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The Allograft  React ion as an Index  of Genet ic  Divers i ty  
in Inbred Chickens 1 

JOHN P. MARANGU and A. W. NORDSKOG 

Animal Science Depar tment ,  Iowa State  University,  Ames, iowa (USA) 

Summary. The main purpose of the study was to use the skin alIograft reaction as a possible biological tool to esti- 
mate genetic diversity (inbreeding) in a population and to deternfine the relative influence on the B locus blood group 
locus on variation in graft rejection. In chickens, the t3 locus is the major histocompatibility system. One outbred and 
five inbred lines were used in t 2 skin grafting experiments. Graft exchange also were made between certain line crosses. 
The study was based on 2172 allografts performed on 7t 2 chickens. 

Incompatibility of the B blood group locus accounted for 3/4 of the total variance in homograft rejection within lines. 
For the compatible allografts only, lines accounted for more than 90% of the total variation. 

Graft acceptance in terms of mean survival time (MST) was highest in the most highly inbred lines and lowest in the 
noninbred control. The regression of genetic diversity, as a functionWright's inbreeding coefficient, as a percentage of 
allograft rejection may be a useful biological index of genetic diversity. 

Introduction 

A biological method to est imate the level of genetic 
diversi ty in a population would be a valuable check 
on Wright ' s  classical mathemat ica l  method of 
computing inbreeding coefficients. One possibility 
is to measure the degree of compat ibi l i ty  of skin graft  
exchanges between members  of a population.  In  
chickens, exchanges between closely related indivi- 
duals are usually successful. In  a highly inbred line, 
Cock and Clough (1956) reported tha t  only 6 of 86 
graft  exchanges were rejected. 

The idea of using skin graft  exchanges to measure 
genetic diversity in chickens was tes ted by  Craig et al. 
(1960) who reported a ' s t rong correlation between the 
degree of relationship of donor and host and the rate 
of rejection of skin grafts. The immune response was 
slowest between full-sib exchanges and fastest be- 
tween unrelated individuals. Earlier, Craig and Hirsch 
(1957) reported tha t  the level of circulating lymphocy-  
tes, as an immune response to a skin allograft, was 
similarly correlated with relationship. On the other 
hand, Berry and Craig (t959), using year-old birds, 
were unable to distinguish between wide levels of 
genetic diversity. Thus, it seemed tha t  young chicks 
less than  40 days of age were required for success. 
Even then, rates of graft  rejection varied great ly 
among experiments. These workers suggested tha t  
age effects and differences among populat ions m a y  
have accounted for the limited success of their  experi- 
ments .  

In  the studies reported by  Craig and coworkers, no 
consideration was given to the B blood group locus. 

1 Journal Paper No. J-7875 of the Iowa Agriculture 
and Home Economics Experiment Station, Project t980. 

I t  is now well recognized tha t  this is the major  histo- 
compatibi l i ty  locus in chickens (Schierman and Nord- 
skog, t961, t964; Gilmour, t962; Craig and McDer- 
mid, t963 ; and Gleason and Fanguy,  1964). Also the 
C blood group locus is associated with a t ransplanta-  
t ion antigen, but  is weaker than  the B locus (Schier- 
man  and Nordskog, t965). 

The objectives of the present s tudy were to deter- 
mine the relative importance of major  and minor 
his tocompatibi l i ty  loci (H genes) on skin graft  rejec- 
tions in pure-line and cross-line populations of chick- 
ens and to relate this to the genetic relationship or 
diversi ty between individuals compatible at the B 
blood group locus. 

Assumptions and Theory 

In all mammal ian  species surveyed, there is one 
major  his tocompatibi l i ty  locus and several minor  
loci (Bodmer, t973). In  man,  the major  sys tem is 
H L - A  and, in mice, the H-2 locus. 

When skin from a B I B  1 chicken is graf ted on a 
B 1 B  2 individual, the graft  accepts. In  contrast ,  
when a B 1 B  ~ donor is grafted on a B 1 B  ~ host, the 
graft  rejects because the host produces an ant ibody 
against the B 2 antigen in the donor skin. 

In general, graft  exchanges between sibs from the 
matings,  A A  • A A ,  aa  • aa, and A A  • aa, would 
be compatible. On the other hand, 3/4 the graft  
exchanges between sibs from mat ings  A A  • A a  or 
A a  • aa would be successful, and 5/8 f rom the sib 
group progeny of the mating,  A a  • A a .  Thus, the 
genotypic variance of skin graft  acceptance or rejec- 
t ion is expected to be relatively less but  essentially 
proport ional  to the theoretical genotypic values 
among histocompatibi l i ty  loci in the population. 
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We assume that,  aside from the major histocompa- 
tibility locus (H-locus), there are n0segregating minor 
(h) loci in some base population, each with equal and 
additive effects, that  determine the success or failure 
of a skin allograft. An allograft is defined as a tis- 
sue transplant from one individual to another in an 
interbreeding population. We assume that,  for a 
allograft to be permanent, there are no incompati- 
bilities between the donor and host at any of the 
minor loci or at the H-locus. For a donor-host in- 
compatibility at the H-locus, graft rejection would be 
rapid; for a difference at any minor locus, graft rejec- 
tion would be slow. For multiple differences at the n o 
minor loci, graft rejection time would decrease pro- 
portionately. The distribution of the h genes among 
the members of an unselected interbreeding popula- 
tion follows the Hardy-Weinberg law. Thus, there 
would be a range of allograft reactions between 
pairs of individuals chosen for grafting. The expected 
value of a graft reaction is the mean of the population 
and would be proportional to the average number of 
segregating loci. When the inbreeding coefficient in 
a line derived from the base population reaches F, noF 
loci become fixed and % ( 1 -  F) loci continue to 
segregate. Finally, we assume that,  for some short- 
term observation period of d days, the mean level of 
allograft reaction would be an unbiased indicator 
of the level of reaction over an extended period. 

For pedigreed chickens of one generation per year 
and with mating pens of t male and m females per 
male, the population derived is family- or sibstruc- 
tured:  any 2 progeny with parents of the same pen 
are either full-sibs (2 parents in common) or half- 
sibs (a common sire). Any two individuals from dif- 
ferent pens are called nonsibs because they have no 
parent in common. Inbreeding in the line is F and, 
for this discussion, (t - - F )  is the index of genetic 
diversity. For any sib group, the average level of 
allograft reaction is proportional to t --  (F + AF) ,  
where A F  is the increase in inbreeding that  would 
result in the progeny if members of the sib group were 
mated together. 

For full-sibs, A F  = 1/4(t + 2F + F')  --  F, where 
F is the average inbreeding in the sib-group and F '  
the average inbreeding of the sib's parents. For half- 
sibs, A F  = t/8(t + 6F + F') --  F and for nonsibs, 
A F  would be small and assumed to be zero. 

As lines become more highly inbred, genetic diver- 
sity (I --  F) decreases and the difference between sib 
groups in (1 --  F) approaches zero. This leads to the 
testable hypotheses that  as F ~ 1, the level of 
allograft reaction decreases in the line and that  the 
spread between sib groups in allograft reaction 
decreases. 

There seems no adequate theory in the literature to 
describe, in general, the genetic diversity in a popula- 
tion derived from a cross of 2 lines not completely 
inbred. In the extreme case in which the parental 

inbreds are 100% inbred, the genotypic variance in 
the FI, as well as in the parental lines themselves, is 
zero, and in the F,, the additive genetic variance in 
a randombred base population with all gene frequen- 
cies of a t/2 is restored. 

It  can be shown for a single locus situation, that, if 
the genotypic variance within 2 inbred lines is pro- 
portional to I -  F~ and I -  F 2, the arithmetic 
mean, I -- (F 1 + F2)/2 is a measure of the genetic 
diversity. 

Consider a locus (A, a) and an arbitrary segregation 
score, s, which we assign to the progeny of all possible 
mating types : 

Mating Type Segregation Score 

A A  • A A  
aa • aa none s ~ 0  
A A  • aa 

A A  • Aa  
intermediate s/2 

aa • Aa  

Aa  • Aa  maximal 

If F is the inbreeding coefficient in a population, 
then the probability that locus A is heterozygous is 
t -  F, and the mean segregation score from all 
possible matings is 4(F/2) (t --  F) (s/2) + (t --  F) 2 s 
= (I - - F )  s. 

Letting F 1 and F~ be the inbreeding coefficients in 
lines t and 2, the segregation score in the line cross 
progeny is [! --  (F 1 + F~)/2] s. Thus, the expected 
amount of segregation at a single locus in the progeny 
of a cross between 2 lines is proportional to the average 
segregation in the 2 parental lines. This hypothesis 
will be tested with the data at hand. 

Materials and Methods  

The experimental birds came from 5 inbred and I out- 
bred lines. The lines and the coefficients of inbreeding 
(Fx) in 1970 were, 

Breed and Line Year of 
No. origin Fx 

Leghorn 8 1940 .93 
Leghorn 9 1940 .91 
Leghorn GH 1953 .58 
Leghorn HN 1953 .86 
Spanish SP 1953 .65 

Leghorn R 1969 0 

Leghorn Line 8, segregating for the sex-linked barred 
plumage gene, was mass mated for 8 generations starting 
in 1954 and pedigree mated after 1962. Leghorn Line 9, 
also pedigreed since 1962, segregated at the dominant 
white locus, Ii. Plumage color segregations in Lines 8 
and 9 were designed intentionally for other purposes 
(Smith and Nordskog, 1963). The White Leghorn Line 
GH, used in earlier transplantation studies (Schierman, 
1962), was pedigreed throughout. The White Leghorn 
line, HN had been pedigreed through 17 generations up to 
the time of this study. The Spanish line (SP), with black 
and barred plumage obtained from the University of 
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Minnesota in 1953, was nonpedigree-mated for the first 9 
and the last 2 of 16 generations. 

The control for this study was Line R, an F 1 cross of 
two noninbred Leghorn Lines, S 1 and S 2 but  with known 
B locus blood group genes (Nordskog et al., 1973); in- 
breeding was assumed to be zero. The procedures for the 
production of blood-typing reagents used in this study 
followed those discussed by Marangu (1970). 

Matings 

In the 1969 preliminary experiment, no birds were 
blood typed, but  in 1970, all inbreds and controls were 
either blood typed or otherwise identified as to B locus 
compatibil i ty between graft exchanges. 

Heterozygous males and females were mated to produce 
3 different genotypes. For example, in Line HN, the 
mating of blood types BeB 7 • B6B 7 gave progeny : B~B ~, 
B~B ~, and BTB ~ expected in the ratio of t :2:1. The 
progeny from such matings required blood-typing to 
identify blood group genotypes. In some lines, homo- 
zygous males were mated to a pen of females each homo- 
zygous for a known allele. Progeny genotypes were then 
deduced from pedigree alone without blood typing. Lines 
8 and SP were not  blood typed because segregation at the 
B locus could not  be detected in preliminary tests. How- 
ever, this is not positive proof of homozygosity at the B 
locus. Chicks from all lines and crosses were pedigreed 
and sexed at hatching. 

In t970, cross line progeny from the 5 different lines 
were also skin grafted. The crosses were GH • L9, 
L9 • L8, L8 • SP, SP • HN, and HN • GH. The 
plan was to make graft exchanges only between indivi- 
duals compatible at the B locus, but  because L8 and SP 
were not typed it is possible tha t  some exchanges within 
those cross line groups where these lines were involved 
were incompatible. Thus, only for crosses GH • L9 and 
HN • GH were we certain tha t  no incompatible graft 
exchanges were made. 

Grafting 

Skin graft exchanges were subjectively scored according 
to Polley et al. (1960). A full-thickness skin graft was cut 
with a dissecting scissors and transferred to a petri  dish 
containing gauze and physiological saline. To obtain a 
uniform graft size, a standard 10 m m •  t0 mm jig was 
used. Finally, a plastic bandage was securely placed on 
the ~ graft. On the 7th postoperative day the bandages 
were removed, and the graft reaction was scored daily for 
I week and then on alternate days from the 9th through 
the 28th postoperative day. 

Exchanges were made only between 17-day-old chicks 
of the same sex. Each chick exchanged grafts with 4 
others. The 4 grafts placed on a chick included 1 each 
from a full-sib, a half-sib, a nonsib (no sire and dam in 
common), and one from a different line. A replicate set 
of 8 chicks were all from the same line and consisted of 
2 full-sib pairs (2 • 2) of 2 sires. Each replicate set was 
handled as a sr experimental  unit. 

In 1969, grafts were exchanged also between chicks of 
different lines in an a t tempt  to estimate the compatibil i ty 
between lines. All were consistently rejected so tha t  
exchanges between lines were discontinued in 1970. 
Transplantat ion immunity was measured as the percent- 
age of grafts surviving and also at the mean survival t ime 
to 26 days post-grafting (Brownlce and I-Iamre, 1950). 

Results  

1969 Experiments 

The B b lood group locus was ignored.  Re jec t ions  
ceased earl iest  in Line  HN,  (F  ---= .85), and the  level  

Table 1. Mean survival time by lines and sib groups 
(1969 data) 

No. Full-sibs Half-sibs Nonsibs Av. 
Reps 

L8 6 21.2 (90) t 19.2 (86) 12.5 (83) 17.6 
L9 4 15.6 ( 7 4 )  15.6 ( 7 4 )  13.7 ( 7 4 )  15.0 
GH 5 20.8 (78) 16.3 ( 7 8 )  1 4 . 1  ( 7 8 )  t7.0 
HN 4 20.3 ( 3 2 )  t9.8 (32) 2t.5 (3t) 20.5 
SP 2 24.0 (27 )  24.0 (23) 22.8 ( 2 6 )  23.6 

Av. 20.4 (301) t9.0 (293) t6.9 (292) 18.7 

1 Fig. in parentheses are the number of graft exchanges. 

Table 2. Analysis of variance of mean survival 
time (z969 data) 

Source df Mean Squares 

Lines 4 97.8** 
Sib Groups 2 97.5** 
Lines X Sib Groups 8 22.5"* 
Error  48 3.8 

** P ~ .ot. 

of accep ted  graf ts  at the  end of the  26th day  was 
highest  (60--75).  Graf t  re jec t ions  were highest  in 
L9, (/7 = .91), w i th  only  about  25% of the  graf ts  
i n t ac t  at  26 days.  The  m e a n  su rv iva l  t ime  by  l ines 
and  sib-groups is g iven  in Table  1. Mean su rv iva l  
t ime  ave raged  16.9 days  for the  nonsibs  bu t  2.1 days  
longer  for the  half-sibs and 3.5 days  longer  for the  
full-sibs. Differences be tween  lines, sib-groups,  and  
lines • s ib-group in te rac t ion  were all s ta t i s t i ca l ly  
s ignif icant  (Table 2). In general ,  the  resul ts  of the  
di f ferent  expe r imen t s  were repea tab le ,  w i th  each l ine 
showing d is t inc t  charac ter i s t ics  of graf t  re ject ion.  

197o Experiments 

A m a r k e d  inf luence of the  B locus " H  a n t i g e n "  was 
d e m o n s t r a t e d  in all lines, as shown by  the difference 
in the  m e a n  su rv iva l  t ime  be tween  the  compat ib le  
and  incompa t ib l e  graf ts  in Table  3. 

Table 3. Influence of the B blood group locus on mean skin 
graft survival in four lines (197o) data 

Mean survival time (days) No. B- Line 
Reps locus 1 Full-sibs Half-sibs Nonsibs Av. 

GH 3 C 23.5 (44) 22.9 (40) 21.3 (40) 22.5 
I 7.9 (17) 8.3 (23) 8.5 (22) 8.2 

L9 2 C 24.0 (27) 2t.7 (24) 20.1 (27) 22.0 
I 8.0 (21) 7.6 (21) 9.1 (18) 8.2 

HN 3 C 25.1 (30) 25.4 (27) 24.7 (23) 25.1 
I 8.6 (19) 8.7 (20) 9.7 (23) 9.0 

R 3 C 14.8 (35) 12.9 (34) 11.9 (19) t3.6 
I 7.9 (18) 8.3 (20) 7.4 (29) 7.9 

Av. C 21.6 20.6 t9.6 20.8 
I 8.1 8.2 8.7 8.3 

1 C -- Compatible at the B blood-group locus 
I -- Incompatible at the B blood-group locus. 
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Table 4. Analysis of variance of mean survival time 
(197 o data) 

Mean squares 

Source df B locus B locus 
Compatible Incompatible 

Lines 3 80.32** 0.68 
Sib Groups 2 5.52* 0.36 
Lines • Sib Groups 6 0.64 0.30 
Error  21 0.43 0.21 

* P < .05 
** P < .01 

F o r  Line  GH,  the  mean  s u r v i v a l  t ime  of the  B 
locus c o m p a t i b l e  g ra f t s  was 22.5 days  and  8.2 days  
for  the  i n c o m p a t i b l e  graf ts .  Ave rag ing  the  4 lines, 
t he  c o m p a t i b l e  g ra f t s  s u r v i v e d  20.8 days  and,  the  

incompa t ib les ,  8.3 days .  The  mean  su rv iva l  t imes  
ave raged  over  all c ompa t i b l e  graf t s  were 2t .6,  20.6 
and  19.6 days  for the  full-sibs, half-sibs,  and  nonsibs ,  
r espec t ive ly .  Fo r  the  i ncompa t ib l e  graf ts ,  the  r a the r  
smal l  d i f ferences  be tween  sib groups  were in reverse  
o rde r  f rom expec t a t i on .  

An analys is  of va r i ance  for these d a t a  is g iven in 
Table  4. The a s sumpt ion  is t h a t  s ib-groups  a n d  l ines 
are r a n d o m  effects.  On the  whole,  the  B locus 
accoun ted  for abou t  3/4 of the  t o t a l  va r i ance  in g ra f t  
su rv iva l  t ime.  Fo r  the  compa t ib l e  gra f t s  only ,  l ines 
accoun ted  for abou t  93~o of the  t o t a l  va r i a t i on  and  
s ib-groups  for less t han  5 ~o- 

Reaction patterns o/ individual lines 

Line R - -  This  is the  con t ro l  l ine wi th  an a s sumed  
F = 0. Fig.  l a  shows the  pe rcen tages  of accep ted  
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grafts over the 25-day observation period. For  the B 
locus incompatibles, to ta l  rejection occurred by  the 
10th postoperat ive day. Among the B locus com- 
patibles, more than 75% of the grafts  were rejected 
by  the !4 th  day. Differences between full and half- 
sib groups were small with about  850/0 rejected on the 
25th day. For the nonsib graft  exchanges, all were 
rejected b y  the 20th day. 

Line 9 - -  The rejection response among the B locus 
incompatibles was rapid (Fig. t b). Eighty-five 
percent were rejected by  the 10th postoperat ive day. 
Half-sibs and nonsibs were total ly  rejected by  the 
t l t h  and t 6th day, respectively. The remaining non- 
sib incompatibles were total ly  rejected by  the 18th 

. day. The number  of surviving B locus compatible 
grafts  was high compared with the incompatibles. 
Rejections s tar ted about  the 10th postoperat ive day, 
and each sib group proceeded at a different rate.  
Rejections were few among the full-sibs, leveled off 
at 78% for the half-sibs commencing at the 9th and 
t t th postgraft ing days, but  for the nonsibs, continued 
with slow rejections reaching 68% by  the 26 th post- 
operat ive day. 

Line GH --  Nearly 90% of the B locus incompatible 
grafts were rejected by  the t3 th  postoperat ive day  in 
this line with the calculated inbreeding of 0.58 
(Fig. to). By the 22nd day, all half-sib and nonsib 
incompatible grafts  were rejected. One incompatible 
full-sib survived through the 26th day, which could 
have been a blood-typing error. Among the B locus 
compatibles, rejections were slow but  persistent.  The 
fuU-sibs had the highest number  of surviving grafts  
on the 26th postoperat ive day  with 82% followed by  
the half-sibs with 79% and the nonsibs with 690/o . 

Line HN --  The number  of surviving grafts  from 
the B locus compatible individuals was the highest 
in this line (F ----- 0.86). Nine ty  percent of the graf t  
exchanges between full-sibs and halfsibs survived com- 
pared with 80% for the nonsibs. Line HN was unique 
in its rejection pa t te rn  (Fig. ld). Grafts exchanged 
between 13 locus incompatibles were rejected between 
the 7th and t0 th  day, after which no further rejections 
occurred. One exception, recorded as an incompatible, 
survived through the entire test  observation period; 
this is believed a blood-typing error. 

Reactions o/ l ine crosses 
Table 5. gives the mean survival t ime for the various 

line crosses. The 8 • SP cross had the shortest mean 
survival  t ime (13.6 days), and the GH • 9 the longest 
(24.4 days). Within line crosses the grafts  between 
fullsibs survived about  3 days longer than those be- 
tween half-sibs and about  4 days longer than  the non- 
sibs. The L8 • SP was exceptional in tha t  the survi- 
vai  t ime between sib groups was not in order of ex- 
pectat ion.  This m a y  be a sampling effect. 

Fig. 2 shows the response pat terns  of graft  accept- 
ance for the 5 line cross groups. For the GH • L9 
cross with the highest acceptance level, I parenta l  

Table 5. Mean survival time of sib-groups from five line 
C r o s s e s  

Cross 1 Full-sibs Half-sibs Nonsibs Av. 

GH • L9 25.0 24.2 24.1 24.4 
L9 • L8 24.2 16.0 15.2 18.5 
L8 • SP 1~.5 t5.1 14.1 t3.6 
SP • HN 23.9 15.6 16.1 18.6 
HN • GH 2t.5 18.0 t4.5 18.0 

Av. 21.2 t7.8 t6.8 18.6 

1 Each cross is reprOsented by about 15 individuals in each 
sib-group, For each sib group about 40 grafts were exchanged. 
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Fig. 2. Overall line cross mean percentages of accepted grafts 
by different days of observation 

line (L9) was highly inbred but all cross-line progenies 
were compat ib le  at the B locus. On the other hand,  
the cross L8 • SP with the lowest acceptance level 
was not expected since t of the parent  lines was highly 
inbred (L8) and one moderate ly  inbred (SP). I t  is 
possible tha t  some segregation occurred at the B 
blood group locus even though prel iminary tests  
failed to show this. 

Relationship o[ graft survival to inbreeding 
Fig. 3 summarizes the da ta  on graft  rejection col- 

lected in 1970. Genetic diversi ty within sib groups, 
defined as t - - F  is p lot ted against observed ~raft 
rejection. The 3 inbred lines were averaged for each 
of the 3 sib groups. The mean of the sib groups of the 
inbreds and outbreds were then connected with a 
s traight  line. 

The averages of the 5 line crosses are also plot ted 
by  sib groups where genetic diversi ty is es t imated as 
t - -  (Fi + Fj)/2 for the cross of line i • line ~'. In  
all cases, genetic diversi ty of the crosses seem under- 
est imated.  In  particular,  if (l - - F )  measures the 
genetic diversi ty in an inbred line, I -- (F 1 + F~)/2 
seems not  to be a useful measure of genetic diversi ty 
in a cross. Thus, it seems tha t  the level of graft  re- 
jection of the crosses, when projected on the regres- 
sion line might give a bet ter  est imate of genetic 
diversity.  
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expected values of the crosses are shown when the genetic 
diversity is estimated as I -- (F~ + F2)/2 where F 1 and F 2 are 
the inbreeding coefficients of the parents of the cross. In 
general, this formula seems not to fit the regression equation 

giving too low values 

D i s c u s s i o n  

The main  object ive of this s t udy  was to re-examine 
the  quest ion whether  skin t ransp lan ta t ion  might  be a 
useful biological tool  to  measure genetic divers i ty  in 
inbred lines of chickens. 

Of all b o d y  tissues, according to  Bil l ingham and 
Silvers (197t), the  skin is the most  exact ing for suc- 
cessful t ransp lan ta t ion .  Prolonging the life of a skin 
allograft  is a much  more formidable problem than  
t ha t  of any  other  organ t ransplant .  This high degree 
of sensi t ivi ty  should enhance the value of skin allo- 
graf t ing  as a biological indicator  of genetic diversity.  

Wr igh t ' s  Coefficient of Inbreeding  (F), derived 
f rom pedigree relat ionships in a populat ion,  is not  
valid for  compar ing  popula t ions  of different origin. 
For  each popula t ion,  F is relative to the genetic 
diversi ty,  always unknown,  in an arbi t rar i ly  chosen 
base popula t ion .  H o w  well F measures t rue genetic 
d ivers i ty  in a real popula t ion  is hypothet ical .  Factors  
such as he te rozygote  super ior i ty  and  variable muta -  
t ion  ra tes  would  cause F to  be biased downward.  
Studies wi th  popula t ions  of chickens show tha t  inbred 
lines m a y  cont inue  to  segregate at  blood group loci 
more  often than  expected.  For  example, Briles, Allen, 
and  Millen (t957) repor ted  cont inuing segregations at  
the  B locus in 71 of 73 closed populat ions.  Gilmour 
(1959) found  segregations at  the B locus even in lines 
wi th  c o m p u t e d  inbreeding coefficients of over 95%. 
Also the possibi l i ty of pedigree errors, such as cross- 
line individuals  being inadver ten t ly  included as 
members  of a pure line, cannot  be ignored. Clearly, 

a biological measure of genetic divers i ty  would be a 
useful check on Wright ' s  coefficient of inbreeding. 

For  allograft reactions to be a valid indicator  of 
genetic divers i ty  in a populat ion,  it is necessary to 
assume tha t  the number  of H loci are large, t ha t  t h e y  
behave addit ively,  and tha t  t hey  have the same mu-  
ta t ion  rate  as non H genes. As already indicated,  the 
hypothesis  of one major  and several minor  H loci 
seem to fit all species investigated.  In  chickens very  
little is known of the number  of H genes. In  mice, 
the number  of minor  H loci have been es t imated  to 
be 30--100 (Hildemann and Cohen, 1967). Ev iden t -  
ly, the number  es t imated f rom strain differences are 
gross underes t imates  (Bailey and Kohn,  1965). H-  
genes seem to act  as semidominants  (Snell, t953), and 
the " s t r eng th"  of an incompatibi l i ty ,  according to 
Hi ldemann and Cohen (t967) is a funct ion of the 
interallelic combina t ion  ra ther  than  the H locus 
involved. As a consequence, addi t ive or augmenta -  
t ive effects are exhibited. 

Differences between sublines of highly inbred lines 
are the result of segregation or muta t ion .  In  mice, 
the mu ta t i on  rate  for H genes has been es t imated  to  
be 5.4 • 10 -3 as compared  with .75 • t0  -~ to 
t0  • t0  -7 for coat  color genes (Bailey and Kohn,  
t965). If  the muta t ion  rates for the former are the 
same as for the latter,  then the es t imated number  of 
H loci would be 322-- t500 .  On the other  hand,  if the 
number  is much lower, then the muta t ion  rate  of H 
genes is of a high order. 

Silvers and Gasser (1973) were unable to detect  H 
incompatibil i t ies in sublines of mice separated 29 to 
42 generat ions and only slight incompatibili t ies be- 
tween sublines separated by  more than  t 20 generations.  
Greeneberg (t970) concluded tha t  the mu ta t i on  rate  
was high for skeletal differences in mice. 

I t  is no t  clearly established, therefore, t ha t  the 
mu ta t i on  rate of H genes is greater  than  tha t  of non -H  
loci in mice, and moreover,  no th ing  is ye t  known of 
the muta t ion  rate  of H genes in chickens. These 
facts support  the idea tha t  allografting is a valid 
biological approach  to est imate genetic divers i ty  in 
pa r t l y  inbred lines of animal and avian species. 

The authors wish to acknowledge helpful discussions 
with Dr. O. Kempthorne of the ISU Statistical Labora- 
tory especially concerning assumptions and theory. 
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