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Summary. This study was undertaken to examine the
effects of hydrocortisone injected into male mice on the
phenotypic expression and inheritance of the Fused
(Fu) gene in their offspring. Data were obtained in-
dicating that there is a hydrocortisone-susceptible
period during spermatogenesis. Hydrocortisone in-
jections of males during this period resulted in a statis-
tically significant decrease in the proportion of pheno-
typically Fu offspring. Genetic analysis with the use of
the closely linked recessive marker tufted (zf) demon-
strated that the deficit of phenotypically Fu individuals
among offspring is not caused by the differential death
of gametes, zygotes or embryos. According to genetic
data, this deficit is due to a decrease in the penetrance
of the Fu gene and partly to its inherited inactivation.
The possible mechanisms of the observed phenomenon
are discussed.
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Introduction

In previous studies, we have demonstrated the inter-
relationship between events occurring in hormonal and
morphogenetic  systems (Naumenko etal. 1974;
Belyaev et al. 1981a). The domestication of animals, a
process during which hormonal fluctuations played a
crucial role in the reorganization of morphogenesis,
provides a good example of this interrelationship
(Belyaev 1979).

We have also shown that the variously penetrant
mouse gene (Fu) (chromosome 17), which is known to
produce fused shorter tails, can pass from an active to
an inactive state (Belyaev et al. 1981b). We have estab-
lished that this passage is spontaneous, frequent,
reversible, and inherited. The important findings were

that all the F, hybrids from crosses between laboratory
mice, homozygotes for the Fu gene, and wild Mus bac-
terianus were phenotypically normal (Reed 1937) and
that the penetrance of the Fu gene was considerably
decreased in the F; offspring from crosses between
these homozygotes and wild Mus musculus (Belyaev
etal 1981b).

Based on these findings and general considerations,
we suggested that plasma concentrations of certain
hormones, 11-hydroxycorticosteroids in particular, and
the phenotypic expression of the Fused gene may be
related.

The following experiments were undertaken to test
this suggestion.

Materials and Methods

Corticosterone is the main plasma 11-hydroxycorticosteroid in
mice. In the experiments, we utilized hydrocortisone, a hor-
mone similar to corticosterone in chemical structure and
physiological action.

The recessive marker tufted (1f), which is closely linked
with the Fused (Fu) gene, was used in genetic analysis done
according to the mating scheme previously described (Belyaev
etal. 1981b). To obtain males diheterozygous for the genes Fu

fut (CBA/lac-Fu)

and ¢f, the following cross was performed

ox T4
X 7 (CSTBI/E1-4) 3.

Males with the phenotype Fu, non-if and the genotype

Fu+
T were chosen from the F, obtained from this cross.

u—+
Sexually matureT,Tmales were injected with 0.2ml of

saline and involved in theigggx Iiutf 38 cross. Males
were maintained with 4-5 females, as a rule, for 4-10 days
and occasionally longer. Crosses in which males received
saline before being penned with females served as controls.
Promptly after the control crosses, males were injected
with 5mg of hydrocortisone acetate (Gideon Richter,
Hungary). The injected males were penned together with the

W(C57B1/6J-tj) females. In some of the experiments, males
were given a second injection of the same dosage 10-20 days
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after the first one and then penned together with the geno-
. +
typlcallyq%females. The dosage of hydrocortisone was close

to maximum. Its physiological effect was such that 25% of
males failed to reproduce after treatment and 6—7% died.
The same mating scheme was used in the experimental

series with the } CSTBI/6J females.

The number of newborns with the Fu and normal
phenotypes among offspring obtained from the control and
experimental crosses was registered. Test of significance were
done by using t- and Fe-tests. In experiments undertaken to
analyse the rate of the normalization of plasma 11-hydroxy-
steroids after the injections, males were given 2.5mg of
hydrocortisone acetate. Plasma 11-hydroxysteroids were
measured by the standard method of acid fluorometry (Panov
and Shalyapina 1968).

Results

To determine the period during which exogenous
hydrocortisone was active, as well as its withdrawal
rate, we measured the level of plasma 11-hydroxy-
corticosteroids in mice at various time points after the
injections.

Thirty minutes after the injection, fluorescence
intensity had increased to 119.7+ 17.8 units, i.e., it was
fourteenfold the baseline value. Because hydrocortisone
contributes mainly to fluorescence intensity, its plasma
concentration was 69591+ 111.6 ug/100 ml. Six hours
after the injection, it had decreased to 23.0+0.7, which
corresponded to 60.0 = 4.4 pg/100 ml of hydrocortisone.
Twenty four hours later, fluorescence intensity had
decreased to 10.71+0.6 units, which significantly
(P > 0.95) exceeded the control value (7.8 = 0.6 units). It
is difficult to determine the content of exogenous
hydrocortisone and endogenous corticosterone because
their relative concentrations are unknown. From the
data obtained, it may be safely inferred that plasma
11-hydroxysteroids decreased during 24 h following
hydrocortisone administration and that there were no
differences in fluorescence intensity 72 h after it.

Temporal changes in the number of phenotypically
Fu newborns from hydrocortisone treated fathers are
shown in Fig. 1 and Table 1. The abscissa shows the
number of days elapsed after treatment of males before
birth of their offspring, and the ordinate shows the
number of phenotypically Fu offspring expressed as a
percentage of the expected number of genotypically Fu
newborns. Taking a gestation period of 20 days, it was
possible to reliably determine the time elapsed from the
time point a male received hydrocortisone to the point
he mated with a particular female.

The data of Fig. 1 are divided into 3 intervals from
days 20-23, 24-25, and 26-32. There were no sig-
nificant differences between the control and ex-
perimental crosses with a single hydrocortisone injec-
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Fig. 1a—c. The number of phenotypically Fused offspring in

+if  Fut
the 9)(——66 crosses expressed as a percentage of ex-
+if T +if
pected. a Males received saline before the mating experiments.
b Males received a single hydrocortisone injection. The dif-
ference is significant at P> 0.95 by the F, -test at days 24-25. ¢
Males received multiple injections of hydrocortisone. The dif-
ference is significant at days 26-32 (P> 0.99)

tion, when the values for these 3 intervals were
summed (Fig. 1a, b). However, there was a significant
decrease in the proportion of the phenotypically Fu
individuals (F,=4.23, P>0.95) in litters born 24-25
days after the treatment of males with hydrocortisone.
Consequently, a single injection of hydrocortisone pro-
duces a significant decrease in the proportion of
phenotypically Fu offspring when 4-5 days have
elapsed from hydrocortisone treatment to mating.
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Table 1. The F, segregation ratio in the%gg X i“[}' 83 cross

Days from injection of 20 — 23 days 24 - 25 days 26 - 32 days Total
Exper- hydrocortisone into
imental males to birth of
conditions F, offspring Fu + Fu Fu +
Control (saline injection 102 112 119 138 75 84 630
into males)
Single hydrocortisone 134 124 110 150 104 106 728
injection into males
Multiple hydrocortisone 8 109 104 122 94 148 666

injections into males

Table 2. Results of the phenotypic identification of offspring

+ Fu+
fromthe+lf99X 7

either saline or hydrocortisone

3834 crosses in which males received

Experimental Offspring phenotype Funon-

conditions mani-
Fu, non-Fu, non-Fu, Fu, festa-
non-tf  if non-tf  tf tation %

Control 90 11 3 -~ 32

(saline)

Experiments 188 212 22 - 10.5*

(hydrocor-

tisone)

* The difference in the percentage of the phenotypic non-
manifestation of the Fused gene is significant at P>0.95 by the
Fo-test

In a part of the experiments, males received
multiple (2 or 3) injections of hydrocortisone with an
interval of 10-20 days after each. The data of these
experiments are plotted in Fig. l1c. In the offspring
from treated fathers, the penetrance of the Fu gene was
significantly (F,=9.16, P>0.99) lower than in the
controls. There was also a period when the relative
proportion of phenotypically Fu offspring was sig-
nificantly smaller than that in the control experiments.
This hormone-susceptible period was shifted to days
26-32 after the last treatment. The deficit of the
phenotypically Fu individuals was the largest 27-28
days after the treatment, attaining 72% of the expected
number (the ratio of the phenotypically Fu individuals
to the normal ones was 48:85). It may be concluded
that the period most susceptible to hydrocortisone is
7-8 days before fertilization in the experiments in
which it was given more than once. The shift of the
susceptible period was the presumable consequence of
hydrocortisone pretreatment.

Three observations emerged from comparisons of
the experiments with single and multiple injections.

Firstly, whether given in a single dosage or not, hydro-
cortisone produced a significant decrease in the num-
ber of phenotypically Fu offspring. Secondly, the mul-
tiple injections were more efficient as judged by the
significant (P >0.99) decrease in the proportion of Fu
offspring compared to mice that had received a single
injection of hydrocortisone. Thirdly, there was a shift of
the period of high susceptibility of maturing sper-
matozoa to hydrocortisone from 4-5 days to 7-8 days
before fertilization. What was the cause of the lack of
phenotypically Fu individuals among the offspring
of hydrocortisone-treated fathers? The differential
viability of zygotes, gametes, embryos or, perhaps, the
non-manifestation of the Fu gene in some of the
heterozygous offspring?

The closely linked recessive marker tufted (zf) al-
lowed us to test both possibilities. Identification of the
trait #f is usually carried out in mice older than a
month. When the control and experimental data were
compared, no significant differences were found be-
tween the segregation pattern for ¢fin offspring. As can
be seen in Table 2, the ratios of the alternative classes
for the controls (93 non-tf: 111 ¢f) and for the treated
mice (210 non-1f:212 ¢f) did not deviate from the ex-
pected 1:1. There were also no differences at the
susceptible time points. The ratio was 37 non-#f: 36 {f at
days 24-25 among offspring of fathers that had
received single hydrocortisone injections, and it was
29 non-if:33 ¢f at days 26-32 among offspring of
fathers that had received multiple ones. In contrast, the
percentage of Fused offspring at the time points
examined was significantly smaller in the experimental
series. This refuted the possibility that the deficit of the
phenotypically Fused individuals at the susceptible
periods was due to the differential viability of gametes,
zygotes or embryos. We could say with certainty that
the deficit was caused by non-manifestation of the Fu
gene,

Twenty-two phenotypically non-Fu, non-ff mice
lived to sexual maturity. Of these, 19 produced off-
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spring. The fathers of 5 had received a single injection
of hydrocortisone, the fathers of 14 had received
multiple ones. What was the genotype of these in-
dividuals with respect to the Fu gene? Did there occur
an inherited inactivation of the Fu gene like the one we
had previously observed (Belyaev et al. 1981b)?

Based on the data of genetic analysis, the mice were
divided into two groups (Table 3). Group | consisted of
6 mice. Among the 450 F, and F, offspring of these
mice none were phenotypically Fused, but the segrega-
tion ratio for if was 42 non-if:36 ¢, not significantly
deviating from the 1:1 expected. Group?2 was com-
posed of 13 phenotypically non-Fu, non-#f, all of which
produced phenotypically Fu offspring in the F,. How-
ever the total segregation ratio of 43 Fu:87 pheno-
typically normal individuals significantly deviated from
the one expected (y*=14.9, P>0.99). In this case, the
penetrance of the Fu gene was only 66% compared to
94% in the controls. The ratio for #f phenotype, 14
phenotypically normal individuals: 16 ¢f, ruled out dif-
ferential death of gametes, zygotes or embryos as the
alleged cause of the deficit of Fu individuals. Con-
sequently, the data indicated that the penetrance of the
Fu gene was sharply decreased in the offspring of at
least some of the mice of Group 2.

Three phenotypically non-Fu, non-#f individuals
were identified in the control crosses (Table 2). When

tf

!
testcrossed with the—:—[f—mice, all 3 yielded pheno-

typically Fu offspring with a total segregation ratio of
11 Fu: 13 normal, thereby proving that their genotype

Fu+

+f

Comparisons of the overall control and experi-
mental data demonstrated a significant increase in the
relative proportions of phenotypically non-Fu, non-tf
mice (Table 2) and also of mice having the Fused gene
in inactive state among them (Table 3). Perhaps some
of the 6 mice which gave no Fused offspring had a
recombinant chromosome giving rise to the genotype

was
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I;; ? This appeared unlikely because there was no
other class of recombinants with the genotype Iiuif
in the experiments. What appeared plausible was a
Fu—[Fu] event, ie., an inherited switching off of the
[Fu]+
)
(Belyaev etal. 1981b). The distribution of pheno-
typically normal newborns (non-Fu, non-ff) indicates
that the great majority (20 of 22) of mice were born at a
time when the penetrance of the Fu gene was de-
creased.

In the subsequent experiments, males with the

Fused gene. If so, the genotype of these mice is

Fi . .
genotype:um which had received a single dose of

hydrocortisone, were crossed with the C57Bl/6J]
females. These females differ from the #f/1f (C57Bl/6J-
if) females in the penetrance of the Fu gene in off-
spring. It was significantly lower in the former (72.1%,
F,=43.8, P>0.99) than in the latter (93.9%). These dif-
ferences are shown in Tables 1; 4 and Figs. 1; 2. The two
sublines also significantly differed in the values for
plasma 11-hydroxycorticosteroids, which were 17.6+

0.4 ug/100 ml in } females and 8.3+ 0.6 ug/100 ml in
the —g;females (tg=12.9, P>0.99).The difference in the
number of the phenotypically Fu offspring attains
statistical significance on days 20-23 (E,=6.94, P> 0.99)
(Fig. 2). The penetrance of the Fu gene in mice born
22-23 days after treatment of the fathers, i.e., when the
maturing spermatozoa were hydrocortisone-susceptible,
was as low as 50%, and the segregation ratio was
30 Fu: 87 normal. In this case, the spermatozoa were at
the hydrocortisone-susceptible period 2-3 days before
they fertilized the eggs. The question was, why was the
hydrocortisone-susceptible period shifted to 2-3 days
before fertilization in this case, whereas it occurred
4-5 days before it in the cross of these males with the
tf71f (C57B1/6J-1f) females? The results of the analysis

of the —_-:-_— C57B1/6J99X%85 cross was as follows.

Table 3. Genetic analyisis of the F, phenotypically normal (non-Fu, non-ff) offspring from the

L{LQQ X F—”ié”c? crosses in which males received hydrocortisone

+ 1 +if
Expected genotype of ~ No. mice Phenotypes of offspring
the phenotypically test- i +1
normal F; offspring crossed F, X +if F, xr{lé; F,XF,
Fu Normal ¢ non-tf Fu Normal
[Fu) + 6 o 118 37 4 o m
+if
Fu+
+if 13 43 87 16 14 - -

* Only some of the F, individuals were anlayzed for the trait tufted
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treatment of males
Fig. 2a and b. The number of phenotypically Fused offspring
in the } 99)(1256 crosses expressed as a percentage of ex-
pected. a Male: received saline before the mating experiments.

b Males received a single hydrocortisone injection. The dif-
ference is significant at P> 0.99 by the F, -test at days 20-23

During the first 3 days, when males and females were
maintained together, 70% of the treated males fertilized
minimally one female; this means that in all the
following matings the females were fertilized with
sperm modified by exogenous hydrocortisone. The

f

ituati different in the = oo x 47 55
situation was difterent in t ej'_—tf—ggx ¥if Cross.

During the first 3 days of joint maintenance, only 23%
of the males fertilized females and, for this reason, the
majority of treated males fertilized females for the first
time with mixed sperm, a portion of which was
modified by hydrocortisone and the other not. Because

Table 4. The segregation ratio in the -j_—gg X % 33 cross
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of this different time course of mating in the two sub-
lines, the susceptible period was possibly shifted in the
experiments with single hydrocortisone administration.
The shift may also be accounted for by the shorter
gestation period of the +/+ (C57B1/6J) females.

Discussion

Exogenous hydrocortisone produces changes in the
template activity and chemical structure of chromatin
(Argutinskaya etal. 1973), and it increases mutation
rate during spermatogenesis in mice (Loginova and
Kerkis 1975).

The aim of the present work was to determine
whether or not there is a relation between plasma
11-hydroxicorticosteroid level in parents and the
phenotypic expression of genes in offspring. Since the
Fused gene causes a conspicuous phenotype, we used it
as an advantageous system for testing the effects of
exogenous hydrocortisone injected into males.

Our results demonstrated the efficiency of hydro-
cortisone injections. The percentage of phenotypically
Fu offspring of fathers that had received hydrocortisone
decreased. Genetic analysis indicated that this decrease
is the result of the lower penetrance of the Fu gene and
partly of its inherited inactivation.

The only conceivable mechanism transmitting the
signal of modified hormone level from father to off-
spring is altered structure or function of spermatozoa.
Changes in some of the properties of chromatin may
be, in all probability, responsible for the phenomenon
observed. This appears plausible when one recalls the
structural characteristics of the chromatin of maturing
spermatozoa. The obvious question is, what is the
biological significance of this hormone susceptible
period of spermatogenesis? In mice, the duration of
spermatogenesis is 34 days, on the average, and meiosis
commences 26 days before the maturation of sper-
matozoa. Spermiogenesis occurs during the last
13 days. It is then that the structural and functional
changes in the cells are associated with nuclear elonga-
tion, repatterning of chromosome structures and loss of

Days from injection of 20 - 23 days 24 - 25 days 26 — 32 days Total
Expe- hydrocortisone into
rimental males to birth of
conditions F; offspring Fu + Fu + Fu +
Control (saline injection 80 139 42 78 11 19 369
into males)
Single hydrocortisone 74 186 16 27 45 62 410

injection into males
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cytoplasm. In rats, for example, this is the period most
vulnerable to the effects of hypophysectomy (Austin
and Short 1972). Biochemical studies of the terminal
stages of spermatogenesis indicate that 4-8 days before
the complete maturation of spermatozoa and their
traverse through the epididymus, the spermatidal basic
nuclear proteins are replaced by protamines and
chromatin packing in the spermatozoa is brought to
completion (Goldberg et al. 1977). Thus this important
period of spermatogenesis may not by chance be sus-
ceptible to hydrocortisone in the experiments per-
formed.

A population of cells involved in spermatogenesis is
naturally heterogenous and so is its sensitivity to an
exogenous hormone and, hence, this hormone dif-
ferently affects each stage of spermatogenesis. Con-
sequently in our experiments, only those cells which
were at the susceptible phase during the first two days
after hydrocortisone treatment were modified.

The variability of the expression and inheritance of
the Fu gene under the effect of exogenous hydro-
cortisone are not chance events, inasmuch as high
spontaneous variability is characteristic of this gene. In
contrast, /f, a gene stable in expression and a 100%
penetrant, was found to be insensitive to the hormone
(Tables 2 and 3). Clearly, not all the genes behave like
Fu in response to an exogenous hormone. On the other
hand, the Fused gene is not an exception. After we had
completed the experiments described above, the gene
affecting mouse susceptibility to cortisone-induced cleft
palate was tentatively located on chromosome 17 distal
of the Fu gene (Gasser etal. 1981). It is pertinent to
note that the Fu gene is within the region of the t-
haplotypes, ie., it is in the region where the loci
responsible for many genetic abnormalities are (Ben-
nett 1975). Drastic changes in the chromatin properties
of the elongated regions of chromosome 17 seem to be
the underlying mechanisms of these genetic abnorma-
lities (Lyon etal. 1979). With all this in view, an at-
tractive assumption appears to be the dependence of
the penetrance of the Fu gene and its inherited in-
activation on the state of chromatin in the region of
chromosome 17. There is cytogenetic evidence for
chromatin state being inherited during sexual repro-
duction (John and Gabor-Miklos 1979).

In this context, it would be appropriate to comment
upon the recombinational distance between the genes
Fu and tf. Estimates of this distance were based on the
appearance of the recombinant chromosome Futf.
Although 292 phenotypically Fu offspring obtained in
the experimental and control crosses were screened for
tufted, not a single recombinant was identified. In our
previous study, where diheterozygotes for the Fu and #f
were females, the recombination distance between the
two genes was estimated as 1 cM which is in agreement
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with the data in the literature (Dunn etal. 1962). This
may be, with more certitude, accounted for by the very
much lower crossing over frequency in this region of
chromosome 17 in males (Dunn and Bennett 1967).
Taken together, all these observations make unlikely
the explanation that the appearance of 6 phenotypi-
cally non-Fu, non-tf mice, which produced normal
offspring only in the testcrosses, was the consequence of
a recombination between the genes Fu and #f The
absence of phenotypically Futf individuals among 204
offspring in the control matings also argues against this
explanation also (Table 2).

The results of this study also raised the question of
the effects of the level of plasma 11-hydroxicortico-
steroids in females on the manifestation of the Fu gene
in offspring. Reed’s experiments (1937) and subse-
quently ours (Belyaev et al. 1981b), demonstrated that
there occurs a drastic decrease in the penetrance of the
Fu gene to its 100% non-manifestation in offspring
from crosses between Fu homozygous males and wild
Mus bactrianus and Mus musculus females. Measure-
ments of plasma I1-hydroxicorticosteroid concentra-
tions in wild females established much elevated values
compared to those in strain mice. It thus seems
probable that not only males, but also females, conform
to the general pattern: a increase in plasma 11-
hydroxicorticosteroids (endogenous or exogenous)
produces a decrease in the penetrance of the Fu gene
and occasionally its inherited inactivation in offspring.

Profound reorganization of the hormonal system is
a widespread evolutionary process. This was borne out
of our previous study (Belyaev 1979). The results of this
study further support the suggestion that hormonal
changes taking place in animals subjected to intense
artificial selection during domestication is a strong
inducer of extensive and explosive variability inherent
in domestication. For this reason, selection, by affecting
along with others hormonal regulatory mechanisms,
provokes developmental destabilization. It sharply ac-
celerates the emergence of new forms of animals and
thus becomes destabilizing.

Literature

Argutinskaya, S.V.; Knorre, V.L.; Ephymova, L.J.; Selyatits-
kaya, V.G.; Salganik, R.I. (1973): The changes of template
activity and chemical composition of rat liver chromatin
under continuous cortisol induction. Mol. Biol. (USSR) 7,
802809

Austin, C.R.; Short, R.V. (1972): Reproduction in mammals.
1. Germ cells and fertilization. Cambridge: Cambridge
University Press

Belyaev, D.K. (1979): Destabilizing sclection as a factor in
domestication. J. Hered. 70, 301-308

Belyaev, D.K.; Ruvinsky, A.Q.; Trut, L.N. (1981a): Inherited
activation-inactivation of the star gene in foxes. J. Hered.
72,267-274



D.K.Belyaev et al.: Phenotypic Expression and Inheritance of the Fused Gene and in Mice 281

Belyaev, D.K.; Ruvinsky, A.O.; Borodin, P.M. (1981b): In-
heritance of alternative states of the fused gene in mice. J.
Hered. 72, 107-112

Bennett, D. (1975): The T-locus of the mouse. Cell 6, 441-454

Dunn, L.C.; Bennett, D. (1967): Sex differences in recombina-
tion of linked genes in animals. Genet. Res. 9,211-220

Dunn, L.C.; Bennett, D.; Beasley, A.B. (1962): Mutation and
recombination in the vicinity of complex gene. Genetics
47, 285-303

Gasser, D.L.; Mele, L.; Lees, D.D.; Goldman, A.S. (1981):
Genes in mice that affect susceptibility to cortisone in-
duced cleft palate are closely linked to Ir genes on chro-
mosome 2 and 17. Proc. Natl. Acad. Sci. USA 78,
3147-3150

Goldberg, R.B.; Geremia, R.; Bruce, W.R. (1977): Histone
synthesis and replacement during spermatogenesis in the
mouse. Differentiation 7, 167-180

John, B.; Gabor-Miklos, G.L. (1979): Functional aspects of
satellite DNA and heterochromatin. Int. Rev. Cytol. 58,
1-114

Logvinova, V.V.; Kerkis, J.J. (1975): The frequency of muta-
tion in the mouse germ cells after hydrocortisone injec-
tions. In: Problems of Theor. Appl. Genet. (in Russian),
Novosibirsk

Lyon, M.F.; Evans, EP.; Jarvis, S.E.; Sagers, I. (1979): t-
Haplotypes of the mouse may involve a change in inter-
calary DNA. Nature 297, 38-42

Naumenko, Ye.V.; Trut, L.N,; Pavlova, S.I; Belyaev, D.K.
(1974): Genetics and phenogenetics of hormonal charac-
teristics in animals. Genetika (in Russian) 10, 52-57

Panov, AN.; Shalyapina, V.G. (1968): Dynamics of 11-hy-
droxycorticosteroid content in the peripheral blood of rats
following administration of various hydrocortisone and
corticosterone bases. Problems of endocrinology (in Rus-
sian) 14, 75-77

Reed, S.C. (1937): The inheritance and expression of Fused, a
new mutation in the house mouse. Genetics 22, 1-13

Received July 6, 1982
Accepted October 26, 1982
Communicated by H. F. Linskens

Prof. D.K. Belyaev

Dr. A.O. Ruvinsky

Dr. A 1. Agulnik

Dr. 8.1. Agulnik

Institute of Cytology and Genetics
Siberian Department

Academy of Sciences of the USSR
Novosibirsk-90 (USSR)



