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AnaaTna. byrinje genpeccus eH KeH TapaJifaH ICUXUKaJbIK aypy/aap/blH, 0ipi
6oJiblN TabbLIaAbl. OJ1 KeHi KYHJiH Oy3bLIybIMEH, 6Mipre >koHe KYH/EJiKTi
ic-opekeTTepre JereH KbI3bIFYUIBIIBIKTBIH, OFaJlybIMEH CUNIATTaafbl, COH-
Jlaii-aK 6acka jfa 6ipHelle CMMITOM/JAAapMeH KaTap »KypeZi, 6y/1 aKkblp COHbIH/A
YKYMBICKA KablleTTi/TIKKe YKoHe »KaJllbl eHCayJIbIK KafF/jaiblHa Tepic acep eTex|.
CoHbIMEH KaTap, Jlenpeccusi MeH CYUMLUATIK OWJIap/blH >KoHEe 9peKeTTepAiH
»KOFaphl KayniHiH apacblH/a AdJieJi[leHreH OaiiaHbic 6ap. JlyHUuexysijik JeH-
cayJIblK, CaKTay YWBbIMbIHBIH MaJiiMeTi 60UbIHIIA, asieMae 280 MUJIMOH aJlaM
Jlenpeccusifiad 3apaan uere/i. COHbIMeH 6ipre, COHFbI OH »KblJ1/ja XacTap apa-
CbIHJAFbI Jlenpeccusi KepceTKilTepiHiH ecyi 6akkasagbl. XKacecnipimik Ke-
3€H, eJieyJli ICUX0JIOTUAJBIK 63repicTepMeH KaTap »KypeZi xKaHe oJlap MU/bIH
HeNpPOOUOJIOTUSJIBIK XKeTily poliecTepiMeH ThIFbI3 6aillaHbICThL. By e3repi-
CTep [ eNpecCUBTI KaFAaWaapAblH AaMyblHA OCaJIJbIKTbl apTThIPYbl MYMKIH,
COH/ZBIKTAH OCbl MaCeJIeHl TepeH 3epTTey KOKeTTiJIIiri apTeill OThIp. FelIbIMU
d/lebueTTepai Tangay HoTHXkeciH e KazakcTaH/a xkacecnipiMep apacblHAAFbI
Jlenpeccusifa KaTbICTbl ICUX0PU3UOIOTUSJIBIK 3ePTTEYIEePAiH i )Ky3iH/e )oK
eKeHi aHbIKTa/IJbl, OYJ1 MacesieHiH e3eKTijlirine kapamacras. XKacecnipimaep-
JleTi JenpeccusiHbl 3epTTeYAiH apTypJii 9fjicTeMeliK TociagepiMeH Katap, 6i3
aTaJifaH Oy3blIbICHI 6ap KacecnipiMAep/iH TyJIFajlblK epeKlleadiKTepiHe ncu-
XOMEeTpPUSJIBIK, 6aFasiay KYPrisfik. IMIMPUKAJIbIK 3epTTey O6apbIChbIHAA 3MO-
LUOHANABIK KYWIepAl TYCiHy mapaMeTpJiepi MeH »KaFbIM/bI K9He »KaFbIMChI3
addexT apacbiHAaFbl 6ailslaHbICTap aHbIKTaN bl KacecnipiMaep/eri fenpec-
CUA 0JIapAbIH TeK KaFbIMCbI3 3MOLUAJIAPAbI TYCiHYiHe bIKIIaJ eTe/i, COHbIMEeH
KaTap OH 3MOLIMOHAJIJIbIK TaXipubesepai peTTey KabiseTiHiH TeMeHJeyiHe
acep eTefi. AJIbIHFaH HOTUXKeJlep »aceclipiMaepAeri JenpeccusaHbl epTe Aua-
THOCTUKAaJIAy KoHe TY3€eTy 9/liCTepiH a3ipJjeyae, COHAAN-aK TUIM/Ii ICUX0JIOTH-
SIJIBIK KOMEK KOpCeTy CTpaTervsijiapblH KypyZa naizasbl 60/1ybl MYMKIiH.
Ty#iH ce3aep: fenpeccus, xkacecnipiMmzep, TyJIFaJbIK epeKIlesiKTep, JUarHo-
CTUKaJBIK TeCTTep, 6uoMapKepJiep
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Kacecnipimoep denpeccusicoiHbiy I3 mapkepaepi

aJjieMzie Oys aypyMeH aybipaTbhiH 280 Mu/iMoH ajam 6ap [1]. CoHbIMeH KaTap, »acTap
apacblHJaFbl KOpPCETKIIITepP COHFbI OH KbLIJbIKTa ecyze. LllopublH *oHe apinTecTepiHiH,
3epTTeyiHe caiikec, 10-19 »kac apa/bIFbIHJAFbl 6ajiasap/iblH, OTbI3 TOPT MalbI3bIHAA
KJIMHUKAJIBIK, JIepeCcCUsIHbIH, Oesriyiepi 6akkanaraH [2]. YKacecnipiMm marbiHAa Jep Ke3iHae
JINarHo3 KOMblIMaFaH Xaf/lan1a, epecek eMip/e pU3UKabIK KoHe ICUXUKAJIBIK JeHCayJIbIKKa
acep eTy MyMKIiH/iri *kofapsl [3,4]. oFapbljja aTasfaH KayinTepJeH 6acka, Jenpeccus
MeH CYULIUATIK HWJealnyaiap HeMece dpeKeTTep KayliHiH »KOoFapbliaybl apacblHJa JaJi1esfi
6aianbic 6ap. JJICY 15 neH 29 xac apasbIFbIHJaFbl aJlaMap apacbiH/a, acipece TabbIChI
TOMEH YK9He OpTalla eJiiep/le CyULIU/| eJIiMHIH )KeTeKIli cebenTepi apacbiH/Aa TOPTiHIII OpbIHAA
TypFaHblH xabapJsanzabl [1]. Chen >xoHe OHBIH, opinTecTepiHiH MaJliMeTiHIlIE, KOTHUTUBTI
Oy3blIyJap, 9JIeyMeTTiK 6eliM/iesny KUbIHBIKTAPhI XKoHe CYULUATIK MiHe3-KyJbIK KayMiHiH,
YKOFapbllaybl >KaceclipiM »kacTa JenpeccHsiMeH Ui 6Gipre »ypeTiH ¢axkTopsap 60JbII
Tabbliagbl [5]. CraTucTuKara colikec KasakcTaH »kacecmipiMZiep CyMLUAiIHIH €eH »XKOFapbl
kepceTkimine ve - 100 000 afamra mwakkanja 18 agamzbl Kypazpbl [6]. AypyAblH ayblpJibIFbIHA
KapaMmactaH, /[I/ICY TabbiCbl TOMEH K9HE OpTallla eJiJlepAeri a/1eM XaJKbIHbIH I1aMaMeH 75%-
bl YaKTbLJIbl €eM/JleJIMEUTIHIH xabapsakabl. Bys Macese 6i3/iH, esiMi3 yiliH /e ©3eKTi 60JIbII
Tabbl1a/bl. MacesieH, KazakcTaH/ia AenpeccusiHbIH Tapasy naibidbl CountryCassete xkuHaFaH
TAYeJICi3 CTaTUCTHUKaFa coukec 3,9 nmanbl3 KaJlllbl 9JIEM/IK KOpCeTKILIIeH caJbICThIpFaHaa 4,4
naunbI3bl Kypanabl [7]. By MacesieHi Ty3eTin, XaJbIKThIH 6Mip Cypy canachlH KaKcapTy YILIiH
JlenIpeCcCcUsiHbI YaKbIThIJIbI YPBIC IUAarHOCTHKA/AY KaxeT. /[uarHo3 Ko Kelie CTUrMaTu3anus
»KOHEe TCUXUKAJIBIK JIeHCAy/IbIKThl CYO'beKTUBTI OaFasiayFa 6ailaHbICTbl KUbIHAAN Tyceai [8].
OchLialillia, AeHcayJIblK CaKTay >KoHe ICUXOJIOTUSJIBIK, KeMeK O6epy MaMaH/apblHa KOChIMILA
ncUX0PU3UOJIOTUSIJIBIK, 9/iCTep apKblLIbl JlePeCcCUsIHbI aHbIKTAy OHAWbIpaAK, 60J1ap efi.

JlenpeccusiHbl 3epTTey exeJri epkeHUeTTepAe O6acTanjbl. Meconotamus, Eruner >xoHe
[peuusian asblHFaH MATiHZEp anaTHs, e PeCCUSIJIbIK KOHII-KYH KoHe KbI3bIFYIIbLIBIKTbIH,
YKOFa/Iybl CUSIKTBI Jlenipeccusi 6esrijsiepidn cunattaiabl [9]. Exenri xoHe opTa FackipJsapja
"Kapa eTTiH" l1aMa/laH ThIC >KUHAKTaJybl A€l aTaJaTbIH "MeJIaHX0JIUSA YFbIMbI KEH, TapasiFaH
’KOHEe 9PTYpJli MCUXUKAJIBIK >KoHE IMOLMSJIBbIK Oy3bliylapMeH 6GaWaHbIicThl 6061 [10].
ArbuiLIbIH FanbiMbl Po6epT BepToH (1577-1640) MeslaHX0/1Ms TypaJibl aJfallKbl )KaH-KaKThbl
3epTTeyJiepAiH, 6ipi 60sFaH "MesaHXO0JIMS aHATOMUSACHI" TpaKTATbhIH »a3abl [11]. BepToH
MeJIaHXOJIUSIHbl (QU3UKAJIbIK, >KOHE ICUXOJIOTUSJIBIK OesrijiepAi KaMTUTBIH KypAesi aypy
fen caHazapl. William Cullen (1710-1790) xeHe Philip Pinel (1745-1826) cuakTel 6acka epTe
3epTTeyllisep Ae AenpecCcUsablK Oy3blIyIapAbl TYCIHYTE X9He OChI XKaFAanaap/bl XKiKTeyre
KeMekTecTi [12].

Jlenpeccus TypaJibl 3aMaHayu UAesJapAblH JaMyblHJAa KeJseci ¢pakTopsap pes aTKapAbl.
BipinwizeH, 3urmyn @pelTiH KOHQIUKTIJIEp Typasibl Uesaphl 2KaHe 0J1ap/blH, KOPFaHbIC
»KoHe OelicaHa/IbIK MeXaHU3M/ep/eri peJii 6i3re ncuxoaHaIUTUKAJIbIKMeXaHU3M/ep/i TyCiHyTe
keMekTecTi. EkiHIIiZileH, ncuxukaablK, Oy3bLiyaapAbl 6afajnay KpuTepuiliepi MeH aficTepi
JlenpeccUusiIbIK, Oy3bLIynap/bl JUAarHOCTUKAJIBIK XKyHeJiepre KOCy apKblibl CTaHAApPTTaJIFaH,
MbICaJibl, aypyJlap/blH XaJblKapa/blK xikTesyi (International Classification od Disease, ICD)
’KOHEe TMCUXUKAJBbIK OY3bLIyJap/AblH, AUACHOCTHUKAJIBIK >XKOHE CTATUCTUKAJIBIK HYCKAYJbIFb
(Diagnostic and Statistical Manual of Mental Disorders, DSM [13, 14].

JenpeccusiHbl 3epTTey YUIIH 9PTYpJii 9AicTep KoJJaHblaabl. KIMHUKAIBIK XoHe 3Nuje-
MHUOJIOTUSJIBIK, 3epTTey/iep aypyAblH TapaayblH, Kayill paKTop/apblH XKoHe eM/Jiey 9/ icTepiH
3epTTey YylliH eTe maiganbl [15]. HoTmxecinze fgenpeccusiHblH NONyasnus AeHreliHperi
acepiH 6arasiayFa KoHe XaJIbIKTbIH, 0CaJl TONTAPbIH aHbIKTayFa 60J1a/1bl. HeHpo6UOI0TUSABIK,
’KoHe TeHeTHUKaJIblK 3epTTeyJepAiH MaKcaThbl Jelnpeccusfa xayan OepeTiH OMOJIOTUAJBIK
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MeXaHU3M/ep/i 3epTTey 60J1bIN TabbLIaAbl. OJ1ap MUABIH KYPbLIbIM/IbIK KoHe GYHKIIMOHAJIBIK,
©3repicTepiH aHBIKTAy YILUiH HellpoGelHesiey 3JicTepiH KOJAAHYAbl KaMTHUJbl, COHAAN-aK
JleNpeCcCUsIHbIH, JJaMy bIKTHMaJAblFblHA OaW/IaHBICTbl TeHETUKaJbIK (paKTopJapAbl 3epT-
Tey [16]. TICUXOJIOTUSIBIK >KOHE oJIEyMETTiK 3epTTeysep JAenpecCUsiHblH, KOTHUTHUBTI,
3MOLMSJIBIK )X9HEe MiHe3-KyJIbIK 3JIEMEHTTEPIH, COHJIal-aK, CTPECC, }KapaKaT »KoHe dJ1eyMeTTiK
KOJIIay CUSIKTHI 9J1eyMeTTiK (paKTopJap/blH dcepiH 3epTTeyre 6arbiTTanfaH [17]. 3epTTey
JlepeKTepi NCUXO0JI0TUAJIBIK CbIHAKTAap, cayaJlHaMaJiap KoHe 9KCIePUMEHTTIK dlicTep apKbl/bl
JlelpeCCUsIHBIH, 9PTYPJli aclieKTijiepiH 6araianbl.

IMo1Ms MiHe3-KYJIbIKTbl, KOTHUTHUBTI QYHKLUsIAPAbI )XKoHE TYJ/IFaapasblK 63apa apeKeT-
TeCy/i peTTey/e Lelylli peJ aTKapaTbIH HeTi3T1 ICUX0JIOTUAJBIK IPOLeCcC 6O0JIBII TabbLIabl
[18]. OMouus cyOBeKTUBTI TaxiprbeHi, GU3NOJIOTUSIBIK, PeaKUsIap/ibl, IKCIIPECCUBTI MiHe3-
KYJIBIKTBI >KOHEe KOTHUTUBTI Oafajiay/ibl KAMTUTBIH Kyp/ieJli Kol KOMIOHEHTTI Kyd 6OJIbIN
Tabbl1aAbl [19]. IMonusaaap weliM KabbliAayFa, MOTUBALMAFA, aKapaTThl KaObl1JayFa XKa-
He eHJleyre, COHJaK-aK dJIeyMeTTiK KbI3MeTKe ahTapJiblKTau acep etei. KyHzesikTi eMipze
3aMolMaIapAbl Ce3iHyAIH KapanalbIMAbLIbIFbIHA KapaMacTaH, oJ1ap/iblH, HEUPOOHOJIOTUSJIBIK
HeTi3l KenTereH My KypbUIbIMZApbl M€eH >KeJliJIepiH KAMTUTBIH KypZeJii Xyre 60JIbII TabblIazbl
[20].

KabnbLiay, yailbiM/ay, 9MOLUSHbI pETTEY KoHe IMOLUsIapAbl YUPEHY CUSKTbI 3MOIHJIBIK,
IpOoLeCTeEP MU/bIH 9pPTYpJi alMaKTapblHbIH, COHBIH, illiHJE JUMOUSAIBIK XYHWeEHIH, nped-
POHTa/IbAbl KbIPTHICTBIH, apa/iblK, KbIPThIChIHbIH, 6a3a/ib/lbl TAHIVIUSHBIH, XOHE /[iiH KYpbl-
JILIMJIApPbIHBIH, 63apa apekeTTecyiHe HerizgenreH [21]. Byn xky#enepaeri mpo6Jiemanap
’KOHe OJIapJblH ©63apa 9peKeTTecyi apTypJ/li SMOLMAJBIK OY3bLIyJap/AblH, COHBIH, illiHJe
JlenpeccusiHbIH ce6e6i 601ybl MYMKiH. KenTereH Mu KypblJbIM/Iapbl MeH XXyHesiepi aMOLUSAbIK
npouectepAi 6acKapaTbIH KypZeJli HepoOHO0I0TUSIJIBIK XKeliHi Kypanzpbl.

Bajjamiia feHeieH, TMIINIOKAaMIITaH »KaHe OeJi/iey KaTlapblHAH TYPaThIH JIMMOUSJIBIK, XKyle
MaHbI3/ibl peJi aTKapaabl [21]. BajaMiia geHe - aMOLMOHA/I/Ibl MaHbI3/1bl TiITIpKeHAIprilTepAi
aHBIKTay/IblH, 3MOLMOHAN/bl peaKUaIap MeH 3MOLMOHAI/Abl OKbITYAbl KAJbIITACTBIPY/bIH,
OpTaJibIK OybIHBIL. ['MIIITOKaMII 9MOLIMOHAJI/Ibl ECTE CaKTay MPOLeCTePiHe XXKoHE IMOLUAIAP/bIH,
KOHTEKCTIK MOAYJIALMACBIHA KaTbICabl. besiey KaTnapblHaH 3MOLMOHA/I/IbI )KoHE KOTHUTHUBTI
aKnapaTTbl OipiKTipyre, coHAaW-aK 3MOLMOHAJJAbl peaKLusJapAbl peTTeyre KaTbICaJbl.
JenpeccusisiblK, OY3bLIbICTAp Ke3iHJe 3MOLUSJIbIK 6HJeyre KaTbICaTblH HETi3ri MU Kypbl-
JIbIMJIapbl M€eH KeJtijiepinie QyHKIIMOHANABIK )KoHEe KYPbLIbIMABIK 63repicTep 6aiKaiajbl.

JIuMOUANBIK KyWheae 6ajaMila AeHe, TUMNOKAMII KoHe OeJsiJiey ik UipiMHIH KeJsieMi MeH
6esiceH/iiniriHiy, e3repicTepi aHblKTasfraH [22]. BajaMmiua JeHeHiH Tepic cTumysazapra
rUNepPaKTUBALUSCH] )KOHE OH aKMapaTTbl 6HJley Ke3iHJe OHbIH OeJICeHAiNIriHIH TeMeH eyl
Jleripeccusi KesiHzeri >KaFbIMCbI3 6eliMAilikneH 6alaHbICTbl 60y1ybl MYMKiH [23]. [Iped-
POHTa/IAbl KbIPTHICTA 3MOLMUSJIAPAbI PETTEY >XoHEe KOTHUTHUBTIK OaKpbllayFa KaTbICAaTbIH
JlopcoJiaTepasi/ibl )koHe BeHTpoJiaTepaJsi/ibl aiMaKTap/blH 6esiceHAiNIri MeH QYHKIMOHAbIK
6akJIaHbICTBI/IbIFbl TOMEH/eTeHi 6aliKanaabl [24].

IMouMsIapAbl KaGblIaay JKoHe JeNnpeccust

IMouMAnapAbl TaHy >K9He UWHTepHpeTauusanay KabiseTi smouuaaapiAbl peTTeyne,
9JIeyMETTIK ©3apa 9pEeKeTTeCTIKTe XoHe TyJIFaapaJblK KapbIM-KaTblHacTapAa MaHbI3/bl
peJs aTKapazpbl. IMoLUsAIapAbl KabbL1ay — Oy 6eT-a/ieT MUMHUKACHI, JAybIC bIpFAFbl XKoHE
JleHe TiJli CUAKTBI Bepbasiibl eMec CUTHaJ/liapFa Heri3ze/reH 6acka aflaMJap/blH 3MOLUSAJIbIK
KyWJepiH aHBIKTAy »K9He TaHy YJepici peTiHZe KapacTblpbliaZbl [25]. IMonusaapabl 191
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KaObL1Jlay »KeKe TyJIFajapFa alHasacblHJAAFbl 3MOLMSJIBIK CHUTHaJJlapFa CollKec »ayal
6epyre, 3 3MOLMAJApbIH peTTeyre >XoHe 3MIIATHUA TaHBITYFa MYMKIHJIK Gepegi, Oy
TaOBICThI 9/1IeyMeTTiK O6ediMaesny yuIiH welnyii MaHre ue [26,27]. KepiciHiue, aMmouusaiapzbl
KabObl1iayiaFbl Oy3blIBICTAp dJIeyMeTTIiK OKIIAYJIaHYFa, TYJIFaapajblK KaKThIFbICTAPFa KoHe
eMip Cypy canacblHbIH TOMeH/eyiHe oKeJyi MYMKiH [28].

JlenpeccusablK Oy3bIBICTAp >KUi 3MOLMAJBIK CajlajlaFbl TaNUIbLIBIKTapMeH KaTap
KYPETIHZIKTEH, 3MOoLUAJapAbl KaObLIAy/ bl 3epTTeY epeKlle MaHbI3/bl 60JIbIN TabblIa/bl.
By fenpeccrusaHbIH, TaOUFAThIH, OHbIH, CUMIITOM/JApbl MeH Ca/lJapblH >KaKCbIpaK TYCIHYTE,
COHJal-aK HeFypJIbIM TUIMJI eM/Jey 9/icTepiH a3ipseyre biKnaa eTyi MyMKiH [28,29]. COHFBI
KbLIJApAarbl KeNTereH 3epTTeyJsep JeNpeccUs/bIK Oy3blIbICTap Ke3iHJAe 3MOoLUsAIap/bl
KabbliJay/laFbl OY3bLIbICTApP/IbIH, ©3iH/AiIK epekiuesnikTepi 6ap ekeHiH kepceteni. Herisri
cunaTTaMasap/blH 6ipi->kaFbIMCbI3 6eHiMiNiK, MyH/ia ilelpeccUsiIMeH ayblpaThbIH AljMeHTTEP
Tepic 3IMOLMAJBIK CTUMYyJJApFa TUIlepce3iMTalAblK TaHbITaJbl KoHe OJlapFa TaHJaMaJibl
Hasap ayzapazbl [30]. YikeH aenpeccusiblK aybITKY *KacecmipiMifep yuliH »kui Ke3JeceTiH
aypyJiapAblH 6ipi 60/ibll Tabbliajbl. 3ePTTEYAIH MaKcaThbl KacecHipiMepaeri aenpeccus
O6uoMapKepJiepiHe IICUXOJIOTUAJIBIK 3ePTTeY XKYpri3y 60J1b11 Tabbl1abl.

3epTTey MaTepHuaAapbl MeH djicTepi

JKcrepMMeHTKe Jelnpeccusibl TonkKa 12 xkacecnipiM (KaTbICylIblIap/blH OpTallla »Kachl
13,58 »xac; 6 KbI3 oHe 6 yJ1), COHZaM-aK JeHi cay 6akpliay To6biHa 12 »acecnipiM (opTaiua
»kacbl 13,67 ac; 6 KbI3 )koHe 6 yJ1) KaTbICTbl. KaTbICylIbLIap/iblH 6apJibIiFbl OPbIC TiJAi, OH
KOJI/Ibl K9He 0JIapAblH Kepy KabiseTi KaJblNThl HeMece Ty3eTiJireH 60//bl. Osiap CO3blIMaJIbI
aypyJ/lapMeH ayblpMaraH.

Ynken penpeccusiniblK aybITKy (Major Depressive Dissorder, MDD) auarHosbiH
ICUXUATP KbICKAIla XaJblKapasblK HeUPONCUXUATPUSAJIBbIK cayajHaMa (Mini International
Neuropsychiatric Interview, MINI) apkpuibl ICD-10 (F32) ksaaccudukanusicblHa CoUMKec
Kouabl [31]. Bya Kypan eki kiaccudukauusFa Herisfie/reH: MCUXUKAJbIK OY3blIyJap/blH,
JIMaTHOCTUKAJIBbIK, >KOHE CTAaTUCTUKaJbIK HYCKayJbiFbl - [V (DSM-IV) xoHe aypy/iap/iblH
XaJblKapasblK kJjaaccudukanusacel (ICD-10). bakbliay TOOBIHAAFbl KATBICYIIbLIIAPAbIH
OpTaJIblK HeMece nepudepUsIbIK XKYUKe XXyHecCiHAe aybITKybl 00JIFaH OK,

JKCcrepuMeHTKe JleliH KaThICylblJIapAblH aTa-aHacbl HeMece KaMKOpIIbLIapbl 3epTTeyre
KaTbICy YIIiH a/1-@apabu aTbiHAAFbl Kasak yATTBHIK YHUBepCUTETiHIH KeprisiKTi 3TUKaNbIK
KOMUTETI MaKyJJaFaH akKlapaTTaHJbIpblJIFAH KeJjiciMre KoJsl KouJbl. CblaKbl peTiHAe
KaTbICyLUbLIAp KYPTi3iJireH KelleHAl 3epTTeYAiH HOTHXKeJIepiH TeriH albl.

IMOLMAHBI TaHy TancblpMasiapbl MeH CTpyI TanCblpMachbIHbIH 0€T-aJNeTIMeH 63repTiireH
Typi (Face Stroop task) amonusibIK xaHe a/1eyMeTTiK QYHKIIMOHANAbI dPTYPJli aceKTisiepin
O6afasay YIIiH NCHXOJUArHOCTUKAJAa KeHiHeH KoJiAaHbLIabl. Bys TamncbipMa ajaMHbIH,
3MOUMSJIBIK OelHesiep/ii 191 Kabbl1ay »KoHe TaHy KabiJieTiH 6arasiayFa MYMKIiHJIK 6epefi,
OyJ1 9/71eyMEeTTIK JaF[bliap MeH SMOLMSJIbIK UHTE/JIEKTTIiH MaHbI3/bl 06J1iri 601bI1 Ta0bl1a/Ibl.
MiHe3-KyJIbIK TallCblpMaChl U30JIALUAIaHFaH, )KapbIKTaHAbIPY KyaThl 200 BT »kacaH /bl 2KapbIK
6esMezie opblHAANAbL. KaTbicylibl 3kpaHHaH 1 MeTp KallbIKTBIKTa OTBIPAbL. JIMOLMSAJIBIK
KOHQIUKT TanceipMachl E-Prime 2 6armapsiamaceinga 30 »ka3b6acbiMeH KaTap OpbIHAAJ/bL.
JKpaH/Ja TepT 3MOIHMAHbIH (KyaHblIll, Kalfbl, KOPKbIHbIII, ally) OipeyiH 6elHesedTiH aK-
Kapa TycTeri 6eT-ayneT KkepceTinzi. KepHeki cTuMy/IMeH KaTap 3MOLMsA aTaybl aWThIJBbII, OYJI
aray 6elilHeMeH ColKeC (KOHTPY3HTTI CTUMYJI) HeMece calikeCc eMeC (HEKOHTPY3HTTI CTUMY/I)
60s1ybl MYMKiH. KaTbICyUIbIHBIH, MiHAETI — BHU3yaJAbl XoHe JbIObICTBIK CTHUMYJAAP/bIH,
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COMKECTITIH Te3 »KoHe [3J1 aHbIKTay. TancblpMaHbl OpPbIH/AY aJJbIH/A IKpaH/Ja HYCKAyJbIK
kepceTisieai. CTUMyAAp apacblHAAFbI Y3isicTe akpaH/a 3 CeKyHAKa «+» 6eJrici kepceTiin,
Hasap/ibl TYpaKTaH/bIpyFa KeMeKTecei. Erep amonus Aypbic aTajFaH 60J1ca, KaTbICylbl «1»
6aTbIpMachiH 6acybl Kepek. Erep bIObICTBIK CTUMYJI KOPHEKI CTUMYJIFA COMKEC KeJIMece, «2»
6aTbhIpMacblH 6acybl KaxeT. bys peTTe peakuus »KbL1JaM/IbIFbl MeH »KayalThIH, AYPbICTbIFbI
ecenke aJjblHaJbl (peakUus YakbITbl >KaHaMma TypZe OakpLiaHzbl). TanceblpMa MakcaThbl -
CTUMYJAp/iblH COUKECTIrIH Te3 api aJ1 6aFasay. JKCIEPUMEHTTIK TallCbIpMaHbl OpbIHAAMac
OYpbIH, KaTbICyUIblIap TalCbIpMaHbIH HYCKAYJbIFBIMEH TAaHbICHIN, 1 MHHYTTBIK CbIHAK
Ke3eHiHeH oTTi. Bbys Ke3eHHIH MakKcaThbl — KaTbICYLIbLIApAbl MaKCATThl X9HE MaKCaTChbI3
CTUMYJIAAPAbl Q2KbIPaTyFa, KOMIbIOTEPJIIK IepHETAKTaHbl TIalja/IaHbIIl MAKCATThI CTUMYJI/bIH,
6aFbITbIH aHbIKTAyFa *KoHe CTUMYJIJiap aj/iblH/a 6epijireH HycKayJlapAbl TYCiHAipyre YUpeTYy.
JKCNepUMEHTTIK 66J1iM 4 6JIOKTaH TYp/bl, 9p 6siokTa 60 cTUMyJ 6ap, *ajnbl 240 cTUMy
YCbIHBLIBL CTUMYJIIap Ke3/,eMCOK TApTiNTe KepceTiifi, COHFbI 6JI0KTa TEK KOHTPYIHTTI eMec
CTUMYJAAP YChIHBUIAbL. IKCIIEPUMEHTTIK 66J1iMHIH, Ka/Mbl Y3aKThIFbl 20 MUHYT 00JI/IbI.

Isnekmpoanyegpasozpagpusiivik 3epmmey adici

J3T »xa36ackl ay-Papabu aTeiHAaFbl Ka3zaK yATTHIK YHUBEPCUTETIHIH MU UHCTUTYTBIHBIH,
J3l' 3epTxaHackiHa xyprisingi. I30-Hi Tipkey ymin ANT EEG annmapaTel MeH eegomylab
KyHeci KOJIJaHbUIAbI, aJ CbIHAKKA KAaTbICYLIbIHbIH, 0OacblHa 64 3JIeKTPOATAaH TypaTbIH
lIanKaHbl KUTi3/i. JJIEKTPOATApAbIH, a[re3UsiCbIH KAKCapTy >XoHe TepiHiH KapChblJIbIFbIH
a3alTy YIliH MeJUI[MHAJBIK 3JIEKTPOPU3HOJIOTUSJIBIK 3ePTTEY/IepAe KOJIJIaHbLIaThIH apHaM bl
reJib Nanjasanbliabl. bacrankel guckpetrusanus xuijiri (sampling rate) 512 I'u 6oazapr. 93T
»Ka3b6acbl 3MOLUAIBIK KOHQJIUKT TalNCbIpMacbhlH OPbIHJAAY Ke3iHJe CUHXPOHJABI Kyprisiniji,
O6ys TancblpMma OipiHmi peTTik (S1) >koHe ekiHw peTTik (S2) cTUMyaAapAbl KepceTyai
KaMTblAbl. S1 cTUMyJilapbl SMOLUSJIBIK OeT OeiHesiepi 60sabl, an S2 ctumyngapbl S1-1iH,
3MOLMAJIBIK BaJIEHTTUIIrIHE KOHTPYIHTTI HeMece KOHTPY3HTTI eMec ce3fepheH TypAbl. S1
KoHe S2 cTUMyJapblH KepceTy Ke3inzge I3[ xazbacel BU3yasibl CTUMYJIapAbl 6HJley MeH
3MOLMAIBIK KOHQIUKTIHI KepceTeTiH NoTeHLMaNAapAbl aHbIKTayFa MYMKiHAIK 6epai [32].
Tangay ywin keseci 331" apHasapel Tagganael: P04, PO3, CP4, CP3, FC4, FC2, FC3, FCz, 02, 01,
POz, P4, Pz, P3, C4, Cz, C3, F4, Fz, F3. Bys1 apHasiap MU KbIPTbICBIHBIH, LIyHe, ToOe, OpTaJbIK
’)KoHe MaHJal alMaKTapblH KaMTHU/bl. Bys apHasap/ibl TaHAAy SMOLMUSJIBIK CTUMYJIAAP/bI
eHJley Ke3iHJeri TyblHJaFaH NOTeHLUal[apAblH BU3yasJbl KOMIOHEHTTepPi aHbIKTaJFaH
aJIAbIHFbI 3epTTeyJiepre Herizgenai [33].

Cayaanamanap adici

3epTTey aAicTepi peTiHAe cayasHaMasap KoJjgaHbuigbl. 30 cypaKTaH TypaTblH MeTaKo-
THUTHUBTI KeHiI-KyH mkasacel (Trait-Meta Mood Scale, TMMS). Bys1 cayanHamaza yi mikasa
6ap: ©3 3MolMsAJapblHA Ha3ap ayjapy, 63iHiH 3MOIUAJIbIK KYWiH TYCiHY >koHe KOHiI-KyuAi
peTTey *KoHe KaFbIMChI3 3MOIUSAJIBIK TOXKipHbeaepai 6ackapy MyMKiH/Iri.

- [lo3uTuBTi )xoHe HeraTuBTi adpPekT mwkanacel (The Positive and Negative Affect Schedule,
PANAS). PANAS apTypJii aMouusiiap MeH ce3imepZi cunaTTalThiH 20 CbIH eCiMHEH Typa/bl.
OutapabIH OHbI TO3UTHUBTI apdekTKe (Mbicasibl, "KirepaeHaipiareH", "KbI3bIFYIIbIIbIK TAaHbIT-
KaH', "0escenfi"), aq KajfaH OHbl HeraTUBTI addekTke (MbIcasbl, "peHxireH", "kiHaui",
"amynaHmag ') »katagbl. CyOobeKTire sMouusaap/blH 9pKANUCbICBIH Oerini 6ip yakpIT apa-
JIbIFbIHAA (MbICaJIbl, Ka3ip, 6TKEH anTajia HeMece KaJllibl) 5 6as/ibIK LIKajJa 60MbIHIIA KaH-
IIAJIbIKThl OacTaH 6TKepreHiH 6arasay ycbiHbLIaAbl. Caya/lHaMaHbIH HOTUKeJiepi MO3UTHUBTI
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»KoHe HeraTUBTI addeKT AeHreliH, COH/ai-aK alaMHbIH, KaJIllbl 39MOLUSJIbIK Tene-TeHAiriH
aHbIKTayFa MYMKIH/iK 6epepi.

- 10 cypakTaH TypaTbIH 3MOILMsIHbI peTTey cayasHaMmachkl (Emotion Regulation Questionnaire,
ERQ). By cayasiHama sMonusiJlapAbl peTTeYAiH eKi CTpaTerusiChblH KOPCETETIH eKi LIKaTaHbI
eamenai: 1) »KaFbIMCbI3 3MOLUAAAPAbl TYAbIPAaThIH KaFJal/ibl KOTHUTUBTI KaWTa Oarajay
HeMece KalTa Kapay »kaHe 2) aMoLUsJIapbIHbI3/bl Oi1ipyAi 6acy.

- Cnunbeprep-XaHWH cayasiHaMmachl eki Likasiara 6eJsiiHreH 40 mikipJAi KaMTH/bl: CUTya-
UANBIK (pPEaKTUBTI) Ma3achI3/ibIK LIKa/IaChl 2K9HE TYJIFa/IbIK Ma3achI3/blIK lKaaackl. Cyobek-
Tire 4 6a/iAbIK IIKa/Ia apKbl/Ibl CUMIATTa/IFaH KYHJep/i KaHIIAJIbIKThI K1i ce3iHeTiHiH 6aFaJiay
YCBIHBLIA/IbI.

Hatmxesnep

KoppensuusaablK Tanzay Jenpeccusicbl 6ap HayKacTap/blH >KeKe KacHeTTepiHiH e3apa
6alyiaHbIChl TypaJsbl 60/KaM/bl TEKCepy MakcaTblHZA »Kypridingi. KoppensuusHbiy cTa-
TUCTUKaJIBIK MaHbI3bl HOTHXKeJiepi 1-3 KecTezie KeJITipiJreH.

Kecrte 1
IIcuxoMeTpUAJIBIK TECTTEP apachIHAAFbl MaHbI3AbI Koppessanuaaap. [I03uTHBTI XKoHe
HeraTuBTi adpPekT mKanacel (PANAS) koHe MeTa KOHi/I-KYH/iH epeKIIeliK Kaachl
(TMMS) (r - IupcoH K03dPUIHEHTI)

TecTTep [103UTHUBTI )xoHe HeraTUBTi apPeKT
mkaJsacel (PANAS)
[TosuTtusTi apdext | HeraTtusTi apdekT

MeTa KeHiI-KyHAiH O3 sMonuAIapbIiHa Ha3ap 0,227 0,241
epeKuIesiK lKaJachl ayzapy
(TMMS) O3iHi3/iH 3MOLUSJIBIK KYii- 0,596(*) -0,609(*)

JIepiHi3Ai TyciHy P=0,041 P=0,036

KeHin-Kyil MeH KaFbIMCBHI3 0,286 -0,643(*)

3MOLUSJIBIK TXKIpHUbeHi peT- P=0,024

Tey KabijeTi

Kecre 2

IIcuxoMeTpHAJIBIK TeCTTep apacblHAAFbI MaHbI3 /bl KOPpeaALuAIap.
Ilo3uTHBTI )k9He HeraTuBTi apPekT mKaacol (PANAS) :x9He IMOIMSIHBI peTTey cayaJHaMacChl
ERQ (r - IupcoH K03dPpuUmeHTi)

TectTep [1o3UTHBTI *k9He HeraTUBTi apPeKkT

mkaJsacel (PANAS)

[TosuTtusTi adppexT

HeraTusTi apdekT

IMOLHUAHDBI peTTey
cayasiHaMmacbkl ERQ

XarpIMcbI3 TaxKipHbe Ty bI-
paTbIH KaFJal/1bl KOTHU-
TUBTI KailTa 6arasay/KaiTa
Kapay 3MoLUs/IapbIHbI3/bIH
KepiHiciH 6acy

-0,522

-0,272

IMouusaaapasl 6iaaipyai 6acy

-0,415

0,021
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Kecre 3
IIcuxoMeTpHAJIBIK TECTTEP apachIHAAFbl MaHbI3/AbI KOppe/sanusaaap.
IMo3uTHBTI xk9He HeraTuBTi adPpekT mKanacsl (PANAS) x9He Cnini6eprep-XaHMH caya/IHaMachl
(r - InpcoH ko3P PuumeHTi)

TecTtTep [To3uTHUBTI k0HE HEraTUBTI adPeKT
mkaJsiacel (PANAS)

[TosuTtusTi adpekt | HeraTtusTi apdekT
CrniunGeprep-XaHuH CuTyanusiiblK (peakTHUBTI) 0,463 0,048
cayaJIHaMachl MasachI3/IbIK, IIKaIaChl
TysFasblK Ma3acbI3bIK -0,318 -0,193
IIKaJIachl

I3[ MeH ncuxomempusblK mecmmep apacbiHOaFbl MAHbI30bl KOPPEASAYUSAAAD

AnZibIH as1a Ta/17jay HOTHXKeJlepi 3KCIIepUMEHTTIK TONTAaFbl TallCbIpMa CTUMYJ1japblHa 6ai1a-
HbIcThI D3I TybIHJaFaH noTeHuuangapsl (BII) MeH cayanHamanap KepceTKilITepi apacblHAaFbI
MaHbI3/bl KOppeadaluyaaap bl aHbIKTaAbl. byJs fepekTep MiHe3-KyJIbIK 9/iCTepiMeH eJIleHIeH
3MOLMAJIBIK )XoHe KOTHUTUBTI KpCeTKILITep MeH 3KCIIePUMEHTTIK TallCblpMaJiap/bl OpbIHAAY
Ke3iHJie Tipke/ireH HeHpoU3HOJIOTHUAJIBIK )KayallTap apacblHAaFbl 6alIaHbICThI KOpCeTe/|.

ColikeciHlle, 4 KecTe JlepeKTepiHe CylieHe OTbIPbII, 3KCIIePUMEHTTIK TonTa « Kalfbl (KOHT-
PY3HTTBI eMecC CTUMYJI)» koHe «BaKbIT (KOHTPY3IHTTBI €éMeC CTUMYJ)» CUAKTHI 3MOLUSJIBIK,
CTUMYyJlap MeH HeraTuBTi adpdeKT apacbliH/ia MaHbI3/ibl OH KOppeasaLUsaaap aHbIKTalAAbl. by
OCbl 3MOLMsAJIapFa KaTbICTbl HEraTHUBTI 3MOLUAJIBIK O6aFasayzbl KepceTyi MyMKiH. COHbIMeH
KaTap, JMCCOHAHCTbl CTUMYJI/IbIH, 6aFalaHybl 9KCIEPUMEHTKE AeliHri No3uTUBTI apdeKkTneH
KyuenTisieni. JKCIepUMeHT OacblHAAFbl NO3UTUBTI dMOLMUAJIBIK KOHIJI-KYW JMCCOHAHCTHI
«An1y» CTUMYJIBIH Te3 aHbIKTAy¥Fa bIKIAJI €Tyl MyMKIH.

KecTte 4
JKCcnepUMEeHTTIK TONTarbl TaNCbhipMa CTUMYJ/IAapblHa KaThICThI cCaya/iIHaMaJs1apAbiH, 33T-BIl
KepceTKilITepiMeH MaHbI3/ bl KOppeasuaiapbl

IMonusaabiK KOHPAUKTKe apHainFad | I3l anexktpoant | [losuTtusTi apdekTt HeraTuBTi
TaNCblpMaHbIH CTUMYJAPbI 6oubiHIa PANAS | adpdekT 6oiibiHIIA
(3xCcIEpUMEHTKe PANAS
JleliH) (3kCIepUMeHTKe
JleliH)
A1ty KOHTPYSHTTi CTUMYJ F3 0,571**
Kalfpl KOHIPY3HTTI eMeC CTUMY.JI P3 0,446*
KyaHbl1ll KOHT'PY3HTTi eMec CTUMYJI F3 0,445*

5 kecTe JepekTepi 60MbIHIIA 6aKbLIAY TOOBIHAA «Allly (KOHTPYSHTTI CTUMYJI)» KoHe «KalFbl
(KOHTPYZHTTiI eMec CTHMYJI)» CHUSIKTbl SMOLIMSJBIK CTUMYyJJap apacblHZa MaHbI3Abl Tepic
KoppeJsisdlusjap aHbIKTaAAbl. Bys 6aKbliay TaHAAybIHbIH, OCbl 3MOLMSJIBIK CTUMYJIAAPAbI
aHbIKTayblHa CHUTYaTUBTI Ma3acCbI3JbIKTBIH 9cep eTHeUTiHIH kKepceTyi MyMKiH. COHbIMeH
KaTap, HeraTuBTi apPpeKT «BaKbIT» IMOLUSAIBIK CTUMYJIbIHbIH KOHTPY3HTTI 2K9HE KOHTPY3HTTI
eMec TYpJIepiH aXKbIpaTyFa acep eTnensi.
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Kecte 5
Bakpl1ay TOGbIHAAFbI TallCbIpMa CTUMY/1JapblHa KAThICThI cayaJiHaMasiap MeH 33T-BI1
KepceTKIilITepiHiH MaHbI3/1bl KOppeaauuaiapbl

IMOLUANBIK KOHPJIUKT J3T anekTponbl CHATyauUAIbIK JKCIIepUMEHTTEH
TallCbIPpMAaChIHBIH, CTUMYJ/1Aphl (peakTuBTi) keninri PANAS
Mas3acbI3/IbIK OGOMBIHIIA
IIKaJ1achbl HeraTuBTi apdekT
Ay KOHTPY3HTTI CTUMYJT F3 -0,450*
Kaiifbl KOHIPY3HTTI EMeC CTUMYJI Cz -0,675**
KyaHbIlI KOHTPY3HTTI CTUMYJ Cz -0,532*
KyaHbI1I KOHTPY3HTTI CTUMYJ FCz -0,485*
Tankeliay

TuiciHwe, 4-kecTeneri MasiiMeTTepre CyleHe OTbIPHIIN, SKCIIEPUMEHTTIK TONTA «KAWUFbI»
(coMikec KeJIMEUTIH bIHTAJAHABIPY) KoHe «DaKbIT» (ColKeC KeJIMEWTIH bIHTAJaH/bIPY)
CUSIKTbl 3MOLMOHAJI/Jbl TiTIpKeH/IpriliTep MeH afFbIMCbI3 apPeKT apacbiHJaFbl MaHbI3/bI
OH Koppejduusijap aHblKTaazAbl [34]. Byn sMouusaapAblH KaFbIMCbI3 3MOLIMOHAJ/bI
6aracblH KepceTyi MyMKiH. COHbIMEeH KaTap, JUCCOHAHCTbIK bIHTAJaHAbIPYAbl GaFajay OH
3KCIepMMeHTaJl/ibl aJAbIHAAFbl apdeKTIEH HbIFAUTBLIA/Ibl. JKCIIEPUMEHT OacTasiFaH Ke3/eri
NO3WTUBTI 3MOLMOHA/bI KOHIJI-KYH IMCCOHAHCTBIK bIHTAJIaH/bIPY — «ally/bl» Te3 aHbIKTayFa
BIKIIAJ1 €Tyl MYMKIH.

KaTbicylibliapAblH, 3MOLMOHAA/Abl KYW/IepiH 6aFajay VIUIH Wi HO3UTHUBTI KoHe
HeraTuBTi adPekT mkanacoel (PANAS) KoagaHbL1aAbl. By a/iic MO3UTUBTI »KoHe HEraTUBTI
apdekT paeHreisepiH ceHiMAi Typhe eJeyre MYMKiHAIK Oepefi, 6y 3MOIMOHAbI
KYWiepAiH bIHTaJaHAbIpyJapAbl Kabbliajay MeH OaFajiayFa 9CepiH 3epTTey YLIiH MaHbI3/bl.
HeraTuBTi apdeKTTiH «KaWFbI» *KoHe «OAKBbIT» CHUAKTbl COMKeC KeJIMEWTIH 3MOIIMOHAJIAbI
bIHTaJIaH/bIpy/aap/ibl OaFasiayMeH OaljiaHbIChl 0O0Jiybl MYMKIiH JereH 6alKay OipHele
3epTTeyJepMeH pacTajfaH. ATan aWTKaHZa, 3epTTeysJep aJaMHbIH 3MOLMOHAJIJbl KYHi
3MOILIMOHAJIAbl bIHTAJAHABIPYJapAbl KaObliJay MeH OafasiayFa acep eTeTiHiH KepceTeni
[35]. ByznaH 6esiek, OBCAHHUKOBAHBIH 3epTTeyiH/le CbIHAAYLIbLIApAbIH KOHII-KY#i 0J1ap/blH,
3MOLMAJIBIK KOpiHiCTep/i TaHy KabiseTiHe acep eTeTiHi aTamn eTiyiefi [36].

CoHbIMEH KaTap, 3KCIIEpUMEHT a/lJbIH/aFbl IO3UTUBTI IMOLIMOHAJIIbl KYU JUCCOHAHCTBIK
CTUMYyJJAp/ibl Te3ipeK TaHyFa bIKaJa eTyi MyMKiH. Bys1 no3uTUBTI apPeKTTiH 3eliHAl KeHelTin,
olJlay/iblH MKEMJIiJNIriH apTTblpaTblHbIMEH O0aW/IaHbICTbI, COHJBIKTAH OJ CTaHAAPTThI
eMec HeMece KYTIereH CTUMYJAapAbl eHJeyAi xkeHingeresi. OcpLialila, 3KCIIEPUMEHTTIH,
O6acblHJaFbl TMO3WUTHUBTI KOHIJ-KYH KaTbICylIbLIAPABIH «ally» CHSIKTbl JUCCOHAHCTBIK
CTUMYJIAAP/ibI KbLJIZIAM aHbIKTAY K9He oJlapFa »kayan 6epy KabiseTiH xakcapTa anajbl [37].

5 kecTezeri MaJjiiMeTTepre caiikec, 6aKpljay TOObIHAA «allly» (KOHTPY3HTTI CTUMYJI) KoHe
«KaUFbl» (KOHTPYIHTTI eMeC CTUMYJ) CUSAKTbI 3MOLMOHA/IAbl CTUMYJIAp apacblHJa auTap-
JIBIKTall Tepic Koppessinusaap aHbIKTaAAbl. By »KaFaalblK Mas3acbI3/bIKTbIH 6GaKbliay
TaH/JayblHa OCbl 3MOLIMOHAJ/I/{bl CTUMYJIAAPAbl aHbIKTAyFa 9cep eTIEeUTIHIH KopceTyi MyMKiH.
CoHbIMEeH KaTap, HeraTUBTi apPeKT «6aKbIT» IMOIUOHA/bI CTUMYJIbIHbIH KOHTPY3IHTTI )KoHE
KOHTPY3HTTI eMec popMasiapbiH aXKblpaTyFa acep eTneii [38].
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3epTTey KepceTKeHJeH, JleHi cay alamMaap/a «ally» MeH «KaWfbl» 3MolusIapbl 6ip-6ipiHeH
TayeJICi3 eHesie/li, 6yJ1 oJlap/iblH apacblHJaFbl TePic KOppeasLuusMeH AgaJenjeHesi. by neni
cay ajlaMJap/blH OCbl 3MOIIMOHANAbI KYWJep/ii aXkblpaTa ajly KabijseTiH KepceTei, 6y 63
Ke3eTiH/le KaJbINThl 3MOIIMOHAJIAbI KbI3MET eTy/liH 6e/rici 60kl TabbLIaAbI [34].

Ocblnaiiiia, KOJIAAaHbICTAFbl 3epTTeYJep JAeHi cay ajaMJapa «ally» MeH «KaWfbl» apa-
ChIHAAFbl Tepic Koppessius OaWKaJaTbIHbIH, COHJAW-aK HeraTUBTI adpdeKT «BaKbIT»
3MOIMACBIHBIH, TYpJi ¢opMasiapblH aKblpaTyFa acep eTHelTiHiH pacTaibl. bysa aeHi cay
NONyJIALUAAAFbl SMOLMOHA /bl )KYWEHIH KaJIbINIThI >KYMbIC iCTEHUTIHIH KepceTe/,.

KopbITBIHBI

MeTa KeHiJ-KyH epeKIlleJiKTepiHiH IIKaJJackl, TO3UTUBTI >KoHe HeraTUBTI apdeKT miKa-
Jlachkl, 3MoLusJap/bl peTTey cayajHaMackl, Cnubeprep-XaHUH cayasiHamMacbl CHUSIKTbI
dJlicTep apKblIbl aJbIHFAH JepeKTepAi Tanjay acep KepcCeTKIilTepi MeH MeTa KeHiI-Kyd
epeKIeJaiKTepiHiH LKaJlaJlapblHbIH, KOpCeTKIlITepi apacblHAaFbl CTATUCTUKAJIBIK MaHbI3/bl
6aiiaHbICThl KopceTTi. bBi3 anFaH MaJsiMeTTep Ka3ipri 3aMaHFbl caya/lHaMajapAbl KoJilaHa
OTBIPBII, KacecmipiMAep/iH AenpecCcUsiiblK KaFjalJlapblH AUarHOCTUKalay MeH Ty3eTyhe
navganel 6osybl MyMKiH. OcbLiaiiia, »KacecmipiMZep JAenpeccCUsiChIHBIH, MCUXOJIOTHUSJIBIK,
cunaTTaMaslapblH 3epTTeY AepPeKTePiH ajl/iblH-aJja Tal/ay IO3UTUBTI >koHe HeraTUBTi apPeKT
mkasacel (PANAS) cusiKTbl caya/iHaMaJlap/blH >K9He MeTa KeHJI-KYH epekKIleiKTepiHiH,
IKaJlaJapbl KOPCeTKILITEePiHiH aKnapaTThIIbIFbIH KepceTe/l.
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J3T MmapKepbl NOAPOCTKOBOM Jenpeccum

A.M. UckakoBa*!, 1. llerpenko?, AT. Kam3aHoBal,
M.K. XKonpgacoBa’, A.A. Hypman6eToBa’, A.M. Kycry6aeBa'
IKazaxckull HQYUOHA/AbLHBIU yHUBepcUmMem uMeHu aab-Papabu, Aamamvl, Kazaxcmau

AHHoOTanusA. Jlenpeccusi Ha CETOJHALUIHUHN JleHb SBJASETCS OJAHUM W3 CaMbIX PacHpOCTPAHEHHBIX
NICUXWYeCKUX 3ab00/ieBaHUM. OHa BhIpaXkaeTcsl Yepe3 pacCTPOUCTBA HACTPOEHHs, yTPaTy MHTepeca K
’KU3HU Y NPUBBIYHBIM 3aHATUSAM, a TAKXKe COMPOBOXKIAETCA PALAOM APYTUX CHMITOMOB, YTO B UTOTE
HEraTHBHO CKa3blBaeTcsd Ha paGoOTOCNOCOGHOCTH U O6IIEM COCTOSHUM 370pOBbd. [loMHMO 3TOTO,
CYLIeCTBYeT JIOKa3aHHasl CBA3b MEX/Yy HAJIMYHUEM JENPECCUHN U TTOBBIIIEHHBIM PUCKOM CYHUIIUIATbHBIX
ujealnuid U nonbIToK. CorylacHO JJaHHBIM BceMUpHOU opraHu3aluu 3/paBooxpaHeHus1, B Mmupe 280
MUJIJIMOHOB YeJIOBEK CTPaAAIOT Jenpeccueid. KpoMe Toro, 3a mocieHue AECATH JIET BbISIBJEH POCT
noKasaTeJiel JlelpecCUu Cpeid MoJIio/exKH. [10[pOCTKOBBIN BO3PACT COMPOBOXK/AAETCS 3HAYUTEIbHBIMU
IICUX0JIOTUYECKUMH U3MEHEHHUSIMU, KOTOPbI€ TECHO CBSI3aHbl C HEHPOOGUOJIOTUYECKUMH MPOLIECCaMU
CO3peBaHUs MO3Ta. JTH HU3MEHEeHUs MOTYT MHOBBINIATH YA3BUMOCTb K PA3BUTHIO JleMPECCUBHBIX
COCTOSTHUH, YTONIOAYEPKUBAET HEOOXOAMMOCTb IVIY60KOTO U3yYeHHU I JAHHOT'0 BONIPOCca. AHA/IU3 HAyYHOU
JIMTEPATypPhl TAKXKe BbIABWJI, 4YTO B KazaxcTaHe mMpaKTUYECKH OTCYTCTBYIOT MCUXOPHU3UOJIOTHYECKUE
UcCieJOBaHUs JIENPeCCUU CPeI TO/IPOCTKOB, HECMOTPSI Ha aKTYaJIbHOCTb JIaHHOU mpo6sieMbl. Hapsay ¢
Pa3IMYHBIMH METOIUYECKUMH MOIX0IAMU K U3Y4EHHIO TIOJIPOCTKOBOM JIelTPecCHy HaMU ObL/IU ITPOBEEHbI
IICUXOMETPUYECKHE H3MEPEHHUS JIMUHOCTHBIX OCOOEHHOCTEH MOAPOCTKOB C JAAaHHBIM pPaccTpoicTBOM. B
3MIMPUYECKON YaCTH UCC/Ie/I0BAHUs GbLIM 0GHAPYKEHBI B3aUMOCBS3U MeX/y apaMeTpaMy MOHUMaHUSA
3MOIIMOHAJIbHBIX COCTOSIHUA W HEraTUBHBIM M TO3UTHBHBIM addektoM. [loapocTkoBas jenpeccus
CIIOCOBCTBYET OCO3HAHUIO TOJIBKO HETATUBHO OKPALIEHHBIX IMOI[MOHAIBbHBIX COCTOSTHUH, & TAKXKE CHIKAET
CIOCOGHOCTD K PETYJISIIIUY OJIOXKUTEIbHBIX TepeXUBaHUM. [To1ydeHHbIe Pe3y/IbTaThl MOTYT GbITH IT0JIE3HbI
Ipy pa3paboTKe METOAOB PaHHEH AMArHOCTUKHA U KOPPEKLMH IOJPOCTKOBOM AENPECCHH, a TaAKKe IPU
co3/1aHuH1 3P EKTUBHBIX CTPATEruH MCUX0J0rHYeCKOU TOMOIIH.

KioueBbie c10Ba: Jienpeccusi, MOJAPOCTKH, 0COGEHHOCTH JIMYHOCTH, IUAarHOCTUYECKHUe TeCThl, OUO-
MapKephbl

EEG markers of adolescent depression
D.M. Iskakova*!, D. Petrenko?, A.T. Kamzanova?', M.K. Zholdasova?,
A.A. Nurmanbetova?, A.M. Kustubayeva'

lal-Farabi Kazakh National University, Kazakhstan, Almaty

Abstract. Depression is currently one of the most common mental illnesses. It is expressed through
mood disorders, loss of interest in life and habitual activities, and is accompanied by a number of
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other symptoms, which ultimately negatively affects performance and overall health. In addition,
there is a proven link between the presence of depression and an increased risk of suicidal ideation
and attempts. According to the World Health Organization, 280 million people worldwide suffer from
depression.Moreover, over the past ten years, there has been an increase in rates of depression among
young people. Adolescence is accompanied by significant psychological changes that are closely related
to the neurobiological processes of brain maturation. These changes may increase vulnerability to
the development of depressive states, which highlights the need for in-depth study of this issue. An
analysis of the scientific literature also revealed that there are practically no psychophysiological
studies of depression among adolescents in Kazakhstan, despite the urgency of this problem. Along with
various methodological approaches to the study of adolescent depression, we conducted psychometric
measurements of the personality characteristics of adolescents with this disorder. In the empirical part
of the study, correlations were found between the parameters of understanding emotional states and
negative and positive affect. Adolescent depression promotes awareness of only negatively colored
emotional states, and also reduces the ability to regulate positive experiences. The results can help
in developing early diagnostic and intervention methods for adolescent depression and enhancing
strategies for effective psychological support.

Keywords: depression, adolescents, personality traits, diagnostic tests, biomarkers
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In vitro MUKpopa3MHOXKeHHe UPru KaHaackou (Amelanchier canadensis):
ONTUMM3aLMSI IUTOKUHUHOBO-aYKCUHOBBIX KOMOMHALUN AJI1 MHAYKIIUA
no6erooopa3oBaHUs

X.A. Bepkum6aii*' ~, B.K. Tezek6aeBa?~, A. Xaceitn?~, H.Il. Masn1axoBa?'
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AHHOTanMs. B cTaTbe npoBeJieHO UcCIe0BaHUE N0 ONTUMU3ALUU YCIOBUU
MUKPOPA3MHOXeHUSI TPEX COPTOB UPru KaHajckou (Amelanchier canadensis)
B YCJIOBUSIX In Vitro. YCTaHOBJIEHO, YTO MOAWPUKALUSA NMUTATEIbHONU Cpelbl
Mypacure u Ckyra 3a c4éT BBeJileHUs1 6-0eH3naMuHOoNyprHa (BAP) B pa3imyHbIxX
KOHLIEHTpALUSX OKa3bIBaeT JuddepeHIIMPOBaHHOEe BIMsSHHE HAa MOpdOreHeTU-
YeCKyH aKTUBHOCTb 3KCIJIaHTOB. Hanbosiee adpdekTUBHON KOMOMHALMEN AJ1s CO-
pToB MapTuH u C13dT ssBU0och npuMeHeHre BAP B koHieHTpanuu 1,0 mr/i u GA;z
- 0,5 Mr/n, B TO BpeMs Kak J1Jisi copTa HopT/iaiiH onTHMaIbHOM 0Ka3asiach KOHILIEH-
Tpanusi BAP 0,5 mr/n u GA; - 0,5 mr/1. [lokazaHo, 4TO yBesIM4eHHEe KOHLEHTPaL U
BAP cBbiiie 1,0 Mr/s1 IpUBOJUT K CHU>KEHUIO KaK JIJIMHBI, TaK U KoJindyecTBa $op-
MHUPYIOLUXCS MUKPOI06eroB. [losiyyeHHbIe pe3yibTaTbl MOTYT ObITh UCIIOJIb30Ba-
HbI /IJI1 MAaCCOBOTO Pa3MHOXEHHUS U COXPAHEHHUS ITUX COPTOB UPTH.
KiwueBsle cinoBa: Amelanchier Canadensis, 6-6eH3U1aMUHONYPUH, HAQTU-
JIYKCYCHasl KUCJI0Ta, TM66epeiMHOBas KUCI0Ta, MUKPONOOEeru, MUKpPOpPa3MHO-
*keHue, GoTonepuoy,

BBeeHue

Pod Amelanchier, Tak:xe U3BeCTHbIA KaK Mpra, BKJ/4YaeT 0koJio 20 BHUAOB JINCTBEHHbBIX
KYCTapHUKOB M HeOOJIbIIUX JlepeBbEB ceEMeNCTBA po3oLBeTHbIX (Rosaceae) [1]. [lpeacraBuTen
3TOro po/ia MMPOKO pacnpocTpaHeHbl B CeBepHoU AMepuKe, EBporne, a Tak)ke B 3anaiHON U
BocTouHo# A3uu, Npyu 3TOM BUA0BOE Pa3HO0OOpa3re BapbUPyeTCs B 3aBUCHMOCTH OT peruoHa.
WHTpOoAyKLMSA AUKOPACTYLUX BUJIOB UPTH B APYTUX CTpaHax Havasack ¢ 1590 roga u gocturia
HauboJiee UHTEHCUBHOrO pacnpoctpaHeHus B XIX Beke. [lonmysnsipusanusi KyJabTypbl Oblia
ob6ycsioBJieHA 6Jiarofiapsi ee arpOHOMHYECKUM M JleKopaTHBHBIM KadecTBaM. C 1800 roga
HayaJjlach lieJieHalpaBJieHHas ceJleKIlMOHHasA pabora no upre B KaHaze, a 3atem u B CLIA. C
1937 roga y»xe 6blJ1 HaJlaXKeH BbIMYCK KOMMePUYEeCKHUX COPTOB [2].

Mpra oTHOCUTCS K MePCHeKTUBHBbIM IJIOAOBBIM KyJbTypaM OJiarojaps BbICOKOW YCTOM-
YUBOCTH K pa3/JIMYHBIM abUOTUYECKUM (PaKTOpaM U MHOXKECTBY XO3SIMCTBEHHO L€HHBIX
npusHakoB [3]. [lnogbl Upru UMEIOT Jie4eOHO-NHUILEBYIO LIEHHOCTb, YTO NOATBEPKJAETCA UX
OHMOXMMHUYECKUM COCTaBOM: 5-12% sierkoycBosieMbIX caxapos, 3,7% neKTUHOB, 14% BUTaMUHA
C, B AOCTaTOYHO OOJILLIIOM KOJIMYECTBE B ILJIOJAX COZEPXKaTCsl TaKKe Apyrue BUTAMUHBI
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In vitro MukpopasmHosiceHue upau kaHadckol (Amelanchier canadensis): onmumusayus YUmoKUHUHO80-AYKCUHOBbIX
KOMOUHayutl 0151 UHGYKYUU no6e2000pa3oeaHusi

M MHOTO P-akTHUBHBIX CO€JJMHEHHWH U AyOWJIbHBIX BeIleCTB, HOPMa/IM3YIOIIUX COCTOSIHHE
KallWJJIIPOB M CBEPTBIBAEMOCTU KPOBU. BozopacTBOpHUMBIM MOJMCaXapUAHbIM KOMIJIEKC
U3 IJIOJ0OB UPry NOBbIIAET HecleluPpUIeCKU MMMYHHUTET, yay4dllaeT KpOBOOOpalleHUe,
NOBBILIAET CIOCOOHOCTb TKaHeH K pereHepanuu [4]. Takxke upra - o4eHb HENIPUXOTIUBBIH,
XO0JIOZOCTOMKHU KyCTapHHUK (Ziake BO BpeMs [|BETEHUS IePEHOCUT NOHWKeHHUe TeMIlepaTyphl
Zio - 50C), yCTOMYUBBIN K 33/lbIMJIEHUIO UM 3ara30BaHHOCTU TOPOJCKOr0 BO3/lyXa, pacTyIUH
NpaKTHYEeCKU Ha BCeX TUIAX MOYB [5].

KaHagckue copTa Upru BblpalMBarOTCAa € 17 BeKa U MMeKT MHOXECTBO pas3/IMYHbIX
Ha3BaHHWM, TAKUX, KaK «CEBEPHbIH BUHOTPAJ», KKOPUHKA», KBUHHAS AroJla» WU «UIOHbCKas
Aarofa». biiaroaps cBoei CliocCOOGHOCTU JIETKO aJlAlITUPOBATHCA K Pa3/JIMYHbIM KJIMMAaTHU4YEeCKUM
YCJIOBUAM Mpra MOXeT pacTy NPaKTUYeCKH B JIIOOOM pervoHe Hallel CTpaHbl.

Ha peiHke KasaxcTaHa HeZJaBHO NOSABUJIMCh TPU NEPCIEKTUBHBIX COPTA UPTU KaHAJCKOH,
OTJIMYAIOLUXCA BBICOKOH YPOXKaWHOCTbIO: cOpT Upru Maptul (Martin) BeiBesieH B KaHaze Ha
ocHoBe copTta TucceH (Thiessen). U3HauasnbHO MpPOKO pacnpocTpaHéH B CeBepHOU AMepHKe,
B HacTosllllee BpeMsl aKTMBHO MCIOJIb3yeTCsl B CaJl0BOJCTBe 6Jiarofapsi YCTOWYUBOCTH U
BbICOKOMY /leKOPAaTUBHOMY IIOTEHLAAJLY.

Pactenue mnpejcTaBJisieT CO60M CpeJHEpPOC/bId, MHOTOCTBOJIbHBIM KyCTapHUK, JOCTH-
raroLMi BbICOTHI 0 3 M U INUPHUHBI 10 2 M. KpoHa n/10THas, OKpyTJiasi, C BbBIpa>KeHHbIM 06JIUCT-
BeHHEeM. JINCTbS MaToOBble, TEMHO-3€eJIEHbIE, OKPYIJION QPOPMBI, C 3a0CTPEHHON BEPXYIIKOH U
KpYIIHO3y64aTbIM KpaeM. MoJsiofble no6eru AJMHHbIE, TUOKUE, C XapaKTEpPHOU KpacHOBAToO-
KOPUYHEBOM OKPACKOH.

lIBeTeHHe HacTynaeT B KOHLe anpeJss — Hayase Masd. ConBeTUsl KpynHble, KUCTeBU/HbIE,
cogepxatT 0 20 GesbIX LIBETKOB, YTO ObOecrneyrMBaeT BbICOKYIO J1eKOPAaTUBHOCTb pacTeHUS
B nepuof, LBeTeHUs. COpT xapaKTepH3yeTcs BbIpaKeHHOM CIIOCOOHOCTBI0O K 0O6pa30BaHMUIO
KOPHEBOM IMOPOCJH, YTO CJaeJlyeT YYUTbIBAThb NPU BbIOOpE arpoTeXHUYECKHUX NPUEMOB U
Ccroco6ax pa3MHOMXEHUSI.

Copt upru CiedT nosyveH B KaHa/Zie B paMKax ceJIeKLJUOHHOM TPOTPaMMbl, HAallpaBJIEHHOU
Ha yJy4ylleHue MeCTHbIX GOpM HUPrU 0JbXOJUCTHOU. OCHOBHBIMH 3aJja4aMU CeJIeKLIHOHHOI0
npouecca SBJSJIMCh CO3JlaHUE KOMIIAKTHOW, 3MMOCTOMKOM ¢GOpMbl C BbIpaXKEHHBIMU
JleKOPAaTUBHBIMHA XapaKTEePUCTHUKAMH, a TaKXXe BbIBeJleHHEe pPACTeHUs C KPYIHBIMH, OJHO-
POAHBIMM IO Macce M CpOKaM CO3peBaHUsA IUIoAaMU. biarozaps ycnemHoMy codeTaHHUIO
YCTOMYHMBOCTH K HEBJIarONPUATHBIM KJIUMAaTHYECKUM YCJIOBUSM, BBICOKOH YPOXKalHOCTU U JiEKO-
paTUBHOU LIEHHOCTH COPT PEKOMEHJI0BaH KaK /iJI MPOMBIIIJIEHHOTO CaJlOBOJACTBA, TaK U IS
WCII0JIb30BaHUs B IEKOPAaTUBHOM 03€eJIeHEHUH, 0COGEHHO B YCJIOBUAX CEBEPHBIX PETHOHOB [6].

PacTteHue mnpejcTaBJsisieT COO0M HEBBICOKMW KYCTapHUK, JOCTUTAKOILMHA OKOJO 2 M B
BbICOTY. [1/10ABI KpyIIHBIE, OKPYTJ/Ible, TEMHO-CUHUE, C COYHOH, C1aJJKON MAKOTbIO U BBICOKUM
coZiep>kaHMeM BUTaMHHOB. CeMeHa MeJiKMe, MaJlo3aMeTHble NpPU YNnoTpebJieHUU. YpoxKau
IPUro/ieH Kak JJisl NOTpebJieHUs1 B CBeXXeM BHU/JIe, TaK U JJis epepabOTKHU: HUCI0JIb3YeTCs B
IIPOM3BO/ICTBE BapeHbs, [PKEMOB, KOMIIOTOB, & TaKXe B BUHOJeJIMH.

HUpra copta HopT/ialiH - 3TO BBICOKOPOCJ/BIM KycTapHUK (4-5 M) ceMelicTBa Po3o1BeTHBIX
C IIMPOKOM U MJIOTHOM KPOHOM, AUaMeTp KOTOpPOM MOxeT gocturaTb 6 M. KycT o6sagaet
MOIIIHOM KOPHEBOW CUCTEMOM C MHOXXeCTBOM OTBETBJIEHHWM, KOTOpas 3aJieraeT Ha IJIyOMHY
Jl0 2 M. JIUCTbSl TEMHO-3eJieHble, C pUJIeHbIMU KpassMHU U CJIerKa 3a0CTPEHHOM BepPXYLIKOM.
lIBeTeHUe HaYMHaAeTcA yKe B anpesie. Copt HopTyiaiiH OT/IM4YaeTca BBICOKOM CaMOIIJIOAHOCTBIO:
60s1ee 90% 1 BETKOB NpeBpPAILAIOTCSA B AITOABI [7].

B arpokysibType Upra IeHUTCS Kak JleKOPaTUBHBIM U He TpeboBaTeIbHbIM K arpOTEXHUKE
KyCTapHUK, 11o3ToMy B EBpomne, KaHage u CIIA aKTUBHO HCIOJIb30BaJIU B J€KOPAaTUBHBIX
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nessax. /laHHas KyJbTypa pa3MHOXKAeTCsl reHepPaTUBHBIM M BereTaTUBHBIMU crocobamu. U3
BereTaTUBHBIX CII0COO0B Pa3MHOXKEHUsI HauboJiee MPOCThble — 3TO pa3MHOXKeHHe KOPHEBOU
IOPOCJBI0O U JeJIeHUEM KyCTa, 6ojiee TPyLOEeMKHe — 3eJIeHOe 4YepeHKOBaHME, MPHBHBKA
[8]. OpHako Bhlllenepeyuc/ieHHble MeTOAbl MasoddPEeKTUBHbI [AJis KOMMEpPUYECKOro
MCI0JIb30BAaHUS, TAK KAK JJAI0T HEJOCTATOUYHOE KOJIMYECTBO OCaZJ0UHOTO MaTeprasa. OiHUM U3
COBpPEeMEHHBIX METO/I0B pa3MHOXKEeHH S PaCTEHUH SBJISETCS KJIOHAJbHOE MUKPOPa3MHOXKEHHE.
JlaHHBIM cnoco6 aKTHBHO MpPaKTUKyeTcs /[l MOJIydeHHUsl MO0CaJ0YHOro MaTepuasa B
IPOMBIIIJIEHHBIX MacIITa0aX MHOTUX IJIOJOBBIX KYJbTYp. C MOMOIIBIO 3TOT0 METO/[a MOXKHO
IPOU3BECTH 03/I0POBJIEHHE PACTUTEJbHOTO MaTepHuasa, YCKOPEHHO PAa3MHOXUTb I|€HHbIE
oTO60pHBIe GOPMBI, a TaKXkKe pefkue copTa [9].

TeM He MeHee MpPU MCHOJb30BAHHMU METOAOB KJIOHAJbHOIO MHKPOPA3MHOXXEHHS HUPru
BbISIBJISIETCS PsiJ] CyleCTBEHHbIX OMOTEXHOJIOTMYEeCKUX OorpaHudeHUi. OZJHON U3 KJII0OUeBbIX
npo6seM ocTtaéTcsd HU3Kasg 3PQPEeKTUBHOCTb CTEPUJIU3ALUU MEPBUYHOI'O PACTUTENBHOIO
MaTepuasia, YTO OOYC/JOBJIEHO BbICOKOM KOHTAMHUHUPOBAHHOCTbIO TKaHEW U Ha/U4YUeM
YCTOMYMBON 3HA0PUTHON MUKPOGJIOpPHL. ITO, B CBOIO O4Yepesb, 00yCJaBIUBAET BbICOKUHN
ypoBeHb HHOULIMPOBAHUSA KyJbTYP HAa HAYaIbHbBIX 3TANaxX KyJbTUBUPOBAHUA in vitro, CHIKas
NPOLIEHT >XKMU3HECMOCOOHBIX 3KCIJIaHTOB [10].

B cBsi3U Cc 3TUM 0co60e BHUMaHHe TPebyeT pellleHHe MPo6JieMbl OTCYTCTBUS CTaHAAp-
TU3HWPOBAHHBIX U BOCIPOU3BOAMMBIX MPOTOKOJOB MUKPOPA3MHOXEHHUS, KOTOPbIE JOJDKHBI
YUYUTBIBATh BUJOBbIE U COPTOBbIE 0COOEHHOCTH pacTeHUM. HefocTaTouHas cTaHjapTU3aLUs
3TUX TPOLIECCOB 3aTPYAHSET IIMPOKOe MPOMBIIIJIEHHOEe BHEJpPEHHUE TEXHOJIOTUU U
OTpaHUYMBaET €€ MpUMeHEeHHEe B CEeJEKIMOHHOM M MUTOMHHUKOBOAYECKOW MPAKTHKE, YTO
JIOTIOJTHUTEJIBHO OCJIOXKHSIET MOJIyYeHHe KaueCTBEHHOT0 II0CaI0YHOT0 MaTepuaJia.

JlJist mpeoioJIeHUsI 3TUX 3aTPyJHEHUH HeoO6XOAMMO NMPOBeJleHHe KOMILJIEKCHOU paboThl,
BKJIIOYAIOIL[e ONTUMHU3AIMI0 COCTaBa IMUTATEJNbHbIX cpel, NoA60p 3PPEeKTUBHBIX
KOHIIEHTpAllMi pery/sisiTopoB pocTa U pa3paboTKy yCOBEpPLIEHCTBOBAHHBIX pPEXHUMOB
KyJIbTUBUPOBAHUSI W CTEPUJIM3aLMH, KOTOpble OYAyT aZalTUPOBaHbl K cleludprUyecKUM
6M0JI0TUYECKHMM 0COOEHHOCTSIM HUCCIeAyeMOU KyabTyphl [11].

B pesysbTaTe peanr3anuy 3TUX MEPONPUSATUH BO3MOXKHO co3/iaHUe 3QPEKTUBHBIX TPOTO-
KOJIOB KJIOHAJIbHOTO MUKPOPAa3MHOKEHHUS], YTO 0OECeYUT MoJydYeHHEe BbICOKOKAYeCTBEHHOTO,
03/I0POBJIEHHOT'0 U TEHETUYECKH OJHOPOJHOI'0 MOCAJ[0YHOI0 MaTepHuasia B MPOMBbIIIJIEHHbIX
MacuiTabax, 06ecrneyrB ycneluHoe NpUMeHeHe TEXHOJIOTHU B arponpousBo/cTBe [12].

llesbto HccieloBaHUS SIBJSIETCS YCTAaHOBJIEHHWE ONTHUMAJIbHBIX YCJOBUH AJsA in Vvitro
MUKPOKJIOHAJIbHOTO Pa3MHOXXeHUS1 3 COPTOB UPrd KaHajckou (Amelanchier canadensis)
oCcpeACTBOM NoA60pa 3P eKTUBHBIX KOHIIEHTPALIMHU perysiTOPOB POCTA, 06eCredruBaoLUX
MaKCHUMaJIbHOE MPOsiBJeHHE MOPPOreHETUIECKOTO OTBETA U pereHepaniMOHHON aKTUBHOCTH
3KCIJIAaHTOB.

MaTepHaJIbI U MEeTOAbl PICCJIC,Z[OBaHI/Iﬁ

OO0 beKTOM HcCC/Ie/IOBaHUS SIBJISIJIUCh TPU COPTa KaHaZACKoW upru Amelanchier Canadensis:
MaptuHs (Martin), Cieit (Sleyt), Hoptaaiin (Northline). B kauecTBe 3KcI/IaHTOB /1J151 BBE/IEHUS
B KYJIBTYPY in vitro 6blJ11 B35IThl Y3JI0Bble CETMEHTbI CTE0JIeBbIX YEPEHKOB O/JHOJIETHEN UPTH.

CTepusn3alUi0 NTPOBOJUIM HA OCHOBE JIByX BAPUAHTOB 06PAGOTKH, OTIMYAKOIUXCA MO
BpPEMEHH 3KCIO3UIIMU B KaXJ0M pacTBOpe CTepUJM3ytolero areHita. CTepuansanuo 3aBep-
IIaJIM TPEXKPATHbIM IPOMbIBAHHEM OU/MCTUIIMPOBAHHOM BOJIOM.
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In vitro MukpopasmHosceHue upau kaHadckotl (Amelanchier canadensis): onmumu3ayusi yumMoKUHUHOBO-AYKCUHOBbIX
KoM6UHayutl 151 UHAyKyuu nobe2oo6pa3o8aHusi

/1 BbISIBJIEHUS] OCOOEHHOCTEW pa3BUTHUS SKCIUVIAHTOB HPru Obla HCIOJIb30BaHA
yHUBepcaJbHasl nuTaTesabHas cpefa Mypacure-Ckyra [13] ¢ pob6aBjieHHMEM pa3/IMYHbBIX
KOHIleHTpanui peryasatopoB pocta NAA, BAP u GAs; (0,1; 0,3 u 0,5 mr/a). B kayectBe
MCTOYHHMKA yrjepojia NPUMEHSJIM caxapo3y B KoHUeHTpauuu 30 r/j, 4TO COOTBETCTBYET
001eNPUHATOMY CTaHAAPTY /Jis1 O0JBLUIMHCTBA APEBECHBIX KY/ABTYP in vitro U obecrneyrBaeT
ONTHUMAaJIbHbIA 3HEPreTUYEeCKUW OajlaHC U OCMOTHMYECKUN MOTeHLMasa JJisi HOPMaJIbHOro
MopdoreHe3a noberos. Arap A06aBJisgau B fo3e 6,5 r/j, pH cpeanl goBoauau ao 5,7 nepep
aBTOKJIaBUPOBaHUEM.

Kaxkapiii BapuaHT BkJo4aa 20 3KCIJIAHTOB, 3KCIEPHMEHT MPOBOAMWJICS B TPEX 6UOJIO-
rMYecKUx MOBTOPHOCTAX. CTaTUCTHYecKasi 06paboTKa JaHHbIX BbIMOJHEHA METOJO0M OJHO-
dakTopHoro gucnepcuoHHoro aHaausa (ANOVA). Pe3ysbTaThl npejcTaB/ieHbl KaK CpeHUE
3HaYeHUd * CTaHJapTHOe OTKJIoHeHHe (SD).

Ky/sibTUBUpOBaHUE pacTeHUH OCYIIECTBIISIM IPU TeMIlepaType 22-24 °C, npy 0CBEIEHHOCTHU
3000 sk 1 poTonepuone 16/8 (cBeT/TeMHOTA) Ha CTeJLJIaXKax C UCIOJb30BaHUEM JIOMHUHEC-
[IeHTHBIX JlaMIl B YCJOBUSIX CBETOKY/bTYpPaJbHOM KOMHAThI. /|Ji1 06pabOTKH MOJIyYeHHbIX
JlaHHBIX TPUMEHSJINCh 00 LIEeNNPHUHATbIE METO/AbI CTATUCTUYECKOT0 aHa/IM3a, OCY1eCTBJIEHHbIE
C MCII0JIb30BaHHWEM NporpaMMHoro obecnedyenus ANOVA [14].

Pe3ynbTaThl HCC/IEJ0BAaHUA
[lepBbIM 3TallOM MUKPOPa3MHOKEHUS SIBJISIJICS OTOOP IKCIJIAHTOB U BBeJIEHUE UX B KYJIBTYPY.

Y3/10Bble CerMeHThbI CTe6/1eBbIX YePEHKOB 00eCcleyrd BbICOKYIO ClIOCOOHOCTb K 06pa3oBaHKI0
HOBBIX I06€ET0B, YTO JIE/1aJI0 UX MOAXOASLIMM MaTeprUasIoM JJ/1sl MUKpopa3sMHOoxkeHus (PucyHok 1).

—

PucyHok 1. KcriaHThI Upry KaHaZcKo# (Amelanchier canadensis) 151 BBeleHUs B KYJIbTYPY in Vitro

[Ipouecc crepunusanuu urpaet GyHJaMeHTaJTbHYI0 POJib B KyJIbTUBUPOBAHUH KJIETOYHbBIX
KyJbTYp, TaK KaK NpeJOTBpaliaeT pa3BUTHE MAaTOTeHHbIX MUKPOOPTaHU3MOB U CIOCOGCTBYeT
COXPAHEHUIO KU3HECIIOCOOHOCTH 3KCIIAaHTOB. CTepu/M3anus 3KCIJIaHTOB UPrd NPOBOAU/IACH B
TPEX BapUaHTAaX C Pa3/IMYHOM 3KCIIO3UIIMEN B pacTBOpax CTepu/n3ytoiiux areHToB (Ta6una 1).
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Ta6auna 1
JdTan crepuaM3UALUMU IKCIUVIAHTOB Upru Amelanchier Canadensis
Crepuiusyrouue BapuaHThI
areHThbl 1 2 3
70% C,H.OH 1 MUH. 2 MUH. 3 MHH.
3 % NaClO 5 MUH. 10 MuH. 15 MuH.
Twin - 20 10 mMuH. 15 MuH. 20 MUH.

B pesysbTaTe NpoBe/ieHHbIX 3KCIIEPUMEHTOB YCTAHOBJIEHO, YTO B 1 BapHUaHTe CTepU/IM3alvH,
r/ie BpeMs BbIJIEPKKU 3KCIJIaHTOB B 70% sTaHosie - 1 MuH., B 3% pacTBope runoxJjopuza
HaTpus - 10 MUH., BbIXOJ, CTEPUJIbHBIX 3KCIJIAHTOB cocTaBua 17,6%. Bo 2-M BapuaHTe, rae
akcno3uuua B 70% sTaHose Ajauiack 2 MHUH., B 3% pacTBope runoxjopuza Hatpus - 20
MUHYT, BbIXOJ, CTEPUJIbHBIX 3KCIJIAHTOB ObLa Bbille U cocTaBua — 80,0 %. U3 40 wT. noyek
- 32 WT. OKa3aJUCb HEMHPUIMPOBAHHBIMU M KU3HECHOCOOHBIMU. B 3-M BapuaHTe Bce
3KCIIJIaHTbI OTEPSJIHN XKU3HECTIOCOOHOCTb U TOYEePHEJIU OT POJO/KUTEbHOT0 BO3/eHCTBUSA
CTepuJIM3ylollero areHra. Ha ocHoBe MoJiydeHHBIX JaHHBIX BTOPOW CHOCO6 CTepU/IM3aluu
OblJ1 Jajiee MCI0JIb30BaH /151 CTEPUIN3aL UM PACTUTENbHBIX 9KCIJIAaHTOB Upru (PucyHok 2).

PucyHoK 2. BBesieHUe B KYJIBTYpY in vitro 3KCIJIaHTOB UPTH: a) BblCA)KEHHbIE SKCIIJIAaHTbI UPTY;
6) SKCIJIaHTBI MPry yepe3 14 JHel KyJbTHBUPOBAHUA

Jl/1s1 BBeJleHUsl SKCIJIAaHTOB UPTY B KYJIbTYPY In vitro 6bl/1a UCN0JIb30BaHa YHUBEpPCalbHas
cpena Mypacure Ckyra (MC) c pa3HbIMU KOHIIeHTpauusMu BAP:

1.MC - 4,33 r/n, caxaposa 30 r/n NAA - 0,1 mr/n, BAP - 0,1 mr/a1, arap - 7 r/a, pH=5,7

2.MC - 4,33 r/n, caxaposa 60 r/a, NAA - 0,1 mr/n, BAP - 0,3 mr/n, arap - 7 r/a, pH=5,7

3.MC - 4,33 r/n, caxaposa 60 r/a, NAA -0,1 mr/n, BAP - 0,5 mr/a, arap - 7 r/a, pH=5,7

[IpoBeiéHHbIE SKCIIEPUMEHTHI NOKa3a/id, YTO HauboJbllasg MopdoreHeTU4yecKasi aKTHB-
HOCTb 3KCIVIAHTOB UPr'y HabJIt0/lajlach Ha BTOPOM BapuaHTe MUTAaTebHOU cpefibl. [Ipu ncnosib-
30BaHUM 20 3KCMJIAHTOB HA BapUaHT U TPEX GUOJOTUYECKUX TOBTOPHOCTAX 0AHODAKTOPHbBIN
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In vitro MukpopasmHosceHue upau kaHadckotl (Amelanchier canadensis): onmumu3ayusi yumMoKUHUHOBO-AYKCUHOBbIX
KoM6UHayutl 151 UHAyKyuu nobe2oo6pa3o8aHusi

JucnepcuoHHbl aHanmu3 (ANOVA) BbISIBUJI CTaTUCTUYECKH 3HAUYUMble PA3JUYUSI MEXAY
onbITHbIMU rpynnaMu (p < 0,01). CpesHee KOJMYeCTBO MOGEroB Ha 3KCIJIAHT BO BTOPOM
BapuaHTe cocTaBuJIo 5.6 * 0.1, 4TO J,OCTOBEPHO NpeBbILIAJO MTOKa3aTeau nepsoro (2.7 + 0.1)
U TpeTbero (3.2 + 0.1) BapuaHTOB.

JlaHHbIE pe3y/IbTaThl yKa3blBAlOT HA TO, YTO BTOPOW BapHAHT Cpe/ibl 06ecrneyrBaeT
ONTUMaJIbHOE COOTHOIIEHWE 3K30TeHHbIX PEryJsTOPOB POCTa, CIOCOOCTBYOIEE aKTUBALIUU
MopdoreHeza U GopMHUPOBaAHHID MOPQPOJIOTHUYECKH CTAOUJIbHBIX Mo6eroB. BapuaHThl 1
M 3, HaNpOTUB, XapaKTepU30BaJMCb HEJOCTAaTOYHOW JIM60O H3OBITOUHOW PpEryJsITOPHOU
CTUMYJISIIMEHN, YTO MPUBOJUJIO K CHHXKEHHUIO pereHepallMOHHOrO MOTeHIHUajia 3KCIJIAHTOB
(PucyHok 3).

w B 5 =)

KonmyecTBo MEKpOTIOOETOB, TIIT
[\

2,9
2.7 25
I
1,7
L5 o 14
“ I

KOHTPOIIb 1 BapuaHT 2 BapuHaT 3 BapmaHT

B Maptun ® Creiitr  ® Hoprnaiin

PucyHok 3. BiiusiHue peryisaToOpoB pocTa Ha KOJIMYECTBO MUKPOIIO6GEroB

Ha sTane MUKpPOKJIOHAJIbHOIO Pa3MHOXEHHUSl NMPOBOJUJIOCH TECTUPOBAHUE Pa3JUYHbIX
koMbuHanui BAP u GAs; g coptoB upru. LutokuHuH BAP (6-6eH3W/IaMUHONYPUH)
UCNOJIb30Basicl B Tpéx KoHueHTpauusax (0,5, 1,0 u 2,0 mr/an) paag uaeHTUUKALUU
ONTUMAJbHOTO YPOBHS MHAYKLWMU Noberoobpa3oBaHusa. ['mb6epessimHoBas kucaota GAs
6bL1a A06aBeHa B GUKCHpoBaHHOM Jo3e 0,5 Mr/a AJig nojjaepKaHus HOPMaJbHOI'O pocTa
MHUKpOIo6eroB 6e3 prcka NposiBjieHUs1 QUTOTOKCUYHOCTH.

Ouenka 3¢ $eKTUBHOCTH NPOBOJMJIACH HA NPOTSHXKEHUU 12 MecsiLeB, C peryasipHbIM CyOKY/Ib-
THUBHUPOBAHUEM Kax/ble 4-6 Heslesib. B TeyeHUe 3TOro neprvoja KyJabTypa JeMOHCTpUpOBasa
CTaOUJIbHBIA U BBICOKMU MopdoreHeTHUecKUMW mnoTeHUuas. OnTUMasbHash KOMOWHALUS,
BKJItovatowas 1,0 mr/si BAP, no3BoJisijia mosiy4aThb B cpeiHeM 6-8 MUKPONIOOEroB Ha SKCIJIAHT.

KynpTypa ycnemHo BblAepikaja A0 6 LMKJIOB CyOKYJbTUBHpPOBaHUs 6e3 BUAMMOTLO
CHIPKEeHHUsI pereHepaljMOHHOW CIIOCOOGHOCTH U MOTepu MOpPPOreHeTUUEeCKOro MOTeHIHasa.
[Ipu 60/1€€ AJIUTENBHOM KYJIbTUBUPOBAHUM (1OCIIE 6-T'0 [[UKJ/IAa) OTMEYaJi0Ch HE3HAUUTENbHOE
CHW>KeHHEe CKOPOCTU nposrdepanuy U nosiBjieHue NPU3HAKOB BUTPUPUKALIMK Y HEKOTOPbIX
3KCIJIAHTOB, YTO YKa3blBaeT Ha HEOOXOAMMOCTb MEPUOAUYECKOTO OOHOBJIEHUS UCXOAHOIO
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MaTepuasja. 3TO MOATBEPXKAAET, YTO JaHHAsd METOAWKA MNOAXOAUT AJisl AOJTOCPOYHOTrO
Pa3MHOX€eHUS C NepuoAUieCKUM 0OHOBJIEHUEM MAaTOYHOU KyabTyphl (Tabauna 2).

[IpoBei€HHBIN SKCIEPUMEHT MOATBEP/IUJI, UTO BKJIIOUEHUE GUTOTOPMOHOB B MUTATEIbHYIO
cpely OKa3blBaeT 3aMeTHOe BJIMsHHUe Ha MopdoreHes in vitro y pasjM4yHbIX COPTOB UPTH.
Kom6uHanuu BAP 1 GA3; 3HaUUTEIbHO CTUMYJIMPOBAJ/IM KaK POCT NOOEroB, TaK U UX BETBJIEHHUE
10 CPaBHEHUIO C KOHTPOJIEM, I/le POCTOBbIE NPOLLECChl OCTaBaIMCh Ha 6a30BOM ypOBHE.

Ta6mmna 2

JdPexT BAP c GA; Ha MopdoreHe3 No6GeroB pa3/IMIHbIX COPTOB UPTHU

Copra KoHneHTpanus JlivHa nobera, cM. KoJsinyecTBO 11o6eros,
TOPMOHOB, MT'/J1 HIT.

MapTtux KoHTposb 4,50 + 0,20 3+0,1
(6e3 ropmMoHOB)

BAP 0,5+ GA, 0,5 5,81+0,24 610,2

BAP 1,0 + GA, 0,5 5,52+0,47 7+0,3

BAP 2,0 + GA, 0,5 4,98+0,12 4+0,2

CiisuT KonTposb 4,40 + 0,30 3+0,2
(6e3 ropmMoHOB)

BAP 0,5 + GA, 0,5 5,76+0,43 540,03

BAP 1,0 + GA, 0,5 5,78+0,72 610,01

BAP 2,0 + GA, 0,5 4,90+0,25 5+0,2

HopTnaitn KoHTposb 4,60 + 0,18 4+0,1
(6e3 ropMoHOB)

BAP 0,5 + GA, 0,5 6,32%0,20 8+0,5

BAP 1,0 + GA, 0,5 5,75%0,20 610,1

BAP 2,0 + GA, 0,5 5,02+0,29 410,01

Y copta «MapTuH» HauboJiee BbIpaxkeHHOe yAJiMHeHUe noberos (5,81 + 0,24 cM) 6bL10
3apUKCUPOBAHO NPU NPUMEHEHUU MUHUMaIbHOU KoHIleHTpauuu BAP (0,5 mr/n) B coueTanuun
c GAs (0,5 mr/a). OgHako HauboJibllee KosnyecTBO noderoB (7,0 + 0,3) HabJOAANOCH IPU
cpenHei no3e BAP - 1,0 mr/..

Copt «CyedT» mpoAeMOHCTpPUPOBa 6oJiee CTaOUIbHbIA OTKJUK: JJIMHA MOOEroB U HX
KOJIMYEeCTBO BO3pacTau NpHy yBeJandeHUH A,03bl BAP 10 1,0 Mr/s1, npy 3ToM pasHulia Mexay
0,5 u 1,0 Mmr/n 6p1a MUHMMaJIbHA, @ MaKCUMaJibHble 3HaueHud (5,78 £ 0,72 cm u 6,0 £ 0,01
IIT.) HAOJIIOAAJIUCh UMEHHO Ha CpeiHeN KOHIeHTPaLUU. ITO MOATBEPXK/AAeT 6JIaroONpUsiTHOE
BO3/lelCTBUE JaHHbIX KOHIIEHTPALMK Ha POCT U pa3BUTHE UPTU 3TOTO COPTa.

Oco6bl1ii uHTepec Bbi3BaJ copT «HopTiaiiHy», AJis1 KOTOPOro Hau/ay4llivde pe3yabTaThl ObLIU
JIOCTUTHYTHI y>Ke IpU caMOM HU3KoM KoHLeHTpauuu BAP (0,5 mr/a): anvHa nobera coctaBuia
6,32 + 0,20 cM, a kosindecTBO — 8,0 £ 0,5 IIT.,, 4YTO yKa3bIBaeT Ha BLICOKYIO MOPPOreHeTUUECKY IO
aKTUBHOCTD JaXke IPU yMePEeHHOM rOpMOHa/IbHOM BO3/ € ICTBUH.

Bo Bcex BapuaHTaxXx KOHTpPOJIbHbIE 00pasiibl, KyJbTUBUPYeMble 6€3 rOPMOHOB, JJeMOHCT-
pUpOBaJIM OrpaHUYEHHOE pa3BUTHE: 06eru 661K Kopode (4,4-4,6 cM), a UX KOJTMYECTBO He
npeBbllIago 3-4 WITYK, YTO MOJYEPKHMBAET HEOOXOJAUMOCTb 3K30T€HHOW CTUMYJALMU NPU
MHUKPOKJIOHAJIbHOM Pa3MHOXXeHUU UPTH.
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In vitro MukpopasmHosiceHue upau kaHadckol (Amelanchier canadensis): onmumusayus YUmoKUHUHO80-AYKCUHOBbIX
KOMOUHayutl 0151 UHGYKYUU no6e2000pa3oeaHusi

O6cyxaeHue

[lepBbIM 3TanoM MUKPOPA3MHOXXEHUS SBJISETCS OTOOP 3KCIJIAHTOB U BBeJileHHE UX B
KyabTypy [15]. Ha faHHOM 3Tane Ba)KHYI0 pOJib UTpaeT CTepU/M3alys, TaK Kak MMEHHO
OHa ompeJiesisieT yclexX AaJbHeWllero KyJbTUBUPOBaHUS. B mpoBeséHHOM HcCCJeOBaHUU
HauJy4live pe3y/bTaThl I0OKa3a/l BTOPOM BapUaHT cTepuiausaunuu (2 muH B 70% sTaHOse
u 20 muH B 3% NaClO), obecneduBIIMKA BbICOKHM BBIXOJ, >KM3HECIOCOOHBIX CTEPHUJIbHbBIX
skcn1aHToB (80%). AHanoruuHble AaHHble npuBoAAT Hernandez-Garcia (2021) u Hunkova
(2021), orMeyaBuIMe, YTO 3P PEKTUBHOCTb CTEPUJIN3ALUM IPEBECHBIX PACTEHUH U NpeJCcTa-
BUTesied posa Amelanchier canadensis BO MHOTOM 3aBUCHT OT BpPEMEHM I3KCHO3UIIUU
B pacTBopax Je3nHuuupyowux areHToB [16,17]. C/AMILKOM KOpPOTKasi 3KCIO3ULUSA
(BapuaHT 1) He obecneyrBasia MOJHON CTEPUJIBHOCTH, TOTJA KaK ype3MepHasi (BapuaHT 3)
NpUBOJUJIA K HEKPO3y TKaHEH U NOTepe pereHepalMOHHON CIIOCOOHOCTH, YTO COBMNAJAET C
OOLUMH MpPeJCTaBJEHUSIMHA O HEOOXOJUMOCTHU CTPOroro 6ajsaHca Mexay Je3uHdekuuend u
COXpaHeHHEeM KU3HeCI0COOHOCTH TKaHe! B Ky/IbType in vitro [18]. Pa3Hblil nogxon K noa60py
KOHIIeHTpallMil 3TUX pPEryJsaToOpoB O00bsACHAeTCA cHnelquPUKON HUX QPU3NOJIOTHYECKOTrOo
JlelicTBUS U QYHKIMOHAJIBbHOM POJIbIO B pereHepaiuu. LIUTOKMHKHBI, B 4yacTHOCTH, BAP, ak-
TUBHO HCIOJIb3YIOTCS IPU MUKPOKJIOHAJIbHOM Pa3MHOXEHUH JJis1 CTUMYJISALAU KJI€TOYHOr 0
JleJleHusi 1 MHAYKUUM noberoobpasoBaHus [19]. [losydyeHHble pe3yabTaThbl NOATBEPXKAAIOT
KJIIOYEBYIO POJIb 3K30T€HHBIX PEryjasTOPOB POCTa B CTUMYJIMPOBAaHUU MopdoreHesa y Upru
KaHaJckol (Amelanchier canadensis) npu MHUKPOKJIOHAJIbHOM pPa3MHOXXEHUHU. YCTaHOBJIEHO,
YTO ONTHUMaJsIbHAsA KOHLIEHTpaLys LUUTOKMHUHA BAP BapbupyeT B 3aBUCUMOCTH OT COPTOBBIX
0COOEHHOCTeH, YyTo corsacyetcs ¢ JaHHbIMU Pruski et al. (1990), nogyepKkrBawLUMH He06-
XOAVMMOCTb UHAUBU/Iya/IbHOTO N0A6G0pa GUTOTOPMOHOB /1151 Pa3JIMYHbIX FT€HOTUIIOB UpPTH [20].

Y copta HopTnaiiH Beicokasi 3pGeKTUBHOCTb P MUHUMaJIbHOU KOHUeHTpauuu BAP (0,5
MT/J1) MOXKeT ObITh CBSI3aHa C MOBBILIEHHBIM YPOBHEM 3H/JOT€HHbBIX [IUTOKUHUHOB, UTO TaKXe
noATBepKJanoch paHee B omnbITax Fengli Yang (2017) ¢ copramu Amelanchier alnifolia [21].
JTO yKa3blBaeT HAa BO3MOXXHOCTb MUHHMMU3allM¥d TOPMOHA/JIbHOW HAarpy3KHu MpU KJOHAJIbHOM
pPa3MHOXEHUHU JaHHOTO COPTa, CHMUXKas pUCK PUTOTOKCUYHOCTH.

B To ke BpeMsa copta MapTuH u C/leUT JEMOHCTPUPOBAJIU [[0303aBUCHMOE yBEJUYEHUE
yucsa noberos, gocturas nuka npyu BAP 1,0 mr/a. [loBbllieHHe KOHIleHTpauuu o 2,0 Mr/,
HalpOTHUB, OKa3blBaJl0 HWHIUOMpYyIOlLee JeWCTBHE Ha POCT M BETBJIEHHE, YTO BEPOSTHO
CBSI3aHO C HapylleHWeM TOPMOHAJIbHOTO 0ajlaHCca U BO3HHMKHOBEHHMEM CTpecC-peakLuu y
TKaHel. [lo06HbIe HabJIoAeHHUs ciesiaHbl PaeBa-borocioBckoi (2020), KoTopbie OMUCHIBAIOT
yrHeTeHUe 106eroobpa3oBaHMs NpPU MU30ObITKE LUTOKWUHHMHOB B Ky/abType Amelanchier
Medik. [22]. CxonHble copTocnendUiecKre pa3indusa B oTKAMKe Ha BAP 1 GA; 6114 paHee
3adUKCUPOBAHbI Y APYTUX MJIOJOBBIX KyJAbTyp. Tak, y roay6uku (Vaccinium corymbosum)
HU3KHe KOHIleHTpauuu BAP obecneuynBasu MaKkCHMMaJbHOE KOJIMYECTBO NMOOEroB, TOr/la Kak
60Jiee BbICOKME J103bl BbI3blBaiM BUTpUPUKanuoo [23]. Hannuue GAz B KoHueHTpauuu 0,5
Mr/J1 o6ecrneqrBasio yaydiieHrue MopdoIoruu No6eroB 1 UX yAJMHEHUE, He BJIUsAS HAPSAMYIO
Ha KOJIMYECTBO NOOEroB. JTO COIMVIACYyeTCs C OOLIeNPUHSATBIMU NpeACTaBJIEHUSIMHU O POJIU
rub606epessIMHOB B CTUMYJISILLUN KJIETOYHOIO YAJTMHEHUS 6e3 UHAYKIIMU MepUCTeMaTUYeCKOU
aKTUBHOCTU [24]. ¥ cMopopunbl (Ribes nigrum) oTMe4eHbl Pasvyusl MeXJAy COpTaMHU IO
YYBCTBUTEJBHOCTU K IUTOKWUHHUHAM, 4YTO TpPebOBaJ0 WHJAUBHU/YaJbHOU KOPPEKTUPOBKHU
npoTokoJioB [25]. Y xxumosioctu (Lonicera caerulea) no6aBienue GAz Takxe Clioco6CTBOBAJIO
yZAJIMHEHHWIO T00eros, yay4lias MopdoJIOrHlio, HO He yBeJIMYMBas UX YUCIIO [26].

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol N24(153)/ 31
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



X.A. Bepkumbali, b.K. Tezex6aeea, A. XacetiH, H.Il. Masiaxoea

Peakiiusa pa3HbIX cOpTOB Upru Ha ropMoHbl BAP u GA3; BapbUpyeTca U3-3a UX IHJ0MeHHOI'0
TOPMOHAJILHOTO CTaTyca, 4YyBCTBUTEJbHOCTH TKaHeW U (U3NOJOTUYECKON aJlanTalluu.
Y KaxJoro copta cBOM 0a30Bblil ypOBEeHb COOCTBEHHBIX TOPMOHOB M pa3Hasl IJIOTHOCTb
peLenTopoB K HUM, YTO BJIMsIET HA CUJIY OTBETA. DTO 00'bSACHAET, NoyeMy AJsi copTa «HopTiaitH»
3dpdexkTuBHA HU3KasA A03a BAP, a gna «MaptuHa» u «Cieilta» TpebyeTcs: 60Jiee BbICOKast
KOHLIeHTpaLHusl.

3aKk/iloueHue

Takum o6pa3oM, MpoBeAEHHbIE MCCAEOBAaHUS MO3BOJMUJIA ONTUMHU3UPOBATh NMPOTOKOJI
MUKPOKJIOHAJIbHOTO Pa3MHOXeHHUSl AJi Tpéx copToB Amelanchier canadensis. [loka3aHo,
yTO0 3P(PEeKTUBHOCTb M0OEroo6pa3oBaHUs HOCUT copTocnenudpUdeckud xapaktep. MHru-
oupylolllee JielicTBMe Ha MopdoreHe3 MpU MpeBbIIeHWH KoHLeHTpanuu BAP Beime 1,0
Mr/n NoAYEPKHUBAET COPTOCNELUPUYHOCTh U KPUTHUYECKYI0 BaXKHOCTb TOYHOTO Mojbopa
ONTUMAaJIbHOU 03Bl PErYJATOPOB POCTa AJIA KaX/J0ro FeHOTHIIa.

/laHHad MeToJUKa UMeeT BbICOKYIO NMPUKJIAJHYI0 [IeHHOCTb, 0becnedynuBas KO3QPUIIUEHT
pa3MHOXKeHUsI 6-8 MHUKpPOMO6GEeroB Ha 3KCIJIAHT 3a IUKJ. [Ipy 3ToM MopdoreHeTHUYeCKUN
NOTEeHLMaJI KyJIbTypbl COXpaHAeTCs Ha BBICOKOM YPOBHE B TeUeHMe LIeCTH 0C/IeL0BaTe/IbHbIX
LJUKJIOB CyOKYJIbTUBMPOBAHMUS, YTO rapaHTUPYeT CTAOUJIbHBIA U MPOTHO3UPYEMBIN BBIXOJ,
[0CaJIoYHOT0 MaTepUaJia.

[IpeAio’)KeHHBI MNPOTOKOJ MHUKPOKJIOHAJBbHOIO pPa3MHOXeHHUS 00/aJlaeT BbICOKOU
NPUKJIALHOU ¥ 9KOHOMUYECKOW 3HAYUMOCTBIO [IJI1 KOMMepPYeCcKoro caJloBOACTBA U MUTOM-
HUKOBO/CTBA. TexHos10THs 06ecrieuuBaeT GopMUpPOBaHUE B cpeJlHEM 6-8 MUKPOIMOOGETroB Ha
3KCIJIAHT 3a OWH IIMKJI IPY COXpaHEeHHUU MopdoreHeTHUYECKOI0 NOTEeHI[Ma/1a HAa MPOTSXKEHUU
IIEeCTHU NOCJe[0BaTeJbHbIX CyOKYJbTUBUPOBAHUN. JTO rapaHTUpPyeT CTaOWJIbHBIA KO3d-
GUIMEHT pPa3MHOXEHUSI U MO3BOJISIET CYLIeCTBEHHO COKPAaTHUTb CPOKU MOJIYYEHUs] Heob-
XOZMMOro 06'b€Ma 110CaI0YHOr0 MaTeprasa.

C 3KOHOMHYECKON TOYKH 3peHHs BHeJApeHHe NPOTOKOJIa CIOCOOCTBYET CHMXKEHHUIO cebec-
TOUMOCTHU TNPOU3BOJCTBA 3a CYET yMeHbLIEHHWS NOTPeOHOCTH B MATOYHBIX PACTEHUSAX U
COKpallleHUs TPYAOEMKOCTH TpPaJUIMOHHBIX BereTaTUBHbIX MeTOJ0B. TakuM o06pasom,
pa3paboTaHHas TEXHOJIOTHUSl MOXET pacCMaTpPUBAThCA KaK 3Qp(PeKTUBHOE U MepCleKTUBHOE
pelleHue 1151 LIMPOKOIro IPYMeHEeHUs B TPAKTHKe MPOMBIILJIEHHOI'0 Pa3MHOXKEHHWSI COPTOB UPTIHU.

Bxiiag aBTOpOB

Bb.X. 1 M.H. - ocy1ecTBU/IY KOHLENTYaJIM3ALMI0 U IIJIAHUPOBAHKE UCCIeJ0BaHV, IPOBEIH
BCECTOPOHHUU 0030p HAYYHOW JIMTEPATYPHI, BBINOJHUJIMU aHAJU3 MOJYYEHHbIX AAHHBIX U
NOATrOTOBWJIM MepBOHAYa/bHbIK BapuaHT pykonucu. T.b. u X.A. - npeJoCcTaBUJIM Hay4YHble
KOHCYJIbTALUHU 110 BOIIPOCaM IPUMEHEHUSA PETYAATOPOB POCTa U OKa3aJIld METOA0JIOTUYECKYIO
NOAJIEPKKY MpPHU pa3paboTKe 3KcHepuMeHTasbHOro ausavHa. B.X. 1 M.H. - BbeinmosiHuIM
OKOHYaTeJIbHYIO peJIJaKI[UI0 U JIUTepaTypHOoe 0obopMJIeHHE PYKOITUCH.

biarogapHocTu

ABTODBI BbIpaXaloT UCKPEHHIOI0 6/1aroJapHOCTb PYKOBOACTBY MHCTUTYTa MOJIeKY/IAPHOH
610J1I0TUN M 6MOXMMHUHU UM. M.A. AITXO>XXKMHA 3a NpeJoCTaBJeHHbIE YCI0BUSA U MUHPPACTPYK-
TYPHYIO NOJAJEPKKY B NPOBEAEHUHU 3KCepuMeHTOB. Ocobasi MpHU3HATEJbHOCTb BbIpaXKaeTcs
KoJLJIeraM J1abopaTopuu 6MOMH>XXeHePUH pacTeHUH 3a KOHCYJIbTAallUU U TEXHUYECKYI0 IOMOIIlb
Ha BCeX 3Talax paboThl.
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KoHduKT nuHTEpecoB
ABTOpBI 3a9BJAIOT 006 OTCYTCTBUU KOHQPJIMKTA UHTEPECOB.

CoG10geHr e 3ITUYECKUX HOPM
ﬂaHHaH CTaTbd He BKJIKOYaAeT OIIMCaHue I/ICCJIeﬂOBaHI/II‘/JI, HpOBEﬂéHHbIX C y4aCTueMm J'IlO,ELGfI
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Kanaganbik uprasnsiH, (Amelanchier canadensis) in vitro MUKpOKe6ei: epKeHepAiH,
UHJAYKIUACHI YIIIH HUTOKUHAI-aKyCUHAIK KOMOUHALUAIAPAbI OHTal/IaHAbIPY

X.9. Bepkimo6aii*!, B.K. Tezek6aeBa'?, A. Xaceiin'?, H.I1. MasiaxoBa®
IM.A. AlimxosxcuH ambIHOAFbl MOAEKYAAAbIK GU0A02USI HCaHE GUOXUMUS UHCmumymbl, Aamambi, Kasakcman
2Kazak yammblK azpap/avik 3epmmey yHugepcumemi, Aamamol, Kazakcman

Angarna. Makanaga Amelanchier canadensis yil cOpTBIH in Vitro XafFJallblHAA MHKPOKOOGEUTY
IapTTapbIH OHTAWJIAHABIPY GOUBIHIIA 3€PTTEY KYMBICTAphI XKYPri3ijireH. 6-0eH3UJIaMUHONYPHUHHIH
(BAII) apTypJii KOHLleHTpaLuusiaaphkl eHriziireH Mypacure xoHe CKyr MoAuduKaLysajiaHFaH KOPEKTIK
OPTAChIHbIH, 3KCIJIAHTTAPABIH MOpdOreHEeTUKANBIK OeJsiceH/jijliriHe nuddepeHnus /bl 9cep eTeTiHi
aHbIKTaJIbl. Martin xkoHe Slate coptTapsi yutid 1,0 mr/s BAP xaHe GAz - 0,5 Mr//J1 KOHLIEeHTpaLUsCbIH/Ia
naiifanany eH TuiMai kom6buHauus, aa Northline copThl yumiH oHTaiabl KoHueHTpauus 0,5 mr/a
BAP xoHe 0,5 mr/n GAs; Gosaabl. BAP koHueHTpanuscbiHbIH 1,0 Mr//-eH »KoFapbliaybl TY3iJareH
MUKpPO OCiHJiJIep/iH Y3bIH/bIFbIHBIH /1a, CAHBIHBIH, []Ja TOMeH/eyiHe 9KeJIeTiHI KepceTiJireH. AJIbIHFaH
HOTHXKeJiep/ii UPraHbIH 0Cbl COPTTAPbIH Kalnlai Ke6eNlTy KoHe caKTay YILUiH naijasanyfa 60Jajbl.
Tyiin ce3aep: Amelanchier Canadensis, 6-6eH3UJIaMUHONYPHH, HAQTHUJICIpKe KBIIIKbLIbI, THOOEpe-
JIUH KbIUIKbLIbI, MUKPO 6CiHAiIep, MUKPOKOOENUTY, pOTOKE3EH,

34 N24(153)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usi1blK FblAblMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunesa. Cepust 6uoso2uveckue HayKu


https://doi.org/10.31327/atj.v7i2.1873
https://doi.org/10.1007/BF00033428
https://doi.org/10.1007/BF00033428
https://doi.org/10.36305/0513-1634-2020-135-97-104
https://doi.org/10.1300/J492v06n02_04
https://doi.org/10.21608/eajbsh.2023.299589
https://doi.org/10.21608/eajbsh.2023.299589
https://doi.org/10.17221/37/2013-HORTSCI
https://doi.org/10.17221/37/2013-HORTSCI
https://doi.org/10.6000/1927-5129.2014.10.22
https://doi.org/10.6000/1927-5129.2014.10.22

In vitro MukpopasmHosiceHue upau kaHadckol (Amelanchier canadensis): onmumusayus YUmoKUHUHO80-AYKCUHOBbIX
KOMOUHayutl 0151 UHGYKYUU no6e2000pa3oeaHusi

In vitro micropropagation of Canadian serviceberry (Amelanchier canadensis):
optimization of cytokinin-auxin combinations for shoot induction

Kh.A. Berkimbay*?, B.K. Tezekbayeva'?, A. Khassein'?, N.P. Malakhova®
IM.A. Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan
?Kazakh National Agrarian Research University, Almaty, Kazakhstan

Abstract. The article presents a study on optimizing the conditions for micropropagation of three varieties
of Amelanchier canadensis in vitro. It was found that modification of the Murashige and Skoog nutrient
medium by introducing 6-benzylaminopurine (BAP) in various concentrations has a differentiated effect
on the morphogenetic activity of explants. The most effective combination for Martin and Slate varieties
was the use of BAP at a concentration of 1.0 mg/1 and GAz - 0.5 mg/], while for the Northline variety the
optimal concentration was 0.5 mg/lI BAP and 0.5 mg/1 GAs. Increasing the BAP concentration above 1.0
mg/1 led to a decrease in both the length and the number of microshoots. The results obtained can be
applied to large-scale propagation and conservation of these varieties of serviceberry.

Keywords: 6-benzylaminopurine, naphthylacetic acid, gibberellic acid, microshoots, micropropaga-
tion, photoperiod
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Abstract. Apollo, also referred to as SNM1B, is a nuclease involved in telomere
stability and DNA repair, and its dysfunction is associated with the development
of a number of pathologies, including hereditary kidney cancer. The growing
interest to this protein is due to its possible use as a target for antitumor therapy.
The present study focuses on the optimization of the expression and isolation
of the homogenous recombinant Apollo (SNM1B) WT protein by means of
affinity chromatography purification. Expression vector constructs pET28c-
hSNM1BcoCut and pETHSUL-hSNM1BcoCut were used to produce the protein
after their transformation into Escherichia coli (E. coli) Rosetta2 (DE3) and NovaXG
strains. Variation in the induction parameters such as concentration of IPTG,
incubation temperature, presence of detergent NP-40, glycerol, urea and duration
of the post-induction incubations all were subjected to rigorous testing, in order to
ascertain the optimal conditions for the obtaining soluble recombinant proteins.
The purification process was conducted through the utilization of Ni-NTA affinity
chromatography. The purity and solubility of the protein were evaluated by SDS-
PAGE. The obtained data allowed to determine effective conditions for producing
the soluble and highly homogenous Apollo protein suitable for further studies,
such as protein-protein interaction, DNA binding, immunization to obtain specific
antibodies, and utilization for screening of inhibitors for cancer therapy.
Keywords: DNA repair, Apollo, SNM1B, renal cell carcinoma, DNA damage,
TRF2 protein

Introduction

The stability of the human genome is constantly challenged by damage to cellular DNA by
various endogenous and exogenous sources. These include normal by-products of oxidative
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metabolism, UV and ionizing radiation, chemical mutagens, and viral infectious agents.
DNA damage such as double-strand breaks, interstrand DNA cross-links, depurination, and
deamination can cause genetic mutations and ultimately compromise genome integrity and
cellular homeostasis [1-3]. To preserve genetic stability and ensure the accurate transfer of
hereditary information, cells employ multiple DNA repair pathways to remove lesions from
cellular genome. These encompass excision repair,homologous recombination, non-homologous
end joining (NHE]), and specialized mechanisms responsible for the removal of interstrand
DNA cross-links (ICL). Central to these processes are numerous enzymes exhibiting nuclease,
helicase, and ligase activities, which cooperate to restore DNA structure and function [4-8].

Among them, Apollo, encoded by the SNM1B gene, belongs to the SNM1 family of DNA nucleases
and performs a 5'=3' exonuclease function that is essential for proper DNA end resection during
replication, telomere protection, double-strand break (DSB) repair, and ICL unhooking [9-12].
Similar to other SNM1 family, Apollo contains a 3-CASP domain that forms the enzyme’s catalytic
center. This structural domain binds divalent metal ions, most commonly Zn?*, which are required
for phosphodiester bond cleavage. The 3-CASP domain is therefore critical for Apollo’s nuclease
function, ensuring accurate substrate interaction and efficient catalysis [13-15].

Apollo has an essential role in the protection of telomeric DNA from its misrecognition
as a DSB site by the repair system. This is achieved by Apollo interacting with components
of the “shelterin” telomere complex, in particular the TRF2 protein. Apollo is involved in the
replication of the telomere leader chain. It promotes the formation of the protective telomere
structure, the T-loop. Loss of SNM 1B function or disruption of its expression can lead to telomere
shortening, chromosomal instability and chromosome fragmentation, which may be associated
with proliferative and oncological diseases [16-18].

The data collected to date suggest that Apollo (SNM1B) may be involved in the pathogenesis
of a number of different types of cancer, including kidney cancer, particularly the renal cell
carcinoma (RCC). RCC is characterized by high genetic heterogeneity, alterations in cell cycle
regulation, apoptosis and DNA damage response and is the most common form of kidney cancer
[19]. Although mutations in SNM1B are relatively rare in the tumor genome, transcriptomic
studies suggest that the expression of SNM1B is suppressed or abnormally regulated in certain
subtypes of RCC, in particular in tumors with marked telomere dysfunction and high levels of
chromosomal instability. These data suggest that functional SNM1B deficiency may be involved
in tumor progression through accumulation of mutations and genomic rearrangements [20,21].

The additional importance of Apollo (SNM1B) in carcinogenesis is underlined by its role in the
elimination of ICLs, one of the most cytotoxic types of DNA damage, which occurs particularly
under the action of chemotherapeutic agents such as cisplatin and mitomycin C. This function
makes Apollo a potential target for anticancer therapy: reducing SNM1B activity may increase
the sensitivity of tumor cells to drugs, whereas in healthy tissues its function is critical to protect
normal cells against genotoxic damage [22-25].

Although the Apollo protein is of great scientific interest, it is difficult to characterize its repair
activities in vitro. This is due to the problems associated with obtaining the soluble protein in
recombinant form. The Apollo protein, like many other eukaryotic enzymes, has a low solubility,
a tendency to aggregate, the formation of inclusion bodies in the prokaryotic expression system
of Escherichia coli, and a susceptibility to proteolysis and denaturation. Another obstacle
is the toxicity of the SNMIB gene product to the host bacterial cell, since the recombinant
protein can cleave bacterial DNA when overexpressed, especially in the absence of controlled
regulation of expression and translation [26-30]. Therefore, optimization of the expression of
SNM1B gene product in the Escherichia coli system becomes a high priority, including: selection
among available host strains (e.g. BL21(DE3), Rosetta, C41); optimization of induction conditions
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(temperature, time, IPTG concentration); construction of the expression vector taking into account
rare codons and accessibility of the translation initiation site; addition of soluble fusion tags (MBP,
GST, Trx, SUMO); modulation of expression using weak or inducible promoters (e.g. Lac, T7).

Materials and research methods

Molecular cloning, expression, and purification of recombinant proteins

In this study, two commercially available Escherichia coli strains were used for cloning
and protein expression. For plasmid construction and propagation, the E. coli strain NovaXG
purchased from Novagen (Merck Chimie SAS, Fontenay sous Bois, France), was used for plasmid
construction because of its recombination-deficient and endonuclease-deficient background,
which facilitates high-yield plasmid DNA preparation. The Rosetta 2 (DE3) strain purchased
from Millipore was used for recombinant protein expression. This strain is engineered to
enhance the expression of eukaryotic proteins by supplying tRNAs for rare codons. It also
contains the DE3 lysogen for T7 RNA polymerase expression.

To express the codon-optimized SNM1B gene (Apollo) in a prokaryotic expression system,
a pETHSUL/hSNM1B plasmid construct containing an hSNM1B fragment with an N-terminal His6
tag was used for subsequent protein purification by affinity chromatography. The construct was
assembled using standard molecular cloning techniques and verified by DNA sequencing. The
hSNM1B gene insertion started with an ATG codon followed by a site encoding a poly-histidine
tag: ATGGGTCATCATCACCATCATCATCATCAC (corresponding to the His6 tag). The nucleotide
sequence of the insert (from the expression site to the stop codon) was 1983 nucleotides and
included a codon optimized version of hSNM1B designed with E. coli codon preferences and
a terminator sequence (lower case). The construct (pET-type vectors) contained EcoRI and
BamHI restriction sites flanking the hSNM1B gene. For mutagenesis and subcloning of ASNM1B
coding DNA sequence (cDNA), several primer sets were designed and used: N2461, Y273H (a
point mutation in which tyrosine at position 273 is replaced by histidine). These amino acid
substitutions in the Apollo protein sequence will be important for studying the function of the
protein and for creating mutant variants. To introduce these mutations, oligonucleotide primers
are used Fw-SNM1B-N2461 d(CATGCTGCGTTGGATCCAGACCCACCCTACG) and Fw-SNM1B-
Y273H d(CCACGTCATCCCTCACTCTGACCATTCCTC), which ensure the introduction of specific
changes in the coding sequence of the SNM1B gene.

The first step of site-directed mutagenesis is to perform PCR in the presence of the following
reagents: 1 x PfuUltra Buffer, 0.25 uM of primers, 200 uM of each dNTP, 1-25 ng matrix DNA, 2.5
U of PfuUltra high-fidelity DNA polymerase, and nuclease-free water. The fully mixed reagents
were transferred to a thermocycler. Thermocycling conditions for PCR: denaturation at 98°C - 5
min, 22 cycles of amplification at 98°C - 30 sec, 59°C (depending on primers used) - 10-30 sec,
72°C - 30 sec per kb (depending on the length of cDNA) and final elongation at 72°C for 10 min,
followed by a pause at 4°C.

The second step involves Dpnl (KLD) treatment. 10ul of PCR product is incubated in a
tube containing 1 x reaction buffer and 1U of Dpnl. Cleavage of the PCR product by Dpnl is an
important part of the work. Dpnl cuts only a methylated site, cleaving the template plasmid but
not the newly synthesized PCR-generated product, which allows selection of transformed cells
with a plasmid that has undergone site-directed mutagenesis.

Preparation of competent cells

To prepare competent cells, single colony from fresh plate was inoculated in 30 ml of S.0.C.
(2% tryptone, 0.5% yeast extract, 10 mM NacCl, 2.5 mM KCl, 10 mM MgCl2, 10 mM MgSO, and
20 mM glucose) and grown overnight at 37°C 200 rpm until 0D, ~ 0.4. The following steps
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were carried out at 4°C. Cell culture was centrifuged at 4000 rpm for 20 min at 4°C. Then the
cell pellet was washed with 0.5 Vol of sterile 10% glycerol. After centrifugation at 4000 rpm, 20
min, 4°C, the cell pellet was washed with 0.5 Vol of sterile 10% glycerol. The next centrifugation
step is followed by washing of the pellet with 0.1 Vol 10% glycerol. After the last centrifugation,
0.5-1.0 ml of sterile 10% glycerol was used to resuspend the cell pellet. Cell suspension was
aliquoted by 100 pL in pre-cooled 1.5 ml Eppendorf tubes, which were frozen immediately in
dry ice and stored at -80°C.

Transformation of E. coli cells

For protein expression, E. coli Rosetta 2 (DE3) chemically competent cells (Millipore, Cat. No.
71397-0.2ML) were used for heat shock transformation. Plasmid DNA (pET28c-hSNM1BcoCut,
84 ng/ul; pETHSUL-hSNM1BcoCut, 75 ng/ul) was added to 50 pl of thawed competent cells on
ice and gently mixed. After incubation on ice for 30 minutes, cells were heat-shocked at 42°C
for 45 seconds, then immediately placed back on ice for 2 minutes. 450 pl of SOC medium was
added, and cells were incubated at 37°C with shaking at 200 rpm for 1 hour. Following recovery,
100-200 pl of cell suspension was plated on pre-warmed LB agar plates containing appropriate
antibiotics and incubated overnight at 37°C.

Electroporation NovaXG was purchased from Novagen (Merck Chimie SAS, Fontenay sous
Bois, France). For plasmid propagation, electroporation was performed using E. coli NovaXG
electrocompetent cells. Plasmids (pET28c/hSNM1BcoCut and pETHSUL-hSNM1BcoCut) were
added (50-100 ng) to 25 pl of competent cells on ice and transferred into a chilled 1 mm-gap
electroporation cuvette. Electroporation was carried out using a Gene Pulser (Bio-Rad) under
the following conditions: 1.8 kV, 200 Q, 25 pF. Immediately after electroporation, 350 pl of
SOC medium (37 °C) was added to the cuvette. The cells were gently mixed, transferred to a
sterile tube, and incubated at 37 °C with shaking (200 rpm) for 1 hour before plating on LB agar
containing antibiotics.

Expression and purification of the hNSNM1BcoCut WT protein

E. coli Rosetta2 (DE3) cells (Millipore, 71397-0.2ML) transformed with the expression
plasmids pET28c/hSNM1BcoCut WT and pETHSUL/hSNM1BcoCut WT were grown in 2L
LB medium supplemented with 50 pg/ml kanamycin or ampicillin at 30°C with vigorous
shaking until the optical density at 600 nm (ODggo) reached 0.6-0.8. The temperature was then
reduced to 14°C, and protein expression was induced by the addition of 0.2 mM isopropyl-
B-D-1-thiogalactopyranoside (IPTG). The 2L cultures were incubated for an additional 16
hours at 14°C. all subsequent purification steps were carried out at 4°C. Bacterial cells were
harvested by centrifugation and lysed using a French press at 18 000 psi in 50 mL lysis buffer
containing 20 mM HEPES-NaOH (pH=8.0), 500 mM NacCl, 10 mM Urea, and 0.025% Nonidet
P-40, supplemented with a Complete™ protease inhibitor cocktail (Roche Diagnostics, Basel,
Switzerland). Cell lysates were clarified by centrifugation at 30 000 x g for 1 hour at 4°C. The 40
mL supernatant was adjusted to 500 mM NaCl and 30 mM imidazole, then loaded onto a HiTrap
Chelating HP column (GE Healthcare, Chicago, IL) at a flow rate of 0.5 mL/min. Bound proteins
were eluted with a 15 mL 50-800 mM NaCl gradient in Buffer B2 (20 mM HEPES-NaOH, pH
8.0, 1000 mM NaCl, 10% Nonidet P-40) at a flow rate of 0.5 mL/min. The eluted fractions (0.5
mL) were analyzed by SDS-PAGE, and fractions containing pure hNSNM1BcoCut WT protein were
pooled and stored at -80°C in 50% glycerol.
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Bradford Assay for Determining Protein Concentration

To quantify the protein concentration of Apollo fractions using bovine serum albumin (BSA)
as a standard. BSA stock solution (1 mg/ml) was prepared by diluting 2 pl of 50 mg/ml BSA
in 98 pul PBS. This standard was used to prepare a calibration curve by mixing 1-5 pl of 1 pg/
ul BSA with 900 pl of PBS and 100 pl of 10x Bradford reagent (Bio-Rad, US), resulting in final
concentrations of 1-5 pl of BSA per sample. A blank control was prepared by mixing 900 pl of
PBS with 100 pl of 10x Bradford reagent. For experimental samples, 2 or 4 pl of protein was
added to 900 pl of PBS, followed by 100 pl of 10x Bradford reagent. All tubes were inverted 10
times to ensure proper mixing and incubated at room temperature for 5 minutes. The solutions
were then transferred into 1 ml plastic cuvettes.

The spectrophotometer (Eppendorf BioPhotometer, Germany) was calibrated using the blank
control. Then, the absorbance of standard and sample solutions was measured at 595 nm. Based
on the absorbance of standard values of BSA standards, an average calibration factor of 0.115
A, ./ug was calculated and used to determine protein concentrations in the experiment samples.

Protein analysis by SDS-PAGE

SDS-PAGE was performed using an XCell4 SureLock Midi system (Invitrogen, USA) with a 1
mm thickness ona 10% Bistris Midi Protein Gel (for pure protein fractions) or 4-12% Bistris Midi
Protein Gel (for the fractions recovered during chromatography). NuPAGE MES SDS (Invitrogen,
USA) was used to premix the running buffer. Four times sample buffer (Invitrogen, USA) and
reducing agent, if necessary, were diluted to create the samples, which were then incubated for
ten minutes at 75°C. Each well received the equivalent of 20-25 pg of protein for normalized
uniform loading. Following incubation in 100 ml of Coomassie solution (0.1% Coomassie R-250
in 40% ethanol, 10% acetic acid), the electrophoresis gel was carefully heated in the oven and
then gently shaken on an orbital shaker for 15 minutes at room temperature. The stain was then
decanted, and deionized water was used to rinse the gel once. The gel was heated in a destaining
solution (10% ethanol and 7.5% acetic acid) to produce the desired background.

Preparation of Cy5-labelled Oligonucleotides

To track enzymatic cleavage, oligonucleotides were tagged with the fluorescent dye Cy5
attached to their 3' ends. Following the labeling processes. The labelled oligonucleotides
were purified on a Sephadex G-25 column equilibrated with water. Oligonucleotide duplexes
were constructed by annealing the non-radioactively labelled strand in a solution containing
20 mM HEPES-KOH, pH 7.6, and 50mM KCI. The mixture was heated at 80°C for 5 minutes
before gradually cooling to 4°C. Cy5-labelled oligonucleotide (10puM) cALi-1403-Cy5 and
complementary oligonucleotide. Annealed duplex was kept in small aliquots at -20°C to avoid
freeze-thaw cycles.

Results

The pET28c-hSNM1B and pETHSUL/hSNM1B expression vectors were transformed into
E. coli NovaXG to purify recombinant plasmid DNAs. Plasmid DNA was isolated according to
the Gene]ET plasmid MidiPrep Kit (Thermo Scientific) protocol, and the transformants were
verified for the presence of recombinant plasmids by restriction digestion and PCR analysis.

Subsequently, the plasmids were transformed into E. coli strain RosettaZ2 (DE3), which
carries a chromosomal copy of the gene encoding the T7 RNA polymerase under the control of
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the lacUV5 promoter. Rosetta2 (DE3) is derived from the E. coli BL21 strain and is optimized
for enhanced expression of eukaryotic proteins through the additional plasmid pRAREZ2, which
supplies tRNAs for rare codons such as AGG, AGA, AUA, CUA, CCC, and GGA - codons frequently
found in eukaryotic genes but uncommon in E. coli.

Induction was performed with 0.2 mM IPTG at +30°C, and after cells were grown to
0D600=0.4 at +18°C. Two protein forms were expected: His-hSNM1B (~38.7 kDa) and SUMO/
hSNM1B (~48.7kDa). Strong expression of a 38-40 kDa protein was detected in cells carrying
pET28c/hSNM1B after 2.5 hours and overnight induction, whereas a strong band of 48-50 kDa
was observed in cells containing pETHSUL/hSNM1B under the same conditions. The absence of
the target protein before IPTG induction (0 hours) confirmed IPTG-dependent tight regulation
of expression (Figure 1).
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Note: Total protein samples were collected before induction (Oh), after 2.5h, and following overnight
induction with 0.2 mM IPTG. Lanes 1-3: E. coli expressing pET28c/hSNM1B; Lanes 4-6: E. coli expressing
pETHSUL/hSNM1B. Mw markers: 14.4 kDa-116 kDa. Prominent bands at approximately 38-40 kDa
and 48-50 kDa correspond to the expected His-hSNM1Bcut and SUMO-hSNM1Bcut fusion proteins,
respectively. Molecular weight (Mw) indicators range from 14.4 to 116 kDa (Thermo Fisher Scientific
PageRulerTM).

Figure 1. Expression of recombinant hASNM1B in E. coli Rosetta 2 (DE3) using pET28c and PETHSUL
vectors

The expression of the recombinant hSNM1B protein in E. coli Rosetta 2 (DE3) was performed
using the pET28c/hSNM1B and pETHSUL/hSNM1B vectors. Following IPTG induction, cell lysate
samples were taken at three time points: before induction (0 hours), after 2.5 hours, and after
overnightincubation (ON). SDS-PAGE was used to separate the proteins, and Coomassie staining
was applied to visualize the protein bands in the gel. A band with a molecular mass of about
38.7 kDa, which corresponds to the hSNM1B protein with an N-terminal His6-tag, was detected
in cell lysates that contained the pET28c/hSNM1B construct. A band of around 48.7 kDa, which
represents the hSNM1B protein fused to the SUMO-tag, was been in bacterial cells containing
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the pETHSUL/hSNM1B construct. The effectiveness of expression regulation is confirmed by
the target band’s appearance after and its absence prior to induction. The accumulation of
recombinant protein is indicated by the band’s increased intensity with extended induction.
The presence of extra bands implies the need for additional, more extensive purification since
they show concurrent proteins in the cell lysate (Figure 1).

This study compares the expression and purification efficiency of the human hSNM1B protein
utilizing two distinct expression vectors, pET28c and pETHSUL in E. coli Rosetta2 (DE3) cells
(Figure 2). SDS-PAGE analysis demonstrated that both constructs facilitated the successful
overexpression of recombinant hSNM1B, exhibiting distinct bands at approximately 38.7 kDa
for pET28c/hSNM1B and 48.7 kDa for pETHSUL/hSNM1B, aligning with the molecular weights
of the His6-tagged and SUMO-fused proteins, respectively. Since most of the target protein was
eluted at 500 mM imidazole, it was clear that the N-terminal His6-tag was strongly binding to
the nickel affinity resin. Nevertheless, copurified contaminating proteins were also present in
the elution fractions, indicating that a single affinity purification step is not enough to achieve
high purity. According to other research, additional purification steps such as size-exclusion
chromatography or a heparin affinity column may be required to obtain homogenous proteins
with enzymatic activity towards DNA substrates. Remarkably, the SUMO-fusion construct
(pETHSUL/hSNM1B) produced a more pronounced and distinct band as compared to that of
the pET28c construct, indicating improved expression level and solubility. This conclusion is in
line with earlier research that demonstrated that, in bacterial expression systems, SUMO fusion
tags frequently enhance protein folding and solubility. The presence of a solubilizing fusion
partner like SUMO probably helped to boost the amount of soluble protein because hSNM1B
has several hydrophobic patches and predicted secondary structural components that can
encourage aggregation (Figure 2).

Furthermore, the use of the Rosetta2 (DE3) strain, which provides tRNAs for rare codons,
likely enhanced the production of this eukaryotic protein, consistent with prior findings on
expression optimization in similar E. coli strains. Overall, the pETHSUL vector demonstrated
superior solubility and expression yield, even though both constructs successfully enabled
the recombinant hSNM1B protein production in E. coli. Future work will focus on additional
purification and tag removal.

Next, we attempted to perform functional assays of the purified protein, such as measuring
5’—3’ exonuclease activity toward fluorescently-labelled DNA duplex substrates. In vitro DNA
exonuclease degradation assays were performed using Cy5-labelled DNA duplexes (cALi-1404-
Cy5/G27 ApA) at 37°C for 30 minutes to assess the exonuclease activity of the recombinant
hSNM1B protein. The substrates were incubated with varying concentrations of purified
hSNM1B, and the reaction products were analyzed by denaturing Urea-PAGE followed by
fluorescence detection (Figure 3). Lambda exonuclease (1-5U) (purchased from New England
BioLabs) served as a positive control and, as shown in Figure 3, efficiently degraded the Cy5-
labelled substrates, validating the reliability of assay conditions and the accessibility of DNA
substrates to exonucleolytic 5'—3’ degradation.
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Note: Total lysate, soluble fraction, column load, flow-through, wash, and elution fractions were
analyzed by SDS-PAGE. Samples correspond to E. coli Rosetta2 (DE3) cells expressing hSNM1Bcut from
pETHSUL and pET28b vectors. Proteins were eluted with imidazole at concentrations of 300-500mM.
Distinct bands of ~38.7 kDa (His-hSNM1Bcut) and ~48.7 kDa (SUMO-hSNM1Bcut) were observed in the
elution fractions, indicating efficient expression and purification. Mw markers: 14.4-116 kDa (#26610,
Thermo Fisher Scientific PageRulerTM).

Figure 2. Purification of recombinant hASNM1B proteins from E. coli Rosetta2 (DE3) using HisTrap HP
columns

In contrast to A nuclease, the samples incubated with the recombinant hSNM1B protein
under the standard conditions did not exhibit any degradation of the labelled substrates. No
lower-molecular-weight DNA fragments were observed, and the Cy5’-emitted fluorescence
signal associated with the full-length substrate remained constant across all tested protein
concentrations (2.5 ng to 250 ng). The negative control lanes, which lacked enzyme, confirmed
that the substrates were stable and not subject to spontaneous or non-enzymatic degradation.

The presence of intact, full-length fluorescently labelled 27-mer DNA duplex in enzyme-free
controls confirmed that any observed degradation would arise solely from enzymatic activity
rather than from non-specific breakdown or contamination. As expected, the positive control (A
exonuclease) produced complete digestion of the DNA substrates, confirming the accuracy of
the assay and its functionality.

Interestingly, the DNA substrates showed minor variations in degradation susceptibility. The
cALi-1404-Cy5/G27 ApA substrate appeared more degraded at lower enzyme concentrations
compared with cALi-1403-Cy5/G27 CpA and the modified cALi-1403-U-Cy5/G27 CpA substrate.
These differences may reflect DNA sequence or structural variations (e.g., base modifications or
secondary structures) that influence hSNM1B’s ability to initiate or extend 5’ — 3’ exonucleolytic
cleavage. Specifically, the reduced degradation efficiency of the uracil-containing cALi-1403-U-
Cy5 construct may indicate impaired recognition or processing efficiency.

JLH. 'ymunee amuindarul Eypasus yammuik ynugepcumeminiy XABAPIIBICHL. Buo/102UsifblK FlablMOap cepusicol N24(153)/ 45
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



A.A. Almasbekova, A.M. Turgimbayeva, U.B. Sarsenbayeva, K.O. Sharipov, M.K. Saparbayev, S.M. Taipakova

A B

cALi-1404-Cy5 / G27 Apa cALi-1403-Cy5 / G27 Cpa cALi-1403-U-Cy5 / G27 Cpa
o ) [e)

7 fr. 24-25 & Load X fr. 24-25 3 Load ¥ fr. 24-25 $ Load

= O © = O © = o ©

£ 222322 £ 0522322 L£cog2232°2

CgicmmEoo cwm S <SS ho £ oo cwnm S <SS hwo £ oo

O NV oY g © 0 0O NWN o 0O @ © 0 ONWM o ow @ © n

Vo n<gdo J4d N Uoannhgo0 J 4N VOoawmto JdN

cALi-1404-Cy5 / G27 ApA

Load Flow thr. Wash 20-21 22-23
DD OO OO OO D) &Y D O O O
= = = = = = = | =5 B o |
i (oo N o | (oo T o | m L ] (2o T o | oM

Lambda Exo

Control -K
+K
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Figure 3. Exonuclease activity assay of the recombinant ASNM1B protein using 27-mer Cy5-labeled
DNA duplexes. A) Cleavage of cALi-1404-Cy5/G27 ApA, B) cALi-1403-Cy5/G27 CpA, and cALi-1403-U-
Cy5/G27 CpA duplexes incubated with increasing concentrations of purified hASNM1B
(fractions 24-25). C) Cleavage of cALi-1404-Cy5/G27 ApA duplex incubated with increasing
concentrations of purified hASNM1B (fractions 20-23)

Although the recombinant hASNM1B protein did not display measurable exonuclease activity
under the current experimental conditions, the data confirm the production of soluble and
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structurally intact protein, which represents a key result for further optimization. Future assays
should explore alternative metal cofactors (e.g., Zn2+, Mg2+) modified buffer compositions,
or DNA substrates that better mimic telomeric or cross-linked DNA structures known to be
processed by SNM1B/Apollo.

Our results corroborate the solubility of purified hNSNM1B proteins and validate fluorescently
labeled synthetic DNA duplexes as substrates for 5’—=3’ DNA processing exonucleases. Also,
the substrate-specific variations imply that, consistent with its documented role in DNA repair
pathways, hSNM1B activity may depend on specific DNA sequence or base modification in the
damaged duplex. Our knowledge of the substrate specificity and mechanism of hNSNM1B will be
improved by further biochemical investigations and comparison of the wild-type enzyme with
its mutant variants.

Discussion

In this study, we optimized the expression and purification of the recombinant human
nuclease Apollo (SNM1B), which plays a key role in telomere maintenance and DNA repair [15].
Our results showed that both the pet28c-hSNM1B and pETHSUL/hSNM1B constructs enabled
robust protein expression in E. coli RosettaZ (DE3) cells, albeit with significant variations in
solubility and yield. Specifically, the SUMO-fusion construct (pETHSUL/hSNM1B) produced a
stronger, more defined band (~48.7 kDa) on SDS-PAGE than the His6-tagged construct (~38.7
kDa), indicating improved folding and solubility (Figures 1 and 2). This finding is consistent
with previous studies showing that SUMO tags often improve the solubility and stability of
eukaryotic proteins in bacterial systems [31,32].

Although both expression vector constructs produce the recombinant protein, which binds
efficiently to the Ni-NTA resin, the presence of co-purifying bacterial host proteins indicates that
a single affinity step is insufficient to achieve high purity (Figure 2). This limitation has also been
reported in studies of other SNM1-family nucleases, where additional purification steps such
as size-exclusion chromatography or heparin affinity chromatography were required to obtain
homogenous preparations suitable for biochemical analysis [7,9]. Thus, while we successfully
established baseline purification conditions, further refinement will be essential for structural
and biochemical investigations.

Functional assays using Cy5-labeled DNA duplexes revealed no detectable exonuclease
activity of the recombinant hSNM1B protein under the conditions used (Figure 3). In contrast,
Lambda exonuclease efficiently degraded the same DNA duplex, confirming the validity of the
DNA substrate and assay. Several factors may explain this discrepancy. First, Apollo may require
post-translational modifications or specific protein - protein interactions, such as those with
TRF2 in the “shelterin” complex, to achieve its native activity [15,17]. Co-expression of these
partners with Apollo or expression of the human nuclease in eukaryotic systems, such as Sf9
insect cells, HEK293 mammalian cells, or kidney-derived HKC8 epithelial cells, could restore the
appropriate folding and post-translational modification states required for enzymatic activity.
Second, the divalent cation dependency is a well-established feature of the SNM1 family of
nucleases [8,11]. In the current assay, we used Mg2+ as the metal ion cofactor, but varying the
type and concentration of metal cofactors (e.g., Mn2+, Co2+, Zn2+) or optimizing buffer conditions
(pH, ionic strength, reducing agents) may enhance the catalytic performance of the Apollo enzyme.
Third, substrate design could significantly influence the DNA nuclease activity. Although the Cy5-
labeled duplexes contained CpA and ApA dinucleotide contexts, they may not fully replicate the
physiologically relevant DNA substrates of SNM1B. Testing more complex substrates - such as
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G-rich telomeric sequences, gapped or cross-linked DNA, or structures containing abasic sites -
could provide better insight into the DNA substrate preference of Apollo.

Notably, DNA substrate-specific variations were observed, with ApA-containing duplexes
showing relatively higher susceptibility to degradation compared to CpA or uracil-modified
substrates (Figure 3). This observation supports prior reports that SNM1 nucleases exhibit
sequence- and damaged base-context dependent activity [6,12].

In summary, this work establishes a strong experimental procedure for the production of the
soluble human recombinant SNM1B protein in E. coli, with the SUMO-fusion strategy providing
clear advantages in solubility and yield. Although enzymatic activity was not detected, the results
reveal crucial experimental details that must be improved further - namely, expression host,
metal cofactor composition, and DNA substrate design. Future work employing the eukaryotic
expression system, or co-expression of shelterin components, coupled to systematic divalent
cation testing, will be instrumental for reconstituting the active SNM1B protein to advance
biochemical and structural studies. These studies will ultimately help to explore the SNM1B-
catalyzed activities as potential targets for cancer therapy [6,23].

Conclusion

In summary, although the human recombinant hASNM1B protein did not display detectable
enzymatic activity under the conditions used, a significant achievement of this study was the
successful optimization of its expression and purification as a soluble protein from E. coli.
Overcoming the common challenge of producing soluble human proteins in bacterial systems
represents an important step toward further biochemical and structural characterization of
DNA repair activities of hNSNM1B.

Thelackof observable activity may result from the absence of post-translational modifications,
the use of non-specific DNA substrates, or the requirement for specific cofactors or interacting
partners. Nevertheless, the established protocol for efficient expression and purification
provides a robust foundation for subsequent biochemical studies aimed at refining reaction
conditions, exploring eukaryotic expression systems, and testing physiologically relevant
DNA substrates. Together, these efforts will facilitate a deeper understanding of the catalytic
properties and biological role of hASNM1B, as well as its potential role in genome stability and
cancer biology.
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OnTUMHU3anMs IKCNIPECCUHU U OYMCTKH PeKOMOMHAHTHOrO 6eska Apollo (SNM1B)
C ¥cnoJyib30BaHueM apPUHHOI XpoMaTorpadpuu

A.A. Anmac6ekoBa*'2, A.M. Typrum6aesa?®, Y.b. CapceH6aeBa’?,
K.O. lllapunogs?, M.K. Canap6aeB'®, C.M. TaiimakoBa*

IKazaxckull HQYUOHA/AbLHBIU yHUBepcUmMem uMeHu aab-Papabu, Aamamvl, Kazaxcmau
HHCcmumym mMoaeKyAsipHoU 6uoozuu u 6uoxumuu umeHu M. AtimxoxcuHna, Aamamsi, Kazaxcmat
SHayuoHabHbIll yeHmp 6uomexHoso02uu, Acmana, Kazaxcmat
*HayuHo-uccaedosamenbckuli uHCmumym npo6.em 6uo02uu u 6uomexHoozuu, Kazaxckuti
HAYUOHANbHbLL yHUBepcumem umeHu atsb-Papabu, Aamamel, Kazaxcmax
S«Mexanusmvol penapayuu JJHK u kaHyepozeneza», CNRS UMR9019, Yuusepcumem Ilapuoic-Cake,
Onkosaozuveckuti kamnyc I'ocmasa Pyccu, Buabvictoug, @Pparyus

AHHoTanus. Apollo (Takxe u3BecTHbI kak SNM1B) - HykJ/easa, yyacTByloUlass B CTaOWJIM3aLUU
Tesiomep M penapauuu [JHK, u ero auchyHkius cBsizaHa C pa3BUTHEM psiJia NATOJIOTHH, B TOM
4yycsle MOYeYHO-KJEeTOYHOM KapLHUHOMbL. BHUMaHMe K 3TOMYy OeJIKy YCHJIMJIOCh B CBSI3U C €ro
NOTEeHLUUAJbHOU QYHKLIMEN B KayecTBe MUILEHU [Jis NPOTUBOOMNYyXoJieBoW Tepanuu. Hacrosiujee
UcCAej0BaHHE TMOCBSIIEHO ONTHMM3ALUM 3SKCOPECCMM M OYHUCTKU pPEKOMOHWHAHTHOIrO OeJsika
Apollo (SNM1B) WT c nomombio adpduHHOU xpomaTorpaduu. Jns mpousBojAcTBa 6Gesnka ObLIU
HCIO0JIb30BaHbl 3KCIPECCUOHHble KOHCTPYKUuUU pET28c-hSNM1BcoCut v pETHSUL-hSNM1BcoCut,
TpaHcopMHpOBaHHble B mTaMMbl Escherichia coli (E. coli) Rosetta2 (DE3) u NovaXG. Bapuaiuu
napaMeTpPOB UHJAYKIMM, TaKUX, KaKk KoHleHTpauus IPTG, TeMnepaTypa WHKy6GalUH, TPUCYTCTBHUE
fgeteprenta NP-40, rivuepuHa, MOYeBUHBI U NPOJO/KUTEJIBHOCTb MHKY6allUM NOCJe WHAYKLHY,
OblIM TMOJBEPrHyThl TLIATEJbHOMY TECTHUPOBAHUIO C LieJibl0 ONpe/iesleHUs] ONTUMa/bHbBIX yCJAOBUH
JJIsl TOJIyYeHUs] PacTBOPUMBIX pPEKOMOWHAHTHBIX OesikoB. [lpoliecc OYUCTKH TNPOBOJAUJICS C
vcnoJb3oBaHrueM adduHHoOM XpoMaTorpaduu Ni-NTA. HucToTa M pacTBOPUMOCTDb 6GesIKa OlleHUBAJIUCh
¢ nomoubto SDS-PAGE. IlosyyeHHbIe JJaHHblEe MO3BOJIMJIN ONpeneauTb 3¢deKTHBHbIE YCA0BUS A5
noJsiyueHus1 GyHKIMOHAJBHOIO U BBICOKOOYMILEHHOTO 6esika Apollo, npurogHoro Ajs JajbHeHLINX
6MOXMMHUUECKUX UCCJIeJ0BAaHUH, BKJIIOYasA CKPUHUHT HHTUOUTOPOB /ISl OHKOTepaluH.

KniwoueBsle cioBa: penapauus JHK, Apollo, SNM1B, noyeyHO-K/1€TOYHAs KapLIMHOMA, IOBPEXK/eHue
JHK, 6esok TRF2

Apollo (SNM1B) peKOMOUHAHTTHI 6€/10TbIHbIH, IKCIPECCUSICHIH »K9HEe Ta3aabIFbIH apduHai
xpoMatorpadus aaiciMmeH oHTalIaHAbIPY

A.9. Anmac6ekoBa*'?, A.M. Typrum6aeBa?®, Y.b. Capcen6aeBa’?, K.O. lllapunos?,
M.K. Canap6aeB'®, C.M. TaiimakoBa*
Tan-@apabu amvindarsl Kazak yammuik yHusepcumemi, Aamamol, Kazakcmax
2M. AlimxoxcuH ambvlHOAFbI MOAEKYAAAbIK GU0A02USL HCIHE OBUOXUMUSL UHCMUMYMbl,
Asamamul, KazakcmaH
3¥Ya1mmeolk 6uomexHos02usi opmanvisl, Acmaua, Kazakcemau
*Buos102usl yHcaHe 6UOMEXHO/102Us Maceaenepi FblAblMU-3epmmey UHCMUmMymeul,
an1-Dapabu ameiHdarsl Ka3Yy, Aamamel, KazakcmaH
S“THK sceHdey xHcaHe KaHyepozeHe3z mexaHuamadepi’, CNRS UMR90109, Ilapusic-Caksie yHusepcumenmi,
I'ycmas Pyccu oHkosno02usibiK kamnycsl, Buavexcyud, ®Ppanyus

Anpgarna. Apollo (SNM1B pen Te ataniajbl) — TeJioMepJep/liH, TYPaKTbLIbIFbIH KaMTaMachi3 eTyje
koHe JIHK-HBI )keHey/le KaTbIlcCaTbIH HyKJiea3a. bysl 6eJIOKThIH GYHKUMSACBIHBIH, G6Y3bLIybl GipKaTap
NATOJIOTUSJIAPABIH, COHBIH illiHAe OYHWpPEK >KacyllaJblK KapIHWHOMAaHBIH JaMyblHA OaW/JIaHBICTHI.
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A.A. Almasbekova, A.M. Turgimbayeva, U.B. Sarsenbayeva, K.O. Sharipov, M.K. Saparbayev, S.M. Taipakova

Bys1 6eJIoKKa JiereH KbI3bIFYIIBLIBIK iCiIKKe KapChl TEPANUsSHBIH HbICAHACKHI PeTiHAeri moTeHIHa/ibl
byHKUMsACbIHA 6ailylaHbICThI apTThl. Ochbl 3epTTey pekoMOUHAHTThI Apollo (SNM1B) WT 6e/0oTbIHBIH
3KCIpeccUusicbl MeH Ta3ajblFblH adduHi XpomaTorpadus afici apKblibl OHTaW/JaHJbIpyFa GaFbIT-
TasFaH. besokThlH eHpipici ymin pET28c-hSNM1BcoCut xoHe pETHSUL-hSNM1BcoCut 3kcmpec-
CUSLJIBIK, KOHCTpYyKUuUsiiapel Escherichia coli (E. coli) Rosetta2 (DE3) xone NovaXG mramMm/japbiHa
TpaHcpopManusaanabl. IPTG koHUeHTpanuscel, MHKy6anus Temnepatypachl, NP-40 netepreHTiHiH,
IJIMLEepUH MeH MOYeBHHAHbBIH 00JIybl KoHe MHAYKLUUAAAH KeHiHri MHKyOauus y3aKTbIFbl CUSKTbI
napaMeTpJiepAiH e3repicTepi epUTiH peKOMOUHAHTTBLI OeJIOKThI ajly YIIiH OHTaMJbl KaFAaljapbl
aHbIKTay MaKcaTbIH/a xKyHesi Typae 3epTrensi. Tazanay nponeci Ni-NTA apdunaik xpomaTorpadusicbiH
KOJIZIaHY apKbLJIbI XKYPTi3ini. besiokThIH TazanbiFbl MeH epirimTiri SDS-PAGE amici apKblyibl 6aFaiaH/bl.
AJsbIHFaH MaJjliMeTTep PYHKIMOHAJIbI XK9He K0Fapbl TasdapThbliFaH Apollo 6es0rbIH any yuiiH TUiMAi
apTTapAbl aHbIKTAyFa MYMKIiHAIK 6epai, 6y/ Kejieci GMOXMMUSIBIK, 3epTTeyJiepre, COHbIH, iliH/e
OHKOTepanus YLIiH MHTUOUTOpJIapAbl CKDUHUHITEyTe MyMKIH/IIK Oepefi.
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Abstract. Increasing volumes of livestock waste have created a growing demand
for efficient biotechnological methods for its management. Properly processed
animal waste can not only reduce organic matter accumulation but also serve
as an effective substitute for mineral fertilizers, thereby improving soil fertility.
This study aimed to investigate the use of various organic substrates in the
fermentation of animal waste for the production of biohumus. Thermophilic
microorganisms capable of growth at 50°C were isolated from cattle manure
samples. All isolates were identified as members of the genus Bacillus. Enzymatic
activities were evaluated using qualitative assays for cellulase, protease, amylase,
and urease, along with biochemical tests for catalase and oxidase. The range
of proteolytic index values produced by isolates with protease potential varied
from 0.12 to 1.5. Amylase enzyme was detected in isolates I, II, and IV, with the
highest activity observed in isolate IV (Al = 1.1). Among them, isolates I and
II showed strong enzymatic activity across all investigated substrates, forming
distinct hydrolysis zones that indicated efficient degradation of complex organic
matter. The most active strains, characterized by high viable cell concentrations,
are recommended for incorporation into biopreparations designed to accelerate
organic waste fermentation and improve biohumus quality.

Keywords: livestock waste, fermentation, organic substrates, thermophilic
microorganisms, microbial activity, biohumus

Introduction

Global agricultural production continues to expand each year in response to population
growth, making effective management an increasingly urgent priority [1]. According to the
2023 census, there were more than 8.185 million cattle in Kazakhstan, which is 4.3 percent
more than the previous year, according to the National Bureau of Statistics. In January of that
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year, the livestock population increased further, reaching 8.264 million head. The majority of
cattle are kept on private subsidiary farms (52.4%), followed by farms (38.2%), and agricultural
enterprises (9.4%). Approximately 4.8 million cattle of this, 58.8% are used for dairy farming
[2]. Such an increase in the number of farm animals leads to an increase in the volume of organic
waste, which in turn creates problems of biological safety.

Animal waste can be broadly divided into two main categories: biodegradable and non-
biodegradable. Biodegradable waste consists of solid materials that can be naturally broken
down by microorganisms over time, reducing long-term pollution. Examples include animal
waste such as paper products, plant residues, carrion, feces, and poultry by-products [3].

Biodegradable waste decomposes relatively quickly, it often produces an unpleasant odor
and negatively affects the visual appeal of the environment. In addition, it can contaminate soil
and water sources in urban areas, as it is a favorable environment for the growth of pathogenic
microorganisms (Figure 1) [4].
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Figure 1. Biosecurity issues arising from the accumulation of animal waste. (This image was created
using the BioRender scientific illustration platform)

Furthermore, a substantial amount of ammonia (NH3), nitrous oxide (N,0), "knox" (a
mixture of NO,, NO, and NO,), methane (CH,), and carbon dioxide (CO,) are also released
into the atmosphere by the agricultural sector. Nonetheless, it is well known that nitrogenous
gaseous molecules (NOy, N,0, and NH3) can result in serious biological issues. NOy helps create
ozone in the troposphere, N, O is a greenhouse gas that contributes to the loss of stratospheric
ozone, and ammonia can cause soil acidification and eutrophication of water systems. Methane,
with a global warming potential (GWP) of 21, is a potent greenhouse gas that influences the
climate directly through interactions with long-wave infrared radiation and indirectly through
atmospheric oxidation processes. Methane accounts for around 18% of the greenhouse effect
and is the second most important greenhouse gas after CO [5].

However, assuming proper application of animal waste resources can not only decrease the
amounts of waste but also effectively replace mineral fertilizers, traditional fodder, and cooking
gas [6]. By breaking down organic waste into simpler compounds like carbon dioxide (CO;),
methane (CO,), hydrogen (H;), hydrogen sulfide (H,S), and water (H,0), microorganisms are
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able to receive the energy they require for growth and reproduction. They aid in the breakdown
of organic matter; the soil's capacity to clean itself, the development of its fertility, the conversion
of humus, and the preservation of the mineral and cellulose balance. Furthermore, it is well
known that microorganisms actively participate in the removal of different organic pollutants
from the environment [7-8]. Thus, recycling animal waste not only produces energy and organic
fertilizers but also reduces the pollution problems associated with such waste. By treating waste
as a potential resource rather than a harmful element, air, water, and soil pollution, as well as
the spread of toxic substances, can be prevented [9].

In addition, poor soil and erosion can lead to the need to increase its fertility, which in turn
opens up the possibility of rational use of livestock waste. The use of agricultural waste based
on the bioenzymatic activity of microorganisms that improve soil fertility is an economically
rational solution.

The technological parameters of fermentation by microorganisms are aimed at the efficient
transformation of the initial mixture into high-quality, environmentally friendly organic fertilizer
[10]. Understanding the fermentation processes allows for the controlled fermentation of
organic matter, which leads to the production of natural organic fertilizer and the extraction of
humic substances from it [11].

The purpose of this study is to investigate the activity of new strains of thermostable
microorganisms on various substrates, which can be used to optimize fermentation processes
and produce high-quality biohumus.

Materials and research methods

Isolation and selection of thermophilic microorganisms

[solation of pure bacterial cultures included a number of stages: selection of sources, sampling,
inoculation of microorganisms onto solid media by serial dilution, and isolation of pure cultures.

To isolate microorganisms, 1g of cattle manure (Cattle manure samples were collected from
farms in the Akmola region, Kazakhstan) was suspended in sterile NaCl (9%) solution, serially
diluted, and plated onto meat-peptone agar (MPA) using the 2-4-6 method and incubated at
50°C for 48 hours (Figure 2). After incubation, isolated colonies were selected and isolated onto
fresh MPA medium by Gold streaking for further study.

Cattle manure
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Figure 2. Isolation of microorganisms using the serial dilution method. (This image was created using
the BioRender scientific illustration platform)
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Cultural and morphological analysis of microbial isolates

Foreachisolatein Petridishes,amorphological study was carried out, depending on the shape,
color, transparency, and bacterial cell ends. Then, Gram staining was performed for microscopic
examination of the morphology of the isolates. First, the suspension of microorganisms was
collected from the Petri dish using a bacteriological loop and transferred onto the surface of a
glass slide containing a drop of distilled water. The smear was then air-dried or heat-fixed by
briefly passing it through a flame. Then the preparation was stained with crystal violet solution
for 1 min. Crystal violet was treated with Lugol's solution (1 min), and after stabilization, it
was decolorized by dropping ethanol or acetone. The preparation is additionally stained with
Safranin solution to give color to Gram-negative bacteria. After each stage, the preparation is
rinsed with water.

The stained preparations are examined using immersion microscopy to study the morphology
of the bacteria.

Study of the biochemistry of microorganisms

(a) The catalase test was performed using 3% hydrogen peroxide (H,0;). A small amount of
24-hour pure culture of bacteria was smeared onto a glass slide using a sterile bacteriological
loop. Then, 3% H,0, solution was dripped onto the test (1-2 drops). As a result, the appearance
of visual gas bubbles was considered a positive reaction [12]. (b) Commercial oxidase discs
(HiMedia, India) were used to conduct the oxidase test. The test was performed according to the
manufacturer's instructions: the oxidase disc was treated with the bacterial culture. The results
were evaluated by the change in the color of the disc to purple within 30 seconds.

Preparation of various substrates for the evaluation of the enzymatic activity of microorganisms

(a) To test the proteolytic activity of microorganisms, a culture medium based on skim milk
was prepared (skim milk agar medium by MicroMaster, prepared according to manufacturer
specifications). The culture medium was prepared by dissolving 3.5 g peptone, 3 g yeast extract,
and 15 gagarin 700 ml distilled water and sterilized in an autoclave at 1 ATM. 300 ml of skim milk
was added to the culture medium after sterilizing in an autoclave at 0.5 ATM and allowed to cool
slightly. The culture medium was poured into Petri dishes. Bacterial isolates were inoculated by
the spot inoculation method and incubated at 50°C for 48 hours. After incubation, the results
were obtained based on the appearance/absence of a clear zone. If the microorganisms are able
to degrade casein (a protein in milk), a transparent zone appears around the areas where the
bacteria have grown.

(b) The culture medium for determining the amylolytic activity of microorganisms was
prepared by dissolving 10 g of peptone, 5 g of KH,PO,, 18 g of agar-agar, and 2 g of starch,
the main substrate, in 1L of distilled water. The culture medium was sterilized in an autoclave
and poured into Petri dishes. A 48-hour culture of bacterial isolates was incubated at 50°C
for 48 hours. To visualize the results, the tests were stained with Lugol's solution (2 ml) after
incubation [13].

(c) The medium for identification of cellulolytic activity was prepared based on NaNO;-
2g, MgS0,4-0.5g, KC1-0.5g, K,HPO,-1g, peptone-0.2g, agar-agar-17g and the substrate CMC-
Na (Sodium Carboxymethyl Cellulose). The medium was sterilized in an autoclave at 1 ATM
and poured into Petri dishes. Bacterial isolates were inoculated using the plaque method and
incubated at 50°C for 48 hours. To visualize the results, the samples were stained with 5ml of
0.1% Congo red solution for 30 minutes after incubation and washed by treating with 1 M NacCl
for 5 minutes [5].
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(d) Urea-degrading microorganisms were studied on a medium based on 25 g urea base agar
and 20 g urea solution in 1L of distilled water. The medium was sterilized in an autoclave and
poured into test tubes in a slanting position. Bacterial isolates were inoculated into test tubes by
streaking and incubated at 50°C. Samples were monitored for 6-24 hours, and the results were
obtained after 72 hours of incubation. Cultivation of microorganisms in this condition is used to
ensure rapid reaction (in the presence of microbial activity, the pH of the medium changes due
to the release of nitrogen from urea, turning it pink) and to reduce urea evaporation. The results
are visually observed by a change in the intensity of the color of the medium [14].

To quantitatively assess proteolytic, amylolytic, and cellulolytic activity, an additional
hydrolysis index (I) was calculated according to the following formula (2) [15]:

_ Dz —Dc (2)
Dc

I

Where:

[-activity index

D -diameter of the hydrolysis zone
D -diameter of the colony

Identification of microorganisms

Pure cultures, which were re-examined microscopically, were grown in the medium for
24 hours at 50°C. After incubation, the samples were sent to a specialized laboratory for
identification by MALDI-TOF mass spectrometry, performed according to standard protocols.

Checking the viability of microorganisms

Serial dilutions of the test sample are prepared using the Miles and Misra method. The
bacterial culture is serially diluted up to 107*° in physiological saline (0.9% NaCl). Then the
agar in a Petri dish is divided into eight equal sectors. Starting from the third dilution (1073),
the resulting test was inoculated in the form of drops on the surface of solid culture medium.
The cultures are then incubated to allow the growth of colonies. Colony counting is carried out
in the drop zones that show the highest number of discrete colonies that do not coalesce after
appropriate incubation. The samples were incubated at 50°C for 24 h. After a specified time,
the presence and density of colonies in each sector are assessed, which allows determining the
viability of bacteria at different dilution levels.

Statistical analysis

All experiments were performed in quadruplicate, and the results are presented as mean *
standard deviation (SD). Statistical significance of differences among isolates was evaluated
using one-way analysis of variance (ANOVA) followed by Tukey’s honest significant difference
(HSD) test at a significance level of P < 0.05. All analyses were performed using Jump (version 8).

Results

Isolation and selection of thermophilic microorganisms

Microorganisms were isolated by the serial dilution method based on samples taken from
cattle feces. As a result of incubation on meat-peptone agar (MPA) at a temperature of 50°C for
48 hours, numerous colonies with different morphological features were formed.

After incubation, individual colonies that differed in macroscopic characteristics were
selected from the colonies formed. As a result of pure cultures obtained by re-inoculation by
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the Gold method, 15 different thermophilic bacterial isolates were obtained. These isolates had
different colony morphology and strains were selected from them for further study.

Among the isolates obtained, five strains demonstrating the highest enzymatic activity were
selected for further analysis.

Colony description

The colonies of the selected strains grown on nutrient media had different morphological
characteristics (Figure 3):

Colonies of isolate I were shiny, yellowish, with a dry shell, had a complex shape, and were
distinguished by a convex structure, teardrop-like elevations, and crater-like formations.

[solate Il formed yellowish colored colonies with a dry surface; their edges were rhizoid, and
their structure was flat.

Colonies of isolate III were flat, shiny, and round, with irregular, jagged ends.

[solate IV produced dark, flat colonies with a yellow-orange hue and a structure resembling
concentric rings.

[solate V developed flat, dark-yellowish colonies with a round shape and clearly irregular
ends.

10cm

Figure 3. Colonies of microorganisms. I-V-correspond to isolates numbers; Scale bar = 10cm

Microscopic description

When examining the microscopic appearance of microorganisms, it was found that all the
isolates studied were gram-positive, round rods with pointed ends (Figure 4). Spores were
observed in all isolates. They are often located on the outside, but also inside the bacteria. The
morphology of bacteria differs from each other in shape and length of the rods.

Gram +, short rods with rounded ends, spores on the outside and in the middle.

Gram +, short rods with rounded ends, rare spores on the outside and in the middle of the
rods

Gram +, short rods with rounded ends, many spores, located on the outside and inside (in
the middle)
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Gram +, short rods, "microphone"-shaped rods are often found, spores are located separately.
Gram +, short, thin rods with rounded ends, few spores, "microphone"-shaped rods are found.

Figure 4. Microscopic morphology of bacterial isolates. I-V corresponds to isolates numbers;
Scale bar = 10 um.

Biochemical assay results

Assays performed to characterize the biochemical properties of the bacterial isolates, all
tested isolates exhibited positive activity for both enzymes. However, the intensity of the oxidase
test showed lower indicators.

As aresult of the catalase reaction (1), the decomposition of hydrogen peroxide on the surface
of the glass slide by the catalase enzyme led to the formation of 02 gas bubbles (Figure 5a):

2H.0,~> 2H.0+0.1 (1)

Apositive result of the oxidase test confirms that the bacteria possess the cytochrome C oxidase
enzyme, which uses oxygen as an electron donor in the final stage of the respiratory chain. The
result of the reaction can be observed by the color change of the cytochrome-C oxidase enzyme
when it interacts with a chemical indicator on the oxidase disk (Figure 5b).

Figure 5. Biochemical (a) catalase and (b) oxidase tests. k-indicates control
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Evaluation of the enzymatic activity of microorganisms based on various substrates

The qualitative assessment of four enzymatic activities: proteolytic, amylolytic, cellulolytic,
and urease, was performed on the isolated microorganisms, representing a key component of
the experimental work. The results were observed due to the appearance of transparent zones
around the colony or a change in the color of the culture medium. The clear zones formed in the
activity test qualitatively indicate the ability of bacterial isolates to produce hydrolysis enzymes.
It is believed that the larger the formed transparent zone, the more positively it correlates with
the ability of these isolates to produce the corresponding enzymes.

Calculating the activity index allowed us to compare the efficiency of enzymatic activity
between different isolates, since it took into account not only the presence of the zone, but also
the ratio of the hydrolysis zone diameter to the diameter of the bacterial colony itself. A higher
ratio indicates a greater enzymatic activity exhibited by the microorganism.

Proteolytic activity was determined on a medium containing casein proteins. In this
study, the appearance of transparent zones around the colonies indicates the area of protein
degradation. Hydrolysis by the protease enzyme was shown by isolates [, II, IV, and V (Figure 6).
The proteolytic activity index values are shown in Table 1 and Figure 7. The range of proteolytic
index values produced by isolates with protease potential varied from 0.12 to 1.5. Isolate No. V
showed the most pronounced proteolytic activity in terms of the volume of the hydrolysis zone
and the calculated index.

10cm

Figure 6. Proteolytic activity. I, II, IV, V correspond to isolates numbers; Scale bar = 10cm

Table 1
Average proteolytic index (PI) of thermophilic bacteria isolated from cattle manure (n-4)
Ne Isolate Diameter Diameter of the hydrolysis zone | Proteolytic Index
of the colony (mm) (mm) (PI)
1 [ 13 17 0.30
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Figure 7. Comparison of proteolytic activity (PI) among thermophilic isolates. Bars represent mean *
SD (n = 4). Different letters indicate significant differences between isolates (Tukey’s HSD, P < 0.05)

Amylolytic bacteria break down starch and glycogen using amylases, including o- and
-amylases. The resulting hydrolysis products, such as glucose, serve as a source of carbon and
energy for microorganisms and a source of nutrients for plants [16].

Therefore, amylolytic activity was assessed on a starch-based medium. The results were
visualized, and the area of hydrolysis was stained with iodine solution, an indicator of starch.
Clear zones around the colonies indicate starch degradation. Amylase enzyme was detected in
isolates [, I, and IV, with very high activity observed in isolate IV (Al=1.1). The results are shown
in Figure 8, and the amylolytic index is shown in Table 2 and Figure 9.
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10cm

Figure 8. Amylolytic activity. I, I, IV correspond to isolates numbers; Scale bar = 10cm

Table 2
Average amylolytic index (AI) of thermophilic bacteria isolated from cattle manure (n-4)

Ne Isolate Diameter of the Diameter of the hydrolysis Proteolytic Index
colony (mm) zone (mm) (PI)
1 I 24 30 0.25
20 32 0.6
23 28 0.30
27 34 0.26
2 11 27 35 0.29
33 35 0.06
28 30 0.07
28 30 0.07
3 IV 11 21 0.9
10 20 1
9 19 1.1
10 20 1

0,8

0,6

Amylolytic Index (Al)

0,4

0,2

Ll v
Isolates
Figure 9. Comparison of amylolytic activity (Al) among thermophilic isolates. Bars represent mean *
SD (n = 4). Different letters indicate significant differences between isolates (Tukey’s HSD, P < 0.05)
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Cellulolytic activity was studied in a medium containing sodium carboxymethylcellulose
(CMC-Na). Degradation was visualized as decolorized zones surrounding the colonies following
staining of the medium with Congo red solution. Cellulolytic activity was detected in isolates
I, II, I1I, and V (Figure 10). However, the hydrolytic activity exhibited by isolates Il and V was
markedly low (Table 3, Figure 11).

Figure 10. Cellulolytic activity. I, II, IIl, V correspond to isolates numbers; Scale bar = 10cm

Table 3
Average cellulolytic index (CI) of thermophilic bacteria isolated from cattle manure (n-4)

Ne Isolate Diameter of the Diameter of the hydrolysis Proteolytic Index

colony (mm) zone (mm) (PI)

1 I 18 30 0.66
16 28 0.75

17 29 0.70

17 30 0.76

2 II 18 25 0.39

20 33 0.65

19 27 0.63

20 33 0.65

3 IV 5 7 0.4
5 7 0.4

6 8 0.33

4 5 0.25

4 \' 4 5 0.25

4 5 0.25

3 4 0.33

4 5.5 0.375
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Figure 11. Comparison of cellulolytic activity (CI) among thermophilic isolates. Bars represent mean +
SD (n = 4). Different letters indicate significant differences between isolates (Tukey’s HSD, P < 0.05)

Urease enzyme activity was assessed by the color change of a medium containing urea and
red phenol as a pH indicator. The results were interpreted in terms of the intensity of the pink
color change of the medium, which occurred due to the formation of ammonia during the
decomposition of urea and the increase in the pH of the medium. Isolates I, 11, III, and IV, shown
in Figure 12, showed very high urease activity.

A culture of Klebsiella pneumoniae, known for its high urease activity, was used as a positive
control, which caused the medium to turn a deep pink color. As a negative control, E. Coli, which
does not show urease activity, was inoculated, resulting in a yellow coloration. Also, as a control,
the pure medium without inoculation retained its original orange color.

IT

Note: Klebsiella-positive control, Empty-clean medium without microorganisms, E. Coli-negative
control

Figure 12. Urease Activity Assay. I, I1, III, IV correspond to isolates numbers

Currently, microbial enzymes have almost completely replaced synthetic analogues in a
number of industrial sectors [17]. Thus, the obtained results showed that most of the isolates
studied had several types of enzymatic activity. Isolates I and II exhibited positive results across
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all four tested enzymatic activities, demonstrating notable activity potential. Based on their
high enzymatic performance, these isolates were selected for further investigation.

Identification of microorganisms

To determine the taxonomic affiliation of the isolated microorganisms, identification was
carried out using MALDI-TOF mass spectrometry. The results of the analysis of protein profiles
showed that all the isolates studied belong to the genus Bacillus.

As a result of the identification, it was determined that the isolates studied belong to the
species Bacillus licheniformis, Aeribacillus pallidus, Geobacillus thermodenitrificans, and Lysinibacillus
sphaericus (Table 4). All of these species are microorganisms with high enzymatic activity,
the ability to decompose complex organic compounds, and have valuable properties from a
biotechnological point of view.

Table 4
Taxonomic affiliation of the studied isolates

Ne Isolate Genus Species

1 | Bacillus B. licheniformis

2 I1 Bacillus B. licheniformis

3 1 Aeribacillus A. pallidus

4 IV Geobacillus G. thermodenitrificans
5 \ Lysinibacillus L. sphaericus

Assessment of microbial viability

To assess the viability of microorganisms, a tenfold dilution series of the test samples was
performed up to the 10 level. 10 pl of the sample from each dilution was evenly dropped
onto the surface of the solid medium in separate sectors of a Petri dish. After incubation under
optimal conditions, the number of colonies grown was counted.

Since the droplet volume used was 10 pl (i.e., 1/100 of 1 ml), the following formula (3) was
used to convert the obtained data to a standard unit of measurement (CFU/ml) [18]:

CFU/ml=Number of coloniesx100xDilution level (3)

Where:

Number of colonies - the number of colonies grown in 10 pl of suspension,
100 - the conversion factor for 1 ml of solution,

Dilution level - takes into account the dilution of the original sample.

Thus, each cultured colony showed the presence of one viable cell per drop of the test dilution,
and the final re-counting allowed us to determine the total number of viable microorganisms in
the original sample (Table 5).

Table 5
Determination of the viability of isolates
Ne Isolates Dilution degree Number of colonies CFU/ml
1 I 107 no separate colony > 10 CFU/ml
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2 11 10° 2 2x108 CFU/ml
3 II 10°® 20 2x10° CFU/ml
4 IV 10°® 9 9x10® CFU/ml
5 \' 10° 5 5x10% CFU/ml

The obtained data show that the viability of microorganisms was maintained in all studied
samples to the order of 107 and 1077 (Figure 13), and the concentration of viable cells varied
from 5x10% to 10,, CFU/ml. In the first sample, the concentration of viable cells was so high
that it was not possible to separate colonies even at a dilution of 1077, which indicates that the
permissible limit of standard counting was exceeded. The viability of samples II, III, IV, and V
ranged from 5x10® to 2x10° CFU/ml. These values confirm the presence of a large number of
viable microorganisms in the studied samples.

Figure 13. Bacterial viability. I-V correspond to isolates numbers; Scale bar = 10cm
Discussion

Cattlefecesarearich source of microbial diversity,as evidenced by theisolation ofthermophilic
microorganisms from them. The obtained isolates show potential for biotechnological appli-
cations, particularly in the context of fermenting organic waste.

These strains were distinguished by their ability to accelerate the decomposition of substrates
and were recognized as promising for future use as the main components of a bioconsortium in
the production of biopreparations.
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Recent research highlighting the significance of thermophilic bacterial strains in high-
temperature composting and waste bioconversion is consistent with the isolation and
characterization of these organisms from cattle manure. Temperatures between 50 and
80°C promote the growth of thermophilic microorganisms during the thermogenic phase of
composting, especially spore-forming Gram-positive bacteria like those in the Bacillus genus,
which predominate microbial communities and play a major role in the breakdown of organic
matter [19].

The tests showed that the isolates exhibit various enzymatic activities, indicating their role
in organic matter decomposition. Studies by T. A. Ogunnusi and O. Olorunfemi have shown that
cattle manure is arich substrate for the growth and activity of proteolytic microorganisms due to
the high content of organic compounds, including proteins. The protein components of manure
serve as a source of amino acids and peptides formed as a result of enzymatic decomposition
[20]. Protein hydrolysis in this substrate is carried out due to the activity of bacteria that
synthesize proteases capable of breaking down casein and other complex protein structures.

The observed amylase activity, especially pronounced in isolate IV, indicates that these
microorganisms are capable of efficient starch degradation. Such enzymatic potential not only
reflects their adaptability but also points to their possible role in enhancing nutrient cycling
and soil fertility. Amylolytic activity has also been reported in other Bacillus strains isolated
from cattle manure. For example, Bacillus subtilis CM3 produces thermostable a-amylase
with an optimum at 50-70°C and pH 5-9, making it highly relevant for composting and feed
bioconversion applications [21].

Cellulose can be degraded by cellulases produced by thermophilic bacteria, mainly Bacillus
spp., effectively hydrolyzing cellulose even at temperatures up to 70°C and under variable pH
conditions [22].

Cellulose is the most abundant renewable organic resource in nature, comprising
approximately 45% of the dry weight of wood. The microbial degradation of cellulose has been
extensively studied for decades. The function of cellulase is to hydrolyze cellulose by breaking
the a-1,4-glycosidic bond in the main structural polysaccharide of plants. The mechanisms of
cellulose degradation are constrained by many factors, including the complexity of the substrate
and the number of enzymes involved [23].

Recent data show that thermotolerant Bacillus inoculation increased cellulose degradation
rates up to 57% in composting systems, supporting the reliability of our observed enzymatic
potential [24].

Several isolates demonstrated cellulolytic potential, consistent with previous findings
that thermophilic Bacillus strains are key degraders of cellulose in compost environments.
Nevertheless, the hydrolyticindex of isolates I1l and V is significantly lower than other indicators.
Notably, the third isolate demonstrates weak cellulase activity and have no detectable proteolytic,
amylolytic or catalase functions. However, it showed strong urease activity, indicating that,
despite its low enzymatic activity, this isolate could still contribute to nitrogen cycling during
organic matter decomposition.

The main source of nitrogen in animal waste is urea, which is converted to ammonia by the
enzyme urease [25]. Urease is highly specific and catalyzes the breakdown of urea to unstable
ammonium carbonate, which then decomposes to form ammonia and carbon dioxide [26].
Supporting our findings on urease activity and nitrogen-cycle involvement of isolates, Cao et
al. (2024) reported significant enhancement of nitrification gene abundances and nitrogen
retention in manure composts inoculated with Bacillus strains [27].
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The results of the oxidase and catalase tests, in addition to serving as indicators of the
biochemical characteristics of the studied isolates, provide essential preliminary data for their
further identification. These enzymatic assays offer insight into the physiological properties of
the bacterial strains and contribute to their classification within specific taxonomic groups.

Catalases are one of the ROS defense enzymes, which can decompose harmful oxygen
compounds such as hydrogen peroxide (H,0;) [28]. Therefore, this property proves that they
are adapted to live in aerobic or facultative anaerobic environments.

Oxidative activity indicates that the bacteria use oxygen for energy metabolism, which
confirms that they belong to aerobic or facultative aerobic organisms. However, the weak
reaction may indicate low enzymatic activity in the studied bacteria.

The above-mentioned species belonging to Bacillus genus are considered promising agents for
the creation of bioconsortiums and their use in various application areas, such as environmental
biotechnology, agriculture, and organic waste processing. Choudhary & Johri (2009) and
Ubani et al. (2016) found that 87% of randomly selected colonies in the thermophilic phase of
compost belonged to the genus Bacillus [29, 30]. Then, Nayara Noreen et al. (2019) reported
similar results. The abundance of thermotolerant and thermophilic Bacillus species in compost
samples is due to the thick spore walls of these microorganisms, which are characterized by
their high adaptability to extreme conditions [31].

These isolates were recovered from cattle manure in the Akmola region, which to our
knowledge has not been previously reported for thermophilic Bacillus strains applied in
biohumus production, thereby representing a locally-adapted candidate set for industrial
waste-fermentation applications. In this context, the genus Bacillus includes a wide range of
species with important biotechnological properties, such as enzymatic activity, antagonism to
pathogensandtheability tobiodegrade complex compounds. Therefore, the combined enzymatic
potential (proteolytic, amylolytic, cellulolytic, and ureolytic activity), together with oxidative
stress resistance and high adaptability, suggests that Bacillus isolates from cattle manure are
excellent candidates for industrial bioprocesses, compost enhancement, and sustainable waste
valorization strategies. What makes them useful for the formation of bioconsortiums and
further biotechnological applications.

Conclusion

The development of microbial technologies that allow the reuse of organic waste as
fertilizer ensures the efficient use of valuable biological resources [32]. Thermophilic bacteria
are particularly promising in the management of livestock waste, since their activity at high
temperatures allows for significantly reducing the fermentation time and obtaining a product
with high agrotechnical properties. Therefore, in the context of the present study, thermophilic
bacterial cultures belonging to the Bacillus genus were isolated from cattle manure, which
are distinguished by high viability and enzymatic activity. The study of their activity on four
different organic substrates showed that a number of isolated microorganisms exhibited stable
activity on all tested substrates. This indicates their ability to effectively decompose complex
organic compounds into simpler forms, which significantly improves the availability of nutrients
to plants. The results obtained confirm the prospects for further study of the isolated strains.
Since this study is part of a larger scientific project aimed at creating a biopreparation based on
thermophilicbacteria, itis planned to further study the antagonistic activity and biocompatibility
of the isolated strains in order to create an effective bioconsortium for obtaining an industrial
biopreparation in the future. Thus, the practical significance of the conducted studies, in turn,
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opens prospects for environmentally safe processing of livestock waste and contributes to
solving the problems of increasing soil fertility in conditions of sustainable agriculture.
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OpraHUKaJbIK, Cy6CTPaTThl CTPATETHSJIBIK TaHAAY apKbLJIbI MaJl IIAPyallbLIBIFbI
KaJIAbIKTapbIHbIH, )epMEeHTAIUACBIH OHTaIaHAbIPY

E. Meip3a6ekkbi3bl), JK.B. Teke6aeBa?, A.b. A6:kasesioB?, K.A. Ky/mkaHoBa?,
K.M. Bekmnn?, A.)K. Temip6ekoBa2, /I.0. EBHeeBa?, A.T. AMaHTaeBa?,
A.B. Kypman6aega?, )K.K. MacasimmogB?, A.B. TemipxaHnogr?, ’K.A. Hyp6ekoBa*!
JLH. T'ymunee amviHdarsl Eypasus yammolK yHugepcumemi, Acmaua, Kazakcmat
2Pecny6.1uKa/iblK MUKpoopaaHusmoep scuHarsl, AcmaHa, Kazakcman

Avpaarna. KaHyapsiap KaJIABIKTapbIHBIH, ©Cill KeJjie »KaTKaH KeJieMi OHbl OHJAEeYAiH THIMAI
OGUOTEXHOJIOTUSIIBIK dJiCTepiHe CYpaHBICTBIH apTyblHA 9Kesin cofajbl. MyHJall KaJaJbIKTap Te3
BI/IbIpai/ibl, XXUi KaFbIMChI3 MiCTepAi WIbIFapajbl KoHe KopllaFaH OPTaHbIH 3CTETHUKAJbIK CalacblH
HauapJsaTazabl. COHbIMEH KaTap, TONbIPaK MeH CYAbIH JIaCTaHybl MAaTOTE€H/iK MUKPOOPTaHU3MAEPAiH
KebeloiHe KoJal/bl xKaFaal 60Jibln TabbLIaAbl. Mas 1apyalllblIbIFbl KaJAbIKTapblH AYPbIC 6HAEY
OpraHUKaJblK3aTTapAblHXXUHAKTa/JyblHa3aUThIN KAHA KOMMail, MUHEPaJIIbl ThIHAUTKbIIITapAbl THIM /i
QJIMaCTBIPBII, TOMBIPAK, KYHAPJIbLIBIFBIH apTThIpaAbl. By 3epTTeyaiH MakcaThl GUOTYMYC OHAIPY YIIiH
*KaHyapJap Ka/JbIKTapblH alllbITy/la 9PTYPJii OpraHUKaJbIK Cy6CTpaTTapAbl NailjjasaHyibl 3epTTeY
6oJibin TabbL1aAbL. Ipi Kapa Mau keHi yarisepineH 50°C TeMmnepaTypaja ecyre KabineTTi TepModuiabai
MHUKpoopraHnuaMmep 6eJiiHin anblHAbl. bapablk usonsattap Bacillus TybICbIHBIH 6KijiAepi peTiHze
a"bIKTaAIbl. PepMeHTTIK GesiceHALTIK 1e/l0/1a3a, NpoTeasa, aMU/Ias3a KoHe ypeasa YIIiH camasbl
TaJiiay/iap JKoHe KaTasia3a MeH OKCH/ia3a OGMOXUMHUSJIBIK, ChIHAKTaphl apKbLJIbl OaFajaH/bl. OMipileH,
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»KacylajapbIHbIH KOHLIEHTPAIHSCHI )KOFaphl, eH 6eJICeH/ i MTaMMap OpraHUKaIbIK KaJabIKTapIblH,
bepMeHTaIUSChIH XKeIeJIIeTYTe KoHe 6UOTYMYC calachlH apTThIpyFa apHaJIiFaH GUoIpenapaTTap/bIH,
KypaMbIHa eHTi3y YIIiH YChIHbLIA/bL.

TyitiH ce3aep: Mas mapyalbLIbIFbl KaJbIKTaphl, GepMeHTal s, OpraHUKaJibIK Cy6CcTpaTTap, Tep-
MOQUJIB/Ii MUKPOOPTaHU3M/IEP, MUKPOOTHIK 6eJICeHAITIK, GUOryMyc

OnTuMusanus ¢pepMeHTALUN OTXOA0B }KUBOTHOBO/CTBA NMOCPEACTBOM CTPATErNYECKOT0
BbIOOPA OPraHUYeECcKOro cyocrpara

E. Mbip3a6ekkbi3bll, K.B. Teke6aeBa?, A.B. AG:kasesion?, K.A. KymkaHoBa?,
K.M. Bexkmnn?, A.)K. Temupoekora?, /1.0. EBHeeBa?, A.T. AMaHTaeBa?,
A.B. Kypman6aega', XK.K. Macaimmog?, A.B. Temupxanos?, ’K.A. Hyp6ekoBa*!
1Eepa3sutickuli HaYuoHaIbHLIU yHugepcumem um. JI1.H. 'ymuneea, Acmana, Kasaxcmau
‘PecnybaukaHckas KoA/eKyust MUKpoop2aHu3mos, Acmawa, Kazaxcmau

AHHoOTanusA. Pactyuye o6beMbl OTXO/0B >KMBOTHOBOJCTBA CO3JaJM pacTyIUH crnpoc Ha 3dpdek-
THUBHble OMOTEXHOJIOTUYECKHE METO/bl UX MepepaboTKH. Takhe 0TX0Abl OBICTPO pa3/aralTcs, 4acTo
Bbl/leJIs1s1 HENPUSATHbBIE 3alaxy U yXyAllas 3CTeTUUecKoe KauyeCTBO OKpY»Katolell cpefbl. Bosee Toro,
3arpsi3HeHHe MOYBbl M BOJbl CO3/AeT GJIAaroNnpUsTHbIE YCJAOBUSA JJsi PAa3MHOXXEHUS MAaTOTeHHBIX
MHUKPOOPraHu3MoB. [IpaBU/JIbHO mNepepaboOTaHHblE OTXO/bl >KMUBOTHOBOJACTBA MOTYT HE TOJIbKO
CHU3UTb HAaKOIJIeHHEe OPTaHNUYeCKOT0 Bell|eCTBa, HO U CIYKUTb 3¢ eKTUBHON 3aMeHON MUHepa/bHbIX
yA06peHUH, TeM caMbIM OBBIIIAsA JIOJ0POAMe MOUBLI Lles1blo JaHHOT0 HCC/eJ0BaHUA Obl/I0 U3yYeHHe
MCI0JIb30BaHUS Pa3/IMYHbIX OPTaHUYECKHX CYOCTPATOB NPHU pepMeHTaL MU OTXO0/L0B YKUBOTHOBO/CTBA
JJIsl IPOU3BOJICTBA GUoryMmyca. M3 o6pa3ioB HaBo3a KPYMHOIO POraTOro CKOTA ObLIM BblJeJIEHBI
TepModUIbHbIE MUKPOOPTraHU3MBbl, CIOCOOHBIE pacTy npu TeMnepatype 50 °C. Bce u30a4ThI 6bLIH
UJeHTUHULMPOBaHbI KaK NpeAcTaBUTeNU poja Bacillus. PepMeHTaTUBHAs aKTHBHOCTD OLleHHMBaslach
C TOMOIbI0 KayeCTBEHHbIX aHa/M30B Ha LeJUIloJasy, NpoTea3y, aMUJa3dy U ypeasy, a TaKxkKe
OGMOXMMHUYECKUX TECTOB Ha KaTasasy U okcu/asy. Hanbosiee akTUBHBIE LITAMMBI, XapaKTePHU3YIOIHECS
BbICOKOM KOHLIEHTpaluel >KU3HeCNOCOOHBIX KJIETOK, PeKOMeHAYIOTCS [Js1 BKJIYEHUs] B COCTaB
OuoInpenapaToB, INpeJHA3HAYeHHbIX [JisI YCKOpeHHUs ¢GepMeHTAlUHd OpPraHHUYeCcKHX OTXOJ0B U
yJIy4llleHusl KauecTBa 6uoryMyca.

Kiio4deBble c10Ba: OTXO0/[bl XUBOTHOBOACTBA, $epMeHTaLUsl, OpraHuyeckue cybCTpaThl, TEPMO-
bubHbIE MUKPOOPTaHU3Mbl, MUKPOOHasA aKTUBHOCTb, GUOTYMYC
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Research article

Iron homeostasis disruption suppresses viral infection via ferroptosis-like
cell death and RNA interference in plants

D. Artykbayeva'"”, T. Yertayeva'! ", S. Belgibay' ", Z. Baikarayev' ", Z. Turarbekova'"~,
Z.Masalimov!'”~, N. Iksat*!
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Abstract. Ferroptosis-like cell death in plantsisarecently described mechanism
triggered by iron accumulation and lipid peroxidation; however, its role in
viral infection remains unclear. In this study, we investigated the effect of iron
(Fe-EDTA) treatment on Nicotiana benthamiana plants infected with wild-
type tomato bushy stunt virus (wtTBSV). Morphological and biochemical
analyses under combined stress revealed pronounced symptoms, including
growth inhibition, necrosis, leaf yellowing, chlorosis, and leaf deformation,
while the expression of the viral suppressor protein P19 was reduced.
Biochemical assays showed that low Fe-EDTA concentrations maintained the
photosynthetic apparatus and increased chlorophyll content, whereas high
concentrations induced lipid peroxidation and ferroptosis-like cell death. Our
results suggest that excess iron activates RNA interference and ferroptosis-
like death, thereby suppressing viral infection, while low iron concentrations
preserve photosynthetic activity and alleviate symptoms. In addition,
combined stress led to reduced levels of HSP70 and HSP90, indicating that
iron homeostasis may interfere with cellular chaperones essential for viral
replication. These findings highlight the key role of ferroptosis-like cell death
in plant-virus interactions.

Keywords: ferroptosis, plant virus, combined stress, ROS, TBSV

Introduction

Abiotic stress refers to a set of unfavorable non-living factors whose impact disrupts
the physiological processes of plants, alters their metabolism, and suppresses growth and
development. The major abiotic factors include extreme temperatures, water deficit or
excess, soil salinization, as well as disturbances in ion balance caused by mineral deficiency or
overaccumulation. Metals act as significant abiotic stressors: although plants require them in
small amounts for normal growth, excessive accumulation can poison cells [1]. Metals of this
type include iron (Fe). Within plant cells, it can exist in two oxidation states, Fe?* and Fe**, and
serves as a cofactor in respiration, DNA synthesis, photosynthesis, and chlorophyll formation
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[2]. However, under neutral and especially alkaline soil conditions, most iron exists in the form
of poorly soluble compounds, which limits its availability to the root system. To overcome
this problem, chelated forms of iron are widely used in crop production. In particular, the Fe-
EDTA complex stabilizes iron ions in a soluble form, prevents their precipitation, and facilitates
their transport to plant cells. Chelates provide a convenient and effective tool for fertigation,
alleviating iron deficiency [3]. Despite its clear advantages, an excessive influx of iron into the
cell is associated with certain risks. One of the most serious consequences is ferroptosis, a form
of cell death induced by iron overload [4].

Ferroptosis is an iron-dependent form of regulated necrotic cell death, triggered by excessive
lipid peroxidation and leading to the destruction of cellular membranes [5]. Ferroptosis
is characterized by a decrease in the level of reduced glutathione (GSH) and inactivation of
glutathione peroxidase 4 (GPX4). Under normal conditions, GPX4 reduces lipid hydroperoxides
to non-toxic alcohols using GSH, thereby preventing the accumulation of lipid peroxidation
products. When ferroptosis begins, cells suppress GPX4 activity or degrade the enzyme, which
rapidly accumulates lipid peroxides and triggers cell death. Stress induces other antioxidant
enzymes, including superoxide dismutase (SOD), catalase (CAT), and ascorbate peroxidase
(APX), which temporarily limit ROS accumulation; in plants, in particular, ethylene enhances the
activity of these enzymes, while transcription factors of the ERF family increase the expression of
antioxidant defense genes. Nevertheless, it is the inactivation of GPX4 that defines the specificity
of ferroptosis, since the activation of other antioxidants reflects only a general stress response
and does not prevent cell death [6,7]. At the same time, the molecular mechanisms underlying
changes in the expression and activity of antioxidant enzymes in plants under ferroptosis
conditions remain largely unexplored, highlighting the relevance of further research.

Heat shock proteins (HSPs) represent an evolutionarily conserved family of molecular
chaperonesthatplayakeyrolein maintaining protein homeostasis. Initially described as proteins
induced by elevated temperatures, they are now known to be upregulated under a wide range
of abiotic and biotic stresses [8,9]. During ferroptosis in animal cells, the HSP70 family exhibits
a protective role: HSP70 has been shown to enhance GPX4 expression and antioxidant activity,
thereby increasing resistance to ferroptosis. In contrast, HSP90 may promote ferroptosis by
binding to timosaponin Alll, thereby inducing ubiquitination and degradation of GPX4, which
enhances lipid peroxidation [7,10]. In plants, the direct roles of HSP70 and HSP90 in ferroptosis
remain poorly understood and require further investigation.

Viral infections trigger ROS generation and cell death by employing virus-encoded suppressor
proteins that inhibit RNA interference, antioxidant systems, and hormone-mediated defense
pathways in plants. One such suppressor protein is p19, encoded by the tomato bushy stunt virus
(TBSV). This protein binds double-stranded siRNAs, thereby suppressing post-transcriptional
gene silencing and facilitating the spread of the viral genome within the plant. Previous studies
have shown that p19 forms dimers and interacts with the host RNA-binding protein Hin19. The
resulting complex plays a key role in the effective suppression of RNA interference and promotes
viral progression in plant cells [11]. As viruses spread through plant cells, they cause significant
changes in the activity of antioxidant enzymes. For example, cucumber mosaic virus (CMV)
disrupts the plant’s antioxidant defense by binding its 2b protein to catalase CAT3, initiating its
degradation via the ubiquitin-proteasome pathway. This process leads to the accumulation of
H,0, and the development of necrosis [12].

Simultaneous exposure to multiple stressors usually worsens plant damage as signaling
pathways interact in complex ways. The relationship between viral infections and ferroptosis
has been studied in detail in animals: viruses can both activate and suppress iron-dependent cell
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death by altering Fe metabolism, enhancing lipid peroxidation, and influencing ROS-dependent
mechanisms of cell death, thereby promoting either viral replication or evasion of the immune
response [13].

In plants, these processes have been studied to a limited extent. It is known that they involve
mechanisms similar to those in animals but also exhibit specific features, such as the presence
of multiple GPX isoforms and the involvement of chloroplasts and peroxisomes. Suppression of
GPX4 in Nicotiana benthamiana has been shown to enhance ferroptosis-like cell death during
infection with a mutant tobacco mosaic virus; however, systematic data remain scarce [6].
Studying such interactions is essential for understanding multistress responses, plant immunity,
and adaptation, as well as for breeding resistant cultivars. This is particularly important in the
context of combined viral infections and toxic metals, which are critical factors for predicting
crop yield and ensuring food security. Identifying common signaling nodes of multistress
responses may provide a basis for discovering genetic markers of resistance [14].

Materials and research methods

Plant preparation

In this study, Nicotiana benthamiana plants were used. Soil and pots were sterilized by
autoclaving, after which the soil was mixed with vermiculite at a ratio of 3:1 and watered every
other day for 30 days. We grew plants under controlled conditions with a 16-hour light/8-hour
dark photoperiod at 25°C during the day and 23°C at night.

Plant treatment

On day 30, plants were mechanically inoculated with tomato bushy stunt virus (TBSV) in 10
mM PBS buffer (1:3). One day post-inoculation, plants were irrigated with iron chelate (Fe-EDTA)
solutions at various concentrations: 0.05 mM, 0.1 mM, 0.5 mM, 0.8 mM, and 1 mM. Morphometric
measurements were performed on day 7 post-inoculation (dpi). Plants were harvested, their root
systems rinsed with water,; and then fixed for measurement of shoot and root length.

Chlorophyll content determination

Chlorophyll content in plant leaves was determined according to Arnon’s method [15].
We measured chlorophyll using a Multiskan SkyHigh spectrophotometer (Thermo Fisher
Scientific) with Skanlt Software at wavelengths of 664 nm and 647 nm. The contents of
chlorophyll a, chlorophyll b, and total chlorophyll were calculated using the equations proposed
by Lichtenthaler and Wellburn (1985) [16].

SDS-PAGE

For protein analysis, 0.1 g of plant material was collected and homogenized in 200 pL of
extraction buffer (1xTE: 10 mM Tris, pH 7.4-7.6; 1 mM EDTA, pH 8.0). SDS-PAGE was performed
according to the protocol developed by Laemmli (1970) using a polyacrylamide gradient gel
with a concentration range of 5-20% [17]. The gel was prepared from a separating gel (5 mL
30% acrylamide/bisacrylamide solution [29:1], 2.5 mL 1.5 M Tris, pH 8.8, 2.3 mL dH,0, 100
uL 10% SDS, 100 uL 10% APS, 5 uL. TEMED) and a stacking gel (1.35 mL 30% acrylamide/
bisacrylamide solution [29:1], 1 mL 1 M Tris, pH 6.8, 7.2 mL dH,0, 100 pL 10% SDS, 100 uL 10%
APS, 5 pL. TEMED). Samples were mixed with (-mercaptoethanol (1:3). Electrophoresis was
carried out at 120 V, 110 mA, and 50 W using 1xTGS buffer (25 mM Tris-HCI, 192 mM glycine,
0.1% SDS) for 2-3 hours.
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Protein transfer and immunodetection

Proteins were transferred onto nitrocellulose membranes using a Mini Trans-Blot® Cell
(Bio-Rad). Transfer efficiency was verified by staining the membranes with Ponceau S. Non-
specific binding sites were blocked with 7.5% non-fat dry milk in TBS-Tween-20 (50 mM Tris,
200 mM NacCl, 0.25% Tween-20). Membranes were then washed three times for 7 min each in
1x TBS-Tween-20.

Immunodetection was performed using monoclonal primary antibodies against HSP70
(Agrisera, #AS08371) and HSP90 (Agrisera, #AS08346), as well as polyclonal primary antibodies
against P19. Secondary anti-rabbit antibodies (Rockland Immunochemicals, 611-1502) were
applied. Protein bands were visualized by incubating the membranes with NBT /BCIP substrate
in the dark for 5 min.

Native-PAGE

A 7% polyacrylamide gel was prepared under native conditions to determine enzyme activity. The
separating gel contained 3.75 mL N3 buffer (pH 8.5; 1 M Tris base, 2 M Tris-HCl), 2.82 mL N5 buffer
(40% acrylamide/bisacrylamide solution, 19:1), 8.44 mL dH,0, 100 uL APS, and 5 pL. TEMED. The
stacking gel contained 5 mL N6 buffer (6.24% acrylamide/bisacrylamide solution, 4:1), 2.5 mL N4
buffer (pH 6.9; 18 mM Tris base, 2 mM Tris-HCl), 2.5 mL dH,0, 100 pL APS, and 5 uL. TEMED.

Electrophoresis was carried outat 150V, 120 mA, and 50 W in the UPPER buffer (pH 8.88; 50
mM Tris, 7 mM Tris-HCI, 60 mM glycine) for 2-3 h. To determine AO activity, gels were incubated
in a solution containing 4 mM Tris-HCI, 3 mM indole-3-carboxyaldehyde, 0.6 mM MTT, and 0.7
mM PMS at 37 °C for 40 min [18].

Catalase activity was determined by incubating samples with 0.03% hydrogen peroxide
solution (500 pL H;0, in 49.5 mL distilled water) for 10 min. Subsequently, 0.6 g K3[Fe(CN)¢]
dissolved in 26.4 mL distilled water and 0.6 g FeCl3 dissolved in 26.4 mL distilled water were
added, and the reaction was incubated in the dark for 3 min [19].

Results

Nicotiana benthamiana plants were inoculated with wtTBSV, followed by irrigation with Fe-
EDTA solution starting at 2 days post-inoculation (dpi) (Figure 1A). At 7 dpi, plants exhibited
symptoms such as chlorosis and leaf wilting. Under combined stress, however, symptoms of
viral infection were alleviated compared with control plants inoculated only with wtTBSV. The
most pronounced improvement was observed at 0.8 mM and 1 mM Fe-EDTA.

Plants inoculated with wtTBSV displayed typical symptoms of TBSV infection, including leaf
curling, chlorosis, growth suppression, necrotic spots, and wilting (Figure 1B). Morphometric
analysis showed that the average shoot height of control plants was 5.0 + 0.7 cm. Irrigation with
Fe-EDTA at concentrations ranging from 0.05 to 1 mM did not significantly affect shoot growth
(p > 0.05) (Figure 1C). In wtTBSV-infected plants, shoot height decreased to 4.5 * 0.6 cm, and
under combined stress, the reduction was more pronounced.

Analysis of root length revealed an average of 15.8 * 4.2 cm. Fe-EDTA irrigation at
concentrations from 0.05 to 1 mM had no significant effect compared with the control (p >
0.05), although an increase was observed at 0.5 mM (17.1 + 4.8 cm) and a decrease at 0.1 mM
(13.2 £ 0.9 cm). In wtTBSV-infected plants, root length moderately decreased to 14.2 + 2.3 cm.
Under combined stress, root length increased to 18.9 + 6.8 cm at wtTBSV+0.1 mM, whereas at
wtTBSV+0.8 mM it decreased to 10.0 + 5.2 cm. However, these changes did not reach statistical
significance (p > 0.05).
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Figure 1. Morphometric parameters of Nicotiana benthamiana. (A) Day 1 after inoculation with
wtTBSV and Fe-EDTA irrigation; (B) Day 7 after inoculation with wtTBSV and Fe-EDTA irrigation;
(C) Morphometric measurements of plant shoots and roots

To assess the activity of the photosynthetic apparatus, the contents of chlorophyll a,
chlorophyll b, and total chlorophyll were analyzed in N. benthamiana. It was found that infection
with wtTBSV significantly reduced chlorophyll levels compared to control plants. Treatment
with Fe-EDTA markedly increased chlorophyll levels, with the highest values observed at 0.1
mM and 0.5 mM Fe-EDTA. Under combined stress, chlorophyll content was restored to control
levels or even exceeded them (Figure 2).
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Figure 2. Analysis of chlorophyll content in the leaves of N. benthamiana plants. (A) Chlorophyll a
content; (B) Chlorophyll b content; (C) Total chlorophyll content

Differences between groups were considered statistically significant at p < 0.001. We
performed the analysis using one-way ANOVA followed by Tukey’s HSD test. All experiments
included at least three biological replicates.

To determine the levels of host proteins HSP70, HSP90, and the viral RNA silencing
suppressor P19, western blot analysis was performed. The detection of the viral protein P19
was carried out using polyclonal antibodies against P19. Under combined stress conditions (Fe-
EDTA + wtTBSV), the level of the viral protein P19 was significantly reduced compared to the
wtTBSV control (Figure 3A). In addition, the levels of host proviral heat shock proteins (HSPs)
were examined. The level of HSP70 increased at Fe-EDTA concentrations of 0.05 mM, 0.1 mM,
and 1 mM, but decreased at 0.5 mM and 0.8 mM. Under combined stress, the lowest levels
were observed at 0.05 mM, 0.5 mM, and 0.8 mM Fe-EDTA, whereas a significant increase was
recorded at 1 mM (Figure 3B). Analysis of HSP90 revealed maximum accumulation in control
plants and in response to 0.05 mM Fe-EDTA, while the lowest accumulation was observed at 1
mM Fe-EDTA. Under combined stress conditions, HSP90 levels remained moderate compared
to wtTBSV but also decreased at 1 mM Fe-EDTA, similar to the results observed with Fe-EDTA
treatment alone (Figure 3C).
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Figure 3. Western blot analysis of P19, HSP70, and HSP90 in N. benthamiana leaves. (A) Immunoblot
detection of the viral protein P19. (B) Immunoblot detection of HSP70. (C) Immunoblot detection
of HSP90. Data were analyzed using Image J. All experiments included at least three biological
replicates

Discussion

The term ferroptosis was first described in animals as a novel form of cell death triggered
by erastin in tumor cells [20]. Later, ferroptosis was also identified in plants [21], where it
is activated in response to various abiotic and biotic stresses [22], including Fe** overload,
accumulation of reactive oxygen species (ROS), and deficiencies in antioxidant defenses,
particularly glutathione-dependent antioxidants such as GPX4 [23,24]. Lipid peroxidation in the
membranes of mitochondria, chloroplasts, and peroxisomes, where ROS and iron-dependent
radicals accumulate, has been shown to act as the key trigger of ferroptosis initiation [25,26].
Damage to membrane lipids disrupts membrane integrity and suppresses respiration and
photosynthesis, thereby initiating a cascade of ferroptosis-like cell death.

Ferroptosis is considered a relatively recently described type of programmed cell death, and
therefore, information about its regulation in plants under abiotic and biotic stresses remains
fragmented. Consequently, the influence of viruses on ferroptosis is still unclear.

84 N24(153)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usiblK FblablMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunesa. Cepust 6uoso2uveckue HayKu



Iron homeostasis disruption suppresses viral infection via ferroptosis-like cell death and RNA interference in plants

Our study demonstrated that Fe-EDTA treatment significantly influenced plant development
and the symptoms of wtTBSV infection in N. benthamiana, as well as the levels of host heat
shock proteins (HSPs) and the viral suppressor P19.

To analyze ferroptosis-like cell death, N. benthamiana plants were treated with Fe-EDTA
solutions at varying concentrations to determine the optimal range. Fe-EDTA was selected
as the iron source because its chelated form ensures high bioavailability and promotes the
accumulation of Fe?* ions in plant cells. The buildup of free iron ions triggers the Fenton reaction,
which generates hydroxyl radicals (-OH):

Fe?*+H,0, — Fe**+OH +OH

Subsequently, the hydroxyl radical (-OH) reacts with polyunsaturated fatty acids (PUFAs),
generating lipid radicals. This initiates a chain reaction in which the lipid radicals propagate by
reacting with other lipids, leading to the accumulation of reactive oxygen species (ROS) [23].
Ultimately, this process results in damage to organelle membranes, proteins, and DNA [24].

In the assessment of physiological and morphometric parameters, we found that the effects
of Fe-EDTA treatment and viral infection were accompanied by symptoms such as growth
inhibition, leaf mottling, curling, necrosis, and chlorosis (Figure 1A, B). Iron (Fe) is essential
for many cellular functions in plants, including chlorophyll biosynthesis, photosynthesis, and
respiration [27]. It is well established that viral infection reduces photosynthesis and causes
severe alterations in the ultrastructure of chloroplasts [28]. Previous studies have shown
that treatment with iron oxide nanoparticles (Fe30,) at high concentrations under high light
intensity (300 uM m%-s™%) significantly increased plant biomass, as well as the contents of
chlorophyll a, chlorophyll b, and carotenoids in leaves. At the same time, the nanoparticles did
not have a noticeable effect on primary photochemical processes or stomatal conductance.
Treatment with Fe;0, nanoparticles led to a reduction in malondialdehyde (MDA) levels in
roots and leaves, indicating the absence of oxidative stress. This was supported by increased
activity of antioxidant enzymes, such as ascorbate peroxidase (APX) and superoxide dismutase
(SOD). The authors suggest that elevated iron content in leaves promotes higher chlorophyll
levels and enhances the activity of enzymes such as RuBisCO, ultimately increasing the rate of
CO; assimilation [29]. An increase in chlorophyll content was also observed following foliar
application of Fe,(S0,); and EDTA-Fe-Na fertilizers to potato (Solanum tuberosum L.) tubers
[30]. Iron deficiency in pea (Pisum sativum L.) plants led to a reduction in chlorophyll a and b,
accompanied by an increase in dry biomass per unit of fresh shoot weight. This resulted in a
significant decrease in photosynthetic rate per leaf area, as well as increased stomatal resistance
and reduced transpiration rate. However, under partial iron deficiency, the photosynthetic
rate per leaf area was not reduced, even though chlorophyll content decreased [31]. This
may be because the reduction in chlorophyll likely did not result from the destruction of all
components of the photosynthetic apparatus, but rather from an adaptive response to stress
conditions. In our study, we also observed an increase in chlorophyll content following both Fe-
EDTA treatment and combined stress from wtTBSV infection and Fe-EDTA, compared to control
plants (Figure 2). This effect is likely due to the crucial role of iron as a component of various
photosynthetic electron carriers, such as cytochrome (Cyt) bgf and Cyt ¢, and as an integral
part of both photosystem I (PSI) and photosystem II (PSII) [32-34]. Iron deficiency induces
significant changes in the structure of the thylakoid membrane and in the core processes
involved in photochemical energy conversion. The first transcriptomic studies conducted on
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P. tricornutum cells under iron-deficient conditions identified novel regulators of the iron
deficiency response, such as iron starvation-induced proteins (ISIPs) [35].

Tomato bushy stunt virus (TBSV) is a typical member of the genus Tombusvirus within the
family Tombusviridae. The P19 protein encoded by TBSV acts as a potent suppressor of RNA
interference (RNAIi) and blocks a key post-transcriptional defense mechanism in plants. RNAi is
a conserved eukaryotic mechanism that degrades RNA with high sequence specificity [36-38].
A DICER-containing complex recognizes and cleaves double-stranded RNA (dsRNA) or single-
stranded RNA (ssRNA) with hairpin structures, producing short interfering RNAs (siRNAs) of
approximately 20-25 nucleotides. The RNA-induced silencing complex (RISC) incorporates
these siRNAs and directs the endonucleolytic cleavage of complementary viral RNAs, thereby
limiting viral replication. P19, however, binds viral siRNAs (vsiRNAs) with high affinity,
preventing their incorporation into RISC. By doing so, P19 inhibits the RNAi pathway, allowing
the virus to evade degradation [39-41].

In our study, combined stress from wtTBSV infection and Fe-EDTA treatment led to a reduction
in the level of the viral suppressor P19 compared to virus-infected control plants. The decrease
in P19 protein levels indicates an effective RNAi response, resulting in a reduced wtTBSV
viral titer in N. benthamiana (Figure 3A). Interestingly, at higher Fe-EDTA concentrations, P19
protein levels increased compared to 0.1 mM Fe-EDTA, highlighting the dose-dependent role of
iron in regulating cellular metabolism. Similar studies in Cucumis sativus L. under combined
stress with Glomus mosseae showed significant improvements in key physiological parameters,
including chlorophyll content, photosynthetic rate, stomatal conductance, and accumulation
of phenolic compounds. These results also demonstrated that combined stress increased the
activity of antioxidant enzymes such as SOD, POD, CAT, and APX, mitigating oxidative stress and
promoting plant health [42]. Previous studies have shown that foliar application of Fe-EDTA
at a concentration of 3.36 mg-L™* in N. benthamiana plants infected with potato virus Y (PVY)
also reduced symptom severity and suppressed the accumulation of viral RNA and proteins,
particularly during the early stages of infection [43]. These findings support our results showing
a reduction in viral titer in plants undergoing ferroptosis-like cell death. As noted earlier, viral
infection suppresses photosynthesis. [ron treatment may assist the plant by regulating genes
associated with cytochromes, chlorophyll, and photosystems (PSI and PSII). Similar observations
were reported by Bwalya, Alazem, and Kim (2021), where photosynthesis-related genes (PSaC
and ATPsyn-a) conferred resistance to soybean mosaic virus (SMV) in N. benthamiana through
RNAi [44]. Additionally, Xu et al. (2023) employed virus-induced gene silencing (VIGS) and
found that suppressing the expression of the NbHSP90 gene in N. benthamiana significantly
increased PVY accumulation [43].

Heat shock proteins (HSPs), particularly HSP70, play a key role in the formation of the viral
replication complex. HSP70 interacts with the viral protein p33 and activates RNA-dependent
RNA polymerase (RdRp), ensuring efficient viral genome replication. HSP90 also contributes
by stabilizing and activating the viral RdRp. Together with the cofactor CDC37, HSP90 forms
a complex with the viral RdRp p92, which is essential for initiating replication [45-48]. The
role of HSP proteins in host cells is critical, as they participate in protein folding, prevent the
aggregation of denatured proteins, and maintain cellular homeostasis under stress conditions
[9]. Analysis of HSP70 protein expression showed a significant decrease under combined stress
compared to control plants, except for wtTBSV + 1 mM Fe-EDTA (Figure 3B). These results
suggest possible degradation of host proteins, in which HSPs normally play a protective role,
as also indicated by HSP70 expression under single stress with 1 mM Fe-EDTA. Interestingly,
treatment with 0.5 mM Fe-EDTA caused a marked reduction in HSP70 expression compared to
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control plants. Analysis of HSP90 expression revealed that under combined stress (wtTBSV + 1
mM Fe-EDTA), its level significantly decreased (Figure 3C).

Based on all our experiments, we propose that the combined stress of wtTBSV infection
and 1 mM Fe-EDTA causes more severe damage to plant cells. We suggest that high iron
concentrations induce an enhanced form of programmed cell death, ferroptosis. Accumulation
of Fe?* and the activation of lipid peroxidation may trigger localized necrosis by disrupting
cellular membranes, which in turn reduces viral titer in the plants. In contrast, lower Fe
concentrations help maintain the photosynthetic apparatus in N. benthamiana.

Conclusion

Our study provided new insights into the role of ferroptosis-like cell death in plant-virus
interactions with TBSV. We showed that Fe-EDTA treatment alters the accumulation of wtTBSV
in N. benthamiana. High concentrations of Fe-EDTA induced oxidative stress and ferroptosis-
like cell death, accompanied by membrane damage, necrosis, and growth inhibition, while
simultaneously leading to a decrease in the level of the suppressor protein P19. At the same time,
low concentrations of Fe-EDTA maintained photosynthetic activity and alleviated symptoms. In
addition, a decrease in HSP70 and HSP90 was observed under combined stress, suggesting a
possible interaction of iron with host chaperones required for viral replication.

Thus, viral infection accumulation is regulated by iron availability in the cell: limited iron
supply supports photosynthesis and RNA interference activation, whereas its excess may
trigger ferroptosis-like cell death pathways. These findings highlight the importance of iron
homeostasis in studying plant defense mechanisms and open perspectives for the practical
application of iron-containing treatments to control viral diseases. However, further studies are
needed to clarify the precise mechanisms of interaction between viral infection and ferroptosis-
like cell death in plants.
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Temip roMmeocTasbiHbIH 6y3bLIYybI, GeppoONTO3 TIPi3Ai XKacylaabIK 6J1iMi )KoHe eciMAiKTepaeri
PHK uHTep¢epeHInACH apKbLIbl BUPYCThIK, MHPEeKIHSHbI 6aCybI

A. Apteik6aeBa’, T. EpraeBa’, C. Beari6aii!, XK. baiikapaes?, XK. Typap6ekoBa’,
K. MacasiumoB?, H. UkcaT*!
IPycmem Omapos ambIHOAFbI 6CIMOIKMep 6UOMEXHO02USICbl 3ePMXAHACHI, GUOMEXHO02USl HCIHE
Mukpobuosozus kagedpacsl, JL.H. ['ymusiee amviHdarbl Eypasus yaimmulk yHUgepcumemi,
Acmana, Kazakcmah

AngaTtna. PepponTos-TopisAi xacywanblk eiM - 6yJ eciMAik KacyllasapbliHJa TeMipAiH *KUHaIybl
MeH JIMIIUATEPAIH acKblH TOTBIFybIHAH KO3JbIPbLIAThIH KaHaJaH CUNATTaJfaH MeXaHU3M. Asaija
OHBIH, BUPYCTbIK, MHQEKIUAAAFb] peJli a1 ToJbIK aHblKTaaMaraH. Ockl 3epTTeyze Nicotiana benthamiana
eciMaikrepine TemipmeH (Fe-EDTA) enzeyaiH, wild type tomato bushy stunt virus (wtTBSV) nndexuusicol
’KaFAaWbIHAAFbl bIKNAIbl TajaZaHAbl. KelneHAi cTpecc »afAalblHAA KYprizijireH MopQOJIOTHUSIBIK,
*KoHe OHOXUMUSIIBIK Taslay eciM/IiKTep 6CyiHiH Texesyi, HeKpo3, xKanblpaKTap/blH CapFalobl, XJI0p03
’KOHE JKalbIpaKTapZblH >KUbIPbIIYbl CUSKTHI alKbIH CUMIITOM/AP/AbIH OaWKaJIFaHbIH KOPCETTi, aj
cynpeccopJsblK P19 akybI3bIHBIH, 3KCIIPeCcCUSAChl TOMeHJeli. DBUOXUMUAIBIK Tajaay >kafFblHaH Fe-
EDTA TeMeH KOHIleHTpalusaaapbl eciMAikTepAiH, ¢OTOCHMHTETUKAJBIK alllapaTThlH, TYPaKTbLIbIFbIH
KaMTaMachI3 eTiN, XJ0podU/II KYpaMbliH apTThIPAThIHbI aHBIKTA/bl, aJl )KOFAphl KOHILIEHTpALUsIap
JIMIIUATEPAIH acKblH TOTBIFYbIH >XoHe (epponTo3 Topi3Ai Kacyma eJiMiH TyAablpAbl. AJIbIHFAH
HOTIKeJlep TeMip/iiH apThiK MeJiepinjie PHK-unTepdepeHusacbiHbIH, 6esiceHyi MeH $eppomnTos
TOPIi3Ai *KacyIIabIK 6J1iMHIH iCKe KOChLIAThIHBIH, COHIAN-aK 0ChI YKaFai]a BUPYCTHIK HHPEKIUAHbIH,
TexeJleTiHIH fmasengelai. Ay TeMipJliH TeMeH KOHIeHTpauusjapbiHIa ¢GOTOCHUHTETUKABIK,
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GeJICeH/Ii/IiK CAaKTaJIbII, CHMIITOMAAP/bIH aWKbIH/IbLIBIFbI TOMeH Ie/1i. COHBIMEH KaTap, KellleH/li CTpecc
»karpabinga HSP70 »xoHe HSP90 *)bL1ybIK HIOK aKybI3JapblHbIH, JleHTeli ToeMeH/JjereHi aHbIKTa/1/lbl,
OyJl MUKPO3JIEMEHTTIK TOMeOCTa3/iblH, BUPYC peIlIMKAlMsACbIHA KAXKeTTi KacCyllaJblK LIanepoHAAP/AbIH
’KYMBICbIHA apaJiacyblH KOPCEeTYi MYMKiH. Bys1 3epTTey depponTosFa yKcac )KacCyabIK 6JIiMHiH BUPYC
MIeH 6CIM/IiK apacbIHAAFbl 63apa 9peKeTTeCy/leri HEeri3ri peJiiH KepceTez,.

TyiiH ce3aep: depponTos, eciM/iik BUpycTaphl, KypaMa ctpecc, 6escensii orrek TypJiepi (BOT), TBSV

HapymeHue romeocrasa »xejie3a noJaBJiseT BUPYCHYI0 UHPEKIUIO OCPEACTBOM KJIETOYHOMN
cMepTH, Io06HO0I pepponTo3y, U PHK-untepdepeHinm B pacTeHUsIX

J. ApteikGaeBa?, T. EpraeBa'l, C. Bearu6aiil, 7K. Baiikapaes?,
K. Typap6ekoBa’, ’K. Macasimmos?, H. Ukcat*!
1/labopamopus 6uomexHo02uu pacmenuti umeHu Pycmema Omapoea,
Eepaszutickull HQYUOHA/1bHbLIU yHUBepcumem umeru JIL.H. ['ymuaesa, Acmaua, Kazaxcmau

AHHoTanusa. PepponTos3-noso6HasA KjaeToOYHasd Tubesb y pacTeHUH ! 3TO HelaBHO OMMCAHHBIN
MeXaHMU3M, 3allyCKaeMbli HaKOIJIEHHEM >KeJie3a U MepPeKUCHbIM OKHCJIEHWEM JIMNU/ 0B, OJHAKO €ro
poJib B BUPYCHOU UH}EKIUU OCTaéTCcsl HesICHOW. B JaHHOM Mccie/joBaHUU OBLIO MPOaHAJTU3UPOBAHO
B/IMsiHUE 06paboTkH esie30M (Fe-EDTA) Ha pactenus Nicotiana benthamiana, nadunipoBadHbie wild
type tomato bushy stunt virus (wtTBSV). Mopdosioruyeckre 1 6MOXMMHUYECKHE aHATU3bl pACTEHUI
10/ BO3/lefCTBHEeM KOMOMHHPOBAHHOIO CTpecca NoKa3aJsy 60J/iee BbIpaXKeHHbIE CUMIITOMBI, TAKUe, KaK
yrHeTeHHe pOoCTa paCTEeHUH, HEKPO3, MOXKeJATEHNE JUCThEB, XJIOPO3 U CMOpPLIMBaHKE JUCThEB, TOTAA
KaK 3KcIpeccys cynpeccopHoro 6esnka P19 cHmxanach. BuoxuMuveckyuil aHaaus BhISBUJI, YTO HU3KHUE
koHneHTpauuu Fe-EDTA mnopzep:xuBaiv (GOTOCHHTETHYECKHM ammapaT pacTeHWH W MOBBILIAIN
coflepkaHue XJ0pPOPHUIIOB, TOI/la KaK BbICOKME KOHLEHTpAllMM HWHAYLUPOBAJU IEpeKHUCHOeE
OKHCJIEHHE JTMIIUA0B U GepponTo3-N0A06HY0 ribeb KJeTOK. Pe3ybTaThl yKa3blBalOT Ha aKTUBALUIO
PHK-unTepdepenuu u pepponto3-noJo6HON KJIETOUHOU TMOe/H B YCIAOBUAX U30bITKA XKeJe3a, Ipy
KOTOPOM BHUpyCcHas MHQeKLUs NojaBJsack. B To BpeMsi Kak NpPU HU3KUX KOHIIEHTPAIUIX XKejie3a
CoxXpaHsiIach GOTOCUHTETUYECKAs! aKTUBHOCTDb M CHHXKAJIACh BEIPAX)KEHHOCTb CHMIITOMOB. Kpome ToroO,
ObLIO BbISIBJIEHO CHUXKEHHME YPOBHSA 6esKoB TemsaoBoro moka HSP70 u HSP90 npu koM6GHHHUPOBAaHHOM
CTpecce, YTO MOXKET OTpakaTh BMELIATE/JbCTBO MUKPO3/JIEMEHTHOTO FTOMeOCTa3a B paboTy KJIeTOYHbIX
IIaNepoOHOB, HEOOXOAUMBbIX /151 pellJIMKAl[MU BUpyca. ITO YKAa3bIBAeT HA KJIIOYEBYIO pOJib GpepponTos-
nof06HOM KJIeTOUHOM rubesi BO B3aUMO/IEHCTBUH BUPYC-paCTEHUE.
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Abstract. The human leukocyte antigen (HLA) system is among the most
genetically diverse in humans, encompassing over 220 genes that encode
immune proteins essential for transplant compatibility, immune regulation,
and disease susceptibility. This review outlines the fundamentals of HLA
nomenclature, standardized by the World Health Organization (WHO) and
curatedinthe IPD-IMGT/HLA database. We describe the gradual improvements
in HLA typing methods, ranging from serological assays to molecular-based
techniques, including Sanger sequencing and next-generation sequencing
(NGS), as well as interpretation software, and evaluate their strengths and
limitations in allele discovery. We discuss allelic variants of HLA genes,
methods for sequencing HLA alleles, and their variants. Additionally, we
report the identification of four novel HLA alleles in the Kazakh population:
DQB1*03:82, C*06:256, B*13:150, and A*32:95. All four alleles feature non-
synonymous substitutions within peptide-binding domains, suggesting
potential immunological relevance. Comparative analysis reveals that NGS
enhances allele detection efficiency by 2.8-fold compared to Sanger sequencing
(one novel allele per 635 typings vs. 1,773). These findings demonstrate the
significant HLA diversity present in Central Asian populations, which remain
underrepresented in global databases. The identification of population-specific
alleles reveals critical gaps in international donor databases, underscoring the
urgent need to expand HLA profiling in ethnically diverse regions to improve
transplant outcomes and advance personalized immunotherapy.

Keywords. Allelic variants, HLA typing, [IPD-IMGT/HLA database, Kazakhstan,
Next-generation sequencing

Introduction

The genes encoding human leukocyte antigens (HLA) are known for their high level of
polymorphism, making the systematic classification of HLA genes essential. Located on the
short arm of chromosome 6 at position 6p21.3, the HLA complex includes over 220 genes, many
of which play crucial roles in immune function. Oversight of HLA allele naming and quality
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control is managed by the WHO Nomenclature Committee for Factors of the HLA System [1].
Comprising both classical (HLA-A, -B, -C, -DRB1, -DQB1, -DPB1) and non-classical loci, the HLA
complex displays remarkable genetic diversity that has evolved under pathogen-driven selective
pressures. This diversity enables populations to respond to various infectious challenges,
although it also makes clinical applications such as transplantation and disease association
studies more complex.

Understanding HLA diversity across global populations is essential for several reasons.
First, successful hematopoietic stem cell transplants depend on close HLA matching between
donors and recipients, yet European and North American populations are overrepresented
in donor registries. Second, certain HLA alleles are associated with either increased risk or
protection against autoimmune diseases, infectious diseases, and adverse drug reactions,
making population-specific HLA analysis important for medical purposes. Third, the extensive
polymorphism of HLA genes provides a valuable model for studying balancing selection and
host-pathogen coevolution.

Established in 1968, the committee set the initial criteria for nomenclature and has since
met regularly, publishing 19 key reports that have progressed from identifying HLA antigens
to documenting genes and alleles. Standardization efforts were traditionally supported
through the exchange of reagents and reference cells via the International Histocompatibility
Workshops. The systematic naming of HLA allele sequences began in 1989, marking a significant
milestone in immunogenetics. Since then, the development and maintenance of a centralised
sequence database have become essential. The assignment and distribution of allele names are
particularly important in clinical settings. Thanks to the efforts of the HLA biinformatics team,
in collaboration with the European Bioinformatics Institute (EBI), this information is publicly
accessible through both the EBI website (http://www.ebi.ac.uk/ipd/imgt/hla) and http://hla.
alleles.org [2-4].

The IPD-IMGT/HLA database compiles newly identified and validated HLA sequences, which
undergo expert curation and approval by the WHO Nomenclature Committee. Only sequences
meeting strict quality standards are incorporated into the database and associated resources
available on the official platforms. Continuous updates ensure that researchers and clinicians
worldwide have access to the latest HLA allele data [5].

Molecular genetic diagnostics has become one of the fastest-growing fields in the detection
and management of various diseases. The introduction of the polymerase chain reaction (PCR)
technology, a method of specific DNA amplification developed over the past two decades,
marked a significant turning point in the clinical application of genetic testing [6]. Today, next-
generation sequencing (NGS) is widely employed for the diagnosis and prediction of graft
rejection in organ and hematopoietic stem cell transplantation. This technology is also used to
detect leukocyte antigens associated with specific diseases. In these applications, the patient’s
polymorphic HLA variants are compared with those of potential donors. A donor with a fully or
closely matched HLA genotype is selected to reduce the risk of transplant rejection and improve
the overall success of transplantation procedures [8].

History

The role of the major histocompatibility complex (MHC) in allograft rejection was
first suggested by Bover [9], who noted that skin grafts between identical twins were not
rejected in the same manner as those from genetically dissimilar individuals. The MHC genes
implicated in the allograft rejection process were initially characterized in mice by Gorer [10].
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Following this, Snell [11] utilized mouse cell lines to further delineate a locus known as H for
histocompatibility. Gorer [10] referred to the gene products of locus H as antigens II, leading to
the combined designation H-2 for the mouse MHC. The human leukocyte antigen (HLA) system
was subsequently identified in the 1950s. Multiple researchers independently found that sera
from individuals who had received previous blood transfusions and from multiparous women
contained antibodies that agglutinated leukocytes [12]. This finding led to the development of
serological typing methods that identified a single locus, which was later divided into two loci:
HLA-A and HLA-B [13-16].

Initially, various techniques were employed for serological typing; however, the
microlymphocytotoxicity assay became the most common method. It was later observed that
when lymphocytes from unrelated individuals matched at the HLA-A and HLA-B loci and were
cultured together in a “mixed lymphocyte culture” (MLC) [17,18], they exhibited a strong
proliferative response. This led to the discovery of an additional locus initially called HLA-D [19-
21]; it was later shown that mismatches at HLA-DR and HLA-DQ contributed to the lymphocyte
activation seen in the MLC. Extensive serological studies soon revealed the existence of HLA-C
[22]. Later, HLA-DP, originally known as the “secondary B cell” (SB) antigen, was discovered
through a secondary stimulation assay called the “primed lymphocyte test” (PLT), which
indicated recognition of another HLA molecule distinct from those identified in the primary
mixed lymphocyte culture [23,24].

The IPD-IMGT /HLA database and nomenclature committee

Since its launch in 1998, the IPD-IMGT/HLA database has served as a central repository for
information on immune system gene polymorphisms. The initial version included 964 HLA
allelic variants, and the database has since expanded considerably, becoming a vital reference
resource for HLA researchers and clinicians [5]. In addition to storing allele sequences, the
database provides comprehensive metadata about the biological source of each sequence and
the methods used for sequence validation. Today, it is standard practice for researchers to
submit newly identified sequences directly to the IPD-IMGT/HLA database for expert review
and official naming before publication.

This approach helps prevent confusion caused by the renaming of already published
sequences or the use of multiple identifiers for the same allele [3]. The growing importance
of timely reporting of novel HLA allele sequences has led to the regular convening of the WHO
Nomenclature Committee for HLA Factors, with annual meetings dedicated to maintaining
the consistency and accuracy of HLA nomenclature. To ensure rapid access to newly approved
sequences, monthly nomenclature updates are also published online and in scientific journals.

In collaboration with the Imperial Cancer Research Fund (ICRF; now part of Cancer Research
UK) and the European Bioinformatics Institute (EBI), a sophisticated Oracle-based database
was developed. This system enables users to perform complex queries and access detailed
data on sequence features, references, contact information, and official allele designations via
a user-friendly graphical web interface. The initial creation of this database was supported
by European Union BIOMED1 (BIOMED1-930038) and BIOTECHZ (BIOTECH-960037) grants
awarded to the ICRF as part of the International Immunogenetics (IMGT) initiative.

Development and curation of the HLA database were carried out in collaboration with Julia
Bodmer (ICRF), James Robinson (formerly at ICRF, now with the HLA Informatics Group), and
Peter Parham (Stanford University). The WHO Nomenclature Committee is currently chaired by
Professor Steven G.E. Marsh, and its headquarters are located at the Anthony Nolan Research
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Institute in London, UK [25]. Since its establishment, the committee has held 18 international
meetings, covering a wide range of topics, from classical serological HLA typing methods to
advanced molecular genetic techniques, including mixed lymphocyte reactions, PCR-based DNA
typing, and next-generation sequencing (NGS). A summary of these international workshops
is provided in Table 1, detailing the seminars organized under the auspices of the WHO
Nomenclature Committee for HLA.

Table 1

International seminars of the WHO nomenclature committee for HLA

Seminar | Year | Committee Chair Location Seminar topic
1 1964 | DB Amos Durham, USA Determination of the specificity of
antigens Hu-1, LA, and Four
2 1965 |]] van Rood Leiden, The Testing of mixed lymphocyte culture.
Netherlands
3 1967 | R Ceppellini Torino, Italy Family studies; HLA in kidney
transplantation
4 1970 | PI Terasaki Los Angeles, USA | Determination of the specificity of 27
HLA-A, HLA-B, and HLA-C
5 1972 |] Dausset Evian, France Typing of 49 populations worldwide
6 1975 | F Kissmeyer- Aarhus, Denmark | Description of the characteristics of
Nielsen Dw.
7 1977 | WF Bodmer Oxford, UK Determination of the characteristics of
DR1-7; HTC testing
8 1980 | PI Terasaki Los Angeles, USA | Determination of MB (DQ) and MT
(DR52/53); HLA in transplantation and
diseases.
9 1984 | EA Albert/W Munich, Germany | New features of class I and II; HLA class
Mayr Vienna, Austria I1 in kidney transplantation
10 1987 | B Dupont Princeton, USA Creation of RFLP; T-cell clones; GTK
methods; Biochemistry of 1D IEF, 2D
gels; Creation of a panel of homozygous
cell lines.
11 1991 | T Sasazuki/K Yokohama, Japan | DNA PCR typing of HLA class II;
Tsuji/M Aizawa Anthropology.
12 1996 |D Charron St Malo/Paris, DNA PCR typing of HLA class [;
France Anthropology.
13 2002 |] Hansen Victoria, Canada Virtual DNA analysis; Identification of
Seattle, USA SNP markers; Anthropology; Disease
association; GWAS (Genome-Wide
Association Studies)
14 2005 |] McCluskey Melbourne, MHC and anthropology; Disease;
Australia Infectious disease; GWAS (Genome-

Wide Association Studies); Cancer;
KIR (Killer Immunoglobulin-like
Receptors); Cytokine genes.
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15 2008 | M Gerbase de Buzios/Rio de Anthropology; GWAS (Genome-Wide
Lima/ME Moraes |]anerio, Brazil Association Studies); Informatics.

16 2012 | SGE Marsh/D Liverpool, UK NGS (Next-Generation Sequencing),
Middleton GWAS (Genome-Wide Association

Studies)

17 2012 | M Fernandez-Viia | Asilomar, USA NGS

18 2021 |SHeidt/E Amsterdam, The | Topic under clarification
Spierings Netherlands

Note: *(website source https://hla.alleles.org/nomenclature/workshops.html)

The International ImMunoGeneTics Information System (IMGT) is a comprehensive set of
databases and bioinformatics tools dedicated to immunogenetics and immunoinformatics.
It focuses on the sequences of V (variable), D (diversity), ] (joining), and C (constant) genes,
which are crucial components of the adaptive immune system. IMGT was established in June
1989 by Marie-Paule Lefranc, an immunologist at the University of Montpellier. The initiative
was formally introduced at the 10th Human Genome Mapping Workshop, where the V, D, ], and
C regions were officially recognized as genes. The first IMGT database, IMGT/LIGM-DB, was
created to compile nucleotide sequences of human immunoglobulins and T-cell receptors, later
expanding to include sequences from various vertebrate species. The project was launched at
the Laboratoire d'Immunogénétique Moléculaire at the University of Montpellier and supported
by the French National Centre for Scientific Research (CNRS) [26].

Given that T-cell receptors and immunoglobulins are generated through somatic recom-
bination of nucleotide segments, the genomic annotation of these gene regions poses unique
challenges. To address this, IMGT-NC, the nomenclature committee, was formed in 1992 to provide
standardized terminology. This subcommittee is officially recognized by the International Union
of Immunological Societies [1]. In addition to its databases, IMGT offers several key tools:

e IMGT/Collier-de-Perles: provides a two-dimensional graphical representation of receptor
amino acid sequences.

¢ IMGT/mAb-DB: a curated database of monoclonal antibodies.

e [PD-IMGT/HLA database: a critical resource for HLA allele data maintained by the HLA
Informatics Group, was developed in part through IMGT’s efforts and remains integrated within
its broader infrastructure [2,25].

Polymorphisms

The HLA system is the most polymorphic genetic system in the human genome. HLA
polymorphisms were first identified phenotypically by observing acceptance or rejection of
tissue and/or through reactions with specific alloantibodies (serological typing methods).
Later, molecular typing methods revealed HLA polymorphisms that range from a single
nucleotide change to the loss or gain of an entire genetic region. Initially, HLA polymorphisms
were identified using serological and cell proliferation assays [14-16, 21]. These methods were
primarily used to characterise the HLA system; however, despite their widespread use, they
have notable limitations in accuracy and reproducibility [26]. Moreover, alloimmune antisera
are often limited in supply, and both serological and cellular HLA typing require live cells.
Overall, a key limitation of serological HLA typing is its inability to detect minor polymorphic
differences that can activate CD4+ or CD8+ T lymphocytes.
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A general characteristic of the HLA genes is that the distal membrane domains are highly
polymorphic.In contrast, the proximal membrane domains, the transmembrane, and cytoplasmic
domains have very low or no polymorphisms. The heavy chain of the HLA class [ molecule is
composed of 3 extracellular domains, and both the a and 8 chains of the HLA class Il molecule
contain 2 extracellular domains (Figure 3). Of note, the HLA genes, like all eukaryotic genes,
contain both coding (exons) and non-coding (introns) regions. The HLA class I genes contain 8
exons, while the HLA class II genes contain 6 or 7 exons [27,28]. The widespread application of
molecular typing techniques has enabled the characterization of thousands of HLA alleles [29].
The current number of HLA alleles is shown in Table 4 and can also be found on the IPD-IMGT/
HLA Database [30,31].

Analysis of the nucleotide sequences of the HLA genes indicates that most of the
polymorphisms are found in exons 2 and 3 of the HLA class I genes and in exon 2 of the HLA
class II genes. These exons encode for the distal membrane domains called the “peptide-
binding region” [2, 29-31]. It has been observed that most nucleotide polymorphisms within
the “peptide-binding regions” involve changes that induce a change in the corresponding
amino acid sequence (non-synonymous substitutions) and have a high level of correlation with
phenotype differences detected by serological and cellular methods [32]. However, serological
equivalents are not available for all described alleles [2, 30, 33], and it is difficult to predict the
serological specificities of selected alleles with polymorphisms corresponding to more than one
antigenic group [34,35] (Table 2).

Ithas been observed that most of the polymorphisms are restricted to certain segments of the
gene, known as variable regions. Allele pairs associated with the same serotype (e.g., A*02:01,
A*02:02) differ only by a few nucleotides. At the same time, distinguishing sequences are
observed in alleles of other serotypes, indicating the patchwork nature of HLA polymorphisms.
The significant HLA polymorphism probably evolved from the existence of a few allelic lineages,
followed by short segmental exchanges, to increase the number of alleles at a given location.
It appears that most of the HLA polymorphisms were generated by this mechanism. Then,
selected natural selection events must have been necessary for new alleles to reach a significant
frequency in the population. Nevertheless, it is worth noting that many alleles arise from single-
point mutations.

With an understanding of the significant level of HLA polymorphism and the improvement
of molecular techniques, several molecular HLA typing methods have been developed [44-46].
These methods have focused on detecting polymorphisms in exons 2 and 3 of HLA class [ genes
and in exon 2 of HLA class Il genes. The application of these molecular techniques has led to the
development of accurate and reproducible HLA typing methods suitable for clinical use [30-32,
36]. The wide application of these methods has led to the identification of many new alleles
that were previously undetectable with the serological and cellular methods. The molecular
HLA typing methods are widely used and take advantage of the efficiency of DNA amplification
by polymerase chain reaction (PCR). The more widely used molecular HLA typing methods
currently used in histocompatibility laboratories are: (1) amplification with sequence-specific
primers (SSP), (2) hybridization with sequence-specific oligonucleotide probe hybridization
(SSOPH), and (3) direct analysis of the DNA sequence (sequence-based typing, SBT) by means
of Sanger sequencing or next-generation sequencing (NGS).
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Table 2
HLA specificities 1 identified by serological and molecular methods (as of September 2022)

Gene Serology Proteins Alleles Null alleles
HLA-A 28 4450 7644 397
HLA-B 60 5471 9097 318
HLA-C 10 4218 7609 330
HLA-DRA1 0 5 43 0
HLA-DRB1 21 2203 3389 115
HLA-DRB3 1 334 446 22
HLA-DRB4 1 144 223 25
HLA-DRB5 1 142 187 23
HLA-DQA1 0 244 508 13
HLA-DQB1 9 1455 2330 102
HLA-DPA1 0 233 491 21
HLA-DPB1 6 1325 2221 113

Note:! Obtained from the IPD-IMTG/HLA Database [30, 31, 36].
Naming of HLA alleles

G-codes are used to identify ambiguous HLA allele types that share identical nucleotide
sequences in the peptide-binding domains. Specifically, they refer to exons 2 and 3 for class |
HLA genes and exon 2 for class Il genes. These alleles are grouped under a "G" designation, which
includes three fields and must contain at least six digits, such as A*01:01:01G [39,40]. Groups
may include alleles with unsequenced genomic regions, as well as those obtained through whole-
gene sequencing that differ only in silent (synonymous) nucleotide substitutions. When full
sequencing is not available, alternative alleles within the same group may be used to infer the
missing parts. A detailed list of such alleles, including information about unsequenced regions
and substituted sequences, can be found in the ambiguous typing files available in the IMGT/
HLA database. If a sequence is revised or removed and only one allele remains in a G group, the
G-code designation is kept and can be expanded later if new alleles with identical nucleotide
sequences in the peptide-binding domains are identified.

P-codes, on the other hand, are used to report alleles that encode identical antigen-binding
domains at the protein level. For class I HLA alleles, this includes proteins encoded by exons
2 and 3, while for class 1], it refers to exon 2. The P-code follows the two-field nomenclature
of the allele with the lowest number in the group and must include at least four digits, for
example, A*01:01P. A full list of alleles grouped by P-code can be found in the downloadable
file HLA_nom_p.txt at https://hla.alleles.org [39,40]. Because exon boundaries often intersect
codons, meaning one base of a codon may be in one exon and the remaining two in another, such
partial codons are excluded from P group comparisons. For example, in the analysis of HLA-A,
codons 1 and 183 are excluded since they straddle the boundaries between exons 1/2 and 3/4,
respectively.

The allotype of an allele is represented by the numbers preceding the first column, which
typically correspond to serological antigen types. The second field identifies subtypes, assigned
sequentially as DNA sequences are discovered. In cases where two alleles differ in the first or
second field, this implies they differ by at least one nonsynonymous substitution, a change
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in the nucleotide sequence that alters the resulting amino acid. The third field distinguishes
alleles that differ only by synonymous (silent) mutations within coding regions. In contrast, a
fourth field is used when alleles differ only in non-coding regions, such as introns or the 5'/3’
untranslated regions (UTRs) adjacent to exons and introns (Figure 1).

LA-A*02:101:01:02N

HLA Prefix -
Field 1:
Allele Group Field 4:

i Used to show
[ Field 2: J differences in a

Suffix used to denote
changes in expression

lI

Separates gene Specific HLA non-coding region

Protein

from HLA prefix

Field 3:
Used to show a synonymous DNA

substitution within the coding region _
© J Robinson 04/2025

Figure 1. Nomenclature of the HLA alleles

In addition to the unique allele number, there are additional optional suffixes that can be
added to the allele to indicate its expression status. Alleles that are not expressed, i.e. 'Null'
alleles, are assigned the suffix 'N'. Alleles that are alternatively expressed may have suffixes L,
S, C, A, or Q (Table 3).

Table 3
Designation of alleles by additional suffixes *
Suffix Interpretation

N An allele that is not expressed on the cell surface.

L An allele that has been shown to have "low" cell surface expression compared to normal
levels.

S An allele that encodes a protein expressed as a soluble, "secreted" molecule, but not present
on the cell surface.

C Assigned to alleles that produce proteins present in the "cytoplasm,” rather than on the cell
surface.

A Indicates "deviant" expression, when it is doubtful that the protein is actually expressed.

Q Used when the expression of the allele is "questionable," considering that a mutation
observed in the allele has been shown to affect normal expression levels in other alleles.

Note: * Taken from www.hla.alleles.org, Anthony Nolan Research Institute, London, UK.
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According to the WHO Nomenclature Committee for Histocompatibility and the IMGT/HLA
database, there are three principal levels of resolution used in HLA typing [4]:

e Low-resolution typing: molecular HLA typing results defined by the first field of the allele
nomenclature (e.g., A*31, B*07), which often correspond to the serological equivalents of HLA
antigens [5,36].

e High-resolution typing: typing results that include both the first and second fields of the
nomenclature (A*31:01, B*07:02, etc.), and distinguishes alleles encoding identical peptide-
binding domains, excluding those that are not expressed as surface proteins. The antigen-
binding domain includes domains 1 and 2 of the a polypeptide chain (class I), and domain 1 of
the a and (3 chains (class II).

 Intermediate-resolution typing: based on results of the first field of the nomenclature,
irrespective of the specific position between low- and high-resolution distinctions. This
includes allele groups such as DRB1*11:01/11:09/11:28, which may be represented using NMDP
(National Marrow Donor Program) codes, such as 11:BYCC [6,33].

The HLA system consists of a highly diverse group of genes and their associated molecules,
which are crucial for immune regulation, transplant compatibility, and transfusion success.
These antigens are encoded by genes found within the MHC on the short arm of chromosome 6.
HLA molecules are essential for differentiating self from non-self, triggering immune responses
to antigenic stimuli, and coordinating both cell-mediated and humoral immunity (Figure 2).

HLA
MHC Complex
HLA-A o\ A
: - 21.32p
-Jﬁ 21.31p
| : p
-Lk 21.2p
- _
HLA-C 20 — centromere
HLA-B 7
> q
HLA-DR arm
\E
HLA-DQ 7
HLADP ~ =

human chromosome 6

Figure 2. The HLA complex on chromosome 6 comprises the 3-6 kb class I region and the 4-11 kb HLA
class Il region. The HLA class Il is not part of the polymorphic HLA system
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The products of HLA genes are crucial in triggering various immune responses by presenting
both self and non-self peptide antigens to T lymphocytes. Most polymorphisms in class | HLA
genes are found in exons that encode the peptide-binding groove and regions involved in
interacting with the T cell receptor. This high level of polymorphism is seen as an evolutionary
adaptation, boosting immune defence by increasing the diversity of peptides that can be
presented to T cells. Additionally, the codominant expression of HLA genes further enhances
this diversity, as both maternal and paternal alleles are expressed, broadening the range of
peptides that can be recognized and presented [7,8,35].

Class I MHC molecules are heterodimeric molecules, comprising a single heavy a-chain
(~45 kDa) that is non-covalently associated with the invariant 12 kDa [32-microglobulin, and
are expressed on the surface of all nucleated cells and platelets (Figure 4). The heavy a-chain
is organized into three extracellular domains (a1, a2, a3), a transmembrane segment, and a
cytoplasmic tail. Of these, the al and a2 domains are or particular importance, as they form
an elongated groove through their a-helical structures, which functions as the binding site for
processed antigens. This antigen-binding complex is essential for immunogenic recognition by
T cells. The al and a2 domains are encoded by exons 2 and 3 of the HLA-A, HLA-B, and HLA-C
genes, as illustrated in Figure 3 [8,34].

MHC Class I MHC Class II

Peptide Bindin P
eca'$ pti inding — i 3 eptide Binding

L 5

Exon 4

/5’2 -microgobulin 6,

Cell Membrane
/ o
7. 3

Figure 3. Structure of HLA class I and class Il molecules. HLA class I molecules consist of one
polymorphic heavy chain () associated with a non-polymorphic 2-microglobulin (2m).
The HLA class Il molecules consist of two disulphide-linked polymorphic a and 8 chains

Conversely, class Il molecules are mainly expressed on the surface of B lymphocytes, activated
T cells, monocytes, macrophages, and dendritic cells, where they are vital in directing the
interactions between T lymphocytes and antigen-presenting cells during immune responses.
Structurally, class II molecules are heterodimers composed of non-covalently linked a- and
B-chains [9,34]. Each chain features an extracellular region folded into two domains, connected
to the transmembrane domain by a short linker peptide. Unlike class I MHC molecules, the
peptide-binding site of class [l MHC consists of domains from both chains, especially the a1 and 1
domains. Therefore, exon 2 of both the a and 3 genes is central to forming this binding groove.
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The structure of classical HLA genes, schematically shown in Figure 3, illustrates the exons
responsible for encoding the peptide-binding region of the antigen-binding site (highlighted in
red). Other exons encoding the transmembrane domain and cytoplasmic tail do not contribute
to antigen presentation and are therefore considered of clinical relevance only when non-
expressed (null) alleles are present. Such alleles may result from premature stop codons within
exons or from mutations at splice sites that disrupt normal mRNA processing [41,42].

The current number of known HLA alleles can be found on the official HLA nomenclature
committee website and in the IPD-IMGT/HLA database [25, 32, 43]. As noted previously, most
polymorphisms in class | HLA genes are located in exons 2 and 3, while in class II genes, they
are mainly found in exon 2. These regions encode the membrane-distal domains that form the
peptide-binding site [30]. Importantly, most nucleotide polymorphisms within these regions
lead to nonsynonymous amino acid substitutions, which strongly correlate with phenotypic
variation observed through serological and cellular typing methods [30, 31]. However,
serological equivalents have not been established for all HLA alleles, and in some cases, allelic
polymorphisms may correspond to multiple antigenic groups, complicating the prediction of
serological specificity [41].

Methods for obtaining HLA allele sequences

Sanger sequencing, also known as Sequence-Based Typing (SBT), is widely recognized as
one of the most precise techniques for HLA typing, as it allows for the direct determination of
nucleotide sequences. Until the advent of newer technologies, the most commonly employed
method for sequence-based HLA typing was the chain termination technique, developed by Dr.
Frederick Sanger in the 1970s [44]. This approach relies on the random incorporation of four
dideoxyribonucleotide triphosphates (ddNTPs), ddATP, ddCTP, ddGTP, and ddTTP, each tagged
with a unique fluorescent dye. During the second phase of the process, the DNA fragments
terminated by ddNTPs are separated by size using gel electrophoresis.

To determine the nucleotide sequence, the gel is read from bottom to top, as the smallest
fragments (which migrated the farthest) represent the nucleotides closest to the 5' end of the
DNA strand. DNA synthesis by DNA polymerase proceeds in the 5' to 3' direction, starting from
a specific primer. Therefore, each fragment ends with a ddNTP that corresponds to a particular
position in the original sequence. A computerized detection system was introduced to analyze
the gel, with a laser exciting the fluorescent dyes at the ends of the fragments. The final output is
a chromatogram, which presents a series of fluorescent peaks, each representing one nucleotide
in the 5’ to 3’ direction of the DNA strand (Figure 4).

Sanger sequencing is commonly employed to obtain clinically relevant HLA exon sequences,
particularly exons 2 and 3 for class [ genes and exon 2 for class II genes, which are critical for
transplantation. Depending on the design of primers in commercial reagent kits and the specific
sequencing requirements, additional exons may also be sequenced. For example, the “Protrans
S4” kit (Protrans medizinische diagnostische Produkte GmbH) enables the sequencing of exons
1 through 4 for class I HLA genes, full exon 2 for HLA-DRB1*, and exons 2 and 3 for HLA-DQB1*
of class Il.
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Figure 4. Three basic steps of automated sanger sequencing

Despite its high accuracy, Sanger-based HLA typing has several limitations, including low
throughput and high operational costs. A notable drawback is its inability to phase heterozygous
nucleotide positions, which often results in ambiguous typing that requires additional, labor-
intensivetestingtoresolve. Theselimitationsareincreasinglybeingaddressed by next-generation
sequencing (NGS) technologies, specifically short-read NGS (second-generation sequencing).
These methods rely on the high-throughput parallel sequencing of clonally amplified short DNA
fragments (typically 250-800 base pairs in length). Several commercial NGS-based HLA typing
kits are now available, offering comparable accuracy to Sanger sequencing, with the added
advantages of efficient multiplexing and the ability to sequence both class I and class Il HLA
genes relevant to clinical practice. A standard NGS workflow typically involves DNA extraction,
library preparation, and sequencing (Figure 5) [45].

Library preparation involves a series of additional steps, such as DNA fragmentation, end-
repair, adapter ligation, and size selection. Fragmentation is crucial for producing DNA fragments
within the optimal size range for a specific NGS platform. Methods used include sonication,
transposase-mediated “tagmentation”, or thermal fragmentation using divalent metal ions.
Shorter DNA fragments generally provide higher sequencing accuracy, while longer fragments
offer valuable phasing information over greater genomic distances. After fragmentation,
DNA ends are repaired to facilitate the ligation of NGS-compatible adapters. These adapters
contain both platform recognition sequences and barcodes, enabling sample multiplexing, the
simultaneous sequencing of multiple samples in a single run.
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Figure 5. Steps of next-generation sequencing (NGS)-based HLA typing. (A) A sequencing library is
generated by fragmenting amplified genomic DNA and attaching platform-specific adapters, which
include index sequences (barcodes), to both ends of each DNA fragment. (B) The prepared library
is then loaded into a flow cell, where DNA fragments bind to the surface and are amplified to form
clonal clusters. Sequencing begins with the addition of fluorescently labelled nucleotides and other
reagents. Each cycle incorporates one nucleotide per cluster, and the emitted fluorescence is recorded.
The wavelength and intensity of the light emitted by each cluster identify the incorporated base. This
sequencing-by-synthesis cycle is repeated over multiple rounds. (C) The resulting sequencing reads
are then aligned to reference sequences from the IPD-IMGT/HLA database [4,5], allowing for the
identification of nucleotide variations between the reference genome and the newly sequenced DNA

Size selection, performed after adapter ligation, enriches DNA fragments of a desired size and
removes residual contaminants, enhancing sequencing efficiency. This can be achieved via bead-
based or electrophoretic methods. Bead-based methods enable concurrent DNA concentration,
whereas electrophoresis offers higher precision. Alternatively, on-bead tagmentation protocols
streamline the process by combining fragmentation, adapter ligation, and normalization into
a single step. A PCR amplification step follows, adding platform-specific adapters and sample-
identifying barcodes. This streamlined workflow enables library generation in under 90
minutes, with less than 15 minutes of hands-on time, making it both efficient and scalable for
clinical and research applications [46].

Given the large volume of data generated by NGS, efficient bioinformatics analysis and data
management are essential for its successful application in HLA laboratories. The initial step in
sequencing data analysis is carried out by the instrument itself, which performs base-calling for
each clonally amplified DNA fragment. During this process, quality control procedures such as
read filtering and trimming are also applied. The sequencing data, along with associated quality
metrics, is stored in a FASTQ file format. For HLA genotyping, specialized commercial software
programs are available for the final analysis phase.

Due to the high polymorphism of HLA genes, aligning sequences to the human reference
genome is often inadequate for precisely identifying the specific HLA alleles in a patient’s

106 N24(153)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usi1blK FblAblMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunesa. Cepust 6uoso2uveckue HayKu



HLA system nomenclature and discovery of novel allelic variants in the Kazakh population

sample. Instead, alignment is conducted against the IPD-IMGT/HLA Database, which contains
sequences of all currently known HLA alleles [30,31]. Coverage is another crucial quality metric
at this stage, comprising both depth of coverage (the number of times a base is sequenced)
and breadth of coverage (the percentage of the reference genome covered). It is important
to note that coverage may not be uniform across the amplicon, and insufficient coverage in
critical regions such as exons can affect the accuracy of HLA typing results. Commercial HLA
typing software generally includes filters to ensure the minimum coverage required for reliable
genotyping. However, in some cases, lower thresholds may be acceptable, such as when
polymorphisms between alleles at alocus are phased or when low-coverage regions, like introns
and untranslated genomic areas, do not impact typing accuracy. A major concern in HLA data
analysis is ensuring balanced allele representation to avoid allele dropout, which can result
from preferential amplification due to technical factors or the patient's disease state, where one
allele may be lost (loss of heterozygosity).

Recently, third-generation sequencing technologies have been developed, enabling the direct
sequencing of DNA fragments over 10 kb from the genome. Although earlier versions of these
methods had limitations, recent improvements have significantly enhanced their accuracy. NGS
technologies enable the resolution of polymorphisms at various stages, eliminating ambiguities
and providing high-resolution HLA typing without the need for re-testing, thereby offering a
potential solution to previous challenges in HLA typing. Many HLA typing kits, such as Holotype
HLA (Combion Biocomputing Ltd., Hungary), focus on amplifying long PCR fragments of HLA
genes and perform sequencing on platforms like [llumina MiSeq. These kits amplify genes such
as A, B, C,DQA1, and DQB1 across their entire coding region, including parts of the untranslated
5'and 3' regions. In contrast, DRB1 is amplified from intron 1 to intron 4, and DPB1 is amplified
from intron 1 to intron 3 (Figure 6).

WHOLE GENE CHARACTERIZATION
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Figure 6. Gene coverage by NGS sequencing method

The WHO Nomenclature Committee for Factors of the HLA System releases an HLA antigen
database every three monthsattherequestofthe Working Committee on Information Technology
of the World Marrow Donor Association (WMDA) for the interpretation of sequencing in various
computer programs. These files comprise the IMGT/HLA database, which documents the
official HLA nomenclature, the relationships between serologically defined antigens, and the
relationships between HLA allele sequences [30, 31, 36]. The database comprises five files, each
with a short header containing four lines of information: the file name, the date of file creation
(YYYY-MM-DD), the file format (URL), and the author. The files contain information about all
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current and retired HLA antigens and alleles, sorted by locus and antigen/allele number. For
HLA antigen names assigned before November 1987, dates are assigned approximately.

Conditions for accepting new allelic sequences

To accept DNA sequences as a new gene variant and assign an official name, the following
conditions must be met:

e Material used for sequencing: These must be clearly specified.

e Sequencing direction: to be conducted in both directions, using forward and reverse
primers.

e PCR amplification requirements: If sequencing is done using PCR-amplified material in the
forward direction, the products must come from two separate PCR reactions.

e Heterozygous individuals: If one allele is new, it must be sequenced separately from the
other allele. Sequencing both alleles together (as in SBT typing) is insufficient to assign an
official name to a new allele.

e Primer-derived sequences: these should not be included in the submitted data.

e Confirmation through other methods: If the new sequence contains a novel mutation or an
uncharacterized nucleotide combination, it must be confirmed by DNA typing methods (PCR-
SSOP, PCR-SSP). This might require new mutation-specific probes or primers which should be
documented.

e Database registration: A registration number must be obtained for the new sequence.
Sequences can be submitted to online databases such as:

o EMBL: www.ebi.ac.uk/Submissions/index.html

o GenBank: www.ncbi.nlm.nih.gov/Genbank/submit.html

o DDB]J: www.ddbj.nig.ac.jp/sub-e.html

» Sequence length requirements: though preferred, full-length sequences are not required.
Minimum sequence requirements are exons 2 and 3 for class I genes and exon 2 for class II
genes.

e Intron or non-coding differences: The entire gene sequence, including coding and non-
coding regions, must be sequenced if the new sequence differs only in introns or non-coding
regions. In the absence of a full-length sequence of the closest related allele, it may also need to
be sequenced and presented before an official name can be assigned.

e Manuscript submission: A manuscript describing the new sequence is recommended to be
submitted for publication. Draft copies can be sent to the database via email or fax.

e Tumor-derived sequences: Sequences obtained solely from tumor material are generally
not accepted by the nomenclature committee.

e Complete HLA type: A complete HLA type for HLA-A, -B, and -DRB1 genes must be provided
for any material where a new allele is identified. The sample must also have a second allele at
the locus of interest in a heterozygous individual.

* Repository submission: DNA or other materials, preferably cell lines, should be submitted to
a public repository or remain in the originating laboratory. The WHO Nomenclature Committee
will maintain documentation of this material.

¢ Online submission: Sequences should be submitted to the WHO Nomenclature Committee
using their online submission tool at www.ebi.ac.uk/imgt/hla/subs/submit.html. Researchers
must complete a questionnaire comparing their new sequence to related known alleles [47,48].
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New alleles identified in the Kazakh population

From 2011 to 2022, four new HLA alleles at the HLA-A, -B, -C, and -DQB1 loci were identified
in individuals of Kazakh nationality in Kazakhstan. These were DQB1*03:82, C*06:256, B*13:150,
and A*32:95 [49-52], identified using capillary sequencing (SBT method). Initial typing of blood
samples was performed using SBT sequencing for the HLA-A, -B, -C, -DRB1, and -DQB1 loci with
Protrans S4 technology (Protrans, Hockenheim, Germany). During typing at the PCR product
stage, haplotypes were separated, resultinginaheterozygous sequence. The nucleotide sequence
was obtained using BigDye v1.1 Terminator Reagent (Applied Biosystems, Foster City, CA) and
analyzed on a 3730XL Genetic Analyzer (Applied Biosystems). Sequencing was conducted in
both forward and reverse directions for exons 2, 3, and 4 of the HLA-A, B, and C loci; for exon 2
of DRB1; and for exons 2 and 3 of DQB1. The results were analyzed using SeqPilot software (]JSI
Medical Systems, Germany, version 3.35.0):

1. DQB1*03:82: Identified in a patient with acute myeloid leukemia, this allele differs from
DQB1*03:01 at exon 2 at position 223, where adenine (A) replaces guanine (G), resulting in an
amino acid substitution from Cysteine to Tyrosine. Inheritance was confirmed through family
analysis. The allele is registered in the EMBL and IMGT/HLA databases (HWS10018423) and
has been named HLA-DQB1*03:82 [49].

2. C*06:256: Discovered while typing a potential hematopoietic stem cell donor, this allele
differs from C*06:02:01:01 by a C to A substitution at exon 3, leading to an amino acid change
from Glutamine to Lysine (Q—K). Identification was confirmed by NGS. The new allele is
registered under the number HWS10027913 and has been named HLA-C*06:256 [50].

3. B*13:150: Found in a child with acute leukemia, this allele differs from B*13:02:01 by
an A to C substitution at exon 2 that causes an amino acid change from Methionine to Leucine
(M—L). Family analysis confirmed inheritance of the variant from the mother and brother. It is
registered in the database under number HWS10060741 and has been named HLA-B*13:150
[51].

4. A*32:95: Identified in a potential stem cell donor, this allele differs from A*32:01:01 by a
C to A substitution at exon 2 at position 28 that leads to an amino acid change from Lysine to
Threonine (K—T). The allele is registered in the database under number HWS10027001 and
has been named HLA-A*32:95 [52].

Following the implementation of the NGS sequencing technology, our laboratory identified
an additional ten new sequences with changes in clinically significant exons (exons 2 and
3), as well as four sequences in clinically insignificant exons, such as exons 1, 4, 5, and 8 [53,
54]. Despite the short time of using NGS technology, the identification of new sequences has
increased. The frequency of detecting new allelic variants using capillary sequencing is one new
allele per 1,773 typings; whereas with NGS technology, detection of new alleles occurs every
635 typings.

The 2.8-fold increase in detection efficiency after implementing NGS technology results
from NGS's superior ability to phase heterozygous positions across larger genomic areas and
to sequence intronic regions where additional polymorphisms may be found. Additionally, NGS
workflows enable simultaneous typing of multiple loci with high coverage depth, reducing
ambiguities that often affect Sanger-based approaches. All four identified alleles feature non-
synonymous substitutions within exons encoding peptide-binding domains (exons 2 and 3
for class [; exon 2 for class II). These amino acid changes: Cys—Tyr (DQB1*03:82), Gln—Lys
(C*06:256), Met—Leu (B*13:150), and Lys—Thr (A*32:95), occur at positions that may
influence peptide repertoire and T cell receptor recognition. Nevertheless, functional validation

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol N24(153)/ 109
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



A. Turganbekova, S. Abdrakhmanova, W.Y. Almawi

through peptide-binding assays and T cell activation studies remains essential to determine the
immunological impact of these substitutions.

Discussion

During this study, previously unreported HLA class I and II allelic varFor example, the
“Protrans S4” kit (Protrans medizinische diagnostische Produkte GmbH) enables the sequencing
of exons 1 through 4 for class I HLA genes, full exon 2 for HLA-DRB1*, and exons 2 and 3 for
HLA-DQB1* ofnary pressures related to pathogen antigen recognition [55]. According to the
IMGT/HLA Database (version 3.57.0, January 2025), there are currently over 37,000 different
HLA gene alleles registered, including 8,123 alleles for HLA-A, 9,276 for HLA-B, and 6,475 for
HLA-DRB1, with this number continually increasing [2].

In our analysis, new variants were identified, including B*51:01:XX and DRB1*13:XX, which
contain single-nucleotide substitutions in coding exons that could potentially alter the peptide-
binding domain structure. Such mutations can significantly affect antigen presentation and are
associated with an increased risk of developing autoimmune and infectious diseases [56].

While African and South Asian populations have historically been considered the primary
reservoirs of HLA diversity due to longer evolutionary timescales and larger effective
population sizes [57], our findings indicate that substantial unique ancient migration waves
and prolonged isolation of certain sub-ethnic groups persist in Central Asian populations. The
Kazakh population occupies a geographic crossroads that has historically been traversed by
migration waves connecting Europe, East Asia, and Central Asia. This positioning likely facilitated
admixture between diverse ancestral groups, potentially generating novel allelic combinations
through recombination events. Furthermore, subsequent isolation of certain sub-ethnic groups
within Kazakhstan's vast territory may have preserved rare variants through genetic drift. The
four novel alleles identified in this study show no exact matches in the Allele Frequency Net
Database (AFND), which aggregates HLA data from over 1,500 worldwide [58].

This absence could reflect either recent mutational origin, preservation of ancient variants in
isolated populations, or simply the historical undersampling of Central Asian groups in global
HLA studies. Distinguishing among these scenarios requires expanded sampling with dense
geographic coverage and phylogenetic analysis of allelic relationships. Comparing the obtained
alleles with global panels revealed that several commonly occurring alleles in our study
sample are absent from most standard diagnostic panels used in bone marrow donor typing.
This may complicate donor matching for Kazakh recipients. According to the World Marrow
Donor Association (WMDA), as of 2024, there are over 41 million potential donors registered
in international registries; however, a significant portion is represented by European and North
American populations. This creates a disparity and reduces the effectiveness of finding HLA-
compatible donors for recipients from Central Asia [59].

From a practical standpoint, identifying new alleles highlights the need to adapt HLA typing
panels to local ethnic characteristics. This is particularly important in the context of developing
biomedical products, such as personalized vaccines, immunotherapeutic agents, and transplant
matching algorithms. Moreover, accounting for rare and unique alleles can enhance the accuracy
of population genetic and epidemiological models while minimizing the risks of transplant
rejection and immunological complications [60]. Thus, our findings expand existing knowledge
about HLA gene diversity and underscore the importance of deep local analysis within global
biobanks and registries.
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Several limitations are noteworthy. The sample sizes for individual novel alleles remain small
(n = 1-4 carriers), which hampers the accurate estimation of allele frequencies and restricts
understanding of linkage disequilibrium patterns within the Kazakh population [61-63].
The functional attributes of the identified amino acid substitutions were not experimentally
validated, for example, through peptide-binding assays, thermal stability measurements, or
T cell activation studies. Additionally, our sequencing strategy focused on clinically relevant
exons (exons 2-3 for class I; exon 2 for class II), potentially missing variants in promoter regions
or intronic enhancers that could influence expression levels. Furthermore, the comparison
of detection rates between Sanger and NGS technologies may be confounded by temporal
differences in sample composition, typing indications (e.g., patient versus donor typing), and
operator experience [64]. Future plans include increasing the sample size and conducting
functional tests to assess the impact of identified mutations on antigen binding, which could
help advance personalized medicine in the region.

Conclusions

Our study identified the novel HLA alleles that contain non-synonymous substitutions within
peptide-binding domains: HLA-DQB1*03:82, HLA-C*06:256, HLA-B*13:150, and HLA-A*32:95 in
the Kazakh population. ThisadditiontotheIPD-IMGT /HLA database enhancesourunderstanding
of HLA diversity in Central Asia, a region that has historically been underrepresented in global
immunogenetic studies. The transition from Sanger sequencing to NGS-based typing in our
laboratory increased the efficiency of novel allele detection by 2.8-fold, further demonstrating
the superiority of NGS for HLA characterization, which stems from its ability to resolve phase
ambiguities and sequence extended genomic regions with high throughput. Several aspects
must be considered when identifying a new allele based on DNA sequence. It is essential to have
knowledge of the structure of a similar allele, and the location (exon, intron) of the nucleotide
substitution and its relation to the codon. It is necessary to describe the protein sequence and
determine whether this substitution will lead to an amino acid change. These and related factors
are needed when submitting a new gene to the nomenclature committee and for its registration.

Kazakhstan's multi-ethnic composition (comprising over 124 ethnic groups) and its location
along migration routes support ongoing efforts to identify additional unique HLA variants.
These population-specific data are crucial for improving transplant donor matching for Kazakh
recipients, who are currently underserved by registries dominated by European and North
American data, for developing personalized immunotherapeutic strategies that consider
local HLA diversity, and for studying disease associations in Central Asian populations. Future
research will focus on expanding sample sizes, validating the immunological effects of identified
substitutions through peptide-binding and T-cell assays, and establishing collaborations to
enhance Central Asian representation in international HLA registries and biobanks. These
initiatives will significantly enhance our understanding of HLA genetic diversity in Central Asia
and promote the clinical use of HLA typing in personalized medicine.
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HomeHKnaTypa HLA cucremMsl 1 OTKPbITUE HOBBIX aJ/I/I€JIbHbBIX BADHUAHTOB B Ka3aXCKou
nmonyjasanuu

A. Typran6ekoBa’?, C. A6apaxmanosaZ, B./. Anmasu*>*
'Eepasuiickuil HayuoHaabHbIll yHueepcumem um. JLH. l'ymunésa, Acmana, Kasaxcman
“HayuHo-npoussodcmeeHHblil yenmp mpaHcgysuoaozuu, Acmana, Kazaxcmau
*Yuueepcumem Bpok, Cenm-Kamapunc, Onmapuo, Kanada
*Yuueepcumem 3av-Manap, TyHuc, TyHuc

AnHoTanusa. CucteMa desioBeYeCKUX JieHMKoNUTapHbIX aHTUreHoB (HLA) saBasetrca ofgHoMl U3
HanboJiee reHETUYECKH NMoJMMepPHBIX B OpraHU3Me YesloBeKa, KoTopas BKJo4aeT 6oJiee 220 reHoB,
KOJMPYIOIIUX UMMYHHbBIE 6eJIKY, Urpalolljye KJII04YeBYI0 poJib B TPAHCIIJIaHTAllMOHHON COBMECTUMOCTH,
peryjasiiui UMMYyHHOIO OTBeTa W IMpeApacloJIOKEHHOCTH K 3abosieBaHUsIM. B jaHHOM o0630pe
npeJcTaBJeHbl OCHOBbl HOMeHKJ/aTypbl HLA, cranmapTusupoBaHHOW BceMupHOH opraHusanuei
3/paBooxpaHeHus (BO3) u mognep:xkuBaemoit B 6a3e AaHHbix IPD-IMGT/HLA. OnucaHa 3BoJjitonus
MeToZ0B TUnMpoBaHud HLA - oT ceposioruyecknx TeCTOB [0 MOJIEKYISAPHBIX TEXHOJOTUN, BKIKOYas
cekBeHHpoOBaHue 1o CaHrepy U cekBeHUpoBaHUe HoBoro nokoJsieHus (NGS), a Takke HCIIOJIb30BaHUE
CrelMa/u3MpPOBaHHOrO IMPOrpaMMHOr0 obGecneyeHus [Jisi HWHTeplnpeTanuu AaHHbIX. [IpoBejeHa
OLleHKAa MX NPEHMYLIECTB U OTPaHUYEeHUN NPU BbISIBJIEHUM HOBBIX ajljiesiell. B paboTe paccMOTpeHbI
aJlJlesibHBle BapuaHThl reHoB HLA, MeTozbl X CEKBeHHPOBaHUA U aHaanu3a. Kpome Toro, coobuaercs
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A. Turganbekova, S. Abdrakhmanova, W.Y. Almawi

06 naeHTUUKALMU YeThIpEX HOBBIX ajiesedt HLA B kasaxckoil nonyasiuuu: DQB1*03:82, C*06:256,
B*13:150 u A*32:95. Bce 4eThIpe ajLiesis CoJlep:kaT HECUHOHMMUYHbIE 3aMeHbI B e TH/CBA3bIBAIOLUX
JlOMeHax, YTO YKasblBaeT Ha UX BO3MOXXHYI MMMYHOJIOTMYECKYI 3HAa4YMMOCTb. CpaBHUTEJbHbIN
aHa/M3 nokasaJ, 4To TexHosiorusi NGS noBbiiaeT 3¢pPeKTHUBHOCTL 0OHApPYKEHHSI HOBBIX ajljiesied B
2,8 pasa 1o cpaBHEHMIO C ceKBeHMpoBaHUeM 1o CaHrepy (OAUH HOBBIM aJjiesib Ha 635 TUNMPOBAHUI
npotuB 1773).Ilosny4yeHHble pe3yabTaThbl AEMOHCTPUPYIOT 3HAaYHTeIbHOE FTeHeTUYeCKOoe pa3Hoo6pasue
HLA cpenu nacenenus lleHTpanbHOM A3MM, KOTOpOe OCTAaeTCHd HeLOCTAaTOYHO NpeACTaBJIEHHBIM B
MeXXAyHapOoAHbIX 6a3ax JJaHHbIX. BbisiBeHUe ciequUYHBIX AJ1s ONY/IALMM ajljiesiel NoJ4YepKUBaeT
Heo6xoAuMOCTb paclivpeHus HLA-npoduiupoBaHHs B 3THUYECKH Pa3HOOOGpA3HbIX pervoHax [AJsd
yJAy4IIeHUs UCXOL0B TPAHCIJIaHTALMY U Pa3BUTHSA NepPCOHAJN3UPOBAHHON HMMYHOTEpaNUH.
KilouyeBble cJjoBa: aJjjiejibHble BapuaHTbl, HLA-TunupoBaHue, 6a3a agaHHbiXx [PD-IMGT/HLA,
KaszaxcTaH, cekBeHUpoBaHUe HOBOTO nokosieHus (NGS)

HLA xylieci HOMEHK/IaTypachl »K9He Ka3aK NoNy/IALUsAChIH/A »KaHA a/l/IeJIbJiK TYpJiepiHiH,
AHBIKTAJIYbI

A. Typran6ekoBa’?, C. AGapaxmanosaZ, B./. Anmasu*>*
1JLH. T'ymunes amwiHdarsl Eypasus yammbik yHugepcumemi, Acmana, Kazakcman
“TpaHcgy3uon02usiHbIH FolablMu-eHIipicmik opmanvirel, Acmana, Kasakcmau
3Bpok yHusepcumemi, 6U0A02UANbIK FolAbIMOAD Kagedpacsl, Cenm-Kamapurc, Onmapuo, Kanada
*I16-Manap ynusepcumemi, scapamutavicmaty gakyabmemi, Tynuc, TyHuc

Anpgarna. Agam neldkouuTap/blK, aHTUureHgep *kyheci (HLA) - agaM ar3acbiHAaFbl €H Te€HEeTUKaJbIK
TYpFbIJa apTypJai kyHenepaiy 6ipi. On 220-jaH actaM reHji KaMTHUJbI KoHE TPaHCIJIAHTALUSJIBIK,
COUMKeCTiKKe, HMMYH/IBIK, >KayallThlH, PEeTTe/yiHe KoHe JPTYpJii aypysapra OeHiM[ijNiKKe >KayamnTbl
MMMYH/IbIK, aKybI3JlapAbl KoATalabl. byn mosayaa JlyHuexysinik JeHcaynablK cakray yibiMbl (1Y)
6ekiTkeH oHe [PD-IMGT/HLA pepektep 6asaceiHfia cakrajaTblH HLA HOMeHKJ/IATypachbIHBIH
Herizgepi 6agHganaabl. Congai-ak, HLA TunTey aficTepiHiH JaMybl — CepoJIOTUSJIbIK TaaJayaapiaH
6actan CsHrep cekBeHHUpJsieyi MeH >xaHa OybIH cekBeHUpJieyiHe (NGS) aeliHri TexXHOJIOTHSJIBIK
KeTinaipynep KapacTblpblifaH. /JlepekTepZi UHTeplpeTalusjiayFa apHajlfaH OafAap/aMaiblk,
KypaJJapAblH MYMKIHJIKTepi MeH oOJlapAblH apThIKUbIJIBIKTApbl MeH LIeKTeysaepl TajajaHalbl.
3eprTey 6apbicbinzia HLA reHfepiHiH aniesnbAik BapuaHTTaphl, oJap/iblH CEeKBEHUpJEY dficTepi
MeH Tajajay Taciazepi cunattanaabl. COHbIMEH KaTap, Kasak Momy/asuuscbiHAa TepT »kaHa HLA
asiesi aubIKTanAbl: DQB1*03:82, C*06:256, B*13:150 »xaHe A*32:95. bya annenbaepAin 6ap/blFbIHAA
nenTu/ 6aiaHbICTBIPY JJOMEH/epiH/Ae MaFbIHACKIH ©3TEPTETIH aybICyJIap 6APbIH KoHE 6YJ1 0J1ap/blH
VMMYHOJIOTHUSIJIBIK, MaHbI3JbLJIbIFbIH KepceTyi MyMKiH. CasbiCTbIpMaJjbl TajZay HITHXKeJepi
kepceTkeHel, NGS TeXHOJIOTUSACBIH KOJJAHy aHa aJjjesbjep/i aHblKTay TUiMAinirin 2,8 ecere
apTThipajibl (ap6ip 635 TUnTEyTe 6ip KaHA asyiesb, aa CaHrep aficinge - 1773 Tunrteyre 6ip *kaHa
asnesb). bys HoTmwkesep OpTasnblK A3us XaablKTapbiHAarbl HLA KyHeciHiH KoFapbl reHeTUKaJIbIK
OPTYpJiJiriH alfakKTabl. ATajfaH alMaKTap XaJiblKapaJblK JepeKTep 6asachblHAa >XeTKiJiKci3
KaMTbUIFAaH/ABIKTAH, 3THUKAJBIK TYPFbIJaH ajyaH TypJi nonyasanusiapaa HLA-npodunbaeyai
KeHEeNTY KaXXeTTisiri TybIHAaibl. Bys1 63 Ke3eriH/ie TpaHCIJIaHTALUs HITHXKeJIePiH XKaKcapTyFa )KoHe
»KeKeJIeHAipiJiIreH UMMYHOTEepPAaNUsAHb] JaMbITYFa bIKIIAJI eTe/l.

Tyiin ce3gep: Annenbjik Typsep; HLA tuntey; IPD-IMGT/HLA nepekTep 6a3ackl; KazakcraHs; xaHa
OoybIHABI cekBeHUpJiey (NGS)
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Review Article

Morphological characteristics of the spotted thicklip loach Triplophysa
strauchii (Nemacheilidae) from the Uba River (upper Irtysh basin)

D.A. Tagayev*'~, M.B. Salkymbayeva*
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan

(E-mail: *rhynchocypris@gmail.com, s.meruert.biolog@gmail.com)

Abstract. The spotted thicklip loach is a Central Asian fish species native to
many water bodies of Kazakhstan. This species belongs to a complex taxonomic
group of fish, the genus Triplophysa. Three subspecies of the spotted thicklip
loach are known for water bodies of Kazakhstan: T s. strauchii, T. s. ruzskyi, and
T s. zaisanicus, but their taxonomic status and distribution require clarification.
The modern distribution of the spotted thicklip loach is very wide; it inhabits
the basins of Balkhash-Alakol, Tarim, the Chu and Syr Darya rivers, and is
also known for the basin of Lake Zaysan. Currently, this species expands its
range far to the north, where it has successfully acclimatized in the endorheic
rivers and lakes of Central and Northern Kazakhstan. In 2016, the spotted
thicklip loach was discovered in the Uba River of the upper Irtysh basin. Here
we present a description of the external morphology, including coloration,
plastic and meristic features, body proportions, fin shape, lip structure,
features of the intestine, and swim bladder. Features of sexual dimorphism
were also investigated. Characteristic features of Triplophysa strauchii have
been revealed. In order to clarify the range of this species, further research is
needed in the Irtysh basin.

Key words: spotted thicklip loach, Nemacheilidae, Triplophysa strauchii,
morphology, upper Irtysh basin, Uba River

Introduction

The loaches of the genus Triplophysa are widely distributed in Central and East Asia. It is
one of the largest genera of the family Nemacheilidae, currently comprising approximately 160
species [1]. Moreover, the number of described species of this genus is increasing every year [1-
6]. The taxonomy and phylogeny of the genus Triplophysaa are undergoing a period of revisions
and descriptions of new species [7-12]. In this regard, the identified subspecies and morphs of
loaches from the Kazakhstan water bodies also require more detailed research using modern
approaches.

One of the most widespread species of the genus is the spotted thicklip loach T strauchii,
which inhabits both flowing and stagnant water bodies in Central Asia. This species is considered
ecologically flexible, capable of inhabiting a variety of habitats, where it creates morphologically
distinct forms [13]. The modern range of the spotted thicklip loach includes the basins of lakes
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Morphological characteristics of the spotted thicklip loach Triplophysa strauchii (Nemacheilidae)
from the Uba River (upper Irtysh basin)

Balkhash, Alakol, Tarim, the Chu and Irtysh rivers (upper reaches), and the Syr Darya river [13,
14]. Moreover, along with seed from southern fish hatcheries, this species has spread beyond
its natural range far to the north, and today is quite common in the endorheic rivers of Central
Kazakhstan. There is some data about his presence in the lakes of the North Kazakhstan region
- Shalkar, Katarkol, and Bolshoye Chebachye [15].

The following subspecies of T. strauchii are known:

- T s. strauchii, inhabiting the basins of Lake Balkhash and Lake Alakol, the Chu River, and
Lake Biylikol;

- T s. ruzskyi, inhabiting the basin of the Alakol-Sasykkol lake system;

- T s. zaisanicus), described for Lake Zaisan and the rivers of the northern slopes of the
Tarbagatai Mountains.

Data on the last two subspecies are very scarce, and the systematic status of these forms
requires verification.

Previous data on the distribution of T strauchii in the upper Irtysh basin are known for the
rivers of the northern slopes of the Tarbagatai Mountains. In 2016, a sample of the spotted
thicklip loach was collected from a more northern location - the tributary of the Uba River [16],
where it had not been previously mentioned.

The aim of the study was to investigate the external morphology of the spotted thicklip loach
T strauchii from the Uba River in the upper Irtysh basin. Here we confirm the new location for
this species and provide new data on its morphology.

Material and methods

Fish were caught with net traps on July 20, 2016, in the tributary of the Uba River (the
Poperechka River, near Shemonaikha, East Kazakhstan, 50.3751°/ 81.5228°). The fish were
fixed in a 4% formaldehyde solution in horizontally placed plastic bottles, so the fish had
straightened bodies and fins.

Analysis of morphological traits was conducted according to Prokofiev (2010) [17]. Plastic
features were measured on 10 specimens (TL - 121-133 mm - 6 males and 4 females) using
a digital caliper with an accuracy of 0.1 mm. All measurements were made in a straight line
directly between two points. To increase the accuracy of the analysis of meristic characters, fish
were stained in potassium hydroxide solution (0.3%) with the addition of Alizarin Red. The last
fin rays in the dorsal and anal fins, located on a single pterygiophore, were counted as 11/2. The
intestine and gas bladder were also investigated in all the specimens.

Results and discussion

Meristic features

Number of lateral line pores - 70-94.

Dorsal fin with 4 unbranched and 7%:-8 %2 branched rays; anal fin with 3 unbranched
and 51/2 branched rays; caudal fin with 16 branched rays (C [+8+8+I); pectoral fin with 1
unbranched and 13-14 branched rays; ventral fin with 1 unbranched and 7%2-8% branched
rays. Scales absent.

Coloration
The body is light brown with clear brown spots of variable shape and size on the lateral
and dorsal sides of the body (Figure 1). On the back, the spots are often small and unclear. The
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lateral line is usually distinguished by a white stripe. The abdomen is whitish. On the lateral
sides of the head, clusters of melanophores might form a marble pattern. In some specimens,
the top of the head is uniformly brown, while in others it is spotted.

Figure 1. Examples of coloration of the spotted thicklip loach (Triplophysa strauchii) from the Uba
River (upper Irtysh basin) - specimens fixed in formaldehyde. Female (A, TL - 121 mm) and male
(B, TL - 128 mm)

Some specimens have vertically elongated spots of irregular shape on the dorsal fin. The
caudal fin is mottled with rows of spots. The anal and pelvic fins are uniformly whitish or have
a few small spots. The pectoral fins have small spots.

Plastic features
Results of measurements are presented in Table 1.

Table 1
Plastic features of males and females of T. strauchii from the Uba River (upper Irtysh basin)

Feature Uba River, males, n=6 Uba River, females, n=4
Range Mean + m Range Mean + m
Total length (mm) 121-133 128+0,17 121-139 129+0,47
Standard length (mm) 102-113 108+0,15 100-116 107+0,39
Percentage of standard length

Predorsal length 53,1-56,86 54,44+0,05 54,46-56,76 55,53+0,22
Postdorsal length 34,8-37,27 36,51+0,09 |35,14-38 36,89+0,15
Pre-anal length 69,44-70,91 |70,12+0,11 |68,97-72 70,25+0,24
Prepelvic length 51,87-54,72 |53,34+0,08 |52,48-54 53,11+0,19
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from the Uba River (upper Irtysh basin)

Prepectoral length 22,43-23,64 |23,06+0,05 |22,77-24,32 23,56+0,13
Pectoral-pelvic distance 29,09-32,35 |30,68+0,03 30,17-33 31,28+0,09
Pelvic-anal distance 16,67-18,69 |17,5+0,04 16,22-17,33 16,82+0,05
Pelvic-anus distance 10,19-12,15 |11,1+0,04 9,9-11 10,52+0,05
Anus-anal distance 2,39-2,84 2,68+0,01 3,02-3,6 3,35+0,01
Body depth maximum 17,29-23,53 |19,85+0,07 |19,8-20 19,88+0,08
Body depth at dorsal-fin origin | 16,36-17,94 |17,24+0,02 17,33-18,1 17,73+0,09
Body depth minimum 6,02-6,94 6,49+0,01 6,03-6,44 6,26+0,02
Body width maximum 14,49-1794 |16,17+0,04 |17,33-18,62 18,06%0,1
Body width at dorsal-fin origin | 11,68-12,75 |12,08+0,01 14-15,32 14,5+0,08
Caudal peduncle length 22,12-24,07 | 22,84+0,04 21-23,76 22,41+0,11
Caudal peduncle depth 8,14-9,26 8,66+0,02 7,84-9,01 8,47+0,03
Caudal peduncle width 7,01-8,33 7,59+0,02 7,76-9,01 8,24+0,05
Pectoral-fin length 15,93-18,18 |17,23+0,04 |15,95-17,33 16,46+0,05
Pelvic-fin length 14,16-16,67 |15,41+0,04 |15-17,12 16,17+0,09
Dorsal-fin depth 15,93-19,81 |17,83+0,06 |18,5-18,97 18,78+0,08
Dorsal-fin base length 11,95-12,75 |12,31+0,01 |11-12,87 11,93+0,06
Anal-fin depth 13,27-14,81 |14,01+0,03 |14-15,32 14,73+0,08
Anal-fin base length 6,64-7,73 7,04+0,02 6,63-7,66 7,03+0,05
Caudal-fin length 17,70-20,37 |19,2+0,06 19,8-21,62 20,45+0,1
Caudal-fin longest branched ray | 18,14-20,94 |19,45+0,06 |19,8-22,07 20,6+0,11
length
Caudal-fin shortest branched 14,95-16,7 15,85+0,05 |16,81-17,57 17,1+0,07
ray length
Lateral head length 22,12-23,64 |22,84+0,03 |22,77-24,32 23,56+0,13
Percentage of lateral head length
Head depth at nape 55,77-62,5 59,04+0,02 |55,56-58,7 57,03+0,07
Head depth at the middle of eye |44-47,5 45,99+0,01 |46,3-48,21 47,45+0,06
Interorbital width 32,5-36 33,77+0,02 |29,63-33,48 31,65+0,03
Head width 65,38-71,43 |68,16+£0,02 |66,67-69,57 68,02+0,08
Head width at the preopercle 57,69-63,27 |60,73+0,02 |61,11-65,22 62,77+0,07
Snout length 41,67-46,8 44,21+0,02 | 44,44-43,59 43,59+0,06
Postorbital head length 40-45,83 42,05+0,02 | 43,48-42,53 42,53+0,04
Eye diameter 18,75-20,8 19,7340,01 |21,3-19,91 19,91+0,01
Inner rostral barbel length 23,75-30,61 |26,37+0,03 |25,93-23,08 23,08+0,04
Outer rostral barbel length 25-40,82 34,49+0,05 |35,56-33,35 33,35+0,04
Maxillary barbel length 28,85-44,90 |34,01+0,06 |30,43-29,71 29,71+0,04
Mouth length 22,92-29,17 |26,18+0,02 |26,09-25,77 25,77+0,04
Mouth width 36,8-40,82 38,67+0,01 |39,57-37,95 37,95+0,04
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Body shape and proportions

The body is elongated and only slightly laterally compressed. The origin of the dorsal fin
starts closer to the end of the snout than to the end of the caudal fin. The dorsal profile of the
back is nearly arch-like. The deepest body point is between the occiput and the dorsal fin. The
maximum body depth is greater than its width at this point and smaller than the caudal peduncle
length. The caudal peduncle is short, not compressed laterally; its length is much greater than
its depth and width. The width of the caudal peduncle is equal to, or slightly smaller than, its
depth. The depth of the caudal peduncle is 2.5-2.9 times its length. The minimum body depth is
smaller than the caudal peduncle depth.

The dorsal fin is longer than the anal fin. The pectoral fins in males are slightly longer than
the pelvic fins, and in some females, they are equal in length. The pectoral fins extend beyond
half the distance between the bases of the pectoral and pelvic fins. The pelvic fins extend beyond
the anus and do not reach the anal fin. The anus is closer to the bases of the anal fin than to the
bases of the pelvic fins. The distal margin of the caudal fin is slightly concave.

The head is not compressed laterally and dorsally resembles a truncated cone with a rounded
top (Figure 2).

Figure 2. Head of the spotted thicklip loach (T strauchii) from the Uba River (upper Irtysh basin),
dorsal view. Male (A, TL - 126 mm) and female (B, TL - 121 mm)

The head length is more than 22% of SL, exceeds the greatest body depth, and is approximately
equal to the caudal peduncle length. The head depth at the occiput is greater than half its length
and smaller than the head width here. The interorbital space is flat and moderately wide; the
eye diameter is less than 1.8 times its width. The dorsal profile of the head is straight to the
nostrils, where itis slightly or noticeably convex (Figure 3). The snoutis rounded and moderately
elongated; it is usually shorter than the postorbital distance. In males, the anterolateral edges
of the snout form small ridges - thus, dorsally, their snout is more rounded than in females. In
addition, a well-formed swelling extends from the eye to the upper jaw in males (Figure 3A).
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Morphological characteristics of the spotted thicklip loach Triplophysa strauchii (Nemacheilidae)
from the Uba River (upper Irtysh basin)

Figure 3. Head of the spotted thicklip loach (T strauchii) from the Uba River (upper Irtysh basin).
Male (A, TL - 131 mm) and female (B, TL - 139 mm)

The eyes are situated rather laterally and, when viewed from the side, are located above
the forehead line. The horizontal diameter of the eye is 2.0-2.4 times the length of the snout.
The barbels' length is greater than the eye diameter. The longest is the outer rostral one. The
maxillary barbels extend beyond the middle of the eye, or further beyond the posterior edge of
the eye.

Shape of the mouth and nostrils

The mouth is short, inferior, and surrounded by three pairs of barbels (Figure 4). The length
of the oral opening is less than its width, and the oral slit is crescent-shaped. The lower lip
covers the edge of the lower jaw; the edge is visible in the middle of the lip. The upper lip is
without a medial notch; in some individuals, it covers the edge of the upper jaw, but in most
fish, the edge is visible. The processus dentiformis is absent. The lower lip is interrupted in
the middle and divided into three or four paired and more or less isolated lobes. The mental
lobes are well-formed and disc-shaped. The lateral lobes are not formed. The lips with short
thickened papillae. The upper lip is not interrupted, the folds on the lower lip are well expressed.
The anterior and posterior nostrils adjacent, the posterior nostril is triangular in shape, the
internasal septum is wide.

Figure 4. Lips of the spotted thicklip loach (T strauchii) from the Uba River (upper Irtysh basin),
ventral view. Female (A, TL - 135 mm) and male (B, TL - 128 mm)
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Fins shape
The distal end of the dorsal fin is rounded, the posterior margin is straight, the longest ray is

the second branched one. The distal end of the anal fin is rounded, its posterior margin is rather
convex, the longest ray is the second branched one (Figure 5).

a
-9

Figure 5. Dorsal (A-B) and anal (C-D) fins of the spotted thicklip loach (T strauchii) from the Uba River
(upper Irtysh basin). On the right are fins with stained rays

The lobes of the caudal fin are rounded, the upper lobe is slightly longer than the lower one,
the fin is slightly notched, the longest upper lobe rays the second and third branched ones, the
longest lower lobe rays are the third or the third and fourth branched ones (Figure 6).

Figure 6. Caudal fin of the spotted thicklip loach (T strauchii) from the Uba River (upper Irtysh basin).
On the right is fin with stained rays

The distal end of the pectoral fin is rounded, the posterior margin is convex, and the longest
rays are usually the third and fourth branched ones. The distal end of the pelvic fin is rounded,
the posterior margin is convex, the longest rays are the second branched, or the second and

third branched ones (Figure 7).
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from the Uba River (upper Irtysh basin)

Figure 7. Left pectoral fin of the spotted thicklip loach (T strauchii) from the Uba River (upper Irtysh

basin). Male (A-B), TL - 128 mm) and female (C-D, TL - 121 mm). On the right are fins with stained
rays

Internal organs

The posterior part of the swim bladder is well developed. The swim bladder is widened in
the back part of the abdominal cavity and has a round or oval shape. It is connected to the bone
capsule by a thin canal. The intestine is of medium length, usually forming two main loops -
ascending and descending (Figure 8). Sometimes there are one to three additional loops.

Figure 8. Swim bladder (A) and intestine (B) of the spotted thicklip loach (T strauchii) from the Uba
River (upper Irtysh basin)
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Sexual dimorphism

Males are distinguished by the following characteristics: the first four-five branched pectoral
fin rays are thickened in males, the anterolateral edges of the snout with ridges, a swelling
extends from the eye to the snout, some males have the brush-like agglomerations of spawning
tubercles on sides of the head, characteristic for T. strauchii [17] (Figure 9).

7

Figure 9. The brush-like agglomerations of spawning tubercles on sides of the head of the spotted
thicklip loach (T. strauchii) from the Uba River (upper Irtysh basin). Male, TL - 131 mm)

The results of the morphological analysis showed that the studied fish from the Uba River
have features characteristic of the spotted thicklip loach [13,17,18]: rounded black spots on
the body, a caudal peduncle not compressed at the base, caudal peduncle width exceeds the
minimum body depth, the minimum body depth more than 3 times in the caudal peduncle, the
dorsal fin depth does not exceed the maximum body depth, the pectoral fins are longer than the
pelvic fins, the anterior and posterior nostrils adjacent, the upper lobe of the caudal fin is slightly
longer than the lower one. The structure of the swim bladder and intestine, the structure of the
mouth and lips, as well as the location of the brush-like agglomerations of spawning tubercles
on the head [17] are also characteristic of T. strauchii.

The spotted thicklip loach is subject to increased morphological variability, and individual
populations differ significantly in many plastic features [13]. According to Prokofiev [17], most
plastic features are of secondary importance in diagnosing the loach species, therefore, when
describing new forms, it is necessary to study in more detail the qualitative features related to
body shape, mouth structure, nuptial elements on the body of males, internal organ structure
and, if possible, osteological features.

Conclusion

The spotted thicklip loach (T strauchii) is a widespread Central Asian species, for which many
populations have been poorly studied in the water bodies of Kazakhstan, and the distribution
requires clarification. The range of this species is moving further north. In the upper Irtysh
basin, T. strauchii was mentioned only for the rivers of the northern slopes of the Tarbagatai
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Mountains. This study confirms its presence in the Uba River. The plastic and meristic features,
body proportions, qualitative features related to color, shape of fins, head, lips, as well as the
structure of the intestine and swim bladder were studied. Characteristic features of males were
revealed. Most of the analyzed features are characteristic of Triplophysa strauchii. To clarify the
range of this species, further studies are needed, including in the basin of the middle and lower
Irtysh, and possible places for its penetration.
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Y61 e3eHi (Koraprel EpTic 6acceiini) TeH6i1 TasiMa 6abIFbiHbIH, Triplophysa strauchii
(Nemacheilidae) mop@o010ruAIBbIK, CUIIATTaMaChl

J.A. Taraes*!, M.B. CaiKbIM6aeBa'l
J1.H. ['ymunes amviHdarsl Eypasus yimmeolk yHueepcumemi, Acmawna, Kasakcmau

Anpgartna. TeH6in TanMa 6anbiFbl — KazakcTaHHbBIH KONITETeH Cy KoMIMasiapbIH/a MeKeHJeUTiH OpTasbIK
A3usblK 6asbIKTapblH abopureH/i Typi. Bys Typ 6a/ibIKTapAblH, KypAesi TaKCOHOMUSJIBIK TOObIHA
»karazbl — Triplophysa Tybickl. KazakCTaHHBIH, Cy KOWMaJlapblHAAFbl TEHOIJ TasiMa GaJIbIFbIHBIH, YII
Typlueci 6erini: TeH6i1 Taama 6anbifsl (T s. strauchii), ke TaaMa 6anbirbl (T s. ruzskyi) »kaHe 3aiicaH
Ta/Ma 6asibiFbl (T s. zaisanicus), 6ipaK oJ1apIblH TAKCOHOMHUSIBIK OPHBI MEH TapaJlybl HAKThLIAYAbI KAXKET
etei. TeHO6is1 TaMa 6aJIBIFBIHBIH Ka3ipri Tapasy ayMarhbl eTe KeH, 01 bankam-Anakes, Tapum, Iy »xoHe
Coipflapus e3eHJepiHiH OGaccelH/iepiH MeKeH/Jel/i, coHbIMeH KaTap 3alcaH KeJiiHiH 6acceliHiH[e
ne ke3geceni. Kasipri yakpiTTa 6y/1 Typ 63iHiH Tapasly allMaFbIH COJITYCTiKKe Kapal KeHeuTyje, 0J1
OpTaJsiblK, *koHe CosTycTik KasakcTaHHBIH, aFbIHCbI3 ©3€HJepi MeH KeJifiepiHe COTTi OeHimjiesreH.
2016 xwbiabl Koraprbel EpTic 6acceliniHiy, YOi e3eHiHeH TeHO6i/n TasMa GasbiFbl Ta6bLIAbL. ChIPTKbI
MOP}OIOTUAIBIK CUTIATTAMACh], OHBIH illliHE TYCi, IJIaCTUKAIBIK )KoHe MEPHUCTHUKAJBIK 6eriepi, 1eHe
NponopuUsIaphbl, )Ky30eKaHaTTapbIHbIH, MillliHi, epiHHIH KYPbIJIbIMbI, illleK IIeH Ky3y TOPChLIAaFbIHbIH
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epekuiesiiktepi 6epinreH. XKbIHBICTBIK AUMOpH3Mre KaTbICTbl Oesrisiep 3eprtrengi. Triplophysa
strauchii 6a/sbIFbIHa TOH Gesiriiep aHbIKTaAabl. OCbl TYP/iH apeasiblH HAKTblIay MaKcaTbIHJa EpTic
GacceliHiH/e 0JlaH 9pi 3epTTey XKYPri3yaAi KaxeT eTe/i.

TyiiH cesaep: TeH6in Tanma 6asnbirbl, Nemacheilidae, Triplophysa strauchii, mopdosiorus, Kofaprbl
Epric 6acceiiHi, Y6i e3eHi

Mopdosioruyeckas xapakKTepUCTHKA NATHUCTOrO ry6aua Triplophysa strauchii (Nemacheilidae)
U3 peKH Y06a (BepxHe-MPTBILICKUI 6aCCENH)

J.A. Taraes*!, M.B. CajikbiIM6aeBa’
IEepa3sutickuli HayuoHaabHbIU yHugepcumem um. JLH. ['ymuseea, AcmaHa, Kazaxcmau

AHHOTanusA. [IATHUCTBIA I'y6ad - aGOpUreHHbIA LeHTPaJbHOA3UATCKUU BU/J, pbl6, 0OUTAOIIUNA BO
MHOTUX BojloeMax KasaxcTaHa. ITOT BUJ, OTHOCHUTCSA K CJA0XKHOW TaKCOHOMUYECKOU rpyIIie pblb -
pony Triplophysa. lns BogoemoB KazaxcTaHa U3BECTHO TPH MOABUA NATHUCTOTO ry6ada: NITHUCTBIN
ry6au (T s. strauchii), o3epHbldi ry6au (T. s. ruzskyi) v 3aiicaHckuii ry6adu (T s. zaisanicus), oqHaKO UX
TAaKCOHOMUWYECKHU CTAaTyC U pacnpocTpaHeHUe TPpeOyoT yTouHeHUs. COBpeMeHHOe pacpoCTpaHeHUe
HNSITHUCTOrO rybaya o4yeHb IIMPOKOE, OH 06uTaeT B 6acceiiHax basnxam-Asnakoss, Tapuma, pek Uy u
CeIpmapbs, TakxKe U3BECTeH JJisd 6acceiiHa o3epa 3aiicaH. B HacToslee BpeM 3TOT BUJ, paciiUpsieT
CBOI apeas fAajieko Ha CeBep, IZie YCIellHO aKKJUMaTHU3UpOoBaJicsa B 6eCCTOUHBIX peKax U o3epax
llenTpanbHoro u CeBepHoro Kasaxcrana. B 2016 rogy naTHUCTBIHN ry6ad Obl1 0GHApY»XeH B peke Y6a
6acceiiHa BepxHero HpTeina. [IpuBeieHO onucaHre BHellHed MOPGOJIOTHH, BK/IOYAIOLee OKPACKY,
IJIACTUYECKUE U MEPUCTHYEeCKUe NMPHU3HAKH, MPONopuuU Tesa, GopMy MJIaBHUKOB, CTPOEHHE TyO,
0COGEHHOCTH KHUIIIEYHWKA W IJIaBaTEJNbHOrO My3bIpsA. M3ydeHbl MPU3HAKH, KacaloI[Hecs MOJIOBOTO
auMopodusmMa. BeisiBaeHbl xapakTepHble yepThbl Triplophysa strauchii. C unesblo yTouHeHUs apeasa
JIAaHHOTO BU/]a, HEOOXOAMMbI Jla/ibHeHIIMe HccieoBaHUsA B 6acceiiHe UpThliia.

KioueBble c/10Ba: NATHUCTBIA ry6ad, Nemacheilidae, Triplophysa strauchii, MopdoJiorusi, BepxHe-
HPTHIIICKKUH 6acceiiH, peka Yo6a
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Abstract. Timely detection and accurate identification of crop pathogens
are considered fundamental components of sustainable agricultural systems
alarming prompt and effective crop protection management. The cutting-edge
CRISPR/Cas12a technology is emerging as a nucleic-acid-based platform with
high potential for rapid, sensitive, and specific phytopathogen detection. In this
study, we aimed to develop a CRISPR/Cas12a-based method to detect Fusarium
spp., targeting the acll gene. A plasmid carrying the target gene fragment was
successfully amplified using Recombinase Polymerase Amplification (RPA),
confirming the feasibility of integrating this isothermal amplification with the
CRISPR/Cas12a detection method. Optimization of the CRISPR-Cas12a reaction
revealed optimal conditions at 100 nM MbCas12a, 100 nM crRNA, and 5 uM ssDNA
reporter. Sensitivity assays demonstrated reliable detection of the acl1 gene up to
1:1000 dilution. Specificity evaluation involving different plant-pathogenic fungal
species confirmed the high specificity of the developed method. Altogether, this
study highlights the potential of the CRISPR/Cas12a-based system as a promising
diagnostic approach for agricultural applications to detect Fusarium spp.
Keywords: CRISPR, Cas12a, Fusarium, Recombinase Polymerase Amplification,
nucleic acid detection

Introduction

Food Security is one of the 17 Sustainable Development Goals (SDGs) that require substantial
efforts to address it. Sustainable agricultural production is challenged by different factors,
including plant diseases caused by diverse pathogens [1,2]. The global economic loss attributed
to plant diseases is estimated at approximately 40 billion USD annually, emphasizing the urgent
need for efficient and sustainable crop protection strategies [2]. According to the Bureau of
National Statistics of Kazakhstan (https://stat.govkz/), cereals, particularly wheat, occupy the
largest share of cultivated land, accounting for approximately 68-72% of total sown areas in
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2022-2023. However, combating factors that limit crop productivity remains a critical challenge
in agriculture, with biotic stresses such as pathogenic diseases posing significant threats to yield.

Fusarium spp. are considered one of the most destructive plant pathogens, affecting a wide
range of agricultural crops worldwide [3]. Species within this genus infect wheat, barley, rice,
tomato, and potato, causing severe yield reductions and producing toxic secondary metabolites
known as mycotoxins. Diseases like Fusarium head blight and root rot cause billions of dollars in
crop losses per annum. For instance, wheat rust and Fusarium infections alone are responsible
for 5 and 3 billion USD in annual losses, respectively [4].

Rapid and precise detection of plant pathogens is essential for sustainable agriculture and
effective crop protection [5]. Conventional detection methods include morphology- or PCR-
based approaches [6]. Such methods are often time-consuming and require well-equipped
laboratories, limiting their applications for rapid in situ diagnostics. Consequently, precise,
nucleic-acid-based, portable detection methods attract considerable interest as alternative
methods for validating plant infections under field conditions [5,6].

In recent years, molecular biology tools have advanced significantly [7], and CRISPR/Cas
systems have emerged as powerful tools not only for genome editing but also for sensitive
and specific pathogen detection [8,9]. Among CRISPR-associated nucleases, Cas12a represents
remarkable potential for diagnostics due to its ability to recognize specific DNA sequences,
process its own guide RNA (crRNA), and exhibit trans-cleavage activity toward single-stranded
DNA once activated by the target sequence [10-12]. Such characteristics are crucial for developing
portable, rapid, and sensitive detection platforms for agricultural pathogens. Moreover,
isothermal amplification techniques, like Recombinase Polymerase amplification (RPA) [13],
were developed to enable amplification of target genetic loci at relatively low temperatures
without the need for advanced laboratory equipment. Such isothermal amplification methods
integrated with CRISPR/Casl12a remarkably expand their application potential as highly
sensitive and field-deployable assays [14]. Additionally, potential coupling with lateral flow
devices or portable fluorescence readers for real-time visualization underscores their potential
for monitoring disease outbreaks in remote agricultural fields as well as for implementing early
intervention strategies and applying appropriate management strategies [15,16].

Recent studies already demonstrated the potential of CRISPR/Cas12a for detecting various
agricultural pathogens [9]. This approach was successfully applied for the detection of Alternaria
solani [17], Puccinia striiformis f. sp. tritici [18], and Phytophthora ramorum [19]. Regarding
Fusarium, the CRISPR/Cas12a method was reported for identifying Fusarium circinatum [20],
Fusarium asiaticum [21], and Fusarium graminearum [22] in different crops. Nevertheless,
further research is required to extend this approach to other agriculturally significant Fusarium
species. Therefore, the objective of the present study was to develop a CRISPR/Cas12a-based
method for the detection of Fusarium spp.

Materials and research methods

Selection of genetic locus, design of RPA primers, and crRNA

The sequence of the acll gene from the Fusarium tricinctum strain KAS:1036 (accession
number JX397819.1) was selected as the target locus. RPA primers were designed with a melting
temperature of 40-60 °C, GC content of 40-60%, and length of 30-35 bp. crRNA was designed
based on a TTTG PAM site. All designs were performed using VectorNTI software. crRNA was
transcribed in vitro using the HiScribe T7 Quick High Yield RNA Synthesis Kit and purified with the
Monarch RNA Cleanup Kit (New England Biolabs) according to the manufacturer’s instructions.
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Identification of fungal isolates
Preliminary morphology-based identification, microscopy observation, DNA extraction, and
ITS-based identification were as reported in our previous study [23].

Construction of the positive control carrying the acll gene and RPA validation

Positive control plasmids were obtained using the NEB PCR cloning kit according to the
manufacturer’s instructions. Successfully cloned plasmids were purified with the Gene]JET
Plasmid Miniprep Kit. RPA was performed following TwistAmp Basic kit official protocols
(TwistDX, Cambridge, United Kingdom). Negative control was H20 throughout all relevant
studies.

Optimization of CRISPR/Cas-12a-based reaction

Various concentrations of MbCas12a (10 nM, 50 nM, 100 nM, 250 nM, and 500 nM), crRNA
(10 nM, 50 nM, and 100 nM), and ssDNA reporter (1.0, 2.0, 3.0, 4.0, and 5.0 uM) were tested to
determine the optimal conditions. Recombinant MbCas12a protein obtained from Moraxella
bovis in our laboratory, as described previously [24], was verified by reverse-phase C18 liquid
chromatography-tandem mass spectrometry (LG-MS/MS) and employed in all corresponding
studies.

Cis-activity of MbCas1Z2a toward the acll gene

Cis-activity of MbCasl12a was assessed using purified PCR amplicons (QIAquick PCR
Purification kit, QIAQEN GmbH, Hilden, Germany) of the acll target sequence, amplified with
RPA-designed primers (described above). MbCas12a was incubated with crRNA to form a
ribonucleoprotein complex, followed by the addition of the PCR product and further incubation
at37°C. Cleavage of the target amplicon was evaluated via horizontal agarose gel electrophoresis
and visualized using a GelDoc system.

Sensitivity validation and specificity verification

Positive control plasmid was serially diluted (1:1, 1:10, 1:100, and 1:1000) and amplified via
RPA. Amplicons were analyzed by gel electrophoresis and fluorescence assays.

Various fungal plant pathogens commonly hosted wheat, such as Nigrospora oryzae, Bipolaris
sorokiniana, and 2 strains of Alternaria spp., were included to evaluate specificity. All samples
were amplified with RPA and analyzed using agarose gel and naked-eye fluorescence readout.

Results

Selection of genetic locus, design of RPA primers, and crRNA

Based on the sequence of the acll gene available in the NCBI database (accession number
JX397819.1), one set of RPA primers was designed according to the parameters described
above. The forward (RPA-Phyto-Fus-acll) and reverse primers (RPA-Phyto-Fus-acl1-RV)
were GTGTCTTGAGACAATTCCTCGTTGAGCCTT and TAATGAAGTCGACAAGGACGTTGTGGACAC,
respectively. The crRNA (Figure 1) was designed according to the TTTG PAM site in the acl1
sequence (MbCas12a-crRNA-Fus-acll: ggactctcgtctactggcgaggaaATCTACAAACAGTAGAAATTCC
CTATAGTGAGTCGTATTAGAATT).
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Figure 1. Design of the guide RNA targeting the acl1 gene

Identification of fungal isolates

A total of 12 fungal strains were isolated from cereal seeds samples [23]. BLAST analysis
of ITS sequences revealed that eight strains (4/1, 7/2, 8/1, 8/5, 8/7, 11/1, 41/1, and 42/1)
belong to Alternaria spp. and their sequences were deposited in NCBI database under accession
numbers PQ056909-PQ056916, respectively. The remaining four strains - 22/1, 465, 1/3,
and 25/1 - deposited as PQ056917-PQ056920 were identified as Nigrospora oryzae, Bipolaris
sorokiniana, Fusarium equiseti, and Fusarium acuminatum, respectively. The Fusarium strain
25/1 was selected to validate the specificity of the designed RPA primers.

Construction of a positive control carrying the acll gene and RPA validation

Amplification of the Fusarium acuminatum 25/1 strain confirmed the functionality of the
designed RPA primers (Figure 2a). The obtained PCR product was cloned into the pJET cloning
kit (Thermo Scientific), yielding four positive clones out of five tested (Figure 2b)

M 25/1 M 1 2 3 4 5 M 1 2 3 4 5
A B C =
1000 1000 | -y ™
550 750 — — — A0 650
650 630 s00 G :
-
.-
-

Figure 2. Construction of the plasmid carrying the acll gene: (a) PCR amplification of the acl1 gene
from Fusarium strain 25/1 using RPA primers; (b) number of E. coli clones carrying plasmids with the
cloned acll gene; (c) RPA-based amplification of the acll gene in the positive control (five technical
copies)

The plasmid containing the cloned acl1 fragment was purified and subsequently used as a
positive control in all subsequent assays.

Since isothermal amplification is the crucial element to perform the CRISPR/Cas12a
methods without thermal equipment, positive control was amplified using RPA to validate
this amplification method for obtaining amplicons required by the subsequent assays. RPA
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amplification of the positive control in five technical replicates produced consistent amplicon
yields (Figure 2c), validating the suitability of RPA for generating sufficient template DNA for
CRISPR/Cas12a detection.

Optimization of CRISPR/Cas-12a-based reaction

The crucial elements of the CRISPR/Cas12a reaction include MbCas12a, crRNA, and ssDNA
reporter. Various concentrations of MbCas12a (10-500 nM), crRNA (10 nM-100 nM), and ssDNA
reporter (1.0-5.0 uM) were evaluated based on end-point fluorescence after 30 minutes of
incubation (Figure 3).

MbCasl2a concentrations, nM

crRNA concentrations, nM ssDNA concentrations, M

2 3 4

Figure 3. Optimization of CRISPR/Cas12-based reaction: (a) effect of MbCas12a concentration;
(b) effect of crRNA concentration; (c) effect of ssDNA reporter concentration
Optimal signal intensity for the naked eye was achieved using 100 nM MbCas12a, 100 nM
crRNA, and 5.0 pM ssDNA reporter.

Cis-activity of MbCas1Z2a toward the acll gene

The cis-activity of MbCas12a, i.e., its ability to cleave the target site guided by the designed
crRNA, was studied using the purified acll PCR product (~650 bp). Partial cleavage was
observed across all reaction durations ranging from 5 to 60 min (Figure 4).

Reaction time, min

‘__4
M + 5 10 20 30 40 60

700 SEE o — — ————

Figure 4. Evaluation of MbCas12a cis-activity using 650 bp acl1 PCR amplicon. The + lane represents
the uncleaved control (PCR amplicon without MbCas12a reaction), whereas lanes 5-60 min
correspond to reaction time intervals

Sensitivity validation and specificity verification

The analytical sensitivity and specificity of the developed method were evaluated using
serial dilutions of the plasmid template and different fungal DNA samples, respectively. Both
conventional gel electrophoresis and fluorescence signal with the naked eye assays demonstrated
a sensitivity level up to a 1:1000 dilution of the origin plasmid (Figure 5a, b).
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A M 1:1 1:10 1:100 1:1000 - C M 251 22/1 465 4/1 42/1 -
600 G

500 550

Figure 5. Evaluation of assay sensitivity and specificity. (a) sensitivity: gel electrophoresis results;
serial dilutions of the target DNA fragment (1:10 to 1:1000); the minus sign indicates the negative
control (H20). (b) sensitivity: fluorescence assay results (legend as in panel a).

(c) specificity: lanes 25/1,22/1, 465, 4 /1, and 42/1 correspond to Fusarium spp. positive controls:
N. oryzae, B. sorokiniana, and Alternaria spp. were tested for cross-reactivity; the minus sign indicates
the negative control (H20). (d) Specificity: fluorescence assay results (legend as in panel c)

Specificity examination confirmed high selectivity of the assay toward the acll gene: none
of the non-Fusarium fungal isolates was amplified during RPA reaction (Figure 5c). In the
fluorescence assay, only the positive control exhibited visible fluorescence, further validating
assay specificity (Figure 5d).

Discussion

The CRISPR/Cas system, originally discovered in bacteria and archaea as a form of adaptive
immunity, has rapidly developed into a powerful platform for molecular diagnostics [25]. Since
the first observation of clustered repeats in E. coli by Ishino et al. in 1987 [26], successive
studies have revealed the system’s biological function and its application potential, including
diagnostics of various pathogenic agents [8,9,25].

Among the Cas nucleases, Cas12a is particularly attractive for diagnostic purposes due to its
RNA-guided DNase activity and unique collateral (trans) cleavage property, which allows for the
detection of target DNA sequences through a simple fluorescence readout [10,27,28]. Cas12a
recognizes specific DNA targets guided by crRNA, and upon activation, it non-specifically cleaves
single-stranded DNA molecules such as fluorescent reporters [29,30]. This mechanism forms
the basis for highly sensitive detection systems that can operate under isothermal conditions.
When combined with recombinase polymerase amplification (RPA), which efficiently amplifies
DNA at constant temperatures, the Cas12a system can detect even minimal amounts of pathogen
DNA without requiring thermal cyclers or complex laboratory equipment [15]. Such features
make it a promising platform for rapid and field-adapted diagnostics.

Several recent studies have demonstrated the potential of Casl2a-based diagnostics
for plant pathogens. For example, RPA-CRISPR/Cas12a systems have been developed for
Diaporthe aspalathi and D. caulivora causing soybean stem canker [31], Verticillium dahliae
associated with wilt disease [32], and Leptosphaeria maculans responsible for phoma stem
canker in oilseed rape [30]. These methods achieved detection within 30-60 minutes and with
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sensitivities as low as a few DNA copies, showing clear applicability in agricultural pathogen
monitoring. Furthermore, CRISPR/Cas12a has been successfully used to identify several plant
viruses, including tomato mosaic virus, tomato brown rugose fruit virus, and beet necrotic
yellow vein virus, demonstrating its versatility across taxonomic groups [33,34].

In the present study, we applied this concept to develop a CRISPR/Cas12a-based diagnostic
assay targeting the acll gene to detect Fusariumspp. To the best of our knowledge, this is the
first report describing a CRISPR/Cas12a-based detection system for Fusarium spp. developed
in Kazakhstan. The designed RPA primers and crRNA enabled specific recognition of the target
fragment, with optimal reaction parameters determined for Cas12a, crRNA, and ssDNA reporter
concentrations. The assay showed both high specificity and remarkable sensitivity, detecting
target DNA dilutions up to 1:1000 of the original plasmid. Importantly, the system distinguished
Fusarium species from other common cereal-associated fungi such as Alternaria spp., Bipolaris
sorokiniana, and Nigrospora oryzae.

Altogether, our results support the potential of Cas12a-based systems for accurate, portable,
and cost-effective detection of fungal pathogens. By enabling on-site diagnostics, such
approaches could facilitate early detection and management of Fusarium-related diseases,
helping to reduce crop losses and improve yield stability. Continued optimization of reaction
conditions and integration into simple field-deployable formats, such as lateral flow strips or
smartphone-based fluorescence readers, will further expand the practical use of this method in
agricultural monitoring and plant health management.

Conclusion

The CRISPR/Cas12a-based method targeting the acl1 genetic locus was developed to detect
Fusarium spp. with high specificity and sensitivity. Integrated with the isothermal Recombinase
Polymerase Amplification and a fluorescence assay, this method demonstrates strong potential
for rapid and reliable detection of Fusarium pathogens under field conditions. The proposed
system can contribute to improved plant disease diagnostics and sustainable crop protection
practices.
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Fusarium spp. ’Xbl/1JaM aHbIKTayFa apHaJIFaH
CRISPR/Cas12a-RPA GipikTipisireH Tasgay aficiHiH, moTeHIMaJIbI

A.K. CarrapoBa'?, }.JK. Kakcpi6ek?, M.2K. AMaHKo10Ba'3,
A.M. laiizagunoBal, C.K. AGeabaenos*!, A.P. )Kymakaen!
¥ ammuix Buomexnonozus Opmanvirsl, Acmana, Kazakcmad,
2JLH. I'ymunee amoiHdarsl Eypasus yammulk yHugepcumemi, Acmaua, Kazakcman,
San-®apabu amsindarul Kazak yammulk yHUugepcumemi, Aamamoi, Kazakcman

Anpgartna. Erin aypy/napbiH Jlep Ke3iHJle aHbIKTAy MeH JA9J1 UJeHTUPUKALUAIAY — ayblI IIapyallbl-
JIBIFBIHIAFbl TYPAKThI KYHeJsiepAiH Heri3ri Kypamjac 6eJiiri 60JbI TaGblIabl XKoHE OCIMAIKTepAi
KeJies1 9pi THIM/II KOpFayAbl KaMTaMachi3 eTefi. ANAbIHFbI KaTapa caHanaTbiH CRISPR/Cas12a xyiteci
duTonaToreHIepAi xKoFaphl A2JIKIEH, Ce3IMTaNAbIKIIEH KoHE JKe/leJl aHbIKTayFa MYMKIH/IiK 6epeTiH
HYKJIEMH KbIIIKbLIJApbIHA HETi3/Ie/ITeH 3aMaHay ! IJ1aTGopMa peTiH/e KapKbIHAbI JaMblII KeJsie/i. OChl
3epTTeye 6i3 Fusarium TybIChIHBIH CaHbIpAyKyJlaKTapblH aHbIKTAayFa apHaJsifaH acll reHiH HbicaHa
eTkeH CRISPR/Cas12a Herisingeri agicti a3ipsiefiik. HoicaHa reH ¢parMeHTiH KaMTUTBIH IJIa3MHU/1a
PekoM6uHa3aJIbIK, [TOJIMMepa3aiblK aMminpukaius (RPA) opiciMmeH coTTi aMminoukanusaaHabl, 6y
nsotepMusiiblK amminudukanusael CRISPR/Casl2a getexkuus aficiMeH 6ipiKTipyAiH OpbIHABLIBIFBIH
pactagbl. CRISPR-Cas12a peakyusicblH OHTaWJaHAbIPY HOTHXKeciHJe eH TuiMAi mapttap 100 HM
MbCas12a, 100 HM crRNA, »kaHe 5 uM ssDNA penopTepi peTiHJe aHbIKTanAbl. Ce3iMTalAbIKTbl aHbIK-
Tay cbiHaKTaphbl acll renin 1:1000 pediHri cyWbLiTyga ceHiMAi aHbIKTayFa 6OJIATBIHBIH KOPCETTI.
Typai eciMziik maToreH/i cagblpayKyJ1aKTap TypJiepiH KaMThIFaH epeKIlesliK CbIHAKTaphl 93ipJieHTeH
9MIiCTiH »KOFaphbl epekKilesiriH gajengesi. Ocblaaiiiia, 6y 3epTTey Fusarium TybICBIHBIH, 6KiaJepiH
anbiKTay yiiH CRISPR/Cas12a HerisiHjeri *yleHiH aybla1 HapyallbLIbIFbIHA KOJIJJAHYFa apHaJIFaH
nepcrneKTUBaAJbI JUAarHOCTUKAJBIK KypaJl eKeHiH KepceTeai.

Tynin ce3gep: CRISPR, Casl2a, Fusarium, PekoMOUHa3abIK, IOIMMepa3a/blK, aMIIMPUKaLUs, HyKJIenH
KbILIKbLJIJapbIH aHBIKTAY

CRISPR/Cas12a-RPA nHTErpupoOBaHHbIA METOJ,
AJisl IOTeHnuasa 6bIcTpod AeTekuuM Fusarium spp.

A.K. CaTrrapoBa'?, }K.JK. ’Kakcei6ek'?, M.JK. AMaHKo10Ba'3,

A.M. MaiizagunoBal, C.K. AGeabraenos*!, A.P. )Kymakaen!
HayuoHaabHbill yeHmp 6uomexHoiozuu, AcmaHa, Kazaxcmau
2Egpa3sulickutl HQyuoHaAbHbIU yHUsepcumem um. J1.H. 'ymunesa, Acmana, Kasaxcmau
3Kazaxckuil HaAYUOHA/IbHLIU yHUBepcumem umeHu aab-Oapabu, Aamamsi, Kazaxcmat

AHHoTanusa. CBoeBpeMeHHOe OOHapyKeHHe U TOo4uHasl HUJAeHTUPUKalUs Bo30yAuTesell 6osie3HEN
CeJIbCKOX03MCTBEHHBIX KYJbTYp ABJAIOTCA KJ/IHYEBBIMU 3JIEMEHTAMHU YCTOWYHMBBIX arpOCUCTEM,
obecneyuBalOIMMU onepaTUBHOe U 3¢deKTUBHOe ylpaBjeHUe 3alUTON pacTeHHi. CoBpeMeHHas
TexHosoruss CRISPR/Cas12a akTWUBHO pa3BUBaeTcs Kak MaTdopMa Ha OCHOBE HYKJIEHHOBBIX
KUCJIOT C BbICOKMM IOTEHLHUAJIOM JAJs1 GbICTPOro, YyBCTBUTEJbHOIO U CHeLUUYHOrO BbISIBIEHUS
¢uTonatoreHoB. B jmaHHOM pa6oTe paspaboraH Metona Ha ocHoBe CRISPR/Casl2a mnsa jeTekuuwu
rpu6oB poja Fusarium, HaLesieHHBIN Ha reH acll. [ln1asamMuja, cofepxaitas ¢parMeHT LjeJleBOro reHa,
ObLIA YCIEIHO aMIIMGUIMPOBAaHA C HMCIOJb30BaHWEM MeToJa PeKOMOWHA3HOW MOJIMMEpPa3sHOU
ammirdukanuu (RPA), 4yTo moATBepAMJO BO3MOXHOCTb MHTErpallMu 3TOW H30TepMHUYECKOU
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amminpukanquu c MmetoaoMm getekuuu CRISPR/Casl2a. Ontumuzanus peaknuu CRISPR-Cas12a
NoKa3ajia, YTO HaWIydllihe YCJA0BUS AOCTUTAIOTCA NMpH KoHUeHTpauusax 100 HM MbCas12a, 100 uM
crRNA u 5 pM ssDNA-penopTepa. TecTbl 4UyBCTBUTE/NBLHOCTH MOKa3aJu HaJEXXHOE BhbISIBJEHUE TeHa
acll npu pasBeseHuu o 1:1000. OneHka ceqdpUIHOCTH C yYacTHeM pa3IMYHbIX GUTONATOreHHbIX
rpuboB NMOATBEPAMJIA BBICOKYIO CeJeKTUBHOCTb pa3pabOTaHHOro MeToja. B 1esoM pesyabTaThbl
vccieIOBaHUS JEMOHCTPUPYIOT NoTeHUaJ cucTeMbl Ha ocHoBe CRISPR/Cas12a kak nepcrneKTUBHOTO
JHUarHOCTUYeCKOTO UHCTPYMEHTa JJisl BbIsIBJIeHUs TPU60B poja Fusarium B cesbCKOX0351IHCTBEHHBIX
IIpMMEeHEeHHUsIX.

Kiouessblie cioBa: CRISPR, Cas12a, Fusarium, PekoM6rHa3Hast noJiMMepa3Hast aMILIdpUuKalus, AeTeK-11s
HYKJIEMHOBBIX KUCJIOT
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Abstract. Acinetobacter baumannii is one of the most influential pathogens
causing nosocomial infections characterized by high resistance to antibacterial
drugs. Thus, this study aimed to evaluate the dynamics of A. baumanniiisolation
and the level of antibiotic resistance in a multidisciplinary hospital for the
period 2021-2025. For this reason, a comparative retrospective analysis was
conducted on 13 221 clinical isolates obtained from various departments. The
analysis was conducted using phenotypic identification and susceptibility
testing methods. Susceptibility testing (antibiograma) was performed
using the Vitek 2 automated system and the disk diffusion method for nine
antimicrobial drugs. These antibiotics included carbapenems (imipenem,
meropenem), aminoglycosides (gentamicin, amikacin, tobramycin), fluoro-
quinolones (ciprofloxacin, levofloxacin), colistin, and a trimethoprim/
sulfamethoxazole combination. The results showed a decrease in the frequency
of A. baumannii isolation over the observation period (x* = 19.29, p = 0.0007),
with the majority of isolates retaining multiple-drug resistance (MDR). The
highest resistance was detected to fluoroquinolones and carbapenems,
while susceptibility to colistin remained high throughout all years. The lack
of molecular analysis limits the interpretation of the results; however, the
resulting resistance profile suggested genes that could act as pathogenicity
factors. These comparative retrospective analyses of resistance highlight the
need for ongoing local monitoring of A. baumannii antibiotic resistance and
the rational use of antimicrobials in hospital settings.

Keywords: Acinetobacter baumannii, antibiotic resistance, multidrug resistance
(MDR), carbapenems, fluoroquinolones, colistin, clinical isolates

Received: 24.11.2025. Accepted: 12.12.2025. Available online: 25.12.2025.

*Corresponding authors


https://orcid.org/0009-0004-7314-9153
https://orcid.org/0000-0001-7282-7208
https://orcid.org/0000-0001-9847-2679
https://orcid.org/0000-0002-6974-9138
https://orcid.org/0000-0003-2395-6032
https://orcid.org/0000-0003-4967-2804
https://orcid.org/0009-0004-5376-831X
https://orcid.org/0000-0003-1015-6335
https://doi.org/10.32523/2616-7034-2025-153-4-144-158

Dynamics of Acinetobacter baumannii isolation and antibiotic resistance in a multidisciplinary clinic for 2021-2025

Introduction

Antibioticresistance (AR) remains one of the most significant public health threats in the 21st
century [1,2]. The widespread spread of resistant pathogens and the declining effectiveness of
essential antimicrobials lead to increased mortality, prolonged hospitalization, and increased
healthcare costs [1,2]. Among hospital-acquired pathogens, Acinetobacter baumannii poses a
particular danger [3-6]. It is a non-fermenting Gram-negative rod characterized by its ability to
survive in the hospital environment [3-6]. Its rapidly accumulating resistant determinants cause
severe nosocomial infections (including ventilator-associated pneumonia and bacteremia) with
high mortality in intensive care units [3-6].

Current systematic reviews and meta-analyses demonstrate wide geographic variability in
A. baumannii resistance levels [3,4]. At the same time, many regions exhibit persistently high
rates of resistance to carbapenems, fluoroquinolones, and aminoglycosides. Carbapenem-
resistant A. baumannii (CRAB) strains are listed by the World Health Organization (WHO) as
priority bacterial pathogens requiring the development of new therapeutic agents and enhanced
surveillance [7,8]. Furthermore, there are alarming reports of an increase in cases resistant even
to reserve drugs (colistin, tigecycline) [9-14]. Molecular epidemiological analyses highlight the
role of clinical clones and plasmid-mediated transmission of resistance genes in the formation
of local and interregional outbreaks [11,15,16].

Reliable epidemiological surveillance of AR requires continuous monitoring through
the analysis of obtained data, which allows us to separate random annual fluctuations from
stable trends [17-20]. Timely detection of outbreaks of clonal spread and assessment of the
impact of interventions (antibiotic stewardship, infection control measures) are important for
sustainable control [17-20]. Thus, local and regional studies assessing the annual dynamics
of S/R for individual antibiotics and the distribution of non-MDR (non-multi-drug-resistant)/
MDR (multi-drug-resistant)/PDR (pan-drug-resistant) categories are a valuable source of
clinical and epidemiological information [1,8,12]. They inform empirical treatment regimens,
antimicrobial stewardship policies, and infection control measures in hospitals [1,8,12]. With
limited therapeutic options and the slow development of new antibiotics, timely monitoring
and transparent reporting remain crucial elements in responding to the A. baumannii threat.

Materials and research methods

Object and research basis

The study involved clinical isolates of Acinetobacter baumannii isolated from various
biological specimens of patients hospitalized at the National Research Medical Center (NRMC)
between 2021 and 2025. The study included specimens from the anesthesiology and intensive care
departments (ICU), urology, surgery, and therapy patients. In some cases, specimens were received
from the microbiology department (MOB-2). Over five years, a total of 13 221 clinical specimens were
analyzed, from which a varying number of A. baumannii isolates were identified by year (Table 1).

Table 1
Annual distribution of the number of tested samples and positive isolates
of A. baumannii at the NRMC (2021-2025)
Year Number A. baumannii Main departments where the pathogen was
of samples tested (n) | isolates (n) isolated

2021 2939 12 ICU, urology, outpatient department, day hospital
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2022 2746 28 ICU, urology, surgery, and the outpatient department
2023 2505 16 Urology, internal medicine, outpatient clinic, surgery
2024 2739 12 Urology, surgery, outpatient clinic, I[CU

2025 2292 6 ICU, Urology, CCD, Urology, MOB-2

Note: the calculation was based on data from the microbiological registry of the NRMC (2021-2025).
ICU - intensive care departments, MOB-2 - microbiology department.

Selection of biological materials

Between 2021 and 2025, the study included clinical specimens collected from patients in
various departments of the NRMC (Table 1). The predominant samples examined were from the
urinary tract (urine), the respiratory tract (bronchial washings, sputum, throat swabs, pleural
fluid, and contents of intubation and suction catheters), as well as wound, drainage, wound and
pressure ulcer swabs, and contents of central venous catheters. All specimens were collected
using an aseptic technique and transported to the microbiology laboratory within two hours
after collection [21].

Microbiological analysis and identification of isolates

Clinical specimens were cultured on standard nutrient media, including blood agar, Endo
agar, egg yolk-salt agar, Kalina agar, chocolate agar, and chromogenic media. Incubation was
performed at37°Cfor 18-24 hours. Preliminary identification of microorganisms was performed
by morphological characteristics, Gram staining, and biochemical tests [21]. Pure cultures were
also identified using the automated Vitek 2 Compact system [22,23].

Antimicrobial susceptibility testing (antibiograma) of A. baumannii isolates was performed
using two methods. The first method was a disk diffusion assay on a nutrient medium using
commercial antibiotic disks [22]. Inhibition zones were recorded after 18-24 hours of incubation
at 37°C and interpreted according to the recommendations of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) [24]. The second method was automated using
the Vitek 2 Compact system [23].

The comparative retrospective analyses of resistance included drugs from various pharma-
cological groups: imipenem, meropenem, amikacin, gentamicin, tobramycin, ciprofloxacin,
levofloxacin, trimethoprim/sulfamethoxazole, and colistin. Results were interpreted according
to EUCAST criteria, classifying isolates as intermediate (S), intermediate (I), or resistant (R)
[24]. Intermediate (I) and resistant (R) isolates were combined during the analysis to compare
intermediate and resistant isolates.

Statistical data analysis

Statistical data processing was performed using GraphPad Prism 8.0.1. For each year, the
proportion of positive A. baumannii isolates among the total number of tested samples was
calculated, expressed as a percentage. Based on these data, the mean proportion (%) and
standard error of the mean (SE) were determined and used to plot error bars (values are
presented as mean * SE). Comparisons of proportions between groups were performed using
the x? (chi-square) test or Fisher's exact test, depending on the sample size [21]. Differences
were considered statistically significant at p < 0.05. All graphical representations included
legends indicating the analysis method used and confidence levels.
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Results

The proportion of A. baumannii among clinical isolates in 2021-2025

The analysis revealed a significant downward trend in the frequency of Acinetobacter
baumannii isolation from patient clinical specimens over the period 2021-2025. The proportion
of positive isolates was 1.09% in 2021, 1.02% in 2022, 0.64% in 2023, 0.44% in 2024, and
0.26% in 2025, representing a total of 4.49% across the five years. The highest number of A.
baumannii cases was recorded in 2021-2022. The decrease in the proportion of the pathogen
in subsequent years likely reflects the effectiveness of infection control measures and the
rationalization of antibacterial therapy in the hospital. The statistical analysis performed using
the x* method confirmed the reliability of differences between the years of observation (x* =
19.29; df = 4; p = 0.0007). This indicates a statistically significant decrease in the proportion of
A. baumannii isolates over the five-year observation period.

The proportion of A. baumannii among all isolates, %
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Figure 1. Yearly changes in the proportion of Acinetobacter baumannii among all isolates
(2021-2025). The total number of isolates (n) for each year is indicated in the diagram.
The diagram shows values * standard error of proportion (SE). Statistical analysis was performed
using the chi-square (x?) test comparing positive and negative A. baumannii cases across the years
2021-2025 (x* =19.29; df = 4; p = 0.0007)

Changes in the resistance structure of A. baumannii isolates

An analysis of the distribution of A. baumannii isolates by resistance categories (non-MDR¥,
MDR**, and PDR) showed that multidrug-resistant strains predominated in all observation
years (Figure 2). In 2021, the proportion of MDR isolates was approximately 42%, non-MDR
25%, and PDR 8%. In subsequent years, slight fluctuations between categories were observed,
but without significant dynamics (p > 0.05). Overall, the resistance pattern remained stable
throughout the study period. At the same time, the proportion of MDR isolates remained high,
indicating the persistence of resistant clones of the pathogen in hospital settings. The recorded
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periodic variability in the ratios of non-MDR and PDR strains likely reflects the influence of
factors associated with changes in antibiotic therapy tactics, drug rotation, and hospital
environmental characteristics. Despite the absence of an increase in PDR forms, the persistence
of a significant proportion of MDR isolates poses a serious problem for clinical practice.

Antibiotic susceptibility of A. baumannii isolates

The results of antibiotic susceptibility testing of A. haumannii isolates collected between 2021
and 2025 indicate widespread drug resistance and a strong tendency toward the persistence
of a multidrug-resistant phenotype. The overall picture (Figure 3) shows that A. baumannii
exhibited low susceptibility to most antimicrobial agents. The exception was colistin, whose
activity remained high over the last three years of observation. However, the data were not
presented graphically due to the small sample size.

Changing the dynamics of resistance

100
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Note: *Because there were only 3 cases of A. haumannii that were completely susceptible to antibiotics
during the entire observation period, it was combined into a group as non-MDR, which includes those
resistant to 1 and 2 antibiotics. **The MDR group included resistance to equal or more than 3 antibiotics.
The PDR group includes isolates that were resistant to all antibiotics tested.

Figure 2. Yearly changes in the resistance dynamics of Acinetobacter baumannii among all isolates
(2021,n=12; 2022, n=28; 2023, n=16; 2024, n=12; 2025, n=6). The diagram shows values * standard
error of proportion (SE). Statistical analysis was performed using the chi-square (x?) test comparing

response type with other A. baumannii cases across the years 2021-2025

Aminoglycosides

Susceptibility of isolates to amikacin was 58% in 2021, decreased to 50% in 2022, and
reached a minimum of 33% by 2025. A similar trend was observed for gentamicin. In 2021, the
proportion of susceptible strains was 58%, in 2023 it was 50%, and by 2025 it had decreased
to 20%. Similar fluctuations were observed for tobramycin, from 70% of isolates susceptible
in 2021 to 30% in 2025. Although the differences between years did not reach statistical
significance (p > 0.05), the overall trend indicates a gradual decline in aminoglycoside activity.
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This indicates the emergence of resistance in the hospital strain population. The high level of
cross-resistance between amikacin, gentamicin, and tobramycin indicates the accumulation of

similar genetic determinants (aacC, aphA, and aadB) typical for A. baumannii [25,26].
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Figure 3. Changes in the sensitivity of A. baumannii isolates to antibiotics from various
pharmacological groups from 2021 to 2025. The diagram shows values * standard error of proportion
(SE). Statistical analysis was performed using the chi-square (x?) test to compare susceptible and
resistant A. baumannii cases across the years 2021-2025
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Carbapenems

The most alarming situation is observed for imipenem and meropenem. In 2021, susceptibility
to imipenem was 33%, by 2024 it was 45%, and by 2025 it had decreased to 20%. Similar
trends were observed for meropenem (50%, 58%, and 20%, respectively). These data confirm
the presence of high levels of carbapenem resistance, likely associated with the spread of OXA-
type D carbapenemases (primarily OXA-23-like, 0XA-24/40-like u OXA-58-like), consistent
with global trends [7,27-29]. Carbapenem-resistant strains typically exhibit multiple resistance
and limited therapeutic options, as evidenced by the high correlation with the MDR and PDR
categories in this study.

Fluoroquinolones

Fluoroquinolone activity remained low throughout the study period. While susceptibility to
levofloxacin was 45% in 2021, 30% in 2023, and decreased to 17% by 2025, susceptibility to
ciprofloxacin did not exceed 10% in all observation years. These values indicate the practical
ineffectiveness of fluoroquinolones against clinical isolates of A. baumannii. This is likely due to
mutations in the gyrA and parC genes, as well as activation of the efflux systems [30,31].

Sulfonamides

For trimethoprim/sulfamethoxazole, moderate fluctuations in susceptibility were observed,
ranging from 50% (2021) to 20% (2025). Although there were no statistically significant
differences (p > 0.05), a gradual decrease in susceptibility persisted. Given the limited use of
this drug in hospital settings, the decrease in activity may be due to cross-resistance via plasmid
determinants such as dfrA1, dfrA5, sull, and sul2 [26,29].

Polymyxins

Of particular importance is the high activity of colistin, to which over 60% ofisolates remained
susceptible throughout the observation period (2023-2025). In 2024-2025, susceptibility
increased to 80% and 100%, respectively. This makes colistin a "last resort" drug for the
treatment of infections caused by MDR/XDR A. baumannii strains. However, the development of
resistance to polymyxins remains extremely rare. This is likely due to the limited use of the drug
and the high fitness cost of mutations in the 1pxA/D, IpxACD, and pmrB genes [32,33].

Discussion

The results of this study demonstrate that, over the period 2021-2025, a clear downward
trend in the frequency of A. baumannii isolation among all clinical isolates was observed in a large
multidisciplinary hospital. The significant decrease in the proportion of positive isolates (x* =
19.29; p = 0.0007) may reflect the effectiveness of the implemented infection control measures
and optimization of antibacterial therapy in various departments. Similar trends have been
described in a number of publications where the implementation of antimicrobial stewardship
programs led to a reduction in the prevalence of hospital isolates of A. baumannii [3,5,12].

Despite the positive trend in the reduction of pathogen isolation frequency, the structure
of drug resistance in A. baumannii remained tense. MDR strains predominated in all study
years, which is consistent with the results of similar observations conducted in other countries
[2,6,10]. The high proportion of MDR strains indicates stable circulation of hospital clones
possessing a combination of defense mechanisms [4,11]. This is possibly associated with the
rapid production of broad-spectrum (-lactamases, the activity of efflux systems, and changes in
the permeability of the outer membrane [4,11].
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The most pronounced resistance was observed to carbapenems (imipenem, meropenem)
and fluoroquinolones, which is consistent with international observations, in which the
spread of carbapenem-resistant clones of A. baumannii (CRAB) is considered one of the main
challenges of clinical microbiology [7,14,32]. Given the lack of molecular typing in our study; it
is assumed that the obtained phenotypic manifestations are associated with the spread of OXA-
type B-lactamases [7,27-29]. We also assume that this is associated with possible mutations
in the gyrA and parC genes and the activation of adeABC-type efflux systems, which has been
confirmed by other authors [34-36].

An interesting feature is the persistence of high susceptibility of isolates to colistin, which
is consistent with the results of studies conducted in Europe and the Middle East [6,37,38].
The lack of growth of colistin-resistant strains in our study is likely due to the limited use of
this drug in clinical practice. Mutations in the pmrA/pmrB and IpxACD systems responsible
for resistance to polymyxins are known to be accompanied by a significant fitness cost, which
reduces the likelihood of their persistence in the population [32,33].

It should be emphasized that the study was phenotypic in nature and did not include
molecular analysis of resistance genes. This limits the ability to accurately identify resistance
mechanisms and genetically characterize circulating clones. However, the results obtained
allow us to formulate hypotheses about the likely mechanisms of multiple resistance. This,
in turn, allows us to formulate a direction for further research, including genome sequencing
and the identification of pathogenicity factors (OXA, NDM, sul, aad, adeABC, etc.). From a
practical standpoint, the data confirm the need for continuous local monitoring of A. haumannii
susceptibility. Notably, phenotypic shifts can serve as an early indicator of the emergence of new
resistant clones. Going forward, it seems advisable to combine epidemiological observations
with molecular genetic methods (WGS, MLST) to clarify clonal affiliation and sources of
nosocomial spread. In the future, the results of this study can be used to adjust empirical
treatment regimens, optimize antimicrobial control programs, and develop regional protocols
for the rational use of antibiotics.

Conclusion

The study assessed the isolation dynamics and antibiotic resistance levels of A. baumannii
in hospitals from 2021 to 2025. The comparative retrospective analyses of resistance data
obtained indicate a decrease in the rate of pathogen isolation. This may reflect the effectiveness
of implemented infection control measures and the rationalization of antibacterial therapy.
However, despite this positive trend, a high level of multidrugresistance (MDR) persists, including
to B-lactam antibiotics and carbapenems, confirming the persistent circulation of hospital clones.
Of particular note is the high susceptibility of isolates to colistin, which persisted throughout
the observation period. This is likely due to the limited use of the drug and the high fitness cost
of mutations conferring resistance to polymyxins. Meanwhile, moderate susceptibility rates
to trimethoprim/sulfamethoxazole may be due to cross-resistance associated with plasmid
determinants of the sull/sul2 type. It should be noted that this study was phenotypic in nature
and did not include molecular verification of resistance mechanisms. This limits the ability to
accurately identify resistance determinants and assess the clonal structure of the population.
Nevertheless, the identified patterns allow us to hypothesize possible mechanisms of multiple
resistance and outline areas for further research, including molecular genetic methods to detect
pathogenicity factors. The results of this study can potentially be used to improve surveillance
systems for hospital-acquired infections, optimize empirical antibiotic therapy, and develop
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regional antimicrobial control protocols. Continued studies using molecular technologies
will provide a deeper understanding of the spread of resistance and develop more effective
strategies for its containment.
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Keno6eiiinai aypyxanagarsl 2021-2025 xkbLi1jap apanbirblHAa Acinetobacter baumannii
OKLIAY/IaHY >KUIJIIri )KoHe aHTUOUOTUKKE TO3IMAIIriHiH, AMHAMHKAChI

H.C. Cyrum6ekoBa*!?, H.M. Bucenoa*?, M.JK. Amanxko10Ba**, C.K. AGenbaeHORB3,
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Anpgarna. Acinetobacter baumannii - aypyxaHaimniJiik uHeKUUsAJapAbl TYAbIPAThIH €H KayiIlTi
naToreHzep/AiH 6ipi, 0,1 6akTepusiFa Kapchl NpenapaTTapFa XXoFaphl JeHrenaeri Te3iMiairiMmeH cunar-
Tasazbl. COHABIKTAH, Oys 3epTTeyaiH MakcaTbl 2021-2025 xbUifap apasibIFbIHAAFbl KOI CaJiajbl
aypyxaHaza A. baumannii oKlayJiaHy JMHaMHKaChIH *K9He aHTUOMOTHKKeE TO3IMATIK JeHreliH 6araiay
6061 OCcbl MaKcaTTaapTYpJli 6e1iMAep/ieH anblHFaH 13 221 KJIMHUKAJBIK U30JISITThIH CaJIbICThIpMaJlbl
peTpoCneKTUBTI Tangaysl Xkyprizingi. Tangay ¢eHOTUNTIK UAeHTHPUKALUSA KoHEe aHTUOUOTUKTepre
ce3iMTa/NIABIKTEI TEKCepy apKbLIbl JKyprisisgi. Ce3iMTalgbIKTbl TeKkcepy (aHTHOHOrpaMMasap)
aBToMaTTaHAbIpbLIFaH Vitek 2 kylieci »xoHe TOFbI3 MUKPOOKA KapChl areHT YIIiH AUCK AU DY3UACH
d/liciH Ko/1AaHy apKbLIbl )Kyprisingi. Bys aHTu6HoTUKTepre KapbaneHeMep (MMUIleHEM, MEPOIIEHEM),
AMHUHOIJINKO3U/ATep (FeHTaMULWH, aMUKAllMH, TOOpaMUIUH), $TOpXHHOJOHAAD (LUIPOQIOKCALIMH,
JieBOQJIOKCAIUH), KOJIUCTHH >9He TPUMETONPHUM/cy/bdaMeTOKCa30/l KOMOWHALUSACHl »KATajbl.
HoTwmxesep capasay keseHinge A. baumannii oKiayiany >Kuisiriniy TeMenerenia kepcerTi (x* = 19.29,
p = 0.0007), kenTereH U3oaATTap Ken Aapinik te3iMAitikTi (KAP) cakTan Kaagbl. @TopXuHoJIOHAAD
MeH KapbaneHeMJiepre eH »KOFapbl TO3IM/JIiK aHBIKTaJ/l/bl, ajJ KOJHUCTHUHTE Ce3iMTal/bIK OGapJibIK
KbLIZIAp GOMBI KOFapbl 6OJIBIN KaiAbl. MoJieKylablK TaAAayAblH 60/1Maybl HOTHXKeepAi TyciHAipyai
mekTenai. JlereHMeH, ajJblHFaH Te3iM/iliKk npodui maToreHAinik GakTopapsl peTiHje dpeKeT eTyi
MYMKiH reHJiep/liH, 6ap ekeHiH kepceTe/li. CalbICThIpMaJibl PETPOCHEKTUBTI TO3IMAINIK TaNAaybIHbIH
HoTWXKeJepi A. baumannii aHTUOUOTUKTEPTe TO3IMIIIrH Y3AiKci3 )KepriyiKTi 6aKplIay *KoHe aypyxaHa
»KaFJailblHAa MUKPOOKa Kapchl penapaTTapAbl YThIMAbI NaijajlaHy KaXKeTTiJIiriH KepceTesi.

Tyiin ce3aep: Acinetobacter baumannii, aHTUGUOTUKTepre TO3IM/IIK, Kol Aapinik Tesimaitik (KIP),
Kap6aneHeMm/iep, TOPXUHOJIOH/AP, KOJUCTHH, KIMHUKAJIBIK U30JIATTap
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JuHaMmuKka BelgeneHus Acinetobacter baumannii 1 aHTUGUOTUKOPE3UCTEHTHOCTU
B MHOronpo@ujibHOM cTanuoHape 3a 2021-2025

H.C. Cyrum6ekoBa*!?, H.M. Bucenoa*?, M.JK. Amanxko10Ba**, C.K. AGenbaeHORB3,
M.Y. Aycmaram6eToB?, A.Y. BaiiayiicenoBal, L.Il. lylice6ekoBa’, A.I. CapceHoBa'
IMeduyuHckuti ynusepcumem Acmata, Acmana, Kazaxcman
2HayuoHabHblll HAyuHbIlU MeduyuHckull yenmp, AcmaHa, Kazaxcmau
SHayuoHabHblll yeHmp 6uomexHoso2uu, Acmana, Kazaxcmat
*Kazaxckuil HaOyUOHA/1bHbIU yHUBEpcumem umeHu anb-®apabu, Aamamsi, Kazaxcman

AuHoTauus. Acinetobacter baumannii siBAsieTC OAHUM W3 HauboJiee ONACHBIX BO36yAUTE/IeH HO30-
KOMUaJIbHbIX MHQEKLHH, XapaKTepHU3YIOLUIUXCS BBICOKOM YCTOWYMBOCTBI0 K aHTUOAKTepHUaJbHBIM
npemnapaTaM. B cBsI3U ¢ 3TUM LiesIbl0 JaHHOIO MCCAef0BaHUs Oblia OLleHKa JUHAMUKU BblAesieHus A.
baumannii n ypoBHS1 aHTUOUOTUKOPE3UCTEHTHOCTH B MHOTONTPOdUJIbHOM CTal[OHape 3a nepuon 2021-
2025 rr. Jlnis 37O 6bLT NPOBEJEH CPABHUTEbHBIN PETPOCHEKTUBHBIN aHaiu3 13 221 KIMHUYECKUX
W30JIATOB, MOJIyYEHHBIX W3 pa3/IMYHBIX OTAeJeHUH. AHaJu3 MNPOBOAUJCA C HCIOJb30BaHUEM
MeTOoA0B GeHOTUNHNYEeCKON MJeHTUPUKALUM U onpejie/leHUs] YYBCTBUTEJbHOCTH K aHTUOMOTHKAM.
OnpefenieHre 4YyBCTBUTENBHOCTU (ARHTUOWOTPAMMBbI) IPOBOAW/IOCE C TIOMOILLbI0 aBTOMAaTU3UPOBAaHHON
cucrtembl Vitek 2 u pgucko-gudpdysvoHHoro Mertoja AJs [eBATH aHTHMHUKPOOHBIX NpenapaTos.
K 3THM aHTHMOMOTMKAM OTHOCATCA KapbOaneHeMbl (MMHIIEHEM, MepoOIleHeM), aMWHOIJIMKO3W/bl
(reHTaMUIIMH, aMUKalUH, TOGpPaMHUIIMH), (TOPXUHOJIOHBI (IUNpodJoKcaluH, JieBodJoKcalHH),
KOJIUCTUH M KOMOWHaUUsl TpUMeTonpuMa/cyibdpaMeToKkcasosia. Pe3ynbTaThl MOKa3aju CHIKEHHUE
4acTOThl BblJeseHus A. baumannii 3a nepuos Ha6mogenus (x> = 19.29, p = 0.0007), npu aTom
GOJIBIIMHCTBO H30JIATOB COXPaHSAJU MHOXKECTBEHHYIO JieKapCTBeHHYI ycToilyuBocTb (MJIY).
Haubosibinasi pe3sucTeHTHOCTh Oblja BhbIsiBJeHAa K GTOPXUHOJIOHAM U KapbameHeMaM, B TO BpeMs
KaK 4yBCTBUTEJbHOCTb K KOJIMCTMHY OCTaBaJlacb BbICOKOW Ha NPOTSHKEHUM BceX JeT. OTCyTcTBUe
MOJIEKYJISIPDHOT'O aHa/Iu3a OrpaHUYMBaeT UHTepIIpeTal1Io pe3yJbTaToOB, OJHAKO [0J1y4eHHbIH NPoQU/Ib
pPe3UCTEHTHOCTU MO3BOJISIET IPE/IOJI0XKUTh HAJIMYUE TeHOB, KOTOPbIe MOTYT BBICTYNATh B Ka4yeCTBe
($aKTOpOB NaTOTeHHOCTH. Pe3y/ibTaThl CPaBHUTEJIBHOTO PETPOCIIEKTHBHOIO aHA/IN3a PE3UCTEHTHOCTHU
NOJYEePKUBAIOT HEOOXOAMMOCTb IOCTOSIHHOIO JIOKAJbHOIO MOHUTOpPUHIA pEe3UCTEHTHOCTH A.
baumannii K aHTUOMOTHKAM W PALUOHAJBHOTO MCIOJIb30BaHUS AHTHMHUKPOOHBIX MpEnapaToB B
yCJIOBUSIX CTallMOHapa.

KiwueBsble caoBa: Acinetobacter baumannii, yCTOWYUBOCTb K aHTHOUOTHKAM, MHOXXeCTBEHHasl
JlekapcTBeHHas ycroiuuBocTb (MJIY), kapbaneHeMbl, GTOPXUHOTOHBI, KOJUCTHUH, KIMHUYECKHE U30-
JISATBI
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Biological features of ixodid tick dispersal in biotopes of the West
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Abstract. A biological and faunal analysis of the species distribution of Ixodid
ticks in the West Kazakhstan region was carried out. The ecological features of
the distribution of Ixodid mites in the biogeocenosis of the studied region, as
well as their species association with certain biotopes, are studied. The highest
species diversity of ticks is distinguished by the elevated steppe zone. The
ixodid fauna in this zone is represented by 5 species belonging to 4 genera: D.
marginatus, D. reticulatus, H. detritum, Rh. rossicus, and L. persulcatus. Mites of
the genus Dermacentor prefer toinhabit areas with sufficiently moist soil, with
mixed grass and meadow vegetation. . persulcatus and Rh. rossicus species are
found in forested floodplains, Hyalomma species are pastures. In the collected
specimens of Ixodid ticks, a significant predominance of females compared to
males was noted. Ticks of the genus Dermacentor are distributed mainly in
flat steppe landscapes. Forest and forest-steppe zones are the most suitable
for the ixodid family. For Ripicephalus, they are forest-steppe and semi-desert.
Ticks of the genus Hyalomma are found only in areas of cattle breeding and
adjacent territories.

Keywords: ixodid ticks, biogeocenosis, dominant species, biological analysis,
faunal analysis

Introduction

Ixodid mites belong to the ecological group of temporary ectoparasites with long-term
feeding [1-4], so the life cycle of ixodids includes four stages: egg, larva, nymph, and imago. The
nature of the effects of tick bites on the skin of animals is determined by their type, the duration
of suction, and the immune status of the host. Ixodid ticks are temporary ectoparasites that feed
for a long time, spending a significant part of their life cycle in the external environment.
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In addition, much attention was paid to species of epizootological and epidemiological
significance. As a result of numerous studies and observations, an extensive factual material was
accumulated, so there was a need to systematize and generalize it, which was implemented by
a number of authors in works of a monographic nature [5-10]. A number of authors have found
that ixodids contain tularemia, plague, tick-borne encephalitis, ixodic tick-borne borelliosis,
and animal piroplasmidosis. For many natural focal diseases, ixodid ticks are special carriers.
The range of pathogens transmitted by ixodid ticks is constantly expanding.

Currently, diseases associated with tick bites dangerous for animals and humans, are
everywhere, from tropical, subtropical, and temperate zones to rural areas and large cities.
The constant movement of animals and surrounding people contributes to the spread of ticks.
The study of the ecological features of the distribution of ixodid ticks in the biome of West
Kazakhstan, as well as the exact location of a particular biome, allows you to determine in time
the places of accumulation of the most dangerous ixodid tick species. The direction of activity in
determining the environmental conditions on the icon of the dependence of the problem is also
important. In the Ural region of Kazakhstan, this issue deserves special attention. In this area, the
different natural-geographical conditions and various autobiographies, which are characterized
by the Icon of the distribution of diversity, lead to the population of social welfare, and the area
of the protection of the environment is affected. The living conditions of the landscape, and
ticks of the biological distribution, as well as the ticks of the species composition and specific
biological communities of the relationship, for the details of the study are necessary. Based on
such studies, it is possible to assess the risk of diseases of natural vectors to identify the main
points of accumulation of ixodides [11-17].

In 2011, during the spring and summer period, 138 residents of the West Kazakhstan region
suffered from ixodic tick bites and sought medical help. A total of 100 ticks taken from humans
were tested in the laboratory for tick-borne infections, with a negative result. An annual stable
circulation of Congo-Crimean hemorrhagic fever (CCGF) virus was detected in the studied region.
There is a high concentration of Hyalomma marginatum in cattle in this area. This type of tick is
the main vector of the CCGF virus in neighboring regions of Russia [3,18-20]. Interestingly, they
can be attracted to human breath and its components, such as acetone, nitric oxide, and carbon
dioxide, which can also be produced by plants [15, 17-23].

The study of spontaneous CCGF virus infection in various animals is carried out by enzyme
immunoassay (ELISA) using the Vectorkrim-CCGF-antigen test system manufactured by Vector-
Best CJSC. The detected CCGF virus should be additionally examined by real-time PCR. In the
territories of Russia adjacent to the West Kazakhstan region, Congo-Crimean hemorrhagic fever
virus RNA was detected in 10 samples of the H. marginatum tick. The 661 H. asiaticum mites
were examined in the Zhangali region, and 8 of the 187 samples tested positive for Congo-
Crimean hemorrhagic fever virus antigen (4.2%). As a result of comprehensive studies in the
west of the West Kazakhstan region, the virus was detected in H. asiaticum. Thus, a new natural
outbreak of Congo-Crimean hemorrhagic fever has also been identified in Kazakhstan.

Based on the above, the aim of this study is to conduct a comparative analysis of changes
in faunal complexes of Ixodid mites in various biogeocenoses of the territory of Western
Kazakhstan.

Materials and research methods

This work is based on materials obtained after field and laboratory studies in 3 administrative
districts of the West Kazakhstan region (Bokeyorda, Zhanibek, and Syrym districts), including
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Biological features of ixodid tick dispersal in biotopes of the West Kazakhstan region

1,825 biomass and 2,712 ticks according to a single methodology using standard flags and
fibers (Figure 1). When monitoring large mammalian infections, direct collection of ticks from
vertebrate hosts in the study area is the main method [21-24].

The determination of the systematic affiliation of ticks was carried out using determinants
together with specialists from the Uralsk sanitary and Epidemiological laboratory, the Ural
Anti-plague station, and the district sanitary and Epidemiological station.

Figure 1. Research areas

From vertebrates, ticks were collected on farms and pastures. When collecting ticks, attention
was paid to the places where they were concentrated in the feeder: neck, underbelly, ears,
eyelids, axillary and groin areas, nipples, bottom and tail tip. Fixed ixodid ticks were removed
manually with medical gloves, grabbing the base of the beak. In some cases, tweezers were
used. Tear off the ticks by any means, with caution it is necessary to release movements or
rotate the tick around the longitudinal axis of the body, so as not to tear the burrow. Gloves and
tools are disinfected after work, and hands are treated with 70% alcohol [25-28].

The ticks collected in various biotopes were fixed with 70% alcohol. Before the study, the ticks
were removed from a test tube, placed on filter paper, removed with tweezers, and examined
under a magnifying glass under side lighting. The table "tick identifier of the Ixodidae family"
was used to determine the genus and species of ticks.

The data obtained were processed using statistical methods. The work used standard
environmental indicators (dominance index (id), indices of species diversity and wealth). Basic
statistical calculations were performed using Microsoft Excel 2007 and Statgraphics 5.0.

Results
Today, the ixodofauna in western Kazakhstan biotope is represented by five species of

four genera: Dermacentor marginatus, Dermacentor reticulatus, Hyalomma detritum, Ixodes
persulcatus, and Rhipicephalus rossicus.
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The fauna of tick species of the western region of Kazakhstan, by quantitative distribution,
is very uneven. Dermacentor ticks (D. marginatus and D. reticulatus) occupy a dominant place
in terms of abundance and appearance. D. marginatus species are found in all three regional
settlements (49.60% in collections). Divisions of the ixodid fauna of the Kazakh Urals are formed
on D. reticulatus (21.12% in collections). H. detritum species -at least than 50%.

The share of all listed types of ixodid ticks in the region is 87.90% of the total tick fauna of
the studied biogeocenoses. The Ixodes persulcatus and Rhipicephalus rossicus can be considered
the ixodid mite species for the fauna of the biotopes of the three studied regions, of the region
0.95% and 6.30% in the collections, respectively, the least.

The distribution of ixodid mites in different biogeocenoses is uneven and mosaic. Quantitative
characteristics of the Ixodid tick fauna also depend on natural and geographical conditions.
The natural and climatic conditions of the West Kazakhstan region are characterized by a high
degree of mosaic landscapes, soils, vegetation cover, and economic development of the territory.
The tick fauna of the southern upland Uvalisto plain forest-steppe part of the right bank of the
Chagan River is represented by 3 species belonging to 2 genera. The dominant species in this
zone was D. marginatus (ID was 84. 5%). The percentage of the 2 other species was distributed
as follows: D. reticulatus - 14.0%, 1. persulcatus - 1.4%.

Analysis of the faunal data of ixodid ticks in the West Kazakhstan region showed that the
highest species diversity of ticks is found in the high steppe belt on the right bank of the Derkul
River. As a result of the conducted studies, it was determined that the ixoid fauna in this zone
is represented by 5 species belonging to 4 families: D. marginatus, D. reticulatus, H. detritum,
Rh. rossicus, and I. persulcatus. A total of 425 tick specimens were collected. The dominant
species in the study area was D. marginatus (ID was 42.3%). The percentage of other species
had the following distribution: D. reticulatus — 21.7%, H. detritum - 12.3%, Rh. rossicus - 9.6%,
I. persulcatus - 2.3%.

On the territory of the Bokeyorda district, in the biogeocenoses of low-mountain steppes,
4 species of ixodids were also recorded: D.marginatus, D. reticulatus, H.detritum, Rh. rossicus.
D.marginatus dominates (ID 49,6%), D.5.3 is subdominant (ID 2%). The percentage of other
species was distributed as follows: H. detritum - 16,4%, Rh. rossicus - 1,6%. Three types of
ticks were found in the high-level steppe biogeocenoses of the Syrym district: D. marginatus,
D. reticulatus, and H.detritum. The following species dominated: D. marginatus (ID 58.4%)
and D. reticulatus (ID 40.1%). In the elevated mountainous biogeocenoses near the village of
Mashtakov, only 2 species are found: D. reticulatus and D. marginatus. The territory is dominated
by ticks of the D. reticulatus species by a large margin (ID 82.0%). The D. marginatus species
was less common in this zone (8.4%). The biotopic distribution of ixodid ticks in the West
Kazakhstan region is as follows. Forest areas and floodplains of the Chagan and Derkul Rivers
were characterized by the greatest species diversity and richness. The Macintosh diversity
index was 0.487 +0.042 and 0.395 + 0.040, respectively; the Shannon index was 1.973 + 0.132
in forest areas and 1.841 + 0.067 in floodplains, respectively. The species composition in forests
is 4 species, in floodplains, 5 species.

The isotopic ixodic ticks of the territory are distributed in the West Kazakhstan region as
follows. The Chagan River's largest forest areas of were distinguished by their diversity. The
Macintosh index is 0.487 £0.042 with composition diversity, respectively, not 0.395 = 0.040; in
the forest area, the Shannon index is 1.973+ 0.132, in the floodplain, 1.841 + 0.067, respectively.
c. the species composition of the forest is 4 forces, floodplain - 5 species. According to the results
of the survey, small animals had a lower occlusion rate than large animals, and their occurrence
index was recorded, respectively, 91.0% and 92.3% (Table 1).
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Table 1

Damage to various animal species in western Kazakhstan

Type of tested Number Ticks Maximum Abundance Index

animal of examined collected number index, pcs of occurrence,
Animals of ticks per 1 %
animal
Small animals 996 2960 19 2.97 91.0
Large animals 13 98 24 7.5 92.3

In addition, there are three most common species in the region: ticks - I persulcatus,
D. reticulatus, and D. marginatus. In addition, based on the fact of predominance of these types,
we focused on the study of these three types of ixodids, which we found and are practically
widespread in western Kazakhstan. The results of collecting ixodid ticks in the context of natural
and climatic zones and their types are presented below in Table 2. Our observations and studies
were carried out in the forest steppe zone and the steppe zone of western Kazakhstan.

Analysis of the data in Tables 1 and 2 shows that animals in forest-steppe territory are
infected with three species of ixodids: D. reticulatus - 49.5%, D. marginatus - 8.6%, I. persulcatus
-41.9%. The maximum number of ticks found on one cattle was 24, and the maximum number
of Ixodes ticks on one cattle was 19. On average, 7.5 Ixodes ticks were found per examined
cattle, and 2.97 Ixodes ticks per cattle.

Table 2
Types of ixodids in different natural and climatic zones of western Kazakhstan

Natural- Collected Among them
l(;‘lilmate ti_CkS’ D. reticulatus D. marginatus L. persulcatus

elt preces pieces | %, M+m | pieces | %, M+m | pieces | %, M+m
Forest-steppe 3100 1535 | 49,5+2,8 266 8,6+x1,1 | 1299 |41,9+2,6
Steppe 2835 1252 | 44,2+2,5 412 | 14,517 | 1171 | 41,327
Total 5935 2787 | 47,4%2,6 678 | 10,6+1,4 | 2470 | 41,6%2,7

According to Table 3, the dominant place in terms of numbers in cattle is occupied by ticks
of the genus Dermacenter - D. marginatus. This type of tick is found in 65 percent of the cattle
population. The subdominant form includes H. detritum (30%). Significantly fewer species were
found in cattle: D. reticulatus (3.0%) and Rh. rossicus (2.0%). Ticks of the I. persulcatus species
have not been detected on cattle.
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Table 3
Collected ticks from different animals
Types of ticks Number of ticks
From cattle | From horses | From sheep | From dogs From From roe
humans

Total | % |Total| % |Total| % | Total| % |Total| % |Total| %
D. marginatus 138 | 65 | 71 | 60,4 | 221 | 88,6 | 15 |426| 43 | 550 2 7,0
D. reticulatus 6 30| 47 (396 | 29 |114| 12 |324| 19 | 250 3 8,0
H. detritum 64 | 30 0 0 0 0 0 0 0 0 0 0
I. persulcatus 0 0 0 0 0 0 0 0 12 15,0 0 0
Rh.rossicus 6 2,0 0 0 0 0 9 25,0 4 5,0 23 | 85,0
Total 214 | 100 | 118 | 100 | 250 | 100 | 36 | 100 | 78 | 100 | 28 | 100

D.reticulatus (32.4%) and Rh. rossicus species (25.2%) is more common. The species H.
detritum and I persulcatus have not been found. For horses, D. marginatus is the dominant
species (60.4%), and D. marginatus (42.4%) is a common species of ixodic ticks for dogs.

Subdominant D.reticulatus (39.6%). Rh. rossicus, H. detritus, and 1. persulcatus could not be
identified. Only two types of ticks have been removed from sheep: D.marginatus and D.reticulatus.
D. marginatus predominates (88.6% in collections). D. reticulatus was significantly fewer (11.4%
in collections) (Figure 2).

Types of ticks
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Figure 2. Specific occurrence of ticks in different hosts

Rh.rossicusis the dominant species of roe deer (85.0%). D. marginatus (7.0%) and the species
D. reticulatus (8.0%) is much less common in roe deer. Humans are often the breadwinners of
ixodic ticks. The species, L. persulcatus, was only found in human collections. Dominant type
D. marginatus (55,0%), D. reticulatus - 25,0%. Ticks of the type 1. persulcatus - 15.0% and Rh.
rossicus - 5.0%.
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As a result of mass parasitization of ticks of the genus Dermacentor, the amount of hemoglobin
in the blood of animals decreases by 12-15%, red blood cells by 1.5 - 2 million, and leukocytosis
develops with significant eosinophilia, 7-13%, which leads to exhaustion and death of animals.

When 60-100 pairs of ticks are parasitized on sheep, severe intoxication, nervous system
disorders, and sometimes death are observed. Milk yields of cows can decrease by 18-20%
(with mild tick damage) and 40-50% (with severe tick damage, more than 3 thousand ticks per
animal). Many researchers have found that the time of falling off drunk ixodids falls on certain
periods of the day. For example, female ticks Ixodes ricinus and I. persulcatus [25]. They usually
finish the last stage of feeding on the night before falling off and leave the owner in the morning,
when the cattle are grazing on pastures. In arid climates, the larvae, nymphs, and females of
Hyalomma anatolicum fell off cattle during the summer months, and in Tajikistan at night, when
the animals were resting in primitive pens. In the cracks of the mud walls of these rooms, the
eggs of H. anatolicum molt or develop, all stages of which feed on farm animals [26].

Data on the species belonging to ixodid ticks collected from different vertebrate species in
the Bokeyorda and Zhanibek districts are presented in Table 4.

Table 4
Species belonging of ixodids collected from animals

Study area Total ticks Among them

collected, D. reticulatus D. marginatus Ixodes persulcatus.

ex.

Ex. % Ex. % Ex. %

Bokeyorda 531 244 45.9 89 16.8 198 37.2
Zhanibek 2181 947 43.4 314 14.4 920 42.2
Total: 2712 1191 | 43,925 403 | 14.8+1,6 | 1118 41.2+2,2

As the analysis of the tabular data shows, during the study of cattle and small animals on
farms, 2712 tick samples were removed, we identified them as D. reticulatus — 1191 samples
(43.9%), D. marginatus - 403 samples (14.8%), and Ixodes persulcatus - 1118 samples (41.2%)
(Figure 3).

= D. reticulatus = D. marginatus = Ixodes persulcatus.

Figure 3. Species ratio of epidemiologically significant ticks
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In addition, in MNT - the maximum number of ticks was 11 individuals, and in cattle the
maximum was slightly higher - 14 ixodids. The tick abundance index in these animal species
differed significantly from each other. Thus, the average abundance index in cattle was 5.7
individuals, while in MNT there were only 3.1 ixodids per animal studied.

After wintering, the emergence of ticks occurs gradually, so their number in pastures and,
accordingly, in animals increases until the last decade of May, then reaches a certain maximum
and begins to decrease. In the last days of the season, active ticks are practically not detected,
and ticks of the genus Dermacentor reappear in the second half of August.

In the West Kazakhstan region, the first cases of activity of D. reticulatus ticks were recorded
in mid-April, when adults of the parasite were caught from plants. The first peak of maximum
abundance of D. reticulatus was recorded from April 21 to June 4, when 30 individuals were
recorded per hour of flight, and the abundance index (I0) was 13.4 individuals. The second
peak of activity of Dermacentor ticks was recorded later, from August 15 to October 3.

In addition, the first cases of detection of a species such as Ixodes persulcatus in nature
were recorded on April 13, and the last cases of activity were recorded in the third decade of
June. The highest number of ixodids in animals was recorded from May 7 to June 3, and during
this period their incubation reached 77.2-100% of the population, depending on the region,
with an abundance index (Al) of 14.2 individuals per animal. The maximum number of ixodids
per animal reached 29 individuals. The last cases of attacks on cattle by Ixodid ticks of the
Dermacentor genus were recorded on September 21, and the last ticks were removed from
plants on October 7. During the observation, it was also noted that ticks attack animals only
when they go out to pasture. With the increase in the number of ticks in nature, the number of
their warm-blooded hosts increased.

Although some studies were conducted later, when the parasitic season of adult ticks began to
decrease, we observed a high degree of damage to farm animals. Thus, the ixodid tick occurrence
index in MNT was 88.6%, and ixodid tick infestation in cattle was 65.0%.

The sexual structure of the population of ixodids collected on the surface of vertebrate bodies
and biogeocenoses in the West Kazakhstan is presented in Table 5.

Table 5
The ratio of males and females in the biogeocenoses of the West Kazakhstan region

Species Total number of Males Females
1833 Ex. % Ex. %
D. marginatus 670 269 40,2 401 59,8
D. reticulatus 524 169 32,4 355 67,6
L persulcatus 228 47 20,4 181 79,6
H. detritum 215 103 48,0 112 52,0
Rh. rossicus 196 109 55,4 87 44,6

According to the table, there are significant predominance of females than males. The ratio
of males and females is obviously biologically important for preserving the diversity of species
in the region. This pattern is due to the desire to increase the number of offspring. A special
feature is the Rh. rossicus: the females are more numerous than in the collections. Over the
years of research, there has been a tendency for Ixodes ticks to change their body shape. During
the dry years, various species of Ixodes mites were suppressed.
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Discussion

The scientific and practical significance of the work lies in the fact that scientific research
was conducted in Kazakhstan, mainly of an epizootological nature, which determined the
species composition of ticks. The leading measure in the system of combating pathogens of
vector-borne diseases is the destruction of their vectors, Ixodes ticks. The development of
new methods for trapping ticks will help prevent economic and social damage and is aimed
at improving the safety of the environment and humans. The proposed technology will use
compositions of environmentally friendly products to prolong the action of drugs in order to
reduce the number of treatments with acaricidal drugs and reduce the burden on the animal
body and the environment.

Epidemiologically, the importance of arthropods as carriers of pathogens of infectious
diseases of humans and animals is incomparably greater than their importance as parasites, and
in obligate-transmissible diseases, vector ticks play a leading role. They actively participate in
the mechanism of transmission of pathogens of infectious diseases, especially from protozoan,
rickettsial, viral, and bacterial.

Ticks carry hemorrhagic fevers, tularemia, pyroplasmosis, and tick-borne encephalitis. The
Ixodid tick order (Ixodidae) occupies a leading position among blood-sucking arthropods in
terms of the number of transmitted diseases. Among them, there are such dangerous infections
as tick-borne typhus, encephalitis, tularemia, pyroplasmosis, and hemosporidial diseases
of domestic animals and humans. These ticks are under the close attention of medical and
veterinary acarology and parasitology in general. Ixodes ticks are the most common carriers of
dangerous encephalitis [29, 30]. The harmful effects of parasites as carriers of infectious diseases
are many times greater than their actual parasitic harm. Diseases transmitted to humans and
animals by tick bite are called vector-borne diseases. In this case, ticks are a kind of reservoir
of infectious agents; they retain them throughout their lives and are often transmitted from
generation to generation, laying infected eggs, from which infected larvae are born. Encephalitis
mite is one of the most common and well-known. It is important to note that the encephalitic
tick is not a separate breed (species) of arthropod insects. Any type of tick can become infected
with encephalitis, so it is impossible to identify signs that determine the degree of danger. But it
should be remembered that such an infection can lead to the death of a person [6,10].

The Ixodid tick order (Ixodidae) occupies a leading position among blood-sucking arthropods
in terms of the number of transmitted diseases. Among them, there are such dangerous
infections as tick-borne typhus, encephalitis, tularemia, pyroplasmosis, and hemosporidial
diseases of domestic animals and humans. These ticks are under the close attention of medical
and veterinary acarology and parasitology in general. Our results have shown that using this
feature of tick behavior is very effective in collecting and trapping ticks and other blood-sucking
insects.

Conclusion

Field trips were conducted, and new knowledge was gained about the patterns of formation
of tick foci in the West Kazakhstan region, and their role in the spread of diseases carried by
ectoparasites.

In Western Kazakhstan the analysis of the changes in the ixodofauna of the biogeocenoses of
in the period over the past 10 years has been carried out. Changes in the species composition,
dominant type, and abundance of ixodid ticks have been identified.
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In the Urals, among the studied landscape zones, the mountain steppe zone was characterized
by the largest number of species, diversity, and richness. The composition of the species
is 5 species, which is a consequence of the significant diversity of landscape and zoological
conditions in this region. However, ticks of the genus Dermacentor sharply dominated in
number. Ecological and faunal analysis showed the features of the spread of Ixod ticks on the
territory of Kazakhstan. In the coastal forest-steppe zones, the diversity of species is higher, and
the abundance ratio of individual ixodid species was more uniform.

A relationship has been established between the species composition of Ixodes mites and
the landscape conditions of the West Kazakhstan region. Ticks of the genus Dermacentor
are distributed mainly in flat steppe landscapes. Forest and forest-steppe zones are the most
suitable for the ixodid family. For Ripicephalus, they are forest-steppe and semi-desert. Ticks of
the genus Hyalomma are found only in areas of cattle breeding and adjacent territories.

The greatest diversity of ticks was recorded in dogs (3 species); the Macintosh variety index
was 0.336 £0.021, and the Shannon index was 1.452 + 0.072; for cattle (4 species), the Macintosh
variety index was 0.342 * 0.04, and the Shannon index was 1.068 + 0.032.

From an epidemiological point of view, the importance of ixodids as carriers of infectious
diseases of humans and animals is incomparably higher than their parasitic significance. The
harmful effects of parasites as carriers of infectious diseases are many times greater than their
real parasitic harm. Based on the data obtained, it is possible to develop regional measures for
the treatment and prevention of ectoparasites in animals.
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BaTbic Ka3akcTaH 06JIBICBIHBIH, GUOTONTAPbIH/AA UKCOAUATI KeHeJIep/iH TapaaybIHbIH,
GUOJIOTUAJIBIK, epeKIeTiKTepi

P.H. TenieyoBa*!, B.K. EcimoB?, B.)K. Baiimyp3uHna?, K.U. AxmetoB?, A.K. HypbsimeBa*
1A6ali amvindarsl Kazax yammoik nedazozuka/bik yHugepcumemi, Aamamsit, Kazakcmau
29. MapryaaH yHueepcumemi, [lass1o0dap, Kasakcmat
3Topalirvipos yHusepcumemi, [lasaodap, Kasakcmax
*Hazap6aes 3usmkepaik mekme6i, Acmana, Kasakcmat

Anpgarna. bateic KasakcTaH oO6JbICBIH[A UKCOAUATI KeHeslepAiH TypJepiHiH TapajyblHa 6U0JIO-
TUSIJIBIK, XKoHe (ayHasbIK, Tajajay Kyprisingi. 3epTTesneTiH allMaKThlH O6UOreoLeHO34apblHAA UKCO-
JUATI KeHeJiep/liH, TapasybIHbIH, 3KOJIOTHUSJIBIK epeKIleJiKTepi, COHAal-aK oJiap/blH OeJrisi 6ip
6uoTonTapMeH TypJiik GaisaHbIChl 3epTTenreH. KeHenepAiH eH >KoFapbl TypJiepiHiH apTypJiniri
6uik Jasa aliMarbIMeH epekulesieHefi. Bys aliMakTarbl ukcogu[ ¢ayHacel 4 TybICKa »XaTaTblH 5
TYpAeH Typabl: D. marginatus, D. reticulatus, H. detritum, Rh. rossicus xaHe I. persulcatus. Dermacentor
TYKbIMJIACbIHbIH, KeHeJslepi >KeTKUIIKTI bUIFaJAbl TONBIPAKTHI, apajac LIeMNTi 9He IaJIFbIH/bI
eciMzikTepi 6ap MeKeHJey OpbIHAAPBIH KaKcbl kepexi. I persulcatus xoHe Rh. rossicus TypJepi
KallblIMasapAafbl opMaHpaap, Hyalomma Typnepi xalbuibiMAapAbl MekeHJengi. WkcomuATi
KeHeJlep/liH >KUHAJIFaH Y/TilepiH/ie aHaNbIKTap/AblH epKeKTepre KapaFaH/a efdyip 6acbIM eKeHAIri
GalikaJiibl. Dermacentor TYKbIMIACbIHBIH KeHeJsIepi HeTi3iHeH »Ka3bIK Jajia JaHapTTapblH/IA Tapa/IFaH.
Ixodidae TyKbIMAACHI YIIIiH OpMaH/Abl )KoHEe OpMaH/ bl ajia allMaKTaphl eH KoJsailibl. Ripicephalus ymin
0J1ap OpMaH/Ibl Jlajia XXaHe LieJelT xepJiep. Hyalomma TyKbIMAachIHBIH, KeHeslepi TEK MaJl ecipeTiH
ayLaHAapAa »KoHe OFfaH ipresiec ayMaKTap/a Ke3zecezi.

TyiiH ce3aep: MKCOAUATI KeHesep, GHoreoleHo34ap, 6acbIM TypJiep, 6MOOTHSIBIK, Taljay, payHalbIK
Tangay
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BuoJsioruyeckue 0CO6eHHOCTH pacnpoCTpPaHeHUsI MKCOA0BOTO KJiela
B 6uoTonax 3anaaHo-KasaxcTaHCKo# 06J1acTH

P.H. ToneyoBa*!, B.K. EcumoB!, B.XK. Baiimyp3una?, K.U. AxmeToB?, A.K. HypsimeBa*
'Kasaxckutl HayuoHabHbll nedazozuveckutl yHusepcumem umeHu Aéasi, Aamamol, Kazaxcemau
?[lasaodapckuli nedazozuveckuli yHugepcumem umeHu A.Mapzayaaua, Ilasnodap, Kazaxcmau
3Topatizvipos yHusepcumem, [lasaodap, KazaxcmaH
*Hazapbaes unmesekmyanbHas wkoaa, Acmawna, Kazaxcmau

AnHoTanus. [lpoBeseH 6HO0JIOr0-GayHUCTUYECKUN aHA/M3 PACHPOCTPAHEHUS BHUJIOB HKCOJIOBBIX
KJelel B 3anagHo-KasaxcTaHckod o6JiacTu. M3ydeHBbl 3KOJ0THYECKHE OCOBGEHHOCTH pacrpocTpa-
HeHUSl UKCOJOBBIX KJielllell B GMOTeoleH03ax MCCAeAyeMOro perdoHa, a TakKe UX BHUJ0Bas CBSA3b
C ompejleleHHbIMU 6uoTonaMu. HauboablIMM BHAOBBIM pPa3HOOOpa3vWeM KJlelled OTJNYaeTCs
BO3BbIIIeHHAs1 CTenHas 30Ha. PayHa HMKCOMOBBIX KJlellled B 3TOM 30He MNpejcTaBjJeHa 5 BUJaMH,
oTHocauMMuca K 4 pogam: D. marginatus, D. reticulatus, H. detritum, Rh. rossicus v I persulcatus.
Knemu poga Dermacentor npefnovyuTarOT 3acesisiThb Y4aCTKHA C JOCTAaTOYHO BJIAXKHOU MOYBOMH, CO
CMeIlaHHOM TPaBSAHUCTOU U JIYTOBOH PacTUTENbHOCTBIO. Buznbl I persulcatus v Rh. rossicus o6uTaioT
B NnoiiMax pek, Bujbl Hyalomma - Ha nact6umax. B cobpaHHBIX 3K3eMIISIPAX UKCOJIOBBIX KJellel
O0TMeYeHO 3HAYMUTEeJbHOE MpeobJiaJlaHre CaMOK 10 CpaBHEHHIO ¢ camiiamu. Kieniu poga Dermacentor
pacnpocTpaHeHbl MPEUMYILIECTBEHHO B PaBHUHHBIX CTEMHBIX JaHAmadTax. JlecHass U JiecocTemnHas
30HbI SIBJISIIOTCS HauboJiee MOX0ASIIMMU /151 cEMeNCcTBa UKCOA0BbIX. [l1s1 Ripicephalus 3To iecocTenb
¥ mnoJsynycTbiHA. Kiemm poma Hyalomma BCTpedyarTcd TOJbKO B MeCTax CKOTOBOACTBA M Ha
NpUJIEeramiuX TePPUTOPUSIX.

KioueBble C/I0Ba: HUKCOJOBble KJEl[Hd, GUOTeoleHO03bl, JOMUHUPYIOUIME BHU/bl, 6UOJO0TUYECKUIN
a”asu3, GayHUCTUYECKUU aHAIH3
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AnaaTna. Makasaga ConTycTik - 6aTbic KazakcTaHga MacasiapAablH ¢payHac-
bIH 3epTTey, OipKaTap 3NUAEeMUOJIOTUSJIBIK KayilTisik 6esrisiepi 60HbIHIIA
MacaJlap/ZblH, HeFypJibIM KayillTi TypJiepiH ecelKe aJjy, oJapfa Kapchbl Kypec
HmapaJjiapblH Herizzeyre apHasaraH. ConTycTik-6aTtbic KasakcTaHza, aTan au-
TKaHga Akmouia, Ateipay, bateic-Kasakcran, [1aBioaap, Kocranai, ConTycTik
6atbic Kazakctan o6JibicTapbiHaa 2020 xoHe 2024 KblaaapAblH Ka3fbl Ma-
yChIMAApbIHJA KYPri3isireH O0ys >KYMBICTBIH, Ma3MyHbl OCbl allMakKTap Ta-
paJiFaH ap TYpJii 3KOJIOTUAJBIK TONTApPAAFbl KeKeJlereH TypJiepAiH TYpJiK
KypaMbl MeH 3KOJIOTHSICBIH, OHBIH, illiHJe MacajapAblH alMaKThIK >KoHe
TOYJIIKTIK 6€eJICeHAITiH aHbIKTay, NONYJsUsIIapAbIH ac KypaMbl MEH 6Mip
CYPY Y3aKTBbIFbIH aHBIKTAY, ’KYMBIPTKaJiay OpbIHAAPbIH, KAHCOPFbIIITAP/bIH,
€H, KOIl LIOFbIpJIaHFaH »KepJiepiH, MacajapAblH YUIbIN WIBLIFY Mep3iMAepiH
aHbIKTayZaH KypaJs/bl. Macaiap — KaH COPFbILI OYbIHAAKThIJIAPAbIH apachbIH-
Jla IpaKTHUKaJbIK TYPFbIaH MaHbI3bl 30p TONTAPbIHbIH 0ipi: OyJ1 )KOHAIKTEP
aZilaMfa KabblJIaTblH KAHCOPFBIII KOCKAHATTHI XKOHAIKTEep/iH iliHjge 6ipKa-
Tap JlaHAmaTTap/a Heri3ri MaccacblH Kypan KaHa KoMMail, aZjaM MeH XKaHy-
apJlapra opTak KenTereH TPaHCMUCCUBTI aypy KO3AbIPFbILITAPbIH TaCbIMaJl-
Jlaiabl. AJIBIHFAaH FBIJIIBIMU HOTUKeJiep MeH TyKblpbiMAaMasnap CoJTycTik
-6aTbic KasakcTaHaa Macaiap/blH NONy/sLUsJapbIHbIH Ka3ipri »kaFaiblH
6arasiayFa MYMKiH/JiK 6epe/ii, 6HipAiH MacasapblHbIH TYP KypaMbl MaJiMeT-
TepiH kKaHa aKnapaTTapMeH TOJIbIKTbIPabl.

Ty#in ce3gep: Macasap, TyYp KypaMbl, TiplliJiriHiH, GMOJIOTHUSJBIK epekK-
HeJIiKTepi, YIIYABbIH TOYJIIKTIK )KoHe MayCbIM/bIK JUHAMUKACHI

Kipicne

MacanapgpbiH Culicidae ynikeH TYKbIMAACbIHbIH 34 TybIcKa »kaTaTbiH 3000-ga1 Typi 6esrisai
[1,2]. Kasipri masimeTTep 60#biHIIA, TM/] TeppuTopuscbinga 8 TybICTbIH 98 Typi ke3zeceni

Tycri: 24.11.2025. Ka6bu1ganabl: 12.12.2025. OHIaiH KoJ1 keTiMai: 25.12.2025.

*Xam-xabap asmopbl
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[3,4]. Onapaply iwiHge MaHbI3AbLIapbl Anopheles («6e3rek» Macasapsl), Culex xaHe Aedes
TYBICTaphI 6KiNJepi; kelbip nangmadTTapaa Mansonia xaHe Culiseta TybiCcbl Macajapbl Ma-
HbI3/1bl POJIb aTKapazsl [5-7].

KasakcTaHzia KOC KaHATThl KaH COPFBIIITAP/bl 3€pPTTey KeJseM/i oHe Tyberemai xKypri-
3isireH fieyre 6oJ1a/bl. Bys1 3USAH/bI )Xo HAIKTEPAiH 6apJIblK KOMIIOHEHTTEPI TOJIBIK, 3€PTTE/TEH.
KasakcTaH MacanapbIHbIH payHachl »eTi TybicKa (Anopheles, Aedes, Culiseta, Culex, Ochlerotatus,
Uranotaenia »aHe Mansonia) ataTblH 53 TypAeH Typajbl. [eorpadusanbik 6ipTeKTiuiri,
TapaJsly THIIi K9He IKOJIOTUSJIbIK, YKCACTbIFbl OOUBIHIIA OJIap OpMaH, OpMaH/bl JaJja, jgajaa
»KoHe L16J1 el XKIKTeJIeTiH TOPT 3KOJIOTUABIK-(PayHabIK KellleHTe XXaTKbI3bl1aAbl [8-10].

Cosntyctik 6aThic KasakcTaHHBIH KaH COpPFBILI MacajapblHblH (ayHacblH 3epTTeyre
apHaJIfaH FbUIBIMU JlepeKTep 3epTTey NYHKTTePiHAeri Macajiap/iblH, KeKeJlereH TYpJiepiHiH,
TYP KypaMbl MeH CaHbl TypaJsbl Kelbip JepeKTepi, kKebiHece 6e3rek MacajapblHbIH Kebero
OPBIHZAPDI, KYHJEJNIKTepi XoHe >Kallllalh a3 yaKbITbl TypaJsibl a3Jbl-KeNTi MaJliMeTTepAl
6epeni [11-16]. Ocbl MasnimeTrTepre cavikec, ConTycTik 6aTbic KasakcTaH aymarbiHAa 6ec
TybIcKa (Anopheles, Theobaldia, Mansonia, Aedes, Culex) *aTaTblH KaH COPFbIII MacaJap/blH,
25 Typi TipkeJireH.

9/1e6u AepekTep 60ubiHIIA MaHFbicTay, ATbIpay, AKTebe >xoHe baTbic KazakcTan 06JibIcTa-
pbIHBbIH, LIeTiHAe Kacnuiiaiy ockl 6eJiiriHferi macanap/biy, ¢ayHacbl 25 TypAeH Typajbl.
Ochl aliMaKTapApblH JaHAWAThI-KJIUMATThIK, aiMaKTapblHAa apOOBUPYCTApAbIH, bIKTUMaJ
TacbIMaJAaylublIapbl TOPT TYbIC Macaaapbl 60Jybl MyMKiH: Anopheles (An. maculipennis, An.
hyrcanus), Aedes (Ae. vexans) Ochlerotatus (Och. caspiis, Och. dorsalis, Och. cantans, Och. detritus,
Och. subdiversus) scane Culex (Cx. modestus, Cx. pusillus, Cx. pipiens) [17-19].

KasakcTaHza KOCKaHaTTbl KAHCOPFBIII MacajapAblH, 3epTTesly KafFjalbl OCbIHJAM.
Pecny6J/iMKaHbIH COJMTYCTIK 6aTbIChIHJAaFbl KOCKAHATThBI KAHCOPFBILI MacajapAbl 6M0J10TTap
YKOHEe MapasvTOJIOT FaslbIMJlap KeITereH »XbliJap 60Hbl 3epTTel KeJexi. Bys »koFapbipak
KepceTisireH 60J/1aThIH.

JerenmeH fie ConTycTik - 6aTbic KazakcTaH MacasiapblHbIH TYpJiepi TypaJibl MaJiMeTTep aJi
Jle a3 ’KoHe LalblpaHKbl. Bi3/iiH 3epTTeyiMi3liH MaKcaTTapbl MeEH MiHJeTTepi 0Cbl aiMaKIleH
6alJIaHbICTBl OOJIFAaH/BIKTAH, aTaJlfaH alkMaKTbhlH, KOCKAHATTbl KAaHCOPFbII MacajapblHbIH,
3epTTeJly )KafFAarlblHa TaJl/ay XKacay >KoHe 3epTTeJIreH 00JIbIcCTapAaFbl 6JIKeJIiK 1apa3uTo0TUsd
MaceJieJIepiHiH OJIKbI KepJIEPIH TOJATBIPY KaXKET Jlell eCEenTenMi3.

CoHBIMEH KaTap KJIMMaTThIH 63repyiHeH KoNTereH TyYpJiepAiH, COHbIH illiH/e MacalapAblH,
Jla YJIKEH KOHBIC ayZlapybl 6alKas1a/ibl — 0J1ap IJIaHETaHbIH )XaHa allMaKTapblH/a KOJIalJbl 6Mip
CYpy »KafFAaiiapbiH Tabyza. 2KahaHAbIK *KbL/IbIHY KayinTi TPONHKAJIbIK aypy/iap/bl TapaTaTbiH
a3USJIBbIK 2K0JI6ApbIC MacaJsiapbiHbIH (Aedes albopictus) »xoHe capbl 6e3reKTi MacaJsiap/iblH
(Aedes aegypti) keli-KoHbIHa bIKNas eTei [20-29]. OcbiFaH 6aitylaHbICThI Macasiap TYFbI3aTbIH
KayinTi aypa/siapZiblH Tapa/lyblHbIH aaAblH any yiiH ConTycTik-6aTbic Ka3zakcTan aymarbiHAa
MeKeH/IeUTiH Macalap/iblH MONySALUsACH MEH KJIMMATThIK e3repicTepre cail TypJiep/iiH reor-
padUAIBIK TapalyblH XXaHaJaH 3ePTTEY KAXKETTIJIIri TYbIH A bl.

3epTTey MaTepHvaiAapbl MeH djicTrepi

KywmbicTbiH Heridid 2020 xbuigad 2024 xbliFa AediH )Kypri3reH »KMHaKTap, 6aKbliayiap
»K9He IKCIIePUMEHTTIK 3epTTeysiep Kypa/ibl. CTallMOHAPJIbIK, 3epTXaHaJbIK, 3epTTeYJIep, *KUbIHAP
MeH 6akbliaysap HerisiHeH ConTycTik 6aTbic KazakcTtanHbiH 30-1aH acTaM esfii MEKEHEPIH/E,
aJIThl 9KiMIIiJIIK 06JibIC HIeriHge (AKMouia, ATeipay, batbic-KasakcraH, [1aBiogap, Kocranai,
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CostycTik 6aTbic KazakcTaH) »koHe AcTaHa KaJlaCbIHbIH, YKeKeJlereH ayAaHgapbiHaa (AsMaThl,
Ecis, Hypa, Capblapka *koHe BallKOHbIpP) Ky3ere acbIpbl/bl.

Ken »bL/IFbl MayChIMABIK GaKbLIayaap apTYpJii TaOUFU-KJIUMATTHIK, KafAanaap/a (MasblK
JlajlafladH ycakK, UIOKbLJIbI Tebesep MeH OpMaH/bl IIaJfbIHJAApFa JAeliH) OpHaJacKaH eJji-
MeKeHep/e Kyprisiigi.

CranuoHapsiblK 3epTTey nyHKTTepi: IlaBiomap o6abicbiHAa 03.06.2020-11.06.2020;
23.05.2022 apaabirpigga [laBaogap kanacel (EpTic »kaiibliMacel, 'P3C, JleHMHCK); AKCy Kasiachl,
23.05.2022-02.06.2022 apasnbirbl [laBiogap ayzanbl, YepHopeuk, fAmbimieBo, MuyypuH,
aybuizapsl; KesnesHuH aygansbl, [latupbbkck, Eptic ayblngapsl; AKKysibl ayiaHbl, AKKy enfi
MekeHi; ATbipay KasacbiHza 16.06.2020-19.06.2020; 17.05.2022- 19.05.2022 apasbIfbiHJa
(Jlecxo3, Epkin Kasna, Kypcaii, Opken-1, JKymbickep 11/a); MaHFbicTay 06J1bIChl, Kacniuii TeH(isi,
15.04.2021; Batsic KazakcTaH obusbicbinga 22.06.2020- 12.08.2020; 18.06.2021 - 25.08.2021;
20.05.2022 apanbireinga Opan kasackl, lllaran eseHni; Tackasa ayzanbl, Tackasa ayblibl;
CoipeIM ayzaHbIHBIH, CbIpbIM ayblibl; boWTepek aymanbl, HoBenbkuy, Kywim aybligapsr;
Bypabl aynaubl, Kanaut, Apantan, XKapayat ayeuigapsl; UlbiHFbIpsay ayaanbl, LIbIHFbIpJAY
ayblibl; AKXKalbIK ayiaHbl, Yanaes ayblibl; MesoBble ayblibl; 30.05.2021-15.07.2021 Akmona
o6usibichl, Kekietay kKaJsacel; 28.06.2022-28.08.2025 LlesnHorpag aynanbl, KapTbhikes xoHe
Kosinibl aybLiiapsl; Apiiasbl ayaansl, Kyiirenxap »koHe 2Kibek »xouibl aybigapsl; 06.06.2022-
08.06.2022 KocTaHail 06JibIChl, Oy/iKe KeJl ayJaHbl, YepHUroBka ayblibl (Capait); Uia e3eHi;
08.06.2022; AkTebe Kasnachl, CazaHka e3eHi; 14.06.2022- 16.06.2022 XpomTay ayaaHbl, Abaii
aybIAbIK, OKpyTi; 24.06.2022-25.06.2022 ContycTik 6aTbic KazakcTaH 06Jbichl, KbI3blIKap
aynanbl, HoBonaBJsioBckas ayblibl; KoxkazaBog ayanbl; 15.05.2023-15.08.2025 ActaHa KaJiachl,
Hypa aygansl, KapaeTkeu, Ypkep esizi mekeHaepi, Kasaiwisik AnMartsl, Ecis, Hypa, Capblapka,
CapanblK >xoHe BallKOHbIp ayAaHAapbiHAA AcTaHa KaJjlachl 9KIMJITiHIH TamnchlpbICbIMEH
«CtosnnuHas ae3nHpekuus» XKIIC 6ipsecin sSHTOMOJIOTUSJIBIK, 3€PTTEYJIEpP KYPrisisii.

KaH copaTblH MacanapAblH TYpJiK KypaMbl, GM0JIOTUSICbl MEH 3KOJIOTUSICBIH 3€PTTEY KaJIIbI
KabbLigaHFaH aaictepmeH xyprizingi ([laBnoBckuif,1935; Ctakenbbepr,1937; bekyeMuiies,
1944; Monuaackuii, 1951,1962; I'yueBuy, [nyxosa, 1970; JlytTta, 1970; CkydbuH, 1973 xoHe
T.6.) [8,9,12].

Hatmxenep

KaszakcTaHHbIH COJITYCTiK-6aTbIChbIHAA 0i3 KaH COPFbILI Macajap/blH 28 TYpiH TipKejiK.
OnapabiH 25-1 6ypbiH Gesrini 6osraH: Anopheles maculipennis messeae, Mansonia richiardii,
Aedes caspius, Ae. dorsalis, Ae. maculatus, Ae. cyprius, Ae. flavescens, Ae. excrucians, Ae. subdiversus,
Ae. lepidonotus, Ae. cataphylla, Ae. intrudens, Ae. vexans, Ae. cinereus, Ae, rossicus, Culex modestus,
C. pipiens. Theobaldia longiareolata, Th. alaskaensis, Th. annulata, Th. ochroptera, Ae. behningi,
Ae. beklemishevi, Ae leucomelas, Ac. sticticus.

By 3epTTesireH aymakTa ajifall peT TabbUIFaHAapbl: Ae. euedes, Ae. communis, Ae. Punctor
(kecte 1).
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Kecrte 1
COJITYCTiK 6aThbIC K,a3aKCTaHﬂ,af‘bl KOC KaHATThl KaH COPFbIII MacCaJIapAbIH TYP KYPaMhbl }KoHe
YUIy Ke3eHi
Ne | Typaep Apa KaTbIHaChbI ¥y Ke3eHi
£
4
3 3
—_ > —
=1 S = 5 = 3
4 yty 5 SH 5 3
= 8] 1} »= (1] 4
2 = 3 E & 8
3 = & E & S
© 5 < >
: :
1 | Anopheles 232 4,19 16.VI 29.VI-2.VII 13.VII 57
maculipennis
messeae
Aedes cataphylla | 768 13,8 3.VI 14.VI-5.VII 12.VII 39
Ae. intrudens 355 6,42 15.V 13.VI-3.VII 31X 78
24VII-4.VIII
4 | Ae. vexans 137 2,47 6.VI 19.VI-28.VI 26.VII 51
5 | Ae. cinereus 783 14,1 29.V 14.V1-23.V 5.VII-21.VIl |57
26.VIII
6 | Ae. rossicus 391 7,07 13.VI 28.VI-19.VII 24.VIII 71
7 | Culex modestus |52 0,93 22.VI 5. VII-9.VII 19.VII 27
8 | C. pipiens, 79 1,42 24V 4.VI-19.VI 16.VII 52
9 | Ae. behningi, 348 6,28 27.V 6.VI-16.VI 24.VII 57
10 | Ae. beklemishevi | 146 2,64 29.V 14.VI-18.VI 29.VI 31
11 | Ae leucomelas 1071 19,3 12.VI 28.VI-23.VII 11.VIII 59
12 | Ae. sticticus. 501 9,06 2.V 9.V-19.V 12.VI 41
13 | Theobaldia 3 0,05 15.V 13.VI-3.VII 3.IX 78
longiareolata 24VII-4.VIII
14 | Th. alaskaensis | 2 0,03 6.VI 19.VI-28.VI 26.VII 51
15 | Th. annulata 1 0,01 29.V 14.VI-23.VI 26.VIII 57
5.VII-21.VII
16 | Th. ochroptera, 1 0,01 13.VI 28.VI-19.VII 24 . VIII 71
17 | Mansonia 5 0,9 22.VI 5. VII-9.VII 19.VII 27
richiardii
18 | Ae. caspius 17 0,3 24V 4.VI-19.VI 16.VII 52
19 | Ae. lepidonotus | 49 0,88 27V 6.VI-16.VI 24.VII 57
20 | Ae. subdiversus | 54 0,97 29.V 14.VI-18.VI 29.VI 31
21 | Ae. excrucians 26 0,46 12.VI 28.VI-23.VII 11.VIII 59
22 | Ae. flavescens 127 2,29 2.V 9.V-19.V 12.VI 41
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23 | Ae. cyprius 44 0,79 15.V 13.VI-3.VII 3.1X 78
24VII-4.VIII

24 | Ae. maculatus 55 0,99 6.VI 19.VI-28.VI 26.VII 51

25 | Ae. dorsalis 257 4,2 29.V 14.VI-23.VI 26.VIII 57
5.VII-21.VII

26 | Ae. euedes 5 0,09 13.VI 28.VI-19.VII 24.VIII 71

27 | Ae. communis 8 0,14 22.VI 5. VII-9.VII 19.VII 27

28 | Ae. punctor 12 0,21 24V 4.VI-19.VI 16.VII 52

BapJibIFbl 5529 100,0 2.V 9.V- 4.VIII 3.IX 52

EckeptyJiep:

1 6acbIM - 8% >KoHe oJiaH Kelr;

2 cy6. 6aceiM - 2%-aaH 8%-Fa AeiiH;

3 azgaraH - 0,5%-1aH 2%-ra geiiH;

4 cupek-xaJnbl caHblHbIH 0,5%-HaH KeM;

5 BK - 6acbIMbLIbIK KepceTKili,%.

Koc KaHaTThl KaHCOPFBIII MacajapAblH 6Cill-eHy OpPTacblH TYPAaKThI KoHe YaKbITLIA eIl
6esyre 6osazbl. TypaKThbl Cy KoMMaJiapbl y3aFbIpakK CaKTalybIMeH, 6EHTOC MeH MJIaHKTOHHBIH,
dpKeJIKiJIiriMeH, KypaMblH/Ja OpraHUKaJblK Ty3Jap MeH MHUHepasJbl Ty3Jap O0JybIMEH,
OpTaHbIH, PeaKLMsChl dJICi3 KbIKbUIABIAAH CiaTijire aeiliH 60JiybIMEeH CHUIATTaa/lbl.
Kannel kesneMiHe, TepeH/liriHe XaHe 1IeMN-llIajaM Oacy JeHreiliHe 6ailJlaHbICTbl OHJAFBI CY
TeMIiepaTypachkl 6Gipmama (8-25°C) aybITKybl MYMKiH. KekTeMae MyH/iail cy KoiiMasapblHZa
CYZbIH TeMIlepaTypachl KopllaFaH OpTa TeMIlepaTypacblHaH TOMeH 60J1a/ibl.

TypakThbl cy KOMMaJslapblHa KeJIIIIKTep, 63€H KalblJIMaJlapbl MEH apHaJaphbl, Kapa cyJap,
©3€eH-KeJI )aFajlay/JapblHJlaFbl KeH ayKbIM/Ibl 6aTNaKThI ca3/ap, TYPaKThl 63€H XXoHe OyJiaK
aHFapJaphl XKaTaAbl. Bap/biK KbIcKa Mep3iM/i cy KoliMaJiapbl yaKbITIIA CY KOMMaJiapbl 60J1bII
Tabbl1agbl. OslapFa: apTypJii WaAbIKTap (Kap, »XaHObIP CyblHaH TY3I/IreH), xkep OejepiHiH,
aHJla-caH/Jla CyMeH TOJIaTblH OMIAT >KepJiepi — opJiap MeH >KblpaJjiap, COHJlah-aK aJaMHbIH
HIapyallbLIbIKTBIK, dpeKeTiMeH 6alIaHbICThl 0O0JIAaThIH acaH/bl YaKbITIIA Cy KOWMaJsaphbl
»KaTazpbl. Tas3, KYH KaKCbl KbI3/IbIpaThlH, 111661 a3 cy KolMasiapbl Macajap/iblH 6cii-eHyi yuiiH
KOJIalJIbl OpTa 60J1bIN TA0bI/IA/IbI.

Maca TipuiistiriHe eH, K0JIalJibl 3KOJIOTUSIJIBIK XKaF/iald opMaH/ibl — IIAJFbIH/bI OesAiK. By
6esiliKkTe KaJiblH Maca Ae leucomelas, manrbIHAbI 6e/JIiKTe OHbIH, 6acbIMABIK UHAeKci 19,3%.
Ocpinzan KacuetTi Ae. cinereus (bK-14,1%) caH e3repiciHeH ze 6aiikayra 6os1azb!1 (Cyper 1).
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= Anopheles maculipennis messeae = Aedes cataphylla = Ae. intrudens
= Ae. vexans = Ae. cinereus = Ae. rossicus
= Culex modestus = C. pipiens., = Ae. behningi,
= Ae. beklemishevi = Ae leucomelas = Ae. sticticus.
= Theobaldia longiareolata Th. alaskaensis = Th. annulata
= Th. ochroptera, = Mansonia richiardii Ae. caspius
= Ae. lepidonotus = Ae. subdiversus = de. excrucians
= Ae. flavescens = Ae. cyprius = Ae. maculatus
= Ae. dorsalis Ae. euedes Ae. communis

Cyper 1. ContycTik 6aTbic KazakcTaHaa Tapajifad MacajapAblH TYP apakaTbiHackl, %

OpMaHAbI-1IaAFbIH/bI Oesjieyae KOC KaHAaTThl KaHCOPFBILI MacaJjapAblH JepHacinagepi
TebepasiblK cailiap/ia, e3eH/epAiH aJiKaTapblHAa, 6aTNAKThI, TOMEH OpHAJIaCKaH KepJep/ie,
Kep OeiepiHiH Teric eMec, Cy »KMHaJIFaH XepJiepiHje ecin-eHei. CTeHOOMOHTTbI, MOHOLIMKIIA],
OpMaH/ibl KeNITEreH TYpJiep TePEeKTi-KalbIHAbl OpMaH HIETiH/e KoHe KaJblH OyTa apacbiH/ia
OpHaJIaCKaH IaFbIH Cy KOMMaJsiapblHJa ecin-eHeni. Osap cy TemnepaTtypachkl 6-18 2C apaJibi-
FBIHZA 6osFanga JaMu/el. OHJA AepHaciIgep THIFbI3AbIFLI laMaJbl, 1 M% cy aygaHbiHAa 2-26
JlepHacia Ke3aecenl.

3epTTe/ireH akMaKKa >KaTaTblH AKMoJ1a 00JIbICBIHZA YCaK, Cy »KaWbliMasapbl ken. OJiap
ka3 O6olbl OacTay/ap MeH OyJlaKTap aFbIHbIMEH TOJIBIKTBIPBLIBIN OTbIPa/ibl, KJAUMATThIK
epeKlIlesliKkTepre 6aiaHbICThl Oy/1 alMaKTbIH, CyJlapbl KypFaManbl, SFHU KOC KaHAaTThl KaH
COPFBIII Macasap/iblH ka3 60¥bl 6Cil-eHyiHe KoJ1alJibl XKaFgau xacaabl (Cypet 2).
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Cypert 2. MacasiapAblH JAepHaciigepi AJaMUTBIH TUITI CY KOHMMachl

Cosntyctik 6atbic KazakcTaHaa opMaHbI-fanalblK xKoHe OpMaH/[bl besfieyaepiH/ie Maca-
JIap JepHacisgepi MaMbIp/iblH, OpPTaCblHAH MAyCbIMHBIH, OpTacblHA JEeWiHTi apaJblKTa nanja
60J1aibl.

MamMmbipablH, 6ac Ke3iHJe NOJULUKILI TypJep MeH KeWbip 3BpUOMOHTTBI MOHO-LUKJAI
MacaJlapZblH, JepHaciiJepi epireH Kap CYblH >XoHe apHaCblHaH achlll, TACbIFAaH ©3eHJeplAeH
TY3iJIreH Cy »alblIMa/JapblH alaaiabl JlepHacil ThIFbI3ALIFL 1 M% cy aygaHbiHga 30-4aH
(Ae. leucomelas) 90-ra geitin (Ae. ¢ dorsalis) 6onajpbl.

Macanap apTypJi kesemzeri, Ty6i 6aTnaKThbl WAIIBIK CyJapAa ecin-eHeai. Kenuiijik cy
KOMMasiapbIHbIH, Cybl MOJIAIp, 9JICi3 CiATi/NI peakuusibl, KypaMbiHAA Cy/abGaTThl TY3/aphbl
Ken 60sbl. Bys1 cy KoliManapbiga oprama TemnepaTtypa 12-24°C 6osiranga, 1M? ayganra
100 geH 5 MbIHFa AeliH AepHaciagep Keaai. Yl bl 60Mbl 6i3/1iH 6aKblIaybiMbI3/1a 60JIFaH
MacaJlapAblH 9pTYpJi ecin-eHy opTajlapblH-AaFbl TYP KypaMbl aca e3repreH oK. AybLiap
MaHbIH/IaFbl Y3bIHABIFBI 5 M eHi 3,5 M, TepeHairi 1,5 M 6oJlaTbIH Cybl KapThbLIal MeJAip
TYPaKThI cy KolMackiHAa Ae. intrudens, Ae. ¢ dorsalis, Ae. flavescens ken MeJilep/ie 6CiN-oHe|.

Maca TypJiepiHiH 6achIM KOMILLJIIr OChIH/AM XXapThl/Ial allIbIK KoHe alllbIK Cy KOMMaJlapbIH1a
ecin-eHeni. ConTycTtik 6aTpic KasakcTtaHza TapairaH Maca TypJiepiHiH 70-75% ocbiHgan
Cy KoMMasiapblHAa AaMuabl. OpMaH apacblHAAFbl KeJIeHKeJ i, KOKTEMTI IaJIlbIK CyJlap MeH
©3€H KaFaJlayblHJaFbl Tas-OyTajiap apacblHJAaFbl KapThlJIal KeJieHKeJli CcyJapAa Taurajbl-
opMaH/ibl TypJiep Ae. impiger, Ae. nigripes, Ae. sticticus, Ae. pullatus ecin-eHefji. OpMmaH meTiHAeri
y3bIHABIFBI 3,2 M, eHi 1,5 M Tepeniri 0,2 M 60s1aThIH, TY6I KYM/JAybIT, HIETiH capFa/jaKTap,
KUSK KOMKepreH Cybl MeJJip TYpaKCbI3 Cy KouMacwhiHAa Ae. punctor xaHe Ae. leucomelas
JepHaciizepi ayJ1aH/bl.

Monouukaai Ae. intrudens, Ae. pullatus, Ae. punctor, Ae. leucomelas, Ae. cataphylla »kapTbliait
allbIK, cy KoMMasapbiHga 7-19 2C temnepartypaZia 23-32 KYH apa/ibIFbIH/a AaMU/ibl. ATajnfaH
TYpJIEPAlEH CdJ1 KellipeK, KOKTeMHiH COHbIHJ]a MOHOLUKJJI TypJep JAaMu 6acTail/bl.
Bysnap/pbliH naia 60/1a 6acTaybl Cy ailibIHbIH-AAFbl )KbLJIbLIbIK TYpaKTaHybIMeH 6ailJIaHbICTHI.
Ae. flavescens-TiH, KeKTeMri NonyasinysacbiHbIH, AaMybl 11-18 2C KbLIbLIBIKTA KypeZi. bya
TYpJiepZiH YIUbIN LIBIFYbl Heri3iHeH aJfaHJa, epTe KOeKTeMJIK TypJiepAeH KeWiH, Keuze
oslapMeH 6ipre xypezi. Osap/ibIH JaMybIHbIH, KaJIbl Y3aKThIFbI 28-30 KyHAI Kypaiibl. Keit6ip
MOHOLUKAAI Typaep (Ae. flavescens, Ae. punctor) *a3ja KalTanaMma ypiak 6epyi MyMkiH. By
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TYpJIep/iiH YIIybI e19Yip y3aKKa co3bliajbl. Ae. flavescens-TiH epeceri MaMbIpiaH KbIpKYHEKKe
JleMiH Ke3geceni, Ae. punctor COHFbI peT TaMbI3/blH OpTacbiHAa ay1anAs! (Cypet 3).

¥ 11y y3aKkThIFbl, KYH

Ae. communis

Ae. dorsalis

Ae. cyprius

Ae. excrucians

Ae. lepidonotus
Mansonia richiardii

Th. annulata

Theobaldia longiareolata
Ae leucomelas

Ae. behningi,

Culex modestus

Ae. cinereus

Ae. intrudens
Anopheles maculipennis messeae

Cypert 3. 3epTTe/reH alMak, MacaJaapblHbIH, )Ka3 MayCbIMbIHAAFbI Yy Y3aKThIFbI

[Monuuukaai Ae. ¢ dorsalis, Ae. v. vexans aliblK, >KoHe »KapThlJIaK alllbIK, IIaJIIBIKTAp MEH K6JI-
mikTepze, 6acka Aa TYpaKThl Cy KoMMaJslapblHAa Y3ijicci3 gamMuabl. 3epTTey ailMaFblH/aFbI
MEeTeOPOJIOTHUSIJIBIK XKaFJail MeH I'UIpo TOPTiNKe 6alIaHbICThI 0J1ap eKi -yIi, TinTi oZjaH /ja Kemn
yprnak 6epe asajibl.

KaH copaTblH Macasiap/iblH TapayblH aHbIKTAaUTbIH HETi3Ti paKTop-0/1apAblH JaMybl Oaii-
JIQaHBICTbI UHTPA30HAJ/Ib/Ibl GUOTONTAPABIH GOJYHI.

Cosnrtycrik 6aTbic KasakcTaHZa TypaKThl KoHe yaKbITLIAa TUIITEri KeJieci Cy alJbIHAapbI
6ap, oHJa 6i3AiH 6aKpLIayIapbIMbI3 OOMBIHILA MacaJlap/blH 6Cil-eHYi )KypeJi:

1. Ipi e3eHepAiH 6aTMaKThl XKepJiepi, aFbICTaH TasA3 KaWpaHJapMeH OeJIiHreH j»KaraJay
y4yackeJepi.

2. Kaiibima e3eH-keziep (To6wua, Ecis, EpTic e3eHepiHiH *alibliMasapbiH/A).

3. YJ/IKeH »9He Killli Tylbl KeJJep.

4. KaMbIc eckeH 6aTnakKThl olnarTtap (y/IKeH KeJsiJiep MeH 6aTnaKTapAblH 6ip 6eJ1iri coaTtyc-
TiK OMNATTHI ayAaHJap/ia OoFbIpJIaHFaH).

5. "Kapacy" gen atanaTblHAAp-Keyil »KaTKaH LIaFbIH 63€H/ep, ka3 Me3TijJiHJe 6aTnakkKa
»KoHe O6eJILIEeKTe/ITeH COPTAaHFa allHaJIaThIH Cy KOMMaJsiaphl.

Ounap HeriziHeH AKMoJ1a MeH LlesinHOrpa/ ayAaHbIHbBIH, OHTYCTITiH/E WOFbIPJIaHFaH.

6. XKacanapl ToFaHap, Kapaycbl3 KajiFaH Cyapy KaHaJsJapbl, IIYHKbIpJap *koHe 6acka Ja
TYPaKThI Cy KOMMaJiaphbl, lIapyallblIbIK, KbI3METTiH 6HiMi 60J1bII TaObLIAThIH Cy1ap

7. AliblK JaHgmadTTapAblH yaKbITIIA CY KOWMaJaphl.

8. CosTycTik 6aTbhICTaFbl YaKbITIlIa OpMaH TOFAH/Aaphbl.

ATtanraH TypakThl cy 06beKTisiepi aTMocdepasbIK, 3KaybIH-1IALIBIHHBIH, YKWHAJyblHAH Naija
60J1a/1bl, KYHMEH >KaKChI KbIJIbIHA/bI, KAMBICTbI 6CIMJIKTEpiMeH KopIllaJfaH *koHe Anopheles,
Theobaldia, Mansonia aHe Culex TybiCbl MacajapblHblH, Ke0el0 oulaFbl peTiHJe KbI3MET
ete/i. bi3 osapbiH apKaiceicbiHAA An. mac. messeae xoaHe C. modestus MacajlapblH TANThIK,
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CostycTik 6aTbic KazakcTaHHBIH 6YKiJ ayMaFbIH/a OCbIH/AM Cy alIbIHAAPbIHbIH 60J1YbI OHbIH,
OChI TYpJIEepP/iH KeH TapayblH IapTTau/bl.

Awbik JaHamadTTapAblH, yakbiTiia cy agbiHgapbl CoaTycTik 6aTtbic KasakcTtanga ja
Ke3Jlece/li, COHABIKTAH OHbIH ayMaFbiH Ae. caspius, Ae. dorsalis, Ae. cyprius, Ae. flavescens, Ae.
excrucians, Ae. subdiversus, Ae. cataphylla, Ae. vexans, Ae. cinereus, Ae. rossicus, Ae. intrudens
KeHiHeH MeKeH/leuIi.

Byn typsep CoartycTik 6aTtbic KasakcTaH aymMaFblHbIH, K6l O6JIiriH aJsblll KaTKaH JAaJa
aliMaFrbIH/A [1a, OpPMAH/IbI /lajia MeH LIeJIEUT alMaKTap/blH, ipresec meTiH/e /e KeH TapaJfaH.
Ae. cataphylla conTycTik aynanaapbiHga kebipek Tapasajpbl, Ae. caspius 6aTbICTbIH, OHTYCTIiK
»KoHe KypFfakK aiMaKTapblHA TOH.

Costycrik 6aTteic Kazakcran weringe Th.. annulata, Th. longiareolata xane A lepidonotus
CUpEK Ke3/iecyi fiuana30HHbIH, Heri3ri 6eJiiriHeH yJKeH KallbIKTbIKKA 6alJlaHbICThl OOJIYbI
MyMKiH. ConTycTik 6aTbic Kazakcrangarel Th. longiareolata (AKkMoJ1a 06JIBICBIHBIH COJITYCTIr)
COJITYCTiKKe TapaJiy/iblH eH, LIeTKi HyKTeJiepiHiH 6ipi 60sbin Tabbl1abl (Monuagckul, 1951).

Cosatyctik 6aTbic KazakcTaHHBIH 6acbiM GeJirinae Ae. sticticus ke3Jelcok maijga 60J1ybl
OHbIH, JJaMyhl YIIIiH KQXKeTTi »KaFrJalaappiH 60/MaybIMeH TYCiHAipineai. Bys1 Macanap yakpiTiia
OpMaH TOoFaH/JapbIMeH O6AWIAHBICTHI XK9HE TEK OChI Cy KoiiMaJsiapbl 6ap AKMoJia 06JIbICBIHBIH,
COJITYCTiriHJie 6alKaIaabl.

JKekesnereHaynaHgapaa HeMece TinTi nyHKTTep e Mansoniarichiardii (AkMoJ1a 06/1bICbIHbBIH,
coJITYCTiri »kaHe KekieTay 06/1bICbIHBIH 6aThIC 66euiri), Ae. beklemishevi, Ae. leucomelas (AkMouia
06JIBICBIHBIH, CONTYCTIir), Ae. behningi (baTbic KazakcTaH 06J1bICBIHBIH OHTYCTIriHAET] I6JIeHT
JanamadTrap) Tipkeaai. ContycTik 6aTtbic KazakcTaHHbIH 6acka ayJaHJapblH/a OJiap/blH
60J1ybl TypaJibl HYCKay/ap/iblH 60JMaybl MaJliMeTTEP/iH, XKeTKiJliKci3airiMmeH Tycinaipineni.

CoatycTik 6aTbic KazakcTaH »afaalblHAa Macasap YiIybl cayip allbIHbIH, COHbIH/IA 6acTa-
JIbIN, KbIPKYUEKTiH COHbIHA JeWiH co3bliajibl. EH Kem caHbl MaychblM, LIiJiJie K9HEe TaMbI3
ailylapbpiHa 6alKaiajbl.

KaH copfplll Macajiap CaHbIHbIH, MayCbIMAbIK OapbIChbIH TaJsiZjlay OJIap/AblH illliHEH a3
Me3TiJlIMEH >X9He €eH >XOFapbl OeJICEHAINIK Ke3eHiMeH cumaTTaJaTblH YII TONTHI OeJsyre
MYMKIHJIiK 6epeJii: KOKTeM, Xa3-Ky3 )KoHe MayCbIM O0MbI YIIATbIH TYPJIED.

BipiHii TonKa MaMbIpAblH, 6aCblHAaH MAyCbIMHbIH, asgfblHA AEeHWiH YLIAaTbIH 6apJibIK epTe
kekTeMri Aedes MoHoUMKJAI TypJsepi Kipeai. CaHbIHBIH ILIbIHbI MaMbIPJbIH asgFbIH/A-
MayCbIMHbIH, 6acblHjAa 6aiiKasnanabl. bysnap Ae. cyprius, Ae. subdiversus, Ae. lepidonotus, Ae.
cataphylla, Ae. leucomelas, Ae. maculatus, Ae. intrudens, Ae. sticticus Macasapsbl.

2KasfbI-ky3ri TypJsiep ToObIHA 6i3 1IiI/ie Xk9He TaMbI3 aWapbiH/Ja yiiaTblH M. richiardii,
Ae. Vexans »aTKbI3aMbl3, 0J1ap YII ail 60OMbI: 111iJIZje, TAMbI3 )KoHe KbIpKyHeKkTe Ke3/ecei. Tek
IJTiIHTIp bICTBIK Ka3/a (1iJ1ZleHiH OpTacblHAaH TaMbI3/iblH asgfbIHA IeliH) Ae.rossicus ay/J1aH/ibl.

MaycbiM 60¥bl NOJULUKILL TypJep: An. mac. messeae, S. modestus, Ae. caspius, Ae. dorsalis,
Ae. cinereus, kel6ip xbligapsl Ae. flavescens xoHe Ae. echsrucians ymazapl (2024 »blibl 6y
MacaJsiap/iblH, YIIybl MaMbIp/IbIH, asiFblHAH KbIPKYHEKTIH opTachkliHa AeliH 6aiKaaabl). bi3aiy
KOJIJIEKLMAJIapbIMbI3/ia cupek KeszeceTiH Th. longiareolata, Th. alaskaensis, Th. annulata, Th.
ochroptera Mmacasapsbl OCbl TOIKA »kaTajpbl C. pipiens MacajapbiH 6i3 TeK Ky3/ie YCTa/iblK,

MaycbhIMHBIH 9pTYpJii Ke3eHJepiHe TypJiep KYpaMbIHbIH OCbIHAM 63repyiHe 6alJIaHbICThI
MacaJiapAblH 9pTypJii TypJiepi 6ackiM 60s1a7bl. AKMoJIa 06JIbICBIHAA KeKTeM/e Ae. cataphylla
*oHe Ae. leucomelas >annait 60Jibin TabbLIaAbl. Ae. subdiversus aiTapibIKTal OpbIH aJaaabl.
[TaBnogap Eptic xkaiibliMacbiHgia - Ae. intrudens, Ae. cyprius xaHe Ae. cataphylla Tipkengi.
MaychIMHBIH eKiHIli >KapTbICbIHAH OacTall epTe KOKTeMIi JOMMHAHTTapAblH OpHbIHA Ae.
flavescens scaHe Ae. excrucians KeJieni, oyiap: aZilaM »aKCbl UTepreH ayJaHAap/a KeH TapaFaH,

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol N24(153)/ 181
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



A.M. Opas6aesa, C.E. Yaauesa, PP. Onxcaeea, MJK. CamkaHos, K.M. Ay6akupoea, B.H. [Jomaykuii

An. mac. messeae 6ynapfa KeWiHipek KocbliaZibl. 2024 Kblibl 1IiJZle-TaMbl3 alJapbIHbIH,
opTacbiH/a OCbl TypJiepMeH Oipre M. richiardii »koHe kenTereH Ae. dorsalis, naiga 60J1bI,
oJIapZblH CcaHbl Ky3re Kapad ecTi. COHFbICEI Ae. vexans MeH bipre TaMbl3 »XoHe KbIpKYHeK
ansapblHAa 6acbiM 601461 2024 XKblIbl YaKbITIIA Cy alAbIHAAPBIH >KalblLIFaH MacajapAblH,
caHbl a3 00J1Abl, a/l KY3ri Ke3eHJe IIaOybLIJaylIblIap apacblHAa An. mac. messeae xoaHe C.
modestus epekiiie 6eyiceH/li 60J1/bl.

Ocpuraiia, ContycTik 6aTeic KazakcTaHAa MacasapAblH CaHbI »Ka3 MayCbIMbIHBIH, 0apJIbIK
KbLJIbl Ke3eHiH/ie 2KOFaphl O0JIbII KeJles,.

Tankpliaay

Bi3ziy 6Gakblaay/sapbIMbl3 KJAMMATTBIK »KafFjalJapbl OOWbIHIIA KYPT epeKllesJeHeTiH
KblIJapbl Kyprizigi. 2022 KbUIAbIH y3aK K9HE CYbIK KOKTEMI, CybIK aya paWbIHbIH, Ui
opaJiybl epTe KOKTEMHIH, 6Te bLJI/1aM 6TyiHe koHe Aedes NOJULUKIAL TypJiepiHiH ajfallKpbl
reHepalysaCbIHbIH, LIbIFybIHA ceben 6oJsbl. KayblH-IIALIbIHHBIH a3/ blFbl HOTWXKECIHAE
yaKbITIlIa Cy 00'beKTijiepi 6ip peT ToAThIpbLIAbLL. MaycbiMaa eki Ae. dorsalis ypnafshbl kaHe 6ip
Ae. vexans ypnarbl gaMbl/bl. Ky3ri Macanap/iblH caHbl a3 60J14bI.

2024 >XpLIABIH KbLJIbl K9HE KbLJIbl KOKTEMI, »KayblH-IIAlIbIHHBIH, Ken Meuuepi, 2022
KbIJIMEH CaJIbICThIPFaH/Ja ayaHbIH bLIFAJJbLIBIFbl KOKTEMJe e, Ka3Fbl-KY3Il Ke3eHJep/e
Jle Aedes TybICbl MacaslapblHbIH, Keb6elwiHe ceben 60sbl. Ae. dorsalis yu ypnarsl, Ae. cinereus
KoHe Ae. vexans. eki ypnarbl JaMblJbl. Op TYpJli MacajJapAblH NONYJIALUACBIHbIH TipLIiJiK
y3aKThIFbl 2022 xblIMeH canbicThipFaHa 20-50 kyHre y3arbipak 6osapbl. Ae. flavescens, Ae.
excrucians, Ac. sticticus-aa imiHapa eKiHIIi ypnaKThIH JaMybl 6alKa//ibl.

A3 1opexe/ie aya TeMIlepaTypachl MeH XKaybIH-IAIIbIH MeJIlIePi TYPaKThl Cy 00'beKTiIepiHiH
KarJaliblHa koHe Anopheles, Mansonia xaHe Culex TybICbl MacajapblHbIH JaMybIHJAAFbl
6aiyiaHbICTBl MeJiliepre acep etefi. 2022 >XblIbl 0OJIapAblH >Kaanbl caHbl 2024 XblJIMeH
caJIbICThIPFaH/ia a3 60JIFaHbIHA KapaMacTaH, KaHCOPFhIIITAP/AbIH, aJlbl CAHbIH/A 0J1ap/blH
2022 xblaFbl yaec caaMarbl 2024 KbliMeH canbicTbiprad/a (16,4%) alTapJiblKTal KOFapbl
60761 (30,2%).

KaH copaTbiH Macasap/blH Kemnuuijiri (Ae. caspius, Ae. dorsalis, Ae. flavescens, Ae. excrucians,
Ae. subdiversus, Ae. cataphylla, Ae. intrudens, Ae. vexans, Ae. cinereus, Ae. leucomelas, C. modestus)
€H, Kell 6eJICEH/IVIIKTI TaHepTeH epTe, MaMbIp MeH MaycbiM/la 6-7-71eH 8-9-Fa AeliH, wingene
caraT TaHFfbl 6eCcTeH OacTal »KoHe KellKi koHe bIMBIPT caraTTapblHJa kepceTeni. KyHaisri
yakKbITTa 0i3 OapJiblK epTe KOKTeM TypJiepiHAe auTapJ/blKTal OeJsicCeHAINIKTI 6alKa/blK,.
Macanap oJpkaHbl i3ey KoHe KyJasay VIUIH ecill-eHeTiH >XoHe eH Kenl LIOFbIpJaHFfaH
»KepJiepiHeH aWTapJblKTal apaKallbIKTBIKTbl Urepeji »KoHe »KoJijapZa, Tebesephe, aulbIK
Jlajia ydyackeJsiepiHze ajaMjapFa KoHe XaHyapJiap TabblH/lapblHA 11a0YbLI XKacaupbl.

M. richiardii »xoHe An. mas. messeae GeJICEHAIITI TOJBIK KapaHFbIJIbIKTbIH 6acTalybIMeH
KypT Kerepiseni. Kapanrbiga 20 MUHYT iuliHZe, Macajap apeH epekuieseHeTiH ke3ge, 20
MUHYT OYPbIH 6HAipiJreH *KMHAY YaKbITbIHA KapaFaH/[a eKi ece ken An. mas. messeae (27 winpge
2024 xwbinbl 112 macanap 20 carat 50 MmuHyTTaH 21 carat 10 MUHYTKa JAeliH xxoHe 229 Maca
21 caraTt 10 munyTTaH 21 caraTt 30 MUHYTKA AeHiHri apajiblKTa) YCTalAbl.

Macanap/iblH, KYH/Zi3 ILIOFbIpJaHFaH epJepiHje (opMaH LIOKTaphbl, Cy KoWMaJsapblHa
»KaKbIH LI6NITEp MeH OyTasiap) CUPEK Ke3JleCeTiH MacaJsiap, COHbIH, iminae M. richiardii, egayip
MeJIlepe alKayJbIKIeH 1a0yblJ XKacauabl, 0J1ap eKi-yll MeTp/ieH KeHiH oJ/ka i3feMeni.
An. mac. messeae TYpiHiH epekliiri, 6i3 KyHZi3ri yakbITTa abybl1AapAbl 0J1ap KYHAI3 Kel
IIOFbIpJIaHATBIH OPMaH/ibl KepJjiep/ie Jie, KapaHFbl kepJjep/e Ae 6aiKaMa/iblK,
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KopBITHIHABI

3epTTey HoTHKesepiHe cyileHcek, ConTycTik 6aTbic KasakcTaHAa 3MWeMHUOJOTUSIBIK,
TYPFBIJIAH €H, KayilTi api »Kamnmau KoHe Kenl Ke3JeceTiH Macanap An. mac. messeae, Ae.
dorsalis, Ae. flavescens, Ae. excrucians, Ae. vexans 6ip MaycbiM/Jia OipHellle ypHak, 6epefi koHe
TOHOTPOQUSAIBIK, LUKIJAPAbIH, €H KeIl CaHblIH acail anafbl. COHABIKTAH, HeETi3ri 1mapaJap
XaJbIKKa >»9He Masl IlapyallblIbIFbiHA OapblHIIA 3USH KeaTipeTid, CoaTycTik 6aTbic
KasakcTaHza keH TapaJiraH Aedes TybICbl MacalapblH XK0l0Fa 6aFbITTaNybl THIC. bi3 yakbiTiIa
Cy KOMMaJIapblH CyCHeH3UsJIaHFaH JeJlapBalUsAJbIK IpenapaTTapMeH 6HJey apKblJbl
MacasiapZiblH INpeMMarvHaibAbl ¢dasajapblH >KOWJbl €H YThIM/bl LIapa Jel CaHaWMbI3.
EpTe keKTeMri MOHOLMKJI/Ii )KoHe MOJULUKIAI Aedes TypJiepiHiH alfalllKbl YPNaKTapbIHbIH,
aJIFAlIKbI FTeHepanyAChl CAyip akbIHbIH OPTACbIHAH afgfblHA leHiH Kap *KaMbLJIFbICHI epireHHeH
KeMiH Kell y3aMal nanga 6os1agbl. OCbl COTTEH 6acTan 2-3 KWJIOMETP PaJuycTa eJiJii MeKeHiep
MaHbIH KOplllal TYpFaH Cy 00'beKTisiepiH 6acTanKbl eHAeyAi 6actay kepek. [lonmunukngi Aedes
TYpJIepiHiH eKiHLIi dHe YIUiHIII yprnaKTapblH K00 YIIiH yaKbITIIA Cy 06'beKTijiepiH KeliHTi
eH/Jley »Ka3/ja, 0J1ap »KayblH-1IallbIHMEH TOJIFAHHAH KeliH KalTa/laHybl Kepek. /leslapBaliusiHbI
6ipiHILi xKacTaFbl lepHaciIiep Naijja 60/FaH Ke3/e xacay Kepek.

AHodenoreHzii cy 00beKTisiepiHiH JlesapBalyUschl MaMbIPAbIH eKiHIII HeMece yUIiHIII
OHKYH/IITiH/le a/IFallKbl IepHaciiep naijia 60FaH Ke3ze 6acTalnybl Kepek. An. mac. messeae
- MeH 6Oipre TipuIiJlik eTeTiH *k9He JaMUTbIH Culex TybICbl MacaJlapbIHbIH JepPHACIIePiH KO0
MaKcaTbIH/a: 6e3reK MacaJlapbIHbIH JAEPHICI/IAEPiH KO0 YIIiH KOJAAHbIIAThIH 3MYJIbCHSIAD
MeH rasziap/pbl cycneH3usapMeH OipikTipy kepek. Ma# Tapisai napBouurep An. mac. messeae
YIIiH Jie, 6acKasiap YIliH /e *KOMKbIH 9cep KepceTe/i. dcep 60/iMaFaH aFJaiJja, ToFaH ap/bl
eHJley OipiHIII ypmaKThIH MacaJjiapbl Kallak YIIbIN HIbIKKAHHAH KeMliH 6ip anTajaH KeHiH
KalTaJlaHybl Kepek.
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Conpemex—moe COCTOAHHE TONY/IAIIMA KOMAPOB B C€EBEPO-3dalIaJHOM KaszaxcTtaHe

A.M. Opaz6aeBa*!, C.E. YasmeBa?, P.P. OkaeBa3, M.JK. Catkanos?, K.M. Ay6akupoga’,
B.H. lomanxmuii*

IEepasutickuli HayuoHabHbIll yHUgepcumem um. JL.H. 'ymunaesa, Acmaua, Kazaxcmau
2@uauan PI'Tl Ha [TIXB «HayuoHa/bHbIl yeHmp 3kcnepmu3ssl "no Amsipayckoll o6aacmu,
Amubipay, Kazaxcman
SMeduyunckuli ynueepcumem Cemelti, Cemeli, Kazaxcmat
*TromeHckuli 2ocydapcmeeHHblll yHusepcumem, Tromenw, Poccus

AHHoTanusa. CtaThsl NHOCBslLleHAa HU3y4yeHUIO ¢ayHbl KOMapoB B ceBepo-3amajHoM KasaxcraHe,
y4eTy HauboJiee ONACHBIX BHUJOB KOMAapoB MO PSAAY 3MUJEMHOJIOTUUYECKUX NMPU3HAKOB OMACHOCTH,
0060CHOBaHUI0 Mep 60pb6bI ¢ HUMU. ColeprkaHue TaHHOM paboThl, TPOBeIeHHOU B yieTHeM ce30He 2020
u 2024 rogoB B ceBepo-3anagHoM KaszaxcTaHe, B 4aCTHOCTH, B AKMOJIMHCKOM, ATbIpayCKo#, 3anajHo-
KazaxcrtaHncko#, [laBnogapckoi, KocTaHalickoi 06J1acTsX, BKJIOYAET ONpejesieHre BUJOBOTO COCTaBa
Y 3KOJIOTYHU OT/Ie/IbHBIX BU/I0B B PAa3JIMYHbIX 9KOJIOTUUECKUX IPYTIAX, B KOTOPbIX PACIPOCTPAHEHBI 3TU
pPEruoHbl, B TOM YHCJle PETHOHAJbHON U CYTOYHON aKTUBHOCTH KOMapOB, ONpe/ie/ieHue BO3PAacTHOTO
cocTaBa NOMyJsALUN U olpelesieHHe NMPOAO/LKUTENbHOCTHU KU3HU COCTOSIJIO M3 OolpejesieHUs MeCT
OTKJIa/IbIBaHUs 1M1, MeCT HaubOoJIbIIEW KOHIIEHTPAI[UM KPOBOCOCOB, CPOKOB BbLJIeTa KOMapoB.
Komapsl - ojHa U3 HauboJsiee BAXKHBIX C MPAKTUYECKOW TOYKH 3pEeHUS TPYII CPpeJd KPOBOCOCYIIUX
YJIEHUCTOHOTUX: 3TU HaceKOMble He TOJIbKO COCTaBJSIOT OCHOBHYI Maccy B psje JaHAmadTOB
cpe/ii KPOBOCOCYL[UX HACEKOMBIX, HO U MEPEHOCAT MHOXECTBO TPAHCMUCCHUBHbBIX 60/I€3HETBOPHBIX
MHKPOOPTaHMU3MOB, OOIIUX [AJis 4YeJiOBEKA M JKUBOTHBIX. [losilydeHHble Hay4YHbIEe Pe3yJbTaThl H
KOHIENI WU MO3BOJIAT OLEHUTh COBPEMEHHOE COCTOsIHME MONyJaALMM KOMapoB B CeBepo-3amnajHOM
KazaxcTaHe, /I0NOJHSAT JJaHHbIE BUI0BOT'0 COCTaBa KOMapoB pernoHa HOBOM MHGoOpMaIUen.
KiioueBble CJ/I0Ba: KOMaphl, BHJ0BOM COCTaB, GHMOJIOTUYECKHE OCOOEHHOCTH >KM3HH, CYyTOYHAs M
Cce30HHasl AUHAMUKa JieTa
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The current state of the mosquito population in North-West Kazakhstan

A.M. Orazbayeva*!, S.Ye. Ualieva?, R.R. Olzhayeva?, M.Zh. Satkanov?,
K.M. Aubakirova!?, V.N. Domatsky*
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2Branches of the RSE on REM "National Center of Expertise" in Atyrau region, Atyrau, Kazakhstan
3Semey Medical University, Semey, Kazakhstan
*Tyumen State University, Tyumen, Russia

Abstract. The article is devoted to the study of mosquito fauna in North-West Kazakhstan, accounting
for the most dangerous types of mosquitoes for a number of signs of epidemiological danger, and
justification of measures to combat them. The content of this work, which was carried out in the
summer seasons of 2020 and 2024 in North - West Kazakhstan, in particular in Akmola, Atyrau, West
Kazakhstan, Pavlodar, Kostanay, North-West Kazakhstan regions, consisted in determining the species
composition and ecology of certain species in various ecological groups in which these regions are
distributed, including regional and daily activity of mosquitoes, determining the age composition and
life expectancy of populations, determining the places of laying eggs, places of the largest concentration
of bloodsuckers, mosquito flight dates. Mosquitoes are one of the most important groups among blood-
sucking arthropods from a practical point of view: these insects have added a blood-sucking that is close
to man, not only forming the main mass in a number of landscapes within the blood-sucking insects, but
also carrying many transmissible pathogens common to humans and animals. The obtained scientific
results and concepts make it possible to assess the current state of mosquito populations in North-
West Kazakhstan, supplement the data on the species composition of mosquitoes of the region with new
information.

Keywords: mosquitoes, species composition, biological features of life, daily and seasonal dynamics of
flight
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Abstract. The Middle Siwalik Group, located near Sehwan Town in the
Northern Laki Range of the Southern Indus Basin, Sindh, Pakistan, extends
for a stratigraphic thickness of approximately 1055 meters at the Kari
Buthi Section (KBS). This study investigates the environmental controls
on sedimentation and their role in the development of habitats within the
region. The lithology of the area is composed of a range of sedimentary rocks,
including Sandstone, Conglomerate, Conglomeratic Sandstone, Shale, Clay,
and Mudstone. The facies analysis revealed six primary depositional facies:
Conglomerate and Conglomeratic Sandstone (GT), Fine to Coarse-Grained
Trough Cross-Bedded Sandstone (St), Fine to Coarse-Grained Flat-Bedded
Sandstone (Sh), Shale (Fm), Mudstone (Mf), and Clay (Cf), each of which
reflects distinct environmental and biological conditions during sediment
deposition. Grain size distribution analysis, based on sieve data from seven
representative loose sandstone samples, shows a mixture of fine to medium
grains, with occasional very coarse grains. The sub-angular to sub-rounded
grain shapes suggest a low-energy environment of deposition, characteristic of
a braided fluvial system. Petrographic analysis conducted using a LEICA 2500p
Transmitted Light Polarizing Microscope identified quartz (50-60%), feldspar
(15-16%), and rock fragments (5%) as the primary constituents, with minor
muscovite and biotite. This mineral composition, along with the sedimentary
characteristics, indicates proximity to the sediment source, providing further
evidence for the presence of a braided fluvial system. From a biological
perspective, the sedimentary environment likely facilitated the development
of various habitats for early biota, especially within the fine-grained deposits
of mudstones and shales. These depositional settings would have provided
potential substrates for microbial life and early forms of aquatic organisms,
contributing to the overall habitat development within this ancient fluvial
system. This study emphasizes the significant role of environmental factors-
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Environmental controls on sedimentation, habitat development, and implications for palaeobiological
reconstruction in the Middle Siwalik Group, Southern Indus Basin

sediment supply, water energy, and biological influences in shaping both the
sedimentary architecture and the habitat conditions of the Middle Siwalik
Group. Understanding these interactions enhances our ability to reconstruct
past ecosystems and the biological processes that governed sedimentation
and habitat formation in the Southern Indus Basin.

Keywords: Petrography, Grain Size Distribution, Facies Categorization, Depositional
Environment, Middle Sawilik Group of Northern Laki Range, Southern Indus
Basin

Introduction

The Siwalik Group, a major Neogene-Quaternary stratigraphic unit of the Himalayan foreland
basin, represents one of the most complete continental sedimentary archives of fluvial,
climatic, and biological evolution in South Asia [1]. Extending in an east-west orientation along
the southern Himalayan foothills, it provides an exceptional record of the interplay between
tectonics,sedimentation,and bioticadaptation associated with the uplift ofthe Himalayas [2]. The
Middle Siwalik Group, in particular, chronicles the phase of intensified Himalayan exhumation
and foreland sedimentation, marking a key period of paleoenvironmental transformation and
ecosystem diversification within the Indus Basin. These deposits capture the coupling between
mountain-building processes, sediment dispersal systems, and biological responses to changing
habitats and hydrological regimes [3].

The Siwalik Group extends over a 6-90 km wide belt across Bhutan, Nepal, India, and Pakistan,
forming a regionally continuous fluvial succession that spans from the Middle Miocene to the
Upper Pleistocene [4]. This broad temporal and spatial coverage provides an unparalleled
opportunity to reconstruct the Neogene terrestrial paleoecology and sedimentary dynamics
of the Himalayan foreland. Sedimentary structures typical of the Middle Siwaliks, such as
trough cross-bedding, planar lamination, and ripple stratification, reflect high-energy braided
and meandering fluvial processes that shaped both the geomorphic and ecological landscape
[5]. Within these deposits, distinct lithofacies associations, including conglomerate and
conglomeratic sandstone (Gt), trough cross-bedded sandstone (St), flat-bedded sandstone (Sh),
shale (Fm), mudstone (Mf), and clay facies (Cf), record a spectrum of depositional environments
from channel bars to floodplains [6].

In the present study, the Kari Buthi Section, located in the northern part of the Laki Range
near Sehwan Town, District Jamshoro, Sindh, Pakistan, provides an excellent natural laboratory
for investigating these fluvial and biological processes [7]. The section lies at coordinates
26°20'12"N and 67°50'42"E (Topographic Sheet No. 35N/15) and exposes one of the most
complete Middle Siwalik successions in the southern Indus Basin (Figure 1), reaching a
thickness of approximately 1055 feet near Manchar Lake [8]. Stratigraphically, the succession
forms part of a sequence of five major formations: Laki, Kirthar, Nari, Middle Siwalik, and Dada
Conglomerate, representing progressive sedimentary and tectonic evolution from marine to
continental conditions in the Sindh region (Table 1)
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Figure 1. Geological setting of the Middle Siwaliks at southern Indus Basin

Lithologically, the Kari Buthi Section is composed primarily of interbedded sandstone, shale,
and subordinate conglomerate layers [9]. The lower part of the succession is dominated by
soft, yellowish-brown shale interbedded with fine-grained sandstone and siltstone (Figure 2),
while the upper part transitions into grey to greenish-grey, gritty to pebbly sandstone with
pronounced cross-bedding [10,11]. Conglomeratic beds are typically poorly cemented and
contain sandstone pebbles along with fragments of arenaceous and fossiliferous limestone,
suggesting periodic high-energy depositional episodes related to river channel migration and
debris flow events sourced from the Himalayan hinterland [12]. These coarse-grained intervals
record the proximal fluvial input of clastic detritus, whereas the fine-grained shale and mudstone
represent low-energy overbank and floodplain deposits conducive to vegetation establishment
and soil development.

Table 1
Five formations are arranged from oldest to youngest: Laki, Kirthar, Nari, Middle Siwalik,
and Dada Conglomerate Formations

Age Formation Lithology
Pleistocene Dada Conglomerate Conglomerate and Boulders
and Pebbles

Conglomerate and Sandstone
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Miocene to Pliocene | Middle Siwalik Group Shale and Conglomeratic Sandstone
Mudstone
Unconformity
Oligocene Nari Formation Sandstone, Limestone and Shale
Unconformity
Eocene Kirthar Formation Limestone
Laki Formation Limestone, Shale, and Sandstone

The lithological composition of the Kari Buthi Section shows strong correlation with the
Nari, Gaj, and Kirthar formations, all of which exhibit mixed siliciclastic and carbonate facies,
reflecting the gradual transition from marine to continental sedimentation during the late
Neogene [11]. The sedimentological features, such as trough cross-bedding, planar lamination,
and gradational facies contacts, indicate an active fluvial regime dominated by alternating
braided-channel and floodplain environments [13]. These dynamic depositional conditions
were likely modulated by monsoonal climatic variations, leading to cyclic patterns of flooding,
erosion, and soil formation.

Beyond its sedimentological importance, the Middle Siwalik Group is of profound biological
and palaeoecological significance, preserving evidence of fluvial ecosystem evolution
during the Neogene. Fossil plant remains, root traces, and paleosol horizons document the
establishment of riparian vegetation and terrestrial habitats within this dynamic floodplain
system. These vegetated surfaces played a critical role in sediment stabilization and nutrient
cycling, representing early instances of biogeomorphic feedback between vegetation and
sedimentation [14]. The alternation of high-energy channel fills with low-energy over bank
deposits further suggests fluctuating ecological niches that supported diverse terrestrial and
aquatic communities.

The present study, therefore, aims to evaluate the environmental controls on sedimentation,
habitat development, and palaeobiological reconstruction of the Middle Siwalik Group in the
Southern Indus Basin. By integrating lithofacies analysis, grain-size data, and petrographic
observations with palaeoecological interpretations, this research seeks to elucidate how
hydrodynamic variability, sediment supply, and biological adaptation collectively shaped the
fluvial landscapes of the Middle Siwaliks. This multidisciplinary approach provides new insights
into the linkages between sedimentary processes and ecosystem resilience, contributing to a
more comprehensive understanding of Neogene paleoenvironmental evolution in the Himalayan
foreland domain.
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Figure 2. Columnar section of the Middle Siwaliks at southern Indus Basin
Materials and research methods

For the current study on the Middle Siwalik group, two primary methodologies were
employed: fieldwork and laboratory analysis. A total of twenty sandstone samples, both loose
and compact, were collected from the field. Seven of these samples underwent thin-section
analysis at the laboratory of the Geological Survey of Pakistan. Field-based data collection
involved the systematic sampling of outcrops, with a comprehensive stratigraphic section of the
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Middle Siwalik at Kari Buthi being measured. Rock samples were collected for detailed analysis
and further investigation.

Section measurement

The Kari Buthi Section was selected for this investigation, and the geological section was
surveyed using the compass and tape method; the layers were measured directly where
applicable. During the section measurement, 14 samples were selected from each lithofacies.
The conformable contacts of the Middle Siwalik with the Nari Formation were chosen as the
measurement's starting point (Figure 3), and it was measured continually with recent to sub-
recent deposits up to its unconformity at the top of the section.

Figure 3. Lower contact of the Middle Siwalik group with the Nari Formation

At the Kari Buthi Section, the entire thickness of the Middle Siwalik group is 1055 meters
(Figure 1). Sample (a) is provided by the Middle Siwalik Group on the Kari Buthi trend with
a thickness of 2,719 m, (b) Samples were taken from a bed 4,436 m impenetrable. Calcareous
cement was reacted with HCL. (c) It has a sub-angular to sub-rounded shape, is well-sorted,
and measures 16.472 meters in unit thickness. (d) It has minimal sorting, a 24.629-meter bed
thickness, and calcareous cement that can be identified by its reaction with HCL (e) It is made
up of a 5.56-meter-thick layer with calcareous cement visible, and the sandstone is grey with
medium to fine grain sizes, angular to sub-rounded shapes, and is fairly sorted. (f) Its shape
is subangular to subrounded, and the grain size is moderately sorted. Calcareous cement is
present in the sandstone, and the bed thickness is 13.515 meters. (g) The sample has a sub-
angular to sub-rounded shape, a poorly sorted texture, calcareous cement, and a bed thickness
of more than 3 meters in the study area.

Petrographic analysis

For the petrographic study, standard thin sections were prepared from seven hard,
consolidated to semi-consolidated materials. The selected samples for this section preparation
(Figure 4) were dispatched to Geosciences Advance Research Laboratories, Islamabad. Thin
sections were examined under the Polarizing Microscope at the Centre for Pure and Applied
Geology, University of Sindh, Jamshoro, to assess the mineral composition and textural
characteristics. The Sawliks group (Miocene to Pliocene) is exposed at Manchar Lake in Sehwan,
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Sindh, Pakistan; its lithofacies were studied to establish the environment and mechanism that
caused its deposition [15]. Our current study has identified four lithofacies types in the Middle
Siwaliks at the southern Indus Basin: (Gt, St, Sh, Fm), which occur in a particular sequence
and are characterized by a coarsening upward trend in grain size. The Middle Siwalik group
in the studied area is predominantly clastic, with lithology ranging from conglomerate to
conglomeratic sandstone, sandstone, shale, clay, and mudstone [16]. Boring and burrows, wood
fossils, and roots can be observed in conglomerate, conglomeratic sandstone, and sandstone
with trough cross-bedding [17].

Figure 4. (a) The sample is sandstone, with fine to extremely fine grains and some coarse-grain
particles. It is greenish-white. (b) Sandstone is semi-consolidated, fine to medium-grained in size, and
yellow. The calcareous cement was identified when it was treated and reacted with HCL. (c) Sandstone
reveals that it is grey and has a medium to fine grain size. (d) Sandstone is grey, with medium to small
grain-size particles that are angular to surround it. (e) The sample of sandstone is grey in hue, with
medium to fine grain size, angular to sub-round in shape, and fairly sorted. (f) Sandstone is grey in hue,
with fine to very fine grain size. (g) Sandstone is grey, with medium to coarse grain sizes, it contains
subangular to subrounded form, and a poorly sorted texture

Grain size distribution

Grain size analysis is one of the most important techniques in sedimentology for extracting
geological information from loose sand and sandstone [18]. Defined that the size of grains and
their statistical parameters are helpful in the interpretation of the depositional environment
of friable sandstones and for facies characterization [19]. Tucker (1991) suggested that the
transportation and deposition of pre-existing rock particles are well understood through grain
analysis, and it also helps to know the lithologies of the different environments [20]. The grain
size analysis helps to interpret the sedimentological process involved and the type of prevalent
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environment of deposition [21]. During fieldwork, four principle lithofacies were identified
and seven (7), loose sandstone samples from those lithofacies were selected and prepared
for sieving by using “The Octagon Digital sieve shaker” available at the sedimentological
laboratory of the Centre for Pure and Applied Geology. The selected (-1 ¢, 0,1¢,2¢,3¢,4@,
and Pan) mesh sizes were stacked on the sieving machine and operated for the standard time
of ten minutes. After the finishing of the standard time of 10 minutes shaker sieve screens
were removed, and every screen was weighed on the digital electronic balance and noted on
the data sheet. Sieved data (raw data) was calculated by following the formula for the use of
statistical work (cumulative frequency curves).

Results

Facies analysis

The Conglomeratic Sandstone Facies suggests stream flow deposits but may also result from
rapid, decelerating, high-magnitude, gravel-dominated stream flow under flashy discharge
conditions. Coarse channel-floor deposits form from lag gravel in deeper channel parts after
finer material is winnowed. The subangular fragments and poor sorting indicate minimal
stream reworking, likely due to the collapse of cohesive bank sediments into nearby channels,
caused by rotational slumping that brecciates material below the thalweg depth. Some channel
conglomerate bodies fine upward into sandstone, indicating flow diminution from channel
diversion or lateral migration (Figure 5a). The Sandstone Facies (St) consists of laterally
persistent sandstone sheets, dominated by large trough cross-stratification with subordinate
small-scale planar and trough cross-stratification, interpreted as distal, sand-dominant braided
fluvial deposits. Individual channel-fill sequences stack without vertical accretion deposits.

lat bedding Strcuture

Figure 5. (a) Conglomeratic Sandstone Facies indicates stream flow deposits,
(b) Sandstone Facies (St) with crose bending, (c) plane bedding sandstone (SH), (d) Shale facies (FM),
sandy silt and mud-cracked
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Large-scale inclined strata represent channel bar deposits from lateral migration or
superposition of different bars or channel belts. Intraformational conglomerates along erosion
surfaces represent cut-bank material eroded during lateral channel migration. Multistory
sandstone bodies reflect channel bar superposition within aggrading belts before abandonment.
Trough and planar cross-stratification suggest sinuous- and straight-crested dunes, with the
latter forming under higher velocities. The absence of mud cracks and root traces indicates
perennial river flow, while the lack of vertical accretion deposits points to the erosive capability
of shifting channels (Figure 5b). The Fine to Coarse-grained Flat-bedding Sandstone (Sh) is a
crevasse channel-fill deposit, with the lack of fining upward trends implying low sinuosity paleo-
streams. Mud clasts, derived from levee and floodplain sediments, are intraformational. Rapid
sedimentation from mixed-load streams is reflected in textural immaturity, while the upward
increase in shaly lenses, burrows, and root traces suggests crevasse channel abandonment
and waning current energy. Features like current ripple cross-lamination, trough cross-
stratification, and planar stratification reflect deposition from migrating ripples, dunes, and
upper-stage plane beds. Trace fossils and pedogenic features suggest overbank sand deposits
were sites of insect burrowing, plant growth, and weak soil development (Figure 5c). The
Shale Facies (Fm), consisting of sandy silt and mud-clay units, likely represents levee and distal
splay deposits as indicated by burrows and calcareous concretions, with burrows and rootlets
facilitating calcareous solution movement. The Middle Siwalik group at KBS typifies a braided
river system, with variability in grain size reflecting differences in provenance and/or water
stage fluctuations, while fine-grained lithological characteristics suggest significant overbank
deposition (Figure 5d).

Grain size distribution analysis (GSD)

This report focuses on seven sandstone samples (Figure 6, KBS-3 to KBS-9), characterized
through their respective cumulative frequency curves. These curves graphically represent
the relationship between grain size, expressed in phi (@) units, and the cumulative weight
percentage of sediment finer than that size. The shape and position of these curves provide a
visual representation of the sediment's sorting, a key indicator of the depositional environment.
Samples KBS-3 and KBS-4 Exhibit steep cumulative frequency curves, signifying well-sorted
sediments with a narrow range of grain sizes. This characteristic suggests deposition under
relatively consistent hydrodynamic conditions, where prolonged or repetitive processes
effectively sorted the grains based on size. Such well-sorted sediments are often associated with
environments characterized by continuous winnowing and reworking, such as beach settings
or aeolian dunes. In these environments, the constant action of waves or wind selectively
transports and deposits grains of similar sizes. Conversely, samples KBS-5C and KBS-6B display
more gradual curves, indicative of poorly sorted sediments with a wide range of grain sizes.
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Figure 6. The grain size distribution of seven sandstone samples (KBS-3 to KBS-9) is represented as
cumulative frequency curves. The x-axis depicts grain size using the phi () scale, while the y-axis
represents the cumulative weight percentage of sediment finer than the corresponding grain size

This pattern suggests deposition under fluctuating energy conditions, where rapid deposition
or limited reworking prevented effective grain size sorting. Such poorly sorted sediments are
commonly associated with environments characterized by rapid depositional events, such
as alluvial fans, debris flows, or glacial outwash plains. In these settings, the sudden influx of
sediment from various sources, coupled with limited reworking, results in a heterogeneous
mixture of grain sizes. The inflection point of each curve offers further insights into the dominant
grain size fraction within the sample. For instance, the rightward inflection of KBS-9 suggests
a predominance of fine-grained material, potentially indicative of a low-energy depositional
environment or the influence of suspension settling. This pattern could point towards deposition
in a lacustrine or distal marine setting, where fine-grained sediments settle out of suspension
in relatively calm waters. On the other hand, the more symmetrical curve of KBS-6A suggests
a more balanced distribution of grain sizes, potentially reflecting a depositional environment
with moderate energy levels and a mixed sediment supply (Figure 6).

Petrography result

There exists a relationship between the detrital components of clastic sedimentary rocks
and the tectonic context of their source location. It should be noted, however, that detrital
composition is influenced by several other critical factors, including travel history. In addition
to tectonic origin, the depositional environment and paleoclimate cannot be overlooked, nor
can diagenetic alteration of sand composition. Climate and tectonics are intertwined. Statistical
analyses of the relationship between composition and depositional facies revealed that the
association remains weak and that the control imposed by changes in source-area geology
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was significantly overwhelmed by the relationship. With the use of petrography, sedimentary
rocks may be easily identified and categorized by considering the megascopic and microscopic
features of the constituent minerals. Standard thin slices are regularly made and examined under
a polarized microscope for any petrographic inquiry. The consolidated to semi-consolidated
samples of the Middle Siwalik group from the Kari Buthi Section were chosen for the thin section
investigation in this regard. The constituent minerals, textural characteristics, and alteration
products of all created thin sections were extensively examined. The outcomes are presented
in the following sections (Figure 7a). Both types of feldspar (Plagioclase and Orthoclase) are
present in the quartz (55 to 60%), which is sub-angular to sub-rounded, very fine to fine-
grained, and occasionally coarse-grained. The 10% sedimentary lithic pieces are bonded to the
grains with calcareous cement (Figure 7b).

Rock.Fragment
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o A ’
- "
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Figure 7. The appearance of sandstone thin section and photomicrograph of the middle sialic group
at Kari Buthi section (@) quartz grain to fine grain and plagioclase, orthoclase, and calcareous.
(b) Muscovite, biotite lithic pieces, Quartz ingredient

The main component, Quartz, is angular to sub-angular, fine to extremely fine-grained, and
occasionally very coarse-grained (40 to 45 percent). The grains exhibit point-to-point contact.
Both orthoclase and plagioclase feldspar are present, and a small percentage of straight
muscovite and biotite flakes were also noted. It contains some sedimentary lithic fragments, and
the grains are joined by calcareous cement. (Figure 8a). The fine to extremely fine quartz grains
are encased in calcareous cement. The loose, angular to sub-angular shape and point contact
of the grains indicate loose compaction. This sample's main components are quartz (between
55 and 60 percent), calcareous cement (between 35 and 37 percent), and lithic fragments (3 to
4 percent). Significant amounts of Plagioclase and K-feldspar are also present, along with 2%
Muscovite and less than 1% Biotite (Figure 8b).
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Figure 8. Show The appearance of sandstone thin section and photomicrograph (a) Lithic Fragments,
Plagioclase Feldspar, K-feldspar, Quartz, and Biotite. (b) Plagioclase contains cross-aged rock
fragments of Quartz and Biotite

Quartz has parts with small grain size and parts with medium to coarse grain size in the
thin section. From point-to-point grain contact, it is angular to sub-angular in shape and loosely
compacted. The main component of the sample is quartz (55 to 60%). Both feldspar types
(Plagioclase and Orthoclase) have been identified, but only Plagioclase exhibits cross-aged
twinning and contains significant amounts of calcareous cement (30 to 33%), rock fragments,
and other minerals like Biotite (1%). (Figure 9a) In the thin section, quartz accounts for (50 to
55%). Microcline and K-plagioclase are examples of feldspar that are found. While ferruginous
cement is only found in a small amount, it contains 30-35 percent calcareous cement. There are
fewer than 1% sedimentary lithic fragments, Biotite, and Muscovite found. (Figure 9b) Quartz
appears to be the most abundant mineral, accounting for 55 to 58% of all minerals. Plagioclase
and Orthoclase are the two types of feldspars discovered in the thin section. Calcareous cement
(30-32%), sedimentary lithic fragments, and needle inclusions in quartz are abundant in the
thin sections. (Figure 8c). It is composed of medium to coarse-grained elements that range in
shape from sub-angular to sub-rounded. It has poor compaction due to point-to-point contact.
Needle inclusions can be seen in quartz. Quartz is the most common mineral found in this
sample (55 to 56%), along with both types of feldspar (Orthoclase and Plagioclase), as well as
calcareous cement (30%) and lithic fragments (4%). Biotite (less than 1%) and Muscovite (less
than 1%).
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Figure 9. Show the appearance of sandstone thin section and photomicrograph of the middle sialic
group at Kari buthi section (a) Microcline and k-plagioclase, Quartz and other sedimentary lithic
fragments, Biotite and Muscovite. (b) Plagioclase, orthoclase, and sedimentary lithic fragments such
as quartz. (c¢) Quartz is common in Orthoclase, Plagioclase, Biotite, and Muscovite

The QFR (Quartz-Feldspar-Rock Fragments) triangular classification diagram categorizes
sandstones based on the Dot classification. The apexes represent quartz (Q), feldspar (F), and
rock fragments (RF). The findings show over 90% quartz as Quartzarenite, located at the top.
Subarkose and Sublitharenite occupy intermediate fields between Quartz arenite and the other
two components, with 75-90% quartz, indicating moderate amounts of feldspar and rock
fragments. Arkose, on the left, signifies feldspar-dominant sandstones (over 25%), while Lithic
Arenite, on the right, marks sandstones with a greater proportion of rock fragments. The red
dots represent samples primarily composed of quartz with moderate amounts of feldspar and
rock fragments, placing them near the boundaries between Subarkose and Sublitharenite. The
matrix percentage (0-15%) at the bottom corresponds to the proportion of finer material in the
sandstone (Figure 10).
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Figure 10. Show the Dot Classification of Middle Siwaliks at southern Indus Basin
Discussion

Sedimentary architecture and environmental controls

The Middle Siwalik Group exposed near Manchar Lake, Sehwan Town, District Jamshoro,
Sindh, Pakistan, represents a dynamic fluvial succession shaped by variable hydrological regimes
and climatic oscillations. Lithofacies, textural, and petrographic analyses collectively suggest
deposition within a braided fluvial system characterized by alternating high- and low-energy
depositional episodes. The dominance of conglomeratic sandstone (Gt), trough cross-bedded
sandstone (St), and fine-grained flat-bedded sandstone (Sh) indicates a complex interaction
between channel migration, sediment supply, and flow variability [22-24].

The Gt facies, with a total thickness of 263.334 m (24.952% of the succession), represents
proximal channel deposits formed under rapid sediment aggradation and turbulent flow. These
coarse-grained, matrix-supported conglomerates reflect episodic floods that transported
sediments from the Himalayan hinterland through high-gradient channels [24]. The St facies
(168.308 m; 15.948%) developed from the migration of sinuous-crested dunes in moderate
flow conditions, representing point-bar and mid-channel accretion surfaces [25-28]. The Sh
facies (395.692 m; 37.494%) corresponds to lower-energy bar-top and levee deposits, where
finer sediments accumulated from waning flows [27]. The Fm facies (20.862 m; 1.976%) marks
suspension fallout in floodplain and overbank settings during low-energy episodes. Collectively,
these facies record lateral and vertical facies transitions typical of multi-channel braided systems
dominated by episodic floods and sediment pulses [23].

Hydrological variability, likely governed by monsoonal climate forcing, exerted primary
control on sedimentation. Intense rainfall during peak monsoons led to flash floods, high
sediment discharge, and channel avulsion, while dry phases promoted pedogenic stabilization
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and vegetation colonization. These alternating processes established a sedimentary architecture
in which energy regimes directly influenced habitat structure, setting the foundation for
subsequent biotic colonization and paleoecological development.

Textural and petrographic signatures of environmental energy

Grain size and textural parameters provide crucial evidence of depositional processes and
paleoenvironmental energy. Based on Folk’s (1951) classification [29], the sandstones of the
Middle Siwalik Group range from immature to sub-mature, characterized by moderate to poor
sorting and subangular to subrounded grains. The presence of >5% clay matrix in some horizons
indicates limited sedimentary reworking and rapid deposition, consistent with proximal alluvial
and braided river settings. These immature textures, coupled with high feldspar (10-12%) and
lithic fragment content (6-7%), point to a short transport distance from the Himalayan arc and
minimal compositional maturity.

Petrographically, the Manchar Lake sandstones are composed predominantly of quartz
(50-55%), cement (30-32%), and minor feldspar and lithic fragments, corresponding to lithic
arenite to sublitharenite composition. The high cement proportion suggests early diagenetic
processes under fluctuating groundwater saturation conditions, reflecting alternating wet-
dry cycles typical of monsoon-dominated floodplains [24]. These mineralogical and textural
features underscore the rapid sedimentation and dynamic hydrological regime that governed
the environmental evolution of the Middle Siwalik landscape.

Fluvial habitat zonation and ecosystem structuring

The sedimentary framework of the Middle Siwalik Group provides a basis for reconstructing
fluvial habitat zonation and associated biological gradients. High-energy channels (Gt and St)
formed unstable habitats dominated by sediment mobility and scouring, restricting permanent
vegetation but allowing colonization by pioneer flora during hydrological recessions. Root
traces and rhizoliths preserved within bar-top and levee deposits (Sh facies) record phases of
riparian vegetation establishment following flood events [30].

These vegetation patches, likely comprising flood-tolerant angiosperms, grasses, and early
C,4 taxa, acted as biogeomorphic agents, reinforcing channel banks through root stabilization
and influencing sediment entrainment dynamics [31-33]. The development of root mats within
fine-grained intervals indicates repeated colonization and erosion cycles, evidencing close
feedback between biological stabilization and sedimentary reorganization. Over time, these
processes facilitated the emergence of riparian microhabitats characterized by high nutrient
turnover, moisture retention, and bioturbation activity.

In contrast, low-energy floodplain and overbank environments represented by Fm facies
hosted stable, waterlogged substrates suitable for aquatic and semi-aquatic communities. The
fine-grained, anoxic shales and mudstones likely supported benthic invertebrates, ostracods,
mollusks, and early fish larvae. Trace fossils and burrow structures preserved in these facies
indicate a thriving benthic ecosystem with microbial mat colonization as the basal trophic
component [34,35]. Photosynthetic algae and cyanobacterial biofilms contributed to organic
matter cyclingand sediment biostabilization, forming micro-ecosystemsresilient to hydrological
fluctuations [34,35].

Bio-geomorphic feedback and environmental evolution
The interaction between biological colonization and sedimentary dynamics established
biogeomorphic feedback mechanisms that shaped habitat persistence and sedimentation
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patterns. Vegetation colonization on bar surfaces reduced flow velocity, encouraged fine-
sediment deposition, and led to localized overbank accretion. Conversely, vegetation removal
during floods accelerated erosion, resetting ecological succession. These alternating processes
created a patchy mosaic of habitats, ranging from bare sandbars to vegetated levees and organic-
rich floodplains, that collectively enhanced biodiversity and ecological resilience.
Sedimentological evidence, such as interbedded root traces, mud drapes, and pedogenic
horizons, attests to short-lived stability phases between successive floods [30,31]. Such cycles
of disturbance and recovery likely drove evolutionary pressures favoring species with rapid
life cycles, dispersal capabilities, and physiological tolerance to moisture stress. The recurring
colonization events reflect an ecosystem functioning under disturbance-mediated equilibrium,
where resilience and opportunism determined biotic survival and proliferation [36, 37].

Conclusion

This study provides a detailed sedimentological and paleoecological assessment of the
Middle Siwalik Group at the Kari Buthi Section, Southern Indus Basin. The findings present
the first integrated analysis of facies architecture, depositional environment, and biological
interactions within this Neogene fluvial system. The succession is characterized by repetitive
fining-upward cycles composed of four major lithofacies: conglomeratic sandstone (Gt),
trough cross-bedded sandstone (St), flat-bedded sandstone (Sh), and shale (Fm). These facies
reflect deposition in a braided fluvial environment where alternating high- and low-energy
regimes controlled sedimentation. The Gt facies, consisting of coarse-grained, poorly sorted
conglomerates, represents high-energy channel deposits formed by rapid aggradation during
flood events. The St and Sh facies correspond to moderate-energy bar and levee deposits formed
under fluctuating discharge conditions, whereas the Fm facies marks fine-grained overbank
and floodplain accumulation during flow quiescence.

Grain-size and textural analyses indicate that the sandstones are immature to sub-mature,
with poorly sorted, subangular to subrounded grains. High feldspar (10-12%) and lithic
fragment contents (6-7%) suggest a proximal Himalayan source and short transport distance.
Petrographic observations reveal quartz dominance (50-55%) with calcareous cement
(20-30%), supporting rapid burial and limited diagenetic alteration. According to the DOT
classification, these sandstones range from sub-arkosic to sublitharenite, consistent with active
fluvial channel deposition in a tectonically dynamic foreland basin.

From a biological perspective, the Siwalik fluvial system hosted dynamic riparian
ecosystems adapted to frequent disturbance. Root traces and rhizoliths within the Sh facies
record colonization by flood-tolerant vegetation that stabilized sediments and modified local
hydrology. Fine-grained Fm deposits, representing low-energy settings, supported aquatic and
benthic communities, including invertebrates, ostracods, and microbial mats. These organisms
contributed to organic matter cycling and substrate bio stabilization, forming an early example
of biogeomorphic feedback within a foreland river system.

Overall, the lithological, petrographic, and biological evidence collectively indicate that
the Middle Siwalik deposits at Kari Buthi formed in a braided river system influenced by
monsoonal climate and Himalayan tectonism. Environmental energy regimes, sediment supply,
and vegetation interactions jointly controlled sediment dispersal, habitat development, and
fossil preservation, providing new insights into Neogene fluvial ecosystem evolution within the
southern Indus Basin.
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ITaza scame KoadaHb6a1bl 2e0102ust opmasbviFsl, CuHO Jxcamuwiopo yHusepcumemi, [lakicmaH
2MyHali ycaHe 2a3 KeH OpbIHOAPbIH U2epy KoMmnaHusicul, Ucaamabad, [lakicmaH
3Kypuliabic uHsiceHepus mekme6i, Xap6uH mexHo/102UsiblK UHcmumymeolt, Xap6un, XatiayHyssH, Ketmatl

Anpgarna. Ilekicrannbiy Cusj KanaceiHJarbl OHTycTik WHA Gacceidniniy CosaTtycTik Jlaku KoTa-
ceiHAarbl CeXBaH KaslaCbIHbIH MaHbIHAA opHasiackaH OpTta CuBanuk To6bl Kapu Bytu yuackecinge (KBS)
mamMameH 1055 MeTp cTpaTurpadusiblK KaablHABIKKA CO3BLIBIIN KaTblp. by 3epTTey werinainep/in
TY3i/1yiHe XoHe 0JIap/blH aiMaKTaFbl TIPLIIK €Ty OpTaCbIHbIH, JAMybIHJAFbI peJsliHe KOpIlaFaH OpTaHbI
Gakpliay IIapajapblH 3epTTeifi. AyAaHHBIH JIMTOJOTHUACHI KYMTAac, KOHIJIOMepaT, KOHIJIoMepaT
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Environmental controls on sedimentation, habitat development, and implications for palaeobiological
reconstruction in the Middle Siwalik Group, Southern Indus Basin

KYMTachl, TaKTaTac, ca3 aHe GaslllbIK Tac CUSKThI MOriH/Al »KbIHbICTAPAbIH, KeH, ayKbIMbIHAH TYypa/bl.
danuanaapAbl Tajajay ajaThl Herisri meringi ¢anuacelH aHbIKTaAbl: KOHIVIOMepaT oHe KOHIJIoMepaT
KymTachl (GT), ycakTaH ipi TydipuiikTi olinaTka JielfiiHri kesjieHeH KabaTTbl KyMTachl (St), ycakTaH
ipi Ty#ipuikTi annak Ka6atTtbl KymTachk! (Sh), Takratac (Fm), 6ammubik tac (Mf) xeHe ca3 (Cf),
oJIap/IblH, 9PKaKChIChl MOTIH/IIepAiH meriH/ici Ke3iHAeri apTypJIi 9KOJOTHUS/IBIK KoHEe OHUOJIOTHUSJIBIK
*KaFgailiapabl kepceTe/i. XKeTi TUNTIK 6G0PNBLIIAK KyMTAac yJ/rijiepiHeH a/ibIHFaH eJieK JlepeKTepiHe
HeTi3zie/qreH TYWIpIIIK eJilleMiHiH TapaayblH Ta/JJady YCaKTaH opTallla TYHipLIIKTep/iH KOCHachIH,
Kelge eTe ipi TyHipluikTepAi kepceTeai. BypbllTaH JeHre/eKTeHreH TYHiplliK milliHaepi epijiireH e3eH
»KyleciHe TOH TOMeH 3Heprusiibl meriHAi optacbid kepceTtei. LEICA 2500p *apblK MoJsipU3alusIbIK
MHUKPOCKOIIbIH MaljaaHblI KYPrizijireH netporpadusiblk Taagay kBaputsl (50-60%), fana mnaThl
(15-16%) >xoHe Tay >KbIHBICTAPBIHBIH, ChIHBIKTApbIH (5%) Herisri Kypamjac GeJiiKTep peTiHAe, a3
MeJllliep/ie MyCKOBUT IeH 6MOTUTIIEH aHbIKTa/bl. By/1 MUHepaiAbl KypaM, leriH/i cunaTtamMajapblMeH
KaTap, WeriHAl Ke3iHe aKblHAbIFbIH KepceTe/i, OyJ1 e3€eH »KyHeciHiH epiireH »yheciHiH 60/ybIHbIH
KOCbIMINIA JI9Jiesi/iepiH Gepe/ii. BuosorusablK TYpFbIJAaH ajfaH/ia, WeriHji opTa epTe 6MOTa YIIiH
9PTYpPJIi TipIliNiK eTy opTajapbIHbIH JaMyblHa bIKIAJ eTKeH 60J1ybl MYMKIiH, acipece 6aJlIbIK TacTap
MeH TaKTaTacTapAblH ycakK TYHipwikTi weringisiepinge. Bys merinai oprasapbl MUKPOOTHIK, TipILijlik
IleH Cy OopraHu3M/JiepiHiH epTe ¢opMajapbl YUIiH a/ieyeTTi cybcTpaTTapAbl KaMTaMachl3 eTil, OCbl
eXeJiri e3eH KyHeciHgeri TipuriJiik eTy opTachIHbIH aJbl JaMyblHA bIKIaJ eTKeH 6osap efi. byn
3epTTey KopliaraH opTa $aKTOpJIapbIHbIH, - WIETiH/iIepMeH KaMTaMackl3 eTy/iH, CY SJHEPTUsChIHbBIH
*KoHe OUONOTUSIBIK acepsepid, Opta CUBa/lMK TOOBIHBIH LIGTiH/I apXUTEKTypacblH A3, TipuIijik
eTy OpTacCbIHbIH KaFJal/apblH Ja KaJbIITACThIPYAaFbl MaHbI3Jbl peJIiH aTan Kepcetexi. bysn e3apa
opeKeTTecy/ep/li TYCiHy eTKeH 3Koxyhesepai >koHe OHTycTik MHJ GacceilHiHJe mmeriHfijep MeH
TipIIiJIIK eTy OpTachIHbIH, KaJbINITACYblH 6acKapaTblH GHOJIOTUAJBIK, IPOLecTepAi KallblHa KeJaTipy
MYMKIiHAIriMisai apTTeIpabl.

Tyiin ce3gep: I[leTporpadus, TyHipuliKTepAiH MeJillepiHiH, Tapaaybl, QaunusaapiblH KiKTesyi,
weriHAi optacsl, ConTycTik JIaky k0TacbIHbIH OopTaHFbl CaBUINK TOObI, OHTYCTiK MH[ 6acceiiHi

BiusiHue paKTOPOB OKpy:Kaloleil cpeAbl HA 0CaJKOHAKOINJIEHUE, pa3BUTHE MECTOOOUTAHUN U
HUX 3HaYE€HHE AJIA Na/Ie06U0/I0OTHYECKON peKOHCTPYKIMM B CpegHel rpynne CUBaIMK,
I0:xHbI# 6acceiitn Uuga

C.C. Ixxarupanu*!, A.A. Xackean’, K. lxxarupanu’?, M.A. Hynapu', H. Asn?
lenmp yucmoli u npukaadHol zeos02uu, Yuugsepcumem Cunda, /orcamuiopo, I[lakucmaH
2KomnaHus no paspabomke Heghmezaz08bix mecmopocdeHutll, Hcaamabad, [lakucma
3[llkona epasxcoaHcko2o cmpoumenbemaea, XapOouHcKull mexHo102uveckKull uHcmumym,
Xap6uH, Xatiaynyssau, Kumaii

AnHoTanusa. CpenHasa rpynna CHBa/IMK, pacnoJsiokeHHasi HeJlaleKo oT ropoja CexBaH B CeBepHOM
yactu xpe6Ta Jlaku lOxHoro 6accetiHa Uuga, Cunyj, [lakucTaH, IpocTUpaeTCs Ha CTpaTUrpaduyecKyro
MOUIHOCTb NpubausuTesbHo 1055 mMeTpoB B paspese Kapu Bytu (KBS). B nanHom uccnefoBanuu
M3y4yarTcs paKTOPhI OKPY’KAIOIel cpefbl, BAUSAIIINE HA 0CAAKOHAKOIJIEHHE, U UX POJib B Pa3BUTHHU
MeCTOOOUTAaHUN B 3TOM pervoHe. JIMTOJOrMYeCcKU COCTaB palioHa BKJ/4YaeT B cebsl pas/iMyHble
0CaZlouHble MOPOAbI, B TOM 4YHCJE [eCYaHUK, KOHIJIOMepaT, KOHIJIOMepPAaTHbINA NMeCcYaHUK, CJAaHel,
JIMHY WM apruyinT. QarnuanbHbll aHa/JW3 BBISBUJ LIECTh OCHOBHBIX (aliMil 0CaJKOHAKOIJIEHHUS:
KOHIVIOMEpPAT U KOHIVIOMepaTHbIA mecuyaHUK (GT), MesKO- U KPYMHO3EPHUCTbIA KOCOCJOUCTBIN
necyaHuK (St), MeJIKO- ¥ KpyTIHO3epPHUCTBIN MJI0CKOCAOUCTBIN necyaHuk (Sh), cianen (Fm), aprunaut
(Mf) u riuHa (Cf), KaKAasg U3 KOTOPBIX OTPAKAET pPA3JIUYHbIE IKOJOTHMYECKHE U OHUOJIOTHYECKUE
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yCJIOBUSI BO BpeMsl OCaJJKOHAKOIJIEHUsl. AHA/JU3 IPaHy/JIOMeTPUYECKOr0 COCTaBa, OCHOBAHHBIM Ha
JlaHHBIX CMTOBOTO aHa/iM3a CEMU pelpe3eHTAaTUBHBbIX 00pa3I0B PhIXJOr0 MeCYaHUKa, MOKa3bIBaeT
CMeCh MEJIKUX U CPeJHUX 3€PEH C peJKUMHU OYeHb KPYMHbIMHU 3epHaMu. Cy6oyryioBas U cyboKpyrias
dopMa 3epeH yKa3blBaeT Ha HHU3KOIHEpPreTHYECKYH0 Cpelly OCaJJKOHAKOIJIEHUS, XapaKTepHYI s
pa3BeTBJIEHHOU peuHO# cucTeMbl. [leTporpaduyeckuil aHasu3, NPOBEeJEHHbIN C HCIOJIb30BaHUEM
noJsisspusanuoHHoro Mmukpockona LEICA 2500p, BeiaBus kBapr (50-60%), moseBoit mmnat (15-16%)
U $parMeHThl ropHbIX N0pof, (5%) B KauecTBe OCHOBHbIX KOMIIOHEHTOB, a TaK)Xe He3HauUTesbHOe
KOJIMYECTBO MYCKOBHTA U OHOTHTA. JTOT MHUHEPAJbHBIA COCTaB, Haps[y C XapaKTepUCTHKaMU
0Ca/IKOHAKOIJIEHHUs], YKa3blBaeT Ha GJM30CTh K UCTOUYHUKY OCAZ0OYHOT0 MaTepHuasa, YTO SBJSETCS
JIOTIOJIHUTE/IbHBIM J0Ka3aTeJbCTBOM Ha/IM4YUs Pa3BETBJEHHOU peyHoUl cucTteMbl. C 6U0JOTHYECKON
TOYKU 3peHHs, 0CalouHas cpeJia, BEPOSATHO, CHOCOOCTBOBAIA Pa3BUTUIO Pa3/IMUHbIX MECTOOOUTAHUI
JU1s1 paHHel 6U0ThI, 0COGEHHO B MEJIKO3EPHUCTBIX OT/IOKEHUSIX apTUJIJINTOB U CJIAHILEB. DTU YCJIOBUS
0Ca/IKOHAKOIJIEHUSI MOIJIM 06€eCleYuThb NOTeHI[UaJbHbIE CY6CTPaAThI J1J11 MUKPOOHOM )KU3HU U PAaHHUX
dopM BOJIHBIX OPraHU3MOB, CIIOCOOCTBYS 00111eMY Pa3BUTHIO MECTOOOUTAHUM B 3TOM JjpeBHel peyHOH
cucteMe. [laHHOE Hcc/iej0BaHUE TOIUEPKUBAET 3HAYUTEIbHYIO POJib GAaKTOPOB OKPYKaloLel cpeibl -
HOCTYIJIEHUS 0CAaJOYHOT0 MaTepHasa, IHEPTUU BOJbI U 6M00rniecKux GaKkToOpoB - B GOPMUPOBAHUHU
KaK 0CaJl0OYHOM apXUTEKTYPHI, TaK U yCa0BUM obuTanusa CpegHeld CuBaJuKCcKOW rpynnsl. [lonnmanue
3TUX B3aUMOJIEMCTBUN paclIMpsieT HAUId BO3MOXXHOCTH MO PEKOHCTPYKIMU MPOILIbIX 3KOCUCTEM
M OHOJIOTMYECKUX IIPOLLECCOB, KOTOpble OMNpeessiidi OCaJKOHAaKoIJiIeHne W (OopMHUpOBaHUE
MeCTOOOMTaHUH B I0)KHOM YyacTu 6acceiiHa MHpa.

KiwueBsle caoBa: [leTporpadusi, rpaHy/IoMeTPpUYECKUN COCTaB, KaTeropusauus danuii, ycaioBus
0Ca/IKOHAKOILJIeHUs, cpeAHss rpynna CaBUIMK ceBepHOro xpe6Ta Jlaky, 10KHas 4acTb 6acceiina UHa

CBeaeHus 06 aBTOpax:

Cypux Cu6azamyiaaa JixcazupaHu - aBTOP-KOpPpPeCHOHJeHT, LleHTp YHUCTOM U NPUKJIAAHOU
reosioruy, YauepcurteT Cunz Jxamuopo, 76090, [lakuctan

Aeaiic Anu Xacxeau - lleHTp YMCTON U MPUKJIAJHOH reosioruy, YuuBepcutet Cunj /»aMIiopo,
76090, [TakucTaH.

Kaaneemyana /JotcazupaHu - l|eHTp 4YMCTOM U TNPHUKJAAAHOU reosiorud, YHuUBepcuTeT CHUHJAQ,
bxamiopo, 76090, [TakucTtaH, KoMmnaHus 1o pa3paboTke HedpTerazoBbIx MeCTOpOXAeHUH, Mciamaban,
44000, ITakucraH.

Myxammad Acugh HyHap - lleHTp 4YUCTOUN U NPUKJIAHOH reosioruy, YHuBepcuteT Cun/ JXkaMiopo,
76090, [TakucTaH.

Hagpuc Aau - lllkosa rpakJJaHCKOTO CTPOUTEJNbCTBA, XapOUHCKUN TEXHOJOTUYECKUN UHCTUTYT,
Xap6wuH, XauayH1zsaH 150090, Kurai.

ABTOpJIap Typasibl MaJIiMeTTep:

Cypux Cu6azamyaaa /IxcazupaHu - KOppeclnoHAeHT-aBTOp, Ta3a *oHe KoJJaHOalbl reoJiorus
opTasbifbl, CuHZ yHUBepcuTeTi, [xxammopo, 76090, IlakicTan

Agaiic Aau Xackxeau - Tasza oHe KoJJaHGalbl TeoJIOTHS OpTaJbifbl, CHHJ YHUBEPCUTETI,
xaminopo, 76090, IlakicTaH.

Kaaeemynna /Jxcazuparu - Tasa xoHe KOJIIaHOGA/bI Ie0JIOTUS OPTaJibiFbl, CUH]l YHUBEPCUTETI,
xammopo, 76090, [lakicTan, MyHail xaHe ra3 KeH OpbIHJApblH UTepy KOMIaHUsACH], Mciamaban,
44000, ITekicTaH.

210 N24(153)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usi1blK FblAblMOap cepusicbl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunesa. Cepust 6uoso2uveckue HayKu



Environmental controls on sedimentation, habitat development, and implications for palaeobiological
reconstruction in the Middle Siwalik Group, Southern Indus Basin

Myxammad Acugdp Hynap - Tasa xoHe KoJiaHOaJbl Ieosiorusi opTasblfbl, CUHJ, YHUBEPCUTETI,
Hxamiuopo, 76090, IlakicTaH.

Hadpuc Aau - Kypbuibic MekTe6i, Xap6UH TEXHOJIOTHSJIBIK, UHCTUTYTbI, Xap6uH, X3WUJyHI3SAH
150090, Kprtai.

Authors' information:

Surih Sibaghatullah Jagirani - Corresponding author, Centre for Pure and Applied Geology,
University of Sindh, Jamshoro, 76090, Pakistan

Awais Ali Khaskheli - Centre for Pure and Applied Geology, University of Sindh, Jamshoro, 76090,
Pakistan

Kaleemullah Jagirani - Centre for Pure and Applied Geology, University of Sindh, Jamshoro, 76090,
Pakistan, Oil and Gas Development Company Limited, Islamabad, 44000, Pakistan.

Muhammad Asif Noonar - Centre for Pure and Applied Geology, University of Sindh, Jamshoro,
76090. Pakistan.

Nafees Ali - School of Civil Engineering, Harbin Institute of Technology, Harbin, Heilongjiang 150090,
China.

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol N24(153)/ 211
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



PenakTtopsl: P.I. Bepcimbaii

ABTOpJIapFa apHa/IFaH HYCKAYJIBIKTap,
»KapusJlaHbIM 3THUKAChI XKypHaJl calThiH/a eHrisiareH: http://bulbio.enu.kz/

JLH. F'ymuneB aTbiHgarbl Eypa3us yITThIK YHUBEPCUTETIHIH XabaplubIChl.
BHOoN0TUANBIK FBIIBIMAAP CEPUACHI.
- 4(153)/2025 - ActaHa: EYY. - 212 6.
[apTThel 6.1. 13,25. TapaabIMbI — CypaHBIC OOIBIHIIIA

AIBIK KOJIAHBICTAFBI 3JIEKTPOH/bI HYycKa: http://bulbio.enu.kz

MasMyHbIHa TUnorpadus xKayan 6epMmeii

Penakius mekeH-kaibl: 010008, Kazakcran Pecniy6sinkacel, AcraHa K., CoT6aeB Keleci, 2.
JL.H. 'ymuneB atbiHgarbl Eypasust yITThIK YHUBEPCUTETI
JLH. TymuneB aTeiHAaFbl Eypasus yaTThIK YHUBEPCUTETIHIH TUNOTpadUsaChIHAA 6aChLI/bl



