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HE segregation in backcross generations of antigenic characters of the T red blood cells, specific to one species as contrasted with another, has been 
reported from this laboratory for several species crosses of pigeons and doves. 
Probably the majority of the cellular antigens particular to Pearlneck (Strepto- 
pelia chinensis) as compared with Ring dove (St. risoria), and of Columba 
guinea as compared to Columba livia domestica, have been obtained in unit 
form as a result of such segregation in the backcross population (IRWIN e t  al. 
1936; IRWIN 1939). A comparable separation of the antigenic components of 
the cells would be expected in the backcross progeny of the species hybrids 
from any two species of animals which produce fertile hybrids. 

A third species, Senegal (St. senegalensis), has been shown to share with 
Pearlneck all of some and part of other unit-antigens which distinguish Pearl- 
neck from Ring dove (IRWIN and COLE 1940). Hence if the antigens peculiar 
to Senegal, as compared to those of Ring dove, could also be obtained as units, 
there would be possible a reciprocal comparison of the unit antigens of Pearl- 
neck and Senegal, respectively, which would be of special interest from the 
point of view of the relationship of these two species. The studies to be pre- 
sented in this paper represent the first steps in the process of obtaining the 
cellular components of Senegal as units. 

MATERIALS AND METHODS 

Several hybrids from the cross of Senegals and Ring doves were mated to 
Ring doves. Although offspring were occasionally obtained from the female 
hybrids, more backcross progeny resulted from the use of hybrid males. Four 
such backcross families-D608, D612, D784 and D8og-were produced from 
the matings of hybrid males D376A2, V, L, and M, respectively. Other back- 
cross families with a smaller number of offspring were obtained in other mat- 
ings, but the reactions of the cells of these hybrids are not included in this 
report. The matings were under the general supervision of L.J.C.; the im- 
munological part was done by M.R.I. 

Except that Senegal antiserum was used in the present studies, the details 
of the technics employed in determining the segregation of specific Senegal 
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characters in this report parallel those given in an earlier paper (IRWIN and 
COLE 1936)~ which dealt with the segregation of antigens peculiar to Pearlneck 
in the first backcross generation following the cross of Pearlneck and Ring 
dove. The presence or absence of the agglutination reactions given in table I 

were usually tested microscopically. If the absorbing cells (that is, those of 
Ring dove and the individual hybrid) were distributed a t  random when ob- 
served a t  low-power magnification, the absorption was regarded as being com- 
plete. Hence the cells of any other individuals which showed definite clumping 
with such a reagent were considered to have a t  least one antigen other than was 
present in the absorbing cells. 

EXPERIMENTAL RESULTS 

When a Senegal antiserum (produced in a rabbit) is absorbed by the cells of 
Ring dove, the antibodies remaining in the antiserum are those which are 
specific for the respective cellular antigens of Senegal. If, however, the ab- 
sorption is done by a combination of cells of Ring dove and any individual of 
the first backcross generation (“quarter-Senegal” or t Senegal-3 Ring dove), 
not only are the antibodies removed for the antigens shared by Senegal and 
Ring dove, but also those for which antigens are present in the backcross 
hybrid. For example, if Senegal cells have ten antigens (as A to J, inclusive) 
which set it apart from Ring dove, and a backcross bird has six (E through J) 
of these, the “reagent” prepared by the use of its cells in absorption would con- 
tain antibodies for only four antigens (A, B, C, and D). Any reactions of this 
reagent with the cells of other backcross birds would be by virtue of the pres- 
ence of antigens A, B, C, or D, singly or in combination. This hypothetical ex- 
planation is in line with current belief and experimental findings on the specifi- 
city of antibodies and antigens. 

It has been shown (IRWIN and COLE 1945) that the conclusion is inescapable 
that individual Senegals may differ in antigens peculiar to the species, as com- 
pared with Ring dove. C,hould there likewise be individual differences in Ring 
dove in antigenic content of substances common to i t  and Senegal, the reagents 
for the specific characters of Senegal would vary, depending upon the antigenic 
content of the Ring doves used in the absorptions. Fortunately, no such dif- 
ferences among Ring doves in their relationship to Senegal (or Pearlneck) 
have been noted up to the present. Except when attempting to discover 
whether such individuality exists within Ring doves, the usual laboratory pro- 
cedure has been to pool the cells of many individuals for use in agglutinin 
absorption. This procedure would tend to mask individual differences in the 
absorbing cells, if any were present. 

As previously reported, soEe differences in antigens have already been 
shown among the species hybrids between Senegal and Ring dove (IRWIN and 
COLE 1945). Hence any cellular substances present in one hybrid and not in 
another could account in part for differences between families of the respec- 
tive backcross offspring, and also for a part of the differences encountered 
within a backcross family. That is, D376L (parent of family D784) possessed 
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o o o o o o Ringdove R i n g d o v e 0  o o o o o o o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0  

Senegal 8 6 7 I 8 7 Q 7 7,s 7 6,7 6.8 6,7 6 7  6.7 6.7 6,7 6,7 7 6 6 6,7 7 4,s 4,s 6,7 I 3.4 7 s , ~  6 s  9 7  3,s 7.8 6 7  6,7 7,s 6 6 7.8 5 7 7 6 I 5 Senegal 

D608L 7 , 8 o + + + + C C C + +  C + + + + + + + +  + + + + + + * +  + + + + + + + + + + + +  + + + + + D608L 
D608Q 5,6 o o,? 4- + + C c c + 0 + O . f * + O + f + O  + 0.f 0 o , f  + + 0 f f 0 + + + + 0 + + f ?,+ o*+ + + + + o  D608Q 

+ + o + o  D608R Dh8R 5,7 o,+ + o o , f  + + f + 4- + f 4- C C + + -k C + + o o + + o +  + o + + + + + + + + + +  

D608W 5 , 7 o + + o + + + + + +  + + + c + + + + +  + + + o s * +  + + + + + + C + + f + C + +  + + o + o  DWW 
D608.48 5,7 0 , f  + + + O,? c c c c + + + + + c + + +  + f 0 o , f  + + + + o ?  c + + + + + + +  + + + + + D 6 o W  
D608D8 4 f + + + C o  DMD8 
~~ 

D608R1 7 0 + 0 0 0 o + + +  + + c + +  f + +  c +  + +  + D608RS 
D608X8 5 + + + + + + o + +  + + + o + + o + +  + + + + o + + o  + + + + + + + + + + + +  + o.+ + 0 f D608X 
D608B8 7 + + + + + + + o  + + + + C +  + +  + D608Ba 

D608P8 4 7  + -k + + + + + o  + + + + + + + + +  + + + + + + + +  + + + + + + + + + + + +  + + + + +  D-8 
D612A 7,8 4- + 4- + + f +  o + C + + + + C + + + ? , + f + + + + +  + + + + + + * + + + + +  + + + + + + D 6 1 2 A  

~~ __ ~ ~ 

D612T 6,7 o + C + + + 4- + + o + + 0 o,+ + 0 0 . f  + + 0 + o,+ + ? ? + O f  @ o , + + C + + + + + * + +  + o 4- + + o D612T 
D612V 6,7 + 4- 4- + + + + +  + + + + + + O + + + + f + + f + + +  + + + + + + + + + + + +  + + 4- + + + D612V 

D61aX 5.7 f f + + 4- + + + f  + ~ , f ~ + + + + ~ O + ~ O O , f + + + O o  + + @ + + + + + + + f f  @ o + + + f  D612X + c + + + D612A8 D61aAr 4,7 + + + o,+ + + + +  + + + C C C C + O , f + + f f + + + + +  + + + + + + + + + + + +  
~~~ - ~ 

D61zCr 7 4- + + + + c c + c + c c c + o c +  D612Ca 
+ + + + o D612H2 D61aH1 4,7 0 0 0.f 0 + @ + + o + c c + + + + o  0 o o , f o  o + + o +  + o  + + + + + + * + +  

D612L1 5.8 c c c c c + f + + + c c + c c +  + + O , f +  + + + f + + + + + + + + + + + + + + + + + + D612In 
D611C8 5.7 + + + + + @ + c +  + + + + + + + + *  + f o , ?  + + + 0 + + 0 + + + + + + + c + + + + + f f D612C8 

~ ~ 

D612D1 4,7 + 4- 4- + + + + +  c + + + + + + + +  + + + o + + + +  c + + + + + + +  + +  + + + + f D612D8 
D61aJl 4 6  + + C + + + + f  C + + f + + O + +  + + + + o , ? + + *  + + + + + + + +  + +  + + + + f D612J8 

D61zL8 5 0 + + 0 + + o , f  + 0 + + o , f  + + o,+ 0 + + + o f o o o o f  + + + + + + + + + + + +  o o o o o D612L1 
D6IlM8 5,s + + + + + + + + +  + + + c + + + c +  + + + + + + O , f +  + + + + + + + +  + +  + + 4- + D612M8 

~~~ ~ + + + +  + + + + + + + + +  + + + + ? + + o  + + + + c c + + + + + +  + + + + + D612V8 D612V1 + + + + +  
D784D 6 f 4- 4- + + + + + *  + + + + + + + + +  + + + + + + + +  o + o + + + + + + f o +  @ ? + + + + D 7 8 4 D  + + + +  + + + + + + + + +  + o + @ + + @ +  + o , * + + + + + + + + + +  + + + + + f D784E 

-~ 

D784F 7.8 4- 4- C c C C C +  c c c c + + c c +  C + + C C + + +  + + o , f + + + + + + + + +  f + + + + + D 7 8 4 F  
D784G 6,7 4- 4- c c 4- c c c +  + c c c + c c c +  C + C C C + + C  + + @ o + + + + + + + +  @ + + + + + D 7 8 4 G  

+ o,+ + + + + + + + + +  c + + + + + + +  + + o o o + + + + o + +  o o s +  + + + D784J 

D784L s ,6  4- + + + + + + +  + + f + + + + + O  C @ + + + + + + + o f,+ + + + o o,+ + o,+ + + @ + o,+ + + + D784L 
D784M 6 4- + + 4- + + C O +  + + + + + C + + o  + @  f + + + f + + + f @ , ? +  + + o , f +  + + + @ + + + + + D784M 

0 0 0 , f  o , f  0 0 0 0.f + + o o , f  o D784.N f + + o  
+ + + + +  + + + + + + + + + c +  c + + + c + , c + +  + + + + + + + +  o +  + + + + + D784T + + C + f D784U 

D784T 

D8wB 7.8 c c c c  c +  C C C C C C C C +  + c +  + + + + + + + + + +  + o , f  + + + + + D W B  

D W D  5.6 + + + + + + + c  + c +  + + + + +  + + + + + +  + + + + + + + + + + + +  + + o f + *  D W D  
D8ogF 7 + + 4- + + + +  f + C  + + + + +  + * + + + + *  + + + + + + + + + + + +  + + + o , f  + + D W F  

D8-K 5 + + + 4- 4- o + +  + + + ? + + o C +  + + + o.+ + + + + + + + + + + + + +  + + o f o + D 8 o p K  
D W L  7.8 f + + + c + + + c +  c + + + +  C f + O + C  + + + + + + + + + + + c  + + + + - t o  D W L  

8 0 Os+ 0 + f D784K 
D784J 2,s + + f 
D784K z , 3  + + + OB+ + + o.+ o,+ + + + + + + + + + + + + + + + + + 0 0  0 0 o o , f f  f 0 + + 

0 8 6 f + f D784R + @ 8  ? o , f + f  + +  0 + +  D 7 W  2 ~ 4  
D784R 4 + C 

D784U + + c + +  + f + + + o + + o + o  C + + o +  * + +  + + o +  + 0 , f  

DBoQC 6 + + c c + + c +  C + + + + + + + +  c + +  + +  + + * + + + + + + + + +  + 0 + + + f D809C 

Symbols: "C" indicates copplete agglutination; a "+"=strong agglutination; a "f "=dehite but weak agglutination; a "?"=doubtful reaction; a "o"=no agglutination at  the first or absorbing dilution (I: po) of the antiserum. A"@" indicates no reaction a t  the second dilution (I: 180). The digits represent the highest dilution of the reagents at  which 
lgglutinationwasvisiblemiaowopically.If1-~0,~=1&,3=360.. . 8 = 1 1 , 5 2 0 .  
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probably all of the d-z character of Pearlneck (IRWIN 1939) which is found in 
Senegal, and also of d-4; D376M possessed d-1 in addition to d-z and d-4, as 
did both D376V and At, but these two birds were probably not identical in 
antigenic composition, and each differed in that respect from D376M. It would 
not be expected that d-1 would appear in any backcross progeny of D376L, 
whereas d-I, d-2 and d-4 would segregate in the backcross families of the three 
other hybrids. 

At the time these backcross offspring were being produced, only one or two 
of the nine or ten unit-antigens of Pearlneck were recognized as single entities. 
Hence i t  was not possible to assay the various backcross individuals for the 
presence or absence of a part or all of these cellular characters in each. Rather 
was i t  necessary to compare the antigens of each backcross individual with 
those of as r a n y  others as was possible. The results obtained in such corrpari- 
sons were guides as to which birds of the first backcross generation should be 
used in further baclccrosses. The reactions of the cells of the backcross birds in 
these four families, with the reagents prepared by their use with Ring dove 
cells in absorptions of Senegal antiserums, are given in table I. 

It will be noted in the table that the majority of the reagents (Senegal anti- 
serum absorbed by a combination of the cells of Ring dove and those of a 
backcross hybrid) were tested with most of the cells of the table. These tests 
were necessarily spread over a period of nearly two years. The number of 
different cells whiclh could be tested a t  any time by a particular reagent de- 
pended upon the quantity of cells for absorption which could be obtained from 
a hybrid a t  each bleeding. Usually about 0.8 to 1.5 cc of cells were obtained 
from each bird, andl this provided about an equal volume, or slightly less, of a 
reagent. The cells of about IO or 12 different birds could ordinarily be tested 
with a single reagent a t  any one time. 

Probably somewhat over half of the combinations of cells and reagents listed 
in the table were mitde twice or more often, with duplication of the presence or 
absence of agglutination in nearly all instances. A few discrepancies were ob- 
served, however, and are so noted in the table. That is, definite clumping a t  
one time as compared with no clumping a t  another in our opinion represents a 
discrepancy, whereas differences in degree of the reaction do not. Some of the 
discrepancies were probably due to differences in antibody content of the 
different Senegal antiserums used in these tests, and a smaller proportion to 
differences in reactivity of the same serum a t  different times. Also, the errors 
inherent in laboratory technic undoubtedly accounted for still others. The re- 
corded discrepancies, however, are relatively few and do not detract from the 
general conclusion to be drawn of a segregation within these backcross families 
of cellular antigens specific to Senegal. 

The highest dilui ions a t  which the reagent for Senegal-specific substances 
reacted with the cells of these backcrossed hybrids are given in the second 
column of the table. Since the first dilution of the mixture of reagent and cells 
was a t  I : 90, and the dilutions were doubled at  each step, 2 = 180,3 = 360 . . . 8 
= 11,520. The cells giving reactions a t  the lowest dilutions were D60XDz a t  the 
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fourth dilution, or 1:720, D784K, a t  either 1:18o or 1:360, and D784N, a t  
I : 180 and I : 720. The cells of other birds were intermediate in quantitative 
reactions; some were approximately equal to those of Senegal-that is, a t  the 
eighth dilution. But i t  will be noted that the cells which had reacted a t  the 
same dilution of the reagent as Senegal cells-as D608L, D61zA, L2 and Ma, 
and others-did not by absorption remove all the antibodies for Senegal cells 
(see second line of data of the table). That is, no backcross hybrid contained 
all the antigens present in the cells of the various Senegals used in these tests. 
I n  fact, it is probable that none of these backcross hybrids contained all the 
antigens of its hybrid parent, although not all the tests necessary to deter- 
mine this point were made. 

Assuming that Senegal differs from Ring dove in about the same number 
of specific antigens as does Pearlneck (that is, nine or more), one can calculate 
the chances that backcross individuals would contain either all the specific 
antigens of the hybrid parent, or none. For this estimation, random assortment 
of the chromosomes bearing the causative genes is assumed. If there were nine 
such substances, each produced by one or more genes on nine chromosomes, the 
chances of any individual taken a t  random having either all the antigens of 
its hybrid parent, or none of them, would be I/P; since n=9, this would be 
one chance in 5 1 2 .  It is not surprising, then, that no bird of either kind has 
been observed among the Yo-odd tested to date of the first backcross genera- 
tion. 

It will be noted in the table that the absorption with the cells of D6o8L re- 
moved completely antibodies not only for itself but €or those of D6o8Q, W 
and Rz, as well as for the cells of four individuals in the D612 family (D612R, 
T, Hz and L3). The interactions of the reagents and cells of these eight birds 
offer one means of estimating the minimum number of antigens which are 
segregating in the backcross progeny. The cells of D608L will then definitely 
have all the antigens found in these seven birds. The cells of D608Q removed 
antibodies only for themselves, as also did those of D612R, T, H2, and LB. 
Assuming that the differences between the corpuscles of these four birds were 
due to but one antigen in each, one could tentatively assign antigen A to 
D608Q, B to D612R, C to D612T, D to D612Hz and E to D612L3. Since the 
cells of D608Rz absorb antibodies for D612H2, they presumably contain anti- 
gen D, plus one other (F) as the cells of D608Rz are agglutinated by the reagent 
of D612H2. The reagent of D608W failed to agglutinate the cells of D608Rz 
with antigens DF (that is, antibodies for the D F  antigens of D608Rz were ab- 
sorbed by D608W), and despite the discrepant reactionswith those of D612H2, 
an additional antigen (G) must be proposed for D608W, making it DFG. And 
because D6o8L has a t  least one component (H) more than D608W, its anti- 
genic formula would be ABCDEFGH, as a minimum. The cells of the hybrid 
parent were agglutinated by the reagent of D6o8L, requiring the assumption 
of still an additional component in the cells of the hybrid parent. Hence it is 
safe to conclude that undoubtedly nine or more cellular substances are segregat- 
ing in these backcross individuals. In  view of the close relationship of the unit- 
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antigens of Pearlneck to Senegal (IRWIN and COLE 1940), one would expect to 
find about the same number in Senegal as are peculiar to Pearlneck in contrast 
to Ring dove. However, whether the unit characters of Pearlneck are also units 
in Senegal is an open question. 

It is unfortunate that cytological studies of the chromosomes of birds in 
general are as yet S~D difficult; otherwise the species hybrids possible in pigeons 
and doves would offer excellent material in a n b a l s  for cytological analysis. 
The difficulties encountered in such studies in birds have been given by 
PAINTER and COLE (1943). However, despite the lack of a cytological examina- 
tion of synapsis in the hybrids between Senegal and Ring dove, some informa- 
tion may be gained! from an analysis of the distribution in the first backcross 
generation of cellular substances specific to Senegal. For a discussion of various 
kinds of chromosorne behavior in species hybrids in plants and animals, prin- 
cipally in insects, ,and references to pertinent papers, the reader is referred 
among others to review papers by FEDERLEY (1932) and by SAX (1935). 

Obviously, any information to be obtained as to the assortment of the 
chromosomes of these two species, by an examination of this backcross popula- 
tion, may be deduced only from the distribution of the antigenic characters. 
Only by inference can any light be shed on the behavior of the chromosomes, 
carrying the causative genes of these antigens. It would be reasonable to expect 
normal synapsis, with subsequent random assortment, within the species and 
backcross hybrids of those chromosomes derived from the parental species 
which carry genes affecting only the cellular substances common to the two 
species. (Were there aberrations of such chromosomes in either or both species, 
it is probable that these. could not be detected a t  present, although, of course, 
synapsis would not be expected to be normal in such cases. But since no infor- 
mation on this point is available, it will not be considered further here.) It 
would seem, then, that irregularity of chromosome distribution would be ex- 
pected to occur primarily, if a t  all, among the chromosomes which carry one or 
more genes producing species-specific effects of the blood cells. 

Evidence has already been presented that there are probably nine or more 
antigens of Senegal which distinguish it from Ring dove. I t  is probable, but not 
a t  all certain, that these nine antigens are produced by a gene or genes on an 
equal number of chromosomes of Senegal. (Whether any or all the genes on 
these chromosomes of Senegal are linked with others which produced sub- 
stances shared by the two species is a possibility, but still an unanswered 
question.) If this assumption be granted, and if assortment of these nine 
chromosomes in the species hybrids be a t  random, there would be expected a 
minimum of 512 dijTerent combinations of the nine antigens, including the ab- 
sence of all. It is therefore extremely unlikely that, on the basis of chance alone, 
any combination of antigens would be repeated often in the small number of 
backcross birds listled in the table. Also, since there were antigenic differences 
among the species hybrids used in the backcrosses, such differences would 
naturally be passed on to some of the offspring. This must be kept in mind in 
comparing birds of different families. For example, since D376L, the hybrid 




