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Abstract:

The genetic diversity of 22 allozyme loci was investigated in 33 wild rat (Rattus norvegicus) specimens
from 4 sub-populations. Eight of the 22 loci (Pgm, Hk, Me-M, Ldh, a-Gpdh-1, a-Gpdh-2, Fum, Xdh) were
polymorphic. The level of genetic variation was measured by mean number of alleles per locus (A= 1.18),
percentage of polymorphic loci (P = 18.2), mean heterozygosity per locus observed (Ho = 0.007), and
mean heterozygosity expected under Hardy -Weinberg equilibrium (He = 0.057).

Mean F, value was 0.34, indicating 34% genetic variation and suggesting high-level differentiation be-
tween sub-populations of the Turkish wild rat. The number of migrants (Nm) was 0.48 and showed that
gene flow was relatively low between sub-populations. Even though a high level of genetic variation was
observed, the low Nm value and Ho could be evidence of the Wahlund effect or a genetic bottleneck for
the sub-populations. It is also suspected that there might be some factors preventing gene flow from the

sub-populations, which constitute their own genetic potential for new taxonomic units.

Key words: Rattus norvegicus, Allozyme, Turkey

Introduction

The wild rat Rattus norvegicus (BERKENHOUT 1769)
is distributed worldwide, is a well-known laboratory
rodent, and has been extensively used in experimen-
tal research (Musser, CARLETON 2005; KUMAR et al.,
2007). Warts, Baverstock (1995) suggested that
murine rodents arose 20 million years ago (MYA)
in southern Asia, extensively expanded their range
by about 8 MYA, and much more recently spread to
continental Asia, reaching Europe early in the 18th
century (INNES 1990). INGRID et al. (1997) reported
that the overall degree of genetic variability in wild
rat remains unclear. ScHLICK et al. (2006) reported
that the entire mitochondrial genome available for
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the genus Rattus was from 13 specimens of R. nor-
vegicus, and of these only 3 were from wild speci-
mens, the remainder coming from highly inbred
laboratory strains. More recently, phylogenetic and
dating analyses suggested that the oldest divergence
within the genus Rattus occurred ~ 3.5 MYA, and
that R. norvegicus diverged ~ 2.5 MYA within the
Asian Island/Southern Asian clade (Rosins et al.,
2008). Although the wild rat remains very popular as
a laboratory animal, they are genetically less known
in the wild. Genetic diversity in the wild rat based
on allozymic markers was reported by SErov (1972),
ERIKKSON et al. (1976), PASTEUR et al. (1982), BENDER
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et al. (1985), CRAMER et al. (1988), and YAMADA et
al. (1993). Most of these studies included a small
number of wild rats in confined areas.

Few studies have been conducted on wild speci-
mens of R. norvegicus in the Middle East and have
focused primarily on distributional records and karyo-
type (HARRISON, BATES 1991; Y1GIT et al. 1998). In ad-
dition to these studics, nonspecific esterase patterns
and blood serum proteins were studied using starch
gel and SDS-PAGE electrophoresis, respectively, and
were reported to be taxonomically unimportant (Yicit
et al. 2000, 2001). The present study, the first alloz-
ymic study on wild specimens of R. norvegicus in the
Middle East, aimed to describe genetic variations us-
ing allozyme markers and to contribute to the phylo-
genetic relationship within this genus.

Materials and Methods

In all, 33 specimens of Rattus norvegicus were col-
lected from 8 localities in Turkey between the year
of 1997 and 2002 (Fig. 1) and the sub-populations
were primarily established according to geographic
proximity (Table 1). Specimens were caught with
Sherman live traps, transferred to the laboratory,
and then sacrificed under anesthesia. Identification
was performed according to cranial and karyologi-
cal criteria in YIGIT ez al. (1998). Voucher specimens
and tissues were deposited at Prof. Dr. N. Yigit and
Prof. Dr. E. Colak’s collection (Ankara University,
Faculty of Science, Department of Biology).
Electrophoretic procedures were carried out
as described by Snaw, Prasap (1970) and Harwris,
Hopkinson (1976); the gel percentage was 12% and
samples were run at 120 V for a period of 4-6 hours.
Different buffer systems were used in accordance with
the enzyme systems used during different parts of the
procedure (gel preparation, sample running, and stain-
ing). Genetic variation was assessed using convention-
al horizontal starch gel electrophoresis and 16 enzymes
coded for 22 presumptive loci were analyzed.
Homogenates obtained from muscle were
processed for the following enzymatic proteins:
a-glycerophosphate dehydrogenase (E.C. 1.1.1.8;
o-GPDH-1 and o-GPDH-2), sorbitol dehydroge-
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nase (E.C.1.1.1.14; SD), lactate dehydrogenase
(E.C. 1.1.1.27; LDH), malate dehydrogenase (ELE.
1.1.1.37; MDH-1 and MDH-2), malic enzyme (E.C-
1.1.1.40; ME-M and ME-S), isocitrate dehydroge-
nase (E.C. 1.1.1.42; IDH-1 and IDH-2), glyceral-
dehyde-phosphate dehydrogenase (E.C. 1.2.1.12;
GPD), superoxide dismutase (E.C. 1.15.1.1; SOD-1
and SOD-2), xanthine dehydrogenase (E.C. 1.2.1.37;
XDH), hexokinase (E.C. 2.7.1.1; HK), adenylate ki-
nase (E.C. 2.7.4.3; AK-1 and AK-2); phosphogluco-
mutase (E.C. 2.7.5.1; PGM), aldolase (E.C. 4.1.2.13;
ALD), fumarase (E.C. 4.2.1.2, FUM), mannose
phosphate isomerase (E.C. 5.3.1.8; MPI), and glu-
cose phosphate isomerase (E.C. 5.3.1.9; GPI).
Allozymic data were analyzed as allele frequen-
cies with Biosys-2 (BLack 1997; the original version
Biosys-1 v.1.7 program of SWOFFORD, SELANDER 1981,
and modifications to Hpywsa, FSTAT By WiLLiam C.
Black IV). Genetic variation between intra-specific
sub-populations was estimated as mean heterozygos-
ity per locus (Ho = observed and He = expected and
frequencies of heterozygotes under Hardy-Weinberg
equilibrium NEi, 1978), proportion of polymorphic
loci in the population (a locus was considered poly-
morphic if the frequency of the common allele was <
0.95), and mean number of alleles per locus. The Fstat
program was used to calculate overall and population-
specific Wright’s F-statistics estimators, including
Fo.F,

ST © I
1951, 1965) were used to summarize the distribution

and F . Fixation indices (F-statistics: WriGHT

of genetic variation within and between populations.
According to the NE1, CrEsser (1983) correction, neg-
ative values were considered zero. Estimates of over-
all gene flow between populations (Nm) were derived
from the approximation Fy. = 1/(1 + 4Nm), as rec-
ommended by SLatkiN, BARTON (1989). The amount
of genetic divergence between sub-populations was
estimated with the indices of standard genetic identity
(I) and distance (D, Nei unbiased distance) proposed
by NE1 (1978). A dendrogram of the genetic similar-
ity between the sub-populations was constructed us-
ing the unweighted pair group method with arithmetic
mean UPGMA (SNEATH, SokAL 1973, ROHLF 2000).
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Table 1. Sampling sites, number of specimens (N) and ab-
breviations for geographic localities (sub-populations) of
Rattus norvegicus studied. See Fig. 1 for the distribution
of localities; RN: Rattus norvegicus.

Sub-populations N Locations
Ankara

i A Black Sea (Zonguldak,

e 4 Samsun)

RN3 8 y

RN4 4 Turklsfl Thrace

Igdir
Results

Habitat and Fur Colour

The wild rat is distributed throughout Turkey, but its
abundance is dependent upon habitat requirements,
which vary widely. Fieldwork for the present study
was performed throughout Turkey. The specimens
were captured mostly in the Black Sea coastal region
and in city centers in Central Anatolia (Fig. 1). The
sub-populations in Turkish Thrace and the costal zone
of the Black Sea region prefer moist ground under
thistle bushes, whereas in Central Anatolia they pri-
marily occupy city centers. Despite intensive field-
work in the Mediterranean region, no wild rat speci-
mens were captured. The dorsal fur of the examined
specimens varied from dark brownish to ochre. The
ventral fur was white or grayish white, and the line of
demarcation along the flanks was fairly distinct.

Allozymic Patterns

According to the allozymic patterns, 8 of the 22 loci
were polymorphic in the 4 sub-populations of R.
norvegicus; others were monomorphic and fixed for
the same allele. The frequencies of polymorphic loci
(Pgm, Hk, Me-M, Ldh, o-Gpdh-1, o-Gpdh-2, Fum,
and Xdh ) are summarized in Table 2. Pgm was poly-
morphic in the RN1, RN2, and RN3 sub-populations,
Hk was polymorphic in RN1, RN2, and RN4, Me-M
in RN4, Ldh in RN1, a-Gpdh-1 and , a-Gpdh-2 in
RN1 and RN4, Fum in RN1 and RN3, and Xdh in
RN2 and RN3. Allozymic patterns did not appear to
be location-specific or related to the geographic prox-
imity of the groups, and the polymorphic loci were
mostly spread throughout all sub-populations, except
for Ldh and Me-M. (Table 2). A general trend seems
to characterize these populations of R. norvegicus,
which are polymorphic to different degrees. In
particular, the RN2 and RN3 populations are less
polymorphic than RN1 and RN4. This is supported
by all three statistics: A (average number of alleles
per locus), P (proportion of polymorphic loci) and H
(average number of heterozygous individuals).

Genetic Variation

Mean heterozygosity per locus and mean hetero-
zygosity expected under Hardy-Weinberg equilib-
rium were Ho = 0.007 and He = 0.058, respectively,

28

32

Fig 1. Rattus norvegicus collection sites in Turkey. 1-4: Thrace (1: Edirne; 2: Ipsala; 3: Tekirdag; 4: Saray); 5-6: Black

Sea (5: Zonguldak; 6: Samsun); 7: Ankara; 8: Igdir.
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Table 2. Allele frequencies of eight polymorphic loci analyzed in Rattus norvegicus sub-populations in Turkey.

rLokus RN1 RN2 RN3 RN4
Pgml
A 0.857 0.929 0.938 1.000
B 0.143 0.071 0.063 0.000
Hk
A 0.607 0.786 1.000 0.250
B 0.393 0.214 0.000 0.750
Me-M
A 1.000 1.000 1.000 0.750
B 0.000 0.000 0.000 0.250
Ldh
A 0.929 1.000 1.000 1.000
B 0.071 0.000 0.000 0.000
o-Gpdh-1
A 0.786 1.000 1.000 0.750
B 0.214 0.000 0.000 0.250
o-Gpdh-2
A 0.214 0.000 0.000 0.250
B 0.786 1.000 1.000 0.750
Fum
A 0.857 0.000 0.875 1.000
B 0.143 1.000 0.125 0.000
Xdh
A 0.000 0.143 0.000 1.000
B 1.000 0.857 0.750 0.000
c 0.000 0.000 0.250 0.000 J

ranging from 0.034 to 0.084 in the sub-populations
studied (Table 3). Overall mean percentage of poly-
morphic loci for all sub-populations was 18.2 and
ranged from 13.6 to 27.3. The highest value was for
RNT (Ankara) and the lowest was for RN2 (Black
Sea) and RN3 (Thrace) sub-populations. The per-
centages of polymorphic loci at the locations did not
correspond with the geographical proximity of the
sub-populations. Overall mean number of alleles per
locus was 1.18, ranging from 1.1 to 1.3 among the
sub-populations (Table 3). The sub-populations of
wild rat significantly deviated from Hardy-Weinberg
equilibrium for Hk, Fum, o-Gpdh-1-2, Xdh, Ldh,
and Me-M loci, and also showed a significant defi-
cit of heterozygotes. The loci that deviated from
Hardy-Weinberg expectations were as follows: Hk
deviated in RN1 and RN4; Fum in RN1 and RN3;
a-Gpdh-1-2 in RN1 and RN4,; Xdh in RN2 and RN3;
Ldh in RN1; MeM in RN4. Contingency chi-square
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analysis of all polymorphic loci indicated that there
was substantial differentiation between the sub-pop-
ulations. The polymorphic loci, except for Pgm in
all sub-populations and Hk in RN2 and RN3 were
significantly different between the sub-populations
(Table 4).

F-statistics for the sub-populations were used
to examine the amount of genetic variation within
the sub-populations and are summarized in Table 5.
Mean value for the individual inbreeding coefficient
was £ = 0.86, which reflects the somewhat high lev-
el of deviation of the total population from the geno-
type frequency via non-random breeding between
sub-populations of wild rat. This value also provides
evidence of deviation from Hardy-Weinberg equilib-
rium due to heterozygote deficiency in the sub-pop-
ulations. Mean value of the overall individual coef-
ficient was F,, = 0.91; this value also corresponds
to low-level gene flow between sub-populations and
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Table 3. Genetic variability at 22 loci in analysed geographic samplings of Rattus norvegicus in Turkey. Mean sample

size per locus, mean number of alleles, locus, percentage
heterozygosities based on N1 (1978).

of polymorphic loci, and observed (Ho) and expected (He)

Sub- Mean number of Percentage of My : R '
opulations N alleles per locus polymorphic loci* hepenonyesslly HeteroTyRusiiy
pop (Ho) (He)**
1.3 0.010 0.084
BN = ©.1) 233 (0.007) (0.035)
1.1 0.013 0.035
Kt v (0.1) 1.6 (0.009) (0.021)
1.1 0.006 0.034
T X ©.1) bl ( 0.006) (0.021)
1.2 0.000 0.078
i . (0.1) | 132 (10.000) | (0.036)

Standard errors in parentheses. * A locus is considered polymorphic if the frequency of the most common allele does

not exceed 0.95; ** Unbiased estimate (N1 1978).

indicates reduced heterozygosity due to non-random
mating in the sub-populations.

Mean value of the fixation index (F,) for
8 variable loci was 0.34, which indicates 34%
of the genetic variation due to the differentia-
tion between the sub-populations and reflects
considerable genetic differentiation. Apart from
F-statistics, WrIGHT (1943) produced a formu-
la (Fy, = 1/(4Nm + 1) that is used to estimate
gene flow between sub-populations (where Nm
= number of migrants). According to this for-
mula, gene flow was determined to range from
0.15 (Fum) to 8.28 (Pgm) among the sub-popu-
lations, with a mean of 0.49. This value suggests
that gene flow between sub-populations was
low and that the some isolation mechanisms are
likely preventing the flow of genes between the

sub-populations of R. norvegicus.

Genetic Distance

NEr’s (1978) unbiased genetic identity (I) and
distance (D) values were computed among the
sub-populations of wild rat for all pair-wise
comparisons from the allele frequencies of the
22 loci. D values were relatively low among the
sub-populations of Turkish wild rat. This result

offers reliable evidence of very low gene flow
between the Turkish wild rat sub-populations
and is consistent with the F value.

The value of genetic distance among the
R. norvegicus sub-populations were the highest
(D = 0.105) between RN2 and RN4, the lowest
(D= 0.012) between RN3 and RN1. D values
were not related to the geographic proximity
of the sub-populations (Table 6). The UPGMA
dendrogram summarizes the genetic relation-
ships between the sub-populations (Figure 2).
The sub-populations of R. norvegicus in Turkish
Thrace and Ankara (Anatolia) established the
first sub-cluster and were close to each other
(D = 0.012). Black Sea sub-population (RN2)
was connected to RN1 and RN3, with genetic
distances of D = 0.041 and 0.039, respectively.
The Igdir sub-population (RN4) gradually con-
nected to this cluster. According to the UPGMA
cluster, RN4 appeared to be the most divergent
sub-population of Turkish wild rat.

Discussion

Turkish wild rats have no marked colour variation
in either their dorsal or ventral fur, and our morpho-
logical descriptions are mostly consistent with those
of MiLLER (1912), Onprias (1966), and HARRISON,
Bates (1991). In contrast to the high allelic polymor-
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Table 4. Chi-square test for deviation from Hardy-Weinberg equilibrium and significance test using exact probabilities.
*A locus shows deviation from Hardy-Weinberg equilibrium.

Groups Locus Allel | Ho He %2 DF P Exact test P
Ankara Hk AA 8 5.037 L1:123%* 1 0.001 0.002
RNI1 AB 1 6.926
BB 5 2.037
Ldh AA 13 12.037 27.040%* 1 0.000 0.037
AB 0 1.926
BB 1 0.037
Gpdh-1 | AA 11 8.556 16.343* 1 0.000 0.001
AB 0 4.889
BB 3 0.556
Gpdh-2 | AA 3 0.556 16.343* 1 0.000 0.001
AB 0 4.889
BB 11 8.556
Fum AA 12 10.222 18.087* 1 0.000 0.004
AB 0 3.556
BB 2 0.222
Blacksea Xdh AA 1 0.077 13.091* 1 0.000 0.077
RN2 AB 0 1.846
BB 6 5.077 4
Thrace Fum AA 7 6.067 15.077* 1 0.000 0.067
RN3 AB 0 1.867
BB 1 0.067
Xdh AA 6 4.400 10.182%* 1 0.001 0.015
AB 0 3.200
BB 2 0.400
Igdir Hk AA 1 0.143 7.200* 1 0.007 0.143
RN4 AB 0 1.714
BB 3 2.143
Me-M AA 3 2.143 7.200%* 1 0.007 0.143
AB 0 1.714
BB 1 0.143
Gpdh-1 | AA 3 2.143 7.200%* 1 0.007 0.143
AB 0 1.714
BB 1 0.143
Gpdh-2 | AA 1 0.143 7.200* 1 0.007 0.143
AB 0 1.714
BB 3 2.143

phism in the sub-populations, fur colour was uniform
in the specimens examined. This might have been
due to similar habitat requirements among the sub-
populations. There are relatively few reports with
which to elucidate the genetic diversity of the natu-
ral wild rat, which also provides controversy con-
cerning genetic variation. SErov (1972) reported that
there is no evidence of polymorphism at 20 loci in
the Siberian wild rat, but some other researchers re-
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ported various degrees of polymorphism in different
sub-populations (ERIKKSON ef al. 1976, PASTEUR et
al. 1982, YAMADA et al. 1993). The allozyme differ-
ences appeared in the previous reports might be due
to differences in the numbers of loci studied. Apart
from natural sub-populations, the degree of genetic
polymorphism was also reported in inbred strains
and mostly on esterase variations (VAN ZUTPHEN ef
al. 1981, BENDER ef al. 1994).
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Table 5. F-statistics of variable loci in the sub-populations of R. norvegicus calculated using the method of WRIGHT (1965).

Loci Y F, Fg, Nm

Pgml 0.2445 0.2667 0.0293 8,2824
Hk 0.8102 0.8565 0.2442 0,7738
Me-M 1.0000 1.0000 0.2266 0,8533
Ldh 1.000 1.000 0.0424 5,6462
a-Gpd-1 1.0000 1.0000 0.1161 1,9033
a-Gpd-2 1.0000 1.0000 0.1161 1,9033
Fum 1.0000 1.0000 0.6285 0,1478
Xdh 1.0000 1.0000 0.5949 0,1702
Mean 0.86 0.91 0.34 0,49

Table 6. Values of NEI’s (1978) unbiased genetic distance (D: below the diagonal) and identity (I: above the diagonal)

between the R. norvegicus sub-populations (Based on NTSY'S).

Sub-populations RN1 RN2 RN3 RN4
RNI1 T 0.959 0.988 0.944
RN2 0.041 Fektck 0.961 0.895
RN3 0.012 0.039 XA 0.928
RN4 0.056 0.105 0.072 ikt J
RNI1
RN3
| RN2
RN4
L] ) L] 1 '
0.08 0.06 0.04 0.02 0.00

Fig 2. UPGMA dendrogram summarizing the genetic rclationships between the R. norvecigus sub-populations studied.
D = Nei’s (1978) unbiased genetic distance, based on 22 enzyme loci. The coefficient of cophenetic correlation is 1.00.
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In the present study total genetic variation in the
sub-populations of Turkish wild rat was measured
according to mean number of alleles per locus (A =
1.18), level of genetic polymorphism (P = 18.2), and
mean heterozygosity per locus observed (Ho) (range:
0.0 for RN4t0 0.010 for RN1). Genetic polymorphism
was greatest in the sub-population of Turkish Thrace
(P =27.3). ERIKKsON ef al. (1976) studied enzyme
polymorphism in 2 feral sub-populations, and 3 out-
bred, and 3 inbred strains in Finland. They observed
polymorphism in Es-/, Es-2, Es-3, Fum, G-3-pdh,
a-Gpdh, 6-Pghd, and Xdh loci and reported a mean
heterozygosity of 0.056 and 0.074 in Helsinki and
Janakkala sub-populations, respectively. In Turkish
sub-populations, Fum, a-Gpdh, and Xdh loci simi-
larly appeared to be polymorphic, but mean hetero-
zygosity was markedly lower than previously report-
ed. In the Montpellier sub-population (France), wild
rat was reported to be polymorphic at 5 loci (Goz-1,
Hpd, Mdh-2, Mpi, and 6-Pgd) (PASTEUR et al., 1982).
In contrast to these loci, Mdh-2 and Mpi were mono-
morphic in the Turkish sub-populations and were
fixed to the same alleles. According to YAMADA ef al.
(1993), 6 loci (Acon-1, Es-1, Es-2, Es-4, Lap-1, and
Pep-3) in wild rats were polymorphic by two alleles,
with 6 heterogeneous loci in Oita city (Japan). They
also observed an interesting polymorphism of the
Es-4 locus with high frequency, which is very rare in
laboratory wild rats. The high level of polymorphism
in the loci was similar to that in the sub-populations
of the Turkish wild rat.

When compared to reported values for other ro-
dents the mean value of polymorphic loci in the wild
rat sub-populations (P = 18.2) is higher than those
measured in the genus Sylvaemus in western Anatolia
(Fiuieucar et al. 1996) and Mesocricetus auratus (P
= 5.9) (Yiarr et al., 2007), Rattus rattus (P = 15.1)
(Yiarr et al., 2008), but lower than in Mus musculus
domesticus (P = 25) (BrirtoN-Davipian, 1990) and
Mesocricetus brandti (P = 29.4) (Yicit et al. 2007).
NEvo (1978) estimated the mean heterozygosity for
44 small rodents to be 0.038, with values ranging
from 0 to 0.106. This value for the Turkish wild rat
was in the range of small rodents but markedly lower
than the mean value reported. CRAMER ef al. (1988)
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reported that the degree of gene diversity for non-al-
loantigenic loci scattered throughout the rat genome
was 0.215. They also reported large and consistent
levels of diversity for individuals within each sub-
population, suggesting that significant deviation due
to random mating occurred within each group. The
low mean heterozygosity in the Turkish sub-popu-
lations might have been due to a relatively small or
unequal number of specimens in each group studied;
however, deviation from Hardy-Weinberg predic-
tions indicates a deficit of heterozygotes due to sev-
eral factors, including natural selection, non-random
breeding, the Wahlund effect, and null alleles.
Estimates of F-statistics for the Turkish sub-
populations also indicate deviation of genotype fre-
quency via non-random breeding between sub-pop-
ulations (£ ), the level of non-random mating within
the sub-populations (F,,), and genetic differentiation
via genetic drift between the sub-populations (F o)-
WRriGHT (1978) used the following groupings to
evaluate F values: the range 0-0.05 indicates little
genetic differentiation, 0.05-0.15 indicates moder-
ate differentiation, 0.15-0.25 indicates high genetic
differentiation, and values greater than 0.25 indicate
very high genetic differentiation. According to these
criteria, the F value (0.34) we observed between
the sub-populations of the Turkish wild rat is indica-
tive of very high genetic differentiation. F, s and Nm
values also indicate very low gene flow between the
sub-populations. The genetic distances (Ne1 1978)
between the subpopulations of the Turkish wild rat
were relatively low. The highest genetic distance was
between RN2 and RN4. The genetic distance did
not appear to correspond to geographical proxim-
ity. Allozyme results also show that local differences
in the wild rat sub-populations were due to genetic
variation. Based on these results, determining the
genetic diversity and bottleneck, especially between
the Thrace (RN1) and Anatolian (RN2, RN3 and
RN4) sub-populations, will require further research
that focuses on the use of genetic markers such as
mitochondrial DNA or microsatellite loci.
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Conclusion

The present study’s findings contribute to our knowl-
edge of the genetic diversity of the Turkish wild rat,
which has high percentages of polymorphic loci in
the sub-populations, but relatively low Nm values.
The lack of gene flow between the sub-populations
of the Turkish wild rat, based on Hardy-Weinberg
predictions, may be due to the existence of high ge-
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AJI03MMHA Bapuauus NpH JUBH IUTbX0Be Rattus norvegicus
(BERKENHOUT, 1769) (Mammalia: Rodentia) or Typuus

H. ﬁuzum, E. Yonax, C. IO3kypm, A. FO3n10k, P. Yonax, H. T'ton, @. Caiizvnw, /. Hroye

(Pe3rome)

Wscnepsano e reneTmanoTo pasHooGpasue Ha 22 nokyca Ha 33 rwbxa Rattus norvegicus ot 4 cybmnormya-
n. OceM or tesu 22 nokyca (Pgm, Hk, Me-S, Ldh, o-Gpdh-1, a-Gpdh-2, Fum, Xdh) 6sxa monumopdHwu.
HuBoTo Ha reneTMIHOTO Baprpane Gelle M3MepeHo Ipe3 CpeIHHUs Opoit anenn 3a gokyc (A= 1.18), nporen-
Ta Ha monumopdruTe Jokycu (P = 18.2), HabnronaBanara cpesHa XeTepO3UrOTHOCT 3a aokyc (Ho = 0.007)
1 O4aKBaHaTa CpeJiHa XeTePO3UroTHOCT no Xapau-BaituGepr (He = 0.057).

Cpennara croiinoct 3a F, 6eme 0.34, noxassaiiku 34% reHeTHYHO BapupaHe U Mpearnosaraikyu By-
CoKa JudepeHIraus MEXTy CyOnonynauunte Ha Rattus norvegicus. Bposit na murpanture (Nm) Gerre
0.48 u noxasea, 9e TEHHUAT MOTOK MEXJy CyONOMyJNallUTe € CPABHUTENHO CIab. Benpekn ToBa Gerre
HaOJII0IaBaHO BUCOKO HUBO Ha TEHETHYHO BapUpaHe, HUCKA CTOMHOCT Ha Nm u Ho , KOeTo Moxe na Obie
nokasarencTso 3a eexr Wahlund nmm remeriano orpannyenue 3a cy6nonynauuure. IIpenmonara ce cbimo
TaKa, 4e MOXe Jia uMa (paKTOPH, KOUTO JIa NPEANA3BaT OT U3THIAHE HA T€HU OT cyOmomnynamnuure, KOeTo 1a
CBCTaBIIsIBA TEXHUST COOCTBEH M€HETHYCH ITOTEHIIMAI 3a HOBY TAKCOHOMHYHHY €IMHHUILIH.

88



