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Background. Rainbow trout is a valuable species of aquaculture, which is characterized by a high level

of variability.

Aim. The goal was to study the peculiarities of genetic variability of rainbow trout based on polymor-
phism of transferrin (TF), posttransferrin (PTF), esterase (EST) (EC 3.1.1.1.) and albumin (ALB) loci.

Methods. Electrophoretic separation of plasma proteins of rainbow trout from three local stocks
(Chernivtsi, Kharkiv and Transcarpathian) was carried out in the native polyacrylamide gel.

Results. Peculiarities of the distribution and relative electrophoretic mobility of allelic variants of
the studied loci of rainbow trout of Ukrainian local stocks were established. The results demonstrated the
effectiveness of the analysis using methods of biochemical genetics to establish the characteristics of the
genetic structure, the level of heterozygosity of local stocks and to carry out their differentiation.

Conclusion. The use of selected markers would allow monitoring the dynamics of changes in the state
of local stocks under the established conditions of cultivation in the future.

Key words: rainbow trout, polymorphic blood plasma proteins, transferrin, posttransferrin,

esterase, albumin.

Fish show a high level of variability be-
cause they are more closely connected with
the environment due to poikilothermicity.
Phenotypic variations emerge as a result of
adaptive responses to the effect of the envi-
ronment (short-term phenotypic corrections)
in combination with genetically determined
changes over generations (long-term adapta-
tions)[1, 2]. For along time, the study of vari-
ability in fish was carried out using polymor-
phic proteins. Electrophoretic separation of
proteins revolutionized fish population genet-
ics [3]. Isozymes and non-enzymatic proteins
with polymorphism have been long proved to
be an effective type of markers for studying
gene activity at different stages of ontogene-
sis and in various tissues, as well as for study-
ing peculiarities of gene expression [4]. The
biochemical genetics allow studying the role

of isoenzymes in morphogenetic processes,
cell differentiation with the determination
of genetic mechanisms of isozyme expression
regulation and the level of their use, analyz-
ing the role of isozymes in the regulation of
metabolic processes [5]. Such markers can be
used to study not only population diversity
and structure but also to analyze processes of
adaptation of the organism to changes in con-
ditions during fish breeding at the genetic lev-
el. This is possible since allozyme markers al-
low studying changes in proteins with known
biochemical functions at the metabolic level
[6—8]. Systematic studies using polymorphic
proteins make it possible to track stability and
variability parameters in fish under the effect
of various environmental factors and condi-
tions of fish kept in aquaculture at different
stages of their life cycle [9].
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Salmonids are characterized by a high
multiplicity of protein and isozyme systems
due to their tetraploid origin [10]. Taking
into account the fact that rainbow trout
is a valuable species of aquaculture and a
convenient object for biological studies, the
amount of studied polymorphic proteins
becomes quite significant. Analysis of the
literature indicates continuing interest and
importance of allozyme analysis of rainbow
trout in different countries [11, 12] to study
the genetic diversity of natural populations,
the variability of local aquaculture stocks
for effective management and improvement
of the quality of the genetic structure of
fish stocks, and also for the conservation of
valuable species to maintain the ecological
balance [13]. Biochemical genetics methods
have long been actively used to determine
the level of population heterogeneity, which
is extremely necessary for fish farmers.
The analysis of protein polymorphism in
salmonids was carried out by Altuhov in his
work “Population genetics of salmonids” [10],
which presented a generalization of the studied
mono- and polymorphic protein in rainbow
trout muscular tissues, heart, liver, and eyes.
A number of works was devoted to the study
of allozyme (enzyme) loci in tissues; however,
this is unacceptable for monitoring works with
species cultivated in aquaculture. Therefore,
to study the variability of the genetic structure
of rainbow trout cultivated in trout farms, it
is advisable to analyze the polymorphism of
plasma proteins. The use of allozyme markersis
very convenient and informative for assessing
the variability, since blood plasma is the main
liquid participating in protein transport,
quickly responds to the effects of external
factors and allows determining the state of the
body and the passage of biochemical processes
in it [14-15]. A very important advantage of
the method used is the ability to carry out in
vivo sampling of fish blood and the ability to
analyze the selected loci on one gel plate does
not involve expenses for DNA isolation, which
significantly accelerates monitoring works.

Therefore, our work was aimed at studying
the peculiarities of the genetic variability of
rainbow trout by polymorphism of plasma
proteins.

Materials and Methods

All manipulations with rainbow trout
were carried out following the provisions
recommended by the European Convention
for the Protection of Vertebrate Animals used
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for Research and Other Scientific Purposes
(Strasbourg, 1986) ETS No.123.

The assessment of genetic variability
using polymorphic proteins was carried out
on rainbow trout of three local stocks (LS):
Chernivtsi (Berehomet, n = 42), Kharkiv
(Novaya Vodolaga,n=60)and Transcarpathian
region (Turya Polyana, n = 55) in 2018-2019.
Fish before taking blood samples were kept
in a solution of the anesthetic clove oil at
a concentration of 0.033 ml/L according
to the recommendations [16] to avoid fish
traumatizing.

Blood from the caudal vein was collected
with a sterile syringe with heparin (25 IU/ml).
Blood was centrifuged (15 min at 3.5 thousand
rpm), plasma and erythrocyte mass were
separated into two different clean Eppendorf
microtubes for further work. Samples were
transported at 4 °C and stored at —20 °C in the
laboratory until research.

The study of the genetic structure of
rainbow trout was carried out at the loci
of transferrin (TF), posttransferin (PTF),
esterase (EST) (EC 3.1.1.1.), and albumin
(ALB). The loci were designated according
to the nomenclature [17]. Electrophoresis
was carried out using a “Helicon” camera
VE-20 (Russian Federation) with platinum
electrodes with a power supply unit “Elf-4”
(Ukraine). Plasma proteins were separated by
electrophoresis in 9% native polyacrylamide
gel (PAG) using Tris-glycine electrode buffer
(pH 8.3) [18, 19]. Reagents of the following
companieswereusedinthestudy: Sigma (USA),
“Sfera sim” (Ukraine), CarIROTH, Appli Chem
Gmbn (Germany). Blood plasma (3.5 nl) was
mixed with 2.5 pl of the dye for loading into
the gel (1 part of TBE buffer, 1 part of glycerol
and bromophenol blue 0.02%). Electropho-
resis was carried out at a temperature of 4 °C
at a voltage of 140 V and 20 mA for 30 min
to the exit from the concentrating gel, then
160—-180 V 30 mA 30 min and at a voltage of
250 V 45 mA until the leading dye passes 1.5
camera lengths.

Staining of the analyzed proteins on gels
was carried out following generally accepted
methods [18—-21].First, a solution containing
o-naphthyl acetate (5 mg), B-naphthyl acetate
(5 mg), Fast Blue RR salt (10 mg) and 0.1 M
phosphate buffer pH = 7.4 (200 ml) was used
to detect esterase bands. The gel plate was
incubated in this solution at 37 °C for 20 min
in a dark place. Then the gel was stained with
a 0.04% solution of Coomassie Brilliant Blue
G-250in 7% aceticacid todetectallelic variants
of albumin, transferrin, and posttransferrin.
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Washing of the gel plate was performed in a
solution consisting of H,O (100 ml), alcohol
(50 ml) and acetic acid (20 ml).

Relative electrophoretic mobility (Ry¢)
was determined in accordance with the
recommendations[22]. Theelectrophoresis was
terminated when the lead dye reached 2 cm to
the end of the gel. First, the absolute mobility
of the leading dye (solution of bromophenol
blue in 50 % glycerol) in cm and the mobility of
each component after dyeing were measured.
These values of the length of the path passed
by each component were divided by the path
length of the leading dye [23].

Statistical analysis of the frequency
distribution of alleles and genotypes,
calculation of the heterozygosity level and
Wright’s F-statistics were performed using
Biosys-1 [24]. To assess the stability of the
local stock of rainbow trout according to the
Hardy-Weinberg equilibrium, the deviation of
the actual frequencies of genotypes from the
theoretically expected ones at the studied loci
was calculated using the Pearson test with a
5% level of error significance.

Results and Discussion

The population genetic analysis of rainbow
trout from three local stocks showed that the
studied loci (TF, PTF, EST, ALB) of blood
plasma were polymorphic. Albumin (ALB),
posttransferin (PTF), and esterase (EST) were
biallelic systems represented by fast and slow-
migrating alleles. TF locus was represented
by a triallelic system, which was typified as
alleles A, B and C, among which allele A had
the highest electrophoretic mobility. The
presence of multiple molecular forms may be
due to the addition of different amounts of
sialic acid residues to transferrin [25].

The presence/absence of allelic variants
at certain loci of allozymes and the level of
their activity allow tracing the effect of abiotic
factors on the body since the allelic products
of some loci are usually associated with certain
physiological functions that ensure the stability
of the conditions of a certain habitat of fish [26].

Transferrin is very polymorphic (the
number of alleles varies within 2—13, although
most species usually have 3—4 alleles) and is
easily determined by electrophoresis [25].
Polymorphism at transferrin locus in rainbow
trout was also studied by a Chilean group
of scientists [11], who found that Tf was
polymorphic in muscular tissues and liver in
some of the studied groups and was represented
by two alleles, but it was monomorphic in some

populations.

The selected protein systems are quite
popular as tools for studying variability at the
population level. Among the many allozymes,
transferrin and esterase are among the most
variable [27]. Fractions of albumin and beta
globulins (which include transferrin) of
blood plasma are recommended for individual
labelling for population genetic analysis of
rainbow trout from both natural populations
and domesticated stocks [28].

The study of serum esterase fractions
attracts attention by the fact that that fish
are characterized by a linear correlation of
the frequency distribution with geographical
latitude. In cases where representatives
of the same latitude are studied, there is a
relationship with the height of the location
of water bodies, where the studied fish are
cultivated, above sea level [29]. Fish esterase
is characterized not only by genetic variability
but also by the presence of ontogenetic
variations [10, 29]. Transferrin and albumin,
which have no enzymatic activity, are often
represented in fish as isoforms [25].

The relative electrophoretic mobility of the
investigated loci was found to be specific for the
studied local stocks of rainbow trout (Fig. 1).

The mobility of the leading dye
(Fig. 1, A) was taken as a unit when calculating
the electrophoretic mobility of the alleles of
the studied loci. At esterase locus, the relative
electrophoretic mobility of fast-migrating
F allele was 0.293 = 0.001, and that of slow-
migrating S allele was 0.269 = 0.007 (Fig. 1,
B). The electrophoretic mobility at albumin
locus was greater than the mobility of the
transferrin fraction (Fig. 1, C). The fast allele
Alb A had arelative Ry equal to 0.394 = 0.004,
and the slow allele Alb B to 0.369 = 0.003. At
transferrin locus, the electrophoretic mobility
was: 0.305 = 0.002 for allele A, 0.274 = 0.005
for allele B, and 0.261 = 0.003 for allele C. The
lowest values of the relative electrophoretic
mobility were observed at the posttransferin
locus: 0.239 = 0.002 allele F and 0.199 = 0.001
for allele S.

Determination of the electrophoretic
mobility of protein isoforms in their native
state by their total charge, molecular weight
and spatial configuration of the polypeptide
chain [23] gives quantitative characteristics
to the study, allows characterizing the
species-specific and intraspecific constant
of polymorphic proteins, can be used for
species identification [22] and interspecies
comparison [30]. The relative electrophoretic
mobility provides a comparative characteristic
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A

Fig. 1. Electropherograms demonstrating the mobility of the leading dye (4) and allozyme loci: esterase (B)
and non-enzymatic proteins (albumin, transferrin and posttransferin) (C)

of the distribution of multiple molecular
forms of acid phosphatase in various animals,
including rainbow trout [30]. The distribution
of heteroforms of this enzyme had tissue
species specificity in freshwater fish species
and less expressive species features.

Allelic variability of loci underlies bioche-
mical polymorphism, which is widespread in
nature, and the correlation between the geo-
graphical area or conditions of fish cultivation
and changes in the frequency distribution of
allelic variants is often observed [25].

An analysis of the frequencies of allelic
variants of the studied loci allows establishing
the peculiarities of their distribution in
rainbow trout from Ukrainian local stocks
(Fig. 2). According to esterase locus, the fast-
migrating allele (F) was found to occur with a
lower frequency (0.383 = 0.013) than the slow-
migrating allele (S) (0.617 = 0.013).There were
no differences in the distribution of allelic
frequencies at EST locus among the three
studied local stocks. According to albumin
locus, the mean frequency of the fast allele (A)
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was 0.515 = 0.082, and that of the slow allele
(B) was 0.485 = 0.082. However, the Kharkiv
local stock was characterized by a predominance
of the allele Alb B in contrast to other studied
stocks.

At transferrin locus, which is the most
variable among proteins in fish, three
identified alleles occurred with the same
frequency (in equal proportions) and were:
0.318 = 0.024 for allele A, 0.35 = 0.008
for allele B, and 0.331 = 0.023 for allele C.
No differences in allele frequencies were
found among three studied local stocks. The
frequency of the slow-migrating allele (S) at
the posttransferin locus was 0.575 = 0.076,
and that of the fast-migrating allele was
0.425 = 0.076. The frequency of allele S at
PTF locus in the Transcarpathian local stock
was significantly different from its frequency
in the other two stocks. The study of rainbow
trout in Ukraine showed the relative
uniformity of allelic frequencies among the
studied groups was clearly expressed at all
loci, except for esterase.
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Fig. 2. Allele frequencies of allozyme loci in rainbow trout among three local stocks:
I — Chernivtsi; II — Kharkiv; III — Transcarpathian

Analysis of the distribution of genotypes
of studied loci (EST, ALB, PTF) in accordance
with the Hardy-Weinberg law showed that
a equilibrium distribution of genotypes was
observed only in the Chernivtsi local stock
at the loci of EST (P < 0.05) and PTF (P <
0.05), except for ALB (P < 0.025) (Fig. 3). The
imbalance in the distribution at esterase locus
was the largest in the Transcarpathian LS, FF
genotype was absent in this local stock. In the
Kharkiv stock, the deviation from the expected
distribution of FF genotype was 12.5% . In the
Kharkiv and Transcarpathian local stocks, FS
genotypes were predominant at esterase locus.

At albumin locus, all studied stocks were
characterized by a predominance of the
heterozygous AB genotype; deviations from
the expected number of individuals with this
genotype were 15.1% in Chernivtsi, 23.5% in
Kharkivand 17.3% in Transcarpathian stocks.
At posttransferin locus in the Kharkiv local
stock, a 29.0% excess of the expected amount
was observed for heterozygous FS genotypes,
and that in the Transcarpathian stock was
22.2% . The latter stock was characterized by
the absence of FF genotype at PTF locus.

Analysis of the distribution of genotypes
at transferrin locus showed that differences
in the distribution of ABC, AA, and AC
genotypes frequencies were observed in
rainbow trout from the Chernivtsi local stock
in comparison with other stocks (Fig. 4).

In the Transcarpathian stock, there was a
significant predominance of individuals with
AB genotype, in contrast to the Chernivtsi and
Kharkiv stocks, by 9 and 10%, respectively.
In turn, individuals of the Kharkiv local
stock were characterized by the presence of
CC genotype, which was not recorded in other
stocks. ABC genotype was found at a higher
frequency compared to other genotypes in all
three local stocks.

Studies of protein polymorphism in
rainbow trout were aimed at establishing
the presence of a genetically determined
relationship between fish-breeding biological
characteristics and polymorphic proteins
[31]. No connection was found between the
maturation time of females and the presence
of AA and AB genotypes of albumin locus, and
no differences in size and weight parameters
were observed between these genotypes when
studying the polymorphism of albumin and
transferrin in blood plasma of rainbow trout
from the Ropsha experimental station [31].
However, Yablokov et al. [31] reported the
presence of differences in trout weight with
different transferrin genotypes (TF B and TF
AB) and showed that heterozygous individuals
with AB genotype of transferrin locus had a 20-
day shorter spawning period than homozygous
individuals [31].

Heterozygosity level is a very important
parameter in population genetics that allow
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Fig. 3. The number of genotypes (% ) at esterase, posttransferin and albumin loci:
E — expected; O — observed
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assessing changes caused by human activity
in breeding work [32]. Heterozygosity
affects fitness (survival, fertility, quality of
offspring) and thus determines many aspects
of their relationship with the environment
[32]. Analysis of the heterozygosity level
was carried out using the fixation index, the
average values of the observed and expected
heterozygosity (Fig. 5). The highest values
of the expected (H,) and observed (H,)
heterozygosity at three loci (EST, ALB, and
PTF) were found in the Kharkiv local stock
and were 0.492 = 0.007 and 0.750 = 0.021,
respectively. In the Chernivtsi stock, H, was
recorded at the level of 0.489 = 0.01, and
H, -0.54 = 0.052. In the Transcarpathian
local stock, the expected heterozygosity was
0.479+0.015, and the observed heterozygosity
was 0.713 = 0.039. The fixation index (Fi)
calculated from the values for three locihad
the lowest value in the Chernivtsi local
stock (=0.117 = 0.108), which significantly
differed from F,, value in the Kharkiv and
Transcarpathian stocks (—0.531 = 0.039 and
—0.508 + 0.085, respectively). If we consider
the differences in the values of heterozygosity
and fixation indices (Fig. 5), it seems that the
Chernivtsi local stock differed most at esterase
and posttransferin loci (F;, was —0.074 at EST
locus and 0.045 at PTF locus).

An increase in the heterozygosity index
can be expected in the case of an increased

adaptation of fish to a particular environment.
A decrease in heterozygosity, as well as its
excessive increase, is unfavorable for the
normal functioning of population [32]. It is
known that a decrease in the genetic variability
of fish during inbreeding may be accompanied
by deterioration in such important biological
parameters as the survival of embryos and
larvae, growth rate, the efficiency of food
assimilation, body shape, etc [33].

To assess the degree of differentiation of
the genetic variability of the studied groups,
Wright’sF-statistics were calculated, reflecting
the individual (F,), subpopulation (F), and
general population (F;) levels of genetic
variability [34]. F, value, which is a measure of
geneticdifferentiation between subpopulations,
is highly dependent on the distribution of allele
frequencies in the compared subpopulations,
while F;, and F;;, which are a measure of
deviations from the Hardy-Weinberg ratio
within a subpopulation and throughout the
population, will, on the contrary, depend on
deviations in the distribution of genotypes in
subpopulations [34]. The analysis of variability
at the individual level of individuals relative to
the sample showed that the average excess of
heterozygotes perindividual in the studied local
stocks was 38.7%; in total, the predominance
of heterozygotes was at esterase locus (42.5%).
As for albumin locus, the predominance of
heterozygous genotypes was F,, = 39.1%,
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Fig. 5. Fixation index, observed and expected heterozygosity among three local stocks:
I — Chernivtsi; II — Kharkiv; III — Transcarpathian
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and for the posttransferin locus the lowest
value was 34.7% . Analysis of interpopulation
variability for F;, which reflected the degree
of differentiation between local stocks, showed
that the share of interpopulation variability
by the studied polymorphic loci was 1.1%.
The stocks differed most of all by albumin and
posttransferin loci, F,, was 0.018 and 0.016,
which indicates a high level of differentiation
in these systems. No genetic differentiation
was observed at esterase locus. According to
the identity index (Nei (1978) unbiased genetic
identity), the Chernivtsi and Transcarpathian
local stocks (0.997) were the most closely
related by polymorphism of plasma proteins,
while the identity index of the Kharkiv stock
with the aforementioned stocks was 0.993.

The results obtained demonstrate the
efficiency and convenience of using blood
plasma proteins to determine the level of
population heterogeneity, comparative
characteristics of different populations
by polymorphism of the same enzymes.
The developed methodological basis for
the biological interpretation of the results
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IncTuTyT pubHOTO TOCTIOHAPCTBA
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Beryn. PaiinysxkHa dopesb € IIHHUM BUIOM
aKBaKyJIbTYPU, AKUUA Ma€e BUCOKUHU PiBeHb MiH-
JIUBOCTI.

Meta. BuBuuTu 0co6/IMBOCTi TeHETUYHOI MiH-
JUBOCTI paimy:xkHoi ¢opesai 3a moaimopdismom
JokyciB: tpanchepuny (TF), mocrrpanchepuny
(PTF), ecrepasu (EST) (K® 3.1.1.1.) Ta ansbymi-
"y (ALB).

Metonu. PosgisienHa mpoTeiHiB maasMu KpoBi
paiimy:xHOI hopesi Tprox JoKambHUX cTand (Yep-
HiBelbKOT0, XapKiBChbKOTO Ta 3aKapraTchbKOro)
TIIPOBOAMJIY 34 TOTIOMOT'0I0 HATUBHOTO eJIeKTPo(do-
pesy B moJIriakpuaaMiJHOMY TeJTi.

PesyabpraTtn. BeTamoBieHo 0coOJIMBOCTI Pos-
HOAiNy Ta BiHOCHY eJIeKTPO(OPETUUHY DPYXJIU-
BicTh ajleJIbHUX BapiaHTiB HOCIIIKEeHUX JIOKYCiB
y paigy:kHOI (opesi YKpaiHCbKUX JOKAJIbHUX
crazn. PesynbraTu IeMOHCTPYIOTH e(DeKTUBHICTH
00paHOTO METOAYy aHaJidy 3 BUKOPUCTAHHAM Me-
TOAiB OioXiMiuHOI IeHeTHKU AJIS BCTAHOBJIEHHS
0CO0JIMBOCTEH T€HETUYHOI CTPYKTYpPHU, PiBHA Te-
TEPOSUTOTHOCTI JIOKAJBHUX CTAJ Ta ITPOBEJEHHA
ixHBOI mudepenrmiamii.

BucHoBKH. 3acTOCYBaHHS 00paHUX MapKepiB
IacTb 3MOTY Halasi 3AiCHIOBATY MOHITOPUHT JTH-
HaMiKM 3MiH CTaHY JIOKAJbHUX CTaJl 38 BCTAHOB-
JIEHUX YMOB KYJbTUBYBaHHS.

Knarmouwosi cnosa: paiiny:xHa (hopesib, moaiMopdHi
mpoTeiHu maasMu KpPOBi, TpaHchepuH, IIOCT-
TpanchepuH, ecTepasa, aab0yMiH.
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ITPOTENUHOB I1JIASMbI KPOBU
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JI.II. Byvayxuil

NHCTUTYT PHIOHOTO X03ACTBA
HAAH VYxkpaunsl, Kues

E-mail: belikova.e.y@gmail.com

Berynnenune. Pany:xHas ¢openb ABIAETCA
IEeHHBIM BUJOM aKBaKyJIbTyDPbl, KOTOPBLIN MMeeT
BBICOKUII YPOBEHb U3MEHUMUBOCTH.

Mexs. U3yunTh 0COGEHHOCTU TEeHETHUUECKOM
N3MEHUYMBOCTH PANYKHOH (POPEHr IO IIOJIUMOP-
dusmy nmoxycos: Tparncheppuna (TF), mocrrpanc-
deppuna (PTF), acrepassr (EST) (KP 3.1.1.1.) u
ansoymuHa (ALB).

MeTtonsi. PazgesieHre NTPOTEMHOB TJIA3MBbI
KPOBU pany:KHOI (hopesi TpexX JOKAJbHBIX CTAT
(YepuoBUIIKOT0, XapbhKOBCKOTO 1 3aKapIaTCKO-
T'0) IPOBOJUJIN C IIOMOIIBI0O HATUBHOTO BJIEKTPO-
(opesa B mosTuakpuIIaMUHOM TeJIe.

PesyasraTpl. YcCTaHOBJIEHBI OCOOEHHOCTU
pacupeneneHus W OTHOCUTEJNbHAS dJIEKTpodo-
perTumueckas MOABUIKHOCTD AJIJIEJbHBIX BapHuaH-
TOB MCCJIeIOBAHHBIX JIOKYCOB y pPamysKHOI (hope-
JU YKPAWMHCKUX JIOKAJBHBIX CTaA. Pe3ysbTaThl
IEeMOHCTPUPYIOT 3(P(PeKTUBHOCTL BBLIOPAHHOTO
MeTola AaHaJM3a C WCIOJHL30BAHUEM METOIOB
OMOXUMHUUYECKOH TeHEeTHKHN [OJsA YCTAHOBJICHUSI
0COO0EHHOCTEel TeHeTUUEeCKOH CTPYKTYPhI, YPOBHSA
TeTepPO3UTOTHOCTH JIOKAJBHBIX CTAJ W IIPOBeje-
HUA uxX tupepeHnnanun.

BeiBoap1l. Mcmoab3oBanme BBIOPAHHBIX Map-
KepoB IIO3BOJIUT B AaJbHEHIIIEM IIPOBOIUTH MO-
HUTOPUHT [OUHAMHUKKN W3MEHEHHHN COCTOSHUSI
JOKAJbHBIX CTaJ B YCTAHOBJIEHHBIX YCJIOBUIX
KYJIbTUBUPOBAHUA.

Knrwouesvie cnoea: pany:xHas (opesb, II0JU-
MOp(HBIe IPOTEUHHI IJIa3Mbl KPOBU, TpaHC(eED-
PUH, mocTTpancheppuH, 3cTepasa, aJIL0yMuH.





