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Abstract: The zebra mussel Dreissena polymorpha is widely distributed in Europe. The expansion of zebra mussels has a
negative impact on the native biota of lakes or rivers. Studies of the genetic structure of populations allow the identification
of the current state of this invasive species in Latvia as a part of the European population. Despite the increasing importance
of microsatellites in studies of population genetics, there is a lack of such data on D. polymorpha in Latvia. The present
study investigates the genetic population structure of zebra mussels using six microsatellite loci as follows: DpolA6, Dpo260,
Dpo272, Dpol01, Dpo221 and Dpo04 from Lake Razna. The microsatellite loci in the investigated population have a high
polymorphism and number of alleles. Allelic diversity at all described loci was high, ranging from 4 to 20 alleles per locus.
The mean observed heterozygosity was 0.58 and the mean expected heterozygosity was 0.70. A high genetic diversity enables

species to adapt to changing environments.
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INTRODUCTION

The zebra mussel Dreissena polymorpha (Pallas, 1771)
is a successful invasive bivalve native to the brackish
and freshwater systems of the Ponto-Caspian regions.
[1] It was introduced accidentally by human activity
in European areas [1,2]. The first invasion of the spe-
cies D. polymorpha in Latvia was in the Gulf of Riga
in the mid-1800s. [3]. Mussels have a negative impact
on the biota that inhabit the pelagic zones of lakes or
rivers. Because of their high fecundity and ability to
settle on almost any solid substratum, zebra mussels
usually outcompete the resident species and cause
severe damage to waterworks [4].

Lake Razna is the second largest lake as regards
water surface area and the first in terms of water vol-
ume in Latvia. Lake Razna is part of the historical
lake region of Latvia, which contains one-fifth of the
country’s freshwater resources and 90% of freshwater
fish species [5]. It is a moderately deep eutrophic lake
with an area of 5,756.4 ha and a maximum depth of 17
m. In the last 60 years, the benthic fauna of Lake Razna
has changed significantly. The emergence of Dreissena,
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which has not been observed before, has been noted
and a comparison of zoobenthos data from 2016 with
data from the 1950s demonstrates the reduction of
mussel species diversity in the lake. In the 1950s, 17
snail species and 7 mussel species were found in the
zoobenthos of Lake Razna (zebra mussels were not
found). In 2016, 4 snail species and 3 mussel species
were found, including the zebra mussel. The biomass
of zebra mussels in Lake Razna reached 1 kg/m? in
2016 [6]. D. polymorpha has spread throughout Lake
Razna, negatively impacting the biota. The main aim
of this study was to examine the population genetic
structure of the invasive species D. polymorpha in
Latvia by microsatellite markers. Genetic diversity is
one of the basic factors influencing the establishment
and spread of invasive species as well as the evolution
of invasiveness [7-9]. Understanding the population
genetic structures in invasive species should reveal
the dispersion capacity and invasion routes of D. poly-
morpha, which would help in the establishment of
management strategies to control the invasive potential
of this species [10].
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Microsatellites or simple sequence repeats (SSRs)
are one of the most informative types of molecular
markers due to their high variability as the conse-
quence of their high mutation rates, and the ability
to resolve population structure even among closely
related populations [11]. These markers have also
proven to be useful for the genetic characterization
of invasive species where genetic diversity is reduced,
as well as to infer the sources and pathways of the in-
troduced populations in aquatic ecosystems [12]. In
Latvia, microsatellites have been used to investigate
other aquatic organisms [13]. D. polymorpha genetic
monitoring can provide crucial information on the
genetic diversity, connectivity, fitness and viability of
the population [14].

The population genetic structure of D. polymor-
pha was studied for the first time in Latvia. The main
parameters of the population genetic structure of the
zebra mussel are presented. Our results should be useful
in monitoring and possible control of the expansion
of this invader of the Baltic lakeland in the future.

MATERIALS AND METHODS

Sample collection

Mussels were collected from Lake Razna (Rezeknes
district, Kaunatas, Makonkalna, Cornajas administra-
tive territory (56°21°’N; 27°27°E)) in Latvia at a depth
of 2 m from different localities. After collection, the
samples were placed in 96% ethanol and stored at -80°C.

DNA extraction

Genomic DNA was extracted from whole body tissue
using Qiagen the DNeasy kit (Qiagen, Inc.; Valencia,
CA, USA) according to the manufacturer’s instructions.
DNA was quantified spectrophotometrically (Shimadzu
BioSpec-Nano) at A260/A280 and A260/A230 (~1.8
and ~1.9, respectively) [15]. DNA quality was checked
by agarose gel electrophoresis (1.5%) in tris-borate-
EDTA (TBE) buffer, and the gels were stained with
ethidium bromide (0.5 ug/mL). The size of the DNA
fragments was determined by comparison with DNA
ladders of known size (100 bp DNA Ladder Plus, MBI
Fermentas, Thermo-Fisher Scientific, Waltham, MA,
USA). The extracted DNA was stored at -20°C. For
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subsequent molecular analysis, the DNA was diluted
to a final concentration of 20 ng/pL.

PCR amplification

Extracted genomic DNA was used as a template for
DNA amplification using the polymerase chain reaction
(PCR). Six microsatellite loci were amplified (DpolA6,
Dpo260, Dpo272, Dpo101, Dpo221, Dpo04) [16]. For
genotyping, the PCR products were obtained with
fluorescently-marked primers labeled individually on
the 5’ end with one of the following dyes: TAMRA,
HEX, FAM, and examined on an ABI 310 automated
analyzer using Genescan ROX 500 (Applied Biosystems,
Thermo Fisher Scientific, Preston Ct, Bedford, MA,
USA). Microsatellite amplification was performed
in an ABI 9700 thermocycler. The PCR mixture was
contained in a final volume of 10 pL containing 100
ng of the DNA sample, 10x Taq Buffer with KCl, 1.5
mM MgCl, 2 mM dNTP mix, 0.06 U/uL Taq DNA
polymerase and 0.4 umol/uL of each primer. The PCR
thermal cycling program had an initial denaturation at
95°C for 5 min, followed by 35 cycles with denaturation
at 95°C for 30 s, annealing at locus-specific temperature
(Supplementary Table S1) for 30 s, and extension at
72°C for 60 s, followed by a 7-min final extension at
72°C and cooling at 4°C. Both positive and negative
controls were used during PCR amplification.

Statistical analysis

The allele fragments were made using the GeneMapper
3.7 software (Applied Biosystems, Foster City, CA,
USA). The allele number in the locus, its frequency,
alleles in the population, observed and expected het-
erozygosity, and the level in the polymorph locus
were measured by GeneAlex 6.41 software [17]. The
Micro-Checker 2.2.3. program was used to check the
data for typographic errors, to identify the null allele
and genotyping errors, short allele dominance (large
allele dropout) and the scoring of the stutter peaks.
The program estimates the frequency of null alleles,
and it can adjust the allele and genotype frequencies
of the amplified alleles, permitting their use in further
population genetic analysis [18]. The computer pro-
gram Bottleneck 1.2.02. [19] was used to detect the
bottleneck effect on the studied population.
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RESULTS

Based on our study, all 6 loci were polymorphic in the
population of D. polymorpha in Lake Razna. Details
of the analyzed microsatellite loci are shown in Table
1. Allele size ranges were 246-363 bp for DpolA6, 159-
286 bp for Dpo101, 224-296 bp for Dpo260, 140-172
bp for Dpo272, 243-318bp for Dpo04 and 60-183 bp
for Dpo221. We observed that the longest allele 246-
363 bp was in locus DpolA6, and the shortest allele
60-183 bp in locus Dpo221. The number of alleles on
each microsatellite locus was variable. The greatest
number of alleles (13) was found in locus Dpo260 and
the minimum (3) in locus Dpo04.

The abundance and frequency of the alleles in the
investigated loci are shown in Fig. 1. The frequencies of
the alleles in the investigated loci were very different.
The most variable locus was Dpo260 (Fig.1F) with the
most common alleles 240 and 244 with frequencies of
0.12 and 0.16, respectively. The most common alleles
were 144 (frequency 0.5) in locus Dpo272 (Fig. 1A),
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243 and 249 in locus Dpo04 (frequencies 0.5 and 0.4)
(Fig.1D), 318 and 363 in locus DpolA6 (frequencies 0.4
and 0.25) (Fig.1 B), 81 in locus Dpo221 (frequency 0.6)
(Fig.1E), 243 in locus Dpo101 (frequency 0.3) (Fig.1C).
Allele frequencies followed an L-shaped distribution,
i.e., no bias of allele frequencies toward mean values
was observed in the population, as expected in a non-
bottlenecked population at mutation-drift equilibrium.
The level of allelic diversity and heterozygosity exhib-
ited in invasive populations was characteristic of the
source population and would not have been detected
in the case of a severe bottleneck.

According to MICROCHECKER, putative null al-
leles were detected in 3 of the 6 loci (DpolA6, Dpo101,
Dpo0260). Microsatellite genotypic data showed no
typographic errors or large allele dropout. We found
a significant deviation from the Hardy-Weinberg
equilibrium (HWE) for the zebra mussel popula-
tion. Significant departures from the HWE were ob-
served in 4 of the 6 loci after sequential Bonferroni
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Fig. 1. The common abundance of alleles in microsatellite loci Dpo272 (A), DpolA6 (B), Dpo101 (C), Dpo04 (D), Dpo221 (E), Dpo260 (F).
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correction (Table 1). The high polymorphism recorded
was reflected in the high expected heterozygosity (He)
values between 0.56 in locus Dpo04 and 0.90 in loci
Dpo260 (Table 1). The actual observed values (Ho)
were lower (0.46-0.71) than those expected for 4 loci.
The maximum Ho value was at locus Dpo272 (0.71),
and the minimum value was at locus Dpo260 (0.46).
The average observed heterozygosity was less than the
expected heterozygosity.

The individual fixation index (FIS) points to a
reduction in heterozygosity due to non-random mat-
ing and is a measure of the deviation of genotypic
frequencies from the HWE in subpopulations in terms
of deficiency or excess of heterozygotes. When FIS>0,
there is a deficiency of heterozygous individuals (in-
breeding); with FIS<0 there is an excess of heterozy-
gotes (unrelated mating), and FIS=0 indicates ran-
dom pairing. The highest calculated values of the FIS
coefficient were shown for the loci DpolA6, Dpo101,
Dpo260 and Dpo221, with an average value for 6 loci
+0.138 (Table 1).

Table 1. Characteristics of microsatellite loci isolated from the
zebra mussel Dreissena polymorpha.

Heterozygosity
Locus Size (bp) | N P
A H,, Hexp Fy
DpolA6 | 246-363 9 0.500 | 0.732 | 0.317 | ***
Dpo101 | 159-286 10 | 0.643 | 0.837 | 0.232 ns
Dpo260 | 224-296 13 | 0.464 | 0.901 | 0.484 | ***
Dpo272 | 140-172 5 0.714 | 0.625 | -0.143 | ns
Dpo04 243-318 3 0.643 | 0.564 | -0.139 | ***
Dpo221 | 60-183 9 0.536 | 0.579 | 0.075 | ***
Mean 8.2 | 0.583 | 0.706 | 0.138

Locus designations, size ranges of the alleles; numbers of alleles (N, ), ob-
served heterozygosity (Ho), expected heterozygosity (He), Fixation Index
(Fis); * P<0.05, ** P<0.01, *** P<0.001; ns — not significant difference.

DISCUSSION

The zebra mussel began expanding its range through-
out Europe over 200 years ago [20]. Genetic studies
of populations of D. polymorpha may help predict
possible new areas of invasion, which would allow for
the implementation of preventative management to
mitigate accidental introduction. All studies on zebra
mussels to date report high levels of genetic variability,
irrespective of marker type or whether samples come
from native or invasive populations [16,21].
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The allele size range in the studied population
from Latvia was similar to that in the study of 12 zebra
populations from the Great Lakes in North America
[22] and from Lake Mead and Lake Erie [23]. In our
study, the number (3-13) and frequencies of the alleles
at each microsatellite locus were different. Authors have
shown that the highest number of alleles at a locus
was in the American populations (13-21), followed
by the European (11-19) and the Irish (6-17) [22].
A decrease in allelic richness could lead to a reduc-
tion in the population’s potential to adapt to future
environmental changes since this diversity is the raw
material for evolution by natural selection. Founder
events are known to decrease the genetic diversity of
a population and are often followed by a demographic
expansion. Allelic richness is more sensitive than
heterozygosity to founder events that are followed by
expansions since allelic richness does not consider the
abundance of the alleles but only their presence (a rare
allele that is lost in a founder event will probably not
affect heterozygosity much, but the loss does reduce
allelic richness). Genetic drift or the “founder effect”
is often also followed by a loss of alleles.

The present study shows high levels of variability
in the Lake Razna population; the observed hetero-
zygosity was Ho 0.58 and in Poland it was 0.61, in
the Great Lakes 0.59-0.78, in the Netherlands 0.67,
in Ukraine 0.80 and in Spain (0.69). The Ho values
for the established Latvian population are within the
range observed for both native and well-established
alien populations although the mean numbers of al-
leles at the locus are significantly lower.

In our study; a deficit of heterozygotes was recorded
for four loci (DpolA6, Dpol101, Dpo260, Dpo272). At
the same time, the observed and expected heterozy-
gosity at all loci differed insignificantly. The decrease
in the observed heterozygosity can induce a decrease
in the average fitness of individuals and thus this
measure has clear ecological consequences. Other
authors [23] also reported a deficit of heterozygotes
in D. polymorpha populations based on microsatellite
loci and concluded that it was most likely caused by
null alleles, while other studies [19,22] did not report
deviations from the HWE. Disequilibrium may be
caused by the presence of null alleles (as indicated
by the micro-checker). A null allele is any allele that
when amplified on a microsatellite is not visible after
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staining or electrophoretic separation [24,25]. The
presence of null alleles is an important element of loss
of heterozygosity as compared to expected heterozygos-
ity as observed in the present study of the Lake Razna
population. The reason for the presence of null alleles
observed by analysis of the microsatellite markers is
thought to be the result of mutation, insertion and
deletion [26,27].

Several factors such as inbreeding and the Wahlund
effect could account for the observed heterozygote
deficits; in other sources [22], 11 microsatellite loci
were used to differentiate among 6 Eurasian popula-
tions of zebra mussels, including 4 invasive and 2 na-
tive populations, which all had high genetic diversity
(Ho 0f 0.70 and He 0f 0.50.) A deficit of heterozygotes
was not reported. In North America, previous ge-
netic studies concluded that the invasion originated
from high numbers of founding individuals and/or
multiple colonization events from several European
locations that resulted in high gene diversity within
populations [6].

Due to the loss of genetic variability resulting from a
high level of inbreeding within and among populations
that can be driven by random genetic drift, popula-
tions are declining [28-30]. However, our sampling
area in Latvia was too restricted to yield significant
conclusions and an answer to this question.

CONCLUSIONS

The genetic diversity of a Latvian population of zebra
mussel (Lake Razna) as part of the European popula-
tion was studied. The Ho value for the Latvian popula-
tion is within the range observed for both native and
well-established alien populations, although the mean
numbers of alleles at the locus are significantly lower.
However, there was no evidence that this population
has undergone a recent bottleneck event. Significant
departures from the HWE in the form of heterozygote
deficits were recorded for 3 loci. Of the various factors
that contributed to the deficits in the population, e.g.,
null alleles, inbreeding, selection and the Wahlund
effect, null alleles were the most likely cause. High
gene diversity values and the lack of recent bottleneck
signals supports the hypothesis that this first invasion
was affected by a large set of individuals.

137

Funding: No funding was received for conducting this study.

Acknowledgments: The author would like to thank Jelena Oreha,
PhD in biology, for her contribution.

Author contributions: Conceptualization, NS and AM; methodol-
ogy, AM, NS; software, AM; validation, NS, AM; formal analysis,
AM; investigation, AM; resources, NS; data curation, NS, AM;
writing, original draft preparation, AM; writing, reviewing and
editing, NS, AM; visualization, AM, NS; supervision, NS; project
administration, NS, AM; funding acquisition, NS. All authors
have read and agreed to the published version of the manuscript.

Conlflicts of interest disclosure: The author declares no conflict
of interest.

Data availability: All data underlying the reported findings have
been provided as part of the submitted article and are available at:
https://www.serbiosoc.org.rs/NewUploads/Uploads/Morozova%:20
and%20Shkute_8368_Data%20Report.pdf

REFERENCES

1. Penarrubia L, Vidal O, Vinas J, Pla C, Sanz N. Genetic
characterization of the invasive zebra mussel (Dreissena
polymorpha) in the Iberian Peninsula. Hydrobiologia.
2016;779(1):227-42.
https://doi.org/10.1007/s10750-016-2819-2

2. Zajac K, Bonk M. New records of the invasive bivalve
Dreissena polymorpha (Pallas, 1771) (Bivalvia: Dreisseni-
dae) in the Carpathian Mountains, Poland. Folia Malacol.
2019;27(3):231-4.
https://doi.org/10.12657/folmal.027.023

3. Birnbaum C. NOBANIS-Invasive alien species fact sheet-
Dreissena polymorpha: Online Database of the European
Network on Invasive Alien Species-NOBANIS [Internet].
2011. [cited 2022 Decl6] Available at:
https://www.nobanis.org/globalassets/speciesinfo/d/dreis-
sena-polymorpha/dreissena_polymorpha.pdf

4.  Casagrandi R, Mari L, Gatto M. Modelling the local dynam-
ics of the zebra mussel (Dreissena polymorpha). Freshw.Biol..
2007;52(7):1223-38.
https://doi.org/10.1111/j.1365-2427.2007.01761.x

5. Protection of habitats and species in Nature Park “Razna”.
[Internet]. Latvia: Daugavpils University. 2009 [cited 2022
Decl16] Available at:
https://webgate.ec.europa.eu/life/publicWebsite/index.
cfm?fuseaction=search.dspPage&n_proj_id=2600

6. Zagars M. Pétijuma atskaite Razna ezeram. [Internet]. Lat-
via: Vides Risinajumu institits. 2016. [cited 2022 Dec16].
Available at: https://www.daba.gov.lv/lv/media/1837/down-
load

7. Duscher T, Zeveloff IS, Michler E, Nopp-Mayr U. Environ-
mental drivers of raccoon (Procyon lotor L.) occurrences in
Austria - established versus newly invaded regions. Arch
Biol Sci. 2018;70(1):41-53.
https://doi.org/10.2298/ABS170512024D


https://www.serbiosoc.org.rs/NewUploads/Uploads/Morozova%20and%20Shkute_8368_Data%20Report.pdf
https://webgate.ec.europa.eu/life/publicWebsite/index.cfm?fuseaction=search.dspPage&n_proj_id=2600

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sakai AK, Allendorf FW, Holt JS, Lodge DM, Molofsky J,
With KA, Baughman S, Cabin RJ, Cohen JE, Ellstrand NC,
McCauley DE, O *Neil P, Parker IM, Thompson JN, Weller
SG. The population biology of invasive species. Annu Rev
Ecol Syst. 2001;32:305-32.
https://doi.org/10.1146/annurev.ecolsys.32.081501.114037
Andri¢ A, Ko¢is Tubi¢ N, Pan M, Vuji¢ A, Vidakovi¢ DO.
Assessment of genetic diversity within the Merodon ruficor-
nis species group (Diptera: Syrphidae) by RAPD analysis.
Arch Biol Sci. 2017;69(3):553-60.

https://doi.org/10.2298/ ABS160729131A

Lopes-Lima M, Teixera A, Froufe E, Lopes A, Varandas S,
Sousa R. Biology and conservation of freshwater bivalves:
past, present and future perspectives. Hydrobiologia.
2014;735:1-13. https://doi.org/10.1007/s10750-014-1902-9
Pefarrubia L, Sanz N, Pla C, Vidal O, Vinas J. Using Massive
Parallel Sequencing for the Development, Validation, and
Application of Population Genetics Markers in the Invasive
Bivalve Zebra Mussel (Dreissena polymorpha). PLoS One.
2015;10(3):e0120732.
https://doi.org/10.1371/journal.pone.0120732

Lawson Handley L.-], Estoup A, Evans D. M, Thomas C. E,
Lombaert E, Facon B, Aebi A, Roy H. E. Ecological genetics
of invasive alien species. BioControl. 2011;56:409-28.
https://doi.org/1007/s10526-011-9386-2

Skute N, Oreha J. Evaluation of Some Microsatellite Mark-
ers Variability in the Study of Genetic Structure of Vendace
(Coregonus albula (L.)) Populations from Latvian Lakes.
Contemp Probl Ecol. 2016;9(2):157-65.
https://doi.org/10.1134/S1995425516020074

Kekkonen J. Temporal Genetic Monitoring of Declining
and Invasive Wildlife Populations: Current state and future
directions. In: Angelici FM, editor. Problematic Wildlife: A
Cross-Disciplinary Approach. Springer; 2016. p. 269-94.
https://doi.org/1007/978-3-319-22246-2_13

Wilfinger WW, Mackey K, Chomczynski P. Effect of pH
and ionic strength on the spectrophotometric assessment
of nucleic acid purity. Biotechniques. 1997;22(3):474-6.
https://doi.org/10.2144/97223st01

Feldheim KA, Brown JE, Murphy DJ, Stepien CA. Microsat-
ellite loci for dreissenid mussels (Mollusca: Bivalvia: Dreisse-
nidae) and relatives: markers for assessing exotic and native
populations. Mol Ecol Resour.2011;11:725-32.
https://doi.org/10.1111/j.1755-0998.2011.03012.x

Peakall R, Smouse PE. GENALEX6 genetic analysis in Excel
Population genetic software for teaching and research. Mol
Ecol. 2006;6:228-95.
http://dx.doi.org/10.1111/j.1471-8286.2005.01155.x
Oosterhout C, Hutchinson WE, Wills DPM, Shipley P.
MICRO-CHECKER: software for identifying and correct-

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ing genotyping errors in microsatellite data. Mol Ecol Notes.
2004;4:535-8.
http://dx.doi.org/10.1111/j.1471-8286.2004.00684.x
Cornuet JM, Luikart G. Description and power analysis of
two tests for detecting recent population bottlenecks from
allele frequency data. Genetics. 1996;144:2001-14.
https://doi.org/10.1093/genetics/144.4.2001

Therriault TW, Weise AM, Higgins SN, Guo Y, Duhaime J.
Risk Assessment for Three Dreissenid Mussels (Dreissena
polymorpha, Dreissena rostriformis bugensis, and Mytilopsis
leucophaeata) in Canadian Freshwater Ecosystems. DFO
Can Sci Advis Sec Res Doc. 2012;174:93

Miiller JC, Hidde D, Seitz A Canal construction destroys
the barrier between major European invasion lineages of the
zebra mussel. Proc R Soc B: Biol. 2002;269:1139-42.
https://doi.org/10.1098/rspb.2002.1994

Naish KA, Boulding EG. Trinucleotide microsatellite loci for
the zebra mussel Dreissena polymorpha an invasive species in
Europe and North America. Mol Ecol Notes. 2001;1(4):286-
98. http://dx.doi.org/10.1046/j.1471-8278%20.2001.00111.x
Astanei I, Gosling E, Wilson J, Powell E. Genetic variability
and phylogeography of the invasive zebra mussel, Dreissena
polymorpha (Pallas). Mol Ecol. 2005;14:1655-66.
https://doi.org/10.1111/j.1365-294X.2005.02530.x
O’Connell M., Wright ].M. Microsatellite DNA in fishes. Rev
Fish Biol Fish. 1997;7:331-63.
https://doi.org/10.3390/ani11092633

Chapuis MP, Estoup A. Microsatellite Null Alleles and
Estimation of Population Differentiation. Mol Biol
Evol.2007:24(3):621-31.
https://doi.org/10.1093/molbev/msl191

Callen DE, Thompson AD, Shen Y, Phillips HA, Richards
RI, Mulley JC, Sutherland GR Incidence and origin of “null”
alleles in the (AC)n microsatellite markers. Am ] Hum
Genet. 1993;52:992-27.

Selkoe K.A, Toonen R]J. Microsatellites for Ecologists: A
Practical Guide to Using and Evaluating Microsatellite
Markers. Ecol Let. 2006;9(5):615-29.
https://doi.org/10.1111/j.1461-0248.2006.00889.x

Ellstrand NC, Elam DR. Population genetic consequences of
small population size: Implications for plant conservation.
Annu Rev Ecol Evol. 1993;24:217-42.

https://doi.org/10.1146/ ANNUREV.ES.24.110193.00124
Thomas EG, Srut M, Stambuk A, Klobudar GIV, Seitz A,
Griebeler EM. Effects of freshwater pollution on the genetics
of zebra mussels (Dreissena polymorpha) at the molecular
and population level. Biomed Res Int. 2014(3):795481.
https://doi.org/10.1155/2014/795481

Allendorf FW. Genetic drift and the loss of alleles versus
heterozygosity. Zoo Biol. 1986:5:181-90.
https://doi.org/10.1002/200.1430050212



Arch Biol Sci. 2023;75(2):133-139

SUPPLEMENTARY MATERIAL

Supplementary Table S1. Microsatellite primers: description and amplification conditions.
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Name Repeat motif Label POR conditions GénBank
T,(°C) | Number of cycles | 2ccession number

DpolA6 [ATT] ACT[ATT] ATC[ATT],[ACT] [ATT], FAM 55 35 AF317427
Dpo04 (AAC)7AC(AAC), TMR 52 35 GU213457
Dpo101 [TGA] 1 HEX 56 35 GU213458
Dpo221 [TGA]25 TMR 50 35 GU213461
Dpo260 [TAGA]35 FAM 52 35 GU213462
Dpo272 [AACT]8 HEX 50 35 GU213463






