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Vendace (Coregonus albula) is a widely spread species in Holarctic waters. In Latvia vendace
is included in the list of specially protected species in Latvia. In this research there were studied
the some morphological changes in three small vendace populations after more than 50 years
since the last studies. In addition, the genetic variability based on allozymes and RAPD markers
was studied. It was shown that there are changes of meristic characteristics that have occurred
since the previous studies. It was shown that the level of polymorphism and heterozygosity
in three lakes’ vendace populations are quite high, but the number of alleles per locus is quite
small. The PCA plot revealed grouping of studied populations by the RAPD markers data
better than those by the allozyme markers data.
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INTRODUCTION

The vendace (Coregonus albula) is a widely
spread species in Holarctic waters. It has reached
Northwestern Europe after glaciation. The
vendace is a polymorphic species of circumpolar
distribution composed of several intraspecific
forms. The vendace exhibits a great variation in
morphological characteristics, at the population
level as well. At the beginning of the last century,
Coregonus albula was artificially introduced
from Lake Peipus and Lake Ladoga to more than
30 Latvian lakes. In the 1990s, the vendace was
detected only in five out of 30 lakes.

At the present moment it can be found in some
Latvian lakes; however, the catch is insignificant
and unstable. This species is included in the list
of specially protected species with restricted use
in Latvia (Regulation No 396 of the Cabinet of
Ministers of the Republic of Latvia 14.11.2000).

Because of a high degree of variability of the
vendace it seems to be important to determine the
morphological changes in vendace populations
that have occurred since the last studies of mid-
twentieth century. The lack of basic data on
biology and population status of the local vendace
populations hinders sustainable utilization of
this fish and efforts to manage its reproduction
in Latvian lakes.
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Morphological characteristics of the Latvian
vendace were last studied in the 1950s-1960s
(Laganovska 1957, Nikanorov 1964). The
genetic study of the local population of vendace
did not take place till the present moment.
The assessment of the genetic variability is
the first step in the evaluation of the long-term
conservation status of species in natural habitats.
This is an important issue for species with
low population sizes exposed to the effects of
inbreeding and genetic drift.

There are many types of molecular markers
for study of genetic structure of populations:
allozymes, RAPD, ALFP, microsatellites, regions
of mitochondrial DNA and others. In this part of
our study, we used such nuclear DNA markers
as allozymes and RAPD. The enzyme gene
variability has been widely applied in studies
of fish population genetics (Cordes et al. 2005,
Kumus et al. 2003). The genetics of vendace
(Coregonus albula) has mainly been studied in
Finland, Russia and Lithuania, using traditional
allozymes markers (Vuorinen 1984, Vuorinen
et al. 1991, Kaupinis et al, 2004, Kaupinis &
Bukelskis 2010, Sendek 2004, 2011). This allows
comparing our data with other genetic studies of

vendace populations living in similar conditions.
As the RAPD markers are spread all over the
genome (Williams et al. 1990), this technique
is particularly useful in order to quickly find
new changeable markers associated with visible
indications, and especially for those species, on
whose genome there is no or little information
(Lynch & Milligan 1994, Corley-Smith et al.
2005). The RAPD-analysis can serve as a singular
express method for detection the level of genetic
polymorphism, which is particularly useful for
little-studied taxonomic groups. Koljonen and
Jurvelius, evaluated the success of vendace
transfer into Lake Puruvesi in eastern Finland
by enzyme electrophoresis and RAPD markers
(Koljonen & Jurvelius 1995).

The aim of the present studies was to analyse
not only some morphological changes that have
occurred since the previous studies, but to perform
preliminary analysis of genetic structure of small
vendace populations from three different lakes
of Latvia using allozymes and RAPD markers
as well. These lakes, namely Nirzas, Raznas
and Sventes, are different by their areas, depths
and trophic status. Nevertheless, nowadays the
vendace practically does not occur in these lakes.
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Fig. 1. The location of sampling sites. - Lake Sventes, Lake Nirzas and Lake Raznas.
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MATERIAL AND METHODS
Study sites and sample collection

Vendace (Coregonus albula) samples were
collected from 3 Latvian lakes (two medium deep
and one deep lake), namely Nirzas, Raznas and
Sventes, in 2007 (see location of lakes on Fig.
1) with the help of the Latvian Fish Resources
Agency specialists. The features of the lakes
under study are as follows: Nirzas (area 552
ha, maximum depth 21m) is a medium deep
eutrophic lake, Raznas (area 5756.4 ha, maximum
depth 17 m) is a medium deep eutrophic lake
as well, and Sventes (area 34.8 ha, maximum
depth 38 m) is a deep meso-citrophic lake,
one of the deepest reservoirs in Latvia. For the
genetic analysis the samples of fish tissue like
skeletal muscles and liver were used. For the
morphological and genetic analysis 30 vendace
samples were examined. The samples of fish
tissue were stored at -20°C until the allozyme
analysis and the DNA extraction.

Morphological analysis

The collected ihtiological material was measured
using the whitefish measurement methods
described by Pravdin (1966) and commonly used
nowadays (Lajus 2001, Pereskokov & Rogozin
2001, Lajus 2003, Kaupinis & Bukelskis 2004,
Gurichev & Belousov 2005). In order to evaluate
the variation in some morphometric parameters
(number of the perforated scales on lateral line
(LL), number of gill rakes on the first left gill
arch (sp.br.), anal fin ray number (RA)) that has
occurred during the last 50 years, our data were
compared to those collected from Lake Raznas
(Laganovska 1957), Lake Nirzas and Lake
Sventes (Nikanorov 1964). The Student criterion
was used to determine the significant differences.
The difference between samples was considered
to be significant, when P< 0.05.

The fish condition was assessed by analysing
parameters k and » of the total length (L)-weight
(W) relationship (L-W): W =k x L" , where W
- total fish weigh (g), L - total fish length (mm),

k, n - constant parameters, calculated based on
empirical data (Wooton 1996).

Allozyme analysis

For the allozyme analysis the homogenate of
skeletal muscles and liver tissue was used. The
samples of tissue were homogenized in buffer
0,2 M Tris-HCL, pHS, 0;0.01lmg/ml Triton
X-100; 4 mg/ml MgCl; 0,2 mg/ml NADP at
ratio 1:2 and analysed using polyacrylamide gels
(5% or 10%) (Palauskas & Tubelyte-Kirdiene
2002) in two buffer systems (a): Tris-H,BO,,
pH 8.3 (Palauskas & Tubelyte-Kirdiene 2002)
and (b): Tris-Glicin, pH 8.3 (Pobezhimova et al.
2004). Ten isoenzyme systems were analysed:
aspartate aminotransferase (E.C. 2.6.1.1, Aat),
superoksiddismutaze (E.C. 1.15.1.1, Sod),
alkoholdehydrogenase (E.C. 1.1.1.1, Adh),
lactate dehydrogenase (E.C. 1.1.1.27, Ldh), malic
enzyme (E.C.1.1.1.40, Me), malate dehydrogenase
(E.C. 1.1.1.37, Mdh), esterase D (E.C. 3.1.1.1,
EstD), esterases (E.C. 3.1.1., Est), glucose-
6-phosphate dehydrogenase (E.C.1.1.1.49,
Go6pdg), glycerol-3-phosphate dehydrogenase
(E.C.1.1.1.8, G3pdg). Histochemical staining
was done by standard methods (Korochkin
et al. 1977). The enzyme nomenclature by
Shaklee recommendation (Shaklee 1990) was
used. The enzyme and gene abbreviation was
used according to Recommendations of the
Nomenclature Committee of the International
Union of Biochemistry and Molecular Biology on
the Nomenclature and Classification of Enzymes
by the Reactions they catalyse. The isoenzyme
loci were identified according to Vuorinen (1984)
and Sendek (2000). Alleles were identified basing
on relative electrophoretic mobility of allozymes
and were designated in alphabetical order with
“A” being the most anodally migrating allele.
For the statistical analysis the computer program
GeneAlex 6.41 (Peakall & Smouse 20006)
was used. There were estimated the standard
parameters of the gene diversity: percent of
polymorphic loci (95%) (P), number of alleles
(Na), observed (Hobs) and expected (Hexp)
heterozygosity. Deviations from Hardy-Weinberg
equilibrium (HWE) were tested by X°-test.
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RAPD analysis

The DNA was extracted from skeletal muscle
tissue according to a salt-extraction method by
Aljanabi (Aljanabi et al. 1997) standard protocol.
In order to make the RAPD-RCR analysis the
DNA was diluted to 10 ng/ul concentration.
In the present analysis, there were used eight
decanucleotide primers from sets A and B (Carl
Roth, Germany). The amplifications were carried
out in the thermal cycler ABI 9700 programmed
for 35 cycles of 30 s at 94 °C, 30 s at 38 °C, and 30
sat 72 °C. RAPD-PCR reactions were performed
at the volume of 12ul on 0.2 ml 96-well plate
(PCR reaction buffer with KCI, 25mM MgCl,
, 0.7U Taq DNA polymerase (MBI Fermentas,
Vilnius, Lithuania), 0.1% Triton X-100, 2mM
dNTP mix, and DNA template). The PCR
products were separated using the 1.4% agarose
gel (Sigma) in TBE buffer (0.045 M Tris-borate
and 0.001M EDTA). The gels were stained with
ethidium bromide, and the DNA fragments
were visualized using UVP Imaging system.
The size of the DNA fragments was estimated
by comparing them to 100bp DNA Lader Plus
(MBI Fermentas, Vilnius, Lithuania) using
Vision WorksLS Software. In order to confirm
the reproducibility of the selected polymorphic
bands the analysis of the same samples was made
at least three times. The calculation of the genetic
parameters of populations were calculated from
the band presence-absence matrix by the program
POPGENE V1.31 (Yeh et al. 1999).

RESULTS AND DISCUSSION

The data on the current populations of vendace
in Latvian lakes can provide information about
the results of the vendace adaptation, and
morphometric features may show changes since
the previous studies. Some authors have noted
radical changes in fish exterior features as a
result of its acclimatization in new reservoirs
(Burmakin 1963, Reshetnikov 1980). In order
to compare the variation of some morphometric
properties of Coregonus albula for the last 50
years, the data from Lake Raznas and Lake
Sventes populations (Laganovska 1957) and the
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data from Lake Nirzas population (Nikanorov
1964) were used. Study of the changes in meristic
parameters was made concerning such parameters
as RA, LL, and sp. br. The obtained results are
presented in Table 1. Essential changes of such
parameters as RA and sp.br were revealed in all
lakes except Nirzas. In the latter, the essential
difference in average values is observed only in
the RA parameter. The number of rays of the anal
fin has increased in all lakes (p<0.05), whereas
the number of gill rakers has diminished in all
studied vendace populations (p<0.05).

Concerning the LL parameter in Lake Nirzas
compared to the fish of Lake Raznas and Lake
Sventes the fish had smaller number of scales in
the lateral line. Regarding the RA parameter the
vendace in Lake Sventes had larger number of
rays of the anal fin than the fish in Lake Raznas
and Lake Nirzas. The sp.br parameter of vendace
revealed that the fish in Lake Nirzas had larger
number of gill rakers than the fish in other
lakes. Unfortunately, the data on environmental
conditions and food reserves in these lakes 50
years ago are not available. It is known that
variation in fish is particularly strongly influenced
by the temperature (Burmakin 1963), which can
affect a number of rays in unpaired fins, gill rakers
and scales in the lateral line. In other words,
in the lakes, where the incubation temperature
on the spawning grounds is lower, the above
mentioned parameters are increasing in number.
The number of rays in the anal fin increased in
all investigated vendace populations, while the
number of gill rakers decreased (see Table 1) as
it was mentioned above. Some authors believe
that alongside the temperature the variation in the
number of gill rakers is influenced by the quality
of food reserve. Nikanorov (1964), for example,
points out that the vendace has more gill rakers in
water body with poorer food reserves. According
to other studies, the vendace has a smaller number
of gill rakers in the lakes, where it consumes
larger zooplankton organisms (Reshetnikov
1980). It was shown that some meristic features
of vendace and morphological parameters of
lakes significantly correlated in studied vendace
populations in Lithuania (Kaupinis & Bukelskis
2010). Therefore, the changes of meristic
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Tablel. Morphometric characteristics of vendace in three Latvian lakes

RA LL SP.BR.
Date of
Lakes . P P
sampling
meantse value | meantse value | meantse P value
. 2007 12.92+0.14 78.31+1.11 42+0.82
Nirzas * ns ns
1964 11.22+0.04 80.31+0.2 40.8+0.17
2007 13.78+0.22 90.33+0.53 39.8+0.17
Sventes * ns *
1957 12.19+0.06 90+0.33 44 .3+0.17
2007 13+0.32 83+1.02 36+1.29
Raznas * ns *
1957 11.48+0.09 83.26+0.22 40.9+0.35

(RA, number of ray in anal fin; LL, number of scales on the lateral line; sp.br., number of gill rak-
ers; ns, not significant differences (P > 0.05); * - P <0.05)
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Fig. 2. Relationship between the total length and weight of vendace individuals in studied lakes.

characteristics can be considered as a result of
adaptation of local vendace populations to the
conditions of Latvian lakes that has been taking
place during the last 50 years. In Lake Nirzas
and Lake Raznas the living conditions are more
homogeneous, properties of lake are less variable,
spawning grounds are concentrated in one place,
and the simple relief provides homogeneous and
quite stable conditions for vendace development
and life. The adaptation of vendace populations
to specific environmental conditions leads to
changes in their morphological features, which
has been proved by introduction of the vendace
into new water bodies (Sirotkin 1990).

The fish condition was assessed by length-weight
(L-W) dependence. Normally the individual’s
body length-weight (L-W) dependence was
understood as growth rate of individuals. The
fish growth rate from Lake Raznas, Lake Nirzas
and Lake Sventes is shown in Fig. 2. The growth
rate of the vendace varies among lakes. The
parameter n of the power function ordinarily
shows that there are environmental conditions
favourable or unfavourable for the vendace (it
may be result of lower or higher production in
these lakes).The length-weight relationship is
usually a power function. The function exponent
depends on fish body shape; in the “slender”,
fish the exponent is lower than 3 and becomes
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Table 2. Level of heterozygosity in Coregonus albula populations in studied Latvian lakes

Sventes Nirzas Raznas
Hobs 0.23 0.19 0.17
Hexp 0.19 0.20 0.18
X-test ns * ns

(Hobs - Mean level of observed heterozygosity ; Hexp - Mean level of expected heterozygosity;
X?-test - significance level of differences between Hobs and Hexp; ns-not significant differences;

* _ P<0.05)
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Fig.3. Allelic richness and polymorphism in Coregonus albula populations in studied lakes based

on allozyme markers.

higher in the “stout” fish (Wootton 1996). The
exponent in the vendace normally amounts to
about 3 (Christianus 1995, Czerniejewski &
Filipiak 2002), thus indicating an isometric
growth of the species. In some crustacean
plankton-rich lakes, the exponent is close to 3.5
(Winfield et al. 1996), but it may drop below
2.5 in the lakes characterised by environmental
conditions that are not advantageous for the
vendace growth (Czerniejewski & Filipiak
2002). The mean values of the coefficient n of
the length-weight relationship of vendace from
Lake Nirzas and Lake Raznas were analogical
(~2.94). Only in Lake Sventes the coefficient n
of the length-weight relationship of vendace was
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a bit smaller (~2.83), than in other our studied
vendace populations. The exponent in the our
studied vendace populations was similar to data
reported by the some authors (e.g., Sutton et al.
2000, Czerniejewski et al. 2007) and bigger than
in other vendace populations in commercially
exploited lakes in Western Pomerania (Poland)
(2.2 -2.3) (Czerniejewski & Rybczyk 2008). It
is noteworthy that the exponent # in our studied
vendace populations indirectly indicated that
the population being in good condition and that
there are environmental conditions favourable for
the vendace (it may be result higher production
in these lakes). The vendace in Lake Sventes
and Lake Nirzas was characterised by a higher
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value of fish standard length and weight (Fig.
2). The smallest vendace individuals were in
Lake Razna.

The study of genetic variability is the first step
towards the understanding of process, which
can influence the ecological stability of the local
vendace population. Ten isoenzyme systems
were studied. 20 enzyme loci of these systems
were analysed. The analysed isoenzyme systems
were analogical in studied vendace populations.
There were nine monomorphic loci and ten
polymorphic loci in vendace populations in
Lake Raznas and Lake Nirzas. However, 11
monomorphic loci and nine polymorphic loci
were detected in vendace population in Lake
Sventes. There were differences in superoxide
dismutase system, e.g., one polymorphic locus
was detected in vendace populations from Lake
Raznas and Lake Nirzas, and two monomorphic
loci were detected in the vendace population
from Lake Sventes.

Allelic richness and polymorphism in Coregonus
albula populations in studied lakes based on

allozyme markers are shown in Fig.3. The total
level of polymorphism based on the investigated
isoenzyme polymorphic loci is 37.5 % (vendace
from the deep Lake Sventes) and 43.8% (vendace
from medium deep Lake Raznas and Lake
Nirzas). The total level of polymorphism in
vendace population in Russian watercourses
was about 40 - 50% (Sendek 2004.). However,
the number of polymorphic loci varied from 25
to 75% in Lithuanian lakes’ vendace populations
(Kaupinis & Bukelskis 2010). The number of
alleles per locus and effective number of alleles
per locus are similar in all studied populations
(Fig. 3), however is quite small in comparison
with the number of alleles per locus in analogical
studies in vendace populations from watercourse
in Russian and Finland (Vuorinen 1984, Vuorinen
etal. 1991, Sendek 2004, 2011). Perhaps it could
be result of “founder effect”, that may occur as
result of vendace introduction in Latvian lakes.

It is considered that changes in level of
heterozygosity in isoenzyme loci are associated
with the fluctuations in population size (Nei &
Graur 1984). The expected and observed level
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Fig. 4. Number of RAPD loci and gene diversity of Coregonus albula in three Latvian lakes,

based on RAPD markers.
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of heterozygosity (by HWE) in three vendace
populations is shown in Table 2. As we can see,
the observed level of heterozygosity slightly
differs in studied vendace populations. The
level of heterozygosity is variable in different
loci. However, the average level of the observed
heterozygosity is quite high (0.17 to 0.22)
compared to other studies, where this parameter
varies from 0.048 to 0.104 in the vendace
populations in Finland watercourses (Vuorinen
1984) and from 0.095 to 0.099 in the vendace
population from the Lake Ladoga in Russia
(Sendek 2002).

It is suggested (Williams et al. 1990) that RAPD
analysis gives more accurate estimates between
closely related populations. The results of
RAPD analysis indicated that 58 loci (bands)
were marked for all studied populations, 23 of
them were polymorphic, 16 were monomorphic
for all studied vendace populations and 19 loci
varied in different populations as monomorphic
or polymorphic.

The number of RAPD loci and gene diversity of
Coregonus albula populations in three Latvian
lakes are shown in Fig. 4. The percentage of the
polymorphic loci ranged from 49.35% in Lake
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Fig.5. Principal component analysis (PCA) plot of the genetic structuring among the three vendace
populations. A). PC1 and PC2 explain 25.50% and 21.88% of the total variation, respectively (by
allozyme markers); B). PC1 and PC2 explain 19.52% and 13.73% of the total variation, respectively

(by RAPD markers).
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Sventes vendace population to 61.04% in Lake
Nirzas population. The level of polymorphism
in Lake Raznas had an intermediate value
(55.84%). It can be seen (Fig. 4) that there are
eight private loci in Lake Sventes’ vendace
population, however there are no private loci at
all in Lake Nirzas’ vendace population. Possibly,
it could be associated with significant fluctuation
in population size in Lake Nirzas and with not
so significant fluctuations in Lake Raznas, which
could cause such differences in the number of
private alleles.

Principal component analysis (PCA) plots of
the genetic structuring among the three vendace
populations are shown in Fig. 5. The PCA plot
by allozyme markers revealed grouping of Lake
Sventes, Lake Raznas and Lake Nirzas (figure 4
(A)). Each axis, PC1 and PC2, explained 25.50%
and 21.88% of the total variation, respectively.
The PCA plot by RAPD markers revealed all
studied vendace populations separately (Figure
5 (B)). Each axis, PC1 and PC2 explain 19.52%
and 13.73% of the total variation, respectively.
As could be seen the PCA plot by RAPD markers
revealed grouping more obvious. Probably this
is because of bigger DNA region was scanned
by RAPD markers, than it done by allozyme
markers.

As aresult of the fact that studied lakes differ by
their morphometric characteristics, the influence
of environment factors could have a different
effect on the studied vendace populations.
Furthermore, this effect could be reflected on
vendace populations’ genetic structure.

CONCLUSION

The mean level of protein polymorphism in
vendace populations in Latvia is 41.67%, but
the mean level of polymorphism based on RAPD
is 55.41%. The level of heterozygosity is quite
high in all investigated populations. It’s possible
that the little differences between observed and
expected level of heterozygosity in particular
loci in investigated populations can be caused
by the genetic drift. In particular, it is worth to

notice that a possibility of migrants from the other
lakes is limited. The investigated populations are
closely related to each other (according to enzyme
systems), but genetic grouping based on RAPD
marker assays are more obvious for studied
vendace populations. Obtained private loci
(based on RAPD markers) give the opportunity
to develop markers for identification of vendace
individuals of these populations.

The recognized morphological features’ changes
in three Latvian lakes’ vendace populations
possibly show its adaptation to specific
environmental conditions.
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