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Abstract
This article presents the potential of third-generation sequencing (TGS) technologies to support biodiversity
conservation efforts in Kazakhstan. We focus on two emblematic species — Pusa caspica (Caspian seal) and Tulipa
greigii — that are both under conservation threat and lack comprehensive genomic resources. This mini-review
highlights the transformative role of third-generation sequencing (TGS) in biodiversity conservation, using
Kazakhstan as a case study. We do not aim to systematically compare sequencing technologies or exhaustively
catalog all available genomic data. Rather, we discuss how high quality gapless reference genomes produced using
TGS platforms such as PacBio HiFi and Oxford Nanopore represent an effective tool for species conservation
efforts providing valuable information for the assessment of population genomic health, and for the identification
of genes linked to adaptation and disease resistance. Finally, we suggest expanding this approach to include
additional species of national importance, such as the saiga antelope, the Tazy and Tobet dogs, and the pink
flamingo, as part of a national genomic biodiversity initiative.
Keywords: conservation genomics, Caspian seal, Tulipa greigii, third-generation sequencing, platinum-
standard reference genome, Kazakhstan biodiversity.
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Amnjarna
Bbyn makamama KazakcTasgarbsl OMOSPTYPIITNKTI CAKTAy KOHIHACTI KYII-KIrepai KoJiaay YIIiH YINiHII
OybiH cexBeHHPIRY (TGS) TeXHOTOTHAIAPBHIHBIH yieyeTi OepimreH. bi3 exi amOmemMansk Typre — Pusa caspica
(xacmif uTOANBIFB) YoHE Tulipa greigii - KOPFray KayIll TOHIN TYPFaH XKOHE XKaH-’KAKThI TCHOMBIK PECYPCTaphI
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JKOK TypJepre Hazap ayzapambid. bynm marsiH mrosny Kaszakctanael MbIcan peTiHAC NaifganaHa OTHIPHII,
OHOATY AHTYPIILTKTI CAKTayXAFbl YOI HIII YpraK CCKBCHIMACHHEBIH (TGS) TpaHcHopMaIuAIBIK POiH KOPCETEl.
bi3 cekBeHHMpIEY TEXHOJOTHSIAPBHIH JKYWEdl TYPHAE CANBICTBIPYAbI HEMECE OapibIK KOJDKETIMII T€HOMIBIK
JCPEKTCPAl TOMBIK Karajorrayasl Makcat ermeiiMis. bi3 PacBio HiFi sxome Oxford Nanopore cmsakrer TGS
mIaT(opManapsl APKBUIEL 6H/II PIATCH SKOFAPHI CalalIbl CAHBIIAYChI3 AHBIKTAMAIIBIK TCHOMIAP/IBIH MOy JLIIHIHBIH
TCHOM/BIK JACHCAYJIBIFBIH Oaranay >koHe OCHIMICIY MCH aypy¥a Te3IMAUTKICH OalIaHBICTHI TCHACPAL AHBIKTAY
YIIH KYHOBI aKmapar OCPeTiH TYPISPAi CAKTay >KYMBICTAPBIHBIH THIMII Kypaibl OOJBIN TAOBLIATHIHBIH
TankeLIaiMe3. COHBIHIA, 013 YITTHIK TCHOMIBIK OHOOPTYPIILTIK OacTaMachIHBIH O6ITiri peTiHAe akOekeH, Tassl
skoHE TeleT UTTepi JKOHE KBIFBUIT KOKHKA3 CHAKTHI YITTHIK MAHBI3BI Oap KOCHIMINA TYpIepai KOCY YIIIH OCHI
TOCIUII KEHEHTY Tl YCHIHAMBI3.

KinT ce3nep: KOHCEpBALMLIBIK TCHOMUKA, KACTIHI UTOANBIFL, Tulipa greigii, YIIiHIII OYbIH CEKBEHHUPIICY,
pedepenctik reHoM, Kazakcran OnoaayaHTYPITiTTi.
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AHHOTAHSA

B 3710if cTaThe MpeACTABICH MOTCHIHA TCXHOJOTHH CCKBCHHPOBAHHUA TPEThero mokoyecHus (TGS) ma
TIOJZICP’KKH YCHIIMI TIO0 COXpaHEHMI0 OmopasHooOpasmsa B Kazaxcrane. Mbl oxycupyemcst Ha JIBYX 3HAKOBBIX
BUNAX - Pusa caspica (KacnMHCKHUH TIOICHb) U Tulipa greigii, KOTOpble 00a HAXOAATCA MO YTPO30H COXPAaHESHUS
W HE UMEIOT KOMIUICKCHBIX TCHOMHBIX PECYpCcOB. B 3TOM MHHHM-0030pe MOTUESPKHBACTCS MPEoOpasyomas poib
CCKBCHUPOBAHMA TpeThero mokoacHu (TGS) B coxpaneHnn OnopazHo00pasus, HComb3y I Ka3axcTaH B KAUCCTBE
npuMepa. Mbl HE CTaBUM CBOEH LECJIBI0O CHCTEMATHYECKOE CPABHCHUE TEXHOJIOTMH CEKBCHHPOBAHHS WU
HCUCPIHIBAIONIYE0 KATAJTOTH3ANUIO BCEX JOCTYIHBIX T€HOMHBIX JAHHBIX. BMECTO 3TOrO MBI 0OCYy’;KmaeM, Kak
BBICOKOKAUCCTBCHHBIC pe()epeHTHBIC TCHOMBI 0€3 MPOOEIOB, MOIYUYECHHbIE C HCHoab30BanueM Iuardopm TGS,
takux Kak PacBio HiFi u Oxford Nanopore, mpeacTaBismoT co0oi »(h(eKTHBHBIN HHCTPYMCHT I YCHIIAH 110
COXPAHCHHIO BHIOB, IIPEIOCTABILLI ICHHYIO HHPOPMALMIO I OLECHKH TCHOMHOTO 30POBbS TOIY JSIHH M 7L
HACHTH()MKAIMK TSHOB, CBSI3AHHBIX C aJaNTalied M YCTOHYMBOCTBHIO K Ooxes3maMm. Hakower, Mbl mpenaracm
pacIMpPHUTh 3TOT MOAXO, BKIFOUYHMB B HETO AOTOIHHTEIBHBIC BHAbI HAIHOHAIFHOTO 3HAUCHMS, TAKHE KaK Cakrax,
cobaku Ta3bl W TOOET, a TAKKe PO30BBIH (DIaMHHIO, B PaMKaxX HAHOHAIHHOW HHHI[MATHBHI 10 TCHOMHOMY
OHOPa3HOOOpAsHIO.

Kirouerbie ¢J10Ba: TCHOMHKA OXPAHBI MPHPOIBI, KACMUHCKUH TIOJACHD, Tulipa greigii, CCKBCHHPOBAHHUC
TPETHETO MOKOJICHHA, 3TAJIOHHBIH TCHOM, OnopasHooOpasue Kazaxcrana.

1. Introduction

As we are facing increased environmental challenges due to climate change and man-
made impact on habitats, preserving biodiversity is becoming increasingly important, in
particular, to ensure the survival of rare and endemic species. For Kazakhstan, biodiversity
conservation is key as the country possesses several unique species and some of these unique
endemics are highlight linked to national pride, culture and heritage. For example, species such
as the critically endangered Caspian seal (Pusa caspica), the Kazakh Tazy dog, and wild tulips
like Tulipa greigii stand as living symbols of the country's natural identity. Protecting these
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emblematic species for future generations should leverage informed, long-term conservation
strategies, and modern genomic technologies now offer unprecedented tools to support these
efforts.

First, it is important to highlight that the aim of this review is to synthesize emerging
applications of third-generation sequencing (TGS) in biodiversity conservation, with an
emphasis on its underused potential in Kazakhstan. Through the lens of two emblematic
species, we highlight how access to platinum-standard reference genomes can reshape
conservation strategies. This review does not intend to present a meta-analysis of genomic data
across all Kazakh species but to advocate for strategic genomics integration in national
conservation planning.

High-quality genomic data, particularly generated through long-read third-generation
sequencing (TGS), can reveal key insights of the genetic diversity and health, population
structure, and vulnerabilities of endangered species (Theissinger et al., 2023). Global initiatives
such as the Earth BioGenome Project have demonstrated how creating comprehensive genomic
resources can directly support conservation at national and regional levels (Lewin et al., 2022,
Huddart et al., 2022, Hogg et al., 2022). Similarly, the Native Genome Project in Saudi Arabia
initiated by Professor Rod Wing at King Abdullah University of Science and Technology
(KAUST) underscores the value of building high-quality genome assemblies to guide
biodiversity preservation efforts encompassing the unique species of the country including the
Taif rose (Rosa X damascena), miswak tree (Salvadora persica) and the gyrfalcon (Falco
rusticolus), emblematic of the Saudi cultural landscape (N. Mohammed, personal
communication, 2023; Zuccolo et al., 2023).

A recent practical example comes from the development of a gapless genome for Hong
Kong’siconic orchid tree (Bauhinia x blakeana), which clarified its hybrid origin and provided
a vital tool for targeted conservation (Mu et al., 2025). For Kazakhstan, developing similarly
high-quality genomic resources for species such as the Caspian seal and Tulipa greigii could
become a cornerstone of national conservation strategies.

The importance of such efforts is recognized at the highest state level. As President
Kassym-Jomart Tokayev recently emphasized: “Hawero npucTanbHoro BHuMaHns TpebyT
Kacnuickue TIHOJIEHN, PO30BLIE Cb}'IaMVIHFO N apyrne yHukanbHble >XWBOTHbIE, KOTOPbLIMU
ojapuna Hac cama Mnpupoja, HO KOTOpble celdyac HaxoAATCAs B ONACHOCTW WK3-3a
0ECTPYKTUBHON, paspynTenbHON AeaTenbHOCT W nogeid. CunTat He06X0ANMbIM CO34aThb
®oHA oxpaHbl 6Guonorumyeckoro pasHoobpasusd. Kak [nasa rocygapcTBa rOTOB J/IMYHO
BO3rNaBNTb JaHHYK O6LLECTBEHHYI OpraHu3ayuio, 4Tobbl NOAYEPKHYTb 0CO6YH0 BaXXHOCTb
3Toil 6onbwoit paboTsl.” This commitment highlights not only the urgency of protecting
biodiversity but also the unique responsibility Kazakhstan holds in preserving its natural
heritage. In parallel, the successful inclusion of the Tazy dog into the international registry as a
recognized Kazakh breed reflects the growing global recognition of Kazakhstan’s unique
biological and cultural assets.

By leveraging cutting-edge genomic tools, including capabilities available at the Arizona
Genomics Institute (AGI) and King Abdullah University of Science and Technology (KAUST),
Kazakhstan can enhance biodiversity conservation for current and future generations. With the
goal of achieving these ambitions aim of preserving the unique endemic species, we have
launched at Kozybayev University’s Center of Agrocompetence an initiative called “Genomics
of National Treasures”.
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2. The Role of Third-Generation Sequencing for Biodiversity Conservation

2.1 Overview and Benefits of TGS for biodiversity conservation

Third-generation sequencing (TGS) technologies, such as PacBio HiFi and Oxford
Nanopore, represent a major leap forward in our ability to generate complete, high-quality
genomes. Unlike short-read sequencing platforms, which often produce fragmented assemblies
with gaps in repetitive or complex regions, TGS delivers long, contiguous reads that allow for
the reconstruction of near-complete, phased genomes (Marx et al., 2023). For biodiversity
conservation, this technological advancement is particularly critical. Many endangered or
poorly studied species require high-quality reference genomes to enable meaningful genetic
analyses, yet until recently, the majority of available genomes have been partial or draft-quality
(Formenti et al., 2022).

Long-read sequencing brings several decisive advantages for conservation efforts. First,
it captures structural variation—including gene duplications, inversions, and transposable
element insertional polymorphisms—that is often invisible to short-read methods. These
structural features play a key role in shaping adaptation, evolutionary resilience, and disease
resistance, traits that are essential for the survival of threatened species (Formenti et al., 2022).
Second, TGS enables the reconstruction of accurate demographic histories and fine-scale
population structures, providing deep insights into population health, past bottlenecks, and
connectivity across fragmented habitats - the examples of the studies that leverage TGS for
these purposes include genomic population studies in sailfish Istiophorus platypterus (Ferrette
et al., 2023) and Sogatella furcifera, a destructive agricultural pest that threatens rice production
in China and Southeast Asian countries (Cui et al., 2023).

An emerging standard in conservation genomics is the creation of gapless or near-gapless
reference genomes, which serve as foundational tools for future monitoring and management.
A recent example comes from Hong Kong’s iconic orchid tree (Bauhinia % blakeana), where
third-generation sequencing allowed researchers to assemble a complete genome and confirm
its hybrid origins (Mu et al., 2025). Such a resource not only deepened scientific understanding
but also provided critical information to guide conservation strategies. Kazakhstan could
similarly prioritize the development of high-quality, reference-grade genomes for its national
symbols, beginning with the Caspian seal (Pusa caspica) and Tulipa greigii.

It is important to highlight the current state of genomic resources available for Tulipa
greigii and the Caspian seal. For 7. greigii, no complete nuclear genome has been published to
date, to the best of the authors’ knowledge. Only plastid and chloroplast genomes have been
sequenced so far (Almerekova et al., 2024; Tussipkan et al., 2024), leaving major gaps in our
ability to study nuclear variation, structural rearrangements, or adaptive evolution. In the case
of the Caspian seal, a draft genome assembly based on Illumina short-read sequencing was
released in early 2025, spanning 2.36 Gbp and distributed across more than 442,000 scaffolds
(Gomes-dos-Santos et al., 2025). However, short-read platforms often fall short in assembling
complex or repetitive regions, which leads to highly fragmented genomes and limits their
usefulness for conservation genomics. In contrast, third-generation sequencing technologies
such as PacBio HiFi and Oxford Nanopore can generate long, high-fidelity reads capable of
producing gapless, chromosome-scale assemblies. These approaches also enable haplotype
phasing, essential for capturing inbreeding signals, structural variants, and subtle population
differences. For rare or endangered species with structurally complex genomes or small,
isolated populations, these high-quality assemblies serve as a foundational resource for
effective conservation planning.
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For rapidly declining populations such as the Caspian seal, access to a gapless reference
genome would offer immediate and practical benefits. High-resolution genomic data could be
used to assess genetic diversity (e.g. extreme variations in lifespan in the rockfish species from
11 to 200 years have been linked to 137 longevity-associated genes with the help of long-read
sequencing as outlined by Kolora et al., 2021), detect signs of inbreeding depression (e.g. a
recent study in the flightless parrot kakapo, endemic to New Zealand by Dussex et al., 2021),
monitor changes in effective population size, and identify potential genetic vulnerabilities that
could compromise recovery efforts. As highlighted by recent conservation frameworks, early
intervention based on genetic health studies is crucial to prevent irreversible losses in
endangered species (Formenti et al., 2022; Lewin et al., 2022).

At a broader level, investment into TGS for national biodiversity would align Kazakhstan
with major international efforts such as the Earth BioGenome Project (Lewin et al., 2022),
which aims to generate reference genomes for all known eukaryotic species. It would also
follow the model set by the Native Genome Project in Saudi Arabia, demonstrating
Kazakhstan’s commitment to protecting and studying its unique natural heritage using the most
advanced scientific tools available (N. Mohammed, personal communication, 2023).

Thus, the strategic application of third-generation sequencing is not only a scientific
imperative but also a necessary foundation for building a robust, forward-looking conservation
framework. By establishing high-quality genomic resources for emblematic species,
Kazakhstan can ensure that biodiversity conservation efforts are informed, effective, and
lasting.

2.2 Case Study 1: Application to Greig’s tulip (Tulipa greigii)

Tulipa greigii Regel is one of Kazakhstan’s most emblematic wild species, recognized
not only for its striking patterned foliage and vivid red blooms, but also for its deep cultural and
geographic connection to the country, particularly the Southern region. In fact, the Aksu-
Jabagly nature reserve’s emblem (the oldest natural reserve in Central Asia located in Southern
Kazakhstan) is fashioned after the image of the Greig’s tulip. Native to Tian Shan mountains,
this species has long symbolized Kazakhstan’s identity as the homeland of wild tulips. Today,
however, T. greigii is increasingly threatened by habitat degradation, overgrazing, and illegal
bulb collection, with wild populations already in decline and listed in the national Red Book.

Despite its significance, T. greigii remains genetically poorly characterized, limiting both
our understanding of its evolutionary history and our ability to design effective conservation
strategies. While some recent efforts have employed molecular markers such as EST-SSRs to
assess genetic diversity across populations (Almerekova et al., 2024), the absence of a high-
quality reference genome continues to limit comprehensive population studies, restrict
phylogenetic resolution, comparative analysis, and targeted restoration planning. Key traits
such as adaptation to arid environments, flowering timing, and pathogen resistance cannot be
studied at the genome level without a complete and annotated assembly.

Our effort to generate a reference-grade genome for Tulipa greigii will address this gap
directly. A gapless assembly will allow us to identify genes linked to ecological adaptation,
analyze historical population dynamics, and understand the species’ placement within the
broader tulip phylogeny. It will also serve as a foundational resource for in situ and ex situ
conservation strategies.

2.3 Case Study 2: Application to Caspian Seal (Pusa caspica)

The Caspian seal (Pusa caspica) is the sole marine mammal endemic to the Caspian Sea
and holds significant ecological and cultural value in the region. Historically numbering over a
million, the population has experienced a dramatic decline exceeding 70%, primarily due to
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climate change, habitat degradation, disease outbreaks, industrial pollution, and unsustainable
hunting practices (Goodman and Dmitrieva, 2016). The species is currently classified as
"Endangered" on the IUCN Red List and is included in Kazakhstan's national Red Book.

The lack of a high-quality reference genome has impeded comprehensive studies on the
genetic health, population structure, and adaptive potential of P. caspica. Critical questions
regarding inbreeding levels, gene flow, and disease susceptibility remain difficult to address
without a robust genomic framework. Recognizing this gap, a collaborative initiative between
the Central Asian Institute for Environmental Research (CAIER) and King Abdullah University
of Science and Technology (KAUST) is underway to develop a chromosome-scale genome
assembly for the Caspian seal (Asian Ecology, 2025).

This reference genome will serve multiple conservation objectives. First, it will form the
first step for the accurate assessment of genetic diversity and inbreeding depression, which is
essential for understanding reproductive viability and long-term survival. Second, it will
support the identification of immune-related genes and help assess the species’ vulnerability to
pathogens. Canine distemper virus (CDV), phocine herpesvirus, and influenza A have all been
detected in Caspian seal populations, and past outbreaks have caused significant mortality
events (Karamendin et al., 2024; Namroodi et al., 2018; Gadzhiev et al., 2024). Third, the
sequencing efforts starting with the high-quality reference genome will allow researchers to
track shifts in effective population size over time and reconstruct the species’ demographic
history.

Comparative genomic analysis with other pinnipeds, such as the Baikal seal (Pusa
sibirica), will also provide insights into the evolutionary adaptations of P. caspica—a species
uniquely adapted to a large, enclosed inland sea. Moreover, high-resolution genomic data will
help clarify the seal’s capacity for adaptation under environmental stress, supporting predictive
models under changing climatic and ecological conditions.

Recent research has also highlighted the wide range of pathogens circulating in the
Caspian seal population. A viral metagenomic survey identified sequences from Circoviridae,
Parvoviridae, Herpesviridae, and Orthomyxoviridae, pointing to a complex and potentially
unstable virological landscape (Karamendin et al., 2024). Other studies confirmed exposure to
Leptospira interrogans and Toxoplasma gondii, raising concerns about environmental
contamination and zoonotic risks (Namroodi et al., 2018).

The Caspian seal’s conservation is further challenged by persistent pollution from oil and
gas infrastructure, shipping, and runoff, as well as bycatch from illegal fishing practices—all
of which erode already fragile habitats (Gulden, NIBIO, 2023). In this context, a reference
genome is not just a scientific milestone—it is an urgently needed tool for building long-term,
evidence-based conservation strategies.

By generating the first high-quality genome for P. caspica, this project lays the
groundwork for genomic surveillance, disease risk monitoring, and adaptive management. As
Kazakhstan builds its own biodiversity genome archive, the Caspian seal genome will stand as
both a scientific resource and a national commitment to the region’s most threatened species.

3. Toward a National Biodiversity Genome Initiative: Conclusions and Future
Directions

Kazakhstan is home to several emblematic species that carry ecological, evolutionary,
and cultural significance. Among them, the Caspian seal (Pusa caspica) and Tulipa greigii
represent two distinct taxa currently facing significant conservation threats. Until recently,
conservation efforts for these species have been constrained by the lack of high-resolution
genomic data. This limitation has hindered the development of evidence-based management
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strategies, particularly those requiring precise information about population structure, genetic
diversity, and adaptive capacity.

The application of third-generation sequencing technologies to generate reference-quality
genomes for these species offers an opportunity to close this gap. For P. caspica, a high-quality
genome will facilitate the detection of inbreeding, reconstruct historical demography, and
enable the identification of immune-related genes relevant to disease monitoring. For 7. greigii,
genomic resources will support the study of local adaptation, guide in situ and ex situ
conservation strategies, and provide a reference for other Central Asian wild tulips. In both
cases, the availability of complete, annotated genomes will allow for the integration of
molecular tools into long-term conservation planning, including genetic monitoring and
assisted gene flow if required.

Looking ahead, it is essential to expand genomic efforts beyond these initial species.
Other national pride taxa such as the saiga antelope (Saiga tatarica), the Tazy and Tobet hunting
dog breeds, and the pink flamingo (Phoenicopterus roseus) would benefit from similar genomic
characterization. These species are exposed to different anthropogenic pressures, ranging from
habitat fragmentation and climate vulnerability to hybridization and disease risk. The
development of a national biodiversity genomics initiative, with high-quality genome
assemblies as its foundation, would strengthen Kazakhstan’s capacity to lead in the application
of genomics to conservation science.

The tools now exist to transition from fragmented data to comprehensive, species-specific
genomic resources. Leveraging these capabilities in a coordinated framework will be critical
for preserving Kazakhstan’s biodiversity and ensuring that future conservation decisions are
informed by the best available molecular evidence.

Rerefences:
1. Almerckova, S. et al. (2024) ‘Comparative analysis of plastome sequences of seven tulipa L. (Liliaceae
Juss.) species from section Kolpakowskianac RAAMSD. Ex Zonn and VELDK.’, International Journal of
Molecular Sciences, 25(14), p. 7874. doi:10.3390/ijms25147874.
2. Almerckova, S., Yermagambetova, M., Ivashchenko, A., Abugalieva, S., & Turuspekov, Y. (2024).
Assessment of Complete Plastid Genome Sequences of Tulipa alberti Regel and Tulipa greigii Regel
Species from Kazakhstan. Genes, 15(11), 1447. https://doi.org/10.3390/genes15111447
3. Caspian seal genome: Joint research between Caier and Kaust (2025) Inasnas - [[AHSH. Available
at:https://asianecology kz/news_eng/tpost/nx2bigjpz1-caspian-seal-genome-joint-resecarch-betwe
(Accessed: 14 May 2025).
4. Cui, T. et al. (2023) “Chromosome-level genome assembly and population genomic analysis provide
novel insights into the immunity and evolution of Sogatella furcifera’, Genomics, 115(6), p. 110729.
doi:10.1016/j.ygeno.2023.110729.
5. Dussex, N., van der Valk, T., Morales, H.E., Wheat, C.W., Diez-del-Molino, D. & Allentoft, M.E.,
2021. Population genomics of the critically endangered kakapo. Cell Genomics, 1(1), p.100002. DOI:
10.1016/j.xgen.2021.100002
6. Ferrette, B.L. ef al. (2023) ‘Seascape genomics and phylogeography of the sailfish (istiophorus
platypterus)’, Genome Biology and Evolution, 15(4). doi:10.1093/gbe/evad042.
7. Formenti, G. et al. (2022) ‘The era of reference genomes in conservation genomics’, 7rends in Ecology
& Evolution, 37(3), pp. 197-202. doi:10.1016/j.tree.2021.11.008.
8. Gadzhiev, A. et al. (2024) ‘Pinnipeds and avian influenza: A global timeline and review of research on
the impact of highly pathogenic avian influenza on pinniped populations with particular reference to the
endangered Caspian seal (Pusa CASPICA)’, Frontiers in Cellular and Infection Microbiology, 14.
doi:10.3389/fcimb.2024.1325977.
9. Gomes-dos-Santos, André, Elsa Froufe, Viatcheslav V. Rozhnov, Ivan Bolotov, Ilya G. Meschersky,
Sergey I. Meschersky, Maria A. Solovyeva, Fedor V. Klimov, L. Filipe C. Castro, and Manuel Lopes-Lima.


https://doi.org/10.3390/genes151n447
https://asianecology.kz/news_eng/tpost/nx2bigjpz1-caspian-seal-genome-joint-research-betwe

M. Kosbi6aes ateinaarsl CKY Xatapmbicsi /
Bectauxk CKY umenu M. Kosbioaesa. Ne 3 (67). 2025 33

2025. “The Complete Genome Sequence of the Caspian Seal Pusa Caspica (Gmelin, 1788).” Biodiversity
Genomes, March. https://doi.org/10.56179/001¢.133591.

10. Hogg, C.J., Ottewell, K., Latch, P., Rossetto, M., Biggs, J., Gilbert, A., Richmond, S. & Belov, K.,
2022. Threatened Species Initiative: Empowering conservation action using genomic resources.
Proceedings of the National Academy of Sciences of the United States of America, 119(4), €2115643118.
https://doi.org/10.1073/pnas.2115643118

11. Huddart, J.E.A., Crawford, A.J., Luna-Tapia, A.L., Restrepo, S., & Di Palma, F. (2022). EBP-Colombia
and the bioeconomy: Genomics in the service of biodiversity conservation and sustainable development.
Proceedings of the National Academy of Sciences of the United States of America, 119(4), €2115641119.
12. Karamendin, K. ef al. (2024) “Viral metagenomic survey of Caspian seals’, Frontiers in Veterinary
Science, 11. doi:10.3389/fvets.2024.1461135.

13. Kolora, S.R R, Randhawa, H., Deisseroth, A., Mukherjee, S., Phuong, M. A, Paten, B. & Lewin, H.A.,
2021. Origins and evolution of extreme life span in Pacific Ocean rockfishes. Science, 374(6571), pp.842—
847. DOI: 10.1126/science.abg5332

14. Lewin, H.A. ef al. (2022) ‘The Earth Biogenome Project 2020: Starting the Clock’, Proceedings of the
National Academy of Sciences, 119(4). doi:10.1073/pnas.2115635118.

15. Marx, V. (2023) ‘Method of the year: Long-read sequencing’, Nature Methods, 20(1), pp. 6—11.
doi:10.1038/541592-022-01730-w.

16. Mu, W. ef al. (2025) “The haplotype-resolved T2T genome for bauhinia % blakeana sheds light on the
genetic basis of flower heterosis’, GigaScience, 14. doi:10.1093/gigascience/giaf044.

17. Namroodi, S. ef al. (2018) ‘Frequency of exposure of endangered Caspian seals to canine distemper
virus, Leptospira interrogans, and Toxoplasma gondii’, PLOS ONE, 13(4).
doi:10.1371/journal . pone.0196070.

18. Kathrine Torday Gulden (2023) Transnational collaboration to save the caspian seal - NIBIO, Nibio
EN. Available at: https://www.nibio.no/en/news/transnational-collaboration-to-save-the-caspian-seal
(Accessed: 14 May 2025).

19. Theissinger, K. ef al. (2023) ‘How genomics can help biodiversity conservation’, Trends in Genetics,
39(7), pp. 545-559. doi:10.1016/j.tig.2023.01.005.

20. Tussipkan, D., Shevtsov, V., Ramazanova, M., Rakhimzhanova, A., Shevtsov, A., & Manabayeva, S.
(2024). Kazakhstan tulips: Comparative analysis of complete chloroplast genomes of four local and
endangered species of the genus Tulipa L. Frontiers in  Plant  Science, 15, Atticle
1433253, https://doi.org/10.3389/fpls.2024.1433253

21. Zuccolo, A. et al. (2023) “The Gyrfalcon (falco rusticolus) genome’, G3: Genes, Genomes, Genetics,
13(3). doi:10.1093/g3journal/jkad001.

22. ‘Pusa Caspica: Goodman, S. & Dmitrieva, L.” (2015) JUCN Red List of Threatened Species [Preprint].
doi:10.2305/iucn.uk.2016-1.1lts.t41669a45230700.en.

Information about the authors:

Mussurova S. — Scientific Coordinator at Center of Agrocompetence, Kozybayev University,

Petropavlovsk, Kazakhstan; e-mail: saule. mussurova@kaust.edu.sa:
Zuccolo A, — Corresponding author, Professor at Kozybayev University; Scuola Superiore Sant” Anna, Pisa,

Italy; e-mail: azuccolo@ku.edu.kz:
Wing R.A. — Corresponding author, Professor at KAUST, Thuwal, Saudi Arabia; Professor and Director

of the Arizona Genomics Institute, University of Arizona, Tucson, USA; e-mail: rod. wing(@kaust.edu.sa.



https://doi.org/10.56179/001c.133591
https://doi.org/10.1073/pnas.2115643118
https://www.nibio.no/en/news/transnational-collaboration-to-save-the-caspian-seal
https://doi.org/10.3389/fpls.2024.1433253
mailto:azuccolo@ku.edu.kz

