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Summary

The article presents a study on the
molecular genetic characterization of the
widespread Eryx miliaris (Pallas, 1773)
species in Uzbekistan, the species is endemic
to Asia. In Uzbekistan, two species
belonging to the genus Eryx, E. miliaris and
E. tataricus, are widespread, and their
taxonomic status is considered problematic.
According to the results of the molecular
genetic studies, the nucleotide sequence of
the mtDNA 16S rRNA domain of the E.
miliaris, stored in the collection of the
Institute of Zoology of the Academy of
Sciences of the Republic of Uzbekistan, was
studied. This species was studied by
comparing it with the nucleotides of its
species in the National Center for
Biotechnology Information (NCBI) gene
bank. According to the results of the
bioinformatic studies, it was determined that
this species has a 99% close identity to the
E. miliaris (MN338670) species in the gene
bank. In the phylogenetic tree, species
belonging to the genus Eryx were grouped
into 4 groups, and the E. miliaris species E.
tataricus and E.f. jaculus were grouped
together with 98.4% bootstrap support from
the phylogenetic point of view, and the E.
miliaris Uz sample was found to be closely
related to the E. miliaris species distributed
in Iran. The mtDNA 16S rRNA region was
found to be omne of the key genes in the
identification of species belonging to the
genus Erys (Erycidae).

Keywords: ~ molecular  genetic
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Introduction. The fauna of Uzbeki-
stan has an ancient history, which is con-
nected by very complex relationships. In this
region, endemic and autochthonous species
of Turan and Turkestan play a significant
role. Throughout history, various animals
from Central Asia, India-China, the areas
surrounding the Mediterranean Sea, and the
Eurasian steppes have arrived here. At the
same time, part of the fauna consists of spe-
cies introduced from the Far East, the Cau-
casus, Europe, and America, either acclima-
tized or accidentally introduced. The modern
fauna of Uzbekistan includes 706 species of
vertebrates, of which 107 are mammals, 460
are birds, 64 are reptiles, 3 are amphibians,
and 76 are fish. The number of invertebrates
reaches more than 15 thousand species [1].

Recent studies have documented 13
species within the subfamily Erycinae, ge-
nus Eryx Daudin,1803, distributed globally:
E. borrii Lanza & Nistri, 2005, E. colubri-
nus (Linnaeus, 1758), E. conicus (Schneider,
1801), E. elegans (Gray, 1849), E. jaculus
(Linnaeus, 1758), E. jayakari Boulenger,
1888, E. johnii (Russell, 1801), E. miliaris
(Pallas, 1773), E. muelleri (Boulenger,
1892), E. somalicus Scortecci, 1939, E. ta-
taricus (Lichtenstein, 1823), E. vittatus
Chernov, 1959 and E. whitakeri Das, 1991.
These species are distributed across diverse
biogeographical regions, including North
and East Africa, Europe, the Middle East,
and South and Central Asia [2]. Regionally,
members of this genus are recorded in Rus-
sia (E. miliaris), Iran (E. elegans, E. jaculus,
E. tataricus, E. johnii, E. sistanensis), Ka-
zakhstan (E. miliaris) [3, 4].

Phylogenetic studies of E. milliaris
specimens from Chine, based on mitochon-
drial DNA (mtDNA) sequences of the 16S
rRNA and COI gene regions, have provided
insights into the evolutionary relationships
of this species with other ophidian taxa [5].
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In Uzbekistan, two species of the genus Er-
vx, E. miliaris (Pallas,1773) and E. tatari-
cus (Lichtenstein, 1823), are widely distrib-
uted [6]. However, morphological and mo-
lecular analyses have demonstrated limita-
tions in differentiating these species with
high confidence [7, 8]. Further integrative
taxonomic approaches, incorporating genet-
ic, ecological, and morphometric data, are
necessary to resolve species delineation
within the genus Eryx.

This study aims to conduct a molec-
ular-genetic characterization of the species
Eryx miliaris, which belongs to the genus
Eryx and is stored in the collection of the
Institute of Zoology of the Academy of Sci-
ences of Uzbekistan.

Materials and methods. Data col-
lection and DNA extraction Specimens
were collected from the Institute of Zoology
at the Academy of Sciences of the Republic
of Uzbekistan. Total genomic DNA was ex-
tracted from these genetic samples using the
DNeasy Blood and Tissue Kit (Qiagen Inc.,
November 2023). To analyze the nucleotide
sequences of the mitochondrial 16S rRNA
region of Eryx miliaris, we used the primers
16SA (5-CGCCTGTTTATCAAAAACAT-
3) and 16SB (5-CCCGTCT GAAC
TCAGATCACG-3'), which are commonly
employed in the taxonomy of Squamata [9].

Polymerase chain reaction (PCR)
amplification was performed under the fol-
lowing conditions: an initial denaturation at
95°C for 15 minutes, followed by a 30-
second denaturation at 94°C, primer anneal-
ing at 53°C for 45 seconds, and elongation
at 72°C for 1 minute and 40 seconds. A final
elongation step was conducted at 72°C for 5
minutes. Steps two through four were re-
peated for up to 35 cycles in a thermal cy-
cling process.

The presence of DNA in the PCR
products was confirmed using electrophore-
sis on a 1.0% agarose gel at 120 V. DNA
amplification and gel purification were per-
formed according to the manufacturer's in-
structions with the reagent kit provided by
"Silex M" (Moscow, Russia).

DNA sequencing was carried out
using the ABI PRISM® BigDye™ Termina-
tor v. 3.1 Cycle Sequencing Kit, and the se-
quencing reactions were analyzed on an
ABI PRISM 3100-Avant Genetic Analyzer
(Moscow, Russia).

Phylogenetic analysis. The DNA
sequence obtained from the quality analysis
was used for species identification via the
BLAST program, confirming that it corre-
sponds to Eryx miliaris. This specimen was
aligned with closely related species re-
trieved from the National Center for Bio-
technology Information (NCBI) database
(https://blast.ncbi.nlm.nih.gov/) using the
MAFFT program [10] and the presence of
stop codons was checked with the AliView
software. A phylogenetic tree was construct-
ed using the Maximum Likelihood (ML)
method with bioinformatics tools such as
FastTree [11] and IQ-Tree v1.6.12 [12].
The nucleotide substitution model was se-
lected using the ModelFinder Plus (MFP)
function [13]. Phylogenetic analysis was
conducted based on the EryxOR21.fasta nu-
cleotide sequences, with the following com-
putational parameters: automatic core detec-
tion (AUTO), SPRNG random number gen-
erator (Seed:834048), and optimized calcu-
lations using AVX+FMA processor support.

Results and discussion. According
to the results of the molecular-genetic analy-
sis, the 498 base pairs of nucleotide se-
quences belonging to the mtDNA 16s rRNA
region of Eryx miliaris were compared to
samples in the GenBank database. As a re-
sult, a 99% similarity was determined, con-
firming that the analyzed E. miliaris speci-
men belongs to the E. miliaris species in the
GenBank database based on molecular
methods. A comparison between the ana-
lyzed Eryx miliaris Uz sample and Eryx
miliaris sequences from GenBank revealed
two nucleotide differences. Specifically, at
the 261st nucleotide position, the E. miliar-
is Uz sample contained G (guanine),
whereas the E. miliaris MN338670 sample
from GenBank stored a (adenine). Addition-
ally, at the 298th nucleotide position, the E.
miliaris Uz sample contained s (cytosine),
while the E. miliaris MN338670 sample
from GenBank stored T (thymine) (Figure
1). These mutations are phylogenetically
significant and may reflect genetic differen-
tiation between Eryx miliaris populations. A
comparison between the Eryx miliaris Uz
sample and E. elegans MN338719 from
GenBank showed 24 nucleotide differences,
with an overall nucleotide similarity of
95.2%.
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Figure 1. Comparison of Eryx milliaris species samples with nucleotide sequences

A cross-phylogenetic tree was created cate the statistical reliability of the tree
with this identified species and other speci- branches. These values are displayed in the
mens from GenBank (Figure 2). upper left corner of the tree, ranging from

From the phylogenetic tree, we ob- 50.01 to 100. Higher bootstrap values
serve that it was constructed based on the (closer to 100) signify stronger statistical
16S rRNA gene sequences of snake species support for the evolutionary relationships
belonging to the genera Acanthophis (4.) depicted in the tree. The tree distinctly
(Elapidae), Epicrates (E.), Boa (B.), and highlights the following clusters:

Eryx (E.) (Boidae). Bootstrap values indi-
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Figure 2. Phylogenetic tree of Eryx species with other snakes based on the Maximum

Likelihood method
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Outgroup clade: Acanthophis mad-
agascariensis (EU419786.1) is positioned at
the most distant evolutionary branch, serv-
ing as the outgroup.

I. Epicrates clade (green cluster):
Epicrates alvarezi (MN276232) and Epic-
rates crassus (NC083268) formed a distinct
cluster with a bootstrap value of 96.5%.

II. Boa clade: Boa constrictor occi-
dentalis (KF576957) and Boa constrictor
constrictor (KF576937) formed a well-
supported subclade with a bootstrap value of
98.4%. The inclusion of the Boa constrictor
imperator (KF576959) resulted in a larger
clade with a bootstrap value of 98.3%.

III. Eryx clade (main internal
group): Eryx tataricus (MN39174) and Er-
yx tataricus (MK780743) formed a separate
clade with a bootstrap value of 84.3%, indi-
cating differentiation from E. miliaris. The
samples  Eryx  miliaris ~ (MN39848,
MN39870, and LN476152) clustered togeth-
er with our E. miliaris sample, forming a
subclade with 96.5% bootstrap support. Ad-

ditionally, Eryx  elegans (MN39873)
grouped within a larger clade with a boot-
strap value of 98.4%.

The phylogenetic tree reveals the
following evolutionary relationships: all Er-
yx species form a monophyletic group, indi-
cating a shared common ancestor. The genus
Boa is shown to be more closely related to
Eryx than to Epicrates. Within the Eryx
clade, the following subclades can be ob-
served: A subclade containing Eryx elegans.
A subclade including multiple samples of
Eryx miliaris. A subclade comprising Eryx
jaculus and Eryx tataricus. The genus Epic-
rates represents a distinct evolutionary line-
age that diverged earlier than the Boa and
Eryx lineages. Based on this phylogenetic
analysis, we can draw taxonomic conclu-
sions that support the current classification
of these snake genera and provide insights
into their evolutionary relationships. The
tree designates A canthophis (Elapidae) as
the outgroup, highlighting it as the most dis-
tantly related genus among the analyzed
taxa. Boa and Eryx share a more recent
common ancestor, while Epicrates occupies
an intermediate position in terms of evolu-
tionary divergence. The presence of multiple
samples for certain species (E. miliaris and
E. tataricus, in particular) allows for the
assessment of intraspecific variability and

helps confirm species boundaries.

According to the literature, the taxo-
nomic status of Eryx tataricus and Eryx mil-
iaris has been a subject of debate in previ-
ous molecular studies, with their relation-
ship being hypothesized to be at the subspe-
cific level [2].

Conclusion. According to the results
of the molecular-genetic research, the
mtDNA 16S rRNA region nucleotide se-
quence of the Eryx miliaris (Pallas, 1773)
species, which belongs to the genus Eryx
and is preserved in the collection of the In-
stitute of Zoology, Academy of Sciences of
the Republic of Uzbekistan, was studied.
This species was compared with nucleotide
sequences of similar species in the National
Biotechnology Information Center's Gen-
Bank. Based on the obtained bioinformatic
analysis, it was confirmed that this species is
99% similar to E. miliaris (MN338670) in
the GenBank database. In the phylogenetic
tree, species belonging to the genus Eryx are
clustered into four groups, with E. miliaris,
E. tataricus, and E. f. jaculus forming a
group with 98.4% bootstrap support. The E.
miliaris_Uz sample was found to be closely
related to E. miliaris from Iran. The mtDNA
16S rRNA region was confirmed to be one
of the key genes for the identification and
study of phylogenetic relationships in the
genus Eremias.
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Material received on 22.02.25

O30excmanoa mapanzan Eryx miliaris
(Squamata: Boidae) mypinin
MONEKYNAIbIK-2eHEMUKATIIK,
cunammamacol

Anoamna

Maxkanaoa Azus atimazvina mou 3H-
Oemux myp obonvin maoviiamoin Eryx miliar-
is (Pallas, 1773) ocvinanvineiy O306excman-
dagvl  Key  mapanean — NONYIAYUACHLIHA
JACYPI3LI2EH MONEKYNANbIK-2EHEMUKANBIK,
cunammamacsl YColHuvliaovl. O30ekcmanoa
Eryx myvicoina ocamamoin exi myp — E.
miliaris nen E. tataricus Key mapanzan,
anarioa onapovly MaKCOHOMUSLIbIK Mapme-
beci ani e HAKmMvl AHBIKMAIMARAH. 3epm-
mey asaceinoa O36excman Pecnybnukacoi
Founvim akademusicvinbiy 300102us uHCcmu-
mymol Jicunagvinoa caxmanean E. miliaris
mypiniy  mumoxonopusinviy J[HK-cvinOagbl
16S pPHK  OomeHiHiH  HYKI€OMUOMIK
mizbeci 3zepmmendi. byn mizoex ¥ammoix
OUOMEXHONOUANILIK  AKNaApam Opmanblebl-
noiy (NCBI) een 6amkinoezci manimemmep-
MeH  canvlcmuipbliovl.  buoungopmamuxa-
JIbIK 3epmmeynep Hamudicecinoe Oy mypoiy
eeH  Oamkme  mipkencen E.  miliaris
(MN338670) mypimen 99% yxcacmoieb
anvikmanovl. DuioceHemuxanvlx azawma
Eryx mysicvina swcamamvin mypnep mepm
monka 0ipikmipinoi, an E. miliaris, E. tatari-
cus ocone E.f. jaculus 6ip monxa 98.4%
oymcempan  Kondayvimen kKipoi. E. miliar-
is Uz yneici Upanoa mapanean E. miliaris
MyplepiMen HCaKblH MyblCMblK, KAMbIHACMA
exeHi anvikmanovl. Mumoxonopusnvix JJHK-
noiy 16S pPHK atimaewr Eryx myvicvina orca-
mamvii mypnepoi aHbIKMayoa Hez2i3eli 2eH-
Odepoiy 0Oipi peminde Oencinendi (Erycidae
MYKbIMOACHL).

Tyninoi  cezoep: Mmonexynanvix-
eenHemuxanvly cunammama, Eryx miliaris,
Eryx tataricus, Osbexcman, mtDNA 16S
pPHK, ¢unocenemuxanvix manoay, maxco-
HOMUSLIbLIK, Mapmebe, 6uouHgpopmamuxa, eet
oanxi, NCBI, mypoi anvixmay, Erycidae.

Mamepuan 6acnaza 22.02.25 mycmi
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Monekynapno-zenemuueckasn
xapakmepucmuka euoa Eryx miliaris
(Squamata: Boidae), pacnpocmpanénnozo
6 Y30ekucmane

Annomauus

B cmamve npeocmasneno uccneoo-
8aHue MOJeKYNIAPHO-2eHeMU4eckol Xapax-
MepUCMUKU UWUPOKO PACHPOCMPAHEHHO20
euoa Eryx miliaris (Pallas, 1773) na mep-
pumopuu Y3bexucmana. Buo sensemcs sm-
Ooemuxom Azuu. B Y3zbexucmane wupoko
pacnpocmparensl 06a éuoa pooa Eryx — E.
miliaris u E. tataricus, npu 5mom ux maxco-
HOMUYEeCKUli cmamyc cuumaemcs npooie-
mMamuuubiM. B pamxax  monexynapHo-
2eHemuYecKux Uccied08anuli oviia uzyienda
HYKI€OMUOHASL NOC1e008amMeNbHOCIb  00-
mena 16S pPHK mumoxonopuanvrou JJHK
(mtDNA) y E. miliaris, xpansawezocs 8 Kon-
nekyuu Hucmumyma 30o0n0euu Axademuu
Hayk Pecnyonuxu Y3zbexucman. [lannwiii
8UO CPABHUBAICA C HYKIEOMUOHBIMU NOCTLe-
008amMenNbHOCMAMY, NPeOCMABIeHHbIMU 8
eenHoghonoe Hayuonanonoco yemmpa oOuo-
mexnonocuueckotl ungopmayuu (NCBI). Ilo
pesyiomamam OUOUHGDOPMAMUYECKUX aHA-
JIU308 YCMAHOBLEHO, Ym0 OAHHbBI 8UO0 UMe-
em 99% cxoocmea c obpasyom E. miliaris
(MN338670), 3apecucmpuposannvim 6 2eH-
banxe. Ha gunocenemuueckom Oepese
npeocmasumenu pooa Eryx ovinu cepynnu-
posaHvl 8 wemvlpe Kiacmepa, npu smom E.

miliaris, E. tataricus u E.f. jaculus Owvinu
00beOUHEeHbL 8 0OHY 2PYNNY € NOOOEPAHCKOU
oymempoana 98,4%. Obpazey E. miliaris Uz
oxazancsi 6IU3KOPOOCMBEHHbIM NONYIAYUAM
E. miliaris, pacnpocmpanénuvim 6 Hpane.
Obnacmo 16S pPHK mumoxonopuanvHotl
JIHK 6vi1a onpeodenena kak 0OuH u3 Kiwue-
8bIX 2eH08 051 UOEeHMUDUKAYUU BUOOB POOA
Eryx (cemeticmeo Erycidae).

Kntouesvie cnosa: monexynsipHo-
eeHemuueckasn xapaxmepucmuka, Eryx mil-
iaris, Eryx tataricus, Y36exucman, mtDNA
16S pPHK, c¢unocenemuueckuii auanus,
maxkcoHomMuveckul cmamyc, Ouourgopma-
muka, eenbank, NCBI, uoenmughuxayus
suoos, Erycidae

Mamepuan nocmynun 6 peoaxkyuro
22.02.2025
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