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Abstract. This article presents a molecular-genetic characterization of the species Meriones tamariscinus (Pallas, 1773), belonging to the genus Meriones Illiger, 1811, based on specimens collected from the Bukhara and Navoi regions and the Republic of Karakalpakstan. For M. tamariscinus, the phylogenetic tree constructed using the mitochondrial DNA COI gene was divided into three main clades, and all major nodes were shown to be statistically well supported with high bootstrap values (69–100%).
Based on the results of the phylogenetic tree analyses reconstructed using the mitochondrial DNA 16S rRNA gene, all examined samples were classified into clearly distinct clades (Clade I–III). All of these clades were found to be statistically well supported with high bootstrap values.
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[bookmark: _GoBack]INTRODUCTION

Uzbekistan’s fauna is characterized by a rich diversity of species. Its biological diversity is an integral part of our national wealth. This richness has developed over several thousand years of evolution and represents a great heritage passed down to us by our ancestors. Preserving this heritage and passing it on to future generations in the form of a diverse and stable system is a significant and responsible task that lies before us. At present, the fauna of Uzbekistan includes 714 species of vertebrates, while the number of invertebrate species exceeds 15,000 (Red Book of the Republic of Uzbekistan, 2019).
The distribution of species diversity across the Earth’s surface is markedly uneven and exhibits strong spatial heterogeneity. Although biogeographers have conducted extensive studies at broad spatial scales, in biodiversity hotspot regions, and along major natural gradients such as latitude and elevation, comparatively little attention has been given to examining patterns of species diversity in arid environments (Belmaker and Jetz 2015; Li et al., 2021; Kinlock et al., 2017; Quintero and Jetz 2018; Zhang et al., 2023). 
Arid regions–including hyper–arid, arid, and semi–arid zones–have traditionally been regarded as harsh and unproductive landscapes. As a result, they have been studied far less than other biomes such as forests and steppes, despite covering nearly one–third of the Earth’s terrestrial surface and supporting unique forms of biodiversity (Byrne et al., 2008; Durant et al., 2012; Zhang et al., 2023).
Understanding the factors that determine the spatial patterns of species diversity remains one of the central challenges in evolutionary biology and ecology (Pennisi, 2005; Jin et al., 2021). Numerous drivers have been proposed to explain spatial variation in species diversity across different scales. For instance, habitat heterogeneity is strongly associated with species richness in terrestrial plants and animals (Stein et al., 2014), whereas contemporary climate plays a key role in shaping the geographic distribution of mammal diversity in Europe (Santos et al., 2020).
Recent research has also shown that Quaternary climate change has been a major driver of species richness and rarity among mammals, birds, amphibians, and dragonflies in sub–Saharan Africa (Pinkert et al., 2020). However, studies focusing on large–scale patterns suggest that relying solely on correlations between environmental variables and species richness is insufficient to fully explain how diversity has developed over time. A more comprehensive understanding requires the inclusion of evolutionary processes in analytical models (Wiens and Donoghue, 2004; Cai et al., 2020).
From an evolutionary perspective, phylogenies combined with spatial data can be used to infer historical processes and ultimately explain the formation of contemporary patterns of biodiversity (Stevens, 2006; Feijó et al., 2022a). In fact, the spatial distribution of species diversity is shaped over evolutionary time by the processes of speciation, extinction, and dispersal (Wiens and Donoghue, 2004; Shrestha et al., 2018; Feijó et al., 2022a).
In arid regions, species diversity is mainly represented by animals that are well adapted to dry environments, typically small–bodied species with high population sizes, including rodents (Shenbrot et al., 2012). Rodents have large populations and long evolutionary histories, and their fossil records are widely distributed. Therefore, they represent a suitable model group for studying the mechanisms underlying diversity patterns in desert ecosystems. In this study, we assessed the relative importance of ecological and evolutionary factors in shaping large–scale patterns of rodent diversity in arid regions, using one of the largest rodent subfamilies, Gerbillinae, as an example.
Gerbillinae is the second–largest subfamily within the family Muridae (after Murinae) and comprises 14 genera and 102 species. Nearly all of them are adapted to arid environments (Shenbrot et al., 2012; Burgin et al., 2018; Mammal Diversity Database, 2023). They play an important role in the arid ecosystems of Africa and Eurasia and are widely distributed across deserts, semi–deserts, steppes, savannas, and other dry habitats (Shenbrot and Krasnov, 2001). 
Murinae consists of 135 genera and 656 species and represents the largest subfamily within Muridae (Wilson and Mittermeier, 2018). Muridae show a higher level of variation in diversification rates than any other rodent group (Fabre et al., 2012). In addition, due to the medical importance and genomic advantages of Murinae species, studies involving DNA sequencing, phylogenetic reconstruction, and divergence time estimation are particularly significant.
Although the phylogenetic relationships of some rodent subfamilies have been studied from different perspectives, those of Murinae have not yet been fully resolved (Steppan et al., 2005). To address this gap, S.J. Steppan et al. (2005) clarified the phylogeny of Murinae and identified seven distinct geographic lineages. Using three nuclear genes and one mitochondrial fragment, they inferred that Murinae originated in Southeast Asia.
Musser and Carleton. (2005) divided Murinae into 29 groups. Lecompte et al. (2008) proposed that the phylogenetic relationships within Murinae should be described at the tribal level and indicated that Phloeomyini represents the basal lineage of Murinae. P.H. Fabre et al. (2013) further reconstructed the phylogenetic relationships and biogeographic history of Murinae, also confirming that Phloeomyini occupies a basal position. They showed that Micromys belongs to the tribe Murini rather than forming a separate tribe, and that Murinae consists of nine tribes.
I.G. Meschersky et al. (2016) demonstrated that Chiropodomys is neither part of the Micromys lineage nor closely related to Hapalomys. A.D. Missoup et al. (2016) clarified the phylogenetic relationships within the Arvicanthini tribe. In the same year, M. Pagès et al. (2016) used molecular analyses and morphological comparisons to determine the taxonomic status of the Micromys and Pithecheir groups within Murinae.
The body length of M. tamariscinus is approximately 180 mm. The tail is slightly shorter than the combined length of the head and body (about 95%). The tail tuft is short and has a light chestnut coloration. The sole of the hind foot is completely covered with brown hairs; in M. t. texartensis, these hairs extend to the heel region, whereas in M. t. siscaucasicus, they are absent. The hairs on the lateral and anterior parts of the sole are white, while the part shows a distinct dark brown stripe or triangular marking.
The tail lacks a well–developed tuft of long hairs; instead, it is covered with short hairs along its entire length, which become slightly longer at the tip, forming a small tuft. The dorsal surface of the foot often bears an elongated dark spot. The claws are yellowish–brown. The dorsal side of the body is light–colored, whereas the ventral side is off–white.
Cranial characteristics: In this species, the auditory bullae are small, without hypertrophy and lacking any additional cavity in the anterior external part. The external bony auditory meatus is simple in structure, but its anterior margin is crescent–shaped. The bony lamina of the auditory meatus is present. The suprameatal triangle is small and closed. The upper suprameatal triangle process is well developed and broad.
Taxonomy: The placement of this species within the subgenus Meriones is explained by the highly distinctive morphology of the male genitalia of M. tamariscinus compared to other species within the genus (Wilson & Reeder, 2005).
Currently, molecular genetic studies on both vertebrate and invertebrate animals are being actively conducted in our country. In particular, molecular genetic research on invertebrates (Aliyev et al., 2025; Soliyeva et el., 2025; Shakarboev et el., 2025), fishes (Ubaydullayev et el., 2025) and lizards (Amirov et el., 2025; Kuchboev et el., 2025) is being carried out.
The aim of this study is to perform the molecular genetic characterization of Meriones tamariscinus (Pallas, 1773), a species belonging to the genus Meriones Illiger, 1811, distributed in the desert regions of Navoi and Bukhara regions and the Republic of Karakalpakstan of the Republic of Uzbekistan.


MATERIALs AND METHODS 
The materials for this study were collected during 2025 from the Navoi and Bukhara regions of the Republic of Uzbekistan, as well as from the Republic of Karakalpakstan. The research focused on genetic samples obtained from M. tamariscinus (Pallas, 1773), a species belonging to the genus Meriones Illiger, 1811. The following method was used to obtain genetic samples from the rodents (Figure 1).
Prior to setting up a snare, an ideal location has to be determined within the pika habitat or talus slope. This includes hay piles, which are vegetation caches that the animals collect in late summer as well as fresh scats found at latrine sites. Strips of packing tape (10–50 cm in length) are rolled up to provide a 360° sticky surface and are arranged in a web–like manner to envelope the entrance to the pika's hay pile or latrine site. Depending on the configuration of the rocks, a piece of fishing line may be used to support the structure of the hair snare, but this is often not necessary when entrances are quite small (<30 cm in diameter), a complete description of the use of fishing line can be found in P. Henry and A. Russello. (2010). Hair snares are checked as often as possible, and hair samples deposited on the tape are then collected and labeled. Once transported back to the lab, hairs are removed from the sticky tape using sterile forceps and transferred into cryogenic tubes and stored at –20°C until further manipulation (Henry et el., 2011).
DNA was extracted from the selected samples using the GeneJET Genomic DNA purification kit (Vogelstein et el., 1979; Marko et el., 1982; Boom et el., 1990).
Genomic DNA extracted from M. tamariscinus was used to determine the nucleotide sequences of the 16S rRNA gene. For this purpose, the universal mitochondrial 16Sbr primer (5′–CCGGTCTGAACTCAGATCACGT–3′) was employed. PCR amplification was carried out under the following conditions: an initial denaturation at 95°C for 10 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 52°C for 1 min, extension at 72°C for 1 min, and a final extension at 72°C for 7 min (Jung–Ha Kang et el., 2015).
In addition, the COI gene was analyzed using the following primers: forward primer (5′–GGTCAACAAATCATAAAGATATTGG–3′) and reverse primer (5′–TAAACTTCAGGGTGACCAAAAAATCA–3′). The PCR cycling conditions were as follows: 95°C for 1 min, followed by 40 cycles of 95°C for 20 s, 50°C for 50 s, and 68°C for 1.5 min, with a final extension at 72°C for 5 min (Parinya et el., 2020).
The presence of DNA in the PCR products was confirmed by electrophoresis on a 1.0% agarose gel under 120 V. DNA amplification and gel purification were carried out according to the manufacturer’s instructions using reagent kits provided by “Silex M” (Moscow, Russia). DNA sequencing was performed using the ABI PRISM® BigDye™ Terminator v. 3.1 Cycle Sequencing Kit, and sequencing reactions were analyzed on an ABI PRISM 3100–Avant Genetic Analyzer (Moscow, Russia).
Phylogenetic Tree Construction. For phylogenetic analysis, COI gene nucleotide sequences from 15 specimens representing 4 species of the genus Meriones Illiger, 1811, as well as 16S rRNA gene sequences from 12 specimens of the same 4 species, were used. As outgroups, sequences of Apodemus uralensis and Acomys spinosissimus with GenBank accession numbers MK329621 and AM409241 were included.
The obtained nucleotide sequences were manually edited using BioEdit version 7.0.5.2 (Hall, 1999), and subsequently all sequences were aligned using the MAFFT algorithm (Katoh et al., 2002). Phylogenetic trees were reconstructed using the Maximum Likelihood (ML) method implemented in IQ-TREE 2 (Minh et al., 2020). The best-fitting evolutionary model was selected using the ModelFinder algorithm, which is integrated into the IQ-TREE software (Kalyaanamoorthy et al., 2017).
The reliability of the tree topology was assessed using 1000 bootstrap replications (Felsenstein, 1985). Additional analyses were performed using Bayesian Inference (BI) with the MrBayes 3.1.2 software (Huelsenbeck & Ronquist, 2001). The MCMC (Markov Chain Monte Carlo) algorithm was run for 4 million generations, with samples taken every 1000 generations. The first 1000 trees were discarded as burn–in. Phylogenetic tree reliability was evaluated using Bayesian posterior probabilities (PP) and bootstrap values (BS) as follows: PP ≥ 0.95 and BS ≥ 70% – high support; PP = 0.90–0.94 and BS = 50–69% – moderate support; PP < 0.90 and BS < 50% – low support (Huelsenbeck & Hillis, 1993). The final phylogenetic trees were visualized graphically using the iTOL (Interactive Tree of Life) online platform (Letunic & Bork, 2021).

RESULTS  
Phylogenetic tree constructed based on the COI gene of mitochondrial DNA
As a result of the conducted molecular genetic analyses, nucleotide sequences of mitochondrial DNA belonging to the COI gene (625 base pairs) and the 16S rRNA gene (555 base pairs) were obtained from M. tamariscinus, a species of the genus Meriones Illiger, 1811.
Based on the results of the phylogenetic tree analyses, a well–defined and strongly supported evolutionary structure among rodent representatives was revealed for species of the genus Meriones based on the mitochondrial COI gene. The phylogenetic tree constructed using the Maximum Likelihood method was divided into three main clades, and all major nodes were statistically well supported with high bootstrap values (69–100%). The obtained results were visualized using the iTOL platform.
Among the samples of M. tamariscinus, a particularly strong phylogenetic signal was observed, with all samples forming a monophyletic clade. Within this clade, the Bukhara, Navoi, and Karakalpak populations were characterized by very low genetic divergence (0.001–0.003), indicating either recent separation or ongoing microevolutionary differentiation processes. The Bukhara and Navoi samples formed the closest evolutionary lineage, while the Karakalpak population occupied a relatively intermediate but slightly more divergent position. This clade clustered together with GenBank reference sequences (KT834971, NC034314) in a highly supported cluster, confirming species–level identity with a genetic distance of ≤0.01.
The clade of M. meridianus was identified as a stable evolutionary unit with high bootstrap support (73–100%), and the low level of intraclade genetic variation suggests evolutionary stability within this species. In contrast, M. musculus exhibited relatively higher intraclade genetic divergence (0.002–0.005), indicating the presence of population structure. M. libycus and M. tristrami formed clearly separated and highly supported independent clades, reflecting pronounced interspecific phylogenetic differentiation.
As an outgroup, A. uralensis was positioned at a significantly greater evolutionary distance from all ingroup taxa (≈0.052–0.767), ensuring proper rooting of the tree and reliable reconstruction of evolutionary relationships among the internal clades (Figure 2).
Overall, reconstruction of the phylogenetic tree based on the COI gene revealed a highly structured evolutionary pattern among rodent taxa. In particular, the low genetic divergence and geographic clustering observed within M. tamariscinus suggest that this species is currently in a stage of population–level differentiation. The obtained results demonstrate that the COI marker has a high resolution for distinguishing both species–level relationships and fine–scale microgeographic population structure in rodents.
As a result of the conducted molecular genetic studies, the nucleotide sequences of the mitochondrial DNA COI gene of M. tamariscinus were deposited in an international bioinformatics database (ncbi.nlm.nih.gov), and the corresponding accession numbers were obtained (M. tamariscinus_ Karakalpakstan-- PZ336191, Bukhara- PZ336190, Navoi- PZ336192).


Phylogenetic tree constructed based on the 16S rRNA gene of mitochondrial DNA 
The phylogenetic relationships among different rodent representatives were analyzed based on mitochondrial DNA 16S rRNA gene sequences. The results of the phylogenetic tree analysis showed that all examined samples were grouped into distinct clades (Clade I–III), which were reliably supported by high bootstrap values.
Samples belonging to M. unguiculatus (KC762224, NC023263, MN122859) formed a single clade, strongly supported by a 100% bootstrap value. The genetic distance within this group was very low (0.001–0.004), confirming their conspecific status and high genetic similarity. Phylogenetically, M. persicus was identified as the closest related species to this clade, with genetic distances ranging between 0.02 and 0.03.
Similarly, M. libycus (NC027683, OR159306) formed a distinct clade, which was also strongly supported with a 100% bootstrap value. This clade clustered together with M. tristrami, indicating interspecific–level differentiation between these taxa.
One of the key findings of the study concerns samples of M. tamariscinus. Specifically, specimens collected from Karakalpakstan, Bukhara, and Navoi regions formed a single monophyletic clade in the phylogenetic tree. The genetic distance among these samples was very low (0.003–0.004), confirming their belonging to the same species.
In addition, these regional samples clustered together with M. tamariscinus sequences retrieved from the GenBank database (KT834971, NC034314), showing a high level of genetic similarity. The low genetic distance between the regional samples and GenBank sequences (≤0.01) further confirms their conspecificity. This also validates the correct identification of the analyzed specimens as M. tamariscinus.
The close clustering of the Bukhara and Navoi samples corresponds to their geographic proximity, whereas the Karakalpakstan sample formed a relatively separate sub–branch within the same clade. This pattern may be explained by initial microevolutionary differentiation driven by geographic isolation.
This clade was strongly supported by bootstrap values of 90–95%, confirming the reliability of the obtained results.
In the phylogenetic tree, A. spinosissimus was used as an outgroup and exhibited a considerably greater genetic distance compared to all ingroup taxa, supporting proper rooting of the tree and reliable reconstruction of evolutionary relationships (Figure 3).
As a result of the conducted molecular genetic studies, the nucleotide sequences of the mitochondrial DNA 16S rRNA gene of M. tamariscinus were deposited in an international bioinformatics database (ncbi.nlm.nih.gov), and the corresponding accession numbers were obtained (M. tamariscinus_ Karakalpakstan-PX226302, Bukhara-PZ340938, Navoi- PZ340939).

DISCUSSION

Convergent evolution may occur as a result of different Meriones species adapting to similar environmental conditions (Petter, 1961; Chetbourn et al., 1983). Therefore, morphological characters at the subgeneric level may lead to homoplasy and the formation of paraphyletic subgenera (McKenna et al., 1997). The characters used to distinguish subgenera within the genus Meriones (Pavlinov et al., 1990)–including the presence or absence of hair on the plantar surface of the hind feet, the presence, absence, and size of proximal pads on the hind feet, the position of the posterior palatine foramina, and the presence or absence of cheek vibrissae–are not consistent with the results of molecular studies (Chevret and Dobigny, 2005).
At the same time, supraspecific morphological characters are relatively conservative and stable during evolutionary processes. They tend to be retained through successive speciation events from ancestral forms and can therefore be used to determine the “polarity” of characters, that is, whether a trait represents a primitive or derived condition.
Phylogenetic reconstruction based on the mitochondrial COI gene revealed a well–resolved and strongly supported evolutionary structure among representatives of the genus Meriones. The tree constructed using the Maximum Likelihood method was divided into three main clades, and all major nodes were supported by high bootstrap values (69–100%), indicating the reliability of the obtained results.
The phylogenetic relationships among different rodent representatives were analyzed based on mitochondrial DNA 16S rRNA gene sequences. The results of the phylogenetic tree analysis showed that all examined samples were grouped into clearly defined clades (Clade I–III), which were reliably supported by high bootstrap values.
Sequences belonging to M. unguiculatus (KC762224, NC023263, MN122859) formed a single clade strongly supported by a 100% bootstrap value. The genetic distance within this group was very low (0.001–0.004), confirming their conspecific status and high genetic similarity. Phylogenetically, M. persicus was identified as the closest related species to this clade, with genetic distances ranging between 0.02 and 0.03.


CONCLUSION
Phylogenetic analyses of species belonging to the genus Meriones based on mitochondrial DNA COI and 16S rRNA genes revealed a clear and well–supported evolutionary structure among them. The low genetic distance within species (≤0.01), as well as the formation of monophyletic clades, confirms the reliability of species–level identification.
In particular, the very low level of genetic differentiation observed among populations of M. tamariscinus (from Karakalpakstan, Bukhara, and Navoi regions) indicates the absence of significant genetic divergence and suggests the presence of ongoing gene flow among these populations. The high level of similarity between these samples and GenBank records further confirms their correct taxonomic identification.
Overall, the obtained results demonstrate the high efficiency of mitochondrial markers in phylogenetic studies and highlight their importance in elucidating the evolutionary relationships among species of the genus Meriones.
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Figure 1. Regions where genetic samples were collected.
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Figure 2. Phylogenetic tree of Meriones representatives reconstructed based on the mitochondrial DNA COI gene
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Figure 3. Phylogenetic tree constructed based on the mitochondrial DNA 16S rRNA gene of representatives of the genus Meriones.
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