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Kazaxcmanowik cenemuxmep men ceneKyuonepiep Ko2amolHblH
(KOGIS-2026) 1-xonghepenyusncoin yitvimoacmuipy Komumeminin anzoicosi

Kypmerri opintectep!

Ciznmepai 2026 xbutrel 13—15 mambip apanbireinga Cemeit Kanaceinga eteTin «Kaszakcran
TCHETUKTEPl MEH CeJCKIMOHEpJIepl KOFaMbl» pecryONUKaIbIK KOFamblK Oipiectirinig |
koH(pepermmsicel — KOGIS-2026 asicpiHaa MIbIH )KYPEKTEH KapChl aTaMBbI3.

KI'MCK  anmramikbel  KOH(EPEHIMSACHIHBIH  O©TKi3L1yl  Ka3zakcTaHmgarbl  T€HETHKTED,
CENIEKIIUOHEpIIep, OMOTEXHOJOITap JKOHE JKac 3epTTeYIIUIepAiH KociOM KaybIMIACTBHIFBIH
JAMBITYJIaFbl MaHBI3ABI K€3€H 00JbIN TaObuTaabl. KOFaMHBIH KYPBUTYBI €J1IMI3/1iH FBUIBIMU dJICYETiH
OipiKTipyre, MOHApalbIK BIKMANAACTHIKTEL JaMbITyFa >KOHE 3aMaHayd TEeHETHKAa MEH CeJeKIUS
CalachIHAAFbl  XaJbIKAPAJIBIK FBUIBIMH  BIHTBIMAKTACTBIKTBI ~HBIFAWTYFa JIET€H YMTBUIBICTHI
KepceTesi.

byrinme rTeHeTMKa MEH CeNEKIUS MEIUIIMHAHBl JIaMBITY, a3bIK-TYJIK KayilCi3airiH
KaMTaMachl3 €Ty, aybUl [IapyallbUIbIFBIHBIH TYPAKThl JaMybl, OHOANyaHTYPJIUIKTI cakray,
OMOTEXHOJIOTUATIAPAB! JAMBITY JKOHE OHOJOTHSIBIK KAyilCI3MIKTI KaMTaMachl3 €Ty CHSKTHI
xahaHJpIK MIHAETTEpHl WIemlyle UIemylli pesl aTKapaabl. [ eHOMIBIK TEXHOJIOTHSIIAP/IbIH,
MOJICKYJAJIBIK ~ OMOJIOTHSHBIH, OWOMH()OPMATHKAHBIH JKOHE JKOFapbl JONIIKTI (QEeHOTHUITEY
O/iCTepiHIH KapKbIHIBI JaMybl J>KaHa FBUIBIMH TOCUIAEPAl KAJBINTACTBHIPHIN, 1preii  JKoHE
KoJIgaHOabl 3epTTeyliepre KeH MyMKIHAIKTep anryaa.

KOGIS-2026 xoH(pepeHIHACH opTYp:Ii FBUIBIMH OaFbITTarbl FaJbIMAAp MEH MaMaHIapabl
Ka3ipri >KeTICTIKTepHAl TaJKbUIay, TOXKIpHOE anmMacy, 3epTTey HOTIKENEepIH YCBIHY KOHE >KaHa
FBUIBIMH  KOJUTAO0OpausuiapIbl  KaJbIITACTBIPy MakcaThiHAa OipikTipeai. CoHBIMEH KaTap Xac
FAIBIMIApAbl KOJJayFa, XaJblKapajiblK OpPINTECTIKTI JaMbITyFa >XOHE FBUIBIMU o3ipieMerep/ai
TOXipuOere eHri3yre epeKiie Ha3ap ayaapbuiajbl.

KI'MCK anramkbl kKoHGepeHIUACHIHBIH Ka3akCcTaHHBIH MaHBI3ABI FBHUIBIMH JKOHE TapuUXu
opTanbIKTapbIHBIH 0ipi — Cemeil KanmaceiHaa oTyi epekiie Monre ue. 2026 xpuibl CeMel SapoIbiK
ChIHAK TIOJIMTOHBIHBIH JKaObutFaHbIHA 35 kb1 TOdanbl. byn — >xkahaHnablk Kayinci3aik IeH
TYMaHHUTAPIIBIK JKAayarKepIIUTiK JKOJIBIHIAFbl aca MaHbBI3Ibl TAPUXH OKHUFa. SIPOIIBIK CHIHAKTAPIBIH
calapbl XalblK JEHCAYIBIFbIHA, OHIPAIH YKOJIOTUSIIBIK JKaFaiibiHa KOHE TeHETUKAIBIK KayilCi3/IiK
Mmocenenepine acep erti. ConablKTaH Kasipri KazakcTaHgarbl T€HETHKANBbIK 3€pTTeyjep MeH
OMOTEXHOJIOTHUSATIAPABI ITaMBITY €PEKIle MaHbI3Fa HeE.

Kondepenuusupiy ~ yiipiMaactelpy  komuTeTi CeMmeill  MeauluHa  YHUBEPCUTETIHE
KOHAK)KalJIBIFbI, JKOFaphbl JCHreWIeri YHBIMAACTBIPY JKYMBICTAPhl KOHE OCBHI FBUIBIMH (OPYMIBI
OTKI3yre KOpCEeTKEeH KOJJaybl YIIIH epekile aiufbIchlH Ounmipeni. KoHpepeHIUsHbIH eniMi3IiH
KETEKIIl MEIULUHANBIK KOHE FbUIBIMU-OUIIM Oepy OpTajibIKTapbhlHbIH OipiHIH Oa3zachlHIa OTYl
MOHAPABIK ©3apa BIKNAIIACTHIKTHIH MaHbBI3bIH aWKbiHAaN, Ka3zaKcTaHHBIH FBUIBIMH KoHE OiliM
Oepy yibIMIaphl apachlHIaFbl OalIaHBICTAP bl HBIFANTYFA BIKIAT €TE/I1.

ConbiMeH KaTap KOH(MEpeHIUSIHBIH 0apiblK KaThICYIIbUIAPbIHA, YUBIMIACTHIPY KOMUTETIHIH
MYIIeNIepiHe, CEPIKTECTEp MEH JEMEYIIIepTe KOPCETKEH KOIAayhl KoHE OeICeH 1 KaThICKaH1apbl
YIIIH IIbIHAWbl pU3alIbLIBIFBIMBI3/IbI OLIIpEMI3.

KOGIS-2026 koHbepeHIMACH KOCiOM TUallorKa, FHUIBIMU HAESJapMEH alMacyFa >KoHe
Kazakcranma opi oaH ThIC JKepiiepJie TeHETHKAa MEH CeNISKIUsl FhUIBIMBIHBIH OJIaH dpi JamybIHA
BIKIIAJ €TETIH JKaHa BIHTBIMAKTACTHIK OAFBITTAPhIH KaJBIITACTHIPYFA apHAIIFaH TUIM/II ajaH 001a bl
JIEII CEHEMI3.

Bapnbik KaTeICylIbUIapFa KEMICTi )KYMBIC, Ma3MYHJIBI MiKipTazacTap *oHe *aHa FhUIBIMU
KETICTIKTEp Tinenmis!

KI'MCK Tteparacsl,
KP npesunenti xansiagarel KP ¥YFA akanemuri Typycnekos E.K.



Ilpusemcmeennoe cnoeo om Opzkomumema 1-o0it Konghepenyuu
POO «Kazaxcmanckoe oougecmeo enemukos u ceiexyuoneposy (KOGIS-2026)

YBaxxaemble KoJIeru!

MsI pagsl npuBeTcTBOBaTH Bac Ha 10ii koH(epenn PecnyOnnkanckoro odmecTBeHHOro
oobenuHenus «Kazaxcranckoe oOIecTBO TeHETHKOB H celekinonepoB» — KOGIS-2026, kotopas
npoiiner 13—15 mas 2026 rona B ropoae Cemeid, Ha 6a3e Meauuuackoro YHausepcurera Cemen.

IIpoBenenune mepBoit koHPepennuu KOI'mC sBrusercs BaXXHBIM JTallOM B Pa3BUTUHU
po(ECCHOHATBHOTO COOOIIECTBA T'€HETUKOB, CEJCKIIMOHEPOB, OMOTEXHOJIOrOB W MOJOJIBIX
uccnenonareneil Kazaxcrana. CozgaHue oOmiecTBa OTpa)kaeT CTpEeMJIGHHE K KOHCOJIMJALMU
HAy4yHOr'0 NOTEHLMajla CTPaHbl, Pa3BUTHIO MEXAUCHUIIIIMHAPHOTO B3aUMOAECHCTBUS U YKPETIIEHUIO
MEX/YHApOAHOIO COTPYIHUYECTBA B 001aCTH COBPEMEHHON IT'€HETUKH U CEJICKIUH.

CerojHsi T€HETUKA U CEJIEKLMSI UIPAIOT KIIIOUEBYIO POJIb B PEILIEHUHU TI00alIbHBIX 3a/ad,
CBSI3aHHBIX C Pa3BUTUEM MEIMILMHBI, OOECIEeYeHHEeM IPOJOBOIBCTBEHHON 0€30IacHOCTH,
YCTOMUMBBIM Pa3BUTHEM CEJIbCKOIO XO3sMCTBA, COXpaHEHHEM OHOpa3HOOOpa3us, pa3BUTHEM
OouoTexHoJOrMid M obecrieyeHueM Ouonorndeckoir OezomacHocTH. CTpeMHUTENIbHOE pa3BUTHE
TEHOMHBIX TE€XHOJIOTUH, MOJIEKYJIIpHON Ouosioruu, OMOUH(OPMATUKH U METOJOB BBICOKOTOYHOI'O
¢dbeHoTunupoBanusi (GOPMHUPYET HOBBIE HAYYHBIC MOAXOIBl U OTKPBHIBAET IIUPOKUE TEPCIEKTHBBHI
1 GyHIAMEHTAJIBHBIX U MIPUKJIAJHBIX UCCIIEI0BaHUM.

Kondepenmuss KOGIS-2026 o0benuHseT y4yeHbIX M CIELUAIUCTOB  Pa3IMYHBIX
HanpaBlIeHUN Ui OOCYXJIEHHUS COBPEMEHHBIX JOCTHXKEHUH, OOMEHa OIbITOM, HpEeICTaBICHUS
pe3yabTaTOB MCCIIEAOBAHUHI U (pOpMUpPOBaHMS HOBBIX Hay4HBIX Kosutaboparuii. Ocoboe BHUMaHHE
yIeNAeTcsl NOJAEPIKKE MOJIOABIX YUYEHBIX, Pa3BUTUIO MEXIYHAPOJHBIX MAPTHEPCTB M BHEIPEHUIO
Hay4YHBIX pa3padOTOK B IPAKTHKY.

CumBoinuHo, uro nepsas koHpepeHuus KOI'mC mpoxoautr mmenHo B ropoae Cemeil —
OJTHOM U3 3HAaYMMBIX Hay4HBIX U McTOpuYeckux LeHTpoB Kazaxcrana. B 2026 rogy ucnonnsercs
35 ner co pgHs 3akpbiThs CeMUNANATUHCKOIO SJEPHOIO IIOJIMTOHA — COOBITHS, CTaBILIErO
BOXHEHIIMM IIarOM Ha HYTH K TIJ00aibHONW 0€30MacHOCTH U T'yMaHUTApHOH OTBETCTBEHHOCTH.
[TocneacTBusl SAEPHBIX WUCIBITAHUN 3aTPOHYNIM 370POBbE HACEJEHHS, IKOJOTMYECKOE COCTOSHUE
peruoHa M BOIPOCHl T€HETHUYECKOW OE30MacHOCTH, YTO MPHUJAET OCOOYI0 3HAYUMOCTh Pa3BUTHUIO
TeHETUYECKUX MCCIIEIOBAaHUN U OMOTEXHOJIOTHI B coBpeMeHHOM Kazaxcrane.

OpraHu3allMOHHBIH ~ KOMHUTET KOH(EpeHIMH BbIpaXkaeT o0coOyi0 MpPHU3HATEIbHOCTD
MeauuuHckoMy yHuBepcuTeTy CeMel 3a TOCTENPUMMCTBO M HOJJEPKKY HMPOBENEHHUS TaHHOTO
Hay4yHoro ¢opyma. IIpoBenenue koHdepeHIMH Ha 0a3ze OJHOIO W3 BEAYIIUX MEIUIMHCKUX U
Hay4yHO-00pa30BaTENbHBIX ILIEHTPOB CTPAHbI MOAYEPKUBAET 3HAYMMOCTH MEXKIUCIUIUIMHAPHOTO
B3aMMOJICHCTBUS M CIIOCOOCTBYET YKPEIUICHHIO HAYYHBIX CBS3€H MEXIy MCCIEeI0BAaTEIbCKUMH U
oOpa3zoBaTenbHbIMU OpraHuzanusMu KazaxcraHa. Mbl BbIpa’kaeM HCKPEHHIOIO OJ1aroJapHOCTh
BCEM y4YaCTHHKaM KOH(EpEHLHUH, YIeHaM OpraHU3allMOHHOIO0 KOMHUTETAa, MapTHEpPaM U CIIOHCOpaM
3a NOJ/IEP)KKY M aKTUBHOE yJacTHE B MPOBEICHUH JAHHOTO MEPOIPUSATHSL.

VBepenbl, uto koHbpepeHmus KOGIS-2026 craner »>(PpekTUBHON IIIOMIANAKON s
po¢eCCHOHATILHOTO Maora, oOMeHa HayuyHbIMU HJIeIMU U ()OPMHUPOBAHUS HOBBIX HAIlpaBICHUN
COTPYJHHYECTBA, CIIOCOOCTBYIOMIMX JlajbHEHIIEMy Pa3BUTHUIO T€HETUKU U cenekiuu B Kasaxcrane
U 32 €r0 IpeJeIIaMu.

XKenaem BceM yyacTHUKaM KOH(EPEHLMHU IUIOAOTBOPHOIN pabOThl, MHTEPECHBIX JAUCKYCCUI
Y HOBBIX HayUHBIX JIOCTH)KEHUH!

[Ipeacenarens KOI'uC, Typycnekos E.K.
Axanemuk HAH PK npu IIpesunente PK



Greetings from the Organizers of the First conference
of the Kazakhstan Society of Geneticists and Breeders (KOGIS-2026)

Dear colleagues!

We are pleased to welcome you to the 1st conference of the Republican Public Association
"Kazakhstani Society of Geneticists and Breeders" — KOGIS-2026, which will be held on May 13-
15, 2026 in Semey, on the basis of Semey Medical University.

The first KOGIS conference is an important stage in the development of the professional
community of geneticists, breeders, biotechnologists and young researchers in Kazakhstan. The
creation of the society reflects the desire to consolidate the country's scientific potential, develop
interdisciplinary cooperation and strengthen international cooperation in the field of modern
genetics and breeding.

Today, genetics and breeding play a key role in solving global challenges related to the
development of medicine, ensuring food security, sustainable agricultural development, preserving
biodiversity, developing biotechnologies and ensuring biosafety. The rapid development of genomic
technologies, molecular biology, bioinformatics, and high-precision phenotyping methods is
shaping new scientific approaches and opening up broad prospects for fundamental and applied
research.

The KOGIS-2026 conference brings together scientists and specialists from various fields to
discuss modern achievements, share experiences, present research results and form new scientific
collaborations. Special attention is paid to supporting young scientists, developing international
partnerships and putting scientific developments into practice.

It is symbolic that the first KOGIS conference is being held in the city of Semey, one of the
most important scientific and historical centers of Kazakhstan. 2026 year marks the 35th
anniversary of the closure of the Semipalatinsk nuclear test site, an event that has become an
important step towards global security and humanitarian responsibility. The consequences of
nuclear tests have affected the health of the people, the ecological state of the region and issues of
genetic safety, which gives special importance to the development of genetic research and
biotechnology in modern Kazakhstan.

The Organizing Committee of the conference expresses its special gratitude to the Semey
Medical University for its hospitality and support of this scientific forum. Holding the conference
on the basis of one of the country's leading medical and scientific educational centers highlights the
importance of interdisciplinary cooperation and helps strengthen scientific ties between research
and educational organizations in Kazakhstan. We would like to express our sincere gratitude to all
participants of the conference, members of the organizing committee, partners and sponsors for
their support and active participation in this event.

We are confident that the KOGIS-2026 conference will become an effective platform for
professional dialogue, the exchange of scientific ideas and the formation of new areas of
cooperation that contribute to the further development of genetics and breeding in Kazakhstan and
beyond.

We wish all participants of the conference fruitful work, interesting discussions and new
scientific achievements!

Chairman of KOGiIS, Turuspekov Y .K.
Academician of the National Academy
of Sciences of the RK under the President of the RK



KOGIS 2026. Section 1. Human genetics Plenary Session

From Atrial Fibrillation to Inherited Syndromes: Advancing Precision
Cardiology Through Genomics

Ainur Akilzhanova'?*, Madina Zhalbinova®, Zhannur Abilova®, Ayaulym Chamoieva?, Zhanel
Mirmanova!, Tomiris Shakhmarova!, Diana Samatkyzy*, Ainur Akhmetova!, Saule Rakhimoval,
Gulbanu Akilzhanova®, Asset Daniyarov*, Ulykbek Kairov*, Kenes Akilzhanov, Ulan
Kozhamkulov?, Tolkyn Zhakupova®®, Makhabbat Bekbossynova’, Dos Sarbassov'®

!Laboratory of Genomic and Personalized Medicine, Center for Life Sciences, National Laboratory

Astana, Nazarbayev University, Astana, Kazakhstan

2Heart Rhythm Scientific Research Institute, Medical University Astana, Astana, Kazakhstan

3Semey Medical University, Pavlodar Branch, Pavlodar, Kazakhstan
“Laboratory of Bioinformatics and Computational Systems Biology, Center for Life Sciences,
National Laboratory Astana, Nazarbayev University, Astana, Kazakhstan
®Medical University Astana, Astana, Kazakhstan,
SCenter for Forensic Medicine, Astana, Kazakhstan,
"University Medical Center, Heart Center, Astana, Kazakhstan
8Nazarbayev University, School of Science and Humanities, Astana, Kazakhstan

*Corresponding author: akizhan_ainur@mail.ru, akilzhanova@nu.edu.kz

Background. Cardiac arrhythmias range from common conditions such as atrial fibrillation
(AF) to rare inherited syndromes predisposing to ventricular tachycardia (VT), cardiomyopathy,
and sudden cardiac death (SCD). Advances in next-generation sequencing (NGS) have enabled
systematic identification of pathogenic variants underlying these disorders, supporting the transition
toward precision cardiology. However, population-specific genomic data from Central Asia remain
limited.

Methods. We performed targeted NGS using a custom 96-gene panel covering
cardiomyopathy- and arrhythmia-associated genes in multiple Kazakhstani cohorts: patients with
ventricular tachycardia (including dilated cardiomyopathy—associated and idiopathic VT),
individuals with clinical arrhythmias such as AF and conduction disorders, and young (<45 years)
victims of sudden cardiac death undergoing molecular autopsy. Variants were filtered and
interpreted according to ACMG/AMP guidelines, and genotype—phenotype correlations were
assessed.

Results. Across cohorts, hundreds of rare and unique variants were identified in structural,
sarcomeric, and ion-channel genes. Pathogenic and likely pathogenic variants were detected in key
cardiac genes, including potassium channel and cardiomyopathy-associated loci. Patients with
idiopathic VT and early-onset arrhythmias frequently carried rare variants with potential functional
impact. In postmortem SCD cases, mutational burden was significantly higher in individuals with
non-diagnostic structural cardiac abnormalities compared to those with coronary artery disease,
underscoring the value of molecular autopsy in unexplained death. Novel variants not previously
reported in global databases were identified, highlighting population-specific genetic architecture.

Conclusions. Our findings demonstrate that both common arrhythmias and inherited cardiac
syndromes in Kazakhstan are influenced by rare genetic variation in established cardiac risk genes.
Integration of genomic testing into cardiology practice improves diagnostic precision, refines risk
stratification, and enables cascade family screening. Development of regional genomic databases is
essential to advance personalized medicine and optimize cardiovascular care in Central Asia.

Funding. Study was supported by grants from the Ministry of Science and Higher
Education of the Republic of Kazakhstan (AP23490249), (BR24993023), and Nazarbayev
University CRP (211123CRP1608).

Keywords: Genomic and Personalized medicine, NGS, Cardiovascular diseases, arrythmia



KOGIS 2026. Section 1. Human genetics Plenary Session

Experience of Interdisciplinary Research: Paleogenetic Analysis of Significant
Archaeological Finds from Kazakhstan

Leyla Djansugurova®”, EImira Khussainoval, Nazym Altynoval, Lyazzat Musralina®, Nurzhibek
Kakhbatkyzy*, Olzhas lksan®, Zhassulan Zhaniyazov'?, Aikorkem Mustafayeva?, Saida
Tokmurzinal, Ainash Childebayeval?#, Johannes Krause*

YInstitute of Genetics and Physiology, Almaty, 050060, Kazakhstan
2Satbayev University, Almaty, 050013, Kazakhstan
3University of Texas at Austin, TX, Austin, 78712, USA
“Max Planck Institute for Evolutionary Anthropology, Leipzig, 04103, Germany

*Corresponding author: leylad@mail.ru

Background: Advances in DNA analysis technologies, the rapid growth of knowledge
about the structure of ancient and modern genomes, the development of specialized software, and
databases for ancient DNA significantly enhance the possibilities for reconstructing the historical
fates of populations in any region, analyzing significant archaeological artifacts and historical
figures. Center for Paleogenetics and Ethnogenomics of the Institute of Genetics and Physiology
focuses on interdisciplinary research and strengthening the scientific evidence base for Kazakhstan's
national history using modern molecular genetic analysis capabilities.

Materials and methods: The analytical study of significance and availability of
Kazakhstani material in national and foreign organizations was performed, and collections of bone
and tooth samples from 506 ancient individuals (148 necropolises) were assembled. To date, a
whole-genome analysis of 385 ancient individuals representing 115 significant necropolises from
the territory of Kazakhstan and adjacent territories of Kyrgyzstan and Russia, dating from the
Eneolithic to the Middle Ages, has been completed.

Results: The analysis allowed us to determine the genetic characteristics of ancient
populations that inhabited Kazakhstan from the 3rd-4th millennia BC to the 1st millennium AD.
Through active cooperation with archaeologists and international collaboration, the main gene flows
that characterize the main migration routes of ancient populations across Central Eurasia in the
period of 1% Millenium BC to 1% Millenium AD. To explore how the social status of Iron Age
individuals influenced biological kinship and population structure, the genetic profiles of elite (38
"golden™ persons) and non-elite individuals were studied. Consanguineous marriages were
identified, lineage analysis (IBD) was conducted, and a decrease in the effective population size of
the Saka was determined. The individual genetic characteristics of many significant archaeological
finds, which are currently exhibit in museum collections, were obtained. Our early genetic study of
Abulkhair Khan burial was culminated in the creation of a memorial complex in the Aitekebi
district of the Aktobe region. Study of individuals from the Eneolithic settlement Botai revealed
little genetic traces with ancient and modern population. The genetic relationship was demonstrated
between elite Hun individuals from Hungary and Kazakhstan Kuraily necropolis. The first genomic
data were obtained on the "Golden Man" from Issyk necropolis, which is our national symbol.

Conclusion: There are several genetically described Saka elite objects became new museum
exhibitions: the Saka priestess "Urzhar Princess"”, Eleke Sazy "Golden Man", elite objects of the
Karakaba, Taldy II, Karashoky, Akeit I necropolises, Kurailly elite Hun, Miyaly “Iron Man” and
others.

Keywords: paleogenetics, ancient DNA, population structure, gene flow, population
migration, consanguineous marriage.



KOGIS 2026. Section 2. Animal genetics and breeding Plenary Session

Ce.]'leKHl/IOHHO-TeXHOJIOFI/I‘IeCKI/Ie ACHEKTHhI CO3JaHUA Op[[aﬁaCHHCKOﬁ MOopoabI
oBeIll

Abnupaxman OmbaeB

Kaszaxckuu nayuonanvhwiii acpapHuiii uccredosamensckuil ynusepcumem, Animamol, Kazaxcman
abdi_rahman@mail.ru

BBegenme: MsicocanbHOE OBLIEBOACTBO SBIISIETCS BHICOKOPEHTAOEIBHOM OTPAacibi0 BO MHOTHUX
pernonax Kazaxcrana, u3-3a Majo 3aTpaTHOCTH U TPH COOJIOJECHHHM BCEX HAyYHO- OOOCHOBAaHHBIX
TEXHOJIOIMYECKUX TNPOLECCOB KOPMJIEHHUS COAEpXaHWs, a Takke BocrnpousBoiacTBa. OnHHu
KOHKYPEHTOCIIOCOOHBI TI0 IMTPOU3BOJICTBY Msca. DTO CBS3aHO C MX BHICOKUMH YOOWHBIMH KauyecTBaMH U
0COOEHHOCTSIMU TYIIH, a TaK)Ke C HU3KOH ce0eCTOMMOCTBIO NMPOM3BOICTBA MPOAYKIIMH 33 CUET Harylna
’KMBOTHBIX Ha €CTECTBEHHBIX MacToOmmax [1].

PecnnyObnuka 1o YHCIEHHOCTH TPYOOIIEPCTHBIX KYpAIOYHBIX OBEIl 3aHUMAeT Beaylee
MOJIO’KEHUE — UX PA3BOJAT NMPAKTUUYECKH BO BCEX peruoHax cTpaHbl. OCHOBY MaccuBa Ipy0OOIIepCTHBIX
KypJIIOYHBIX OBEI[ COCTaBIISIIOT MSCOCAJbHBIE OBIBI €IWJIHOAWCKOM, Ka3aXCKOH KypIIOYHOM
rpyOOLIepCTHOM, capblapKUHCKON U oprabacuHckoi nopoa. [loreHnuanbHble BO3MOKHOCTH pa3BUTHSL B
pecnyOsIMKe  MSCOCajJbHOTO  OBLIEBOACTBA OTPOMHBI, a TIPU  CHCTEMAaTHYECKOM  BEICHHUH
LEJICHAIIPABICHHOW CENeKIIMOHHO-TITIEMEHHONH pPadOThI C COOJIIOJICHUEM TEXHOJOTHH COICpKaHHS U
KOPMJICHHS M PALMOHAIBHOM HCIOJNB30BaHUHM NACTOMII JUIsl Haryja, MOKHO JOOUTBCS XOPOIIMX
PE3yJbTaTOB M0 MOBBIILIEHUIO )KUBON MacChl 1 CKOPOCIIEIOCTH.

Matepuanbsl u MeToabl: HayuyHo-uccienoBarensckas padoTa MO CO3IAaHHIO OpIabacHHCKON
MIOPOJIBI OBEI] MSCOCATHHON MPOAYKTHBHOCTH TpoBesieHa ¢ 1992 mo 2013 roa B 3KCIepUMEHTATHLHOM
0a30BOM KpecThsiHCKOM X03s1iicTBe «Cepanby OpmadacuHckoro paitona TypkecTaHCKON 00JIACTH.

B kadecTBe MCXOIHOTO T€HETHYECKOTO MaTepHala JIjsi MEXKIOPOAHOTO CKPEIIWBAHUS HaMU
BBIOpaHBl TPU TIOPOJBI OBEI] MACO-CAJLHOW MPOAYKTUBHOCTH: MECTHAs TOMYJSIUS Ka3aXxCKOM
KypAIOUYHOW TpyOOIIEpCTHOM NOPOABI, XapaKTepU3yroLlascs HHU3KOM KUBOM Maccod, OTIMYHOU
MPUCTIOCOOIEHHOCThIO K PE3KOKOHTHHEHTAJIBHBIM MPUPOTHO-KIUMATHUYECKUM U CKYJHBIM KOPMOBBIM
YCIIOBHUSIM TTAaCTOMIIHOTO COJEP)KaHUsl, U BBICOKOTPOJYKTHUBHBIC TUIEMEHHBIC OapaHbl eaMiIb0aiicKon
MOPOJIbI  3aMaJHO-KA3aXCTAHCKOW MOMYJSILIMM, OTJIMYAIOIIUECS MPHUCIOCOOIEHHOCTBIO K CYPOBBIM
KJIMMaTHYECKUM U J1OCTATOYHBIM KOPMOBBIM MACTOUIIIHBIM YCIOBUSAM COJIEPIKAHUS.

BoiOpanHas TpeThsi THccapckas NOpoJa 3apyOeKHOM TaJKUKCKOM CEJIEKIIMM BbIBEJCHA
HapOJIHOHW CeJIeKIMel W Cpey OBEll, Pa3BOJUMBIX B MHUpE, 00J1alaeT caMOl BBICOKOHN KHBOW Maccoi,
CKOpPOCIHENIOCThIO, alalTUPOBAaHHAs K TOPHBIM M IPEArOPHBIM 30HaM MSTKOrO KJIMMaTta MacTOUIIHOIO U
MACTOUIITHO-CTOUIOBOTO COJEPKAHUS B CHITy MAJION TIOJBMYKHOCTH.

PesyabTaThl: OpnabacuHckass mopojga osenl cozgaHa B 2013 rogy myTeM CIOXHOTO
BOCIIPOM3BOIUTEIHHOTO CKPEIIMBAHHUSA OBIEMATOK Ka3aXCKOW KypIAIOYHOH TpyOOIIEepCTHON TOPOIIBI
F0’)KHO-Ka3aXCTAaHCKOM MOMyJISAuK ¢ 6apaHaMH- MPOU3BOIUTENSIMH OT€YECTBEHHOU (enminbOaickoi) u
3apy0eKHOM (THCCapPCKOit) TIOPOT ¢ TIOCIIETYIONIMM Pa3BeICHUEM KeIaTeIbHBIX THIIOB «B ceoex» [2].

Ha nauvanpHOM 3Tame pabGotrel B 1992 romy mnpu co3JaHUM CENEKIIMOHHOTO CTaja B
KpecThsiHCKOM X03stiicTBe «Cepanby OpradacuHckoro paiiona TypkecTaHcKoi oOnacTu ObUT IPOBEACH
THIATEIbHBIA OTOOP OBLIEMATOK Ka3aXCKOM KypIFOUHOU IpyOOoIIEpCTHOM MOPOIBI.

Ha nepBom stame pabGotbl (1993-1995 rr.) moronoBbe OBLIEMATOK Ka3axCKOW KypAIOUHOMN
rpyOOIIepCTHOM TOpPOJBl  MECTHOM MONYJSALUI CKpeluBaiud ¢ OapaHaMU-TIPOU3BOAUTEISIMU
ennnbOaiickoil mopospl. beima mocraBneHa 3amada, KOHCOJNIMAMPOBATH JKeIAaTENbHbIE NMPH3HAKH 3THX
KUBOTHBIX ITyTeM OTOOpa M3 YUCIIa TIOMECEH MepBOro MOKOJIEHHUS UII COXpPaHEHUSI Y HOBOTO T€HOTHUIIA
[ICHHbIE TNPOJYKTUBHBIE NpPHU3HAKU 00emx HcXoaHbXx mopon. Ha Bropom stame (1996-2000 rr.)
MOJTy4eHHBIC TIOMECH TIEPBOTO TIOKOJICHNS CKPEIIBAIIN ¢ OapaHaM¥u THCCAPCKOW MOPO/IbI, 3aBE3CHHBIMH
n3 CypxangappuHckoi oOmactu PecriyOnuku Y36ekucran. Ilpu 3Tom ocoboe BHHMaHHE YIENAIOCH
HACJIEJOBAaHUIO CKOPOCIIENIOCTH, KUBOIM Macchl, GOpMbl KyptoKka U 3KkcTepbepy. [lomyuenHsle momecu
JKeJlaTeJbHOTO TUMNA B JajbHeilleM pa3Boaunuch B «cedbe». Ha tperbem nstame (2000-2011rr.)
CEJIEKIIMOHHO-TUIEMEHHasl padoTa MPOBOAWIACH B HANPABJICHUN HAKOIJICHHS KUBOTHBIX JKENATEIbHOTO
TUIIA ¥ PaCIpOCTPAaHEHHS IJIEMEHHOTO MaTepuaa B X03siCTBE.
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B mepuon 1999-2003 romer mpoBoawiics OTOOP M TOAOOpP JKEIATeTLHOTO THIIA, HAKOTUICHUE
KUBOTHBIX CEJIEKLIMOHUPYEMOIO THUIA IIPU JIMHEHHOM pa3BEICHHU, a TaKXKE€ paclpOCTPaHEHHH
MOTOJIOBBSI 3aMHTEPECOBAHHBIM JIOUEePHUM Xo3sicTBaM (K/x «Meney», TOO «bek») TypkecTaHCKOM
001acTH JJIs1 COBEPIIICHCTBOBAHUS MECTHOM Ka3aXCKOW KypII0YHON TPyOOIIEpCTHOM MOPOIBI OBEIL.

B npomecce wuccrnenoBaHusi BIEpPBbIE  YCTAHOBJIEHBI 3aKOHOMEPHOCTH  HACJIEIOBaHUS
CEJIEKLUMOHUPYEMbIX TPU3HAKOB y T[OMECEeH pa3HbIX TeHepauuid. HM3ydeHbl U  ONpelesieHbl
3aKOHOMEPHOCTH POCTa, Pa3BUTHS KUBOTHBIX B IMOCTHATAJIHLHOM MEPHOJIE KU3HU, HACTPUT LIEPCTU Y
Pa3HBIX TEHETUYECKHUX TPYIII U BO3PACTOB U UX BOCIPOU3BOAUTEIbHAS CIIOCOOHOCTb.

B cTtpykType HOBOH 0paaGacHHCKON MOPOJbI MSCOCAIBHON MPOAYKTUBHOCTH MMEIOTCS IIECTh
JUHWH BhIIAtommxcs 6apanoB-nipousBoauteieii: Ne 3930-7768, Ne 3935-3807, Ne 3338-3839, Ne 9474-
9526, Ne 9577-9623, Ne 9041-9168, xoTOpbhIE OTIMYAIOTCS XOPOILIO BBIPAKECHHBIMUA IICHHBIMH
XO3HCTBCHHO-TIOJIC3HBIMH MTpHU3HaKaMu [3].

OB1BI Op1a0ACHHCKON TTOPO/IBI UMEIOT CIIEAYIOUINE 300TEXHUUECKUE TapaMeTPhI:

- CpemHsisl JKMBas Macca MpH POXACHUU: spok 4,8-5,4 kr, GapanunkoB — 4,9-5,5 kxr, npu oTOMBKE OT
OBIIEMaTOK COOTBeTCTBEeHHO 33,2-38,6 m 40,1-42,8 kT;

- KpuTepuii oTOopa oBell M0 MHHUMAaJbHOW KMBOW Macce, y B3pOocibiX 6apaHoB kiacc anmura — 95-100
Kkr, | kmace — 85-90 kr, II xmace — 80-85 kr, oBIEMaTOK COOTBETCTBEHHO 110 Kitaccy 75; 65-70; 60 xr;

- MUHUMaJIbHAA KHUBasi Macca Mpu OOHUTHUPOBKE B 15-THM MeCsIHOM BO3pacTe OapaHOB Kilacca dJIUTa —
70 kr, I knmacca — 65 xr; I kitacca — 60 Kr, sIpOK COOTBETCTBEHHO MO Kiaccy 50-55; 45; 43 kr.

[To BHemHuUM mpu3HakaM ((peHoTumy) OBIBI OpHAOACHHCKON MOPOJBI MPEACTABISIOT COOOM
OTHOCHUTEJILHO KPYIIHBIM TUI )KUBOTHBIX, IPEUMYIIECTBEHHO KPENKON U IrpyO0Oil KOHCTUTYLIUH, C SBHO
BBIPQ)KEHHBIMH MTPU3HAKAMU MICOCAIBHON MPOAYKTUBHOCTH, XOPOIIO MPUCIIOCOOJIEHBI K COAEPIKaHUIO
B IOJYNYCTHIHHOW M IyCTBIHHOW 30HE. B3pocible OBLBI UMEIOT KPyHHOE M TapMOHHYHOE
TEJIOCIOKEHHE, TUIHMYHBIA Uil MOPOABI AKCTEPbEp, KOHCTUTYLUS Kpemkas, KOMOJbIE, C XOpOIIO
Pa3BUTHIM KOCTSKOM M TPONOPIMOHAIBHBIM TEJOCIOKEHUEM, cierka ropOonoceie. Illes cpenneit
JUIMHBI, TPYIb MHpoKas u riayookas. CriuHa mpsiMasi, KpecTell ITMPOKUH M HECKOJIBKO TPUITOIHATHIA B
cpaBHeHMH ¢ XoJKkoi. Kyparok Oosbmioi, cpeqHuil ¥ Majaol BeJIMYMHBI, NOATAHYTOM (opmbl. Horu
JUITMHHBIE, KPETIKKE, MPaBUIIbHO MOCTABICHHBIE C TBEPbIMU, TPOYHBIMU KOIBITAMH, IPUCIIOCOOTICHHBIE
Ui TeOEHEBKM M Iepexoja AajdbHUX paccTossHud. Koska cpeaHell TOJNIIMHBI, CBOOOAHO obJseraer
tTynoBumie. OBl 007aJalOT BBICOKMMH TMOKA3aTeIsIMA 1O  IUIOAOBUTOCTH U MOJOYHOCTH.
I110a0BUTOCTE )KUBOTHEIX cocTaBiieT 111,8%.

3akarovenue: Co31aHHOE CTa0 OBELl OpAA0ACUHCKONW MOPObl MSCOCATbHON MPOIYKTUBHOCTH
BIIOJIHE MOXXHO OTHECTH K TOMNYJSALUH, aJalTUPOBAHHON M KOHKYPEHTOCIOCOOHONW B YCIOBHSIX
pBIHOYHOM 5KOHOMUKM KazaxcraHa. X03sIiiCTBEHHO-IIGHHBIE TMPOIYKTHBHBIE OCOOCHHOCTH 3THX OBEIl
MOKHO YCIICUITHO HMCIIOJIb30BATh JJISi MPOM3BOJICTBA MSICHOW MPOIYKIMH, B 3aBUCHIMOCTH OT 3aIllPOCOB
priHKa. VcKimounTensHas IpUCIOCOOIEHHOCTD K MACTOMIIHBIM YCIIOBHUSIM COJIEP’KaHUSI B CyXOCTEITHBIX,
MOJTYITYCTBIHHBIX, IYCTBIHHBIX, TOPHBIX W TPEATOPHBIX palOHAaX CTpPaHbl, a TaKKe BBICOKAS
CKOpPOCTIEJIOCTh OBEIl OpAa0aCMHCKOW TOPOJbI IETAal0T MX pa3BeICHHWE BECbMa IMEPCHEKTUBHBIM Kak
BHYTPH CTPaHbI, TaK U 32 PyOEIKOM.

BaaronapuocTs: BbIpakalo HCKpEHHIOIO 0JIar0JapHOCTb JIOKTOpPaM CeNbCKOXO03IMCTBEHHBIX
Hayk Kanceiiropy T.K., AmubaeBy H.H. u IlapxanoBy JXX.A. 3a coBMecTHyr0 pabOTy B CO3IaHUH
opiabacuHCKOM OPOIBI.

KuroueBsble ciioBa: opgadacuHckas, ennib0aiickas, ruccapekas, crajgo, nopoja

CnMcoK JuTepaTyphbl:

1. OmbaeB A.M. Kazaxcran oBneBomgdeckuii. CeleKIMOHHBIE W  TEXHOJOTUYECKHE ACIIEKTHI
WHTEHCHU(DUKAMKN TMPOU3BOJCTBA MPOAYKIUH oOBell U K03. COOpHUK TpyIoB MeXayHapoIHOW HayYHO-
MPaKTUIECKONW KOoH(epeHInn. Poccuiickuii rocymapcTBeHHBINH arpapHbrii yHuBepcuteT — MCXA nY-MCXA,
2019. ¢.52-57

2. Opnabacunckas mopona oseny (Kancemro T., Ombae A.M., Ammbaes H.H., IlapxanoB X.A.,
3aiiroexoB E.JI., XKycynbexor JKannapoexk Mwunbaesuu, Kanceiitoa 3.T., Unpuco K.K., Aoxkanos C.O.,
Haypri30ait M.A., 3ynneixapoB b.M., Kaceim6exoB M.K.). ITarenT Ha cenekumonHoe noctmwxkenue No282, npuop.
12.03.2013

3. Ombae A.M.,KanceiitoB T., KanceiitoBa 3.T., Adxano C.A. HoBas opmabacuHCKas Iopoja Msco-
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Tendencies of field crops production in Kazakhstan, breeding and genetics
achievements and future needs

Alexey Morgunov

A.l. Barayev Research and Production Centre for Grain Farming, Shortandy, 021601, Kazakhstan
alexey.morgounov@gmail.com

Diversification of crop production, especially in the Northern region of Kazakhstan is the
main tendency. The area under wheat stabilized at 13 million hectares, the share of barley
decreased by 0.5 million hectares with a significant increase in the area under sunflower, rapeseed
and lentils (Fig.). Flax has undergone a slight decrease in area in 2023-24. The cultivation of
traditional crops (maize, rice and peas) has not changed significantly. Yields of the most crops
remain low due to negative effect of climate change, low intensification of production and other
factors.
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Fig. Areas under the main crops in the Republic of Kazakhstan in 2020-24 (FAO data)

Scientific research in the field of agriculture and crop production has traditionally focused
on cereals and, in particular, on wheat. Taking into account the diversification of agricultural crops,
it is obvious that the development of varieties and the adaptation of technologies for new crops
demanded by production have a high priority. In the Northern region, these include sunflower, flax,
rapeseed, soybeans, lentils and chickpeas. In the Southern region, corn, sugar beet and soybeans are
of high priority. Scientific developments on fodder crops deserve attention.

The future research priorities include: a) breeding of lentils and flax; b) winter wheat for
Northern region; c) technologies for the cultivation of lentils, flax and sunflower; d) development
and use of biological products; e) genome editing; f) perennial food crops — breeding and
technologies; g) improvement of grain quality, including for deep processing, biofortification; h)
soil health; i) Carbon farming — assessment of existing cultivation practices and recommendations
for improvement.

Acknowledgement: This research has been funded by the Science Committee of the
Ministry of Science and Higher Education of Kazakhstan Grant No. AP26100299.

Keywords: crop breeding and genomics, diversification, modern genomic and phenomic
tools
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Challenges and perspectives in modern breeding of cereals in Kazakhstan
Yerlan Turuspekov

Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
yerlant@yahoo.com

Background: Cereal production remains the cornerstone of Kazakhstan’s agricultural
economy and food security strategy. However, the sector currently faces unprecedented pressure
from shifting climatic patterns, characterized by increasing thermal stress and emerging rusts
diseases in the primary grain-growing regions. This plenary presentation addresses the critical
challenges and emerging opportunities in the genetic improvement of cereal crops within the
national context. The primary challenges include the narrowing of the genetic base in commercial
varieties, the rising prevalence of emerging pathogen strains, and the physiological limitations of
traditional selection methods under extreme continental climates.

Materials and Methods: Despite these hurdles, the integration of advanced biotechnological
tools offers a transformative path forward. We examine the transition from conventional phenotypic
selection to precision breeding, highlighted by the implementation of marker-assisted selection
(MAS), Speed Breeding technologies, and genomic selection (GS). Special emphasis is placed on
the necessity of high-throughput phenotyping and the utilization of "omics" technologies to
decipher the complex regulatory networks governing abiotic stress tolerance.

Results: Perspectives for the future involve fostering a multidisciplinary ecosystem that
bridges laboratory research with field-scale application, ensuring that genetic gains are effectively
translated into farm-level productivity. By synchronizing the efforts of the local research and
international communities, Kazakhstan is positioned to modernize its breeding infrastructure.

Conclusion: This evolution is not merely a scientific objective but a necessity to ensure the
sustainability of cereal production in the face of global environmental change.

Funding: This research was supported by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (Grant No. BR24992903).

Keywords: Cereal breeding, Genetic resources, Kazakhstan, Abiotic stress, Genomic
selection, Food security.
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Advancing Wheat Breeding in Kazakhstan through Genomics and Speed
Breeding

Kanat Yermekbayev!”, Madi Shoken!, Zhuldyz Sartbayeva®, Aibek Abduakassov?,
Zahid Mahmood?

YInstitute of Biotechnology and Ecology, Zhetysu University named after I. Zhansugurov,
Taldykorgan, Kazakhstan
2Crop Sciences Institute, National Agricultural Research Centre, Islamabad, 44000, Pakistan

*Corresponding author: kanat.yermekbayev@gmail.com

Wheat is a strategic crop in Central Asia, particularly in Kazakhstan, where about 16 million
tons of high-protein wheat are produced each year and roughly half is exported. Despite this, the
sector is becoming less profitable. Increasing grain yield is one of the key ways to make wheat
farming economically viable again.

We believe that achieving further substantial yield gains using the current breeding system,
which relies largely on conventional methods, is becoming increasingly challenging. To move
forward, the wheat gene pool needs to be renewed with new, high-yielding varieties and supported
by modern breeding tools in combination with the strong accumulated knowledge in the country’s
wheat breeding system.

Our work has already identified several genomic regions linked to important yield-related
traits such as plant height, coleoptile length, and seed architecture. These loci are being evaluated
through marker-assisted selection and near-isogenic lines in multi-location field trials. We also
established the Central Asian Wheat Panel (CAWP), consisting of around 450 spring and winter
wheat genotypes, which is currently undergoing whole-genome re-sequencing to identify structural
variants with potential breeding value.

In parallel, we launched the first large-scale speed breeding facility in Central Asia and
adapted the protocol to wheat grown across diverse environments. The facility is now used to
accelerate generation turnover, develop new genetic resources, create NILs, and standardize
germplasm panels.
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Molecular Epidemiology and Evolutionary Dynamics of Human Coronaviruses
in Kazakhstan

Aidyn Kydyrmanov'*, Sardor Nuralibekov?, Marat Kumar®, Aknur Mutaliyeva®?,
Aidar Usserbayev'?, Yelizaveta Khan!, Temirlan Sabyrzhan!, Aigerim Abdimadiyeval,
Kobey Karamendin®

Research and Production Center for Microbiology and Virology, Almaty 050010, Kazakhstan
National Center of Public Health Care, The Ministry of Health of the Republic of Kazakhstan,
Almaty, 050008, Kazakhstan

*Corresponding author: aidyn.kydyrmanov@gmail.com

Background: Seasonal human coronaviruses (HCoVs) are significant causes of acute respiratory
viral infections (ARVI). However, their circulation, genetic diversity, and evolutionary dynamics in
Kazakhstan remain poorly understood. Extensive molecular epidemiological surveillance is crucial to
determine their geographical distribution and phylogenetic relationships with strains circulating globally.

Materials and methods: Since March 2025, a total of 163 nasopharyngeal swab samples from
ARVI patients across multiple regions of Kazakhstan, including West Kazakhstan, Karaganda, Mangystau,
and the cities of Astana and Almaty, have been analysed. Viral RNA was extracted using the RNeasy® Mini
Kit (Qiagen). Screening was performed by one-step RT-PCR targeting the conserved RdRp gene using
degenerate pan-coronavirus primers. Additional amplification of 440 bp and 760 bp fragments was
conducted to improve detection sensitivity. PCR products were visualised by agarose gel electrophoresis.
Positive samples underwent Sanger sequencing and metagenomic sequencing. Phylogenetic analysis was
performed using MEGA11 with the maximum likelihood method.

Results: Coronavirus RNA was detected in 22 of 163 samples (13.5%). Sequencing identified the
following HCoV types: HCoV-NL63 (12 samples), HCoV-229E (2), HCoV-HKUL1 (4), and HCoV-0OC43 (3).
Metagenomic sequencing confirmed co-circulation of Alpha- and Betacoronaviruses, with sequences
showing up to 100% nucleotide identity to global reference strains in databases. One HCoV-OC43 isolate
showed 100% nucleotide identity to a 2024 USA reference strain, while NL63 isolates showed >99.8%
similarity to reference genomes. Phylogenetic analysis of the spike gene placed the HCoV-NL63
Mangystau/KZ strain within a highly supported clade (bootstrap 99%) that clusters with strains from Europe
and Russia, suggesting interregional and international viral circulation (Figure).

— PQ683730.15 gene hCoV-NL63 Rus SPE-RII-83655 2023
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MG428704.1 S gene HCoV NL63 Kilifi HH 5402

MEK334045.1 5 gene HCoV NL63 ChinaGDO05 2018
94 KT381875.15 gene HCoV NL63/UF-1/2015

The tree was constructed in MEGA11 using the Tamura-Nei model with 1000 bootstrap replicates. Bootstrap values
(>70%) are shown at the nodes. The HCoV-NL63 Mangystau/KZ strain, obtained in this study, is highlighted in red.
Figure. Phylogenetic tree of S gene sequences of HCoV-NL63, constructed using the maximum likelihood method

Conclusion: This provides one of the first molecular insights into seasonal HCoV diversity in
Kazakhstan, demonstrating active co-circulation and close genetic relatedness to globally circulating HCoV
strains. The applied molecular approaches are effective for surveillance, evolutionary analysis, and ongoing
genomic surveillance of respiratory viruses.

Acknowledgement: This study was supported by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (Grant No. AP23485202).
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Pa3pa0doTka KJI€TOYHbIX, TCHOMHBIX M MPOTEOMHBIX TEXHOJIOTHH /I
JUATHOCTUKHU PAIa COUAIBHO-3HAYMMBIX 3a00/ieBaHuii B PecnnyOsiuke
Ka3axcran

I1.B. Tapasikos’, E.B. XKonxnsibaesa, A.b. Illesuos, K.H. MykanTaes, b.b. XaceHoB,
O.H. Xanununa, I H. Kynmam6etoa, A.T. Kynsisicos, C.K. A6ensaeHos, E.O. Ocramuyk,
10.A. Cxuba

TOO «Hayuonanouwiii yenmp ouomexuonozuuy, Acmana, 010000, Kazaxcman

* ABTop-KoppecnonieHT: tarlykov@biocenter.kz

Pa3zpaboTka BBICOKOYYBCTBUTENBHBIX U CHEIHU(PUYHBIX METOMOB JUATHOCTHUKU COLMATBHO-
3HaYMMBbIX 3a00JIeBaHUN SIBJIAETCSI IPUOPUTETHBIM HAIIPABICHUEM 3/paBooXpaHeHus PecryOnukun
Kaszaxcran. CoBpeMeHHbIE MYJIBTHOMHBIE IIOJIXOJbl, BKJIOYas TE€HOMHbBIC, NPOTEOMHBIE U
KJICTOYHbIE TEXHOJOTUH, OOECIEeYMBAIOT BO3MOYKHOCTh paHHEW JMArHOCTMKM W BHEIPEHHUS
MEPCOHATM3UPOBAHHON MeTUITUHBL. OCOOYIO aKTYaIbHOCTh TIPEJCTABISIOT OpdaHHbIC 3a00JICBaHUS
(pennnkeronypus, Oone3np [ome, cuHIpOM AnbHNOPTa), OHKOJOTMYECKHE NAaTOJIOTUU
(KOJIOpeKTambHBIN pak), MeTabomuueckue HapymeHus (MODY-nuaber), a Taxke WH(EKINOHHBIC
3a00J1€BaHNs U AHTUOMOTUKOPE3UCTEHTHOCTb.

Marepuanbl u MetoAbl: B nccienoBaHUMM HCIONb30BaHbl MOJIEKYJISPHO-TEHETHUECKUE,
KJICTOYHbIE M Macc-CIIEKTpOMeTpuieckue MeTobl. OOBbeKTaMH HCCIIeI0BaHUs SBISUIMCH 00pa3Lbl
JHK manuwentoB ¢ ¢enunkeronypueir, MODY-guaberom, cuHapoMoM Aubnopra H
KOJIOPEKTAJIbHBIM PakoM, a Takxke oOpa3ibl KPOBU MAIMEHTOB ¢ 00se3Hb0 ['omle U KOHTPOIbHBIX
rpynm. [IpumMeHsuich TeXHOIOoTHH cekBeHUpoBaHusi HoBoro mokosienus (NGS), TP B peansHOM
Bpemenu, 1udposoit IILP, wmacc-cnektpomerpus (LC-MS/MS, Q-TOF), CRISPR/Cas,
UMMYHOXpoMaTtorpaguueckuii aHamu3, a Takke OMOMH(DOPMATHUECKUH aHalIM3 JAaHHBIX.
[IpoBoauics au3aiiH ¥ Baluanus naHesne npanmepos, Beiaenenne JIHK, kiionupoBanue reHoB u
pa3paboTKa AUArHOCTUYECKUX TECT-CUCTEM.

Pesyabrarsl: [IpoBeneHa Banuganus npaiMepHbIX MMaHeaeld U ontuMusanus ycinosuil [P
i aMIIuuKanuyu 1eneBslx reHoB. CdopMupoBaHa KOJUIEKIUS 00pa3loB OT MAIMEHTOB U
YCIIOBHO 3A0pOBbIX Jull. BbimomHen ckpunuHr wmyramuii B reHax KRAS u BRAF npu
KOJIOPEKTaIbHOM pake. PazpaboTaHbl M ONTUMHU3UPOBAHBI POTOKOJIBI UMMYHOICIUICIIUH TJIa3MBbl U
Macc-CIIEKTPOMETPUYECKOr0 aHallu3a OHWOMapKepoB, BKJOYAs ONpENEICHUEe aKTUBHOCTU [-
rimokotepedpo3uaassl  npu  Ooneznn [ome. ITlomydensl pexomMOWHaHTHBIE Oelku (TEKCOH
azieHoBupyca, aHtureH VP4 poraBupyca) U pa3paboTaHbl MMMYyHOXpomaTorpauyeckue TecT-
cuctembl. [IpoBesieHa 3Kcmpeccusi peKOMOMHAHTHOM 00paTHOM TpaHCKpHITa3bl B kieTkax E. coli.
OmnpeneneHbl TEHETHUYECKUE MapKepbl aHTHOMOTHKOpe3ucTeHTHOCTH Acinetobacter baumannii.
ITonoGpansl yHuBepcanbHble npaiiMeps! 11 JJHK-0apkoaupoBanus pacTeHUA.

3akirouyenue: [lokasana Beicokas 3(pPEKTUBHOCTh MPUMEHEHUS KIETOYHBIX, TECHOMHBIX U
MIPOTEOMHBIX TEXHOJIOTUH AJI AMAarHOCTUKH COLMAJIbHO-3HAUYMMBIX 3abosieBaHui. Pa3paboTanHble
MO/IX0JIbl O0ECTIEUMBAIOT BBICOKYIO UYBCTBUTEIBHOCTh U CHEHU(PUYHOCTb, CO3[aBasi OCHOBY s
BHEJPEHUs NEepcoHANM3MpoBaHHOW MeauuuHbl B Kasaxcrane. IlonydeHHbIE pe3ynbTaTbl HMEIOT
3HAYUTENIbHBIN MOTEHIUAI JIsl MPaKTUYECKOTo MPUMEHEHHUs, BKIItoUas pa3paboTKy OTE€4ECTBEHHbIX
JUarHOCTMUYECKUX TECT-CUCTEM U  CHI)KEHHE OSKOHOMHMYECKOM Harpy3kKM Ha CHUCTEMY
3/IpaBOOXpPaHEHHUSI.

Paborta BeIlOTHEHA B paMKax Hay4HO-TeXHHUYeckol nporpammsl BR24992881 «Pazpabotka
KJIETOYHBIX, T€HOMHBIX W TPOTEOMHBIX TEXHOJOTMH il JHAarHOCTUKU COIMAIbHO-3HAYMMBbIX
3aboneBanuii B PecniyOnuke Kazaxcrany.

KiroueBble ciioBa: quarHocTuka, TeHOMHKA, TPOTEOMUKA, MEIUIUHCKas OMOTEXHOJIOTHS,

NEepCOHAIM3UPOBAHHAA MCAUIIMHA.
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Population Genetic Structure of the Modern Population of Kazakhstan:
Integration of Ethnogenomics, Medical, Environmental and Sports Genetics

Nazym Altynoval®, Zhassulan Zhaniyazov'?, Lyazzat Musralina!, Anastassiya Perfilyeva!, Liliya
Skvortsoval, Ozada Khamdieva®, Madina Abdullayeva!, Kanagat Yergalil, Alexander Garshin?,
Lina Lebedeval, Zhantuar Kumarbekov!, Almira Amirgaliyeva®, Bakhytzhan Bekmanov?!, Gulnur
Zhunussova?, Leyla Djansuguroval®

LInstitute of Genetics and Physiology, Almaty, 050060, Kazakhstan
2Satbayev University, Almaty, 050013, Kazakhstan

*Corresponding authors: naz10.79@mail, leylad@mail.ru

Background: A comprehensive study of the population genetic structure of the modern
population of Kazakhstan is being conducted through the integration of ethnogenomics, medical
genetics, environmental genetics and sports genetics. A unique biobank has been established,
comprising genetic data from more than 10,000 individuals.

Materials and methods, Results: Within the ethnogenomic framework, a representative
genetic database of modern Kazakh individuals (n=3059) covering diverse tribal affiliations and
geographic regions has been developed. Y-chromosome analysis (2454 males) revealed high
diversity with 124 haplogroups, while mitochondrial DNA analysis (n=924) identified 345
haplotypes reflecting complex Eurasian migration patterns.

The medical genetics component includes a biobank of patients and control individuals
(n>5,000), enabling the identification of genetic markers associated with susceptibility to
oncological, cardiovascular and neurological diseases. Whole-genome SNP genotyping and next-
generation sequencing (NGS) have facilitated the discovery of novel variants associated with
hereditary syndromes, as well as the analysis of familial cases of epilepsy and autism.

The environmental component is based on case—control cohorts (n=1,000) and is aimed at
studying the impact of mutagenic environmental factors, including radiation, heavy metals, and
pesticides. Genetic markers associated with radiosensitivity and radioresistance have been
identified, and a model for assessing individual risks of chronic exposure to environmental
pollutants has been developed, taking into account genotype and lifestyle factors. In addition,
considerable attention is devoted to investigating the impact of environmental pollution on the
development of bronchial asthma. Gene—environment interaction analysis revealed associations
between SNPs and air pollutant exposure levels in Almaty, including significant interaction effects
with PM2.5 and CO.

In sports genetics (n=1,300), novel candidate SNP markers associated with physical
performance traits were identified. A “genetic passport” incorporating 97 SNPs across 75 genes
related to physical, metabolic, and cognitive traits has been developed.

Conclusion: Overall, this integrative approach provides a foundation for personalized
medicine, environmental risk assessment and optimization of athletic performance in Kazakhstan.

Keywords: Ethnogenomics, population structure, medical genetics, asthma, SNP
genotyping, air pollutants, sports.
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AJIMATBI KaJachl MeH AJIMAThI 00J1bICHI TYPFBIHAAPBIHBIH JIeMiKIEHIH JaMybIHA dcep
€TeTiH IKOJIOTHSIBIK KAyilTep MeH reHeTUKAJBIK OediMIijIirin Taaaay

Aitrepim Kaceimbexosal?”, Manuna A6xynnaesa?, Jluna Jle6enena?, Kanarar Eprann?, Anexcanap
Iapmmn?, Akmapan Kynartaesa?, Jlanapa Apteiranuena’, JIazzatr Mycpanmuna?, Muddassar®, JTeiina
JKancyriposa?, Hazsim AnThiHoBa?

Yon-Dapabu amvinoaser Kaz¥y, Anmamor, 050040, Kazaxcman
2 Menemuxa scone duzuonoeus uncmumymsi, Aaimamot, 050060, Kazaxcman
3Allergo Clinic, Anvamul, 050043, Kazaxcman

*Bainansic aBTop: Kassymbekova.aigerim0l@gmail.com

Herizneme: AyaHbIH TacTaHybl Ka3ipri KOFaMaarbl HETi3Ti AKOJOTHSUIBIK KayirmTepiH Oipi GobIm
TaOBUIAbI KOHE TBHIHBIC aly KYHeci aypylapblHbIH, COHBIH iIIiHAE NEMIKIEHIH JaMyblHA BIKIald eTeli.
Hyuuexysinge mamamen 300 MiiH agaMm OpoHX JeMikmeciMeH aybipanbl, an Kasakcranma, acipece AMaThl
KaJlaChbIH/1a, COHFBI JKbIJIIAPhI aypy/bIH Tapanysl aikbiH ecye [1-2]. Ocbiran 6ailIaHbICTBI IEMIKIICHIH 1aMy
KaymiHiH (aKTOpiaphlH aHBIKTay ©3€KTi OoJibil TaObLIambl, ce0edi Oy aypydslH mnaiiga Ooiy
BIKTUMAJIBIFBIH KOFApBI AQJIKIICH O0IDKayFa jKoHe 9pOip alaMHBIH JKEKe epeKIICTIKTePiH ecKepe OTHIPHIII,
THIMII PO UITAKTUKAJIBIK [IapaIap sl d3ipiieyre MyMKiHaik oepeni [3].

Martepuangap men dgicrep: Xammer 380 AnMatel Kamacekl TYPFRIHAApH KaMTeuiAsl: 190 O6poHxX
nemikmeci 0ap Haykac xoHe 190 mapTThl aeHi cay Oakpuiay TOOBL 3epTTey OapbIChIHIA cayaaHamamap,
KIMHUKAJIBIK JKOHE 3epTXaHAIBIK 3€pTTeyJiep, TONBIK TeHOMIbl TCHOTUITEY, CTAaTUCTHKAJBIK KOHE
OroMH(pOPMATHKAIBIK TaJ/Iay 9iCTepl KOJJAHBUI/IBL.

HoTuzkesepi: AMaThl KanachbiHBIH aTMOc(epalblK ayaHbIH JlacTaHy neHreii PM2.5, PM10, CO,
SO2, NO: xepcerkimrTepi OOWBIHINA TangaHbI, 18 aBTOMATTaHABIPHUIFAH >KOHE 74 MOHHUTOPUHT
CTAaHIUACHIHBIH  JepeKTepl  maimanaHpuiael. KTUHUKANBIK ~ MONIMETTepAl  Tanjgay — HOTIDKECIHIE
cnupomeTtpusicel 0ap 110 naykac 3eprrenin, Herisri kepecetkimrep (FVC, FEV., FEV/FVC, PEF) 6oiibiama
Oipkarap manueHTTepae OPOHXUANBIBI 00CTPYKIUS aHBIKTAIABL. 38 HaykacTa (34,5%) OpoHXoqMIIaTaTOPIaH
keitin FEV>12% >xorapputaysl TipKemin, OOCTPYKIMSHBIH KaWTBIMIBUIBIFBI JoNenaeHl. | eHeTuKambIk
Tajmay HOTIKeCiHne OpoHX JeMiKmeMeH OaitnaHbicThl OipHemie MOTUMOpPGU3MICD aHBIKTAIIBI, COHBIH
iTriHAe TPOTEKTHBTI acep KopceTkeH: rs4794820 (OR=0.635, p=0.004), rs3117098 (OR=0.643, p=0.011),
rs1071630 (OR=0.692, p=0.021), rs7927894 (OR=0.680, p=0.023), rs7130588 (OR=0.691, p=0.051),
CoHaii-aK Toyekesai aprreipathia rs3763309 (OR=1.637, p=0.012) xone rs9268516 (OR=1.531, p=0.013)
BapHaHTTaphl aHBIKTAJJIBL. ©3apa OpeKeTTeCY MOJIebAEPi JacTayIbl 3aTTap IbIH dCepi KaFaalbIHAa BIKIIATIbI
Kyuieiierin Oipkarap SNP-tepai anbikranbl. EH alikeiH e3apa opekerrecysiep SNP—PM2.s (rs11742240,
rs2244012, rs2040704), SNP—SO: (rs3117098) sxone SNP-NO: (1s3763309) monenbaepinjie Oaikaipl.

KopbIThinasl: by gepextep reHeTHKanbIK OeHiMIUTIK TIeH KopiiaraH opTa (GaKTOpIapbIHBIH ocepi
apachlHJla BIKTMMAaJ CHHEPTUSJIBIK OallJIaHbICTBIH Oap €KeHIH KepceTeli. SIFHM, KOJIalChi3 alliebiep
ayajarbl JIACTAyIllbl 3aTTApJAbIH KOHICHTPAIMACHI JKOFapblIaraH >Kargaiga aypyaslH JaMy KaymiH
KymiewTei. ANBIHFaH HOTHXKeNep OPOHX NEMIKIIECiHIH MaTOTeHe3iHAeTi TeHETHKAIBIK KOHE SKOJIOTHSIIBIK
(hakTopapbIH MaHBI3bIH KOPCETIII, 1epOeCTSHAIPIINeH MEIUIIMHAHBI JaMBITyFa HET13 00aIbl.

Aareic: 3eprrey Kaszakcran PecnyOnmukacel FbulbIM  koHE JKOFapel  OUTIM  MHUHUCTPIIITI
KapKpUTaHaeIpaThiH AP23488865 xo00ack! aschIHIA KalFacyaa.

KinT ce3nep: OpoHx jaemikieci, AnmMarbl Kajachl, JIaCTaylibl 3aTTap, aypy-0akpuiay 3eprrey,
genome association study, monmumopduzm

MaiinananblIran daedoueTTep:

1. Zhang, W., Chen, X., Ma, L. et al. Epidemiology of asthma and control assessment in Henan,
China. Translational Respiratory Medicine 2, 5 (2014) doi: 10.1186/2213-0802-2-5

2. AonymnnaeBa, M., KaceimOekoBa, A., JleOeaema, JI m np. AHamu3 BIMSHUSA TE€HETHYECKUX
nonmophu3MoB u koHneHTpanuid PM2.5, CO U SO2 Ha puck pa3Butus OpOHXHAIBLHOW aCTMBI Y KHUTEIeH
ropoma Anmarsl. Eurasian Journal of Ecology 84, 3. (2025). doi.org/10.26577/EJE20258435

3. Harada, T, Yamasaki, A, Fukushima,T, et al. Causes of death in patients with asthma and asthma-
chronic obstructive pulmonary disease overlap syndrome. International Journal of Chronic Obstructive
Pulmonary 10, 595-602.( 2015) doi: 10.2147/COPD.S77491
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CBo0Ooano nupkyaupywmas muroxonapuaibias JHK u muxkpoPHK kak
MOJIEKYJISPHbIe HHAUKATOPHI CHCTEMHOI'0 0TBETAa HA HOHU3HPYIOLLee
o0JryyeHHre M pa3BUTHE PaKa Jerkoro cpeau Hacejenus Pecnyoumku Kasaxcran

Acus Kycaunosa®, Onbra bynraxosa, Akmapan Apunosa, Paxmerkas! bepcum6ait

Hnemumym knemounoti ouonozuu u 6uomexuonocuu, Eepazutickutl HayuoHAIbHbLI YHUGEPCUMEem
um. JI.H.I'ymunesa, Acmana, 000080, Kazaxcman

*Corresponding author: assya.kussainova@gmail.com

Beenenne: Kazaxcran, sBissach BEAYIIMM MUPOBBIM 3KCIIOPTEPOM ypaHa, XapaKTepU3yeTcs
HAJINYHEM OOIIMPHBIX TEPPUTOPUIA C MOBHIIIEHHBIM YPOBHEM MPUPOIHOM dKCXalsuu pajgoHa [1].
Cornacno nanHsiM BO3, pajoH npu3HaH BTOPHIM IO 3HAUUMOCTH (PaKTOPOM pHUCKa Pa3BUTUS paka
nerkoro nocie Kypeuus [2]. Monusupyromiee o0iaydeHUE BBI3BIBACT SMMICHETUYECKHE CABUIU U
MOBPEXICHHE MUTOXOHAPHAILHOTO amnmapara, 4YT0 HHULUUPYET BBICBOOOXKICHHE CIEIM(PHIECKUX
cUrHajbHbIX MoJekyn [3]. Llenbro Hamero uccienoBaHust CTalo usydeHue ponu cu Mr-/IHK,
sk30coManbHbIX MHKpOPHK ¥ 1MTOKMHOB Kak KOMILIEKCHBIX OHMOMapkepoB OTBETa Ha
XpOHHUYECKOE 00JIydyeHHE U Pa3BUTUE PAJIOH-UHIYLUPOBAHHOTO paKa JIErKoro.

Marepunansl u meroabl: VccnenoBanue ObUIO MpOBEAEHO cpeau HaceneHus Kaszaxcrana,
IIOJIBEP)KEHHBIX BO3JEHCTBHIO BBICOKMX pagoHa (r. Kokmeray, AxkMoiuHCKas 0O0JIacTh).
OOcnenoBaHbl MAalMEHTHl ¢ HEMEIKOKIETOUHbIM pakom Jsierkoro (HMPJI), npoxuBatoniye u He
IIPOXKUBAIOLIME B PaZOHOONACHBIX 30HAX. KOHTPOJIBHYIO I'pyNIly COCTaBWJIM JKUTEIM PErHOHa C
nonyctuMbiM ypoBHeM panona 100 bk (r. Acrana). KommuectBennsiii ananu3 cu-mtJHK u
MukpoPHK Beinonusics metoaom TP B pexxume peaabHOro BpeMEHH.

Pe3yabtaTrnl: WccnenoBanue moarepkaaetr, uro cu-mMt/IlHK — kimrodeBoit 6uomapkep
paZAMallMoOHHOTO cTpecca y HaceneHus Kazaxcrana, UMEOINN 10303aBUCUMYIO CBA3b C PaJOHOBOU
Harpy3koi. Y 340pOBbIX JIUI] U3 PaJIOHOONACHBIX 30H €€ YpOBEHb IIPEBBILIAET HOPMY B 9 pas, a npu
pasoH-MHAYLIMPOBAaHHOM pake — B 34 paza.

Onurenernuecknid  npoduab  (miR-19b-3p, miR-125b-5p, mIiR-155b-5p) cuyxut
3¢ HeKTHBHBIM HHIUKATOPOM OHKOMAaToaoruu. miR-125b-5p cocodcTByeT mporpeccuu omyxonu, a
mMiR-155b-5p sBisieTcs muHAMUYECKUM MapKepoM: €€ YpOBEHb KOPPEIHPYET C BEDKUBAEMOCTBIO U
CHIDKACTCsI TIOCIIC XUMHOTEpAIUH, TMO3BOJSAs OlEeHHBaTh d(dekTruBHOCTh NeueHus. miR-19b-3p
OTpakaeT HaJIMYMe OIYXOJIM, HO HE CBfA3aHA C pajualuei, yro mnomoraeTr IuddepeHupoBaTh
OPUYUHBL paka. Y HEKypsAlMX TNaleHToB 3kcmpeccuss miR-19b-3p Beime, ykasbiBas Ha
crenu(puUecKre MyTH KaHlleporeHesa.

Couerannbiii anamu3 MT/IHK n MukpoPHK ¢opmupyer momnyro naHens s paHHel
JUarHOCTUKM ¥ MOHMTOPHUHTA 3JI0pOBbS B O3KOJOTMYECKHM HEOJAronmpUsTHBIX pEruoHax,
obecrieunBas epexo/ K NepcoHaTN3UPOBAHHON MEHUIINHE.

BoiBoa: Buexknerounas Mt/IHK wu mpoduns s3x3ocomansHbix MukpoPHK  sBnstorces
YyBCTBUTEIbHBIMUA MHIMKATOPaMHU paJiMalliOHHOIO BO3/eHcTBUA. VIHTerpanus 3TUX nokasarenei B
cucteMy OMOMOHMTOpPHHIA IMO3BOJISIET OOBEKTUBHO OLIEHWBATh CYMMapHOE BJIMSHHE MPUPOIAHOIO
panuanoHHoro ¢poHa ¥ MEAMLMHCKUX MPOIeyp Ha 37J0poBbe HaceneHusa Kazaxcrana.

baaronapuocTu: JlanHoe wuccienoBaHue (UHAHCHUPOBAIOCH MUHHUCTEPCTBOM HAYKU U
BbIcIero oOpasoBanus PecniyOnnku Kazaxcran (rpant Ne AP08856116).

Kuarwuessble cioBa: panoH, cu-mtIHK, mukpoPHK, pak nerkoro.
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Pucynok 1. KonndectBo konuii cu-mMt/IHK B miia3mMe y4acTHHUKOB MCCII€I0BaHUS,
MOJIBEPTIINXCSI/HE TIOABEPITIIUXCS BO3JICHCTBHIO BRICOKOTO YPOBHS pajoHa [4].

Q.
L]
a etk ﬁ
& g 6- I
= 4
:
o
2 £ |
< 6- S 4-
° ]
2 3
= 4 H
S 7]
[ -
5 27 g
ﬁ @
® g
2 =
g 0- g
i @
K Control LC before LC after o Control LC before LC after
treatment treatment treatment treatment
o
b4 "
& -
wn
wn
b
x
E
o 41
»
£
e T
s 31
s
2
c
° 24
0
(2]
w
2
%14
[
[
2
&0
& Control LC before LC after
treatment treatment

Pucynok 2. OTHOcUTENBHBIN ypoBeHb 3Kcnpeccur MukpoPHK y manueHToB ¢ pakoM Jerkux a0 u
TIOCJIC JICYCHHMS 110 CPABHEHHIO C KOHTPOJIBHOM rpymmoii [4].

CnucoK HCNO0JIb30BAHHBIX MCTOYHUKOB:

1. Bersimbaev, R., Pulliero, A., Bulgakova, O et al. Radon Biomonitoring and microRNA in Lung Cancer.
International journal of molecular sciences 21(6), 2154, (2020).

2. World Health Organization. WHO Handbook on Indoor Radon: A Public Health Perspective. (World Health
Organization, 2009).

3. Kussainova, A., Bulgakova, O. Aripova, A., et al. The Role of Mitochondrial miRNAs in the Development
of Radon-Induced Lung Cancer. Biomedicines 10, 428 (2022).

4. Bulgakova, O., Kussainova, A., et al. The level of free-circulating mtDNA in patients with radon-induced
lung cancer. Radiat. Environ. Biophys. 61, 119-126 (2022).

5. Bulgakova, O., Kussainova, A., et al. The plasma levels of hsa-miR-19b-3p, hsa-miR-125b-5p and hsa-miR-
155b-5p in NSCLC patients. Int. J. Biol. Chem. 12, 80-87 (2019).
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Migrations of Ancient Eurasian Population according to results of Admixture

Aikorkem Mustafayeva®”, Saida Tokmurzina®?, Maxim Shtilkind3, Assel Auelbekova®, Nargiz
Raimbekova®, Zhassulan Zhaniyazov'?, Leyla Djansugurova?, Ainash Childebayeval?

YInstitute of Genetics and Physiology, Almaty, 050060, Kazakhstan
2University of Texas at Austin, TX, Austin, 78712, USA
3Al-Farabi Kazakh National University, Almaty, 050040, Kazakhstan

*Corresponding author: mustafaeva.aikorkem08@gmail.com

Background: Ancient DNA provides a direct window into past human migrations by
allowing us to analyze the genetic makeup of individuals from populations across different time
periods and regions. The availability of published data from ancient individuals makes it possible to
trace genetic shifts and admixture over time, linking them to migration patterns and their impact on
modern populations. This study focuses on investigating the ancient human migration history across
the Central Eurasia. While research on ancient genomes in Eurasia has largely concentrated on
Europe, the migration history of Central Eurasian populations remains underexplored.

Materials and methods: Using genome-wide data (1,240K SNPs) of 470 ancient
individuals, we investigated the genetic continuity and admixture patterns of population dated from
the Eneolithic to 1st millennium AD. The principal component analysis (PCA) (EIGENSOFT,
v6,0beta) and admixture tools (v1.3.0) were used.

Results: Our analysis revealed periods of significant genetic turnover, particularly during
the Bronze Age, corresponding with the rise of pastoralist cultures and their spread across the
Eurasian Steppe zone. However, we also observe long-term genetic continuity in certain regions,
suggesting that local populations maintained their genetic identity despite widespread migrations.
Neolithic populations cluster in PCA space broadly along a west—east axis, with groups from
Eastern Europe and Western Siberia on one end, and outliers such as Botai (Northern Kazakhstan)
and Neolithic Mongolia on the eastern periphery. Populations from the Bronze Age form more
distinct western and eastern clusters, reflecting increasing structuring in gene pools across Eurasia.
Starting from Iron Age, genetic heterogeneity increases substantially, driven by a notable rise in
East Asian ancestry components across several regions. This points to intensified eastern gene flow
into Central Eurasia during this time. Currently, we are performing the study of selection signals
that reflect on phenotypic traits and diseases of ancient inhabitants of Kazakhstan territory.

Conclusion: This study highlights the interplay between cultural transformations and
genetic exchange, providing a more nuanced understanding of the human past in Central Eurasia.

Acknowledgement: Study was financially supported by the Scientific Committee of
Ministry of Science and Higher Education of Republic Kazakhstan under the grant project
AP23489627.

Keywords: aDNA, SNP, PCA, Admixture, human migrations.
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YacToTa M CTPYKTYPA HAC/AEACTBEHHBIX 3200JIeBAaHUI M0 JAHHBIM PerucTpa
K® «UMCy»
Jls33ar Haszaposal, Mak6an Kynaitbeprenosal, Acem Yrynopal?, Kapakos Cnambexosal,
IIsipaiineiv Entaesal, Mepyepr Jlyiicenosal, Apyxan Paxumbaesa®, Cabuna Canmkopal,

Apysxan 3unosiaesa’, Mupryns basnosal

LK® «UMCy, Acmana, 010000, Kazaxcman
2 Espazutickuti HayuonanbHoiil yuusepcumem um. JI. H. l'vmuneea, Acmana, 010000, Kazaxcman

* ABTOPBI-KOPPECIIOHAEHTHI: Nazarova_lyaz@mail.ru, arurrnwy@amail.com

AkTtyansHocTh: HacnencTtBeHHble W peakue 3a0ofieBaHMs TMPEICTABISAIOT COOOH 3HAYUMYIO
mpo0JIeMy COBPEMEHHOW MEIMIIMHBI B CBS3H C MX BKJIQJOM B CTPYKTYPY XPOHHYECKOW 3a00JIEBACMOCTH,
paHHeW WHBANMUIU3AIUN U CMEPTHOCTH. [0 coBpeMeHHBIM OIleHKaM, penKue 3a00JIeBaHMs B COBOKYITHOCTH
3aTparuBaloT okoJo 3,5-5,9% nHaceneHus, 4To 3kBHBajIeHTHO Oojnee yeM 300 muH yenosek B mupe 1). Ilpu
atoM 10 70% penxux 3aboineBaHMH HMEIOT TEHETHUYECKYI0 TNPHUPOIY, a 3HAuUTeJbHAas WX 4YacTh
MaHU(ECTHPYET B AETCKOM Bo3pacTe (2).

HecMoTtpsi Ha pa3BuTHE BBICOKOIPOU3BOANUTENBHBIX METOJOB CEKBEHHPOBAHUSA, TUATHOCTHYECKAs
OJIMCCes MAIMCHTOB OCTAETCS aKTyaJbHOU MPOOJIEMOM, Tak B CpPEeHEM BpPEeMs 10 YCTAHOBJICHHUS TUArHo3a
MOJXKET COCTaBIATh 5—7 seT (3). B 3T0ii CBsI3M KITFOYEBYIO POJIh MPHUOOPETAET CO3IaHUE U BEJIEHIUE PETUCTPOB
MAI[UeHTOB, TO3BOJIAIOIINX CHUCTEMAaTU3WPOBAaTh JAHHBIE O PaCHpPOCTPAHEHHOCTH, HO30JIOTHUECKOH
CTPYKTYpPEe M KIMHHYECKOM CIIEKTPE HACJICJCTBCHHBIX 3a00JICBAHHUM, a TAK)KE OLICHUBATH A(PPEKTUBHOCTH
OKa3aHusi MeAMIUHCKOM momomu (4). Ananmuz nmaHHbeix peructpa K@ «UMCy» mo3Bomsier monydarth
JOCTOBEpHYI0 HMH(OPMAIUIO O YacTOTE, HO30JIOTUYECKOW CTPYKTYype W KIMHHYECKOM pazHOOOpa3uu
HACJIE[ICTBEHHBIX 3a00eBaHWM, I BHEOPEHUS MEPCOHAIM3UPOBAHHON MEIWIMHBL, Pa3padOTKH
CKPHUHHHTOBBIX IIPOIpaMM U OINITUMHU3AIINU MapIIPpyTHU3alluX IAIITUCHTOB.

Martepuansl U MeToabl: lIpoBeneH peTpPOCNEKTUBHBIA aHAIW3 JAHHBIX PETHCTpPa IAlUEHTOB C
HacleACTBEHHOM martonoruei, HaOmomaromuxcss B KO «UMCy». HMcrnoap30BaHbl KIMHHKO-TEHETHYECKHE,
MUTOICHECTUYCCKUEC U MOJICKYJIIPDHO-TCHETUICCKHUEC MCTOAbl JTUArHOCTUKH.

Pe3yabTaThl: AHamu3 MOKa3aj, 4YTO CTPYKTypa HACIEJCTBEHHBIX 3a00JeBaHHl IpeCcTaBICHA
MOHOT€HHBIMH U XPOMOCOMHBIMH IATOJIOTUSAMHU. B CTpYyKType XpOMOCOMHOH ITaTOJIOTUH BEIYIIYIO OJIO
3aHUMAIOT aHEYIUIOWANH, CPEeU KOTOPBIX Hanbosee YacTo BCTpedaeTcst CUHIpoM JlayHa, cocTaBisisi OKOJIO
50% ciydaeB cpeau BCEX XPOMOCOMHBIX aHOMaNWW. B peructp BrimodeHo 524 manuwieHTa ¢ MOHOTEHHBIMHU
3aboneBanussMu. CTPYKTypa pachpeenuiach CIeayonmM o0pa3oM: 3a00JIeBaHUs COSTUHUTEILHON TKaHH

— 79 cnyuaeB (15,1%), apyrue 3aboneBanus — 68 cinyqaeB (13,0%), HelipoMblieuHsle — 67 ciaydaeB
(12,8%), metiponereHepatuBHble — 61 ciyuair (11,6%), npyrue HeBpoJsiornyeckue 3abojieBaHus — 55
ciydaeB (10,5%), osumoxpunonornyeckue — 43 cmyuas (8,2%), osnumencus — 35 ciydaeB (6,7%),

Hedponoruueckne — 27 ciryyaes (5,2%), ummyHogeduutel — 25 ciay4daes (4,8%), HapymeHus OEIKOBOroO
oOMena — 24 ciy4vas (4,6%), remaronoruueckue 3adoseBanus — 17 ciydaes (3,2%), MUTOXOHIIPHAILHBIC
3aboneBanus — 16 cimygaes (3,1%), pacctpoiictBa aytuctudeckoro crekrpa (PAC) — 7 cimyqaes (1,3%).

3axiouenue: IlpoBenéHublii aHamu3 crekTpa Ho3ojormdeckux (opm B perucrpe KO «UMC»
MPOJICMOHCTPUPOBAJ, YTO HACIEICTBCHHbIC 3a00JICBaHUSI XapaKTEPU3YIOTCS BBIPAXKCHHBIM KIMHHKO-
HO30JIOTHYECKAM pa3HoOOpa3ueM C MpeoOiaaHueM TaTOJIOTHH COEIMHHUTENBHOW TKaHW U 3aboieBaHUi
HeBposoruueckoro crnekrpa. Peructp KO «UMC» sBnsiercst 3ppeKTUBHBIM HHCTPYMEHTOM JUIS aHalu3a
YacTOTBl M CTPYKTYPbl HAcCJEICTBEHHBIX 3a00JleBaHMA W MOXET CIYXHTh OCHOBOH Uil Pa3BUTHUS
CKPHHUHTOBBIX TIPOTPaMM, BBISIBIICHUSI IPHOPUTETHBIX HANIPABJICHUH TUArHOCTUKY U ONITUMH3AIIUN METHKO-
TeHETHYECKON MTOMOIIIH.

Karouessble cioBa: Peructp, HaciaeacTBeHHbIE 3a001€BaHUS, MOHOT€HHASI TATOJIOTHSL.

JIuteparypa:

1. Nguengang Wakap, S. et al. Estimating cumulative point prevalence of rare diseases. Orphanet J.
Rare Dis. 15, 1-12 (2020).

2. Boycott, K. M. et al. The clinical application of genome-wide sequencing. Nat. Rev. Genet. 20, 681-694 (2019).

3. Pelentsov, L. J. et al. The diagnostic journey of patients with rare diseases. Orphanet J. Rare Dis. 11, 21 (2016).

4. Kolker, S. et al. Rare disease registries are key to evidence-based personalized medicine. Front.
Endocrinol. 13, 875674 (2022).

21



KOGIS 2026. Section 1. Human genetics Oral Session

Long-read sequencing—based genomic analysis of cardiac conduction disorders
in young adults

Diana Samatkyzy'?*, Diana Valishayeval?, Saule Rakhimova!, Asset Daniyarov'?, Ashan
Musafer?, Madina Zhalbinova!, Ulykbek Kairov!, Ainur Akilzhanoval?%"

! National Laboratory Astana, Nazarbayev University, Astana, 010000, Kazakhstan
?Astana Medical University, Astana, 010000, Kazakhstan
3L.N. Gumilyov Eurasian National University, Astana, 010000, Kazakhstan
*Oxford Nanopore Technologies, Dubai, United Arab Emirates

*Corresponding author: diana.samatkyzy@nu.edu.kz, akilzhanova@nu.edu.kz

Background: Cardiac conduction disorders (CCDs) encompass a heterogeneous group of
conditions affecting the cardiac electrical system, often presenting as cardiac arrhythmias. These
may arise from inherited channelopathies or structural degeneration, particularly in younger patients
where early onset suggests a genetic basis. Advances in genomic technologies have enabled deeper
exploration of underlying molecular mechanisms.

Materials and Methods: We conducted a whole-genome sequencing study in 14 patients
(mean age 27 years) with CCDs, including atrioventricular block and sinus node dysfunction.
Genomic DNA was extracted from peripheral blood and prepared using a ligation-based protocol.
Sequencing was performed using long-read nanopore technology on the PromethlON platform.
Data processing included basecalling, quality filtering (Q-score >9), alignment to the hg38
reference genome, and variant analysis using established bioinformatics workflows.

Results: Pathogenic variants were identified in 2 out of 14 patients (14%). Detected mutations
were located in the SCN5A and APOB genes. Both patients exhibited frameshift deletions in SCN5A and
APOB, respectively. These pathogenic variants are known to be associated with cardiac arrhythmias and
conduction system disorders. No other clinically significant variants were identified.

Conclusion: This study demonstrates the feasibility and effectiveness of long-read whole-genome
sequencing in identifying clinically relevant genetic variants in young patients with cardiac conduction
disorders. The findings support a hereditary component in cardiac arrhythmias, particularly involving
pathogenic variants in the SCN5A and APOB genes. Pathogenic variants in SCN5A are associated with
cardiac conduction abnormalities and may be linked to the development of idiopathic non-sustained
ventricular tachycardia, whereas mutations in APOB are responsible for hypercholesterolemia. Long-read
sequencing offers improved detection of structural variants and complex genomic rearrangements, which
may play a critical role in patients with hereditary forms of the disease.

Acknowledgements: This research was supported within the framework of program-
targeted funding (No.BR24993023) from the Ministry of Science and Higher Education of the
Republic of Kazakhstan.

Keywords: Cardiac arrhythmias, long-read sequencing, genes, mutations.
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Background: Congestive heart failure (HF) is one of the significant healthcare problems in
the Republic of Kazakhstan. Implantation of the mechanical circulatory support device - left
ventricular assist device (LVAD) is one of the alternative treatment for HF patients instead of heart
transplantation. However, HF patients suffer with complications development after device
implantation which are caused due to the anticoagulant treatment and platelet receptors’
dysfunction. The aim of our research was to study association of genetic polymorphisms with
complications development in HF patients with implanted LVAD [1,2].

Materials and methods: Blood samples were recruited from HF patients (n=98) with
implanted devices. Anticoagulant drugs were prescribed according to the clinical protocol.
Thrombosis and bleeding complications were developed in 24 patients. DNA samples were isolated
and genotyped for 21 SNPs encoding blood coagulation system, metabolism of the anticoagulant
drugs.

Results: According to the logistic regression analysis four polymorphisms of rs9934438;
rs9923231 in VKORC1, rs5918 in ITGB3 and rs2070959 in UGT1A6 genes were significantly
associated with complications (p < 0.05). Genetic variants of VKORC1 and UGT1A6 genes showed
influence to warfarin and aspirin drugs’ metabolism. UGT1A6 gene encodes enzyme which is
involved in aspirin metabolism. Genetic polymorphism in UGT1A6 gene can influence to the
expression of different metabolic activities of the enzyme which excretes faster and slower
metabolites of aspirin. Gene polymorphism of rs5918 in ITGB3 gene encodes platelet receptor
GPlIlla. Patients with genotype variants of rs5918 carries genetically inherited platelet dysfunction
which leads to complications development [3,4].

Conclusion: Our study showed that genotyping of HF patients before device implantation
could improve patient’s quality of life by predicting and preventing complications development.

Acknowledgement: The study was supported by grants from the Committee of the Ministry
of Science and Higher Education, Republic of Kazakhstan (BR24993023, AP23490249) and
Nazarbayev University CRP (211123CRP1608).

Key words: heart failure, polymorphisms, genes, personalized treatment.

References:

1. Topkara V.K., Knotts R.J., Jennings D.L. et al. Effect of CYP2C9 and VKORC1 Gene Variants on Warfarin
Response in Patients with Continuous-Flow Left Ventricular Assist Devices. ASAIO J. Vol. 62, Ne5 (2016).

2. Mehra M.R., Uriel N., Naka Y. et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final
Report. N Engl J Med. Vol. 380, Ne17. (2019).

3. Zhalbinova M.R., Rakhimova S.E., Kozhamkulov U.A. et al. Association of Genetic Polymorphisms with
Complications of Implanted LVAD Devices in Patients with Congestive Heart Failure: A Kazakhstani Study. J Pers
Med. Vol. 12, Ne5 (2022)

4. Chen Y., Kuehl G.E., Bigler J. et al. UGT1A6 polymorphism and salicylic acid glucuronidation following
aspirin. Pharmacogenetics and Genomics. Vol.17, Ne8 (2007).

23



KOGIS 2026. Section 1. Human genetics Oral Session

Pathogenic germline variant spectrum in colorectal cancer patients from
Kazakhstan

Gulnur Zhunussova'®, Saltanat Abdikerim®?, Nurlan Baltayev?, Georgiy Afonin*,
Dilyara Kaidarova®

Ynstitute of Genetics and Physiology, Almaty, 050060, Kazakhstan,
2Al-Farabi Kazakh National University, Almaty, 050040, Kazakhstan,
3Almaty Oncology Center, Almaty, 050000, Kazakhstan,
“Asfendiyarov Kazakh National Medical University, Almaty 050012, Kazakhstan

*Corresponding author: gulnur_j@mail.ru

Background: Colorectal cancer (CRC) is a highly heritable cancer with a strong genetic
basis. In Central Asian countries such as Kazakhstan, data on the spectrum and prevalence of
germline pathogenic variants (PV) among individuals with CRC remain limited. Comprehensive
characterization of hereditary CRC in this population is essential for optimizing genetic screening
and preventive strategies. This study aimed to address this gap by performing multigene panel
testing in a Kazakhstani cohort of CRC patients and their relatives to better characterize genetic risk
factors and to evaluate the clinical utility of cascade testing and surveillance.

Materials and methods: In this study, we performed gene panel NGS analysis of germline
DNA targeting 94 established and candidate cancer-predisposing genes in 155 unrelated CRC
patients and 92 of their healthy relatives. Identified variants were classified according to ACMG
guidelines. Colonoscopy was performed for asymptomatic carriers of PVs, and clinical management
and surveillance strategies were adapted based on colonoscopic findings.

Results: A total of 30 individuals (19.4%) carried 31 PVs. Overall, 34.2% of patients
reported a family history of cancer, including 9.7% who had a family history of CRC. The most
frequently observed germline PVs were in CHEK2 (22.58%) and APC (12.91%), followed by
MLH1 (6.46%), MSH2 (6.46%), MSH6 (6.46%), MUTYH (6.46%), and BRCA1 (6.46%). PVs in the
remaining genes were detected in single cases. Missense and frameshift variants predominated.
Among carriers of rare PVs, individuals aged 18-44 years were the predominant group (53.3%).
Majority of mutational profiles in relatives aligned with the PVs identified in the corresponding
CRC patients and 22.8% of healthy relatives.

Conclusion: The high prevalence of clinically actionable PVs in both patients and their
relatives supports the implementation of multigene panel testing and cascade screening in
Kazakhstan. This study expands the representation of Central Asian populations in CRC genetics
research and provides a foundation for developing national hereditary cancer screening programs.

Keywords: colorectal cancer, next-generation sequencing, pathogenic variant, prevalence.
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Background: The Kazakh horse is an important part of the Kazakh people’s cultural
heritage; it has evolved over thousands of years and is found throughout the territory of present-day
Kazakhstan. Since its domestication around 5,500 years ago in the Eurasian steppes, the horse has
been used as a model for studying evolution, genetics, and practical applications such as breeding
and disease resistance. The high variability in mitochondrial DNA observed in many horse breeds
from different geographic areas demonstrates that modern horse populations exhibit extremely low
Y-chromosome genetic diversity.

Materials and methods: Long- and short-read sequencing of the genomes of indigenous
Kazakh horse breeds Adai, Mugalzhar, Naiman, and Zhabe using nanopore sequencing, as well as
DNBSEQ sequencing of the same breeds were used for further Y chromosome sequence extraction.
DeepVariant and Clair3 were used to predict variants for the subsequent construction of
phylogenetic trees using identified SNPs (RaxML). The time to their most recent common ancestor
(TMRCA) was calculated using the mutation rate suggested by the available literature, and
calibration was performed using the split between modern horses and Przewalski's horses with
BEAST?2.

Results: In this study, we resolve the first Y-chromosome pedigree of Kazakh horses by
analyzing the specific Y-chromosome region (MSY) in long-read sequences from Adai, Zhabe,
Mugalzhar, Naiman, and Przewalski's horses, including publicly available sequences from other
European and Asian breeds. Y-chromosome extraction was performed using the Mongolian horse
Y-chromosome sequence, based on long- and short-read sequencing, with subsequent reference-
based assembly.

Conclusion: Error prone long read sequencing combined with accurate short read
sequencing allowed to assemble highly contigious and precise Y chromosome of the horses that
included important Y chromosome specific genes as well as repetetive regions. Results allowed to
estimate divergence time of Kazakh breeds using calibration to Przewalski's horses genome.

Keywords: Kazakh horses, long-read sequencing, Y chromosome assembly, phylogeny.
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Background: Sheep farming is one of the key sectors of animal husbandry in Kazakhstan,
and local breeds - Degeres, Et merinos and Kazakh Coarse-Wooled Fat-Tailed - have been shaped
over centuries by specific ecological and economic pressures. Conservation and rational use of the
genetic resources of these breeds requires a detailed understanding of their population structure and
levels of genetic diversity.

Materials and methods: In this study, whole-genome sequencing was performed on 1,669
animals from seven households representing three Kazakh sheep breeds: Degeres (DE, n = 507), Et
merinos (EM, n = 648) and Kazakh Coarse-Wooled Fat-Tailed (KKG, n = 514). DNA was
extracted from blood using the QIAGEN Blood & Tissue Kit, and sequencing libraries were
prepared with the ONT Ligation Sequencing Kit (SQK-LSK114). Samples were sequenced on the
PromethION platform (FLO-PRO114M, R10) for 48 hours, followed by base calling in Dorado
v0.9.6 using the super-accurate model. Population genetic structure was assessed using principal
component analysis (PCA), pairwise FST estimation, ADMIXTURE analysis, and Neighbor-
Joining phylogenetic reconstruction.

Results: PCA of PC1 and PC2 showed clear separation of the three breeds: EM occupies a
distinct position, while DE and KKG show partial overlap along PC2. Pairwise FST analysis
showed minimal differentiation within the DE breed, indicative of a near-panmictic population. The
highest FST values were recorded between EM and KKG (up to 0.0404). Phylogenetic analysis and
admixture clustering confirmed the separation into three monophyletic groups corresponding to the
breed groups.

Conclusion: The Kazakh sheep breeds DE, EM and KKG represent genetically
differentiated populations with varying levels of within-breed diversity. The EM breed shows the
greatest distinctiveness, consistent with its historical formation under isolated conditions. The high
genetic cohesion within DE and KKG reflects effective selective breeding practices. The data
obtained can be used to develop evidence-based programs for the conservation and genetic
improvement of Kazakh sheep breeds.

Key words: genetic diversity, Kazakh sheep breeds, SNP genotyping, FST, population
structure.
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Background: Nowadays, in vitro fertilization is used not only in IVF clinics, but also when
replicating farm animals, and creating and preservation of genetic collections of laboratory animals.
The effects of incubation conditions on destabilization of individual development of embryo at the
stage from fertilization to transplantation to surrogate mothers remain unclear. Embryos at the
preimplantation stage of development are particularly sensitive to environmental variations [1]. This
stage of embryonic development involves a number of epigenetic reprogramming events, including
DNA methylation [2].

Materials and methods: The experiments were carried out on 10-14-week-old CD-1 mice
of SPF-status. IVF was performed at 37°C. Zygotes were collected and transferred to certain
temperature: 35°C, 37°C, and 39°C for 24 hours. A day later, embryos were transferred to 37°C.
The embryos were monitored using time-lapse microscopy. Circadian phenotyping was conducted
on 10-week-old male offspring using a Phenomaster system.

Results: Embryos of the 35°C group showed enhanced variability in the size of blastomeres
and DNA methylation level, as compared to the groups kept at 37°C and 39°C. This was associated
with the highest rate of embryo death in 4- and 8-cell embryos, but the highest viability of
newborns. In contrast, incubation at 39°C did not significantly impact developmental dynamics and
viability in vitro, but led to a notably higher rate of gestation failure compared to other groups. The
indicators of the 37°C group fell within an intermediate range. As for the offspring, the 37°C group
exhibited altered amplitudes in oxygen consumption rhythms and respiratory exchange ratios, as
well as pronounced alterations in sleep—wake patterns. The 35°C group displayed intermediate
phenotypes, substantiating the importance of optimizing embryo incubation parameters.

Conclusion: We conclude that a decrease in temperature during ZGA highlights the
adaptive potential of embryos during their initial cleavages. The partial mitigation of these effects
through reduced culture temperature underscores the importance of optimizing IVF protocols to
minimize long-term epigenetic and metabolic risks.

Acknowledgement: To the Center for Genetic Resources of Laboratory Animals of the
Federal Research Center Institute of Cytology and Genetics SB RAS for providing animals, access
to equipment, and the opportunity to conduct the research.
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Kazakhstan, the ninth-largest country in the world by land area, is characterized by a rich and
diverse flora. The flora of the country includes more than 6,000 species of higher plants,
approximately 10% of which are endemic. The diversity of natural ecosystems, including steppes,
deserts, and mountainous regions, contributes to the formation of unique floristic complexes with
high species diversity.

Particular scientific interest is associated with genera such as Allium, Iris, Tulipa, Salsola, and
Juniperus, which are distinguished by remarkable species diversity within Kazakhstan. To assess
the phylogenetic relationships among representatives of these genera, Next-Generation Sequencing
(NGS) methods were applied.

During the study, complete chloroplast genomes were obtained, and the corresponding
nucleotide sequences were deposited in the international NCBI database. The resulting data were
used to construct phylogenetic trees, assess molecular divergence, conduct biogeographic analyses,
and identify candidate DNA barcoding markers and informative microsatellite loci suitable for
phylogenetic and population genetic studies.

Thus, the results of the study expand current knowledge of the genomic diversity of key plant
genera in Kazakhstan's flora and provide a foundation for further phylogenetic, phylogeographic,
taxonomic, and comparative genomic research. In addition, the data obtained may be used to clarify
the taxonomic status of species, investigate their evolutionary relationships, and develop
scientifically grounded approaches to the conservation of plant genetic resources in Kazakhstan.

Acknowledgement: This study was supported by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (grants No. AP23490860,
AP23483825, AP14870612, AP14869593, AP09259027, 0237/PCF-14, and AP05131621).
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Background: Pre-harvest sprouting (PHS) is a critical constraint in wheat production, causing
significant reductions in vyield, grain quality, and end-use properties. In 2023, Kazakhstan
experienced severe PHS due to prolonged rainfall, affecting approximately 2.7 million hectares
(15% of the harvested area). Regional losses varied markedly, reaching 20% in Kostanay and up to
60% in Karaganda. These conditions underline the urgency of developing resistant cultivars and
improving understanding of the complex mechanisms governing PHS tolerance, including seed
dormancy, enzymatic activity, grain characteristics, and spike morphology.

Materials and Methods: A total of 270 spring bread wheat accessions were evaluated under
field conditions in two contrasting environments, Kostanay and Almaty regions, during the 2024
growing season. Twelve agronomic and physiological traits were measured. Resistance to PHS was
assessed using two complementary methods: germination of grains within intact spikes under
controlled environmental conditions and germination of isolated grains in Petri dishes. Genome-
wide association study (GWAS) was conducted for all studied traits using 9,212 polymorphic SNP
markers to identify genomic regions associated with PHS and related characteristics.

Results: Substantial phenotypic variation was observed among accessions and between
environments. In Almaty, 53 genotypes were classified as resistant, 144 as moderately resistant, and
72 as susceptible, whereas in Kostanay the respective numbers were 59, 160, and 50. Nineteen
genotypes demonstrated stable resistance across both regions, indicating high adaptability and
breeding value. Seed dormancy patterns differed between environments, with a higher proportion of
strongly dormant genotypes in Almaty and an increase in moderate dormant genotypes in Kostanay,
suggesting environmental influence on dormancy expression. GWAS identified 56 quantitative trait
loci (QTLs) associated with PHS resistance and germination index, including 33 detected in the
southeastern region and 14 in the northern region.

Conclusion: The results highlight extensive diversity in PHS response and confirm the strong
effect of environmental conditions on trait expression. Stable resistant genotypes identified in this
study represent valuable resources for breeding programs, while susceptible lines warrant further
genetic and physiological investigation.

Funding: This research was supported by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (Grant No. AP22785823).
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Features of sugar accumulation in the stalk juice of sweet sorghum hybrids

Ekaterina Cherkasova®, Oksana Kibalnik

Russian Research and Design-Technological Institute of Sorghum and Corn, Saratov, 410050,
Russia

*Corresponding author: 22cherkasova@gmail.com

Background: One of the strategies in sorghum breeding is the creation of heterotic hybrids
based on cytoplasmic male sterility (CMS). CMS can significantly influence the expression of
various breeding traits [1]. The aim of this research was to study the influence of genotype and
panicle grain content on the sugar content in the stalk juice of hybrids based on A3 cytoplasm.

Materials and methods: F1 sweet sorghum hybrids derived from the A3 CMS line and
their parental forms were sown in duplicate in the experimental field of the “Rossorgo” in 2025.
Sugar content in stalk juice was determined using a refractometer RL-2.

Results: A two-factor analysis of variance (factor A = genotype, factor B = panicle grain
content) revealed significant differences between hybrids and seedless plants and plants with
grained panicle. Factor B had the greatest impact on sugar content (73.5%), factor A — 10.1%. F1
hybrids that did not produce seeds synthesized 6.63% more total sugar in stalk juice than the
corresponding hybrids with grained panicles. Sugar content also depended on the genotype of the
paternal form: the amplitude of variability of the trait between seedless and seeded plants A3
Zheltozernoe 10/k-50 and A3 Zheltozernoe 10/k-1371 reached 11.0-11.7%, while for A3
Zheltozernoe 10/k-166 and A3 Zheltozernoe 10/L-31 the difference was only 1.0-2.8%.

Conclusion: Seedless sweet sorghum hybrids based on A3 cytoplasm enable the
accumulation of high sugar content in the stalk. Stem assimilates are not expended on seed
formation, which affects sugar accumulation [2]. Studies on sorghum [3, 4] and other crops have
shown similar results [5, 6]. The low frequency of A3 cytoplasm fertility restorers facilitates the
successful use of this cytoplasm in the breeding of sweet sorghum to increase the sugar content in
the stalk.

Acknowledgement: The work was carried out within the framework of State Assignment
No. 124020300044-6 of the Ministry of Agriculture of the Russian Federation.

Keywords: sweet sorghum, CMS type A3, sugar content
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Cegekuus 3epHOBBIX KyJbTYp Ha Kapadanabikckoint CXOC
Binagumup Yyaunos

TOO «Kapabanvikckas CXOCy», c. Hayunoe, Kazaxcman
ch.den@mail.ru

Cenexuus 3epHOBBIX KynbTyp Ha KapaGambikckoii CXOC BeneTcss 1o sIpOBOM MSTKOW U
TBEPAOM MIICHUIIE. O3UMOM MSTKOW MIIEHUIE W SPOBOMY SUMEHIO. B cOBpeMeHHBIH peecTp
CENIEKIIMOHHBIX JOCTH)KEHUH, JONMYIIEHHBIX K UCIOJb30BaHuI0 B PecyOnuke Kasaxcran Bxomsr 2
copTa 03UMOM MSATKOW MiIeHuIlbl, 10 COpTOB APOBOM MATKOM, 7 COPTOB SIPOBOM TBEPAOU IMIICHUIIBI
u 13 coptoB sipoBoro stumenst cenekiun Kapabanbikckoit CXOC. OOmias 3aHuMaeMasi Iionaib
nox »tuMu coptamu o Kazaxcrany cocrasnser 6osee 2,5 MiiH ra, HauboJiee pacpOCTpaHEHHBIM
SBIISIETCS COPT MATKOM MIIEHHUIBI «AKHAa» C TIOCEBHOW IUIomapto moa HuM, pasaoit 927 000 ra. K
MOCIIEAHUM pa3paboTKaM OTHOCSTCS copTa sipoBoil Msarkoi mmenunsl «Kyaecuuma» 2025 roxa,
«Xazper» u «Tokam» 2026 roga palOHUPOBAHUSL.

OCHOBHBIM METOJIOM CO3/IaHUs CEJIEKLIMOHHOTO MaTepuaina sBIIETCS BHYTPUBUIOBAs
rubpuau3anms. brarogaps 6maronpusiTHOMY reorpadu4eckoMy pacroyiOKEHUIO U KITMMATHIECKUM
YCIOBUSIM ONBITHOM CTaHIIMH, MPOLEHT 3aBs3bIBAEMOCTH THOPUIHBIX 3epeH ngocturaer 60% mo
sumeHto u 50-55% no niiexure.

B co3ganuu copTOB MIIEHUIBI YCTONYMBBIX K IKOHOMUYECKH 3HAYUMBIM OO0JIE3HSIM, TAKUM
Kak Oypass u creOieBasl p>KaBUMHBI, HCHOJB3YIOTCS CHUHTETUTUYECKUE JMHUM IOJIYYEHHbIE OT
CKpEUIMBAaHUN MIIEHULBI U €€ JUKUMHU COpOJUYaMHU. Pe3ynbTaTOM HCIONb30BAHMS B CEJIEKLIHMH
CUHTCTHUYECKUX JIMHHA MOXET CIyXHUTh copT «KyJecHHIa» TMOJy4eHHBIH W3 KOMOHWHAIIUU
LUTESCENS 30-94/3/T.DICOCCON PI194625/AE.SQUARROSA (372)//3*PASTOR. Uzyuenue
80 xomOuHammMii ckpemuBaHus, mnonydeHHbIXx Ha Kapabamsikckoii CXOC ¢ yuactuem
CUHTETUYECKUX JIMHUM, MO3BOJMIIO HAaM CJeJIaTh BBIBOJ, YTO MPOCTbIE MAapHbIE CKPELIMBAHUS HE
JIAl0T BBICOKOM 3€pHOBOW MPOAYKTUBHOCTH IOJYYEHHBIX CEJIEKIIMOHHBIX JIMHUN B CPAaBHEHUHU CO
CTaHIApPTHBIMU copTamu. J[ns momydeHus pe3ynbrata HEOOXOIMMO MPOBOJUTH CIOKHBIE
CKpEILMBAHUS HA IPOTSKEHUH HECKOJIbKUX JIET.

B ocHOBe 4ETHOYHON CEJIEKIIMH MIIEHUIIBI JIEKUT BCECTOPOHHEE U3YUEHUE CEIEKIIMOHHOIO
MaTtepuana, mnoinydeHHoro u3 uenrpa CUMMMUT, nposenenune orbGopa BHYTPHU IOJIYUYEHHBIX
rMOpUIHBIX MOMYJSALUM, UCIBITAHUE 110 MOJHONW CXeME CEeJNIEKIIMOHHOTO Ipoliecca. B Hactosmiee
BpeMs B pabore Haxomarcs 300 copTooOpas3iioB SpOBOM MSTKOW MIIECHUIIBI TOJYYCHHBIE W3
CUMMUT. MeToioM YeTHOYHOM CENEeKUMH CO3/1aHbl TaKhe copra Kak «AlHa», «KynecHuman,
«Toxam», Bce mepevyncaeHHble COPTa MIIEHULBI UMEIOT BBICOKYIO YCTONYMBOCTh K P)KaBUMHHBIM
O0JIe3HAM.

Hcnonb30BaHne B CENEKIIMU MOJIEKYISIPHO-TEHETUYECKUX METOI0B Ha4aTO HAaMH COBMECTHO
¢ MHCcTUTYTOM OHOJOTHH U OMOTEXHOJOTUU pacTeHUll (I. AIMaThl), a TAaKKe B COTPYJHHUYECTBE C
rpynnoit [I-pa Ixxeccu [lonanna B yauepcutete KAYCT (YHUBEpPCUTET HayKU U TEXHOJIOTHH MM.
koponst Aonymisl, T. [xkenna, CaynoBckas ApaBusi). B pe3ynbraTe IpoBeICHHBIX HUCCIEIOBAHUN B
NucTtutyTe OWomorun u OMOTEXHOJOTUH PACTEHUHN BBIICICHBI TEPCICKTUBHBIC JTUHUU SUMEHS U
MIIeHuIbl Ha ocHoBe Hanuuus amneneit JJHK-mapkepoB ¢ monoxutensHbiM 3¢ dexrom. ['pymmoit
H-pa Ixeccu Ilomanga ObII0O MPOTEHOTUIIUPOBAHO 294 TUHUW CENEKIIMOHHOTO MUTOMHHUKA 2-TO
roga, paccuutana HJIHO — Hawnyumas Jluneitnas um ['eHoMHas pacué€rHas CeneKkiuoHHas
Hennocts (I'PCII), 4T0 MO3BOIMIIO YAYYIIUTE KA4€CTBO OTOOpA.
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Unlocking Genetic Potential: Association Mapping for Improved Barley
Breeding in Kazakhstan

Yuliya Genievskaya, Saule Abugalieva, Yerlan Turuspekov”
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*Corresponding author:_yerlant@yahoo.com

Background: Barley (Hordeum vulgare L.) is the second most important cereal crop in
Kazakhstan by production and a key component of food, feed, and malting industries. Its
improvement requires integrative approaches to address complex traits shaped by genetic and
environmental interactions.

Materials and methods: This study summarizes genome-wide association studies (GWAS)
conducted on a diverse panel of two-row spring barley (273 accessions) originating from the USA,
Kazakhstan, Europe, Africa, and the Middle East. High-density SNP genotyping (9K-50K arrays;
up to 31,834 polymorphic markers), combined with multi-environment field trials and controlled
phenotyping, enabled the dissection of key agronomic traits. All studies were performed in
collaboration with barley breeders and phytopathologists from five institutions in Kazakhstan.

Results: For adaptability traits, 95 quantitative trait loci (QTLs) were identified, including
37 novel loci and three pleiotropic hotspots on chromosomes 1H, 3H, and 6H. For productivity
traits, 93 stable QTLs were detected across three years, including 8 presumably novel loci with
major effects on yield components. For grain quality traits, 56 QTLs were identified, including 14
novel loci associated with protein, starch, extractivity, and test weight. For biotic stress resistance,
85 QTLs were identified, including 43 novel loci: 59 for net form net blotch (25 novel), 19 for stem
rust (including a major novel locus on 5H), and 7 for powdery mildew (5 novel). Integration of
GWAS with haplotype and transcriptomic analyses enabled the identification of candidate genes
involved in stress response, metabolism, and plant development. A total of 203 KASP/PACE
markers were developed for key traits.

Conclusion: The identified QTLs and developed markers provide a robust toolkit for
marker-assisted selection, facilitating the pyramiding of favorable alleles and accelerating the
development of high-yielding, high-quality, and stress-resilient barley cultivars adapted to
Kazakhstan.

Acknowledgement: This research was funded by the Committee of Science of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Project AP23485118 and Program
BR24992903).

Keywords: GWAS, QTL, SNP genotyping, marker-assisted selection.
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IHoBbimenue 3¢ppeKTUBHOCTH HHAYKIMH YMOPHOUI0B M pereHepanuu B
KYJIbTYpe NbIJIbHUKOB MIIEHULbI JAJI51 OJY4YeHHUs Tariona0B

* o
Anmaryns Kakumxanosa , Aitnana Hypraza
TOO «Hayuonanouwiii yenmp ouomexuono2uuy, Acmana, 010000, Kazaxcman

* ABTOp-KOppectonaeHT: kakimzhanova@biocenter.kz

KynbTypa mBUIBHUKOB SIBISIETCSA Ba)KHBIM HHCTPYMEHTOM YCKOPEHHOI'O IOJIy4eHUs
YIABOGHHBIX TAaIJIOWJIOB Y TIICHUIBI, OAHAKO €€ 3(PQPEKTUBHOCTH B 3HAYUTEIHHOW CTEIICHU
OTIpeEISETCS TEHOTUIIOM, PEXUMOM NpenoOpaboTKU M COCTaBOM MUTATEeNbHON cpenbl. Llenbro
UCCIIeIOBaHMs ObUIa ONTHMH3AIMS WHIYKIUU SMOPHUOUIOB W TOCIEAYIOIIEeH pereHepanun
pacTeHuil y sipOBOM MIIIEHUIIBI.

B pabore u3ydeHbl Tpu TI€HOTUIA SPOBOM IMIIEHUIbI: OT3bIBUMBBIA KOHTPOJBHBIA COPT
Pavon 76 u nBe ruOpuIHBIC TUHUN Ka3axCTaHCKOM cenekuuu — 34/32 u 58/56. VccnenoBano nsath
PEKHUMOB MPEeT0OPAOOTKH: XOJIOA0BAs, TETUIOBAsI, OCMOTHYECKAS, XOJIOI0-OCMOTHYECKAsI U XOJIOJI0-
terwioBad. [IempHuKKM KynbTuBHpoBanu Ha cpenax N6, C17 u MS ¢ 2,5 mr/n 2,4-D u 0,5 mr/a
KHHETHHA. DMOPHOUABI NMEPEHOCHIIN Ha pereHepanuonHsie cpeasl MS 6e3 ropmonos, MS ¢ 0,5
mr/n BAIT u 0,5 mr/n MYK, a takxke MS ¢ 0,5 mr/n kunernna u 0,5 mr/mn HYK.

KomOunupoBanHble MmpenoOpabOTKH y BCEX TE€HOTHIOB ObUIM 3P (PEKTHBHEE OTICIBHBIX
CTpeccoBBIX Bo3AeicTBUil. Hambonee mnepcrneKTUBHBIMU KOMOWHAIUSMU SIBJISIOTCS  XOJIOJ0-
TerioBas mpeaoopadorka Ha cpeae N6 ¢ 2,5 mr/n 2,4-J] u 0,5 mr/n kunetunom juis Pavon 76 (36
aMOpronsioB) u 58/56 (25,33 s3mMOpruonaOB), a TakKe XOJO0J0-TEIUIOBas MpeaoopadboTka Ha cpere
C17 ¢ 2,5 mr/n 2,4-J1 u 0,5 mr/n xunetuHoM juist muHuK 34/32 (30,67 smOpuonios). bonee Toro,
KOMOWHHMpOBaHHbBIE TMpeaoOpaboTku Takke moBblmank goito wMopdoruma Ill. Ha »rane
pereHepanu HanOoJbmas >PQPEKTUBHOCTh ObUIa AOCTHTHYTa Ha cpepax MS ¢ mobGanenuem
perynaropoB pocta. Y Pavon 76 makcumanbHOE YHCIIO pEreHEepaHToB moiydeHo Ha cpeae MS c 0,5
mr/im BAIT u 0,5 mr/n YK — 31 pacrenuii. Beicokuit agdekr takxke odecneunBana cpena ¢ 0,5
mr/n kuHetuna u 0,5 mr/n HYK, rne y nunnit 34/32 nonyueno 24 perenepanra, a y reHotuna 58/56
MOJYy4eHO 17 pereHepaHToB.

Xonomo-TemnoBasi M XOJOJ0-OCMOTHYECKas MpeaoOpadOTKH B COYETAHMHM C TEHOTHUII-
crenu(pUIecKM 1MoA00pOM cpeibl MOBBIIIAIOT 3(PPEKTUBHOCT aHIAPOTreHE3a y MIIEHUIIbI, OJTHAKO
pereHepamnroHHasi CHOCOOHOCTh TaK)Ke OCTAETCSl BHIPAKEHHO T€HOTHII-3aBUCUMO.

Baaronapuoctu: Pabotra BBINOMHEHa B paMKaX HAyYHO-TEXHHYECKOW MPOTrpamMMBbI
BR24992903 «IIpakTrueckoe BHEIpEHNE COBPEMEHHBIX MOJIEKYISIPHO-T€HETUYECKUX, (PU3U0I0r0-
OMOXMMHUYECKUX, OMOTEXHOJIOTHYECKUX METOJ0B U IHU(GPOBOTr0 (EHOTHUIUPOBAHHS B CEIIEKIUIO
HKOHOMMYECKU 3HAYUMBIX CEIbCKOXO03UCTBEHHBIX KynbTyp» Ha 2024-2026 ronsl npu puHaHCOBOM
noaaepx’ke MUHHCTEpCTBA HaYKH U BbIcIiero oopazoBanus Pecriyonuku Kazaxcras.

KiroueBble cjioBa: spoBas TMIICHWIIA, KYIbTypa NBUIBHUKOB, aHIPOTE€HE3, WHAYKIIUS
AMOPHUOUJIOB, CTPECCOBasI Mpe10OpadoTKa.
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* ABTOp-KOppecnonaeHT: oksfur@mail.ru

Jlesest cadnopoBunnas (R. carthamoides) siBisieTcsi IEHHBIM JICKAPCTBEHHBIM PaCcTCHUEM,
IPOAYLIEHTOM 3KIUCTEPOUIOB C TIeNaTONPOTEKTOPHBIM, TI'MIIOIIMKEMUYECKMM M aJalTOr€HHBIM
JeCTBUEM, TPUMEHSEMBIM TIPU CEPACYHO-COCYTUCTHIX, HEMPOAeTeHEPATUBHBIX U META00IMYECKIX
3aboneBaHusAx. Ero skcrpaktsl cojepxkar okojo 200 OGMOJIOrMYecKH AaKTUBHBIX COEAMHEHUH U
OTJIMYAIOTCS HU3KOW TOKCUYHOCTHI0. OTHAKO M3-32 HEKOHTPOJIUPYEMOTO cOOpa M aHTPOIIOT€HHOTO
BO3CUCTBUS MPUPOJHBIE HOMYJSALMM JErpagupyroT, MO3TOMYy BHJ 3aHecéH B KpacHyro KHury
Kaszaxcrana. [lnsg coxpaHeHuss BuJa U oOecrieuyeHus (papManeBTUUECKOW MPOMBIIUIEHHOCTH
KayeCTBEHHBIM CBIPbEM JIeB3eH CcaduIOpOBUAHOM HEOOXOAMMO OpPraHM30BaTh IUIAHTALMOHHOE
BBIpAIlMBaHUE, B OCHOBE KOTOPOTO JISKHUT (OPMHPOBAHWE HHTPOAYKIMOHHOTO MUTOMHHKA C
HocJeyIomell ceneKkuyuel eHHbIX XEMOTHIIOB, XapaKTepU3YIOIIUXCsl BBICOKOM MPOAYKTUBHOCTBIO
U CTa0MIIBHBIM COZIEpP)KaHUEM OMOJOTHYECKH aKTUBHBIX BEIIECTB.

B Mecrax ecTecTBEHHOro MmpoM3pacTaHus MpoBeAEH cOop cemsH y pacteHuil R.
carthamoides, oTaMyaromMXCcsi BBICOKOW MOIIHOCTBIO Pa3BUTHS, XOPOIICH OOJIMCTBEHHOCTHIO U
OTCYTCTBHMEM  IPU3HAKOB  IOpPAXEHUs  (UTONATOreHHBIMH  MuKpoopranuzMamu. CemeHa
UCTOJNB30BATM KaK ISl TOJNYYeHHS OKCIUIAHTOB W TOCIEAYIOIIET0 MHKPOKJIOHAIHLHOTO
Pa3sMHOXEHHUs, TaK U HETIOCPEICTBEHHO B KaueCTBE IMIOCEBHOTO MaTepHaia. ArpoTexXHUKa U yXOJ 3a
pacTeHUSIMHM OCYUIECTBIISIIM B COOTBETCTBUU ¢ pekomeHanusmu BUJIAP (2021).

Onenka 3(pGEKTUBHOCTH Pa3JIMYHBIX MOJXOJOB K CO3JaHUI0 MUTOMHMKA MOKas3ala, 4YTO
HCIIOJIb30BaHNUE paCTEHUH-pereHepaHToB Oosiee 3(PQPEKTUBHO B CpPaBHEHUU C CEMEHHBIM
MaTepuajioM, T.K. B YCIOBHIX 3aCyIUIMBOIO KJIMMaTa CEMEHa JIEB3€U MMENIM HU3KYI0 BCXOXKECTb.
Pacrenus-perenepantsl obecnieumnu 100% mnpukuBaeMocTh B MEpBBIA roja, chopmupoBain
MOIIHYIO TMPHUKOPHEBYIO PO3ETKY JIMCThEB BBICOTOM 65-84 cM, a Ha BTOPOHl Tox JOCTUIIH
ypoxaiHocTu 3enéHoir maccel 9,8—11,0 1/ra, nmpu 3ToM 1BeTreHne orMmeueHo y 80% pacTeHuH.
AHanmu3 ¢ HCHOJb30BaHHWEM BBICOKOA((EKTUBHONW KUAKOCTHOM Xpomatorpapuu (BIXKX) Ha
cucreme Agilent 1200 Series moka3an cTaOUIBHOCTh CIIEKTPOB Y PA3IUYHbIX JIMHUW pEreHepaHToB,
IIPU 3TOM coziepkanue 20-THIPOKCUIKAN30Ha BapbupoBaio oT 9,08 10 9,26 mr/mi.

Takum 00pa3oM, UCIIONB30BaHUE PA3IMYHBIX ITOAXOI0B K CO3JaHHIO WHTPOIYKIIHOHHOTO
MUTOMHHKA JIeB3eH cadIOopOBUIHON MO3BOJSAET CcHOPMUPOBATH HCKYCCTBEHHYIO MOIMYJALHUIO C
Oosiee cTaOMITHLHBIME OMOXMMHUYECKUMH XapaKTEePUCTHKAMH, JUTS TIOCIEAYIONIEH CeTeKINH IIEHHBIX
bopm.

BaarogapuocTu: PaGora BemmomHeHa mpu mojnepkke Komwurtera Hayknm MUHHCTEpCTBa
HayKHU U BbIciiero oopazoBanus Pecniyonnku Kazaxcran (BR28713087).
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Evaluation of drought resistance of F1 hybrids of grain and sweet sorghum
based on A3, A4 and 9E cytoplasm

Oksana Kibalnik™, Ekaterina Cherkasova

Russian Research and Design-Technological Institute of Sorghum and Corn, Saratov, 410050,
Russia

*Corresponding author: kibalnik79@yandex.ru

Background: Drought and high temperatures are abiotic stressors that impact crop productivity and
lead to significant yield losses [1-4]. Changing climate conditions necessitate expanding the area sown with
stress-resistant field crops, such as sorghum, which has tolerance to prolonged droughts with minimal yield
losses compared to wheat and barley [5]. The development of hybrids with highly adaptive properties will
help reduce the negative impacts of abiotic stressors.

Materials and methods: In this work, we investigated F1 hybrids based on CMS lines with the
Zheltozernoye 10 genome on the A3, A4 and 9E cytoplasms. The pollinators were selection lines of grain (L-
65/14, L-50/14) and sweet (L-67/13) sorghum. The parental forms and F1 hybrids were grown in the
experimental field of the "Rossorgo” in 2023 and 2025. The parameters of the leaf water regime and the
permeability of cell membranes were determined in the main stages of development according to generally
accepted methods [6, 7].

Results: Determination of leaf tissue water content, leaf water deficit, and cell membrane
permeability showed that CMS sorghum lines (A3, A4, and 9E Zheltozernoye 10) had average drought
resistance, while pollinator lines (L-65/14, L-50/14) had high resistance. The most sensitive phases for grain
sorghum hybrids are the "flowering" and "milky-wax ripeness" stages, and for sweet sorghum — "flowering".
Water content decreased with plant development, and in the "flowering" and "milky-wax ripeness" stages it
was 70.53-71.58%; water deficit indices had higher values in the "milky-wax ripeness" stage (10.08-
16.44%), and the degree of cell membrane damage — in the "flowering" stage (23.74-36.75%). A4 cytoplasm
in hybrids with the line L-50/14 during the flowering phase had a significant effect on water deficit (5.89%)
compared to A3 cytoplasm (10.59%). These results are important for breeding to develop drought-resistant
sorghum hybrids, and the parameters used can serve as diagnostic criteria for parental forms and hybrids
with increased stress resistance.

Acknowledgement: The work was carried out within the framework of State Assignment No.
124020300044-6 of the Ministry of Agriculture of the Russian Federation.

Keywords: drought, sorghum, CMS, hybrid, tissue hydration, water deficit, cell membrane
permeability
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Background: Climate change necessitates the improvement of drought tolerance and yield
stability in wheat through comprehensive evaluation of genetic resources across diverse
agroecological environments. This study aimed to assess spring wheat germplasm from the
international KASIB nursery under contrasting conditions of Kazakhstan (Almaty and Kostanay
regions).

Materials and methods: A total of 124 wheat accessions were phenotyped for yield
performance, drought tolerance index (DSI), normalized difference vegetation index (NDVI),
morphological traits, and resistance to leaf rust. Field trials were conducted in contrasting
environments. Additional analyses included morphological screening, phytopathological evaluation,
correlation analysis, and molecular characterization using functional markers (Vrn, Ppd, Drebl, Lr).

Results: In the Almaty region, 22 high-yielding accessions and 64 immune (IT-0) lines to
leaf rust were identified. High NDVI values (0.50-0.83) were observed in 72 accessions, with 27
combining high biomass and drought tolerance. In Kostanay, 59 accessions showed combined
resistance, drought tolerance, and productivity, including 37 with high NDVI (0.55-0.67).
Morphological traits, particularly moderate peduncle length and high spike exertion, were
associated with better adaptation. Screening revealed carriers of the dominant Hg gene linked to
drought tolerance. A total of 45 lines were resistant to leaf rust. Strong positive correlations were
found between grain number per spike and grain weight (R=0.812), and between thousand grain
weight and grain weight per spike (R=0.511). Molecular analysis identified key adaptive genes:
Vrnl (6 lines), Ppd (7), Drebl (4), and Lr genes (Lr10, Lr29, Lr68). Several lines carried 1BL/1RS
translocations and the Lr26/Sr31/Yr9/Pm8 complex. Eight lines outperformed standard cultivars.

Conclusion: Significant genetic variability was identified, and promising genotypes
combining high productivity, drought tolerance (DSI < 0.50), and disease resistance were selected,
providing valuable donors for wheat breeding. The integration of phenotypic, morphological, and
molecular markers demonstrated in this study offers a robust framework for accelerating climate-
resilient wheat breeding and enhancing yield stability under increasingly variable environmental
conditions.

Acknowledgement: This study was supported by the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. BR28712539).
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Texnomorus  CRISPR/Cas9  sBnsercs  COBpeMEHHBIM W BBICOKOA(()EKTUBHBIM
MHCTPYMEHTOM HAIIPaBJICHHOI'O PENAKTHUPOBAaHUS TI'€HOMAa pPACTEHUM, IMO3BOJIAIOIIMM I10JIy4aTh
1eneBble MyTaluu B 3aaHHbIX yuacTkax JIHK. B mocnennue roasl oHa akTUBHO MPUMEHSIETCS IS
YIy4IIEHUS XO3SAHUCTBEHHO IEHHBIX IIPU3HAKOB CEIbCKOXO3AMCTBEHHBIX KYJIbTYp, BKJIIOUYas
kaprodpens  (Solanum  tuberosum L.), KOTOpeI  sABIOSCTCS OOHOM W3  BaKHEHIINX
MIPOJIOBOJILCTBEHHBIX KYJIBTYP B MHpE.

[lenpro HacTOSMIETO WCCIeAOBaHUs sBIsIach oneHka 3sddextuBHOCTH CRISPR/Cas9-
OMOCPEIOBAaHHOIO ~ MyTareHe3a TeHoma KapTtodenss ¢ HUCHOJIb30BaHHEM OJMHOYHBIX U
MHoOkecTBeHHbIX Hampabistoumx PHK (gRNA). B kauectBe momenu Obln BbIOpaH TeH gbss
(granule-bound starch synthase), oTBeTCTBEHHBI# 32 CHHTE3 aMHUJIO3bI B KITYOHSX.

Jis mpoBeneHUsT pelaKTUPOBAHUS OBUIM CKOHCTPYHPOBAHBI AKCHPECCHOHHBIE BEKTOPHI,
comepxkamme Cas9 u gRNA, HaueneHHble Ha TpH YydacTKa IEpBOrO SK30HA TIeHa gbss.
[enernueckast TpaHcopMmalms OCyHIecTBIsUIach MeTogoMm  Agrobacterium-omocpenoBanHoit
TpaHcGopMaIMi C UCIOJIb30BAHUEM PA3IUYHBIX HKCIUIAHTOB (MEXIIOY3NIUA H JIUCThS) Y COPTOB
kaprodens ActaHanblk, Axcop W Toxrtap. PerenepupoBaHHBIE pPACTEHHS aHAIM3UPOBAIH C
IIPUMEHEHUEM  MOJIEKYJISpHO-TEHETHYecKuX  MeronoB, Bkmouas 1P, CAPS-ananus,
cekBeHupoBanue o Conrepy u RT-qPCR.

[ToyueHHble  pe3ynbTaThl IOKa3ajld, YTO I[PUMEHEHHWE MHOXKECTBEHHbIX gRNA
3HAYUTENIBHO TMOBBIMIACT A(P(EKTUBHOCT, MyTareHe3a IO CpPaBHEHHIO C  OIMHOYHBIMU
HANPaBJSIIOIUMHI. B MyTaHTHBIX JIMHUSX ObLIM OOHAPYKEHBI pa3IMYHbIC TUITBI MyTaLlUH, BKIFOYast
JIeNielluy, BCTAaBKU U TOYEUHBIE 3aMEHBI HYKJICOTHOB B IIEJIEBBIX y4aCTKaX. JTHU U3MEHEHHs 4acTo
MPUBOJMIM K CABUTY PaMKH CUUTBHIBAHHUS U (OPMHUPOBAHUIO NMPEXKJIEBPEMEHHBIX CTON-KOIOHOB,
4yT0 00OecreynBaio HOKAayT TreHa gbss. B pesynbrate ObUM MOSMy4YeHBI TPHU- M TETpaaslielbHbIE
MYTaHThI, MOJIHOCTbIO YTPATHUBIINE (PYHKIMIO MCCIEAYEMOro reHa. AHalIM3 3KCIPECCUU TMOKa3al
OTCYTCTBHE TPaHCKpUIITAa gbsS B MYTaHTHBIX JMHUSIX, YTO MOJATBEPKIAECT YCIEIIHOCTh TEHOMHOTO
penaktupoBaHus. 3MeHeHHe cocTaBa KpaxMmasa ObLJIO TOATBEP)KIACHO C MOMOINBIO HOAHOM
peaxkuuu, IpoAeMOHCTPUPOBABIIEH NEPEX0] OT AMUII030COAEPIKAILETO K aMUJIONEKTUHOBOMY THUITY
Kpaxmarna.

Takum o6pazoMm, CRISPR/Cas9-onocpenoBanHblii MyrareHe3 sBisercs 3()QPeKTUBHBIM
WHCTPYMEHTOM JUIS  HANpaBJICHHOTO HW3MEHEHUs TeHoMa Kaprodens. Mcmonb3oBaHue
MHOKECTBEHHBIX Hampapisironmx PHK mo3BosisieT cyniecTBEHHO MOBBICHTh YacTOTy MYTallMi U
MOJIy4aTh CTaOWJIbHBIE HOKAyT-TUHUHM, YTO OTKPBIBAET MEPCHEKTHUBBI ISl CO3JaHHS COPTOB C
YIIy4IIE€HHBIMUA TEXHOJIOTMUYECKUMHU U IPOMBIIIUIEHHO 3HAYUMbIMH CBOHCTBAMHU.
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Background: Potato is the third most important food crop worldwide due to its wide
adaptability, high yield potential, and significant nutritional value. The aim of this study was to
conduct potato breeding for cultivation in Kazakhstan, focusing on varieties suitable for different
processing purposes: chip production in the northern regions and frozen French fries” production in
the southern and south-eastern regions.

Materials and methods: Reference potato varieties (Fontane, Santana, and Punchy) were
used to validate molecular markers associated with maturity, tuber shape, and flesh color. A total of
42 breeding lines derived from a cross between Yagodnyi 19 and CIP clone 397079-6 were
evaluated to identify promising genotypes. The research was conducted during 2023-2024 under
greenhouse conditions.

Results: Based on molecular marker analysis and phenotypic evaluation, 21 breeding lines
were identified as promising candidates for further breeding. Most of these lines exhibited round
tuber shapes and were considered suitable for chip processing. Three breeding lines showed a long-
oval tuber shape, indicating suitability for French fry production. Additionally, six breeding lines
with short-oval and oval tuber shapes were identified as appropriate for table potato processing.

Conclusion: Molecular and phenotypic analyses identified 21 promising potato breeding
lines with traits suitable for different processing purposes. Most lines showed round tubers
appropriate for chip production, while several lines were suitable for French fries and table potato
use. Further studies using additional molecular markers and backcrossing are recommended to
stabilize desirable traits and improve the suitability of these lines for cultivation and processing in
different regions of Kazakhstan.

Keywords: potato breeding, marker-assisted selection, maturity, tuber shape, flesh colour.

Acknowledgement: This research was funded by the Committee of Science of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No. BR28712539).
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Background. Global warming is having a noticeable impact on the climate of the Kyzylorda region,
accompanied by an increase in the frequency of droughts and a worsening water shortage. Therefore, in this
region, where rice cultivation traditionally predominates, it is becoming necessary to diversify cropland by
including grain and fodder crops that can adapt to saline soils and limited water resources [1].

Materials and methods. The following materials were used for the study: 273 samples of spring
barley from the collection of the Institute of Plant Biology and Biotechnology and 25 hybrid populations.
The formation of breeding nurseries for testing was carried out according to the “Arpa Comprehensive
Program” methodology [2]. Phenological observations and biometric analysis were performed according to
the VIR methodology [3]. Statistical processing of yield data was performed according to Dospekhov [4].

Results. As a result of a comprehensive assessment of 273 spring barley varieties from the collection
of the Institute of Plant Biology and Biotechnology, 50 promising numbers were selected based on
economically valuable traits and included in the working collection. In 2025, barley yield formation took
place under conditions of severe moisture deficit and high temperatures, especially during the critical
tillering-booting phase, which led to reduced tillering, limited development of generative organs, and a
shorter growing season. The yield of the collection material varied widely, from 44 to 438 g/m? which
indicates significant genetic and ecological differentiation of the samples in terms of their ability to produce
a yield in arid conditions. Taking into account a set of economically valuable traits, the following samples
were selected: QB146, QB246, QB247, QB057, QB252, QB262, QB051, QB046, QB044, QB069 — leaders
in yield, as well as stable and adaptive forms: QB002, QB021, QB041, QB230, QB265, QB267, QB118,
QB117, QB45. Of particular interest are the promising F8 spring barley populations: 13/06-205K2 (22.9
c/ha), 13/06-123K (22.8 cwt/ha) and 9/06-4K (22.4 c/ha), which exceeded the standard variety in yield by
5.0 c/ha and more. They demonstrated the ability to form a yield even in conditions of moisture deficiency
and elevated temperatures, which makes them valuable sources of drought resistance and plasticity traits.

Conclusion: This research is focused on creating high-yielding barley varieties that are adapted to
the conditions of increasing climate aridization and abiotic stresses, including moisture deficiency, high
temperatures, and secondary soil salinization. As part of the research conducted in 2025, a new spring barley
variety, Batyrkhan, was submitted for state variety testing in the Republic of Kazakhstan. This variety
combines high productivity and adaptability, making it promising for introduction in the arid and saline
conditions of the Kazakhstan Aral sea region.

Acknowledgement. The research was carried out within the framework of the program-targeted
funding of the Ministry of Science and Higher Education of the Republic of Kazakhstan BR24992903
“Practical implementation of modern molecular-genetic, physiological-biochemical, biotechnological
methods and digital phenotyping in the selection of economically significant agricultural crops”, 2024-2026.
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Phenotypic Trait—Based Classification of Salt and Drought Tolerance
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Cotton is an important industrial crop worldwide and upland cotton (Gossypium hirsutum L.)
is most widely cultivated in the world. Cotton production faces a major threat from drought stress
due to the ever-increasing water deficit. The Turkestan region is a cotton-growing zone in South
Kazakhstan and the northernmost cotton-growing area in the world.

This study aimed to classify salt- and drought-tolerant groups within the Kazakhstan cotton
collection based on key phenotypic traits. G. hirsutum genotypes were evaluated under controlled
conditions using sodium chloride (NaCl) and polyethylene glycol (PEG-6000). The optimal
morphophysiological traits were analyzed.

As a result of the study, increasing NaCl and PEG levels reduced vegetative growth, while
germination remained relatively stable under moderate stress. Regression analysis identified 200
mM NaCl as the optimal salinity level, while 20-30% PEG was optimal for drought differentiation.
Genotypes were grouped into five tolerance categories: highly tolerant, tolerant, moderately
tolerant, susceptible, and highly susceptible and some showed high tolerance to both stresses,
indicating strong breeding potential. Additional lines exhibited combined tolerance, Principal
component analysis revealed an inverse relationship between salt and drought tolerance, suggesting
stress-specific adaptation.

In summary, studying local varieties is essential for unlocking the genetic potential of these
varieties, preserving genetic diversity, and developing crops that are well-adapted to local
conditions. This approach contributes to the sustainable and resilient improvement of agricultural
systems worldwide.
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Recent advances in genomic technologies have significantly enhanced the understanding of
the genetic architecture underlying agronomic performance and seed quality traits in soybean
(Glycine max). The body of work by Zatybekov and co-authors integrates genome-wide association
studies (GWAS), whole-genome resequencing, and molecular marker analyses to dissect complex
traits relevant to breeding in Kazakhstan and beyond.

Across multiple studies, diverse soybean panels ranging from 108 to 694 accessions were
evaluated using high-density SNP datasets (4,651 to 80,971 markers). GWAS analyses consistently
identified significant marker—trait associations (MTAS) for key agronomic traits including flowering
time, plant height, number of fertile nodes, seed number, thousand seed weight, and yield. In earlier
work, 56 stable QTNs were detected, with 36 considered novel, highlighting the importance of
population size and diversity in association mapping. Subsequent studies expanded these findings,
identifying 42 MTAs linked to adaptation traits across multiple environments, with many loci co-
localizing with previously reported QTLs.

More recent GWAS integrating multi-year phenotypic data and 44,385 SNPs identified 38
stable MTAs for seed protein content, oil content, and yield components, including 15 novel loci
with potential pleiotropic effects. These results demonstrate strong genotype, environment, and
genotype x environment interactions, with high heritability observed for seed quality traits.

Complementary diversity analyses using SSR markers and large-scale resequencing
revealed a relatively narrow genetic base in Kazakhstani soybean germplasm, despite detectable
population structure and clear differentiation between wild and cultivated accessions. This limited
diversity underscores the need for introgression of novel alleles from exotic and wild germplasm to
enhance breeding efficiency.

Collectively, these studies demonstrate that integrative genomic approaches are highly
effective for identifying robust genetic loci controlling agronomic and quality traits in soybean. The
identified MTAs and genomic insights provide a valuable foundation for marker-assisted selection
and the development of high-yielding, high-quality cultivars adapted to diverse environments.

Acknowledgement: The research was funded by the Committee of Science of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Program No BR24992903).
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Background: Wheat (Triticum spp.) is one of the most important food crops in the world, and
Kazakhstan is among the major producers and exporters of grain. The genetic resources of local
cultivars are of considerable interest for breeding and biodiversity conservation. However, the
wheat genome is characterized by a high proportion of repetitive sequences and polyploidy,
including tetraploid and hexaploid forms, which complicates standard reference-based analyses [1,
2]. In recent years, alignment-free methods based on counting and analyzing k-mers, short sequence
fragments of fixed length, have been increasingly used for the study of complex genomes [2].
Unlike traditional approaches, k-mer analysis enables direct work with raw sequencing data without
the alignment step, which is particularly important for polyploid genomes with a high level of
homoeology [1, 3].

Materials and methods: Three hexaploid wheat -cultivars (Triticum aestivum) -
Shortandinskaya 95 improved, Shortandinskaya 2012, and Taimas — and one tetraploid wheat
cultivar (Triticum durum) — Damsinskaya 20-17 — were included in the study. All cultivars were
developed at the A.l. Barayev Research and Production Center for Grain Farming (Kazakhstan).
Whole-genome sequencing was performed on the Illumina NovaSeq 6000 platform [4]. Processing
of raw FASTQ data includes k-mer counting using KMC3 [5], comparative analysis of genetic
diversity between ploidy groups based on k-mer frequencies [1], and identification of species-
specific k-mers [6].

Results and Conclusion: In this study, whole-genome sequencing was performed for four
Kazakh wheat cultivars: three hexaploid cultivars and one tetraploid cultivar. Sequencing data in
FASTQ format suitable for further analysis were obtained. At present, k-mer analysis of these
whole-genome data is underway. This provides a foundation for identifying candidate genomic
regions of interest for subsequent biological and applied evaluation. The obtained results will
expand current knowledge of the genetic diversity of Kazakh wheat and provide practical tools for
breeding programs. Recent studies in wheat have already demonstrated the effective applicability of
k-mer analysis.

Acknowledgement: This research has been supported by the Committee of Science of the
Ministry of  Science and  Higher  Education of Republic of Kazakhstan
(BR24993023), (AP23490249), and Nazarbayev University CRP (211123CRP1608).
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Background: Industrial contamination imposes extreme selective pressure on soil
microbiomes, yet the role of epigenetic mechanisms like DNA methylation in microbial survival
remains unexplored. While restriction-modification (R-M) systems are traditionally viewed as
bacterial immune defenses, their potential role in environmental stress adaptation and genomic
stability is a critical factor in community resilience. This study investigates methylation patterns as
both taxonomic signatures and functional indicators of heavy metal tolerance in industrial soils of
East Kazakhstan.

Materials and methods: A hybrid metagenomic assembly approach was emplyed on soil
samples collected from industrially influenced sites. High-quality metagenome-assembled genomes
(MAGs) were recovered through an integrated binning pipeline. A hybrid binning strategy was
used, utilizing traditional tools based on tetranucleotide frequencies and marker genes in
conjunction with methylation-based binning. Methylation calling was conducted to link epigenetic
signatures to taxonomic lineages and mobile genetic elements (MGEs).

Results: The analysis identified taxon-specific methylation motifs associated with diverse R-
M systems across thousands of identified strains. The inclusion of methylation-based binning
significantly refined chimeric assemblies by reassigning MGEs to their host genomes through
unique "epigenetic fingerprints.” Preliminary data indicate shifts in methylation frequency at
specific motifs in high-contamination zones, potentially reflecting R-M system modulation under
chronic metal stress and identifying methylation as a dynamic marker of the soil resistome.

Conclusion: This study establishes a genome-wide methylation atlas for metal-impacted soils,
demonstrating that DNA methylation is a critical stress adaptation mechanism. Epigenetic profiling
enhances binning accuracy and reveals ecological strategies invisible to sequence-based analyses.

Keywords: metagenomics, DNA methylation, R-M systems, heavy metal stress, East
Kazakhstan.
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Background: Tomato brown rugose fruit virus (ToBRFV) is an emerging tobamovirus
causing severe economic losses in tomato production worldwide (1). To investigate the
evolutionary relationships and genetic diversification of the virus, a comprehensive phylogenetic
and recombination analysis was performed using complete genome sequences of global ToBRFV
isolates.

Materials and methods: Complete genome sequences of ToBRFV isolates were retrieved
from the NCBI GenBank database and aligned using the MAFFT algorithm (2). Phylogenetic
relationships among isolates were reconstructed using the Maximum Likelihood method with 1000
bootstrap replicates. To detect recombination events, genome alignments were analyzed using
recombination detection algorithms based on hyper-geometric random walk statistics and
permutation tests (3).

Results: Phylogenetic reconstruction based on full-genome sequences revealed a structured
global population, divided into several well-supported clades corresponding to geographic regions,
including isolates from Israel, China, Uzbekistan, Europe, and Latin America. Bootstrap support
values for major nodes ranged from 75% to 100%, indicating strong statistical confidence in the
clustering patterns. The phylogenetic topology suggests the presence of several independent
evolutionary lineages circulating globally.

Recombination analysis identified statistically supported recombination signals involving
isolates ON528712.1, OM515264.1, and OP557566.1. Two recombination breakpoints were
detected within the genome alignment (<6302 nt), located approximately at 2800-3150 nt and
5850-6200 nt. Hyper-geometric random walk analysis and permutation tests confirmed the
presence of a recombinant genomic fragment spanning these regions. Separate phylogenetic trees
constructed for the major and minor parental regions revealed discordant clustering patterns,
supporting the recombination hypothesis and indicating mosaic genome structure in the
recombinant isolate.

Conclusion: Overall, the results demonstrate that although the ToBRFV genome remains
relatively conserved, recombination together with point mutations contributes to the genetic
diversification and global spread of this economically important plant virus.

Acknowledgement: This research was funded by the Ministry of Agriculture of
Kazakhstan, grant number BR22887230.
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Background: Chronic heavy metal contamination can restructure soil microbiomes and may
co-select for antibiotic resistance, yet genome-resolved evidence from industrial soils remains
limited. Understanding the dynamics between heavy metals and the environmental resistome is
critical for anticipating the spread of antimicrobial resistance in ecologically sensitive areas.

Materials and methods: Oxford Nanopore long-read metagenomic sequencing was applied
to soil samples collected across industrially influenced sites in East Kazakhstan. The study aimed to
characterize strain-level community composition, profile antibiotic resistance genes (ARGSs) and
metal resistance genes (MRGSs), and relate these patterns to soil physicochemical properties using
multivariate, redundancy, and network analyses.

Results: Across all samples, 3,053 strains were identified, with Actinobacteria and
Proteobacteria accounting for 94.1% of the total community. Heavy metal concentrations varied
markedly among sites. The resistome comprised ARGs from several drug classes—dominated by
aminoglycoside, glycopeptide, and multidrug resistance—and 238 distinct MRGs, with czcA, ruvB,
arsM, and arsT being the most abundant. Multivariate and redundancy analyses identified Zn and
soil pH as the principal environmental drivers shaping microbial community structure and
ARG/MRG composition. Network analyses revealed that Bradyrhizobium icense and Conexibacter
woesei acted as key super-hosts linking ARGs and MRGs.

Conclusion: Long-read genome-resolved metagenomics successfully uncovered how chronic
industrial pollution maintains metal-adapted microbial communities while promoting the
persistence and potential dissemination of antibiotic resistance in soil ecosystems. The identification
of key super-hosts supports the presence of heavy metal-driven co-selection within the soil
microbiome.

Keywords: metagenomics, long-read sequencing, soil microbiome, antibiotic resistance,
heavy metal contamination.

Acknowledgement: This research was funded by the Committee of Science of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. BR24992837).

45



KOGIS 2026. Section 4. Genetics and breeding of microorganisms Oral Session

Genetic Diversity at the F gene Protein Cleavage Site of Avian orthoavulavirus 1
from chicken infected with wild type virus
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Background: Avian orthoavulavirus 1 or Newcastle disease virus (NDV) poses a major
threat to poultry worldwide [1], with wild waterbirds like cormorants serving as reservoirs of
virulent strains in Central Asia [2]. This study characterizes quasispecies diversity at the virulence-
determining fusion (F) protein cleavage site (RRQRRF motif) [3] in seven egg-propagated isolates
from diseased cormorants during the 2016 Lake Alakol outbreak in Kazakhstan. Deep sequencing
reveals genetic changes in wild-type virus within susceptible chicken embryos.

Materials and methods: Tracheal/cloacal swabs underwent two passages in embryonated
chicken eggs. RNA was extracted (QlAamp Viral RNA Mini Kit), amplified via one-step RT-PCR
with primers targeting the cleavage site, and libraries prepared (NEBNext Ultra). Paired-end
sequencing (Illumina MiSeq) generated ~13.7 million reads across samples. Data processed in
Geneious Prime (quality >Q30, aligned to MK693033), translated, and analyzed via custom Python
script (pandas, scipy, statsmodels) for chi-square tests (FDR-corrected), Shannon entropy, PCA
(sklearn), and visualizations (seaborn).

Results: Fifty-four mutations passed filters (min count 20, freq 0.0005); all showed
significant inter-sample heterogeneity (FDR p<0.001) [4]. Top variants: R1G (23-26%, 3.3M
reads), F6L/V/C (6-9%), R4G (2.7-3.3%), position-2 subs (R2G/S/1/*, 0.5-2%). Entropy highest at
positions 1 (1.07 bits) and 6 (1.34 bits), lowest at 3/5. PCA clustered samples non-randomly (PC1
87.4% variance), with core/shared and sample-specific variants per heatmap.

Conclusion: Wild birds-derived velogenic NDV maintains complex, position-specific
quasispecies at the F cleavage site, with high-frequency variants (e.g., R1G, F6 subs) indicating
evolutionary flexibility and potential for virulent emergence. Deep sequencing offers a framework
for NDV surveillance at wildlife-poultry interfaces, highlighting wild reservoirs' role in diversity
and risk.

Acknowledgement: Supported by Ministry of Science and Higher Education of Kazakhstan
(AP23484684). Studies complied with ethics commission 02-09-191 (30.10.2023).
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Background: Pseudomonas syringae species group are a rod-shape Gammaproteobacteria
infecting various plant hosts and causing multiple diseases including bacterial canker on fruit trees,
blister spot on apple, etc. These bacteria are characterized by high variability and difficult to
delimitate species and pathovars; genomic data provide better species definition than traditional
methods. To date, no genomic studies of P. syringae and related species were conducted in
Kazakhstan.

Materials and methods: We have obtained total 23 P. syringae sensu lato isolates from
Malus domestica and M. sieversii trees displaying necrotic lesions on leafs. Bacteria were isolated
on the NSA and King’s B media and confirmed by 16S rRNA sequencing. The whole genome
sequencing was performed using FastaSeq300 system (GeneMind, China) by paired reads of length
150 bp. After the quality control of reads, contigs were assembled using SPAdesl and scaffolded
using RagTag2 software. The assembly quality was assessed by BUSCO3 and species were
identified using TYGS4 and FastANI5 software.

Results: All genomes were assembled successfully; the longest scaffolds for each isolate
were of lengths between 5.6 and 6.1 Mbp and covered more than 90% of the genome, thus
representing near complete chromosome. BUSCO successfully predicted 99-99.6% of the tested
genes in all samples confirming the correctness of the assemblies. Of 23 genomes, 19 were
confirmed as P. syringae sensu strictu, three as P. fragariae, and one as P. tremae (see figure). The
former two were found for the first time in Kazakhstan.

Conclusion: The obtained genomic data provide a contribution to the knowledge about
genetic variability of P. syringae and related species on both global and regional levels, will help
understanding of the distribution of bacterial pathogens and plant protection in Kazakhstan.
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grant number BR22887230.
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Figure. Phylogenetic tree of the obtained genomes against the type strains of Pseudomonas species.
Pseudomonas syringae shown blue, P. fragariae shown green, P. tremae shown red.
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Impact of Green Manure Crops and Grass Mixtures on Fungal Cenosis of
Chernozem Soils of Northern Kazakhstan Steppe Zone
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Fungi play a key role in the soil by decomposing organic residues, providing nutrients for
plants, and regulating the phytosanitary status of agroecosystems. Green manure crops and mixtures
thereof are of interest due to their impact on the structure of fungal cenosis, including soil-borne
phytopathogens.

The study was conducted in a long-term field experiment established at the Research and
Production Center for Grain Farming named after A.l. Barayev (51°40'38” N, 71°00'58" E).
Experimental treatments included: clean fallow (control); first-year yellow sweet clover (Melilotus
officinalis) cv. Altynbas; mustard K-5517; two-component mixtures: barley Astana 2000 (100%) +
pea Kasib (50%) and oat Duman (100%) + common vetch Obskaya 16 (50%); and a three-
component mixture of Sudan grass Nika (20%) + common vetch (50%) + oat (30%).

Fungal population in first-year sweet clover and annual cereal-legume mixtures varied
throughout the growing season. Maximum values were recorded at the seedling stage, ranging from
5.4-20.7 x10°* CFU/g of soil (14.1 x 10* CFU/g of soil in the control). The highest population was
observed under first-year sweet clover and the three-component mixture (20.2-20.7 x10* CFU/g of
soil). Prior to green manure incorporation, fungal population decreased to 2.3-10.0 x10* CFU/g of
soil. After incorporation, the fungal pool increased again in the barley + pea, common vetch + oat,
and three-component mixture treatments. A decrease in fungal abundance was observed 50 days
after ploughing of sweet clover and mustard, as well as in clean fallow. Following green manure
incorporation, the most actively isolated fungi included Penicillium chrysogenum, Penicillium
corylophilum, Trichoderma sp., Clonostachys rosea, and Aspergillus flavus. Species of Fusarium
spp., including Fusarium venenatum, were detected only sporadically across all treatments.

On average, over the growing season, the most abundant fungal communities were formed
in treatments with the first-year sweet clover, the common vetch+oat mixture, and the three-
component grass mixture. The occurrence of phytopathogenic species was insignificant, which may
indicate a positive effect of green manure crops and mixtures thereof on the suppressive properties
of the soil.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP23487280).

Keywords: soil fungi, southern calcareous chernozem, sweet clover, mustard, cereal and
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Microbial study of wastewater samples from Astana city
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Background: At present, the removal of biogenic elements from wastewater that contribute
to the eutrophication of natural water bodies represents a pressing issue. Control of the
eutrophication process is of critical importance for aquatic ecosystems. However, priority should
first be given to studying the composition of wastewater and its interactions with other components
of the microbial community.The aim of this study is to investigate the microbial composition of
wastewater samples using metagenomic shotgun sequencing, with subsequent taxonomic profiling.

Materials and methods: Water samples were collected in sterile containers from the
municipal utility Astana SuArnasy (Astana, Republic of Kazakhstan). Total genomic DNA was
extracted using the DNeasyPowerWater Kit (QIAGEN, Germany) in accordance with the
manufacturer’s protocol.Libraries for metagenomic sequencing were prepared using the Nextera
DNA Flex Library Prep Kit (lllumina, USA). Sequencing was performed on the Illumina NovaSeq
6000 platform in paired-end mode (2x150 bp).

Results: The taxonomic analysis revealed a diverse microbial composition in the studied
water samples. The dominant phylum across all samples was Pseudomonadota, with relative
abundance ranging from 39.15% (S5) to 88.63% (S2), with a median of 73.08% (IQR: 61.57—
78.54%).The second most abundant phylum was Bacteroidota (median: 17.8%, IQR: 14.16—
25.05%), followed by Bacillota (median: 6.06%, IQR: 4.63-8.70%) and Actinomycetota (median:
1.75%, IQR: 1.35-2.03%). Minor phyla included Mycoplasmatota, Thermodesulfobacteriota,
Deferribacterota, and Fibrobacterota.

Conclusion: The obtained results revealed significant variability in the taxonomic
composition of the microbiome among the studied water samples. The dominance of the phylum
Pseudomonadota (median: 73.08%) is consistent with literature data on the microbiome of aquatic
ecosystems.

Acknowledgement: This study was supported by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (IRN AP26102175)
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Taxonomic classification and profiling of soil metagenome obtained from the
East Kazakhstan region using long-reads sequencing
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Background: The East Kazakhstan region is an ecologically problematic area of the country
due to the presence of numerous non-ferrous and precious metal production facilities, as well as
polymetallic ore deposits. These facilities are a constant source of anthropogenic pollution of local
ecosystems with heavy metals, ore processing waste, and other pollutants.

Materials and methods: To assess the impact of anthropogenic factors, a metagenomic
analysis of soil from this region was conducted. Eight soil samples from the East Kazakhstan region
were selected and then sequenced using Oxford Nanopore long-read technology on a PrometlON
flow cell. All samples were assembled using Flye and Canu and binned using Metabat2, Maxbin,
and CONCOCT. All bins were merged and dereplicated using Binette. Bins with acceptable quality
(completeness greater than 50 and contamination less than 10) were selected for further taxonomic
profiling and annotation.

Results: Sequencing and bioinformatics analysis yielded taxonomic profiles for each
sample. The microbial diversity of the communities was determined. Using the GTDB-tk classify
pipeline, taxonomy was determined from phylum to genus, and partially to species. The dominant
bacterial phyla were Actinomycetota, Pseudomonadota, and Acidobacteriota. A large number of
poorly characterized taxa were identified, potentially representing new genera and species. A
correlation was established between the diversity of the microbial consortium and the impact of
heavy metals on it.

Conclusion: This study, using long-read sequencing, identified the influence of
anthropogenic factors, specifically heavy metals, on the taxonomic diversity of local microbial
communities. New taxa were identified, along with a correlation between metagenome composition
and the concentration of various pollutants.

Key words: heavy metal pollution, taxonomic profiling, metagenomics, soil microbiome,
long-read sequencing.
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Background: Despite modern treatment methods used in world practice, effective cancer
treatment still represents an unsolved problem. One of the innovative approaches is the use of
boron-neutron capture therapy technology.

Purpose: To evaluate the effectiveness of selective tumor cell destruction using BNCT technology.

Materials and methods: Male Wistar rats were subcutaneously inoculated with Sarcoma 45
cells 20 days prior to experiments. Tumors in the study group received BNCT after 45 minutes
following administration of 10BPA (boronophenylalanine) at 330 mg/kg body weight (+BPA),
while the control group received saline (—BPA) prior to BNCT. Tumor tissues were resected at 6
and 20 hours post-irradiation for histological, immunohistochemical, and biochemical analyses.
DNA damage was assessed using y-H2A.X Phosphorylation Assay Kit and poly(ADP-ribose)
markers.

Results: Pathomorphological studies demonstrated pronounced tumor tissue destruction in
the +BPA group compared to controls. Immunostaining revealed increased y-H2AX intensity 20
hours after BPA administration, indicating accumulation of DNA double-strand breaks (DSBs); no
such increase was observed in the —BPA group. Histological analyses showed extensive tumor
necrosis 20 hours post-treatment, with scattered cell clusters exhibiting dystrophic changes in tumor
cells and stroma, reflecting selective tumor destruction. Persistent staining for y-H2AX and
poly(ADP-ribose) in the +BPA group confirms ongoing DNA damage induced by BNCT.

Conclusion: BNCT combined with boronophenylalanine effectively induces selective tumor
destruction in rats, with y-H2AX and poly(ADP-ribose) serving as reliable markers of DNA
damage. These findings support the potential of BNCT as a targeted cancer therapy and provide a
basis for further preclinical studies.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan Grant NeAP19676272,
NeAP26102345 and by Nazarbayev University under Collaborative Research Program Grant Ne
211123CRP1614, A.G.
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Targeted next-generation sequencing for differential diagnosis of long QT
syndrome subtypes in patients with channelopathies
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Background: Long QT syndrome (LQTYS) is a hereditary cardiac channelopathy associated
with delayed ventricular repolarization, syncope, malignant arrhythmias, and sudden cardiac death
[1]. Conventional genetic testing often focuses on the major LQTS genes KCNQ1, KCNH2, and
SCN5A, which may limit the detection of rare but clinically significant subtypes [2]. This study
aimed to develop and apply a method for the differential diagnosis of LQTS subtypes in patients
with channelopathies using an expanded 96-gene panel for targeted next-generation sequencing
(NGS).

Materials and methods: A total of 167 patients with primary electrical disorders were
genotyped using a custom 96-gene panel associated with arrhythmias and cardiomyopathies.
Peripheral blood samples were collected, genomic DNA was extracted, and DNA libraries were
prepared for high-throughput sequencing on the NovaSeq 6000 platform. Bioinformatic analysis
included alignment to the GRCh37/hgl9 reference genome, variant calling, annotation, and
filtering. Clinical significance of identified variants was interpreted according to ACMG guidelines
using InterVar, ClinVar, and other international databases.

Results: The proposed approach enabled the differential identification of 6 LQTS subtypes
based on clinically relevant variants. Pathogenic or likely pathogenic variants were identified in
SCN5A (LQT3), KCNH2 (LQT2), KCNQ1 (LQT1/Jervell and Lange-Nielsen syndrome), KCNJ2
(LQT7), CAV3 (LQT9), and AKAP9 (LQT11). The usage of expanded gene panel improved
diagnostic coverage compared with limited-gene testing and demonstrated the identification of rare
LQTS types.

Conclusion: Targeted NGS-based method with 96-gene panel improves the differential
genetic diagnosis of LQTS subtypes, supports precise clinical classification, and may facilitate
personalized management and family screening in patients with channelopathies.
Acknowledgement:
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Background: Functional annotation of genomic variants from whole-genome sequencing
(WGS) is essential for population genomics and clinical research. ANNOVARL1 is a widely adopted
annotation framework, but its cohort-scale deployment is challenging: batch processing requires
custom shell scripts with fragile loop logic, manual locking mechanisms, and an additional post-
processing step to replace generic "Otherinfo” column labels with real VCF sample identifiers. No
unified, portable and reproducible solution addressing all these issues in a single workflow is
currently available.

Materials and methods: We developed annovar-nf, an open-source Nextflow DSL2
pipeline2 for multi-sample ANNOVAR annotation. The workflow consists of three main processes:
(1) ANNOVAR_TABLE - parallel table_annovar.pl execution with pre-configured database sets
(19 databases for hg38: gnomAD 4.1, ClinVar 20250721, InterVar 20250721, dbNSFP 4.7a,
REVEL, ExXAC, COSMIC70, 1000G, avsnpl51, regsnpintron; 40 databases for hgl9); (2)
FIX_HEADER - automated replacement of Otherinfo labels with real VCF column names; (3)
ANNOTATION_SUMMARY - cross-sample functional variant matrix (TSV + interactive HTML).
The pipeline accepts VCF directories or samplesheet CSV, supports multi-threading, and runs on
local workstations, SLURM/LSF clusters, or Docker/Singularity. The pipeline was evaluated on
233 WGS samples from Kazakhstan.

Results: All 233 samples were successfully annotated without errors, producing
standardized 28-column tabular outputs with corrected headers. The average runtime per sample
was 3 h 21 min using 50 threads (~4.8 million variants per sample). Based on Func.refGene
classification, the summary module identified a mean of 24,837 + 227 exonic variants and 238 + 9
splicing variants per sample. Nextflow automatically generated full provenance reports, including
timeline, trace, and DAG, for each run.

Conclusion: annovar-nf provides a portable, scalable, and reproducible ANNOVAR
annotation solution for cohort-scale WGS studies. The pipeline is freely available under the MIT
licence at https://github.com/assetdaniyarov/annovar-nf.
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Automated Multiplex PCR Panel Designer for Targeted Amplicon Sequencing
in Human Whole-Genomes
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Ultra-multiplex PCR has emerged as a cornerstone genetic technology for targeted amplicon
sequencing in molecular biology and clinical diagnostics. We present PCRpanel, an open-source
command-line Java application for the automated, thermodynamically optimised design of primer
panels supporting both short- and long-read sequencing platforms for whole-genomes
investigations.

PCRpanel addresses a critical bottleneck in panel-based sequencing workflows by
simultaneously optimising multiple parameters including genetic sequence complexity,
thermodynamic stability, primer-dimer formation, and off-target amplification enabling robust
primer selection even across repetitive or highly homologous genomic regions. The tool supports a
broad spectrum of applications, from simple two-primer assays to ultra-high-plex designs
encompassing hundreds of amplicons, and is applicable to whole-genome sequencing, eukaryotic
gene family analysis, structural variant breakpoint detection, and environmental genomics.

The efficiency of the underlying algorithms allows generation of large-scale genetic panels
within seconds on standard hardware, without the need for specialised computational infrastructure.
PCRpanel supports both gene-specific and universal primer strategies for homologous gene
families, making it adaptable to diverse research.

To demonstrate its utility, we designed a panel of 474 primer pairs targeting all human
exonic regions of genes associated with Alport syndrome. Experimental validation across 22 human
samples confirmed successful amplification for all primer pairs, with read alignment rates of 97.5-
99.3% and complete in silico exonic target coverage, underscoring the reliability and precision of
the automated design approach.

PCRpanel offers a scalable, platform-agnostic solution for ultra-multiplex PCR panel
construction, advancing accurate and reproducible targeted sequencing for human whole-genome
investigations and molecular diagnostics.

Source code: https://github.com/rkalendar/PCRpanel
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Identification of Recurrent Fusion Genes in Cancer Patients from Kazakhstan
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Esophageal squamous cell carcinoma (ESCC) ranks among the most prevalent cancers in
Kazakhstan, yet its molecular drivers remain poorly characterized in this population. Fusion genes -
chimeric transcripts arising from chromosomal rearrangements - are recognized oncogenic drivers
that have not been systematically studied in Kazakhstani ESCC patients. Using RNA sequencing
data from 23 ESCC patients recruited at the Multidisciplinary Medical Center in Astana, we
performed fusion gene detection on both tumor and paired peri-tumoral tissue samples using two
independent algorithms, Arriba (v2.4.0) and STAR-Fusion (v1.13.0). Only fusions identified by
both tools within the same patient sample were retained, and recurrent events were prioritized for
experimental validation by RT-PCR and Sanger sequencing. Five fusion genes were confirmed at
the nucleotide level: MAP4K5--L2HGDH, ADAMTS2--ENSG00000253652, BAZ2B--WDSUB1,
HUWE1--SUPT3H, and PLEKHA5--KRAS. Several fusions were detected in both tumor and peri-
tumoral samples, suggesting field cancerization extending beyond the histological tumor margin.
The confirmed fusions implicate genes involved in kinase signaling, extracellular matrix
remodeling, ubiquitin-mediated protein degradation, chromatin remodeling, and RAS oncogenic
pathways. To our knowledge, this is the first study to characterize fusion genes in ESCC patients
from Kazakhstan, contributing to the understanding of population-specific oncogenic mechanisms
in Central Asia.

Keywords: ESCC, fusion genes, RNA sequencing, cancer genomics, Kazakhstan, Central
Asia, precision medicine.

56



KOGIS 2026. Section 1. Human genetics Poster Session

WGS uncovers rare genetic variants contributing to atherosclerosis in patients
with very high cardiovascular risk

Zhanel Mirmanova?, Madina Zhalbinoval, Ayaulym Chamoievat, Tomiris Shakhmarova’,
Nazerke Satvaldinal, Saule Rakhimoval, Ulykbek Kairov!, Asset Daniyarov?,
Makhabbat Bekbossynova?, Ainur Akilzhanova®

Center for Life Sciences, National Laboratory Astana, Nazarbayev University, Astana, Kazakhstan
2Heart Center, University Medical Center, Nazarbayev University, Astana, Kazakhstan

*Corresponding author: akilzhanova@nu.edu.kz

Background: Atherosclerosis (AS) is a multifactorial disease caused by genetic and
metabolic factors with key involvement of lipid metabolism disorders, endothelial function and
inflammation. In addition to common variants, rare functionally significant genetic changes can
significantly increase cardiovascular risk. Of particular interest are the LDLR, MAPK?7, and
SLC22A5 genes involved in the regulation of lipid metabolism and vascular function. Our data
obtained by whole genome sequencing (WGS) confirms the importance of analyzing rare variants
of these genes and their usefulness for inclusion in risk assessment panels for AS and
cardiovascular complications.

Material and methods: We performed WGS in patients with a very high risk of AS (n =
192) suffering from coronary heart disease and hypertension. The distribution of phenotypes was
grouped by 2019 ESC/EAS Guidelines. In very high-risk patients, genetic variants in 4 genes
related to lipid metabolism, fatty acid metabolism, and endothelial function/inflammation (LDLR,
SLC22A5, and MAPK7) were analyzed.

Results: Rare heterozygous genetic variants in MAPK7 (rs147296805), LDLR
(rs557344672) and SLC22A5 (rs202088921, rs60376624) genes were identified by WGS in 192
patients with very high cardiovascular risk. These variants occurred with a frequency of 1.04% for
MAPK?7 and LDLR, and 0.52% for each of the SLC22A5 variants. In total, rare genetic changes
were detected in 3.13% of the patients examined, while each variant was found in different patients,
which emphasizes the genetic heterogeneity of the group. Considering their role in lipid
metabolism, fatty acid metabolism and endothelial function, the data obtained indicate the
contribution of rare genetic factors to the formation of a very high cardiovascular risk and AS.

Conclusion: Rare heterozygous variants in the MAPK?7, LDLR, and SLC22A5 genes with a
carrier frequency of 3.13% were identified in the group of patients with very high cardiovascular
risk. Despite the low prevalence, these variants may contribute to the development of AS. Their
potential impact is related to key pathogenetic mechanisms, including lipid metabolism, fatty acid
transport, and endothelial dysfunction. The revealed genetic heterogeneity confirms the
multifactorial nature of the disease. To clarify the contribution of these variants to the progression
of AS and their clinical significance in patients with AS.

Acknowledgements: This research has been supported by the Committee of Science of the
Ministry of Science and Higher Education of Republic of Kazakhstan (BR24993023),
(AP23490249), and Nazarbayev University CRP (211123CRP1608).

Keywords: atherosclerosis, cardiovascular diseases, hyperlipidemia, whole genome
sequencing
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Background: Esophageal squamous cell carcinoma (ESCC) is the predominant histological
subtype of esophageal cancer, accounting for approximately 90% of cases worldwide, with
particularly high incidence in Central Asia including Kazakhstan. Despite its clinical importance,
the molecular mechanisms driving ESCC development remain poorly understood, and no miRNA-
based diagnostic or therapeutic tools have achieved clinical approval.

Materials and Methods: RNA-seq and miRNA-seq data were generated from tumor tissues
of 16 treatment-naive ESCC patients recruited from the Multidisciplinary Medical Center in Astana,
Kazakhstan. Small RNAs were isolated using mirVVana miRNA Isolation Kit and sequenced on the
Illumina NovaSeq platform. Control small RNA-seq data were obtained from publicly available
healthy esophageal squamous epithelium samples (NCBI SRA: PRINA307091). Differential
expression analysis was performed using DESeq2 with per-sample comparisons against controls
(adjusted p-value < 0.05, |log:FC| > 1). Only molecules dysregulated consistently across all 16
patients were retained. Integrative network analysis used miRTarBase for validated miRNA-mRNA
interactions and StarBase for INCRNA-miRNA interactions to construct competing endogenous
RNA (ceRNA) networks. Survival validation was performed using the TCGA-ESCA cohort (n=83
ESCC patients).

Results: Transcriptomic profiling identified 175 common differentially expressed miRNAs
(cDEMs; 117 upregulated, 58 downregulated), 541 common DEGs (cDEGs; 118 upregulated, 423
downregulated), and 173 common DELs (cDELs; 4 upregulated, 169 downregulated) across all
patients. After stringent filtering (Jlog2FC| > 4), 37 strongly dysregulated miRNAs were identified,
of which 8 represent novel ESCC-associated candidates. The miRNA-mRNA network revealed that
upregulated miRNAs predominantly targeted tumor suppressor genes including KMT2D, KMT2C,
KMT2A, MAP3K1, TET2, and BCOR, while downregulated miRNAs permitted upregulation of
ribosomal and metastasis-promoting genes such as MMP1. The ceRNA network comprised 15 hub
IncRNAs (including NEAT1 and KCNQ1OT1) sponging 67 upregulated miRNAs that regulate 142
downregulated mRNAs. Survival analysis identified 6 miRNAs, 5 mRNAs, and 2 IncRNAs
significantly associated with ESCC patient outcomes in the TCGA-ESCA cohort, including DDX6
and HOOKS3 as novel prognostically relevant targets.

Conclusion: This integrative multi-omics analysis reveals conserved IncRNA-miRNA-
MRNA regulatory axes in ESCC, characterized by bidirectional dysregulation that simultaneously
disables tumor suppression while enabling oncogenic programs. The identified novel miRNA
candidates and NEAT1/KCNQ1OT1 hub architecture provide promising biomarker candidates and
potential therapeutic targets for ESCC in high-incidence Central Asian populations.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Program targeted funding
#BR24992841, BR18574184 and grant #AP09058660), and Nazarbayev University CRP grant
021220CRP2222.
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Background: Primary cardiac electrical disorders (PEDs), also known as channelopathies,
are inherited conditions that increase the risk of sudden cardiac death due to ventricular
tachyarrhythmias (VT). Advances in panel genetic testing have enabled analysis of a broader patient
population. However, the clinical interpretation of variants of undetermined significance (VUS)
remains challenging. The aim of this study was to develop an induced pluripotent stem cell (iPSC)
model using monocytes derived from a patient with a mutation in the RYR2 gene.

Materials and methods: Target panel sequencing was performed following by enrichment
custom system on Illumina platform. Mononuclear cells from whole blood were isolated using the
Histopaque®-1077 protocol. For iPSC we used CytoTune™-iPS 2.0 Sendai Reprogramming Kit.

Results: The patient, a 23-year-old woman from Kazakhstan, was initially diagnosed with
an idiopathic cardiac arrhythmia—polymorphic catecholaminergic ventricular tachycardia.
Echocardiography revealed no structural cardiac abnormalities. Genetic testing revealed a novel
heterozygous missense variant (c.A13886T; p.D4629V) in the RYR2 gene with unknown functional
significance. Induced pluripotent stem cells (iPSCs) were successfully derived from the patient's
monocytes using the Sendai virus system. Pluripotency markers were confirmed, and chromosome
integrity was assessed using G-banding. The next step in the study is to differentiate these iPSCs
into cardiomyocytes.

Conclusion: For variants of uncertain significance, functional studies using cellular models
can provide important insights into their role in disease phenotypes.

Acknowledgement: Study was supported by grants from the Ministry of Science and
Higher Education, Republic of Kazakhstan (BR24993023, AP23490249) and Nazarbayev
University funding grant 211123CRP1608.
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Background: Population-specific reference genomes are crucial for accurate genomic
analysis and precision medicine applications. Currently, there is a lack of high-quality chromosome-
level reference genomes specifically representing the Kazakh population, which limits the
effectiveness of biomedical investigations and genomic studies in this demographic. This project
aims to address this gap by creating a comprehensive chromosomal-level assembly of Kazakh
individuals' whole genomes using advanced genomic technologies, including next-generation
sequencing (NGS, lllumina), third-generation sequencing (TGS, Oxford Nanopore), optical genome
mapping, and Hi-C chromosomal conformation capture.

Materials and methods: We generated chromosome-scale assemblies of Kazakh
individuals by integrating multiple modern genomic technologies. Whole-genome sequencing was
performed using both long-read and short-read platforms. The assemblies were polished with short-
read data, scaffolded with Bionano optical genome maps, and organized at the chromosomal level
using Hi-C chromosomal conformation data. Quality assessment was conducted at each stage, and
comparative analyses will be performed against other global reference genomes.

Results: The project delivered high-quality, chromosome-level assemblies for individuals of
the Kazakh population. These assemblies provide insights into unique genetic features, improve the
accuracy of population-specific genomic analyses, and will be deposited in open-access repositories
for use in biomedical and bioinformatics research worldwide.

Acknowledgement: This study is supported by a grant AP23490594 from the Committee of
Science of the Ministry of Science and Higher Education of the Republic of Kazakhstan.
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Background: Recent advancements in SNP genotyping have made it a cost-effective
method for population genetics studies (Wasik et al., 2021). Despite this, the Kazakh population
remains underrepresented in genomic studies. Earlier research, including the first whole-genome
sequencing (WGS) of Kazakhs and admixture analysis of Kazakhs from Xinjiang, China, focused
on smaller cohorts (Kairov et al., 2021, Kairov et al., 2022, Lei et al., 2024). As descendants of Silk
Road travellers, Kazakhs present a unique opportunity to study genetic influences from both East
and West. Thus, we present a comprehensive dataset of 224 healthy Kazakh individuals.

Materials and methods: Using global reference populations, we conducted analyses such
as PCA and FST that highlight the distinctive genetic position of Kazakhs between East and West
Eurasia, consistent with their location along the historic Silk Road. We further examined population
structure by analyzing ROH segments, providing insights into demographic features such as the
inbreeding coefficient. In addition, we identified SNPs with Minor Allele Frequencies (MAFS) that
differ from those in other populations, enabling us to characterize genetic variants that set Kazakhs
apart. These variants were annotated using multiple medical databases to explore their potential
biological and health-related relevance.

Results: We present the largest genotyping study of the Kazakh population to date,
comprising 224 healthy ethnically Kazakh individuals. This study advances genomic research on
Central Asian populations, exploring the genetic position of Kazakhs within Eurasia and identifying
specific genetic variants that distinguish the Kazakh population in a biomedical context. This study
offers valuable implications for population-specific health, disease susceptibility, and the
development of precision medicine tailored to this group.

Conclusion: Our study creates a genomic reference database for the Kazakh population for
various applications, including investigating the evolutionary history of Central Asian populations,
and advancing biomedical research.

Acknowledgement: We thank all the participants in this study. This research has been
funded by the Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan (Grants No. AP23490594, BR18574184, BR24993023, BR24992841, BR27199879),
Nazarbayev University funding CRP grants 021220CRP2222, 211123CRP1608.
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Background: Clonal hematopoiesis of indeterminate potential (CHIP) is an age-related
condition associated with an increased risk of cardiovascular diseases, including atherosclerosis.
Despite extensive research, data from Central Asian populations remain limited. The application of
next-generation sequencing (NGS) enables the identification of genetic variants associated with
clonal hematopoiesis.

Materials and methods: This study aimed to investigate genetic variants associated with
CHIP in a cohort of patients with atherosclerotic cardiovascular disease. A total of patients were
stratified into cardiovascular risk groups according to the ESC/EAS (2019) guidelines. NGS data
were analyzed using a stepwise pipeline, including variant annotation with databases (CLINSIG,
gnomAD, COSMIC), and filtering based on clinical significance, population frequency, sequencing
quality, and variant allele fraction (VAF). VAF was used as a key parameter to estimate clonal
expansion.

Results: A subset of variants potentially associated with CHIP was identified. These

variants were observed in genes involved in epigenetic regulation and cellular signalling, including
well-known CHIP-associated genes such as KMT2D, RUNX1, and MPL. The proportion of
individuals carrying such variants was consistent with previously reported ranges.
Conclusion: The proposed approach demonstrates the applicability of combined filtering strategies
for identifying CHIP-associated variants in NGS data. The findings provide initial insights into the
genetic landscape of CHIP in a Central Asian population and highlight the importance of studying
underrepresented populations.

Acknowledgement: This research has been supported by the Committee of Science of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (BR24993023),
(AP23490249), and Nazarbayev University CRP (211123CRP1608).
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Aiganym Toleuzhanova®, Aliya Romanova, Elena Zholdybayeva

National Center for Biotechnology, 010000, Astana, Kazakhstan

*Corresponding author: aigal999nym@agmail.com

Background: Maturity-onset diabetes of the young (MODY) is a monogenic form of
diabetes mellitus with an autosomal dominant pattern of inheritance, usually occurring before the
age of 25 and caused by primary defects in insulin secretion. NGS allows for the simultaneous
analysis of all genes contributing to the development of the disease. Symptoms of MODY are often
masked as type 1 or type 2 diabetes. NGS helps to avoid misdiagnosis by identifying the specific
mutation, which is critical for selecting treatment. NGS results directly influence treatment
strategies: for example, patients with MODY 2 (GCK gene) often do not require treatment, whilst
patients with MODY 1 and 3 may switch from insulin injections to oral medications.

Materials and methods: Eleven probands were included in the study on the basis of a
clinical suspicion of MODY. Therefore, genomic DNA was extracted from peripheral blood
samples using a commercial kit. NGS was performed on all probands. Prioritisation of the identified
variants involved an assessment of population frequency, predicted functional effect, mode of
inheritance. Variants were interpreted based on ACMG guidelines.

Results: Two of the eleven probands were identified as clinically significant variants. In one
patient, a novel heterozygous missense variant was identified in the GCK gene, which is likely
pathogenic and consistent with the GCK-MODY phenotype. In another patient, a heterozygous
missense variant was detected in the HNF1A gene, associated with the HNF1A-MODY phenotype.

Conclusion: The use of NGS technology enabled the identification of both known MODY -
associated genes and potentially novel variants in paediatric patients. Overall, the use of NGS
improves the accuracy of genetic diagnosis and plays a key role in personalized medicine, enabling
the selection of the most effective treatment for patients.

Keywords: NGS, Variants, MODY, Pathogenic.

64



KOGIS 2026. Section 1. Human genetics Poster Session

Pharmacogenetic and clinical determinants of anticoagulant response in
Kazakhstani patients with Non-Valvular Atrial Fibrillation

Diana Valishayeva!, Madina Zhalbinova!, Assel Chinybayeva?, Ayan Abdrakhmanov?,
Saule Rakhimova?, Ainur Akilzhanoval?*

Laboratory of genomic and personalized medicine, Center for Life Sciences, National Laboratory
Astana, Nazarbayev University, Astana, Kazakhstan
2Heart Rhythm Research Institute, Medical University Astana, Astana, Kazakhstan

*Corresponding author: akilzhanova@nu.edu.kz

Background. Direct oral anticoagulants (DOACSs) such as dabigatran and apixaban are the
first-line therapy for non-valvular atrial fibrillation (NVAF) due to predictable pharmacokinetics
and minimal monitoring. Yet, inter-individual variability in plasma DOAC concentrations may
influence efficacy and bleeding risk. Genetic polymorphisms in drug transporters and metabolizing
enzymes, particularly ABCB1 and CESL, are potential determinants of this variability.

Methods. In a prospective study, 150 Kazakhstani NVAF patients treated with dabigatran
(150 mg twice daily) or apixaban (5 mg twice daily) were genotyped for seven single nucleotide
polymorphisms (SNPs) in ABCB1 (rs1045642, rs4148738, rs1128503, rs2032582) and CES1
(rs2244613, rs8192935, rs71647871). Peak and trough plasma concentrations of DOACs were
measured, and clinical variables including age, BMI, renal function, and APTT levels were
analyzed.

Results. CES1 rs8192935, BMI, and APTT were significant independent predictors of
trough dabigatran concentration (p < 0.05). Patients carrying the GG genotype of rs8192935
showed higher peak plasma dabigatran levels (138.8 + 100.1 ng/ml) compared with AG (98.7 £
72.3 ng/ml) and AA (100.9 + 59.6 ng/ml) genotypes, suggesting faster biotransformation in GG
carriers. In contrast, ABCB1 polymorphisms and other CES1 variants showed no significant effect
on plasma concentrations (p > 0.05).

Conclusions. These results highlight the pharmacogenetic influence of CES1 rs8192935 on
dabigatran metabolism in Kazakhstani NVAF patients. Integrating genetic profiling with clinical
factors may enable personalized DOAC dosing strategies, optimizing anticoagulation efficacy and
safety. This study underscores the importance of pharmacogenomics in guiding anticoagulant
therapy.

Keywords: Dabigatran, Apixaban, ABCB1, CES1, Pharmacogenetics, NVAF
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Background: Ancestry-informative markers (AIMs) are polymorphic loci, most commonly
single nucleotide polymorphisms (SNPs), that display substantial allele-frequency differences
among populations. These markers enable the inference of individual ancestry and population
affiliation. AIMs are widely applied in forensic genetics for biogeographical ancestry estimation of
unknown DNA samples, in genome-wide association studies to address population stratification,
and in population genetics to examine admixture patterns and historical population structure. The
development of a population-specific AIM panel for Kazakh individuals holds considerable
practical value, particularly given the lack of representation of Central Asian populations in existing
ancestry marker panels.

Materials and methods: To assess population structure in the Kazakh population as a basis
for the discovery of ancestry-informative markers (AIMs), a merged genome-wide genotype dataset
was compiled from multiple sources. The dataset included 624 self-identified Kazakhs and
individuals from other ethnic groups residing in Kazakhstan, genotyped on the Illumina GSA v3
microarray chips, neighboring and linguistically related populations from the Estonian Biocentre
dataset, and selected global reference populations from the 1000 Genomes Project. All datasets
were standardized to the GRCh38/hg38 reference genome and harmonized with respect to SNP
identifiers, genomic coordinates, and allele strand orientation prior to merging. The final merged
dataset comprised 1,829 individuals and 80,766 shared SNPs. Population structure was evaluated
using IPCAPS on an LD-pruned dataset of 52,061 variants, applying an EigenFit threshold of 0.18
and a minimum pairwise F_ST of 0.0008, to identify a genetically coherent Kazakh subset for
downstream AIM discovery.

Results: IPCAPS analysis found that most Kazakh individuals grouped within a main
Central Asian-related branch. Of 624 Kazakh samples, 612 were placed in a major cluster that also
included a few neighboring populations that were genetically similar. The other 12 Kazakh samples
were distributed across smaller clusters alongside other nearby groups, indicating some internal
diversity within the Kazakh dataset. These results suggest that most Kazakh samples form a
genetically consistent core within the wider Central Asian genetic landscape. However, since some
Kazakh samples cluster with related regional groups, future AIM discovery should look for markers
that identify both Kazakh ancestry and differences from other Central Asian populations.

Conclusion: The IPCAPS results indicate that the Kazakh population occupies a distinct yet
closely connected position within the broader Central Asian genetic landscape. This supports the
feasibility of identifying ancestry-informative markers for the Kazakh population and highlights the
importance of developing both Kazakh-informative AIMs and broader Central Asian—informative
AlMs for future population-genetic, forensic, and biomedical applications.

Keywords: Ancestry-informative markers (AlIMs), microarray genotyping, single nucleotide
polymorphism (SNP), population structure.
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The red deer (Cervus elaphus) plays an important role in ecosystems and the culture of
various peoples. Historically, it has been hunted for meat, hides, and antlers, while in modern times
deer farming has become a commercial industry producing dietary supplements, including velvet
antler-derived products used in traditional Eastern medicine. The maral (Cervus elaphus sibiricus),
one of the easternmost subspecies of red deer, is notable for its exceptionally rapid antler growth,
which makes its velvet antlers highly valuable. This subspecies inhabits Kazakhstan, China,
Mongolia, and Russia. It is well adapted to harsh climates and limited nutritional resources and
ranks among the largest members of the species. Taking this into account, we report a de novo
genome assembly of maral, generated using Oxford Nanopore Technologies.

A blood sample was collected from a single maral individual, and DNA was sequenced
using Oxford Nanopore Technologies! (PromethION) with 25x coverage. Genome assembly were
produced with Flye?, followed by two polishing rounds with ONT reads via Racon®, and two rounds
of scaffolding using ntLink*. Assembly quality was assessed using BUSCO® which compared the
genome against the cetartiodactyla_odb10 database containing 13,335 orthologous genes.

The consensus genome assembly achieved a BUSCO completeness score of 98.5%,
indicating a high level of completeness based on universal single-copy orthologs.

The obtained genome assembly serves as a valuable genomic resource to support breeding
programs and conservation of maral populations.

Assembly metric Value
Contigs 2,725
Scaffolds 2,061
Scaffold N50 (bp) 35,715,801
Largest scaffold (bp) 92,905,721
Total length (bp) 2,575,197.249
GC content (%) 41.64
Complete BUSCOs 98.5

Figure. QUAST metrics and BUSCO assessment results of the sequencing data

Keywords: Maral, Oxford Nanopore Technologies (ONT), de novo assembly, Kazakhstan,
whole genome sequencing (WGS)
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MoJiekyJasIpHO-0MOXHMHYECKAsl OLIEHKA KAa4eCTBAa 3epHa SIPOBOH MATKOM
MIIECHULbI

®upy3 A6aymioes?, JTroamuta 3otoal, Dnmupa Irocubaenal, Tumyp CaBun?

YKaszaxcxuii aepomexnuyeckuii uccnedosamenvckuii ynusepcumem um. C. Celighynnuna, Acmana,
010000, Kazaxcman
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* ABTop-KkoppectionzienT: firuztj09@inbox.ru

AKTYaJIbHOCTh: B YCIIOBHSX M3MEHEHHS KJIMMAaTa W TOJICPXKAHUS MPOJOBOIHCTBEHHON
0€30MacCHOCTH CTPaHbI, MOBBIIICHHE KAauecTBa 3€pPHA MATKOM MIIEHUIIbl JOJDKHO IOBBIIIATHCS
Hapsily C COXPAaHCHHWEM aJalTHBHOCTH U CTAaOWIBHOCTH MPOJYKTHBHOCTH, 4YTO TpeOyer
MIPUMEHEHUST MOJIEKYISAPHO-TEHETUUECKUX IMOAXOJO0B JUIS BBISIBICHUS aJUIENLHOTO Pa3zHOOOpasus
reHOB KadecTBa [1].

Marepuanbl u Metoabl: B pamkax paboTbl uccinenoBanbl 18 o0pas3oB spoBOMl MTKOH
MIIEHUIBI: OT€YECTBEHHbIE copTa (Akmoina 2, AkMona, AliHa, TalimMac) U CENeKIIMOHHbIE JIMHUU
(IIT-1, TII'-2 — TII'-12, TIT'-14, TII'-15) MeTomamMu OHOXMMHYECKOTO aHamu3a (OeNoK, KICHKOBHHA,
macca 1000 3epen, Hatypa, crekinoBuaHocTh), SDS-PAGE snextpodopesa 6enkor [2] u TILIP-
ananus3a JiokycoB Glu-Al, Glu-Bl, Glu-D1, Wx-Al u Wx-D1 [3]. Craructudeckas oOpaboTka
BBHITIOJTHEHA C UCIOJIb30BaHUEM KoppersiironHoro ananu3a 1 ANOVA.

Pe3yabTaThl: YcTaHOBIEHA BHICOKAsi BApUAOEIHHOCTh MPU3HAKOB: cojiepkanue Oenka 11,0-
16,3%, xneiikoBunbsl 15,0-43,6%, wmacca 1000 3epen 14,6-32,9 r, mnatypa 536-744 r1/7,
crexnoBuaHOCTE 39-60%. SDS-PAGE BbIsIBUI TIOMUMOp(H3M OEIKOBOTO CIIEKTPa, OCOOCHHO B
3oHe 80-120 xJla (HMW-GS); renotunsl ¢ >3 nareHcuBHbIME HMW-03H1aMUu XapaKTepU30BaIUCh
OoJiee BHICOKMM KaueCTBOM KJICWKOBHHBI. Y CTaHOBICHBI A0cTOBepHbIe acconuarmu GluD1yl10 u
GluD1y12 ¢ conepxanunem kieiikoBunabl 1 GIUBX7 ¢ Hatypoit u maccoii 1000 3epen (p < 0,05).
Koppensiun Hocunu mpeuMyliecTBeHHO cialwlii xapaktep (I < 0,29), 4yTo mnOATBEepKIaeT
MTOJINTCHHBIN XapaKkTep MPU3HAKOB.

3akaiouenue: KowmmiekcHblii aHanu3 moaTBepAus  3(PGEKTUBHOCTh  HHTETPAlUU
OMOXMMHYECKHX, TPOTECHMHOBBIX M MOJICKYJISIPHBIX METOJOB JIIi OIEHKH CEJCKIIMOHHOTO
Mmarepuaia. BeiieneHsl nepcrneKTHBHbIe TeHOTHITBI (AliHa, Akmorna 2 , TIT7-2, TIT-7, TIT'-10, T1T'-12),
KOTOPBIE MOTYT OBITh MCIIOJIb30BaHbI B CEJIEKITUU Ha YIydllIeHHEe KaueCTBEHHBIX MTOKa3aTeliel 3epHa
nieHunbl. HeoOXoquMel fanpHEiIIMe UCCIeA0BaHUs C PACIIUPEHUEM BBIOOPKU U YIITyOJIEHHBIM
MOJICKYJIIPHBIM aHATH30M.

BaaromapuocTu: JlanHoe wuccnenoBaHuEe IMPOBEIEHO B paMKax HayYHO-TEXHUYECKOU
nporpamMMmel [TH® na 2024-2026 rr. (MCX PK) UPH: BR24892821 "Cenexkuuss u nepBUYHOE
CEMEHOBOJICTBO 3€PHOBBIX KYJIBTYP JJIS MOBBINICHUS MOTEHIHAA MPOIYKTUBHOCTH, KAa4eCTBa H
CTPECCOYCTOWYMBOCTH B Pa3IMYHbIX MOUYBEHHO-KIMMaTUYeCKUX 30Hax Kazaxcrana".

KiroueBble cjioBa: mileHuIa, 3anacubie 6enku, 1okycsl Glu, mokycer WX, SDS-PAGE
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Application of KASP markers for marker-assisted breeding of spring bread
wheat in Kazakhstan

Saule Abugalieva®, Akerke Amaloval, Timur Savin?, Yerlan Turuspekov!'”
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*Corresponding author: yerlant@yahoo.com

Background: Spring bread wheat is a key cereal in Kazakhstan, playing a crucial role in
ensuring food security and agricultural sustainability. However, improving its adaptability and
resistance to abiotic and biotic stresses remains a major challenge. The application of modern
genomic tools, including SNP-based markers and genome-wide association studies (GWAS),
enables the identification of genetic factors controlling important agronomic traits. The
development and implementation of DNA markers are essential for increasing the efficiency of
breeding programs aimed at improving productivity, stress tolerance, and disease resistance.

Materials and Methods: A collection of 87 spring soft wheat accessions, including 85
breeding lines and two standard cultivars (Taimas and Aina), was analyzed using 20 polymorphic
KASP (Kompetitive Allele Specific PCR) markers associated with traits of adaptation and disease
resistance. DNA extraction, PCR amplification, and electrophoresis were performed according to
standard protocols. The selected markers were previously developed based on GWAS and QTL
mapping and are linked to traits such as heading time, maturity, plant height, and resistance to rust
diseases and powdery mildew. Statistical analyses, including genetic diversity indices (Na, Ne,
Shannon index), principal coordinate analysis (PCoA), and cluster analysis, were conducted using
GenAlex and PAST software.

Results: Genotyping of 87 spring soft wheat samples revealed clear genetic differentiation
based on allelic variation across the 20 KASP markers. Cluster analysis divided the collection into
four groups, reflecting genetic relatedness among the lines. Several genotypes (PG-27, PG-37, PG-
46, PG-51, and PG-59) demonstrated high adaptive potential and disease resistance, while others
(PG-22, PG-33, PG-44, PG-61, and PG-72) showed early maturity traits favorable for short growing
seasons.

Conclusion: The study confirms the effectiveness of KASP marker technology for
evaluating genetic diversity and identifying promising spring soft wheat genotypes. The selected
lines represent valuable genetic resources for marker-assisted breeding aimed at improving
adaptability, stress tolerance, and disease resistance. The integration of molecular markers into
breeding programs provides a solid basis for developing high-yielding and resilient wheat varieties
adapted to Kazakhstan’s environmental conditions.

Acknowledgement: This research was funded by the Ministry of Agriculture of the
Republic of Kazakhstan (Program No. BR24892821).

Keywords: bread wheat, genotyping, KASP marker, marker assisted selection.
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Population Genetics and Species Distribution Modeling of the Rare Species
Iris kuschakewiczii B.Fedtsch.
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Iris kuschakewiczii is a rare perennial bulbous plant that is endemic to the Western Tien-
Shan and listed in The Red Book of Kazakhstan. It grows in the foothills and low mountains, on
rubbly slopes, and on red, clayey mounds in Kazakhstan and Kyrgyzstan. The representatives of the
genus are highly ornamental and are known for various medicinal properties.

Plant material from eight populations was analyzed using six simple sequence repeat (SSR)
markers to assess genetic diversity parameters. The average PIC value was 0.4368, with the marker
IM196 showing the highest value (0.731). Nei's genetic diversity index averaged 0.272. The
AMOVA revealed that 64% of the total genetic variation was among populations, indicating a high
level of differentiation among populations. Gene flow, including alleles from all populations, was
estimated at 0.636. The results showed clear separation among populations, confirming limited gene
flow and emphasizing the need to conserve each population as a distinct genetic unit.

This study employed MaxEnt to project the distribution of I. kuschakewiczii under current
and three future climate change scenarios (SSP126, SSP245, SSP585) for two time periods (2050s
and 2090s). Prediction models showed high validity (AUC=0.997) and strong accuracy. The
analysis showed that only 26.7% of the total highly suitable area is protected by reserves and nature
parks, underlying the need for conservation. The recently founded Kurty Valley Important Plant
Area in Kazakhstan provides a strong foundation for the scientific conservation of I.
kuschakewiczii.

This study presents a primary analysis of the genetic diversity of I. kuschakewiczii using
SSRs, and insights into the potential habitat distribution dynamics of the endangered I.
kuschakewiczii, and offers a basis for strengthening international conservation and sustainable
management strategies in the face of climate change.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP23483825).

Keywords: Population genetics, Species Distribution Modeling, MaxEnt, conservation
strategies
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Assessment of genetic diversity in Zea mays L. accessions revealed by simple
sequence repeat markers
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Maize (Zea mays L.) is a major cereal crop worldwide, valued for its genetic diversity and
adaptability. Despite the widespread use of molecular markers worldwide, studies on simple
sequence repeat (SSR) - based genetic diversity in Kazakhstan remain limited. Comprehensive
characterization of local and introduced germplasm is crucial for breeding and conservation.

A total of 51 maize accessions, including Kazakhstan, European, and Chinese materials,
were analyzed using 21 SSR markers. Genomic DNA was extracted and amplified; PCR products
were separated by electrophoresis. Genetic diversity parameters, number of alleles per locus (Na),
effective number of alleles (Ne), polymorphism information content (PIC), Shannon’s information
index (I), Nei’s diversity index (uh), and expected heterozygosity (uHe) were calculated using
GenAlEx version 6.5. Population structure and genetic relationships were evaluated with
STRUCTURE analysis, classical dendrogram construction, and analysis of molecular variance
(AMOVA).

Overall, 132 alleles were detected. Na ranged from 4.3 to 5.9 (mean 4.954+0.20), and Ne
from 2.848 to 3.804 (mean 3.42+0.15). Shannon’s index (I) varied from 1.121 to 1.430, and Nei’s
index (uh) from 0.611 to 0.710. Expected heterozygosity (uHe) ranged from 0.607 to 0.708, and all
loci showed 100% polymorphism. The mean PIC value was 0.712+0.1, indicating high
informativeness of SSR markers. AMOVA revealed that most genetic variation (70%) occurred
among accessions, while 30% was observed within, reflecting admixture alongside distinct origins.
Cluster and structure analyses confirmed the coexistence of several distinct groups alongside
admixture among accessions.

These results indicate a moderate level of genetic diversity among maize accessions. SSR
markers were effective for detecting polymorphism and assessing population structure. The study
provides valuable insights into genetic variation, supporting maize breeding, germplasm
conservation, and the development of new cultivars in Kazakhstan.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Program No. BR24992903).

Keywords: Zea mays, maize, Kazakhstan, SSR, genetic diversity, polymorphism.
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MosiekyaSIpHO-TeHEeTHYEeCKOe UCCIeJ0BAHNE KIIOHOB MEKBUIOBBIX THOPHIOB U
coproB KapTodeas B kouiekuuu BUP

Exatepuna Mpanosa“, Anéna 'ypuna, Hatanes Annateesa, Hamexna Yanas, Enena Porosuna

DedepanvbHulli ucciedo8amenbeKuil yeHmp Beepoccutickuti uHCmumym 2eHemuyecKux pecypcos
pacmenuti umenu H.U. Basunosa (BUP), Cankm-Ilemepbype, 190031, Poccus

* ABTOp-KoppecnonieHT: ekaterinazavarikhina@yandex.ru

BBenenue: BrisicHeHHE TeHETHYECKHX OCOOCHHOCTEH MEXBUIOBBIX TMOPHIOB KapTo(es,
BO3HUKIIMX B PE3yJIbTATe MHTPOTPECCHU TEHETHUYECKOI0 MaTephalia JUKHX KIyOHeoOpa3yroImx
BUI0B poaa Solanum L. B reHOM KyJIbTYypHOro KapTodelns, akTyalbHO JJsi COBEPLICHCTBOBAHHMS
TEXHOJIOTUH CEJICKIIMH TIPU CO3JIaHHH COPTOB KapTOQelisi yCTOWYUBBIX K BPEITHBIM OPTaHU3MaM.

Matepuaiabl U MeToAbl: CIIOKHBIE, MHOTOPOJUTEIBCKAE M MEXBHUIOBBIE THOPUIHBIC
KJIOHBI U3 KoJutekuuu BUP, monydeHHble myTeM OTAaJCHHBIX CKPEIIMBAHUHN JUKUX U KYJIbTYPHBIX
BUI0B Solanum ¢ mocieayronmmM 0T00pOM M0 KOMILIEKCY CEICKIIMOHHO- M X03HCTBEHHO-IIEHHBIX
MPU3HAKOB, OIECHCHBI 10 YCTOWYMBOCTH K (uTodTopo3y nuctheB u kiybOHeit (Phytophthora
infestans (Mont.) de Bary). MoekyaspHO-TE€HSTUYECKUI CKPUHUHT KJIOHOB MEXBHIOBBIX
rHOPHUIOB, OTCUECTBECHHBIX M 3apPYOCIKHBIX COPTOB KapTodems MpOBEICH C MOMOINBIO MpaiMepoB,
pa3paboTaHHbIX /IS BhIsABICHHS reHOB Rpi (ycToitunBoctH k dpurodroposy): R1, R3b, R8, Rpi-blbl
= Rpi-stol u Rpi-blb2. ®parmeHTsI KOAUPYIOLIKMX MOCIIEAOBATEIILHOCTEH T€HOB CEKBEHUPOBAHBI 110
Meroay Canrepa.

PesyabraThl: BbIsBieHb! KIOHBI MEXBUAOBBIX TMOPHIOB U cOpTa KapTodens ¢ BbICOKON
YCTOHYHUBOCTBIO K GUTOPTOPO3Y JHUCTHEB M KIYOHEH M C PasHbIMH KOMOUHAIIUSIMU U YucioM Rpi-
reHoB. CekBeHHpOBaHKE (ParMEHTOB KOAMPYIOIIUX MOCIEAOBATEIbHOCTEH RPI-reHOB MO3BONMIO
uAeHTU(HUIMPOBATh, HOBBIE ajuleibHbIe BapuaHnThl reHoB R1, R3b, R8, Rpi-blbl = Rpi-stol, Rpi-
blb2, cxoacTBO KOTOpBIX C pedepeHCHBIMH IOCIEA0BATEILHOCTIME cocTaBiseT 86,7-99,7%.
Bapuant Rpi-blbl y rubpuanoro kimona 16/27-09 umeer Heckoipko SNP B mociienoBarenbHOCTH
HykneoTua-csasbiBaromero (NB-ARC) nomena, HO sBIsieTCsl KOHCEPBATUBHBIM B 00JacTH,
Konupyromier Ser347, Kio4YeByr0 aMUHOKUCIIOTY sl pyHKimonnpoBanus Oenka Rpi-blb1/RB (Li
et al. 2025). MsI nonaraem, yTo AaHHbBIA BapuaHT reHa Rpi-blbl sBusercs (yHKIMOHAIBHBIM.
HampotuB, B HYKJICOTHIAHOH MociemoBareabHoCTH TpeThero LLR moBropa Oenka Rpi-blb2 y
UCCJICIOBAaHHBIX KJIOHOB OBUT OOHAapYyXXeH NPEKICBPEMEHHBIH CTOM-KOJOH, YTO IO3BOJISET
MPEANONIOKHTE, YTO JAHHBIA BAPHAHT KOAUPYET HeYHKIMOHAIBHBII romoJior reHa Rpi-blb2.

BoiBoabl: 3ydeHne oOMIMPHOro Iyja KJIOHOB MEXBHIOBBIX THOPHAOB KapTodens u3
koyutekun BUP pacimupsieT nmpencTaBieHuss 0 TeHETHIECKOW OCHOBE ycTonunBocTH Solanum L. k
¢utodTOpO3y, CrMOCOOCTBYET YIIYyOJCHUIO 3HAHMK O pa3HOOOpa3uu R-reHOB, y4acTBYIOIIHMX B
3ammuTe KapTodesst OT BPEAHBIX OPraHU3MOB.

Baaronapuocts: ViccnenoBanue BBINOIHEHO 3a c4eT rpaHTa Poccuiickoro HayyHoro gonaa
(mpoekT Ne25-46-02027).

Karwuesbie cioBa: putoptopos, reust Rpi, SCAR mapkep, SNP.
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Kosuteknust MexxBHI0BbIX THOPUA0B KapTodess BUP, kak HCTOYHMK LEHHBIX
NPU3HAKOB /ISl CeJIEKIMN HA NPUTOAHOCTH K nepepadoTke.

v * .
I'puropwmii Ilucapenko , Amina ConoBeéBa, Hagexxna Yanas

DedepanvbHulil uccied08amenbeKull yeHmp Beepoccutickuii uHCmumym 2eHemudecKux pecypcos
pacmenuii umenu H.U. Basunosa (BUP), Cankm-Ilemepoype, 190031, Poccus

* ABTOp-KOppecmonaeHT: cheiser@list.ru

BBenenne: B Hacrosimee Bpemsi, B HMHIyCTpUM KapTodens Bc€ Oombliee 3HAUYCHHUE
npuoOpeTaeT IEeNeBOE BBIPALIMBAHWE COPTOB. B YCIOBHSX MEHSIOUIETOCS pPBIHKA OJHUM U3
BOCTpEOOBAHHBIX HAMpaBICHUIN B CEJNEKIMH KapTodess CTaHOBITCA copTa Ul mepepaboTKu Ha
kapTtodenenpoaykTsl. [lepepabaTpiBaromiell MPOMBIIUIEHHOCTH TPEOYIOTCS copTa, oOJanaromme
HY>KHBIMH OMOXMMUYECKUMH MOKa3aTeNIMU U X03iCTBEHHO-IICHHBIMH MPU3HAKAMH.

Leas paGoThbl - M3YYUTH CEICKIMOHHYIO HEHHOCTh OOpa3llOB MEXBUIOBBIX T'HOPHIOB
kapTodens u3 komiekuuu BUP my1s rexHonmorndeckoii nepepadoTku Ha KapToheaenpoayKThI.

Matepuan u Mmeroabl: [IpoBeneHa omneHka OHOXMMHYECKOTO COCTaBa, CKOPOCTH H
MHTCHCUBHOCTH MOTEMHEHHS CBIPOM MSAKOTH KIYOHEW, a TakKe MPUTOAHOCTH K mepepaboTKe Ha
xpyctamuii  kaprodens (yurcbl) 37 MEXKBUAOBBIX THOPUAOB KapTodens pasdudyHbIX TPYIII
CTIETIOCTH B 6 COPTOB OTEUECTBEHHOM U 3apyOEKHOU CEeNIEKIINHU, KOTOPBIE MCIIOJIb30BaHbl KaKk cCopTa-
crannaptel. OOpasupl BblpamuBan B 2023-2025 rr. Ha ONBITHBIX y4yacTkax HayuHo-
npou3BoicTBeHHOH 0a3bl «[lymkunckue u IlaBnosckue maboparopuu BUP» B 1. [lymkun (CII0).
buoxumuueckuii aHanu3 MPOBOJWIN B OT/ele OMOXMMHUU U MOJeKyasipHor ouonoruu BUP mocie
yOOpKH U TIOCIIe TISITH Mecs1eB XpaHenus npu t + 3-5°C.

PesyabraTel: Beimenensl 00pa3ubl co  CTaOUIBHO BBICOKMMHU —TOKa3aTeNsIMU  T10
COJZICPKAHUIO CYXOTO BEIIeCTBA 0 M Mocjie XxpaHeHus: copra Hakpa (29,00-28,96%), VR 808
(26,68-26,40%); rubpuasr 4225 BAZ (26,76-26,28%) 144-3-2013 (27,2-26,84%) 1 ¢ HANMEHBIIIAM
cojepkanueM cyxoro BemiectBa: copT Red Scarlett (17,2-17,8%) u rubpun 912-1-2018 (18,80-
21,96%). Coneprxanue peayUpYIOIUX caXxapoB mocje yoopku kiayoHe y 30 rubpuoB u 6 COPTOB
He mpeBblmano gomyctumoe 3HadeHue (0,4%) u cocrasuio 0,07-0,4%, y 7 oOpa3iioB ObLT BHIIIE
0,4%. Opnako, mocje MATH MECALEB XpaHEHMs] y BCEX H3y4aeMbIX OOpas3IoB ATOT IOKa3aTeib
npeBbiman gomnyctumoe 3HaueHue (1,00-2,56 %), Boigenensl gBa MEXKBHIOBBIX THOpHUIA C
Han0oJiee HU3KUM COJIepKaHUEM PEIYIUPYIOIMIUX caxapoB nocie xpaHeHus: 4225 BAZ (0,67%) u
144-3-2013 (0,87%). AHanu3 pe3yabTaTOB OLEHKM KIyOHEH Ha CKOpPOCTb W HMHTEHCHUBHOCTb
MOTEMHEHHS CBHIPOH MSKOTH MO pe3yJlbTaTaM TpeX JeT HM3y4YeHHUs TMOATBEPAWT CTaOWMIBHOCTH
NpU3HAKa «HE TEMHEIOIIas MSIKOTb» MO TPOIISCTBUH BpeMeHu (2 yaca) y oOpasuoB 16/27-09 (9
oammos), 4225 BAZ (9), 97-159-3 (9), 912-1-2018 (9) u copra cranmapra Bapsr (8). Ilo
pe3yibTaTaM OIEHKH Ha XPYCTAIIUA KapToQenb BBIIACICHBI MSATh 00pa3IoB ¢ OLIEHKOW 9 6aios,
KOTOpbIe 00J1aJat0T COJIOMEHHO-KEITON OKpacKoil mocie >kapku 0e3 TeMHbIX IsTeH: 4225 BAZ,
99-6-5, 144-3-2013, 999-4-2020, VR- 808.

3akuouenue: B Komekiuy MeXBUAOBBIX rHOpuoB kapTtodens BUP Boiaenenst o6pasisl,
MEePCIEKTUBHBIE K TMepepaboTke Ha XpycTsamui kaptodenb, kaptodenb «bpu», Kpaxman,
BaKyyMHUPOBAaHHBIH OUMINEHHBIA KapTodenb M Ap. coyeTarouiye B cebe KOMIUIEKC MOJIE3HBIX IS
CENIEKIIUN TIPU3HAKOB. DTH 00pa3ibl MOTYT OBITh PEKOMEHIIOBAHBI, KaK MCXOJHBIA MaTepua s
CO3JIaHMsI COPTOB MPUTOJHBIX K MEPEepadOTKe PA3IUUHOrO MUIIEBOTO HAIPABJICHHUS.

BaarogapHocTs: wuccienoBaHue BHIIOTHEHO B pamkax temMbl HUP FGEM-2025-0005
«CoBepILICHCTBOBaHUE TIOAXOJOB M METOAOB €X Situ coxpaHeHUs WACHTU(UIIMPOBAHHOTO
reHoQoHIa KIyOHEIIOIHBIX KYIbTYp (KapTodenb, TonnHaMOyp) U UX AUKHUX pOAUYei, pa3paboTka
TEXHOJIOTUH UX 3(PEKTUBHOTO UCIIOIH30BAHUS B CEIEKLIUNY.

KiroueBble cjioBa: kapTodelnb, IPUTOAHOCTh K MepepadoTKe, MOTEMHEHUE ChIPOH MSKOTH
KIIyOHEH, peylupyIolre caxapa.
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Ka3zakcranga caaar (Lactuca sativa L.) enaipyain skaFaaiibl MeH ceJIeKIHATbIK
AaMYBbIHbIH 00JIaIaKTaAPbI

K.T. Menguramuea’, K.B. bareip6aesa, H.)K. XKan6pipmmna, JI.5. PaxmMaHoB

C.Ceiighynnun amoinoazel Kazax azpomexuuxanvix sepmmey ynusepcumemi, Acmana, 010011,
Kaszaxcman

*Baitnanbic aBTop: Pshenbai.kerimgul@mail.ru

Kipicne: Kazakcranaa canat (Lactuca sativa L.) cenekuuscbiH JaMbITYAbIH 0AChIMIBIKTapPhI
MEH WHHOBaIMSUIBIK dicTepiKoKkoHIC MmapyanbIbIFbl — a3bIK-TYJIIK KayINCI3iriHIH CTPAaTEeTUSIIBIK
canacel. ConblH imrinae canat (Lactuca sativa L.) On0oakTHBTI KOCBUIBICTAPBIH HETi3Ti K631 0O0JIbII
tabbutaznsl [1]. Kazakcranga Oy MaKbUIIBIH UMIIOPTHI MaychiMapalibik ke3eHae 60-70%-ap1 Kyparl,
OTaHJBIK CYPAHBIC TOJBIK KaHaraTTaHABIPbUIMai OThIp [2,3]. OchkiFaH OailIaHBICTHI, EMIMI3IIH
arposKOJIOTHSUIBIK ailMaKTapbhlHA, COHBIH 1IIIH/IE€ THAPOIIOHUKara OeHIMIENTreH OTaHIbIK COPTTAPAbI
IIBIFApy ©3€KTI Mocene.3epTTey Makcarbl: OTaHABIK JKOHE MICTEINIIK CENCKIUSHBIH JKal-KYHiH
Tajjaar, 3aMaHayu oAICTepAiH TUIMILUIITIH HEeri3ey.

Marepuanaap MeH dicrep:

1. [Hoctypni texHonorusuiap: ['mOpuauzanusiga >xorapsl THIMAUTIKTI (98-100%) xamTamachi3
eretin «Clip-and-washy kactpanusiay asici 3epaenenai [4].

2. Monekynanblk  uHHOBanusiiap:  CenekmusulblKk  mpouecTi  skepengeryaeri  MAS
texHoyorusicel  MeH SSR/SNP  mapkepiepiHiH, COHmaii-aKk T'e€HOMIBI  PEIAKIHSIIAY IbIH
(CRISPR/CAS) pemni tanaaumsi [5,6,7].

Hoatumxkenep: 2026 >xpuirbl MoniMeT OoiibiHIna, Kazakcranma xpuibDkaimap cansl 10%-ra
apthir, 2319-Fa )keTKeHIMEH, oJiap HeTi31HeH WIETENiK copTTapra Toyenai [8]. 3eprrey GapbichiHaa
«Clip-and-wash» oficiHiH e3/iriHeH TO3aHJaHy KayIiH JKOWBIN, camajibl TYKbIM alyJarbl
apThIKIIBUIBIFRL  JonenaeHal [4]. ConbiMeH kaTtap, SSR MapkepriepiH KONAaHY MOJIEKYIAIbIK
JICHTeH/IC «TCHEeTUKAIIBIK TACIIOPTY» JKacayra >KOHE CENCKIMSUIBIK UKL 15 KbeUigaH 5-7 KbLIFa
JeiH KbpICKapTyFa MYMKIHAIK Oepemi [7,9]. Alir6aeBThiH (2025) 3epTTeynepi WHHOBAIUSIIBIK
rHOpUIM3AIsl MCH OPTaHUKAIBIK CEJICKIMSHBI YINTACTHIPYABIH HYTPUIICBTUKAIBIK KYHIBUTBIKTHI
apTTHIPATHIHBIH KepceTTi [2].

KopoIThiHABI: KitaccuKanmbplK ceNeknus MEH 3aMaHayl OMOTEXHOJIOTHSUIBIK KypasaapIablH
(MAS, SNR) cuHeprusicbl — UMIIOPTTHI ATMACTHIPY/IbIH JKOHE XaIbIKThI (PYyHKIIMOHANIBI TaFaMMEH
KamMTamachl3 eTyAiH Herisri teriri. byn tocinm Ka3zakcTaHHBIH KOpFajdfaH TOMbBIPAK >KaFgaiibiHA
OellimaenreH, 0ocekere KaOUIETTI OTaHABIK COPTTAP/Ibl AJIYFa 5KOJI alllajbl.
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Association of allelic variants of the TaGS5 gene with yield components
in spring bread wheat
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Agrotechnical Research University, Astana, Kazakhstan;
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Background: The TaGS5 gene is considered one of the key regulators of grain size and
weight in wheat and is regarded as a promising target for yield improvement. Previous studies have
shown that allelic variation in TaGS5 is associated with increased grain size and thousand kernel
weight (TKW), as well as overall yield [1]. Favorable alleles of this gene have been reported to
correlate with higher grain weight and improved agronomic performance [2]. The TaGS5-3A locus
is involved in the regulation of yield components, including grain number and grain weight, and
participates in complex mechanisms underlying yield formation [3]. At the same time, it is well
established that the effect of grain weight-related genes may vary depending on environmental
conditions and genetic background [4].

Materials and methods: A total of 112 spring bread wheat accessions of diverse origin
were used in this study. Field trials were conducted over four growing seasons under the conditions
of the dry steppe zone of Northern Kazakhstan. Genotyping was performed using the Amplifluor-
like method [5]. Statistical analysis was carried out using analysis of variance (ANOVA) to
evaluate the effect of TaGS5-3A allelic variants on yield-related traits separately for each year.

Results: The association between allelic variants of the TaGS5-3A gene (GS5-3A-C and
GS5-3A-T) and yield components was analyzed over four years. The results demonstrated that the
effect of the gene is mainly expressed through traits related to grain formation and grain weight.
The most pronounced effect was observed for grain yield in 2024, where the GS5-3A-C allele
provided a significant increase (+47.0 g/m?; p = 0.014). For thousand kernel weight (TKW), grain
weight per spike, and grain number, a general tendency toward higher values was observed in
genotypes carrying the GS5-3A-C allele; however, these differences were not consistently
statistically significant.

Conclusion: The obtained results confirm the association of the TaGS5-3A gene with
individual yield components, including grain yield and its structural elements. Despite the absence
of stable effects across all years, the identified associations indicate a potential role of this gene in
regulating grain yield. These findings support the relevance of further investigation and the
potential use of TaGS5-3A in wheat breeding programs.

Acknowledgement: This study was conducted within the framework of the project
“AP23490403 — Molecular genetic evaluation and identification of effective genes and quantitative
trait loci (QTLs) associated with productivity in spring soft wheat” (2024—-2026).

Keywords: spring wheat, yield, thousand kernel weight, TaGS5-3A gene, allelic variation.
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Genetic polymorphism and adaptations of Rhodiola species and ecopopulations
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Background: Rhodiola species has long been used in folk medicine; however, research on
thay resources is limited due to the species inaccessibility for collection, and its genetic
polymorphysm and methabolom potential has not been previously explored.

Materials and methods: IPBS profiling of the specimens for R. rosea L. (populations from
Kazakhstan (KZ) and Russia (RU)), R. semenovii (Regel and Herder) Boriss., R. linearifolia Boriss.,
R. algida (Ledeb.) Fisch. and C.A. Mey., and R. quadrifida (Pallas) Fischer and Meyer. was
performed to analyze the hidden genetic variation in the noncoding part of the genomes. The
analysis of metabolom of R. linearifolia was carried out using gas chromatography—mass
spectrometry (GC-MS).

Results: Shoved the high diversity in iPBS genome profiling, what may be associated with
the hidden genetic variation in the studied samples for Rhodiola species and their high adaptive
ability in response to adverse environmental factors, as well as with different adaptation strategies
of studied species, evolutionarily determined by the diversity of reproductive systems. The
metabolome of various ecopopulations of R. linearifolia was analyzed, and the relationship between
metabolomic variations and genetic polymorphism was investigated using inter-primer binding site
(iPBS) markers. Significant genetic and metabolomic differences were identified among
ecopopulations. Notably, experimental confirmation was obtained showing that ecopopulations with
higher genetic polymorphism exhibited a more diverse metabolomic profile. Several significant
positive correlations (r = 0.50-0.89) were observed.

Conclusion: These findings contribute to a deeper understanding of the adaptation
mechanisms and provide a foundation both for developing approaches to species’ in situ
conservation in natural habitats, and optimizing introduction strategies for cultivation outside its
natural range.
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Rapid speciation and gene flow in genus Allium (Amaryllidaceae)
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The genus Allium L. comprises more than 1,000 species and represents one of the most
diverse monocot lineages in the Northern Hemisphere. Its morphological and geographical diversity
has long complicated taxonomic and evolutionary studies using nuclear and plastid markers. The
lack of phylogenetic resolution reflects the complex evolutionary history of the group. Recent
advances in next-generation sequencing technologies now provide new opportunities to uncover
this complexity and resolve relationships within the genus.

We applied a target enrichment approach using the Angiosperms353 probe set to analyze 47
accessions representing 46 Allium species. Phylogenetic trees were reconstructed using
concatenation and coalescent methods. The level of gene tree heterogeneity was assessed using
Phyparts and multidimensional scaling. The contribution of incomplete lineage sorting (ILS) and
hybridization was evaluated with simulations, phylogenetic networks, and D-statistics. Divergence-
times were estimated using MCMCtree with fossil calibrations incorporated.

Several subgenera, including Allium, Cepa, and Polyprason, were recovered as non-
monophyletic. ILS was identified as the primary driver of phylogenetic discordance, as supported
by coalescent simulations and the presence of short internal branches. In addition, phylogenetic
network analyses and D-statistics provided evidence that the evolutionary history of Allium has
been shaped by reticulate evolution. The origin of Allium likely dates to the Early Eocene (~52 Ma),
followed by rapid diversification during the Miocene.

This study sheds light on relationships within Allium, while also opening new questions
about the genus’s evolutionary history. The evolution of Allium appears to have been shaped by the
combined effects of ILS, gene flow, and paleoclimatic change during the Miocene. Further studies
with broader taxon sampling and genome data will be essential to better understand the
diversification of this complex genus.

Acknowledgement: This research has been funded by the Committee of Science of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (AP23490860).

Keywords: Allium, phylogenomics, rapid radiation
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Comparative Characterization of Chloroplast Genomes in Twelve Allium
Species from Kazakhstan
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The genus Allium L. represents one of the largest monocotyledonous groups, with more than
1,000 species mainly distributed in Northern Hemisphere. Despite the high species richness in
Kazakhstan, genomic data for many native taxa remain limited, restricting robust phylogenetic
inference and evolutionary interpretation.

In this study, complete chloroplast genomes of 12 Allium species from Kazakhstan were
sequenced using lllumina technology. Genome assembly and annotation were performed using
NOVOPlasty and GeSeq, consequently. Comparative analyses included genome structure
characterization, nucleotide diversity assessment, SSR identification, and codon usage analysis.
Phylogenetic relationships were reconstructed using Maximum Likelihood and Bayesian inference
based on concatenated protein-coding genes, and divergence times were estimated using a Bayesian
relaxed molecular clock.

All plastomes exhibited a conserved quadripartite structure, with genome sizes ranging from
152,029 to 153,521 bp and identical gene content (137 genes). Sequence divergence was primarily
observed in intergenic regions, while coding regions remained highly conserved. Several highly
variable regions, including ycfl, matK, rpoC2, and ycf2 were identified as potential molecular
markers. Phylogenetic analyses resolved three major evolutionary lineages within Allium with
strong statistical support for most nodes. Divergence time analysis indicated that Allium stem
lineage originated approximately 47.97 Mya, corresponding to the early Eocene.

This study expands plastome data for Allium species and enhances understanding of their
phylogenetic relationships and evolutionary history. The identified variable regions provide
valuable resources for future phylogenetic and DNA barcoding studies.

Acknowledgement: This research was supported by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No. AP23490860).

Keywords: Allium, Kazakhstan, chloroplast genome, phylogeny.

79



KOGIS 2026 Section 3. Plant genetics and breeding Poster Session

Genetic Diversity Assessment of Cucumber (Cucumis sativus L.) Collection
Using SSR Markers

Moldir Yermagambetova®”, Aigul Nusupova?, Viktoriya Kruglikova'?, Aruzhan Alikhanoval,
Shyryn Almerekova'

YInstitute of Plant Biology and Biotechnology, Almaty, Kazakhstan
2Kazakh Scientific Research Institute of Fruit Growing and Viticulture, Almaty, Kazakhstan
3Kazakh National Agrarian University, Almaty, Kazakhstan

*Corresponding author: ermaganbetova.moldir@bk.ru

The assessment of genetic diversity in cucumber (Cucumis sativus L.) is essential for
effective breeding and conservation strategies. In this study, 60 cucumber varieties and lines were
analyzed using 15 simple sequence repeat (SSR) markers, of which 10 were polymorphic. These
markers covered four chromosomes and exhibited varying levels of informativeness, with
polymorphism information content (PIC) values ranging from 0.346 to 0.682. The most informative
markers were CS-SSR05723, CS-SSR16056, and CS-SSR23370.

Genetic diversity parameters revealed moderate variability within the collection. The
number of alleles per locus ranged from 1.0 to 1.7, while the Shannon index (I) varied from 0 to
0.446 and Nei’s genetic diversity index (h) from O to 0.467. The percentage of polymorphic loci
(%P) ranged from 0% to 70%, with an average of 26%. The highest levels of polymorphism were
observed in accessions Cuc 43 (70%), Cuc 37 (60%), and Cuc 9, Cuc 20, and Cuc 49 (50%),
indicating their high genetic variability and potential value for breeding programs.

Principal Coordinate Analysis (PCoA) showed that the first three coordinates explained
58.64% of the total genetic variation, confirming substantial genetic heterogeneity among the
samples. Analysis of Molecular Variance (AMOVA) revealed that 73% of the total genetic
variation occurred among accessions, while 27% was attributed to within-accession variation,
indicating significant genetic differentiation. Overall, SSR marker analysis proved to be an effective
tool for evaluating genetic diversity and structure in cucumber, providing valuable insights for
future breeding and germplasm management.

Acknowledgement: This research was supported by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Program No. BR28712539).

Keywords: Cucumis sativus, genetic diversity, SSR markers, polymorphism, molecular
markers, plant breeding
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Background: Tomato brown rugose fruit virus (ToBRFV) is a tobamovirus that causes
significant economic losses in tomato production worldwide (1).

Materials and methods: Complete genome sequences of ToOBRFV were retrieved from the
NCBI GenBank database. A total of 360 full-length viral genomes were included in the analysis.
The reference genome NC_028478.1 was used as the baseline sequence for variant detection.
Genome sequences were aligned using the MAFFT multiple sequence alignment algorithm (2).
Statistical summaries of SNP distribution and variant frequency per isolate were calculated using
custom Python and R scripts (3,4).

Results: To investigate genomic variability within global populations of ToBRFV, a
genome-wide variant analysis was performed using 360 complete viral genome sequences. Variants
were identified relative to the reference genome NC_028478.1 across a genome length of
approximately 6,393 bp, using sliding windows of 50 bp. In total, 5,452 SNP events were detected
across the dataset. The distribution of SNPs per isolate showed moderate variability, with most
genomes containing 10—20 SNPs relative to the reference sequence, and a maximum of 32 SNPs per
isolate. Variant density analysis revealed that the majority of polymorphisms were concentrated
within the replicase coding regions (126 kDa and 183 kDa proteins), while the coat protein (CP)
region exhibited comparatively low genetic variability. Insertions and deletions were rare across the
dataset, indicating strong viral genome conservation. Analysis of terminal sequence variation
showed that 3’ overhangs were present in 211 genomes, while 12 genomes contained only 5’
overhangs, 83 genomes contained both terminal overhangs, and 54 genomes showed no detectable
overhangs. Overhang lengths were generally short, with most fragments ranging between 5-30 bp.

Conclusion: The results indicate that global ToBRFV populations exhibit moderate
nucleotide diversity but strong structural conservation.

Acknowledgement: This research was funded by the Ministry of Agriculture of
Kazakhstan, grant number BR22887230.

Keywords: ToBRFV; phylogeny; recombination breakpoints; viral genetic diversity.

References:

1. Zhang, S., Griffiths, J. S., Marchand, G., Bernards, M. A. & Wang, A. Tomato brown
rugose fruit virus: An emerging and rapidly spreading plant RNA virus that threatens tomato
production worldwide. Mol. Plant Pathol. 23, 1262-1277 (2022)

2. Katoh, K., Misawa, K., Kuma, K.-l. & Miyata, T. MAFFT: a novel method for rapid
multiple sequence alignment based on fast Fourier transform. Nucleic Acids Research 30, 3059-
3066 (2002)

3. Van Rossum, G. & Drake, F. L. Python 3 Reference Manual. CreateSpace (2009).

4. R Core Team. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria (2023).

81



KOGIS 2026. Section 4. Genetics and breeding of microorganisms Poster Session
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assessing the processes of transglycosylation in the synthesis of prebiotic galacto-
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Background: Whey is a byproduct generated during the production of coagulated dairy
products, such as cheese and cottage cheese. It accounts for 85-95% of the volume of milk and
retains approximately 55% of milk’s nutrients, with high-water content (~93%); it is typically
considered as waste product. Consequently, there is growing interest in processing whey into value-
added products such as beverages, protein powders, infant formulas, hydrolysates, and dietary
supplements. One of the major components of whey is lactose, which can be hydrolyzed by -
galactosidases.

Materials and methods: Methods of microbiology, molecular biology, genetic engineering,
biochemistry, and biotechnology were used.

Results: In this study, strains of lactic acid bacteria with high -galactosidase activity were
isolated from natural food sources. As a result of a multi-stage selection process, five candidate
strains (Lactobacillus delbrueckii subsp. bulgaricus, L. helveticus, L. brevis, L. fermentum,
Streptococcus thermophilus), and corresponding genes were cloned and expressed in E. coli, the
biochemical properties of the recombinant enzymes were studied. Enzymes cleave lactose into
glucose and galactose. In the presence of sugar acceptors, it can catalyze transgalactosylation to
form galactooligosaccharides (GOS). The degree of polymerization (DP) of galacto-
oligosaccharides in the studied samples reached 7 sugar residues. The majority of the products
consisted of oligosaccharides with DP 3, 4, and 5.

Conclusion: GOSs are prebiotic and comparable to human milk oligosaccharides, making
them interesting. Lactobacillus delbrueckii subsp. bulgaricus p-galactosidase showed the highest
conversion of lactose to galactooligosaccharides, converting up to 35% of the substrate into
transglycosylation products. This enzyme's strong conversion rate verifies its synthetic orientation
and makes it a good option for biotechnological GOS-based functional ingredient manufacture.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan, grant number AP23489692.
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Cunnpom Anbrnopta (CA) - reHeTHYECKH reTeporeHHoe 3ab0eBanne, XapakTepusyroleecs
nporpeccupyrouieii Heppomnaruel, pa3BUTHEM MOYEUHON HETOCTATOUYHOCTH, a TAKXKE MATOJIOTHEn
OpraHOB 3PEHUSI U HEUPOCEHCOPHOU TYyroyxocThto. Panuss nuarnoctuka CA KpUTHYECKH BaKHA,
Tak Kak 3a00JIeBaHME YacTO MAaCKHUPYyeTCs MOJ Heclnenu()PUUecKyr0 XpOHHUYECKYIO0 OOJIe3Hb MOYEK
(XBID).

Marepuanbl 1 MeTOAbl. B nccienoBanne BKIIOUYEHO 5 MalMeHTOB ¢ nogo3peHuemM Ha CA.
Breinenenue renomuoi JIHK u3 nenpHOM kpoBu npoBoauiock Habopom GeneJET (Thermo Fisher
Scientific). IlomHosk3omHOe cexkBeHupoBanue (WES) BBIIONIHEHO C HCMONb30BAaHUEM MaHENIU
Agilent SureSelect V6-Post na mrargpopme Illumina NovaSeq 6000. ITouck BapuantoB (SNV wu
indel) ocymectBsics ¢ nomomibio GATK, anHoTanus - ¢ ucnonb3oBanueM ANNOVAR.

PesyabTatsl. JleGror 3abosieBanus 3aduKcHpoBaH B Bo3pacte or 1,5 mo 7 Jer, 4to
coryiacyercsi ¢ JaHHBIMU O OoJiee TSDKEJIOM TeUEHHH y MajJb4MKOB Ipu X-clerieHHou ¢gopme. Y
BCEX MAIMEHTOB OTMEYAJICS OTSATOLIEHHBIN CeMeiHbIM anamue3. [lepBuyHbIME cUMOITOMAMH ObUIH
mukporematypus (10-20 B 11/3), ObicTpo mporpeccupytomias 10 Makporemarypuu (40-50 B 11/3), u
nporennypust (ot 0,3 mo 2,3 r/m). BHenmoueunsie mposiBICHUS (TYrOyXOCTb, U3MEHEHHS 3PEHHS)
OTCYTCTBOBAJIH, 32 HUCKIIOYCHHEM HecHenu(puYecKol aHTMONaTHH CETYAaTKU y OJHOTO MallMeHTa.
o npoenenus WES nuarno3 CA He O0b11 BepuUIIMPOBaH; MAIIMEHTHI HAOIIOJATNCH C JUATHO30M
XBII G1A2. B xoxe ananuza ganHbix WES maTOreHHbIX M BEpOSITHO MAaTOr€HHBIX BapUAHTOB B
9Kk30HHBIX oOmacTsx reHoB COL4A3, COL4A4, COL4AS5 u COL4AG (cormacHo Kiaccu(UKaIiu
ClinVar/ACMG) oOHapy)xeHo He Obulo. BbIBICHHbIE paHee ONMCAHHBIE BapHUaHTHI
KJIACCU(UITUPOBAHbl KaK JOOpOKAaYeCTBEHHBIC. Y JIBYX TAIMCHTOB OOHAPYKEHBI PEIKHE
WHTPOHHBIE BapHAHTHI, MOTEHIIMAIHFHO BIUSIONINE HA CIUIAMCHHT M CTPYKTYpPY Oenka, KOTOpbIe He
OBLITM OTHCaHBI paHee B JIUTEPATYPE.

3akirouyenue. OTCyTcTBHE BepU(DUIIMPOBAHHBIX MYTAIMi IPHU KIACCUYECKON KIMHHYECKON
KapTUHE MOXKET OBITh OOYCIIOBJICHO HECOBEPIICHCTBOM 0a3 JaHHBIX, HATUYHEM «MSATKHAX)
MyTaIui, MO3aulIM3MOM WJIM JIOKJIM3AIMEN TTOBPEKICHUN B TIIYOOKHUX WHTPOHHBIX («CKPBITBIX))
30HaX, TPEOYIOIIUX PAaCHIMPEHHOTO aHATH3a.

KiroueBble cioBa: cHHApPOM AJBIIOpPTa, MYTAlHMH, ITOJICO3K30MHOE CEKBEHUPOBAHME,
benorur.
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High-throughput sequencing-based detection of Tomato ringspot virus
Bakyt Dulat, Alibek Makhambetov, Zarina Dairbekova, Dilyara Gritsenko”
Institute of Plant Biology and Biotechnology, Almaty, 050040, Kazakhstan

*Corresponding author:_d.kopytina@gmail.com

Background: Tomato ringspot virus (ToRSV) is a nepovirus capable of infecting a wide
range of plant hosts, including fruit trees, where it can cause significant yield losses and decline
symptoms (1). In this study, high-throughput sequencing (HTS) was applied to detect viral
pathogens in apple orchards using the Oxford Nanopore MinlON platform. A viral survey was
conducted in an orchard consisting of 100 apple trees located in two commercial farms.

Materials and methods: Total RNA was extracted from plant tissues and subjected to
direct RNA sequencing using the Oxford Nanopore MinlON platform (2). Library preparation was
performed using the Direct RNA Sequencing Kit (SQK-RNAO002) according to the manufacturer’s
instructions. Basecalling of raw signals was performed using Guppy and read quality statistics were
assessed with NanoPlot (3).

Results: Nanopore sequencing generated approximately 250,000 reads from pooled RNA
samples. Quality filtering retained reads with Phred quality scores > Q15, while only alignments
with mapping quality >20 were used for downstream analyses. After quality control, reads were
mapped to the reference genome of ToRSV available in GenBank (NC_003840.1 and
NC_003839.1). A total of 2,500 reads were assigned to TORSV. Mapping analysis revealed ~85%
genome coverage of the ToRSV reference genome, with viral reads distributed across multiple
genomic regions. The average sequencing depth across mapped regions was estimated to be
approximately 35-40x, supporting reliable virus identification.

Conclusion: The presence of ToRSV reads across a substantial portion of the viral genome
indicates that the virus occurs within the surveyed apple population. Importantly, ToRSV-
associated reads were detected in samples originating from two independent orchards, suggesting
that the virus is circulating within local apple production systems. The results demonstrate that
nanopore-based HTS enables effective detection of plant viruses directly from orchard samples and
provides a powerful tool for population-level virome surveillance in perennial fruit crops.

Acknowledgement: This research was funded by the Ministry of Agriculture of
Kazakhstan, grant number BR22887230.

Keywords: ToRSV; apple virome; RNA sequencing; high-throughput sequencing.
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Cloning of the bacillary myo-inositol phosphohydrolase gene, production and
characterization of a recombinant enzyme

Viktoriya Popova, Zhiger Akishev, Kairat Baltin, Bekbolat Khassenov”
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Background: Bacillary myo-inositol phosphohydrolases are enzymes that catalyze the
hydrolysis of phytic acid and its salts (phytates), which represent the primary storage form of
phosphorus in plants. In animal feed, phytic acid forms stable complexes with metal ions, reducing
nutrient bioavailability. In animal husbandry, these enzymes are used as feed additives to degrade
phytates and release phosphorus, reducing the cost for inorganic phosphorus supplementation. The
aim of this study was to obtain a recombinant bacillary myo-inositol phosphohydrolase from a
strain of Bacillus paralicheniformis isolated in Kazakhstan and to investigate its biochemical
properties.

Materials and methods: The gene encoding bacillary myo-inositol phosphohydrolase is
located at positions 3667913-3669058 in the genome of Bacillus paralicheniformis T7 (GenBank
accession no. CP124861). Using genetic engineering approaches, the gene was cloned into the pET-
28c(+) vector with removal of the signal peptide sequence. Escherichia coli BL21(DE3) cells were
transformed to obtain a strain capable of intracellular accumulation of the recombinant enzyme. The
recombinant enzyme was purified using immobilized metal affinity chromatography and
subsequently characterized biochemically.

Results: The yield of purified recombinant bacillary myo-inositol phosphohydrolase was
260 mg/L. The enzyme exhibited maximal activity at 60°C and pH 8.0 and was found to be
calcium-dependent. The specific activity of the recombinant enzyme was 8.32 U/mg. The enzyme
retained stability after incubation for 5 hours at 50°C over a pH range of 4.0-10.0.

Conclusion: The recombinant bacillary myo-inositol phosphohydrolase from Bacillus
paralicheniformis T7 is a thermostable enzyme active under alkaline conditions and represents a
promising candidate for application as a feed enzyme in poultry production.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan, grant number AP23488823.

Keywords: Bacillary myo-inositol phosphohydrolase, Bacillus paralicheniformis,
recombinant enzyme.
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From Genome to Function: WGS-Based Identification and Characterization of a
Novel GDSL-Esterases from Sporogenic Bacillus paralicheniformis T7
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Background: Esterases participate in signaling, phosphorus metabolism, detoxification, and
the metabolic cycling of biomolecules and polymers [1-3]. Modern biotechnology increasingly
relies on the "genome-to-function” approach to discover novel biocatalysts. In this study, we
performed Whole-Genome Sequencing (WGS) of the sporogenic strain Bacillus paralicheniformis
T7, isolated in Kazakhstan, to identify its biotechnological potential. The genomic analysis revealed
a rich repertoire of hydrolase genes, particularly those with esterase activity. Based on the WGS
data, a specific gene encoding a GDSL-family esterase (rEST-28) was identified and prioritized for
further study.

Materials and methods: Based on the WGS data, a specific gene encoding a GDSL-family
esterase was identified and prioritized for further study. The rEST-28 gene was cloned and
heterologously expressed in Escherichia coli BL21(DE3). Structural bioinformatic analysis
confirmed its belonging to the SGNH-hydrolase superfamily, featuring a conserved Ser26-Asp210-
His215 catalytic triad. Biochemical characterization of the purified recombinant protein showed that
rEST-28 is a true esterase with a strong preference for short-chain fatty acid esters.

Results: Maximum activity of rEST-28 was observed toward p-nitrophenyl acetate (250.0 =
0.1 U/mg) at 40°C and pH 7.0. Kinetic analysis revealed a Km of 26.18 mM and a Vmax of 52.37
U/mg. The enzyme demonstrated remarkable stability, retaining 89% activity in the presence of
SDS and showing resistance to non-ionic detergents. However, it was completely inactivated by
reducing agents (DTT, B-mercaptoethanol), indicating the critical role of disulfide bonds in its
structural integrity.

Conclusion: In conclusion, the integration of genomic mining and biochemical validation
allowed us to identify rEST-28 as a promising biocatalyst. Its specificity for short-chain esters and
surfactant stability make it a viable candidate for the industrial synthesis of flavor compounds and
detergent formulations.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (No. AP23488270).

Keywords: Bacillus paralicheniformis, Whole-Genome Sequencing, Genome Mining,
GDSL -esterase, Biocatalysis.
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Pacnpocrpanénnocts ackapuaos3a B Kazaxcrane

Bapmak C.M.”, Opsia6aes M.B., Hamer A.M., Xaiipymmn 5.M., Cynrankynosa K.T., Meipzaxmer
A.A., TycinoBa A.A., Jasnsatmun T.1.

TOO «Hayuno-uccneoosamenvckuii npouzgoocmeentuiil yeump MVA GROUP», c. Kokcaii,
040921, Kazaxcman

* ABTOp-KOppeconaeHT: Sabyr2103@gmail.com

BBenenne: Ackapuao3, BeI3bIBacMbIii Ascaris lumbricoides, sBisercs ogaum u3 Hamboee
pacnpoCTpaHEHHBIX I€OreIbMUHTO30B B MHUpe. Llesbio JaHHOrO MCCiIe0BaHUs SIBISLUIACh OLIEHKA
WUCTUHHOW pacrpoCTpaHEHHOCTH acKapua03a Cpedu B3POCIOro HAceJIeHHs B MSATH PEruoHax
Kazaxcrana ¢ ncnosiap3oBaHneM KoMIuiekca taboparopubix metooB (MDA, TP, konposorus).

Martepuansl u meroabi: B 2025 roay npoBen€H mepBblid 3Tal 3MUIEMUOJIOTHYECKOTO
MOHMUTOpHHra B IsATH pernoHax Kaszaxcrana. O6cnenoBano 2501 noOpoBosbieB B Bo3pacte oT 18
net u crapie (1820 xenuuH, 681 myxunna). CepoJoruvyeckre UcciaeI0BaHUsl ChIBOPOTOK KPOBH
Ha Hanmuuue aHtuten [gG k ASCaris mpoBOIMIN C MCIIOJb30BAHHEM OTEYECTBEHHOW TECT-CHCTEMBI
«Ackapuna-1gG-Human-ELISA-MVA GROUP». O6uapysxkenne JJTHK A. lumbricoides B o6pasmax
kana BemodHsuin MetonoM [IIP. Komponornueckoe wucciienoBaHue IPOBEICHO METOAaMHU
¢brotanuu U HaTHUBHOrOo Maska. CTaTUCTHUYECKHM aHalIM3 BBIMOJHEH C HCMHOJb30BaHUEM X2
(Pearson) u Tounoro kpurepus duiiepa.

Pesyabrarsel: [Io nanusiv [P pacnpocTpan€HHOCTh ackapu03a COCTaBUIA: LEHTPAIbHbBIN
peruon - 25,9% (130 u3 501), roxueiit - 18,4% (92 u3z 500), Bocrounsiii -19,0% (95 uz 500),
3amagusiii - 20,6% (103 u3 500), ceBepHbiii - 27,4% (137 u3 500). OGmias pacpocTpaHEHHOCTH O
TP - 22,3% (557 u3 2501). CeponpeBaieHTHOCTh ackapuao3a mo naHHbiM MDA cocraBuia:
HEeHTpanbHbIA peruoH - 33,3% (167 u3 501), roxusbiii - 38,5% (194 u3 500), Boctounslii - 23,6%
(118 u3 500), 3amamueiii - 28,4% (142 w3 500), ceepubrii - 33,8% (169 u3 500). OGmas
CepONpEeBaNEeHTHOCTh MO mATH peruoHaM - 31,6% (790 u3z 2501). Cratuctuyecku 3HAUMMBIX
paznuuuii 1o mosy He BhIABIEHO (p>0,05 BO Bcex permonax). [lo maHHBIM KOTpOJOTHU OOIIAst
pacripocTpaHéHHOCTh cocTaBwia 23,5% (587 wu3 2501). HaubGonee BbICOKHME TOKa3aTenu
3apEeTrUCTPUPOBAHBI B IIeHTpaIbHOM (25,9%) u ceBepHoM (27,4%) pernonax, Hanboliee HU3KUE - B
105kHOM (18,4%) 1 BoctouroM (19,0%) (p = 0,0006).

3akirouenue: [lonyueHnHble JTAaHHBIE CBHJIETEIILCTBYIOT 0 HE00XO0IUMOCTH
COBEPILIEHCTBOBAHUS CUCTEMBI SMUJIEMHUOIOTUTYECKOTO HaJ30pa u BHEJIPEHUS
BBICOKOYYBCTBUTEIHHBIX METO/IOB IMATHOCTUKU. Pe3ynbTaThl 3MUAEMHUOIOTHY€CKOTO MOHUTOPHHTA
acKapu103a sBISIOTCS OCHOBOU TS pa3pabOTKH HAYYHO-000CHOBAHHBIX pEKOMEHAANNN 10 60phoe
¢ ackapuao3oMm B Pecriyonuke Kazaxcran.

KawueBbie caoa:  Ascaris  lumbricoides, smumeMHONOTHYECKHi  MOHHTOPHHT,
pacrnpoCcTpaHEHHOCTh, CEPONPEBATEHTHOCTD, [P
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Momnorenaik s3nuiencus Kesingeri BDNF, NF-kB xone Nrf2 :xo1apbIHbIH
MOXYJISITOPJIAPBI PeTiHaeri 6CiMAIK TeKTI HEHPONPOTEKTOPJIAP

JKanap K., T'a6aynkaiom A., Mupmanosa XK., Akuibskanosa A., Epexernos /I,

Center for Life Sciences, National Laboratory Astana, Nazarbayev University, Astana, Kazakhstan
010000
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O3exTiniri. MoHOreH K STUICTICUS eMACYIE HEFYPJIBIM JQJT KOHE MOJIEKYIIAJIBIK TYPFbIIaH
HETI3/IeITeH TACUIIEpal KaXKeT eTeTiH aypyiap ToObl peTinie OapraH CallblH Ml KapacThIPbLTyIa
[1, 2]. ConbiMeH KaTap, SIWICTICHS Ke31HJAeTi (UTOTEepanusFa apHaJFraH €HOEKTeple KaObIHyFa
KapChl, AHTHOKCHJAHTTHIK JKOHE HEHPONPOTEKTOPNBIK acepi Oap ©cCIMIIK TEKTI KOCBUIBICTap
KOHIHJIE elIoylp KeJieMe IepeKTep KUHaKTanFaH. Anaiiga Oy gepekTepain 0achiM Oeiri sKamrbl
HKCHEPUMEHTTIK MOZETBACPE aJbIHFAaH JKOHE HAKTHl TCHETHKAIBIK CHHAPOMIAPMEH CHPEK
OaitnanbicThIpbIaAb [2, 3]. Ocbl TYpFbIAa KOOIHE KYPKYMHH, PECBEPATPOIT HKOHE IMUTATITOKATEXUH
rajuiat Kapacteipbuianbl [3—6]. JlereHMeH, oI OChl KOCBUIBICTAPBIH MOHOTCHIIK SIUJICTICHsIIap
Ke3iHAeri BIKTUMaJ pelll Typajdbl MONIMETTep ol Je OBITBIPAaHKBI JKOHE JKyHem Typae
KOpPBITBUIMaFaH.

MakcaTtbl. OCIMIIIK TEKTI HEHPOIPOTEKTOpJapabl MOHOTeH ik amwtencus ke3inge BDNF,
NF-«xB >xone Nrf2 >xonnapblHbIH BIKTUMaJ MOIYJIATOPIApbl pETIHAE KapacThlpyFa 00ja Ma, COHBI
Oarasay »oHe 0oJalak 3epTTeysep YIliH HeFypIIbIM MepCIEKTUBAIIBI OarbITTap bl aikpiHAay [1-8].

Hoatumxkenepi. Xypriziniren tanmay MOHOTEHAIK SIWICHICHSFA apHAIFaH 3€pTTEyJiep MEH
OCIMJIIK TeKT1 HEHMPOMPOTEKTOPJIapFa KATHICTHI )KYMBICTAP/bIH a3ipre keOiHe Oip-OipiHEeH Toyenci3
JaMBblII KeJe skaTKaHblH KepceTTi [1-3]. Kypkymun OoibIHIIIA JepeKTep HEFYPIIbIM CEHIMI OOJIBII
HIBIKTHI: II0JTy MaKaJladapblHAa OHBIH KYPBICYFa KapChl, aHTUOKCUAHTTHIK KOHE KaOBIHYFa KapChl
ocepi KepceTumreH, an (papMaKkOpe3WCTeHTTI SMHIICTICUSACHI Oap Oananapaa HAHOMUICIUISPIIBIK
KYPKYMHH KOJIJIAHBUTFaH KIMHUKAIBIK 3€PTTEY/IE YcTaManap >KULTITIHIH CTAaTHCTUKANBIK TYPFbIIaH
MOHII TeMmeHzeyl Oaiikanran [4, 5]. PecBeparpon ymriH KaObIHYABIH, HEUPOHAAPIBIH
3aKbIMJIAHYBIHBIH JKOHE OJMHJIENTOreHe30eH OalIaHbICThl  YAEPICTEPIiH aWKbIHABUIBIFBIHBIH
TOMEH/IEY1, 9CIpece MIICTITUKAIBIK CTaTyCTaH KeHiH, KOPCETUIreH [6]. DnmurajyiokaTexuH rajiaT
ymia  GPx1, NF-kB ¢dochopnanysl x0He MHUTOXOHIPUSIBIK JIUHAMHUKAHBIH PETTENyIMEH
0ailIaHBICTEI HEUPONIPOTEKTOPIBIK ocep aHbIKTanraH [7]. Hepexrepai cambicteipy NF-kB sxone
Nrf2 xongapbl Ka3ipri yakbITTa opi Kapail 3epTTey YIIIH HEFYpJbIM HETi3/IereH MOJIEKYJalIbIK
OarpITTap OO0JBIN KepiHeTiHIH kepcerTi, al BDNF koibIHBIH peni aHarypibM cak TYCIHAIPYII
Tanamn etesi, ce0edi Oy ko HeHpOHAAPAbl KOPFayMeH Jie, SIMIIENTOreHe3 MEXaHU3MJIEpIMEH Jie
OaiinanbicThl [7, 8]. XKanmsl anraHga, KypKyMUH, PECBEPATPOII JKOHE SIUTAITIOKATEXUH TajljaTThl
MOHOTEH/IK SIMWICTICUSHBl eMJieyre JalblH Kypanjgap peTiHIe eMec, aypyAblH MOJIEKYIajbIK
MEXaHU3MJIEPIH €CKepe OTBhIPbIN, OojamiaK OaFbITTaJFaH 3€epTTeyjep YIIIH NepCHeKTHBAIIbI
KOCBUTBICTAp PETiHjIe KapacThIpraH xeH [ 1-8].

Tyiinai ce3aep: MOHOTEHMIK S3MUJIENCHS, ©CIMIIK TEKTI HEHpONpOTEeKTOpiap, KypKyMUH,
pecBeparpod, snurawiokarexun rayuiat, BDNF, NF-«B, Nrf2.

Kap:xkbuianawipy: byn 3eprrey Kazakcran PecnyOnmukacel FruibiM koHE JKOFaphl OiliM
MUHHUCTPIIrT FhUIBIM KOMUTETIHIH KapkbutanabipybiMeH, NeBR27199879 rpantel asceiHzna
OPBIHJIAIJIBI.
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A nucleic acid universal purification, isolation method and device
Ruslan Kalendar

National Laboratory Astana, Astana, 010000, Kazakhstan
ruslan.kalendar@nu.edu.kz

Abstract: We present an enhanced electroelution method and a versatile instrument for
purifying nucleic acids and proteins. Using short-gel agarose electrophoresis within a buffer-filled
column, DNA, RNA, oligonucleotides, plasmids, and proteins are efficiently separated. Upon
applying an electric field, target molecules migrate from the gel into a high-salt buffer block, where
they are captured and concentrated. The system supports both horizontal and vertical
configurations, including flexible formats (8-, 16-, or 96-column arrays) with repositionable salt
blocks for selective isolation. Compatible with laboratory automation, this method offers high
purity, adaptability, and efficiency across diverse sample types.

Background: DNA isolation is the first step for many molecular workflows, and success
depends on removing contaminants such as polysaccharides, polyphenols, lipids, pigments, humic
substances, and other inhibitors. Sequencing is especially sensitive to DNA purity. With third-
generation long-read platforms, purity alone is not enough high molecular weight and intact DNA
are essential to realize reads spanning tens to hundreds of kilobases.

Materials and methods: We present a DNA purification method combining agarose gel
electrophoresis with electroelution. It exploits the reduced electrophoretic mobility of DNA in high-
salt conditions. After DNA separation in a standard gel, a high-salt gel block is placed ahead of the
DNA path, leaving a gap (sample collection reservoir). Reapplying current causes DNA to migrate
into the gap, where it slows and accumulates. DNA is then easily collected by pipetting and used
directly or after desalting. This cost-effective method requires no specialized equipment and is ideal
for challenging samples with complex biomolecular mixtures.

Results: Isolating high molecular weight (HMW) DNA from complex samples like plants
and soil is typically difficult, yielding low purity and quantity. Plant cells contain polysaccharides
and polyphenols that interfere with extraction, while soil samples pose greater challenges due to
fragmented DNA and humic substances. Despite these obstacles, our method consistently produced
HMW DNA with high yield and purity. Conventional methods often recover less than 10% of
starting DNA due to poor retention or partitioning losses. In contrast, our approach based on a
distinct principle achieved yields up to 50% for plant samples and 30% for soil.

Conclusion: This on-gel electroelution method yields HMW DNA for long-read sequencing
and other demanding applications from eukaryotes, prokaryotes, organelles (mitochondria,
chloroplasts), large DNA viruses, and more. It is particularly useful when other approaches are
impractical enabling single step recovery from complex, inhibitor-rich samples with low target
abundance. The workflow is low-cost, scalable, and readily automatable.

Acknowledgement: This study was funded by the Committee of Science of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (grant AP23483529).
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Association of Selected Genetic Polymorphisms with Arterial Hypertension in
the Kazakh Population

Gaukhar Bismildina, Zulfiya Kachiyeva”, Almas Kauysbekov

S.D. Asfendiyarov Kazakh National Medical University, Almaty, 050000, Kazakhstan
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Background: Arterial hypertension (AH) is a multifactorial disorder, that results from
complex interactions between environmental and genetic factors. It remains one of the leading
causes of cardiovascular morbidity and mortality worldwide. The contribution of genetic
predisposition to hypertension is supported by significant evidence, but population-specific data for
Central Asian populations, including Kazakhs, are still limited. This study aimed to investigate the
association between selected genetic polymorphisms and arterial hypertension in the Kazakh
population.

Materials and methods: A case-control study included 880 individuals of Kazakh
ethnicity, contained 400 patients diagnosed with arterial hypertension and 480 controls. Participants
were recruited from multidisciplinary hospitals across 17 regions within the Republic of
Kazakhstan. Genomic DNA was extracted from 200 puL of whole blood using KingFisher Flex-
Ready DNA Ultra 2.0 Prefilled Plates (USA). DNA concentration and purity were evaluated using
NanoDrop One/OneC and Qubit systems. Genotypic analysis of 93 selected single nucleotide
polymorphisms (SNPs) was conducted using the QuantStudio 12K Flex Real-Time PCR System.
Descriptive statistical analysis was performed and significant associations were identified after false
discovery rate (FDR) correction.

Results: Between the 93 analyzed SNPs, six polymorphisms demonstrated significant
associations with arterial hypertension after FDR adjustment: rs10067451 (LINCO00461),
rs10828266 (DNAJC1), rs11191548 (CNNM2), rs1421085 (FTO), rs1799998 (CYP11B2 and
LYGE-DT) and rs2856830 (HLA-DPAL). The strong associations were viewed for rs11191548 (p =
4 x 107, 1s10067451 (p = 5 x 10%) and 151799998 (p = 1x107%6). These findings indicate a
significant input of selected genetic variants to arterial hypertension predisposition in the Kazakh
population.

Conclusion: This study broadens current knowledge regarding the genetics of arterial
hypertension in the Kazakh population and agrees that population-specific polymorphic markers
play a role in disease susceptibility. The identified SNPs may serve as promising candidates for
future studies on genetic risk analysis and personalized prevention strategies for arterial
hypertension.

Acknowledgement: The authors acknowledge all study participants and the clinical
laboratory teams involved in sample collection, DNA extraction, genotyping and data analysis.
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MicroRNA—gene interaction networks in Esophageal Squamous Cell Carcinoma
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*Corresponding author:_saule.rakhimova@nu.edu.kz

Background: Esophageal squamous cell carcinoma (ESCC) is the prevalent histological
subtype in middle Asian region, including Kazakhstan. ESCC is characterized by poor prognosis
worldwide with a 5-year survival rate of less than 25%. According to the accumulating evidence
RNA/microRNAs can potentially be used in the clinics as a biomarker in diagnostic and therapy
ESCC.

Materials and methods: The transcriptome sequencing was performed following the Illumina
Protocol on NovaSeq6000 platform. STAR software and DESeq2 package have been used for
mapping and defining differentially expressed genes. Functional analysis of DEGs was performed
using various R packages.

Results: The results showed that the number of downregulated genes in cancer samples was
higher than the number of upregulated genes, especially in stages Il and IV. In contrast, most
differentially expressed miRNAs were upregulated across all stages. Overlap analysis between
DEGs and validated miRNA targets revealed multiple miRNA-mRNA regulatory pairs. Network
analysis demonstrated interactions between miRNAs and genes involved in key cancer signaling
pathways, including PI3K/Akt, Wnt, and Notch pathways, suggesting a regulatory roles of miRNAs
in the progression of esophageal squamous cell carcinoma.

Conclusion: Our analysis demonstrate that miRNA-mRNA regulatory interactions play a
significant role in ESCC progression. The identified regulatory networks and pathways may
contribute to the discovery of potential biomarkers and therapeutic targets for ESCC.

Acknowledgement: Study was supported by grants from the Ministry of Science and Higher
Education, Republic of Kazakhstan AP23489913, BR24992841.
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Association between Genetic Variants and Knee Osteoarthritis Risk: Insights
from the Kazakh Population

Zhanerke Tileules, Aiganym Tolegenkyzy, Zulfiya Kachiyeva”

S.D. Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan

*Corresponding author: kachieva@gmail.com

Background: Osteoarthritis (OA) is a prevalent musculoskeletal disorder characterized by
joint pain, stiffness, and reduced mobility. Genetic factors are known to play a significant role in
OA susceptibility, yet data on the Kazakh population remain limited.

Materials and methods: A total of 478 participants were recruited, including 292 OA
patients and 186 controls. Genomic DNA was extracted from peripheral blood samples and
genotyped using real-time PCR. A panel of 120 single nucleotide polymorphisms (SNPs), selected
from GWAS databases, was analyzed. Statistical analysis was performed using R software,
including chi-square tests, odds ratios (OR), and false discovery rate (FDR) correction.

Results: Eight SNPs were identified as relevant, among which five showed significant
associations with OA. The rs3753841 A/A genotype was strongly associated with increased OA risk
(OR=2.46, p<0.001). In contrast, rs4144782 A/A (OR=0.51, p<0.001) and rs6516886 A/A
(OR=0.45, p<0.05) demonstrated protective effects. Additionally, rs2061026 and rs2820436 were
associated with increased susceptibility. No significant associations were observed for rs1078301,
rs143384, and rs1060105. A family history of OA was frequently reported among patients,
suggesting a hereditary component.

Conclusion: This study identified several genetic polymorphisms associated with OA in the
Kazakh population, highlighting both risk and protective variants. These findings contribute to
understanding the genetic architecture of OA and may support the development of personalized
diagnostic and therapeutic strategies.

Acknowledgement: The authors express their sincere gratitude to the National Scientific
Center of Traumatology and Orthopedics named after Academician N.D. Batpenov and Astana
Medical University for providing biological materials and supporting this research.

Keywords: Osteoarthritis; SNP; Kazakh population; GWAS; genotyping; personalized
medicine.
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Role of Interleukins IL-17 and IL-38 in Thyroid-Associated Ophthalmopathy

Ainura Mussakulova, Gulnur Zhunussova”

Institute of Genetics and Physiology, Almaty, 050060, Kazakhstan

*Corresponding author: gulnur_j@mail.ru

Background: Thyroid-associated ophthalmopathy (TAO), the most common extrathyroidal
manifestation of Graves’ disease, is an immune-inflammatory disorder with a variable clinical
course. Pro- and anti-inflammatory cytokines are thought to contribute to its pathogenesis. 1L-17 is
a key pro-inflammatory mediator, whereas IL-38 has anti-inflammatory properties; however, their
roles in TAO remain unclear. This study aimed to assess IL-17 and IL-38 in TAO pathogenesis and
clinical course.

Materials and Methods: The study included patients with Graves’ disease: 132 patients
with TAO and 153 patients without signs of TAO. All patients underwent a comprehensive
ophthalmological examination with assessment of clinical activity using the CAS scale and disease
severity according to EUGOGO criteria. Levels of IL-17 and IL-38 were measured in serum, tear
fluid, and orbital adipose tissue. In addition, polymorphisms of the IL-17 gene (rs9463772/IL17F)
and IL-38 gene (rs3811058/IL1F10; rs7570267/IL1F10) were analyzed for their association with
disease activity and severity.

Results: Active TAO was associated with higher IL-17 and lower IL-38 levels compared to
inactive disease (p = 0.01). IL-17 levels increased with worsening clinical course of TAO, while IL-
38 levels decreased during disease progression. Correlation analysis showed a positive relationship
between IL-17 levels and TAO clinical activity and a negative relationship between IL-38 levels
and disease activity. The rs7570267 polymorphism of the IL-38 gene was significantly associated
with a protective effect against TAO activity (OR = 0.47; 95% CI 0.2-0.8; p = 0.002) and with
disease severity according to EUGOGO classification (y*> = 13.9; p = 0.008).

Conclusion: The results confirm the important role of 1L-17 and IL-38 in the pathogenesis
of TAO. Increased IL-17 levels and decreased 1L-38 levels are associated with more active and
severe clinical disease. The identified immunological and genetic features may be considered
potential markers of TAO activity and progression.

Keywords: thyroid-associated ophthalmopathy, interleukin, disease activity, polymorphism
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(0) MNOJHICTPUYHOCTH U MOKU3HCHHOM MHOI'OIIOAUH Y Ka3aXCKHX 0BCII

Toxrap Bekcenron?, banayp Axmeropa?

YHAO «Topaiicvipos ynusepcumemy, Iasnooap, 140008, Kazaxcman
2HAO «laxapum ynusepcumemy, Cemeti, 071410, Kazaxcman

* ABTOp-KOpPPECIIOHICHT: bexeitov.t@tou.edu.kz

OgueBojacTBo KazaxcraHa pacrosaraeT 3HAYMTENIBHBIM MOTEHIIMAJIOM pPOCTa, OJHAKO JUIS
MOBBIIIEHUST PEHTA0ENBHOCTH TpeOyeTcsi KPYIJIOTOJUYHOE IMPOU3BOACTBO STHATHUHBL B pabote
000CHOBaHa 11€JIeCO00PA3HOCTh CENEKIIMOHHO-TEXHOJIOTUYECKOTO TOTYYCHHUSI MOTMICTPUIHOCTH U
MOKU3HEHHOTO MHOTOIUIONUSL Yy Ka3aXxCKux oBel. [IpeicTraBieHbl AaHHBIE MPOMBIIUICHHOTO
CKpEUIMBAHUs Ka3aXCKOH KypAIOYHOU rpyOomEPCTHON MOPOAbI C POMaHOBCKOW (BBIXOJ STHSAT Ha
100 matok 171 % npotus 103 % y unCTONOPOAHBIX) U C JOPIEPOM (IIOBBILIEHUE MPeNyOOHHON
Macchl, BeIxon Tymu 49-50 %, BelpakeHHBIH 3¢ ekt rereposuca). OOCYKICHB T€HETUYECKHE
ocHOBbl mpuszHakoB (BMP-15 u gp.), ux mnaportunuueckass oOOyCIOBIEHHOCTb, a TakKke
yIpaBiIeHYECKHE TMPHEMBL: (OTONMEPHOA, TOPMOHAIBHAS CHHXPOHM3ALUS, <OPQPEKT camian,
¢mamuar. OTMEYEHBI TEXHOJIOTMYECKHE PHCKHM MHOTOIUIOJHBIX W HECE30HHBIX OKOTOB U
HANpaBJICHUS JATbHEHIINX HWCCIECAOBAHUI IO MHTEHCH(HKAIMKA OBIEBOACTBA B CEBEPHBIX W
[EHTPAJIbHBIX PETHMOHAX CTPAHBI.

KiroueBble cj10Ba: MOJMACTPHUYHOCTh; MHOTOIUIONWE, POMAHOBCKAs TIOPOAa; JOpIEp;
Ka3axckasi Kyp/rouHas rpy0omépcTHas; CKpeluBaHnue; HHTEHCHBHOE OBIICBOJICTBO.

BBenenne

OBLIEBOJICTBO SIBISIETCA Ba)KHEHIEH OTpacibio KMBOTHOBOJCTBA, K TOMY K€ OHO OBLIO
OCHOBHBIM 3aHATHEM HAIIUX NpeaxoB. OOMMpHBIE TEPPUTOPHH MACTOMIIHBIX YrOJMH CO31A0T
Ooup1LION OTEeHIMAN s ero pa3BuTHs. B 80-e rozpl npouuioro crojaeTus ObUT MUK €r0 Pa3BUTHSA B
Kaszaxcrane. PexopaHasi 4MCIIEHHOCTb OBEI] MOrojioBbs jgocturia 36 muH. rosnoB. Ho B 3moxy
MEePEeXOAHOT0 NMepHoa N3-3a MaJIEHUs CIIPpoca Ha OBEYBIO IIEPCTh, OTCYTCTBHS NepepaboTka KOXKH U
niepcTy noroyioBbe oBel] B Kazaxcrane pe3ko cokparuiiock. M B mocieaHue rojibl MOCTENEHHO
CTaJIO OBBIIIATHCS.

Tak, Ha uroas 2025 roja moronoBbe oBell U ko3 B Kazaxcrane cocraBmiio 22 993,8 TeIcsSY
ronoB. IlpuyeM OCHOBHOE MX MOTOJOBBE COCPEIOTOYEHO B IOXKHBIX, 3aMaJHBIX U BOCTOYHBIX
pernonax Kaszaxcrana (puc. 1) [1].

Meorpachuyeckoe pacnpegeneHne Y4CEHHOCTH OBel U KO3 Mo perMoHam Pecny6nuku KasaxcraH

YMCNeHHOCTD OBEY M KO3 NO
cocTosmMIo wion 2025 rog,
Teic. ronos

Pecny6nmka Kasaxcran |22 9938
9.8

PI/IcyHOK 1. FCOI‘pa(pI/I‘{CCKOC pacnpeaciicCHuC YMCICHHOCTH OBCI U KO3 IO PEruoHam
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DTO B OCHOBHOM 30HA TOJMYMYCTBIHHBIX U MYCTBIHHBIX MACTOUII. B CEBEPHBIX U EHTPATBHBIX
parionax Kazaxcrana Ooubliass pacrnaxaHHOCTh 3€MeJb, IMOATOMY OBEIl Majo. B ocHOBHOM
OBIIEBOJICTBO B Ka3zaxcraHe pa3BUBaeTCs 1O OSKCTCHCHUBHBIM TexHoOJOTHsM. [IpeoOmamaer
KPYTJIOTOJIOBOE IMACTOMITHOE M MAacCTOMITHO-CTOMIIOBOE COJEP’KaHHE OBEIl. Tak Kak OBIIEBOICTBO
MpEeACTABIsIET COOOW OMWH M3 OTpaciield arpoOu3Heca H3-3a OOJBIIOrO PHIHKA TOTPEOICHUS
OapaHUHBI U MOJIOJION SATHATHUHBI BO MHOTHX CTpaHa MUpa, Heobxoaumo u B Kazaxcrane, 0coOeHHO
B CEBEPHBIX M IIEHTPAJIbHBIX pPETHOHAX pPa3BUBATh HMHTCHCHBHOE OBIIEBOACTBO. Heobxommmo
YBEJIMYUTH BBIXOJ SITHAT JUISI TOTO, YTOOBI MOBBICUTH IMPOU3BOJICTBO MOJIOOHN STHATHHBI. K ToMy
e OHO B 1,5-2 pa3a cTOUT JOpOKe, YeM B 11eJI0M OapaHUHA.

B »sTOoM cwMmbicie pelnieHue 3aqaud  JIOCTHUKEHUS MMOJIMACTPUYHOCTH M TOKU3HEHHOTO
MHOTOIUTOMS Yy Ka3axCKHX OBEIl O4YeHb akTyanbHO. HO ckaxy cpa3y, 3TOT BOIIPOC CIIOPHBIM.
MHorue dhepMepsl, 1a 1 HEKOTOPhIE yYEHBIC TPOTUB ATOTO, TAK KaK Cpa3y BO3HUKAIOT CIOKHOCTH B
TEXHOJIOTHH, 3aTPaThl TPY/Aa, COXPAHHOCTH STHAT. ECIM BB XOTHTE CEPhE3HO 3aHATHCS OBEYHUM
OM3HECOM, 3THM CTOMT 3aHATHCS. K TOMY ke, Mepbl TOCIIOICPKKU TOIIEPKUBAIOT ITO.

Tak, 3a cmady Ha MSCO WJIM OTKOPMOYHBIE IUIOMIAJIKM OJHOIO SITHEHKA B CE30H JIAI0T
cyocumuu 3a oany roioBy 3 000 Tenre, torma kak 3a caady BHe cezoHa 7 000 Ttenre.
[TonuscTpUYHOCTH y OBEIl 03HAYAET CIIOCOOHOCTh K MHOTOKPATHOMY TPOSIBICHHUIO MOJIOBOM OXOTBI
(3cTpyca) B TeyeHHe roja. B oTiuuue OT CE30HHOW MOJUACTPUYHOCTH, KOTAA IOJIOBas OXOTa
MPOSIBIIICTCS. B ONPEACICHHBIC TMEpPHOAbl  (HampuMep, OCCHBIO), OBIBI  OO0JIAJAIONIHE
MOJIMACTPUYHOCTHIO, MOTYT MPUXOJUTH B OXOTY B JIF000€ BpeMsl rojia. ITO MO3BOJIUT MOJYYUTH OT
HUX MMOTOMCTBO Yallle, U B Pa3HbIE CE30HBI TOJ1a, YEM OT OBEI] C CE30HHOM MOJUICTPUUHOCTHIO. DTO
OUYeHb BAXKHBIN MPU3HAK, T.K. OM3HEC XOUEeT 3aKyNaTh SITHATUHY KPYTJIBbINA TOJI.

K coxasieHpI0 MOJUACTPUYHOCTH OTHOCHUTCSI K IMOJYPEIIECCUBHOMY THUITY T'€HOB. A TPU3HAK
MHOTOIUIOAMSI Y OBEIl HacleayeTrcs W oOyclaBIMBaeTcsli reHoM MHoromioaus. OHO sBiseTcs
nopoAHbIM Tpu3HakoM. Koaddumnment nacnemyemoctu MHororioguss B mpuzgenax 0,15-0,25.
OpHako, SBOJIOIMOHHO OTOMpasl MHOTOIUIOMHBIX OCOOEH OHO 3aKPEIUIsIOCh B IOKOJICHUSX U
MPEBPAIIAIOCh B TOPOIHBIN MPU3HAK.

Tak, MHOTOITOAMEM XapaKTepU3yeTCs TaKue MOPObl Kak (PUHCKUIA JTaHapac, pOMaHOBCKas,
JopHep U HEKOoTopble Apyrue moponabl. K ToMy ke mpu3HaK MHOTOIUIONUS OYEHBb MOJBEPIKEH
BIIMSIHUIO TMAPATUTIMYECKUX (PAKTOPOB U OCOOEHHO CTPECCOBBIM M HEOJIATOMPUSITHBIM YCIOBUSIM
obutanus [2].

Tem He MeHee, NIl OBEll IUIOAOBUTOCTh — MPU3HAK PETyIUPYEMbId (PAKTOPOM T€HOTHUI —
cpena.

EcTtecTBeHHO, OKOTHI B pa3HbI€ CE30HBI I'0J1a, MHOTOILJIOIHBIE TTOMETHI B TIPOU3BOICTBEHHBIX
YCJIOBHUSIX OYEHb CJOXXKHO OCYIIeCTBUTh. HO Ham KaxkeTcs, «OBYMHKA CTOUT BBIICIKH» Kak
TOBOPHUTHCS B TTIOTOBOPKE, OCOOCHHO B CEBEPHBIX M LIEHTPAIbHBIX PETHOHAX, I/Ie MOKHO HAJaJUuTh
HHTEHCHUBHOE OBIIEBOJICTBO.

Martepuanbl 1 MeTOABI

VY Hac yxe ecTb HEKOTOpble HapaboTku B 3ToM HampasieHuu. B 2020 rony KX «bapakr
Arpo» IlaBnogapckoit obmactu 3aBe3no 200 sipok poMaHOBCKOM mopoasl u3 bamkupun ans
pasBegnusa. Ho neno pameme He mouwto. OTCyTCTBHE JODKHOIO yXOJa 33 MHOTOIUIOJHBIMU
MIOMETaMHU MPUBEIO K OOJBIIMM MOTEpsIM SATHAT. Mcnonb3oBaHue 6apaHOB pOMaHOBCKOW MOPOIbI
Ha Hallel Ka3axCKoW KypAr4HOM rpy0omEPCTHOM MOPoAe A0 HE MII0XHE Pe3ynbTaThl [3].

Tabmmma 1 — Bocipon3BoauTenbHbIC KaueCTBAa OBIIEMATOK

I'pynnel OcemeHeHbl O6parammmcy | OmnoaBopsiemocts, % |  Pomunocs Brixon
roJI0B TOJIOB SITHSIT, TOJIOB | MIPpHUILIONA, %
Y/m KKI' 102 98 96 101 103 %
KKT™* 48 45 93 77 171 %
PomaHoBcKkas
Htor 150 143 95 178 124 %
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B nrore, noaykpoBHbIE MAaTKH 10 POMAHOBCKOM MOpOJI€ Aaau BeIXo ArHAT 171 % Ha
100 matok, Toraa Kak YUCTOIOPOIHbIE MaTKu Juihb 103 %.

B nenax cpaBHUTENBHON OLIEHKM MSACHOM NMPOJYKTUBHOCTH STHAT PA3IMYHbIX T€HOTHUIIOB B
pa3Hble BO3pacTHbIE TMEPUOJbI OBUIM MpOaHATM3UPOBAaHBl JaHHBIE 10 JKMBOM Macce H
CPEIHECYTOUHBIM IPUPOCTAM MUBOTHBIX JBYX TIPYIII: YHCTONOPOJHBIX KAa3aXCKHUX KYpPIIOUHBIX
rpyoomépctabix (Y/m KKI') 1 mOMecHBIX SATHST, MOJYYEHHBIX OT CKPEIIUBAHHS C POMAaHOBCKOU
nopojaoi. Mi3mepenust mpoBOAWINCH MPU POKICHHUH, B Bo3pacTe 4,5 U 8 MecsleB, ¢ NOCISAYIOIUM
pacuéToM IPHUPOCTOB Macchl 110 MHTEepBaiaM. lloayueHHble aHHBIE MPEICTABIEHBI CO CPEIHUMU
3HAYEHUSIMU M CTaHJAAPTHHIMH OLIMOKaMH, YTO TIO3BOJIIET IPOBECTH IMPEIBAPUTEILHYIO
CTaTUCTUYECKYIO MHTEPIPETALUIO.

Tabnuua 2 — Poct u pazsutue aruar (mo 10 rono B kaxa0u rpynime):

JKUBasi Macca IIpupocr, rp
TTpouCXORIeHHe | MpH posKICHNH KUBas Macca | JKUBas Macca
P | B4,5mv-ma, kr | B8 M-ma, kr | OT POXKI. 10 or 4.5 10 8
KI 4,5 M-B M-B
UY/n rpy0oriepcTHbIe 4,5+0,02 40,2 £ 0,19 48,5 +0,36 264 110
Tlomecbc 3,2 40,05 356+0,09 | 41,6+0.44 240 80
POMaHOBCKO

Pe3ynbrarhl u3MepeHU MOKa3aau, YTO ATHATA YUCTONOPOJHON IPYMIbl XapaKTEpU30BAINCh
0oJiee BBICOKOHM J>KMBOW Maccol mpu poxkaeHun — 4,5+0,02 Kr, 1Mo CpaBHEHHUIO C ITOMECHBIMH
XKUBOTHBIMH — 3,2+0,05 Kr, 4TO MOXET OBITH CBSI3aHO KaK C OOJIBIICH Maccoil TeJa MaTepe, Tak u C
MEHbIIEH MHOIOIUIOJHOCTBIO Yy JaHHOW rIpynmbl. PasHunia Mexay rpynnamMy IO Macce Ipu
POXKIEHUH CcTaTuCTU4Yecku BbIcokogocToBepHa (P<0,001 mo t-kpurepuio CTbIOAEHTA), YTO
MIO/ITBEPIKIaeTCs KpaiiHe MajibIM CTaHIapTHBIM OTKJIIOHEHHEM. AHAJIN3 )KMBOW Macchl B
4,5-MecsTYHOM BO3pacTe TaKXKe CBUIETENbCTBYET O MPEUMYILECTBE YUCTONOPOJHBIX STHAT
(40,2+0,19 xr mpotus 35,6+0,09 Kr y HOMECHBIX), IPUYEM IPUPOCT MACCHI OT POXKJIECHUS 10
4,5 mecsi1ieB y 3TOM TPYIIBI COCTaBUI B cpeiHeM 264 r/cyT.

Y IOMECHBIX JKUBOTHBIX 32 TOT K€ MEePHOA MPUPOCT ObLT HIDKE — 240 T/CyT, 4TO MOKET OBITH
00bsicHeHO 3(h(heKTOM MeHbIIeH cTapTOBON MAaccChl, a TAK)KE BO3MOXKHBIM BIMSHUEM MHOTOILUIOANS,
IIpY KOTOPOM OTPaHUYMBAETCS POCT Kakaoro sirHéHKa. [Ipu sToM paznuuus no mMacce B 4,5 Mecsiia
ocTaroTcst cratucTuuecku 3HauuMmbiMH (P<0,01). K 8 mecsmam pasHuna B mMacce cOXpaHsercs:
YUCTONOPOJHbIE ArHATa JocturaroT 48,5+0,36 Kr, Torma Kak Macca IIOMECHBIX COCTaBIISIET
41,6+0,44 xr. OgHako TeMIbl MPUPOCTa BO BTOPOM BO3pacTHOM MHTepBaie (oT 4,5 1o 8 Mecsues)
3aMEeIIAIOTCS y 00enx Tpymnn: y uyuctonopofusix 10 110 r/cyt, y momecHsix — g0 80 r/cyt. OT0
MOKET OBITh CBSI3aHO C (PU3MOJIOTMUECKUM CHM)KEHHEM MHTEHCHBHOCTH POCTa Yy MOJPACTAOLIUX
KHMBOTHBIX, @ TAKXKE C OrpPaHMYCHHEM KOPMJIEHUS UM CHI)KEHHEM HHEProo0ecredeHHOCTH B 3TOT
nepuos.

B nenoMm, aHamu3 AEMOHCTPUPYET YCTOMYMBOE NPEBOCXOACTBO IO IOKA3aTENsIM KUBOU
Macchl U CPEAHECYTOYHOIO MPUPOCTA Y YHUCTONOPOIHBIX Ka3aXCKUX KYpJIOUHBIX SATHAT. OpHaKo
IpU PacCMOTPEHMM JAHHBIX CJEIyeT Y4YUTbIBaTh, UYTO IIOMECHBIE >KMBOTHBIE 00Ja/la0T
BBIPQKEHHBIM MHOTOIUIONNEM (CM. paHee MPOBEIEHHBIM aHaNIN3), YTO MOXKET KOMIIEHCHPOBATH
MEHBIIIYIO MacCy OTJIETBHBIX 0C00€H 3a CU€T OOJBIIEro OOIIET0 BhIX0/a )KMBOW MacChl HAa MaTKYy.

Tabnuna 3 — Onenka >p¢GeKTUBHOCTH YHCTOMOPOJHBIX M MOMECHBIX C POMAHOBCKOW MOPOJBIN
OBeI|

Brixon srasT Ha | Beixox B kuB | Bwixox Msca mpu CroumocTh
IIpoucxoxnenue
1 maTok macce, Kr 56 %, kr SITHATUHBI, TT
Y/m rpymepct 1 48,5 27,1 81300
ITomech 1,7 70,7 39,5 118500

Ilpumeuanue: 1 ke senemunvt — 3000 menee
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Craructryueckas MHTEPIPETAIHS PE3YJIbTaTOB IMOATBEPIKIACT TIOCTOBEPHBIC PA3IINYUS MEKITY
rpynmnamMi 1o BceM Bo3pacTHbIM ToukaMm (P<0,01-0,001), 4ro HEOOXOIUMO YUUTHIBATH MpPHU
MJITAHUPOBAHUH TUIEMEHHOW U MSCHOW HAIIPaBJICHHOCTH MPOU3BOJICTBEHHBIX CUCTEM.

MeX1nopoiHOe CKpEIIMBaHUE Ka3aXCKUX OBIIEMAaTOK C POMAaHOBCKMMH OapaHamMu TO3BOJIHIIO
MOJIYYUTh TIOMECHOE TOTOMCTBO ¢ 0oJieeé BBICOKUMHU IPOU3BOJCTBEHHBIMUA TOKA3aTEISIMU:
yBennueHue Bbixojaa sSrasaT Ha 100 matok ¢ 103 % no 171 %, poct xuBoit maccel sirHar 10 70,7 Kr K
8-MecsYHOMY BO3pacTy y MOMeceH, MOBBIIICHHE BBIXO/[a Msica U JJOXOJHOCTH Ha OJIHY OBIIEMATKY C
81300 mo 118 500 Tenre. Takum 00pa3oM HCIOJIB30BAaHHUE IMOMECHOTO IIOTOJIOBbS HAa OCHOBE
POMaHOBCKOH M Ka3aXCKOU rpyOOIIepCTHOM MOPO MOXKET OBITh PEKOMEHIOBAHO KaK MPAKTHUYECKOE
pereHue s pepMepCKuX XO035HUCTB, CTPEMAIIUXCS YBEIUIUTh MPOAYKTHBHOCTb, aJalTaIlAOHHYIO
YCTOMYHUBOCTh U SKOHOMUYECKYIO BHIFOJ1Y OT OBLIEBOJICTBA.

PesyabTaTsl

B KX «Taucus» HamMu NpPOBEIEHO IPOMBIIUICHHOE CKPEIIMBAaHUA MAaTOK Ka3aXCKOW
KypAIO4HOM rpyOoImépcTHO moponasl ¢ OapaHaMu HOpoAbl jgoprep. Pe3ynbraTsl sBIAIOTCA
IPUMEPOM TOJIOKHUTEINBHOTO BiusiHuE 3 dekTa rereposuca [4].

Tabmuna 4 — Poct u pa3BuTHe OapaHUMKOB Ka3aXCKOW Kyp/AIOUHOH IpyOOIIEpCTHON MOpPOAbI U
MMOMECHBIX ¢ gopriepom (0—4 mec)

Macca mpu Maccas4 | CpenHecyTOUHBIH, | AOCONIOTHBIN OTHOCUTENBHBIN
I'pynna 0
POXKIEHUH, KT | Mecsa, KT I/1eHb MIPUPOCT, KT npupoct, % = SE
KT’ 4,2+0,06 34,2+0,14 250+0,05 30,0+0,14 714,3+5,0
HopnepxKI' 4,5+0,06 36,9+0,18 270+0,05 32,4+0,18 720,0+5,0

Tabmuma 5 — PocT u pa3BuTHe OapaHUMKOB Ka3aXCKOW KypAIOYHON TIpyOOIIEepCTHON MOPOABI U
MTOMECHBIX C flopriepoM (4—6 mec).

I'pynma MaccaB4 | Macca 6 | CpenHecyTouHblii | AOCONIOTHBIH OTHOCUTENBHBIH
Mecsila, KI | MecsleB, KI' | TPHPOCT, I/ IeHb MIPUPOCT, KT npupoct, %
KT 34,2+0,14 38,0+0,12 630,02 3,8+0,14 11,1+1,0
HopnepxKI" | 36,9+0,18 43,5+0,15 110+0,03 6,6+0,18 17,9+1,2
AHanu3 MNpeCTaBICHHBIX JIaHHBIX [IOKa3bIBA€T 3aKOHOMEPHOCTH POCTa U Pa3BUTHUSA

0apaHYMKOB B JIBYX BO3PACTHBIX MHTEPBAIAX: OT POXKIACHUS 10 4 MecsieB u oT 4 10 6 mecsies. B
MEepHOJ, OT POXKACHUSA MO 4 MecsieB HAOMIOAAeTCad 3HAUMTENbHOE YBETUYEHHE MAacCChl Tela, 4YTO
COMPOBOXKIACTCSI BHICOKUMH AOCOJIOTHBIMU M OTHOCHUTEIBHBIMU TMpUpocTamMu. CpeaHecyTOUHBIH
MPUPOCT COCTaBIsieT CTaObuibHBIE 3HadeHWss B mpenenax 250-270 r/meHb, 4TO TOATBEPIKIAET
WHTEHCHUBHBIA POCT Ha TaHHOM »Tane. OTHOCUTENbHBIN TPUPOCT MPEBHIIIAET
700 %, 4TO CBUAETENBCTBYET O BHICOKOW CKOPOCTH HAKOIUIEHUS MAaCChl OTHOCUTEIBHO MACCHI IPH
poxxkneHun. Bo BTopoM Bo3pacTHOM HMHTEpBaje, OT 4 10 6 MeCAIEeB, TEMITbl IPUPOCTA CHIKAKOTCH,
YTO SIBISETCS TUMUYHOW (DU3MOTOTHYECKONW 3aKOHOMEPHOCTBIO I JAHHOTO TMEPHOa Pa3BUTHSL.
CpennecyTounblii mpupocT coctaBisieT or 63 go 110 r/aeHb, a OTHOCHTENBHBIM MPUPOCT HE
npesbimaet 20 %. ITo oTpaxkaeT nepexo/i OT aKTUBHOTO POCTa K 3aMEJICHHIO TEMITOB HAKOTUICHUS
Maccel. CHIDKEHHE WHTEHCHBHOCTH POCTa CBSI3aHO C BO3PACTHBIMH H3MEHEHUSMU B OOMEHE
BEIIIECTB M OKOHYAaHHWEM (OPMHPOBAHMSI OCHOBHBIX CTPYKTYp Tena. To ecTh MpH MPOW3BOJICTBE
MOJIOJION SITHATHHBI HAJI0 UCTIOJIB30BAaTh TEMIIbI IPUPOCTA UMEHHO B MIEPBbIE MECSIIbI )KU3HU.
Crnenyrommum stanioMm HUP crano u3ydenne MopdoIoruaeckoro cocraBa Tyil OapaHuYUKOB 6
MECSYHOTO Bo3pacTta. JlaHHble MOpP(]OIOrHYECKOro cocraBa TYIIHM IMPEACTaBICHBI B Tabmuie 6.
Ananu3 MoOp(OJIOrMYEeCKOro CcocTaBa TYyII IOKAa3bIBaeT XapaKTEpHble 3aKOHOMEPHOCTU
pacmpeseneHus TKaHel u kupa y OapaHUMKOB B HccleayeMbix Tpymmax. [IpemyOoiinas macca
COCTABJISIET 3HAYUTEIBHYIO BEIMYMHY, YTO CBHJICTEILCTBYET O XOpOIIeH (HHU3MOIOTHIECKOM
KOHJIUIIUU KUBOTHBIX K MOMEHTY y0os1. Macca Tymu u yOoifHas Macca IEMOHCTPUPYIOT BBICOKUM
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YpOBEHb BBIXOJAa MPOAYKIMH, COOTBETCTBYIOIIMIA COBPEMEHHBIM TpPEOOBAaHUSM MSCHOTO
OBIIEBOJICTBA.

Tabmuia 6 — Mopdonorudeckuit cocras Ty SrHAT KI' 1 moMecHBIX ¢ opriepom, 6 Mec.

ITokaszarenn KT’ JopnepxKI'
[IpenyOoitnas macca, Kr 38,0+0,5 43,5+0,5
Macca Tymu, Kr 18,3+0,3 21,5+0,3
Vooiinas macca, KT 22,004 25,0+0,4
XBOCTOBOM KU, KT 1,5+0,1 2,0£0,1
Buytpennuii xxup, Kr 1,25+0,1 1,50+0,1
MplitieuHas TKaHb, KT 11,90+0,2 13,98+0,2
Mpbimieynas TkaHb, % 65,0+1,0 65,0+1,0
Kocreii u cyxoxunuii, kr 3 3,66+0,1 4,30+0,1
Kocreit u cyxoxunuii, % 20,0+0,5 20,0+0,5
Koaddurnment mscaoctu 3,25+0,10 3,25+0,10
Beixon tymmu, % 48,2+0,5 49,5+0,5
YOOIHBIH BBIXO/I, 58,0+£0.4 57,0+£0,4
TonmuHa xupa, MM 1,5+0,1 1,8+0,1

ConeprkaHue MBIIICYHON TKaHU B TyHIaX OCTAeTCs Ha CTaOMIIBHOM ypPOBHE, COCTaBIISSL OKOJIO
65 %, uyTo yka3bplBaeT Ha cOajlaHCUPOBAaHHOE pa3BUTHE YXKUBOTHBIX. [IpolleHTHOE conep:kaHue
KOCTEH U CyXOXMIMH coctaBisier nopsaka 20 %, 4To sBiseTcs HOPMOM AJIs JaHHOW BO3pacTHOU
KaTeropuu U MOATBEPKAaeT Xxopomnii koddduuuent mscaoctu. )KupoBasi TKaHb, PEICTaBICHHAS
XBOCTOBBIM M BHYTPEHHUM JKMpPOM, COXpaHserca B mpeaenax 15 % oOT Macchl TyUIM, YTO
CBHJICTEIILCTBYET O (DU3MOJIOTUYECKH OOOCHOBAaHHOM YPOBHE >KHPOBOHW OTJIOKEHHOCTH. BbIXon
TyLIU HaxoauTces B quana3oHe 48—50 %, 4To COOTBETCTBYET CTaHAAPTHBIM 3HAYEHUSAM Il MSACHBIX
nopoa W momeced. YOOWHBIH BbIXOJ nocturaer 57-58 %, nemoncTpupys 3¢ddexTuBHOCTH
HAaKOIUICHHST MAacChl W ONTUMAJbHBIE COOTHOIICHHS MEXIy MbIIICYHOW TKaHbIO, >KUPOBOM
OTJIO)KEHHOCTBbIO M KOCTHOM Maccod. OTH pe3ynbTaTbl MOATBEP)KIAIOT IPUTOJHOCTb JAHHBIX
JKUBOTHBIX JIA TPOU3BOJACTBA BBICOKOKAYCCTBCHHOI'O MACA.

3ak/oueHue

Hamum nanbHeiimue wuccienoBaHuss OyayT HampaBlieHbl B IEJIOM Ha  JJOCTH)KEHHUE
MOJINACTPUYHOCTHU U MOKU3HEHHOTO MHOTOIUIOAMS Ka3aXCKUX OBEL.

[TonmuacTpUYHOCTh Kak MbI YK€ OTMETWIM B Hayajle — 3TO CIIOCOOHOCTh OBIIEMATOK
MPUXOJAUTh B OXOTY M OCEMEHSThCS HE TOJBKO B TPaJWLMOHHBIA CE30H (OCEHBIO), HO U
KPYIJIOTOJIMYHO, WM XOTs Obl B pacIIMpeHHBIH nepuoA. JJoOMBaThCS 3TOr0 MOXKHO KOMIUIEKCHO
KaK CeJEeKIMOHHBIMHM, TaK W TEXHOJOTMYECKMMH IMpUEMaMH YIPaBICHUS BOCIPOU3BOICTBOM,
KOTOpPbIE BO3JICHCTBYIOT Ha (PU3UOJIOTHIO )KUBOTHBIX.

K cenekmoHHBIM NpHeMaM MOKHO OTHECTH NMPWJINTHE KPOBU K HAIIUM Ka3aXCKUM MOpOJiamM
KpPOBH HMOJUACTPUYHBIX M MHOTOIUIOJHBIX MOPOJA Kak (PUHCKUI JIaHapac, pOMaHOBCKasi, JOpHep U
apyrue. Taxke BHYTpU HAlIMX MOPOJA KeJaTeabHO OTOMpaTh 0apaHOB U MATOK M3 MHOTOILIOAHBIX
MIOMETOB, JIJIsl HAKOTJICHUS B TOTOMCTBE T€HOB 3THUX MPU3HAKOB [5, 6].

N3 TeXHOIOrM4eCKNX IPUEMOB MOYXXHO OTMETHTB:

1. CseroBoii pexxum (poronepuosa) — T.e. UCKYCCTBEHHOE PEryJIMPOBaHUE JJIMHBI CBETOBOTO
JIHS C TIOMOIIBIO OCBEILIEHUS B OBUAPHSIX.

2. T'opMoOHaIBHBIC METO/TBI:

- HCHOJb30BaHHWE MPOTECTEPOHOBHIX T'YOOK, MMIUIAHTOB MM BaruHaJbHBIX TaMIIOHOB C
MOCNeAYIONEeN HHbEKIMEeH TOHAJPOIHOB;

- CHHXPOHH3aIUsl OXOThI U UHIYKIIHS ITOJI0BOM aKTUBHOCTHU B «HE CE30H.

3. @apMakoI0ru4ecKass CTUMYJIALHUS.

4. «OddekT camiiay:
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- BBEJICHHE B CTa0 OapaHOB MOCIE MEPUO/IA U0,

- PE3KUI KOHTAKT C CaMIlaMU CTUMYJIMPYET IOJIOBYIO OXOTY Y OBLIEMATOK.

5. Kopmiienne u sHepretndyeckoe nurtaHue ((QJIAmIMHT) — TOBBIMICHHE HEPreTHYECKOTO
YPOBHSI palioHa 3a 2-3 HeJleNu 10 CIIyYKHU CTUMYJIHUPYET pa3BUTHUS O0JbLIEro yucia (GOoIMKyIoB U
IIOBBIIIAET BEPOATHOCTD OIJIOZOTBOPEHMSI.

[To BceM 3TUM HampaBiICHUSM y HAC €CTb HApaOOTKH, U MBI IUNIAHUPYEM aKTHBH3HPOBATH MX
uccnenoBanus. EcrecTBeHHO, BO3HUKAET BOIPOC, a KAK YXaXHUBATh 3a ATHATAMU UX MHOTOILJIOAHBIX
IIOMETOB, J1a €IlI€ PO’KJICHHBIX B pa3Hble C€30HBI ro? DTO 3a/1aya AJis UCCIEI0BaHUM, KOTOPBIE MbI
TOK€ HAMEPEHBI 3aHAThCSL.

Ecnu MBI XOTUM NIPEBpaTHTh OBIIEBOJACTBO B PAa3HOBUAHOCTH PEHTA0EIBHOTO arpoOu3Heca,
3TUM HaJI0 3aHUMAThCsI KAK YUEHBIM, Tak U pepMepaM OBLIEBOJIAM.
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Moanmopdusm renoB CSN3, BLG u PRL u ero cBsi3b ¢ Mo104HOM
NPOAYKTHUBHOCTHIO U CHIPONPUTOTHOCTHI0 MOJIOKA CHMMEHTAJIbCKOI MOPObI
KOpOB

ox
Toxrap bekcentos, MiBan Becenosckuii , 3apuna KamnmakbaeBa

HAO «Toraighyrov Universityy, ITasnooap, 140008, Kaszaxcman

* ABTOp-KOppecnonaeHT: veselovskii_lvan@mail.ru

N3yueno pacmpeznerneHne TIeHOTHNOB 1o TeHam Kkamma-kazenHa (CSN3), Oera-
nakrorinoOynuHa (BLG) u mponaktuna (PRL) y KOpOB CHMMEHTAILCKON MOPOJIBI M OICHEHA UX
CBS3b C MOJIOYHOM MPOJYKTUBHOCTBIO M CBHIPONPUTOJHOCTHIO MOJIOKA. [ eHOoTHUIHMpOBaHUE
KUBOTHBIX MpoBo v MeTooM TTIP-TT/IP®. Ycranosneno, uto nmo reny CSN3 gactoTs! annenei
A u B cocraBumu 0,51 u 0,49; mo BLG — 0,36 u 0,64; mo PRL — 0,67 u 0,33. Haunyumue
nokasarenu 1mo reny CSN3 umenu s)xuBoTHBIC ¢ TeHOTHIIOM BB: yio#i mpeBsiman mokaszarein KOpoB
¢ renotuniamu AA u AB Ha 160,4 u 129,3 kr, conepxanue xupa — Ha 0,2 %, 6enka — Ha 0,06 %.
ITo reny BLG nambosnee BBICOKHI YHOH M BBIXOJ MOJIOYHOTO KHMPA BBISBICHBI Y KMBOTHBIX C
reHotuniom AA, a HauOonblee coaepkanue Oenka — y kopoB ¢ renorunom BB. Ilo reny PRL
JyYIIUe MOKa3aTeNId MOJIOYHOMN MPOIYKTUBHOCTH YCTAHOBJICHBI Y KOpOB ¢ TeHoTHIIoM AA. Jlydmast
CBIPOIIPUTOAHOCTH MOJIOKA 0oTMe4YeHa Y KopoB ¢ reHotuniom CSN3BB: ¢a3za koarymsiuuu coctaBuia
3,18 MwMH, TIOJIYYEHHBIM CryCTOK OTJIMYajCcs OOJdblIel  TUIOTHOCTBIO U JIYUIIUMH
OpPraHOJIENITUYECKUMHU  CcBoMcTBaMU. [lomyueHHble JaHHBIE MOATBEPXKIAIOT  BO3MOXKHOCTh
ucnonb3oBanusi reioB CSN3, BLG u PRL B xauecTBe MOJIEKYIIpPHO-TEHETUYECKUX MAapKEPOB MPH
CEJIEKIIMM CHMMEHTAJIbCKOTO CKOTA.

KiroueBble cJjioBa: CHMMEHTaJbCKas IOpOJA, Karma-Ka3euH, OeTa-JIaKTOrIo0yInH,
MIPOJIAKTUH, MOJIOYHAsI POTYKTUBHOCTb, CBIPOTIPUTOJHOCTH MOJIOKA

Beenenue:

[ToBpimenne 3QGEeKTUBHOCTH CENEKIIMOHHO-TIIIEMEHHON paboThl B MOJIOYHOM CKOTOBOJICTBE
HampsIMyIO0 CBSI3aHO C TOYHOCTBIO OIEHKM IUIEMEHHOHM IIEHHOCTH JXHBOTHBIX W BO3MOYKHOCTBIO
paHHEro BBISBICHUS O0CO0El C JKelaTenbHBIMH  XO3SHCTBEHHO-TIOJIC3HBIMU  TPHU3HAKAMHU.
Vcnonp30BaHne MOJEKYISIPHO-TEHETHYECKMX MapKepOB IIO3BOJISIET JIOTIONHUTH TPAJAUIIMOHHBIC
300T€XHUYECKHE TMOAXOMAbI MPSMON OLEHKONH TEeHOTHMA, YTO OCOOCHHO Ba)KHO JUIS MPU3HAKOB,
MPOSIBIISIIOIIUXCS B OoJiee MO3JHEM BO3pacTe M B 3HAUUTENBHOW CTENEHH 3aBHCAIIMX OT YCIOBUH
cpens [1;2].

Cpenu TeHOB-KaHIUIATOB, BIHSIOMINX HA MOJIOUYHYIO MPOJYKTUBHOCTh W Ka4eCTBO MOJIOKA,
0COOBINi MHTEpEC MPEACTABISIIOT T'€Hbl MOJOYHBIX OETKOB M TOPMOHOB JlakTanuu. ['eH Kamma-
kazenHa (CSN3) cBsizaH ¢ OEIKOBOMOJIOYHOCTBIO M TEXHOJOTHUYECKUMH CBOWCTBAMH MOJIOKA,
IpeX/e BCEro C ChIPOMPUTOAHOCThIO. ['eH Oera-nmakrornodynuna (BLG) accouuupoBan ¢
OEJIKOBBIM COCTaBOM MOJIOKa, a TeH mnpojaktuHa (PRL) yuacTByer B perynsuuu oOpa3oBaHMs U
CeKpenuu MoJoka [5].

JUIS CHMMEHTAJIbCKOW TOPOJBI, COYETAIOMICH MOJIOYHYI0O M MSCHYIO IPOTYKTHBHOCTb,
1o/1I00HBIE UCCIIEIOBaHHsI OCOOCHHO aKTyanbHbl. Pacnipenenenue renotunos mo renam CSN3, BLG
n PRL MoXeT pa3nmnyatrhCsi B 3aBHCHMOCTH OT IOPOABI W IOMYJISIIIHH, ITO3TOMY pPErHOHATbHBIC
JaHHBIE UMEIOT OOJIBIIIOE 3HAUCHHUE JIJIsl MPAKTHUECKOH cenekuuu [3;4].

B Kazaxcrane yxe TMpOBOAWINCH HWCCIEIOBAHUS, TIOCBSAMIEHHBIE W3YYEHUIO TEHOB-
KaHJIUJATOB, CBSI3aHHBIX C MIPOAYKTUBHBIMU MPU3HAKAMU Y CHMMEHTAIILCKOTO cKoTa. B wacTtHOCTH,
Bekseitov et al. mokasanu 3HAYUMOCTH aHaJIM3a KCIIPECCHU TEHOB-KaH/IUIaTOB JIMITUIHOTO OOMeHa
y CHMMEHTaJbCKOTO CKOTa Ka3aXCTAaHCKOW CeNeKIUH, YTO TMOATBEPKAAET MEPCIeKTHBHOCTh
WCIIOTH30BaHUS MOJIEKYISIPHO-TEHETHIECKUX TIOJIX0/I0OB B CEJIEKIIMOHHOM padoTe [10].
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Henpto pabGotbl Obuto u3yunth nomumopdusm remoB CSN3, BLG u PRL y xopos
CUMMEHTAJIbCKOM TMOPOABI U OLEHUTh BIUSHUE PA3JIUYHBIX TE€HOTHUIIOB HAa MOJIOUYHYIO
MPOJYKTHBHOCTh U CHIPOIIPUTOAHOCTH MOJIOKA.

MarepuaJjbl 1 METOIbI:

HccnenoBanue BBIOJIHEHO Ha KOpOBaX CHUMMEHTAIbCKOW mopoabl XxozsiictBa TOO
«amumkoey. Jlna ananuza nomumopdusma reHa CSN3 Obuto uccienoBano 103 XKMBOTHBIX, T'eHA
BLG — 114 xwuBorHbix, TeHa PRL — 77 >xuBoTHbIX. OLEHKY MOJIOYHOM HPOAYKTHBHOCTH
MPOBOAMIIN TI0 ynoro 3a 305 mgHel jakTaliu, MacCoBOM J0Jie Kupa M OeliKa, a TaK)Ke IO BBIXOIY
MOJIOYHOT'O JKHPa U MOJIOYHOTO OeliKa.

Ot xMBOTHBIX 0TOMpanu mpoosl KpoBu. [Ipenapater JIHK BbIensmu ¢eHon-x10poGOopMHBIM
METOZIOM C WCIoJib30BaHKeM Habopa peareHToB «JIHK-cop6-C» (AmpliSens). KauectBo u
koHueHTpauuto JIHK ouenuBanu snexrpodoperuyecku B 1,5 % arapozHom reie.

I'enotunupoBanue npoBogwm metogom [THP-TTAP®. ns rema CSN3 wucnons3zoBanm
pectpuktasy Pstl, nis BLG — Haelll, nims PRL — Rsal. AMmmndukaiiuio BeIMOIHSIN B 35 IUKIIOB C
TEMIIEPATYPHBIM PEXKHUMOM, COOTBETCTBYIOIIUM KaXKIOMY JIOKYCYy. /Il OIIEHKM COOTBETCTBHS
pacmpejieieHuss TEHOTUIIOB paBHOBecuio Xapau—BaitnOepra paccuuTbiBanu Kputepui x2.
CheIpOnpUroTHOCTh MOJIOKa W3y4alu 1o (a3e Koaryisamuu, oOImed TpOoAOKUTEIFHOCTH
CBEPTHIBAHUS, 00BEMY BBIICTUBIICHCS CHIBOPOTKU U OPTaHOJICTITUYECKUM CBOWCTBAM IOJIyY€HHOTO
CchIpa.

Pe3yabTaThl M 00Cy:KI1eHHE:

AHanmm3 TeHETUYEeCKOH CTPYKTYpbl HCCIEIOBAHHOTO CTajga mokaszai, uto mo reny CSN3
yactoTel auteneii A u B cocrasmim 0,51 u 0,49 cooTBeTCTBEHHO; YacTOThl reHoTUIOB AA, AB 1
BB — 27,2 %, 48,5 % u 24,3 %. Ilo reny BLG npeobmanan aymutens B: ero wacrora cocrasmia 0,64
npu yactote amwtens A 0,36; nons renotunioB AA, AB u BB cocraBuna 12,3 %, 48,2 % u 39,5 %.
ITo reny PRL gacroter amneneit A u B Opumu paBuber 0,67 u 0,33, a renoruner AA, AB u BB
BcTpedayuch ¢ dactotort 41,5 %, 52,0 % u 6,5 % coorBercrBeHHo. ITo CSN3 u BLG crano
HaxOJUJIOCh B COCTOSIHUM T€HHOT'O paBHOBecHs, Torja kak mo PRL nabmromanmoch cmelieHue B
CTOPOHY M30BITKA T€TEPO3UTOT.

[To namabpiM psima aBTopoB, TeHoTun BB mo CSN3 wacto cBsizan ¢ Oosiee BBICOKUM
coJiep>kaHueM Oelka B MOJIOKE M YJIYYIIEHHBIMH TEXHOJIOTUYECKUMHU CBOMCTBAMHM, TOTJA KakK JUIs
BLG u PRL pe3ynbTaThl B pa3HBIX MOMYJSIHUSIX MOTYT pa3nndarbes. [lomydeHHbIE B HACTOSAIIEM
WCCJIETOBAaHUH JJAHHBIC B I[E€JIOM COTJIACYIOTCS C STUMU MPEICTaBICHUAMU [6;7].

I[To reny CSN3 Hamnmydmme mOKa3aTedd MOJOYHOW MPOIYKTHBHOCTH YCTAHOBJICHBI Y
KHUBOTHBIX ¢ reHoTUTIOM BB (Tabnmuua 1). Ux ynoii 3a 305 gueit nakranuu coctaBun 5517,1 kr, 4to
BBIIIIE aHAJOTHMYHBIX 3HAUYE€HUH y KUBOTHBIX ¢ reHotunamu AA u AB na 1604 u 1293 kr
cooTBeTcTBeHHO. Kpome Toro, y kopoB ¢ renotuniom BB oTmeuensl 6osee BHICOKHE COEpKaHUE
XKupa u O0enka, a Takyke HauOOJIBIINUK BBIXO MOJIOYHOTO JKHMpa U OenKa.
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Pucynok 1. Y oii 3a 305 nHel nakTanuy KOpoB CHMMEHTAIbCKOM ITOPOABI 10 TeHY Kanmna-
Ka3euHa
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Tabmuuma 1 — MomnoyHas HpPOIYKTUBHOCTH KOPOB CHMMEHTAJIIBCKOW IOPOABI C Pa3IMYHBIMU
TCHOTHUIIAMU Kallla-Ka3euHa
Cenorum | n Ynon 3a 305 nuen Kup, % MououHbIit Bertok, % MoJtouHBIi
JaKTaluH, KT KHP, KT 0enoK, Kr
AA 28 | 5356,7 + 219,65 4,1+0,11 219,6 3,20+ 0,03 171,4
AB 50 | 5387,8 +248,32 4,1+0,10 |220,9 3,25+0,05 1751
BB 25 | 5517,1 £ 256,17 4,3+0,15 237,2 3,26 £ 0,06 1776

ITo reny BLG naubomnee BICOKHI Y0 W BBIXOJ] MOJOYHOTO KMpa HAOIIOAAINCH Y KOPOB C
reHotunioMm AA, Torja Kak MakKCUMaIbHOE COJIepKaHUe OelIKa BBISBIICHO Y )KHBOTHBIX C TCHOTHIIOM
BB (tabmuna 2). CrnemoBareiabHO, WCIIOIB30BAHHUE 3TOTO0 MapKepa MOXKET OBbITh IOJIE3HBIM IPH
¢ hepeHIIMPOBAHHOM O0TOOPE )KMBOTHBIX B 3aBUCHUMOCTH OT TPUOPUTETHOTO MPOU3BOACTBEHHOTO
MPU3HAKA.

Tabmuma 2 — MosnouHass NPOAYKTUBHOCTh KOPOB CHMMEHTAJIBCKON MMOPOABI C Pa3InYHBIMU

I'CHOTHIIaMU 6CT8.-J'IaKTOFJ'IO6yJ'II/IHa

N o 8 Mo104HBI
I'esoTunm | n Yaoh 3a 305 nmuei Kup, % Mooubtit benoxk, % i OeloK,
JIAKTaIuu, KT KUP, KT o
AA 14 | 5571,2 +£461,71 44+0,18 245,1 3,24+ 0,03 | 180,5
AB 57 | 5316,6 £ 155,98 4,2+0,11 223,3 3,20+0,05 |170,1
BB 44 | 5357,2 +213,89 4,2+0,10 225,0 3,20+0,03 |174,6

ITo reny PRL BrIpaskeHHOE MPEUMYIIECTBO MPOJAEMOHCTPUPOBAIIU KOPOBBI C TeHOTUIIOM AA

(tTabnmuua 3). Ux ymoit 3a 305 gueit nmakrtaumu coctaBui 5741,1 kxr, uro Ha 283,5 Kr BbIIIE 1O
cpaBHEeHHIO ¢ reHOoTUIIOM AB 1 moutu Ha 1000 Kr BbIlIe 1O CpaBHEHMIO ¢ reHOTHIIOM BB. V 3THX
e JKMBOTHBIX OTMEUYCH W HAWOOJBIINNA BBIXOJ MOJIOYHOTO XHUpa. [lomydeHHBIC pe3yiabTaThl
MOATBEPKIAI0T yJacTHE IeHa MPOJIAKTHHA B (DOPMUPOBAHUH YPOBHS MOJIOYHON MPOAYKTHBHOCTH,
YTO OTMEYAJIOCh U IPYTMMH HCCIIeI0BaTeNIMH [S].

Tabmuma 3 — MosiouHass TPOAYKTUBHOCTH KOPOB CHMMEHTAIBCKOW TOPOJBI C Pa3THYHBIMH
TCHOTHUTIAMU MPOJIAKTHHA
o o . MotouHEI
I'emotun | N Yroi 3a 305 puei Kup, % Moot benok, % i  OeJoK,
JIAKTAIUH, KT KUP, KT o

AA 32 | 5741,1 £282,60 42 +0,14 241,1 3,23 +£0,08 | 1854

AB 40 | 5457,6 £204,18 42 +0,11 229,2 3,22+0,02 | 175,7

BB 5 4743,6 + 597,36 3,5+0,40 166,0 3,16 0,06 | 1499

BaxkHoil yacThi0 uCClIeJOBaHMSI cCTaja OLEHKa CBHIPONPUTOJHOCTH MOJIOKa Yy KOpOB C
paszmmuabiMi TeHoturiamMu CSN3. Hambonee OnmarompusiTHbIE TEXHOJOTHUECKHE CBOWCTBA OBLIH
XapaKTepHBI JJIS MOJIOKA JKUBOTHBIX ¢ reHoturioM BB (tabmuua 4). ¥V Hux ObUla MUHMMaibHas
¢daza xoarymsuuu — 3,18 muH, GOpMHUPOBAIICA IUIOTHBIA CTYCTOK C BBIJICJICHUEM MPO3PAYHOU
CBIBOPOTKH, @ TOJYYEHHBIH CBIp OTIMYAJICS JIyYIIMMH OPraHOJENTHYECKMMM CBOMCTBaAMHM. OJTH
pe3yNbTaThl COIJIACYIOTCS € JaHHBIMH O MpeuMyllecTBax aiens B rena kamma-kazewHa Inpu
MIPOU3BOJICTBE ChIpa [8§;9].
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Tabmuua 4 — XapakTepuCTHKA CHIPONPUTOAHOCTH MOJIOKA KOPOB CHMMEHTAIbCKOH MOPOJBI C
pa3IMYHBIMU IT€HOTHUIIAMU T'€HA Kalllla-Ka3euHa

ITokazarenn L enori

AA (n=5) AB (n=5) BB (n=5)
®daza KoaryJsiuu, MUH 3,51 +£0,09 3,27+0,07 3,18+0,16
OO0m1as Ipo0JKUTEILHOCTh 6,84+0,21 6,24+0,16 6,27£0,21
OO0beM BBICTUBIICIHCS CHBIBOPOTKH, MIT 0,92+0,03 0,90+0,02 0,91+0,03

Takum  0o0Opa3oM, TOJNY4YeHHBIE pE3YyNbTAaThl  IOKA3bIBAOT, YTO JUISI  CEJICKIUH
CUMMEHTAJILCKOTO CKOTa 1O MOJIOYHOW MPOMYKTUBHOCTH M KA4eCTBY MOJIOKa HaWOOJBIIHMA
MPaKTUYECKUii mHTepec mnpeactapiseT reHotun BB mo remy CSN3. Jlns moBwimieHUS ynos u
BBIX0/1a MOJIOYHOT'O JKMpPa MOTYT OBITh Take 1eHHbl reHoTunn AA 1o reny BLG u rerorun AA mo
reny PRL. KoMminekcHoe ucnonp30BaHue 3TUX MapKEPOB MO3BOJUT MOBBICUTH TOYHOCTh 0TOOpa U
YCKOPHUTH (hOPMHUPOBAHKE CTA]] C JKeJIATEeIbHBIMHU IPOHU3BOJICTBEHHBIMH XapaKTEPUCTUKAMM.

[TonydeHHble pa3nuuuss MEXAY T€HOTUIIAMHU IO IOKA3aTeNsIM MOJIOYHOM MPOIYKTHBHOCTH
MOATBEPKIAIOT TEePCIEKTUBHOCTh Hcmoib3oBanus reHoB CSN3, BLG u PRL B kadectBe
MOJICKYJSIPHO-TEHETHYECKIX MapkepoB. OJHAKO ClIEIyeT YYHUTHIBaTh, 4YTO (DEHOTHITHMYCCKAS
peanuzanusi TPOAYKTUBHBIX MPHU3HAKOB OMpPEEsieTcss HE TOJBKO HACJIEeICTBEHHBIMU (haKTOpaMH,
HO W Bo3ueiicTBMeM cpenbl. B uwactHoctn, Bekseitov et al. mokasamu, 4to mMOBTOpHAs
MEePEerpynmupoBKa KOPOB COMPOBOXKIACTCS HM3MEHEHHEM MPOIYKTHBHBIX M  (PU3HMOJOTHYECKHX
MOKa3aTeJIei, YTO MOXKET BIUSATH HA BEIPAXKEHHOCTh X035HCTBEHHO IMOJIE3HBIX MPpU3HaKoB [11].

3akioueHue:

1. B uccnenoBaHHOM CTajie CHMMEHTaIbCKoro ckota mo renaMm CSN3 u BLG ycranosieno
TeHHOE paBHOBecHE, a 1o reHy PRL BbIsIBIIEHO cMeleHHe B CTOPOHY U30BITKa IeTePO3UTOT.

2. Hamnydmue TmokaszaTeny MOJOYHOW mpoayktuBHOcTH 1o TeHy CSN3  nHabmomamuch y
KHUBOTHBIX ¢ reHoTHrnoM BB, mo reny BLG — y kuBOTHBIX ¢ reHoTHIIOM AA M0 Y00 U BBIXOIY
MOJIOYHOT0 >kHpa 1 'y reHotuna BB no copeprkanuto 6enka, no reny PRL y kopoB ¢ rerotunom AA.

3. Haunyyimas celponpurogHoCTs MOJIOKA yCTaHOBIIeHA Y KOpoB ¢ reHotuniom CSN3BB, uto
MOATBEPIKIAET 11€IIeCO00PA3HOCTh UCTIOIB30BAHMS ATOTO MapKepa MPH CEJIEKIIMA MOJIOYHOTO CKOTa
IUJIS CBIPOJEIINSL.
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Abstract: This study investigates the polymorphism of the PIT-1 gene and its association
with milk productivity traits in Simmental and Red Steppe cattle breeds raised in the Pavlodar
region of the Republic of Kazakhstan. Milk production is a multifactorial trait influenced by
complex genetic and physiological mechanisms, among which transcription factors play a critical
regulatory role. The pituitary-specific transcription factor PIT-1 is involved in the regulation of
growth hormone, prolactin, and thyroid-stimulating hormone synthesis, thereby affecting lactation
processes. Genotyping was performed using PCR-RFLP analysis with subsequent restriction by
Hinfl endonuclease. The results revealed a pronounced polymorphism of the PIT-1 locus, with a
high frequency of heterozygous genotypes (43.3-50%). Significant interbreed differences in
genotype distribution were identified (p<0.05). In the Simmental breed, no statistically significant
differences in productivity traits among genotypes were observed; however, heterozygous animals
(PIT-1AB) demonstrated a consistent trend toward improved milk yield and milk composition. In
contrast, in the Red Steppe breed, the PIT-1BB genotype was significantly associated with higher
milk yield, fat yield, and protein yield (p<0.05). The findings indicate a breed-specific effect of
PIT-1 polymorphism on milk productivity and support its potential application as a molecular
genetic marker in cattle breeding programs.

Keywords: PIT-1 gene, polymorphism, cattle, milk productivity, Simmental breed, Red
Steppe breed, PCR-RFLP, genetic markers

Introduction: Milk productivity in cattle represents a complex gquantitative trait determined
by the interaction of multiple genetic loci and regulatory mechanisms. Among the promising
genetic markers, the pituitary-specific transcription factor gene PIT-1 (POU1F1) occupies a central
position due to its involvement in numerous biochemical and physiological processes in the
organism.

The level of milk productivity depends on a wide range of factors, including the secretory
activity of the mammary gland, which is regulated by hormones, genes, transcription factors, and
enzymatic systems. The set of transcription factor binding sites within regulatory regions of genes is
considered a fundamental component of the transcriptional regulatory code, functioning in close
interaction with other regulatory systems, including nucleosome positioning, chromatin
organization, and histone modifications, thereby ensuring differential gene expression in
multicellular organisms.

Particular attention has been paid to genes of the somatotropic axis (bPIT-1, bGH, bGHR,
bIGF-1), whose protein products function within a unified humoral system involved in the
regulation of growth, development, and lactation processes. Within this cascade, the expression of
one gene may influence the expression of others, and individual polymorphisms may exert
cumulative or synergistic effects.

The PIT-1 gene in cattle is localized in the centromeric region of chromosome 1, between
markers TGLAS57 and RM95. The PIT-1 protein consists of 291 amino acids and contains a POU
domain responsible for high-affinity DNA binding. This domain includes two highly conserved
regions that play a critical role in regulating the expression of growth hormone and prolactin genes.
In mammals, several splice variants of the PIT-1 gene have been described, producing biologically
active isoforms with distinct regulatory functions.
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To date, multiple polymorphic variants of the PIT-1 gene have been identified, resulting from
point mutations in intronic and exonic regions. In particular, the PIT-1B allele is associated with a
nucleotide substitution (A—G), which may affect the functional properties of the encoded protein.

Despite a substantial body of research, data regarding the association between PIT-1
polymorphism and milk production traits remain inconsistent. Some studies report a positive
relationship between the PIT-1A allele and increased milk yield and improved milk quality, whereas
others indicate an advantage of the PIT-1B allele or fail to detect significant associations. These
discrepancies are likely because of breed-specific genetic backgrounds, environmental conditions,
and population structure.

Therefore, the investigation of population genetic structure at the PIT-1 locus and the
evaluation of its association with milk productivity traits in specific breeds and regional conditions
remain highly relevant. The aim of the present study was to analyze the polymorphism of the PIT-1
gene and assess its relationship with milk productivity in Simmental and Red Steppe cattle bred in
Northern Kazakhstan.

Materials and Methods: The study was conducted on Simmental and Red Steppe cattle
populations raised in farms of the Pavlodar region, Republic of Kazakhstan.

Genotyping of animals for the PIT-1 gene was performed using the polymerase chain
reaction—restriction fragment length polymorphism (PCR-RFLP) method. Amplification of the
target DNA fragment was carried out using the following oligonucleotide primers:

Pitl-F: 5'-AAA CCATCATCT CCCTTC TT-3'

Pitl-R: 5-AAT GTA CAATGT GCC TTC TGA G-3’

The PCR amplification protocol included an initial denaturation step at 94 °C for 5 minutes,
followed by 35 cycles consisting of denaturation at 94 °C for 30 seconds, primer annealing at 56 °C
for 30 seconds, and extension at 72 °C for 30 seconds. A final extension step was performed at 72
°C for 10 minutes.

Restriction analysis of amplified products was carried out using the Hinfl endonuclease at 37
°C, followed by separation of restriction fragments by horizontal agarose gel electrophoresis. The
recognition site of Hinfl corresponds to the sequence G| ANTC.

Genotypes were determined based on the pattern of restriction fragments, allowing
differentiation between PIT-1A and PIT-1B alleles.

Statistical analysis included the calculation of genotype and allele frequencies, assessment of
conformity with Hardy—Weinberg equilibrium, and comparative analysis of milk productivity traits
across genotypic groups with evaluation of statistical significance.

Results: The analysis of genotype structure demonstrated that both Simmental and Red
Steppe cattle populations are characterized by pronounced polymorphism at the PIT-1 locus, with a
high proportion of heterozygous individuals (43.3-50%). In the Simmental breed, the PIT-1AB
genotype predominated (45.8%), whereas in the Red Steppe breed, the PIT-1BB genotype showed
the highest frequency (47.5%). The frequency of the PIT-1B allele was 51% in Simmental cattle
and 70% in Red Steppe cattle. Statistically significant differences between genotype frequencies
(PIT-1AA and PIT-1BB) were identified between the breeds (p<0.05), indicating breed-specific
features of genetic structure. The observed genotype distributions were consistent with Hardy—
Weinberg equilibrium, suggesting genetic stability of the populations and the absence of strong
selection pressure acting on this locus at the time of the study. In Simmental cattle, no statistically
significant differences in milk productivity traits among genotypes were detected. However, a
consistent trend toward higher milk yield was observed in animals carrying the PIT-1AB genotype
(6182 kg), exceeding the values of PIT-1AA and PIT-1BB genotypes by 173 kg and 72 kg,
respectively. A similar tendency was observed for milk fat content, milk fat yield (264.2 kg), and
milk protein yield (202 kg), with heterozygous animals demonstrating relatively improved
performance. In contrast, in the Red Steppe breed, a tendency toward superiority of animals with
the PIT-1BB genotype in milk yield (7229 kg) was observed compared to PIT-1AA and PIT-1AB
genotypes. In terms of milk fat content, heterozygous animals showed significantly lower values
compared to homozygotes (p<0.05). The highest milk fat yield (291.4 kg) and milk protein yield
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were also recorded in animals with the PIT-1BB genotype, with statistically significant differences
in protein yield (p<0.05). Additionally, differences in phenotypic variability were identified. In the
Simmental breed, heterozygous animals exhibited lower variability in milk yield and protein
content compared to homozygous individuals, whereas no such pattern was observed in the Red
Steppe breed.

Conclusion: The studied populations of Simmental and Red Steppe cattle are characterized
by a high level of polymorphism at the PIT-1 locus and conform to Hardy—Weinberg equilibrium.
Significant interbreed differences in allele and genotype frequencies were identified, with the PIT-
1B allele predominating in the Red Steppe population. The effect of PIT-1 gene polymorphism on
milk productivity traits was found to be breed-specific. In Simmental cattle, a tendency toward
superior performance was associated with the heterozygous PIT-1AB genotype, whereas in the Red
Steppe breed, the PIT-1BB genotype was significantly associated with higher milk yield, milk fat
yield, and milk protein yield. The obtained results support the relevance of the PIT-1 gene as a
molecular genetic marker and highlight its potential application in marker-assisted selection
programs aimed at improving milk productivity in cattle.
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Background: Indigenous sheep breeds represent a unique genetic reservoir shaped by
centuries of adaptation to specific ecosystems. Kazakh fat-tailed coarse-wooled sheep (KCWFT), as
a product of folk selection, possess exceptional resilience to extreme temperature fluctuations and
resource scarcity in arid zones. Despite their high adaptability, the genomic architecture of this
breed remains insufficiently characterized. Most previous studies relied on standard SNP chip
panels, which are limited by a fixed set of markers and do not fully reflect the unique diversity of
native breeds. The use of whole-genome resequencing (WGS) enables the direct identification of
rare regional alleles and structural variations necessary for understanding the mechanisms of disease
resistance and establishing a foundation for marker-assisted selection. The aim of this study is to
evaluate the population genetic structure of the Kazakh coarse-wooled sheep at the whole-genome
level for the subsequent identification of candidate genes associated with adaptation and disease
resistance.

Materials and methods: A total of 20 individuals from a Kazakh fat-tailed coarse-wooled
sheep population were subjected to WGS using the Illumina NovaSeq 6000 platform with a paired-
end sequencing strategy (2 x 150 bp). For comparative analysis, raw FASTQ files from 55
individuals representing six additional sheep breeds, as well as five samples of the wild ancestor
Ovis orientalis, were retrieved from the European Variation Archive (EVA). All comparative
samples were processed using the same bioinformatic pipeline and aligned to the sheep reference
genome ARS-Ul_Ramb_v3.0. Quality control and adapter trimming were performed using Fastp
v0.24.0. Read alignment was carried out using the BWA-MEM v0.7.18 algorithm. Variant calling
was performed using Bcftools v1.16.1 according to standard filtering criteria. Population structure
was assessed using principal component analysis (PCA) based on high-quality biallelic SNPs. PCA
results were visualized in R v4.5.2 using the ggplot2 package.

Results: The average sequencing depth was 14.6x for each sample and 20x for the
comparative samples. Principal component analysis (PCA) explains 39.7% of the total genetic
variation (PC1-PC4). The first component (PC1, 13.3%) clearly separated the wild ancestors (Ovis
orientalis, PC1: +0.216 to +0.234) from all domestic breeds (PC1: -0.019 to -0.052), reflecting the
genetic divergence associated with domestication. Along the PC2 axis (10.8%), a distinct
geographic gradient was identified: the KCWFT formed a highly consolidated cluster (PC2: +0.061
to +0.069), genetically close to the Bashibai (BSB) and Hu (HU) breeds, while being slightly
distanced from Altay sheep (AL, PC2: +0.090 to +0.120). South African Dorpers (WDP, BDP) also
occupied the positive PC2 region (+0.012 to +0.027). A sharp demarcation was observed between
KCWFT and specialized European meat breeds (Suffolk (SFK), PC2: -0.219 to -0.301) as well as
Northern European short-tailed breeds (Finnish (FINN), PC3: +0.218 to +0.296). The low intra-
population variance of KCWFT indicates high genetic purity and the distinctiveness of the studied
indigenous group.

Conclusion: The obtained results confirm the distinct genetic status of the Kazakh coarse-
wooled sheep within the global gene pool. The identified differentiation and the established whole-
genome dataset provide a foundation for the subsequent search for specific loci responsible for
adaptation to extreme environments and disease resistance.

Acknowledgement: This work was funded by the program-targeted fundin project (PTF)
BR24992940.
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Figure 1. Principal Component Analysis (PCA) of the studied sheep populations
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KauecTBeHHbIe MOKa3aTe U IIyX0OBOI'0 BOJIOKHA TOPHOAJITANCKUX IIyXOBbIX KO3
B ycaoBusax TOO Arpopupma «Axkxap Ouuaipic»

T.II. Acan6aes, T.C. llapanaTto, A.K. M6paeBa, C.A. [Tomopraiino”

HAO Topaticeipos ynusepcumem, Ilasnooap, 140000, Kazaxcman

* ABTOp-KOppecnonieHT: spomorgaylo@bk.ru

B cratbe mnpeacTaBieHbl pe3ysibTaThl OLICHKKM IyXOBOM MPOJYKTUBHOCTH M KadyecTBa
MMyXOBOTO BOJIOKHA FOPHOAJITANCKUX MYXOBBIX KO3, PA3BOJAMMBIX B YCIOBHUSX cTenHOM 30HB TOO
Arpodupma «Axxap Onaipicy», [laBnogapckoit o6nacT.

AKTYyaJTbHOCTB HUCCJIEOBaHUS 00YCIIOBJICHa HEOOXOAUMOCTHIO TTOBBIICHUS 3(PHEKTUBHOCTH
pa3BeICHUS] IMYXOBOTO KO30BOJACTBA, W YJYYIICHHUS KaueCTBa ChIPbS B YCIOBHSIX PE3KO-
KOHTHHEHTaJIbHOTO KinMaTa CeBepo-Bocroka Kazaxcrana.

Lenbro paboTHI ABISIIOCH U3YYEHHUE OCHOBHBIX MOKa3aTeseil MyXxoBOH MPOAYKTUBHOCTH, T.€.

HACTpUTra, JJIMHBI, TOHUHBI BOJIOKHA W JIOJM TyXa B MIEPCTHOM IOKPOBE B 3aBUCHUMOCTH OT IOJja
KUBOTHBIX. OOBEKTOM HCCIENOBAaHUS CIYXWIM KO3bl TOPHOANTAMCKOW TIyXOBOW TMOPOIBI,
coJiepKalirecs: B 9KCTEHCUBHBIX TPUPOIHO-KIMMATHUYECKUX U MACTOUITHO-KOPMOBBIX YCIOBHSIX.
Y CcTaHOBNIEHO, YTO KO30MATKH MPEBOCXOIAT KO3JIOB MO OOJBIIMHCTBY IPOAYKTUBHBIX MPU3HAKOB, &
MMEHHO HacTpur mepctu gocturaet 0,61 r, qymnHa BosokHa — 710 8,0 cM, A0Js IMyXa COCTaBISET 10
— 63,54 %. Ilpu 5TOoM TOHMHA IyXa y caMOK Hmke (15,7-17,5 MKM), 94TO CBHIIETENBLCTBYET O OoJjee
BBICOKHX TEXHOJOTUUYECKUX KaueCTBaX ChIPbs. B TO jke BpeMs y KO3JIOB JJaHHBIC MTOKA3aTeIM UMEIOT
0oJiee HM3KKME 3HAUEHHUS: HACTPHT IIePCTH cocTasisieT B cpeanem 0,49—0,51 r, qMHa BOJIOKHA —
4,93-5,58 cMm, momnst myxa — okoio 57,90 %, npu Gonee BbICOKOW TOHHHE (B cpeaHeM 17,72 MKM),
YTO YKa3bIBa€T HA MEHEE BBIPAKEHHBIC TEXHOJIOTHYECKHE CBOMCTBAa IyXOBOTO ChIphs. boree
BBICOKHI HACTPUT IIEPCTH Y KO30MATOK, BEPOATHO, OOYCIOBIIEH BO3PACTOM KO3JIOB OKOJIO 2 JIET, Yy
KOTOPBIX (POPMHPOBAHUE ITYyXOBOTO MOKPOBA €IIE HE 3aBEPIIICHO.

[lonyuyeHHble pe3ynbTaThl MOATBEPKIAAIOT COOTBETCTBHE HCCIEAYEMOIO TOTOJIOBbS
TpeOOBAHUSIM KENATSIILHOTO THITA TIOPOJIBI M €r0 XOPOIIYIO aanTallli0 K YCIOBUSIM CTEITHOM 30HBI.
[TpakTHdeckas 3HaYUMOCTh PabOTHI 3aKIIOYAETCS B BO3MOXKHOCTU HCIIONB30BaHUS JAHHBIX MpPU
COBEPIIIEHCTBOBAHUY CEJICKIIMOHHO-TNIEMEHHON PaOOThI U MOBBIIIICHUU Ka4€CTBA MTYXOBOTO CHIPHSI.

KuroueBble cjioBa: MmyxoBass TNPOAYKTHMBHOCTb, KaueCTBO BOJIOKHA, TOpHOANTalcKas
MyXOBast MOP0/ia, KO30BOJICTBO.

BBenenne. KozoBoactBo B PecryOnmke Kaszaxcran siBisieTcs OJHON M3 TpPaTuIlMOHHBIX

oTpaclieil ’KUBOTHOBO/ICTBA, UTPAIOIIEH BaXKHYIO POJIb B 00€CTICYCHUH HACETICHHS MSICOMOJIOYHON U
IEPCTHO-TTYXOBOM MPOIYKIIMEH, TPOUYUM CHIPbEM KUBOTHOTO MPOUCXOXKICHHS.
Oco0oe 3HaueHue B CTPYKType OTpacCiid 3aHMMAeT MyXOBOE KO30BOACTBO, OPMEHTHPOBAHHOE Ha
MIPOM3BOJICTBO IIEHHOTO TEKCTUIILHOTO CHIPhsI — KO3bero myxa. Kazaxcran o0nagaeT 3HaUUTETbHBIM
MOTEHIIMAJIOM JIJISl Pa3BUTHSI JAHHOT'O HaMpaBleHHs Onaronapsl HaIHMUHIO0 OOIIMPHBIX MACTOUIIHBIX
yroauii U OJaronpusATHBIX NMPUPOAHBIX YCIOBHM Ui CoAepKaHUs IMyXOBbIX mopon ko3 [1, 2, 3].
OnHako B HacTosilee BpPEMS YPOBEHb pPa3BUTHS IyXOBOI'O KO30BOJACTBA B CTPaHE OCTaETCA
HEJIOCTATOYHO BBICOKMM, UYTO CBSI3aHO C PAJIOM OPTaHU3alMOHHO-TEXHOJIOTHYECKUX U
CENIEKIIMOHHBIX ()aKTOPOB.

Ilyx ko3 mpencraBiser coOOH TOHKOE TIOJIIEPCTKOBOE BOJIOKHO, (OpMHUpPYIOIIEECsS B
XOJIOAHBIA TIEPHOJT TOAA Y BBITIOIHAIONIEE 3AMIUTHYIO TEPMOPETYIUPYIONIYI0 (DYHKIIMIO OpraHu3Ma
)KUBOTHOTO. OH  OTJIMYAeTCs  BBICOKMMHU  TEIJIOM3OJAIMOHHBIMU  CBOMCTBAMH, HU3KOU
TETIOMPOBOTHOCTHIO, MSTKOCTBIO, JETKOCTHIO M 3HAYUTEIHHOM IMPOYHOCTHIO, YTO JEJACT €ro
LIEHHBIM CBIPbEM ISl TEKCTUIILHOM TPOMBIIIUIEHHOCTH [4]. B cpaBHEeHHM ¢ OBeUbel MIEPCThIO KO3H
nmyx oOyamaer Oojiee BBICOKOW OJHOPOJHOCTHIO W MEHBIIUM JHAMETPOM BOJIOKOH, YTO
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00yCTaBIUBAECT €ro HKCIOJIb30BaHUE MpPHU MPOU3BOJCTBE BBHICOKOKAYECTBEHHBIX TPHUKOTAKHBIX
W3EIUH, TJIaTKOB, TKAHEW U MPSI KU TPEMUAIIBHOTO KJlacca.

KauecTBO myX0BOIO ChIpbsl ONPEIENAETCS COBOKYITHOCTBIO TAKUX ITOKA3aTesei, Kak TOHHHA
(InameTp BOJIOKHA), AJIMHA, IPOYHOCTh, SJTACTUYHOCTD, a TAKXKE COJepKaHue Iyxa B 001Ieil Macce
miepcTHOro mokpora. OcoOyr0 LIEHHOCTh MPEACTaBIsSEeT TOHKUM W JNJIUMHHBIA IyX C BBICOKOH
CTENEHBIO OJHOPOAHOCTH, TOCKOJBKY HMEHHO O3TH XapaKTePUCTUKU HANpsIMyIO0 BIHSIOT Ha
TEXHOJIOTUYECKHE CBOWCTBA U KOHEYHOE KAueCTBO TEKCTUIILHON MpoayKiuu. Kpome Toro, BaxHbIM
MoKaszaTejeM SBISETCS BBIXOJ YHCTOTO IyXa TIIOCie TEpBHYHOW OOpabOTKH, YTO HMEET
CYLIECTBEHHOE 3HaYCHHE ISl SKOHOMHUECKOH 2P PEKTUBHOCTH ITPOU3BOJICTBA.

OnHOM M3 MEpCHEKTUBHBIX TOPO, HCIOIB3YEMbIX [UIS TOJXYYEHHUS IyXa, SBISETCS
ropHoajTaickas MmyxoBos MOpoJa K03, KOTOpasi XapakTepU3yeTcsi XOpOoIIeld MPUCIIOCOOICHHOCTHIO
K pa3iMyHbIM MPUPOAHO-KIMMATHUYECKUM YCIOBHUSM, YCTOHYMBOCTBIO K HEOIaromnpUsATHBIM
(bakTopam cpesibl U CIIOCOOHOCTHIO (POPMUPOBATH BHICOKOKAUYECTBEHHOE MMyX0BOE ChIphE. [Ipu aTOM
YPOBEHb ITyXOBOH MPOJYKTUBHOCTU M Kauy€CTBEHHBIC TIOKA3aTEIM BOJIOKHA BO MHOTOM 3aBHCAT OT
YCIIOBHIA COJCPKAHUS, KOPMIICHUS, @ TAK)KE OT TEHETHYECKUX 0COOEHHOCTEH KUBOTHBIX.

B ycnoBusiX cTemHO# 30HBI, OTJIMYAIOUICHCS PE3KMMHU IepenajaMy TeMIlepatryp, HU3KOH
BJIQXXHOCTHIO M OTPAaHUYCHHOW KOPMOBOW 0a3oi, 0COOYI0 aKTyaJIbHOCTb MPUOOpPETAET M3yUCHUE
aJIalTallMOHHBIX U TPOAYKTHBHBIX KAadyecTB KO3, B TOM UHCJE I[IOKa3aTeleill ImyXoBoi
npoayKTHBHOCTH. OLlIEHKa TakuX MapaMeTpoB, KaK HACTPUT IyXa, JJIMHA W TOHHWHA BOJIOKHA, a
TaKXKe J0Ji1 IMyXa B IIEPCTHOM IOKPOBE, MO3BOJSET OOBEKTUBHO CYAUTh O XO3AWCTBEHHOM
[IEHHOCTH JKUBOTHBIX M MX COOTBETCTBUHU TPEOOBAHHSM, MPEIBSIBISEMBIM K KO3aM KeJIATeIbHOTO
tuna [5].

[lenbro HACTOAILETO UCCIIEIOBAHUS SIBISETCS OLIEHKA IyXOBOM MPOJYKTUBHOCTH U KauecTBa
MIyXOBOTO BOJIOKHA TOPHOAITAMCKUX KO3, pa3BoauMbIX B ycinoBusix TOO Arpodupma «Axxap
Onpipic» crenHOi 30HBL. I AOCTH)KEHUS MOCTABICHHOW LENH OBLIM OMpPENETICHBI CIeAYIOLNe
3a/lauM: U3y4UTh MOKa3aTed HAcCTpura IyXa, ONpEeAeNUTh JJIMHY U TOHHHY IIyXOBOI'O BOJIOKHA,
YCTaHOBUTH [IONII0 MyXa B IIEPCTHOM IIOKPOBE, a TaKXKe MPOBECTU CPABHUTENbHBIN aHAIN3
MIOJTyYCHHBIX JIaHHBIX B 3aBHCUMOCTH OT I10J1a )KUBOTHBIX.

Martepuanbl u Metoabl. MccnenoBanus 0pumu mpoBeneHsl B yeioBusx TOO Arpodupma
«Axokap OHJIpICY», pacHOJIOKEHHOTO B CTEMHOM 30HE, XapaKTEpU3YIOLIEHCS KOHTHHEHTAJIbHBIM
KJIMMAaTOM C BBIPOKEHHBIMH CE30HHBIMHM KOJIEOAHHMSMHU TEMIIEpaTypbl M OTPaHUYEHHBIM
KOJIMYECTBOM aTMoc(epHbIX ocaakoB. OOBEKTOM HCCIEIOBAHUS CIYKUIM KO3bl TOPHOAITACKON
IyXOBOM MOpOJBI PAa3IMYHOTO MOJa M BO3PACTa, COJEpXKAIIUEeCcs] B OJWHAKOBBIX NPHUPOJIHO-
KIIMMAaTUYECKUX M MACTOUIIIHO-KOPMOBBIX YCIIOBHSIX.

@®opMHpOBaHUE OIBITHOW TPYIIBI OCYIIECTBISUIOCH MO TMPHHIUIY aHAIOTOB C YYETOM
MIPOUCXOKACHHUS, BO3PACTa, )KMBON MAcChl U (PU3NOJIOTHUECKOTO COCTOSIHUS KUBOTHBIX. B BBIOOPKY
ObUTM BKIIFOYCHBI KIMHWYECKH 3J0POBBIE OCOOM, HAXOASAIIMECS B THUIUYHBIX U XO3SHCTBA
ycIoBUAX coaepkaHus. OOIee KOJMYECTBO HCCIIEAOBAHHBIX XKMUBOTHBIX COCTAaBWIO 15 rosos, B
TOM YHCJI€ KO3JIbI U KO30MaTKH.

ConeprkaHue )KUBOTHBIX OCYILECTBIISIIOCH IO MAaCTOUIIHO-CTOIMIIOBO cCUCTEME, TPUHSATOM B
xo3siiictBe. KopmiieHue cooTBETCTBOBAIO JEWCTBYIOIIMM 300TEXHUYECKMM HOPMaM, U BKJIHOYAJIO
MCMOJIb30BaHUE €CTECTBEHHBIX MMACTOUII B BET€TAlMOHHBIN NIEPHO/], @ B CTOIMIIOBBIN MepHo rpyObIX
KOPMOB € J100aBKOH B palllOH, HEKOTOPOTO KOJIMYECTBA APOOJIEHBIX 3€pPHOBBIX KOPMOB. Y CIIOBUS
COJZIepKaHUsI M KOPMJICHHS B TIEpUO]] MPOBEJCHUS UCCIEIOBaHUNA ObUIM OJMHAKOBBIMH JUI BCEX
KMBOTHBIX, YTO HCKJIIOYAIO BIUSHHE BHEUIHMX (PaKTOpOB Ha (OpMHpPOBaHME TNOKa3aTeien
MPOAYKTHBHOCTH.

OneHka MyXOBOW MNPOAYKTUBHOCTU IPOBOAMIACHE B TEPHOJ] E€CTECTBEHHOH JIMHBKU
KUBOTHBIX, YTO COOTBETCTBYET ONTHMAIBHOMY BPEMEHH JUIS MOTyYeHHUs OOBEKTHBHBIX JAHHBIX O
KayecTBe MyXOBOro chipbsi. OTOOp MpoO MyXOBOro BOJIOKHA OCYILIECTBISUICS METOAOM Hayeca C
MCIOJIb30BaHNEM CTaHJIAPTHBIX IPeOHEN ¢ onpee€HHOI YacTOTOH 3yOheB.

Macca Hadeca ompesesnsiaach MyTeM B3BELIMBaHMS MOJYYEHHOTO IyXa Ha Ja0opaTOpHBIX Becax ¢
toyHocThro a0 0,01 1. JiMHA myXOBOro BOJIOKHA H3MEPSUIACH C IOMOIIBK) MUJUIMMETPOBOM
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JUHEWKU MO CpeJHeW JJIUHE BBIPOBHEHHBIX BOJIOKOH, OTOOpPAHHBIX M3 KaxIoW mpoObl. [lis
MOBBIIICHHUS] TOYHOCTH U3MEPEHUN aHATM3UPOBAIOCH HE MeHee 2(0) BOJIOKOH M3 KaKI0M BBIOOPKH C
IIOCJIEIYIOIUM BBIYMCIICHUEM CPEIHETO 3HAYCHUS.

OnpeneneHne  TOHMHBI  IYXOBOIO  BOJOKHA  MPOBOAWIOCH C  HCIOJIB30BAaHUEM
MHUKpOcKonuueckoro wmertona. [loaroroBka mnpemnapaToB BKIKOYANIa pa3MEIICHUE BOJOKOH Ha
IIPEAMETHOM CTEKJIE C IOCIEAYIOIUM U3MEPEHUEM JHaMeTpa MpU IOMOIIM OKYJIp-MUKPOMETPA.
Pe3ynbTathl BeIpaXkaauch B MUKpOMETpax (MKM) Kak CpelHee 3HaUeHUEe CEPUU U3MEPEHUI.

Pesyabrarpl. B 1ensx OLEHKH TEXHOJOTMYECKUMX CBOWMCTB IIyXOBOIO  BOJIOKHA
TOPHOQITAMCKUX ITYXOBBIX KO3, pa3BoAUMBIX B ycioBusix TOO Arpodupma «Axxkap OHIipicy
CTEITHOM 30HBI, OBUTH MIPOBEJICHBI UCCIIEI0BAHMS OCHOBHBIX IMOKa3aTeseil kauecTsa myxa. [Ipu aTom
YUYUTHIBAJINCh TAaKHE XApAKTEPUCTHKH, KAK HACTPUI IyXa, JJWMHA BOJIOKHA, €r0 TOHMHA W JIOJS
IIyXOBOT'0 BOJIOKHA B LIEPCTHOM ITOKPOBE PUCYHOK 1.

Pucynok 1 — OT60p npod myxoBoro cbIpbsi 1 UX J1a00opaTopHasi perucTpanus
AHanu3 JaHHBIX [TOKA3aTeNleld JaeT BO3MOXKHOCTD ONPEACIUTD CTEIIEHb COOTBETCTBUS
HCCJIETyEMOI0 TIOT0JIOBBS TPEOOBAHUSIM, IIPEIBSABISAEMBIM K KO3aM JKE€JIaTeIbHOTO TUIIA
TOpHOAJITaliCKOM MMyXOBOW MOPO/IbI, a TAKXKE BBISIBUTH YPOBEHb BapUaOEIbHOCTH ITPU3HAKOB,
UMEIOIMX B)KHOE 3HAUCHHE JIJIsI CENICKIIMOHHOM PaObOThI M TIOBBIIIICHUS Ka4eCTBa ChIpbs [6].

Jns CpaBHUTENBHOM OLEHKHA MNYyXOBOW MPOAYKTHUBHOCTH M TEXHOJOTHMYECKUX CBOWCTB
IIyXOBOT'O BOJIOKHA TOPHOAITANCKUX ITYXOBBIX KO3 IPOBEAEH aHAIN3 OCHOBHBIX KOJUYECTBEHHBIX
MoKa3areyie ¢ y4E€TOM IMOJOBOM MPUHAMIECKHOCTA >KMUBOTHBIX. Pe3ynbTarhl CTaTUCTUYECKOM
00paboTKHU IpeaCTaBIeHbl B Tabnuiie 1.

Tabnuna 1 — CpaBHMTENbHAS XapaKTEPUCTHKA IMyXOBOM MPOAYKTUBHOCTH U KAaue€CTBA IIyXOBOI'O
BOJIOKHA TOPHOQAJITAHCKHUX ITYXOBBIX KO3

Kozmbl, (n=6), o | Kosomarku (n=9), 0
ITokazarens Mm SD Cv, % Meim SD Cv, %
Hagec  myxa, 11440510010 |0025 |508 |0,547+0,013 0,039 | 7,13
(6enpenHast 30Ha)
Hagec  myxa, T1,510.0014 [0034 |667 |0.58040,012 0,035 | 6,03
(mopcasibHasi 30Ha)
Jimma - myxa, M| 4 340 14 034 [6,95 |5,70+0,11 033 |581
(6enpenHast 30Ha)
Jliuna  myxa, - eM | g 50 ()3 0,08 |[1,34 |7.07+021 064 |906
(mopcasibHas 30Ha)
TonuHa, MKM 17,72+0,27 0,66 3,71 16,78+0,21 0,63 3,74
Tlons miyxa, % 57.90+0,89 218 3,76 |60,57+045 134 222
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AHani3 TOoKa3zaTelied IMyXOBOW MPOAYKTMBHOCTM M KauecTBa IyXOBOIO BOJIOKHA
TOPHOQITAMCKUX KO3 CBHUACTEIBCTBYET O BBIPAKCHHOM BIIMSHHUM TOJIOBOM TPUHAIJICKHOCTH Ha
(hOpMHUPOBAHHE UCCIICTYEMbIX TPU3HAKOB.

YCcTaHOBIEHO, YTO KO30MAaTKH TPEBOCXOMIAT KO3JIOB IO OOJBIIMHCTBY NPOAYKTUBHBIX
nokazateneit. CpeTHuil HaCTPUT Tyxa B OeApEeHHON 30HE Y Ko3oMaTok coctaBui 0,547+0,013 1, uto
Ha 11,2% Boimie no cpaBuenuto ¢ koznamu (0,492+0,010 r). AnanoruyHasi TeHACHIUS HAOIIOAACTCS
U B JIOpCaJIbHOU 30HE, rae paznuume mocturaetr 13,7% (0,580+0,012 r npotus 0,510+£0,014 r).
JlaHHBIE pe3yNbTaThl CBUJETEIBCTBYIOT O 00Jee MHTEHCUBHOM (DOPMHUPOBAHHH ITyXOBOTO MOKPOBA
y caMmoKk. boree BbICOKHME TOKa3zaTelnd HAcTpura Iyxa y KO30MaTOK IO CPaBHEHHUIO C KO3JIaMH,
BEPOSATHO, OOYCJIOBIEHBI BO3PAaCTHBIMU OCOOCHHOCTSIMH, TaK Kak KO3Jbl HAXOAWIUCh B ¢aze
aKTUBHOTO pocTa (OKOJO 2 JeT), HmpH KOTOpoH (OpMUPOBAHHE IyXOBOTO IOKpOBa €I HE
3aBEPILECHO.

JlnmrHa IMyXOBOTO BOJIOKHA y KO30MATOK TaKXe JOCTOBEPHO BHIIIE, TO €CTh B OCIpPEHHOM

30H€ — 5,70£0,11 cM npotuB 4,93+0,14 cM y k0o3110B (yBenuuenue Ha 15,6%), B qopcaibHOM 30HE —
7,07£0,21 cm npotus 5,58+0,03 cMm (Ha 26,7%). Y nauHeHHE BOJOKHA Yy CAMOK SIBJISIETCS BaKHBIM
CEJICKIIMOHHBIM MPU3HAKOM, TaK KaK HAMPSIMYIO CBS3aHO C TEXHOJIOTHYECKON IICHHOCTBIO CHIPBS.
B 1O e Bpemsi KO30MaTKH XapaKTepU3YIOTCS Oojiee HU3KOH TOHMHOHN myxa (16,78+0,21 Mkwm),
TOra KaK Yy KO3JIOB JIaHHbIM Mokazarenb cocraBiser 17,72+0,27 mxm. CHMXEHHE auaMerpa
BOJIOKHAa Ha 5,3% yka3blBaeT Ha 0ojiee BBICOKOE KauecTBO IyXa y CaMOK, IOCKOJIbKY TOHHMHA
SBJSICTCS. OJHUM W3 KIIIOUEBBIX KPUTEPUEB TNPHU TEPEepadOTKE W IMPOM3BOJICTBE TEKCTUIBLHOMN
MPOIYKIIUH.

JloJig myXxOBOIro BOJIOKHA B HIEPCTHOM IOKpPOBE y Ko30MaToK gocturaer 60,57+0,45%, uto
MIPEBBINIAECT AHAJIOTMYHBIN TTOKa3aTesb y Ko3ioB (57,90+0,89%) na 4,6%, nmoareepxaas ux Oosee
BBICOKYIO ITYXOBYIO MPOJAYKTUBHOCTb.

Anamu3 koddduirenta BapualMKd TOKa3ad, 4YTO BCE HCCIENyeMble MpPU3HAKU
XapaKTepu3yrTcs HHU3KUM ypoBHeM wu3MeH4YHBOCTH (CV < 10%), 49TO CBHIETEIHCTBYET 00
OJTHOPOJHOCTH BBIOOPKM M CTAOWJIBHOCTH MPOSIBICHUS TPOJYKTUBHBIX KAayeCTB B JaHHBIX B
MIPOU3BOJICTBEHHBIX YCIOBHSIX COJEPKAHMUS.

Takum 00pa3oM, MOTy4YEHHBIE PE3yNbTAThl MOATBEPKAAIOT MPEUMYIIECTBO KO30MAaTOK IO
KJIFOUEBBIM TTOKA3aTeJISIM MMyXOBOW MPOTYKTUBHOCTH M KaueCTBa BOJIOKHA, a TAKKE€ COOTBETCTBHUE
HCCIIETyEMOTO TIOTOJIOBBSI TPEOOBAHUSAM KENATEIBHOTO THIIA TOPHOANTANCKONW MyXOBOW MOPOJBIL.
DTO TO3BOJISIET PEKOMEHI0OBATh OTOOP CaMOK KakK MPUOPUTETHOE HAIMPABIEHHWE B CEJICKIIMOHHO-
IJIEMEHHON  paboTe, HampaBJIeHHOW Ha  MOBbImeHHE A(()EKTUBHOCTH  MPOHU3BOJCTBA
BBICOKOKAUY€CTBEHHOTO ITyXOBOTO CHIPHSI.

[ToneBoit aTan ucciaenoBaHu MO OTOOPY MPOO MyXOBOIO CHIPbS U OLEHKE MPOTYKTHUBHBIX
KaueCTB TOPHOAITANCKUX MyXOBBIX KO3 B YCIOBUSIX X031CTBA MPEJCTABIEH HA PUCYHKE 2.

PI/ICYHOK 2— HpOBeI[CHI/IC IMOJIEBBIX UCCIICAOBAaHUMN 110 OLICHKE HYXOBOﬁ MPOAYKTUBHOCTHU
TOpHO&HTaﬁCKHX IMYXOBBIX KO3
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3akiarouenue. IlpoBena€HHBIE HMCCIEAOBAaHUS MMOKA3aIM, YTO TOPHOAITANCKHUE ITyXOBBIE
KO3bl, pa3zBoauMbeie B ycioBusix TOO «Arpodupma Axxap OHZAIpic» CTEMHOW 30HBI,
XapaKTepU3yITCs ~ JOCTaTOYHO  BBICOKMUM  YpPOBHEM  IyXOBOM  NPOAYKTUBHOCTH  H
YIOBJIETBOPUTEIILHBIMH MOKA3aTENIIMU KaueCTBA ITyXOBOT'O BOJIOKHA. Y CTAHOBJIEHO, YTO KO30MATKH
MPEBOCXO/IAT KO3JIOB [10 OCHOBHBIM ITPOJIYKTUBHBIM MPU3HAKAM, BKJIIOYAsi HACTPUT IyXa, €ro JIUHY
U JIOJIIO ITYXOBOT'O BOJIOKHA B IIEPCTHOM IOKPOBE, a TAK)KE OTIMYAIOTCS Oosiee TOHKOM CTPYKTypoit
nyxa.

BoisiBieHHbIE 3HAueHUs HCCIEAYEMBIX IIOKa3aTeliell COOTBETCTBYIOT TpeOOBaHUSIM,
NPEABSIBIASIEMBIM K  JKMBOTHBIM  JKEJIATEJIbHOTO  THUIA TOPHOANTAHCKOW  MOPOABI,  YTO
CBUJCTEIHCTBYET O XOPOIICH a/alTalliy MOTOJIOBbS K YCIOBUSAM COJEP>KAaHUS U NEPCIEKTUBHOCTH
€ro JaJbHEWILIEro MCIOIb30BaHUS B CEJIEKIMOHHO-IUIEMEHHOW pabore B ycnoBusx Cesepo-
Boctoka Kazaxcrana. IlonmydeHHble  pe3ynbTaThl MOTYT  OBITh  HCIIOJIB30BAHbl  JJIf
COBEPILICHCTBOBAHUS TEXHOJOTHUU Pa3BEICHUs KO3 U MOBBIIICHUS Ka4eCTBa MyXOBOT'O CHIPHSI.

dunancupoBanue. Hacrosiee uccineoBaHue BBIIIOJIHEHO B PaMKax HAy4YHbIX, HAy4yHO-
TEXHUYECKUX IPOEKTOB IO T'PAaHTOBOMY (HHAHCHPOBAHHIO MUHHCTEPCTBA HAyKH M BBICIIETO
obpazoBanust Pecriyommkn Kaszaxcram 2024-2026 rr. ITo Teme mpoekra: MPH AP23489140
«TpaHcdepT MHHOBALIMOHHBIX TEXHOJOTUH W BHeApeHue 3((HEKTUBHBIX CIIOCOOOB MPOU3BOJCTBA
MPOAYKIIMHA KO30BOJICTBAY.
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Screening Setaria Italica L. in selection for improved drought tolerance under
osmotic stress

Alexander Astashov”, Tatyana Astashova

Russian Research, Design and Technology Institute of Sorghum and Corn Federal State
Government-Funded Scientific Institution, Saratov, 410050, Russia

*Corresponding author: alex-astashov@mail.ru

Background: currently, the study of the resistance of crops to the effects of abiotic stresses
is gaining particular relevance in the context of global climate change [1]. To maintain sustainable
growth of agricultural production, diversification of crops with an emphasis on varieties with high
productivity in drought conditions is required [2, 3]. The purpose of the experiment — to diagnose
the resistance of chumiza to abiotic stressors under model drought conditions for further use in
selection to increase drought resistance.

Materials and methods: Object of research: Setaria Italica L. The ability of seeds to swell
(C12H22011— 19 atm and KNOs 72 atm) and germinate under conditions of physiological drought in
a solution with increased osmotic pressure of various concentrations (Ci12H22011: 8.3% (6 atm),
12.4% (9 atm), 16.5% (12 atm), 20.7% (15 atm), 24.8% (18 atm).

The resistance of plague samples to osmotic stress was assessed using the root length index (IDC)

[4].

Results: in the course of the studies, the chumiza samples were characterized by relative
drought resistance: the swelling of chumiza seeds in sucrose solution exceeded the control level by
1.8% in the Stachumi 1 variety and corresponded to the control in the k-73 variety sample. A
pattern was established: seed swelling in hypertonic potassium nitrate solution decreased, which
indicates a specific effect of KNOs solution. It was found that in the formation of a sign of seedling
length, factor B (experimental options) during the experiment was 17.0%, and the contribution of
the genotypic factor was 9.1%, while the interaction of the factors “genotype - conditions of the
year" of plant vegetation and "conditions of the year" was 23.9 and 23.5%, respectively.

Conclusion. As a result of the research, effective methods for diagnosing chumiza plants for
drought resistance in the early stages of growth have been identified. Under conditions of osmotic
stress for chumiza, the optimal pressure of the osmotic solution was experimentally revealed - 12
atmospheres, which is recommended to be used in the future for diagnostics. It is important to use
Root Length Index (ROI) as additional criteria for sample evaluation. A negative relationship was
found between the swelling of seeds in potassium nitrate solution with seed yield in 2021 (r = -
0.84), and in 2022-2023. the relationship of these signs has not been established. Biomass and seed
yields were inversely correlated with root length under conditions of high osmotic pressure of 12
atmospheres.

Acknowledgements: the work was carried out within the framework of State Assignment
No. 1022051600016-8 of the Ministry of Agriculture of the Russian Federation.

Keywords: Setaria Italica L., seeds, germination, osmotics, sucrose.
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Creation of new breeding material of Psathyrostachys juncea with low silicon
content in pasture mass

Dashkevich S.”, Utebayev M., Chilimova I., Kradetskaya O.
A.l. Barayev Research and Production Centre for Grain Farming, Shortandy, Kazakhstan

*Corresponding author: vetka-da@mai.ru

One of the few pasture crops in Kazakhstan is Psathyrostachys juncea. However, plants of
this species have high silicon content in their pasture mass (green leaves and stems), which creates
problems for animals to consume, as it can injure the tongue and oral cavity. Therefore, it became
necessary to develop low-silicon varieties of Psathyrostachys juncea with high nutritional
properties. To this end, accessions from the Psathyrostachys juncea genetic collection were
evaluated for chemical composition, nutritional value, and silicon content in their pasture mass.
Minimum, maximum, and average values for the chemical composition and nutritional value of the
crop were determined. Silicon content in the pasture mass varied across the collection from 1.45%
to 4.11%, with an average of 2.59%.

Twenty-six accessions with silicon content below 2% were selected for further breeding.
The best specimens, possessing a range of economically valuable traits and low silicon content,
were used to establish a hybridization nursery, where new hybrid forms were created through cross-
pollination. Compared to their parents, the hybrids did not show a high heterotic effect for silicon
content. However, in two hybrid combinations with the resulting hybrids, KL-1804 and KL-1805,
silicon content was determined to be 1.67-1.89%.

A significant effect of hybridization was observed for acid-detergent fiber (ADF) content,
with the greatest reduction in its level compared to the parents being achieved in the hybrids KL-
1808 (7.28%), KL-1804 (5.95%), and KL-1809 (5.72%). The greatest decrease (from 2.16% to
4.07%) was observed in acid-detergent lignin (ADL) content in almost all of the obtained hybrids,
compared to the parental plant levels of 3.06%-5.13%.

In the pasture mass of the hybrid form (KL-1804), the content of essential amino acids
valine (Val) increased by 0.96 g/100 g protein, histidine (His) by 0.038 g/100 g, in the hybrid form
KL-1809 — threonine (Tre) by 0.101 g/100 g, and in KL-1808 — methionine (Met) by 0.073 g/100 g
protein.

Funding: This research was funded by the Science Committee of the Ministry of Science
and Higher Education, Republic of Kazakhstan, Project AP23488044 “Reduction of silicon content
by selection methods and molecular markers in forage biomass of plants of the pasture species
Psathyrostachys juncea”.

Keywords: silicon, protein, amino acids, detergent fiber.
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JlocTHKeHHS CeJIeKIIUN U COCTOSIHME TeHOMHBIX PecypcoB MPOca MOCEBHOIO B
YCJIOBHAX AKMOJMHCKOI 00J1aCcTH
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Onmupa JrocubaeBa , Maprapura AObuikaiibipoBa, AiiMan PricOekoBa, AlibiM 3elinyiuimna, Hypus
CapbacoBa

Kaszaxckuu acpomexnuueckuii uccredosamenvckutl ynusepcumem umeru C.Cetighynnuna, Acmana,
Kasaxcman

* ABTOp-KOppectoneHT: e.dyussibayeva@kazatu.edu.kz

[Ipoco moceBHOE KyIbTBUPYETCS Ha OOIMIMPHBIX arpo’KOJIOTHYECKUX TEPPUTOPUSIX,
BKJIFOUEHHOE B TPAJMIIMOHHBIE CHUCTEMBbI 3emieaenus. Bce BUIbI mpoca SBIAIOTCS STHUYECKUMHU
MPOJIYKTaMH MHUTAHUS BO MHOTHX COIIMOTeOrpauyecKuX KyJIbTypaX, BKIIOYAS M Ka3aXCKYIO, 4TO
oObsicHsIeT pa3HooOpasue mpoaykToB mnutaHus [1]. Kymbrypa mnpoca oTiauyaeTcsi BBICOKOM
aJanTUBHOCTBIO U OOTaThIMHM MHUTATEIILHBIMUA BEIIECTBAMU C BBICOKMM COJACP)KAHHEM KIIETUaTKH,
Ka4eCTBEHHOT0 OeJIKa M HECKOJIbKHX MUKPO3JIEMEHTOB [2].

IIpoco o6bikHOBeHHOE (Panicum miliaceum L., 2n=4x=36), u3BeCTHOE KaK IMOCCBHOE WU
METeNbYaToe MpOoCco, MEePBOHAYAIBHO OBLIO BBEIEHO B KyIbTypy B LlenTpansnoit Asum u EBpore.
BripammBanue npoca pacnpoctpaneHo B Unmuu, Kurae, Poccuu, SAnonuun, Mouronuu, CILA,
Upane, Adranucrane, Hpake u napyrux crtpaHax Boctounoit Asum. IIpoco B ocHOBHOM
HCIIOJIB3YETCSl B KaueCTBE KOpMa JUJIsl MTUIl U KpynmHOro poraroro ckota [3]. [loceBHas muiomanb
npoca B KazaxcraHne 3HaUMTEeTbHO COKPATHIIACh 3a MOCIIEIHIE TOJIbl U COCTaBMiIa 0KoJIo 35—50 ThIC.
ra, Ipu 3TOM BaJIOBBI cOop mocturaer 37—40 Teic. TOoHH. OCHOBHBIC ITOCEBBI COCPEAOTOUYCHBI B
[TaBnogapckoii (38%), Kocranaiickoit (17%), 3anagno-Kaszaxcranckoit (13%) u AKTIOOMHCKOMA
(8%) oOnactsix, Ha KoTopble mnpuxogutrcs 83% cbopo [4]. Jlus yBeneueHus IUIOLIAIU
MIPOU3POCTAHUS HEOOXOAUMO MOMYIMPU3UPOBATh JAAHHYIO KYJIbTYpYy cpeau depmepoB. B cBs3u ¢
3THM, HY’KHO BHEJPSTH BBICOKOYpPOXKalHbIE, ’Kapo- U 3aCyXO0yCTOMUUBBIE COpTa MpOca ¢ XOPOLINM
KaueCTBOM 3€pHa, YCTOMUMBBIX K MOJIETAaHUIO M PA3TUYHBIM OOJIE3HSIM.

VYcnenHas cenekuys Ha Co3aHue HOBBIX COPTOB 3aBUCUT OT F€HETHUUYECKOTO pa3HOOOpa3ust
HCXOJHOTO MaTepuaia, TOYHOro BIOOpa METOAOB 0TOOpA, UCIIOJIb30BAHUSI COBPEMEHHBIX METO/I0B
MOJIEKYJISIpHO-T€HeTHYecKoro aHanu3a. B KazaxckoMm arpoTeXHHYECKOM HCCIE0BaTENbCKOM
yauBepcurere uMeHu C.Ceiipymnuna ¢ 2014 r. peanu3yroTcs COBPEMEHHBIE NpPOTrpaMMbl Ha
KylIbType Ipoca C pPa3IMYHBIMU  HaIlpaBJICHUSMHU: MOBBIIEHUS  YypOXailHOCTH, coJe-,
XOJIOAOYCTOMYMBOCTU M aJAaNTUBHOCTU K KIMMATUYECKUM YCIOBHsAM. HampaBieHbsl Ha co3naHue
COPTOB C BBICOKOH MPOAYKTUBHOCTHIO METENIKH, OTJIMYHBIMU TEXHOJOTHYECKUMHU TOKA3aTeIsIMU
(HM3Kas TMJIEHYaTOCThb, KPYMHO3EPHOCTh, TIIOTUHO3HBIM COCTaB 3€pHA) U YCTOHYMBOCTHIO K
oonesnsm [3, 5-6].
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Pucynok 1. Komnekuus npoca chopmupoBanHas 3a rofsl uccienobanuii (2014-2025)

Hapsmy C KJIaCCUYCCKUMU METOJaMHn CCJICKIINU AKTUBHO HCIIOJIB3YCTCA
OKCIIEPUMEHTAJbHBIA ~MyTareHe3 [Uisl paclIdpeHus TreHeThueckoil BapuabenpHocTH. [lo
pe3yibTaTaM MCCIIEIOBAaHUNU C BO3ACHCTBMEM XMMHYECKUX areHTOB KaK KOJXWIIMH, a3uj HaTpHs,
HUKOTHHOBOM KHCIIOTHI M AMATWICYNb(aTa Ha TEHOTHIBI MPOCa, ObUIM IMOIYYEHBI MYyTaHTHBIE
(bOpMLI Pa3JINIHBIX MOKOJICHUI C YJIAYUICHHBIMHA IECHHBIMUA ITPU3HAKAMU.

C uenpio co3aHus HOBBIX MYTaHTHBIX (hOpM ObLIT MIPOBEJEH MOI00P POAUTEIHCKUX (HOPM U
ruOpuau3anysi, o0paboTaHHbIe pa3nUYHBIME MyTareHamu. [lo pesympTataM MpOBEACHHUS
rudpuau3ay ObpUI0 ckpemeHo 12 koMOuHanum ¢ BoBiieueHHEM M> u M3 pacTeHUi ¥ TOJy4eHBI
ruOpUIHBIE 3€PHOBKH M3 YeThIpeX KOMOWHAIMKM CO CpPEeIHUM MpoueHToM yaaun 5,0-36,2%.
Hauboiee BICOKHI ypOBEHD 3aBA3bIBAEMOCTH ObLIO y KoMOuHanuu @ M3 I1aBiaogapckoe 4 (NaNs;
0,4%; 4u1.) x dM3 PI1289324 (C22H2sNOs; 0,06%; 64.). IIpu BU3yaabHOM aHAIM3€ MONYYEHHBIX
THOPUIHBIX 3€PHOBOK JIaHHOW KOMOMHAIMK (DEHOTUTIMYECKH HAOI0qaICs MyTabenbHbId 3P heKT u
AHOMAJIMA B PA3BUTHUH COUBCTUSA, YTO AOKA3BIBACT I[GﬁCTBPISI MYTarcHOB Ha PaCTCHUA.

C nenpro Oonee IETANBHOTO M3YYEHUs MYTAareHHbIX 3((EKTOB KOJIXUIMHA, a3uja HaTpHUs,
HUKOTMHOBOM KHCJIOTHI W AMITWICYNb(aTa Ha TEHETUYECKOE pPa3zHOOOpa3ue IMOJIyYeHHBIX
MYTaHTHBIX (OpPM pacTeHUW TNpoca NMPUMEHSIM METOJ MOJEKYISPHO-TEHETUYECKOTO aHaIn3a C
ucnoJyibzoBanreM ISSR-Mapkepos.

HNudopmauus o duHancupoBanuu: J[aHHbIE HCCIEOOBAaHHUS MPOBOJWINCH B pPaMKax
HayyHoro mpoekta AP22785049 «YcoBeplieHCTBOBaHHE CEIEKIIMOHHOIO IMpollecca Ha OCHOBE
XHMHYECKOI0 MyTareHesa I IIOJydeHHsS CKOPOCIEIBIX MYyTaHTHBIX (opm mpoca (Panicum
miliaceum L.)» (2024-2026 rr.), rpaHTOBOr0 (hMHAHCHPOBAHUS HAYYHO-HUCCICIOBATEIBCKIX paboT
MoJ10/1bIX yueHbIX «Komurer Haykun MuHHCTEpCTBAa HayKu U BbiclIero oopasosanus PK».

KuroueBble cjioBa: mpoco, rHOpuAN3aIis, KOJUIEKIIHS, MyTareHes.
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OO0ocHOBaHMeE M a1aNTAIMOHHBIN MOTEeHI[HAJ Bo3AeabIBanus cou (Glycine max)
B ycaoBusix Ceseproro Ka3zaxcrana

I'. Kunmmak6aesa, . OmipoexkoBa

HAO «Kazaxcxuii azpomexnuueckuil uccieoosamensvckuil yuueepcumem um.C.Cevigpynnunay,
Acmana, 010000, Kasaxcman

Te3uc mocBAIEH KOMILIEKCHOMY aHAJIM3Y aJalTallMOHHOTO MOTEHIMaja COM B YCIOBHUAX
CeBepnoro Kazaxcrana ¢ y4éToM arpoKJIMMAaTHUYECKUMX OTPAHMYEHUM PErvuoHa, OMOJIOrMYECKUX
0COOCHHOCTEH KyJIbTYPBl M PE3yJbTaTOB IOJIEBBIX HCcienoBaHuil. B pabore paccMmarpuBaroTcs
3aKOHOMEPHOCTH (POPMHUPOBAHUSI MPOAYKTUBHOCTH COM B YCIOBHSX PE3KO KOHTHHEHTAIBHOTO
KJIMMaTa, XapakTepHu3ylollerocs Ae(GUIUTOM BIard, BBICOKUM TEMIEPATYPHBIM CTPECCOM U
3HAYUTEIBHON MEXr0J0BOW BapHadeNbHOCTHIO MOTOAHBIX ycioBuil. Ocoboe BHHUMAaHUE YIENEHO
BIIUSIHUIO THAPOTEPMHYECKOIO PEKMMa M CYMMBI aKTHBHBIX TEMIIEpaTyp Ha IPOXOXKICHHE
denomornyeckux (a3 v peam3anuio MOTSHINAIA YPOKAHHOCTH.

[IpoBen€H CpaBHUTENBHBIM aHAIU3 COPTOOOPA3IOB  PA3NUYHBIX TPYII  CHEIOCTH
(ynbTpapaHHel, paHHEH U cpeHepaHHEl ), MO3BOIMBIINN BBISIBUTH WX a/IallTAIlMOHHBIC PA3IAYHS U
OIIpeeIUTh Hanboee NePCreKTUBHBIE TEHOTHUIIBI JIJIs1 YCIOBUM CEBEPHOM 30HBL. Y CTAHOBJIEHO, YTO
MPOJAYKIIMOHHBIM TPOLIECC COM HOCHT KOMIUJICKCHBIM XapakTep M OMpPENeNsieTcs COBOKYITHBIM
BIIUSTHUEM MOP(O-OMOJIOTHIECKIX MPHU3HAKOB (BBICOTA PACTCHUMU, CTPYKTypa Y3JIOB, OMomacca,
dboToCcHHTETHYECKAasE AKTUBHOCTb) M (PAKTOPOB BHEIIHEH Cpelbl, MpU JOMHHHUPYIOIIEH poNn
MOTOMHBIX  yCIOBHHA. BpIABIEHO, YTO  (HOPMUpPOBAHHE YPOKANHHOCTH  COMPOBOXKIACTCS
KOMIICHCATOPHBIMU MEXaHM3MaMH MEXIy OJJEMEHTaMHU CTPYKTYpbl ypokas, dYTO Tpelyer
MHTETPAJIBHOTO TOAXO0Ja K OLEHKE CeleKIUMOHHOro Martepuana. OOOCHOBaHAa HEOOXOAMMOCTH
CO3/1aHUS YJIbTPAPAHHUX W PAHHECIEJBIX COPTOB C BEreTalMOHHBIM mepuogoM 10 100 nHed,
o0JIalafoIMX YCTOMYMBOCTBIO K a0MOTHUECKHUM CTpeccaM, IMOHIKEHHOH (OTONepHOANIECKON
YYBCTBUTEIHHOCTHIO M BEICOKOH () (hEKTHUBHOCTHIO HCIIOJIb30BAHMS BJIary.

[TonydeHHbIe pe3ynbTaThl CAyXKaT HAYYHONH OCHOBOI JIJIs1 pacHIMPEHUs TOCEBHBIX IJIOMIaAeH
COU M COBEPILEHCTBOBAHUS CEJIEKLUMOHHBIX MIPOTrPaMM, HAMPABICHHBIX Ha a/IallTalluI0 KYJbTYpbl K
ycaoBusM CeBepHoro KazaxcraHa B KOHTEKCTE TUBEpCU(UKALIUHN arpOIpOr3BOICTBA.

KuaroueBsble ci10Ba: cosi, COpT, YPOKANHOCTh, TOTEHIIHAI.

Beenenne. 3epHOBOE NMPOM3BOACTBO, NMPEXKAE BCEro IMIICHMIBI, TPAAUIMOHHO 3aHUMAET
JOMUHUpYIOILIIEE TOJOKEHUE B CTPYKType TMOCeBHbIX Iutomiane Pecnybmuku Kazaxcras.
JlnurenpHOe mpeobnaganne MOHOKYIbTYpHI (10 80,4% B 2009 1.) dopMupyeT arpo’KOIOTHYECKre
1 DIKOHOMUYECKHUE PUCKH, BKIIIOUas AETpaslalliio [M0YB, CHUKEHHE OMOJIOTHYECKOT0 pa3HOo00pas3us U
HECTaOMJIBHOCTh ypoxaiiHocTu. HecMOTpst Ha cHMXeHMe JoaM mueHuIsl 10 55,9% k 2021 rony,
CTPYKTypa MOCEBOB OCTAETCS HEAOCTATOUHO cOaaHCHpoBaHHOM [1-5].

Cost Kak BBICOKOOENIKOBas U MAaciu4Has KyJIbTypa UMEET CTpaTeruueckoe 3HayeHWe s
obecriedeHnss KOpMOBOM 0a3bl, nepepadaThIBarollell MPOMBIIUIEHHOCTH W IPOJOBOJIBCTBEHHOMN
6e3omacHocTd. MupoBas 1uionaap noceBoB cou mnpesbimaer 100 MiH. ra, BBIpAIIMBAIOT €€ B
OCHOBHBIX 3emienenpyeckux pernoHax 90 crpaH. MupoBoe NpPOM3BOACTBO 3TOW KYJIBTYPBI
nocturaer Oonee 253 muH. ra. B wHacrosimiee Bpems cambie OOJBIITNE TOCEBHBIE TIOMIATNA H
MIPOM3BOJICTBO COM HaxozsTcs B bpaszumuu (oxosno 35-40% ot mupoBsix), CILA (20%), AprenTune
(12%), Kurae (12-13%) u Unauu (8%). Cpennsiss MupoBasi ypoKalHOCTh COCTaBIISIET MPUMEPHO
22,5 /ra. OcHoBHBIME TIOTpeOuTesimu siBnsitorcs Kutait, bpasumus, CIIA u Aprentuna (1o 50%
MUPOBBIX 00beMOB). Kurtaii — kpynHeimuii mupoBoit ummnoprep cou (75 MIH. T.) HOpu
npousBoacTBe 18,3 muH. T [6,7].

Opnnako e€ nmonst B Kazaxcrane ocraércs He3HauuTelbHOU (MeHee 4% cpelu MacIUYHbIX
KyJlbTYyp), @ TEeppUTOpHalibHAs KOHIEHTpALUsl IPOU3BOJCTBA OrPAaHWYEHA FOKHBIMH M IOTO-
BOCTOUHBIMU pernoHamu. CeBepHblii Kazaxcran, o0nagas 3HAYUTENBHBIMH 3€MEJIbHBIMU
pecypcaMu, OCTa€Tcs HENOCTATOYHO BOBJICYEHHBIM B IPOU3BOACTBO COM H3-3a OrPAHUYEHHOH
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aIAITUBHOCTH CYIIECTBYIOIIETO COPTUMEHTA U OTCYTCTBHEM OTEUECTBEHHBIX COPTOB JJIsI JAHHOTO
peruoHa.

Kmumar Ceepnoro Kazaxcrana xapakTepu3yercsi BBICOKOW KOHTHHEHTAJIbHOCTHIO,
3HAYUTENIBHON AaMIUIMTYJ0M TemIepaTyp M HEPaBHOMEPHBIM pAaCHpelle]IeHUEM OCaJIKOB.
BereranyonHplii 1epuoOA  CONMPOBOXAAETCS YACThIMU  3acyXaMH, JOJS KOTOPBIX Cpeau
HEOJIArONMPUATHBIX arpOMETEOPOIOTUYECKUX sABICHMM nocTrraeT 80%. AHaIN3 MOTOAHBIX YCIOBUN
2021-2025 roma mokasall: TOBBIMIEHHBIN TeMIepaTypHbii (GoH (cpemuss Temmneparypa +17,9°C,
npeBbleHre HopMbl Ha 2°C), 3KCTpeMaIbHO HU3KYIO BIaroodecrnedeHHocTh (49,6 MM 0cakoB mpu
nebunure g0 144,1 mm), kpaitHe HuH3KHE ruaporepmudeckuii kodddumument (I'TK = 0,2),
COOTBETCTBYIOILIHH YCIOBHUSM OCTPOH 3aCyXH M CyMMapHO€ HaKOIUICHHE aKTHBHBIX TEMIEpaTyp 110
2702,4°C. OcobeHHO HEOJarompUsTHBIC YCIOBUS CIOXKHWINCH B KpUTHYECKHE (Da3bl pPa3BUTHS
1BereHue, 600000pazoBanue, HamuB ceMsH 2023-2025 romoB, 4TO MPHUBENIO K CHUKCHHUIO MACCHI
1000 cemsiH, YMEHBIIICHUIO YUCIIa TPOIYKTUBHBIX y3JI0B U OOIIEH MPOIyKTUBHOCTH pacTeHuid. Kak
MOKa3aJId Pe3yNbTaThl UCCIEAOBAHUM MOTOAHBIH (QakTop onpenenst 10 60—80% BapuaberbHOCTH
yposkaiiHoctH [8-12].

Martepuanbl U MeToabl. VccnenoBanus MpoOBOAWIN B YCIOBHUSX OIBITHOTO MOJS B 30HE
3acynumBoit crernu CeBepHoro Kazaxcrana (TOO HIIL3X um.A.M.BapaeBa) ¢ ucnosib3oBaHueM
KOJUIEKIIMOHHOTO ~MaTepuaia COM pPa3IMYyHOTO SKOJOro-reorpauyeckoro IMpPOUCXOXKICHHUS.
[TosieBbIC OMBITHI 3aKJIAJBIBAIA B COOTBETCTBUU C OOIIECHIPHHSTHIMU METOJUKAMH CEICKITHOHHBIX
UCCIIEIOBaHMM, C MpoBeAeHUEM (DEHONOrMUecKUX HaON0/IeHUN, OMOMETPUUECKUX HU3MEpPEHUui u
OIICHKH JJIEMEHTOB CTPYKTYPBI YpOXkas, YPOKaiHOCTH M KadecTBa 3epHa B ycioBusx 2021-2025
rogel. OlleHKa arpoMeTeoposIOTHUECKUX YCIOBUH OCYIIECTBISJIaCh Ha OCHOBE pacyéra
THIPOTEpPMHUYECKOr0 Kod(dduumenTa mo AaHHBIM MeTeoHaOmroaeHui. Mopdobuonorndeckue u
Mop(doduznonornueckue MoKa3zaTeNd pPAcTeHUN OINpeAesuid CTaHAAPTHBIMU METOJaMU  Ha
pENpPEe3eHTaTUBHON BBIOOPKE paCTeHHH. YPOXKAMHOCTh PACCUMUTHIBAIA MO Macce CEMSH IOcIe
yOopku B (haze MOIHOH crenocTd. J{0CTOBEpHOCTh MOJIYYEHHBIX PE3yIbTaTOB OOecrednBajach
MPUMEHEHUEM METOJOB MaTeMaTUYeCKOW CTaTUCTUKH, BKJIIOYas AUCIEPCHOHHBIN aHaNW3, MpU
MIPUHITOM YPOBHE 3HAUUMOCTH.

PesyabraTel. CornacHo MpPOBEIEHHBIM HCCIIENIOBAHUSAM, paclpelieieHle IO TpyInaM

CIEJOCTA COCTaBWJIO: yibTpapaHHss (9,6%) — BereranvoHHbIM Tiepuon a0 85-89 ngHedd,
MUHHMaJIbHas CyMMa akTUBHBIX Temmnepatyp (1687,4°C), Bbicokas ctabuinbHOCTb pru3HakoB (CV =
1,99), pannss (naubosiee MHOrouucieHHas) — 10 100 mHeH, xapakTepuU3yeTcss ONTUMaIbHBIM

COYETaHHUEM CKOPOCIIENIOCTH U MPOAYKTUBHOCTH U cpeaHepanHssa (33,6%) — no 110-111 gueit,
6onee TpedoBarenbHa k Biare (I'TK = 0,3), Ho popmupyet Oosbliyro Guomaccy.

YcraHoBIEHO, 4TO 3aCyILIIUBBIE yCIIOBUS CIOCOOCTBOBAIIN COKPAILEHUIO
MPOAOIKUTEIBHOCTH BEreTaliii, OCOOCHHO y YIbTpapaHHUX (opM, Torja Kak y Oosee MO3THUX
COpPTOB HaOJIOJANOCh YyAJMHEHUE (a3 pa3BUTHUS MPH BbINAJECHUU OCAJKOB B KOHIIE BEreTaluu.
HccnenoBanust moka3ajin BBICOKYIO BapuabeIbHOCTh OOJIBIIMHCTBA MOP(OIOrMUECKUX MPU3HAKOB,
0OYCJIOBJIGHHYIO BJIMSIHUEM YCIIOBUU cpefbl, KodduimeHT Bapuanuu coctaBun 6,3—17,4%, uto
CBHUJIETENILCTBYET 00 OTHOCHUTENBHOM CTaOMIBHOCTU NpHU3HAKa, O0ojiee BBICOKUMH 3HAYEHUSIMHU
BapHalli MHOTHE TOKa3aTelu (POTOCMHTETUYECKON JEeATENbHOCTH W OHOMETPUYECKUX
HoKasareneif, XapakTepu3oBaliach BbICOKOH m3MeHunBocThlo (CV  mo  25%), otpaxas
(boTOnepHOANUECKYI0 YYyBCTBUTEIBHOCTh TE€HOTHUIIOB. BbicOoTa mpuKperieHus HUxKHero 0o0a:
BapbupoBaia B npexaenax 5—11 cm (CV no 46,8%), uncino NpoayKTUBHBIX Y3JI0B: BapbUPOBAIO B
HIUPOKUX Mpefieniax, MpH 3TOM paHHUE U CpeTHEPAaHHUE IPYIIbl JEMOHCTPUPOBAII 00Jiee BBICOKHE
3HaueHus (10 20 y3510B Ha pacTeHue). buomacca u cyxoe BEIIeCTBO: XapaKTepHU30BAIUCH BHICOKOH
HectabupHOCTHIO (CV 10 51,6%), 9TO MOATBEPKIAET 3aBUCUMOCTh ITHX MOKa3aTeiel OT yCIoBUHA
BJIaroo0ecnedeHrs. Y CTaHOBJIEHO, YTO MaKCHMalbHOE HaKoIUleHHe Ouomacchl U (OpMUPOBAHUE
MPOAYKTHUBHBIX OPTraHOB NMPOMUCXOJMUT B (ha3y HaJMBa CEMsH, KOTOpas SIBJISIETCS KIIOYEBOM s
pean3aluy MoTeHInaaa ypoxKaHOCTH.

HccnenoBanust TMOKa3aldd BBICOKYIO BapuaOelnbHOCTh OOJBIIMHCTBA MOP(HOIOTHYECKUX
MPU3HAKOB, OOYCIIOBJIIEHHYIO BIUSHUEM YCJIOBHM Cpebl, B YAacCTHOCTH BBICOTa PACTCHUMA:
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CYIIECTBEHHO CHH)Kajachb B YCJIOBHUSX 3aCyXHM, OCOOCHHO Yy WHAECTEPMUHAHTHBIX (OpM;
koaddunmeHT Bapuauuud coctaBun  6,3—17,4%, 4YTO CBUIETENBCTBYET OO0 OTHOCHTEIHHOU
CTaOMIIBHOCTH MpHU3HAKa. Y porkaiiHOCTB cou B ycioBusx CeBepHoro Kazaxcrana opmupyercs noj
BIIUSIHUEM KOMIUIeKca (aKTOpOB: BKJIaA (akTopa «yciaoBHUs roaa» nocturaer 76—79,3%; Bkian
reHoTuna — OKoJio 8% W B3aUMOJICHCTBUE «TEHOTHUIT X cpena» — 10 57,3% misa Goliee Mo3aHUX
rpynn crenoctu. CpemHsisi YpOKailHOCTh COCTaBHWIIA y yibTpapaHHed rpymnmsl - 10 7,0-10 1y/ra;
cpennepanneii - 10,9-12,8 1/ra.

Koppensuuonnslii  aHanu3 BbISIBHI cja0ble W Pa3HOHANpPABICHHBIC CBA3H MEXIY
npusHakamu (|r| < 0,37), 94To yKa3bpIBaeT Ha OTCYTCTBHE JOMUHHUPYIOMIETO (PaKTOpa M KOMIUICKCHBIN
xapaxkTep (GOpMHUPOBAHUS YPOKANHOCTH.

OTMmeueHbl BakHbIE 3aKOHOMEPHOCTH: 3((EKT KOMIIEHCAIIUU MEX]y YHCIOM U Maccoi
ceMsH; ciabasi 3aBUCUMOCTh ypPOXaWHOCTH OT BBICOTHI pacteHuil (R* = 0,228 y ynpTpapaHHHX
¢dbopM); HE3HAYUTENbHOE BIHMsSHUE 4YHcla O000OB M CEMSH Ha UTOTOBYIO MPOAYKTUBHOCTb. JTO
CBHJIETEIILCTBYET O HEOOXOIMMOCTH UHTETPATIBHOTO CEJIEKIIMOHHOTO TOAX0/1a.

B pesynbrare wuccinenoBaHUMH BBIAENIEHBI COPTOOOpA3lbl € BBICOKUM  aJalTUBHBIM
noreHuaaoM kak HMsymka, Yepa-1, Antom, Munsyma, Beidou 41, Kendou 61 wu ap.,
XapaKTepU3YIOIIUECS] YCTOMUMBOCTBIO K 3acyxe, CTaOWIBHBIM (OPMHPOBAHHUEM HIIEMEHTOB
CTPYKTYpBI ypO’Kasi, BBICOKOM (DOTOCHHTETHUECKONH aKTUBHOCTBIO M CIOCOOHOCTBIO COXPaHATh
IPOAYKTUBHBIE Yy3/bl IpPU CTpeccax. TakkKe KIIOUYEBBIMU CEJEKUHUOHHBIMU IPU3HAKaMU
orpezeneHbl mokazarenau ckopocmnenoctu (<100 nueit), ycTOWYHMBOCTD K a0MOTHUECKUM CTpeccam,
TEXHOJIOTUYHOCTD (BBICOTa HWKHEro 0o0a >12 cM) M cTaOMIbHOCTh (POPMUPOBAHUS YPOIKANHBIX
AJIEMEHTOB.

3akiiouenune. CeBepublii Kazaxcran oOmagaer OrpaHWYeHHBIMH, HO TOTEHIIHAIBHO
JOCTaTOYHBIMU arpOKIMMATHUYECKHUMH PecypcaMu Ui BO3JIEIbIBAHUS COU MIPU YCIOBUU aJanTalluu
coproB. HauOosiee mnepcrneKTUBHBIMU SBJISIIOTCS yJAbTPApAaHHUE W paHHME TPYIIBI CIEIOCTH,
o0ecTeYnBaOIINe 3aBEPUICHUE BEreTally IO HACTYIUICHHsI HEOJIaronpusTHBIX OCEHHUX YCIIOBHH.
DopMHUpPOBAaHUE YPOXKANHOCTU OMpEAENSeTCs MPEUMYIIECTBEHHO IOTOJAHBIMU YCIOBUSAMH, YTO
TpeOyeT CeleKIMM Ha YCTOWYMBOCTh K 3acyXe U TeMIlepaTypHbIM cTpeccam. Mopdodo-
OMOJIOTMYeCKHe MPU3HAKU 00JIaar0T BBHICOKOW BapHalOeIbHOCTHIO M JOJKHBI pacCMaTPUBATHCSA B
KOMIUIEKCE MpH cenekuuu. Pacmmpenne noceBHbIX iomanen cou a0 200-250 Teic. ra BO3MOMKHO
IIPU YCIIOBHM CO3JaHMsI OT€UYECTBEHHBIX aJalTUBHBIX COPTOB M COBEPLICHCTBOBAHMS TEXHOJIOTMH
BO3JenbIBaHusA. TakuM 00pa3oM, COBpEMEHHOE MOTEIUIEHHE KJIMMaTa CO3JaeT MPEANOCHUIKU IJis
IPOJBWKEHHSI COM B CEBEpHbIE pernoHnl KazaxcraHa, OHAKO KIHOYEBBIM (PAKTOPOM YCHEIIHON
WHTPOTYKIIHH SIBIISICTCS dbopMupoBanue Y3KOCHEIMATN3UPOBAHHOTO COPTHUMEHTA,
alalTUPOBAHHOTO K SKCTPEMAJIbHBIM YCJIOBUSAM 30HBI.
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In Vitro Effects of Quinone Outside Inhibitor (Qol) Strobilurin Fungicides on
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Background: Tan spot of wheat, caused by P. tritici-repentis (Ptr), is one of the most
aggressive foliar diseases both globally and in Kazakhstan. Crop surveys in Central Asia have
revealed widespread prevalence of the disease, particularly in winter wheat, where epiphytotic can
cause Yyield losses of up to 50-65% and deteriorate grain quality. The disease spreads rapidly and is
highly damaging in key wheat-growing regions. Primary control measures include breeding
resistant varieties, using fungicides, and cultivating practices aimed at reducing inoculum
accumulation. However, the effectiveness of fungicide protection can be reduced by the
development of resistance in the pathogen. Therefore, the aim of this study was to identify Ptr
isolates resistant to Qol (strobilurin) fungicides.

Materials and methods: Ptr isolates obtained from frozen conidiospores were reactivated
on PDA and cultured on V8-PDA in the dark for 5 days. Conidiospores were suspended in sterile
water and stored on ice. The susceptibility of the isolates to azoxystrobin was assessed according to
the method of Sautua et al. (2020) with the calculation of ECso based on mycelial growth inhibition.
Fungicides (99.5% a.v.) were dissolved in acetone (10 mg/mL) and added to the PDA medium at
concentrations of 0.01-100 pg/mL. Experiments were performed in triplicate for each isolate x
concentration combination.

Results: P. tritici-repentis isolates obtained from frozen conidiospores were reactivated on
PDA and cultured on VV8-PDA in the dark for 5 days. Conidiospores were suspended in sterile water
and stored on ice. The susceptibility of the isolates to azoxystrobin was assessed according to the
method of Sautua et al. (2020) with the calculation of ECso based on mycelial growth inhibition.
Fungicides (99.5% a.v.) were dissolved in acetone (10 mg/mL) and added to the PDA medium at
concentrations of 0.01-100 pg/mL. Experiments were performed in triplicate for each isolate x
concentration combination.

Conclusion: Qol (strobilurin) fungicides exhibited a moderate, dose-dependent inhibitory
effect on the mycelial growth of P. tritici-repentis, with substantial variability among isolates. The
incomplete suppression of growth indicates the presence of partial resistance within the pathogen
population. Overall, Qol compounds were more effective in inhibiting spore germination than
mycelial development, highlighting the need for continuous monitoring of fungicide sensitivity and
the implementation of resistance management strategies.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP22787867).

Keywords: wheat, tan spot, Pyrenophora tritici-repentis, Qol fungicides.
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Soybean breeding for resistance to seed shattering

Rystay Kushanova®, Svetlana Didorenko, Rinat Kasenov, Almagul Dalibayeva, Islambek Sagit

Kazakh Research Institute of Agriculture and Plant Growing, Almalybak, 040909, Kazakhstan

*Corresponding author: kizkushanova22@mail.ru

Abstract: As average summer temperatures rise, there is an increased risk of reduced
soybean yields due to pod cracking and seed shattering. One way to address this problem is to breed
varieties that are resistant to seed shattering. These varieties are distinguished by a morphological
feature of the seed pod structure. Research in this area is being conducted at the Kazakh Research
Institute of Agriculture and Plant Growing.

Background: Seed shattering (shattering, dehiscence) and pod cracking significantly reduce
the yield of grain legumes, especially under dry and windy conditions. Losses can reach 10—20%,
which determines the importance of breeding for resistance to these traits (Parker et al., 2021).
Genetic control of dehiscence is associated with the morphology of the peduncle and hilum,
including the fused seed hilum trait (Takahashi et al., 2020). Effective programs should combine
phenotypic and marker-assisted selection, taking into account productivity and adaptability (Liu et
al., 2022; Shimbwambwa et al., 2024). Approaches to develop dehiscence varieties include: the use
of non-shattering trait donors that already possess a stable seed fusion trait; interline crosses with
control of trait inheritance and progeny testing; Marker-assisted selection using genetic markers
associated with fused seed hilum; combined selection for productivity, quality, and shatter
resistance to preserve the technological characteristics of the crop.

Materials and methods: Between 2019 and 2025, intervarietal soybean crosses were
conducted involving the Zara, Birlik, Almaty, Odesskaya 150, and Alua varieties. The number of
pollinated flowers, formed pods, and seeds, as well as the percentage of seed set, were assessed.
Collection samples and lines with the non-shattering trait, as well as selection numbers from older
breeding nurseries, were also analyzed.

Results: A total of 30 crosses were performed: 1028 flowers, 154 pods, and 255 seeds; the
average fruit set was approximately 15%. All F:1 hybrids had a white eye on the hilum, confirming
the dominance of the fused seed hilum trait. In the control nursery, 18.9% of 358 accessions
exhibited shatter resistance. However, the average yield of resistant varieties (4.36 t/ha) was lower
than that of non-resistant varieties (4.75 t/ha), indicating a possible compromise between traits.

Conclusion: The fused seed hilum trait is inherited dominantly and holds promise for
soybean breeding. Resistant varieties have lower yields, requiring comprehensive selection. The
effectiveness of hybridization depends on the genotype and conditions. Integration of traditional
and molecular methods is necessary to create stable, productive varieties.

Acknowledgement: The work ran within the program-target financing of the Ministry of
Agriculture of the Republic of Kazakhstan under budget program 267, BR22885857 “Development
and introduction of highly productive oilseeds and cereals varieties and hybrids to ensure food
security of Kazakhstan”.

Key words: soybeans, selection, resistance to seed shattering, yield
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Phylogeny of Ferula species inferred from ITS2 and psbA-trnH (Central
Kazakhstan)
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*Corresponding author: Li.K@mail.karnu-buketov.edu.kz

Background: Ferula (Apiaceae) is a taxonomically challenging genus in the Irano-Turanian
region, where reticulate evolution and marker incongruence have been reported [1-4].

Materials and methods: We analysed nuclear ITS2 and plastid psbA-trnH sequences from
five Ferula species collected in the Karaganda region (Kazakhstan) in 2025; Peucedanum officinale
was used as outgroup. Alignments were produced with MUSCLE in MEGA X; substitution models
were selected under AIC; phylogenies were inferred using Maximum Likelihood with 1000
bootstrap replicates [5,6]. Intraspecific epithets were merged and analysis conducted at the species
level.

Results: 1TS2 and psbA-trnH trees were broadly congruent (Fig. 1A-B). The two-locus
majority-rule consensus (Fig. 1C) summarised the shared species-level structure while highlighting
any locus-specific differences.

Conclusion: Combined nuclear—plastid evidence supports stable phylogenetic structuring of
the sampled Ferula species in Central Kazakhstan and is consistent with published Ferulinae
frameworks [1-4].

Acknowledgement: This work was supported by the Ministry of Science and Higher
Education of the Republic of Kazakhstan. Grant No. 0125PK00408.

Keywords: Ferula, phylogeny, 1TS2, psbA-trnH, bootstrap
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A) ITS2 — Maximum Likelihood (bootstrap shown)
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C) Two-locus majority-rule consensus (ITS2 + psbA-trnH)
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Figure 1. (A) ITS2 ML tree; (B) psbA-trnH ML tree; (C) two-locus majority-rule consensus.
Bootstrap values are shown at nodes; outgroup: Peucedanum officinale.
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JKcnpeccusi FeHOB, ACCOMUPOBAHHBIX € MPOAYKTUBHOCTBHIO KOJIOCA
Y MATKOM MIIEHUIbI

Apsictan Hypanos®, JTronqmuna 3otoBa, Aficapat I'amxumypanosa, Aitbex XKymanun

Kazaxckui azpomexnuuecxuti uccreoosamenvckuil ynusepcumem um. C. Cetighynnuna, Acmana,
010000, Kazaxcman

* ABTOp-KOppecmonaeHT: nuralov.a@mail.ru

AKTyalbHOCTH: MHUpPOBOE MPOU3BOJICTBO CEIBLCKOXO3SMUCTBEHHBIX KYJIbTYp K 2050 romy
JIOJKHO 3HAYUTENIBHO BBIPACTH, HO IIPU TEKYIIEM pocTe ypoxkaiHocTH mieHulsl (0,9 % B rox) oo
yBenuuuTCs Juiib Ha 38 %, uTo TpeOyeT MOBBIIICHHS MPOTYKTUBHOCTH COPTOB. Msrkasi MuieHua
— KJII0UEeBasi KyJIbTypa B IPOIOBOJILCTBEHHON 0€30MacHOCTH, a €€ ypOKaHOCTh B IIEPBYIO OYepelb
onpenenseTcss NpoyKTUBHOCTBIO Kojoca [1].

Marepuanbl U Metoabl: [IpH3HAaK MMeeT MOJUTEHHYIO TPUPOAY M KOHTPOIUPYETCS
MHOxkecTBOM QTL u renos, Bkimrouas TaAPO-Al, GNI-Al, WFZP u TaKAO [3.,4,5]. Dkcnpeccuro
ornenuBau MetogoM RT-QPCR ¢ mcmonp3oBanmem SYBR Green: PHK Beyiensuim U3 JIMCTOBOU
tkanu (TRIzol), cunresupoBanmu xJIHK, ammaudukammio npoBogwaun na QuantStudio 7 Flex ¢
aHAJTM30M KPUBBIX TUIABIICHHS Ul MOATBEepXKIeHHs cnermduunocTa. B kauectBe pedepeHcHoro
reHa ucnoib3oBau AcCtin, mis koHTposis — RT— u NTC; OTHOCHTEIbHBINH YPOBEHBb IKCIPECCUH
paccunTbiBaiy 10 3HaueHusiM Ct [6].

PesyabraThi: Ha ocHOBe NONy4yeHHBIX [aHHBIX IPOBEIEHO CEKBEHHWPOBAHHWE T'EHOB,
OTIPENIENIAIONMX MPOAYKTUBHOCTh KOJIOCA, y POJUTENBCKUX (OpM MIIEHUIBL. BbIABICHBI
nommMop(du3MbI, IO KOTOpbIM pa3zpadotransl SNP-mpaiiMepsl, acconuupoBannblie ¢ reHamu GNI1,
TaAPO-Al u TaKAO-4A, ucrionb3yemble ISl CENIEKIIMU U OLIEHKU MPOAYKTUBHOCTH Koyioca. Ha mx
OCHOBE TaKXKe U3y4alld HKCIIPECCUIO T€HOB B TEYEHUE BEreTAI[MOHHOTO IEPUOA.

3akmouenue: [IpoBeeHO CEKBEHHPOBAHUE T€HOB MPOAYKTUBHOCTH KOJIOCA POJAUTEINBCKUX
¢dbopM mmieHunbl. BeisiBIeHB TOTUMOP(GU3MBI Y TEHOTHIIOB. HA OCHOBE KOTOPBIX pa3pabOTaHbI
SNP-mpaiimeps, accoumupoBanusle ¢ renamu GNI1, TaAPO-Al u TaKAO-4A. TlposeneHo
HCCIIEIOBAHMSI SKCIIPECCUU T€HOB MPOAYKTUBHOCTH KOJIOCA B TEUEHUH BETETAllMOHHOTO MEPUO/a.

JlanHOE WCCIeoBaHWE TIPOBEACHO B pamkax mnpoekta «AP23490403 - MonekynsipHO-
TeHEeTUYEeCKasi OIeHKa, HAeHTU(UKauid S(H(PEKTUBHBIX TEHOB M JIOKYCOB KOJUYECTBEHHBIX
npu3HakoB (QTL) mpoxyKTHBHOCTH SIPOBOI MATKOM MIeHUIB Ha 2024-2026 rona.

KiroueBble cjioBa: MIIEHULA, YPOKAIHOCTD, TPOAYKTUBHOCTD, KOJIOC, SKCIIPECCHSL.
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Genetic variability of Rhaponticum carthamoides based on its barcoding
0.B. Raizer'", D.S. Tagimanova®?, S.M. Magzumova®, O.N. Khapilina®

!National Center for Biotechnology, Astana, Kazakhstan
23, Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan

*Corresponding author: 2008olesya@mail.ru

Background. Rhaponticum carthamoides is a valuable medicinal plant characterized by
high genetic and biochemical diversity. Molecular barcoding using the ITS region is an effective
tool for assessing intraspecific variability and clarifying phylogenetic relationships [1, 2].

Materials and methods. Genomic DNA was isolated from herbarium samples using a
modified acidic CTAB protocol (pH 5.3) with hot chloroform extraction. The ITS1-ITS2 region
was amplified and sequenced for 16 samples. Bioinformatic analysis included nucleotide
composition assessment, SNP detection, estimation of genetic distances (MLM model), and
phylogenetic reconstruction using the Neighbor-Joining method with 1000 bootstrap replicates.

Results. The amplified ITS fragments ranged from 700 to 850 bp. The average nucleotide
composition was A = 20.9%, T = 22.1%, C = 26.5%, G = 30.4%, with mean GC content of 57%.
Analysis revealed both transition and transversion substitutions, indicating moderate to high genetic
variability. Such values are consistent with previously reported ITS variability in medicinal
Asteraceae species [3]. Nucleotide diversity ranged from 0.035 to 0.042, reflecting pronounced
intraspecific differentiation. Phylogenetic analysis showed clustering of samples into distinct
genetic lineages, while one accession demonstrated divergent placement, suggesting possible
taxonomic inconsistency or the need for further verification [4].

Conclusion. ITS barcoding revealed significant genetic variability within R. carthamoides,
indicating a complex intraspecific structure. The obtained data contribute to the clarification of
phylogenetic relationships and can be applied in conservation and breeding programs.

Acknowledgement. The study was carried out within the framework of program-targeted
funding of the Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under the scientific and technical program BR28713087 “Fundamental and applied
aspects of obtaining and targeted synthesis of biologically active compounds of medicinal plants in
in vitro culture.

Keywords: Rhaponticum carthamoides, ITS barcoding, genetic variability, SNP,
phylogenetic analysis.
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Ouenka ycroiiunBocTd 00pa3uoB kaprogens u3 kouiekuuu BUP k
BO30yIMTEJIAM YePHOH HOKKH M MATKOH (MOKpPOii) THH/IH

*
Koncrantua Pognonos , MakcuM CUTHHKOB

DI'BHY Dedepanvuulii ucciedosamenbCkutl yenmp « Bcepoccutickutl uHcmumym 2eHemuyeckux
pecypcog pacmenuti umenu H. U. Basunosa» (BUP), Canxkm-Ilemepoype, 190000, Poccus

* ABTOp-KOppecoHaeHT: K.rodionov@vir.nw.ru

Beenenne: Kaprodens sBisercss OJHOM M3 OCHOBHBIX IPOJOBOJBCTBEHHBIX KYJBTYP.
HecMmoTpss Ha MIMPOKYIO pacnpocTpaHEHHOCTh JAHHOH KyJIbTYphl, KapTo(denab 3aHMMaeT OJHO U3
HEPBBIX MECT 10 MOPAXKAEMOCTH Pa3IMYHBIMU 3a00J1€BaHUAMU. 3aMETHBIN SKOHOMUYECKUH yIepO
HaOmrofaeTcsl MpH  HOpaxkeHuM kaprodens OaktepusMu  cemeiictBa  Enterobacteriaceae,
BBI3BIBAIOLIMMU UYEPHYIO HOXKY KapTodens. Exeronnsle morepu ypoxkas OT 3Toil Oone3Hu
coctaBistoT 10-15% [1]. UépHas HOXKa MPOSIBIIAETCS THUIbIO CTEOJIEH B 10JI€ U MATKOW (MOKpPO)
THUJIbIO KiTyOHeH kapTodens B xpanunuiiax. Llenp naHHOro McciaeqoBaHus 3aKiI0yanach B OLIEHKE
20 ob6pa3mnoB kaprtodens Ha 3apakeHHE IBYMS BUJIAMH TICKTOJUTHYCCKHX JHTEPOOAKTEpHid —
Bo3OynuTened  MIrkod — (MOKpod)  THMIM  KIyOHell  mpu  XpaHeHMM UM 4€pHOU
HOXKH cTebieii B mose kaprodens: Pectobacterium brasiliense (Portier et.al.), Pectobacterium
versatile (Portier et.al.).

Marepuanbl 1 MeToabl: O0pa3iibl ObUM IIpeACcTaBIeHb! 17 MEXBUIOBBIMU THOpUAAMHU U 3
copramu u3 kosuiekiuu BUP. UMx ouenuBanmu crnenyromuM o0pa3oM: MO pa3HUIE B Macce
KapTodens 10 3apaXkeHus U uepe3 3 CyTOK, a Takke Mo Oamay pa3BUTHUA 4YEPHOM HOXKKH Ha
BEreTUPYIOIINX PACTCHUSIX MTOCIIE HHBEKIH B CTEOEIb.

Pesyabrarel: MexBugoBbie rubpuabl  97-152-8, 138-3-2006, 12//1-09 wnauboiee
YCTOMUYUBBI K TMEKTOJUTUYECKHM OJHTEPOOAKTEPHSIM TMPH 3apaKeHHH Kak KIyOHeHd, Tak u
Beretupytomux pacreHuil. Copt «Bapmac» npu OIEHKE pPacTeHMH OTHECEH K YCTOWYMBBIM
oOpaslaM, a NMpH WHOKYJISALMHU MAaTOTE€HOB B KIYOHM OKa3aJiCsi BOCIPUUMYUBBIM. MeEXBHIOBBIE
rubpuael 118-6-2011, 99-6-10, 24-1, 99-4-1, 171-3, 135-1-2006 X0Th W TPOSBISUTH KIYOHEBYIO
YCTOWYMBOCTh K M3y4aeMbIM MAaTOT€HaM, MPHU 3apaXKeHUN PacTeHUH OKa3aJuCh BOCHPUUMYHBBIMU.
HawmmeHbImas arpecCMBHOCTb TpH OOOMX METOJax 3apaXeHHWs OTMEYeHa JUIsi [ITaMMa
Pectobacterium versatile. Mexny kiyOHEBOH M cTe0JIeBOM yCTOWYMBOCTBIO COPTOB KapTodens K
MaTOreHaM HE BBISBJICHO JIOCTOBEPHOW KOPPEISIUH, YTO JOKa3bIBAaeT HEOOXOAWMOCTH OIICHKU
YCTOMYMBOCTH COPTOB KapTo(est mapauienbHo IByMs METOAAMHU.

BuaarogapuocTu: PaboTa BBIIONHEHa B paMKaxX TOCYIapCTBEHHOTO 3aJaHUsl COTJIACHO
temarudeckomy miaany BUP no mpoektry FGEM-2025-0005 «CoBepiieHCTBOBaHHE MOAXOJOB U
METOJIOB €X Situ CcOXpaHEeHUs HICHTU(PHUIMPOBAHHOIO TEeHO(OHIA KIyOHEIUIOAHBIX KYJIBTYP
(xapTodenb, TOmMHAMOYp) M UX AMKUX poAHYEH, pa3paboTka TEXHOIOTMH HX 3PPEKTUBHOTO
HCTOJIb30BAHUS B CEJCKIIMM».
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Pucynox 1. [IposiBiieHre NEKTOIMTHYECKOI aKTHBHOCTH M30JIATOB Pectobacterium spp. Ha kiryOHsx
U pacTEeHUsAX KapToes

KiioueBble ciioBa: uepHas HOXKKa KapTodess, Mirkas rHWIb kaptodes, Pectobacterium
SPP., YCTOMYMBOCTH K ATOT€HAM.
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114 (2025).
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MoOHUTOPHMHI Pa3BUTHS BPEIHOH YepenalKi HA COBPEMEHHbIX COPTaX 03MMOil
nmneHuubl B Kazaxcrane u Y3zoekucrane
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YKazaxcxuii HUU 3emnedenus u pacmenuesoocmsa, Anmanvibax, 040909, Kazaxcman
ZKpacnoeoaonadcmﬂ cenvckoxozsticmeennas onvimuas cmanyus, Capkwvipama, 160914,
Kaszaxcman
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B nocnennue ronpl B LleHTpanbHOil A3UM B CBSI3U C 3aCyIUIMBOCTBIO KJIMMaTa Ha MOCEBax
O3MMOI TNIIEHUIIBI BCTPEYAETCS KOMIUIEKC COCYIIUX BpEAMTENeH, Cpeau KOTOphIX Haubosee
BPEJIOHOCHBIM SIBJISICTCS KJIon BpenHas udepenamnka (Eurygaster integriceps Puton). B crathe
[I0Ka3aHO pPa3BUTHE KJIONA BPEJHON dYepernamiky Ha roceBax o3MMoOHl muieHuipl B Kaszaxcrane u
V30ekucraHe ¢ ydyeToM MOroJHO-KIuMaTHueckux ycioBuil B 2023-2025 roxapl. OmnpeneneHsl
OCHOBHBIE II0Ka3aTeld — TEMIEpPaTypHbIIl PEXUM B peruoHax, (aspl pa3BUTHUS BpEIUTENS U
pacTeHuil, NMpU3HAKM MACCUBHOW 3alUTHl M aJalTHUBHOCTb COBPEMEHHBIX COPTOB MIIEHHIBI K
YCIJIOBUSIM BO3/I€JIbIBAHUSI.

KiroueBble cjioBa: o3umasl IIIEHUIA, KON BpeAHAas 4Yeperaiika, MOHUTOPUHI pa3BUTHS
BpEAUTENS], YCTOWUUBOCTb.

Beenenne: Kion BpeaHas yepenaiuka siBIs€TCS SKOHOMHYECKU OINACHBIM BpeIUTENEM,
KOTOPBIM MPEJCTABIIAET 3HAUUTEIbHYIO YIpO3y JAJIs MPOU3BOJACTBA MILIEHUIl BO MHOTMX CTpaHax
[1,2]. Mcionp30BaHMEe HHCEKTHIIMAOB OCTA€TCSI OCHOBHOM cTparerueld 60pbObl ¢ BpenureneM [3,4].
OpaHaKo MHTEHCUBHOE MPUMEHEHHE NHCEKTULIUIOB IPUBOJIUT K 3arpsi3HEHUIO OKPYXKAIOIIeH cpebl,
ru0enn €CTECTBEHHBIX BparoB W BO3HUKHOBEHMIO PA3JIMYHBIX SKOJIOTMYECKUX PHCKOB [5].
I'moGanbHOE U3MEHEHHE KJIMMaTa JIUIb YCYTyOsIsIFoT MpoOIeMBbl 3alllUThl PACTEHUN OT BpeAUTENs U
OpUBOAMT K moTepsiM ypoxkas [6,7]. B Kazaxcrane m VY30ekucraHe B OTHENbHBIE TOJBI
YBEJIMYMBAIOTCS TMOMYJIALUU BPEIHOM dYepenamkyd B palloHaX BbIpAIlMBAaHUS O3UMOM IIIEHUIIBI
[8,9]. B manHO# paboTe MOKa3aHBI Pe3yabTaThl MOHHTOPWHTA KJIONA BPETHOW dYepermamKkd Ha
COBPEMEHHBIX COpPTaxX O3UMOM MIIEHUIIBI Il COBEPIIEHCTBOBAHUS CENIEKIIUN HA YCTOWYUBOCTb.

Marepuansl m Meroabl: HMccnenoBanus npoBeaeHsl B 2023-2025 roasl B ONBITHBIX
yuactkax Kazaxckoro HWWM 3emnenmenmst u  pacrenueBoactBa (N43°23°77” ET76°69°68”),
Anmatunckas obmnacte (N43°49°49” E76°66°21), KpacHOBOAOMAACKON CeTbCKOXO03HCTBEHHOM
ONBITHOM cTaHuuu, Typkectanckas oOmacth (N41°46°40” E69°43°66), a takxe B WHcTHUTyTE
TCHETHKH W OSKCIEPUMEHTaIbHON Ouonorun pactenuii, TamkeHTckas oOmacte (N41°36°717
E69°40°21”). B Anmarunckoii, Typkectanckoit u TamkeHTCKONH 00JacTsAX ONMpENeeHO pa3BUTHE
BpeIUTeNss Ha COpTax O3MMOM mieHunsl Anmanbl, Amanat, borapuas 56, lymatu, XKetsicy,
CrexnoBuanas 24 (Anmatunckue copta), KpacnoBogomanckas 210, [Tamste 47, en, FOxuas 12
(KpacnoBonmonaackue copta), Bardosh, Ezoz, Ilgor (Tamkenrckue copta). [Ipu MoHuTOpHHIrE
M3ydmin (a3l pa3BUTHS BpeIUTENs U pacTeHUil, MOp(OIOrHUeCcKUe MPU3HAKH COPTOB MIIEHUIBI.
B kaxnom pernone onpeaenunu ruaporepmudeckuii koapounueHt (I'TK) u cymmy a¢pdexkTuBHbIX
temneparyp (COT) [10,11].

PesyabTaThl: B roxHOoM permone Kazaxcrana m B VY30ekucrane B 2023-2025 romasl
BEreTalMoHHbIA mepuoj; Obl1 pazHooOpaszHeiM. B 2023 u 2025 roasl B Mae U HIOHE MECSIIbI
OTMEYEeHa BBICOKAs TemIlepaTypa Bo3Ayxa MpU MHUHHMalbHOM konmdecTBe ocaakoB (I'TK <0,3),
KOTOpBIE MPUBEIH K CHIDKEHUIO YiclieHHOCcTH Bpeautens. B 2024 roxy npu temnepatype 20-25 °C
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u I'TK 0,5-0,7 co3maHpl ONTUMAaNbHBIE YCIOBUS g pa3BuUTUs Bpenutens. [lokazanel da3sl
pa3BUTHSA KJIOTA BPEAHOMN Yepenamiki U BUbI MOBPEXKACHUS MIICHUIIBI BpeIuTeaeM (PUCYHOK).

Pucynok 1. ®a3sl pa3BuTHs KJI0Na BPEAHON YEPETALIKN U BUIbI TOBPEXKICHUS BPEIUTEIIEM |
A — 3UMOBKa KJIONIOB O[T IepeBbsiMuU, B — Becennnii mpuitet kiiona Ha 1moceBbl mieHunsl, C —
OTknagka suIl Ha KoJioce mieHuIsl, D — Pa3putue sui Ha nucte, E — PasButne muunHoK, F —

[Muranue B3pOCTBIX KIOMOB HA Kojioce mineHuIbl, G — [ToBpexkienue cre0neid MieHUIbl
Bpenuresnem, H — [oBpexaenue konoca minenuibl, | — [ToBpesxaeHHbIe 3epHa MIIEHUIIBI.

BaxxHbIM HampaBleHHEM H3Y4EHHUS KJIONa BPEAHON dYepemamiku sBiseTcss 0oTOOp COpPTOB
MIIEHMIIBI, 00JIa1alolUX YCTOMUNBOCTBIO K MMOBPEXKACHHUIO BpeauTeneM. B onbite oToOpaHbl copra
W JIMHUM, OOJIafarollie MpU3HAKAMU ITaCCUBHOW 3aIlUThl (JIMCThS C BOCKOBBIM HAJIETOM,
OIYIIEHHbIE KOJIOChSI) M aJANTHBHOCTBIO K MECTHBIM YCIOBHSIM BO3/eNbIBaHUS. BritoueHue
AHAJIOTHYHBIX COPTOB B MPOTPaMMbI CEJIEKIIMU CIIOCOOCTBYET CO3[aHMIO HOBBIX TI'€HOTHIIOB,
YCTOMYMBBIX K BPEIUTEIIO.

BoiBoawbl: Tlpu u3yuenuu kiorna BpenHoil uepemariku (Eurygaster integriceps Puton) ua
COBPEMEHHBIX cOopTax o3uMoi mmeHunbl KazaxcraHa m Y30eKkucTaHa OCHOBHBIMHU ITOKa3aTeNIsIMU
SBIISIIOTCSL TEMIIEPAaTypPHBIH pPEXHM pEeruoHa, ¢asbl pa3BUTHS BPEIOUTENs, a TaKkKe MPHU3HAKH
MTACCUBHOM 3aIllUTHI U aJAIITUBHOCTH COPTOB IIIEHULBI K YCIOBHASAM BO3/IEIIBIBAHUS.

baaropapuocts: HccnenoBanue ¢unancupyercs KH MHBO PK, rpanr WPH
AP23489491.
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Co3nanue ucxoaHoro marepuasna rpeunxu (Fagopyrum esculentum Moench.)
B YCJIOBHAX AKMOJIMHCKOM 00J1acTH

(v} v v *
Hypus CapbacoBa, Aiiman PricOexoBa, AlibimM 3elinyiuinHa, DinbpMupa JlrocubaeBa

Kaszaxckuu acpomexnuueckuii uccredosamenvckutl ynusepcumem umernu C.Cetigpynnuna, Acmana,
Kaszaxcman

* ABTop-koppecnonieHT: e.dyussibayeva@kazatu.edu.kz

B pesynaprare npoOBENEHHBIX HCCIENIOBAaHMN 1O CENEKIUH TPEeYNXH BIEpPBbIE OblIa
chopMUpOBaHa U pa3MHOKEHA TIeHeTHYecKas pabouasi KOJUIGKIMS TpPEYMXHd MHPOBOM U
oTe4ecTBEHHOM  cenekimu U3 140  0o0pasmoB  pa3iaMyHOrO  3KOJOTro-Teorpaduyeckoro
npoucxoxaenus. [IpoBegena moneBas olleHKa MUPOBOM KOJUIEKIIMH B MOYBEHHO-KIMMATUYECKUX
yenoBusix HIIL[ 3X wum. A.M.bapaeBa AKMOIMHCKOW 00JacTd W BBIACIEHBI HMCTOYHUKH,
oOnanarolue XO34WCTBEHHO-IICHHBIMH TpU3HAKaMH. Pe3ynbTaThl TMOJNEBBIX HCHOBITAHUA U
IIPOBEJCHHBIM aHaIM3 IO 3JEMEHTAM YPOXaMHOCTU IOKa3ajdu BO3MOXKHOCTb BKJIIOYEHHS WX B
CEJIEKIIMOHHBIN TpOILIECC B KA4eCTBE MCXOJHBIX poauTenbckux (opm. Ontumusuponan I[P
PEXUMBI U pa3paboTaHbl IPOTOKOJIA OTOOPAHHBIX MOJIEKYJISIPHBIX MapKEPOB.

BBenenue: I'peunxa oObikHOBeHHas (Fagopyrum esculentum) — 1enHas KpymsiHas u
MEJIOHOCHAsl KyJbTypa MpHHAIeKamas K cemelictey Polygonaceae. OauuM U3 BaKHBIX
JOCTOMHCTB KYJIbTYpPBI SBIISIETCS YCIEIIHOCTh BO3JIENbIBAHUS KaK B IOXKHBIX, TAK U B CEBEPHBIX
peruonax. I'peuneBas kpyma coxepxutr 10-18% Oenka, 70-85% yraepomos, 2,5-4% xwupa,
XapaKTEepPU3YIOIIAsICS BHICOKHM COJEP)KaHUEM JIMHOJIEBOM M JIMHOJIEHOBOM KHUCIOT M JUIUTEIHHOU
CTOMKOCTBIO K OKUCJICHHIO IPU XPAaHCHHUH, YTO O0YCIIaBIMBACT HEITPOrOpKaeMoCTh 3epHa [1].

W3 Bcex 31aKOBBIX MPOJYKTOB BUJBI I'peynxu o0janaoT Hambosee cOalaHCUPOBAHHBIM
coZiep)KaHueM aMHHOKHUCIIOT, HEOOXOAUMBIX 4eloBeKy [2]. HekoTopple muTaTeNbHBIC BEIIECTBA,
TakHe KakK Kpaxmall U OellOK, MOTYT CBSI3bIBAThCS ¢ PEHOTAMH B KOMILIEKCHI, YTO MOXKET 3aMeJIATh
numnieBapenue [3]. OHM copepkar OOJIbIIE THUIIEBBIX BOJOKOH, YeM JPYTHE 3J1aKu, W OOTaThl
dbnaBoHomnamu [4]. I'peunxa MOXeT OBITh TUTATENBHBIM HMCTOYHMKOM JKHUPHBIX KHCJIOT U
MUHEpaJIbHBIX AJIEMEHTOB, BKJIFOYAs CelieH U #ox [5, 6]. Jpyrue aukue Bumabl poga Fagopyrum ue
HUMEIOT OOJBIIIOTO 3HAYEHUS Ui CENIbCKOXO03SHCTBEHHOTO MPOU3BOJICTBA, HO MOTYT OBITh Ba)KHBIM
HCTOYHUKOM T'€HOB JUISl CEJEKIUH, IOATOMY UX CHCTEMaTHYECKHE MCCIIETOBaHHUS UMEIOT OOJIbIIOoe
3HauYEHHUE.

B Hameil crpaHe COCpeAOTOYEHA HE3HAUMTEIbHAS TMOCEBHAsA IUIOWIAb TPEUYHXH,
MPEUMYIIIECTBEHHO B CEBEPHBIX M BOCcTOUHBIX pernoHax (IlaBmomapckas, Kocranaiickas, CeBepo-
Kazaxcranckas, AKMOJIMHCKOW 00J1acTH), TJE IUIOMIAAU TOCEBOB YBEIUYMBAIOTCS, pocturas 10
TBIC. Ta U OoJIee B OTAENBHBIX 001acTsx [7].

KnroueBoid  3amadeil  CENEKIMOHHOTO  Tpolecca  SBIAETCS CO3JaHHE  HOBEIX
BBICOKOIIPOJYKTHBHBIX COPTOOOPA3IOB TPEYUXH, aJalNTHPOBAHHBIX K YCIOBHUSM OKpPYKAIOIICH
Cpelbl, 4TO TpeOyeT 3HAYMTENILHBIX TPYIOBBIX U BpEeMEHHBIX 3arpar [8]. B cBs3u ¢ 3TuM, 1enbio
WCCIIEIOBaHMs SIBISUIOCH CO3JaHMe MCXOAHOTO MaTepualna Ipednxu OObIKHOBeHHOU (Fagopyrum
esculentum Moench.) Ha OCHOBE HCKYCCTBEHHOH MEXKCOPTOBONH THOPHIM3AIMU CIEIIHATBHO
0I0OOpPaHHBIX POTUTENBCKUX Hap [9].

Matepuanbl u Metoabl: Bereranuonnsle sxcnepuMeHTsl npooawinch Ha O6aze HIIL] 3X
uM. A. W. bapaeBa Ha ONBITHBIX ydacTkax Naboparopun «[ eHETHUYECKHE PEeCypChl 3EPHOBBIX
KyapTyp». JlaboparopHass yacth pabOT peanu3oBaid B Jlaboparopuul MOJEKYISIpHOW TE€HETHKE
pactenuit Mucturyra cenbckoro u jecHoro xo3saictsa npu KATUY um.Ceiidynnuna.

B uccnenoBaHusx MCMOAB30BajIach CEJICKIMOHHAS KOJUICKIUS TPEUYMXH, BKItoYaromas 143
coproo0paslia  pa3IMYHOIO  HKOJIOTO-reorpaMueckoro  MPOMCXOXKIEHHUsS, UYTO  OTpa)aer
pazHooOpa3ue TEeHETUYECKUX PECypcoB JaHHOM KynbTypbl. McmeiTyemble copTooOpasisl
BBIpAIMBAIM Ha JESHKaX miom@aapio 0,5 M?> B TpeXKpaTHON MOBTOPHOCTH. PazMelieHne IenstHOK
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OCYILIECTBIISUIOCh MO CTaHJAPTHOW CXeMe: KaXAbli JecAThId BapuaHT MPEJCTaBIsT COOOU
KOHTPOJIbHBINA copT LllopTananHCKas KpynmHO3EepHas.

C uenpio 00eCTeunTh MONHYI0 M Ka4eCTBEHHYIO OLIEHKY OCOOCHHOCTH POCTa M Pa3BUTHS
KOJUIEKIIMOHHBIX COTOOOPa3LOB TIpedyrxu ObLT MPOBEAEH aHAIW3 IO HECKOJIBKO IpH3HAKaM
CBSI3aHHBIC C aJanTalueldl PacTCHWd M KOMIIOHEHTOB MPOJYKTUBHOCTU: OTACNbHBIC (eHOo]a3bI
(CyTKH); BBICOTHI pacTeHH# (CM), YPOBEHb BETBIICHHE IIEPBOI'O M BTOPOTO MoOpsijaka (IIT), Macca
1000 cemsH (T) U yposkKaiHOCTb € KBaAPaTHOTO MeTpa (r/m?).

Pesyabrarsl: [Ipu co3mannm ieHHOro UCXOHOTO MaTepualia cesekiurnonepamu Kazaxckoro
arpoTeXHUYECKOTO HccienoBarenbekoro yHuBepcutera uM. C.CeiidymimHa copmupoBaHa
pabouyasi KoyueKuus rpeyuxu. JlaHHass MHOTOUMCIICHHAs KOJUICKIMS BKJIIOYMIIA cOpTa U 00paslibl
F.esculentum pasmuunoro 3xosoro-reorpadgu4eckoro nporucxoxacHus us 9 crpan: Kanana, Kurai,
Snonus, Kazaxcran, Poccus, Unnus, bpasunus, benapycs n FOxnas Adpuka. Taxxke B celeKkiuu
YCHENIHO HCIOIB3YIOTCS COPTa, JOMYIIEHHBIE K BBIPAIIMBAHUIO KAK MECTHBIE CEJICKIIMOHHBIE
copTa, TaK U cOpTa POCCHICKOMN U OEOPYCCKOM CENEKINH, aJanTHPOBAHHBIC K YCIOBHUSAM PErHOHA.
OcHoBubIMU siBIIsIIOTCSE boraTeips, Cymuanka, [1loprannunckas kpynHo3epHasi, Kpynunka, a Takxke
BbICOKOYpOkaitHble [leBarka, Kapmen, lllopranaunckas 4, lllopranaunckas 95 ynydnienHas u ap.

Creation of buckwheat initial material for successful breeding

Isolation & assessment of agronomic traits

Formation of the gene pool

19

o SiAs ae e G
PI/ICYHOK 1. COSI[aHI/Ie HCXOOHOT'O MaTCpHraJia IJIsd YCHCHJHOﬁ CCJICKIIUU I'PCUYNUXHU

Jns  BeisiBIEeHUs BHyTpucopToBoro mnonumopouszma JIHK komnmekiuun rpeunxu  Obul
npou3BeneH BbiOOp mHpopMaTtuBHBIX SSR 1 InDel mpaiimepos. IIpoBenena 3xcTpakiusi TeHOMHOM
JHK cornacuo mporoxony momuduinupoBanisiM CTAB meromom u3 140 o0pas3inoB rpednxu.
OntummsupoBad yciosuit [P pexxuma nis SSR u InDel mapkepos. Beero 6s110 mpoTecTupoBaHO
50 map SSR-mpaiimepoB. TemnepaTtypa oTxura Juist otoopanHeix SSR MapkepoB kojebienach OT
50-65 0C. Hanpumep, ais mapkepoB Fes 1368, Fes 1623, Fes 1816, Fes 2468, Fes 2743, Fes 2798,
Fes 2857 u Fes 3164 ontumanbHas T orxwura cocraBun — 50,5 C. IlporectupoBannbie SSR-
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HpaﬁMepBI COACPpIKAIN MOCICAOBATCIIBHOCTU AU-, TPHU- U MOJIMHYKICOTUIHBIX MUKPOCATCIIIIMTHBIX
MOTHUBOB.

3aki0ueHue.

ITo pe3ymbraram ucciaeaoBaHuii BHyTpucopToBoro mnoaumopdusma JIHK B komrekiuun
rpeunxu Obun ontuMusupoBansl [P pexxumsr 1 oTroOpanbl HHPOPMATUBHBIEC MpaiiMepsl THUIIOB
SSR u InDel.

B Teuenue 2024-2025 rr. Takke ObUTM TPOBEICHBI MOJICBBIC MCIBITAHUS KOJUICKIIMOHHBIX
oOpa3uoB u coptoB. Ilo pedynpraTtam uccienoBaHuii ObLTM BBIIEICHBI Hanbosiee afanTUBHBIE U
BBICOKOITPOAYKTHUBHBIC TCHOTHUIIBI 11O CIACAYIOIIHMM IEHHBIM ITPU3HAKAM:

- CKOpOCTIEeNIbIe M cpenHectenble (pOopMbl, SKOJOTHYECKH MPHUCIOCOOJICHHbIE K CEBEPHBIM
peruonam (Lloprannuuckas kpynHo3epHasi, Amurskaya, Majskaja, [llopranaunckas 5)

-mo wmacce 1000 cemsn (Illopramamuckas kpymHo3epHas, Buriatskaya, 496, Northern
Chinese, P136-34);

- 10 UHTeHCUBHOCTH (hoTocuHTE3a B oTneibHbIe (a3er (MC 38, MC 60, MC 258, CD6183,
K3466, CM144, CM17, Manor, Amurskaya, Bolshevik, Chinese Domestic, 122722, 122727,
122730 122731, 122738, Northern Chinese);

-no ypoxaiHoctn 3epHa (Illopramamackas kpynHo3epHas, Kievlocal, Manor,
[opranauHCKas 5).

BoigenuBimecss coprta u o0pasubl OyAyT BKJIIOYEHBI B MpOrpamMMmy THOpUAM3ALUU Kak
LIEHHBIE JJOHOPBI Ha MOBBIILIEHUE KAUECTBEHHBIX XapAKTEPUCTUK KYIbTYpPbl TPEUHXH.

HNudopmauus o ¢puHaHcupoBaHUM. J[aHHOE HMCCIENOBAHHE PEATM30BAHO IO IPOEKTY
AP26194037 Unentudukanus MpoIyKTHBHBIX copTooOpasmnoB rpeunxu (Fagopyrum esculentum
Moench.) ¢ ucnosnp3oBanuem JJHK-TexHOMOTHIA U CO3/IaHKME IEPCIIEKTUBHBIX (DOPM TSI CEIICKITUH
B paMKax TpaHTOBOro (UHAHCHUpOBaHUS MUHUCTEpCTBA HAayKd M BBICHIETO 00pa3oBaHUS
Pecriyonuku Kazaxcran ma 2025-2027 rr.

KuroueBble cioBa: rpeunxa, CeNeKIus, KOJUIEKIHs, MOJEKYISIPHbIE MapKEpHI.
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Features of seed germination of Rhaponticum carthamoides in in vitro culture

Tagimanova D.!?., Raizer O.%, Oteuli Zh.!, Khapilina O.!

INational Center for Biotechnology, Astana, Kazakhstan
2'S. Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan

*Corresponding author: tagds@mail.ru

Background. Rhaponticum carthamoides is a valuable medicinal plant widely used in
pharmacology due to its high content of biologically active compounds, particularly ecdysteroids
[1]. However, the seeds of this species exhibit pronounced physiological dormancy, which limits
germination and complicates cultivation. Therefore, identifying effective stratification methods to
enhance germination and accelerate seedling emergence is highly relevant.

Materials and methods. Seeds of R. carthamoides were used in the study. Five treatment
variants were tested: cold stratification, treatment with 3% and 5% hydrogen peroxide solutions for
2 hours, and soaking in gibberellic acid for 48 hours. Germination percentage (GP) and mean
germination time (MGT) were evaluated.

Results. All studied treatments promoted seed germination to varying degrees compared to
the control, confirming the presence of physiological dormancy in this species [2]. However, the
effectiveness of the methods differed significantly. The most pronounced stimulating effect was
observed with 5% hydrogen peroxide treatment. This variant showed the highest germination
percentage (GP) - 85%, indicating effective dormancy breaking. Germination was also more
uniform, with simultaneous emergence of viable seedlings. Treatment with 3% hydrogen peroxide
also improved germination but to a lesser extent (55%), suggesting insufficient impact on the seed
coat and physiological dormancy mechanisms. Cold stratification and gibberellic acid treatments
demonstrated moderate effectiveness (38% and 45%, respectively), being less efficient than
chemical scarification. The control showed the lowest germination and more prolonged germination
period [3].

Conclusion. Treatment with 5% hydrogen peroxide is the most effective stratification
method for R. carthamoides seeds, significantly improving germination percentage and accelerating
seedling emergence. These results can be applied in the development of biotechnological
approaches for cultivation of this species.

Acknowledgement. The study was carried out within the framework of program-targeted
funding of the Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under the scientific and technical program BR28713087 “Fundamental and applied
aspects of obtaining and targeted synthesis of biologically active compounds of medicinal plants in
in vitro culture.

Keywords: Rhaponticum carthamoides, seed dormancy, germination, hydrogen peroxide,
stratification.
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Chloroplast Genome Characterization of the Wild Apple Malus sieversii from
the Northern Tian Shan (Kazakhstan)

Aisha Taskuzhina'?, Dilyara Gritsenko?*
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2Al-Farabi Kazakh National University, Almaty, Kazakhstan
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Background: The wild apple Malus sieversii (Ledeb.) M. Roem. is widely recognized as
the principal progenitor of the cultivated apple (Malus domestica) and represents one of the most
important genetic resources for apple improvement [1]. Natural populations occurring in the
mountain forests of Central Asia harbor substantial genetic diversity but are currently under
increasing ecological pressure [2-3]. Characterization of the chloroplast genome provides essential
information for understanding plastome structure, evolutionary relationships, and conservation
genetics of this species.

Materials and methods: Leaf samples of M. sieversii were collected from natural
populations in the lle Alatau and Uzynkara ridges (Kazakhstan). Total genomic DNA was extracted
using a modified CTAB protocol and sequenced using high-throughput sequencing. The chloroplast
genome was assembled using GetOrganelle and annotated with GeSeq and tRNAscan-SE.
Chloroplast SSRs were identified using MISA. Phylogenetic relationships were reconstructed based
on complete plastome sequences using the neighbor-joining method implemented in MEGA.

Results: The complete chloroplast genome of M. sieversii was assembled as a circular
molecule of 160,192 bp, exhibiting the typical quadripartite plastome structure consisting of a large
single-copy region (88,292 bp), a small single-copy region (19,178 bp), and two inverted repeat
regions (26,361 bp each). The plastome contained 132 genes, including 88 protein-coding genes, 37
tRNA genes, and 4 rRNA genes. Several genes contained introns, including rpoC1, atpF, rpsl6,
rpl2, and ndhA. A total of 74 chloroplast SSR loci were identified, predominantly represented by
AJ/T-rich mononucleotide repeats. Phylogenetic analysis based on complete chloroplast genomes
confirmed the placement of M. sieversii within a well-supported wild apple clade and demonstrated
its close maternal relationship with cultivated apple lineages.

Conclusion: The obtained chloroplast genome reveals a conserved plastome organization
typical for the genus Malus. These genomic data provide a valuable reference for future studies on
apple phylogeny, evolutionary genomics, and conservation genetics of wild apple populations.

Acknowledgement: This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan, BR28712539.

Keywords: Malus sieversii, chloroplast genome, plastome, phylogeny, wild apple.
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millet (Panicum miliaceum L.) in the conditions of the dry-steppe zone of
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The variety, as a means of production, forms the real basis of the yield and quality of crop
production. The potential of the variety is closely related to natural and climatic conditions, zonal
technologies, the level of industry, especially in the conditions of dry-steppe zones. To successfully
withstand drought, producers must have a certain set of crops, including sowing millet, which is one
of the main insurance crops in arid regions.

Many of the varieties of grain crops approved for use in the Republic of Kazakhstan,
including millet, are characterized by strong variability in yield and low realization of their potential
under production conditions. Therefore, the problem of creating new highly productive and
competitive varieties of local millet with increased drought resistance and heat resistance is very
relevant for dry-steppe zones.

New adaptive varieties of millet for various purposes should be distinguished by high
drought resistance, the ability to form a grain crop in dry years of 12-17 c/ha, in favorable years -
35-50 c/ha, and the yield of green mass in feed forms - up to 150-200 c/ha with resistance to the
main diseases and pests of the region.

In 2023-2024 in Aktobe AES, more than 20 varieties and lines of millet of Kazakh and
Russian breeding served as objects of research of the nursery of the competitive test. In the growing
conditions of 2023, precocious and mid-ripening forms of millet received 64-68 mm of
precipitation; average late - 93 mm; late ripening - more than 100 mm at HTC = 0,37-0,50 mm/deg.
(HydroThermal Coefficient). In the vegetation conditions of 2024, various forms of millet (from
precocious to late ripening) received 200-220 mm of precipitation at HTC = 1,0-1,31 mm/deg. The
average annual rainfall for vegetation ranges from 75-85 mm.

Phenological and other field observations were performed during the studies; biological
yield and its complete structural analysis are determined.

Physical, biochemical and qualitative indicators of grain, cereals, porridge were determined
in the laboratories of the Research and Production Center of Grain Farming and the Kazakh
Research Institute of Horse Breeding and Feed Production.

For 2 years of research, the best in terms of yield among the studied assortment were
varieties of millet of Aktobe selection Yarkoye 3, Yarkoye 6, Merey, as well as 2 new varieties Lin.
KS-186-24 and Lin. KS-189-24. They statistically significantly and stably exceeded the indicators
of the standard of Memory of Bersiev by 3,2-5,4 c/ha (+14,8-27,2% in 2023 with SSD¢s = 1,26
c/ha; +11,1-28,6% in 2024 with SSDos = 3,12 c/ha).

In 2023, the correlation relationships between the indicators presented in the matrix ranged
from very weak (r = 0,02-0,20) to strong and very strong (r = 0,60**-0,90*** and higher). A similar
picture was noted in 2024.

The varieties and lines that stood out were characterized by an increased severity of the
structural elements of the crop - the density of the plants, the mass of grain from the panicle and the
grain size. An almost linear relationship was noted between the total and productive bushiness of
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plants (r = 0,85*** - 0,89***), as well as the mass of grain from the panicle and its grain content (r
= 0,91*** - 0,94***), The association of yield with plant height (0,21-0,55*) and weight of 1000
grains (0,25-0,42*) turned out to be average positive, and with field phenotypic assessment - close
positive (r = 0,66** - 0,76**), which indicates the critical importance of field visual assessment
when rejecting selection material.

The height of the plants closely correlates with the length of the upper internode (r = 0,42* -
0,60**) and with the mass of the grain from the panicle (r = 0,46%*). In this case, the length of the
upper internode is associated with a significant positive connection with the mass of grain and the
number of grains from the panicle: r = 0,62** - 0,64** and r = 0,52* - 0,56, respectively.

The varieties of Memory of Bersiev, Yarkoye 3, Merey, sorting lines R-1549/24, 191/KS-24
were distinguished by the increased quality of the formed grain, cereals and cereals. They had a
crude protein content in grain of 10,0-11,5%, fat — 3,74-4,57%, carotenoid pigments — 0,82-0,97
mg/100 g. Grain size 760-770 g/l, film content 17-20%, core yield 80-83%, total culinary score 4,7-
4,9 points.

As calculations have shown, the cultivation of new promising varieties and lines of millet
provided, in comparison with the standard, an increase in the economic efficiency of grain
production. Thus, the additional profit obtained from cultivating the best varieties in 2023-2024 was
30-60 thousand tenge from 1 hectare of sown area.

Funding: The work ran within the program-target financing of the Ministry of Agriculture
of the Republic of Kazakhstan under budget program 267, BR22885857 «Development and
introduction of highly productive oilseeds and cereals varieties and hybrids to ensure food security
of Kazakhstany.
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The selection improvement of any crop, including wheat, is based on the initial genetic
diversity and methods of genetic reconstruction of the improved beneficial traits. At the same time,
the selection process uses a combination of both a traditional set of assessments and analyzes, as
well as modern approaches, methods and tests (genetic, morphophysiological, biochemical,
technological). This defines the selection of spring wheat in the western region of Kazakhstan as a
promising and urgent task for resistance to abiotic and biotic environmental factors, production
capacity and grain quality.

In 2017-2019; 2024-2025 175 samples of spring soft wheat from the VIR world collection
and promising varietal material of Aktobe selection were studied at the selection department of the
Aktobe agricultural experimental station — AAES (from 2024 - Kazakh Research Institute of Horse
Breeding and Folder Production).

The assortment of the collection nursery was represented by the following regions -
Australia, Africa, East Asia, Europe, Asia Minor and the Middle East, Central Asia (including
Kazakhstan), North America and South America.

Over the course of 5 years of observations contrasting in hydrothermal conditions in the dry-
steppe zone, selection and economic characteristics were studied, laboratory experiments were
carried out to determine drought resistance by the ability of seeds to germinate in osmotic solutions
and the water retention capacity of leaves; drought resistance indices of samples were calculated
based on data on yields in the driest (2019) and more favorable years (2017, 2024, 2025), as well as
the total score of the sample ranks for all indices.

20 varieties (samples) with the best total scores were identified, which are promising in
terms of reducing the risks of cultivation and obtaining an optimal harvest over a number of years.

For the first time, based on the study of the elements of the crop structure using the Past 4.17
program, a comprehensive statistical analysis of the collector material was carried out.

Combinations of vernalization genes (Vrn) were also determined in 114 varieties and
samples, including varieties and lines of Aktobe selection. Identification of dominant alleles of Vrn
and Ppdl1 genes using molecular markers was carried out in accordance with the guidelines of All-
Russian Institute of Crop Production «Use of allele-specific markers of Vrn and Ppd genes for rapid
diagnosis of photoperiodic sensitivity and need for vernalization of soft wheat and barley» (Zlotina
etal., 2012).

In the study sample, 41 samples are distinguished by the presence of a dominant VrnAla
allele. The VrnAlaVrnBla genotype occurs in 11 samples (2 samples - AEES selections). The
combination of VrnAlaVrnBlaVrnBlc alleles is characteristic of 3 varieties, of which 1 variety of
Aktobe selection. And only a combination of alleles - VrnAlaVrnBlaVrnD1 is characteristic of the
Australian variety. 10 samples are distinguished by the presence of the VrnBla allele. In our
studies, the combination of VrnAlaVrnBlc alleles was found in 24 Russian and Kazakhstani
samples, of which 10 were Aktobe breeding varieties. A combination of VrnBlaVrnB1c alleles was
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diagnosed in only 2 samples. 4 study samples (1 of them - selection of AEES) are carriers of the
VrnB1c allele. Only 18 samples carried the dominant Vrn-D1 allele.

With information about the carriers of different VVrn gene alleles in different cultivation
conditions, breeders can use genotypes with the allele combination most suitable for a particular
region and manage the source material, knowing its adaptation potential.

For the first time, a detailed identification of genotypes of varieties and lines of spring soft
wheat of Aktobe selection by Vrn and Ppd loci was carried out. The obtained data make it possible
to transfer the selection process in the region to the level of marker-oriented selection of parental
pairs (MAS) over time.

Funding: This research has been funded by the Ministry of Agriculture of the Republic of
Kazakhstan under budget program 267, BR24892821 «Breeding, seed production of grain crops to
increase the potential of productivity, quality, stress resistance in various soil-climatic zones of
Kazakhstany.
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Wheat Omega-Gliadins: Genetic Variability and Their Role in Grain Quality
Utebayev M.", Dashkevich S., Chilimova I., Kradetskaya O.
A.l. Barayev Research and Production Centre for Grain Farming, Shortandy, Kazakhstan

*Corresponding author: phytochem@yandex.ru

Omega-gliadins constitute a fraction of wheat endosperm storage proteins lacking cysteine
residues and, therefore, not participating in the formation of disulfide bonds within the gluten
network; their functional role is primarily associated with the modulation of dough viscoelastic
properties via a plasticizing effect. These proteins are encoded by the Gli-1 loci (Gli-Al, Gli-B1,
Gli-D1) located on the short arms of chromosomes 1A, 1B, and 1D, and are characterized by high
allelic polymorphism, which underlies their utility as informative protein markers.

In this study, 168 spring bread wheat cultivars and lines developed in Kazakhstan were
analyzed using SDS-PAGE (10% polyacrylamide gel) following protein extraction according to a
modified N. K. Singh protocol. A total of 12 components were identified at the Gli-Al locus, 41 at
Gli-B1, and 13 at Gli-D1, indicating the highest level of variability at Gli-B1.

Allelic distribution suggests that the genetic core of the germplasm is predominantly formed
by combinations Gli-Al (d8/d9/null), Gli-B1 (d2d4 or d1d5d6), and Gli-D1 (d11d12); notably, the
absence of combinations with frequencies exceeding 10% reflects a mosaic pattern of
polymorphism and a high level of intrapopulation genetic diversity.

Frequency analysis indicates that the effect of omega-gliadins on grain quality is context-
dependent and is primarily realized through interactions with glutenin fractions (HMW-GS, LMW-
GS), rather than through isolated allelic effects. The expression of these effects is substantially
modulated by environmental conditions (genotype * environment interaction), limiting the
generalization of their contribution to quality traits.

Thus, omega-gliadin variability represents a valuable resource for wheat breeding: the use of
their electrophoretic spectra in combination with glutenin analysis enhances the accuracy of
genotype identification and prediction of technological grain properties, while integration with
molecular genetic markers improves breeding efficiency.

Funding: This research was funded by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan, Grant No. AP 23485115 “KASP markers in
the creation and study of tetraploid wheat with increased carotenoid content and improved gluten
quality”.
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N3y4venue renoB BGLU u UGT, yuacTByromux B 0HOCHHTE3e¢ KyMapHHOB
nounuka (Melilotus Mill.)

. 3axapueBHslii , B. ITorios, A. MlHo3emiieBa

DedepanvbHulli uccied08amenbeKuil yeHmp Beepoccutickuii uHCmumym 2eHemuyeckux pecypcos
pacmenuti umenu H.U. Basunosa (BUP), 190068, Canxm-Ilemepbype, Poccus

* ABTOp-KOPPECIIOHICHT: IVan.saint-petersburg@yandex.ru

Background: Jlounuk (Melilotus Mill.) sBasiercss 1eHHBIM KOPMOBBIM U MEIOHOCHBIM
pactenueM, a Takxke cuaeparoMm. CeleKius TOHHHKA 10 CTETICHH COJACPKaHHUS KyMapHHOB - OJIHO
W3 OCHOBHBIX HAIPaBJIICHUI B BBIBCICHHH COPTOB 3TOW KYJIbTYypbl. [I[pUMEHEHUE MOJIEKYISPHO-
TCHETUYECKUX METOOB MTO3BOJISIET YCKOPUTH CEJIEKITMOHHBIN mporiecc. VI3BECTHBI HECKOJIBKO TPYIII
TeHOB OTBEYAIOIINX 32 CHHTE3 KyMapHUHOB y JIOHHUKA, K UX 4yuciy oTHocsTcs rensl BGLU u UGT.
WX u3ydeHune MoMOKET JIydIllle MOHATh TCHETUISCKUH MEXaHU3M OMOCHHTE3a KYMapHuHOB.

Materials and methods: B cBoeii pabote MbI ucciienyeM 00pa3iibl JOHHHKA U3 KOJUICKIIUH
BUP, orTHocsammecs K pasHbIM BHIAM M PA3JIUYHBIE MO CTENEHU COAECPKAHUS KyMapUHOB.
ABTopamu paspaboTaHa ¥ TIPUMEHEHa METOAMKA CIEKTPO(OTOMETPHUECKOTO ONpeACICHHUS
COJIep’KaHUsl KyMapHHOB B CEMEHaX JIOHHWKA, IS PACIpeIeicHHs 00pa3IoB KOJUICKIHMH I10
CTETICHH COJICpKaHusl KyMapuHOB. [lo muTepaTypHBIM JaHHBIM ObLIM OTOOPaHBI 8 map mpaiMepoB
k reaam BGLU u UGT mnsa nmoucka SNP. Mx mpoBepky mpoBomwm metogom [P ¢ anamm3om
MPOAYKTOB aMIUTU(UKaIUK eKTpodope3om. it CeKBEHUPOBaHUS ObLTH OTOOpPaHBI aMILTUKOHBI,
MOJTyYEeHHBIE ¢ HCIoyib3oBanneM npaimepoB UGT186 u BGLUL.

Results: IIpoepka mo00paHHBIX 110 JIUTEPATYPHBIM JTAHHBIM MPaiiMepoB OblIa MPOBEICHA
Ha uYeThlpex oOpasuax noHHuKa. llpoBemeHo cexBenupoBanme rena BGLUL. Ilomyuena
HYKJICOTH/IHAs TMOCIEA0BaTeIbHOCT, OgHOro obpasua mo yokycy BGLUIL, yro monrBepkmaer
MEPCIIEKTUBHOCTh JalIbHEHIIEr0 aHanmm3a JaHHbIX TeHoB s mnoucka SNP. Ha pucynke 1
npencTaBieHa anekTpodoperpamma npoaykroB amruinpukanuu JIHK deTbipex BUAOB JOHHUKA
(romepa o katanory BUP: 53227; 53793; 53993; 53997) ¢ npaiimepamu k reny UGT186.

Pucynox 1. Onexrpodoperpamma npoaykroB ammndukanuu JJHK qonHnka ¢ npaiiMepaMu K TeHy
UGT186 (M - THK mapkep Step50 plus, 1 - noHHuK OeJiblii, 2 - BRICOKOPOCIBIH, 3 - MOJIBCKHUA, 4 -
JTYLIUCTBIN).

Conclusion: Pesynbratel I[P moarBepkaatorT Hamuuwe meneBbix ¢parmentoB B JJHK
uccleyeMbIX oOpasnax. AHaaM3 TeHETHMUYECKHX PAa3Nuuuidl MEXIy oOpas3lamu, KOHTPACTHBIX II0
COJZIEP)KaHUIO0 KYMapHuHOB, MTO3BOJIUT BHECTH BKJIAl B pa3padOTKy COBPEMEHHBIX METO/IOB CEIIEKIINU
JOHHHKA.

Acknowledgement: pabora BeIoIHEHA B paMKax TOCYJapCTBCHHOTO 3aJaHUs COTJIACHO
temarnyeckomy MminaHy BHWP mo mpoexty: FGEM-2022-0002 "BrisiBaeHHe BO3MOXKHOCTEH
reHo(oH1a 0000BBIX KYJIbTYp AJI ONTUMHU3ALMHU UX CENIEKLIUU U TUBEPCU(PHUKALIUU UCIIOIB30BaHUS
B PA3JIMYHBIX OTPACIISIX HAPOJHOTO XO3sHCTBA".

Key words: 1oHHHK, KyMapHHbI, CEKBEHHPOBaHHE.
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AKTYyaJIbHOCTBh: MapkepHasi CeJIeKIUsl MIIECHUIIbl SIBISICTCS aKTyaJlbHBIM HAmpaBJICHUEM,
o0ecreunBaIIUM OBICTPBI U TOYHBI OTOOpP M'€HOTUIIOB MO XO3AMCTBEHHO LIEHHBIM MpPHU3HAKaM
[1]. Ee 3HauuMoCTh BO3pacTaeT B YCJIOBUAX KIUMATHYECKHX CTPECCOB U HEOOXOIUMOCTH
YCKOPEHHOT'O CO3/IaHMs BBICOKOIIPOAYKTHUBHBIX U aJallTUPOBAHHBIX COPTOB.

Martepuanbl U MeToAbl: B KauecTBe Marepuana HCIOIB30BAIU COPTA, CEIEKIIMOHHBIC
JUHUM W TUOpUIHBIE TONMynsuuu F4 spoBod MSTKOW MIIEHUIbI Ka3aXCTAaHCKOW U 3apyOexHOi
cenekiuu. MOJIeKYISIpHO-TEHETUYECKUI aHalu3 BbINOAHAIM Ha reHomHou JIHK, BwimeneHHOM
CTAB metoaom, ¢ ucnionb3oBanueM I11IP-ananmu3za u SNP-renotunupoBanus merogom Amplifluor
JUTSL OTICHKH TIOJTMMOP(HU3Ma CEJICKIIMOHHO 3HAYUMBIX TeHOB [2,3,4].

PesyabraThl: Pe3ynbrarhl UMCCleOBaHMI MOATBEPAMIM BBICOKYIO 3(h(PEKTUBHOCTD
MOJICKYJIIPHBIX MapKEpPOB B CEJICKIIUU SPOBOM MATKOW MIICHUIBI Ha KAY€CTBO M MPOJAYKTUBHOCTD.
[IpuMeHeHHe  MOJIEKYJISPHO-TEHETUYECKOIO0  aHalM3a [O3BOJIMJIO  BBIAIBUTh TIE€HOTHIBI C
OJIarONPHUATHBIMU AJUICIIBHBIMU COUYCTAHHSIMH, BBIJACIUTH JOHOPHBIC (OPMBI U TEPCIICKTHBHBIN
rUOPUAHBIN MaTepual ¢ LIEHHBIMH X034iCTBEHHBIMU NpU3HakaMu. [loydeHHbIe TaHHbIe TOKa3allu,
9TO UCIOJB30BaHNE MaPKEPOB TOBBIIIAET TOYHOCTh PAHHETO 0TOOPA M CIIOCOOCTBYET YCKOPEHHOMY
CO3JaHUIO aJJalITUPOBAHHBIX U BBICOKOIPOIYKTUBHBIX COPTOB MILEHUIIBI [2,3,4].

3akimouenue. Takum 00pa3oMm, NOPUMEHEHHUE MOJICKYJISAPHBIX MapKEpOB SIBISETCS
3¢ (HEeKTUBHBIM HHCTPYMEHTOM B CEJEKIUU SIPOBOM MATKOM MIIEHUIIBI, MOCKOJbKY MO3BOJISET
MOBBICUTh TOYHOCTH PaHHEro OTOOpa, YCKOPUTH BBISABICHHE IEHHBIX T€HOTHUIIOB M TOBBICHUTH
PEe3yAbTAaTUBHOCTD CEIEKLIIMOHHOTO Ipoliecca.

KuroueBble ci10Ba: NiieHUIa, Ka4eCTBO, MPOAYKTUBHOCTh, (PEHOTHII, TCHOTUITMPOBAHUE.
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Complete Genome Sequence of Bombus cryptarum Densovirus
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Bumblebees (genus Bombus) are key pollinators in both natural and agricultural ecosystems.
Viral infections represent an important but underexplored factor influencing their population
dynamics. Among these, densoviruses (sSDNA viruses of the subfamily Densovirinae) have been
increasingly detected in insect hosts. These viruses are of particular interest due to their potential
effects on host fitness and population dynamics. In this study, we describe a densovirus identified in
the bumblebee species Bombus cryptarum.

Total DNA was extracted from adult specimens and subjected to high-throughput
sequencing. Reads were quality-filtered and assembled de novo. Contigs showing similarity to
known densoviruses were identified using BLAST analysis. The complete viral genome was
reconstructed and annotated.

The virus genome is approximately 5.0 kb in length and exhibits features characteristic of
densoviruses, including inverted terminal repeats (ITRs) and open reading frames encoding
nonstructural (NS) and capsid (VP) proteins. The genomic organization is consistent with members
of the genus Ambidensovirus.

Phylogenetic analysis of Bombus cryptarum densovirus was conducted using conserved
protein-coding regions, primarily the NS1 (nonstructural protein 1) gene. Sequence alignment was
performed with representative densoviruses obtained from public databases, followed by tree
reconstruction using maximum likelihood methods.

The resulting phylogenetic tree shows that Bombus cryptarum densovirus clusters within the
insect-associated densovirus clade, consistent with its host origin. It demonstrates closest
relationships to densoviruses previously identified in other Hymenoptera species, including
bumblebees and related pollinators. Despite this clustering, the virus forms a distinct branch,
indicating genetic divergence and suggesting that it may represent a novel or less-characterized
lineage within Densovirinae.

Phylogenetic patterns also suggest potential host-specific adaptation, as densoviruses tend to
cluster according to host taxonomy. However, evidence of host-switching events cannot be
excluded and requires further investigation with broader sampling.

The identification of this virus expands current knowledge of viral diversity in pollinators
and provides a foundation for future studies on its ecological and pathological significance.
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Genomic characterization of an enterotoxigenic Bacteroides fragilis isolate from
Kazakhstan
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Background: Enterotoxigenic Bacteroides fragilis, a pathogen associated with
inflammatory bowel disease and colorectal cancer, produces fragilisin, also known as BFT.
However, genomic data on ETBF isolates from Central Asian countries, including Kazakhstan, are
limited. This study conducted an in silico genomic characterization of a clinical ETBF isolate from
Kazakhstan, including its virulence and resistance determinants.

Materials and methods: A total of 107 intra-abdominal infection samples were screened,
and 17 B. fragilis isolates were identified by MALDI-TOF MS and 16S rRNA sequencing. PCR
screening for bft and cfiA genes was performed. One toxin-positive, carbapenemase-negative isolate
(60-24-NCB-KZ) was selected for whole-genome sequencing using the Illumina MiSeq platform.
Genome assembly and annotation were conducted using SPAdes and Prokka, respectively.
Virulence and resistance genes were analyzed using VFDB, CARD, and ResFinder databases,
followed by manual curation.

Results: The draft genome (5.8 Mb; N50 = 120,729 bp) confirmed the presence of the bft
gene encoding fragilysin; this was confirmed by BLASTp analysis. The isolate was classified as
Division | (cfiA negative). Intrinsic resistance genes (cfxA, tetQ) were found, but carbapenemase
gene products were not detected. Multiple SusC/SusD (TonB-dependent receptor) homologs were
found along with envelope-associated proteins (mrdB, ybdG); this indicates a high potential for
outer membrane vesicle (OMV) biogenesis.

Conclusion: This study provides insight into the genome of a Division | ETBF strain from
Kazakhstan. The data obtained on virulence and membrane transport genes may serve as a
foundation for future studies investigating toxin delivery via outer membrane vesicles (OMVSs) and
responses to antibiotic stress.

Acknowledgement: This research has been funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (Grant No. AP19679239).
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gRT-PCR-based analysis of host pro-inflammatory cytokine gene dysregulation
during experimental enterotoxigenic Bacteroides fragilis infection under
meropenem breakpoint exposure
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Background: Intra-abdominal infections cause 25-30% of sepsis-related mortality when
antimicrobial therapy is inadequate. This study aimed to evaluate the effect of meropenem
concentrations corresponding to clinical breakpoint levels on host inflammatory responses during
infection caused by enterotoxigenic Bacteroides fragilis (ETBF) in a rat intra-abdominal infection
model.

Materials and methods: Enterotoxigenic B. fragilis strain 60-24-NCB-KZ was used to
establish intraperitoneal infection in 40 male Wistar rats using a perforated implant model. The
animals were divided into three groups: a negative control group (NaCl, n = 8), a positive control
group (108 CFU/ml, n = 16), and an experimental group receiving meropenem at a concentration of
1.0 mg/L every 48 hours for 8 days (n = 16). Cytokine expression (IL-1a, IL-1p, IL-6, IL-8, TNF-a,
MCP-1 and IL-10) in peritoneal exudate was quantified by gRT-PCR using the AACt method.

Results: By day 16, IL-1B, IL-la, and TNF-a were significantly upregulated in the
experimental group compared with the positive control group (p < 0.05), indicating sustained pro-
inflammatory activation. MCP-1 and IL-6 showed borderline elevation (p = 0.08), whereas IL-8 and
IL-10 remained unchanged.

Conclusion: Meropenem concentrations corresponding to clinical breakpoint levels were
associated with sustained upregulation of local pro-inflammatory cytokines and impaired resolution
of inflammation. OMV-mediated mechanisms likely may contribute to chronic infection persistence
under suboptimal therapy, underscoring the clinical relevance of breakpoint effects on Bacteroides
fragilis pathogenesis.
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>O< TECHPRIME

TechPrime — crenmanu3upoBanHas KOMIIAHHS, MMPEIOCTABIISIONIAs KOMILICKCHBIC
permeHus I JabopaTopuii B 00JaCTH MOJICKYJIAPHON OWOJIOTHH, TCHETHKU H
OMOMETUITNHEL.

Kommanusi ocyiiecTBisieT MOCTaBKy COBPEMEHHOTO OOOpYIOBaHUS, PEareéHTOB U
pPacXoJHBIX MAaTEpHAIIOB [UJIsl HAYYHO-HUCCIENOBATEIbCKUX, MEIUIIMHCKUX |
BETEpPUHAPHBIX J1abopaTopuil. OCHOBHOW (OKYC NEATEIBbHOCTH — BHEAPEHUE U
COMPOBOXKJICHUE TMEPEOBBIX MOJEKYJISIPHO-TEHETUUYECKUX TEXHOJIOTUH, BKIIIOYAs
long-read cexkBenmpoBanue Ha miargopmax Oxford Nanopore Technologies,
mugposyto I[P (dPCR), a Takxke pemieHus s TEHOTUIIUPOBAHUSA (B TOM YHCIIE
cucteMbl Genetitan Ha 6a3e obopynoBanus Thermo Fisher Scientific).

TechPrime siBisiercss opuuaIbHBIM JTUCTPUOBLIOTOPOM:
. Oxford Nanopore Technologies

. Diagenode
. SeekGene
. ECOM

Tak:ke KOMIaHUsI OCYHIECTBJISeT TMOCTABKH MNPOAYKIUM  CJeXYHOLIHMX
NPOU3BOAUTEJICH:

. New England Biolabs
« Thermo Fisher Scientific (Animal Health)

o NimaGen
o Pluslife
o Shimadzu

« Hanon Instruments

Komnanus Takxke 0OKa3bIBa€T HKCIEPTHYIO MOAJIEPKKY Ha BCEX ATarax BHEAPECHUS U
BBITIOJTHEHUS UCCIICIOBAaHUM, BKITIOYAS:

o IUIAHWPOBAHUE PKCIIEPUMEHTOB (experimental design)

e TMOA0OP M ONTUMHU3AIUIO MPOTOKOJIOB MPOOOTIOATOTOBKH

e BHEJpEHUE METOJIUK B Jaboparopuu (workflow setup)

o o00yueHue MepcoHalla U METOJMYECKOE CONMPOBOXKAECHHE CO CTOpOoHbI FAS-
CTICTIMATUCTOB

TechPrime o6ecneunBaer end-t0-end mommepkKy KIMEHTOB — OT BBIOOpA
TEXHOJIOTMM W 3aIlyCKa METOJia J0 €ro PyTHHHOTO NMPUMEHEHHUS B J1a00OpaToOpHOM
MIPaKTHUKE.

techprime.kz

info@techprime.kz
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>O< TECHPRIME

TechPrime is a specialized provider of integrated solutions for laboratories in
molecular biology, genetics, and biomedicine.

The company supplies advanced equipment, reagents, and consumables for research,
clinical, and veterinary laboratories. Its core focus is the implementation and support
of advanced molecular genetic technologies, including long-read sequencing on
platforms by Oxford Nanopore Technologies, digital PCR (dPCR), as well as
genotyping solutions (including Genetitan systems based on Thermo Fisher Scientific
platforms).

TechPrime is an official distributor of:

. Oxford Nanopore Technologies
« Diagenode

« SeekGene

. ECOM

The company also supplies products from the following manufacturers:

« New England Biolabs

« Thermo Fisher Scientific (Animal Health)
« NimaGen

« Pluslife

« Shimadzu

« Hanon Instruments

The company provides expert support across all stages of implementation and
experimental workflows, including:

« experimental design

« selection and optimization of sample preparation protocols

« workflow setup and method implementation

. user training and ongoing support by Field Application Specialists (FAS)

TechPrime delivers end-to-end support — from technology selection and method
launch to routine implementation in laboratory practice.

techprime.kz

info@techprime.kz
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Kommanus "Zalma LTD" - ogna u3 caMbIx OBICTPO pa3BUBAIOMIMXCS M HAJIEKHBIX
koMrnaHui Ha Ka3zaxcTaHCKOM phIHKE Ja00paTOpHOW TeXHUKH. OCHOBHBIM HampaBlEHUEM
Hallell JeATEIbHOCTH SIBJISETCS BHEAPEHHE IMEpelOBBIX JAOOPATOPHBIX TEXHOJOTH,
MOJIrOTOBKA U peaiu3aliusl CUCTEMHBIX PELIeHUH 1JI1 0T€YECTBEHHBIX JIA0OpaTOpUi.

[lon «CHCTEMHBIMH pEIICHUSMU» Mbl TOHHMMAaeM KOMILUIEKCHOE OCHAIeHHUE
KOHKpPETHOM J1a00paTOpUM CIIOKHBIM  CIIELMATM3UPOBAHHBIM M 0011e71a00paTOpHBIM
o0opynoBaHueM, JIabopaTopHO MeOenplo, TMOCYIO0M, akceccyapaMd U PaCcXOJAHBIMU
MaTepualaMi; METOJUYECKYI0 M CEPBHUCHYIO (TapaHTHIHYI0 W TOCJEerapaHTHIHYIO)
MOJJIEPKKY, 00ydeHHe TepcoHana jabopaTopuu, Kak Ha 0a3e 3aka3uuka, Tak U Ha 0aze
MIPOU3BOUTENST 000PYIOBAaHUS; IPOBEACHUE MPOCKTUPOBAHUS, IOMOIIb B MOJYYEHUHU BCEX
HEOOXOJIMMBIX  pa3peUIUTENIbHbIX JOKYMEHTOB U TOCYJAapCTBEHHOW aKKpEAUTAINU
JTabopaTopuH.

HecoMHEHHBIM KOHKYPEHTHBIM MPEUMYIIECTBOM Halledl KOMaHAbl SBISETCS
NMOHMMaHWE OCHOBHBIX 3aJlad, CTOSIIMX MEepe] HallMMH 3aKa3dlMKaMu, M NpPUMEHEHUE
MaKCUMaJIbHO 3((EKTUBHOIO U KOHCTPYKTHMBHOIO MOJXOAAa K UX YCHEUITHOMY pPELIEHUIO.
OTO MOCTUTAETCS, C OJIHOM CTOPOHBI, OiIarojgapsi BHICOKOMY NpodecCHOHANIN3MY HaIINX
COTPYJIHUKOB, C JAPYTrOi CTOPOHBI, OJarofaps HallUM HaJIeKHBIM IMOCTaBUIMKaM, BEIyIIUM
3apyOeKHBIM TIPOU3BOJUTENSIM JIa0OPaTOPHOTO OOOPYIOBaHUS U MaTEPHANOB, CPEAHN
KOTOPBIX TaKWe W3BECTHbIE BO BceM Mupe OpeHansl, kak Applied Biosystems™,
Invitrogen™, Affymetrix™, Gibco™, Molecular Probes™, eBioscience™ and Ion
Torrent™ u mHorue apyrue. Ham rmaBeeid noctaBumk - Thermo Fisher Scientific -
npeajgaraeT WUPOKUM CIEKTP MPOAYKLUUU U YCIyT, OT 00OpYIOBaHUS /10 MOBCEIHEBHBIX
1abopaTOpHBIX MATEPHUATIOB, TAPAHTUPYET KAYECTBO U MPOU3BOAUTEIBLHOCTH JJISI KaXKIOU
71a00paTOPUH, KAXKIAOTO MPUIIOKECHHSL.

ThermoFisher Applied
SCIENTIFIC Biosystems

Y Hac cTaOWiIbHBIE XOpOIIME OTHOIICHUS C HAIIMMH TMOCTABIIMKAMH, HO MBI
MOCTOSIHHO HWIIEM HOBBIE BO3MOXHOCTH IS JTUBEPCU(PUKALMA W  OTKPBITHI IS
COTPpYAHUYECTBA C HOBBIMH MapTHEpaMu. MBI MIIOJOTBOPHO COTPYAHUYAEM C Pa3IMUHBIMU
nabopaTopusiMi MEIUIIMHCKOW, CyACOHOW, arpapHOW M THUIIEBOM OTpaciel, a Takxke C
Pa3IUYHBIMU HayYHO-UCCIEA0BATEILCKUMH HHCTUTYTaMH, OPTaHaMH KOHTPOJISI KauecTBa U
CTaHAapTU3alMU, MEXKIYHAPOIHBIMUA OpraHu3anusaMu U ¢poraamu. CrienuaaucTaMu Haen
KOMIIAaHWUHW PEAIM30BaH IIENIBIN Psii MACIITA0OHBIX MPOEKTOB, KOTOPBIC MOITYYHIIA BBICOKYIO
OIICHKY MHOTHX TOCYJapPCTBEHHBIX CTPYKTYP U KOPIOPATUBHBIX KIIUCHTOB.

CoTpyIHMKM HalIero CEpPBHCHOTO OTHENa HPOXOAAT pErysipHoe oOydeHue Ha
TPEHUHTaX KOMITAaHUH-TIpou3BoauTeneil. Hamm cepBucHbIE MHXXEHEPH! CePTH(PHUIIMPOBAHBI
Ha niposenenue 1Q, OQ/PQ, peMOHTa U PETYISIPHOTO CEPBUCHOTO OOCTYKHUBAHHMS.

Paznuunble MccrnegoBaHus B TE€HETUKE M KJIETOYHOW OWOJIOTHM TIPOM3BOJIATCS Ha
0aze Hamield JeMOHCTpalMOHHOM mgabopatopuu, B r. AnMarbl. COTpyIHUKaMH OTZAela
HAyYHOH M METOAMYECKOW TOJICPKKM KOMIAHWH pa3padaThIBAIOTCSI HOBBIE METOIUKU
aHaIu3a.
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Komnanus «Zalma LTD» perynsipHo opraHnzyeT Hay4HO-TIPaKTUYECKHUE CEMHUHAPHI,
IIOCBAIICHHBIE  HCIOJB30BAHUIO COBPEMEHHOIO TE€HETMYECKOIO M aHAJIUTHYECKOrO
obopynoBaHusa. Mpl aKTHBHO y4acTByeM B BBICTaBKaX, CEMHMHapax U KOH(EpeHIUsX,
KOTOpBIE COOTBETCTBYIOT HAILIUM IPO(ECCHOHATBHBIM HHTEPECAM.

Msbl 3HaeM W TIOHUMaeM 3aJayd, CTOSAINME IE€pel HAIIMMM 3aKa3dyuKaMu U
BHUMATEJIBHO CJEAMM 3a PAa3BUTHUEM pbIHKAa MEPENOBbIX JAOOPATOPHBIX TEXHOJIOTH,
CTapsICh MAaKCHUMAaJbHO OBICTPO BHEIPATH HOBEWIIME TEXHOJIOTMH B NPAKTUKY pabOThI
OTEYECTBEHHBIX JlabopaTopuii; Bcerja IOTOBBl OKa3aThb MAaKCHUMAalbHOE COJAEHUCTBUE U
MOAJNEPKKY B CHUCTEMHOM M KOMIUIEKCHOM pELIEHWH 3aJad, CTOSIIMX IEepe] HAIlUMH
IapTHEPaAMU U 3aKa34YUKaMHU.

PEHIEHUA JJIA TEHOTUIIMPOBAHUS B ATPOI'EHOMMKE

Jlerkue, ruOkve, aBTOMaTU3MPOBAHHBIE PEIICHUS JIsl YCKOPEHUs HAIUX MpOrpaMm
TeHOMHOI0 0TOOpa U cenekiuu. Enunas mnatdopma Ui KakI0ro Tana UCCIeJOBaHMUS.

Pemenust mist reHotunupoBausi B ArporeHomuke ot Affymetrix obecrnieunBaer
CEJICKIITMOHEPOB M YUYCHBIX MOIIHBIM U THOKMM HaOOpOM MHCTPYMEHTOB I'€HOTHITMPOBAHUS
U1 SKOHOMHYECKH 3()PEKTUBHON HIEHTU(UKAIIMHN, MPOBEPKHM M CKPUHUHIA CIOKHBIX
T€HETUYECKUX IIPU3HAKOB y PACTEHHUI U )KUBOTHBIX.

NHCTPpYyMeHTHI /I TeHeTHYecKoro anajan3a Affymetrix garor Bam Bo3MOKHOCTB:

e Omnpenensars reHeTHYecKoe pazHooOpazue de novo MoCpeaCTBOM TEXHOJIOTUI
TCHETHUYECKOIO aHAIN3a

Jlenatp aHaNU3 CTPYKTYPHI HOIMYJISILIUH

OnpenensaTe TeHETUYECKNE MAPKEPBI, CBA3AHHBIE C )KETAEMBbIMH ITPU3HAKAMU
[ToaTBEpKIaTh acconrany MapKepOB-IIPU3HAKOB

[TonrMaThs reHETUYECKYIO aIalTaluIoO K OKPYXKAIOLIEH cpene

Hcnonb30BaTh TIeHETHYECKYI0 HWH(GOPMALMIO MJii KOHTPOJS IKEIaeMbIX
pE3ynbTaTOB

[TpoBoMTE OTOOP pacTeHUi M JKUBOTHBIX JJIS JKETAEMBIX IPU3HAKOB

e  YCKOpUTb T€HETUUECKUI MTPOTPECC C BBICOKON TOUHOCTHIO

MNPEMMYUIECTBA TEHOTUIIMPOBAHUSA HA OCHOBE MATPUI]
HoctynmHocTb
e DKOHOMHYHBIC HHCTPYMCHTEBI I'CHOTHUIIMPOBAHUA
® affymetrix
Biology for a better world
anomenmﬂe HHCTPYMEHTHI AJIA TCHOTUIIUPOBAHUSA

e OOBEAMHSNTE HECKOJIBKO TNPUIOKEHUN [UIsi T€HOTUIIMPOBAHMS HA OJHOM
TEXHOJIOTHYECKOH Tutatdopme

e [Ipoct B ncnonb30BaHUU U MPOCTON padouMmii mpoiecc

e [lomyuaiiTe TOUHBIE OTBETHI FEHOTUIIMPOBAHUS B TEUEHNE HECKOJIBKUX YaCOB

¥
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I'vokocTnb

e BBICOKONPONU3BOAUTENBHBIE HHCTPYMEHTHI T€HOTUITMPOBAHUS JJIS
IIPUWIOKEHNUN B TAPreT TEHOTUIIMPOBAHUM U T€HOTUIIHPOBAHNUHU C BBICOKOU
IIJIOTHOCTBIO

e Awnanu3 Juig 6e3ycI0BHOIO T€HOTUIIMPOBAHUS BCeX COOTBETCTBYIOIINX
MapKepoB, IPEACTABISAIOINX HHTEPEC

e Huskas npuBep:KEHHOCTH BBIOOPKE

Ilponykumsi AJs1 TeHOTHNMPOBAHHUS Ha oOcHoBe wmatpun ot Affymetrix
npeajiaraeT KOMIUIEKCHbIE pelleHus sl NMPUJIOKEHHH OT IeHOMHOI0 aHajau3a 10
PYTHHHOTO CKPMHHMHIA C BBICOKOWH TOYHOCTHI0O M BOCHPOU3BOIAMMOCTBIO, MPOCTOTOM
paGouero npouecca U HU3K0il CTOUMOCTHIO.

PEHIEHUA I TEHOTUIIMPOBAHUSA AXIOM - YckophTe mporece
accoruanuu (eHOTUI-MPU3HAKA U UX 0TOOpa C HAJAC)KHOU TEXHOJIOTHUEH

Petenust 1yisi reHOTUIUPOBAHUS JJISI aTrPOT€HOMUKH BKJIIOYAET MATPUIIBI C TEHOTHII-
TECTUPOBAHHBIM MaTepUajoM U3 TeHOMHOM 0a3bl JaHHBIX Axiom® unu de novo mMapkepsl,
KOTOpbIe BaXkHbI 11151 Bac.

A

»% | ".
o) Ao

leHotun- MNpegsaputensHo
TeCTUPOBAHHbIE NN CKOHCTPYMPOBaHHE U
HeAaBHO nonb3oBarenbckue
o6HapyeHHbie maTpuubl Axiom
OHN
96 unu 384 obpasuos
WHausnayanbHan Ha nnaHweree

KOHCyANbTauuma no

Pewenua gna
NOATOTOBKM Taprera
(Muwenn)Axiom

JlocTynHbl py4Hbie 1
aBTOMaTUYeCKkue
napametpsl

Ha6op pearenTtos
Axiom

MpoYHbIi 1
HaAeXHbli aHanus

Mporpammuoe
obecneuenune
reHOTUNMPOBAHUA
Console™ u
WHCTPYMEHTbI
Affymetrix

WUHcTpymeHT
GeneTitan

O6paboTka maTpuLy
6e3 pyk 1 nonydeHue
CHUMKOB

MporpammHoe
obecneyenuns ana

AU3anHy
aHanusa

reHOTUNUPOBaHUA

MouHbIi

e [‘eHoTHUNUpYHTE JIIOOBIE BUIBI, JIFOOOTO pa3Mepa reHoMa M YPOBHS

e Anamm3 Axiom® omnpenenseT HHCEPIUU/ISTICIIUA | TapaHTUPYET BKIIFOYCHUE BCEX
noteHmanbHbIXx OHII ¢ coceqaumu OHIT B peaenax 20 H.1I., 94TO MO3BOISAET OoJiee
s dextuBHbiin ananus JIKII

06e OHM momHO
reHOTMNUPOBaTh C
NOMOLLBHO aHanu3a Axiom

MoTeHuManbHbIA OHM Cocegnuid OHN

CGATCGGCG(C/G)ATTCGCGATCGCGAGAGTTG(A/T)TATCGAGCGCGA

HajxexHblid_

e Moxuno renorunupoBatb ¢ 100 Hr Beimenennoro [IHK wu3 pasmuunHoro Buaa
o0pasI1oB
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¢ KoapdunumenTs! renotunupoBanus >99%

Macumradupyemblit
e [lonmHOCTBIO aBTOMATH3UPOBAHHBIA pabOUYUil MPOIECC C BO3MOKHOCTHIO 00pabOTKU
110 8 00pa3IoB B HEJEIO ¢ MOMOIIbI0 ogHOro pudopa GeneTitan® MC
e Bricokonpou3BOAUTENbHBIA U THOKUN nu3ailH maTpuilbl A 96 unu 384 oOpasios
HAa TUIaHIIET

TEHOTUIIMPOBAHUE PACTEHUM

Tonyyume oocmyn K 9KChepmubiM OU3AUHAM OJisl UHMEPeCyIowux 8ac U008

Affymetrix corpyaHUYaeT ¢ yUSHBIMH U3 HayYHO-MCCIIE0BATEIILCKUX HHCTUTYTOB U
KOMMEPUYECKMX CEMEHOBOJUYECKMX KOMMNAHUW JUIsl [OM3aiilHa MaTpull Ui Pa3IMYHBIX
pacTeHuii, BKJIOYas KapTodenb, cOs, KIyOHHKA, MIICHWUIA, KYyKypy3a U JI€KOpaTHBHbBIC
pacTeHus.

PaGounii mpomecc Axiom® oOecreynBaeT aBTOMATH3WPOBAHHOE MPOrPAMMHOE
oOecrieyeHre Il OTMPENSICHUS TCHOTHUIIOB, YCTpaHSs YTOMHUTEIBHBIM PYYHOH IPOIIECcC
OIIpEICIICHUS] TCHOTHIIOB.

e [IporpamMHoe oOecnieueHne Axiom® mnpeagaraeT aJaNTHUBHYIO JUHAMHYECKYIO
KJIacTepHU3alMio, KOTOpas MCIOJb3YeT CTaTUCTUYECKHE METOJbl JJIsi TOYHOIO
TEHOTUITMPOBAHMS TUTIJIOUIHBIX U TOJUIUIOUIHBIX BUJOB

e [lonp3oBarenbckue MaTpuibpl JUisi reHoTHnHpoBaHus Axiom myDesign™ wmoryt
OBITh UCIIOJIB30BAHBI JUI UCCIIICOBAHUN IO BaJIUIALUN CEKBEHUPOBAHMUSI, ITOJIHOTO, U
PYTUHHOT'O T€HOTUITMPOBAHUS JJISl CEJIEKLIMOHHBI3 eJIeH.

I'EHOTHUIIMPOBAHME KUBOTHbBIX
BriGepute u3 Hamero karajaora MaTpuIly BBICOKOUM TUIOTHOCTH
Martpuna Ajst HOJTHOT€HOMHOI'0 TeHOTUIIMPOBAHUS Kypul Axiom®

e HaGop s TEHOTUNUPOBAHMS C BBICOKOW IIJIOTHOCTBIO [UISl KYPHI[, KOTOPBIA
JIOCTYTIEH JUIs OOILECTBEHHOI'O HCIIOJb30BaHUs, MpeaHa3HaueH JUIsi Opoiisiepos,
HecylleK OenbIX s, HECYIIeK KOPUYHEBBIX SIMIl U OECIIOPOJHBIX HEKOMMEPUYECKUX
IOpPOJ,

e HabGop pa3pabotan B corpynHuuyecTBe ¢ npoekrom German Synbreed,
¢bunancupyemoiii BMBF B pamkax yacTHO-rocyaapCTBEHHOTO MAPTHEPCTBA, KOTOPOE
BKitouaeT npoekT LINK, ¢unancupyemsiit BBSRC, mexny Unctutyrom Pocnuna,
Aviagen Ltd, Hy-Line International u Affymetrix.

BOS 1 maTpuua 11 noJ1HOreHoMHOro resorunuposanusa KPC Axiom®

e Hawusricmnii reHOMHBIA oxBaT 1 Bos taurus, Bos indicus ¢ 00JbIINM KOJIUYECTBOM
nopo 3e6y u 6onee npurogasivu OHIT my1st Bamrero ucnonp3oBaHus,

e Pazpaborannas B coTpyaHudectBe ¢ 10 BemymuMH HCCIEIOBATEISIMH KPYITHOTO
poratoro Ckota M C TOMOIbI 0a3bl maHHBIX Affymetrix’ mo 3 MIIH. T€HOTHII-
tectupoBaHHbIx OHII,
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e UHremiekTyanpHash MaTpuila, KOTOpas HUCHONb3yeT crpareruio BeiOopa OHII Ha
OCHOBE OJIOKOB TaILIOTUIIOB.

MaTpuua ajisi rTeHOTUNMPOBaHus 0yiiB0JIOB AXiom
[MpenHa3HavyeHa Il MIMPOKOTO  CIEKTpa TNPHUMEHEHHH: OT KOMIUIEKCHBIX
UCCIICIOBAHUH MPU3HAKOB M MOJICKYJISIPHOW CENICKIIHH JI0 COXPAHEHUs U OMOpa3Ho00pasusl
o Brurouaer obmue u peakue Mapkepsl BosiHoro OyiiBoa (B. Bubalis bubalis),
e [IpencraBnensl MHOTOYKCIEHHBIC TOpoabl — Mediterranean, Murrah,
Jaffarabadi, and Nili-Ravi.

INPUBOP GENETITAN — NEPBbIA U EJVHCTBEHHBIN HHOJHOCTBIO
NMHTEI'PUPOBAHHBIM MHCTPYMEHT MHUKPOYMIIOB JJISA BE3 PYYHOMU
OBPABOTKH MATPUIL

Tpanchopmupyiite cBoro sadoparopuro ¢ uHCTpymMeHTOoM GeneTitan wu omryTture
HETPEB30MACHHYI0 MOIIb ONTHMHU3AaMKU O00pabOTKM MaTpuIll i  OOHapyKCHHS,
uccnenoBanu u ckpuHuHra. Ob6a uncrpymenta, GeneTitan st sxkcipeccuu u GeneTitan®
Multi-Channel (MC) Instrument JUISL  OKCIIPECCUU W TCHOTUIUPOBAHUS ITUIABHO
UHTCTPUPYIOT TIPOIECCHl THOPUAM3AIMH, TPOMBIBKM W BU3yalM3alldd B CIUHBIN
MHCTPYMEHT JJisi obecrieueHus: 6e3 pydyHoil 0OpaOOTKH MPOILECCOB array - HE3aBHCHUMO OT
TOTO, BHITIOJIHSAETE JI BHI OCHOBHBIC MJIH MTPHUKJIATHBIC HCCIICTOBAHMSL.

e Macmrabupyemocts — COOTBETCTBYET NOTPEOHOCTSIM KaK CpeaHe, TaK U
BBICOKOTIPOM3BOAUTENBLHON  CHOCOOHOCTH, o0ecneynBaeT camoe ObIcTpoe
MOJIyY€HUE JaHHBIX U TpeOyeT MUHUMAIBHBIX PECYPCOB.

e DddextuBHocTh — Cokpamaer Bpems o0pabotku 10 30 MUHYT, Aa€T CHUMKHU
MaTpHIl MEHEE UeM 3a MATh MUHYT U paboTaeT 6e3 MpucMoTpa B TEUCHUE HOYH.

o Tubkocte — IlommepxkuBaer  HWCCIENOBAaHUS  OKCIOPECCMHM  TE€HOB U
TeHOTUITUPOBAHMS HA MHOTO(OPMATHBIX MATPUYHBIX TIAHIIETAX.

e Tounocts — Kaxnapli pa3 oOecreuynBacT BBICOKOE KayeCTBO COTIACOBaHHBIX
JAHHBIX IMyTeM 00pa0OTKH HECKOJIBKUX BHIOOPOK MPU OJMHAKOBBIX YCIOBHUSX.

e AnantannoHHocTh — Co3gaeT rudkue padbodue mporecchl U PErUCTPALNIO
o0pa3ioB ¢ momotibio [Iporpammuoro obecrieuenust (AGCC) Affymetrix®
GeneChip® Command Console® .

i ’L
I'mOkocTh, KOTOPYIO BBI Kes1aeTe — MHOKeCcTBO GOPMATOB U MHAUBHU ya.ﬂbmﬂ?
i

pemicHusA 1Jisd HCCJIeZ[OBaHHﬁ IKCIPECCUH N'€CHOB U TCHOTUITHPOBAHUSA g
- b
£

GeneTitan® Instruments BMECTE C  WHAYCTPUAIbHO-IPU3HAHHBIMY
BBICOKOITPOU3BOIUTEILHBIMU MaTPUUYHBIMU IUIAHIIETaMHU Affymetrix\‘cneHV#eT

MepBO€ HE pYYHOE, aBTOMATHU3UPOBAHHOE pelieHue s 00paOOTKHM MHUKPOUIHUIIOB.

biaronaps LIUPOKOMY BBIOODY ¢dopmaToB
MAaTpPUYHBIX IUIAHILIETOB BbI H ' MOXETE JIETKO NEPEUTH OT
OTKPBITUA  C  TOMOILBIO NEFacTor IIOJIHOTEHOMHOT'0
reHorunupoBanuss OHII, x KOMILJIEKCHBIM

MCCIIEZIOBAHUSAM TMPOQMIEH SKCIPECCHH T€HOB, OTHOCAUIMXCSA K BaXHBIM OHMOJOTHYECKUM
(deHoTHMIIaM, TAaKUM KaK OTBETHAs PEAKIIHsI Ha IpenapaThl WK 3a00J1eBaHusl.
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[IpenBapuTeabHO CKOHCTPYHUPOBAHHBIE U HACTPAMBAEMbIE MAaTPUUYHBIC IUIAHIIETHI, [Tt 24 -
u 96-popmaroB, o0ecneunBalOT BBHICOYANIIYIO MPOU3BOAUTENBHOCTh C MacCIITaOMpyeMon
MPOU3BOJUTEIBHOCTEHIO .

unuccinegoBatTeZibCKkme opraHmsambl

GeneTitan Instruments Bmecte ¢ Affymetrix Array Plates npemoctaBisitoT mmpoKuit
aCCOPTUMEHT MPUMEHEHHUS B UCCIICAOBAHUSIX TEHHON SKCIIPECCHH U TEHOTUITUPOBAHUSI.

MHo:xecTBO popMaTOB:

e Affymetrix MaTpu4Hble MJIAHIIETHI JJI IKCIPECCHH UJICATHHO MOAXOMAST
JUIsl TabopaTopuil cpeHed M BBICOKOW MPOU3BOIUTENHHOCTH; JlOCTymHBI B
dbopmarax s 16-, 24- 96 06pazios;

e Axiom® maTpuyHble IJIAHIIETHI AJsi T€eHOTHNHPOBAHMSA JIOCTYIIHBI B
HECKOJIbKUX opMarax, 1jist 00paboTku ot 24 10 96 006pa3IoB Ha TUTAHIIIETY.

Macmradupyemasi IpOU3BOAUTEIbHOCTD :

e Ilpouecc ot 16 x0 192 o6pa3uoB B aeHb. [lo3BonseT yBenuuuTh mMacmrad
OPOU3BOAUTENBHOCTH  0€3  JIOTOJIHUTENBbHOM — paboyeil  cuiibl WM
UHCTPYMEHTOB,

e JlocTH:KeHHe BBICOKOM TNPOM3BOJAMTEJBHOCTH. MaTpuuHble IUIaHIIETHI
COKpAIIIAIOT BpeMsl py4yHOH 00pabOTKH, CBOJAST K MUHUMYMY BMEIIATEIbCTBO
NoJIb30BaTeNs M 00padaTpIBatoTCs 0€3 MPUCMOTpa B TEUEHUE HOUH.

NuanBuayanbHble pelieHus:

e MarTpuyHble IUIAHIIEThI NI JKCIIPeCUH MyGeneChip™
WnauBunyansHble pelieHus Ui 4eI0BEYECKUX M MOJEIbHBIX U MPUKIATHBIX
HCCJIEIOBATEIbCKUX OPraHU3MOB,

e MarpuyHble IUIAaHIIETHI TeHOTHNHpPOBaHMA Axiom® myDesign™
['eHOMHBIN 0OXBaT CHELHUAIBHO CKOHCTPYMPOBAHHBIA JUISI YEJIOBEUYECKHX U
arpoKyJIbTYPHBIX MOMYJISANNN, ¢ GoKycoM Ha uHTepecyromue Bac OHIIL.
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