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Abstract. Around 2.16 million species have been discovered on the earth to date. Among them over 42000
species are threatened for extinction. Conservation biology is a field of study focusing on the protection of
biodiversity and the viability of wildlife populations. It plays a crucial role in understanding and conserving
endangered species and maintaining overall biodiversity. The International Convention on Biological
Diversity (CBD) states that biodiversity should be protected at three levels: ecosystems, species, and genes.
Hence, the first step of conservation would be an assessment of its diversity. Conservation biologists have
been using genetics and in recent years, genomics techniques to assess the genetic diversity of wildlife.
Here we discuss not only some important concepts of population genetics but also the role of using genetics
and genomics in conserving wildlife and its importance in planning genetic management.

Keywords: RADseq, GTseq, NGS, SNP, conservation management

Received 09 October 2023; received in revised form 11 October 2023; accepted 17 November 2023
© 2023 Author(s). This is an open access article under the CC BY-NC 4.0 license.

Introduction

There is no definite estimation of how many species
exist on earth. Several researchers reported somewhere
in range of 5 to 10 million species [1-4] living on our
planet. Nevertheless, only about 2.16 million species
are discovered so far according to IUCN Red List [5].
Among 150388 species assessed in total by [UCN, 28%
(42100 species) of them are threatened with extinction.
To protect our planet biodiversity, researchers have been
working in various scientific fields such as conservation
biology, and conservation genetics/genomics. The
International Convention on Biological Diversity (CBD)
states that biodiversity should be aimed to protected at
three levels: ecosystems, species, and genes. Here we
discuss not only some important concepts of population
genetics but also the role of using genetics and genomics
in conserving wildlife and its importance in planning
genetic management.

Genetic Variation

Genetic variation within populations ensures that
individuals exhibit a range of traits and characteristics.
These variations may include differences in morphology,
physiology, behavior, and even immune responses [6].
Consequently, genetic variation acts as raw material for
natural selection and is crucial for adaptation, evolution,
and the long-term survival of species. Individuals with
certain genetic traits may be better suited to survive and
reproduce in new conditions when an environmental
change occurs. This process is known as natural selection
[7]. For example, before the Industrial Revolution, the
peppered moth population in England predominantly
consisted of light-colored moths with speckled patterns
on their wings. However, during the late 18th and early
19th centuries, industrialization led to widespread air
pollution and the darkening of tree bark due to soot and
other pollutants. As a result, the light-colored moths
became more visible to predators, particularly birds
[8]. Alternatively, genetic variation is the driving
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force behind evolutionary processes. Mutations, which
are random changes in an organism's DNA sequence,
introduce new genetic variants into a population. Over
time, these mutations can accumulate, leading to the
emergence of new traits and characteristics. In addition,
genetic recombination, which occurs during sexual
reproduction, shuffles existing genetic variation, creating
novel combinations of alleles (gene variants). These
processes of mutation, recombination, and genetic drift
result in the gradual evolution of species, enabling them
to adapt to different ecological niches and challenges [9].
Species with higher levels of genetic variation are better
equipped to withstand environmental fluctuations, diseases,
and other threats. This is because genetic diversity provides
a reservoir of potential adaptations that can be drawn
upon when needed. Conversely, populations with low
genetic diversity are often more vulnerable to extinction
because they lack the genetic resources necessary to
adapt to new conditions or combat emerging diseases
[10]. Hence, preventing and mitigating genetic diversity
loss is a key goal in efforts to conserve endangered species
and maintain overall biodiversity.

Loss of Genetic Diversity

The loss of genetic diversity can occur due to various
factors, including habitat fragmentation, population
bottlenecks, and human activities. Habitat fragmentation
occurs when a continuous habitat is broken into smaller,
isolated patches due to activities like urban development,
agriculture, or infrastructure construction.

Fragmentation reduces gene flow between isolated
populations, leading to inbreeding and reduced genetic
diversity. For example, The Florida panther population
experienced habitat fragmentation due to urbanization
and highways, leading to inbreeding and genetic issues
[11]. Another important aspect is population bottleneck
occurs when a population undergoes a sharp reduction
in size, often due to natural disasters, disease outbreaks,
or human activities. Consequently, bottlenecks lead to
a loss of genetic diversity because only a small subset
of the population's genes survive [12]. For example,
the northern elephant seal population was reduced
to a few dozen individuals in the 19th century due to
hunting. As a result, they have low genetic diversity
today [13]. So, assessing genetic diversity using genetic
or genomic tools helps conservationists identify risk levels
and create effective management plans to recover from
the loss. Recent studies, such as one by Boulay et al.
(2019), have used molecular techniques to understand
how genetic diversity contributes to coral resilience in
the face of climate change [86]. Also, a study published
in 2020 by Sandeep Sharma et al. assessed genetic
diversity in Indian tiger populations using microsatellite

markers [87]. The research highlighted the importance of
maintaining genetic diversity to ensure the tiger's long-
term survival.

Model and non-model organisms

Some organisms are popular models that have
been studied for decades by thousands of scientists
from a wide range of disciplines and contributed to an
integrative understanding of more complex systems.
Other organisms are more niche systems used by a small
number of research teams. These organisms may be
studied for specific reasons, such as their unique features
or simplicity of study in the laboratory. Model organisms
are not only organisms that are used for experimental
research but also organisms with a representational scope
and target. Because model organisms are of scientific
interest to numerous researchers, a wealth of knowledge
is available to them. This makes it easier for scientists to
study these organisms and to make new discoveries [14].

On the other hand, most non-model organisms are 1)
Not cultivable as a stable isolated species in controlled
laboratory conditions, ii) not well characterized at the
molecular biology level, iii) target of investigation of a
small number of scientists, regardless of their taxonomy:.
As a result, non-model organisms are often difficult
to use for experiments. Non-model organisms are
fundamentally interesting because they are different
from current models.

The interest in non-model species is the heart
of comparative biology, which aims to expose the
mechanisms underlying biological diversity. The
specialized and unique biology  of such diversified
species requires the development of specific methods and
the adaptation of originally conceived strategies for model
organisms [14, 15].

Conservation genetics/genomics tools

In recent years, speedy development in various
genomic techniques has given a better understanding
of the functional significance of genetic variation in
natural populations [16, 17]. Allendorf et al. (2010)
[16] illustrated nicely how traditional genetic markers
and conservation genomics research can answer many
important questions in the conservation of biodiversity
(Fig. 1).

There are various genetic tools to study species
within and among the population. Understanding genetic
variations in a population requires knowledge of theory,
data collection, and analysis [18]. The main task of
those conservation genetic and genomic tools is studying
genetic diversity and genetic variation at many levels
(genes, individuals, populations, subspecies, species,
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Fig. 1 Schematic diagram of interacting factors in the conservation of natural populations. Traditional conservation genetics, using
neutral markers, provides direct estimates of some interacting factors (blue). Conservation genomics can address a wider range of
factors (red). It also promises more precise estimates of neutral processes (blue) and an understanding of the specific genetic basis
of these factors. For example, traditional conservation genetics can estimate overall migration rates or inbreeding coefficients,
whereas genomic tools can assess gene flow rates that are specific to adaptive loci or founder-specific inbreeding coefficients.

Adapted from Allendorf et al. (2010) [16].

genera, etc) to give a picture of the current genetic
structure to help to comprehend the evolutionary history
of taxa and future developmental potential of the species
or population but also help to explain which process or
factors are influencing to the targeted species.

Rossetto ef al. (2021) [88] presented the workflow of
conservation genomics research of threatened plants. We
simplified the workflow as follows which is suitable for
all kinds of target species (Fig. 2).

Genetic markers prior genomics era (neutral markers)

Genetic data based on various genetic markers is used
in wildlife conservation for many different purposes.
For instance, analyzing population structure, genetic
speciation, and evolutionary processes and assessment of
management units [19], moreover tracking or identifying
illegal trade or hunting of wild endangered species, etc
[20, 21].

Nuclear genomic markers. Allozymes have been the
first main nucleus marker following RFLPs (restriction
fragment length polymorphisms) and AFLPs (amplified
fragment length polymorphisms) [22] from the end of the

1960s until the 2000s. Microsatellites are another widely
used marker in population genetics and conservation
biology studies since the 1990s up until now. They are
particularly valuable for studying populations with
limited genetic data. Microsatellite markers, a variable
number of tandem repetitive regions of DNA, are usually
different between individuals, usually the locus ranging
from 5 to 100.

Mitochondrial/chloroplast DNA marker.
Besides the nucleus, animals and plants have DNA
in mitochondria, in addition, plants have DNA in
chloroplasts too. This organellar DNA is small (in most
animals, length is ~17kbp) and circular in shape with
thousands of copies per cell which makes it easier than
nucleus DNA to isolate and study. From the 70s and 80s
restriction enzyme digestion was used to study mtDNA
genetic variations [23, 24] until Sanger sequencing
became popular. There are many population genetic
studies of variable regions so so-called D-loop region
of the mtDNA [25]. mtDNA is easier to isolate and
work with than nucleus DNA in old samples, faecal
samples, etc. For instance, mtDNA analysis was done
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Fig. 2. Workflow of conservation genetic research. Modified from Rossetto ez al. (2021) [88]

in noninvasive faecel samples of endangered Mongolian
species such as argali sheep and ibex to compare genetic
variations among different populations in Mongolia
[26], [27]. For species identification, mtDNA barcodes
are being used extensively, especially protein-coding
universal DNA barcode gene, 5' end of COI1 is the most
widely used [28, 29].

There is reported to be a lower mutation rate in plant
mitochondrial DNA, making it less favorable than in
animals [30-32]. Nevertheless, Byrne & Hankinson
(2012) [91] identified 7 variable chloroplast regions
useful for studying the phylogeographic structure of
plants. Complete plastome alignment of 25 species
showed similar variable regions in the cpDNA [33] and
even the full length of cpDNA gives a highly informative
phylogenetic knowledge [34].

Chromosome. In the conservation genetic approach,
we should pay attention to chromosomal variability too.
Sequencing DNA alone cannot solve many fundamental
questions in population genome biology, because how
chromosomes are organized and their’ change in various
situation are impossible to be answered mating between
2 close species produces a hybrid individual with distinct
chromosomal numbers, which lead to fertility problems
[35-37]. For example, if a horse with 64 chromosomes
and a donkey with 62 chromosomes mate, it will lead to

an infertile mule with 63 chromosomes. Chromosomal
changes including inversion, translocation, deletion,
karyotype variations, and polyploidy can be associated
with important differences in species such as
morphology, behaviour, fertility, and adaptability [38-
41]. In general, plants have more chromosomal change/
rearrangements than animals [42]. Petrogale sharmani,
Petrogale mareeba, and Petrogale coenensis were not
variable enough to be distinct species at morphologically
and genome sequence level but in the chromosomal
level, there were 3 distinct species [43]. Therefore, it
is suggested that chromosome variation and genomics
research need to be linked [44].

Conservation genomic tools

Recent advancements in DNA sequencing
technologies have revolutionized genetic diversity
assessment. High-throughput sequencing allows for
more comprehensive analyses of genetic diversity at the
genomic level [45].

One could briefly summarize that genomic work
consists of sample collection, DNA isolation, High-
Throughput sequencing, and bioinformatic analysis.
Next-generation sequencing (NGS) has revolutionized
the conservation genetic study about genetic differences/
varieties. It is used for nonmodel organism population
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genomics analysis through identifying not only
insertions, inversion, and duplications but also single
nucleotide polymorphisms (SNPs) [46]. SNP markers
are increasingly used for genetic diversity assessments
due to their abundance in the genome. SNP arrays
and genotyping-by-sequencing (GBS) are common
techniques for SNP analysis [47].

NGS has 3 main steps (https:/www.illumina.com/
science/technology/next-generation-sequencing.html):
fragmenting DNA (mostly by sonication), adapter
and index ligation followed by PCR (polymerase
chain reaction) amplification of all or target DNA and
preparation of sequencing library. The last step is the
parallel sequencing of DNA fragments.

Sequencing techniques could be named as first
generation (Sanger sequencing), second/next generation
(Whole genome sequencing), and third generation
(Large fragment single molecule) sequencing. The first
generation or Sanger sequencing method is for mostly
500-1000bp DNA fragments and includes microsatellite
marker analysis. Second-generation sequencing is also
called High Throughput or parallelization of sequencing
reactions of 50-500bp DNA fragments using 454,
Solexa, Ion Torrent, and Illumina machines [48, 49]
Third-generation sequencing is the most recent method
of PacBio and Oxford Nanopore Technology companies
which can sequence native DNA in real-time with single-
molecule resolution with tens of kilobase long fragments
on average [50].

Reduced representation sequencing (RRS)
technique is one of the cost effective and informative
modern method which only digested fragments are
sequenced and covers about 1-10% of genome. It is
possible for studying species with no reference genome.
RRS technique could be divided into anonymous
sequencing and amplicon sequencing [51].

Anonymous sequencing: it can be understood as
statistically random sequencing of the genome (Shotgun
sequencing). The benefit of the method is that it can
reveal many neutral loci which are particularly important
for genetic diversity, connectivity, population structure,
and hybridization. The main limitation is that it can
detect fewer adaptive loci. Therefore, it has a weaker
ability to draw conclusions about the selection [51]. Main
example of ananymous sequencing include original
RADseq (Restriction-site associated DNA sequencing)
and its modified forms.

RADseq.  Restriction-site  associated = DNA
sequencing (RADseq) is the most widely used technique
for the conservation genomics of many natural
populations [52]. Basic RADseq uses only 1 enzyme
digestion such as Pstl or Sbfi. It is not only cost-effective
for many samples or large genomes but also cheaper for
species lacking existing genetic resources or information

which means it is a good method for de novo assemblies
of genomes of no reference genome. RADseq can
produce 0.1-10% of the genome with 1000s-10000s
of SNPs. The other version of RADseq is ddRAD or
double digest RAD (Restriction site Associated DNA)
which uses 2 restriction enzymes that yield more reads
per region and more precise regions with less genomic
coverage. Nevertheless, RADseq has some limitations
such as allele callings influenced by bioinformatic
filtering parameters, costly for large genomes with lower
coverage, and less knowledge of where genomic regions
of your SNPs lie of non-reference genomes.

Amplicon sequencing or targeted sequencing
method: It is used for studying specific genes or regions
that requires prior knowledge of heritable and functional
genes of interest (via WGS or RADseq etc) and primer
design. SNP panels could be developed to sequence
targeted regions so that it gives the chance to link
heritable traits and population viability, and identification
of adaptively distinct populations [51].

SNP panel. Most SNP panels are first designed for
human genetics or medical purposes. It is relatively new
and in its’ beginning stage of development, especially
in noninvasive sampling for the conservation genetics
field. SNP panels can be used to find out individual
identity, relatedness, and pedigrees [53]. It could detect
hybrids in threatened bull trout by analyzing neutral
SNPs and adaptive loci [54]. A wider variety of sample
types, such as faeces, hair, feathers, etc [46], could be
used. Neutral and adaptive SNPs could be combined to
define conservation units and show population ancestry
tree [55]. SNPs panels could be combinations of neutral
and adaptive loci. Therefore, adaptive genetic variation
information obtained from SNP panel sequencing is
useful for deciding the translocating locations of species
you want to protect [56]. The most common SNP panel
types, such as GT-seq, GRAS-Di, MIGseq, RADcap,
and RAPTURE, are briefly described below:

Genotyping-in-Thousands by sequencing (GTseq)
is a genotyping method of panels consisting of 50-500
SNPs by next-generation sequencing of multiplexed
PCR products that could be used for SNPs genotyping of
thousands of individuals [57].

Genotyping by Random Amplicon Sequencing-
Direct (GRAS-Di). It is a recently developed method
for genotyping by sequencing [58, 59]. GRAS-Di is a
derivative of amplicon sequencing technology and uses
random primers for PCR amplification. GRAS-Di can
identify many genetic markers covering all chromosomes
even among genetically similar individuals and can be
applied to hundreds to thousands of samples by using
primer sets containing different index sequences at
a relatively low cost. Amplified regions are highly
reproducible among technical replicates, making it
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possible to suppress missing data. GRAS-Di is applicable
to species without reference genome sequences because
the genotyping step of GRAS-Di can be conducted based
on the presence and absence of amplified reads [60].

MIG-seq. Suyama and Matsuki (2015) proposed a
novel method termed “multiplexed ISSR genotyping
by sequencing” (MIG-seq) which uses NGS without
prior restriction enzyme digestion that could discover
de nova SNPs based on reduced representation library
preparation by multiplexed inter-simple sequence repeat
(ISSR) primers [92]. Although it is assumed to be a
lower-cost method that produces a minimal number of
polymorphisms, Nishimura et al. (2022) [61] showed
that it is suitable for studying plants with bigger genomes
such as wheat.

RADcap is a modified version of RADseq
(3RAD) using another version of dual digestion for the
identification of candidate SNP loci and uses custom
sequence capture bait to increase candidate loci [62]. The
advantage of this approach is cost-effective, genotypes

quality data needed or continued

hundreds of individuals with higher coverage and fewer
PCR duplicates.

RAPTURE (RAD Capture). This is a more effective
newly developed RAD sequencing protocol by Ali et al.
(2016) [62].

Meek and Larson (2019) suggested the most
appropriate reduced representation genomic tools based
on which information you want to answer, the budget,
sample size, researchers’ bioinformatic knowledge, and
the number of loci that could be studied [63] (Fig. 3).

SNP arrays

SNP arrays are the type of DNA microarray [65]
that are suitable for non or minimal-invasive samples
containing exceptionally low quantities of DNA input of
various species [66, 67]. The brief description of some
SNP arrays is described below:

Fluidigm 96-SNPChip System is a kind of automated
PCR/gPCR SNP array system that uses microfluidics

>1.5k samples, very high

Target loci outside Yes GTse monitoring project # of samples or |
of RAD tags? q repeated samplin,
g
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Fig. 3. Decision tree to determine the most efficient sequence-based approach for genotyping new species. It was assumed that
researchers with “beginner” bioinformatics experience would have basic knowledge of Unix and computational infrastructure
(power and storage) but would need substantial assistance to conduct a full genomics project. *Contract work out to a private
company is necessary for the panel development. If there is already a panel developed, little to no bioinformatics knowledge is
necessary for GTseq. Adapted from Meek and Larson (2019) [64].
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Table 1. Comparison of characteristics of Reduced representation sequencing (RAD, Rapture), amplicon sequencing, and various SNP

arrays. Modified from Meek & Larson (2019) [64] Carrol et al. (2018) [89].

Information:
No. or loci .
Development . Ease of preparation,
Methods cost, time Cost per sample ($US) generau?d, Error rate DNA. quality required bioinformatic
Population required
($US) . knowledge
genetics
analysis
RADseq  NA,NA 30 ~20,000 loci  na Medium-high ~ Mioderate ~Iweek,
intermediate/advanced
4000, 500-10000 . . Moderate ~1week,
Rapture 4 months 15 loci Medium-high beginner/intermediate
63 ~500/panel Low-medium Simple/2days
13000-15000 3,68 based on SNP geno- . 2 PCR step and 1
GTseq Minimum 10ng .
4 months 2068samples geno- type for 14 PCR normalization step;
typed at 192 loci haplotypes beginner
o 45158$ for oligos 1 3138 for .ge.notyp- SNP geno- DNA isolation and
Fluidigm t0 96 SNPs ing 96 individuals at tvpe 1% nanograms PCR
96SNPs P
262,5$ for genotyp-
23108 for 96 ing 96samples at 96 .
Amplifluor  loci, gPCR loci, based on 20 loci tSNeP geno- 1,4% nanograms Pf(,j (I:{Ra nd analysis of
machine multiplex (based on P 4
5000assay kit)
2730% for.ollgos 384 well format 8,5$ Multlplex PCR, c.lean—
for 96 loci, Faecal up, primer extension
assuming 2 96well format 153 SNP geno- samples: Nanograms, and another clean-
MassARRAY uming To genotype 96 individ- £ ples: 10ng per multi- up
alleles per locus; uals at 96 SNPs type 24-loci 9%; lex reaction step
MassARRAY . . 48loci 25% P Run on compact mass
(24-loci multiplex)
system spectrometer
Microsatellite Microsatel- NA, estimated
sequencing lite genotype to be nanograms

technology to study samples at nL volumes for genotyping,
copy number variation, and expression of genes. This
method can run over 500000 assays per week by 96
SNPs multiplexed 96 samples [68]. By the dim method,
faeces of brown bears and grey wolves are successfully
been studied for the reconstruction of pedigree and
development/validation of SNP markers, respectively [69,
70].

Ampliflour SNP genotyping method is based on
polymerase chain reaction using allele-specific and
SNP-specific reverse primer which is detected/measured
in real-time in TagMan qPCR machine [71]. Morin &
McCarthy (2007) developed and validated the SNP
markers of Bowhead whale (Balaena mysticetus) using
their bone samples by Amplifluor genotyping method
[90].

MassARRAY (Sequenom): Technology is described
for DNA methylation study of many human diseases in

clinical practice [72]. However, Goossens et al. (2016)
studied sequenom technology for population structure
and genetic diversity in comparison with microsatellite
markers in faecal samples of Asian elephant (Elephas
maximus) [93].

Genetic management

After assessment of genetic diversity, conservationists
suggest a management plan, considering these key
aspects to ensure their recovery and long-term survival.

Maintaining  Genetic  Diversity:  Genetic
management helps prevent the loss of genetic diversity
within populations. This is crucial because genetic
diversity provides the raw material for evolution and
adaptation. Maintaining diverse gene pools enhances the
resilience and long-term viability of populations [73].

Preventing Inbreeding: Genetic management
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strategies, such as controlled breeding and translocation
of individuals, reduce the risk of inbreeding. Inbreeding
can lead to the expression of harmful recessive traits,
lower reproductive fitness, and increased vulnerability to
diseases, all of which can threaten a population's survival
[74].

Enhancing Population Health: By carefully
selecting breeding pairs based on their genetic
backgrounds and compatibility, genetic management
can improve the overall health of populations. Healthy
populations are more likely to reproduce successfully
and contribute to the recovery of endangered species.

Adaptive Potential: Genetic management can help
maintain or introduce genetic variation that may be
crucial for a population's ability to adapt to changing
environmental conditions. This is particularly important
in the face of climate change and habitat alterations [75].

Reducing Extinction Risk: Genetic management
strategies, such as genetic rescue through the introduction
of genetically diverse individuals, can reduce the risk
of extinction for small and isolated populations. This
is especially relevant for populations on the brink of
extinction [76].

Monitoring Genetic Health: Genetic management
involves ongoing monitoring of population genetics.
This provides valuable data on the genetic health of
populations over time, allowing for adjustments to
management strategies as needed [16].

The genetic management plan is considered in
species, subspecies, or population levels, depending on
the coverage and extent of loss in genetic diversity.

Species

Most conservationists use species as a measure
of biodiversity, with some attention given to different
populations within heavily managed endangered
species [77]. Species are the basic units of evolution
and classification, but conservation geneticists typically
focus on smaller groups of populations within species
[78]. Especially in some countries, endemic species are
considered a top priority in conservation as they are
distributed in limited geographical ranges and/or exist in
small population size [79].

Subspecies

Subspecies are typically defined as geographically
separated groups of the same species. There are
two situations where subspecies are important for
conservation. The first is when populations on either side
of a national or state boundary are assigned to different
subspecies and receive various levels of protection. In
this case, a species-wide conservation plan may be better

for both populations. The second situation is when small
populations of a widespread species become the focus of
conservation activities. Although these populations may
be at elevated risk of local extinction, their conservation
may not be warranted, especially if reintroduction is
possible. However, some small populations may be
critical to the species' long-term survival, especially if
they are better adapted to changing climatic conditions
than the main population [77, 78, 80].

Evolutionarily significant units (ESUs)

The concept of ESUs was first proposed by Ryder
(1986) [81] as a conservation unit presenting significant
adaptive variation. Later, the importance of molecular
data and ecological data was added to the concept when
defining ESUs. Waples (1991, 1995) emphasized that
gene flow should be restricted enough for evolutionary
differences to occur, hence ESUs should be reproductively
isolated from other populations and should be a key
component in the evolutionary legacy of species [82,
83]. Morits (1994) has applied genetic data to define
ESUs, where units that are monophyletic for mtDNA and
have significantly different allele frequencies at nuclear
loci are accepted as independent ESU (evolutionarily
significant units) [84]. Then, proposed 8 management
recommendations based on their genetic and ecological
exchangeability in historical or recent timelines [85].
Translocations of individuals between ESUs are typically
undesirable because they can disrupt the genetic integrity
of both ESUs [78].

Management units (MUs)

MUs are populations within a species managed
independently to conserve the overall species (ESU)
[55, 84]. The definition of MUs as "populations with
significant divergence of allele frequencies at nuclear
or mitochondrial loci, regardless of the phylogenetic
distinctiveness of the alleles" by Moritz (1994) is
accepted [84]. However, Palsbell ez al. (2007) argues that
demographic connectivity is the key factor in defining
MU, rather than the level of historical gene flow [94].
Moritz (1999) proposed that mixing individuals from
different management units (MUs) but not from different
evolutionarily significant units (ESUs) could be a
viable strategy for genetic rescue [96]. This is because
MUs are typically closely related to each other, while
ESUs represent unique evolutionary lineages. However,
Frankham et al. (2012) emphasized that mixing
individuals from taxonomically recognized species is
not considered acceptable by conservation managers
[97]. This is because mixing individuals from distinct
species can lead to hybridization and the loss of unique
genetic diversity. Therefore, if there are multiple MUs
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within a species, taxonomic over-splitting could restrict
opportunities to rescue small, inbred populations. This is
because conservation managers may be reluctant to mix
individuals from different MUs, even if it is necessary to
save the species from extinction.

In summary, genetic management is a critical tool in
conservation genetics, offering a range of benefits that
contribute to preserving and recovering endangered
species and maintaining biodiversity. It helps address
genetic challenges, reduce extinction risks, and enhance
populations' long-term health and adaptability.
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Opuiua

Jonxuit mpdp Xomd3H Tepen 3yitn Oadimar Tamaap
TOIOPXOH TOOLIOONOMN Oaiaarryit. Xom XoI9H CyTaadna
MaHail rapur a33p 5-10 cas 3ydn amprapuar Iax
MImIICoH [1-4]. Tacon xomuit 9 Jlanxuitn Baiirans
Xamraamax Xoin0oonbsl Yinaan pancann (2022) 2,16 cas
OpYMM 3YiI 11 OypTraracaH Oaitna [S]. Ianxwuita baiirans
Xamraanax XomoooH HUMT 150388 3yiin yHATICIHIHA
28% ub (42100 3yiin) ycrax aroynn opcoH OaitHa. MaHaii
TapUTUHH OMOJIOTUIH OJIOH STH3 OalUTBIT XaMraalaXblH
Tynn cymiaaqnn —Oaifranp  xaMmraanmax — Owoiorw,
XaMTaaJUTbIH TeHETHK/TEHOMHK 33P3T IIMHXKIIX yXaaHbl
sH3 OYpHIH YHIIDIIZP aXWwDiax OaliHa. Buomorwuitn
OJIOH sH3 OalinBIH Tyxall OJIOH YJCHIH KOHBEHIION
OHMOIIOTHITH OJIOH SH3 OalIUIBIT SKOCHCTEM, TOPOI YL,
T'€H I'3CHH I'ypBaH TYBIIUH] XamMraanax €CTOH I'»K 3aacaH
Oaiimar. DH? TONM OryyIdIA NOMYIAIANRH TeHEeTHKHIH
3apUM YyXal OWITOATYYABIT TONUHIYH 33pJdr aH

aMBT/IBIT XaMraajaxaj TeHeTUK, TEHOMUKCUHH apTyyabIT
ammriax yYypar OOJOH TeHETUKUHH MEHEKMEHTUUT
TOJIOBIOX6/ TYYHHIA a4 XOJIOOT/IbIH Talaap OMYHB.

I'eneTnk Bapuan

ITonynsauuiiH 1OTOpPX TIEHETHK Bapuall Hb TyXalH
MOMYJISAL JaXb  OOrany/IblH ©BOPMOL OHIUIOT, HIMHXK
YaHaPbIH XsI3raapaap WIPXUHIAIIAAT. DHAXYY Bapuaras
3aH TOPXHIH, (GU3HOJIOrH OONOH MOPQOJIOTHIiH suIraa,
T9p 4 OaiiTyrail gapxJjiaaHbl XapHy ypBal 4 Xamaapjar
[6]. WiiMa3c, reHeTHK Bapuall Hb OaiirainiiH mairapibiH
TYYXUii 571 00JIK, TOPOJI 3YHIIHIH JJacaH 30XHUI0X, XyBbCall
0O0JIOH ypT Xyramaasj OpLIMH TOITHOXOX 4yXal YYpar
CYHIRTrASL XYP33U3H Oyt OpuHBI €6puwiesnT 000X Y
TOAOPXOW TEHETHK HIMHXK YaHapTail OoIranuyn LIMHD
HOXIION] aMbJl YIJI9X, YPKUXDJ WYY HUHICOH Oaiijar.
OHd Y#n SBUBIT OalrainuvitH manrapail T'»K HIPIIAT
[7]. Kumzsm6371, ax YHIIBIPUIH XyBbCrajiaaC ©MHO
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AHIMIMIH XyCHBI TOOJIYYpY 3pBadXdit (Biston betularia
betularia)-u momynsnazn nanaB4 J33p33 ajar XdITIH,
1anBap 3pBIIXINUHYYA 30HXMIOT GaiiB. ['9coH Xonuit u,
18-p 3yyHbI cyya 19-p 3yyHBI 9X3H Y€l XK YHIIBIPKUIT
siBarjicaHaap araapblH OOXUPAOJ HMXICU, X606 TOPTOT
00Ji0H Oycas OOXMPAYYJIArduiiH yIMaac MOIHBI XOJITOC
XapJjiaxajJ XypracdH. YYHUI yp AYHJ LaiiBap 3pB33X3u
Max4MH aMmbTAa[, SAJaHrysa IIyByyJaa WIYY TOA
Xaparaaxk MJIdII, TPKIT Hb OOJICHOOP TOO TOJIOH 3pC
neepy Oatican [8]. ©Oepeep x310311, FTEHETHK Bapuall Hb
XyBBCIIBIH YHJI SBLIBIH XA6rerd xy4 oM. Opranu3MbIH
JAHX-niiH napaanan gaxp caHamcapryid eepusieiTyyn
0o/0X MyTalM Hb HOMYJSAUMJI TeHETHMKUHH IIHMHD
XyBHJIOApyyAbIr HIBTPYYJLIOL. Llar xyramnaa eHrepexen
933P MyTalM Hb XypUMTIArfax, IIUHY MIMHX YaHap,
eBepMell OHIVIOTHHAr Ouil Gonromor. Hamsk mypnaxan
OUIrMHH HOXOH YPXKHUXYHH SBLAA YYCIAT T'E€HETHK
peKoMOMHaIl Hb 07100 Oaiiraa reHeTUK BapUaluiiTr XOJIbXK,
QJUIEIMHAH IIMHA XOCIIOJBIT (TeHUIHH XyBHIIOAp) YYCT/IAT.
MyrTany, pekoMOMHaLM, TeHEeTHK Ipeild 33par sarasp
YIUI SIBIl Hb TOPeJ 3YWIYYAdI aakMaap XyBLCIBIT OHid
0O0JITOXK, DKOJIOTMHH €6p eep OpYMH, COPWITOA JacaH
30XHLOX OosoMkuiir onrofor [9]. T'eHeTnk BapuaibiH
TYBIIMH OHIOPT3M 3YINIyyA Hb XYpP33I3H Oyl OpYHBI
X251091133I1, ©BYMH OOJIOH Oycali aroylbil TICBIPIIXII
WIYY CaiH O3NTrAracsH Oaiimar. Yuup Hb FCHETHKUITH
OJIOH siH3 Oaiinay Hp IIaapajarataii yex ammriax
0O0JIOMIKTOH 1acaH 30XUII0X HOOLMHT OypAyYiaar. Y yHui
3CPIr3dp, TCHETHK OJIOH sH3 Oaiman Oararail MOIMyJIsIil
Hb IIMHY HOXILeJNJ AacaH 30XHIOX ACB3J IIUHIIP rapy
upx Oyl ©BUMHTIH TOMLPXI LIaap/iararail yaaMIuIbIH
HOOIYH Tyl yCcTax awmyij WIYY epTeMTruil Oaigar
[10]. Tuitm33c, reHETUK OJIOH sIH3 OaiIBIH AJIATIJIbIT
Oyypyynax, ypbI4WIaH COPTUHIdX Hb XOBOPJICOH
aMETABIT XaMraajgax, OHOJIOIMHH OJIOH $H3 OaljIbIr
OYyXdJJl Hb XajJrajax XY4WH 4apMaillITBIH TOJ 30pUIITO
IOM.

T'eHeTHKMIAH 0JIOH STH3 OaMJIBIH AJIJArmas

lenetnk onon sH3 Oaiinan annmarnax Hb aMbapax
OpYHBI XyBaaryjal, TyXaiH MOMyJISLUHH ITHI3H XO0JIOWH
mexaHusM (bottleneck effect)-n eprcen Gaiinan, xyHui
Yia axwuiaraa 39par sH3 OYpHHH XY4YMH 3YHIDAC
majgTraabk  OoMHO.  AMBJApax OpYHBl  XyBaarnal
Hb XOT Oalryymair, Xeiee ax axyi, 131 OyTIuiiH
OYyTI9H OalryymanT 39par Y axwularaaHbl yiMmaac
TacpalTryid ampJpax OPYHBIT KWXKHI, TycraapiaricaH
XICTYY/9/ XyBaax Yea YycIar. DHd Oyrapxail Oaiijan Hb
TycraapJiarjicaH MOIyJIsi XOOPOH/IbIH TE€HUIHH YpCrajbIr
Oyypyy/DK, IyC OWPTOJIT SIBAra)k FTeHETUKUIH OJIOH STH3
Oaiinan Oyypaxan xypranor. XKuumanoa, drnopunaruitn
WPBICUIH MOMYJISIA]] XOTKWIT, Xyp/IHbI 3aMbIH yIMaac
amMpJpax OpYHBI XyBaarjajuTad Tyirapd yiamaap Iyc

oiipronT OOJOH IP9pX TEHETUKWIH acyyaaiTrail HYyp
TynaxaJ XxypracaH [11]. MeH eep HAr uyxai Xy4uH 3yl
Hb UX3BWIDH OalraTuitH FaMIIINT, ©BYHUN JTITIDIT, XYHHMA
Yiln axxusutaraanel ynMaac OOJDK TyXaiH TOMYJSIIUIH
Ooranuiti Too ornoM Oyypd, YYHHH Yp JYH/ MOMYJIsIa
TeHHIH OaraxaH X3CAr J1 aMbJI YILIAT TYJI ITHJIH XOOIOHH
mexanu3Mm (bottleneck effect) Hb reHeTmKuMitH oNOH
siH3 Oaifman anmarmaxan xypramor. [12]. XKummanbom,
19-p 3yyHI aH arHyypblH yiaMmaac XOa JanaiiH 3aaH
(Mirounga angustirostris)-pl TIOMYJSAIMAH OOTraIviiH
TOO TOJTOM X3IH apaB OONTI00 3pC 1EOpCOH. Y YHUMH
YP AYHI ©HOeeaep TOIHHUN TeHeTUKUIH OJIOH siH3 Oaiian
Oara OaiiHa [13]. TuiiM33C TCHETUKUITH 3CB3JT TCHOMBIH
apra, aprawianyyibll alluIiIaH TeHEeTUKUHH OJIOH STH3
Oaii/ITTBIr YHAIIOX Hb Oairaib Xxamraanardan 3pcadauiH
TYBIIHUHT TONOPXOIMIDK, aiiarajbll HOXOH COPIIdX
Yp ZIYHT3H MEHEXMEHTHIH TejleBleree rapraxaj
Tycanaar. CyyiauiiH YeuiH cynanraaHyyaaac AypABad,
Boulay (2019) HapblH 3pa3MT31 MOJEKYI TCHETHKUITH
apra TEXHOJOTHUHI alIMIIaH  UIYPUHH MOMyJSIUHH
TEHETU3 OJIOH SIH3 0alfai yyp aMbCTallbIH ©@0pUJIenTe ]l
XOPXdH JacaH 30XHUIOXK Oalraar Cygajbk MOJICOH
[86]. Men Sandeep Sharma (2020) HapbiH 3pAIMTII
MHUKpPOCATTEIUT MapKep aluriaH ODHATXITHHAH OapbiH
MOMYJISIIIMAH TeHETUK OJIOH sIH3 OaiuibIr cyancas [87].
Yp AyHr33C TyxailH GapblH MOMYIAL yJaaH XyranaaHbl
TYPILIHJ MOH]T YJIAXUIH TYJ1J] TEHETHK OJIOH SIH3 Oaiiian
OHJIep 0aiiX Hb yyxaJ Oairaar oK TOrTOOXKI0.

3arBapbIH 0a 3arBapbIH 0yc OpraHu3MyYyIl

OnoH apBaH KWIMHH Typmma canbdap OypuiiH
OJIOH D3PIAAMT3A HapWUiH, OWIroxoJ TeBOrTI I0rn
acyyanbIl HIMWABIPIAXUMH TyNJ 3apuM OpPraHU3MBIT
HX?33p allluniacaap UPCiH. DArIdp TYTIMIII CyUIarcaH
OpraHuM3Myyjgaac TagHa L@6H TOOHBl CyJallraaHsbl
Oar 7 cynairaaHnaa amuniazar  ©BepPMeI] CHUCTEM
Oyxuil opraHmsmyyn 4 Oaiimar. ©OBepmel] IIUHXK
aryysacaH 3CBAJ JIabopaTopH cyaiaxai Xsuioap 33par
TOJOPXOM IIANTraaHbl yaMmaac A33pX OPTaHU3MYYIbID
cymairaaHj amumiagar. Tyc 3arBap OpraHusMyysd Hb
TyXallH CyJlanraaHbl 30pHITO, 30PMIITBIT TOJIOENeXYHIl
opranm3M Oaiinar. MiiMm u yupaac 3arBap opraHu3myyn
Hb OJIOH TOOHBl Cy[IaaufblH IIUHXKIOX YXaaHBI
COHUPXJIBIT TaTaH TIArIIPUNH Tajgaap acap UX M
oK aBax OojomkTod Oaiimar. YyYHUWE AYHA, 3Ar39p
OpPraHU3MYY/IBIT CyJaJICHaap CyAiaauny IIMHA3P HAIIT
HA3X9M Xsu1bap Oavmar [14].

Hereeraaryyp, nxsux 3arsap Oyc oprann3myyn Hb 1)
71a00paTOpuitH XSHAIT JIOP ©CTOBOPIOCOH TOTTBOPTOH
Tycraap 3YWi IIUT ©CreBOPIIOX OOJIOMXKIYH, 2) MOJIEKYI
OHMONIOTHITH TYBIIWMHA CallH TONOPXOWJIOTAOOTYH, 3)
aHrwinaac yJl XamMaapaH Le6eH TOOHBI 3IPIAIMTIAUNH
cymiarnaxyyH Oaiimar Tyn 3arBap Oyc OpraHu3MBbIT
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TYPIIWITA]] alluIiaxaj XYHIpINTIH Oaitmar. 3arBap
Oyc opraHu3Myys Hb OJIOOTHITH 3arBap opraHu3Myyaaac
sraarail 0aliraa Hb CyAJlaaufiblH aHXaapaj COHUPXJIIBIT
TaT/jar.

Xapellyyiican OWOJIOTM Hb OWOJOTMIH OJOH SH3
OalIBIH YHACOH MEXaHM3MBIT WIPYYJIDXHHUT 30pBAOT
Oeree[ YYHUI TyJ 3arBap Oyc 3yMITYyIMNAT allTUriaiar.
WitHxyy oyloH s1H3 Oalifan MXToM 3yWIMHT HapuiBYIaH,
THOHUN eBepMel] OHMOJOTMHT Hb Ccymaxjaa TIIdH
Tycraitlan Taapax apra 3yWr OOJIOBCpyynax, 3CBAJI
3arBap OpraHuM3MJl allunIaiar  CTPATETHHT ©OpUJIoH
00JIOBCPYYIIK X3paramar [ 14, 15].

XaMraaJuibIH reHeTHK/TeHOMUKHIH XOpIareana

CyymuitH xwyymsn Tepen OypHiiH TeHOMBIH
TEXHUKYY XypAauTail Xxerkwxk Oaifraa Hb OaWTamuitH
MOMYJSIIMAH TeHETUKUMH BapHallyy[AblH YYpar, ad
XONIOOTIBIT WYY CaifH OWATroX OOJOMMKHHT OJNTOCOH
[16, 17]. Annenmopd map (2010) [16] ymamskmant
TCHETUKUITH MapKepyy/1 00I0H XaMraaJUTbIH TCHOMUKUITH
cylnajiraa Hb OWOJIOTHITH OJIOH SH3 Oali/IIbIr XaMraaax

A2 LYTNYYNAX

AHANU3

Har

TeCCAUIH CaHXyyraac Xxamaapy
BHonomkuT byx nonynALAac 43K
uyrayynax

xapuynaar

WNHXUATIIHWA Yp
AyH Byx acyyntaHg,

OJIOH YyXaJl acyyiTaJ X3pXdH XapHy/K OONOXBIT Malll
caiin xapyynacas (1-p 3ypar).

[Momynsiy  noTopx OOJOH  MOMYJNSI]  XOOPOHJO0X
3YHIYYIMHT Cyulax Tepes OYypHiH TeHEeTHKHHH apra
xaparcnyys Oavnar. TlomynsiuitH reHeTUK BapHarbir/
©OPUIIOJITHHAT OMIITOXBIH TYJI OHOJIBIH MOJJIAT, MO
LyTIyyaax, IYH MIAHXAIT) XUHX maapanararait [18].

Onarasp Oaifranb XaMraajulblH TCHETUKUNH OOJOH
TEHOMBIH XIPITCIYYAUNHH TOJ YYpaT 007 r€éHETHK OJIOH
siH3 Oalifiaj, TeHEeTUKUIH BapUalyyabIl OJOH TYBIIMHJ
(ren, Ooaramb, MOMyJSL, JA9N 3YHJI, 3YHI, TOpes IHX
MO3T) CyJJIax siBa 06reej OMOOTHITH F'eHETUK OYTIUIT
JYPCII9H XapyyIaxbIH Tyl aHTUJIAJI3YHH O0JIOH TeHOMBIH
XyBBCIIBIH TYYXUHT OMIITOXOJ TyClax TOAUUTYH TyxailH
3YiJ, TOMYJISIIMIH HMPIdAYHH XOrKINHH 00J0MIKOoOoC
rajiHa 30pUITOT 3YHII siMap YHI SBI] 3CBAJI XYUHH 3YHIC
HeneelDK Oaliraar Taifnbapnaxan Tycaniar.

Poccerro nHap (2021) [88] xOBOpPACOH ypramibiH
XaMTaaJUTbIH TeHOMHKUIH CyJalraaHbl aXJIbIH SBIBIT
TaHWIyyiacaH. bun Oyx TepiuitH 30pHATOT Tepen
3YHIL TOXMpPYY/DK yr OyAyYyBUMir napaax Oaitmmaap
xsuibapuryysncaH (2-p 3ypar).

MEHEXMEHT

IYr\(l‘/’l

XaMT TapxCaH TaKkcyyablH Teneenery
60/10H “6oOMKUT" Boarannyabir baiiraa Ba?

63? YYHWIAr TapxanT Hb Xap

l | Anraatait 3yin/ynam yrcaa meH yy? | r’k)Karcaan 1/ NaNTbIH CTaTyChir anax)
AHrnan 3yitH 6aitaan He
TOAOPXOMrYM TOXMONZ0NA, OMPbIH Tuim
B ]
TOpen 3yUNunitH Teneeneryamnir AMapxaH 3pAnI3KNX YY? Xonunaox | - =
” XIMMKIIN TOrTOOX
HIMH3 3pcaan 6uit oy? |
Y —
Xapag apaunin3kux 6onomkromn 6on — X3p vx onoH AH3 baiaan ynacoH LWuH> A4 3yiin — MeHeXMEeHTUIH TIPTYyN3X Yiln

3B/ 3YANMIH aXWANaraa (JKuwwa3 Ho: FeHETUKUIAH

cTaTyc xaparmain o
TyComp aBpax yiin axunnaraa)

HIMH3. T

) v

KnoHgox, maw OnoH aH3 barpan

6ara 0/10H AH3 6ara, Lyc onpTonT,

6aiinan acan 30XMAAO0X YaaBsap
yprymiasn 6ara

FIEEY

Baitw maraaryi. /
Anraa uxaii T l

6ynar/yaam yrcaa
XAHaX, WUHXUAT3r anaaraax/WwmHs
30PUATYYABIH AAryy AAXUH XU,

uyrayynax
yiin ssy,

Wwaapanararain 60n HIM3rAyyAax

‘7 fnraaraii 6ainrax  —|

YPpar TepauiiH xon6oor Garacrax, 010K T l

AH3 GAAANLIT HIMTAYYIX

Byx 60NOMIKUT A333KHMIA Xyynbapsir wanrax

(Mnsamﬁ MEHEXMEHT 63 HOXOH caprsam>

Ex-situ LyrnyynrbiH xypanusar
YH2/13X. BOAranunyapiH 30XMnA0X
Ya/Bap, AacaH 30XMLOX

Ya/ABaPbIT HIM3TAYYNIXUIH TyNa,
LWIKMMKYYISH HyTarwyynax
cTpateruiir 6010Bcpyynax

1-p 3ypar. Baiiranmiin nomyasanuiir xamraanaxazg dyxas Oaiimar XyduH 3yHJICHHH XapwinaH YIIWINEH OyayyBY AnMarpaMm.
YiamkinanT XxamraajulblH T€HETUK Hb caapMar MapKep allluIaH XapuilaH YATWINIMIH 3apuM XY4UH 3YHINIH 1Iyy/] TOOLOOJUIBIT
Y3YYJLIOT (X6X eHTeep AYpcidB). XaMmMraajulblH TeHOMHK Hb WYY OPTOH XYPIHHH XYUHMH 3YHJICHHT IIUHIABIPIAX OOIOMKTOH
(ymaan eHreep QypcidB) 6eree] caapmar MpouneccyyablH (LPHXIP) WIYY HAPHIH TOOIOOIOM, T33P XYUHH 3YWICHHH TOTOpXOi
TEHETHK YHIICIIMUT Taprad eraer. JKummon6as, ynaMKIanT XaMraajulblH TeHeTHK Hb HUWT IIMDKAIT XOAeJITe0HUH TYBIINH
9CBIJI I[yC OHUPTONTHIH KOA()MUIUEHTHHT TOOHMOOK Yaamar OO TeHOMBIH XIPIIcdi Hb JJacaH 30XHUIOX JIOKYC ICBAI YYCIATd-
©BOPMeII IyC OWPTONTHIH KOY(Q(UINEHTI XaMaapax TeHHHH ypCTanblH XypbIl YHAIIX OGonoMxkTol. Amnennopd HapsH (2010)

[16] cymanraansl Oy yYBUMIT ©0pUIOH JaXUH 3ypaB.
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XaMraaJIblH T€eHETUK

XaMraaJIblH T€eHOMUKC

‘ Opnui3KyYIr |

TeHeTuk 0JI0H H3 Oalinain

ajnjarmax
A

|
ﬂ Ieneruk npudt ‘

I )IacaH 30XHUIIOX YaJBapaa ajnaax

'

Too Tonroiin ecent

|«

OyypasIThIH 3p4UM
. 4

[omynsupH ecent 60JI0H
aMb/Ipax YajBap

A4

‘ HOI'[yJIﬂIILIH XOMXKID

| I{yc XommonTeIH TapamMT =

lNazap3yiiH nacaH 30XULIOJIT ‘

i

I'enotun 6a xypa2imH Oyi -
OPYHBI XapUJIIIaH YHIUII

h 4

‘ Lyc oitpTont |

f

| Ilyc oipTONTHIH JapamT }F

‘ TomynsmpH 6yTa1I

|

Murpauuiid s3paum I
X

2-p 3ypar. XamraaulblH TeHETHKHIH Cyfanraansl YII sBIbIH OyayyBd. Poccerra Hapbia (2021) [88] 6yTasmaac aBuy,

JaXWH 3aCBapJiaH 3ypas.

I'eHoOMBIH 6MHOX YeHiiH
(caapmar mapkepyyn)

Tepen OypuilH TeHETHKMHH MapKepT CyypHJICaH
TEHETUKUMH MOIPUUIYYAMUI 33pJI3r aH  aMbTAbID
XaMraajgaxajg sH3 OypuiiH 30pWITOOp AaIIUIJIafar
Tyxaiinban yyHI, NOMYMSIUMAH OYTAL, yAaMIUIBIH
TOpeII, XyBbCIIBIH YIUI SIBIBIT IUHXIIIX, MEHEKMEHTHITH
HATXKHUMH YHAIr?3 [19], yyH?3C TagHa XOBOPACOH
33pJIAT aMBTIBIH Xyyib OyC XyZnanaaa, arHyyphIl XsHax,
WIPYYJIdX X Mot [20, 21].

beemuiin T€HOMBIH MAapKePyya. Annozum
Hb 1960-aax oHbl cyymoac 2000-aam OH XypTad
amMriargax Oalican Oereej TyyHuid napaa RFLP
(PectpukiuiiH (parMeHTHHH YPTBIH MOIUMOP(HH3M)
6a AFLP (onmpyyncan (¢parMeHTHIlH  YpTbIH
noauMopdusM) OeeMuiiH MapKepyym: rapd HpcaH [22].
Mukpocaremutyyn Hb 1990-331 0HOOC 6Heer XyprTai
MOMYJISIMAH TeHEeTHK OoJIoH Oaiiranb Xamraaiax
OMOJIOTMiH CyJajraan]i epreH X3pANIALIJIAT eep HAr
Mapkep oM. DAr33p Hb FEHETHKHUIH MIII3737 Oarataii
MOMYJISIMIAT CyAJjiaxa]] OHIIOH ad XOJOOTIONTOH oM.
Mukpocaremut Mapkep (sH3 OypuiiH TOOTOWToOp
nasrarmaar JIHX-uiin Oycyyn) Hb Goaraib XOOpOH[
HXIBUIAH sUIraarai Oaiiar 0a roy TeyieB TyXaiH JIOKYC
Hb 5-100 maBrantraii Gaiinar.

TeHeTUKUIH MapKepyyl

Muroxonapuiin/xjopomiactein JJHX mapkep

BeemeecraHa aMbTaH, ypraMmas Hb MUTOXOHIPH TA3T
opraneiuigaa JIHX-toii Oaiinar. XapuH, yyHI3C rajaHa
ypramiibiH xsoporuiact MeH JIHX-taii Oaitmar. DHaxyy
opranemnyyauiid JIHX Hb Kwkur (MXOHX aMBTABIH
XyBbJ ypT Hb ~17000 xH) Oereej nyryi xan03prai, ac
OYpT X3IPH MSHraH HMpX3r Oaigar He Oeemuiin JITHX-
93¢ WYY THAHUMIT SUITaH aB4, cy/uiaxaj] Xsuibap 6osromor.
1970-80-aann oHoOC pecTpukuumitH GepmeHTHATr CaHrep
CEKBEHCHHT XHIX apra Tyr»»mai 6onox xypran MtIHX-
UUH TICHETUKUHH ©OpWIeNTUNT CYUlaxal —allunIax
Oaiican [23, 24]. mtIHX-uiin D-rormoonsr 0yc rak
HAPJITIIT XyBbCAMTIall X3CTHIH Japaajuibl alllUuriIaH
XHUHCOH MOMYJISIIMITH TEeHETHKUITH OJIOH cyjanraa oaijar
[25]. Xyyuun 133K, siarafacHsl Oyr0y XOPToJIbIH I33KUIH
xyBpaA MTJHX-r sutrak, TYYHTO# axumiaxan 6eeMuitH
JIHX-r 6oxBoa minyy xsutbap Oaiinar. Tyxainoan, MoHron
OPHBI STH3 OYPUITH MOMYIISALMIAH TEHETUKUITH ©0PUIOI THIAT
XapbLlyyIaxbIH Ty aprajib XOHb, SHTUP 33P3T XOBOPACOH
aMBTIBIH XOPTOJIbIH MHBa3uB Oyc mamkua Mt HX-uitn
Cylayiraa IUHKIIT) XUACHH [26], [27]. Tepen 3yitnuiir
Toopxoiioxon MTIHX-uiiH GapKoabIr 6preH alumiax
OaiiHa, sutanrysa yypar komiomor /IHX OapkombiH reH,
CO1-mifH 5’ TOrCro XACAT XaMTUiTH OPToH XdPITIdTIIAT
[28, 29].
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VYpramnelH  mutoxoHapuitH JHX-n  MyTauwmitn
TYBUIMH Oara Oaiimar Tyn aMbraarail aiwiixaH epreH
XoMKIRH cyaangarryi [30-32]. I'acon xoauit u bupHe
& XankuncoH (2012) Hap ypramisid ¢unoreorpapuiia
OyTumiir cyauiax cyJanraaHy TOXHUPOMKTON
XJIOPOIUIACTBIH 7  XyBbCax OYCHHI  TONOPXOMIIK
wiIpyymx33 [91]. 25 3yinuilH mia3ToMBIr XapblyyiaaH
cymiaxan xnJAHX-uitH TecTsit XyBbcamTrait Oycuiir
wipyyiacaH [33], tp u Oaiityrait xn/I[HX-uitn OyToH
Japaayibll  cymanban  (WIOTCHCTHKUWH  epraH
MDAIUISTHAT erier OaiiHa [34].

XpomMocom. XaMmraaJulblH T€HETHUKHHH XaHJJiarasn
OMJ XpOMOCOMBIH XyBbCax 4YaJBaphll 0Oac aHxaapd
y39x  xoparmil.  3eexen  JIHX-uitH  nmapaanan
TOITOOX Hb IONYJSLIMIHH TEeHOMBIH OWOJOTWMIH OJIOH
YHICOH acyyiTyyaaa Xapuyinax OOJIOMXKIYH. Yuup
Hb OWpBIH XOE€p 3YHI OBIPIJICIHIIP XPOMOCOMBIH
TOIOPXOH TOO OYXWH SpiMH3 OMETYYA TepK, HOXOH
YPKUXYHI Hb acyynall YYCIOr 33pdar siH3 OypuitH
HOXIIOJNZ XPOMOCOMYYHl X3PX3H ©OpUJIOr[ier, 30XHOH
Galiryynarjyar 33parT XapuyinT erd yaagarryi [35-37].
Kunranban, 64 xpoMocoMTol anyy, 62 XpOMOCOMTOM
WDKUT XOEP 3BUAIABAI 63 XpOMOCOMTOHN YpryHadnTHi
JIyyc Tepaer. XpoMOCOMBIH HHBEPC, TPAHCIIOKAIl, JIeNel,
KapUOTHUIHITH ©0PWIOIIT, TOJIUILION]] 39P3T 00 PWIeNTYY
HB 3YIIHITH MOP(OIIOTH, 3aH TOJIOB, YP)KUII UM, J1acaH
30XMIIOX YaJBap 39pAT uyXal suiraaraid Tajayyarail Hb
xonbooroii Oatik oonor [38-41]. Epenxuiinee ypraman
aMbTIaac WIYY XPOMOCOMBIH ©OPYIONT/JaxXHH 30XHOH
OaifryynanTan opox Hb 37031 Oaiimar [42]. Petrogale
sharmani, Petrogale mareeba, Petrogale coenensis
Hb MOp(}ONOrH, TEHOMBIH JapaajulblH  TYBIIWH]
sraarail 3yin Oalixaap XaHTajTTail siraa WIpIITyH
Y XPOMOCOMBIH TYBIIMHJ 3 eep 3yiin OalicaH I'X
TorToor/pk3d [43]. TuiiM3sc XpPOMOCOMBIH ©epuient/
Bapual 0a TeHOMUKHUIH CyJairaar XOOpoHI Hb XOJI00X
maapjiararai rak y3sx 003 [44].

XaMraaJuibIH FeHOMbIH apra X3parcaja

JHX-uitn napaanan TOrToOX TEXHOJIOTHIH CYYIUITH
YCHIH J3BIIMI Hb TCHETUKWUUH OJIOH SIH3 Oai[UIbIH
CyJlanraaHji XyBbCrajl Xuic3H. OHJep XY4YUH yajaiTai
CEKBEHCHHI Hb T'€HOMBIH TYBIIMHJ T€HETUKHUUH OJIOH
STH3 OaMUIBIT WITYY JATIPIHTYH MIMHXKIOX OONOMKHHAT
ourrofior [45].

I'eHOMBIH cCyganraaHel aXJIBII TOBYXOH JYTHK
X303 Pk nyriyynax, JHX-wiir snrax, Ownuep
XYYUH YajaiTail CeKBEHCHHI XHMHX, OMOMH(pOpMaTHK
aHaJ M3 TICOH Iaryymaac Oypamar [lapaaruiiH yewiH
cekBeHCHHI (NGS) HB TeHEeTHK suiraa/BapHallblH
TaJaapXu TEHETHKMHH CyJanraaHji XyBbCral XHHCHH.
YyHuiir 3arBap Oyc OpraHM3MYyAbIH TOIMYJISLUIH
TEHOMUKHMIH IIWHXXUITIZHI 36BXOH HMHCEpL, HHBEPII,

OYTUTUKAUMUT  Cy/ulax TOIUNTYH HAT HYKJICOTHIbIH
nomumopdusMeir  (SNP)  Tomopxoiityioxoy armmriagar
[46]. SNP mapkepyyn Hb TeHOMJ 3703r Oaiimar Tyn
TCHETUKUIH OJIOH SH3 Oal/UIbIr YHIIX3I yiaM Oyp
ammniargax Oaiina. SNP appait 0a CEKBIHCHHIIAP
TEHOTHIT TOrToOX (genotyping-by-sequencing: GBS) b
SNP muHXUIrI9HUNH HUATIAT apra oM [47].

NGS wp 3 yHmcoH ye marrail (www.illumina.
com/science/technology/next-generation-sequencing.
html): THX-r ¢parMeHT OONIOH KIKUTIIX (MXIBWIDH
X3T aBHaHbl apraap), ajgantep 0a MHIEKCHHr Xo0Ja00X,
Japaa Hb HUUT 3¢Ban 3opwirtor JHX napaamneir [T
(monMMepa3blH THUHXKHH ypBajl)-aap OJIIpyyJax Inar
00JIOH CEKBEHCHHTHITH caH 0an1Trax mat. CyynuitH anxam
6on JIHX-uiiH X3puMyYIWiH Mapajieib CEKBCHCHHT
XUIX 1IaT oM.

CexkBEHCUHTUMH  TEXHUKMWT  HITOYTIp Y€
(Canrepuiin  mapaanan), Xxoép Jaxb/AapaaruiiH ye
(ByToH reHoMbIH napaanai) OOJIOH TypaB Jaxb YeHHH
(Hor ToM ¢parmenTHiiH MoOeKyn) gapaajiajl TOI'TOOX
I»K aHrwDK OomHo. DxHui yewiiH Oyroy Canrep
CEKBIHCHHTUHH apra Hb ux3BwWdH 500-1000xn JTHX-
WIH XdOpUUMJ]] 30pHyJaricaH 0ereeji MHKpPOCATEIUTHT
MapKepblH IIMHXWITIAI MeH aryyngar. Xoép Jaxb
YCHIiH CEKBIHCUHTHUITH apra Hb 454, Solexa, lon Torrent,
[llumina mammuyyaeir ammrian 50-500xa  JJHX-wuitn
XACTYYIUIH AapaajulbIl ypBajblH OH16p XYUHUH YaganTai
Oyloy mapajulelbwiaracal CeKBEHCHHIMUHH ypBasiaap
sByyaaar [48, 49]. I'ypaB naxp yeuiH CEKBIHCHUHTHUNH
apra Hb PacBio 6o10H Oxford Nanopore koMnaHuyisiH
rapracad asnxjard JIHX-r nynmxaap Xom3H apBaH
MsiHraH yprrail xoc Hykineotua JJHX ¢parmentuiir Har
MOJIEKYJIBIH HapuiBUIanTairaap OOAWT Lar XyramaaHn
JlapaaJulbIT Hb TOTTOOXK YaAJ1ar XaMTHIH CYYJIUNAH YeUitH
apra tom [50].

Baracrax Tes100J1yY/DH cekBeHCHHT xuiix apra (RRS)

OH? TEXHUK Hb 30BXOH XJIPUUTACOH XACTYYAUNH
JTapaaJLIBIT TOMOPXOUIINIOT, XapblaHTy# 3apnai Oararaii,
M350 caiiTail, reHomblH 1-10 opuum XyBuilH
MIIPUIMAT TapraH aBax OOJOMXTOW OpYHMH YEWHH
apryyaslH H3r oM. JlaBmaraa reHomryi 3ydmayynuiir
cymmax Oomomxktoi. RRS TexHWKHMUT yim MIIAITIax
CEKBEHCHHT 0a aMIUIMKOHBI CEKBCHCHHT TI'3K XYBaax
6omHO [51].

Ya MII3rmdX ceKBeHCHUHIMEH apra: OHDY Hb
TEHOMBIT  CTaTUCTHUKUHH  XYyBbJl CaHaMCapryHrasp
JapaaJuibll Hb (IIOTraH CEKBCHCHHT) TOTTOOX apra
2K OMITroXk OONHO. APrbIH JaByy Tall Hb YAaMIILIGIH
ONIOH sH3 Oaiiman, xom000, NONYISAIUINH OyTAII,
SPIAMAIKUITIA OHIIOM dYyXal a4  XOJOOTJONTOH
OJIOH TOOHBI caapMar JIOKYCYYABIT WJPYYJDK uajaarTt
opwuHo. [on myTarmanTtail Tajn Hb 1@OH TOOHBI JacaH

Genetics 141


http://www.illumina.com/science/technology/next-generation-sequencing.html)
http://www.illumina.com/science/technology/next-generation-sequencing.html)
http://www.illumina.com/science/technology/next-generation-sequencing.html)

Tserendulam et al. / Proc. Inst. Biol. 39 (2023) 124-150

30XHIIOX JIOKYCBIT MIIPYYJDK YaJyiar siBaa oM. TuiiMaoc
OaliranuiiH IIanrapielH Tajaap IYTHIIT XUHX YajaBap
cyn Oabimar [51]. Y MOIArIdX CEKBCHCHHTUNH aprbiH
TOJl MUY Hb TBA aHxjgardy  RADseq (Restriction-
site associated DNA sequencing) TyyHuii Oycan
XyBUJIOAPYY/I FOM.

RADseq. Pectpukuumiin sH3UMUNRH XdpuuX calTTait
xomoooroiiroop  JIHX-wiflH  CEKBEHCHHT  XHHJAT
apra (Restriction-site associated DNA sequencing)
Hp OalfraymifH OJOH MOMYJIALUIH  XaMraajulblH
TEHOMHKHIH CyJaJiraaH]l XaMI'MHH OpTeH X3PATIATIJIAT
apra tom [52]. Duruiitn RADseq Hp Pstl acean Sbfi
33par 3eBxeH | depmentrdp JAHX-r tacanmar. DHd Hb
OJIOH JIPYKUHJI 3CBAJI TOM T'€HOMBIH XYBBJ XOMHAIITTIH
TOJUUTYH 07100 Oaliraa TeHETHKUIHH HOOL, MAIIIITYH
3YHIHIH XyBBbJI XsIMJ] 06T06/1 H) Hb JIaBjaraa reHoMryu
reHoMmyyneir de novo assembly Oyroy IIMH3p yrcpas
raprax cais apra oM. RADseq #b reromsia 0.1-10%-
uiiH Mapauir 1000-10000 SNP-1ait yycrax dagaar.
RADseq-nitn eep Har xyBuiidoap Hb ddRAD Oyroy xoép
pecTpuknuiin GpepMenT3p Tacaigar RAD (Restriction
site Associated DNA) cexBeHCHHTHIiH apra Oereej
JHX-uitH napaaiisll WIyy TOLOPXOH MYXKyydaJ WIYY
OJIOH YHIIMJITAap XWHAST 4 HHUWT T'€HOMOOC Taprax
MBI apaii Oararaii rom. I'acoH xonuit 4, RADseq-7
auielb JAyyAaldT Hb OWOMH(OPMATHK INYYJITYYPHHH
rapameTpyyA33C MaNTraaiar, ToM TeHOMYyaaz OHaAep
epTerTdii Xxampax Xypad Hb Oara, jaBiaraa T€HOMIYH
yea TaHel TorroocoH SNP-yya reHoMbIH anmb Oycon
xaaHa Oaiipyiajar Tajmaap MoidaJa1 Oara rax MOITHIHH
JyTaraanTai Tanyys Oaiar.

AMILTHKOHBI CEKBEHCHHT 010y 30PUJITOT
CeKBEHCHMHIMIfH apra

DOHP Hb TONOPXOHM TEH OJCBAI TEHUHH XOICTUUT
CyUlaxaJ XdIpOMISTAJAI, TyXallH COHMPXCOH TI'e€HHHH
YAaMIIUTBIH OOJIOH YHJ aKMiularaa YypruifHX Hb Tanaap
emHoxX MAIMMr (WGS a3cam RADseq 1mx M3TI3p
JaMXKyyJIaH OJICOH) OOJIOH IpaiiMep AN3aiiHbI maapaar.
SNP  manemuiir  30puWATOT TEHUHH  XACTYYAUNH
Japaajiaap OOJOBCpyyllaH raprax Oonox Oereen
WHIICHAIID YAAMUUIBIH IIUHX YaHap, MOMYJISIUIH
amMb/Ipax 4a/IBapbIl’ XOOPOH Hb X000, TacaH 30XUII0X
YaJBapaapaa suiraaTaid IOMYNSIYyABIT TOJOPXOMIOX
Goomvokuitr onroxgor [51].

SNP nmanen: Uxsux SNP nanenyyasir aHxnaH XyHUi
YAaMIIUTBIH OOJIOH SMHAJITMHH 30pHynantaap OyT33CoH
Gaiimar. OH® Hb XapbUaHTyH IIMHY 06reej sUIaHTysa
WHBa3MB OyC JPYK aBaxaja 30puyNaracaH Oairanb
XaMraajax T€HETHKHHH candapT XOrKIMHHXee SXHHUN
ye marany Oafiraa apra roM. SNP manenmuiir Oogramuiir
TaHUH TOJOPXOMJIOX, XaMmaaTaH caJaH, yAaM yrcaar
oyoxoj, amuriax OomHO [53].  Dpnuii3 XOBOPICOH

9p ¢open 3aracHyynsir caapmar SNP OGonon nacan
30XMII0OX YaHAPBIH JIOKYyCyyaaap WIpYYJ/DK yazacan [54].
Snranac, yc, €1 I3X M3T WYY OJIOH TOPIUMH IIMKUNAT
ammniax OomHo [46]. Caapmar SNP Gonon nacan
30XHUI[0X YAHAPBIH JIOKYCYYABIT HATTII]] XaMIaaUTbIH
HODKUUT TOAOPXOWIDK, Tapasl YYCIMHH MOJIBIT raprax
OosIOMXKTONT Xapyyican Oaiina [55]. SNP manenyynan
caapmar 0a JlacaH 30XMIIOX YaHApbIH JIOKyCyyn Oaiik
6omuo. Tuitmdsc, SNP maHenwiiH CEKBEHCHUHIIAC OJIK
aBCaH JIacaH 30XMIOX T'€HETUK ©OPUIONTHHH MAIIII
Hb TaHbI XaMraalaXbIl XyC»K Oy# 3YWINHH MIHITKYYIH
cyyarax Oadpuuibir Tomopxoitmoxon tycrait [56]. GT-
seq, GRAS-Di, MIGseq, RADcap, RAPTURE 33par
XaMTHIH TYr39M3J1 SNP maHenyyasiH TOpIyyauir 100p
TOBY Tainbapias:

Genotyping-in-Thousands by sequencing (GTseq)
Hb OJIOH MsHraH OoxramuitH SNP-uiiH TeHOTHIUIT
TOrTOo0X0N ammriax Oomox 50-500 SNP-3ac Oypmax
MaHeIHIH TeHOTHI TOJIOPXOIIoX apra tom [57].

Genotyping by Random Amplicon Sequencing-
Direct (GRAS-Di) up JIHX gapaanan Torroox 3amaap
TEHOTHIT TOTTOOX CYYJIMHH yen OoJoBCpyyscaH apra
oM [58, 59]. GRAS-Di aMIUTHKOHBI CEKBEHCHHTHITH
TEXHOJIOTHOC YYccaH Oereen III'Y-bH onmipyynantan
caHamcapryit mpaiimepsir ammrianar. GRAS-Di Hp
TEHETUKUIH XYyBbJ] MXKMJI TOCTI XYMYYCHHH OyHA 4
I3COH OYyX XPOMOCOMBII XaMapcaH OJIOH T'€HETUKUHH
MapKepyyabll  TOJOPXOHMJIOX  OoloMXToH  Oereen
XapbllaHTYH Oara 3apjiaap eep eep MHIEKC Japaasal
aryysiacaH mpaiiMep OaripIr ammriaH XdI9H 3yyraac
X3MI9H MSHTaH I3KUJ XIPIDINK O0NHO. TeXHUKUITH
JABTANTYYIBIH TYHJ 4 OJNIIPYYJACAaH X3CTYYA Hb Mall
WX JaBTargax OOJOMXKTOW TyN erermesl AyTyy YJA3X
oonomxryit 6omrox OomHo. GRAS-Di-miir namnaraa
TCHOMBIH JJapaallairyd 3y Ty I3 X3pIridX O0IOMKTOH,
yuup Hb GRAS-Di-uiiH reHOTHI TOZOPXOWIOX Ye Iuar
Hb OJNLIpYyJIcaH YHIIMAT Oaifraa Ga Oaiixryi scaxmoc
Xamaapy xuirayk oomnzor [60].

MIG-seq. Cysma, Mamnyku (2015) [92] =Hap
“multiplexed ISSR genotyping by sequencing” (inter-
simple sequence repeat-ISSR reHOTUNHIAT MYJIBTUTUICKC
CEKBEHCHHIDIP TOTTOOX) 3K HOPJSTIJAT  [IHHD
apreir caHay OonrocoH [92] Oereex 3H> HE NGS-uiir
PECTPUKIUIH (EPMEHTIIP YPHAYMIDK TaCIAITYUAr3Ip
xuiinar. Uarxans ISSR mpaiimepyynbiH TycrnamxTait
xuiicoH MyneTaiUieke [1IY apraap 63nTracaH 6aracracan
TOIIOONIONITIN CaHTUHH CEKBEHCHIT TOrToocHoop de
nova SNP-wiir mipyysx OOJOMXKTON apra oM. DHY Hb
XaMTHIH 0ara X3aMKI3HUH MoTUMop(u3M yycraaar bara
OpTerTdH apra rak y3uar 0a H? apra Hb ynaaH Oyynan
33P3T TOM IeHOMTOM ypramiIbIl CyIaXaj TOXHPOMIKTOM
TATUAT Xapyyncad [61].

RADcap Hb  OOJIOMXKHUT SNP  nokyceIr
TOJOPXOMJIOXBIH TYIJ XOC (epMeHTI3p Xdpuyadr Oa
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>1.5k 199K, Malll eH/1ep YaHapTai
RAD ILIOLH\I" YYIBIH Jlata M1 aapjulararaii 5cB
raagHa Ganpnax Tuiim GTseq YPLDKIYYJI3H XsIHaX TOCOI I[SQ)KHI/Iﬁ TOO 2CBIJI
JIOKYCYyABIT JaBTaH JIPK aBax
TOTTOOX yy?
Yryi
1000w g, <1.5k 129K 5B
Scan <500 sokye HOT yjlaaruiin
TOCOII
Buo- AmnxaH mar
(0} . <500
Hudopmarukuit ———'I J129k 60JIOH JIOKYCHIH TOO
H yagsap?
LR 100m 133%
9cBa >500 JoKyc
Rapture
JlyHn ocBan Seq
AXH{CaH Iuar
>500
100mx
1000m e
1 JpoxHui TOO I JlokycsiH TOO

3-p 3ypar. lluns 3yiury yAUiH TEHOTHITHIT TOZOPXOMIOX XaMI'HiH Yp IYHT3H CEKBEHCHHIJI CYYPHIaH TOAOPXOMUIOX aprbil COHIOX
nmuarpam. bruo-urdopmaTHkuiiH “aHxaH mWAaTHB Typlularatai cymraadun Unix OONOH KOMIBIOTEPUITH (XYUHH Yagall, Oarraamk)
YHICOH MBIUITTIH 0aiix 00J0BY T€HOMHUKHIH OYP3H TOCIHHT X3PITKYYIIXII HUXIIXIH TycIaMXK XdPIrTdil rak y33B. *[lanen
0osoBcpyynaxaa XyBUIH KOMIIAHUTAK TIP3 XUIMX MIaapiarataid. XapaIB anb XoAuidH 00JI0BCpyyicaH maHen Oaiiraa 6om GTseq-1
OnonH(pOpPMaTHKUITH MAIUIAT Oara 3¢BaI OI'T maapiararyit 6oiaao. Meek and Larson (2019)-33¢ aBcan [64].

30pWITOT Aapaaiiaap 6apux 0ail apaaulblr aluiiasar
RADseq (3RAD)-uiiH eepumiicen 0ac HIr3H XyBHIOAp
oM [62]. DHY aprelH JaByy Tajl Hb 3apjail Oararai,
OJIOH 3yyH OOIrajMiiH TeHOTHITUIT TOI'TOOX/100 HIIYY MX
naBrantrairaap, [1I'Y-b1H naBxapan Oaratail Xuior.
RAPTURE (RAD Capture). OH3 Hb Anu HapblH
(2016) mmHIIp OoyoOBCpyydacaH WYY Yp AYHTIH
RAD cekBeHCcUHTHIH TpoTOKON oM [62]. Muumk 0Oa
JlapcoH Hap IOYHJ XapuyiIT aBaxbIl 30pbX Oaliraa
Gaiijian, TOCOB MOHIO, TYYBPHHH XOMXKII, CY/UIAa4JIbIH
OMOMH(pOPMATUKHIH MAJIAT, CylaK 000X OalpluUIBIH
TOO 33PATT YHIDCIOH XaMTUIH TOXMPOMIKTOH T€HOMBIH
OaracraH Tesxeenyysok cynanaar (reduced representation)
apra x3parciyyauir canan 6oirocod [63] (3-p 3ypar).

SNP appaii

SNP appait 601 tepexn Oypuiin 3yiumitn JJHX-nitn
9X YYCBIp Mam 0ara X3M>K33Td3H, MHBa3HUB Oyc 3CBAI
Oara 39prUifH WHBA3WB JP3XK [5] aBaxaJ]] TOXHUPOMKTOU
JHX-uitn mukpo-appaiit [66, 67] Har Tepen oM. 3apuM
SNP appaiin ToBY Taia0apsIr JOOp OpyyIas:

Fluidigm 96-SNPChip CucreM Hb TE€HOTHI
TONOPXOMIIOX, XyyJOapblH TOOHBI Bapuall, TEHUWH
OKCIIPECCHIT CYIUTIaxaj 30pHYDK JIPKUNT HaHOIUTP
93JDXYYHIIP CYMIAaXbIH TYAX MHKPOQIIIOUINKUITH
TEXHOJIOTHHT alluIiajar HAr tepiuiH asromar [1I'Y/
oxIIT'Y SNP appaita cuctem rom. OH3 apra Hb 96 SNP
MYJIBTHITIEKC 96 133%33p noioo xoHOrT 500000 rapyii
LIMHXKUIT? XUHX 60moMkTOH [68]. DHY aprbH XyBb,
XYpoH OaaBraii, caapajl YOHBIH SUITQJCHIT alIUIIaH
VAMBIH CaHT COPI33H 3acBapiax, SNP Mapkepyyabir
0osoBcpyynax 0oyoH Oatanraaxyyiaax 30pPHITOOp TYC
TyC aMKWJITTal cymaicaH 6aiina [69,70].

Ampliflour SNP renorun TOrroox apra Hb
anmnenuitn  eBepmerr 6a SNP-mifH eBepMell YpBYyY
npaiiMephIr alumiaH XUHIAT TOJUMEpa3blH THHXKHH
ypBanm 139p cyypunk TagMan qPCR wmamuH 133p
OOIUT Iar XyramaaHJ HIPYYJDK/XOMXKAIT apra oM
[71]. Moopun 6a Makkaptu (2007) Bowhead xamumabt
(Balaena  mysticetus) SCHBI  JP2KHUAT  alllUTIIaH
Amplifluor renotun Torroox apraap SNP mapkepyyasir
60s10BCpyYY/DK Oatanraaxyyican [90].
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1-p xycHarT. Baracrax teneenyynsH cexBeHcHHT xuiix apra (RAD, Rapture) 6onon Tepen Oypuiitn SNP appaiin
LIMHXX YaHapyyablH xapbiyyiaant. Meek & Larson (2019) [64] 6onon Carrol (2018) [89] HapbIH cynanraar HIITI9H

OOPUIIIK XapyyJiaB.

Mb33mam:
Yycrax Bbanmxan xsubap
Bonoscpyynan . o o
N N Horx maxuiin JOKyChIH ToO,  Aunpaansl  llaapmararait Gaiiai, maapaaraax
Aprazyit XHIX 3apai, N . .
sapaai ($US) [Monystumiin JIaBTaMK JIHX-uiin yanap  OMOMH(POPMATHKHUAH
xyramuaa ($)
IeHETHK MOJIAT
aHan3
N ~ g IyHIaX ~7XOHOT,
RADseq Tonopxouryi 30 20,000 nokyc na JyHJTAXK-T139]] yHAmI/aXUCaH maT
500-10000 IYHIAX ~7XOHOT,
Rapture 40008, 4 cap 15 HoKkye JyHJTAXK-T139]] B —
?22 HoKyer xsu1oap/2 enep
13000-150008 2068 ooskHiit ~500/manen 6ara—fly1-ula>x 2 IIT'Y marrai, 1
GTseq N SNP renotun oxuui [I'Y -1 TOITBOPXKYyJ1axX
4 cap TeHOTHITHHT o
. rarIOTHIT noon Tan Hb 10Hr  mIaTTaii;
TOJOPXOHITOXOT AHXAH 1At
3,68
1313%
. 96SNPs-1 96
- 96 SNPs 6yxuit L o
Fluidigm omron 45158 60;(ranumj SNP resnorun 1% HaHOTPaMM JHX sinrax 6a III'Y
IFCHOTHUIINHI
TOIOPXOHI0X0.
262,58
96 nokyct
96 mPIKURH
TE€HOTUIIMHT
96 noKycTaiii ~ TOXOPXOMIOXI00
Amplifiuor 2310$, gPCR 20 nokycuiir 1 SNP renotun  1.4% HaHOrpaMM g{zﬂza OxIITY
MaIlIiH MYJIbTHILIEKC
60JITOHO.
(5000
LIMHKUIT3HAN
KHT33p TOOLOB)
384 myxToii 601
96 noKyve 8,5% MYJIBTHILICKC
o Y 96 HyxT>1 601 XoprosH MI'Y, meBapadras,
Oyxwuii onuron . o
15% JIKUH: npaiMepuiiH
27308, noxye 96 SNPs-1 96 24-mokyc | AHOTPaMM, TCaxX ILIAT, TaXUH
MassARRAY oypx 2 annens \,ﬂ SNP renorun N Y MYJIBTUILIEKC P e
6oxranuitn 9%; LPBIPJIIX 1IAT
'K TOOIIOXO/; Iy oypt 10ar
TeHOTHUI 48 noxyc compact mass
MassARRAY .
TOIOPXOUIHO 25% spectrometer 135p
CHCTEM
(24-noxyc YHIIYyyTax
MYJIBTUILIEKC)
Tonopxoiryi,
MukpocaTemuT Mkxpocaremnur Hanorpammein
CEKBEHCHHT TeHOTHI XOMXKIITIH I'IK
Y3m19T
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MassARRAY (CexkBeHOM): DOMHAI3YHH MPAaKTUKT
XYHUH 05I0oH oBYHMM JJHX-uitH METHIDKUITUHT Ccy/uiax
TEXHOJIOTHIT Taimbapiaxgaa 3HY apraap xuiican [71].
"By, I'yyceane Hap (2016) momyssiuuita OyTa11, FeHeTHK
oNoH OaiibiH  cymanraar CEKBCHOM TEXHOJIOTHIT
alnmIaH MHUKPOCATEeJUIUTHIH Mapkepyyarait
xappllyyidaH AsuitH  3aansl  (Elephas  maximus)
SUTTAIACHBI IDMKUHT XUHKI9 [93].

T'eHeTHKHUITH MEHEe;KMEHT

TyxallH TOMYJSIAAH TCHETUK OJOH SH3 OaiisIr
YHOICHMH Japaa Oaifragp Xamraajarduyp TyXaiH
MOMYJISIIMAT HOXOH COPrIdX, ypT XyramaaHj MOHI
YIAA9XUUH TYJAJA OAr3P TOJN apryyabll Xapraji3aH
MCHE)KMCHTHIH TOJIOBIIOTOOT CaHall 00JTO/IOT.

e TeHeTMKMIHH OIOH SAH3 OaWIIBIl  XaJrajaax:
I'eHeTUKUIH MEHEXMEHT Hb MOMYJSAl JAO0TOPX
TCHETUKUIH  ONIOH sH3  Oaifuielr  ajjaxaac
COPTHIIIXAN Tycaimar. [eHeTWK OJOoH sH3 Oaiiman
Hb XYBBCIIBIH OOJIOH JTaCaH 30XMIIOX 9X Marepuai
OoNIOr yupaac 3H? Mall 4yXaj IOM. YIMBIH CaHT
Xaaranax Hb MOMYJISLMHH TICBIP THBUIIP, YPT
Xyraiaasbl aMbJIpax 4aJBapbir HAMILAYYIar [73].

e Ilyc oilipronTooc ypbIuuiiaH COPrUiimdx: ['eHeTuk
MCHCXKMCHTHIWH CTparerm 0Oereen  TyxaiiOai,
OONralMynblH XSHANTTAW  YPXKIWI, IIADKYYJIH
Oalipiryynax 33par Hb IIyC OMPTONT YYCIX IPCAITHUAT
Oyypyyrnnar. llyc o#pTOnT HB XOp XOHEeNTHIH
peueccMB IMIMHX YaHAPBIT WIDPXUMIK, HOXOH
YPXKUXYHH YagaBXUHr Oyypyy/iK, ©BUHH OMIIIT
OpPTOMTTHUI  OAMIUIBIT  HAMATAYYJIIXIN  XYPramsr

Oereesl "H® Hb TyXaWH MOMYJIALUHT OPIIMH
TOTTHOXOJT 3aHAIXUUIIAT [74].
» TlomynmsanuiiH aMbpApax uYaABaphIl caibkpyydax:

YpxauiH XOCYyAbII TE€HETHKHMH rapan Yycol,
HUMLTIH Oalijana Hb TyAryypiaaH OOJITOOMKTON
COHTOX 3amMaap XWUHX TEHETUKUIIH MEHEXMEHT
Hb TIONMYSILMUH aMbJpax 4aaBapbir OYXdiJ Hb
caibkpyymx uaaHa. OpyyJl HOMYNSIL aMXKUITTai
YPXIK, XOBOPJCOH aMBTJBIT HOXOH CIPII3X3J XyBb
HAMPI3 OpyyJIax Marayuiaji eHjep Oainar

» Jlacan 30xuI0X uyafaMXk: [ €HETHMKMHH MEHEXMEHT
Hb aiMBaa IONMYJSIIMIH XypadiadH Oyl Op4YHBI
0epwIeNTe ] JacaH 30XUIOX YaaBapT HAH dYyXal
Oaik OONOX TEHETHK BapHalbIl Xajrajlax 3CBAJI
HABTPYYJIIX3 Tycanjar. DH? Hb Yyp aMbCrajblH
0OpWIONT, aMbJpax OpYHBl ©epuleNnTe] AacaH
30XMIIOXO] OHIIIOH a4 X0I00TIoNTOM oM [75].

e VYerax spcmanmuiir Oyypyyiax: ['@eHEeTHKHHH XyBb[
OJIOH SIH3BIH OOATaJMyJBIT HyTarmuryylax 3aMaap
YAaMIIUTBIT aBpax aXwlaraa Hb JKIWKAT OOJIOH
TycraapiaracaH NOMyJISIUHH XyBbJ| yCTaxX dPCAIIHNIT
Oyypyy/DK dajaHa. DHd Hb sUIAHTYsIa MOXJIMIH UPMAT

JP3p Oaiiraa momynsIua xamaapanrai [76].

* AMbJpax yaJBapbIH YPT XyTallaaHbl TCHETHUK XSTHAJIT:
IeHeTHK MEHEXKMEHTI TOMYNAIUIAH TeHETUKUNH
OalHTBIH XSHAITHIT OPOJIyYImar. ODH? Hb Lar
XyTallaaHbl SBLAJ TyXalH MOMYJSIMAH TeHCTUKUHH
Tayaapx YH? LPHTIH MIIIAJUTHHT ery, Imaapyiaratai
0051 MEHEKMEHTHIH CTPaTeruj eepuieNT opyyiaax
6oomvkuitr onrozor [16].

T'emeTukuiin MCHEKMCHTHITH TOJIOBIIOTOOT
VOAMIUTBIH ~ OJIOH SH3 OalWUTbIH  XaMmpax Xyp3?,
QNIATIIBIH XOMXKDD 33PII3C IMANTraajlaH Tepell 3V,
T 3YIUIL, TOMYISANWIAH TYBITUH] aBY Y373T.

3yiin

WxoHX Oaifrane xamraanarduf] 3YHIHHAT OHMONIOTHIH
OJIOH sTH3 OaliIIIBIH XOMXKYYpP OoNToH ammuriagar 0ereen
HPH XOBOPIACOH AaMBTIBIH SH3 OYpPHHH MOMYIISAINA
aHxaapiaa xaHmyyngar [77]. 3yt Hb SBOIIOLN, aHTHIIAI
3YHH YHACSH HIDK OOJOBY XaMTaajUIBIH TEHETHUKIU]T
UXOBWIPH 3YWI OTOPX TONOPXOW JKIDKHUT TIOMYIISIA]
YHUIIICOH CylairaaHbl aXIsr xuimdr [78]. Smanrysa
3apUM  OpOHJ DJHAEMUK 3YWIYyyd Hb rasap3yilH
Xs3raapiaraMan MYKHI TapxcaH Oyiy II00H TOOHBI
TOTyJSI,  Oaigar Tyd THOTIIPUMT Xamraanax HAH
TIPTYYHHHA 30pWITOT OYIAT TK y319T [79].

Hon 3yiin

Jpn 3ynIMiAr MX3BWISH WKW 3YWIMMH rasap3yiH
XyBbJ] TyCraapyiaracaH OyNTYYAd T»K TOZOPXOWIJOL
XaMraaJplH XOE€p TOXMOJIIONI O34 3YWI 4yXan ad
xombormonToit Gaimar. Harmyraapt, yaceiH 60moH  yiic
JOTOPX XWIHHH X0o€p Tanx Oaifraa HOMyIALyyx eep
eep 1311 3YIIYYId XyBaapuiariax, eep eep TYBLIHUI
Xamraajgax TeJIOBIereeTd TOXMOJIONA TyXalH XO0&p
NOMYJISALMWAT HUMTAI Hb 3YMJIMHH TYBIIHMM Xamraayiax
TOJIeBI6reeTIi 0onrox Hb WIYY TOXHPOMXKTOM.
Xoépayraapt, ©preH TapXajJTTail 3YIIHHH KWKWAT
NOMYJISILIMAT TOJWIOH XaMraajax siBAajl IoM. X3Iunurasp
9Ar33p MOMyNAl Hb OPOH HYTarT YCTax 3pciadi
OHIIOPTHH Oaiik 000X U, AJaHTysAa TaXWH HyTaruryyiax
O0IIOMKTOH 00N THArPHUIT XaMraajax IIaapuiararyi
6aibx OomHO. ['3COH XIuii 9 3apuM SKIDKUT TIOMYJISIL]
Hb TyXalH 3YIIMHT ypT XyraunaaHJ OpIUMH TOI'THOXOZ
qyXajl YYpar Ty TraaaT 6aiix 6omomkroit. Tyxaiinba,
L[ar yypblH ©0pWwIeNTe 1 YHJCIH TOIMyIsIaac WiIyy caiH
JacaH 30xuIicoH [77, 78, 90].

JBoJIIOUBIH a4 x0J100r10.1T0M HAITKYYH (ESUs)

OBOMIONBIH a4  XOJIOOTJONTOW HADKHUIH Tyxait
OMATONTHIT aHX a4 XOJIOOTJONTOW JacaH 30XHUII0X
BapHalbll' aryyJiCaH XaMraaJblH HAIK X3M33H Pailnsp
(1986) canaauwmnican [81]. YyHuii napaaraac 3BOJIOIBIH
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a4 X0JIOOTIOITON HITKUHT TOIOPXOMIIOX /100 MOJIEKYJIBIH
YP AYH, SKOJOTHIH MIII3IUIMHH a4 XOJOOTIBIT Y331
OapuMTIama HAMXK opyyricaH. Yammc (1991, 1995)
9BONIOLBIH sUITaa YYCOXMHH TYIA TEeHHHH YpCrajbIr
XaHTanTTai xs3raapyiacan Oaiix €croit Tyn ESU-nitr
Oyca rmomysaac HOXeH YPKHUXYIHH XyBb]l Tycraapiax,
3YHIMIH 9BOJIONBIH TOJ OYPINIdXYYH Xdcor Oaiix
écroii Tk oHuoscoH [82,83]. Mopurn (1994) HB
SBOJIIOLBIH a4 XOJIOOTIOITONW HATKHUT TONOPXOMIOXBIH
TYNJ TCHCTHKHWIH OrerUIMHAT alIuriacaH 0ereej
Mt/IHX-uitH xyBpa MoHO(miIeTHkK, O0eemmuiin JIHX-n
sIraatail  aIeNMiH  TaBTaMKTai HADKYYIUHr Oue
JlaacaH SBOJIOLBIH a4 XOJOOTJONTON HATXK I XYJIIOH
3eBmeepaer [84] Yyuuit napaa Kpannmamn (2000) #Hb
TYYX3H 3CB3I OJOOTHMHH TEHETHK OOJOH DKOJIOTHITH
COJIMJILIOOH/T TYJITYypJiaH MEHEKMEHTUIH 8 30BIOMKUIT
caHas 00JITOCoH [85]. DBOIFOIIBIH a4 XOJIOOTIOITON HITK
I'»K Y3COH MOIYINSIYYIbIH TeHETHKUIHH OHIUIOr Oaiinain
anjaraax MaraJyuiaiTtail Tya HarK X00pOH] 00raanyabir
LIMJDKYYJI9H CYYIATaXbIl UX9HX TOXHUOJJI0I]] 30BIOIOITYH
[78].

Menexmentuiid Har:Kk (MUS)

MeHexXMEeHTUIH HAMK T Hb TyXailH 3yWauir
OYyXdJl Hb XamraajaxblH TYJJ TyCraijaH MEHEKMEHT
XUHX Maapjuaratail 3yl JOTOpX MOMySIUHT XJIAAT
[55, 84]. Moputn (1994) MEHEKMEHTUHH HITKHUUT
“(unoreHeTHKMITH MOAHOOC Vi Xamaapax, MTIHX
6oioH Oeemuiin JIHX-uwitH alnenuiiH JaBTaMYKHH
MOIPIARXYHI anaraaTaid momymsn” 'K TOJOPXOMICOH
Oaiimar [84]. Xapun IlancGen nap (2007) reHuiiH
YPCTaJIBIH TYBIIHA3C WIYYTIH HOMYJSIYYIBIH X000
XaMaapaa Hb MEHEKMEHTUIH HAMKUUT TOIOPXOMIOX
TOJl XYUHMH 3YHI rk y3caH [94]. Men Mopurr (1999)
SBOJIOLBIH a4 XOJIOOTNON OYXUH eep eep HIIKUIH
OuIn xapuH eep eep MeHexMeHTHitH HarkuitH (MU)
OOIranuynbIl XOOPOHJ, JIBIMIAYYIIX Hb TE€HETHKHHH
aBpax (genetic rescue) cTparerd OODK dYagHa TaK
caHai OonrocoH [96]. Yuup Hb MEHEKMEHTHHH HIIK
Hb UXIBWIOH OHMe OMeTdHr?» oip Oyroy TeHEeTHK suiraa
Oara Oaiiar 601 PBOJIOIBIH a4 XOJIOOTIOITOH HAIK Hb
SBOJIOLBIH ©BOPMOII YAaM yrcaar WPXUAIIAT [acon
xomuii 4, ®Ppanxxam (2012) HapbiH y39K Oaliraaraap
Oaifranb xaMraangard MEHEXXEpYYA aHTHiIal 3yHH XyBb[|
XYJ99H 36BLIOOPOINCOH 3YHIYYIUHH Ooarammyasir
XOOpPOHJI Hb XOJMXTYH OalX X3parTdi I'»K OHIOJICOH
Gaiinar [97]. Yuup Hb eep eep 3yHIuitH Ooxraanyabir
XOJILCHOOP XOOPOHA00  BPIUN3KHUH ©BOpPMOI]
TEHCTUKUIH OJIOH sH3 Oaifman amgargaxan Xypraaor
TuiiMasc, X3paB 3y JOTOp OJOH MEHEXMEHTHHH
HADK OaiiBai, aHrWian 3YHH XyBBJI XOT XyBaarJcaHbl
yJlMaac XKHUT MHOPHUIMHTI OPCOH HOMYJSIIUAT aBpax
OosoMIK XsI3raapiarjax aoynrai oM. Yuup Hb Oaiiranb

XaMraajgard MEHeXepyyA 3YWIMHr ycrax aroynaaac
aBpax InaapJyiararaii 0aiical 4 eep eep MEHE)KMEHTHIHH
HODKUJA ~ Xapbsianarnax OoAraquyIbll XOOpPOHI Hb
XOJIMX00C TaTTan3ax 000X IOM.

JIyrH?K ~ X2JI9X3/l, TEHETUKUHH MEHEXMEHT Hb
HOH XOBOPJICOH aMBTIBII Xamraajiax, HOXOH CIPIIdX,
OMOJOTMIH ONOH SIH3 OaluIbIr  Xajranaxaja XyBb
HAMP33 OpyyJax 33paT OJIOH JIaByy TalTal XaMraajulblH
TeHETHKHUIH dyXal X3parcai oM. DH? Hb IeHETHKUIH
acyyUIyyAbIl  IIMHABIPIDX,  YCTax  OPCHIIUHT
Oyypyynax, MOyl AaXb OOATraJIMyIbIH YPT XyTralaaHbl
9PYYJT MBHI, AacaH 30XMIOX YaJBaphil caiKpyylaxasn
Tycajjar.
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