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OCOBEHHOCTU PACITPOCTPAHEHHMA
PEAKOI'O BUAA IRIS KUSCHAKEWICZII B. FEDTSCH.
HA TEPPUTOPUN KASAXCTAHA

(i
E.K. Typycnekos’ e , II.C. AntbMepeKoBa

Poa Iris Tourn. ex L.— 0AMH 13 cambIX KPYMHbIX POAOB cemencTBa Iridaceae Juss. u Bcero nopsiaka
Asparagales, npuBAeKaioLLMiI CBOVIMM BbICOKO AEKOPaTUBHbIMKM CBOMCTBaMU. OBbEKT AQHHOIO UCCAe-
AOBaHUSI — KPAaCHOKHWXKHbIN BUA Iris kuschakewiczii B. Fedtsch., npeacTaBUTeAb AYKOBUUHBIX MpPUW-
COB, KOTOPbI GbIA BHOBb BO3BpALLEH B poA Iris u3 Juno Tratt. [NpoaHaAM3MpoBaHbl MaTePHMAAbl IKC-
NEAULIMOHHBIX BbIE3AOB U repbapHble AUCTbl OTEYECTBEHHDBIX M 3apyBEXKHbBIX KOAAEKLMOHHbIX (hOHAOB:
MHCTUTYT 60TaHUKM 1 UTOMHTPOAYKUMM (AA, AAamaTbl, KasaxcTaH), MOCKOBCKMIA rOCYy AQpCTBEHHbIN
yHuBepcuteT umenn M. B. AomoHocoBa (MW, Mocksa, Poccug), botanmnuecknit MHCTUTYT nmeHn B.
A. Komaposa (LE, CankT-INeTep6ypr, Poccusl), MHCTUTYT 6OTaHMKM AKaaemun Hayk Pecry6amkmn Ys-
6ekuctad (TASH, TawkeHT, Y36ekucrtaH), MHCTUTYT 6uororum 1 6uotexHorormm pactenmin (MBEP,
AAMaTbl, KazaxcrtaH), HbIO—l;IOpKCKMVI 6oTtaHnueckmi caa (NY, HbiO—l;IOpK, CLLA), MrnumnraHckui yHu-
BepcuTer (MICH, Muunran, CLLIA), 1 rep6apuin Kbto, Kopoaesckune 6oTaHnueckue caabl (K, AOHAOH,
AHrAmg). Tak>ke MCMoAb30BaHbl 3AeKTPOHHble nAaatcopmbl: «Global Biodiversity Information Facility»
(GBIF), «iNaturalist» (iNaturalist), n «[NAaHTapuym. PacteHns v anwanHukn Poccum u conpeAeAbHbIX
CTPaH: OTKPbITbI OHAAIMH aTAAC M ONpeAeAnTeAb pacTeHuid» (Plantarium). AHaAM3 oxBaTbiBaeT MaTepu-
aAbl 3a nepuoa ¢ 1877 r. no 2024 r. B xoae nccaep0BaHMs ob6Hapy>keHa MopoAormyeckas BHyTpU-
BMAOBAsi K3BMEHUMBOCTb B OKpacax LBeTKoB Iris kuschakewiczii. Kpome Toro, B cTaTbe npeACTaBAeHbl
pe3yAbTaTbl aHaAM3a BOCbMM repOapHbIX KOAAEKLIMI, SAEKTPOHHbIX 6a3 AaHHbIX M 3KCMEAMLMOHHbIX
c6opoB. B pesyabTaTe Gbira MOCTPOEHA KapTa pacrnpoCTPaHeHUs M3YUYaeMOro BUAQ, FrAe 0603HaUEHbI
47 MecToHaxoxAaeHun I. kuschakewiczii. YcTaHOBAEHO, UTO B AOMOAHEHWUM K paHee yKasaHHbIM (hAopur-
CTMYECKMM parioHaM, TakuM kak Yy-Maunrckuin n MytoHkymckuin (ODaopa KasaxcrtaHa), n 3aMamiickomy
Anatay (Onpeaeanteab CpeaHelt A3um), M3yyaemMblil BUA Takxke npomspactaeT B beTnakaaAMHCKOM
hAoprCTMUECKOM paitoHe. bbiAa yTOYHEHA rpaHMLd pacnpoCTpaHeHns BMAQ Ha Tepputopumn Kasax-
CTaHa.

KatoueBble caoBa: Iridaceae, Iris, repbapuii, (hAOPUCTUYECKME PaiOHbl, PACMPOCTPaHEHNE BUAOB.

A.A. Alikhanova'?, B.B. Osmonali3,
E.K. Turuspekov?, Sh.S. Almerekova?”

'Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan
3Institute of Botany and Phytointroduction, Almaty, Kazakhstan
*e-mail: almerekovakz@gmail.com

The distribution features of the rare species
Iris kuschakewiczii B. Fedtsch. on the territory of Kazakhstan

The genus Iris Tourn. ex L is one of the largest genera of the family Iridaceae Juss. and the whole
order Asparagales, attractive for its highly ornamental properties. The object of this study is a red-book
species — Iris kuschakewiczii B. Fedtsch., a representative of bulbous irises, as well as subgenus Scorpiris
Spach, which was reintroduced to the genus Iris from Juno Tratt. Materials of expedition trips and her-
barium sheets from domestic and foreign collection funds were analyzed: Institute of Botany and Phyto-
introduction (AA, Almaty, Kazakhstan), Lomonosov Moscow State University (MW, Moscow, Russia), V.
L. Komarov Botanical Institute (LE, St. Petersburg, Russia), Institute of Botany, Academy of Sciences of
the Republic of Uzbekistan (TASH, Tashkent, Uzbekistan), Institute of Plant Biology and Biotechnology
(IPBB, Almaty, Kazakhstan), New York Botanical Garden (NY, New York, USA), University of Michigan
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(MICH, Michigan, USA), Kew Herbarium, Royal Botanic Gardens (K, London, England). Electronic plat-
forms also used in this study were the Global Biodiversity Information Facility (GBIF), iNaturalist (iNatu-
ralist), and «Plantarium. Plants and lichens of Russia and neighboring countries: open online galleries and
plant identification guide» (Plantarium). The analysis covers materials for the period from 1877 to 2024.
The study revealed morphological intraspecific variability in Iris kuschakewiczii flower colours. In addi-
tion, the article presents the results of analyses of eight herbarium collections, electronic databases and
expedition collections. As a result, a distribution map of the studied species was plotted, where 47 spe-
cies occurrences are marked. In addition to the previously indicated floristic areas, such as Chu-lli and
Muyunkum (Flora of Kazakhstan), and Zailiyskiy Alatau (Identifier of Central Asia), the studied species
is also noted for the Betpakdala floristic area. The boundary of distribution of the species in the territory
of Kazakhstan was specified.
Keywords: Iridaceae, Iris, herbarium, floristic areas, species distribution.

A.A. AamxaHoBa'?, b.b. OcmoHanmn?,
E.K. Typycnekor?, LLI.C. AAbMepekoBa?*
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2OCIMAIKTEPAIH BMOAOTUSCHI >KdHE BMOTEXHOAOTUSICbI MHCTUTYThI, AAMaThl, KasakcTtaH
3boTaHuka xaHe (PUTOMHTPOAYKLIMS MHCTUTYTbI, AAMaTbl, KasakcTaH
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Cupek ke3aeceTiH Iris kuschakewiczii B. Fedtsch. TypiHiH,
KasakcTaH aymarbiHAQ TapaAy epekileAikTepi

Iris Tourn. ex L. Tybicbl — Iridaceae Juss TykbIMAACbIHbIH >koHe OYKia Asparagales TopTi6iHiH eH YAKeH
TYKbIMAQCbIHbIH Gipi. )KOHE OHbIH, KOFapbl COHAIK KacMeTTepiMeH TapTaTbiH. 3epTTey HbicaHbl — Kbi3bIA
KiTarnka eHre, Juno Tratt. TYKbIMAAChIHaH Iris TYKbIMAACHIHA KaiiTa TipKeAreH 6aAaHaAbl LUMKbIAAAK, TYPI
Iris kuschakewiczii B. Fedtsch. DkcneanumsiabIK, canapAap MaTepruasAapbl MEH OTAHADIK, XKOHE LLETeA-
AIK KOAAEKLMSABIK, KOPAAPAbIH, repbapuii napakTapbl TaAAaHAbL: boTaHMKa XXeHe (PUTOMHTPOAYKLMS
MHCTUTYThI (AA, AamaTbl, KasakcTtaH), M. B. AOMOHOCOB aTbiHAAFbl MBCKey MEMAEKETTIK YHUBEPCUTETI
(MW, Mackey, Peceit), B. A. Komapos aTbiHaarbl botatuka nHctutyTol (LE, Cankt-Tletep6ypr, Peceit),
©O36ekcTaH Pecriybamkach! FbiAbIM akaAeMUsCbiHbIH boTtannka nHctutyTbl (TASH, TawkeHT, ©36ekc-
TaH), OCIMAIKTEPAIH OMOAOTUSCHI XKoHEe BMOTEXHOAOTUSIChI MHCTUTYTbl (OBBM, AAmMaTbl, KasakcraH),
Hb}O—];IOpK 6oTaHuKanbik, 6arbl (NY, Hblo—l>]op1<, AKLL), Muuuran yHueepcuteTti (MICH, Muuuran,
AKLL), Kbto repbapuin kopbl, Kopoabaik botaHukabik bakrap (K, AoHAOH, AHramns). CoHaar-aK, >y-
MbICTA KeAECi SIAEKTPOHAbIK, MAAT(OpPMarap KOAAAHbIAABL: «KahaHABIK GMOBPTYPAIAIK TypaAbl akna-
paT opTtaabibl» (GBIF), iNaturalist» (iNaturalist), >xeHe «[TAaHTapuym. Pecenain >koHe oFaH >KakKblH eA-
AEPAIH 6CIMAIKTEPI MeH KblHaAapbl: allblK, OHAQMH aTAAC XX8He OCIMAIKTepre apHaAfaH HYCKAYAbIK»
(Plantarium). Taaaay 1877 xbiapaaH 2024 XbiAFa AEMIHT Ke3eHAEri MaTeprasAapAbl KaMTUADL. 3epT-
Tey 6apbicbiHaa Iris kuschakewiczii ryapepiHiH TycTepiHAE MOPMOAOTUSABIK TYPILIAIK ©3reprilwTik
TabbiAabl. COHbIMEH KaTap, MakaAaAa ceri3 repbapuii XXMHarbl, SAEKTPOHAbI MOAIMETTEpP 6a3achl XXoHe
3KCMEAMLMSIABIK, Ccanap HOTUXKEAepi KeATipiAreH. HaTuxkeciHAe 3epTTeAeTiH TYPAIH TapaAy KapTachbl
CaAblHAbI, OHAQ 47 ecy opHbl GeariaeHai. LLly-Iae >xoHe Monbitkym (Daopa KasaxcraHa) >kexe Iae
AnaTaybl (Onpeaeanteab Cpeateit A3um) CUSKTbl GYpbiH KOPCETIAreH (PAOPUCTMKAABIK ayAaHAAPAAH
6acka, 3epTTeAeTiH Typ beTnakaara PAOPUCTMKAABIK ayAaHblHA Ad >KaTKbI3blAAbL. KasakcTaH ayma-
FbIHAQ TYPAIH TapaAy LWeKapachl HAKTbIAQHADI.

Tyiin ce3aep: Iridaceae, Iris, rep6apuii, PAOPUCTUKAABIK, alMMaKTap, TYPAEPAIH TapaAybl.

1. BBenenue

Pon Iris Tourn. ex L. BrarogaeT 313 mpuHATHIX
BUJIOB UPHCOB U SBISETCS KPYIMHEHITUM POJOM
cemerictBa Iridaceae Juss., a Takyke BCEro MopsI-
ka Asparagales (POWO, 2025). Vpucsl obnamarot
JICKOPATUBHBIM W SKOHOMHUYECKHUM 3HAYCHHEM, a
TaKKe JeKapCTBEHHBIMH cBoicTBaMu (Jalsrai, et al.,
2018; Khatib, et al., 2022; Pama3zanosa, 2023; Alit-
kaHOBa, 2024). B To ke Bpems cucTemMaTtuka poja
Iris saBisieTca HEIOCTaTOYHO M3YUYEHHOW BBUY Ha-
JIM4YMsT MHOKECTBA IOJPOJOB CO CIIOKHOW TAKCO-

aomueit (Choi and Lee, 2024; Chen, et al., 2024).
Taxwue poab! kax Iridodictyum Rodion., Juno Tratt.,
Xiphion Mill. u ppyrue, nepBoHa4agbHO OBUIH
BKJTIOUCHBI B 0OJiee OOMMPHBIA pox [ris, 9TO cle-
Jano ero 6oJiee reTepOreHHbIM U 3aTPYAHUIIO OTIpe-
JieTIcHHEe Ha OCHOBE MOP(OJOTMYECKHX NMPU3HAKOB
(Mavrodiev, et al., 2014). B paHHUX KJTaCCHYIECKUX
pabotax, ot poja [ris ObLTH BBIACICHBI KaK Camo-
cTosiTenbHbIe poabl [ridodictyum, Juno, Xiphion
u apyrue (Zhao, et al., 1985; Pomunenko, 1987,
Mathew, 1989). Ha naHHBIii MOMEHT, yKa3aHHBIC
poasl BHOBb ObUIM BoO3BpalleHbl cuctemoil APG
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IV (Angiosperm Phylogeny Group, 2016, http://
www.mobot.org/) B coctaB pojia [ris, 9TO YCHIIHAIIO
TeTEePOreHHOCTh POJIa U TIPOJOJDKACT 3aTPYIHSThH
TAKCOHOMHYECKOE OINpE/EICHUEe BHIOB Ha OCHO-
B€ HCIIOJNB30BaHUS MOP(OIOTHUECKUX TPU3HAKOB
(Sennikov, et al., 2023).

LlenTpanpHOA3UATCKUE BHJBI HUPHUCOB H3y4Ya-
JIUCh CO BPEMEH IEePBBIX HCCIenoBaTeneii-00Tanu-
k0B B 1870-X rogax, Korjga 3TU BUJbI ObLIN 3aBe3e-
HbI B €BpOICHCKAe OOTaHUYECKHE CaJlbl M HadaH
KyJbTHBHpOBaThCS B HUX (Dequenko n demgueHko,
1905). IlepBbie MOMBITKH 00OOIIUTH OOTAHUYECKUE
3HaHUA O BUaax upucoB lleHTpanbHON A3uu ObLIH
npeanpuHATel O. A. @equenko (1924) u b.A. den-
yenko (1935). J[lanbHeline MoHOTrpadUUIeCcKue
penakiuu Obiu crenanbl A. Y. Beenenckum (Bse-
neHckmid, 1935; 1963; 1971), H. B. IlaBioBeiM u
ILIT. IlonmskoBeim (Dmopa Kazaxcrama, 1958) u
O.B. Yepnesoii (Uepuesa, 1971).

TakcoHOMUYECKHUH MepecMOTp poaa OBLT Tpo-
BeneH ['. U. Pomuonenko (1961), onmucasmmm Mop-
(hosornyeckue oTIUIUS NOAPOAOB Juno u Xiphium,
Takie Kak OCOOCHHOCTH JYKOBHIl WA KITyOHeEIy-
KOBUII, JIOP30BEHTPAIBHYIO CTPYKTYPY CpCIUH-
HOTO JIMCTa, 8 TAKXKE aHATOMHYECKYIO CTPYKTYpY,
XOpOIIO TPEJICTABICHHYIO 3aracaromeil TKaHbIo.
OHTOTeHEe3 pacTeHUi poaa OTIWYACTCS CBOEOOpa-
3WeM, MIPOSIBISICMbIM Ha paHHUX dTarax BereTaluu.
ABTOp TIPEMIOKHUI BBIICTUTh Juno B CaMOCTOSI-
TENLHBIA POJI, 0OOCHOBBIBAsI 3TO 3HAYUTEIHHBIMU
ABOJIIOIIMOHHO-TEHETHYECKUMU PAITMIUSIMU MEXKTY
rpyMIIaMi, HECMOTPSI Ha «UPHUCOBUIHOCTHY IIBETKA
(Pommonenko, 1961).

TakcoHomu4eckass pefakius poxa Iris s
¢nopsr LlentpansHoit A3zum Obuta omyOJIMKOBaHA
®. O. XacanoBeiM u H. Paxumosoii (Khassanov
& Rakhimova, 2012). B aT0ii paboTte npeacraBieH
OOHOBJICHHBI KOHTPOJIBHBIA CIHCOK C HOMEHKIIA-
TypHOH wuH(pOpManyel, 3aMeYaHusIMH T10 BHJAM,
pacrnpocTpaHeHHEM 10 CTpaHaM, HO 0e3 JIeTallbHbIX
MOP(OJIOTHUECKHUX OTTHCAaHMH. B crircok Bonum Tpu
noacemeiicta (Iris, Scorpiris u Hermodactyloides
Spach.), wuerbipe cexuun (Limniris Tausch,
Hexapogon (Bunge ex lef.) Baker, Juno u
Physocaulon (Rodion.) Mathew & Wendelbo, ex
Wendelbo), ase moncexuuu (Hexapogon Benh. ex
Benh. et Hook. G, Oncocyclus (Siemssen) Benh. ex
Benh. et Hook.) u 54 Buza upucos.

B. MbaThi0, crienuanuct AMEpPUKaHCKOTO 001Ie-
cTBa uprcoBogoB (American Iris Society, https://
www.irises.org/), B cBoei pabore «Hekoropsie
aCIeKThl MPUCOB TpyIibl FOHOHA» OTMEYas, YTo
npeJicTaBuTeNe noapoaa Scorpiris Ha Bcel IIaHe-
T€ HACUUTHIBAETCS OKOJIO 55 BUJIOB, a IEGHTPOM MPO-

UCXOKACHUSI UPUCOB Juno siBisiercs: LlentpanbHas
Azus (Mathew, 2000). B Bermeyka3zanHoi pabote
@. O. Xacanosa u H. PaxumoBoif ynomuHaetcst o
MPOM3PACTaHUM, KaK MUHUMYM, 30 BHIOB TOAPO-
na Scorpiris B Lleatpansroit Azun (Khassanov &
Rakhimova, 2012).

Ha Tteppuropun Kaszaxcrana HacuuTbIBaeTcs
okoo 30 BHUIOB muKopacTymux upucoB (diopa
Kazaxcrana, 1958; baiirenos, 2001), 7 13 KOTOpBIX
3anecensl B Kpacnyio kuury Kaszaxcrana (Kpac-
Has kaura Kazaxcrana, 2014). [To xraccudukanmin
I''". Poguonenko (Ponnonenxo, 1961) ka3axcran-
CKHE BHMIBl MPHUCOB OTHOCATCA K ToApojam [ris,
Xyridion, Limniris u Juno, o b. MaTteio (Mathew,
1989) — k Limniris, Hermodactyloides w Scorpiris,
a no nocneanedt knaccupukanun @. O. Xacanosa
n H. Paxumonoii (Khassanov & Rakhimova, 2012)
Ka3axCTaHCKHE BUJIBI pofia [ris pUHAIeKAT K IO/~
ponawm Iris, Scorpiris u Hermodactyloides. Pacnipo-
CTpaHEHHE HEKOTOPHIX Ka3aXCTAaHCKUX BUIOB POAa
Iris 6puto ommcano b. A. OmapoBoil W apyrumu
(2019). ABTopamu omucaHbI apeajibl IpoM3pacTa-
HUsg 21 BUAa, BKIIOYAsl TEPPUTOPUH OHOCHEPHBIX
pesepBatoB. M. C. Pama3zaHoBoif W coaBTOpaMu
(Pamazanosa, 2023) ObUIM M3y4YEeHBI aHATOMO-MOP-
(hoytorudeckue MpU3HAKH OPTaHOB (JINCTHS, CTEOTH
Y KOpHH) Y HEKOTOPBIX Ka3aXCTaHCKHX BUIOB Pojia
Iris. B wactHOCTH, HCCIeIOBaHbl aHATOMO-MOpP(dO-
JIOTHYeCKHne cTpoeHust KopHei 1. lactea f. biglumis
(Vahl) Kitag. (I.pallasii Fisch. ex Trevir.), I. alberti
Regel, I halophila var. sogdiana (Bunge) Skeels
(I. sogdiana Bunge). YcraHOBIIEHa ITOJOXHUTEIb-
Has KOppeNsisS MEXAYy aHATOMHUYECKHUM CTpO-
CHHEM KOpHEH STHX BHAOB U 3KOJIOTMYECKUMHU
YCIIOBUSIMH WX TpoW3pacTaHus. Takke MpoBeneH
CPaBHUTEJBHBIM MOPQOJIOrUIECKUN aHanu3 Haj-
3eMHBIX OPraHoB IISITH BUJIOB UPUCOB: [ris tenuifolia
Pall., Iris ruthenica Ker Gawl., Iris pallasii Fisch.
ex Trevir., Iris halophila Pall., Iris scariosa Willd.
ex Link, KoTopble MpoM3pacTaloT Ha TEPPUTOPUHU
Lenrpanpaoro Kazaxcrana (A#TkaHoBa W 1p.,
2024). ABTOpHI CTaTHU OTMEYAIOT, YTO MOTYICHHBIE
pe3yAbTaThl MOTYT OBITH OCHOBOH JIJIsl paCIIMPEHNUs
ChIpbeBOM 0a3pl KazaxcraHa HOBBIMH JIEKapCTBEH-
HBIMU pacTeHUusMH (AWTKaHOBa U 1p., 2024).

OpHuM W3 BaXHBIX TNpeACTaBUTENEH poja
Iris sBnsercs penxuii (Il xareropus) Bum Iris
kuschakewiczii B. Fedtsch, 3anecennsiii B Kpacuyro
kuury Kazaxcrana (Kpachas xaura Kazaxcrana,
2014). Buepsrle maHHBIA BUA ObUT orrcaH B 1905
rony b. A. ®equeHK0 Ha OCHOBAaHUM KOJIICKIIHUMA,
coOpaHHBIX poccuiickuM Ootanukom A.A. Ky-
makesuueM B 1877 romy. TuUnoBoW 3K3eMILIAP
1. kuschakewiczii xpanutcs B boTanmdeckom WH-
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ctutyte umenu B. JI. Komaposa, Cankt-IletepOypr,
Poccus (O6pazent LE 01236886). JlanHbIiH BHI TIPO-
u3pacraet B HeOOIBIIOM apeae, U, COTJIACHO JIUTe-
parypHbIM ucTouHnKaM (Pnopa Kazaxcrana, 1958;
Npamenko, 2005), BcTpedaeTcs B (GIOPUCTHICCKUX
paifonax Yy-Unuiickuit u 3awnuiickuii Anaray
(KamObuickas u AnmaruHckas obnactu). OH pac-
TET B MPEArOphsIX U HEBBHICOKHUX ropax, Ha MeOHH-
CTBIX CKJIOHAaX, KPACHOI[BETHBIX IIIMHUCTBIX Oyrpax
(®dnopa Kazaxcrana, 1958; MBamenko, 2005). Ape-
a1 BU/Ia JIUIIh HE3HAUYNTEIIBHO BBIXOIUT 32 MPEAEIIBI
Kazaxcrana — B Pecniyosiuky Kweipreizcran (Cesep-
ueiii Taub-111ane) (Sennikov, et al., 2023).

OtnenbHbIe TONYIAUH 1. kuschakewiczii ObpIH
UCCIIeIOBaHbl HA OCHOBE OHTOMOP(OTCHETHUECKIX
ocobeHHOCTEH W Bo3pacTHOH cTpykTyphl (Koxo-
peBa u ap., 2013). ABTOpHI BIEpBBIC MPEACTABIIN
XapaKTePUCTUKY BO3PACTHBIX COCTOSHHUH 1O MOp-
(hoJIOTHYECKUM TIPU3HAKAM W HM3YYIIIU TTOMYJISIIH-
OHHBII aHAJIN3 C YYETOM BBICOTHI MECT IPOU3pacTa-
Hus B Uy-WMnniickux ropax. CorsacHO Moyry4eHHbIM
pesynbTaTtam, 1. kuschakewiczii B penenax cBoero
apeaja Mpou3pacTaeT Ha CKIOHAX Pa3IMYHBIX DKC-
MO3HIIMI B pa3HOOOPa3HBIX PACTUTEIBHBIX COOOIIIe-
CTBax C IUIOTHOCTBIO MOMmyssiiuil ot 5,48 no 46,7
ocobeif Ha 1 M2, bbUTO TIOKa3aHO, YTO TMOMYIISIIIAN
upuca Kymakesuua B Uy-Unuiickux ropax Hambo-
Jiee TOJTHO MPEeACTaBICHbI Ha BhICOTax BhIlIe 900 M,
rie oOHapy)XeH TOJHBIH BO3PACTHON CIIEKTp pac-
TEHUH — OT IOBEHUJIBHBIX JI0 FCHEPATUBHBIX 0COOCH
(Kokopesa u ap., 2013).

CymectByeT psn myONMWKanmuid 10 W3YYEHHUIO
pona Iris Ha OCHOBE MOJIEKYJSIPHOH TI'€HETHUKU
(Ikinci, et al., 2011; Lazkov, et al., 2014; Mavrodiev,
et al.,, 2014), Homenknatypsl (Boltenkov, 2016;
Sennikov, 2023) u mopdoanatomun (Kokopesa,
2013; Celep, 2022; Konarska, 2022; PamazaHo-
Ba, 2023). OnyoukoBana moHorpadus «The genus
Iris L. s. 1. (Iridaceae) in the Mountains of Central
Asiay, oxBaThIBaroIas BCe BUABI pojia [ris, Ipou3-
pacramux Ha Tepputopun LlenTpanbHoil A3uu, B
tom unuciie Kazaxcrana (Sennikov, 2023).

AHanu3 onmyOJMKOBaHHOW JMTEPaTyphl 10 W3-
yueHuto 1. kuschakewiczii cCBUIETETBCTBYET O TOM,
YTO TOMYJISLIUN Ka3aXCTaHCKUX BUIOB UCCIEIOBA-
HBI HE B TIOJTHOM 00beMe. B menom, HecMopst Ha psizt
HCCIIEIOBAaHUM HEKOTOPBIX BHUJIOB, TaKUX Kak [ris
(Juno) magnifica Vved. (Rakhimova, et al., 2016;
Paxumosa, 2022), Juno hippolyti (Vved.) Kamelin
u J. narbuti (O. Fedtsch.) Vved. (Duschanova, et
al., 2018), Iris khassanovii Tojibaev & Turginov
(Tojibaev & Turginov, 2014), Iris orchioides
Carriere (BecemoBa u ap, 2023), uzydeHue mpea-
cTaBUTeNeH mojapoja Scorpiris ocTaercs (parMeH-

TapHbIM. Bmecre ¢ 3TuM, Hanuuume COOpaHHOTO
repbapHoro marepmana I. kuschakewiczii, cBume-
TENBCTBYET O BO3MOXKHOCTH 00JIee J€TAIBHOIO M3-
y4eHus Teorpaduu Mpou3pacTaHus JaHHOTO BUIA B
Kazaxcrane. B ¢cBsI31 ¢ 3THM, 11eJIbI0 HAIIIETO UCCIIC-
JIOBaHUs ObLIO U3yUCHHUE apeayia pacipoCTPaHCHHUS
u ocobenHocteit Mopdosioruu . kuschakewiczii Ha
OCHOBE pE3yJbTATOB COOCTBEHHBIX DKCIICUIIMOH-
HBIX MCCIICOBAHUI U aHaIn3a repOapHBIX JIUCTOB
OTEUYECTBEHHBIX W 3apyOEKHBIX KOJUIEKIIMOHHBIX
(hoHIOB, U PA3TMYHBIX YJICKTPOHHBIX IIATHOPM.

2. MaTtepuaJjbl 1 METOAbI HCCIEAOBAHUS

OOBEKTOM [AHHOI'O WCCIIEIOBAHUSA SIBIISIETCSI
peakuit Bun I kuschakewiczii nonpona Scorpiris,
3aHeceHHBIN B KpacHyro kaury (hiopsl Kazaxcrana
(2014).

Jis mpoBeieHus! UCCIIeJOBAHNN OBLITU UCTIONb-
30BaHbI MeTOIbI O0TanukH (I opeimiHa, 1979; Kyis-
TuscoB, 1982), B TOM umcie MapuIpyTHO-PEKOr-
HocuupoBouHblii (CkBopuos, 1977; beikos, 1979;
Myxutaunos, 2011). Mapmpyramu ObutH OXBaye-
HBl pnopucTHueckre paiionsl 3aunuiickuii-KyHrei
n Yy-WUnuiickuii. AHanu3 repdapHbIX 00pasLioB TaK-
K€ MPOBOJWJICS HAa OCHOBE KoyuleKuMi MHCTUTY-
Ta 00TaHUKU ¥ QUTOMHTPOMYKIUHU (AA, AnMath)
KomuTeTa slecHOro X03siCTBa M )KMBOTHOT'O MHUpPa
MDOIIP PK, M0CKOBCKOIO TroCy1apCTBEHHOTO YHU-
Bepcurera uMenu M. B. Jlomonocosa (MW, Mo-
ckBa, Poccus), boTaHWYecKOro MHCTUTYyTa MMEHU
B. JI. Komaposa (LE, Cankr-Ilerepoypr, Poccus),
WucTutyTa OoTaHMKKM AKajneMuu Hayk PecryOmu-
ku Y30ekuctan (TASH, Tamkenr, Y30ekucran),
n MHcTuTyTa OWMOINOTMM W OMOTEXHOIOTHH pac-
tennit (MBBP, Anmater, Kazaxcran). Takke Obutn
0oOHApyKEeHbl Ka3aXCTaHCKUE Baydyepbl B KOJUICK-
wmsix Hpro-Mopkckoro Gorarmaeckoro cama (NY,
Heto-Mopk, CIIIA), MHYHraHCKOrO YHHMBEpCHTE-
ta (MICH, Muuuran, CIIIA), u B cambIX 0O0ImIuUp-
HBIX Tepbapusx Kpio, KoponeBckrue 6oTanndeckne
cannl (K, Jlongon, Aurmus). s 6onee mmpokoro
OXBaTa apeayia paclpoCcTpaHeHUs ObUTN MPOaHAIH-
3WpPOBAHBI AIEKTPOHHBIE 0a3bl NAaHHBIX, TaKHE KaK
«Global Biodiversity Information Facility» (GBIF,
https://www.gbif.org/), «iNaturalist» (iNaturalist,
https://inaturalist.org/), u «Ilmanarapuym. Pacterns
U JuiaiHuku Poccun U conpenenbHbIX CTpaH: OT-
KPBITBIH OHJIAMH aTiiac U ONPEJCIIUTENIb PACTCHUN
(Plantarium, www.plantarium.ru). Jlmsa ompezeie-
HUsI cOOpaHHOrO MaTepuana ObLIM HCIOJIbh30Ba-
Hbl OCHOBHBIC OOTaHWYECKHE W3JIaHUS, TaKhe Kak
«®mopa Kazaxcrana» (Onopa Kazaxcrana, 1958),
«Omnpenenurens pacrennit Cpenneit Asum u Ka-
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3axctana» (Begenckwii, 1971), u «Mmiroctpu-
pOBaHHBIM omnpenenurens pactreHuil Kazaxcrana»
(MnmrocTpupOBaHHBIN  OMPECIUTENb  PACTCHUI
Kazaxcrana, 1969). Haspanus Quopuctuueckux
paiioHoB npuBeieHbl cortacHo «diope Kazaxcra-
Hay (Pnopa Kazaxcrana, 1958). Jlarunckue Ha-
3BaHMS PACTCHHI TPHUBEACHBI B COOTBETCTBHU C
Oazamu maHHBIX International Plant Names Index
(IPNI, URL: https://www.ipni.org/) u Plants of the
World Online (POWO, URL: https://powo.science.
kew.org/). Jlnst mocTpoeHust KapThl pacpocTpaHe-
HUS BUJA UCTONb30Bamach mporpamma QGIS 3.28
(https://www.qgis.org/).

3. Pe3yabTaThl HCCI€I0OBAHUS U UX 00CY:KIe-
HHe

Hwxe mnpuBeneH Ki1acCUPHUIMPOBAHHBIA 10
(bnopuctnyeckum paiionam Kaszaxcrana Koncrekrt
OCHOBHBIX HaXx0JI0K (IIpon3pactanusi) upuca Kyma-
KEBUYa, BHIIBJICHHBIX TPU aHAIM3E BBIMICYKa3aH-
HBIX TepOapHbIX (DOH/IOB, AIIEKTPOHHBIX 0a3 TaHHBIX
1 DKCTIETUITMOHHBIX BBIE3/I0B. B pesynbraTe moncka
B 2JIEKTPOHHBIX 0a3ax JaHHBIX ObLIM BBISBIICHBI 110-
BTOPSIOIIUECS HAOTFOICHUS, TI0 TEKCTY MIPUBEICHBI
ocHOBHBbIe Habmonenus. [lo pesympraTam oOpa-
OOTKM TONy4eHHOH MH(pOopMaIMy ObUIO BBISBICHO
npouspactanue Buaa I. kuschakewiczii B yetbipex
(hnopuctnyeckux panonax: 3awmmmiickuii — KyHrei
Anaray, Uy-Wnuiickuii, MoibiHKyMcKkHii, betmak-
JTATUHCKUH.

Touku cbopos no HawuM SKCNEOUYUOHHBIM pa-
bomanm.

Yy-Unuiickuii ¢pnopuctudeckuii paoH: «Aj-
MaTHHCKass o0n. JKamOwbuickwmii p-H, Tamamckuit
OKpYyT, OKOJIO maMaTHuKa TanGanbl. 887 M Ham yp.
M., N43°48°10» E75°32°06» b. b. Ocmonanu. 9 IV
2017» (AA).

Sannmiickuii — KyHreii Anarayckuii ¢prnopuctu-
YecKuil paiioH: «AnmaTtuHCcKas 0071. KaMObUTbCK Ui
p-H, 1 kM fo’kHEe mocenka CamMchl, BOTU3H (a3eHIbI.
809 M Hag yp. M., N43°18°16» E76°06°50» b.b. Oc-
monamu. 9 IV 2017»; «AnMaruackas o0m., JKam-
OBLILCKHIA p-H, 3,3 KM BbIIIe OT c. Jlerepec. 1074 m
Hag yp. M., N43°16°19» E75°46°49» b.b. Ocmona-
au. 14 1V 2021»; «AnmaTtunckas o0i., JKamMObLIb-
ckuil p-H, 1,5 kM BoctouHee ot c. llluen. 1144 m
Ham yp. M., N43°09°05» E75°53°49» Bb.b. Ocmo-
Hamu. 14 1V 2021»; «KamObuibckast oo, Kopraii-
CKul niepeBal, B 1 kM oT Tpacchl A-2. 949 M Hax yp.
M., N43°16°47» E74°49°56» b.b. Ocmonanu. 10
IV 2022»; «3anagHas OKOHEYHOCTh 3aMJIMMCKOrO
Anaray, Xam0puickas 00:1., Kopmaiickwmii p-H, Kop-
naiickuil mepesai, Ha crycke. 1070 M Hag yp. M.,

N43°22°60” E74°46°32” b. b. Ocmonanu, I'. K. My-
xamui. 13 1V 2024y.

Jannvle, npedcmasnennvie 6 eepbapuvix Qom-
odax AA, MW, LE, TASH, K, NY, MICH, u UFbP.

Uy-Unuiickuit dnopuctudecknii paiton: «Uy-
WNnuiickue ropbl. KaMeHUCTBIN CKIOH YILIENIbS P.
Yoxknap 6sm3 cr. Yoknap. A. A. Amutpuesa. 07 V
1936» (AA); «Uy-Unuiickue topsl. llleOHMCTHIC
Oyrpbl 1 KaMeHUCTasi paBHUHA O05u3 cT. Yokmap. A.
A. Imutpuesa. 27 IV 1937» (AA); «Uy-Unuiickue
ropsl. KaMmeHucTsle BepmHBI TOp OJHM3 CTaHIMH
Yokmap. A. A. Jmutpuena. 28 IV 1937» (AA);
«AnMaaT.00J., KaMEHUCTBIE I0KHBIE CKIOHBI YUy-
Wnwmiickux rop 3a ct. Otap. LIB.6mexHO-romyOBIe
¢ 4yepHbIM msATHOM Ha otrube. H. B. IlaBmos. 22
VI 1939» (MWO0816701); «Anmaar.o0u., meOHH-
CTBIE KpacHbIe OyTphl B IipeAropbsax Yy-Mnuiickux
rop 6mu3 cr. Yoknap. H. B. ITasmnos. 23 IV 1939»
(MWO0816698, MWO0816699); «Uy-Wnuiickue
ropel. Xpebder Ak-Tac (k c-B ot moc. KpacHorop-
ckoro). Ha 10)HBIX KaMEHUCTBIX CKJIOHAX CpeaHen
nostockl Top. B. I1. I'omockokos. 25 V 1942y (AA);
«Hy-WUnuiickue ropsl. ITnaro mexnay p.p. Hoknap u
Kep-bynakowm. IlleGHnCTBIE CKIOHBI M MPEITOPbHs.
B. B. ®ucron. 20 IV 1946» (AA); «Yy-Unwuiickwuii
p-. l'opel YH-rypnu, okono ayna YH-Typau. FOx-
Hbl ckioH. B. B. @ucion. 31 111 1947» (AA); «Yy-
Wnwniickue ropsl. B. II. bouannes. 23 IV 1949y
(TASH); «Yy-Wnwmiickue ropsl. 'opku Kapamarso.
[TnarooOpa3nast BepiunHa ckioHoB. A. O. Opa3oBa,
B. B. ®ucron. 16 IV 1976» (MW0816700); «Yy-
Wnuiickue ropel. [N'opku Kapamarsui, Ha 3amnaj-
HOM IneOHHCTO-KameHucToMm ckione. A. O. Opa-
30Ba, B. B. ®@ucton. 16 IV 1976» (K002930391,
NY04354437, MICH1723183, LE 01236881, LE
01236885); «Uy-Unuiickue ropsl B 60 KM ceB.-
3arn. Orapa, no gopore OTtap — AKCyeK, CKJIOHBI
com. JL.M. I'pymsunckas. 01 VI 1979» (AA); «Adx-
Ma-ATtuHcKas o601, Yy-Unuiickuii ropHbBI Mac-
cuB, ropa Tamnaimoxksl. JI. M. I'pynsunckas. 02
VI 1979 (AA); «Uy-Unuiickue TOpsl. AHpaxai.
r. Apaxoit. b.A. Bunrepromiep. 20 V 1980» (AA);
«Anmarunckas 001. KypTuHckoe BogoXpaHWInIIE.
3a moctoM. N43°52°51,2» E76°19°39,0» I'. M. Ky-
nabaesa. 04 IV 2017» (AA); «Uy-HUnuiickue ropsl.
17 xm ot moc. Kapabacray no crapoit Kaparanaun-
CKOM1 Tpacce, BriryOb MaccHBa, 10 KAMEHHUCTHIM BbI-
xonam. I1. B. Becenoga. 09 IV 2017» (AA).

3annuiickuii, — Kynreit Anarayckuii Gpruopuctu-
yeckuii paiion: «Kypmaiickmii mepeBan. A.A. Kyma-
kesud. 31 III 1877» (LE); Kypmaiickuii mepeai.
A.A. Kymakesuu. 20 111 1879» (LE); «Kypnaiickuit
nepeBai. yml. Bemme nepeBana ct. Kypmaii. Le6H.
ckionsl. B. C. Tutos. 29 IV 1920» (LE 01236884);
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«Bepuenckuit y. Mexny Camcy u Topramnom. FOx-
Hele ckionbl. B. C. Turos. (Onp. I'. JIazkos 2015)
27 1V 1920» (LE 01236882, LE 01236883); «3a-
mniickuii Anaray. ['opel Croratel. M. I'. Tlomnos.
19 V 1937» (AA); «Xpeber Typaiireip, Ha me6-
auctom ckioHe. A. C. Jlazaperko. 19 IV 1942»
(AA); «Bocrounas yacte xp. Typaiireip. Kamenn-
cteie ckoHbl. C. A. ApeictanranueB. 29 V 1956»
(LE 01236888); «AnmaTtunckast o6i. 1-2 KM BblIIIe
nocenka CaMCbl, KaMEHHCTO-IICOHUCTBIN CKIIOH.
N43°15°41.73» E76°06°26.37» A. A. HBameHko.
27 11 2016» (MBBP), «Anmarunckast o6in., Enoe-
IMKa3aXxCKUi p-H, B 3 kM oT ntoc. Hypisl, ropst bo-
retel. N43°38°31.6» E78°39°08.9 A. TypceHOaid.
24 111 2021» (AA).

bernaknana: «lOxHast oxpamna bermak-gana.
Cakcayn-gana. Ha cymecuanoit mouse. A. O. Opa-
30Ba, B. B. ®ucton. 24 IV 1976» (AA).

Habniwoodenuss 6 snexmpounvix  niamgopmax
GBIF, iNaturalist, Plantarium:

Uy-Unwuiickuit uopuctuueckuii paiion: «Uy-
Wnuiickue ropsl, yp. Tamraisl, cyxoi meOeHUCThII
ckioH. B. I'. Dnukreros. 31 111 2007» (Plantarium);
«MOMBIMKYMCKUH p-H, TOpHl XaHTay, IEOHNUCTOE
obHaxxenune B crenu. 1. TopOynos. 15 IV 2015»
(Plantarium); <« KamOpiickas 06m., Yy-Wnmiickue
rOpbl, KaMEHHCTBIH XOJM, TOAHOXHE, MHIeOHH-
creie cyrnmuaku. 03 IV 2022. U. B. EBnoxumoB»
(Plantarium); «XamObIICKHi palioH. c. ['OpHBIH.
E. MypasséBa. 31 III 2024» (GBIF, iNaturalist);
«KamoOpuckuii paiion. KypTunckoe BogoxpaHuin-
me. A. B. Jlyosraun. 2 IV 2024y (GBIF, iNaturalist);

«AnmartuHckas ooin., Uy-Unuiickue ropsl, yp. Tam-
rajbl, 3aJIEpHOBAHHBIN KaMEHUCTHIN CKIIOH. B. ITaH-
kparoB. 1 IV 2024y (Plantarium); «EnOekmmka3zax-
ckuil paiton. Yapem. E. U. Kupuuok. 4 IV 2024»
(GBIF, iNaturalist).

Sannmiickuii — Kynreit Anarayckuit gprnopuctu-
yeckuil paiion: «KamObuickuii p-n. N43°16'43"
E75°47'32" B. I'. Qnukretos. 23 IV 2006» (GBIF);
«CeB. Tanp-lUlanb, xp. Topaiirelp, mep. Anaca.
B. Kon6unnes. 20 IV 2011» (Plantarium); «An-
MaTHHCKas o0i., Mimiickuit p-H. N43°50°33.0»
E76°21°14.7» O. A. CuBokons. 7 IV 2024» (GBIF,
iNaturalist); «AnmarmHckas 00m., Mimiickuit
p-H. N43°49°25.8» E76°21°32.7» JI. Abpamosa.
9 IV 2024» (GBIF, iNaturalist); «KamObuickas
o0in., mep. Kopnaii, kaMeHHCTass BEpIIMHA COIKH.
N43°16°42.0» E74°51°23.0» B. I'. Konbunues. 10

IV 2022» (Plantarium).
MoHBIHKYMCKHI (pIIOPUCTUYECKUI paiioH:
«MOUBIHKYMCKHIA p-H, N44°47°12.5»

E73°12°05.5» . Anmubekos. 12 IV 2024» (GBIF,
iNaturalist); «MoWbIHKyMCKHI P-H, N44°49°30.5»
E73°15°51.8» A. I'. Kanrenkuna. 14 IV 2024»
(GBIF, iNaturalist); «MoiibiHKyMCKu# p-H. XaHTay.
N44°45°47.4» E73°17°44.7» C. A. KyGenraes. 12
IV 2024» (GBIF, iNaturalist).

ITIpoBenennsblil aHaIM3 MTO3BOJIUII BBISIBUTH T'ep-
OapHbIe KOJUIEKIIMU C OTHOCHTEJIBHO OOJIBIIMM KO-
JTUIECTBOM repOapHBIX TUCTOB 1. kuschakewiczii. B
tabnuie 1 npuBeneHa HHPOPMAIHS M0 KOJTUYECTBY
BayuyepoB MO repOapHbIM KOJIIEKIUSIM U OCHOBHBIM
HaOIIOACHHSM TI0 DJICKTPOHHBIM 0a3zam.

Tadomuma 1 — KommuectBo BayuepoB Buna Iris kuschakewiczii 1o rep6apHBIM KOJUIEKIUSIM M OCHOBHBIM HAOJIOJCHUSIM I10 JJIEK-

TPOHHBIM 0a3am

DiopucTHYECKHUI palioH
I'epdapuasi kosuteknms / PO — Beero:
JIeKTPOHHAs 6a3a Yy-Unniickuii Kysreii Anaray MoiibIHKyMCKH Bernaknana
AA 11 3 1 15
MW 4 - - 4
LE 2 6 - 8
TASH 1 - - 1
UBEP - 1 - 1
K 1 - - 1
NY 1 - - 1
MICH 1 - - 1
GBIF, iNaturalist 3 3 3 - 9
Plantarium 4 2 - 6
Bcero: 28 15 3 1 47
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Crenyer OTMETHTBH, YTO IOCJE IEpPBOHAYAIb-
Horo otkpeiTus Buna A. A. Kymakesuuem B 1877
rofly, a TaKke ero MOBTOPHOrO OOHApYXKEHUS B
1879 rony, repbapHbIe KOJIICKIIUU HE TIOMOJHSUIIACH
HOBBIMH oOpasramu 10 1935 rona.

BoNbIIMHCTBO ~ MpOaHANM3UPOBAHHBIX  Tep-
OapHBIX JIHCTOB B PA3IMYHBIX TrepOapHbIX (QoHIax
(AA, MW, LE, K, NY, u MICH) 6pum1 coGpaHbI
A.O. Opa3zopoii u B. B. ®ucron u nepeians! B KO-
yecTBe HecKoabKuX aucToB. JJo 1980 roma st kou-
JIEKIIMA aKTUBHO TIOMIOJHSJIMCH, B HACTOSIIEE Bpe-
Msl HOBbIE 00pa3Iibl J00ABISFOTCS KpalHe penko. B
yKa3aHHBIX AJICKTPOHHBIX 0a3aX JaHHBIX, TAKHX KaK
GBIF, iNaturalist u Plantarium, npeacraBieHbl TO4-
Hble KoopauHaThl U Qororpaduu I. kuschakewiczii,
YTO TMO3BOJISET IPOBECTH MOUCK M COOP HOBBIX IOITY-
TSI /711 TTOCTIE Y OIIETO TeHETHIECKOTO aHaJN3a.
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[IpoBeneHHBIN BBILIE AHATU3 MO3BOJISIET yTOY-
HUTH TIPEJICTABJICHWE O HAMOOIBINEH KOHIICHTpa-
uuu pacnpoctpanenust . kuschakewiczii B Yy-
WnwmiickoM QuiopucTUdeckoM paiioHe, a TaKxke
MOTBEPKIAIOT €T0 MPOU3PACTAHHUE B ITEPEXOTHON
30HEe, MpUMBIKatoed kK MoWbIHKyMCKOMY (ropu-
CTUYECKOMY palioHy, a HE B MpeJenax caMmoro pam-
ona (Pucynok 1). K Tomy ke ObUIO OTMEUYEHO, YTO
M3y4aeMblid BUJ BXOJUT B TEPPUTOPUIO bernakna-
JUHCKOTO (hIoprcTHYecKoro paiiona. Creayer BbI-
JIEIATH, 9TO, COTJIACHO (DYHIaMEHTAIbHOM CBOJKE,
«Omnpenenurens pacrenuit Cpemgneit Aswumy», naH-
HBII BUJ oTMedaetcst u st Kuprusckoro Anaray
(BBemenckwmii, 1971), HO W3-3a HemocTaTKa IIOI-
TBEPXKIAIONINX JUTEPATYPHBIX U TepOapHBIX JaH-
HBIX, JAHHAS TEPPUTOPHS HE ObLIA BKIIFOUYCHA B HAIII
aHaIN3.
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Pucynox 1 — Kapra pacnpocrpanenus Buaa Iris kuschakewiczii na Teppuropun Kasaxcrana
COIIACHO TPOAHATN3HPOBAHHBIM repOaPHBIM U SKCIISAUIIMOHHBIM JIAHHBIM



A.A. AnmxaHoBa u 1ip.

OTHOCHUTEJIEHO 3KOJIOTHYECKOW MPUYpPOUYCHHO-
cTH 110 oTHOMIeHu o K Boie (I"opsimmnaa, 1979; Kynb-
THsAcOB, 1982) — BUJI OTHOCUTCS K ME30IIeTpOhUTaM
—pacTeT Mo mEeOHNUCTHIM CKJIOHAM U IUIOIIAaIKaM, Ha
KPAaCHOLBETHBIX IIMHUCTBHIX Oyrpax B HPEATOPbsX.
ITo kmaccudukanuu Paynkuepa (Raunkizer, 1937)
BUJI OTHOCUTCS K TEOKPUNTOPUTAM, Y KOTOPBIX IPH
HeOJIaronprsTHOM CE30HE ITI0YKH BO30OHOBIICHUS U
OKOHYaHUsI TIOOETOB HaXOATCS O] 3eMJIeH Ha He-
KOTOPOii TiyOHHe.

L kuschakewiczii MOXeT OBITH OTHECEH K TOp-
HOJICCHOMY TIOSICY, KOTOPBIH SIBISICTCS HUKHUAM
YPOBHEM BBICOTHOMH MOSICHOCTH B TOPax YMEPEHHO-
ro nosica. Taxke Npu JUAarHOCTUKE JaHHBIX MOX-
HO CJ/IeNaTh BBIBOJI O TOM, YTO ATOT BHJ| pacTeT Ha
BbicoTe 410-930 M Hayx ypoBHEM MOpsS B HMIKHUX
CKJIOHAaxX TIOp, IIOCKOJbKY OCHOBHas Macca rep-

OapHBIX JTUCTOB ObUIAa HaiifieHa B 3TOM BBICOTHOM
muarasone. Takum 00pa3oM, BBICOTHBIM MHTEpBAT
MecTtooOuTaHuii 3anuMaet 520 METpoB, YTO YKa3bl-
BaeT Ha OTVINYHME OT PE3yJIbTATOB MCCIIENOBAHNUSA 1.
kuschakewiczii B8 Uy-WUnuniickux ropax, rjie BbICOTa
ykazpiBaetrcst 700—1000 m Han ypoBHem mops (Ko-
kopesa, 2013). Mcxoast u3 3TOro, MOXHO TPEAIo-
JIO)KUTb, UTO Ha Teppuropun Yy-Mnuiickux rop Bua
pacrosioraercs BbIlIe, YeM B IPYTHX MeCTaxX Mpou3-
pacTaHusl.

Ha ocHoBe ananusa repOapHbIX MaTepHalioB U
COBPEMEHHBIX JMTEPaTyPHbIX JAAHHBIX YCTaHOBJIE-
HO, 4uTO /. kuschakewiczii He ABISIETCS YHIEMUKOM
KaszaxcraHna, Tak Kak €ero OCHOBHOH apeail OXBaTbl-
BaeT Takxke Tepputopuro Pecryonuku Keipreizcran,
YTO MOATBEPkKAAIOT pe3yibTarhl A. CeHHUKOBa U
coaBTopoB (Sennikov, et al., 2023).

Pucynok 2 — Mopdosoruyeckast ”3MEHUYUBOCTh OKPACKU LBETKA BUAA [7is kuschakewiczii
B IPUPOHBIX Honysisiiusix XKamOblUIckoro paiiona AjMaTtiHHCKON obacTu: A — (HOJIETOBBII;

B — cBetno-duonerossrit; C — 6ensrit; D, E — 6eno-duonerossrit; F — 61enH0-3eneHbIi
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W3BecTHO, YTO MIpENCTAaBUTEIN 3TOTO Poja Jie-
MOHCTPHPYIOT yIUBUTEIFHOE pa3HOOOpa3ne okpa-
COK LIBETKOB — OT YPE€3BBIYANHO TEMHBIX, IIypIyp-
HBIX, (DMOJIETOBBIX M PO30BBIX 0 JKENTHIX U OEIBIX
(Roguz, et al., 2020). O0BsicHSIETCS ATO BO3MOXKXHON
CBS3bI0 C IIUPOKHM MOP(OJOTHYECCKHM Pa3HOO-
OpasueM, OIbUICHUEM U TIPOU3BOJICTBOM HEKTapa, a
Takke cpenoit oouranus (Roguz, et al., 2020). Bo
BPEMs HAlIMX SKCIICAUIIMOHHBIX BBIC3/10B ObLIH 00-
HapyKCHBI PAaCTCHUS C PA3IMYHON OKPACKOW IBET-
KOB 3TOT'0 BHJA, OT (DHOJIETOBOTO 10 O€I0T0 U OIe-
Ho-3eneHoro (Pucynok 2). Tak, paznuuHblii OKpac
LIBETKOB OBUT OTMEYEH B pacTeHusix Jlerepecckoii
momyisin - (JKamObUICKwiA paiioH, AJMaTHHCKAS
obnactb, Pucynox 2). 1o Bcelt BuaMOCTH, pa3HOO-
Opasue OKpacKH I[BETKOB B Pa3IIUYHBIX MOMYJISIHSIX
JTAHHOTO BHU/Ia MOKET OBITh HCIOJIF30BAaHO B Kaye-
CTBE MOZEJIBHOIO NIPU3HAKA U1 U3YUYCHUs BHYTPU-
BUIOBOTO pasHooOpasust . kuschakewiczii. Taxxe,
COOpaHHBIM MaTepual CBUIECTEIHCTBYET O HEOOXO-
JIUMOCTH W3y4YeHHUs] FeHETUYECKOI0 pa3sHOO0Opasus
U OTpEACNCHUs] TEHETHYECKON CTPYKTYpPBI TIOITY-
nsit 1. kuschakewiczii Ha OCHOBE HCTIONB30BAHUS
BbICOKOTIOIMMOP(HBIX TUNOB JIHK-Mapkepos

W3BecTHO, 4TO 0OJbINAS YACTh €CTECTBEHHOM
cpenbl ooutanus I. kuschakewiczii cxoxa ¢ apeasom
MPOM3pPACTaHusl Y3KOro 3HIeMuKa [ almaatensis,
BHJIa C COKpAIIAIONIMMCS apeajioM B pe3yJbTaTe
CEIIBCKOXO3SIMCTBEHHOW — TIpakTuku  (MBammeHko,
2005; Kpacnas xuura Kazaxcrana, 2014). Ananus
JUTEPaTyPHOTO 0030pa CBUETEILCTBYET O TOM, UTO
HEKOTOpBIE UCTOYHUKH 0003HaUaroT /. almaatensis
KaK 3eJIeHYI0 BHYTPUBHIOBYIO (GOpPMY HIH KO-
tan 1. kuschakewiczii f. almaatensis, 00bsACHSISI TO
OKpacoM IBETKOB BHJIa C KOPHYHEBBIMU TISITHAMU
(Kokopega, 2013; Sennikov, et al., 2023). Ha pu-
cyHke 2F, oOHapy»eHa OKpacka IBETKOB, KOTOpas
MOX0Ka Ha 1UBeTKU [ kuschakewiczii f. almaatensis,
TO ©CTh IIBETOK JKEJITO-3€JICHOBAThIA C KOpHYHE-

BEIM ISITHOM Ha otrube (Dnopa Kazaxcrana, 1958;
Ikinci, 2011; Sennikov, et al., 2023). Takum oOpa-
30M, TIOJYyYEHHBIC PE3yJIbTAThl CBUIECTEIHCTBYIOT O
TOM, 4TO I. almaatensis SBISETCS BHYTPUBUIOBOI
dbopmoitt 1. kuschakewiczii. JInsg TOXTBEPKICHHS
JIAaHHOTO BBHIBOJA HEOOXOIMMO HCIIOIB30BATH J0-
MOJIHUTEIFHBIC  MOJICKYJISIPHO-(DUIIOT€HETHIECKHE
WCCIIE0BAHNS BHYTPHU HOAPOJA Scorpiris.

3akioueHne

B pesynabTare NpOBEJEHHOrO0 CKPUHHMHTA W
aHanuza repOapusi I kuschakewiczii, Xxpansmmx-
cs B KpPYIHBIX TepOapHbx dormax (AA, MW, LE,
TASH, UBBP, K, NY, MICH), 31eKTpOHHBIX HC-
tounukax «GBIF», «iNaturalisty, «Plantariumy,
JIOCTYIHBIX JIUTEPATYPHBIX IaHHBIX, M pe3yJbTa-
TOB HAIIMX ASKCICAMIIMOHHBIX BBIC3IOB, B OOIICH
CJI0HOCTH OTMEYEHBI 47 MECT MPOU3PACTaHUS W3-
ydaemoro Byaa Ha teppuropun Kazaxcrana. Camas
BBICOKAsl HACBIIICHHOCTh MPOU3PACTAHHS IPUXO-
mutess Ha Yy-Wnmiickuit grnopucTHUecKuil paiioH,
rae ObuTo OOHapykeHO 28 TOYeK MpPOW3pacTaHMUs.
Taxyxe ObLIM OTMEUYEHBI HOBBIE TOUKHU I beTmak-
JTAJTMHCKOTO (DIIOPUCTHYECKOTO palioHa, TJIe PaHee B
repOapHBIX STUKETKAX yKa3bIBaJIaCh TOJBKO KpaifHe
FO)KHAsl 9acTh JIAHHOTO (PJIOPUCTHUECKOTO paiioHa.
OO0HapyKeHHasl W3MEHYMBOCTh OKPACKU IIBETKOB
1. kuschakewiczii, cnopHas MEXBHUIOBas CBS3b 1.
kuschakewiczii n I. almaatensis TpeOyeT naibHEH-
IIETO WCCIICJIOBAHUS C HCIOJIH30BAaHHEM MOJIEKY-
JISIPHO-TEHETHYECKUX METOJIOB.

HcrouyHuk (puHAHCHPOBAHUSA

JlanHast cTaths ObUIAa TOJATOTOBJCHA B paMKax
rpanToBoro mpoekrta AP23483825, ¢unancupye-
Moro MUHHCTEPCTBOM HAyKH W BBHICIIEro 00pa3o-
Banus PecnyOonuku Kaszaxcran (2024-2026).
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CEMEMAIH KAPAFAMAbI OPMAHBIHAA OCETIH KbIHAAAPADIH,
TAKCOHOMMUAADBIK BIPAIKTEPIH 3EPTTEY

Kasipri kesae KAMMATTbIH ©3repyiHiH >kep 6eTiHAeri >kaHyapAap MeH eCiMAIKTepre TWriseTiH
acepi eTe >ofapbl. Ocipece, OYA Tipi OpraHM3MAEPAIH CaHblHbIH LIEKTEAYi, >XOMbIAYbl HEMece
LIEKTEH TbIC KOOI, SFHWN, SKOAOTUSIABIK, JKYMEHIH Terne-TeHAIrHIH 6y3bIAybl CUSIKTbI (DAKTOPAAPADI
TyAblpaabl. OcbiFaH opai, KasakcTaHHbIH 6apAblK aiMak TapbiHAA (DAOPAAbIK, XKaHe hayHaAbIK, 3epTTey
>KYMbICTapbIH XXYMEAI TYPAE XKYPrisy eH 6acTbl MIHAETTEPAIH 6ipi 6OAbIN TabbIAAAbI.

byA Makanapa Abai 06AbICbiHA KapacTbl, EpTic ©3eHiHiH >araAayblHAQ OpHaAackaH Kaparaiabl
OpMaH aAKanTapblHAAFbl KOHbBICTAHFAH KbIHAAQPABIH TYPAIK Kypambl, TipWiAik dopmacbl MeH
3KOAOTUSICb, KE3AECY XMIAIKTEPIHE BANAAHBICTbI 3€PTTEY >KYMbICTAPbIHbIH HOTUXKEAEPi GepiAreH.

3epTTey >KYMbICbIHbIH HETi3ri MakcaTbiHa Kaaimri kapararn (Pinus sylvestris L.) opmaH aAkanTapbiHbiH,
GeAriai 6ip arMakTapblHAAFbl KblHA TYPAEPIH aHbIKTan OTbIPbIN, OAAPAbIH OMOAOTUSIAbIK, KOHE
3KOAOTUSIABIK, epeKLLEAIKTEPIH KApacTbIpy.

AAbIHFaH aliMaKTa TYMKIAIKTI 3epTTey >KymbICTapbl 44 XblA OypbiH >KyprisiareH. OcbifaH opan,
KaparanAbl OPMaHHbIH HEri3ri eCiMAIKTED BIPAECTIPIH KypanTbiH, OPMaH 3KOCMCTEMACbIHAA HETI3I POA
aTKapaTbiH KblHAAAP 3epTTey 0ObeKTICi PeTiHAE aAbIHADI.

Kesaecy >XuiAiKTepiH aHbIKTay APyA€e WKAAACbIMEH, KbIHA TYPAEPIH aHbIKTay aHbIKTaFbILLTAP XKOHe
CKaHepAiK MMKPOCKOM K&MEriMeH aAblHFaH (hOTOCYpeTTEPAI KOAAAHY apKblAbl >KY3€ere acbIpbIAABI.

3epTTey  KYMbICbIHbIH ~ MakcaTbiHa — carikec, Cemeit-bopoayanxa  6afFbITbiIHAQFbI  OpMaH
LIapyalUbIAbIKTApblHAQ ©CETIH KbIHAAAPAbIH 5 TykbiIMAAcka OGipikTipiareH, 7 Tybicbl MeH 15 Typi
AHbIKTaAAbl. JKOAOTMUSABIK, epeKLlleAiKTepiHe Kapan 7 Typ 3nuduTTi, 8 Typi anureiai Typ petiHAe
aHbIKTAaAAbI. 3epTTey >KYMbICbIHbIH, MaHbI3AbIAbIFbI Ka3akCTaHHbIH, €H ipi OpMaHbl PeTiHAE GeAriAi
KaparainAbl OpMaHHbIH (DAOPaCbIHbIH Heri3iH KypanTblH KbIHAAAPABIH TYPAIK KypamblH aHbIKTak
OTbIPbIMN, SKOAOTMSABIK, 6ara 6epy.

TyiiH ce3aep: CemenaiH KapararAbl OpMaHbl, KbIHAAAP, 3MUMUTTI KbiHAAAP, ANUrenAi KblHaAap,
Cladonia rangiferina.

A.Zh. Zhumaniyazova'*, B.M. Silybayeva?, Zh.T. Bukabayeva?,
N.S. Kunanbayeva?, A.N. Anuarbekova?
Sarsen Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan

2Alikhan Bokeikhan University, Semey, Kazakhstan
*e-mail: aiko-13.10.92@mail.ru

The study of taxonomic units of lichens growing
in the pine forests of the city of Semey

Currently, the impact of climate change on animals and plants on Earth is very great. In particular,
this causes factors such as limitation, extinction, or an excessive increase in the number of living organ-
isms, that is, an imbalance in the ecological system. In this regard, one of the main tasks is the systematic
conduct of floristic and faunal studies in all regions of Kazakhstan.

This article presents the results of research depending on the species composition, life form and ecol-
ogy, and the frequency of occurrence of inhabited lichens in the pine forests of the Abai region located
on the banks of the Irtysh River.

The main purpose of the research work is the common pine (Pinus sulvestris L.) to consider their
biological and ecological features with the identification of lichen species in certain areas of woodlands.

The final research work in the acquired region was carried out 44 years ago. In connection with this
research object, lichens were obtained, which make up the main plant unit of the pine forest and play a
major role in the forest ecosystem.
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CeMeiiniH Kaparailiibl OpMaHBIH/IA ©CETiH KbIHAIAPABIH TAKCOHOMHUSUTBIK OipIIKTEPIiH 3epTTey

The frequency of occurrence was determined using the Drude scale, the types of lichen were deter-
mined using detectors and photographs obtained using a scanning microscope.

In accordance with the purpose of the research, 7 generas and 15 species of lichens have been
identified, grouped into 5 families growing in the Semey-Borodulikha forestry sector. Depending on the
ecological features, 7 species were identified as epiphytic, 8 species as epigeal. The importance of the
research work is to provide an ecological assessment with the determination of the species composition
of lichens that form the basis of the flora of the pine forest, known as the largest forest in Kazakhstan.

Keywords: Pine forests of Semey, lichens, epiphytic lichens, epigeal lichens, Cladonia rangiferina.
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MN3yyeHne TaKCOHOMUYECKUX eAUHUL, AULLIAMHUKOB,
npouspacTtaroLmMx B COCHOBbIX Aecax Cemes

B HacTosilLee Bpems BAMSIHME M3MEHEHMs KAMMaTa Ha >KMBOTHbIX M pacTeHMs Ha 3eMAe OYeHb Be-
AMKO. B yacTHOCTM, 3TO BbI3blBaeT Takue (haKTOpbl, Kak OrpaHUYeHue, BbIMUPAHUE UAM Upe3MepPHOoe
YBEAMYEHME KOAMYECTBA KMBbIX OPraHM3MOB, TO €CTb HapylleHue GaaaHca S3KOAOTMUYECKOM CUCTEMbI.
B aTOI CBS3M OAHOM M3 FA@BHbIX 3aAau4 SBASETCS CMCTEMATMYecKoe NpoBeAeHne (PAOPUCTUYECKMX U
hayHUCTUUECKMX MCCAEAOBAHUI BO BCex pernoHax KasaxcraHa.

B AaHHOW cTaTbe NMpeACTaBAEHbl Pe3yAbTaTbl MCCAEAOBAHWMIA B 3aBUCUMOCTU OT BUAOBOIO COCTa-
Ba, (POPMbI XKM3HM M IKOAOTMM, YAaCTOTbl BCTPEYAEMOCTM 3aCEAEHHbIX AULLANHMKOB B COCHOBbIX Aecax
Abaiickoi 06AaCTH, PACMOAOXKEHHbIX Ha 6epery peku MpTbill.

OCHOBHa$ LeAb MCCAEAOBATEALCKOM PaboTbl — cocHa 06bikHoBeHHast (Pinus sulvestris L.) paccmo-
TpeTb UX BUOAOTMUECKME 1 FIKOAOTMYECKME 0OCOBEHHOCTHM C ONPEAEAEHNEM BUAOB AULLANHMKA B OMNpe-
AEAEHHbIX 30HaX AeCHbIX MaCCHBOB.

OKOHUaTeAbHbIE MCCAEAOBATEALCKME PabOThl B NMPUOBPETEHHOM pervoHe ObiAM MPOBEAEHbI 44
rosa Hasaa. B cBsi3u € 3TUM OOGBEKTOM MCCAEAOBAHUS ObIAM MOAYUEHb! AMLIANHMKM, COCTABASIOLLME
OCHOBHYIO PaCTUTEAbHYIO €EAMHMLYY COCHOBOIO A€Ca, UrpaloLLiMe OCHOBHYIO POAb B 9KOCUMCTEME Aeca.

OnpeaAeAeHre YacTOT BCTPEYaeMOCTH OCYLLLECTBASIAOCH C MOMOLLbBIO LLKaAbl ApyAe, ornpeaeseHne
BMAOB AMLLAMHMKOB MOMOLLbIO orpeaeAnTeAeit n poTorpadmit, MOAYUYEHHbIX C MOMOLLBIO CKAHEPHOTO
MMKpOCKona.

B cOOTBETCTBUM C LEALIO MCCAEAOBATEABCKOM PAabOThl OrpeAeAeHbl 7 poAOB 1 15 BUAOB AuLLaii-
HMKOB, 06 bEAMHEHHDBIX B 5 CEMENCTB, Npom3pacTalolmx B AecHmuyectBax CemunaratuHcko-bopoayAn-
XMHCKOrO HarnpaBAeHUs. B 3aBUCMMOCTM OT 3KOAOTMUECKMX OCOOGEHHOCTEN 7 BUAOB ObIAM OMpeAeAe-
Hbl KaK 3nuMUTHbIE, 8 BUAOB-KAK 3MnureiiHble. BaXXHOCTb MCCAEAOBATEABCKOM PaBGOTbl COCTOUT B TOM,
4TOObl AQTh 3KOAOIMYECKYIO OLIEHKY C ONPEAEAEHNEM BUAOBOIO COCTABA AMILIANHUKOB, COCTABASIIOLLMX
OCHOBY (PAOPbI COCHOBOIO A€Ca, M3BECTHOI0 Kak KpyrnHenwwmin aec KazaxcraHa.

KAtoueBble caoBa: cocHoBble Aeca Cemesl, AULLAMHUKA, SNMUMUTHbIE AULLIAAHUKM, SMNUreliHble An-
warHuku, Cladonia rangiferina.

Kipicne

Kazakcranupin IIpiFpic  aliMarbiHgarel  Ep-
TiC ©3eHiHIH JKaFachlH/Ia Ti30eK TY3il OpHallaCKaH,
JKaNmbl ayAaansl 662 167 rekrap xep KOJiMiH abli
xatkaH Kaparaiiapl opmaH, €H ipi OpMaHIapAbIH
Oipi OombIm caHanmaabl. Kaparaiiiapl opMaHia HETi3ri
opman Ty3eTiH Konimri kaparaii (Pinus sylvestris L.)
apacbIHJa TaJl, TePeK, KalblH, YHEeHKI, HIbIpIa, 10J1a-
Ha XoHe T. 0. CYPEeKTi oCiMIKTEp TYpIEPiH Ke3eCTi-
pyre 6omaner. ConsiMeH Kartap, Kaparaiiinsl opman-
HBIH TOIBIPAFbI KYMJIBI, JKapbIK OpMaHIap KaTapblHa
KaTaThIHABIKTAH, OYJI Keple OCETiH KOFapbl CaTbl-
JIBIFBI TYJII1 ©CIMIIKTEp OipiecTiKTepl *KyTaH OOJbII

kenemi. Illenrecin ecimmikTep apachlHAa ICAMMO-
¢dutTep TomTapsl Kui Kezaeceai. TOMEHT1 caThlaaFbl
OCIMIIKTEep/IiH apachlHa KeH TaparaH TONTAPbIHBIH
KaTapblHa CaHBIpayKyJIaKTap, KbIHAJIAP TONTAPHI JKa-
Taabl. bynapnaein apaceiga Cemeill aiimarbiHia op-
HaJlaCKaH Kaparaiyibl OpMaH ajlKanTapblHIa Tapai-
FaH, eciMiKTep OipJecTIKTepiHiH HETi31H KypalThiH
KBIHA TYpJiepi 3epTTey OOBEKTICi pPeTiHIC albIHJIBI.
OcpbIFan 0aiyIaHbICTBI, MAPIIPYTThI KCIEIULNS Ke-
3inge Cemeil- bopoaynnxa GarpIThIHAA OpHAJIACKAH
Kaparaiibl OpMaH/1a ©CETiH SMUPHUTTI KOHE TUTESH-
J1i KbIHA TYPJIEpi *KUHAKTANbII, aHbIKTaAbL. JKnuHam-
FaH KbIHAIAPBIH OMOJIOTHSUIBIK )KOHE SKOJIOTHSITBIK
epeKIeINiKTepl Oepiii.
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Oj1edneTKe MOy

Kazakcran PecnyOnmkaceiabsig «Epexine kop-
FaJIaThIH TAOMFU aliMak» 3aHbIHA coiikec beren, bo-
ponynuxa, bexebaii, Jlonon, XKanacemeii, Kapma,
Kanonepka, Moposos, HoBomryn6i «Cemeit opma-
HbD» (1997 k.) MEMJIEKETTIK OpMaH TaOUFH pe3ep-
BaTbiHA KocbUIFaH [1]. Kazakctanuwsin Kaparailnbl
OpMaH/apsl Typallbl 3epTTey >kymbicTapbl 1950-
2018 »xpuIIAp apalbIFBIHAA JKYPTi3iTiN, JKaybIH-
IIANIBIHHBIH KO MeJIIIepae TYCyl MEH TeMIiiepa-
TypaHBIH KOFapbUIayblHa OaiIaHBICTHI KahaHIBIK
JKBUTBIHY IbIH ocepineH Komimri Kaparaiinsix (Pinus
sylvestris L.) ecyiniH apTkanb! OaiikanraH [2].

3epTTey KYMBICHIHBIH HeTi3ri Makcarbl: Cemeit
KallaChIHBIH ipreciHae opHamackan Kaparaiimap
(Pinaceae) TykpIMIachiHa >kaTaThiH Komimri ka-
paraii (Pinus sylvestris L.) opman ankanrapsiaia
TapajfaH KbIHANAPJBIH TYPJEpi, KOOSO KOJIJIaphl,
Tapaiy apeaniapbl, Ke3/Iecy KHUIUTIKTepiH 3epTTey.
Bronorusnelk, xKoHE AKOJOTHUSUIBIK EepEeKIICTiKTe-
piHe OaiTaHBICTHI KbIHAJAp HETI3iHEH jkep OeTiH-
Jie KeHIHEeH TaparaH eCIMIIKTEep TONTapbIH Kypaii-
IIbl. BynmapIielH IeHe KYPBUIBICHI, KOOEI0 JKOJIIaphl,
KOPEKTCHYiHE OailJIaHBICThI ©31HJIK ©3releiri
Oap ecimuikTep peTiHAe KapacThlpbuiaabl. COHFBI
KbUIIapAarel 0acbuibiMaapaa KasakcranubiH ¢uio-
pachliHa KeIHATApABIH Oenriii Oip Omommapraa Ko-
HBICTaHybl MEH OJIapJIbIH Ka3ipri skep OeriHae 0o-
JIBITT JKAaTKAH KJIMMATTHIK, e3repicTepre OerdiMenyi,
TapanxyblHa OalIaHBICTBl HAKTBUIBI JEPEKTEep a3
ke3neceni. KazakcraHHBIH OapiiblK aiiMakKTapbIH-
Jla KOHBICTAaHFaH KbIHA TYpJepi, MOPQOIOTHSIIBIK
epeKIIeTiKTepi MEeH Tapaly apeajiapbl Typajbl
1978 xbutbl Gacnaga >kapbeik kepreH E.M.Anapee-
BaHBIH «Ka3zakCTaHHBIH CHOpaJbl ©CIMIIKTEPiHIH
(y1opackl» aTThl aHBIKTAFBIIIBIHBIH JIMXCHOJIOTHSIFa
OaifmaHbICTHI 3 TOMIIBIK KiTaObIHIa OepinreH [3].

KazakcTaHHBIH FajbIMIapPbIHBIH OpMaH aJKar-
TapbhIH/Ia, Bcipece, Kaparaiiibl OpMaHIBI Kepiepe
OCETIH KbIHaNapra OalIaHBICTBI COHFBI JKbUILAAPHI
JKYPTi3UIreH 3epTTey KYMBICTaphlHAa OenTiyi Oip
aliMakTap/a KOHBICTAHFaH KbIHA TYPJIEPi, OJapIbiH
OMOWHAMKATOP PETIHIE KOJJAHYBI KOHE ayblp Me-
TangapAapMeH JlacTaHy JCHIreli KapacThIPbUIFaH
[4]. Ka3akcranna KplHajmap Typasbl 3epTTEY KY-
MBICTapbIHBIH, ~ HOTWXKenepi E.M. AnapeeBaHbIH,
I'.C. AiinapxanoBanbsiH, b.A. TyneyOaeBaHbIH,
H.D. baiibynatoBanbiH, 3. JlxypacBaHbiH, 3. AO-
nypaxuMoBaHbH (1978-1997 x.) eHOexTepiHze
Oepisice [5], a COHFBI )KBULAAPHI )KYPTi3UITeH 3epT-
teynepre A. Hypkenosa, K. T. bykabaeBanbis, [4]
JKYMBICTAPBIH )KaTKbI3yFa 00JIaIbl.

etennik onedueTr Ko3aepiHAE OPTYPIi aybIp
metangapMmet (Fe, Cr, Cu, Zn, Ni, Pb) ayansrq sac-
TaHy JCHI'€HiH aHBIKTAY/1a, KbIHA TYPJIEPiH KOIIaHy
APKBUTBI 3epTTEYIIEp Kypriziirex [6-8].

OpmMman skoxyiecinae SMU(UTTI KbIHATAPIbIH
aJIaThIH OPHBI, OJIAPIBIH 6CY EPEKIIEITITI MEH KONBI-
Ty Kaymi TypaJiel aKnapaTTapMeH Karap, KblHauap-
JIBIH CyOCTpaTTapra KOHBICTaHYbI, TPO(HUKAIBIK Ti3-
OeKTeri MaHbI3IBUIBIFbIHA OaIaHBICTHI TaJnaysap
xacanrad. OpMaH YKOCHCTEMAaChl MEH OHJIAFbI KJTH-
MAaTTBIK ©3TepiCTepAiH KbIHA TYPJIEPIHIH TIPLILTIK
eTyiHe Tikenei acepi 3eprrenren. Kpinamapapl xana
OpTa JKaFmainapbiHa OeHiMjenyiHe OalIaHBICTBI
JIMXCHOMHTUKAIMSUITBIK dKYMBICTAp SMUPUTTI KbIHA-
napabiH keibip (Xanthoria, Physconia) Tysictapsin
KOJITaHy apKbLIBI XKyprizired [9-13].

OcbIFan yKcac 3epTTey KYMBICTapblH/Aa KbIHA-
JApIbIH TiPIIIIK OPTACHIHIAAFEl BUTFAIIBLUIBIK, WH-
COJISIIMS, TEHI3 JEHreHiHeH »OFapbl OpHajacyshl,
KaphlK, aya camachkl MEH KIMMATTBIK e3repicTep-
JIiH ocepiHe Te3IMILIIr xoHe Oenrini Oip Typiep-
IIiH CcaKTaybl Typasbl AepekTep Oepinren. 3eprrey
KYMBICTapblHAa OpMaH TY3C€TiH CYPEKTiI ©CIMJIK-
TepAiH AIHACPIHIE TIPIIUTIK €TCTiH dMUPUTTI KOHE
SMUTrell KbIHAJIApAbIH, OpPMaH KYPBUIBIMIAPHIH
caKTayJarbl MaHBI3bI, OJ aya KypamblH Ta3apTy
KacueTiHe OalIaHBICTBl EKEHMIT KapacThIPBUIFaH.
Ocipece, MIETENIIK TOKIPUOEI JIMXESHOIOTTAPABIH
eHOeKTepiHAe KblHANapbIH TYPIiK KYpaMbl, CaHbl-
payKyJlaKTap MeH OaimbIpiapablH CUMOUO3IBI Tip-
LIUJTIK €Ty epeKIIeNiri, OMOIOTUsUIBIK-3KOIOT USUTBIK,
epeKIIeTiKTepi, TIPIIUTIK eTy opmackl, bediMaey-
LIJTIT Typanbl 3epTTeyepMeH Katap, KbIHaJIap.bl
KOJUTIEKIIMsIAY KyMBICTaphl JKyprizinrex [14-18].

Marepuasgap MeH 3epTrey aaicTepi

Kemanapaeiy Cemeill opMaHbl OMOMIApBIHIA-
FBI TYPJIIK KYpamblH, Tapaly apeangapbl MEH Ke3-
Jlecy OKHIUTIKTEpPiH aHbIKTayFa apHaJFaH 3epTTey
XKyMBbICBI, AGaii 00nbIceHbIH Cemelt — bopomymnu-
xa OaFpITBIHAAFBl OpMaH ajkanTtapbiaaa (2024 x)
XKyprizinani. MapmpyTTsl skcnenunus kesinge, Ce-
Mei opmanbiHbIH Kaparaiinsr opmansl (50° 35517
N 80° 2345 E), barmait opmansr (50°37°05"
N 80°32°56"" E), Kamprmmuako (50° 417317 N 80°
42°05"" E) xone bopomynuxa (50° 44°55"" N 80°
50°19" E) opmaH mapyarmbUIBIKTaphl OpHAJTACKAH
aiiMakTap/aH KplHAJIAp/bIH ChIHAMAaIaphl AJIbIHBI.

MapuipyTThl SKCIIeTUTHSI OapBICHIHIA ATaTMBIIIT
OpMaH MIapyallblIBIKTaphl OPHATACKAH aliMaKTapaa
KOHBICTaHFaH KbIHA TYPJIEPIH 3€PTTEY KYMBICTAPHI
reo00TaHUKANIBIK 3€PTTEY OJICTEpPiH (TYp KYPaMbl,
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CaHbl, Ke3JIeCy )KULTIKTEP1, IKOJIOTHSICHI KOHE T. 0.)
KOJIZaHy apKbLIbI KY3€Te aChIPbUIIBL.

Kaparaiinel opMaH ajnkanTapblHAAa TapajiFaH
KblHanmapAslH ete cupek (Sol), cupex (Sp), xui

(Cop) ete keI (Soc) Ke3/IECETIH TYPIIEPiHIH CaH IBIK
KOPCETKIMITePiH aHBIKTAy T€000TaHWKa/la KEHIHEH
KOJITaHAThIH JIpy/ie mkanachl OOMBIHINA JKYPIi3iiii
[19].

ﬂpueaxa

OMUTpUEBKa HYKTECI

Eoponygwng}gmﬁ ”

spanon’

1-cypet — Cemeii-Bopoynnxa GarbITBIHIAFBI OPMaH alKANTapbIHA
MapUIPYTThl KCHEANINS XKYPri3iireH aiMaKTapablH KapTa-CXeMachl
a) Kaparaiinsl opmansr; 6) barnaii opmanbsl B) Kampimiiko opmanst 1) Bopojynuxa opMaHsl

Kpnanapaer anbiktay ymrin E..AHnpeeBaHbIH
«KazakcTaHHBIH CHOpaibl ©CIMIIKTEpiHiH (iropa-
CbD» aTThl 3 TOMJBIK AHBIKTAFBIIIBI KOJIAHBLIJIbL.
3epTXaHalbIK JKarqaiiiapia KblHAJIApIbl SPTYpIi
xumusiTeIK, epitinainep (KOH 10% xamuit epiTin-
nici, CaCl202 xj10pJibl KalbIU/iH KAHBIKKAH CYJIbI
epiTiHzici) KblHa TYCTEpiHiH 03repy acepine Oaiina-
HBICTBHI KOJIZIAHATBIH OJIIC PETIHJC MaiaiaHbUIIbI
[3].

MapmpyTThl 3KCIEIUIHS Ke3iHIe 3epTTeyre
Ka)KeTTi KbIHA TYPJIEPiH HHICHTH(PHUKAIFIIAYFa ap-
HaJIFaH dJIicTepiH 0ipi petinae, CeMel KalaChbIHbIH
[lexapim aTbiHIAFBl YHUBEpCHUTETIHIH «Pagnosko-
JIOTHSUTBIK, FBUTBIMU OPTAJIBIFBIHBIH» 3€PTXaHACHIH-
na opuamackan INCA ENERGY 250, OXFORD
INSTRUMENTS (Y np10puTanus) peHTreHIiCIeKT-
paigpal MHKpoaHamu3 kyieci Oap «Temenri Ba-

KYYMZBI pacTpiii 3JeKTpoHIsl MUKpockon (POM)»
JSM-6390 LV JEOL (OKamoHwus) Typi KOJIIAHBLI-
Jbl. JKuHakTanFaH KplHa ChIHAMallapbIHBIH MOpP(do-
JIOTHSJIBIK, KYPBUIBICBIMEH KaTtap, oJIapJblH KeOeto
JKOJITAPBIHBIH epeKIIeTiKTepiHe OaiIaHbICTHI, CKa-
HEPIIK MHKPOCKOII apKbUIbl allbIHFaH (OTOCypeT-
Tep KbIHA TYpJCPiH aHBIKTAYIbIH HEri3ri aaicrepi
peTiHe KapacThIPbUIIHL.

3epTTey JKYMBICHIHBIH HOTHKeJIEPi MeH TaJl-
aayjaap

Cemeit opmanbiabig Cemeii-boponynnxa 6arbl-
thiHjarel Kaparaitnel, barnaii, KamblmHko sxoHe
Boponmynuxa opMmaH mIapyambUIBIKTapbl OpHAac-
KaH aiiMakTapja eceTiH 5 TYKbIMJIacKa, 7 TybICKa
OIpIKTIpUITeH KpIHATAPIBIH 15 TYpi aHBIKTAIIIBI.

1-kecte — Cemeit-bopoynixa GarbITBIHAAFBI OPMaH aIKaNTapblHAH )KUHAJIFaH KbIHA TYpJIepiHiH OMOIOTHSIChI MEH YKOJIOTHSIIIBIK,

epeKIIeriKTepi

No TybIcbI Kesnecy :xuimiri Tipwiiaik ¢popmacel IKOJIOTUSACHI
Tyxbimaacel — Cladoniaceae
1 %/{;Ifgliif;::: Cop byra topi3ni Dnudurri
2 $§;licéll .Cf]i?r(lil())rni?[a Cop Byra topizai Onwreitni
3 %z;lfgl.cfll?fc(;?;a Sol byra topi3ni Dnureii
4 ;z;licgf\llz(:;?ﬁz ta Sol Byra topizni Dnureiini
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Kecmeniy orcaneacwi

Ne TybIcbI Kesnecy xminiri Tipwijik ¢popmacel IKO0JIOrHACHI
Tysicel Cladonia . .
5 Typi Cl. deformis Sp Byra Topizai Onudurri
Tysicel Cladonia - Lo
6 Typi CI. cariosa Sp Byra Topizai Dnureitni
Tysicel Cladonia . ..
7 Typi CL. crispata Sp Bbyra Topizai Dnureitni
Tysicer Cladonia, L ..
8 Typi CI. rangiferina Cop Byra Topizai Dnureitni
Tysicer Cladonia . N
9 Typi CL sylvatica Sp byra Topizai Onureitni
TykbiMaacel — Peltigeraceae
Tysicsl Peltigera ..
10 Typi P. rufescens Cop JKampIipakTbl Dnureitni
TykbiMaacel — Parmeliaceae
Tysicer Cetraria .
11 Typi C. glauca Cop JKanbipakTer Dnudpurti
12 Tysicpt Parmelia Sol JKanbipakTsl Onueurri
Typi P. sulcata paK
Tysicel Hypogymnia .
13 Typi H. physodes Cop JKanbIpakTel Srmudurri
Tykbimaacel — Teloschistaceae
Tysicer Xanthoria .
14 Typi X. parietina Cop KaOsIpmaxTst OnudurTi
TykbiMaacel — Physciaceae
Tysicel Physcia .
15 Typi Ph. leptalca Sp KaosIpmmaxTs! Onu¢urri

3eprreyre anpiHFaH 15 KerHA TYpnepi dpyne
IIKaJIachl OOMBIHIIA KE3JIeCy KHUUIIKTEepiHe Oaia-
HBICTBI 7 TYpi *&Hi, 5 Typi cupek, 3 oTe cupeK Ke3-
JIECETIH TYp peTiHAe aHbIKTaNA. Tiprrimik dhopma-
chlHAa OaifNaHbICTBI aHBIKTANFaH 15 TypuiH 9 Typi
OyTa Topi3ai, 4 Typi KambIpakThl koHE 2 TYpi Ka-
OBIPIIAKTHI (KeiiIe, ycaK KambIpakThl) KbIHA TypIie-
piHE TONTACTHIPHULIBI. DKOJOTHAChIHA OaliIaHbICThI
7 (amduTTi) TYp CYPEKTi ociMIiKTep AiHAEpiHIe
JKaOBICHITI OCETIH TYP PETiHIE, KAJFaH 8 (SIUTEHT)
TYP1 OpMaHHBIH KYMJIbI TOMBIPAKTAPBIH/Ia OCETiH/Ii-
ri 6enrini 6onael (kecrel). DnU@UTTI KbIHATAPIBIH
apaceiaga Teloschistaceae TykbpIMaachIHA KaTaThIH
Xanthoria parietina sxone Physciaceae TyKbiMaachl-
Ha >katateiH Physcia leptalea Typnepi xaparaiiiast
OpMaH apachlHIa ©T€ CHUPEK TYpJe Ke3/lecKeH Oy-
Tajbl ociMIiK TamabiH (Salix) OyrakrapbiHaa Ka-
OBICHIINT 6CETiIH KAaOBIPIIAKTHI KbIHA TYPJICP] peTiH/Ie
Oepimmi.

Temenme 3epTTEyTe aMbIHFAH KBIHA TYPICPIHIH
KbICKAIlla CUITaTTaMachl Oepiyie/i.

1. Cladoniaceae myxvimoacer — Cladonia
botrytes kui ke3meceTin, Oyra TOpi3i KblHA. 3epT-
Tey aliMaKTapbIHJa >Kep OeTiHle KaTKaH TipIiii-
TiH KOWFaH aFalITap/blH OeTTepiH/le KOHBICTaHFaH
TypJiepi FaHa Ke3aecTi. bipiHmm peTTik Tamomach
KaOBIpIIaKThI, Oip-OipiHeH ajiiaK cyOcTpaTKa Ka-
ObIChIT OpHanackaH. [lomenusutapel anaca, TiK,
Kei JKepiiepae Coll SHKIMT OOJBIT Keemi, CBIPTKBI
KaOBIFBl KeIip-OYABIPIIbL, KaChUI-CYp TYCTi, HETi3-
ri TajquioMbelHAa OipmaMa (QuioKIagusiapsl Oap.
AnoTenusIIapbl MOACIUSUIAPBIHBIH KOFAPhI YIIIBIH-
Jla opHaJlacKaH. ATIOTEIMH TUCKIIEPi aJIJIbIMEH Ki-
HIIIKE JKMEKTI ’Kalmak OOJIBIN Keleal, KeHlHHEH
JKUEKTepl €TKeHII JOFal MIIiHai OoJambl, TycCi
CapFhIII-KOHBIP TYCTIi. Tayuiomanapsl Hemece mojie-
nusutapbiabig Tyci KOH, CaCl202 eprinainep ace-
pIHEH e3repMe]i.
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6)

2-cypet — a — Anorenusuisl Cladonia botrytes ansl kepiHici;
0 — JKEeKe aroTeIHsChL; B — KbIHAHBIH ACTBIHFBI PUJI3HHAIBI OOJIIri;

2. Cladoniaceae myxvimoacor — Cladonia
fimbriata xe3aecy >KWIIiri Korapsbl, TONBIpaK OeTiH-
JIe ©ceTiH AMUrein KbiHa. bipiHm perTik KaObIp-
[IAKThl TAJJIOMACHI IIBIM TY3IEH TOIBIPAK OcTiHE
aOBICBIIT HEMece a3fan KeTEepiHKI OpHajIacKaH.
Keii xepiepinze TajaioManapsl XKaiblpak TOpi3ai aKk
TYCTI, TiCIlIe HEMECE JOFall KeJII'CH YKUCKTEPl KUbI-
prutran. KyOok Topizai monenmsiapsl Tik, Kaparmna-
WBIM, CYP-)KachlJI TYCTI, TETIC, ©TE€ KaKChI )KETIITeH.

a)

Biprrama sxerinren duiokianusiapel 6ap. Kyook
TOPI3Al MOJCHMSATIAPBIHBIH OPTAHFBI OOTIKTEpi TY-
Tac, mer OeNiKTepi CaHBUIAYIBL. ATOTeIHsIapbl
TOMTACHIT KOHABIPMAIIBI TYPJIE KyOOK TOpi3i moje-
IUSIIAPIBIH IIETKI XKUEKTepiHae opHanackaH. [1nk-
HUAWJIEP] anoTeUsUIapablH JKUEKTEpiHe OpHaja-
cajipl, Kapa TYCTi, )KYMBIPTKA HEMeCe CyHenTopi3ii.
Honernusmapeiabig Tyci KOH, CaCl202 acepinen
e3repMe/i.

3-cyper — a — kyOok Topizai monenwmsiibl Cladonia fimbriata sxanmer kepiHici;
0 — )KHeKTepiH/e MUKHIIIIep] 6ap KyOOK TOpi3/i MOASIMSHBIH KOpiHici;

3. Cladoniaceae myxvimoacer — Cladonia furca-
ta Kaparaiasl OpMaHHBIH TOIBIPAK OCTTEpIHIE OTE
CHPEK KE3[eCeTiH KbIHA TONTapbIHA JKATKBI3bUIIbI.
TMonerusnaps! TiK, COJ SHKII HEMeCe JKaTaFraH TYp-
nie OoJaspl, oJIap HETi3ri OyTakTapra )KMHAKTAJIFaH.
JluxoTomMusuibl, coyiieii Hemece ayphic emec Oy-
TaKTaHFaH. ATIOTeHHUsIAPbl OYTaKTapbIHBIH YIITBIH-
na opuamacansl. [logemmsumapeiabiy Tyci KOH,
CaCl202 ocepinen e3repmeiiii HeMece asjarn cap-
Fasizibl. ©OTE MONMUMOPQTHI TYP.

4. Cladoniaceae myxbimoacer — Cladonia
vertcillata eTe cupek Ke3neceTiH, TONbIpaKTa oceTiH
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snureini Typ. LlleTki >xuekrepi Ticiieni Hemece Ti-
Jimineti OIpiHIN PETTIK KaObIPHIAKTHI TaLJIOMachl
IIBIM TY3III OpPHAIACKAH, aKIIbLI -cyp TycTi. KyOok
TOPI3Al MoxenMsuIapbl KOHBIP-CYP TYCTI, Keaip-Oy-
JeIpiibl. KyOoK mitmiHIi moaeusiapbIHbIH OPTACHIH-
Jla ’KaHa KyOOKTap Ty3iI, oyap e3 Ke3eriHje OipHele
KabaTThl NPONUHULIUPIICHIeH XKaHa KyOOKTapra Ta-
pampaanras. KyOok Topi3zi moaenusapbIiHbIH KHICK-
TepiHJe JKeKeJleHIn Hemece Oip-OipiMeH TOmTachiI
TY3UITeH anoTeUIePiHiH AUCKIC] aJbIMEH KiHilI-
K€ KMEKTEJITeH, KeHiH JKHeri capbl KOHBIPJIaH KOHbIP
TYCKe JIeliH, ToHec MIIHl Typae 0omasl.



©.XK. JXKymanus3osa sxoHe T.0.

0)

4-cyper — a- Anorerusuiel Cladonia furcata sxanmbsl kepiHici;
0-AnoTenusuIbl JUXOTOMHUSUIBI Oy TaKTaphl,
B-ATNOTELHSUIBI AUXOTOMUSIIBI OyTaKTapbIHBIH JKaKbIHHAH aJIbIHFAH KOPIHICi;

0) B)

5-cypet — a — Cladonia vertcillata >xanmbl kepiHici;
0 — )KMeKTepiH/e )KeKeell HeMece TONTaHbII TY3UIMeH aloTelHsUIbl KyOOK Topi3/li MOACHHCHIHBIH KOpiHicCi;
B — JKaHa TY3UIreH KyOOKTBIH IOJCLHsI OPTAChIH/Ia OPHATIACYbIHBIH KOPIiHIC.

5. Cladoniaceae myxvimoacer — Cladonia  patka xaObicen ecefi. CaHBUTAYCHI3 MTOACTIHSIAPEI
deformis mipiren aram KaOBIKTapBIHBIH CHIPTBIHIA  TIK ©CE/Al JKOHE YIITaphl OipTiHAEN CyHipJeHreH.
KOHBICTaHFaH SNUQHUTTI, CUPEK Ke3JeCeTiH KbIHAa.  AMNOTeUusuiapbl MEH MUKHUIWIEPI CUPEK Ke3aece-
Bipinmn peTTik Tammomacsl KaOBIPIIAKTHL, KOFapel  [i. JleHeciHiH CHIPTKBI KaOaThl KOHE MOACTHsIapHI
0eTi kachl, acThIHFBI Oetiri akmbul TycTti, cyocT-  KOH, CaCl202 eprinziiepi ocepiHeH e3repMei.

o 5)

6-cyper — a — Cladonia deformis TypiHiH mipireH aram KaObIKTapbIHIa KOHBICTAHYBI;
0 — cyifipJIeHIreH MOJCHHs YIIbL; B — CyOCTpaTKa OCKIHIeH KBIHAHBIH TOMEHT1 06OJIiri;
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6. Cladoniaceae myxvimoacwol — Cladonia cariosa
Kaparaiiasl opMaHIa CHPEK Ke3IECeTiH, IHTreii
KbIHA TYpiHe kaTajbl. KaObIpiiakThl 6ipiHII peTTiK
TAJIOMAAphl TONBIPAKTa IIBIM TY3ill OpHAJacKaH.
[Nonmermusimaps! Kpicka, MWHHAP Topizai. KyOkamna-
pBI OOJIMaM/IbI, JKOFaphl KaKTapbl KCHEHIM, Kl Op-
HaJIaCKaH aroTelHsJapMeH asKTanaabl. ATOTenni

JMCKIIEpl KMEKCi3, JeHec kenreH. [lomerusiapbr
KapamaibiM, 9J1ci3 OyTaKTaHFaH, CYp-)Kachll TYCTI
oounbin keneni. Copenucis xxoHe QUIIOKIIAIUSICHI3.
KoHBIp TYCTI amoTenusuiapbl IOACIMSIIAPBIHBIH
VIIBIHAA THIFBI3 OPATHUIFAH MIlIHAEC OPHBIKKAH.
[Monpeuusmapsr KOH ocepineH oici3 Kbl3apajpl,
CaCl202 acepineH e3repMeni.

a) ! | 0)

B)

7-cypet — a — Cladonia cariosa KbIHACBIHBIH CyOCTpaTTaFbI JKaJIIIbI KOPIHICI; 6 — MOeHUsUIAPBIHBIH YIIBIHIA
OpaThUTFaH MilIHCT] alOTEIUSIAPBIHBIH KOPIHICI; B — KbIHAHBIH CyOCTpaTKa OCKIHICH peI3rHa OeJIiri;

7. Cladoniaceae myxvimoacer — Cladonia
crispata TIpUIUITiH KOWFaH araml KaOBIKTapbIH/A
KOHBICTAHFaH, CHPEK Ke3eCeTiH KbIHA. bipiHti pet-
TIK TaJUIOMBI CYP-3KAChLI TYCTI, CyOCcTpaTKa Kaobip-
HIAKTBI, KW JKepiepie KambIpakThl TUTIMIACHTCH
JKHEKTI Taymomaap Typinme Oekineni. [Togemusima-

PBI Cyp-’Kachll TYCTi, TIK ©CKEH, TYTIK Topi3ai, Ker
Keprepi OYBUITBIKTaHbBIT AOHECTCHE 1, KyOKaIapsl
oommatiner. Copenuit, n3uauiepi, GULTOKIAIMIIA-
pBl OonMaiiabl. ATOTenHsIIaphl JKalIFbI3JaH OpHa-
Jacajpl, )KUEKTEpiH/Ie THKHUIUHIECP] OpHalacKaH.
KOH, CaCl202, acepineH TycTepi ©3repMeini.

8-cyper — a — Cladonia crispata KbIHaCBIHBIH CBIPTKBI KOPIHiCi;
0 — *KHeKTepiH/e MUKHUIUAIEpPi OpHaIaCKaH KbIHAHBIH allOTEIUSCHIHBIH KOPIiHiCI; B — MMKHOKOHUIMIEP1
6ap NMUKHUIUHTIH yiIkeHTitren cyperti; T — Cladonia crispata KbIHaCBIHBIH cyOcTpaTKa OekireH 0eiriri;
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8. Cladoniaceae myxvimoacer — Cladonia
rangiferina »kui Ke37eceTiH, SIUTeWsIi KbIHa TYpiHe
xartajpl. TonbIpak OeTiHge KaObIpIIaK TypiHae Ty-
3iIreH OipiHII PeTTiK TaljoMalapbl alKbIH TypAe
kepinOeiimi. [loxenusmap ambIK *Kachbul TYCTI, ThI-
FBI3 OyTaKTaHFaH, CyOCTpaTTa TiK IIBIM TY3il HEMe-
ce )araraH TypJe OpHanacaabl. ByTaKThIH OpTasIbIK
HETI3T1 eci )KaKChl XKeTinreH. by Typre eciMIikTiH
JMXATOMHSUTBIK, AHU30TOMHSUIBIK, TETPaXxOTOMHUSI-
JIBIK, TPUXOTOMHSUIBIK OPTYpAl Oyrakranybsl ¢op-
MaJlapbl Ke3Jeceli )oHe caHbUIaybl. AWbIp TOpizai

OyTaKTapbIHBIH JKOFapFbl YIITaphl JOFaJaHbI CY-
WipIIeHiN, IIanraK MIOFBIP TYpiHAE >KWHAKTaJIFaH.
EH sxoraprel OeTki OeIiriHiH TYCi ambIK-KYJTiH,
aIlBIK-KOHBIpJIAy-Kapajiay TYCTi OOJIBINT KepiHemi.
Amorenusiiapel  OyTaKTapbIHBIH YINTapbiHAA Oip-
OipzeH Ty3iil, TUCKalapbIHBIH (opMalapsl I1OHEC,
KapTbulail map Typinae 6omnaasl. XKorapsl opHamac-
KaH OyTaKIIalapblHbIH YIITAPBIHAA KYMBIPTKA TO-
Ppi3ai, KOHBIP TYCTi MUKHUIUUIIEP TONTAHBII TY31J-
red. [lopenmsnapsr KOH acepinen caprasiabl, Keiin

KOHBIP TYCKE aybICa/ibl.

0)

9-cypet — a — Cladonia rangiferina KbIHACBIHBIH KNIl KOPIiHiCI;
0 — TBIFBI3 OyTaKTaHFaH MOJICHUSUIAPBIHBIH CYHIpi alblp TOPI3ai yIITApBL,
B — TaJJIOMAChIHBIH TOMBIPaKKa OCKIHIe€H aCTHIHFBI OOIIri;

9. Cladoniaceae myxoimoacet — Cladonia
sylvatica cuUpeK Ke3JeCeTiH, TOMbIpaKTa ©CEeTiH
snureini KeiHa Typi. BipiHmi peTTik Tamiomacs
TEeK KaJIABIK TYpiHAe cakTainraH. [logenusiapsr ak-
HIBUT CYP TYCTI, THIFBI3 OyTaKTaHFaH TiK, KeHJie eH-
ki Oomanel. [TomenusiapblHBIH HETI3r1 OPTaJIbIK
eci eTe KaTThI )KyaHJAHBIN aHBIK OalKaiaabl, KO-
Fapbl YIITapbl TONTACKIIN IOFbIpIanFad. CTpuibi

Oyrakmramapsl 0ip jkKakKa €HKIII Typle HiTm Ty-
3ince, GepTunbai OyrakTapsl Tik Ty3inreH. Cupex
TY31JI€TIH anoTenusiapbl OyTaKTapbIHBIH YLIBIHAA
OpHAJIACKII, KOHBIPKAll HeMece aIlbIK KOHBIP TYC-
Ti JKUEKTepi JIoHeC eMec TypAe Ty3unreH. Kymist
KYpFaK TombIpakTapaa kesneceni. [lomenunsnapsi-
ueiH Tyci KOH, CaCl,O, eprinainep ocepineH o3-
repMesi.

10-cypert — a — Cladonia sylvatica KbIHACBIHBIH >KaJIITBI KOPIHiCi;
0 — THIFBI3 OYTaKTaHFaH MMOJCIMSUIAPBIHBIH YIIIBIH]IA OPHAJIACKAH alOTeIUsIIaphL;
B — TAJUTOMACHIHBIH TOMBIPAKKA OCKIHICH aCTHIHFBI OOJIiri;
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10. Peltigeraceae myxvimoacst — Peltigera
rufescens >kHi Ke3JeCETiH, JKaITbIpaK TOpi3i KbIHA.
Onureiini, OipiHII PETTIK TAJUIOMAachl pUI3HHANA-
prIMeH cyOcTpaTKa skakchl OekinreH. JKambipak To-
P31 TAJTIOMACHIHBIH KUEKTEP1 TITIMIACHTeH, THIFBI3
Tepire ykcac, Te€3 ChIHFBIII, AuaMeTpi 4-8 cM Kypaii-
11, KpiHaHbIH OeTki Oetiri KOHbIp TYCTi. blinransr

a)

JKepiepie KblHa TYpl KOIO Cyp-’Kachul TycTi Oona-
Ibl. ATOTenMsuIaphl JKalmak KelreH jKarblpakiia
TOPI3Al TaIJIOMalIapbIHBIH KUEKTEPIHJe OpHaaca-
Ibl. JIeHeCiHIH TOMEeHT1 0eJIiri akIbLI, CYp HeMece
KOHbIp. Kaparaiiibl OpMaHHBIH KYMJIBI TOTIBIPAFbI-
HBIH BUIFAJIJIBI JKepJIepiHe MYKTEPMEH apayac Ko-

HBICTaHA/bI.

B)

11-cyper — a — Peltigera rufescens — jxanbIpak TOpi3Ai TAIJIOMACHIHBIH KOPiHICI;
0 — TayoMachkIHbIH OeTKi Oemirinid 100 ece YAKSHTINreH KOPiHici; B — KbIHAHBIH aCTBHIHFBI PEI3MHAIIBIK, OOJIiri;

11. Parmeliaceae mygvimoacor — Cetraria
glauca kaparaiijbl OpMaH/a XK1 Ke3/IeCETiH, K-
¢urti kpiHAa. CyOcTparra opHaslacyblHa Oaiina-
HBICTBI XKaIlbIpak, MiIIiHIiI KbIHAa 00JIbII TaObLIa b
Byn kpIHA TYpiHIH TaluJIoMackl OPTaHFBl OOJIriMeH
cyOcTpaTka aici3 OekiHeai, meTKi 0eikTepi ke
Kapai KalbIpbUIBIT, CyOCTpaTTaH KOTEPiHKI OpHA-
nacanpl. JKanslpakThl TaIJIOMACBIHBIH Y3bIH OpTa-

TBIK, OexikTepi OipiHiH ycTiH Oipi kaybin Kabdar
Ty3€eal, OHBIH MIETKI XKMEKTepiHAe KOMipLIiK To-
pi3zi TOMITaiiFaH copennii, Kehe Kopaml Topi3ai
u3uani Ty3ineni. JleHeciHiH JKoFaprbl OeTi )KachLI-
CYp, aCTBIHFBI O€Ti Kapa TycTi. AmoTeuusiepi cu-
pek ke3aeceni. [IMKkHOKOHUIMITEPI TiK, TUITHHAPII.
Tamnomacet KOH, CaCl202 eprinuinep acepineH
capFanibl.

12-cyper — a — Cetraria glauca KbIHAaCBIHBIH XKaIbIPaK, TOPi3/i TAJNIOMACHIHBIH JKaJIIbl KOPIHICI;
0 — KbIHAHBIH TAJUIOMMACBIHBIH IICTKI )KUCKTEPIH/IC OPHATACKAH COpenuniinepi;
B — KbIHAHHBIH aCTBIHFbI PEI3NHAJIBIK OOTiri;

12. Parmeliaceae myxwimoacet — Parmelia
sulcata ere cupek Ke3[eceTiH, >KHEKTepi TiiM-
JIEHTEH JKaIbIpaK TOPi3Mi KbIHA. AFall KaObIFBIH/IA
eceTiH AnuUTTI Typre xataabl. CydbcTparka Thl-
FbI3 OekireH. TamoMachlHBIH KOFapFhl 0TI KOK-
mrina-cyp Tycti. TeMenri 6eiri kapa pua3HHaAMEH
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OTBIPFBI3BUIFAH. ATIOTEHUSIIAPBl MEH HM3UANNIEpi
6oxmaiinel. Copenuiepi TaJuIOMachIHBIH O€TKi Ka-
FBIH TYTacTai ayblIll skaTajsl. [TnkHOKOHUAMITEP]
KapanaibiM, TUIUHAP Topi3ni. JKambipak Topizai
TajuioMachIHbIH chIpTKBI Oeti KOH acepinen cap-
FasiJIbl.
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0)

13-cypert — a-Parmelia sulcata KbIHACBIHBIH KB KOPIHICI;
0- TanmoMbBIHBIH OETKi JKaFbIH TYTacTail yKayblIIl )KaTKaH COPEIHUICD;
B- KbIHAaHHBIH aCTHIHFBI PEA3UHAIIBIK OOTIri;

13. Parmeliaceae mygvimoacer — Hypogymnia
physodes — KapaFaliIbIH CBIPTKBI KaOBIFBIHIA YKa-
OBICHIIT OCKEH, )KaNbIPAK TOPI3Al SMUPUTTI KbIHA.
Kenenxkeni xxepne eceni. XKamplpak Topi3mi Taj-
JIOMACBIHBIH TIIIIHI PO3€TKa TOPi3/Ii, OpTaChIHAH
cybcTpaTka )KaKchl OeKireH, MIeTKi JKueKTepi 60c
opHanackas. LlleTki »uekTepi KaybIpChIHTOPI3I1
TapMaKTallbII, CRIPTKA KaWBIPBUIFaH XOHE 01p-0i-
piHe KabaTTaca opHanackaH. KblHa TalIOMBIHBIH
JKOFaprel 0eTi cyp, Cyp-)Kachll TycTi, OeriHmae

Kapa maxTapbl Oonaabl. TamIOMBIHBIH aCTBHIHFBI
KabaThl Kapa oHEe Kapa KOHbIP TYcTi. JKambipak
TOPI3/li KbIHA TAJJIOMMACBIHBIH OPTaHFbI 06JIiri
aK TYCTi. AmoTenuiepi MeH M3UAMIepi OoIMaii-
IIBI, copeauiepi MOH TOpPI3Mi >KambIpaKIIaIaphi-
HBIH JKHEKTepiHae opHanackaH. [lukHuaunepi
Kapa JlaK TypiHze 0eTKi KabaThIH/1a IIaIIbIpan op-
HamackaH. [leHecinig ceipTKBl Kabatel KOH oce-
PIHEH capraiibil, apThIHIIA KOHBIP-KBI3bLI TYCKE
aliHaIaabl.

14-cypet — a — aram Oetinze KonbictanFad Hypogymnia physodes KbIHACBIHBIH XKaJIIIbl KOPIHICI;
0 — >KarbIpaK TOPI3/i KbIHA TaJVIOMACHIHBIH JKHEKTEPiH/Ie OpHATIACKaH COPeIUMICPAIH KopiHici;
B — KbIHAHHBIH ACTBIHFBI PEI3UHAIIBIK, OOJIIri;

14. Teloschistaceae mykvimoacst — Xanthoria
parietina aramTapjblH KaOBIFBIHJIA ©CETIH, XUl
Ke37eCeTiH, yCaK JKalbIpaKIIalbl HeMece KaObIp-
MaKThI, TOHTeIeK MinTiHai KeiHa. CyOocTpaTka xKa-
OBICHIN ©CEJI1, TOMEHT1 06JIIT1 KUBIPHIIFAH aKIIbLI
TYCTi, KOFapbl OCTiHIH TYCi KbI3bUI-Capbl TYCTI.

TemeHTi JaFel aKIIBUI TYCTi. ATOTEHIHsIIaphI
JIOHIEJICK KEJIreH CaHbl YKarblHAH OTE KOIl JKOHE
KOHJIBIPMAJIBI TYpPJle, KBICKA KEJNTeH asKIIachl-
MCH TaJUIOMAaCBIHBIH OPTAHFHI OOITIHAC TY31ITCH.
Anotenusiutapel MeH Tajuiomackl KOH oacepinen
KbI3apaJibl.
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a) 0)

15-cyper — a — aram GeriHze KoHbIcTaHFaH Xanthoria parietina KbIHACBHIHBIH JKaJIITbl KOPIHICI;
0 — KbIHA TAJUIOMAChIH/Ia KOH/BIPMAJIbl OpPHAJIACKAH allOTeLHsIapbIHBIH KOPIHiCi;
B — KbIHAHHBIH allOTEUSICHIHBIH YIFAHTHUIFAH KOPIHICI.

15. Physciaceae myxvimoacst — Physcia leptalea
CHPEK Ke3/1eCEeTiH KaOBIPLIAKTHl HEMece YCak Ka-
MBIPaK TOPI3/ TaJIOMalIaphbl CyOCTpaTKa xKaObIChII
HeMmece a3fan KeTepiHKI opHamacaabl. KpIHaHBIH
ycTinri OeTki OeinimMi akMIBUI-CYp HEMece Kachll-
Jay-Cyp TYCTi. ACTBIHFBI O6JIiri amkbul TYCTi, pH-
3ouarel. CyOcTparra OpHamackKaH TajuioMalaphl

0ip-0ipiH KaybIll, KA0ATTACKIIT OPHAIACAIbI, IIETKI
JKUEKTEPl KATThl TiTIMINEICHTeH. ATOTelHsIapbl
KOH/IBIPMAITbI, aNOTEeIHsIIAPBIHBIH JUCKCI Kalak
KeJIreH Kapa Hemece Kapa-KoHbIp TYcTi. Juckiepi-
HiH JKHEKTepi aK TycTi eHe3i Oombin keneni. Jene-
cinig Oetki 0estiri KOH epTinaici ocepiHeH caprasi-
Iibl, Oipak opTackl @3repMen/i.

16-cypet — a — Physcia leptalea KbIHACBIHBIH KB KOPIHICI;
0 — KOH/IBIPMAIIbl Kapa HeMece Kapa-KOHBIP TYCTI alOTeIVsUTBI OOJIiri;
B — KbIHAHHBIH, aCTHIHFBI OOJTITi.

3epTTeniHreH aiiMakTapia ©ceTiH KblHajJapIibl
anpIkTay OapeickiHIa Cladoniaceae TyKbIMIIaChIHAH

1 Tysic, 9 Typ, Peltigeraceae TykpimaaceiHad 1 TybIC,

Cladoniaceae; 9

Peltigeraceae; 1

Peltigeraceae

O = NW R N

Cladoniaceae

Parmeliaceae

1 Typ, Parmeliaceae TykpiMaaceiHan 3 TybIc, 3 TYD,
Teloschistaceae — 1 TysIc, 1 Typ, Physciaceae TykpM-
nmaceiHaH 1 TysIc, 1 Typ aHBIKTAIBL.

Parmeliaceae; 3

Physciaceae; 1

Physciaceae

Teloschistaceae; 1

Teloschistaceae

l-zmarpaMma - Kapafai’mm OpMaHHaH JXUHaJIFaH KbIHAJIAPpAbIH TYKbIMACTapbl MEH TYpJ'IiK KYpaMbl
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MapupyTThl 3Kcnuaunus ke3inae bopoxay-
nuxa OarbITBIHAA OpPHAJIACKAH Kaparaibl op-
MaHHBIH OpMaH MIapyallblIbIFbIHA OalIaHBICTHI
oeniaren Kaparaiinel, barmaii, Kambpimuako
JkoHe boponynnxa aliMaKTapbelHIAa KOHBICTaH-
FaH 15 KbIHA TYpJIepiHIH apachblHla TOMHHAHT-
Tel TYp peringe Cladoniaceae TyKbIMOacbiHa
xkatatelH Cladonia rangiferina Typi aHBIKTaJ-
nbl. By Typ ochl aliMakKTa ©CeTiH KOpFay/Ibl Ka-
JKET €TeTiH CHpPEK Ke3AeceTiH Typ peringe 1981
JKBUIBI OAChLIBIN IWBIKKAH «KpI3bLT KiTAlIKa» €H-
rizinren [20].

EH GacTbIchl 44 KbUT apalbIFbIHAA TUXCHO(IIO-
para OaiinmanbicTel Kaparailsibl opMaHaa HaKTHLIBI
3epTTey KYMBICTAphl XKyprizinmereH. Kaszipri ke3-
ne Cladonia rangiferina Typi 3epTTeyre ajblHFaH
OpMaH aJKaNTapbIHbIH alllbIK aJaHAapblHAA Ke3-
JIeCy JKHUUIIri KOFapbl JOMHHAHTHI TYP €KEHMIri
AHBIKTAJIIBL.

Okcnenunust OapbICBIHAA 3€pTTEy alMaKTa-
PBIH/IA TapaliFaH KbIHA TYpJIepiHiH apachlHAa JOMHU-
HaHTBI TYPJIIH CaHJIbIK JKOHE KaOBIH/IBIK MPOCKTIC
OOBIHIIIA HAKTBUIBI KOPCETKILITEPIH ajly YILiH, reo-
00TaHMKaJa KEHIHEH KOJIAAHBIIATHIH 3€pTTEy dAic-
TepiHiH Oipi peTiHae KBajpar oaici ajubiHbl. OChI
oficke coiikec, 1 M?xep Oetinae ecetin Cladonia
rangiferina MOMyJIALMSCHIHBIH CAaHABIK JKOHE Xa-
OBIHJIBIK, TPOEKTICIH aHBIKTAY JKYMbICTaphl TeK bat-
nail xoHe bopoaynuxa opmaH aiimMakTapbIH/Ia FaHa
KYprizinai. Anm 3eprreyre anbiHFaH KaMBIITHHKO
OopMaH aliMakTapblHAa Oyl Typ CHpeK KesJecce,
an CeMell KanacbIHBIH iprenec opHajackan Kapa-
FAlIIBI OpMaH alKanTapblHAa OyII Typ Ke3zecrei.
Cladonia rangiferina TypiHiH OapiblK 3epTTey ai-
MaKTapblHIa KOHBICTAaHYbl MEH Ke3/eCy KHUIUTIKTepi
Oipkenki OonmmaraH cebenti, [pyae mikamacer 6o-
HprHIIa sxanmbl kUi (Cop) Ke3leceTiH Typ peTiHae

KapacCTbIPbLIIbI.

17-cyper — (a) Bopoaysuxa xone (6) barnaii opman mapyaribibIFsl alMaKTapbIHIa
Cladonia rangiferina KbIHaCbIHBIH KOHBICTAHYBIHBIH KOPIiHiCI

18-cypet — Opmanmapaars! >UQUTTI KbIHATAP/BIH aFall KaObIKTaPbIHIA KOHBICTAHYBIHBIH KOPIiHIC
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3eprrey ogictepiniH Oipi peTiHae, aijablH-a-
nma maielHganFad 1 M2 KBaapaTTHl aFalliTaH sKkacaj-
FaH pammaiap/pl KblHa OCKeH JKepjepre 25 per

KaliTalMa Ke3leHCcoK JakTelpy apkbuiel, Cladonia
rangiferina TOMyNAUSACHIHBIH CaHIBIK JKOHE JKa-
OBIHJIBIK ITPOEKTICI aHBIKTAJIIBI.

2-kecte — Cemeil opMaHBIHEIH boposyirxa GarbITBIHIAFEI OPMaH MIApyallbUIBIFBI OpPHAAaCKaH aliMaKTapAarbl JOMUHAHTTH KbIHA
Cladonia rangiferina TypiHiH caHIBIK kOHE ’KaOBIHABIK, IPOEKTici OOHBIHIIA 3epTTey ’KYMBICHIHBIH HOTIKEIepi

. . 1 M?3xep/ie eCKeH KbIHaHBIH opTamia | 1 M?Kep/ie 6CKeH KbIHAHBIH OpTalla
Peri 3epTTeyre anblHFaH aiiMaKTap araysbl - S
CaHJIBIK KOPCETKII, TaHa JKaOBIHIBIK KopceTKimi, %o
1 Barmait opman aiiMakTapsl 24,1 50,6
2 Bboponynuxa opmaHsl 28.8 75

3eprrey OapbicbiHga batmait xone bopony-
nrxa opMmaH TeppuropmschiHna eckeH Cladonia
rangiferina KbIHACBIHBIH CaHJIBIK JKOHE JKAOBIHIBIK
MpoeKTici OOMbIHIIA albIHFaH KOPCETKIIITepAl ca-
TBICTBIPY Ke3iHme bopomynmxa opmaHbiHIA O
TYpaiH | M?kep/ie oCKeH KbIHA OpTalia CaHIbIK Kop-
CETKIIIIl JKOHE COFaH COWKeC MKaOBIHJIBIK MPOEKTICI
OOMBIHIIIA KOFAPBI €KCHIITT aHBIKTAJIHI (2-KecTe).

KopbIThIHABI

AbGait obnbickiHbiH Cemeir — Bopojynuxa 0Oa-
FBITBIHAFBI  OpMaH anKanTapeinaa Kaparaiasl
(50° 35751 N 80° 23°45"" E ), barmait (50°37°05""
N 80°32°56"" E ), Kampimuako (50° 417317 N 80°
42°05"" E ) xone bopomymnuxa (50° 44°55"" N 80°
50°19"" E) opmaH mapyambUIBIKTaphl OpHAJTACKAH
aiiMaKTaparbl KbIHaJapAbIH TYPIiK KypambIH, 3KO-
JIOTHSICBIH, TIpIILUIIK ()OPMACHl MEH KE3AECy KUITIK-
TEpiH aHBIKTAy >KOHE KOJUICKIHSIAY MXYMBICTAphI
Kyprizuiai. JKuHakTaaFaH KbIHAa TYpJICPIH HHJICH-
tudukanusiay JSM-6390 LV JEOL pentrengic-
MIeKTPaIbIi MHUKPOCKON TYPiH KOJAAHY apKBLIBI

MOP(DOJIOTHSIIBIK, KYPBUIBICKIMEH KaTap, OJIapIIbIH
Ko0€I0 JKOJIIAPBIHBIH EPeKINeTiKTepine OanmaHbIc-
ThI (OTOCYpETTEP, KbIHA TYPJICPIH aHBIKTAYIbIH He-
ri3ri 8icTepi peTiHe KOJIJaHbUIIBL.

3epTTey JKYMBICBIHBIH MakcaTbiHa coiikec Ce-
Meil opmanbiHblH Cemel- bopoaynuxa OarbIThIH-
narbl Kaparaiinel, barnaii, Kampinako sxone bo-
poIynuXa OpMaH INapyallbUIBIKTaphl OpHATACKaH
aliMaKTapJia ©CeTiH KbIHa Typiepi 5 TyKpIMIacka, 7
TYBICKA JKOHE 15 Typre >KaTaTbIH/BIFbI AaHBIKTAbIII,
oJlap TIpIIUTIK (opMackiHa OaMTaHBICTBI OYTaJIbI,
JKaIbIPAKThl JKOHE KAOBIPIIAKTHI KbIHA TYpPJEPiHE
TONTACTHIPBUILIBIL.

JKunakTanraH KeIHa Typsiepi SKOJIOTHSChIHA Oaii-
nanbichl 7 nuduTTi, 8 Ammreini Typiaepre OipikTi-
pinai, an Hpyzae mkanacsl OoiibIHIIa Oyl TYpIIepAiH
7 Typi (Cop) xui, 5 Typi (Sp) cupexk, 3 Typi oTe Cupex
(Sol) ke3neceTiH TYp PETiH/IC aHBIKTAJIIBI.

AHBIKTaNFaH KbIHA TYPJEPiHIH apachlHAA
Kazaxcranublq «KpI3b1  KiTaOBIHA» — €HTI3LITCH
Cladoniaceae TykbpiMaaceiHa katateiH Cladonia
rangiferina Typi ocbl aliMaKTaFbl JOMHUHAHTTBI TYD
peTiHIe KapacThIPbUIIHL.
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CLONING, MUTATION AND EXPRESSION OF PIORF4 CDNA GENE
IN ESCHERICHIA COLI CELLS AND PURIFICATION
OF PIORF4(E9D)-6HIS RECOMBINANT PROTEIN

In plant cells exposed to stress, 18S rRNA has been observed to cleave as part of the small ribosomal
subunit and accumulate a 135 nucleotide 5’-terminal fragment, termed 5,3S rRNA. However, the physi-
ological significance of this phenomenon remains unknown. The aim of this study was to investigate
the role of discrete 18S rRNA fragmentation in plants using the yeast toxin PiORF4, which can induce
a similar cleavage in yeast. In this work, a mutated cDNA gene encoding a form of the PIORF4(E9D)
toxin with increased specificity for 18S rRNA was generated. The mutated gene was cloned into the
pET23c vector, followed by expression in Escherichia coli BL21(DE3) cells. The resulting recombinant
PiORF4(E9D)-6His protein was successfully purified by metal ion affinity chromatography and its identi-
fication confirmed by immunoblotting. In addition, preliminary in vitro studies demonstrated the ability
of PIORF4(E9D) to specifically target 18S rRNA under controlled conditions, supporting its potential as
a model system for plant stress research. The results lay the groundwork for studying the mechanisms
of regulation of protein biosynthesis in plants under stress conditions. The practical significance of the
work lies in the possibility of using the data obtained to develop approaches for the selection of plants
resistant to stress.

Keywords: Genetic construct, PiIORF4, in vitro mutagenesis, 18S rRNA, recombinant protein.
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Esherichia coli xacywanaapbiHaarbl PIORF4 reninin, KAHK-bIH KAOHAQY,
MyTaLMsiAay MeH dKcnpeccusiaay, xxoHe PIORF4(E9D)-6His
PeKOMOUHAHTTbI MPOTEUHADBIH, Ta3apTy

CrpeccrTik >karaanaarbl 6CiIMAIK >kacywaaapbiHaa 185 pPHK-HbIH Kiwi prbocomManbik, cyb6eaLlek
KYpambIHAQ axkblpan, 135 HYKAeOTUMATEH TypaTtbiH 5'-ylITbIK (hparMeHTTi >XMHAKTanTbIHbI, OHbl 5,35
pPHK Aen atantbiHbl aHblKTaAFaH. AAanaa, YA KyObIABICTbIH, (PM3MOAOTMSIAbIK, MaHbI3bl SAI BEATICi3.
BbyA 3epTTeyaiH MakcaTtbl ecimaikTepaeri 18S pPHK-HbIH AMCKPETTi hparMeHTaUMACbIHbIH, POAIH ally
60AAbI. OA YLLIH aWbITKbIAQ OCbIHAAM aXKblpaTy NMPOLUECiH TyAbIpybl MyMKiH PIORF4 auwbITKbl TOKCUHI
nanaanaHbiAabl. Ocbl XXymbiC asicbiHAa 18S pPHK-fa epekuie »xorapbl crieumdmKkanblik, Kacveti 6ap
PiORF4(E9D) TOKCUHIH KOATaNTbIH MyTaumsAaHFaH KAHK reHi Kypbiaabl. MyTaumsaaanFaHd red pET23c
BEKTOPbIHA KAOHAAAbIMN, CoAaH KeniH Escherichia coli BL21(DE3) acyluaAapbiHAQ SKCMPECCUSIAAHADI.
AAblHFaH pekoMOnHaHTTbl PIORF4(E9D)-6His npoTenHAbl METaAA-MOHAbBI adpMHAI XpomaTorpadms
ApPKbIAbI TabbICTbl Ta3apPTbIAbIM, MMMYHOBAOTMHI SAiICiMEH OHbIH CarkecTiri pactaaabl. CoHbiMeH
KaTap, aAAblH aAa kyprisiareH in vitro 3eptreyaep PiORF4(E9D)-HiH 18S pPHK-ra epekiue acep
eTeTiH KabireTiH OakblAQHATbIH >KaFAalMAapAa KOPCETIN, OHbl OCIMAIKTEPAIH, CTPECC XXaFAarbIHAAFbI
3epTTeyAepiHAE VYATIAIK >Kyle peTiHAe ManAdAaHy MYMKIHAITIH KOAAQAbl. AAbIHFAH HaTUXeAep
OCIMAIKTEPAETT CTPEeCC XaFAalblHAQ MPOTEMH OMOCUHTE3IH peTTey MEeXaHU3MAEPIH 3epTTeyre Heris
KaAarAbl. XKyMbICTbIH, MPaKTUKAAbIK MaHbI3bl aAbIHFAH AEPEKTEPAI CTPECC >KaFAarAapbiHA TO3IMAI
OCIMAIKTEpPAI iPIKTEYAIH, XaHa TOCIAAEPIiH AAMbITY YLLUIH NarnAdAaHy MYMKIHAITIHAE XaTbIp.

Ty#iH ce3aep: [eHeTuKaabik KOHCTpyKUMS, PIORF4, in vitro myTtarenesi, 18S pPHK, pekoMOMHaHTTbI
NpOTEMH.
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KAoHMpoBaHMe, MyTUpPOBaHME U SKCIIPeCcCcUs
B kKaetkax Esherichia coli kAHK rena PIORF4
M 04MCTKA peKkomMOuHaHTHoro 6eaka PiIORF4(E9D)-6His

bbiA0O 3aMeueHO, UTO B KAETKaxX pacTeHWI, HaXOASLWMXCS B cOCTOsiHMM cTpecca, 18S pPHK pac-
LLEMNASIETCS KaK YaCTb MAaAOi pMOOCOMHOM Cy6UaCTULbl M HaKanAMBaEeT 135-HyKACOTUAHbBIN 5'-Tepmit-
HaAbHbI pparmeHT, Ha3biBaembln 5,3S pPHK. OaHako ursmonormueckoe 3HaveHne 3TOro SBAEHMS
OCTaeTCs HEM3BECTHbIM. LleAblo AQHHOTO MCCAEAOBAHUS BbIAO M3YUUTb POAb AMCKPETHOM (hparmeH-
Taumm 18S pPHK B pacTeHuMsx ¢ nomolblo Apoxk>keBoro TokcnHa PiIORF4, KOTOpbIil MOXET Bbi3bliBaTbh
AHAAOrMYHOE pacllernAeHne B ApoXkax. B aaHHoM paboTte GbIA co3AaH MyTMPOBaHHbIN KAHK-reH,
Koampyowmin popmy TokcmHa PiIORF4(E9D) ¢ nobiweHHon crieumdpruHocTblio aad 18S pPHK. My-
TUPOBaHHbIN reH BbIA KAOHMpOBaH B BekTop PET23c, nocAe Yero oH GblA 3KCMPECCUMPOBAH B KAETKAX
Escherichia coli wrtamma BL21(DE3). [MoAyYeHHbIM pekoMOMHaHTHbIN 6eAok PIORF4(E9D)-6His Gbia
YCMELHO OYMLLEH C MOMOLLbBIO METAAA-MOHHOM aprHHOM XpomMaTorpacdumm, a ero naeHTUUKaLmns
OblAa MOATBEPXKAEHA UMMYHOBAOTMHIOM. Kpome TOro, npeaBapuTeAbHble MCCAEAOBAHMS in Vitro npo-
AeMOoHCTpupoBaan cnocobHocTb PIORF4(E9D) crneumdmyeckn Bosaencreosath Ha 18S pPHK B koH-
TPOAMPYEMbBIX YCAOBUSIX, UTO MOATBEPIKAAET €ro NoTeHUMAA B KaUeCTBE MOAEAbHOM CUCTEMbI AAS U3-
yUeHUs cTpecca pacteHuit. [ToAyYeHHble pe3yAbTaTbl 3aKAAAbIBAOT OCHOBY AAS M3YYEHMST MEXaHM3MOB
peryaaumm 6uocnHTesa 6eAka B paCTEHUIX B YCAOBMSX CcTpecca. [MpakTnueckasl 3Ha4YMMOCTb PaboThbl
3aKAIOYAETCS B BO3MOXXHOCTM MCMOAb30BaHMS MOAYUYEHHbIX AQHHbIX AAS Pa3paboTKM MOAXOAOB K Ce-

AEKLMW pacTEHMIA, YCTOMUMBbLIX K CTPeccy.

KaroueBble caoBa: [eHeTmueckas KOHCTpykums, PIORF4, myTarenes in vitro, 18S pPHK, pekom6u-

HaHTHbIN GEAOK.

Abbreviations and notations

DNA - deoxyribonucleic acid, cDNA — com-
plementary DNA, PAA-gel — polyacrylamide
gel, PCR — polymerase chain reaction, RNA — ri-
bonucleic acid, RT — reverse transcription, Tris
— tris(hydroxymethyl)aminomethane, ATP - ad-
enosine triphosphoric acid, BSA — bovine serum
albumin, EDTA - ethylenediaminetetraacetate,
6His-tag — amino acid sequence of six histidines,
PiORF4 — Pichia inositovora toxin encoded by the
open frame ORF4.

1. Introduction

Plants are living organisms devoid of the ca-
pacity for movement. Like any other living organ-
ism, they are subject to periodic stress due to unfa-
vourable influences such as drought, decreased or
increased ambient temperature, increased salt con-
centrations, and hypoxia (overwatering). These fac-
tors have the capacity to alter gene expression at the
level of transcription and also affect the process of
protein biosynthesis [1]. Protein biosynthesis is one
of the most energy-consuming processes in the cell;
therefore, the ability of living organisms to suppress

this process under stresses to conserve resources
and prevent the accumulation of misfolded proteins
is critical [2]. One way in which this negative regu-
lation of protein biosynthesis in eukaryotic cells is
mediated is by so-called ribosome inactivating pro-
teins, RIPs (from Ribosome Inactivating Proteins).
Notable examples of RIPs include ricin and abrin,
which are regarded as some of the most potent bi-
ologically derived poisons [3]. The mechanism of
action of RIPs is based on the cleavage of the 28S
rRNA molecule along the so-called ricin-sarcin loop
due to apurinisation of one of its residues. This re-
sults in the inability of 60S ribosomal subunits to
bind the elongation factor eEF2, and thus to block-
ing the elongation stage of the polypeptide chain [4,
5]. A number of prokaryotic toxins, such as shiga-
toxin (shigatoxine), act in a similar manner [6].

The cleavage of rRNA is not invariably associ-
ated with ribosome inactivation; during ribosome
biogenesis, several steps of cutting of the initial pre-
rRNA molecule (45S) occur to form 18S, 28S and
5.8S rRNA [7]. Subsequent to the initial assembly
of pre-40S particles and their transportation into
the cytoplasm, the 3’-end of 18S rRNA is cleaved
by the Nobl endonuclease, thereby completing the
maturation of the 40S subunit [8].
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Previous studies have demonstrated that in
plant cells experiencing specific forms of stress,
18S rRNA undergoes cleavage as part of the small
ribosomal subunit, resulting in the accumulation of
the 135-nucleotide 5’-end fragment (5,3S rRNA)
within the cytoplasm [9]. The molecular mechanism
and physiological significance of such discrete frag-
mentation of 18S rRNA remains to be elucidated
[10]. One hypothesis suggests that this cleavage
may lead to the suppression of translation for all
mRNAs or specific mRNAs [11].

In yeast Pichia inositovora cells, the PiIORF4
toxin has been found to cleave a 130-nucleotide
fragment from yeast 18S rRNA, a process analo-
gous to the cleavage of 5.3S rRNA molecules found
in plant cells [12]. Bioinformatic analysis revealed
that the 18S rRNA region where the break occurs is
conserved in yeast and plants [13]. Consequently,
the decision was taken to utilise the recombinant
yeast toxin PiIORF4 to investigate the role of dis-
crete 18S rRNA fragmentation in plants.

The present study presents data on the cloning
of a mutated cDNA gene encoding the yeast toxin
PiORF4(E9D) into the expression vector pET23c,
optimisation of it is expression in Escherichia coli
cells, isolation of the recombinant PiIORF4(E9D)-
6His protein and confirmation of its identity by im-
munoblotting. In the future, the purified recombi-
nant protein is planned to be used for site-directed
cleavage of 18S rRNA as part of ribosomal subunits
in a model cell-free system of protein synthesis in
vitro from wheat embryos in order to study the role
of discrete fragmentation of 18S rRNA in plants.

2. Materials and methods

The study focused on Escherichia coli bacteria
cultivated in liquid LB medium at a temperature of
30°C [14].

Computer analysis was conducted utilising bio-
informatic programmes such as MEGA-X, Blast,
and RNA-structure 6.0.1. The nucleotide sequence
of the P. inositovora plasmid pPinl-3, which con-
tains the ORF4 gene (GenBank: AJ564102), was
retrieved from the NCBI database.

Creation of the pET23c-PiORF4(E9D)-6His ge-
netic construct. The nucleotide sequence of the P.
inositovora ORF4 cDNA gene was optimised for
optimal expression in E. coli cells, and a mutation
was introduced into this open reading frame result-
ing in the replacement of a glutamic acid residue
with an asparagine acid (D) residue at position 9.
The mutated cDNA gene was synthesised de novo
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and subsequently cloned by Ndel/Xhol restriction
sites into the vector plasmid pET23c, utilising T4
DNA ligase (Thermo Fisher Sci.) in accordance
with the manufacturer’s protocol.

Polymerase chain reaction (PCR) was per-
formed for clone screening. The primers utilised
were ‘PiORF4-Rev-Xho’  (5’-ttactcgagagagttg-
gagttggggacattttttttgg) and  ‘PiORF4-FW-Nde’
(5’-atcggatccatatgaatcaacaacaagcetgetcea).  Reac-
tions were performed using Hot Start Tag-DNA
polymerase (NEB) kits, following the temperature
conditions outlined below: Stage 1 — 10 minutes at
95°C; Stage 2 — 20 seconds at 94°C, 20 seconds at
55°C, 1 minute and 30 seconds at 72°C — 35 cycles;
Stage 3 — 5 minutes at 72°C — 1 cycle [15]. The
amplification products were analysed by electro-
phoresis in a 1.0% agarose gel containing ethidium
bromide, followed by band detection in transmitted
UV light in a Quantum gel-documentation system
(Vilber).

The DNA sequencing of constructs was per-
formed using gene-specific primers and the Big
Dye Terminator v.3.1 kit (Applied Biosystems)
in accordance with the manufacturer’s instruc-
tions. Subsequently, the samples were subjected to
capillary electrophoresis on a 310 genetic analy-
ser (Applied Biosystems) [16]. The obtained data
were then analysed using Sequencing Analysis 5.2
software [17].

Expression and isolation of recombinant pro-
teins. Plasmid pET23c-PiORF4(E9D)-6His was
used to transform cells of the expression strain E.
coli BL-21(DE3) by heat shock (42° C 90 sec). The
subsequent growth of the plasmid-containing E. coli
cells was undertaken in 200 ml of liquid LB me-
dium at 30° C to an optical density of OD*= (.5,
after which they were precipitated at 4000 g for 3
min [18]. The cells were then resuspended in 200
ml of fresh LB medium containing IPTG to a final
concentration of 1 mM and cultured at 30° C for 4
hours. The recombinant PIORF4(E9D)-6His protein
was isolated under native conditions by immobilised
metal ion affinity chromatography (IMAC) using a
PerfectPro Ni-NTA Agarose kit (5-Prime) in accor-
dance with the manufacturer’s procedure.

The one-dimensional electrophoresis of proteins
in polyacrylamide gel according to Lammli [19]
was performed in 12.5% PAA gel in the presence
of 0.1% SDS (C = 0.5%) on a Mighti-small device
(Hoefer). The gels were then stained with 0.125%
Coomassie brilliant blue G-250 solution (Serva).

Immunoblotting. Protein transfer from gel to
nitrocellulose membrane was performed using a
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semi-dry blotting apparatus (C.B.S. Scientific). This
process was carried out in transfer buffer containing
102 mM glycine, 25 mM Tris and 20% ethanol us-
ing a current of 0.8 mA/cm2 for 1 hour. Following
this, the membrane was washed twice for 10 min-
utes each in TBS buffer (20 mM Tris-HCI at pH 7.6;
140 mM NaCl), followed by two further washes of
10 minutes each in TBST buffer (TBS supplement-
ed with 0.05% Tween-20). The membrane was then
incubated in blocking buffer (5% Sigma skimmed
milk in TBST) at 4°C overnight. Following three
20-minute washes in TBST, the membrane was sub-
jected to an incubation at room temperature for 1
hour with a secondary antibody, namely anti-mouse
HRP-conjugate (5-Prime), prepared at a 1:2000 di-
lution in blocking buffer. Thereafter, the membrane
underwent two additional 20-minute washes in
TBST, followed by two 10-minute washes in TBS.
Finally, the membrane was treated with a peroxidase
chemiluminescent substrate, utilizing the SuperSig-
nal West Pico Chemiluminescent Substrate kit (Pro-
mega) in accordance with the protocol provided by
the manufacturer.

T7-terminator

T7-PiORF4-6His_Pet23c S

Bpu11021 (4238) I".
6Histag ||
Xhol (4158)__7__ |
PiORF4
Ndel (3427)
Xbal (3387)_
T7-promoter -
4320 bp
Acel (2507)
pBR322

3. Results and discussion

To clone PiORF4 c¢cDNA gene into expres-
sion vector pET23c, bioinformatic analysis was
performed in MEGA-X programme and primers
‘PiORF4-Rev-Xho’ and ‘PiORF4-FW-Nde’ were
designed and tested in RNA-structure 6.0.1 pro-
gramme to check self-complementarity and cross-
complementarity to avoid synthesis of non-specific
PCR products and primer duplexes during PCR.
DNA amplification was performed using Pwo high-
precision polymerase to reduce the chance of in-
corporation of unforeseen mutations into PiIORF4
cDNA [20]. The amplicon was treated with Ndel/
Xhol restriction endonucleases and cloned into the
pET23c vector treated with the same enzymes. The
map of the obtained DNA construct 77-PiORF4-
6His Pet23c is presented in Figure 1.

The DNA clones were subjected to a polymerase
chain reaction (PCR) analysis, utilising the same
primers employed for the amplification of PiIORF4
cDNA. The results of the analysis are presented in
Figure 2.

1 origin

__Pvul(1018)
" bla coding sequence
~pstI (1145)

Figure 1 — T7-PiORF4-6His_Pet23c plasmid map
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Figure 2 — PCR screening with primers of DNA clones “PiORF4-FW-Nde” / “PiORF4-Rev-Xho”

Electrophoresis was conducted in a 1.0% aga-
rose gel containing ethidium bromide, followed by
the detection of bands in transmitted UV light in a
Quantum gel-documentation system (Vilber). M —
marker 100bp DNA Ladder, (obtained from Thermo
Fisher Sci.).

In addition, the PCR-positive clones were sub-
jected to restriction analysis using restriction endo-
nucleases Ndel and X#hol in order to verify them.
The results of this analysis are presented in Fig-
ure 3.

1500 -
1000 -

500 -

100 -

According to Kast et al., replacement of a glu-
tamic acid residue with an asparagine acid residue
at position 9 of the yeast toxin PiIORF4 resulted in
a significant increase in the specificity of cutting
the 18S rRNA molecule within the small ribosomal
subunit [9]. Therefore, it was decided to mutate the
cloned PiORF4 c¢cDNA accordingly. The primers
‘PiORF4-D-Rev’  (5’-aatacatcaaAtcgtgtatggggag-
cagettgttgttg) and “PiORF4-D-FW” (5’-tccatac-
gaTttgatgatgtatttgttgttgttg) were synthesised for in
vitro mutagenesis (Figure 4).

- Plasmids

- 738 bp

Figure 3 — Restriction analysis of Ndel / Xhol DNA clones
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Primers to order:

1) “PiORF4-Rev-Xha” (5 A
2) | PIORF4-FW-Nde” (SMMWM
3) “PiORF4-D-Rev™ (5

4) “PiORF4-D-FW™ (5°
5) T7-prom-E_(5"

DNA construction of T7-PIORF4-E-6His

T7-Promoter Ndel

lagaccacaac; ccetetagaaataattttgtttaactttaagaaggagatataCATAT
Gaatcaacaaget; gatgaatttgccagataataatttgaaaattattgatga

tgctacttttgetgetatgagaccattgecaccaattgetcaaatttctgatttgeaageatttaaaattatgtggattaatgttaaa
ttt uafnﬂﬂo‘amrm

aataaagctaaaaatggmgaataaatttaaaatttttgctggaaatatggtatgam ggtattt‘tgaaagaattgtctaataﬂg

gatccatctc tgttaattttcaaaattctattaataatttg;

ataatatgattgtttctaataatttgattaataaattggattatattictaaacaattgtctaatactttgaatattaatgaacaaagat
at; tttgtctttgact, tatggtgatatt tacttataaaaataatggtgttactttt

aatgatgatgaacatgaaattaaatttggtictggtgatccatitgetictactattagaactattactggaaaaccaccaccate

tttttatccagataagggtcatgettigatiattagatctictaaaaatgettataataatttgactga t: ttaaa
attce: accaccaccaccaccacTGA

Xhol GHis-tag

Xhol
PCR product “PIORF4-D-Head™:
“T7-ptom-F” Ndel
agaccacaacggtttcects

GaatcaacaagetgetecatacgaT tigatgtatt
“PiORF4-D-Rev”

gtttaactttaagaaggagatataCATAT

PCR product “PIORF4-D-Tail":
“PjORF4-D-FW”

tatgttttgatgaatttgccagataataatitgaaaattattgatgatgetacttttgetgetat
g caaat‘rtctgatt‘tgcaagcatttaaaat‘tatgtggattaatgttaaagatccatctcca.aatl
ctgttaattttcaaaattct: attgatagaagagaaatttttgatattttgagatctaataaagctaaaaat
ggtﬂgaataaamaaam‘ttgctggtaaatatggmt aatggtatttt g *tgrbtamuua 1 ‘garrg'rﬁm
aataatttgattaataaattggattatatttctaaacaattgtctaatactttgaatattaatgaacaaagatataatgatatgaaaa
aaattgttitgtctttgactgaaaaatatggtgatattgttatgactactiataaaaataatggtgttacttttaatgatgatgaacat
gaaattaaatitggtictggtgatccattigetictactattagaactattactggaaaaccaccaccatctitttatccagataa;
ggtcatgetttgattattagatcttctaaaaatgcettat: tigact; tg "h'anﬂ:aﬂ'r‘az“

“PiORF4-Rev-Xho™

“PIORF4-D-Head” + “PIORF4-D-Tail” = “PIORF4-D-Full”:
“T7-ptom-F”
lagaccacaac; ccotctagaaataattttgtttaactttaagaaggagatataCATAT
Gaatcaacaagct; gatgaatttgccagataataatttgaaaattattgatga
tgetacttttgetgetatgagaccattgecaccaattgeteaaatttetgatitgeaageatttaaaattatgtggattaatgttaaa
gatccatctecaaattetgttaattticaaaattctattaataatttg: g gag tttgatattttgagatct
aataaagctaaaaatggtttgaataaartruaatrrttgctggtaaatatggmgaatggtamtgaaagaattgtctamattg
gattgtttctaataatttgattaataaattggattatattictaaacaattgtctaatactttgaatattaatgaacaaagat
ataatgatatgaaaaaaattgttttgtctitgactg gtgatattgttatgactacttat tggtgttactttt
aatgatgatgaacatgaaattaaatttggttctggtgatecatttgetictactattagaactattactggaaaaccaccaccate
tttttatccagataa, catgctitgattattagatctictaaanatgettataataatttgactgatagacaaaatgaaattaaa
attc:

“PiORF4-Rev-Xho”

Figure 4 — Nucleotide sequences of PCR products at different stages of in vitro mutagenesis

The mutagenesis process was executed through
the utilisation of a polymerase chain reaction (PCR)
method, employing overlapping primers and a high-
precision Pwo polymerase [21]. The mutation pro-
duced two fragments, designated PiIORF4-D-Head
(117 bp) and PiORF4-D-Tail (721 bp) (Figure 5),
each containing a targeted nucleotide substitution.

“T7-ptom-F”/
“PiORF4-D-Rev”

PiORF4-D-Tail -
(721bp )

PiORF4-D-Head -
(117bp )

“PIORF4-D-FW™ /
“P1ORF4-Rev-Xho”

These were then combined to form a common prod-
uct, PIORF4-D-Full (818 bp). The final composite
PCR product was then eluted from the gel, treated
with restriction endonucleases Ndel and Xhol, and
cloned into the empty vector pET23c. The selection
of DNA clones was carried out in the same way as
for the cloning of the original PIORF4 cDNA gene.

“T7-ptom-F"/
“PiORF4-Rev-Xho™

bp

- PIORF4-D-Full

B ggg (818bp )

Figure 5 — The results of the mutagenesis of the overlap extension PCR
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In order to verify that the nucleotide substitution
had been correctly inserted at the designated site of
the cloned cDNA and that no unforeseen mutation
had occurred in parallel, Sanger sequencing [22]
was performed using primer T7 (5’-taatacgacgact-
cactataggg). The analysis of the sequencing data
of the obtained DNA construct 77-PiORF4(E9D)-
6His Pet23c confirmed that the adenine nucleotide
was replaced by a thymine nucleotide at position
9 of the PiORF4 gene. The mutated construct 77-
PiORF4(E9D)-6His_Pet23c was then utilised to
develop a recombinant protein, with the objective
of enhancing the specificity of the recombinant Pi-
ORF4 protein.

A bacterial expression system was selected for
the production of yeast toxins. The anticipated mo-
lecular weight of the recombinant protein was ap-
proximately 28 kD, and it was found to be active
without the need for glycosylation. Furthermore, it
was determined that the yeast gene expression sys-
tem was not conducive to PIORF4 gene expression,

Marker
@ Lysis buffer

Elution 2+3

q ‘Wash buffer
Elution 1

Marker

owing to the toxicity of the translation product for
yeast cells.

The T7-PiORF4(EY9D)-6His Pet23c plasmid
was employed as a means of transforming cells of
the expression strain E. coli BL-21(DE3), which
contains the T7 bacteriophage RNA polymerase
gene within its genome, under the control of the
lacUVS5 promoter. The E. coli cells that had been
transformed with this plasmid were then grown, af-
ter which the synthesis of phage T7 polymerase was
activated by adding IPTG to the medium. Following
several hours of expression, the synthesis products
were analysed by immunoblotting using antibodies
to the 6-His amino acid sequence. Following con-
firmation of PiIORF4(E9D)-6His cDNA expression
in bacterial cells, its purification by IMAC affinity
metal ion chromatography using Ni-NTA agarose
was performed [23, 24]. The protein fractions ob-
tained during the isolation of the recombinant pro-
tein were analysed by immunoblotting [25]. The re-
sults of this analysis are presented in Figure 6.

—_ B o

& £ - 5

E 5 = s

z & 5 3

iy E = =

¢

v — - Dimer
o calSini - PiORF4-6His
i (28 kDa)
B

Figure 6 — Isolation of PIORF4-6His from E. coli
A — Electrophoresis in 12.5% polyacrylamide gel. B — Immunoblotting (Penta-His-Ab).
M — Protein marker, PageRuler™ Plus Prestained Protein Ladder (Thermo Fisher Sci.).

As demonstrated in Figure 6, in addition
to the protein of the anticipated size (28 kDa),
an additional product of approximately 50kDa
was released, which, according to the calcu-
lated parameters, corresponds to the dimer of
PiORF4(E9D)-6His protein. The formation of
dimers in E. coli has been observed during mass
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expression [26], thus validating the outcome. The
protein was purified by dialysis and concentrat-
ed in concentrating columns by centrifugation.
The protein concentration was determined to be
571,9 + 13.3 pg/ml (total volume, 450 pl). The
yield of the recombinant protein was 2,574 mg
from 1 litre of nutrient medium.
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Conclusion

A genetic construct, designated pET23c-6His-
PiORF4, was obtained. This construct contains
an open reading frame of the yeast toxin PiORF4,
which is capable of producing targeted, specific
breaks in rRNA molecules. Through in vitro mu-
tagenesis, a nucleotide substitution was introduced
into the cloned ¢cDNA, resulting in an E9D sub-
stitution in the PiORF4 protein, thereby increas-
ing its specificity for 18S rRNA and preventing
the yeast 28S rRNA molecule from being cut. The
recombinant PIORF4(E9D)-6His protein was then
produced in bacterial cells and successfully puri-
fied by means of the Immobilized Metal Affinity

Chromatography (IMAC) method. The purified
PiORF4(E9D)-6His protein will be further used to
evaluate the role of discrete 18S rRNA fragmen-
tation in the regulation of protein biosynthesis in
plants.
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LONGITUDINAL MICROBIOME ANALYSIS REVEALS EARLY
BACTEROIDES PREDOMINANCE AS A POTENTIAL BIOMARKER
FOR AUTISM SPECTRUM DISORDER: A PEDIATRIC CASE STUDY

WITH COBALAMIN METABOLIC IMPLICATIONS

The intricate relationship between gut microbiota and neurodevelopmental disorders has emerged
as a critical area of research, particularly in autism spectrum disorder (ASD). This case study presents
groundbreaking longitudinal evidence of gut microbiota alterations preceding ASD diagnosis in a two-
year-old female infant. The research aimed to characterize early-life microbiome dynamics and their po-
tential connection to subsequent ASD development, contributing to our understanding of the gut-brain
axis in neurodevelopmental disorders. Using shotgun metagenomic sequencing, we tracked the infant’s
microbiome composition from birth through 18 months of life, comparing it with 215 control samples.
Our methodology incorporated comprehensive bioinformatic analysis using the bioBakery suite, includ-
ing MetaPhlAn 4 for taxonomic profiling and HUMANN 3 for functional profiling. The study revealed a
persistent and significant elevation in Bacteroides abundance, particularly B. fragilis, from the first month
of life, preceding clinical ASD manifestation. Notably, functional analysis demonstrated an increased
presence of cobalamin biosynthesis genes associated primarily with Bacteroides, suggesting potential
interference with vitamin B12 metabolism. These alterations persisted despite probiotic intervention, in-
dicating a robust dysbiotic state. This research provides valuable insights into early microbiome changes
that may serve as potential biomarkers for ASD risk.

Keywords: Autism Spectrum Disorder; Bacteroides fragilis; cobalamin; gut metagenome.
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MuKpPOO6HMOMHDbIH, 60MABIK, TAAAQYbl AYTU3M CNEKTPiHIH, 0Y3bIAbICHIHDBIH,
aAeyeTTi 6uomapkepi periHae Bacteroides 6akTepUsICbIHbIH, epTe 6ACbIMADBIAbIFbIH
aHbIKTAMADI: KOOAaAAMUH MeTabOAM3MIHE acep eTeTiH MeAUaTPUSIAbIK, KAMHUKAABIK, XKaFAan

[Lek MUKPOBMOTAChl MEH HEMPOAAMY AbIH 6Y3bIAbICTapbl apACbIHAAFbI KYPAEAI GaiAaHbIC 3epTTEYAIH,
MaHbI3Abl CaAacbiHa alHaAAbl, 8cipece ayTmM3m CrekTpiHiH 6y3biAbicbiHAQ (ACB). ByA KAMHMKaAbIK,
3epTTey eki acap Kbi3 6asaHbiH ACB AMarHosblHa AERIHTI ileK MMKPOOMOTaCbIHbIH e3repicTepi
Typaabl OYpbIH-COHAbI G0AMaraH GOMAbIK, ADAEAAEMEAEPAI YCbiHAAbl. 3epTTeyAiH MakcaTbl epTe
>KaCTaFbl MUKPOOMOMHbIH, AMHAMMKACHIH >KaHe OHbIH, KeniHri ACH AamybIMeH bIKTUMAA GaiAaHbIChIH
cunartay 60AAbI, OYA HEMPOAAMYAbIH OY3bIAbICTAPbIHAAFbI ILLIEK-MM OCIHIH TYCIHIriH KEHEMTYyre yAec
KOCTbl. bi3 WwoTraH MetareHoMAbIK, CEKBEHMPAEYAI KOAAAHA OTbIPbIN, HOPECTEHIH TyFaHHaH GacTan
18 aitra AeRiHTi MMKPOOMOM KypambiH GakblAar, oHbl 215 GakbiAay YATICIMEH CaAbICTbIPABIK,. bi3AiH
8AicHaMambI3  BioBakery >KMbIHTbIFbIH KOAAQHbBIN  >KaH->KaKThl  GUMOMH(OPMATUKAABIK, TaAAQyAbl
KaMTbIAbI, OHbIH, iliHAe MetaPhlAn 4 TakcoHommsIAbIK, Npodrabaey >koHe HUMANN 3 hyHKLMOHAAADBIK,
npouabaey 6ap. 3epTrey emipAin OipiHwi anbiHaH 6acTar, ACB-HbIH KAMHWMKAABIK, KOPIHICIHE AeWiH
Bacteroides, acipece B. fragilis MeALLepiHiH TypaKTbl XXOHE alTapAbIKTal >KOFapblAaFaHblH aHbIKTAAbI.
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bYHKLMOHAAABIK, TaAAQY HerisiHeH Bacteroides-neH 6aiiAaHbICTbl KOGaAaMMH BUMOCHMHTE3I reHAEpPiHiH
>KOFapblAayblH kepceTTi, 6ya B12 AspyMmeHiHiH MeTaboAM3MIHE bIKTMMaA ocepiH kepceTeai. bya e3-
repictep npoOGMOTMKAABIK apaAacyFa KapaMacTaH CakTaAAbl, OYA TYPAKTbl AMCOMOTUKAABIK, KaFrAanAbl
kepcerteai. bya 3eptrey ACB kayniHiH biIKTMMaA GMOMapkepAepi peTiHAe KbI3MET eTe aAaTbiH epTe
MUKPOBMOMAbIK, ©3repicTep TypaAbl KYHAbI TYCIHIK 6epeai.

Ty#in ce3aep: AyTnam criekTpiHiH 6y3biAbiCbl; Bacteroides fragilis; kobaramuH; illeK MeTareHOMbl.
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MpoaoAbHOE ucCAeAOBaHME MUKPOOMOMaA 0OHaApY>XMBaeT paHHee npeodAasaHue
Bacteroides B kKauecTBe MoTEeHLMAABHOIO GMOMapKepa ayTM3mMa: KAMHMYECKMI CAyYan
y pe6eHKa C MOCAEACTBUSIMU AASl MeTaboAM3Ma BUTaMHHa B12

CAOXHas CBSI3b MEXAY MMKPOOUOTOM KMLIEUHMKA M HAPYLLIEHWUSIMM HEMPOPA3BUTUS CTaAd BaXK-
HenLwen 06AACTbIO UCCAEAOBAHMIA, OCOOEHHO MPU paccTporcTBax aytucTndeckoro crnektpa (PAC). B
3TOM MCCAEAOBAHUM MPEACTABAEHbl HOBAaTOPCKME MPOAOAbHbIE AOKA3aTEAbCTBA M3MEHEHWIA MMKPO-
OGUOTbI KMLLIEYHUKA, NpeAlLecTBYomx amarHoctrke PAC y aAByxaeTHen aeBoukn. Lleabio nccaeposa-
HMS BbIAO OXapaKTepM30BaTb AMHAMUKY MMKPOGMOMA B paHHEM BO3pPacTe U ee MOTEHUMAAbHYIO CBSI3b
¢ nocaeaytolim passutmem PAC, 4To cnoco6CTBOBAAO HaLLIeMY MOHMMAHMWIO OCH KMLLIEYHMK-MO3T NPy
HapyLLeHWsaX HerMpopasBmuTus. Mcnoab3ys ApoGHOE MeTareHOMHOE CEKBEHUPOBAHME, Mbl OTCAEXKUBaAM
COCTaB MMKPOBMOMa MAAAEHLA C POXKAEHMS A0 18 MecsueB XXn3HW, cpaBHMBas ero ¢ 215 KOHTPOAb-
HbiIMK 06pasuamum. Hallla METOAOAOIUSI BKAIOUAAA KOMIMAEKCHbIA 6UOMH(OPMALIMOHHbIM aHAAM3 C UC-
noAb3oBaHueMm nakeTa bioBakery, Bkaouas MetaPhlAn 4 aAst TakCOHOMMUYECKOTO NMPO(UAMPOBAHUS U
HUMARNN 3 aAg pyHKUMOHaAbHOro npouAMpoBaHust. MccaepoBaHWe BbISIBUAO MOCTOSIHHOE M 3Ha-
UYMTeAbHOE MOBbILLEHME YMCAeHHOCTH Bacteroides, B uactHoctu B. fragilis, ¢ neporo mecsiuja >KusHu,
NMpeALLeCcTBYOLEero KAMHn4eckomy npossaeHnio PAC. B yacTHoCTM, (DyHKUMOHAABHBIM aHaAM3 Npo-
AEMOHCTPUPOBAA MOBbILLEHHOE MPUCYTCTBME FeHOB GMoCUHTe3a KobaAamMMHA, CBS3aHHbIX B MEpPBYIO
ouepeab ¢ Bacteroides, uTo yKkasblBaeT Ha MOTEHUMAAbLHOE BMELIATEAbCTBO B METabOAM3M BUTaMMHA
B12. 9T M3MeEHeHMs COXPAHSAAMCb, HECMOTPS Ha MPOOMOTHUUYECKOE BMELLIATEABCTBO, UTO YKa3blBaeT Ha
CUAbHOE AMCOMOTMYECKOE COCTOSIHME. DTO UCCAEAOBAHME AQeT LieHHYIO MH(OPMALIMIO O PaHHMX 13-
MEHEHUSIX MUKPOBMOMA, KOTOPbIE MOTYT CAYXXMTb MOTEHUMaAbHbIMK GuomMapkepamm prcka PAC.

KAroueBble cAoBa: PaccTpoicTBo ayTMCTUMUECKOro cnekTpa; Bacteroides fragilis; ko6anamuu; meTa-
reHOM KMLLeYHMKa.

1. Introduction

Recent studies highlight the complex nature of
autism spectrum disorder (ASD), a neurodevelop-
mental condition characterized by difficulties in so-
cial communication and stereotypical behavior. The
prevalence of ASD has increased significantly, with
current estimates at approximately 2.8% [1]. Sta-
tistical data from Kazakhstan also indicate a rise in
ASD cases over the past decade [2].

Recent research has identified a substantial im-
pact of gut microbiota on neurotransmitters such as
glutamate and GABA, and a significant association
with mental disorders such as depression, schizo-
phrenia, and ASD [3,4]. Studies from different na-
tional cohorts demonstrated significantly altered mi-
crobiota composition features in ASD patients, and
in many cases, an increase in the short-chain fatty

acid (SCFA) producer Bacteroides [5-8]. Consis-
tent with this, some studies have reported elevated
levels of propionic acid (PPA) in ASD patients
[9,10]. PPA, can cross the blood-brain barrier and
may lead to neuroinflammation, increased oxida-
tive stress, glutathione depletion, altered phospho-
lipid/acylcarnitine profiles, effects on mitochondrial
function, and altered gene expression. Noteworthy
Bacteroides is known to be able to interfere with
vitamin B utilization. It has been shown that the hu-
man gut bacterium Bacteroides can not only bind to
vitamin B12 with high affinity, but also remove it
from human intrinsic factor, a B12 transport protein
in humans [11]. Vitamin B12 is essential for optimal
brain development, neural myelination, and cogni-
tive function. Significantly low or high levels of B12
during pregnancy have been associated with an in-
creased risk of offspring with ASD [12].
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2. Materials and methods

Recruiting

We recruited healthy newborns immediately
after birth from the maternity ward of the Perina-
tal Center in Astana. After providing all necessary
information, parents (mothers) signed an informed
consent document, officially confirming their agree-
ment for their child’s participation in the study. Col-
lection of infant fecal samples was conducted im-
mediately after birth (first-pass meconium) and at
dynamic observation points at 1, 3, 6, 12, and 18
months of life. Maternal fecal samples were collect-
ed one month postpartum. The study protocol was
approved by the ethics committee of the National
Laboratory Astana, Nazarbayev University (proto-
col #05-2022). The studies were conducted in accor-
dance with the World Medical Association Declara-
tion of Helsinki.

This study included one child diagnosed with
ASD and 215 samples basic group. ASD diagnosis
was made by pediatric psychiatrists based on the
Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition (DSM-5) diagnostic criteria
(Diagnostic and Statistical Manual of Mental Disor-
ders: DSM-5TM, 5th Ed. 2013) at the age of 2 years.
Exclusion criteria for neurotypical children included
a positive family history of ASD. Exclusion criteria
for both groups were neurological disorders, intel-
lectual disability, depressive disorders, and other
gastrointestinal tract-related diseases. All recruits
included in this report had not taken antibiotics in
the three months preceding sample collection.

DNA Extraction from Fecal Samples and Se-
quencing

Fecal samples were collected using DNA/RNA
Shield Fecal Collection Tubes (Cat. # R1101, Zy-
moResearch). The samples were transported to the
laboratory within 24 hours and stored at +4°C un-
til DNA extraction. Bacterial genomic DNA was
isolated from the fecal samples using the Zymo-
BIOMICS DNA Miniprep Kit (Zymo Research,
D4300), with sterile pQ water as a negative extrac-
tion control. Quality control of DNA isolation was
performed using OD260/280 Nanodrop and 1%
agarose gel electrophoresis. The concentration and
purity of each DNA sample were determined using
an Invitrogen Qubit 3.0 fluorometer (Invitrogen,
Carlsbad, CA, USA). Sterile nQ water served as a
negative control. Following standard Illumina pro-
tocols, sequencing was conducted on the Illumina
NovaSeq 6000 platform at Novogene Laboratory
(Beijing, China).
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Data Processing and Statistical Analysis

Our research took a comprehensive approach to
the analysis of raw sequencing data. We employed
the bioBakery suite, which integrates a range of
methods for taxonomic and phylogenetic profiling
of metagenomes. MetaPhlAn 4 was used for taxo-
nomic profiling, and HUMAnN 3 for functional
profiling. We applied the recommended parameters
provided by the developers to all tools used in the
analysis, ensuring a thorough and rigorous approach.

To identify taxonomic and functional markers
across time points and at individual time points,
the DESeq2 algorithm from the PyDESeq2 0.4.9
library was implemented. Markers were considered
significant at p < 0.05 after correction for multiple
comparisons (BH FDR). The relative abundance of
bacterial genes was analysed based on the results
of HUMAnN 3 profiling. Annotation of HUMAnN
3 profiling results at the gene level was performed
based on UniProt annotations, considering only cur-
rent entries.

3. Results and discussion

We present a case of a female newborn subse-
quently diagnosed with early childhood autism. The
child was born from the seventh pregnancy, compli-
cated by gestational hypertension and chronic py-
elonephritis. Spontaneous vaginal delivery occurred
at 265 days of gestation. The newborn was in good
condition (Apgar score 8/9), requiring no resuscita-
tion, with a birth weight of 4,630 grams and a length
of 56 cm. The infant was discharged after 72 hours
with moderate risk of perinatal central nervous sys-
tem involvement.

Follow-up examinations revealed persistent in-
testinal dysbiosis from 6 months of age (continu-
ing through 36 months), positive IgG antibodies to
cytomegalovirus, and mild anaemia. At 21 months
of age, the child experienced initial absence sei-
zures, which progressed to clonic-tonic seizures by
22 months, occurring twice daily with a duration of
1-20 minutes. Magnetic resonance imaging revealed
the right frontal lobe pachygyria and focal brain mat-
ter changes. Treatment included magnesium sulfate
for 3 days and carbamazepine 75 mg twice daily (15
mg/kg) for one month, followed by oxcarbazepine
1.5 mL in the morning and 2.0 mL in the evening.
At 24 months, autism spectrum disorder was diag-
nosed. The child had been receiving bifidobacteria-
containing probiotics since 3 months of age.

To comprehensively understand the microbiome
characteristics prior to ASD manifestation, we me-
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ticulously conducted a comparative analysis of fecal
samples from the child and mother against a con-
trol group (total 215 samples: 41 mothers and their
children Female/Male: T2 — 37 children (19/18), T3
— 30 children (15/15), T6 — 33 children (15/18), T12
— 26 children (13/13), T18 — 22 children (11/11)).
The average sequencing depth was 7.0 Gigabases
per metagenome. All samples underwent a standard-
ized processing protocol to minimize technical vari-
ability.

Our longitudinal analysis of taxonomic diver-
sity showed no significant increase in alpha di-
versity (Observed index, p=0.28; Shannon index,
p=0.19) in the ASD child’s samples from birth to
18 months. This finding contrasts with some recent
reports suggesting increased alpha diversity in ASD
cohorts [6], which traditionally challenges prevail-
ing notions as decreased alpha diversity has been
associated with compromised health in various con-
ditions. The maintained alpha diversity in our case
may reflect the early intervention with probiotics,
though it did not prevent the underlying dysbiotic
changes. However, our comparison of relative mi-
crobial abundance (Fig. 1A) revealed significant
differences between the control and ASD groups at
all analyzed points, which aroused our interest. Lon-
gitudinal monitoring of the Bacteroides genus (Fig.
1B) demonstrated its significant predominance in
the microbial structure from the first to sixth month
of life (p=0.037) in the child with ASD, peaking at
approximately 55.0% in the first month (T2).

Recent experimental evidence demonstrates
that B. fragilis-treated male mice display social be-
havior dysfunction, increased repetitive behaviors,
and gene expression dysregulation in the prefrontal
cortex, while female mice do not display behavioral
deficits [6]. While our case involves a female infant,
the early and persistent Bacteroides elevation sug-
gests that the timing of exposure may be more criti-
cal than sex-specific susceptibility during early neu-
rodevelopmental windows. The Collinsella genus
also showed consistent elevation in the ASD group
(p=0.007), particularly notable until 3 months of age
(T3), maintaining elevated levels at T12 and T18
time points. Additionally, non-significant decreases
in Escherichia coli (p=0.24) and Bifidobacterium
(p=0.37) were observed from the early months of
life.

Notably, administering bifidobacteria-contain-
ing probiotics at 3 months did not increase the rela-
tive abundance of the Bifidobacterium genus. Con-
versely, by 6 months, an increase in Bacteroides was
observed, predominantly due to B. fragilis. This re-
sistance to probiotic intervention aligns with emerg-

ing evidence that different microbial interventions
may have varying effectiveness in ASD, with some
studies exploring more comprehensive approaches
such as microbiota transfer therapy [13]. By 12
months of age, the fecal microbiome was domi-
nated by Bacteroides and Faecalibacterium praus-
nitzii (Fig.1 A). Notably, the Bifidobacterium level
in the mother of the child with future ASD status
was below the group average (0.6% vs 7% in con-
trols). This observation is consistent with emerging
research on the maternal exposome and autism risk
[14], suggesting that maternal microbiome compo-
sition may influence offspring neurodevelopmental
trajectories.

Functional gene profiling based on the UniProt
database revealed a significantly increased pres-
ence of cobalamin biosynthesis genes (KW0169),
primarily associated with Bacteroides and, to a
lesser extent, with Collinsella and Blautia, as il-
lustrated in the taxonomic distribution diagram
of cobalamin biosynthesis genes (Fig. 1C). The
discovered association between microbial com-
position and metabolic disturbances is of utmost
importance. The increased potential ability of Bac-
teroides for B12 synthesis (Fig. 1C) and utilization
[11] may indicate possible cobalamin sequestra-
tion by the microbiota. Recent systematic reviews
have identified 17 studies examining B12 as a
treatment in ASD, with most studies using oral or
injected methylcobalamin, demonstrating potential
therapeutic benefits [15]. Vitamin B12 is critical in
myelin synthesis, DNA methylation, and nervous
system development, potentially significantly af-
fecting cognitive functions and neurodevelopment
[16]. The early-life elevation of Bacteroides in our
case study suggests that microbial sequestration of
cobalamin may occur during critical neurodevel-
opmental windows, potentially contributing to the
pathophysiology of ASD.

Interestingly, recent studies have shown that
Bacteroides-dominant gut microbiomes in late in-
fancy are associated with enhanced neurodevelop-
ment, with different species of Bacteroides includ-
ing B. fragilis and B. uniformis positively associated
with increased cognitive development [17]. This ap-
parent contradiction with our findings highlights the
importance of timing, dose-response relationships,
and individual susceptibility factors in microbiome-
neurodevelopment interactions. The persistence of
Bacteroides elevation from the first month of life in
our case suggests that early, excessive colonization
may disrupt normal neurodevelopmental processes,
whereas moderate levels at later time points may be
beneficial.
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Figure 1 — Relative abundance of microbial taxa in fecal samples from control group children (NO) and child
with autism spectrum disorder (ASD) during the first 18 months of life, as well as their mothers. A) Mean relative abundance
of taxa at taxonomic levels: genus and species levels. B) Relative abundance of Bacteroides in Collinsella genera in NO and ASD.
Data are presented for six time points: mother microbiome (M), at 1 month (T2), 3 months (T3), 6 months (T6),
12 months (T12), and 18 months (T18). C) Chord diagram
of the taxonomic distribution of cobalamin biosynthesis genes (KW0169) at genera level

Our study highlights the critical importance of

developing an altered microbial structure in a child
who subsequently develops ASD. From the first
month of early life, we detected significant dysbi-
otic changes in the feces of the child with future
ASD status, characterized by the predominance of
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Bacteroides (31.0% vs 18.5% in controls on aver-
age), mainly due to B. fragilis (19.1% vs 3.8% in
controls), which chronologically preceded clinical
disease manifestation. Recent research suggests that
interventions targeting the gut microbiota through
various approaches, including fecal microbiota
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transplantation, may be promising for treating gas-
trointestinal disorders and behavioral traits associat-
ed with ASD [13]. Our findings support the potential
for early microbiome screening as a risk assessment
tool, potentially enabling interventions before clini-
cal symptoms manifest.

The gut-brain axis and its complex bidirection-
al communication system between the central ner-
vous system and the enteric nervous system have
revealed the central role of the gut microbiome in
regulating neuroimmune networks, modifying neu-
ral networks, and communicating directly with the
brain [4]. Our case study contributes to this under-
standing by providing longitudinal evidence of mi-
crobiome alterations preceding clinical diagnosis.
Recent randomized clinical trials have demonstrat-
ed that specific Bacteroides strains, such as B. fra-
gilis BF839, can significantly improve abnormal
behavior and gastrointestinal symptoms in chil-
dren with ASD [18]. However, our findings sug-
gest that the therapeutic window and strain-specific
effects require careful consideration, as early-life
overgrowth of certain Bacteroides species may be
detrimental.

While our case study provides valuable longi-
tudinal data, several limitations must be acknowl-
edged. First, this is a single case study, limiting
generalizability. Second, the complex interplay be-
tween genetic predisposition, environmental factors,
and microbiome composition requires larger cohort
studies to disentangle. Third, the functional impli-
cations of elevated cobalamin biosynthesis genes
require direct metabolomic validation. Recent sys-
tematic reviews of pediatric and adult studies have
highlighted the functional contribution of intestinal
microbiomes in various neurodevelopmental dis-
orders [19], emphasizing the need for standardized
methodologies and larger sample sizes. Our study
contributes to this growing body of evidence while
acknowledging the need for replication in larger co-
horts.

The relationship between eating issues, microbi-
ome, and gastrointestinal symptoms in autism spec-
trum disorder has become increasingly recognized,
with food selectivity and nutritional deficiencies be-
ing closely associated with altered gut microbiota
composition [20]. Our case study supports these
associations, as the child showed selective eating
patterns and required nutritional interventions. The
findings of this case report shed light on the forma-

tion of an altered gut microbiome prior to ASD, in-
dicating a potential role for the microbiota in the de-
velopment of the pathological process. The increase
in the copy number of vitamin B12 biosynthetic
genes, a significant finding in this study, suggests a
potential link between gut microbiome and vitamin
B12 metabolism in ASD. Given that most existing
studies have focused on cross-sectional observation
of microbiota after the onset of ASD, there is a sig-
nificant opportunity for further research in this area.

Conclusion

This case study identified significant changes
in the gut microbiota in the first months of early
life, characterized by Bacteroides dominance and
increased cobalamin biosynthesis genes, preceding
the onset of ASD. The persistence of these changes
despite probiotic therapy, along with a similar ma-
ternal microbiota profile, reveals potential micro-
bial markers of ASD risk. These findings highlight
the importance of early screening of the microbiota
and its metabolic activity. However, they also un-
derscore the urgent need for extensive prospective
studies to confirm these associations and advance
our understanding of ASD.
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DETECTION OF GRAPEVINE FANLEAF VIRUS BY NEW GRNAS

Grapevine fanleaf virus (GFLV) is an important worldwide pathogen of grapes that leads to signifi-
cant economic losses due to reduced health and productivity of the vines. In this study, a highly sensi-
tive and specific molecular diagnostic system for GFLV was established. Synthetic control sequences
were developed to detect conserved regions of the viral RNA2 genome, enabling precise detection. The
performance of a CRISPR/Cas12a-based diagnostic platform integrated with Recombinase Polymerase
Amplification (RPA) was validated, demonstrating sensitive and rapid detection of GFLV even at low
viral loads. Although the Cas13a system was tested, its sensitivity was insufficient due to guide RNA in-
efficiencies and the complex structure of viral RNA, indicating the necessity for further optimization. The
combination of Cas12a with RPA was demonstrated to be a powerful diagnostic approach for the detec-
tion of plant viruses, with potential for field-integrated diagnostic applications. This research provides a
foundation for the development of diagnostic tools aimed at controlling GFLV and improving viticulture
management approaches, thereby promoting sustainable viticulture.

Keywords: grapevine fanleaf virus, CRISPR/Cas12a, recombinase polymerase amplification, mo-
lecular diagnostics, plant virus detection.
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XKana rPHK, apkbiAbl XKY3iMHiH, )XeAnyill-Kanbipak, BUPYCbIH aHbIKTay

Ky3iMHiH >keAnyiw->xanbipak, BUpycbl (GFLV) — >Xy3iMHIH AEHCAYAbIFbl MEH BHIMAIAITIH TOMEHAETYTe
6anAaHbICTbl €AeYAI DKOHOMMKAABIK, LIbIFbIHAAPFA BKEAETIH OYKiA DAEMAE MaHbI3Abl KO3AIPFbILL OOABIT
TabbiraAbl. ByA 3epTTeyae GFLV yiuiH XXoFapbl CE€3iMTaA XXoHe epeKLe MOAEKYAAAbIK, AMArHOCTMKAADIK,
>Kyre a3ipAaeHAi. BupycTbik, RNA2 reHOMbIHbBIH, CakTaAFaH aiMaK TapblH aHbIK T aAaTblH CUHTETUKAABIK,
GakblAay PETTIAIr >KacaAbil, HaKTbl aHbIKTay MYMKIHAIM Kkamrtamacbi3 etiaai. CRISPR/Cas12a
Heri3iHAeri AMarHOCTMKAABIK MAAT(OPMaHbIH PEKOMOMHA3AAbIK, TMOAMMEPA3Abl KYLLIENTY SAiCiMeH
(RPA) GipikTipiAreH 6HIMAIAIr TekcepiAin, BUpPYCTbiH a3 mMeaAwepiHae ae GFLV-Ai kbiaaam >kaHe
cesiMTaA aHblKTayFa MyMKiHAIK 6epeTiHi kepceTiaai. Cas13a Xyieci Ae 3epTTeAreHimMeH, 6arbiTTayLbl
PHK-HbIH THimci3airi meH BupycTbik, PHK-HbIH KypAEAi KYpbIAbIMbI CEOENTI XKETKIAIKTI Ce3IMTaAAbIK,
KepceTnereHi aHbIKTaAAbl, 6YA OHbIH 8pi Kapar OHTaMAAHABIPbIAYbIH KaXKeT eTeTiHiH kepceTTi. Cas12a
MeH RPA-HbI GipiKTipy 6CiMAIK BUPYCTapblH aHbIKTayFa apHaAFaH KyaTTbl AMQrHOCTUKAAbIK, SAIC peTiHAE
TaHbIABIM, OHbl AAAAAbIK, XKaF AalAapAa KOAAAHY MYMKIHAITT 6ap ekeHi aoaeaaeHAl. bya septtey GFLV-
Al BakplAayFa apHaAFaH AMArHOCTMKAABIK, KYPaAAAPAbI 93ipAeY XKeHe >KY3iM LapyallbiAblFbiH 6ackapy
TOCIAAEPIH >KaKCapTy YLiH Heri3 >kacarAbl, OCblAAMLLA TYpaKTbl XY3iM LUapyallbIAbIFbIH AAMbITYFa
bIKMAA €TeAl.

Ty#in ce3aep: XKy3iMHIH XeAnyiw->arnbipak, Bupycbl, CRISPR/Cas12a, pekoMbrHaza-noAMmepasAbl
aMNAUUKaLMS, MOAEKYAQABIK, AMArHOCTMKA, 6CIMAIK BUPYCbIH aHbIKTay.
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O6Hapy»eHue BUpyCca BeepHOi MO3auMK1 BUHOIPaAa
C ucnoAb3oBaHMem HoBbix TPHK

Bupyc Beepuatoctu aucTbeB BuHorpaaa (Grapevine fanleaf virus, GFLV) gaBAsieTCsl 3HaUMMbIM FAO-
6aAbHbIM MAaTOreHOM BMHOIPaAa, KOTOPbIA BbI3bIBAET CYLIECTBEHHbIE SKOHOMMYECKME MOoTepu M3-3a
CHUXKEHUS 3A0POBbS U MPOAYKTUBHOCTU AO3. B AaHHOM mccaepoBaHuM Gbiaa paspaboTaHa BbICOKO-
YYBCTBUTEAbHas 1 crieumnryuHas MOAEKYAIpHaa AMarHocTnyeckas cuctema aag GFLV. Bbian co3pa-
Hbl CUHTETMYECKMEe KOHTPOAbHblE MOCAEAOBATEABHOCTU, KOTOPbIE MO3BOASIOT TOYHO BbISIBASITbH KOH-
cepBaTuBHble yyacTkm B reHome RNA2 Bupyca. [Tpon3BOAUTEABHOCTb AMArHOCTUYECKOM NAATOPMBI
CRISPR/Cas12a 6biaa npoTecTMpoBaHa B COYETaHMM C METOAOM PEKOMOMHA3HOM MOAMMEPA3HON aM-
namdukaumm (RPA), 4uTo NpoAEMOHCTPUPOBAAO CMOCOBHOCTb MAAT(OPMbI K BbICTPOMY M UYBCTBUTEAb-
HoMy BbisBAeHuio GFLV aaxke npu HM3KOM BUMPYCHOM Harpy3ske. XoTs cuctema Casl3a Takxke Gbiaa
NpoOTECTMPOBaHa, €€ YYBCTBUTEABHOCTb OKa3aAaCb HEAOCTATOUHOM M3-3a Hea(hHEeKTMBHOCTHN Harnpas-
Astowmx PHK 1 cAoXKHOM CTpyKTypbl BUpYcHon PHK, uTo ykasbiBaeT Ha HEOOXOAMMOCTb AAAbHENLLEN
ontummsaumm. Covetarne Cas12a n RPA 6bIAO NMPU3HAHO MOLLHLIM AMArHOCTUYECKMM MOAXOAOM AAS
06HapY>KEHWs! PACTUTEAbHBIX BUPYCOB C MOTEHLMAAOM MHTErpaumm B MOAEBbIX YCAOBUSX. ITO UCCAE-
AOBaHME CO3AAET OCHOBY AASl Pa3paboTKM AMArHOCTMYECKMX MHCTPYMEHTOB, HampaBAEHHbIX Ha KOH-
TpoAb GFLV 1 yAyuleHue NoAXOAOB K YNPABAEHUIO BUHOrPaAApPCTBOM, CMOCOBCTBYS YCTOMUMBOMY

Pa3BUTUIO BUHOIpaAapCTBa.

KAtoueBble cAoBa: BUpPYC BeepyaTtocTy AMCTbeB BuHorpaaa, CRISPR/Cas12a, pekombuHasHas no-
AMMepasHas aMnAMdMKaLms, MOAEKYASPHAs AMArHOCTMKA, BbIIBAEHWE PAaCTUTEAbHbIX BUPYCOB.

1. Introduction

Grapevine (Vitis spp.) is one of the most im-
portant crops in agriculture but is affected by many
viruses. To date, over 90 viruses and viroids have
been characterized from vineyards, many of which
have a severe impact on the growth, viability, and
productivity of this crop [1, 2, 3]. These viruses
lower both the quality and quantity of the harvest
and shorten the productive lifespan of vineyards,
causing major economic damage. In grapevines,
the virus is mainly transmitted in propagation via
infected material or vectors such as nematodes,
mealybugs, and scale insects.

Grapevine fanleaf virus (GFLV), which causes
fanleaf degeneration of grapevine, is the most dam-
aging viral diseases among these [4, 5]. This dis-
ease has been reported in over 60% of vineyard ar-
eas in France [6]. Xiphinema index [7] is the most
important vector of GFLV transmission. This vi-
rus causes crop losses of up to 80% and consider-
ably shorten the vineyard lifespan through progres-
sive degeneration of the vines [8, 9].

Typical fanleaf degeneration symptoms include
leaf discoloration (e.g., yellowing, vein banding,
mosaic patterns), leaf deformation (e.g., small
leaves, open petiole sinus), shoot abnormalities
(e.g., short internodes, fasciation), and stunted plant
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growth [10]. Disease severity depends on the grape-
vine variety, rootstock genotype, viral strain, envi-
ronmental conditions, and vineyard management
practices [11].

The GFLV genome contains two positive-sense
single-stranded RNAs, RNA1 and RNA2, which
translate into polyproteins (P1 and P2) that are pro-
cessed into functional proteins through a viral pro-
tease [12, 13]. Genetic diversity studies have indi-
cated that GFLV has a high polymorphism rate and
frequent recombination events in its genome, prob-
ably because the same plant can contain more than
one viral variant [14].

Sanitary selection and certification programs
targeting the most important infectious agents, such
as GFLV, ampeloviruses, closteroviruses, and the
phytoplasmas associated with bois noir and flaves-
cence dorée, are recommended by the International
Council for the Study of Viruses and Virus-like Dis-
eases of Grapevine (ICVG) as a means of combat-
ting grapevine viruses.

New developments in molecular diagnostics
have resulted in novel methods harnessing iso-
thermal amplification techniques integrated with
CRISPR/Cas systems, improving the accessibil-
ity, speed, and accuracy of virus detection. These
technologies allow for the early detection of virus-
es such as GFLV, which is important for control-
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ling their spread and preventing economic losses
[15, 16].

A particularly promising development is the
combination of isothermal amplification tech-
niques, including Recombinase Polymerase Am-
plification (RPA) or Loop-Mediated Isothermal
Amplification (LAMP), and CRISPR/Cas systems.
Not requiring thermal cycling, this combination en-
ables sensitive and fast detection of viral nucleic
acids and then becomes suitable for point-of-care
diagnostics. The most established example of this,
for instance, is the SHERLOCK (Specific High
Sensitivity Enzymatic Reporter UnLOCKing) plat-
form, which achieves specific, highly sensitive, and
specific RNA or DNA sequence detection with the
combination of CRISPR/Cas13 and isothermal am-
plification [17, 18, 19].

DETECTR (DNA  Endonuclease-Targeted
CRISPR Trans Reporter) is another representa-
tive system that uses a combination of CRISPR/
Casl2a and isothermal amplification to detect plant
viruses by identifying specific DNA sequences.
These platforms are promising new tools to trans-
form the field of pathogen diagnostics via rapid, ac-
curate, and low-cost detection [17 — 20].

Though these technologies can be pathed to
other organisms, their utilization for GFLV detec-
tion is in its infancy. CRISPR-based diagnostics
for GFLV, when harvested or individual detection
should enhance the speed of detection which in turn
will allow faster management of the disease, thus
preventing huge economic losses [21, 22].

2. Materials and methods

Sampling and Storage of Plant Material

In 2024, infected plant material with Grapevine
fanleaf virus (GFLV) has been collected from vine-
yards and private farms, especially, the Turkestan
region, including the village of Tulkibas. The symp-
toms of infection by this virus include leaf disco-
louration, leaf deformation and stunted growth.
Samples were collected from grapevine exhibiting
the symptoms of fanleaf degeneration. In order to
maintain integrity, collected samples were shipped
in thermal boxes, equipped with cooling packs. The
samples were brought to the laboratory, where they
were held at -80 °C until use.

Development of Synthetic Control Sequences

Synthetic sequences that had homology to
strongly conserved regions of the GFLV ge-
nome were designed in Geneious Prime® 2024.0.5
software based on previous publications. These se-
quences targeted a critical region within the RNA2

segment of the GFLV genome, specifically the coat
protein (CP) coding region, which is important for
virion and transmission.

The following primers were used for amplifica-
tion and detection of GFLV:

— Forward primer: CCWGACYTMTCYYTRC-
CAAG;

— Reverse primer: GGYTTRCACAARACDC-
GGAG.

These primers amplify a conserved fragment
of 200-250 base pairs (bp) located between nucle-
otide positions 5,200-5,400 bp of the RNA2 ge-
nome segment according to the reference sequence
(GCA _000860305.1). High conservation across di-
verse GFLYV isolates in this region facilitated accu-
rate and specific detection.

These synthetic sequences were cloned into the
pMG-Amp plasmid, ordered from Macrogen (Re-
public of Korea), to facilitate further experimenta-
tion and the development of molecular diagnostic
tools.

Cloning and Transformation

The GFLV sequences were cloned by blunt-end
ligation into the pPCAMBIA2300 vector. The GFLV
sequences were cloned in this study under the con-
trol of the Cauliflower mosaic virus (CaMV) 35S
promoter and the nopaline synthase (NOS) termina-
tor.

Transformation of E. coli cells (Dh5a strain)
was carried out using the heat shock method. Com-
petent cells were thawed on ice for 15 minutes, fol-
lowed by the addition of ligated plasmid DNA. The
mixture was incubated on ice for 30 minutes. Cells
were subjected to heat shock at 42°C for 1 minute,
then cooled on ice for 5 minutes. A total of 250 uL
of LB medium (antibiotic-free) was added to the
cells, and the mixture was incubated at 37°C with
shaking (160 rpm) for 1 hour. After centrifugation
at 5000 rpm for 5 minutes, the supernatant was dis-
carded, and the pellet was resuspended in 100 pL of
the remaining solution.

The transformed cells were plated onto solid LB
agar medium containing kanamycin (50 pg/mL) and
incubated at 37°C for 16 hours. Individual colonies
were transferred to 2 mL of liquid LB medium with
kanamycin and incubated at 37°C with shaking (160
rpm) for 16 hours. Transformation success was con-
firmed using restriction digestion.

Confirmed clones were stored as glycerol stocks
at -80°C. Plasmid DNA was extracted using the
GeneJET Plasmid Miniprep Kit (Thermo Fisher
Scientific), and concentrations were measured us-
ing a NanoDrop One spectrophotometer (Thermo
Fisher Scientific).
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RNA Extraction and Reverse Transcription

Total RNA was extracted from GFLV-infected
plant material using the FastPure Plant Total RNA
Isolation Kit (Vazyme) following the manufactur-
er’s protocol. RNA quality was assessed by electro-
phoresis in a 1.5% agarose gel with TAE buffer and
ethidium bromide staining.

For reverse transcription, the following reaction
mixture (15 plL) was prepared: 0.5 mM oligo-dT
primers, 0.5 mM random hexamer primers, 3 uL of
total RNA. The mixture was incubated at 72°C for
10 minutes, cooled on ice for 3 minutes, then sup-
plemented with 1X RT buffer, 0.5 mM dNTPs, and
5 U of RevertAid Reverse Transcriptase (Thermo
Fisher Scientific). The reaction was carried out at
45°C for 1 hour.

Recombinase Polymerase Amplification (RPA)

RPA was performed to amplify target regions
of the GFLV genome using Bsu DNA Polymerase
(New England Biolabs). Primers targeting con-
served regions of GFLV, as listed above, were de-
signed using PrimedRPA software. The reaction
mixture included: 1X NEBuffer™ 2, 0.2 mM prim-
ers, 50 ng of DNA template.

Reactions were incubated at 37°C for 1 hour
with constant agitation. Amplification products
were analyzed via electrophoresis in a 1.5% agarose
gel with TAE buffer.

CRISPR/Cas12a-Based Detection

For CRISPR/Casl2a detection, the enzyme En-
Gen® Lba Casl2a (Cpfl) (New England Biolabs) was
complexed with synthetic guide RNA (gRNA), tran-
scribed from the pMG-Amp plasmid using the MEGA-
script™ T7 Transcription Kit (Thermo Fisher Scientific).
The detection mixture included: 2 pL. of RPA-amplified
DNA, 50 nM of the Cas12a/gRNA complex, 500 nM of
single-stranded DNA fluorescent reporter. Fluorescence
readings were taken on the QuantStudio 5 real-time
PCR system at 37°C for 30-60 minutes.

Comparative Analysis of Detection Methods

To compare the efficiency of the CRISPR/
Casl2a-based system, conventional PCR was per-
formed. The reaction mixture included: 1X Taq
buffer, 0.2 mM dNTPs, 0.2 mM primers (as listed
above), 1 U of Taq polymerase. PCR products were
analyzed using agarose gel electrophoresis in a 1.5%
agarose gel, visualized under UV light.

3. Results and discussion
Sampling and Detection of Grapevine Fanleaf
Virus (GFLV)

The study was conducted on grapevine samples
collected from private farms in Turkestan region
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and the village Tulkibas Most plants screened dis-
playing symptoms characteristic of Grapevine fan-
leaf virus (GFLV) infection, such as leaf distortion,
discoloration and growth inhibition. Five of the 16
tested samples had previously been assayed and
proven to be infected by GFLV.

Pathogen detection was performed using mod-
ern molecular techniques such as reverse transcrip-
tion polymerase chain reaction (RT-PCR). Sensi-
tivity and specificity of RT-PCR were both high,
thereby making RT-PCR a reliable method for the
diagnosis of viral infections in grapevines. Subse-
quent sequencing showed, with regard to the GFLV,
that local strains might differ genetically, improv-
ing the knowledge of the evolution and epidemiol-
ogy of the virus.

Figure 1 presents the RT-PCR results for GFLV.
The successful amplification of target sequences in
infected samples highlights the effectiveness of RT-
PCR for detecting these viruses.

-
i'- >
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| -

Figure 1 — The electrophoresis results of RT-PCR detection:
M — DNA size marker (1 Kb Plus DNA Ladder, Invitrogen). 1—
Negative control for GFLV. 2 — GFLV -infected sample.

These results confirm the specific amplification
of viral sequences and the absence of nonspecific
bands in negative controls, underscoring the reli-
ability of RT-PCR for GFLV detection.

Development of Synthetic Control Sequences for
GFLV Detection

To facilitate diagnostics of GFLV, synthetic con-
trol sequences were designed based on conserved
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regions of the viral genome. These sequences were
designed for enabling scalable and reproducible de-
tection. The synthetic constructs were cloned into
plasmids in E. coli cells for scalable production and
molecular testing.

Figure 2 presents the design of the synthetic se-
quence for GFLV, with key components used for
molecular cloning and diagnostic applications. The
diagnostic target, identified as the Gf-con homo-

log conserved region, is marked with a blue bar.
Two specific primers, Gf-3 and Gf-4 (green bars),
are used to amplify this target region. The figure
also indicates the restriction sites (Pstl, Sstl, Sacl,
Aval, Xhol, and Alul) located further downstream
that are important for cloning and sequence verifica-
tion.This design allows for plasmid vector incorpo-
ration and diagnostic workflows, including CRIS-
PR and PCR-based approaches.

1 10 Pl E) 4 50 60 7 8
01 656 il 30 4 50 0 70 B
Pstl (6) Sstl (12)

=~
Sacl (12)

ARG i (10)

CTGCAG
§

90 00 m 120 130 745

TATCCCGGGGTGTATGTGGAAGAGGATGGAAGCTTTGAAGTTAAAATTCGCTC

Aval {136)
Xhol (136)~

CTCGAG
[S—

Figure 2 — A schematic representation of the synthetic sequence for GFLV

Optimization of GFLV Detection Using CRIS-
PR/Cas Systems

Synthetic control sequences complementary
to conserved regions of the GFLV genome were
used to optimize detection protocols. We tested
two CRISPR-based systems, Casl3a and Casl2a,
to assess their sensitivity and efficacy for detecting
GFLV infections.

Direct detection of GFLV RNA by the Casl3a
system used RNAse Alert reporters to measure
RNA cleavage activity. This approach, however,
showed very low sensitivity, as pronounced fluo-
rescence signal were obtained only at high RNA
concentration. The fluorescence was observed to
peak at 306.14 RFU at 10 ng/uL. and 51.43 RFU at
a concentration of 1 ng/ul, with concentrations of
100 pg/uL or below not showing any detectable sig-
nal. As such, these results illustrate the crude sen-
sitivity of Cas13a type sdRNPs as presently config-
ured. More optimizations are needed to enhance the
system specificity and efficient targeting of viral
RNA by for example, designing guide RNAs.

In comparison, the Cas12a system used reverse
transcription and RPA (recombinase polymerase

amplification) to amplify the target sequence in ad-
vance of detection. Combined with DNAse Alert re-
porters, this increased sensitivity dramatically. The
fluorescence signals were 512.20 RFU (10 ng/uL)
and 131.72 RFU (1 ng/ul), indicating the capacity
to detect lower viral loads than what was achiev-
able with Casl3a. No signals were observed with
concentrations lower than 100 pg/uL, but was over-
all expected as the additional use of RPA was in-
deed able to amplify enough the target material to
increase the detection limit.

The GFLV-specific RPA primers were de-
signed based on strict criteria to minimize off-target
amplifications and maximizing efficiencies for RPA
reactions. Primers were 30-35 nucleotides in length,
with GC content between 40% and 60%, no second-
ary structures, and no formation of heterodimer. The
GFLYV target sequence was amplified using specific
forward primer (5’-CGTACGACTGATGCTGAC-
GTGCT-3") and reverse primer (5’-GACTGACG-
TAGCTGACGTGACT-3’).

The relative comparison of the systems con-
firmed the benefits of Casl2a over Casl3a for
GFLV detection. Combined with RPA, Casl2a
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exhibited greater reliability and sensitivity, estab-
lishing it as the diagnostic method of choice for
GFLV infections. While Cas13a has a limited per-
formance, meaning additional optimization, espe-
cially the guide RNA design, is required for GFLV,
it is confirmed a better diagnostic approach in this
sense.

The results of this study highlight the benefits
of integrating RPA with CRISPR/Cas systems for
enhanced molecular diagnostics. This detection
method offers high sensitivity, specificity, and ef-
ficiency, and can be readily applied on-site, which
is particularly valuable for controlling economically
important grapevine viruses. An additional approach
involves optimizing the Cas13a system while devel-
oping alternative protocols for a broader range of
sample types to evaluate the viability of these tools
across diverse contexts.

The results demonstrate the relevance of CRIS-
PR systems to plant virus diagnostics, mirroring
recent reports about their speed and sensitivity. For
instance, Mahas et al. developed a CRISPR—Ca-
s12a-based assay to detect plant DNA viruses with
high sensitivity and specificity in about one hour
[23]. Similarly, Aman et al. reported an efficient
one-pot RT-RPA—CRISPR/Casl12a assay for plant
RNA viruses, emphasizing its rapidity and sensi-
tivity [24].

However, in this study, the Casl2a system
showed the greatest sensitivity for GFLV detec-
tion when combined with RPA which was con-
sistent with prior research. An amplification step,
such as RPA, is likely implicated in the improved
sensitivity associated with Casl2a-based detection
methods. In contrast, the RNA-targeting Casl3a
system did not incorporate an amplification step
and, as a result, exhibited lower sensitivity. The lim-
itations may be due to the guide RNA being poorly
designed, or that the structure of the viral RNA is
complex and has been implicated in previous studies
as affecting detection efficacy. [25-27].

The development of synthetic control sequenc-
es for GFLV provided a reliable means to optimize
and validate the detection assays. Such controls are
essential for standardizing diagnostic tests and en-
suring their accuracy and reproducibility across dif-
ferent laboratories and field conditions.

Conclusion

The Casl2a system along with RPA was vali-
dated as rapid, highly sensitive, and specific mo-
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lecular identification strategies for the Grapevine
fanleaf virus (GFLV). Its sensitivity to detect low
viral loads makes it particularly appropriate for the
diagnosis of GFLV infection in grapevine samples.
The introduction of an additional amplification step,
such as RPA, increases the detection of sensitiv-
ity and makes the Casl12a system the diagnostic of
choice compared to the less sensitive Casl3a sys-
tem in its present configuration.

Although the Casl3a system had limited sensi-
tivity, we speculate that this was due to potentially
subpar guide RNA design or structural complexity
of the viral RNA. Future work will be centered on
guide RNAs for Casl3a optimization to enhance
diagnostic capability of GFLV and other plant vi-
ruses.

The Casl2a system will also undergo further
confirmation on a broader sample size obtained
from various geographical locations. This will en-
able its robustness and reliability across diverse
field conditions. Furthermore, the adaptation of
Casl2a-based detection techniques to other plant
pathogens may enhance its applicability in agricul-
tural diagnostics.

Synthetic control sequences were integral to this
study, providing a standardized and scalable frame-
work for molecular diagnostics. Such controls not
only facilitated the fine-tunining of detection proto-
col but also went a long way in ensuring the repro-
ducibility of the experiments, an essential feature in
the development of diagnostic assays.

Overall, the proposed CRISPR/Cas12a platform
integrated with RPA is a promising step towards
robust molecular diagnostics of GFLV, contribut-
ing to faster, more sensitive, and scalable plant
virus detection. In the future, we will improve the
guide RNAs for both the Casl2a and Casl3a sys-
tems and test their applicability for more plant vi-
ruses. Moreover, the advancement in portable field-
deployable diagnostic technologies stemming from
these systems potentially transforms approaches
towards plant disease management, facilitating the
early detection and control of economically signifi-
cant pathogens in viticulture and other high-value
Crops.
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OCIMAIK TEHOMbIH ©HAEYTE APHAATAH
BUPYCTbIK BEKTOPFA HEF3AEATEH CRISPR/CAS

CRISPR-Cas9 kemeriMeH TeHOMAbIK, peAakuMsAay  Kasipri  6MoTexHoAOrmsiaa  SPTYPAI
OpraHM3MAEPAIH FTEHOMADBIK, Ti30eriH A9A ©3repTyre MyMKIiHAIK GepeTiH KyaTTbl KypaAfa aiHaAAbI.
CRISPR-Cas9 eciMAiK OMOAOIMSCbIHAQ TEXHOAOTMSI €peKile MaHbI3fa Me, MTKEHI OA AAKbIAAAPAbI
YKaKCapTy >KoHe KaXKeTTi kacneTTepi 6ap »KaHa COPTTapAbl AAMbITY MaKCaTbIHAQ ©CIMAIK TEHOMAAPbIH
THIMAI @3repTyre MyMKiHAIK Gepeai. 3epTTeyAiH MakcaTbl — 6CIMAIK Fr€HOMbIH O6HAEY YLLiH BUPYCTbIK,
BekTopra HerizpaeareH CRISPR/CAS reHeTukaabik, >KyiieciH a3ipaey. BupycTbik BeKTOpAapra HerisaeAren
ecimaikTepae CRISPR-Cas9 reHoMAbIK, 6HAEYAI eHri3y AaKbIAAAPAbI XKAKCapTy >X8He aypyAapfa
TO3IMAIAIK, KAMMATTbIK, ©3repicTep >XeHe 6CIMAIKTEPAIH TaFaMAbIK, KACUeTTepi MaCeAeAepiH ey
YWIiH afTapAbIKTa MYMKIHAIKTEPIH yCbiHaabl. OciMmaikTepae Cas9 eTneAi 3KCNpPeccusCbiH aAy YLUiH
OCIMAIK YAMaCbIHAQ 3KCMNPECCUAICHI YUliH 355 MPOMOTOpPbI 6ap OHTaMAaHAbIPbIAFaH XYrepi KOAOHbI 6ap
spCas9 6ap Hykaeasacbl 6ap pKSE401 naasmmaachl KOAAaHbIAaAbL. PDS reHiHe apHaAraH 6afbITTayliibl
PHK amzaitbl CRISPR-P-2.0 >xeHe CRISPOR 6araapAamanapbiHAQ >KacaAAbl. AHbIKTaMaAbIK, FEHAEPA]
any yuwiH Sol Genomics Network (SGN) 6asacbl namaasaHbiaAbl xxeHe Blast-Nucleotide kemerimen
TypaAay apkblAbl PETTIAIK BaAamAaumsacbl xyprisiaai. PHK 6arbittayiubirapbl GoldenGate kaoHaay
aAiciMeH naasmmaara «Tiriared». Nicotiana benthamiana L. eciMAIKTEpPIHAEr BUPYCTbIK, BEKTOPAAFbl
Cas9 akcnpeccugacbiHa TaAAQdy Kacaaabl. OcCiMaiKTep reHomblH peaakumsiaay yuwiH CRISPR-Cas9
>KYMECIH XKaHe BUMPYCTbIK, BEKTOPAAPAbI MalAaAaHYyFa HEri3AEAreH >KYMbICTbIH, HoTM)KeAepi KasakcTaH
MEH 9AEeMAEri BEeATIAI aHaAOrTapMEH CaAbICTbIPFaHAA >KOFapbl 6acekere KabiaeTTiaikke me. dKacaaraH
TOCIA ABCTYPAI 6Cipy sAicTepi MeH GacKka reHOMAbI BHAEY TEXHOAOTMSIAAPbIHAH aCbin TYCETIH 6CIMAIK
reHoMAQpbIHA ©3repicTep eHri3yAiH ABAAITH, TUIMAIAITIH XX8He MKEMAIAITH KaMTamachbI3 eTeAi.

Tyiin ce3saep: CRISPR/Cas, kbizaHak, eprexxeiAi BUMpPYCbl, BUPYC BekTopbl, GarbitTarraH PHK,
Nicotiana benthamiana L.
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CRISPR/Cas virus-based system for plant genome editing

Genome editing using CRISPR-Cas9 has become a powerful tool in modern biotechnology to pre-
cisely modify the genomic sequences of various organisms. In plant biology, CRISPR-Cas9 technology
is of particular importance because it allows efficient modification of plant genomes to improve crops
and develop new varieties with desirable traits. This study aims to develop a CRISPR/Cas genetic system
based on a viral vector for plant genome editing. The introduction of CRISPR-Cas9 genomic editing in
plants based on viral vectors offers significant potential for crop improvement and addressing disease
resistance, climate change, and nutritional traits. To obtain transient expression of Cas9 in plants, we
used plasmids pKSE401 that contain nuclease containing spCas9 with an optimized maize codon under
the control of the 35S promoter for expression in plant tissue. The design of guide RNAs for the PDS gene
was carried out in CRISPR-P-2.0 and CRISPOR programs. Sol Genomics Network (SGN) database was
used to obtain reference genes and sequence validation was performed by Blast-Nucleotide alignment.
Guide RNAs were “sewn” into the plasmid by GoldenGate cloning. The expression of Cas9 in the viral
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vector in Nicotiana benthamiana L. plants was analyzed. The results of the work based on the use of the
CRISPR-Cas9 system and viral vectors for plant genome editing are highly competitive in comparison
with known analogs in the Kazakhstan and the world. This approach provides accuracy, efficiency, and
flexibility of making changes in plant genomes, surpassing traditional breeding methods and other ge-
nome editing technologies.

Keywords: CRISPR/Cas, tomato bushy stunt virus, viral vector, guide RNA, Nicotiana benthami-
ana L.

3.b. Canaxoa'?", 3.b. CramraaueBa?, P. KaHart’,
A. Aaypos!, A.K. Aayposa'#, KK, XKambakun', M.LLI. LLlamexosa'?
! ’ !
"MHCTUTYT GMOAOTMM 1 BMOTEXHOAOTMM pacTeHunit, AAMaTbl, KasaxctaH
“Tanir Research Laboratory, AAmatbl, Kasaxcran
3buoueHTp | — YHuBepcutet MoxanHeca 'yten6epra, Manu, Fepmatms
4Ka3axckuit HaLMOHaAbHbIN arpapHblii UICCAEAOBAaTEAbCKMIN YHMBEpPCUTET, AAMathbl, KasaxcTtaH
*e-mail: z.sapakhova@ipbb.kz

CRISPR/Cas, 0cHOBaHHYIO Ha BUPYCHOM BeKTope
AASl PEAAKTUPOBaHUSI TEHOMA PacTeHMUi

[eHoMHOe peaakTMpoBaHue ¢ ncnoAbzoBaHnem CRISPR-Cas9 cTaA0 MOLLHbIM MHCTPYMEHTOM B CO-
BPEMEHHOM GMOTEXHOAOT MU, MO3BOASIOLLMM TOUHO M3MEHSTb FTEHOMHbIE MOCAEAOBATEABHOCTM Pa3AMY-
HbIX OpraHmnamoB. B 6uoaornm pactenmin CRISPR-Cas9 TexHoAorms npuobpertaer ocobyto BayKHOCTb,
NMOCKOAbKY MO3BOASIET 3(PEKTUBHO MOANPULIMPOBATb FTEHOMbI PACTEHMIA C LEAbIO YAYULLIEHUS CEAb-
CKOXO3SIMCTBEHHbIX KYAbTYP M pa3paboTK1 HOBbIX COPTOB C XKeAaeMbiMM CBOMCTBamM. LleAbio uccaepo-
BaHUs 9BAsieTCs pa3paboTtaTb reHeTnyeckyto cuctemy CRISPR/Cas, ocHOBaHHYI0 Ha BUPYCHOM BeKTope
AAS PEAAKTMPOBaHWS reHoma pacTteHnin. BeeaeHne CRISPR-Cas9 reHOMHOro pepaakTMpoBaHms B pacTe-
HUMSIX Ha OCHOBE BUPYCHbIX BEKTOPOB MPEAAAraeT 3HAUMTEAbHbIN MOTEHLMAA AAS YAYULLIEHNS CEAbCKO-
XO3SIMCTBEHHbIX KYAbTYP M pelleHust MPOOAEM, CBSA3aHHbIX C YCTOMUYMBOCTbIO K OOAE3HSM, KAMMAaTMYe-
CKUM M3MEHEHUSIM M MUTATEAbHbIM CBOMCTBAM pacTeHUi. AAS MOAYUYEHUS TPAH3UEHTHOM 3KCMPeccun
Cas9 B pacTeHmsiX MCNoAb30BaH naazmma pKSE401, koTopble copaepykaTt HyKAeasy coaepykatime spCas9
C OMTUMM3MPOBAHHBIM KOAOHOM KYKYPY3bl MOA YrpaBAeHWeM npomMoTopa 35S AAg aKCnpeccumn B pacTm-
TEeAbHOM TKaHW. Au3ariH HanpaBAsitolmx PHK aag reda PDS npoBoamaock B nporpamme CRISPR-P-2.0
1 CRISPOR. AAst noAyueHuns pechepeHCHbIX FeHOB MCroAb3oBarach 6a3a Sol Genomics Network (SGN)
U BaAMAQLLMSI TOCAEAOBATEAbHOCTEN MPOBOAMAACH MyTEM BblpaBHMBaHUS C nomollbto Blast-Nucleotide.
Hanpasasiowme PHK 6bian «BwmTbl» B naasmuay metoaom GoldenGate kaoHupoBanus. [NposeaeH
aHaAm3 akcrnipeccumn Cas9 B BUMPYCHOM BekTope B pacteHuax Nicotiana benthamiana L. Pe3yAbTtatbl
paboTbl, OCHOBaHHOM Ha MCMoAb3oBaHMK cuctembl CRISPR-Cas9 u BUPYCHbIX BEKTOPOB AASI PEAAKTU-
POBaHMs reHoMa pacTeHui, 06AAAQIOT BbICOKOM KOHKYPEHTOCTOCOOHOCTbIO MO CPAaBHEHUIO C U3BECT-
HbIMM aHaAoramu B KazaxctaHe v mupe. AaHHbIii MOAXOA 06ecreymBaeT TOUHOCTb, 3(PMEKTUBHOCTb U
rMOKOCTb BHECEHWUS M3MEHEHMI B FEHOMbI PACTEHMIA, MPEBOCXOAS TPAAMLMOHHbBIE METOADBI CEAEKLIMN 1
APYrme TEXHOAOTMU PEAAKTUPOBAHUS FeHOMa.

KatoueBble caoBa: CRISPR/Cas, BMPYC KYCTUCTOM KapAMKOBOCTM TOMaTa, BUPYCHbIA BEKTOP, Ha-
npaeastoulas PHK, Nicotiana benthamiana L.

Kipicne

OCIMIIK TEHOMBIH OHJCY/IH KbLJIJaM >KOHE
TUIMII TEXHOJOTHSUIAphl TEHIIK (YHKUUSIIAP.IbI
3epTTey XOHE NaKbUIAApIbl XKakcapTy YLIIH maii-
nanel. COHFBI OHXKBUIIBIKTApAA KE3JCHCOK MyTa-
UsUIapbl TeHepalysiay YUIH XUMUSUIBIK HemMece
(¢u3MKaIBIK MyTareHe3 ojicTepi KeHiHEeH KOoJfa-
HBUIJIBI, COJIaH KEHiH oJlap KbI3BIFYIIBLIBIK Ty IbIPa-
TBHIH (peHOTUNTEpre CKpUHUHTTEH OTTi [ 1, 2]. CoHFBI
JKBUIIAPbl TEHOM/IbI OHACY YLIIH KO3JeJITeH THK KOC
Ti30exTi y3inyin (DSB) renepanusuiay ymrin perrti-
JIKKE TOH HyKJea3anapbl KAMTHTBIH 9ICTep KOJ-
JaHBLIa OacTalabl, OJapAbIH KaTapbiHa zinc finger
nucleases (ZFNs) oHe TpaHCKPUTIIHSIBIK aKTHBA-

Top Topizai addexropnbik Hykineazanap (TALENSs)
CUSKTBI T€HETHKaJBIK Kypannap [3] kipeni. Tuim-
i3, KOIl €HOCKTI KaKeT €TETIH KOHE KCHIHEH KOJ-
JMAHBUIMAWTBIH I9CTYPIi KoimanbumaTelH ZFNs [4],
TALEN omicTepiMeH calbICTBIpFaHAa KO3ICITCH
TeHJIIK TeH/II OHJICY TeXHOJIOTHSUIAPhl MyTaHTTAPIbI
reHepalysiay IpOLECiH alTapibIKTail >kakcapTa
amanel [5]. KesmenreHn reHmik WHXKEHEPHUS OCIM-
JUKTEpJli 6CipyJliH KIACCHKAIIBIK dJIICTepiHE KOHE
JAKBUIIAP b KAKCAPTYABIH TPAHCTEH/IIK dicTepi-
He Oanama periHme maiina 6onmel [6]. backa omic-
TepmeH canbicthipranga, CRISPR smici en tuimai,
BIHFAIUTBI )kOHE €H ap3aH Ooibil mBIKTH [7]. XKa-
kpiiaa II tunti CRISPR/Cas9 sxyiieci e3iHiH x0-
Fapbl THIMZITITIMEH, TOMEH KYHBIMEH, KaparnaibiM
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JU3aiHBIMEH KOHE dMOeOaNThIFBIMEH OCIMIIIKTEp-
IIiH KOIITETeH TYpJIepiHae, COHBIH iminne Nicotiana
benthamiana L. [8, 9, 10], Nicotiana tabacum [11,
12], Arabidopsis thaliana [13], ounaii [14], kypim
[15], xyrepi [16], xp3anak [17] xoHe xapTorr [18]
TeHJICPIH OHJICY I THIMJII SKEHIITT JOJIeIICH 1.

MornekynaiplK pelakiusuiay YIIiH €H Kol
KOJITAaHBUIATBIH XOCTTApABIH Oipi — Nicotiana
benthamiana L. byn Typ eciMAik reHAepiH (QyHK-
LMOHA/IBIK Talljay JKOHE NaTOTeHICPMEH e3apa
OPEKETTeCy YJTICi peTiHIae KEeHIHeH KOJIaHBUIIBI,
OWTKEHI OHBIH OMIPIIK IHUKJII KbICKA KOHE MyTa-
LUSFa T€3 YIIBIPAUTHIHABUIBIFEI OHBI KONITETEH BH-
pycrapra ete cesimran ereni [19].

Optypiai ecimuik xyienepinne CRISPR/Cas9
m1atGopMacklH KypyFa TBIPBICATBIH 3EpTTEYIIep
yirie ¢utoeH aecarypasa (PDS) reni xmopodumn
OMOCUHTE3IH/IC OpPTAJBIK pPeJl aTKapajbl >KOHE
CRISPR/Cas9 enzey yIuIiH TaHBIMAall MapkKep pe-
Tinge maimamaneuiaer [20, 21, 22]. Cebebi PDS
MYTaHTBIHJIA ATLOMHOC (DEHOTHITI, MAKCATThI MyTa-
reHe3/iH Bu3yasabl kepcetkimi G6ap [22], AJI PDS
OPTYPIIi TUTIOUITHI ©CIMIIK TeHOMIAPBIHIAFEI Oip
na"aiel red Oombin Tabbuiansl. ConpbikTad PDS
MYTaHTHIH OHAll TaHyFa jkoHE anyra 0omnanbl. Ock
cebenti PDS reni ecimpaikrepneri reHaepal oHIeY
TYXKBIPBIMJIAMAChIH TEKCEPY YIIiH SHIOTEHMIIK pe-
MopTep T'eHi peTiHae KapacTeIpbuiaabl(S, 6, 23, 24,
25, 26].

TomatThiH OyTalbl epresKeiin BUPYChIHbIH P19
MPOTEeHHI AMMEpJEPAiH Ty3il KemeHni Oarmapia-
Manay apkputel PHK-mHAyknusianraH YHCI3IIK
kemeHiHiH (RISC) Gencenaipinyine o OepMen/i.
By apekert xxykThIpran xoct kemeHiHig RISC 6en-
CEHJIIJITIH TeXey apKbUIBl OOTEH KOHE KilIKeHTan
PHK-ub1H (21, 22 HO) aerpafaliuschiH TEXKEU/I.
Byn Gepinren reHai xoctra 0Oerye reHAepAl dKCI-
peccusiay VIIiH TaianaHnyFa MYMKIHIIK Oepeni
[27, 28].

byn xymeicra, pKSE401 nnmasmupacein Cas9
aKyBI3BIH DKCIIpeccusiiay BeKTOphl xkoHe Golden
gate oiciMeH ailKacThlpbUIFaH OarbITTaymbl PHK
(gRNA) BekTOpBI peTiHae KoIaaHbuIIbel. byn 3epT-
TeyliH Makcatbl Nicotiana benthamiana L. yuiin
CRISPR/Cas9 xylieciH o3ipiey *oHe pacTay KoHe
€H TUIMIICiH aHbIKTay YIIiH opTypii gRNA T1i30ek-
TEpiH ChIHAY OOJIIBI.

3epTTey MaTepHaJgapbl MeH djicTepi
gRNA ousatinvin ocacay. gRNA nuzaiiHbIH
xacay yuin Fasta ¢opmaTeiHIa KOTAAHBUTY YIIiH

Nicotiana benthamiana L. Monenbaik eCiMIITiHIH
TOJIBIK, aHHOTAalMsIaHFaH reHoMbl Sol Genomics
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Network (SGN) (Solanaceae TYKBIMIIACBIHBIH
TeHOMJBIK aKMapaTblHa apHAJIFaH MAJIMETTep
0azackl) anblHIBI. bIKTUMan caipICTBIPY YIIIH
Oacka ecimaikrepaid renomaapsl NCBI yiibim-
JIaCTBIPFaH DYKAPUOTTHIK T€HOM[Ap KUHAFBIHAH
FASTA ¢opmarsiaga ansiaael [30]. CRISPR-P
2.0 BeO-Oarmapiamacs! [31] mura3mMunara eHrizii-
red TPHK-a51 (gRNA) x00anay ymriH maiimana-
vou1bl. PHK Banupanusiceina apHaiaraH npaiMmep
Primer-BLAST BeO-cepBUCiHIH KOMeriMeH xa-
canaer [32]. Ilmasmuparik mabmongap Addgene
BeO-calThiHaH anblHABl [33], xoHe SnapGene®
OarnmapiaManblK — JKacaKTamMachlHAa  ©HJENTeH
(www.snapgene.com).

Ocimoik mamepuanoapwin ecipy. N. benthamiana
L. eciMaikTepi y3aK KyH[Ii3r1 xapblK 16 carar xoHe
TYHT1 KapaHFBUIBIK 8 carar KaFJaibIHIa ecipiiaei.
AyaHBIH CalbICTBIPMANBl BUTFAIIBUIBIFE  75-80%
JEHreHiHae YCTaJbll TYpIAbL. OCIMAIKTEpIi ecipy
kesinme temmeparypa 20 men 27°C Temmeparypa
apaJbIFbIHIA CAKTAJIbI.

Koucmpykyusnapowr sicobanay. ©cimuikrepie-
ri Cas9 erneni sxcnpeccusiceiH any yuria pKSE401
rurazmuaacer (Addgene, Plasmid #62202) (Cyper 1)
nai anaHbULIbl, OHBIH KypamblHAa 35S MPOMOTO-
PBIHBIH OaKbUIAybIMEH OHTaWIaHIBIPBIIFAH JKYTepi
KojIoHbI Oap spCas9 Oap Hykjea3a OCIMIIKTepje
THIMJII OKcTIpeccusiiani yurid enrisinred. PDS reni-
He apHanrad gRNA nuzaitnel CRISPR-P-2.0 sxone
CRISPOR 6arnapnamanapbiHia )y3ere aCbIpbUIIbl.
AmnpIKkTaManblK rexaepai any ymin Sol Genomics
Network (SGN) nepekkopsl MaimagaHbLIABI, ajl
perrinikTi Tekcepy Blast-Nucleotide kemerimen Ty-
paJiay apKbUIbI )KY3€Te aChIPBUILIIBL.

Koucmpykyusanapowr kionoay. gRNA mmazmu-
nara GoldenGate wionnmay omiciMen Tiriiren. O
yuiin PDS1, PDS2, PDS3 sxone PDS4 onuronyk-
neoruarepiHiyg Oip Tizderi 95°C Ttemmeparypana
KYHIIpY apKbUTbl THOpHIM3AIMSIAHB jkoHEe 2%
arapo3Jibl relibJie ChIHAIBL. Opi Kapai, GoldenGate
peaxIuschiH Ky3ere acelpy yuriH Bsal ¢epmenti
MeH T4 yura3achblHBIH KaTBICYBIMEH KOC Ti30€KTi
omuronykieotuarep pKSE401 mnna3smupaceimen
WHKYyOalusIaHapl. AJBIHFAH  KOHCTPYKIHSIIAp
JKBLTY COKKBICHI 9/liciMeH Escherichia coli xacyia-
JlapbIHa TpaHCc(OpMaIUsITaH b

baxmepuanoviy mpancghopmayus. baxrepus-
JlapJIel ©Cipyre aHTHOMOTHK KochlIFaH Luria-Bertani
(LB) xopekTtik oprackl KoimaHbuiibl. [lna3zmuma
OaxTepusutapra, oprara 50-100 MK jxacymiamapra
1-5 MK maasMuaa epiTiHmICiH KOCY apKbUIbI CH-
rizingi. XKacyma memOpaHanapbIHBIH IJIa3MHIaFa
OTKI3TIITITIH apTThIpy YIIH KocmaHel My3fFa 30
MMHYTKA KOWIbI.
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1-cyper — pKSE401 mnasmunaceiaeiH reHaik kapracel (Addegene, Plasmid #62202). OciMaik TeHOMBIH peJaKIHsIIay jKOHE
CRISPR/Cas nerizinaeri reaaepai perrey yirid; 3XFLAG-NLS-zCas9-NLS, ke3aenrer peTTuikTi eHrizy yuria gRNA Ttipekrepi

Kocma GaxkTepusiiblk WHKyOaTOpra KOWBLIBIM,
JKBUTY COKKBICHI KaFiainapbiH jkacay yuriH 42°C
temneparypana 30-90 cexkyHa HHKyOaUUsIIaHIIBL.
JKbuTy COKKBICHIHAH KEWiH KOCTIaHbl KalTagaH My3-
Fa 2 MUHYTKa KOUbUIael. Kocnmara 500 MK >KbLTBI
KOPEKTIK OpTachl KOCBUIBIN, >Kacyllanapibl Kai-
MeIHA KenTipy ymriH 37°c temneparypana 1-2 carar
uHKyOanusutanapl.  JKacymianap aHTHOMOTHKTEp
KOCBUIFaH arap IjlacTHHAJapblHa KaWbUIbII, TYHJIE
37°C temnepaTtypajia WHKyOaIUsITaH b

Agrobacterium tumefaciens »acyuanapbiH ajy.
Bakrepustnap 50 ma crepunbai LB opraceinga Ty-
pakThI apanacteipa oTeIphin (160 atta/Mua) OD600
= 0,5-0,8 neitin 28-30°C temnepatypana 18 carat
Ootibl ecipii. ComaH KeiliH My30€H CaIKbIH/[AThLI-
FaH KynbTypa 4°c sxxone 6000 aitn/mMuH Temrepary-
pana 7 MuHyT OOlBI IeHTpudyrananael. CynepHa-
TAHTTHI AJIBIN TaCTaFAHHAH KEHiH TYHOA CTEpHIIbAi
epitiHaiMeH exi pet xKyburbir, 20 Mt 10% riunepun
epiTiHiCiMeH canKbiHaaThuLIbl. CoMaH KeliH TYH-
0a 1:1 karpiaceinaa 10% rimnepud epitinaiciMeH

KaiiTa apanacThIpbUIbII, KallTAMaFa CalbIHAbI.

JHK/PHK oxwaynay. Ocimaik JTHK-cel eH-
IOipywiHiH HyckayjapblHa coiikec Sigma-Aldrich
GenElute PLANT GENOMIC DNA MINIPREP
JKMHAFBI apKbUIbl oKinaynanrad. PHK enaipymiinin
HyckaynapeiHa coiikec TRI Pearenrinin (Sigma-
Aldrich) xemerimen okiaynaHraH. AJBIHFaH HYK-
JICWH KBIIIKBUIIAPBIHBIH CaHbl MEH camachl ©HIi-
pylIiHiH HycKaynapbiHa coiikec NanoDrop 2000
KYPBUIFBUTAPBIHIA CHEKTPO(POTOMETPHUSIIBIK, OIic-
TEepMeH OaraliaHJIbI.

Hupunompayusnanean JHcanvipaKmapoazvl
HTP manoaywsi. Ke3nenren aitmaktoig [ITP amrmm-
¢ukanuscel Mubaric et al., 2016 [34] cunarraran
ouic 6oipHma xyprizingi. On ymwin [ITP ammm-
(ukanmsmay yarici peringe N. benthamiana L.
UHQUIbTpALMsUIAHFaH JKOHE OakKpulay IKarblpak-
TapblHaH oKayjanran renomuslk, JHK maiinana-
veUIABL. 1-kectene gRNA NbPDS renimen apexer-
TECy OpHBIH/A JKacallFaH MpaiMepiep KopCceTureH
(Kecre 1).
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1-kecte — NDPDS gRNA reHiMen e3apa opeKkeTTecy OpHBIH/IA JKacalFaH Mpaimepiep

ATbI Tiz0ex Cunarrama
NB-PDS3-TR1,2-gDNA-F2 GAAACACATCACCTAGGCGG Kesnenren PDS reniniH aliHanachiHIa
NB-PDS3-TR1,2-gDNA-R GGGCGTGAGGAAGTACGAAA opuanackau IITP
NBPDS3-gDNA-404bp- F GTAAAATGCCCCAAATTGGACTTGT 404mu PDS ¢parmenTin keOelTy yuriH

PDS NBPDS3-gDNA-404bp-R CGTGAGGAAGTACGAAATGATGATGA 404nH PDS dparmentin kebeiTy yiin

3epTTey HATHKeJIePi :KoHe 0J1ap/Abl TAJLIAy (SGN) nmepexkoperHan PDS renmepinid Ti30eri
TaHIaI bl
gRNA  muzaituer  CRISPR-P-2.0  xone Anpiaran PDS Tiz0eri Oarnapiamanarbl perTTi-

CRISPOR OarnmapnamanapblHaa Xy3ere acbIpbUl-  JIiK Tepe3ecine )ykTemi skone gRNA-Fa eH Kouaii-
el (Cypet 2). On ymin Sol Genomics Network — jbl ymiTkepsiep TaHaaias! (3-cyper).

Show entries Search:

position target sequence sequence information number of target sites @
Tend L0 2omer+[PAM] total 23men  GoRIT JUALc TONITC TSUNE" (Pam 0 spam TPAM
6-28 - | [CCOTTGCTTCTGCTTTATTTGCT [gRNA]| 35.00 % | 66.36 °C - 3 [detail] 253 [detail] 8734 [detail]
7 - 29 - [CCTITGCTTCTGCTTTATTTGCTC [gRNA] 40.00 %  67.58 °C - 3 [detail] 284 [detail] 4189 [detail]
15 - 37 + CTGCTTTATTTGCTCATGCA[TGG] [gRNA] 40.00 %  67.41 °C - Nsil 1 [detail] 35 [detail]| 2521 [detail]
16 - 38 + [gRNA] 35.00 % 66.24 °C - Nsil 3 [detail] 33 [detail]| 5602 [detail]
19 - 41 + TTTATTTGCTCATGCATGGG[CGG] [gRNA] 40.00 %  67.67 °C - Nsil 2 [detail] 41 [detail] 3402 [detail]
52 - 74 + GTCCGCCATCTCCTCGAACG[TGG] [gRNA] 65.00 % | 77.31 °C - 24 [detail] 106 [detail] 1625 [detail]
54 - 76 - [CCGJCCATCTCCTCGAACGTGGAA [gRNA] | 55.00 % | 73.34 °C - 26 [detail] 189 [detail] 8772 [detail]
57 - 79 - [ TCTCCTCGAACGTGGAAATA [gRNA] 45.00 % 69.47 °C - 4 [detail] 155 [detail] 4231 [detail]
63 - 85 - | [CCT]CGAACGTGGAAATAATTTTG [gRNA] 35.00 %  60.87 °C - 45 [detail] 122 [detail] 5172 [detail]
64 - 86 + CTCGAACGTGGAAATAATTT[TGG] [gRNA] 35.00 % | 62.61 °C - 44 [detail] 423 [detail] 20108 [detail]
68 - 90 + |AACGTGGAAATAATTTTGGC[CGG| [gRNA]| 35.00 % | 64.47 °C + Eael 47 [detail] 118 [detail] 6975 [detail]
76 - 98 + | AATAATTTTGGCCGGTAGCT[AGG] [gRNA] 40.00 % | 70.31 °C + Eael 41 [detail] 315 [detail] 1565 [detail]
85 - 107 + GGCCGGTAGCTAGGAATACCIAGG] [gRNA] 60.00 % | 78.90 °C - 10 [detail] 32 [detail]| 5530 [detail]
87 - 109 - [CCGIGTAGCTAGGAATACCAGGTC [gRNA] 50.00 % | 72.73 °C - 5 [detail] 50 [detail]| 2480 [detail]
103 - 125 - [CCAJGGTCAGTGCCCCTCCTGTCA [gRNA] 65.00 % | 80.10 °C - Bme 15801 2 [detail] 13 [detail] 1916 [detail]
114 - 136 - CTCCTGTCAGTGTI’TCGCCG [gRNA] 60.00 % 75.12 °C - 20 [detail] 55 [detail] 1926 [detail]
115 - 137 + CCCTCCTGTCAGTGTTTCGC[CGG] [gRNA] 60.00 % | 75.94 °C - 1 [detail] 2 [detail] 1193 [detail]
115 - 137 - [CCCJTCCTGTCAGTGTTTCGCCGG [gRNA] 60.00 %  76.55 °C - 1 [detail] 68 [detail] 3056 [detail]
116 - 138 - CCTGTCAGTGTTTCGCCGGA [gRNA]| 60.00 %  76.55 °C - 1 [detail] 166 [detail] 3929 [detail]
119 - 141 - GTCAGTGTFTCGCCGGATGT [gRNA] 55.00 % 74.17 °C - 1 [detail] 118 [detail] 1511 [detail]
134 - 156 - [CCG|GATGTCTTCAGTAGCACATA [gRNA] 40.00 % | 66.77 °C - 1 [detail] 7 [detail] 2281 [detail]
137 - 159 + GATGTCTTCAGTAGCACATA[TGG] [gRNA] 40.00 %  66.77 °C - Ndel 1 [detail] 7 [detail] 5694 [detail]
156 - 178 | + |ATGGTACCTGTTCTTTTGAT[AGG] [gRNA]| 35.00 % | 65.87 °C + AIE;?EI 64 [detail] 363 [detail]| 8777 [detail]
162 - 184 - [CCTIGTTCTTTTGATAGGTCCTTA [gRNA] 35.00 % | 64.37 °C - 3 [detail] 426 [detail] 8105 [detail]
180 - 202 - [ TACCCTTTACAGCAGTGATG [gRNA]  45.00 %  70.33 °C - 1 [detail] 14 [detail] 5771 [detail]
185 - 207 - [CCCITTTACAGCAGTGATGTAATG [gRNA] 35.00 % | 63.97 °C - 1 [detail] 107 [detail] 3084 [detail]
186 - 208+ CCTTTACAGCAGTGATGTAA[TGG] [gRNA] 40.00 %  67.24 °C - 1 [detail] 13 [detail] 4524 [detail]
186 - 208 - [CCT]TTACAGCAGTGATGTAATGG [gRNA] 40.00 % | 67.17 °C - 1 [detail] 16 [detail] 1916 [detail]
195 -217 + CAGTGATGTAATGGATCAAG[TGG] [gRNA] 40.00 % | 64.79 °C - 2 [detail] 46 [detail] 5181 [detail]
203 - 225 + TAATGGATCAAGTGGTCCTC[AGG] [gRNA] 45.00 %  69.64 °C - 20 [detail] 179 [detail] 3383 [detail]
204 - 226 + AATGGATCAAGTGGTCCTCA[GGG| [gRNA] 45.00 %  70.64 °C - 3 [detail] 15 [detail] 2706 [detail]
219 - 241 - CAGGGTATGTAGTGCCGTCG [gRNA] 60.00 % 76.47 °C - 1 [detail] 3 [detail] 1834 [detail]
236 - 258 + CCGTCGTACACTCTCAAGTA[AGG] [gRNA] 50.00 % 71.07 °C - Smil 15 [detail] 46 [detail] 4942 [detail]
236 - 258 - [CCGITCGTACACTCTCAAGTAAGG [gRNA] 45.00 %  68.88 °C - Smil 19 [detail] 128 [detail] 1240 [detail]
239 - 261 + TCGTACACTCTCAAGTAAGG[TGG| [gRNA] 45.00 %  68.88 °C - Smit 26 [detail] 42 [detail] 3404 [detail]
257 - 279 | + |GGTGGAATTTTGAAAATTT [gRNA] | 25.00 % |57.92 °C + Apol 1 [detail] 698 [detail] 33897 [detail]
262 - 284 | + | AATTTTGAAAATTTTCGGAA[TGG] [gRNA]| 20.00 % |54.84 °C + Apol 1 [detail] 17 [detail] 4210 [detail]
263 - 285 | + |ATTTTGAAAATTTTCGGAA [gRNA]| 20.00 % |55.06 °C + Apol 2 [detail] 45 [detail] 4292 [detail]
264 - 286 | + |TTTTGAAAATTTTCGGAATG|GGG| [gRNA]| 25.00 % |56.28 °C + Apol 1 [detail] 35 [detail]| 1489 [detail]
269 - 291 | + AAAATTTTCGGAATGGGGTA[TGG] [gRNA] 35.00 % | 65.89 °C + Apol 1 [detail] 48 [detail] 5546 [detail]
289 - 311+ TGGTGCAGCCTCTTCCGTGT[AGG] [gRNA] 60.00 % 78.84 °C - 72 [detail]| 135 [detail] 1760 [detail]
200 -312 + GGTGCAGCCTCTTCCGTGTA[GGG] [gRNA] 60.00 %  77.94 °C - 105 [detail] 213 [detail] 1297 [detail]
297 -319 - [CCT|CTTCCGTGTAGGGTTGTTAG [gRNA] 50.00 %  71.40 °C - 3 [detail] 142 [detail] 1687 [detail]
303 - 325 - TGTAGGG1TG1TAGACAAAC [gRNA] 40.00 % 67.42 °C - 2 [detail] 457 [detail] 2293 [detail]
323 -345 + AACCTCCCTACGTCATGCTT[TGG] [gRNA] 50.00 %  74.41 °C - 4 [detail] 8 [detail] 4972 [detail]

2-cypet — CRISPOR sxacaran gRNA HycKaaapbIHbIH Ti3iMi
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3.b. Camaxoga xoHe T.0.

or Paste a nucleotide sequence: ®@

ATTGACCCTTGCTTCTGCTTTATTTGCTCATGCATGGGCGGTGACAAACTTGTCCGCCATCTCCTCGAAC
GTGGAAATAATTTTGGCCGGTAGCTAGGAATACCAGGTCAGTGCCCCTCCTGTCAGTGTTTCGCCGGATG
TCTTCAGTAGCACATATGGTACCTGTTCTTTTGATAGGTCCTTACCCTTTACAGCAGTGATGTAATGGAT
CAAGTGGTCCTCAGGGTATGTAGTGCCGTCGTACACTCTCAAGTAAGGTGGAATTTTGAAAATTTTCGGA
ATGGGGTATGGTGCAGCCTCTTCCGTGTAGGGTTGTTAGACAAACCTCCCTACGTCATGCTTTGGCAGCA
GTTTGGGGGCACCAGGGATATTGTCCACCCTCTCTTGATGTTCCTTCATCTGATCACGAAGTGACAGATT
TTCGTTTTCCATTTCCTCCATCTTCTTGAGGATGGTTGTGATCATGCCGCCGTTGGATGGAGTATCGGCG
AACACATTATTTGCGCGAGTGACCTCGGGTTCGCCTCCAACTGTAGCAAGATCTGCGGTCGGCCTGCATC
TGACATTTTGTTGAGGTGAATTCTCAACAAGCCGCTTAGAGTGCTCGTTAACCACTCTTCTAGTAATTTA
CTGACCTCTAGGGGTGCTTCTTCAGATGCGGATGTGGAAGCGCCTTTTTCCTGCAAGATCGTTAGATCTT
CGGGTTGTGGATGGGGGATTTCTCACCTCAAGGTGGTACTAGGGGTTGAAATCAAAACCCCATCTTCACC
GGCTTCGTTGAAATGGCCGATGAGGTTGGTTGCAACATCTGCTATTATTTTTATTCTTGCGTTGTTGTCA
GCCATTTTTCATTTTTGTGTTGTAAAGAAGGGTTTTTGATGGTTCTCTAGGTGCAAACTATGGTTTTGAT
TCTCGAAATCCCCACACACGGCGCCAAATTGTTTAGCTTAAAAATTATATTCGTATTTTGTAAGCCTAAA
AACAATCGAAAAATATAGGGGTAAATCGTAATCAAATATAATAAGCCCAAGAGATGATTATTGCTTCGAG

NS

or upload sequence file: (&) Choose File no file selected

PAM sequence requirement: NGG (e.g. NGG, NRG, NNGRRT, NG) @

Specificity check: Tobacco (Nicotiana benthamiana) genome, v1.0.1 (Jul, 2014)

3-cypet — CRISPOR-ra xykrenren PDS ke3nenren pertiiri

Anpiaran gRNA HycKkanmapbIHBIH IIIiHEH Ke3-
JIEJITeH eMec eHipiepdiH cauwel eH a3, GC% wmas-
MYHBIHBIH OHTaWJIbl MOJIIIEepi Oap kKoHE Kecy ydac-
KeJIepiHiH IMIeKTeyJepi JKOK yJacKelep TaHIaJIIbl
(2-kecre).

ConbiMeH Karap, Nicotiana tabacum-na PDS
reHine HeriznenreH gRNAs azipnenni (3-kecre).

E. coli xacymanapplHaa OHTaHTaHIBIPBUIFAH
Kyrepi kononbl Oap spCas9 Oap CRISPR/Cas9

KOHCTpYKUUsUIaphl d3ipienai. O yuIiH xacymanap
JKBUTY COKKBICHI apKbUIbl TPaHCPOPMAIUSIIAH]IBI,
HOTMXKECIHJIe Taija OOJIFaH JKacylajiap KaHaMU-
uuaMed LB opraceiapa ecipimmi. OcwimaH KeiH
TpaHchOpMaIMsUIaHFaH JKacyliajnapiaH TUTa3MujI-
tik pKSE401 Geuninin, arapo3pl reibae TeKcepii
(Cypert 4). AnbiHFaH TUTa3MuIaTapAbIH Oip Oeiri
OJIaH 9pi KIIOHAAY YIIiH Mai1aIaHbUIIb, ajl KaJFaH-
napel — 80°C TemniepaTypajia caKTayFa Kemipiyii.

2-kecte — gRNA cunarramanapsr: perriniri, GC Ma3MyHBI, KYHJIIpYy TeMIIepaTypacsl >KOHE HbICAHAIaH THIC OHIpJICP CAHbI

Position Target sequences Sequence information Number of target sites
TTTT
start _ o Tm of R restriction| 20 mer | 12 mer 8 mer
- end +/ 20 mer+PAM (total 23 mer) GC% 20 mer in sites “PAM | +PAM +PAM
20 mer
496 — ATTATTTGCGCGAGTGACCTCGG . . 2065
+ 9 © - - [ ]
518 [eRNA] 45% | 71.08°C 1 [detail] | 1 [detail detail
3-kecte — N. tabacum PDS renine neriznenren gRNAs cunarramanapsl
No. Tiz6ex Y 3BIHIBIK
) F- ATTGGCCGTTAATTTGAGAGTCCA 24 b
R- AAACTGGACTCTCAAATTAACGGC P
) F- ATTGGAGATTGTTATTGCTGGTGC 24 b
R- AAACGCACCAGCAATAACAATCTC P
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pKSE401  pKSE401

4-cypet — TpancdopmarusiianFaH xacynanapaaH
okmaynanran spCas9 taceivannaiteia pKSE401
TUIA3MHIATAPE

PDS1.  PDS2

100bp —--

PDS3

PDS renine (Macrogen) apnamnran gRNAs
omronykieotuarepi HPLC apkputel cuHTeE3mEN-
I skoHe TazapThulabl. ColaH KeiiH albIHFaH HYK-
Jiea3achl3 cyJia Kaita CyCleH3MSUIaH/Abl KOHE XKY-
MBIC KOHIIeHTparusacel 10 mM 607aThlH KaXKeTTi
anukBoTTap skacanasl. CuntesgenreH gRNAS-HBI
ammmudukanusutay [1TP ammnudukaropaa keneci
XKarainapaa kyprizinmi: 5 munHyT imiage 95°C,
3 munyt immgge 25°C. Ocwigan keitin Oip Ti30eKkTi
JKOHE €Ki Ti30ekTi onmronykieoruarep 2,5% PHK
arapo3/ibl TeNTiH/e ChIHAMIB (5-Cyper).

Bip Ti36ekTi onuronykieotuarep xyosl PDS1
sxkoHe PDS2 «gRNA1» kypansl; sxoHe Oip Ti30ek-
Ti omuroHykieoruarep xyoer PDS3 xene PDS4
«gRNA2»Kypanbl.

gRNA1 gRNA?2

5-cypet — PDS renine apranran gRNAs onuronykieotuarepi

N. benthamiana L. eciMIikTepiHIEri BHpYC-
TBHIK BeKTOpaarbl Cas9 skcnpeccusachlH Tanjgay. N.
benthamiana L. ecimuiktepinmeri Cas9 aKybI3bIHBIH
akcrpeccusichiH Tannay yur [ITP Cas9 rtiz0erine
TOH NpaiimepiepMmeH, conaaii-ak pKSE401 miasmu-
JIACBIHBIH, aliMaKTapblHa TOH KOCHIMINIA TpaiMep-
nepmen xkyprizinai. [lpaiimepnep Primer-BLAST
OarmapmamaceiHa xkacanrad skoHe NCBI-BLAST
KOMETIMEH TeKcepiireH (4-kecre).

On ywin JAHK tpanchopmauusnanran N.
benthamiana L. xanbplpakTapblHaH XOFapblna aii-
TBUTFAH OficmieH okmayianrad. Ajsmarad JIHK
KOHIIGHTpaluschl MeH Tazaibsirbl Nanodrop 2000
KYPBUIFBIHBIH KemeriMeH enmeHai. ComaH KeiiH
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ansiHFad JIHK Cas9 akybI3bIHBIH 3KCIIPECCUSCHIH
[ITP Tanmay yiriH yiri peTiHae nai1ananbuibl.

[ITP ymiH peakusi KOCHAChl JTANBIHIANIIEI,
onbIH immiHge Cas9 renin keoelty yurin Cas9-570-F,
Cas9-570-R  mpaiimepniepi, conmaii-ak pKSE401
¢dparmenTi ymin U626-401f, U629-401r npaiimep-
nepi 6ap. CoHbIMEH KaTtap, peakuus Kocrnacbiaa Nb-
PPR-F xone Nb-PPR-R imki Oakpuiayra apHanran
npaiiMepniep Kocwuinel. Okmaymanran [IHK IITP
YJITici peTiHae naiaanaHbuIabL.

CRISPR-Cas9 kacceTacblHbIH KOHCTPYKIIMSI-
napel 0ip Bektopaa PDS renine apHanran gRNAs
skoHe Cas9 sHIoHyKIIea3a Ti30eri OonaTbiHal eTin
skacainral (Cyper 6).



3.b. Camaxoga xoHe T.0.

4-kecte — Cas9 peTTijirine ToH MpaiiMepIiepIiH CHITAaTTaMAaChl

ATBI Tiz0ex Cunarramacsl

Cas9-570-F AGACCGTGAAGGTTGTGGAC Cas9 reHiH Tekcepy YIIiH

Cas9-570-R TAGTGATCTGCCGTGTCTCG Cas9 reHiH Tekcepy YIIiH

U626-401F TGTCCCAGGATTAGAATGATTAGGC pKSE401 Ti30erin Tekcepy yIuIiH

U629-401R GTCAGGCTGCAGTAGTTTCCATTAA pKSE401 Ti36erin Tekcepy ymrix

Nb-PPR-F GAGGGTCCATTTGAGTGAC ki 6aksuIay N. Benthfzmiana L., TeHTATPHKONENTHAT]
aKybI3IbIH KaliTanaHateH reti (PPR)

Nb-PPR-R AGGCTGATGTTGGAATCTGG ki Gaxputay N. Benthvamzana L., TeHTATPUKONeNTHAT]
aKybI3bIH KaiTanaHateH reHi (PPR)

gRNA-PDS-1 gRNA-PDS-2

Agrobacterinm-mediated
plant transformation

Expression in Nicafiana benthamiana

6-cypet — CRISPR-Cas9 KOHCTpYKIMSUTAPBIHBIH CXEMACHI JKoHEe onapAbiH N. benthamiana-narel KepiHici

pKSE401 mnasmunaceinga gRNA kacceTtachl
(PDS1, PDS2), Cas9 akybI3biH OeyiceHmipyre ap-
nainran PHK riperi skone CAMV 35s mpomMoTOpBI-
HbIH acThiHaa Cas9 akysI3 Ti30eriHiH 631 0ap.

PHK N. benthamiana L. ecimuikTepiHeH
TRIzol kemeriMeH oOKIIaymTaHFaH, COJaH KeWiH

Cas9 akysw3biabiH dKcnpeccusicbiH RT-PCR tan-
naysl ymiH cDNA cunte3genren. PPR yii mapya-
IIBITBIFBIHBIH Te€HI 0aKblUIay Kypajbl peTiHae maii-
JATaHBULIBI, ajl Tepic OakbLiay Kypasibl pPeTiHe
Cybl 0ap KoHe JTHK YJTicl )KOK YT MaiJanaHblUIabl
(Cyper 7).
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7-cypet — Tpanchopmarmsinanran N. benthamiana L. eciMaixrepingeri

Cas9 akyp3bIHbIH dKcnipeccusichHbIH [ITP Tannaysr

Hormxkecinae reHOMIBIK MHXEHEPUS MEH OCiM-
JIK [IapyanmbUIBIFBIHAA KOJIJAHY VIIOiH JKOFaphl
ko3aenreH gRNA Tiz0ekrepi xacanasl. JKymbicta
KasaxkcTangarsl aybll MapyambUIbIFb AKbLIIAPbI-
HBIH TO3IMIUTITIH, arpOHOMISUTBIK CHITATTaMAaJIapPBIH
JKOHE TarFaMJIblK CalachblH apTTHIPy MaKCaThIHIA
OJIapAbIH T€HOMJIAPbIH ©3TePTy YILiH O3bIK TEXHO-
sorusinap Kojmaneuiaasl. Oceliaiima, 6armapiaMa-
HBIH KYTUICTIH HOTHIKEJNEpi aybUl IapyanibUIbIFbIH
JaMBITYFa XOHE aJamJIapIblH eMip CYpy camachlH
JKaKCcapTyFa MaHBI3/IbI YJIeC KOCa/Ibl.

KopbITbIHABI

3epTTey eciMJIiKk TCHOMBIH OHJICY IIH O3bIK TEX-
HOJIOTHSIIAPBIHA HETI3IENTeH KOHE OCBI Callaf[aFbl
DIIEMIIK TOXipubere HerizmenreH. bynm maksuimap-
JIbI KaKCapTy MaKcaTTapblHA JKETY YIIiH O3BIK KY-
pangap MeH diaicTep/li KOJIaHyFa MyMKIHIIK Oepe-
ni. byn sxymbicTeiH HOTIOKENepi Cas9 aKybI3bIHBIH
TBSV BUpyCTHIK BEKTOPBHIMEH KOHE OHBIH IITAMM-
JapbeIMeH Oipre MHQUILTPALMSACHIH OJaH Opi 3epT-
TeyJe, COHIal-aK TEeHMIK WHKECHEPHUS >KYHEeCiHIH
TUIMALTITIH OJIaH &1 apTTHIPY YIIiH MYJIbTHILIICKCTI
OarprrTaymel PHK >xyiiecin ceiHayza KonnaHbLIa-
TBIH 00J1a/1bI.

Ocimuiktep reHoMblH oHAey ymin CRISPR-
Cas9 xyiieci MeH BHPYCTBIK BEKTOpJIap bl Taii-
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JlallaHyFa HeTi3e]TreH 3epPTTeYiMi3iH HOTHXe-
Jiepi FBUIBIMH, TEXHOJOTHSIIBIK KOHE KOFaM/IbIK
KaXETTITIKTEp, COHIali-aK YKOHOMHUKAJIBIK JKOHE
OHEPKACINTIK MyJAjaenep YIIiH MaHbBI3IbL. Y ChI-
HBUIFAH TOCUT OCIMIIKTEpAEri TEHETUKANBIK aK-
naparThl OHACYAIH JKOFaphl JOJJIITT MEH THIM-
IUTTiH KaMTaMackl3 etedi. by ¢pyHKIImoHam b1
TeHOMHKA, aybUIIAPYalIbUIBIK OHIMALIITI MEH
a3bIK-TYJNIK Kayilci3Iirin apTTeIpy cajachlHIa-
FBI 3€pTTEyJiepre XaHa MYMKiHIIKTEep amiajbl.
Consimen karap, MO kommanOai jxakcapThLI-
FaH CHUIMaTTaManapbl 0ap eciMIiKTepai Kypy Ko-
FAMJIBIK, CYPaHBICTHI KaHAFaTTaH/IBIPAJIBl JKOHE
HOPMATHUBTIK HIeKTeyiepai Oomasipmaibl. byn
COHBIMCH KaTap KaHa OMOTEXHOJOTHUSIIBIK JKOHE
aybUIIIAPYaIIBUIBIK CallallapblH JTaMBITyFa MYM-
KiHIiK Oepeni.

Myaaenep KaKThIFbICHI

Bapnpik aBTOpnmap MakamdaHBIH —~Ma3MYHBIH
OKBIII, TAHBICTHI JKOHC MYIICICP KaKTHIFBICHI JKOK.

Kap:xbplianapipy kesi
Bbyn 3eprreyni kasakcran PecnyOnukacel Foi-

neiM koHe JKorapsl binim Munuctpirinig Feuieiv
Komwureri kapxbitaaasipast (CKTH BR21882269).
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PA3PABOTKA MPAMMEPOB, 30HAA U MTOAOXUTEABHOTO
KOHTPOAA AA1 AMATHOCTHUKUN COVID-19

Manaemms COVID-19, Bbi3BaHHasi KopoHaBmpycom SARS-CoV-2, noauepkHyAa HEOOXOAMMOCTb
ObICTPON U TOUYHOM AMArHOCTUMKM HAAMUMS BUpYCa AAS (PMEKTUBHOIO KOHTPOASI PACNpOCTPaHEHMsl
3a6oaeBaHus. OT-TILIP B peaAbHOM BpeMEHU SIBASIETCSI OAHMM M3 HaMbOoAee UyBCTBUTEAbHbIX U CreL-
nmyUHbIX MeTOAO0B BbisiBAeHUst PHK Bupyca. OaHako kauyectBo 1 acpdekTnBHoCTb OT-T1LIP Hanpsimyto
CBSI3aHbl C MPaBMAbHbIM BbIGOPOM MpanMepoB 1 30HAOB, @ BbICOKasi TOUHOCTb M HAAEXKHOCTb CBSA3aHbI
C MCMOAb30BaHMEM COOTBETCTBYIOLLMX KOHTPOAEN. LleAbtio AaHHOM paboThl ABASETCS paspaboTka npan-
MepoB M 30HAOB AAS amarHocTukm COVID-19, a Takxke co3paHue MOAOXKUTEAbHOrO KOHTPOABHOIO
0o6pasLa AASl TECT-CUCTEMbI.

B AaHHOM paboTe NMpuUMeHeHbl COBPEMEHHbIE NMOAXOAbI K BbIGOPY MULLEHEN AAS aMMAMDUKALNM,
KOTOPbIE BKAIOYAIOT aHAAM3 KOHCEPBATMBHbIX YYaCTKOB BUPYCHOIO reHOMa. TakyKe MCMOoAb30BaAu G1o-
MH(OPMaTUUECKME MHCTPYMEHTbI AAS MOAGOpPa NMPaniMepoB M 30HAOB AAS BbisSIBAEHMS BUpYyca SARS-
CoV-2. AAsl CO3AaHMSI KOHTPOABHOTrO 06pasLia UCMOAb30BaAACh CUHTETUYECKAs KOHCTPYKLUMS, COAEpP-
alas LeAeBOM y4acTOK reHOMa BUPYCa, KOTOPbIN ObIA yCMewHO KAOHMPOBAH B MAAQ3MUAHbIN BEKTOP.

B pamkax nccaepoBaHus Gbiav pa3paboTaHbl Npanmepbl U (hAYOPECLIEHTHbIN 30HA, CrieumduyUHble
K KOHCepBaTUBHbIM permoHam reHoma smpyca SARS-CoV-2, ¢ yueToM reHeTnueckmnx BapuaLmi Bupyca.
[MOAYY€eHHbI MOAOXXUTEAbHbIA KOHTPOAb YCMELWHO MPOTECTUPOBAH B aHaAM3e, MOATBEPAMB CBOIO 3h-
(heKTUBHOCTb M BOCMPON3BOAUMOCTD.

PaspaboTtaHHbie nparimepbl 1 30HA AAS aAMarHOCTMKUM COVID-19 MoryT 6bITb MCMOAb30BaHbI AAS
3MUAEMUOAOTMYECKOrO MOHUTOPUHIA M KOHTPOAS pacnpoctpaHeHnst SARS-CoV-2 ¢ KAMHWMYECKMMU U
AMArHOCTUYECKMMMN LieAsIMU. Pa3paboTaHHblii KOHPOAbHbIA 00pasel; MOXeT ObiTb MCMOAb30BAH AAS
cTtaHaapTusaumm amarHoctukn COVID-19, noBbias TOYHOCTU M HAAEXKHOCTM aHAaAM30B B KAMHWUYe-
CKOW MpaKTuKe.

KaroueBble caoBa: COVID-19, SARS-CoV-2, OT-TILIP, npaimepbl, 30HA, MOAOXMUTEAbHbIA KOH-
TPOAb.

B.S. Usserbayev*, K.T. Sultankulova, B.N. Zhumadil,
O.V. Chervyakova, G.O. Shynybekova, N.S. Kozhabergenov
Research Institute of Biological Safety Problems LLP, «National Holding QazBioPharm»,

Gvardeisky, Kazakhstan
*e-mail: b.usserbayev@biosafety.kz

Development of primers, probes and positive controls
for COVID-19 diagnostics

The COVID-19 pandemic caused by SARS-CoV-2 coronavirus has emphasised the need for rapid
and accurate diagnosis to effectively control the spread of the disease. RT-PCR of RT is one of the most
sensitive and specific methods for detection of virus RNA. However, the quality and efficiency of RT-
PCR are directly related to the proper choice of primers and probes, and high accuracy and reliability are
related to the use of controls. The aim of this work is to develop primers and probes for the diagnosis of
COVID-19 and to create a positive control sample for the test system.

This work applies modern approaches to the selection of targets for amplification, which include the
analysis of conserved regions of the viral genome. Bioinformatics tools were also used to select primers
and probes for detection of SARS-CoV-2 virus. A synthetic construct containing target regions of the
virus genome was used to create a control sample, which was successfully cloned into a plasmid vector.

As part of the study, primers and a fluorescent probe specific to conserved regions of the SARS-
CoV-2 virus genome were designed, taking into account genetic variations in the virus. The resulting
positive control was successfully tested in the assay, confirming its efficacy and reproducibility.
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Pa3paboTka nmpaiimMepoB, 30H/1a U IMTOJIOKHUTEILHOTO KOHTpoIst uist quarnoctuku COVID-19

The developed primers and probes for SOVID-19 diagnosis can be used for epidemiological moni-
toring and control of SARS-CoV-2 spread with clinical and diagnostic purposes. The developed control
sample can be used to standardise the diagnosis of COVID-19, improving the accuracy and reliability of
the assay in clinical practice.

Keywords: COVID-19, SARS-CoV-2, OT-PCR, primers, probe, positive control.
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COVID-19 AMarHOCTHKAcChI YLLiH NMpaiMepAepA,
30HATDI XX8He OH, 6aKblrayAbl d3ipAey

SARS-CoV-2 kopoHasupycbl TyabipraH COVID-19 naHAeMUsICbl aypyAblH TapaAybiH TUIMAT 6aKbi-
AQY YLLIH >KbIAAQM XXBHE ABA AMArHO3 Koo KaxeTTiAiriH kepceTTi. KT-ITP HYP BupycTbik, PHK aHbIk-
TayAblH €H Ce3iMTaA XoHe creundukanbik, aaictepitid 6ipi 60AbIn Tabblraabl. Aeredmen, OT-TTP
canacbl MeH TUIMAIAITi NparfMepAep MeH 30HATApAbl AYPbIC TaHAayFa TikeAeil 6anAaHbICTbl 6OACa, aA
SKOFapbl ADAAIK MEH CEHIMAIAIK OH 6akblAayAapAbl MaAaraHyMeH GaiiAaHbICTbl 60Aaabl. OcbliAaiiLLa,
6YA >KymbICTbiH MakcaTbl — COVID-19 AnarHocTUKachl yiliH npafiMepAep MeH 30HATApAbl >ko6aAay,
COHAQI-aK, ADAAIK MEH CEHIMAIAIKTI KaMTamachI3 eTy YiliH OH 6akblAay YATiCiH Kacay.

ByA XyMbICTa BUPYCTbIK, FEHOMHbIH Typakbbl aliMakTapblH TaAAQYAbl KaMTUTbIH KYLLENATY MaKcaT-
TapblH TaHAQYAbIH 3amMaHaym TOCIAAEPiH KOAAAHABIK. CoHbIMeH KaTap SARS-CoV-2 aHbIKTayFa apHaA-
FaH npanMepAep MeH 30HATAPAbI TAHAQY YLLiH GMOMH(DOPMATUKAABIK, KYPAaAAAPAbl KOAAAHABIK,. bakpbl-
AQY YATICiH >Kacay YLUiH BUPYC reHOMbIHbIH MaKCaTTbl alMaK TapblH KAMTUTbIH CUHTETUKAABIK, KYPbIAbIM
KOAAQHbBIAABI, OA MAQ3MUATIK BEKTOPFA COTTI KAOHAAAADI.

3epTTeyAiH WeHOepiHAE BUPYCTbIH reHETUKAAbIK, ©3repicTepiH eckepe oTbipbin, SARS-CoV-2 re-
HOMbIHbIH, TYPaKTbl aliMakTapblHa TOH NpanimepAep MeH (PAYOPECLEHTTI 30HA 83ipAeHAI. AAbIHFAH OH,
GaKblAay TUIMAIAITT MEH KaiiTaraHy MYMKIHAITIH pacTan OTbIpbin, TAAAQYAQ COTTI CbIHAKTAH OTTi.

COVID-19 AMarHocTMkachl YLWiH ©3ipAEHreH npanMmepAep MeH 30HATapAbl KAMHWMKAAbIK, >KoHe
AMArHOCTMKAaAbIK MakcaTTapAa SARS-CoV-2 TapaAybliH 3MMAEMUOAOTUSIAbIK, GaKbIAdy XeHe GakbiAay
YLIiH naaaAaHyra 60AaAbl. O3ipAeHreH 6akbiaay YAFiCi KAMHUKAABIK, TOXXipUOeAe CbiHaKTapAblH ASA-
AIri MeH CeHIMAIAIrH apTTbipa oTbipbin, COVID-19 AMarHo3blH CTaHAQPTTAY YLIiH MaiAaAaHbIAYbI

MYMKiH.

Ty#in ce3aep: COVID-19, SARS-CoV-2, KT-TTLIP, nparimMep, 30HA.

BBenenune

Octpeie pecniuparophbie 3aboseBanus (OP3)
MPEACTaBISIIOT CO00i OOMIMPHYIO TPYMITy OCTPBIX
MH(DEKITHOHHBIX 00JIe3HEH, BBI3BIBACMBIX Pa3JIHY-
HbIMHM TaTOTCHHBIMU arcHTaMH, TAaKUMH KaK BH-
pychl, OakTepuu, XJIaMUAWUM M MHUKOIIa3Mmbl [1].
OP3 mpencraBmsieT cepbhe3HyIO0 YIpo3y UeoBeUe-
CTBY, BKJIIOUAsI IPSIMOE BIUSHUE HA TIOBCETHEBHYIO
KU3Hb MWJIJIMOHOB JIIOJICH M HEraTUBHOE BO3JCH-
CTBHC HAa MHPOBYIO SKOHOMUKY [2, 3]. B HacTosImee
BpeMsi pecriupaTopHble HH(EKIUN COCTABISIOT JI0
90% Bcex nH(pEKIUOHHBIX 3a0oneBanuii [4]. Kax-
IIBIIA TOIT B MUpPE (PUKCHUpPYETCs CBEITIE | MITHapaa
CIIy4aeB OCTPBIX PECHUPATOPHBIX 3a00JIEBAHHIA, UTO
3HAYUTEIFHO TPEBBIMIACT KOJIMYECTBO IMAlMEHTOB
C TaKMMHU Cephe3HBIMH 3a00JIEBaHUSIMHU, KaK pak,
BUWY, umemuueckas 605e3Hb Cep/Lia WK MaJlspust
[1].

B mocnennee BpeMst BOSHUKHOBEHHE U OBICTPOE
pacmpocTpaHeHHE HOBOTO BHJa KOpPOHAaBUpYcCa
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(SARS-CoV-2), KOTOpBIA CTajl 3HAYUMBIM TIPEII-
craButeneM OP3, BbI3BaNO cepbe3HbIE OMACEHUS B
oOmactu rio0anbHOrO 37paBooxpaneHus [5]. Bau-
ny Takux ocobenHocredt B mapre 2020 roma Bce-
MHUpHasi opranu3anus 3apaBooxpanenus (BO3)
o0psaBmia COVID-19 rinobanpHOM mangemuei [6,
7]. o mamaeiM BO3 Ha 16 depams 2025 rona,
SARS-CoV-2 crpemurensHo oxBatui Oonee 230
CTpaH, TJie 3aperucTpupoBaHo dosee 777 MIIH. TOA-
TBEPXKJIEHHBIX CITy4aeB 3apa’ke€HUs, YTO MPHUBEIO K
JeTalibHBIM ucxoaam 7, 089,979 venosek [8].

B cBs3u ¢ atum Bo Bpemsi COVID-19 ouenka
pacripocTpaHeHusT BUpyca Cpel HaceleHHs MOI-
YEPKUBACT OCTPYI0 HEOOXOJAMMOCTh B TOYHOM H
OBICTPOM JTMarHOCTMYECKOM TECTHPOBAHHM IS
KITMHIYECKOM MPAKTUKA U OOIIIECTBEHHOTO 3PaBO-
oxpanenus [9]. CBoeBpeMeHHAsI ¥ TOYHASI TUATHO-
CTHKa TO3BOJISICT JMAarHOCTHPOBAaTh 3a00JieBaHME,
CIEeUTh 3a PAcIpPOCTPAaHEHHUEM BHpYCa, H30JH-
poBaTh 3a00JIEBIIMX W MPUHUMATH 3P (PEKTHBHBIC
Mepbl MIPOTHB HEro, a TaKKe UrpaeT PEeHIalonylo
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ponb B 6opbOe ¢ mHpeknuu. B ocHOBe OOIBIINH-
cTBa MeToJ10B nuarHoctuku COVID-19 nexur me-
TOJI MOJIMMEPA3HON ICMTHON peakiuu ¢ 0OpaTHOM
TPAHCKPUIIIUEH B perkuMe peaabHoM Bpemern (OT-
[TLP PB) [10, 11]. Ananu3 Ha ocaoBe OT-ITLIP ms
nuarnoctukn COVID-19 6b11 BiepBbie pa3paboTaH
B UHcTutyTe Bupyconoruun Charite B ['epmannu u
pekomenjioBaH BO3 B kauecTBe TECT-CUCTEMBI JIJIsI
BEBISIBIICHUS Bupyca [7].

Hns spdextuBnoro nposenenust OT-IILIP we-
00X0JIMMO TIPaBUIILHO KOHCTPYPHPOBATH Tpaiime-
PBI U 30H/IbI, KOTOPBIE JOJDKHBI 00JIafaTh BEICOKOM
CHEIM(PUYHOCTEI0O U YYBCTBHTEIBHOCTHIO [12]. B
MOCTIETHNE TO/BI OBLIO OMyOIMKOBAHO MHOYECTBO
uccienoBanuii [9, 13-18], MOCBAIIEHHBIX K pa3pa-
6orkam u onrtumu3arusam OT-ITLP, ograko moadop
1 pa3paboTka HanOosee 3pHEKTUBHBIX U CIEITUDH-
YeCKHUX MpaiMepoB U 30HIO0B OCTAETCS aKTyaJbHOU
3agauen.

Taxoke mapamienpbHO ¢ pa3paboTKaMu Tpaiime-
POB 1 30H/I0B KJIFOYEBOE BHUMAHHE yEIseTCa KOH-
TPOJBHBIM 00pa3siam, KOTOpbIe HEOOXOIUMBI JIsI
MOJITBEPKIACHHUS TOCTOBEPHOCTH M BOCIIPOW3BOJIH-
MOCTH IOJIy4aeMbIX pe3yibTaToB. Yu B. u coasr.
co00mIatoT, YTO B OOJBIIMHCTBE UCCIIEIOBAHUI Ha
ocHoBe OT-IIIP m60 OTCYyTCTBYIOT KOHTPOJIBHBIC
oOpasipl, oo ucnonb3yercs JJHK B kadecrse
BHYTPEHHETO KOHTPOJIS, UTO HE MO3BOJISIET MUHU-
Mm3upoBath ommoOku OT-IILP, Bo3HHMKaromue Ha
atane obparHoil Tpanckpumniuu [19]. Takum o6pa-
30M, pa3paboTKa MpaiiMepoB U 30HJOB TECHO CBSI-
3aHO C HCIIOJIb30BAaHUEM KOHTPOJIBHBIX 00pa3IloB,
YTO CIIOCOOCTBYET BHICOKOW TOYHOCTH U JIOCTOBEP-
HOCTH JIMaTHOCTUKH BUPYCHBIX WH(EKIINH.

Ilensto maHHOW pabOTHI SBISETCS KOHCTPYH-
poBaHME TpaliMepoB M 30HAA JAJS JHUATHOCTHUKH
COVID-19, a takxe pa3paboTKa MOJI0KUTEILHOTO
KOHTPOIILHOTO 00pasiia JijIsl TeCT-CHCTEMBI.

MarepuaJjibl 1 METOABI UCCIETOBAHUS

Buomamepuan

B nmanHOW paboTe B KayecTBE HCCIIEIYEMOTO
o0wvekta Ob1 BBIOpaH mTamMMm SARS-CoV-2/KZ
Almaty04.2020, KOTOpBIN XpaHHUTCA B PecIyOJiu-
KaHCKOM JICTIO3UTAPUH KOJUICKIIMA MUKPOOPTaHU3-
MoB TOO HayuHo-ucCClIeqOBAaTENIbCKUI UHCTUTYT
npobisiem Ouosoruueckoit 6ezonacuoctu, AO «Ha-
unoHanbHbIM XoaauHr «Kazbuo®apm»» [20].

Buvioenenue PHK eupycos

PHK BupycoB 3kcTparupoBaiu U3 MaTepuaia B
ycnoBusix Jtaboparopur BSL-3 Habopom QIAamp
Viral RNA Mini Kit (Qiagen, Hilden, Germany)

B COOTBETCTBHU C WHCTPYKIIHUCH MPOM3BOMTEINS.
KauectBo u koHUeHTpanuto noiayyeHHbix PHK Bu-
pycoB mnpoBepsuin Ha (ayopumerpe Qubit 2.0 (Life
Technologies, Carlsbad, California, USA) B coot-
BETCTBHH C MTPOTOKOJIOM TIPOU3BOIUTEIIS.

Cunmes komnaemenmapnoi /[HK (k/[HK)

Obpatayto Tpanckpunmmio (OT) mpoBoan-
i ¢ nomoiieio Habopa SuperScript VILO cDNA
Synthesis Kit (Invitrogen, Thermo Fisher Scientific,
USA) B tepmonukiepe Mastercycler X50s mpu
CIIEIYIOIMX TEeMIIepaTypHbIX pexnmax: 25°C B
teuenue 10 mun; 42°C B Teuenne 60 muH; 85°C B
TeueHue 5 MUH. PeakiMoHHBIN cOCTaB M TeMmIlepa-
TYPHO — BPEMEHHbBIE PEKUMbI TIPOBOJIUIINA COIIACHO
WHCTPYKIIUU IPOU3BOTUTEIIS.

Ilocmanoeka noiumepaznoii yenHoul peaKyuu
(1111P)

AMIUH(pHUKAIAIO TPOBOIMIA HAa TEPMOIUKIIE-
pe Mastercycler X50s (Eppendorf, UK) ¢ ucmosis-
3oBanreM Habopa Platinum SuperFi PCR Master
Mix (Invitrogen, Thermo Fisher Scientific, USA)
B COOTBETCTBUU C WHCTPYKIHEW MPOU3BOAUTEIIS.
[Tocranosky I1LP npoBogunu B 00mmem odbeme 25
MK, BKITrodas 12,5 mxn 2X Platinum SuperFi Green
PCR Master Mix, mo 1,25 mka kaxgoro u3 10 MM
npsMoro u obparHoro mpaiimepos, 3 mxn kAHK-
matpuirel, 5 M1 5X SuperFi GC Enhancer u Boap!
qust TILP, 9T00BI BOCTIONHUTE 00BEM Ha 25 MKIL.
Ammmudukanus [1LP mpoaykToB mpoBeaeHa mo
CIIEYIOIIEMYy TEMIIEPATyPHOMY PEXHMY: Hadajlb-
Has aeHaryparus 95°C-0,5 MuH; ¢ TOCTIEAYIONIN-
MU 35 TUKIaMH aMILTU(GUKAIIUHN TIPH JICHATYpaIiH
95°C-0,1 muH, omxkure 57°C-0,5 MuH, >JI0HTAIIAS
72°C-0,5 mun; punanbHast snoHranus 72°C-5 MuH.

Koncmpyuposanue pexomounanmnon /JHK
naazmuobl

JUid  mosydeHus TOJOXHUTEIBHOIO KOHTPO-
71 Ui TECT-CUCTEMbl MPOLYKTHl aMIUIM(UKALMN
Bupyca SARS-CoV-2 xioHuUpoBaNM B IUIA3MHIY
pGEM-T Easy Vector ¢ ucnons3oBanueM epmeH-
toB pectpukuun Ncol u Spel u T4 JJHK nurassr.
Pasmep mmazmugnoi JIHK 6e3 BcTaBkHM cocTaBiis-
eT 2988 map ocHoBaHuil. IlomyueHHble nurasHsle
CMECH HCIIONb30BAIM Il IOCIEAYIOIeH XUMU-
YecKol TpaHC(POpPMalMK KOMIIETEHTHBIX KIIETOK
Escherichia coli. OtbGop komoHMH, conepXKalux
[e7IeBOi (hparMeHT, MPOBEACH METOIOM CHHe-0e-
no# cenekiuy. OToOpaHHBIE KIOHBI TIEPCHECEHBI B
xuIKyro cpeny LB ¢ ammunummraoMm (100 Mkr/min)
1 nHKyOupoBaHs! mpu 37°C B Teuenue 16 wacos. U3
MOJTyYEHHBIX KYJIBTYP BBIJENIEHBI IIa3MHU/IbI C TIPH-
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MEHEHHEM METO]a IeJI0YHoro ju3uca. KoHcTpyk-
1m0 KoHTpospHOTrO obpasna (IIKO) nmposepsiim Ha
Hanuuue rera metogom P ¢ mpumenenuem crien-
n(ruIecKnx mpaitMepoB, UCTIOIB30BAHHBIX MPH KIIO-
HupoBaHuu. Pesynpratsl ammnudukanuu [1LP BbI-
SBIISUTHA C TIOMOIIBIO METOa TeNb-35IeKTpodopesa u
refb JoKyMeHTHpytomei cucremsl iBright CL1500
Imaging System (Invitrogen, Thermo Fisher
Scientific, USA). Dnektpodope3 NpOBOAWIH MPH
cuie Toka 400 mA B 2% arapo3Hom reine B Oydepe
TAE (40 MM TpucruapoxkcumeTniaMuHoMeTaH, 20
MM nensHas ykcycHas kucnora, | MM 3/1TA), ¢ no-
oasnennem SYBR Safe DNA gel stain, Invitrogen.
1 o1ieHKH MOJIEKYJIAPHOTO Beca (parMeHTOB HUC-
MOJIB30BAJIM MapKepsl MouieKyssipHoro Beca JIHK
Ha 100 bp «DNA Ladder» ¢upmsr Invitrogen.

Buipagnusanue nocnedosamensnocmeii Hy-
K/1e0muoog

MHOKECTBEHHOE BBIpABHHBAHUE HYKJICOTH/I-
HBIX TIOCJIEAOBATEILHOCTEH BUPYCHBIX T'€HOMOB
OBLIO BBIMOIHEHO C MCIIOIB30BAHUEM MTPOTPAMMHO-
ro obecnieuenust Mega 11 no anroputmy ClustalW.

Iloo6op u ananuz cneyugpuunocmu 01U20HYy-
K1€0MUOHBIX RPAUMEPOS U 30HO08

[lonck  HYKJICOTHMAHBIX  TOCJIEAOBATEILHO-
cTel s mombopa crenuduyuecKux IMpaiMepos,
OCYLIECTBISUTM B MEKIAYHApOJHOH Oa3e JaHHBIX
GenBank NCBI (http://www.ncbi.nlm.nih.gov/
GenBank). IIposepky cnenuduunoctu nomoOpaH-
HBIX OJIMTOHYKJICOTHIHBIX IpaiiMepoB u (iyopec-
LEHTHBIX 30HJIOB, a TAK)KE UX BTOPHUYHBIC CTPYKTY-
PBI OLIEHUBAIHCH C MTOMOIIBIO TTporpaMMbl BLAST
u CLC Genomics Workbench v.12 (QIAGEN).

Cunme3s npaiimepos u 301008

CuHTEe3  OJHMIOHYKICOTHIHBIX  TpaiiMepoB
MPOBOJWIM Ha aBTOMAaTHYECKOM CHHTE3aTOpe
¢upmer K&A Laborgeraete, momenmn DNA/RNA
Synthesizer H-16 (mpousBonacTBo ['epmanun), amu-
T0POCPUTHBIM METOJOM COTJIACHO HHCTPYKIIUU
npousBoguTens. B kauectBe ¢uyopodopoB s
30H70B npumeneH KapOoxkcudmyopecuenn (FAM)
B coueTaHMu ¢ racureneM ¢uryopecuenuun BHQI.
CuHTe3 30HI0B MPOU3BOIMIICS TIOJ] 3aKa3 B pupme
Cunron, Poccust.

IHocmanoexa OT-IIIIP u OT-III[P ¢ peany-
HOM épemeHu

OT-IILIP B pexxume peanbhHoro Bpemenu (PB)
npoBonuian Ha amrumdukatope QuantStudio 5
Real-Time PCR System, Applied Biosystems,
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Thermo Fisher Scientific, USA. Pesynsrater OT-
[IIIP PB BbIsSIBASIM W aHAIU3UPOBAIM B MPO-
rpammHOM oOecnieuenun QuantStudio Design and
Analysis Software v1.5.2.

Pesynpratel ammmdukanun OT-ITLP PB BbI-
SBISUTM C TIOMOIIBIO METOJIa Telb-3lIeKTpodopesa
W Tenb JOKyMEHTHpymomed cucremsl iBright
CL1500 Imaging System (Invitrogen, Thermo
Fisher Scientific, USA). Dnekrpodope3 mpoBou-
mu nipu cusie Toka 400 mA B 2% arapo3HoM resne B
oydpepe TAE (40 MM TpuCTHAPOKCUMETHIAMUHO-
MmetaH, 20 MM nensHas ykcycHas kuciora, | MM
OTA), ¢ nobasnenuem SYBR Safe DNA gel stain
(Invitrogen Thermo Fisher Scientific, USA). us
OLIGHKH MOJIEKYJISIPHOTO Beca (hparMEeHTOB HUCIOb-
30BaM Mapkepsl Mojekyspaoro seca JJHK na 50
bp «DNA Ladder» ¢pupmsr Invitrogen.

Pe3y.]IbTaT]>I HCCJICJOBAHUA U UX 06cym1_‘[em/1e

Iloobop npaiimepos u 30n0a 0na ouaznocmu-
ku COVID-19

Pa3zpaboTka BBICOKOYYBCTBHTENBHBIX M CIICII-
N(UIHBIX TpaliMepOB W 30HJOB /IS THATHOCTHUKH
COVID-19 tpebyer TIaTenbHOro N3yUYEHUS CTPYK-
Typsl SARS-CoV-2 ¢ ydyerom MyTaruul U T€HETH-
4yeckoW M3MEeH4YMBOCTH Bupyca [9, 21]. B cBa3m
C yKa3aHHBIMH OCOOEHHOCTSAMH, TpU pa3padoTKe
TECT-CHUCTEMBI BaYKHO IPUMEHSATH INI00aIbHBIE 0a3bl
nmauabix (CovidShiny [22], GISAID [23], Pango
Linage [24] u Nextrain [25]) kacaromuecst BUpyca
SARS-CoV-2, a takxke OnomH(pOpMaTHIECKIE HH-
ctpymenTsl (Primer-BLAST [26], Primer3 [27, 28]
n CoVrimer [29]) i KOHCTPYKIIUH TPaiMepoB H
30H10B. Kpome Toro mpu paspaboTke mparMepoB
Y 30HJIOB CIIEAyeT YUHUTHIBATh BO3MOXHOCTH IIE€pe-
KpPECTHON pEaKkTUBHOCTU C JPYTMMH KOpPOHaBHPY-
camu, TakuMu kak SARS-CoV, MERS-CoV, uTo0b1
HE TMOJy4yaTh JIO)KHOOTPHIIATENBHBIE PE3ybTaThl
(30, 31].

Hns auarnoctuxku COVID-19 neneBbie mocie-
IOBATEIIFHOCTH JIJIST aMIUTH(UKAIIAN 9acTO BEIOHpa-
IOTCSl B KOHCEPBAaTHBHBIX 00JacTsx reHoma SARS-
CoV-2, Takux kak reHsl N (0€JT0K HyKJICOKarcuaa),
E (6enox o6omnoukn), RARp (PHK-3aBucumas PHK-
nonumepasa) u S (CraikoBbIit 0emoK) [7]. DTr reHs
ObUTH BBIOpaHBI IO IPUYMHE HAJTUYMS B UX TOCIIE-
JTIOBATEIHHOCTSIX YHUKAIBHBIX ()parMeHTOB, YTO I10-
3BOJIICT pa3padoTarh creur(uueckue mapsl npai-
MepoB U 30HIOB s nuarHoctuku COVID-19 [9,
32]. Kpome Toro, KuTaiickuii eHTp 10 KOHTPOJIO
u npoduakTHKe 3aboneBanuii, Y HuBepcuteT 1 oH-
KoHra u LIeHTpBl MO KOHTPOJIIO M MPO(UITAKTHKE
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3aboneBannii CLUA pa3paboTanu JOMOIHUTEIb-
HBIC MPOTOKOJBI IS McclieqoBanuii TeHOB RARp,
E u N. D1u uiccnejoBanusi HaIIpaBJICHBI HA yCOBEP-
nIeHcTBoBanue npouecca pazpadorku OT-ITLP PB,
YTO TIO3BOJISIET MOBBICUTh TOYHOCTD U HAJIE)KHOCTD
nmuarHoctuku COVID-19 [7]. Cpenu 3TUX aHaTU30B
HaWBBICUIYIO AHAJTUTHYECKYIO YYyBCTBHUTEIBHOCTH
noka3an RdRp, xotopsrii obecrieunBan obHapyxe-
HHUE C BEpPOATHOCTHIO 95% mpu Hanmuuuu 3,8 Komui
PHK na peaxuuto [9]. bnaronapsi cBoeld BRICOKOH
aHAIMTUYECKOH 9yBCTBUTEIHHOCTH, BO3 pexomen-
nyeT ucrnoib3oBath RARp B kauecTBe moarBepkaa-
rorrero rena A puarnoctuku COVID-19 [33].

ITouck HYKJICOTHIHBIX MMOCICIOBATEILHOCTEH
HCCIIEIOBAHHOTO T'eHA MPOBOJIMIN B MEXITyHAPO/I-
Hoii Oa3e manHbIXx GenBank NCBI. Jlns anamu3za
HYKJICOTHJIHBIX TIOCJIEIOBATEIBHOCTEH OBLIO OTO-
Opano 93 wm3omsta kopoHaBupycoB SARS-CoV-2,
SARS-CoV u Bat coronavirus u3 reHeTHYECKOU
0a3bl nanHbIX GenBank, koTopeie ObLTH OOHApYXKE-
HBI B pa3HbIX PErHOHAX IUTAHETHI. JTH TPU BHpyca
JIEMOHCTPUPYIOT BBICOKYH) CTEICHb CXOJICTBA B
CBOUX HYKJICOTHIHBIX MOCIEIOBATEIBLHOCTSX, Mpe-
Bormaronryro 80%. Homepa perucrpanmm u3055TOB,
BKIIFOYEHHBIX B JAHHOE HCCJICIOBaHHE, MPEICTaB-
JIeHbI B Tadune 1.

Ta6auna 1 — Homepa peructpanmu B 6a3e qanusix GenBank n3058T0B KOPOHABHPYCOB

Haumenosanue Bupyca

Wnentudukanmonasie HOMepa U30IATOB B 0aze naHHbx GenBank

SARS-CoV-2

MT188339.1, MT044258.1.

MT192765.1, MT159721.2, MT159714.2, MT159713.2, MT159710.2, MT039873.1,
MN996528.1, MN988668.1, MT192772.1, MT184912.1, MT159709.2, MT159707 .2,
MT118835.1, MT019533.1, MT159722.1, MT159718.1, MT121215.1, MT123290.1,
MT066175.1, MN996530.1, MT066156.1, MT093631.2, LC529905.1, MT159720.1,
MT027062.1, MN996529.1, MT123291.2, MT135041.1, MN996531.1, MT184908.1,
LC528232.1, LR757996.1, MT039887.1, MT123293.2, LR757995.1, MN988713.1,
MT163719.1, MT019530.1, MT192759.1, MT106054.1, MT072688.1, MT184911.1,
LR757998.1, MT050493.1, MT012098.1, MN996527.1, MN938384.1, MT188340.1,

SARS-CoV

AVY395003.1, AY394996.1, AY304488.1, AY304486.1, AY394985.1, EU371559.1, AY394994.1,
JX163927.1, JX163923.1, JQ316196.1, AY559096.1, AY274119.3, AY394999.1, AY394987.1,
AVY282752.2,1X163925.1, JX163924.1, EU371560.1, AY395002.1, AY357076.1, GU553365.1,
AV338175.1, FJ429166.1, AV461660.1, AY568539.1, HQ890541.1, AY772062.1, F1882953.1,

FJ882962.1

Bat coronavirus
KVY417152.1

MN996532.1, MG772933.1, MG772934.1, KF367457.1, MK211378.1, MK211375.1,
KVY417151.1, JX993988.1, KJ473813., KJ473811.1, MK211376.1, KY417146.1, KY417145.1,

BrlpaBHMBaHHE HYKJICOTHUAHBIX MOCIENI0BA-
TEJIBHOCTEH OCYLIECTBIISIIM C IOMOIIBIO MPOrpam-
MBI Mega Bepcun 11. Ha ocHOBe pe3ynbTaToB MHO-
JKECTBEHHOTO BBIPABHHUBAHUsI, OBLIM BBISBICHBI
YYaCTKH T'€HOB, XapaKTepHbIE HCKIIOUUTEIbHO IS
Brupyca SARS-CoV-2 (Pucynok 1).

[IpaiimMepsl moaOMpaInUCh TAKUM 00pa3oM, 4TOOBI
OHH OBLIN MOJHOCTBIO KOMITJIEMEHTAPHBI K CAlTy-MH-
IIEHH, UIMEJI TeMIIepaTypy IUIaBJIeHUS B JMalia3oHe
55-60°C, He umenn BHyTpeHHEH roMonorun Oonee 3
HYKJICOTHIIHBIX map, conepxanu GC B npeaenax 45-
55% 1 He 00pa30BHIBAIIM BTOPHYHBIX CTPYKTYP C TEM-
[epaTypoil IUIABJICHUs], PABHOM WU IPEBbIILIAOIIEH
TeMIIeparypy IUIaBIEHUs camoro mpaimepa [34].

Huzaitn pa3paboTku mpaiMepoB M 30HJIOB
OCYIIECTBJISIICS B COOTBETCTBHM C YYE€TOM yKa-
3aHHBIX BBILIE YCIOBUN. J[Jis MPOBEPKHU HCIOJIb-
3oBasicsi moayiar CLC Genomic Workbench
Bepcuu 12. CKOHCTpyUpOBaHHBIE IpailMepsl U
30HJIBI OBUTM TPOTECTHPOBAaHBI Ha crenuduy-
HOCTh ¢ nmpuMeHeHueM mnporpammsl BLAST nHa
caifte https://blast.ncbi.nlm.nih.gov. Ha ocno-
BaHUU MPOBEIECHHBIX aHAIN30B OBLIU CKOHCTPY-
HpOBaHbl IpaiMepsl U 30HIbI ISl MPOBEAECHUS
OT-IILP PB (Pucynok 2), mapamMeTpbl KOTOPBIX
npuBeneHbl B Tabnuie 2. B kauecTBe diryopec-
LIEHTHBIX Kpacuteseil ucnonszoBanu FAM u ra-
cutenu BHQ-1.
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Bat coronavirus
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PucyHok 1 — ®dparMeHT MHOXKECTBECHHOTO BBIPABHHBAHHUSI HYKJICOTHIHBIX MOCIEI0BATEIBHOCTEH
reroma Human coronavirus (SARS-CoV-2 u SARS-CoV) u Bat coronavirus

1 10 20 30 40 50 60
I I I I I I I

RdRp-436 F
TCCCGGCCGCCATGGATGGTCATGTGTGGCGGTTCACTATATGT TAAACCAGGTGGAACC
AGGGCCGGCGGTACCTACCAGTACACACCGCCAAGTGATATACAATTTGGTCCACCTTGG

RdRp-478
TCATCAGGAGATGCCACAACTGCT TATGCTAATAGTGTTTTTAACATTTGTCAAGCTGTC
AGTAGTCCTCTACGGTGTTGACGAATACGATTATCACAAAAATTGTAAACAGTTCGACAG

RdRp-588 R

ACGGCCAATGTTAATGCACTTTTATCTACTGATGGTAACAAAATTGCCACTAGTGAATTC
TGCCGGTTACAATTACGTGAAAAT AGATGACTACCATTGTTTTAACGGTGATCACTTAAG

I [ 1 1 1 1 [
121 130 140 150 160 170 180
— IlocnenoBarensHOCTH TpsiMoro TpaiiMepa RARp — 436F
— ITocnenoBarensHOCTH 30HAa RARP-478 Probe

— IlocnenoBarensHOCTH 00paTHOTO MpaitMepa RARp — 588R

Pucynok 2 — Koncrpyuposanue npaiimepoB u 30H1a 1t auarHoctukn COVID-19
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Tadmuua 2 — [Tapamerpsl paiiMepoB U 30H0B

Hanverosarme npaiimepa ITocnenoparensHocth 5° — 3° Tm GC,% | Pazmep mponykra
1 30H1a
RdRp-436 F ATGGTCATGTGTGGCGGTTC 60 55
RdRp-478 Probe FAM-ACCTCATCAGGAGATGCCACAACTGCT-BHQ-1 70 52 152 m.o.
RdRp-588 R GGCAATTTTGTTACCATCAGTAGA 60 40

Takum o6pa3om, ¢ MPUMEHEHHEM HHCTPYMEHTa
U T3aiiHa mpaiiMepoB 1 30HI0B ObUTH pa3paboTaHbl
crienuuyecKre npaiMepsl U 30H, HAlEIEHHbIC HA
red RdRp SARS-CoV-2 (Tabnuma 2 u Pucynok 2),
Ut ammndukanyu 152 nap ocHoBaHui (11.0) MHULIIE-
HU Ha KOHCEPBATHBHBIN yuacTok reHa RARp.

Ilonyuenue pekomounanmmuoii niazmuowl, co-
oeprucawuil yuacmok zena RdARp eupyca SARS-
ColV-2.

Cucrema TeCTUPOBAHUS JIs1 MAacCOBOTO MPUMe-
HEHUs JOJDKHA COOTBETCTBOBATh CTaHIapTaM 0e3-
OTTACHOCTH, TIOITOMY MPUMEHSUIN TOJIOKUTETbHBINA
KOHTPOJIb, & UMECHHO PEKOMOMHAHTHYIO IUIa3MUIY
pGEM-T/SARS-CoV-2 tRdPp. Yuactok rera RdRp
SARS-CoV-2 ammmdunupoBanu merogom I[P
C MPHUMEHEHHEM MpaiMepOB COJEpKAIIUX MOcie-
JloBatesibHOCTH caiToB pectpukiuii Ncol u Spel
(Pucynok 3 u Tabmuua 3), ucnons3ys k/IHK rena
nosyueHHoro u3 PHK Bupycos mrammoB SARS-
CoV-2/KZ Almaty/04.2020.

1 10 20 30
I I |
Ncol
A 4 RdRp-436 F

[Tomyuenusie (hparMeHTHl aMIUIMKOHOB KJIOHU-
poBanu B mnasmuny pGEM-T Easy Vector ¢ nc-
MmojL30BaHueM caiWToB pectpukuuit Ncol u Spel.
[TosrydenHsle JMrasHble CMECH HCIIONb30BATIHN IS
nocjeayomeld XMMUIecKol TpancopMauu KOM-
rmeTeHTHBIX KiIeTok Escherichia coli. OT60p Koi10-
HUiA, conepxammii gparmenr RdRp rena Bupyca
SARS-CoV-2, mpoBoawimi METOJIOM CHHE-OeIon
ceneknuu. J{s Kak[oro KJIIOHAa TOTOBHIINM HOYHYIO
KyJNbTypy, W3 KOTOPOW BBIJCIAIN IUIA3MUAHYIO
JHK meronoMm menounoro nusuca. B pesynbrare
TTOJTYYHIIH KJIOHBI, COJieprKaIre yaacTok reHa RdRp
SARS-CoV-2. Hannune crniennuyeckoro yyacTka
JHK B pexoMOMHAaHTHOI M1a3Mue ObLITO IpoBEpe-
HO C TIOMOIIIBIO0 CEKBEHUPOBaHU 110 MeToy CoHre-
pa. Pasmep mnasmuanoi JIHK co cnenuduaeckoit
BCTaBKOM cocTaBui 3147 map oCHOBaHMM /171 1TOJIO-
JKuTenbHOro KoHTpousst Bupyca SARS-CoV-2. Kap-
Ta TUIA3MUJ] TTOJIOXKUTEIBHOTO KOHTPOJIS ITOKA3aHBI
Ha pucyHke 4. Jlns OTpULATENIBHOTO KOHTPOJIS UC-
TTOJIE30BAJIH JIEHOHU3NPOBAHHYIO BOY.

40 50 60
[ I |

TCCCGGCCGCCATGG?\TGGTCATGT GTGGCGGTTCACTATATGTTAAACCAGGTGGAACC
AGGGCCGGCGGTACCTACCAGTACACACCGCCAAGTGATATACAATTTGGTCCACCTTGG

A e ———————————————

TCATCAGGAGATGCCACAACTGCTTATGCTAATAGTGTTTTTAACATTTGTCAAGCTGTC
AGTAGTCCTCTACGGTGTTGACGAATACGATTATCACAAAAATTGTAAACAGTTCGACAG

RdRp-588 R v

ACGGCCAATGTTAATGCACTTTTATCTACTGATGGTAACAAAATTGCC ACTAGTGAATTC
TGCCGGTTACAATTACGTGAAAATAGATGACTACCATTGTTTTAACGGTGATCACTTAAG

G -

I I I I
121 130 140 150

Spel

| i |
160 170 180

— IlocnenoBarensHOCTH TpsiMoro npaiiMepa RARp-Ncol F
— IlocnenoBarensHOCTB 00paTHOTO Mpaiimepa RARp-Spel R

Pucynok 3 — KoncTpynpoBanue npailMepoB colepKalux MociaeJ0BaTeIbHOCTH CAHTOB PECTPUKIIUI
Ncol u Spel g ammudukanmy HyKI€OTHAHON TOCIIET0BATEIEHOCTH
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Ta6uauna 3 — ITapameTps! paiiMepoB colepKalluX MOCIeN0BaTeIbHOCTH caiiToB pectpukiuii Ncol u Spel

HaHMeF OBaMHe IMocnenoparenbHOCTH 5° — 3’ Tm | GC,% Pasmep Jluteparypa
npaiimepa HpOIyKTa
RdRp-Ncol F ATTTACCATGGATGGTCATGTGTGGCGGT 60 48 Pazpaborano
176 m.o. B 3TOM
RdRp-Spel R GCCGCACTAGTGGCAATTTTGTTACCATCAG 53 48 e —

(37) Ncol RdRp-436 F (43 ..62)

IRdRp-SBS R (172 ..195;
. spel (196)

pGEM-T-SARS-CoV-2 tRdRp
3147 bp

L
o
<3
£
2
a
=4
=4
=
&

ori- caifT Hayana permkanui, AmpR — reH yCTOHYMBOCTH K aMITMIMIUTHHY, lacZa-reH
perpeccopa JIaKTO3HOTO orepoHa, SP6 promoter — mpoMoTop,
SARS-CoV-2 tRdRp — BcTpoennsrii ¢pparment reaoma SARS-CoV-2

Pucynok 4 — Kapra mmazmuast pGEM-T/SARS-CoV-2 tRdRp

3NIEKTPOOPETUIECKOTO aHAJIN3a [T0KA3alH, YTO Pa3-
pabOoTaHHBII MOJTOKUTENBHBIH KOHTPOJb A5t SARS-
CoV-2 na ocnose mazmuansix JJHK, coorBercTByeT
CBOEMY pa3Mepy co BcTaBkoit (Pucynok 5)

[TorydenHbie KOHCTPYKIMU HCcienoBamd B 1,5
% arapo3noM reie B TAE Oydepe ¢ nobasneHremMm
SYBR Safe DNA gel stain mocie nuHeapu3aluu
BekTopa no Ncol caility pectpukumu. Pe3ynbrarhbl
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MK1 TK2

M

GeneRuler 100 bp Plus

M — IHK mapkep GeneRuler 100 bp Plus
TIK1 — ITnasmunas THK co BcraBkoit pparmenta Bupyca SARS-CoV-2;
TIK2 — ITnasmunas JTHK co BcraBkoit ¢pparmenta Bupyca SARS-CoV-2;
Pucynox 5 — DnektpodoperpaMmma CKOHCTPYUPOBAHHBIX Mia3MuaHbix JTHK
co criene(pUIeIKUMH BCTAaBKaMU

Ilposepka pabomocnocoonocmu pazpadoman-
HBIX RPAIMEPO8, 30HOA U NOJIOHCUMETbHO20 KOH-
mMponAbHO20 00pazya

ITocre atoro ObLT TpoBeneH aHaMU3 paboTo-
CIoCOOHOCTH pa3paboTaHHBIX MpaiiMepoB, 30HIA U
[NIKO nmns mposenenus OT-IILP PB ¢ uensio nua-
raoctuku COVID-19. Jlns sToro aHaian3a ObLIH KC-
MOJIb30BaHbl cleayromue obpasubi: SARS-CoV-2/
human/KAZ/AST-S396/2023, SARS-CoV-2/
human/KAZ/Omicron-XBB.1.9.1-399/2023,
SARS-CoV-2/human/KAZ/Omicron-
XBB.1.9.1-401/2023, SARS-CoV-2/human/KAZ/
Omicron-XBB.1.9.1-406/2023, a Take I0JI0KH-
TEJIbHbIA KOHTPOJIb.

B nameit pabote ObLIM UCTIONB30BaHBI KOMMEP-
4yeckue HaOOpPBI I MPOBEIEHUS OJIHOMIATOBOTO
OT-IILIP SuperScript III One-Step RT-PCR System
with Platinum Taq DNA Polymerase (Invitrogen,
CIIIA). Ho cormacHO TpOTOKONy, OOIIee YHCIIo
ukJoB coctaBigeT 40. OnHAKO ¢ HETBI0 MOBBIIIe-
HUSI YyBCTBUTEIBHOCTH W JOCTOBEPHOCTH aHAIIN3a
B HAIllell HCCIIeI0BATENhCKOW padoTe KOIMYECTBO
[UKJIOB OBUIO yBeMW4YeHO 10 45. DTO MO3BOJISIET
00HapyXHUTh BUPYC B HU3KUX KOHIIEHTparusx. [1pu
MPAaBHJILHONW HACTPOWKE JOTOJHHUTEIHHBIX ITUKIOB
K YKa3aHHOMY TPOTOKOITY PE3yJIbTaThl MOTYT OBITh
0oyee TOUYHBIMH M JOCTOBEPHBIMH, YTO OCOOECHHO

BaXHO TPH AMArHOCTUYECKUX W HAYYHBIX HCCIIe-
noBanusix [35]. OT-IILP PB BemonHeHa B cOOT-
BETCTBHUH C MTPOTOKOJIOM IPOU3BOTUTENS, KOTOPBIN
MIPEACTABIICH HA PUCYHKE 0.

Ha ocnoBanuu pesynsratoB OT-IILIP PB, mo-
ka3aHHbIX Ha pucyHke 6 (C), MOXHO cJeNaTh BbI-
BOJ, 4TO pa3paboranusie npaiimeps! (RARp-436F u
RdRp-588R) u 301 (RARp-478 Probe) nemoHcTpu-
PYIOT BBICOKYIO TOYHOCTh M HAJIe)KHOCTH, a TAKIKE
TOTOBBl K HCIOJB30BAaHHUIO TPH CO3JAHUH TECT-
cuctembl s nuarHoctuku COVID-19. Pesynbra-
o1 OT-IILIP PB moxkazanu, uto Habop mpaiimMepoB
1 GIIyOPECICHTHBIN 30H]T YCIIEITHO CpadoTaln s
IOJIOKUTEJIBHOTO KOHTPOJIS, MPU 3TOM 3HAYCHHE
Ct (11.582) 6bUTO cCaMBIM HHU3KUM IO CPaBHEHUIO C
JIPYTUMH HCCJIEIOBAHHBIMU 00pasmaMu. JTOT pe-
3ysbTar mokasai, uro [IKO moxer ObITh UCHIONb-
30BaH IS TaJbHEUITNX UCCIICOBAHUN U CO3aHUS
TECT-CHUCTEM.

Pucynox 6 (D) nemoHCTpHUpyeET, 4TO B pe3yib-
tate OT-IILP c¢ wucnons3oBaHneM mpaiiMepoB
RdRp-436F u RdRp-588R 6pumm momyuensr T11IP
MIPOJYKTHI C OKUaeMbIM pa3mepoM 152 map ocHo-
BaHu. [lomyueHHbBIE pe3yabTaThl MOKA3BIBAIOT BhI-
COKYIO TOYHOCTH 1 3 (HEKTHBHOCTH pa3pabOTaHHBIX
OJIMTOHYKJICOTUTHBIX MTPAMEPOB ISl JUATHOCTUKU

COVID-19.
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(A)
Component Volume
2X Reaction Mix 25uL
SuperScript III RT/Platinum Taq Mix 2uL
Autoclaved distilled water to 50 uL
Sense primer 1puL
Anti-sense primer 1puL
Probe 1puL
Template RNA (01 pg to 1 ug) x uL

©
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1400 000
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1100000 sS4
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900000
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gy NG

(B)
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(D)
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A) Peaknmonnsiii coctas OT-IILP PB; B) Temneparypuo — Bpemennsie pexxumsl OT-IILP PB; C) Onpenenenne
paborocmocoOHOCTH TpaiiMepoB 1 30HAa; D) — Dnekrpodopernueckuii ananus [P ammmndukanum ¢ HCIonb30BaHIEM
npaitmepoB RARp-436F u RARp-588R; Ne S1 — o6pazerr PHK Bupyca SARS-CoV-2/human/KAZ/AST-S396/2023;

Ne2 — o6pazenr PHK Bupyca SARS-CoV-2/human/KAZ/Omicron-XBB.1.9.1-399/2023; Ne3 — o6pazen; PHK Bupyca
SARS-CoV-2/human/KAZ/Omicron-XBB.1.9.1-401/2023; Ne4 — o6pazen PHK Bupyca SARS-CoV-2/human/KAZ/Omicron-
XBB.1.9.1-406/2023; PC — nonoxuTenbHbIi KOHTPOIb; NC — OTpHLATETbHBIA KOHTPOIb

Pucynoxk 6 — [IpoTOKOJ peakIMOHHBIN COCTaB M TeMIIEpaTypHO — BpeMeHHbIe pexxumbl OT-IILP PB,
a TaKkXKe ornpeeNeHns: padoTocrnocoOHOCTH paiiMepoB u 30HAa s nuarHoctuku COVID-19

3akiaouenue

I'mo6anbuas nangemuss COVID-19 norpebosa-
7a pa3pabOTKH HANEKHBIX U UyBCTBUTEIBHBIX Me-
TOJOB JTMarHOCTHKH M TECT-CUCTEM [UIsl OLICHKU U
BBISIBJICHHSI PaclpocTpaHEeHust BUpyca. [Ipu sTom
HAJISKHOCTh M YyBCTBUTEIBHOCTH IIpeUIaracMbIX
TECT-CHCTEM M aHaJHM30B HANPAMYIO CBSI3aHBI C Ka-
YeCTBOM pa3pabOTaHHBIX MPaiMEpPOB M KOHTPOJIb-
HBIX 00pasnoB. Eciou momydeHHBIC TpaiiMephl He
COOTBETCTBYIOT OOIICHPUHATHEIM TpPeOOBaHUSAM, a
HU3Kash 9yBCTBUTEIBHOCTh M CHEHU(PUIHOCTH MO-
T'YT TPUBECTH K JIOKHOOTPUIATEIBHBIM WU JIOXK-
HOTIOJIOKUTEIBHBIM  pe3ysibTaTraM, OTCYTCTBHE
pa3pabOTaHHOTO TIOJIOKHUTEIBHOTO KOHTPOJS 3a-
TPYJOHSET CpPaBHEHHME DPA3IMYHBIX aHanu3os. Ilo-
3TOMY IPH Pa3paboTKe KINHUKO-AUATHOCTHYECKUX
TECT-CUCTEM BBICOKOE Ka4eCTBO pa3padaThiBacMbIX
IpaiiMepoB M HAIMYHUE TTOJIOKUTEIBHOTO KOHTPOIIS
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SIBJISIFOTCSL OJJHUMU M3 OCHOBHBIX TPeOOBaHUU U 3a-
Jlay, MPEAbsIBISIEMBIX K TECT-CUCTEMAM.

ITo yka3aHHBIM BBILLIE IPUYKMHAM [0 pE3yJIbTa-
TaM UCCIEAOBAHMSI ObUTH CICTAHBI CICIYIONTNE BhI-
BOJIbL:

1. B Xoze uccnegoBaHusi ¢ y4eTOM T€HETHYe-
CKUX BapHaluil BUpyca ObUIM pa3padoTaHbl Mpaii-
mepbl (RARp-436F u RdARp-588R) u duyopec-
nmeHTHeIM 30HA (30HT RARp-478), cnenmduanbie
K KOHCEpBaTHBHBIM yuacTtkaMm rera RdARp Bupyca
SARS-CoV-2.

2. JInsg craHmapTH3aIliid TECT-CHCTEM OBLT CO3-
JlaH CUHTETUYECKUU IOJIOKUTEIbHBIA KOHTPOJIb
Ha OCHOBE IUTa3MUIHBIX KOHCTPYKLHUH, COIEpKa-
IUX YYIaCTKH TeNeBBIX TeHOB SARS-CoV-2. I[IKO
MO3BOJISICT HE TOJBKO MOBBLICUTH TOYHOCTH M TIOJI-
TBEPKICHUE NUATCHOCTUKH, HO U CTaHAAPTU3UPO-
BaTh IPOLECC TECTHUPOBAHUS HAa BCEX 3Talax: OT
Botenenus PHK no amrmumnduxarnmu.
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Kon¢aukr nurepecon HMcTouyHUK (PMHAHCHMPOBAHUSA

Bce aBTOpHI IpoYnTaN U 03HAKOMIICHEI C CO- HccenenoBanue ObLI0 IPOBEAEHO B PaMKax peau-
JepKaHUeM CTaThu M HE MMEIOT KOH(IJIMKTA MHTe-  3auud MHAImaTUBHOTO mpoekta TOO HUUIIBB AO
pecos. «Haumonanpsnsiit xonaunr «QazBioPharm», rocynap-

CcTBeHHbIN peructpanrodHbiii Homep 0120PKI0089.
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Hugpopmayun 06 aemopax:

Vcepbaes bexbonam Cabumynvi (KoppecnoHOeHmMHbI a8Mop) — HAYYHbIN COMPYOHUK I1AOOPAMOPUY KOILEKIMUBHO20 NOTb30-
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POST-FLEDGING BEHAVIOUR OF A JUVENILE EASTERN IMPERIAL
EAGLE (AQUILA HELIACA) TRACKED BY GPS IN THE TAUKUM DESERT,
SOUTHERN BALKHASH REGION IN KAZAKHSTAN

The post-fledging period is a critical stage in raptor development, influencing survival, dispersal,
and recruitment into the breeding population. However, knowledge of juvenile Eastern Imperial Eagle
(Aquila heliaca) movement ecology remains limited, particularly in Central Asia. This study presents the
first GPS tracking-based analysis of a juvenile Eastern Imperial Eagle from the Taukum Desert, Balkhash-
Alakol Basin, Kazakhstan, providing insights into post-fledging dispersal, movement behavior, and habi-
tat selection. The study aimed to document the timing of dispersal, territorial expansion of the range and
habitat use of post-fledging Eastern Imperial Eagles during the first months (Aquila heliaca). A 65-day-old
nestling was fitted with a GPS- transmitter and monitored from mid-July to late September 2024. Move-
ment patterns were analyzed using GPS telemetry and Kernel Density Estimation (KDE) to assess habitat
preferences.

The eagle was tracked for 77 days, producing 1,859 GPS locations and covering 713 km. It re-
mained within 2 km of the nest for six weeks before gradually expanding its range. True dispersal began
at 112 days old, marked by a 6-8 km westward flight. The maximum recorded distance was 18.6 km
(September 11, 2024), while the longest single-day movement reached 49.6 km. Flight altitude aver-
aged 453.5 m, peaking at 1,498 m, with a maximum flight speed of 85.9 km/h. Habitat analysis showed
a strong preference for semi-desert steppe and riparian habitats, with over 95% of locations in natural
landscapes. The eagle avoided human settlements. KDE identified core home ranges within 10 km of the
nest, extending up to 290 km2,

The study highlights the importance of preserving natal habitats and implementing powerline hazard
mitigation measures to prevent mortality of young raptors. Future studies should track multiple individu-
als to assess dispersal and survival trends in Central Asia. Future research should track multiple individu-
als to assess dispersal trends and survival in Central Asia.

Keywords: Eastern Imperial Eagle, GPS telemetry, Taukum, post-fledging dispersal, habitat selec-
tion, juvenile raptor behavior, conservation.
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baakawTbiH, OH, XaFbiHAAFbl Taykymaa GPS opHaTbIAFaH »Kac KapaKyCTbIH,
(Aquila heliaca) ysaaaH ylukaHHaH KeriHri MiHe3-KyAKbI

YaAaH YWKAHHAH KEMiHMi Ke3eH, XXbIPTKbIL KYCTapAblH AaMybl YLUIIH aca MaHbI3Abl, ©ATKEHI OYA
OAapPAbIH, TIpLWIAIK eTy KabiAeTiHe, TapaAyblHa >koHe yprak, epOiTyiHe TikeAen ocep eTeai. Aaaiiaa,
OpTa A3smsiaarbl Xac KapakycTbiH (Aquila heliaca) Tapany 3KOAOrMSICbl TYPaAbl MOAIMETTED XKETKIAIKTI
emec. bya >kymbicTa Kapakyc 6asanaHbiHblH baakali-AAakea omnatbiHA@Fbl Taykymaa, ysaaH
ylIKAHHaH KeniHri Ko3FaAbiCbiH aAfawl peT GPS-Tpekep apkbiAbl 6akblAaHFaHbl TaAAaHaAbl. ATan
aNTKAHAQ, YSAQH YLIKAHHAH KeWiHri TapaAybl, YLy epekLleAikTepi MeH MekeHAeYy OpTacblH TaHAAYbl
3epTTeAeAi. 3epTTeyAiH MakcaTbl — KapaKyCTblH YSAQH YIIKAHAQFbl aAFallKbl aAapblHAQFbI TapaAy
Ke3eHiH, ayMaKTblK KEHElOiH >KaHe TipLiAiK eTy opTacblH NaiAAAaHYbIH aHbIKTay. 65 KYHAIK 6aranaHra
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GPS-tpekep 2024 XbIAFbI LHIAAEHIH OpTacbiHaH KbIPKYMEKTiH COHbIHA A€MIH CUrHAA Gepin TypAbl. Yiuy
epekuieaiktepi GPS-teaemeTpms apKbiAbl, aA MEKEHAEY OpTacbiHa AereH 6eiMAIAITT ThIFbIBAbIKTHI SA-
poabik, 6araray (KDE) aaici apkbiabl ecenTeaai. Kapakycka opHatbiAraH GPS TpekmHHeH 77 KyH iwiHAe
1859 curHan tycti. Ocbl yakpIT iWiHAE OA 713 KM KalbIKTbIKTbI Yiibin 6TkeH. OA aAfFallbliHAQ 6 anTa
60iibl ysAaH 2 KM AEMIHTI paaMycTa yiiuca, KeiiH 6ipTiHAeN KO3FaAbIC ayKbIMbIH KeHenTTi. Kapakyc-
TbiH, 6aranaHbl 112 KyHre TOAFaHAQ aAfFalll PeT 6-8 KM KallbIKTbIKKa 6aTbiCKa Kapan yllKaH CoTi — ys
MaHbIHaH HaKTbl TYPAE KOHbIC ayAapy Ke3eHiHiH GacTaAFaHbiH kepceTTi. EH aAbIC KalbiKTbIk, 2024 .
11 KkbIpKyiteriHae Tipkeain, 18,6 kM kepceTce, eH y3ak 6ip KyHAIK ywy 49,6 kM Kypaabl. OpTatia yuy
OMIKTIri TeHi3 AeHreniHeH 453,5 M, eH xXofapfbl yuy 6UiKkTiri 1498 M, aA eH >KOFapbl XKbIAAAMABIK, 85,9
KM/caF XeTTi. MekeHAeY OpTacblH 3epTTey KapaKyCTbiH XXapTblAai LLOAEMTTI AAAa )KOHE ©3eH aHFapbl
3KOXYMEeAepiHe ankbiH OeNIMAEATeHIH KOPCETTI: TIpKEAreH CUrHaAAbIH 95 %-AaH acTambl TabUFK AQHA-
wapTTapaa opHasackaH. Kapakyc aaam KoHbICTapbiHaH ayAak, 6oaraH. KDE Taaaaybl 60iibIHLLA HEri3ri
TipWwiAik amMarbl ysaaH 10 KM paAMycCTa, aA ayMakTbl ManAdAaHybl ayKbiMbl 290 KM2 KypaAbl.

ByA 3epTTey xac XbIPTKbILL KYCTapAbIH 6AIMIHIH aAAbIH aAy YLUIH YSAQy OPTacblH CaKTayAblH XXKeHe
SAEKTP XKEAIAepiHiH KayrniH a3aiTy WwapaAapblH €Hri3yAiH MaHbI3AbIAbIFbIH KepceTeai. boAalak 3epT-
Teyaepae GPS-6akblaay >Kypri3yAi KeHenTin, GipHelle Kycka opHaTy apkbiAbl OpTa A3Msiaarbl KbipaH-
AQPAbIH, TapaAybl MeH TipLWIAIK €Ty MYMKIHAIKTEPIH TOAbIK 3€pPTTeY YCbIHbIAQADI.

TyiiH ce3aep: kapakyc, GPS TeanemeTpus, TaykyM, yAaH YIWIKAHHAH KEMiHTi TapaAy, TipLiAik op-
TaCblH TaHAQY, >KaC >KbIPTKbIL KYCTApAbIH MiHE3-KYAKbI, TYPAEPAI KOpFay.
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lMocAerHesaoBoe rnoBeAeHMe MOAOAOI0 MorMAabHUKa (Aquila heliaca)
no AaHHbiM GPS-Tpekepa B nycTbiHe TaykyMmbl, l0)kHOe npubasxallbe

[leproa nocae BbiAeTa M3 rHE3AQ IBASETCH KPUTUYECKMM 3Tanom B Pa3BUTUM XMLLUHbLIX MTUL, BAU-
SIOLWMM Ha MX BbDKMBaHME, pacCEeAeHWME U AdAbHelllee BCTYMAEHWe B FHe3A0BYl0 nonyAsdumio. Oa-
HaKO 3HaHUS 06 DKOAOTMM MEPEMELLIEHNIT MOAOABIX 0CO6BE BOCTOUYHOrO MOrMAbHUKa (Aquila heliaca)
OCTAIOTCS OrpaHMyeHHbIMU, 0co6eHHO B LleHTpaAbHOM A3mun. B 3TOM MccaeaOBaHUM BriepBble NPeA-
CcTaBAeHbl AaHHble GPS-TpekuHra 1 aHaAu3 nepemeLleHunst I0BEHUAbHOMO BOCTOYHOIMO MOTMAbHMKA M3
nyctbiiv Taykym, baaxaw-Aaakoabckuin 6accenH, Kasaxcran. 9T CBEAEHMS AQIOT MOHMMaHKWE O pac-
CEAEHMM MOCAE BbIAETA U3 FHE3AQ, NMOBEAEHWM NPU NepeABMKeHUM 1 Bbibope MecToobuTaHui. Lleab
MCCAEAOBaHUS — AOKYMEHTMPOBAHME CPOKOB PACCEAEHWS, TEPPUTOPUAABHOIO PaCLLUMPEHNS apeaAa M
MCMOAb30BaHUS MECTOOOMTAHUIA BOCTOUYHOIrO MOrUAbHUKA (Aquila heliaca) B TeueHue nepBbix MecsiLEeB
MOCAE BbIAETA M3 THe3Ad. 65-AHEBHbIN nTeHel, Obia cHaGxeH GPS-nepeaaTunkom u HabAIOAAACS C
CepeAUrHbl MIOAS 0 KOHel, ceHTa6ps 2024 roaa. MoaeAu nepemelleHrst aHaAM3MPOBAAUCH C UCTOAb-
3oBaHneM GPS-teaemeTpun 1 oLleHKM NAOTHOCTU sapa (KDE) AAS oueHKM NpeAnoyTeHuiA B OTHOLLEHNUN
MeCTOOBUTaHMIA.

OpAa oTcAeXXnBaAu B TeueHue 77 AHer, uTo aano 1859 curHanos GPS u oxBatnao 713 kM. OH
OCTaBaAC$ B MPeAeAax 2 KM OT THE3AQ B TEYEHME LLECTN HEAEAD, MPEXKAE YeM MOCTENEeHHO PacLUMpUTb
CBOW apeaA. PacceAaeHre HavaAoCb B Bo3pacTe 112 AHell, OTMeYeHHOe MOAeTOM Ha 6-8 KM Ha 3amnaa.
MakcrMaAbHOE 3apernmcTpuMpoBaHHOE PaccTosiine coctaBMAo 18,6 kv (11 centsabps 2024 r.), B TO
BpPEMS KaK camoe AAMHHOE OAHOAHEBHOE nepemellieHne AOCTUIA0 49,6 kM. BbicoTa noaeTa B cpeaHem
cocTtaBrAa 453,5 M, AOCTUIHYB nMKa B 1498 M, C MaKCMMaAbHOM CKOPOCTbIO MoAeTa 85,9 Km/4. AHaAMU3
cpeAbl 06UTaHMs MOKa3aA NMPEANOYTEHNE MOAYMYCTbIHHBIM CTEMSAM M MPUOPESKHBIM MECTOOBUTAHMSIM,
npuuem 6oaee 95% MECTOMOAOXKEHWIT HAXOAMAUCH B €CTECTBEHHbIX AaHALadTax. Opea usberaa ve-
AoBeyveckmx noceaeHuini. KDE onpeAeArA 0CHOBHble ydacTku o6uTaHms B npeaesax 10 KM OT rHe3AQ,
npocTtupatoLmecs Ao 290 km2.

MccaepoBaHve nopUYepkmMBaeT BaXKHOCTb COXPAHEHUS! HAaTaAbHbIX MECTOOOMTaHUIA U BHEADPEHMIO
Mep MO CHM>KEHUIO OMACHOCTU AMHMI IAEKTponepeAay AAS NPEAOTBPALLEHNS CMEPTHOCTY MOAOAHSIKA
XULLHBIX NTUL. ByAyiume nccaeA0BaHUS AOAYKHBI OTCAEXKMBATH HECKOALKO 0COOEI AAS OLEHKM TEHAEH-
LMIA pacceAeHns 1 BbKMBaHWS B LieHTpaAbHOM A3,

KaoueBble caoBa: MoruAabHuK, GPS-Teaemetpus, TaykyM, MOCAErHE3AOBOE PACCEAEHMeE, BblOOP
MeCTOOBUTAHMIA, MOBEAEHME IOBEHUABHbIX XMLLHbIX MTULL, COXpaHeHne 6ruopasHoobpasms.
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Post-fledging behaviour of a juvenile eastern imperial eagle (Aquila heliaca) tracked by GPS...

1. Introduction

The Eastern Imperial Eagle is a large raptor in-
habiting steppe and forest-steppe ecosystems across
Eurasia. Due to habitat loss, mortality from elec-
trocution on power lines, collisions with vehicles,
hunting, and declining prey availability, the species
is classified as Vulnerable on the [IUCN Red List
[1]. In Kazakhstan, the species is listed as Category
I (“disappearing”) in the national Red Data Book
[2], emphasizing its threatened status and the neces-
sity for strict conservation measures. Despite its im-
periled status, Kazakhstan harbors one of the most
significant breeding populations of Eastern Imperial
Eagles, estimated at 3,400-4,200 pairs [3]. The spe-
cies nests widely across the country, from the Edil-
Zhaiyq (Volga-Ural) interfluve in the northwest to
the Ustyurt Plateau and Mangystau in the southwest,
spanning diverse habitats including steppe, semi-
desert, and desert regions such as Betpak-Dala, the
Karakum and Kyzylkum deserts, and the Shu Val-
ley. In the foothills of the Altai, Tarbagatai, and
Zhetysu Alatau, the species is present but avoids
high mountainous regions [4-7]. During migration,
Eastern Imperial Eagles are encountered across Ka-
zakhstan, while wintering birds are recorded mainly
in the south and southeast of the country [8].

Despite this broad distribution, relatively little
research has been conducted on the dispersal of ju-
venile Eastern Imperial Eagles from Kazakhstan.
Most ecological studies on the species have been
conducted in Europe (e.g., Central and Eastern Eu-
rope) [9-14], where populations are smaller but more
intensively monitored. Consequently, a significant
knowledge gap remains regarding the post-fledging
dispersal behavior of juveniles from Central Asian
populations, which may differ due to the region’s
vast semi-desert landscapes and continental climate.

The post-fledging period, defined as the phase
between fledging and independence, is critical for
juvenile raptor survival and recruitment into the
breeding population [13]. During this time, juveniles
gradually develop flight and hunting skills, disperse
from their natal areas, and navigate environments
fraught with threats such as food scarcity, predation,
and human-related hazards [9]. Research on Eastern
Imperial Eagles in Bulgaria found that juvenile mor-
tality rates were highest during the first year, with
electrocution and poisoning being major causes of
death [11]. These findings emphasize the need for
region-specific research to assess survival rates and
threats in Central Asia, where land-use patterns and
environmental pressures differ significantly.
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Dispersal strategies among large eagle species
exhibit substantial geographic and ecological varia-
tion. For instance, studies on Golden Eagles (4quila
chrysaetos) have revealed that juvenile dispersal dis-
tances differ by population. In resident populations,
juveniles often remain near their natal areas [12],
whereas migratory populations undertake longer
dispersal movements, influenced by habitat avail-
ability and climate [10]. Similarly, Bonelli’s Eagles
(Aquila fasciata) are known for their long-distance
dispersal, with juveniles moving 1 to 1,020 km from
natal sites, though most (57%) remain within 100
km [9]. In contrast, Steppe Eagles (Aquila nipalen-
sis), known for long-range transcontinental migra-
tion, have been tracked traveling ~4,200 km during
their first autumn migration [15, 16], often wintering
as far as India and southern Africa [17]. Meanwhile,
White-tailed Eagles (Haliaeetus albicilla), which
are less migratory, exhibit moderate dispersal dis-
tances, with females dispersing farther than males
[18]. These studies highlight that juvenile dispersal
varies widely across raptor species, reinforcing the
necessity of species- and region-specific research on
Eastern Imperial Eagles in Kazakhstan.

Historically, banding and wing-tagging provid-
ed limited insights into juvenile eagle movements
due to low resighting rates and difficulty in track-
ing non-territorial juveniles [13, 19]. In Kazakh-
stan, 206 Eastern Imperial Eagles have been ringed,
primarily juveniles, with 146 individuals marked
in the Naurzum Nature Reserve and others across
western, northern, southern, southeastern, and east-
ern regions. However, these methods provide only
sporadic data points. The advent of GPS satellite
and GSM telemetry has revolutionized tracking
capabilities, allowing continuous, high-resolution
monitoring of individual movements. Katzner et al.
(2006) noted that the historical challenge of moni-
toring non-territorial eagles during the dispersal pe-
riod is now being addressed through these modern
technologies [20].

By integrating GPS data with GIS analysis, in-
cluding Kernel Density Estimation (KDE) and re-
mote sensing, researchers can delineate home range
expansion, identify important stopover sites, and as-
sess habitat preferences with unprecedented detail
[21]. Such methods have been successfully applied
in raptor studies worldwide, including Golden Ea-
gles in Scotland [22] and Eastern Imperial Eagles in
the Czech Republic [14]. However, few studies have
focused on juvenile Eastern Imperial Eagles in Cen-
tral Asia [23], where the species’ dispersal patterns
and survival strategies remain poorly understood.
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To address this knowledge gap, we conducted
a GPS-tracking study of a juvenile Eastern Impe-
rial Eagle from a nest in the Taukum Desert, south-
eastern Kazakhstan. The objectives of our study
were: (1) to document the timing and extent of the
juvenile’s post-fledging movements, (2) to identify
stopover sites and temporary settlement areas used
during dispersal, (3) to characterize the habitats se-
lected by the juvenile, (4) to discuss the implications
of these findings for eagle conservation in the re-
gion.

We formulated the following research question:
how does a juvenile Eastern Imperial Eagle behave
post-fledging in terms of movement patterns and
habitat selection during its first months of life? Based
on dispersal patterns observed in other large eagles
and the partially migratory nature of Eastern Impe-
rial Eagles, we hypothesized that the juvenile would
exhibit a prolonged period of localized movement
near the natal site (the post-fledging dependency pe-
riod) before engaging in more extensive exploratory
movements later in the season. We expected that ini-
tial forays would remain close to the nest, gradually
increasing in distance as the bird’s flight capabilities
and independence developed. Additionally, we an-
ticipated that open steppe and semi-desert habitats
would be preferentially used, while areas with inten-
sive human activity would be avoided.

2. Materials and methods

Study Area

This study was conducted in the Taukum Desert
(~1 million ha) in southeastern Kazakhstan, a semi-
arid region with hot, dry summers and cold winters
[24]. The Taukum Desert extends 200 km along the
left bank of the Ili River, from the Kurtu River to
Alakol Bay near Lake Balkhash. Together with the
Zhusandala clay plain and Topar inter-dune lakes, it
forms a distinct desert-steppe ecosystem [25]. This
ancient alluvial-eolian plain is composed of fine-
grained sands, with semi-fixed dunes and sparse
vegetation, dominated by sagebrush (Artemisia
spp.), astragalus, sand acacia, tamarisk, ephedra,
and black saxaul (Haloxylon ammodendron) [24].
The Sarytaukum region, the highest part, features
large sand ridges, while Moyynkum in the north
consists of stabilized dunes (10-30 m high), resem-
bling mountainous terrain [26].

Water resources are limited to artesian wells
and seasonal streams, with groundwater at 10-25 m
depths, supporting livestock farming in the 1970s-
80s. However, overgrazing led to land degradation,
shifting dunes, and vegetation loss [26].

The climate is extremely continental, with an
annual mean temperature of +9°C, ranging from
-8.7°C in January to +25.5°C in July. Maximum
summer temperatures exceed +42°C, and winter
lows drop to -44.8°C. The growing season lasts
~210 days (March-October), with low annual pre-
cipitation (<150 mm) and high evaporation [27, 28].

The flora of the area includes about 200 species
of flowering plants, 5% of which are considered en-
demic to Kazakhstan. The region features unique
landscapes of inter-marsh lakes with plant associa-
tions including turanga (desert poplar), saxaul, Rus-
sian olive trees, and others [29].

The ornithofauna of the Taukum Desert includes
up to 120 species of birds, among which are several
listed in the Red Data Book. In addition to the East-
ern Imperial Eagle, these include the Golden Eagle,
Steppe Eagle, Booted Eagle, Short-toed Snake Ea-
gle, as well as MacQueen’s Bustard, and the Black-
bellied and Pin-tailed Sandgrouse [26]. Eastern Im-
perial Eagles in this region prey on small mammals
(such as Spermophilus, gerbils, and hares) and rep-
tiles [25]. They nest in tugai woodlands, on isolated
trees, or in open areas — on the ground or low bushes.

Research Question and Hypothesis

We aimed to answer: how does a juvenile East-
ern Imperial Eagle behave post-fledging in terms of
movement and habitat selection? Specifically, we
examined departure timing, movement distances
and directions, stopover sites, and habitat preferenc-
es. We hypothesized that the juvenile would remain
near the natal site for an extended post-fledging de-
pendence period, relying on parental support before
gradually expanding its range. In terms of habitat se-
lection, we anticipated a preference for open steppe
and semi-desert habitats while avoiding human-al-
tered areas like agricultural fields and settlements.
GPS tracking and spatial analysis were used to test
these expectations.

Data Collection

On 12 July 2024, we equipped a 65-day-old
Eastern Imperial Eagle nestling with a 23 g solar-
powered GPS-transmitter (model HQ G3621L, Hu-
nan Global Messenger Technology Co., Ltd.) using
a safe backpack harness. The device weighed less
than 3% of the bird’s body mass, minimizing be-
havioral impact [30]. We set the device to log the
eagle’s location, altitude, speed, temperature, activ-
ity, and heading every hour [31, 32]. Each GPS fix
included coordinates (latitude/longitude in WGS84
decimal degrees) with estimated horizontal accu-
racy (HDOP) values, as well as ancillary data like
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flight speed (in km/h) and altitude (in meters above
sea level) as measured by the GPS. The raw track-
ing data were stored on Global Messenger’s online
server (GM-Tracking) [33], accessible through the
manufacturer’s platform. We periodically down-
loaded the data as CSV files for analysis. During
the tracking period (July 12 to September 28, 2024),
the juvenile fledged from the nest. We monitored
its movements remotely via the GPS data. No inter-
ventions were made after tagging; the bird was left
to behave naturally. By the end of September, the
transmitter had recorded over 1,850 GPS fixes, pro-
viding a detailed trajectory of the juvenile’s move-
ments through its first 2.5 months out of the nest.

GIS Analysis and Kernel Density Estimation

We analyzed GPS data using QGIS 3.22 and R
4.2.2, mapping the eagle’s movement from the natal
site. To quantify movement patterns, we calculated
daily travel distance, straight-line distances (haver-
sine formula), and displacement from the nest over
time. Key metrics included dispersal onset (first
movement >5 km from the nest without return),
maximum distance reached, daily displacement, and
flight speed statistics (mean and max speeds).

To identify core habitat selection, we applied
Kernel Density Estimation (KDE), using a bivari-
ate normal kernel to estimate the eagle’s utilization
distribution. We derived 50% and 95% KDE con-
tours, representing core use areas and home range,
respectively. A Minimum Convex Polygon (MCP)
was also computed for comparison.

We analyzed daily activity patterns by sum-
ming distances moved per hour and tracking altitude
changes over time to assess flight development. All
statistical analyses were carried out using standard
packages in R. Summary statistics are reported as
mean + standard deviation. Given that our study
tracks a single individual (n=1), we emphasize de-
scriptive and comparative interpretations rather than
formal inferential statistics. We compare our find-
ings with similar studies, acknowledging that one
bird’s data may not capture all behaviors but still
offers valuable insights.

3. Results and discussion

On July 12, 2024, a nest of the Eastern Impe-
rial Eagle was located in the floodplain of the Kurty
River, 8,5 km from Aktogay village, Ili District. The
nest, situated at N44°13" E76°37', was positioned
3,5 — 4 meters above the ground on a large branch of
a Russian olive tree (Elaeagnus angustifolia) (Fig-
ure 1).
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Figure 1 — The nest of Eastern Imperial Eagle on the tree

It was substantial in size and appeared well-es-
tablished, constructed from branches and lined with
dry grass, leaves, and bark, suggesting repeated use
by the same breeding pair over multiple seasons. At
the time of discovery, the nest contained two fledg-
lings. Upon approach, both juveniles attempted to
fly; one managed a significant flight distance, while
the second, likely on its first flight, landed 15 me-
ters from the nest, where it was safely captured for
examination. This individual was fitted with a GPS
tracker for monitoring. Tracking began when the
eagle was approximately 65 days old, after which it
was carefully returned to the nest to resume normal
development. The juvenile Eastern Imperial Eagle
was tracked for a total of 77 days, from mid-July
to late September 2024, resulting in 1,859 recorded
GPS locations. Over this period, the eagle traveled a
cumulative distance of 713 km, with an average dai-
ly movement of 9.02 km/day. The longest recorded
distance traveled in a single day was 49.6 km, while
the longest continuous flight spanned 40.43 km.
The bird’s maximum flight speed was 85.9 km/h.
The altitude data revealed an average flight altitude
of 453.5 meters, with the highest recorded altitude
reaching 1,498 meters.
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Table 1 — GPS tracking summary of Eastern Imperial Eagle

GPS data Value
Total tracking duration 77 days
Total GPS signal records 1859 signals
Total distance traveled 713 km
Longest distance in one day 49.6 km
Average speed 1.35 km/h
Maximum speed 85.9 km/h
Mean daily distance traveled 9.02 km
Average altitude 4535 m
Maximum altitude 1498.0 m
Number of stopovers resting events 44.0
Longest continuous flight 40.43 km

Movement Patterns

The GPS tracking map (Figure 2) shows a dense
cluster of points around the natal nest site, indicat-
ing a period of continued dependency on parental
care. In the early days of tracking, the bird primarily
stayed within a 3-5 km radius of the nest, returning
regularly to roost in familiar locations.

During the early tracking period, the juvenile
eagle stayed close to its nest, gradually expanding
its movements. The first significant flight beyond 1
km occurred when the bird was 81 days old. Over
the following weeks, the eagle continued exploring
its surroundings, reaching 2 km from the nest by the
time it was 104 days old. This phase was marked
by short-distance flights, with the juvenile testing
its flight abilities while still relying on the nest area
for rest and food. As the eagle grew more confident,
its range increased. By 112 days of age, it had ven-
tured 5 km from the nest, signaling the beginning
of broader dispersal behaviors. The juvenile started
exploring new habitats, perching in different loca-
tions, and likely developing independent foraging
skills. Returning to the nest became less frequent,
indicating a gradual transition toward independence.

A clear behavioral shift occurred when the eagle
was approximately 83 days old, marking the start
of dispersal. On this date (August 28, 2024), the
eagle flew 6-8 km west for the first time, departing
from the immediate natal area. This movement can
be considered the initial emigration event, indicat-
ing the transition from post-fledging dependence to
independent dispersal.

After this initial departure, the juvenile’s move-
ments became more extensive. Over the next two
weeks (late August — mid-September 2024), the ea-

gle took increasingly longer flights and sometimes
remained away from the natal area for more than a
day. It primarily explored regions to the north and
west of the nest.

The maximum recorded distance from the nest
was 18.6 km, reached on September 11, 2024, at
11:00 local time. At this point, the eagle flew west-
northwest, marking its farthest excursion during the
tracking period. However, rather than continuing
in a linear dispersal pattern, the bird returned to the
general natal area later in September, suggesting a
pattern of exploratory looping movements rather
than immediate long-distance migration. By late
September 2024, the eagle had settled within ~3 km
of the natal nest, suggesting a temporary settlement
phase before further dispersal. This behavior aligns
with a local disperser strategy, where some juveniles
remain in their natal regions rather than immediately
migrating. Similar patterns have been observed in
Eastern Imperial Eagles in Europe, where many ju-
veniles stay near their natal sites for winter, while
only a few migrate long distances. The eagle’s daily
movement distances increased as it gained indepen-
dence and flight proficiency. In July, it remained
largely sedentary, traveling an average of 1.6 km per
day. By August, as exploratory movements began,
the mean daily distance increased to 7.3 km/day.
During September, at the peak of dispersal, the ju-
venile covered an average of 16.3 km/day. The most
active day occurred on September 11, 2024, when
the eagle traveled 49.5 km, the longest single-day
movement recorded.

This pattern supports the hypothesis that juve-
niles initially remain near the nest before expand-
ing their range. The increasing distances reflect the
development of sustained flight ability and growing
exploratory tendencies. Similar patterns have been
documented in Bonelli’s Eagles, where juveniles
initially make short-range movements (cover up
to 20 km/day in their early dispersal phase) before
transitioning to long-distance dispersal [34].

Movement Direction. In terms of directionality,
our eagle did not show a consistent directional mi-
gration during the study period. Instead, its move-
ments were exploratory, with no clear long-distance
dispersal. While it traveled in various directions
around the natal area, there was a noticeable tenden-
cy to move westward and northwestward rather than
eastward. This directional bias may be influenced by
habitat differences — Lake Balkhash and open desert
areas lie to the east, whereas the west and north offer
more diverse landscapes, slightly higher elevations,
and potentially richer foraging opportunities in
steppe habitats. The farthest recorded point, located
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west-northwest (WNW) of the nest, had an eleva-
tion of approximately 1100 m, compared to ~430 m
at the nest. This suggests that the bird had reached
the foothills of a low mountain or plateau. However,

its return from this excursion indicates that the area
was not immediately suitable for settlement, and the
juvenile was likely assessing different habitats for
foraging potential in its first independent months.
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Figure 2 — Post-fledging movement patterns of a juvenile Eastern Imperial Eagle
in the Taukum Desert, Southern Kazakhstan

Analysis of movement frequency further sup-
ports this dispersal trend (Figure 3). The most
common movement direction was north-northwest
(330°), with 671 recorded movements in the 0°-45°
and 315°-360° sectors. In contrast, movement to the
east (398 movements), south (349 movements), and
west (441 movements) was less frequent. This pat-
tern suggests that the juvenile favored northwest-
ward dispersal, potentially avoiding less favorable
environments in the east and south.

Flight Altitude. Another dimension of move-
ment is the altitude of the eagle’s flights. The GPS
altitude readings (relative to sea level) ranged from
approximately 330 m to over 1100 m during the
tracking period (Figure 4). Given that the ground
elevation around the nest is ~430 m, early flights
likely remained close to the surface. Indeed, some
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negative deviations in altitude readings in the first
week suggest that the juvenile was on the ground
or perched below nest height, consistent with
short test flights or resting phases. As flight ca-
pacity improved, it regularly reached 500-600 m
asl (70-170 m above ground level) by late August.
On September 2-3 and September 11, the eagle hit
its highest recorded altitudes (~1050-1100 m asl),
coinciding with its longest exploratory trips. The
altitude jumps to ~1094 m on September 11 sug-
gests it was soaring over higher terrain (~700-800
m), maintaining 300-400 m above ground level.
Higher flights correlated with longer travel dis-
tances, aiding navigation and gliding efficiency.
After returning to the natal area, altitudes dropped
back to 450-500 m, consistent with more local-
ized movements.
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Movement Direction of Juvenile Eastern Imperial Eagle
o

180"

Figure 3 — Movement direction of the Eastern Imperial Eagle.
(The circular histogram represents movement frequency in different compass directions, 0° (North).
Radial grid values indicate the number of movements in each direction.
Taller bars reflect more frequent movements, revealing dominant dispersal patterns

Altitude time series of the juvenile eastern imperial eagle
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Figure 4 — Altitude time series of the juvenile Eastern Imperial Eagle

Flight Speed. The eagle’s flight speed data re-  flights (10-30 km/h) likely linked to flight practice
flect its changing movement behavior (Figure 5).  or food-chasing behavior. By mid-August, sustained
In July, speeds were mostly near 0 km/h, indicat-  flights became more common, with speeds of 30-50
ing it was largely stationary, with occasional short ~ km/h, suggesting purposeful movement. Notably,
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peak speeds reached 85.9 km/h during long-distance
flights on 30 August. This peak coincided with the
period of greatest geographic range expansion,
aligning with increased dispersal activity. After ear-

ly September, high-speed movements tapered off,
and by late September, the eagle was spending more
time near the natal area, possibly due to sufficient
foraging opportunities or awaiting migratory cues.

Time series of the juvenile Eastern Imperial Eagle’s flight speed
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Figure 5 — Flight speed over the post-fledging period. Each green point represents the eagle’s recorded GPS flight speed
at a given time; The graph illustrates the near-zero speeds (perching/roosting) dominating early weeks, followed by increasingly
frequent high-speed flight bouts in late August and early September as the eagle’s dispersal activity intensified

Daily Activity and Stopover Behavior

Duaily Activity. Analysis of the timing of move-
ments revealed that the juvenile eagle was strictly
diurnal in its activity, as expected for an eagle of
this species (Figure 6). The bird roosted each night,
either at the nest tree or later at other tall perches,
and did not travel during nighttime hours. GPS fixes
from roughly 21:00 to 05:00 local time showed es-
sentially no movement (speeds ~0, positions static).
The eagle’s day typically started at dawn (around
05:00) with short flights near the roost, increasing in
the morning (05:00-10:00) as temperatures rose and
thermal currents formed. The eagle was most active
between 11:00 and 17:00, when it undertook longest
flights and exploratory movements.

During early morning (06:00-10:00) and late
afternoon (16:00-19:00), both distance traveled and
flight speed were highest, suggesting periods of ac-
tive dispersal or foraging-related movements. In
contrast, a significant reduction in activity occurred
between 11:00 and 15:00, coinciding with the warm-
est hours of the day. This decline in movement and
speed indicates perching or resting behavior, likely
to minimize energy expenditure during intense solar
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radiation. Such midday inactivity is consistent with
thermoregulatory behavior observed in other large
raptors. The strong correlation between movement
distance and flight speed supports the hypothesis
that the eagle engages in longer, faster flights during
peak activity periods, while shorter, slower move-
ments dominate the midday resting phase.

Figure 7 illustrates the eagle’s daily movement
patterns as a heatmap of distance traveled by hour.
Nighttime hours (midnight-04:00) show little to no
movement, confirming the bird was roosting. Activ-
ity began around 05:00, with movement gradually
increasing. The most intense activity (red blocks)
occurred between 10:00 and 14:00, aligning with
peak thermal uplift, which eagles use for efficient
soaring. On days with long excursions (e.g., August
28, September 11), the heatmap shows sustained
movement from late morning through late after-
noon, indicating extended flight periods. In contrast,
July’s heatmap shows only faint activity, reflecting
short flights and perch-bound behavior. By late Sep-
tember, movement intensity declined, suggesting
the eagle had settled into a smaller area, consistent
with location data showing it near the natal zone.
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Movement activity and speed by hours
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Figure 6 — Post-fledging daily movement activity of the Juvenile Imperial Eagle during the day
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Figure 7 — Heatmap of the juvenile eagle’s hourly movement. Warmer colors indicate greater distances traveled per hour.
The eagle was inactive at night (21:00-04:00), became active at dawn (~05:00), and peaked in movement midday (12:00-15:00).
Activity intensified in late August-early September, reflecting increased dispersal

Stopover Sites. The concept of “stopover sites”
in the context of juvenile dispersal often refers to
temporary focal areas where a bird may linger and
forage for days or weeks before moving on. Since
our eagle did not migrate directionally during the
study, a more accurate term is “temporary settle-
ment areas” or core use areas rather than distinct
stopovers.

The primary settlement area was the natal site,
heavily used throughout July and early August, and
revisited later. A secondary area was near the far-
thest recorded point (~18 km WNW), but the eagle
did not stay long — there is no evidence it roosted
overnight. Instead, its movements resembled rang-
ing behavior within an expanding home range rather
than point-to-point migration.
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By late September, the eagle was still within ~3
km of its natal site, suggesting it had not yet relo-
cated to a distant range. While it may move farther
in the following months, our findings highlight the
importance of natal areas for juvenile survival. This
aligns with studies in the Czech Republic, where
most tracked juveniles wintered near their birthplac-
es [14], reinforcing the need to protect natural habi-
tats for both breeding and early dispersal phases.

Habitat Preferences

Throughout the study, the juvenile strongly
favored natural habitats, with >95% of GPS loca-
tions in steppe and semi-desert areas. It primarily

used arid grasslands and shrublands, particularly
near a dry riverbed close to the nest, which pro-
vided taller vegetation, potential prey, and scat-
tered perches. As its range expanded, the eagle
explored foothills ~18 km WNW, likely assessing
foraging potential, but ultimately returned to flat-
ter plains, suggesting it did not find the new ter-
rain significantly better.

Notably, the eagle avoided human-modified
landscapes. It did not enter agricultural lands or set-
tlements, with its closest approach to a village being
~10 km away. Similar avoidance has been docu-
mented in other large raptors, such as White-tailed
Eagles and Eastern Imperial Eagles in Hungary [34].
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Figure 8 — Kernel Density Estimation (KDE) of habitat use by the juvenile Eastern Imperial Eagle.
The heatmap represents the spatial distribution of GPS locations, with higher density areas (dark blue) indicating
core habitats where the eagle spent the most time. The total 95% KDE home range is ~290 km?.
GPS tracking points (gray) are overlaid to illustrate individual recorded locations

Kernel Density Estimation (KDE) identified a
primary core area (~10 km?) around the natal nest and
a secondary high-use zone 5-8 km west, indicating
early exploratory movements. The total 95% KDE
home range spanned ~290 km? but was strongly in-
fluenced by a single long-distance excursion. Unlike
fully nomadic juveniles that disperse over vast areas,
this individual remained within a restricted range.

The eagle’s movements were selective, pre-
ferring steppe with some structural diversity
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(bushes, low hills) and riparian zones, while
avoiding open sand deserts, highways (>15 km
away), and densely forested areas. Its occasional
use of elevated perches, including electric poles,
highlights its opportunism in open landscapes.
This behavior proved fatal, as the juvenile prob-
ably died from electrocution. Thus, on Novem-
ber 11, 2024, the remains of a bird, feathers were
found under a bird-hazardous power line pole
(Figure 9).
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Figure 9 — Location of the last received GPS signal.
Feathers of the bird are visible under the power line pole

However, most of the carcass, and along with it
the transmitter, were not found, presumably carried
off by predators. This case underscores the conser-
vation risks posed by unsafe power infrastructure
and highlights the urgent need for mitigation mea-
sures to prevent raptor electrocution in steppe eco-
systems.

Conclusion

This study provides novel insights into the post-
fledging dispersal behavior of a juvenile Eastern
Imperial Eagle in southeastern Kazakhstan, a region
where movement ecology remains poorly under-
stood. By utilizing GPS telemetry, we monitored
the eagle for 77 days, tracking its gradual expansion
from localized movements near the nest to broader
dispersal at 112 days old. The findings confirm that
juvenile Eastern Imperial Eagles initially exhibit

strong natal site fidelity, with movements increas-
ing progressively as flight capabilities develop. The
maximum recorded distance of 18.6 km, coupled
with a return to the natal area, suggests a local dis-
persal strategy rather than immediate long-distance
migration.

Key findings include dispersal onset, a ten-fold
increase in daily movement distances from July to
September, and a peak single-day flight of ~50 km.
The study highlights the strong preference for semi-
desert and steppe habitats and avoidance of human-
modified landscapes, reinforcing the need to preserve
undisturbed foraging and roosting areas for juvenile
survival. However, the electrocution-related mortali-
ty of this individual underscores a major conservation
threat — unsafe power lines. This finding emphasizes
the urgent need for mitigation measures, including
insulating power infrastructure and identifying high-
risk areas for future interventions. Given the limita-
tions of a single-bird study, future research should
track multiple juveniles across different regions to
examine variations in dispersal patterns, migratory
tendencies, and survival rates. Long-term monitoring
would also provide valuable insights into settlement
patterns, breeding recruitment, and potential climate-
driven shifts in dispersal ecology.

This study demonstrates the power of GPS te-
lemetry in understanding raptor dispersal, offering
actionable data to inform conservation strategies.
By safeguarding both nesting areas and dispersal
landscapes, we can improve juvenile survival and
contribute to the stability of Eastern Imperial Eagle
populations in Kazakhstan and beyond.
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MAEKOTUTAIOLLIME KABAXCTAHCKOM YACTU
MPUUPTBLILLCKOTIO PETMOHA: SKOCUCTEMHDIE YCAVYIU,
9KOHOMMNYECKOE 3HAYMEHUE U
AHTPOIOIEHHAA HAPYLUEHHOCTDb

B AaHHO cTaTbe pacCMOTPEHbl 3KOCUCTEMHbIE YCAYTM M SKOHOMUYECKOE 3HaUeHNE MAEKOMUTAIOLLMX
B 3KOCUCTEMe MOMMbI pekn MpTbi, a TakKe OLeHeHa CTerneHb aHTPOMOreHHbIX HapyLUEeHWI pernoHa.
[NoAeBble paboTbl ¢ peBpass No okTa6pb 2023 rosa BKAIOYAAM OTCAEXKMBAHME aKTUBHOCTM MAEKOMM-
TaloLWMX M OUEeHKY 61Mopa3Ho06pasus Mo 7 NpoduAsIM ABYX ydactkos, — YepHoro Mptbiwa (Y1) u Nas-
Aopapckoro MpuupTbiwbg (M) Ha ceBepe 1 ceBepo-BocToKe KazaxctaHa. OnpeaeAeHo, 4YTo 88 BMAOB
MAEKOMUTAIOWIMX, OOUTAIOWIMX B AOAMHE pekn MpTbill, MPeAOCTaBASIOT 246 5KOCUMCTEMHbIX YCAYT. Hau-
6GOAbLIAS AOAS B PEAOCTABAEHMMU S3KOCUCTEMHbIX YCAYT MPUXOAMTCS Ha [pbI3yHOB (65,4%), Kak Ha OTPSIA
C HaMBOABLLMM KOAMYECTBOM BUAOB, BCTPEUAIOLLMXCS B pervoHe. KOHTPOAb UMCAEHHOCTU BPEAUTEAEN
U 3A0POBbE MOMYASLMIA SKMBOTHbBIX M YeAoBeKa 06ecrneumBaloTcs no 6oAbLLER YacTy NMPeACTaBUTEASMU
oTpsA0B XuuHble U HacekomosiaHble (37% v 31,5%, COOTBETCTBEHHO), @ MAOAOPOAME MOYBbI B 3HAUM-
TeAbHOM cTeneHu (33 %) peryanpyetcs KutonapHokonbITHbiMK. Cpean nocAeAHMX B [pUmpTbILLCKOM pe-
rmoHe o6pasoBaAaCh HOBAsi MHOrOUMCAEHHAs NMOMYASLMS cairaka (Saiga tatarica). MHorve sKocucTemHble
YCAYTM MPEAOCTABASIOTCS PEAKMMM M OXOTHUUBbMMM BUAAMM MAEKOTUTAIOLLMX. Ha OCHOBE BbIMOAHEHHbIX
PaCUeTOB MX IKOHOMUUECKOM LIEHHOCTU, OMPEAEAEHO, UTO yiepb npu notepe B eAMHUUYHOM KOAMYECTBE
OXOTHUYBMX U PEAKMX BUAOB MAEKOMUTAIOLWMX HA ABYX MCCAEAYEMBIX YHacTKax cocTaBuAa 43 392 445
TeHre. YunTbiBas XO39MCTBEHHDBIN M TYPUCTUYECKMIA MOTEHLIMAA AQHHbBIX BUAOB, BCS MPOTS>KEHHOCTb MOW-
Mbl p. MpTbiww B KazaxcTaHe MMeeT BbICOKYIO 3KOHOMUYUECKYIO 3HAUMMOCTb. B pe3yAbTaTte npoBeAeHHOro
aHaAM3a raaBHbix komnoHeHT (Principal Component Analysis, PCA) 1 pacueta MHAEKCA aHTPOMOreHHOM
HapylueHHocTn (Anthropogenic Disturbance Index, ADI), o6Hapy»keHo, uTo MHAEKC ADI aAg npodomaen
Y1 3HaumTeabHO HMXe (1.15+0,1), uem anga 111 (1,84£0,17). INpoduab 3 B YN nmeeT HanmmeHbLLYIO
HAPYLIEHHOCTb, €ro MOXHO CUMTaTb HAMOOAEE 3HAUYMMbIM AAS COXPaHeHWs GropasHoobpasus B peru-
OHe. B ueAoM, MAaekonuTalowme B noiMe pekn MpTbill BbIMOAHSIIOT BaXKHble SKOCUCTEMHbIE YCAYTU U
MMEIOT BbICOKOE 3KOHOMWYECKOE M 3KOCUCTEMHOe 3HaueHue. HaAnume aHTponoreHHom HapyLleHHOCTH
B pernoHe ykasblBaeT Ha HEOBXOAMMOCTb CO3AAHUS CTPATErniA COXPAHEHMSI U PALMOHAABHOTO MCTMOAb-
30BaHMS MAEKOMUTAIOLLMX MOMMBbI pekr MpPTbILL, B TOM UMCAE, AAS CMSITYEHUS TOCAEACTBUI AerpaAaumm
OKpYy>KaloLLern CpeAbl N AEITEAbHOCTU YeAOBeKa.

KAroueBble caoBa: VpTbill, MAEKOMUTAIOWME, SKOCUCTEMHbIE YCAYTM, IKOHOMMYECKas LLEeHHOCTb,
AHTPOINOreHHasl HaPYLEHHOCTb, COXpaHeHue 61opasHoobpasus.
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Mammals of the kazakh part of Irtysh river region: ecosystem services,
economic importance and anthropogenic disturbance

This article examines ecosystem services and economic importance of mammals in the Irtysh River
floodplain ecosystem and assesses the degree of anthropogenic disturbances in the region. We con-
ducted field observations from February to October 2023 which included tracking mammal activity and
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assessing biodiversity across seven sectors within two areas, the Black Irtysh and the Pavlodar Irtysh in
the north and northeast of Kazakhstan. We found that 88 mammalian species inhabiting the Irtysh River
valley provide 246 ecosystem services. The greatest contribution to the ecosystem services provided is
presented by Rodents (65.4%), as the order with the largest number of species found in the region. Ser-
vices such as Pest control and The animal and human populations’ health are ensured, for the most part,
by Carnivores and Insectivores (37% and 31.5%, respectively), while Soil fertility is largely regulated by
Cetartiodactyls (33%). Among the latter, a substantial new population of saiga antelope (Saiga tatarica)
has formed in the Irtysh region. Many ecosystem services are provided by rare and game mammal spe-
cies. Based on calculations of their economic value, we determined that the damage from the loss of
each number of game and rare species of mammals in the two study areas amounted to 43,392,445
tenge. Considering the economic and touristic potential of these species, the entire length of the Irtysh
floodplain in Kazakhstan has high economic importance. As a result of the principal component analysis
(PCA) and calculation of the anthropogenic disturbance index (ADI), we found that the ADI index for the
Black Irtysh sectors is significantly lower (1.15+0.1) than for the Pavlodar Irtysh (1.84 +0.17). Sector 3 in
Black Irtysh has the least human disturbance and can be considered the most significant for the conserva-
tion of biodiversity in the region. In general, mammals in the Irtysh River floodplain provide important
ecosystem services and are of high economic and ecosystem importance. The presence of anthropogenic
disturbance in the region indicates the need to create strategies for the conservation and rational use of
mammals of the Irtysh River floodplain, including mitigating the consequences of environmental degra-
dation and human activities.

Keywords: Irtysh River, mammals, ecosystem services, economic valuation, anthropogenic distur-
bance, biodiversity conservation.
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KasakcraHaafbl EpTic @3eHi eHipiHiH, CYyTKOpeKTiAepi: 9KoXKYHeAiK KbiameTTep,
5KOHOMMKAABIK, MaHbI3bl )XOHE AHTPOIOreHAIK 6y3bIAybl

bya Makanapa EpTic e3eHi >albIAMACbIHbIH 3KOXYMEeCIHAEri CYTKOPEKTIAEPAIH 3KOXKYHeAik
KbI3METTepi »kaHe LapyallblAbIK, MaHbI3bl KAPACTbIPbIAAbI, COHbIMEH KATap, aliMaKTaFbl aHTPOMOreHA K
OY3blAyAapAbIH, Adpeskeci 6araraHAbl. 2023 XKbIAAbIH aKMaH-KasaH arAapbl apaAblFbIHAAFbI AaAa
>KYMbICTapbl CYTKOPEKTIAEPAIH 6GeACeHAIAITIH 6akbiAayabl >koHe KasakCTaHHbIH COATYCTIri MeH
COATYCTIK-LIbIFbICBIHAQFbI €Ki ydackeHiH — Kapa EpTic xaHe Ak, EpTic aiiMarbiHbIH, 7 aiiMarbl GOMbIHLLA
6MOBPTYPAIAIKTI BararayAbl KamTbIAbl. 3epTTey HaTuxKeciHAe EpTic e3eHiHiH aHFapbiHAQ MEKEHAENMTIH
CYTKOpPEKTIAepAiH 88 Typi 246 3KOXKYMEAiK KbIBMET aTKapaTbiHbl aHbIKTAaAAbI. DKOXYHMEAIK KbI3MeTTepA|
aTkapyaa eH, ken yaecti Kemipriwrep (65,4%) kocaabl, O6YA ariMakTa Ke3AECETiH TYPAEPAIH eH
Kern CaHblHa 6aAaHbICTbl OOAYbl KepeK. 3USHKeCTepPAiH CaHblH GaKbIAAYAbl XKOHE >KaHyapAap MeH
aAaM  TMOMYASILUMSICbIHBIH, AEHCayAbIFbIH KaAafraaay OoMbiHIWIA Herisri yAecTi JKbIpTKbIWTap MeH
JKaHAIKKOpeKTiAep KamMTamachl3 eteAi (TuiciHwe 37% >xaHe 31,5%), aA Tonblpak, KyHapAbIFbl Ker
MeAlepae KnmxyntyskrbiaapmeH (33 %) petteaeai. CoHFbIAApbIHbIH illliHAE EPTiC OHipiHAE ak6OKEeHHIH,
(Saiga tatarica) >kaHa, YAKEH MOMyASILMSChI KAAbINTACTbl. KenTereH akoxkyine KbiI3MeTTepiH CUpPeK >KaHe
ayAaHaTblH CYTKOpeKTiAep aTkapaAbl. OAapAblH 3KOHOMMKAAbBIK, KYHABIAbIFbIH €ecenTey HerisiHAe
€Ki 3epTTeAeTiH ayMaKTa ayAaHATbIH >KOHEe CUpPeK Ke3AeCeTiH CYTKOPEKTIAEPAIH >XeKeAern CaHbIHbIH,
SKOMbIAYbIHAH KeATipiAreH WwbifbiH 43 392 445 TeHreHi KypanTbiHbl aHbIKTaAAbL. ByA TypAepAiH >KoFapbl
3KOHOMMKAABIK, 9AEYETiH eckepe OoTblpbin, KasakcraHaarbl EpTic @3eHi xalibIAMaCbIHbIH, 3 KOHOMMKAABIK,
MaHbI3bl XXOFapbl eKeHiH ABAeAAEIAIL. Herisri komrnoHeHTaAapAbiH Taaaaybl (Principal Component Anal-
ysis, PCA) >xaHe aHTponoreHAik 6y3biayaap MHaekciH (Anthropogenic Disturbance Index, ADI) ecenrtey
HeTmxeciHae Kapa EpTic arimakTapbl ywid ADI nHaekci Ak EpTicke kaparaHAQ alTapAbIKTail TOMeH
(tmiciHwe 1,15+0,1 vs 1,84 +0,17) exeHi aHbikTaaabl. Kapa EpTicTeri ywiHui anmak, eH a3 6ysbiayra ne
>KaHe 3eppTey ayMarblHAAFbl GMOBPTYPAIAIKTI cakTay YLiH eH MaHbI3AbI Aen caHayFa 6oAaabl. XKaAnbl,
EpTic e3eHiHiH >KaiblAMAaCbIHAAFbl CYTKOPEKTIAEP MaHbI3Abl 3KOXKYIAE KbI3METTEPIH aTKapaAbl >KeHe
OAAPAbBIH 3KOHOMMKAAbIK, >K8HE DKOXYMEAIK MaHbI3bl XXOFapbl. AiMakTa aHTPOMOreHAIK Oy3bIAbICTbIH,
60Aybl EpTic e3eHiHiH >kalbIAMaCbIHbIH CYTKOPEKTIAepiH CakTay >XaHe YTbIMAbI MaiAaAaHy, OHbIH
ilWiHAE KOpLUaraH OpPTaHbIH AErpasauMsCbiHbIH XXOHE aAaMHbIH LLAPYaLLbIAbIK, 8peKeTiHiH caapapblH
>KEHIAAETY BOWbIHILA CTPATErMSIAAPAbI KYPY KQXKETTIAIMH KepceTeai.

Tyiin ce3aep: EpTic, cyTkopekTinep, 3KOXYMEAIK KbI3METTep, 3KOHOMMKAABIK KYHABIAbIK,
AHTPOMOreHAIK Oy3bIAybl, GMOAAYAHTYPAIAIKTI cakTay.



H.A. buxxanosa u jip.

1. Beenenue

BunoBoe pasznooOpasue M BBICOKHI ypOBEHb
MEXBHJIOBOTO B3aUMOJICHCTBYSI B 3HAYUTEIHHOU
CTETICHW BIUSIOT Ha aJalTHBHOCTh M YCTOWYH-
BOCTh KOMIIOHCHTOB 3KOCHCTEMbI K HETaTHBHBIM
M3MEHEHUSIM OKPYIKaIoNIel cpe/bl (Harmpumep, aH-
TPOIIOTEHHOE BO3/ICHCTBHE Ha MECTOOOUTAHUS, U3~
MeHeHne knumata) [1]. CauraeTcs, 4To 4eM BBIIIE
OounopaszHoobpasue U uyem Oojiee CIOXKHBI Tpodu-
YECKUE CBSI3U B DKOCHCTEME, TeM BBIIIE €€ YCTOM-
YUBOCTh, BO3MOXXHOCTh MOIJIONIATh HAPYUICHHUS U
BOCCTaHABJIMBAThCS MTOCIIE HUX, COXPaHsI 3KOJIOTH-
geckni 0anmaHc W cTaOMIbHOCTE [2, 3]. DKocucTe-
MBI C 00JIee BEICOKUM BHJIOBBIM OOTaTCTBOM JIEMOH-
CTPUPYIOT OOJIBIIYI0 YCTOWYMBOCTh K MHBA3UBHBIM
BAJAaM H TpaHCc(OpMaIlMu OKpYKaIoIeH cpepbl,
YTO CIIOCOOCTBYET COXPAHEHHIO U BOCCTAHOBJICHUIO
a0OPHUTEHHBIX OIS,

Munekonuraronue (Mammalia) urparoT 3HaYH-
TEJBHYIO POJIb B MOJACPKAHUU U (YHKIHOHUPO-
BaHUU PKOCHCTEM, OJIHAKO, HA CETOJHSIIIHUHN JICHb,
CTpajafoT OT COKpAIeHHs TUIOMAAH MECTOOOH-
TaHWW, WHBA3WBHBIX BUAOB [4], a Takke HU3MEHE-
Hus kiauMmata [5]. CHIKEHUE YHUCIICHHOCTU BUIOB
MJIEKOITUTAIOMINX HETaTUBHO BIIMSET KaK Ha oOIiee
COCTOSIHME SKOCHUCTEMbI, TaK M Ha JKOCHCTEMHBIC
YCIIyTH, KOTOPBIE OHU OKa3bIBAIOT. DKOCUCTEMHEIC
YCIIyTH TO/IPa3yMeBalOT Pa3HOOOpa3Hble (HyHKIUH
U TPOIYKTHI, 00ECIEUYMBACMbIC 3SKOCHCTEMaMH,
JKU3HEHHO Ba)KHBIC WJIM TIOJIE3HBIC ISl OJaroro-
nmy4us denoBeka [6]. B connaipbHO-35KOHOMHYECKOM
acIieKTe 3TH YCIYTH UTPAlOT CYIIECTBEHHYIO POJIb,
MOCKOJIbKY OHHM MPSMO HMJIM KOCBEHHO MOBBIIIAIOT
Hallle COIMAIIbHOE OJIaTOCOCTOSIHME M KadecTBO
skus3an. CormacHo Lacher et al. [7], ¢ axooruueckoi
TOYKH 3PCHHS U B KOHTEKCTE KIIFOYEBBIX KOMIIOHEH-
TOB 3/10pOBOT0 (DYHKIITMOHUPOBAHUS SKOCHUCTEMEI,
MJICKOITUTAIOIINE BBITIOJIHSIOT PsJl 3HAYUMBIX KO-
CUCTeMHBIX (yHKIHH. K TakuM yciryraMm oTHOCSTCS
PETYIANNs YMCICHHOCTA BPEIUTENeH, IUCIIePCHS
Y 3alacaHue CeMsIH Pas3JIMYHbIX PACTCHUH, yyacTue
B KpPYTOBOPOTE SHEPTUH M MHUTATEIBHBIX BEIIECTB,
OTIBUICHHWE, BBITIOJHEHUE POJIM SKOCHUCTEMHBIX HH-
JKEHEPOB, a TaKKe peanu3anus Tpohuyeckux B3au-
MOJICHCTBHI Yepe3 XUIHUIECTBO U TPABOSHOCTD.

MHorue BHIBI MJIEKONHUTAIONINX SBISTFOTCS
KITFOYEBBIMU JJIsI SKOCUCTEM, (DOPMUPYS U U3MEHSIS
WX B 3aBUCUMOCTH OT CBOUX 3KOJOTHUECKUX (PYHK-
nuii [7]. HanpuMep, XWIHBIE U TPaBOSIHBIC MITC-
KOIUTAOIIUE BIUSIOT HA CTPYKTYPY U (PYHKIIMOHH-
pOBaHHE SKOCHUCTEMBI MOCPEACTBOM MOTPEOICHHUS
no0erau [8, 9]. KpymHble pacTuTenbHOSAHBIE MIle-
KomuTaromue (HampuMmep, cairak (Saiga tatarica

Linnaeus, 1766), nock (4lces alces Linnaeus, 1758),
kabaH (Sus scrofa Linnaeus, 1758), cubupckas xo-
cyist (Capreolus pygargus Pallas, 1771)) u xuiabie
(manpumep, Bosik (Canis lupus Linnaeus, 1758), nu-
cunia (Vulpes vulpes Linnaeus, 1758), Beinpa (Lutra
lutra Linnaeus, 1758)) Moryt oka3biBaTh 3HAYH-
TENBHOE BJIMSHHUE HAa TEPBUYHBIX MPOAYICHTOB B
Ha3eMHBIX ¥ BOJHBIX OMOTOIAX MOCPEICTBOM Kpy-
rOBOpPOTa IMHUTATENBHBIX BEHIECTB, MOTOKOB JHEP-
UM ¥ BO3JICHCTBHS Ha MPOIIECCHI «CHU3Y BBEPX» H
«CBEepXy BHU3». MeJKue MIICKOTHTAIONINE, TaK/ie
KaK JICTy4YHe MBIIIH, SIBISTIOTCS pa3HOCYUKAMHU TLJIO-
JIOB U TOTPEOUTEISIME WICHUCTOHOTHX, a JIPYTHE,
OCOOCHHO TPBI3YHBI, SBJSIOTCS BXXHBIMH PaCIpO-
CTPAHHUTEIISIMU CEMSIH.

Jpyrvue BuIbI BBIMOJIHSIOT POJb 3AU(UKATO-
poB (mampumep, 0600pb1 (Castor fiber Linnaeus,
1758)), co3maBast wnm mpeodpasys cpemxy obura-
HUS, U TEM CaMbIM U3MEHSS CTPYKTYypy U (YyHK-
MU 9KOCUCTEMBI, MOBBIIIAs €€ TeTePOTeHHOCTh U
o6uopasznoobpasue. HecomHeHHO, UTO BO3ACHCTBHE
MJICKOITATAIONIMX HA YKOCHCTEMBI HTPAET BAXKHYIO
OHMOIIEHOTHYECKYIO POJIb M OKa3bIBa€T IKOCHUCTEM-
HbI€ YCIIyTH, IIOJIE3HBIE B XO3SHCTBEHHOH XKU3-
HEJICSITETIbHOCTH YEJIOBEKa, TaKHE KaK OIbLICHHE
COCY/IMCTBIX PACTCHHMU, 300XOPHS, PETYJIISAIHS YUC-
JICHHOCTH OOJIbHBIX KMBOTHBIX, MOCJAAHUE TMalan
u Jp.

Pa3znooOpasue (hyHKIIMOHAIBHBIX POJIEH MHOTO-
YUCJICHHBIX BUI0B MJICKOITUTAIONIUX BHOCUT 3HAYH-
TEJNBHBIN BKJIaJ B (JOPMHUPOBAHKE U IOJJICPIKAHKEC
CTPYKTYpBI M TIpolieccoB 3kocucteM Kaszaxcrana,
BKJIIO4ast 9KOCHCTEMBI JIOJIHMHBI peku MpThi. 31ech
OTMEYaeTCs YHUKaJIbHOE BHJOBOE pa3sHOOOpasue
MJICKOTIUTAIONINX, TeM HE MEHee, HBIHEIHEee CO-
CTOSTHHE WX MOIYJISIUHA YXyAIIaeTcsi B HECKOJIb-
KHX y4acTKax MoWMbI peku. Tak, mpu cpaBHEHHUU C
BHJIOBBIM Pa3zHOOOpa3neM U KIIOYEBBIMH MECTaMH
OOUTaHUSI MIICKOITUTAIONINX M3 Pa3HBIX PErHMOHOB
MHpa, noiMa peku MpThil uMeeT BBICOKHHA YpPO-
BEHb JIeTpa/Iallii MECTOOONTAHHUA W CPAaBHUTEIHHO
HHU3KOE Pa3HOO00pa3ve XHIIHBIX MICKOITUTAIONIHX
[10], — Bcero 15 Bumos (17,2%), OONBIIMHCTBO W3
KOTOpBIX B peruoHe BcTpevaercs penako [11]. s
COXpaHEHHUS! W PAIMOHAIBHOTO HCIIOIB30BAHUS
MJICKOIUTAIONINX JIOJHUHBI peku MpTeim Hazpena
HEOOXOAMMOCTE TPOAHATU3UPOBATE W KIAcCH(DU-
[IUPOBATH MPEJIOCTABIISIEMbIC STUMHU BUIAMH YKOCH-
CTEMHBIC YCIIYTH Ha PETHOHAIILHOM YPOBHE.

BaXHBIM 37€MEHTOM OIIEHKH 3HAYECHHS MIle-
KOIUTAIOIIUX B YKU3HEACATEILHOCTH YeJIOBEKa SIB-
JSETCS pacueT MX dKOHOMHYECKOW 3HAYUMOCTH H
BO3MOXKHOTO ymiepOa B ciiydae WX yTpartbl. Takue
OILICHKH TIO3BOJISIIOT CPaBHUBATH YKOHOMHYECKOE
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3HAYeHHE MIICKONMTAIOIINX, HACEISIOMINX Pa3HbIe
TEPPUTOPHH B COOTBETCTBUU C MPUHATHIMU 3aKOHO-
JIaTeIbHBIMA HOPMAaTUBAMH, U MOT'YT OBITb ITOJIC3HBI
JUIs1 KOMILJIEKCHOM onleHkH. U emie ouH 3HaYMMBIN
rmapameTp, KOTOPBIH MBI BBIICIIIIN B HaIIeH padoTe
— MOUCK HauOoJjiee 3HAYUMBIX (DAKTOPOB aHTPOIIO-
TCHHOTO BO3JEHCTBUS Ha MOWMEHHBIE SKOCHUCTEMBI
n TepuodayHy ceBepo-BocrouHoro Kazaxcrana.
3TOT MOMEHT MO3BOJIUT NMPUOIM3UTHCS K TTOHHMa-
HUIO KOMITJIEKCHOM POJIM MIIEKOTIUTAIOIINX B 3KOCH-
CTeMaxX U COBPEMECHHBIX TPCHJIOB.

B kadecTBe OJHOTO M3 MEPBBIX LIArOB IO CO-
XpaHEHUIO W PpalMOHAJIBHOMY HCIIOJIB30BAHUIO
MJICKOTIUTAIOIMIUX TIOMMBI peku UpThIn, B JaHHOH
pabote mepe]; HaMH TIOCTABJICHO HECKOJIBKO 3aJau:
1) IpoBeCTH KJIAacCHU(PUKALUIO U aHAJIM3 IPEI0CTaB-

JIIEMBIX MJIEKOTIUTAIOIIMMH YKOCHCTEMHBIX YCIIYT B
noiime pexu WpThi, nx OMOIEHOTHYECKYIO POJIb;
1) OICHUTh YKOHOMHUYECKOE 3HAYEHHE W CTEICHb
HapyIEHHOCTH MECTOOOMTAHUHU UII OXOTHHYBHX
U PEOKUX BHUIOB MJIEKONMTAIOMIMX OacceliHa peku
Wprhim.

2. MaTtepuaJjibl U METO/bI HCCJIEJOBAHMIA

Memoowt coopa

B dempaire-mae u cenrsope-oxTsiope 2023 .
OBLTH TIPOBE/ICHBI HCCIIEIOBAHMS HA JIBYX y4acTKax
nolMbl peku MpThlm, pacnonokeHHbIX B BocTou-
Ho-Kazaxcrancko#, I[laBmomapckoit m Aobaiickoit
obmactsax — B npeaenax Yepnoro Uprteima (UN) n
[MaBnonapckoro [Tpunpteimss (I111) (pucynox 1).
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Pucynoxk 1 — O6nacts uccnenosanusi. Yepusiit Upreim (UN) n [laBnonapckoe [puupteimbe (IT171)
(Bocrouno-Kazaxcranckas, Abaiickas u [1aBiogapckue obnacti)

OOwas nMHa aBTOMOOMIIBHBIX M IELINX MapIll-
pyTOB coctaBmia 854 kM, B TOM uucie okojo 220
kM pycna pek UepHsiit Upteiu u Upteim. Beero Ha
ATHX y4yacTKax ObUT coOpaH MaTtepuan u3z 699 crue-
JIOB JKU3HEACSTETHbHOCTH MIIEKOTIMTAIONNX (9KC-
KpEMEHTBHI, OTHEeYaTKH JIall, )KUINIIA, HOPBI U T.JL.).

Jnist OLIEHKHM aHTPOIOTeHHOW HApyLUIEHHOCTH U
O6ropa3sHooOpa3us IMoJIeBbIe CTallMOHAPHBIE HCCIIe-
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JIOBaHUs BBIIOJIHEHBI HAa CEeMU NPO(UIsIX, paBHO-
MEpHO PAcIOJIOKEHHBIX B nonuHe p. UpTeim (UN
— 3 npodpums, I — 4 mpodus):

YU: npoduns 1 N 47.9998, E85.35065;
mpodms 2 N 48.0014, E 85.17249;
npoduis 3 N 47.9103, E 84.93183.

HII:  mpoduns 4 N 50.92041, E 78.24296;

npodms 5 N 52.40234, E76.90971;
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npoduib 6 N 52.68825, E 76.70360;
npocdwmis 7 N 53.54126, E 75.28732.
UccnenoBanrsi MIIEKOIHUTAIOMINX TMPOBEACHBI
CTaHIAPTHBIMH M JUCTAHIMOHHBIMH METOJAMH C
HCITOJIb30BaHUEM JAIBHOMEPOB M OWHOKIICH [12,
13]. [ng mOATOTOBKM PHUCYHKOB MBI TIPUMEHSUIN
Core]DRAW Graphic Suite 2017x64, Craiyon ver.
3 u CorelDRAW Graphic Suite 2017x64, mis moz-
rotoBku kapTel — QGIS 3.36.1.

Memoowl
yenye

MBI paccMOTpeNH YKOCUCTEMHBIE YCIIYTH, TIpe-
JIOCTaBJIIEMbIE MJIEKOMUTAIOIUMU TTOHMBI p. Hp-
TBIII, Ha OCHOBE DKOJIOTHYEeCKOi Koutenuu Lacher
et al. [7], c HekoTOpBIMU MOTU(PUKALIUAMU (TaOHIIA
1). B tabnume 1 u HamreM aHajau3e YKOCHUCTEMHBIX
yCIIyT, MBI OOBEIMHUIIN JIBE YCIYTH, ‘“‘pacmpocTpa-
HEHHE U 3alacaHue ceMsiH”, B OJIHy — “‘pacmpocTpa-
HEHUE CEMSIH’, TAK KaK OHU UMEIOT CX0XKYI0 KOHEU-
HYIO LIeTh IS 9KOCUCTeMBbI. [ToMiuMo 3TOT0, MBI HE
CTaJI BKJIFOYATh TAKYIO YCIIYTY, KaK “IUKI YHEPTUU
Y TINTATEeNBHBIX BEIeCcTB” B Ta0uuIly 1, Tak Kak Bce
oOuTaromue B noiiMe pexku VpThIm BUABI BBITOJ-
HSIOT 3Ty yciyry. TeM He MeHee, B MOCIeIyIoIeM
AHAJIU3€ Mbl OMMCAIM TAKOM BAXKHBIMA aCIEKT, KAK
MIpaKTUYeCKas IEHHOCTh, KOTOPasi MOTJIa BKIIOYATh
MIOHSATHUS TIPOMBICIIOBOH JOOBIYM U PALMOHATIHLHOTO
WCTIOJIb30BaHUsI BHIIOB.

Ha ocHoBe nuTepaTypHOro aHammsa, MbI KJiac-
CU(UITIPOBAIIN TAKUE YCIYTH, KaK TPABOSTHOCTh U
XUIIHAYECTBO TOJIBKO B TEX CITydasx, KOT/a BCTpe-
9aeMOCTh PACTUTEIHLHOTO (3€ICHOSTHOCTD, 3€p-
HOSITHOCTB) WJIU JKUBOTHOTO KOopMa (HACEKOMOSI-
HOCTB, TNTOTOSITHOCTR) Obuta 20-30% 1 BhIIIE. Tak,
HaIrpuMep, B cliydae, KOTJa Y TUIIUYHO PACTHTEIhb-
HOSITHBIX BUJIOB MIJIGKOITUTAIOIIUX B moime p. Up-
THIII KOPM JKUBOTHOTO TTPOUCXOXKIEHUSI COCTABIISIT
B TOJly WM TIO ce30HaM, B cpeanem, oT 20-30% u
BBIIIIEC, MBI OTHOCHJIM €0 K BCESIHBIM KHBOTHBIM
(TpaBosmHO-BCcesAHBIM) [14], W mO0aBIsIM 3HAK
“+” B MyHKT “XUIIHUYECTBO .

Takoe MOHATHE, KaK ‘“‘OKOCUCTEMHAs HHXKCHE-
pusl” MOAPa3yMEBAET OPraHU3Mbl, KOTOPBIE HPSIMO
WJTH KOCBEHHO 00ECIICUNBAIOT IOCTYI PECYPCOB ISt
JIPYTHX BHJIOB, U3MEHSIS, TIOJICPKUBAst U CO3/1aBast
cpeny oburanus [15]. X mcue3HOBEHHE MOXKET
MIPUBECTH K KAaCKaTy M3MEHEHHUH — OT COKpAICHUS
YHCICHHOCTH OT/CIbHBIX BHJIOB JIO TOTEPU CTa-
OomtpHOCTH Beero OmoToma [16]. K skocrcTeMHBIM
HWH)XCHEpPaM MOYXHO OTHECTH TakKoW BuA-—3auduka-
TOp, Kak eBporneickuii 606p (Castor fiber), npyru-
MU KITFOUEBBIMHA JIJISI SKOCHCTEMBI BUAAMH SIBIISIFOT-
cs1 kabaH (Sus scrofa) (Onaromapst CBOCH aKTUBHOU

oueHKu/pacqema JKocucmemHvlx

poroliell AeATeNILHOCTH) M HOPHBIE BHIBI MEIKUX
MJIEKOIMTAIOMHNX (HEKOTOphle BUABI [ pHI3yHOB 1
HacexomosgHBIX).

Pacuem cmoumocmu 6uoos 6 donune pexu Hp-
moliu

Pacyer cTomMOCTH OXOTHHYBMX U PEAKHX BH-
JIOB MJIEKOTIMTAIOUINX JJIS1 OLEHKH 3KOHOMHYECKO-
ro ypona 6su1 ipoussenéH Ha 1000 ra g YepHoro
Upteima u [aBnopapckoro [Ipuupteimbs no ¢op-
MyJIe:

M = X" MPII, - D,

riae M — CTOMMOCTH OXOTHHYBMX WU PEIKHX BHIOB
mutexkonuTaronmx Ha 1000 ra;

MPII — pasmep BO3MEIEHNUs Bpeia i BUA [
(Tpymimsl BUIOB);

D, — mIOTHOCTh HAcCeleHus BUIA I
6eii/1000 ra.

B kauecTBe pazmepa Bo3MelleHHUs Bpeaa IUIOT-
HOCTb HaceJIEHUS! OXOTHUYBUX U PEAKUX BUIOB JUIS
M3y4aeMbIX TEPPUTOPUH NpPUBEAEHA IO JHUTEpa-
TYPHBIM M 3KCIEPTHBIM JaHHBIM. MBI UCKITIOUNIH
BH/IbI, BCTpEYAOIIMeECs 3axoJaMu (pbICh, pocoMa-
Xa), ¥ JAOTOJIHUTEIbHO BKIFOUMWIN BUbI, BKIIOUCH-
uele B Kpacuyto Knury Pecny6nukn Kazaxcran.

Jisi OLleHKH SKOHOMHYECKOIro yiepda Obuin
HCIONb30BaHbl Pa3mepsl Bo3MelleHus Bpena, Mpu-
YMHEHHOI0 HapylleHueM 3akoHoxarenbcTBa PK
B 00JIaCTH OXpaHbl, BOCHPOMU3BOACTBA U HCIOJb-
30BaHMs KMBOTHOTO MHpPA, B PEOAKLUMM IPUKa3a
MuHucTpa 3KOJIOTHH U HPUPOAHBIX pecypcos PK
ot 30.01.2024 Nel3. (https://adilet.zan.kz/rus/docs/
V2400033952#z6)

0CO-

Memoowvr cmamucmuuecko2o anaiu3a OaHHbIX

s oleHKH (DaKTOPOB aHTPOIIOTEHHOW HATPY3-
KA ¥ pa3HooOpaszus TepruodayHbl HCCIEIOBAHUS
MPOBEIEHBI HA CEMH MPOQMIISLX, TAKKE HCIIOIb30-
BaHbI JJaHHbIE ¢ caiita bropo HallMOHAIBHOM CTaTH-
CTHUKHU aréHTCTBa 1O CTPATCTUYCCKOMY IIJIaHUPOBA-
Huto u pepopmam PecnyOnmku Kaszaxcran (https://
stat.gov.kz/). JIist pacueTa 9rcIoBOTO 3HAUYCHUS HA-
PYIIEHHOCTH TEPPUTOPHH V; JUISl KaKI0TO TPOuIst
MBI UCHOJB30Bau 12 mokaszaTeneil, xapakTepusy-
IOIUX aHTPOTIOTEHHYIO HAPYIIEHHOCTH, UCIOIB30-
BaHUE TEPPUTOPHM M OTPAKAIONIIUX MX OMOpa3zHO-
obpasue. Takoil MOIXOA MO3BOJSET KOMILIEKCHO
OIIEHUTh 3HAYMMOCTh KaKIOTO yJacTKa Ha OCHOBE
HECKOJIBKUX 3KOJIOTHYECKHX mapameTpoB. llokasa-
TeNb OTPaXKaeT CTENEHb aHTPOIOI€HHOro BO3JEH-
CTBUS U COXPAHHOCTb OKpY’Karowleh cpenbl. Mbl
paccMaTpuBalId CIEIYIONINE TTapaMeTPhI:
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b, — KONMYECTBO CJIENOB KU3HEIEATEILHOCTH
BCEX BHJIOB MJIEKONHTAIONIMX Ha | KM MapmipyTa
JUTS K&XKAO0TO TPOQHIIS;

71,— KOJIMYECTBO BUIOB MJIEKOIIUTAONIUX, KOTO-
pBIe OTMEYEHBI HAMH Ha MapIIpyTax BO BpeMs Mpo-
BEJICHUS UCCIICJIOBaHUIN Ha poduIIe i;

d, — paccTosiHuE 10 OMMKANUIIETO HACETEHHOTO
ITyHKTa OT MpoduI i;

M, — KOIIMYECTBO BHJIOB, HAXOMAIIMXCS TOJ
yrpo30ii HCUE3HOBEHUSI U TPeOYIOMIMX 0CcOo00U 3a-
uThl (BHeceHHBIX B KKPK) B patione mpodwis i;

k,— mokazarenb pasHOOOpasus (KOJIMYECTBA) U
HAJIMYUS IPUPOIHBIX IKOCUCTEM IS TPOQHIIs 1;

[, — SKCHepTHAs OLEHKA CTETNEHW HapyIIEHHO-
CTH TEPPUTOPUU HA OCHOBE TOJICBBIX HAOIIOICHUH,
BKJIFOUAsl HAJIMYKME TPOII, JIOPOT, MECT OT/bIXa JIFO-
JIeii, JIeTHUX (pepM M 3aTOHOB IS JKHBOTHBIX, OBITO-
BOTO U MPOMBIIIIICHHOTO Mycopa y mpoduis i (1-5
0ayioB) 1 — BBICOKAst HAPYIIEHHOCTh, 5 — HU3Kasl,

p,— K03OOUIMEHT MPUPOTOOXPAHHOTO CTaTyca
tepputopun 1iist ipoduis i. Koapdummenr 1,1 s
oXpaHseMoii Teppuropu, 1,0 — 111 He OXpaHsieMOon
TEPPUTOPHH;

LS, — x05ppUIMEHT HAPYUIEHHOCTH 3KOCHCTE-
MBI H3-32 MACTOUIIHOTO CKOTOBOJICTBA, KOTOPOE
MOJKET MPUBOIUTH K JETpajallii TPUPOIHBIX OHO-
TOMoB Jytst ipoduiist 1. OLEeHUBaIK 110 HAOJIIOICHH-
SIM Ha MapuIpyTax, JaBaJIH SKCIIEPTHYIO OICHKY I10
npoduisim (10 — ckoT otcyTcTBYeT, 0 — OYEHB BEI-
COKasi HApYIIEHHOCTD);

DLS — ypoBeHb IJIOTHOCTH KPYIIHOTO POraToro
ckota (KPC/kB. kM) mist ipoduiIst i COTJIacHO JTaH-
HbIM BIOpo HallMOHANBbHOW CTATUCTUKH areHTCTBA
[0 CTPATerHYeCKOMY IIAHUPOBAHUIO U pedopmMam
PecrryOnmku Kazaxcran https://stat.gov.kz/ ;

H — KOJMYECTBO HACENCHHUS ThIC. Yesl. B 00J1a-
ctu uameTpoM 10 KM BOKPYT KaKA0TO PO i;

h,— IJIOTHOCTb HACENEHHUS Y/KB. KM B aJIMHHH-
CTPaTHBHOM paliOHE PaCIIOJIOKEHHS IPOQHIIS 1, CO-
[JIACHO JIaHHBIM BIOpO HAIMOHAIBLHOW CTATUCTUKH
areHTCTBa IO CTPATErMYECKOMY IUIAHHUPOBAHHUIO U
pedopmam Pecniyonuku Kaszaxcran https://stat.gov.
kz/,

AHanu3bl NPOBOJWINCH C HCIONb30BaHMEM R
4.4.1[17], c ucnonb30BaHKEM MMAaKeTOB «factoextray
[18], «tidyverse» [19] u «ggplot2» [20]. MsI uc-
MTOJTB30BAIM aHAIHM3 TJaBHBIX KommoHeHT (PCA)
JUIE  TIEPEMEHHBIX YeJIOBEYECKOro BO3JCHCTBHUS
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[21]. MBI ucnonp30Balid NEPBBIC BA TJIABHBIX KOM-
morenTa (PC1, PC2) B kadecTBe OOBSCHSIOMINX
MEPEMEHHBIX B 0000IIEHHBIX pe3yJIbTaTax.

MpI Takke UCIoib30Bau VHIEKC aHTPONIOreH-
HOW HapymeHHoctH (Anthropogenic Disturbance
Index, ADI) nio otaensHbiM mipoduisiM [22]:

ADI = 1 — [:ﬂz'_ﬂmi:lz)

[:ﬂ'mz'n - ﬂmﬂ.rj

rJie g, — 3HAYCHHWE MEPBOW ITIABHOW KOMIIOHCHTBI
(PC1) nnst mpopuist, @, —MUHUMANBHOE 3HAYECHHE
PCI mns Beex npodusieii a  —— MakCHMalbHOE 3Ha-
yerne PC1 mist Bcex npoduieit.

ADI pacuutsiBasica ot 1 10 2, 1 4eM HUXKE MO-
kazarenb HapymenHocTn ADI, Tem menee Hapy-
HIeHHast ¥ OoJiee MOTEHIMAIBHO IIEHHAS TEePPHUTO-
pust (1 — He HapylIeHHAs WK CJIad0 HapylleHHas,
2 — cuibHO HapymieHHas). PopMyria Y4YHTHIBaeT
CyMMapHBIH BKJIa/l K&KI0TO TapaMeTpa U MO3BOJIs-
€T OLIEHUTh TEKYIIIEE COCTOSTHUE TEPPUTOPHHU C TOU-
KU 3pEHUS €€ FKOJIOIMYECKON IEHHOCTU U CTENEHU
HapyIIEHHOCTH.

3. Pe3yabTaThl HCCICAOBAHUSA U UX 00CY:KIe-
HHe

CornacHo JUTepaTypHBIM UCTOYHHKAM [23-25]
W HalllUM COOCTBEHHBIM HAOIIOJICHHSM, B ITpeenax
Ka3aXCTaHCKOTO y4acTKa JOJUHBI p. MpThim u npu-
JIETAIOIINX TEPPUTOPHIA OOUTAeT 88 BHUIOB MIIEKO-
MUATAIONINX, OTHOCAIIUXCS K 6 oTpsimaM u 20 cemei-
ctBaM. Cpei HUX OTMEUEHBI 5 BUJIOB, BKIIFOUEHHBIX
B Kpacnyto xuury Pecnybmmku Kaszaxcran, 6 wH-
Ba3UBHBIX U 29 OXOTHHYBE-TIPOMBICTIOBBIX BH/IOB.
W3 obmiero ymncna BUIOB: 45 OTHOCSTCS K OTPSAY
I'pe3yHOB, 4 — K 3aiinieo0pazubiv, 4 — k Kurtomap-
HOKOTIBITHBIM, 15 — K XuIHbeM, 9 — K PyKOKpBUTBIM
u 11 BunoB — k HacexomosiaaeiM (pucyHok 2). B
2023 romy Ha 1ByX 00CII€IOBaHHBIX y4acTKaxX HAMH
ObUTH 3aUKCUPOBaHbI 17 BUIOB MIICKOITUTAIOIINX,
MpHUHAUIekKaIUX K 4 oTpagam, 9 cemelictBam u 15
pomam [11].

Hwxe yxazaHbl BUABI U OTPSAABI, BCTPEUAIOIIH-
ecst Ha YepHom Uprsiie u ITaBnogapckom Ipunp-
Thimbe [11], a Takke Ux yHKIHOHAIBHAS POJIb B
sKocucTeMe (Tabmuna 1, pucyHok 3).
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Pucynox 2 — Teprodayna mnoiimsl pekn Mptsim 1 BugoBoe cootHomenue (%)

OTpapbl:
1. Rodentia Bowdich, 1821 'pbi3yHbl

2. Lagomorpha Brandt, 1855 3aiiueo6pa3sHbie
3. Artiodactyla Owen, 1848 KutonapHoKonbITHble

4. Carnivora Bowdich, 1821 XuwiHble
5. Chiroptera Blummenbach, 1779 Pykokpbinbie
6. Eulipotyphila Waddell, Okada et Hasegawa, 1999 HacekoMosigHbie

13%

Tabémuna 1 — DKocuCTeMHBIE YCIIyTH, IPeJOCTaBIgeMble MICKOMHUTAIOIMMH 10InHbI pexu Upreim (knaccudukanus no Lacher et
al. [7]), cormacHo MaTepuazaM MHOTOTOMHOTO Tpyaa «Miekonuraromme Kazaxcrana» [26-34]. YenoBHble 0003Ha4YeHHs B TabIHIIE:
obnactb pacnpocrpanenust: «UM» — Yepnstit Upreim, «I111» — [TaBnonapckoe [puunpreimbe; Kareropus scrpedaemocts Buza: «M»
— MHOTOYHCIEHHBIH, «O» — 00bI4HbIH, «P» — penxuit, «3» — perynsapro 3axonsumii, «KKKPK» — 3anecennsiii B Kpacuyto kaury PK

HasBanue takcona

IIpenocrapnsieMbie 3KOCHCTEMHBIC YCITYTH
1 OMOLICHOTHYECKHE POJIH

Kareropus Buna

& | uobnactb pac-
! O 3 2| A 5 | mpocrpanenus
2=[Ez|g |g|Sg E|G]| & |
M S H | E|S 3 e
= | & S| o 3 ) [V =}
o Bl E 2| & m s |82 gl 7 a =
Ha JIATHHCKOM SI3BIKE HA PYCCKOM SI3BIKE | & 5| & © gz| 22 = E = g - .
A S| &9 [l = = [5) % m
SRIGE|E |S|gE §] & = | B
QB a ™ x| =
orpsx Rodentia Bowdich, 1821 — I'pe3yHs!
CewmeiictBo Sciuridae Fischer, 1817 — benuubu
. OOBIKHOBEHHAsI
Pteromys volans Linnaeus, 1758 + + + + 4 - P
nersira
. R O0OBIKHOBEHHAS.
Sciurus vulgaris Linnaeus, 1758 + + + + + 5 - O
Oenxa
Spermophilus erythrogenys KPacHOMIEKHIA N N n 3 ) 0
Brandt, 1841 CYCIHK
Spermophilus brevicauda Brandt, N
P P CpeIHUN CyCIuK + + + + 4 O -
1843
. JIMHHOXBOCTBIN
Urocitellus undulatus Pallas, 1778 A + + + 3 (0] -
CYCIIHK
Marmota bobak Miiller, 1776 CTEIHOU CypOK + + + 3 - o
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Ipooonscenue mabauywvl

IpemocraBisieMble 9KOCUCTEMHBIEC YCITYTH
HasBanue TakcoHa Kareropust Buja
1 GHOLIEHOTHYECKHE POITH
& | uobnacts pac-
1 q:) = o . =
2|8 = 2 o g = & £ S | mpocTpaHeHus
mgles| S| 2|38 8| 8] ¢
o RlE gl &r| v |® ol = § 5
Ha JIATHHCKOM SI3BIKE Ha PYCCKOM SI3bIKE | & E 8 o gzl |8 5 = = 2 - .
2 &2l ¢ E %
SR|ZE|S | S|2E E|E = | B
M A~ Q) X | B
CewmetictBo Gliridae Thomas, 1897 (1819) — ConeBbie
Dryomys nitedula Pallas, 1779 JIeCHasi COHSI | | + | | | | + 2 | P | -
CewmetictBo Castoridae Hemprich, 1820 — bo6poBsie
Castor fiber Linnaeus, 1758 eBporeickuii 600p | | | | | + | + 2 | - | (0]
CewmeiictBo Sminthidae Brandt, 1855 — MbIoBkoBbIe
Sicista subtilis Pallas, 1773 CTEIHas MBIIIOBKA + + + + 4 O
Sicista betulina Pallas, 1779 JIECHASI MBIIIIOBKA + + - P
CewmeiictBo Cardiocraniidae Vinogradov, 1925 — KapiukoBble TyIIKaHUMKI
Cardiocranius paradoxus Satunin, HﬂTHHaﬂHHy KKPK,
KapJIMKOBBIH + + 2 -
1903 P
TYIIKaHIHUK
. . JKUPHOXBOCTBIN
Salpingotus crassicauda . KKPK,
. + + |+ |+ -
Vinogradov, 1924 KpITAKOBBIH 4 P
TYIIKQaHIHUK
CewmeiictBo Dipodidae Fischer, 1817 — Tpexmasble TymKaHIUKH
Dipus sagitta Pallas, 1773 MOXTOHOTHH + + + 1 3 0 0
TYIIKQaHIHUK
Stylodipus telum Lichtenstein, OOBIKHOBEHHBII n n n 3 o i
1823 eMypaH4UuK
Cemeiicto Allactagidae Vinogradov, 1925 — [IaTunanbie TyImKaHIAKA
Allactaga major Kerr, 1792 Ooub o + + + | + 4 (0] (0]
TYIIKAaHIUK
A 1/ Lichtenstei
llactaga elater Lichtenstein, MBI TYMIKGHHK N N N 3 0 i
1825
Allactaga sibirica Forster, 1778 TYIIKAaHYUK-TIPHITYH + 4 P -
Pygeretmus pumilio Kerr, 1792 TapOaraH4nK P -
Pygeretmus platyurus Lichtenstein, |  TOJICTOXBOCTBI N N N 3 P
1823 TYLIKaHYUK
CewmeiictBo Cricetidae Fischer, 1817 — XomsikoBbIe
Phodopus roborovskii (Satunin, XOMSIUOK N N N N 4 KKPK,
1903) PoGoposckoro P
Phodopus sungorus Pallas, 1773 FDKYHTapCKHit + + + + 4 - P
XOMSTYOK
Cricetus cricetus Linnaeus, 1758 OOBIKHOBCHHEIi + + + + 4 P O
XOMSIK
Allocricetulus eversmanni Brandt, XOMSTUOK n n N N N n 6 ) o
1859 OBepcMaHHa
Allocricetulus curtatus Allen, 1925 MOHTOMIBCKHH + + + + 4 O -
XOMSTYIOK
6apab i
Cricetulus barabensis Pallas, 1773 apabuHCIIH + + + + 4 - P
XOMSTIOK
1 ] jus Pall
IC’;;%etulus migratorius Pallas, CepEIii XOMSTIOK N N R 4 ) P
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TIpooonacenue mabauyvl

TIpenocrapiseMble SKOCHCTEMHBIC YCIyTH
HasBanue Takcona Kareropus Buga
1 OMOLICHOTHYECKHUE POITH
& | uobnactsb pac-
! 4 g 2 A o MIPOCTPaHEHHS
2=Exz|8 |2|Eg El5| & [
[ 2 =® H = & [8) o o
o E|EZ| 82| B 5o g = 2
Ha JIATHHCKOM SI3bIKC HA PYCCKOM si3bIKE | & G| 8 © Sz| 52 5 E g r:%) - .
El & o %
SRIEEIET|S |28 5|2 = | R
2 & T|F &5 x| E
Ondatra zibethicus Linnaeus, 1766 OHZaTpa + + + O o
Myodes rutilus Pallas, 1779 KpacHas MmoJa¢BKa + 2 - o
Alticola strelzowi Kastschenko, TUIOCKOYEpenHas N . N n 4 . p
1899 MoJIEBKA
Ellobius tancrei Blasius, 1884 poctoanai + + + + 4 - (0]
CIICTTYIIOHKA
Lagurus lagurus Pallas, 1773 CTeIMHas MecTpymka | + + + + + 5 P P
. KKPK,
Eolagurus luteus Eversmann, 1840 | x&nras nmectpymka + + + + 4 P -
Arvi ibius Li .
rvicola amphibius Linnaeus, S —— N N N 3 0 0
1758
Microtus gregalis Pallas, 1779 y3ioticpetiHad + + + + 4 P M
nonéeska
Microtus oeconomus Pallas, 1776 MOJIEBKA-DKOHOMKA + + + 3 (0] (0]
. . o0IIecTBeHHA:
Microtus socialis Pallas, 1773 HHeCTDeHHat + + + + 4 - P
nonéBka
. . OOBIKHOBEHHAs 110-
Microtus arvalis Pallas, 1778 PIKHOBCHHAA T + + + 3 O o
nEBKa
Microtus rossiaemeridionalis BOCTOYHOEBPOIICH-
+ + + 3 - P
Ognev, 1924 CKasl MMOJIeBKa
CemeiictBo Muridae — MpIuHbIe
Micromys minutus Pallas, 1771 MBIIIb-MaJIFOTKa + + 4 P P
Apodemus uralensis Pallas, 1811 MaJias J€CHas MEIIIb + + + 5 M M
Apodemus agrarius Pallas, 1771 T0JIeBas MBIIITh + + 4 O M
Mus musculus Linnaeus, 1758 JIOMOBAs! MbILIb + + 2 O M
R icus Berkenh
attus norvegicus Berkenhout, cepas Kpbica " 4 4 " 4 0 M
1769
Meriones tamariscinus Pallas, TaMapuCKOBast N N N + |+ 5 0 )
1773 MecyaHka
Meriones meridianus Pallas, 1773 floyAcHHaA + + + + 4 O -
necyaHka
Otpsx Lagomorpha Brandt, 1855 — 3aiinieobpa3nbie
CewmeiictBo Ochotonidae Thomas, 1897 — [Tuuryxossie
. anas (CTenHa
Ochotona pusilla Pallas, 1769 masas (crenas) + + + 3 o o
MHIyXa
CewmeiictBo Leporidae Brandt, 1855 — 3aitneoOpasHsie
Lepus timidus Linnaeus, 1758 3as11] OersIK + + 2 o o
Lepus europaeus Pallas, 1778 3asiIl pycak + + + 3 - o
Lepus tolai Linnaeus, 1758 3as1] ToJIai + + 2 O -
Ortpsin Cetartiodactyla Montgelard et al., 1997 — KutonapHOKOIBITHBIC
CewmeiictBo Bovidae Gray, 1821 — ITomoporue
Saiga tatarica Linnaeus, 1766 caifrax | | | | | | | + | 1 | - | M
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Ipooonscenue mabauywvl

IpenocrapisieMble SKOCHCTEMHbIC YCIyTH
HazBanue TakcoHa Kareropust Bua
U OHOLICHOTHYECKHUE POITH 6
. . E’ n obJacTh pac-
g - % = 2 o | € = é é S MPOCTPaHEHUs
238 Hx| E|Z 8 2 S o
o & EZ| Al 5 |8aol 2 = 5
Ha JIATHHCKOM SI3bIKE HapyccKoMsBbIKe | 8 5|8 O S E| 5 |8 5| = = 3
HEHEEEE I IR
= = o |g
2 |&7|F EE 2| &
CewmeiictBo Suidae Gray, 1821 — CBuHbIe
Sus scrofa Linnaeus, 1758 KabaH | | | + | | + | + | 3 | (0] | (0]
CewmetictBo Cervidae Goldfuss, 1820 — Onenbpu
Capreolus pygargus Pallas, 1771 cuOUpCKas KOCyJIst 1 M M
Alces alces Linnaeus, 1758 CBPOICUCKUIT JIOCh 1 - P
Otpsa Carnivora Bowdich, 1821 — Xurinsie
CewmeiictBo Canidae Fischer, 1817 — I1coBsie
Canis lupus Linnaeus, 1758 BOJIK + + 2 P (0]
i\%}}ciereutes procyonoides Gray, eHOTOBHHAA coaka | + " " 3 ) P
Vulpes corsac Linnaeus, 1768 KOpcak + + 2 P P
Vulpes vulpes Linnaeus, 1758 OOBIKHOBEHHA + + 2 0 0
JMCHIIA
CewmeiictBo Mustelidae Fischer, 1817 — Kynbu
Martes martes Linnaeus, 1758 JieCHast KyHUIIa + + + 3 - KK(I)) K,
Gulo gulo Linnaeus, 1758 pocomaxa + 1 P,3 -
Meles leucurus Hodgson, 1847 azmarckuii 6apcyk + + + 3 (0] M
Mustela altaica Pallas, 1811 COJIOHTOM + + 2 P -
Mustela nivalis Linnaeus, 1766 Jlacka + + 2 P P
Mustela erminea Linnaeus, 1758 ropHocTai + + 2 P P
Mustela eversmanii Lesson, 1827 CTETHOH XOpb + + 2 (0] (6]
Neogale vison Schreber, 1777 aMepHKaHCKast Hopka | + + 2 (0] P
Lutra lutra Linnaeus, 1758 BBIIIpa + 1 (0] -
CewmetictBo Felidae Fischer, 1817 — Kommaubu
Lynx lynx Linnaeus, 1758 OOBIKHOBEHHAS PBICH | + - P, 3
Felis lybica Forster, 1780 CTEIHAas KOLIKa + + P -
Ortpsin Chiroptera Blummenbach, 1779 — Pyxokpsuisie
CewmetictBo Vespertilionidae Gray, 1821 — I'magxonocsie
Myotis dasycneme Boie, 1825 Npy/A0Bas HOYHHIA + 1 - P
Myotis daubentonii Kuhl, 1817 BOJISIHAsT HOYHUI[A 2 O -
Mpyotis mystacinus Kuhl, 1817 ycarasi HOYHHUIIa 2 - (0]
Plecotus auritus Linnaeus, 1758 Oypblii yiiau 2 (0] (0]
Plecotus austriacus J. Fischer, cepbiii yman N N 5 ) 0
1829
Nyctalus noctula Schreber, 1774 pBDKast BeyepHHLA + + 2 (0] (0]
Vespertilio murinus Linnaeus, .
JIByXLIBETHBIN KOYKaH + 1 P -
1758
Eptesicus serotinus Schreber, 1774 MMO3HUI KOXKaH + 1 - (0]
gll);‘;slllzui gz;l;sonn Keyserling and CEBEPHBII KOXKAHOK + 1 - (¢}
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TIpooonacenue mabauyvl

TIpemocrapisieMble Y5KOCHCTEMHBIC YCITyTH
HasBanue Takcona Kareropus Bua
1 OHOIIEHOTUYECKHE POITH
& | uobnactsb pac-
g - % =2 o § 5 é é § MPOCTPaHEHH s
[ 2 =® H = & [8) o o
o B|EZ| 84| 5 |2al §| E| §
Ha JIATHHCKOM SI3BbIKE HA PYCCKOM f3bIKE | & E 8o Sz| 52 5 E 'g é} - .
o O
ER|SE 251528 2| 2 5| B
B2 & T|F Q) X | =
Otpsz Eulipotyphila Waddell, Okada et Hasegawa, 1999 — HacexomosiiabIe
CewmeiictBo Erinaceidae Fischer, 1814 — ExxoBbie
Erinaceus roumanicus Barrett- .
+ + + -
Hamilton, 1900 TOPRHBIIL &2 3 O
Hemiechinus auritus Gmelin, 1770 YIIACTHIH &X + + 2 O M
Cewmeiicto Soricidae Gregory, 1910 — 3emiepoiikoBsie
Crocidura suaveolens Pallas, 1811 Masias 6erno3yoka + + 2 O O
Crocidura sibirica Dukelsky, 1930 cubupexas + + 2 O -
Oerto3yOka
Neomys fodiens Pennant, 1771 OBpIKHOBCHHA + + 2 - o
KyTOpa
Sorex araneus Linnaeus, 1758 OOpIKHOBEHHAA + + + 3 - P
Oypo3yOka
Sorex tundrensis Kerr, 1792 Oyposyba + + 2 - O
TYHIpsIHAsS
Sorex caecutiens Laxmann, 1785 | cpennsist OyposyOka | + + 2 - P
Sorex daphaenodon Thomas, 1907 KpynHosyGas + + 2 - O
OypozyOka
Sorex minutissimus Zimmermann, KpOIIeqHast n N ) ) 0
1780 OyposyOka
Sorex minutus Linnaeus, 1766 Maas Oypo3yOka + + 2 - o
BCEI'O 35 | 49 3 11 | 40 | 55| 53 | 246

E

g 0%
o
E 80%
S5 Mm%
25 0%
£E

5§ W
)
E 0%
g %
g

= 0%
s 0%
g

0TPAAbI MAEHONHTAHULHX

H TpaBoAmHOCTL

= XHIHWYECTBO

B onbineHue

¥ nnojopoau1e nousbl

B DacnpocTpaHenue
CeMSH

= Gopbla c
BPEOMTENAMM

= 3KoCUCTEMHaS
MHAHHEPUA

PﬂcyHOK 3- HpOHeHTHOC COOTHOLICHUE S5KOCUCTEMHBIX YCIYT IO OTPpAAaM MIICKOITUTAIOIIUX
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CormacHo aHanu3y AaHHBIX (PUCYHOK 3), TIO
TpougeckoMy ypoBHIO, 39,8% MIIEKONUTAIOMINX
MUTAIOTCS TIPEUMYIIIECTBEHHO )KUBOTHBIMU KOpMa-
MU, 37,5% — pacTUTENBHBIMH, a B PALIHOHE OCTaJIb-
HBIX 22,7% NpUCYTCTBYIOT KaK PaCTUTENbHBIC, TaK
1 KUBOTHBIE KopMa. Kak skocucremHas yciyra,
XHMITHUYECTBO Mpeobdnanano y Pykokpbuibix, Xumi-
HbIX 1 Hacexomosimabx (64%, 48% 1 46% u3 100%
OKa3bIBAE€MbIX WMH YCIYI, COOTBETCTBEHHO), JIS
KOTOPBIX TPaBOSTHOCTh HE XapakrepHa. IIpoTuBo-
TIOJIOKHAs cUTyarust oOHapyxeHa y Kurtomapao-
KOIBITHBIX M 3ai1ie00pa3HbIX (MpeaoCTaBlIIeMbIC
ycIyru 1o TpaBosqHocTH — 60; u 40% wu3 oOriei
JIOTN YCIIYT, COOTBETCTBEHHO). Y ['phI3yHOB, cpean
KOTOPBIX UMEETCs OONBIII0E KOJTUYECTBO BCESTHBIX
BHJIOB, 10JIs1 TPABOSIAHOCTU COCTAaBUII 28%, XUILIHU-
yectBa — 12%.

['pBI3yHBI WrpaloT HanboJee 3aMETHYIO POJIb B
pacnpocTpaHeHUH ceMsH U onbuieHuu (27% u 6,8%
n3 100% oxa3biBaeMbIX UMM yciyr). B menbuiei
CTETeHN TPEJO0CTaBICHNE YCIYr'H AHMCIIEPCUU Ce-
MSIH XapakTepHO i 3alIeo0pa3HbIX U XHUITHBIX
(20% u 10%, COOTBETCTBEHHO).

HacexkomosiiHble OTpeOIIsiIoT OoJIbIe BCEro
(46%) Bpenutenedt (Kyku, capaHuya 4 T.J.), Jajiee
Xumiaple U Pykokpeutbie (42% u 36%, cooTBeT-
ctBeHHO). Cpeau ['phI3yHOB posib yciryru o 6opbsoe
¢ BpenuTenssMu Hu3ka (Bcero 4%), y 3aiinieo0pas-
HbIX M KUTONapHOKONBITHBIX HMMEET CIIy4alHbIN
Xapakrep.

VYenyra mo yiydlieHWIO MIOAOPOJAUSI TTOYBEI,
COTJIaCHO aHanmm3y, npeoOmamaer y Kuromapao-
KOMBITHBRIX (20% W3 WX yciyr) U HEe3HAUUTEIbHA Y
I'pezynoB (1%). [Ipu 3TOM, HaZO YUHUTHIBATH, YTO

yciyra oOecreueHus IUI00POIUsSl TIOYBBI, TTOMH-
MO ee aKTHBHOM a’palini, KOTOPYI0 00ecreunBaroT
TaKue BUJBI, KAaK BOCTOYHAS CIICMYIIOHKA U KabaH,
OKa3bIBAOT a0COJIFOTHO BCE BUJIBI, SBJISSICH YaCThIO
TPOPUICCKON THpaMHUIBI (IIUKIT OOMEHa BEIIECTB U
SHEPIHH).

VYcayru mo 3KOCHCTEMHON WH)KEHEPUH OTMe-
qyaeTcs y BceX 3aileoOpasHbIX (BCIENCTBHE YEro,
yka3piBaeTcs Kak 40% U3 BCEX OKa3bIBAEMBIX UMU
YCIyT), y psAla TPBI3yHOB U KOMBITHBHIX (110 20%).
Y HacexomosiiHbIX 3Ta QyHKIMA oT™MedaeTcs y 8%
WX BHUJIOB.

Caiirak — pacTUTEIbHOSAHBIN BUI, BEIyIIHi
KOYeBO# 00pa3 XU3HU, — UTPAET BAXKHYIO POJb B
ouonenosax [IpuupTHIIBS, CIIOCOOCTBYS TIOBBIIIIE-
HUIO MPOAYKTHBHOCTH 3KocucTeM. C yd4éTom ero
BBICOKOW SKOHOMMYECKOH U 3KOJOTMYECKOH 3Ha-
YUMOCTH, a TaKKe OMOJIOTHYECKUX 0COOCHHOCTEH
(mampHUE MHUTpAINH, TOCTOSIHHAS CMEHA MECT 00H-
TaHWA Ha TEPPUTOPHUH Pa3HBIX A IMUHUCTPATUBHBIX
paiionoB u obGuacteil [IpuUPTHIIBS), OLEHKY KO-
CHUCTEMHBIX YCIYT U DKOHOMHYECKOI'O 3HAYCHUS
caiiraka HEOOXOAMMO MPOBOIUTH OTAENIbHO. [Ipu
9TOM CIIeyeT YUYUTHIBATH AaHTPOIIOTEHHBIC (PaKTO-
pBI, BKJIOYAs BIMSHUE JIMHEWHOH WH(MPaCTPYKTY-
PBI, KOTOpasi MOKET TPEMSITCTBOBATh MUTPAIHSIM
BH/JIA.

B 1ienom, BBICOKHI MMOKa3aTeNb OKa3bIBAEMBIX
YCIIYT y HEKOTOPBIX OoTpsinoB (PucyHok 3) mompas-
YMEBAeT HE CTOJIbKO 3HAYUMOCTh 3TUX BHJOB JUIS
oOecriedeHus! ONpeeICHHON YCIIyTH, CKOJIBKO yKa-
3BIBAET HA YaCTOTY BCTPEUAEMOCTH JTOH YCIIyTH B
oTIpeJieIeHHOM OTpsje. Bximan oTpsaoB B 9KocH-
CTEMHBIE YCIIYTH MIPEJICTaBJICH B Ta0wuIe 2.

Taéamua 2 — Bruiax oTpsoB MICKOITUTAIONIMX B obecriedeHne dKocucTeMusIx yeuyr (%), raie BB — 6opsba ¢ Bpeautensmu, PC
— pacrpocrtpanenue cemsid, OIII — obecnieuenue ronopoaus moussl, O — onbuieHue, U — sKOCUCTEMHAS HHKESHEPHsI, X — XHUIII-

HUYECTBO, T — TPABOSIIHOCTH

OTtpsiabl BB PC TIIT O DU X T
['peyHbI (n = 45) 17 90 67 100 82,5 36,35 86,5
Baiirieobpasnbie (n = 4) 4 0 0 10 0 7,7
KuronapHokonsITHEIE (0 = 4) 0 33 0 2,5 0 7,7
Xwumasie (n = 15) 37 6 0 0 27,3 0
Pyxoxpeuisie (n =9) 14,5 0 0 0 16,35 0
Hacexomosimasie (n = 11) 31,5 0 0 5 20 0
Bcero 100 100 100 100 100 100 100

Pesynbprarel aHanmm3a mokasaju, YTO MIIEKOIH-
Taomuye, obduTaronue B OacceifHe pekw MpTeim,
00eCIeunBaroT B COBOKYITHOCTH 246 3KOCUCTEMHBIX
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yenyr. Hanbonpmas 101 o 4acToTe NposBICHUS
9KOCUCTEMHBIX (DYHKUMH NPUHAAICKUT [ prI3yHaM,
Ha JIOJII0 KOTOPBIX Mpuxoautcs 65,4%.
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B T0 e BpeMsi KiTtOueBbIe SKOCUCTEMHBIE YCITyTH,
TaKHUe KaK PeryJisiiiys YHCIICHHOCTH BPE/UTEIICH U TOJI-
JIeprKaHKe 37I0POBbsI IMKMX )KUBOTHBIX M YeJIOBEKa, TIPe-
MMYILIECTBEHHO OOECTICYNBAIOTCS IPEICTABUTEIISIMU OT-
psinoB Xumiaslie (37%) n Hacexomosimabie (31,5%).

PGFYJISIHI/IH miogopoarda I10O4YB, KPUTHUYCCKH
B2XHOTO DJIEMEHTAa CTAOMIBHOCTH 3KOCHUCTEM, B
3HauuTenpHOU creneHu (33%) cBs3aHa C JesTeNb-
HOCTBIO KI/ITOHapHOKOHBITHI)IX.

Takum 00pa3oM, MOXKHO 3aKIIOYHTh, YTO pa3-
JUYHBIE OTPSJBl MIICKOIHUTAIOIINX BBITIOIHSIOT
B3aMMOJIOTIONHSONME (YHKIMU, B COBOKYITHO-
CTH CIIOCOOCTBYS TOJIICPKAHUIO YCTOHYUBOCTH U
(GYHKIIMOHATLHOMN 1IEJIOCTHOCTH KOCHCTEM.

Oyenka IKOHOMUYECKO20 3HAYEHUs] OXOMMHU-
UbUX U PEOKUX U008 MAEKONUMAIOUWUX Oaccelina p.
Hpmonu

OneHka SKOHOMUYECKOTO 3HAYCHUSI OXOTHU-
YbUX W PEIKUX BUIOB MIECKONUTAIONINX Ba)KHA
JUIS pallMOHAIBLHOTO YIIPABICHUS TEPPUTOPHUSIMHU
U MPUHSTHS yIPABICHYSCKUX pelieHuii. B nanb-
HellmeM OHa MOXeT OBITh HCIOJh30BaHA KakK
0asza i pacyera ymepOOB NPU U3BIATHU TEP-
pUTOpUE IS XO3SIUCTBEHHOTO HCIOJIb30BAHHS
B MHTEpecax MPOMBIINUIEHHOCTH, TPAHCIIOPTa H
T.1. JlaHHBIE IS pacueTa U HUTOTOBBIC CYMMBI
pacdeTa Ha OJHY ThICAYY T'eKTap MPUBEICHBI B
Tabnuue 3.

Tadauua 3 — PacueT cTOMMOCTH OXOTHUYBUX U PEAKUX BUIOB MiiekonuTaromux Ha 1000 ra nns YepHo-

ro Uptsiia u [TaBnogapckoro [TpuupThiiiibs

Pasmeps1 Bo3merieHus Bpena [InotHoCcTh Ha 1000 ra
Bun (rpynmna BunoB) B MECSIYHBIX PACUETHBIX
MoKasaressx (3a KakaIyio 0co0b) am [l

1 2 3 4
benka 0ObIKHOBEHHAsT 5 - 20
Peunotii 600p 15 - 0,34
Onparpa 5 20 30
Cypok (0aitbak) 10 - 10
Cycnuk (KpacHOIIEKHUH, CpeIHUMA, JTMHHOXBOCTHII) 5 200 250
3aiirel (Oensk, pycak, Tonaii) 5 10 16
Kopcax 5
JIucuna 5 4 4
EHoToBHHAs cobaka 10 - 0,5
bapcyk azuarckuit 10 5 3,5
Briipa ceBepHas 10 0,1 -
AMepuKaHcKas HOpKa 10 0,3 0,2
Jlecnas xyHuuna 200 - 0,6
Jlacka 10 1,2 1,2
CoJoHroi 5 0.9 -
CremHOI XOpeK 5 1,8 1,8
Jlecnas xomka 5 0,1 -
Kaban 250 3 1,2
Kocysst cubupckast 250 15 15
Jlocw 500 - 0,05
Jlpyrue BUJIbI MIIEKOIIMTAIOMINX, BHeceHHbIe B KpacHyro kaury Pecrry6nukn Kazaxcran
[IaTHnanbiii KapIUKOBBIN TyIIKAaHYUK 100 0,05 -
KupHOXBOCTBIN KapIUKOBBIM TyIIKaHYUK 100 0,05 -
Xomstuok Po6opoBckoro 100 0,1 -
JKénras mectpymika 100 0,1 -
Hroro MPII 1000 ra: 5968,1 5785,0
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CornacHO BBITIOJTHGHHOMY HaMHU pacyeTy, yc-
JIOBHAsE CTOMMOCTh OXOTHHYBUX W PEIKHX BHJIOB
MJICKOIIUTAIOIIMX HA JBYX MCCICIYEMbIX ydacTKax
OKa3ajach CXOJHOH, HE CMOTpS Ha Pa3lIUYHBIA CO-
ctaB ux ¢ayH. s YepHoro Upterma 5785%3692 =
21 358 220 tenre, qnsa [laBnogapckoro Ipuuptei-
kst 5968, 1 MPIT1*3692 tenre = 22 034 225 Tenre.
OTH pe3yibTaThl MOKA3hIBAIOT BHICOKYIO IKOHOMHU-

YECKYIO0 3HAUUMOCTh BCEU MPOTSXKEHHOCTH MOWMBI
p. Uptein B Kazaxcrane.

Tokazamenu anmponoeenHou HapyUeHHOCMU U
buopasroobpasus 08yx yuacmkog p. Upmuoliu

JIsi OlLIEHKH aHTPOMOICHHOW HapYIICHHOCTH
MBI pPACCUMTAIA TPHUBEICHHBIC HWXKE DKOJIOTHYC-
ckue mapameTpsl (Tabmuma 4).

Taéauua 4 — [Tokazareny aHTPOIOTEHHOM HAPYLIEHHOCTH U Oropa3noobpasust 7 npodusiei p. UpTei

[Ipoduns
DKOJI0rn4ecKue napaMeTpsl un 111

1 2 3 4 5 6 7
E;)Iil/l:;C;zl())mclf;f;?bi;KI/BHeI[eSITeIILHOCTI/I MJICKOTTUTAIOIIHX 27 1.4 23 1.0 17 14 13
Bcero BeTpeueno Bujios (n,) 9 6 14 9 8 13 9
VIan€HHOCTh OT HACETEHHBIX IyHKTOB, KM (d.) 4,7 2.3 12 42 42 1,6 1,0
KommuecTBo pekux BuaoB Miaekoruraromux () 4 4 2 1 0 1 1
KomaecTso mpupoaubix 6uoronos (k) 5 5 5 4 4 4 5
OKcnepTHas oueHka HapymeHHocTH (1) 4 3 3 2 2 2 3
Koa¢uiment npuponooxpanHoro craryca (p,) 1,0 1,0 1,0 1,0 1,1 1,1 1,1
Koa(punment mapymennoctu u3-3a Beimaca ckora (LS)) 3 6 2 6 5 3 2
ITnotnocTh KPC/kB. kM (DLS)) 4,50 4,50 4,50 3,87 4,58 6,7 3,89
E\(;II(I;I_E)eCTBO HAceJeHHs ThIC. 4Yel. B obnactu quamerpom 10 15 1.5 0 124 52 9.1 62
[notroCTS Hacenenus 4/kB.kM (h,) 1,74 1,74 1,74 0,97 0,88 2,50 1,82

B pesynbpTare mpoBeneHHOTO aHalM3a TIIaBHBIX
KOMITOHEHT OIPEJICJICHO, YTO YacTh (PaKTOPOB OKa-
3bIBAIOT BJIMSIHUE HAa AHTPOIIOTCHHYIO HapyIICH-
HOCTh B noiiMe pexu Upteim (PucyHok 4).

Haubonee 3HaunMBbIe TIepeMEHHBIC, BIHSIONIHE
na PC1, sxmovaror n, [, k, b, H, m, p,u LS. U3
ATHX MEPEMEHHBIX 3HAYUTEIBHBIN OTPHUIIATEIbHBINH
Brian BHocAT n, (-0.402), [, (-0.382), k, (-0.371),
b, (-0.357), m, (- 0. 306) u d, ( -0.250). Takue nepe-
MeHHLIe, KaK pi U LS, MMEIOT TOJI0KHUTETBHBIE KO-
s umuentst (0,237 u 0,214, COOTBETCTBEHHO), a
H,(0,377) BHOCUT 3HAYUTEIbHBIN MOJIOKHUTEIBHBIN
Bknaa. Takum oOpas3om, cpeau BCeX pacCMOTPEH-
HBIX OJKOJIOTUYECKUX TMapaMeTpoB, Ha HapyIICH-
HOCTB OTIPEJICIIEHHOTO MPOQHIISI HETATHBHO BIHSIOT
Takue (aKTOphl, KAK KOJIUYECTBO HAceleHUs (ThIC.
geir.) B obiacTu quaMeTpoM 10 KM BOKPYT KasKIIOTO
npoduist (H,), OTCyTCTBHE IPUPOJTOOXPAHHOTO CTa-
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Tyca TEPPUTOPHUH JUIsl TPOGHUIs (p,) B COCTOSHUE U
HapyIIEHHOCTh OMOTONA TIPH MMaCTOUIITHOM CKOTO-
BojcTBe (LS). Takue (akTophl, Kak BHICOKUH ypo-
BEeHb OMOpPa3HOOOpa3us U pazHOOOpa3ue MIIEKOIH-
TAIONNX B PErHOHE, CIOCOOCTBYIOT MOIICPKAHHIO
LIEJIOCTHOCTH 9KOCUCTEMBI NOWMBI peku WpThim u
MOTYT CITOCOOCTBOBATh CHIDKEHUIO aHTPOIIOTEHHOM
HapyIIEHHOCTH.

Ha ocHOBe 1aHHBIX [TApAMETPOB M aHAJIM3A [J1aB-
HbIX KOMTIOHEHT (Tabnuia A.1) MBI paccuuTaly Mo-
kazatenb ADI st cemu npodmeii (Pucynox 5).

Wunexc ADI nepBoix Tpex npoduieit (ITpodu-
ma 1, 2 u 3) YN cpaBauTensHo HU30K (1,0240,09;
1,43+0,13; 140,09, coorBercTBeHHO). [lo cpaBHe-
HUIO ¢ 9TUMH 3HaueHusMu, npodumu [T (ITpo-
¢unm 4, 5, 6 u 7) uMmeroT Oosiee BHICOKUE WHJICK-
cbl HapymenHocTd (2+0,18; 1.89+0,17; 1.91+0,18;
1.57£0,14; cOOTBETCTBEHHO).
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Pucynox 4 — I'pa¢uxu ananusa rmaBHeIx koMnoHeHT (PC1, PC2) sxonorndeckux mapameTpoB
U MX BAMAHUE Ha mpoduay B noiime MpTeima.
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Pucynok 5 — I'paduk 3Ha4eHNI HHIEKCAa aHTPONOreHHOH HapyuieHHocTH (ADI),
U1 ceMu nipoduiieit B motime p. UpToim

CornacHo unaekcam ADI, HanMeHbIIass Ha-
PYLWIEHHOCTh 1O Bceil 00JacTH HCCIeAOBaHUS
ykassiBaercs s npoduineit 1 u 3. [podwns 2,
pacnoyioxkeHHbI y 1. bopan uMeeTr HauBbICciIEee
3Hauenne ADI nns yuactka UM, 49To cBsizaHo ¢
€ro pacroJIOKeHUEM y HaceJIeHHOro MyHKTa. B
III1 HaumeHblIEd HAPYUIEHHOCTHIO OTJMYAET-
csa 7 npoduns y . XKenesunka, a HaubosbIICH
— 4. Pe3ynpTaThl noka3eiBaroT, uro YU, pacno-
JIO)KEHHBIA y rpaHullbl ¢ Kuraem, umeer MeHb-
IIyI0 HAPYUIEHHOCTh U OCBOEHHOCTD YEJIOBEKOM,
HE CMOTpS Ha OTCYTCTBHE IMPUPOJOOXPAHHOTO
cratyca. I1II ocBO€HO U 3aceneHO 4eJ0BEKOM B
OoubIIel CTENeHu, 37A€Ch U BBINIE MO TEUECHUIO

pPacroaoXeHo OO0bIIOe KOJIMYECTBO IIPOMBIII-
JICHHBIX NPEANPHUATHNH M HACEICHHBIX IMYHKTOB,
YTO JOJIKHO YYUTBHIBATHCS MPHU MPUPOAOIIOTH30-
BaHUHU U pa3pabOTKe HMPUPOLOOXPAHHBIX MEPO-
NPUATHUI.

Taxkum 00pa3om, cOrinacHO MPOBEICHHBIM pac-
geTaMm, cpemHmid mokaszarens ADI mrs mpodummeit
Uepnoro Upteima 3nauntensHo Huwke (1.15+0,1),
yem jis [aBomapckoro [punpteimss (1,84+0,17).
[Ipoduns 3 mMeeT HaMMEHBIIYIO HApPYIICHHOCTH
UL IByX 0OCJeNOBaHHBIX HaMU Y4acTKoB. Ero
MO’KHO CUHMTATh ATAJIOHHBIM M OJHUM M3 HanOoJjee
3HAYUMBIX IS COXPaHCHHS OMOpasHOOOpasws J0-
muHb! p. UpTteim B Kazaxcrane.
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3akioueHne

HccnenoBanne 5KOCHUCTEMHBIX YCIYT, IMPENo-
CTaBJIIEMBIX MJIEKONHUTAIOMIMMH, a TaKXKe OlLleHKa
WX SKOHOMHYECKOTO 3HAYCHUS HEOOXOIUMBI IS
TToA/Iep KaHus  OJIArOTIPUATHON Cpelbl OOWUTaHUS
JUTST Y€JIOBEKA M JTUKHUX JKMBOTHBIX U JTAbHEUIIIETO
passutus Ceepo-Boctounoro Kazaxcrana. [lo Ha-
CTOAIIETO BPEMEHH HE OBUIO MPENNPUHATO MOIIbI-
TOK KOJIMYECTBCHHO OIICHUTH 3P(EKT OT ACsTeIb-
HOCTH KOMILIEKCA MJICKOIUTAIOIIUX B MOKME PEeKU
WpThIIT B 5KOCHCTEMHOM acTIeKTe.

OCHOBHOI1 1IeNbI0 Hallleil paboThl OBLIO paciiu-
PUTH UMEIOLINECS 3HAHUS O SKOCUCTEMHOM POIH U
SKOHOMHUYECKOM 3HAYEHWH MIIEKOMUTAIOMNX Ka-
3aXCTaHCKOW yacTh p. Mpreim. B pamkax 1aHHOTO
WCCIICIOBAHUS OBUIM PACCYMTAaHbI YKOHOMUYECKHE
MTOKA3aTeNr, OTPAKAIOIINE 3HAYCHHE OXOTHHYBUX
U PEIKUX BHJOB MIICKOMUTAIONINX, OOUTAIONINX B
Oacceiine pexu WpTtoim. Takxke npoBeseHa cpaBHU-
TeNbHAs OIEHKAa CTETIeHW HAPYIIEHHOCTU I10 CEeMH
pouIIsiM, pABHOMEPHO pacrpeieIeHHBIM Ha JIByX
HCCIEAYEMBIX yUacTKaxX.

AKTyanbHOCTh JaHHBIX HCCIICIOBAaHUN 00Y-
CIIOBIICHA pacTyllell HEOOXOIMMOCTHIO B COXpaHe-
HUMA U PalUOHAIBHOM YHOPABICHUU IPUPOJHBIMU
pecypcaMu oMbl pexku VpThilil, yYUTHIBas €€ BbI-
COKUU TypPUCTUYECKHUN, TPAHCIIOPTHBIM U IPOMBIIII-
JIGHHBIM MOTEHIUA.

[IpencraBnsemMoe nccieq0BaHNE SIBISETCS TIEp-
BOI MOMBITKOW OIEHKU 3KOCUCTEMHBIX YCIIyT, 00e-
CIICYMBACMBIX MJICKOMHUTAIOMIMMHU JAHHOTO PEruo-
Ha. [To pe3ynbraram aHaiv3a yCTaHOBJIEHO, U4TO 88
BUJIOB MJICKOITUTAIOIIHNX, O0UTAONUX B moiime Up-
TBIIIA, BEITOJHSAIOT 246 HSKOCUCTEMHBIX YCIYT.

HanGonpmuii BKIIa B MpeOCTaBICHNE TaKUX
yCIIyT, KaK OMNBIJICHHUE, JUCTIEPCHs U XpaHEHHUe ce-
MSIH ¥ DKOCUCTEMHAasi WMHXKEHEPHUsl, MPUHAJICKUT
npencraButensM otpsana ['penyHoB (65,4%), dTo
CBSI3aHO C WX YHUCIEHHBIM TNpeobiajlaHheM B HC-
cienyeMoil Tepputopun. Xumnsle 1 Hacexomosia-
HbIe 00ECTeunBaIOT KOHTPOJIb YHCICHHOCTH Bpe-
nutenei u 3nopoBbe momyssinuid (37% u 31,5%
COOTBETCTBEHHO), a KUTONapHOKOMBITHBIE BHOCST

HauOONBIINI BKIIAJ B PEryJIHPOBAHHUE TLIOIOPO-
nust ouBbl (33%). C y4eToM BBICOKOH AKOJIOTH-
YECKOM M 3KOHOMMYECKON 3HAYMMOCTH cailraka u
€ro yA3BUMOCTH K aHTPOIIOI€HHOMY BO3JCUCTBHUIO,
0COOCHHO OT JIMHEHHON MH(PACTPYKTYPHI, OIICHKY
€ro 9KOCHCTEMHBIX YCIyT CIeAyeT MPOBOIUTH OT-
JIeIbHO. XUIIHbIC MICKOTUTAIOIINE KOHTPOIUPYIOT
YUCJIICHHOCTh ’KMBOTHBIX U PACIPOCTPAHSIOT CEMe-
Ha. Pykokpbuible u HacexkomosiiHblE OKa3bIBaIOT
yciyru 1o 0ope0e ¢ Bpeautensmu. Cpeau MIIeKo-
MMATAIONINX, 3HAYUTCIBHBIN BKIIAJl BHOCAT OOOPHI,
KaK YKOCHCTEMHBIE HHKEHEPHI, U3MCHSIIONTUE CPETY
oOuTaHMs 11 MIICKOTIUTAIOIIUX, PHIO U BOJIOTIIaBa-
FOILMX NTUL, HO MOT'YT BbI3BaTh 3aTOIJICHUE JIECOB,
XO3SIICTBEHHBIX OOBEKTOB U CEJILCKOXO3SHCTBECH-
HBIX yTOAUil.

DKOHOMHYECKAs] 3HAUMMOCTh MJICKOITUTAIOLINX
B noiiMe Mprblma BbICOKAa. YCIIOBHAs CTOMMOCThb
OXOTHUYBMX U PEOKUX BUIOB Ha ABYX Yy4acTKax
okazanach cxojHoi: mis Yepnoro Mprteima — 21
358 220 renre, mia [laBnogapckoro Ipuupteimbs
—22 034 225 Ttewnre.

Cpennuii nokazarenb unaexkca ADI mna mpo-
¢uneit YU 3nauntensuo Hioke (1.15), yem ams T1I1
(1,84), uto oTpakaeT pazHylo CTEIICHb aHTPOIIOT'eH-
HOT'0 BO3JICHCTBUS U IIEHHOCTb TEPPUTOPHUIA.

Heo0xoaumo u3yduTh Bce BO3MOYXKHBIE CIIEHA-
pUM YIIpaBIIEHUS] OMOTONAMU JIJIsi COXPaHEHUS U
PAlMOHAIIBHOIO MCHOJb30BAHUS MJIEKOIUTAIOIINX
nonuHbl UpThITia, B 3aBUCHMOCTH OT OKa3bIBAEMBIX
MU 3KOCHUCTEMHBIX YCIIyT U OMOIICHOTHYECKUX PO-
Jied, SKOHOMUYECKOr0 3HAYEHUSI U HapyLICHHOCTH
TEPPUTOPUIL.

HNcTounuk pyuHaHCHMPOBAHNS

Hannoe wuccrnenoBanue ¢unancupyercs Ko-
MHUTETOM HayKn MUHHCTEPCTBA HAyKH U BBICIIETO
obpazoBanust PecryOnmku Kazaxcran (rpant Ne
AP19680227). Ha3zBanue npoekra: «OueHka BIus-
HUS CTPOUTENBCTBA INHEHHON HH(PPACTPYKTYPHI HA
MOMYJISIIIAN CAlrakoB U pa3paboTKa Mep 10 CHUXKE-
HUIO Bpeia *KMBOTHBIM U UX 3KocHcTeMaM B Kazax-
crane», 2023-2025 rr.
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Tpoduns PC1 PC2 PC3 PC4 PC5 PC6 PC7
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M3YYEHMNE MUKPOBHOTO U ®U3UKO-XUMHNYECKOTO CTATYCA
NMAACTOBbBIX BOA HEOTAHOTIO MECTOPOXAEHUA
«TEPEH-Y3EK»

OnpeaeaeHre MUKPOGHOrO cTatyca M (OUBUKO-XMMUYECKMX YCAOBMIA MAAOMPOAYKTMBHbBIX He-
(PTENAaCTOB SIBASIETCSI KAIOUEBbIM YCAOBUEM AAS BHEADPEHMS 3KOHOMMYECKM BbIFOAHbIX GUMOTEXHO-
AOTUI AASL AOOBIUM TPYAHOM3BAEKaEMbIX HedTern U3 3aBOAHEHHbIX CKBaXKMH. LleAblo nccaeaoBaHms
SBUAOCbH OMpeAeAeHue MUKPOGHOTO U 1 (OM3UKO-XMMMYECKOro CTaTyCa 3aBOAHEHHbIX He(hTenAacToB
MecTopoXxAaeHus «TepeH-Y3eKk» C MCMOAb30BaHWEM METOAOB METareHOMHOro aHaAu3a. B pamkax pa-
60Tbl GbIAM MPOBEAEHb! (PUBMKO-XMMUYECKME M3MepPeHns 0Opa3LIOB MAACTOBbIX BOA, @ TaKXKe BbICO-
KOMpPOU3BOAMTEAbHOE CcekBeHMpoBaHue 16S pPHK reHoB AAg OLEHKM TaKCOHOMMYECKOro cocTaBa
MMKPOOHOro coobuiectsa. BbiBAEHO, UTO BbICOKAsi MMHEPAAM3aLMS C SKCTPEMAALHO COAEHOM CPeAOH
Ha ray6uHe 800-850 M npu 21 °C hopMUPYIOT YHUKAAbHbBIE YCAOBMS AASI CYLLLECTBOBAHMS aAANTUPO-
BaHHbIX K HAM MMKPOOPraHM3MOB. YCTaHOBAEHO, UTO MUKPOBMOTA 3aBOAHEHHbIX HEPTENAACTOB MPeA-
CTaBAEHa UCKAIOUMTEAbHO AOMeHOM Bacteria, Ha ypoBHe Tuna (Phylum) npenmyluectBeHHo coctouT
u3 npeacTaBuTeaeit Actinobacteria v Proteobacteria. INoka3aHo HM3KOe TaKCOHOMMYECKOoe pa3Hoobpa-
31e MMKPOOHOro coobliecTBa HedTENAACTOB Ha YPOBHE KAAacca C AOMUHMPOBaHWeM Actinobacteria n
Gammaproteobacteria. YCTaHOBAEHO, UTO OCHOBHYIO AOAI0 GAKTEPUMAALHOIO COOOLLECTBA COCTABAS-
0T NpeAcTaBuTeAn poaoB Dietzia (39,67%) u Halomonas (35,17%), 4To B COBOKYTNHOCTW COCTaBASIET
60oAee 74% OT 06LIero KOAMYECTBa MAEHTU(MLMPOBAHHBIX MOCAEAOBATEABHOCTEN, OCTAAbHbIE POAbI
npeACTaBA€Hbl B MeHbLLUMX KOAMYecTBax: Janibacter (3,21%), Bacillus (2,12%), Georgenia (2,11%),
Arthrobacter (2,01%) n Marinobacter (1,38%). BbiiBA€HHble YCAOBUSI AQHHbIX HehTENAacToB NpeAno-
AQraioT MOTEHUMAAbHYIO BO3MOXHOCTb UCMOAb30BaHUs GroTexHoAoruin (MEOR) Ha ocHoBe MUKpoop-
raHM3moB, a 0GHAPY>KEHHbIE TAKCOHbI MPEACTABASIIOT MHTEPEC AASl AQABHEMLLIErO M3y4YeHUsl B pamKax
6UMOTEXHOAOrMUECKMX Pa3paboToK, HaMpaBAEHHbIX HA MOBbIlieHWE HedTeoTAQUM U BMOopa3AoXKeHMe
HedTe3arpsa3HeHu.

KatoueBble caoBa: HedbTenAaact, MUKPohAOpa, MUKPOOBMOAOrMUYECKMIA CTATYC, SKCTPEMAAbHbIE YC-
AOBMSL.
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Study of the microbial and physicochemical status
of formation waters from the “Teren-uzek” oil field

Determining the microbial profile and physicochemical conditions of low-yield oil reservoirs is a key
prerequisite for the implementation of cost-effective biotechnologies aimed at recovering hard-to-extract
oil from water-flooded wells. The aim of this study was to assess the microbial and physicochemical
profile of water-flooded oil reservoirs at the “Teren-Uzek” oil field using metagenomic analysis. The
study involved physicochemical measurements of formation water samples and high-throughput se-
guencing of 16S rRNA genes to determine the taxonomic composition of the microbial community. It
was found that the high salinity of the formation water, with an extremely saline environment at depths
of 800-850 meters and a temperature of 21 °C, creates unique conditions for the survival of microor-
ganisms adapted to such environments. The microbiota of the water-flooded oil reservoirs was found to
be represented exclusively by the domain Bacteria and, at the phylum level, was mainly composed of
members of Actinobacteria and Proteobacteria. The microbial community demonstrated low taxonomic
diversity at the class level, with dominance of Actinobacteria and Gammaproteobacteria. The majority
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of the bacterial community consisted of representatives of the genera Dietzia (39.67%) and Halomonas
(35.17%), together accounting for over 74% of the total identified sequences. Other genera were present
in smaller proportions, including Janibacter (3.21%), Bacillus (2.12%), Georgenia (2.11%), Arthrobacter
(2.01%), and Marinobacter (1.38%). The specific conditions of these oil reservoirs suggest the potential
applicability of indigenous microorganisms, and the identified taxa are of interest for further exploration
in the development of biotechnological approaches aimed at enhanced oil recovery (MEOR) and bio-
degradation of contaminating compounds.
Keywords: Petroplast, microflora, microbiological status, extreme conditions.
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«TepeH-y3ek» MYHai K€H OPHbIHbIH, KabaT CyAapblHbIH, MUKPOGTBIK,
oHe PU3NKA-XMMMSIABIK dKaFAAMbIH 3epTTey

OHIMAIAITT TOMEH MyHait KabaTTapblHbiH MUKPOOTbIK >KaFAarbl MEH (OU3MKA-XUMMUSIABIK, epeKLe-
AIKTepiH aHbIKTay — CyAQHFaH YHFbIMaAapAQH KMbIH aAbIHATbIH MyHaMAbl OHAIpPYre GaFbITTaAFaH 3KO-
HOMMKAABIK, KaFbIHAH TUIMAI GMOTEXHOAOTMSAAAPABI EHFI3YAiH Herisri wapTbl 6GOAbIN Tabblraabl. bya
3epTTeyAiH MakcaTbl — «TepeH-Y 3eK» KeH OPHbIHAAFbI CYAQHFaH MyHail KabaTTapblHbIH MUKPOBUOAO-
TUSIABIK, )KOHE (PUBUKA-XUMUSIABIK, )KaF AQlblH METAreHOMADBIK, TAAAQY DAICTEPI apKbIAbI aHbIKTay 6OAADI.
XKymbic 6apbicbiHAa KabaT CyAapblHaH aAbIHFAH YAFIAEPAIH (PU3MKA-XUMUSIABIK KOPCETKILITEPi OALle-
Hir, MUKPOG6 KaybIMAACTbIFbIHbIH, TAKCOHOMMSIABIK, KypamMbiH 6araaay yuiH 16S pPHK reHaepinin »cora-
pbl 6HIMAIAIKIEH cekBeHMPAeYi >Kypri3ianai.800—-850 M TepeHaikTe 21 °C TemnepaTtypasa aHbIKTaAFaH
>KOFapbl MUHEpPaAAAHY MEH 3KCTPEMaAAbl Ty3Abl OpPTa OCbl opTara GeriMAeAreH MUKpoar3aAapAbliH
eMip CypyiHe epekllue >KaFAaAap TyFbi3aTbiHbl aHblKTaAAbl. CyAaHFaH MyHal KabaTTapbiHbIH MUKPO-
6uoTachl Tek Bacteria pooMeHiMeH cunaTTaAaabl, aa Tun (Phylum) aeHreniHae HerisineH Actinobacteria
MeH Proteobacteria exiapepi kespeceai. Kaacc AeHreniHae TakCOHOMUSIABIK, OPTYPAIAIK ToMeH 6oAbIr,
Actinobacteria mex Gammaproteobacteria 6acbIMAbIK, TaHbITaTbIHbI KOPCETIAAI. BakTEPUSABIK, KaybIM-
AACTbIKTbIH, Heri3ri OGeairin Dietzia (39,67%) >oHe Halomonas (35,17%) TybicTapbl Kypainabl, GyA
aHbIKTaAFaH Ti30eKTEePAiH XaArbl CaHbIHbIH, 74 %-AaH acTaMblH KypanAbl. KaAraH TybiCTap a3 MeAllep-
Ae Ke3paeceai: Janibacter (3,21%), Bacillus (2,12%), Georgenia (2,11%), Arthrobacter (2,01%) >keHe
Marinobacter (1,38%).3epTTeAreH MyHam KabaTTapblHbiH, >KaFAaniAapbl MUKpOar3aAap HerisiHAeri
(MEOR) TexHOAOrMSIAQpPbIH KOAAQHYFA DAEYETTI MYMKIHAIK GepeAi, aA aHbIKTaAFaH TaKCOHAAP MyHal
OHAIPYAI apTTbIpy MEH MyHaMMeH AaCTaHyAbl Guoaerpasaumsinay 6arbITbIHAAFbI GUOTEXHOAOTUSIABIK,
3epTTeyAep YLLiH KbI3bIFYLIbIAbIK, TYAbIPAAbI.

Ty#in ce3aep: MyHaii KabaTbl, MUKPOMAOPA, MUKPOOMOAOTUSABIK MapTeHe, SKCTPEMAAAbI XKaF-
Aaraap.

1. Beenenue

IImacToBbIe BOJBI SBIISIFOTCS HEOTHEMIIEMOM Ya-
CTBbIO HE(TAHBIX MECTOPOXKACHUH M UTPAIOT KIIO-
YEBYIO POJIb BO BTOPUUYHBIX U TPETHYHBIX METONAX
noBbimieHnss Hedreornayn. [lmactoBble BOABI CO-
JepKaT MEeCOK, MIMHUCThIE YacTUIbl, HepTb. Me-
cropoxjienne «TepeH-Y3ek», pacrojoXeHHOE B
pErrnoHe ¢ BBICOKUMH 3HaYeHUAMU MUHEpaTU3aIui,
NpEACTaBIsACT COOOH MHTEPECHBI OOBEKT Ui U3-
Y4eHHUs MUKPOOHBIX COOOIIECTB M MUX B3aWMOJICH-
CTBUIl B JKCTPEMAaJIbHBIX YCJIOBHUAX. MUKpOOHBIE
cooO11ecTBa SBJISIOTCS BAXKHBIM OMOTHYECKUM (hak-
TOPOM, aKTUBHO BJIMSIIOIIMM Ha Mpouecchl GopMu-
pOBaHHSA XMUMHYECKOTO COCTaBa TIYOMHHBIX BOJ,
MHUHEpanoo0pa3oBaHus ¥ MeTaMopdu3Ma TOPHBIX
nopoa [l]. DOTu ycnoBus CO3[MAI0T YHUKAIbHYIO

cpemy, Tae oOMTaroT Crel(uIecKne MPOKapHUOTHI,
oOxasaromiyie CrocoOHOCTAMU K aJanTaldd K BbI-
COKHMM KOHIIGHTPAMsIM COJIEH M JPYTUM CTpecc-
(hakTopam.

B mactosiiee Bpems OOJBITMHCTBO pa3pada-
ThIBaeMbIX HePTAHBIX MecTopoxaeHuii PK Haxo-
JITCSA Ha 3peod CTaauH pa3pabOTKH, Y4TO O3Ha-
4aeT yMEHBIICHHE JIETKOMU3BIEKAEMBIX 3aIacoB,
HO B IIJJACTax OCTaeTCs elle 0OJbIIoe KOIMYECTBO
HedTH, OTHOCSIIEWCS K TPYAHOMU3BIEKaeMoil. Me-
cropoxeHue «TepeH-Y3exk» OTHOCUTCS MMEHHO
K TaKHUM MECTOPOXKJIEHUSIM C BBICOKOH OOBOJHCH-
HOCTBIO CKBQ)XXWH, TJ€ MPOAYKTHBHBIC TOPHU3OHTHI
3aneraroT Ha rryomne 700— 850 m. Ha mosmumx
cTanusx pa3pabOTKH MECTOPOKACHHUU C LEJIbI0
roaiep kanusi 1eOUTOB HeTH Ha OmMperelIeHHOM
YPOBHE MPUXOJAUTCS TIPUOETATh K 3aBOJIHEHUIO HE-
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(bTAHBIX MIACTOB, HATHETAas TOJ[ BEICOKUM JaBJie-
HHUEM BOJly WJIM PAcTBOPHI Ha e¢ ocHoBe. B aroi
CBsI3M, Hauboyiee aKTyaJbHBIH BOMPOC B CEKTOpE
JOOBIYM KHUJIKHX YTIJIEBOJIOPOAOB 3TO MOBBILICHHUE
He(dTeoTHauN 1macTa 3peabIX MECTOPOKIEHUH, TTO-
WCK M BHEJpEHNE HOBBIX TEXHOJOTHI IS MOAIep-
xauusg 100bruu HeTH. B cBSA3M ¢ yem, nzydenue
MHKpPOOHOTO CTaTyca W yCIOBHH TUIACTOBBIX BOJ
HedTssHOrO MectopoxaeHus «TepeH-Y3ek» sB-
JSIETCS KITFOUYEBBIM (PaKTOPOM JUISI HCCIIEOBAHMIA,
MpeHA3HAYCHHBIX TSI pa3paOO0TKU W BHEIAPECHUS
OMOTEXHOJIOTUH yBEIWYCHHS TPYIHOU3BICKACMOMN
He(pTH TPETUYHBIMH METOJAMU 3aBOJIHCHHBIX HE-
(dremractoB. HecMoTpst Ha Hanwmaue WHPOPMAITIH
0 MHKpOQIIOpe MOA3EMHBIX MPUPOAHBIX Box [1,2],
CBeACHUS O MHUKpodiope HePTEIIACTOBBIX BOJ
JNEHUCTBYIOMINX M 3aKOHCEPBHPOBAHHBIX CKBAKHH
KpaitHe MamouncyieHHsl [ 1-3].

MerareHOMHBIN aHaNW3, KOTOPBIM MO3BOJISET
WCCIIEIOBATh TEHETHYECKOE pa3HOOOpas3ne u (yHK-
LIMOHAJIbHBIE XapPaKTEPUCTHUKU MHUKPOOHBIX CO-
o0mecTB 0e3 HEOOXOAWMOCTH KyJIbTUBHUPOBAHUS
OpPraHNW3MOB, CTAHOBHUTCS BaXXHBIM HHCTPYMEHTOM
B HCCJIEIOBAaHUM CIIOKHBIX DKOCHCTEM, T.K. H3BECT-
HO, 4TO TOJBKO 1-10% OT 00IIIeii YUCIEHHOCTH 3KC-
TpEeMaJbHBIX COOOIIECTB YIaeTcs KyJIbTHBHPOBATH

Teren Uzyuk
é

B J1a0OpaTOpPHBIX YCIOBHSX, OOJIbIIAs YacTh OTHO-
CUTCS K HEKYJIbTHBHPYEMBIM MHKPOOpPTaHU3MaM
[1]. IlpumeHEeHNE METAar€HOMHOTO aHaJN3a MO3BO-
JIIeT OTNOCPEIOBAHHO BBIIBUTH YCJIOBHUS >KH3HEJIE-
SATEITHPHOCTH MHUKPOOPTaHU3MOB B JKCTPEMAaIbHBIX
DOA3€MHBIX 3KOCUCTEMAX, IMOTCHIIMAJIBLHBIC 6aKTe-
pHAJIbHBIE IITaMMBI, KOTOPBIE MOYKHO HCIIOJIB30-
BaTh B OMOTEXHOJOTHX, MPUMEHSIEMBIX B HE(Ts-
Hoit otpaciu (MEOR, 6uopemenuarust) [4]. Takum
oOpa3zom, ompeneneHne (HU3NKO-XUMUYECKOTO U
MHUKPOOHOJIOTHYECKOTO CTaTyca He(TEeIIacTOBBIX
BOJI 3aBOJIHEHHBIX CKBKMH MecTopoxaeHus «Te-
peH-Y3ek» ABIAETCS KIHUEBBIM YCIOBHEM JUIA T10-
WCKa W BHEJPEHUS DKOHOMHUYECKH BBITOIHBIX TEX-
HOJIOTHH JIOOBIYM TPYIHOW3BIEKACMbIX He(Tel U3
3aBOJJHEHHBIX CKBaXHH.

2. MaTepuaJibl U METO/bI

Martepuaniom ansi pabOThl MOCITYKHIH TPOOBI
[UIACTOBBIX BOJI, OTOOpPAHHBIC C MPOJTYKTHBHOIO
riacta (rryouna 800-850 M) AeHCTBYIOIIMX HEPTS-
HBIX CKB)XUH MecTopoxieHus « TepeH-Y3ex». Me-
cropoxienne «TepeH-Y3eK» pacrojoXeHO B I0ro-
BocTOYHOI wacTu FOxkHOI DMOBI, B JKBIIBIOWCKOM
paiione Atbipayckoii o6xactu (puc.l).

Pucynok 1 — Pacnonoxxenue mectopoxxaenus «TepeH-Y3exk» Ha kapte Kazaxcrana
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Tepputopust MectopoxnaeHusi «TepeH-Y3ex»
rpannuuT ¢ Kacnuiickum mopem. OT HaroHHbIX BO/T
MOpSI MECTOPOXKJICHHE 3alIMIICHO JaMOOii, MpOTs-
>KeHHOCTBIO 12,9 kM [5]. banxaiiiue nHacenéHubie
myHKTHI: T. Kynscapsr (100 km), T. Ateipay (180 xm),
MECTHOCTh — 3aCOJIeHHasl paBHUHA, MepecedéHHas
eprukamMu (HeOObIINE MPOTOKH, COSANHSIOMINE 1B
BOZ0EMa) M CONEHBIMH 03¢paMu. [110THOCTE HEDTH
Bapbupyercs oT 0,918 no 0,937 r/cm?, 4T0 OTHOCHT
€€ K TSDKEIbIM He(PTSIM, OTIIMYArOIICHCS TOBBIIICH-
HOM KOHIIGHTpAIlMeH CMOJTUCTO-ac(haTbTEHOBBIX
KOMIOHEHTOB. Bosa, mocrymnatomas Ha CKBaKUHY:
UCIIOJIB3YETCSl BOJIA JUISl XO3-TUTHEBBIX HYXI U Oy-
peHus, oomuii 00beM BOIOTIOTPEOICHUS B BOIOOT-
BEJICHHSI HAa OJIHY CKBXUHY cocTaBisieT 195,93 m3/
LUKI, BKIIOYasg 166,58 M> OypoBBIX CTOUHBIX BOJ
[6]. IIpoOBI OTOOpaHBI B CTEPHIIBHBIE TIJIACTHKOBBIC
OyTbUTKH 00BEMOM 500 M1, XpaHUIIUCH TIPH TEMIIe-
parype 4-8 °C u B TeueHue 24 yacoB ObLIN JOCTaB-
JIEHBI B JIADOPATOPHIO IS JAIbHEHIIET0 aHaIn3a.
IIpu ot60pe Boj, Takue HECTaOMIIbHBIE TapaMeTphl
Kak Temmeparypa u pH, m3mepsnmch Hemocpen-
CTBEHHO Ha MecTe. bpUTn mpoBeneHb! (PH3NKO-XH-
MHUYECKHI aHaJu3 00pa3IoB ITUIACTOBBIX BOA U Me-
TareHoMHoe cekBeHupoBanue 16S pPHK renos ms
OIIEHKH TaKCOHOMHYECKOI'0 COCTaBa MHKPOOHOTO
cooOmiecTBa.

XUMHUYECKHE XapaKTepUCTUKN 00pa3IoB ucce-
nosanuck B coorBerctun ¢ 'OCT. Honwt HCO,,
CO,; u pH omnpenensiucs 3IEKTPOMETPUIECKUM
METOJIOM, a KOHILEHTpAIUs B3BEIICHHBIX BEIIECTB
M COJICHOCTh M3MEPSUINCh TPABUMETPHUECKUM Me-
togoM B coorBercTtBHM ¢ ['OCT 26449.1-85 [7].
Konuentpanuu nonos SO,*, CI, Ca*> Na' + K,
Mg*, u NO,” aHaTu3UpOBAIIMCh C UCTIONb30BaHUEM
TPaBUMETPUUYCCKUX, MEPKYPUMETPHUECKHUX, KOM-
TUIEKCO00Pa3yIOUINX, BBIYUCIUTEIBHBIX U HWOHHO-
XpomaTorpau4eckiux METOJOB B COOTBETCTBUH C
I'OCT 26449.1-85 1 MBU Ne 13-2020 [8]. Kon-
LEHTpAIs HOHOB JKeJIe3a ONpeesiiach KOMIUIEK-
coobOpazyrommmM MeTooM B coorBercTBru ¢ 'OCT
23268.11-78 [9]. Nonbl nomuaa u OpoMu/ia BBISBIISI-
JIMCh C WCIOJIBb30BaHHMEM HOHHO-XpOMaTorpaduuye-
CKHX, HOJOMETPUYECKIX U TUTPUMETPHUECKUX Me-
Toj0B B coorBeTcTBHM ¢ ['OCT 23268.16-78 [10],
23268.15-78 [18] u MBU Ne 13-2020. BsizkocTb u3-
MepsTach C MCTOJIB30BAaHUEM BHCKO3MMETpa B CO-
OTBETCTBUH ¢ cTaHAapToM PecnyOnmuku Kazaxcran
CT PK ASTM D 445-2011 [11]. IInoTHOCTH U3ME-
psTach C MCIOJB30BAaHUEM THIPOMETPA B COOTBET-
ctBuu ¢ [OCT 18995.1-73 [12].

16S MeTareHOMHOE CEKBEHHPOBAHUE MPOBO-
JIWIOCh Ha TIOJITHOTEHOMHOM CEKBEHAaTOpe HOBOTO
nokojieHust MiSeq (Illumina, CIIIA) o nmpoTokosy

16S Metagenomic Sequencing Library Preparation
Guide. Preparing 16S Ribosomal RNA Gene
Amplicons for the Illumina MiSeq System (Part #
15044223 Rev. A) 28 P.

JHK-6n6mmoTtexn (COBOKYMHOCTH (PparMeHTOB
uccnexyemoro obpazua JTHK) roroBumm cormacuo
uHCTpyKumu 16S Metagenomic Sequencing Library
Preparation guide (part no. 15044223 rev. A). Ba-
puabenbHbie V3 u V4 peruonsl rena 16S pPHK am-
IHGUIIPOBATIH C IOMOLIBIO YHUBEPCAJIBHBIX OaK-
TepUAJIbHBIX IIPAaiiMEPOB ¢ 100aBICHUEM alalITEPOB
[lumina.

Peakumonnast cmech cocrosuta u3: 2,5 pl JIHK
MaTpHITEL; T0 5 pl xaxmoro mpaiimepa B 1 M KoOH-
uentpanuy; 12,5 pl KAPA HiFi HotStart ReadyMix
B 2X xounentpamun (KAPA Biosystems, Cape
Town, South Africa). IILIP ammmdukanus mpo-
BOJWIIACH MO cleayromel mporpamme: 950C B Te-
YeHue 3 MHUHYT, Aajee 25 IHUKIOB aMIUIH(UKAINN
950C 30 cexynn, 550C 30 cexyna, 720C 30 ce-
KyHJ ¥ OAWH IUKJI TpH 720 B TCUCHHE 5 MHUHYT.
[LIP-poayKT OBUI OYHMIIEH C MOMOIIBI0 Habopa
Agencourt AMPure PCR purification kit (Beckman
Coulter Inc. Beverly, Massachusetts, USA). [lanee
K KaxaoMmy oOpasiy ObutH 100aBJIEHBI aaanTephl
Nextera XT Index primer (Illumina Inc., San Diego,
CA, USA) nyteM aMIuMpHUKanuyd B PEaKIIMOHHON
cMmecH, B coctaB kotopod Bxoxmu 12,5 pul KAPA
HiFi HotStart ReadyMix, mo 5 pl xaxmoro uHmekc
npaiimepa, 10 pl Bogsr u mo 5 pl ITIP-npoaykra.
[Iporpamma ammmudukanun: 950C B TeueHue 3
MUHYT, nanee 8 mukioB amromudukanuu 950C 30
cekyHn, 550C 30 cexynn, 720C 30 cexyHnm u oauH
LUK Tpu 720 B Teuenne 5 MuHyT. [IL[P-npoaykT ¢
N00aBICHHBIMI MHAEKCAMH ObUI OUYMILEH C IOMO-
mpto Habopa Agencourt AMPure PCR purification
kit (Beckman Coulter Inc. Beverly, Massachusetts,
USA).

OOmmii myn 00pa3IoB 3arpyxaid B KapTPUIK
Habopa Kit v3 (600 ukmnos) (Illumina, CIIIA). 3a-
IIyCKaJM IpOrpaMMy CEKBEHHPOBaHMS Ha mpuodope
MiSeq. [To oxoHYaHWU CEKBEHHPOBAHHs aBTOMa-
THUYECKH OblIa MpoBelneHa BTopuuHas oOpadoTka
JAHHBIX C IIOMOIIBIO NPOIPaAaMMHOIO OOECIeUeHHUs
MiSeq Reporter.

3. Pe3yabTaThl U 00CyxKACHHE

K 6a30BbIM XapaKTepUCTHKAM IUIACTOBBIX BOJI
OTHOCSTCS 00IIas MWHEpaIu3alys BOJBI, COMEp-
’KaHWEe OCHOBHBIX MOHOB, KaTHOHOB, pH. B oOpasiie
IJIAaCTOBOM BOJBI MecTopoxkaeHus «TepeH-Y3ex»
OBLTH OTIpeIeNIeHBI TIOKa3aTeIN KOHIIEHTPAITUH pac-
MPOCTPaHEHHBIX AaHUOHOB W KaTUOHOB, OOIIEH MU-
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Hepanmu3aiuu, pH u TemmnepaTypbl, Kak KIIOUEBbIC
(bakTOphl YCIOBUN JKU3HENEATEILHOCTH MHKPOOP-
raHU3MOB IJIACTOBBIX BOJ (Tabiuia 1).

[TomydeHHbIC Pe3yabTaThl YKa3bIBAIOT HA BBICO-
KYI0 MUHEPAIH3AIHIO BOJI, C OOIIUM COZCPIKAHHEM
pacTBOpEHHBIX BemiecTB, mocturaromum 101820,0
+ 3054,6 Mr/nm?, 9TO CBHIETEIBLCTBYET O (HOPMH-
pPOBaHUH JKCTPEMaIbHO cojieHOW cpenasl. I1omoo-
HbIC 3HAUEHUS XapaKTePHBI JUIsl TJIyOMHHBIX FOPH-
30HTOB BBICOKOMHHEPAIM30BAHHBIX KOJJICKTOPOB
W CPaBHUMBI C JaHHBIMU IO TEHrH3CKOMY (OKOJIO
98000 mr/nm®) n KammaranckoMy MECTOPOKICHUSM
(95000-105000 mr/mm?®) [13, 14].

OCHOBHBIMH aHHOHAMH B COCTaBE BOJI BHICTYIIA-
1ot xsnopua-uoH (Cl") u Hatpuii-uon (Na"), KOHIEH-
Tpamuu KOTopbix coctaBisiroT 50516,3 + 940,0 mr/
am3 u 20391,2 + 341,7 mr/am® cooTBeTcTBEHHO. Ta-
KO€ HOHHOE COOTHOIIIEHHE TUITMYHO JIJIsI XJIOPKab-
[MEBOT0 THUIIA BOJI, MPE00IaIaoNIero B KPYIHBIX
HeTsHBIX Oacceitnax Kazaxcrama [15]. Bwicokoe
conepkanre Na® u Cl™ u, kak CJleICTBUE, BBICOKAs
WOHHAsI CWJIa CPEJIbl, OKa3bIBACT CEJICKTUBHOC JaB-
JIeHNe Ha MHKpPOOHBIE COOOIIECTBa, CHOCOOCTBYS
JOMUHHUPOBAHHIO TalOQUIBHBIX U OCMOTOJICPAHT-

HBIX OPTaHU3MOB, YTO TOJTBEPIKIAACTCS JAaHHBIMH
o mpeobnaganuio poaa Halomonas (em. puc. 4) [1,
16].

Konnentpauuu nonoB kaneius (Ca*’) u mar-
Hust (Mg?") cocrasnsitor 3006,0 + 90,1 mr/nm® u
1459,2 + 40,0 mr/mM®> COOTBETCTBEHHO, YTO TaKKe
XapaKTepHO JUIS TIOJ3EMHBIX BOJ 0CAJOYHOTO TIPO-
ncxoxaeHus. OTHOCUTEIHHO HU3KOE COJepKaHHe
cynbgar-nonos (SO,) —4,94 + 0,2 mr/am’ — MoxeT
OBITh CBSI3aHO C AKTUBHBIM MUKPOOHBIM BOCCTAHOB-
JIeHHEM CyJb(aToB ¢ ydacTueM cyiabhaTpeaynupy-
toumx O6akrepuit (SRB), 4o THIIMYHO A7 aHAIPOO-
HBIX IJIACTOBBIX yciaoBuit [17].

[Toxazarens pH cocraBiser 6,49 + 0,19, uro
CBHJIETEICTBYET O CJIA0OKMCIONW pEeaKIMH Ccpe-
nbl. Takoil ypoBEHb KHUCIOTHOCTH CIIOCOOCTBYET
CTAOMIIBHOCTH JKeJie3a B JIBYXBAJICHTHOH (opme
(Fe?"), xonmenTpanus koroporo cocrasisiet 0,77
+ 0,02 Mr/aM®, 1 MOXKET yKa3blBaTh Ha BOCCTaHO-
BHUTEIBHBIN MOTEHITHAI Cpelbl. Takyke OBLITH BBISB-
JIeHbI cienbl TpéxBasneHTHOro xenesza (Fe3™ — 0,14
+ 0,01 Mr/am?), 94TO MOKET CBHJICTEIHCTBOBATH O
MPOTEKAaHUHN OKHUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
MPOLIECCOB.

Tabauna 1 — GusnKo-XxuMHYecKas XapaKTepUCTHKA HE(TEIUIACTOBBIX BO MecTopokaeHus «Tepen-Y3ex»

Ne ITapameTpsbl I/Ef::gl:::; IliiacToBbIe BOABI
1 Xnopua—uon Cl- 50516,3+940,0
2 Cynbar-non SO > 4,94+0,2
3 Tunpoxap6onar-uon HCO, 146,4+5,01
4 Kap6onar-uon CO,’ He 00HapyKEeHO
5 Na* 20391,24341,7
6 Mg* 1459,2+40,0
7 Ca* 3006,0+90,1

K* 5 264,4+7,2
MI/IM
8 Fe’*
0,77+0,02
F62+
9 OO0u1as MUHEpATU3aLsL 101820,0+3054,6

10 B3BemieHHbIe BemecTBa 2829,0+84,3
11 pH en. 6,49+0,19
12 t °C 21,0+0,6

TemmepaTypa IIacTOBOH BOJBI COCTaBJsIA
21,0 £ 0,6 °C, 9TO OTHOCUT MECTOPOKJICHUE K Ka-
TErOPUU YMEPEHHO TEePMAIIbHBIX. DTO MO3BOJISET
HOJI,IIep)KI/IBaTB AKTUBHOCTHL KakK Me30(bI/IJ'II)HBIX,
TaK U YMEPEHHO TePMOQMUIBHBIX MHUKPOOPTaHU3-
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MOB, BKJIFOUasl Takue poxawl, kak Dietzia, Bacillus
u Georgenia [18].

TakuM 00pa3oM, (UBNKO-XMMHUYECKHE Tapa-
MeTpbl IUIACTOBBIX BoA «TepeH-Y3ek» co3paroT
JKCTpEeMajbHbIC, HO YCTOMYUBBIC YCIOBHS, OJaro-
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NPHUATHBIC IS Pa3BUTHS  CIICIUATM3UPOBAHHBIX
MHKPOOHBIX COOOIIECTB. DTH OCOOCHHOCTH HEO00-
XOAUMO YUUTBIBATD NPHU IIJIAHUPOBAHUN MI/IKpO6I/IO-
JIOTUYECKUX U OMOTEXHOJOTUYECKUX METOJIOB II0-
BEIIIICHUS HEPTEOTIAYH.

TakcoHOMHUYECKUN aHadUM3 MHUKPOOHOTO CO-
00I1ecTBa, BBIJICIICHHOTO U3 TUIACTOBON BOJBI Me-

Top 20 Classification Results by Taxonomic Level

This bar chart shows the relative abundance of the top 20 classification results within each taxonomic level.

Mouse over any category to see its description and abundance.
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Pucynok 2 — TakCOHOMHYECKOE paclpeelicCHHEe MUKPOOHOTO COO0IIeCTBa
B IUIaCTOBOH Boze MecTopoxkaeHus «TepeH-Y3ex»

Ha ypoBue tuna (Phylum) muxpoOHOe co-
00IIeCTBO  3aBOJHEHHBIX HE(TEIIaCTOB  IIpe-
UMYIIECTBEHHO COCTOMT W3  TpeACTaBUTENEH
Actinobacteria u Proteobacteria, B MEHBIIINX KO-
YyecTBax B 00pasiie ObUTH BBISBICHBI TPEICTABUTEIN
tunoB (Phylum) Firmicutes u Cyanobacteria. Tlo-
I00HOE JAOMHHUPOBaHME IPEICTaBUTENCH TaKco-
HOB Actinobacteria n Proteobacteria HaOIIOIaI0Ch
U B Jpyrux HeTsSHBIX MeCTOpoKaAeHUsX [21-24],
YTO CBHJETENBCTBYET 00 YHUBEPCATBHOCTH UX KO-
JIOTUYECKUX CTpaTeruii M aJanTallMoOHHBIX MeXa-
HU3MOB B OKCTPEMaJbHOHM MOJI3eMHON He(TSHON
cpene. CTOUT OTMETUTH, UTO XOT OTHOCHUTEIBHOE
MIPEeICTaBUTENLCTBO Firmicutes n Cyanobacteria
HEBEJIHMKO, 3TH MUKPOOPTaHU3MBI MOTYT BBITIOJIHATh
BCIIOMOTATEeIbHBIE SKOJIOTHUECKUE (PYHKIIH, MOTYT
OBITh KaK PEIMKTOBBIMUA KOMITOHEHTAMHU HCXOTHOTO
MHUKPOOHOTO pa3Ho00pa3usi, TaK U MPUBHECCHHBIMU
C MOBEPXHOCTH MPH 3aBOIHEHUN HE(TETIIACTOB.

Crnemyer OTMETHTh, BBICOKOE COJCpIKAHUC
npeacraButeneir cemeiictB (Family) Dietziaceae
u Halomonadaceae, cocrasmsromux 39,67% u
35,17%, cooTBEeTCTBEHHO. [I3BeCTHO, YTO ATH MH-
KpOOPTaHU3MBI IIUPOKO PACIPOCTPAHEHBI B He-
(PTEHOCHBIX IJIACTaX U XaPAKTEPU3YIOTCS CIIOCO0-
HOCTBIO K JIeTpaJlalliil YTJIEBOJOPOIOB, a TaKXKe
K TPOJYKIMHA TOBEPXHOCTHO-AKTHBHBIX BEIIECTB
[25, 26]. Ux Hamu4ue TUMUYIHO JJI PE3EPBYapPOB C
BBICOKOH MHHEpaJM3allueil U yKa3bIBaeT Ha aJar-
TAIII0 MAKPOOHMOTHI K KCTPEMAIbHBIM yCIIOBHSIM,
AHAJIOTUYHO pe3yJibTaTaM, MOJYUYCHHBIM MPH H3-
YYEHUU MECTOPOXKICHUH C TIOBBIIIEHHBIM COJIECO-
nepkanueM [ 18, 23, 27].

Ha pucynke 3 mpejicraBieHa Kpyrosas jua-
rpaMma, WUIFOCTPUPYIOIIAss TaKCOHOMHYECKOE
pacrmpeneneHie MHUKPOOHOTO COOOIIecTBa IuTa-
CTOBOM BOJIbI MecTOopoxaeHusa «TepeH-Y3ek» 1mo
KJIaccy.
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Bacilli (3.24%)

Top Class Classification Results

Alphaproteobacteria (1.95%)
uncl fied (1.14%)

Actinobacteria (53.72%)

Gammaproteobacteria (39.18%)

Betaproteobacteria (0.21%)

Clostridia (0.20%)

Ktedonobacteria (0.08%)

Pucynok 3 — PacnipeienieHue MUKpOOHOTHI IJIACTOBOM BOJIBI MECTOPOKICHUS
«Tepen-Y3ex» 1o knaccy

Kak BHIHO, MUKPOOHOE COOOIIECTBO XapaKTe-
pU3yeTCs BBIPAKCHHBIM JIOMUHHPOBAHUEM JBYX
KJIACCOB:

- Actinobacteria (53,72%) — HauboubIas 10,
YTO yKa3blBaeT Ha MpPeoOJaJaHue IPaMIIOIOKH-
TEJIbHBIX MUKPOOPTaHU3MOB, 00JIaIal0lNX YCTOM-
YUBOCTBIO K SKCTPEMAIbHBIM YCIOBHSAM (BBICOKOE
JIABJICHUE, COJICHOCTh), a TaKXe MOTCHI[HAIbHOM
CIIOCOOHOCTBIO K JIeTpaJlalliil CIOXKHBIX OpraHuYe-
CKUX COCJIMHEHUH, BKITIOYAsK YIIIEBOIOPO/IbI;

- Gammaproteobacteria (39,18%) — Taxxe 3Ha-
YUTEIbHAS JIOJIS, THTUYHAS JUIT He(DTAHBIX TUTACTOB,
MOCKOJIbKY TPEACTABUTEIM 3TOr0 Klacca BKIIIOYA-
FOT MHOXECTBO HE(PTCOKUCISIOMUX U Taao(uib-
HBIX OaKTepHil.

OcTanbHble KJIACChl MPEJCTABICHBI B 3HAYM-
TEJIbHO MEHBIIUX KOJIMYSCTBAX:

- Bacilli — 3,24%, Gakrepuu knacca Bacilli npe-
HMYIIECTBEHHO (HaKyJIbTATHBHO adpOOHBIC, CITO-
poo0Opa3syroIire, 4To MO3BOJISIET UM BBDKUBATh B
CTPECCOBBIX YCIOBHSIX BBICOKOW MHUHEpAIU3AIUN
U COJICHOCTH IJIACTOBBIX BOJ, XapaKTepU3YHOTCS
YCTOHYHMBOCTHIO K OKHUCIIMTEIBHOMY CTPECCY, UTO
MOJKET OBITh BXKHO B YCIIOBUSIX OKCH-aHOKCUTCHHO-
IO CTaTyca IIACTOBBIX BOJ, TAKIKE IEMOHCTPUPYIOT
ITUPOKUA METa0OIWIECKUN TOTCHIINAJ, TTO3BOJIS-
IOIUI UM HCIIOJIB30BaTh Pa3HOOOPa3HbIE OpraHu-
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YecKre U HEOPTaHWYECKHE COSAMHEHHUS B Ka4eCTBe
HMCTOYHHUKOB YIJICPO/ia U SHEPTHUH;

- Alphaproteobacteria — 1,95%;

- Unclassified (HekmaccupuumupoBaHHbIE) —
1,14%, 9T0 MOXET yKa3plBaTh Ha HAJUYHE paHEE
HEOIUCAHHBIX WJIH IJIOXO U3YYCHHBIX TAKCOHOB;

- Betaproteobacteria — 0,21%;

- Clostridia — 0,20%;

- Ktedonobacteria — 0,08%.

Takxum 00pazom, MUKPOOHOE COOOIIECTBO Ija-
CTOBOH BOJIbI XapaKTEPU3YETCSI HU3KUM TaKCOHOMHU-
YEeCKUM Pa3HOOOpa3neM Ha ypOBHE KJlacca ¢ JOMUHH-
poBanueM Actinobacteria n Gammaproteobacteria.
DTU JaHHBIC MOATBEPKIAIOT HAJIMYME B CHUCTEME
CIICIMATU3UPOBAHHBIX MUKPOOPTaHM3MOB, —y4Ya-
CTBYIOIIUX B TpaHC(HOpPMAIMH YTIEBOJIOPOIIOB, a
TaK)Ke aJalTUPOBAHHBIX K IKCTPEMajIbHBIM I€0XH-
MUYECKHM YCIIOBUSM He(DTEHOCHBIX TUIACTOB.

Ha pucynke 4 mpencraBieHO pacrpeieiieHre
MHUKPOOHOI0 COOOIIECTBA 110 POJIaM, BbISIBIICHHBIX B
o0pa3iie m1acToBOU BOJIbI MeCTOpOXkIeHUs «TepeH-
V3ex». CorinacHo pe3yibTaTaM TaKCOHOMHUYECKOH
KJIacCU(UKAIMK, OCHOBHYIO JIOJO COOOIIECTBa CO-
CTaBJISIOT mpejicTaBuTenn poaoB Dietzia (39,67%)
u Halomonas (35,17%), 9T0 B COBOKYIHOCTH CO-
crapisieT Oornee 74% oT 00IIero KOJIM4ecTBa HIICH-
TU(UIUPOBAHHBIX MTOCIIC0BATEIIBHOCTEH.
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Top Genus Classification Results

W Dietzia (39.67%)

B Halomonas (35.17%)
B Unclassified (5.96%)
O Janibacter (3.21%)
B Bacillus (2.12%)

B Georgenia (2.11%)
O Arthrobacter (2.01%)
B Marinobacter (1.38%)

Pucynok 4 — Pacnpesenenie MEKpOOHOTO coo01IecTBa HEPTEIIACTOBON BOABI
MecTopoxaeHus «TepeH-Ys3ex» 1o pogam

JomunupoBanue npeacrasutenei pona Dietzia
B CTPYKType MHUKPOOHOTO COOOIIECTBA MOATBEPK-
JTAeT paHee MOyYeHHbIE JaHHbIE O PACIIPOCTPaHEH-
HOCTH 3TOro0 poja B Hedrermtacrax. [IpeacraBurenu
p. Dietzia, B ToM uuncie Buja D.maris, 001ajatoT BbI-
paKEHHBIMH METaOOIMIECKUMH BO3MOKHOCTSIMH
10 JIerpajalyy ajlKaHOB U apOMaTHUCCKUX YIJICBO-
JIOPOZIOB, a TaKKe CHOCOOHOCTBIO K CHHTE3y OHO-
cyp(hakTaHTOB, YTO JENAlOT HX TMEPCHEKTUBHBIMU
KaHIUJaTaMu JUIsl TPUMEHEHHS B TEXHOJOTHSIX
MHUKPOOHOJIOTMYECKOTO YBEIHUYCHUsT HEePTEOTaaun
(MEOR) [25, 26, 28]. Aranoru4Hoe rpeodiaganme
Dietzia oTMe4anoch B HE(QTSIHBIX MECTOPOKIACHU-
sx Kuras [29] u Poccun [21]. Boicokoe comepika-
Hue Halomonas Taxxke yka3plBaeT Ha aanTaldio
MHKPOOHOTO COOOIIECTBA K IKCTPEMATBLHBIM YCIIO-
BUSIM pe3epByapa, BKJIHOUAasi BEICOKYIO MUHEpaIH3a-
IIUI0 U OCMOTHYECKOe aaBiieHue. CXO/IHbIe TaHHbIC
o npeobnagannu Halomonas ObIIH MOTyYeHBI TIPU
M3Y4YEeHUU MUKPOOHOTO COCTaBa IJIACTOBBIX BOA Po-
MAaLIKUHCKOTO U TeHru3ckoro MectopoxxaeHuii [ 18,
30]. OcranmpHBIE POMBI MPEACTABICHB B MCHBIITHX
KOJIMYECTBAX, Cpefu KoTopwix Janibacter (3,21%),
Bacillus (2,12%), Georgenia (2,11%), Arthrobacter
(2,01%) u Marinobacter (1,38%). HecmoTps Ha ux
CPaBHHUTEIBHO HU3KYIO [IOJII0, JAaHHBIC TaKCOHbI
MOTYT UTPaTh BaXXHYIO BCIIOMOTATEIbHYIO POJIb B
OMOreOXMMHUYCCKUX Ipolleccax, MPOUCXOIAIINX B

pesepByape. B gactHOCTH, Bacillus m3BecTeH Kak
MIPOAYLIEHT OMOCYP(AKTaHTOB U CIIOP, YCTOWYHUBBIX
K OKCTpeMallbHBIM yCIIoBusM [7], a Marinobacter —
KaK aKTUBHBIH yYaCTHUK OKHCIICHUS YTIEBOJIOPO-
JIOB B MOPCKUX U He(TIHBIX IKOcUcTeMax [31].

Kareropust «Unclassified» (5,96%) yka3biBaer
Ha HaJIMYHME HEKIACCH(HUIMPOBAHHBIX MOCIEI0Ba-
TEJILHOCTEM, YTO MOYKET CBUACTELCTBOBATH O MPH-
CYTCTBMM HOBBIX WJIM HEAOCTATOYHO H3YUYCHHBIX
TaKCOHOB, XapaKTEePHBIX ISl YHUKAIBHBIX YCIIOBHI
MecTopoxacHU « TepeH-Y3ex».

3ak/aoyeHnne

Takum o0Opa3omM, Ha OCHOBE OIIPEACICHHS
MHUKPOOHOTO M (DPU3UKO-XMMHUYECKOTO CcTaTryca 3a-
BOJTHEHHBIX He(TeruiacToB MectopoxacHus «Te-
peH-Y3eK», MOXKHO CIieNlaTh BBIBOJ, YTO BBICOKAs
MHUHEpAIN3alusi ¢ SKCTPEMalbHO COJCHOW cpe-
noit Ha riryoune 800-850 m mpu 21 °C dpopmupyer
YHUKaJIbHbIE YCIIOBUS ISl CYIIECTBOBAHHS ajarl-
TUPOBAHHBIX K HUM MHUKPOOPTraHHW3MOB. BbIsBie-
HO, YTO MHUKPOOHOTa 3aBOJJHCHHBIX HEe(TEIIacToB
Npe/ICTaBIeHa UCKIIOUUTEIEHO TOMEHOM Bacteria,
Ha ypoBHe Ttumna (Phylum) mnpenmyiecTBeHHO
COCTOMT W3 TpeACTaBUTENCH Actinobacteria n
Proteobacteria. 1loka3aHO HH3KOE TaKCOHOMH-
YECKOe pa3HooOpa3ue MHUKPOOHOr0 CooOIIeCTBa
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He(TeIUIacTOB Ha YPOBHE Kiacca C JIOMHUHHUPO-
BaameM Actinobacteria m Gammaproteobacteria.
YcTaHOBIEHO, YTO OCHOBHYIO JIONIO OaKTepHaib-
HOTO COOOIIECTBA COCTAaBISAIOT NPEACTABUTENN
ponoB Dietzia (39,67%) n Halomonas (35,17%),
YTO B COBOKYIHOCTH cocTaBisgeT Ooinee 74% oT
o0IIero KoJn4ecTBa HWACHTH()UIMPOBAHHBIX TO-
CJICIOBATEIILHOCTEH, OCTANBHBIC POJIBI MIPEICTaBIIC-
HBl B MEHBIIUX KoJuuecTBax: Janibacter (3,21%),
Bacillus (2,12%), Georgenia (2,11%), Arthrobacter
(2,01%) u Marinobacter (1,38%).

B menom, TakcoHOMHYecKas CTPYKTypa MHU-
KpOOHOTO COOO0IIECTBA TIIACTOBON BOJIBI MECTOPOXK-
neHus «TepeH-Y3ek» coriacyercs ¢ pe3yJsibTaTaMu,
MOJYYCHHBIMU B APYTMX He(QTSIHBIX OacceliHax, n
OTpaXaeT TUNHYHYIO aJANTallMI0 MHUKPOOMOTHI K

IKCTPEMaIbHBIM aHAPOOHBIM C HEOOJBIIIMM OKHC-
JIUTEBHBIM MTOTECHIMATIOM (CIeIbl TPEXBAIICHTHOTO
Keleza), TePMOQPUIBHBIM M COJICBBIM YCIIOBHSIM.
OO0OHapy>KeHHBIE TAKCOHBI MPEICTABIISIOT HHTEPEC
JUISL TATBHEHIIEro U3y4eHuss B paMKax OMOTEXHO-
JIOTHYECKHX pa3pabOTOK, HAMPABJICHHBIX HA MOBbI-
menne Hedreormaun (MEOR) m Ouopaszioxenue
3arpsS3HAIOIINX COCTMHEHUH.
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cryonukn Kazaxcran Grant No. AP19577160 u
BR24992814

Jlutepatypa

1. Jlebenera E.I'., YemnokoB I'.A., XapuronoBa H.A. OcoOeHHOCTH pacnpeAeieHus] Pa3InIHbIX (YHKIHOHATBHBIX TPYIIT
OaKTepHii U UX YUCICHHOCTH B MOA3EMHBIX XOJOJHBIX BHICOKOMUHEPATM30BaHHBIX BoAax [IpuMopckoro kpasi // Yenexu coBpeMeH-

Horo ecrectBo3Hanus. 2018. Ne 12-1. C. 162-167,

2. XapaxTepHCTHKa MUKPOOHOW COCTaBISIONMIEH 1MOoa3eMHBIX Box PecmyOnmknu Xakacus B yCIOBHSX YTJIEBOJOPOIHOTO 3a-
rpsizaenns / H. I'. HamuBaiiko, 0. C. CreipoBatko, E. M. JlytoBa, /1. C. IlokpoBckwuii / BectHuk Tomckoro rocyaapcTBeHHOTO

yausepeutera. 2007. Ne 300 (1I). C. 190-193.

3. Kaiyrmanova G. K., Tapeshova Sh. Zh., Shaimerdenova U. T., Magmiyayev R. B., Yernazarova A.K. Identification of
microorganisms isolated from oil reservoir water of the Akingen field, Kazakhstan. Bectauk KasHY. Cepus 6uonormueckas — Nel

(90). — 2022. — 126-136 c.

4. Head, I. M., Jones, D. M., & Rdling, W. F. M. (2003). Marine microorganisms make a meal of oil. Nature Reviews

Microbiology, 1(3), 225-231.

5. K. dyiicebaes, b. T. Koxaxmeros, I'. A. [TapamoHoBa. CoBpeMEHHOE COCTOSIHUE HEPTEra30BBIX 00BEKTOB PUOPEKHOM
30HBI aKKYMYJISTUBHBIX paBHHH CEBEPO-BOCTOUHOTO mpukactus. HedTs u ra3. M3sectus Han pk. Cepust reonorndeckas. 2007. No3.

C. 55-63

6. bBanzapakmaesa T.I'. PacnpocTpaneHne n akTHBHOCTD OaKTepHil — IECTPYKTOPOB COMOBEIX 0o3epax 3abaiikaibs B 3aBHCH-
MOCTH OT DKOJIOTHYECKUX YCIOBHIA: aBTOped. AuC. ... Kaua. ouoin. Hayk / T.I'. banzapakuae-Ba; bypsar.roc. yH-T. — Yinan-Y 1, 2002.

—-20c.

7. TOCT 26449.1-85. MeToabl XUMUYECKOTO aHAIM3a COJICHBIX BOJ.
8. MBMU Ne 13-2020. TutpumeTprdecKknuii METO aHaJH3a Mpoo.
9. T'OCT 23268.11-78. Boxsl MUHEpaIbHbIEC TUTHEBBIE JT€YCOHBIE, IEYEOHO-CTONIOBBIE U MPUPOIHBIE CTOJIOBEIE. MeTo omnpe-

JICJICHUA HOHOB KEJIC3a.

10. TOCT 23268.16-78. Boapl MuHepalbHbIE THTHEBBIE JiedeOHBIE, JIEUEOHO-CTOIOBBIE U TPHUPOIHBIE CTOJIOBBIE. MeTOmb

omnpeneNeHus HOAUI-HOHOB.

11. TOCT 23268.15-78. Boapl MuHepaibHbIE THTHEBBIE JiedeOHBIE, JIEUEOHO-CTOIOBBIE U TPHUPOIHBIE CTOJIOBBIE. MeTOab

ompenesieHus OpOMUI-HOHOB.

12. CT PK ASTM D 445-2011. Metox omnpezneieHus] KHHEMaTHYECKON BS3KOCTH MPO3PAYHBIX M HEMPO3PAYHBIX JKHIKOCTEH

(pacuet AMHAMHUYECKOH BA3KOCTH).

13. Zhakipbekov M., et al. Hydrogeochemical characteristics of the Tengiz oilfield waters // KazGeoJournal. — 2016. — Vol.

2-P. 71-78.

14. Aitkulov A., et al. Salinity and ionic composition of formation waters in the Caspian basin // Petroleum Geology of

Kazakhstan. —2019.

15. Baikenov A.N. Classification of reservoir waters of Kazakhstan oilfields // Geology and Subsoil Use. —2015.
16. Ventosa A., Nieto J.J., Oren A. Halophilic microorganisms in saline environments // Extremophiles. — 1998. — Vol. 2,

No. 1.—-P. 85-90.

17. Muyzer G., Stams A.J.M. The ecology and biotechnology of sulphate-reducing bacteria // Nature Reviews Microbiology.

—2008. — Vol. 6. — P. 441-454.

18. Nazina, T. N., Ivanova, A. E., Borzenkov, I. A., Belyaev, S. S., & Ivanov, M. V. Occurrence and geochemical activity of
microorganisms in high-temperature, water-flooded oil fields of Kazakhstan and Western Siberia. Geomicrobiology Journal, 1995,

13(3), 181-192.

134



I' K. KaiisipmanoBa u T.0.

19. Magot M., Ollivier B., Patel B.K.C. Microbiology of petroleum reservoirs / Antonie van Leeuwenhoek. — 1997. — Vol. 77.
—P. 103-116.

20. Nazina T.N., et al. Microbial community of formation water from Siberian oilfields // Microbiology. — 2006. — Vol. 75,
No. 1.—P.55-65.

21. Hasuna T.H. u np. Mukpooprann3msl kapOoHaTHOI HepTsHOI 3anexu 302 POMalIKMHCKOTO MECTOPOXKICHHS U UX OHO-
TEeXHOJIOTHYeCKHH noteHiuan // Mukpooduomnorus. 2013. T. 82. Ne 2. C. 191-202.

22.Y.J. Liu, Y.P. Chen, P.K. Jin, X.C. Wang. Bacterial communities in a crude oil gathering and transferring system (China),
Anaerobe, Volume 15, Issue 5, 2009, Pages 214-218.

23. Tang Y.Q., Li Y., Zhao J.Y., Chi C.Q., Huang L.X., Dong H.P., Wu X.L. Microbial communities in long-term, water-
flooded petroleum reservoirs with different in situ temperatures in the Huabei Oilfield, China // PLoS One. — 2012. — Vol. 7, No.
3.—e33535.

24. Brakstad O.G., Kotlar H.K., Markussen S. Microbial communities of a complex high-temperature offshore petroleum
reservoir // International Journal of Oil, Gas and Coal Technology. — 2008. — Vol. 1, No. 3.

25. Nakano M, Kihara M, Iechata S, Tanaka R, Maeda H, Yoshikawa T. Wax ester-like compounds as biosurfactants produced
by Dietzia maris from n-alkane as a sole carbon source. J Basic Microbiol. 2011 Oct;51(5):490-8. doi: 10.1002/jobm.201000420.
Epub 2011 Mar 24. PMID: 21656811.

26. Venil CK, Malathi M, Devi PR. Characterization of Dietzia maris AURCCBTO1 from oil-contaminated soil for biodegradation
of crude oil. 3 Biotech. 2021 Jun;11(6):291. doi: 10.1007/s13205-021-02807-7. Epub 2021 May 23. PMID: 34109094; PMCID:
PMC8141481.

27. Nazina T.N. et al. Microbiological and production characteristics of the Dagang high-temperature heavy oil reservoir during
trials of the biotechnology for enhanced oil recovery. Microbiology (Russian Federation), 2017, 86(5), 653—-665

28. Gharibzahedi, S.M.T., Razavi, S.H. & Mousavi, M. Potential applications and emerging trends of species of the genus
Dietzia: a review. Ann Microbiol. 64, 421-429 (2014).

29. Hui, L., Ai, M., Han, S. et al. Microbial diversity and functionally distinct groups in produced water from the Daqing
Oilfield, China. Pet. Sci. 9, 469484 (2012).

30. A. A. FOcymnoa, M. B. I'mpyny, 1. C. Bemexoxanuna, E. M. Cemenona, I'. H. I'opranze. O6pa3zoBanne He(TSHBIX YIIeBO-
JIOpOI0B-0HOMapKepoB 13 Ouomaccel baktepuil Halomonas titanicae, BbIICICHHBIX U3 HePTH POMAIIKMHCKOTO MECTOPOXKICHUS //
Hedrexumus, 2022, Tom 62, Ne 2, ¢. 241-247.

31. T. II. Typoga, 1. I1I. Cokoinosa, E. M. Cemenoga, A. I1. Epmos, /I.C. I'py3nes, T. H. Ha3una. 'enomubIe 1 du3nonoruye-
CKHe XapaKTepUCTUKH rajJoribHbIX OakTepuii pogoB Halomonas n Marinobacter u3 HedTsiHBIX rutactoB. Mukpo6uomorus, 2022,
T. 91, Ne 3, ctp. 285-299.

References

1. Aitkulov A., Baikenov A.N., Duisebaev Zh.D., Kozhakhmetov B.T., Paramonova G.A. (2019) Salinity and ionic composition
of formation waters in the Caspian basin. Petroleum Geology of Kazakhstan.

2. Baikenov A.N. (2015) Classification of reservoir waters of Kazakhstan oilfields. Geology and Subsoil Use.

3. Banzaraktsaeva T.G. (2002) Rasprostranenie i aktivnost’ bakterii-destruktorov v sodovykh ozerakh Zabaikal’ya v
zavisimosti ot ekologicheskikh uslovii. Cand. Biol. Sci. Diss. Ulan-Ude: Buryatsky Gos. Univ., 20 p.

4. Brakstad O.G., Kotlar H.K., Markussen S. (2008) Microbial communities of a complex high-temperature offshore petroleum
reservoir. Int. J. Oil, Gas Coal Technol., vol. 1(3), pp. 264-275.

5. Duisebaev Zh.D., Kozhakhmetov B.T., Paramonova G.A. (2007) Sovremennoe sostoyanie neftegazovykh ob’ektov
pribrezhnoi zony akkumulativnykh ravnin severo-vostochnogo Prikaspia. /zv. NAN PK. Ser. Geol., no. 3, pp. 55-63.

6. Gharibzahedi S.M.T., Razavi S.H., Mousavi M. (2014) Potential applications and emerging trends of species of the genus
Dietzia: a review. Ann. Microbiol., vol. 64, pp. 421-429.

7. Head .M., Jones D.M., Roling W.F.M. (2003) Marine microorganisms make a meal of oil. Nat. Rev. Microbiol., vol. 1(3),
pp. 225-231.

8. Hui L., Ai M., Han S. et al. (2012) Microbial diversity and functionally distinct groups in produced water from the Daqing
Oilfield, China. Pet. Sci., vol. 9, pp. 469—484.

9. Kaiyrmanova G.K., Tapeshova Sh.Zh., Shaimerdenova U.T., Magmiyayev R.B., Yernazarova A.K. (2022) Identification of
microorganisms isolated from oil reservoir water of the Akingen field, Kazakhstan. Vestn. KazNU. Ser. Biol., no. 1(90), pp. 126—136.

10. Lebedeva E.G., Chelnokov G.A., Kharitonova N.A. (2018) Osobennosti raspredeleniya funktsional’nykh grupp bakterii v
podzemnykh kholodnykh vodakh Primorskogo kraya. Uspekhi Sovr. Estestvoznaniya, no. 12—1, pp. 162—167.

11. Liu Y.J., Chen Y.P., Jin P.K., Wang X.C. (2009) Bacterial communities in a crude oil gathering and transferring system
(China). Anaerobe, vol. 15(5), pp. 214-218.

12. Magot M., Ollivier B., Patel B.K.C. (1997) Microbiology of petroleum reservoirs. Antonie van Leeuwenhoek, vol. 77,
pp. 103-116.

13. Muyzer G., Stams A.J.M. (2008) The ecology and biotechnology of sulphate-reducing bacteria. Nat. Rev. Microbiol., vol.
6, pp. 441-454.

14. Nakano M., Kihara M., Iehata S. et al. (2011) Wax ester-like compounds as biosurfactants produced by Dietzia maris from
n-alkane as a sole carbon source. J. Basic Microbiol., vol. 51(5), pp. 490—498.

135



I/I3yquI/Ie MHKpO6HOFO u (1)H3I/IKO-XI/IMI/I‘IGCKOFO cTaryca 1mjIaCTOBBIX BOJ Heq;)TSIHOFO MECTOPOKACHUA «TepeH-Y3eK»

15. Naliyvaiko N.G., Syrovatko Yu.S., Dutova E.M., Pokrovskiy D.S. (2007) Kharakteristika mikrobnoy sostavlyayushchey
podzemnykh vod Respubliki Khakasiya v usloviyakh uglevodorodnogo zagryazneniya. Vestn. Tomsk. Gos. Univ., no. 300(1), pp.
190-193.

16. Nazina T.N., Ivanova A.E., Borzenkov [.A., Belyaev S.S., Ivanov M.V. (1995) Occurrence and geochemical activity of
microorganisms in high-temperature oil fields of Kazakhstan and Western Siberia. Geomicrobiol. J., vol. 13(3), pp. 181-192.

17. Nazina T.N. et al. (2006) Microbial community of formation water from Siberian oilfields. Microbiology, vol. 75(1), pp.
55-65.

18. Nazina T.N. et al. (2017) Microbiological and production characteristics of the Dagang heavy oil reservoir during
biotechnology application. Microbiology, vol. 86(5), pp. 653—665.

19. Nazina T.N., Sokolova D.Sh., Semenova E.M., Ershov A.P., Gruzdev D.S., Turova T.P. (2022) Genomic and physiological
characteristics of halophilic bacteria Halomonas and Marinobacter from oil reservoirs. Mikrobiologiya, vol. 91(3), pp. 285-299.

20. ST RK ASTM D 445-2011. (2011) Metod opredeleniya kinematicheskoy vyazkosti zhidkostey (raschet dinamicheskoy
vyazkosti).

21. Tang Y.Q., Li Y., Zhao J.Y. et al. (2012) Microbial communities in long-term, water-flooded petroleum reservoirs with
different in situ temperatures. PLoS ONE, vol. 7(3), €33535.

22. Venil C.K., Malathi M., Devi P.R. (2021) Characterization of Dietzia maris AURCCBTO1 from oil-contaminated soil. 3
Biotech, vol. 11(6), Art. 291.

23. Ventosa A., Nieto J.J., Oren A. (1998) Halophilic microorganisms in saline environments. Extremophiles, vol. 2(1), pp.
85-90.

24. Yusupova A.A., Giruts M.V., Vylekzhanina D.S., Semenova E.M., Gordadze G.N. (2022) Formation of hydrocarbon
biomarkers from biomass of Halomonas titanicae. Neftekhimiya, vol. 62(2), pp. 241-247.

25. Zhaksebekov Zh.D., Kozhakhmetov B.T., Paramonova G.A. (2007) Sovremennoe sostoyanie neftegazovykh ob’ektov
Prikaspia. Izv. NAN RK. Ser. Geol., no. 3, pp. 55-63.

26. Zhakipbekov M., et al. (2016). Hydrogeochemical characteristics of the Tengiz oilfield waters. KazGeoJournal, 2, 71-78.

27. GOST 23268.11-78. (1978) Vody mineral’nye. Metod opredeleniya ionov zheleza.

28. GOST 23268.15-78. (1978) Vody mineral’nye. Metod opredeleniya bromid-ionov.

29. GOST 23268.16-78. (1978) Vody mineral’nye. Metod opredeleniya iodid-ionov.

30. GOST 26449.1-85. (1985) Metody khimicheskogo analiza solyonykh vod.

31. MVI No. 13-2020. (2020) Titrimetricheskiy metod analiza prob.

Hugpopmayun 06 aemopax:

Kativipmanosa I'vivoican Kaiibipoicanoena — Kanouoam OuoI02UHecKux HayK, adccoyuuposanuviil npogeccop, Kazaxcxuii na-
yuonanvuwlll yHueepcumem um. Ano-Dapabu (Anmamel, Kazaxcman, e-mail: kaiyrman@mail.ru.)

Acvinbex Oniwep Epnanynvl — macucmp, Kazaxckuii nayuonanvhvli yHusepcumem um. Anb-Dapadbu (Arimamol, Kazaxcman,
e-mail: alisherasilbekl62@gmail.com.)

Epnazaposa Anus Kynaxmemoena — xanouoam 6uonocuueckux Hayk, Kasaxckuil nayuonanvuwlil ynusepcumem um. Anb-
Dapabu (Anmamul, Kazaxcman, e-mail: aliya.yernazarova@kaznu.edu.kz.)

Ulatimepoenosa Ynocan Typeanbexxuvizvl — PhD cmyoenm, Kazaxckuil nayuonanvhwviil yHugepcumem um. Anv-@apabu (Aima-
mot, Kazaxcman, e-mail: shaimerdenovau@gmail.com.)

Hypranosa Anvmupa JKanamosna — macucmpanm, Kazaxcrkuil Hayuonanvhulil yHueepcumem um. Anv-@apabu (Aamamer, Ka-
3axcmat, e-mail: almmmnur@gmail.com)

Information about authors:

Kaiyrmanova Gulzhan Kaiyrzhanovna — Candidate of Biological Sciences, Associate Professor, Al-Farabi Kazakh National
University (Almaty, Kazakhstan, e-mail: kaiyrman@mail.ru)

Asylbek Alisher Yerlanuly — Master’s Degree Holder, Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail:
alisherasilbekl62@gmail.com)

Yernazarova Aliya Kulakhmetovna — Candidate of Biological Sciences, Al-Farabi Kazakh National University (Almaty,
Kazakhstan, e-mail: aliya.yernazarova@kaznu.edu.kz)

Shaimerdenova Ulzhan Turganbekkyzy — PhD Student, Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail:
shaimerdenovau@gmail.com)

Nurkanova Almira Zhanatovna — Master’s Student, Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail:
almmmnur@gmail.com)

Hocmynuno 6 mapma 2025 200a
Tpunsimo 20 mas 2025 200a

136



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne2 (103). 2025 https://bb.kaznu.kz

IRSTI 34.27.23 https://doi.org/10.26577/bb2025103211

i i (i
N. Akmukhanova'* ' | s, Seiilbek! ' | R. Bakytzhan!

ik i
G. Domash! A , S. Amin' 0

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: akmukhanova.nurziya@gmail.com

BIODIVERSITY OF MICROALGAE AND CYANOBACTERIA
IN COTTON FIELD ECOSYSTEMS OF THE TURKESTAN REGION

This study explores the biodiversity of microalgae and cyanobacteria in cotton field ecosystems of
the Turkestan Region, Kazakhstan. Soil sample analysis identified 45 species of microalgae and cyano-
bacteria, with cyanobacteria—particularly those belonging to the genera Nostoc and Anabaena—showing
the highest diversity. Furthermore, four pure cultures were isolated using the enrichment culture method,
allowing detailed examination of their morphological traits and tolerance to pesticides. These organisms
play important ecological roles, especially in nutrient cycling and nitrogen fixation, contributing to soil
fertility and sustainability of agroecosystems. To evaluate photosynthetic activity under stress conditions,
an experiment was conducted using the widely used herbicide atrazine. The results revealed species-
specific differences in pesticide resistance, highlighting the resilience of some isolates. The findings
underscore the potential application of these native microalgae and cyanobacteria in bioremediation of
pesticide-contaminated soils. Moreover, due to their sensitivity and adaptive responses, they can serve
as valuable bioindicators of chemical pollution. By expanding knowledge of local microbial biodiversity,
this research lays the groundwork for utilizing autotrophic microorganisms in bioindication and agroeco-
logical management.

Keywords: microalgae, cyanobacteria, biodiversity, pesticides, atrazine.
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OA-Dapabu aTbiHAAFbI Kasak, yATTbIK, YHMBepcUTETI, AAMaThl, KasakcraH
*e-mail: akmukhanova.nurziya@gmail.com

TypkicTaH 06AbICbI MAKTa aAKAObIHbIH, 3KOXXYHeAepiHAeri MUKpoOaAAbIpAap
MeH LiMaHOobaKTepUSIAAPAbIH, OMOAAYAHTYPAIAIri

byA 3epTTeyae KaszakcraHHbiH TypKicTaH 0OAbICbIHAAFbI MAKTA aAKAMTaPbIHbIH arpoXKyneAepiHae
TipWiAiK  eTeTiH MMKPOBAAAbIPAAD MeH LMaHOBGaKTEPUSIAAPABIH,  OMOAAYaHTYPAIAITT  3epTTeAAi.
Tonblpak YATIAE€pIH TaApay HOTUMXKECIHAE MMKPOOGAAAbIPAAD MEH LMaHobakTepusAapAbiH 45 Typi
aHbIKTaAAbl, OAAPABIH, iLiHAe Nostoc xxeHe Anabaena TyblCTapblHa XaTaTblH LMAaHOOAKTEPUSIAQD aAyaH
TYPAIAiriMeH epekiueaeHAi. )KMHaKbl AaKbIA BAICE apKbIAbl TOPT Ta3a AAKbIA OOAIHIM aAbIHbIM, OAAPAbIH
MOPOAOTHSIABbIK, GEATIAEPI MEH MECTULIMATEPrE TO3IMAIAIT KaH-KaKTbl 3epTTeAAl. ByA opraHusmaep
3KOXKYMEAEPAE, BCipece 6UOreOXMMUSIABIK, LIUKAAEP MEH a30T (DMKCALMSICbIHAA MaHbI3AbI POA ATKAPAADI,
GYA TOMbIPaK, KYHAPAbIAbIFbIH APTThIPYFa XOHE aybIA LIAPYALLbIAbIFbIHBIH TYPAKThIAbIFbIHA bIKMAA ETEA|.
ATpasuH repbMUMAIH NarnAaAaHa OTbIPbIN, CTPECC >KafAalbIHAAFbI (DOTOCUHTETUKAABIK, OEACEHAIAIKTI
bararay MakcaTblHAQ ToXipube Xyprisiaai. HeTukeaep nectmumatepre Te3IMAIAIKTE Typre ToH
arbIpMaLLbIABIKTaPAbl  KepCeTTi. AAbIHFaH AAKbIAAAD MECTULMATEPMEH AAaCTaHFaH TOrMbIpaKTapAbl
GropeMeAMaLmsiAay  YILIIH KOAAQHYFA >KapamAbl >KOHE XMMMSAbIK, AACTaHYAblH OWMOMHAMKATOPbI
peTiHAE NanAaAaHbIAybl MYMKiH. JKepriAikTi MMKPOOTbIK, 61MoaAyaHTYPAIAIK Typaabl BiAIMAT TepeHaeTe
OTbIpbIN, GYA 3epTTey aBTOTPO(Tbl MUKPOAF3aAapAbl OMOMHAMKALLMS MEH ar PO3KOAOTUSIAbIK, 6ackapyaa
KOAAQHYABIH, HETi3iH KaAarAbl.

Ty#in ce3aep: MUKpPOBaAAbIpAap, LMaHobakTepusiaap, 6MoaAyaHTYPAIAIK, NeCTMUMATED, aTPasuH.
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Biodiversity of microalgae and cyanobacteria in cotton field ecosystems of the Turkestan region

H.P. AkmyxaroBa'", C.H. Ceiinbek', P.O. bakbITxKaH’,
I.C. Aomaw', C. AMUH'

Kazaxckuit HauMOHaAbHbIN YHMBEpCUTET uMeHn aab-Papabu, AamaTtbl, KasaxcraH
*e-mail: akmukhanova.nurziya@gmail.com

BuaoBoe pa3zHooOpa3re MUKPOBOAOPOCAEH M LiIMAHOOAKTepUid
B 3KOCMCTEMaX XAOMNKOBbIX MoAei TypkecTtaHCKOH 06AacTH

B HacToslieM Mccaepa0BaHMM paccMaTpuBaeTcst GropasHoobpasme MUKPOBOAOPOCAEN U LMAHO-
GaKkTepui, OOMUTAIOLWMX B arPO3KOCUCTEMAX XAOMKOBbIX MOAeN TypkecTaHckon obaactui, KasaxcraH. B
pe3yAbTaTe aHaAM3a 06pasLOB MOYBbl ObIAO BbISIBAEHO 45 BMAOB MMKPOBOAOPOCAEN M LMaHOOaKTe-
pWi, MK 3TOM HanMbOoAblliee pazHoobpasme HabAIOAAAOCH CPEAM LMaHOGAKTEPUiA, B YaCTHOCTM, PO-
A0B Nostoc n Anabaena. C MCNOAb30BaHMEM METOAA HAKOMUTEAbHbIX KYAbTYP ObIAM BbIAEAEHbI Ye-
TbIPE YUCTblE KYAbTYPbI, YTO MO3BOAMAO AETAAbHO M3YUMTb MX MOPGOAOrMYECKME XapaKTEPUCTUKU
M YCTOMUMBOCTb K MECTULMAAM. DTMU OPraHM3mMbl UIPAIOT BAXKHYIO POAb B 3KOCUMCTEMAX, OCOOEHHO B
6GMOreOXMMMYECKMX LMKAAX M (MKCaLMKU a30Ta, YTO CMOCOBCTBYET MOBbILLEHWIO MAOAOPOAMS MOYBbI 1
YCTOMUYMBOCTM CEABCKOIO X039MCTBA. AAS OLIEHKM (DOTOCUHTETMYECKOM aKTUBHOCTU B YCAOBMSIX CTPEC-
COBOIO BO3AENCTBMS ObIA MPOBEAEH SKCMEPUMEHT C NMPUMEHeHMeM repbuumnaa atpasmHa. [oAyyeHHble
pe3yAbTaTbl MOKa3aAM BUAOCTEUMpUUYECKME PA3AMUMS B YCTOMUMBOCTU K NMeCcTUUMAAM. Mccaeayemble
LITaMMbl 06AAAIOT MOTEHLIMAAOM AAS NMPUMEHEHWUS B OMOPEMEAMALIMM 3arPSA3HEHHBIX MeCTULMAAMM
MoYB, a TAKXKe MOMYT CAY>KWUTb OMOMHAMKATOPAMM XMMMUYECKOro 3arpsisHeHus. Paclumpss 3HaHus o
MECTHOM MMKPOBHOM 61opasHoobpasnmn, AaHHOE MCCAEAOBAHME 3aKAAAbIBAET OCHOBY AAS UCTIOAb30-
BaHW$l aBTOTPOHBIX MUKPOOPraHM3MOB B BUOMHAMKALMM U arPOIKOAOIMUYECKOM YIPaBAEHUMN.

KAtoueBble cAOBa: MUKPOBOAOPOCAM, LiMaHobGakTepun, GruopasHoobpasme, NecTULMADI, aTPasuH.

1. Introduction

Cotton fields, despite their considerable eco-
nomic importance and substantial contribution to
the textile industry, pose a significant environmen-
tal challenge. The main environmental concerns as-
sociated with cotton cultivation include the use of
pesticides and chemical fertilizers, water resource
management, soil salinization and erosion, carbon
footprint, as well as public health impacts and the
degradation of natural ecosystems [1]. Intensive ap-
plication of pesticides and chemical fertilizers on
cotton fields leads to environmental pollution, as
these substances can penetrate the soil and water
resources, thereby adversely affecting biodiversity
and ecosystem health [2].

Considering these environmental challenges,
the Turkestan Region in southern Kazakhstan, rec-
ognized as the northernmost cotton-producing ter-
ritory in the world, faces unique problems. Each
year, medium-fiber cotton is cultivated here on an
area of 115,000-125,000 hectares [3,4], leading to
additional environmental threats such as soil sali-
nization, drought, pests, and diseases. Pesticides
enter the environment through various pathways
after their application to agricultural crops or soil.
Many pesticides contain chemical compounds that
can be harmful or even lethal to humans, animals,
and plants. Global pesticide consumption in agri-
culture is projected to increase to 4.5 million metric
tons by 2027 [5]. While the majority of agricultural
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pesticides are used in North and South America,
pesticide usage in Kazakhstan, as in many other
countries, is rising. These chemicals are essential
for increasing crop yields and ensuring regional
food security. Currently, approximately 1,021 trade
names of pesticides with various applications and
uses are registered in Kazakhstan [6]. Each year, the
list of registered pesticides expands by 15-20 new
formulations. The predominant classes of pesticides
in use include insecticides (172), fungicides (125),
and herbicides (520). These compounds are often
detected at levels exceeding legally established lim-
its or environmental standards [7].

Furthermore, an inventory of obsolete pesticides
in Kazakhstan has identified over 700 storage sites
and 15 burial facilities. The accumulation of out-
dated pesticide stocks not only poses risks to public
health and the environment but also contributes to
the contamination of natural resources and hinders
socio-economic development. Consequently, ad-
herence to global standards and regulatory require-
ments for highly hazardous pesticides remains a
pressing issue.

In response to these issues, the algal flora of cot-
ton fields constitutes an important component of the
ecosystem. Microalgae and cyanobacteria in soils
play a crucial role in maintaining soil health and
fertility. These photosynthetic microorganisms play
a role in carbon and nitrogen fixation, improve soil
structure, and stimulate plant development [8;9]. In
addition, they generate valuable biomass, phytohor-
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mones, and other bioactive compounds that enhance
soil ecological conditions and aid in the suppression
of plant diseases [8].

In addition, microalgae and cyanobacteria play
an essential role in sustaining ecological balance
within agricultural ecosystems by taking part in nu-
trient cycling, enhancing soil structure, and foster-
ing biodiversity. Their ability to degrade toxic sub-
stances such as insecticides and herbicides makes
them crucial for increasing the resilience of ecosys-
tems to chemical contamination [10]. The response
of microalgae to pesticides varies among species:
some exhibit resistance, while others are more sen-
sitive. These differences are explained by their eco-
physiological characteristics, which are especially
notable among Arctic and temperate microalgae
[11]. Meanwhile, several microalgal strains, includ-
ing Chlorella and Scenedesmus, efficiently remove
pesticides from the environment through biodeg-
radation, with certain strains achieving over 90%
pesticide removal efficiency. This underscores their
potential for use in bioremediation [12].

The aim of this study is to examine the species
diversity of microalgae and cyanobacteria in cot-
ton field ecosystems of the Turkestan Region and
to isolate and characterize strains that exhibit resis-
tance to pesticides. Examining microalgae and cya-
nobacteria in this context will enable an assessment
of their ecological role and potential in maintaining
the health and resilience of cotton field ecosystems
under intensive agricultural conditions.

2. Materials and methods

Sampling

Soil samples were collected from cotton fields
located in the village of Sholpankuduk, Zhetisay
district, Turkestan Region (40.945160, 68.105845)
during the spring and summer of 2024. A total of
28 algological samples were collected from sites
where algal growth was visibly pronounced. Each
sample was accurately labeled with the correspond-
ing sample number, date and location of collection,
and the name of the collector. Field sampling and
subsequent laboratory analysis were conducted in
accordance with established algological methodolo-
gies.

Each soil sample was subjected to microscopic
examination using “Premiere” and “MicrosAustria”
light microscopes at magnifications of 40% to 100x%.
For each of the five microscope slides prepared, a
minimum of 3040 fields of view were observed.
Microalgae and cyanobacteria were identified in

both their native and fixed forms, with formaldehyde
and iodine solutions used as fixatives. Taxonomic
determinations of microalgae and cyanobacteria
were carried out according to standard taxonomic
literature [13; 14] and updated information from
AlgaeBase [15], CyanoDB [16], as well as relevant
modern taxonomic studies.

Isolation of Microalgae and Cyanobacterial
Strains

For the preparation of enrichment cultures, the
collected material was inoculated into flasks or test
tubes containing sterile liquid nutrient medium,
ensuring that the medium volume did not exceed
1/3—1/4 of the flask volume. The inoculated culture
vessels were incubated at 25°C under constant ar-
tificial light supplied by Flora Led 35 D120 lamps,
with an intensity of 80 umol photons'm™-s™'. The
nutrient media used to obtain enrichment cultures of
microalgae and cyanobacteria included Zarrouk’s,
Gromov’s, BG-11, Tamiya, and Prat.

After the cultivation period, 1 mL of the micro-
algal and cyanobacterial suspension was transferred
onto Petri dishes containing solid nutrient agar—ei-
ther directly or after several subculturing steps, de-
pending on the purity of the enrichment culture. The
suspension was spread across the agar surface using
a sterile spatula. The Petri dishes were then placed
under light to allow colony formation. From each
developed colony, a portion of the culture was taken
with a loop and transferred to fresh liquid medium
or a slant. By repeatedly isolating material from a
single colony and employing a sufficiently diluted
suspension for inoculation, it can be assumed that
each colony arises from a single cell [17]. The pu-
rity of the microalgal and cyanobacterial cultures
was verified before and after each stage of the pro-
cedure through thorough microscopic examination
using phase-contrast illumination (Carl Zeiss Axios-
kop 40, Germany). All procedures were conducted
under aseptic conditions with sterile materials. The
cultures were maintained at 22—-24°C under constant
illumination.

Methodology for Determining the Pesticide
Resistance of Microalgae and Cyanobacteria

Microalgae and cyanobacteria were initially
grown for 8-10 days in 500 mL conical flasks
containing the appropriate nutrient media, under
constant artificial lighting from Flora Led 35 D120
lamps (80 pmol photons'm™s™!) at a temperature
of 22-24°C. The growth of microalgae was moni-
tored by recording changes in their cell density
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using a Goryaev counting chamber [18]. Once the
cultures reached the exponential phase, they were
transferred to 1 L Erlenmeyer flasks with an initial
cell density of 2.5 x 10° cells/mL. After transfer,
the cells were exposed to different concentrations
of the pesticide atrazine for 72 hours. To ensure
statistical reliability of the results, the experiment
was conducted in triplicate for each concentration
of the pesticide.

To evaluate the response of microalgae to pesti-
cides, both the cell density and the maximum quan-
tum yield of the photochemical reactions (FV/FM)
were measured at the beginning of the experiment
(time zero) and after 72 hours. Fluorescence inten-
sity was also recorded as an indicator of photosyn-
thetic activity. Rapid chlorophyll a fluorescence in-
duction curves in intact cyanobacterial cultures were
recorded using Aquapen—C 100 fluorometers (PSI,
Czech Republic) under actinic light with a wave-
length of 630 nm and an intensity of 1500 pmol
photons'm2:s™*. The obtained curves were analyzed
using the JIP-test methodology [19], which includes
the following parameters: fluorescence intensity at
20 us (FO), 2 ms (FJ), 30 ms (FI), 6 s (F6s), as well
as FP (FM, the maximum fluorescence intensity)
and MO (the area above the OJIP kinetic curve and
below FM). Based on these measurements, the fol-
lowing indicators were calculated:

FV =FM - FO, representing the maximum vari-
able fluorescence;

FV/FM, indicating the maximum quantum yield
of the primary photochemical reaction in open PS II
reaction centers (FV/FM = ¢Po).

All measurements were carried out in at least
five replicates.

3. Results and discussion

Algal Flora of Cotton Field Ecosystems in the
Turkestan Region

The Turkestan Region is characterized by di-
verse soil types, including dark and light sierozems
(grey soils), meadow-sierozems, and meadow soils.
Irrigated lands in the region often have low nutrient
content. According to the Ministry of Agriculture of
the Republic of Kazakhstan, the soils in this area in-
clude non-saline soils (69%), slightly saline (13%),
moderately saline (11%), and strongly saline (7%).
The largest number of strongly and severely saline
lands has been recorded in the Zhetisay, Otyrar,
Shardara, and Maktaaral districts. Based on their
meliorative status, the region’s irrigated lands are
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classified as good (185.5 thousand ha), satisfactory
(166.6 thousand ha), and unsatisfactory (222.3 thou-
sand ha) (Official Internet Resource of the Republic
of Kazakhstan).

Cotton cultivation is actively developing in the
Zhetisay district. In 2024, more than 40 thousand
hectares of cotton were sown in this area, and by Oc-
tober, over 50 thousand tons of the “white gold” had
been harvested. To enhance crop yields and promote
more efficient water use, innovative water-saving
methods such as drip irrigation are being imple-
mented. Nevertheless, soil degradation—especially
salinization—continues to pose a significant threat to
agriculture in the region. Salinization not only low-
ers crop productivity but can also lead to the conver-
sion of fertile soils into saline-affected lands. The
cotton field soils in the village of Sholpankuduk,
Maktalynsky rural district, Zhetisay district of the
Turkestan Region, are significantly impacted by
pesticides. The intensive use of chemical plant pro-
tection agents—such as insecticides, herbicides, and
fungicides—stems from the need to combat pests and
weeds common to this crop. However, prolonged
pesticide application negatively affects soil quality.

In this study, 45 species of microalgae and cya-
nobacteria were identified from soil samples (Fig.
1). These included five species of Xanthophyta
(yellow-green algae), 19 species of cyanobacteria,
seven species of Bacillariophyta (diatoms), and 14
species of green algae. The most commonly en-
countered species were Phormidium autumnale,
Nitzschia palea, Chlorella vulgaris, Nostoc linckia,
and Anabaena flos-aguae. These species, belong-
ing to different taxonomic groups, play important
roles in various soil processes. Chlorella vulgaris is
an important component in food webs and nutrient
cycling. Cyanobacteria were found to be the most
diverse group, comprising 19 species. The family
Nostocaceae, which includes the genera Anabaena
and Nostoc, exhibited the highest species diversity.
Heterocystous forms such as Anabaena cylindrica
and Nostoc commune constituted the majority of the
cyanobacterial community. These organisms play
a crucial role in biogeochemical cycles, especially
nitrogen fixation, which is critically important for
agriculture.

The results of the study, based on collected soil
samples, revealed a significant diversity of micro-
algae and cyanobacteria inhabiting this ecosystem.
The observed species diversity of microalgae and
cyanobacteria highlights their importance for eco-
system processes and soil fertility maintenance.
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Figure 1 — Biodiversity of Microalgae in the Ecosystems of Cotton Fields in the Turkestan Region. a-h-specimens
of the studied samples. Numbers indicate: 1- Dunaliella, 2-Chlorococcum, 3-Nostoc, 4-Navicula, 5-Nostoc,

6-Phormidium, 7-Synechococcus, 8-Oscillatoria, 9-Chlorella, 10-Anabaena

Isolation of Pure Cyanobacterial Cultures

Using the enrichment culture method based
on collected soil samples, four algologically and
bacteriologically pure cultures of cyanobacteria
and microalgae were isolated. The morphologi-
cal study of pure microalgae and cyanobacteria
revealed the following characteristics: the cul-
ture Chlorella vulgaris Sp — T24 is a unicellular
green microalga with a spherical shape, measur-
ing 2-10 um in diameter. The cells have a smooth
cell wall and contain a single large chloroplast,
which gives them a bright green color (Fig. 2).
Scenedesmus Sp — T24 is a colonial green alga
forming groups of 2-4 cells arranged in linear
colonies. The cells are oval or cylindrical, mea-

suring 5-15 pm in length and 2-4 pm in width
(Fig. 2). Synechococcus Sp — D24 is a unicel-
lular cyanobacterium with elongated cylindrical
cells, measuring 2-6 pm in length and 1-2 pm
in width. The cells are blue-green in color, and
reproduction occurs through binary fission (Fig.
2). Nostoc Sp — D24 is a colonial cyanobacte-
rium forming filamentous trichomes up to sev-
eral hundred micrometers in length. The cells are
spherical or oval, with a diameter of 3-6 um, and
are surrounded by a mucilaginous sheath. The
trichomes include heterocysts, which are special-
ized cells involved in nitrogen fixation (Fig. 2).
The isolated cultures demonstrated good growth
on Tamiya, Gromov, and BG-11 nutrient media.
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Figure 2 — Microphotographs of Isolated Microalgae and Cyanobacteria from the Soils of Cotton Fields in the Turkestan Region.
a— Chlorella vulgaris Sp-T24, b — Scenedesmus Sp-T24, ¢ — Nostoc Sp-D24, d — Synechococcus Sp-D24.

Determination of Microalgae Resistance to Pes-
ticides

To assess the resistance of microalgae (Chlo-
rella vulgaris Sp-T24, Scenedesmus Sp-124, Syn-
echococcus Sp-D24, Nostoc Sp-D24) to atrazine,
an experiment was conducted in which the cultures
were exposed to various concentrations of atrazine

(0.1 pg/L, 1 pg/L, 10 pg/L) for 72 hours. For each
microalgae species, the following parameters were
measured: maximum quantum yield of photochemi-
cal reactions (FV/FM), fluorescence intensity as an
indicator of photosynthetic activity, and growth in-
hibition expressed as a percentage reduction in bio-
mass (Table 1).

Table 1 — Effects of Different Atrazine Concentrations on Key Parameters of Microalgae

Atrazine(:(;li;zntration Microalgal species FV/FM (gPo) ll?‘nl:le(:lrsel:;e(l:/?j Growth( oi/l:;libition

0 (control) Chlorella vulgaris Sp-T24 0.48 100 0
0.1 Chlorella vulgaris Sp-T24 0.46 95 5

1 Chlorella vulgaris Sp-T24 0.41 80 20

10 Chlorella vulgaris Sp-T24 0.35 50 50

0 (control) Scenedesmus Sp-T24 0.44 100 0
0.1 Scenedesmus Sp-T24 0.38 85 15

1 Scenedesmus Sp-T24 0.35 60 40

10 Scenedesmus Sp-T24 0.25 30 70

0 (control) Synechococcus Sp-D24 0.47 100 0
0.1 Synechococcus Sp-D24 0.45 90 10

1 Synechococcus Sp-D24 0.42 75 25
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Continuation of the table

Atrazine(;(;;llf;ntration Microalgal species FV/FM (gPo) E;?;ﬁ:;e(r:/ie) Growth( oi/il;libition
10 Synechococcus Sp-D24 0.38 60 40
0 (control) Nostoc Sp-D24 0.46 100 0
0.1 Nostoc Sp-D24 0.35 70 30
1 Nostoc Sp-D24 0.30 50 50
10 Nostoc Sp-D24 0.20 20 80

The experimental data demonstrate that atrazine
exhibits an inhibitory effect on the photosynthetic
activity and growth of all studied microalgal spe-
cies. The most significant reduction in fluorescence
intensity and FV/FM was observed at an atrazine
concentration of 10 pg/L, confirming its toxicity to
these organisms. At the same time, at concentrations
of 0.1 pg/L and 1 pg/L, changes in the parameters
were less pronounced, which may indicate a lower
toxicity of these concentration levels for the studied
microalgal species.

The greatest inhibition of growth and photo-
synthesis was observed in Scenedesmus Sp-T24
and Nostoc Sp-D24 under the influence of atrazine,
indicating their sensitivity to the pesticide. In con-
trast, Chlorella vulgaris Sp-T24 and Synechococcus
Sp-D24 exhibited higher tolerance to atrazine com-
pared to the other cultures, maintaining a significant
portion of their photosynthetic activity even at in-
creased pesticide concentrations. Nostoc Sp-D24
proved to be the most sensitive species, making it
a potential indicator for assessing pesticide impacts
on ecosystems.

The maximum quantum yield of primary photo-
chemical reactions (FV/FM, ¢Po) in Chlorella vul-
garis Sp-T24 and Synechococcus Sp-D24 remained
at a high level (0.46—-0.45), indicating their ability to
maintain photosynthetic activity under low atrazine
concentrations (Table 1). In contrast, Scenedesmus
Sp-T24 showed a slight decrease in FV/FM even at
an atrazine concentration of 0.1 pg/L, suggesting its
lower tolerance.

The analysis of the results revealed a significant
decrease in fluorescence intensity in all studied mi-
croalgal cultures with increasing atrazine concen-
trations. This reduction is associated with damage
to the photosynthetic apparatus caused by the toxic
effects of the pesticide. A more pronounced decline
in fluorescence was observed in Scenedesmus Sp-
T24 and Nostoc Sp-D24, confirming their height-
ened vulnerability. In contrast, Chlorella vulgaris
Sp-T24 and Synechococcus Sp-D24 demonstrated

higher tolerance to atrazine. This could be attributed
to physiological traits such as enhanced detoxifica-
tion mechanisms or more effective protection of the
photosynthetic apparatus.

Scenedesmus Sp-T24 and Nostoc Sp-D24 ex-
hibited the greatest sensitivity to atrazine, indicat-
ing a lower adaptation to pesticide-induced stress.
The findings of this study emphasize the differences
in microalgal sensitivity to atrazine. More tolerant
species, such as Chlorella vulgaris Sp-T24 and Syn-
echococcus Sp-D24, may have potential for biotech-
nological applications, including bioremediation in
pesticide-contaminated environments. In contrast,
the most sensitive species, Scenedesmus Sp-T24
and Nostoc Sp-D24, can serve as bioindicators for
assessing pesticide pollution in aquatic ecosystems.

The study of microalgae and cyanobacteria
inhabiting the ecosystems of cotton fields in the
Turkestan region highlights the diversity of organ-
isms that play a crucial role in maintaining ecosys-
tem processes. In particular, the identification of 45
species of microalgae and cyanobacteria, including
species such as Chlorella vulgaris, Nostoc linckia,
and Anabaena flos-aquae, confirms the presence of
diverse taxonomic groups within these ecosystems.
These microorganisms play a key role in sustaining
soil fertility and supporting biogeochemical cycles,
including nitrogen fixation [20; 21]. Cyanobacteria
belonging to the family Nostocaceae, including An-
abaena cylindrica and Nostoc commune, play a cru-
cial role in agroecosystems by improving soil qual-
ity through atmospheric nitrogen fixation, which in
turn boosts crop productivity in nitrogen-poor soils
[22].

Cyanobacteria of the Nostocaceae family play a
crucial role in cotton cultivation by promoting plant
growth and controlling soil-borne pathogens. Stud-
ies have shown that Nostoc species can effectively
inhibit Fusarium oxysporum and Rhizoctonia so-
lani, increasing cotton seedling survival and yield
[23;24]. These cyanobacteria also act as biofertiliz-
ers, fixing nitrogen in paddy fields and potentially in
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cotton fields [25; 26]. However, the use of synthetic
nitrogen fertilizers negatively impacts the diversity
of nitrogen-fixing cyanobacteria [25]. Research sug-
gests that early-appearing, efficient nitrogen-fixers
should be used as alternatives to synthetic fertiliz-
ers for sustainable agriculture [25]. Additionally,
cyanobacteria have shown potential in pesticide
biodegradation and produce bioactive compounds
like ammonia and enzymes that contribute to their
effectiveness in controlling fungal diseases in cot-
ton [24].

An important aspect of the study is the im-
pact of pesticides, specifically atrazine, on the
photosynthetic activity of microalgae. Atrazine
exhibited toxic effects on photosynthesis, as evi-
denced by reduced fluorescence intensity and pho-
tochemical activity across all studied species. The
research demonstrated that Chlorella vulgaris and
Synechococcus exhibited higher tolerance to atra-
zine compared to Scenedesmus and Nostoc, which
displayed the most pronounced sensitivity to the
pesticide. These findings could have significant
ecological implications, as they emphasize the im-
portance of certain species’ resilience to chemical
pollution, which can be leveraged for developing
environmentally safe bioremediation methods [27;
28]. Studies have investigated the effects of atra-
zine, a widely used herbicide, on various algal spe-
cies. Chlorella vulgaris demonstrated moderate tol-
erance to atrazine, with EC50 values ranging from
42-125 pg/L [29]. However, C. vulgaris exhibited
significant physiological and genetic responses to
atrazine exposure, including reduced photosystem
gene transcription and increased antioxidant en-
zyme activity [30]. Comparatively, Scenedesmus
acutus and Pseudanabaena galeata showed higher
sensitivity to atrazine, with 96-hour EbC50 values
of 0.014 mg/L for both species [31]. Interestingly,
some algal strains, such as Franceia sp., displayed
notably higher atrazine tolerance, with EC50 val-
ues ranging from 430-774 pg/L [29].

These findings suggest that atrazine tolerance
varies significantly among algal species and strains,
with potential implications for aquatic ecosystem
dynamics in atrazine-contaminated environments.
Bioremediation has emerged as an environmentally
friendly and cost-effective approach for pesticide
decontamination [32]. Various microorganisms, in-
cluding bacteria, fungi, and algae, have been identi-
fied for their ability to degrade pesticides [33]. These
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microbes utilize pesticides as nutrients, breaking
them down into non-toxic molecules through pro-
cesses like mineralization and co-metabolism [33].
Enzymes play a crucial role in pesticide bioreme-
diation, influencing their modes of action and envi-
ronmental fates [34]. Factors such as pesticide type,
microorganism species, temperature, humidity, and
acidity affect the degradation process [33].

At the same time, highly sensitive species can
serve as indicators of pesticide contamination, of-
fering potential applications in monitoring soil and
aquatic ecosystem quality. These organisms respond
quickly to environmental changes, making them ide-
al for assessing toxicity and providing early warning
signals of pollution [35].

Conclusion

This study highlights the ecological and biotech-
nological importance of microalgae and cyanobac-
teria in cotton field ecosystems of the Turkestan re-
gion. The identification of 45 species demonstrates
their taxonomic richness and functional roles, par-
ticularly in nitrogen fixation and soil fertility en-
hancement. Species of the Nostocaceae family not
only contribute to nutrient cycling but also promote
plant growth and suppress soil-borne pathogens,
making them valuable for sustainable agriculture.
The assessment of atrazine toxicity revealed vary-
ing sensitivities among species, with Chlorella vul-
garis Sp-T24 and Synechococcus Sp-D24 showing
higher tolerance than Scenedesmus Sp-T24 and
Nostoc Sp-D24. These findings suggest potential for
using tolerant strains in bioremediation and sensi-
tive species as indicators of environmental contami-
nation. Microalgae and cyanobacteria possess the
ability to degrade pesticides and produce bioactive
compounds, positioning them as promising agents
in eco-friendly biotechnologies. Their application
could reduce reliance on synthetic agrochemicals,
mitigate pollution, and support soil health, offering
practical solutions for sustainable land management
and environmental protection.
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ASSESSMENT OF ANTIOXIDANT STATUS
OF RATS AT THE BACKGROUND OF CONSUMPTION
OF SPECIALIZED CHOCOLATE WITH LEAD ACETATE EXPOSURE

This article presents the results of experimental research on the assessment of the antioxidant status
of animals consuming specialized chocolate developed from mare’s milk, enriched with resveratrol and
vitamin E. The study demonstrated that after 30 days of intragastric lead acetate administration, rats
showed an activation of lipid peroxidation processes in their blood serum. This was accompanied by the
accumulation of both primary and secondary products—malondialdehyde and diene conjugates—as well
as a decrease in vitamin E content and total antioxidant activity in the blood.

Excessive accumulation of peroxidation products was accompanied by increased catalase activity
and decreased superoxide dismutase activity. It is noteworthy that all observed changes in the men-
tioned indicators were statistically significant. The reduction in antioxidant status highlighted the need
to enrich the diet of animals under lead intoxication conditions with products containing high levels of
antioxidants and antioxidant substances.

In this study, the effect of specialized chocolate enriched with mare’s milk, resveratrol, and vitamin E
on the antioxidant status of animals exposed to toxic lead acetate administration was evaluated. After 30
days of the experimental period, the consumption of 5 grams of specialized chocolate per day by the rats
was found to improve their antioxidant status. This improvement was reflected by a reduction in lipid
peroxidation products in the blood serum, increased superoxide dismutase activity, decreased catalase
activity, and higher levels of vitamin E and total antioxidant activity in the serum.

The obtained results indicate the beneficial effect of the chocolate on the processes of lipid peroxi-
dation and antioxidant defense, supporting its potential use for preventive purposes in cases of lead salt
poisoning.

Keywords: antioxidant status, chocolate, mare’s milk, resveratrol, vitamin E, toxic intoxication.
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KopfacblH aueTaTbiMeH yAaHFaH Ke3Ae MaMaHAQHADBIPbIAFAH LLOKOAAA, TYTbIHFaH
ereyKkympbIKTapAbIH, aHTUOKCUAQHTTbIK, KYHiH 3epTTey

Makarapa 6ue cyTi HerisiHAE AaMblHAAAFaH, pecBepaTpPoA MeH E  AspymeHi KOCbIAFaH
MaMaHAAHABIPbIAFAH LLIOKOAAATbl TYTbIHFaH >KaHyapAapAblH aHTMOKCMAQHTTBLIK, KyiMiH 6Garasayra
GarbITTaAFaH SKCMEPUMEHTTIK 3epTTey HaTMXKeAepi basiHAaAaAbL. 3epTTey GapbICbIHAA ereyKynpbIKTapFa
30 kyH 6OMbl ackasaH illiHe KOPFacbiH aueTaTbl eHri3iAreHHeH KeMiH, OAapAbIH KaH CapbiCyblHAQ
AMMUATEPAIH aCKbIH TOTBIFY MPOLECTEPiHiH Kywetoi 6ankasabl. ByA e3repictep AMNMATEPAIH acKbiH
TOTbIFY GHIMAEPI — MaAOHAblI AMAAbAErMA TEH AMEHAI KOHbIOraTTapAblH AEHreriHiH apTybIMeH
cunattanAbl. CoHbIMEH KaTap, KaH capbiCyblHAQ E ASpYMEHiHIH >X8He >KaAnbl aHTMOKCUAQHTTBIK,
GEACEHAIAIKTIH TOMEHAEYI TIpKEAAI.

AVMUATEPAIH NMEPOKCUATI TOTbIFYbIHBIH KYLIEOi KaTaAasa OGeACEHAIAIriHIH apTybIMeH >XaHe
CYNnepoKCMAAMCMYTa3a BEACEHAIAITIHIH TEMEHABYIMEH KaTap XXYpAi. KepceTkiwTepaeri e3repicrepain,
GapAbIFbl CTAaTUCTUKAABIK, TYPFbIAA MaHbI3bl 0ap HOTUXKEAEP PETIHAE aHbIKTaAAbl. AHTMOKCUAAHTTbIK,
KYMAIH HallapAaybl >KaHyapAap PauUMOHbIH aHTUMOKCMAQHTTbBIK, KACMeTi »KOFapbl 6HIMAEPMEH Hemece
3aTTapMeH GambITyAbIH KaXKETTIAIMH KOpCeTTi.

3epTTey 6apbiCblHAQ KOPFacblH aueTaTbIMEH YAAHFaH ereyKympbIKTapAblH aHTMOKCMAQHTTbIK,
KyriHe 6ue cyTiMeH, pecBepaTpoAMeH >oHe E aAspymeHiMeH OaiibiTbiAFaH MamaHAAHAbBIPbIAFAH
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G.R. Smagul et al.

TbiH 9cepi 6araraHAbl. DKCnepruMeHTTiH 30-KYHAIK Ke3eHi askTaAfaHHaH KeniH XXaHyapAapFa TOyAiriHe
5 rpamm LLIOKOAAA OGepiAreH >KarFAanAa, OAAPAbIH, AHTMOKCUAAHTTBIK, KYMiHIH XKaKcapFaHbl aHbIKTaAAbI.
ByA KaH capbICybIHAQ aCKbIH TOTbIFY OHIMAEPIHIH TOMEHAEYIMEH, CYNepoKCUAAMCMYTa3a BEACEHAAITI-
HiH >KOFapblAaybIMeH, KaTaAa3a HEACEHAIAIMHIH KaAbINKa KeAyiMeH, COHAaM-ak, E AepyMeHi MeH >KaArbl
AHTUOKCUMAQHTTbIK, GEACEHAIAIK AEHIENiHIH apTybIMEeH KOpPIHIC TanTbl.

AAbIHFQH HOTMXKEAEP LLUOKOAAATbIH AUMUATEPAIH aCKblH TOTbIFY MpoOLEecTepi MeH aHTMOKCUMAQHT-
TbIK >KYWMeHIH Kbl3MeTiHe OH acep eTeTiHiH kepceTeai. COHbIMEH KaTap, 3epTTey HaTMXKeAepi MamaH-
AQHABIPbIAFAH LLIOKOAAQATbI KOPFACbIH TY3AApPbIMEH YAQHYAbIH aAAbIH @Ay LLIApaAapblHbiH Gipi peTiHae
KOAAQHYABIH, TMIMAIAITT MEH MaKCaTKa COMKECTIrH ADAEAAENAIL.

Ty#iH ce3Aep: aHTMOKCUAAHTTBIK KYH, LLIOKOAAA, Gue cyTi, pecBepaTtpoa, E AepyMeHi, TOKCUKAABIK,
YAQHY.
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OueHKa aHTMOKCMAQHTHOIO CTaTyca KpbIC Ha choHe noTpedAeHus
CreLMaAM3MpoOBaHHOTO LLIOKOAQAA NP 3aTpaBke aleTaToM CBMHLA

B cTaTbe M3AaraloTcs AaHHble 3KCMEPUMEHTAAbHbBIX MCCAEAOBaHMI, KacaloLMecs: OLeHKM aHTUOK-
CUAQHTHOMO CTaTyCa XXMBOTHbIX MPW MPUEME CMELMAAM3MPOBAHHOIO LLIOKOAAAQ, pa3paboTaHHOro Ha
OCHOBe KOObIALErO MOAOKA C A0OAaBAEHMEM pecBepaTpoAa M ButamuHa E. MokasaHo, uto nocae 30
AHEBHOWM 3aTPaBKM KPbIC aLleTaTOM CBUHLIA BHYTPMXKEAYAOUHO, B CbIBOPOTKM KPOBU KPbIC OTMEYaAachb
AKTMBaLMS NPOLLECCOB NEPEKUCHOr0 OKMCAEHUSI AUMUAOB, COMPOBOXKAQIOLLASCS HAKOMAEHMEM KaK rnep-
BMUHBIX, TaK M BTOPUYHbIX MPOAYKTOB — MAaAOHOBOIO AMAAbAErMAA U AMEHOBBIX KOHbIOraTOB, CHUYKe-
HMEM B KPOBM COAEPIKaHUs BUTammHa E 1 06uieit aHTMOKCMAQHTHOM aKTMBHOCTM.

M36bITOYHOE HaAKOMAEHME MEPEKMCHBIX COEAMHEHUI COMPOBOXAAAOCH aKTMBALMEN KaTaAasbl U
CHW>KEHMEM aKTMBHOCTU CyrnepokcuAAnCMyTasbl. CAeAyeT OTMETUTb, UTO BCE MOAYUEHHbIE M3MEHEHMs
B BbllLEYyKa3aHHbIX MOKa3aTeAsdX HOCMAM AOCTOBEPHbIN XapakTep.

CHUW>KEHMEe aHTUOKCMAAHTHOTO cTaTyca 060CHOBbBIBAAO LLEAECOOOPA3HOCTL 06O0raLleHms paLmoHa
>KMBOTHbIX B YCAOBMSIX CBUHLLOBOM MHTOKCMKALMM NMPOAYKTaMM C MOBbILUEHHbIM YPOBHEM aHTUOKCUAAH-
TOB M BeLLEeCTB aHTMOKCUAAHTHOM MPUPOABI.

B npeACTaBAEHHOM MCCAEAOBAHUM AdHA OLIEHKA CMeLMaAM3MpPOBAHHOMO WOKOAAAQ, oboralleHHo-
ro KOObIAbUM MOAOKOM, PECBEPATPOAOM M BUTaMMHOM E Ha COCTOSIHME aHTMOKCMAQHTHOrO CTaTyca
JKMBOTHbIX, MOABEPXKEHHbIX TOKCMYECKON 3aTpaBke alleTaTom CBMHLA. YCTaHOBAEHO, 4To yepe3 30
AHEN 3KCMEePUMEHTAAbHOIO NMepuoAa notpebAeHre KpbiCamu Mo 5r CrneuraAm3nMpoBaHHOIO LLOKOAAAQ
B CYTKM CMOCOOGCTBOBAAO MOBbILLEHMIO QHTUOKCUMAAQHTHOIO CTATyCa, UTO COMPOBOXAAAOCh CHUXKEHUEM
B CbIBOPOTKE KPOBU YXMBOTHbIX MPOAYKTOB [MOA, NnoBbilLeHMeM aKTUBHOCTM CYNepoKCUAAMCMYTa3bl,
CHM>XKEHMEM aKTMBHOCTM KaTaAasbl U YBEAMUEHWEM B CbIBOPOTKE KPOBM YPOBHSI BUTamuHa E n obuen
AHTMOKCUMAAHTHOM aKTUBHOCTM

[MoAy4YeHHble pe3yAbTaTbl CBUAETEALCTBYIOT O OAAronpUSITHOM BAMSIHUM LLIOKOAQAQ HA COCTOSIHUE
npoueccos NMOA-AO3, a Tak>ke 060CHOBbIBAIOT LLEAECO0BPA3HOCTb Ero UCMOAb30BaHUS C NPOUAAK-
TUYECKOW LeAbtO NMPKY OTPABAEHWWM OpraHM3mMa COASIMM CBUHLA.

KAtoueBble CAOBa: aHTMOKCUAQHTHbIN CTATYC, LIOKOAAA, KOObIALE MOAOKO, PECBEPATPOA, BUTAMMH
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Introduction

In recent years, significant changes have been
observed in the structure of population morbidity,
largely influenced by the impact of adverse environ-
mental and etiological factors on the human body.
Specifically, industrial production, metal extraction
and processing, automobile emissions, and other
factors contribute to an increase in various toxic
substances and foreign compounds in the environ-

ment, among which heavy metal salts—particularly
lead—hold a notable place [1,2].

Prolonged chronic exposure to lead at concen-
trations exceeding permissible limits often leads to
the development of lead intoxication. Clinically,
this condition primarily affects the hematopoietic,
nervous, cardiovascular, immune, digestive, and
hepatobiliary systems [3].

Various methods of treating and preventing lead
intoxication exist; however, they unfortunately re-
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quire prolonged use of medications, which are often
not fully effective and are accompanied by numer-
ous side effects [4].

Among the most promising preventive measures
that do not lead to negative consequences are spe-
cialized products, biologically active supplements,
and dietary additives. This experimental study fo-
cuses on alimentary prevention of lead intoxication
using a specialized chocolate developed from mare’s
milk, enriched with vitamin E and resveratrol. Par-
ticular attention is given to supporting antioxidant
status and regulating the antioxidant defense system
through this novel dietary product, which possesses
high biological value and targeted medical-biologi-
cal properties.

Exposure to heavy metals, recognized as global
environmental pollutants, is a leading factor in the
development of numerous human diseases. The
World Health Organization (WHO) has included
lead on its list of priority pollutants [5]. Many ill-
nesses that were previously diagnosed solely as oc-
cupational hazards are now being observed across
the general population [3]. Powerful sources of
environmental pollution by harmful substances, in-
cluding metals and their salts, are non-ferrous met-
allurgy enterprises and their industrial waste [6].

The negative health impact extends from work-
ers directly handling foreign compounds in industri-
al processes to the broader population. This occurs
through environmental contamination and consumer
goods containing lead, such as tiles, ceramics, crys-
tal, and paints [7]. According to WHO, airborne lead
particles alone cause approximately 7 million pre-
mature deaths annually. The overall contribution of
air pollution to the global burden of disease is esti-
mated by WHO experts to be 3.2% [5].

Lead is one of the most prevalent environmen-
tal pollutants and can enter the human body through
water, food, air, and dust [8]. The harmful effects
of lead are associated with its ability to impair the
functions of multiple organs and systems, leading to
damage in the kidneys, blood, liver, and respiratory
system [9].

The development of methods to eliminate this
toxicant from the body, as well as treatment proto-
cols and therapeutic agents for lead poisoning, re-
quires testing on biological models [10]. Given the
wide-ranging negative effects of lead on the body,
it is reasonable to focus on creating effective multi-
functional preventive measures that can positively
influence various metabolic processes. Particular
attention should be paid to lead’s role in exacer-
bating oxidative stress, impairing cardiovascular
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function, increasing the risk of hypertension and
atherosclerosis, and disrupting lipid metabolism in
general [11].

Currently, there are no highly effective meth-
ods for preventing lead intoxication. Consequently,
many researchers are investigating both pharmaco-
logical agents and dietary approaches to reduce the
toxic burden of lead on the human body [12].

For the Republic of Kazakhstan, where not
only lead extraction but also processing plants are
present, this issue is particularly relevant. Workers
in these industries mainly rely on milk and pectin-
based preparations as preventive measures, which
are not always effective in cases of lead intoxication.

In our study, we examined the role of special-
ized chocolate made from mare’s milk, enriched
with resveratrol and vitamin E, on the antioxidant
defense system of animals subjected to toxic expo-
sure to lead acetate.

Materials and methods

The research was conducted in the laboratory of
food biotechnology and specialized food products at
Kazakh Academy of Nutrition LLP. The study uti-
lized sexually mature male rats weighing 180-200
grams, kept under vivarium conditions. The animals
were housed in cages with free access to food and
water. The vivarium-maintained air humidity at 50—
65% and a temperature of 20-25°C. Before the ex-
periment, the animals were quarantined for ten days.

A lead intoxication model was created by ad-
ministering a 5% aqueous solution of lead acetate
through a gastric tube. The daily dose was 1 ml per
kilogram of body weight over a 30-day period.

The rats were divided into four groups, with 15
rats in each:

1. First group (Initial data) — Animals on a stan-
dard vivarium diet.

2. Second group — Animals received lead acetate
exposure while on a standard vivarium diet.

3. Third group — Animals subjected to lead ac-
etate exposure received a daily dose of 5 grams of
specialized chocolate per 100 grams of body weight.
This chocolate was developed from mare’s milk
(20%), cocoa butter, soy lecithin, sugar, and en-
riched with resveratrol (0.1%) and vitamin E (0.1%).

4. Control group — Animals under lead acetate
exposure were given an equivalent-calorie glucose
solution in addition to their regular diet. Animals
weighing approximately 200 grams received an
average of 10 grams of chocolate daily, providing
57.5 kcal. The control group animals were given
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35-36 ml of a 40% glucose solution, matching the
calorie content of the chocolate.

All animals were maintained on a basic vivari-
um diet balanced for essential nutrients for the 30-
day duration of the experiment.

The specialized chocolate was administered af-
ter mild thermal processing (melting) and mixing
with the food. The composition of the chocolate per
100 grams was as follows:

— Protein — 7.4 grams

— Fat —33.84 grams

— Carbohydrates — 53.42 grams

— Caloric value — 575 kcal

Throughout the experimental period, the overall
condition of the animals was monitored, and they
were weighed every ten days.

The animal housing conditions and experimental
procedures strictly adhered to the “European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Scientific Purposes” and
Directive 2010/63/EU of the European Parliament
[13].

At the end of the 30-day period, the animals
were euthanized under light ether anesthesia in ac-
cordance with the “Rules for Conducting Research
with Experimental Animals” and the “Animal Pro-
tection Against Cruelty Act.”

The material used for the experimental study
was rat blood serum.

In the serum, the vitamin E level was measured,
and the condition of the antioxidant defense system
was assessed. This included the determination of
malondialdehyde (MDA), diene conjugates (DC),
and the activity of catalase (CAT), superoxide dis-
mutase (SOD), as well as total antioxidant activity
(TAA).

The content of primary lipid peroxidation (LPO)
products—diene conjugates (DC)-and secondary
products—malondialdehyde (MDA)-was evaluated
using the method of V.B. Gavrilov and M.I. Mish-
korudna [14].

The activity of superoxide dismutase (SOD) and
catalase (CAT) was measured spectrophotometri-
cally using Sigma (Aldridge) kits and the method of
M.A. Korolyuk, L.I. Ivanova, 1.G. Mayorova, and
V.E. Tokarev [15].

The total antioxidant activity (TAA) was as-
sessed according to [16]. The concentration of vi-
tamin E was determined in the hexane layer using
high-performance liquid chromatography (HPLC)
[17].

The obtained results were statistically processed
using Microsoft Excel 2021. Arithmetic means,
standard deviations, and standard errors were cal-

culated. Student’s t-test was applied to compare the
data, and differences were considered significant at
p<0.05[18].

Results and discussion

During lead acetate exposure, after ten days of
observation, rats in the second and fourth (control)
groups showed signs of coat deterioration, changes
in the sclera of the eyes, and reduced motor activity.
It is noteworthy that body weight in these groups
decreased by an average of 20% by the 30th day of
observation compared to baseline.

Consumption of chocolate during lead acetate
exposure resulted in a 5% increase in body weight
from the baseline within ten days of observation.
Additionally, the overall condition of the animals
improved, as reflected by better coat quality, nor-
malized sclera appearance, and increased mobility.
These positive changes were consistently observed
throughout the 30-day experiment until the end-
point.

These improvements are likely due to the ben-
eficial effects of the chocolate enriched with resve-
ratrol and vitamin E on the endurance and protective
functions of the rats’ bodies.

Of particular interest was the assessment of
the lipid peroxidation-antioxidant defense (LPO-
AOD) system under lead acetate exposure, includ-
ing changes in the content of primary and secondary
lipid peroxidation products and the state of the enzy-
matic antioxidant system.

It is known that lead intoxication often leads
to oxidative stress and the accumulation of lipid
peroxidation products in the body. This triggers a
cascade of reactions that contribute to the onset and
progression of hypertension and cardiovascular dis-
eases [19,20].

According to the aforementioned authors, in-
creased lipid peroxidation is accompanied by a
range of negative consequences. These include a
heightened risk of atherosclerosis, increased eryth-
rocyte hemolysis, reduced membrane fluidity, and
impaired erythroblast maturation, all of which oc-
cur against the backdrop of weakened protective
mechanisms. These mechanisms play an active role
in safeguarding membrane proteins and lipids from
the damaging effects of peroxides and free radicals.

Lipid peroxidation can be considered a physi-
ological process. However, the initiation and sta-
bility of cellular membrane resistance to oxidation
largely depend on the body’s supply of antioxidants
and antioxidant-based compounds. This is a crucial
factor when evaluating the preventive effectiveness
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of various pharmacological and dietary agents. In
our opinion, this principle should serve as the foun-
dation for developing new dietary-based preven-
tive solutions [21,22]. This approach, in particular,
guided the creation of a new specialized chocolate
containing cocoa butter, cocoa mass, mare’s milk,
and supplemented with vitamin E and resveratrol.

Blood Serum under Lead Acetate-Induced Toxicity (M+m)

Given the antioxidant focus in the selection of
ingredients for the specialized chocolate, we evalu-
ated its antioxidant properties using a rat model of
lead acetate-induced toxicity.

The results regarding the antioxidant defense
system under lead acetate exposure, based on rat

blood serum analysis, are presented in Table 1.
Table 1 — Evaluation of Antioxidant Defense Parameters in Rat

Groups MDA (nmol/mL) | DC (nmol/mL) Cat;ﬁ;ﬁgﬁi’ll)/ me Sg&g}“ﬂ‘ﬁg ‘;‘g
Group 1 (Initial data) 12,7+1,3 10,0+0,9 20,3+1,6 32,1£2,3
Group 2 (Lead acetate) 28,9+1,9% 15,6+1,2% 30,5+2,6%* 22,6+1,2
Group 3 (Lead + Chocolate) 16,8+1,4%* 12,440,9%* 7,1£1,5 30,9+2,3%*
Control Group 22,7+1,6%* 16,1+0,8 26,5+2,2 23,6+1,9%*

MDA: Malondialdehyde
DC: Diene Conjugates
SOD: Superoxide Dismutase

*Differences are statistically significant between the baseline (first) and lead acetate (second) groups (p < 0.05).
**Differences are statistically significant between the chocolate (third) group and both the lead acetate (second) and control

(fourth) groups (p < 0.05).

As shown by the presented data, lead acetate
exposure led to a significant increase in the levels
of primary and secondary lipid peroxidation (LPO)
products (MDA and DC) in the blood serum of rats
after 30 days, compared to baseline values.

The accumulation of lead in rat tissues, ac-
companied by the activation of LPO processes,
stimulated the formation of superoxide anions.
This, in turn, resulted in a statistically significant
50.5% increase in catalase activity in the serum.
Meanwhile, superoxide dismutase (SOD) activity

decreased significantly by 29.6% by the 30th day
of the experiment. The increased levels of primary
and secondary LPO products, along with changes
in the activity of key antioxidant enzymes, indi-
cated a reduction in endogenous antioxidant levels
and justified the need for additional antioxidant in-
take.

This assumption was confirmed by the results on
vitamin E concentration and total antioxidant activ-
ity (TAA) in rat blood serum under lead acetate ex-
posure, as shown in Table 2.

Table 2 — Vitamin E Content and Total Antioxidant Activity in Rat Blood Serum During Lead Exposure and Specialized Chocolate

Consumption
Groups Vitamin E (pg/100 mL) TAA (%)
Group 1 (Initial data) 0,72+0,03 65,3£3,6
Group 2 (Lead acetate) 0,45+0,03* 40,54+3,8*
Group 3 (Lead + Chocolate) 0,65+0,04** 59,3+4,9%*
Control Group 0,40+0,02%* 42,3449

*Differences are statistically significant between the baseline (first) and lead acetate (second) groups (p < 0.05).
*Differences are statistically significant between the chocolate (third) group and both the lead acetate (second) and control

(fourth) groups (p < 0.05).
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As shown in Table 2, in the lead acetate expo-
sure group (second group), a significant decrease in
vitamin E content by 37.5% was observed by the
30th day of the experiment compared to the baseline
group (first group). Additionally, total antioxidant
activity (TAA) decreased by 24.8%. These chang-
es indicate depletion of endogenous antioxidant
reserves in the rats due to toxic exposure and in-
creased utilization of antioxidants to normalize lipid
peroxidation (LPO) processes, reduce toxic stress,
and maintain overall metabolic balance.

The activation of LPO and the decline in anti-
oxidant status in rats exposed to lead acetate justi-
fied the use of products enriched with natural an-
tioxidants as a preventive measure. Such products
can reduce the risk of initiating lipid peroxidation
and the activation of the LPO-antioxidant defense
(LPO-AOD) system as a whole.

Given these findings, we evaluated the effects
of specialized chocolate, which was administered to
the rats with their diet over 30 days under lead ac-
etate exposure.

As shown by the data in Table 1, in the third
group (lead + chocolate), there was a statistically
significant reduction in primary and secondary LPO
products in the blood serum on the 30th day of the
experiment compared to the second (lead acetate)
and fourth (lead + glucose) groups.

For example, the level of malondialdehyde
(MDA) in the third group decreased by 41.9% com-
pared to the second group and by 30.0% compared
to the fourth group. Similarly, the content of prima-
ry LPO products (diene conjugates) in the blood se-
rum decreased by 20.5% and 29.8% compared to the
second and fourth groups, respectively, with these
differences being statistically significant.

The increased antioxidant supply in the rats,
particularly vitamin E, was confirmed by the serum
vitamin E data in the third group. As shown in Table
2, the vitamin E content in the third group increased
by an average of 33.3% compared to the second and
fourth groups. Additionally, the reduction in vita-
min E levels in the third group under lead acetate
exposure was 3.4 times smaller than the decline ob-
served from the baseline.

Furthermore, total antioxidant activity in the
third group was higher by 18.8% and 17.0% com-

pared to the second and fourth groups, respectively.
These findings demonstrate the positive effect of
specialized chocolate enriched with vitamin E and
resveratrol on mitigating oxidative stress and im-
proving antioxidant status in rats under lead acetate
toxicity.

The results of antioxidant activity between the
second and third groups were statistically signifi-
cant.

Thus, the conducted research demonstrated the
positive effects of specialized chocolate, developed
from mare’s milk and enriched with resveratrol and
vitamin E, on the lipid peroxidation-antioxidant de-
fense (LPO-AQOD) system in animals subjected to
lead acetate toxicity. The chocolate positively in-
fluenced the overall physiological condition of the
rats, including the condition of their coat, feed con-
sumption, and body weight changes. The addition-
al intake of vitamin E and resveratrol through the
chocolate improved not only the antioxidant supply
but also the activity of key antioxidant enzymes and
reduced the levels of primary and secondary LPO
products in the rats’ blood serum.

Conclusion

The purpose of the study was to evaluate the ef-
fectiveness of specialized chocolate during a 30-day
lead acetate exposure in rats. Using a well-founded
methodological approach, the study confirmed with
a high degree of reliability the benefits of dietary
support through the developed product.

The experimental findings on the properties of
specialized chocolate, made with powdered mare’s
milk, vitamin E, and resveratrol, provided statisti-
cally significant evidence supporting the use of di-
etary intervention in cases of lead poisoning. Spe-
cial attention should be given to inhibiting lipid
peroxidation processes, one of the key mechanisms
responsible for structural and functional damage to
biological and membrane integrity under toxic lead
exposure.

Based on the obtained experimental data, it is
recommended to use the specialized chocolate as
a preventive measure for individuals exposed to
heavy metals, particularly lead, which enters the
body through various pathways.
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MECHANISMS OF LANGYA HENIPAVIRUS (LAYV) PATHOGENESIS:
GENOME FUNCTION, HOST CELL INFECTION,
AND STRATEGIES OF IMMUNE EVASION

T

T

Langya henipavirus (LayV) is a novel zoonotic pathogen of the Henipavirus genus of the Para-
myxoviridae family that is phylogenetically related to the virulent Nipah and Hendra viruses. First
identified in the eastern part of China in 2018, the pathogen captured the attention of scientific re-
searchers because of the genomic structure, postulated animal host and its possible impact on human
health. This review focuses on the virus pathogenesis of LayV, especially its genomic model, the way
it infects the cells and evades immune system. The purpose of the review is to summarize the current
knowledge of LayV at the molecular and virological level, with the focus put on the functioning of
the genome, the method of penetration into the host cell, and the possibility to influence the immune
system. Additional emphasis is placed upon comparative genomic study, the use of glycoproteins to
provide attachment and fusion activity, and suggested immune evasion strategies with comparison
to other species of Henipavirus. The research is scientific and practical in nature and provides some
background opinions on the biology of a new virus that has pandemic potential. The methodology
would include a thorough review of publishing genomic terminations, scientific studies of molecular
virology published in NCBI, and such comparative tests as Nipah and Hendra viruses. Key observa-
tions denote that LayV has a pattern of replication similar to other this type of henipaviruses, with a
6-gene RNA genome and potentially suppresses host innate immune responses. However, there are
still significant uncertainty sheds, in particular with efforts to define host receptors and transmission
forms. This review contributes to the field of emergent viral pathogenesis since it defines the viral
pathogens biological dynamics of the LayV, thus setting the basis of future surveillance work, antiviral
responses, and preparedness plans based on One Health.

Keywords: Langya henipavirus (LayV), viral pathogenesis, Genome structure, Host cell infection,
Immune evasion, emerging zoonotic viruses.
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'TuAbMeHA yHMBepcuTeTi, [MAbMeHA, AyFaHCTaH
Mupsaiic Huka yHuBepcuTeTi, KaHaarap, AyFaHcTaH
3OMIip TypaAbl FbIAbIMAAP YHMBEPCUTETI, 106AMH, MoAbLLa
‘Kanaarap yHueepcuteTi, KaHaarap, AyFaHCTaH
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AaHbs BUpYCbIHbIH, (LayV) naToreHe3s mexaHu3mAepi:
reHOMHbIH, (QYHKUMSIAQPbI, MeCiHiH, YKaCyLLIACbIH XYKTbIpY
)KOHEe UMMYHABIK, XKYHEAEH >KacbIpbIHY CTpaTerusiAapbl

AaHbs xeHunasupycbl (LayV) — Paramyxoviridae TykbiMaacbiHa >aTaTblH, Henipavirus TeriHe
kipeTiH, Nipah >xeHe Hendra BupycTapbiMeH (hUAOreHeTUKaAbIK, XaFblHAH TYbICTaC >KaHa 300HO3Abl
natoreH. Aarai pet 2018 >kbiAbl KbITalAbIH LbIFbIC 6OAIrIHAE aHbIKTaAFaH GYA BUPYC ©3iHiH FreHOMABIK,
KYPbIAbIMbI, bIKTUMAA >KaHYapAblK, pe3epByapbl >K8HE aAaM AEHCayAblFblHA TOHAIPETIH Kayini
TYPFbICbIHAH FbIABbIMM KAybIMAACTbIKTbIH Ha3apblH ayAapAbl. byA WoAy LayV BUpYCbIHbIH naToreHesiHe,
aTan aMTKaHAQ OHblH, FEHOMADIK, KYPbIAbIMbIHA, MECiHIH, »aCyLLaCblH XYKTbIPY MEXaHUM3MAEpPIHe XoHe
UMMYHABIK, >XYMEAeH >KaATapy cTpaTermsinapbiHa apHaaraH. LLloayabliH makcaTbl — LayV Typaasbl
Kasipri TaHAAFbl MOAEKYAAABIK, >K8HE BUPOAOTUSIABIK, OIAIMAI >KyieAey, TeHOMHbIH KbI3MET ety
epeKLIeAiKTePIH, >acyllara eHy >KOAAAPbIH XX8He MMMYHADbIK, >Kayarnka bIKTUMaA 8CepiH cunartray.
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CaAbICTbIPMAAbl TEHOMAbIK, 3epTTeyAepre, rAMKONPOTEMHAEPAIH, Xacyllara xabbicy >keHe membpaHa-
MeH KOCbIAY MPOLIECIHAErT POAIHE, CoHAAM-aK, 6acKa XEeHWNaBMPYCTApMEH CAAbICTbIPA OTbIPbIM, GOA-
>KaMAbl UMMYHADIK, Y)KaATapy MexaHM3MAepiHe epekiie Ha3ap ayAapblAaAbl. ByA 3epTTey FbIAbIMU >KoHe
MPaKTUKAAbIK MaHbI3Fa Me, MaHAEMUSAbIK dAeyeTi 6ap »KaHa BUPYCTbiH OMOAOTMSCHIH TYCiHyre Teo-
PUSIABIK, HETi3 KAAbINTACTbIpaAbl. ©AiCTEMEre reHOMAbIK MaAiMeTTepAil Taaaay, NCBI-ae >xapusAaHFaH
MOAEKYAQAbIK, BADOAOTMsl CAAAChIHAAFbI FbiAbIMUK 3epTTeyAep >xaHe Nipah nen Hendra BupycrapbimeH
JKYPri3iAreH CaAbICTbIpMaAbl TaapayAap Kipeai. Heri3ri KopbiTbiHAbIAQP LayV BUPYCbIHbIH, 6 reHHeH
TypaTbiH PHK reHombliHa me ekeHiH, 6acka XeHunaBMpycTapFa yKCcac pernAmKaums YATiciH KepceTeTiHiH
>K&HEe MeCiHiH Tya BiTKeH MMMYHABIK, XKayabbiH Texxeyre KabiAeTTi 60AYbl MYMKIH eKeHiH kepceTeai.
AereHmeH, BUPYCTbIH >KaCyLLAAbIK, PeLLenTOPAapbiH aHbIKTay >KaHe OepiAy dKOAAAPbIH HaKThiAdy Garbl-
TbhiHAQ BipKaTap GeArici3aikTep oA Ae cakTaAbimn OTbIP. BYA LLOAY XaHa BUPYCTbIK MaTOreHes caaacbiHa
63 YAECiH KOcbir, «bip AeHCayAbIK» Ty>KbIPbIMAAMAChI asiCbIHAQ AMUAEMUOAOTUSIABIK, 6AKbIAQY, BUPYCKA
KapCbl LWapaAap MeH AAMbIHABIK, >KOCMapAapbIH 83ipAeyre Heri3 KaAanAbl.

Ty#Hin ce3aep: AaHbs xeHunaBupychbl (LayV), BUPYCTbIK naToreHes, reHOMAbIK, KYPbIAbIM, UECIHIH,
>KaCyLLaChIH XYKTbIPY, UMMYHABIK, >KayanTaH >KaATapy, »KaHa 300HO3Abl BUpYCTap.

A. Xeaxpan'', @. Hugazaii?, b. CaBuuka?, I'l. Hugsn*

"TAbMEHACKMI yHuBepcuTeT, [MAbMeHA, AdraHucTaH
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MexaHu3Mbl naToreHe3a Bupyca Aavbs (LayV):
pyHKLMM reHOMa, 3apakeHne KAETOK X03sIMHa
M CTpaTerMm yKAOHeHUsi OT UMMYHHOIO OTBeTa

AaHbg xeHunaBmpyc (LayV) — 3To HOBbIM 300HO3HbIV MaTOreH, OTHOCSALWMNCS K poAy Henipavirus
cemerictBa Paramyxoviridae, dpuaoreHeTMyecknm GAM3KMIA K BbICOKOBUPYAEHTHbIM BUpycam Nipah u
Hendra. BriepBble BbisiBA€HHbIM B BOCTOYHOM YacT Kutas B 2018 roay, AaHHbIN BUPYC NMPUBAEK BHU-
MaHue Hay4Horo coobuectsa GAaroAaps CBOe reHOMHOM CTPYKTYpe, MpeArnoAaraeMomMy SKMBOTHOMY-
pesepByapy 1 MOTeHLMAAbHOMY BO3AEMCTBUIO HA 3A0POBbE YeAoBeka. Hactosmin 0630p nocesiéx
naroreHesy LayV ¢ 0coObiM aKLLEHTOM Ha FEHOMHYIO OpraHM3aumnio BUPYCa, MEXaHU3Mbl MHULMPO-
BaHMSI KAETOK X039MHa M CTPATErMn yKAOHEHUs OT MMMYHHOro oTeeTa. Lleab 0630opa — 0606WmnTH Cy-
LLleCTBYIOLWME 3HaHMS O LayV Ha MOAEKYASIPHOM M BUPOAOTMYECKOM YPOBHSX, COCPEAOTOUMB BHUMA-
HWe Ha (PYHKLUMOHMPOBAHMM FreHOMA, MeXaHM3Max NMPOHMKHOBEHUS B KAETKM X039MHA U BO3MOXKHOCTSIX
MOAMMUKALMN MMMYHHOM peakLmn. AOMOAHUTEAbHO PAcCMATPUBAIOTCS CPABHUTEAbHblE T€HOMHbIe
UCCAEAOBAHMS, POAb TAMKOMNPOTEMHOB B 06ECTNeYeHUU MPUKPETNAEHUS U CAMSIHUSL C KAETOYHON MeM-
6GpaHon, a TakxKe MPeAnoAaraeMble MexaHW3Mbl MIMMYHHOIO YKAOHEHUS!, COMOCTaBAEHHbIe C APYTVMM
npeacTaBuUTEeAIMU poaa Henipavirus. MlccaepAOBaHWe HOCUT Kak HayUHbIA, Tak M NMPakTUUYeCKMin Xapak-
Tep 1 popMmnpyeT TeopeTnyeckyio 6asy no GMOAOrMM HOBOTO BMPYCa C MOTEHLMAAbHONM MaHAEeMUYe-
CKOW Yrpo3oi. MeToAOAOIMSt BKAIOUYAET BCECTOPOHHMIA aHAaAM3 OMyBAMKOBAHHBIX FEHOMHbIX AAHHbIX,
Hay4Hble MICCAEAOBaHMS B 0BAACTM MOAEKYASIPHOM BUPOAOTMU (BKAtOUast 6a3bl NCBI) 1 cpaBHUTEAbHbIE
AaHHble no Bupycam Nipah n Hendra. KatoueBble BbiBOAbI MoOKasbiBatoT, UTo LayV mmeeTr 6-reHHbli
PHK-reHoM 1 CXOXMIM C APYTMMM XEHUMaBUPYyCaMM MEXaHU3M pPenAMKaLmm, a Takxke MOTeHLMAAbHO
CNocobeH NMOAABASITb BPOXKAEHHbIN UMMYHHbIM OTBET X035MHA. TeM He MeHee OCTaloTCSl 3HAUUTEAbHbIE
npobeAbl, 0CO6EHHO B BOMPOCAX MAEHTUMUKALMN KAETOUHbIX PELLenTOPOB 1 NMyTei nepeaaun. Hacto-
AWM 0630p BHOCUT BKAQA B M3YUeHMe naToreHesa HOBbIX BUPYCHbIX MH(EKUMIA U (DOPMUPYET OCHOBY
AAS AAABHENLIEro 3MuMAHaA30pa, pa3paboTKM MPOTUBOBUPYCHBLIX CTPATeruii U MAAQHOB FOTOBHOCTU B
pamkax KoHuenumn «<EAnMHoe 3A0poBbe».

KaroueBble caoBa: AaHbs xeHMnasmpyc (LayV), BUpyCHbIM natoreHes, CTPyKTypa reHoma, MHULm-
pOBaHME KAETOK X0O35MHa, YKAOHEHME OT MMMYHHOIO OTBETA, HOBble 300HO3Hble BUPYChbI

Introduction sense RNA genomes, characteristic of all mononega-
viruses. According to multiple reports, Langya vi-

Three recognized viral species classified within  rus, a novel member of this genus, has thus far been

the genus Henipavirus include Hendra virus, Nipah  identified exclusively within China, with 35 con-
virus, and Cedar virus. Hendra and Nipah viruses  firmed human infections to date. Langya represents
possess non-segmented, single-stranded, negative-  a newly discovered henipavirus. A limited number
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of goats and dogs exhibited Langya virus-specific
antibodies, and viral RNA was detected in 27% of
the 262 shrews tested [1]. Henipaviruses, members
of the Paramyxoviridae tamily, are enveloped, neg-
ative-sense, single-stranded RNA viruses with ap-
proximately 18 kb genomes that encode six principal
structural proteins—N, P, M, F, G, L—as well as ac-
cessory proteins (V/W/C) [2, 3]. Hendra and Nipah
viruses, archetypal henipaviruses, are highly fatal
zoonotic agents with established bat reservoirs [3].
LayV is phylogenetically situated within the same
genus and exhibits analogous zoonotic characteris-
tics. Initially isolated from febrile patients in eastern
China in 2018, LayV was genomically sequenced
in 2022. Its genome (~18,402 nucleotides) conforms
to the henipavirus structure, encoding six structural
proteins and accessory proteins generated via RNA
editing of the P gene. Panel A displays the scaled ge-
nome structure of Langya henipavirus (LayV), with
nt indicating nucleotides. Panel B presents a phylo-
genetic tree based on the full amino acid sequence
of the L protein, constructed using the maximum
likelihood method and including recognized Para-
myxoviridae species. LayV sequences from humans
and shrews are marked in red and blue. The scale
bar shows nucleotide substitutions per site; boot-
strap values (1000 replicates) are indicated. Abbre-
viations include CedV, DARV, GAKYV, GhV, HeV,
HeV-g2, MojV, NiV, and SDQD. Panel C summa-
rizes patients’ provincial location, occupation, sex,
and infection timeline (Figure 1) [2, 4]. LayV shares
over 80% sequence identity in the L and N proteins
with Nipah and Hendra viruses; however, its P gene
and accessory proteins display divergence that may
influence virulence. Transmission is presumed to
occur via zoonotic spillover, with no evidence of
human-to-human transmission documented. A se-
rological survey of domestic animals revealed that
LayV RNA was predominantly identified in Croc-
idura lasiura shrews, a species prevalent in North-
east Asia. Among 121 tested C. lasiura specimens,
52.1% tested positive for LayV. The virus was also
detected in 20% of Crocidura shantungensis sam-
ples, 5% of dogs, and 2% of domestic goats, indi-
cating multiple potential hosts, with shrews likely
serving as the natural reservoir (Figure 2) [5].
Cryo-EM analysis of the LayV-F ectodomain
revealed conserved pre- and postfusion states, with
distinct antigenic features at the prefusion apex [6].
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Prefusion-stabilizing mutations effective in NiV
F also stabilize LayV F, informing cross-reactive
vaccine design [7]. The crystal structure of LayV-G
CTD demonstrates structural deviation from NiV/
HeV G proteins and absence of ephrinB receptor
binding, indicating a novel cellular receptor [8].
LayV F and G mediate membrane fusion in human,
mouse, and hamster cells through an unidentified
receptor, suggesting distinct host entry strategies
[9]. Although precise human receptor identifica-
tion remains unresolved, LayV replicates in Vero
and endothelial cells and induces lung pathology in
animal models, resembling that of related henipa-
viruses [10]. The P/V/W proteins of henipaviruses
inhibit STAT1/2 signaling; the LayV P protein re-
tains conserved motifs likely enabling similar an-
tagonism of innate immune responses. LayV an-
tigenic epitopes are markedly distinct from NiV/
HeV, as shown by minimal monoclonal antibody
cross-reactivity, highlighting unique immune eva-
sion strategies. Detection of LayV RNA in approx-
imately 27% of shrews and seropositivity in goats
and dogs suggests a multi-host reservoir ecology
(Table 1) [5]. By mid-2022, 35 human cases had
been reported, with no fatalities or confirmed hu-
man-to-human transmission [3].

Finally, Recurrent COVID-19 outbreaks persist
due to the continual emergence of SARS-CoV-2
variants. In 2022, the global health landscape was
further complicated by monkeypox outbreaks. Con-
currently, a novel pathogen, LayV, was identified
in eastern China, with 35 confirmed cases. Henipa-
virus, classified as a biosafety level 4 pathogen, is
associated with reservoirs such as bats, rodents,
and shrews, with the Common Shrew posited as a
potential transmission vector. The pathogenesis of
the virus is modulated by key cytokine responses,
and elucidating these mechanisms may facilitate the
development of immunogenic viral proteins, as well
as targeted vaccines and therapeutics. Presently, no
approved vaccine or antiviral treatment exists for
Henipavirus infections; however, a subunit vaccine
based on the Hendra virus G glycoprotein (HeV-G)
has demonstrated efficacy in preclinical models.
Structural characterization of the virus, notably its
‘tree-like’ prefusion conformation of the F protein,
indicates that a trivalent or tetravalent vaccine for-
mulation may be required to achieve broad immuno-
genic coverage [11-13].
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Table 1 — Epidemiological patterns of henipaviruses outbreak in China and Southeast Asia

Species of henipavirus Year Countries affected Outbreak to humans Source of transmission
1998 Malaysia, Singapore Yes Pig
2001 Bangladesh, India Yes Dateﬁgls?czeg;g??ﬁl gdligesh),
2003 Bangladesh Yes
2007 India Yes
Nipah virus 2018 India Yes Bats
2019 India Yes Bats
2000 Cambodia No Bats
2002-2004 Thailand No Bats
2008 Indonesia No Bats
2007-2008 Vietnam No Bats
Hendra virus 1994-2022 Australia No Horse
Langya virus 2022 China Yes Shrews

Literature review

The structural preservation observed in the F
glycoprotein of LayV substantiates its classification
within the Paramyxoviridae family; however, nota-
ble antigenic divergence from NiV and HeV compli-
cates current frameworks of vaccine cross-reactivity
[9]. The «spring-loaded» fusion mechanism and
prefusion conformational stability of LayV-F affirm
its suitability for structure-guided vaccine develop-
ment, though its antigenic distinctiveness necessi-
tates the generation of LayV-specific immunogens
[6]. Likewise, the unique glycosylation profile and
“head-down” orientation of LayV-G underscore the
imperative for customized receptor-binding inves-
tigations, as interactions with ephrin-B2/B3 appear
improbable [2, 14]. Nevertheless, comprehensive
cytokine profiling and characterization of in vivo
infection kinetics remain incomplete for LayV, in
contrast to the extensively studied NiV and HeV [9].
The current absence of confirmed human-to-human
transmission, along with subclinical zoonotic spill-
over events, aligns LayV more closely with MojV
in ecological terms; however, dedicated infection
models are required to evaluate its transmissibility
and tissue tropism [15].

Critically, the antiviral efficacy of neutraliz-
ing antibodies or epitope-driven vaccines targeting
LayV G/F antigens has not yet been experimentally
validated. Preliminary immunoinformatics analyses
yield promising in silico predictions, but empirical
substantiation is necessary [16]. Moving forward,
research must prioritize receptor identification, de-
tailed profiling of innate and adaptive immune re-
sponses, and the establishment of animal models
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to support One Health-based surveillance and the
development of LayV-specific countermeasures,
thereby reducing the risk of future henipavirus
emergence.

Genomic Features of Langya Henipavirus

Genome Structure and Organization

LayV harbors a non-segmented, negative-sense
RNA genome of approximately 18 kb, encoding
six principal structural proteins N (nucleocapsid), P
(phosphoprotein), M (matrix), F (fusion), G (attach-
ment glycoprotein), and L (large polymerase) along-
side accessory V/W proteins generated through
RNA editing of the P gene [3, 17, 18]. Guo et al.
(2024) demonstrates that LayV exhibits a uniquely
mushroom-shaped architecture. The LayV-G glyco-
protein lacks binding affinity for receptors utilized
by other henipaviruses, such as ephrin B2/B3, and
presents antigenic properties distinct from those of
HeV-G and NiV-G. The near-complete structural
elucidation of LayV-G highlights this distinctive
morphology, setting it apart from other Henipavi-
rus attachment glycoproteins. Its stalk and trans-
membrane domains resemble the stem and base of
a mushroom cap, potentially mediating interactions
with the F protein and modulating the membrane fu-
sion process. As an attachment glycoprotein within
the Paramyxoviridae family, LayV-G shares ap-
proximately 86% overall sequence identity with
MojV-G, particularly within the conserved recep-
tor-binding region. Prior investigations have shown
that MojV-G fails to engage any known paramyxo-
virus receptor, and the receptor-binding capability
of LayV-G to established paramyxovirus receptors
remains undetermined. To elucidate the molecular
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mechanism of LayV-G, the extracellular domain
(residues 63—624 a.a.) was initially purified via re-
combinant expression. The C-terminal Flag-tagged
LayV-G exhibited stability and homogeneity in size
exclusion chromatography (SEC), and its UV ab-
sorption peak was assessed through non-reducing
and reducing SDS-PAGE followed by Coomassie
brilliant blue staining and western blotting, confirm-
ing the tetrameric conformation of LayV-G (Fig-
ure 3) [17].

Structural investigations employing cryo-elec-
tron microscopy and X-ray crystallography have
verified that the LayV F and G proteins adopt the
canonical class [ fusion trimer and six-bladed
B-propeller conformations, respectively, both of
which are essential for host cell entry. Importantly,
the LayV F protein preserves the “spring-loaded”
prefusion conformation, with conserved stabilizing
residues adjacent to the fusion peptide, thereby en-
abling structure-based antigen design [7].
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Comparison with Other Henipaviruses:- In
comparison to its highly pathogenic counterparts,
LayV demonstrates substantial genomic conserva-
tion in critical proteins such as N and L, sharing
over 80% sequence identity with Nipah virus (NiV)
and Hendra virus (HeV), while exhibiting greater
divergence in the P, F, and G proteins particularly
within antigenic and receptor-binding domains.The
presence of a unique glycosylation motif at Asn189
in LayV-G, absent in NiV and HeV, implies al-
tered host interactions and antigenic properties [15].
Structural analysis of LayV-G reveals a distinct
“mushroom-like” tetrameric arrangement with four
downward-tilted head domains, differing from the
bidirectional configuration of NiV/HeV G proteins
and suggesting alternative receptor specificity [17].
These conformational differences are supported by
functional evidence indicating that LayV-G does
not interact with ephrinB2 or B3, in contrast to NiV
and HeV, thereby indicating a novel cellular entry
mechanism. Ongoing comparative genomics and
reverse genetics investigations are critical to eluci-
date the functional consequences of these molecular
variations on LayV’s pathogenic potential and zoo-
notic risk [8].

Mechanisms of Host Cell Infection

Viral Attachment and Entry

The G (attachment) glycoprotein of LayV plays
a critical role in mediating host cell entry. Cryo-EM
and crystallographic analyses reveal that LayV-
G forms a tetrameric, mushroom-shaped structure
characteristic of henipaviruses, featuring a six-blad-
ed B-propeller head and a stalk domain that facili-
tates interaction with the fusion (F) protein [17]. In
contrast to Nipah (NiV) and Hendra (HeV), LayV-
G fails to bind ephrin-B2 or ephrin-B3 receptors,
as demonstrated by SPR and ELISA assays, sug-
gesting engagement with an unidentified receptor
[8]. Structural comparison indicates approximately
86% sequence identity with Mojiang virus (MojV),
which similarly lacks binding to known receptors,
supporting this notion [17] Functional fusion assays
confirm that LayV-G and LayV-F together mediate
membrane fusion and syncytia formation in human,
mouse, and hamster cell lines, validating receptor-
dependent activation of F [9].

Functional Evaluation of LayV F and G Gly-
coproteins: LayV F harbors a presumptive cleavage
motif at residue R104, analogous to R109 in NiV
and K109 in HeV, but lacks the canonical YXX®
sorting signal and one of two downstream tyrosine
residues found in the C-terminal domains of NiV/
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HeV F, which mediate endosomal recycling and
cathepsin L-dependent cleavage. Nonetheless, tran-
sient expression of LayV F, or co-expression with
LayV G, in CHO-K1, HEK293T, or Neuro-2a cells
produced both the FO precursor and proteolytically
processed F1 (and F2) in proportions comparable to
other henipaviruses. These findings parallel those
for MojV F and suggest that LayV/MojV employ a
cleavage mechanism distinct from that of NiV and
HeV. To investigate this, the general cysteine prote-
ase inhibitor Aloxistatin (E64d) was applied to tran-
siently transfected Neuro-2a cells expressing LayV
F, MojV F, NiV F, or HeV F. E64d impaired cleav-
age of NiV F and HeV F but had no effect on LayV
or MojV, indicating that a distinct protease mediates
F processing in this divergent HNV subgroup. LayV
F contains a putative cleavage site at residue 104
(R104), analogous to NiV (R109) and HeV (K109),
but lacks the canonical YXX® motif and one of the
two downstream tyrosine residues found in the C-
terminal cytoplasmic domains of NiV/HeV F, which
facilitate endosomal recycling and subsequent ca-
thepsin L-mediated cleavage (Figure 4) [9].

Structural Characterization of LayV F in Pre-
fusion and Postfusion States: — To delineate LayV
F architecture, an ectodomain construct fused to a
GCN4 trimerization motif was produced. EM imag-
ing of negatively stained samples confirmed com-
pact homotrimer formation characteristic of the
prefusion state, though spontaneous refolding to
the postfusion form occurred. Consequently, two
cryo-EM datasets were collected four months apart,
resolving prefusion and postfusion structures at 2.5
A and 3.9 A, respectively. The prefusion LayV F
adopts a ~90 A-high and ~90 A-wide pyramidal tri-
mer, analogous to prefusion NiV F, despite sharing
only 44% sequence identity. A LayV F protomer
aligns with NiV F at a root-mean-square deviation
(rmsd) of 2.3 A over 432 Ca atoms, compared to 1.1
A over 436 Ca atoms between NiV F and HeV F.
All five disulfide bonds in LayV F are conserved rel-
ative to NiV/HeV F, supporting correct folding. The
resolved LayV F structure closely resembles a re-
cent LayV F model (rmsd 0.6 A). The fusion peptide
(residues 110-122) is identical to MojV F and con-
served across NiV/HeV F, exhibiting an identical
conformation. N-linked glycans at N65 and N459
are resolved, whereas NiV/HeV F possess at least
four such glycans. The N65 glycan emerges from
the trimer apex similarly to the N67 glycan of NiV/
HeV, an epitope for neutralizing antibodies. LayV
F’s divergent sequence and glycosylation suggest
unique antigenic properties [9].
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Figure 4 — (A) Alignment reveals conserved cleavage and recycling motifs in LayV and related Henipavirus F proteins. (B-D)
Western blot shows LayV F is cleaved into F1/F2 in multiple cell lines. (E) E64d does not affect LayV/MojV F cleavage,
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(H) LayV HR2 peptide inhibits fusion dose-dependently; scrambled peptide shows no effect [9]

The postfusion LayV F presents as a ~150 A-
high and ~70 A-wide conical trimer, with a central
triple helix and HR1 domain enveloped by three an-
tiparallel HR2 helices, forming a six-helix bundle.
The opposite end forms a triangular base. HR1 and
HR2 from each protomer interact exclusively with
the other two protomers, forming an interlaced struc-
ture. Glycans at N65 and N459 localize to the outer
region of the elongated trimer. In this conformation,
the fusion peptide and transmembrane domain are
repositioned to the same end to facilitate membrane
fusion. The topology mirrors other paramyxovi-
rus and coronavirus postfusion trimers, indicating
evolutionary conservation of fusion mechanisms.
While extensive conformational shifts occur, the N-
terminus, B-rich domains (residues 281-420), and

upstream helix largely retain their structure, aside
from changes in orientation. This transition increas-
es the buried surface area between protomers more
than twofold—from ~2,180 A2 in prefusion to ~5,220
A2 in postfusion—highlighting the irreversible nature
of this refolding [9].

A Generalizable Strategy for Prefusion Stabili-
zation of HNV F Glycoproteins: — The spontaneous
refolding of LayV F underscores its metastability,
a common feature of viral fusion proteins. Immu-
nization with prefusion, but not postfusion, NiV or
HeV F induces neutralizing antibodies, prompting
evaluation of NiV/HeV prefusion-stabilizing muta-
tions in LayV F. These included i) NiV L172F and
S191P (corresponding to LayV 1167F and S186P)
and ii) an engineered disulfide bond across F2 and
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F1 (NiV/HeV N100C/A119C, LayV N95C/A114C)
near the cleavage site. LayV F 1167F/S186P pro-
duced primarily postfusion trimers, while N95C/
A114C yielded well-folded prefusion trimers. The
combination of all four mutations resulted in prefu-
sion trimers with some aggregation. The engineered
disulfide bond effectively stabilized prefusion LayV
F and restored expression of otherwise postfusion
constructs. Spontaneous refolding of LayV F high-
lights its metastable nature, characteristic of vi-
ral fusion proteins (40—42, 45-50). Immunization
with prefusion, but not postfusion, NiV F or HeV
F induced neutralizing antibodies (46, 51), prompt-
ing assessment of the applicability of NiV/HeV F

' F 1167F/S186P

GhV FWT GhV F 1268F/Q287P

prefusion-stabilizing mutations to LayV F. Evalu-
ated were: 1) the NiV L172F (cavity-filling; LayV F
[167F) and S191P (postfusion central helix breaker;
LayV F S186P) substitutions (51), and ii) the engi-
neered disulfide bond bridging the F2 and F1 sub-
units (NiV/HeV F N100C/A119C; LayV F N95C/
A114C), proximal to the F cleavage site (12, 22), all
of which appear structurally compatible with LayV
F (Fig. 5 A-C). LayV F 1167F/S186P primarily
yielded postfusion trimers (Fig. 5 E and F), where-
as LayV F N95C/A114C facilitated production of
well-folded prefusion F trimmers. The combination
of all four mutations produced prefusion F trimers
along with some aggregates (Figure 5) [9].

GhVv

= o

LayV F |1'57F1 86P
& N95C/A114C

GhV F 1268F/Q287P
& S196C/A215C

GhV F 5196C/A215C

Figure 5 — (A-D) Structural analysis of NiV, HeV, LayV, and GhV F glycoproteins demonstrates spatial feasibility
for disulfide bond engineering to enhance prefusion conformational stability. (E-H) Electron microscopy of wild-type
and mutant LayV F variants indicates that the N95C/A114C substitution maintains the prefusion state, whereas 1167F/S186P
favors postfusion configuration. (I-L) EM evaluation of GhV F mutants exhibits analogous stabilization effects
with [268F/Q287P and S196C/A215C substitutions; red arrows denote postfusion structures [9]
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Discovery of a LayV F Cross-Reactive Mono-
clonal Antibody: — Monoclonal antibodies target-
ing NiV and HeV F proteins neutralize infection
and confer protection in animal models. To assess
cross-reactivity, biolayer interferometry (BLI) was
used to test NiV/HeV F-directed mAbs against
LayV F. Neither 5B3 nor 12B2 IgGs bound LayV
F, likely due to structural discrepancies. However,
4G5 IgG, but not 3C4 IgG, exhibited binding, both
derived from MojV F immunizations. These results
highlight the close evolutionary and antigenic rela-
tionship between LayV F and MojV F sharing 90%
sequence identity and their divergence from other
henipaviruses [9].

Viral Replication and Transcription

LayV undergoes complete replication within
the cytoplasm, utilizing an RNA-dependent RNA
polymerase complex composed of the L (large)
protein and its cofactor P (phosphoprotein), in
conjunction with the N (nucleocapsid) protein.
Structural analyses of NiV/HeV L-P complexes
indicate a multi-domain organization includ-
ing RNA polymerase, capping, and methyltrans-
ferase domains functionally integrated through
P-mediated oligomerization [19, 20]. Gene ex-
pression adheres to a classical transcriptional
gradient, with 3'-proximal genes such as N be-
ing transcribed at higher levels than distal genes,
thereby promoting early nucleocapsid formation
[21]. Genome replication involves synthesis of
a full-length antigenome, with nascent RNA be-
ing encapsidated by nucleocapsid proteins. The
M (matrix) protein plays a pivotal role in virion
assembly and budding by mediating interactions
between the nucleocapsid and viral envelope [19].
A recently established RT-qPCR assay targeting
the LayV L gene has verified active viral replica-
tion in vitro, consistent with polymerase activity
profiles reported in NiV/HeV systems.

Host Range and Tropism

LayV has been epidemiologically associated
with shrews as its principal reservoir. Molecular sur-
veillance in eastern China demonstrated that 27% of
sampled shrews (Crocidura lasiura and C. shantun-
gensis) harbored LayV RNA, strongly implicating
these species in viral persistence and zoonotic trans-
mission [22]. These observations are consistent with

previous detections of henipavirus-like sequences
in shrews across Asia and Africa. The widespread
ecological distribution and growing adaptability of
shrews to anthropogenic environments increase the
likelihood of interspecies viral transmission [23].
Beyond wildlife reservoirs, domestic animals ap-
pear to serve as incidental hosts. Serological inves-
tigations revealed LayV-specific antibodies in ap-
proximately 2% of goats and 5% of dogs, whereas
pigs and cattle showed no evidence of seropositivity
[2]. These findings are congruent with historical ac-
counts of domestic species such as pigs, cattle, and
horses acting as amplifiers in past Nipah and Hendra
virus outbreaks [22].

Human LayV infections remain sporadic, with
35 confirmed cases between 2018 and 2022, all
involving documented contact with animals, pre-
dominantly shrews [24]. Clinical monitoring and
contact tracing of approximately 15 individuals per
case revealed no indications of human-to-human
transmission [25]. This transmission profile re-
flects the ecological patterns observed in other non-
bat henipaviruses with limited human spread [22].
However, the restricted sample size and absence of
confirmed transmission clusters do not preclude the
possibility of infrequent human-to-human transmis-
sion.

Pathogenesis

A hallmark of henipavirus pathogenesis is the
induction of cell-cell fusion among adjacent host
cells, facilitating direct viral dissemination without
reliance on viral budding. The replication dynamics
of LayV and MojV remain incompletely character-
ized, as MojV has never been isolated and LayV
was only recently identified. Experimental evidence
demonstrates that LayV is capable of replicating in
Vero cells in vitro. MojV has been non-causatively
implicated in cases of human pneumonia. LayV has
been associated with febrile respiratory illness in
humans, notably without evidence of encephalitis
or neurological involvement. The clinical manifes-
tations of LayV infection resemble those caused
by other respiratory pathogens, including influenza
viruses and SARS-CoV-2, thereby complicating di-
agnosis based solely on symptomatology (Table 2).
MojV remains a controversial etiological agent in
human pneumonia, lacking definitive pathogenic as-
sociation [18].
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Table 2 — Pathogenic Differences in Henipavirus Outbreaks

Symptoms/Signs Nipah-M Hendra Langya Mojiang

Fever 97% 100% 100%
Headache 65% 35% 50%
Cough 13% 50% 100%
Neurological Signs 11% 50% 0 0
Vomiting 27% 35% 16%
Elevated Neutrophils 50%

Thrombocytopenia 30% 57%

Leukopenia 11% 54% 33%
Death 32% 57% 0 50%

Strategies of Immune Evasion

Innate Immune System Avoidance by Langya
Henipavirus

LayV likely adopts a complex strategy to cir-
cumvent the host innate immune response, parallel-
ing mechanisms observed in related henipaviruses
such as Nipah (NiV) and Hendra (HeV). Central to
this evasion are proteins encoded by the P gene—P,
V, and W-as well as the C protein produced via al-
ternative reading frames. These viral proteins dis-
rupt type I and II interferon (IFN) signaling by bind-
ing to STAT1 and STAT?2, thereby inhibiting their
phosphorylation and subsequent nuclear transloca-
tion [26]. In NiV and HeV, the V protein sequesters
STAT1 and STAT2 into cytoplasmic aggregates,
while the W protein confines STAT1 within the nu-
cleus, suppressing IFN-stimulated gene (ISG) tran-
scription [27-30].

Although less potent, the P protein also con-
tributes by retaining STAT]I in the cytoplasm [31].
LayV’s P/V/W proteins contain conserved N-ter-
minal STAT-binding motifs including glycine-121
and serine-130/131 previously identified as criti-
cal for STAT interaction in NiV and HeV, sug-
gesting analogous IFN antagonism in LayV [32].
The study evaluated the inhibitory effects of NiV-
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N, HeV-N, and MV-N proteins on host interferon
(IFN) responses. Reporter assays demonstrated that
henipavirus N proteins suppressed ISRE- and GAS-
driven gene expression in a dose-dependent manner.
Although less potent than P gene products against
type I IFN, N proteins more effectively attenuated
type II IFN responses. The core domain of NiV-N
and HeV-N significantly inhibited IFN-o and IFN-y
signaling, whereas their tail domains showed no ef-
fect. NiV-N also impaired STAT1/2 nuclear translo-
cation by disrupting interactions with importins a5,
a6, and a7 [27]. Similarly, the M protein of NiV sup-
presses innate immunity by interacting with TRIM6
to inhibit TBK1 activation and downstream IFN
signaling. NiV minigenome systems were pivotal in
elucidating the bipartite replication promoter struc-
ture, confirming the applicability of the rule of six
to NiV, evaluating the roles of noncoding regions,
and conducting functional analyses of the NiV N,
P, and L gene products (Figure 6) [33]. Given the
conserved structure and function of LayV’s N and
M proteins, comparable mechanisms are plausible.
Nonetheless, direct experimental validation such as
STAT localization and ISG reporter assays is re-
quired to substantiate these immune evasion strate-
gies in LayV infection.
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Figure 6 — The henipavirus replication cycle begins with G glycoprotein-mediated attachment to host cell receptors such
as ephrin-B2/B3. Membrane fusion, facilitated by both G and F proteins, allows viral entry, releasing the helical nucleocapsid
into the cytoplasm. Primary transcription is initiated, followed by translation of viral mRNAs, secondary transcription,
and genome replication within cytoplasmic inclusion bodies. Viral proteins P, V, W, and C modulate host antiviral responses.
Newly synthesized genomes are packaged with N, P, and L proteins into nucleocapsids and transported to the plasma membrane.
The M protein directs viral assembly and budding. Experimental tools for each stage are outlined in blue boxes,
including fusion (F), attachment (G), polymerase (L), matrix (M), nucleocapsid (N), phosphoprotein (P), transcription-
and replication-competent virus-like particles (trVLPs), and virus-like particles (VLPs) [33]

Modulation of Host Signaling Pathways in
LayV

LayV employs conserved molecular tactics akin
to other henipaviruses to inhibit essential host innate
immune signaling cascades, particularly the JAK/
STAT and pattern recognition receptor (PRR) path-
ways. Accessory proteins P, V, and W produced via
RNA editing of the P gene play central roles in this
immune modulation. Studies on Nipah virus (NiV)
reveal that the V protein binds STATI/STAT2,
forming high-molecular-weight aggregates that ob-
struct phosphorylation and nuclear translocation,
thereby suppressing JAK/STAT signaling. And In-
terferons (IFNs) are key modulators of the innate
antiviral immune response, triggered upon detec-
tion of pathogen-associated molecular patterns by
host pattern recognition receptors. This activation
initiates a signaling cascade that culminates in the
secretion of type I IFNs and subsequent phosphory-
lation of STAT1 and STAT?2 [34]. Simultaneously,
the W protein disrupts nuclear import mechanisms,

such as those mediated by importin-o, impeding
transcriptional activation of interferon-stimulat-
ed genes (ISGs) [35]. Specific mutations, such as
Y 116E within the STAT-interacting domain, reduce
antagonistic activity and attenuate virulence in ani-
mal models, highlighting the clinical significance of
this immune evasion. The N-terminal region of the
NiV P protein, shared with the V and W proteins,
contains a STATI-binding domain. Prior investi-
gations employing diverse methodologies identi-
fied seven distinct amino acid substitutions within
this domain, specifically: Y116E, G121E, G127E,
G135E, G125E24, S130A, and S131A (Figure 7)
[36]. Moreover, the NiV V protein suppresses PRR
signaling by inhibiting host sensors including RIG-
I, MDAS, IRF-3, and NF-«B through interactions
with cellular proteins such as PP1 and 14-3-3 [37].
Transcriptomic analyses of henipavirus-infected
cells reveal marked repression of both JAK/STAT-
responsive and PRR-activated gene expression
[38].
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Figure 7 — (a) The STAT1-binding domain shared by NiV P, V, and W proteins encompasses amino acids 114—-140,
overlapping the open reading frame of the C protein; seven critical residues within this region mediate STAT1 interaction,
with mutagenesis abrogating binding capability. (b) Luciferase reporter assays in 293T cells demonstrate
that targeted mutations in the P, V, and W proteins attenuate IFN-a-induced signaling, corroborating
the involvement of these residues in interferon antagonism [36]

Persistence and Latency (Hypothetical)

While LayV has not been conclusively shown to
establish latency, insights from related henipaviruses,
particularly Nipah virus (NiV), suggest the potential
for prolonged viral persistence in specific tissues, es-
pecially the central nervous system (CNS) [39].

1. Evidence of NiV Persistence: — NiV has been
identified in survivors several years post-infection,
with delayed-onset encephalitis occurring up to 11
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years later [39]. Post-mortem and neuroimaging
analyses have demonstrated viral persistence in neu-
rons and microglia of the brainstem and cortex, ac-
companied by lymphohistiocytic inflammation and
demyelination. Experimental non-human primate
models have shown that although viremia is initially
acute, viral RNA and antigens persist in brain tissue
during convalescence, indicating the possibility of
recrudescence [39, 40].
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2. Mechanisms of Persistence: — NiV persis-
tence likely relies on immune evasion and residence
in immune-privileged compartments. Suppression
of interferon (IFN) signaling via accessory proteins
may facilitate survival in neural tissues. Addition-
ally, gradual viral release from endothelial and neu-
ral reservoirs may contribute to latent infection [26].

3. Implications for LayV: — Given LayV’s struc-
tural and functional homology with NiV, particular-
ly in replication and immune evasion, it is plausible
that LayV may also exhibit tissue persistence [33].
However, no direct evidence currently confirms
LayV latency. Longitudinal studies, including cere-
brospinal fluid and brain tissue sampling in experi-
mental models, are essential [41].

4. Research Needs:- Investigation into LayV
persistence necessitates:

- Development of long-term animal models
(e.g., ferret, hamster) [42].

- Use of molecular techniques (e.g., RT-qPCR,
in situ hybridization) to detect viral RNA in neural
and lymphoid tissues [43].

- Application of immunohistochemistry to lo-
calize viral proteins and characterize inflammatory
responses (e.g., gliosis, microglial activation) [44].

Current Knowledge Gaps in Langya Henipavi-
rus (LayV) Research

Despite progress, several pivotal gaps remain
in the understanding of LayV pathogenesis, hinder-
ing effective surveillance, treatment, and prevention
[17]:

1. Host Receptor Identification: — LayV’s entry
mechanism is unclear, as it does not bind the ephrin-
B2/B3 receptors used by Nipah and Hendra viruses.
Although LayV-G adopts a novel tetrameric architec-
ture, its cellular receptor remains unidentified. Clari-
fying this is critical for understanding host range, tis-
sue targeting, and therapeutic development [17].

2. Human-to-Human Transmission Potential:
— As of August 2022, 35 human LayV cases were
reported in China, all linked to animal contact with
no evidence of person-to-person spread. However,
limited sample size restricts conclusions; robust co-
hort studies and contact tracing are needed to assess
low-frequency transmission [25, 45, 46].

3. Immune Modulation Mechanisms: — LayV
encodes P/V/W proteins with conserved STAT-
binding and RNA editing motifs, implying potential
disruption of JAK/STAT and PRR signaling. How-
ever, experimental data confirming LayV-mediated
immune suppression, including STAT sequestration
or IRF-3 inhibition, is lacking [19, 47, 48, 49].

4. Lack of Animal Models: — No animal model
currently exists for LayV, contrasting with vali-
dated models for other henipaviruses (e.g., ferrets,
hamsters, AGMs). This absence impedes studies on
LayV’s in vivo pathogenesis, transmission, and im-
mune interactions [50, 51].

5. Absence of Antiviral or Vaccine Testing: —No
antivirals or vaccines target LayV. While m102.4
and ribavirin show efficacy against other henipavi-
ruses, LayV’s distinct F and G glycoproteins neces-
sitate evaluation of cross-reactivity and the develop-
ment of tailored immunotherapies [26].

Conclusion

Langya henipavirus (LayV) is a recently discov-
ered new representative of the genus of henipavi-
ruses with growing zoonotic significance and pos-
sible implications on public health. Being closely
related to highly pathogenic Nipah and Hendra vi-
ruses on a genetic level, LayV possesses vital struc-
tural and functional similarities with a non- seg-
mented negative sense RNA genome that encodes
six key proteins (N, P, M, F, G and L) organizing
the viral replication, cell entry, and immune mod-
ulation processes. Although its natural reservoir
is assumed (probably) to be shrews, serological
findings in domestic animals point to a larger host
range and to the possibility of cross-species trans-
mission. LayV pathogenesis is still unexplored with
regard to its molecular mechanisms. The virus is,
however, expected to infect its host cells with the
help of glycoproteins G and F, and could utilize re-
cruits to immune evasion similar to those of other
henipaviruses, that includes, but is not limited to,
inhibition of the JAK/STAT signalling pathway
and suppression of the interferon responses through
its accessory proteins. Although there is no docu-
mented human-to-human transmission, the presence
of several human cases with fever and respiratory
manifestations makes it clear that the virus has the
potential of an occasional zoonotic spillover, a fact
that necessitates heightened active surveillance.
Substantial knowledge gaps still remain, mainly in
the identity of host receptors, the dynamics of hu-
man transmission and immune escape. Additionally,
the absence of established animal models of LayV
significantly restrains the research capacities to un-
derstand its pathogenesis and to test the therapeutic
activities. The future studies should focus more on
the creation of in vivo models, functional assays of
immune signaling disruption, and development of
specific antivirals or vaccines. To conclude, there
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is an increasingly One Health challenge of LayV. early enough, manage the risks, and design specific
Spreading knowledge of this virus at the molecular  strategies of outbreak prevention and international
and epidemiological level is crucial to identifying it  health preparedness.
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PACLUMPEHUE, DKOAOTHN3ALUA NMOCEBOB
U PA3BPABOTKA MOAEKYASIPHO-TEHETUYECKOTO AATOPUTMA
AASA DCIAPLETA B YCAOBUAX AAMATUHCKOU OBAACTH

B 0630pHOiM CTaTbe paccMaTpPMBAETCS OAHA M3 KAIOUEBbIX MPOBAEM pacTeHMEeBOACTBa AAMATUH-
CKOM 006AACTM, @ MMEHHO HEOOGXOAMMOCTb O6ecreyveHmns Ka4eCTBEHHOr0 M KOAMUYECTBEHHOrO pacTy-
TeAbHOro (KopmoBoro) 6eaka. dcnapuet (Onobrychis spp.) Kak NepcnekTUBHBIA MCTOYHUK KOPMOBOMO
6eAka 06AaAQET LWIMPOKUM CMIEKTPOM arPOHOMMYECKMX M DKOAOTMUECKMX MPEUMYLLIECTB AAST AAAbHEN-
LIEro NMpUMeHeHUsl B CEAbCKOM XO3SMCTBE U MeAMUMHE. B cTaTbe npeacTaBAeHbl obLas xapaktepm-
CTMKa KOpMOBbIX 60608, GUOAOTMUECKME U (DU3MOAOTUUECKME OCOOEHHOCTM 3CMapLEeTa, a TakxkKe ero
POAb B MOBbIWEHMM BGUOTUYECKOM YCTOMYMBOCTU, MUTATEAbHbIE CBOMCTBA 3CMapueTa, AaHa OLeHKa
KayecTBa KOPMOB M KOPMOBbIX A0OABOK Ha OCHOBe 3CMapLieTa, ero BKAAA B CHVM>KEHMeE 3aTpaT Ha a3oT-
Hble YAOBPEHMS M YAYULLEHUM MAOAOPOAUS 3emeAb. OG30p OCHOBAH Ha Pa3BEPHYTOM XapakTEPUCTUKE
Onobrychis spp., ero cnoco6HOCTU yAyULLIATb 3A0P0BbE YEAOBEKA U XKMBOTHBIX BAArosapst HesameHu-
MbIM aMMHOKMCAOTaM, HEHACbILWEHHbIM >KUPHbIM KMCAOTaM, MUKPOHYTPUEHTAaM M aHTUMUTATEAbHbIM
COEAMHEHMSM, B TOM YMCAE TaHHMHaM. Ocoboe BHMMaHWe YAEAEHO NMOTEHUMAAY CUMOMOTUYECKMX B3a-
umocsssern Onobrychis spp. ¢ a3oTdukcupyowmmMmn bakteprsamu poaa Rhizobium v noucky HOBbIX
YHMKAAbHBIX LITAaMMOB AAS 3crapueTta. OXKMAQeTCs, YTo M3ydyeHue acnapueTa B ycAaoBusx Oro-Boc-
Toka PecnybAnkmn KaszaxctaH MOXET BbIAUTLCS B CO3AaHME HOBbIX COPTOGOPM, oboratlaroLmx accop-
TUMEHT KOPMOBbIX 6060B. [MoAYEpPKMBAETCS, UTO SCMAPLET NPUMEHUM Kak 6@AOK-060ralLeHHbIN Kopma
aag KPC. AaHHasi KyAbTypa 6yAeT crnoco6CTBOBaTb 03AO0POBAEHMIO HACEAEHUS B KAUEeCTBE HU3KOKAAO-
PUIAHOTO NUTaHMS AAS 6OPbObI C OXKMPEHMEM M CEPAEUYHO-COCY AUCTBIMM MATOAOrMSMU. B 3akaloueHum
o6pallaeTcs BHMUMaHME Ha TO, YTO COBEPLLEHCTBOBAHUE MCCAEAOBAHMIA ICMAPLLETA MOXKET MPMBECTH K
obecrneyeHnio c6araHCMPOBAHHBIMM MPOAYKTaMM M KOPMaMM Ha OCHOBE AQHHOWM KYAbTYpbl, Bbi3blBast
KQUeCTBEHHbIN CKa4YOK B PACTEHMEBOAYECKOM M >KMBOTHOBOAUYECKOM MPOU3BOACTBE.

KAtoueBblie caoBa: scniapuet, Onobrychis spp., KopmoBble A06aBKM, MPOAOBOALCTBEHHAst Ge3onac-
HOCTb.
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Expansion, Ecologization of Sainfoin Crops, and Development
of a Molecular-Genetic Algorithm for Sainfoin in the Almaty Region

This review article addresses a key issue in crop production in the Almaty region: the need to ensure
an adequate supply of quality plant (forage) protein. Sainfoin (Onobrychis spp.), as a promising source
of forage protein, offers a wide range of agronomic and ecological benefits for future applications in
agriculture and medicine. The article provides an overview of forage legumes, details the biological and
physiological features of sainfoin, and highlights its role in enhancing biotic resistance. Additionally, it
assesses the nutritional properties of sainfoin, evaluates feed and feed additive quality based on sain-
foin, and examines its contribution to reducing nitrogen fertilizer costs and improving soil fertility. The
review is based on a detailed analysis of Onobrychis spp., emphasizing its potential to support human
and animal health through essential amino acids, unsaturated fatty acids, micronutrients, and antinutri-
tional compounds, including tannins. Special attention is given to the potential of symbiotic interactions
between Onobrychis spp. and nitrogen-fixing bacteria of the genus Rhizobium and the search for new
unique strains suited for sainfoin. Research in Southeastern Kazakhstan is anticipated to yield new sain-
foin varieties, enriching the forage legume range. Sainfoin is underscored as a valuable protein-enriched
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PaCHII/IpeHI/Ie, OKOJIOTUu3alus IMIOCCBOB U pa3pa60n<a MOJICKYJISIPHO-TCHETUYECKOI'O aJIrOpUTUMa JIJI 3CIapueTa...

feed for livestock. This crop is also projected to contribute to public health as a low-calorie food option
for combating obesity and cardiovascular diseases. In conclusion, the article emphasizes that advancing
sainfoin research could provide balanced food and feed products based on this crop, promoting signifi-
cant quality improvements in crop and livestock production.

Keywords: sainfoin, Onobrychis spp., feed additives, food security.
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AAMaTbl 00AbICbI XXaFAAMbIHAA 3CMAPLLETTIH, eriAeTiH ayMafblH KEHEHTY,
3KOAOTMSIAbIK, Ta3aAbIFbIH KAMTaMachbI3 eTy
)KOHE MOAEKYAAABIK-TEHETUKAAbIK, AATOPUTMIH XKacay

LLloAy mMakanacbiHaa AAMaTbl OBABICHIHBIH ©CIMAIK LLIAPYyaLLbIAbIFbIHBIH HETi3ri MaceAeAepiHiH Oipi
6OAbIM TabbIAATBIH aTarn anTKaHAQ, CaraAbl KaHe KYHAbI 6CIMAIK (KEMAIK) aKybI3bIMEH KaMTaMachl3 eTy
KaXKeTTIAIr KapacTbipbiraabl. dcnapueT (Onobrychis spp.) Kem-11en akybi3biHbIH KYHAbI K&3i peTiHAe
aybIA LAPYaLLbIAbIFbI MEH MEAMLIMHAAQ KOAAAHYbI YLLIIH arPOHOMMSIABIK, )KOHE 3KOAOTUSAbIK, apTbIK Wbl
AbIKTapAbIH KeH, CrieKTpiHe ne. MakaAaaa MaA asbiFblHa apHaAFaH OypluakTapAbIH JKaArMbl cUnaTTamMa-
Cbl, 3CMAPLETTIH OMOAOTUSIABIK, )KOHE (PU3MOAOTUSIABIK, EPEKLLIEAIKTEPI, COHAAN-aK, OHbIH OMOAOTUSIABIK,
TYPaKTbIAbIKTbl apTbIPyAaFbl POAI KepCETIAreH. DCrnapuUeTTiH, KOPEeKTiK KAacMeTTepi KapacTbIpblAbIM,
OHbIH HETi3iHAEr MaA as3blFbIMEH KOCMaAapAbIH carnacbiHa 6ara 6epiAreH, a3oT ThIHANTKbILITapbIHA Ke-
TETIH LWUbIFbIHABI @3alTyAaFbl >KOHE >KePAIH KYHAPAbIAbIFbIH »KaKcapTyAaFbl YAeCi TaHAaAFaH. Llloay
Onobrychis spp. (3cnapuet) TypaAbl KEHEMATIATEH CuMMaTTaMara HerisAeAreH, OHbIH aAMaCTbIPMaNTbIH
AMUHKBILKbBIAAAD, KaHbIKMaFaH Mali KbIWKbIAAAPbI, MMKPOIAEMEHTTEP, aHTMKOPEKTIK KOCbIAbICTAP
COHbIH, ilLIIHAE TaHUHAEP apKbIAbl AAAM MEH >KaHyapAap AEHCAYAbIFbIH XKakcapTyFa KabiAeTi KapacTbi-
pbiAFaH. Epekiie Hazap Onobrychis spp. meH Rhizobium TybicbiHa >aTaTbiH a30TdMKcaUmsAayLibl 6ak-
TEepUSIAAP apacbliHAAFbl CUMOOTMKAABIK, BaMAaHbICTAPAbIH XKOHE 3CrapLeTke apHaAfaH aHa Oipereit
LITaMMAAPAbI i3aeyre apHaaraH. cnapuetti OHTycTik-LUbirbic Kasakctan PecryGAmnkachl >karAanbliH-
AQd 3epTTey >KaHa COPTTapAb! LUbIFAPbIN, >KEMLLOM OypluakTapbiHbiH aCCOPTUMEEHTIH GaibiTyFa MyM-
KiHAIK 6epeai. DcnapueTTiH ipi Kapa MaA YLiH akybi3ra 6ai >kemLuern peTiHAe KOAAaHyFa 60AaTbIHbIH
aran eTeai. bBya AakbIA ceMi3aiK XXeHe XYpek-KaHTaMblp aypyAapbIMeH KYPEeCy YLiH TOMEH KAaAOPUSIAbI
TaFam peTiHAE XaAbIKTbIH AEHCAYAbIFbIH >KaKCapTyFa bikMnaA eTeAi. KopbITbIHAbIAQ 3CMAPLEHT 3epTTey-
AEpiH XXeTIAAIPY OCbl AQKbIA HEri3iHAE TEHAECTIPIATEH OHIMAEP MEH >KeM-LLernmneH KaMTamachbi3 eTyre
aAbIM KeAyi MYMKiH ekeHiHe Hasap ayAapbliAasbl, OYA ©CIMAIK >K8He MaA LuapyallblAFbl 6HAIpiCiHAE
carnaAbl CepriAic TyAblpaAbl.

Ty#in ce3aep: acnapuet, Onobrychis spp., a3bIKTbIK, KOCMa, a3blK-TYAIK KayincCi3Airi.

1. BBeaenue

CoBpeMEHHOE CEeNIbCKOXO035UCTBEHHOE MPOU3-
BozCTBO B KazaxcraHe cTamkuBaeTcs ¢ psiiOM aKTy-
anbHbIX TIpo0seM. OjiHa U3 HUX — 3TO JAeUIUT pac-
TUTEILHOTO (KOPMOBOT0) Oenka. JTa HeXBaTKa, 1o
pa3HBIM TOJICYETaM, cocTaBisieT mopsaaka 18-40%
oT HeoOxoauMoro kosnmvecTBa. Huskoe conepika-
HUe Oellka B KOpMax yXyJIIaeT UX KauyeCTBEHHBIC
MapaMeTpsl, YTO BeIET K MEHBIIEeH MUTAaTeTbHOCTH
Y BO3PACTaHHUIO CTOUMOCTH KOPMOB. Tak, neuiur
OelKa B CyTOYHOM palMoOHE, cocTaBisitomui 20-
22%, moBBIIIAET ceO0ECTOMMOCTh KHBOTHOBOIUE-
CKOM IIPOYKITUH U TIepepacxo KopMoB B 1,5-2 paza.
Bropoii cymiecTBeHHOU MpOOIEeMOil CTaHOBUTCS
YCTOWYHBO-HEOIArOMPUATHOE COCTOSHHE OKpY’Ka-
IOIeH cpepl, MpuueM, B MEPOBOM Maciirade. Tak,
MOHO OTMETUThH MOBCEMECTHOE HCTOILCHUE MOYB
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U 3arpsA3HEHUE CEIbCKOXO3SIMCTBEHHON IPOLYKIUN
pa3IMYHBIMU BEIECTBAMH B pE3yJIbTaTe aHTPOIIO-
TCHHOW NeATeIhHOCTH. PemeHus mepBoil mpooire-
MBI B CTpaHE MOXXHO IOCTHYb IIyTEM PACIIUPEHUS
MOCEBHBIX IJIOMIAACH, OTBEACHHBIX MOJ 3epHO00-
0oBbIe KynbTypbl. VIHTEpec K KOPMOBBIM 000am,
KaK KyJbType, CIOCOOCTBYIOIIEH pPEUICHUIO 3TOU
npoOJeMbl, TOBCEMECTHO BO3POC U CIIOCOOCTBYET
CO3MIaHUIO CTAOMILHON KOPMOBOW 0a3bl KHUBOTHO-
BozacTBa. IloMuMo 3TOrO, yBENHMYeHHE IUIOIIAJEH,
OTBEJICHHBIX POJ TMOCEBBI KOPMOBBIX 0000B B Ka-
3axCTaHe, TMO3BOJISIET YCIIENTHO peniaTb U BTOPYIO
KIIUMAaTUYECKYI0 3a7ady IyTeM BOCCTAHOBJICHHUS
MOYBEHHOr0 (HOPMHUPOBAaHUSI B arpo’KoCHUCTEMax
[1]. CnemyeT OTMETHTH, YTO 3CHAPIET BHUKOJUCT-
HBIH (TaKkKe dcrapleT OOBIKHOBEHHBIM U ACHapIeT
noceBHoit (Onobrychis viciifolia Scjp.) n3yuen He-
JIOCTaTOYHO C Y4ETOM MpoOeoB B HCCIEIOBAaHUI
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a30TQUKCAIMH U CUMOHMO3a dcrapiiera ¢ KiIyOeHb-
KOBBIMHU OaKTepHsIMHU. B CBSI3M 3THM, IIeIh TaHHOM
CTaThU COCTOUT B Pa3pabOTKe TEOPETHYECKHUX OC-
HOB KOMIUIEKCHOTO HCIIOJIb30BaHUS dcHapieTa s
MTUIIEBHIX, KOPMOBBIX, 03JJOPOBUTEIHHBIX M TIOYBO-
BOCCTAHOBHUTEIBHBIX MOTPEOHOCTEH Ka3zaXCTaHCKO-
ro obuiecTBa MOCPEACTBOM YIIIyOneHus 3HaHuK 00
a30TPUKCUPYIOMIEM TIOTEHITHAJE TAHHON KYJIbTYPHI

[1].

2. O0uas xapakTepucTHKA KOPMOBBIX 0000-
BBIX KYJbLTYP

OBomHbIe 0000BBIE KYJIBTYPHI H3APEBIE CITY-
JKaT WCTOYHUKOM TMOJHOIICHHOT'O DPACTHTEIHHOTO
Ocenka (B 3aBUCUMOCTH OT BUJIA, KOHIICHTPALUS
Oenka BapeupyeT ot 15 1o 52%; mpu atom 10 80%
MPUXOIUTCS HA JOJ0 aThOYMUHOB U TII00YJIMHOB)
U SBISIOTCS OJHAM W3 OCHOBHBIX KOMIIOHEHTOB
palroHa MHOTHX HapojoB mupa [2-4]. Tak, panee
yIaJIOCh YCTaHOBHUTH, UYTO KAXKIBIM BUI 0O00OBO-
ro CeMeWcTBa MPEANOYNTACT OIPEICICHHBIA BUJI
CHUMOHOTHYECKOTO OaTepHaIbHOTO IMapTHEPA U3 Ce-
MelictBa Rhizobiaceae: Rhizobium leguminosarum
JUTSI TOpoXa, (pacoii, BUKH U YeueBUILIbL, Rhizobium
phaseoli nns dacomn OOBIKHOBEHHOW; Rhizobium
ciceri nns uyta; Sinorhizobium meliloti nns mio-
LEPHBI, KEITOr0 MEJMIOTa, MAXUTHUKA U psjia
JIEKApCTBEHHBIX  pacTeHuil; Rhizobium  trifolii
U1l KieBepa; Bradyrhizobium lupini nns momm-
Ha; Mesorhizobium loti nns Cyiiabl M TPHIUCT-
HUKa; Rhizobium vigna 1si KOPOBBETO TOpOXa,
apaxuca M Jpyrux IpeacTaBuTesed pona Vigna;
Bradyrhizobium japonicum nnst cou m Rhizobium
simplex ms scnaprera. OTCIoAa SCHO, 94TO PACIIPO-
CTPaHEHHOCTh 0OOOBBIX CBS3aHA C UX YHUKAIHLHON
CIOCOOHOCTBIO BCTYNATh B CUMOMO03 C OaKTepHAMHU
pona Rhizobium w 00pa30BBIBaTh KOPHEBBIE KITY-
OCHBKH, B KOTOPBIX TPOUCXOJUT pACIICTUICHHE U
JanbHeas Qukcanus atMoc(epHOro azora Mo
JefCTBHEM MYJIbTH(QEPMEHTHOTO KOMIUIEKCa HH-
Tporenassl (KO 1.18.6.1) [5].

AKKyMyJHpyeMblii B 0000BBIX pacTEHUSIX a30T,
KaK OJMH W3 YEeTHIPEX OPTraHOTCHHBIX XMMHYECKUX
JJIEMEHTOB, JKU3HEHHO HEOOXOIHMM JUIS OCYIIECT-
BJICHHMSI MHOTHX KJIFOUYEBBIX (DU3HUOJOTHYCCKUX U
OMOXMMHYECKUX ITPOIIECCOB PACTEHUH Ha BCEX ATa-
nax UX pocTa ¥ pa3BUTHsI, BKJIIOYAs IbIXaHue, GOTO-
CUHTE3, CHTHAJILHYIO TPaHCAYKIIUIO, JICIICHUE KJle-
TOK, OMOCHHTE3 MaKpPOMOJIEKYJI, pa3BUTHE TKAHEH U
OpTaHoB.

Bmecte ¢ Tem 000OBBIE CHHTE3UPYIOT KOM-
IJICKC BTOPUYHBIX META0OIUTOB (aJIKATOMIBI, aMH-
HBI, TJIUKO3U1bI, (DJIABOHOMIBI, KyMapHUHbI, TAHUHBI,

TPUTEPIICHOUIHBIC CATIOHUHBI, JICKTUHOBBIC MTETITH-
JIIb1), 3AIIUIIAIONINX UX OT OKHUCIHTEIHHOTO CTpEC-
ca, €CTECTBEHHBIX BParoB U PaCTeHUH-KOHKYPEHTOB
[6].

Ha cerogusmnunii nenp onwucano okono 800
BHOB 0OOOOBBIX, OJHAKO HX O00IIEee KOJIHYECTBO
coctasisger 23 000 BumoB. CemeiictBo Phabaceae
IIMPOKO PACHpPOCTPAHEHO W 3aHMUMAET I10 YHCIICH-
HOCTH, HACUUTHIBAS OKOJIO 765 POMIOB, BUIIOB TPETHE
MECTO CPEIH Ha3eMHBIX PACTCHUH MOCiIe ceMecTB
Orchidaceae n Asteraceae. I1o nanbonee mo3gHeln
kiaccudukanuu (o ganuabiM caiita WFOPL Ha ne-
kabpb 2023 r.) cemencTBO 00OOBBIX BKIIOUaeT 796
pomoB u 24 480 GoTtaHWYeCKHUX BHIA. B cembckoM
XO035IIICTBE HTMPOKO HUCIIOIB3YIOTCS OBOIIHbBIE 0000-
BBIC KYJIBTYPBI, CPE/IA KOTOPBIX CIIETyET YIOMSHYTh
apaxuc Arachis hypogaea L., ({Oxnas Amepuka),
kastH Cajanus cajan (Muous), ayt Cicer arietinum
(FOro-Bocrounast Asusi, Dduonus, Unmus), cos
(BocTtounas A3us), ueueBuna Lens culinaris (FOro-
Bocrounast Asus, ctpansl Cpeu3eMHOMOpBs), (a-
coJib 0ObIKHOBeHHAs1 Phaseolus vulgaris (Mekcuka,
I'Batemana), ropox moceBHOU Pisum sativum L.
(Azwus, crpanbl Cpein3eMHOMOPBsT), 000BI caloBbIE
Vicia faba (A3us, ctpanbl CpeIu3eMHOMODDS ), BUT-
Ha yruioBatas Vigna angularis (SInoHus), BUTHA JTy-
yncrasa Vigna radiata (Slnonus), BUrHa Kutaickas
Vigna unguiculata (Muanus) u kopmoBsie 06000BbIE.

KopmoBbie 0000BBIE KYIBTYpHI TPaIUIIIOHHO
UCIIOJIL3YIOTCS B KA4eCTBE IMOJHOICHHBIX KOPMOB
WIK KOPMOBBIX J100aBOK B PALMOH CEIbCKOXO3SH-
CTBEHHBIX JKMBOTHBIX. K MMOBCEMECTHO KYyJIbTHBH-
PYEMBIM KOPMOBBIM COpPTaM OTHOCSTCS JIFOIIEpHA
noceBHast Medicago sativa L., xneBep ITyroBoi
Trifolium pratense L., xneBep nomsyunii 1rifolium
repens L., naaBeHen, porateiii Lotus corniculatus
L., mouepna xmeneBuanas Medicago lupulina
L., acrparan HyToBBIA Astragalus cicer L., Topo-
meK noceBHoul Vicia sativa L., roponiek MOxXHa-
Teiii Vicia villosa Roth., mouepHa sxecTkoBaTas
Medicago rigidula L. (All.) 1 scnapuer necyanbrit
Onobrychis arenaria (Kit.) DC. [laHHble BHIBI
KOPMOBBIX OOOOBBIX XapaKTEPU3YIOTCS BBICOKON
YPOXKaHOCTBIO, HETPUXOTINBOCTBIO, THUTATEIh-
HOCTBIO M TI0€Ia€MOCTBI0 M IIHPOKO KYJIbTHBHPY-
€TCsl BO MHOTHX cTpaHax mupa. OJHaKO MOCEBHBIC
IJTOIAIHN, 3aHUMaeMbIe KOPMOBBIME 000amu B Pe-
ciyomuke Kazaxcran octaioTcst He3HAYUTEIbHBIMU.
[TosTOoMy cOOp M paciiupeHre COPTOBOTO MaTEpH-
aja KOPMOBBIX 3€pHOO00OBBIX KYJIBTYp, H3YUCHHE
uX MOP(GOreHETHUYSCKUX U aJalTHBHBIX CBOWCTB;
OLICHKY MPOJYKTHBHOCTH COOpPaHHOTO MaTrepualia
1 pa3paboOTKy CTPATETHH IMOIYYCHHUS TIOJTMKPOCCOB
MOJKHO CUMTATh OJHUMH W3 MPHUOPUTETHBIX 3ajau
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JUISL PELICHUs] MPOOJIEM MPOAOBOILCTBEHHOH 0€30-
MMACHOCTH, BO3POKICHHS HCTOMEHHBIX B OPOCOBBIX
3eMellb, MOJTYYEeHUSI HYTPUIIEBTHKOB U (hapMakoIio-
TUYECKU aKTHBHBIX BEIICCTB, IMPUTOJHBIX KaK JUIS
JKUBOTHBIX, TaK U JJIS1 4eJIOBEKa.

B Kasaxcrane co3nmanbl 0a30BbIe COpTa KOPMO-
BBIX KYJBTYP U BHEJPSATCS HOBBIC COpTa, OOraThie
OCIIKOM, C BBICOKOH SHEPTreTHYCCKOM IIEHHOCTHIO U
MJIACTUYHOCTBIO B OTBET Ha COBPEMCHHBIC KiIMMa-
TUYECKHE BBI3OBBL. OJHOW M3 TaKUX BaXKHBIX KOP-
MOBBIX KYyJIBTYp SIBISIETCS JCIHApIET, TaK Kak ero
KYJIbTUBHPOBAHUE B 3aCYyIUIMBBIX YCIOBHUSX 00€-
CIICYMBACT MOJYYCHUE BBICOKOKAYECTBEHHBIX KOP-
MoB [7].

I/ICXOIUI U3 MHOTOJICTHUX JICTHUX IIPOTHO30B
noroJsl Ha (DOHE BBICOKOH BIIAroyaepKUBarOLICH
CIIOCOOHOCTH M3-3a 3aaIHBIX BO3AYIITHBIX MOPCKHIX
Macc, [EHTpalIbHbIE, I0T0-BOCTOYHBIC U BOCTOYHBIC
paiionsl KazaxcraHa COXpaHSIOT 3HAYUTEIHHYIO
BIIQYKHOCTh. JTH YCIIOBHS ITO3BOJIAIOT YPPEKTUBHO
pa3BUBaTh KOPMOBEIE OOOKI B HAIIIEH CTPaHE HECMO-
Tpsl Ha TO, YTO BOChMMIETHUI nepuoa 2015-2022
IT. CTaJ CaMbIM TEIUIBIM, B TO BpeMs KakK ISATHIIET-
Huit nepuon 2023-2027 TT. MOXKET OKa3zaThCs ca-
MBIM JKapKUM B HCTOPUU MUPOBBIX CHHOIITHYECKUX
HaOmoAcHWH [8].

3apyOekHbIe HCCIIeoBATeN OTMEYaloT, YTO
HCTIONB30BaHUE HMCKIIOYUTEIILHO 3€JICHOW MacChl
acmapreTa Uil IPOU3BOJICTBA KOPMOB 3HAYHUTEIh-
HO CHIKAaeT BO3MOXKHOCTH IPUMEHEHHUS IPYrUx
YacTell pacTeHus, B T. 4. CEMsIH U 1IBeTKOB. CunTa-
€TCsl, YTO DCIApIET MOXKET BHIPAIMBATHCS B Kade-
cTBe MenoHoca u aasath 70 400 xr mena Ha 1 ra.
AJNBTEpHATHBHBIM HAINpaBICHUEM HCIOIb30BAHUS
JcIapIieTa MOKHO JOOUTHCS APOOJICHUS CEMsIH JI0
CaMOCTOSITEIBHOTO MyYHOTO TIPOJTyKTa WJIK B Kaye-
CTBE JI00aBKU B MUIIY U KOPMa YKHBOTHBIX U YeIIO-
Beka [9].

2.1. Obwue xapakmepucmuku ycnapyema

Ocmapier NPUHAUIEKUT K CeMercTBy 0000-
BbIX, MOJICEMENCTBY MOTBUILKOBBIX. HecmoTps Ha
TO, UTO B MPUPOJIC UMEETCSI MHOTO BUIOB dCHaplie-
Ta, MPECTABISIONINX OOJBIION UHTEPEC IS MPaK-
TUYECKOTO HCIOJIB30BAHUS, B KYJIbTYPY BBEICHBI
TPU OCHOBHBIX BHJA: ACMAPIET BUKOIUCTHBIA WU
OOBIKHOBEHHBIHN, dCTHapIeT 3aKaBKAa3CKWUH HITH IIe-
peaHea3snaTCKui, 3CmapieT MecYaHblid. DTH BUIBI
npuHaaiexar K poxy Omnobrychis, uMeOT MHO-
ro OOIIUX OCHOBHBIX OOTAaHWYECKUX IMPHU3HAKOB U
CBOMCTB. MOXXHO OCTAaHOBHMTHCS Ha OOTaHWYECKOU
XapaKTEPUCTUKE ACHapleTa IeCYaHoro, KOTOPBIH
MOJTydnJI B BHJE BCEX PAHOHHPOBAHHBIX COPTOB
IUpoKoe pacmpoctpanenne B Boctounom Kazax-
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cra”e. Jlukopacrymme (OpMbI TIECUAHOTO 3CIap-
1eTa BCTPEYaroTCcsi BO MHOTHX CTpaHax EBpombl u
A3un. B eCTeCTBEHHBIX YCJIOBUSAX HAOJIIOIACTCS
OosbIIoe pazHooOpasue (popM MecYaHoro Acmapiie-
ta. KynbrypHas ¢opma Obuta mosrydeHa B pe3yiib-
TaTe JOJTOJICTHETO BO3JCIBbIBAHUS M CBOOOJIHOTO
MEXBHJIOBOTO CKPCIIMBAHUS JUKOTO TIECUYAHOTO
acmaprera ¢ KyJIbTypHBIMH OOBIKHOBEHHBIM H 3a-
KaBKa3CKUM 3cmaprietamu. OKyIbTypUBaHUE TUKO-
ro TMECYaHOTO 3CIapIieTa MPHUBEIO K YIYUYIICHUIO
psaaa MOpPQOTeHETHYECKIX XapaKTEPHUCTUK, B TOM
quciie K 0ojiee MHTCHCUBHOMY POCTY, MOIIHOMY
pa3BUTHUIO CTeOJICH, JINCTHEB, COLBETUH U CEMSH,
CKOPOCTIEJIOCTH M YBEIMYEHHIO MPOTYKTHBHOCTH.
Bricokne ¥ yCTOWYMBBIE ypOXKau CEHA COYETAKOTCS
C OTMEHHOW 3UMOCTOHKOCTBIO U 3aCYyX0YCTONUHBO-
cTh10. OTIMYHAs 3MMOCTOMKOCTh IECYAHOT'0O dCHap-
1eTa 00bSICHIETCS] CIIOCOOHOCTBIO PACTCHUI OTpac-
TaTh OT KOPHEBOU IICHKH, B TO BPEMsI KaK BBICOKAs
3aCyX0yCTOMYUBOCTH 00YCIIOBIIEHa O0JIee MOIIIHBIM
pa3BuTHeM KopHeBoi cuctemsl [10].

B Kazaxcrane B KynbType TpaBocesHUS Ooee
pacnpocTpaH€H ACIapleT MecyaHblid, KOTOPBIA 10
YPOXKAMHOCTH 3HAYUTEIBHO MPEBOCXOUT ACHAPIET
OOBIKHOBEHHBIH, a TI0 3HIMOCTOHKOCTH — 3CMAPIIEThI
0OBIKHOBEHHBIN U 3akaBKaszckmii [11]. Kak yxe oT1-
MEYaJIoCh BBIIIE, ICMAPIIET CTAJ OJHOM U3 CUCTEMO-
00pa3yrIux MHOTOJIETHUX OOOOBBIX TPaB B yCIIO-
Busix Bocrounoro Kazaxcrana [12].

Dcrnapier UCIOoJb3yeTCs IS MOJEBOr0 TPaBO-
CeSTHUS U 3aJTyKCHUS CKIIOHOB U MECYAHBIX 3eMEJIb.
[IpakTHKyeTcsi TakKe OJHOJIETHEE MCIOJIH30BAHHE
acrapleTa B Ka4eCTBe Mepe3aHuMaroIiel KyJIbTyphbl
— MpeNIIecCTBeHHUKAa O3WMBIX 3J1aKOB. VI3BecTHO,
YTO JCMapier MeHee TpeOOBaTeNeH K IOYBE, YeM
JIFOLIEPHA, a 110 YCTOHYMBOCTH U YPOXKasiM CeHa Tpe-
BOCXOJINT JIIOLIEPHY Ha MecYaHbIX 3eMinsix. [13,14].
WnTencuBree apyrux 0000BBIX KyIBTYp ACIApIIET
OCBaMBAaCT CMBITBIC CKJIOHBI M MECTa OIOJI3HEU ¢
OJTM3KHM 3alieTaHueM Mella M M3BECTHAKOB. Pacte-
HUS 3CTIapIieTa MpeAaCcTaBISIOT o000 KCepohUThI ¢
MOIIIHOM CTEP’KHEBON KOPHEBOM cucTeMou. Pasnu-
YarT OJIHOYKOCHBIC U JIBYXYKOCHBIE (JOPMBI 3CTIap-
rera. [ToBTOpHEII yKOC 00ecIIeYnBacT pamkKHpOBa-
HUC Ka4Y€CTB PACTUTCIILHOTO CBIPbA U YBCIWNYCHUC
MPOAYKTUBHOCTH KOPMaA.

HecMoTpst Ha TO, UTO MEXaHU3MBbI yCTOMYUBOCTH
JcrapueTa K crpeccy, 00yCIOBIEHHOMY ITOCTOSHHO
MEHSIOIIMMHUCS YCIIOBUSIMH CpEJIbI, €Ille HESICHBI,
TPAHCKPUTITOMHBIA aHaln3 00pa3loB, COOpaHHBIX
Ha [{unxaii-TuOeTcKOM Haropbe, MoKasaj IMOBbI-
HICHHYIO 3KcIpeccuio 5387 reHOB U MOHMKCHHYIO
— Ut 2825 reHoB. AKTABALMS YaCTU U3 DTHUX I'€HOB
MIPUBOJINT K M3MEHEHHUIO CHHTE3a aOCIIM30BON KHC-
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JIOTHI, (PUTOTOPMOHOB W TMOJU(DEHOIIOB, KOTOPHIC
UTPAIOT KU3HEHHO BAXXHYIO poiib B amantamuu O.
viciifolia ¥ 3KCTpeMalIbHBIM YCJIOBUSAM cpeabl [15].
CeMeHOBOJICTBOM 3CIapiieTa 3aHUMAIOTCS B HaW-
OoJee pa3BUTHIX cTpaHax, cpeau KoTtopbix CIIA,
ABcrtpanus, Mcnanus, Kanana, Utanus u np. [pu
ATOM J0JIs1 PKCIIOPTA CEMSIH CIapIieTa B CTOUMOCTH
y 9THX CTpaH, 1o JaHHbM llenTpa 3akynok Tridge
2021 r., cocraBmsier 50.62%, 14.07%, 12.42%,
6.35% u 3.95% cootBercTBeHHO. CeMEHHOE AENO
B HACTOsIIIee BpeMsI HAaXOAUTCS Ha Ooyiee BHICOKOM
TEXHOJIOTUYECKOM YPOBHE MO CPABHEHHUIO C TaKO-
BBIM JIJISL JTFOIICPHBI M MOXET OBITH JISTKO OpraHH-
30BaHO B XO3SIIICTBaX € PA3NIMYHON ClELMATN3ALIN-
eil Ui BHYTpEHHEro MOTPeOICHUSI U OpTaHU3aIuN
9KCMOPTHOM JIOTUCTUKH B MIEPCTICKTHBE.

2.2. [Tumamenosnule ceoiicmea scnapyema

Hes3upas Ha TO, YTO pa3IUYHBIC PACTEHUS Poja
acnapuera Onobrychis spp. UCTIOIB30BAIACH B Ka-
YECTBC KOpMa IJid XBAaUHBIX XKMBOTHBIX B TCUCHUC
CTOJICTHH, BIIMSHUE WX KOMIIOHCHTOB Ha MHOTHE
OMOXMMHUYECKHE TIOKA3aTeNld Hadalo HW3y4aTbCs
TOJIBKO B mocieanee Bpems [16].

CornacHo psily JaHHBIX, COJIEp)KaHUE Oelka
B CBHIPOM Macce 3crapiera COCTaBisIeT MPUMEPHO
44,0 r/100 t, TO ecTh HaXOAUTCA B Tpesenax 34,95~
40,97% ot o0mieit Macchl ¥ cpaBHUMA ¢ coeit (39,9
r/100 1) u monuaoMm (37,57+4,39 r/100 ). Ilpn
3TOM B TOJIOCEMSIHHBIX 00pa3iax (JUIIEHHBIX 000-
JIOYKM) KOHIIGHTpAIlusl Oellka 10 pa3HbIM JaHHBIM
Bapsupyet ot 30,3 mo 38,8%. [17,18].

OmuHuM W3 MOKa3aTeed KauyecTBa PacTUTEIh-
HOro OefnKa SIBIISICTCSI COJICp)KAHHE aMHHOKHUCIOT,
BXOJISIIIIMX B COCTaB KoJuTareHa (TJUIIHA, TTPOJIHHA
u smsuHa). Kommaren kak Hambosee pacmpocrtpa-
HEHHBIN OEJIOK B OpraHU3Me YeJIOBEKa U JKHBOTHBIX
(mo 30% ot oOmiero KoJM4ecTBa) OOECIIEYHBACT
MPOYHOCTH ¥ THOKOCTDH MBIIII, CYXOKHIINH, CBA30K
U Xpsmiei. Bo BTOpUYHYIO CTPYKTYpy MOJIEKYJIbI
KOoJTareHa BXOISAT TPH TOJHUIENTHAHBIE IENH B
BUJIe TpoWHOW crnupanu. Kaxaas 1enb coaepKuT
MOBTOPSIFOIMECST TPUAAbl aMUHOKHCIOT -l Jm-
[Ipo-X- (rmumuH-IpouH-X), TA€ TEPBBIA aMH-
HOKHUCJIOTHBIH OCTaTOK npeaAcCTaBJICH TJIMIUHOM, a
BTOpOW- TIposiiHOM. B pesynbrare mocTpTpaHCiis-
[IHOHHBIX Moau(UKAIU (HEepMEHTH TPOKOILIA-
FCH-TUAPOKCHUIIA3bl PACHICIUIAIOT IMPOJIMH U JIM3UH
ciydaiiHbIM 00pasoM, (GopMHUpys TakuM oOpa3om
MEXMOJIEKYJISIPHBIE BOJOPOIHBIE CBSI3U, XapaKTep-
HBIC JIJIS1 3pEJION MOJIEKYJIBI KoJutareHa [19].

OTHOCUTENIFHO HEJIAaBHHUE WCCICIOBAHUS I10-
Ka3ajgw, 49TOo B oOpasmax ¢acoin OOBIKHOBEH-
Hoit (Phaseolus vulgaris L.) nu3uH sBASETCS 10-

MUHHpYIOLIeH aMUHOKUCIOTOH (oT 1 mo 2 r/100
r ceipoii maccel). [20,21] IlpoBenéHHbIN paHee
AMHHOKHCIIOTHBIN aHallM3 CeMsIH Jcrapiiera Impo-
JEMOHCTPHUPOBAI CX0XKEe COOTHOLICHNE HEe3aMEHH-
MBIX aMHHOKHCITOT: JTU3HH (5,9% wmm 1,59 /100 1),
(m3oneiinma-+netinud (11% ot obmero conepkanms
Oenka), meTroHUH, 4,04%, (eHMIaTaHUH+TUPO3UH
(7,35%), tTpeonus (4,31%), Banun (4,75%) [22,23].

Crnenyer moT4epKHYTh, YTO B CPEJHEM IO CO-
pToOOpa3aM MaKCUMaIbHOE COJCPIKAHUE JIN3MHA
MIPUXOMIIOCH Ha TPETUH YKOC BTOPOTO I'0/1a BO3e-
JIBIBAHMS 3CTaplieTa, a MUHUMAJIbHOE- Ha BTOPOM
yKoC Toro xe rojaa. CozepxkaHue JIn31uHa CTa0UIIb-
HO BO3pacTalio y BCEX BAPHAHTOB ITOCJE TPEJIO-
ceBHOU 00paboTku cemsiH Oumoputom [24]. Ilo-
Ka3aHO, YTO KJeTYaTKa Jclapiera B OCHOBHOM
COCTOMT U3 HEPACTBOPHUMBIX BOJIOKOH (37,9 1/100 T
CBIPOH MacChl), YTO 3HAYUTEIBHO OTEpekKaeT aHa-
JIOTUYHBIC TIOKA3aTEIU Y OCTaJbHBIX 0000BBIX (OT
3 1o 30% B 3aBucuMOCTH OT BHaa) [25]. OOHapy-
JKEHO, YTO CEMEHa 3CcIapiieTa CoiepkKar B CpeHEM
8,2 /100 r xpaxmana u 5,7 r/100 T nucaxapumuos
(caxaposa 5,1 T, ¢ppykroza 0,5 r, rmoko3a 0,1 ).
JlaHHbIe 3HAYCHMS AMCAXapUI0B COMOCTABUMBI
¢ OOJBIIMHCTBOM TaKHX K€ IOKazaTelied y 0o-
OOBBIX, B TO BpeMs KaK COJep)KaHWe Kpaxmana y
acmapiieTa 3HaUUTEIbHO HUKE, YeM y JIPYTUX BH-
noB 0000B (ueueBuna 37-59 1/100 T, ropox 30—
49 1/100 r, hacoms oosIkHOBeHHAS 18—45 /100 T,
HyT 30-56 1\100 T) [26-28].

Hecmotps Ha TO, 4TO HU3KOE COJICPKAHHUE KPaX-
MaJja JieJaeT dChapieT HePUTOIHbBIM /IS BKITIOYe-
HUSL €r0 B COCTaB 3KCTPYJIUPOBAHHBIX MPOIYKTOB
(cyxue 3aBTpaku, CHEKH, IMaCThl, KOPM ISl )KUBOT-
HBIX, TOJIy9aeMble TIPU JKCTPY3UH, T.€. BBICOKHX
TeMIepaTypax ¥ JaBJICHUHU), TPUMEHCHHE 3CIap-
[IeTa MOXKET CIIOCOOCTBOBATh CHUYKCHUIO TIIMKEMHU-
YECKOTO WHEKCA, PUCKA OKUPEHUS M COIYTCTBYIO-
HIAX CEPJCUHO-COCYAUCTHIX 3a00eBanmii [25].

Ocnapuer TakKe BKIOYAeT HWOHbI MAarHus,
KaJIBIIMSI, MarHUs, *Kele3a, MeIH, ITMHKa B Gocdo-
pa. ®ochop, BXOIAIINN B CTPYKTYPBI HYKICMHOBBIX
KHCIIOT, KoepMeHTOB U (HochOTUNHUIO0B, COCTaB-
nser ot 0,2 no 0,8% cyxoi OmoOMacchl pacTeHHH
[29]. Conepskanue 307BHBIX AJIEMEHTOB dCIapIIeTa
BapbupyeT oT 2,75 t 1o 4,63 1/100 r ceipoit mac-
CBI, UTO HECKOJBKO HMXKE, YeM Y (acoiu OOBIKHO-
BeHHo# (5,32 r/100 1) u monmua (3,97 1/100 1), B
TO BpeMsi, KaKk cojepkanue xenesa (64,14 mr/1 n)
CXOJHO C TaKOBHIM y ImtormHa (65,13 mr/1 1), ka-
sHa (63,83 mr/1 i), modun (66.86 mr/1 1), BUTHBI
yrnoBatoil (51.56 mMr/l 7)) W BUTHBI 30HTHYHOU
(67,65 mr/1 m). OMHOBPEMEHHO 3CIapIeT IO JTaH-
HOMY TIOKa3aTelio TIOYTH B TPH pa3a yCTyIaeT Co-
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eBbiM 000am (173,17 wmr/1 1), HO O comep KaHUIO
IMHKa orepexaeT ooust (61,4 mr/1 n1u 63,38 mr/1
J1, COOTBETCTBEeHHO) [30].

AHanmu3 cocTaBa JKHPHBIX KHCJIOT 3CIapIieTa
yKazajg Ha TO, YTO CEMEHa JIaHHOW KYJBTYphI CO-
JepkaT He3aMeHUMBbIe JuHOJeHOBYIO (41,31%),
olleuHOBYIO (24,95% oT 00mero KoJIU4ecTBa),
nuHoneByo (18,77%), namemutuHOBYHO (7,43%)
KHCIIOTHL. B TO ke Bpems y coeBhIX O000B M CeMsIH
TTOJICOTHEYHHUKA COJICPKAHUE OJICMHOBON KHCIIOTHI
cocraBisier 17,7-26,1% u 14,0-39,4%, nuHoneBou
49,8-57,1% u 50,0-75,0%, nuHOIEHOBOMH 5,5-9,5%
u 0,2%, cooTBeTcTBEHHO. OTMEUEHO, UTO COACPIKa-
HHUE XKUPHBIX KACJIOT ICMapIIeTa COMMOCTABUMO C Ta-
KOBBIM B apaxuce, HyT€ W JIFOTIMHE, U 3HAYUTEIHLHO
MPEBOCXOUT CPEIHUE 3HAUCHHMSI SISl APYTUX BUJIOB
06000BBIX [31, 32].

Brio BBISBIIEHO, YTO Coaep:KaHUE KapOTHHA B
ceHe scrnapuera B 2,5 pasa Boiue (95.8 Mr/kr, npu
HOPMaTHBHBIX TpeboBaHusax 25,0 MI/Kr Kopma),
4YeM B CEHE JIIOIEPHBI, U B 2 pa3za OOIbIe, YeM B
cene kiesepa [33].

WuTepec mpencraBisier W MPUCYTCTBUE aHTH-
MUTATEeJBHBIX COCAMHECHUN B A3CHapIeTe, MPEUMy-
IIECTBEHHO KOHJACHCUPOBAaHHBIX TAHUHOB. TaHUHBI
OTHOCATCS K ToyieHosamM U 00J1aaroT MPOTHBO-
BOCHAIIUTENILHBIMH, aHTUOAKTEPUAIIEHBIMHA U aHTH-
OKCHJIAaHTHBIMH ~CBOWCTBAMH, YTO 3HAYUTEIHHO
MOBBIIIAET CPOK TOJHOCTH KOPMOB M KOPMOBBIX JI0-
0aBOK, CHIYKACT OKUCITUTEILHBIN CTPECC U MOBBIIIA-
€T Ka4yeCTBO OCHOBHOT'O NpoAyKTa [34].

KoHneHcHpOoBaHHBIC TAHHWHBI, IOJYYCHHBIC
U3 3cnapuera, o0nagaT BHICOKOH CIIOCOOHOCTHIO
MHTHOUPOBATh MPOTEOJIHN3, MOHUKATh AKTUBHOCTD
MOJIOYHOKHUCIIBIX OaKTepU U IUICCHEBBIX T'PHOOB,
Y YMEHBIIIATh co/iep kanrne aMMOHHUIHOTO a3oTa (N)
BO BpeMsi CUJIOCOBaHUs ceHa [35].

WHakTuBaIusi TAHWHOB C MOMOIIBIO TTOJHITH-
nearmukons (I1O0) mpuBommia K CyIIeCTBEHHOM
rotepe cyxoro BemectBa ¢ 8,32% mo 14,15% mo
ucreyeHun 60 aHel mocne Havanda CUIOCOBAHUS,
a TaKKe yBEIMYMBAJIO KOHIIEHTPAITMIO MOJOYHOM
U YKCYCHOW KHCIIOT B TOJITOpa W JBa pa3a, COOT-
BETCTBEHHO. Kpome TOro, KOJMYECTBO MOJIOTHO-
KHCIBIX Oaktepuil Pediococcus, MaTOTEHHBIX TPH-
008 Gibellulopsis, Vishniacozyma, Aspergillus n
Alternaria Bo3poctano B 2-20 pa3 [36].

PesynbpTaTel  BBIIIENPUBEIEHHBIX HCCIIEI0BA-
HUH KOMITOHEHTHOTO COCTaBa M CBOWCTB CEMSH H
3€JICHON MacChl ACIapIieTa, YKa3blBAlOT Ha HEO00-
XOJIUMOCTh HCIIOJIb30BaHUS JaHHOU KYyJIbTYpHl B
Ka4eCTBE MOTCHITMAIIBHOTO UCTOYHHUKA PACTHTEIb-
HOTO Oellka, MUKPO3JIEMEHTOB, )KHPOB, TPYOBIX pac-
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TUTCJIBHBIX BOJIOKOH U TAHWHOB, XOTA 3KCTPAKIUs
TTOCJIICAHUX BCE CIIC CONpAKEHA C ONMPEACIICHHBIMUA
TEXHUYCCKUMHU TPYAHOCTSAMU.

2.3. Humamenvnvle Kauecmea KOpmMoe u Kop-
MO8bIX 000aB80K HA OCHOBE IChApYema

KadecTBO KOPMOB ¥ KOPMOBBIX 100aBOK B Palii-
OHE CEITbCKOX03IUCTBEHHBIX JKUBOTHBIX BO MHOTOM
ompenessieT NPOTYKTHBHOCTh KMBOTHOBOJCTBA.
OreHka KadecTBa BKIIOYAeT B ce0sl MCCIIEeIOBAHNE
TaKMX MapaMeTpoB, KaK MHUTATEIbHOCTb, T. €. CO-
Jiep>KaHNe MaKpOo- U MHUKPOHYTPHUEHTOB, KIETdaT-
KH, BOJIBI M IPYTUX KOMIIOHEHTOB, SHEPreTH4ecKas
[IEHHOCTh, BKYCOBBIE KauecTBa, OTCYTCTBHE IIPH-
Mecell U 3arpsA3HsIOIINX BEIIECTB, MOE1aeMOCTh H
KOPMOBOH KO3 (HUITHEHT.

OCHOBHBIMM HMCTOYHHMKaMH O€JlKa B palMoOHE
CBHMHEH, BBIpALIMBAEMbIX Ha TeppuTOpuu EBpomnsI,
ABIsIIOTCA 000BI camoBwle Vicia faba L. m ropox
noceBHou Pisum sativum L., a TakXe TOpPOrocTosi-
mMe J00aBKH Ha OCHOBE COEBOI'O KMBIXa U CYXOro
o0e3xxupeHnoro Mojoka. OnHako BBUAY JAehUINTA
COEBOT0 KMbIXa U HECTAOUIIBHON ypOKAMHOCTH To-
poxa npaButenbcTBo EC paccmaTtpuBaeT anbTepHa-
TUBHBIC UCTOYHHMKH O€JIKa, B T.Y. U CEMEHa dcrap-
reta. Tak, B X0J1e OTHOTO U3 IKCIIEPUMEHTOB OBIJIO
BBISICHEHO, YTO YaCTUYHAsl 3aMeHa TPaJWuIMOHHBIX
KOMIIOHEHTOB OpPTraHWYECKHX KOPMOB Ha ACIapIieT
B JI€TE TIOPOCST-OTHEMBIIICH HE BIMSIET HA MOTPE-
OJieHre KopMa, PUPOCT KHBOW MAaCChl 1 KOPMOBOM
ko3 dunuent. beuo oOHapykeHO, YTO ceMmeHa
acmapiera comepkar 279 r/kr celporo 6emka ot-
HOCHUTEIBHO 0000B (252 1/kT) M TOpoxa (276 r/kr)
[36-38].

CrenyromuM He MEeHee BaKHBIM BOIIPOCOM $IB-
JISI€TCS: TIOBBIIIACTCS JIM KOPMOBAsl IIEHHOCTH KOP-
MOB Ha OCHOBE 0OOOOBBIX, HE COJICpPKAIINX TaHH-
HOB, B pe3yJIbTaTe BBEJICHHUS B PAIFOH dcnapiera?
DKCIepUMEHT MPOBOJIMIICA Ha OBLAX, TUTABLINXCS
KaK MCKJIFOUMTEJIBHO CBEKOM JIFOLEPHOM WIIU ChI-
poii Maccoli acmapiera, Tak 1 KOMOMHUPOBAHHBI-
MU KOpMaM# C Pa3IUYHBIM COOTHOIIEHHWEM ITHX
KOMIIOHEHTOB. Y OBell, MOTPEOJIABIIUX CBEXUN
3CHapIeT, MPOBOJIMIN H3MEPEHHS TOeIaMOECTH,
YCBOSIEMOCTH OpraHUYECKHUX BEIIECTB, IOTEPH CY-
XOTr0 BEIIEeCTBAa M 33/IEPXKKHA a30Ta B OpraHU3Me.
Bb110 yCcTaHOBIIEHO, YTO CMECH C BBICOKHM COJIEP-
KaHUEM dCIaplieTa YMEHbBIIATH KOHIICHTPAIUIO
aMMHaYHOr0 a30oTa B pyOle, YTO OTPHLIATEIHHO
CKa3bpIBAIOCh Ha OmocuHTE3e Oenka. OmHaKko mpH-
CYTCTBHE 3CIaplieTa B COCTaBE KOPMOBOM cMecH
HE BJIMUIO HM Ha TOTpeOJieHHWe, HH Ha YyCBOSe-
MOCTh azoTa [39].



3.I'. Alitamesa u np.

COanancupoBaHHBIH KOPM, OOOTalIéHHBIA BH-
TaMUHaMH M MHHEpaJlaMH, OTBEYaeT HE TOJIBKO 3a
pPOCT U HAOOP MACChI JKUBOTHBIMH, HO U OKa3bIBACT
BIIMSTHHE HA KAU4eCTBO JKUBOTHOBOIYECKOU MPOIYK-
nuu. Tak, paHee UcciIe0BaIOCh BIUSHUE TPABSIHO-
ro cuioca ¢ jgobamieHueM scmapiera Onobrychis
viciifolia Ha COOTHOILIEHHE KXUPHBIX KHCIOT B MO-
JIOKE MOJIOYHBIX KOpPOB. Pe3ysbTaThl mokasaiu, 9To
XO0Tsl MOTpeOJIeHne 3cnapiieTa ObLIIO HHUXKE, Y DKC-
MEPUMEHTAILHOW TPYIIBI OKa3aJUCh 00JIEe BBICO-
kne cootHomenus (P < 0,0179) takux omera-3—6-
HEHACBIIICHHBIX XUPHBIX KUCJIOT, KaK JIMHOJICBas
U anbga-nmuHoaeBas KucaoThl [40]. AHaJIOTHYHBINA
OKCMEPUMEHT IT03KE MO3BOJWI YCTAaHOBHUTH, UYTO
MPOTOAHTOLMAHUINHBI, BXOJSIIUE B COCTAB 3CIap-
1eTa, TAKXKE IMOJOKHUTEIBHO W3MEHSIOT MPOQPHIIb
JKUPHBIX KHCIIOT B COCTaBe MOJIOKA JIOMHBIX OBEIl.
B pesynbTare OBUIO KOHCTATUPOBAHO IMOBBIIICHHUE
YPOBHSI HAKOIUICHHSI CTEAPHHOBOW, JIMHOJICBOU U
anb(a-JTMHONEBBIX KHUCIOT U OJTHOBPEMEHHOE CHH-
JKEHHE KOHIIEHTPAIIMH OJICMHOBOW KHUCIOTHI [41].
Tak kak JTUHOJEBas KUCIIOTa yYacTBYEeT B CHHTE-
3¢ MEAMaTOPOB MPOCTATTAHIUHOB M BXOJHUT B CO-
CTaB KJICTOYHBIX MEMOpaH, a TaKKe pPeryjaupyer
aKTUBHOCTH T-KJIETOK MMMYHHOUM CHCTEMBI, HO CO-
JIEP)KUTCSI B OCHOBHOM B PACTHTEIHHBIX Macliax,
YBEJIMYCHHUE €€ HAKOIUICHHS B KOPOBHEM MOJIOKE
SIBIISICTCS IOCTATOYHOW apryMEHTOM JJIsSI BBEJCHHUSI
JIOJIM dcTapiera B kopmoBoit parmon KPC [42].

Bxmouenue ot 20 mo 40% scnapiera B paliioH
STHSAT-OTKOPMBIIICH MPOJIEMOHCTPUPOBAIIO 3HAYU-
TEJIbHBIA CIABUT MPOIMOPIIUN OJIEMHOBOW M CTE€apHU-
HOBOM KHCJIOT B MSICE KUBOTHBIX, MPUYEM, MAKCH-
MaJibHasl KOHIIEHTPAIUS OJICHHOBOM KUCIIOTHI ObLIa
3aperucTPUpOBaHa TPU HAWBBICIIEM COJIEPIKAHUH
JcmapIieTa B coctaBe kopma [43]. YBenuueHue 1o0au
JcrapIeTa B pallioOHe CBHHEW HE OKa3bIBaJIO OTPH-
[ATeNTFHOTO BIMSHUS Ha MOKA3aTelH POCTa WIIN Xa-
PaKTEpUCTUKHU TyIId. [IoMUMO 3TOr0, HAOJIIOICHHUSI
MOKa3aJIi, YTO XKHBOTHBIC MPOBOIWIN OoJiee JJIH-
TEJBHBIN MEePHOJ] Y KOPMYIITKU U TOTPEOIISITH 00ITh-
ee KOJIMYEeCTBO KOpMa 3a OAHO rocemnieHue. He-
OKUJAHHBIMHM TIOOOYHBIMU 3(PPEKTaMH BBEICHUS
15% ncmapriera B paliioH CBUHEH-caMIIOB OBIIH 3a-
(UKCHPOBaHBbI YMEHbBIIICHUE KOHIICHTPAIIUN aHAPO-
CTEpOHA, HAPYIICHUE Pa3BUTHS TOJOBBIX JKeJe3 U
CHIDKEHHE CIEIM(PUYECKOT0 3araxa, XapakTepHoro
IUTsL XpsiKOB [44].

CyMMHpys IMEOIIINECS TaHHBIe, MOYKHO C yBe-
PEHHOCTBIO YTBEP)KIIaTh, YTO YaCTHYHAS WM TOJI-
Has 3aMeHa TPAJUIMOHHBIX KOPMOBBIX 000OBBIX Ha
CEHO ACIapIieTa, Kak MUHIMYM, HE BIIASCT Ha Kade-
CTBO KOpPMa, POCT U Pa3BUTHE KUBOTHBIX.

2.4. Ilogviuwienue nnooopoous Opocosvix 3e-
Mmenb

WHTeHCcnduKaIis cembcKOro X03sHCTBA MPHUBO-
JIUT K JETpajaluy NacTOUITHBIX YTOAUH U MaxoT-
HBIX 3eMeJb. B CBSI3U € 3THM OCTpO BCTal BONIPOC
00 o0orareHuu MOYB, UCIIOIB3YEMBIX IS TIPOU3-
BOJICTBA CEJIbCKOXO35CTBEHHON NPOAYKIIUH.

[ToBbIlIeHNE TIOMOPOUS MMOYBBI M YPOXKaMi-
HOCTH CEIhCKOXO3SIIICTBEHHBIX KYIBTYP MOXKET
6I>ITI) JOCTUTHYTO NMYTEM BHECCHHA HCOpPraHUYC-
CKMX M OpraHuyeckux ynoOpenuii. Omgnako ce-
pPBE3HOU MPOOJIeMON, OTPAHUIUBAIONICH HCITOh-
30BaHHC HEOPTraHWYECKUX YIO0OpEHUH, SIBISIOTCS
WX BBICOKas CTOMMOCTb, CPOKU TPaHCIIOPTHPOB-
KH, HEJOCTATOUYHBIA ITU(PPOBON JIOTHCTHICCKUI
YPOBEHb U OTCYTCTBUE CKJIAJCKHUX MOMEIIEHUMN C
coOmioieHueM Becex TpeOOBaHUN TPOU3BOAUTENECH
U TUCTPUOBIOTOPOB [45]. Opranudeckue ymoope-
HUS, HECMOTPS Ha UX 3 (HEKTUBHOCTD, JCIICBHU3-
HY Y MPOCTOTY B MPUMEHEHUHU, MOTYT COJICPKATh
MMaTOTCHHBIE OaKTepuaIbHbIe, TPUOKOBBIC M OJTHO-
KJICTOYHBIC OpPTraHU3MBbI, 511711121 " JIMUUHKU Iapa-
3UTOB, MPEJACTABISASL TEM CaMbIM OTACHOCTH IS
JKU3HU U 3]I0POBBS 4eIOBEKAa M JKMBOTHBIX. M3-
BE€CTHO, YTO B IMOMCTC KYp, ABJIAIOIICMCH O[IHOfI
W3 CaMbIX MOMYJSPHBIX OPraHHYECKUX J100aBOK,
o0HapyXkeHBl clensl Oaktepwit Actinobacillus,
Salmonella, Eschericia coli u npyrux [46]. Hpy-
rUe aBTOPBl YTBEPXKAAIOT, YTO KOMMEpYECKHE
opraHudeckrue ymoOpeHus B 6ojiee 4eM TOJIOBH-
HE cllydaeB COJIepXaT KU3HECIMOCOOHbIe sfilla U
JTUYUHKH TaKUX KUIIEYHBIX MMapa3suTOB, KaK BJa-
cormaBa Trichuris sp., 4eIOBEUECKOW acCKapHuIbI
Ascaris sp. u Tokcokapsl Toxocara sp. [47]. Eme
OJIHUM TIOTEHIIMAIbHO OTACHBIM areHTOM SBIIS-
eTcs ONHOKJeTOuYHas Osactormucra Blastocystis
Spp., BBI3BIBAIOIIAS OCTPYIO KHIIEYHYIO WH(EK-
LHIO WU T.H. AMApEeWHBIH CUHAPOM. bbUIO BEI-
SIBJICHO, 9TO 2 W3 17 MOATHUIIOB BCTpPEUYAIOTCS B
CBHHOM HOMéTe, HNCIOJIB3YEMOM KaK KOMIIOHCHT
opranuueckoro ynoopenus [48, 49].

[Ipumenenne KOPMOBBIX 3€pHOOOOOBBIX KYIIh-
Typ B ceB0OOOOpOTaX MOMKET HMMETh peIIaloliee
9KOJIOTHYECKOE 3HAUCHHME, IOCKOJBbKY HaéT BO3-
MOXKHOCTh CYIIECTBEHHO TIOBBICHTH (DH3HKO-Me-
XaHWYeCKHEe CBOMCTBa TOCEBHBIX ILIOMIAJEH, ITO-
BBICUTh IUIOIOPOJME TOYB HPU OJHOBPEMEHHOM
CHIDKCHUH HOPM pacxojia a30THBIX ymoopenuit [50,
51]. Kpome Toro, mpenBapuTenbHbIH BbICEB 0000-
BBIX ITOMOXeET (hepMepaM He TOJIbKO YaCTHYHO CHU-
3UTHh MOTPEOHOCTh B a30THBIX yIOOPEHUAX, HO U
NPEAOTBPATHT POCT M PACHPOCTPAHEHHE OMACHBIX
nH(pEKInH.
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2.5. Aumuzenvmunmmuolii 3¢hghexm Icnapuyema

Emé ogarM mosie3HbIM CBOWCTBOM TPaHYIHPO-
BaHHOTO JICTHJIPATHPOBAHHOTO ACIAPIIETa B COCTABE
OMOAKTUBHBIX KOPMOB MOXET CUUTATHCS €r0 aHTH-
renbMuUHTHBIN A dekt [52]. Hecmorpst Ha MHOTO-
o0pazue KOMMEpPYECKHX aHTHIeIIbMHUHTHBIX Mpe-
MapaToB, HApaBJICHHBIX Ha 00pHOY C HEMaTo aMu
JKEITYyIOYHO-KHUIIIEYHOTO TPaKTa MEJIKUX JKBAYHBIX
KUBOTHBIX, 3()()EKTUBHOCTH ITHX JIEKAPCTBEHHBIX
CPE/CTB CHW)KaeTcs B CBS3H C PE3HCTEHTHOCTHIO
Mapa3uToB K TOKCHYECKHM areHTam (KOTOpbIE SIB-
JISIFOTCS.  MaYKOPHBIMH KOMITOHGHTAMH B COCTaBe
OoypIIMHCTBA NipenapatoB). bojee Toro, HesICHOCTh
BIMSIHUAS BTOPUYHBIX META0OJIHMTOB AHTHIEIIbMHUH-
TUKOB Ha (PU3UOIOTUYECKUE MPOIIECCHI JKHBOTHOTO
CTUMYJIMPYET MOUCK HOBBIX MOJXOJOB K BBIXOAY
(hepMepoB U BeTEpHHAPHBIX CITYKO U3 3aBUCUMOCTH
OT WCIOJIb30BAHUSI CHHTETHUCCKUX XUMHUYCCKHX
nekapctB. JlaHHas nmpobiieMa 0COOCHHO aKTyajabHa
JUIS KO3, Y KOTOPBIX HAOJFO/IaeTCsi MaKCUMaJlbHAS
YCTOHYUBOCTh K aHTHI'CIIbMHHTHKAM BBUIY UX (U-
3HOJIOTHYECKUX ¥ METa0OJINYECKHX OCOOCHHOCTEH

[53].
WccnenoBanus 1oKasajid, YTO y KO3, 3a-
pa)KCHHI)IX HapaSI/ITI/I‘ICCKI/IMI/I HEeMaTtogaMu

Haemonchus contortus, Teladorsagiacircumcincta
u Trichostrongylus colubriformis, KoTopble B Te-
yeHue 7 JHEH Mmosiydaiu 3eJIieHyI0 Maccy acrapiie-
Ta B KAYECTBE OCHOBHOT'O KOPMOBOI'O KOMIIOHEHTA,
OBUIO 3apeTUCTPUPOBAHO MEHBIIEE KOJHMYECTBO
SIMII, @ KOJHMYECTBO B3pocibiX mapa3uToB B JKKT
cHU3WIOCh Ha 50% 1O cpaBHEHMIO ¢ KOHTPOJIbHOU
rpynnoi. KpoMe Toro, camu >KMBOTHBIE MOTJIONIATN
OoJbliie Scnapera, 4YTo MOTJIO CBH/ICTEIbCTBOBATh
0 €ro MUTATEIbHON LIEHHOCTH U YAOBJIETBOPUTEIb-
HOM COCTOSTHUH YKHBOTHBIX [54].

AHaNIOrMYHBIN 3KCIIEPUMEHT, MPOBEIEHHBIA Ha
SITHATAaX, CBUJETENILCTBOBAI O CXO0XKHMX Ppe3yJbTa-
tax. Jlo6asienne 600 T cyxoro acmapriiera K CyTod-
HOMY palLlMOHYy STHSAT, 3apaxxeHHbIX Haemonchus
contortus, TIOKa3all0 yMEHBIICHHE KOJMYEeCTBa
YyepBel B CHIYYTe )KUBOTHBIX TI0 CPABHEHHIO C KOH-
TposibHON rpynmoit (p <0,05). Takxe ObuIO 3a-
(bMKCHUPOBaHO MOBBINIEHUE AKTHBHOCTH (pepMeHTa
TIyTaTHOHIIEpOKCHaa3bl B kpoBu (p <0,022), xa-
TaNIU3UpYIOIIe BOCCTAHOBJIEHUE THAPOIIEpEKUCei
JUIHUI0B 10 CHUPTOB M NEPEKHCH BOAOPOAA 10
Boabl. HecMoTpst Ha TO, 9TO CaMKH HEMAaTOl, U3b-
sitbie u3 JKKT most ananuza, He oTyimganuch Mopdo-
JIOTHYECKH ¥ (PU3HOJIOTUYECKH, OJHUM U3 BO3MOXK-
HBIX OOBSICHEHWH COKpAIEHUsS YepBEH OTHECEHO
3a CUET aKTUBALIUM AHTHUOKCUJAHTHOHN 3al[UTHOU
CHCTEMBI, TIOBBIIIAIOLIEN YCTONYMBOCTD JKUBOTHBIX
K wHpeKnnn [55].
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UccnenoBanust in vivo NoKa3ajlu TakKKe CHH-
JKEHHE KOJMYECTBa SUI] B MOMETE JIOMmaAeH, 3apa-
YKEHHBIX TIAPa3UTHUYCCKIMHI HEMaTOAaMH [IHATOCTO-
MUHAMH, TI0CJIe JOOABIICHUS B UX PAIlMOH JI00aBOK
Ha OCHOBE TPaHYJIMPOBAHHOTO dcrapiera. ABTOPHI
MIPEANOIaraT, YTO TAHHHBI dCTapIeTa HHTUOUPO-
BaJI CKOPOCTh OOpa30BaHUS SIUIT U PA3BUTHUS JINYH-
HOK TelbMHHTA [56]. [Ipyrue aBTOpHI MOATBEPINAIH
Y JIOTIOJTHUJIN JAaHHBIE O TOM, 4TO Yy JIOLIa/IeH, MOJTy-
yapmux ot 8,5 mo 17% ot oOmieit kopMoBO# Mac-
Chl TpaHyJl 3cHaplera B TeueHue 7—28 nHeH, moj-
BIDKHOCTh JIMYMHOK IO CPABHEHUIO C KOHTPOJIEM
3ameassiack. MlHTEpecHo, 4To mocienyromas 00-
paboTka Jjomanei S-PpeHMI-THO-2-0CH3NMUAA30IT
KapOaMaToM, IIUPOKO PACIPOCTPAHEHHBIM AaHTHU-
TeIbMUHUKOM, HE TOBJIHsJIA HA KaYeCTBO U KOJH-
YeCTBO JIMYMHOK, HO IIO3BOJIIET paccMaTpHUBATh
TpaHyJIbl 3CMapiieTa Kak MOJHOIEHHBINH U CaMOCTO-
SATEJIbHBIN AaHTUTEIIBMUHTHBIN Npenapart [57].

2.6. Ilomenyuanvhoe ucnonvb3oeanusa Icnap-
uema 6 Kauecmee OUONOZUUECKU AKHIUBHOU 00-
baexu 6 payuon uenogexa

HecMmotps Ha TO, 4TO M CceMeHa ScmaplieTa, H
3eJIeHasi Macca HCIOJb3YIOTCS B KauecTBE JT00ABOK
K TPaJUIMOHHBIM KOPMaM CeJbCKOXO3SHCTBEHHBIX
JKUBOTHBIX, TIPAKTUYECKH HET JAHHBIX O TOTCHIIU-
aje WUCHOJb30BAHUS HCIapleTa YeloBeKOM. B 1o
’Ke BpeMs W3BECTHO, 4TO BBeneHne 5 u 10% cemsH
ACTHapIieTa B PaoH KPBIC ITO3BOJIUIIO CHU3HUTh YPOB-
HU KpeaTuHa, ajaHuHTtpaHcamuHasbl, JIIIHIL, wno-
HOB (pocdopa, KaabIsl 1 MarHus B KPOBH B TIpEJIe-
Jlax peepeHTHBIX 3HAYCHH, YTO CBUJICTEIbCTBYET
0 TMOTEHIMAIBHON TMOJb3€ AAHHOM pacTUTEIbHOMN
KyJIbTypbl. KOHIIEHTpaIysi ChBIBOPOTOYHOTO KpeaTH-
Ha, 0CBOOOKIAOIIETOCS B KPOBb B PE3yJIbTaTe MbI-
LIEIYHOTO pacraja, MO3BOJISIECT OLEHUTh COCTOSHUE
nmoyek. PedepeHTHBI nuama3oH KpeaTWHA y KpbIC
cocragyisit 0,2—0,8 MI/1j1, OJIHAKO €ro KOHIICHTpAIHs
y KOHTPOJIbHOH Tpynmbl Obuta B mpeaenax 0,71 mr/
T, TO €CTh OJTIDKE K BepXHeH rpanure Hopmel, 1 0,54
u 0,52 mr/nn i 5% u 10% Tpy1in, COOTBETCTBEHHO,
YTO COBIAJANIO CO CPETHUM 3HAUCHUEM [58].

Eme omHuM BakHBIM TapaMeTpoM, IO KOTO-
pOMY MOXKHO OIPEAETUTh CTEICHb MOBPEKICHUS
u pazpyuenus renatountoB win JKKT, sBasercs
KOHIeHTparust (epMeHTa aJaHWHTPAHCAMUHA3BI
(0OBIYHO BCIICACTBHE BO3JICHCTBUS HA 3TH KJICTKU
Y OpraHbl TOKCHYECKUX areHTOB; XOTs 3a00JIeBaHUS
COCYZIOB, TEMOXPOMATo3 M BUPYCHBIE HH(EKIHH
Takke MOTYT PAcCMATPUBATHCS KaK BO3MOYKHBIC
npuunnsel) [59, 60]. Y kpbic pedepeHTHBIN auana-
30H ISl aJJTaHMHTPAHCAMWHA3bl HAXOAUTCS B HHTEP-
Baie 16-89 en/n, npu4éM y KOHTPOJIBLHOU TPYIIIIBI
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cpeaHee 3HaYeHHE COCTaBIsLIO0 69,29 en/m, B TO Bpe-
Ms KaK Y 9KCIIEpUMEHTAJIbHBIX )KUBOTHBIX — 44,57 1
47,43 en/a, COOTBETCTBEHHO.

CHIDKEHHE YpPOBHS JIMUIONPOTEUHOB HU3KOM
miotHocTy (JITTHIT) Takke oOKa3bIBaeT ITOJIOKH-
TEJNLHBIN 3PPEKT Ha 00lIee COCTOSIHUE OPraHU3Ma.
Xonecrepun JIIIHII accouuupoBaH ¢ pa3sBUTHEM
aTepoCKJIepo3a W COMYTCTBYIOIIUX 3a00JeBaHHUN
CepACYHO-COCYIUCTON cUCTeMBI [61].

ITo cpaBHEHUIO ¢ KOHTPOJBHOUN TPYHION, KOH-
uentpanus JITHIT y kpblc, HOMy4aBIIUX SCHAPLET,
cumxanach Ha 8,3% u 33%, coorBeTcTBeHHO [18].

BoboBbIe UrpaloT BaxHYI POib B MpodUiIak-
TUKE 1 JICUEHUH TaKMX XPOHUYECKUX 3a00JIeBaHU,
Kak nuaber 2 Tumna, O)KUpeHHus U OOJNEe3HH cepled-
HO-COCYIUCTOM cucTeMbl [62].

MHOTOUYHNCIIEHHBIE HCCIIEIOBAHUS  BBISBHIIH,
YTO NMPUCYTCTBUE OOOOBBIX B pallMOHE MOJYJIUPYET
JIESITEIbHOCTh MUKPOOHMOTHI KHIIICUYHUKA, CIIOCO0-
CTBYET NEPUCTAIBTUKE KUIIEYHUKA M 0OecreyrnBa-
€T Mo iIepKaHne rOMeocTasa IIII0K03bI, 4TO, B CBOIO
ouepelib, BEACT K YIyUIICHUIO KaYeCTBA KU3HU Ue-
JoBeKa [63, 64].

Kak ckazaHo BbIlie, HEPACTBOPUMEIC BOJIOK-
Ha KJIETYATKHM COCTABIISIOT OOJIBIIYIO YacTh CHIPOU
Macchl acnaprera. Tomsko B CIIA mo 90% xen-
mMH 1 97% MYKYMH UCTIBITHIBAIOT NEQUIUT KIICT-
YaTK B CBOEM panuoHe. Takoi neuiuT Koppein-
pPYeT ¢ pa3BUTHEM OXHPEHUS W COMYTCTBYIOIINX
3abosieBanuit [65]. HecmoTpst Ha TO, 4TO JaHHBIC
no PecnyOnuke KaszaxcraH OTCYTCTBYHOT, MOYXHO

MITAaMMOB a30THUKCUpyIomux Oaxrepuii (1o I'xomy) [67]

MIPENONIOKUTh TTOX0XKHUE 3HAYCHHS, T. K. TPaju-
[MOHHAsI JINETa Ka3aXOB BKJIOYACT CYIICCTBCHHOE
KOJIMYECTBO Oesika U OBICTPBIX YIJIEBOJOB Ha (OHE
pacTyuieil MOmyJIspHOCTH CeTed OBICTPOro Iu-
TaHUs, MPEAIararlux OJI0Ja Ha OCHOBE TEX XKE
uHrpenuenToB. Clie/10BaTeIbHO, CEMEHa ACrapiie-
Ta MOTYT OBITh PEKOMEHJ/IOBAHBI I MOTPEOICHUS
JKUBOTHBIMH C OJTHOKAMEPHBIM XKETYJIKOM, B T. 4. U
YEJIOBEKOM ISl TUBEpCU(DUKALIMY HCTOUHUKA OesiKa
Y BOCIIOJTHEHUS Ie(DUIINTA KIIETYATKH.

2.7. A3omepukcayus u cumouo3 cnapyema c
K1yOeHbKo8biMU DaKkmepuamu

Bo mHOrom cBoiicTBa OBOILHBIX U KOPMOBBIX
0000BBIX KYJBTYP OINPEACISIOTCS WX B3aUMO/ICH-
CTBUSIMH C a30T(PUKCATOPAMH.

Baxrepun pona Rhyzobium SBASIOTCS MaI0uKO-
BUJHBIMU Oakrepusmu jimuHou 1,0-2,5 Mxm. Dtn
MUKPOOPTaHU3MBbI HE 00pa3yIOT CIIOp, OJTHAKO IMPH
HEOJIaTONPHUATHBIX YCIIOBHUSX, TaKUX KaK HHU3KHE
TEMIEPATyphl, 3acyXa U Mp., NEPEXOJAT B COCTOS-
HUE JUIUTEIBHOTO TIOKOsI. XOTS HEKOTOPHIC IITaM-
MBI OaKTepuii MOTYT CYIIECTBOBAThH B ITOYBE U MPH
OTCYTCTBUU paCTeHHﬁ-XOSHeB, UX YHCICHHOCTD,
KaK MpaBWIIo, PE3KO BO3pacTaeT BOJIM3H KOpHEH 00-
OOBBIX pacTeHul [66].

JlBa u3 HamOoJiee CTaHIAPTHBIX METOJIOB KJlac-
cupUKAIUN MTAMMOB OAaKTepUil OCHOBaHBI Ha X
CKOPOCTH pOCTa Ha MCKYCCTBEHHBIX Cpelax M HX
BIMSHUM Ha 0Opa3oBaHHME KIyOCHBKOB Y pa3iiny-

HBIX BUI0B 0000BBIX (Ta0m. 1).
Tab6muma 1 — CpaBHuTENbHas CKOPOCTHAsE XapaKTEPUCTHKA

XapakTepucTHKA BeicTpopacTymme MenJieHHOpacTyHe

CkopocTh pocTa (OLIEHHBACTCS IO IHAaMETPy KOJIOHUH N .

P P . (o A Py ’ > 1 MM yepes 3—5 naHei <1 mm yepe3 10 gueii
KYJBTHBHPYEMOI Ha IMUTATEIHLHOM arape).
BuocuHTe3 cMOJIBI U3 ONHUCAXapUI0B MHoro Maio
BuocunTe3 nnponmrykcycHoit kucaotsl (MYK) Jla Her
[Morpebnenue caxapo3sl Ja Her
YCTOWYMBOCTD K aHTHOMOTHKAM (HI/MJT)
Terpanukiua 0.01-0.1 50-150
Bubpamunun 0.1-1.0 20-60
Buomunux 10-40 500-1500
3acyxoycTOMYUBOCTD Bricokas Huskas
YCTONUNBOCTB K KUCIIBIM [TOYBAM Huskas Beoicokas
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XoTs BUAaM H IMTaMMaM CHMOMOTHYECKHUX
A30TQUKCUPYIOMHUX OaKTepUil TOCBAIICHO OO0Jb-
110€ KOJMYECTBO HAyUYHBIX CTaTed W MyOJIUKaIHii,
B MEXIyHapoaHol 6a3e Pubmed pa3mernieno Toib-
KO YeTBIPE CTaThH C OMMMCAHUEM MUKPOOPTaHU3MOB,
crienn(pUIHBIX UMEHHO JUIS ACTIapleTa.

W3BecTHO, 4YTO  HECKONBKO  TPEICTaBUTE-
neit 6akTepuii, BBIACNECHHBIX M3 APYTUX O0OOBBIX
(Coronilla spp., Hedysarum spp., Petalostemon
spp., Oxytropis spp. u Astragalus alpinus), moryT
00pa30BBIBaTh KIIyOEHBFKH M Ha KOPHEBOW CHCTEME
scrapuera, XoTst uX 3PPEeKTHBHOCTH BO MHOTOM 3a-
BHUCHT OT ycaoBHi cpensl [68]. Kpome Toro, onuca-
HO IISATh MTaMMOB Rhizobium sp., XapaKTepHBIX JIJIs
scnapueta, npouspactatomero B CIIIA u Kanaze:
USDA 3736, 116A15, SM2, USDA 3172, USDA
3173 [69].

HenaBHuie ucciaenoBaHus BbISIBIIN J[BAa HOBBIX
BHJAa a30THUKCUPYIONINX OaKkTepuil B KOPHEBBIX
KITyOeHBKaxX, 4TO MO3BOJISIET MPOSICHUTH POJIh OaK-
TEpUil B pocTe M pa3BUTHU PACTCHUH Scraplera.
Mesorhizobium onobrychidis sp. nov. akTHBHO WH-
IynupyeT KIyOeHBKH JUIsl YCKOPEHHS (UKCAIHH
aTMoc(epHOTO a30Ta W yriekucioro rasa. [Ipen-
TI0JIAraeTCsl, YTO JAHHBIN BUJ] COACPIKHUT T€HBI, KOH-
TPOJIUPYIOILIKE CKOPOCTh POCTA pacTeHUu. B To ke
Bpems Bua Onobrychidicola muellerharveyae gen.
nov. sp. nov. odlajaeT reHaMH, CIIOCOOCTBYIOIIH-
MU TIOBBIIIEHUIO YCTOWYHBOCTH K OMOTHYECKOMY
ctpeccy [70].

Jpyrue aBTOpHI TIPHU HCCICIOBAHUHM apKTHYE-
CKOTO IITaMMa yKPENWINCh BO MHEHWH, YTO JIeJie-
LM TUIa3MUJIBI Y 3TOTO Itamma Rhizobium N31 He
MOBJIASIA HA YCTOWMYMBOCTH OPTaHW3MOB K aHTH-
onotnkam, 3QQPEeKTUBHOCTh MOTPEOJICHHUS YTIIEBO-
JIOB U OPTaHWYECKUX KHUCIOT U CKOPOCTh POCTa MpHU
HU3KOHU TeMIiepaType, 0JTHAKO CYIIECTBEHHO yCHITH-
Jla aKTUBHOCTH (hepMEHTa HUTPOTE€HA3bI U, CIIET0Ba-
TENILHO, «IOCTErMBaiay 00pa3oBaHUE KITyOCHBKOB
10 CPaBHEHHIO C TUKUM TUIOM [71].

CoBpeMeHHBIE METOABl MOJIEKYJISIPHO-TeHEe-
TUYECKOTO aHaiu3a MO3BOJAT Oojiee IPPEKTUBHO
MIPOBOJIUTH TIOUCK, UICHTU(PUKAIUIO U TACIIOPTH3a-
[IHIO TITAMMOB WU BUIOB OaKTepHi, CIeITH()UIHBIX
JUIsL 3CHapIeTa, YTO MO3BOJHUT TOBBICUTH yYCTOWYH-
BOCTh 3THUX 0OOOOBBIX PACTEHUH M WX MPOTYKTHB-
HOCTh, a TaKXe IOMYyTHO OOOTaTUTh COPTUMEHT
Hecneru(pUUHBIX a30T(PHUKCATOPOB i CeMeHCcTBa
Phabaceae B nemnom.

3ak/ouyeHne

Crarbs HamucaHa B COOTBETCTBHU C IIPOEK-
ToMm AP23488711: «MHTerpamusi CeIeKTUBHOTO
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MOJIEKYJIAPHOTO MapKHpPOBaHHMS U COBMECTHOIO
MHUKPOOHOJIOTHYECKOTO  KYJbTHBHUPOBAHHS IS
(opMHPOBaHUS ONTUMAILHONH KOJUICKIIMH 3crap-
nera Ha lOro-Boctoke Kazaxcrana». s moctu-
KEHHUH IeTH TPOeKTa MPEeIyCMOTPEHBI OCHOBHBIC
MOJXOMbI, CPEX KOTOPBIX: cOOp M pacuIupeHue
COpPTOBOTO MaTepuasia ACMApIETa, U3YUYEHUE MOp-
(hOTCHETHYECKUX W ANAlTUBHBIX CBOWCTB TaHHOM
KyJbTYpbl; OLIEHKAa IMPOJYKTHMBHOCTH COOpPaHHOIO
MaTepHaia; pa3padoTKa MOJUKPOCCOB IS MOTyde-
HUSl HOBBIX T€HETHYECKU-YCTOWYMBBIX ITOMYJISAIIHA
C TIOBBIIICHHOH YPOKaHOCTBIO 1 KOMOMHATHBHON
TMOKOCTBIO, OTIPE/IEIIEMON IMyTeM THOPUAN3AIUH C
KOHTPOJIbHBIMHA TEeCTePHBIMU OOpasuamu. [lanHas
pabora TpUBENET K CO3JaHUI0 THOPHIHBIX CEMSH
1 YCTAHOBJIEHUIO B3aUMOCBSI3HM X034HCTBEHHO-1IEH-
HBIX TIPU3HAKOB, a TaKXe K aHaJIN3y MOJYYEHHBIX
TUOPUIHBIX TOMYJIAIUN METOAAMU MOJICKYJIIPHOTO
MapKUpPOBaHUSl YCBOCHUS a30Ta, MPOJYKTUBHOCTHU
W aHaju3a aMUHOKHCIIOT B Sy COPTOOOPA3IIOB.
OpI/IFI/IHaHBHOCTB IIOCTABJICHHBIX 3aJ1a4 BCCIIACT OII-
TUMH3M, TIOCKOJIbKY NPeIyCMaTpUBaeT cOOp Maccu-
Ba MEXAMCIUTUIMHAPHBIX JTaHHBIX Ha CTHIKE TeHe-
THUKH, MOJIEKYJISIPHOW T€HETUKH, MUKPOOHOJIOTHH H
OMOMH(OPMATHKY JIJISl Pa3BUTHUS KYJIBTYpPbI 3CIap-
1eTa 1 JIpyrux KopMoBbIX 6000B Ha FOro-BocToke
Kazaxcrana.

B Hacrosimem 0030pe paccMOTPEHBI TEOPETH-
YecKhe TMPEANOCHUIKH KOMIUIEKCHOTO HM3YYCHHS H
MPUMCHCHUA dCnapuera Ijsd YAOBICTBOPCHUA KOP-
MOBBIX U IOYBOBOCCTaHOBUTEIILHBIX MOTPEOHOCTEH
CTpaHBbI, a TaK)Ke 00eCTIeYeHHSI MTUIIIEBBIX U 03/I0PO-
BUTENBHBIX 3allPOCOB Ka3aXCTAaHCKOTO O0IecTBa B
Oyayuiem.

B crarse moguepkuBaeTcs, 9TO CEMEHOBOICTBO
Jcrapiera MpoABHraeTcss B Hamboliee pa3BUTHIX
cTpaHax, BKIouas ABcrpanuto, Wcmanuio, Uta-
muto Kanany, CILA u ap. I[Ipu 3TOM 1018 KCITOp-
Ta 3crapIera B CTOMMOCTHOM BBIPAXKEHUH COCTaB-
nser 14.07%, 12.42%, 3.95%, 6.35% u 50.62%,
cooTBeTCTBeHHO. (CEeMEHOBOJICTBO JCHapIliera B
MHPOBOM MaciluTabe ceifyac HaXOAWTCS Ha B3JETE
OTHOCHUTENBHO JIIOLEPHBI U MOXXET OBITH IIHMPOKO
pacmipocTpaHeHO B MHOTOIPO(IIIEHBIX X03SIMCTBAX
KaK JiJIsl BHYTPEHHET0 NoTpeOIeHns, TaK U JUIs DKC-
nopTa B OyyIem.

DcmapIeT cTaix OgHOW U3 CHCTEMOOOPas3yIOMnX
MHOTOJICTHHX 000O0BBIX KYJNBTYp B YCIOBHIX Boc-
tounoro Kazaxcrana. B Hamell ctpane sta KyJabTy-
pa TpUMEHHMA TSl TIOJIEBOTO TPAaBOCESHHS, 3aIy-
KEHHS CKIJIOHOB U TIECYaHBIX 3€MeJb, OJJHOJIETHETO
WCIIOJIb30BaHMsI B CEBOOOOPOTE O3UMBIX 3J1aKOB.
[TosToMy B HamIMX YCIOBUSAX HEOOXOAUMBI KaK OJ-
HOYKOCHBIE, TaK H JIByXyKOCHBIE ()OPMBI 3cTapIiera.
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XoTst pasnuuHble BUABI dcrapiera Onobrychis
Spp. UCTOJB30BAINCH B KAYECTBE KOpMa JIJIsl )KBad-
HBIX JXMBOTHBIX Ha IMPOTAKECHHMHU MHOTHMX BCKOB,
BIIUSTHUE MX COCTAaBJISFOIIMX KOMIIOHEHTOB HAa MHO-
rre OMOXUMHYECKHE MOKA3aTel HAualo H3ydaThCs
B HAILIE BPEMs

CornacHo psily JaHHBIX, COJIEpP)KaHUE Oelnka
B CHIpOW Macce 3crapleTa COCTaBJSIeT MpHMEp-
HO 44,0 /100 T, conocraBuma ¢ Oenkom cou (39,9
r/100 t) u monuHa (37,57+4,39 r/100 ). [Ipu aTom
B ceMeHax 6e3 000JI0UKH ypOBeHb OelKa IOCTUTAeT
30,3-38,8%. [17, 18].

OTcrofa BUHO, YTO CHapIeT HeOOXO UM B Ka-
gecTBe Oenmok-obOoramennoro kopma KPC. Boiee
TOT0, HECMOTPSI Ha HU3KOE COJICPIKaHue Kpaxmala,
ACHApIET MOXKET CIIOCOOCTBOBATh CHIDKECHUIO PH-
CKa OXKHPEHHUS M COMYTCTBYIONIMX CEPICUYHO-COCY-
JIUCTBIX 3a00JICBaHUI YeJIOBEKA B 00X0J1 CO3aHUIO
JIOPOTOCTOSIIIUX IKCTPYAUPOBAHHBIX TPOAYKTOB.
Takum oOpazoM, oOecrieueHre CTpPaHbl Ha OCHOBE
acmapiera cOaNaHCHPOBAaHHBIMHM TPOJAYKTAMH H
KOpMaMH, O0OraméHHbIi BUTAMHHAMHA U MHHEpa-

namu, OyJeT CIocOOCTBOBaTh HE TOJIBKO POCTY H
KOHTPOJINPYEMOMY Habopy Macchl, HO M OKa3bIBaeT
CYILIECTBEHHOE BO3/CHCTBHE Ha KauyecTBO pacTe-
HHUEBOTUYECKON M >KMBOTHOBOAYECKOW MPOMYKIIMH.
CoOBpeMEHHbBIE METOAbl MOJIEKYJISIPHO-T€HETHYE-
CKOTO aHajau3a Jal0T BO3MOXKHOCTH BBITIOTHSITH
UICHTU(DUKAIIAIO U TTACTIOPTHU3AINI0 a30T(UKCcaTo-
POB, crienu(UIHBIX IS DCIAPIETa, YTO MO3BOIUT
MOBBICUTh YCTOMYMBOCTh NAHHOM KYJIbTYphl U €€
MPOIYKTUBHOCTb, & TAKXKE MapaICIbHO C TUM MO-
3BOJIUT PACIIMPUTH NIEPEUCHbh MEHEee CTIeN()UIHBIX
a30T(PUKCATOPOB, MOJIC3HBIX i1 0000BOrO cemeii-
CTBa B LICJIOM.

HMcTouyHuK (pMHAHCHMPOBAHUSA

JanHast paboTa BBIIIOJHEHA B paMKaxX MPOEKTa
AP 23488711 «MHTerparus celIeKTHBHOTO MOJIEKY-
JSIPHOTO MapKUPOBAaHUSI M WHOKYISLUHM pPacTCHUN
azoTdukcaTopamMu s HOPMHPOBAHUS ONTHMAITb-
Horo reHodonna scnapuera Ha FOro-Bocroke Ka-
3axcTaHay.
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v Onpejernenne 00beKTa, IPEAMETa, Le€el, 3a/1au, METOIOB, MOJIX0/I0B, THIIOTE3BI U 3HAYEHUS Ballel paboTsl. Llens uccie-
JIOBaHHS CBsI3aHA C JIOKA3aTEIIbCTBOM TE3UCA, TO €CTh MPEACTABICHUEM MPEIMETa HCCIICIOBAHNUS B U30PAHHOM aBTOPOM ACIICKTE.

Marepnajbl 1 MeToAbI — JTOJDKHEI COCTOATH M3 OIMCAHMS MAaTePUaIoB M X012 PabOTHI, a TAKXKEe MOJTHOTO ONMHCAHUS HCIIOJb-
30BaHHBIX METOJIOB.

v/ XapakTepucTHKa MM ONMCAHHE MaTepHalia UCCIE0BAHMS BKIIFOYAET €r0 TPEICTaBICHHE B KAYECTBEHHOM M KOJHYECTBEH-
HOM OTHOUICHHH. XapaKTepPUCTHKA MaTepHata — OANH U3 (aKTOPOB, ONPENEIISIONIHI JOCTOBEPHOCTh BBIBOJIOB M METOJIOB HCCIIe-
JIOBaHUSL.

v B 9TOM pasjiesie ONMMCHIBAETCS, KaK MpobieMa Oblia U3ydeHa: noapoOHas uHpopMalms 6e3 TMOBTOPEHHS paHee OIyOiH-
KOBaHHBIX YCTAaHOBJIEHHBIX HPOIEIYP; UCIIOIb3yeTCs HIACHTHUKAIMS 000pyRoBaHHs (IIPOrPaMMHOTO 00ECIIEUEHHMsT) U OIHCAHNE
MaTepHaoB, ¢ 00s3aTeILHBIM BHECEHNEM HOBU3HBI IIPH UCIIOIBE30BAaHUU MaTepPHAIOB M METO/IOB.

Hayunast MeTo010THSI TOJDKHA BKIJIIOYATh B Ce0s:

v’ - HCCIEeI0BATENBCKHI BOIPOC(-bI);

v’ - BBIJIBUT'aEMYIO THIIOTE3Y (TE3HC);

v’ - OTallbl HCCIIEIOBAHUSE;
v
v

<

- METOJIbl UCCIICIOBaHNUS;
- pe3yIbTaThl UCCIEIOBAHMSL.
v HEJJOITYCTHUMO Hamm4ie MHOKECTBA CCBUIOK, HE MMEIOIMX OTHOIIEHHUS K paboTe, NIl HEYMECTHBIE CYXKIEHHS O BAIIINX
COOCTBEHHBIX JOCTI)KEHUSIX, CCBIIKH Ha Bamm npeasiayye paboTsl.

PESyJ]LTaTl)I u Oﬁcymzle}me — IIPUBOJAUTCA aHAJIN3 U O6Cy)KZ[eHI/Ie TOJIYYCHHBIX BAMU PE3YJILTATOB UCCIICNOBAHUA. HpPIBOI[S{TCH
BbIBOJY IO IIOJIYYCHHBIM B XOJ€ HUCCIIEAOBaHUA pE3yJibTaTaM, PAaCKpPbIBA€TCSA OCHOBHas CYTb. " sto OIHWH K3 CaMbIX BaXXHBIX
pa3aciioB CTaTbu. B Hem HCO6XO}Z[I/IMO MPOBECTU aHAJIN3 PE3YJIILTATOB cBoei pa6OTLI u 06cy>1<z1eHne COOTBETCTBYIOIIUX PE3YJILTATOB
B CpaBHCHUH C NPEABIAYIIUMU pa60TaMI/I WHOCTPAaHHBLIX U OTCYETCBEHHBIX aBTOPOB, aHAJIM3aMH1 U BbIBOJaMU.

3akJii0ueHne, BHIBOIbI

O0o001IeH)e ¥ TO/IBEICHIE MTOrOB pabOThl HA JAHHOM JTarie; MOJATBEPIKICHHE MCTHHHOCTH BBIIBUTAEMOTO YTBEPIKICHUS,
BBICKa3aHHOTO aBTOPOM, U 3aKJIFOYCHUE aBTOpPa 00 M3MEHEHUH HAYYHOTO 3HAHHS C YUYETOM IOJIyYCHHBIX PE3yNbTaToB. BhIBOIBI HE
JIOJDKHBI OBITh a0CTPAKTHBIMU, OHH JIOJDKHBI OBITH MCIIONB30BaHbI JJIsi 00OOIICHUS PE3yJIbTaTOB MCCIICAOBAHUS B TOM HIM MHOU
Hay4YHOI 00JIaCTH, C ONMMCAHUEM MPEITIOKEHHUN HIT BO3MOKHOCTEH JabHeiei paboTh.

CrpyKTypa 3aKJII0UeHUs JIOJDKHA COJIepIKaTh ClIeAyIoUe Borpockl: KakoBbl 1ienu 1 MeToibl ucciienoBanus? Kakue pe3ynbrarbl
nosty4eHbl? KakoBbl BEIBO/IBI? KaKkOBBI EPCIIEKTUBBI ¥ BO3MOXKHOCTH BHEIPEHUSI, TIPUMEHEHHUS pa3padoTKu?
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KoH(puKT MHTepecoB — jKenareldbHO yKa3aTh HMEIONIMEcs KOH(IMKTBI MHTEPECOB CO CTOPOHBI aBTOPOB M COABTOPOB
KacaTelIbHO MaTepuaoB cTaTbi. Ecn HeT HUKAaKUX KOHQIMKTOB K OITyOJIMKOBAHHMIO MaTePHAJIOB B CTAThe, YKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

Baaronaproctn — IlepedncinTe oz, KOTOpbIe OKa3ajaH IOMOIb BO BpeMs HCCIEAOBaHHUs (HampHMep, MPeloCTaBHIN
TIOMOLIIb B TIEPEBOJIE, TTMCEMEHHYIO MOMOILIIb MK TIPEAOCTABIIN MaTepuai/o00pyioBaHue i paboThl U T.11.)

Hcrounuk ¢unancupoBanus — Creqyer ykasaTb B paMKaX KAakKOro NMPOEKTa WM MPOrpaMMbl OblIa BBIMOMHEHA padoTa,
yKa3arb TOJl 1 HOMEp JOroBOpa 10 MPOEKTY/IIPorpamMmme.

Jluteparypa

CHucoK UCIONB3yeMOH TUTepaTypsl, Wik bruOnuorpadguyeckuii CIMCOK COCTOMT U3 HE MeHee 25 HaMMEHOBaHUH JTUTepaTypbl
JUIsL €CTECTBEHHOHAYYHbBIX M TEXHMYECKHMX HANPABJICHUH U M3 OOLIEro 4ncia HAMMEHOBAHUI HA aHIIIMICKOM SI3bIKE JOJDKHO OBITH
He menee 50%.

JI71st eCTECTBEHHOHAYYHBIX CTATEH CCHIIKM O(OPMIISIOTCS B KBaIPATHBIX CKOOKAX € YKa3aHUEM HyMEpalluy [0 Mepe MOSBISACHUS
HUTUPYeMBIX padot B Tekcre. CTuib odopmienus crnucka auteparypsl cortacHo [OCT 7.1-2003 «bubnuorpadudeckas 3amuch.
Bubnuorpaduueckoe onucanue. O6mue TpeOOBaHUSA U MpaBUia COCTaBICHUD) (TpeOOBaHME K M3JAHUSAM, BXOAALIMX B MEpPEYCHb
KKCOH).

Janee crnenyet Bropoii crrcok nuteparypsl (References, kotopsiii go/mkeH OBITH MpeOCTaBiIeH B pyroi Gopme, To ecth —
pomaHu3upoBaHHbIM anipaBuToM (TpaHcautepaiys). References TOJIBKO Te paGoThl, KOTOpbIe HUTUPYIOTCs B TekcTe. Reference
odopmItsieTcs B andaBUTHOM mopsiake!

PoMaHU3MPOBAHHBIN CITHCOK JINTEPATYPhI JOJDKEH BBIIVIACTh B CIIELYIONIEM BHJIEC JUIS MCTOYHUKOB Ha KHPHJLIHIIE: aBTOP(-bl)
(TpancnuTepanus) — (roJ B KpyIIbIX CKOOKax)—Ha3BaHUE CTATbU B TPAHCIUTEPUPOBAHHOM BapHaHTE [MI€PEBOJ HAa3BaHUS CTAaTbU
Ha aHIIMACKUH SA3bIK B KBA/IPAaTHBIX CKOOKAX |, Ha3BaHUE PYCCKOSA3BIYHOIO HCTOUHUKA (TPAHCIUTEPALHs, TMO0 aHIIMIICKOe Ha3BaHUE
— €CJIH €CTb), BHIXOAHbIC JaHHbIE ¢ 0003HAYEHUAMHU Ha aHIIIMHCKOM SI3BIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Ctunb opopmiteHnst POMaHU3MPOBAaHHOTO CIIMCKA JINTEPATypbl U3 HCTOYHUKOB HA aHIIIMHCKOM (JPYTOM HHOCTPAHHOM) SI3BIKE
JUTSL €CTECTBEHHOHAYYHBIX U TeXHU4ecKux Hampasienuit — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B n1aHHOM pa3jeiie HEOOX0MMO Y4eCTh:

- IlutupyroTcs OCHOBHBIC HAy4YHbIE ITyOIMKALINH, IEPEILOBBIE METOBI HCCIIEIOBAHMS, KOTOPBIC TPUMEHSIOTCS B JAHHON 00-
JIACTU HAaYKH ¥ Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

- MU30eraiiTe upe3sMepHBIX CAMOIIUTHPOBAHHH.

- U30eraiiTe upe3mMepHbIX cchlIoK Ha nmyonukanuu asropoB CHI/CCCP, ucnons3syiite mupoBoii onbiT (Pubmed, Web of Sci-
ence). He ciemyer ccbuiaTbest Ha SHLMKIONEANH, MOHOTpa(UH, AMCCEPTALMK M MaTepUaIbl, HA KOTOPbIE HET OOIIEro JIOCTyMa.

- bubnunorpaduuecknii ciucok A0HKEH coaepskarh GpyHIaMEeHTalbHbIE U Hanbosee akTyaabHble TPY/AbI, OMyOIMKOBaHHBIE
N3BECTHBIMU 3apYOEKHBIMU aBTOPAMH M UCCIIEA0BATEISAMH 110 TEME CTAThH.

Cronmocts mydankanuu — 2000 TeHre/cTpanunia
PexBu3UTHI:

Hexommepueckoe akironepHoe o0mmecTBo «Kazaxckuii HamoHaIbHBIN YHUBEpCUTET NMeHH Anb-Dapadbu»
Hunexc 050040

aapec: I. Anmarsl, mp. anp-®Papabu 71

BUH 990140001154
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