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(i) 

INTRODUCTION 

It is the candidate ' s contention that an understandirli ot the 

mechanisms of iene action and interaction at the physiol()iical level, 

is a necessary basis for a fuller undc rstandirli of the principles and 

problems of animal breedi~. On this point, Rae (1958) states ••• "pop­

ulation aenetics deals essentially with i enes and final phenotypes, but 

has little to say about the vast developmental i&P between the two" . 

However , opportunities for physioloiical studies of simple Mendelian traits 

in farm livestock are few and far between, while the expense of such 

stooies is normally prohibitive. 

Consequently, physiological ienetic studies are normally carried 

out on s mall animals, especially the mouse . Gruneburi (1952) has 

revie~ed the use that has been made of this mammal for ienetic studies 

of all types. 

The steadily increasllli number of reported mutants affectin.; hair 

2rowth and piamentation in the mouse provide excellent experimental 

material for studies on ~ene action, while theirpleiotropic effects 

provide material for studies on the physiolou and development of hair 

irowtb. As Chase (1954) has point ed out , in the one hair follicle can 

be seen all aspects ofcall development , arowth, division, and death at 

ditterent s t &ies of the hair cycle. The hair i taelf provides a permanent 

record al0:qi i t s lenatb of the chanaes that have occurred in the hair 

follicl e durina tbe period of hair arowth (Ruasell , E. s . 1946) . 

Tb studies to be described concem a ttempts to inveatiaate yet 

another ot tbeae mouse hair mut ants. 
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1iliVH.W 0.1'' LITERATURE 

1. THE HAIR 

A. DEThLOP,,lEN T AND GROW'l'll 

Dry (1d26) has described t he ~a jor hair ty~es of the mouse, and 

the develo~ment and succession of hairs in relation to t he a~e of the 

mouse and positi on on the body. Considerini hairs of the firs t ¥c l a&e 

from the mi.d-dorsum, t his author s u~.;est(.d a classification of hairs 

accordinjl to t otal leftith, t he number of constrictions, and t he maximum 

numbl r of rnedullar:, cells (se ptules) in cross section. Ta ble 1 bas been 

construct ed fro111 inforination in Dry's paf.ier. 

Inter11edi ate hair types e xist, but i row from less t han 1% of the 

mid-dorsal follicl,- s. The ,.ork oi 1''alconc r r°r;)z.e r and King (1.J!)1), to 

be discussed l ater, S~i ests that at least part of this classification 

i s real, and not a subjective division of a continuous s~ries. 

Hair T,1Pe. 

ul.onotrichs or 
Type A. 

Awla or 
Type B. 

Auchenea or 
Type C. 

Ziaza1s or 
Tjpe D. 

Table 1 

Le~th 

• 9 - 1. 0 CTTlS 

.6 - .7 ems 

.6 - • 7 Ct'll8 

.4 - .'I ems 

Constrictions Septules % 

0 2 2 

0 3-4 

.. 
14 

1 2 J 

3-4 1 82 

Dr, (1926) bas divided hair development and arowtb into four 

staaea. Anagea covers the irowini period, tr0tu the beiinnin& ot f ollicle 

iava1ination until compl e tion of bair 1rowtb. Chase (1951) divided the new 

•11.ai•• etaae initiated after pluckina, into six separately rec0&nizable 
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ataies, and has shown that the pattern of development after pluckina ia 

iAentical with the pa~tern of develop nent of the first pelaie, after 

birth. These six staies of ana2en are described as follows. 

Magen 1 appearini 1-2 eays after plucki~ - cell division of the 

iCITD plate, which is forrAed in the Malpi2hian layer. 

Anaien 2 (2-3 days) - down-2rowth of the aerm over the papilla • 

.ANlgen 3 (3-4 days) - papilla cavity and bulb matrix formed; melanin 

produced. 

Anaien 4 (6 days) - cortex and medulla fol'!Ded; tip of shaft near 

sebaceous g land; piiment i ranules in raatrix. 

Ana6en 5 (8 days) - tip at skin surface • 

.Ana"en 6 ( 8-17 days) - period of hair growth. 

Alt the completion of hair .;rowth, the follicle pas r:es into a s hort 

staie of regression which Dry (1926) has termed Catagen. Chase (1~51) 

describes the events cf this staae which nornally occupy a period of two 

days, as f ollows. The cessation of matrix-cell proliferation in the bulb 

z.ed. 
ce~sa tion of pigment production - forma~ion of a hollow brush of kerotinii:e-e+ 

cells at t.he lowe r end of the compact cortex ( the "club") - roundi!li up ot 

the papilla cells into a ball - shrinking of the club reaion and moverne nt 

away trom the germ layer towards the skin surfac». 

On the completion of cataaen, at approximately 19 days post partum 

the follicle enters into a resti~ staae which lasts until the beainnina 

of the 8.Jlaien of the next pelaie• This n,sti~ staae has been termed Telogen 

by DI',1 (1926), and marks the end of the first hair cycl • The f ollowina 

hair 1enerationa follow a process similar to the first, except that .in ana,ien 

1, the new papilla is fo d from the rei eneration of th dormant hair aem , 

and not from a downarowtb of the malpiabian layer. 
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B. Time r el ations. 

Time and space re l ations of successive hair cycle&, have been 

described by Dry (1926) , and more recently by Berl.ID (H:154) . The followinc 

d iscussi on is confined to the first pelaae. 

Grunebura (1943) usina a mixed strain of :nice whi ch he describes 

as "extremely heteroieneous", fo und easily recognizable hair follicle s on 

t he sides of 14 day old embryos, a I d on the dors um at 15 days. This is 

supported by the work of Falcone: r 1' razer and Kin~ ( 1~51) i n comp a rine notmal 

and crinkl ed mice . Mice homoz.rious for the crinkled t ene (er/er), which 

is recessive to t he normal alle l e , showed an absence of monotrichs and 

zi2za~s from t he coat. I n c ontra s t to t nc norma l mice studied , f ollicle 

i nitiation bee an a t 18 da.1s inst ead of 14 days , and no new folli.clt. s 'A ere 

added after birth. '.l'hese facts prompt the authors to a tate: '"i'he absence 

of ~uard hairs and of zi gzais from the coat of th,; crinlC.l t:<1 mouse , and the 

resembl ance of t he cri n t<.l ed l1airn t o awl s oi normal mice c~nstitutts s trona 

ev id"nce i n sup}Jort of the hypothesis that ~uard hai rs a r e produced by 

follicles that fonn before 17 days, awl s by thos e tha t form be t ween 17 uau s 

and a bout the t ime of birth , and ziaza2s by those that fonn chiefly after 

birth". Dry ( 1~26) states that ziazaa follicle initiation cont inues to about 

7 daya po ~t part um on the dorsWll and 9 daJB post partum on the venter. 

Borum (1954), usina albino mice of the S t /Eh strain found the first 

hairs appeari~ on the head back and neck at t he aee of 2-5 days aft er birth 

and on the venter at 4-5 days. The entire back ia covered by 8-10 days, and 

the i rowth of the first pelaae ia coiaplt te at an ~e of about 12 d9'1s . The 

pattern described b7 Dry (1926) atud,rina entire aaouti skins is nrtual ly 

the a .a1e, al thoqb the respective a1es are l ater. This author deacri bes 

t eloaen appearina first on the head at 15 da,a of a ._,e, and on t he venter 

at 17 days , with the laat area to complete irowth beina tbe aacram at about 



19 da.115. 

Relatively little i s known rei •rdini faotora controllina or affectiJ'li 

time relations of the fil"8t hair c.1cl e. The speed of the second hair cycle 

is aff•cted by aex; fem.ale cycles etartina later and finishiJii later, as well 

aa being of l oJ1ier duration (Borum, 1954; Cockren 19b9) . Bl· od supply to 

t he follicle, body weijht at ws anin~, rate of body g rowth, ·.nd age at which 

the c,tcle is initiated, may all be factors affe ctill,2 or correl ated with, 

l ength of duration of the second hair CJcle, (Cockrem 1959, 1962). 

II. TlG:: .HGi,Cf.NT 

(A). Biology. 

Al1 pi~~ents found in m0use hairs are 2ranuler melanins of two 

types, (Gruneburi 1952), whose propertie s a re i l lustra.t€d in '!'able 2 , extract­

ed from Table 1 of rit zpatrick et al. (1~58) 

Table 2 

Eumelanin l 'haeome lanin 

Colour .Brown-Black Yellow 

Precursor Tyrosi ne Tyrosine 
( Trtptophan)? 

Shape Oval-Round Round 
Granules Granules 

Chemical Properties Insoluble in Soluble in 
Dilute Alkali Di.lute Alkali 

The biolo6 ical unit of melanin production is the mel&J10c,rte cell. 

Rawlea (1947) bas shown that in the mouse em.br.,o, melanoblasts oriainate 

from the developina neural crest, and miirate by aa yet unknown mechanisu 

to all reaions of the mouse body by the 12th day ot geatatiOll. Accordizta 

to the tissue and biochemical environment in which the melanoblast ia 

located, it ld.11 either reaaain a>lourless or start to produce melanin, as 
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has been oho1'Il by I eisa and Andres (1952) ,-.orki~ wi. th c hick embryo homogenate 

t ransplants. 

Chase (1951) in reviewi~ the process of melonobl ast incorporation 

i nto the follicle, stntcs that the i:l: lanoblasts are f ourul on the bo.ae:::ent 

membrane oft be surface epidemis, with t 1:eir cell booies l.yi~ bet\'Yec n the 

c ells of the inal piuhian l ayer. Chase and S:ni th (19b0) !lave shown that 

some of these mclanobl.asts \,hich are unpigmcntcd, arc included in the 

o ri~inal fol Helt: invagi.nation ard thus becooie interspersed with cells 

of the follicle gera plate. 

The now active inelanosrtee b<: co..:ie concentrated in the top half of 

the bulb matrix , \'lhere prcsumy_, tive ho.ir ce lln hflve. lo·-: mitotic rotes, 

tChaae 1951), ond by a device not y(. t. clenr, they i n.,ocul r- te melanin i.; rartJlcs 

into th(. str<::il':1 of passi :·1~ cortical arn.1 rnedullary cell~. .r.v.dcncc - ro•:i work 

wi t h t n, el€ctror. ,cri.cro~;cope ( ont,eLna 1%1), s.1 ..;es:.a thut :.he: rtcipient 

cells actuall.1 pha_::oc-;t.ose the 1--ib,:-a nt-bearl ~ tips of t.bt: r.1e lanoc-Jt.e 's 

dendrites. 

Ju~t before the on~et of cata~en, the melsnocJte r c .. rcsscs aoo 

mt.!l:min r:roduction eeases lCha.se 1.351). The oriLin of mt: lanocytes for 1.he 

next hair cy<.:lc is as ye-:. unknoun, al thou,). t.he above nut1.01· S!Ji: i..es 11s the 

f ollowin. posoib ili ties. 

( i) Be.;enera I.ion of the former mclo.nocytea. 

(ii) Replacement from mel~laste in the epithelium. 

( iii) Development ot melanoblaata from stem cells. 

(i•) Replacement trom possible dermal sources. 

Chase (1960) statee that the balk of tt.t evidence a1.1pporta (iii) 

above. However, the poesibilit,r of a dermal eouroe ahol.lld be considered 

in li&ht of the recent re•ulta ot Nay {19:56), world.na with Naked am crinkled 
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mice, which cnat>l ed him to conclude that dermal mast cel l s below the f ollicle 

bulb may have a function in melanin production. 

(B) Biochemistry 

1. Chemistry of Melanin Synthesis. 

This s ubject has !:>ten r eviewed by :r-·itzpatriclc et al (1958) . 

The p r incipal precursor of bl a ck melanin is tyrosine, while the production 

of yellow melanin may involve tryptophan as well. The metabolism of these 

t wo compounds has been reviewed diagrammaticnll.y by Harper (1959) . All 

melanins are formed by the action of a ~r oup of coµper-containil'li en zymes 

(phenolases) which catalyse the conversion of phenols and diphenols to the 

correspondi!li quinones. 

The path where ,y tyrof' ine is converted to b l ack mel anin was fi r st 

elaborateo by Haper (1~28) usin,; the .<1eal-worm ( Tenebrio molitor), and 

was confirmed by l!aaon (1948) usi~ -nali ~nant mouse mela.nom::i. This pa thway 

i s shown in lt'iuure 1, aken from :F'itzpatri.ck e t al (1958) . 

The • lonin pol.rmer is a t t ached to a protein through its quinone 

linkAieB, a nd rece :it work of Mason (1959) s 11.,(ests that at l east in 00.l:'A 

me lanin, t he sul phyrlryl iroups of the protein are involved. 

It is now clear (Lerne r 1949) t hat the enzyme tyrosinase catalysina 

the two s eparat e steps , 

Tyrosine --------)OOPA 
and DOFA ---------;)Quinone, 

is not a mixture of phenolaaes, but a siJlil e enz,-. Mason et al (1955) -
haYe shed some li,aht cm the question ot how one engyme mi1ht catal,yae two 

aeparate reactiona. Tbe initial step in the reaction is the reduction ot 

t,roainaee from tlte cupric to tbe cuprous state, by the action ot DoPA, 

which must thus be considered ae an a ctivaior of tyroainase aa 1tell aa 
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bei.na • substrate f or the enzyme. Hence the rate of oxidation of tyrosine 

appears t o be relat*l to t be rate at which DOPA may be enzymatically oxidised 

to DOPA-quinone. Thus there exists an inverse relationship betwten t he 

induction period in the oxida t ion of tyrosine by tyrosinase and the con­

c~ntration of the enzyme. 

2. The ~elanocyte 

The metabolic unit of melnnin formation in the melanocyte i s tbe 

ielanin ~ranule, (Birbeck ~ 1956) which consists of a p rotein matrix. 

This matrix contains tyrosi nase and at least two othe r enzymes, cytochrome 

oxidase, and succinic dehydro~cnase. Birbl ck and Barnicot (1~5f) have 

ca rried out e l e ctron micros copy examinations of the me l anocyt e , and S1Ji2eat 

t he s tructure cf the cell to be as t ha:, s hown in l4'i~ure 2 , -nhich is tak:en 

from t heir pape r. Acco:rdi.n,; to these au t ho rs , th~ protein matrix of the 

premelanin ~ranule , whict: contains the t.1rosinase , arises tro•n sr.1all vesicles 

in the .,:olbi zone. Melam:i.n is de]Josi ted upam t he p rote in which results in a 

steady decrease in de tectab l e tyr osinas e activity. 

5. Me anin Synthesis in R.eh tion to t he Hair Cycle. 

T o pr i.nciple teci,ni ques have been used i n studies of the tyrosinase 

activities of mammalian hair roots i n vitro. 

(1) Usina radioactive tyrosine-2-c
14 as a subst rate for 

t yrosinase, followed b1 the estimation of enzyme activity frOlll the intensity 

ot radi oautoi rapbs (Fitzpatrick: and Kukita 1956). 

(11) Usina ~ibydroxypbenylalqine (Dai-'A) as a substrate 

and meaaurin& onzyme activity by the intensity of the bla c k ptament produced 

(RusseU. E.s. 1948). 

K.uldta (195'1) bas followed the chances in enz,ae acti'rit.Y with the 

hair erowtb c.:,cle in C 57 mice, uaina both Ille-th~ 

Table 5 haa been prepared from the results obtained b,1 t hia author. 



Sta~e 

Anaaen 1. 

Ana~en 2. 

Ana2en 3. 

Ana.en 4. 

.Imagen 5. 

AnaL,en 6. 
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Table 3 

Piamented Melanocytes 
i:'resent 

+ 

+ 

+ 

+ 

Tyrosi nase 
Activi. ty 

+ 

++ 

+++ 

+++ 

IX'PA~oxidase 
Activity. 

++ 

++ 

+++ 

+++ 

Tyrosinase activity appears simultane6ual.Y with the a ppearance 

of pi1ment in An~;en 3, and disappears with the cessation of piiment production 

in TelQflen. It is not .,no,"n whether the inc rease in enzyme a ctivity over 

the later stllies of P.naf_;en is due to melanocyte p rolif'era :-.ion, increased 

activity ·: i t hin the me lanocytes, or the devc lop:nent of new mela.nocytes. 

It is coni usi l'li in this respect in that Monta~na (1956) states that melano­
.,..,ki /.e. 

cyte s are capable of u:nik r i;oin_: mitosis, ~ Chase (1958) sughests t hat i :f 

mitoses do occur, then tooy do s o only in t he irn'.nature st8'(es. 

\' hich factors operate in control ling t lie rate of :nelanin srnthesis in 

vivo during the hair cycl e are unknown. Rothman (1~54) has suageste d that ~he 

level of -sH Mt a.roups in the bulb may be an important factor. In earl,r 

A~en ,vhe n there is a hiih concentration of these aulphydryl i roups in 

the bulb, tyrosinase activity may be inhibited by the action of these 

1roups on the copper prosthetic aroup o:f the enzyme. This inhibition is 

removed in later Anaaen at;aaea when the level of free -sH , roupa is known 

to decline. However, Montaan,a (1956) points out that -s1i aroupa may not be 

detectable in the bulb duriDi later Anaaen, bat are likely to be present 

due to the presenc e of alutathione which is required for cell di vision 1a 

the • trilt, and is a t,yrosinaae inhibitor. 
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The possibility d an inhibitor which changes in concentration with 

phases of the hair cycle is an a ttractive hypothesis (KontaiJUl 1956, Fitzpatrick 

~ 1958), for melanin production ceases abruptly just before the end of 

hair growth, as if the melanocytes were aensi tive detectors of the end ot 

the irowing period. 

4. Yellow Piimen~ 

Both tyrosinase and DOPA-oxi.dase activi titfls (:F'oster 1951, Russell 

1948), have be e n detected in phaeo:nelanin hair follicles of rnan, mice, 

and ,; uinea ,i g s, thus these f ollicles mig , t oxidise tyrosine and Dul-A in 

vivo. However, as will be discussed later, .DOl'A-o:ridase activities in 

vitro sre more closely rel ated l.o t \ie t;; e rietic "potential n amow\t of 

phaeomeltmin, than of e umelanin, (Russ e ll 1948) , even thou. h t he pi,iiment 

formed is b lack. 'lhis a : a. r ent discrepancy baa led h8 l dane ( 1954) to 

c om:ne .. t t l,at ''V, hatever dopa oxidase ia doi~ in mou r1e s kins, it is not 

oxidis i ng 3-4-dihyuroxyphcnylalanine , thou~h it is very probably concerned 

in some phase of production of .)';!llow p i ,rncnt from a precursor" . I n discuss­

ing this problem r itzpatriclc c t a l (1958) su;;aeat t hat three points must - -
be taken into 11( count. 

(i) In the ~outi hair, one follicle synthesises both t ypes 

of piament aceotdilli to the stage of hair growth, and thus t.lae type 

of piament in the coat must depend on local cond itions within the follicle . 

(ii) The sinele !lene substitutions e/e in the auinea pig and 

A1 / + i n the 110 use cause a clear out c haJtia to yellow piament with no 

inteimediate colours fomed, wbich 1a stro~ly suaaestive of a ai.ne;le 

ensymatic step. 

(iii) Fhaeomelanin production m11St inTolve the activit.1 of t.,rosinaae 

but without implicatin& tyrosine as tbo piament precursor. 
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More positive evidence has been obtained by Brunet e.i..!]. (19~7) and 

Butenandt (1956) who both obtai.ned yellow piiment b_y incubatin~ red heir 

roots and red silk-worms respectively, with a mixture of DOPA, and trypto­

phan metabolites (such as 3-hydroxykynurinine and 5-hydroxyanthranilic acid) . 

lhe reaction depends on the conversion of DC} A to DCP.A-quinone in the 

presence of tyrosinase, and the non- e~atic oxidation of 3-CHkfllurinine to 

xanthorrmatin by DO? A-quinont;, which is reduced back to DOl-'A. Fitzpatrick 

e.1..!.! (1358) ~peculate that such a mechanism (as shor·m in 1' i .;. 3) ,i i ht 

explain the black- yellow plimcnt production switch, as a result of the 

JJ esenC€ vr absence of an 0-aminophcnol in the follicle, and ls also 

C' IIIpstablc with the iact that phaeomclanic hair follicles contain tyrosinase. 

III. Background \,( nE:s 

The followini dif' cus~ion has been c ,:infioo d to the a~outi series of 

coat colo\irs and the se :niclominant l'!'IUtant white (IU wh), \'lhich \•:ere the 

back~round c~nes upon v-h ich the darkenin.; effect unue r atud.f was investi-'at ed. 
Locu~. 

A. Agouti Laee,e 

1. Description of Alleles 

The a,aouti series of alleles has been reviewed by GrunebuI'i (1952) , 

and at that time was t ho~ht to c .msiat of five alleles labdlini the fit th 

l inkaie aroup of the mouse. These are described in Table 4 taken from 

Grunebura (1952) and are shown in decreasina order of dominance. 

Phenotype 

Yellow 

Table 4r 

White-bellied aeoati (Liaht-bellied) 

Grey-bellied qouti 

Black-and-tan 

Non-aaouti (black) 

Krl.,.__ nnn-aanuti. 
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Iell ow (A7 /+), the top dominant of the series, is lethal when 

homozygous but was not available for this study. Extreme non-e,aouti 

(ae/ae), has been repo rted b,r Hollander and GGM'en (1956) and was also not 

available for this stuay. 

The followina is a brief description tollowin& f rom GrwiebuI'i (1952) 

of the four alle l es at the 9iouti locus used in the present investi1ation. 

(a) White-bellied agouti. 

On the dorsal surface, the hairs oonsist of a black base, yello'ff 

subte rminal band, and black tip (a" outi paittern) givillJl the coat a brcw,nish-

'"° rey appearance. A typical a,outi zi2zag hair is shown in } i g. 4. The vent r al 

hairs have a lighter col0,ffed base, with wide r l ight tips, .;.iving a li~ht cream 

or wl;ite ap ,.earanc-e , or a cream-yellow 8p earance, accoruing to the 

presence 011 absence of as yet unkno,· n modifyi.ng ..;enc. a (Little 1916, .i-alcone r 

194'1). the tli1ferenoe i r, colour between the dorsal nru:i ventral surfaces 

is sharply marktt1 , and dten ac--entu.ated by a scatt.eriI¾,; of oran" e 

col,,ured h~irs &le~ 1.™= <lividini line. 

(b) ~rey-bellied Agouti 

The dorsal surface is the same as that of w1,ite bellied agouti, but 

the ventral surface is ~rey, with no sharp demarcation on the flanks • 

• 
( c) Black-and-tan 

llairs of the dorsal surface are completely black, while the wntral 

hairs are yellow with a dull arey base, i iviJla the ventral surface an oranie­

,rellow 00lour with perfectly eharp borders on the flanks. 

(d) lfon-Agout1 

Both dorsal and ventral hairs are completely black. 

All the a bove tour phenotypes have a small tuft of yello~ or white 

hairs behind the ean. 



The dominance relations of these four alleles &re shown in Table 59 

taken from Ta~l e 14 of ~;ronebur i (1952). 

Table 5 

Genotype PhenotJ'pe 
Dorsal Ventrsl 

Aw /A", Aw /A+, Aw/a\ Aw/a Aaouti \'/bite 

A+/A\ A+/• A2outi Grey 

A+/at Agouti Light 

t t a /a, ._t;. Black fellow 

a/a Black Black 

Grunebura (1952) points -:· ut that •+ appears to be dOflli nant over 

at on t he dorsal surface, but at is doarinant over A+ on the ventral surface. 

Dry (19~8) has described the a~outi patt ern of t he wi ld mouse in 

"" r e lation to its hair t f ,Je . Ji'or hairs of t he sa'J.e pelae e ta ken f rom the mid-

dorsum, this author' s res ults can h e Bl.11lffiarlaed as follows: 

.itlonotrichs 

Awls 

Auchenes 

Zia zaaa 

Black throu~hout 

Yellow bands may o r may not be present, wi th 

the lariier awls tendina to be non-banded. 

No difference in total hair len~th between 

black and banded auchenes. 

Len&tb of band increases with lenath of hair, 

with virtually all zia zaaa be~ banded. 

On the venter, the situation ia reversed, with awls and auchenee 

aho...-1.nc a direct poaitive relationship between bair lenath and yello~ band 

l enatb, while a1a zaaa show the inYerae relationabip. 



2. IBYSIOLOOY OF '.i1!E AGCU1'I AIJ.1ELl-.f 

Russe ll, E. s . (1946, 1948) carrie d out a histolo~ical examination 

of the pi ir:ient characters of hairs, from mice representitli thirty-eiz colo ur 

i enotypes. The following seven variable ~ttributes were ;neasured et 

a magnificati on of 1800X. 

(i) The number of a rar:.ules per m. dullary cell. 

( ii) 'l'he numbe r of ~r aLules per unit v ol ume of cortex. The 

uni t volume of cortex was that vol ume estimated to be 

equal to t he v olume of an avera.;e roodullary ce ll. 

(iii) The tendency towards a distal arra~e .1e nt of .:ranules 

wi t hin th€ med ullar.1 Cells, i raded as '1 none", "sliiht " 

and " cap". 

( iv) The dia'!le t crr. of ~dullar.r pi ~ .:cnt g ranules, e ach i ranule 

being measurta al r.g i t s major axi.s. 

( v ) The shape of ~t.tfo' l nry J>i~!:lent ..;r anul ea , i.raded as "l . lli­

oval", "short-.)V&l" , "round" and " i r r eiul ar" . 

(vi) The tendancy towarrls t he clumping of i ranul es, ~raded 

as " l oose floc,,lar" a nd "gran ul ar-clumps". 

(vii) The colour of the ~ranules, as matched •eainst Rid&way 's 

Colour Standards. 

Attributes (i) , (ii) and (iii) wer ~ measur ed on whole mounts at 

successive ten microecape field intervals down the hair, starti?li at the 

f ourth field from the tip of the hair. Attributes (iT) to (Tii) were 

measured on crosa-sections which bad been cut somewhere between the fit'teentb 

and t er ty-f itth tie lds. 

Thia author's results eubled her to show that variation in •ll.1 one 
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of t he above attribute s could be refiected in differences in coat col our; 

i . e . each of t hese variabl e s i s und~r cenetic control of known coat col" ur 

benes. "Y compa .. ~Jli r e sults at suceessivt l e vels down the hair this 

a uthor was also ab le to show that the a~o ut i s e ries of alleles have no 

effect on 'the aboVf characters othe r t han to d l.rect piirnent p roduction into 

ith h 1 · 1 i Th 11 b nd of Aw 1Aw t e er p aeome an1.n or eume an n. e ye ow a s 1 • ..;eno ypes 

contain t he name t ype and quantity of phaaomelanin as in the corres pondina 

rehion of t he c- mparable Ay / a ;enotype 9 while the type and i uanti ty of 

eumelanin in the rest of the hair is i dentical wi t h tha t i n t he 

correspondine re~i on of the comparable a/a ~enotype. 

Russell L.B. and RusRell W.L. (1948) haf'e invest iiat ed the DOPA-

oxida~e activitie s of the 1!18jor moiRe co1=1.t colcur , enot,tpe s, and hnve 

c ,:;mpar ed t h«: ir r Mrnlts 'I'd th t he qtlh.nt.ita tiVE:. l,istolc·~.: ical pigment neasur e­

ments obtained by R,ts Re l.l h. ~. (1946 , 1948) . To detemi.nr the OO?A-

oxidase activities, s :,,.in Fia•npl o s ·vcre ·.,akf,1 rnid - d ~raa lly 1r o:1 the l u::..bar 

re~i on of 6-'1 day old rriice . After fixi.n. · in forma l in , sec~ions w, e cut 

on a free zing microtome nnd inc ubated in a buffered DOPA sol ution. l'he 

r esulting s e ctions ·.\ere mount ( d and the aciount of DOPA- '7e l anin in t he 

hair follicles was e stimated by comparison with standa rd slides representin~ 

six levels ·of intensity. Estimat€s of the DOPA-oxidase activity obtained 

i n t his marmer for each genotype were expressed as a percenta2e of t he 

wild-type (CCBBi'PID ) value for both a/a1*1'Xl A7 /a bacqrounds. 

To obtain a value for comparison with ibe OOPA-oxidase activities, 

an estimate propertional to the total volmae of pipent o utput from the 

follicle was derived for each eenotype , from the 4et.a of Russell . E.S. 

(1946, 1948) . Only data from t he 20th, 50th aDi 40th microscope fi elds weN 

used in obtai.nina this estimate, as thia re1ion of the bair corresponded to 

t hat beiJli produced by the follicle when the DOPA-oxidase aativitiea wex. 
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beina measured. The estimates of total volume of p i1'1ll(;nt obtained in this 

way for each genotype '"'ere e.xpressed as a perc-entaie of the wild-type value 

for both a/a and Ay /a genotypes. 

Although qualitatively, the p!Bment produced by the DO?A reaction 

resembled eumelanin, the re were no di fferences in the DOPA activities of 

corresponding Ay /a and a/a genotypes. Further, challies in DOPA-oxidase 

activities induced by gene subati tutions, were directly related to ch211Jles 

in the volume of pig•nent produced by those su!::lstitutions, only in A1 /a 

genotypes. This sit&Ultion is understood more clearly on inspection of 

Table 8, b1Jtsed on information taken from Table 1 of R11ssell, L.B. and 

Russell, V, .L. (1948). 

Table 6 

D: :.FA i rades and pigment volumes, both expressed aa a pe rcentas:;e 

of wild-type, for various ::1utants on both Ay /a and a/a backr,ro .nds. 

1iutant B9£! 

CCBBP.PllD 100 

bb 102 

pp 10S 

bb dd 110 

b b 
CC pp 48 

cbcb dd 72 

b 
CC bb 56 

AY/a 

I·!£;mt.:nJ. 

1J) 

87 

00 

130 

51 

6:S 

44 

a/a 
lXll'A -
100 

101 

101 

100 

M 

50 

50 

Aocordi.na to these authors, •tbs oonclusion 

.Pigment 

100 

41 

16 

46 

9 

87 

'!II 

t be drawn that 

the DOPA reacUon aaures some phase of the yellow producina system am 

that this SJ'Bt ia present in sepiaa as well as yellow • • 
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The time, and site, of action of alleles at the •iouti locus, 

have been studied in mice by Reed (1938f,1d38b) and Silvers (1955 , 1958), 

r espectively. Reed (1~38a) carried o ,t s kin transplants using the skin 

of newly born or near-tenn embryos. Transplants bet~een black-and-tan 

and ~rey-bellied •ioi..t i phenotypes, and betwe,:;;n dorsal and ventral surfaces 

of the same mouse , showed autonom.r of the ~raf'ts in all cases. Thus the 

colour differences appear determined before birth. R€ed (1~~8b) ext ended 

t h is worK. to i ncludt: non-aiouti wi th blac k-and-tan, both ot· which proved to 

be autonomous wi th tach otht r after the embryos were 11 ram. l ona . This 

outhor was also a ble to show that host epidermal melanocyte miiration took 

place into the donor folliclt:s ond al tbo~h the skin t i seue transplants 

showed aut onomy, the mi .,.r atini;r mt lanoc.1tes did not. Silvers (19bti , 1~!:>8) 

extended this techni que to the other al l e les at the aj_{ outi locus, and ustd 

l{ussell' s (1946) r,~ment char acters to de t ermine whether {Jiilll(:nt in an:, part 

of the ha i r came 1rocn "donated rne l anoulasts,. of the host or from "..h.2!!! 

follicles" of the donor. Miiratini .l-'41!lent cells of all Si outi types 

responded to the ,ene tic constitu ~ion of the receivina hair follicle. Thus 

all i enes so far studied at the &iouti l ocus show non-autonomy of the piiment 

cell and autono1113 of tbe folliclt.. It is the &iouti genotype of the hair 

follicle which determines whether a melanocyte will produce eumelanin, 

pbaeomelanin, or both. 

B. DOIUifANT WHITE 

This aemidominant mutation (s.Y1Dbol Kiwh) was obtained by Grebman 

and Charles (1947) from the otfsprina of an X-irradiated male mouse and 

hence was probab]3 ind1.1ced. These authors describe the coat colours of 

the three eenotypes as follows. 

Mi wh )(1 •baa - in,:Ustinauisbable in colour from albinos 

uawb miwh 
"'1.L aa 



-cwh wh 
llU, t1l aa 
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- black: 

These authors also stooied individual hairs sampled from the mid­

dorsum at 46 and '16 days of •ie, and hence probably represent the second 

and third pel.oies. The hairs •e re cleared over a period of ~ days in 

increasilli concentrations of xylol in 95% alcohol, mounted on slides and 

studied under the projection microscope . Tracinas were made of 100 micron 

l ell{i ths at a position proximal to the second bend fro m t he distal tip of 

a ziaza~ hair. A straieht line wa s drawn throuih the centre of the 

medullar.1 pii1nent bal'lds, parallel to t he leJ1ith of the hair, and measure­

ments of the widths of the bands were mad1:; along t he l i ne. The sums of the 

widths p rovided a measure ·nent of pi&ment in the hair. The amount of 

piiment, expressed as microns of pigment per 1 JO microns of hair, r an, ed 

from 55 to 70 for mi wbmi whaa '!dee, and was reduced to 35 to 45 in Mi whmi whaa 

wb 
Other effects of the ;Ai, &ene i n the hetroz,YiOUS state are to 

cause ligh te r coloured tails and feet, dark r ub:; rat.~er t han blac k. e:1es, 

and occasionally a white ventral or dorsa l spot. Homozyaous whites show a 

wb 
reduc tion in the size of the eye, and the Mi a llele i enerally is 

accompanied by a decrease in f e rt i lity as measured by mean litter size. 

Lane and Green (1950) have shown that Dominant White is an allele 

ot l(icrophtballllia (lli/Xi) and thus the oriainal &J'lllbol Wh is now lli wb. 

Thia aene J.ocws is located in the XI linkqe eroup. 

Markert and Silvera (1956) have examined the occurrence ot 

melanocytee in 8'.x different body tissues of the mouse. Kice of the aeno-

wh .4._. wb type Ki /aJ. have no elanocytea in the choroid, hair follicle, ~ar 

sld.Jl, lfGrderian alana and nicitana~ but clo have melanocyt • producin& a 

small U101mt of pi,ament in th reU.na. Mice of the aenot1P• Mi wh /Id. wb 

show pi.a nt producina lanocytes in tb retina, hair follicle, ear * in 

and nioitana, but baYe no melanocytes in tbe ahoroicl and 11.rderie aland. 
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wb 
Consequently, these authors BUiiest that the Mi ; ene has its effect 

on the ear],y steps in melanoblast differentiation by controllina or 

alterine the tissue environment of t he malanoblast. 
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IV, UM.BROUS Gl:NES 

Gruneburi (1952) hae reviewed the small series of genetic 

modifiers which operate to cauee a darkeniJli of the dorsal coat in mice. 

i.iodified yellows or "sables" are caused by the presence of variable numbe rs 

of doraal hairs containi~ cortical eume lanin in the coat of yellow 

(AY /+) mice. The "sables" form a continuous series in colour from dinu 

ye llow throui h to ilossy block, with increasl.Jli nuni>ers of the black pi i mentecl 

hairs. The i ntensity of colour ch~e s with successive moults, and such 

mice are usually darkest at abou i 5 we eks of • i e• Such !Qldif.Yilli factors 

have collecti ve ly been t e rm6d "umbrous" ~enes by BQrrows (1934). 

Dunn (1920, reported Gruneburi 1952) has shown t hat t hese ~ene s were 

independant of the aaouti s e ries. On t he ai outi backg round, t t.eir 

effect va ried from t he producti on of a streak of dark p i gment& t io:.'l do.-,n 

the mid-dorsal line, to an al most C-:)mpl etely blnck colour ove r the e ntir e 

dorsal s urfa ce. The d ar keni~ effe ct of t hese ~e ne s was t he same in 

a/+ and+/+ ~enotypes. 

Ba r rows (1934) showed that at l e ast some "t.anbrous" ~enes we re 

e i tec t ive only in the a/+ ~enotypes, arrl as such act as dominance modifiers 

of non-aiouti. 

Mather am North (1940) have studied the action of an isolated 

• Wllbroua" iene (s,Ylllbol U) , which darkened the aaouti coat from the eyes 

to the tail alotli the mid-dorsal line, and which reduced the lenath of the 

aub-terminal yellow hair banda int his reiion. The a•ne behaved aa a semi­

dOllinant, and its effect was sliaht1_r enhanced in a/+ i enotypea coa1pared 

with +/+ ,-notype•. The a•n• has no rleible ettect on an a/a aenetic back-

1:mund, and caused a •sable• appearance in J..1/+ aenotypes. To deteradne 
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a~ &&outi- "untbroua" interaction, these authors stwied sets of prepared 

s kins taken from mice at the ~es of 14 days and 6 weelcs. The prepared 

skins were araded more easily b.Y eye than were t he 1ivi11tt animals. 

These skins were ~iven numerical values believed to represent the darkenilli 

effect. The results were shown in Table 7, taken f rom Table IV of 

Mathe r end North's p ape r. 

uu 

Uu 

uu 

Table 7 

Re lative Li2htness of t he Hair. 

10 

11 

12 

8 

10 

11 

0 

0 

0 

Althoui h the younaer se t of skins w€ re dar~er, t he 6 weeks se t 

a5 r eed in havini the same interaction. The domi nance of A+ over a, 

appeared to be inoanple t e when prepared skins were s tudied. 

Robi nson (1959) has studied a nother "umbrous" aene ( sj mbol U) 

isolated as a "sable". This aene bebaved as a simpl e dominant and seireeated 

as AD "mbrous" ~ rut on the aaouti backiround also; althouah "umbrous" 

8.iouti and wild-type aaouti phenotypes could not be distinauished as easiJ..r 

as "aable" and yollow. Thia author poi nted out the near polta enic nature 

ot "tabrowa" aad the possibility of o"Yerlappina "Wlbrowa• aeouti and aaouti 

pbenot,rp4te. 

The appearance of the •abroua• phenotype waa variable and no 

obnoua ditterencee could be aeen betweeu 1.7 /a• Ta A.7 /Aw am A• /at, Ta 

Aw/Aw aenot1P•• in c011bi.natton with botil U/U and U/+, althouab preparecl 

ald.na were not stlll!ied. "Umbrow,• waa apparent]J inherited i.ndependenti, 
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ot aaouti and probably of sex; althouih the ~ for the overall (four 

ma tinas) independant assortment of IL with sex was 4.16 which just exceeds 

~he :;i_x; level of Sii nificance. This " umbrous" 2ene had no visible effect 

on belly colour in eithe r yellow-belli ed or f~ rey-bellied aiouti phenotypes. 

Lane and Green (1960) have reported an ''umbrous" ~ene which caused a 

str0112 r eduction in size of the yellow aiouti band in hairs alona the mid­

dorsal line, a lesser r eduction on the lateral hairs, while the vent~al hairs 

we re almost solid i rey with no yellow tickina. The ears and tail were more 

d eeply pi,amented than is oormal. This ienE: behaved as a simple recessive and 

has been termed mahOiany (symbol ma) by these authors. The mahogany pheno­

t7pe was recognisable on a non-a2outi phenotype by the absence of white 

hairs from behind the ears, and blacker tail, fe€t and le~s than nonnal 

non-ai ou tis. :,inka~e tests performed by these authors placed maho~any 

approximat e ly 12 recombination uni ts from the aeouti loam. 

Fa l coner (1956) ha s reported the appearance of a new umbrous 

Mutant which has been named dark ( symbol da) . The most obvi o.is effect on 

colour in A+/+ and A7/+ animals was that "on t he back t'1e yellow 1;1 iment 

is replaced by black, so tha t both look like a/a except on the flanks" . 

This mutant behaved as a recessive, and &ave i Ood Nireiation. The homo­

z,niotes bred poor]J, and showed a reduced irowth rate. Falconer (195'7) has 

shown that the dark locus is located in linltqe aroup I . 
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PHELDilNARY AiATINGS 

I. Introduction 

'lhe factor under investiiation was first observed in t hird inter­

croas litters ot body weiaht - tail leneth selection l ines (Cockrem 1959) . 

These lines were made up of crosses between the f ollowi~ three inbred 

lin(;s: 

Inbred w 
line A 101 (homozyaous Aw/Aw) (A) ) 

( hO!IlOZ,YiOUS A+ /A+) 
) 

ff • CBA (B) ~ Desi2nntion -
" " 0 57 (hOOlOZ,YiOUS a/a) (C) ) in Fii• 5. 

The pcdi.cree, up until the first dark mice we re seen, is shown 

f1 A a A C 
A b b R 8 c.. C C ._ 

\ I \ ' 
I \ I \ . \ I \/ \ \ I \ I \ I 

I \ ' I - '+ 
2. JI ,s I..,_ j 

\ I 
\ , I \ I 

I 
\ 

\ I 
\ 

\ ~ Ji ,I..> ~ -- ,,, 
/ 

... 
--....... --. / ..... 

I ' ;(. .., -E ( .:l• r,c. ,-. i~ t 7 :.. ' ~ t '- .,J 

.) '-c., ~ 

L-

The phenotype of tbeae animals could beet be described as a 

darlteni111 ot the coat to an al.moat black colour alona the mid-dorsal 

line of both .7ellow-and arq- bellied aaouti mice. 

' I 
7 . 

Neither aatina• 26 nor 51 were selecW tor future matilliB but 

dark mice tumecl up in subeequent aenerationa. Katina• to in-veatiaate 

the aoetio baeia ot the clark ef te~ were atarted after P6 (Cockrea pen 



comm.) and the pe r tinant parts of this pedigree are sho,vn in Fig. 6. 

II. Matings 

I 
I 

, 
' / 
Ss 

I n an attempt to discover the nature of the i enetic situation 

causilli the seirei ation of dark, Cookrem s et up the followiJli ei.bt ma tilltlS. 

All of'tsprlna were classified at -..eamna (21 days of age) into eithe r dark 

or light (normal), on t he visual appearance of t he dorsal coat. 

d
1 

u 1ht (s
5

) x 11,ht (s
5

) 

d
2 

dark (s
5
) x dark (s

6
) 

d:5 dark 3\(s5) z l iaht oX(s~) 

cl• liabt ?' (s5) x dart ,X (s5) 

a5 Inbred c51 ?1 z S~ ~ 

c16 dark i" (a1) z Uabt ti" (41) 

~7 dark (d~) x dark (4~) 

48 dart ?' (a4) z dark ~ (a1) 



III. Results 

Apart from d5 , which was a test-manna of the a5 female, the 

above matings fell into two aroups, acoordifli to whether or not the 

offspring contained some non-aiouti (a/a) mice. 

Mati.r\ie d1 , a3, d4 , and d6 gave only 8iouti (A/+) offspri~, while 

matings a2, d7 , and a8 " ave some non-agouti (a/al o:ffs»ri~. The resulte 

from matir'lt1s d1 , d3 , a4 , and d6 are shown in Table 9, and those from 

matings a2, a7 , and a8 in Table 11. 

Table 11. 

(Numbers of :Aice (sexes combined) classified as 
Dark, LiJ ht and Non-a2outi from Mat~a d2, d7 and da) 

Mati~ Dark Light Non-aiouti Total 

d2 19 0 8 27 

dy ? ? 1 5 

de 4 1 3 8 

Total , ? 12 30 

Unfortunately, the mother in matilli dt died shortl.r after the 

birth of her first litter and c lassification of the to-ar aaouti oftaprine 

into dark: and 11.iht waa not poS11ible. Due to disease, matina d
8 

was 

terminated after classification of the first litter. 

Katina 4 5 i•ff a total ot 16 mice, all of which were aaouti 

phenotype a. 

In analysiJla the clata from Table 9, the aiapleat hypothesis t1> test 

1a that the dark x li&bt matin&B ot cl~, 44 and d6 represent cross~ of the 

t1P• heteroqaow x bomoznote, the latter beina wild-tn>e or clr.rk accordir12 

to the dollinance relations. Tbe ezpectaUon 1a a 1a1 ratio for simple 



monoienic Mendelian inheritance of dark: liiht amone the offspJ1.ni. To 

test this hypothesis, a Chi-square analysis (Mather 1938) was carried out 

on the 4ata in Table 9. The liiht x lii;Cht l'IB t.in~ was included in the 

analysis on the basis that if the results dtffered from a 1:1 expectation, 

t his miiht be ahown up in the heteroseniety item. The various estimates 

of °X' are shown in Table 10, the pertinent features of which may be SU Jm&riaed 

as follows. 

Table 9 

Numbers of mice of eac h sex classified as dark 
and light from matin£;s d

1
, d3' d4 and d6. 

Dark Liiht 

)iatina bl.ales I<emales Males r em.a~ s Total 

d1 8 6 15 11 40 

d3 6 11 15 7 'Sl 

d4 6 6 7 7 26 

d6 5 6 5 5 19 

Total 25 29 40 28 122 

Table 10 

Chi-square estimates from the data in Table 9 

So11rce Dark TB Liaht llale ff Female Linkaa• 4t. 

41 5.6000 . 9000 .1000 1 

.3 .2452 .1081 5.291, 1 

.... .15M . 0000 . 0000 1 

de . 4757 .0562 .4757 1 

Toula 4. 4707 1.060'1 5.8110 • 
Combined datal.. 6066 . 5246 2.0984 1 

Heteroieuit;J' 2. 8641 - ~1 1. 7726 , 
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p . 05 . 10 . 20 . 30 . 50 • '70 

'X2 
1 3. 84 2. 71 1. 64 1. 07 . 46 . 15 

~ 7. 82 6. 25 4. 64 3.6'1 2. 37 1. 42 

( i} All estimates of ;t:' iive probabilities ot ireater than • 05. 

Consequentl,Y there are no statistically si2nificant deviations from 

expectation in the table. 

(ii) The ratio of dart: liaht offsprizla is in good aQreement with 

the expected 1 ; 1 ratio in matirllls a
5

, a
4

, and d
6

• MatiJli a
1 

is only just 

in agreement with expectation (p = . 05-e- . 10) wh idl might be the result 

of random sampl if>i , classification errors or representing some ratio other 

than 1;1. There is no evidence of heteroieniety between the !Ill tings 

(p :s • 30 - • 50) and consequently tbe data may be combi ned to :..;ive a n 

overall~ of 1. 6066 which is a, ain in aireeraent with the expected 1:1 ratio 

of dark: li~ht (p = . 10 - . 20) . 

(iii) All mati~s 2ive estimates of 1'.2 
in 9ireement with the expected 

sex ratio of 1: 1 (p . 30) . There is no evidence of heteroienic ty (p = . 70) 

2 
and the combined data iives an overall X

1 
of • 5246, •i•in in iOod aereement 

with expectation (p = • 50 - • 50} . 

( iv} There is no eTidence of 11.nkaie of clark and sex in matiDiS a1 , 

a
4 , and a

6 
(p) . 30) althouab tin& ci:S is only juat in lllreement with 

the expectation ot no 11.nkaa•, (p • . o=> - . 10). There ia no evidence ot 

beteroaenietJ' (p • • 50 - • 70) and the co ined data is in a,reement w1 th 

expectation (p • • 10 - • 4 
The oombined date froa Table 10 waa analysed in a two-way cl.aseificatioa 

by the Wle of Cbi-sq re (Kather 194:S) to esUmate any sex - colour inter-
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action. The result was in &ireement with the expectation of no 

interaction; X = 1.8975 with p • . 10 - . 20. 

IV. Discussion 

In all the mat ~s of dark to d arlc., i.e. d
2

, d
7

, and d
8

, the 

offsprine contained some non-&iouti homozyilotes (a/a), indicati~ that all 

six dark parents of t hes € mati~s were heteroz.yiotes for non-aiouti. As 

th~se dark parents came from offspring of mati~s s
5

, d
1

, d
3 

and d
4

, and 

in all cas€s were heterozyaot.lS non-aaouti, it appeared as if dark nrl.£ht 

express itself only in non-ago uti heterozy2otea. An in~pection of the 

data in the body weight - tail length ~el e ction lines litter book showed that 

this could in :fact be the case. All u~:;:-l-: m1 ce recorded were either non-aeou1.1. 

heterozy2otes or could have been. In no case was a dark mou~e r e corded that 

was definitely lc.nown to be homozygous &{i:out i . 

The test-rna tilli of the s
5 

c,-t" i.e. ma ting d
5

, in which this mouse 

~as backcrossed to a non-a2outi homozygote from the c57 inbred line, aave 

no non-&£outi offspr~ out of 16 mice bred. Consequently it is likely that 

the s
3 

female •es homozyaous for a~outi (p = < . 01) a~ the non-a~outi 

allele probably entered via the s
5 

male. Thus the s
5 

matin& was probably 

of this type -

dark 

J, 
1~ dark aaouti 

and ? 11,aht qouti 

A1ain, the dark S~ rt" was a non-aa ouU .._teroqaote, which 1a 

farther evidence tor the hypotbdia that dark expresses itself only in 

aon-aaoatt beteroz:,aotes. 
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It sho uld be noted at this staa e that if AI.il.A non-aaouti heterozyaotes 

are dark, then there is no evidence for t he segregation of a sin.:le dark 

i ene; as compared with the possibility of a collection of dark "pol.7ienes" 

assembled i n t he pop ulation under study. Proof of the segre2ation of a sin2le 

dark aene ~ould lie in observifli expected Mendelian ratios of dark:light 

amoni et tbe non-aijouti heterozyi otes born to prepared matings. 

Three poi nts arose the n, from the results of the prt:liminary 

matiniS. They were: 

(i) An a 1,p rent seiregation of dark a."ld lii h t ai outi coat colours 

was taking place in the mice l i nes utjder study. 

(ii) Four mat ini S had 1~iven ratios of dark:light off spri ng , whi ch did 

not diffe r f rom t he expe cta tion of a 1: 1 ratio$ 

( i ii) This segr egation may have been the n s ult of t he 86i r egat ion 

of homozy2ous (A/A) and heterozygous (A/a) aiout i ~e notypes in the pn sence 

of one or more darkening factors . 

Consequently, as a basis for f urthe r i nvesti2ation, t he f ollowilli 

more s pe cific ques t ions wer- posed. 

(i) Is the Mereaation of dark nnd ligh t mice within a litter 

real, and not just visual separation of a continuous series? 

(ii) If real, ia the sesreaation of dark and li&ht tbe reslllt ot 

the seere,ation of a sinale dark aene? 

(iii) It a ainale dark i en•, does this iene ao, as dominant or 

recessive to its wild-type allele? 

(iT) An all dark ice heterosyaoua for non-aaouti? 

( ·,') What are the effects ot ieM interaction •• tar aa the aaouti, 

dark, and dominant white loci are c oncerned? 

The answer to these queationa required a method ot objectively 



-29-

measurina the dark effect, which was practicable for the n umber of mice likel.1 

to be r equired to test ~enetic hypotheses. 
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G-ENETIC STUDI1!.S 

I. ~xperimental Techniques 

A. Available techniques and tests of practicability. 

The visibl e colour of an &iouti mo~e coat will be dependant on 
~-s. 

the followina fact ors , (Dry 1926, Russell" 1946) . 

(a) The l eniths of the yellow bands i n the respective hair types. 

(b) f' roportions in the coat of the three main hair types. 

( c) Pi afilent attributes within the hairs of ,my one type. 

Dry (1926) has investigated (a) and (b) above in the Biouti mouse 

coat, using histol,:,iicnl methods. The pi2ment attributes wit hin the hairs 

have been investigated by tbe means of several diff erent techniques. 

(i) Visual or l' hotometric co,npari sons on prepared skins (Barrows 
wo1... H 

1954, rfather and North 1940, 1 .. Pi.t~At 19o5J. Bcirrows (19MJ am Mather and 

North (1:.140) have report ed that sl i i h t dif ferenc,, s in mice coat colour are 

more easily discernible from pr epared skins than f rom the livirli animal. 

C0nsequently it was decided to skin each mouse of a litter in which dark 

aro liaht were sup:osedly eegrei atin~, and visually compare the intensi ty 

of darkneaa of t hese skins with the object of (i) obtaining a mor e perfect 

classification of darlc and light, and (ii) obtainiJli representative 

darlc and 11.iht skins with which other skins mi.iht be compared. 

The udcc> ~ed were aldnned at weanilli and the alcins were laid 

uijderside down on blottina paper soaked in 10J' formalin aoluti OA (Flux 

1960) and a tlat weiaht pl.aced on top. 
t/llbl-#' 

A aensitin pboto1111tric apparatus such•• that wsed by Wrisht (1955) 

w~en stud.Yin& auinea-pia akina waa not available. 

Prepanl akin atmiea were diaappointina in that altbouah the 
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technique 2ave excellent skins, comparisons amoD.i them i&ve no more 

information th~n classification of the live animal. The classification 

of any skin Oireed in all case s wi. th that of the mo11Se before skinnina, 

even to the extent that "doubtful" decisions in vivo we re "doubtful" 

decisions on the s kins. Consequently there appeared to be no advantaae 

in skinning the mice, especially as this prevented f urther breedina 

after classification. The study of s~ins was thus abandoned. 

(ii) Col ourimetric and sp~ct1:gphotometric determinations on 

melanin solutions (Baker and Andrews 1944, Daniel 1938, iiussell, E. S. 1939, 

Hiedenthol 1940). This technique has beer, confined to the :;i tudy of yellow 

a&elanin which appears to be alkali soluble. However, there is some doubt 

(Ru.'3sell L.B. and Russell W.L. 1948) as t.o .-,h-,ther true solutions are f ormed, 

and the techni,ue was conseque ntly not used. 

(iii) Gravimetric estimation of the weii;ht of melanin per unit 

weii.ht of hair (Eine s e le 1937, Dur.n and EinesGle 1938). The se authors 

hydrolyzed mou!'le hair with .6N mu and separated the melanin by rentri~Uiilli 

and washin2. The teahnique was rende red less accurate by the fact t hat a 

proportion of the hair ~ratin does not g o into solution. This proportion 

was estimated uaina hair from albin.tJ mice, and all melanin weigh• obtained 

from a>loured mioe were corrected by this factor. Differences in melanin 

weiabt were indicated between major colour types but not between close 

colour differences. It wal!I therefore doubtful whether t his technique would 

be aafficientl.y sensitive for investii•tini the dark iene , and conaequentl.r 

it••• not wsed. 

(iv) l:iiatol ogical eminat1(!! of the hairs (Ruaell E.S. 1946, Grebmaa 

and Cbarlea 1947) . Russell, E.S. (1946) wd.na the technique mentioned in the 

retlew of literatlll'e, wu able to detect the effe"s on hair pi&ment ot 



- 32-

alleles at the chinchilla, agouti~ pirJc:- cye, dilute and brown loci. To 

test whether the effec t of the dbrk .ene was on one or more 0f the seven 

pi iment attributes this author s tudied, a slight modification of Russell ' s 

(1946) technique was acopted as follows. 

:r·rom the plucked hair sample (descri bed in next section), a small 

tuf t of hairs was taken and -.ollkt::d in an alcohol-xylol mixture for 4 days. 

These hairs were t hen mounteo en masse on a ilass slide in pure e,ui-albuntln. 

The crous-sections we r e obtained by I, laci?li anothe r tuft of hair from the pluck­

ed sample in a hand-microtome, from which sectioll3 we r e cut with a r azor 

blade after hardenin. the hair with a drop of celluloid-chloroform solution. 

The resultini cross-sections ~ere a~ain mounted in p ure e~~-albumin. both 

whole mounts and cross-sections were s tu .. i .:d under a binocular rnicrosc:ope• 

usi~ an oi l e:!lf! r sion objective lms, with the condense r hns also oiled 

to the s lide. A li.iht green photog raphic filter was placed in th(; fi ltt r 

holde r in an endeavour to reduce the wave-le112th of lii:ht being ut ilized. 

The microscope was used at a tht oretical magnification of X.2100, but 

actual magnification obtained was probabl_y X1400 +. 

(a) Whole Mounts 

The three plament attribute.a measured by Ruaaell, E.S. (1946) on 

11hole mounts were also s tudied here, a{lain at aucceasi ve 10 microscope 

field in~ervals down the hair starti~ f rom the 4th field. In addition, 

at each field atuaied, the diameter of the hair was recorded with tbe use 

of an ocular ad.crometer, which on calibration by a a l aaa-sllde ad.crometer 

at the 111-anification used, showed diviaiona ot . i& ,....c, Both hair lenath 

and lenath ot tho sub-terminal yellow .na were meaaared tor each bair 

studied, both of . tbeae variable• be~ meaeured in uni ta ot "ad.oroacope 

field diame~ra•. 



The whol e mount s were disappointine in t hat the pi iment iranulea 

were so densely crowded in the medull ary cells t hat accurat e counti~ 

of the number of iranules in a cell was impossible. This discrepancy 

with Russell's (1946) results was confi rmed by two independent obse rvers. 

Cortical a ranules were more easily counted but t his, too , became impos s i bl e 

in densely pi2ment ed reiions near the tip of t he hair. 

(b) Cross-sections 

The four piament attributes measured by Russell (1946) from 

cros s-sections were also me asured ht re . 

The cross-sections cut by the hand- microtome were far too thick 

when viewed under the microscope. An attempt was thus made t o cut the 

cross-sections or- a me chani cal :;;..;. -:-:ro tome. A small tuft of hairs was se t 

in a hi2h meltilli point wax block and iOOd sect ions were obtained us intl the 

microtome at a setti~ of 1 ..M. All sections were cut at a l evel of 

ap1.roximatt ly 1/3ro of the distance down t ht: hair from t he tip, 1. e. in 

the bla ck. piiment zone. A~ain, as in t he whole IXlOunts, t he pi ~ ocn t 

. ranules '\'. er e too densely crowcled to allo\'> rneaaurernent of 4'ranule dialll€ ter. 

The shape of t he i ranules could not be discovered, and the colour of the 

2 ranules appeared as a fucous-brown in all cases. 

The hi&h mainification used was obTioual.y near the limit ot the 

microscope ' s resolviJli power. Halvi~ the mai nification of the eye-

pieces areatly sharpened t he irmae, but made the a r anules appear too anall 

to De •asured or count ed wit h confidence. Conaequentl1, attempted measure­

ment ot Rw,sell ' • (1946) seven piament attributes was discontinued in t his 

s1a.l dy. 



-34-

In view of the dif.ticulties encountertd in attemptilli to 

utilize Russe 11' s (1946) technique, and the consequent decision not 

to use it, it became evident that the lellith of tht: agouti yellow band 

was the only remaini1'1 character l eft for study. A preliminary l ook at 

hairs from a few random dark and light ud.ce of different titles did SU&iest, 

however, that the lellith of the yellow band was reduct d in dark mice as 

c ompared with lisht mice. If this shortenillti of t.he barrl in dark mice was 

due to the dark sene, the n the absence of infonnation on p i gment i ranule 

attributes was not so important. That i s , the length of the yellow band 

could ~~ve the bnsis fer sn ubjc~~ive 6tudy, anc.l thi~ ~as all that was 

re:quired . 

As ye llow band lcn!j; th, 1:.oiethe r v. i th hai r lt.ngt.h and hair 

diameter, could all be r:teasured at mat,;nil ications much lm.e r t han 1400 X 

it was decided that these three variables could be, ci a sured more effic-i..;d;ly 

on t he pro jection micros cope . 

It was also decidt;d to employ t ht:: tectmique used by Grobman a nd 

Charl~s (1947 J, to measure :he total len.; t h of medullarf black p iirnent 

per unit len)lth of hair. The reasons for decidina to employ this rElative ly 

innaourate technique were as follows: 

(1) The measurements were carried out usina a projection microscope 

am could thus be obtained in t his study, with little xtra ti in•olved. 

(ii) In the absence ot Ru 11 '• (1946) technique, there waa no 

other way of collectina infomation on black pi&ment. 

(iii) Gfl~m and Cbarlea (1947} used thia metboc! in comparq 

~outi-d0111oant white beteroey-aotee (A/+ Miwh/+) witb aaouti-wi.14 typea 

{A/+ +/+), both of which nre ae tic bacterounda tor the present 

inves\iaa tion. 
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(iv) The measurements obtained miiht be useful as a concomitant 

variable to the yellow band length s tudy. 

The sampling procedure is de s cribed as follows: 

At weanine (21 days of age), a small tuft of hair was p lucked 

from the sampling position with a pair of au~ ical forceps. One sample 

was p lucked from each mouse, and r epresented an area of approximate1_y 

. 25 - . 50 sq. ems. The sampliJ1i position was on the mid-dorsal line , 

slia:htl,1 posterior to a point half- way between the ears and the root of the 

tail. This position is shown dia~rammaticall,r in Fia: ure ? . 
I 

ft 
-- --- ~-

Fig. 7 

Showin~ sampling position 

on t he dorsal surface. 

X = samplilli position. 

At 21 days of ~e all hairs of the first pelaie are in t he club 

steie, and havi:rli completed irowth are easily plucked (Dry 1926, Borum 1954). 

Samples were stored away from lia:ht until they were required 

for study. 

The visual classif ication of each litter into i rades of dark 

and 11.abt mice was carried out at 2 weeks of aae and aiain at wean.in&. 

It was found that tbe easiest estimate of a mouse ' s rel tive de~ree ot 

dartness wh n compared with another mouse, could be obtained by holdinl 

tbe two ani l a upside down by their tails at a diatance ot approximatel.,y 

two teet below the eye, and alancinj verticall,r straiaht down tbe dorsal 
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surtacea. All comparisons were made within litte rs, independant of sex. 

The comparison wi thin litters was necessitated by the fact that coat cola.ar 

intensities alter wi t.h aae (Dry 1926, irtather & North 1940), and that 

d ifferences between liviJ14i mice and skins from mice of the same llie 

were difficult to assess. 

In an endeavour to overcome an:, likely personal bias towards 

classifyina mice into the number of aroupa expected from the hypothesis 

beini tested by the mat i Jli involved, t he f ollowina procedure was adopted. 

Two rnice picked at random from the 11 tter were compared visually as 

described above. The results of this comparison could be either of the 

followillj;: 

( i) lX> th mice thtc same 

( ii ) One ,,,ouse darker 

In each ca!')e one mouse was placed in the ~ propriate of three 

boxes marked ,.Lii ht", "Dark" and "Same". The remainif1',; mouse was then compar­

ed with another mouse picked at random from t he litte r and the process 

repeated. When the v,hole litter was divided into "L~ht", "Dark" and ''Same" , 

the nee in the "Sameu box were compared &I,;ain with any one mouse f rom the 

dark iroup and were consequently c lassit'ied as "Dark" or "Li1ht,. . This 

process resulted in the 11 tter beine classified into two iroupa ("Dark" and 

"Liaht") or one 1roup onJ..r ( .. S&11e"). It sufficient mioe were trvailable 

the procedure was then repeated on mice within "Derk" and "Li.aht" il'Oupa. 

All mice were 1iven a claeaification, and a doub'ttul decision 

waa recorded aa ouch. Thia claaaitication waa carried out at 2 weeks ot 

a1e when comparisons were more eaaily aade. All mice were ear-marked 

am their classification recorded. At weanilJ8 -the litter was aaaiJI 

classified and tbe reaults compared with those obtained from the 2 weeka' 

atud,1. Different claaaitioationa ot the aaa19 llice between tbe two sets of 
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data were recorded as "doubtf1.1l" a rd the claseification given to such mice 

was that of the 2 wreks' study. 

Sexes, within a litter, were not classified separately as t his 

made the mice numbe rs available for comparison too few. In matinas where 

the Dominant-white ~ene was seire~ating, i',hi te heterozyjlotes and t heir 

normal f.enot_fPes were classified separately. 

The procedure may be s ummarized as follows: 

.F'or each :nntini , the male and femal e parents were ho1.1sed together 

in a cage continuously. The dete the rnatilli was made up was r ecorded, 

toie ther with informa tion on the rigin of the two parenta. Each cage was 

inspected daily for t he appearance of litte rs9 the date of birth and size 

of the litter beini r ecorded. 

At two weeks of age , litte rs were classified into the dark and 

li&h t grades as previ ously describ ed, each mouse was ear-i!ISrked, and its 

classifi cation re corded. v;eanill,i! took place at ~ weeks of aae. At 

weani~, t he mi ce were classified a~ain , and body wc i ihts to the nearest 

9 2 arms we,·e recordf d . Sampling then t ook pl ace. The mice were then 

killed or s tored in ca2es of separate flex.es, accordina to whether they 

•ere required for future matin.s or not. 

From the plucked sample a small tuft of hairs was taken and 

apre-1 evenly over a alase slide. A drop ot p ure e&~- albumin was spread 

over a larie covemllp and this was placed over the hairs on the slide. 

It was found that mountilli the hain directly in eai-albumin g ave 

preparations free ot air bubbles inside the hair -..itbin one hour, and 

consequentl.¥ the alcobol- .x;rlol treatiuent was not neceaaar;r. 

The whole aoUJ1ta were then placed in the projection microscope, 

uaina a mainification ot X 500. Eiaht ziazaa haira were meas1.1red for 

each ali.de. Tbeae eiabt zicz•1 hairs were sampled at random from the 
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slide by searchi~ for hair bulbs. HaTing located a bulb, the hair 

was followed up tot he tip where measurements beian• Tbe letlith ot 

solid oortex at the tip of the heir, the distal len2tb of black medullary 

p~ment, the le~ th of the yellow band, and the dis tance from the basal 

termination of th e yellow band to the first constri ction of the hair, 

were all measured to t he nearest • 5 ems. The number of medullary cells 

in the a istal le l".\ith of black rncdullar.1 piatment, and the number of medullary 

ce lls in the yellow band were also r e corded. The diameter of the hair 

across thE middle of the yellow band was measured to the nearest • 5 IS!l. 

At a position exactly half-way between t he two distal constrict i ons, 

a pencil drawi?li, over the ima.r.:e , was made for a 5 an. strip of the hair . 

This drawin~ showed the outer ed~~s of t.he hair and the out lines of the 

mcdulla ry pi.roont clumps. The 5 cm. strip was alw•ye 1tciun ai.;ainst the 

outer edge of the fi rst med ullary clump t o be included in th~ draw~ni • 

At t he completion of tbe drawing , the microscope was turned over 

to X 81 tnai nification, and t he total length of t.he hair was measured. The 

total le:1etth was always estimatt d from t he sum of lenaths of the sections 

between constrictions, all measured to the nearest • 5 ems. The proximal 

section was measured in two parta, which were1 the distance from the proximal 

constriction to the point where !Delanin clumps ceasecl to be evident, and 

from tbia point to the base of the bulb. The slide was t hen searched for 

another bulb, the •inification turned back to X 500, and the proceae 

repeated, until eijbt hairs bad been 1Deaaured. 

The 5 aa. l on, projection drawinae were measured later. The 

mean of three di ... ters acroaa the ha. r to tbe nearest • 5 -. waa meaaured 

and the total lenath ot medallar., pi1ment alofl8 the lonaitudinal mid- arla 

was also eaUmated, qain to the nearest • 5 am. 
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Samples were taken from t he first pelaae only, as mice were 

classified visually on the appearance of the first coat. Only ziizaa 

hairs were s ·.udied as these pepresent about 8°" of the dorsal coat. 

C. SAMPLING NlMBE_RS 

In order to derive some idea of the sample size required in-

~ t o discriminate between dark and li,aht mice on the basis of yellow 

band length , a p r eliminary analysi s of variance was carried out. As it was 

necessary to firs t have a reliablP. v isual c l aseification to place mice in 

c!hrk and 11.iht iroups , the first 25 l4:i
19

h/+ mice available from matin,es 

Mi 1 to Mi 6, were used for t his analysis. 

A s i milar a nalysis was also car ried out on the estimat e s of 

mt.dulla:ry piiment lcni th per 5 cm. ltn~tb of hair. The e s timate s of yellow 

band leflith and black pi i ment used tor each mouRe were the roo an value fo r 

8 hairs. 

(i) The Statis tica l .i.i odE. l 

The ana]Jrsis of variance model was 

yijkl • 

i • 1 • •• • • •• 7 

J • 1, 2 

k • 1, 2 

1 :r o, 1, 2 

.JiJkl is the yellow band lei-atb (or black piament lenatb) of 

th th 
the 1 mouse , in the iJk: cell. 

,..,,,.u i• a constant ettect common to all mice in the sample 

11 ie an etfect com::non to all mice from the 1 th 11 twr. 



sj is an e f fect common to all mice of the .1th sex, where 

a1 = males, and a
2 

= females. 

th 
ck is an e f1 ect co;;i 10n to all mice of the It colour i roup 

where c
1 

= dark, and c2 = liiht. 

e.ijlcl is an error or residual peculiar to each olaservation. 

The 11 , a j' <\ and__..AI are considered to be unknown fixed 

constenta. 

The e ijkl are assumed to be norma lly and indepemantl,1 distributed 

with the sane variance .{4 around a mean of zero. 

For the purposes of the preliminar.1 an.al;rsis, ma ti~s "ere 

c omb ined. 

The model was a nalysed by the method of fittin2 constants by 

l east sqWlres (f-.empthorne 1952) . The estimates so obtained are minimum 

variance unbiased. 

The oriiinal least squares equations are shown i n Table 12. 



Tlble 12 

The least squares equations for the prel iminary analysis 

of yellow band le~th and black pf.iment lefl{.:th. 

.Mean Litters Mal es 1'r:maltS Dark Liiht Yellow Band Black Piiment 

~ 11 12 13 14 15 16 17 81 s2 ~1 c2 
leJ1ith 

(ems) 
~ !J 

l eneth 
(oms) 

~ j 

JI, 20 4 2 4 3 2 ,, 5 10 15 12 13 780.687500 532.990000 

11 4 4 1 3 2 2 101.125000 91.310000 

12 2 2 2 0 1 1 67.812500 39. 880000 

13 4 4 2 2 2 2 123.750000 80. 120000 J.. 
) 

1, 5 3 1 2 1 2 95. 375000 61. 250000 

15 2 2 0 2 1 1 62. 250000 41.190000 

~ '1 7 3 4 4 3 239.187500 154.740000 

17 3 3 1 2 1 2 91. 18'1500 64. 500000 

•1 10 1 2 2 1 0 3 1 10 0 6 4 309.750000 216.500000 

•2 15 :s 0 2 2 2 4 2 0 15 6 9 4'70. 937500 316. 490000 

01 12 2 1 2 1 1 4 1 6 6 12 0 34-6. 250000 265. 250000 

02 13 2 1 2 2 1 3 2 4 9 0 13 434.437500 267. 740000 
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In order to solve the least squares equations, the 1 equations 

were s olved for (.,-,ti+ 1
1

) in terms of the s ' s and the c • s . These 

expressions were then substituted in the• end c equations to ~ive equations 

only in the s ' s and o ' s. These four reduced equations have no llllique 

solution s i nce the rank of the matrix of coefficients is only 2. To solve 

the system, the non-estimable conditions ~ sj • 0 and £ <\ • O, were 

imposed. Under t his type of r estriction the estimate of /41 is tho mean 

of a hypothetica l po1,,ulation in which all sub-class numbers are equal. 

The r esultilli t wo equa t ions in a
1 

and c
1 

were solved by use of the Greqt 

method for solving s i multaneous equations ( £itner 1959) . As t here ~ere 

only two sex classifications ard two colour classifications, s 2 = - s 1 , 

and o2 :s - c1, t hese estimates were t he n subs ti tutE:.d back in the oriiinal 

e quations which we re then solved for t he (,,A'• 1
1
). From these 

est imates , the r eduction in sums of squares due to the fitting of constants 

was obtained. 

The adjusted mean squares for effects were each teated against 

the !!le an square for error ~ interaction with the awropriate deirees 

of freedom, if t he mean squares for error and interaction were of the 

eame m~ni tude (Rao 1952). 

The sums ot squaree due to all interactions were e stimated aa 

the ditterenoe 

Between aub-claea u - R ( /", 1_~•,o) 

(!Cempthome ~ 52); and were teated ~ainst the within s11b-claae sums of 

square• or error. The interactions maat be ahown to be non-aianificant tor 

the assumption of addiUrt\y iq,licit in tbe model to hold. Ia the evellt 

ot the additivity auumption not holding, the anal,yaia ot variance must 

be carried out within the interacUna eroupa (Kempthome 1952, R&o 1952). 



( ii) RESULTS 

(a) Yellow Band LeDjth 

The analysis of variance to teat interactions is shown in 

Table 13. As interaction was nett sj_znificant, t he analysis was continued 

on the assumption t hat the sub-clasaification effects were additive. 

Table 13 

Anal.rsis of Variance of interaction 
(Yellow Bend Lenath) 

S(tource d. f . s . s . 

Total A 25 24866. 9~ 

/l. ~l,s,c) B 9 24752. 43 

Between sub-
classes C 20 24824. 66 

Interaction C- li 11 72.2S 

Lrror A-C 6 42.33 

F Value 11 & 5 d. f'. p i:s . 05 is 4. 7 

M.e. F 

6. 57 

8. 47 

• 77 N. S. 

Esti mation of the effects and the resultin£ SUlllB of squares 5ave 

the analysis of variance shcnm in Table 14. There were s i pifioant effects 

associat ed with litters and colours. 
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Table 14 

Analysis of -variance of ef'fecta (Yellow band le111th) 

Sttource 

Total A 

11.. kl,s,c) B 

Error & 
Interaction A-B 

fl. y,11 E) C 

Colour Gro1.1p B-C 

i. ~l,cJ D 

Sex B-D 

fl. y ,s,c) E 

T, i tters B-E 

F values 

d.f. s. s. M.s. 

25 24866.99 

9 24752.43 

16 U4.Cl6 7. 16 

8 24619. 0V 

1 133. 56 133.56 

8 24748.17 

1 4 . 26 4 . 26 

5 24509. 87 

6 242. D6 40. 43 

1 and 16 a. f . P = • 01 ia a. 68 

P = • 05 is 4. 54 

6 and 16 d.f. P = . 01 is 4-. 32 

P = • 05 is 2. 79 

F. p 

18.62 •• 

. 59 N. S. 

5.65 •• 
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(b) Black fiiment 

The anal,rsis of variance of interaction is shown 1n Table 15. 

Table 15 

Analysis of variance of interaction (Black piiment lenath) 

s,ource 

Total 

Ii ~
1
1,s,c) 

A 

B 

Between sub-classes C 

Interaction 

Error 

C-B 

A-C 

d.f. 

25 

9 

20 

11 

5 

F Value 11 and 5 a. r. 

s. s. 

11446. 9 

11406.4 

11433. 9 

27.5 

13.0 

P = .05 is 4. 7 

F. 

2. 5 1.0 

~. 6 

The analysis of variance of effects is shown in Table 16. 

Table 16 

Analysis of variance of effects (Black pigment leJ1iths) 

Seource 

Total 

/l ~ l,s,c) 

A 

B 

Error & InteracUon A- B 

/2.. ~l,s) 

Colour iroupa 

11.. ~ l,c) 

Sex 

/l.. ~•,c) 

Littera 

C 

B-C 

D 

B--D 

E 

B-E 

d. f. 

25 

a 

16 

8 

1 

8 

1 

~ 

6 

s . s. 

U446. 9 

11406. 4 

40.5 

11596. 9 

9. 5 

11402. 9 

3.5 

U377. 6 

28.8 

1 Val1.1ea • • See Table 28-/', 

M. s. F 

2. 5 

5. 8 

1. 4 

p 

N.S 

.os-.10 

N. S 

N. S 
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(iii) Discussio3'.!I 

(a) l e llow Band T~Jlith 

The pertinant results from the preliminary analyses were: 

(i) Statistically aiinificant diffe rences at the 1% level 

existed between the rnean yellow band lenaths of the dark and lieht mice 

iiroups. Consequently it may be supposed that the dark 2ene/~enea had 

an e1 feet ot reducini tLe len2th of the yellow agouti band in ziizag hairs 

i"rom t he position sampled. Also, with the sampli~ numbers used in this 

analysi s (8 hairs per mouse, ana appro~"i!lllltely 12 to 13 mice in e a ch group), 

t he techniqu~ was sufficiently accurate to detect such differences. I t 

should be noted t hat thef-le res ults ap£,lJ only to d ifferenc<.s in ;re llow band 

leng th between mict of the .;enotJP(iS M.i "'?+<1/+Aa and .Mi wh /+,+/+.Aa. 

(ii) There we r .._ statistically sit.;nificant differences at the 1% 

leve l betwf.'en litter means. This s~L·ested the necessity of eithe r correct­

ina for litter effects, or carr-,1~ out future analyses on a within litter 

basis. 
([if) ~e~ INu $ ##o 11v,·de#*Cil 1>/ ~t..K e~~~. 
As the n umbers of mice used in this analysis did not per.nit the 

differences between parent aroupa to be estimated, effects common to 

specific parent pairs (each as genetic back.:;round effects and natural 

effect&) are completely coni'ounded with specific litter effects (such 

as litter size and mean litter weanini wei&ht) . 

(b) Blaclc !1,ment LeDjtb 

There wu no atatiatioally si1nitic:ant difference between sexes 

or betw~en litters tor the black piament le11itba ot mice hairs es measured 

b7 tbe mtbcxl of G~ bman and Charl es (1947) . However, the differences 

between dark and lieht ~roupe bad • 7" probabilit.T of ariaina due to 



chances in sampling. This sugaested 1,hat, with l arger mice numbers, 

and/or COID:p&ring ienotypes with l Pilter differences in t heir d a rk 

phenotypes, the technique would be worth perseve r ing with. 

Wi th a minimum of 12 - 13 mice in each group, t he techniques 

appear satisf a ctorJ for de t ec ting differences between dark and ligh t 

mice g roups, on at least one obje ctive basis , and for a t least one 

genotypic difference. 
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II. G~.i:-TIC Rl!.SULTS BAS.r D ON Vl:}UAL SEGREGATIONS 

A. Introduction. 

The mati?liB to be descriocd were desiined to &ssist in answer­

i~ the questions posed by the results of the preliminary mat~s. The 

preliminary mati~a results indicated that the dark phenotype was 

ienetically determined. Consequently, ·the nature of the 2enetic situation 

(si.nile recessive, si112le dominant, or polyuenic) causina the dark 

phenotype, and the nature of any interaction at the dark am agouti loci, 

was investi~ated as follows. 

The first s eries of mat i.fliS (d9 to a17, D1 to D4 , B.1 and B. 2) 

were p la r,ned with the object of investi.;ati~ the se.cre.a tion of dark 

on a homozygous a~outi (A/A) bac~ round. These matin~s we re also expected 

to give information on the domi nance relations of the d and d+ alleles. 

The second series of matifliB (Mi.1 to Mi. 5) were designed to 

t est the hypothesis that int~raction OGcurs between t he dark and ai outi 

loci, by attempting to obtain the seeretation of dark on he terozyi ous Biout i 

( +/ +J,t w/ w/t . A a, • 1a, A a, A a ) · bacqrotmds. A~ain, information was expected 

+ on the doro.inance relations of the d and d alleles. 

The third section wt ich consisted of one mati:na (nT), was 

deaianed as an attempt ~ relate the results of the previous two aectiona 

on a within litter basis. That was, investiaate the phenotypes of de.rk 

and liaht mice on both J."'jJ.w and A%t baclcirounda. 

Tbe last maUna (U.1) was desfaned to test the conclusions 

drawn from the MiT matin&• 

In n ew ot the difficulty involved in claasifyiJli mice as 

dark or liibt b7 eye, tbe Dominant White allele (Miwb) was introduced 

in the beterozyaowt state in sutinaa Mi.1 ~ Mi. 5 and Mi.!, in the ho~ 



that the dark phenotype rnii ht show more obviously on the li~hter 

coat of )l11th / + mice. 

In most cases, the desiins of the above matinas, and the 

oonclusions drawn from their results , were part ially dependant on the 

results obtained from the precedina matinee. Consequently, each of 

these four se ries of mati~s i s described in the above order to facilitate 

present ation. 

B. The Matings and Visual Results 

1. Homozygous Agoutis 

In an a t tempt to obtain any dark mice that miiht be homozyious 

for a~outi (A/A) the followina nine matinee were made up. 

d9, d11' d12' d13' d14• 

d10' d15' d16' d17• 

dark cf' x 

dark J< x 

The dark parents of t hese mati~s 

c57 r ( a/a) black 

c57 t?' (a/a) black 

were stored offsprini from 

the preliminary matiJlis, and ,ve re clearly of dark phenotype. The result s 

are shown in Tabl e 11. 

Table 17 

The numbers of otfsprina from mat~s d9 to d 17 
classified accordina to sex, dark anil aaouti. 

Matina Malea Females Total 

Dark Liaht Non-aaouti Dark IJ.aht Non-Aaouti 

d9 0 0 " 2 0 2 8 

410 
1 0 1 1 0 ~ 6 

411 2 0 1 0 0 1 ' 
41~ 2 0 :s ' 0 1 lO 

4
14 

1 0 2 2 0 0 s 

416 :5 0 2 2 0 2 ' cl,., ' 0 I 3 0 2. ? 
Total. 10 a 1-4 14 0 11 •• 
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Table 17 (citni) 

Jlatina Males F'emeles Total 

Dark Liaht Non-Aaouti Dark Lijlht Non-A2outi 

a12 4 0 0 5 0 0 9 

d15 4 0 0 4 0 0 8 

Total 8 0 0 9 0 0 17 

The dark d"' parent of d12 and the dark ~ parent ot a
15 

became the 

basis of an inbred line based on brother-si ster mati!1i in ea ch ~eneration. 

These t ~o mi ce were pr esumed to be aaouti (Aw/Aw) homozyaotes (p < .01 

of bei ng accepted as a~outi homozyaotes when really non-aa outi he terozyi otes, 

in both cases). The fi rst four i nbred matinas were dca ~ nated D
1

, D
2

, D
5 

and D
4

, where the subscript r e f e r s t o the i ~ne r at ion. 

From mat i.llfls D1 to D4, a total of 37 mice "'1el'€ bred, all of 

wr, ich were yellow-bellied (Aw/Aw) aaouti in phenotype , and all appeared 

dark in p henotype . The darlcneas of all mi ce i n mati~s D1 to D4 d i d not 

appe a r to be as intense as tha t of t he dark parents used in matin~s a9 , 

d10, d
11

, d13, d14, d16 and a17, which we r e non-aaouti heterozyiot es. 

In an attempt to obtai n t he seare2ation of dark and li£ht on a 

homozya ous a,io uti back;jj: round, of fsp ri.lli of mati~s D2 and D3 were out crossed 

to the C B A inbred line which is homozyi oUS for arey-be llied aa outi 

(A+/A+) and in which dark mice have not b een observed. Three of these 

matinaa were ea·tablisbed aa follows: 

B.1 X 

L 
D. 2 cl 0.5 d( (A,. /A•) 

dark 

54- oftaprin& (A ,./A+) 
all liaht 

Fro• the offaprinc ot rnatiq B.1, three males were backcrouecl 
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to t heir respective dark mothers as f ollows 

B. 2 

Dark 

4 

x D. 2 & D. 5 (Y( (Aw/Aw) 
dark 

l 
37 of'fsprlJli (Aw /A+ cl: Aw /A•) 

The results of matina B. 2 are shown in Table 18. 

Males 

Liaht 

5 

Table 18 

Unknown 

8 

Females 

Dark Li"ht Un:atown 

5 5 14 

Tot al 

37 

MatiniB a12and a15 inuicate that at least one dark . enotype may 

express itself in the abstnce of the a/+ "enotype. This does not prcclade 

t he pos~ibility that the ~enotjl>e at the a.;outi locus m:iht influence t he 

_phenotype exi rt:asion of so :1t: dark 2enotypes. This possibility is quite 

likely i n view of tht. t"Wo dark paren-t.R of .natinas a
12 

and a15 &J,r,ear ina 

sli.rhtly less dark t han the dari< parents of matinas a9 , a18: du, a13, 

a14, 4
16 

&nd a
17

, all of which are shown in Table 17 to be of the a/+ 

aenotype. 

Tbe aeries of inbred mat~s D. 1 to D. 4 which prcxluced only dark 

mice in each a•ne1't1on, would a~aeat that such mioe were homoz.raous for the 

dark aene/aenea, if the dark i «rne/aenes are assumed to be recessive to 

t heir wild-type alleles. E'Yi.denoe in sup ort of the assumption that the 

dart i enes are receeal"ife 1a obtained troai mati.JJi B. 1, in which all 

ottaprlnc were of liaht phenot.Jpe. The po•aibili ty that the dark ienee 

miaht be dominant but do not e~ress t hemaelTe• on the Aw /A+ bac~round 

of the B.1 otfeprina, baa been rejected on the baaia that dark mice have 

been obaerved in the oriiinal body weiaht - tail lenatb l ines on A+ /A+ 
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baclqtrounds (Cock:rem 1962). 

Evidence then would suj_~est t hat the dark itene/ ~enes are 

recessive and bomozyaous in all mice in mati..n,is D. 1 to D. 4. On the 

as sumptions that the dark phenotype is due to a sini l e pair of alleles, 

and that these alleles are not present in the c57 line, the ~enotypes 

of mice involved in matinee d12 , d15, D. 1, D.2, D. 5, and D.4, would be 

as follows: 

D.1 to D. 4 

X ++a& 

li 
d+A a 

As offspriJ1i of these t wo s e ts of matin . ...; s werE all i raded as 

dark, but under the above hypothesis have different benotypes, it became 

of int erest to compare the intensity oi darkness of the two sets of 

oi fspri.Ili• Con&4lquently the male parent of mati~ D. 2 was also ma ted 

to a c
57 

female . The offaprina of this matin& which were all dark were 

then compared with the of fsprina of matiJli D2 at sli,ihtly different •&es • 

.As near as could be jadaod b,1 eye, the D. 2 offsprin& were the darker. 

It was not tbousht that the difference in !.ntenaity would be evident to 

the obeer.-er Wlless the di fference was beif\i especiall.7 looked for. 

Wi ~ the Nae two assWDptiona hold iq, the aenotypea of mice 

UITOl Ted in matinaa B.1 am B. 2 are I 
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B.1 

B.2 B.1 ?f (d+A w A+) X D. 2 and D.3 ~ (ddAwAw) 

l 
ddAWAW 

ddA w A+ 
l 
J 

1>/l ttK 

d+AWA'ff ' L i f,HT ' d+AwA+ s 

As all 54 offsprin, of matini B.1 were yellow-bel lied in 

pht notype , it is evident that the dark D. 2 and D.3 parent s were homozyaous 

Av,/Aw (p < .001 of bei~ accept ed as A'"/Aw 'l'lhen really Aw/A+) 

The off s pring o f ma ~ini B.1 were cl early of' l iiht phenotype, 

with not the sliih test trace of duskiness e vident on the dorsal s urfaces. 

ConseqUP.ntly tile relat ionship of i enoty-ye to intensity of darkness would 

appear to be: 

Genotype 

Phenotype 

w 
d+A a > 

Tbeae relationships have been based e ntirely on evidence from 

separate maUnaa; that ia, no information on witbb litter sea reaation 

haa been util1aed so f ar. Accordina to bypotheaia, • tina .B. 2 should 

seare1ate dark and liabt ott,i,riq 1D • l 1 1 ratio. Table l.8 indicates 

that on a within litter baaia this a~grea•tion was very difficult to detect . 

it the ae1reaation indeed exists. Such a poor visible aeareaatian ad.abt 

be explained in the tollowi.na ways: 
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(i) The assumption that the dark phenotype is due to a sinale 

pair of alleles may not be valid. If the dark phenotype i s due to a s eries 

of rece ssive pol.1aenes assembled in the D.1 to D. 4 inbred line, t hen 

results such as t hose obtained from ma tlfli B. 2 are not unexpected. 

( ) w + w w 
ii The expression of the ddA A and ddA A i enotypes may be 

so influenced by otl1:: r genetic am environmental factors t hat considerable 

ove r lapping of phenotypic values of the d+ and dd ienotypes occurs. 

(iii) i he se~rer.ation of dd aoo d+ may be real and non­

overlapping in pheno typic expre~si on but the difference cannot be de tected 

with t h(. naked eye. 

As 15 of the 3'1 mice from •1iatilli B. 2 were visibl y classified 

into dark. and li:,;ht i rGUps, it is like ly that som~ henetic sel! regation 

took place. Hoq~ver , t he r esults ca11not be accepted as representing 

a 1 : 1 ratio. 

2 a ID.:.~_.h:{OZYGOUS AGOUTIS 

To t est the hypothesis that mi ce of the i enotype d+Aa have a dark 

p henotype , matings Mi.1, Mi.3, .M.1.4 and Ui . 5 were investiiated. The 

CI X inbred line was chosen for the o utcross as it had been maintained 

for the Beiretation of the dominant whit e heteroz.1aote9 and it was hoped 

that the dark aenotype miaht express itself :nore cl early on the liah ter 

wb 1 pbenowic bacqrcu-oo of the JU 1 + jenotype. The C I X parents ot 

mat~• Mi. 1, lli. 4 and 111. 5 were homoz,yaoua for black-and-tan (a•;a•). 

The CI X parent of mat~ Mi. 2 waa a non-aaouti bo110z74ote (a/a) . It 

waa thus hoped to compare an:r eeareaation of d/+ and +/+ on both A/at 

t 
and A/a bacqrounda; that ia, compare the et't'icienq ot the • and a 

alleles ae moditiera of doad.nance at the dark locw,/loc1. Untortunatel.1 

matina Mi. 2 tailed to breed. However , this m.atllli waa not repeated u 



dark and lisht Dominant white heteroz;riotea were beini observed amona 

litters of mstiJlis Mi. 1, Mi. 4 a:rd Mi. 5, and the C I .X. parent of rnatina 

Mi. 5 which was orliinally thouiht to be of the at/at ienotype was shown 

to be at/a by the appearance of some 2rey-bellied mice amongst his 

offspriJli. 

In establishina these mati?liB, one male and three females from 

the B.1 mating were out crossed to the C Y X inbred line as follows:-

Mi.1 B.1 f' (Aw/A+ +/+) X CIX ~ (at/at Mi wh /+) 

Mi. 5 CYX ;:1' (at/a Mi wh /+) X B.1 ,X (Aw /A+ •/+) 

Mi.4- CYX ?' (at/et llii wh/1 x B.1 ~ (A"' / A+ +/+) 

Mi. 5 /' , t/ t .wh/ CYX \ a a Mi +) x B. 1 ~ (Aw/A+ +/+) 

Th€ :result~ f ro.:i these four r'.ln t i ngs are shawm in Tables 19 

and 20. 
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Table 19 

Numbers of Dominant ~hite heterozyiotes 

from mati~s Mi. 1, Mi. 3, Mi.4 and Mi. 5 

classified accordi~ to litter, sex &: dark. 

.Matil'li Litter Males F'emales Total 

Dark Liiht Dark Liiht 

Mi.1 1 1 0 1 2 4 

2 1 1 0 0 2 

Total 2 1 1 2 6 

:Mi..3 1 1 1 1 1 4 

2 1 0 0 2 3 

3 0 0 1 1 2 

4 2 1 2 2 7 

5 1 1 2 2 6 

Total 5 3 6 a 22 

:.a. 4 1 1 1 1 1 4 

2 1 1 0 1 3 

Total 2 2 1 2 'l 

Mi.5 1 0 1 1 1 3 

2 0 0 0 2 2 

3 2 1 0 2 5 

Toul 2 2 1 ,5 10 

Totel 11 8 g 17 45 
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Table 20 

Numbers of wild-type Aiouti phenotypes from rnatin2s 

Mi. 1, Mi. 3, Mi. 4 and Mi. 5, classified accordini to 

sex and dark • 

. ;iatilli Males Females 

Dark Li&ht Unknown Dark Liiht Unknown 

Mi. 1 0 0 4 0 0 0 

Mi . 3 1 2 10 1 3 6 

i4 i . 4 0 0 2 1 0 'l 

Mi. 5 1 0 3 2 2 7 

Total 2 2 1~ 4 5 20 

Total 

4 

Z3 

10 

15 

52 

All 97 offsprin5 from ,,at i n.s •. ii .1, .H .3, ,.i . 4 and Mi . 5 were 

outcrosr:ed to mice of the c57 inbred lin~, in an attempt to classify the 

t t th t . l f h uice of the 0 enotv-r,e A+/a ~eno y pee a e BiOU i ocus or eac mo ,.i se. .,. • .Jr 

"/ t whose phenotype can be dis t i nc uished from the phenotype of A a, 

w +; t A /a, and A a .enotypes, we!"€ not included in such crosses. 

The offsprini of matilli B.1 were expected to be dark hetero­

zyaotes (d+AwAw) so that the 2enotypes of mice involved in matinas 

lli.1 to Mi. 5 were : 

){1.1 - 5. .a "w" + •t t 111wb u+,.a .a ,.,._ X ++, a ,- + 

4+ ,Aa t ,J{i ':#h + 
t 

cl+,Aa ,++ 
++,Aa t ,Mi wb + 

t 
++,Aa , ++ 

The dominant allele at the aeouti lo0W1 of all ottapri111 may 
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be either Aw or A+, while the recessive allele at the aaouti locus 

t of of'fspri~ from Mi . 3 may be either a or a. 

ionseq_uentlJ, if the ~enotype d+Aa s hows a dark phenotype, both 

d ark and li2h t mice are expected in equal numbers f rom the offspring of 

these mati.nas. 

On the Dominant white bac)qiround (Mi"'h/+), the seareaation 

of dar k and liiht Mice was clearlJ obse rved in all litters. 

As the ultimate sub-class membe rs of Dominant white mice from 

tm ti?lis Mi . 1, .Mi . 3, Mi. 4 and Mi . 5, were l ess than 5, a chi-square analysis 

was carried out on t he tot als, with mati~s and litters combined . 

The chi-square analysis , testin~ for deviation f rom expected ratios of 

1: 1 for sex, dark and linkai e of sex and dark , is shown in Tabl e 21. 

1'he r e was no evid, nce of deviation f rom expectation i r om any scour cc- . 

Table 21. 

J(~st i tnates for the data. in the total line of Table 19. 

S<tour ce 
'A j.. 

df p 

Male vs 1' emale • 56 1 . 30 - • 50 

Dark: vs Liiht 1.09 1 • 20 - • 30 

Linkage 2.69 1 . 10 - • 20 

Total 4. M . 20 - . 50 

B7 teat-matiJli all offsprina to c57 ( a/a) aaioi , it waa found 

w 1 + 1 w1 t + 1 t that the aenotypea A 1 a, A 1 a, A 1 a, and A 1 a, were all repreaented 

in both dark and liaht ice. Hence the aea re2ation of thee four alleles 

amona th of f aprina waa not responsible for the dark and liaht 

aeare1ations. To test tbe possibility that the dark factor may ban 
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resided within the C. I • .X. inbred line, the d" parent of ID8ti~ Mi. 5 

was out-crossed to a female fro:n the C. B.A. inbred line as follows: 

CIX (Miwh/+ at/a) x CBA (++A+A+) 

All 19 otfspri~ from this matini " ere of lii ht phenotype, 

rei ardless of the alleles they carried at the •iouti and Dominant White 

loci. It is unlikel,Y then, that the dark factor was in the CYX line, 

and so ~ust have ente red in the heterozyious state (d+) with the wild­

type &iouti parents which were off'sprin.& of mati.ni B. 1. As these wild­

type ajo i:ti parents were shown to be of l¼ht phenotype, the results shown 

in Table 19 present aood evidence for the r ecessive nature of th e dark: 

gene. It was concluded fro,n these r esults obtained on the Dominant 

t hite heterozyiotee, that: 

(i) A true seiregation of dark and liiht mice took place 

., .wh/ A/ b ~-? und . i d on "'41 +, a ac~ro s 1n a rat o not eviatini s i 2nificantly from 1: 1. 

(ii) This seirei ation was due to a sil'l(lle recess ive ~ene (d/+J; 

so that d+aA rriice were dark and ++Aa mice were liiht. 

(iii) Consequently, mutual reduction of dominance was occurrin& 

at the dark arrl aiouti loci. 

(iv) All four ~enotypos Aw/a, A+/a, Aw/at and A+/a\ were 

au ilatul in modif.YiDi the dominance relations at the darlt locus. 

The res"11.ta obtained from tbe wild-type aaouti offsprlna of 

matinaa Ki. 1 to Mi. 5, shown 1n Table 20, do not however support the above 

conclwsiona. The aeareaation aiaonaat these mice was ver:y difficult to 

identity, onl,T 15 ad.c beii,a clearly classified into dark ana li1bt 

1ro1.1pa, with 59 mice claa ified "unknown". All that can be said reaard-

1-a the latter aroup is that t.hey were n i ther clearly dark nor li1ht, 

and dittereneea in coat colour intenai ty between tte m could not be 



confidently discerned. However , as 6 dark and 7 l iiht mice were 

identified, and the se1reiation was clearl,Y apparent on the Dominant 

White &.;;outis , it was concluded that tr.e same se~reliation was taldJ1i 

p lace, but overlappiJ1i or near-overla1~pi.Jli dark and lia:ht phenot.n,es 

made reliable classi1ication extremely difficult by eye. Th~ results 

of yellow band lellith studies to be discussed later, SIJi~est at least 

01'1€ reason why t he seg re" ation should be easier to detect by eye in 

Dominant Vi hite rathe r t han wild-type a5outi mice. 

3, Homozygous and He t erozygous Agoutis 

In a n attempt to observe the segreaation of dark homo- and 

w w w t 
heterozyi otes on both A A and A a baclcirounds, a dark Dominant White 

female (d/+,Aw/at, Miwh/+) from matill,i Mi . 3, was mated to a dark male 

(d/d? A"'/4"') from mating D. 4 of the inbred line which was sup~osedl.y 

homozy~ous for dark. The 2enotypes of mice involved in t his matina 

were expected to be as follows : 

Mi. T 

d"1wat ) 

ddA11at 
) 

~ wb/ On beth Mi + and +/+ 
d+i"A" ) 

baclcirounds ) 
d.dAwAw ) 

The resw. ts are shown in Table 22. 
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Table 22 

Numbers of mice from ma ti Di Mi. T classified accordina to 

Dominant V, hi te and Dark. Sexes have been combined. 

Litter Dominant l'fhi te Ace u ti Wild-Type Agouti Total 

Very Dark Dark Li.?h t Very dark Dark Liiht 

1 0 4 2 0 5 2 15 

2 0 6 1 0 5 1 11 

5 1 5 1 1 1 1 10 

4 0 4 0 0 2 1 7 

5 1 1 0 4 0 1 'I 

Total 2 20 4 5 11 6 48 

A"Aw 0 8 3 2 5 6 24 

Awa t 2 12 1 3 6 0 24 

Only thre e phenotypes we re dis cernable. On both Miwh/+ and+/+ 

baci~rounds , the mice wert divisable into a total of 38 darks and 10 

liah ts. The 38 dark mice wer e divided into 'I "very darks" and 51 darks. 

Consequently it appeared as if two of the expected ienotypes were beiJ'll 

iraded toaether. The results of a Chi-square analysis to test for 

devi tions fro e.xpected 1:2:1 ratios for the Dominant white ~oatis • 

wild- t.,pe aaoutis, and the combined data is shown in Table 23. 



Table 25 

XA. estimates for testing deviations from an expected 

1:2:1 ratio for the data in the total line of Tabl e 21. 

Sttource xa. df p 

Dom. White Aaouti 7. 79 2 . 02 - . 05 

Wild-type Agouti . 10 2 . 95 - . 98 

Total 7. 89 4 . 05 - . 10 

CombinE:'d Data 4. 15 2 . 10 - . 20 

Hetero~eniety 3. 74 2 . 10 - . 20 

The ratio of 2 very dark: 20 dark: 4 li2ht obtained fro ra t he 

Dominant W:, ites, differt.'tl s ijj!nificantly 1 rom expectation at the 5% l evel. 

The results fro,~, t he wild ... t.Jpe a~outis gave e xcellent aireer:ient with 

expe ctation (p = • 95 - • 98), v.,ile the co·nbinea data was just in aa,ee­

~nt (p = . 10 - • 20) . As the heterot;en.:.ety item was not siiflificent 

at the 5'J' level (p = . 10 - . 2Q), both the Dominant ',; bite and wild-type 

agouti groups we re accepted as bei~ in a.iree11ent with each othe r, and 

showin~ aireement wi t l. t i-ie co 1bined data. However, t he r e is little doubt 

t hat there we re a l arie numbe r of mis-classifications~ the Dominant 

white offaprina. The heterogeni•t.Y item's low level of sianificance 

may reflect "poor classification" as h been suaaested by Mather (1938) 

w w w t 
Table 22 also shows the numbn-a of A A and A a aenotypes occurrina 

in each of tbe three phenotypic aroupa, to und by test-matins all offsprin, 

to c57 black. (a/a} mice. Ot the 10 mice anded as liaht, 9 were Aw Aw, 

.. t w t 
while only 1 wu A a • Of the 7 mice a raded aa Ter:, dark, 5 were A a , 

w w . w t mouse 
while onl3 2 were A A • It, as i s ver-J likel,7, t he 1 li,abt A a 



1f " and the two very dark A A mice represent mis-class ifications, then the 

aenotypes of the t hree eroups could be 

ddA 
11 at - very dark 

ddA wA "'} 
( - dark 

d+A11a t) 

d+AWAW - liiht 

'.lhe difficulty in detectin5 differences in dark effect between 

d+Aa and ddAA mice has already been disc11Ssed. The main scource of 

error t hen in classifying the Ui.T offsprina has been the placement of 

some ver.r dark a m some liiht 0:1ice in the dark 1'roup. 

The conclusions reached fro'll the result s of the MiT mating may be 

su!llllarised as follows: 

(i) A recessive darK ~ene was se~re~atl.Jli amoni the offsprine as 

d/d versus d/+ on both h0010zyious and heterozyeous black-and-tan 

ba ck~rounds. 

(iiJ The seereiation did not differ sianificantly in the total 

4ata from an expe ctation of 1 ve ry dark: 2 dark: 1 liiht. 

(iii) A sborta2e of very dark and light mice, altbo~h not 

sipificant . in the combined data, was observed. 

{iT) This shor taae was probably due to th mis-classification 

of some Tery d ark arrl some liaht mice, as dark. 

(v} 

(Ti) 

wt 
The very dark mice hawe the ienotype dcU a • 

w.. .. t 
Mice of th aenotypes ddA A and d+A a ave a dark 

pbeaotype and are indiatinauiahable b7 eye. 

(Ti.i} WW 
Mice ot the ae.not.TP• d+.A .A baTe a liJbt pbenotn,e and 

are viawuly indiatinauiabable tzoa normal non-dark llice. 

( Yi.ii) The apparent tual reduction of dOlliDance at the dark 
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and &2outi loci is unusual in that both homozyaoua (d/d) and betero­

Z.YiOUa (d/+) dark. mice reduce the dominance of the Aw allele over at 

•;.t •;• such that A a ienotypes may be d arker than A A a enotypes, while 

( .. , t + heteroz.raous aaouti A ,a ) mar completely reaove dominance of the d 

allele over d. 

4. THh "VBRI DARK" G.r.lWTfi>E 

The"very dark" wild-type aiouti male f r om the third litter of 

the MiT matini was crossed to a dnrk feranle f r om matilli D.4 as follows: 

u.1 Mi T d'f (A Vf/a t. +/+) :z: D. 4 ;< (A .. /Aw +/ +) 

Matin.a U.1 was established to t est that the ienotype of the very 

d .. rlc mice from mati.nis Mi.1 to Mi. 5 was indeed ddA"'a \ and at the same 

w w w t 
time to observe the effect of A A versus A a in homozyaous dark mice, 

without other sei rei ations complicati~ the classifications. The 

expected ~enotypes of mice involved in this mati~ were as follows: 

(Very dark) Mi. T ?' (d/d,Aw/a t) X D.4 r (d/d ,Awl') (Dark) 
J., 

ddAwat - ve ry dark 

ddA"'Aw - dark 

wb The Dominant Whit e allele K-1 was not used in t his m.at ina. 

The resul ta are shown in Table 24. 



Table 24-

Numbers of nd.ce from mat~ u.1 classified 

accordilli to litter, sex and dark. 

Litter Males Femal es Total 

Dark Very Dark Dark Very Dark 

1 1 l 1 2 5 

2 2 1 0 1 4 

5 2 0 l 2 5 

4 1 3 0 2 6 

Total 6 5 2 1 20 

A"'A" 5 0 2 0 1 

A"'at 0 5 0 6 9 

The sea reaation of very dark and dark was clearly observed. 

Not all oifsprina were teat-mated to c57 black (a/a) rnice, but from 

those that were, it is evident that all very dark ndce were &iouti 

heterozy2otes, while all dark mice we re aiouti bomozyaotee. A ratio 

of 8 dark : 12 very dark does not differ sia;nificantly from the expe eta ti on 

of a 1:1 ratio in a sample of 20 mice (p a .30). 

matilli aupport the preTioua conclusions. 

The results of this 
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c , CCNCLUSims 

'nle results of matinaa d9 - d
11

, D
1 

- D
4

, B. 1, 1UT, U. 1 and 

the Dominant White heterozy&otes from mati~s Mi. 1-5, s1.12iest iOod 

evidence for the seire2ation of a siJlile rece$sive dark 2~ne which has 

its phenotypic effect modified by A/a hete rozygotes. 

The i enotype-phenotype relationships for the dark and a.outi 

loci would appear to be as follows : 

++,AA) 
) - liih t or "normal" 

d+,AA)) 

ddM) 
) - dark 

d+Aa) 

ddAa - very dark 

The dcminant a~outi allele may be either Aw or A+, while the 

t 
recessive allele may be a or a. The sa~ ii: enotype- phenotype relation-

wh wb 
ships hold for both .Mi /+ and +/+ baclcirounds al tho~h the Mi /+ mice 

are lf.ihter. 

HoweTer, these r esults were not confirmed by matina B.2.. and the 

wild- tne •iouii of fsp~ of matiI,as Mi . 1- 5. Assumptions have been made 

that the absence of an expected seireiation is due to either oYerlappini 

or near-overlappil'li pbenotypic values , aak:iJli Yi.Bible classificat ion 

difficult. Al tho~h so11111 evidence haa been presented in support of these 

asaU11Ptiona, tb y cannot be considered aa proved. Also, tbrol.lih the 

limitations ot caa• numbers , space , ti , am ~e ount of work involved 

in t he objecUTe stlldies , numbers of parents and offsprinc in all matina• 

are 11. Thus, tests on observed ratios can only show non-disaaree nt 



with the expected ratios, b,l t cannot be interpreted as prorlna qreement. 

Consequently, conclusions based on the results of matinas where 

se~reiations were observed, will not b accurate if the observed ratios 

are representative of ratios other than those expected. 

In view of the diffioal ty of visual classification of ienotypee 

whose phenotypic effects are small and perhaps over-lappiJli, it is 

probably not possible to prove ~enetic Seireaation without the aid of 

some accurate, non-overlappi~ objective measure of phenotype. 

wh/ The use of the :t4i + heterozy20te as a bac~round for the dark-

liiht segre~ation has areatly facilitated classifications. However, in 

the absence of objective measures, classifi cation of phenotype is still 

not easily or accurately performed. Consequently the present res ults 

only su.;uee;t t he concl usions drawn in t his s tudy, and t heJ car.not be 

accept ed as proved. 
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III . RESULTS BASED ON OBJECTIVE MEASUREME.'JTS OF' THE DARK HiffiO'l'Il-'E 

A. INTRODUCTION 

The problem of visually distin~uishilli between a possible 

quantitative continuous distribution of dark phenotypes, and the two 

discrete populations of a simple Mendelian 1:1 Beireiation, s1.,1,u,esta 

the requirement for some objective measure of pbenotype. If the 

objective measurement can be obtained at a physiolo~ical level nearer 

the orif.inal action of the ~ene than visual estimation permits, a more 

accurate classification of phenotypes may result. Even if some variation 

is still present in the objective measurement, overlappinfl phenotypic 

values may be reduced or eliminated e ntirely. In this investiaation, 

the ditftculties of discriminatin,e between very similar phenotypes by 

eye, necessitated find il"li a means of replacini visual phenotype by an 

objective measurement . 

Such an approach has two req uirements. First, t he two or more 

2roups must be separated visually to some dearee in order to obtain 

i r oups of near similar senotypes on which to look f or an objective factor. 

Second, havina fol.l'ld an objective measurement, the relationship o1 the 

visual phenotypic aroup to the 11leaaurement must be abown. 

1bat tbe lenath of the yellow aaouti band may be a satiafactor,r 

measurement of the dark effect, has been indicated by the results from 

the trial of techniques. Conaequent1-f this Tariable was utilised in 

tbeae studies. 

Aa it was first nec:esaar., to ban pb notype aroupa •• near 

homoaeneowa •• possible, onl.T resulta trom tb u.1 and Mi. T t~a, 

and tbe Doll1.nant White qoutia (Kt0 / +) from ut1naa Mi.1- 5, wen used 

in thia atud,r. 



B. STATISTICAL ANALYSES 

The analyses of variance models were all analysed by the 

method of fittizli constants by least squares, which is described in the 

section on Trials of Techniques. The models used will be described in 

the appropriate sections. 

The analyses of covariance were carried out followina Federer 

(19~), except that the reductions in cross-products were obt ined from the 

analyses of variance by multiplying the R.H.S. of the y (or x) normal 

equaii ons by the appropriate fitted constants of x (or y). (Cock.rem 1962). 

c. TH.l!. DARK GENE Di RU.ATION 1'0 LENG'ffl OF THE YELLC1/I AGO UTI oom. 

1. The Dominant White (Mi wh /+) of Matings .Mi.1-5 

(i) Method of Analysis. 

All values used in this analysis were the means of 8 hairs for 

each of the 45 mice used. The data were analysed by the use of the model: 

Where i = 1,2, ••••••• 12. 

j = 1,2 

It = 1,2 

The 11 represent litter effects, the aj sex effects (a1 • male, 

a2 • t male}, and the of~colour classification eftecta (c1 = dark, c2 = liaht'). 

Tbe least aquarea equations are shown in Table 25. 

To aiaplity the analysis, effects due to the tour aeta ot parents 

were not estimated. Thus the 12 litten represent the combined matina• 



Table 25 

TH leaat aquares e quatione for yellow bard leJliths from lLatiDiB lU. 1-5 

f' +e-i 
+ 

12 13 14 15 16 1v 18 19 110 
1
11 

112) s1 82 01 c2 ~_j 

1:"' 1 • 1 3 2 2 101.12 

12 2 2 0 1 1 67.81 

la .. 2 2 2 2 123.75 

14 3 1 2 1 2 95.38 

1, 2 0 2 1 1 62.25 J.i 
~ 

16 'I 3 4 4 3 239.19 

i., 6 2 4 3 3 188.13 

la 4 2 2 2 2 144.31 

lg 5 2 1 1 2 95.19 

110 3 1 2 1 2 91.18 

111 2 0 2 0 2 66.37 

112 5 3 2 2 3 161. 56 
'-' 
•1 1 2 2 1 0 5 2 2 2 1 0 3 19 0 11 8 601.68 

•a 3 0 2 2 2 • 4 2 1 2 2 2 0 26 9 17 834.56 

01 2 1 2 1 1 4 3 2 1 1 0 2 11 9 20 0 591.30 

~2 2 1 2 2 1 3 3 2 2 2 2 3 8 17 0 25 844.94 
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(ii) Results. 

The results of the analyses of variance for both effects and 

interactiOB$are shown in Table 26. The interact ion was not atatistically 

sillnificant (P). 05) . There were statistically si¢ficant effects 

llllllOeiated with littera and colours at tbe 1% leval. Sex effects 

were neiliQible and not sieidficant. 

Table 26 

Analysis of Variance of yellow band lel\ith for Matings Mi. 1-5 

S¢ource d. f . as F p 

Total 45 46529. 85 

Mean 1 45839. 67 

Bet. subclasses 35 46477. 43 

Error 10 52. 42 

R <,,-., l,s,c) 14 46365. 28 

Error + Inter-
action 31 164. 57 

Interaction 21 U2. 15 1.02 NS 

R (r,l,s) 13 46166.14 

Colour 1 199. 14 199. 14 37. 50 •• 
R ~ 1,c) 13 46564. 26 

Sex 1 1.02 1..02 . 19 

R (r,s,c) ~ 46042.:50 

Litters u 522.98 29. 36 •• 

Table 26 1.Jldicatecl that there were hf.ably a ianificant diff erencea 

1n yellow bane! lenatb between the ans ot tbe dark and liaht mice ,r011pa. 

Tbe leaat eqnrea eatimatea ot eff ects are abown in Table 2'1. 
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Table 27 

Estimates of effects f or lit~rs, s ex and colours on 

yellow band l en,th f or ~atinis Mi.1-5. 

Item Effect 

11 - 6 . 25 

12 2. 24 

13 - . 50 

14 - . 45 

15 - . 49 

16 3. 03 

i., - . 14 

la 4 . 64 

19 - . 40 

1
10 - 1. 85 

111 - . 68 

1
12 .46 

s1 - . 17 

82 . 17 

cl • 2.25 

c2 2. 25 

,µ,, 31..44 

Table 27 shows that the effect of t he dark aenotype {d/+, A/a) 

on tbe 1ellow bad was a reduction 1n lenath ot 4. 50 ems. aa meaaured 

a t a maenitication ot X500. However, this does not preclllde the 

possibility that the ddk aene may have darkem.nc effects on the mouse 

coat other than by a reduction of the yellow and 1 the. A1a1n, theee 
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results refer only to zigza,; hairs, from the particular sampline position. 

In an at :.empt to see if yellow band le13ith could be used to 

classify mice as d/+,A/a, or +/+,A/a a:enot_ypes, the yellO'W band length 

measurements of all these 45 mice were adjusted for t heir respective 

11 tter effects. The overall mean of the yellow band leneths of all these 

mice with litter effects removed was 31. 71. This value was taken as 

the m.id-point between the means of the dark and 14.ht groups with litter 

effects removed and the n umber of dark mice above this value and the 

number of li,iht mice below it were recorded. On the basis of yellow band 

l eDith adjusted for litter effects, a nd taki~ the ove rall mean of these 

values as the mid-point between groups, 5 mice were classified differently 

from t he visual classification , &ivi:ng ap2roximately 11% disagreement 

between the two methods. 

The ratio of dark:light on the basis of the adjusted yellow 

band lengths was 21: 24, which does not differ Siinificantl,1 from 111. 

Yellow band lengths were corrected for litter, sex and colour 

effects, and the resultin2 esti:m. t es were used to obtain means for mice 

+/ w1 + 1 + w 1 t of the A a, A ,a, A,• , and A 1 a eenotypes. These means are shown 

in Table 28. 

Table 28 

Means of yellow band leqtbs corrected for litter, sex and colour 

effects tor the four Aiouii genotypes from Kati.Das Mi. 1- 5. 

Genotype A+/at A+/a .1,.•/at Aw/a 

Meaa 

S. E. + 
- . 5' 

n, 17 

31.75 

t :1. 02 

6 

+ . 68 + . 91 
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Table 28 was interpreted as indicatini that the four a io uti 

ienotypes show no obvious differences in mean yellow band lefliths, 

after correction for litter, sex and colour effects. 

wh/ However, the Mi + renotype was shown to have a marked effect 

wh/ on the yellow band length. In all Mi + aenoty-pes studied the yellow 

piament began in the first medullary cell at the distal end of the 

medulla. That is, the sub-teminal band of black medullaxy piament which 

is the fir st medullaxy p i gment formed i n the hair was absent. Consequently 

on an aiouti bac!G;round the 1H wh /+ aenotype causes a dilution of the 

c 0at colour by both reducina the size of t he black medullary pi~rnent 

clumps in the lowe r portion o£ the hair (Grobma.n and Charles 1W7) and 

also removing the su~terminal bl4ck pi~;mcnt band so that the yellow 

band is the co rrespondinfi amount longe r. 

(iii) Discussion 

The highly s i ~nifi<.,ant litter effects '!lould SUi!;est that 

cla.- sification of dark: and light mice on the basis of .fellow band 

le~ th must be carried out on a within litter basis. Consequently, 

sillile values :for dark and liaht mice cannot be used to classify othe r 

mice on the basis of yellow band leJlith. No obYioua explanation for 

the litter effects has been found. The litter estimates show no relation­

ship with either mean litter body weiiht or 11 tter size. As the 4 

tiqpqpa were combined in this analysis, some ot the between litter 

variation may be due to the genetic bac'lcirounds of the parents, or 

tbe maternal effects of the mothers. Thia point will be dis sed when 

reterrina to the re ul ts of Kati a Ki'l am u.1 whicb comprisecl one 

aet of parent• each. 

That sex effects were nealiei'ble ia in accordance with results 

roPorted by Dry {1928) who stated that "where the c:ontormation of the 
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body is the same, no differences between the sexes bas been detected 

in any hair character. " 

The val11e of ~ disa,;reement betwt:en objective and visual 

methods cannot be talcen too seriously as the mean may not represent 

the mid-point between the t wo groups, the vall1€s obtained as the means 

of 8 hairs for each mouse wi 11 be subject to samplina variation, and 

the litte ! effects are probably not "fixed" in the statistical sense 

and hence are probably biased (Henderson 1';;148) . The fact that some 

ove rlapp~ values occur with the use of yellow band le~th as a measure 

of phenotype, together with the absent:€ of sufficiently lall?e numbe rs of 

mice to test an expected bimodal distribu tion of yellow band le718ths , 

iooicates tha t the possibility of a rontinuo us distribution of phenotype 

has not been disproved. 

(iv) Conclusions 

D? rk mice of the genot;n,e a/+, A/a, ,Id wh /+, show a reduction 

in le~th of the yellow &iouti band (in the order of 4 . 50 ems when 

measured at a masnification of X500), as compared with mice of the ,eno­

type +/+, A/a, Mi wh /+. This conclusion refers only to ziizai hairs from 

the sampl~ position. 

Yellow band leJlith used as the mean v lue of 8 hairs is still 

l'lOt a sufficiently exact measure of phenotype to prev nt the occurrence 

of some overlappine phenotypic values. The ratio of 21: 24 for dark:liiht 

mice on this criterion is 1n 941reement -,ii~ the expectation ot 1: L 

The aenotypea A•/a, 1.•/ a\ A+/a and 1.•;at. do not differ in mean 

b ucl l e tha. Howewr, t he Iii /+ ienotype cauaea the re onl of tbe 

aabterminal black b wit h a consequent increase in yellow bani lenatb. 

Mean val a of yellow len.;tba tor the dark and liaht aenotn>e• 
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cannot be ueed to cl assify other mioe as l iiht or dark, due to the 

p r esence of unexplained highly significant litter effects. 

Although one effect of the dark iene has been found , the 

measure of this effect is not of ireat help in classification problems. 



.,a) 

where 
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2. M.atipa Mi! 

(i} Methods of Anal,Yais 

Two analyses of variance models were used . They were: 

1 • 1, 2. ••••• 5 

j a: 1,2 

k = 1,2 

1 = 1,2 

m :: 0,1,2,5 

The li represented li tte r €ffects, the bj the {ienetic 

bac~roum effects (b1 = Mi"'h/+, b2 = +/+) the sk sex effects 

( s 1 = male , s 2 = fem.ale) and the °i the oolour claszific a tion ef 1 ects 

(c1 = very dark, 0 2 = dark , c3 = 11':ht). The -'ijklm we re the le~t hs 

( as the cic,an of 8 ziiZ&i hairs) of rnedullo f rom t p of the ood ul le to 

wb/ the p roximal end of the yellow band. Thus for Mi + aenot.11-,es t his 

was the lt.t'lf.tb of t he yellow band, ,.., bile for +/+ aenotypes this was the 

sum ot the le~ths of the subterminal black bau¥l lenatb arxl the yt. llow 

blmd lena th. 

(b) 

where 

71Jk • ~ + 11 + 0 .1 + l\.jk 

1 • 1, 2 •••• 5 

J • 1, 2, :S 

It • o, 1 ••••• 5 

The 11 reprea tec1 litter etfeota and the oJ oolour classiticatio 

effects (o1 • Yery dark, o2 • dark, c3 • 11.ibt). The J'ijk were (i) 

Le tb of the a'ubteminal bladt band ( aa the an of 8 zi.8zaa baira) 

(11) lei,atb ot the yellow bed (as the man at a ziazaa haira). 

Botb tbeae anal.,eea w 
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'.the least squares e quations for model {a) are s hown 1n 

Toble 29. The least squa?'(;S equations for model (b) are s hown in 

Tabl e 30. 



Tab~ 

... 
Tbe leaat squares equations for t. he sum of yell°" Mtd black band 

lenatha tor etfeprine of Ma tina :.u. T. 

,"-+(11 12 15 
+ 

1, 15) bl b2 81 82 cl 02 03 £~ 
,,,,,,_ 
11 11 6 7 7 6 0 9 4 364. 60 

12 11 7 4 5 6 0 9 2 275. 18 

1:s 10 7 3 5 5 2 6 2 252. 30 I 
~ 

f 
1, 7 4 3 4 3 0 6 1 216. 00 

15 7 2 5 5 2 5 1 1 1'72.45 
~ 

bl 6 7 7 • 2 26 0 14 12 2 20 4 682. 35 

b y 
2 ' 5 5 5 0 22 12 10 5 11 8 598.16 

111 '1 0 0 ' 5 14 12 26 0 5 17 4 691. 84 

01 0 0 2 0 5 2 5 5 2 7 0 0 150. 12 

02 9 9 6 e 1 20 11 17 1' (.) 31 0 805 • .)J 

o:s. 2 2 1 1 4 6 4 6 0 0 10 324. 49 



Table 30 

The 1.eaat squares e quations for black band le~tb and yellow 

band lenath for the wild-type aaouti mioe of Matil'li Mi. T 

Black Yellow 
.Band Band 

f.(-+ (11 ½ l:s 1, 15 ) cl 02 03 
Leni th Ler14i:th 
£y 1:_:r + ,-.. 

11 'I 0 5 2 5:3. 19 154.73 

12 4 0 5 1 26.30 64. 20 

l~ 3 l 1 1 1 28. 81 61.94 

~ 1, 3 0 ~ 1 20.50 70.89 

15 5 4 0 1 39. 68 85. 12 
'...:;/ 

01 0 0 1 0 4 5 0 0 40. 06 70.81 

02 5 3 1 2 0 0 11 0 85. 05 210. 12 

0~ 2 1 1 1 1 0 0 6 3G. 36 15j . 75 
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I 
(ii} Results a.rrl Discussion 

The 'analysis of variance of interactions and effects for the 

Sllft of black and yellow band lefliths is shown in Table 31. 

Table 31 

Analysis of variance of interactions and effects for 

the sum of black a~ yellow band lengths of mice 

from Mating Mi. T 

S¢ouroe 

Total 

Mean 

a. r. 

48 

l 

Bet. subclasses 31 

Error 

R (r<,l,b,s,c) 

Error & Inter-
actions 

Interactions 

R {,p,l,b,s) 

Colwrs 

R Cf'-, l ,a,c) 

BacqroWMia _ 

R (r,b,•,t::) 
Litten 

/ 

17 

39 

22 

7 

2 

8 

1 

~ 

1 

5 

s.s. 

35594. '74 

34160. 54 

3525!>. 52 

34891. 51 

703. 23 

364.01 

34-398.01 

493. 50 

M?2~66 

167. 85 

.u.. s . 

19.95 

18. 03 

16.55 

24-6. 75 

'1. 09 

. 85 

1~69 

. 59 

. 20 

p 

N. S 

• • 

N. S 

N. S 

. os-. 10 
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The interactions were not sianificant. Colour effects were 

s~nificnnt at the 1% level. while effects due to sex and back&round 

were negl1a1ble, and not nianificant. The litter effects shcmed a 

probability of about 7% of havini arisen by chance, and consequently 

were not si&ni.ficant at :,,Z lewel.. 

T he analysis of var iance of interactions and effects for black 

barn lengths and yellow bani! l~tha are shown in £ables 52 and 33 

r espectively, which ere based on the results from ,,;ild-type SGo uti r.Li.ce 

only. 

Table 32 

hnalJses of variance of interactions and effe cts for black 

bfilld lengths fro 'Tl wild-type agouti mce of :i.oti.nt; ,a . T. 

S teou rce d. f . s . s. L!.S. P. 

Total 22 122A. 09 

)ik an 1 1185.11 

Bet. subclasncs 11 1207. 49 

L rror 11 16. 60 1. 51 

R Y",l,c) 'l 1204.02 

Error & Interactiono 15 ro. o'l 

Interactiona 4 5.47 .8'1 . 58 N. s. 

R (,t"", l) 6 11.90.4'1 

Colours 2 15.55 

R (r, c) :s U98. 91 

Litten ' 5.11 . 96 

Interae\iona were non-aianUiaant. The col r ftecta were 

•1cn1ficant at the - 1.nel. Litter ettecu n non-aipiticant. 

• 



Table 53 

Analyses ot variance of interactions and effects for yellow 

baoo leneths of the wild-type aiouti mice from !.a.ti~ Mi. T 

Sttource d. f . e. s. U.S. F. P. 

Total 22 9458. 14 

1kan 1 006'1. 70 

Be t. subclassee 11 924-9. 42 

i:;rror 11 208. 72 18.98 

R ( ,.U, l,c) 7 9184. 62 

Error & Interactions 15 275. 52 18. ?.3 

Interactions 4 C4. 80 1c.20 . 85 1 .• s. 

R (p-, 1) 5 &'>4~.a 19 

Colours 2 340. 43 170. 21 9. 34 

R (f"-, c) :5 :K,}59. 48 

:,i tters 4 125.14 31.28 1. 72 

The inte ractions were not si;;nificnnt. Colc- ur effecta were 

significant at the 5% leval. Litter effects were not s~nificant. 

.. 

N. s. 

The reaults of t he :.a .1-5atina.s showe::<l that one of the effects 

ot the 1u*/+ genot;,:pe wea to remove the subterminal blade band an:i 

consequently make the yellow ban,J this much lonaer at the distal end. 

llellCO it be ot int rest to see, apart from this effect, whether the 

wb · 
n /+ ,enowe bad any other effect Ot\ yellow band le th. The ana]J'eis 

ot variance shown in 'fable M i?dicatea t t the difference between tho 

1u*/+ and +/+ bac rounds was non-e~icant. That is, ,.ell.Off band 

lenatba of nwb/+ mice do not cliff r aipificantly from the a ot 

s ub-terminal black band 1 band yellow bend lenath ror +/+ ad.oe. More· 
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concisel,y, the distance from. the tip ot tbe medulla to the proximal end 

ot the ,1ellow band is the same in both 11.1•b;+ and +/+ eenotypes, the 

only difference being that in the latter , enotype, the distal region of 

t r.is se.;rnent i s black, while in the former t ~ rllole eeaocnt is yellow. 

Table 31 also indicates that e~ifica.nt differences existed between 

the three dark phenotypes for the length of this aegroont from tbe tip 

of the ~ulla to the prox1nal end of the ycllo,; banl . Cr,nsequently th 

dark , enotypes had Siinificant effects on the lcflith of this eegoent , 

which wen: tbc sacie in both Miwh/+ and +/+ genotypes. 

However,. the actual ler..gth of yellow pigaent in this segrnent for 

wild-tJP<:: a~outi r:ri.ce tlepc:xis on th? le~th of the sub- terminnl black 

band at the dist.al end of the r:1edulla. Table 52 indicates that ai~nificont 

diffe rences cxia tt.d between the tt~e dark phenotypes for the lenJ;:th of 

this black bard. 

In view of the possibil~ty -:;hat ~t:c Jiffercnces between dark 

phenotypes in black bend lef'lBths and the Sl.1':\S of black band lenath run 

yellow bonJ leliith of wild- type a.,;;outi mice migllt be comr..ensati~, the 

analysis of variance of yellm, band lerlft:ths 01u.r, as s hown in Table 33, 

was carried out. Dii f erencea in yellow banrl len4itha were aiinificant 

at the 57~ level between the three dark phenotype aroupa. 

A i eneral picture of the relationships between black lenstb, 

yello nath and the sum of t hese, far as the dark phenotypes a:ra 

concerned, on both ti / + and +/ + bacqrounds, is sbc:Jlfn in Table 34.. 

This Table showa the eat tee ot ;u, + c1 as deri wd from the anal,ya • 

ot variance. The exact fiaurea shOllld not be taun too eerioual,y as the 

eati tea 1Ntre obtained Yi th different statistical 

dittennt populatione ot mice. Thia is ahalm by the fact t t the 

ot the tfecta tor black len,tha and yellow lenatba do not add ezactq 
.a.to.a.~e eatimate of .the ef.tect £or the sm ot bla~ and yellow lelliths. 
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Table M 

1-.stimates at p- + ci for black. band leJliths, yellow bam 

lengths, and the mim o! these, for all mice from ;;atin. ,,U..T 

Black: lollith Yellow le~th Black+ Yello~ le112th 

.Phenotype 
,I, 

Miwh/+ +/+ Mi.ti/+ +/+ .ta•h;+ +/+ 

Ver., dark 0 7. 2 20. a 12.5 20. a 20. 8 

Dark 0 7. 9 :2.t>. 5 19. 9 2G. 5 :?..C. 5 

L ight 0 6.0 ~o 25.9 ~3.0 33. 0 

l<'rcrn the estimates in Ttlbl c M am t he analyse s of variance the 

followi ri; c:oncl sions may be fer med. 

( i) In wi ld-type agouti mice, "'..he dark and very dark croups 

showed ai,£"niflcant reductions in trie lene th of the yellow bund as compared 

with the l ight group, wi tb the ve.rJ dark ~roup showiflll the area test 

reduction. There were siG11ifioant differences between t he three £1'0ups 

in the black banu length, altho~h the estit:10tes of effects were not 

rela :.ed to the oroer liaht --, dark ~ very dark. Howe-nr, both the 

dark an:l vc ry d ark 1iro11pS showed more black piiment than the 11.eh t a roup. 

{ ii) In Mi wb / + mice the black bani is replaced by yellow piament. 

Ape.n trom this , tbe estimates ot yellow 1.ei,eth for each of the t ! ree dark 

iroups are the same aa those for yellow + black lematbs of wild-type 

aaouti mice tl'Om the same Qroll)a. 

(ill) The yellow band lenatbs or ti*/+ lllioe {or black + ,ellow 

lenatha ot +/+ mice) n, sipi.1'icant1_y wcluced in the dark and 

ereateat · reduction. 

I 
i 
I 
\ 
i 



(iv) Consequently the dark genotypes have effects on the fellow 

bem lengths of .a wb / + mice, and on the ye llo, and black pi&rnE.nt bends 

of +/+ mice. 

Tables 31, 52 a"ld :33 indicate t~at the litter effects on J€llow 

band lengths and black band len.ths of wild-type ~outi mice, aoo on 

the aw of t~se for both lU"b /+ and +/+ mice, were not statistically 

si.gnlficant at the fi'/4 level. As t hese litters ca:;E from the one parent 

pair, a lat'ie portion of the hii;thly s :gnH'icant litte r effects obtain.ed 

fr-om Mati ~s ;Ji. 1 - 5 mB3' heve been due to differences between parent 

pairs (J;enetic effects) or differences between mothers (pe manen t maternal 

effec ts). 

{lll) C(mclus ions 

I n wild-type a.;outi rni ce, the dar ,·. ~;enotJJ~es d/+, A l'I /at an:1 

d/d AwAw were sho\'l?l to cause a sir;nif icant reduct ion in length of the 

ye '· ow e.outi band as co:~z- arcd with "nonnal" or 14ht r:'.icc ,, .. ;__ th t he 

~enotyi,e d/+ Aw A , while the very dark ~enot,r,t!C d/d,Awa t caused en even 

1reater reducticn. Both ver., dart ar.cl dark mice aleu sho\~ecl a Si'11ii icant 

increase in lenctL of the eubteminal black band as comp red wl th liaht 

oice. The increase in blade lenath and the decrease in yellm-v leDjtb 

were not compensat'U\i and so the SlllD of these t\l> len,ithe was red uced in 

dark: mice and still further reduced in ver., dark mice. Consequentl_y the 

dark a not.rp,ea bave a dl.141 <sff,.:ct on the leDflth of 39llow pfament in the 

outi hair• both t19ereaainc the leneth at ye llo p nt and increasiJll 

the lenath of bla-c::k Pia nt. 

Tbe dal'k a notypes have tbe ame etf'ects in Dominant ite (Mi '/+) 

aaouU. aa 1n wild-type a,outia, except tt.t in the Miwb/+ mice the black 

n replaced by ,el.low pi;ment. 



It was concluded that real differonoes existed in the lenr; the 

of yello"' pi.a•:icnt betwt:en the three visubl pbenotypic groups • 

.A s litter effects were not s~ficant in this !'tudy, it is }'rcbable 

thnt 1uuch of the variation bt::tweu. litters in ... ati.rl£s ;a . 1- 5 was clue to 

differences between parent pairs or mothern. Consequently between litter 

comparisons of dark phenotypes ( visual or yellow band len.ths) may be 

poastble for full-sibs. 
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~ MATING~ 

t4l Methods of ana~ 

The data we re analysed by use of the analysis of variance model 

le = 1, 2 

1 = 0 ,1,2 

The li are litter effects, the sj sex effects (s1 = male and 

s 2 :: fer:iale) and the 7c oolo llr classtfication effects (c
1 

:: very dark , 

c 2 = dark.). The y ij~ were: 

(a) Yellow band l ellith (mtan value of ci~h t hairs) 

(bJ Black band l e~ th (mean value of eiiht hairs) 

(i i. ) Results and Discussi. op 

The least squares equations a1-e s hown in Table 55. The analyses 

of va1~anoe of interactions and effects are shcmn in Tables 38 (yellow 

band l eng t h) am 37 (black band lenith) . 
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Table 35 

The least squares equations for :,ellO\'V band leJliths and block 

band l~ths of the first 14 mioe born to Mating u. 1 

Yellow Band Black Bam 
leflitb le~th 

IL+ (11 12 1~ ) s1 s2 cl c2 Z-::J £ j 
+ 
~ 

11 5 2 3 2 3 55.95 43.80 

12 4 3 1 2 2 72. 00 28. 63 

13 5 1 4 2 5 81.75 41.JO 
~ 

81 2 5 1 6 0 2 4 94. 78 42.82 

92 3 1 4 0 8 4 4 115.00 70. C1 

cl 2 2 2 2 4 6 0 '/7.05 GJ.J7 

c2 3 2 3 4 4 0 8 133. 53 60. 06 
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Table :J6 

Anal,YBea of variance ot interacticns and e1 fects for 

jello• bond len.;:ths ot ::lice from Ati na u. 1 

!:)ctource d. f . S.S. s. F. i'. 

Total 14 5385..32 

Meon 1 3167. 42 

Bet. subclasses 10 ~7. 10 

trror 4 1c. 22 4-. 05 

l:l ~,l,s,c) 5 3355.35 

i:.rror .: Interoctions g 2U. 97 3.33 

Int-eroctions 5 13. '75 ?..75 . co ~ - !" ... 

1 • ~ • 

R ~, l , s) 4 32J1. 5~ 

Col ,J rs 1 81.82 (,1. 82 18.56 .t, ~ 

R \l"',l,c) 4 ~52. 39 

!.:jex 1 . oo -~ . 29 l I. ~:'. 

R (r, s,c) 3 3219.18 

Littl:m 2 iz,:~. 47 GC. 7~ 20. 04 • • 
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Table 37 

Analyses of variance of interactions and effects for 

black band le?li ths of mice f rom ;·da tint{ U. 1 

S~ource a. r. s . s . M.S. F. ~-
Total 14 951. 56 

Mean 1 919. ~ 

Bet. subclasses 10 946. 90 

Error 4 4. 66 1.16 

R (.,P; l,s9 c) 5 936. 80 

Error and Interactions 9 14.76 1. 64 

Interactions 5 10. 10 2. 02 1. 74 N. s. 

R (JJ--, l,s) 4 951. 76 

Colo urs 1 5. 04 5. 04 3.07 N. s. 

R ( .,,«, l,c) 4 932. 54 

Sex 1 4. 26 4. 26 2. 60 N. s. 

R ( J"_, s,c) 5 933. 10 

Litters 2 3. 70 3. 70 1.65 N. S. 

Data were collected only on mice from the first three litters of 

llati111 U.1, that was, the firs t 14 mice born. 

The ana]Jsis ot variance of .rellow band lenaths s hown in Table 36 

shows that the visual seg reaation of very dark wild-t,pe aao11ti 

(a/a,A•/at) and dark wild-type aao ti (d/d,A./A•) mice in 1.iatina u.1 

was also accompanied b,- statistically sianificant differences in ,-ellow 

band lenatha beween the two aenot:,pee. The e stimates ot colo11r effecta 

ebow that tlle ,-ellow bar¥! lei,atha ot d/d.A ~.,-' mice were reduced b,r 4. 4 0118 

(at X500) as compared with t he yellow band lenaths ot d/a,A•/A• mice. 

\\ 
I 

I 
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Differences between 11 tter means were. statistically a~nificant. As 

all the 14 mice were bom to the same :parent pair, these litt er effects 

remain unexplained. 

Table 3'7 indicates that no statistically s~nificont differences 

between colo1r11 , litters and ~.xes were observed for black band le11£ths. 

As diffe rencce between vory d nrk and dork phenotypes were tested here , 

compared with very dark, dnrK ond li(lh t phenotypes in . etil'\; Hi . T, the 

obstnce of s :L~nificant differences in black band ler4iths between colours 

cannot be considered a contradiction to the 2Ai . T results w:,icb did shaw 

s~nificant diffusences. 
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4. EFFJ<.X";TS OF Tm. D,APX Gl:NOTI'PE.'3 ON 'fflE 
UlGTH OF Y-.E f,If'V: PIG,fr.1,"T. 

(i} Introduction 

In orocr to see i! the results of the objective studies su11rorted 

the conclusions obtained from the viDual stwies in regord to the 

hypothesized ~cnotypes of the very dark, dark and 11.';ht phenotypee from 

-r 
Matings :a .1-5, ', i . T and u. 1, the estlmates of /"- + c1 for (black end 

yellow) band leil[;ths were compared for all m.atin~s anrl all phcnot:,pes. 

The use of the p + o1 for the comparisons cave adjustr.w::nt for all other 

effects includin& the random error term. Usi ng the estimates of (bbck 

~ yellow) barn lc •ir: ths allowed !diwb/+ and +/+ tenotypes to be 

considered t ocethcr. 

On the basis of t hese compar-lsons it was also hor:,ed to obtain some 

:!lethod of separntin.,; the 1;wo dark ~enotJ.,,cs (a/+ , Aw/at am d/d ,Av,/A") 

which were classified to,.,;ether in . ,...it~ ,11. T. 

Kat~ 

111. 1-s 

JH .• T 

u.1 

(ii) Results 3nd Di::: cuss ion 

The estimates of/' + c
1 

are sh~n in Table 58 

T ble 38 

Estiaates of ,,«-+ c1 for (.yellow + black) band len,ithe , for 
the visual phenot ypic aroaps of Uatinsa Mi.1-5, 141.T and u.1 

Very Derk Dark Lii.bt 

{ Genot.n,e - d/+,A/a +/+,A/a 

;'- + 01 - 29.2 ~, 
( Genotype 

a/a,Aw/•' c1/c14,Aw 
4/+,A•/A• d/+,A '/at 

JA- + Ci ao/8 26.5 M.0 

{ Genotype a/4~w/•t, d/d.Jt"/Aw -
~· 01 20.2 25.8 -



The actual fi1ures shown w Table 58 should not be considered 

too seriousl.7. These estimstee wen- obtained from different aroups 

of mice, with different numbers in each aroup, and by the use of different 

analysis of variance models. However, the estimates show extreme}J' good 

a&reement with, and support for, the conclusions formed from the visual 

studies. In spite of a few mis-classificati ons, the estimates for the 

light mice (d/+,A" /A• and +/+,A/a) from MatiD.iS Mi. 1-5 and ..-latina Mi . T 

show :xcellent &ireer.icnt; as do the estimates for the very darlc mice 

(d/d,A
19
/at) from Matings Ui.T and U. 1. The estimates for dark mice 

(d/d.A"/Aw and d/+,A•/at) provide evidence in support of the hyr,othcsis 

that the dark mice from .,i.ati~ ~11. T are comprised of t wo ~enotypic ~roups; 

the value of 26. 5 for apr: roximately equal numbers of a/ai"'/.Aw and d/+,i"/at 

t!l'.ice from ,,i.atir,& ::.a . T lyi~ between that of 29. 2 for d/+,A/a m.ice from 

Mat~~s Mi . 1-5,and 25.8 for d/d,Aw/Aw :nice from :ta tini U. 1. 

Altho~h the estimstes in Table 38 oay not be truly accurate or 

comparable, it waa decided to accept them as :ieinll true est i.!!13tes for 

the r ~spective eenotypea, in order to obtain sol!le informati0n on tho 

full 1; 1:1:1 seareiation in !!ati~ K1. T. The esti tea accepted were 

those from the u. 1 matina am Matinas ?41. 1-5 1'hicb were obtained 

imependentl.T of Matina Ki. T. The mid-points between estimates were 

chosen as repreaentina the mid-points between aenotypes, as f'ollom: 



Genotype 

d/d,A" /i t 

d/d ,;.:"/Aw 

d/+,Aw/o t 

d/+,A"' / Aw 
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~ + Ci 

20. 2 ) 
) 

25.8 ) 

29. 2 ) 
) 

33.7 ) 

Mid-Value 

25.0 

51..4 

The values of (yellow + black) bani le~ths of all mice in 

M.ati~ .~i . T ,,ere tr.en adjusted for litter, sex and bacl{irot.md effects as 

w/ t est imated by the mode l used in tnat ..lating. .All •nice of the A a geno-

type with adjusted values f'alli~ l>e.low 25. 0 ·were claRSified as beina 

of the d/d .A°w /at iienotype. :.{ice of the Aw / Aw ~enotype with a<l jun tcd 

values above 31..4 were classifkd as the d/+ , J..w /Av, .;enot,n.,e . All other 

r:1ice W(:; re clossifkd into two groups accord if\\;; to whether they v;erc of c. hc 

w/ w w/ t A A or A a jenoty-pes , nnu the n.sn of the adjusted values ualculated 

for both ~ups. The mean valuen were : 

i" /Av, • 26. 2 

Aw /at = 27. 6 

*1.cb are in as reasonable o.:reer:i.e nt with the values of 25. 8 and 29. 2 

os miaht be expected, on t he basis of such an approximate procedUM. The 

numbers of mice in the four ~enotypic 2 roqps, on the basis of this 

claaaif'ication, re;. 

d/d,A9 /at, - 9 

d/c.A"/A9 
- 11 

d/+.l'/at. - 15 

d/+.J.9 /A9 -...ll.,. 

Tot l 48 -
'?be ratio of 91U&1,5:U ie in 1ood aare ment with a 111:1:1 ratio 

al thou.sh the t:taurea ff not amaid red to be BU! ficientl.-, dependable 



to warrant a Chi-square analysis. 

( iii) Conclusions 

By making somA rather vast ass1DPtions, evidence has been 

proviaed fa,om the objective studies to e~est that dark 2.enotypes expected 

on the basis of the visual reaults to be the same in different mat~s, 

are in fact the same. The yellcm ba:rxJ lensth stooies also provide evidence 

in s wpport of the hypothesis that tt1c dark mice of the Mi . T ma tiil,i 

con.Jis t of approximately equal numbe rs of two gark ienotypes. On the 

basis (black + yellc,.,) band lengths the order of aenotype-phcnotype 

relations are: 

in order of decreas111{.; band le~t hs. These rcsul ts are in 9iree:ncnt 

wit h rc,sults of tht: visual stui1 ies. 

It is also likely thot ~he se.r.rc..;ation of all four dark [;enoty_::.,es 

in !!c, ting Mi.Twas in a.:reem nt wi th t he expecta. 4jion of 1:1:1:1. 
~ 
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5. PLEIOTROPIC STUDIES CF THE DARK GffiE 

(i} Introduction 

The fol lcrwina sections describe methods used and the results 

obtained, in an attempt to obtain some knowledi e of the pbysioloiical 

relationships between causal factors underl.yillf; the reduction in yellcrw 

band le11£ths of dark mice. 

The mice used in this study were the Dominant White a~outis 

(}4iwh /+,A/a) from Matina;s Mi . 1-5, as these represented a total of' 45 

mice amol'li vbich the dark:lii!ht sei re~at ion was fairly easily obse rved. 

Tiroo did not permit full analysis of all data from the other matini s and 

consequently the results obtained refer only to the dark ~enotype d/+ , 

A/a, Miwh /+, and the 11,aht ienotype +/+,A/a.Mi wh /+. 

(ii) Methods of analysis 

The techniques of the analyses of variance and covariance were 

used in this etudy. The analysis of variance model was 

where (a) 1 • 1,2 ••••• 12 

j • 1,2 

k • 1,2 

l • 0,1,2 

(b) i • 1,2. ••• ,, 

J • 1,2 
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k • 1,2 

1 = 0,1,2 

The li aN litter effects, the sj sex effects (s1 = male , s 2 = 

female), and the °le colour classification effects (c1 = dark, c2 = l~ht). 

The raodel was analysed by the method previousl,Y described. The 

analyses of covariance were based on t he analyses of variance as previous-

ly described. 

The yijkl for (a) were: 

(i) Yellow band le~ th (designated Y) 

(ii) The len~th from the tip of the hair to the distal 

constriction (0-1) 

(i i.i) The lerli th from the tip of t he hair to the distal end of the 

yellow band, i.e. the l.eflith of solid cortex (8) 

(iv) The total lellith of black medullary pi~ent in a 5 cm. strip 

of hair taken mid- way bet-.een the first and second con­

strictions from the hair tip ( B) 

(Y) The number of yellow cells in the yellow band (Ye) 

( Ti) Tbe number of medullary cells in the 5 an. hair strip 

deacribed above (L) 

(rli) Body weiibt at 21 days of qe (w) 

Tbe .riJkl tor (b) were: 

( i) Yell• band lenatb (Y) 

{ii) Total hair 1 llith (H) 
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The need for model (b) resulted f'rom hair lenaths of mice from 

litters 1-5 bei.lli estimated in terms of projection microscope field 

diameters. In preference to attemptilli conversion of these values to 

terms of "ems at X86" which mi£ht have introduced large errors, the data 

on total hair leJ1ith for these mice were disc rded. Consequently the mice 

used with model (b) were those from litters 6- 12. The data cm Y for these 

mice were r e-analysed by model (b) to allow the covariance analysis for 

Y and H to be carried out. 

The rela t ions between!, , c, (0- 1), Band L can be seen in 

(iii) Results 

The least squares equations fo r models (a) and (b) are shown in 

Table 25. The ~.l wectors for each variable for t hese equations are 

shown in Table 39. 
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Tab 1 e 5 9 

The R.H,s. of the least squares equations shown in Table 25 

Equation Model ( ) Model (b) 

~ (0-1) C B y L w H 
C 

/" 
11 286.87 62.81 91.51 216.86 44.25 39.8 

12 147.15 50.19 59.88 151. 74 22.57 24.0 

15 504..45 60.67 ao.12 256.12 41.88 40.8 -
14 214.12 47.19 61.25 198. 50 30.50 29.6 

15 148.49 31.56 41.19 137.87 22.25 16.8 

16 525.92 108.06 154.74 5M.24 85.88 53.8 362. 72 

17 462. '74 94.55 123.41 409.86 71.30 51.4 322. 00 

18 307.25 62. 43 76.00 323.36 48.00 M.6 ~25. 57 

lg 195.81 41.80 53.69 217.87 32.19 24.8 141.87 

110 
224.87 44. 75 64. 50 2U.62 36.18 31.6 163. 06 

111 
146.99 31.50 34.12 142. 25 22.56 21.0 109.3'/ 

112 
:565. 72 76.95 92.49 366.36 57.50 47.8 267.:56 

'-...../ 

•1 1599.14 290.91 592.6'1 1541. 21 21'1. 55 185. 2 693.25 

•2 1931..20 401.53 520.05 1825. 44 297. 31 a:K>. 8 898. '12 

01 1472.09 ~35 429.04 1510. 59 231. 25 183. 6 677.05 

oa 1858.25 388.09 483.66 1818. 06 28:s.61 232. 4 914.90 

The ~l for I' is sho in Table 25 for both aodela (a) and (b). 

The anal.fsia of variance for I u~ model (a) ia shown in Table 28, and 

bu bee diacuased in tbat section. 



In order to s ee whether the reduction of yellow le?Jith in dark 

mice took place at the distal or proximal end of the band relative to 

the tip of the hair, the analysis of variance on the solid cortex leniths 

was carried out as shown in Table 40. 

Table 40 

Anal.rses of variance of interactions and effects on the 

le~th of solid cortex for all Miwh/+ mice of Mati n~s Mi.1-5. 

S~urce d.f. 

Total 45 

Mean 1 

Bet. subclasses 35 

Error 10 

R ~,l, s,c} 14 

Error & Inter­
actions 31 

Interactions 21 

R (_p-,1,s) 1:5 

Colours 1 

Sx 1 

R (/'-,a,c) 2 

Litters 12 

s.s. M. s. F. P. 

10687.88 

10654. 96 

10679.66 

a. 22 .82 

10667.45 

20. 45 . 66 

12.23 . 58 . 71 N. S. 

10664.62 

2.81 2.81 • 
10667.06 

.57 • 56 N.S • 

10679.66 

13.05 1.80 N.S. 

Taba 40 indicates t hat on.lJ' colour effects were statistically 
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s~nificant at tbe 5% leftL The estimate of the colour difference was 

• 52 ems, the dark aenotype beina the shorter. 

An analysis of covariance for colour effects was then carried 

out with yellow lellith as the dependant variate and solid cortex lencth 

as t he independant variate. This analysis is shown in Table 41. 

Table 41 

Analysis of covariance ~ith yellow leJlith u the dependant variate 

(,-) and solid cortex len.th as the independant variate (x) for all 

;..liwh/+ :nee from Matillis Mi. 1-5. 

£',¢ource c. ss. y c. as. ~ o. as. x b b. ss Dev. ss a. f M. s. F . P . 

Total 690.18 41. 92 32. 92 

1\:( 1,s,c) 525. 61 20. 24 12.47 

Residual 164. 57 21.68 20. 45 1.06 22. 98 141. 59 50 4. 72 4. 72 • 

Colours 199. 14- 23. 59 2.e1 

Colours + 
Residual 363. 71 45.07 23. 26 1. 94 87. 44 216. 27 

Coloure 154. 68 1 134. 68 28. 55 •• 
(adj. ) 

The anal3sis of covariance shown in Table 41 indicates that the 

re1ression coefficient (b) in the residual line waa 11ipitic:ant at the ~ 

level , and consequently adjastments of yellow leDitba tor the linear 

within sex within litter within colour re1reasion on olid cortex le111th 

were worth cari:,inc out. The adjusted sums of squares tor colours was 

atill •ianiticant at the 1" l evel. It was conclwied that the dark 1eno-



type reduced yellow band leDBth by causiJli a small but significant 

reduction i n cortex le~th which shows a si~nificant positive within 

subclass linear reirission with yellow band leftBth, and also by 

causiJli a direct ~~ion on yellow band length. Relative to the tip 

ot the hair., the estimates of the dark effects for C and Y (i. e. -. 52 

and -4. 50 ems. r espectively below the values for the liiht eenotype) show 

that ti'v;i dark aenotype reduces yellow band le~th by about 5.02 ems. at 

the proximal end of the band. 

As the dark genotype ca~sed significant reductions in the le11,1;th 

of the solid conex seument and yellow band leflith, it appeared as if the 

dark genotype rniiht reduce hair lenith generally. Analyses of variance 

were thus carried out on both t he le~th of the distal hair se2ment (0-1) 

and the total hair leJli.th from the tip of the hair to the base of the 

"club" bulb. These analyses are shown in Tables 42 and 45. 
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Table 42 

Analyses of variance of interactions and effects for the variable 

( 0-1) for al l )diwh/+ mice ot Matinas Mi.1-5. 

S¢ource d. f . s . s . M. S. F. .P. 

Total 45 24'7538. 65 

Mean 1 246470. 52 

Bet. subclasses 35 247191. 32 

Error 10 14'1. 31 14. 75 

R (~ 1,s, o) 14 246879. 72 

Error & Interactions31 458. 91 14. 80 

Interactions 21 311. 60 14. 34 1. 01 N. S. 

R (Pt' l,s) 13 246863. 59 

Colours 1 16. 13 16~13 1.09 N. s. 

R (t,1,c) 13 246874. 50 

Sex 1 5. 22 5. 22 . 55 N. s. 

R (/"', s,c) ~ 246492. 72 

Litters 11 587. 00 35. 18 2. 58 • 



-104-

Table 4-5 

Analyses of variance of interactions and eff ects for total 

hair length of Miwh/+ mice from litters 6 to 12 of Mat inas Mi . 1- 5 

S¢ource d. f . 

Total 30 

Mean 1 

Bet. subclasses 22 

Error 8 

R (,-; l,s,c) 9 

Error & I n te ractions 21 

Interactions 

R ~l,s) 

Colours 

R(r, l , c) 

Sexes 

R ( r, s ,c) 

Litten 

13 

8 

1 

8 

1 

6 

s . s . 

84-'748. 85 

844'76. 82 

84'728. 31 

M. s 

20. 52 2. 56 

84685. 61 

6:5. 22 3. 01 

42. '70 5. 28 

84655. '79 

29. 82 29. 82 

84668. 19 

16. 82 16 . 82 

84505.75 

179. 86 29. 98 

• (X86 . ) 

F. 

1. 28 N. S. 

9. 91 .... 

5.59 • 

9. 96 •• 

No 11:ianificant i itferencea were observed between dark and liiht 

m1oe or betwe sues for the -nriable ( 0-1) . Litter effects were jut 

aipiticant at the 5% level. Total hair loath (H) showed aipiticant 

difference• between col ours and litters at the 1" l vel and between sexea 

at the - l eYel, bot h the dark aenotype and females showina reductions. 
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In the absence of any data on lens th-time relations between mice 

auri~ the ir;rowini period, it cannot be established whether the reduction 

in hair le~th of the dark genotype is a consequence of a reduced rate of 

hair .crowth, or a reduced time period of hair arowth 1n these mice. 

Althouih the darlc ~enotype reduced total hair leiiith, the length of the 

distal hair segment (0-1) was not reduced. This slli,gests that, on a 

between colours basis, the distal constriction occurs after a fixed quantity 

of hair has irown. or a fixed time period of srowth has occurred. 

In an attempt to see wh4'ther the shorter hairs of the iark 2enotype 

might be a res i.1lt of shorter medullary cells, an analysis of variance was 

carried out on the number of cells in the 5 cm. (X500 mai.) segment mid­

way between toe first aril second distal constrictions (L). Thus L was 

used as an est::.mate of medull ary cell l ength in t his region of the hair. 

The analysis is shown in Table 44. 



Table 44 

AnalJ'sis of variance of interactions and effects for the 

variable L for all Mi wh /+ mice from l.fatinas Mi. 1-S 

Stlburce d. f . s . s. M. s. F. 

Total 45 5917. 09 

Mean 1 5890. 68 

Bet. subclasses 35 5916. 10 

Error 10 . 99 . 10 

R (f", l,s,c) 14 5~10. 35 

Error & Interactions 31 6. 76 . 22 

Interactions 21 5. 77 • 2'1 2. 70 

R (r,l,s) 13 5909.88 

Colours 1 . 45 . 4-5 2.04 

R ( f",1,c) 13 5910. 19 

Sex 1 . 14 • 14 . 62 

R { f'• a,c) 3 6895. 01 

Litters 11 17. 32 1. 57 7. 14 

f-. 

N. S. 

N. S. 

N. S • 

•• 

Table 44 indicates that there were no statistically si,anificant 

differences between dark am 11.cbt 2enotypea for L. It was concluded 

that the shorter hair lenatha of dark mice were not due to these mice 

ha'Yina reduced aedullaey cell len,ths aa asurec.1 by L. Litter effect.a 
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we re significant at the 1% level. 

As the r6duction in yellow band lengths of dark mice miiht have 

been a consequence of the reduction in hair lel'>ath of t hese mice, a.n 

analysis of covariance was carried out for colour effects with yellow 

le?lith as the aependant variate (y) and the total hair le~th as the 

independant variate (x) . Ast~ analysis of variance of hair lengths 

was carried out on mice from litters 6 to 12, an analysis of yellow 

lenaths was carried out for these l ame mice to enable t he covariance 

analysis to b e p6rformed. The results of the analysis on yellow length 

are shown in Table 45, and are in g ood as; reement with those obta i ned f rom 

the analysis using all mice shown in Table 26. The analysis of covariance 

is s hown in Table 46. 
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'fable 45 

Analysis of variance of interactions and effects for yellow 

band leflithB of Mi wb /+ mice from litters 6 - 12 at Matings Mi. 1-5. 

S¢ource a. r. s . s . M. S. F. P. 

Total 30 32674. 41 

Mean 1 32401. 95 

Bet. subclasses 22 32631. 14 

Error 8 43. 27 

R (f-,1,s,c,) 9 32578. 12 

Error&: Interactions 21 96. 29 4 . 59 

Interactions 15 53. 02 4. 08 

R (f-i l,sJ 8 32499. 43 

Colours 1 78. 69 78. 69 17. 14 •• 

R (p-,1 , c) 8 32578. 78 

Sexes 1 0 0 0 N. s. 

R ( p,, s ,c) 5 52464.17 

Litters 6 113.95 18. 99 4.14 •• 

c1 effect • - 1.74 cma (l.500 mq.) 
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Table 46 

Analysis of covariance on colO\lr effects with yellow band lenath 

as the dependant variate (y) and total hair len,ath as the independant 

variate (x) for .Mi wh /+ mice from litters 6 to 12 of Matings Mi . 1-5 

S¢ouroe CBS y cssq CSBX b bsa Dev. ss d. f . MS F 

Total 2'12. 48 109. 9'1 272. 01 

R .(' (1,s,c) 176. 19 '78. 31 208. 59 

Residual 96. 29 33.24 63. 42 . 524 1'7. 42 '18. 87 20 3.94 4 . 42 

Col ours '18. 69 47. 9'1 29. 82 

Colours + 
Residual 174. 98 81. 21 93. 04 . 873 70. 88 104. 10 

Colours (adj) 25. 23 115. 23 6. 40 

The r eiression coefficient in the residual line of Table 45 was 

si211ificant at the 51' level, am consequently adjustment of yellow band 

lenath for the l inear within subclasses regr ession on total hair le~th 

was proceed~d with. The results s how that after allowi.na for this 

r elationship, differences between colours were still sianiticant at the 

SJ& level. It was concluded that the dark ienotype redaces yellow le~th 

aa a consequence of reduciJli hair ler,ath, and also has a direct effect 

on tbe redaction ot yellow leJlith. 

An analysis ot oovariance for colour effects was carried out wi tb 

yellow band lenath as tbe dependant Tariate (y) and the number ot yellow 

dullary cella u the independant variate (x) . Th anal,.ysia of 

p 

~ 

• 

• 
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variance on the number of yellow cells is shown in Table 47(a) ard 

the analysis of covariance in Table 48(a} . 

Table 47( ,11 

Analyses of variance of interactions and effects for the 

numbers of yellow rnedull ary cells of all Miwh /+ mice 

from Mat iflis M. 1-5 

Sitource d.f. s . s . M. s. 1' . p 

Total 45 226600. 24 

Mean 1 222837. 16 

Bet. subclasses 55 226455. 75 

Error 10 144. 49 14-. 45 

R yt, l,s,c) 14 225857. 87 

~rror ¢ Interactions 31 '142. 37 

Interactions 21 597. ga 29. 47 1. 97 :r- .s. 

R ~ l,al 13 2?4983. 47 

Coloars 1 874. 40 874. 40 30. 71 • • 
R (_r, l,c) 15 225837. 06 

Sexes 1 20. 81 20. 81 1.44 N. S. 

R ~,s,c) :s 2?.4223. 43 

Litters 11 1634. 44 148.58 10. 28 • • 



S~rce 

Total 

R t ( 1,a,o) 

Residual 

Coloura 

Coloun + 
Reaid11al 

Tabl e 48{a) 

Analyaia ot COTariance on colour e ffects with yellow lens th as the 

dependant variate Cr) and number of yellow cells as the independant 

variate (x) for all Miwh/+ mice from Ma t i ngs Mi . 1-5. 

081!17 caax_r cssx b bes Dev.as d. f . 

690. 18 1454. 31 3765.08 

D25.61 1208. 84 3020. 71 

164. 57 245. 37 742. 37 . 351 81. 22 85.55 50 

199. 14 416. 51 874.40 

!85. 71 661. 88 1616. 7'7 . 409 270. 71 93. 00 

Coloun (&aj.) 9. 65 1 

M.S. P. p 

2. '18 29. 22 •• 
I 
b 
f 

9. 65 5. 47 M.s. 
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As the mean squares for interactions ' ,JiJ.. error in the analysis 

of variance of numbers of yellow medullary cells differed by 

approximately twice the error mean square, the mean square for error 

was used as a basis for testina the sienificance of effects. Both 

colour and litter effects were statistically sipificant at the 

1% leTel. Sex effects were non-siinificant. These results are in 

aireement with those obtained from the analysis of yellow band lengths. 

The within s ub-classes reiression in the residual line of the analysis 

of covariance shown in Table 48.:,ras siinificant at the 1% level. Ad just­

i?li yellow band le?liths for t his rei ression removed the significant 

differences between coloui's for yellow band leJ1iths. It was concluded 

that dark mice had shorter yellow bands as a connequence of havi11tt 

l e ss yellow cells. 
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••~ianoe en \Re RYl!INP ef y:ellew eella ia eh8WR ill Table 4?, alMJ tbe 

An analysis of variance was carried out on the estirna tes of 

black medullary l i ament leneths from the 5 cm (X500 ma1) drawi s , 

previously described. The r esults of t his analysis are shown in Table 47.(.l,). 

Table 4'1(~) . 

Analysis of variance of interactions and effects on the variable B 

for all Mi wb /+ mice from Matinas .Mi. 1-5. 

s eource d. f . s . s . M.S. F. .P 

Total 45 18718. 77 

11i ean 1 18511. 58 

Bet. subclasses 35 18700. 18 

Error 10 18. 59 1. 86 

R y-',l,s,c) 14 18662.99 

Error & Interactions51 55. 78 1. 80 

Interactions 21 37. 19 1. '77 • 95 N. S. 

R ( /", 1,a) 15 18659. U 

Colours 1 ~88 25.88 15.27 •• 

R (_r, l,c) 15 18657. 41 

Sexea 1 5. 58 5. 58 5.10 H. S. 

R (~,a.c) :5 18584. 19 

Litters u 78. 80 7. 16 5.98 •• 

c1 etfect • +. 16 ( x500 maa) 



-111-

Table 47 shows that siiJlificant differences exis ted between 

colours and litters at the 1% level.. Sex effects were not siiJUficant. 

These results are in reasonable a.rree,ucnt \llith those obtained from Table 

16. An analysis of covari.a."lce was carried out on colour effects wi th 

black medullary piament le~th per 5 an. section as th e dependant variable 

and the number of med ullory cells per 5 ca. section as the independent 

variable. This analysi s is shown in Table 4Blb)-

Table 48(b). 

S¢ource easy cssx;y cssx b bas Dev. as d . f . ~ s. F. p 

Total 287.19 22. 87 26. 41 

R J. (i.s,~ 151.41 15. 76 19. 65 

Res idual 55. '18 '7. 61 6. 76 1.126 s. 57 47. 21 50 1. 57 5. 46 

Col ours 23. 88 2. 55 . 45 

Colours + 
Residual 79.66 10.16 7.21 1.409 14.31 65. 35 

Cole lll'B (adj) 18. 14 1 18. 14 11. 55 

The re1ression coefficient in the e rror line w•ilpifi cant at the 

5% leYel.. After adjustment of black dullar;r pi,ament l enatba per 5 ems. 

for the li ar within subclasses re1ression on nmnber of medullary cells 

per 5 ans. e1pif1cant ettecta at the 1" leTel still existed tor between 

colours. It waa concluded that the dark 1enot.YP9e ahow increased le:natba 

of lack piament clapa 1n the •ii ot th hair studied, an! this 

• 

•• 

1Dcreaae was not brouaht about b., increases in cell lenatha ot this Neicn. 
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Consequently, it was concluded that the dark genotype showed a direct 

effect of increasing the amount or distribution of black piament in 

medulla ry cells of the region studied. 

The analysis of variance of weanirli weiihts (in ims) i s shown 

in Table 49. 

Table 49 

Ana~sis of variance of interactions and effects for we8IU.l'li 

weiihts for all 11.i,.h/+ mice irom Matings Mi.1-5. 

S¢ource a. r. s.s. s. F. P. 

Total 45 5940. 40 

1 3845. 69 

Bet. subclasses 34 85. 59 

Error 10 9. 12 . 91 

R ( /"il,s,c) 14 3908. 48 4 . 85 4. 69 • 

Error & Interactions 31 31. 92 1.05 

Interactions 21 22. a 1. 09 1.20 N. ~. 

R ( r, l , s) 15 5908.45 

Colours 1 . 03 .os • 05 N. s • 

R (;,,1 , c) 15 3902. 29 

Sexes 1 6. 19 6. 19 6. 01 • 

7 3855. 18 

Litters 11 4.71 •• 
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There were no statistically Biini ficant differences between the body 

weiihts of the dark and l;i&ht mice ~roups. As miabt be expected , sex 

weA~ 
and litter effectsAsignificantly different. 

No si~ificant relationships were evident between body weiihts 

and any hair or p~ment character on a within litter, within sex, within 

colour basis. 

(iv) Discussion and Conclusions 

The results of the Jieiotropic studies s11ggest that the dark mice 

differed from the "normal" or light mice by having shorter hairs and 

yellow band le~ths, and l or12e r black pi~ment clumps in the reg i on studied. 

The reductions in yellow Qand len~ths could not be expla i ned by reductions 

in hair lellith, but were almost completely explained by the reductions 

in t he n~nber of yellow cells. The reduction in yellow band leng th 

occurred at the proximal end of the bend, relative to the tip of the hair. 

The r eduction in hair le~ths of dark mice was not accompanied 

by differences of mean cell size a~ measured rnid-wa,1 between ~ two distal 

constrictions. Consequently the shorter hair lerlllth or dark mice waa 

probabl,y the result of these mice havina less and not aller medullary 

c lls. That the yellow band lenitb redactions in dark mice were rendered 

non-sianifica.1t atter ad jwstina for the number of cells in the band, supporta 

tht- conclusion. Further, the estimatea of the extent of reduction of 

solid cortex and ,1ellow b&na lenatb in dark mice did not appear la:r;e 
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eno~h to accot..tnt for the estima -:.e of the reduction in hair le~ th 

of t he se mice. Ccnsequentl,y the r eduction in hair length was probabl,­

wrl.form t hrouihout the hair. Such results could be explained by the 

hypothesis that the dark mice show reduced cell division l'8tes in the 

matrix of the hair follicle. If the production of pi,ament granules by 

the melanocytes is not affe c ted by the dark a:enotype, then a slower rate 

of cell division in the bulb migh t result in mere 1rs.nule2 enterina each 

rnedullary ce 11. The results of t he analyses of mean lelli?th of black 

pi "ment per cell in the region studi ed (as e stimated by total le11ith of 

black pi.ment in a 5 c. m. (X500 mai•) strip) 9 provide evidence tha t this 

m~ht be the case. 

Such a s cheme is shown dia, r ammatically in Fiiure 9. It mue t be 

emphasised that this su&2ested pleiotropy i s only s pe culative. Other 

interpretations can be placed on the results, and other data may ~ive 

different results. Tests of the conclusions drawn :from t his study 'ft!Ould 

lie in obtainii,a data on hair &rowth-time relationships between £Ieno'type 

iroaps, and on mitotic rates in the follicle. 

For the purpose of breYity, litter and sez ef'tecta on the variables 

studied baT~ been left unexplained. The only n.r1abL • tor which sipiticant 

sex etfecta were tound went weanii,a wei,iht and hair lenath, both ot wbi 

showed reducti 1n t emales. Sianificant litter etfecta were ppanmt 

tor moat nriablea studied. Thia may in:licate the s nsi tivi ty of hair 



- 115-

DISCUSSION .AND CONCLUSIONS 

The results of the preliminary matinis BuaKeated that t.iendelian 

se~reiations were occurrln.,; between dark and l~ht mice, and that these 

miiht be due to the A/A vs A/a sei reiation at the &iouti locus in the 

p r esence of one or more "umbrous" &enes. 

As an aid to the ~enetic inve!>tiia tion of the "dark" phenotype, 

objective measures of the dark pheno ty pe were so~ht. As has been 

di s cussed earlier , comparisons of prepared skins from a litter 2ave no 

more accurate classif i cation than that obtained from the live mice before 

skinnifli . This discrepancy wi t h :.1 athcr de North' s (1940) r es ults may 

be due to the mice .a;; enot.Y t-·es involved in the present study (d/+ A/at and 

+/+ A/at from Matilli .Mi. 1) showiJli a smaller pbenotypic difference than 

the ienotypes studied by these authors. However, if the dark phenotype 

is r eflected mainly in the len~th of the yellow 8.iOuti bands, which are 

subject to si&nificant differences between litters, prepared "standard" 

skins would be of little use in classifyini dark am l~ht mice. 

l'be most disawoint~ feature of the technique trials results was 

tbe difficulty in obtai.Jrl.na the measurements talcen by Russell, E~S. (1946). 

Thia techniqtae baa been very powerful in the hands ot its ori;inator, in 

detectina the ettecta oa hair piament of alleles at the ~outi, chinchilla , 

brown, pink-eye and dilute loci in botb b01110q1ous and beterozy1ows 

C011binationa with each other. As the precedlU'e described by Russell , E.s. 
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(1946) was followed as clesely as possible , it can only be concluded that 

the inability to measure the piament variables resulted from lack of 

technicals°" in slide preparation and measurement, and/or the use of a 

microscope which may have been sub-standard to that used by Russell. 

The measurina of yellow band leniths and related variables on the 

projection microscope was easily carried out. The preliminary analysis of 

variance (Table 14) on yellow band len.tths showed that this variable was 

r educed in dark (!.ti wb /+,d/+,A/aJ mice as compared with li{lht (normal 

Mi wh /+,A/A,A/a) mice. This reduction in yellow band lel'liths of dorsal 

hairs of umbrous mice has been reported on at least t wo occasions (Mather 

& North 1940, Lane and Green 1960) altho~h no objective r esults have been 

reported by t he se authors. Consequently maan yellow band le~th of lllice, 

from the position sampled, was accepted as a satisfactory objective 

estimate of the dark phenotype for that mouse. 

The result s of the visual seireia tions provided evidence for the 

hypothesis that a sinale ncessive "dark:" i ene was seareiatina, which has 

its pbenotypic effect increased in A/a, as compared with A/A, mice. The 

+1 + 1 t w 1 w1 t &enotypes A 1a, A 1 a , A 1 a and A 1• , all a ppear e411ally 1111cc:essf'ul at 

increasinl tbe pbenot1Pic effect of both dark ienotypes d/+ and d/d. The 

~enot~benotype relati.onahips on a visual baais appear to be: 
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+/+,A/a ) 
) 

+/+,A/A ) 
) 

d/+,A/A ) 

d/+,A/a ) 
) 

d/d,A/A ) 

d/d,A/a 

- liaht or "normal" 

- dark 

- very dark 

wb The same genotype-phenotype relationships bold for both Mi /+ 

and+/+ eenotypes althoUih the Miwh/+ mice are li£hter. The dark pheno-

type may be described as a "sl~ht smud2e" of dark colouration along the 

mid-dorsal line, while in the very dark phenotype this area is a colouration 

approaching black. Considerabl e varintion wi thin phenotypes occurs in the 

intensity of darkness. This phenomenon has been reported for other 

umbrous-like .enes studied (Mather ~North 1940, Robinson 1959), the latter 

a uthor havini pointed out t he near pol.y~enic nature of umbrous. The 

absence of clear se&reaations for .Mati.Jli B.2 and the wild-type aaouti 

miae of Mati~s Mi.1-5, is attributed to this overlappine or near-

overlappina of phenotypes. 

The results of tb yellow band leJ'lith studiea supported tbe con-

cluaiona drawn from the resal.ts ot the visaal aeareaations. Dnk mice had 

red11ced •an yellow band lenaths while very cl ark mice showed a further 

reduction. Classification on tbe basis ot yellow band lenath adjusted 

tor litter etfecta aaYe ratios of tbe phenotypes in aa:1:e• ent with 

expectation. Howewr, cmsrlappin, nl11ea between p enotn>ea an the baaia 



of yellow bend le~th occurred. Whe th.er these "mis-classificationa" 

compared with the visual classifications were due to samplin,s errors 

in the estimates of mean yellow band lenath, the overlappina between 

a;enotypes of true pbenotypic values, or the estiaia~s representi~ true 

pbenotypic values of a oontinuous distribution c-f phenotypes, is not 

known. Consequently, usin£ mean yellow band len2th as estimated from 

8 ziizaa hairs of a mouse, has not been a sufficiently accaratt estimation 

of true phenotypic effect of the dark .ene, to obtain evidence of a clear 

cut aene segregation. 

The mutual reduction of dominance at umbrous and aaouti loci has 

been reported for several authors who studied different umbrous ienes 

(Barrows 1934, Aather & North 1940). The effect of the A/a genotype 

in thin study was similar to that reported by Uather & North (1940) in 

that heteroz.,aous non-aaouti acted to darken the phenotype in both d/ + 

and d/d aenotypea. 

B'rldenee trom the objective studies suuests that the dark geno­

types reduce yellow band lenath from the basal end of the bend (relative 

wb to tbe tip of the bair) am t.bat this effect 1a independant of tbe 141 '/+ 

aenotype'e ettect. It 1a a llto]3 b.Jpothesia that in Dominant lbite aaout1 

mice. tho aub-terminal black bmld would have been increased in lenetb ae 

ae;,aeeted that t,be tiliwb allele bu its effect in the cells creatfDi the 
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environment for the melanoblast, such that the melanoblast envirorwent 

is altered. Silvers & Russell (1955) and Silvers (1958) have shown that 

the aiouti phenotype of the hair is also a consequence of the &i?Uti 

ienotype of the follicle. The absence of the blaclc sub-terminal band in 

Dominant !,hite aiouti mice might thus reflect some interaction within 

wh ibe follicle cells of the Mi and auouti alleles. The pleiotrophic 

studies indicate that in one dark ienotype there is a direct effect of 

the iene on yellO\v band lenith, possibly on the yellow ~ black switch 

mechanism at the basal end of the hair. Alro the dark iene has an effect 

on yellow band lellit h, actini throu2h heir l elli th, hence is likely that 

the three loci, Dominant '', bite , .A2outi anJ dark, act and interact in t he 

hair follicle ceU.s rather than in the mt-lanocyte itself. 

The dark~ ene studied here does not appear to resembl ~ exactly any 

other urnbrous 2ene described. A possibility of r esembl ance to the dark 

aene (da/da) reported by l· alconer (1956• 1957) which arose in his c. B.A. 

inbred line, was dismissed on the baais that da/da mice showed reduced 

arowth rates which were not evident in t hese studies. 

Tbe aianificant litter d ift erenoee obtained in this etlily for many 

hair characters have been left unexplained. These effects on hair 1r011tb 

would malc.e an e xce llent basis for a aenetic study of both uternal 

en'Yi.roninent and hair aro-wtb pbysioloa. 

The dark i ene which is beina atored ill an il*red line baaed Oil 
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brother-sister mat~s in each ieneration (d/d,A•/at x d/d,Aw/A") is likely 

to be more useful for studies reiardilli the Jienes effect on hair jrowth 

than piamentation stooies. 

Limitations of mice numbers used, tosether wi tb the tacts that 

onl.1 ziazaa hairs were studied from one sampliJ:l.i position, no information 

was obtained on piament characters, and the absence of objective measures 

of phenotype allowiJli clear-cut seireiations to be observed, make the 

conclusions drawn from this study tentative only. 

For purposes of brevity the phenotype described has been termed 

"dark" (d/d). This should not be talr..en to imply correspondence with the 

jenotype da/da, or dilute (d/d). 
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StlMMABI 

(1) All investiiation of an apparently aenetically controlled 

darkenina of the mid-dorsal reaion of the a2 outi !llOUSe coat is described. 

(ii) Results from preliminary matiI)is indicated that the dark 

effect was determined in a si·1ple 1>1endelian manner and was modified bf 

the ienotype at the aiouti locus. 

(iii) Prepared mat inas were established to study the ienetic 

character of t he dark effect on both Dominant ~hite and wild- type 

homo- and heteroz.7aous bacG:rounds. 

(iv) Results from t hese mati.fli s indicated that the dark effect 

was controlled by a siJlile recessive iene, and that mutual mod i fication 

of dominance occur red at the dark and ai outi l oci. 

(v) Dark mice we re shown to have shorte r yellow &i outi bands 

than normal mice , and consequently yellow band le~th wa s used as an 

objective me asure of p henotype. 

(vi) The results of the ob jective studies supported the conclilsions 

drawn f rom the visual se2 reaaUons. 

(vii) A study was made of the pleiotropy ot one dark i enotype , 

the results of "Which are discussed in r elation to interaction of the 

DOftl:l.nant White, Acouti and Dark loci. 

( Tiii) I t was concluded that the dark: i•• cloeel.T reeemblee 

other modifiers of the qouti phenotype whicb are collecti•el.T tenaed 

"1.abroua• aenea, but doe• not appear to be om previously rePorted. 

( ix) Reasons are 1i•en tor cm1., tentati•e concluaiona bein, 

drawn t roa this study. 
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APPENDIX I . 

A glossary ot conventional abbreviations used in the text. 

N.S. 

• or p < . 05 

•• or p < . 01 

F 

d.f. 

M. S. 

s . s. 

R ( 

2 
!>BX 

ssq 

2 
s sy 

b 

x2 
n 

p or P 

S.E 

) 

Results not statistical\y si2nificant (at the 5% 
level in this study) . 

Result s stati~tically s~nificant at the 5% leval. 

Results statistically Siinificant at the 1% level. 

The va riance ratio 

uiean Square 

Sums of squares 

Reduction in s ums of squares due to fitting the 

constants within the brackets 

Sums o1 s quares of x 

Sums of cros ~-product s of x and y 

Swns of squares of y 

Reareseion coefficient 

The chi-square statistic for n dearees ot f r eedom 

.Probability 



AFPENDll II 

Descriptions of the inbred lines ueed in t his studz. 

Line Coat colour Phenotzye 

CB A Grey-bellied Aii outi 

A"'.101 rellow-bellied Aiou ti 

0 57 Black 

• ( CIX Yellow-bellied i rey 

l Grey 

( Yellow bellied black 
( 
( Black 

• Not inbred for 20 i enerat ions 

Genotype 

A+/A+ 

Aw /Aw 

a/a 

Miwh/+, at/+ 

)(iwh/+, a/a 

t +/+,a./+ 

+/+, a/a 




