (Il62!72). 
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('yf{)J.:l'/ lt'/if' l l 1t'lf/ < Ju1.\ 
l .cukoc:y�c c u l � l : l ·�s \'. t.: rc prcp. ! l \. d  by r. \d 1 1 1 1  1: � ( \ , !( 1  i l' �  'l ' t :l ! � t {> : • nd  Lul ! u rc�..l for 

4S h. Ch ronlll\0111<: i 1 1CU1 pk1'CS  \\"cl c p r, p : , r ,  d :" ,.,., , , . ; ,  c d .  
'"j h� Jnt.: io t ic  chn l :n c iS.OilH: s l u d l c ')  \\'C! � C : 1 !  1 i ·d l l : d  f 1 ! 1  t -.. ·· t ; �..- �. l :q· i i �·--;u t� d · .. ' l  ivcd 

from one tc> t i s  0f ran 1 l amb J l()/72 \ ·v a k..:il l' i < ; L ! .'  c i c'.'l· !o JH  ,I r, , ,. : h ·: ,; ; � "<" 1 '  by one 
of u �  ( U . M .C.) : 1nd modified fr< l l l i  li�c m l" l i l ( l . i  , . r [ ·  . .  '. -..:s " '  : l .  • I "•; i l  "l lw ; ! l C'iot : c  
p rC'par: 1t iono, V/C H' �t�1. incd wi th  : t �·\ tn·nrc('jq ! 1· •• :ft 1 : L' l �h1t t t• i � . � ; �  c, t , ; � : · i c r, ·. c..,c · )pi.: 

v ic\ving.  1 J ist • , Jogic� : l  sect ion� ( ' f  to. :� t i -.,  v. �rc p r  .. .- p : t ! L":.! : t 1hl .... ; .  i : , : -J \ . .  t t ' !  ;L!! ! l :l : r '.\ J l i n  
and eos i n .  · r h::- f..f"l l l :.:·n �an1 p lt.·:-. \\'\'rL· Ct.) 1 lc�. t u �  ! · )  C'!•';,:l tl -:.. _! . �  ... � � · · , l i,JJ� ( d . d  wc:T 
a�r;c�scd f(."JJ' l'ont t �� � t ,  1not i l i t y ,  J"h . . ' l'u : r. t :l ::.!c o !' J i v e \!.... . J :-.r ·.· r : ·r , � ; � :J '_U .L . t r  .• i n�P! : ' � lo ln[;. \ . 

j? csult.\ 

A munbcr of early a n d  i ; d c  J i ; t i: i l lL'� i s  rn c t �·ph ; t'L'� 1\ " • .. ' rc v i'-·-.,·,· <.1 <t t J d  
counted from t h e  meiot ic (. h romo�omc r rl' l ' ; :r , J l i , ) ; ! S .  Uf � (i  � ! ICh m e l :t­
ph a<.,cs, 96 Oj1, s l tow•.::d 25 ch ron :t)�o; J : •� : 1 � � � � · ; : t l i nn �; .  i n c i \ l ·. ! i : J ! ', 23 h i Y ;1 l c 1 , h  
a n d  t w o  ch a rackri�t ic  t r i vaknts (fig .  2a ,  f,) .  �;'-· ·:P:• Ja r:; 'f'l' l n�;·J \ n t  yt.� I 11l" t �1-
ph a!'es wcrl� a bo �ccn,  ht t m t  i i t � u f i i c i c· t ; t  n u ; t � ;',:r  0 i. l J I '.''C w : 1 •. c l c :.� r l y  
d i :;ccmable to �� i \'c  a se:g.rq• ,\\ i t) i t  i ' <d t c r n .  S c.: 1  < t" :1i nw t : · r· h ·  . . -:-.  '.\ J." t ·,' � LT ll i r· 
wh ic l t  both t t an::.loc a t i on ch , n, , ; c;�c� mcs h :• ci · ·L·g : , · �m,:J i , , ._._· : hcr  (fig. ��r). 

No abnormal i t i es of �p,· r,n ::l o�' Ulc�i:. '' c' IT � c c r, in t ht l l ; ·� i cll· lpkul sec­
t i ons of tcst i s  from ram rnrn . Suncn lfllFl t h i s  r<1 1 ll l'X < : in i ! l �d both 

before UI' i ! .tt n:tl castr<� t i o n  < ! l ld  m :1 t i ng, \\" :1 �  o f  '' gul� ·. !  < j t !:d i '  y io1  l i t ,  
factors �core d .  

A l l  1 0  C\\"cs mated t o  r < t m  � : : m b  B'J/72 IJ ;:ci c n m c  i n : n  ,·:. t ruo :: n cJ  b�n 1 
s e r ved by 2 1  Apr i l  1 973 .  O n l y  I of the  ] ( : C\':.;s 1"<-' < li i l > ·  cl :o s,' n· i cc o:1  

] 6 tlhy J 973 .  The first of t l 1 �' 9 ewes \\' l t i -:1 1  cl  i d  not r• : u rn to ��' n ice 
l a mbed on J 3 A ugust  J 973; t he J a-;t  o f  t ! J c ,(.; bmlxcl o;�  1 -l S.:ptcm Lw r 

J Y 7 3 .  Th e one e w e  w h ich ret u rned to �cn·i c,· l a mb�d 1 ( I  Ocic thcr J lJ 7 3 .  
A l l  e\\"CS gave b i rt h  t ,) n o r m a !  l i w' Jamb', ;  four l ;:m� ·�· d  t\i t l l �  a n d  � i .\ 
Jamhcct s i ngl·�� .  This ga1·c an Ovt' l <l l l  l a m b : n:; pcr ... c;; t ;��·.l· <,)f H O, \\ h i e ! :  
is  h igher than t he n at ional  a1 cr:lgc f o r  N e w  Z c a ! ;m cl l �d !�i J ;,·y s h c -: p  and 
above average for New zc,.t l : m d  stud f\ t l l t lncy flocks (' l , j j N ;  1 \'A:'\ <a�d 
M ART IN, J 9 7 Lt, b). The mc<t n total  J a m b  p ro d u ckl!l of � 1 1 1d  !< on ;ncy cv:e� 

which J ambC'd is quoted by t h e  former a u t l 1 o r:-> as J : u . :, Ofo, wi L : :  ;: 1 a n g:: 
of J 2 J .9 o;t> 1<:1 Bt;.4 0/0. 

The ch runHl�\__' nH� segret;a t ;O I! p;d \ l' l t J :o-;  fi Ol i l  t ! 1 � :-,  l l l < t � ; J" .�. � � ., ;c c� i rcle�J 
frol i1 t h e  la1 1 lb prot-;eny, arc c.: l : ov, ·1 i:1 1 ::>blc I .  

Of the t h ree ewe lambs which were m <lll'd to ram bnil •  Wi2/72, B J./72 
produced a singk lamb, B 1 "8./72 prod uced twin l a l l l !lS, and L) J l e  n J ]  6/72 
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fr.tilt•d tn ] : , t:1 h.  J\ 1 t l :1 I I�· h these J J � ! :  ·:L� I s a rc few, t i J ..:y reprcsc:TJ ! a \'>'ry 
s:tti ...., fac lu J y  l""�eJ f:_·,nJl ·J f: cc  f1 0 n 1  c v,·L J ; , r d -;.;. ·,\·hi�h Q!\� not  nn: n1� l l )  L-1 : 1. t e d  

UI�Ck r r-.: cw LC<t l c J 'd  c o n cl i t i o m .  C!'hl' majG i ity of s ! J , : :p in :r--.:cw /_L :l l a nd 
a rc fi r��� m�1 ted a� · ' ; we t ootl ls," a t  J :..; � , ,o ; J th� of np,c . The p rogeny cf ! h e'  
e\\"e l a mb" were (l ] t  c -..l'c�, o n e  was " M : J •,�ey H h c t C i C J t l �:u !c (B1� I · j ;, ,  ; , 1 �d 
M i l l .<. .  1 fJ 7 J ;  B I. I " i : 1 J '.!T>; an0 t-., ·, . w·: rc i•::�1sscy l l  i ! ! l d !1 i:1��cy I t 1Ll t i bk 
tl :1n�Joc�l l ion hcter,l,·; ;;o< �. �  (fig. 3) . 

Discwsiu1t 

1\ l l]]( lu;,:,h the mtr:!h·� of a n i m a l •. usc:d i l l  IJJcsc m�<t ing c x pcr im.: n t �  \V : < �  

sm:t l l ,  i l  j�  i ! l1 Cl ·�� l i !J g  ((\ ! lO t·�  t h ;d < I ll I \ Ccs<; o r  duuhk ll <l tl S i c::� : : ion h c tc i O­
;rygo i i S  l ll <t ir: �  \\'2 <;  p rod uc,·d . No f,·n J :dcs  or t he s : ! ll i C  catc:_�ory were !tr-:.:d 
(tnbk 1 ) .  (\1n,·cr�c l :- .  t h r'-'-' fcn w ! L·� hul n u  m ;,Jc� ,,r J !O ! " l l) a \  1-: : ! l·yu , �:p ,• 
1\'L' J c l' ' ''ll uc·� d .  l 'u rt J ; , · r  •: \ ) lC J i mc n t ;\ l i (\il i '>  uc ... ·ckci bdl1rc �ign i ficmc · ·  u1 1 1  

b r  a t l , :t" i l l' (l t o  I ! J i >  oh,c J \ <J l i o n .  
Nc'. c r t h ,· l c ,�· . t h e  JHC\c' ll CT of 5 o u t  n f  l i a n i m a h  Cci l r �  in :,: huth l r:: n� i t l.:� 
lions �ugL.:c�h t k: i  g ; ; ; )� , t .'s t:J" t h i c  1 ]  i ' ' < t l  ... < t l llll t : i\ : . ; i -. · .  : . 1 :  ;:<:. l . u i l l . :.: , I I ' C : ! I' .  

t he thcc rl' l ical  po�s i b i l ; l i •:s of  anCUj' l o i tl r,anwte� a1 c J 1L' m c ro u \  i r  p a rt i a l  
n n cl complc- t .: nond i :-.j , t nc t ion an; cnn�.! cl•. !"t:d i n  gnm r ttl:,'•.' l l c� i �: . T h e  prL·:;•: n t  
�rg h.: � a l i o n  d a l a  �� : ' !!;:" · � ts  l h) C \  id 1 � 1 h:l· n f  t ' J i .  p(JS:) ;b � ,· i 1 i 2 ! ! ! .�"'\'L'.1 � ) f  : 1 ' 1 (' L: ­

p l oi c\ i n  c i t l 1 �r g: t •, ; .:: t t; •, ( l r  zy:� r ,tcs .  'J i l i �  i �  ab•J ck;:r l)  shown l l y  : h ;, 
nonr c t u rn <o serY icc l l f  t k: m ajo ri t y  of CII'CS m:.�tet.l , l i Jd  t h r  r:O!l: J ' < lr : , l i l •: !y  
higl l J ;; m lJ i t Jg  pc.rce n : ; :g.: ; ecorded.  T l l i �  i"L'pmd u c t  in· JX I fo t  J l l i! J ,c·.:: i -;  n'l' : l  

bel le !  thau 1 1 1 ight  h < l \ l' h·;cn C )�JlL' L' ln! .  � i ncc: the tr�i lbluc;t l i (l!l animab \\' l 'r ',' 

al l  l am bs a n d  t h e  r < : i 11 h ad U l J cierconc a u n i l z. t c r:.ll c D q l  ; :t i u n  only J ·! d� �ys 
bdo1 ·-� m a t i n;; .  ThL:sL' rt:s u l ts �n e i n  , 1 i 1 ecl cont rast lo t ho\c a�soci<� l L' ( t  l'. i t l :  

m u l t i p l e  lH' l t· rO? ygo., i t y  i n  t h e  t oba•:co mouse, Y i z . ,  g :J i l t C I L' a n d  ZL�L'!c· 
aneuploid v  and rCU l!Ccd l"c rt i l i l y. 

A l t hough odd unomal ics of k r t i l i t y  ! J <t l·c been descri bed in slwL·p i n  

<ls-;oci a t i o n  w ; t h  Ru!J� I hon i :m l ran-, : ,lL'at ions (BRUJR I , J 969 ; !3I : L ' i  J{ F a n d  
MtJ .I .S, 1 97 .1 ) . t hese :.; rr c l e a r i y  J W I  a 1 csu l t  o f  c h rn i il • '::o;n(' anc 1 1p lo i cly .  
S im i ! a ily,  i n  man t llc  pc�:> ; bk as�oci < t l i �lllS of Rob� rh<l l i i :l n  tr<Jns]o,·: : t i ll . J '' 

w i t h  i n f c rt i l i l )  a r c  ;d-,u not  o p l i ;· i ib lc  by t hese rr.�.: a n :, (\VI I  <.c,;-.;, ·1 •)7 J ;  
( ' ! J A N ! ) l .f" \' et  ;d . 1 '!7? ; F;u.< :r',IRO c:: a l . .  1 97 3 :  I'AI .:, ; J I-: c l  ; l l . ,  J 97 � ) .  The 
cmi�c c f  thc�c  :i' lOPJ.' l i c·; of fert i l i ! \' :·cpt) t  tcd in a n i " ' 'd "  and man i · .  ) JOS�,J­

bly gen e t i c  (Wn .soN, 1 'J 7  l )  and,  t h c rdore, may lJc C X f) l :l i ncd by ,! c o n s i ­

derat ion of t i le  factors by which t h e s e  �pecial trnnsloc<l l i ons a r c  fo�·med.  
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:.Jcro ccntric ch r'1 �1 ; ,  ,�.umc� i n  H ( :bcrtsonian i ra n ·-k.c ations ( G H O I ' i' cl aL, 
J 972). Hm\C\ cr, i n  m rtn the majori ty of R ober! son i �m t rans iocat i t l l l S  a r c  

clearly fm mc-d by t h e  nonrmHJOJn assoc i at ion of acrocentric ch mmnsPmcs 
(Rnwu:Y a n d  F!· i�<.;d\1 L �;-, , 1 %9 ;  H r:ctn and K t \ l llU�uw;,  ] ') 7 1 ) . J n  

cl omc,t ic  animah, � t l t ! iou g.h t i J ,:r:: i !>  a dc<trt!1 d i nfo r l ll a t ion on t l 1 e  i m , , lvr.­
ll1L' i 1 l  of  SJJL Cific t'h J o,nos0mc<.  t 1 e rc i5 evide n ce f rom t h e  g,>J(' I <q ·. h i c a l  

d i s t r i bu t i on nf t l 1 c  1 ( 2 () t rr : n , J , L:� J l i un of  cf\ttk t l 1 :1 t  nonran Jo:•1 i ! l i OI I·t· 
111.:n t  of acroce nt ri c  c!J romo�un1c:� L'O tl!d occ u r, as iu m ; t n  (JJRL i K J . i W/-l-).  

The nonranciom i n -.·J] vcment o �  l'pccific c:lnor. \Oso mes i n  �:omc J<.Gbcr!­
son i a!J t r<!! J�]cl(''' i i·�' : J s  ccui:J haw a p.enct i�· ba�i � .  Fl RGl T · ;oN -S� 1 1 1 : 1 ( J ()(-,'/) ,  
RuwLrY a n d  FERt;AMLNT ( 1  96CJ),  and H I:CJ IT <> nu K l !\ i flLR I . I N< ; ( l �n 1 )  l l a \'c 
:1 l l  mentioned t h at n o n h o mo:ogo u s  ch romosomes which for m  P.obe r t­

snn i a n  t ra m l u c ;,t iom cou l d ha\'l; homologous scgm t·nts  a J 1 d  t h a t  t h i s is a 

l i kely c x p l <ll l a t iun for t h e i r  forlll n t : o n .  FmG t 8 )i\'-S \ i rJ  t l  ( 1 9 7 I ,  1 ( )Jl) h:.�s  
re\ i l'\\ Cd the n i t !c J ; cc f o r  � h i s  conkn t i o n .  

ThercfoYe, t h e  c .'. p l a n a l i on of t il e  odd <1 Jh) IP ; t l i l:,; of fe n i l i t) •xhicll  on 
occ a,ion o re a��( ' c i ; I lt'd with Rub..: :·t �un i a n  t : .:i J '> I i · , · :� t i ,1ns  nny be- ;t t l i rcct  
rc�u l t  of the C it t tSc of their  fonn:t � i o n .  Fusion h:: t \\ C.:'n ncm l : o n . u ! ng: >u3 

chro mosomes ,,·hich h ::i ve gene h n mologies conlcl ,  i n  som e i n � t a n cc::, ,  
i n 1 pose < �n i n C I'L'�; , c r.J  h : \ d·:oi ygmit: 011 an i n d i -,· i d t w i .  Th i s  cou l d  n J c'<· :: t !n t  
u nder  cert a in  c i run n s i ;� . •  1ces lh 1; c! J : :nce o(  dup l i ca t i :1�  unclc� irahk �·.c Jh: t i c  
1 1 1 a t c ri :.� l  i s  incrcas·,· cL t h us l c adii ;g to  a c.lclclcri o u s  ,�:feet on t h e  !'u t i l i t y  
o f  t l l c  i nd iv idua l  so ;_l f �'ec t c d .  

T h e  recen t \\'mk c,n M u s  fll:sc/iial'inus b y  Cxr T.-\:-<.-\Cl i <m d J\ l.I J',I.I .EY 
( J  973) has shown t h at nondisjunctio:1  is  not an ol> i igaury com•: q u t; n c�: of 
st ructural heterozygosi ty. These a u t hors concl ude l hnt the vari < •bk h i gh 

level of a n e u ploidy ancl rechlCccl J cr t i l ! t y  i n  cl i ffc rc i J t  l lctc rm:y;;,01cs of 
11-1. pnscl1im·iuus pro�>ably resul t  fro m m i n o r  gcJh.: l ic  d i f(C'rcncl�� between 
the m c t accn l r i cs of M. poschiavinus and !11 . mu.l clllus. T!Jis :-cf\cct� the 

fact  t h at the cl l rC· m osomes a rc d c r i ,·cd from d i f'ft:rc i l l  �pccics . .. \ 1 t 1 J,1ugh 

nond isj unct ion of secondary spc rma!ocytes does occ n t' in rams l l l' tc ro:�y-­

gous for al l  t h r t:c M ;:sscy t ra n�io�al ions,  at 8. level �·o 1 n p a rabk to i n d i vi-­

dual tobacco m .> u s�� hckrozygotc:-; (CI I M:,IAN, in p repara tion ; Cl i APMAN 
and BRUJ�RF, in pr•: p�l r; t t ion), t h t  �u bs('(! I JCJl t fe r t i l i t y  of these ram' i� not 
;-t f f, •(•h>rj (,-1·,_ , , . ,, , ,  ri ··o J · , ' \"(] " " '  , ; , , . ; . ,  t"·� ·--v· · , ' ' " " ) r�· - -"1 " 1"' ' - •'C ( 1'·. p  ( • • •- � - \J· . J _ , ,  ..._ • ._ .. , d  r.. o l  ........ . 'I. L l . l • • .  , J 1 •  r- ' ' '-' J-.I .. �• ..... l i . , , J. , Lo 1 l ! '-" J I . I. I J  ) J V 

breeds o[ sheep �r> Ln· c:>..ami nc.L: <t ;·c nn� cl isti u <.:t  �pecies, as cc•m pa .·"d to 
M. poscliim·inus n n d  M. JnuscJdu �.  The Drysdale  l'rccd (l\Ias:,r.y I l l ) was 
derived from the Romney breed (!V1 as�cy I) ,  and only rda tin·ly fr1'. gene-
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ration� scpar::t� t he m .  On t l 1 i�; basi�. it is u;; l i kc l y  t ha t  a rcc1 uction 1 : 1  

fcrl i l i ty.  :--uch ; ; '  ': c c nr�- i n  1 h c  ! ;•l� ;�cco mmr,c,  wou l :. 1  b:..: cx;)c.: :cd i :1 �:1ccp 
hctcrozyg'' � · · •; , C•!l' L'): t h <' ll �;,nn, cii c  anoma1 i ,·-. -,uc l l  as t h e  ' · h e t : :· gla�<' 
t c�tes d c scri !•,·d prfviously ( l3R l l LR 1, ,  J %9 ; BRui  RE l.1 !1 d  1'.1 1 1 1 '-; ,  J 971 ) . 
Such anomalict.. m :1 y  well be c:-;phir.cd on the  i , ,;si� of tk: p1 nros�cl l ty;�o­
! l; csis  associal i ·J ,,·iih the fornnl 'oi i  of  Robc· J  1'-<•;·, i a n  t ran<. 1oct� t i n l1 , .  

\Ve bcl i�"· T t h <\ l  t h e  res u l t•: o f  t h i s  c x a m J • k  f10:11 the :;h e L p  cm phasi zc� 
the ncC'd to n cc�, t<; i cier  ' h e  con ,·l usions rc :t c h •: d  by Cit·<;J ,\ \ · � .�o., ( l 9 :J9, 

J 97(1) th<li ;..;n i n · ;� b  (catik) h � l L' f lF)'gou� f_, , Ruh: rt :;(' J l i il n  nc.:ro ..,hcd t i on -;  
necessar i l y  p . o ,]u,··: ;:uw upbid gamdcs which k:td to  rcclucc· d ft: rt i l i t y  
h::ca u�c o f  c n ,hnonic  ] , ,,� . D.\iUd e t  a l .  (1 972) ha'>'c  a l so s h n W J t  t l l ; � t  bu l l s  

carry in§'. t !H.:  :J /.Cl) 1 1  < �n!>-loca!  i on \\\'!'·� ; tmo11g tbc  bc·st h u l i s  <: t a n  i n  . .;c mi l la­
l ion centcr fnr S c i. \  ice in rcg a t d in g ro w t h  i n d e x  and confo rn : : : : : :J ; J .  

l'vl a t i ng cxpc r i m c n b  w i t h  sh P•' P  a rc to b e  ex tended to i m·cst iga t c  these 
matlers fu r t h n  ;m et  to  ::l l t c mpt the iden l i fi ca : i < ' l l  of l i :1 k<:g(· �- : ·oups i n  
sheep, as  has bc.: n clone i n  t h e  J l i O U:,C h y  t he: l ! ';C' o f  lranslo::: :t t ion - ben r ing 
anim<i l s  (C'.\TI/,"J .. \r l t e t  :1 i . ,  1 LJ 72) .  

A ckno11 'iedgcmenls 

The : l l l t hnr:-. , \. ;:,h {\.) : tC t.. l� O,, if,_'.;-;1' ! il t..: lL'Chni�..· a i  : t\',i ' f C t t l C' �  of n.()·).'.U �: J. �.i oi.: J..:. I S  
c1 n d  H !: ' I S'l 1-'. H : ;.l i :d · : n H i  t hr :.: ; tn· t t 1Ll �Jheph\"'rd i ng pf t . · c  �;hccp t1y \\·. ;, : .  I ) J : .Gl t � n:-\ 
aJ ;tl l' .  H .  \\'l ! :l i ' < !L\lJ. fl i t ,  . .l oY I ; _  l 'i.. \:�rt t j pct: 1 1 11'  ;n ; • n u�ui p t .  

]; .::fercnces 

IJRui:r.E, /\ . N . :  1\! . l lr  > t cr i l i ty a n d  an autn:;om:tl ir� r t , ; o,· a t ion in R,• ;n , :cy shc..:p. 

Cytc1gc n c l ic� 8: 20'J--2 i 8  ( l %9 ). 
l lP.UL RE, !1 .  N . :  J ' i · ,' t i l ; t ! i u n  �.t ud ic� on a furt l rcr f:t < n i l i a l  tran<;bct� ion ( •f  :.hcep. 

Vet .  Rr..:. 92: :'\ l 'J.-.1 2 1 ( 1 973). 
nttur JUc. ,\ , ]\; . :  The: , ! ; _,(;0\'Cry :J i ld  h iotogic; . J  CUJ ic<.:q • t C I1CCS uf  �omc i : l tpnr(anl 

c b ron10�0J !h'- aH( I !n�d ic" i n  !H1F : l l  . . t i t H1". of d�Hnc�!.ic an i lll:.t ls .  Proc.  J �.t i n l .  ('ongr. 
G cnrt. A p p l . ;; q i : ,> .  Pt oJ. ,  J\1 ad•· i < !  \ 1 '.'74, in prc'><;). 

B twi:RE, A. N. <• nd CJ J.".!'MI•N. 1 1 . J'd . ·  A : : t >.,�om:; l  t r:l ! : , laca t i o ns in 1 1\'0 C ).ol ic  breed:; 
of  cattle in l'\n1· /.c: t land.  \'e t .  l i e ,·. !11: (, 1 5-o ) f, ( ! 1-17:_-lJ .  

Bn.u[Hr:,  A .  N . �  ( ' i !  .. \ P " l .\ �',  I L  � 1 .  � � � :·. !  \V'r Ll .H., j)_ ) � . :  Chr�)niu�orHc polyn !Orph i<; :n  
and  i t� pn�:·, : l· k  i m p l i c :t l i o t .s i n  1 ! 1c  �.:.l�cl Ury�d:d<' h·'<!U uf siH't.:J' .  Cyto­
genet i c >  ! 1 :  �:;: :'.Jo ( J 'J'i2). 

flRL'i �RE, /\ . N .  a mi l\ i ! !.LS, R . /\. : Oh,c:rva t ioib on the i 1:cidcnce uf l�obcrhonian 
t ra mlocation' at:d :!'i.,ociakd tc,t icu lar  ch<mgc-; 1 11 a flock of N ew 7.c n l a n d  

Romncy � h c c p .  Cytogcnc! ics  10:  260- 27?. (197 J ) .  
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CATTA!'.'.\��: : .  l ! .  !\f.  ::r:d }\1� !.r:r :.rY. J-L : :!'!,.)nJi��j i.J r.:t ic.n 3 1 t ll  �·l·�l uc"-·1.� fcr l i i i i y  Cttht.:d 
by lhl' tol > : · cC<' m o u ·· t· m l' l <IL'C! I I l ic  L h t otr;n . .  omc�. Cyt n�cn � l .  Cel l Ucne! .  1 :! :  
2G4- 2."'/ ( I  <;73). 

CATTAI" Kl l ,  H .  ?· i . ;  \\ t u  L\ \ 1 c;,  C. E .  and ll .-\ !Ln , H. :  hi e n t i f i .- a l i !.' t l  of the l i : I I . < t g.:  
group·. carried Uy the 1 n cta( t'llt i  ic t l l l  cJ.n, bt.l PH:" of tht: t n b ii('CC.' n1011sc (1\ i r ' S  
JiOSc/;idl ' ifl l l l} .  C\· l0�• C II !'1 i C' ."! : .t J 2--1 :' '1 (1 'Jn).  

C! f -\�Dl i ·Y , }\ . C. ;  ( ' �n � :� l i !· ,  S . ;  rl .rTCI ! !_,{ , J . ,  1 n ',(i-\ 1 [\V I CZ, /\ . i t ihi .lACOJi�. ] ' .  ,, : 

�rr�u1:-.lOl'ct l ; \.."ln het cro>'ygo�: t y  and r.�� .... ,\·i: · !t:d �ubfcrt ! l i t )  in l l l � t n .  C y l (l£�'H:i ic� .?: 
5 b-S::n ( I  �fl2). 

DARRl', R . ;  Qd·t�<r-.:r:c. G. �; : l ll ll U1.! \:-:0. H .  '1 1 . ·  T .a t r, I J • ·, J oca t i n n  1 -:J() de> bcc.- i !J:-:  
etude g.:'nC:r :dc Cl import:;f!CC du rh,<nn;: • i:ne d a tl:, ic  Sud-U �J ( >L Rev .  J\Ld.  
v�t . .  To; i l ous� Jn· 'i /7·- j <J-1 (1 972). 

J)br..l�G, l .: C l l�OP!'\ A . � . :�:.! l :.... ; , , . ·,no;:!':, U.: D�· ... . \ L \")ntL· , tt r l l •d t ! l l ) J  pholog i r: a i  ro• � ' I ' ­
CJ l ies C1f prc:-;un1ably : tncupL..1 i d  SpCiin!. t t· ''':t o f  tobaccu lll < ' tl�t: i t }  b r ! d <; .  J } � C )'J"Od.  
Fert i l .  3; 1. ��:1S-3-iG ( 1 >'72 ) .  

Evt.N';, E. 1 ' . ;  ilRLCKOK C i .  a n d  f"Oiw, C.  r . :  t\n a i r  dry i n g  me t hod ft,r mci·.> l i c  
prep:. rat i n ;; ,  from matnmaL .l P  t c>trs.  Cyto:_,<:Jh·l i c·; 3: Zi'9-29-l ( J <.Jo-l).  

FERC> l '"<>" S •. I J T! ! . i\ 1 . /\ . :  C l o � t 1 ! 1 10son:d s!l t c l l : r .: : :s,o-: i : • < i o n .  ! .an�·- 1  i: 1 1 .�(, - 1 .1 \7  

( J %7). 

FERGUS((-1-S \ : I "J 1 1 . I\ 1 .  /\ . . : l l u :n�tn ch rufrt{'.�\ ' ! l tC� in nH iosi!'l .  J 1 � t l ll : t n  t.!l..' lil'! i :· , .  

pp. 1 95 :' J J .  Pn>c .  - � th i n t .  C o n g r .  h u m .  Gcnc-1 . ,  l ';n·i,. 1 9 7 1  ( l ·>.ccrpl:' :\ i vd ica 
.'\ rmtc' J  d . · • �J JS'7 J ) .  

FERGUSON·S' I '  1 1 1 , l\1 .  1\ . :  J · l n m ,, ; J  a ut o't'Jn;il p() l y n ,orph isn; : l ! Jd the  non -randu, ; ;  
invul l c Jnvn t  nf chr<' JlJ(l;.p ;n c;; i n  t ra l l s kh:: • l i <>:ls. In .1 . \\'A l l l<!.t ·l:-.: : i ! lC J·:. J� . ) .F il l '· . 
c d s . :  C h J'<l l t J < ';.nnJes t od :, , · ,  VP! .  tJ (.! ohn W : ky (.._ S'Jn'>,  Lundon i \·w York 1 9 - n l .  

Fl{At'CAIH). ill . :  >I ··.H •.<;.-' ' l i'J. P . ;  "''"(.) < A I  I ,  F. ;  T l l  1 '01.0. L. ;  i'. t • J · F/,IWi. 0 .  ;; :HI 

G t AROt. .l ,  :\ . ·  i\ J :dc: i l ifl l ! ; l i � :. :uHi 1 3/ l - 1 t r, t ;l > i ll :a t iun .  L:l ' i Cl'l i: 4RR ( 1 ()7.'1). 
G ROI'P,  1\ : Ti nt:�: boJu.;, l J .  � n d  L r 1 1 •.1 'i"i', E. \'(•:--< : C!Jromo-.o:nclll ari <l l ion ,., .n 

Robcrt sc ' li .,( l i c m  'J\ pl!'> :·ci <kr 't"a l�a k m: o ! J " ,  ,\ / .  poschi{! l ' iuw, unci i i l rc n  1·1 )  LJ ; · j .  

d e n  m i t  tkr Lahnra t 0 r i u n l '. l r: : l ' l 'i .  Cytq�cnc· ! i c:; <J. 9- 2� ( 1 9 70).  

G USTA\'S�cl"-:, 1 . :  Cyl ogcnc t i .:, .  < ' is\ !  i bu t iu1; : end p l i � ;-.ot ypic cf'fLcts uf a l r:u.s l c lL'  • t it··n 
in S\\·e dish C:J t t le .  J- k rcc! i l as 63: 69-HI9 ( I %'') .  

G usTAVsso·-.:, J . :  Economic importanee of  a l ra n � l o c a t ir.n i n  �wccl i s i1 C • t t l c .  
G icsst' i l c :- H c i t r .  Erb] 'at h .  z,;c l ! l byg.  �up; • l .  J :  1 0:) - - J  14  ( 1 970). 

Gus rA\·ssc.�:, 1 . :  Cr1 t • I nos,1 n ; c ,  of repc:aJ-brccdn heifers. I krc,! i t � s  68: 3 3 J -J:I� 
(1 97 1 ) .  

HARVJ·Y, ]\I .  J .  A . :  Chromo., •HH<: a btwrm a l i t i•:' of cat t l e  in  B r i 1 ; 1 i n .  \'et .  J·: ec .  <JJ :  
630 ( 1 972) .  

l l !:CI I r ,  F. � n d  K t M l3LRUro�u, \V.  J.: Pattern� of D chro:'1c•s,l • 1 1 l! i m·ol vcmcr, t  in 
human ( Dq Dr]) �nd ( liqGq) Robc: r huni:�n rca J r;mg..:: l n..::J J h .  Amcr. J .  hun . .  
Gcnct .  ?3: ?,()J - 367 ( 1 9 7 1 )  

OttYF, E. a11d Ut : t. J !:E, C . :  .b n , i : i ; , J  l..Ji D � nd I ). G  t ri'\ n � I .K;, t i u n .  n � J v .  p;tr-::! i . : : .  

:'\et a �� · ��(: � � 0  ( J 9r/i'). 
P,\I .Ml 'R,  C. lt . :  l\ l r;r- ;u :--. J .  J . ; TtlO'vn ·�:u��. 1\. H .  :u;'.l NM;u:, \\". E. :  Ferti l i t y  a n d  

1 3/ 14  tr, l ! l <;Joci! l i o n .  l .a r...:el i :  72H ( 1 973). 
QutNI.:V,\N, T. D.  a n d  I\ 1 M:TtN, C. A.: Survey ob,c rvat il'!lS on the rcpr0du c t i \  c 

pc rfornw:JC<:' of both Rom 11ey stn. i  and co :n !nC tT i a l  flock� t h roughout N e\\' 
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Z·:ala !lll. 1 .  P. .n iona' Rom•lt')' �1 uci pcrfo�·n� : •ncc.  i" cw Zc�1d J .  agric .  Re ; . . J .f: 
4 ] 7-433 l J '- •7 l a) .  

<)i. I J J\I f  i \'AT'"'. ·r. f)_ : : n d  �i -\1�1 !� .  r'. A . . : Ocsl. rO I I') �t·. t ! \' i ty  : t � ld Jan1b J'!T'd ·.� c: ian j n  the  
Kew z,·,J ! ;;;>,I !< o : J l lll')" C\'. 'C:.  ,\ :h tr  . .r. a�·ric. Res .  :'2:  L!Q7-5 J l  (19/ ! b) .  

ROWLT'Y, .1 . D .  :1nc1 l 'H.:.G.\J..t l.!': r ,  1°. :  Pus-,ible J � O IH :n1 . !om scle..:ti,n ,1f  D-;,roup 
chromo;o:nv; i n vohcd in cc· n f ric-fl i>ion trans!oc·: tt ic•ns. A n n .  C i cn� l .  1 � - P7-J S3 
( 1 969). 

Tt ·r I L-.Nr.o1n', U .  ,, n.J G H.Cl'! ' .  /-.. . :  \ J e int i ;..: nondi ;..j ;.1n ·�· ! i ( ;Il in  n1ic!.! : . ! ld ;·�1 � l � �:;.c h y l>ri ... b. 
Cytogcnc· t ic; 1.!: 272--JS3 I J <J7! 1 J .  

\VJ i l J E, J\ 1  . .J . f) . :  C hn) , n oson-:.d ;-\�t ! r : : �n�ut Jrnh � ·nd �f'lL· i �1 ! io t J  i !1 : t t'J i tn : t ! � .  A.nnu .  
Rev. Ccn ' i .  3: 75-'Ji- ( J <,(,'.i ) .  

\\:'i LSo:�l, .L A . :  J -'crl i l i ty  i n  b:d::,i ·:-cd he!cr( 'ZYf\ .. , t c.'-i for <t  farn i l i :d L C n l ri :.: fus ion 
t ransloc: l t i ;;n ,  1 lD::J i'� q ) .  f .  !r• ni .  c ; � ,·, c· t .  S :  l 75-J 7 8  ( 1 97 1 ) .  

;, J a n uscrip1 J l'Cc i \Tcl 2 J  Novem ber Er/.'.; accepted for p :� b ! i c a t i c):1  12 h i lruary 1 974 



SAG Cyto 44:\ 

T�1 bk 1. ;� l i l i l�ici·:-, c 1f pr��;::�:r.y nf r.al'h C! ' l '£'t' I Y b 0 r n  ��� Cl  IT\t d l  of 111;� 1 i n �� :- I !'J ,1·i:·· : 1 1 1  10 
C\\'e:::, C ,f llOI!'i : \ l  k � 1 y0typc 1 .  

K a ryvi) P'' 5 4 X Y  .< l X X  53:XYI ; 5 3 XX l -! 52X Y t t  i l3 I 

Ex pt·.: tcd ra t i o  
c d· p 1 '"'�'i l.' I /8 ! ,tj 2i� 2;(i' 1 /8 l .'J$  
Oh·.· · 1  \·c:d nu mber 
of pn;gcJ t)  0 3 � 3 5 0 
·-- - -- ---- --- - ----- - - - ·---------------- ---·----·---· 

1 The: ')'mho! 
it ;·.:1'\:!'S to the M a ,s..:y I il lld t 3 to t l a: \ !. 1"cy I l l  t ra n,Jon t i tl liS. 
Th�>-c \'. C rf• n o 1  d i -..t i n ��� · i:.hcJ i n  thl' �. i l l�!ic (:·a 1 1 �,Joc. � � i l·, i ·, � . .  r r ier-,, i . e . ,  5J> . .  l t r .n:d 
53XXt I . 
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Appendix XXII 

D l S 'rRI B'JTI ON OF C ELLS I N  SPEH.Tv'!ATO_D_QNIJlJJ r.TETAPHASE (SIJI), 
DI_J,.K I NJi:'TI LiliLBE'I'P._?H AS E UJin=Arll?_ f1�'i'A:'ljl,SJLI.LJ r.n.Il 
I�_EOBEHTSOl'E M\ TlUdT?LO��TI_QN--C AEBYilW RJ:.J.l'3 . 

(After Skakkeback e t  al . , 1 973 ) . 

* Polyploid cells included in  counts are recorded in brB.dc e t s . 

Ram I denti­
ficati on 

B46/69 
B68/69 
B1 2/69 

+>=- B53/69  � 236/67 
.. B26/70 I<\ m A1 82 

B8/72 
B71 / 69 

Tot a l  

N B25/ 72  
+' B87/72  
>': B68/72  
�>< .. B66/ 72  

I<\ m 

To t a l  

Link 1 966 
HML99/ 58 
B 1 1 6/7 1  
B 1 3/ 72  

+>
t<\

B76/72  
>: 

SJVJ 

o ( o) 
2 ( 0) 
1 ( 0 )  
2 ( o) 
3 � 1 � 
�(g) 
o( o )  
1 ( 0 ) 

1 6 (  1 ) 

1 ( 0 )  
4 (0 )  
1 ( 0 )  
1 ( 0 )  

7 ( 0 )  

o ( o )  
7 ( 1 ) 
7 ( 4 )  
7 (0)  
3 ( 0 )  

2 ( 0 )  
64 ( ? )  
37 ( 4 ) 

279 ( 48 ) 
1 3 1 2 l 1 0  0 
69 24 
5 § �  n 

534 (89 ) 

1 20 (  9 )  
41 6 (  21 ) 
1 87 ( 1 0 ) 
299 ( 8 )  

1 022 ( 48 )  

7 ( 1 ) 
38 ( 4 )  
78 ( 1 1 ) 

274 ( 38 )  
1 40 ( 1  0 )  

ru i 

201 ( 41 ) 

74 ( 1 3 )  
1 66 ( 1 5 )  
8 3  ( 1 8 ) 
61 ( 7 )  

384 ( 53 )  

4 (  o )  
20 ( 1 0 ) 
1 7 ( 1 0 ) 

270 ( 64 )  
1 1 2 ( 1 3 )  

'l'otal 

2( o )  
75 ( 9 )  
45 ( 5 ) 

3 5 1 ( 60 ) 
27 ( 5 )  
1 o ( o ) 

1 57 ( 46 ) 
78 ( 5 )  

6 (  1 ) 

'75 1  ( 1 3 ·] ) 

1 95 ( 22 ) 
586 ( 3 6 )  
271 ( ?-8 )  
361  ( 1 5 ) 

1 41 3 ( 1 01 ) 

1 1  ( 1 ) 
65 ( 1 5 )  

1 02 ( 25 ) 
5 5 1  ( 1 02 )  
255 ( 23 ) 

MI I/MI 
Rati o 

0 . 0 
0 . 1 4  
0 . 1 9  
0. 25  
0 . 85 
0. 0 
1 • 1 7 
0 . 42 
0. 00 

0 . 38 

0 . 62 
0 . 40 
0 . 44 
0. 20 

0. 38 

0. 57 
0. 53 
0 . 2 2  
0. 99 
0.80 

01 5 

� ---------------------------------------------------------------.. 
I<\ Total m 

B55/70 
52, X V ,  t1 . t1 

A1 34 
5 2 , xy , t3 , t3 

24 ( 5 )  537 ( 64 )  

4 ( 0 )  2 1  3 ( 1 9 )  
o( o )  9 6 (  1 2 ) 

423 (97 )  984 ( 1 66 ) 0 . 79 

1 1 0 ( 1 1 )  327 ( 30 )  0 . 52 

28 ( 5 )  1 24 (  1 7 ) 0. 2 9  
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Chromosome polymorphism and its possible implications 
in the select Drysdale breed of sheep 1 

Abstract 

A .  N .  BRUERE, HELE M. CHAPMAN, and DALE R.  WYLLIE 

Department of Veterinary Clinical Sciences, Massey University, 

Palmerston North 

Within the elite Drysdale breed of sheep, an i ncidence of 26.3 % of chromosome poly­

morphism, among a total of 327 animals studied cytogenetically, is described. Sheep were 

found which were both heterozygous, 2n = 53, and homozygous, 2n = 52, for a Robert­

sonian-type translocation. Pedigree examination of one flock suggests that the transloca­

tion chromosome had been present in some sheep of the Drysdale breed for several 

generations and probably since its formation. The long arms of the translocation chromo­

some are believed to incorporate a different acrocentric chromosome from that seen in the 

previously described Massey 1 translocat ion. Tentatively, the translocation has been 

named the Massey I l l  translocation, and the implications of this high level of chromosome 

polymorphism are discussed in respect to the likely effects of i mpaired fert i l i ty and alterna­

tively hybrid vigor. Two sheep which were translocation heterozygotes were found with 

varying degrees of segmental aplasia of their genitalia. 

A familial Robertsonian translocation ( M assey I) between a l arge and a 
small  acrocentric autosome is now recognized in the New Zealand Romney 
sheep ( BRUERE, 1 969 ; BRUERE and M ILLS, 1 97 1 ) . Of 1 80 Romney sheep 
studied previously, the incidence of the Massey I translocation was 4.6% 
(BRUERE and MILLS, 1 97 1 ) .  A second autosomal translocation in sheep, also 
reported in the same study, has now been proved famil ial and also seen i n  
yet another sheep ( BRUERE, unpublished data). 

In the present paper a much highet iticidencc of a morpho!ogica!ly 
similar autosomal translocation , though one we believe to be different from 
the M assey I translocation, is described in the several elite flocks of the 
Drysdale sheep. In this survey both structurally homozygous (2n = 52) and 

1 Supported by a grant from the Wellcome Trust of Great Britain. 

Request reprints from: Dr. A.  N. BRUERE, Department of Veterinary Clinical Sciences, 

Massey U niversity, Palmerston North (New Zealand). 
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structurally  heterozygous (2n = 53) translocation animals were found, as 
well as some sheep with the normal chro mosome number of the domestic 
sheep (Ovis aries) , namely, 2n = 54. These findings of a possibly third type 
of Robertsonian translocation a mong domestic sheep raise both academic 
points on speciation and i mportant questions on the l ikely effects on fertility 
both within this breed and in crossbreeding. 

Materials and methods 
The Drysdale sheep 

The Drysdale sheep, which was evolved in New Zealand, produces a particularly 

coarse, noncrimped wool which is used extensively in the carpet manufacturing industry. 

The breed had its origin in research by Dr F. W. DRY on the presence of halo-hairs in the 

wool of the New Zealand Romney (RAE, J 969). DRY ( 1 955 a-c) was able to show that the 

abundance of halo-hairs was due to a dominant N-gene, and ultimately he was able to 

standardize the breed, so that the present purebred Drysdale carries a pair of N-genes. 

Besides dominance for halo-hairs, the presence of the N-gene also produces horns, which 

are present in both NN sheep and heterozygous Nn sheep (DRY, l 955 b ;  FRASER, 1 955). 

Horn growth is sex-limited, however, with large horns seen in Drysdale rams and usually 

small and fragile horns in ewes. Although derived mainly from two sources of Romney 

sheep, the Neilson Romney and Massey University Romneys, the Drysdale in its forma­

tion has been crossed with the Lincoln and Cheviot breeds (DRY, J 956). 

In New Zealand the number of Drysdale sheep is strictly controlled by the requirements 

of the carpet industry. Four stud flocks are responsible for the production of all rams used 

in the multiplying flocks. These flocks originally derived their rams and ewes from the 

Massey University flock. Among the four flocks studied, only in the Massey flock were 

reliable pedigree records kept. In the other three pedigree flocks, the rams used and ewes 

mated in any one year were recorded only on a non-individual basis. In all four flocks only 

true homozygous, or NN, rams have been mated to NNewes. The progeny of these matings 

are sold to commercial breeders for both pure breeding and crossbreeding with the New 

Zealand Romney. For purposes of discussion, the four pedigree flocks concerned are 

named by their respective districts, Massey, Utuwai, Pahiatua, and Pohangina. 

The propositus ram 

The present study resulted from a single structurally heterozygous Drysdale ram from 

the Utuwai flock (fig. 2). This ram was presented for examination because he had small 

testicles similar to those described by BRUERE ( 1 969) and BRUERE and MILLS ( 1 97 1  ) .  The 

right testis of t h is ram had no epididymis. Both testes were atrophic and smaller than those 

of a normal ram (fig. l ). Histologically, they showed severe degeneration and hyalini­

zation of the seminiferous tubules. 

Pedigree follow-up 

A total of l OO  sheep, 7 1  ewes and 29 rams, from the Utuwai flock, 49 sheep, 24 ewes 

and 25 ram hoggets, from the Pahiatua flock, and 26 rams from the Pohangina flock were 
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Fig. I. Left and right testes of the propositus ram showing atrophy of both and absence 

of an epididymis of the right testis. 

examined cytologenetically. Because of the very reliable records of the Massey University 

flock, i t  was possible to examine the entire NN Drysdale mating-ewe flock and a number of 

NN rams. In all, a total of 327 animals, 224 ewes and 1 03 rams, were studied (table 1 ) .  

Cytogenetic methods 

Leukocyte cultures were prepared by a standard whole-blood technique and cultured 

for 48 h. Usually, from 5 to I 0 metaphases were counted from each culture, but in certain 

cases many more were examined. For comparative karyotype work, up to 20 photographic 

karyotypes were prepared from both the homozygous, 2n = 52, and heterozygous, 

2n = 53,  rams and ewes. A number of karyotypes were prepared also of the Massey I 
translocation. Karyotyping was done without prior knowledge of which animal the opera­

tor was karyotyping. Before their final mounting, all karyotypes were examined by two 

persons. lt was appreciated that this was not a fi nite method for chromosome identifica­

tion, but it  proved as accurate as present means of identification of individual sheep 

chromosomes would allow. Autoradiography did not help in the present identification 

because of similarities of chromosome replication of the larger acrocentric chromosomes. 

1t did show, however, that the short arms of both trans1ocations are early replicators, as 

described previously for the Massey l translocation (BRuERE and M ILLS, 1 97 1  ). 

M itotic metaphases of both Romney and Drysdale homozygotes were processed for 

Giemsa banding by the techniques of SuMNER et al .  ( 1 97 1 )  and SEA BRIGHT ( 1 97 1 ). Meiotic 

chromosome studies were l:at t ic:J uut on tc5t icu!ur ��te:-::1! frarn both R nmney and Drys­

dale heterozygotes using a modification of the technique of EvANS et al. ( 1 964). 

Results 

The overal l  incidence (26.3%) of chromosome polymorphism from this 
survey i s  summarized i n  table I .  These data do not include the 1 97 1  progeny 
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Table /. I ncidence of translocation heterozygotes and homozygotes 

from three Drysdale flocks (overall incidence = 26.3 %). 

Rams Ewes I ncidence 

(male and female) 

Chromosome 54 53  52  54 53  52  2n = 53  2n = 52 

number 

M assey 27 3 

22 M 1 6  4 2 1 00 23 1 46 1 46 

1 24 F ( 1 8.5 %) (2. 1 %) 

Utuwai 32 3 -
29 M 2 1  7 44 25 2 1 00 l OO  

7 1  F (32 %) (3.0%) 

Pahiatua 1 3  0 -
25 M 1 7  8 0 1 9  5 0 49 49 

24 F (26. 5 %) (0.0 %) 

Pohangina 4 -
26 M 22 4 0 26 

( 1 5 .4 %) 

Total 76 6 

(32 1 )  76 23 3 1 63 53 3 32 1 3 2 1  

(23.7 %) ( 1 .9 %) 

of the M assey translocation-bearing ewes, because addition of these to 
the data would have created a bias. From the sample of 32 1 sheep, including 
1 02 ram s  and 2 1 9  ewes, a total of 82 translocation animals was recorded, 
including 76 heterozygotes with 53 chromosomes and 6 homozygotes with 
52 chromosomes. In addition to the 82 translocation-bearing animals l isted 
i n  table I ,  a further four such animals were found among six lambs from the 
1 97 1  progeny of the M assey translocation-bearing heterozygous ewes, the 
latter being mated in this instance with chromosomally normal rams. I n  
all, 86 translocation animals were recorded among the 327 animals studied. 

Photographic karyotypes of t he translocation from the Drysdale sheep, 
including karyotypes of both homozygous, 2n = 52, and heterozygous, 
2n = 53, rams and ewes were compared with karyotypes from similar animals 
with the M assey I translocation. In al l cases, the translocation chromosomes 
karyotyped in different positions. The M assey I translocation chromosome 
or chromosomes in  the homozygous ani mals had larger long arms than the 
Drysdale translocation chromosome and karyotyped so that their long arms 
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Fig. 2. Karyotype of the propositus ram which was heterozygous (2n = 53) for the Massey 

I l l  translocation. Aceto-orcei n ;  reproduced at J OOO x .  
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Fig. 3. a. Karyotype of the Massey I translocation from a homozygous ram (2n = 52) .  

b. Karyotype o f  the Massey I translocation from a homozygous ewe (2n = 52). In both 

instances the first pair of acrocentric chromosomes probably corresponds to the long arms 

of the translocation chromosomes. Aceto-orcein;  reproduced at I 000 x .  
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Fig. 4. a. Karyotype of the Drysdale (Massey I l l ) translocation from a homozygous ram 

(2n = 52). b. Karyotype of the Massey l l  [ translocation from a homozygous ewe (2n = 52). 

In both instances either the fourth or fifth pair of acrocentric chromosomes probably 

corresponds to the long arms of the translocation chromosomes. The short arms may be 

identical to those of the Massey I translocation. Aceto-orcein ; reproduced at I 000 x .  

corresponded to chromosomes I or 2 of the acrocentric group (fig. 3). The 
Drysdale translocation, though morphologically s imilar, karyotyped at 
position 4 or 5 of the acrocentric group (fig. 4). The short arms could not be 
d ifferentiated and thus, from present observation, are similar to the M assey I 
translocation.  Similarly, the many metaphases from both breeds of sheep, 
stained for Giemsa banding, showed indist inguishable patterns on the larger 
acrocentric chromosomes l i kely to be i nvolved in the present translocations. 
In both breeds t he short-arm banding was similar and inconclusive. 

M eiotic studies of 1 65 primary spermatocytes in the Romney hetero­
zygotes and 64 primary spermatocytes i n  the Drysdale heterozygotes 
showed 1 44 trivalents in the Romney and 46 trivalents i n  the Drysdale which 
could be distinguished clearly. The majority of these metaphases were in the 
later stages of diakinesis (fig. 5). In both breeds of sheep two different 
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Fig. 5. a. Late diplotene trivalent (Romney). b. Late diplotene trivalent (Drysdale). c, e, g. 

Diakinesis metaphase trivalents (Romney). d, f, h. Diakinesis metaphase trivalents 

(Drysdale). Aceto-orcein ;  reproduced at 2000 X .  

trivalent configurations were predominant. None of these trivalents showed 
characteristics i ndicating that the chromosome components were different. 
Although the trivalents seen in both breeds were morphologically s imilar, it 
i s  considered not unl ikely that the chromosomes i nvolved were different, 
because Robertsonian translocations of the submetacentric type in both 
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Fig. 6. See legend on page 24 1 .  
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Fig. 6. Recorded pedigree from the Massey Drysdale flock showing the relationship of the 

various translocation animals. 

cattle (GUSTAVSSON, 1 969) and man ( H ULTEN and LINDSTEN, 1 970) have 
shown simi lar trivalent morphology to those in the Romney and Drysdale 
breeds of sheep. Therefore, from present evidence it is concluded that the 
translocation demonstrable in the Drysdale sheep is possibly different from 
the M assey I translocation because of a different long-arm component, 
albeit the short-arm component is s imilar and perhaps even identical .  
For identificat ion, i t  is tentatively named the M assey I l l  translocation. 
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Fig. 7. Genitalia of ewe 97/66, left, compared with the genitalia of a normal ewe, right. 

From the pedigree (fig. 6) ewe 97/66, a translocation heterozygote, had 
never left a lamb. This ewe apparently came into estrus and is reported to 
have taken the ram. A laparotomy revealed that t wo normal ovaries were 
present. However the horns and body of the uterus were absent (fig. 7). The 
genitalia of the ewe showed segmental aplasia sim ilar to that recorded in 
white heifer disease of cattle (SPRIGGS, J 946). 

The extensive pedigree follow-up (fig. 6) showed that at least three rams, 
two certainly (90/64 and 83/68) and one probably (45/62), were translocation 
heterozygotes and had been responsible for the dissemination of the trans­
location chromosome in their respective generations. From the present 
pedigree there is insufficient data to draw any conclusions concerning meiotic 
drive of this translocation chromosome. Where the karyotype of the parent 
was known, a total of J 2 translocation heterozygotes and l 3 normal animals 
resulted from matings of heterozygous ewes to normal rams. Three homo­
zygous sheep, two rams ( 1 2/70 and 20/70) and one ewe (92/68), resulted 
from heterozygous X heterozygous matings. 

Discussion 

The 26.3% level of chromosome polymorphism described is h igher than 
any previously reported in  domestic animals. (RARY et al. [ 1 968]  reported 
an incidence of 53.7% of chromosome polymorphism a mong European wild 
pigs.) From the available pedigree data it is evident that the translocation 
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chromosome has been present in the Drysdale breed for a number of years 
and can be traced posit ively back to I 962. Since the breed had its first origins 
in I 9 3 1  ( RAE, I 969), it  is not unl ikely that the translocation chromosome was 
either present in or arose in one of the earlier generations. I ts  breed deriva­
tion wil l  never be known, for both Romney and Cheviot breeds have been 
used in the development of Drysdale sheep. 

Genet ic drift in such a small group of ani mals as the Drysdale sheep 
could be quite rapid . This is emphasized by the presence of several homo­
zygous rams and ewes and no evidence of selection against the translocation 
for phenotypic reasons, as i n  the case of the Massey I translocation ( BRUERE 
and M ILLS, 1 97 1 ) . From the pedigree fol low-up, two rams ( 83/68 and 90/64), 
both translocation heterozygotes, had been sold and used extensively in 
commercial flocks. Therefore, it becomes evident that th is  translocation, l ike 
the Massey I translocation, is distributed widely among the Drysdale breed 
and its crosses. Accumulated data from both within New Zealand and from 
overseas would suggest that chromosome polymorph ism i n  domestic sheep 
is  confi ned possibly to certai n breeds and strains within breeds where close 
mating has been practiced ( table l l) .  From these data it can be seen that a 
total of 1 9  different breeds of domestic sheep ( Ovis aries) , total ing I 20 I 
animals from seven d ifferent countries, have been examined. I n  only two 
instances has chromosome polymorphism been establ ished, i n  the Drysdale 
breed and in one flock within the New Zealand Romney ( BRUERE and M ILLS, 
1 97 1 ) . 

The possible morphological difference between the present chromosome 
translocation ( M assey l l  I )  and the previously described Massey I transloca­
tion is l ikely to have reproductive impl ications, particularly if the short arms 
of both translocation chromosomes are homologous. The recent, excellent 
model of mating widely divergent karyotypes in the tobacco mouse (M us 

poschiavinus) described by TETTE BORN and GROPP ( 1 970) and GROPP et al .  
( 1 970) shows that mult iple chromosome polymorphism, even though the N .  F. 
( M ATTHEY, 1 945) is constant, may not lead necessarily to normal segregation 

� and ferti l ity. I n  the previous example, F1 mice result ing from mating  
M. poschiavinus (2n = 26) with M. musculus (2n = 40), when themselves 
mated, showed a 50% fertility reduction. Meiotic nondisjunction and 
embryonic aneupoloidy were considered the major cause of the reduced 
ferti l ity. The present chromosome translocations, if each were present i n  
the heterozygous state i n  either one or the other of both mated breeds of 
sheep, could lead to chain quadriva lent formation  i nvolving the two trans­
locat ion chromosomes and their long-arm homologs. Present evidence 
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Table Il. Known chromosome studies on domestic sheep (Ovis aries) 

with 2n = 54 and the i ncidence of Robertsonian translocations. 

Reference Breed No. of Chromosome 

sheep number 

studied 

BRUERE and MILLS ( 1 97 1 )  various 246 all animals 

(recorded from six authors) 2n = 54 

DAIN ( 1 970) and DAIN ( 1 97 1 ,  C1un Forest, Clun 322 all animals 

personal communication) Forest x Hampshire, 2n = 54 

Finnish Landrace, Merino, 

Welsh Mountain, Soay 

BRUERE (unpubl ished) Tasmanian Merino 4 all animals 

N.Z. Romney 1 20 2n = 54 

BRUERE and M ILLS ( 1 97 1 )  N.Z. Romney 1 80 4.6 % of 

(Massey I translocation) animals 

2n = 53 

BRUERE and MILLS ( 1 97 1 )  N.Z. Romney 2 2n = 53 

and BRUERE (unpublished) 

(Massey 1 1  translocation) 

Present study (Massey I 1 l  Drysdale 327 26.3 % of 

translocat ion) animals 

2n = 53 and 

2n = 52 

Total 1 20 1  

would suggest that such a quadrivalent may become disorientated during 
meiosis and lead to spermatocyte arrest ( LEWJS and JOHN, 1 963). It must be 
emphasized also t hat although reduced ferti l ity could result from meiotic 
misdivision of a structural heterozygote, genetic heterozygosity too could 
have an effect on the incidence of misidivision during gametogenesis or 
cause an early embryonic death (TETTENBORN and G ROPP, 1 970). This point 
is emphasized also by the reduced ferti l i ty recorded in male mice hetero­
zygous for a metacentric chromosome ( EvANS et al . ,  1 967) and further by the 
i ncreased return to service of daughters of bul ls heterozygous  for the 1/29 
translocation of Swedish cattle (GusTAVSSON, 1 969). To test these possibi l i­
ties, mating experiments are now in progress. 

In view of t he absence of either regularly detrimental phenotypic changes 
of impaired ferti l ity in association with the Massey I I I  translocation, it 
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would be presumptious to cull translocation-bearing an imals from the 
present flocks in spite of the above possibi l i t ies, particularly since there 
could be an implicit  advantage from the translocation. This  last point has 
been suggested in some species, such as the white-throated s parrow (Zono­

rrichia a!bicol/is [GMELIN ]), where an extremely divergent k aryotype may 
act as a form of selecti ve breeding, ensuring heterozygosity and possibly 
preserving hybrid vigor (THORNEYCROFT, 1 966) . Furthermore, under con­
dit ions of natural selection in the plains woodrat (Neotoma micropus [BAIRD ]), 
it is suggested by BAKER et al. ( 1 970) that natural selection  may actually 

· favor a polymorphic chromosome system for the above reasons. The wide 
d iversity of karyotypes in the common rat (Rattus rattus) (YoSIDA et al . ,  
1 97 1 )  may suggest also the  same point, since th i s  species of  rodent is  develop­
ing with tremendous potency. 

The large pedigree is  published here in part to emphasize the fact that, 
as in man, a deeper u nderstanding of the effects of Robertsonian transloca­
tions in domestic ani mals is l i kely to come from cumulative data. Simi larly, 
the recent work of NADLER et al. ( 1 97 1 )  in  wild sheep populations show 
further the divergent karyotypes present within the genus O vis and emphasize 
that, as with this study, more information is needed on the actual chromo­
somes involved in the various translocations described. 
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Autosomal Translocations in Two Exotic Breeds of 
Cattle in New Zealand 
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S U M MARY.-From a survey involving 48 cattle of 
several exotic breeds imported into New Zealand, two trans­
location bearing bulls have been found. One bull was of the 
Simmental breed and carried a chromosomal translocation 
distinct from those reported previously in cattle. The other 
chromosomal translocation was detected in a bull of the 
Blond d'Aquitaine breed from France and was similar to the 
1 /29 translocation already reported from several countries. 
The implications of these findings are discussed with a view to 
international co-operation on i dentification, distribution and 
effect of such translocations on domestic cattle and sheep. 

I ntrod u ction 

SINCE 1 970 beef cattle from several exotic breeds have 
been i mported into New Zealand from Britain, France 
and A ustralia. These animals have been and are to be 

used in beef cattle improvement programmes under 
both private and government sponsorship. Breeds of 
cattle imported include : Blond d' Aquitaine, Charolais, 
Limousin, Maine Anjou, Pie Rouge (French Sim­
mental), Simmental, South Devon, Santa Gertrudis and 
Murray Grey. The extension of the Charolais breed has 
taken place also by the importation of semen and 
ova from the United Kingdom and the number of 
Charolais cross cattle within New Zealand is now 
considerable. Main extensions of the other exotic 
breeds of cattle have not yet taken place. 

In view of the report by Harvey ( 1 9 7 1 )  on the 
presence of a 1 /29 chromosome translocation i n  
Charolais cattle in  Scotland, i t  was decided t o  under-
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take a pilot survey o f  some recently imported breeds i n  
New Zealand. Through the courtesy of the New 
Zealand Ministry of Agriculture and Fisheries and 
certain private individuals, it has been possible to 
carry out cytogenetic studies on 48 animals. Already 
several studies, both extensive and individual, have 
shown the presence of two different types of Robert­
sonian translocations in domestic cattle (Table 1). 
The exact reproductive and genetic implications of 
such translocations are still somewhat obscure, 
although Gustavsson ( 1969 and 1 97 1 )  has reported 
an increased return to service of daughters of trans­
location carrying bulls of the Swedish Red and White 
breed. Studies in other domestic species including 
pigs (McFee, Banner and Rary, 1 966 ; McFee and 
Banner, 1 969) and sheep (Bruere, 1 9 69 ;  Bruere and 
Mills, 1 97 1 ; Bruere, Chapman and Wyllie, 1972, and 
Bruere, 1 972) have shown no conclusive evidence of 
deleterious effects of Robertsonian translocation. 
The two translocations described here in two addi­
tional breeds of cattle, add further information to much 
needed data on these apparently frequent chromosome 
abnormalities of domestic animals. 

TABLE I 
TRANSLOCATION STUDIES ON DOMESTIC CATTLE 

Author Breed Country 

Amrud ( 1969) Norwegian Norway 
Red Breed 

Gustavsson Swedish Sweden 
( 1 969) Red & 

White 
Harvey ( 1 97 1 )  Charolais Scotland 
Herschler & 

Fechheimer 
( 1 966) Friesian U.S.A. 

Pollock ( 1972) Friesian England 
Rieck et al. German Red 

( 1 968) Pied Cattle Germany 
Present Study Simmental New 

(origin Zealand 
Scotland) 
Blond 
d'Aquitaine 
(origin 
France) 

M aterials and M ethods 

No. of 
cattle of 

breed with 
Trans- translocation 
location studied 

1 /29 430 

1 /29 1 9 1 6  

1 /29 23 

1 /29 4 
2/4 

1 /29 4 
1 1 - 12/ 1 3  
15-16 

1 /29 5 

Blood samples for lymphocyte cultures were collected 
from cattle at various centres, all of which were over 
200 miles from our laboratory. The samples were 
transported by air in ice and in each case the maximum 
time from collection to culture preparation was 1 0  
hours. This latter point is of interest, as satisfactory 
results were obtained from 48 of 5 1  samples collected. 
Lymphocyte cultures were prepared by a standard 
whole blood technique (Basrur & Gilman, 1964), 
i ncubated at 37° C and harvested at 48 hours in the 
usual way. Mitotic chromosomes from suitable 
metaphases were counted in each case and six photo­
graphic karyotypes were prepared from the animals 
with the translocations. 
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R esu lts 

The diploid chromosome number for cattle is 2n =60. 
The 58 autosomes are all acrocentric and the two sex 
chromosomes are distinctively submetacentric. The 
X chromosome is larger than the Y chromosome. 
The results of the cytogenetic survey of the five 
different breeds of cattle are summarised in Table II. 
Two animals from different breeds, namely the 
Simmental and the Blond d'Aquitaine, were found to 
be translocation heterozygotes with 2n =59 chromo­
somes. 

TABLE II 
NUMBERS AND BREEDS OF CATTLE EXAMINED 

Breed 

Charolais 
Simmental 
Limousin 
Blond d'Aquitaine 
Maine Anjou 

Total 

Number of cattle examined 
(Number of translocations*) 
Bulls Cows Total 

1 1  (0) 1 0  (0) 2 1  (0) 
1 2  ( 1 *) 1 (0) 1 3  ( I *) 
5 (0) 0 5 (0) 
5 (1 *) 0 5 (1 *) 
4 (0) 0 4 

37 (2*) 1 1  48 (2*) 

In each a centric fusion of two autosomes was 
found forming a translocation chromosome. From 
the Simmental bull a total 75 metaphases from two 
cultures were counted and in each the translocation 
chromosome was seen. The translocation in the 
Simmental bull was metacentric (Fig. 1) and consis­
tently karyotyped in the position corresponding to 
chromosomes 1 1  or 12 for the long arm component 
and chromosomes 1 5  or 1 6  for the short arm com­
ponent. Although metacentric in nature, this trans­
location chromosome is different from that reported 
by Pollock ( 1 972). In the latter case, the long arm 
chromosome was probably number 2 and the short 
arm chromosome number 4. 

In the Blond d'Aquitaine bull, the translocation 
included the largest of the acrocentric autosomes 
fused with probably the smallest acrocentric auto-
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Fig. 1 .  - Karyotype from the heterozygote 59, XYt+ 
Simmental bull. 
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FIG. 2.-Karyotype from the heterozygote 59, XYt + Blond 
d'Aquitaine bul l.  

some and was seen in  a total of 89 counted meta­
phases from two cultures. Studies of s ix  karyotypes 
showed these two chromosomes to be involved 
consistently in the translocation. (Fig. 2.) It is 
concluded, therefore, that this latter translocation i s  
the  same as  the l /29 translocation first reported by 
Gustavsson and Rockborn (1 964) and now reported 
in several breeds of cattle with a wide geographical 
distribution. (Table I.) 

Neither bull showed any phenotypic abnormality 
and as both animals were yearlings their  fertility was 
not assessed. 

D iscussi on 

The presence of a third distinct type of Robertsonian 
translocation i n  another breed of European cattle i s  
of  considerable i nterest. In the present study i t  was 
not possible to trace the sire and dam of the Simmental 
bull with the chromosome translocation. However, i t  
would be possible for such studies to be pursued on 
these cattle, which are in Scotland. At present, no 
progeny of this bull are available in New Zealand, so 
that the familial nature of this translocation i s  
u nconfirmed. 

The chance finding of the previously reported 1 /29 
translocation i n  another different and widely dis­
seminated breed of cattle is particularly interesting. 
Although this translocation has been transmitted 
t hrough many generations of Swedish cattle (S.R.B.) 
(Gustavsson, 1969), i ts  presence in six other diverse 
breeds of cattle renews the speculation about its 
origin. Gustavsson ( 1969) has suggested that there i s  
l ittle evidence for i ts  de novo formation in  domestic 
cattle. He has suggested further that in the Swedish 
Red and White cattle this translocation may have had 
i ts origin from the Ayrshire breed in Scotland, some­
t ime prior to 1 930. However, i n  domestic sheep the 
finding of translocation/normal mosaicism (Bruere 
& Mills, 197 1 )  and the several examples of such 
mosaicism i n  man (Turpin & Lejeune, 1 964 ; Zellweger & Abbo, 1 965) suggest that de novo formation of such 
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translocations i s  p ossible during either gametogenesis 
or embryogenesis.  

The many cases of the 1 /29 translocation now 
reported i n  several breeds of cattle in different 
countries, also strengthen the argument for the occas­
ional de novo formation of centric fusion transloca­
tions i n  cattle, sheep and dogs which have a high 
number of acrocentric chromosomes. Further, i ts  
presence i n  yet a nother breed of cattle supports the 
suggestion of Bruere (1 972) that, as in man, specific 
chromosomes are probably i nvolved i n  such trans­
Iocations on an almost non-random basis (Hecht & 
Kimberling, 1 97 1 ) .  

The implicat ions o f  Robertsonian translocatioris 
i n  domestic animals are not clearly understood and the 
findings of Gustavsson (1969) and Gustavsson ( 197 1 )  
need to  be assessed in  other breeds of cattle. Further, 
the points raised by Bruere et al. , ( 1972) from studies 
on sheep suggest that such translocations could have 
distinct advantages as well as disadvantages in some 
breeds. Therefore the exclusion of translocation 
bearing cattle by some importing countries could be 
unwarranted ; also if such translocations do arise on 
a de novo basis the problem of control by chromo­
some screening of cattle would be difficult.  Therefore 
it is suggested that the breeding performances of 
translocation bearing cattle and sheep need closer 
study and the cytogenetic screening of bulls used for 
art ificial breeding is i n  this respect very important. 
From present i ncreasing evidence there i s  clearly a 
distinct need for i nternational co-operation on 
reporting, i dentification and accumulation of data on 
Robertsonian translocations of domestic cattle and 
sheep. 
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Resume 
Dans une etude comportant 48 boeufs de plusieurs races 
exotiques, importes en Nouvelle Zelande, on a trouve deux 
boeufs qui demontraient une translocation. Un boeuf etait de 
la race Simmentale et portait une translocation chromosomale 
differente de celles trouvees dans les comptes rendus prealables. 
L'autre translocation chromosomale fut aperc;ue dans un 
taureau de la race Blond d' Aquitaine venue de la France, et 
ressemblait a la translocation 1 /29 deja exposee dans plusieurs 
pays. 

On va discuter ci-dessous la portee de ce qu'on a decouvert 
dans ]'intention d'encourager la cooperation internationale au 
sujet de ]'identification, la distribution et l'effet que telle trans­
locations ont chez les boeufs et les moutons domestiques. 

The Veterinary Record, June 9th, 1 973 

Zusarnmenfassung 
Von einem Oberblick, 48 Rinder von mehreren exotischen 
Rassen enthaltend, die in Neuseeland eingeftihrt wurden, sind 
zwei Rinder mit Translokation gefunden worden. Ein Stier war 
von der simmentalischen Rasse und trug eine Chromosomen­
Translokation, unterschieden von denen die friiher in Vieh 
berichtet worden sind. Die andere Chromosomen-Trans­
lokation wurde in einem Stier von der blonden d'Aquitaine 
Rasse aus Frankreich und glich der Translokation 1/29 von 
vielen Liindern schon berichtet. Die Folgerungen dieser 
Entdeckungen werden erortet in der Absicht gegen internation­
ale Mitwirkung von solchen Translokationen in inliindischen 
Rinder und Schafe zustande zu bringen. 

Printed by H. R. GRUBB LTD., 15 Imperial Way, Purley Way, Croydon. CR9 4PY. 
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Appendix 

AXV .Analysi s of MII cell count d i stributions ( C hi-square tes t )  

C ompari son 'X.2 
d. . f.  p 

Hetero t 1 Vs Hetero t2 1 2 . 99 ' 4 < 0 . 05 

Hetero t 1 
Vs Het ero t2 

+ he tero t 3 9 . 93 4 < 0 . 05 

Hetero t2 Vs Hetero t3 28 . 1 2  4 ( 0 p 001 

Hetero t3 
Vs Het ero t 1 

+ het ero t2 24 .85 4 < o .  001 

Hetero t 1 + Normal + 
Hetero t2 

+ 

Vs Homo t1 + 
Hetero t3 Homo t3 64 . 89 4 < 0.  001 
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