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INTRODUCTION 

The major color variations which have been reported  in  the guineapig 
are  due  to seven series of allelomorphic  factors. The possible combinations 
among  these  factors  account  for 43,740 genetically distinct  sorts of guinea 
pigs. The effects of any given factor can thus  be  studied  on  a  great  variety 
of genetic  backgrounds. The  primary purpose of the present  paper is to 
present  a  survey of the effects of factor differences on  the  appearance of 
coat color. 

THE COLOR FACTORS OF THE GUINEA PIG 

The golden agouti  variety of guinea pig is a  convenient starting  point 
for  consideration of the color varieties,  as  having  the  highest  dominant 
factor in all seven of the series of factors,  and also as agreeing with  the 
wild Peruvian  cavy (Cavia cutleri Bennett) in this respect.' It has two 
kinds of pigmentation  in  its  coat, each  hair being black  with an  intense 

* The data for this paper were in  the main obtained in experiments  carried  on by  the  author 

1 The color of the wild cavy is much paler than  that of the golden agouti guinea pig owing to 
in  the Bureau of Animal Industry, U. S. DEPARTMENT OF AGRICULTURE. 

residual heredity  independent of the main color factors (WRIGHT 1916). 
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yellow or  “red” (ochraceous tawny)  subterminal  band.  This  band  is 
wider and lighter in color on the belly which thus  appears  nearly  or  quite 
self yellow. 

The major color factors2  may be divided into  three  groups  according  to 
their  effect on the  pattern.  In  the first group  are  those  factors whose effect 
is a  restriction of the colored areas to  spots on a white ground.  The  factor 
S is the  primary  factor  for  bringing out a piebald pattern of this  sort. 
The  extent  and localization of the white  areas  is affected by minor  genetic 
factors, age of dam,  and sex, but  to  the  greatest  extent  by nongenetic 
developmental  irregularities of a  sort  not common even to  litter  mates 
(WRIGHT  1920, 1926). 

In the second group  are those  factors which have to do with  what seems 
to be the  primary  qualitative differentiation of pigment, that of a  black 
or sepia series and a yellow series. With  factor e in place of E (CASTLE 
1905), the  entire  coat  is of some color of the yellow series, except for more 
or less “sootiness” which usually develops with age. The eyes and  the 
skin  in exposed parts, however, develop black  pigment. There is an 
intermediate  allelomorph, e p  (IBSEN 1916), responsible for a mosaic coat 
pattern, in which spots of a dark color, like that due  to E ,  are  found on a 
ground color of the same sort of yellow as that  brought  out  by e. As in 
the case of the piebald pattern,  this “tortoise-shell” pattern  is affected 
by minor genetic  factors, sex, and nongenetic  developmental  irregularities. 

Another  factor which may be placed in this  group  is a (CASTLE 1905) 
which in place of A causes the pigmentation of the  dark  areas of the  fur 
to be wholly of the black series instead of agouti.  There  is  an  intermediate 
allelomorph ar (DETLEFSEN 1914) derived from crosses with  the  Brazilian 
cavy (C. rufescens Lund) which has an intermediate effect. The  animal 
has  an  agouti  pattern  as with A but a pattern  in which the  width of the 
yellow subterminal  band  is  reduced. 

The  appearance of guineapigs with the various  combinations of factors 
considered above, omitting UT, is  as follows, assuming that  the remaining 
four series are represented by  the  dominant allelomorphs (CFPB). 

The seven  series of color factors discussed in this paper (S, E, A ,  C, F ,  p, B )  are  the same 
as those  designated  by the same symbols in previous papers by the  author  and agree with CASTLE’S 
symbolism  except in certain of the superscripts used for multiple allelomorphs  (cf. CASTLE’S 
review of the literature in Bibliographia  Genetica 1925). The symbolism  given in KOSSWIG’s 
recent  review (1925) may be  homologized  by equating his S, B, G, A ,  E and C to S, E, A ,  C, P 
and B, respectively, of the present paper. 

GENETICS 12: N 1297 
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EA 
Ea 

e*A 
epa 

eA 
ea 

S 
Agouti 
Black 

Agouti-red 
Black-red 

Red 
Red 

S 

-4gouti-white 
Black-white 

Agouti-red-white 
Black-red-white 

Red-white 
Red-white 

The  third group includes four series of factors which modify the  quality 
or  intensity of the colors of the black or yellow series without  disturbing 
their  distributions  as  determined  by  the first two groups of factors. 

The effects of the 15 compounds in  one of these series (the  albino series 
C, c k ,  cd,  c T ,  C.) on black and yellow in  the presence of the  dominant  factors 
of the  other  three series (FPB) was the  subject of a preceding paper 
(WRIGHT 1925). 

The most  favorable  combination among factors of the first two groups 
for study of the  third is that of the black-red tortoise-shells (Sepa) since 
in these the  entire  coat  is colored and it is possible to  grade  both black 
and yellow. Agoutis, self blacks and self reds  have also been produced 
in  many  combinations and have given valuable  supplementary  informa- 
tion. 

THE GRADES O F  COLORS 

The colors of the guineapigs used in the present study were graded 
within  a week of birth,  with  the help of three series of skins. As described 
in  the  paper referred to above, the sepia series runs  from  grade 3 ,  a  light 
“sepia,” to 14, intense  black. The yellow series runs from grade 1, a  very 
pale “cream”  barely  distinguishable from white, to 13, an intense  “red.” 
The “pale  sepia” series runs from grade 1, a pale slate color, barely dis- 
tinguishable from white, to 12, a  light  sepia,  practically  identical  with 
grade  5 of the “sepia” series. 

The sepia series has been used for grading both sepias (PB) and browns 
(Pb). There is a slight difference in  quality, but not so great  as  to make 
it difficult to use the same  set of skins  for  both. As a matter of fact,  the 
sepia skins  have been used as  standards only  after considerable seasoning, 
a process in which they  have  faded somewhat and become slightly  browner 
than  at first. The skin has been used for a lower grade than  that originally 
assigned the animal. The final quality  is  about  as close to brown as sepia. 

The yellow series has been  used for grading the yellow areas of tortoise- 
shells and for the cream which appears in place of black in  the combination 
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f p .  There is, of course, a  great  qualitative difference between this series 
and  the  other two. 

The “pale  sepia” series has been used for  grading the pale sepia and 
pale brown found  in combinations F p B  and Fpb, respectively. The 
standard series of skins (all F p B )  grades  continuously into  the sepia series 
as  noted above. For  the purpose of the present  paper it will  be convenient 
to combine these into one series running from white (0) to  grade 21, 
intense  black, by  adding 7 to all  grades  with the first series of skins. The 
averages for  the albino series, previously published (WRIGHT 1923, 1925) 
are  here modified in this way. 

Qualitative differences were most troublesome in grading the classes of 
animals for which the pale sepia series of skins was used. The  grading of 
the pale browns (Fpb)  was probably  the  least  satisfactory. As with  the 

- sepia series, however, the  standard skins had become somewhat  browner 
than  at first before being used as  standards. 

Even  among the pale sepias (F#) there was difficulty in  comparing 
all of the albino series compounds. Those  with the  light  dilution  factor 
(cdFpB)  were yellowish.slate in color even  approaching yellow in  extreme 
cases in  contrast  with  the more neutral  slate color of combinations of C, 
ck or cr  with F p B .  The  standards were taken from this  latter  group,  but 
animals  with  the combination cdFpB were graded by  the same series. 

GRADES ON COLOR WHEEL 

In  spite of the difficulties outlined  above,  the use of standard  skins 
probably gives the most  rapid  and reliable means of obtaining  the  order 
of intensity of fur colors graded a t  different times. The color of the 
standard skins and also of a considerable number of previously  graded 
live  animals  have been matched  on  a color wheel (Milton  Bradley  Co.), 
as suggested by DAVENPORT (1904), using mixtures of white, yellow, 
orange and black. The small color wheel was spun  directly on the  skins 
to be matched  or beside the live  animal  in a room with diffuse daylight 
(north illumination  only). The proportion of the colors necessary for 
matching  the skins varies somewhat,  depending on the illumination,  more 
black and less white becoming necessary as  the illumination increases. 

Table 1 shows the combination of colors which matched  the sepia series 
after averaging and slightly  smoothing the results of a  number of deter- 
minations. The browns (not pink-eyed) appear  to  differ  from  the sepias 
in  having slightly more yellow and.orange a t  a given grade.  The  difference 
is  very  slight, however. The animals themselves have  a  different  appear- 
ance  from sepias, more because of the difference in  the color  of the  skin 
GENEITCS 12: N 1927 
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in exposed parts  (light brown in place of black) than because of any differ- 
ence in the color of the fur. 

TABLE 1 
The proportions of white ( W )  yellow (U), monge (0) and black ( B )  on the Milton  Bradley color 

wheel which  match the sCandard grades of sepia. 
" - 

0 0 
GRADE 

__ B 0 Y W GRADE 

+z 
W 

y+0 

0 85 

.SO 95 2 2 1 17 .42 60 8 11 21 6 

.SO 94 2.3  2.3 1.4 16 .40 54 8 12 26 5 

.SO 92 3  3 2 15 .40 48 8 12 32 4 

.43 90 3 4 3 14 .40 40 8 12 40 3 

.44 87 4 5 4 13 .40 30 8 12 50 2 

.4.< 84 5 6 5 12 .35 20 6 11 63  1 

.46 81 6 7 6 11 0 5 0 10 
I_"-__-,__"__-___-_________--"- 

7 
.SO 97 1.5 1 . 5  0 19 .41 70 7 10 13 8 
.SO - 96 1.8 1.8  0.4 18 .42 65 8 11 16 

9 
.SO 99 0.5 0.5 0 21 .43 78 6 8 8 10 
.SO 98 1  1 0 20 .44 74 7 9 10 

Table 2 shows the color combinations which matched  the  standard 
yellow series after  averaging and smoothing the  separate  determinations. 
An interesting  feature  is  the increase in  the proportion of orange  relative 
to yellow with rising intensity of color. This change is  indicated but much 

TABLE 2 
The proportions of white (W) ,  yellow (U), orange (0) and black ( B )  on the Milton  Bradley color 

wheel which match the standard grades of yellow. 

I Y  l 0 
0 

Y +o 
B 

c___"___ 
___" "" 

0 

.58 74 14 l0 2 12 

.59 69 17 12 2 11 

.S9 63 20 14 3 10 

. S 5  57 21 17 5 9 
* 51 50 22 21 7 8 

.46 44 21 25 10 7 

.41 38 20 29 l 3  6 

.36 32 18 32 18 5 

.31 26 15 34 25 4 

.26 20 12 34 34 3 

.22 14 9 31 46 2 

. l 7  9 S 24 62 1 
0 5 0 10 85 

_________"" 

13 .58 79 11 8 2 
" ___". - 

exaggerated in the popular  terms "yellow" and "red." All grades  are  in 
fact  intermediate  between yellow and orange. 
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The  nature of the  qualitative differences among the colors is shown in 
figure 1, in which those  grades  in  the  various series, which require  the 
same  amount of black and orange  combined, are compared. 

Grades of Yellow 
0123 4 5 6 7 8 9 1011 1215 

90 

'80 

- 70 3 

60 - b 
3 
C 
0 
50 

X 40 
g 

! 30 
$I 

2.0 

IO 

0 I 2 3 4- 5 6 7 8 9 10 I I  IZ 13 14 t5 16 17 l8 19 20 21 
Grades of Sepia a d  0mwn 

FIGURE 1.-The percentage  composition of the standard grades of sepia  (solid),  brown (dot 
and dash) and yellow  (dash) in terms of black,  orange, yellow and white (reading from the 
bottom) on the Milton Bradley color  wheel. The yellow  scale is distorted in such a way that the 
total black and orange  agrees with the grades on the sepia (and brown)  scale. Note that these 
scdes differ principally in  the proportions of neutral gray (black and white) mixed with the 
spectral hues  (yellow and orange). 

COMBINATIONS OF THE ALBINO SERIES  WITH FACTORS b AND p 
The methods by which the 15 compounds of the albino series were pro- 

duced and tested (FPB present)  have been described in some detail  in  the 
1925 paper. It does  not seem necessary to go into  the  details of the  matings 
by which these  same 15 compounds were combined  with the pink-eyed 
factor ( p )  (CASTLE 1914) the brown factor (b)  (CASTLE 1907) and  with 
both combined ( p b )  as  the general effects and  the simple recessive nature 
of these  factors  have  long been established. 

One set of matings (L) was largely  devoted to combining the  pink eye 
factor  with compounds of the albino series. The  matings  here considered 
GENETICS 12: N 1927 
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were practically free from  factor b and wholly free  from  factorf.  Another 
set of matings  (N) was similarly  devoted to combining the brown factor 
( b )  with the albino  series and was also wholly free  from f. A few  pink-eyed 
browns (ppbb)  appeared,  however. In  a third  set of matings  (UR)  the 
primary  purpose  was the production of a  multiple recessive stock 
(ssePePaackckppbb). This was started before the distinction  between the 
dilution  factors ck and cd had been made but on  study of the pedigrees it 
was  found that  the dilution  factor  involved  in a considerable number of 
matings  traced  back exclusively to sources of C& and  in a few to souFces 
of cd.  Dilutes which trace  to  both sources are  omitted. As factors C, cT 
and ca were also present  in the foundation  stock,  all of the 1.5 compounds 
were produced  although with  rather  scanty  numbers  in some cases. 
Because of the possibility of confusing pink  browns (ppbb)  with pink-eyed 
sepias ($PBB) care was taken  that  the pink-eyed  browns  used in  mating 
should  be  derived  by  segregation  from  brown-eyed  browns (PPbb) which 
are  unmistakable.  Throughout experiments L and N (and UR  after 
checking up  the early  matings)  care  was  taken to make  the  matings  in 
such  a way that there  should be no doubt from the ancestry as to which 
dilution  factor (ck or c d ) ,  if either, was present.  This does not mean that 
two  distinct  strains were kept in  each case since albinos (c") and red-eyed 
dilutes (c') from parents  carrying  either of the dilution  factors, ck  or cd, 
were freely crossed with  animals  tracing  their  dilution to  the  other source. 
The factors cb and cd themselves were brought  together  only  in crosses 
especially intended  to produce the compound ckcd.  

In  case of matings  producing  more than one class of young, use was 
made of the grade of yellow in assigning  genetic  constitutions. Neither 
p nor b have  any recognizable effect on  grades of yellow in any  combination 
which the writer  has  made. It has seemed safe from the results  described 
previously (WRIGHT 1925) to assume that pink-eyed or  brown  animals 
(factor F present) showing red of grade 9 or more were intense (C-) that 
those  showing a yellow of grade 7 or 8 were dilutes of one  of the com- 
pounds  indicated by  the symbols c k d c k d ,  that those showing cream of 
grades 3 to 5 were dilutes of one of the four  types included in  the  symbol 
C%? and finally that those showing white  in a pattern resembling  tortoise- 
shell were either crcT or cyca. There  is some overlapping of the above  limits 
but such cases are so uncommon as  to  introduce no important  error. 
Yellows of grade 6, however, are  frequently  either ckdckd or ckdcra. Assign- 
ment  has been made, if a t  all, on the basis of contrast  with  litter  mates, 
where  not  certain from  ancestry  or  descendants. 
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By  taking  into  account  ancestry,  descendants  and  grade of yellow, 
nearly  all of the animals  produced  in  experiments L and N could be 
assigned to one of the 15 albino series compounds  with  reasonable cer- 
tainty. A number of pink-eyed and brown animals which segregated  from 
the experiments (J and K) discussed in the previous study were also avail- 
able. It may be added that much use has been made of true breeding 

TABLE 3 
Distribution of grades of bro-wn in animals of constitutions  FFP-bb  and  different known constitutions 

relative to the  albino series. 
WHITE QRADE OF BROWN FFP-bb _____ NUMBER .S MEAN 

0 18 17 16 15 14 13  12 11 10 
" " " " _ _ . " ~ ~  

4 

0.77 13.60 75 1 5 37 27 5 
1.27 14.76 45 6  5 12 1 1 9  1 1  
1.13 15.37 30 6 8 1 7 8  
1.00 14.61 94 1 20  25  40 5 3 
1.11 15.63 93 2 15 , 43 17  12 

2 15 30 22 5 74 

1.34 12.46 26 4 3 1 1 3 5  
1.09 15.00 39 2 11 1 3 6 1 6  
0.91 14.18 

1 2 5 4 2 1 15 15.47 1.25 
3 0.00 13.06 48 2 12 24 7 

"_ "___ _"" 

"""""""~ 

"""- ""_. 

X - 0.00 - - 

TABLE 4 
Distribution of grades of pale  sepia in animals of constitution FFppR  and of different known 

constitutions relative to the  albino series. 

I .  1 
ORADE Qlr PALE SEPIA F F p p B -  I WHITE 

"" 

0 1 2  
"- 

"- 
l 
3 

5 9  

1 
6 7 2  

X 

I_" 

"_ 

""" 

3 4 5 6 7 8  
""" 

1 1  
1 5  
1 4  

2 2 2  
9 5 1  

10  30  53  21 7 
15  12  16 1  1 
17 4 

10 2 

""" 

""" 

I 

9 10 11 12 
NUMBEI 

4 22 8  1 43 
38  16 6 75 

2 11 
2 10 

15 ""- 
123 
48 
35 

24. 
15 

""- 

- 

1 

" 

" 

" 

.- 
- 

MEAN 

9.70 
9.08 
7.64 
7.00 
5.47 

4.88 
4.00 
2.57 

2.58 
0.73 

0 
"" 

U 

- 
1.18 
1.02 
0.87 
1.41 
0.61 

1.04 
1 .os 
0.87 

0.64 
0.68 

_I 

-__ 

"_ 
- 
- 
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TABLE 5 
Distribution of grades of pale brown in animals of constitution  FFppbb  and of di8erent known 

WHIIE 

0 

4 
" 

x 
__ 

constitutions  relative to the  albino series. 

" 

1 2  
" 

GRADE OF PALE BROWN F F p p b b  

3 4 5 6 7  9 8 
"""" 

1 4  

2 6 2  
12  64  110  29 5 
1 

1 1 25  32  13 1 
l5 3 10 

""" __- 
l 

5 1  
1 2  

1 2  3 

6 5  
"""__̂ 

""""_L 

__ 

YUMBER 

- 
7 

220 
10 
73 
28 

7 
3 
6 

17 
28 

" 

- 

" 

- 
__ 

MEAN 

8.29 
7.22 
6.00 
6.12 
5.57 

5.43 
3.67 
3.17 

2.82 
1.11 

"_ 

-___ 
0.00 

U 

___ 
0.87 
0.83 
0.63 
0.87 
0.68 

1.29 
0.47 
0.37 

0.99 
0.61 
I__ 

- 

stocks (included in L, N and UR) of types ckckppBB,   ckckPPbb,   cdcdppBB 
and cdcdPP6b in  producing the various  compounds. Tables 3 ,  4 and 5 
show the distribution of grades of sepia and brown  in the  combinations 
of p p ,  bb, and ppbb, with  the albino series compounds. The averages  are 
brought  together  in  table 17. The significance of the differences in the 
averages  within  each  group  are discussed later. 

THE DILUTION FACTOR f 
In  the case of combinations  involving  factor f it is desirable to go into 

greater  detail, since  only scanty  data  have previously been published on 
this  factor (WRIGHT 1923). 

All yellows and creams which the writer  has  tested  have  proved  to owe 
their  dilution of color to  an  intermediate allelomorph of albinism ( c k  or cd) 
with the exception of descendants of three  animals,  two  sisters  and  the 
very  remotely  related  mate of one of these  (matings B205 and B211) 
in  a stock (B) which had been maintained for many  years  without  out- 
cross, as a  control  in the inbreeding  experiments of the Bureau of Animal 
Industry.  The  factor was probably  present  in  the  stock  from the first as 
many black-yellows and yellow-agoutis were recorded but  it was not 
recognized as new, since factor c k ,  with closely similar effects, was also 
present. In  mating B211 an albino  male was mated  with  an  intense  agouti 
female. The progeny consisted of 11 intense  and 5 dilute.  While it seemed 
probable that  the mating was of type caca X Cck,  attention was attracted 
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to it by  the  grade of intensity of the yellow in  the  dilute  young which was 
distinctly higher than encountered,  except  very  rarely  in  dilutes of formula 
&a. The  dilutes from this  mating were of grade 7 or 8, while ckca is 
typically of grade  4  or 5. The black associated  with the yellow moreover 
showed no dilution  whatever.  Two of the  dilute  young were mated  with 
each other, producing 6 dilutes (yellow-agouti) and 2 albinos. Four 
matings were made between these  dilutes  and  albinos of the stock used 
in  studying  the effects of the albino series compounds. In previous experi- 
ments albino by dilute, regardless of ancestry  on  either side, had never 
given intense  young.  These  four  matings, however, produced 17 un- 
mistakably  intense  young  (black-red,  or  golden-agouti),  in  addition  to 
5 intense  blacks  and 26 albinos. This result  practically  demonstrated 
that a new recessive dilution  factor v) was present which was independent 
of the albino series. These intense  young were backcrossed with  albinos 
from the same  stock  as  in the previous generation. Again, only  intense 
and albinos appeared (9 with red in  the  fur, 10 intense  black and 24 al- 
binos). It is thus clear that albinos can transmit  the intense  allelomorph 
of the new dilution  factor. As a complement to  this experiment,  two of 
the albinos from the first of the above crosses were mated  with  ordinary 
dilutes.  The  young were all ordinary  dilutes (2 cream  agouti, ckca, and 3 
medium sepia, &ca). The albinos from this source thus do not transmit 
the intense allelomorph of ordinary  dilution  nor any intense modifier. 
Similarly, dilutes  tracing to  mating B211  were mated  with  ordinary 
dilutes (ckck and &cd). The four  matings  produced 2l’intense (red  in  fur) 
and 21 dilute (yellow or cream in fur).  The occurrence of intense  young 
proves that each of the two kinds of dilution  supplies the  dominant  in- 
tensity  factor lacking  in the  other.  The  dilute young were expected  from 
matings of type CcdaffXckdckdFF. Four  matings of intense  from  the  first 
cross of ff dilutes  with  ordinary  albinos, and  thus necessarily CcaFf were 
made  with albinos from the same type of mating  and  thus necessarily 
CacaFf. The young consisted of  20 intense  with red in  the  fur, 4 dilutes 
with yellow in  the  fur, 11 blacks which might belong with  either of the 
foregoing classes and 35 albinos. This  result  is  reasonably  in  accord  with 
expectation.  A  mating between two  double  heterozygotes (CcaFf XCcaFf)  
produced 14 intense  with red in  the  fur, 5 dilutes  with yellow in  the  fur, 
.1 black (intense  or  dilute) and 10 albinos, also in good agreement  with the 
hypothesis of a  dilution  factor  independent of albinism, but impossible 
for a  dilution factor allelomorphic with albinism. 

It was next of interest  to find the combined effect of the two series of 
dilution  factbrs. An intense  (black-red) from a mating-cdcdFF - XCcaff 
GENETICS 12: N 1927 



540 SEWALL "TKIGHT 

was mated  with  an  intense (black-red)  from  a mating CcajjxCCFF. -4s 
ordinary  dilutes were pmduced,  this  mating was of the  type CcdFfxCcaFf .  
Black  reds (C-F-), black-yellows (C-jj) and a  light  sepia-cream ( c ~ c ~ F - )  
were produced  in the earlier litters.  There  appeared some blacks  with 
cream spotting. It was at first thought likely that these were the desired 
combination cdcyf,  but one which was  tested  by  mating  with an  ordinary 
dilute (cdcdFF) gave  intense  young,  proving that it was C-jf, although 
with  more  dilution of yellow than  had been encountered up to  that  time. 
The effect of factor f has  in  fact  proved  to be rather  variable, as may be 
seen from table 6. Meanwhile, this  mating  gave 3 light  or medium  sepias, 
which were brindled  with white, giving them  the  appearance of red-eyed 
dilute tortoise-shells (c'c") except for their black  eyes. One of these  was 
tested  with an jf dilute (CCff). It produced 14 black-yellow or black- 
cream  young (C-ff) proving it to  have been of the desired  combination. 
The  mating which we have been discussing (CcdFf  XCcaFf) produced 
altogether 10 black-red (C-F-), 6 black-yellow or black-cream (C-fj), 
1 sepia-cream (cdcaF-) and 4 sepia-white (3 brindled  with  white, cdcaff, 
but 1 with  merely  piebald  white and proved by breeding test  to be cdcaF-). 

A large number of black-eyed  sepias  brindled  with  white  have  since 
been produced where cdcc"ff was  expected.  Black-eyed  silver  agoutis  (each 
hair sepia  with a white  instead of red or yellow band)  have also been 
produced  in cases where the agouti  factor was present. It thus  appears 
that ff in  combination  with cdca reduces  cream to  white.  There  have been 
a few cases, however,  in which this  reduction  was  not  complete. A white 
brindled sepia mated  with  an  albino, homozygous in  the new dilution 
factor (cdcaff Xcacaff) produced 6 albino  young, 6 light  sepia-white, 3 silver 
agoutis of the  kind described above, but also 2 light  sepias with  brindling 
in  which there was clearly a slight  creamy tint (grade 1) and 1 silver agouti 
with a  slight  creaminess  on the nose. The  creamy  white of these  animals 
was much  paler than  the cream  of ordinary heterozygous dilutes (cdcaF), 
which are seldom graded less than 4. As shown  in table 6, 69 out of 74 
known to be cdcaff had white  in  place of cream, 3 had cream of grade 1, 
one of grade 2, and one of grade 3 .  The grade of sepia in  these  animals 
(tables 7, 17) was not significantly  different  from that of cdcdFF (13.9 in 
place of 14.0).  Comparison of cdcaff and cdcaF- from the  same  litter  has 
revealed no consistent  difference.  These  results  suggest that  factor f is a 
diluter of yellow only, a conclusion which,  however, it will be seen must 
be modified in  dealing  with  combination  with factor P. 

A number of guineapigs of formula cdcdFj were produced  from a mating 
cdcdFF  XCcdff. These were indistinguishable  from ordinary homozygous 
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dilutes cdcdFF. Two of them were mated  with each other  to produce the 
combination cdcyf. The young consisted of l1 medium sepia-yellow like 
cdcdF- (sepia grade 14 to 17,  yellow grade 6 or 7), and  4 medium sepia-pale 
cream (sepia grade 15 or 16, cream grade 2 or 3).  The  assumption that  the 
latter were cdcc”ff attributes a similar effect to f f  in this Combination, as 
in cdcaff, that is,  further dilution of yellow but no further dilution of sepia. 
As a breeding test two of those believed to be cdcdff were mated  with  an 
albino, known to be cucaff (a segregate from a  mating Ccaff XCcaff). They 
produced 23 young, all light to medium sepia and  with the white or, in a 
few  cases, the creamy white brindling, characteristic of cdcyf. The com- 
bination cdcc”ff has also  been produced from mating cdcaff Xcdcaff. Four 
such matings produced 6 medium sepia-pale cream (cdcyf) ,  23 light sepia- 
white (cdcaff) and 12 albinos (cacaff). These matings  have given a rather 
curious illustration of the vagaries of dominance. One litter,  for example, 
contained a black-eyed medium sepia (17)-cream (l), a black-eyed light 
sepia (13)-white (0), and  an albino. In this  litter, containing the  types 
cdcc”ff, cdcaff and cacyf, respectively, there was complete dominance (at 
least superficially) of the  dark eye color of cd, imperfect dominance of cd 
in the sepia parts of the coat and  apparently complete dominance of the 
albino factor c“ in the cream parts.  By  a  suitable combination of factors 
(eecdcaffpp) one could produce a  strain in which pink-eyed cream would 
appear  as  a recessive to albinism, the  latter due to a  factor c”, often cited 
as the  type of a recessive factor. 

A stock of medium sepia-pale cream (cdcYf) has been developed. These 
do not differ from cdcdFF in grade of sepia (16.8 in place of 16.9) but  are 
consistently graded 0 to 3 in the cream parts of the  fur  in place of 6 or 7. 
The combination eecdcdff has been produced in two animals. One  was a 
self  colored black-eyed cream, grade 3,  while the  other was called black- 
eyed white. As it was born dead and was disposed of before grading i t  
is possible that it was really a very pale cream. 

The combination cdcc‘ff has been bred from a  number of matings. Thus, 
3  matings of type cdc”ff XCc‘Ff have produced 5 black-red (CcdFf) ,  4 black- 
yellow (Ccyf), 3  dark sepia-cream (cdcrFf) and 6 dark sepia with  white 
or pale cream brindling (cdcc‘ff). In all of these dilutes the grades of sepia 
(18 or 19) have been the same as those most characteristic of cdcrFF but 
the cream in the  latter has been reduced in cdcc‘ff to white or occasionally 
very  pale cream below the  limit of cdcrFF. 

Sixteen red-eyed sepia-whites or silver agoutis have been produced 
from  matings which should produce equal  numbers of crcuff and crcaFf. 
It is reasonably certain that some  of these are of the desired combination 
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cTcaff but  this  has  not  yet been proved by  an  adequate breeding test. 
From  the  appearance of these 16 animals  and  on analogy  with the  lack 
of effect of ff on the sepia of &cd, cdcT,  and cdca it is  probable that  the 
combination  with  red-eyed  dilution will have no visible effect whatever, 
since the red-eye factor  by itself reduces yellow to  white. 

The combinations c%C"ff and ckc.ff have been made in a few animals, 
nearly  all silver (or very  pale  cream)  agoutis.  Here  again  factor f appears 
to  have no effect on  intensity of sepia but  to reduce yellow ( C V )  and 
cream ( C V )  to  very  pale cream and  white, respectively. The  interpretation 
of the crosses involving ck and f is  complicated by  the  fact  that  the  two 
types of dilutes ckckFF and CCff are  both black-yellows and  virtually 
indistinguishable  in appearan~e .~   In   the  former there is undoubtedly a 
slight  tendency to dilution of black,  absent  in the  latter,  but  the difference 
is not enough to give a safe criterion for distinguishing  animals which may 
be of either  type. 

TABLE 6 
Distribution sf grades of yellozl in animals of constitzction 3 and of different known constitution 

reladive to the albino series. 

l- QRADE OF YELLOW ff 

cream 

1 2 3 4  
"" 

1 2  
4 1  

"" 

34 30 16 
1 

3 1 1  

"" 

Yellow Red 

_______ 
7 9 8 
" " _" 
186 2 18 

" " - 

"" 

NUMBER 

"- 
262 

21 
5 

" 

a9 
9 

i 4  

l 
X 

"- 

"- 

X 

6.77 
1.20 
0.00 

1.60 
0.22 
0.11 

0.00 
0.00 

0.00 

___ 

" 

U 

"" 

0.76 
0.40 
0.00 

0.89 
0.63 
0.45 

0.00 
0.00 

"" 

0.00 

The effects of ff on the albino series compounds in  graded  animals is 
given  in tables 6 and 7 with  averages in  the  appropriate columns in  tables 
17 and 18. The general conclusion already  suggested, that  ff has  no visible 
effect on  grades of sepia but greatly  reduces yellow pigmentation is 

The appearance at birth and up to  2 or 3 months of age is here referred to. Later in life the 
two varieties may readily be distinguished by the persistence of the yellow color of ckckFF, but 
fading of that of CCff to a cream  or  even  white. 
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TABLE 7 
Distribution of grades of sepia in animals of constitution JP-B-and of &$event known constitutions 

relative  to  the  albino series. 
QRADE OF SEPIA ffP-B- 

NUMBER 

Light -1 Medium -1 Dark - 1  Black 
WEAN 

20.91 
19.00 
18 .OO 

16.79 
18.56 
13.91 

0.00 

U 

0.32 
.. 
. .  

1.45 
0.50 
1.12 

0.00 

brought out.  The red of C- is reduced to a yellow  or occasionally a cream 
which fades in later life to cream or even white. The yellow of ckck or cdcd 
is reduced to a pale cream typically and probably  a  pure white in ex- 
ceptional cases. The cream of ckca, cdcT, and cdca is reduced typically to 
pure white, with occasionally a trace of persistent creaminess. The white 
of albinos and doubtless also of red-eyed dilutes is unchanged. 

COMBINATION OF FACTORS f AND b 
A few matings have been made with the purpose of combiningf with 

the brown factor, b. The  latter changes black to brown in fur, skin and 
eyes, but is  without effect  on  yellow pigment. The only two certain 

The  segregation in Fa following matif 

FUR COLOR 

ZgJ 

l 
"Black" areas 

Black 
Medium  sepia 
Black 
Pale  sepia 
Medium  Sepia 
Pale Sepia 
Pale Cream 
White 

-l- " "YeUow" area 

-I_- 

Red 
Yellow 
Yellow 
Red 
Pale Cream 
Yellow 
Yellow 
Pale Cream 
" 

TABLE 8 
; of the type CCffPPXcdcdFFpp, or of Cc! 

XCcdFfPp 
CcdF/Pp 

EYE COLOR 
CONSTITUTION Observed Cdcu- 

QENETIC 

lated 

Black CFP 
18 19.7 cdcdFP 
55 59.1 

Pink CFpp 22 19.7 
Black CdCdffP 

8 6 .6  cdcdFpp Pink 
9 6 . 6  

C D P  4 6 . 6  
WJPP 1 2 . 2  

""- 

' l  

U CJP 23 19.7 

' l  

U 

"" _L__ 

140 140.2 

pPXcdcdFFpp. 
CcdFfPp 

XcdcdFfPp 

bserved Calcu- 
lated 

18 21.4 
24 21.4 
11 7 . 1  

7 7.1 
7 7.1 
5 7 .1  
2 2 . 4  
2 2 .4  

76 76.0 
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combinations  made  are  a brown-yellow, C-jjbb, and a brown-pale  cream, 
cdcdffbb. The brown parts showed ordinary brown  grades, 16 and 15, 
respectively, which are  typical of browns C-FFbb and c%dFFbb. A number 
of less certain cases tend  to confirm the view indicated  by  these  two cases 
that  factor f has no effect  on  the  intensity  or  quality of brown  in  albino 
series compounds. 

COMBINATIONS OF FACTORS f AND p 
Matings between black-yellows ( C C f f P P  and Ccdf fPP)  and  animals 

from  a  pink-eyed,  pale sepia-yellow stock (cdcdFFpp) resulted  in  black- 
eyed,  black-reds (CcdFjPp)  and black-eyed  medium sepia-yellows 
(cdcdFfPp).  A rather extensive  3-factor Fz generation  was  bred (CcdFjPp x 
CcdFfPp)  and also a  considerable  number from 4 matings of type 
(CcdFjPpXcdcdFjPp)  (table 8). Two new color varieties  appeared, 
namely, a mosaic of pale  cream and yellow with  pink  eyes,  and a pink-eyed 
nearly self white  variety usually  with  small amounts of pale  cream  in the 
fur. Breeding tests  demonstrated that these were the desired combinations 
C-jjpp and cdcdfjpp. As neither showed any  trace of sepia in  the  fur it 
becomes necessary  to  suppose that j j  in combination  with p p  has an effect 
on  black,  contrary  to  the  expectation based on the  combinations of fj 
discussed earlier. This effect seems to be one  of  complete  elimination, 
permitting  an  underlying pale  cream (in C-jjpp) to reveal  itself. The 
latter seems to be as pure  a  cream  as that in eecdcdjjPP, from which indeed 
it is virtually indistinguishable  in  grade of intensity. 

It was not clear a t  first  whether the pale  cream or  the yellow areas in 
the mosaics were to be considered as  representing the “black”  portion  of 
the tortoise-shell pattern.  The production of agoutis of composition 
A-C-jjpp settled  the  matter. In  these,  each  agouti  hair  was  pale  cream 
or  white  with a yellow subterminal  band  indicating  that  the former colors 
represented  black  and  the  latter red. The reduction of red merely to yellow 
in C-jjpp as in C j j P P  is in harmony  with  the absence of effect of p on 
yellow pigmentation. In  the pink-eyed  pale  cream and  white  variety 
found  to be of constitution cdcdfjpp, it appears  that  the white  represents 
the black of the tortoise-shell pattern  and  the pale  cream the red  parts. 

A stock  consisting of pink-eyed cream-yellow mosaics and  pink-eyed 
white-pale  creams was produced  from F, matings. One of the Fz and  two 
of the Fa pink-eyed cream-yellows were tested by  mating  with  stock  pink- 
eyed  pale sepia-yellows ( c v F F ~ ~ ) .  In  each case intense  young  with  red 
in  the  fur were produced  proving that  the tested  animals  carried  factor c 
and were therefore  of composition C-jjpp. An apparent pink-eyed  white 


