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i i .  

ABSTRACT 

A s tudy w a s  made o f  me i o t i c  chromosome s i n  a i r -dried prepar­

a t i on s  f rom 30  geni ta l l y  sound rams ( Ov�� a� ie� ) .  Three 

of the rams had a norma l m i to t i c  karyotype ( 2n = 54 ) and 

the rema i nder were carriers of the t 1 1 t 2 and t 3 Robert sonian 

trans l o c a t ions i n  var ious hetero z ygous a nd homo zygous comb in­

a t i on s . 

The s tu d i e s  on the primary spermatocyte s showed that the 

norma l rams had a moda l number o f  2 7  chromosoma l e l ements 

and the trans locat ion- ca rrying rams were recorded w i th a 

mod a l  number of e i ther 2 4  or 2 5 .  The trans location in the 

hetero z ygous state wa s characteri zed by the pres ence of a 

tr i va l ent i n  cel l s  a t  the d i plotene , d i a k i ne s i s and me tapha se 

I s tage s ,  wh i l e  i n  the homozygous s tate i t  wa s cha racteri zed 

by the pre sence o f  a biva l ent . The mod a l  number of chromosom­

al e lemen t s  wa s recorded in 9 0 . 5  to 9 7 . 3  perce nt of the 

ce l l s a t  diakine s i s  and metapha se I in the trans locat ion­

carrying rams . The moda l number o f  chromosoma l  e l eme nts 

was recorded in 8 8 . 3  pe rcen t of the ce l l s  i n  the norma l  ra ms.  

An  a s s o c i a t ion be tween the sex  biva lent and a smal l autosoma l 

b i va lent wa s recorded i n  3 .  5 to 5 .  3 percent of the ce l l s  

a t  d ia k i ne s i s  and metapha se I i n  the tran s location-carrying 

rams . :C:ight percent o f  t he c e l l s  i n  the normal rams were 

seen w i th a sex biva lent a s soc i a t i on . The sex chromo somes 

were s epa rated in 0 . 0  to 1 . 1 percent o f  the ce l l s  at 

d iakine s i s  and metapha se I i n  the trans l ocation-carry ing 

rams 1 whi l e  0 .  7 percent o f  the ce l l s  i n  the norma l rams had 

separa t ed sex chromosome s .  Howeve r , aneup lo idy invo lving 

the sex chromosome s wa s not observed i n  the secondary sperma to­

cytes f rom the norma l and t rans loca t i o n - carry i ng rams . 

A tota l o f  1 1 7 57 secondary sperma tocytes were counted f rom 

2 7  t ra n s location-carrying rams and 1 0 3 second a ry spe rma tocytes 

f rom 3 norma l rams . The stud i e s  on the secondary spermato­

cytes showed that t he modal number o f  30 chromosome arms 

wa s recorded in 8 7 .  3 to 9 6 . 0  percent of the non -pol yploid 



c e l l s  

o f  the 

foui'ld 

i n  0 .  0 

i i i . 

i n  the trans loca t i on - carry ing rams and 95. 2 percent 

c e l l s  i n  the norma l rams . No hypermodal cel l s  were 

i n  the norma l rams . Hypermoda l ce l l s  were recorded 

to 3 .  6 per cent of the non - p o l yp l o i d  cel l s  in the 

translocat ion-carry i ng rams . There were i n d i v i dual var i a t ions 

in the percentage of hypermoda l  cel l s  recorded in rams w i th 

i dent ica l karyotype s .  There were a l so s i gn i f i cant ly greater 

number s  of ce l l s  wi th 29 chromosome a r ms than with 31 chromo­

some arms i n  the trans l ocat ion-carrying ram s . This sugges ted 

that chromosome loss due to lagging at anapha s e  I or techn i c a l  

manipu l a t i o n , m u s t  have occurred i n  add i t ion t o  non­

d i sj unc t i o n .  A s i gni f i cant surpl u s  o f  secondary spermatocytes 

of norma l karyotype and a de f i c i t  o f  2 S , t 1 t 3 were found in 

the me taph a s e  II f igures f rom the t r i p l e  heterozygous rams . 

S igni f i c a n t l y  uneven d i s t r ibut ions o f  segregat ion products 

were a l so found i n  the mu l t iple t ra n s loca t i o n - carrying rams 

w i t h  karyotypes of 50 , xy , t 1 t 2 t 2 t 3 and 4 9 , xy , t 1 t 2 t2t 3 tx . 

The t ra n s locat ion- carry ing sheep have been s hown to have 

good concept ion rates and an average breed i ng pe r formance . 

Th i s  wou l d  sugge st that only ba la nced ( e up l o i d ) sperrna to z oa 

are invo lved in fer t i l i zat ion and the unba la nced ( aneuploid ) 

spermatocytes fa i l  to mature i nto spermatozoa and are selected 

aga i n s t  or degenerate during spermatogene s i s . 

The evidence ind i cates that the f er t i l i ty of the ram i s  

una f f ected by the pre sence o f  the t r a n s locat ion c hromosome s 

and con s e quently the se sheep shou l d  not be el iminated 

arbi t rar i l y  f rom our anima l popu lat ions . 
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

Me i o s i s  i s  the t erm g iven to the production f rom a s ingle 

parent ce l l , o f  f ou r  c e l l s , each w i th ha l f  the o r i ginal 

number of chromosomes . The game t e  end-products , o f  the 

two succe s s i ve c e l l  d ivi s i ons , ma y be gene t i c a l l y  d i f f erent 

f rom the chromos ome s o f  the parent c e l l due to cro s s ing­

over and a s sortment of gene s by the exchange of chroma tid 

segment s between materna l l y  der i ved and paterna l l y  derived 

homo l ogues ( Rhoades , 1 9 6 1  ) .  

A l though me ios i s  has been exten s i ve l y  i nve s t i gated in p l ants 

and i ns e c t s  ( Da r l i ngton , 1 9 3 1  ; Rhoade s ,  1 9 6 1  ; John and 

Lewi s ,  1 9 6 5 ) , i t  has on l y  been i n  recent years that the 

proce s s  has been s tudied in deta i l  i n  h i gher mamma ls . 

The ear l y  chromo some stud ies u s i n g  testicular mate rial  

we re undertaken t o  con f i rm the d i pl o i d  chromosome number .  

A ra pi d  expans ion i n  our knowledge o f  mamma l i an chromo some s 

ha s r e s u l ted f rom the use o f  improved c yto log i c a l  tech n i ques . 

The methods i nc lude the use o f  t i s sue c u l ture techniques 

( Moorhead , Nowe l l , Me l lman , Batt i ps and Hunger ford , 1 9 6 0 ) , 

autoradiography ( Mi l ler , 1 9 7 0 ) and the techniques of f l uo r ­

e sc en t  s t a i n i ng ( Ca sper s son , Zech , Johans son and Mode st , 
, � 

1 9 7 0 ; Hu l ten , 1 9 7 4 ) , C-band i ng ( Hu l te n , 1 9 7 1 ; 1 9 7 4 ;  

Chand l e y  and F letcher , 1 9 7 3 ; Chapman a nd Bruere , 1 9 7 5 ; 

Logue , 1 9 7 7 ; Scott and Long , 1 9 8 0 ) and Giemsa band ing 

( Sumne r , Evans and Buck land , 1 9 7 1 ; S t oc k , Burnham and 

Hsu ,  1 9 7 2 ; Deaven and Peters en , 1 9 7 3 ) have been appl ied 

to bot h  m i to t i c  and me iot i c  mater i a l . The use o f  these 

techn i que s has helped to ident i f y a number of sma l l  chromo­

soma l abnorma l i t i e s  in man a nd the i nd i vidual chromosome s 

i n  other s pec i e s . 

Mos t  o f  the ear ly stud i e s  in dome s t i c  anima l s  were carr ied 

out on mito t i c  chromo some s and it ha s on l y  been in recent 
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year s  that the me i o t i c  chromosome s have been widely s tudied . 

However , the s e  me iot i c  s tud ies have , a s  i n  human stud i e s , 

resul ted in a greater und e r s tandi ng o f  the chromosoma l 

a berr a t ions found in thes e  anima l s . The stud i e s  have been 

very important in determi n i ng the l evel of aneuploidy in 

the s econdary spermatocyte c e l l s . A h i gh level of aneup l o i d Y  

cou ld be related t o  a reduc t i on i n  the f e r t i l i ty o f  the 

anima l due to the produc t ion of unba lanced zygotes and 

subsequent cause of embryon i c  l o s s . 

A h i g h  f requency o f  centr i c  fus ions ( Robert sonian trans l o ­

cation s ) has been d e s c r i bed i n  man ( Cour t  Brown , 1 9 6 7 ) 
' 

and i n  severa l spec i e s  o f  dome s t i c  anima l s  ( Bruere , 1 9 7 4 ) . 

The Robertson i an trans locat ion ( 1 / 2 9 ) i n  cattle ha s been 

ex ten s i  ve ly i nves t i ga ted wi th pa r t i cu l a r  reference to the 

e f fect o f  thi s  trans loc a t ion on the fer t i l i t y  of the anima l 

( Gustavsson , 1 9 6 9 ; 1 9 7 1 ; Refsda l ,  1 9 7 6 ;  K i ng , L i nare s , 

Gustavs son and Bane , 1 9 8 0 ; Pope s cu , 1 9 8 0 ; K ing , L i nares 

and Gu stavs son , 1 9 8 1  ) .  Robertsonian trans locations have 

a l so been repor ted in other dome s t i c  anima l s  inc lud i ng 

the p i g  ( Hage l torn , Gustavs son a nd Z ech , 1 9 7 3 ) ,  the goa t  

( Pope s c u , 1 9 7 2 ; R i cordea u , 1 9 7 2 ) and the dog ( Ma and 

G i lmore , 1 9 7 1 ; Larsen , D i a s  and Cervenka , 1 9 7 8 ) . The 

e f f ec t  o f  the Robert sonian tran s l ocat ions in the tobacco 

mouse a nd tobacco mous e  hybr ids has been o f  cons iderable 

i ntere s t  and s peculat ion to a number o f  workers ( Gropp , 

Tet tenborn and Von Lehmann , 1 9 7 0 ; Cattanach and Mose ley , 

1 9 7 3 ; Baranov and Dyba n , 1 9 7 6 ;  White , Cranda l l , Ravech� 
and Tj i o , 1 9 7  8 )  . 

The e x tens ive occurrence o f  Robertsonian trans loca t ions 

i n  domes t i c  sheep ( Bruer e , 1 9 6 9 ; Bru'ere and Mil l s , 1 9 7 1 ; 

Bruere , Chapman and Wyl l i e , 1 9 7 2 ;  Bruere , 1 9 7 3 ; 1 9 7 4 ) 

ha s l ed to cons iderable s t ud i e s  a t  Ma s sey Univers i ty into 

the e f f e c t s  o f  the se trans locat ions on fert i l i ty and the i r  

role , i f  any , o n  the deve lopment o f  the spec ies ( Chapma n , 
' . 1 9 7 4 ;  Bruere a nd E l l 1s ,  1 9 7 9 ) . A l arge f lock o f  sheep 

with be tween one ( 2n = 5 3 ) and s i x t rans locat ions ( 2n = 
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4 8 ) has been bred . Thi s  the s i s  d e s c r ibes the stud i e s  

carr i ed o u t  on the meiot i c  chromosom es o f  norma l rams a nd 

rams w i th between two and f ive t rans location s . 

The the s i s  ha s three ma i n  a im s : -

1 .  To d e s c r i be and compare the behav iour i n  the prima r y  

sperma tocytes f r om norma l rams and rams carry i ng trans ­

locations . 

2 .  To compar e  the leve l s  o f  aneup l o i d __ secondary sperm­

atocyte f requency i n  norma l rams and rams carry ing 

trans locations . 

3 .  To de s c r i be the d i str ibu t i on of the s egrega t ion produ c t s  

i n  the s econdary spermatocytes f rom t ra n s l ocat ion-carry ­

i ng rams . 



CHAPTER 2 
LITERATURE REVIEW 

2 . 1 CYTOGENE T I C  STUDIES I N  SHEEP 

4 .  

2 . 1 . 1 The E s t a b l is hment o f  the D i p l o id Chromosome Number 

o f  Sheep . 

I n  ear l ie r  s tudie s  o f  the c hromosome s o f  sheep , Wodsedalek 

( 1 9 2 2 ; 1 9 2 9 ) reported the chromosome numbe r  o f  the ma l e  

and fema l e  t o  be 3 3  a nd 3 4  r e spective l y .  Kra l l i nger ( 1 9 3 1 ) ,  

Bruce ( 1 9 3 5 ) , Buta r i n  ( 1 9 3 5 )  a nd Novikov ( 1 9 3 5 )  repor ted 

that the d i p l o id chromo some number wa s 6 0 .  Shivago ( 1 9 3 0 ) 

a nd Pchakadz e  ( 1 9 3 6 ) a l s o  made e s t imates o f  the dip lo id 

chromosome number o f  sheep . 

Berry ( 1 9 3 8 )  found a diploid chromo some number o f  54 which 

wa s s imila r  to the ear l ier report of Shivago ( 1 9 3 0 ) . Berry 

( 1 9 4 1 ) con f irmed h is ea r l ie r  f ind ing b y  app l yi ng the aceta­

ca rmine method for mamma l ian chromosome s to the s pe rmatogon­

ia l ce l l s o f  dome s t ic sheep . The d ip loid number of 54 

for the sheep wa s later con f i rmed by Ahmed ( 1 9 4 0 ) , Makino 

( 1 9 4 3 , a ) , Melander ( 1 9 59 ) ,  Nakani sh i  and Mi z utani ( 1 9 59 ) ,  

Bomse l - He lmre i c h  ( 1 9 59 ) , Gimene z -Ma r t in a nd Lope z - S a e z  

( 1 9 6 2 ; 1 9 6 6 ) ,  Lopez -S a e z  and G imenez -Mar t i n  ( 1 9 6 3 ) , Bor l and 

( 1 9 6 4 ) and Makino , Sh i mba , So fun i  a nd Ikeuchi ( 1 9 6 7 ) . 

The wide var i a t ion i n  the e s t imates o f  diploid chromosome 

number o f  sheep reported by the ear l y  worker s wa s expected 

s i nce the techni que s used in the i r  s tud i e s  yie lded prep­

arations great l y  i nf e r io r  to those produced by leucocyte 

c u l ture techn i que s .  For thi s reason it is l i ke l y  that 

Kra l l i nger ( 1 9 3 1 ) ,  Bruce ( 1 9 3 5 ) , Buta r i n  ( 1 9 3 5 )  and Novikov 

( 1 9 3 5 )  cou ld have counted the two arms of one la rge me ta­

centric chromosome as two chromosome s ( Berry,  1 9 4 1  ) .  

Nowall ( 1 9 60 ) made the discove r y  that phytohaemagg luti n i n , 

a na tura l extract of the red bean , ac ted as a s t rong mito-
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genic agent i n  s t imulat i ng t h e  d iv i s ion o f  the leuco c ytes 

i n  per i phera l blood . Th e h ypotoni c  sodium c i trate t reat ­

ment, previou s l y  des cr i bed by Hsu ( 1 9 52 ) acted to spr ead the 

chromo s ome s ;  the ba s i c  techn i que for blood c u ltures wa s e s tab­

l i shed ( Moorheade.i. al. ,  1 9 6 0 ) .  Ba s rur and Gi lman ( 1 9 6 4 ) 

reported the f i r s t  de s c r i pt io n  o f  a who l e  blood c u l ture 

method app l i cabl e to s he e p  a nd cattle. Their techni que 

produced good qua l i t y  we l l  s pread chromosome s and because 

o f  its s impl i c i t y  the techn i que could be used for the chromo­

some exami nation of large n umber s  of anima l s . 

Attempt s  have bee n  made to c l a s s i f y  the c hromosome s of 

sheep a c cord i ng to the i r  s i z e  ( Ahmed , 1 9 40 ; Berry,  1 9 4 1 ; 
' 

Makino , 1 9 4 3 a ; Me lande r , 1 9 59 ; Bor land , 1 9 6 4 ; Bruere , 

1 9 6 6 ) . However , u s i ng convent i ona l sta i n i ng methods the 

identi f i cat ion of the i nd i v idua l chromo some s in the karyo­

type wa s d i f f i c u l t  a s  many are morpho log i c a l l y  s im i lar . 

The use o f  Qu i nacr ine f luorescenc e  techni ques ( Evans , 

Buckland and Sumner , 1 9 7 3 ; Hans e n , 1 9 7 3 )  and G i emsa band i ng 

techni que s ( Evans et ai . , 1 9 7  3 ;  Zartman and Bru'ere , 1 9 7  4 ;  

Buck land and Evans , 1 9 7 8 ) have made i t  po s s i b l e  to ident i f y  

every chromosome in the sheep ' s complement . 

2 .1 .2 Cytogene t i c a l  I nve s t igat ions on Ma l formed Sheep 

Three chromosoma l l y  d i s t i n c t  types of i ntersexe s have been 

s tud ied i n  sheep . The f i r s t  t ype i s  referred to as ma l e  

p seudohermaphrod i t e s .  T h e  sheep re s embl edan overfat bar ren 

ewe with a degree o f  ma scu l i n i z a t ion of bone and musculature . 

The externa l gen i ta l ia were fema l e  i n  appearance , but the 

i nterna l genita l ia were part l y  ma l e  a nd fema l e . A 54 , XY 

chromosoma l complement wa s f ound in blood l eu cocytes and 

f ibrobl a s t s  ( Bruere , McDona l d  a nd Mar sha l l ,  1 9 6 9 ,a ) . The 

s econd type i s  referred to as a ma le-type f reema r t i n  
' 

( Gerneke , 1 9 6 5 ;  Bruere a nd McNab , 1 9 6 8 ) . The she e p  have 

ambiguous external genita l i a  a nd t e s t icular gonads but 

xx sex chromosome s were found in t i s sues other than blood 

and bone marrow , which showed xx/ xy sex chromosome chimer is ill • 



The thi rd sheep intersex 

normal pheno t yp e  except 

i s  

for 

6.  

f o u nd in rams which have a 

te s t i cular h ypopla s i a . The 

sheep have an xxy sex chromosome complement s imi l ar to 

the chroma t i n - po s i t ive Kl i nef e l te r 's s yndrome i n  man ( Bru�re , 

Marsha l !  and Ward , 1 96�?l�- Bruer e  �t al . ( 1 9 6�P�. suggest­

ed that non-d i s j unc t i on o f  the s e x  chromosom e s  during sperm­

atogene s i s  and the resultant f u s ion of an xy sperm and 

an ovum bear i ng norma l chromosom e s  or v.ic� v�n.-<'Ja occurred . 

"Thi s  w a s  previ ou s l y  sugge s ted a s  the o r i g in o f  Kl i nef el ter ' s  , 

s yndrome i n  man ( Jacobs a nd Stron g , 1 9 59 ; Ferguson-Smith , 

1 961 ) . I t  appear s  that the extra x chromosome inhibits 

t e s t i cu lar deve lopment a nd spermatogenes i s  more in the 

ram than in man ( Bru�re �t al • , 1 969 ,b ) . a l though it seems 

to have l e s s  e f fect on the ment a l  capac i t y of the ram 
... 

( Ki lgo u r  and Bruere , 1 9 7 0 ) . 

" Hour g l a s s "  t e stes w i th sperma tocyte arrest , bi latera l 

hypop l a s ia and c:;:-y�Jtorch i d i sm have been observed i n  rams 

with centr i c  f u s ion t rans loca t i on s , though a de f in i te cause 
' 

and e f fect re l a t i onsh i p  has not been shown ( Bruere and 
' . Mi l l s , 1 9 7 1 ; Long , 1 9 7 8 ; Bruere a nd E l l 1s ,  1 9 7 9 ) . 

Two ewe s a nd two rams w i th short upper j aws were studied 

and f ound to have a de l et i on o f  one arm o f  an autosome 

i n  a proport i on of blood leucocyt e s  for a m i xoploid 54 , xx 

or xy/ 54 , xx or xy, ?1 3 -chromosoma l complement ( Luft , 1 9 7 2 ) . 

An acepha l i c - a c a rd iac mons ter ha s been de scribed w i th a 

high proport i on o f  hypod iploid cel l s  sugges tive of a 

pos s i b l e  chromos oma l aberration ( Dunn and Robe r t s , 1 9 7 2 ) .  

2 . 1 . 3  Taxonomi c  and Evo l u t ionary I nve s t i ga t i ons i n  Sheep 

Extens i ve chromos ome stud i e s  have been app l i ed to taxonomic 

and evo lut i na r y  i nve s t igat ions in sheep as we l l  a s  other 

member s  of the Bovi dae ( Wurster a nd Ben i rschke , 1 968 ; 

Da i n , 1 9 7 0 ; Nadler , 1 9 7 1 ; Nad l e r , Lay and Has s i nger , 

1 9 7 1 ; Evans �t al ., 1 9 7 3 ;  Nad l e r , Hof fmann and Woo lf , 

1 9 7 3 ;  1 9 7 4 ; Bunch , Foote and Sp i l lett , 1 9 7 6 ;  Henderson 
' 

and Bruere , 1 9 7 9 ) .  Al though d i f f e rent t ypes o f  ��i ld and 
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domes t i c  sheep 

( 2n = 52 , 54 , 

have d i f ferent d iploid chromosome number s  

55, 56 , 57 and 58 ) i n  a l l  c a s e s  t h e  f unda ­

or t he number o f  chromosome arms ( Mat they ,  

( Nadler e t  al . ,  1 9 7 1 ; 1 9 7 3 ) . T h e  f undamental 

menta l numbe r  

1 9 4 5 )  i s  6 0  

numbers i n  the goat (Cap1w h.i.11..cu-1 ) , the o x  ( Bo-1. · tau.11..u-1} 

and w i l d  and dome s t i c  sheep have been s hown t o  be remarkabl y  

cons tant , varyi ng between 58 and 6 2  i n  t h e  maj or i t y  o f  

spe c i e s  ( Wu r ster and Beni rs chke , 1 9 6 8 ) . Thi s  suggested 

that the ma i n  mecha n i sm of c hromosoma l evolution in the 

Bov.idae wa s by a proc e s s  of Robert sonian centr i c  f u s ion 

( Wurster and Ben i r schke , 1 9 6 8 } .  Thi s  view i s  

by Evans et al.. • ( 1 9 7  3 }  and S c hned l a nd Czaker 

supported 

( 1 9 7  4 )  who 

demons t rated in the i r  s tud i e s  G-band homo logy between cattle , 

goat and domes t i c  sheep and Bunch et al.. • ( 1 9 7 6 ) who showed 

simi lar homo log i e s  between Ammot.11..agu-1 .le .11..via ( 2n = 58 ) ,  

Ovi� v.ign.ei. ( 2 n = 58 ) ,  Cap/l.a hi.ll.cu� ( 2 n  = 6 0 ) ,  Ovi�> 

anie-1 ( 2 n  = 54 ) and s ever a l  spec i e s  o f  w i ld sheep with 

2 n  = 54 i nc lud i ng Ovi-1 0.11..ienta.li-1, Ovi-1 mu-1�mon, Ov-i-1 canade.n-1-i-1 

neL'>oni and Ovi-1 canadR..n-1-i-1 me x.icana • More recent stud i e s  
' 

reported by Henderson and Bruere ( 1 9 7 9 ) have revealed that 

the nuc leolus organi zer reg i ons of the sheep , aoudad , 

goat and catt le occur on chromo somes whi ch have previou s l y  

been shown t o  have homologous band i ng patterns ( Evans 

e t  al.. . ,  1 9 7 3 ; Nad ler e t  al.. . ,  1 9 7 4 ) . It wou ld appear that 

ther e  has been a conserva t i on of the number and location 

o f  nuc leo l us - organ i z er regions dur i ng the evo lution of 

thes e  member s o f  the f am i l y  Bovidae and the Bovidae karyo­

type would seem to be fa i r l y  s table apart f rom the g ro s s  

morphol og i c a l  changes occurring by cent r i c  fus ion ( Henderson 
' 

and Bruere , 1 9 7 9 ) .  

2 . 2  ROBERTSONIAN TRANSLOCAT IONS 

2 . 2 . 1  Introduct ion 

The transfer of a segment or f ragment of one chromo some 

into another part of a d i f f erent chromosome i s  termed a 

trans loca tion ( Bridge s , 1 9 2 3 ) . Mos t  trans loca t i ons are 
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thought to occur by a chromosome breakage fol lowed by the 

reunio n  of the non - related broken ends . Robert sonian tran s ­

locations a r e  t h e  a s so c ia t ion o f  t wo acrocentric o r  telo­

centric chromosomes to form a metacentric or submetacentric 

chromos ome . This wa s f ir s t  d e s c r ibed in insects by Robert ­

son ( 1 9 1  6 ) .  

The mechanism o f  format io n  o f  Robertsonia n  trans locat ions 

is s t il l  unc l ea r . The c la s s ic concept of Robertsonian 

f u s io n  wa s des c r ibed by White ( 1 9 54 ) . A break occu r s  in 

one 

and 

chromosome c lose to the centromere in 

another break in the s econd c hromosome 

the long arm 

at the short 

arm or even " invis ible " s econd arm . A tran s location wil l 

result in a biarmed chromosome a nd a minute c entric fragment 

which is s ubsequent l y  l os t . The centric f ragment is cooprised 

o f  the centromer e  f rom one a nd the chromo soma l materia l  

f rom both acrocentric chromosome s .  I t  is assumed that 

the los s of the centric f ragment has l ittle or 

on the genome of the individua l ( Wh ite , 1 9 54 ) . 

no e f f ect 

Although 

the re is now one chromos ome l e s s  than norma l in the resu l t ­

ant karyotype , the number o f  chromos ome arms N . F .  ( Matthey , 

1 9 4 5 )  rema ins the same . 

White ( 1 9 54 ) a l so sugg e s ted that 

hypothetic a l  ' donor ' chromosome , 

neces sary extra c entromere and two 

proce s s  of "dis sociatio n "  r e s u l t  in 

new acrocentric s . 

a trans location and a 

which provide s the 

te lomeres cou ld by a 

the formation o f  two 

Other explanations have been proposed to the mechan ism 

for the f ormatio n  o f  Robertsonia n  t rans locations . Telo­

centric chromosome s may be f ormed by f is s ion within the 

centromere of a metacentric or submetacentric chromosome . 

The s e  te locentric s , in turn , may produce metacentric chromo­

some s by s imple f u s ion ( John a nd Hewi tt , 1 9 6 8 ; McFee and 

Banner , 1 9 6 9 ) . H s u  a nd Mead ( 1 9 6 9 ) sugge sted that the 

2 centromeres are pre sent in the Robe rtsonian trans location 

but are not vis ible under the l ight mic roscope . 
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Rece�t evidence s e ems to i nd i cate that Robe r t s onian trans l o ­

cation s  i n  m a n  a r e  formed b y  a break i n  the invi s ible 

second a rm s  o f  the two a crocentr i c s  and the formation o f  

a d icentr i c  tra n s l ocation chromosome ( N iebuh r , 1 9 7 2 ; Hsu , 

Pathak a nd Che n , 1 9 7 5 ;  Lau and H s u , 1 9 7 7 ) . One o f  the 

centrorneres , for reasons unknown , may be s uppres sed and 

i s  no l onger v i s ible in l ight m i c ro scopy ( N i ebuhr , 1 9 7 2 ; 

Lau and H s u , 1 9 7 7 ) . The exi s tence o f  a dicentr i c  chromosome 

has been previou s l y  reported in Robert sonian t rans locat ions 

by Barni cot , E l l i s  and Penrose in 1 9 6 3 . The evidence f rom 
the e l ec tron microscope stud i e s  i n  man , mouse , chinese 

hams ter ;-_· sheep and goat chromosome s s upport s  the concept 

that 2 c entromer e s  are pre sent in Robe r t sonian t rans loca tions 
( Cornings a nd Okada , 1 9 7 0 ) .  

The large block o f  cent r i c  heterochromatin seen in a l l  

three t rans locations in sheep i s  s im i l a r  to that de scr ibed 

i n  one Robert sonian trans locat ion o f  the goat ( Evans 

et a.l . ,  1 9 7 3 ) and c losely re semb l e s  the dicentr ic Rober t s ­

o n i a n  trans loca tion now descr ibed i n  man ( N i ebuhr , 1 9 7 2 ; 

F erguson -Srnith , 1 9 7 3 ) .  Ther e f ore , i t  wou ld appear that 

the los s o f  centr i c  heterochroma t i n  in the f ormat ion of 

Robertson i a n  trans locat ions in the sheep is minimal , so 

that e f f ec t ive gene t i c  loss is unl i k e l y .  Thi s fact has 

a l ready been demons t rated in other spe c ies by Cornings a nd 

Okada ( 1 9 7 0 ) ; Chen and Rudd l e  ( 1 9 7 1 ) and earning s  and 

Ave l i no ( 1 9 7 2 ) .  

I n  the MI a nd MI I I  Robertsonian t rans locat i ons i n  sheep 

the centromer i c  block o f  heterochroma t i n  is evenly distr i but­

ed on e ither s ide o f  the c entr i c  constriction , whereas 

i n  the MII trans locat ion the deep- s ta i n i ng heterochroma t i n  
' 

i s  clear l y  exocent r i c  i n  the rnaj o r i  ty of c e l l s  ( Bruere , 

Zartrnan and Chaprna n , 1 9 7 4 ) . Thi s  adds further evidence 

that 'true' and appa rent Rober t sonian translocat ions cou ld 

be formed by d i f ferent mecha n i sms . Some could be truly 

d i c entric chromosome s formed by the f u s ion of nonhorno logous 

chromosomes with horno log i e s  at the i r  nuc leolar organ i s er 

regions ( Ferguson-Srni th , 1 97 3 )  , whe rea s others could have 

bee n  formed in the manner o r i g i na l ly descr ibed by Wh i te 

( 1 9 5 4 ) . 
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_A_l though the mechani sm for the f ormat ion o f  Rober t sonian 

tran s locations is s t i l l  uncert a i n  it is known that they 

occur f r equent l y  i n  the phylogen y  o f  man y  groups o f  anima l s  

and a r e  now con s i de r ed t o  b e  a regular feature o f  kar yotype 

a l terat ion in the eukaryote s . 

2 . 2 . 2  Robertsonian trans locat ions i n  cattle ,  pigs , goa t s , 

sheep and dogs 

Catt l e , goa t s  and sheep be l ong to the supe r f am i l y  

·Bovoid�a • The number o f  chromos ome a rms i n  the kar yotype s 

o f  the spec i e s  i n  the Bovoid.ea i s  s tr ik i ng l y  constant . 

Wurster and Ben i r s chke ( 1 9 6 8 ) con s i dered th i s  to be 

evidence that the pr ima r y  mechani s m  o f  karyotype evo lution 

i n  the Bovoid.ea wa s the result o f  Robertsonian t r a n s l o ­

cation s . Subsequent s tud i e s  by Buckland a n d  Evans ( 1 9 7 8 )  

on G-band i ng o f  Bovoid.ea chromo some s ha s subs ta n t i a l l y  

confi rmed thi s v iew . As suming that c e nt r i c  fusions are 

important in mamma l i a n  ka ryotype evo l u t i on , then i t  i s  

l i ke ly that a g roup o f  a n ima l s  evo lving f r om a high number 

of acrocentric chromos omes in the ir karyot ype wi l l  have 

a high rate o f  karyotype evo l u t ion ( Beng t s s on,  1 9 8 0 ) . 

Th i s  wou ld appear to be the case i n  the Bovoid.ea Thi s  

i s  supported by the band i ng stud i e s  by Evans .et al . ( 1 9 7 3 ) 

on goa t s , sheep and ox which have i nd i ca ted tha t the sheep 

metacentrics r e s u l t  f rom Robertsoni a n  fus i ons of chromo somes 

1 and 3 ,  2 a nd 8 ,  and 4 a nd 9 of a ba s i c  o r  ancestral bovid 

karyotype . 

2 . 2 . 2 . 1 eat t 1 e 

The occurrenc e o f  

wa s f i r s t  reported 

Furthe r stud i e s  by 

a Rober tsonian tran s loca t i on 

Rockborn 

i n  

i n  

c a t t l e  

1 9 6 4 .  by Gu stavsson and 

Gustavs son ( 1 9 6 6 ; 1 9 6 9 ) revea led that 

the trans location i nvolved chromos omes 1 and 2 9 .  Some 

anima l s  were f ound to be homozygous for the trans locat ion . 

The 1 / 2 9  tran s location ha s subsequ ent l y  been reported i n  

a var i e t y  of breeds f rom many d i f ferent countries ( Ha rvey , 

1 9 7 4 p ;  1 9 7 4 b ;  Po l lock , 1 9 7 4 ;  Pope scu and Boscher , 1 9 7 4 ) . 
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Other c entr i c  f u s ions have s ince been reported in catt l e . 

A 2 / 4  trans locat i on has been f ou nd i n  Br i t i sh F r i e s ians 
' 

( Po l lock 1 9 7 2 ; P o l lock and Bowman , 1 9 7 4 ) . Bruere and 

Chapman ( 1 9 7 3 ) reported f i nd ing a 1 1  or 1 2 / 1 5 o r  1 6  trans l o ­

cat ion i n  a S immenta l bu l l  imported i nto New Zea land f rom 

Scotland . A s im i lar trans location to the latter has been 

reported in the same l i ne o f  S immenta l by Harvey ( 1 9 7 4 )  

and Harvey and Logue ( 1 9 7  5 )  . I t  has been ident i f i ed a s  

a 1 4 / 2 0  trans locat i on. Bongso and Basrur ( 1 9 7 6 )  reported 

a 2 7 / 2 9  t ransloca t i on in Canadian Guernsey s , and Stranz inger 

and F or s ter ( 1 9 7 6 ) a 1 / 2 5  t rans loca t ion in German P ieba lds . 

Two other uni dent i f i ed centr i c  f u s ions have been reported 

i n  B londe d ' A qu i ta i ne x Limou s i n  ( Darr� , Berland and 
'· Que�nnec ,  1 9 7 4 ) and i n  Brown Swi s s  cattle ( Tschudi , Z ahner , 

Kupfer and Strampf l i , 1 9 7 7 ) .  Two d i cent r i c  fus ions have 

a l so been reported in catt l e .  

a dexter cow ( Eldr idge , 1 9 7  4 )  

( Pope s c u , 1 9 7 7 ) .  

2 .2 .2 .2 P i g s  

These we re a d i e  6 I 1 6 i n  

and a d i e  3 / 4  i n  a Limous i n  

Chromos ome pol ymorph i sm h a s  been reported i n  European w i l d  

pigs ( McFee , Banner and Rary , 1 9 6 6 ) .  Wi ld p i g s  are homo­

zygous for a Robertsonian trans locat ion between autosoma l 

1 4  and 1 7  in the dome s t i c  p i g  karyotype. I nterma ting 

exper iments between p i g s  carry ing the d i f ferent chromosome 

number s  produced the expected rat i o s  of progeny wi th the 

three chromsome number s  ( McFee and Banner , 1 9 6 9 ) . 

A ma le pseudohermaphrod ite pig w i th xx sex chromosomes 

wa s a l so f ound to have a centric f u s ion for a 3 7 , xx ,  + 1 3 / 1 7 

chromosome comp l ement ( Ma suda , Okamoto and Wa ide , 1 9 7 5 ) . 

2 . 2 . 2 .3 Goa t s  

Fami l i a l  cent r i c  f u s ion trans locat i ons have been obse rved 

severa l t imes i n  phenotypica l l y norma l goats ( Padeh , Wy sok i , 

Aya lon and Sel l e r , 1 9 6 5 ; Sel ler , Wysoki and Padeh , 1 9 6 6 ; 

Hu lot , 1 9 6 9 ;  Popescu , 1 9 7 2 ; R i cordeau , 1 9 7 2 ) .  I t  ha s 
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not been determi ned i f  the trans locat ions i nvolve the same 

autosome s . 

Sol le r  et aL . ( 1 9 6 6 } reported a fami l i a l  centri c  fus i on 

of two acrocent r i c  autos omes i n  a f am i ly o f  Saanen goats . 

A s i m i lar trans location was obse rved i n  an apparently 

unre l ated xx / xy pseudohermaphrodi te ( Padeh e t  aL . ,  1 9 6 5 } . 

A later s tudy by Padeh , Wysoki and So l l e r· ( 1 9 7 1 } found 

that heterozygous and homo z ygous anima l s  born in a series 

of mat ings were phenoty p i ca l ly norma l .  

Evans et aL . ( 1 9 7 3 }  a l so reported a Robertsonian trans locat­

ion i n  a goat and ident i f i ed the individu a l  chromosomes 

i nvol ve d  in the t rans loca t i on . 

2 . 2 . 2 . 4  Sheep 

Ear ly s tud ies on sheep 

sheep , d i d  not revea l 

the extens ive studies 
' 

Bruere ( 1 9 6 9} ;  
' 

Bruere 

chromosome s ,  in a l arge number of 

any chromosome polymorph i sm .  From 

on dome s t i c  sheep ( Ov.i.I:J a;z,.ie.I:J by 

and M i l l s  ( 1 9 7 1 ) ;  Bru�re et al . 
' 

( 1 9 7 2 ) and Bruere ( 1 9 7 4 )  chromo some po lymorph i sm has been 

found in a number of sheep . 

A ster i l e  ram wa s found w i th a trans location compr i s i ng 

o f  a large and a sma l l  autos ome . Four phenotypica l ly 

norma l relatives a l so car r i ed the translocat ion . Thi s  

s ubmetacent r i c  trans locat ion wa s named the Mas sey I tran s l o ­

cat ion ( t 1 } b y  Bru�r e  and Mi l l s ( 1 9 7 1 } .  

I n  the same survey a Robe r t sonian trans locat ion i nvolv ing 

two of the large acrocentr i c s  wa s f ound i n  a norma l Romney 

ewe . The metacentr i c  chromo some wa s named the Ma s sey I I  

t rans locat ion ( t2 } ( Bruere and Mi l l s , 1 9 7 1 } .  

A thi rd Robert sonian trans locat ion ( t 3 } wa s found i n  the 
' 

Drysda le breed of sheep by Bruere e t  al . ( 1 9 7 2 ) .  The trans-

location formed f rom the f u s i on o f  one of the larger and 

one of the sma l ler acrocentr i c s . 
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The three trans loca t i on s  have been identi f i ed by a Giem s a ­

banding technique ( Brubre e.t al • , 1 9 7  4 ) . T h e  compos i t i on 

o f  the trans locat ion chromos omes i s
. 

t 1 ( 5 : 2 6 ) ; 

and t 3 ( 7 : 2 5 ) . 

t 2 ( 8 : 1 1 )  

I n  the s tudy by Bruere e.t al . ( 1 9 7 2 ) o f  3 2 7  sheep the ove r ­

a l l  i nc i dence o f  chromosome polymorphi sm wa s f ound t o  b e  

2 6 . 3  percent . The Robertsonian trans loca t i on ( t  1 ) wa s 

found i n  1 2  ( 7 . 6  percent ) of the 1 5 8 sheep exami ned f rom 5 

ped igree f l ocks o f  Romney Mar s h  sheep in England ( Bruer e , 

Evans , Burtenshaw and Brown , 1 9 7 8 ) . The i n c i dences o f  

Robertsonian t rans locat ions i n  dome s t i c  sheep a r e  gi ven 

in Tab l e  2 . 1 . 

The diploid chromosome number i n  member s  o f  the Genus O v i �  

var ies between 5 2  a nd 5 8  ( Schm i t t  a nd U lbr ich , 1 9 6 8 ; Wur s t e r  

and Beni rschke , 1 9 6 8 ; Nadler , 1 9 7 1 ; Nadler e t  al . ,  1 9 7 3 ) . 

I n  a l l  ca s e s  the N . F .  wa s 6 0 , or 5 8  i f  only the auto soma l 

arms were counted ( Nadler e t  al . , 1 9 7 3 ) . 

Be s ides dome s t i c  sheep with c hromo some po l ymorph i sm the 

only other known member of the s ub- fam i l y O v i � , Superfam i l y  

B o v oi..dea w i t h  a chromosome number l e s s  than 5 4  i s  the 

S iberian Snow sheep , 0 .  ni vico la alle.ni ( Nadler e.t al . ,  

1 9 7  3 ;  Korobi t syna , Nad l e r , Vorontsova and Hof fmann , 1 9 7  4 ) . 

The chromosome changes have pa s se d  through the heterozygous 

state in relat i ve ly recent t ime s o n  the evo lut i onary sca l e . 

2 . 2 . 2 . 5  Dogs 

Cent r i c  fus ion tran s locat ions have been de scribed in pheno­

typica l ly norma l dog s ( Ma and G i lmore , 1 9 7 1 ; Larsen e. t  al . ,  

1 9 7 8 ) . Cent r i c  f u s ion o f  chromo somes has a l so been reported 

in dog s with anatom i ca l abnorma l i ti e s  shown to be unre l a ted 

to the trans l o c a t i on and in dog s with anatomical  defects 

where a cause a nd e f fect relation s h i p  was equivoca l ( Shive , 

Hare and Patter son , 1 9 6 5 ; Patterson , Hare , Shive and Lug i n ­

buh l , 1 9 6 6 ; Har e , Wi l k inson , McFee ly and Ri ser , 1 9 6 7 ) . 



TABLE 2 . 1 : INCIDENCE OF ROBERTSONIAN TRANSLOCATION$ IN DOMESTIC SHEEP 

Number Stud ied Trans locat i on 
Author Breed Country 2 n  ( Number with % Type 

Trans location ) 

' 
Bruere , A. N. ( 1 9 6 9 ) Romney N. Z. 53 6 ( 4 )  Ma s sey I 

' 
and 1 8 0 ( 2 5 )  Bruere , A. N. Romney N. Z. 53 1 3 . 9  t--la s sey I 

Mi l l s , R. A. ( 1 9 7 1 ) . . I I I )  2 (  2 )  Ma s sey I I  

' 
Bruere , A. N. ; Drysda l e  N. Z. 53 ( ( 7 6 ) 2 3 . 7  Ma s sey I I I  
Chapman , H. i>1 . and ( 3 2 1  
Wy l l i e , D. R. ( 1 9 7 2 )  " " 52 ( ( 6 ) 1 . 9 " " 

' 
Bruere , A. N. Pol led N. Z. 53 . 1 1  ( 4 )  " " 

( 1 9 7 2  unpubl i shed ) Drysda le 

' 
Bruere , A. N. ( 1 9 7 3 )  Romney N. Z. 53 3 0 9 ( 3 )  Ma s sey I I  

' 
Bruere , A. N. ; Romney N. Z. 53 3 2 3 ( 3 5 )  1 0 . 5  Ma s sey I I  
Chapman , H . M. ; " " � �  ( 1 2 8 � 2 a �  2 2 . 6  Ma s s ey I & I I  
Jaine , P. M. and ( 
Morr i s , R. M. ( 1 9 7 6 )  " " 53 ( 2 3 ( 5 )  

52 ( ( 1 ) 
2 6 .  1 Ma s s ey I I I  

' 
Bruere , .!\. N . i 
Evans , E. p .  i Romney Eng land 

53 1 58 ( 1 1 ) 7 . 6  Ma s sey I 
Bur tenshaw , M. D. 52 ( 1 ) 
and Brown , B. B. ( 1 9 7 8 ) 
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2 . 2 . 3  Robertsoni a n  trans l ocation s  i n  man 

An exten s ive amount of research has been carr ied out on 

the human karyotype . Thi s  is due to the f i nding that a 

var iety o f  c l in i c a l  cond i t i ons are o f ten a s soc iated w i th 

an abnorma l karyotype . 

Robertsonian tran s l ocations are the most common tran s l o ­

cat ion reported i n  man and are pres ent i n  0 .  5 percent o f  

the popul at ion ( Court Brown , 1 9 6 7 ) . O n l y  chromo some s i n  

groups D and G a r e  acrocentr i c  ( 1 0  out o f  4 6  chromosome s ) .  

Human a crocentr i c  chromosomes have v i s ib l e  sate l l i te s , 

bel ieved to cons i s t o f  euchroma t i n  on the i r  short arms 

( Ferguson- Smi th and Handmaker , 1 9 6 1 ; 1 9 6 3 ) . Associations 

between the acrocentr i c  chromosomes are very obv ious in 

human metaphases . Th i s  phenomenon , ca l led sate l l i te as soc ­

i a t ion , wa s f i r s t  reported by Fergu son - Smith and Handmaker 

( 1 9 6 1 ) ;  Harnden ( 1 9 6 1 ) and Ohno , Truj i l l o , Kaplan and 

K inos i ta ( 1 9 6 1  ) and obs erved in m i t o t i c  me taphases . The 

phenomenon o f  sate l l i te as sociation wa s a l so reported i n  

me ios i s  b y  Ferguson - Smi t h  ( 1 9 6 4 ) . There were a numbe r o f  

reports o f  a random a s soc iat ion pa ttern of the D group 

c hromos omes ( Shaw , Cra ig and R i ccu i t i , 1 9 6 9 ;  Nakagome , 

1 9 6 9 ; Cueva s - Sosa , 1 9 7 0 ) . The ana ly s i s  o f  sate l l i te as soc ­

iat ion i n  banded chromosomes found that individua l s  w i th 

non- random sate l l i te a s sociation pa ttern are f requently 

present ( Pa t i l and Lub s , 1 9 7 1 ; Cook , 1 9 7 1 , 1 9 7 2 ;  Nakagome , 

1 9 7 3 ) .  By means o f  ana ly s i s  of var i ance , Jacobs , Mayer 

and Morton ( 1 9 7 6 ) f ou nd tha t there wa s a h i gh l y  s igni f i cant 

heterogene i t y  among i nd ividua l s  for the sate l l i t e  a s soc i a t ­

ion tendenc i e s  o f  a l l  the acrocentr i c s . However , Hans son 

( 1 9 7 9 ) found in h i s  stud ies that there wa s a spec i f i c  

tendency f or certa i n  sate l l i te a s soc iat ions between certa i n  

acrocentr i c  chromosome s .  F o r  exampl e , chromosome 1 3  had 

a s pec i f i c  tendency to as soci ate with chromosome 1 4 and 

1 5 .  

A Robe r t sonian tran s l ocation be tween two members of the 

D g roup of chromosome s ( 1 3 ,  1 4 and 1 5 )  D / D  or t ( Dq Dq ) 
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i s  the mos t  commo n . Between one i n  8 0 0  ( Ford , 1 9 7 3 )  and 

one in 1 0 0 0  ( Jacob s , Buckton , Cunni ngham and Newton , 1 9 7 4 ) 

i nd iv idua l s  carr i e s  a ba l anced D / D  trans loca t i on . A t ran s l o ­

cat ion between two m ember s  o f  the G group o f  chromosome s 

( 2 1 and 2 2 ) G / G  or t ( 2 1 q  2 2 q )  or between member s o f  both 

groups D / G  or t ( Dq Gq ) are rather mor e  rare . Evan s , 

Cann i ng , Hunter , Mart s o l f , Ray , Thompson and Hamerton ( 1 9 7 8 )  

f ound , i n  a survey o f  1 4 , 0 5 9  newborn i n fant s , 1 1  Robert s ­

onian trans locations i nvol v i ng chromosomes 1 3  and 1 4 , one 

1 4  a nd 1 5 , and one 1 4  a nd 2 1 . Th i s  con f i rms previous observ­

a t i ons that chromosome s 1 3  and 1 4  a re preferent ially involved 

in the t ( Dq D q )  c l a s s , whi l e chromo some s 1 4  and 21 are 

the mos t  commonly i nvo lved i n  t ( Dq G q )  ( Cohen , 1 9 7 1 ; 

Hecht a nd K imber l i ng , 1 9 7 1 ; M i kke l sen , 1 9 7 3 ;  Friedrich 

and N i e l sen , 1 9 7 4 ;  Jacobs e t  af . ,  1 9 7 4 ; Jacobs , Frackiew i cz , 

Law ,  H i l d itch and Morton , 1 9 7 5 ) . 

The D / D  trans l ocation i s  a metacent r i c  chromo some , fami l i a l  

and car r i e r s  o f  i t  produce o f f spr i ng whi ch are e i ther norma l 

ba lanced car r i e r s  or t r i som i c  for a D group chromosome . 

Most D / D  trans locations appear to be of no consequence 

to the i r  car r i e r s . Trans location ca r r i e r s produce subs tant ­

i a l l y  fewer phenotypica l l y  and chromosoma l l y  abnorma l of f ­

spring than expected o n  the ba s i s  o f  me iotic product ion 

a nd equa l fert i l i z ing capa c i t i e s  o f  norma l and abnorma l 

gametes ( Hamerton , 1 9 7 0 ) . The rea son for thi s cou ld be 

f a i l u re of impl antation or e l iminat ion through an early 

abortion o f  unba lanced z ygotes . Impa i red fert i l ity i s  

only occas iona l ly noted i n  ma l e s  ( Chandley , Edmond , Chri s t i e , 

Gowans , F letche r , Fra c k i ew i c z  and Newton , 1 9 7 5 ) and the 

great maj or i t y  of ba lanced carr i e r s  do not have any increa s ­

e d  f requency o f  spontaneous abortions ( N iel sen and Rasmus sen , 

1 9 7 6 ) . Howeve r , occa s i ona l i nd iv i dua l s  a re known to have 

had s evera l or even numerous unexp l a i ned mi scarriages 

( Wi l s on , 1 9 7 1 ; von Kosku l l  and Aula , 1 9 7 4 ;  Gahmbe rg , 

Paj unen and de la Chape l le , 1 9 8 0 ) . I t  ha s been sugge s ted 

that the de letion of certain sequences f rom the chromosomes 

involved in the trans location may be l e s s  we l l  tolera ted 
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i n  certa i n  genet i c  backgr ound s  ( Go sden , Gosden , Lawr ie 

and Mitche l l , 1 9 7 8 ) . 

Mikke l se n  (19 71) i n  revi ew i ng the l i terature on the 

f requency o f  Robert sonian tran s l ocat i ons i n  patients with 

Down ' s  Syndrome ( tr i somy 21) , f ound that 8 percent born 

to moth e r s  under the age o f  30 had a trans location . A 

t r i s omy 21 mongol has 4 7  c hromosome s i nstead o f  the norma l 

46 . However , a number o f  mongo l o i d  i nd i v i dua l s  ( 2 to 5 

percent ) have 46 chromosomes with the extra chromosome 

i n  the form of a trans l o c a t i on ( Hamerton , Canni ng , Ray 

a nd Smi th , 19 75 ) . Between 25 a nd 50 percent of tran s loca t ­

i on mongo l s  have i nher i ted the trans loc a t i on chromosome 

f rom a parent ( Gianne l l i , Hamerton a nd Carte r , 1965 ; Court 

Brown , 196 7 )  whi l e  in the r ema i nder the trans l ocat ion ha s 

a r i sen d.e n o v o . 

2.2.4 Robertsonian tran s locat ions i n  the mou s e  

The ear l i e r  reports of tra n s l ocat i on s  i n  the mouse inc lude 

those made by Ford , Hamerton , Ba rnes and Lout i t , (1956 ) ;  

Ohno and Ca ttanach (196 2 ) ;  Bennett (1965 ) ;  Chu and Ru s se l l  

(1965 ) and Evans , Lyon and Dag l i sh (196 7 ) .  The most s ign i f ­

icant repo r t  o f  trans locat i o n s  i n  . mice wa s made by Gropp 

.e t  af • in 1 9 7 0 • They repo rted tha t the tobacco mouse ( M .  
p o .t> ch .i a v.inu.t> Fa t i o , 1 869 ) , a wi ld commensa l mouse of the 

Va l poschiavo , d i f f e red f rom the grey hou s e  mouse ( M .  

mu.t> c u f u -t> )  b y  seven Robert son i a n  trans locat ion s . The tobacco 

mouse wa s found to have 2 6  chromosomes i n c l ud ing seven 

pa i r s  of metacentr i c s  as compared to 4 0 , a l l acrocentr i c s , 

i n  M .  mu.t> c u i. u -t> .  

res u l t ing in F 1 
7 metacentr i c s . 

hybrids had the 

� p o .t> ch.i a v .i n u .t>  and M �  m u.t> cuf u .t>  were cros sed 

hybr ids w i th 3 3  chromosome s ,  inc lud i ng 

( Te t tenbo r n  and Gropp , 19 70 ) .  The F 1 
Rober tson i a n  tran s location i n  the hetero-

zygous state and were found t o  be fu l ly viable but with 

grea t l y  reduced fert i l i ty .  
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The 7 trans locat ions were ind i vidua l l y  i solated i nto separ­

ate mouse strains . S tud i e s  were car r i ed out by Cattanach 

and Mos e l ey ( 1 97 3 )  on whether the trans loca t ions a l l  l ead 

to non-disj unct ion , and i f  s o , whether they a l l  contr ibuted 

equa l ly .  They found that a l l  seven of the trans loca t i ons 

l ea d  to non - d i s j unction i n  the heterozygous s tate . Howeve r , 

there was a large individua l var iat ion rangi ng f rom 6 .  0 

( T6 ) to 2 9 . 5  ( T 4 )  percent . The leve l s  o f  aneuploidy in i n ­

d i vi dua l heter0z ygotes need not nece s sa r i ly corr e l ate w i th 
" 

tho s e  o f  the combi ned heteroz ygote s ( Wh i te e t  af ., 1 9 7 8 ) 

although thi s wou l d  appear to be the case i n  some tobacco 

mouse hybr i d s  ( Cattanach and Mos e l ey , 1 9 7 3 ) . The high 

l eve� o f  aneuploidy were a l so cons i s tent with high f requenc ­

i e s  of zygot i c  loss ( Te ttenborn and Gropp , 1 9 7 0 ; Cattanach 

and Mos eley , 1 9 7 3 ) . The reduction i n  fert i l ity repo rted 

in F 
1 

tobacco mou se X dome s t i c  mous_e progeny-- -i s  con s id-ered to - I 

be the resu l t  of the d i f ferent genet i c  backgrounds of each 

spec i e s . The anima l s  have been geograph i c a l l y  i s o l a ted 

f rom each other and have deve loped some degree of reproduct-
' . 

ive i solation ( Bruere and E l l i s , 1 9 7 9 ) . 

The propor tion of aneup l o i d  spermatocytes and oocyte s which 

actua l l y  develop into funct iona l game te s and form abnorma l 

embryos has been the subj ect of many inve s t igations ( Tetten­

born and Gropp , 1 9 7 0 ; Dar ing , G ropp and Tettenborn , 1 9 7 2 ;  

Ford , 1 9 7 2 ;  Ford and Evan s , 1 9 7 3 ; Cattanach and Mos e ley , 

1 9 7 3 ; Gropp , 1 9 7 3 ; Oshimura and Takag i ,  1 9 7 5 ) . Many 

of thes e  stud i e s  ind icated that there wa s l i t t l e  s e l e c t i on 

aga in s t  aneup l o i d  gamet e s , zygot e s , or early blastocys t s , 

and that th i s  only becomes d i s c e r n i b l e  around , or shor t ly 

a f ter , the time of implanta t ion . White et al.. . ( 1 9 7 8 ) f rom 

the i r  s tud ies on t r i p l e  t rans loca t i on- carry i ng mouse hetero­

z ygote s ,  sugg e s ted that the l im i tat ions of the techn i qu e  

used o r  spec i f i c  gene t i c  factor s , or both , may b e  re spon s ­

ible for tho s e  d i s c repanc ie s . They a l so found tha t the 

segrega tion products in the embry o s  were ba lanced and demon­

st rated no pre f erent i a l  segregat ion of the transloca t i ons . 
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Phenotypi c  e f fects o f  Rober tsonian trans locations 

in dome s t i c  a n ima l s  

Mos t  repo r t s  i nd i ca t e  that ma l e  and f ema le anima l s  hetero­

z ygous for a Robertsonian translocat ion are phenotypica l ly 

norma l .  There are a few report s  o f  dome s t i c  anima l s  having 

phenotyp i c  changes due to a Rober t sonian trans locat ion , 

a nd the s e  are s ummar i zed i n  Tabl e  2 .  2 .  The r e lationship 

between the phenotypi c  change and the presence o f  a Roberts ­

onian trans locat ion i s  often not c l ear a nd i t  may have 

been coinc i denta l tha t the s e  were f ound together . 

I n  Swe di sh catt l e , a l though no phenotyp i c  abnorma l i t i e s  

were observed , i t  ha s been reported t h a t  ther e  i s  a n  increa s ­

ed return t o  serv i c e  of daughte r s  o f  bu l l s  heterozyous 

for the 1 / 2 9  tra n s location ( Gustavsso n , 1 9 6 9 ; Gustavsson , 

1 9 7 1 ; R e f sdal , 1 9 7 6 ) . The reduc t ion i n  f e r t i l ity i s  

thought t o  re s u l t  f rom the ear l y  death o f  embryos w i th 

unba lanced ka ryotypes . King e t  a £  . ( 1 9 8 1  ) pre s ented d irect 

ev idence for the occurrence o f  chromosoma l ly unba lanced 

embryos s i red by bu l l s c a r r y i ng the 1 / 2 9  trans locat ion , 

s ugge s t i ng non - d i s j unct ion a nd the forma t i o n  of hype r ­

haploid gametes w i th ferti l i z at io n  abi l ity ( K i ng et a i. . ,  
1 9 8 0 ) . A s i m i l a r  s tudy by Pope scu ( 1 9 8 0 ) revea led. the 

presence o f  two monosomic embryos in 1 3 -day b lastoc ysts 

col lected f rom cows i nseminated w i t h  semen f rom bu l l s  carry­

i ng the 1 / 2 9  trans location . It ha s a l so been found that 

the frequency o f  degenerat i ng embryos wa s s i g n i f i cantly 

higher when the s i re s were hetero z ygous for the 1 / 2 9  trans ­

location ( L i na r e s , K ing and Gustavs son , 1 9 8 0 ) . Me i o t i c  

stud i e s  i n  bu l l s  heterozygous for t h e  1 / 2 9  trans loca t ion 

have revea l e d  non-d i s j unction ( Logue , 1 9 7 7 ;  Pope s cu ,  1 9 7 8 ) 

at a rate i ncrea sed by 5 . 5  per cent over norma l bu l l s ( Logue 

and Harvey , 1 9 7  8 )  . The se e s t imate s are in agreement w i th 

the observa tions o f  K i ng et al . ( 1 9 8 1 ) that 5 . 2 6 percent 

of the ana lysable embryos had unba l a nced karyotype s and 

with decrea s e s  of 5 percent and 7 percent in 2 8 - and 5 6 -

day non- return rates i n  hete rozygous bu l l s ( Dyrendah l  and 

Gu stavs son , 1 9 7 9 ) .  



TABLE 2 . 2 :  ANIMALS WITH PHENOTYPrC ABNORMAL ITIES AND A ROBERTSONIAN TRANSLOCATION 

Author and Date 

Gus tavs son , I .  and 
Rockborn , G .  ( 1 9 6 4 ) 

Rug iat i ,  s .  and 
Fedr igo , M. ( 1 9 6 7 ) 

( 1 9 6 8 ) 

Her zog , A .  and 
Hohn , H .  ( 1 9 7 1 ) 

Froget , J . ; Co ulon , 
J . ; Na in , M .- C . and 
Da lbiez , J . -fvl .  
( 1 9 7 2 ) 

Sh i ve , R .  J . ; Hare , 
H . C . D . ; and 
Patterson , D . F .  
( 1 9 6 5 ) 

Hare , W . C . D . ; 
vH lki nson , J . S . ; 
McFeely , R . A .  and 
R i ser , W . H .  ( 1 9 6 7 ) 

Spec ies 

Cattle 

Cat t l e  

1 1  

Cattle 

Ca ttle 

Dog 

Dog 

Number Phenotypic abnorma l i ty 

3 L ympha tic Leukaemia 

1 Achondropl a s tic dwar f i sm 
Chondrody stroph i c  

2 les ions 

1 C . N . S .  abnorma l i t i e s  

1 

Crooked forelegs 

Congenital cardiac 
defect 
c l e f t  upper l i p  

Bone chondropl a s i a  

Karyotype 

5 9  chromosomes 
including 1 / 2 9  
trans location 

5 8 , xy inc lud i ng 
2 ( 1 / 2 8 ) tran s l oc a t ­
ions 
5 9 , xx including 
( 1 / 2 8 ) trans location� 

5 9  chromosomes 
includ ing 
trans location 

5 9 , xx i nc l ud ing 
1 / 2 9  trans loca t ion 

7 7 , xy incl uding 
submetacentr i c  
trans location 
chromosome 

7 7 , xx i nc l ud i ng 
subte locentr i c  
trans loca tion 
chromosome 

Cont inued • •  

!'V 
0 

.. 



TABLE 2 . 2 :  CONTI NUED 

Author and Da te 

Pa de h ,  B . ; Wysoki , M . ; 
Aya lon , N .  and 
Sol ler , M .  ( 1 9 6 5 )  

Bruere , A .  N .  
( 1 9 6 9 ) 

' Bruere , A . N .  and 
M i l l s , R . A .  ( 1 9 7 1 ) 

' 
Bruere , A .  N .  ; 
Chapman , H . M .  and 
Wyl l i e , D . R .  ( 1 9 7 2 ) 

Long , S .  E .  ( 1 9 7 8 )  

' 
Bruere , A . N .  and 
E l l i s , P . M .  ( 1 9 7 9 ) 

Spe c i e s  Number 

Goa t 1 

Sheep 1 

Sheep 5 

Sheep 2 

Sheep 1 

Sheep 1 3 

Phenotypic Abnorma l i ty 

P s eudohermaphrod i te 

Sma l l  abnorma l l y shaped 
tes t i c l e s  a s s o c i a t ed with 
complete spermatocyte 
arrest 

2 rams - monor chids 
3 rams - " hour - g l a s s "  
testes with spermatocyte 
arrest 

1 ram - a t rophic testes 
and absence of epid idym i s  
o n  r i ght 
1 ewe - segmental 
a p l a s i a  o f  geni t a l i a  

Testicular hypop l a s i a  

Severe l y  under shot ( 1 )  
wry, n e c k  l -, ) 
Hour - g l a s s  testes ( 2 ) 
F r eem� r t i n  sheep ( 2 ) . Un 1 1 a � a r a l  c ry p t orch1 ds 
C l e f t  pa l a t e ( 1 ) ( 6 ) 

Karyotype 

xx / xy 5 9  chromo somes 
i n c l ud i ng 
trans loca t i on i n  
xx ce l l s  

5 3 , xy including 
trans loca t i on 
chromo somes 

5 3 , xy i nc l ud i ng 
trans locat ion 
chromo some 

5 3 , xy i n c l ud i ng 
tra n s l ocat ion 
chromo some 
5 3 , xx i nc lud i ng 
trans locat ion 
chromosome 

5 3 , xy i n c l ud i ng 
trans loca t i on 
chromo some 

Translocat ion 
carrying anima l s  

IV .... 
• 
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2 . 3  THE CHROMOSOMES OF S HEEP AT ME I OS I S  

The number and morphology o f  sheep c hromo some s were in i t i a l ­

l y  inve s t i ga t ed by s t ud i e s  u s i ng tes t i c u la r  mate r i a l  
( Wodseda l e k , 1 9 2 2 ; Kra l l i nger , 1 9 3 1 ; Bruce , 1 9 3 5 ; Buta r i n , 
1 9 3 3 - 3 4 ; 1 9 3 5 ;  Novi kov , 1 9 3 5 ; P c hakadze , 1 9 3 6 ; Ahmed , 
1 9 4 0 ; B e r ry , 1 9 4 1 ; Mak i no , 1 9 4 3p, ;  Bom s e l - He lmre ich , 

1 9 5 9 ) . An e s t i ma te of the c hromosome number wa s made by 
P chakad z e  ( 1 9 3 6 )  f rom a s t ud y  o f  p r i mary spermatocyte s , 
a nd Wod sedalek ( 1 9 2 2 ) ,  K ra l l i ng e r  ( 1 9 3 1  ) , Berry ( 1 9 4 1 ) 

a nd Bom s e l - He lmre i ch ( 1 9 5 9 ) conf i rmed the i r  count s with 
s perma t o c y t e  mat e r i a l . 

E a r l y  s tud i e s  on 

( 1 9 4 0 ) a nd Mak i no 
me iot i c  chromo somes were made by Ahmed 
( 1 9 4 3,a ) .  More recent ly , Bruere ( 1 9 6 9 ) , 

Lo i r  ( 1 9 7 1 ) and Nad ler e. t  a i . ( 1 9 7 3 ) repor t ed on the i r  
i nves t i g a t ions i n t o  va r i o u s  stages o f  me ios i s  in the ram . 
H owever , these a u thor s o n l y  exami ned a sma l l  number of 
c e l l s  and it wa s the stud i e s  by Chapman ( 1 9 7 4 ) , Logue ( 1 9 7 7 ) 

' 
Long ( 1 9 7 8 ) and B ruere , S c o t t  and Henderson ( 1 9 8 1 ) tha t 
has g i v e n  u s  a bet ter unde r s ta nd i ng of me io s i s  and me i o t i c  
c hromo somes i n  t h e  ram . 

A deta i led de s c r i pt i on o f  chromo s ome morpho logy dur i ng 
me io s i s  o f  norma l and Robe r t s o n i a n  tran s locat ion-carry ing 
rams wa s g i ven by Chapman ( 1 9 7 4 ) . Chi asma ta we re counted 
i n  3 4  d i a k i ne s i s -me tapha s e  I c e l l s  f rom 1 1  rams w i th norma l 
kar yotype s .  The mean tota l number o f  chi a smata per ce l l  

' 
was 5 5 . 4  ( Chapman a nd Brue r e , 1 9 7 7 ) .  The aneuploid second -
a ry sperma tocyte f requency o f  s i ng l e  hetero zygous ( 9 � 1 -

1 7 . 2  percent ) a nd norma l a nd homo z ygous ( 0 . 0  percent ) rams 
.,� ,  .. t 
w.a.s made by Chapman ( 1 9 7 4 ) . Logue ( 1 9 7 7 ) found tha t the 
mean number o f  c h i a smata p e r  ce l l  wa s s im i lar i n  both norma l 
( 5 1 . 2 ). a nd s i ng l e  heterozygous ( 5 0 . 9 )  rams . Thi s wa s a l so 
t he f i nd i ng o f  Long ( 1 9 7 8 ) who reported ch i a smata c ount s 
o f  5 4 . 3  and 5 4 . 5  in norma l a nd s i ng l e  hetero zygous ( t 1 ) 

rams respect i v e l y . Logue ( 1 9 7 7 ) a nd Long ( 1 9 7 8 ) made 
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e s t imates o f  the aneuploid secondary sperma tocyte f requency 

i n  norma l ( 7 .  3 and 4 .  0 percent } and s i n g l e  heteroz ygous 
' . ( 7 .  0 and 6 .  1 percent } rams . Bruere et aL. ( 1 9 8 1  } exam1 ned 

the leve l s  o f  aneup l o i d  f requency i n  the secondary sperma to­
c y t e s  f rom norma l ( 0 . 0  percent } and t r i p l e  heteroz ygous 
( 5 . 4  pe rcent } rams . 

Edwards . ( 1 9 6 5 ) h a s  d e s c r ibed the matura t i on in vit � o  of 

ewe oocy t e s  
( 1 9 7 8 ; 1 9 80 ) 

and Long ( 1 9 7 4 ;  1 9 7 7 ) and Long and W i l l i am s  
have exami ned the karyotypes o f  embryos and 

unfer t i l i z ed egg s f rom ewe s . The exam i na t ion of pre i mp l ant ­
a t i on b la s tocytes i n  sheep f a i led to dete c t  any abnorma l 
karyotype s ( Long , 1 9 7 4 ; 1 9 7 7 ) . However , i t  wa s s ugge s t ed 
that abnorma l embry o s  may have been degene rat i ng by the 
l a t e  pre imp lanta t i on s tage and tha t mor e  accurate i n forma t ­
i o n  wou ld b e  obta i ned f rom a n  examinat ion of ea r l ier embr yos . 
Con sequently embryos and un f e r t i l i z ed eggs were co l l ec ted 

2 o r  3 da ys p o s t  coi tum f rom mature sheep with norma l karyo­
types ( Long and W i l l iams , 1 9 7 8 ;  1 9 8 0 ) . The karyo type s 
o f  8 9  o f  the 3 7 6  eggs a nd embryos col l e c t ed we re e s tab l i shed . 
T h i r teen o f  the 8 9  were cons idered to deviate f rom the 
norma l . However , the nature of the tech n i que i s  such that 
the pos s i bi l i ty tha t the abnorma l embryo s we re techn i c a l  
a r t e f a c t s  cannot be e x c luded ( Long and W i l l i a m s , 1 9 8 0 ) .  
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A l l  ma t e r i a l s  and method s , u sed i n  t h i s  s t udy o f  m e i o s i s  

i n  the ram , a r e  r e corded a nd d i s cu s sed i n  thi s chapt e r . 

3 . 1  EXPERI MENTAL AN I MALS 

3 . 1 . 1  S e l e c t i on 

F l ocks o f  sheep c a rrying the three d i f f erent trans l o c a t -
ions have b e e n  e s tab l i shed b y  Prof e s sor A .  N .  

" Bruere at 

Ma ssey Univer s i t y . 
these f lock s . 

I n  th i s  s tudy rams were u s ed f rom 

r-1e iot i c  prepa r a t i o n s  were made f rom a total o f  3 0  ram s . 
Three had a no rmal karyotype and the r ema inder were t ra n s ­

loca t i on-bea r i ng a n i ma l s  ( Table 3 . 1  ) .  

TABLE 3 . 1 : NUMBERS AND KARYOTYPES OF RAMS EXAMINED 

Ram type a s  d e t e rm i ned Number o f  Number o f  me i o t i c  
b y  leu cocyte c u l t ur e  rams preparat ions 

Norma l ( 5 4 , xy )  3 3 

Doubl e  he t e r o z yg o t e  ( 5 2 , xy )  4 6 

Triple heterozygote ( 5 1 , xy ) 6 1 2 

S i ngle homo z y go t e  
S i ngle h e t e r o z yg o t e  ( 5 1 , xy ) 3 6 

S i ngle homo z ygote 
( 5 0 , xy )  Doub l e  h e t e r o z y g o t e  1 1 1 9 

Doub l e  hom o z ygote 
( 4 9 , xy )  S i ng l e  heterozygote 3 6 

Tot a l  3 0  5 2  

I ndivi dua l rams were s e le cted f o r  th i s  s tudy o n  the ba s i s  
o f  h i s tory , gen i ta l exam ination and m i to t i c  karyotype . 
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3 . 1  • 1 • 1 H i s tory 

The rams w i t h  a norma l karyotype ( 2 n = 5 4 , xy ) were hea l thy 

and geni ta l l y s ound . 

Inte r - ma t i ng o f  sheep w i th d i f f e rent Robert sonian t ra n s ­

loca t i ons h a s  r e s u l ted i n  the produc t i on o f  progeny w i th 
' 

an ever -decrea s i ng number o f  chromos ome s ( Bruere and E l l i s , 

1 9 7 9 ) . Me i o t i c  prepa r a t i ons were made on i nd i vidu a l  rams 
w i th karyotyp e s  of 2n = 5 2 , 5 1 , 50 and 4 9 . 

3 . 1 . 1 . 2  Gen i t a l  Exam i na t ion 

' 
Rams were exam i ned and f ound to be geni ta l l y sound ( Bruere , 
1 9 7 0 ) . Te s t i c u l a r  s i z e and tone were a s s e s sed by manual 
palpa t ion . Chapman ( 1 9 7 4 )  c l a s s i f i ed the testes she u s ed 
i n  her meiot i c  s t ud i e s  a s  sma l l , med i um or large i n  s i z e 
and the i r  tone a s  s o f t  and d u l l  1 f i rm a nd e l a s t i c  1 o r  
f i rm and du l l . O n l y  tho s e  r a m s  w i t h  t e s tes of med i um 
to l a rge s i z e and o f  good tone were u s ed i n  the present 

' 
study ( the rams were a s s e s sed by manua l pa l pa t ion by Prof . Bruere ) 

The s i z e o f  the te s t i s  i s  a rea s ona b l e  guide to spe rma t o ­
gene s i s  i n  the r a m  a nd i t  i s  t hought tha t inc rea s e s  i n  
s i z e a r e  d u e  ma i n l y  to i ncreased a c t i v i t y  o f  the sem i ­
ni ferous tubu l e s  ( Wa t son 1 Saps ford and McCance 1 1 9 5 6 ; 
Vog lmayr and Mattne r , 1 9 6 8 ) . 

3 . 1 . 1  . 3  Mi tot i c  Karyotype 

The k aryotype s of the rams u sed in th i s  study were dete r ­

m i ned b y  a who l e  b l ood l eucocyte technique ( Bru�r e  a nd 
McLaren 1 1 9 6 7 ) . Deta i l s  o f  the ma ter i a l s  u s ed are g i ven 
in Append ix I .  

3 . 1 . 2  Method f o r  Obta i n i ng Te s t i c u l a r  Mater i a l  

Two me thod s 1 t e s t i c u l a r  biopsy a nd c a s trat ion 1 are used 
for obta i n i ng t e s t i c u l a r  mate r i a l  f rom the · l i ving anima l . 
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3 . 1 . 2 . 1  Te s t i cu la r  b iopsy 

Charny ( 1 9 4 0 ) wa s the f i r s t  to de s c r ibe the techn i qu e  

o f  t e s t i c u l a r  b i o p s y  i n  man . There have subsequent l y  
been a number o f  pape r s  d e s c r i b i ng the me thod i n  both 
man ( Charny , 1 9 6 3 ; Rov1 l e y  a nd H e l l  e r , 1 9 6 6 ; Hendr i c k s , 
Lanb i rd a nd Murphy , 1 9 6 9 ; Wong , S t r a u s  and Warner , 1 9 7 3 ; 

Colgan , Bedard , S t rawbr i dg e , Buckspan and Krot z , 1 9 8 0 ) 
a nd the dome s t i c  a n i ma l s  ( S yk e s , Wrenn , Moor e , Unde rwood 
and Sweetman , 1 9 4 9 ; Byer s , 1 9 5 3 ; Knu d s en , 1 9 6 0 ; McDona l d  
a n d  Hud son , 1 9 6 0 ; Ga l i na , 1 9 7 1 ; E a g le s ome , Hare a nd 
S i ngh , 1 9 7 9 ) . 

A review wa s made by Ga l i na ( 1 9 7 1 ) on the v a l u e  o f  tes t i c ­
u l ar biopsy i n  fa rm a n i ma l s . Various worker s have reported 
that the t ec hn i que , u s ed in the bu l l , res u l t s  i n  decrea s e  
i n  sperm concentra t i o n , morpholog i ca l  chang e s  i n  
a nd i n f e c t i o n s  n e a r  the bi opsy s i t e ( S ykes e t  a f . , 

tubu l e s  
1 9 4 9 ; 

"' �  
Ga s s ner and H i l l , 1 9 5 5 ; Ve z n i k , 1 9 6 2 ; Gordon , Barr , 

H e r r i g e l  and Pa u l sen , 1 9 6 5 ) . Other wo rkers have repor ted 
that the technique ha s l i t t l e  e f f e c t  on s emen qua l i t y or 
t e s t icular h i s to logy ( Bye r s , 1 9 5 3 ; McDo na ld , 1 9 6 0 ; Knud s e n , 

.., , 
1 9 6 0 ) . S t i pancev i c  ( 1 9 6 6 ) h a s  sugges ted that surg i c a l  
t rauma produced b y  b i opsy i n  t h e  ram cau sed i n f l amma tory 
r e s ponses of the t e s t i c l e wh i c h  re s u l t s  in depres sed sperm­
a t ogene s i s . Ga l ina ( 1 9 7 1 ) mod i f i ed the technique a nd 
h a s  reported a n  i mproved m ethod s u i ta b l e  for rams , boa r s , 
bu l l s  and s ta l l i on s . More recent l y , E a g l e some et a f .  ( 1 9 7 9 }. 
conc l uded f rom the i r  work i n  the bu l l  that the i r  procedure 
wa s a safe a nd prac t i ca l  m e thod of obta i n i ng te s t i c u l a r  
t i s s ue f o r  m e i o t i c  a n a ly s i s  a nd t h e  e f f e c t s  on t h e  s emen 
of the bu l l  we r e  t r a n s i e n t . Logue and Harvey ( 1 9 7 8 ) have 
a l so u sed the techn ique , w i thout a ny comp l i cat i ons , i n  
the i r  stud i e s  i n  t h e  bu l l .  B i opsy i s  wide ly u s ed a s  a 
techniqu e  i n  huma n m ed i c i ne for prov i d ing ma t e r i a l  for 
both h i s to l og i ca l  and cytogene t i ca l  ana l y s i s  ( Co lgan et a f ., 
1 9 8 0 ) . Howeve r ,  the me thod can only be us ed for the c o l l ­
e c t ion o f  sma l l  p i e c e s  o f  t e s t i cu l a r  ma t e r i a l  and for 
th i s  reason it wa s not t r i ed i n  the pre sent wor k . 
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i n  th i s  s tudy 

me thod e n s ured 

that there wa s s i g n i f icant mater i a l  for bot h  h i s t o l o g i c a l  
and me i o t i c  s t ud i e s . 

Samp l e s  f rom both t e s t i c l e s  were u t i l i zed i n  the maj o r i ty 
of rams . The s e cond t e s t i s  wa s removed f rom a fevT da ys 
up to a year a f t e r  the f i r s t . Chapma n ( 1 9 7 4 )  found in 

a number o f  rams tha t t h e  wei ght o f  the s econd t e s t i s  
wa s les s than the f i r s t  whe n  the t e s t e s  we re removed with­
in 1 0 days o f  e a c h  othe r . She r eported that th i s  d i d  

not appear t o  h a v e  a ny a f f e c t  on t h e  res u l t , a l though i t  
ha s prev i ou s l y  been sugge s t ed b y  Gas s ner and H i l l  ( 1 9 5 5 ) 

that surg i c a l  i n t e r f e rence may adver s l y  a f f e c t  the sperm­
atogen i c  funct ion o f  the contra l a t e r a l  t e s t i s . In the 
present s t udy it was obs e r ved that poor me i o t i c  r e s u l t s  
we re o f te n  found i n  the s e cond te s t i s  when i t  wa s removed 
within 7 days of the f i r s t . 

At f i r s t  Cha pma n ( 1 9 7 4 ) c a s t r ated the rams under a genera l 
anae sthe t i c . The rams were s ta rved overn i ght prior to 
castra t i on . The s c ro tum wa s c l i pped and c l eansed w i th 
warm wa t e r  conta i n i ng dete r g ent . 

Pentoba rbi tone s od i um ,  6 0  m g / m l , wa s g i ven i ntravenou s ly 
t o  af f ect . Chapman ( 1 9 7 4 ) used th i s  me thod for the f i r s t  
3 8  ope ra t ions a nd then s h e  c a s t r a ted the rams und e r  a 
l oca l anae s the t i c . Th i s  me thod wa s a l so u s ed i n  th i s  
s tudy . The ram wa s pre-med i cated w i th 4 mg acet y l  proma z i ne 
i ntramuscu l a r l y  a nd 1 . 8 m l  of xyloca i ne wa s inj ected sub­
cutaneou s l y  a long the l i n e  o f  the intended inc i s i on 
( Append i x  I I ) .  

For castrat ion und e r  loca l ana e s t he s i a  the ram wa s held 
f i rmly i n  an upr i g h t  pos i t i on on its h i ndqua r t e r s . P r i or 
to surgery the s c r o tum wa s f i r s t  d i s i n fe cted w i th aqueou s 
hibi tane and then w i th h i b i t ane t i nc t ure . A f te r  s te r i l e  
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drape s were p la c ed a round the s u rg i ca l  s i te the ram wa s 

un i l a t e ra l l y c a s t ra ted by the " open" me thod . An i n c i s ion 

wa s made down to t h e  tunica a lbug i nea and then ema s c u l ators 

were a pp l i ed a c ro s s  the sperma t i c  cord and the t e s t i c le 
was r emoved . The blood v e s s e l s  were tied off and the 

i nc i s i on sutured . 

A f t e r  r emova l ,  the te s t i s wa s taken . i mmed i a t e l y  t o  the 
l a bora tory whe re s ma l l  p i e c e s  were c u t  f o r  h i s to l o g ical 
e xam ina t i on and o ther s e c t i on s  were u s ed in the me i ot i c  
prepa r a t ions . 

3 . 2  METHOD FOR OBTAIN ING ME I O T I C  CELLS 

Three techniques have been u s ed f o r  the prec>a r a t i on of 
chromo some s f rom t e s t i c u l a r  mate r i a l . 

3 . 2 . 1  H i s to l o g i ca l Sections 

T·he ea r l y  wo rk on a n ima l chromo some s used sec t i oned ma t e r i a l  
p r e s e rved with v a r ious f i xa t i ve s . These s e c t i ons we re 
made in me i o t i c  s t ud i e s  i n  the s heep ( Ahmed , 1 9 4 0 ; Ma kino , 
1 9 4 3 , a ) , goa t ( Ma k i no , 1 9 4 3 , a ) , bu l l  ( Me l ande r  and Kunds en , 
1 9 5 3 ) a nd boar ( He n r i c s o n  and Ba c k s t rom , 1 9 6 4 ) . This 

techn i qu e  gave d i s a ppo i n t i ng re s u l t s  due to t h e  d i f f i c u l t i es 
of pre s e rva t i on a nd the r e s u l t ing separat ion o f  the chrom­
o s ome s . 

3 . 2 . 2  S quash P reparat ions 

A techn i qu e  deve l oped i n  1 9 5 2  by Mak ino a nd N i s h i mura 
e s tab l i shed the making of s a t i s f a c to r y  cyto l o g i c a l  prepa r ­

a t i ons d i r e c t l y  f rom mamma l i a n  gonad s .  T he method they 
a ppl ied to anima l  mate r i a l wa s the squash t e chni que prev­
i ou s l y  u sed i n  p l a nt cytol ogy . T h i s  technique wa s s impler 
a nd g ave morpho l o g i c a l l y  better c h romo som e s  than those 
f rom paraf f i n  sec t ions used in the h i s to l og i c a l  me thod s . 
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The squash techn i que h a s  been mod i f ied a nd used by many 

author s .  Me i o t i c  chromo s ome s prepared b y  s quash method s 

have i n c l uded tho s e  i n  the c a t  ( Ohno , S t eni u s , We i l e r , 

Truj i l lo ,  Kaplan a nd K i no s i ta , 1 9 6 2 ) , bu l l  ( Me l ander a nd 
Kundsen , 1 9 5 3 ; Kundsen , 1 9 5 4 ; Treadwe l l , K i e f f er a nd 
Cartwr ight , 1 9 6 8 ;  Gustav s s o n , 1 9 6 9 ) , sheep ( Berry , 1 9 4 1 ; 
Lo i r , 1 9 7 1  ) ,  man ( Ford a nd Hamer ton , 1 9 5 6 ; Book a nd 
Kj e s s l e r , 1 9 6 4 ; Ohno , 1 9 6 5 ) and rodent s . ( We l s hons , 
G i bson a nd S c a nd l yn , 1 9 6 2 ; Brooks and Lengemann , 1 9 6 7 ) .  

Vve l l  s pread c hromo somes a t  the d ia k i ne s i s  and metapha s e  
stages were obta ined b y  t h e  teas i ng o f  t h e  t e s t i s  tubu l e s  
i n  a hypot o n i c  s o l u t i on p r i o r  t o  f i xat ion a nd s qua shing 

( Fo rd and Hamer ton , 1 9 5 6 ; 
1 9 6 5 ) . 

Book and Kj e s s l e r , 1 9 6 4 ; Ohno , 

The squa s h  techni que h a s  a number o f  d i sadvantage s . The s e  
inc l ude : -

1 )  Ce l l s  may be l o s t  or damaged on remova l o f  the cover ­
s l i p  ( E i c h e r , 1 9 6 6 ) . 

2 )  Repe a t ed obs ervat i o n s  under the m i c r o scope are requi red 
f o r  cont r o l  of s quash ing by thumb ( Roth f e l s  and 

S im i novi tch , 1 9 5 8 ) . 

3 )  Few good spermatogon i a l  c e l l s  are found when hypoton i c  
t reatment i s  used ( Ford and Hame rton , 1 9 5 6 ) . 

4 )  Ce l l s  tend to c l u s ter together ( Ford and Hamerton , 
1 9 5 6 ) . 

5 )  Ve ry f ew we l l - spread f i gures o f  a pa r t i c u l a r  s tage 
of me ios i s  are found i n  the l i mi ted number o f  s l ides 
wh i c h  can be made i n  t he 40 m i nu te t ime l i m i t  sugges ted 
by W e l shons eL a l .  ( 1 9 6 2 ) . 

6 )  Chromosome morpho logy i s  o f te n  poo r , w i th the nuc lei 
often damaged ( Me l ande r  and Knud s e n , 1 9 5 3 ) . 

The squa s h i ng t e chniques are 

chromo s ome spread ing met hod 

commonly used toda y .  

genera l l y i n f e r i o r  a s  a 

t o  the a i r -drying methods 
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3 . 2 . 3  A i r -d r i ed P repara t i o n s  

W e l l  s pread metapha ses w i t h  supe r ior chromosome morph o logy 
are produced by the a i r -dry i ng of f i lm s  of c e l l s  ( Roth f e l s  
a nd S im i novi tch , 1 9 5 8 ) . 

The f i r s t  a i r -dr y i ng me thod for ma l e  mamma l i an me i o t i c  

c hromo some s was pub l i shed i n  1 9 6 3  by Beni r s chke and Brown ­

h i l l . S ub s equen t l y  other a i r -dry i ng m e thod s were publ i shed 

( Eva ns , B r eckon and Ford , 1 9 6 4 ; S a s a k i  and Mak i no , 1 9 6 5 ; 
Mered i th , 1 9 6 9 ; W i l l i ams , Hagen , R unyan and La f f e rty , 
1 9 7 1 ) .  Mod i f icat ions o f  the se methods have been wide l y  
u s ed 
1 9 6 6 ; 
Smi th , 
1 9 7 1  ) • 

f o r  s t ud i e s  i n  man a nd dome s t i c  a n ima l s  ( E icher , 
/ 

Hu l ten , L i nd s t e n , M i ng and Fraccaro , 1 9 6 6 ;  Ferguson-
' 

1 9 6 6 ; pers . comm . t o  Bruere ; Hoo and Bow le s ,  

The me thod o f  Evan s e t  al . ( 1 9 6 4 )  has be en u s ed succ e s s f u l ly 

i n  cat t l e  ( Pope s cu , 1 9 7 1 ) wh i l e mod i f i cat ions have been 
/ 

u s ed , for exampl e ,  in the dog ( E l i a s s on , Gustavsson , H u l t e n  
a n d  L i nd s te n , 1 9 6 7 ) , c a t t l e  ( Gustavs son , 1 9 6 9 ; Logue , 
1 9 7 5 ; 1 9 7 7 ; Logue and Harvey , 1 9 7 8 ) , s heep ( Logue , 1 9 7 7 ; 
Long , 1 9 7 8 ) , goat ( Logue , 1 9 7 7 ) and mou s e  ( Cat tanach 
and Mos eley , 1 9 7 3 ; Boer and G reen , 1 9 7 4 ; Markvong , Ward 
and H s u , 1 9 7 6 ;  Evan s , Beechey a nd Burtenshaw , 1 9 7 8 ) . 
Bru�re ( 1 9 6 9 ) u s ed a s imp l i f i c a t i on supplied by Ferguson-

' 
Smith ( 1 9 6 6  per s . comm . to Bruere ) o f  the me thod of Evans 
et al . ( 1 9 6 4 ) . Chapma n ( 1 9 7 4 ) in her me i o t i c  stud i e s  

' 
i n  rams mod i f i ed the method u s ed by B r ue r e  ( 1 9 6 9 ) .  However , 
Nad l e r  e t  al . ( 1 9 7 3 ) u s ed Mere d i th ' s  ( 1 9 6 9 ) method for 
me i o t i c  prepa r a t i ons f rom rams and Da t t a  ( 1 9 7 0 ) s tud i ed 
me io s i s  in the goat by u s ing the method o f  Ben i r s chke 
and Brownh i l l  ( 1 9 6 3 ) . 

Evan s  e t  al . ( 1 9 6 4 )  t r i ed to ove r c ome s ome o f  the techn i c a l  

d i f f i c u l t i e s  produced by t h e  " wa ve " o f  t h e  s perma toge n i c  
cyc l e . B y  c onver t ing t h e  cont e n t s  o f  t h e  tubu l e s  i n t o  
a s u spe n s i on , the c l umps of spe rma togo n i a  and sperma tocyte s 

are s eparated into s i ng l e  ce l l s  and thorough ly m i xed . 
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The s u s pen s i on a l so a l l ow s  advantage to be taken o f  the 

more even s pread ing o f  the c e l l s  on the s l i de a f f orded 

by the a i r -dry ing procedure ( Roth f e l s  and Siminovi tch , 
1 9 5 8 ) . 

Me r e d i  th ' s ( 1 9 6 9 )  met hod produced good sperma tocyte m eta ­
pha s e s  i n  bo th the r a t  a nd S y r i an ham s t e r  wi thout employing 

e i ther cent r i f ugat ion o r  f ragmentat ion o f  tubu l e s . 

Be n i r s chke a nd Brownh i l l  ( 1 9 6 3 ) and Mered i th ( 1 9 6 9 ) found 
that s l ides could be made s u c c e s s f u l l y  from tubu les wh ich 
have been s tored in c o ld f i xa t i ve f o r  several weeks . 
Th i s  c o u l d  be u s e f u l i n  the c o l l ec t ion a nd subs equent 
exam i n a t ion o f  samp l e s  c o l l ec t ed on exped i t i ons . W i l l iams 
e t  al . ( 1 9 7 1 ) a l so con s i de red that ce l l  l o s s  wa s reduced by 
not centri f u g i ng at any s t a g e . 

A l a r g e  number o f  good m i t o t i c  me taph a s e s  were seen when 
c o l ch i c i ne w a s  inj ected i n t ra - pe r i tonea l l y  prior to the 
s a c r i f i c i ng o f  anir.�a l s  f o r  me i o t i c  s t udy ( E i cher , 1 9 6 6 ) . 

The re have been a number o f  other repor t s  of the pre -trea t ­
me n t  o f  a n i ma l s  w i th c o l c h i c ine a nd these inc l ude : 

(" 
Ben i R s c hke a nd Brownh i l l  ( 1 9 6 3 ) ; C l ende nin ( 1 9 6 9 ) ; 

Tettenborn a nd Gropp ( 1 9 7 0 ) ; Hoo and Bowles ( 1 9 7 1 ) ;  

D�r i ng e t  al . ( 1 9 7 2 ) and C a t t a nach and Mo seley ( 1 9 7 3 ) .  

Col c h i c i ne h a s  been w i d e l y  u s ed for the arre s t  o f  soma t i c  
c e l l s  a t  m i t o t i c  metapha s e  and i t  wa s tried i n  studies 
on me i o t i c  chromosome s s i nc e  it s hou l d  a l so arrest germ 
c e l l s  at f i r s t  and s e c ond me i o t i c  metapha s e s  ( C l endenin , 
1 9 6 9 ) . 

pha s e  
w i t h  

A ma r ked increase i n  c e l l s  a t  f i rst me i o � i c  me ta­
a f te r  o ne and two hour i nterva l s  o f  pre - t reatment 

c o l ch i c i ne wa s demo n s t r a ted by C l endenin ( 1 9 6 9 ) .  

H i s  r e s u l t s  a l so showed tha t a three hour pre-treatment 
increa s ed seco nd me iot i c  metaphase c e l l  count s . The ef fects 
o f  pre - treatment with c o l ch i c i ne i n  r ams � not been 
s tud ied s i nce it wou ld cause pa i n  to the a n ima l . 
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Sodium c i t rate a nd pota s s i u m  chloride a r e  the two mos t  
widely u sed hypoton i c  age n t s  i n  me iot i c  s tudie s . The 

hypoton i c  agents a id in the s we l l i n g  o f  the c e l l s , the 

d i srupt ion of the s p i nd l e  a nd the d i spers ion of the chrom ­
o s ome s . The agen t s  cause a s prea d i ng o f  the chromos ome s 

by loo s e n i ng the i nter -chr omosoma l conne c t i ons , w h i c h  
o therw i s e  ho ld t h e  chromo s omes t i ghtly together i n to a 

, ..., , 
c l ump ( K l a s t e r s ka a nd Rame l , 1 9 7 9 ) . S evera l workers have 
reported that the use of pota s s i um chlor i de as the hypo ­
tonic s o l u t ion resu l t s  i n  sharper de f i n i t i o n  o f  the chrom ­
o s ome out l i ne and l e s s  d i srupt ion o f  the i nd i v idual chrom ­
o s ome ( C l e nden i n , 1 9 6 9 ; L u c i an i , Dev i c to r -Vu i l l et a nd 
S t ah l , 1 9 7 1  ) .  Hung e r ford ( 1 9 7 1 ) reported tha t the struc t ­
ural integ r i ty o f  the chromo some s appear s to have been 
better preserved u s i ng pota s s i um c h l o r i d e  than is the 
case w i th other hypotonic s o lut i o ns . Howeve r , l i t t l e  
d i f ference i n  the e f f e c t i veness o f  the two hypoton i c  
s o l u t i ons ha s been f ound i n  the ma le me i o t i c  s tud ies i n  
sheep ( Chapman , 1 9 7 4 ) .  

E i cher ( 1 9 6 6 ) co n s i de r ed that i n f e r i o r  r e s u l t s  on test i c u l a r  
ma ter i a l  were produced when a f i xa t i ve o f  1 pa r t  ace t i c  
ac i d  and 3 part s methyl a l cohol wa s us ed . She reported 
that better r e s u l t s  were obt a i ned w i th a 1 : 1 m i x ture o f  
acetic acid and me thy l a l coho l . However , there h ave been 
many repor ts of good m e i o t i c  r e s u l t s  o n  te s t i cular mate r i a l  
us i ng a 1 : 3  m i xture o f  a ce t i c  a c i d  and methy l a l coho l . 

3 . 2 . 4  Method used i n  t h i s  Study 

The method u s ed in th i s  s tudy wa s a mod i f icat ion o f  thos e  
o f  Evans e t  al . ( 1 9 6 4 ) and Fergu son-Sm i th ( 1 9 6 6 , pe r s . comm . 

to Or Bru�re ) and wa s devel oped f o r  the ram by Bru�re ( 1 9 6 9 ) 

and Chapma n ( 1 9 7 4 ) .  

Immed iately a f te r  the tes t i s  was removed f rom t he ram 

i t  was taken to the l aboratory . Sect ion s ,  3 to 4 mm in 
s i z e , were c u t  f rom the te s t i s  a nd were placed i n  Bouin ' s  
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f lu i d  i n  an u n i ve r s a l  bot t l e . Further sect ions were cut 

and were qu i c k l y  wa shed 
f ew ml o f  warm ( 3 7 ° C )  2 . 2  

i n  a wa tch - g l a s s  cont a i n i ng a 
perc ent s odium c i  t rate . The 

pieces wer e  then tran s f erred to another wa tch - g l a s s  conta i n­
i ng 2 - 3  m l  o f  wa rm ( 3 7 ° C )  1 . 2 percent sod i um c i trate . 

The p i e c e s  were c hopped w i th a pa i r  of f i ne s c i s sors to 
f orm a f ine s u spens i on . The s u spe ns ion wa s t ra n s f e r red 
to a g raduated cent r i f uge tube which was kept i n  a wa ter 
bath a t  3 7 ° C .  Mor e  hypoton i c  s o l u t i on wa s added and the 
proc e s s  wa s repeated unt i l  1 0 ml o f  cel l s u spens i on wa s 
p roduced . A s e cond piece o f  tes t i s  was cut a nd trea ted 
in the s am e  manner . At lea s t  2 cent r i f uge tube s of ma t e r i a l  
were proce s s ed toge ther . A g l a s s  rod wa s u s ed t o  c rush 
the larger f ra gment s . 

The cent r i fuge tube s were l e f t  i n  the wa ter -bath ( 3 7 ° C )  

and incuba t ed . A f ter the tubules had been ex po s ed to 
the hypotonic trea tment for 2 0  m i nutes the cen t r i f uge 
tubes were removed f rom the wate r - ba th and s pun f o r  1 0 
m i nute s a t  1 0 0 0  r . p . m .  The tubu les have then been expo sed 
to the hypo t o n i c  solution for a tota l o f  3 0  minut e s . 
The superna tant wa s care f u l l y  removed with a p i pette and 
d i s carded . The c e l l s  were r e s u spe nded in the r ema i n i ng 
1 - 2 ml o f  hypoton i c  s o lut ion a nd 0 . 5  m l  o f  f r e s h l y  made , 
cold f i xat i ve ( Me thanol : g l a c i a l  a c e t i c  a c i d , 3 : 1 ) wa s 

s l ow ly added and m i xed w i th the hypoton i c . A f u rther 8rnl 
of f i x a t i ve w a s  added . 

The cent r i f ug e  t ubes were l e f t  at 4 ° C  for 
The ce l l s  we re aga i n  cent r i f uged a t  1 0 0 0  

1 0  m i nutes a nd the s upernatant wa s d i s ca rded . 

3 0  m i nut e s . 
r . p . m .  for 

The ce l l s  
were resus pended i n  the 1 m l  o f  f i xa t i ve wh ich i s  retai ned . 

A few drops o f  f r e s h  f i x a t i ve wa s added and the ce l l s 
we re l e f t  a t  4 ° C .  A f ter 2 0  m i nu t e s  the c e l l s  were aga in 
resus pended . 
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A f ew drops o f  c e l l  suspens ion were p i pe t t ed f rom a he i ght 

o f  about 1 0  cm onto cold , c l ean wet s l ide s . The s l ides 

were a i r -d r i e d  a nd then p l aced on a warm ( 3 7 ° C )  hot - p late 

unt i l  d r y . F igure 3 . 1  i l l u s t r a t e s  d iagramma t i ca l l y the 
me i ot i c  t echn i qu e . 

The n umber o f  the me i o t i c  prepa r a t i on a nd the numbe r 
o f  the s l ide were recorded on the s l i de , u s i ng a diamond ­
t i pped penc i l . The mat e r i a l s  u s ed in m a k i ng me i o t i c  
prepa r a t ions are l i s ted i n  Append i x  I I I . 

3 . 2 . 5  D i s c u s s ion 

There are a number of repo r t s  i n  sheep of the use o f  
an a i r - dry ing me thod rather than h i s to log i c a l  o r  squa sh 
techn i qu e s . B r u�re ( 1 9 6 9 ) and Nad l e r  �t al . ( 1 9 7 3 ) s tud ied 
sheep m e i o t i c  c e l l s  but the re s u l t s  f rom both s tudies 

were poo r . Be tter resu l t s , u s i ng mod i f i c a t ions of the 
a i r -dry i ng me thod , we re obta i ned by Cha pman ( 1 9 7 4 ) ,  
Logue ( 1 9 7 7 ) a nd Long ( 1 9 7 8 ) i n  t h e i r  stud i e s  on ma le 
meiot ic c e l l s . 

Many f a c to r s  a f f e c t  the qua l i ty a nd quant i t y  of meiot ic 

ce l l s . T he se inc l ude : -

( a )  The length o f  t ime between c a s t r a t ion and the proc e s s ­
ing o f  the t e s t i cular m a t e r i a l .  For the best resul t s  
the t ime i nt e rva l between c a s t r a t i on a nd the start 
of hypoton i c  t reatment wa s kept t o  a m i n i mu m . 

( b )  E f f e c t  of t ime o f  year 
When the s permatogen ic a c t i v i ty increa s e s  with the 
onset of the breed ing s ea son ( autumn ) the testes 
increa s e  i n  s i z e and become f i rm and e l a s t i c . Ho s t  
me iot i c  prepa r a t i ons wer e  obt a i ned during th i s  t ime 
and they were u sua l l y g ood . Dur i ng the non-bre ed ing 
sea son the t e s t e s  become sma l l e r  a nd lose the i r  tone . 
Me i o t i c  pr epa rat ions made a t  t h i s t ime were o f ten 

poor . 
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FLOW - D I AGRAM OF TECHN I QUE USED I N  TH I S  STUDY 
FOR THE PREPARAT I ON OF ME IOTIC CHROMOSOMES 

3 -4mm testis sect ions 

t 
Wash i n  2 . 2% Na t r i - c itrate 

t 
Chop and tease i n  few m l  1 .  2% l Na t r i - c i trate 

� Na tr i -c itrate 

1 0ml ce l l  suspens ion 
tubul e s  crushed 

t 
Incubate 3 7 ° C  t 

Total of 
30 mins . 
exposure 

to 
hypotoni c  
solut i on . 

Centri fuge 10mins at 1000 r . p . m .  

/ 
Discard Supe rnatant 
( leave 1 to 1 . 5  ml ) 

~ 

D i s card 
Supernatant 

Resuspend ce l l s  in 
1 . 5  ml hypotonic 

F i xative added 
( methanol : g l ac i a l  

acetic acid ) 

1 0  ml ce l l  suspens ion 

i 
Stand 3 0  mins . at 4 ° C  

t 
1 0  mins . at 1000 r . p . m .  

Ce l l  
depos i t  

Few drops 
f i xative 
added 

1 . 5  ml ce l l  sus pens ion 

t 
Stand 15 to 20 mins . 

at 4 ° C  

t 
P re pa re S l ide s 

t 
A i r  dry 
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( c )  Hypo t on i c  f l u i d  

T h e  o p t i mum concentra t i on , exposure t ime a nd temper ­
ature a t  whi c h  the hypotonic s o l ut i o n  a c t s , probably 

d i f f e r  f o r  the prepara t i on o f  mei o t i c  c e l l s  f rom 
d i f ferent spec i e s  ( Ford and Evan s , 1 9 6 9 ) . 

The short e s t  expo sure t ime con s i s t ent w i th good spread­
ing of chromosomes s hould be used . An exce s s i ve expo s ­
u r e  t o  hypoton i c  s o l u t i o n  r e s u l t s  i n  f ewer good c e l l s  
i n  the e nd prepa ra t i on s  s i nc e  i t  i s  thought that 
the me i o t i c  a nd m i t o t i c  c e l l s  are more prone to rupture 

than non - m i tot i c  c e l l s . I t  i s  be l i eved tha t auto l y s i s  
beg i n s  i n  the l i n i ng ce l l  and i t  h a s  t here fore been 
suggested that the ce l l s  shou l d  be e xposed to the 
hypotoni c s o l u t i on at a low t emperature . In the 
present s t udy it wa s f ound that better resu l t s were 
obta ined u s ing the hypoton i c  s o l u t ion at 3 7 ° C than 
at room tempe rature ( 1 6 ° C ) . 

Ford and Evans ( 1 9 6 9 ) and Chapma n ( 1 9 7 4 )  used f re s h  

sod i um c i t rate a s  the i r  hypoto n i c  s o l u t i on . Only 
f r e sh hypoton i c  s o l u tion wa s u sed i n  th i s  s tudy 
a l though 3 to 4 day old sod ium c i trate h a s  bee n  t r i ed 
by Chapma n ( 1 9 7 4 ) w i thout a ny not i ceable improvement . 

Chapman ( 1 9 7 4 ) t r i ed hypo ton i c  s o lut ions rang i ng 
i n  c oncen t ra t i on from 0 . 7  t o  1 . 4 percent . She c ons i d ­
e red tha t the o p t i m a l  conce nt r a t ion wa s 1 .  2 percent . 

Long ( 1 9 7 8 ) u sed 1 . 0 pe rcent s od i um c i t rate a s  the 
hypoton i c  s o l u t i on in her m e i o t i c  s tud i e s  in sheep . 

Chapma n ( 1 9 7 4 ) a l s o tried var i o u s  exposure t ime s 
r a ng ing f rom 5 to 5 5  minut e s . She found that an 
e x po s ure t ime of 30 m i nutes gave the be s t  spread i ng 
a nd morph o l ogy of c h romo some s .  I n  the present st udy 
good res u l t s  were obt a i ned whe n  the c e l l s  were exposed 
f o r  3 0  m i n ute s to f r e s h  1 . 2  percent sod i um c i trate 
s o l ut i on . 
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Pot a s s i um chlor ide ha s been w i d e l y  used a s  the hypo­

ton i c  s o lu t i on ( Hunge r ford , 1 9 6 5 , 1 9 7 1 ; Clenden i n , 

1 9 6 9 ; Luc iani �t a l . ,  1 9 7 1 ; Long , 1 9 7 8  a nd othe r s ) .  

However , Chap�an ( 1 9 7 4 ) obse rved no improvement u s i ng 
pota s s i um chlor ide i n s t ead o f  sod i um c i t ra t e . 

( d )  Cen t r i f ugat ion 

Chapman ( 1 9 7 4 )  tr ied v a r i o u s  t imes o f  c e nt r i f ugat i on 
and she f ound that t e n  m i nu t e s  wa s adequate . Long 
( 1 9 7 8 ) a l so u s ed ten m i nu t e s  for the t ime of centr i -
fugat ion . 
s tudy . 

Thi s t ime w a s  consequently u s ed i n  th i s  

A f t e r  centri f ugation the s uperna tant i s  d i s carded . 

Th i s  has become the rou t i ne prac t i c e  s i nce when 
the s upernatant was proce s s ed f ew ce l l s  were s een 
on the s l ides made f rom the s e  p r epara t i on s  ( Chapma n , 

1 9 7 4 ;  Author ) .  

( e )  F i xa t i on 

Th i s  i s  cons idered to b e  
obt a i n ing s a t i ifactory 
comm . 1 9 7 9 ) . There i s  

the mo s t  c r i t i c a l  
prepa ra t i ons 

a g reat number 
( Lo ng , 

o f  

step i n  
pe r s . 

po s s i b l e  
va r i a n t s  s uch a s  the vo l ume o f  s upernatant reta i ned ; 
the vo l ume , shape and de n s i ty o f  the pe l l e t  o f  ce l l s ; 
the t ime interval between f i xa t i ve change s ; the 
numbe r  of change s  o f  f i xa t i v e s  a nd the e f fe c t s  o f  
tempe r a ture . 

The mo s t  important va r i ab l e  i s  probably the speed 
o f  pene trat ion of the f i x a t i ve ( Ford and Evan s , 1 9 6 9 ) . 

Fa ster penetra t i on i s  a c h i eved when the c e l l s  are 
in suspension at the t ime the f i r s t  f i xa t i ve i s  added . 
The penetrat ion i s  s lowe r when the pe l l et o f  c e l l s  
i s  l a r ger i n  s i z e . Ford and Evans ( 1 9 6 9 ) cons idered 
tha t a n  opt imum s i ze of the pe l l et i s  about 2 mm 
in depth . They a l s o  reported that the c e l l s  we re 

f i xed better when they were i n  a pe l l et ra ther than 
in suspens ion . 
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A marked 

changed 

l o s s o f  cel l s  occurred i f  the f i xa t ive wa s 

more than twice ( Chapman , 1 9 7 4 ;  Author ) .  

As a consequence , o n l y  two change s of f ixative were 

used . 

( f )  Preparat ion o f  s l ides 

Improved spreading of chromosomes wa s achieved by 

u s i n g  a d i lute suspen s i on rather than a dense suspen s ­

ion ( Ford a n d  Evan s , 1 9 6 9 ; Chapman , 1 9 7 4 ) . The 

same conc l u s ion wa s drawn f rom the present s tud ies . 

( g )  Stag e s  vi s ib l e  

A l though s a t i s fac tory preparat ions of c e l l s  i n  most 

s tages o f  the me iot i c  cyc l e  were found there were 

few ce l l s  in e i ther 1 s t or 2 nd anapha se . I t  i s  thought 

that the hypotonic s o l u t i on arre s t s  the c e l l  divi s ion 

at the metaphase stage and there is a progre s s ive 

redu c t i on i n  c e l l s  at the 1 s t a nd 2 nd a napha se ( Ford 

and Evans , 1 9 6 9 ) .  

Few s permatogon i a l  metapha ses were observed by E l i a s son 

et a£ . ( 1 9 6 9 ) , Ford and Evans ( 1 9 6 9 ) and Chapman 

( 1 9 7 4 ) i n  the i r  me i o t i c  

atogon i a l  metapha ses were 

made i n  thi s  s t udy . 

3 . 3  STAINING TECHNI QUES 

preparat ions . 

seen i n  the 

Few sperm­

preparat ions 

Initia l l y  a l l  s l i de s  were stai ned with aceto-or c e i n  

( Append i x  IV ) . T h e  s l i d e s  were s t a i ned i n  refi ltered 

aceto-or c e i n  f or at l ea s t  two hour s . They were pa s sed 

through two changes of 9 5  percent a lcohol ( 5  seconds 

i n  each ) , d i pped i n  abso l ute a l cohol and then a l lowed 

to s tand for 2 0  m i nutes in two consecutive d i shes of 

xylol . The s l ide s v1ere permanent ly mounted u s i ng D.  P .  X .  

La tter ly s l ides we re stai ned with 2 percent G iemsa for 

1 0 - 1 5 minutes ( Append i x  V ) . Th i s  wa s a quick , a nd succe s s -
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f u l , s t a i n i ng techni que . 

3 . 4  H I STOLOGICAL SECT ION S  

P ieces o f  t e s t i s  5 m m  t h i ck were removed , immed i ate l y  

a fter castrat ion , and placed i n  a f ixative . The p i e c e s  

w e r e  f i xed i n  Bou i n  1 s f lu i d . Af ter 2 4  hour s  the Bou i n  1 s 

f luid wa s replaced by 7 0  percent a l coho l . The a l cohol 

was discarded , a nd the t i s su e  p laced overnight i n  a Standon 

E l l iott a u toma t i c  t i s sue proces sor . The next mor n i ng , 

the t i s sue wa s embedded i n  para f f i n  b l ocks a nd cut i nto 

Sect ions Sp thick . The s e c t ions we re s t a i ned w i th H & 

E ( Ehrl i ck 1 s  haematoxy l i n + 1 0 % aqueous Eos i n - y ) .  

3 . 5  ANALYS I S  OF RESULTS 

3 . 5 . 1  M i c ro scopy 

A l l  s l ides 

c e l l  which 

r.>�e re scanned u s i ng the 1 0 x obj e c t i ve . Each 

vias to be exami ned more c losely had its  po s -

i t ion o n  the s l ide read f rom a ve rnier s c a l e  and recorded . 

When a c e l l wa s seen , i t  wa s 

obj ective . I f  the chromo some s 

not spread s uf f ic i e n t l y  the c e l l  

e xami ned under the 2 0  x 

were too contracted o r  

w a s  rej ected . The other 

c e l l s  were then exami ned under o i l  imme r s ion with the 

5 0  x obj e c t ive . I f  the chromosomes were not ent i r e l y  

c lear t h e  ce l l  was rej ected . 

The chromos ome s i n  the d i plotene , d ia k i nes i s  a nd metaphase 

I ce l l s  were counted and the number recorded . The pre sence 

a nd pos i t ion of the sex chromosomes were noted a long 

w i th any other unu s u a l  f ea tures of the ce l l . The number 

o f  chromosome s and the number o f  chromo some arms were 

counted for each s econdary spermatocyte . The type o f  

s e x  chromosome s ,  and the number and type of trans loca t i on 

chromosome ( s )  >'lhen present , wa s recorded . The ana l y s i s  

of the c e l l s  i s  d i s c u s sed in greater deta i l  i n  Chapter 

4 and 5 .  
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A l l  s l ides were labe l l ed a nd f i l ed i n  groups . Each g roup 

con s i s ted of s l ides prepared f rom the one anima l . 

Ce l l s  were counted u s i ng a hand operated counter ( Appe nd i x  

VI I ) . The c e l l  wa s rej ected i f  there wa s any doubt 

surround ing the number of chromosomes present . A number 

of c e l l s  f rom d i f ferent stages o f  me ios i s  were photograph­

ed a nd karyotypes prepared . The h i s to lo g i c a l  sect ions 

of the testes  of a l l  rams were a s s e s sed for s permatogenic 

act i v i ty . 

3 . 5 . 2  Photograph i c  techniques 

The wide f ie l d  ( 1 5x )  eye -pieces on the m i croscope were 

exchanged for one ord i nary ( 1 0 x )  eye- piece , a nd one ( 1 0 x )  

photographi c  eye-piece with a focus ing s ight and f rame . 

Photographs were u s ua l ly taken at 5 0 0 x and somet imes 

at 1 0 0 0  x .. A l l  photographs were taken on Copex -pan rapid 

f i lm 3 7  ASA ( Ag f a -Gevaer t ) u s i ng a photoautoma t ( Wi ld )  

with ful ly -automa t i c  e xposure a nd bui l t - i n  l ight meter 

( Append i x  V I ) .  A record wa s kept of each photograph 

taken . 

The f i lm s  were deve loped i n  the photograph i c  uni t as 

desc r ibed in Append i x  V I I I . 

and f i led i n  a book fo lder . 

The negat ives were l abe l l ed 

The nega tives were e n l a rged ( Appendi x  IX ) and pri nted 

on I lfobrom ( I l ford , Austra l ia P ropr i etary Ltd ) Number 

3 or 4 ,  depend ing on whether the nega t ive wa s l ight or 

dark ( Append i x  X ) . 

H i s to l og i ca l  preparat i ons were photographed on Pan F 

f i lm ( 3 2 A . S . A .  I l ford ) ( Append i x  XI ) .  

3 . 5 . 3  Karyotypes 

The chromosome s on the print were careful ly cut out avoid-

ing any acci denta l omi s s ions or dupl ication s . The chrom-
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o somes were g lued to r u l ed sheets o f  cardboard and were 

a rranged in decre a s i ng o rder of s i z e . The sex biva lent 

or sex chromosomes were p laced l a s t . The b i valen t s , 

or chromosomes were labe l l ed and the karyotype was al lowed 

to dry . An ent i re photograph of each ce l l  wa s pres s ed 

onto the card v1hi c h  vTa s  labe l led and f i led . 
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CHAPTER 4 

MEIOSIS IN THE NORMAL ( 5 4 . XY )  RAM 

4 . 1  NOMENCLATURE OF ME IOTI C  CHROMOSOMES 

The not a t i ons used t o  descr ibe s i ng l e  c e l l s  and to summar i z e  

t he me i o t i c  a na l y s i s i n  the ram fol low the recommendat ions 

o f  the Par i s  Con f erence ( 1 9 7 1 ) for huma n  cytogenetics . 

The 

M 1  

stages o f  me i os i s  are i nd i cated by 

- f i r s t  d i a k i ne s i s  and metapha se and M1 1 

abbreviation s : 

- second met a -

phase . 

The abbrevi a t i ons a r e  fol lowed by the tota l count of separate 

c hromosoma l e l ement s .  The sex chromosome s are i nd i ca t ed 

by e i ther xy or xx when a s soc ia ted a nd X 1 Y  when separate . 

E i ther the absence or presence of chromosoma l e lement s  

i s  deno ted a f ter the sex chromosome s b y  t h e  abbrev i a t i on 

-A or +A . 

Some pr imary sperma tocyte samp les are : -

M1 1 2 7 1 xy 

M1  1 2 8 1 x 1 y  

A prima ry sperma tocyte at diakine s i s  

o r  metapha se I w i th 2 7  chromosome 

e l ement s  inc lud ing an xy bivalent . 

A primary spermatocyte at diakine s i s  

o r  metapha se I w i th 2 8  e l ements inc l ud­

i ng x and y univa lent s . 

M1  1 2 6 1  xy 1 - A  A prima ry spe rm atocyte a t  diakine s i s  

o r  metaphase I with 2 6  element s .  

An autosoma l b i va lent i s  m i s s ing . 
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4 . 2  L ITERATURE REVIEW 

4 . 2 . 1  �e i o t i c  stud i e s  in ma l e  dome s t i c  anima l s  with norma l 

karyotype s 

The me iot i c  chromosomes of dome s t i c  a n ima l s  have been l e s s  

extens i ve l y  s tud ied than those of e i ther m a n  or rodents . 

As a resu l t  mos t  o f  the data on them i s  qua l i tat ive . 

4 .  2 .  1 • 1 Horse 

Mak ino ( 1 9 4 3 , b )  descr ibed the morpho l ogy of me iotic chromo­

some s i n  two breeds of horse and recorded counts of 3 3  

i n  both p r i mary a nd secondary spermatocyte s . It ha s s i nce 

been f ound that the difloid chromo some number for the horse 
� '4el.-" 

i s  6 4  ( Rothfe l s , AlexFad , Siminov i tch , McCul l och and Parker , 

1 9 5 9 ) . 

Relat ive l y  l i t t l e  me iot i c  work ha s been carried out in 

thi s spec i e s . Chandley , Jones , Dott , A l l en and Short ( 1 9 7 4 )  

made l im i ted meiotic stud ies on a n  Arab s ta l l ion . The 

mos t  exten s i ve meiotic study was c a r r i ed out on 8 sta l l ions 

by Scott and Long ( 1 9 8 0 ) .  The other me iot ic stud ies report­

ed have been made on equi ne hybr i d s  ( Short , Chandley , Jones 

and A l l e n , 1 9 7 4 ;  Chand ley , Short and A l len , 1 9 7 5 ) . 

4 • 2 • 1 • 2 eat t 1 e 

Me iot i c  chromosomes in cattle have been stud ied by severa l 

authors i nc lud i ng Kra l l inger ( 1 9 3 1  ) ,  Mak i no ( 1 9 4 4 ) , Me lander 

and Knud sen ( 1 9 5 3 ) , Knud sen and Bryne ( 1 9 6 0 ) , Treadwe l l  

et a.f.. • ( 1 9 6 8 ) , Gustavs son ( 1 9 6 9 ) and Pope s c u  ( 1 97 1  ) • More 

recent meiotic s tudi es have been made by Logue ( 1 9 7 5 , 1 9 7 7 ) 

and Logue and H arvey ( 1 9 7 8 ) .  The d i ploid chromosome numbe r 

of 6 0  was found i n  spermatogon i a l metapha s e s  ( Kra l l i nger , 

1 9 3 1 ; Maki no , 1 9 4 4 ; Me lander a nd Knudsen , 1 9 5 3 ;  Knudsen 

and Bryne , 1 9 6 0 ; Gu stavs son , 1 9 6 9 ; Popescu , 1 9 7 1 ) .  

The va r ious me iotic stages i n  the bu l l  have been studied 

exten s i ve l y  ( Gu s tavs son , 1 9 6 9 ) . Makino ( 1 9 4 4 )  wa s the 
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f ir s t  to des c r ibe the e nd - to -end a s soc i a t ion of the x a nd 

y c hromosomes .  Popes c u  ( 1 9 7 1  ) suggested that a term i na l 
. 

chia sma may be i nvo lved i n  the union of the sex chromosome s .  

He f ound that 3 3 . 3  percent o f  the d iakine s i s -metapha se 

I ce l l s  exami ned had separated sex chromo some s .  Chiasmata 

count s  i n  the bu l l  have been made by Popescu ( 1 9 7 1 ) a nd 

Logue ( 1 9 7 7 ) . Popescu ( 1 9 7 1 ) exami ned only 3 8  c e l l s  and 

est imated the chiasmata number per c e l l  at 5 3 . 7  w i th the 

average number per bivalent of 1 . 8. Logue ( 1 9 7 7 ) exam i ned 

3 2 5  c e l l s  and reported a chia smata number per ce l l  of 4 9 . 5 .  

4 . 2 . 1 . 3  Goa t  

Goat me iot i c  chromosome s were i nve s t i ga ted by Makino ( 1 9 4 3 , a )  

and more recent l y  by Datta ( 1 9 7 0 ) and Logue ( 1 9 7 7 ) . Mak i no 

( 1 9 4 3 , a )  counted 3 0  biva lents a t  metaphase I i nc lud i ng 

a sex biva lent . Datta . ( 1 9 7 0 ) f rom a study of 2 0 0 ce l l s  

i n  a l l  stages o f  me i o s i s  con f i rmed thi s  and conc l uded that 

me i o s i s  in goats wa s s i m i l a r  to tha t found in other anima l s . 

Chia sma ta counts were ca l cu l a ted f rom 1 5  c e l l s  by Datta 

( 1 9 7 0 )  who recorded the average numbe r per ce l l  at dip lotene, 

diakine s i s  and metapha se I as 7 2 , 5 4 . 2  a nd 4 9  respe c t i ve l y . 

Chia smata count s f rom 2 0  c e l l s  were recorded by Logue ( 1 9 7 7 ) 

and he found an average of 4 9 . 7  c h i a smata per ce l l .  

Mak ino ( 1 9 4 3 , a )  found the x chromos ome to have a 

t r i part i te s tructure a nd be connected a t  i t s  end with the 

y chromosome . Datta ( 1 9 7 0 ) mad e  a d i f f erent interpretation 

and proposed that the c h i a sma forma t ion occurred between 

the short arm of the x chromos ome a nd one of the arms of 

the y chromosome . Datta ( 1 9 7 0 ) postu lated tha t the gap 

between the two chromosomes somet imes seen a t  metaphase 

I wa s proof of the occurrence o f  chia sma termi na l i zat ion . 

4 . 2 . 1 . 4  Sheep 

The early studies on me iot i c  chromosome s were made to deter­

mine the diploid chromosome number ( Wod seda lek , 1 9 2 2 ; 

Kra l l i nger , 1 9 3 1 ; Pchakadz e ,  1 9 3 6 ) . Ahmed ( 1 9 4 0 ) and 
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Ber ry ( 1 9 4 1 ) were the f i r s t  t o  report that there WE;!re 2 7  

biva len t s  a t  metapha s e  I .  Mak i no ( 1 9 4 3 , a )  con f i rmed thi s  

i n  h i s  stud i e s  a nd h e  a l so gave the f i r s t  des c r i pt ion o f  

the chromo somes i n  spermatogoni a l  c e l l s  a s  we l l  a s  i n  pr i m ­

a r y  and secondary s permatocy tes . Ahmed ( 1 9 4 0) ana lysed 

an unreported number of ce l l s  a nd recorded the chia smat a  

counts from 2 5  c e l l s . 

A deta i led des c r iption o f  me i o s i s  i n  norma l rams has been 

made by Chapman ( 1 9 7 4 ) . Ch i a sma ta counts f rom 34 ce l l s  

were recorded and a tota l o f  3 0 9  ce l l s  in the diak i ne s i s ­

metapha se I stages were ana l y sed ( Chapman and Bruere , 1 9 7 7 ) . 

There were 2 7  b i va l ents i n  d i a k i ne s i s - metaphase I ce l l s , 

whi ch agreed with the previous s t udy by La i r  ( 1 9 7 1 ) and 

is the same number as Nadl e r  e t  a .l . ( 1 9 7  3 )  counted in each 

o f  45  cel l s  f rom a w i ld ram . 

Long ( 1 9 7 5 ; 1 9 7 8 ) a l so made a det a i l ed exami na t io n  of me i o s is 

i n  a norma l ram . Her f i nd i ngs we re i n  agreement wi th the 

previous reports by La i r  ( 1 9 7 1 ) and Chapman ( 1 9 7 4 ) . 

4 . 2 . 1 . 5  P i g  

The ear ly meiot i c  s t ud i e s  i n  the p i g  were revi ewed by Bryden 

( 1 9 3 3 ) . He wa s the f i r s t  to repo r t  a hap l o i d  chromosome 

number of 1 9  for the dome s t i c  p i g  and he a l so stud ied the 

chromosome morpho logy of d i f ferent stage s  in me ios i s . 

H owever , Bryden ( 1 9 3 3 )  d i d  not report on the number of 

ce l l s  examined i n  his s tudy , nor provide i nformation on 

chiasmata count s .  

The f ir s t  de script ion o f  the a s so c i a t ion between the s ex 

chromosome s wa s g i ven by Crew and Ko l ler ( 1 9 3 9 ) . They 

desc r ibed the pai r i ng a nd non- pa i r i ng segments on the x 

chromosome and chiasma f o rma t ion between the homol ogous 

sec t ions of the x a nd y chromosome s .  Crew and Ko l ler ( 1 9 3 9 ) 

made ch i a smata counts on 3 6  c e l l s  f rom f i ve boars . They 

found that the age of the boar had no e f fect on the 

chia smata frequency and they ca l c ul ated the average 
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number of c h ia smata per biva l en t  of 2 . 1 6  at d i plotene and 

2 . 0 6 at metapha se I .  

More recent me iot i c  s t ud i e s  i n  boa r s  have been very l im i ted 

( Ki ng , pers . comm . 1 9 7 9 ) . 

4 . 2 . 1 . 6  Dog and Cat 

A number o f  authors have s tud ied the morpho logy of dog 

me iot i c  chromosomes ( Mi nouch i , 1 9 2 8 ; Ahmed , 1 9 4 1 ; E l i a s son 

et a l . , 1 9 6 7 ; Ford , 1 9 6 9 ; W i l l i ams et a l . ,  1 9 7 1  ) .  Chia sma ta 

count s wer e  f ir s t  made in dogs by Ahmed ( 1 9 4 1  ) . He found 

i n  three breeds of dog that the tota l number of ch i a sma ta 

per metapha se I c e l l s  var i ed between 7 8 . 2  and 82 . 6 .  He 

a l so reported tha t the morpho logy o f  the sex b iva lent wa s 

not constant . 

W i l l iams e t  a l . ( 1 9 7 1 ) car r i ed out exten s i ve me iotic stud i e s  

on preparat ions f rom 1 5 0 dog s . They observed , i n  pachytene 

ce l l s , non - homo logou s as soc i a t ions in biva lents , usua l l y 

appear i ng a s  end - to - end attachment s .  E l iasson e t  a l . ( 1 9 6 - ) 

observed separated x and y chromosome s in 1 6  ( 1 7 . 4  percer 

of the 92 d i a k i ne s i s -me tapha se I bivalents exam i ned . Wi l l ·  s 

et a l  . ( 1 9 7 1 ) a l so observed separa ted x and y chromosome :- . 

The x and y chromosomes we re usua l ly as soc i a ted term i na l l y 

( El ias son et a l  . , 1 9 6 7 ; W i l l i ams e t  a l  . , 1 9 7 1 ) and the 

union m i gh t  involve the s hort arm of the x chromosome 

( El ias son et al . , 1 9 6 7 ) .  

Studies on the me iotic chromo some s of cats are l im i ted . 

Kol ler ( 1 9 4 1 ) s tudied the chromos omes dur i ng me ios i s  and 

he counted an average o f  2 .  7 c h i a sma ta per biva lent at 

d iakine s i s  and 2 .  4 a t  metapha se I .  Three types o f  sex 

bivalent at me iotic metapha se were i dent i f i ed by Ko l ler 

( 1 9 4 1 ) .  

4 . 2 . 2  Meiotic stud i e s  i n  " norma l "  men 

The me iotic chromo some s of man have been i nv e s t i gated far 



4 7 . 

more than the me i o t i c  c hromosomes of ma l e  dome s t i c  anima l s . 

The d i p loid c hromosome number for man of 4 6  was or i g i na l l y  

found by Tj io and Levan ( 1 9 5 6 ) . Thi s  f i nd ing wa s conf i rmed 

by Ford and Hamerton ( 1 9 5 6 ) who observed 4 6  chromosome s 

i n  spermatogo n i a l  metapha ses and a tota l of 2 3  b i va l en t s  

i n  pr imary s permatocytes . There has s i nce been a large 

number of me i o t i c  s tud ies in men w i th a norma l karyotype 

( 4 6 , xy )  and norma l s permatogene s i s  ( Eberle , 1 9 6 3 ; 1 9 6 6 ; 

Book and K j e s s l e r , 1 9 6 4 ;  S a s a k i  and Maki no , 1 9 6 5 ; Mc i lree , 

Tul loch and Newsam , 1 9 6 6 ,  b ;  Falek and Ch iare l l i , 1 9 6 8 ; 
, 

Fraccaro , Hulten and L i nd s te n , 1 9 6 8 ; Luciani , 1 9 7 0 ; 

Luc iani , Car lon and Stahl , 1 9 7 0 ; McDermott , 1 9 7 1 ; Ferguson-
" 

Smi th , 1 9 7 2 ; Hu l ten a nd Lindsten , 1 9 7 3 ; Skakkabaek , Bryant 
, 

a nd Ph i l i p , 1 9 7 3 ; Hu l ten , 1 9 7 4 ) . These stud ie s  have prov i d -

e d  a great amount o f  informa t ion on the behaviour and 

morphology o f  me iot i c  chromo somes in norma l men . Stud i e s  

o n  the me i o t i c  chromosome s i n  men w i th va r i ou s  c l i n i ca l 

condi tions i nc lud i ng infert i l i t y  have been of increas ing 

interest ( Kj e s s ler , 1 9 6 6 ; Mc i l ree , P r ice , Court Brown , 

Tu l loch , Newsam and HacLean , 1 9 6 6 , a ; Chand ley , 
, 

1 9 7 0 ; Hu l te n , E l i a s son and T i l l inger , 1 9 7 0 ; S kakkebaek 

et a l . , 1 9 7 3 ; M i klos , 1 9 7 4 ; Chand ley e t  al . , 1 9 7 5 ; Chand ley 

Mac lean , Edmond , F letcher and Wat son , 1 9 7 6 ) . 

The C-band i ng studies of Hu l t�n ( 1 9 7 1 ; 1 9 7 4 ) ; Fa lek , Chen 

and Chan ( 1 9 7 2 ) ; Bobrow , Madan and Pea r son ( 1 9 7 2 ) ; Chand l e y  

and F letcher ( 1 9 7 3 )  and Chand ley , Senane z and F letcher 

( 1 9 7 6 ) and the f luore scent techniques o f  Cas pers son , Hu l t�n , 

L i ndsten and Zech ( 1 9 7 1  ) and Hu l t�n ( 1 9 7  4 )  have grea t l y  

advanced the under stand i ng of meios i s  i n  man and have enabl ­

ed the i nd iv idua l  bivalents to be ident i f ied by the ir band ­

ing pattern s . 

Chi asmata were usua l ly counted i n  cel l s  at the d iakine s i s  

s tage . Est imates o f  ch iasmata f requency per ce l l  are give n  

i n  Table 4 . 1 .  The number o f  c h i a sma ta per biva l ent var ied 

f rom one to f i ve reported by Ford and Hamerton ( 1 9 5 6 ) and 



TABLE 4 . 1 : CHIASMATA FREQUENCIES IN MAN 

Author 

Ford , C . E .  and Hamerton , 
J . L .  ( 1 9 5 o ) 

Mc i l ree , M . E .  e t  a l .  
( 1 9 6 6 , b )  

Ebe r l e , P .  ( 1 9 6 6 ) 

Fa lek , A .  a nd 
Chiarel l i , B .  ( 1 9 6 8 ) 

Luc i an i , J . M .  ( 1 9 7 0 ) 

Chandl ey , A . C . ; Chr i s t i e , 
S . ;  F l etcher , J .  
F rack iewi c z , A .  and 
Jacobs , P . A .  ( 1 9 7 2 ) 

Ferguson - S m i th , M . A .  ( 1 9 7 2 ) 

McDermott , A .  ( 1 9 7 3 ) 

S kakkebaek , N . E .  e t  a l . 
( 1 9 7 3 ) 

"' 
Hul ten , M .  ( 1 9 7 4 ) 

* S tanda rd dev i a t i on 

Number of Ce l l s  
Counted 

2 3  

. 9 6  

4 
6 0  

8 

8 8  

9 3  

8 4 9  

5 1 8 

5 7  

4 1  

4 8 . 

Average number 
Chia smata / c e l l 

5 5 . 9  

4 9 . 8  - 5 8 . 3  

5 5 . 7  ( Di plotene ) 
4 4 . 0  ( D iakine s i s ) 

4 9 - 5 8  ( 5 5 . 3  
Average ) 

4 7 . 5  

4 9  

5 1 . 1 1 ± 2 . 9 7 *  

5 3 . 7  

5 1  0 2 

5 0 . 6 1 ± 3 . 8 7 *  
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Luc iani ( 1 9 7 0 )  and one to e ight c h i a smata i n  biva lent s 

a t  d i p l otene ( Eber l e , 1 9 6 6 ) . As the b iva lents pas s  f rom 

the diakine s i s  to the metaphase I s tage they contract and 

there i s  a reduct ion i n  the number o f  c h i a smata . 

4 . 3  MEI O S I S  IN THE NORMAL RAM ( 5 4 ,  XY ) 

4 . 3 . 1  I nt roduct ion 

Meiot i c  preparat ions were obt a i ned. f rom 3 rams ( O vi � anie � ) .  

An exampl e  o f  a m i tot i c  karyotype f rom a norma l ram i s  

shown i n  p late 4 .  1 . The rams used aged from one to four 

years and we re gen i ta l ly and phys i ca l l y  sound . H i stolog i ca l  

examination o f  the testes f rom t he s e  rams i s  repor ted i n  

Append i x  X I I I . The rams are ident i f i ed by a number and 

a lette r , and the year of i t s  bi rth wa s i nd i ca ted ( 7 9  = 

1 9 7 9 ) . S o  f or example an ear tag could be read a s  A1 / 7 9 . 

The techn ique u sed i n  th i s  s tudy gave 

ce l l s i n  the d iakine s i s -metapha se I 

number o f  c e l l s  were recorded i n  the 

seconda ry spermatocyte stages . 

a predominance of 

s tage s . A les ser 

spermatogonia l and 

4 .  3 .  2 .  R e s u l t s  of analyses of spermatogon i a l  and pr imary 

s permatocyte cel l s  

4 . 3 . 2 . 1  Spe rmatogonial cel l s  

E ight spermatogoni a l  ce l l s  were seen i n  the me i o t i c  prepar­

at ions f rom the three ram s . Four ce l l s  wer e  recorded in 

both ram A 2 / 7 9  a nd ram B 5 1 / 7 9 . The moda l number wa s 5 4 . 

No hyperploid c e l l s  were s een and only one hypomoda l c e l l  

wa s counted and chromosome l o s s  i n  th i s  c e l l  probably occur­

red du r i ng s l ide preparat ion . No po lyp l o i d  cel l s  were 

seen in the preparations from the three ram s . Two examples 

of spermatogon i a l  ce l l s are shown in pl ates 4 . 2  and 4 . 3 .  
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PLATE 4 . 1  : M i t o t i c  karyotype f rom a norma l ram ( 5 4 ,  xy ) .  

There are s i x l arge me tacent r i c  chromosome s , 

an a c rocent r i c  x chromo some and a s ubme tacent r i c  

y chromosome . 

( Ac e ta- orce i n ) . 
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PLATE 4 . 2 :  Spermatogon i a l  metapha s e  f rom a norma l ram . 

Chroma t i d  s eparation i s  evident i n  some chromo­

some s . Sex chromosomes are ident i f i ed .  

( G iemsa x 2 , 0 0 0 ) 

PLATE 4 . 3 :  Sperma togon i a l  meta pha se f rom a norma l ram . 

Sex chromo s ome s are ident i f i ed . 

( Giemsa x 2 , 0 0 0 ) 
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4 . 3 . 2 . 2  Diakine s i s -metapha se I 

The chromosomes i n  cel l s  a t  the diakine s i s - me taphase I s tages 

were e a s y  to count as the b i va l en t s  were we l l  separated 

and they rarely overl apped each other . However , it wa s 

d i f f i cu l t  to determine the t ran s i t ion s tage and the two s tages 

were there fore combi ned for the ana ly s i s  o f  the chromosome 

count s .  

Chromosome counts on c e l l s  a t  d ia k i ne s i s -metaphase I from 

the 3 norma l rams ( 2n = 5 4 , xy ) are given in Table 4 .  2 .  

A tota l o f  3 9 6  c e l l s  were counted and th i s  total included 

9 6  ( 2 4 . 2  percent ) polyp l o id ce l l s . 

The a na l y s i s  of the non-polyploid c e l l s  i s  given in Tab le 

4 . 2 .  The percentage o f  c e l l s  w i th 2 7  chromosoma l bodies 

was 8 8 . 3  percent . Two hypermodal ce l l s  with 2 8  chromosoma l 

bod ies were recorded . Th i rt y  three hypomoda l  ce l l s , with 

one or more chromosoma l bod i e s  m i s s i ng , were recorded . 

The moda l c e l l  had 

a utosoma l biva lent s 

2 7  chromo soma l bod ies 

and a sex b iva l ent . 

compr i s i ng of 2 6  

The 2 6  autosor.ta l 
., .. re_ 

bivalents " compri sed of three large biva l ents and 2 3  sma l l  

b i valent s . The large biva l ents we re formed f rom the pa i r i ng 

o f  the metacentric chromosome s and the smal l biva lents were 

f ormed f rom the pa i r i ng of a c rocen t r i c  chromosome s .  Represent ­

a t ive c e l l s  are seen in p l a t e s  4 . 4  to 4 . 6  and F i gure 4 . 1 . 

Two of the 3 0 0  non - polyploid ce l l s  had 2 8  chromosoma l bodies . 
·w�e 

They " c ompr i s ed o f  2 6  autosoma l biva lent s and separated x 

and y chromosome s .  Twentyfour o f  the sex 

as soc i ated with one o f  the sma l l  autosoma l 

percentage o f  cel l s  f rom the 3 rams w i th 

va r i ed f rom 5 . 0  to 8 . 6  percent . 

biva lents we re 

bivalent s . The 

the a s sociation 

The ana l y s e s  o f  the po lyp l o i d  c e l l s  are g i ven in Table 4 .  3 .  

Of the 9 6  ce l l s  recorded 6 8  were tetraploid , 1 6  were hexa ­

ploid and 8 we re octap l o id . Four ce l l s  were not 



TABLE 4 . 2 :  CHROMOSOME COUNTS FROM PRIMARY SPERMATOCYTE CELLS AT DIAK INES I S  - METAPHASE I 

Norma l Rams ( 2 n = 5 4 , xy ) 

Number of Number Tota l Tota l Number 

Ram Chromosome Total of I nc l ud i ng Ana l y s i s  o f  ce l l s  e x c l uding Number of ce l l s  

I de n t i - bod i e s / ce l l  Po l yploid Polyploid po lyploids . Numb�r of ce l l s  with : Ce l l s  w i th xy 

f i ca t i on Ce l l s  Cel l s  Ana l ysed a s soci ated 

< 2 5 2 6  2 7  2 8  2 7 , xy 2 8 , xy 2 6 , x y -A 2 5 , xy-2A Other with 
Aberrat ions aut osoma l 

biva l e nt 

A 1 / 7 9  6 9 9 0 1 106 59 1 6 5  90 1 9 4 
1 - 2 2 , x y - 5A 

106 8 
1 - 2 1 , x y - 6A 

A 2 / 7 9  1 2 1 7  0 2 0  5 2 5  1 7  0 2 1 20 1 

5 - 2 4 , x y - 3A 

8 5 1 / 7 9  8 7 1 5 8  1 1 7 4  3 2  206 1 5 8 1 7 0 
1 - 2 4 , - xy - 2A 1 7 4  1 5  
1 - 2 3 , x y - 4A 
1 - 2 2 , x y - 5A 

Tota l 1 5  1 8  2 6 5  2 300 9 6  396 2 6 5  2 1 8  5 1 0  300 24 

x a nd y 
separated 

Number % 

1 0 0 � 

0 0 

1 o . E  

2 o .  'l 

U1 
w 



TABLE 4 . 3 : NORMAL RAMS ( 5 4 , XY )  POLYPLOID CELLS AT DIAKINES I S -METAPHASE I 

---r·------------------ --·----�·-------------------------------------------------r· 

Ram 
Number of Ce l l s  

Ident i -
showing 4n 6n Bn 

f i ca t ion 
chromosome 
complement N . A .  Total N . A .  

4 n  6 n  e n  5 4 , 2xy 5 3 , 2xy < 5 3 , 2xy 81 , 3xy < 8 1 , 3xy 1 0 8 , 4xy < 1 08 , 4x y  

A 1 / 7 9  3 8  1 3  6 2 5 9  2 4  3 1 1  6 7 2 4 2 

A 2 / 7 9  5 0 0 0 5 3 1 1 0 0 0 0 0 

B 5 1 / 7 9  2 5  3 2 2 3 2  1 6  4 5 2 1 1 1 2 

Total 68 16 8 4 9 6  4 3 8 1 7  8 8 3 5 4 

N . A .  = Not ana l y sed 

-

Total 

59 

5 

3 2  

9 6  
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PLATE 4 .  4 :  Ce l l  i n  d iakine s i s  f rom a norma l ram B 5 1  / 7 9 .  

There a r e  2 7  b i va lents including three l a rge 

autosoma l b i va l ent s , 2 3  

b i va lents and a sex b i va l ent . 

( G i emsa x 2 , 5 0 0 ) 

sma l l acrocentric 

F I GURE 4 . 1 : Karyotype o f  ce l l  i l lu strated i n  P l ate 4 . 4 .  



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 2 0 2 1 2 2 2 3 2 4  

2 5  2 6 x y  
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PLATE 4 .  5 :  Ce l l  i n  d iakine s i s  f rom a norma l ram , B 5 1  / 7 9 . 

There are 2 7  b i va lents i nc lud i ng a n  xy bivalent 

( arrowed ) . 

( G i emsa x 2 , 5 0 0 ) . 

P LATE 4 . 6 :  Polyploid c e l l  i n  diakines i s  f rom a norma l ram . 

There are 5 4  biva l en t s  i nc luding two XY biva l ents 

( arrowed ) .  

( G iemsa x 2 , 5 0 0 ) . 



/ 
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ana l ysed . None o f  t he c e l l s were seen w i th un i va l ent 

chromosoma l bod i e s . 

4 . 3 . 3  Ana ly s i s  o f  secondary spermatocytes 

4 . 3 . 3 . 1  I n t roduct i o n  

The method o f  ana l y s i s  o f  chromosome s o f  s econd metaphase 

wa s that used by Chapman ( 1 9 7  4 )  based on the sys tem o f  

Tet tenborn and Gropp ( 1 9 7 0 ) . 

Problems can a r i se i n  coun t i ng metaphase I I  chromosomes 

because of the i r  contracted nature and the fact tha t not 

inf requen t l y  a s i ng le chromat i d  f rom a metacentr i c  or 

acrocentr i c  chromosome coul d  be con f u s ed ea s i ly w i th the 

two chrom a t i d s  of an acrocentr i c  chromos ome s t i l l  held 

together a t  the centrome re . For th i s  reason Te ttenborn 

and Gropp ( 1 9 7 0 )  suggested that the counts of tot a l  chromo ­

some arms and the number o f  chromo some s s hould be made . 

A l l  acrocent r i c  chromo some s were counted a s  havi ng one 

chromosome a rm . Metacent r i c  and subme tacent r i c  chromosome s 

were counted a s  ha ving two chromo some arms and the x and 

y chromos ome s were both counted as hav i ng one chromosome 

arm . However , t;he y chromo some i s  known to be a sma l l  

submetacent r i c  chromosome . 

The haploid chromosome complement for the norma l ram ( 2 n  

= 5 4 , xy ) cons i s t s  o f  2 3  acrocent r i c ?, 3 metacen t r i c s  and 

one sex chrom osome , a tota l of 2 7  chromos omes or 3 0  chrome -

some arms . 

The haplo i d  number for the 
27 X norma l ram wa s scored as � 

secondary 
lld_ o r  3 0  • 

s perma tocyte o f  a 

A euplo i d  ce l l  i s  a ce l l  tha t has a ba l anced set of chromo­

some s whi l s t  a n  Wleup loid c e l l  i s  a ce l l  tha t ha s e i ther 

more or l e s s  than the norma l hap l o i d  number of chromosomes . 

Euploid secondary s permatocytes a re the re fore those hav i ng 

a fundamenta l numbe r d i vided by two ( N . F . / 2 )  of 3 0  and 
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aneup l o i d  secondary sperma tocytes a r e  those w i th a N . F .  / 2  

o f  great e r  than , or l e s s  than 3 0 . 

A po lyp l o i d  c e l l  i s  a c e l l whose chromosome compl ement 

i s  an exact mu l t i p l e  o f  the ba s i c  haploid number character­

i st i c  o f  the spec i e s  ( Swanson , Mer z  and Young , 1 9 6 7 ) . 

The author used the f o l low i ng term i no l ogy to desc ribe the 

polyploid secondar y  spermatocyte c e l l s . Diploid cel l s  

had 2 n  = 5 4  chromosome s ;  t r i pl o i d  2 n  = 8 1  chromosome s 

and tetrap l o i d  2 n  = 1 0 8 chromosome s .  

4 . 3 . 3 . 2  R e s u l t s  - ana ly s i s  o f  metapha se I I  ce l l s  

The morphol ogy o f  the chromosome s i n  the M I I  f igures wa s 

found to be s im i lar to that d e s c r i bed previou s l y  by Chapman 

( 1 97 4 ) . The metacentric chromosome s a nd the sex chromo ­

somes , x and y ,  were eas i ly d i s t i ngui shed and they appeared 

s im i lar to the corre spond i ng chromosomes found in m i tot i c  

cel l s . 

The y chromosome wa s the sma l l e s t  chromosome v i s ib l e  i n  

the haploid set and i t  wa s o f ten seen t o  be l ight ly stai ned . 

The x chromosome wa s d i s t i nctive a s  a large acrocentr i c  

chromosome w i th 2 chroma t i d arms which rema ined more o r  

le s s  i n  appo s i t ion . 

One hundred and three metapha se I I  f i gures were recorded 

in the 3 rams with a karyotype of 2 n  = 5 4 , xy . Thi s  tota l 

inc l uded 1 9  polyp loid cel l s  o f  wh ich 3 could not be ana l y sed 

( N . A . ) .  

The ana ly s e s  o f  the metapha se I I  ce l l s from norma l rams 

are recorded in Tab l e s  4 . 4  and 4 . 5 .  

Eighty ( 9 5 . 2  percent ) o f  the 8 4  non- polyploid metapha se 

II f igures e xami ned were euplo i d .  

cel l s  and 4 . 8  percent o f  the 

aneuploid . The hypomoda l c e l l s  

There were no hypermoda l 

c e l l s  were hypomoda l or 

are probably caused by 



TABLE 4 . 4 :  DISTRIBUTION OF CHROMOSOME COUNTS IN CELLS AT MI I IN NORMAL RAMS ( 2 n = 5 4 , XY )  

Ram 2 7 ,X 2 7 , Y 2 4 , X  2 5 , Y  2 6 , X  2 6 , Y  Tota l 
Ident i f i cation 3 0  3 0  Tota l 2 7  2 8  2 9  2 9  Tota l MI I / Ram 

Ul 
A1 / 7 9  ....... 

....... 3 5 8 1 1 0 0 2 1 0  
Q) 

u 

A2 / 7 9  4-l 9 1 0 1 9 0 0 1 0 1 2 0  0 
1-1 
Q) 

B 5 1 / 7 9  .0 2 9  2 4  5 3  0 0 0 1 1 5 4  E 
::l 
z 

Tota l 4 1  3 9  8 0  1 1 1 1 4 8 4  

Ul 
1.0 
. 



TABLE 4 . 5 :  CHROMOSOME COUNTS FROM POLYPLO ID CELLS AT METAPHASE I I  IN NORMAL RAMS 

( 2 n = 5 4 , XY )  

Ram 5 4  8 1  1 0 8 N . A .  Tota l Total No . 
Ident i f ication GO ' X , Y  go , X , X , Y  1 2 0 ' 2 ( XY ) of MI I cel l s  

Counted 

A1 / 7 9  1 1 
I 

0 2 4 1 4 

A2 / 7 9  3 0 0 0 3 2 3  

B 5 1 / 7 9  9 1 1 1 1 2 6 7  

Tota l 1 3 2 1 3 1 9 1 0 4 

N . A .  = Not ana l ysed 

% Polyploid 
MI I c e l l s  

2 8 . 6  

1 3 . 0  

1 7 . 9  

1 8 .  3 

0'1 
0 
• 
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chromos ome l o s s  dur i ng s l ide preparat io n . 

N i neteen polyploid ce l l s wer e  r e corded . Two ce l l s were 

t r i p l o i d  a nd 1 wa s tetraploid and the r ema inder were diploid 

( 1 3 ce l l s ) • None o f  the c e l l s  we re either hypoploid or 

hyperp l o i d . The po l yploid c e l l s  appeared to be true pol y ­

plaids r a t h e r  than two o r  three ce l l s  ly ing c lose together . 

The percentage o f  polyploid ce l l s  recorded in the 3 norma l 

rams wa s 1 8 . 3  percent . A h i gh number of M I I f igures were 

ana l y sed and counted in ram , B 5 1  / 7 9 . Twe l ve of the 6 7  

f igures recorded i n  thi s ram were polyploid . I t  would 

the re fore s e em that the mean percentage of  po lyploid ce l l s  

provides a reasonabl e  est imat e  o f  the inc idence o f  po lyploidy 

i n  norma l r am s . 

I t  wa s found i n  the 3 norma l rams tha t there wa s no depart ­

ure f rom the expec ted 1 : 1 r a t i o  o f  male : fema le metaphase 

I I  ce l l s  ( X � not s i gn i f icant ) .  

P lates 4 . 7  and 4 . 8  and Fi gure s 4 . 2  a nd 4 . 3  s how repre sent­

a t i ve M I I f igures from norma l ram s . 

4 . 3 . 4  Ce l l  d i s tr i but ion at me ios i s  i n  norma l rams 

Ce l l  d i s tr i bu t i on s  i n  each o f  the c a tegories , sperma togon i a l  

metapha s e , d iakine s i s  and meta pha se I and metapha se I I  

are shown i n  Tabl e  4 . 6 . 

4 . 4  D I S CU S S ION 

4 . 4 . 1  Introduct ion 

An A - t ype spermatogon i a l  sperm ce l l  produce s  two daughter 

cel l s  one of which d ivides four t imes to produce 1 6  pr imary 

spermatocytes and the other become s a dormant A- type ce l l  

dur i ng par t  o f  the semi n i f erous cyc l e  and thu s ensures 

the renewa l o f  the sp�ma togon i a l  populat ion ( Ortavant , 
" 

1 9 5 9 ) . The pr imary spermatocytes a re the ce l l s  which under-

go the me i o t i c  d i v i s ion . The pr imary sperma toc ytes at 
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TABLE 4 . 6 :  DISTR IBUTION OF CELLS I N  S P ERMATOGONIAL METAPHASE 

( SM ) , DIAKINE S I S  AND METAPHASE I ( MI )  AND 

METAPHASE I I  ( MI I ) I N  NORMAL RAMS ( 5 4 , XY ) 

Ram 

Po lyploid cel l s  inc l uded in counts are recorded 

i n  brac ket s a f ter count s .  

MI I / MI 
Ident i f i ca t i on S m  M I  M I I Total r a t i o  

A1 / 7 9  0 ( 0 )  1 6 5 ( 5 9 )  1 4 ( 4 )  1 7 9 ( 6 3 )  0 .  1 

A2 / 7 9  4 ( 0 )  2 5 (  5 )  2 3 ( 3 )  5 2 ( 8 )  0 . 9  

B 5 1 / 7 9  4 ( 0 )  1 6 6 ( 3 2 )  6 6 ( 1 2 ) 2 7 6 ( 4 4 )  0 . 4  

Tota l 8 ( 0 )  3 9 6 ( 9 6 )  1 0 3 ( 1 9 ) 5 0 7 ( 1 1 5 ) 0 .  3 * 

* Mean ratio 

The proport ion o f  ce l l s  in each c a tegory varied between 

ram s . Relat ively f ew spermatogoni a l  c e l l s  were seen . 
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PLATE 4 . 7 :  Metaphase 

The r e  a r e  

i nc l ud ing 

I I  c e l l f rom a norma l ram B 5 1 / 7 9 . 

3 0  chromosome arms and 2 7  c hromosome s 

three metacentric c hromosome s and_ 

an X chromosome . 

( G i emsa x 3 , 0 0 0 ) 

F IGUR E  4 . 2 :  Karyotype of c e l l  i l l u s trated i n  P l ate 4 . 7 .  



I \ r ' l 

2 3 

H .. .. 
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 2 0 2 1 

.. ... .. - • 
2 2 2 3 2 4  2 5  2 6 X 
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PLATE 4 . 8 :  

F I GURE 4 . 3 :  

Metapha se I I  ce l l  f rom a norma l ram B 5 1  / 7 9 . 

There are 2 7  chromosomes i nc lud i ng three meta ­

cent r i c s  and a Y chromo some which i s  more 

l i gh t l y  s ta i ned than the autosome s . 

( G iemsa x 3 , 0 0 0 ) 

Karyotype of ce l l  i l lu stra ted 

There are 30 chromosome arms . 

i n  P l a te 4 . 8 .  

The chroma t i d  

a rms o f  the three metacentric c hromo some s 

are s l ightly separa ted a nd could be conf used 

w i th one o f  the large acroce n t r i c  chromosomes . 



-"' "' 
2 3 

,.. .... ,.. _,. -- ,. 
4 5 6 7 8 9 
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metapha s e  I i n  a norma l ram each have 2 7  biva l ents or 

tetrad s . A t  the f ir s t  me iotic d i v i s ion 2 7  dyads pass to 

each pol e . The two daughter secondary spermatocyte s undergo 

the s ec ond me iotic d i v i s ion and at anaphase I I  2 7  monads 

pas s  to each of the four haploid nuc l e i  formed . 

4 . 4 . 2  Ce l l  d i s t r i bu t i on at me ios i s  i n  norma l rams 

Few spermatogon i a l  ce l l s  were obse rved in the meiot i c  prepar­

a t i on s  f rom the three norma l rams . A s i m i l a r  resu l t  was 

found 

I t  wa s 

by Chapman ( 1 9 7  4 )  
a l so s im i l a r  to 

other s pe c i e s  ( Ford and 

in her s tudies on 

the res u l t s  found 

Hamerton , 1 9 5 6 ; 

norma l rams . 

1 9 6 6 , b ;  E l ia s son et al . ,  1 9 6 7 ; Ford 

i n  s tud ies on 

Mc i l ree et al . 1 

and Evans , 1 9 6 9 ; 

Skakkebaek eL al , , 1 9 7 3 ) . 

The observed ratio o f  metapha se I I  to metapha se I ce l l s  

i n  the 3 norma l rams wa s 0 .  3 .  Thi s  wa s cons iderab l y  l e s s  

than the theoretica l l y expec ted ratio of 2 . 0 .  However , 

i t  i s  s im i lar to the r a t i o  ( 0 . 3 )  reported by Chapman ( 1 9 7 4 )  

in her stud i e s  on norma l rams . The true proportion of 

metapha s e  II ce l l s i n  the meiot i c  prepara t i ons i s  under ­

est ima t ed s i nce a greater number of metapha se I I  ce l l s 

than metapha se I ce l l s  were di scarded as unsui tab l e  for 

ana l y s i s .  I n  contra s t , Skakkebaek et al . ( 1 9 7  3 ) , in the i r  

stud i e s  on norma l men , counted a l l  t h e  metapha se I and 

metaph a s e  I I  ce l l s  observed and they reported a h i gher 

MI I / M I  r a t i o  of 0 .  9 .  There fore , thi s  ratio wa s a more 

accurate re f l ec t i on of the true propo r t ions of metapha se 

I and I I  ce l l s . 

A number o f  the pr imary spermatocytes f a i l  to pas s  through 

anaph a s e  I and mature into seconda ry sperma tocytes . Th i s  

f a i lure i n  spermatocyte maturat ion i s  seen i n  the M I I /MI 

rat i o  a nd it  provides useful  informat ion on the spermato­

gen i c  a c t i v i ty in the testes of sub-fert i l e and inferti le 

ind iv idua l s . 
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4 . 4 . 3 Non- a s sociat ion of sex chromosomes 

The i nc idence of ce l l s  w i th d i s so c i at ion o f  the x and y 

chromos omes ( 0 . 7  percent ) i n  t h i s s tudy wa s s im i lar to 

that reported by Chapman ( 1 9 7 4 ) in her s tudies on norma l 

rams ( 1 • 2 percent ) .  The s e  l ev e l s  were con s i derabl y  l ower 

than those r eported i n  the dog ( 1 7 .  4 percent ) ( E l ia s son 

e t  a.l . ,  1 9 6 7 ) , man ( 1 5  percent ) ( Skakkebaek e t  a.l . ,  1 9 7 3 )  

and hors e  ( 1 6 . 1  percent ) ( Scott and Long , 1 9 8 0 ) . 

The cause o f  the non - a s soc i a t i on o f  the sex chromosome s 

has been o f  cons iderable spec u l a t ion . Ford and H amerton 

( 1 9 5 6 ) thought that a l t hough a number of the x and y d i s soc­

iat ions could be due t o  precoc i ou s  non- d i s j unction most 

cou l d  be accounted for by the rupture of the termina l con­

nec t ion between the chromosome s dur ing s l ide prepa rat i on . 

Ford and Evans ( 1 9 6 4 ) and W i nsor , Ferguson - Smi th and S h i re 

( 1 9 7 8 ) al so thought that the d i s s o c i a t i on of the x -y biva l ent 

often occurred dur i ng s l i de preparat ion . Ate rna tively 

it ha s been sugges ted that as the separa t i on o f  t he sex 

chromo some s tended to occur towa rds the later stages of 

metapha se I it wou ld seem l i ke l y  that precoc ious non-
"' 

d i s j unc t ion of the chromosome s could have occurred ( Hu l ten 

et a.l • , 1 9 6 6 ; Fraccaro et a .l  • , 1 9 6 8 ; Skakkebaek 

et a.l .  , 1 97 3 ;  Chapman , 1 9 7  4 )  • 

A lthough the cause o f  non- a s soc i a t i on o f  s ex chromosomes 

is uncertai n  it has been observed that the low i nc idence 

of u n i va lency i n  norma l rams wa s s ubsequently ref l ec ted 

in the absence of hypermoda l s econdary spermatocytes . 

Thi s  s uggested that the observed u n i va lency in norma l rams 

may have ref lected the ear l y  sepa r a t ion o f  the x-y bivalent 

dur ing d iakine s i s  ( Skakkebaek et a.l • , 1 97 3 ) . Or pos s i bly 

the se c e l l s  with d i s socia ted sex c hromosomes we re selected 

aga inst at anaphase I and fa i led t o  mature i nto secondary 

spermatocytes . 
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4 . 4 . 4  Metaphase I I  

The resul t s  f rom t h i s s tudy and the earl ier me i o t i c  s tud i e s  

on norma l rams b y  Chapman ( 1 9 7 4 ) ; Logue ( 1 9 7 7 ) and Long 

( 1 9 7 8 ) are s umma r i z ed in Tabl e  4 . 7 .  

I t  i s  seen f rom Tabl e  4 .  7 tha t , a s  prev i ou s l y  reported 

for norma l s heep by Chapman ( 1 97 4 ) , no hyperhaploid c e l l s  

were f ound i n  the 8 4  ce l l s  evaluated f rom the 3 norma l 

rams i n  thi s  s tudy . In contra s t , Logue ( 1 9 7 7 ) and Long 

( 1 9 7 8 )  both reported 2 hyperhaploid ce l l s  f rom the i r  stud i e s  

on normal ram s . H igher proport i ons o f  ce l l s  w i th 2 9  chromo ­

some arms wer e  a l so recorded i n  the s tudies by Logue ( 1 9 7 7 ) 

and Long ( 1 9 7 8 ) . A l though i t  i s  po s s i b l e  that the se c e l l s  

coul d  have been true ane �p l o i d  secondary spermatocytes 

it wa s more l i kely that they were e i ther produced dur i ng 

the prepara t i on of the s l ides or a s  a re s u l t  o f  chromo ­

some los s  due to lagg i ng at f i r s t  anapha se . The evidence 

sugge s t s  that there a re ei ther very f ew or no ane.u p l o i d  

secondary s perma tocytes produc ed du r i ng spermatogene s i s  

by norma l ram s . I t  has been prev iou s l y  sugges ted by Chapman 

( 1 9 7 4 ) that f ew or no aneup l o i d  secondary spermatocytes 

are p roduced by norma l and ba lanced homoz ygous rams ( t 1 t 1 and 

t 3 t 3 ) .  

The r e s u l t s  f rom the norma l rams are compared to the f i nd i ngs 

f rom the trans loca t i on carry i ng rams in Chapter 5 of 

thi s  thes i s . 
• 

4 . 4 . 5 Polyp l o i dy 

Po i k i loploidy i s  a term that i nc lud e s  diploid , aneupl o i d  

and polyp loid cel l s ,  a l l  of whi ch may b e  pre sent in the 

same anima l . I t  should f i rst be noted that in thi s  study 

ind i v idua l var ia t ions i n  the percentages of po lyploid ce l l s  

we re observed . 

The percentage of apparent polyp l o i d  secondary sperma tocytes 

in the norma l rams of this  study and i n  the study by Chapman 



TABLE 4 . 7 :  DI STR IBUTION OF EUPLO ID AND ANEUPLO ID M I I  FIGURES IN NORMAL RAMS ( Pooled Data ) 

N . F . /2 = 

Author No . of < 2 8 2 8  2 9  3 0  3 1  > 3 1  
Rams N % N % N % N % N % N % Total 

' 

Chapman 1 0 6 9 . 7  2 1 . 6 3 4 . 8  5 2  8 3 . 9  0 0 0 0 6 2  ( 1 9 7 4 )  

Ul 
� 

Logue � 
2 Q) 0 0 3 5 . 5  8 1 4 . 5  4 2  7 6 . 4  2 3 . 6  0 0 5 5  ( 1 9 7 7 ) CJ 

4-l 
0 

Long 1 0 0 2 2 . 0  1 0 1 0 .  0 8 6  86 . 0  2 2 . 0  0 0 1 0 0 ( 1 9 7 8 ) H 
Q) 

..0 
e 
� 

Author 3 z 1 1 • 2 1 1 . 2 2 2 . 4  8 0  9 5 . 2  0 0 0 0 8 4  

Total 1 6 7 2 . 3  7 2 . 3  2 3  7 . 7  2 6 0  8 6 . 4  4 1 • 3 0 0 3 0 1  
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( 1 9 7 4 )  wa s h i gher than the reported va l ue s  i n  other spec i e s . 

However , i t  should be men t i oned that i n  thi s  study only 

1 0 4 secondary spermatocytes were counted and i n  the study 

by Chapman ( 1 9 7 4 ) only 8 7  secondary spermatocytes were 

recorded . 

The pr imary spermatocyte po lyploid c e l l s  were predomi nant l y  

tetraploid and d i p l o i d  c e l l s  were the mos t  common among 

the seconda ry sperma tocyte s . Ce l l s  of higher ploidy were 

rarely seen . The se observat ions we re s i m i lar to those 

reported by Sasaki ( 1 9 6 4 ) ,  S a s aki and Makino ( 1 9 6 5 ) , H u l t�n 

et a£ , ( 1 9 7 0 ) , Pogo s i anz and Bruj ako ( 1 9 7 1 ) and Chapman 

( 1 9 7 4 ) . 

The cause o f  the po l yp l oidy i s  uncerta i n . I t  may be art i -

factua l , due t o  over l a pping o f  c e l l s  a s  sugges ted by H u l t�n 

et a £ • ( 1 9 7 0 ) ,  Ford and Evan s  ( 1 9 7 1 ) and L i n , T s uch ida 

and Morr i s  ( 1 9 7 1 ) .  D i s turbances o f  cytokine s i s  in sperm­

atogoni a l  ce l l s  ( L in e t  a £ • , 1 9 7 1 ; Pogosianz and Bruj ako , 

1 9 7 1  ) , endom i to s i s  and fus ion o f  spermatogoni a l  ce l l s  

( Fechhe imer , 1 9 6 1 ; Pogos ianz and Bruj ako , 1 9 7 1 ) have a l l  

been s ugge sted a s  causes o f  po lyp l o idy . I t  i s  l ikely 

tha t the fate o f  the s e  c e l l s  is  s im i lar t o  tha t o f  the 

aneuplo id c e l l s , s i nce recent s tud i e s  on human , mou s e  and 

rabb i t  sperma to zoa i nd icate tha t there is l i tt l e  ev i dence 

for the ex i s t ence o f  · h i gh numb e r s  of po lyploid sperma to z oa 

( Carothers a nd Beatt y , 1 9 7 5 ) . The f ew polyploid sperm­

atocytes that mature i nto pol y p l o i d  spermato zoa coul d  be 

one o f  the causes of t r i p l o i d  z ygotes ( Sasaki and Makino , 

1 9 6 5 ; Sumner , 1 9 7 1  ; Jona s son , Therke l sen , Lauri tsen and 

Lind s ten , 1 9 7 2 ;  N i ebuhr , 1 9 7 4 )  and therefore contr i bute 

towards embryonic los s , a s  

( McFee ly , 1 9 6 7 ; Carr , 1 9 7 1 ; 

mo s t  t r i p l o ids 

N i e buhr , 1 9 7 4 ) .  

are aborted 
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CHAPTER 5 

MEIOSIS IN ROBERTSON I AN TRANSLOCATION CARR I ER RAMS 

5 . 1  INTRODUCT ION 

Three d i f ferent Robertsoriian trans l ocations are known i n  

sheep ( Bruere , 1 9 6 9 ; Bruere and M i l l s , 1 9 7 1  ; Bruere e. t  al.. • • 

1 9 7 2 ) . The mat i ng experiments carr ied out by Prof . A . N .  

Bruer e  a t  Ma s se y  Univers i ty have r e s u l ted i n  the product ion 

o f  s heep w i t h  a l l  combinations o f  the three type s o f  Robert-

son i a n  trans l o c a t ions ( Bruere , 1 9 7 4 ;  Bruere and Chapman , 

1 9 7 4 ;  
.. . Bruere a nd E l l 1 s , 1 9 7 9 ) . Thi s  inc l udes sheep whi ch 

have the three d i f ferent cent r i c  f u s ions i n  the homo zygous 

state ( Bruere and E l l i s , 1 9 7 9 ) . The de s c r i pt ion and nomen­

clature of the Robert sonian trans locat ions o f  sheep have 

been ba sed on the recommendat ions of the Pa r i s  Conference 

( 1 9 7 1 ) and is s ummari zed in Tab le 5 . 1 . 

TABLE 5 . 1 : NOMENCLATURE FOR ROBERTSON IAN TRANSLOCAT IONS 

IN DOMEST IC S HEEP 

Breed o f  origin 

Chromosomes i nvolved 
in trans location 

Type o f  trans location 
Chromosome 

Heterozygote 
des ignation detai l  

Short 

• Massey I 

Romney 

5 ; 26 

Submetacentric 

5 3 ,  xy , - 5 ,  - 261+ 
t ( Sq 26q )  

or 

5 3 , xy , t
1 

Massey I I  

Romney 

8 ; 1 1 

Metacentr i c  

5 3 , xy , - 8 , - 1 1 , + 
t (  Sq l lq )  

or 

5 3 , xy , t2 

Massey I I I  

Drysda l e  

7 ; 2 5 

Submetacentric 

5 3 , xy , - 7 , - 2 5 , +  
t ( 7q 2Sq ) 

or 

5 3 , xy , t
3 

The mos t  deta i led me iot ic exam i na t ion o f  t rans loca t ion -

carry ing rams , to date , wa s carried out a t  Ma s sey Unive r s i ty 

by Cha pman ( 1 9 7 4 ) . She ana ly sed 1 , 0 0 8  M I I  f i gures f rom 

three d i f f e rent types of heteroz ygou s Robertsonian trans lo-
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cat i on-carry i ng rams ( 5 3 , xy , t1 ; 5 3 , xy , t  2 , 5 3 , xy , t  3 ) and 

2 2 5  M I I  f igures f rom homozygous Robe r t sonian trans locat ion­

carr y i ng rams ( 5 2 , xy , t 1 t 1 ; 5 2 , xy , t 3t 3 ) and rams w i th a norma l 

karyotype ( 5 4 , xy ) . She a l so s tudi ed the c hromosome morphol ­

ogy dur i ng me i o s i s  o f  the Robe r tsonian trans locat i on-carry -
' 

ing rams ( Chapman and Bruere , 1 9 7 7 ) .  

The other me i o t i c  stud i e s  have only been carried out on 

the t1 Rober tsonian t rans locat ion- ca r ry i ng rams . Logue . 

( 1 9 7 7 ) s tud ied the me i o s i s  i n  5 heterozygous ( t 1 ) · rams . 

Chi a sma coun t s  and non- d i s j unct ion f requenc i e s  were a l s o  

made by Long ( 1 9 7 8 ) on three rams heterozygous f o r  the 

t 1 trans loca t i on and one ram homo zygous for the t 1 t rans lo­

cat i on . The s e  rams wer e  sent over t o  B r i ta i n  by Prof . 
' 

A . N .  B r uere , Ma s sey Unive r s i ty . 

Thi s  present work repo r t s  on the me i o t i c  s tud ies carried 

out o n  rams w i th var ious combinat ions o f  a l l  three type s 

of Robert sonian trans loc a t ions . The ident i f i ca t ion , numbe rs 

and ka r yotype s o f  the rams s tud ied are summa r i zed in Tab le 

5 .  2 .  

TABLE 5 . 2 :  

52 , xy 

IH4 7/75  - t1t 3 
;a 63/77 - t1t2 
�166/78 - t2t 3 
ls6/79 - t t 2 X 

ROBERTSON IAN - CARRYING RAMS FROM WHICH ME IOT IC 

CHROMOSOMES STUDIED 

2 n  = 

5 1 , xy SO, xy 49 , xy 

8120/77 - t1t1t3 8128/77 - t 1t1t2t 3 838/79 - t1t2t2t3tx 
8154/77  - t1t 3t3 814 1/77 - " 892/79 - " 

, r.. 81 17/78  - t2t3t3 81 37/78 - t 1t2t2t 3 8196/+9- t1t2t2t3t3 
87/76 - t1t2t3 842/79 - " 

886/7 6  - " 849/79 - " 

8111/ 77  - " 8118/79 - " 

844/78  - " 8147/79 - " 

847/78 - " 8121/78 - t1t 2t3tx 
8101/78 - " 82/79 - " 

832/79 - " 

8140/77  - t1t2t3t 3 



5 . 2  RESULTS 

5 . 2 . 1  Spermatogon i a l  Metapha s e s  

7 2 . 

A number o f  spermatogon i a l  c e l l s  were ana lysed from the 

trans location-carry ing rams and are given in Table · 5 . 3 .  

A tota l o f  1 2 6 spermatogoni a l  me tapha ses were ana l ysed 

f rom the 2 7  trans locat ion- carrying rams . E l even ( 8 . 7  

percent ) of the cel l s  were hypomoda l .  No hypermodal meta­

phases were seen , but 8 po lyplo id c e l l s  ( 6 .  4 percent ) were 

recorded . The moda l chromosome numbers for the i ndiv idual 

rams were found i n  the rema i nder o f  the cel l s  ana lysed . 

The karyotypes of a l l  the rams s tud i ed we re determi ned 

f rom leucocyte c u l ture s . Rams with a norma l karyotype 

have 5 4  chromosome s .  The trans l ocation-carry ing rams used 

i n  th i s  s tudy have a decrea sed chromosome numbe r ,  a s  a 

result of the cent r i c  f u s i ons present in the karyot ype . 

For example , the ram B 1 9 6 / 7 6 ,  ( 4 9 , xy , t 1 S t 2 S t 3 ) ,  ha s 6 

metacent ric chromo some s ,  2 trans loca t ion metacentr i c s  

( t 2 � ) , 3 trans loca tion submetacent r i c s  ( t 1 t3 S ) , 3 6  a c ro­

centr ics , 2 sex chromo some s .  The karyotypes represent a t i ve 

o f  the rams s tudied i n  th i s  wor k  are shown i n  P lates 5 . 1  

to 5 . 4 .  

The morphology o f  the chromosomes in the spermatogonial 

metapha ses wa s s imi lar t o  that s een i n  the soma t i c  mitotic  

metaphases . P lates 5 . 5  t o  5 . 8  show some examp les o f  sperma ­

togon i a l  metaphases . 

5 . 2 . 2  Diakine s i s  - Metapha se I S tages 

A tot a l  of 2 , 8 6 4  cel l s  at the d i a k ines i s -metapha se I s tage 

were counted f rom the trans loca t ion-carry ing rams . T h i s  

total inc luded 4 0 4  polyp l o id cel l s .  

of 6 3  d iakines i s -metapha s e  I ce l l s . 

Karyotype s were made 
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TABLE 5 . 3 :  D I STRIBUTION OF CHROMOSOME COUNTS IN SPERMATO­

GON I AL CELLS I N  TRANSLOCAT ION -CARRY ING RAMS 

Ram Number of cel ls  with Number of 
Karyotype of Ram Identi fication chromosome number Polyploid Total 

< 2n-l 2n-1 2n 2n+1 �2n+2 Cells  

p2 , xy , t1t3 8147/75 2 0 2 

p2 , xy , t1t2 863/77  4 0 4 
p2 , xy , t2t3 8166/78 5 1 6 

p2 , xy , t2tx 86/79 3 5 0 8 

Total  3 0 1 6  0 0 1 20 

p 1 , xy , t1t1t3 8120/77 3 0 3 

p1 , xy , t1t3t3 8154/77 0 0 

p1 , xy , t2t3t3 8117/78 2 1 3 

p1 , xy, t1t2t3 87/7 6  0 0 

�1 , xy , t1t 2t3 886/76 6 0 6 

p1 , xy , t1t2t3 8111/77 4 4 0 8 

p1 , xy , t1t2t3 844/78 0 0 

p1 , xy, t1t2t3 847/78 9 0 9 

pl , xy , t 1t2t3 8101/78 1 4 0 5 

Total  5 0 28 0 0 1 34 

f:JO, xy , t1t2t2t3 81 37/78 3 1 4 

�O , xy , t 1t2t2t3 8 42/79 2 0 2 

150, xy , t1t2t2t3 849/79 1 11 1 1 3 

ISO , xy , t1t2t2t3 8118/79 2 2 4 

ISO , xy, t1t2t2t3 8147/79 1 1 1  0 12 

ISO , xy , t1t1t2t3 8128/77 1 20 2 2 3 

�O , xy , t1t1t2t3 8141/71 2 0 2 

�O , xy , t1t2t3tx 8121/78 3 0 3 

SO , xy , t1t2t3tx 82/79 0 0 
�O , xy , t1t2t3tx 832/79 2 0 2 

f:JO, xy , t1t2t3t3 8140/77 3 0 3 

Total 3 0 59 0 0 6 68 

�9 , xy , t1t2t2t3t3 8196/7 6  3 0 3 

49, xy , t 1t2t2t3tx 838/79 1 0 1 

�9 , xy , t1t2t2t3tx 892/79 0 0 

Total 0 0 4 0 0 0 4 
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PLATE 5 . 1 : 

PLATE 5 . 2 :  

Karyotype o f  a ma l e  Robert son ian trans l ocation 

doubl e  heterozygote . The t rans loca t i on s ub­

metacentric chromosome ( t 1 ) ,  the trans l ocat ion 

metacentric chromosome ( t 2 ) and the sex chromo­

some s are i dent i f i ed .  

( Gi emsa ) 

Karyotype o f  a ma l e  Robertsonian trans l ocat ion 

t r i p l e  heterozygote . The t rans loca t ion sub­

metacentr i c  chromosomes ( t 1 + t 3 ) ,  the trans lo­

c a t i on metacentric chromosome ( t  2 ) and the 

sex chromosomes are ident i f i ed .  

( G i emsa ) 
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PLATE 5 . 3 :  

PLATE 5 . 4 :  

Karyotype o f  a 5 0 , xy , t 1 t 2 t 3 t 3 ram . The trans ­

locat io n  c hromosome s and the sex chromosomes 

are ident i f i ed . 

( G -banded ) . 

Karyotype o f  a 4 9 , xy , t 1 t 2 t 2 t 3 t 3 ram . The 

trans loca t i on chromosome s and the sex chromo­

some s are ident i f ied . 

( Giemsa ) • 
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PLATE 5 . 5 :  

P LATE 5 . 6 :  

D i ploid spe rma togon i a l  metaphase f rom B1 47  / 7 5 

( 5 2 , xy ,  t 1 S ) . The s ma l l  a rrow points to the 

Y chromo some . 

( Giemsa x 1 , 7 5 0 ) .  

D ip l o i d  spe rmatogon i a l  metapha s e  f rom B 4 7 / 7 8  

( 5 1 , xy , t 1 t 2 t 3 ) .  . La rge ar rows point t o  the 

t rans locat i o n  chromos ome s and the sma l l  arrow 

poi nts t o  the Y chromo some . 

( Gi emsa x 1 , 7 5 0 ) .  
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PLATE 5 . 7 :  

PLATE 5 . 8 :  

D i p lo i d  s pe rma togon i a l  metaphase f rom B 1  2 1  / 7 8  
( 5 0 1 Xy 1 t 1 t 2 .S _tx ) .  The X c hromosome ( la rge 
a r row ) and the Y chromosome ( sma l l  arrow ) 
a r e  i den t i f i ed .  
( G i emsa x 1 1 7 5 0 ) .  

Te t ra p l o i d  s perma togon i a l  
B 1 2 8 I 7 7 ( 5 0 I X y I t 1 t 2 t2 s ) . 

t o  the Y ch romo some s .  
( G i emsa x 1 1 7 5 0 ) . 

metapha s e  f rom 
The a r rows po int 
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5 . 2 . 2 . 1  Doubl e  heterozygous rams 

Chromos ome count s on c e l l s  at d i a ki ne s i s -me taphase I f rom 

the 4 doubl e  h eterozygous rams are g iven i n  Table 5 .  4 .  

A tota l of 2 9 9  c e l l s  were counted and thi s  tota l i nc luded 

30 { 1 0 . 0  percent ) polyp l o i d  c e l l s . 

The ana lyses of non- po l yp l o id ce l l s  are g i ven i n  Tabl e  

5 . 4 .  The maj o r i t y  of c e l l s , 9 7  percent , had 2 5  chromosoma l 

bod i e s . On ly one hypermoda l ce l l , with 2 6  chromosoma l 

bod i e s , wa s recorded . S even hypomoda l c e l l s , w i th one 

chromo soma l body m i s s i ng ,  were recorded . 

The 

2 2  

mod a l  ce l l  had 2 5  chromosoma l bod i e s  

autosoma l b i va lent s , a sex biva lent and 

compr i s i ng o f  

2 t r i  va l e nts . 
.,,,.�. 

The 2 2  autosoma l biva l e n t s  ,.. comp r i sed o f  three l arge 

bivalents  and 1 9  sma l l  b i va lent s . The l ar ge biva lent s 

were formed by the pa i r i ng of the metacentr i c  chromos ome s 

and the sma l l  b i va l ents we re formed f rom the pa i r i ng of 

acrocent r i c  chromo some s .  The tr iva lent i s  compr i s ed o f  

the trans location chromosome and i t s  two acrocentr i c  homo l ­

ogues . Repre sentat ive c e l l s  are seen i n  P l a tes 5 . 9  and 

5 . 1 0  and F i gures 5 . 1  and 5 . 2 .  

One of the 2 6 9  non - po lypl o i d  ce l l s  had 2 6  chromosoma l bod ie s . 

I t  compr i sed of 2 2  autosoma l b iva l e nts , 2 t r i va lents and 

separated X and Y chromo som e s . E l even of the sex biva l e nts 

were a s soc iated with one of the sma l l  autosoma l biva l en t s . 

The percentage of c e l l s  f rom the 4 rams i n  whi ch the a s s oc ­

i a t ion wa s recorded var i ed f rom 0 t o  5 . 1  perce n t . 

Chiasmat a  counts were made on 1 5 d iakines i s -metaphase I 

c e l l s  f rom 3 of the doubl e  heteroz ygous rams a nd the res u l ts 

are s umma r i zed i n  Tabl e  5 . 5 .  The average number of 

chi asmata per ce l l  wa s 5 4 . 5  with a range f rom 5 2  to 5 8 .  

The average number o f  chiasmata per e l ement wa s 2 . 3 .  

The 

5 . 6 .  

ana l y s e s  of the po l y p l o i d  ce l l s  are g i ven in Tab l e  

Th i r ty ce l l s  were recorded . Of the s e , 2 7  were tet r a -



TABLE 5 . 4 :  

Ram 

ROBERTSON IAN TRANSLOCATION DOUBLE HETEROZYGOUS RAMS : CHROMOSOME COUNTS FROM PRIMARY 

SPERMATOCYTE CELLS AT DIAKINES I S -HETAPHASE I STAGES 

Number of Number o f  Tot a l  Ana l y s i s  of Ce l l s  Numbe
'
r o f  

Chromosome Tot a l  Po lyploid I n c l uding e x c l ud i nq Po lyploids Tota l • c e l l s  
Ide n t i - Bod i e s  I Ce l l s  Ce l l s  Pol yploid Number with xy X and Y 

f i ca t i on Ce l l s  Ce l l s  a s socia ted separated 
2 3  2 4  2 5  2 6  � 

Anal y sed w i th � N ::>. I I ::>. .. ::>. ::>. Autosomal No . � X X X X 
.. .. .. .. Bivalent L() -o '<l' f"'l N N N N 

8 1 4 7 / 7 5  0 0 9 0 9 1 1 0  9 0 0 0 9 0 0 0 

B 6 3 / 7 7  0 0 8 0 8 3 1 1  8 0 0 0 8 1 0 0 

B l 6 6 / 7 8  0 0 3 8  1 3 9  3 4 2  3 8  1 0 0 39 2 1 2 . 6  
-

B 6 / 7 9  0 7 206 0 2 1 3  2 3  2 3 6  206 0 7 0 2 1 3  8 0 0 

h'ota l 0 7 2 6 1  1 269 3 0  299 2 6 1  1 7 0 2 6 9  1 1  1 0 . 4  



TABLE 5 . 5 :  FREQUENCY AND DI STRIBUTION OF CH IASMATA IN TRANSLOCATION -CARRY ING RAMS 

No . 
Distr ibut ion of Chia smata Average 

Tot a l  Tota l  
Tota l  Number Numbe r . Ave rage Number Number of 

Karyotype of Chia smata Termi n a l  
Counted of e l eme nts w i th g i ven Chia sma ta 

Rams Per ce l l  Ch iasmata 
Number of Ch i a sma ta per 

Cel l s  Elements 1 2 3 4 5 6 7 Element Ave . Range Ave . Range 

5 2 , x y , t  t 3 1 5  360 4 . 2  1 4 . 4  1 . 7  2 . 1  1 . 3  0 . 3  0 2 . 3  5 4 . 5  5 2 - 5 8 2 1 . 8  1 8 - 2 6  X 

5 l , xy , t
1

t
2

t
3 

3 1 3  299 3 . 6  1 2 . 3  2 � 5  3 . 2  1 . 2  0 . 1  0 . 1  2 . 4  5 5 . 5  5 0 - 6 0  2 2 . 1  1 8 - 2 5  

5 0 , xy , t
1

t
2

t
3

t
x 

3 2 3  5 2 9 3 . 1  1 3 . 6  2 . 7  2 . 4  0 . 8  0 . 3  0 . 1  2 . 4  5 4 . 2  4 9 - 5 8  2 2 . 3  1 8 - 2 7  

4 9 , xy , t
1

t
2

t
2

t
3

t
x 2 9 207 4 . 1  1 2 . 9  2 . 2  1 . 9  1 . 6  0 . 3  0 2 . 3  5 3 . 9  5 2 - 5 7  2 1 . 9  1 8 - 2 5  

Termi n a l i za t i on 
Coe f f i ci en t  

Ave . Range 

0 . 4  0 . 3 5 - 0 . 5  

0 . 4  0 . 3 - 0 . 5  

0 . 4  0 . 3 - 0 . 5 

0 . 4  0 . 3 - 0 . 6  

():) 
0 



TABLE 5 . 6 :  CHROMOSOME COUNTS FROM POLYPLOI D  CELLS AT DIAKINES I S -METAPHASE I STAGES IN TRANSLO ­

CAT ION -CARRYING RAMS 

Number of 

No . of ce l l s Analys i s  o f Polyploid Ce l l s  
Karyotype Rams 

Showing N . A .  Tota l 
Chromo some 4 n  · 6 n  8n N . A .  Tota l 
ComEl ement 
4 n  6n 8n > 4 n 4n < 4 n 6n < 6n 8n 

5 2 , xy , txt 4 27  2 1 0 3 0  0 2 4  3 2 0 1 0 3 0  

5 2 , xy , t  t t 3 1 6 5 1 0 2 2  0 1 3 3 5 0 1 . 0 2 2  X X 

5 1  , xy , t 1 t 2 t 3 
6 2 0 0  3 9  9 3 2 5 1  3 1 6 7  3 0  2 0  1 9 9 3 2 5 1  

5 0 , xy , t
1

t
2

t
3

t
x 6 4 6  2 2 0 5 0  0 3 9  7 1 1 2 0 5 0  

5 0 , xy , t 1 t 2
t

2
t

3 5 2 5  5 0 0 3 0  0 2 2  3 5 0 0 0 3 0  

4 9 , xy , t
1

t
2

t
2

t
3

tx 3 1 7 2 2 0 2 1  0 1 7 0 2 0 2 0 2 1 

Tota l 2 7  3 3 1  5 5  1 5  3 4 0 4  3 2 8 2  4 6  3 5  2 0  1 5 3 4 0 4  

N . A .  = Not Ana lysed 
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PLATE 5 . 9 :  C e l l  i n  d i a k i ne s i s  f rom B 1 4 7 / 7 5  

There a re three l arge auto s oma l 

( 5 2 , xy , t1 t 3 ) .  

b i va l ents ,  

two tr i va lents 1 9  sma l l  acrocentr i c  b i va lents 

a nd a sex bivalent . 

( G i emsa x 2 , 5 0 0 ) . 

F IGURE 5 . 1 : Karyotype of c e l l  i l lu s trated i n  P l ate 5 . 9 .  
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PLATE .5 . 1 0 :  C e l l  i n  d i akines i s  f rom B G / 7 9  ( 5 2 , xy , t 2 t x ) .  

There are three l arge a utosoma l b i va lents , 

two tr i va lent� 1 9  sma l l  a croc e n tr i c  b i valents 

and a sex b i va l ent . 

( Gi emsa x 3 , 0 0 0 ) . 

F I GURE 5 . 2 :  Karyotype of ce l l  i l l u s trated in P late 5 . 1 0 . 
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plaid , 2 wer e  hexaploid a nd one wa s octaploid . None o f  

the ce l l s  were seen w i t h  univa lent chromosoma l bodi e s . 

5 . 2 . 2 . 2  T r i p l e  tran s loc a t ion- carry ing rams 

Chromosome counts on c e l l s  a t  d iakine s i s -metaphase I f rom 

the 3 t r i pl e  trans locat i on ( 5 1 , xy , t  t t )  rams are g iven X X 
in Tab l e  5 .7 • A tota l o f  1 5 8 c e l l s  were counted and thi s  

tot a l  i n c l uded 2 2  ( 1 3 . 9  percent ) polyploid c e l l s . 

The ana lyses o f  non-polyploid c e l l s  are g i ven i n  Tab l e  

5 . 7 . The maj or i ty of c e l l s , 9 0 . 4  percent , had 2 5  chromosom­

al bod i e s . Onl y  one hypermoda l c e l l  wa s recorded whi le 

1 2 hypomoda l c e l l s , wi th e i ther one or more chromosoma l 

bod i e s  m i s s ing , wer e  seen . 

The modal ce l l  had 2 5 c hromosoma l bod ies , compr i s i ng of 

23  autosoma l b i va l ent s , a sex b iva lent and a t r i valent . 

The 2 3  a utosoma l bivalents  comp r i s ed of four l a rge bivalents 

and 1 9  sma l l  b i va l ent s .  A repre sentat ive cell is seen 

in plate 5 . 1 1 . 

One o f  the 1 3 6 non-polypl o i d  ce l l s  had 2 6  chromo soma l bod i e s , 

with s eparated X and Y chromosome s .  Seven o f  the sex biva -

l ents were as soc i ated w i t h  one o f  the sma l l  autosoma l bi va ­

l ents . The percentage o f  c e l l s  f rom the 3 rams i n  whic h  

t h e  a s sociat ion wa s recorded varied f rom 0 t o  6 . 2  percent . 

The 

5 . 6 .  

analyses o f  

Twenty two 

the po lyploid c e l l s  

ce l l s  wer e  recorded . 

tetrapl o i d ,  5 were hexa p l o i d  and one 

po lyploid ce l l  i s  seen i n  P late 5 . 1 2 .  

5 . 2 . 2 . 3  Triple he terozygous rams 

are g i ven in Tab l e  

O f  the se , 1 6 were 

was octaploid . A 

Chromosome counts on c e l l s  a t  diakine s i s -metaphase I f rom 

the 6 triple heterozygous rams are given i n  Table 5 .  8 .  

A tota l of 1 , 5 8 5  c e l l s  were counted and th i s  tota l inc l uded 

2 5 1  ( 1 5 . 8  percent ) po lyploid ce l l s . 



TABLE 5 . 7 :  

Ram 
Ide n t i -

ROBERTSON IAN TRANSLOCAT ION RAIJIS ( 5 1 1 XY 1 tx tx t )  : CHROMOSOME COUNTS FROlvl PRIMARY 

SPERMATOCYTE CELLS AT DIAKINES I S -METAPHASE I STAGES 

Total 
Ana l y s i s  of Ce l l s  

Number of 
Numbe r o f  N umber of I nc l ud i ng Tota l Ce l l s  
Chromosome Tota l Pol yploid Polyploid 

Exc l uding pol yploids 
Number with X y  

X a nd y 

f i cation Bod i e s / Ce l l  Ce l l s  Ce l l s  � Ce l l s  Associated 
Separated 

Ana l ysed with .$ 2 3  24 25 26 
� N No . % >. I I >. .. >. >. Autosoma l X X X X 

.. .. .. .. Bivalent 
1.{) \.0 '<:!' .. � N N N 

8 1 2 0 / 7 7  1 2 6 1  1 6 5  9 7 4  6 1  1 2 0 6 5  4 1 1 . 5  

8 1 5 4 / 7 7  4 4 5 0  0 58 8 66 50 0 4 3 5 8  3 0 0 

8 1 1 7 / 7 8  0 1 1 2  0 1 3  5 1 8  1 2  0 1 0 1 3  0 0 0 

Total 5 7 1 2 3  1 1 3 6 2 2  1 5 8  1 2 3  1 7 3 1 3 6 7 1 0 . 7 



TABLE 5 . 8 :  ROBERTSON IAN TRANSLOCATION TR IPLE HETEROZYGOUS RAMS : CHROMOSOME COUNTS FROM PRIMARY 

SPERr-tATOCYTE CELLS AT DIAKINES I S -META·PHASE I STAGES 

Ram Number of Ce l l s  N umbe r o f  
To ta l  Ana l y s i s  of ce l l s  Number 

Ident i - Showing Chromosome Total Pol ypl oid 
I nc l ud i ng e x c l ud i�q Polyploids To ta l  o f  ce l l s  

f i ca t i on Compl ement Ce l l s  
Po l yploid Number with x y  X a nd Y 

�Cl; 
Ce l l s  N Ce l l s  a s sociated Separated :>, ' �Cl;  I 

< 2 2 2 2  2 3  2 4  2 5  2 6  - I :>, Ana l ysed w i th :>, X :>, X X - X - Autosoma l No . % - L() .. N � N ('f') N B i v a l e n t  N .... N v, 

B 7 / 7 6  0 8 1 7  2 3 5  1 0 2 6 1  9 5  3 5 6  2 3 5  1 1 7  8 2 6 1  5 1 0 . 4  

B8 6 / 7 6  0 0 2 54 0 0 5 6  8 64 54 0 2 0 56 2 0 0 

B l l l / 7 7  5 5 4 3  668 2 1 7 2 4  l l O  8 3 4  668 3 4 3  1 0  7 2 4  4 0  3 0 . 4  

B 4 4 / 7 8  0 0 0 1 0 0 1 1 2 1 0 0 0 1 0 0 0 

B 4 7  / 7 8  0 0 1 0  1 5 2  4 0 1 6 6  2 7  1 9 3  1 5 2  4 1 0  0 1 66 4 4 2 . 4  

B101 / 7 8  2 0 4 1 20 0 0 1 2 6  1 0  1 3 6  1 2 0 0 4 2 1 2 6  4 0 0 

rrota l 7 1 3  7 6  1 2 30 7 1 1 3 3 4 2 5 1  1 5 8 5  1 2 3 0 8 7 6  20 1 3 3 4  5 5  8 0 . 6  

CD 
0"1 
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PLATE 5 . 1 1 :  Ce l l  i n  d iakines i s  f rom B 1 1 7 / 7 8  ( 5 1 , xy , t2 t 3 t 3 ) .  

There are three l arge autosoma l b i va l ents , 

a t r i va lent ( I I I ) , a t rans loca t ion b iva lent 

( t ) , 1 9  sma l l  autosoma l biva l ent s a nd a sex 

b i va l ent ( arrowed ) .  

( Gi emsa x 2 , 0 0 0 ) . 

PLATE 5 . 1 2 : Tetrap l o i d  ce l l  i n  d i akines i s  f rom B1 1 7 / 7 8  

( 5 1 , xy , t  2 t 3 t 3 ) .  There are two t r i va lents 

( I I I ) , two trans loc a t ion b i valents ( t )  and 

two sex b iva lent s ( arrowed ) .  

( Gi emsa x 2 , 0 0 0 ) 
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The ana l y s e s  of non- po lyploid c e l l s  a re g i ve n  i n  Tabl e  

5 . 8 .  The maj o r i ty o f  c e l l s ,  9 2 . 2  percent , had 2 4  chromo­

some bod i e s . E ight hypermod a l  c e l l s  wer e  recorded and 

96 hypomoda l ce l l s , w i th e i ther one o r  more chromosoma l 

bod ies m i s s i ng , were counted . 

The moda l c e l l  had 2 4  chromo soma l bod i e s  compr i s i ng 2 0  

autosoma l bivalents , a s ex b i va l ent a nd three tri va lent s . 

The 2 0  autosoma l biva l en t s  compr i sed o f  3 l arge biva l e n t s  

and 1 7  sma l l  biva lent s .  The t r i  va l e n t s  compr i sed o f  the 

trans locat ion chromos ome s and the i r  a c rocentr i c  homo logue s .  

A repre senta t i ve c e l l  i s  seen i n  P l a t e  5 . 1 3  and F i gu r e  

5 . 3 .  

S i x  of the 1 ,  3 3 4  non-po l yploid cel l s  had 2 5  chromosoma l 

bod ies , with a sepa r ated X and Y chromosome . One of the 

ce l l s wa s seen with an extra autosoma l body and separated 

X and Y chromosome s .  F i f ty f i ve of the sex bivalents wer e  

as soc iated w i th o n e  o f  t h e  sma l l  a utosoma l biva lent s . 

The pe rcentage of c e l l s  f rom the 4 rams i n  wh i ch the a s s o c ­

i a t ion wa s recorded var ied f rom 0 to 5 . 5  percent . 

Chi asmata counts wer e  made on 1 3  d ia k i ne s i s - metapha se I 

ce l l s  f rom 3 o f  the t r i p l e  hetero zygous rams and the resu l t s  

a r e  summa r i zed i n  Tab l e  5 . 5 .  The average number of ch iasmata 

per c e l l  was 5 5 . 5  with a range of 50 to 6 0 . The average 

number of c h i a smata per e lement was 2 . 4 .  

The ana ly se s  o f  the polyploid c e l l s  are g i ve n  i n  Tabl e  5 .  6 .  

Of the 2 4 8  c e l l s  ana l ysed 2 0 0  were tetraploid . ( P late 5 . 1 4 

and Figure 5 .  4 )  , 3 9 were hexaploid and 9 were octaploid . 

Three c e l l s  were not ana lysed . Three tetraploid ce l l s  wer e  

seen with a n  extra ( s )  chromosoma l body . The se c e l l s  cou l d  

have been broken hexaploid ce l l s . 

5 . 2 . 2 . 4  Mu l t i p l e  t ra n s location - carry ing rams ( 5 0 , xy , t 1 t 2 t 3 tx ) 

Chromosome counts on ce l l s  a t  diakine s i s -me ta pha se I f rom 

the 6 mu l t i p l e  trans location-carry i ng rams ( 5 0 , xy , t 1
t 2 t 3 tx ) 
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PLATE 5 . 1 3 :  Ce l l  i n  d iakine s i s  f rom B 1 1 1 / 7 7 ( 5 1 , xy , t 1 t 2 t 3 ) .  

There are three large autosoma l b iva lent s , 

three t r i va lent s , 1 7  sma l l  autosoma l bivalents 

a nd a sex b iva lent . 

( G i em s a  x 2 ,  0 0  0· .  ) 

F IGURE 5 . 3 :  Karyotype of c e l l i l l u s t ra ted i n  P l a te 5 . 1 3 .  
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P LATE 5 . 1 4 :  Tetraploid ce l l  

( 5 1 , xy , t 1 t 2 t 3 ) • 

. f d ' k ' . 1 n  1 a  1nes 1 s  

There are 

a nd two sex biva lent s .  

( Gi em s a  x 2 , 0 0 0 ) . 

•. 

from B1 1 1 / 7 7  

s i x  t r i va lent s 

FIGURE 5 . 4 :  Karyotype o f  ce l l  i l l u s t rated in P l ate 5 . 1 4 .  
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are g i ve n  i n  Table 5 . 9 .  A tota l of 4 1 1 ce l l s  were counted 

and t hi s  tota l i nc l uded 5 0  ( 1 2 . 2  percent ) polyploid cel l s . 

The a n a l y s e s  o f  non-polyploid c e l l s  are g iven i n  Tab l e  

5 . 9 .  The maj or i ty of c e l l s ,  9 3 . 9  percent , had 2 4  chromosom­

a l  bod i e s . Thre e  hypermodal ce l l s  and 1 9  hypomoda l ce l l s , 

with e i ther one or more chromosoma l bod i e s  m i s s ing , were 

recorde d . 

The mod a l  ce l l  had 2 4  chromo soma l bod i e s  compr i s ing 2 1  

autosoma l bivalents , a sex biva l ent and 2 t r iva l ents . 

The 2 1  a utosoma l biva l ents were compri sed of 4- large b iva lent s 

and 1 7  sma l l  b i va lent s . A repre s entative ce l l  i s  seen 

in P l a t e  5 . 1 5  a nd F i gure 5 . 5 .  

Three o f  the 3 6 1  non- po lyploid c e l l s  had 2 5  chromos oma l 

bod i e s  ( P l a t e  5 . 1 6  and F igure 5 . 6 ) . The cel l s  had separa ted 

X and Y chromo some s .  N i neteen of the sex b i va lents were 

a s soc i a ted w i th one of the sma l l  au to soma l biva l ent s . The 

percentage of ce l l s  f rom the 6 rams in wh i ch the � s sociat ion 

wa s recorded var i ed f rom 0 to 6 . 9  percent . 

Chiasma t a  counts were made on 2 3  d iakines i s -metapha s e  I 

c e l l s  f rom 3 o f  the mu l t i p l e  trans l ocat ion - carry ing rams 

and the r e s u l t s  a r e  summari zed in Tab l e  5 . 5 .  The average 

number of chiasmata per ce l l  wa s 5 4 . 2  with a range f rom 

4 9  to 5 8 . The average number of c h i a smata per e l ement 

wa s 2 . 4 .  

The ana l y s es of the polyploid c e l l s  a r e  g i ven i n  Tab l e  5 .  6 .  

F i f ty c e l l s  were recorded . O f  the s e . 4 6  were tetraploid , 

2 wer e  hexap lo i d  and 2 were octaploid . 

5 . 2 . 2 . 5  Mu l t ip l e  trans location-carrying rams ( 5 0 , xy , t 1 t 2 t 2 t 3 ) 

Chromos om e  count s on ce l l s  a t  diakine s i s -metapha s e  I f rom 

the 5 mul t i p l e  trans l ocat ion- carrying rams ( 5 0 , xy , t 1 t 2 t 2 t 3 ) 

are g i ve n  i n  Tab le 5 . 1 0 . A tota l of 2 1 8 ce l l s  were counted 

and th i s  tota l inc l uded 3 0  ( 1 3 . 8  percent ) po lyploid ce l l s . 



TABLE 5 . 9 :  

Rams 
I de nt i -

f i cation 

MULT IPLE TRANSLOCATION - CARRYING RAMS ( 5 0 , XY , t 1 t 2 t 3 tx ) :  CHROMOSOME COUNTS FROM PRI MARY 

SPERMATOCYTE CELLS AT DIAK I NE S I S -METAPHASE I STAGES 

Tot al 
Ana l ys i s  o f  ce l l s  Number o f  

Number o f  Numbe r o f  
I n c l uding 

Exc l uding Pol yploids Total Ce l l s  
X and Y 

Chromosome Total Pol yploid 
Po l y p l o i d  N umber with XY 

Separated 
Bod i e s / Ce l l s  Ce l l s  � Ce l l s  Associ ated Ce l l s .:X: N Ana l y sed with 

.. < 2 2 2 3  2 4  2 5  :>. I I :>. :>. .. :>. :>. X 
Autosoma l No . % X X X X I 

.. .. .. .. .. 
Biva lent q l[) (V) ...., N (V) 

N N N N N 

8 1 4 0 / 7 7  1 1 3 2  0 3 4  2 3 6  3 2  0 1 1 0 3 4  1 0 0 

8 1 2 8 / 7 7  0 1 2  180 2 1 9 4  2 8  2 2 2  1 8 0  2 1 1  0 1 1 9 4  1 1  2 1 . 0  

B 1 4 1 / 7 7  1 0 1 6  0 1 7  4 2 1  1 6  0 0 1 0 1 7  0 0 0 

8 1 2 1 / 7 8  1 2 26 0 2 9  5 3 4  2 6  0 2 1 0 2 9  2 0 0 

8 2 / 7 9  0 0 1 4  0 1 4  4 1 8  1 4  0 0 0 0 1 4  0 0 0 

8 3 2 / 7 9  0 1 7 1  1 7 3 7 80 7 1  l 1 0 0 7 3  5 1 1 . 4 

[rotal 3 1 6  3 3 9  3 3 6 1  50 4 1 1  3 3 9  3 1 5  2 1 3 6 1  1 9  3 0 . 8  



TABLE 5 . 1 0 :  MULT IPLE TRANSLOCATION - CARRYING RAMS ( 5 0 , XY , t 1 t 2 t 2 t 3 ) :  CHROMOSOME COUNTS FROM PRIMARY 

SPERMATOCYTE CELLS AT DIAKINES I S -METAPHASE I STAGES 

Tota l Ana l y s i s  of ce l l s  
Number of 

Rams Number of Number of I nc l ud i ng Exc l ud i ng Pol yploids 
Tota l Ce l l s  with X and Y 

Ident i - Chromosome Tota l Po l yploid Pol ypl o i d  Number x y  Separated 

f i cation Bod i e s / Ce l l s  Ce l l s  Ce l l s  Cel l s  Associa ted 
No . ,cC % 

,cC N Ana l ysed wi th 
2 2  2 3  2 4  2 5  ;:., I I Autosoma l ;:., .. ;:., ;:., >< X X X Bivalent ' ' .. .. 

'Q' l[) ("') N N N N N 

8 1 3 7 / 7 8  0 0 1 9  0 19 2 2 1  1 9  0 0 0 19 0 0 0 

B4 2 / 7 9  0 1 8 6  1 88 5 9 3  8 6  1 1 0 88 3 1 1 . 1  

B49/ 7 9  0 0 2 4  0 2 4  4 28 2 4  0 0 0 24 0 0 0 

B l l 8 / 7 9  0 1 1 2  0 1 3  7 20 1 2  0 1 0 1 3  1 0 0 

B 1 4 7 / 7 9  0 1 4 2  1 4 4  1 2  5 6  4 2  1 1 0 4 4  3 1 2 . 3  

Tota l  0 3 1 8 3  2 1 8 8  3 0  2 1 8  1 8 3  2 3 0 1 8 8  7 2 1 . 1  
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PLATE 5 . 1 5 :  Ce l l  i n  d iakine s i s  f rom B 1 2 8 / 7 7  

The r e  are three l a rge autosoma l 

two t r i va lents , a tran s locat io n  

1 7  sma l l  acrocent r i c  bivalents  

b i va l e nt . 

( G i emsa x 2 , 0 0 0 ) . 

( 5 0 , xy , t 1 t 1 t 2 t 3 ) .  

b i va lent s , 

b i va le nt , 

and a sex 

FIGURE 5 . 5 :  Karyotype of cel l i l lustrated in P l a t e  5 . 1 5 .  

The fourth largest biva lent i s  formed by the 

pa i red trans locat ion chromosomes .  
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PLATE 5 . 1 6 :  Ce l l  i n  d ia k i ne s i s  f rom B 3 2 / 7 9  ( 5 0 , xy , t 1 t 2 t 3 tx } .  

There a r e  t hree large autosoma l b iva lents , 

two tr i va l e nt s , a trans loca t i o n  biva lent , 

1 7  sma l l  acrocen t r i c  bivalents , a sex bivalent 

and an extra e l ement whi ch is  probab ly a 

u n i va l en t  ( I ) . 

( G i emsa x 2 , 0 0 0 ) . 

F I GURE 5 . 6 :  Ka ryotype o f  ce l l  i l lustrated i n  P late 5 . 1 6 .  

The fourth large s t  bivalent i s  the trans lo­

c a t i on b i va l ent . 
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The 

5 .  1 0 .  

9 6 .  

ana l y s e s  of non-polyploid cel l s  are given in Table 

The maj ori ty o f  ce l l s , 97 . 3 per cent , had 24 chrome-

s omal bodi e s . Two hypomoda l c e l l s  and three hypomoda l 

ce l l s , wi th e i ther one or more chromos omal bodies m i s s ing , 

were recorded . 

The moda l ce l l  had 2 4  chromosoma l bodies compr i s ing o f  

2 0  autosoma l biva len t s , a s e x  biva l e n t  and 2 t r i  va lent s . 

A repr e s entative ce l l  i s  seen i n  p l a t e  5 . 1 7  and F igure 

5 . 7 .  

Two of the 2 1 8 non-polyploid cel l s  had 2 5  chromosoma l bod i e s . 

The ce l l s  had separated X a nd Y chromosome s .  Seven o f  
• 

the s ex b i va l ents wer e  as soc iated with one of the . sma l l  

auto soma l b i va l ents . The percentage o f  c e l l s  from the 

4 rams in which the a s sociat i on wa s recorded va ried f rom 

0 to 6 . 8  percen t . 

The 

5 . 6 .  

ana l y s e s  o f  the polyploid c e l l s  

Th i r ty ce l l s  we re recorded . Of 

p l a i d , and 5 were hexaploid . 

are g i ven i n  Tabl e  

these, 2 5  were tetra -

5 . 2 . 2 . 6  Mu l t iple trans l ocat i on - carrying rams ( 4 9 , xy , t 1 t 2 t 2 t 3 tx ) 

Chromosome c ounts on ce l l s  a t  d iakine s i s - metapha se I f rom 

the 3 mu l t iple trans l oca t ion- ca rry i ng rams ( 4 9 , xy , t 1 t 2 t 2 t 3 tx ) 

are g i ven i n  Table 5 . 1 1 . A tota l o f  1 9 3 cel l s  were counted 

and t h i s tota l included 2 1  ( 1 0 . 9  percent ) polyploid ce l l s . 

The ana l y s e s  o f  non -polyploid cel l s  are g i ven i n  Tabl e  

5 . 1 1 .  The maj ority o f  ce l l s , 9 5 . 3  per c ent , had 2 4  chromo­

soma l bod i e s . No hypermoda l c e l l s  were recorded . E i ght 

hypomoda l  ce l l s , with e i ther one or more chromosoma l bod i e s  

m i s s i ng , w e r e  recorded . 

The moda l c e l l  had 2 4  chromosoma l bodies compr i s ing 2 2  

autosomal b i valent s , a sex b i va l ent and a t r ivalent . The 

2 2  a utosoma l bival ent s vlere compr i sed o:.C 5 large biva lent s and 

1 7  sma l l  b i va lent s . Representat ive cel l s  are seen in P l ates 



TABLE 5 . 1 1 :  MULT IPLE TRANSLOCAT ION - CARRYIHG RAMS ( 4 9 , XY , t 1 S t 2 S t x ) :  
PRIMARY SPERMATOCYTE CELLS AT D I AK I NE S I S -METAPHASE I STAGES 

Tot a l  Ana l y s i s  o f  Ce l l s  
Ram Number o f  Number o f  

I n c l uding Exc l ud i ng Pol yploids 
I dent i - Chromosome Total Po l yploid 

Polyploid 
f i ca t i on Bodi es /Cel l Ce l l s  o<X; o<X; N 

CHR01110SOME COUNTS FROM 

Number o f  
Tota l Ce l l s  with X and Y 

N umber X y  Separated 
Ce l l s  Associ ated 

Ce l l s  ;:.., I I Ana l y sed with 
.,< 2 2  2 3  2 4  2 5  ;:.., .. ;:.., ;:.., 

X X X X Autosoma l No . % 
.. .. .. .. 

..;!' L[) M N B i va l ent N N N 'II N 

B l 9 6 / 7 6  3 1 4 8  0 5 2  1 5 3  4 8  0 1 3 5 2  2 0 0 

8 3 8 / 7 9  0 0 7 1  0 7 1  9 80 7 1  0 0 0 7 1  3 0 0 

89 2 / 7 9  1 3 4 5  0 4 9  1 1  6 0  4 5  0 3 1 4 9  1 0 0 

Tota l 4 4 1 6 4  0 1 7 2  2 1  1 9 3  1 6 4  0 4 4 1 7 2  6 0 0 
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P LATE 5 . 1 7 :  Ce l l  i n  d i a k i ne s i s  f rom B 4 2 / 7 9 ( 5 0 1 Xy 1 t 1 t 2 t 2 t 3 ) .  

There a r e  three large autosoma l b i va l ents 1 two 

t r i  va lents 1 a trans locat io n  biva lent 1 1 7  sma l l  

acrocentr i c  biv alents a nd a sex bivelent . 

( G iemsa x 2 1 0 0 0 ) . 

F IGURE 5 . 7 :  Karyotype o f  c e l l i l lu s t r ated i n  P late 5 . 1 7 . 

The trans locat ion biva l ent i s  the fourth largest 

autosoma l b i va l ent . 
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PLATE 5 . 1 8 :  Ce l l  i n  diakine s i s  f rom B 9 2 / 7 9  ( 4 9 , xy , t 1 t 2 t2 t3 tx ) 

There are three large autosoma l b i va l ents , a 

t r i va l ent , two trans loca t ion b i va l en t s , 1 7  sma l l  

a c rocentr i c  biva lents a nd a s ex b i va lent . 

( G i emsa x 2 , 5 0 0 ) . 

F IGURE 5 . 8 :  Karyotype o f  c e l l  i l lustra ted i n  P l a te 5 . 1 8 .  

The trans location bivalents are the fourth 

and f i f th largest autosoma l b i va l e nt s . 
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PLATE 5 . 1 9 :  Ce l l  i n  d i ak ines i s  f rom B1 9 6 / 7 6  ( 4 9 , xy , t 1 t 2 t 2 t 3 t 3 ) .  

There are a t r i va l ent , two trans l o c a t i o n  bivalents 

and a sex b i va lent . 

( G i emsa x 2 , 0 0 0 ) . 

F I GURE 5 . 9 :  Karyotype o f  ce l l  i l lus trated i n  P l a te 5 . 1 9 .  

The trans l ocat ion b i va l en t s  are the fourth and 

f i f th larges t  autosoma l b i va lent s .  
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5 . 1 8  a nd 5 . 1 9  and F igure s  5 . 8  and 5 . 9 .  

None o f  the c e l l s  had s e para ted X and Y chromosomes . S i x  

o f  the s e x  biva l ents were a s socia t ed with one o f  the sma l l  

autosoma l biva lent s . The percentage o f  c e l l s  f rom the 

4 ram s  i n  which the a s soc i a t ion was recorded var ied f rom 

2 t o  4 . 2  percent . 

Chiasmata count s were made on 9 d iak i ne s i s -metapha se I 

ce l l s  f rom 2 o f  the mu l t ip l e  trans loca t ion-carrying rams 

and the resu l t s  are summa r i z ed in Table 5 .  5 .  The average 

number of chiasmata per c e l l wa s 5 3 . 9  w i th a range f rom 

5 2  to 5 7 . The average number o f  chiasmat a  per element 

was 2 . 3 .  

The ana l yses o f  the pol yp l o i d  ce l l s  are g iven i n  Table 

5 .  6 .  Twenty one c e l l s  were recorded . O f  these , 1 7 were 

tetrap l o i d , 2 were hexa p l oid and 2 were octaploid . Repre­

sentat i ve ce l l s  are seen in P lates 5 . 2 0 t o  5 . 2 2 and F i gure 

5 .  1 0 .  

5 . 2 . 3  D i scu s s ion 

The per c entage va lues of hypomoda l ,  moda l and hypermodal 

c e l l s  f rom the trans location- carry i ng rams included in 

this s tudy are g i ven i n  Table 5 . 1 2 .  

The per c entage o f  hypermoda l  cel l s  recorded i n  the translo­

cation - carrying rams � s im i l a r  to that found in the norma l 

rams . There are few hypermod a l  c e l l s  but a greater number 

of hypomoda l c e l l s . Mos t  of the hypermod a l  ce l l s  have 

resulted e i ther f rom the separat i o n  of the sex chromosomes 

or to a les ser extent by the separat ion of an autosoma l 

bivalen t . None of the ce l l s i n  th i s  s tudy or in the ear l i er 

s tud i e s  by Chapman ( 1 9 7 4 ) ; Long ( 1 9 7 5 ) and Logue ( 1 9 7 7 ) 

were s een with a separa t i on o f  the chromosomes involved 

i n  the t r iva lent . A lower percentage of hypomoda l cel l s  

and a higher pe rcentage o f  moda l c e l l s  a r e  seen in the 
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TABLE 5 . 1 2 :  P ERCENTAGE OF HYPOMODAL , MODAL AND HYPERMODAL 

CELLS AT DIAKINES I S -METAPHASE I IN ROBERTSON IAN 

TRANSLOCAT ION CARRYING RAMS 

* 5 3 , xy , t 1 
* 5 3 , xy , t2 
*5 3 , xy , t 3 

* 5 2 , xy , t 1 t 1 
* 5 2 , xy , t 3 t3 

5 2 , xy , t  t X 
5 1  , xy , t  t t X X 
5 1  , xy , t 1 t2 t3 
5 0 , xy , t 1 t2 t 3 tx 

5 0 , xy , t 1 t2 t 2t 3 

4 9 , xy , t 1 t2 t 2t 3tx 

[ 5 4 , xy 

% 
Hypomoda l 

1 6 . 4  

1 3 . 3  

1 6 . 5  

2 0 . 1  

9 . 5  

2 . 6  

8 . 8  

7 . 2  

5 . 3  

1 . 6 

4 . 7  

1 1  • 0 

* Dat a  f rom Chapman ( 1 9 7 4 )  

% 
Moda l 

8 2 . 7  

8 5 . 2  

8 2 . 2  

7 7 . 3  

9 0 . 5  

9 7 . 0  

9 0 . 5  

9 2 . 2  

9 3 . 9  

9 7 . 3  

9 5 . 3  

8 8 . 3  

% 
Hypermoda l 

0 . 9  

1 . 5 

1 . 3 

2 . 6  

0 . 0  

0 . 4  

0 . 7  

0 . 6  

0 . 8  

1 • 1 

0 . 0  

0 . 7 ]  
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PLATE 5 . 2 0 :  Tetraploid cel l i n  diakines is  f rom B 1 9 6 / 7 6  
( 4 9 , xy , t 1 t 2 t 2t 3 t 3 ) .  There are two trivalents , 

four trans location bivalents and two sex bivalents .  
One of the sex bivalents i s  associated with 
a smal l  autosoma l bivalent ( a ) . 
( Giemsa x 2 , 0 00 ) . 

FIGURE 5 . 1 0 :  Karyotype of cel l i l lustrated in P late 5 . 2 0 .  

The tr ivalents ( I l l ) are identified .  
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PLATE 5 . 2 1 : Tetraploid cell  in diakine s i s  f rom B 3 8 / 7 9  
( 4 9 , xy , t 1 t2 t 2 t3 t ) . There are two triva lents 
( I I I ) , four t rans location bivalents ( t ) and 
two sex biva lents ( arrowed ) .  
( Gi emsa x 2 , 0 0 0 ) . 

PLATE 5 . 2 2 :  Hexaploid cel l  i n  d iakine s i s  from B3 8 / 7 9 
( 4 9 , xy , t 1 t2 t3 t3 t ) . There are 7 2  chromosomal 
e l ements including 
s i x  trans location 
bivalents ( arrowed ) .  
( G i emsa x 2 , 0 00 ) . 

three triva l ents ( I I I ) , 

biva lents and three sex 



I 
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translocati on-carryi ng rams included i n  thi s  study as  com­
pared to the single  heterozygous and homozygous rams studied 
by Chapman ( 1 9 7 4 )  a s  seen i n  Table 5 . 1 2 . Thi s  discrepancy 
in the two result s  i s  probably a resu l t  of technical  
differences  i n  the method of  meioti c  preparation rather 
than a true difference between translocation-carrying rams 
with var ious karyotypes . 

As soc iations between sex bivalents and sma l l  autosoma l 
bivalents i n  the Robertsonian trans location-carrying rams 
are summa r ized in Table 5 . 1 3 .  The level s  observed i n  
the trans location rams ranged from 3 . 5  t o  5 . 3  percent . 
The leve l s  found i n  the trans location rams  were s imi lar 
to those of  the norma l rams examined . The results i n  thi s  
study are s imi lar to those found by Chapman ( 1 9 7  4 )  i n  her 
studies of  s ingle heterozygous ( 3 . 4  to 4 . 7  percent ) and 
homoz ygous ( 3 . 6  percent ) rams . 

The sex chromosomes were separated in f rom 0 . 0  to 1 . 1 percent 
of the diakine s i s -metaphase I ce l l s  stud ied i n  the trans lo­
cat ion-carryi ng rams ( Table 5 . 1 3 ) . Th is  wa s comparable 
to the leve l of 0 .  7 percent seen in  the norma l rams . The 
level s  found in the trans locat ion-carrying rams in thi s  
study were within the range found b y  Chapman ( 1 9 7  4 )  i n  
her studies  on s ing l e  heteroz ygous and homozygous ( 0 . 5  

to 1 . 5 percent ) rams . 

The causes of  non-associat ion of sex c hromosomes may be 
due to a number of factors inc l ud ing the preparation tech­
nique , the age of  the animals  and the degree of condensation 
of the chromosomes ( Winsor et a £ . ,  1 9 7 8 ) . The non-associat­
ion of the sex chromosomes could result in  random segregatio n 
at the f irst  meiotic divi s ion and as  a consequence could 
be one of the causes of sex chromosome aneuploidy . I t  
i s  l ike ly that a number o f  the ce l l s  i n  thi s study with 
x-y d i s soc iat i on are produced dur ing s l ide preparation 
and it can be assumed that the actual number of univalent 
bod ies found in diakinesis -metaphase I ce l l s  is much lower . 
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TABLE 5 . 1 3 :  THE NUMBER OF SEPARATED SEX CHROMOSOMES AND 
ASSOCIATIONS BETWEEN SEX BIVALENTS AND SMALL 
AUTOSOMAL BIVALENTS IN  DIAKINESIS -METAPHASE I 

CELLS FROM ROBERTSONIAN TRANSLOCATION-CARRYING RAMS 

% o f  
Number of 

Tot a l  
Number o f  

c e l l s 
ce l l s  % o f  

Numbe r  
c e l l s  w i th 

w i t h  
w i th x y  ce l l s  

Ram 
o f  c e l l s  

separated 
s eparated 

a s soci ated 
w i th xy 

Kar yotype s e x  with 
counted 

chromosomes 
s e x  

autosoma l 
a s s o c iated 

chromosome s 
Bival ent 

* S 3 , xy , t 1 
4 4 5  2 o . s  2 1  4 . 7  

* S 3 , xy , t
2 

9 7 4  1 3  1 . 3  4 3  4 . 4  

* S 3 , xy , t 3 
4 7 3 s 1 . 1  1 6  3 . 4  

* S 2 , xy , t 1 t 1 
1 9 4  3 l . S  7 3 . 6  

* S 2 , xy , t 3 t 3 
8 4  0 0 . 0  3 3 . 6  

S 2 , xy , t  t 2 6 9  1 0 . 4  1 1  4 . 1  X 

S l , xy , t  t t 1 3 6  1 0 . 7  7 S . l  
X X 

S l , xy , t
1

t
2

t
3 

1 3 3 4  8 0 . 6  ss 4 . 1  

S O , x y , t 1
t

2
t

3
t

x 
3 6 1  3 0 . 8  1 9  S . 3  

SO , xy , t
1

t
2

t
2

t
3 

1 8 8  2 1 . 1  7 3 . 7  

4 9 , x y , t 1
t 2

t
2

t 3
t

x 1 7 2  0 0 . 0  6 3 . S  

[ S 4 , xy 300 2 0 . 7  2 4  8 . 0 ]  

* Data f rom Chapman ( 1 9 7 4 ) 
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A high percentage of diakine s i s -metapha se I cel l s  with 
x-y d i s s oc iat ion has been  f oun� in conj unction with ster i l i ty 
i n  mice  ( Beechey , 1 9 7 3 ) and man ( Mcilree e.f.. al . , 1 9 6 6 ) . 
Chandley et al. . ( 1 9 7 6 ) found a s trong corre lation between 
a h igh percentage of diakine s i s-metaphase I cel ls  with 
x-y d i s s ociation and a low percentage of MI I values i n  
i nferti l e  men . I t  was suggested that these  cel l s  with 
x-y  dissociation do not u s ual ly proceed beyond metaphase 
I ( Chandl ey et al. • , 1 97 6 )  and the a s sociati on between the 
sex chromosomes in some s pec ies  wa s neces sary for norma l 
spermiogenesis  ( Beechey , 1 9 7 3 ) .  However , a more recent 
investiga tion by Hulten and Pa lmer ( 1 9 8 0 ) ,  on 4 9  inferti le 
and 2 0  control men , ha s i nd icated that there  i s  no clear 
evidence that MI uni valance pe.l'l.. .1 e  induces disturbance 
of subsequ ent spermatogene s i s . 

The chiasma counts were very similar  i n  all  the translocat-
ion-carryi ng rams examined ( Table 5 . 5 ) . 

of  chiasmata per element wa s a lmos t 
The average number 

ident ical  ( 2 . 3  and 
2 .  4 )  for the four dif ferent groups of  trans location rams . 
The average number of chiasmata per cell  found in norma l 
rams by Chapman ( 1 9 7 4 ) and Long ( 1 9 7 8 )  was comparable to 
the numbers found in the trans locat i on-carry ing rams i n  
thi s  study . Thi s  agrees wi th the f i nd ings o f  Logue and 
Harvey ( 1 97 8 )  who reported that a 1 / 2 9  t rans location hetero­
zy,gou s  bul l  had a s imi lar chiasma count to that found i n· 
normal bul l s .  

, . Hul ten and L1ndsten ( 1 9 7 3 ) in  their  review 
of  meios i s  in man found the maj ority  of trans location cases 
reported had a count simi lar to that of normal men . Thi s  
d i f fered from the ear l ier report by Chandley e.t al. • ( 1 9 7 2 ) 
who found that the chiasma counts i n  men with a Robertsonian 
trans location present had a be low average number . 

The heterozygous carrier o f  Robertsonian translocations 
ha s a triva lent formation , i nvo lving non-homologous chromo­
somes , at the diakinesis-metapha se I stage . Thi s  was first 
reported in  a ram heterozygous for a Mas sey I Robertsonian 

.. 
trans location by Bruere ( 1 9 6 9 ) . The morphology of the 
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the bivalents i n  rams heterozygous for the Massey I ,  I I  
and I I I  t rans locations has been extensive l y  studied by 
Chapman ( 1 9 7  4 ) . The morphology of the tri va lents i n  the 

v o.. <ti diakine s i s -metaphase I ce l l s  in  thi s study � s imi lar 
to those  described by Chapman and Dru�re ( 1 9 7 7 ) .  There 
have been many reports of  triva lent formation in  other 
species  ( Kj ess ler , 1 9 6 4 ; Evans ei. al. . , 1 9 6 7 ; White  and 

, 
Tj i o , 1 9 6 7 ; Gustavsson , 1 9 6 9 ; Hulten and Lindsten , 1 9 7 0 ; 
Chandley e i. a l. . ,  1 9 7 2 ) . Bivalent format ion i s  character i st­
ic  of  homozygous carriers for a Robertsonian translocation .  
The morphology o f  the trans location bivalent i n  thi s study 
was s imi lar  to that described by Chapman ( 1 9 7 4 ) . 

5 . 3  ANALYS IS  OF SECONDARY SPERMATOCYTES 

Metapha se figures in secondary spermatocytes f rom Robertson­
ian trans locat ion-carry ing rams were analysed in a manner 
s imi lar to that a l ready described in Chapters 3 .  5 . 1  and 
4 . 3 . 3 .  

5 . 3 . 1  Stat ist ical Analys i s  

The result s  from the secondary spermatocyte counts were , 
where relevant , a na lysed us ing the standard method for 
the Chi - squared (X� ) test with the correction for conti nu i ty 
where requi red ( Snedecor and Cochran , 1 9 6 7 ) . I f  necessary , 
count s from neighbouri ng classes  were combined to ensure 
that the sma l lest  expected number was at  least one ( Cochran , 
1 9 5 4 ) . The nul l  hypothe s i s  wa s rej ected when probabi l it ies 
of less than 0 . 0 5 ( P  < . 0 5 )  were obtained . 

5 . 3 . 2  Theoretica l Cons iderat ions 

5 . 3 . 2 . 1  Rams heterozygous for a Robertsonian translocation 

The Robertsonian trans location in the heterozygous state 
i s  found as a triva lent in  the diplotene , diakinesis  and 
metaphase I stages of me ios i s . The trivalent comprises 

t h e  trans location and its  two homo logous acrocent ric  



1 0 9 .  

chromosomes .  The orientation of chromosomes  forming the 
trivalent at f irst  metaphase and the segregation of them 
at anaphase I is cruc i a l  to determining the chromosome 
complement of the secondary spermatocytes . 

There are 1 i n  theory 1 four pos s ible  types of  segregation 
and e i ght pos s i ble segregation products 1 if it is as sumed 
that there i s  no chance of e i ther chromosome di ssociation 
or association . The range of pos s ible  segregation products 
� summarized in Table 5 . 1 4 .  

Alternate segregation of the chromosomes of the trivalent 
lead to the formation of balanced metaphase II cel l s  and 
subsequently  to ba lanced gametes . One wi l l  be a ba lanced 
trans location carrier 2 6

3
�, x  or 2 6

3�1Y and the other w i l l  
2 7 , x  � be a normal 3 0  or 3 0  gamete . 

Partial  non-d is j unction can occur whereby the translocation 
and one acrocentric homo logue pa s s  to  the same pole produc­
ing gametes carrying e i ther a dupl ication ( n  + 1 )  or 
de f i c iency ( n  - 1 )  of chromosome mate r ial . 

Tota l non-d i s j unction i s  the third pos s ibi l ity whereby 
the trans location and its  two acroc entri c  homologues pass 
to the same pole produc ing gametes e i ther with a duplicat ion 
( n  + 2 )  or de ficiency ( n  - 2 )  of chromosomes .  

5 . 3 . 2 . 2  Ram homozygous for a Robertsonian translocation 

The Rober tsonian translocat ion i n  the homozygous state 
i s  present as a bivalent in  the diplotene , diakines i s  and 
metaphase  I stages of meios i s .  The segregation products  
of the homozygous trans locat i ons are  e i ther norma l gametes 

· th 2 6 , t , X 2 6 , t , y . . . . W1 3 0  or 3 0  or tota l non-d 1 s) unct1on results 1n 
2 7 1 tt 2 5  

3 2  or  2 8  gametes . 



TABLE 5 . 1 4 :  ROBERTSONIAN TRANSLOCATION HETEROZYGOTE : TYPES OF SEGREGATION AT MI AND PRODUCTS 

FROM TRIVALENT 

Type of Segregation Products  Met a Acro t X or Y Tota l* 
Segregation 

A/B < A�B 3 1 6 2 1 1 2 1 1 1 2  1 I 1 2 6 1 3 0  1' 
Alternate �� 5 3 1 6 0  � � A + B 3 1 6 2 3 1 2 3  0 1 I 1 2 7 1 3 0  �A 8 

t A/8 8 < A�B + B 3 1 6 2 2 1 2 2 1 1 2  1 I 1 2 7 1 3 1  
Partial  � t  5 3 1 6 0  

non- � �  � disj unction ( A 3 1 6 2 2 / 2 2  0 1 I 1 2 6 1 2 9 
A 

( t A/B <A�B + A  

����i 5 3 1 6 0  
1 1  1 1  1 1  1 1  1 1  

B 

A/8 A/ B+A+B 3 / 6  2 3 1 2 3 1 I 2 1 I 1 2 8 1 3 2  .,. 
Tota l 

��� z: 5 3 1 6 0  
non-

disj unction - 3 1 6 2 1 I 2 1 0 1 I 1 2 5 1 2 8 

Key * Tota l number chromosomes met a = metacentric  chromosomes 
Tota l number chromosome acrocentric  chromosomes acro = arms 

t = translocat ion chromosome 
_. 
_. 
0 
• 
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5 . 3 . 3  Results  

A total of 1 , 7 5 7  secondary spermatocytes were counted from 
2 7  t rans locat ion -carry i ng rams . A total of 1 , 5 5 6  non-poly­
ploid and 1 0 8 polyploid secondary spermatocytes were counted 
and ana l ysed . A further 9 3  polyploid cells  were recorded 
but were unable to be analysed . These  cel l s  were recorded 
under the head ing N . A .  ( not ana lysed ) .  The number of second­
ary spermatocytes counted and karyotyped f rom the translo­
cation - - carryi ng rams is summari zed in  Table  5 . 1 5 . 

5 . 3 . 3 . 1  Doubl e  heterozygous rams 

A tota l of 4 1 7 secondary spermatocytes were counted from 
the four doubl e  heterozygous rams . Inc luded i n  this  total 

were 3 9 5  non-po l yploid cel l s . The number of chromosome 
arms i n  the non-polyploid ce l l s  is given in Table  5 . 1 6 .  
The number of chromosomes in the cel ls  counted i s  not given 
in Table 5 . 1 6 a s  there would be insuf f i c i ent space to record 
a l l  the var iou s chromosome combinations . For example , 
cel l s  with 3 0  chromosome arms and an x chromosome may have 
2 5 , 2 6  or 2 7  chromosomes in total . The maj ority of non­
po lyploid cel l s ,  3 6 9 ( 9 3 . 4  percent ) ,  had the modal number 
of 3 0  chromosome arms . Seven hypermodal  cel ls , includ ing 
5 from ram B 6 / 7 9 , were recorded . A greater number of 
hypomodal ce l l s  ( 1 9 )  wa s counted . 

Diplo i d  cel l s  were recorded ( Table 5 . 1 7 )  but no cel l s  with 
higher ploidy were observed . The percentage of polyplo id_· 
cel l s  varied from  4 . 9  to 9 . 1  percent . F i ve of the 1 0  poly­
ploid cel l s  ana ly sed had a euploid chromosome arm complement 
( 6 0 )  • 

The number and percentage of euploid and aneuploid cel l s  
recorded from the 4 rams i s  summari zed i n  Table 5 . 1 8 . 
The number of euploid cel l s  wa s far in  excess  of the number 
of aneuploid cel l s .  A moda l number of 3 0  chromosome arms 
wa s recorded i n  9 3 . 4  percent of the 3 9 5  cel l s  analysed . 
The frequency of  aneuploid cells  wa s 6 .  6 percent and thi s  

tota l i nc luded 4 . 8  percent hypomoda l  cel l s  and 1 . 8 percent 



TABLE : 5 . 15 :  COUNTS O F  MI I CELLS AND NUMBER O F  MI I CELLS 
KARYOTYPED FROM ROBERTSONIAN TRANSLOCATION­
CARRYING RAMS 

1 1  2 .  

Pol yploid 
Tota l  

Number o f  Ram 
MI I Ce l l s  I ncluding 

Identi f ication MI I Cel l s  
Polyploids 

Kar yotype s 

8147/75  25 2 27 3 
.... 

" 863/77  10  1 1 1  2 -41 
..,.� ,. 8166/78 70 4 7 4  7 
(C 
"' 86/79 290 1 5  305  20 

Tot a l  
Ul 395 2 2  4 1 7  32 .--1 

..... 8120/77 aJ 3 3  4 3 7 3 " u .... _,;! 8154/77  0+-l 0 0 0 0 .,:: 0 
�� 8117/78 � 43 6 49 4 '- aJ 

Total 
E 76 10 86  7 ::l -

87/76 8 5 1 3 2 

�"' 886/76  24 0 24 4 
.t 8111/77  163 54  21 7  9 ..... 

� 844/78 2 0 2 1 ..,. 
" 
-- 847/78 101 14 10 111  1 2 

8101/78 118 8 126 8 
Tota l 416 77 49 3 36 
81 28/77 1 50  17  167 1 2 

� 8140/77 28 2 30 3 
14 � 

...! 8141/77  20 3 23 3 
..... 
.,.. 812 1/78 30 4 34 4 
"' - 82 /79 25 5 30 2 0 
\Jt 

83 2/79 67 8 75  1 
.--1 

Tota l  .--1 320 39 3 59 25 

..:- u 813 7/78 24 2 26 3 
J! 0+-l 0 3 � 842/79 58 4 62 
... � 

aJ 
..,..- 849/79 � 9 2 l l  1 
'« ::l - 81 1 8/79 z 16  3 19 2 0 
� 

814 7/79 6 3 18 81 3 

Tota l  170  29 199 12 
l...s' -'":..t 8196/76 18 1 19 2 

..,.. �-.f' 838/79 54 8 62 2 
a " 
j' ..,.  892 /79 107 15 1 22 9 

Tota l  179 24 203 1 3 

To t a l  - A l l  Rams 1556  201 1757 1 25 



TABLE 5 . 1 6 :  DISTRIBUTION OF CHROMOSOME COUNTS IN CELLS AT MI I IN DOUBLE HETEROZYGOUS RAMS 

Alternate Partial 
Non-d i s j unct ion Othe r Ce l l  Count s  

Ram Segreg a t i on Non -di s j unction 
Iden t i f i cation 3 0 , x  30 , y  2 9 , x  29 , y  3 1 , x  3 1 , y  28 , x  2 8 , y 3 2 , x  3 2 , y 2 5 , y  2 6 , - 2 6 , x 2 8 , - 3 l , xy 

81 4 7 / 7 5  i .  �3 1 7  7 1 0 0 0 

86 3 / 7 7  � .  t-a, 5 5 0 0 0 0 

8 1 6 6 / 7 8  t-1. t-l 4 4  2 0  2 1 1 1 1 

8 6 / 7 9  �" �t. 1 4 2  1 2 9  2 4 2 2 2 2 1 1 1 1 1 

Tota l 208 1 6 1  5 5 3 3 3 2 0 0 1 1 1 1 1 

Total 

2 5  

1 0  

7 0  

290 

3 9 5  



TABLE 5 . 1 7 :  CHROMOSOME COUNTS FROr-1 POLYPLOID CELLS AT METAPHASE I I  IN TRANSLOCATION-CARRYING 

RAMS 

Karyotype No . of .. < 2n-2  2n- 1 2n 2n+ 1 3n N . A . Total % of MII  Range 
Rams Counted that of  are Polyploidy Polyploid ( % ) 

52 , xy , t  t 4 2 2 6 0 0 1 2 2 2  5 . 6  4 . 9  - 9 .  1 
X 

5 1 , xy , t  t t 3 1 2 3 0 0 4 1 0 1 1  • 6 o . o  - 1 2 .  2 
X X 

5 1 , xy , t 1 t2 t3 6 8 6 2 3  0 0 4 0  7 7  1 5 .  6 0 . 0  - 3 8 . 5  

5 0 , xy , t 1 t2t3 tx 6 3 4 1 9 0 0 1 3 3 9  1 0 .  9 6 . 7  - 1 6 . 7  

5 0 , xy , t 1 t 2t2t3 5 0 3 1 1 0 1 4 2 9  1 4 .  6 6 . 5  - 2 2 . 2  

4 9 , xy , t 1 t 2t2t 3tx 3 3 1 0 0 0 1 0 2 4  1 1  • 8 5 . 3  - 1 2 . 9  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Tota l 2 7  1 5 2 0  7 2  0 1 9 3  2 0 1  1 1  • 4 0 . 0  - 3 8 . 5  

N . A .  = Not Applicable 

..... 
..... 
� 
. 



Table 5 . 1 8 : DISTRIBUTION OF EUPLOID ( NF / 2  = 30 ) AND ANEUPLOID ( NF/ 2 <  or > 30 )  MI I FIGURES IN 
TRANSLOCATION-CARRYING RAMS 

Karyotype No . of < 2 8 2 8  2 9  3 0  � 3 1  Total 
Rams N % N % N % N % N % 

5 2 , xy , t  t X 4 3 0 . 8  6 1 • 5 1 0 2 . 5  3 6 9  9 3 . 4  7 1 • 8 3 9 5  

5 1 , xy , t  t t 3 1 1 • 3 0 0 
X X 

3 4 . 0  7 1  9 3 . 4  1 1 • 3 7 6  

5 1 , xy , t 1 t 2t3 6 2 0 . 5  8 1 . 9 3 2  7 . 7  3 6 3 8 7 . 3 1 1 2 . 6  4 1 6 

5 0 , xy , t 1 t2t3tx 6 4 1 • 3 2 0 . 6  8 2 . 5  2 9 9  9 3 . 4  7 2 . 2  3 2 0  

5 0 , xy , t 1 t 2t2t3 5 1 0 . 6  3 1 . 8 2 1 . 2 1 5 9  9 3 . 5  5 2 . 9  1 7 0 

4 9 , xy , t 1 t 2t 2t 3tx 3 7 3 . 9  3 1 . 7 6 3 . 4  1 5 9  8 8 . 8  4 2 . 2  1 7 9 

Tota l 27  1 8 1 . 2 2 2  1 . 4 6 1  3 . 9  1 4 2 0  9 1  • 3 3 5  2 . 2 1 5 5 6  

Ul 
• 



hypermoda l .  

Two estimates 
the method of 
estimate gave 

of aneuploid f requency 
Cattanach and Moseley 

the tota l proporti on of 

1 1  6 .  

were made based on 
( 1 97 3 ) . The f i rs t  

cel l s  with 2 9  or 
3 1  chromosome arms and the second wa s ca lculated by doubl i ng 
the frequency of ce l l s  with a chromosome arm count of 3 1  . 
Because of  technical  factors there are a lways more hypomodal 
ce l l s  than hypermodal cel l s  so that the former frequency 
is an over-estimate of the number of aneuploid secondary 
spermatocytes . The latter i s  probably more accurate . 
The aneuploid frequencies  were calcu lated on the rams from 
which more  than 2 0  secondary sperma tocytes were counted . 
The frequencies for the three rams are given in  Table  5 . 1 9 . 

TABLE 5 . 1 9 : ANEUPLOI D  FREQUENCIES ( 5 2 , XY , t  t )  X 

B 1 4 7 / 7 5  
B 1 6 6 / 7 8  
B 6 / 7 9  

2 9  + 3 1  
% 

4 . 0  
7 .  1 
3 . 8 

3 1  X 2 
% 

0 . 0  
5 . 7  
3 . 4  

The frequency of  aneuploidy varied between rams but i n  
each case the estimat ion o f  aneuploid  frequency based o n  
the hypermodal cel l  counts was s im i lar t o  the estimate 
based on the 2 9  + 3 1  chromosome arm counts . 

The d istr ibution and assoc iation o f  the trans locat ions 
and sex chromosomes 
are shown in Tabl e  
deviation from the 

in the euploid secondary spermatocytes 
5 . 2 0 .  Although there was no overa l l  
expected 1 : 1 : 2 : 2 : 1 : 1  rat io ( �  not 

s igni ficant ) ,  there was a s ignif icant excess of - t , x  cel l s  
(X1 = 6 . 4 6 ;  0 . 0 1 < P < 0 . 0 2 ) . When the eupioid and 
aneuploid cel ls were grouped together there wa s an overa l l  
deviation from the expected s egregat ion ratio ( JCS  = 1 2 . 7 3 ;  

0 . 0 2 < P < 0 . 0 5 ) . As be fore , when the euploid cel l s  were 



TABLE 5 . 2 0 :  ASSOCIATION OF TRANSLOCATION CHROMOSOMES WITH SEX CHROMOSOMES AT MI I ( EUPLOID CELLS ) 
IN DOUBLE HETEROZYGOUS RAMS 
* Aneuploid ce lls  are recorded in brackets 

Ram 
+ t, t , y  +t ,  t, X +t , y + t , x  - t , y - t , x  Ident i f i cat ion 

B 1 4 7 / 7 5  2 5 4 8 1 4 

B6 3 / 7 7  2 1 1 2 2 2 

B 1 6 6 / 7 8 4 1 1  1 4 ( 1 ) 1 8 ( 1 ) 2 ( 1 ) 1 5 ( 3 )  

B6 / 7 9  3 7 ( 1 ) 3 0  5 9  ( 7 )  6 8  ( 4 ) 2 9 ( 1 ) 4 2  ( 3 )  

Tota l 4 5 ( 1 ) 4 7  7 8 ( 8 )  9 6 ( 6 )  3 4 ( 2 )  6 3 ( 6 )  

X5 = not s igni ficant ( 1  : 1 : 2 : 2 : 1 : 1  rat io ) 

..... 
..... 
-..J 
• 



1 1 8 .  

cons idered separatel y , there wa s a s i gnif icant excess  of  
- t , x  cel l s  <X1 = 8 . 5 0 ;  P < 0 . 0 1 ) .  

The di stri bution o f  sex chromosomes i n  the MII  cel l s  i s  
a l so given  i n  Table  5 . 2 0 .  A s ignif icantly  greater number 
o f  the euploid MII  cel l s  had an X-chromosome ( x; = 5 .  7 3 ;  
p < 0 . 0 5 ) . In a l l  ce l l s  ( euploid + a neuploid ) there was 
a l so a s ignif icant excess  of X-carrying to Y-carrying cel l s  
( X1 = 5 . 6 4 ;  P < 0 . 0 5 ) . 

The number s  of euploid MII  cel l s  with respect ive chromosome 
number are g iven in Tables 5 . 2 1 and 5 . 2 2 .  For the doubl e  
heterozygotes ( t 2 tx ) i t  i s  seen that there wa s no s igni f­
i cant deviat ion from the expected 1 : 1 : 1 : 1 ratio . The number 
o f  euploid cel l s  with chromosome numbers  of 2 5 , t2t and 2 6 , t 2 
wa s ident i ca l .  The translocat ion , t 2 , wa s found i n  1 7 0 
( 5 0 .  1 % ) of  the 3 3 9  cel l s counted . Only 2 4  euploid M I I  · 

ce l l s  were counted in  the double  heterozygote ( t 1 t 3 ) . 
The segregat ion ratio wa s close to the expected 1 : 2 : 1  ratio . 
Two examples  of euploid metaphase I I  cel ls  from double 
he terozygotes are shown in Plates 5 . 2 3 and 5 . 2 4 and Figures 
5 . 1 1  and 5 . 1 2 . 

5 . 3 . 3 . 2  Triple trans location-carry ing rams { 5 1 , xy , t  t t )  X X 
A tota l of  8 6  secondary spermatocytes were counted from 
the 2 triple  trans location-carryi ng rams . Included . i n  
this total were 7 6 non-po lyploid cel l s . The number of chromo­
some armr; i n  the non-polyploid cel l s  i s  given in Table 
5 . 2 3 .  The maj ority  of  non-polyploid cel l s , 7 1  { 9 3 . 4  percent ) ,  
had the modal chromosome arm count of  3 0 . Five { 6 . 6  percent ) 
of  the cel l s  were aneuploid . 
and one ce l l  was hypermoda l .  

Of these 1 four were hypomoda l  

Ten { 1 1 . 6 percent ) o f  the secondary spermatocytes examined 
were polyploid ( Table 5 . 1 7 ) . S i x  of the cel l s  were diploid  
and of  these cel l s  three had 
complement ( 6 0 ) . The other 
analysed . The percentage of 

the d i p loid chromosome 
4 polyploid ce l l s  were 
polyploid cel ls in the 

arm 
not 
two 



TABLE 5 . 2 1 : NUMBER OF EUPLOI D  ( NF / 2  = 3 0 ) METAPHASE I I  

FIGURES W ITH RESPECTIVE CHROMOSOME NUMBER 

RECORDED FROM THE DOUBLE HETEROZYGOTES 
( 5 2 , xy , t 2 tx ) 

1 1 9 . 

Karyotype 2 7  Tota l 

Expected 
number 

Observed 
number 

8 4 . 7 5 

8 5  

8 4 . 7 5 8 4 . 7 5 

7 7  8 5  

X )  = not s igni f i cant ( 1 : 1 : 1 : 1  ratio ) 

8 4 . 7 5 3 3 9  

9 2  3 3 9  

TABLE 5 . 2 2 :  NUMBER OF EUPLOID  ( NF/ 2 = 3 0 ) METAPHASE I I  

FIGURES WITH RESPECTIVE CHROMOSOME NUMBER 

RECORDED FROM THE DOUBLE HETEROZYGOTE 

( 5 2 , xy , t 1 t 3 ) 

Karyotype 2 5 , t 1 t 3 2 6 , tx 2 7  Total 

Expected 6 1 2  6 2 4  
number 

Observed 7 1 2  5 2 4  
number 

X2 = not sign i f i cant ( 1 : 2 : 1  rat i o ) 



TABLE 5 . 2 3 : DISTRIBUTION OF CHROMOSOME COUNTS I N  CELLS AT MI I IN TRIPLE TRANSLOCATION RAMS 
( 5 1  I XY I tX 1 tX I t )  

Other 
Ram Alternate Partial  Cel l  

Identification Segregation Non-d isj unction Non-disj unction Counts 
3 0 1 x  3 0 1 y  2 9 1 x  2 9 , y 3 1 , x  3 1 , y  2 8 1 x 2 8 1 y  3 2 , x  3 2 , y  2 7 1 x  

B1 2 0 / 7 7  1 6 1 5 0 1 0 0 1 

B 1 5 4 / 7 7  0 0 0 0 0 0 

B 1 1 7 / 7 8 1 9 2 1  0 2 1 0 

Tota l 3 5  3 6  0 3 1 0 0 0 0 0 1 

Total 

3 3  

0 

4 3  

7 6  



1 2 1  . 

PLATE 5 . 2 3 :  Metaphase I I  cell  f rom B 1 4 7 / 7 5  ( 5 2 , xy , t 1 t 3 ) .  

There are 2 6  chromosomes i nc luding a trans locat­
ion submetacentric  ( t )  and a Y chromosome . 
( Giemsa x 3 , 0 0 0 ) . 

FIGURE 5 . 1 1 : Karyotype of ce l l  i l lustrated in  P late 5 . 2 3 . 
There are 3 0  chromosome arms . The translocation 
i s  the fourth largest  chromosome . 
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1 2 2 .  

PLATE 5 . 2 4 :  Metaphase  I I  cel l  from 8 1 4 7 / 7 5  ( 5 2 , xy t 1 t3 ) . 

There are 2 5  chromosomes i nc lud i ng two trans lo­
cation submetacentr ics  ( t )  and an X chromosome . 
( Giemsa x 3 , 0 0 0 ) . 

FIGURE 5 . 1 2 :  Karyotype of cell  i l lustrated i n  Plate 5 . 2 4 .  

There are 3 0  chromosome arms . 
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1 2 3 .  

rams was 1 0 . 8  and 1 2 . 2  percent . 

The number and percentage of euploid and aneuploid ce l l s  
recorded from the 2 rams i s  given i n  Table 5 . 1 8 . The number 
of  euploid cel l s  was far in excess  of  the number of aneuploid 
cel l s . Therefore the moda l chromosome number of  arms wa s 
3 0 . Only  one hypermodal cell  wa s recorded , in  ram B 1 1 7 / 7 8 .  

The aneuploid f requencies  o f  the two rams are given i n  
Table 5 . 2 4 .  

TABLE 5 . 2 4 :  

B 1 2 0 / 7 7  
B 1 1 7 / 7 8  

ANEUPLOI D  FREQUENCIES ( 5 1 , XY , t  t t )  X X 

2 9  + 3 1  
% 

3 . 0  
7 . 0  

3 1  X 2 
% 

0 . 0  
4 . 7  

The frequency of  aneuploidy varied between the two triple  
trans location-carry ing rams . 

The d i s tribut ion and associat ion of the trans locations 
and sex chromosomes in  the euploid cells  are shown in  Table 
5 . 2 5 .  There was no overa l l  deviat ion from the 1 : 1 : 1 : 1 
rat io expected for  each of  the four pos sible cell  classes  
produced by  a l ternate segregation . When the euploid and 
aneuploid cel l s  were grouped together the overal l  deviation 
wa s c loser to  the expected 1 : 1 : 1 : 1  ratio . None of  the 
individual groups departed s igni f i cant ly from the numbers  
expected for  each class . 

The distribution o f  sex chromosomes i n  the secondary sperm­
atocytes  was a l so given in Table 5 . 2 5 .  There was no signi f­
icant deviation f rom the expected 1 : 1 ratio of X and Y 
carryi ng cel l s . 



TABLE 5 . 2 5 :  

Ram 

ASSOCIATION OF TRANSLOCATION CHROMOSOMES WITH SEX CHROMOSOMES AT MII ( EUPLOID CELLS ) 

IN TRIPLE TRANSLOCAT ION -CARRY ING RAMS 
* Aneuploid cel ls are recorded in brackets 

Ident if ication +t , t , y  +t , t , x +t , y  +t , x 

B1 2 0 / 7 7  8 ( 2 ) 6 5 1 0 

B 1 5 4 / 7 7  0 0 0 0 

B 1 1 7 / 7 8  1 1  9 ( 1 ) 1 0 ( 2 )  1 0 

Tota l 1 9 ( 2 )  1 5 ( 1 ) 1 5 ( 2 )  2 0  

X 3  = not s igni ficant ( 1 : 1  : 1 : 1  ratio ) 

N 
,j::. 
• 



1 2 5 .  

The numbers of  euploid MI I ce l l s  with respective chromosome 
number are given in Tables 5 .  2 6 and 5 .  2 7 . . There was no 
s igni f i cant deviation in the two rams from the expected 
1 : 1 rati o  ( Xi not sign i f i cant ) .  Two examples of euploid 
metaphase I I  cells from triple translocation-carrying rams 
are shown in Plates 5 . 2 5 and 5 . 2 6 and Figures 5 . l 3:_ & 5 . 1 4 . 
5 . 3 . 3 . 3  Triple - heterozygous rams 
A total of 4 9 3  secondary spermatocytes were counted from 
the 6 triple  heterozygous rams . Inc luded i n  thi s  total 

were  4 1 6 non-polyploid cel l s . The d i stribut ion 
of  chromosome arm counts in the non-polyploid cel l s  i s  
g i ve n  i n  Tabl e  5 .  2 8 . The maj o r i ty o f  the non-polyploid 
ce l l  s ,  3 6 3  ( 8 7 . 3  percent ) ,  had 3 0  chromosome arms . The 
number of hypomodal cel l s  recorded wa s � compared to only 
1 1  c e l l s  that were hypermodal .  

Diploid  cel ls  were recorded ( Table 5 . 1 7 ) but no cel l s with 
higher ploidy were observed . Forty of the polyploid ce l l s  
were not ana lysed . The percentage of  po lyploid cel l s  varied 
f rom 0 to 2 4 . 9  percent in rams in which more than 2 0  second­
ary spermatocytes were recorded . 

The number and percentage of euploid and aneuploid cel ls  
recorded from the 6 rams are  summar i z ed i n  Table 5 . 1  8 .  
The percentage of euploid ce l l s  ranged f rom 7 8 . 5  to 9 5 . 8  
percent i n  rams in whi ch more than 2 0  cells  were counted . 
The f requency of hypomodal cells ,  counted i n  the 6 rams , 
wa s 9 . 1  percent whi le only 2 .  6 percent were hypermoda l .  
Of the 1 1  hypermodal cel l s recorded 7 were from ram B 1 1 1 / 7 7 . 
Thi s  was the equivalent to 4 . 3  percent of  the total number 
of ce l l s  counted in the ram . 

The estimates of the aneuploid frequenc ies are given in  
Tabl e  5 . 2 9 .  

I t  wa s seen that the two rams B8 6 / 7 6  and B 1 1 1 / 7 7  had . simi lar 
aneuploi d  frequencies  ( 3 1  
re spectively . The 2 rams , 

x 2 % ) of 8 . 3  and 8 . 6  percent 
B 4 7 / 7 8  and B 1 0 1 / 7 8 , had lower 



1 2 6 .  

TABLE 5 . 2 6 :  NUt-1BER OF EUPLOI D  (NF / 2  = 3 0 ) METAPHASE I I  
F IGURES W ITH RESPECTIVE CHROMOSOME NUMBER RECORDED 
FROM THE TRI PLE TRANSLOCATION RAM ( 5 1 , xy , t 1 t 1 t 3 ) 

Karyotype 2 6 , t 1 Total 

Expected 
number s  

Observed 
number s  

1 4 .  5 

1 4 

1 4 .  5 

1 5 

x; = not s igni f i cant ( 1 : 1  ratio ) 

TABLE 5 . 2 7 :  NUMBER OF EUPLOID ( NF / 2  = 3 0 ) METAPHASE I I  
FIGURES WITH RESPECTIVE CHROMOSOME NUMBER 
RECORDED FROM THE TRI PLE TRANSLOCATION RAM 
( 5 1 , xy , t 2 t 3 t 3 ) 

2 9  

2 9  

Karyotype Total 

Expected 
numbers  

Observed 
number s  

2 0  

2 0  

x; = not s igni f i cant ( 1 : 1  ratio ) 

2 0  4 0  

2 0  4 0  



TABLE 5 . 2 8 :  DISTRIBUTION OF CHROMOSOME COUNTS AT MI I IN TRIPLE HETERO ZYGOUS RAMS 

Alternate Part i a l  
Ram 

Segregation Non - di s j unct i on Non -di s j unct ion Other c e l l  counts 
Ident i f i cation 

30 , x  3 0 , y 2 9 , x 2 9 , y 3 1 , x 3 l , y  2 8 , x 28 , y  3 2 , x  3 2 , y  2 7 , - 2 7 , x  2 7 , y  2 8 , -

8 7 / 7 6  4 4 0 0 0 0 

886/ 7 6  9 1 4  0 0 1 0 

8 1 1 1 / 7 7  6 6  6 2  1 1  6 4 3 2 3 1 1 1 

8 4 4 / 7 8  0 1 1 0 0 0 

8 4 7 / 7 8  40 52 2 4 1 1 1 

81 0 1 / 7 8  4 8  6 3  4 1 1 0 1 

Tota l 1 6 7  196 1 8  1 1  7 4 3 3 0 0 1 1 1 1 

2 9 , -

3 

3 

Tot a l  

8 

2 4  

1 6 3  

2 

1 0 1  

1 1 8  

4 1 6  

..... 
N 
....,) 
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PLATE 5 . 2 5 :  Metaphase I I  ce l l  f rom B 1 2 0 / 7 7  ( 5 1 , xy , � t 1 t3 } .  

There are 2 6  chromosomes inc luding one trans lo­
cat i on submetacentric and a Y chromosome . 
( Giemsa x 3 , 0 0 0 ) . 

FIGURE 5 . 1 3 :  Karyotype of cell  i l lustrated in P late 5 . ? 5 .  
There are 3 0  chromosome arms . 



y 



1 2 9 .  

PLATE 5 . 2 6 :  Metaphase I I  cell from 8 1 1 7 / 7 8  ( 5 1 , xy , t2t3t3 ) .  

There are 2 5  chromosomes i nc luding one trans lo­
cation submetacentr i c , one trans location meta­
centri c  and a Y chromosome . 
( Giemsa x 2 , 50 0 ) . 

FIGURE 5 . 1 4 : Karyotype of cel l i l lustrated in P late 5 . 2 6 . 
There are 3 0  chromosome arms . 
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1 3 0 .  

aneuplo i d_· frequencies . The overa l l  aneuploid frequency 
of the triple  heterozygous rams was 5 . 3  percent . 

TABLE 5 . 2 9 :  ANEUPLOID  FREQUENCIES ( 5 1 , XY , t 1 t 2t 3 ) 

2 9  + 3 1 % 3 1  X 2 %  

B8 6 / 7 6 4 . 2  8 . 3  

B 1 1 1 / 7 7  1 6 . 6  8 . 6  
B 4 7 / 7 8  7 . 9  4 . 0  

B 1 0 1 / 7 8  5 .  1 1 . 7 

The d i stri buti on · of  the translocations  and sex chromosomes 
in the euploid cel ls is shown in Table 5 .  3 0 .  There was 
no overal l  deviation f rom the 1 : 1 : 2 : 2 : 2 : 2 : 1 : 1  ratio expected 
for each of  the e i ght pos s ible cel l  c lasses . There wa s 
a s igni f icant def i c i t  of + t , t , x  ce l l s  ( X1 = 4 . 2 3 ;  P < 0 . 0 5 ) . 
However ,  when the euploid and aneuploid  cells  were grouped 
together there wa s an overa l l  dev iation from the ratio  
( x� = 1 9 .  2 3 ; P < 0 .  0 1 ) expected for  each cell  class . A 
s i gni f i cant excess of + t , y cel l s  ( X�1 = 4 . 2 2 ;  P < 0 . 0 5 )  
and d e f i c i t  o f  +t , t , x  ce l l s  
observed i n  the grouped data . 

( x� 
1 = 4 . 7 3 ; P < 0 . 0 5 )  we re 

The d i stribution of sex chromosomes i n  the secondary sperma-
tocytes was a l so  given in Tabl e  5 . 3 0 .  
i cant deviat ion from the expected 1 : 1 
carry ing cel l s . 

There was no s igni f ­
ratio o f  X and Y 

The number of  euploid MI I cel l s  with re spective chromosome 
number 
was a 

i s  given in  Table 
s igni f i cant overa l l  

5 . 3 1 . I t  

deviation 
wa s seen that there 

f rom the expected 
1 : 1 : 2 : 2 : 1 : 1  ratio < x; = 2 0 . 0 7 ;  P < 0 . 0 1 ) .  A s igni f icant 

excess  of 2 7  M I I cel l s  ( X � = 7 . 2 4 ;  P < 0 . 0 1 ) and a def icit  
of 2 5 , t1 S r-H I ce l l s  ( Xi = 1 2 . 5 6 ;  P < 0 . 0 1 ) were observed . 

The s e  two groups , with a combined x� va lue of 1 9 . 8 0 ,  cont­
ributed 9 8 . 7  percent of  the tota l x �  va lue . 



TABLE 5 . 3 0 :  ASSOCIATION OF TRANSLOCATION CHROMOSOMES WITH 

IN TRIPLE HETEROZYGOUS RAMS . 
* Aneuploid cel l s  are recorded in brackets 

Ram + t , t , t ; y +t  , t ,  t ,x +t , t , y + t , t , x Identi f i cation 

IB7 / 7 6  0 0 1 1 

if38 6 / 7 6  3 1 6 2 

if31 1 1 / 7 7  6 5 ( 3 )  2 2 ( 3 )  1 7 ( 4 )  

184 4 / 7 8  0 0 0 ( 1 ) 

IB 4 7 / 7 8  7 8 1 6 ( 2 )  1 0 ( 1 ) 

B 1 0 1 / 7 8  7 7 2 3  1 4 

Total 2 3  2 1  ( 3 )  6 9 ( 5 )  4 4 ( 6 )  

x7 = not s igni f i cant ( 1  : 1 : 2 : 2 : 2 : 2 : 1 : 1  ratio ) 

SEX CHROMOSOMES AT MI I 

+t , y + t , x 

2 1 

5 4 

2 3 ( 8 )  3 3  ( 5 )  

0 0 

2 2 ( 3 )  1 3 ( 1 ) 

2 3  1 6 ( 5 )  

7 5 ( 1 1 )  6 7 ( 1 1 ) 

( EUPLOID CELLS ) 

- t , y  - t , x  

1 2 

0 2 ( 1 ) 

1 1  ( 2 )  1 1  ( 5 )  

0 0 

7 9 ( 2 )  

1 0 ( 1 ) 1 1  ( 1 ) 

2 9 ( 3 )  3 5 ( 9 )  

..... 
w ..... 
.. 



TABLE 5 . 3 1 : N UMBER OF EUPLO I D  ( N F / 2  = 3 0 ) METAPHASE I I  

F I GURES WITH RESPECTI VE CHROMOS OME NUMBER 

RECORDED FROM THE TRI PLE HETEROZ YGOUS RAMS 

Kar yotype 

Expected 
number s  

Observed 
number s  

4 5 . 3 7 5  4 5 . 3 7 5  90 . 7 5 9 0 . 7 5 4 5 . 3 7 5  4 5 . 3 7 5  3 6 3  

44 2 1  9 2  9 3  4 9  6 4  3 6 3  

XS 2 0 . 07 ;  P < 0 . 0 1 ( 1 : 1 : 2 : 2 : 1 : 1  ratio ) 

1 3 2 . 

TABLE 5 . 3 2 :  NUMBERS OF PROGENY WITH RESPECTIVE CHROMOSOME 

NUMBER RECORDED FROM MAT INGS OF TR IPLE HETERO ­

ZYGOUS RAMS AND 8 3  EWES OF NORMAL KARYOTYPE 

Karyotype 

Expected 
number s  

Observed 
numbe rs 

1 0 . 3 7 5  1 0 . 3 7 5  2 0 . 7 5 2 0 . 7 5 1 0 . 3 7 5  1 0 . 3 7 5  8 3  

1 0  3 2 4  2 4  4 1 8  8 3  

XS 1 3 . 50 ;  0 . 0 1 < P < 0 . 0 2 ( 1 : 1 : 2 : 2 : 1 : 1  ratio ) 



1 3 3 .  

The number o f  progeny wi th r e s pective chromosome number 

f rom the mat i ngs o f  n orma l ewe s x t r i p l e  heterozygous rams 

is g i ven in Table 5 . 3 2 .  A s i gn i f i cant overa l l  dev i a t i on 

f rom the expec ted 1 : 1 : 2 : 2 : 1 : 1  rat i o  ( Xs = 1 3 . 5 0 ;  0 . 0 1  < P 

< 0 . 0 2 )  wa s observed . A s i gn i f i cant excess of progeny 

w i th a norma l karyotype ( Xi = 4 . 8 9 ;  P < 0 . 0 5 )  a nd a def i c i t  

o f  p rogeny w i t h  a 5 2 , t 1 t 3 karyotype ( �� = 4 . 5 6 ;  P < 0 . 0 5 )  

were observed . 

pour examples o f  e up l o i d  a nd aneup l o id metaphase I I  c e l l s  

f rom t r iple heterozygo t e s  are shown i n  P lates 5 . 2 7 t o  5 . 3 0 

and F i gures 5 . 1 5 a nd 5 . 1 6 .  

5 . 3 . 3 . 4  Mu l t i p l e  trans location - carry i ng 
( 5 0 , xy , t 1 t 2 t 3 t x

) 
rams 

A tota l of 

the 6 rams . 

3 5 9  secondary sperma tocyte s were counted f rom 

I nc luded in th i s  tot a l  '>V'ere 3 2 0  non- po l yp l o i d  

cel l s . The d i s t r i bu t i on o f  chromosome a r m  counts i s  g i ven 

in Tab le 5 . 3 3 .  The maj or i ty o f  non - po l yploid ce l l s , 9 3 . 4  

percent , had the moda l numbe r of 3 0  chromosome arms . Four ­

teen o f  the c e l l s  w e r e  hypomoda l and only 7 ce l l s  were 

hypermodal . 

Dip l o i d  ce l l s  were recorded ( Table 5 . 1 7 )  and no other p l o i dy 

wa s observed . One o f  the po lyp l o i d  cel l s  was not ana l ysed . 

The percentage o f  pol y p l o i d  ce l l s  var i ed f rom 6 .  7 t o  1 6 .  7 

percent .  

The number and percentage o f  eup l o i d  c e l l s  recorded f rom 

the 6 rams is g i ve n  in Table 5 . 1 8 . The number of c e l l s  

with t h e  moda l chromosome count ranged f rom 8 4 . 0  to 9 5 . 5  

percent with a mean for the 6 rams o f  9 3 . 4  percent . The 

frequency of hypomo da l c e l l s  wa s 4 .  4 percent ( P lates 5 .  3 1  

F igure 5 . 1 7 )  a nd 2 .  2 percent were hypermoda l ( P late 5 .  3 2  

and F i gu re 5 . 1 8 ) . 

The e s t imates o f  aneupl o i d  f requencies  a re given i n  Tab le 

5 . 3 4 .  



TABLE 5 . 3 3 :  DISTRIBUTION OF CHROMOSOME COUNTS IN CELLS AT MII IN MULTIPLE TRANSLOCATION RAMS 

( 5 0 , xy , t 1 t2 t3 tx ) 

Alternate Partial  

Rams Segregation Non-d isj unction Non-disj unction Other Cel l  Counts Tota l 

Identi f i cation 3 0 , x  3 0 , y 2 9 , x 2 9 , y  3 1  1 X 3 1  , y 2 8 , x  2 8 , y 3 2 , x  3 2 , y 2 5 , y 2 6 , x  2 7 , x  2 7 , y  

� 1 2 8 / 7 7  7 0  7 3 2 1 2 1 1 1 5 0  

18 1 4 0 / 7 7  1 4 1 2 0 1 0 1 2 8  

9 1 41- / 7 7  1 0 9 0 0 0 0 1 2 0  

B1 2 1 / 7 8  1 0 1 6 1 0 0 1 1 1 3 0 

B2 / 7 9  9 1 2 1 0 0 1 1 1 2 5  

B 3 2 / 7 9  3 4  3 0 1 1 1 0 6 7  

Tota l 1 4 7 1 5 2  5 3 3 4 1 1 0 0 1 1 1 1 3 2 0  
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PLATE 5 . 2 7 :  Metapha se I I  ce l l  from B 4 7 / 7 8  ( 5 1 , xy , t 1 t 2 t 3 
) .  

There are 2 6  chromosome s i nc luding one tran s l o ­

c a t i on metacentr i c  ( t 2 ) and a Y  chromo some 

( a rrowed ) .  

( G i emsa x 3 , 0 0 0 ) . 

PLATE 5 . 2 8 :  Metaph a s e  I I  ce l l  f rom B4 7 / 7 8  ( 5 1 , xy , t 1 t 2 t 3 ) .  

There are 2 5  chromo somes i nc luding · one tran s l o -

c a t i on s ubmetacentric ( t ) , one tran s locat ion 

metace nt r i c  ( t 2 ) a nd a Y  chromosome ( arrowed ) .  

( G i emsa x 3 , 0 0 0 ) . 





1 3 6 .  

PLATE 5 . 2 9 :  M e tapha se I I  ce l l  f rom B 4 7 / 7 8  ( 5 1 , xy , t 1 t 2 t 3 ) .  

There are 2 4  chromosomes i nc l uding two trans l o ­

c a t i on subm e tacen t r i c s  ( t ) , one tran s l oca t i on 

m e tacent r i c  ( t 2 ) and an X chromosome . 

( G i emsa x 3 , 0 0 0 ) .  

F I GURE 5 . 1 5 :  K a ry otype o f  ce l l  i l lustra ted in P l ate 5 . 2 9 . 

There are 3 0  chromo some arms . 
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PLATE 5 . 3 0 :  Metaphase I I  ce l l  f rom B 4 7 / 7 8  ( 5 1 , xy , t 1 t 2 t 3 ) .  

There are 3 1  chromo some a rms and 2 7  chromo some s 

i n c lud ing a trans location meta centr i c  chromosome 

( t 2 ) and a Y chromo some . 

( G i emsa x 3 , 0 0 0 ) . 

F I GURE 5 . 1 6 :  Kary otype o f  ce l l  i l l u s trated in P late 5 . 3 0 .  
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P LATE 5 . 3 1 : Metapha se I I  ce l l  f rom B 1 2 8 / 7 7  ( 5 0 , xy , t, t 1 t 2 t 3 ) .  

There are 2 9  chromos ome arms and 2 5  chromo some s 

i n c l ud i ng one t rans loca t i on s ubme tacentr i c  and 

a Y chromosome . 

( G i emsa x 3 , 0 0 0 ) . 

F I GURE 5 . 1 7 : Karyot ype o f  ce l l  i l lustra ted in P l ate 5 . 3 1 . 
The trans l ocation subme tacentr i c ( t )  i s  
identi f i ed . 
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PLATE 5 . 3 2 :  Metapha se I I  cel l f rom B1 2 8 / 7 7  

( 5 0 , xy , t 1 t 1 t 2 t 3 ) .  There are 3 1  chromosome a rms 

a nd 2 5  chromosome s i nc lud i ng two tran s l ocation 

s ubmetacent r i c s  ( t )  1 one trans location meta -

cent r i c  ( t 2 ) and an X chromosome . 

( G i emsa x 3 , 0 0 0 ) . 

F I GURE 5 . 1 8 : Karyotype o f  ce l l  i l lu s t ra ted in P late 5 . 3 2 .  
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TABLE 5 . 3 4 :  ANEUP LOID FREQUENCIES ( 5 0 , xy , t 1 t 2 t 3 tx ) 

2 9  + 3 1 % 3 1  X 2 %  

B 1 2 8 / 7 7  4 . 0  4 . 0  
B 1 4 0 / 7 7  7 .  1 7 .  1 
B 1 4 1 / 7 7  0 . 0  0 . 0  
B 1 2 1 / 7 8  6 . 7  6 . 7  
B 2 / 7 9  8 . 0  8 . 0  
B 3 2 / 7 9  4 . 5  3 . 0  

The aneup l o i d  f requency ( 3 1 x 2 % )  v a r i ed f rom 0 . 0  to 8 . 0  
percent wi th a mean f requency of 4 . 4  percent . 

Th e d i s t r i but i on o f  the tran s locat i on s  and sex chromosomes 
i n  the euploid ce l l s  is shown in Table 5 .  3 5 .  

"'�$ 
There � 

no overa l l  dev i a t i on f r om the 1 : 1 : 2 : 2 : 1 : 1  ra t i o  expected 
for each of the s i x pos s i b l e  c e l l  c l a s s es . None of the 
g roups departed s i gni f i c ant l y  f rom the numbe r s  expected 
for each c l a s s . When the aneup l o i d  and eup loid ce l l s  were 
g rouped together there wa s no ove ra l l  dev i a t i on f rom the 

1 : 1 : 2 : 2 : 1 :1 segrega t i on ra t i o . However , there wa s a signi f ­
i cant de f i c i t  o f  + t, t 2 t 3 , x  c e l l s  { X 1 = 4 . 3 2 ;  P < 0 . 0 5 ) . 

The number and d i s t r i bu t i on o f  the s e x  c hromo some s i n  the 

eup l o i d  a nd aneup l o i d  s econdary s pe rma tocytes are a l so 
s hown i n  Table 5 . 3 5 .  There wa s no s i gni f i cant dev i a t i on 
f rom the expec t ed 1 : 1 r a t i o  o f  x and y c a r ry ing c e l l s .  

The numbe r  o f  eup l o i d  secondary sperma t ocytes wi th respect­
i ve chrom o s ome number is g iven i n  Tab l e  5 .  3 6 .  There wa s 
no s i gni f i cant depa r ture f rom the expec t ed 1 : 1 : 1 : 1 ratio . 

5 . 3 . 3 . 5  Mu l t i p l e  trans locat ion-carry i ng rams ( 5 0 , xy , t 1 t 2 t 2 t j ) 
A total o f  1 9 9 s e c ondary s permatocyte s were counted f rom 
5 rams . I n c luded in th i s  tota l were 1 7 0 non-po lyploid ce l l s . 



TABLE 5 . 3 5 :  ASSOCIATION OF TRANSLOCAT ION CHROMOSOMES WITH SEX CHROMOSOMES AT MI I ( EUPLOID CELLS ) 

IN MULT IPLE TRANSLOCAT ION RAMS ( 5 0 , xy ,  t 1 t 2 t 3 tx ) 

* Aneuploid ce l l s  are recorded in brackets 

Ram + t 1 t 2 t 3 , y  + t 1 t 2 t 3 x + t t , y  +tt , x + t , y  + t , x 
Iden t i f i cat ion 

B1 2 8 / 7 7  2 3 ( 1 ) 9 ( 1 ) 2 9 ( 1 ) 3 9 ( 2 )  2 0 ( 1 ) 2 1  ( 1 ) 

B1 4 0 / 7 7  2 ( 1 ) 3 4 ( 1 ) 9 6 2 

B1 4 1 / 7 7  3 2 3 5 3 3 ( 1 ) 

B1 2 1 / 7 8  3 ( 1 ) 1 7 ( 1 ) 4 ( 2 ) 5 2 

B 2 / 7 9  3 ( 1 ) 1 4 5 ( 1 ) 2 2 ( 1 ) 

B 3 2 / 7 9  1 0 8 1 3 ( 1 ) 1 2 ( 2 )  7 1 2 

Tota l 4 4 ( 4 )  2 4 ( 1 ) 6 0 ( 4 ) 7 4 ( 7 )  4 3 ( 1 ) 4 2  ( 3 )  

X5 = not s igni f i cant ( 1 : 1 : 2 : 2 : 1 : 1  rat io ) 



TABLE 5 . 3 6 :  NUMBER OF EUPLOI D  ( NF / 2 = 3 0 ) METAPHASE I I  

F I GURES WITH RESPECT IVE CHROMOSOME NUMBER 

RECORDED FROM THE MULT I PLE TRANSLOCAION 

( 5 0 , xy , t 1 t 2 t 3 tx ) RAMS 

Karyotype 2 4 , t 1 t 2 t 3 2 5 , t 1 t 3 2 5 , t 2 tx 2 6 , t  X 

Expected 7 1  • 7 5 7 1  • 7 5 7 1 . 7 5 7 1 . 7 5 
number s  

Observed 6 8  5 7  7 7  8 5  
number s  

X) = N o t  s igni f i cant ( 1  : 1 : 1 : 1  R a t i o ) 

TABLE 5 . 4 0 :  NUMBER OF EUPLOI D  ( NF / 2 = 3 0 )  METAPHASE I I  
-r 

F IGURES W I TH RESPECIVE CHROMOSOME NUMBER " 
RECORDED FROM THE MULT I PLE TRANSLOCATI ON 

( 5 0 , xy , t 1 t 2 t 2 t 3 ) RAMS 

Karyotype 2 4 , t 1 t 2 t 3 2 5 , t2 t x 2 6 , t2 

Expected 3 8 . 7 5 7 7 . 5  3 8 . 7 5 
number s  

Observed 3 1  6 6  5 8  
number 

X2 = 1 1 . 9 9 ;  P < 0 . 0 1 ( 1 : 2 : 1  Rati o )  

• 

1 4 2 .  

Tot a l  

2 8 7  

2 8 7  

Total 

1 5 5 

1 5 5 
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The number o f  chromosome arms in the non- polyp loid cel l s  

i s  given in Tabl e  5 . 3 7 .  The maj o r i ty of the non -polyploid 

ce l l s , 1 5 8 . ( 9 2 . 9  percent ) ,  had the moda l number of 30 chromo ­

some a rm s . S i x hypermoda l  ce l l s , inc lud ing 5 f rom rams 

B1 4 7 / 7 9 , were recorded a nd an equiva lent number of hypomoda l 

ce l l s  were seen i n  the f i ve rams . 

The c hromos ome counts o f  the pol yploid c e l l s  a re g i ven 

in Tab l e  5 . 1 7 .  Twenty e ight of the ce l l s  were d iploid 

and one cel l wa s t r i ploid . T�� percentage ranged from 6 . 5  
to 2 2 . 2  ?ercent w i th a mean o f  1 4 . 6  percent . 

The number and percentage of euploid and aneuploid ce l l s  

recorded f rom the 5 rams i s  gi ven i n  Table 5 . 1 8 .  The 

percentage o f  eupl oid ce l l s  ranged f rom 8 8 . 8  to 1 0 0 percent . 

The f requency of aneup l o id cel l s  in the 5 rams wa s 6 .  5 

percen t . I n c l uded in thi s tota l were 3 . 6  percent hypomodal 

ce l l s  a nd 2 . 9  percent hypermodal ce l l s  ( P late 5 . 3 3 and 

Figure 5 . 1 9 ) . 

The e s t imates o f  aneuploi d f requency were made on the three 

rams f rom wh ich at l ea s t  2 0  ce l l s  were counted and are 

given i n  Table 5 . 3 8 .  

TABLE 5 . 3 8 :  ANEUPLOID FREQUENCIES ( 5 0 , xy , t 1 t 2 t2 t 3 ) 

B 1 3 7 / 7 8  

B 4 2 / 7 9  

B 1 4 7 / 7 9  

2 9  + 3 1 % 

0 . 0  

3 . 4  

7 . 9  

3 1  X 2 %  

0 . 0  

3 . 4 

1 2 . 7  

The a n euploid f r equency ranged f rom 0 .  0 t o  1 2 . 7  percent 

w i th a mean of 5 . 9  percen t . 

The d i s t r ibut ion o f  the trans loca t i ons and sex chromosomes 

in the eup l o i d  c e l l s  is shown i n  Table 5 .  3 9 . There was 

an overa l l  dev i a t i on f rom the 1 : 1 : 2 : 2 : 1 : 1  r a t i o  ( X� = 1 3 . 2 3 ;  



TABLE 5 . 3 7 :  DISTRIBUTION OF CHROMOSOME COUNTS IN CELLS AT MI I IN  MULTIPLE TRANSLOCATION RAMS 

( 5 0 , xy , t 1 t 2t2t3 ) 

Other 
Ram Al ternate Partial  Cel l  

Ident i f i cation Segregation Non-disj unction Non-disj unction Counts Tota l 
3 0 , x  3 0 , y  2 9 , x  2 9 , y  3 1  , x  3 1 , y  2 8 , x  2 8 , y  3 2 , x  3 2 , y  2 7 , x  

� 1 3 7 / 7 8 1 3 1 1  ·. 0 0 0 0 2 4  

�4 2 / 7 9  2 8 2 7  0 1 0 1 1 58  

� 4 9 / 7 9  3 6 0 0 0 0 9 

IB1 1 8 / 7 9  1 0 5 0 0 0 0 1 1 6 
' 

IB1 4 7 / 7 9  2 8  2 7  1 0 1 4 1 1 6 3  

rrota l 8 2  7 6  1 1 1 5 3 0 0 0 1 1 7 0 



TABLE 5 . 3 9 :  ASSOCIATION OF TRANSLOCAT ION CHROMOSOMES WITH SEX CHROMOSOMES AT MI I ( EUPLOID CELLS ) 
IN MULT IPLE TRANSLOCATION RAMS ( 5 0 , xy , t 1 t2 t2 t3 ) 

* Aneuploid ce l l s  are recorded in brackets 

Ram + t 1 t2 t3 , y  +t 1 t 2t3 , x  + t2 t , y  + t2 t , x  +t2y + t2 x 
Ident i f ication 

B4 2 / 7 9  7 ( 1 ) 5 1 0 ( 1 ) 1 1 1 0 1 2 { 1 ) 

B 4 9 / 7 9  3 1 2 0 1 2 

B 1 1 8 / 7 9  3 0 1 5 0 3 { 1 ) 

B 1 3 7 / 7 9  0 2 6 7 5 4 

B 1 4 7 / 7 9  5 5 9 ( 2 )  1 5 1 4 ( 2 )  7 ( 4 )  

Total 1 8 ( 1 ) 1 3 2 8 ( 3 ) 3 8  3 0 ( 2 )  2 8 ( 6 ) 

X5 = 1 3 . 2 3 ;  0 . 0 1  < P < 0 . 0 2 ( 1 : 1 : 2 : 2 : 1 : 1  ratio ) 

.t:. 
lT1 
. 
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PLATE 5 . 3 3 :  Heta pha se I I  ce l l  from B 1 4 7 / 7 9  

( 5 0 , xy , t 1 t 2 t 2 t 3 ) • There a re 3 1  chromosome 

arms and 2 7  chromosomes inc lud i ng a trans l oc a t i on 

meta cent r i c  chromosome ( t 2 ) and a y chromo some . 

( G i emsa x 3 , 0 0 0 ) . 

F I GURE 5 . 1 9 : Karyotype o f  c e l l  i l lustrated in P late 5 . 3 3 .  
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0 .  0 1  < P < 0 .  0 2 ) expec ted for each of the s i x  pos s ible 

cel l c l a s se s .  A s igni f i cant excess of euploid cel l s  w i th 

+ t 2 , y  wa s r ecorded ( X i = 5 . 2 9 ;  P < 0 . 0 5 ) . When the euploid 

a nd aneupl o i d  cel l s  were grouped together there wa s an 

i ncrea sed overa l l  deviat ion f rom the 1 : 1 : 2 : 2 : 1 : 1  ratio 

( XS = 1 8 . 5 1 ; P < 0 . 0 1 ) .  An excess of c e l l s  w i th + t 2 , Y  

< X.j = 5 . 4 1 ; P < 0 . 0 5 )  and + t  2 , X ( X 21 = 7 . 6 4 ;  P < 0 . 0 1 ) 
oJ o.S � recorded . 

The d i s t r i bu t i on o f  s ex chromosomes i n  the secondary sperm­

atocytes was a l so seen i n  Table 5 . 3 9 .  There was no s igni f ­

i c ant d i f f e r ence i n  the number o f  ce l l s  with X a nd Y chrome-

somes . 

The number o f  eup l o i d  M I I  cel l s  with respe c t i ve chromo some 

number i s  g i ven in Table 5 . 4 0 .  A s i gni f i cant deviation 

f r om the ex pected 1 : 2 : 1  segregat ion rat i o  < X2 = 1 1  . 9 9 ;  

P < 0 . 0 1 ) wa s found . Th i s  deviation has resul ted f rom 

the very s i gni f i cant excess o f  euploid ce l l s  w i th a 2 6 , t2 
karyotype < x.; = 9 . 0 7 ;  P < 0 . 0 1 ) .  

5 . 3 . 3 . 6  Mu l t i p l e  tran s location-carry ing rams ( 4 9 , xy , t 1 t2 t 2 t 3 tx ) 

A tota l o f  2 0 3  secondary spermatocytes were counted from 

the three rams . Incl uded in th i s  tota l were 1 7 9 non - poly­

ploid ce l l s . The number of chromosome arms i n  the non­

polyploid c e l l s  is g i ven in Table 5 .  4 1  . The maj ority of 

the non - polyploid ce l l s , 1 5 9 ( 8 8 . 8  percent ) ,  had the modal 

number o f  3 0  chromosome arms . Four hypermoda l ce l l s ,  

i nc l ud ing 3 f rom ram B 9 2 / 7 9 , were recorded and 1 6  hypomodal 

cel l s  were counted . 

Diplo i d  c e l l s  were recorded ( Table 5 . 1 7 )  but no ce l l s w i th 

h i gher p l o i dy were observed ( P late 5 .  3 4 ) .  The percentage 

of polyploid c el l s  var ied f rom 5 . 3  to 1 2 . 9  percent . 

The number a nd percentage o f  euploid and aneuploid cel l s  

recorded f rom the 3 rams i s  g i ven i n  Tabl e  5 .  1 8 .  The 

percentage o f  euploid c e l l s  ranged f rom 8 3 . 3  to 9 4 . 4  percent 

w i th a mean of 8 8 . 8  percent . The f requency of aneup loid 



TABLE 5 . 4 1 : DISTRIBUT ION OF CHROMOSOME COUNTS IN CELLS AT MI I IN MULTIPLE TRANSLOCATION RAMS 

( 4 9 , xy , t 1 t2t2t 3tx ) 

Alternate Pa rtia l 
Ram Segregat ion Non-disj unction Non-disj unction Other ce ll  counts Tota l 

Identi f ication 3 0 , x  3 0 , y  2 9 , x  2 9 , y  3 1  , x  3 1  , y  2 8 , x  2 8 , y  3 2 , x  3 2 , y  2 5 , - 2 5 , x  2 5 , y  2 7 , x  

� 1 9 6 / 7 6  6 9 0 1 0 0 1 1 1 8 

B3 8/ 7 9  2 5  2 6  0 0 1 0 1 1 5 4  

B9 2 / 7 9  5 8  3 5  4 1 2 1 2 1 1 2 1 0 7  

Tota l 8 9  7 0  4 2 3 1 3 0 0 0 1 3 1 2 1 7 9 



1 4 9 .  

PLATE 5 . 3 4 :  D i p l o i d  metaphase I I  c e l l  f rom B 9 2 / 7 9  ( 4 9 , xy ,  

t 1 t 2 t 2 t 3 \) . There are 6 0  chromosome arms . 

The sex chromosome s are i nd i cated , X chromosome 

( large a rrow ) and Y chromo some ( sma l l  arrow ) . 

( Gi emsa x 3 , 0 0 0 ) . 





1 5 0 . 

ce l l s  wa s 1 1 . 2 percent . O f  these 9 . 0  percent were hypomodal 

ce l l s  and 2 .  2 percent were hypermoda l ce l l s  ( P late 5 .  3 5  

and Fi gure 5 . 2 0 ) . 

The e s t imat e s  of aneuploid f r equency were made on the two 

rams f rom whi ch at least 2 0  c e l l s  were ana l y s ed and are 

gi ven in Table 5 . 4 2 .  

B 3 8 / 7 9  

B 9 2 / 7 9 

2 9  + 3 1 % 

1 • 8 

7 . 4  

3 1  X 2 %  

3 . 7  

5 . 6  

The aneuploid f requency ranged f rom 3 . 7  to 5 . 6  percent 

with a mean for the 3 rams of 4 . 5  percent . 

The d i s t r ibut ion of the t ranslocat ions and sex chromosomes 

i n  the eup l o i d  ce l l s  is shown in Tab l e  5 .  4 3 . There wa s 

no over a l l  dev i a t ion f rom the 1 : 1 : 1 : 1 rat i o  expected for 

each o f  the four pos s i bl e  ce l l  c l a s se s . None o f  the groups 

departed s i gni f i cantly f rom the numbers expected f or each 

clas s .  However , when the eup l o i d  and a neuploid c e l l s  

were grouped together there wa s a s i gn i f i cant dev i a t i on 

f rom the 1 : 1 segregat ion rat i o  ( X3 = 1 1 . 2 3 ;  0 . 0 1 < P < 0 . 0 2 ) . 

Thi s  ha s. r e s u l t ed from the very s ig n i f i cant exce s s  o f  . -

+ t2t , x  c e l l s  ( Xi = 7 . 1 2 ;  P < 0 . 0 1 ) . 

The d i s t r i bu t ion o f  sex chromosomes i n  the secondary sperm ­

a tocytes i s  a l so seen i n  Tab l e  5 . 4 3 .  A s igni f i cantly great ­

er number o f  the c e l l s  ( aneuploid and euploid ) had an x ­

chromosome <X{  = 4 . 7 2 ; P < 0 . 0 5 ) . The r e  was no s igni f i cant 

d i f ference b e tween the number of euploid c e l l s w i th x a nd 

y chromosom e s . 

The number o f  euploid secondary spermatocytes with re spect ­

ive chromosome number i s  given i n  Tabl e  5 .  4 4 . There wa s 

a s i gn i f icant deviation f rom the 1 : 1 r a t i o , ( x.j  = 4 . 9 9 ; 
0 . 0 1 < P < 0 . 0 2 ) . I t  wa s seen that 5 9 . 2  per cent ( 5 0 percent 



TABLE 5 . 4 3 :  ASSOCIAT ION OF TRANSLOCAT ION CHROMOSOMES WITH SEX CHROMOSOMES AT MI I ( EUPLOID CELLS ) 

IN MULTI PLE TRANSLOCAT ION RAMS ( 4 9 , xy , t 1 t 2 t 2 t 3 t
x

) 

* Aneuploid cel l s  are re corded in brackets 

Ram 
I dent i f i c a t ion 

B 1 9 6 / 7 6  

B3 8 / 7 9  

B 9 2 / 7 9  

Total 

ot t 1 t 2 t 3 , y  -+ t 1 t 2 t 3 , x  

4 2 

9 1 1  ( 2 )  

1 6 ( 1 ) 2 2 ( 1 ) 

2 9 ( 1 ) 3 5 ( 3 )  

Xj = not s i gni f i cant ( 1 : 1 : 1 : 1 ratio ) 

+ t 2 t ,  y + t 2 t , x  
' 

5 ( 1 ) 4 

1 7  1 4 

1 9 ( 1 ) 3 4 ( 9 )  

4 1  ( 2 )  5 2 ( 9 )  

V1 
_. 
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PLATE 5 . 3 5 :  Metaphase I I  ce l l  f rom B 3 8 / 7 9  

( 4 9 , xy , t 1 t 2 t 2 t 3 tx ) .  There are 3 1  chromosome 

a rms a nd 2 5  chromo some s i nc l uding two trans locat -

i on s ubmetacent r i c s  ( t ) , one tran s l oca t i on meta ­

c e n t r i c  ( t 2 ) and a n  X c hromo some . 

( Gi emsa x 3 , 0 0 0 ) . 

F IGURE 5 . 2 0 : K aryotype of c e l l  i l l u s t r a ted i n  P late 5 . 3 5 .  
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wa s expected ) of the cel l s  had a karyotype of 2 5 , t 2 t .  

TABLE 5 . 4 4 :  NUMBER OF EUPLOI D  ( NF / 2  = 3 0 ) METAPHASE I I  F IGURES 

WITH RES PECTIVE CHROMOSOME NUMBER RECORDED FROM 

THE MULT IPLE TRANSLOCATI ON RAMS ( 4 9 , XY , t 1 t 2 t 2 t 3 tx ) 

Karyotype 

E xpected numbers 

Observed numbers 

7 8 . 5  

6 4  

7 8 . 5  

9 3  

x ;  = 4 . 9 9 ;  0 . 0 1 < P < 0 . 0 2 ( 1  : 1  rat i o ) 

Tot a l  

1 5 7 

1 5 7 

5 . 3 . 4  D i s c u s s ion o f  resu l t s  f rom s econdary sperma tocyte 

a na ly s i s  

5 . 3 . 4 . 1  I ntroduct i on 

The exam i n a t i on of metaphase I I  f i gures i s  a n  accurate 

method o f  determ i n i ng the i nc i dence of ma l segregation of 

chromo some s at anaphase I .  

The segregat ion ana l y s i s  o f  d i f f erent chromosome s by the 

examinat ion of the karyotype s of progeny is a l s o  an i mport ­

ant method i n  the s tudy o f  me i ot i c  d i sj unction . The 

ana l y s i s  of the chromosome s f rom secondary spermatocytes 

ha s been l im ited due to the d i f f i cu l ty in obta ining cyto­

logi ca l ly unequ i vo c a l  metapha se prepara t i on s  for the 

accurate determi na t i on o f  chromo some number ( Chapman and 
' 

Bruere , 1 9 7 5 ) . Th i s  can be s een i n  the reports by Luc i a n i  

( 1 9 7 0 ) a nd Skakkebaek e.i aL .  ( 1 9 7 3 ) i n  man ; Gustavs son 

( 1 9 6 9 )  in the bu l l ;  Datta ( 1 9 7 0 ) in the goat and Makino 

( 1 9 4 3 , a )  i n  the sheep . The use o f  c olch i c ine i n  l iving 

mice by Tettenborn a nd Gropp ( 1 9 7 0 ) ; Daring e.i a.f. • ( 1 9 7 2 ) 

and Cat tanach a nd Moseley ( 1 9 7 3 ) enabled them to ana l y s e  

a l arge number o f  metaphase I I  ce l l s . Thi s  procedure h a s  

n o t  been widely used i n  dome s t i c  a n i ma l s  for humane rea son s . 
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The rr.a j  o r i  ty of the e a r l y  me i ot ic stud ies � reported on the 

chromosome morphology of the secondary sperma tocytes ( Ma k i no 

1 9 4 3 , a ;  Boo k and K j e s s l er , 1 9 6 4 ; S a s aki a nd Makino , 1 9 6 5 ;  

Luc i an i , 1 9 7 0 ; Pogos i a n z , 1 9 7 0 ; McDermott , 1 9 7 1 ; Pope s cu , 

1 9 7 1 ) .  However , the more recent s tudies have reported 

on the chromosome morpho logy and the number of chromos omes 
, 

in the s econdary s permatocytes ( Chapman , 1 9 7 4 ; Hu l te n , 

1 9 7 4 ; Logue , 1 9 7 7 ; Logue a nd Harvey , 1 9 7 8 ; Long , 1 9 7 8 ;  
' 

Bruere e t  a l . , 1 9 8 1 ; K i ng e t  al . ,  1 9 8 1  ) .  

The f i r s t  report o f  metaphase I I  a n a lys i s  i n  the sheep 

by Mak ino ( 1 9 4 3 , a )  f ound a haploid number of 2 7 chromosomes 

with the two type s of s econdary spermatocyte , one w i th 

an X and the other a y chromo some . The more recent stud i es 

by Chapman ( 1 9 7 4 ) ; Logue ( 1 9 7 7 ) and Long ( 1 9 7 8 ) have 

ana lysed the metapha se I I  f i gures and counted the number 

of chromosomes a nd chromos ome arms f rom both sheep w i th 

a norma l k aryotype a nd sheep which were ei ther s i ngle hetero­

zygous or homozygous for a trans loca t i on . The ma in 

conc l u s i on drawn f r om the i r  studies was that i t  appeared 

that there wa s an exce s s  of s econdary spermatocytes wi thout 

a tran s locat ion to those c e l l s  carry ing a t rans loca t i on 

in heterozygou � rams . 

5 . 3 . 4 . 2  N on - d i s j unc t i on and aneuploidy 

The percentages of hypomoda l ,  

at M I I  i n  the rams examined 

Table 5 .  4 5 .  For c ompa r i son , 

modal and hypermodal c e l l s  

i n  t hi s  study a r e  g i ven i n  

the r e s u l ts f r om the ear l i er 

me iot i c  s t ud i e s  by Chapman ( 1 9 7 4 ) a re i nc l uded i n  Table 

5 . 4 5 .  

The norma l and trans l oc a t i on-carrying rams i n  thi s  s tudy 

had eupl o i d  percentage d i st r ibut ions of over 8 5  percen t . 

Thi s  a g reed c lose l y  w i th the resu l t s  from the norma l a nd 

single homo zygous r ams s tud ied by Cha pman ( 1 9 7 4 ) . However , 

she found that the s in g l e  hetero z ygous r am s  had l ower 
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TABLE 5 .  4 5 :  PERCENTAGE OF HYPQMODAL , MODAL AND HYPERl-iODAL 

CELLS AT MI I I N  NORMAL AND ROBERTSON I AN TRAN S LO ­

CAT ION -CARRY ING RAMS 

Karyotype 

* 5 3 , xy , t 1 

* 5 3 , xy , t 2 

* 5 3 , xy , t3 

* 5 2 , xy , t 1 t 1 

* 5 2 , xy , t 3 t 3 

f* [ S 4 , xy 

5 2 , xy , t 1 t 3 

5 2 , xy , t 2 tx 

5 1  , xy , t 1 t 1 t 3 

5 1 , xy , t 2 t 3t 3 

5 1 , xy , t 1 t 2 t 3 

5 0 , xy , t 1 t 2 t 2 t 3 

S O , xy , t 1 t 2 t 3 t 3 

S O , xy , t 1 t 1 t 2 t 3 

S O , xy , t 1 t 2 t 3 tx 

4 9 , xy , t 1 t 2 t 2 t 3 t x 

[ 5 4 , xy 

Hypomoda l 
c e l l s  

2 7 . 5  

4 1  • 1 

3 6 . 8  

1 4 .  1 

8 . 7  

1 6 .  1 

4 . 0  

4 . 9  

6 .  1 

4 . 7  

1 0 .  1 

3 . 5  

3 . 6  

6 . 6  

2 . 9  

9 . 0  

4 . 8  

* Da ta from Chapman ( 1 9 7 4 } 

t-1oda l 
c e l l s  

6 6 . 9  

5 4 . 4  

5 4 . 0  

8 5 . 9  

9 1  • 3 

8 3 . 9  

9 6 . 0  

9 3 . 2  

9 3 . 9  

9 3 . 0  

8 7 . 3  

9 3 . 5  

9 2 . 8  

9 1  • 0 

9 5 . 3  

8 8 . 8  

9 5 . 2  

Hypermoda l 
Ce l l s  

5 . 6  

4 . 5  

9 . 2  

0 . 0  

0 . 0  

0 .  0 ]  

0 . 0  

1 • 9 

0 . 0  

2 . 3  

2 . 6  

3 . 0  

3 . 6  

2 . 4  

1 • 8 

2 . 2  

0 . 0 ]  
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euploid percentage d i s t r i bution s  of between 5 4 . 0  a nd 6 6 . 9  

percent . Cor r e s pond ing l y  the percentage d i s t r ibutions 

of hypomoda l  c e l l s  in the s i ngle heterozygous rams ( 2 7 . 5  
.,., ... c-... 

to 4 1  • 1 percent ) "Wtt"S cons iderably higher than the norma l 

rams and the other trans locat i on - carrying rams s tudied 

( 2 . 9  to 1 6 . 1  per cent ) .  L i kewi se , the percentage d i str i but­

ions of hypermoda l  cel l s  i n  the s i ngle heterozygous rams 

( 4 .  5 to 9 .  2 percent ) were h i gher than the norma l rams ( 0 .  0 

percent ) and the other t rans locat i on rams ( 0 . 0  to 3 . 6  

percent ) .  

Th i s  d i f f erence between . the s i ng l e  heterozygous rams and rams 

·with other kary()types sugge sted that the s ing le heterozygotes 

had an i nherent l y  h i gher percentage of aneupl o i d  c e l l s . 

Al though th i s  cou ld indeed be the case it wa s a l so pos s ible 

that the d i f f e rence cou l d  be techn ical in nature . Thi s  

wou ld seem very l i kely when the resu l t s of Logue ( 1 9 7 7 ) 

and Long ( 1 9 7 8 ) on the aneup loid f requency of s i ng le hetero­

zygous rams were cons ide red . Long ( 1 9 7 8 ) f ound that 2 7  

( 1 6 . 6  percent ) o f  the 1 6 3  ce l l s  seen i n  the th;ree s i ngle 

( t 1 ) heteroz ygou s rams were aneuploid . Th i s  percentage 

of aneupl o i d  c e l l s  wa s i n  between that found in the translo­

cation - c a rrying rams in th i s  s tudy and the percentage found 

in the s in g l e  heterozygous rams stud i ed by Chapman ( 1 9 7 4 ) .  

In a l l  rams s t ud i ed the percentage of hypermodal c e l l s  

wa s les s than 1 0  percent . The norma l rams i n  t h i s  s tudy 

and in the s tudy of Chapman ( 1 9 7 4 ) had no hypermoda l c e l l s . 

Th i s  wa s a l so the case i n  the s ing le homoz ygous rams 

studied by Chapman ( 1 97 4 )  • Th i s  wa s probably due to the 

ba lanced nature of the homozygou s t ranslocat ion biva lent . 

I t  wa s l ike l y  that the trans locat i on biva l ent , l ik e  any 

other b i va l ent , would undergo regu l a r  segregat ion during 

me ios i s  . I .  The t rans locat ion t r i va lent wa s more l ikely 

to under go e i th e r  part i a l  o r  tota l non-d i sj unc t i on s i nce 

i t  is c ompr i sed o f  a t r a n s l ocat i on chromos ome and the 2 

homologous a crocen t r i c  chromosome s .  
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The aneuploid f requencies for the rams s tud ied i n  thi s  

work a re s ummari z ed i n  Table 5 . 4 6 .  For c ompari son , the 

aneup l o i d  f requencies of the norma l and tran s l ocat ion- carry­

ing rams s tud i ed by Chapman ( 1 9 7 4 ) are given in Table 5 . 4 7 .  

A l arge v a r i a t ion in the est imates of aneupl oi d  f requency 

v1a s  found u s i ng the three d i f f erent method s . Because of 

techn i c a l f a c tors there a re a lway s  more h ypomodal cel l s  

than hypermodal c e l l s .  Therefore the two e s t imates whi ch 

used the number of cel l s  w i th 2 9 chromosome a rms wa s an 

over - e s t imate of the number of aneuploid secondary spermato­

cyte s . The e s t imate c a l c u l a ted by doub l i ng the f requency 

of cel l s  w i th a chromosome a rm count of 3 1  wa s probably 

an under - e s t imate of the number of aneuploid secondary 

sperma tocyte s . However , the latter method probably gave 

a more a c curate va lue for the aneup loid f requency than 

the oth e r  two methods . For th i s  reason th i s  method w i l l  

be used i n  the d i scuss i ng and compa r i ng of the aneuploid 

frequenc i e s  of the norma l and trans location - c a r ry ing rams . 

ram s i n  thi s  s tudy The aneup loid frequency o f  the norma l 

( 0 .  0 percent ) wa s ,  a s  expected , the 

by Chapman ( 1 97 4 )  in her stud i e s  on 

same f requency found 

norma l a nd homo zygous 

rams . 

The mean l eve l o f  aneupl o i d  f requency in the doubl e  ( 3 .  5 

percent ) and t r i p le hetero zygous ( 5 . 3  per ce nt ) rams wa s 

s i gn i f i c a n t l y  h igher than the zero l evel found i n  the norma l 

and homo z ygous ( t 1 t 1 and t 3 t 3 ) rams . Ther e f o re , a s  w i th 

the s i n g l e  hetero zygotes ( Chapman a nd Bru�r e , 1 9 7 5 ) , double 

and t r i p l e  heterozygos ity for the Robertson i a n  t rans loca t ­

ions i s  a f a c tor lead i ng a l so to the increa sed f requency 

of aneu p l o i d  secondary s permatocytes . Howeve r , the l evel 

found in the doubl e  and t r i p l e  hetero zygous rams was compar ­

able t o  t h e  l eve l s  reported f o r  s ingle heterozygous rams 
... 

( Chapman a nd Bruere , 1 9 7 5 ;  Logue , 1 9 7 7 ;  Long , 1 9 7 8 ) a nd 

wa s unexpectedly not even approx imately equ a l  to the s um 

of the i nd iv idua l leve l s  i n  the s in g l e  heteroz ygous anima l s ,  
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TABLE 5 . 4 6 :  ANEUPLOID FREQUENCIES FOR NORMAL AND TRANSLO-

CATION -CARRY ING RAMS FROM THOS E  AN IMALS FOR 

WH I CH AT LEAST TWENTY MI I CELLS vlERE ANALY SED 

Karyotype Ram 29 + 3 1 %  3 1 X 2 %  
� 2 9 , 3 1  c l a s ses 

X 100% 
1: 29 , 3 0 , 3 1  classes 

5 2 , xy , t
1

t
3 

B 1 4 7 / 7 5  4 . 0  o . o  4 . 0  

5 2 , xy , t 2t
3 

B 1 66/78 7 . 1  5 . 7  7 . 2  

52 , xy , t
2

t
x 

B6/ 79 3 . 8  3 . 4  3 . 9  

5 1 , xy , t
1

t
2

t
3 

B86/76 4 . 2  8 . 3  4 . 2  

B l 1 1 / 7 7  1 6 . 6  8 . 6  1 7 . 4  

B 4 7 / 7 8  7 . 9 4 . 0  8 . 0  

B 1 0 1 / 7 8  5 . 1 1 . 7  5 . 1  

51 , xy , t
1 

t
1 

t 3 B1 20/7 7 3 . 0  o . o  3 . 1  

5 1 , xy , t 2t
3

t
3 B l l 7 / 7 8  7 . 0  4 . 6 7 . 0  

SO , xy , t
1

t
2

t
2

t
3 

B1 3 7  /79 0 . 0  0 . 0  0 . 0  

B 1 4 7 / 7 9  7 . 9  1 2 . 7  8 . 2  

B 4 2 / 7 9  3 . 4  3 . 4  3 . 5  

SO , xy , t
1

t
1

t
2

t
3 

B 1 2 8 / 7 7  4 . 0 4 . 0  4 . 0  

B 1 4 1 / 7 7  0 . 0  0 . 0  0 . 0  

50 , xy , t
1

t
2

t
3

t
3 

B1 40/77 7 . 1  7 . 1  7 . 1  

S O , xy , t
1

t
2

t
3

t
x 

B 1 2 1 / 78 6 . 7  6 . 7  7 . 1  

B 2 / 7 9  8 . 0  8 . 0  8 . 7  

B 3 2/79 4 . 5  3 . 0  4 . 5  

49 , xy , t
1

t
2

t
2

t
3

t
x 

B 3 8/79 1 . 8 3 . 7  1 . 9  

B92/79 7 . 5  5 . 6  7 . 9 

54 , xy .Grouped 1 . 2 0 . 0* 1 . 2* 

* Ca l c u l a ti on based on pooled dat a  
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TABLE 5 . 4 7 :  ANEUPLO I D  FREQUENC�ES FOR t 1 , t 2 AND t 3 RAMS 

( HETEROZYGOTES ) AND NORMAL AND HOMO ZYGOUS RAMS 

FROM THOSE ANIMALS FOR WHICH AT LEAST TWENTY MI I 

CELLS WERE ANALYSED ( 1 ) 

Karyotype Ram 

5 3 , xy , t 1 
B 5 3 / 6 9  

5 3 , xy , t2 

5 3 , xy , t 3 

A 1 / 8 2  

B 8 / 7 2 

B 2 5 / 7 2  

B 8 7 / 7 2  

B 6 8 / 7 2  

B 6 6 / 7 2  

B 1 3 / 7 2  

B 7 6 / 7 2  

5 2 , xy , t 1 t 1 B 5 5 / 7 0  

5 4 , xy Grouped 

2 9  + 3 1 % 

2 9 . 3  

2 3 . 7  

1 9 .  0 

2 4 . 6  

3 1 . 8  

3 3 . 8  

2 5 . 9  

2 9 . 6  

4 7 . 5  

6 .  1 

8 . 7  

4 . 8* 

3 1  X 2 %  

6 . 9  

1 3 .  6 

0 . 0  

1 3 .  1 

1 0 . 6  

9 . 2  

0 . 0  

1 6 . 5  

2 2 . 2  

0 . 0  

0 . 0  

0 . 0* 

t: 2 9 ,  3 1  c la s ses x 1 OO% 
t. 2 9 , 3 0 , 3 1  c l a s ses 

2 8 . 2 * 

3 5 . 5 * 

3 8 . 7 * 

6 . 6  

8 . 7  

5 . 4 * 

* c a l c u l a t ion based on pooled data 

( 1 ) Chapman ( 1 9 7 4 ) 
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whi ch were 6 .  9 1 3 .  6 per c ent ( t 1 ) , 9 .  2 - 1 3 .  1 percent 

( t 2 ) and 1 6 . 5  2 0 . 2  percent ( t  3 ) .  I n  th i s  respect the 

mu l t i pl e  t rans loc a t i on-carry ing sheep appea r to d i f f er 

from the t oba cco mouse ( M .  p o � chia vinu � ) hybr i d s  ( Ca ttanach 

and Mose ley , 1 9 7 3 ) but are s im i lar to the arti f i c i a l ly 

evolved t r i p l e  trans loca t i on - carry ing mou se heterozygotes 

descr i bed by Whi te e.i al. ( 1 9 7 8 ) . The indi vi dua l var i a t ion 

i n  aneup l o i d  spermatocyte frequency and the lack of evi dence 

for a n  i n crease in aneuploid s permatocyte f requency i n  

double and t r ip l e  hetero zygous rams f urther suggests that 

the rate o f  non - d i s j unction is gene t i c a l l y  determined and 

i s  not a f u nc t i on wh ich can be a t t r i buted entirely to the 

presence of t ra n s l ocat ions pe.� �e. ( Bru�re e.i a l . ,  1 9 8 1 ) .  

The aneupl o i d  f requencies of the mu l t iple trans loca t ion­

ca rry i ng rams ( 4  and 5 trans loca t i on s ) were comparable 

to the leve l s  found i n  the double and t r i p l e  he tero zygotes . 

The aneup l o i d  sperma tocyte f requency wa s l e s s  than 9 percent 

i n  a l l  the rams examined , except f or ram B 1 4 7 / 7 9  ( 1 2 . 7  

percent ) .  I n  1 5 of the 2 1  rams , i n  whi ch more than 2 0  

cel l s  were ana ly sed , the f requency wa s less than 6 percent . 

The overa l l  f requency for the trans location - carry i ng rams 

examined was 4 . 5  percent . Th i s  leve l of aneup l o i d  f requency 

i s  comparable to the prev ious repo r t s  i n  trans loca t i on-
" 

ca rry ing r am s  ( Chapman and Bruere , 1 9 7 5 ; Logue , 1 9 7  7 ;  

Long , 1 9 7 8 ) a nd to the reports i n  bu l ls hetero zygou s  for 

the 1 / 2 9  trans l ocat ion ( Logue , 1 9 7 7 ; Logue a nd Harvey , 

1 9 7 8 ) . 

There wa s a s i gn i f i cant exce s s  of hypomoda l  to hypermoda l  

c e l l s  ( X 2  = 9 .  3 0 ; P < 0 .  0 1  ) • I n  part i c u l a r  the t r iple 

heterozygous ram , B 1 J 1 / 7 7 ,  had 20 hypomoda l and 7 hypermoda l  

c e l l s .  The d i f f erence betwee n  thi s  r a m  and the other rams 

could be due to technical var i a t ions i n  the mei o t i c  technique . 

The number of c e l l s  w i th hypomodal a nd hypermod a l chromosome 

arm count s in the r ams in t h i s  s tudy i s  compared in Tabl e  

5 . 4 8 to the resu l t s  f rom the s ingle heterozygous rams 

( Chapma n , 1 9 7 4 ) and the s i ng l e  heterozygous m i c e  ( Cattanach 
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TABLE 5 . 4 8 :  NUMBER OF CELLS WITH HYPE R-AND HYPOMODAL 

CHROMOSOME ARM COUNTS 

Author 

Cattana ch & 
iMoseley ( 1 9 7  3 )  T 1 

T 2 
T 3 
T 4 
T 5 
T 6 
T 7 

Chapman ( 1 9 7 4 ) 

Author t t X 
t t t X X 
t , t 2 t 3 

t 1 t 2 t 3t x 

t 1 t 2 t 2 t 3 

t 1 t 2 t 2 t 3 t x 

A l l  rams 
" - t , t 2 t 3 

Number of 
Chromo some 

Arms 
1 9 2 1  

6 3  3 7  

6 6  2 9  

5 8  2 7  

8 1  5 9  

5 6  1 6 

4 9  1 2  

4 8  2 4  

Number of  
Chromosome 

Arms 
2 9  3 1  

3 3  

8 4  

8 3  

1 0  

3 

3 2  

8 

2 

6 

6 1  

2 9 

9 

1 5  

2 5  

7 

1 

1 1  

7 

5 

4 

3 5  

2 4 

x� 1 

6 . 2 5 ;  p < 0 . 0 5 

1 3 . 6 4 ;  p < 0 . 0 0 1  

1 0 . 5 9 ;  p < 0 . 0 1 

3 . 1 5 ; p ) 0 .  0 5  

2 1 . 1 3 ; p < 0 . 0 0 1  

2 1 . 2 5 ;  p < 0 .  0 0 1  

7 . 3 5 ;  p < 0 . 0 1 

1 2 . 6 0 ;  p < 0 . 0 0 1  

4 6 . 7 1 ; p < 0 . 0 0 1  

2 6 . 2 7 ;  p < 0 . 0 0 1  

9 . 3 0 ;  p < 0 .  0 1  

6 .  5 1  ; p < 0 . 0 5 

0 . 3 0 ;  p > 0 .  0 5  
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and Mos e l ey , 1 9 7 3 ) . It is evident that ·a reduction ih the proportions 

of hypamodal and hypermodal cells in the meiotic preparations ih this study 

�as resul ted � rom . th� r ej ect i on ' of - ce l l s - �ith ambi guous 

chromosomes . As a consequence the aneuploid f requenc ies 

of the rams in th i s  s tudy a re c loser to the true leve l s  

o f  non-d i s j unct i on than t h e  est imates given in ear l i er 

s tudie s . 

5 . 3 . 4 . 3  Cause o f  aneuploidy i n  Robertsonian trans loca t i on 

heterozygotes 

The form a t i on of aneuploid secondary s permatocytes i n  struc­

tured heterozygotes i s  the r e s u l t  o f  the triva lent a s soc i a t ­

ions undergoi ng i rregular segrega t i on and resul t i ng i n  

t h e  metacentr i c  chromosome and one a crocen t r i c  going to 

one po l e  a nd the r emaining acrocent r i c  to the other . Gametes 

may then be produced with one �xtra or one m i s s ing chromo­

some arm and give r i se to t r i som i c  and monosom i c  z ygotes 

re spect ive ly ( Te ttenborn and Gropp , 1 9 7 0 ) . In the present 

study i t  wa s obse rved that a number o f  aneupl o id secondary 

spermatocytes were produced by the hetero zygous - ca rry ing 

rams . H owever , the l eve l of a neuploid sperma tocyte 

f requency in the double and t r i p l e  hetero zygous rams wa s 

l e s s  than the leve l s  repor ted by Chapman ( 1 9 7  4 )  i n  s i ngle 

h e terozygous rams . There fore the presence o f  the tran s lo-

c a t i on s  is only one factor lead i ng to the i ncrea sed 

f requency of aneuploid secondary spermatocyte s .  

5 . 3 . 4 . 4  Fate o f  aneuploid cel l s  a nd e f f e c t s  o f  hetero­

z ygos i t y  

A l though the f a t e  o f  the aneuploid secondary s permatocytes 

i s  s t i l l  unc l e a r  the evidence f rom d i f ferent species 

s uggests there a r e  severa l poss ibi l i t i e s . 

( 1 ) They may degenerate dur i ng s permatogene s i s  ( Roosen­

Runge , 1 9 7 3 ;  Bunch and Foote , 1 9 7 7 ) , or 

( 2 )  They may mature i nto aneupl o i d  sperm whi ch are sub­

sequent ly s e l ected aga i n s t  in the uterus ( Gabr i e l , 
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1 9 7 7 ; Fechhe imer , per s . comm . 1 9 7 9 ) . 

( 3 )  They may deve l o p  i nto mature sperm capable of ferti l i z ­

i ng a n  ovum ( Dar i ng e. t  a.f. . ,  1 9 7 2 ;  Ford , 1 9 7 2 ; 1 9 7 5 ) . 

Ford ( 1 9 7 5 )  concluded f rom h i s  s tudies i n  mice , that 

the gross genome unba l ance did not prej ud ice the 

capa c i ty o f  a sperma t i d  to mature into a func t i on a l  

sperm , w i th t h e  same chance o f  e f f ec t i ng fert i l i z a t i on 

a s  a norma l sperm . 

( 4 ) The a neup l o i d  s perm f e rt i l i z es the ovum , but the 

aneup l o i d  z ygote d i e s  be fore implantat ion ( Evans 

e. t  a .f.  • , 1 9 6 7 ; Gropp e. t  a .f. • , 1 9 7 0 ; Cattanach and 

Mos e l ey , 1 9 7 3 ; K i ng e. t  a .f. . , 1 9 8 1 ) .  

( 5 ) Post - i mplanta t i on death , recogn i zable a s  abor t ions 

may occur . The abortuses cou l d  be monosom i c  or 

t r i s om i c  embryos or foetuses ( Waxman , Arakak i a nd 

Sm i th , 1 9 6 7 ; Tettenborn and Gropp , 1 9 7 0 ;  Cattanach 

a nd Moseley , 1 9 7 3 ; Pope scu , 1 9 8 0 ) . 

( 6 )  A number of the aneup l o i d  z ygote s  Qay survive to term 

and produce i nd ividua l s  wh i ch are monosom i c  ( Sa y , 

Tuncb i lek , Yamak and Bal e i , 1 9 7 0 )  or t r i som i c  f or 

1 9 6 4 ;  

Whi t e , 

Tschudi 

a p a r t i cu l a r  chromosome ( Gr i f f e n  and Bunker , 

Whi te , Tj i o , van de Water and Cranda l l , 1 9 7 2 ; 

Tj i o , van d e . Water and Cranda l l , 1 9 7 4 ;  

e. t  a.f. . , 1 9 7 7 ) . 

The e f f e c t s  o f  the heterozygous t rans l o c a ti on on the 

individua l ma l e  a n ima l are observed in var ious ways i n  

d i f f erent spec i e s . The e f f ect i n  m ice i s  t o  reduce the 

fert i l i t y  ( Evans e.t a.f. . ,  1 9 6 7 ; Whi te a nd Tj i o , 1 9 6 7 ; 

Tettenbor n  a nd Gropp , 1 9 7 0 ;  Cattanach and Moseley , 1 9 7 3 ;  

Baranov and Dyban 1 1 9 7 5 ) . I n  man , the D / D  tran s loca t ion 

may have l i t t l e  e f fect on the fert i l ity o f  the i nd ividual 

( Chand l e y  e.t a.f. • , 1 97  5 ;  N i e l sen and Ra smu s sen , 1 9 7 6 ) or  

i t  may have a great e f f ec t  ( Pa lmer 1 Mor r i s  1 Thompson a nd 

Nance , 1 9 7 3 ; van Kosku l l  a nd Aula , 1 9 7 4 ; G ahmberg e.t a .f. . ,  

1 9 8 0 ) . The number o f  progeny o f  male D / G  t rans locat ion 

carr i e r s  whi ch are chromosoma l ly unba l anced i s  con s iderably 
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less than wou ld be expec ted ( Ferguson- Smi th , 1 9 7  2 )  . Th i s  

coul d  be because ther e  i s  a se lection aga i nst aneup loid 

spermat o z oa at fert i l i zat i on ( Hamerton , 1 9 6 8 ) or there 

cou l d  be a f a i lure of implantation or ear l y  abort ion of 

unba l a nced zygotes . 

In Swed i s h  cattle , a l though no phenotypi c abnorma l i t i e s  

were observed i t  wa s c la imed that daughters o f  bu l l s  hetero­

zygous f or the 1 / 2 9  trans loca t i on showed an i ncreased return 

to serv i c e  ( Gustavs son , 1 9 6 9 , 1 9 7 1  ) . This c la im wa s based 

on sta t i st i c a l  evidence only and the extrapolat ion wa s 

made that th i s  r e l a tive reproductive i ne f f i c i ency wa s 

probably due to a n  abnorma l karyotype i n  some o f  the 

daughter s .  Gu stavsson ( 1 9 6 9 ) f urther c l a i med f rom the 

dev i a t ing 

and the 

non- return ra tes 

d i f f erence observed 

w i thin 2 7 3  

i n  hei f e r s  

days o f  

between 

pre gnancy 

the non-

retu rn ra tes within 5 6  and 2 7 3  days , that the reduced 

fert i l i t y  wa s due to an increa sed rate of embryon i c  death . 
' 

Close exam inat i on o f  Gu stavs son ' s  data by Bruere ( 1 9 7 4 ) 

ind i cated that o f  1 1  bu l l s  who se daughters were investiga ted 

the progeny of one showed a better than expected concept ion 

rate , whi l e  the data f rom seven wa s not s i gni f i cant and 

tha t  f rom the trans l ocat i on homo zygote bar e l y  s i gn i f i cant . 

Add i t i ona l ly , Gustav s son ( 1 9 6 9 )  commented that i t  wa s 

ev ident the concept i o n  rate a t  f i rst service and the percent 

non- returns to serv i ce a t  5 6  days deviated s igni f i cant l y  

from t h e  m e a n  va lues i n  both pos i t ive and nega t i ve d i re c t ­

i o n s  when s ing l e  s i r e s  a nd daughter groups were con s i dered . 

He a l so - conceded that there wa s nothing to indi cate a l owe r ­

e d  f ert i l i t y  i n  the s i re s  heterozygous f o r  t h e  1 / 2 9  tran s l o ­

cat i on s  when con s ider ing the concept ion rate at f ir s t  

service . Gustavs son ( 1 9 6 9 ) nei ther produced cytolog i c a l  

ev idence o f  reduced f e rt i l i ty i n  these bu l l s  n o r  o f  

embryoni c  death i n  t h e  tra n s l ocat ion hei f er s . He d i d  not 

take i nto a ccount s i r e  r e l at ionships nor any o f  the i nher i t ­

ed factors which cou l d  have a f f ected the resu l t s . 
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The more recent me iot i c  s tud i e s  by Dyrendahl and Gustavs son 

( 1 9 7 9 ) ; Pope s c u  ( 1 9 8 0 ) and K i ng e. t  a i.  • ( 1 9 8 1 ) have been 

claimed to support the view that 1 / 2 9  transloca t i on hetera­

zygous catt l e  have a reduced f e r t i l i ty wh ich wa s s im i lar 

to the l eve l f ound i n  the 1 / 2 9  heterozygous fema l e s . How­

ever , only 4 chromo soma l ly abnorma l embryos were ka ryotyped 

and the exact origin o f  the aneuploidy was not determ ined 

( Popescu , 1 9 8 0 ; K i ng e.t ai. . ,  1 9 8 1  ) .  Consequent l y  there 

is no conc l u s i ve ev idence for the c la im that the f er t i l i ty 

in trans loca t i on -bea r i ng catt l e  i s  r educed . 

To date there have been no report s  of l ambs w i th unba lanced 

karyotypes a s sociated w i th Robert son i an tran s locations 
' 

( Bruere and E l l i s , 1 9 7 9 ) .  S i m i larly there have been no 

reports o f  monosom i c  or t r i som i c  catt l e  ( Gu s tav s son , 1 9 6 9 , 

1 9 7 1 ; Re f s da l , 1 9 7 6 )  or goats ( So l ler e. t af. , 1 9 6 6 ; Pope s cu , 

1 9 7 2 ;  rt i ccordeau , 1 9 7 2 )  as soc i a ted wi th Robert sonian tran s ­

loca t i on s . 

Exten s i ve breed i ng exper iments have shown that the fer t i l i t y  

o f  s ing l e , double a n d  t r i p l e  heterozygous t rans locat i on 

sheep i s  a t  least a s  good as that recorded for the New 

Zea l and data on Romney f locks ( Bruere and E l  l i s , 1 9 7 9 ) . 

Th i s  sugges t s  that s i gni f i cant numbers o f  unba l a nced z ygotes 

were not found . Thi s  v iew is supported by the fact that 

the maj o r i t y  of the ewes conceived to the i r  f i r s t  service 

suggest i ng that only chromosoma l ly balanced s permatoz oa 

were i nvolved i n  f er t i l i z a t ion . The absence o f  i ncreased 

numbers o f  phenotypi c  anoma l i e s  and the norma l concept i o n  

r a t e s  s ugg e s t  that i t  i s  highly un l ike l y  that embryos 

t r i som i c  for any o f  the 3 trans l ocat i ons have e i ther been 
� 

formed or d eve loped ( BJ::uere and E l l  i s ,  1 9 7 9 ) • Thi s  wa s 

conf i rmed i n  one s tudy on t1 b l a s tocys1s by Long ( 1 9 7 7 ) 

which showed n o  ev i dence o f  t r i somy in 1 0 2 1 3 - 1 8 day b l a s t o ­

cytes and a n  equa l segrega t i on o f  t 1 and n on - trans locat i on 

homole±og�e s. More r e cent l y  s tud i e s  by Long and W i l l iams 

( 1 9 8 0 ) i n  e a r l y  embryos o f  sheep w i th norma l karyot ype s 

f ound that 4 out o f  8 9  ( 4 .  7 percen t ) embryos col l e cted 
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and a na lysed , 2 or 3 days postcoi turn , were t r i somic . The 

extr a  chromosome in each c a s e  wa s an a c rocent r i c . I t  wa s 

tent at ively ident i f ied a s  a n  a utosome but de f in i te ident i f ­

icat ion was not pos s ib l e . They conc luded that tri som i c  

ind i v i dua l s  

the f i r s t  

may a r i s e  a s  a 
«u � o l:: • � or second rR01to1c 

result  of 

d i v i s i on 

non - d i s j unct ion a t  

i n  t h e  f orma ti on o f  

an ovum or sperma to zoa . I t  wou l d  ther e f ore s eem that there 

i s  l i t t l e or no ev idence to s uggest tha t , in tran s l ocation­

carrying sheep , aneupl o i d  game tes are e i ther formed or 

take p l a ce in fert i l i z a tion and the i r  e l im i nat ion during 
" 

spe rm�togene s i s  i s  h i gh l y  probable ( Br uere , 1 9 7 4 ; 1 9 7 5 ; 
' 

Bruere and Chapman , 1 9 7 4 ; Long , 1 9 7 8 ) . I t  ha s previou s l y  

been sugges ted by Roosen-Runge ( 1 9 7  3 )  that ce l l  l o s s  i n  

spe rmatogene s i s  i s  spec i e s - spec i f i c  and that in some spec i e s  

chrornosoma l l y  abnorma l c e l l s  a r e  removed before ma tura t i on 

i s  comp l et e . A s im i l ar conc l u s i on has been reached by 

Bunch and Foote ( 1 9 7 7 ) to explain the absence o f  aneu­

p l o i d  progeny f rom kara - tau ( Ar ga l i )  Ov� � a m m o n  n � g � o m o n i a n a  
( 2 n = 5 6 ) x mou f lon O v � �  m u � � m o n  ( 2 n = 5 4 )  hybri ds . 

5 . 3 . 4 . 5 The segrega t i on a t  me i o s i s  o f  the trans locat ion 

chromosome 

The t rans l ocat ion chromosome in the heteroz ygou s state 

shou l d , i n  theory , s egregat e  evenl y  dur i ng me i o s i s  res u l t i ng 

i n  the product ion o f  equa l numbers of s perm w i th and wi thout 

the trans l oca t i on . H owever , Chapman ( 1 9 7 4 ) and Long ( 1 9 7 8 )  

f ound i n  the s ingl e  he£rozygous rams a s i g n i f i cant exce s s  of 1\ 

s econdary s permatocytes w i thout the trans locat ion chromosome . 

Th i s  f i nd ing wa s a l so reported by Logue a nd Harvey ( 1 9 7 8 )  

i n  the i r  s tudies on bul l s  heterozygou s for the 1 / 2 9  Robert s ­

onian trans locat ion . They f ou nd a h i ghly s i g n i f icant 

d i f f erence between the number of pre s umpt ively intact c e l l s  

that i n c luded . the trans loca t i on and the number wh ich lacked 

one . Logue and H arvey ( 1 9 7 8 ) a s s umed th i s  d i s crepancy 

could be due to rni s i de nt i f i ca t ion of t he separated chroma t ids . 

I n  other word s the trans l ocat ion meta -or submetacentric 

chromosome wa s , on occa s i on , m i s takenly counted a s  2 acro-
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cent r i c  chromo somes . The f i nd ing s  in th i s  s tudy d i f fer 

from the prev i ou s  reports in trans location - carry ing rams 

( Cha pman , 1 9 7 4 ) and bu l l s ( Logue and Harvey , 1 9 7 8 ) . 

The r e s u l t s  f rom thi s study suggest that the number o f  

tran s l ocat i on chromosomes that a r e  m i s taken for 2 a c rocen­

tric chromo some s is dependent on a number of fa ctor s . 

These i nc l ude the qua l ity o f  the mei otic prepa ra t i on s  and 

the number and chromosoma l morpho l ogy of the heterozygous 

trans l ocat i on chromosomes present in the karyotype o f  the 

ram . The r e s u l t s  f rom the rams hetero z ygous for the met a ­

centr i c  trans locat i on ( t 2 ) show that of the 1 0 2 9  s econdary 

sperma tocyte s ana lysed 5 2 0  ce l l s  were found to have a tran s ­

loca tion chromosome . Thi s  f i gure ( 5 0 . 5  percen t ) wa s s l i ght­

ly , but i n s i gni f i cant ly greater than the number of cel l s  

one wou ld have expec ted to carry the trans loca t i on (X� 
not s i gn i f i cant ) .  I n  the rams heterozygou s for the submeta ­

centric trans locat i on ( e i ther t 1 or t 3 ) 1 7 6 of the 3 6 8  

se condary sperma tocytes analy sed had a trans loca t i on chromo­

some . Th i s  f igure ( 4 7 . 8  percent ) wa s s l i gh t l y , but 

i n s ign i f icant ly , l e s s  than the expected number of ce l l s 

wi th the trans loca t i on ( X � not s i gnif icant ) .  

I t  was s ee n  that rams heterozygous for the two s ubmeta­

centric trans locat ions ( t 1 and t 3 ) had a s i gn i f i cant d e f i c i t  

of secondary sperma t ocytes w i th the karyotype o f  2 5 , t 1 t 3 . 

For examp l e , 2 1  cel l s  w i th a karyotype o f  2 5 , t 1 t 3 were 

counted i n  the t r i p l e  heterozygous rams ( 5 1 , xy , t 1 t 2 t 3 ) .  Thi s  

wa s s i gn i f i cantly l e s s  than the expected number o f  cel l s  

( 4 5 . 3/5) with tlti03 liary'ti'type '111 = 1 2 . 5 6 ;  p < 0 . 0 0 1 ) .  

I n  contra s t  there was a s igni f i cant exce s s  o f  ce l l s  w i th 

no trans locat i on s  ( X1 = 4 . 3 6 ;  P < 0 . 0 5 ) . 

I t  wou l d  a ppear that the s ubmetacent r i c  trans locat ion i s , 

on occa s i on , being m i s ident i f i ed a s  two a crocent r i c  chromo­

s omes . Th i s  m i ght exp l a i n  the s i gni f i cant de f i c i t  i n  the 

number of 2 5 ,  t 1 t 3 secondary s permatocyte s as there is a 

h i gher pos s i bi l ity o f  a m i s taken ident i f i ca t i on w i th the 
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pre sence o f  two s ubmetacent r i c  chromosomes .  However ,  i t  

i s  pos s i bl e , f or rea sons unknown , that there cou ld b e  a 

select ive d i sadvantage a g a i n s t  the ce l l s  w i th two subrneta -

centr i c  tran s l ocations . From the mat i ng s  o f  t r i ple hetero-

zygou s rams and ev1e s o f  norma l karyotype thi s  wou l d  be 

a po s s ibi l i ty s i nce there wa s a l so a s i gn i f i cant de f i c i t  

of progeny vli t h  a 5 2 , t 1 t 3 karyotype . H owever , i t  wou ld 

be very premat u re to conf i rm or specu l a te o n  the s e l e c t i ve 

d i sadvantage o f  the 2 5 , t 1 t 3 sperm and the advantage o f  

the 2 7 , sperm f rom t h e  l im i ted ma t i ng f igures obta i ned to 

date . 

I t  i s  worth not i ng that i t  wou ld seem the meta centr i c  trans­

loca t i on ( t 2 ) and the s ubmetacentr i c  t r a n s l ocat ions ( t 1 
and t 3 ) are seldom m i s t aken for two acrocen t r i c  chromosome s .  

Th i s  i s  i n  s t rong con t r a s t  to the resu l t s  f ound i n  the 

sing le hetero z ygous rams ( Chapman , 1 97 4 )  and hetero z ygou s 

1 / 2 9  bul l s  ( Logue and Harvey , 1 9 7 8 ) . A number o f  the t ran s ­

loca tion s  m u s t  have been analy sed and counted as 2 acro­

cen t r i c s  s i nce it wou l d  onl y  requ ire a s l i gh t  d i splacement 

of the two chroma t i d  arms for a wrong ident i f i cat i on to 

be made . In the present s tudy only ce l l s  o f  a high qua l i t y  

were ana l ysed and a c e l l  w i th the s l i ghte s t  ambigu i t y  wa s 

d i s carded . For th i s  reason i t  i s  be l i eved that the number 

of wrong l y  iden t i f i e d  t rans loca t i ons wa s probably grea t l y  

reduced . 

5 . 3 . 4 . 6  Univa l ent s e x  chromosomes 

Separated s ex chrom osomes i n  diakines i s  a nd metapha se I 

ce l l s  have been observed i n  the prepa r a t i on s  f rom both 

normal and Rober t s on ia n  trans locat ion- carry i n g  rams ( Chapman 

1 9 7 4 ; Author ) .  However , there wa s no evidence o f  sex chr omo­

some aneuploidy i n  the secondary s permatocytes a l though 

this wou l d  have been expected because of the pre s ence o f  

the two univa lents a t  f i r s t  anapha se . S im i lar f i nd i n g s  

have been reported i n  m i ce ( Ohno , Kaplan a nd K i no s i t a , 

1 9 5 9 ; Ford and Evans , 1 9 6 4 ; L i n  e. t  a .l . , 1 9 7 1 ) .  The 
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proportion o f  ce l l s  a t  d iakine s i s  in wh i ch the x and y 

have separa ted may vary depend ing on the preparat i on 

technique , age o f  the anima l s  and the degree of condensat ion 

of the chromosome s ( vl i n sor et a .f.  • , 1 9 7  8 ) . The technique 

may have been a factor in the formati on of some of the 

sepa rated sex chromo some s .  The fate of these ce l l s  i s  

uncerta i n . However , i t  ha s been suggested that the ce l l s  

do not proceed beyond metaphase I ( Beechey , 1 9 7 3 ; Chapman , 

1 9 7 4 ) and thi s wou ld i ndeed seem to be the case f rom the 

resu l t s  in t hi s  thes i s .  

5 . 3 . 4 . 7  Ce l l  d i s t r i but i on s  at meios i s  in translocat ion 

carry ing rams 

Ce l l  d i s t r i bu t i ons in each of the categories , sperma togon i a l  

metaphase , d i akines i s  and metapha se I and metapha se I I  

are shown i n  Table 5 . 4 9 .  

The number of cel l s  counted 

rams . Few s permatogon i a l  

in each category var i ed between 

cel l s  were seen . The average 

rat i o  of metaphase I I  to metaphase I ce l l s  wa s 0 .  6 w i th 

a range o f  z ero ( no metapha se I I  cel l s  observed ) to 2 .  7 .  

The rat i o  i n  the maj o r i ty of ram s examined wa s l e s s  than 

the theore t i c a l l y  expe cted r a t i o  of 2 : 1 .  Thi s  d i s crepancy 

was probably partly caused by the technique used for me i o t i c  

preparat ions . 

Chapman ( 1 9 7 4 )  found an average MI I /MI rat i o  of 0 . 5  in 

the s ingle heterozygous rams . Thi s  was comparable to the 

r a t i o  of 0 . 3  found in the t r i p l e  heterozygou s rams . However, 

i n  the doubl e  heterozygous rams a con s iderably h i gher rat i o  

o f  1 . 4 was f ound . R a t i os o f  0 .  9 and 1 • 0 were f ound i n  

t h e  rams w i th 4 and 5 trans locat ions respect i ve l y . The 

overa l l  ra t i o , exc lud i ng ram B 1 1 1 / 7 7  ( 5 1 , xy , t
1

t
2

t
3

) wa s 

0 .  8 .  The M I I /MI r a t i o  i ncrea sed a s  ref inements were made 

to the me iot i c  techni que . 
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TABLE 5 . 4 9 :  DI STRIBUTION OF CELLS IN SPERMATOGON IAL METAPHASE 

( SM ) , DIAKINE S I S  AND METAPHASE ( M I ) AND METAPHASE 

I I  ( MI I ) IN ROBERTSON IAN TRANSLOCAT ION - CARRY ING 

RAMS * Po lypl o i d  ce l l s  included in coun ts 
are recorded in bracket s  

Ram Ram 
Ident i f i cat ion Karyotype 

B l 4 7 / 7 5  5 2 , xy , t
1

t
3 

B63 / 7 7  5 2 , xy , t
1

t
2 

B166 / 7 8  52 , xy , t
2

t
3 

B6/ 79 

B120/ 7 7  

B 1 5 4 / 7 7  

Bl 1 7 / 7 8  

B 7 / 7 6  

B86/ 7 6  

Bl 1 1 / 7 7  

B4 4 / 7 8  

B 4  7 / 7 8  

B1 0 1 / 7 8  

B 1 3 7  / 7 8  

B 4 2 / 7 9  

B 4 9 / 7 9  

B l 1 8 / 7 9  

B 1 4 7  / 7 9  

B 1 4 0 / 7 7  

B 1 2 8 / 7 7  

B 1 4 1 / 7 7  

B l 2 1 / 7 8  

B 2 / 7 9  

B 3 2 / 7 9  

B 1 9 6 / 7 6  

B 3 8 / 7 9  

B 9 2 / 7 9  

52 , xy , t
2

t
x 

51 , xy , t
1

t
1

t3 
51 , xy , t

1
t

3
t

3 
51 , xy , t

2
t

3
t

3 
51 , xy , t

1
t

2
t

3 
51 , xy , t

1
t2t

3 
51 , xy , t

1
t 2t

3 
51 , xy , t

1
t

2
t

3 
51 , xy , t

1
t

2
t

3 
51 , xy , t

1
t

2
t

3 
50 , xy , t

1
t

2
t

2t 3 
50 , xy , t

1
t

2
t

2t 3 
50 , xy , t

1
t

2
t

2t 3 
SO , xy , t

1
t

2
t

2t 3 
SO , xy , t

1
t

2
t

2t 3 
SO , xy , t

1
t

2
t

3t 3 
SO , xy , t

1
t

1
t

2t 3 
SO , xy , t

1
t

1
t

2t 3 
SO , xy , t

1
t

2
t

3tx 
5 0 , xy , t

1
t

2
t

3
t

x 
SO , xy , t

1
t

2
t

3t
x 

4 9 , xy , t1t 2
t

2t 3
t

3 
4 9 , xy , t

1t 2
t

2t3tx 
49 , xy , t

1t 2
t

2t3tx 

SM 

2 ( 0 )  

4 ( 0 )  

6 ( 1 )  

M I  

1 0 ( 1 )  

1 1  ( 3 )  

4 2 ( 3 )  

8 ( 0 )  2 36 ( 2 3 ) 

3 ( 0 )  7 4 ( 9 )  

0 ( 0 )  66 ( 8 )  

3 ( 1 )  1 8 ( 5 ) 

0 ( 0 )  3 56 ( 95 )  

6 ( 0 )  6 4 ( 8 ) 

MI I 

2 7 ( 2 )  

1 1  ( 1 )  

7 4 ( 4 )  

305 ( 1 5 )  

3 7 ( 4 )  

0 ( 0 )  

49 ( 6 )  

1 3 ( 5 )  

24 ( 0 )  

Tota l 

39 ( 3 ) 

2 6 ( 4 )  

1 2 2 ( 8 )  

M I I /MI 
Ratio 

2 . 7  

1 . 0  

1 . 8  

549 ( 38 )  1 . 3  

1 1 4 ( 1 3 ) 0 . 5  

6 6 ( 8 )  o . o  

7 0 ( 1 2 )  2 . 7  

369 ( 100 ) 0 . 1  

94 ( 8 ) 0 . 4  

8 ( 0 )  8 3 4 ( 1 10 ) 2 1 7 ( 54 )  1059 ( 164 ) 0 . 3  

0 ( 0 )  2 ( 1 )  

9 ( 0 )  1 9 3 ( 2 )  

5 ( 0 )  1 3 6 ( 10 )  

4 ( 1 )  21 ( 2 )  

2 ( 0 )  9 3 ( 5 ) 

1 3 ( 1 )  28 ( 4 )  

4 ( 2 )  20 ( 7 )  

1 2 ( 0 )  56 ( 1 2 )  

2 ( 0 )  

1 10 ( 10 )  

1 26 ( 8 )  

26 ( 2 ) 

4 ( 1 )  

3 1 3 ( 37 )  

267 ( 18 )  

51 ( 5 )  

62 ( 4 )  1 57 ( 9 ) 

1 1 ( 2 )  52 ( 7 )  

1 9 ( 3 )  4 3 ( 1 2 )  

8 1 ( 1 8 )  1 49 ( 30 )  

3 ( 0 )  3 6 ( 2 )  3 0 ( 2 )  69 ( 4 )  

1 . 0  

0 . 6  

0 . 9  

1 . 2  

0 . 7  

0 . 4  

1 . 0  

1 . 4  

0 . 8  

0 . 8  

1 . 1  

1 . 0  

1 . 7  

0 . 9  

0 . 4  

0 . 8  

2 . 0  

2 3 ( 2 )  2 2 2 ( 28 )  167 ( 1 7 )  41 2 ( 47 )  

2 ( 0 ) 2 1 ( 4 )  

3 ( 0 )  3 4 ( 5 )  

0 ( 0 )  1 8 ( 4 )  

2 ( 0 )  80 ( 7 )  

3 ( 0 )  5 3 ( 1 )  

1 ( 0 )  80 ( 9 )  

0 ( 0 )  60 ( 1 1 ) 

2 3 ( 3 )  

3 4 ( 4 )  

3 0 ( 5 )  . 

7 5 ( 8 )  

1 9 ( 1 )  

6 2 ( 8 )  

1 2 1 ( 1 4 )  

4 6 ( 7 )  

7 1 ( 9 )  

4 8 ( 9 )  

1 5 7 ( 1 5 )  

7 5 ( 2 )  

14 3 ( 1 7 )  

1 81 ( 25 )  
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CHAPTE R  6 

CONCLUS I ONS 

The f i r s t  a im o f  t h i s  s tudy wa s to compa re and contra s t  

the p r imary s permatoc y t e s  f rom norma l and translocation 

carrying rams . The number o f  sex biva lents a s sociated 

with sma l l  autosoma l b i va l ent s , the percentage o f  ce l l s  

with non - a s soc i a t ion o f  the sex biva lents and the percentage 

of hypermodal cel l s  wa s s im i l a r  in both the norma l a nd 

trans l ocati on�carry i ng rams . Furthermore ,  the resu l t s  

from the rams with 2 ,  3 ,  4 o r  5 t r ans locat ions were remark­

ably simi lar . The t r a n s loca t ions seem to have l i t t l e  or 

no e f fect on the stabi l i t y  o f  the chromosomes i n  the primary 

spermatocytes . I t  shou l d  be r e - empha s i zed that the number 

of chia smata in the d i ak i ne s i s -metapha se I cel l s  in the 

mu l t i p l e  tran s l ocat ion- c a r ry i ng rams was s im i lar to that 

found in norma l rams ( Chapma n , 1 9 7 4 ;  Logue , 1 9 7 7 ; Long , 

1 9 7 8 ) and single heteroz ygou s and homozygo u s  rams ( Chapma n ,  

1 9 7 4 ; Logue , 1 9 7 9 ) .  Th i s  i s  i n  ag reement w i th the f i nd i ngs 

of Logue and Harvey ( 1 9 7 8 ) i n  the i r  stud i e s  in norma l and 

heterozygou s 1 / 2 9  bu l l s . 

The me i ot i c  s tud i e s  c a r r i ed out on heteroz ygous trans locat ­

ion rams have c l ear l y  shown that the trans l oca t i on t r iva l ent 

can undergo par t i a l  non- d i sj unct i on at anapha s e  I ( Chapman 
' ' 

a nd Bruere , 1 9 7 5 ; Logue , 1 9 7 7 ; Long , 1 9 7 8 ; Bruere 

J?.. i a l  . , 1 9 8 1 ; Author ) .  Thi s  contra s t s  t o  the zero level 

o f  n on - d i s j unct ion f ound in norma l and ba l an c ed tran s l oc a t ­

i on-carry ing rams ( Chapman and Bruere , 1 9 7 5 ; Bruere 

et al . , 1 9 8 1  Author ) .  The f a te of the a neuploid sperm­

a tocyte ce l l s , produced by the heterozygou s trans locat i on 

rams , i s  s t i l l  uncer t a i n . H owever , i t  h a s  been sugges ted 

that the aneuploid c e l l s  f a i l  to mature i nt o  s perm a nd 

a re selected aga i n s t  o r  degenerate dur i ng 

Thi s s ugge s t ion wa s prev i o u s l y  proposed 

( 1 9 7 3 ) a nd s upported by Bunch a nd Foote 

spermatogene s i s . 

b y  Roosen-Runge 

( 1 9 7 7 ) . Further 

evidence f or th i s  s ugge s t ion comes f rom the resul t s  o f  
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an extens i ve breeding p rogramme ca� r i ed out at Ma s sey 

Univer s i ty that has shown the trans location - carry i ng sheep 

to have good concept ion rates a nd an average breed i ng per-

f ormance 
... 

( Bruere and E l l i s , 1 9 7 9 ) .  I t  wou l d  

the presence o f  trans location chromo somes ha s 

appear that 

l i tt l e  or no 

e f fect on the fertility of the sheep. · Ti1is finding dif�ers fran the reports 

i n  the F 1 _ of the tobacco mou se x domest i c  mou se ( Gropp 

e.t a.£ • , 1 9 7 0 ) a nd the Apennine mou se x l a bora tory mouse 

( Capanna , Gropp , Winking , Noack and Civ i te l l i , · 1 9 7 6 ) . 

Thi s f inding i n  sheep a l s o  d i f f e r s  marked ly f rom the reports 

o f  reduced fert i l ity found i n  ca t t l e  w i th a 1 / 2 9  tran s locat ­

i o n  ( Gu s tavsson , 1 9 6 9 ; Dyrendahl a nd Gu stavs son , 1 9 7 9 ;  

Popescu , 1 9 8 0 ; K ing e. t  al . , 1 9 8 1 ) .  

an an ima l popu lat ion w i th a number 

The development of 

o f  d i f ferent cent r i c  

fus ions may produce gene t i c  d i f f erences which reduce fert i l ­

i ty when such anima l s  are mated back to others o f  the 

origina l  or norma l karyotype , a s  demonstrated by Gropp 

e.t a.£ • ( 1 9 7 0 ) and Capanna e.t a.£ • ( 1 9 7 6 ) i n  the two mouse 

crosses . I n  the ear ly stud i e s  by Gustavs son ( 1 9 6 9 )  only 

l imi ted stat i s t i cal evi dence wa s produced sugge s t ing that 

the daughters o f  trans l ocat ion-bear i ng bul l s  o f  the Swed i sh 

Red breed show an increased return to s e rv i ce due to an 

increa sed l evel of z ygot i c  a neu pl o i dy .  More recently 

Pope s cu ( 1 9 8 0 ) and King e. t  a l . ( 1 9 8 1 ) have c o l lected pre­

implant a t i on embryos f rom norma l c ows s i red by bu l l s hetero­

zygous for the 1 / 2 9  t ra ns l oca t i on . However , only 2 t r i som i c  

and 2 monosom i c  embryos were karyotyped and t h e  exact origin 

of the t r i somy or monosomy wa s not determi ned by Pope scu 

( 1 9 8 0 ) and K i ng e. t  a l .  { 1 9 8 1  ) • Therefore the evi dence for 

a r edu c t i on in fert i l i t y  in t ra n s loca t i on - bearing cattle 

is  i nconc l u s i ve and f u rther s tud i e s  woul d  be requ i red to 

ver i f y  the i r  c laim . 

A number o f  s tudies have reported on the uneven propo r t i ons 

of segrega t i on product s a t  second metapha s e  i n  heterozygous 

rams 

e. t  a.£ 

{ Chapman 

. ,  1 9 8 1 ; 

and 
... 

Bruere , 

Author ) .  

1 9 7 5 ;  Long , 

What c oul d  be 

1 9 7 8 ;  
' 

Bruere 

the reason for 
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thi s ?  The mos t l ike ly explana t i on , proposed by Logue and 

Harvey ( 1 9 7 8 ) , i s  tha t c e r t a i n  chromo somes are m i s ident i f ied 

due to the separation of t he i r  chroma t ids . T h i s  sugge s t ion 

could o n l y  par t ly expl a i n  the occurrence of unba lanced 

segrega t i on ra t i o s  f ound in the pre sent study s i nce ce l l s  

were d i s carded i f  there w a s  any ambiguity i n  the ident i f i ­

cat i on o f  the chromo some s .  Another pos s i b l e  explana t ion 

i s  that cert a i n  segregat i on products are pre f eren t i a l ly 

selected aga i n s t  during s permatogen e s i s  and are e l im i nated 

in the s ame manner and a t  the same t ime a s  the aneuploid 

ce l l s . However , i t  wou l d  be premature to speculate on 

this pos s i b i l i ty and f urther stud i e s  on the chromosome 

complements of mature s pe rm a re required to ascerta in 

whether cert a i n  ce l l s  are s e l ec ted aga in s t  or degenerate 

during sperma togenes i s . The evidence f r om the mat i ng 

experiment s showed that an even d i s t r i bution o f  segrega ti on 

produc t s  wa s recorded i n  the prog eny of a l l  combinat ions 

of tra n s loca t i on ewes x tran s loca t i on rams in tho se groups 

in wh i ch su f f i c i ent anima l s  we re avai lable for s ta t i s t i c a l  

ana ly s i s  
' . ( Bruere and E l l 1 s , 1 9 7 9 ) . Al though the d i s t r i but-

ion of segrega t ion produc t s  i n  the progeny o f  norma l ewes 

x t r i p l e  heterozygous rams was i rregular i t  wa s probably 

only a r e f lect ion of the s ma l l  number of progeny ana lysed . 

The succe s s f u l  breed ing o f  sheep w i t h  5 0 , 4 9  a nd 4 8  chromo­

somes con f i rm the remarkable s tabi l i ty of the sheep chrome-... 
somes ( Bruere and E l  l i s ,  1 9 7 9 ) . Thi s  i s  re f lected i n  the 

cytologi c a l  s i m i l a r i t i e s  of the chromosome s of bovids whi ch 

i n  genera l have uni f orm G -bands and C -bands ( Evans 

e. t  af. • , 1 97 3 ;  Buck l a nd a nd Evan s , 1 97 8 )  and in f our 

specie s , sheep ( Ovi� a�ie.� ) ,  c a t t l e  f Bo � Lau�u� ) ,  goat 

( Cap�a hi� c u �  ) a nd aoud a d  ( ILmm o Vt.a g �  f.e.ll.via) , the nuc leolar 

organ i z e r  region s  ( NORS ) a r e  homol ogous ( Henderson a nd 

Bruere , 1 9 7 9 ) . From t h e  breed i n g  programme ( Bruere a nd .... 
E l l i s , 1 9 7 9 ) and the me i o t i c  s t ud i e s  ( Chapman ,  1 9 7 4 ;  Bruere 

�t al . ,  1 9 8 1 ; Author ) i t  now seems c l ear that the presence 

of a t  l e a s t  3 s table c e nt r i c  f u s ions ( Robert sonian t ra n s lo­

cations ) in dome s t i c  s heep , even i n  t r i p l e  heterozygous 
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an ima l s  1 i s  i n  no way detrimental t o  e i ther the individual 

or the popu la t ion .  The mere per s i s tence of such a poly­

morph i c  sys t em both na tura l ly f or probably 1 0 0 years or 

more ( Bruere 12.i al • 1 1 9 7 8 ) and exper imen t a l l y  g ive s we ight 

to the a r gument that f uture i nve s t igations of such sys tems 

in dome s t i c  a n ima l s  should be to determ i ne the i r  genetic 
' 

mean i ng ( Bruere and E l  l i s  1 1 9 7 9 ) . The onl y  other known 

member of the sub- f am i ly Ov.Lo w i th a chromosome number 

l e s s  than 5 4  i s  the S iberi�n snow s heep 0 .  ni v i c o la all12.ni 

( Ma t s chi e ) .  Thi s  spec ies provides · an example o f  a chromo­

some change having pa ssed through the hetero zygous state 

becoming f i xed in the homoz ygous s ta te . A s im i lar process 

of chromo some change 1 by cent r i c  f u s i on s , could be occur­

r i ng in the domes t i c  sheep . Therefore i n  no v1ay shou ld 

the trans location-carry ing sheep be e l iminated arbitra r i ly 

f rom our animal popu l a t i ons because of the c l a ims of reduced 

fer t i l i ty reported in other translocat i on - carry ing anima l s . 
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A P P E N D I C E S 

A P P E N D I X  I ;  M A T E R I A L S  FOR B L OOD L EUCOCY T E CUL TUR E 

( a )  For each c u l tu re : S ter i l i z ed 1 x 1 0 cc syringe + 2 0 g 
x 2 "  need le 

1 0  ml Venoj ect tube with sodi um 
hepar i n  ( J i ntan Terumo Co . L td . , 
Tokyo , Japan ) + 2 0 g  x 1 "  needle 
universal j ar and l i d .  

Adapter for venoj ect tube 

Methylated s p i r i t s  and swabs 

Med i a  TC 1 9 9 ( Gl axo Laborator i e s  ( N . Z . )  L td . , 
Pa l me r s to n  North , New Zea land ) 

2 0  c c  syr i ng e  + 1 8  g x 1 "  need l e  

Phytohaemagg lut i n i n  ( We l l come Reagents L td . , Wel lcome 
Resea rch Laboratories , Beckenham , Kent , England ) . 

5 m l  syringe + 1 8  g x 1 "  needle . 

Cent r i fuge ( Bench centri fuge Wat son Vi ctor Ltd . , 
Austra l i a and New Z ea land ) . 

I ncubator set at 3 7 ° C .  

( b )  To harve s t  c u l ture s : 

For each c u l ture - 1 graduated cent r i fuge tube 

1 pas teur pipette + rubber bulbs 

Col c h i c i ne C Aqua -Co l chin , 1 
c o l ch i c ine ) P a r k , Davi s 
Au s t ra l ia .  

m l  con t a i n s  0 .  5 mg of 
a nd Company , S ydney , 

F i x a t i ve 1 5  m l  methanol + 5 m l  g la c i a l  a ce t i c  
a c i d  ( For each culture ) .  

0 . 0 7 5  m K�l ( Hungerford , 1 9 6 5 ) . 

To make ba s i c  solut ion hypotoni c  KCl : Add 
KC l to 1 0 0 m l  g l a s s  d i s t i l led H 2o .  

To make working solut ion KC l :  Tak e  7 . 5  m l  o f  
s o l u t i on a nd make up to 1 0 0 m l  w i th 
d i st i l led wa ter . 

7 . 4 6 g  

bas i c  
g l a s s  

Water bath a t  3 7 ° C ( Qua l tex / contherm water bath , 
Manu factur i ng Laboratory Supp l ie s  Ltd . , ,  Lower 
Hutt , New Z ea l and ) . 

Beaker for S upernatant 

C l e a ned s l i d e s  ( 3 / cul ture i n  beaker i ced water ) 



Bunsen B urner . 

Hot p l a te . 

Centr i fuge . 

Re f r i gerator . 

( c )  To mount s l ides : 
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Mater i a l s :  Cover g la s ses ( Matsunami 2 2  x 6 0  No . 1 ,  
Chance Propper L td . , Smethwick , War l ey , 
England ) .  

D . P; x . ( D . P . X .  Mountant , BDH Chemi cal s  
Ltd . , Poole , England ) .  

G l a s s  rod , xylo l , absolute a l coho l  a nd 
swabs . 

( 1 ) Cover g l a s s  should be soaked i n  alcoho l  and d r i ed 

w i th swab . 

( 2 )  P l ace drop of D . P . X .  on cover s l i p .  

( 3 )  Remove s l ide to be mounted from xy l o l  and i nvert 

over cover s l i p . 

( 4 )  Turn r ight s ide up and gent ly expre s s  any a i r  

bubb l e s . 

( 5 )  Leave to dry overnight . 

A P P E N D  I X I I ; M A T E R I A LS US E D  I N  A N A E S T H E S I A  O F  R AM A N D  

P R E P A R A T I ON O F  S C R O T A L  A R E A ;  

Acety l  proma z ine ( 2  mg / m l ) .  

Boo t s  Pure Drug Co . Ltd . , Nottingham , Eng l a nd . 

Xy loca i ne conta i ning HCl 2 0  ( mg/ml ) and adrena l in e  

1 : 8 0 , 0 0 0 . A stra Pharaceut i c a l s  ( Au s t ra l i� ) Pty 

Ltd . 

H ibi ta ne ( ch lo rhexidine ) 1 %  solution :  6 0  m l  d i st i l led 

H2 0 + 1 5 m l  5 %  concentrate 

solut ion H i b i tane 



1 7 7 . 

( Imper i a l  Chem i cal Industries 
Ltd . , Che shire , Eng land ) . 

H i b i tane t i ncture : 7 f lu i d  o z . 5 %  concentrate 
solut ion 

1 0 . 5  f l uid o z . 
H 20 

5 2 . 5  f lu id oz . 
spi r i t s  

A P P E N D I X  I I I :  M A T E R I A L S  FOR M E I OT I C P R E P A R A T I O N S  

Tr i - Sod i um c i trate ( Na 3 c6 H 5o7 • 2 H2 0 )  

d i s t i l led 

methy l ated 

2 . 2 % and 1 . 2 %  s olut ions made i n  

1 0 0 ml f la sk wi th g l a s s  d i st i l l ed 

water . 

Watch-g l a s ses - ( x  2 ) . 

Forceps . 

S ca l pe l  blades ( x  2 ) . 

Gradua ted centri fuge tubes ( x  4 ) . 

G l a s s  rod . 

Wa ter bath a t  3 7 ° C ( See Appendix I ) .  

Centr i fuge 

Alarm c l ock . 

( See Append i x  I ) .  

Pa steur p i pettes , one for f i xa t ive , one f or hypotoni c 
s o l u t i on . 

Cop l i n  j ar s  ( x  3 )  

I ce bath 

S l ides ( 3 " x 1 " ,  . 8  to 1 mm t hicknes s ) . Up to 1 {)  
for each cent r i fuge tube o f  mater i a l  proce s s ed . 

F i xa t i ve , 5 m l  glacial  ace t i c  a c i d  + 1 5  m l  absolute 
a lcoh o l  in univer s a l  j ar ( for each pa i r  centr i f uge 
tube s of materia l ) .  
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Mater i a l s  S ynthet i c  Or cein ( G . T .  Gurr Ltd . , London , 
Eng land ) 8g 

Method ( 1 ) 

( 2 ) 

( 3 ) 

( 4 )  

G l ac ia l acet i c  a c i d  

G l a s s  d i s t i l led wa ter 

Heat acet i c  acid to 1 0 0 ° C .  

2 4 0  ml 

1 6 0 ml 

Add orcein powder and s ti r  wel l .  
Keep a t  9 0 ° C for 1 hour . 

Cool a nd add g l a s s  d i s t i l led water . 

F i l ter before u s e . 

A P P E N D I X  v ;  G I E M S A  S T A I N :  

Ma ter i a l s  G i emsa powder ( A l l i ed Chemical Corporat i on 

G l ycer i ne 

Me thy l al cohol 

New York ) 3 . 7 5 g 

2 4 7 . 5  m l  

2 4 7 . 5  m l  

Method ( 1 ) Di s so lve G i emsa powder i n  g lycer i ne a t  
6 0 ° C for 2 hour s . 

A P P E N D  I X V I ; 

( 2 )  Add methyl a l coho l . 

( 3 )  For use , a 2 %  s o l u t ion was made w i t h  
pH 6 . 8  buf f ered water ( Bu f f er tabl ets 
pH 6 . 8 ,  Geo . W .  W i l ton & Co . L td . , Lower 
Hutt , New Z e a land : 1 tablet to 1 0 0 ml 
d i s t i l led wa ter . 

E X A M I N A T I O N OF H I S TOLOG I CA L  A N D  C H ROMO S OME 

P R E P A R A T I ON S  

W i l d  Mka 5 mi croscope w i th "photoautoma t "  ( \V i ld 

Heerbrugg L td . , S w i t zer l a nd ) . 

A P P E N D  I X V I I :  COUN T I N G C E L L S ;  

H a nd operat ed Ta l l y  counter ( Engl i sh Numbering 

Machines L td . , Eng l and ) .  



A P P E N D I X  V I I I :  D E V E LOP I N G F I L M :  

1 7 9 .  

( 1 )  The f i lm i s  deve loped i n  D 7 6  ( Kodak ) or 1 D 

1 1  ( I l ford ) for 6 m i nutes a t  2 0 ° C .  

( 2 )  The f i lm i s  then f i xed i n  Un iver sa l f ixer f or 

2 - 5  m i nute s , and wa shed in running tap wa ter 

for a t  least 30  minutes . 

( 3 )  F i na l l y , the f i lm i s  r insed with a wet t i ng 

agent and hung up to dry . 

A P P E N D I X  I X :  E N L A R G E R :  

F ocoma t 1 1 c , Le i t z , Germany . 

A P P E N D I X  x :  D E V E L O P I N G P R I N T S :  

( 1 ) The p r i nt s  were deve l oped in 1 part Dektol 

d i l u ted with 3 parts water a t  2 0 ° C for 2 m i nutes. _ 

( 2 )  The prints  were br i e f ly immersed i n  a s top 

ba th o f  a very weak acetic acid solution . 

( 3 )  The prints  were then put i n  the hypo bath f or 

5 m i nute s , w i th occa s iona l agi ta t i on . 

( 4 )  The f ina l s tep i s  washing in the wa ter bath 

f or a t  l ea s t  5 minutes , and then dry ing . 

A P P E N D I X  X I : H I S TOLOGY P HOTOGR A P H S  - D E V E LOP I NG F I L M :  

( 1 ) Deve lop f i lm i n  Microdol - X  a t  2 0 °C for 9 minutes 

( 2 )  " Stop bath" 2 m inute s . 

( 3 )  F i x , wa sh 2 0  m i nutes and g l a ze . 
• 
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A P P E N D I X  X I I ;  W A S H I N G OF L A BOR A T O R Y  G L ASSW A R E ;  

A l l  glas swa re wa s soaked for 2 4  hours in De con 7 5  

concentrate ( approx imately 5 m l  in 1 0 l i t res ) ,  

r i n sed in tapwater , wa shed i n  Pyroneg , r insed , 

d ra ined and d r i ed . 

Un iversa l j a r s  and l i ds u sed i n  blood leucocyte 

c u l tures were r i nsed in 1 N HC l then given 3 rinses 

w i th glass di s t i l led water before be ing dried . 
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A P P E N D I X  X I I I ; E X A M I N A T I ON O F  H I S T O L OG I C A L  SECT I ON S  F ROM 

N O R M A L  A N D  R OB E R T S O N I A N T R A N S L O C A T I O N - C A R R Y I N G R A MS 

H i stolog i c a l  secti ons of the testes of a l l  rams , 

both norma l and t r a n s l ocat i on-carry ing , were examined 

m i croscop i ca l l y . N o  d i f f erences were detected between 

these samples . I n  a l l  rams a norma l spermatogen i c  

process wa s observed . Photomi crographs of the tes t i s  

sect i on a r e  shown i n  P lates 0 1  and 0 2 . 
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Aneuploid spermatocyte frequency in domestic sheep 
heterozygous for three Robertsonian translocations 

A. N. Bruere, I. S. Scott and L. M. Henderson 
Department of Veterinary Clinical Sciences, Massey University, Palmerston North, 

New Zealand 

Summary. In an analysis of the chromosomes in 3 3 2  metaphase 11 figures from 3 
triple heterozygous rams (5 1 ,xy,t1t2t3) and a further 84 figures from 3 normal rams 
(54,xy), there were no hypermodal cells in the normal rams but 9 such cells were 
found in the triple heterozygotes, giving a mean aneuploid frequency of 5 · 42% which 
was similar to the levels previously found in the single heterozygotes. Forty 
hypomodal cells were found in the 6 rams of which a number would have lost 
chromosomes due to lagging at anaphase I. Individual variation in the aneuploid 
metaphase 11 frequency was observed in the triple heterozygotes. 

A significant surplus of secondary spermatocytes of normal karyotype and a 
deficit of 25,t1t3 were found in the metaphase 11 figures from the triple heterozygotes. 
There was also a significant increase of normal progeny and a deficit of 5 2,t1t3 and 
5 3 ,t2 progeny from the matings of triple heterozygous rams and normal ewes. It is 
possible that the significantly uneven distribution of segregation products in the triple 
heterozygotes might have been the result of either cell selection or degeneration 
during spermatogenesis. 

Introduction 

Extensive studies have been made on the high frequency of centric fusions (Robertsonian 
translocations) in several species of animals (Bruere, 1 9 74b). From one such study there is little 
or no evidence to suggest that the centric fusions have any significant effect on the reproductive 
fitness of translocation-carrying sheep (Bruere, 1 9 74a; Bruere & Chapman, 1 974; Bruere & 
Ellis, 1 9 79). Although significant levels of hypermodal secondary spermatocytes have been 
found in single heterozygous rams (t 1 ,  5 · 6 3%; t2, 4 · 5%; t3, 9 · 2%, Chapman & Bruere, 1 9 7 5 ;  
6 · 1% i n  t 1  only, Long, 1978), i t  i s  believed that these cells d o  not mature into aneuploid gametes. 

From the mating studies with the single translocation heterozygous sheep no unequal 
number of progeny of the various segregation categories was recorded consistently. However, a 
significant excess of non-translocation-carrying secondary spermatocytes was found in meiotic 
studies of the singly heterozygous rams (Chapman, 1 974; Chapman & Bruere, 1 9 7 5 ;  Long, 
1 9 78). The studies on the tobacco mouse hybrid suggest that the effect of multiple 
heterozygosity would be to increase the aneuploid frequency significantly above that of the single 
heterozygotes. Therefore, if the same effect should be found in the ram an aneuploid frequency 
significantly above that of single heterozygotes would be expected in the triple heterozygotes. 
Variations in the levels of aneuploid secondary spermatocyte frequency have been reported in 
the tobacco mouse (Cattanach & Moseley, 1973) and in sheep (Chapman & Bruere, 1 9 75) with 
different centric fusions. However, unlike sheep, the high levels of aneuploidy in the tobacco 
mouse hybrids are consistent with high frequencies of zygotic loss and reduction of fertility of 
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the F1 animals (Gropp, Tettenborn & Von Lehmann, 1 9 70; Cattanach & Moseley, 1 973). It has 
also been reported that the aneuploid secondary spermatocytes of one translocation-carrying 
strain of mice did not appear to form viable gametes (Baranov & Dyban, 1 976). 

Although the significance of centric fusions and their method of formation is not fully 
understood (John & Freeman, 1 9 7 5 ;  Kurnit, Brown & Maio, 1 978) it would appear that their 
effect on the fertility is species-specific. The present report describes chromosomes of the F 1 
animals from the breeding of triple heterozygous rams and normal ewes. It also examines the 
individual variations in the level of aneuploid metaphase 11 frequency in the spermatocytes of 
normal and triple heterozygous rams. 

Materiais and Methods 

The three triple heterozygous rams used were derived from the mating experiments reported 
previously (Bruere & Ellis, 1 979). The karyotypes of the rams were determined by a whole blood 
leucocyte technique (Bruere & McLaren, 1 967) and testicular material was obtained from testes 
after surgical castration under local anaesthesia. The meiotic preparations were made using the 
technique developed for the ram by Chapman ( 1 974). The meiotic preparations were stained 
with aceto-orcein for 2-3 h or with Giemsa for 1 0- 1 5  min. Samples were also taken from the 
testes for histological examination. The sections were cut at 5 11m and stained with haematoxylin 
and eosin. As described previously (Chapman & Bruere, 1 975) ambiguity can occur in counting 
metaphase 11 chromosomes because of their contracted nature. All chromosome arms were 
counted as well as the chromosome number. Acrocentric chromosomes were counted as having 
one chromosome arm, while metacentrics and submetacentrics were counted as having two 
chromosome arms. The X and the Y chromosomes were both counted as having one 
chromosome arm, although the latter chromosome is submetacentric. 

The haploid chromosome complement for the sheep consists of 23 acrocentrics, 3 
metacentrics and one sex chromosome, a total of 27 chromosomes or 30 chromosome arms. 

The haploid number for the secondary spermatocyte of a normal ram was scored as 2 7X/30 
or 2 7Y /30; euploid secondary spermatocytes were NF /2 = 30, and aneuploid secondary 
spermatocytes had an NF /2 of > or < 30. 

Three estimates of aneuploid frequency were made, two were based on the method of 
Cattanach & Moseley ( 1 973). The first estimate gave the total proportion of cells with 2 9  or 3 1  
chromosome arms, and the second was calculated by doubling the frequency of cells with a 
chromosome arm count of 3 1 .  Because of technical factors there are always more hypomodal 
cells than hypermodal cells so that the former frequency is an overestimate of the number of 
aneuploid secondary spermatocytes. The latter is probably more correct. 

A third estimate of aneuploid frequency was made by using the following formula: I 29,3 1 
classes x 100/2:29,30,3 1 c!asses. 

Between 1 975 and 1 979 our breeding programme with translocation-carrying sheep involved 
mating triple heterozygous rams to ewes with a normal karyotype, 2n = 54. The karyotypes of 
the progeny were determined from leucocyte blood cultures. 

Results 

An analysis was carried out on 84 secondary spermatocytes from 3 normal rams and 3 3 2  
secondary spermatocytes from 3 triple heterozygous rams (Table 1 ;  PI. 1 ,  Figs 1-4). For 
comparison with the spermatocytes from the triple heterozygotes the 84 spermatocytes from the 
normal rams were combined with 62 spermatocytes from normal rams previously reported 
(Chapman & Bruere, 1 9 75) and 99 spermatocytes from t1t1 rams and 2 3  spermatocytes from 
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Fig. I. Metaphase 11 cell with 30 chromosome arms and 27 chromosomes, including 3 
metacentrics and a Y chromosome. 

Fig. 2. Metaphase II cell with 30 chromosome arms and 25 chromosomes, including 2 
translocation (T) chromosomes (t2t.) and a Y chromosome. 

Fig. 3. Metaphase II cell with 30 chromosome arms and 24 chromosomes,  including 3 
translocation (T) chromosomes (t 1t2t3) and an X chromosome. 

Fig. 4. Metaphase li aneuploid cell with 3 1  chromosome arms and 27 chromosomes, including a 
translocation (T) metacentric and a Y chromosome. 

(Facing p. 6 2) 
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t3t3 rams. As described (Chapman & Bruere, 1975)  no hypermodal cells were observed i n  268 
cells from the normal rams or the homozygous translocation-carrying rams. However, 9 
aneuploid (hypermodal) cells were observed in the triple heterozygotes. 

Table I. Distribution of euploid (NF/2 = 30) and aneuploid (NF/2 < or > 30) 
metaphase 11 figures in normal and triple heterozygous rams 5 l ,xy,t1t2t3 

NF/2 

Karyotype Ram < 28 28 29 30 3 1  >3 1 Total 

54,xy B 5 1 /79 0 I 0 53 0 0 54 
A l /79 I I 0 8 0 0 10  
A2/79 0 0 I 19  0 0 20 

5 1  ,xy ,t1 t2t3 B47/78 0 I 4 80 I 0 86 
B IO I /78 0 0 3 79 I 0 83 
B l l l /77 2 6 20 128 7 0 163 

The aneuploid spermatocyte frequencies of the individual rams were analysed and are given 
in Table 2 and the combined data are presented in Table 3. The mean aneuploid frequency 
3 1  x 2 (%) for the three 5 1 ,xy,t1t2t3 rams was 5 - 42%. In the metaphase 11 cells of the 5 1 ,xy,t1t2t3 
rams the X chromosome was present in 1 62 cells and the Y chromosome in 1 6 3  cells, while 
4 1  X bearing cells and 42 Y bearing cells were seen in the metaphase 11 figures of the normal 
rams. In neither case does this depart from the expected ratio. 

Table 2. Aneuploid frequencies for the normal and triple heterozygous rams 

U9,3 1 classes 

3 1  X 2(%) U9,30,3 1 classes 
X 100% 

Karyotype Ram 29 + 3 1 (%) 

54,xy B5 1/79 0 -00 0·00 0 ·00 
A l /79 0·00 0·00 0 ·00 
A2/79 5 ·00 0·00 5 · 00 

5 1 ,xy,t 1t2t3 B47/78 5 · 8 1  2 ·33 5 · 88 
B 1 0 1 /78 4 · 82 2·4 1 4 ·82 
B l l l /77 1 6 · 56 8 · 59 1 7 ·42 

Table 3. Aneuploid frequencies for the normal single translocation-carrying rams (53,xy,tJ, 
homozygous (52,xy,t1t1 and 5 2,xy,t3t3) rams and triple translocation-carrying rams (5 1 ,xy,t1t2tJ 

No. of Total no. 
U9,3 1 classes 

X 100% 
Karyotype rams of cells 29 + 3 1 (%) 3 1 x 2(%) U9,30,3 1 classes 

t54,xy 1 3  1 46 2 · 74 0·00 2·94 
•52,xy,t,t1 I 99 6 · 06 0·00 6 · 59 
•52,xy,t3t3 I 23 8 · 70 0·00 8 · 70 
•53,xy,t, 6 1 60 26 · 26 1 1 · 25 28 · 19 
•5 3,xy,t2 4 3 3 1  29· 9 1  9 ·06 35 ·48 
•53,xy,t3 5 326 34· 05 1 7 · 1 8  38 ·68 
5 1 ,xy,t,t2t3 3 332 10 ·84 5 ·42 1 1 · 1 5 

• Data from Chapman & Bruere ( 1975). 
t Data from this study and that of Chapman & Bruere ( 1 975). 

The segregation pattern of the progeny produced by the matings of 5 1 ,xy,t1t2t3 rams and 
ewes of normal karyotype (2n = 54) is given in Table 4. There was a significant deviation from 
the expected 1 : 1 : 2 : 2 :  1 : 1 ratio of the products because of a significant deficit of 5 2,t1t3 and 
5 3,t2 progeny and a surplus of 54 progeny. The segregation pattern of the euploid secondary 
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spermatocytes from the triple heterozygous rams (Table 5) also showed a significant deviation 
from the expected segregation ratio of the products, with a deficit of 25,t1t3 figures and a surplus 
of 2 7 figures being observed. 

Table 4. Numbers of progeny with respective chromosome number recorded from matings of 
triple heterozygous rams and 83 ewes of normal karyotype 

Karyotype 5 I ,t,t2t3 52,t,t3 5 2,t2t, 53,tx 5 3,t2 54 Total 

Expected 
numbers 1 0 · 3 75 10 · 375 20· 75 20· 75 10· 3 75 10·375 83 

Observed 
numbers 1 0  3 24 24 4 1 8  8 3  

x; = 1 3 · 50; 0 · 0 1  < P < 0·02 ( 1 : 1 : 2 : 2 : l : l ratio). 

Table 5. Number of euploid (NF/2 = 30) metaphase Il figures with respective chromosome 
number recorded from the triple heterozygous rams 

Karyotype 24,t,t2t3 25,t,t3 25,txt2 26,tx 26,t2 27 Total 

Expected 
numbers 3 5 · 875 3 5 · 875 7 1 ·  75 7 1 · 75 35 · 875 35 ·875 287 

Observed 
numbers 35 14 72 74 40 52 287 

x; = 19·96; P < 0 ·0 1  ( I : I : 2 : 2 :  I :  I ratio). 

Discussion 

It is seen from Table 1 that, as previously reported for homozygous translocation sheep and 
normal sheep (Chapman & Bruere, 1 9 7 5), no hyperhaploid cells were found in the 84 cells 
evaluated from the 3 normal rams. In the present study only one cell from the normal rams was 
found to have 29 chromosome arms. This cell may not have been a true aneuploid secondary 
spermatocyte but rather the result of a chromosome loss due to lagging at the first anaphase. 
This and previous evidence suggest that there are either very few or no aneuploid secondary 
spermatocytes produced during spermatogenesis by either the normal ram or homozygous 
translocation-carrying rams. 

The data from Table 2 show that there was a considerable variation in the levels of aneuploid 
metaphase 11 frequency between the 3 triple heterozygous rams. This variation ranged from 
5 · 8 1-2 · 3 3% in Ram B4 7/48 to 1 6 · 6-6 · 6% in Ram B 1 1 1 /77, the mean level being 5 · 42% and is 
consistent with the individual variations in aneuploid metaphase 11 frequencies which have been 
found in all the single heterozygous rams studied so far (Chapman & Bruere, 1 9 7 5 ;  Long, 1978). 
This is similar to results from comparable studies on translocation-carrying mice (White & Tjio, 
1 9 6 7 ;  Cattanach & Moseley, 1 9 7 3 ;  White, Crandall, Raveche & Tjio, 1 978). 

The mean level of aneuploid frequency in the triple heterozygote rams was significantly 
higher than the zero level found in the homozygous (t1t1 and t3t3) and normal rams (Table 3). 
Therefore, as with the single heterozygotes (Chapman & Bruere,. 1 9 75), triple heterozygosity for 
the Robertsonian translocations is a factor leading also to the increased frequency of aneuploid 
secondary spermatocytes. However, the level found in the triple heterozygotes was comparable 
to the levels reported for single heterozygous rams (Chapman & Bruere, 1 9 7 5 ;  Logue, 1977;  
Long, 1 978) and was unexpectedly not even approximately equal to the sum of the individual 
levels in the singly heterozygous animals, which were 6 · 90%- 1 3 · 5 6% (t1), 9 · 23%- 1 3 · 1 1 % (t� 
and 1 6 · 5o/o-20 · 20% (t3). In this respect the multiple translocation-carrying sheep appear to 
differ from the tobacco mouse (M. poschiavinus) hybrids (Cattanach & Moseley, 1 973) but are 
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similar to the artificially evolved triple translocation-carrying mouse heterozygotes described by 
White et al. ( 1 9 78). The individual variation in aneuploid spermatocyte frequency and the lack 
of evidence for an increase in aneuploid spermatocyte frequency in triple heterozygous rams 
further suggest that the rate of non-disjunction is genetically determined and is not a function 
which can be attributed entirely to the presence of translocations per se. 

There was a significant excess of normal secondary spermatocytes and a deficit of t 1t3  
secondary spermatocytes in the triple heterozygotes as well as a significant excess of normal 
progeny and a deficit of t1t3 progeny from the matings of the triple heterozygous rams and 
normal ewes. Again, this differs from the results for triple heterozygous mice described by White 
et al. ( 1 978) in which the segregation products in the embryos were balanced and demonstrated 
no preferential segregation of the translocations. However, it is probably premature, with the 
limited data available, to speculate on the significance of this correlation in sheep. In earlier 
meiotic studies, a significant excess of normal balanced secondary spermatocytes was found in 
single heterozygous rams (Chapman & Bruere, 1 97 5 ; Long, 1 978) but subsequent mating data 
demonstrated a balanced segregation pattern (Bruere & Ellis, 1 979). A lthough it is possible that 
a process of cell selection during spermatogenesis results in the production of gametes in 
proportions which are significantly different from the expected ratio ( 1 : 1 : 2 : 2 : 1 : 1 ), it has 
previously been suggested by Ortavant ( 1 958) and Roosen-Runge ( 1 973) that the 
chromosomally abnormal cells in the ram and translocation-carrying rams (Bruere, 1 9 74a; 
Chapman & Bruere, 1 975) are removed before maturation is complete. Further studies on the 
other multiple translocation-carrying rams might indicate that certain cells are selected against 
or degenerate during spermatogenesis. 

We gratefully acknowledge the technical assistance of Karen Armitage, and the Wellcome 
Trust for support of this project. 
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