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1. INTRODUCTION

Reports of the success achieved by Soviet biologists in inducing hereditary changes
in the domestic chicken by blood transfusion have received considerable attention
among geneticists. What appears to be the first summary of this work made to an
international audience was presented in 1956 at the International Genetics
Symposium held in Japan (Kushner, 1957). Two years later Kushner elaborated
on this matter at the Xth International Congress of Genetics in Montreal (Kushner,
1958a). Almost concurrently, a report on essentially the same subject was made
at the Xlth World's Poultry Congress in Mexico City (Sopikov, 1962). A paper
by Stroun et al. (1958) from Switzerland read at the 1958 Genetics Congress, in
general, corroborated the results achieved by Soviet investigators. The most
recent report on the success of the blood transfusion procedure in inducing heritable
changes in chickens is that of Leroy (1962).

In addition to the above cited studies, there exists extensive Soviet literature
concerning the effectiveness of the blood transfusion techniques for inducing
directed heritable modifications in poultry. The salient points of these earlier
Russian language papers are contained in the reports of Kushner and Sopikov cited
above. Furthermore, several annual progress reports of the Institute of Genetics,
Academy of Science, U.S.S.R., and of the All-Union Poultry Breeding Institute
(U.S.S.R.) also summarized the experimental work on blood transfusions in
progress at the respective institutes (e.g. Tolokonnikova & Moiseeva, 1958; Sopikov,
1958; Penionshkevich, 1961).

In essence, the procedure as first used by Soviet and, later, by Swiss and French
investigators involved long-term injections of whole blood obtained from several
species of poultry into chicken recipients, usually White Leghorns. More recently,
however, some Soviet investigators have used either whole blood or plasma only
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for injections (Kushner et al., 1959; Tolokonnikova et al., 1961), and have utilized
the Russian White, a Soviet breed, as one of the recipients (Tolokonnikova et al.
loc. cit.). These injections for each recipient group, being limited to a single donor
species, were continued from the time the recipients were a few days old to sexual
maturity.

Among the donors used by this long series of investigators have been several
breeds of chickens with coloured plumage, e.g. New Hampshires and Rhode Island
Reds (reddish-brown), Australorps (black), Bronze turkeys or, less frequently, the
guinea fowl. Observations usually have been limited to easily identifiable pheno-
types of traits of both the original 'parental' generation (the first to receive injec-
tions) and of the subsequent generations. As a rule, the latter continued to receive
injections either of whole blood or of blood plasma of the type infused into their
parents. The traits most frequently observed have been plumage colour, egg shell
colour and body-weight.

According to the reported results of such studies, both the phenotype and the
genotype of bloodrinjected stock frequently were found to be modified in the direc-
tion of the blood-donor organism. This result has been interpreted by numerous
Soviet biologists (e.g. Sopikov, 1959; Kushner, 19586; Penionshkevich & Michin,
1959; Gromov & Feoktistov, 1956; Gromov, 1959) as a further corroboration of one
of the basic tenets of 'Michurinist biology', according to which the heredity of an
organism can be rather easily directed into a desired channel by environmental
means. Perhaps the most authoritative and complete exposition of the views on this
matter in the U.S.S.R., together with the supporting experimental data are con-
tained in the two-volume proceedings of the Conference on Biology, held in 1957 in
Moscow in honour of the 40th Anniversary of the October Revolution (Nuzhdin,
1959).

The obvious implications that the concept of' directed heredity' has for genetics,
as illustrated by the reported success of the blood infusion technique in poultry, led
to the initiation of the present study in 1959 at this laboratory. The aim of this
study was to verify the reputed effectiveness of the method in inducing hereditary
changes in the chicken. The criteria used included, in addition to such gross traits
as plumage colour, egg shell colour, and reproductive efficiency, also antigenic and
protein specificity as revealed by immunological, electrophoretic and chromato-
graphic examination. The results of this study form the subject of this paper.*

2. GENERAL METHODS

Two hundred Single Comb White Leghorn chicks, hatched on March 24, 1959,
formed the initial Po. population for this study. The chicks came from the strain
of pure-bred White Leghorns which has been maintained for experimental purposes

* Preliminary reports of this study were presented at the 30th Annual Meeting of the
Genetics Society of America, Purdue University, Lafayette, Indiana, August 28-30, 1961,and
5th Annual Meeting of the Northwest Section of the Society for Experimental Biology and
Medicine, Biology Laboratory, Hanford Laboratories, Richland, Washington, November
17-18, 1961.
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at WSU since 1947. The strain, homozygous for dominant white and other genetic-
ally verifiable morphological traits, had been propagated by the mass mating
of birds, selected for a number of 'utility' points. Among these were: egg size,
egg shape and egg shell colour in females, 'masculinity' in males, breed 'type'
and general vitality in both sexes. Except for an infrequent occurrence of such
morphological 'defects' as stubs on shanks, side-sprigs on the comb, 'salmon'
colouration on the breast, or yellowish-creamy cast over the shoulders (the former
colouration being more frequent in females, the latter in males), the WSU stock
has been free of deviations from the accepted breed standard for the ' utility-type'
White Leghorns.

Immediately on hatching, the 1959 hatched generation, Po., was divided at
random into the experimental Po. ext and the control Po. ct halves. On March 27,
1959, chicks in the former group began to receive intra-peritoneal injections of
whole blood obtained from a group of 15 mature Broad Breasted Bronze turkey male
donors. The same donors provided blood for the entire series of injections into Po.
ext birds. The blood contained 10%, by volume, of a 5% aqueous solution of sodium
citrate. Except for few unavoidable deviations from the injection schedule, in-
volving at most a delay of one day, the injections were repeated at 4-day intervals.
Initially, each chick received 2 ml. of blood per injection. Later, when the chicks
were 3 weeks old, the dosage was increased to 3 ml., a month later to 4 ml., and
finally, when they reached the age of 12 weeks, to 5 ml. By the end of the blood
injection treatment, on August 14, 1959, each bird had received 143 ml. of blood.
The control chicks, Po. ct, received no injections. Both groups were reared together.
All birds were periodically examined for any evidence of gross deviation in the
plumage colour.

On November 5, 1959, the P generation birds were mated in five single-sire
breeding pens according to the scheme shown in Table 1. The hens were trap-
nested to permit the pedigreeing of eggs. Shell colour, shape and size of eggs laid by
individual hens were also noted, although the number of birds involved was
admittedly small to permit a critical study of this aspect of the problem.

All Fi chicks arising from Po. parents, were carefully examined at hatching for
morphological deviations. This was periodically repeated for as long as the birds
were kept. Space limitations prevented the raising to maturity of all the offspring
of the Po. generation. However, all chicks were kept at least until they were 10
weeks old. The same plan, i.e. keeping all of the chicks under observation at least
until the 10th week of their life, prevailed in subsequent generations.

Of the Fi generation chicks hatched over the next several months, those arising
from matings A and D (Table 1) were particularly important for the purpose of this
study. Type A chicks, being the first generation offspring of the blood-injected
parents provided two sub-lines: positive controls, F^ext), i.e. the offspring of blood-
injected parents, which themselves, however were not to be injected, and a second
generation of White Leghorns, Fiext, to be injected with turkey blood. The Fi(ext)
birds provided a critical test on the appearance of plumage deviation from the
normal white colour, following only one blood-injected generation, Po. ext. In this
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they were to be compared with F\ct chicks, the negative controls, which were the
offspring of the original Po. ct non-injected stock.

Type B matings (Table 1) was to test for the possible existence of maternal effect,
in which the dam was the injected organism. Type C mating was the reciprocal of
type B.

Table 1. Experimental and control matings

No. of chicks
deviating in

plumage colour
from White

Parents
Po. ext
Po. ext $
Po. ct ?
Po. ct <J
Po. ext $
Po.ct
Fxext
Fxct
Po. exnh
F2ext
F2ct
F, exnh

Mating
code

A
B

C

D
E
F
G
H
I
J

No. of
pens

2
1

1

1
2
2
2
2
1
2

Total
No. of
hens

25
4

4

6
17
21

9
26
10
20

No. of
eggs
set

642
109

80

197
1335
1525

634
1265
759
703

0/

/oFertile

75
78

84

76
77
75
75
95
70
87

°/
Fertile

eggs
hatched

62

63

57

69
78
82
81
89
79
84

No. of
chicks

examined
a t

hatching

301
83

38

104
796
937
384

1063
427
513

Leghorn type

A t
hatching

None

None
ty

Js

None
,,

At 10
weeks
of age

None

„

None

1*
None

* One male with reddish-brown feathers over the shoulders. See text for details.
t

Injections of F\ext chicks with the turkey blood started on February 5, 1960,
when they were 3 days old. In all, 67 chicks, their sex not ascertained at the start
of the treatment, were involved in that group. The plan of injections followed
closely that already described for Po. ext birds. Again, the blood was provided by a
group of Broad Breasted Bronze mature males, set aside specifically for the purpose.
By the time the injections were stopped on June 28, 1960, each bird had received
161 ml. of blood. The corresponding controls, F\ct, of which there were 50 chicks,
received no injections.

Concurrently with the Fyext series of injections, another series, Po. exnh, was
instituted. In this series, whole blood obtained from a group of pure-bred New
Hampshire male chicken donors was injected into 50 WSU-strain White Leghorn
chicks of both sexes. The handling of the blood, the dosage and the timing of
injections were same as that for the F\ext series. The F\ct chicks served as controls.

On July 10, 1960, the birds were placed in six single-sire pens according to the
plan outlined in Table 1. The next series of blood injections into the chicks resulting
from these matings was begun on November 16, 1960, and continued through
March 30, 1961. The chicks were 5 days old at the time of the initial injection.
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During the treatment period, each injected chick received 155 ml. of an appropriate-
type blood in 29 injections. The treated groups, each consisting of 50 chicks of both
sexes, were: F^ext (the offspring of F\ext) SMdFiexnh (the offspring of Po. exnh), i.e.
chicks receiving turkey and New Hampshire blood, respectively. Fifty of
chicks served as non-injected controls for both treated lots.

Hatched March 24, 1959 -Po.

Po.ext
O

. 3

m
m
n

Po-ct

Mated November 5,1959

Hatched February 2,1960 Fiext Fi(ext) Fict Po exnh
O

. 3
"S3

• o

Mated July 10, 1960

Hatched November 12, 1960 Fiext Fliext) Fzct F\exnh

•g

31

Mated April 27, 1961

F^ext

Fig. 1. The scheme of matings and of injections.

Fiexnh

An additional group of 50 non-sexed chicks, picked at random from a large
population of WSU-strain White Leghorns, was assigned to receive injections
of turkey blood. Both the source of the blood, the general methodology applied to
the group, as well as the age of the chicks were the same as that used in injecting
the F%ext group. The new series of injections was initiated in order to test for the
possible existence in the F^ext stock of immunological tolerance to turkey blood
injections. Sopikov (1958) and Gromov (1959) observed such a shift in the direc-
tion of a higher degree of immunological tolerance among the offspring of White
Leghorns receiving turkey blood injections.
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On April 27, 1961 birds of the F^ext, F2ct and F\exnh groups were mated, to
produce the third and last ' experimental' generation of chicks observed in this
study. In all, 2003 chicks of that generation were raised to at least 10 weeks of age.
The mating scheme is outlined in Table 1. The overall plan of matings involved in
the study is summarized in Fig. 1.

3. MORPHOLOGY AND REPRODUCTION

(i) Methods

The experimental and control material, used to determine the effect of hetero-
logous whole blood injections on traits amenable to gross examination has already
been described under the heading of General Methods. It should suffice to say here
that observations on plumage colouration were supplemented, where appropriate, by
growth rate data and by the performance records of mature birds in mating pens.

It is to be recalled that according to the Soviet reports already cited (e.g. Sopikov,
1962; Tolokonnikovaef al., 1961) plumage colour was considered in such studies to
be the most important single criterion in judging the gross effect of blood infusion.

It is well recognized that data bearing on such traits as reproductive performance
and growth rate show considerable variability. This fact necessitates the use of
large numbers of experimental animals per experimental group to permit a critical
evaluation of different treatments involving these traits. This point should be kept
in mind in evaluating the results of some Soviet investigators (e.g. Ovenko, 1958;
Penionshkevich, 1961), who have concluded, on the basis of what appears to be
limited data, that heterologous blood injections lead to greater vitality, faster
growth and improved reproductive performance. The requirement for large
numbers was not met to the satisfaction of the present authors by the experimental
material available in this study. Therefore, the relevant information which bears
on production traits has been presented here merely as a matter of record, without
any attempt at detailed analysis.

(ii) Results

None of the 3178 chicks from blood-injected parents showed at hatching any
deviation in the colour of down from the normal White Leghorn colouration. With
chick mortality averaging below 3% for the first 10 weeks, over 3000 of these chicks
were available for colour check of the juvenile feathers at the end of that period.
Again, no deviations from normality were observed. It will be recalled that the
offspring of treated parents in each generation which were intended for replacement
purposes also received blood injections. This group, therefore, was subjected to
whatever effects might have been imposed on heredity by whole blood injection,
both through their parents and through blood injections administered to them
directly. Up to 10 weeks of age, however, such chicks did not differ in feather
colouration either from their full sibs, which received no direct treatment themselves
(but only through their parents), or their respective control counterparts. One male
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bird from mating H (Table 1), showed a reddish-brown colouration over the
shoulders as it neared sexual maturity; by that time it acquired, of course, the
adult-type feathering. Acid methanol extraction of the pigment in the feathers of
the involved area yielded a colour similar to that obtained from the corresponding
feathers of normal New Hampshires. However, type H mating involved birds
which received injections of blood from Broad Breasted Bronze turkey donors.
Unfortunately the male bird in question died before it could produce any progeny.

The relatively low fertility of the matings involving F^ct (mating I, Table 1) was
attributable to the sire. Earlier in the mating season, the reproductive performance
of this pen compared favourably with other pens of the same generation birds
(matings H and J, Table 1). The apparently failing fertilizing capacity of the sire
was not discovered until it was too late to make appropriate substitutions.

No shifts in the shell colour of standard white that could be attributed to blood
injections were observed in the experimental groups. Eggs with slightly tinted
shells appeared occasionally among those laid by hens both in experimental and
control groups. This was limited to a few pullets just coming into egg lay, a not
unusual occurrence in White Leghorns. The incidence of such eggs in the present
study was below 1%. The frequency of their appearance was comparable between
control and experimental lines.

Table 2. Body-weight of chicks hatched on June 11, 1961

Offspring

Parents
F3ext

F3et

F^exnh

Sex

<Jand2
c?
2
<Jand2

9
cjand?
<j

2

N

71
28
32

71
25
32

71
26
30

Body-weight (g.)

1st day

33

33

34

43rd day

490
451

509
457

478
430

Limited data were gathered on the body-weight oiF^exnh and F$t. This material,
summarized in Table 2, indicates that at least up to the age of 43 days, the offspring
of control (non-injected) parents compared favourably in body-weight with their
counterparts from the injected parents.

4. IMMUNOLOGY

Serology has been potentially one of the more promising tools in systematics ever
since the first demonstration of its utility at the turn of the century (Nuttall, 1901).
In 1953, Boyden in a critical review of the 50 years of progress achieved in determin-
ing genetic relationships among vertebrate species through the use of this method,
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concluded that serological reactions permit one to study the biochemical constitu-
tion of organisms. DeFalco (1942), Mainardi (1959), among others, have successfully
used serology to establish the immunogenetic relationships of several species of the
domestic fowl.

The reported hereditary shifts following several generations of blood injection
treatment could have been expected, therefore, to be detectable as immunological
shifts in the descendants of treated birds. Accordingly, an appropriate series of
immunological analyses was undertaken in the present study involving Fi, F2 and
F3 generations.

(i) Methods

All immunological comparisons were based on birds which were hatched on the
same date. The basic procedure involved standard agglutination and precipitation
techniques, as well as Ouchterlony's agar diffusion method.

In the agglutination test, blood plasma (source of the antibodies) for each test
was obtained by centrifuging citrated blood from a group of three male donors. The
red blood cells (source of the antigens) came from pooled samples of citrated blood
obtained from another group of appropriate male donors. Before they were used,
the RBC were washed several times in a 0-9% physiological saline solution.

In carrying out the agglutination tests, 0-5 ml. of a 2-5% saline suspension of
RBC was added to a series of 6 tubes containing graded dilutions of the plasma.
The lowest dilution was 1/20. The agglutination titres were determined micro-
scopically after the antigen and antibody complex was first incubated for 1 hr. at
37° C, and then placed overnight in a refrigerator at 4-5° C. The blood plasma used
in the precipitation tests was prepared from aliquots used in the agglutination tests
referred to above, involving the blood oiF\ext &n&F\ct birds injected with turkey
blood. The plasma which carried the induced antibodies was diluted lO"1, 10~2,
10~3, 10~4 and 10~5 with a 0-9% physiological saline solution. The appearance of
the precipitation ring was the end point used in the test. Parallel series of non-
injected birds from the same two groups that were referred to above served as
negative controls.

The medium for the Ouchterlony's agar diffusion method consisted of 1-25%
Difco Agar, 0-01% Trypan Blue, and 0-01% merthiolate, made up with 8% sodium
chloride-phosphate buffer £pH 7-2-7-4). Either rabbit or chicken anti-turkey blood
plasma, placed in the centre well, served as the antibody carrier.

The antigenic configuration of soluble protein fractions, obtained from blood
plasma extracts, was tested against the already -mentioned antibody carriers. For
the inhibition test, chicken blood plasma was incorporated into the agar base.

(ii) Results

Figure 2 shows that on the basis of tube agglutination tests, the time of the first
detection of induced anti-turkey antibodies, as well as the titres obtained, were
identical in F2ext and Fyct chicks when both were subjected to a sustained series of
turkey blood injections. The second peak, which appeared for a short time about
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four months after the initiation of injections, coincided with the first detectable
evidence for the presence of natural antibodies in the uninjected F2 progeny of both
experimental (i.e. turkey-blood injected) and control parents. These observations
duplicated those made earlier on Fi birds. Furthermore, a comparison between Fi
and F2 generations revealed that the 40-plus day interval between the time of the
first detection of induced antibodies and of natural antibodies remained essentially
unaltered, for the two generations, in both treatment lines.

1/320-

1/160-

January February March
Age

Fig. 2. Results of agglutination tests in 1961. O F2ext, A F2ct; both were injected
with turkey whole blood. +F2ct, non-injected. • F^exnh, injected with New
Hampshire whole blood.

Results obtained from precipitin tests applied to F\ext and F\ct birds showed that
the highest precipitin titre of 10~3 was recorded in F\ext. No natural precipitins
could be detected in the Fid group.

The rapid drop in the antibody titre just before sexual maturity was observed in
all of these birds, irrespective of the treatment received by their parents. This drop
occurred both in the agglutination and precipitin test series. In the former, the
titre became stabilized at a constant level of 1/80, while in the latter the titre read-
ings dropped to 0.

The use of the agar-diffusion procedure (Ouchterlony's) showed that a similar
complex of anti-turkey antibodies was evoked both in F2ext and F2ct by a long-term
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series of injections of the turkey blood. This can be seen from the antibody—antigen
diffusion patterns illustrated in Figs. 3 and 4. The reactions illustrated in these
figures occurred when the induced antibody titres were at the highest point in
F%ext and .̂ V*, as revealed by the agglutinin reactions referred to earlier (see Fig. 2).
The plasma of F2ext and F^ct birds which had been induced to develop anti-turkey
antibodies reacted in a similar fashion with the antigens provided by the plasma of
adult turkeys. At the same time, no reaction with these antibodies was evoked by
the plasma of non-injected F^ext and F^ct.

The agar-diffusion method also showed that, antigenically, the chicken and the
turkey have much in common. Both chicken and turkey plasma, as carriers of
antigens, were tested against the serum of rabbits which had been conditioned to
develop high titres of anti-turkey blood antibodies. The sample plate, illustrated
in Fig. 5, shows a maze of common lines, linking the chicken and the turkey antigen
donors. It also demonstrates the existence of an 'extra' reaction line which is
specific for the turkey (see the line that subtends the area marked out by wells 1-3).
The area subtended by wells 4 and 6, containing plasma from non-injected F%ext,
and by well 5, containing plasma from non-injected F%ct, lacks this ' extra' line. Its
presence was also demonstrated (Fig. 6) when the antigen was provided by turkey
embryos (saline extracts of whole embryo homogenates) and young poults (blood
plasma), but not when the plasma came from chickens. No explanation, based on
experimental evidence, is available to us for the differences shown by Fig. 6 in the
intensity of 'extra' line precipitin reactions involving well no. 1 (plasma from
mature turkey males) and well no. 4 (plasma from turkey poults at hatching).
Possibly the question of optimal antigen-antibody ratio is involved here, the ratio
being more favourable for well 4 than for well 1.

Furthermore, the agar diffusion method demonstrated that the injection of
turkey proteins, as whole blood, into F2ct and F2ext did not lead to the presence of
detectable 'foreign protein' fractions in the recipients. The latter at that time
ranged in age between 86 and 136 days and had been receiving injections of turkey
blood regularly twice a week from the time they were 2 days old. These results are
shown in Table 3.

It will be seen that neither the injected nor the non-injected F2ct and F2ext, when
used as antigen sources, showed any reaction to the anti-turkey antibody complex
induced in adult chicken males by the injection of turkey whole blood. At the same
time, a strong positive reaction was repeatedly elicited when the antigenic source
was turkey plasma (see test Nos. 1 and 2, Table 2). Moreover, the 'extra' line,
revealing a specific interaction between turkey antigens and anti-turkey rabbit
antibodies, was completely absent in F2ci and F2ext, even when the latter were
injected with turkey blood (see tests, Nos. 3-10, Table 3).

The specificity of this extra line was demonstrated by means of an inhibition test,
in which chicken plasma was incorporated into the agar medium. In such plates,
all reactions were blocked, except those between the protein complex specific to the
turkey, and the anti-turkey antibodies induced in the rabbit (see test Nos. 4 and 11,
Table 3).
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Fig. 3. An agar-diffusion test, showing absence of any reaction by the plasma of non-
injected F3et and F3ext birds to anti-turkey antibodies induced in an F2ct subject.
Centre well—anti-turkey F2ct plasma; wells 1, 2 and 6—plasma from mature tur-
key males; well 3—plasma from 4-week-old turkey male; well 4—plasma from F3ct;
well 5—plasma from F3ext.

Fig. 4. An agar-diffusion test, showing the absence of any reaction by the plasma of
non-injected Fsci and F3ext to anti-turkey antibodies induced in an F%ext subject
(compare this reaction with that shown in Fig. 3). Centre well—anti-turkey F2ext
plasma; wells 1, 2 and 3—plasma from mature turkey males; wells 4 and 6—plas-
ma from F3ext; well 5—plasma from F3ct.

I. L. KOSIX AND MASARTJ KATO (Facing page 230)
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Fig. 5. An agar-diffusion test, showing the presence of an 'extra protein' line (prob-
ably complex) which differentiates chickens and turkeys. (The line subtends wells
1. 2 and 3.) The area immediately below this line, and surrounding the centre well
is made up of numerous lines unresolved in the photograph. These lines are com-
mon both for the chicken and the turkey. Centre well—anti-turkey rabbit plasma;
well 1—plasma from mature turkey males; well 2—plasma from whole turkey
embryos; well 3—plasma from area vasculosa of the embryos used to provide
plasma for well 2; wells 4 and 0—plasma from 1-month-old F3ext; well 5—plasma
from 1 -month-old F3ct.

1. L. KOSIN AND MASARU KATO
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Fig. 0. An agar-diffusion test, showing the presence of an 'extra protein' line which
differentiates the turkey from the chicken and from the Japanese quail. This
line subtends well 1 and wells 3 and 4. For explanation of the area around the centre
well, see the relevant section in the legend for Fig. 5. Centre well—anti-turkey
rabbit plasma; well 1—plasma from mature turkey males; well 2—plasma from
mature quail males; well 3—homogenate of 1-day-old turkey embryos; well 4—
plasma from turkey poults at hatching; well 5—homogenate of 5-day-old chicken
embryos; well 6—plasma from uninjected mature F2ct.

I. L. KOSIN AND MASAKU KATO
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Fig. 7. Paper partition chromatography of white (W) and dark (R) muscles from
turkey (T) and chicken (C) donors. Note the difference between the two types
of muscles, regardless of the species.

8

Fig. 8. An electrophoretic analysis of blood plasma from mature turkey donors (top
curve) and injected mature F^ext males (bottom curve). The latter was charac-
teristic for White Leghorn males, of comparable age. in general.

T. L. KOSIN AND MASARU KATO
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Table 3. Results of immunological analysis by the agar--diffusion method

Antigens

Date tested,
1961

Feb. 9 If

Feb. 10 2

Feb. 14 3f

Feb. 14 4f

Feb. 24 5f

Adult
turkey
male
blood

plasma

W.L. injected with
turkey blood

' Experimental':

Males: 86 days
old(3)t

+ + * —

W.L. not injected

' Controls':

Males: 1 month
old (10) Antibody

Chicken anti-turkey blood
plasma from 2 males

Same as above
Rabbit anti-turkey plasma

serum
Same as above but inhibited

by chicken plasma
Rabbit anti-turkey plasma

Mar. 23 6f

Mar. 23 7 |

Mar. 23 8f

Males: same as
abovej

Males: 2 days
old (10)

— Same as above

Same as above

Same as above

Mar. 23 9 |

1 month (5)

Rabbit anti-turkey plasma

Mar. 23 10f

14-day embryo (4)

— — Same as above

Mar. 27 l l f

Males: 132 days old
Males: same

as6f(10)

Same as above, but inhibited
by chicken plasma

* Plus signs on this line indicate presence of an 'extra', species—specific line.
** Plus signs on this line indicate presence of numerous lines of' common proteins' between chicken

and turkey plasmas.
f Number of birds tested.
% The plasma was tested 16 hours after the last injection of turkey whole blood.

5. CHROMATOGRAPHY AND ELECTROPHORESIS

Moore (1945) and Deutsch & Goodloe (1945) indicated that species differences can
be recognized in a number of vertebrates, among them chickens, by the electro-
phoretic analysis of serum and plasma proteins. More recently, Sibley & Johnsgard
(1959) have cautioned that the inherent variability of experimental material used in
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the analyses of this type may lead to spurious results unless numbers of animals and
of blood specimens are adequate.

The demonstration that chromatography may be a useful tool in taxonomic study
is of more recent origin. Buzzatti-Traverso & Reichnitzer (1953) were among the
first to apply, successfully, paper partition chromatography for this purpose. They
used several species offish as the experimental animals. Mainardi (1958) concluded
that the method of ascending, one dimension paper chromatography enabled him to
identify tissue homogenates of guinea fowl, turkey and chicken donors.

In the light of these observations, both the blood-injected birds and their offspring
(those which were blood-injected and those which were not), together with appro-
priate controls, were subjected to the chromatographic and electrophoretic analyses.
This was done with the full realization that neither of these two methods, as prac-
tised at the present time, is as sensitive in detecting inherent species differences as is
the immunological procedure already described in Section 4.

(i) Methods

Blood and muscle tissue from the same generation birds as used for observations
described in Sections 3 and 4 (studies on morphology and immunology, respec-
tively) provided the necessary experimental material. As a general rule, sera and
plasma for the chromatographic and electrophoretic tests came from the same
aliquots of blood used in immunological tests. A few tests involved homogenates
of 5-day embryos.

Pooled tissue homogenates, used in the paper partition chromatographic analyses,
one- and two-dimensional, were in each test obtained from three donors. The
homogenates prepared separately from white and red chicken breast muscle were
extracted with 20% trichloracetic acid (TCA), and then analysed after being
washed three times with ether. The analysis was carried out with the aid of What-
man No. 3 mm. filter paper. The reagent was one part of 1 % ammonia plus 2 parts of
absolute •n.-propanol. Five lambdas of plasma or of tissue extract to be compared
were placed directly on the filter paper. Ninhydrine 0-2% ethanol solution was
used for the development of both the tissue and the blood plasma patterns.

The electrophoretic analysis involved a Spinco Model R paper electrophoresis
system provided with an integrator. Five lambdas of a blood plasma specimen were
used in each analysis. The protein distribution patterns were recorded on filter
paper strips 20 mm. wide. The Duostat was adjusted for 2-5 mA and 75 volts per
cell. The strips were moistened with the veronal buffer (pH 8-6) prior to the applica-
tion of the sample.

(ii) Results

Contrary to the observations reported by Mainardi (1959), efforts at this labora-
tory to distinguish chromatographically between turkey and chicken pectoral
muscles in 10-week-old birds produced negative results. It was not surprising,
therefore, that massive injections of 'foreign' blood into the experimental White
Leghorns failed to induce recognizable differences either in one- or two-dimensional



Heredity and blood transfusion in chickens 233

chromatographs of plasma and muscle homogenates obtained from them. At the
same time, the white and the red pectoral muscles from mature donors in either
species could be easily identified on the basis of their characteristic partition
patterns (Fig. 7). However, species-specific differences between the chicken (either
control or blood-injected) and the turkey could be observed only with difficulty,
especially in the white muscle tissue. As mentioned, a few tests were conducted in
which homogenates of 5-day-old chicken embryos (less the extra-embryonic
membranes) of F$pt, F%ext and F^exnh types were analysed chromatographically.
In the latter two cases, the parents had received their allotted dosage of heterologous
blood. These tests also yielded negative results; i.e. no discernible differences
among the three types of embryos could be detected.

Table 4. Analysis of electrophoretic patterns

Globulin fractions

Year

1960

1961

Type of bird

Adult
males

Fi>4-
month -
old
males

One-
month-
old

male

F2 , one-
month-
old
males

White Leghorns (5)*
New Hampshires (5)
BBB turkeys (5)

W.L. injected with
turkey blood (1)

W.L. injected with
N.H. blood (1)

White Leghorns (1)

New Hampshires (1)

BBB turkeys (1)

W.L. injected with
turkey blood (5)

I

16-3f
15-8
18-4

11-6

1 1 7

10-7a

(16-4)6

8-8
(14-4)
14-0

(15-8)

10-3
(18-1)

I I

11-5
11-5

0

10-6

8-1

7-1

(0)
6-3

(0)
0

(0)

6 0

(0)

I I I

26-0
20-7
30-5

28-3

31-3

14-3
(18-2)
13-9

(20-5)
16-3

(15-8)

14-7
(17-0)

IV

15-3
17-3
17-8

18-7

11-7

19-6
(20-0)
21-7

(14-5)
2 3 0

(15-8)

23-5
(14-9)

Albumin

30-7
34-7
33-8

30-8

37-2

48-2
(45-5)
49-3

(50-6)
46-5

(52-7)

45-5
(50-0)

* Number of birds involved.
* Indicates that the same fraction as used in " was inactivated by heating for 30 min. at 56° C.
"I" Per cent of the total area.

The presence of a three-line globulin pattern in the blood plasma, both oiFzct and
Fvfixt males was demonstrated by the electrophoretic analysis. One of these lines
(line II) was characteristically absent in turkey male plasma (Fig. 8). The extra-
chicken 'line' was eliminated when the plasma was either heated to 56°C. for
30 min. or subjected to a 5-day storage at 4-5° C. before the test. Results of the
integrator analysis are summarized in Table 4. Essentially similar patterns of
protein distribution were observed with the F^ct and F^ext stock. The latter test,
repeated 5 times, involved 30 controls and 30 experimental one-month-old birds.



234 I . L. K O S I N AND M. K A T O

A detail, which is apparent from Table 4, is that White Leghorns which were
undergoing a continuous series of injections with the turkey blood retained globulin
line II.

6. DISCUSSION

The concept that the heredity of an animal can be altered in a directed way by the
introduction of blood from another closely related animal, different from the first
phenotypically and genotypically, was first tested by Francis Galton in 1871.* He
was primarily concerned with testing the theory of pangenesis, according to which
many types of 'gemmules', each type believed to be functional carriers of heredity
specific for an individual organ within an organism, are present in the animal's
blood. To quote Galton (loc. dt.): 'If Pangenesis were true . . ., the results would
be startling in their novelty, and of no small practical use: for it would become pos-
sible to modify varieties of animals, by introducing slight dashes of new blood, in
ways important to breeders.'

Accordingly, Galton performed a series of tests involving transfusion of blood in
rabbits. The latter belonged to several distinct breeds. A total of 88 animals in
13 litters were obtained from treated parents. None showed any evidence of breed
alteration. The idea that 'gemmules' in the blood of the donor could affect the
heredity of the recipient was, therefore, found untenable by Galton.

More recently, in 1946, Lysenko suggested that the cellular complex of each
organism carries 'granules' which embody the organism's hereditary capacities
handed to it by its parents, but modified by environment to which the organism was
subjected during its life. Lysenko has subsequently developed his original ideas
further, applying them to speciation (Lysenko, 1956). This hypothesis, which
implies a measure of environmental control over the genotype, led Sopikov (1950)
to apply the principle of 'vegetative hybridization' to poultry improvement,
utilizing the blood transfusion technique. His work has been followed by a long
series of studies of a similar kind which have already been referred to in the Intro-
duction.

Even though the early work of Sopikov {loc. cit.) and others in the U.S.S.R.
followed the demonstration by Avery and his associates (1944) on the induction of
transformation in certain bacteria by exogenous DNA extracted from other bacteria,
no immediate attempts were made by Soviet investigators to regard the pheno-
menon of transformation to be a factor in their observations. Among the first to
mention the possibility that DNA may be involved is the work of Sopikov (1954).

It is interesting to note that according to some of the most recent Soviet reports
on 'transformation' in poultry (Kushner et al., 1959, and Tolokonnikova et al.,
1961), the presence of DNA is not essential for the induction of heritable modifica-
tions by the transfusion technique. These workers have reported achieving 'trans-
formation ' in the chicken through the use of blood plasma only.

* The senior author is indebted to Dr R. M. Irwin, Dept. of Genetics, University of Wiscon-
sin, for drawing his attention to Galton's study.
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Numerous attempts have been made by biologists to test the principle of trans-
formation in animals. Among the earliest of these was the study of Horstadius and
his associates (1954), in which they sought to change the genotype of a species of the
sea urchin, Paracentrotus lividus, by injecting it with DNA obtained from Echino-
cardium cordatum, also a sea urchin. All results were negative. The report of success-
ful induction of heritable changes in the Pekin duck by DNA from the Khaki-
Campbell duck (Benoit et al., 1957) has stimulated further interest in this problem.
Negative results, based on morphological observations, have been obtained in a
number of such studies. The species involved, among others, were the silk worm
(Astaurov et al, 1960), the rat (Perry & Walker, 1958; Beam & Kirby, 1959), the rat
and the rabbit (Tigye et al, 1959), the duck (Svoboda & Haskova, 1959) and the
chicken (Burger et al., 1961). At least one report of positive results has appeared in
the literature, that by Gershenzon & Kiseleva (1958), who successfully induced
mutations in Drosophila melanogaster by feeding larvae a medium containing DNA
extracted from calf thymus. Gershenzon and Kiseleva did not claim, however, that
they induced directed changes in the recipient stock.

There is some evidence pointing to the fact that foreign DNA can, under certain
conditions, become incorporated in the DNA of the recipient animal. This was
demonstrated on the cellular basis by Leuchtenberger et al. (1958), andBensch &
King in 1961. To bring the problem of DNA incorporation to the level of molecular
biology, Novikov and his associates, 1961, used the molecular weight of DNA in the
recipient ducks (after the latter received injections of foreign DNA) and of their
offspring, as a criterion in measuring the extent of induced changes. These in-
vestigators observed shifts in the molecular weight of DNA when the Pekin and
mallard ducks were treated with DNA on a reciprocal basis. Genetic tests will be
needed, however, to provide critical evidence that true transformation, in the
functional sense, can occur in multicellular organisms. Until such evidence is
forthcoming, the question of the ability by the recipient multicellular animal to
incorporate into its own DNA a foreign DNA, thus giving rise to a new functional
genie complex, will have to be regarded as still another unsolved biological problem.

In the meantime, one cannot, of course, dismiss the possibility that unsuccessful
attempts, in higher animals, to effect such integration of two or more DNA com-
plexes may be attributable to one of several possibilities. It can be postulated, for
example, that contrary to the rather simple situation in bacteria grown on a DNA-
enriched medium, the known barriers to a successful incorporation of exogenous
DNA by a multicellular animal are infinitely more formidable. The other, of course,
is the possible loss of physiological activity by DNA due to the methodology in-
volved in isolating the compound in the first place. Indeed, most of the studies
reporting negative results on DNA incorporation point to this as a possible explana-
tion of the failure.

If DNA-induced directed heritable changes in higher organisms can be at all
realized, then the use of living nucleated cells, such as avian erythrocytes and white
blood cells should permit one to overcome the difficulty imposed by a possible
inactivation of extracted DNA prior to its introduction. However, the lack of
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unanimity on the effectiveness of whole blood injections as a method for inducting
directed heritable changes in poultry clearly contradicts this expectation. Results
of the present study have been negative, both on the level of gross morphological
observations as well as on the basis of more sensitive immunological tests, and are
in agreement with those from Brazil (Buschinelli, 1961). In the latter case, the
blood of Crax fasciolata, a gallinacous South American wild species, served as the
donor of whole blood injected into White Leghorns. No recognizable gross changes
were observed in the recipient birds following three generations of extensive
observations. Lack of evidence in the present study of the occurrence of immuno-
logical shifts in the progeny of treated birds in the direction of the donor organism is
difficult to reconcile with the affirmative results on this point reported by Sopikov
(1958) and Gromov (1959). In the absence of other reasonable, scientifically
tenable, explanations for this and other points of divergence in the results, one is
forced to fall back on such patently unsatisfactorily alternatives as the existence
of (1) 'subtle' differences in the techniques used, (2) genotypic differences in the
stock available at the respective locations, and (3) unaccountable 'experimental'
errors, to explain results obtained in the present study and those reported, for
example, by Kushner (1958a). It should be pointed out in this respect that the
senior author personally obtained from Prof. Kushner at the time of the Genetics
Congress in Montreal details of the blood transfusion procedure used by him and
his associates for inducing heritable changes in poultry.*

7. SUMMARY AND CONCLUSIONS

1. A three-year study was conducted to test the efficacy of inter- and intra-
specific blood transfusions in domestic poultry for inducing heritable changes in the
recipients. The latter were pure-bred White Leghorns. Pure-bred Broad Breasted
Bronze turkeys and New Hampshire chickens served as blood donors to two
distinct lines of recipients. All injections started when the recipient chicks were
2-5 days old. Altogether, more than 3000 chicks from blood injected lines were
involved in the study, conducted between 1959 and 1961 and distributed between
the parental and three subsequent generations. Each injected chick received a total
of some 155 ml. of whole blood in the course of a five-month injection period. An
adequate number of control (non-injected) birds was used throughout. Observa-
tions were made on plumage colour, body-weight, egg-weight, egg-shell colour,
fertility and hatchability. Furthermore, blood plasma and muscle tissue of
appropriate birds were subjected to immunological, chromatographic and electro-
phoretic analyses.

2. On the basis of all these criteria, no evidence of heritable shifts in the direction
of the donor organism was discerned among birds belonging to either of the two
treated lines.

The authors wish to acknowledge the technical assistance of Messrs K. L. Arora, N. Suzuki
and S. H. Weisbroth.

* Three papers reporting success with the hlood transfusion method, published after this paper
went to press, are listed at the end of the References.
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