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I N T R O D U C T I O N  

:!i![):;:!::Since the capture of living specimens of the Syrian hamster (A//esocricetus auratus) in 
i!)!930 (Adler and Theodor 1931, Bruce and Hindle 1934, Adler 1948) the hamster has 
ii[:[come a welI-known laboratory animal. The hamster has also been acclaimed as a 
i!domestic .... pet, thousands of animals being produced annually by fanciers. The mount- 
:ii~N increase in number of hamsters produced, either in the laboratory or by fanciers, 
!i:impI)es that the probability of detection of mutations may be increased, This paper 
irecords the occurrence of two mutations which have appeared in Britain and presents 
~:an investigation of possible linkage between the two mutations and a third imported 
!~6m the United States. The possibility of partial sex-linkage has also been examined. 
:~'he two mutations have been noted briefly when their mode of inheritancedaad been 
i!~etermined (Robinson 1955). 

D E S C R I P T I O N  OF i v I I J T A T I O N S  

i:)::~ short account of the pigmentation of the normal golden hamster will be given, foIlowed 
libya description of the mutant types. 

.N'o~ma! 

::::./!'he pelage of the normal hamster is composed of relatively soft hairs and is appre- 
~:}~b]y denser on the dorsum than o:rt [he ventral-lateral sm'faces of the body. Dorsal 
:coat colom- is largely gotden,-brown, richer along the mid-dorsal line than on the flanks. 
When the fl.lr is parted, the hairs can be seen to be slate bl:ue sub-apically, becoming 
~5,: 

{~:a]er towards the skin. The fur of the under-surfkce of the body tends to be pale 
: i  :z: ,i 

~r with a pale-grey base. A variable white patch is Occasionally present 
]nthe region of the mnblllcus. The sparse hair on tile ne t  a n d  on the stubby tail  is 
iVery light cream. The ears are large and the skin is darkly pigmented while the hair 
::z,c0ven.ng :~s scanty and cream-white in colour. The under-surfice of the jaw and the 
i[Wo throat "flashes" are cream-eoloured and are connected widl the belly colour by 
:i~ thin cream tine separating the light golden chest-band. Anterior to die second flash 
z~,i : : 
'~sa dark curving streak of'melanin pattern know~l as the "crescent". 5ielanic pigment j ,  ,: 

t'orms in tile skin of the ears and[ along the edges of the eyelid, Pigment also forms Z 

:::~il}\lsely in the dermis of the scrotum and as spots on the prepuce 0f males; and diffusely 
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i~l the perineal region of females. The two hip-glands are sin:rounded by short, 
apparently coarser, hairs, darker in colour than the ordinary fur. Examination of the 
reverse side of pelts indicate that p~gment is present in the skin about the two glands. 
The area and amount of gland pigmentation is more pronounced iu adult males d~an 
in females. 

Pigment can be seen macroscopically in the skin of the ears from th.e age of about ~ve 
days (t}-ansie~lt plgment in the skin of the body commences from the second Clay) whereas 
the initial signs of pigment in the genital region are delayed, until about the eighteenth 
day. In females the perinca[ pigment is diffuse, but  in males two ch.aracteristic laterally 

placed spots on the prepuce can be discerned. In the skin, pigm.entation increases with: 
age but at different rates and with some variation of extent in different animals. Par t i -  
cularly, the nmnber of spots on the prepuce may increase in both number  a n d  
irregularity. The pelage col.oaring appears to be relatively stable apon attainment o f  
maturity. The juvm~ile hamster is ~%nouse" grey in colour, the golden-brown pig- 
mentafion developing wi~h subsequent waves of newly erupting hair. 

JVo~z-exte~sion of mela~zb~ 

Animals homozygous for non-extension of melanln possess rich creamy yellow fur,: 
somewhat paler on the stomach than on the dorsum. This mutant type is known: 
colloquially as the cream. No melanin appears to develop in the pelage, except possibly.. 
within the stiff hairs associated with the hip gland. Melanin, however, develops 
normally in the skit{ of the ears and rim of the eye-lids, in the region of the perincum 
according to the sex of the individual, and in the hip gland. The difference in degree 

of gland pigmentation between the sexes, noted in the normal, is more readily apparent .  
The coarse hairs of the hip-gland appear to be slightly more richly coloured (ligh t 
orange) than the ordinary fur. Similarly to the normal hamster, the ears, lower parts  
of the feet, and tail are thinly covered wkh creamy-white hairs. No melanin formation 
in the skirt of the body can be seen from./he day of birth onwards. This tZact enables 
the cream to be accurately distinguished from the normal at the age of two days should 
this he necessary. It  has been noticed that although the rate of pigmentation of-thel 
ears parallels that of the normal, the pigment may be 1aid down irregularly. The  eredg) 
ears viewed against a strong light appear to.be ~marbled". Later, the lighter pigmented;. 
areas darken and eventually the ears are usuaIty as evenly colom'ed as in the normal:. 
The  simplest explanation for the coat colour would be that ofmhibit lon of melanin f rom 
the fur. It  would appear that the intensity of yellow is less in the cream ~han in the 
normal. It  is an interesting speculation whether this is a~l artifice of the inhibition ot: 
melanin or if the yellow pigmentation ])er se has been di luted. .  The rate of growth, th~ 
viability of both sexes, and the fertility of each appear comparable to the normal.  T h e  
mutation was discovered by a fancier in 1951 at Leeds. The mutant allele is completely:; 

recessive to tI~e n o r m j  and the symbol e is proposed for its designation. 
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R~by-eye.dihtle 

The coat colour of the ruby-eye animal is distinctly weakened; the black is diluted 
ilto bluis]~ and. the yellow to ~'awn. The sub-apical undercolour of the petage is a medium 
blue becoming greyish towards the roots of tl~e hair. Fur colour on the ventral sur- 
'i;aCES of the body is very pale. Eye colon' is also affected, the pupil assm~].ing a ricl~ ruby 
mien in most, but exceptionally du]l lights. Of the black or ydlo w pigmentation, the 
:black appears to be more strongly diluted. New born animals display aJ~ annulus of 
iris pigmentation, clearly visfble beneath th.e closed eyelids. The reduced pigmentation 
~:i0f the eye distinguishes the ruby-eye individual Kom either the zr or ttle cream. 
:The rate of development of transitory pigmentation in the skin of young nestlings is 
retarded. The difference is apparent macroscopically by }he 5fth day from }~irth. 
i:Melanin formatiml in the skin is severely weakened, ear colour is peach grey, and little 
or no pig~:a.ent is present about the gerfitals of either sex. tKip-gland pigmentatiml is 
.icorrespondingly reduced, although several months later accumulation of pigment may 
:be evident. At 2] days of age the ruby-eye hamster is significantly!'smaller in size than 
:the normal and the size redtmdon persists into the adult stage, t<uby-eye di]ution is due 
to a completely recessive mutation for which the symbol r~  is proposed. The mu.tatim~ 
was observed by a fancier at Soutltsca in the year 1948. 

The reduction ~r~ size is accompanied by impaired viability, and probably general 
~stamina, with a sterility onset ~n ff~e n~ale. An attempt to estimate the viability of 
r ,  r u  animals surviving at 21 days is made complex by inviability interactions between 
)ihe r u  allele and the two other mutations. Of the tllree crosses, only tile secozld and 
fldrd classes of cross I (Table 5) would appear to yield an estim.ate the viability o f r u  r a  
:animals at 21 days, unbiased by know11 interaction or linkage. The viability based 
')tpon these 136 animals is 0.5814~0.1034 mad is highly significant. The sexes differ 
:!lightly for viabillty (males 0.6765-1:0.i827 and females 0.5192~0.1232) but the 
difference (0.1573~0.2203) is within its sampling error. 

'Evidence for sterility in the male ruby-eye is not as extensive as could be desired but  
Suggestive notwithstanding. During 1954 two young adult males (12-weeks and 16- 
weeks, respectively) were obtained from d{:fferent sources and repeatedly mated with 
five females. AII matings were negative and four of the females subsequently produced 
litters by other males. Two males bred in the colony (1954)., were eacl~ penned from 
birth with a little sister until t2 weeks of age. No young were produced duriag this 
period although the :final four weeks (at least) could  have been productive. .  Both 
:Females subsequently produced litters lay- other male~. In an independent experiment , 
conducted d urix~.g 1955, three females were Iloused colltinuously from birth with. two 
males for seven, eight and ten weeks respectively, b u t  no young were produced. All 
three females subsequently gave birth to litters by normal males. A scrutiny was 
maintained for signs of pregl~.ancy in addikion to actual par tur i t ion O~;-c:r the same 
Interval, 1954 to 1955, 40 non-ruby-eye males, maintained raider identical, condh:io~as 
qf diet and ]~usbandry, were found to ])e fertile. Sexual compulsion (interest in female 
genitals, eagerness and persistency of copulation) appears to be undiminished in both 
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lg - ru  rt~ and  e e r u  r u  animals.  Final ly,  four  hams te r  fanciers have  s ta ted tha t  

between them forty~four males have been tested for fer t i l i ty  (circa 1950-1955) b u t  

wi thou t  success. T h e  adequacy  of the test for each of the  44 mates is unknowI~. (it  

m a y  be inter jected tha t  p r o b a b l y  few of these animals  were uti l ized for b reed ing  a t  a 

sufficiently early age since it is usual  pract ice  among  fanciers to defer b reed ing  f rom 

i m m a t u r e  animals ;  see below).  Steril i ty among n o r m a l  males  in the genera l  popu l a t i on  

is so low as to scarcely s t imula te  comment.  However ,  dur ing  I956 several  tknciers 

repor ted  eltat litters h a d  been obta ined from i m m a t u r e  ruby-eye  males and the quest ion 

was re-investigated.  

A more detai led s tudy of  the condi t ion is a t  present  be ing  carr ied out  a t  the N a t i o n a l  

Ins t i tu te  for Medica l  Research  by  Miss I-t. M. Bruce. H e r  p re l iminary  findings, from 

the 10 males so far examined ,  are in agreement  wi th  the genera l  observations men t ioned  

above,  Al l  10 males were fertile at  puber ty  but  only for a short t ime. Sex dr ive d id  

~aot a p p e a r  to be affected, b u t  fertile rantings >*ere ra re  af ter  about  3 months  of age  (see 

T a b l e  I). As judged  by  the appearance  of the vag ina l  smear  taken from the females 

wi th in  a few hours of copula t ion ,  spermatogenesis  in the  infertile males was m a r k e d l y  

reduced.  Conf i rmat ion of  fills was found from histological  examina t ion  of the  testes of 

one male  kil led a t  154 days  of  age. A full repor t  of this work  will be  given elsewhere. 

T a b l e  1. Fertilit~ of mati~zgs by ruby-eye males 

9 examined for egg 
No. of Age at Total No. of penetration. Fertility 
males copulation No. of litters rate 

examined. (days) rantings resultir~g TotaI No. having (%) 
No. penetrated 

eggs 
to <290 25 16 64 
10 90-t50 43 2* 5 1 5-7w 
4 >150 33 0 0 

* sired at 97 and t41 days of age respectively by different males, the latter after a succession of infertile 
matings. 

w if presence of penetrated eggs be regarded as resulting from a ferSIe mating. 

Bruce 's  findings necessi tated further s tudy of the fai lure to produce  young  urtder the  

env i ronment  of previous years. In  the autumr~ of  t956, five r u  r u  males  were  each 

housed separate ly  wi th  a female.  All  five pairs  p r o d u c e d  a l i t ter  wi th in  ehe span of 

7-11 weeks. The  difference in performance over the  years  could be due to chance  (the 

p r o b a b i l i t y  of occurrence  of  this par t i cu la r  configurat ion,  of four sterile p r io r  to 1955 

and  five fertile later ,  in a 2 •  table is P = 0.0079, by  Fisher 's  exact  method)  or  to an  

increase in  the du ra t ion  of fertility; or even to the  recent  a ppe a ra nc e  o f fe r t i l i ty  in the~ 

naale ruby-eye.  Both E - r u  r u  and e e r u  r~a a n i m a h  were  found to be equal ly  fertile. 

The  recombina t ion  of the two muta t ions  e and  r u  has resuIted in a new cotour type,  

the  ruby-eye  cream. T h e  e e r u  r u  pkeno type  is pa le r  in colour than  e e R u - .  F u r  

coIour is pastel  cream, wi th  a dist inct  absence of the  : 'ye l low" tone found  in the da rk-eyed  

cream. A reduct ion  appea r s  to occur in the intensi ty  of  p igmenta t ion  of  the ear  p inna .  

Ruby-eye  animals  of genotype  E - r u  r u  have ]?each-grey ears (with some var ia t ion)  
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while the ear co]our of e e r u  ru  is very pale, with many individuals appearing devoid 

of pigment. 
Both ruby-eye males and females are more x~ervous a~ld excitable thma the normal. 

They are easily disturbed and frightened by unaccustomed noises. An apparelltly 

extended interval is required for either to become tractable to routine handling by an 
attendant. Probably as a consequence of this, the rate of loss of whole litters is slightly 

higher anaong ruby-eye mothers, ahhougtt  otherwise fecundity is quite good. Foote 
and Foote (1950) have noted that tim piebald female is nervous and more prone to 
neglect its young. This is confirmed among the piebalds here, whose nervousness 
exceeds that of the ruby-eye. In  contradiction to the ruby-eye and piebald, the cream 
is placid. With a]] three mutants, and in general, the males are more tractable than t?te 

females. All the animals received similar treatment of handling. 

Piebald 

A recessive type ofwhke  spotting has been described in America l~y Foote (1949) and 
Foote and. Foote (1950), and also by Orsini (i952). I t  is probable that the separate 
occurrences are due to the segregation of the same gone. These studies disclose that 

the two white-spotted or piebald hamsters share common features of growth retardation 

and. certain urinogenkal anomalies. The  distribution of white spottir, g varies consider- 

ably between animals but displays one or two general idiosyncrasies. The first 
appearance of the spotting is in the region of the chest and throat. As the piebald 

pattern becomes more extensive the wr i te  spotting spreads slowly over the whole ventral 

areas os the stomach and jaw. A streak of white appears from the nose, extending 
between tlle eyes. The whole of the face may  be white, with the exception of coloured 
areas surrounding the eye and ears. TIaese are the last two sectors of the Read to become 
involved in the pattern. In  animals with t igher  grades of piebald, the spotting reaches 

the shoulders alad begixzs to appear as spots on the lumbar regioa~.s of the bo~ly. This 
m a y  be seen rather viv-idly i~z figure 8A of Orsini's paper. Ttaese loci illcrease in area 
and coalesce until a belt of pigmented fur remains, transversing the back. The last 

vestiges of pigmentation are usually confined to the ears and hir~dmost regions os the 

body. These tendencies are general, it must be emphasized, for the pattern is highly 
irregular and may be extensively broken up, with considerabIe brindling of white and 
coloured hairs. Highgrade piebalds may  have the eye butbus (one or both) sitliated 

within a depigmented volume of tissue and when this occurs, the pupii often assumes a 

reddish glint. The piebald stock of this paper, upon which the above description is 
based, are desce~aded fi'om piebalds imported from America during 1950. 

The data tabulated bY Foote and Foote (1950) for body weight attai~led at 7-day 
in.tervals suggest that the smaller ~slze of piebalds is due to a reduced rate of growth. 
Piebald animals appear  to require more considerate handling tk.tan tb.e normal or other 
mutan.e types. Short falls or mishandling, which normally would not harm, could 

result in bone fl-actures with the piebald. Whether this is due to their lighter skeleto,u 
structure (as a consequence of the smaller overall body size) or to a defective skeleton 

is unknown but would repay study. The  latter possibility is~N, orthy of consideration 

12 
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in view of the known ln.aI-plasia of some soft tissues. Skeleton fragility is even more 

marked in the ru  r~t s s animal. 
The present form of white spottiiag is due to the segregation of a single recessive gent,  

for which the symbol s is proposed. Exami:natima of the fi'equency of segregation of'die 
piebald gene in crosses t I  and I I I  indicate a significant deficiency of piebald homo~ 
zygotes. An unbiased estimate of due degree of viability of piebald homozygotes at 21 

days would appear impossi51e due to possibIe linkage between the genes r~a and s, or an 

i~zviabi].i:y interaction between the two which results ia~ a higher tha~a expected dead~, of 
r u  r u  s s zygotes. An unbiased estimate is available I)om Orsir~i's data and is 0.4398 

4-0.1220. I f  genedc independe:r~ce is assumed betwee,n the gelaes r u  and s~ then 
estimates from the two appropriate phenotypic classes of the viability of piebald for the 
two crosses are 0.4663;L0.0915 and 0.4273~0.0666, respectively. These values do not 

differ significantly from those obtained from Orsini's data. In both crosses the male sex 
n ~ n has the Iower viability (0.40214-0.1187 and 0.0129--0.1z81, respectively) compared 

wkh  that for the female (0.53134-0.1398 and 0.53894-0.1697). 
Koch(1951)  has reported briefly upon an-inherited wl'dte spotting in the hamster 

which has recently appeared in Germ.any. The white spotting is stated to be inherited 
as a recessive mutadon and would appear  to resemble pllenotypicalIy the spotting 

associated with the present gent. t t  is not clear if the gent is a new spontaneous 
mutation or if animals heterozygous for piebald may  have been imported into Germany. 

Weigh~ differe~ces 

To examine the extent of differences in weight between the various phenotypes 

described in this paper, together with the izifiuence of sex, a sample number  of individuals 
of each phenotype were chosen. Cor~secutive litters were selected subject to the condi- 

tio~ that the rarer pheaotypes were  well represelated within each litter. This was an 
a t tempt  tb reduce the amount  of inter-litter variation of weaning weight on the one hand, 
and to secure reasonably large numbers of the rarer occurring phenotypes, on the other. 

Both very large and aI '~normallysmaIi litters were ignored. It  is possible that this 
method of sampling of individuals may accentuate the degree of weight difference 

betwee~ phenotypes, due to the ~enhancernent effect" described b- /Beat ty  (1956) and 
to intra-litter competition for milk suppiy, However, since young hamsters tend to 
consume solid food at an early age (from 10 days onwards), the degree of accentuation 

may. be slight. In spite of the method, the number ofa~imals ofpheilotype E - r u  r u  s s 
are inadequate and no representatives of class e e r u  r u  s s were secured. AII weights 
were obtained at the wea~ling age of 21 days, and the 1-n.ean weights for each phenotype 

are brought together by table 2. 
The  preser~ce of varying numbe:vs of illdividua[s within the fourteen classes indicates 

that the data are a~ot orthogonal. This has necessitated aa analysis of variance, as 

�9 described b y  Qjmnouilte (1950; w 9) and summarised by Table 3. The  pr imary 

source ofvariatioi1 :is that due to pheaotype. The sum of squares ascribable ~o the sex 

difference bai~ely exceeds the 5~ level of significatlce. Ignoring the sex difference, it is 

obvious that the phe~ol:ypes fall into four groups, associated with the gertes r~a, s, arid 
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t]~e ge~l,e combination r u  r u  s s. The successive decreases in 21-day weight are in 

approximate harmony with  the decreases in relative genetic viability. An interaction 
between phenoWpe and sex is not supported by the mmlysis. The coe~cients of 

variation (C.V., Table 2) for each class are relatively stable over the various phenotypes, 

with the exception of the last two. This may be due to the tow sample number or to 

the. enhanced debility of d~e combination ru  ru  s s. Elimination of the sum of squares 
due to the weigh.t diff'erence between sexes yields an adjusted analysis of variance differing 

only s]ight]y from that of table 3. 

significant. 

Item 

Between phenot3~pes 

Within phenotypes 

The variation between phenotypes is highly 

u j  s.m. 

6 3920.68 

295 4720,38 

. 301 8645.06 

G5~,45 
1.6.00 

The  adjusted (for varying proportions within pkenotypic classes) mean sex difference 

of weight, 0.9394-0.460, is just significant. Tt~e sex difference is consistently manifested 
over aI1 plleilotypes. Th.ose phenotypic differences of interest are tabulated in table 4. 

The frequency distribution for the main groups of phenotypes are diagrammed by 

figure t, I t  may  be ~loted, as a poilat of subsidiary relevance, that the weight distrlbu- 

1 5  

i g 0 1 t ~ L L  

B. E. C 1 ~  

~ B Y ~ / ~ n C B  . . . .  

. w 2 1 1 l l a l ~  . _ _  

N T g Y -  ~ N  2 1 1 ~  . . . .  . ~  

!\ 

/'-,i 
,o ' " '  ,i"'/,,, \ 

/ / ' ~  , A 

s/ ___,Y/-?,7',,,'W\ A 
5 - / i V_. v ;  \ / ~  \ f \ 

/.": ; / / \ \ \ \ 

i0 ~5 ~o ~5 3o ]$5 4o ~5 

Figure l, Distribution o J" 2 l-day weigh i: for different phenotypes 

tio;t of e e Ru-S-  a~imals covers a range somewJxat lower tlxan those of the :norton1 

l~amster, The smallest are app:roxjmately 3g. ligl'tter t i tan  t~lae smallest of the normals 
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while tke largest are som.e 6g. lighter than the largest of the normals. The difference 
i2.734+0.691) is ligI~ly significant, but tt~e generality of a real difference in 21-days 
weigl~t between E- alad e e individuals may be queried, since an identicM trend is not 
significant between/;- r u  r u  S- and e e r u  ru  S-; i~adeed, it is reversed for E- Ru-  s s 
and e e Ru- s s phenotypes (see table 2). 

Tile mean weight tabulated here for the normal t~amster appears tO be comparable 
with. the 21-day weigt~t slzown by the graph on tile growth ct~art given by Poiley (1950). 
Oa  the oth.er hand, die mear~ weights of both rtormal and piebald are presumably 
sigMficaIztly larger @an those given by Foote and Foote (1950) for their colo~ay of normal 
(27.39g.) and piebald (21.63g.) hamsters. However, the weigi~t reduction at tendant  
wi& piebald is of similar proportions irL the two stocks. Expressing tlze mean of the 
piebald as a percmltage of tI'te normal, yieids two similar values, namely, 76% 
(Robinson) and 79'!/o (Foote and Foote). Orsini (I952) reports an average weigb~t of 
20.5g. for her piebald animals, whicta agrees with the observations of Foote and Foot< 

Table 2. ,1/feaTz weights of yowzg at 21 days of age for different phel~otypes 

Phenotype Sex Mean  C.V- ~ of No. 
(g,) normal  

E R ~ S -  c~ 32,84•  2 , I 4  t00 32 
9 33,18• 2.67 i00 39 

e e R~t-S-- ~ 29. I2 •  3,78 89 34 
9 3I . 47 i 0 ,62  1.96 95 30 

E - r u  r u  S c~ 27.11 •  1,71 83 28 
? 27.36•  2.24 83 28 

e e r u  r u  S -  ~ 27.10~0.58 2.14 83 20 
27-35• 2,45 82 17 

E - R u - s  s c~ 24.24,~:0,68 2.80 73 2I 
? 25 .67+0.80  3.I0  77 t8 

J 
e e R u - s  s ~ 25,74:E0.96 3.74 78 15 

9 26.62•  2.19 80 13 

E - r u  r u  s s c~ 14.004-1.00 7.14 43 2 
o 15 .33f2 .91  18.99 46 6 

Table 3. d~alysis of variance of 2d-day weight 
I tern d. f  5".& m.;. 

Phenotype 6 3915.78 652s  

Sex 1 66.84 66.84* 

Phenotype  • sex 6 52.55 8.76 

Residual  289 4667,83 I ft. 15 

{'significant, 

302 8703.00 

**highly significant 
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fi/fean, di~rences betwee~ calegories of phen@~pes for 
2J-day weighl, (adjusted for sex) 

Comparison Difference (g) 

E - R u - S -  v e e . . . . .  0.630• 

E-Y-u-S- v ~ ~ u  r u - -  4.423~0.540"* 

E - R u - S -  v . . . . . .  s s 6.233• 

- - r u  ru  S- v . . . .  s s 1.810:L0.641"* 

- - r u  ru  S- v E - r u  ru  s s 12.497• 1.479'* 

. . . .  s s v E - r u  r u  s s 10.688=~1,502"* 

E - R u - S -  v e e Ru-S-  2.734-4-,0.691"* 

** highly significant. 
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ANALYSIS OF SIMULTANEOUS SEGREGATION 

Experimenlal crosses 

i:~}~ree e x p e r i m e n t a l  crosses h a v e  been  c o m p l e t e d  invo lv ing  al l  the  m u t a n t  genes. T h e  

:~gmltial deta i ls  a r e  co l loca ted  in tables  5 and  6, and  a re  des igna t ed  as crosses I, I I  

~ d  I I I .  T h e  m a i n  body  of  tabte  5, u n d e r  pheno typ ic  classes, t abu la tes  the observed  

;~equencies r ea l i z ed  f rom each  Cross, t he  ma te r i a [  be ing  .scored for coa t  colour  and  sex. 

{~lle).~i:: segrega t ions  o f  crosses. I I  and I t I  a re  pa r t i t ioned ,  as rows,  in to  n o r m a l  ()S a n d  

~!ebatd  (s) ,  combi~aed wi th  the  g e n o t y p e s ) l e a d i n g  the  co lunms.  T h e  gene  symbols  

~ p i o y e d  a r e  those ro osed above  wh i l e  ) and X a re  ado  ?ted as re ?resentin t h e  sex >";~, P P ~  �9 I ' I - g 
}i~Tereatiating segment s  of  the X ~ ' p a i r  of  Clromoso.mes. I t  is c o n c e i v a b l e  tha t  segrega-  

i~ i~  of a m u t a n t  gene  m a y  dispIay a sex associat ion w h i c h  cou ld  be i e t e r p r e t e d  as 

.!~}rtial sex-Ih-tkage. A].I the young  w e r e  sexed and  classified a t  21 days o f  age. F o r  

~}~ init ial  few days  pos t -pa r t um,  some  cam: iba l i sm occurs  by  tile motlae~ bu t  there  is 

i ~ : e v i d e n c e  t h a t  this is select ive (in pa r t i cu l a r ,  agai~ast r ,a  r u  or  s s an imals ) .  

T a b l e  5. 

~t'% Mating type 

1" Y E R u / X e r u  • 

X ~ ?R~/N e ru  

{i*1 u  • 
X e rL~ s / X  E r u  S ;~tt 

Y e R u s / X E r u S  • 

X e t t , a s / X  E r u  8 

Data fi'om experime~zta! crosses 

E R u  e R ~  E r u  e r u  

136 143 34 52 23 27 3 9 

S 50 50 47 46 23 36 32 31 

5 3 9 10 8 0 1 0 1 

S I24 129 39 38 43 29 9 15 

s 12 I8 5 ";~,t 2 I 1 0 0 
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T a b l e  6. " Classificatiou f o r  seg~egation ar ' 

Loci Phenotype Classes 
Cross Misting Total 

a b AB aB Ab ab 

I C'JI e ru  279 86 50 9 424 
CIB e Y 159 37 [ 70 58 4.24 
CIB ru  Y 170 25 t95 33 4"24 

I I  CB'I e s I59 i[56 13 19 347 
RBI ru  s 193 122 30 2 347 
CBB rtt Y 1 I0 55 I t3 69 347 
RIB s Y 152 I3 163 19 347 

t l I  RII  e rtt 283 9~'I . 74 24 475 
C[[ e , s 325 101 32 17 475 
RIB e Y 180' 53 177 65 475 
RII  ru  s 330 96 47 2 475 
CIB r~x Y I80 53 197 45 475 
RIB s Y 215 18 21.I 3I 475 

C=couplingl R =repulsion, i =inmrcross, 
B=backcress, for th~ respective allele~. 

(a) �9 I. 
T h e  ini t ia l  crosses set up  were  o f  two types (a) e r u  c~c~ • E R u  9__ ~ a n d  (b) I g R U  c~c~ x 

e r u  ?% T h e  f i r s t w a s  a fai lure,  due  to t he  s ter i l i ty  a m m a g  r u b y - e y e  males ,  wh i l e  t he  

second const i tu tes  cross I.  Fu l l  detai ls  of  the  segrega t ion  a re  g iven  in tab le  6. E x a m i -  

nat ior t  o f  the  segrega t ion  w o u l d  i n d i c a t e  cof ls iderable  d i s t u r b a n c e  o f  t he  expec ted  rat ios .  

T h e  sex d i s t r ibu t ion  ove r  tt:/e va r ious  classes appea r s  to be  a t  r a n d o m  a h d  does n o t  

d e p a r t  s ignif icant ly f r o m  expec ted  equa l i ty  ( X ~ - - 2 . 4 2 ,  P > 0 . 1 ) .  C o m b i n i n g  the  

observed  f r e q u e n c i e s f o r  tke  sexes a p p r o p r i a t e l y  ove r  t e e  p h e a o t y p i c  classes, t he  c o m -  

p le t ed  analysis  for segregat,.ion of  the two genes is as fol lows : 

e segregation 

e ~ u  linkage 

Total 

x ~- d.f. 

1.52 [ 

�9 2).79 I 

0.6I 1 

29.92 3 

P 

> 0.20 

< 0.00I 

> 0.30 

< 0.001 

T h e  d i s tu rbance  in  ti le observed  segrega t ion  is apparm~tty  due  to i nv i ab i l i t y  o f  a 

p r o p o r t i o n  o f r u  r u  zygotes .  A n  overa l l  es t imate  o f  t he  v iab i l i ty  of  an ima l s  h o m o z y g o u s  

for  r u b y - e y e  is 0 . 4849~0 .0689 .  H o w e v e r ,  this ignores  a possible i nv i ab i l i t  7 i n t e r a c t i o n  

b e t w e e n  the  genes e a n d  r u ,  since e x a m i n a t i o n  of  t he  segrega t ion  revea ls  t h a t  t he  

obse rved  frequertey in t he  e e r u  r t t  class fails short  o f  expectador~,  even  af ter  a[l.owarme 

for t he  inv iab i l i ty  o f  r m  Ar~ es t ima te  o f  the  v i ab i l i t y  o f  t i le  e e r u  r u  zygo te  skou ld  

m a k e  a l lowance  ibr possibl.e l inkage  be tween  the  two  mutan t s .  Acco rd ing ly ,  the  
�9 ( 1  

fo l lowing  expec ta tmns  oJ: the  p h e n o t y p i c  classes w e r e  cons t ruc ted ,  whe re -p  = c ross -over  
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fi-actfon betweml e and  r u ,  v = v iabi l i ty  of  r n  independmlt  of  e, w ~- viabi l i ty  of the 

Combillation e e r u  r u ,  P = p~ and D = 3 + v ( 1 - , P )  4 - v w P .  

]g l l u  e II.~ E r u  e 1"u 

Expectation 2 + P l -- P v( I -- P) vzoP 
D D D D 

Observations 279 86 50 9 

:i Simultaneous es t imat ion of the  three  pa ramete r s  fi 'om the  maxi :mum likelihood 

:fimction~ a n d  the corresponding i~lverse of tl-,e informat ion m a t r i x  yields the fbllowing 

Values : p  = 1 - - v ' P  = 0A5964-0.0599, v - -  0.58144-0.1026 al~d w 0.43414-0.2077. 

The last two estimates (of v and w) differ significantly Dora  their  expectat ions of 

:unity. I t  is possible tha t  the  deficiency of e e r u  r u  anhnals  is r ea l  and  not  a statistical 

deviat ion.  I-towever, it  mas t  be r e m a r k e d  the in terac t ion  has fMied to manifest in 

crosses I I  and  I I I .  

Gross I yields informat ion  upon  the jo in t  segregation of  the  m~tan t s  e and  r u  in 

:::Cmljarmtion wi th  sex. The  inv iab i l i ty  associated with  the presence of  the r u  gene 

i n t roduc es  a small  compl ica t ion  since the  inviabi l i ty  may  not  be evenly appor t ioned  

:'over all phmlo typ ic  classes. Tkls  is especial ly the case for the e ~ Y  segregation.  Putt-  

: ing z = (1 +vw') / (1 +v ) ,  the fol lowing expectat ions  may  be formula ted .  

s  l e a  e Y  e X  

Expectation 2 --p 1 -FP zp z(1 --p) 
S ,'-- Z " 3~-Z 3+,z 3n]-Z 

Observation I59 170 37 58 

Es t imat ion  by m a x i m u m  l ikel ihood gives the values p = 0.g3414-0.0436, with z = 

0.8663. Anal.ysis of  ti~e r ~  - -  Y segregat ion proceeds in a s imilar  m a n n e r  bu t  wi th  z = 

IV(1 @w). The  solut ion yields the value  p = 0.50674-0.051t, with. z 0.484.9. 

.(b) Cross [ [  

: The  mat ings  which engendered  cross I t  were from an i ~  w h i c k  was p roduced  by  

m a t i n g  c ream p ieba ld  males  (YX e e lRu r u s s )  with ruby-eyed  females ( X X  E e r u  r u  

:S S). F rom these litters matin.gs were a r r anged  as sllow~ by co lumn two of table  5, 

w i t h  the resul tant  segregat ion t abu la t ed  in the ma in  section of' the  table.  I t  is evident  

::&ore inspect ion of  the segregat ion tha t  considerable  d i s t a rbance  exists. There  is a 

: deficiency o f  bo th  r u  r u  a a d  s s animals ,  as brought  out by  a ch i -square  test of the 

segregation of  the  ind iv idua l  muta t ions .  

x e d.]: P 

e segregadon 0.02(; 1 << 0.80 

ru  ,,, 28.245 1 >. 0.001 

s ,, 46.072 1 -< 0.001 

Sex ,. 0.833 1 > 0;D'd 
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Fro:thor inspection of table 6, in which  the comp].ete segregation is r eg rouped  for 

s imuhaneous  segregat ion of chosen pairs of genes, suggests an  association between7, r u  

and s .  Ful ly  examined ,  the jo in t  segregation of  r u  and  s necessitates the s imul taneous  

est imat ion of p, v a n d  zq the  la t ter  represent ing the v iab i l i ty  of s s zygotes. T h e  fol[ow- 

lug expectations m a y  be developed fbr the various phenotyp ic  classes, wi th  

D : i -I-J) i-~,<l - p >  -q -v (2 -k )  +~vP- 

R u  S r u  S R ~  s r u  s 

Expectation 1 +2 v(2 --p) u(l --p) !ltI~.. 
D 13 D D 

Observation 193 t 22 30 2 

Est imat ion proceeding by m a x i m u m  likelihood and by inversion of the i n i b r m a d o n  

ma t r ix  produces  the fol lowing values : p = 0 .375910 .07 t0 ,  v = 0 .2909~0 .0726  and  

zr ~ 0.2433ab0.590. qFke viabi l ides  v and ~ differ significantly from uni ty .  I t  should 

be ~oted tha t  the  values  of v mid u are smaIIer ~iaan those y ie lded  by  a p p a r e n d 7  un- 

biased estimates. "vVhKe the present  value ofp does ~aot differ significantly Dora expecta-  

tion, these resuks need to be in terpreted in re la t ion wi th  those for the j o in t  segregat ion 

o f r u  and s be]onging to cross I I I .  

W i t h  the assumpt ion tha t  the inviabil i t ies associated with  the presence of  r n  a n d  s 

do not  in terac t  wi th  each  o ther  or wi th  e and  sew est imat ion and  possible significance 

of  the r ecombina t ion  Dact ion occurr ing between the three compariso~as e - - s~  r u - - u  

and  s - - Y ,  may  be assessed. The  expectat ions corresponding to the phenot.ypic classes 

for s imultaneous segregat ion of  e and  s may  be found as under ;  giving the est imates 

zr = 0.3048:p = 0 .4478~0.061  i. 

E S  e S  E s  e s  

Expectation 2 - p  t +p @ ~( t j~])} 
3 -bz~ 3 +u 3 +zT 3 -~-z~ 

O bse, rvation 159 t 56 t 3 19 

T h e  independency  ~ test for segregation of r~l a n d  )" reduces to a double  backcross,  

wi th  a similar inv iab i l i ty  associated with  two complen~.entary classes. T h e  r ecombina -  

t ion f rac t ion is c o m p u t e d  a s p  = 0.4624~:0.0413, wi th  v = 0.5561. E x a m i n a t i o n  os 

segregat ion of Y a n d  s,  leads to similar expectat ions as s and  e bu t  of  opposi te  l inkage 

phase.  Estimatiol~ o f p  for the pa i r  of a]leles gives 0 .5149~0.0611.  

(c) Ooss ZZI 
The  th i rd  series of  crosses were produced  by the same {nitlat matir~gs as  for cross I I .  

T h e  rantings were inst i tuted by  the au thor  mad the F~ were raised and classified by 

Mr .  O. T.  C. Gore.  Examina t ion  of  the segregatiol~ immedia t e ly  discloses tha t  
cer ta in  of the expected rat ios a re  dis turbed.  

x~ d.f. P 

e segregation 0.006 I > 0.90 
rn  ,, 4.834 1 < 0.05 
s ,, 54.(525 / < 0.001 
S~x ,, 0. t71 1 > 0.50 
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The most interesting comparison1 is that  of ttae independency of r u  and s. Arranging 
:6fthe observatioIas fi 'om line eight of  table 6 as a 2 • 2 table, and appiying Yates '  correc- 

{ion for continuity,  a Xg of 8.04.7 is realized; a highly significant result and one which 
:!is supported by  a parallei  tendency in tke corresponding segregation of cross I I .  B i o -  

metrical ly,  the frequencies of occurrence of animals in the four classes are ~aot indepm> 
:::~eat. Two  explanations m a y  by  proposed for these observado~zs. Genetic liRkage ~T~ay 
;~cCur betwem~ the genes, effectively reducing the fi 'equency of ciasses ;Ru S and  r u  s; 
::6r a~ inviabil i ty irzteraction m a y  exist between the two mutants,  effectively reducing the 
.:fi'equm~cy of class r u  s. Assuming t h e  validi ty of the li~akage explanat ion and. indepen-  
deacy  of the impai red  viability of  each mutant ,  the followi~ag expectations m a y  be 

~f0rmulated, with .D = 2 - f f p  ~ ~ , . (ud-v)  (1-p-~) -F- zmP ~. 

Ru S r u  S Ru s r u  s 

Expectation 2 .~pu v(1 - -y)  u(t _p2) uvp"' 
D _D D D 

Observation 330 96 47 2 

SimuLtaneous estimation leads to the values/ ,  = 0.2497-~,~0.0784, v = 0-6399~0.0781 
.and u ~ 0.3133--b0-0485. All three parameters  differ significantly from tlleir expected 

:~:iii{iaInes and  the one of interest, p~ has a probabi l i ty  of  J~< 0"0l. 
~:): . ~ .  

The  al ternat ive  explanation is that  of independent  segregation bu t  with an il~viabilikv 
: interaction between the mutants  addit io~al  to the usual inviability. I f  the inLeraedon 
: ' : 5  

i~'iability ls denoted as x, four parameters  are now postulated. With  three degrees of 
one o f a e s e  n:ust be  t l en  xed. pros nt case~ this is p = rI e 

::.:expectations are quickly formed (D = 9 + 3 ~ + a v + x , v ) .  

R u  S r u  S R u  s r u  s 

Expectations 9 3v 3~ ,x'w~ 
D D D D 

For:mulac for estimatir~g v~ zz and x were derived~ the  sampl ing  var iaaee  in eacll 

:;'~ase beillg 

:':The est imated values are v 0.8727-}-0-I012, u ~ 0-2849-b0.0630 and x -= 0'1463~- 
{)'1070. The  relative values of these viabili ty estimates appea r  to deserve commenL 
iThat for v is considerably ]arger that1 values found for the other segregation and that  

l%r u conversely lower; while the interact ion viability is very low (merely 4 %  of the 
:pkeaotype surviving).  One  reasma for these values could be that  the pheno~ypes IRu-" 
s s and r u  r u  s s (part icularly the latter) were sdectiveIy perishing in face of il~t:ra- 
i 

uter ine  competid.on. One  obvious effect of  this could be to increase the proport ion of 
:ru r u  S~ which survive to term. Selection faIli~g more h.eavily upol:~ the s s foetuses 
icouId ease selectiolt pressure against  r u  r u  foetuses. 
1 3  
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A supporting item irz favour of selective degeneratima is die absen.ce of an inviabitlty 
interaction between the genes e a,td r u  laoted in cross s but absent itl crosses I i  and I I I .  
With the present data, no deeisima cart be made betaveell the two alternative explana- 
tions of the disturbed r u  and s joint segregation. However, it is proposed to set up 

an identical mating but with the genes r u  mad s in opposite linkage phase. ]:]a the 
absence of furd~er complications, the results of this proposed cross should clarify the un- 

derlying mechanism. 
We may consider briefly the remaining five Cases of simultaneous segregation appea- 

ring in this cross. These are relatively uncomphcated. The e - - r* t  comparison :lzas the 
~blbwing expectations (P = ps). 

E R u  e R u  E r u  e r u  

Expectation 2+P [ P L,(1 --P) vP 
, 3§ 3+v 3+v 3+v 

Observation 283 94 74. 24 

This yields an estimate o f p  == 0.4880=%0.0322 with ~ 0.7798. The comparison 

e - - s  has a similar expectation to the abov~ but of opposite linkage phase ( P = ( t  --]~)~) 
a~ld an inviability u associated with the segregation of the s allele. The  estimate ofp is 

n ', 0-4a17::[:0-044[, with zz = 0'3451. The three mutants may  be compared with the 
segregation of sex. The data for the pair e - - Y  filrnishes an estimate for p of 05111ram 

0'0397. The distribution of the four Classes for r u  ~ and s - - Y  are disturbed by tile 
differential viabilities but the expectations can be formatated. These are similar to those 
of e - -  Y in cross I; allowar~ce being made for the relevant linkage phase. For r ~ - -  :/5, 
p=0.5489~0.0423,  with v=0'7798 and for s - -  T, p--0'5074~L0"0509, wkh  z*=0.3571. 

C O M B I N A T I O N  OF D A T A  

The precision of the various estimates of the recombination fraction between mt~tant 
alleles may be increased by suitable amalgaraation of groups of segregation data. This 

,} 

has been achieved by maximzm~-like[ihood scores, and die conclusions are summarised 
in table 7. The X~ values suggest that none of the segregation for tile listed pairs of 
genes provide evidence for *:he existm~ce of genetic linkage, after allowance is made for 

differential viability. The table omits one of the six possible comparisons with three 
mutants and sex (maleness being treated genetically as a domi~lant gene). The 
exception is the comparison r u - - s ,  where the segregation is such as to admit  oftinkag e 

but the evidence is equivocal. 
Several supplementary items are appended in tile table, Column six provides an'  

index for the concept of phase balance, conveniently shown as the percentage of t h e  
total amount  of information contributed By a segregation in coupling linkage phase.  

Perfect balance is shown by tile index b0, while 100 or 0 ir~fers that all dan data are in{ 
coupling or rep{dsion, respectively. Groups or' data ia perfect phase balance'possess 
the implication that cm'tain, inviability interactions which .could pass ~anoticed are,i' 
on the average, canqolled out. Column eight shows the closest linkage compatible 
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::With the collated data  and derived as 0-5--1-96s. In  the table, the s tandard error (s) 

::i of p, the total  score ( S ) a n d  amount  of  informat ion (I) a re  computed fo rp  = 0"5. 

:Loci p s 

! e - r u  0.488 0.032 --11..5556 
e=s  0.437 '0.036 --49.1110 
:e-T 0.493 0.029 - -  8,6667 
::!r~ Y 0.505 0.024 8.0000 
:I:S.-Y 0.551 0.039 33.3333 

Tab le  7. Szlmmary of  exte~zl of lirzkage test, s 

,9 I Phase 
Balance 

962.3515 22 
781.7775 t00 

1159.5414 45 
154.2.6387 100 
653,3332 0 

]PRENATAL LOSS 

;~,~ Closest 
linkage 

0. 139 0. 437 
3. 085. 0.430 
0. 065 0.442 
0. O42 0.450 
1.70I 0.423 

i t  is evident  f rom the segregation da ta  tha t  some prenata l  loss is~ associated with the 
i genes r u  alld s, i11dividually or together.  Now a deficiency of zygotes with tI~esegenes 
: probably  derives f rom the interplay of several Factors, Gametes  bear ing the mu tan t  

allele m a y  be more  likely to perish relative to those not bearing the genes, Fusion achier-  
:' ed, the zygote homozygous  ibr e i the rgmle  (and both) m a y  succumb at  any stage prior  
i to par tur i t ion  while tile possible Aazards of  par tur i t ion could take a heavier  toll. Finally, 

:the possibiIity of  selective cannibalism by  the mother  is not impossible, should the r~a 
or s s nestling be unduly  sluggish in movement ,  or be of  smaller size. 

::: Study of the distribution of pre-nata l  loss is vmdoubtedly mm'e  satisfactory than  in-- 
:direct statistieaI analysis. Direct scrutiny has the disadvantage, however,  that  it is n o t  
a l w a y s  possible to determine whether  tlie missing or degenerative foetuses are largely 
: concmltrated within certain phenotypes.  Essentially the . same resuIts are obtained by 

examilr  of  the young,  with less t rouble  and  without  sacrificil~g the female. In t r a -  
Ute r ine  study m a y  sort out several of  the factors concerned without  providing positive 
:evidence of die par t  played by the genetic constitutio~ of the foetus, per st, or of  the 

::mother in conjunct ion with. the foetus. Hammoi ld ' s  (1928) conclusions stress tha t  
foetal a t r ophy  is p r i m a w  determined by  the mother .  T h a t  the foetal genotype could 

:determine which  par t icular  foetus m a y  degenerat  e at  a given m o m e n t  for an expected 
total ra te  of  foetal loss is admissible bug not  easy of demonstra t ion.  I~Iowever, it would 

a p p e a r  tha t  the present  crosses in the hamster ,  where potentialiy "%uscepdble '= Ibetuses 

occur ia  different proportions,  m a y  be capable  of providing statistical evidence iz~ lieu of 
direct study. T h e  segregation da ta  of  the present crosses are significantIy disturbed, 

:and the simplest explanat ion for this would be tha t  certain zygotes are dying because o f  
ttlel.r genotype  per st. However,  a more  inclusive h.ypothesis wozdd be that  the ra te  of  
foetal loss acts selectively upol~ certain genotypes. The  relation wouId p robab ly  be 
one of hater-dependence,  th.e rate of  foetal loss be:tug part ial ly modified by  the p r o p o f  
t ion of %usceptible' genotypes. Statistical analysis pre-supposes that  the proport ion of 
foetal a t r ophy  is concent.rated within the susceptible classes. Clearly, this may  not  be 

s% in which  case the proport ion of foetal loss is underestimat%d, 
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The statistic (F) representing proport ion of foetal loss is readily found from the 

expectations of two pheuotypic categories, (i) those not displaylng significant reductions 

f rom expected ratios between daemselves and (it) those which do so. The  s tandard  is, 

therefore, deviation from Mendelian expectatiolx and the statistic, Kin error for absolute 

proportion, is less in error, conceivably, for the ratio of foetal loss between the two catego- 

ries. The  statistic and its variance are, 

(~+t)a a~(l,+l) 2 

where i is expected ratio of ttle first category to the second, and a and b are the observed 

numbers  in each. 
Applicatior~ of the formnla to the three crosses yields tlhe following res~tts. I n  cross 

I the last four  phenotypes of  table 5 are significantly reduced, consequently l = 3, and 

F -~ 0.129~0.017.  ])'or cross I I ,  those classes invoiving r u  and s are below expecta- 

tion, ! = 0.6 and F = 0-326• Finally in cross I I I ,  identical classes are  reduced 

and L ~ 1.286 and F = 0 . i90+0-024 .  All three estimates are formally significant and 

an inverse trend is apparent  between the values of ! and F. This would indicate either 

the interdependence or, more probably,  the greater importance of foetal genotype for 

prenatal  loss. The  trend in F should imply heterogeneity between the estimates and 

this is examined by  the analysis of  tabie 8. The  heterogeneity between crosses for the 

overall estimate F of 0-157 is highly significant. A negative correlation between F 

and l is thus prima fade established. Further  evidence irL agreement  with this t rend m a y  

be fo~md in the data of  Orsini (1952). Orsini records the disturbed segregation of  

49 S s and  24 s s from backcross rantings of S s with s s , thus I ~ 1 and F = 0"255-L 

0.061. Incorporat ing Orsini 's data into the test of heterggeneity yields a combined 

estimate of F of 0.159 and  heterogeneity X~ = 24'52 (P<0"001) .  

Table  9 exhibits the association between proportion of prenatal loss and  the ratio of 

normal  to deficient phenotypie classes. TJae ordinary contingency X~ for the three crosses 

this paper  is equal to 87.7 ( P <  0'001). I t  is of interest to consider if the obvious t rend 

in the figures could be adequately described as linear. T he  method of Armi tage  (1955) 

may  be utilized to isolate the linear trend component  and has the value X~ = 84-24 

(P < 0.001). For this test, the scaling scores adopted were the actual values of/ .  Tab le  

9 shows a similar aaaiysis but  incorporat ing the data of OrsinL The probable  relation- 

ship between F and I m a y b e  regarded as linear upon the strength of this data.  

Table  8. 
Cro~s x" d.C" P 

I 3,45 1 > 0.05 

It  17.50 1 < 0.001 

III  1.70 l > 0,10 

Het%ogerteity 22.65 2 < 0.00I 
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Table 9. Associatio,z bet~.,ee,z pve~mtal loss (F )  a~d segregalio~z ratio (i) ; see text 

l 0 . 6  1 1 .286 3 
F 0 .326  0. 255 0 .190  0. 129 

x ~- d.j; P 

Linear trend 83.915 i < 0.00I 
Deviation 3.950 2 > 0.1 

Total 87.865 3 < 0.00I 

DISCUSSION 

::,The acceptance of the Syrian hamster as a useful addition to the existing range of labora- 
tory rodents scarcely needs comment. Its utility as all experimental animal has been 
~ec0gnised (Poiley ].950). However, linkage analysis has to wait upon the discover), 
:of mutations. I t  is to be presumed that mutations will crone :Forward in a possibly 

i}eady, if haphazard, trickle, as in other laboratory rodents. One._,aspect of hamster 
'g~netics to be emphasized is the ready publication of complete segregations which can 
be utilized for linkage analysis. As yet, it would appear that little data is available but 
: ::.? 

::this state of affairs wilI alter. In some species the full publication of genetic segrega- s  

:i:~on.... data has not ahvays been considered of su~cient value for permanent, record. I f  
::..{he segregation is such, however, that the data can be utilized for linkage studies, these 
~.i~!ews no tonger hold. Statistical methods are now available by which such data may 
i::~.ontribute infbrmation to a common analysis. The adoption of maximum likelihood 
~scores enables data to be anmlgamated, even if composed of diverse mating types or 
:i'i~kage phases. By this means greater reliability can be attached to statements of 
;i[~pposedl)~ independent segregation or to a calculated recombination fraction. 
i:i:: :::Utilization of the 2onvenience afforded by maximum-likelihood scoring has produced 
;'%vo surveys of the ~enetic literature (Carter and Falconer (1952) for the mouse and 
'i:R0binson (I956) for the rabbit), where scattered groups of segregation data have beer1 ii<i 
:ii!}[Stemadcally combined. Reviews such as these permit the assessment of quasi-indepen- 
::::~ent segregation between the numerous gene comparisoas and reveal defieien.cies (if 
..... :~:uCh exist) among the comparisons. Some of these deficiencies could probably be recti- 
fied if the value of certain segregations were realized at the time and published. The 
:;Nain deficiency brough.t out by these reviews was the unawareness of the possibility of 
:.:~:ardal sex-linkage. 

:;i ):: :: Ro])inson (1956) has discussed several of the difficulties associated with iird{age in- 
:::vestigation among pub's of genes. The labour involved in collecting linkage data is 
:!abject to diminishing returns and beyond a certain stage must be considered unreward- 
mY. However, this disadvantage can be partially circumscribed by :making the collec- 
:!ion of data on presumably independent genes additional to other formal genetic work. 
:!il particular, the systematic testing of a new murat_ion usually involves the simultane- 
:0'Us segregation of 'known independent genes'. For the expenditure of a small ef]brt 
~!! fore-planning useful infbrm.atlon could be gathered and merged with. existing material. 

Since the formal genetics of th.e Syrian hamster is in its infancy, i.t is urged that the 
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presentation of research which i,~volves gene segregation amenable  to l inkage inves t iga -  
t ion be published in full for future collations. ~'he intbrmation may  be compact ly  

ar ranged in ehe s~yle of table 5 if pressure of other  work prevents immedia te  a~alysis. 

SUmmARY 

Three  m~ttations in the Syrian hamster  are described (cream, ruby-eye and  piebald) 
and the six possible comparisons beeween die three mutants  and sex h a v e b e e n  studied 
['or generic linkage. No evidence for linkage could be found for five comparisons.  The  
sixth comparison ( ruby-eye-p ieba ld )  exhibited a a  aber ran t  segregation which could 

result f rom autosomal  linkage or f rom an inviabil i ty irlteraction between the two m u t a n e s  
concerned. Two mutan ts  (ruby-eye, piebald)  display significant p rena ta l  i nv iab i I i t y  
and an a t t empt  laas been made  to elucidate the nature  of  the prenata l  loss. The  by- i 

pothesis is discussed that  the inviabilities observed are a cdnsequence of an inter-depen- 
define between " n o r m a l "  foetal a t rophy and the expected Mendel ian  propor t ion  of  
susceptible phenotypes.  Since hamster  genetics is in its i r f fancy--a plea is m a d e  for 
the publicat ion of all segregatiorL data (negative or otherwise), which can be  co l l a t ed  

biometrical ly at  a later date. 
I am indebted to _~ir. G. T. C. Gore for kindly recording the da ta  which constitute 

cross I I I  and to Miss H. 5/L Bruce for permission to cite unpubl ished observations on ) 

the onset ofsteri l i ty in the ruby-eye  male. M y  thanks are due to Mr.  N. T.  Jr. Bailey for:: 
comment ing  upon certain aspects of scoring da ta  by  the method of m a x i m u m  likelihood i 
and  to Dr.  H.  IV[. @ e n o u i l l e  for advice on analysis of variance with non-oreb_ogonal 

data .  I" a m  grateful to Mr.  J. A. Sones for m u c h  criticaI discussion. 
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