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Abstract. The quality of DNA is a crucial factor in molecular genetics and conservation genomics research.
Degradation of DNA can be caused due to many factors. To prevent DNA degradation, it’s essential to keep samples
free from contamination, dry them quickly after collection, and store them in dry places. Therefore careful attention
to storage conditions post-collection is important to minimize DNA degradation. In this study, we compared three
different sample collection and storage methods by running agarose gel electrophoresis to determine their suitability for
long-term storage without compromising DNA quality. We found that DNA from whole organ or large-sized samples
degraded, while DNA from thinly sliced, chopped, dehydrated, and dried samples stored in silica gel and ethanol

remained intact with high yield.
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Introduction

Rare species were initially classified based on
morphology [1]. However, in recent years, genomic
-level taxonomy has been increasingly carried out
to develop appropriate conservation management
strategies for these species [2]. For instance, the
survival of endangered species requires at least five
years of monitoring, regular population control, and the
maintenance of geographic isolation [3]. Additionally,
in order to discern differences at the subspecies level,
comprehensive e genome research is necessary[2, 4].
Identifying neutral loci genetic markers is critical for
determining population viability and halting further
decline. This aspect of conservation genetics is of utmost
importance [5, 6]. In conservation genetics, sheared
DNA often fails to meet research requirements, but it
poses fewer challenges for mtDNA and microsatellite
studies [7, 8].
in DNA sequencing technology, the use of single
which

cannot be determined by traditional markers alone, has

However, with recent advancements

nucleotide polymorphism (SNP) analysis,

increased dramatically [9]. Various methods exist for

detecting single nucleotide polymorphisms (SNPs). For
example, restriction-site-associated DNA sequencing
(RAD-seq) is a cost-effective method that still provides
comprehensive genomic data. This technique involves
cutting parts of the genome using a restriction enzyme to
create short sequences. Following a specialized library
preparation, next generation sequencing data can be
bioinformatically assembled, with or without a reference
genome. This approach allows for the analysis of 8,000
to 13,000 SNPs, encompassing both adaptive and neutral
loci [10].

The quality of DNA is critical for genomic studies.
DNA quality refers to intact DNA or long-fragmented
DNA in genomic studies [11]. The chosen methodology
depends on the quality of the DNA [11]. For genome
analysis using RAD sequencing, unfragmented DNA
Degraded or sheared DNA hampers the
effectiveness of the target cleavage enzyme, making the

is essential.

genetic material unstuitable for other whole-genome
studies, as noted in reference [9]. Thus, to ensure
minimal DNA degradation and to maintain sample
material in a condition suitable for high quality genomic

research (including methods such as RAD sequencing
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and Rapture), it is vital to identify the most effective
sample collection and storage methods [32].

In this regard, there is a scarcity of comparative
research on how sample quality affects genomic research
in Mongolian references. During our study, particularly
when employing the RADseq method, isolating high
quality DNA was imperative. Hence, in this research,
we collected and stored samples using three different
methods and compared their effectiveness.

Materials and methods

Sample

During the field research, tissue samples of argali
sheep (Ovis ammon), taimen (Hucho taimen) and tree
pipit (Anthus trivialis) were collected and stored using
following three methods.

1. Small tissue samples were either air-dried in paper
bags or collected and dehydrated directly in silica gel
for storage.

2. Small dorsal fin samples collected and stored in 96%
ethanol.

3. Whole liver samples from tree pipits were collected
and stored in 96% ethanol.

Extraction of Genomic DNA and Agarose Gel
Electrophoresis screening
The tissue samples were minced with a sterile scalpel,
transferred into 1.5ml Eppendorf tubes. DNA extraction
was performed using method described by Tamaj et al.,
2015 [11].
1.150-300ul of lysis buffer was added depending on
the sample size. Then, 10-20 pl of proteinase K
(20mg/ml) was added to each sample. The samples
were mixed thoroughly by vortexing and then spun
down.
2.The mixture was incubated at 55°C overnight and
vortexed every 30 minutes during the first 2 hours.
3.If necessary, 2-4ul RNAse (Img/ml) was added ,
followed by incubation at 37°C for 30 minutes.
4.The mixture was then cooled to room temperature
and 0.5V (Volume) 7.5M ammonium-acetate was
added. Subsequently, the mixture was placed in a
freezer at -20°C for 10-15 minutes.
5.1V of chloroform:isoamylalcohol 24:1 was added
to the mixture, followed by vortexing for 2 sec,
and mixed by inverting for 5-10min. Then, mixture
was centrifuged for 5 min at 14,000 RPM, and the
supernatant was carefully transferred to a clean
tube, without chloroform and any precipitated
contaminants.
6.1V of ice-cold isopropanol was added to the samples,

and were mixed by inverting the tubes. The samples
were then incubated at -20°C for 2-4 hours. The
incubation time was reduced if DNA strands became
visible during this process.

7.The samples were centrifuged for 10 min at 14000
RPM, after which the supernatant was carefully
discarded.

8.500ul of 70% ethanol was added to the pellet,
followed by centrifugation at 12000 RPM. This
washing step was repeated twice.

9.The pellet was left to dry.

10. 50-70ul of 10mM TRIS buffer or distilled, sterile
water was added to the pellet.

The isolated genomic DNA was dissolved overnight at
4°C. The following day, the quality of DNA was assessed
for degradation using agarose gel electrophoresis prior to
analyzing DNA concentration (Qubit® dsDNA HS Assay
Kit). Agarose gel electrophoresis is a commonly used
method for evaluating DNA degradation while the the
Qubit assay is a reliable tool for accurately determining
the exact quantity of DNA. This step is crucial because
the preparation of the sequencing library requires not
only a specific concentration but also an equal amount
of high quality DNA from each sample. To assess the
relative concentration of genomic DNA and its quality,
you can use 1 pul of DNA and 1 pl of DNA marker in 1%
agarose gel.

Results

For comparison, samples were collected from 3
different species via 3 different collection methods and
stored at -20°C. The degradation of DNA extracted
from collected samples were analyzed using agarose
gel electrophoresis. This analysis will ascertain whether
the degradation of DNA meets requirement of further
analysis, such as DNA concentration analysis using
Qubit. If the DNA is found to be intact, it can be purified
by AmpureX (Neb) size selection method, setting
the stage for subsequent genomic sequencing library
preparation. The genomic DNA was extracted from
following stored sampling:

1.Dried samples: Non-invasive collection of argali
sheep tissue samples is challenging, so with the
most available samples being those from carcasses.

Therefore, pieces about 1 cm of tissue were collected

from carcasses and air-dried in paper bags.

2.Samples preserved in ethanol: 0.5-0.7 cm? tissue
piece of dorsal fin from Taimen were collected in
96% ethanol and stored at -20°C. Additionally, liver
sample from tree pipit was stored in 96% cthanol.
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3.Silica gel: Argali sheep tissue samples were stored in

silica gel at a ratio of 3:1.

For comparative analysis of Argali sheep samples,
DNA quality from samples dried in paper bags in 2017
and 2019 was compared against samples collected in
silica gel in 2021. Among the Argali samples, 2 samples
were from 2017 (OA21, OA28) and 5 samples were
from 2019 (OA4, OAS, OA18, OA19, OA20) while the
rest of the samples were from 2021. All samples in 2017
and 2019 were collected from carcasses in paper bags
(Fig. 1).

The most viable and non-invasive method for
collecting genetic samples from fish is to take tissue
from the dorsal and caudal fin. In the current study,
we collected approximately 1 cm of tissue from dorsal
fin, preserved it in 96% ethanol, and stored it at -20°C
in the laboratory until DNA extraction. In the case of
Taimen, placing the sample in alcohol immediately
after collection did not adversely affect the quality of
the sample. The DNA from all collected samples were
successfully isolated and met the quality requirements
necessary for RAD library preparation.

As indicated in Fig. 3 (in supplementary material)
the DNA isolated from the tree pipit liver was found to
be unsuitable for genomic research due to in poor quality
and extensive fragmentation. Such fragmented DNA is
not viable for further genomic research. The degradation
of the DNA into numerous short fragments suggests that
our target genome is likely to be broken and unusable for
the intended research purposes.

Discussion

Although DNA is a large molecule, it can be easily
degraded by many factors, such as UV rays, bacteria,
extreme humidity, pH fluctuations, and sudden
temperature changes [14]. To maintain good DNA
quality for RAD sequencing genomic study, we assessed
sample collection and storage methods via comparing
differently collected samples between 2017-2021. Our
results showed that samples stored in 96% ethanol, silica
gel and paper bags (samples from 2017 stored directly in
paper bags) exhibited the best DNA quality. However,
the observed DNA degradation in liver samples, despite
preservation in alcohol, might be attributed to the sample’s
excessive size. This degradation could be a result of an
overly moist environment, disrupting the ionic balance
and causing the DNA strands to break down into smaller
fragments [14]. Additionally, samples should be dried
as soon as possible, as prolonged exposure to moisture

increases the risk of bacterial growth and activates

hydrolytic enzymes, which increases DNA degradation.
[15]. Once DNA is degraded, it’s important to note that
this process is irreversible [16]. Hence, to mitigate these
risks, samples should be sliced into thin pieces

Forensic studies have shown that certain tissues
retain high-molecular-weight DNA for varying durations
post-mortem. For example, the brain, lymph nodes,
and skeletal muscle preserve such DNA for up to three
weeks. In contrast, the kidney thyroid, and spleen retain
it for about a week. Notably, the liver starts to lose all
high molecular weight DNA or begins degrading within
just 2 days [14]. Therefore, brain tissue emerges as an
excellent source for genetic research due to its minimal
DNA degradation after the death of the host organism.
Alongside the brain, muscle, blood, and other internal
organs also maintain good DNA quality over time. On
rapid DNA
degradation, is considered a poor choice for genetic

the other hand, the liver, known for its

sampling [17]. However, determining DNA quality
directly from the sample type can be misleading because
even ancient Egyptian mummified samples can be used as
genetic sample, evidenced by ancient human studies [ 18-
20]. Moreover, having more minerals around the DNA
prevents DNA degredation. Therefore, this protective
effect makes bone samples particularly valuable in the
study of ancient DNA [21].

Liver tissue known to have high level of enzymes and
bacteria, leading to faster DNA degradation compared
to muscle tissue and blood samples [22]. Despite
this, there have been successful instances of complete
genome assembly from rabbit liver samples [23]. So,
samples should be stored in a way that prevents possible
degredation risks, since it is impossible to predict
what kinds of samples will be collected. Even with
preventative storage, DNA degradation can still occur
rendering some samples unsuitable for genomic studies.
Nonetheless, mtDNA studies can still be performed.
Mitochondrial DNA has a circular structure that is less
prone to degradation than circular DNA and be able to
be amplified by PCR [24].

Numerous

tested various

preservation techniques to determine the best ways to

researchers  have
maintain DNA quality without compromising it [25].
The quality of DNA is largely determined by the length
of time it remains viable for analysis. For instance, to
assess the lowest quality DNA, fragments of 250bp [26]
or 3500bp [27] in length are used, whereas high-quality
DNA is determined by the lengths of 10000bp [28],
15000bp [27], and 20000bp [29]. DNA fragments that
are 10,000kb in length are considered high-quality, and
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tend to degrade rapidly in certain tissues; for instance, in
liver tissue, it may degrade within 8 hours post mortem,
whereas in in muscle tissue, it can remain intact for up
to 16 days [25].

Although there are several techniques (such as probe
preparation) that can be used for fragmented DNA [30],
it is more advantageous to work with good quality DNA
or DNA with long fragments. For example, the RAD
(Restriction site-Associated DNA) method for genome
cutting can be more efficient by increasing the number of
cutting sites and amplification loci [31]. However, when
this method is not an option, it is preferable to extract
and analyze small, short sequences rather than to have
no results [31].

In our case, such fragmented DNA could not be
used for further genomic research, but we could use
them for traditional mtDNA analysis without problem.
Due to DNA degradation, our target genome is likely
to be fragmented and thus undetectable via the RAD
sequencing approach which requires high quality DNA
as mentioned before [10, 32, 33].

Moreover, enhancing the research with a greater
number of samples and more comprehensive statistical
analysis could have provided a more robust data set and
potentially more conclusive results. Nevertheless, the
research proposes the right methodology for collecting
and preserving high-quality DNA samples during field
studies for certain types of genomic research, allowing
for more efficient handling of the samples.

Conclusion

The method used for collecting samples has a
significant impact on the quality of DNA. Therefore,
researchers in conservation genetics and molecular
genetics need to be cautious when collecting samples
to ensure DNA integrity. Samples must be efficiently
dehydrated as quick as possible and stored in small sizes
to minimize the risk of DNA degradation. In case of non-
invasive tissue sample collection from wild animals,
mainly from carcasses, it is recommended to collect
samples as much as slim and fresh. Hence, it is better
to collect skin samples that dry naturally in a short time.
This will ensure that the samples are well-preserved
with intact DNA. Furthermore, using silica gel and 96%
ethanol to collect tissue samples can cause water in the
samples to evaporate quickly, making DNA more stable.
Slicing samples as thinly as possible can also reduce the
risk of degradation. Overall, the proper collection and
preservation of samples are critical steps in ensuring the
quality of DNA for genetic analysis.

Acknowledgments

We would like to express our gratitude to the
Mongolian Foundation for Science and Technology for
funding the basic research project 'IIyCC2020/22'..
Also, we would like to thank the MAS for funding our
mobility project between Hungarian and Mongolian
Academy of Sciences which gave us great opportunity
to learn new research methods and use it in our research.

References

[17J. C. Avise, “A role for molecular genetics in
the recognition and conservation of endangered
species,” Trends in Ecology & Evolution, vol. 4, no.
9, pp. 279-281, 1989. http://doi.org/10.1016/0169-
5347(89)90203-6

[2]J. C. Avise, “Perspective: conservation genetics

enters the genomics era,” Conservation genetics,
vol. 11, pp. 665-669, 2010. http://doi.org/10.1007/
$10592-009-0006-y

[3] F. Vaux, L. Dutoit, C. 1. Fraser, and J. M. Waters.,
“Genotyping-by-sequencing for biogeography,”
Journal of Biogeography, vol. 50, no. 2, pp. 262-281,
2023. https://doi.org/10.1111/jbi.14516

[4] B. R. Wright, K. A. Farquharson, E. A. McLennan, K.
Belov, C. J. Hogg, C. E. Grueber., “A demonstration

of conservation genomics for threatened species

management,” Molecular Ecology Resources,
vol. 20, no. 6, pp. 1526-1541, 2020. https://doi.
org/10.1111/1755-0998.13211

[5]N. A. Baird, P.D. Etter, T.S. Atwood, M.C. Currey,
A.L. Shiver, Z.A. Lewis, E.U. Selker, W.A. Cresko.,
“Rapid SNP discovery and genetic mapping using

sequenced RAD markers,” PloS one, vol. 3, no.
10, p. e3376, 2008. http://doi.org/10.1371/journal.

pone.0003376
[6] F. W. Allendorf, P. A. Hohenlohe, and G. Luikart,

“Genomics and the future of conservation genetics,”

Nature reviews genetics, vol. 11, no. 10, pp. 697-709,
2010. http://doi.org/10.1038/nrg2844

[71A. Bonin, E. Bellemain, P. Bronken Eidesen, F.
Pompanon, C. Brochmann, and P. Taberlet, “How

to track and assess genotyping errors in population
genetics studies,” Molecular ecology, vol. 13, no. 11,
pp. 3261-3273, 2004. https://doi.org/10.1111/.1365-
294X.2004.02346.x

[8]J. B. Ledoux, D. Aurelle, J. P. Féral, and J. Garrabou,
“Molecular forensics in the precious Mediterranean

red coral, Corallium rubrum: testing DNA extraction
and microsatellite genotyping using dried colonies,”

12 Genetics and Molecular Biology


http://doi.org/10.1016/0169-5347(89)90203-6
http://doi.org/10.1016/0169-5347(89)90203-6
https://doi.org/10.1111/jbi.14516
https://doi.org/10.1111/1755-0998.13211
https://doi.org/10.1111/1755-0998.13211
http://doi.org/10.1371/journal.pone.0003376 
http://doi.org/10.1371/journal.pone.0003376 
http://doi.org/10.1038/nrg2844
https://doi.org/10.1111/j.1365-294X.2004.02346.x
https://doi.org/10.1111/j.1365-294X.2004.02346.x

Sod-Erdene et al. / Proc. Inst. Biol. 39 (2023) 9-26

Conservation Genetics Resources, vol. 5, pp. 327-330,
2013. https://doi.org/10.1007/s12686-012-9795-2
[9TE. R. Mardis, “The impact of next-generation

sequencing technology on genetics,” Trends in
genetics, vol. 24, no. 3, pp. 133-141, 2008. https://
doi.org/10.1016/j.tig.2007.12.007

[10] Andrews, K. R., Good, J. M., Miller, M. R., Luikart,
G., & Hohenlohe, P. A. Harnessing the power of

RADseq for ecological and evolutionary genomics.
Nature Reviews Genetics, 17(2), 81-92. 2016. https://
doi.org/10.1038/nrg.2015.28

[11] J. F. Holbrook, D. Stabley, and K. Sol-Church,
“Exploring whole genome amplification as a DNA

recovery tool for molecular genetic studies,” Journal
of biomolecular techniques: JBT, vol. 16, no. 2, p.
125, 2005.

[12] A. Maciejewska, J. Jakubowska, and R. Pawlowski,
“Whole of degraded
and nondegraded DNA for forensic purposes,”

genome  amplification
International journal of legal medicine, vol. 127, pp.
309-319, 2013. https://doi.org/10.1007/s00414-012-
0764-9

[13] T. Cserkész, Z.Aczél-Fridrich, Z.Hegyeli, S.Sugar,
D.Czaban, O.Horvath, G.Sramko., “Rediscovery
of the Hungarian birch mouse (Sicista subtilis

trizona) in Transylvania (Romania) with molecular

characterisation of its phylogenetic affinities,”
Mammalia, vol. 79, pp. 215 - 224, 2014. https://doi.
org/10.1515/mammalia-2013-0167

[14] K. Bannick, “Mechanisms to Combat DNA
Degradation,” 2021.

[15] R. Alaeddini, S. J. Walsh, and A. Abbas, “Forensic

implications of genetic analyses from degraded

DNA—a review,” Forensic science international:
genetics, vol. 4, no. 3, pp. 148-157, 2010. https://doi.

no. 4, pp. 1057-1061, 1991. https://doi.org/10.1128/
aem.57.4.1057-1061.1991

[19] S. Péddbo, “Molecular cloning of ancient Egyptian
mummy DNA,” nature, vol. 314, no. 6012, pp. 644-
645, 1985. https://doi.org/10.1038/314644a0

[20] D. Mitchell, E. Willerslev, and A. Hansen, “Damage
and repair of ancient DNA,” Mutation Research/

Fundamental and Molecular Mechanisms of
Mutagenesis, vol. 571, no. 1-2, pp. 265-276, 2005.
https://doi.org/10.1016/j.mrfmmm.2004.06.060

[21] M. T. P. Gilbert, I. Barnes, M.J. Collins, C. Smith,
J. Eklund, J. Goudsmit, H. Poinar, A.Cooper., “Long-
term survival of ancient DNA in Egypt: Response
to Zink and Nerlich (2003),” American journal of
physical anthropology, vol. 128, no. 1, pp. 110-114,
2005. https://doi.org/10.1002/ajpa.20045

[22] K. R. Chien, J. Abrams, A. Serroni, J. T. Martin, and
J. L. Farber, “Accelerated phospholipid degradation

and associated membrane dysfunction in irreversible,
ischemic liver cell injury,” The Journal of biological
chemistry, vol. 253, no. 13, pp. 4809-4817, 1978.
https://doi.org/10.1016/S0021-9258(17)30461-1
[23]Y.Bai, W. Lin, Jie Xu, J. Song, D. Yang, Y. E. Chen, L.
Li, Y. Li, Z. Wang, J. Zhan ., “Improving the genome

assembly of rabbits with long-read sequencing,”
Genomics, vol. 113, no. 5, pp. 3216-3223, 2021.
https://doi.org/10.1016/j.ygeno.2021.05.031

[24] S. V. Drovetski, M. Rakovi¢, G. Semenov, 1. V.
Fadeev, and Y. A. Red’kin, “Limited phylogeographic

signal in sex-linked and autosomal loci despite

geographically, ecologically, and phenotypically
concordant structure of mtDNA variation in the
Holarctic avian genus Eremophila,” PLoS One, vol.
9, no. 1, p. 87570, 2014. https://doi.org/10.1371/

journal.pone.0087570

org/10.1016/j.fsigen.2009.09.007
[16] H. Gill-King, “Chemical and ultrastructural aspects

of decomposition,” in Forensic taphonomy: the
postmortem fate of human remains, 1997, pp. 93-108:
CRC Press. https://doi.org/10.1201/9781439821923.
sec2

[17] H. N. Poinar and B. A. Stankiewicz, “Protein
preservation and DNA retrieval from ancient tissues,”

Proceedings of the National Academy of Sciences,
vol. 96, no. 15, pp. 8426-8431, 1999. https://doi.
org/10.1073/pnas.96.15.8426

[18] G. Romanowski, M. G. Lorenz, and W.
Wackernagel, “Adsorption of plasmid DNA to

mineral surfaces and protection against DNase 1,”
Applied and Environmental Microbiology, vol. 57,

[25] H. N. Amarilla-Stevens, R. D. Stevens, C. D.
Phillips, and R. D. Bradley, “Temporal rate of
postmortem DNA degradation in archived tissue
samples: evidence from liver and muscle,” Journal
of Mammalogy, vol. 104, no. 1, pp. 194-202, 2023.

[26] T. Lindahl, “Instability and decay of the primary
structure of DNA,” nature, vol. 362, no. 6422, pp.
709-715, 1993.

[27] W. Bir, A. Kratzer, M. Michler, and W. Schmid,
“Postmortem stability of DNA,” Forensic science
international, vol. 39, no. 1, pp. 59-70, 1988. https://
doi.org/10.1093/jmammal/gyac089

[28] C. F. Graham, T.C Glenn, A,G Mc. Arthur, D.R.
Boreham, T. Kieran, S. Lance, R.G. Manzon.,

“Impacts of degraded DNA on restriction enzyme

Genetics and Molecular Biology 13


https://doi.org/10.1007/s12686-012-9795-2
https://doi.org/10.1016/j.tig.2007.12.007
https://doi.org/10.1016/j.tig.2007.12.007
https://doi.org/10.1038/nrg.2015.28
https://doi.org/10.1038/nrg.2015.28
https://doi.org/10.1007/s00414-012-0764-9
https://doi.org/10.1007/s00414-012-0764-9
https://doi.org/10.1515/mammalia-2013-0167
https://doi.org/10.1515/mammalia-2013-0167
https://doi.org/10.1016/j.fsigen.2009.09.007
https://doi.org/10.1016/j.fsigen.2009.09.007
https://doi.org/10.1201/9781439821923.sec2
https://doi.org/10.1201/9781439821923.sec2
https://doi.org/10.1073/pnas.96.15.8426
https://doi.org/10.1073/pnas.96.15.8426
https://doi.org/10.1128/aem.57.4.1057-1061.1991
https://doi.org/10.1128/aem.57.4.1057-1061.1991
https://doi.org/10.1038/314644a0 
https://doi.org/10.1016/j.mrfmmm.2004.06.060
https://doi.org/10.1002/ajpa.20045
https://doi.org/10.1016/S0021-9258(17)30461-1
https://doi.org/10.1016/j.ygeno.2021.05.031
https://doi.org/10.1371/journal.pone.0087570
https://doi.org/10.1371/journal.pone.0087570
https://doi.org/10.1093/jmammal/gyac089
https://doi.org/10.1093/jmammal/gyac089

Sod-Erdene et al. / Proc. Inst. Biol. 39 (2023) 9-26

associated DNA sequencing (RADS eq),” Molecular
ecology resources, vol. 15, no. 6, pp. 1304-1315,
2015. https://doi.org/10.1111/1755-0998.12404

[29] J. Blethrow, N. Sisneros, S. Chackraborty., “Best
practices for whole genome sequencing using the

sequel system,” PacBio, Menlo Park, California,
USA, 2018.

[30] J. E. McCormack, B. C. Faircloth, N. G. Crawford,
P. A. Gowaty, R. T. Brumfield, and T. C. Glenn,
“Ultraconserved elements are novel phylogenomic
markers that resolve placental mammal phylogeny
when combined with species-tree analysis,” Genome
research, vol. 22, no. 4, pp. 746-754, 2012. https://
doi.org/10.1101/gr.125864.111

[31] L. Lah L, D.Trense, H.Benke, P. Berggren, b.
Gunnlaugsson, C. Lockyer, A. Oztiirk, B. Oztiirk.,
“Spatially explicit analysis of genome-wide SNPs

detects subtle population structure in a mobile marine
mammal, the harbor porpoise,” PloS one, vol. 11,
no. 10, p. €0162792, 2016. https://doi.org/10.1371/
journal.pone.0162792

[32] Tserendulam Batsukh, Ulziisaikhan Tumendemberel,
Delgerzul Baatar. “Importance of genetic analysis

and genomic tools for wild life conservation”.
Proceedings of the Institute of Biology special
edition. 2023.

[33] https://www.illumina.com/science/sequencing
-method-explorer/kits-and-arrays/ddradseq.html

14 Genetics and Molecular Biology


https://doi.org/10.1111/1755-0998.12404
https://doi.org/10.1101/gr.125864.111
https://doi.org/10.1101/gr.125864.111
https://doi.org/10.1371/journal.pone.0162792
https://doi.org/10.1371/journal.pone.0162792
https://www.illumina.com/science/sequencing  -method-explorer/kits-and-arrays/ddradseq.html
https://www.illumina.com/science/sequencing  -method-explorer/kits-and-arrays/ddradseq.html

Sod-Erdene et al. / Proc. Inst. Biol. 39 (2023) 9-26

Supplementary materials

M 0A1 2 ] : ] 9 2 22 0A23 26

HH

(0 e

Fig. 1. Gel electrophoresis result of genomic DNA isolated from dried and silica gel-preserved tissue samples.OA: Ovis ammon
(Argali sheep) 12-30. 1pl genomic DNA+ 1l loading, 1pul marker were run at 150V, 45min.

(U

Fig. 2. Gel electrophoresis result of genomic DNA isolated from ethanol preserved dorsal fin samples. HT- Hucho taimen (Tai-
men) 21-29. 1ul genomic DNA+ 1pl loading, 1pl marker were run at 150V, 45min.

TP1 TP2 TP3 TP4 TPS TP6 TP7 TP8 TP9 TP10 M

Fig. 3. Gel electrophoresis result of genomic DNA isolated from tree pipet liver. OA: . MT-Tree pipit 1-10. 12-30. 1ul genomic
DNA+ 1l loading, 1pl marker were run at 150V, 45min.
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Table 1. Information of samples. The concentration of DNA is measured using the QUBIT QS assay kit, which is sensitive to
double-stranded DNA. For RAD sequencing, the quality of the DNA is first measured using agarose gel electrophoresis. The
DNA concentration is then checked using Qubit. If the DNA concentration of the sample is less than 10ng/mkl, it is not sufficient
for genome analysis. This is because there are many purification steps involved in preparing the RAD library, which leads to

significant loss of DNA.

Ne Species Name Year Sample type Storage Concentration ng/ml
1 HT1 104.00
2 HT2 35.00

2021
3 HT3 30.00
4 HT4 108.00
5 HT7 75.4
6 HTS8 65.8
7 HT9 2020 68.4
8 HT10 74.6
9 HTI12 62.8

10 HT13 60.8
11 HT14 47.8
iz Hucho taimen Eliz 2021 Fin i%:srll;les)mall 96% ethanol :Zz
14 HT17 28.4
15 HTI18 51.00
16 HT20 22.6
17 HT21 16.7

2020
18 HT22 26.2
19 HT23 12.1

20 HT24 83.00
21 HT26 19.8
22 HT27 12.7

2022

23 HT28 18.1

24 HT29 54.8
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1 OA21 39.4
5 O 2017 Paper bag 761
3 OA9 76.2
4 OAll 14.2
5 OA12 2020 47.00
6 OAl4 99.00
7 OA26 58.2
8 OAl5 2021 12.00
9 OA2 10.1
10 OA4 20.00
11 OA5 25.00
:j Ovis ammon giz 2019 Ml;?icrifs(lilri():ed z;g
14 OA18 Silica gel 50.00
15 OA19 54.00
16 OA20 10.1
17 OAl 49.2
18 OA3 25.6
19 OA13 23.6
20 OA17 10.1
21 OA22 2021 384
22 OA23 36.4
23 0OA29 29.2
24 OA30 15.3
1 TP1 7.4
2 TP2 3.5
3 TP3 1.9
4 TP4 6

5 TPS 6.6
6 TP6 33
7 TP7 6.6
8 TP8 8.5
9 TP9 6
10 Tree pipit TP10 9.9
11 (Anthus TP11 2021 Whole liver 96% ethanol 4.8
12 trivialis) TP12 4.4
13 TP13 9.2
14 TP14 8.5
15 TP15 2.8
16 TP16 0.7
17 TP17 5.7
18 TP18 6.6
19 TP19 9.8
20 TP20 1.4
21 TP21 7.5
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Xypaaﬂryp"l. Mortexyn reHeTHK OOJIOH XaMraaJlIbIH T€HETUKUIH Cy[airaaHbl YaHapT HOJees1er XaMI'MiH JyXxaj
xyuuH 3yitn Hb JIHX-nitn wanap 6aiinar. JTHX Hb Main ofoH Xy4HH 3yWinsac 6ok 3agapaar Tya JHX-uiir 3agpaxaac
COPTUIIIXUIH Ty CyAairaaHbl JIPIKUIT aBaxaa OOXUPAYyYIaXryuraap, XypaaH XaTaax Xyypail HexXIe Xaaraaax
Hb dyxaj foM. TuiiMaac anuBaa cynanraansl JIPKUAT aHx myriyyiaaxan JJHX-uitn 3agpansir 6ara 6aiiirax yyaH»ac
XaJrajaiThlH HOXIIeJ]] caiTap aHXaapax XoparTai 6ainar. Mitma 6up sH3XYY cynanraaraap 193k LyDIyysIax, Xaaraizax
3 eep apra 3yiir Typuican 6a ane Hb JJHX-nitH 4aHaphIr angarayyIaxryil, yiaan xaarajgaxaj TOXHPOMKTOW Oaifraar
araposbIH Tellb AETKPOGOPe30 IYHIrIH Xapbllyynas. MHIX31 3pXTIHIIP Hb OYI0Yy TOM X3MKIITIH aBCaH JIBKUIHH
JIHX 3anapcaH, XapuH HUMI'3H, XKIWKUIIPK YCTYHXKYYIDK XaTaacaH OOJNOH CHJIMKA Tefibd XaarajacaH aakuiiH JIHX-
WIH YaHap XaMI'HiiH caifH Oyloy 3aapaaryii, rapi nxraii Oaiis.

Tyaxyyp yre: JHX 3anpan, ['eneruxuiin 1ok, Cunuka reiab, RADseq, [k xanramant
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Opurua

XoBOp 3y aMBTABIT aHX MOPQOIOTo0p Hb
aHTWJDK XaMmraanax apra Xomxddor asaar [1] Oaiican
I YD

AQHTMIAN3YWr XUIDK, TyXalH 3YHJI aMbTaHJ TOXHPCOH

O6on  cyymuiiH TEHOMBIH  TYBIIMHJ
XaMTaaJUIbIH MEHE)KMEHTHHT OOJIOBCpyynax cyjaairaa
ux’3p Xxuiraak Oafiraa [2]. TyxainOam, XxoBop 3y
aMBTHBII XaMmraajaxajJ XaMIHAH Oaragaa 5 >KWIMHH
MOHUTOPUHT XUNX, TOO TOJTOMI TOITMOJ XSHaX MOH
ra3ap3ydH Tycraapimantan OpcoH [3], mdm 3yHnuitH
TYBUIMHJ sUIraatail OoJICOH 93¢3X cymanraar OYTaH
TEeHOMBIH TYBIIMH]I XMIX I1aapanararai 6oncon [2] [4].
WHrxuitH Tyaa Mam OJ0H T'€HETMK MapKep aulumiax
caapMmar JIOKYCYYABII HX?3p TOJOPXOMIOX X3IPIrTai
000X 0a dAr’dp Hb TyXalH MOMYNSIBIH MOH/I YJJIIJIT,
1yC OHMPTOJIT 33PTUUI TOAOPXOWJDK TOO TOJIOMI yiaam
Oyypaxaac ©MHe apra XdMK?d aBaxX XaMI'HMHH dyxall
X3¢ar oM [5] [6].

XaMraaJyiplH ~TIEHETHMKUHH  CylajraaHj, epreH
TOXHOJJJIOT aCyyUIBIH HAT OOJI CyJalraaHbl Iaapyiara

XaHraxryil 3amapcan acBan Tacapcan JIHX Oaiigar

Ou3 #Hb MT/IHX 00JIOH MHUKpOCATEITUT 33pA3T OOTHHO
xoMxk23m  JIHX-nitn  cynmanraana TuilM 4 caHaa
30BOOCOH acyyman oOwm tom [7, 8]. I'acoH xomwmid
y JIHX-uliH HYKJICOTUIUNH JAapaajjibil  TOITOOX
TEXHOJIOTH CYYIMHH SKWIYYA? Mall HX JIBIIAIT
rapd Oaifraa 2H? yeI JaH TaHIl YIaMKJIalIT MapKepaap
MOTUMOP(HU3MBIH
Hor

HYKJICOTHANWH TMOTUMOP(GHU3MUAT TOMOPXOUIOX OJIOH

TOTTOXT'YH  HOT  HYKJICOTHJIUNH

aHamm3bIr (SNP) Xuifx Hb 3pc UXdCCOH Omm» [9].

apra 3yi Oaiimar [10]. Tyxainban, XamMruiiH eprer
Oara X OUil 9 TEHOMBIT TOJIOODK YalaxyHIl apra 3yu
Hb RAD cexkBeHCHMHIUHH apra 3yl oM [5]. DHoxyy
TEXHUK Hb TEHOMBIH XOICTYYIMHI XOPUUTY DH3UMIIP
X3pUMH OOTMHO nmapaaynan yycrdH RAD cekBeHCHiTH
cad (RAD library) 6oaTrax Tycrail OanTranuidiH napaa
NGS 0Oyroy reHOMbIH OOTHHO JapaajulyyabIl JiaBiaraa
TEHOMTOMN ACBAJI JIaBJaraaryririasp OMonHGOPMaTHKUITH
apra 3y# ammriaH yrcapd raprajuar. JHd apra Hb JacaH
30XHUII0X OO0JIOH caapmar Jiokycaac Oypasx 8000-13000
MaH HYKICOTHIWHH MOAMMOP(U3MI aHaIM3 XHHX
00IIOMKTOHTOOPOO TaByy TanTai apra tom [10].

DArssp reHOMBIH CyJaliraar XMHXd XaMIHiHH dyxail
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b JIHX-niin vanap Oaiinar. Yanap catitait JJTHX ragsr
Hb TEHOMBIH cyganraanp 3azapaaryii JJHX Oyroy ypr
XOMKIITIN pparment Oyxwit JHX-umir xomes [11].
JAHX-nitn yanap ssmap Oaiixaac xamaapd simap apra 3yur
ammiax BY raruir muminmoer [11]. Tyxaitn6an, RAD
COKBIHCHHI XHUIK T€HOMBIH aHAJIN3 XUHX TOXHOJJION]
JHX s3azgpaaryii Oaiix maapsararait. Xop3s JIHX
3aJjapcaH, TacapcaH OOJI 30PHITOT XIPUUIY IH3UMIIP
X3pUurIdX OONOMKTYH Oonoxooc ramgHa Oycam OYTRH
TEHOMBIH Cy[ajiraaHji 4 amuniax OOJOMXKIYH Oosmor
[9]. Yanap caiitaii JIHX mraapanararaii 6aiinar reHOMBIH
cynairaasy (kumd Hb, RAD cakBaHCHHT, Rapture rax
MaT) kuir JJHX-uitn 3aapan xaMmruiin 6ara Gaiixaap
XaMITUiH 30XMMXKTOH IynIyyngax, Xaarajgax aprbir
TOJOPXOIIIOX Hb Malll uyxas oM [32].

OHd Tanaap XapbllyylcaH cyaairaa Oyry JIMKHIH
YaHap TEHOMBIH CyJAlTaaH] X3pX3H HeJeelner
Tayaapx MdAI, MOHIroN 35X CypBaK XoMc OaifHa.
Witma xaMruiiH TOXUPOMIXKTOM aprbIl OJOXBIH TYI,
TPKYYIUIT 3 eep apra 3yWr»3p MyDIyyDK XaAraiaan

XapbllyyJIaH CylIaDK y3/9).

MarepuaJg apra 3yi

Plkk
X93puilH cyfnanraaHsl axJiblH SBLAJ  Xapblyylax
30pmIIro0p Apraib XoHb, Tyl 3arac, OiH MUAXHYYXIHH
SIUNH A3PKYYAUUT 3 Tepiieep LyIyyaaH Xaaraias.
1. 2Kwkur XoMyKIOHUN SAUHH A32KUNUT 11aacaH yyTaH/
XUWXK araapt xaraax
2. 7KmKur XaMKIITIN 00X6H COTYYPUIH J33KHUNAT 96%
STaHOJIJ] XUIX
3.1yByyHsl anruiAT OYyXimadp Hb 96%-uitH 3TaHON]

XHHX.

I'enombin JJHX-uiir siirax, araposbiH reJib
3J1eKTPO(Ope300p majarax
DIUIH JPKUUT KIDKATII (I3PKUNAT apuyTracaH
CKaJIeIHap KIDKUTIDH XIPUUHD, OJHOOC SITax Vel
Y3YYp X3car Oyroy OyiiyyTail X3C3rT I[yCHBI YiaaH
ac Oaiix ydpaac 9HY xacradc JIHX sirana) 1.5mn
AMMEeHIOPPBIH TIOO03H Xxuir?3n Tamax HapwH (2015)
apra 3yiH faryy suiras [13]
1. JIpkuiia xaMkI2HI9¢ xamaapy 150-300mkn 3au1ara
oydep xmitad. I3k 6yp 139p 10-20MKiT poTeitHasza
K (20Mr/mur) Xu#rasg BOpTEKCOOp YyCMallbIl CaifH
xomuox 10cek neHTpudyram»k (spin down) xaHaH[
HaaJJICaH yPBADKUIT 10O OyyiraHa.
2. Xomumruir 55°C-n1 xoHyynHa (ovevrnight). OxHuii 2
nart 30MHUH TyTamJT BOPTEKCI0O0/ XOHYYITHA.
3. [Haapamararaii 601 2-4mxn PHA3a (1mr/Mir) Xuiirag
37°C-n 30muH unkyOaryiaxx PHX-uiir 3ananHa.

4.OpooHMI  TeMIEpaTypT  Xopreeja  XOJIUMIHIH
93MXYYHUR 0.5 JaxuH XOMXKIITIH  IYHIDPXYHIL
7.5M AmmonuyM anerar HdMXK -20°C-x 10-15mun
OaitnraHa.

5. XonMMIUiH  2373XYYHHH 1 HaxuH  XOMIKIITIH
OYUIDRXYHI XIopodopM:m3oaMuuite crimpt  (24:1)
XUNTI 2 ceK BOPTEKCI00/, S-10MUH UHBEPT XUIK
xonuHo. YyHUA qapaa 140003pr/MuH Xypaaap SMuH
HeHTPUPYTAIIN CYNepHATAaHT OyIy I3 XICTUHH
IIUHTOHUUT  OOJITOOMXKTOM COpPYYIDK aBaH IIMHD
TIOOPHI MIMIDKYYIH? (Xiopodopm OomoH Oycan
JIPKAWH XACTIIC OPYYIaxryi 6anx!).

6. XonuMruiH 923MIXYYHHH 1  JaxuH  XOMKIITIH
JTYHIPXYUI XYHTAH M30MPOINAHON XHMIDK 3606J16H
nHaBept xuiHd (JHX-witH yracimar Xaparjgana,
X9PBID yTacuar xaparipajd HMHKyOallWiH Xyraraar
OormHOCTOX O0MHO). YyHUHT? -20°C-1 2-4mar
WHKyOAaIIaH TyHATaCXKYYITHA.

7.Yyuuii mapaa 140003pr/mun  xypmaap 10mwuH
LHeHTPUGYTAIXIM [Iaraad OHTHHH TyHA1ac XaparaaHa
(3apuM TOXUOIIONT Xaparaaxryi Oaix 60mHOo). Marmn
0OJITOOMIKTOM IIIMHIDH X3CTHHT COPYYJIK XasiHa.

8. Tynanac n33p 500mkn 70%-uitH sTanon #Hamxk 12000
API/MHUH XypHaap HEeHTPU(YTIMK, IIHHTIH XICTHHAT
acrax 2 yfaa yraasa.

9.Xo€p ymaa yraacHBI jJapaa CIHUPTHUT yypIIyyTHA
(XaT X XaTaax OOIOXTYH).

10. XaraacHbl 1apaa TyHaJaCHBI XOMXKI9HIIC XaMaapu

50-70mxn 10MM Tpuc romyy ycaH[ yycrasa.

Snrax gyycaan reaombia JJHX-niir 4°C-1 XoHYymK
caiitap yycrana. Mapraam up JIHX-1iiH KOHLIEHTpalbIr
miajgraxaac ©MHe arapo3blH Teilb 3JIeKTpodope3oop
JAHX-uiir 3amapcan 3caxuiir manraHa. YYHUR Aapaa
3apaaryii JIHX-uiin xorHmenTpamnsir KroOut Oarakaap
(Qubit® dsDNA HS Assay Kit ) manrana. Qubit Hb
nmaBxap yraciuar JHX-wmitH Oomut Oaifiraa XdMOKIaT
WIPYYJDX XaMTHHH TOXHPOMKTOH TOXOOPOMXK FOM.
Y4aup Hb TEHOMBIH caH OdPNTMAX YeA sUIraH aBcaH
gaHap cadrtaii JIHX-uitH moak  Oypadc  TOmopxoit
KOHILIEHTpauTail TOAUUIYH MKW XIMXKIITIUr alumniax
maapiararaii - Oaiimar.  Dnektpodopesoop  1%-uitn
araposwiH renuua Imkn JITHX, Imxn JJHX-witH Mapkep
xwik TeHoMblH JIHX-uiiH uwaHap 0a KOHIICHTpAIbIT

Iajrad y33x 0osiomxToit (1-p 3ypar).

CynanraaHsl yp IYH

Xapsblyynax 30puiroop 3 eep 3yis aMbTHBI, 3 eep
TOPIUNH JI2KIIC MyDIyyiacaH mgI»kyyauidr -20°C-g
xazranca. YYHANT?? arapo3blH Tellb 3I9KTPodope3oop

manrad 3agapcaH  JIHX-ulir reHOMBIH aHamu3aac
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xacax, 3ampaaryil Oyroy maappmara xanracan JIHX-
UiiH KoHIeHTpansr (Qubit) manrax, AmpureX —33p
mBIpimaa  (Neb size selection) maammya TeHOMBIH
COKBIHCHHTHUAH CaH O3119X31 amuniax OOoJHO.
I'enomern JIHX-miir nmapaax 3 Oaiimnmaap xazarajicaH
JPKYYAIIC suiraB. YYHI:

1. Xaraacan IMUUH  JADIKHUUT

JPK:  ApramuiH

HyrIyyaax Hb ONAOI Myy Oerees XaMIuitH
OOJIOMKTOH Hb YXCOH aMBTHBI car Oaiimar. Tuitmaac
ajb 00JI0X ymaaryi car 33mM33¢ 1 cM OpuHuM XICTUHAT
aBd I1aacaH yyTaH] XaTaas.

2.Cnuptan Xafrancas A33K: TyJbIH 00X6eH CUYYpHIHH
9m33¢ 0.5-0.7 cm?  X3MkI3THIT aBa 96% sTaHOoNA
xuitk, -20°C -1 xagrancad. MeH IIyBYYHBI SJTHHT
aBd 96% STaHOJII XUIK XaJrajiaB.

3.Cunuka renb: Aprajgb XOHUHBI 9IUNAH JOBKUUT 3:1

XapbllaaTaiiraap CUJIMKa FeJIMH/ XUHXK XaJirajas.

Apranp XOHHHBI [33K33C XapbIyylax 30pHIT00pP
2017 6omon 2019 oHyymam maacaH yyTaHJI XaTaax
nyniyyincan Jeokudr 2021 oHI  CHIMKa  TeNWH]
nyniyyincad — gookyyauidH  JAHX-uiiH ~ 4yaHapsIr
xapeiryynaB. YyHa: 2017 oner 2 maak (OA21, OA28),
2019 onnt 5 gk (OA4, OAS, OA18, OA19, OA20)
Gaiican 601 Oycan Hb 2021 oHA IyTYyJICaH IIHUHD 3K
6aiiB. 2017 6omon 2019 oHI mynTyyincaH II¥»KYYI Hb
OYTII COT 39MAAC I9MKIIIH aBY I[aacaH yyTaH/l XaJrajicaH
JPIKYY OaiB.

3aracHpl TE€HETHUKMHH JA3%K LYyDIyyJaX XaMIuidH
OOJIOMKUT XyBWJIOAp Hb ©OX6OH CONYYp OOJOH XOiin
CONMYYpUHH 51 aBax Oaiimar. bux sH> cymanraaHsl
aXJlaap TYJ 3aracHbl @OXeH CAIYYp3dC | cM OopuUMEIT
aBaaJ1 96%-MitH 3TaHOJ] XUUTII1, TabopaTopu -20°C-1
JHX sanrax xypran xaarancad. Tyl 3aracHbl XyBbI 133K
aBcaH Japyiaaa CIHUPTIN XUIHCOH Hb JAIVKUANUH YaHAPT
Myyraap Heneeneeryi Oaina. byx mamkuitn JITHX-nir
avokuITTal surak, RAD cexBeHCHMHIMHH caH O2ITIdX
YaHapBIH [Iaap/jiara XaHrax Oainaa.

IlyByyHnsl 3m3rudc suracad JIHX Hb TreHOMBIH
CylanraaH] IIaapajara XaHTaX dYajaxaapryd, daHap
MyyTail XaaramaracaH Oaifraa Hb 3-p 3ypraac xapargax
Oaitna. Uitm 3amapcan JIHX-uiir maammj TeHOMBIH
cynmanraaHp ammriax 6omovkryil. Yump mp JJTHX mam
OJIOH OOTHHO X3CTYYZ OONOH 3amapcaH Oaiiraa ydpaac
OMIHUI 30pWITOT TEHOMBIH XO3COT TacapcaH Oaix
marajiaiaTan.

XumunyyJasr

JHX Hb X311l TOM MOJIEKYJ Y T3COH OJIOH XYUYHH
3YHINIH HOOOH]T Malll aMapXaH 3amapaar. Tyxaitnoa,
X9T siraaH Tysa, 0akTepH, X3T ynirimi, pH eepunernex,

TEMIepaTyp OTIOM ©OpPWIerIeX I3X MAIT OJIOH XYYHH
3yitn Hemeenmer [14]. bum sH> cymanraaHsl axiaap
“RAD CeKBEHCHUHIMIH cyganraasj JIdKAUT XIPXIH
MyDIyy/DK, Xaaraa0ain yaHap caiTail x9B33p Oaiix
B3?” monruir 2017-2021 oA mymIyymwK, €ep HOXIeIT
XaJraJicaH IPKYYI A93p Typuuiaa. bumHuii cynanraansr
Yp nyHr33p ciupt (96% 3TaHOI) OOJIOH CHIIMKA TeIIUH]T
xaaraincan JPykyyauiH JHX-uitH yaHap Xamruiixn
caifH, MOH IIyyJ [JaacaH yyTaH]l aBd XaJAraJICaH 9 YaHap
anmarnaaryit 2017 oHsl 133k Oaiinaa. XapuH IIHHIP
Hb CIHPTII XaJrajacaH XdIUW Y JJIBTHUN AIKUNH
JHX 3amapcaH Oaifraa Hb IPKHUITH XIMKID XITIPXHUH
ToM OalicHaac yyzacaH Oaibx Oonsomryil. Yuup Hb XoT
WX YMUITOH OPYMHJ MOHBI THHIUBIP ajjaricaHaap
JHX-umitH yTacmar 3BI3pY JKIKHT X3PUMYYA OOJIOH
3amapaar [14]. MeH anb 00JI0X XypliaH XaraaxX X3parTai
Oereeq UYMHTTAH OpuMHA yHaaH Oaiix HBH OakTepu
YPKUX 3PCIAITHHAT HIMATAYYIIXIIC TafHa TUIPOIU3UITH
JIHX-niin
Harsut 3apapcan  JIHX-umiir

SH3UMHUIT  WJIIBXIKYYIDK,
[15].

3acBapiax apra 6armarryii [16] Ty 192k33 aBaxjaa aib

3a/1pajbir
HAMOATIYYILAAT

00JI0X HUMIOH XKIDKHT XOMXKIOTIMIIIp aBCHaaap JI39px
IPCATIIC 3aAUTICXUHX OOTOMIKTOM FOM.

LlyyxuilH MUHXWITSHUE cynaiaraaraap TapXu,
TYHT@JITHHH 3aHTWIaa, apar sICHbl Oym4uHryy#ag ypr
¢parment Oyxuit wamaprait JIHX 3 momoo XoHOT
XYpTaI Xagramarjacan Oom Oeep, Gambait Oymumpxaii,
JIYYHA | 107100 XOHOT Xajranarjgaar. XapuH 27T Hb 2
XOHOTHHH Aapaa 0yx eHmep Monekyn macctaii JTHX-33
anguar Oyroy 3aapaiii OpK 3Xar OaitHa [15]. YyHa3c
Xapaxajl TApXUHbI 31 Hb 939H OpPraHn3M YXCOHHH Japaa
JIHX-wifH 3ampayn XaMruiiH Oara Oaijar reHeTHKUIH
CymajraaHbl CaifH 9X YYCBIPYYAHIH HAT 0a YYHHU 1apaa
OymuuH, 1yc, Oycaa A0TOp IPXTHYYH Oaiimar 0o 33T
Hb JIHX-uiiH 3aapan XypaaH sBarajar cyi TaliTal Tyl
TCHETUKUIH 33K OOJITOXO0 TyTaraalTai 92X YYCBIP IOM
[17]. I'acon xaauit u ad33kuitH Tepaeec Hb mryyn JJHX-
WIH 9aHAPBIT TOAOPXOUIIOX Hb 6POOCTOII OMITONT O0JIHO.
VYuup Hb opTHUNA Erunersn MyMmu G0JICOH A39KYYI93¢C
Y TCHCTHKHUH Cynajraa Xuix OOJOM)KTOW Oaiimar Hb
SPTHUHA XYHHH cyganraanyygaap Oatmarmmar [18-20].
JHX-uita 3praH TolpoHN 3padc ux Oaiix Hh JHX-uiir
3a/ipaxaac MeH copruinar. Tuiimaac sptauit JJHX-uitn
cymairaaH[l SICHBI IIKUNAT epreH amuriagar [21].

DONraHI Maml OJIOH PH3UM OONIoOH Oakrepu Oaiimar
yupaac JIHX Hb Oycam OyquuHTUIH 31 OOJIOH I[yCHBI
TIPKTIU XaphllyylTaxal XypaaH 3amapaar [22]. I'acon
XOIUH 9 TYyNalHBI AIATHAC OYTIH TCHOMBIT aMKHIITTal
yrcapcan cynairaanbl axwi 4 Ouit [23]. Tuiimaoc
TIPPKANAT siMap OalXpIT TaaMmartax OOJOMXKIYH ydpaac
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yuupd OOJIOX IPCAMTYYAIIC COPTUMIDK — Xajranax
Hb 36B. MeH ypbouuiaH CO3PIHMWDK XaArajcaH 4
JHX-umitH 3ampan sBargax OOJIOMXKTOH Tya WilM
TOXUOJJION]] TEHOMBIH Cyjairaa XWX OONOMXKIYH u
MTAHX-mifH cyganraar xuifx OOJOM)KTOW. YUHp Hb
6oruno xomxasHU JHX-uiir II'Y-aap ommpyymax
6onomxkroiirooc ragua mMtIHX Hb narapur OyTanTai
Ty 3aapang opox Hb O0eemuitH JIHX-33¢ XapbLaHryi
Oara Oaiinar [24].

Ornon JHX-nitn
ANIarayyIaxryHranp Xaarajgax apra 3yHr sH3 OypwiiH

Cy/JIaauu YaHaphIT
apraap Ttypuwmk JHX-uilH yaHapeir TOZOPXOMJICOH
Oaiinar[25]. JIHX-wiin yaHap caiiTail rfar OWIroiT Hb
tyxaiiH JIHX-1 aHanusbir XUHX3I X3P ypT XOMXKIITII
JHX-umiir ammriax OOJOMKTON B TIArIIC XaMaapiar.
JIHX-niir
Tomopxoitoxmgoo 250xH [26] acBan 3500xH yprTai

Tyxaiinban, xaMmMruiiH yaHap MyyTal
JHX-uita pparmeHTYyauir [27] Toommor 601 yaHapTaid
JHX-niir 10000xu [28], 15000xH [27], 20000xH [29]
K TyC TyC TOOICOH OaifHa. Onrad’p wamapraid [JHX
6omox 10000xH Oyxwuit yprrait JHX-wifH ¢pparMeHT Hb
QIITIH]T APPK aBCHAAC XOWII § 1aruiiH gapaa Oyypuar 6o
OyTuuHTHIH 130 16 XOHOT XYPTAN TACBIPTIH Oaiigar
Oaitna [25]
0OIOMXKTOH X311 XI9H apra3yi (mpob 03nTrax) Gaiigar

Horaur 3apgapcan JJHX-umitr ammmiax

4 [30] caitn ganapraii JJHX Oyroy ypT pparmeHT Oyxuid
JHX-umitH x3psnmm3 He wiyy ammurraid. Tyxaiin6ad,
x3puurd sH3uM amuniagar (RAD) apra 3yirasp reHOMbIH
XICTUUT XOPUUXdI XOPUWITHHH CaWT Oaiix maraijiai
OOJIOH ONIIPYYIIax JIOKYCHITH TOO HIMATAYK WIYY UX YP
IYHT3#1 60stox 6omomokroi [31]. ['3can xamuit 4 3H? apra
3YUT ammriaax OOJOMXKIYH OOJICOH TOXHONION Oara
XOMYKIOHUH, OOTHHO Japaajulbll Taprak aBd aHaJW3
XUHCOH Hb SIMap 4 Yp AYHTYH YIICOHIAC 199D toMm [31].
bunnuii  cymanraaraap axumniargcaH — 3agapcaH
JHX-uiir TeHOMBIH CygalTraaH]] alluriaXx OONOMXKIYH
Y ynamkiranT apra 6oiox mt/IHX-uitH aHaIM3bIr XUiiX
6omovkToit tom (3-p 3ypar). JHX 3amapua OormHO
(bparmeHTYYATIH OosicHOOp emHe aypacanwran JTHX
OHJIep YaHapTali 0alxbIT maapanar RAD ceKBeHCHHTHITH
CyZlanraaHsl IyHJ 30PUITOT TeHOMBIH XICTUHIT HIIPYYIIIX
Marajyrai Mamr 6ara 6oHo rac3H yr oM [10], [32], [33].
MeH Ouz 5HY cyjanraar Wiyy OJOH TOOHBI JIDYKHUIL
CTaTUCTHKHUIH aHAJHM3 XUIDK CalKpyy/Dk 60s1ox OaiicaH.
I'acon xpnuil 4, 9HY cyaanraa Hb AIKUUT X33pUIH
cyJanraaraap X3px3H LIyIIyy/DK, XaAraJcHaap TéHOMBIH
TOAOPXOH 3apuM CyfalraaHyyaax 30pHYJaH amluriax
aapjyiara xaHracad yaHap cairai JIHX-uiir suiran aBy

YajJax Tajiaap OHOBUTOH 36B apra3YI71r canaJj 60JIronoo.

Jdyrnaar

Jpoxuiir xapx3H nyriyynax Hb JIHX-niiH uyanapr
Mam yyxaia Yypartau. MMz, XamraajulblH I€HETHK,
MOJIEKYJI TEHETUKUIH CydairaaHsl 193K MaTepUabIl
LyDIyy/DK XaJrajaxJaa Mall aHXaapax Hb 3YHUTOH.
Mozxuiir JIHX-uitn 3agpanaac Copruiiasxuiid Tya aib
000X XypAaH Yp AYHTIUIIAD YCTYIDKYYIDK, JKFDKHT
XIMIKIITIM OOJNTOH Xaarajax Hb yp JAYHTIH OaifHa.
Tyxaitn6ain, 33pasT aMbTHBI SIUIHH A3BKUNT aMBTaHI XOP
XOHOOIIT'YH IYTIyynax HATr apra Hb C3T 39M y4upaac UilM
TOPIMIH AWK IyIITyylaxjaa ajib OO0JIOX kxaM €Coopoo
OOTMHO XyTamaaH][ 3B3pU XaTAar apbCHBI 199K aBaX Hb
WYY TOI9T Hb QXKUITIarAcad. MeH HIUIMH 193KUIT CUIIHKa
reqb OOJIOH CIUPTAI aBaX Hb YCHIT XypAaH YYpIIYY/DK
JHX-uiir 3agpax aroyiryi 6onrox Oairaa HAT mpoIiece
0eree/i MHIIX/I93 AIVKUHUT aJib OOIOX HUMIDH IKIKHUT
X3C3T OONITOH Xajarajax Hb 3aJIpax 3PCIIIIAC COPTHAIIX
OomoMKTOH OaifHa. DIPCT Hb AYTHAIXOI JIPIKHHAT 360B
apra 3yHrm»p LyIIyy/mDK, XaArajlaX Hb TE€HETHKHHH
cyJairaansl maapaigara xaHracal yaHaprail JIHX-uitr
yaaaH Xyramaasj xajarangax OOJOMJKTOM dyxal ajxam
IOM.

Tasapxanu

OHAXYY cyranraaHbl akIBIT XHHX OOJOMMKHHT
0JITOCOH, ¢yypb cynanraansl (ILIYCC 2020/22) tecnuiir
cauxyyxyyncoH HIYTCang Tanapxan WIBPXURIDXUIH
canyy Yurap - Momnronsin HIVA-uitn xamrtapcan
MOOMJIUTH TOCIMUIT JPMXHH, CyAajraaHbl IIMHY apra
3Y# cypax, apra 3yHr?33 cyfairaaHaaa amunriax 00JIoMK

onrocoH IIYA-x Tanapxan WIdpXUiibe.
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Xascpauar 1.

M 0A1 2

(] e

1-p 3ypar. XaraacaH 00JIOH CHJIMKA T'eIMH/I XaAraliCaH 3JIMiH J39K33¢ suracan reHombiH JIHX-uitH resb anekrpodoperpam. Ovis
ammon 1-30 T'enpa: 1Mk renom+ 1Mkt noaauur, M -GeneRuler 100bp, 150B-x 45MuH ryiinras.

M HT1 2 3 4 ! I M HT17 18 20 21
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(e ccc

2-p 3ypar. CupTd]1 XarajicaH eexeH cayypadc suiracad renombid JJHX-uitn rens anexrpodoperpam. HT-Hucho taimen 21-29,
M -GeneRuler 100bp, 150B-1 45MuH ryiiras.

M TP1 TP2 TP3 TP4 TPS TP6 TP7 TP8 TP9 TP10 M

3-p 3ypar. OifH MUIAXHYYXSHH 3I3THIIC suiracaH 3anapcad reHomblH JIHX-wiiH rems anexrpodoperpam. TP-Tree pipit 1-10
199KyYa, M -GeneRuler 100bp, 150B-x1 45 MuH ryitnrs.
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XascpaJjr 2

1-p xycnarT. RAD sequencing can 03/19X3/1 alllMrIaca I33KuiH M313351371. JTHX-uitn kornentpamsir QUBIT kut
alllUIIaH Manracad 0ereeJ SHY Hb Aapxap yracyar JJHX-uilH KOHIEHpALBIT HIPYYJIDXA9) XaMIHHH TOXHPOMKTON
Oarasx 1oM. Y YI33p reHOMBIH cyJanraana amuriax JJHX-uitH KoHIeHTpaIbIr X3OMKCIHIIP CyJalraan maapagaraTai
JIHX Oyxuii 1395KUAT COHTOH Haarmy cyanraar xuiiasr. Men JIHX-uiiH koHIeHTpall XaMruiiH O0aranaa 10Hr/MKI
0aifix XdparTdi. YUup Hb FEHOMBIH Cyaajiraar XHix caH O3JII3X3/1 MPBIPJIX AT Mall ux Oaimar yupaac JJHX-uiir
ux ananar. Men JIHX-miir 3agapcan yIYHT 9XJI93]1 arapo300p manraxaac eep apra dainarryi. Slaraas raai TyxaitH
3% 3amapcad 4 JJHX samap HAr xaMxk33r39p 0aifix Hb TOJOPXOH ydpaac XaMI'MiH uyxan maapanara He JIHX-nitn
YyaHap caifH 0aiix €ctoil. DHA Hb 3apal sBaraaaryi ypt ¢pparment oyxuii JJHX rom.

Ne 3yiinuiin HIp OrceH HIPLINI On Jp3sKkuiin TOpe. Xagrajaaar KonnenTpan (Hr/MK)
1 HT1 104.00
2 HT2 35.00

2021
3 HT3 30.00

4 HT4 108.00
5 HT7 75.4
6 HTS 65.8
7 HT9 2020 68.4
8 HT10 74.6
9 HTI12 62.8
10 HT13 60.8
11 HT14 47.8
12 Tyxn HTI15 2021 OexoH conyyp 96% raron 47.2
13 Hucho taimen HT16 lem 35.8
14 HT17 28.4
15 HTI18 51.00
16 HT20 22.6
17 HT21 16.7

2020

18 HT22 26.2
19 HT23 12.1
20 HT24 83.00
21 HT26 19.8
22 HT27 12.7

2022

23 HT28 18.1

24 HT29 54.8
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1 0A21 39.4
5 OAIS] 2017 aacan yyT 761
3 OA9 76.2
4 OAll 14.2
5 OA12 2020 47.00
6 OAl4 99.00
7 OA26 58.2
8 OAIlS 2021 12.00
9 OA2 10.1
10 OA4 20.00
11 OA5 25.00
12 Aprah xob 0A6 S0t Car 33M33¢ 27.6
. aBcaH apbC,

13 Ovis ammon OA8 OYJTYMHTHIH 571 C 27.2
14 OA18 LA e 50.00
15 OA19 54.00
16 OA20 10.1
17 OAl 49.2
18 OA3 25.6
19 OA13 23.6
20 OA17 10.1
21 OA22 2021 38.4
22 0OA23 36.4
23 0A29 29.2
24 OA30 153
1 TP1 74
2 TP2 35
3 TP3 1.9
4 TP4 6

5 TPS 6.6
6 TP6 33
7 TP7 6.6
8 TP8 8.5
9 TP9 6
10 TP10 9.9
| Ot mmiixiyyXoid P11 2021 By amr 96% Dranon 438

Anthus trivialis
12 TP12 44
13 TP13 9.2
14 TP14 8.5
15 TP15 2.8
16 TP16 0.7
17 TP17 5.7
18 TP18 6.6
19 TP19 9.8
20 TP20 1.4
21 TP21 7.5
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