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AHHoTanmsa. KivMaTtuyeckue HM3MeHeHUs], I7106ajbHOe NOTeNJIeHUe, Beny-
llee K ONMYCThIHMBAHUIO, HEpALlMOHAJIbHble aHTPONIOTeHHbIE JeUCTBUA BeAyT
K COKpAllleHUI0 MHOTHX BUJIOB PAaCTUTEJBbHOCTHU UJIM MCcYe3HOBeHHUI0. CeMeHa
OJIHOTO U3 paclpoCTPaHEHHbIX, JEPHOOOPA3yOUIMX TPAaBAHUCTBIX pacTeHUU
MATIUKOB Poa L. cobpaHbl U XpaHATca B baHke ceMsiH. MAT/IMK UMeeT 3Ha-
yeHUe KaK KOPMOBOe, NacTOUIIHOE pacTeHHe, a HEKOTOpble BH/bl LIUPOKO
MCIIOJIB3YIOTCA AJi ra30HOB. [0 cOBpeMeHHBIM JaHHBIM pOJ, MATJIMKOB Ce-
MeiicTBa Poaceae coctout us 575 BUI0B, U3 KOTOPBIX BO ¢puiope KazaxctaHa
BcTpevarTcs 80, He yYUTbIBasi HOBbIe BU/Ibl, KOTOpbIE ObIIM HEJABHO OTKPHI-
Thl U onucaHbl B BoctounoM Kazaxcrane. [1lo Katanory MupoBol KoJlJIeKLIUU
Bcepoccuiickoro uHcTUTyTa pacteHueBoiacTBa (BUP) 4 Buaa mataukoB: Poa
bulbosa L., P. nemoralis L., P. pratensis L., P. trivialis L., onpe/iesieHbI Kak JuKue
copoaunyu KyJabTypHbIX pacTeHui ([JCKP). Lesbto uccienoBaHus 6bLJI0 POBeE-
CTU KPaTKU{ aHaJIM3 UCTOYHHUKOB JIMTEepaTyphl 10 BUAOBOMY cocTaBy Poa L.,
pacnpocTpaHeHHUIo, 6M0JI0r0-X031ICTBEHHOMY 3HAaY€HHUI0 U UCIO0JIb30BaHUIO,
aHa/Iu3 KOJIMYyecTBa 00pas31oB N0 BUAAM, GpJIOPUCTUYECKUM palloHaM U OMNU-
CaHHe BHEIIHUX MOp(OJIOruieckux ocobeHHocTel ceMsH ¢ ¢poTorpadpusiMu.
[IpoBeileHHBbIM HAMU KPAaTKUU 0630p HCTOYHUKOB IO CHCTEMATHUKE BbISIBUJ 57
BU/IOB, paCIpOCTPaHEHHbIX N0 TeppUTOpUu. Onucanue ceMsH ¢ pororpadus-
MU NpeJiCTaBJIeHO N0 7 BUJaM, 10 KOTOPbIM UMeeTcsl 75 06pa3l0B U3 pasiny-
HbIX GJIOPUCTHUYECKUX 30H. CEMeHa U UX ONIMCAaHUe MOTYT ObITh UCI0JIb30BaHbl
J1s1 U eHTUU KA MU BU/IOB U B Ka4yeCTBe LJeHHOI'0 TeHETUYeCKOro MaTepuasa
B CeJIEKL U H.

KioueBsle ciioBa: MAT/IUK, Poa L., BU, 3/1aky, ceMeHa, GJIOPUCTUYECKUH paii-
OH
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Kpamkuii 0630p pachpocmpaneHus sudos Poa L. 8 KazaxcmaHe u onucaHue
8HewHUX Mopgo102udecKux ocobeHHocmetl cemMsiH

BBeaeHue

CeMelCTBO 3J1aKOBbIX — Poaceae HacuuTbiBaeT 6oJsiee 8 Thic. BUA0B U3 500 poxaos [1], no
JIPYyTMM UCTOYHUKAM - 0K0J10 10 Thic. BU0B U3 700 poioB, U3 KOTOPBIX BO pJjiope TeppUTOPUI
ctpad 6b1B1Iero CCCP npouspacrtano 1011 BuzoB U3 177 posios, a Ha TeppuTopun Kasaxcrana
482 Bunan3 101 poaa[2].[locneguue uccaenoBanus [3] CBUAETENbCTBYIOT O IOTIOJIHUTE/IbHbBIX
cnvckax 77 BUAOB U3 22 ponoB ceMeucTBa Poaceae, mpouspacTawIUX Ha TEPPUTOPHUHU
BocTtouyHoro KazaxctaHa u He oTMeueHHbIX BO «Dyiope KazaxcTtaHa» [4] ¥ B pyTrUxX U3aHUSIX.

Bo ¢psiope KazaxcTana BcTpedyaroTcss MHOTHE BU/ bl CEMENCTBA 3/1aKOBBIX, ONIpe/ieJIeHHbIE KaK
JIMKUe COpoArYHU KyabTypHbIX pacTeHul ([JCKP). Tak, B npeesiax CTeNHOM YaCTU yCTAaHOBJIEHbI
apeaJsibl pacnpocTpaHeHus 32 BUJ0B 0C000 IleHHbIX 3J1aKOB [5,6,7,8]. K HUM MOXXHO OTHECTH
pacTeHus, Mewlve BaxkHoe 3HadeHue Kak [ICKP a1 ncnosib3oBaHusA B cesieKIUM KOPMOBBIX
KYJbTYp, KAK KOPMOBbBI€ pacTeHHUs A1l NAaCTOUILHOT0 UCII0Ib30BaHUsl, B TOM YUCJ/IE CO3JaHUs
KYJIbTYPHBIX, Ha CEHO, AJis TpaBocMecell. ipKUM NpeJcTaBUTeEeM CIyKaT poJ, MATJIUKHU — Poa
L., HacuuThIBarouiye okosio 80 BuaoB U3 300 [9], nyiv o cOBpeMeHHbIM JaHHbIM U3 575 BU/I0B
[10], BcTpeyarouxcst Ha 060UX MOJyLIapUAX 3eMJIH.

[To KaTtanory mupoBoit kosutekuuu BUP [7] 4 Bupa matnukoB: Poa bulbosa L. - MATINK
JIyKOBUYHBIH, P. nemoralis L. - MaT1uK ecHoM (Ay6paBHbIi), P. pratensis L. - MATIUK JIyrOBOH,
P. trivialis L. - MATJIMK 0ObIKHOBEHHBIN oTMe4YeHbI B KauecTBe JICKP.

[lo MHeHuI wucciaegoBaTtesed [11], BbIcOKass MJIOWAHOCTb MHOTHMX BH/OB, YaCTbIH
anoMMKCHUC ¥ MEXBU/I0Basi TMOpUAU3aLIUs YCI0XKHAT GOPMUPOBAHHE YETKOW CUCTEMBI poZia
Y pa3rpaHWYeHue BUJ0B, YTO SABJISAETCA NIpeJMeTOM JUCKYCCUH. B pe3ysbTaTe NpoBeseHHbIX
MOJIEKYJISIPHO-TEHETUYECKUX HCCJIeJ0BaHWU OBbLIO BBISBJIEHO, 4YTO OCHOBHAasg 4acTb
HOJIMIIJIOUIHBIX MATIUKOB SIBJISIETCA MEXBUA0BbIMU ru6puiamMmu [12]. [lo MHEHUIO aBTOPOB,
QJIJIONOJIUIJIOU/bI IO CPAaBHEHHUIO C POJICTBEHHBIMHU AMIIOMJAMU UMEIOT 60Jiee IUPOKUE
apeaJsibl pacnpocTpaHeHUsl M, Gyarofapsi CBOMM OCOOEHHOCTSIM, MOTYT BbDKHMBATbh U vallle
BCTPEYalTCs B 3KCTpeMasIbHBIX YCa0BUsX [13, 14]. [IpobaToBa H.C. Takke oTMevaeT, YTo pU
3KO0JIOTUYECKHU HaNPSI?)KEHHbBIX, HO CTaOUJ/IbHBIX YCI0BUSX CY1LLeCTBOBAHUS Y 3J1aKOB ONITUMaJIeH
JUIJIOUJHBbIA YPOBEHb T'€HOMa, a NPU eCTeCTBEHHOU WJIM UCKYCCTBEHHOW HeCTabUJIbHOCTHU
cpeAbl 00MTaHUs 6oJiblilee NPEUMYILECTBO MOJYYalOT MOJUIJIOU/bI, OTJHYaloLiMecs 6osee
BBICOKOM 3KoJioru4yeckod maactTudHocThio [15]. [lo OsonoBoit M.B. [16] u Kappos u ap.
[12] uccnemoBanne Mopdosiornyeckoro pasHoobpasus pozga Poa L. mokaswiBaeT, 4TO poj
06J1a/1aeT BbICOKUM MOJUMOPPHU3MOM, MJIAaCTUYHOCTHIO, 2KU3HECTIOCOOHOCThI0, 06ecneyeHHON
COYeTaHUEM HECKOJIbKHX CIIOCOO0B pa3MHOXEHHS, BHYTPU POJAa MPOUCXOASAT pa3jiMuHble
MOJieJIM BHUA000pa30BaHUs, UYTO OOYCJOBJMBAeT €ro ILIHWPOKOE paclnpoCTpaHEHUE U
3BOJIIOLMOHHOE polBeTaHue; MOpdoJIoruyecKkre NPU3HaKKU He BCer/ja CBS3aHbl CKU3HEHHbIM
JUKJIOM pacTeHHsl.

MAT/IMKKM KaKk MHOTOJIeTHHE pacTeHUs XapaKTepU3YITCAd [epHO00pasyoIluM, HJIH
JlePHOBUHHBIM, NOYBOYKPEIJISIOLUIMM CBOMCTBAMU U KOPMOBbIM 3HaU€HHUEM — NMACTOULHbBIM,
CEHOKOCHBIM M SIBJISIIOTC HMCTOYHUKOM U J[JOHOPOM OHOJIOTUYECKHUX WU XO3SHWCTBEHHBIX
IPU3HAKOB B CeJIEKLIMU KOPMOBBIX KyJbTyp. OfHAaKO JelCcTBUe NMPUPOJHBIX KaTaKJIW3MOB,
NOTellJIeHWe KJIMMaTa, ONyCTbIHUBaHWe, U HepalHOHa/IbHble aHTPOIOTeHHbIe JeUCTBUA U
VCII0JIb30BaHKE NPUPOAHBIX PECYPCOB MOTYT IPUBECTH K UX COKPALLeHUIO UJIU UCY€3HOBEHUIO,
II03TOMY Mepbl [0 MX COXpPaHEHUI0 BXOAAT B 33Zladd IO COXPAHEHHWK M paClIWPEHHI0
6uopa3Hoobpasus npupoaHoH ¢puiopbl Kazaxcrana [17, 18].
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3ajjaueit JaHHOW paboThl OBLIO U3yYEeHHEe PACHIPOCTPAHEHUS U 3HAYEHUS1 BUJJ0OB MSATJIHUKOB,
xpaHauuxcad B baHke ceMfiH, HAa OCHOBe 0630pa JINTePAaTYPHbIX MUCTOYHUKOB U ONHUCAHUE
BHELIHUX MOPPOJIOTHYECKHUX 0COOEHHOCTEN UX CEMAH.

MaTepuasibl U METOAbI UCC/IELOBAHUA

AHanumuyveckull Kpamkull 0630p pacnpocmpaHeHuss U Mopgo-6uos02uyeckozo U
X03s1licmeeHH020 3Ha4eHus: 8udos Poa L. 8 KazaxcmaHe

Jlnis mpoBeieHUs1 0630pa GbIJIA UCIOJb30BaHbI UCTOYHUKH: HAayYHbI€ KHUTH, MOHOTpaduH,
»KYpHaJibl, HHTEPHET-PECYPCBHI.

C6op, nodecomoska u xpaHeHue 06pas3yos

MaTepuranaMu U3y4eHus CIY>KUJIM 06pas1ibl CeMsIH BU/I0B MATIUKOB poJia Poa L., cobpaHHbIX
M3 pas3/IMYHbIX QJiopucTUYecKuX 30H KaszaxcTaHa W xpaHsiliyMecsl B aKTHBHOM U 6a30BOMU
Koslekiuax CeMeHHOro 6aHKa MHCTUTYTa OOTAaHUKA U PUTOMHTPOAYKLMU Pecny6nku
KazaxctaH. BnepBble ¢uiopucTuyeckoe pailoHHpoBaHuMe B KasaxcTaHe ObLJIO NpPEeAJIOXKEHO
H.B. [TaBnoBbIM [4] ([TaBsi0B, 1956, ®nopa KazaxctaHa. 1 ToM. C.32-33). CorziacHO UCTOYHUKY
BCEro HacYMThIBaeTcA 29 QpJIOPUCTUYECKUX PAMOHOB U 7 IO4PANOHOB.

Onucanue u pomoepaguposaHue

Jna n3ydeHus obpasybl ceMsH ObLIM OCyLIEeHBI, OYMILEHbl B [Ba 3Tama, AOBeJeHbl [0
TpebyeMoil BJIQXXHOCTH, B3BellleHbl MO OOIIENPUHATBHIM HHCTPYKLUSIM W MeToAaM JJis
ceMeHHbIX 0aHKOB [19]. XpaHeHMe B MOPO3UJIbHOM KaMepe NPOBOAUTCA NpU TeMnepaType +40C
JJ1s1 akTUBHOH U 10 -180C /11 6a30BoM KoJieKMU. OnMcaHWe BHEIIHUX MOP(OJIOTUYECKUX
0cOo6eHHOCTeM ceMsH U uX ¢poTorpaprupoBaHUe NPOBOAUIIM C UCIIOJIb30BAHUEM MUKPOCKOIOB
Flat digital microscope MAN101 u Nikon SMZ800N c noacBeTkoi KL 1600 LED. [1pu onucanuu
ceMsH pPYKOBOJCTBOBaJIMCb HWCTOYHUKAMH JIMTEPaTypbl, KHUTAMH, CIHPAaBOYHHUKAMH, U3
UHTepHeT-pecypcos [20, 21].

Pe3y/sbTaThl M 06CYXK/EHHNE

Kpamkuii 063op pacnpocmpaHeHust u Mop@po-6u0102Uu4eCcK020 U X03LUCMBEHHO20 3HAYEHUS
sudos Poa L. 8 Kazaxcmane

Bosibiioe reorpaduyeckoe, NPUPOAHO-3KOJIOTMYECKOe pa3HoobOpasue TeppUTOPUHU
KazaxcTaHa onpejenisieT Tak»Ke U 3HaYUTEJIbHOE pacnpe/ie/ieHHe pa3/InuHbIX BUJIOB 3/1aKOB, B
yacTHocTHU Poa L.Tlo ApbicTtanranueBy C.A. [22, 23] Ha TeppuTopuu KazaxcTaHa npejcTaB/ieHbl
38 BuzoB poza Poa L. MATIHMKH, KOTOpble COOTBETCTBYIOT 38 BHAaM, JaHHbIM Bo diope
KazaxcrtaHa [4], no A6ayauHout C. A. - 35 [24], no BaliteHoBy M. C. - 36 [2], U3 KOTOpbIX 3
3H/IEMUKH, NIPU 3TOM HEKOTOpble BUABI, Kak P palustris L., P tianschanica (Regel) Hack. Ex
O.Fedtsch., P. tanfiljewii Roshev., P. subfastigiata Trin., P. supina Schrad., P. timoleontis Heldr. Ex
Boiss. u apyrue, Bcero 11, nprBeJieHbl BTOPbIM aBTOPOM U He yKa3aHbl B paboTe y nepBoro,
B TO >Ke BpeMsl HeKoTophble BUAbI, Kak P. albertii Rgl., P. tremuloides Litw., P marginata Ovcz., P
serotina Ehrh. v gp., Bcero Takxke 11, He o6Hapy»xeHbl y A6aynuHou C.A., a 3 BuJja npe/icTaBJieHbl
nozasuaMu. [1o pesysbTaTaM MHOTOJIETHUX GJIOPUCTHYECKUX UccaeoBaHUM KoTyxoBbiM 10.A.
[3] mo BoctouHoMy KasaxcTaHy NpUBOAATCS paHee He oTMedeHHble Bo Pyiope KazaxcTtaHa [4]
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Kpamkuii 0630p pachpocmpaneHus sudos Poa L. 8 KazaxcmaHe u onucaHue
8HewHUX Mopgo102udecKux ocobeHHocmetl cemMsiH

U B paboTte A6aynuHou [24] 7 BugoB Poa L.: P argunensis Roshev,, P. glauca Vahl, P. intricata
Wein, P. krylovii Reverd., P pseudoaltaica (Olonova), P. sergievskajae Prob., P veresczaginii
Tzvel., c tHPpopMaHell 0 MeCTOOOMTAaHWUM, BLICOTHOM paclpejie/IeHUU U pacnpocTpaHeHUHU
Ha TeppuTopur BoctouyHoro Kasaxcrana. [IpoBefieHHbIM HaMK 0630p MOKa3bIBaeT, YTO B
HMCTOYHUKAX OTMeuYeHbl 57 BUJI0B pojia Poa L., npouspacTtarouux Ha TeppuTopruu KazaxcraHa,
cpeau kotopbix P koksuensis Golosk., P korshunensis Golosk., P aksuensis (Tzvel.) Czer.
OTHOCATCA K 3HAeMuKaM. Cpeid MHOTOYMCIEHHBIX MpeJCTaBUTeel poZia UMEKTCS BUJbI,
KOTOpbI€ OT/IMYAIOTCS MPEKPACHBIMU KOPMOBBIMU JJOCTOMHCTBAMH U IIMPOKO HUCIOJIb3YIOTCS
B XXM3HeesaTeJbHOCTHU 4YesioBeka [10, 25, 26]. U3 HuUX B KauecTBe KOPMOBBIX pacTeHUH B
KazaxcraHe usBecTHbl MsaATauk yskoaucTHbld - JKiHilike KoHbip6ac (P angustifolia L.),
M. ortanyTbiii — TapThiHKBI K. (P attenuata Trin.), M. crenno# - [ana K. (P, stepposa (Kryl.)
Roshev.), M. pacctaBsiennbii — Cengip K. (P remota Forselles.), M. 06bi1kHOBeHHbIN — Kaaimri
K. (P, trivialis L.), M. nyroBo#i - llanfeiH K. (P, pratensis L.), M. cubupckuii - Cibip K. (P, sibirica
Roshev.), M. 6onoTHbIl - BaTnak K. (P. palustris L.), M. anbnuiickuil - Anbna K. (P alpina L.) [22,
27]. B necHOl 30He B KyJIbTypy KaK CEHOKOCHbIE U NIaCTOUILHbIe BBeJeHbl BUJbl M. JIyroBOU
(P, pratensis L.) u M. 6onoTHbid (P palustris L.). B 10XKHBIX 3aCyLJIMBbIX palOHaX KOPMOBOE
3HaueHUe uMeloT apeMepoug M. nykoBuuHbId (P, bulbosa L.), Ha BBICOKOTOPHBIX NACTOMUIAX —
M. anbnuiickuit (P, alpina L.). M. onHosieTHui (P annua L.) - pacnpocTpaHEHHOE BO BCeX 30HAX
COpHOe pacTeHue [28].

MsTtauky, poa Poa L., B cemelicTBe 371ak0B (Poaceae Barnhart) ogHa u3 Han60J1ee 06LIMPHBIX
IpyIIN pacTeHUH, pacnpoCTPaHEHHbIX IJIAaBHbIM 006pa3oM B YMepPEeHHO XOJIOJHOM MoJoce
3eMHoOro mapa. OHY XOpOoILlo PacTyT Ha JIyrax, B CTENSX, HEKOTOPbIE - B MOJYNYCTbIHAX, JieCax,
TYH/pe. ITO BOCHOBHOM MHOT0JIETHHUE TpaBbl BbICOTOM 10-120 cM, C NO/I3y4MMHU NOA3EMHBIMHU
no6eramMu, MpU UX OTCYTCTBUU 06pasyloT OoJsiee UM MeHee T'yCTble JepHOBUHBI. CTebsu
0OBIYHO NPSIMOCTOSIYME, TOJIbIE U IJIaIKUE, pexKe 11epoxXoBaThle. JIMCThS JMHENHbIe, IIUPUHON
1-8 (mo 12) MM, ¢ pacuienieHHbIM IVIaIKUM WM IIE€POX0BAThIM BJIarajivIleM U C KOPOTKUM
WJIU AJIMHHBIM 13bIYKOM. ColBETHE - PACKUAMCTAsA UM CKaTash MeTeska JauHou 1,5-25 (go
30) cM, BETBU KOTOpPOU coOpaHbl MyyKaMu 1o 2 uau 6oJsee. Kosocku Meskue, iiilleBUIHbIE
WY 3JIMIITUYECKHE, C 2-8 1iBeTKaMU, AJuHou 2,5-9 (no 10) mM. [29]. [InoanKu - 3epHOBKA,
JMHOM 1,3-3 MM, Ipo/j0/Ir0BaThie UJIU JIJIMIITUYECKHE, HA OPIOIIHOM CTOPOHE 0OBIYHO 6oJiee
WJIM MeHee YIJIOLEHHbIEe, MOYTU TPEXTPAHHbIE, 0TNa/lal0lie BMECTE C [IBETOUHbIMH YellysIMU
[4, 28, 30].

Kosnuwecmeo sudos u o6pasyos

M3 MHOro4ucjJeHHbIX BHJIOB MATIMKOB Poa L. ceMeilicTBa MSATJAMKOBBbIX Poaceae, B
¥ccJie[JOBaHUU BKJIIOUEHBI 7 BUJI0B, HAX0AUXCS HaXpaHeHUH B CeMeHHOM GaHKe, U3 KOTOPbIX
B XOJle aHAJIU30B BHEIIHHUX MOpP}OJIOrniyecKux MpU3HAKOB HAeHTUUIMpoBaau 6. Bcero B
CeMeHHOM OaHKe COOpaHO B IEpUO 3KCIIeAUIIMOHHBIX Bble3/10B 2013-2015roa0B 75 06pasioB
pacTeHUM U3 pa3jUYHbIX GJIOPUCTHYECKUX 30H KazaxcTaHa, ceMeHa KOTOpPbIX, IPOXO/is BCe
3Tanbl OYUCTKH, CYLIKH, ONpe/ie/IeHUs >KU3HECIOCOOHOCTHU, HAXOASATCS Ha JI0JITOCPOYHOM
XpaHeHUHU. [IpeBaIMPYIOT B KOJIMUECTBEHHOM COOTHOIIEHUH M. IyKOBUUHBIN - P. bulbosa L., -
38 1 M. y3kosiMcTHbIN - P angustifolia L. — 27 06pa3LoB, M. 1yroBoil - P. pratensis L. -7 nno 1
ob6pa3uy uMeeTcd M. IpuMedaTeibHbIM - P. insignis Litv. ex Roshev,, M. 1ecHo¥t gy6paBHbIi - P
nemoralis L. u M. 60/10THBIN - P. palustris L. (PucyHok 1), IMPOKO pacnpoCTPaHEHHOTO BU/IA,
CYUTAIOLIEr0CSl COPHBIM — M. O/JHOJIETHEr0 — P. annua L., B KOJIJIEKLIMK He 0Ka3aJ10Ch.
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KosmmuectBo 00pa3uoB no sBugam Poa L.

P. pratensis L.
10%

P. palustris L.
1%

P. nemoralis L. /
0,
1% P. angustifolia L.

36%

P. insignis Litv. ex Roshev,
1%

P. bulbosa _L/

51%

PucyHnok 1. KosinyectBo 06pasioB no Bugam Poa L.

MSAT/IMKY LIHPOKO M NMOBCEMECTHO PACIPOCTPAaHEHbI MO0 TEPPUTOPUHU PeCNyOJIMKH, KaK C
ceBepa Ha 10T, TaK U C 3ala/ia Ha BOCTOoK. UMetrouuecs B poH/e BUAbI MATJIUKOB Pe/ICTaBJIEHbI
c 23 ¢yopucTHYecKUX 30H, 0603HAYaeMbIX B JajibHellleM MNOpsJKOBbIMH HOMepaMU H
HEKOTOpble - J[OMNOJHUTEJbHO NPONUCHBIMU OykBaMU. Bo ¢uopucThyeckux paloHax
3anaaHbIid MesKoconoyHUK (10) u 3aunuiickuit Anartay (25) cobpaHo no 2 BU/a, HauboJbliee
pasHoob6pasue - 4 Buja - B KetmeHnb u Tepckeit Anatay (25A), a B 0CTa/IbHBIX — 10 OJJHOMY. B
[IpukacnuiickoM (6) popucTUdecKoM paiioHe cOOGpaHO HauboJIbliee KOJUYECTBO 00Pa3L0oB
- 16, 1m0 10 u 8 06pasyoB - B 3anagHoM MesikoconoyHuke (10) u Kermenb u Tepckeit AsnaTtay
(25A). B 3aumnamiickom Anartay (25) u KokuwertaBckoMm (5) cobpaHo mo 5 o6pasuos, a mo
OCTaJIbHbIM 30HaM - OoT 1 10 4 (PucyHoxk 2).

®omoepaguposaHue u onucaHue 8HeWHUX MOPPO02u4ecKUx NPU3IHAKO8 N/10008 U CEMSIH
sudos Poa L.

OfHUM K3 3aBepLIAKIIUX 3TANOB LUKJIWYECKON paboThl CEMEHHOro 6aHKa sBJSETCS
ONMMCaHUe BHELWHUX MOPQOJOrHYecKUX OCOOEHHOCTeNW, NPU3HAKOB CeMsH 00pasloB,
4acTO OJHOBPEMEHHO - U IJIOAOB, U ceMsiH. OmucaHus MJOJOB U CEMSH MHOTUX BUJOB
pacTeHUl NpeJcTaB/eHbl B IMTEPAType, UHTEPHET-Pecypcax, HO HEKOTOPbIX HAUTH KpalHe
caokHo. [l03TOMy NpOBOJU/IM ONMMCAaHUE BHELIHUX NMPU3HAKOB 3€PHOBOK MPAKTUYECKU Y
KOHKpEeTHOro o6pasiua Bu/a, IPU 3TOM BCECTOPOHHE ONMUpPaIMCh HAa JOCTYNHbIE PeCypchbl U
PYKOBO/ICTBOBAJIUCh CIPAaBOYHUKAMU.

KoHTpoJib U UieHTUPUKALUIO TJIOAO0B U CEMSIH IO MOPPOJIOTUYECKMM NPU3HAKAM TaKXKe
IPOBOJUJIM C MCII0JIb30BAaHUEM repbapHOro mMatepuasa u3 GoHZa UHCTUTYTA. Y MATIUKOB
IJIOZAMU CJYKaT MJIeH4YaTble 3€pHOBKHU. Y HEKOTOPbIX BUJOB LIBETOUYHbIE Yellyd CJI0XKHO
U TPYAHO OTAEJSIOTCS, WU He OTHAeNATCd. [Ipy o4ulleHUH IBETOYHBIX Yellyd OCTaeTcCs
roJsioe 3epHo, Wi camo ceMms. [IpoBeieHHOe oNMKcaHKWe BKJIOYAET ONHMCAaHHe KaK IJIEeHYaTOU
3epHOBKH, TaK Y r0JIOM 3epHOBKH IIPU UX HAJTMYKHU B 06pasuax, ¢ ux ¢pororpadusamu (Pucynku
3-6). [lo BceM o6pasiiaM, 0 KOTOPbIM BO3HHUKAIM HEKOTOPble COMHEHHUS, ObLJI UCI0JIb30BaH
JUI1 KOHTPOJIA M UAeHTUPHUKALMU repObapHblid MaTepuas. [y co3ZaHusl NOJHOW KapTUHBI
ONMMCaHUs 3epHOBOK Mo BHUAaM Poa L. 6blI0 BKJIIOYEHO TakXe onvcaHue Buja P annua L.,
M3y4eHHOe Ha KOHKPeTHOM rep6apHoM o6pasiie.
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Kpamkuii 0630p pachpocmpaneHus sudos Poa L. 8 KazaxcmaHe u onucaHue
8HewHUX Mopgo102udecKux ocobeHHocmetl cemMsiH

KosmuecTBo 00pa3uoB Poa L. no (pJiopucTHYECKUM paiioHaM

(8) ODmbeHCKHI

(6A) bykeeBckuit

(6) Ipukacnuiickuit

(5) KokmeraBckwuii

(3) Uprblickuii

(29) 3ammagnsrit Tsaap-11lans
(28) Kaparay

(27) Kuprusckuit Anaray

(26) Uy-Unuiickue ropst

(25A) Ketmenb u Tepckeit Anaray
(25) 3annuiickuit Anaray

(24) Txynrapckuii Anaray
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(2) ToobL1-Ecunbekuii

(17) MoitbiHKYMCKHi

(15) Ke3bun-OpauHckuii
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(13) CesepHblit YcTb-YpT
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(11A) KapkapanuHckuii

(11) BocTO4HBI MEIKOCOMOYHUK
(10) 3amaaHBIi METKOCOTIOYHUK
(1) Otporu O6mero Cripra
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N
(o)}
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PucyHnok 2. KosinyectBo 06pasnoB Poa L. no ¢psiopuctuyeckum 3oHam

P angustifoliaL., 1190, (3) UpThiwickuii. [104 - 3epHOBKa IeHYaTas, BINYKJI0H, yAJUHEHHO-
BEpPETEHOBUAHOU GOPMBI, C HEOOJIbIIMM OCTEBUJHBIM 3a0CTPEHHEM, KOTOpPOE Jerko
06/1aMbIBaeTCsl, BEPXHsIS YaCTh CBeTJIasd, MyCcTasi U3-3a HEJ,0Pa3BUTBIX, HEBBINIOJHEHHbBIX CEMSIH;
B OCHOBAHMHU MATOYKA XOPOILO BbIJEJISETCA, OKpyIJiasi, IpsiIMO Cpe3aHa, UMEKTCS BOJIOCKH;
CTepXKEHEK CpeHUHN, LUJIWHJPUYECKUH, OMYIIEHHbIH, C/Jab0M30THYTbIM, KOCOCpPE3aHHbIU;
NOBEPXHOCTb BHEIIHEH Yellyu C 5 KUJIKAMH, C PECHUTYATBIMHU 3yOUYMKAMH, BHYTPEHHSS
- JIalbeBUJHO-BOTHYTasl; OKpacka CBeT/IO-cepasi, CBeT/I0-Oypas, cBeT/iasd MO XUJIKaM U Ha
Bepxyuike, aauHa 2,48+0,31 MM, mupuHa 0,61+0,12 mM, Tosnmuua 0,50+0,06 mm (PucyHok
3a). CeMs — 3epHOBKA, OUMLIEeHHAs OT Yelllyid, 0BaJIbHOU WU UL eBUJHO-YIJIMHEHHOU GOPMBI.
K BepuivHe 60Jiee Cy>XeHHasi, C 3aMeTHBIM XOXOJIKOM, CO CIIMHBI BbINYyKJias, HA OPIOUIHOM
CTOpOHe 60pO03/Ka, IUPOKash U 4acTo IJyboKas, Ha CIMHKEe HeOOJIbIION TEMHBIA 3apOAbILI;
MOBEPXHOCTb PO/ 0JIbHO-IMHENHO-11IEpOX0BaTasi, 6JiecTsIasi B MUKPOCKOIIe; OKpacKa XeJsITasl
B MUKPOCKOIIe, CBET/I0-KOpUYHeBasi, KopudyHeBas; AJyiuHa 1,39+0,30 MM, mupuHa 0,55+0,12
MM, TouawmuHa 0,39+0,06 MM.

P bulbosa L., 95, (28) Kapartay. [1104-K0/1I0CKH, TOYKU-JTYKOBUYKH, MNOKPbIThbIE YELIYSIMHU
(meH4yaTas JYKOBUYKA), yAJMHEHHO-SIWUIEBUAHON (POPMbI, OKPYIJIO-CXKaTas, AJUHOU [0
15-18 MM BMecTe € JJIMHHBIMU 3a0CTPEHUSIMU KOJIOCKOBBIX YelllyW; KOJOCKOBblE Yellyu
AUIeBUHbIE, KWJIeBaTble, TOHKHE, CO C/Jab0 OMyLIeHHbIMHU IeHTPaJbHbIMHU U GOKOBBIMHU
HepBaMHU, C TOHKMMH 3a0CTPEHUSIMU, 10 KpasiM IJIeH4YaThle; HUXKHSA LIBETKOBAs Yelllysi paBHasl
KOJIOCKOBBIM, C SICHO BbIPa)XE€HHbIMU >KUJIKAMH, Y OCHOBAaHUS C BOJIOKHAMM, BHYTPEHHSS —
y3Kasl, CKpbITa BHYTPU BEPXHEU, MPAKTUYECKU HEOTAEJIMMA OT JIYKOBUYKHU; OYKA -JIyKOBUYKA
NOBEPXHOCTb HHWXHEW ILBETKOBOW 4Yelllyd, JYKOBUYKH, MPOJOJbHO 60po3adaTas, MeJKO
TOueyHas, 6J1ecTsllas B MUKPOCKOIIEe; OKpacKa KOJIOCKOBBIX Yelllyid CBET/I0-Oypasi, 6ypoBaToO-
¢duosieToBas (LIBETKOBBIX) CO CBETJION BEpXHEW 4aCThlO; JIYKOBHYKA (3€pPHOBKA) C YellysMHU
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K.II. Aiimbimb6emosa, T1I. Mypsamaesa, I'T. Cumnaesa,
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JaavHa 3,73+0,62 MM, mupurHa 1,98+0,55 MM, TosiyHa 1,27+0,33 MM (PucyHok 36). JlykoBUYKa
(3epHOBKa) 6e3 veliyit - gsuHa 3,52+0,41 MM, mupuna 0,97+0,35 MM, Tosnmuua 1,03+0,12MMm.
Y P. bulbosa L. v. vivipara Koch. liBeTku npeBpaliieHbl B BbIBOJIKOBble NMOYKHU. HapykHas
[[BETKOBas Yelllysl y CBOEr0 OCHOBAHUSI BbITATUBAETCS, YTOJIIAETCS U 060pasyeT JYKOBUYKH,
KOTOpbI€ MO/IChIXal0T U COPAChIBAIOTCS METEJIKOU.

PucyHok 3. a) P angustifolia L.: 3epHOBKa IJieHYaTasi ¥ OTOJIEHHAs OT [JBETKOBbBIX Yelllyi; 6)
P bulbosa L.: 3epHOBKa IJIeHYaTasi ¥ OroJieHHasl OT IBETKOBBIX YelllyHr

P pratensis L. 659, (25A) Ketrmenb u Tepckeit Anatay. [lnox - miaeHyaTass 3epHOBKA,
yAJMHEHHO-BEPETEHOBUJAHOU, WJIHW JIaJAbeBUJAHO-YAJUHEHHON QOpPMBI, C OCTEeBUJHBIM
3a0CTpeHHEeM; BHEIIHSS IBETKOBas 4ellys C 5 XUJIKaMH, ONyIIEHHbIMH, IPU OCHOBAHUU —
IYYOK BOJIOCKOB; BHYTPEHHSS [|BETKOBAs Yellysl — BOCHYTas, [0 KpasiM UMEITCS 3yOUUKU-
PECHHUYKH; OCHOBAaHHUE — TYIO OKPYIJIOE; CTEPXKEeHEK — CpeJHUH, CJerka U30THYT, HEMHOIrO
KOCO yCe4YeHHbIH; MNOBEPXHOCTb MeJIKO IllepoxoBaTasi, TO4Ye4yHOo-Oyropyarasi; OKpacka
O6ypoBaTo-06eJiasi, cepoBaTo-6eJiasi, CBeTN0-cepasi; AanHa 3,1+0,44 mM, mupuHa 0,84+0,09 MM,
toamuHa 0,64+0,05 MM (PucyHok 4a). 3epHOBKa, OTJAeJIeHHasi OT YellyH, NpoJoJIroBaTou
00paTHOSIUIEBUHON TyNnoOTpexXrpaHHOW (OpMbl, HECKOJbKO CY>KEHHOW K OCHOBaHHUIO H,
HepeJIKO U K BEPLIKHE; Ha BePXYILKe UMeeTCsl HeOO0IbILIOU X0X0JI0K, 3 B OCHOBAHHUU CO CIIUHBI-
3apO/blll; C OPIOIIHONW CTOPOHBI HECOMKHYTas LIMPOKas 60p03/Ka; IOBEPXHOCTb MPOL0JIbHO
JIMHEWHO-1lIEpOX0oBaTas, B MHKPOCKOINe OJiecTsllas; OKpacka cepoBaTo-XkeJsTas, Oypas,
KopuuHeBas; AynHa 2,07+0,17 MM, mupuHa 0,73+£0,06 mMm, TosmuyHa 0,53+0,05 MM.

PucyHok 4. a) P, pratensis L.: 3epHOBKa IJieHUYaTas ¥ OroJieHHas OT IBETKOBbIX Yyellyi; 6) P
palustris L.: 3epHOBKa IJieH4YaTas U OroJieHHasi OT LiBETKOBBIX YelllyH
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Kpamkuii 0630p pachpocmpaneHus sudos Poa L. 8 KazaxcmaHe u onucaHue
8HewHUX Mopgo102udecKux ocobeHHocmetl cemMsiH

P. palustris L., 1202, (10) 3anajgHblii MeJKOCONOYHMUK. [ls0A - myeH4yaTass 3epHOBKa,
JIa/IbeBUIHO-YAJIMHEHHOW, TPEXTPAaHHON POPMBI, C 3a0CTPEHHUEM; HMXKHSSA 1IBETKOBAs Yellys
N0JIynpo3payHas, C ICHO BbIpa)KEHHBbIM KWJIeM NOYTH Ha 1/3 3akpbiBaeT BHYTPEHHIOIO, IO
KpasiM C TOHKHMMHU CBETJILIMU BOJIOCKAMU; BHYTPEHHSsIs1 LIBETKOBAs Yelllys BJaBJeHHas, [10 Kparo
€ 3y6YMKaMU-peCHUYKAMU; KaJLJIyC C My4YKOM U3BUJIUCThIX BOJIOCKOB (PucyHok 46). CTep:keHek
OKPYTJ/IbI HEMHOTO U30THYTbIM, KOCO YyCeYeHHbIN, C TOHKMMH BOJIOCKAaMH; IOBEPXHOCTb MEJIKO
TOYEYHO 3epHUCTAasi, MaToOBas, CJlerka 6JiecTs1as BMUKPOCKOIe; OKpacKa CBeT/IO-TeMHO-cepasi,
TEMHO-eJITOBaTo-cepas; AjauHa 2,98+0,25 mM, mupuHa 0,62+0,08 mMm, TonuuHa 0,52+0,06
MM. 3€pHOBKA, O4HILleHHasl OT YellyH, YJIMHEHHO-AUIeBUIHOW TPeXIrpaHHOHW GOpMbl, FPaHHU
TYIble, HUXKHSS1 CTOPOHA CJIeTKa BOTHYTA ¢ 0603HaYeHHWEM IIMPOKOU 60PO3/1KU; MOBEPXHOCTh
rJlaZikasi, NpOJOJIbHO-JIMHENHas, OJiecTsllas; OKpacka CBeT/IO-KOpUYHEeBasi, KOPUYHEBas;
aavHa 1,48+0,16 MM, mupuHa 0,54+0,08 MM, Tosmuua 0,46+0,05 MM (PucyHok 46).

P, insignis Litv. ex Roshev., (25A) Ketmenb u Tepckeit Anatay. [0 - nieHyaTas 3epHOBKa
JIalbeBUAHO-YAJIMHEHHOW TpexrpaHHOW (opMbl, 6€3 OCTH; HWXKHASA LBETKOBas 4Yellys
5-)KUJIKOBas, C ICHO BbIpa>KEHHbIM KHWJIEM, IO Kpal0 B BEpXHEW 4aCTH C Y3KOU NpO3pavyHOU
IJIEHKOM, roJiasi, MO KWJII0 W M0 KpaeBbIM KUJISIM C LIUIHWKAaMU; BEPXHSSA 1IBETKOBAs 4ellys
BOTHyTas, MO0 KWJISAM C TYCTO PacHOJIOKEHHBIMH IIMIIMKAaMH, HEMHOTO KOpoO4Ye HIXKHeW;
CTep:KeHEeK CpeJlHUM, OKPYIJIbIH, C/lIeTKa KOCOYCeYeHHbIW, C KOPOTKHUMHU UIMIIMKAMU, KaJJIyC
roJiblii; OKpackKa CBeTJIO-cepasi, CBeT/10-6ypas, 6ypas; aavHa 3,25+0,29 mMm, mupuna 0,73+0,08
MM, TosauurHa 0,76+0,08 MM (Pucynok 5a). 3epHOBKa, rojiasi, 0CBOOOXJAeHHasA OT YellyH,
YAJIMHEHHO-IW1eBUAHOU CY?)KEHHOU K KOHIaM, TpexXIPaHHOU GOpMbl; BbIAAIOIIMNICS 3aPO/ bl
TEMHOT0 I|BETa, Ha BEpXYILIKe XOXO0JIOK; MOBEPXHOCTb TIJaZiKasi, MPOJAOJIbHO JIMHENHO-
TOYE4YHO-Oyropuaras, 6JyiecTsias B MUKPOCKOIIe; OKpacKa »KeJTo-KOpUUHeBas, 6JiecTauias B
MUKpockorne; ajauHa 1,83+0,05 MM, mupuna 0,67+0,05 mM, TosyuHa 0,57+0,05 MMm.

PucyHoK 5. a) P, insignis Litv. ex Roshev.: 3epHOBKa nyieH4aTas ¥ orojieHHas OT LIBETKOBbBIX
yemyi; 6) P nemoralis L.: 3epHOBKa MJieHYaTasi ¥ OroJIeHHas1 OT LIBETKOBBIX Yellyi

P. nemoralis L., 1387, (25 A) KetmeHnb u Tepckeit Anatay. Ilsoa - niieHyaTas 3epHOBKa,
YAJIMHEHHO-/Ia/IbeBU/IHOM, JIQaHLLETOBUJHOM TpeXIrpaHHOW QOpPMBbI, HMXXHAA LBETKOBasd
yelysi NpPOAOJIrOBaTO-JaHLleTHasl, Kuab Ha 1/2, 2/3 pauHbl, a KpaeBble XUJIKUA o 1/3
KOPOTKOBOPCHUHYAThIE (KOPOTKOBOJIOCUCTBIE), BEPLIMHA IepeNOHYaTast; KaJJ1yc C He60JIbLUIUM
Iy4YKOM JJIMHHBIX U3BUJIMCTBIX BOJIOCKOB; BepXHsASA LIBETKOBas 4ellyd BJaBJeHHas, TOHKad,

MEX/y BOPCHUHYATHIMH KHJISIMH - roJjlas M IVIafiKasi; CTEpPIKEHEK CpeJHUM, OKPYIJIbIH,
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KOCOYCeUYeHHbIH; OKpacKa CBETJIO-Cepasi, CBETJIO-COJIOMeHHas; AyrHa 3,13+0,13 MM, mupuHa
0,84+0,05 MM, TonuHa 0,77+0,07 mm. [IbiibHuKM 1,0-1,2 MM (PucyHok 56). osias 3epHOBKa,
0CBOOOXK/IeHHAs OT LIBETOYHBIX YelllyH, yAJIUHEHO- AU 1€ BUAHOM, JaHI[€ TOBUHOM,3a0CTPEHHOM
K IBYM KOHI|aM, HESICHO-TPeXTPaHHOM pOpPMbl; BOCHOBAaHHWU HEMHOTO BbI/IAIOIUKCS 3apO/bIL,
TEMHOT'0 1IBETa, HA BepXylIKe HMEeTCs XOXOJIOK; MOBEPXHOCTb IVIaJ/lKas, roJias, JUHEWHO
MeJIKO TOYeUYHO-MOPIIMHUCTAsI, 6J1eCTAIasA; OKpPacKa »KeJITO-KOpUUYHeBasi, KOpuuHeBast; JJIMHA
1,83%0,05 MM, miupuna 0,73+0,05 MM, TosruuHa 0,53+0,05 Mm.

P annua L. l0ro-3anagneie otporu /lxxyHrapckoro Anartay, u3 repbapHoro ¢onpa. [laog -
nJieH4YyaTas 3epHOBKa JaJlbeBUJHO-YAJMHEHHON TpexrpaHHOU GopMbl, 6€3 OCTH; HIDKHSS
[ BETKOBas yellys 5-KUJIKOBas, C SICHO BbIpaXKEHHbIM KHJIEM, 10 KPalo B BepXHEH 4acTH C Y3KOU
NpO3pavyHOM MJIEHKOM, roJiasi, 10 KUJIIO U 10 KPaeBbIM KHJISIM C IIMITMKAMU; BepXHss I[BETKOBasI
yellysi BOTHYTasl, 10 KUJISIM C TYCTO PAcloJIOKEHHBIMU IIMIIMKAMH, HEMHOI'0 KOpOYe HUXKHEH;
CTep)KeHEeK CpeJIHUM, OKPYTJIbIH, C/lerka KOCOyCeYeHHbIM, C KOPOTKUMHU UHIMMHUKAMHU, KaJlJI1yc
roJiblid; OKpacka CBETJIO-cepasi, CBeT/0-0ypasd, 6ypas; aAarHa 3,25+0,29 MM, mupuna 0,73+0,08
MM, TosinuHa 0,76+0,08 MM (PucyHok 6).

‘Q — ~

PucyHok 6. P annua L.: 3epHOBKa MJieHYaTasi ¥ OroJieHHas OT LIBETKOBBIX YellyH

3epHOBKa, roJiasi, OCBOOOXJEHHasi OT 4YellyH, yAJMHEHHO-IWIEBUJIHON CY>XeHHOU K
KOHLIAM, TpPeXrpaHHON (GOpMbI; BBIJAIOLUKACS 3apoJblll TEMHOTO IBETA, HAa BepXyIIKe
X0XO0JIOK; TIOBEPXHOCTb IJIaJiKasl, MPOAOJbHO JIMHEMNHO-TOYEUHO-OyropyaTas, GJiecTsiias B
MMKPOCKOTIIe; OKpacKa >KeJITO-KOpUYHeBasi, 6JiecTsias B MUKpockorne; AjauHa 1,83+0,05 MM,
mupuHa 0,67+0,05 MM, Tosmuuaa 0,57+0,05 MM.

3aK/Io4YeHue

B pe3ysbTaTe MNpoBeJeHHOr0 0630pa JHUTepaTypHbIX HCTOYHUKOB IO CHCTEMaTHKe
YCTAHOBJIEHO, YTO MO TeppuTopuu KazaxcraHa pacnpocTpaHeHbl 57 BU0B poga Poa L., u3
koTopbix P. koksuensis Golosk., P korshunensis Golosk., P. aksuensis (Tzvel.) Czer. oTHocaTCA
K 3HJieMuKaM. B BoctouHoMm KazaxcTaHe OTKpBITHI M ONKCAaHbI, BKJIOYasi MECTOOOUTAHUE,
BBICOTHOE pacnpejiejieHue 7 HOBBIX BHJ0B, KOTOpbix HeT Bo «®jope KazaxcraHa»
[5]. MlpuBeaeHbl omnucaHUus MOPPOJIOTUYECKOTO CTPOeHUsI pacTeHUM BuJOB Poa L., ux
610JI0TUYECKOEe pa3BUTHE, KOPMOBOE, 3KOJIOTUYECKOE, a TaKKe X03fHCTBEHHO-N0JIe3HOe
3HaueHue. [lo xpaHaumcsa B baHke ceMsiH BUJaM MpPOBeJEeH aHa/JU3 MO0 UX KOJHUYECTBY,
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dsopuctuyeckum 3oHaM. PoTorpadupoBaHHe U ONHMCAHHE BHEUIHUX MOPQOJIOrHYeCKHUX
0COOEHHOCTEN CeMSIH C UX pa3MepaMU JIaloT HHPOpPMaAIMI0 O NMpeACTaBUTENSIX MATIUKOB U3
KOHKPETHBIX YCJI0OBUM MECTOOOUTAHHS, MOXKET CJAYKUTb JONOJHUTEJIbHBIM UCTOYHHUKOM J1JIs
ueHTUPUKALMU BUJIOB, 2 CEMEHA MOTYT ObITh UCHOJIb30BaHbI KaK LIEHHbIN FeHeTUYEeCKUU
MaTepuaJ AJis CeJIeKIIMM KOPMOBBIX PAaCTEHHUM.

Bxkiiag aBTOpoB

A.K. - koHuenuusa u HanucaHue TekcTa; M. - pykoBOJCTBO paboTOM U 06OCYyXJeHUe
pe3ysbTaToB uccaenoBaHud; CI. - pesakTupoBaHue TekcTta ctaTbd; E.A. - nposegeHue
akcniepuMeHTOoB; M.K. - o06cyxJeHue pesyibTaToB ucciaefoBanus; [A.B. - mnpoBegeHue
3KcnepuMeHTOB; M.A. - npoBe/ieHHUe 3KCIIepUMeHTOB; A.A. — IpoBeJjeHUe 3KCIIePUMEHTOB.

duHaHCUpOBaHUE

CraTphs HamucaHa B paMKax NporpaMmsl 1esieBoro ¢puHaHcupoBanus ([1P) BR23591088
«Co3nanue KagacTpa pacTeHU# YabITayCKOM 06J1acTH Kak peasin3anus 3ajad 3akoHa PK «O
pacTUTEJIbHOM MUpe» [IJis yCTOMUYUBOTO UCIOJb30BaHUSI O0TAaHUYECKUX PECYPCOB peruoHa»
MHCTUTYTa 60TAaHUKU U QUTOMHTPOAYKIUH, PUHAHCUPYeMOH MUHUCTEPCTBOM 3KOJIOTHUU U
npupoaHbix pecypcoB PK (M3I1P PK).

KoHd1uKT MHTEpecoB
ABTODBI 3a8BJISIIOT 06 OTCYTCTBUU KOHQJIUKTA HHTEPECOB.

Co604eHHne 3TUYECKUX HOPM
Hacrosimasi cTtaTbs He COJEpPXHUT ONMHCAHUS BBINOJHEHHBIX aBTOPAMU UCCIE[0BAaHUN C
y4acTHEeM JIIO/IEH UM UCI0/Ib30BAHUEM )KUBOTHbBIX B KAYECTBE 0O'bEKTOB.
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Kpamkuii 0630p pachpocmpaneHus sudos Poa L. 8 KazaxcmaHe u onucaHue
8HewHUX Mopgo102udecKux ocobeHHocmetl cemMsiH

Kasakcranga Poa L. Typ/iepiHiH Tapa/iyblHa KbICKAIla HIOJIY )K9HE TYKbIMAAPbIHbIH,
CBIPTKbI MOP}0JIOTUS/IBIK, epeKIIe/IiIKTepiHe cunaTrama

K.II. Aiitbim6eToBa*!, T.III. Myp3aTaeBa?, I'T. CutnaeBa3, A.C. Enxy6aeBa*,
K.X. MaxmyaoBa®, B.C. lykeHn6aeBa®, A. Myran’, A. Asira3br®

12345678 Bomanuka sxcaHe oumouHmpodykyusi uHcmumymeol, Aamamoi, Kazakcman

Anpgarna. KauMaTThlH e3repyi, KYpFaKWbLIbIKKA anapaTblH »KahaHJbIK KbIbIHY, paldOHaJIJbl
eMeC aHTPONOTEeH/IK apeKeTTep OCIMAIKTepAiH KellTereH TYpJ/epiHiH a3aloblHa HeMece KOUbLIybIHA
okesiesni. Ken TapasiraH wbIM Ty3eTiH wenti eciMaikrepfid 6ipi Poa L. TypJiepiHiH TyKbIMZaphl
*KuHaubIN, TYKbIM GaHKiHAe cakTanyaa. KoHbIpbacTap KeM a3bIKThIK, XKalbLIbIM/IbIK, 6CIM/IIK peTiHze
MaHbI3/Ibl, aJl KeNO6ip TypJiepi KerasjaH/ blpyFa KeHiHeH KoJJlaHbLIa/bl. Kazipri MasiimeTTep 60ibIHIIIA
Poaceae TyKbIM/IaChIHBIH, KOHbIp6ACTap TYBICBIHBIH, 575 Typi 6ap, cosap/biy imiHge KazakcTaHHBIH
¢dsopaceiaaa 80 Typi, xkakbiHa ambiFaH LbiFeic KazakcTad 60ibIHIIA CUMTATTAJIFAH XKaHa TypJiepai
ecelke aJiMaraH/ia, ke3jeceai. Bykinpeceiik eciMzik mapyaliblIbIFbl MHCTUTYThIHbIH (BUP) anemaik
KOJJIEKIUSIIAP KAaTAJOThIHJA KOHbIpOacTapAblH 4 Typi: Poa bulbosa L., P. nemoralis L., P. pratensis
L., P. trivialis L., MasieHu eciMAikTepAiH >kabaiibl TybIChl GOJIbIN AHBIKTAJFAH. 3epPTTEY/AiH MaKCaThl
Poa L. Tapajiybl, GHOJIOTUS/IBIK-IIApyallbLIbIK MaHbI3bl >KoHe KOJIJAaHbLIybl GOWbIHIIA 3JebHeT
Ke3JlepiHe KbICKalla Tajjay Xypridy, ¢JopUcTHKaAbIK aliMakTap OGoMWbIHIIA TypJiepZiH yJrinep
CaHbIH TaJJlay *K9He TYKbIMJApAbIH GoTocypeTTepiMeH ChIPTKbl MOPQOJIOrHsIbIK epeKIleNdiKTepiH
cumnaTTay 60J/bl. [lepekke3aepine )yprisijired KbicKallla 1oy 60MbIHIIAa ayMaKTa 57 Typ TapasiFaHbl
aHbIKTanabl. DoTocypeTTepi 6ap TYKbIM cMIIaTTaMachl 7 TYp GOMbIHIIA YChIHBLIFAH, 0J1ap G0MbIHILA
TYpJii GJIOpUCTUKAIBIK aliMaKTapAaH 75 yiri 6ap. TykpIMJap MeH oJapAblH cUNaTTaMachkl TypJepai
aHBIKTAy YLUiH XKoHe ceJIeKIUAAa KYH/ bl TeHEeTUKaJIbIK MaTepyaJl peTiH/e NaiaJlaHblybl MyMKIH.

Ty#iH ce3aep: KoHbIp6ac, Poa L. Typ, acTbIK TYKbIMAACTap, TYKbIM, GJIOPHUCTUKAJIBIK aliMaK

Short survey of Poa L. species’ distribution in Kazakhstan and description of external
morphological seed features

K.Sh. Aitymbetova*!, T.Sh. Murzatayeva?, G.T. Sitpayeva3, A.S. Yelubayeva*, K.Kh.
Makhmudova®, B.S. Dukenbayeva®, A. Mugan’, A. Algazy®
12345678 pstitute of Botany and Phytointroduction, Almaty, Kazakhstan

Abstract. Climate change and global warming are considered to cause desertification; irrational
anthropogenic activity leads to plant species shortening or their extinction. Seeds of one common
sod-forming herbaceous plant, bluegrass (Poa L.), were collected forage and pasture plants, and some
species are also widely used for lawns. According to current data, the bluegrass genus of the Poaceae
family consists of 575 species, of which 80 are found in the flora of Kazakhstan, not taking into account
new species that were recently discovered and described in East Kazakhstan. According to the Catalog
of the World Collection of the All-Russian Institute of Plant Growing (VIR), such 4 species of bluegrasses,
Poa bulbosa L., P. nemoralis L., P. pratensis L., and P. trivialis L., were identified as wild relatives of
cultivated plants (WRCP). The purpose of our research was to conduct a brief analysis of the literature
sources for the species composition of Poa L., distribution, biological and economic significance, and
application, analysis of the number of samples by species, floristic regions, and the description of the
external morphological seed features and their photographing. Our brief review of systematic sources
has revealed 57 species distributed throughout the research territory. The description of seeds with
photographs is presented for 7 species, for which there are 75 samples from various floristic zones.
Seeds and their description might be used for species identification and as valuable genetic material in
breeding.

Keywords: bluegrass, Poa L., species, grasses, seeds, floristic region
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Aiimbim6emosa Kaapa Ilapdap6ekoeéHa - aBTOp [AJs1 KOPPECHOHJEHIMM, KaHAWAAT
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Cumnaeea T'yavHapa TokGepzeHOBHa - [OKTOpP GUOJIOTMYECKUX HayK, akazeMuk KasHAEH,
leHepanbubiit aupektop PITl «MHCTUTYT 60TaHUKUA U PuTOUHTpOoAYKuuK» KJIXWKM MOIIIP PK, yi.
Tumupszera 36 /I, 040050, Anmarsl, KazaxcraH.

Eny6aesa Alicepum Cayblmo8HA — MarucTp eCTeCTBEHHBIX HayK, MJIQJJIIMH Hay4YHbIH COTPYAHUK
Jnabopatopuu baHk cemsH, PITl «MHCTUTYT 60TaHUKK U dUTOUHTpoAyKIUU» KJIXKM MIIIP PK, yi.
Tumupszesa 36 /I, 040050, Anmatel, KazaxcTaH.

Maxmydoea Kapuna XamudoeHa - KaHAUaT 6M0JI0TUYeCKUX HAYK, BeIyIIUH HayYHbIHA COTPYAHUK
Jnabopatopuu baHk cemsH, Pl «MHCTUTYT 60TaHUKK U PUTOMHTpoAyKuu» KJIXKM MIIIP PK, ya.
Tumupsszea 36 /I, 040050, AnmaTsi, KazaxcTaH.

JAyken6aeea bardam Camamkbi3bl — MarucTp TEXHUYECKUX HAyK, MJIaJILIMHA Hay4YHbINA COTPYLHUK
snabopatopuu bank cemsH, PTTl «<MHCTUTYT 60TaHUKHK U duTOUHTpOAYyKuuu» KJIXXKM MAIIIP PK, ya.
Tumupssea 36 /], 040050, AnmaTtsl, KazaxctaH.
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FBUIBIMJIAPbIHBIH KaHAWaThbl, TyKbIM O6aHKi 3epTXaHAaCbIHbIH, >KeTeKIli FbUIbIMH KbI3METKeDi,
Kasakcran Pecny6irikacbkl JKoJiorus, TabUury pecypctap MUHUCTpJiri OpMaH LapyallbLIbIFbl KoHE
’KaHyapJiap JAyHueci komuTteTi «boTaHuKa koHe PUTOMHTPOAYKLHS HHCTUTYThI» PECHyOJUKAIBIK,
MeMJIeKeTTiK kacinopHbl, TumMupsizes keueci, 36 yii, 040050, Anmatel, KasakcraH.

Mypzamaeea TaHncapa IlllasxmemKbi3bl — aybllllapyallbLIbIK, FbLJABIMAAPbIHbIH, KaHAWLATHI,
TykbIM 6aHKi 3epTxaHacbIHbIH MeHrepyuici, Kasakctan Pecniy6inkacel JKoJiorus, TabUFu pecypcrap
MUHUCTPJIri OpMaH wmapyallblIbIFBl K9HE >KaHyapJsap JAyHUeci KomMuUTeTi «bOoTaHMKa >KoHe
GUTOMHTPOAYKIMS HHCTUTYThI» pecnyOIMKaIbIK MeMJIEKeTTIK KacinopHbl, TuMupsseB keleci, 36 yH,
040050, Anmatsl, KazakcraH.

Cumnaeea T'yavHapa Tok6epzeHKbI3bl — OUOJIOTUSI FbLIBIMJIAPBIHBIH, AOKTOpbI, KasakcTaH
XKapaTblibicTaHy FBLIBIM/JIApbl aKaJeMHUSICBIHBIH akaZeMuri, Kaszakcran Pecny6uukackl JKOJIOTHS,
TabuFU pecypcTap MUHUCTPJIiri OpMaH MapyallblIbIFb] XK9HE XKaHyapJap AyHueci komuTteTi «boraHuka
*KoHe GUTOUHTPOAYKIUSA HUHCTUTYThI» PeCcy6JINKaJIbIK MEMJIEKETTIK K9CIMOPHBIHBIH bac JUpeKTOpHI,
Tumupsses keiueci, 36 yit, 040050, AnmaTsl, KazakcraH.

Eny6aeea Ailicepum CayblmKbi3bl - >KapaTbLIbICTAHY FbUIBIMAAPBIHBIH, Maructpi, TyKbIM
06aHKi 3epTxaHaCbIHbIH, Killi FbUIBIMU KbI3MeTKepi, Kasakcran Pecny6uukacel JkoJsiorusi, TaGufu
pecypcTap MUHUCTPJIri OpMaH mapyallblIbIFbI XK9HE )KaHyapJiap JyHHeci KoMUuTeTi «boTaHUKa KaHe
GUTOMHTPOAYKIIMS UHCTUTYThI» peCyOIMKaIbIK MeMJIEKETTIK KacinopHbl, TuMHpsseB keleci, 36 yi,
040050, Anmatsl, KazakcTaH.

Maxmydoea Kapuna XamudoeHa - 640JIOTHS FbUIBIMJAAPBIHBIH KaHAWAAThl, TyKbIM OGaHKi
3epTXaHaCbIHbIH >KeTeKlli FbUIbIMU KbI3MeTKepi, Kasakcran Pecny6aukacel Jkojiorusi, TaGuUfy
pecypcTap MUHUCTPJIIri OpMaH LapyallblIbIFb] XXoHE KaHyapJiap AYHUeci KoMUTeTi «boTaHUKa xKoHe
GUTOMHTPOAYKIMS HHCTUTYThI» pECyOIMKaIbIK MeMJIEKETTIK KacinopHbl, TuMHUps3eB keleci, 36 yi,
040050, AnmaTsl, KazakcTaH.

JAyken6aeea Bardam Camamkbwbi3bl - TEXHUKAJbIK, FbUIBIMAAPbIHbIH, Maructpi, TykbiM 6aHKi
3epTXaHaChIHBIH Killli FBIIBIMU KbI3MeTKepi, KazakcTaH Pecny6/rkachl Ikoa0THs, TAGUFU pecypcTap
MUHHUCTpPJIri OpMaH WIapyallblIbIFBl >K9HEe >KaHyapJap JAyHueci koMmuTeTi «boTaHuka xoHe
GUTOUHTPOAYKIIMS MHCTUTYThI» PECITYyOJIHUKaIbIK MEMJIEKETTIK KacinopHbl, TUMHUps3eB Keleci, 36 YH,
040050, Anmarsl, KazakcTaH.

MyraH Apdak - TeXHUKAJbIK FbUIBIMAAPbIHbIH, MarucTtpi, TyKbiM 6GaHKi 3epTxXaHaCbIHbIH Killi
FBUIBIMU KbI3MeTKepi, KazakcTan Pecny6/Mkacel Jkos10Tus, TAOUFU pecypcTap MUHUCTPJIri OpMaH
HIapyallbLIbIFbI )KOHE XKaHyapJiap AYHUeci KoOMUTeTi «boTaHuKa }koHe GUTOUHTPOAYKIUSA UHCTUTYThI»
pecny6JIMKaJIbIK MeMJIEKeTTIK KacimopHbl, TuMupszes keuieci, 36 yit, 040050, Anmarsl, KazakcTaH.

Aara3zel AKmapan TypcyHIMCAHKBI3bl — TEXHUKAJBIK FbUIBIMIAPbIHBIH MarucTpi, YKbIM OaHKi
3epTXaHaCbIHBIH, Killli FBIIBIMU KbI3MeTKepi, KaszakcTan Pecny6/rkackl Jkoa0THs, TAGUFU pecypcTap
MUHUCTPJIri OpMaH wmapyallblIbIFBl K9HE J>KaHyapJsap JAyHUeci KomMuTeTi «bOoTaHMKa >KoHe
GUTOMHTPOAYKL U UHCTUTYThI» pecnyO/IMKalblK MeEMJIEKETTIK KacimopHbl, TuMHUps3seB kelieci, 36 yH,
040050, Anmatsl, KazakcraH.
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AHHOTauMsa. B craTbe mpejcTaBJsieHbl pe3y/abTaTbl KOMIIJIEKCHOTO aHaIv3a
JINTEPATYPHBIX UCTOYHUKOB, FepOapHbIX KOJJIEKIIMHU U 9KCIEeJULMOHHOTO MC-
cle/loBaHUA 10 ceMelCTBY Apiaceae B ipefenax YablTayckou obaactu. B xozne
uccen0BaHus BbisBIeHO 66 BU0B U3 30 posoB, CeMeNCTBO BXOAUT B AECATKY
BeJylIUX, UTPaeT BaXKHYI0 P0Jib B OPMHUPOBAHUHU OCHOBHBIX PUTOLIEHO30B pe-
ruoHa. Beicokoe pa3HooOpa3ne 00bsACHAETCHI COUeTaHUEM CTEeNHBIX, MYCThIH-
HbIX U TOPHBIX 9KOCUCTEM, a TaKXKe pacnosioKeHueM 06s1acTy B UpaHo-TypaH-
cko ¢aopUcTHUUECKOr 06J1acTy. Haubosibiliee BUA0BOE 6OraTCTBO OTMEYEHO
B JKaHapKHUHCKOM palioHe (63 TaKCOH), r/ie Npeo6J1aZaloT KcepoPUTHbBIE U Ta-
JopUuTHbIE BUAbL. Hanbosiee KpynHbIMU poaMu sBastoTcs Ferula (17 BugoB),
Seseli (9 BupoB), Prangos, Sium, Palimbia, Hyalolaena (no 3 Buga), Cuminum,
Pastinaca, Peucedanum u Trinia (1o 2 Buaa), octaynbHbie 20 poJioB pejcTaBJie-
Hbl e JUHUYHBbIMU BUaMU. [1o :kM3HEeHHBIM pOopMaM JOMUHUPYIOT MHOTOJIET-
HUKHU (84,6 %). Cpein 3KOJIOTMYECKUX I'Pynn npeobaasaoT kcepodputhl (60,5
%), u3 ponos Ferula, Prangos u Seseli. I1o OTHOLLIEHUIO K 3aCOJI€HUIO BbISIBJIEHO
8 Bu0B rasnodpuToB U 11 mMe30rasnopuUTOB, NPUYPOYEHHBIX K COJIOHL€BAThIM
o4YBaM M coJIOHYakaM. B npegenax o6s1acty 3apUKCHUPOBAH OJUH KPaCHOK-
HWXHBIN BUJ, - Saposhnikovia divaricata, n nsiTb Cy63HAE€MHUYHbIX TAKCOHOB:
Palimbia defoliata, Prangos ledebourii, Sium medium, Seseli eriocephalum, S.
coronatum, pacupoCTPaHeHHbIX OTPaHUYEHHO U IPUYPOUYEHHBIX K crieniupuye-
CKMM OMOTONAM, UYTO TPeOYyeT UX OXpaHbl U MOHUTOPHUHTA. AHA/IU3 PECYyPCHOTO
noTeHIMaJsa ToKa3aJ, YTO OCHOBHYIO JoJto — 58 BugoB (87,8 %) cocTaBasdOT
JlekapcTBeHHble pacteHusi: Carum carvi, Falcaria vulgaris, Ferula soongorica,
E tatarica v psap, Apyrux BUJ0B, 00/1aJal0LUX CIa3MOJUTUYECKUM, IPOTUBO-
BOCNAJIUTEJIbHBIM U 00LeyKpeNJIgIIuM AeicTBUeM. YacTb BUJ0B SABJAAIOTCS
NepCrneKTUBHBIMU [JI1 UCNO0Jb30BaHUSA B KayeCTBe KOPMOBBIX, 3pUpHOMAC-
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Cemeiicmeo Apiaceae Lindl. 6o gpnope Ynotmayckotl obaacmu

JIMYHBIX U J€KOPAaTUBHbIX pacTeHUMU. C 1jeJ1bI0 BbISIBJIEHUS NEPCIEKTUBHBIX BU0B JJI51 BKJIIO-
yeHUs B KpacHyro KHUTY YJIbITayCKOM 06J1aCTH, MPOaHAJU3UPOBAHbI BU/bl C OTPAaHUYE€HHbBIM
YHUCJIOM MeCTOOOHUTAHUM, OTHOCAIMXCS K KAaTerOpUHX U3peJIKa UK PeKO BCTPeYarIuXCs.
KnwueBblie c/10Ba: ceMelicTBO Apiaceae, BUA, poJi, CHCTeMAaTHKa, 9KOJIOTHs, YIbITaycKasi 06-
JIACTh

BBeaeHue

OfHOU M3 BaXKHEWIIHX NMPO6JieM COBPEMEHHOCTH U MEX/AYHApOJAHOH NMPUPOA00XPaHHOM
HOJIMTUKU SIBJISIETCSI COXpaHeHHe 6M0JIOrMYeCKOro pa3Ho06pa3us, IJie 0co60e MeCTO 3aHUMAIOT
uccaeoBaHuss QJOPUCTHYECKOTO COCTAaBa, HalpaBJieHHble Ha BblsIBJIeHHE, OIHMCaHHUe
U kjaccupukanuo BUJOB. CucTeMaTHYeCcKOe H3ydYeHHe KpPYIMHBbIX TaKCOHOB pacTeHUU
II03BOJISIET HE TOJILKO YIJIYOUTh 3HAHUS O CTPOEHUH U 3BOJIIOLUU PJIOPHI, HO U CJIY>KUT OCHOBOU
JI1 pa3pabOTKKM pervuoHa/IbHbIX M HAlMOHAJbHBIX NMPOrpaMM oOXpaHbl npupojbl. dsopa
KazaxcTaHa, npejcTaBJsionias co60i YyHUKa/JlbHOE COYeTaHHUE MYCTbIHHbIX, CTEMHbIX, TOPHbIX
Y [Ipe/IrOPHBIX 3KOCHUCTEM, OTJIMYAETCS BHICOKMM YPOBHEM 3H/IEMHU3Ma U BU,0BOr'0 60raTCTBa.
OfHaKo cTeneHb U3YYeHHOCTHU eé OT/e/IbHBIX PETMOHOB U TAKCOHOMHUYECKUX TPy OCTAETCsA
HEOJHOPOJHOU: OAHU TEPPUTOPUHM HCCIeLOBaHbl JOCTAaTOYHO IVIyOGOKO, B TO BpeMs Kak
Jlpyrue OCTalTCs NPaKTUYeCKH HeOXBayeHHbIMU O0TaHUYECKUMU 06C/1eJ0BaHUSAMU. AHAIN3
COBpEeMEHHBIX NMYyOJUKAL U 0Ka3bIBAeT, YTO 3HAYUTEJbHAs YaCTh JAHHbIX 10 CUCTEMATUKE
U reorpaduy pacTeHUH HYXKJAeTC B yTOYHEHUM M aKTyaJM3aldHM, OCOOEHHO B YCJIOBUSX
IPOUCXOASALLEr0 NepecMoTpa TAKCOHOMUYECKUX I'PAHUL, U 06'bEMOB MHOTHX PO/JIOB U BH/IOB.
B 3TOM KOHTeKCTe 0Cc06yI0 aKTyaJbHOCTb MpUOOpeTaeT U3yyeHue ceMelcTBa Apiaceae Lindl.
(Umbelliferae Juss.), 0lHOTO U3 KPYNHEHNIIUX CEMENCTB LIBETKOBbIX PAaCTEHUH, BKI0YAOILET0
okoJ10 400 poznoB u cBbille 3500 BUAOB, pacCIpOCTPaHEHHBIX IPEUMYLECTBEHHO B yMEpPEHHbIX
U cyoTponuyeckux o6sacTsax CeBepHoro noJyuiapus [1]. LleHTpoM BUA0BOTO pa3HO06pas3us
ceMmercTBa cuuTaetca CpeHAA U 4acThb LleHTpanbHOM A3uuy, 4To AesaeT KasaxcTtaH ofHUM U3
KJIIOUEBBIX PETMOHOB /151 ero usydeHus. [lo Kosnm4ecTBy posoB ceMenCTBO Apiaceae 3aHMMa-
I0T 1IeCTOe MeCTO CpeJid MOKPbITOCEMEHHBIX CEMENCTB, BOCbMO€e MeCTO MO YHCJIy BUJOB [2].
[lo uccie0BaHUSAM a3MAaTCKUX 30HTUYHbBIX IOCTOSIHHO BeJIETCH aKTMBHAas paboTa Ha OCHOBE
MHTErpaTUBHOM TAKCOHOMUU. B 0T/IMYMe OT 60Jiee paHHUX UCCIeJ0BAaHUM, 3TU UCCIe0BaHUS,
BKJIIOYAIOL e TI0JIEBbIE UCCIeJOBAaHUSA U IPOBEPKY MECTHBIX repbapueB, 0XBaThbIBAIOT TaKHe
coceflHMe a3uaTCKue cTpaHbl, kKak Kutai, Typuus, Upan, Uuaus, Henan u gaxe Adpranucras,
YTO 03BOJISIET U3YUUTh CpejHea3naTCKHe TaKCOHbI B 60Jiee IMPOKOM KOHTeKcTe. CTasiu A0-
CTyIHbI repbapHble KOJIJIEKLIUH, B TOM YMUCJIEe TUIIOBbIE, XpPaHAIIUECS B MUPOBbIX repbapusix
(K,B,BM,E, B, L, M, JE u ap.). Ony6/1KOBaHbl 06PabOTKH UJIU aKTyaJIbHbIE CIIMCKHA 30HTUYHBIX
M3 COCeJIHUX CTpaH, B ToM uucie u3 Poccuu [3], Kutas [4], Keipreisctana [5], ApranucraHa [6],
Wpana [7] 4 fp., a TaK:Ke MHOT'OYMUC/IeHHbIe CTaThH, YaCTUYHO Kacatoujiecs: CpeiHea3uaTCKo-
ro pervuoHa u Kasaxcrana [8].

Ha Tepputopuu Kazaxcrana nmo ganHbiM M.C. baiiTeHOBa [9] 30HTHYHbIE NpPEACTABJIEHBI
79 pomamMu u 232 BujaMu. [lo OGHOBJIEHHOMY KOHCIEKTY 30HTUYHbIX CpenHeld A3uu U
Kazaxctrana [lumenoBa [10], B npegesnax KaszaxcraHa oTrmeuaetcs 82 poaa u3 211 BUJOB,
U3 KOTOpbIX 28 sABJATCA 3HAeMUYHbIMU. [lo ganHbiM A.H. KynpusHoBa [11] aasa ¢uiopsl
Kazaxckoro MmesnkoconouHuka npuBoautcs (81 Buz, 37 ponos). B pabore HummypaToBoit
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[12] mpuBoguTca pnis ¢uopbl I. YaeiTay - 14 BuJ0B U3 9 poJOB, YTO NOAYEPKUBAET
rj06ajbHOe 3HAaueHHe pervoHa KaK OJJHOTO M3 LieHTPOB pa3HooOpas3usi 30HTUYHBIX. 1o
HalllUM HMCCJe[JOBaHUSM Ha TEPPUTOPHUU YIbITAYCKOW 06J1acTU mpouspacTtaeT 66 BUJOB U3
30 poZioB, rze Mo YUCJAEHHOCTH BUJIOB TaK:Ke 3aHMMaeT OJHO M3 BeJyIIUX MEeCT U BXOJHUT B
COCTaB OCHOBHBIX ¢uUTOLEeHO030B. CeMelcTBO Apiaceae — KOCMONOJHUTBI, HO GOJIBLIMHCTBO
UX BUJIOB 0OMTaeT BO BHETPONHUYECKUX 06JIACTAX CEBEPHOIO MOJIyllapHs, XapaKTepu3yeTcs
3HAUMTEJIbHOM 3KOJOTMYECKOW MJIACTUYHOCTbIO M pa3HooOpasueM >KU3HEHHBbIX (GOopM.
Hapsay c npeo6/iafaiiiuMy MHOTOJIETHUMU TpaBaMU BCTPeYalOTCs ABYJ€THUE, OLHOJIETHHUE
pacTeHUs1 U JAaxe KycTapHUKU. KpynHble npejicTaBUTeNM ceMelCTBa, Takve Kak Ferula,
Heracleum, Prangos, Seseli 0T1M4al0TCA MaCCUBHbIMU pa3MepaMHy U CBOE0OPa3HbIM 06JIMKOM,
YTO MO3BOJISIET pacCCMAaTPUBATh UX KaK BaXKHbIe 3JIeEMEHThI pacTUTe/IbHOro JaHamadTa [13].

JKOJIOTHUYECKOE Y XO3MCTBEHHOE 3HauyeHUe NpeJCcTaBUTeJIed CeMeuCTBa Ype3BblYalHO
BesiMKo. OHM BKJIOYAIOT OBOLIHbIE, KOPMOBbIE, JieKapCTBEHHble, 3PHUPHOMACJUYHBIE,
JleKOpaTUBHbIe U TeXHUYEeCKUe BHUJbl. MHOTHE cOJilep>KaT B CBOMX OpraHax OGMO0JIOTMYeCKHU
aKTHUBHbIe COeIMHEHUs-3UPHbIeMACIa,CM0JI000pa3Hble BEIeCTBA, KYMapUHbL, pJIaBOHOU/1bI,
peXxe CallOHUHBI, UTO JeJiaeT UX NepCHeKTUBHbBIMU 00'beKTaMM AJig dapMaleBTUUYECKON U
NHUILEeBOM NPOMbILJIEeHHOCTH. OJHaKO HapsAAY C 10JIeSHBIMU BUJAMU CYILLECTBYIOT U 1/10BUTHIE,
Takue Kak Cicuta virosa L. u Conium maculatum L., npeacTaB/sitolye NOTEHIIHAIbHYIO YTPO3Y
JLJ151 4eJioBeKa U KUBOTHBIX [3]. /lonO/IHUTE/NIbHYI0 aKTYaJlbHOCTb UCC/IE0BAHUSIM NPUJAET
npo6JieMa pacnpocTpaHeHUs: UHBa3uBHbIX BUZ0B (Turgenia latifolia (L.) Hoffm., Carum carvi
L.), CHOCOOHBIX BBITECHATbh abOpUTreHHble PACTEHUS U HApyLIaTh eCTeCTBEHHbIE IKOCUCTEMBI
[14].

YuuThiBasg U3JI0XKEHHOe, HccefoBaHUue (GJOPUCTUYECKOTO COCTaBa WU IKOJOTMYECKUX
0Ccob6eHHOCTeN ceMelcTBa Apiaceae B nipeieJiax YbITayCKOM 006J1aCTH SIBJISIETCS HE0O6XO0AUMbIM
IIaroM /11 yTOUHEeHUsI perMOHa/IbHOM TAKCOHOMHUY eCKOM 6a3bl IaHHbBIX, OLleHKHM COBPEMEHHOT0
COCTOSIHUSI OMOPA3HO0Opa3us U pa3pabOTKU peKOMeH/Jal[hil 0 ero COXPaHEeHHUIo.

Llenbto vccienoBaHus SIBJASJIOCH POBEJeHHE KOMILJIEKCHOTO aHaiu3a QpJIOPUCTUYECKOTO
cocTtaBa ceMmencTBa Apiaceae Lindl. Ha TeppuTopyU YabITaycKOM 06J1aCTH € CO3JaHUEM CIIHMCKA
BU/I0OB 30HTHUYHbIX, BKJIIOYEHHEM OCHOBHbIX CHHOHUMOB, OLIEHKH pacnpoCTpaHeHUs], ClIEKTPa
YKU3HEHHBIX GOPM U IKOJIOTUYECKOW NPUYPOYEHHOCTH.

MaTepﬂaJIbI A MeTOo/Jbl UCCZIEAJO0BAHUA

MaTepuasbl 6bLIM MOJTYYEHBI B X0/€ MOJIEBbIX UCCAeA0BaHUN (Mall-uoHb 2025 I.) B 3TOM
peruoHe, Takxe ObLIY NPOAHAJU3WPOBAHbI JUTEPATypPHbIe UCTOYHUKHU [15-17], repbapHbie
006pasibl, XpaHsAIIMECs B Pa3JIMYHbIX 3apybeKHbIX repbapHbix Kosieknusax — LE, MW, SVER,
NS, NSK, KUZ, ALTB 1 B oTeyeCTBEHHbIX KOJIJIEKIIUAX — repbapHble MaTepuasbl UHCTUTYTa
60TaHuKU U GuTOUHTpOoAyKL MU (AA), KaparanauHckoro yHuBepcuTeTa UM. BykeToBa (QAR),
’KeskasraHnckoro 6oraHuudeckoro cajaa, AO «MexayHapoJHbIM Hay4HO-NPOU3BO/ACTBEHHbBIN
XOJNAUHT «DPutoxumusa». Takke ObLIM BOBJeYeHbl B aHA/IU3 MaTepuasibl, 3arpyKeHHble Ha
miatdopmbl GBIF u iNaturalist, pacnpocTpaHeHHble HA TePPUTOPUHM YJILITAYCKOM 0OJIACTHU.
JKcrneJUIMOHHBIE Bble3/1bl OCYLeCTBJISIN B pa3Hble NEPUO/ibl /151 60Jiee OJIHOT0 0XBaTa BCeX
BU/IOB pacTeHUH, BEreTUPYIOIIUX B pa3Hble ce30HbI roja. [Ipu BeinoJHEHUU 06C/ie0BaHUN
y4UTbIBa/IM GJyiopUCTUYECKOe palloHMpoBaHKe Kazaxcrana coryiacHo «Pope Kazaxctana» [9,
15]. Ha TeppuTOpUH YabITayCKOUM 06J1aCTH ObIIK 06C/I€J0BaHbI cieytolre GJopUCTHYECKUE
panoHnsl: Typravckul, Yabitay, [lpuapanbckui, 3anajHbld MeJIKOCONOYHUK, beTnakzaana u
Kbi3biopauuckuii (PucyHok 1).
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Pucynok 1. KapTa ¢piopuctuyeckoro pailoHupoBaHHUs YAbITayCKON 06/1acTH (KOPUYHEBBIM
[IBETOM Bbl/ieJIEH — YIbITAyCKUU pailoH, a po30BbIM — KaHapKUHCKUH)

HasBaHHS NpUHATHIX POJOB U BHU/A0B NPUBOAATCA MO JaHHbIM caiiTa Plants of the World
Online (POWO) [18]. KpoMe TOro, npuHsiITbl BO BHMMaHHEe HeJABHO OMyOGJHMKOBaHHbIE
TaKCOHOMHYECKUE BEPCUHM HEKOTOPBbIX CEMEUCTB U pOJLOB. ABTOPCTBO BHUJOB, POJOB U
ceMelCTB NnpuBeJieHO Mo Mex/AyHapoJHOMY yKasaTes Ha3dBaHuW pacteHud (IPNI) [19].
[Ipy BBINOJHEHUH OHOJIOT0-3KOJIOTUYECKOTO, CHUCTEMATUYECKOr0, XOPOJIOTUYECKOr0 H
CPaBHUTEJIBHOTO aHAJ/IN30B ONMPAJIMCh HAa NPOBEepPEeHHble MeTOAUYECKHE MOAX0/bI, IIMPOKO
UCII0JIb3yeMble B O0TaHUKO-reorpadpuyeckux UccaeoBaHUSX. [l yCTaHOBJIEHUs] BU/I0BOU
NPHHA/JIEXKHOCTU TaKCOHOB HCII0JIb30BaHbl pyHAaMeHTalbHble cBoAKHU «Piiopa KazaxcTaHa»
(1956-1966), «®aopa Kazaxcrana», 2001[15, 16], «Onpexnenutens pacteHuit CpesHeit A3um»
(1968-1994) [17], «®aopa CCCP» (1951)[20], «®aopa Cubupu» (1996) [21] u apyrue.

’KusHeHHble popMbl pacTeHUU onpeseisiv o obuienpuHaToi Metouke WU.I. CepebpsikoBa
[22]. dkosiorryueckue rpynibl pacTeHU M Bbl/EJIsIIM COTJIACHO CYLeCTBYOLIeN KJIacCUPUKALUH,
a 4yy»Kepo/iHble BUJbI — 110 OOLIENPUHATBIM KPUTEPUSIM UX 0T60pa. YacToTa BCTpeyaeMoCTH
OLleHUBaJach MO CJAEAYIOLMM rpajalysaM: 06bIYHO — BH/bl BCTPEYAIOTCS MOBCEMECTHO B
HOAXOJSAIIUX JJIs1 HUX MECTOOOUTAHUSAX; U3pe/iKa — pacTeHUs BCTPEYaTCs CopaJjiiecky He
BO BCeX perdoHax uccjelyeMord TEPPUTOPHUH; PEAKO — paCTeHUs, OTMedarliuecd eJUHUYHO
B OT/ie/IbHbIX PErdoHax McCCaelyeMOd TeppUTOPUM; OYeHb peJIKO — U3BECTHO He boJiee 5
MeCTOHax0X/leHUM Ha BCel UCCIelyeMOr TEPPUTOPHH.

[Ipy ugeHTUOUKALMUU NOJE€3HBIX CBOMCTB pacTEHUH HCINOJIb30BaHbl: «PacTUTesbHbIE
pecypcbl CCCP: LIBeTKOBbIE pacTeHUs], UX XUMUYECKHUU COCTaB, Mcnoyib3oBaHUue» (1984-1991)
[23]; NuumypaToBa [24], kKAHHOTUPOBAHHbBIN CIHUCOK JIEKAPCTBEHHBIX pacTeHUu KasaxcTaHa»
(2014) [25] u fpyTUX.
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PesynbsTaThl

B coBpeMeHHOM TeppuUTOpUaIbHOM JeneHUH KaszaxctaHa 8 uioHsa 2022 rojga 06s1acTb
YnbITay ¢ aJMUHUCTPATUBHBIM LIEHTPOM B ropojie »KeskasraH 6bljia BblJiejieHa U3 COCTaBa
KaparanguHckoi o6JsiacTu. B cocTaB HOBOM Y/bITaycKOM 06Js1acTH Bouwiu ropoja Kapaxkas,
CaTmaeB, a Takxe YKaHaapKUHCKUM U YIbITAyCKUN palloHbL. YJbITaycKas 06J1acTh HA ceBepe
rpaHu4uT ¢ KocTaHalickoil 06J1acThIo, Ha CEBEPO-BOCTOKE U BOCTOKe — ¢ KaparaHAuHCKOH, Ha
10ro-BoCTOKe — ¢ 2KaMO6bLICKOH, Ha 1ore - ¢ TypkecTaHCKOM U KbI3blJIOpAMHCKOM, Ha 3anajie - €
AKTIOOUHCKOM.

YnbITayckas 06J1acTb, Haxosich B LleHTpanbHoM KazaxcTaHne, oTHocuTcs K MpaHo-TypaHckoi
dsiopucTuyecko o6JsiactTu (peruoHy) B cucTeMe QJOPUCTUYECKOT0 pPaMOHUPOBAHUSA
no Taxtamkany [26]. KiumaTuueckue yc/l0BUSI perdoHa OTJIMYAKOTCA CYPOBBIMU
KOHTHUHEHTAJIbHBIMU OCOOEHHOCTSIMM (MaTEpPUKOBbIM peXUM TeMIepaTypbl BO3/yXa, AJis
KOTOPOT0 XapaKTepHa 60Jibl1asi KOHTPACTHOCTb, pe3KHe CE30HHbIE U MEXKT0/J0BbIE KOJIebaH s,
JNlebUIUT BJIary, 0CO6eHHO BJieTHUM neprof) [11,27-29]. O61ern3BecTHO, 4TO GOpMHUPOBaAHUE
pacTUTENbHOIO MOKPOBA CUJIbHO 3aBUCUT OT 0COOEHHOCTEN KaK KJIMMaTa, Tak U pesbeda.

Ha TeppuTopuu YabiTayckoi 06J1acTU HaMH BbIsIBJIeHbl 66 BH/I0B 30HTHYHbIX (TabuuLa
1), noATBepPKJeHHbIX M0JIeBbIMU (PUCYHOK 2) U repbapHbiMU ob6pasuamu, u3 30 pozos. I[lo
KOJIMYEeCTBY BU/ZI0B KPYIIHbIMU poJiaMHu siBisitoTcs Ferula (17 BunoB), Seseli (9 BupoB), Prangos,
Sium, Palimbia, Hyalolaena (no 3 Buja), Cuminum, Pastinaca, Peucedanum v Trinia (1o 2 Buja),
OCTaJibHble PO/ibl UMEIOT B CBOEM COCTaBe Mo 1 BUAY.

AHanu3 TeppUTOPHUAJBLHOrO pacnpejieieHUs1 NpeAcTaBUTesell Apiaceae 1o paloHaM
YnbITayckod 06Js1aCTU MNOKas3aJs, 4YTO HauboJibllee BHUAOBOE pa3HOOOpasve OTMEYEeHO B
KanapkuHckoM paiioHe (63 TakcoHa), a HAUMeHblee B YIbITayckoM paiioHe (52 TakcoHa). [lo
3KOJIOTUYECKUM IpyninaM B 060UX palloHax BbISIBJEHO 3HAUUTEJIbHOE YUCJI0 KCEPOPUTHBIX U
raJoQUTHBIX BUZIOB, YTO OTpaXkaeT aZjlanTanuio ¢Jopbl K apUHbIM yCJI0BHUSIM pPErHOHa.

Ta6auna 1
Cnucok BUAOB ceMelcTBa Apiaceae YIbITayCKO#M 06/1aCTH
daopucru-
Kusnennasa
Ne | HasBaHue Buaa | Mecroo6utanusa | Tum apeana qyeckKue JKoJiorus
dopma
06J1aCcTH
1 | Anethum B oropogax, [laneapkTryeckui +UT OpHOMIETHUK Mesodut
graveolens L. Ha CBaJIKax,
000YHHAX JI0POT,
OKOJIO XXHUJIbSA
2 | Carum carvi L. Bnosb pyubeB EBpoasuaTckuil BUJ, O+UT /[IBy/NIeTHUK, Me3zodur,
Y 110 Geperam C AU3BIOHKTHBHBIM MHOTOJIETHUK | IVIMKOQUT
peK, Ha Jiyrax, apeasioM
KyCTapHHUKax U B
KyJIbTYpe
3 | Cenolophium PacreT Ha Jsiyrax, 3aKaBKa3CKO-UPaHO- H+UT MHorosieTHUK | Me3odur
fischeri (Spreng.) | noiimMax pek TYPaHCKUHI
Koch. (C. Y B JIYTOBBIX
denudatum 3anaJuHax
Tutin)

28 Ne1(154)/
2026

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



Cemeticmeo Apiaceae Lindl. 8o gpope Yavimayckoii obaacmu

4 | Chaerophyllum Ha cbipbix siy-rax, | EBpomneiicko- +UT JIByneTHUK Me3odur

prescottii DC. TPaBAHUCTBIX 3anaZiHOCUOUPCKUIN
3amaJjMHax,
HOJISTHAX, BOKPYT
POJIHUKOB,
3aJexax
5 | Cicuta virosa L. [lo 6eperam pek, lonapkTrUyeckui H+UT MuorosieTHUK | [urpodur
03ep, 60J10T,
BJIQXKHBIM JIyraM

6 | Coriandrum KyabTuBupyeTtcs, | 3anasgHoeBpOINencKo- +UT O HOJNIETHUK Kcepodur

sativum L. oJiMvYaJIbIMU B CUGUPCKUHT
caZiax, MoJsix U
noceBax

7 | Cuminum Ha sieccoBbix u WpaHo-TypaHcKuil UT OpHONIETHUK Kcepodur
borszczowii necyaHbIX I10Y-
(Regel & BaX, paBHUHAX U
Schmalh.) Koso- | npearopbsx
Pol.

8 | C. setifolium Ha neckax, HWpaHo- UT OfHOJIETHUK Kcepodur
(Boiss.) Koso-Pol. | cyxux ckyioHax rOpHOCpeIHEa3UaTCKUN

MYCTBIHHBIX
BO3BbIIIEHHOCTEH,
pexe B MOJIbIH-
HBIX NYCTBIHAX

9 | Elaeosticta lutea | B mosbIHHO- Wpano-TypaHcKkuil UT MHorosieTHuk | Kcepomesodpur
(M. Bieb. ex KOBBLIbHBIX
Hoffm.) Kljuykov, | cTensx u Ha
Pimenov & 3ajexax
V.N.Tikhom.

(Muretia lutea
(M.B.) Boiss.)

10 | Elwendia setacea | Ilo TpaBssHUCTBIM, | KasaxcTaHcko- UT MHorosieTHuk | Kcepodur,
(Schrenk) pexe KUTaNCKO- netrpodurt
Pimenov KaMeHUCTbIM rOpHOCpPejeHa3uaTCKUN
& Kljuykov CKJIOHaM
(Scaligeria
setacea
(Schrenk) Eug.)

11 | Eryngium planum | B KOBBLIbHO- EBpomneiicko- L+UT MHorosnetHuk | Kcepomesodur
L. THUIYaKOBbIX 3ana/iHoa3uaTCKUM

CTensx,
COJIOHIIEBATHIM
Oeperam o3ep,
MOMM, 3a/1exaM

12 | Falcaria vulgaris | PacteT Ha EBpomneiicko- 0 Muorosetnuk | Kcepodur,
Bernh. KaMeHMCTBIX 3ana/H0a3HaTCKUH Me30rajnodpur,

Y IeGHUCTBIX neTpopuT
CKJIOHAxX

13 | Ferula canescens | Ha me6eH4aTo- KasaxcraHcko- LU+UT MHorosieTHuk | Kcepodur,

(Ledeb.) Ledeb. | rimHHCTBIX KUTaUCKUU BUJ, JUTODUT,
MoYBax Me30rajopuT
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14 | E caspica M.Bieb. | Ha rimuHUCTBIX, [ToHTHYeCKO- H+UT MuorosietHuk | Kcepodur,
TJIMHUCTO- 3aBOJIKCKO- Me30TasoduUT
[eOHUCThIX Ka3aXCTaHCKUH CTEITHOM
CTensax
15 | E dissecta Ha rmMHHUCTBIX, KazaxcTaHcko- H+UT MuorosietHuk | Kcepodur,
(Ledeb.) Ledeb. e6HHUCTBIX, MOHT0JIbCKO-KUTaHCKUH JUTODUT,
NecYaHbIX U Me30rasopuUT
CynecyaHbIX
no4Bax
16 | E dubjanskyi Ha neckax pexe KasaxcTano-kutackuit | I MHorosietHuk | Kcepodur,
Korovin (F Ha KaMEHUCTbIX JATODUT,
dshaudshamyr comnkax Me30rajoduUT
Korovin)
17 | E lehmannii Cpefy oJIbIHU WpaHo-TypaHckuil UT MuorosietHuk | Kcepodur,
Boiss. Ha lec4aHo- Me30TayopuUT
[JIMHUCTBIX
paBHHHAX
18 | E leiophylla Ha cosoHueBaTbix | KazaxcTtaHcko- UT MHoroJsieTHUK | Me3okcepodut
(Koso-Pol.) Jlyrax, o 6eperam | KUTauckui rajopur
Korovin caeB Y TaKbIpOB
19 | E longifolia Fisch. | B koBbLIBHO- WpaHo-TypaHCcKUi UT Muorosietnuk | Kcepodur,
(Eriosynaphe THUIYAKOBBIX U ncaMmmodur
longifolia (Fisch.) | kycTapHUKOBBIX
DC) cTensx
20 | E karelinii Bunge | Ha neckax HpaHo-TypaHo- UT MHorosieTHuk | Kcepodut
Y 1ecyaHo- 3anaJHOrMMaalicKui
rpaBUMHbBIX
[0YBaxX paBHUH
21 | E nuda Spreng. B nycTbiHe 1 Wpano-TypaHcKkuit UT Muorosietnuk | Kcepodur,
MOJIyIyCThIHE IUTOPUT
Ha IJTHHUCTBIX
3aCOJIEHHBIX
MoYBax
22 | E ovina (Boiss.) Ha me6HuCTbIX Hpano- UT MHorosieTHUK | Me3okcepoour
Boiss. Y TJIMHUCTBIX ropHOCpeJHea3uaTCKUH
CKJIOHAX COIIOK,
COJIOHLAX
23 | E paniculata B nosbIHHBIX KasaxcraHcko- L+UT MnuorosneTHuk | Kcepodur,
Ledeb. (F Y IIOJIBIHHO- MOHT0JIbCKO-KUTaHCKUH Me30rajJopuT
ferulaeoides THUIIYAKOBbIX,
(Steud.) Eug.) COJIOHIIEBATBIX
CTensx
24 | E sibirica Willd. | Ha neckax TypaHcKul BUJ, +UT MHorosietHuk | Kcepoour
(Soranthus
meyeri Ledeb.)
25 | E songorica Pall. | B kycTapHu- TypaHcKuii BUA, LU+UT MHorosieTHUK | Me3odur,
ex Willd. KOBBIX 32PO-CJIfIX, JUTOOUT
CTeNsIX, CKIOHAaX
CONOK
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26 | E syreitschikowii | Ha paBHMHax KasaxcraHncko- UT MuorosietHuk | Kcepodur,
Koso-Pol. Y COIIKaX, KUTaNUCKUU rajaoQur.
TJIMHUCTBIX,
mebeHYaThIX U
COJIOHI|EBATHIX
OYBax
27 | E tatarica Fisch. | Ha cosnoHueBaTbix | BocrouHoeBponeiicko- | L+UT MuorosietHuk | Kcepodur,
ex Spreng. N0YBaX, B TYpPaHCKUH JIMHOQUT
KyCTapHHUKO-BbIX
3apocax
28 | E varia (Schrenk) | ITo xameHuc- KasaxcraHncko- UT MuorosieTHuk | Kcepodur
Trautv. (F schair | TbIM CKJIOHaM, cpefiHea3uaTCKUI
Borszcz.) B [NeCYaHOU U
[JIMHUCTON CTenu
29 | Heracleum Ha cpipbix EBpomneiicko- [0 /IByJIeTHUK, Mesodur
sibiricum L. Jyrax, beperax 3anaZHOCUBHUPCKUM MHOT'0JIETHUK
peK, 3apocIsax
KyCTapHHKOB
30 | Hyalolaena Ha cononueBaTbix | EBponelicko-cubupckuit | I MHoroJsieTHUK | Me3odur,
bupleuroides Jlyrax, TUII4aKoBO- rajopur
(Schrenk) MOJIBIHHBIX CTEMsX
Pimenov &
Kljuykov (Carum
bupleroides
Schrenk)
31 | H. jaxartica Ha me6Hucro- WpanHo-TypaHcKuit UT MuorosieTHuk | Kcepodur,
Bunge KaMeHUCThIX neTpopuTt
0YBaXx, B
MOJIBIHHO-
60sJ1bIYEBOH
MyCTbIHE
32 | H. trichophylla Ha me6HuCTbIX KazaxcTaHcko- L+UT MuorosietHuk | Kcepodurt
(Schrenk) U TIJIMHUCTBIX KUTaNCKO-
Pimenov & CKJIOHAX COIOK, rOpHOCpeHea3naTCKUM
Kljuykov 0 rajleyHuKam
CYyXHX pyceJ1, Ha
COJIOHLAX
33 | Kadenia dubia Ha cyxux EBponeiicko-cubupckuii | H+UT OZHOJIETHUK T'urpodur
(Schkuhr) BJIQXKHBIX
Lavrova & 3J1aKOBO-
V.N.Tikhom. OCOKOBBIX
(Cnidium dubium | nyrax, no Kpato
(Schkuhr) Thell.) | 6epe3oBo-
OCHHOBOTO Jleca
34 | Oedibasis Ha me6enuatsrx, | Kasaxcrancko- UT Muorosietnuk | Kcepodur,
apiculata subsp. | c1abopa3BUTBIX rOpHOCpe/leHa3NaTCKUH neTpopuT
australis Kamelin | no4Bax,
3aCOJIEHHBIX
MOJIYMYCTBIHAX
35 | Oenanthe ITo 6eperam 60107, | EBponelicko-cubupckuit | L+UT MHorosieTHUK | [urpodur
aquatica (L.) Poir. | mpecHbIM pekaM
U 03ep
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36 | Palimbia Ha cononneBathix | KazaxcraHcko- [[+UT MHorosieTHUK | Me3odur,
defoliata (Ledeb.) | mouBax, KUTaUCKUH ranodur
Korovin COJIOHIIEBATBIX

JIyrax

37 | P rediviva (Pall.) | B KOoBbLIBbHO- [ToHTHYeCKo- UT MuorosietHuk | Kcepodur,
Thell. (P, salsa Pa3HOTpPaBHbBIX 3aBOJDKCKO- ranodut
(L.f.) Besser Y TUIYAaKOBO- Ka3aXCTaHCKUH

6€eJIONOJIBIHHBIX
cTensx,
COJIOHLIEBATBIX
MoYBax

38 | P. turgaica Lipsky | Ha me6HucTo- 3aBOJIKCKO- UT MHorosetHuk | Kcepomezodur

ex Woronow. KaMEeHHCThIX Ka3axCTaHCKUHI rasodur,
CYTJIMHUCTBIX MyCTBIHHO-CTEMHOU netpoduTt
M0YBax, B CTENAX
COJIOHLIEBATBIX
JIyrax

39 | Pastinaca clausii | [lo 6eperam pek, BoctounoeBponeiicko- | J+UT MHorosieTHUK | Me3odur
(Ledeb.) Calest. KyCTapHUKOBBIX CUGHPCKO-TYpPaHCKUH
(P. graveolens 3apoCyax
Bieb.)

40 | P sativa L. [To o60ynHaM EBpoasuaTckuil BUJ, 10 JIByneTHUK Mesodut

JlOpOT, Ha
oropojiax, B
KyJIbType

41 | Peucedanum Ha cononueBaTbix | BoctouHoeBponelicko- | I MHorosieTHUK | Me3okcepoduTt
alsaticum L. Jyrax, B 3anaZHOCHBHUPCKUM
(Xanthoselinum 6epe30BbIX
alsaticum (L.) KOJIKaX,

Schur) 3anasnuHax

42 | P. morisonii B crensx, no EBpomneiicko- O+UT MHoroJsieTHUK | Me3oour

Besser ex Schult. | onymkam 3anajgHoCUBUPCKO-
COCHOBBIX GOpOB U | Ka3aXxCTaHCKUH
Ha JIyrax

43 | Pimpinella Ha mesioBbIx EBpomneiicko- L+UT MHorosnetHuk | Kcepodut

saxifraga L. ropKax, KpyThIX 3anaZHOCHGUPCKUM
CKJIOHAX X0JIMOB U
CTensx

44 | Prangos Ha rmuHucTBIX TypaHckui HT MuorosietHuk | Kcepodur
cachroides y4yacTkax, B
(Schrenk) ONMYCTbIHEHHBIX
Pimenov & CTemnsx
V.N.Tikhom.

45 | P ledebourii Ha me6Hucro- KazaxcraHcko- LU+UT MHorosieTHuk | Kcepodur,
Herrnst. & KaMEeHUCTbIX MOHT0JIbCKO-KUTaNHCKUH netpodur
Heyn (Cachrys COIIKaX, 3apOC/IAX
macrocarpa KyCTapHHUKOB
Ledeb.)

46 | P odontalgica Ha necyanbix [ToHTHYeCKO- UT MHorosietHuk | Kcepoour
(Pall.) Herrnst. CTeIsX Ha IoTe 3aBOJDKCKO-
et Heyn (Cachrys | peruoHna Ka3axCTaHCKUM CTENHOMH
odontalgica Pall.)
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47 | Saposhnikovia Ha meskoiie6- AsuaTckui UT MuorosetHuk | Kcepodur,
divaricata HHUCTOM CKJIOHE ncaMMoHUT,
(Turcz. ex rop Aktay Me30TayIopUT
Ledeb.) Schischk.

(Ledebouriella
seseloides
(Hoffm.)
H.Wolff))

48 | Scandix stellata Ha menkome6- JlpeBHECpEU- UT OZHOJIETHUK Kcepodur
Banks & Sol. (S. HUCTBIX I0YBaAX 3€MHOMOPCKHUH
fedtschenkoana TOPHBIX CKJIOHOB
Koso-Pol.) U B IIpeJiIropbsAx

49 | Schrenkia [lo me6HHUCTBIM CpefHea3uaTCKUi UT MuorosieTHuk | Kcepodur
involucrata Regel | ckioHaM u
& Schmalh. BepIIMHAM

MYCTBIHHBIX
BO3BBILIEHHOCTEH

50 | Seseli Ha oTkpbIThIX I0>kHOCH6UPCKO- [[+UT MuorosetHuk | Kcepodur,
buchtormense KaMeHMCTBIX TAHBIIAHCKO-KUTaHCKO- neTpoouT
(Fisch. ex CKJIOHAX, CKaJIax 3anafHOTUMaJIalCKUN
Hornem.) X0JIMOB U rop
W.D.].Koch
(Libanotis
buchtormensis
(Fisch.) DC.)

51 | S. coronatum Ha cyxux crensax KazaxcTtaHcko- UT MuorosietHuk | Kcepodur
Ledeb. W 110 IeOHUCTbIM | KUTaWCKUH

CKJIOHAM

52 | S. eriocarpum Ha xameHuC-TBIX KasaxcraHcko- UT MuorosietHuk | Kcepodur
(Schrenk) CKJIOHAX COIIOK U | MOHTOJIbCKO-KUTANHCKUH
B. Fedtsch. HU3KOTOpUI
(Libanotis
eriocarpa
Schrenk)

53 | S. eriocephalum [lo 6eperam TypaHckuii UT MHorosietHuk | Kcepodur,
(Pall. ex Spreng.) | cosieHBIX 03€ep U ranodur
Schischk. PEK, COJIOHLAX,

COJIOHYaKax

54 | S.glabratum Ha xamenwuc- TypaHckuit [+UT Muorosietnuk | Kcepodur,

Willd. ex Schult. | ThIX, me6HUCTBIX neTpopuT
CKJIOHAX COTOK

55 | S. ledebourii [lo kaMeHUCTBIM BoctouHoeBponeiicko- | L+UT MHuorosnieTHuk | Kcepodur,
G.Don CKJIOHAM, TYPaHCKUHI neTpopuT
(Elaeopleurum TJIMHUCTBIM
monococcum o6pbIBaM,

Korovin) 3apocsaM
CTEMHBIX
KyCTapHHKOB

56 | S. libanotis (L.) [To omymikam Jieca, | EBponeiicko-cubupckuit | [+UT MHorosieTHUK | Me3odur,
W.D.J.Koch. BOKpPYT POJHUKOB, ncaMMoQuT,
(Libanotis Ha JIyrax, Me30rajopuT
sibirica (L.) C. A. | TPaBAHUCTBIX
Mey.) CKJIOHAX COIIOK
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57

S. sessiliflorum
Schrenk

[To cyxum,
KaMeHHUCTbIM
CKJIOHAM U
nieiidpam
IYCTBIHHBIX
BO3BBIIIEHHOCTEN

[opHOCpeaHea3uaTCKUM

UT

MHOroJIeTHUK

Kcepodur,
neTpopuT

58

S. strictum Ledeb.

Ha cosioH1eBa-
TBIX JIyTax,
60J10TaxX,
POLHUKOB,

B 3apOCJIAX
KYCTapHUKOB

BocTouHoeBpomnencko-
TYpPaHCKUH

+UT

MHOTOJIETHUK

Mesodur

59

Silaum silaus (L.)
Schinz & Thell.
(Silaus besseri
DC)

B siyrosbix
CTeNsX, OKpauHaM
POJIHUKOB,
KyCTapHHUKaXx,
MEeXCOMOYHBIX
JIOXK6HUHAX

EBpomneiicko-
3anaZHOCUOUPCKUI

L+UT

MHOroJIeTHUK

Mesoodur,
rajopur

60

Sium latifolium L.

Ha 6os10Tax,

B 3apOC/IAX
KYCTapHHUKOB,
BO/Ie U 110 Geperam
CTEIMHBIX PeK

EBpormneiicko-cubupcKuil

H+UT

MHOroJeTHUK

Turpodut

61

S. medium Fisch.
& C.A.Mey.

Ha Moxkpbix syrax
peYHBIX JJOJIUH,

B 3apOC/IAX
KyCTapHUKOB

KazaxcTaHcko-
ropHOCpeHea3naTCKo-
KUTaNCKo-

3anaJHOTUMaJTauCKUI

LH+UT

MHOroJeTHUK

Turpodut

62

S. sisarum
L. (Sium
sisaroideum DC.)

Ha BiiaxxHbIX
MecTax BJl0/1b
OeperoB pek,
Jlyrax, nomimax
pek, cTapunax

JlpeBHecpeu-
3eMHOMOPCKHUH

LH+UT

MHOroJIEeTHUK

Mesodut

63

Trinia hispida
Hoffm.

Ha xkaMeHU-CThIX
M [eOHUCTBIX

CKJIOHaXx COITIOK

EBpomneiicko-cubupcKkui

H+UT

MHOroJIEeTHUK

Kcepodur,
neTpopuT

64

T muricata Godet

B coJioHIIEBA-ThIX
CTeNsX, ONyIKax
6epe30BbIX JIECOB

3aBOJIKCKO-
Ka3axCTaHCKUH

MyCTBIHHO-CTEMHOHN

[+UT

MHoOroJIeTHUK

Me3sokcepodut

65

Turgenia latifolia
(L.) Hoffm.

Ha sieccoBbIx 1
1 e6eHYaThIX
Mo4yBax B
MpeArophsx,

3aJiexax

EBpoasuaTtckuit

UT

MHOro/JIeTHUK

Kcepomesodpur

66

Zosimia
absinthifolia
(Vent.) Link.

B riuMHUCTBIX
U MecYaHbIX
MyCTBIHHBIX
cTensx

WpaHo-TypaHCKUH

UT

MHoOroJIETHUK

Kcepodur,
Me30rajopuT

[IpuMeyaHue: ycioBHble o603HayeHus: 1| - Toabko B Lupkymb6opeanbHoii; UT - B UpaHo-
Typanckou
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O6cyxaeHue

[IpencraBiieH CBOAHBIA KOHCHEKT BUJOB CeMEMCTBA 30HTUYHBIX YIBITAyCKOW 00JIACTH.
Jis1 peIKUX U O4YeHb peJKUX BU/OB NMPUBOASATCH JaHHble TepbapHbIX COOPOB C YKa3aHHUEM
MeCTOHAX0X/IEHUH U repbapUeB, IJle XpaHsTCS 06pas1ibl; AJis BU/ 0B, BCTPEYAIOIIUXCS HEPEeKO
WJIM U3peJiKa, yKa3aHbl a/IMUHUCTPAaTUBHbIE PAOHbI 00J1IaCTU UX TPOU3PACTAHUS.

Bbicokoe BHJI0BOoe pa3HooOpasue Apiaceae B mpejenax CpaBHUTEJNbHO HeOOJIbIION
TEPPUTOPHUHU YIbITAYCKON 06J1aCTU 00'bSICHAETCS 3HAYUTENbHBIM Pa3HO06pa3ueM NPUPOJHbBIX
yCJI0BUH U reorpadpuyecKM NoJI0)KeHHeM perioHa Ha CThIKe [IBYX KPYNHbIX GJIOPUCTUYECKUX
ob6saacteit (Tabsauna 1). [lag cpaBHeHUs: B 3amaaHo-KazaxcTaHCKOW 06J1acTU oTMedeHO 34
BU/la 30HTUYHBIX, @ BO BocTouHo-Kazaxctanckoit — 97 BuioB [30]. OK0JIO OJIOBUHBI BU/IOB
YnpiTaycKoW 06/1aCTH BCTpedaeTCs OJHOBPEMEHHO B 00eUX (PJIOPUCTUYECKUX 00JIaCTAX —
HupkymbopeasbHoil U HpaHo-TypaHCKOMN; OCTaBLIMECS TAaKCOHbI MPUYPOYEHBbI TOJBKO K
oiHOM U3 HUX. OCHOBHas 4acTb — 62 TakCOHA OTHOCUTCS K MpaHo-TypaHckol 06J1acTy, IpuyeM
28 BHUOB He BBIXOJAT 3a ee mpegesbl. B LlupkyMmbopeasbHON 06J1aCTH 3aperuCTPUPOBAHO
40 BU/IOB, U3 KOTOPBIX 6 ABJSIOTCA 60Jiee y3KoapeaJlbHbIMU U OTPAaHUYEHbI €€ TPaHULIAMU.
HekoTopsblie BUuAbl, Takue Kak Falcaria vulgaris v Ferula dubjanskyi, minpoko pacnpoCTpaHeHbI
B npegenax Hpano-TypaHckoi o6JiacTy, Torga Kak Peucedanum alsaticum BcTpedaeTcs
npeuMyleCTBEHHO B JlosinHe peku Capbl-Cy. Pastinaca sativa paccMaTpUBaeTCsl KaK 3aHOCHbIH
BHU/I, BCTPEYAIOIIMKCA B pacCesTHHbIX MECTOHAX0XJeHUSAX ropHoU CpeiHer A3uu.

Ha ocHoBaHMM aHa/sM3a apeajlorMyecKUX AAHHBIX YCTAHOBJIEHO, 4TO okoJsio 45-50 %
BUJIOB CeMeNCTBa Apiaceae BCTpeyaeTCs HCKJIKYUATEJNbHO B mnpejesnax Hpano-TypaHckon
bsopuctuyeckor o6sactu. K 3TOM rpynmne OTHOCATCA TYpaHCKUe, Ka3axCTaHCKUE,
cpe/lHea3WaTCKUe, TMOHTHUMCKO-3aBOJIKCKO-Ka3aXCTAaHCKHME M Ka3aXCTaHCKO-KHUTalCKue
THUIIbI apeasioB. OCHOBHBIE LIEHTPbI UX PACIPOCTPaHeHUs cocpefoTodyeHbl B CpegHer A3un u
KazaxcTaHe. TUIUYHBIMHU NpeiCTaBUTENAMU ABJAOTCA: Elaeosticta lutea, Ferula lehmannii, F
leiophylla, E longifolia, F. nuda, E karelinii, Schumannia karelinii, Seseli eriocephalum, Oedibasis
apiculata, Zosimia absinthifolia w pp. /JlaHHble BUJbI, KaK NpPaBUJIO, XapaKTEPU3YHIOTCS
CTENHbIM, MOJIYNyCTbIHHBIM U IMYCTBIHHBIM XapaKTepOM MeCTOO0OWTaHWM, alalTUPOBaHbl K
KCepOPUTHBIM YCJOBHUSAM U YCTONYHUBHI K 3acyxe. YacTb BUA0B UMeET Y3KYI0 reorpapuyiecKyro
npuypoueHHOCTb, Tak, Elwendia setacea pgocturaet Ha BocToke xpebta Cayp, a Turgenia
latifolia, Seseli coronatum mnpoHuKawT A0 xpebra Asytay B BocTouyHo-Kasaxctanckon
o6s1acTU. UHTEpecHO OTMETHUTb, YTO UMEHHO B YJ/IbITAYyCKOW 06J1aCTH apeasibl HEKOTOPbIX
HUpKyMOopeasnbHblX BUAOB (Palimbia salsa, Seseli ledebourii, S. strictum, Silaum silaus)
HECKOJIbKO CMeIaloTCs K 10Ty, 3axBaTbiBas 4acTb MpaHo-TypaHckout o6sacTu. [losnyyeHHble
JleTaJibHble CBEJIeHHUS O paclipe/ieJIeHUU MeCTHbIX BU/IOB OATBEPXKAAIOT BbIBOAbI KiltoMKOBa
Y YKpauHCKOHU [8] 0 Ha/Ju4Mu B peruoHe HEeCKOJIbKHUX JIOKAJbHbBIX IIEHTPOB Pa3HO006pa3us
30HTUYHBIX.

BujoBoii coctaB ceMelcTBa Apiaceae B YiabITayckod 06J1aCTM  XapaKTepU3yeTcs
3HAUMTEJbHOM IIUPOTOM U 3IKOJIOTHUYECKOM BapuabesbHOCTbIO. Bujbl JiecocTenHOW U
cTenHoOW 30H EBpasuu coctaBasAloT okoJso 3 % ¢uopsl (HanpuMep, Peucedanum alsaticum,
Pastinaca sativa). Bugpl iyro, oMM U onyliek, uMewinue apean oT EBponsl fo 3anasHoi
Cubupu, popmupytot 22 % crnekTpa U NpUypoOvYeHbl MPEUMYLIECTBEHHO K J0JIMHAM peEK U
YBJIQXKHEHHBIM MecTo06uTaHusM (Silaum silaus, Sium latifolium, Heracleum sibiricum). lllupoko
pacnpocTpaHéHHble BUbl CeBepHOro noJyuiapus (okosio 5 %) npezacraBieHbl B OCHOBHOM

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol Nel(154)/ 35
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



C.K. Myxmy6aesa, M.b. Takuposa, A.b. Muip3azanuesa, M.2K. 2Kymazyn,
K.C. Uz6acmuHa, U.I0. Cearomuna, C.M. baii6ocvinosa, C.A. /lxcaHzuabduHosa

KyJbTYPHbIMU M HaTypaJM30BaHHbIMU opMaMu, TakKMMHU Kak Cicuta virosa u Pimpinella
anisum.

K BuJaM Cc IIMPOKUMMM apeaslaMM OTHOCSTCSl TaKXXe TAaKCOHbI, oxBaTbiBawinve EBpomy,
Cubupsb u CeBepHyto Azuio (3 %). B npenenax asuatckoro koHTuHeHTa (Cubups, KazaxcraHh,
3anagubiid Kutait u MoHrosius) Bcrpevdaetcs 1,4 % Buo0B. Psi1 TakcOHOB UMeeT 60J1ee 102)KHOe
pacnpocTpaHeHHe ¢ Ka3aXCTaHCKO-3aMaJHOKUTAUCKUM TUIIOM apeasna (4,3 %), He npoHUKas
Ha ceBep B Cubupb. OTAesbHbIe BUJbI AOCTUralOT tora 3amagHoro TsaHb-lllaHa ¥ BocToOKa
Mourosuu (3,3 %). K BUgaM ¢ LIMPOKKUM apeasioM OTHOCATCA Takxke Cuminum borszczowi
u Schrenkia involucrata): nepBblii pacnpocTpaHeH B 3amnagHoM, l0xxHoM u lleHTpasbHOM
KaszaxcraHe, a BTopo# — B l0>xHOoM KasaxcTaHe, 6acceiiHe o3epa basxam v B KazaxcTaHckoM
MeJIKOCOTIOYHHKE.

Ocobyto rpynmny cocTaBJSIIOT BU/bl Ka3aXCTaHCKO-FOPHOCPeJHEea3naTCKOro TUIla apeasios,
HEKOTOpble M3 KOTOPBIX MpocTHUpalwTcsa A0 3anafHbix ['MManaeB v Upana. Y3koapeanbHble,
3HJEeMHYHble WM Cy03HJEeMH4YHble BHU/Ibl, OrpaHUYeHHble TeppuTopueir Kasaxcrana u
CMeXHbIMHU paioHaMu CpeaHelt A3uu, coctaBastoT 5-7 % ¢uopsl. K HUM oTHOCcsATCs: Palimbia
defoliata, Seseli eriocarpum, Saposhnikovia divaricata, Prangos ledebourii (PucyHok 2). 3TH
TAKCOHbI HEPEJIKO pPeJIKH, JIOKAJbHbI U IPUYPOUYEHbI K ClIeLiUPUIECKUM CyOCTpaTaM.

OTaenbHBIN UHTEpPeC NpeACTaBIsIeT Ipynna cpeju3eMHOMOPCKO-UPAHO-TYPaHCKUX BU/IOB
(ox0s105%),00befuHSOIAs KcepoPUIbHBIE POPMBbI, BCTpevawluecsi kKakBCpea3eMHOMODbE,
Tak U B CTensax W NycTbiHAX lleHTpanbHoM A3uu (Scandix stellata, Turgenia latifolia). Ouu
HepeAKO MpOABJAKT CBOMCTBA COPHBIX M PyZepasibHbIX pAacTeHHWH. 3anaJHOeBpPOINEHCKO-
CUOMpCKHE M 3anaJHOEBPONENCKO-KaBKa30-CUOMPCKHE BHUAbI COCTaBJAAKT 3-4 % ¢Jiopbl
(Heracleum sibiricum, Coriandrum sativum). Eme ogHy rpynny o6pa3ytoT pacTeHUs], LINPOKO
pacnpocTpaHéHHbIE Ha paBHUHAX U B npeJesiax Kazaxckoro MesiIKOCONO4YHUKA C TYPaHCKUM U
06JIM3KUM K HEMY CapMaTCKUM TUIlaMU apeasioB (4,3 %).

B nponecce peBu3nM npejcTaBUTesed ceMeHCTBA 30HTUYHBIX B Y/IBITAyCKOW 06/1aCTH
HaMM OblJ BbIsIBJIEeH peAkui Buja Ledebouriella seseloides (Hoffm.) H.Wolff., Bk/itoueHHbIN B
Kpacnyto kHury Kasaxcrana [31]. CorsiacHOo coBpeMeHHOUM HOMeHK/aaType POWO [18], aToT
TaKCOH COOTBETCTBYeT BUAY Saposhnikovia divaricata (Turcz. ex Ledeb.) Schischk. Kpome
TOro, OGHapy»eHbl NATb Cy03HAEeMUYHbIX BUJOB — Palimbia defoliata (Ledeb.) Korovin,
Prangos ledebourii Herrnst. & Heyn, Sium medium Fisch. & C.A. Mey., Seseli eriocephalum (Pall.
ex Spreng.) Schischk,, S. coronatum Ledeb. Panee onu npuBoguauce B cnucke KoposuHa [32],
O/IHAaKO OHM MCKJIIOYEHBI U3 YMUCJa 3HJeMUKOB (puopbl KazaxcTaHa B CBA3U C epPeCMOTPOM
MX TaKCOHOMHYECKOTO CTaTyca U YTOUYHEHHWEM apeasioB, BKJYAKOUIMX CONpeJie/bHble
TeppuTopuu Kutas, KbiproiactaHa, Y36ekucrana v Tajpkukucrasa [33].
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PucyHok 2. HekoTopnble npeacraBuTe M ceMecTBa Apiaceae Lindl.

Cpenu mnpencraBuTesiell ceMeiicTBa Apiaceae mnpeo6saJlaldT MHOTOJIETHHE BUJBI
(56 TakcoHoB, uau 84,8 %). OHM mHpeAcTaB/JeHbl KaK MOJUKApPIHWKaMH, CIOCOOHBIMHU K
MHOTOKpPaTHOMY LIBETEHHUIO Y IJIOJOHOIIEHUIO B TeYeHHUe Psifia JIET, TaK U MOHOKapIUKaMH,
KOTOpble MOJIHOCTbIO OTMHPAIOT IMOCJe eAWHCTBEHHOTO LMKJIA IIoJoHOouIeHus. [
MHOT0JIETHUX MOHOKApIUKOB XapaKTepeH JJIUTeNbHbINA (3-15 sieT) BereTaTUBHBINA NepUO[,
B TeueHHe KOTOporo GpopMHUPYIOTCS JIMIUIb PO3ETKU NMPUKOPHEBBIX JIUCTHEB U MPOUCXOAUT
HaKOIJIEeHHWe 3alacHbIX BellecTB B Kope. [1o 3aBeplIeHUH 3TOro 3Tana pacTeHUs1 06pasyoT
pa3BUTHINA reHepaTUBHBIN nober. K ;JaHHOM rpyTine OTHOCATCS, B YaCTHOCTH, MHOTOYHCJIEHHbIE
BU/JbI pojia Ferula, pacnipocTpaHeHHbIEe B MOJYNYCTbIHHBIX U HU3KOTOPHBIX palioHax CpeaHeit
v 3anagHod A3uu. OpHosieTHHe (opMbl npexactaBieHbl 6 Bugamu (9,1%), Torga kak
HaUMeEeHbILYIO A0JII0 3aHUMAIOT JIBYJIETHUKH — 3 BuJa (4,5%), pucyHoK 3.

1%
OOHOJIETHUKH

12%
JByJIeTHHKH
6%
B MHOTrOJIETHUKHI
OIHOIETHUKHT
B J/[ByJIETHUKHU

MHorojeTHUKH
81%

PucyHok 3. CooTHollIeHHe BU/IOB 110 }KU3HEHHBIM popMaM
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[Io OTHOLIEHUIO K YCJIOBUSIM YBJIAXKHEHHUS ObLJIU Bbl/leJIeHbl TAKHe TPYNIbl, KaK KCepoPUTHI,
Me30puTh], TUTPOPHUTHI, KcepoMe30dUThl, Me3oKcepopuThl. Haubosbliiee 4uCI0 BH/IOB
npUHaJIeXUT kcepobutaM (57,6%) u3 6osbliMHCTBA BUAOB Ferula, Prangos, Schumannia,
Seseli. Me3oduTnl (22,7%) (1yroBble, NpubpexXHble, pOAHUKOBBIE) - Carum carvi, Chaerophyllum
prescottii, Heracleum sibiricum. TpeTbl TMO3UIIMI0 3aHUMAIOT TUTrPOPUTHI (OOJIOTHBIE,
norMMeHHble) - 5 (7,5%), npeanouyrTarole NpubpexHble y4acTKH, 6010Ta, pogHuku (Cicuta
virosa, Sium latifolium, Oenanthe aquatica), BcTpeuyaroTcs peAko. [lanee uayT KcepoMe30PpUThI
1 Me3okcepoduTsl - 4 (6,1%) (Tabauna 2).

Ta6uuna 2
PacnpegesieHue coCyauUCTBIX pacTeHUH (PJIOpPbI rop YabiTay
M0 3KOJIOTUYECKHUM Irpylnnam Mo OTHOLIEHHUIO K YCJIOBUSM YBJIAQXKHEHU S

JKoJsioruyeckKas rpynmna Yucj10 BUAOB, IIT. % OT 0611 ero 4Y1ucjaa BUA0B
KcepoduThl 38 57,6 %
Me3oduTsl 15 22,7 %
'urpodpuThl 5 7,5 %
Kcepome3zoduThl 4 6,1 %
Me3okcepodUThI 4 6,1 %

Bcero: 66 100%

[To OTHOLIEHUIO K 3aCOJIEHUIO BbIAEAATCA — TajoduThl (8 BUA0B) U Me3orasodpuThl (11
BU/I0B), oOUTalOlIME MPEUMYIECTBEHHO Ha COJIOHLIEBATHIX MOYBaX, COJIOHYAKAX U APYrUx
3acoJiEHHbIX Mo4uBax: Palimbia defoliata, Seseli eriocephalum, Ferula syreitschikowii, F. Leiophylla,
XapaKTepHU3yIoIlHecs: YCTOMYUBOCTbHIO K KOJIE6AHUSM BJIAXKHOCTU U COJIEBOTO PEXUMA.

[Io oTHOIIeHUIO K CyO6CTpaTy HabJ/oJaeTcs elle OoJsiee BblpaKeHHasi 3KOJIOTMYecKas
auddepennuanusa - ncammoduthl (3): FE longifolia, Seseli libanotis npouspacTawouide Ha
necyaHbIX MOYBAX U 3aKpeIISolNe NOABWXKHbIE MecKU. [leTpodUThI COCTABISIOT 9 BHU/IOB:
Hyalolaenajaxartica, Oedibasis apiculata subsp.australis, Prangos ledebourii, Seseli buchtormensis
U 1p., IPUYypPOUYEeHHbIE K KAMEHUCTBIM CKJIOHAM U 1[eOHUCTBIM CyOCTpaTaM, IZie OHU 06pasyoT
yCTOWUYMBbBIe LieHononyasauuu. Jiutoputsl — 5 BugoB: F dissecta, F dubjanskyi, E nuda u ap.,
NPOU3PACTAIOT MPEUMYIIECTBEHHO B TpPeU]MHAX CKaJIbHbIX BbIXOJIOB, MPHUCIOCOOJEHHbIE K
3KCTpeMaJibHbIM YCJI0BUSIM MUHUMAJIbHOTO MOYBEHHOTO CJ/1041. [TMKOQUTHI npeAcTaB/IEHbI 2
BuZlamu: Cenolophium denudatum, Carum carvi HopMaJibHble 0 BOAHOMY PeXUMy MouBbl. U
onuH BuJ Ferula tatarica BcTpedyaeTcsi Ha TSDKeJIbIX TJIMHUCTBIX CyOCTPATAX, OTIUYAOLIAXCS
BbICOKOU MJIOTHOCTBIO U OTPaHUYEHHOM aspaluen.

JTO CBUJETENBbCTBYET O TOM, 4YTO ¢Jiopa GopMUpPOBaIaCh HA CTbIKE TUIUYHBIX CTENHBIX,
MOJIYNYCThIHHBIX BUZIOB U OOpeasibHbIX 3JIEMEHTOB. Ha TeppUTOpUU UMEITCS AOCTATOYHOE
KOJIMY€ECTBO 3KOJIOTUYECKUX HUIII, TO3BOJISIOIUX GOPMUPOBATH COOO1IECTBA (KOJKOBBIE Jieca,
WX OTYIIKH, KyCTapHUKOBbIE 3aPOCJIH, PyYbH, POJHUKH U BpeMeHHbIE BOJJOTOKH, MEXKCOITOYHbIE
MOHWKEeHUsI, CKJIOHBI COIOK).

Ha ucciieoBaHHOM TePPUTOPUM BbISIBJIEHO 3HAYUTEJNbHOE KOJIMYECTBO PECYPCHO-LEHHbIX
npeJcTaBuTeiell ceMelcTBa Apiaceae, TOUTH BCe U3 KOTOPBIX 06J1aZlal0T pa3HOO6pPaA3HBIMU
N0JIe3HbIMHA CBOMCTBAMM WU HAXOAAT NPUMEHEHHEe B pPa3/UYHbIX chepax X03s1HUCTBEHHOU
JessTesibHOCTU. KostnuecTBeHHOE paciipe/ie/ieHre UX TPeICTaBJIeHO Ha pUCYHKe 4.
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OCHOBHYI0 JJ0JII0 COCTaBJISIIOT JieKapCTBeHHble pacTeHUs1 — 56 BUjaoB (84,8 %). Cpeau
HUX LIAPOKO pacnpocTpaHeHbl Takue BUAbl Kak Carum carvi, Falcaria vulgaris, Ferula
soongorica, E tatarica v ap., 06J1afaw1iye Cia3MoJUTHYECKUM, TPOTUBOBOCIAIUTE/NbHBIMU U
001 eyKpeNJIAIUM JelicTBUeM. MHOTMe U3 HUX BKJItOUeHbI B [ocyapcTBeHHble GapMaKoneu
Pa3HBIX CTPaH U UCNOJIb3YIOTCA KaK 0QUIIMaTbHOE JIeKapCTBEHHOE ChIpbe [24].

Ha BTOpOM MecTe M0 YHMCJIEHHOCTU HaXOASATCS KOpMOBble BUJbI — 45 (68,2 %), KoTOpbIe
CAYXaT LeHHbIM NacTOUIIHBIM KOPMOM [Js JloMaliHero ckorta (Pastinaca sativa) u IUKUX
»KUBOTHBIX, @ TaKKe 3ar0TaBJUBAIOTCS KaK CEHOKOCHbIE KYJbTYPhI.

3HAYMTeJIbHYI TpyNIy o6pasyT 3¢pupHOMacaUYHble pacTeHuss - 37 BugoB (56,1 %),
cpefu Kotopbix Anethum graveolens, Coriandrum sativum, Buapl poaa Ferula. Ux nnopwl
cozep:katT 3¢UpHbIe MacJa, 6boraTble TeplieHaMU, KOTOPbIe UCIOJIb3YIOTCA B papMalleBTHKE,
NHUILEBON MPOMBIIIJIEHHOCTH U napdroMepuu. Janee uayt nuiueBble — 18 BugoB (27,3 %)
u MenoHocHble — 10 BugoB (15,1 %). K HUM oTHOCATCS NpsiHO-apoMaTUYEeCKHE KYJbTYPbI
Y BUJbI, 0OecreynBalle 3HAYUTENbHYI0 NPOAYKTUBHOCTb HEKTapa U CHOCOOCTBYHOLIHE
noAJep>XaHUul0 Ovopa3zHoobOpa3usi omnblidTeseu: Pastinaca sativa, Petroselinum crispum,
Chaerophyllum prescotil.
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PucyHok 4. KosMuecTBeHHOe pacnpejesieHue ceMelcTBa Apiaceae 1mo X03sIMCTBEHHOH
3HAYUMOCTH

HauMeHb11yto rpynny cocTaBJIsIOT AeKopaTUBHbIe - 6 (9,1 %): BuAbI poaa Ferula, Prangos, n
A/0BUTbIe pacTeHus -4 Buja (6,1 %): Cenolophium fischeri, Peucedanum alsaticum, Cicuta virosa,
Heracleum sibiricum, Oenanthe aquatica, Sium latifolioum v fp., conepalive BbICOKOAKTUBHbIE
TOKCHYECKHe coe[JMHEeHUs (KyMapHUHOBbIe IPOU3BO/IHbIE, PypaHOKYMapHHBI), YTO JeslaeT UxX
ONaCHbIMHU J1J151 YeJIOBeKa U )KUBOTHBIX.

CnekTp BCTpeyaeMOCTH Apiaceae B UCC/IeJOBAHHOW TEPPUTOPHUM MOKA3bIBAET, YTO OHU
BapbUPYIOT OT MAacCCOBBIX [0 €JAMHUYHBIX HaXOJ0K, YTO OTpakaeT KaK 3KOJIOTUYECKYIO
IJIACTUYHOCTD OT/e/IbHBIX BUZIOB, TaK U ClIeLIUPUKY JIOKaJIbHBIX MECTOOOUTAHHUM.

JlONOJIHUTE/IBHO TPOaHa/IM3UPOBaHbI BU/IbI 110 YaCTOTE BCTPEYaeMOCTH, I/ie HauboJiblIas
rpyIa oTHeCeHa K KaTerOpuM «M3peJika BcTpedaroujecsa» — 32 Buga. Cpeau Hux: Cenolophium
denudatum, C. fischeri, Ferula leiophylla, Kadenia dubia v Jp. KOTOpble BCTpe4alTCs Ha
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OT/eJIbHBIX y4YaCTKaX, NPeMMYyLleCTBEHHO B MeCTax C 6JIaronpUsTHBIMU 3KOJOTUYECKUMHU
yCJOBUAMH, U POPMHUPYIOT OTHOCUTEJBHO YCTOMYMBBIE, HO pa3pexeHHble nonyasuuu. K
KaTeropud «o6bIYHO» OTHeceHO 19 BUJOB, B uuciae KOTOpbIX Falcaria vulgaris, Eryngium
planum, Ferula songorica, obnajatwiue 6oJiee HLIKPOKON 3KOJOTMYECKOW aMIIUTYAO0U U
CMOCOOHBI alalTUPOBAThCA K pa3JIMYHbIM yCJ0OBHUAM NPOMU3paCTaHUs, YTO 06eclieuuBaeT UX
yCTONYMBOE NPUCYTCTBHE B COCTaBe MeCTHBIX (pJIOpOLeHO30B. Pesiko BcTpevaruecs BU/bl
npexcTtasseHbl 15 TakcoHamu: Ferula dissecta, F dubjanskyi, E. lehmannii, E. longifolia, F karelinii,
Hyalolaena jaxartica v ap. OHU IpUypOYeHbBI K cieljuPUuyecKUM 6U0TONaM U OTIMYAIOTCS Y3KOH
9KO0JIOTMYECKOW NPUCIOCO6IEHHOCTDIO, IM60 OrpaHUYEHHBIM apeasioM. Huskas 4McaeHHOCTb
M OrpaHUYeHHOEe PacHpoCTpaHeHHWe HEeKOTOPBIX UX 3THUX BUJOB JesaeT UX NMOTeHLHaJTbHO
ysI3BUMBIMU U TPeOyeT MOHUTOPUHIA COCTOSIHUS MOMYJ/ISALUH.

3aK/IloyeHue

B pe3ysbTaTe 06paboTKH COOpPAHHBIX MMOJIEBbIX MAaTEPHUAJIOB 110 TEPPUTOPUHN YJIBITAYCKOU
06J1acTH, U3yuyeHHUsl repbapHbIX 00Pa3L0B OTEYECTBEHHBIX U MEX/AYHAPOJHBIX KOJJIEKIUU
[ep6apHbIX GOH/OB, a TaKXKe aHA/IM3a JUTEPATYPHbIX UCTOYHUKOB ObLJI COCTABJIEH CIHCOK
BU/IOB ceMelicTBa Apiaceae, BCTpedaloLUxcs B Ipejiesax 061acTy. MccaejoBaHue 0XBaTbIBaeT
JIBa a/IMUHUCTPATUBHBIX paliOHA — YabITaycKU# (PpioprcTUdecKkre pailoHbl — 9. Typrailckui,
10a. YabiTay, 14. [lpuapanbckui, 15. Kbi3b1-Opannckuid) v KaHapkuHckui (10. 3anagHbii
MeJIKOCOMOYHUK, 16. bernakaasa). B o06l1eld C/JI0KHOCTU 3aperucTpupoBaHo 66 BU/OB,
oTHocsmuxcs k 30 poaam. OnpeziesieHbl JOMUHUPYIOIIME POIOBbIe KOMILJIEKCHI, TUIIbI apeaJioB,
»KU3HEHHbIe GOPMbI U 3KOJIOTO-1[eHOTUYECKUE TPYIIIbI.

AHanu3 TeppUTOPUAIBHOTO pachpejie/ieHdss IoKas3aJ, 4YTO HauboJibliee BUA0BOE
pa3Hoo6pasue 30HTUYHBIX (63 TakcoHA) oTMeYeHO B YKaHapKUHCKOM pailoHe, a HAUMeHblllee
B YablTayckoM paioHe (52 TakcoHa). B o6oux pailoHax mnpeo6Jsafal0T KcepoPUTHbIE H
rajopuTHble BUAbL. [eorpaduyeckrdii aHasu3 BbISIBUJ 3HAYUTEJbHOE pasHOOOpasue
apeaJioB NpeJCTaBUTeJsiell ceMelcTBa Apiaceae, 4TO BbIpaXkaeTCs B COYETAHUM LIUPOKO
pacnpocTpaHEHHbBIX U Y3KOCHELMaJIU3MPOBaHHbIX TAKCOHOB. DTO MOATBEPXKAAET YHUKAJIbHOE
reorpaduyeckoe MoJioKeEHUE peruoHa 1 ero poJib Kak JIOKaJbHOTO IJeHTpa GJIOPUCTUYECKOTO
pa3Hoo6pasus JaHHOTO ceMeKcTBa.

[To >kM3HeHHBIM popMaM NpeobsaJal0T MHOTOJIETHUE pacTeHUs - 56 TakcoHoB (84,8%),
ofiHosieTHHe GopMbl mpejcTaBaeHbl 6 BuAaMu (9,1 %), HaUMEHbLIYIO 0/ 3aHHMAKT
JByJIeTHUKH — 3 BUJa (4,5 %). B3K010ro-11eHOTUYeCKOM OTHOLIEHUH JOMUHUPYIOT KCEPOPUTHI
38 BuzmoB (57,6 %), npeumyliecTBeHHO U3 pojoB Ferula, Prangos, Seseli. Bropywo rpynmy
COCTaBJAIT Me30puUThI — 15 BU0B (22,7 %), u3 BupoB Carum carvi, Chaerophyllum prescottii,
Heracleum sibiricum, a TpeTbl NO3ULMI0 3aHUMAIOT PeJKO BCTpeyawluecs TUrpoPUTHI
(Cicuta virosa, Sium latifolium, Oenanthe aquatica). Kcepome3zoduTbl U Me30kcepoduTs! (1o
6,1 %) npejcTaBJ/ieHbl OTPAaHUYEHHBIM YU CJI0M BU/OB.

B yc/10BUSIX 32C0JIEHHBIX 9KOTOIOB 3/I€Ch HAOJ/II0JAeTCsI COUETAaHUE CTENMHBIX U MYCThIHHBIX
3JIEMEHTOB, CpeJji KOTOPbIX NpeobiafatoT ranodutsl (Palimbia defoliata, Seseli eriocephalum,
Ferula syreitschikowii, F leiophylla).

Ha TeppuTopuu YabiTayckol 06J1acTH 3aPUKCUPOBAHO IIECTb PEeAKUX BHUJOB, Cpeau
KoTopbIx Saposhnikovia divaricata (Turcz. ex Ledeb.) Schischk. (Ledebouriella seseloides (Hoffm.)
H.Wolff.), BksitoueHHsii B KpacHyio kHury KasaxcraHa. OcTasibHble MATh CY63HIEMUYHbBIX
BUZ0B - Palimbia defoliata (Ledeb.) Korovin, Prangos ledebourii Herrnst. & Heyn, Sium
medium Fisch. & C.A.Mey.,, Seseli eriocephalum (Pall. ex Spreng.) Schischk,, S. coronatum Ledeb.,
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pacnpocTpaHeHHble TaKXXe B CONpejie/IbHbIX paiioHax Poccuu u ceBepo-3amagHoro Kurasi.
ITH TAaKCOHbI CBSI3aHbl CO CrelUPUUECKHUMH MECTOOOUTAHUSIMU — I[EOHUCTBIMU CKJIOHAMH,
COJIOHLIAMM U MeCYaHbIMMU y4YyaCTKaMM, M BCTpevyarmuidecs KpalHe pejKo. YYUTbIBasg HX
ySI3BUMOCTb, PEKOMEH/1YeTCsl BKJIYUTh BU/bl B HOBOe U3ZaHue KpacHoit kuuru KasaxcraHa,
006ecreuyuTh MephI 10 UX COXPAaHEHHI0, a TAKXKe HE0OX0AMMO IPOBOAUTD PETY/ISIPHBIN CE30HHBIU
MOHUTOPHUHT COCTOSIHUA Nonyasanui. CielyeT orpaHUYUTD X031MCTBEHHYIO eATeJbHOCTb Ha
TEPPUTOPHUAX UX IPOU3PACTAHUSA U BKJIKYUTh CEMEHA PeIKUX BUJ0B B 0AHKHU reHeTUYeCKUX
pecypcoB Jijisi coxpaHeHus1 reHopoH/a. HabstofaeTcss TeHeHI U K COKpALeHHI0 apeasioB U
CTAapeHHI0 MOMYJISILIUN, YTO TPpebyeT CPOUHBIX MED M0 UX OXPaHe.

JlOTIOTHUTENIBHO NPOaHAJU3UPOBaHbl BUJbl C OrPAaHUYEHHBIM YMCJIOM MECTOOOWUTAHUM,
OTHECEeHHbIE K KaTEropru «peJiko BcTpevarouiyecs» (15 BU0B) U «u3peKa BCTpevyarouiiecs»
(31 Bua). ITHU pacTeHHUs NpPeJCTABASAIOT COO0M MepCrneKTUBHbIE 00'bEKThI /IS BKAIOUYEHHUS B
KpacHyto kHUTY YibITaycKOM 061aCTH.

OueHka pecypcHOro NOTeHIMaja IOKasaja, 4YTO OCHOBHAas 4YacTb IpeJCTaBUTeseU
ceMelicTBa Apiaceae OTHOCUTCS K JIeKapCTBEHHBIM pacTteHusiM: Carum carvi, Falcaria vulgaris,
Ferula soongorica, F. tatarica v np. 06JaJal0T BbICOKOW ¢dapMaleBTUYECKOW U 3IKOJIOTO-
pecypCHOU [IeHHOCTBIO.

[losiyyeHHble JaHHbIE CO3/1AI0T OCHOBY [AJiS AaJbHEUIIUX GJIOPHUCTUUYECKHUX, PECYPCHBIX U
OXpaHHbIX UCC/EJOBAaHUH, a TaKXkKe AJid pa3paboTKA Mep M0 COXpaHeHHI0 6MOopPa3HO006pa3us
peruoHa.

Bxiiag aBTOpoB

C.M. u M.JK. - pyKOBOACTBO UCC/IeJOBAHWEM, KDUTHUUECKUU ntepecMoTp copepxanus; C.M.,
A.A., U.C. 1 M.T. - KoHUeNTya/ M3alUsl, Yy4acTUe B MOJIEBBIX IKCIeAULUAX, COOp U aHA/IMU3
JlaHHBIX, MIOATOTOBKA aHHOTAaUUXU U popMynupoBaHue BbiBOAOB; A.M. u K.U. - o6paboTka
JlaHHBIX, 00CyX/leHe pe3yabTaToB, pOpMabHbIM aHa/IU3, IOATOTOBKA UIJIOCTPUPOBAHHOTO
matepuana; C.b., K.1., C.[A. - pelakTUpOBaHHe TEKCTa, CTPYKTYpHas U 6ubarorpadpuryeckas
npoBepKa. Bce aBTOpbl 03HAKOMUJIMCh C OKOHYATEJbHOW BEPCUE PYKONUCH U OZ,00pUJIU €€ K
nyoJIMKalUH.

PduHaHCMpPOBaHUe
JlaHHas paboTa BbINOJHEHA NpU (UHAHCOBOW mMojJep:kke MHUHHUCTepCcTBa JKOJIOTUH U
[IpupoaHbIiX pecypcoB Pecniy6sinku Kasaxcran (rpant Ne BR23591088).

KoHuKT nHTEpecoB
ABTODBI 3a9BJISIIOT 06 OTCYyTCTBUM KOH(QJIUKTA UHTEPECOB.

COﬁJ]lOAGHI/le 3TUYECKHUX HOPpM
HaCTOHH.laH CTaTbd He COAEPXHUT OIMHMCAHHUA BbIIIOJIHEHHBIX aBTOpPaMH I/ICCJle,ZLOBaHI/Iﬁ C
y4acTuem JIIOﬂef/’I WJIU MCI0JIb30BAHUEM KMBOTHBIX B Ka4eCTBE 00'bEKTOB.
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YabiTay 06/1bICHI puiopackiHAarFbl Apiaceae Lindl. TykpiMaachl

C.K. Myxrty6aega !, M.B. TakupoBa*?, A.B. Meip3arasineBas,
M.XK. XKymaryn*, K.C. U36acTuna*’, U.10. CenroTuna®, C.M. Baii6ocbiHOBaA’,
C.A. I>)xaHrnibAUHOBa®
L57AcmaHa 6omaHukaablk 6arsl, AcmaHa, Kasakcman
1231Acmana xaavikapaavlk yHugepcumemi, Acmama, Kazakcmax
1J1.H. Tymunes amviHdarbsl Eypasus ynugepcumemi, Acmaua, Kazakcman
5C. Celigpynnun amvindarsl Kazax azpomexHukaablk 3epmmey yHugepcumemi, Acmata, Kazakcmau
Sbomanuka sxcaHe pumouHmpodykyusi uHcmumymeol, Aamamoi, Kazakcmau
8Kaparandsl meduyuHaabik yHugepcumemi, Kaparandel, Kazakcman

AnpgaTtna. Makanaga Yseitay oOGJIbICHI ayMaFbiHJA Apiaceae TYKbIMJACbIHA KATBICTBI 94€0HU
JlepekTep/iiH, repbapuil KOpJapbIHbIH >XoHe 3KCIeJUMLMANbIK MaTepualJap/blH KelleHAl Tajajay
HOTIXKeslepi KenTipinreH. 3epTTey 6GapbicbiHga 30 TybICKA »KaTaTblH 66 Typ aHbIKTaAJbl. Byn
TYKbIM/JaC aliMaKTbIH Heri3ri GUTOLeHO3/AapblH KaJbIITACThIPYAa MaHbI3/Abl peJ aTKapajbl, XKeTeKIIi
OH TYKbIMJACTBIH KaTapblHa Kipeai. TypJik apTyp.isikmiy xcorapwul 601ybl 0aAa4blK, WeaA0i HcaHe
mayael 3koxcylienepdiy yijaecimimeH, coHdali-ak o6abicThIiH HpaHo-Typan d¢uopanblK aliMarbIHIa
OopHaJsiacybIMeH TyciHAipineni. TypJ/ik apTyp/isiKTiH eH xKofapbl kepceTKiwi KaHaapKa ayfaHbIHAA
(63 TakcoH) Galkaajbl, MyHAa KcepopuTTep MeH rasodutrep 6aceiM. EH ipi TysicTap - Ferula (17
TYp), Seseli (9 Typ), Prangos, Sium, Palimbia, Hyalolaena (spka¥cbicel 3 TypAieH), Cuminum, Pastinaca,
Peucedanum scane Trinia (9pKaHcbIChl 2 TypZeH), KajaraH 20 TybIc 6ip TYpMeH FaHa KepCeTiJreH.
Owmipsiik ¢dopmanap OGoMbIHLIA KOIDKbLIABIK ecimiiktep (84,6%) 6ackiM. IKOJOTHUSJIBIK TOMTAp
apaceiHaa kcepodutrep (60,5%) kemn, HerizineH Ferula, Prangos »oHe Seseli TybICTapblHA »KATa/ibl.
TonbIpakThbIH Ty3/laHyblHA 6alaHBICThI 8 rasoduT xoHe 11 Me3orasopuT TYpi aHBIKTAA/bI, oJap
HeTi3iHeH copTaH aHe cop TonbIpaKTapa ecefi. O6ybic ayMaFbiHAa 6ip KbI3bla KiTallKa eHrisiareH
TYp - Saposhnikovia divaricata >xoHe 6ec cy63HAEMUK TakcoH Tipkeaji: Palimbia defoliata, Prangos
ledebourii, Sium medium, Seseli eriocephalum, *xaHe S. coronatum. By TypJiep 1eKTeyJ/Ii TapaFaH )KoHe
GeJirijii 6MoTONTapFa TOH, COHJIBIKTAH OJIap/bl KOPFay MeH MOHUTOPHUHT XYpri3y KakeT. PecypcThiK
aJsieyeTTi Tanjaay HaTuxKeciHze 58 Typ (87,8%) foapinik eciMzikTep 601bII TabblIaThIHbI aHBIKTAAbI:
Carum carvi, Falcaria vulgaris, Ferula soongorica, F. tatarica >k9He TaFbl 6acKa CNa3MOJHUTHUKAJBIK,
KaObIHyFa KApChl ’KoHe >KaJllbl KYLWEeHUTKI acepi 6ap Typsep. Keitbip Typsiep Man a3bIKTHIK, 3bUp
MaMJIbl )KoHEe COHJIIK ecCiMJiK peTiHJe malgajaHyFa 0OJAThIHbI aHBIKTAAAbI. YJIbITAY OOJIBICBIHBIH
KbI3bL1 KiTabblHA €HTi3yTe NepcrieKTUBa/bI TypJiep/li aHbIKTay MaKCaThIH/A CUPEK HeMece Ke3/efCoK
TapaJifaH TYpJiep TalaJaH[bl.

Ty#iH ce3aep: Apiaceae TYKbIMZACHI, TYP, TYybIC, TAKCOHOMHUS, IKOJI0THS, YJIBITAY aliMaFrhbl
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The family Apiaceae Lindl. in the flora of the Ulytau region

S.K. Mukhtubayeva !, M.B. Takirova*?, A.B. Myrzagalieva3,
M.Zh. Zhumagul?, S. Izbastina*®, L.Yu. Selyutina®, S.M. Baibosynova’,
S.A. Zhangildinova®
L57Astana Botanical Garden, Astana, Kazakhstan
L234Astana International University, Astana, Kazakhstan
IL.N. Gumilyov Eurasian University, Astana, Kazakhstan
5S. Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan
®Institute of Botany and Phytointroduction, Almaty, Kazakhstan
8Karaganda Medical University, Karaganda, Kazakhstan

Abstract. The article presents the results of a comprehensive analysis of literary sources, herbarium
collections, and field studies on the Apiaceae family within the Ulytau region. A total of 66 species
belonging to 30 genera were identified during the research. The family ranks among the ten leading
ones and plays an important role in the formation of the region’s main phytocenoses. The high diversity
is explained by the combination of steppe, desert, and mountain ecosystems, as well as by the region’s
location within the Irano-Turanian floristic province. The greatest species richness was observed in the
Zhanarka district (63 taxa), where xerophytic and halophytic species predominate. The largest genera
are Ferula (17 species), Seseli (9 species), Prangos, Sium, Palimbia, Hyalolaena (3 species each), Cuminum,
Pastinaca, Peucedanum, and Trinia (2 species each), while the remaining 20 genera are represented
by single species. Perennial plants dominate in terms of life forms (84.6%). Among ecological groups,
xerophytes (60.5%) prevail, mainly represented by the genera Ferula, Prangos, and Seseli. Regarding
salinity tolerance, 8 halophyticand 11 mesohalophytic species were identified, occurring on solonetz and
saline soils. Within the region, one Red Book species - Saposhnikovia divaricata — and five subendemic
taxa were recorded: Palimbia defoliata, Prangos ledebourii, Sium medium, Seseli eriocephalum, and S.
coronatum. These species are locally distributed and confined to specific habitats, which necessitates
their protection and monitoring. Analysis of the resource potential showed that the majority - 58 species
(87.8%) - are medicinal plants, including Carum carvi, Falcaria vulgaris, Ferula soongorica, F. tatarica,
and others, which possess antispasmodic, anti-inflammatory, and tonic properties. Some species are
promising as forage, essential oil, and ornamental plants. To identify species with potential inclusion
in the Red Book of the Ulytau region, taxa with a limited number of habitats and classified as rare or
occasionally occurring were analyzed.

Keywords: Apiaceae family, species, genus, systematics, ecology, Ulytau region
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CYTKBIIIKbL/IABI GaKTepUs/IapAbIH, IPO6GUOTUKAJIBIK, 9JIeyeTiH 6aFrasiay
T.C. TacmaraH6eToBa*!' ", Y.3. CarbIHAbIKOB?

22J1. H. Tymusnee amviHdarsl Eypasus yammeuik yHugepcumemi, Acmaua, Kasakcmat

E-mails: *'tasmaganbetova.tolkyn@mail.ru, outemourate@list.ru

Anpgarna. byrinri TaHJa  OpoOUOTHUKANBIK  MHKPOOPTaHU3MJED,
OHBbIH, ilIiHJAEe CYTKBbIKbUIABI OaKTepusap, TaFaM 6HepKacibiHAe >KoHe
OMOTEXHOJIOTHS/Ia epeKlle MaHbI3Fa He OoJsbill Kesexai. Osap ackKasaH-
imek  KoJJApbIHbIH ~ MHUKpodJiopachblH  KaJsbINTACThIpy/a, MNaTOreH/i
MHUKPOOPraHU3M/Iep/iiH KebOewiH Texey/le, KOpPEKTiK 3aTTapblH CiHyiH
YKaKCapTyZa >KoHe TYTBIHYIIbLIAP/AbIH >KaJIlbl JI€HCAYJbIFbIHA BIKNAJ €TYJe
MaHbI3ZIbl peJsi aTKapajbl. [[poOMOTHKA/NBIK WITaMAap/bl TUIMAI TaHAay
oJ1ap/ibIH, PU3UOJIOTUSJBIK TYPAKThIJIbIFbIHA (KbIIIKbLIAAP MEH 6T TY3/aphl),
ajare3us KabiseTiHe KoHe TeXHOJIOTUSAJBIK KacueTTepiHe Heri3enreH. OcbliFaH
06alIaHbICThI CYTKbILIKbLI 6aKTepUsaaap/iblH, NTPOOUOTUKAJIBIK OTEeHI[MAIbIH
KelleHJi Oafasay TaFaM/JbIK 6HiMJepre eHridy YVIUiH [epCcneKTHUBaJbl
mTaMMAap/bl TaHJayAaFbl MaHbI3Jbl KaZaM OoJbill TabblLiaAbl. byu
3epTTeyae Lactobacillus acidophilus SLA, Lacticaseibacillus casei SLC »aHe
Lactobacillus delbrueckii subsp. bulgaricus SSV (6ynan api Lactobacillus - L)
KosZaubLiabl. [llTaMMaapablH Herisri npoO6UOTUKANBIK KacueTTepi in vitro
KaFJalblH/la )KaH-)KaKTbl OafasaH/bl. 3epTTey 6apbicbiHAa TepHep ajiciMeH
KbILUIKbLJI TY3iJy OeJICEHANIri aHBbIKTaJ/bIN, acKal3aH-illeK >XoJJapbIHbIH
»KaF[auiapblH MOJeJibJey YIIiH KbIIIKbIJAp MEH 6T Ty3JapblHa TO3iMJiIiK
CbIHAKTapbl >KYpPrizisji. JpuTpouuTTepre azaresus Kabineti Bpuauc sgaici
OolbIHIIA OGaFasiaHAbl. AJIBIHFAH HOTWXeJsiepre caiikec, L. acidophilus SLA
IITaMMbl KbIIIKbIIZIAP MeH 6T Ty3/apblHa »Kofapbl Te3iMAinikke ue (pH 2,0-
Jle eMipiieniri - 82,4%, et Ty3aapsinga 0,5 %-aa emipmeniri - 90,4%) »koHe
aare3usiHblH )KoFaphbl AeHreriH kepceTTi (OAK = 4,3). L. casei SLC miTaMMbIHBIH
opTalla JieHrei/ie Te3iM/ijiri MeH aare3uscel 60araHbIMeH, L. bulgaricus SSV
IITaMMbIHBIH, KbIIIKbLI TY3yLIi 6esceHAiiri xxofapsl (124 °T), 6ipak cTpecc
dakTopJsiapbl MeH aAresusira Te3iMAiairi TeMeH 6osiabl. Kasmbl anraHjaa,
JlepeKTep CYTKbIIIKbLIbl 6aKTepUsiap/iblH NPOOHUOTHUKAJBIK MOTEHI[UAJbIH
KelleHJi 6arasiay Ke3iHJe KbIIIKbLIJAp MeH 6T TY3JapblHbIH TYPaKTbIJIbIFbI
MeH aJre3uscbl CHUAKTBl MaHbI3[bl KpUTepUHJIEPAl eCcKepy KaKeT eKeHiH
KepceTTi. 3epTTey HaTHxKeepi L. acidophilus SLA uiTaMMbIH TaFaMfa eHri3yre
nepcleKTHUBaJbl YMITKep peTiHze 6aFasayFa MyYMKIiHZIK 6epefi.

Ty#iH ce3aep: CYTKbILIKbLIALI 6akTepusap, Lactobacillus, npo6UOTUKABIK,
dJ1eyeT, KbIIIKbLIFa TO3IMAIIIK, 6T Ty3Japhl, aAre3us, TepHep ajici
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CymKblwKbL10b1 6akmepusiiapdbly NPoOOUOMUKAIbIK d/1eyemiH 6araaay

Kipicne

CyTkplukbLigbl O6akTepussap (CKB) TaraMablK >xoHe OHOTEXHOJIOTUSIIBIK ©OHJipicTe
MaHbI3/ibl peJl aTKapa/ bl >koHe Kasipri TaHa Npo6UOTHUKAJIbIK KACUETTEPI KEHiHEH 3epTTeslin
OTbIpFaH MUKPOOPTraHU3M/ep/liH Heri3ri To6biHa )aTaAbl. FAO/WHO aHbIKTaMacbIHaA CIUKeC,
NpOOMOTHUKTEDP - «MeCiHe Naijaljibl acep eTeTiH, »KEeTKiJiKTi MeJilliep/ie eHrisijireH Tipi
MUKpoopranusmzep» [1-2]. CoHFbl OHXbLIABIKTA MPOOUOTUKTEPTe JleTE€H KbI3bIFYLIBLIbIK,
aJlaMHbIH, acCKasaH-illleK KOoJIbl MHUKPOOWOTAChlH OHTAWJaHAbIPY, HWMMYHABIK XYyileHi
MOAYJIALMsANAY KOHe TaFaM eHiMJepiHiH (YHKIUOHANABI KAacUeTTepiH apTThIpy
MaKcaTTapbIMeH ThIFbI3 6al/IaHbICThI [3-6].

[Ipo6buoTHKaNBIK IITaMMJAp/bl ipiKTey/iH Heri3ri keseHAepiHiH 6ipi — osapApblH, in vitro
»KaFJjaiibIH/1a TPOOUOTUKAJIBIK 9J1eyeTiH 6aFasay, iFHU QU3H0JIOTUSIJIBIK }KOHE TEXHOJIOTUSIJIbIK
cTpecc pakTopJiapbiHa TO3IM/IiJiTiH, COHbIMEH KaTap illlek anuTeJuliHe aAre3us KaodijseTiH
a”bIKTay [7-9]. [[poOuOTUKTEpP aZlaMHbIH, acKa3aH-illeK »K0JIbIH/Ja Tipi Kasy YIIiH KbIIIKbLI
OopTa MeH OT TY3/iapblHbIH dcepiHe TeTen 6epe anybl THiC. COHABIKTAH KbIIIKbLJIFA XXoHE 6T
Ty3/lapblHa TO3iM/jiJliK - IPOOUOTHUKAJIBIK KACUETTepP/i 6aFasiayZarbl HETi3ri KpUTepUnIep/iH,
6ipi 60161 caHanagb! [10-13].

Ackazan ceJsiinig pH 2.0-3.0 pguana3oHbiHAA 00Jiybl KeNTereH OaKTepusJap VIIiH
JieTaJbJbl KaFJal TYFbI3ajbl. AJl CYTKbIIIKbLIbl OaKTepUsiaap/blH Keibip wTamMMmapbl
OyJ1 >kaffalfa OeMimfesnin, TipwijiriH cakrai anagbl [13-16]. Cos CUAKTBIL, 6T Ty3Japhbl
»Kacylia MeMOpaHachlHA 3aKbIM KeJITipill, MUKPOOTBIK aKybI3JapAbl JeHaTypalusaanbl
»KoHe MeTaboJsiu3Mre Kepi acep etefi. Anaizia kenrereH Lactobacillus xaHe Bifidobacterium
eKingepi 6y/1 cTpecc kaFAaliblHa apHalbl 6eiliMzesly MexaHU3M/epi (Mbicasibl, 6T Ty3/apblH
ruZiposnseiTid epmenTTep - BSH) apKblibl xxayan 6epenai [17-20].

[Ipo6uOTHUKAJBIK 9/1eyeTTi aHbIKTAY/IbIH, eKiHIIIi MaHbI3/[bl KOPCETKIIII - illleK aMUuTeuiiHe
HeMece MyILMHIe aJre3us KabineTi. Bys1 KacneT MUKpOOpraHU3M/EepAiH, illleKTe y3aK yaKbIT
CaKTaJlyblHa, NaTOreH/lepMeH b6aceKere TyCyiHe )koHe 6UOoYJI0ip Ty3y KabiseTiHe Tikesel acep
etefi [21-22]. Aare3usHbl aHbIKTAy YlIiH KebiHece Myl MHMeH KallTaJfaH IJIAHIIETTepre
*abbicy, Caco-2 HeMece HT-29 xkacyiiasnblK KeJlijiepiH maiaasaHy, COHZal-aK acyia 6eTiHiH
rupodoOTHIJIBIFbIH )XKoHe aBTO/Koarperainys KabisieTiH 6aranay aaicTepi KoJiaHbL1a/ibl [23-
26].

Kasipri yakpITTa illleK MHUKpPOOUOTACBHIHBIH Oy3blIybIMEH OalJIaHbICThI aypyJlapAblH
Kebeloi )xoHe TabUFU GUOKOHCepBaIUs TaCiIJepiHe KbI3bIFYUIbIIBIKTBIH apTYhl KaHa THIMAI
NpOOMOTHKAJBIK IITAMM/AAP/bl i3/ley KOKEeTTiNiriH KymenTei. COHABIKTAH 9pTYpJii TaOUFHU
Ke3/ep/ieH OeJIiHIN aJbIHFaH CYTKbILKbLI/bl OaKTepUsaaap/blH, KACUETTEPIH 3ePTTEY KoHE
oJ1ap/ibIH, TPOOHUOTHKAJIBIK dJIEYETIH aHbIKTAY €pPeKIl€e FbIIBIMU K9HE MPaKTUKaJbIK MaHbI3Fa
ve.

In vitro cblHaKTapAblH HOTHXKECIHJe aJIbIHFaH JiepeKTep NPOOHUOTHUKAJIBIK IITaMM/ApAbI
b6acTankbl CKPUHUHTKe ipiKTeyre MYMKiHAiK Oepeni. As »KoFapbl Te3iMJiJiK MEH >XaKChl
aAresuss KepCeTKIlITEpiHe He H30JATTAp 9pi Kapad TaFaMJbIK MaTpUlalapAa >KoHe
KJUHUKaFa JediHri Mojesibaep/ie 3epTTesil, TaFaM eHepKacibiHe eHridyre KaHAWAATTap
peTiHAe KapacTbipbLaabl [27-30].

OcbifaH 6alJaHBICTBL, OYJ 3epTTey/iH MaKcaTbl - TaHJAAJFaH CYTKbILIKbIJI/AbI
OaKTepusiJIapAblH KbILIIKbLI XK9He 6T Ty3JapblHa Te3iMiniri MeH aare3us KabisieTTepiH in
vitro afalblH/1a 6aFajiay apKbl/bl 0J1ap/ibIH TPOOUOTHUKAJIBIK 9J1€YETiH aHBIKTAY.
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3epTTey MaTepHaJAapbl MeH djicTepi

3epTTey MaTepuasazapbl peTiHae Lactobacillus TybpicblHa »KaTaTblH YII IUTaMM
naiananbaabl: L. acidophilus SLA, L. casei SLC scane L. bulgaricus SSV. Bapabik mitammgap MRS
KopekTik optacbiHza 37 °C temnepatypasa 18-24 carat uHkyb6anusaaas/bl. lllTaMmmaapabiy
TypJiik ugeHTuduKanusicbl 16S rRNA reHiHiH cekBeHHUpJiey djici apKblabl Kyprisingi. 16S
rRNA reniHig aMmmiMukanusicel oMb6eb6an npaimepJiep 27F xxoHe 1492R kemerimen IITP agici
apkbLibl opbiHAaAAbL. AsnbiHFaH [ITP eHimzepi cekBenupJienin, HaTuxkesiepi NCBI GenBank
JlePeKKOPBIH/aFbl HYKJIEOTHU/TIK Ti30€KTepMeH CalbICThIPbLIbIL.

Bapsablk mtammzaap de Man, Rogosa and Sharpe (MRS) kopekTik opTacbkiHJa ecipiiji.
KopekrTik opta Himedia Laboratories Pvt. Ltd. (India) koMIlaHUSICBIHBIH JAalbIH KypPFaK OPTaChI
HeriziHge aanbiHAaAaAbl. UHKy6anus 37 °C TemnepaTtypaga 18-24 caraT 60WbI XKYpri3iyifi.

Cypert 1. MRS arapga CKb mitaMMaapbiHbIH 6Cyi. a) MHKyOalUsiJaH KeUiH KOJIOHUSAAPAbIH,
KaJIbIIITacyhbl. b) ITpUx-ceby afjiciMeH Ta3a JaKblaAap/bl 661y

Kbvliwkbla my3y 6esceHdinieiv aHblkmay

KbimkpL1 Ty3y 6escenginiri TepHep aaici [31] 6oiibIHIIA aHBIKTaN/Abl. 3€ePTTEY alJblHAA
nai/jajaHblIaThIH CYTTiH 6acTanKbl TUTPJIEHETiH Kb KbLI/bIFbl aHbIKTaAAbL. LIl TaMMAap b,
6eJsiCeH/IJIIriH aHbIKTAy VILIiH YJTiJiep MHKybalusfa KOWBLIbII, Ge/riji yaKbIT 6TKEH COH,
TUTPJIEHETIH KbIIKbLIAbIFbI TepHep rpaaycbiMeH (°T) esnmeHzi.

Ipumpoyummepeze adze3usiHol AHbIKMAay

[lITammaapabiy, aaresus Kab6iseti B. bpusauca aaici [32] 6oibiHIIA in vitro Xargaijga
zeprrefi. Tangay yuin 0 (I) To6s1, Rh*, opMasnHMeH 6eKiTi/IreH alaMHbIH 3pUTPOLUTTEPI
KOJIIAHbLIAbL. JPUTPOLUUTTEP ACTaHa KasacblHAaFbl KaH opTa/ibiFbIHAH aJIbIHFAaH JJOHOPJIBIK
KaH YJriziepiHeH JaWbIH/Ja/bll, 3epTXaHa/bIK KafFgaiaa ¢opMaivHMeH OekiTiagi. Op
cblHaMaJia KkeM JiereHzie 5 kepy epicinzie 100-1eH acTaM 3pUTPOLUT ecenTesfi.

Oprama aare3usi kepcetkimi (OAK) 6ip aspuTpouuT 6eTiHe 6eKiTiireH MHUKpPOO
»KacyllaJapblHbIH OpTallla caHbl OOMbIHIIA aHbIKTaAAbl (keMiHAe 50 spUTpoLUT HerisiHje).
Aparesus nopekeci MblHaia 1iKaJia 60MbIHILIA 6aFaaHAbL:

0-1,0 - aare3ud oK,

1,01-2,0 - TeMeH,

2,01 - 4,0 - opraiua,

4,0-TeH KOFaphl - >KOFapbl a/ire3us.
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CoHbIMeH KaTap, aare3usi KoapPUIUeHTi KoHe aJire3vsilaHFaH 3PUTPOIUTTEP/iH yJieci
(%) ecenTengi.

Om my3dapbiHa me3imIinikmi aHblIKmMay

[lITamMmmaapably oT Ty3aapbiHa Te3iMainiri Charteris xoHe Begley azicTepiMeH aHbIKTanAbI
[33]. AakpLigap MRS copnackina enrisingi, 0,3% »xane 0,5% (W/v) KOHLLeHTpaLUsCbIHAA 6T
Ty34aphl (Sigma) KaMmTbhuigbl. 0, 2 xaHe 4 caraTTbhIK MHKy6auusgaH keitin (37 °C, 48 carat
WMHKyOalUs[laH KeWiH caHay »Kyprisiiji) arap opTacblHAaFbl 6MipIlIeH KOJOHHUSAIap/blH CaHbI
(KTB/ma) (Kosionus Ty3y1ui 6ipJiikTep/Mi) ecentesngi.

Yarigeri pH gexreiti 8,0-re neiin keTkiziniai - 6ys pH feHreii oT )koHe all iniekTe 66/iHETiH
yUKbl 6e3i HbIpbIHbIHBIH, GU3UOJIOTHUSIBIK AeHreliHe calikec kesefi (mwamamedn 8,0). by
d/liC CYTKBILIKbLIJbl OaKTepusJapAblH TaOUFW Kafjailjapfa ce3iMTa/JAbIFbIH OaFasiayfa
KeMeKTece/|.

KbvluwkbL1 meH em acepine datiekmi mesimdinikmi aHblKmay

[lITaMmmMaapablH, ackaszaH (KbIIIKbLI) KoHe illek (eT) gaKTopJiapblHbIH A3WEKTi acepiHe
TO3IM/iJIiri )KoFapbl/ja aTa/JfaH J2MEKTi a/jicTep apKpliibl 6aFasaHabl [34]. AngbiMeH o1 pH 2,0-
3,0 6ydepinze 2 caraT 60Mbl MHKYbOaLMsIaH/bl, COAAH KelliH 6ipfeH 1% oT Ty3bl 6ap opTafa
aybICTBIPbUIZbI XK9HE TaFbl 4 cafraT MHKybauusananzbl. Eki keseHHeH keliH KTb (Kosionus
Ty3ywi BipJik) ecenTenai >koHe 6Mip CYpyAiH cajblCTbIpMaJibl Naibl3bl aHbIKTA/bI.

Cmamucmukawlik eHoey adicmepi

Cratuctukaiblk eHzaey Microsoft Excel 2019 »xane GraphPad Prism 8.0 6afaapiamasiapsl
apKbLIbI XKYPri3inji. BapblK Toxkipubesiep keMiH/ie yill KalTa/bIM/1a OpbIHAAAbL. HoTrxKenep
opTamia MaH * cTa”HAapTThl aybITKy (M + SD) Typinzae kepcetinai. Tontap apacblHAaFbI
allbIpMallblIbIKTAPAbIH CTATUCTUKAJIBIK MaHbI3/1bLIbIFbI Student t-TecTi apKpLibl 6aFasaH/bl,
p < 0,05 MaHi cTaTUCTUKAJIBIK TYPFbIJJaH MaHbI3/1bl Jiell KaObl/1AaH/ibl.

Hatmxesnep

3eptTey 6apuicbinga Lactobacillus acidophilus SLA, Lactobacillus casei SLCxaue Lactobacillus
bulgaricus SSV mtaMmJapAblH Herisri NpoOUOTHUKAJBIK KacueTTepi in vitro »karmanbiHAa
»KaH-KaKTbl OarasiaHzabl. Toxipubesiep 3epTXaHasbIK XKaFfala Kyprisijin, COHbIMeH bipre
oJIap/ibIH HOTHXKeJIepi apTYypJii CTPecCTiK xKaFaaiiapFa Te3iMainiri MeH agresus KabiseTtepin
CaH/IbIK, CaJIbICTBIPYFa MYMKIH/IK 6ep/i.

MuUKpoOUOIOTHUABIK TaJiay/lap CTaHAAPTThl 6Cy OPTAChIHAA OCIpIJITEH Ky/AbTypaapAblH
KOJIOHHUSJIAp TY3yTre KabisleTTiJiriH, T Ty3apbl MeH KbIIIKbIJIFA 9CEPiHEH KeHiH eMipIlIeH/iriH
’KOHEe a/ire3us 9perKeCiH aHbIKTaAbl. ACKa3aH-illleK KOJIbIHAAFbI KaFanaapAbl MOAeNbAeY
YIIiH ©T KbIIKbIIZAPbl MEH Ty3AapFa Te3IMAIIK CbIHAKTaphbl XKYPri3iil. IpUTPOLUTTEPAIH
aJire3vs/IblK CbIHAKTapbl LITAMMJApAblH illeK 3NUTeJWiiMeH O6aljaHbIiCy KabileTiHiH,
KepceTKillll peTiHJe TaHbIIbL.

3epTTeJieTiH WITaMJap/AblH KbILIKbLI TY3ylli 6eJCeH/iIri CyT opTacblHAa UHKyb6alusa/jaH
keiiH TepHep ajiciMeH aHbIKTaNAbl. bapJsblK WITaMJap HWHKyOalUsHbIH OacTankbl 24
caFaTblH/|a CYTTiH TUTPJIEHETIH KbIIIKbLIABIFbIH edyip apTThipAbl (CypeT 2).
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Cyper 2. lllTaMmMJapiblH KbIIKbLI Ty3y 6escenainiri (°T, Tepuep aaici)

EH >XoFapbl KbIIKbLI Ty3ylli 6esceninik L. bulgaricus SSV miTaMmMbiHAa 6aliKaaabl - 24
caFaTTaH KeWiH KbIIKbLIABIK 124 + 3,2 °T Kypazbl, 6yJ alKblH KbIIIKbIJI TY3ylli KacHeTKe
coMikec kesiefi. L. acidophilus SLA xaHe L. casei SLC miTammapsbl corikecinie 108 + 2,5 °T »xoHe
96 + 3,0 °T kepceTTi.

L. bulgaricus SSV - eH, »0fapbl KbIIIKbLJI Ty3ylli 6e/iceHAiiKKe ue, OyJ1 OHBbIH, CYTTi allbITY
npoluecTepinze 6esceH/ii peJ aTKapa aJlaTblHbIH KepceTei. L. acidophilus SLA - akchl, ai L.
casei SLC - opTalua 6esiceHAiNIK KepceTTi. Bysl MajliMeTTep mITaMM/Aap/iblH, TEXHOJIOTHUABIK,
KacueTTepiH Oarajiayfia MaHbI3bl KOpCETKIll OO0JIbIN Tabblia/ibl KoHe MPOOUOTUKAJIBIK
KacueTTepMeH Oipre KellleH/li TYp/ie KapacThIPbLI/bI.

Kpli1iKbL1 0OpTaFa Te3iMilik cbiHaKTapsl L. acidophilus SLA, L. casei SLCxaHe L. bulgaricus SSV
IITaMM/JAPbIHbIH TipIIi/iK €Ty KabisieTiHiH alibipMaulbLIbIFbIH KepceTTi. pH 2,0 »kargalibiHia
2 cafaT UHKyO6anusaaaH keiid L. acidophilus SLA mTaMMbIHBIH, Tipi »KacyliajapblHbIH, yJeci
82,4 % kypaapl, an L. casei SLC - 75,6 %, L. bulgaricus SSV - 63,2% 6osazb1 (Kecte 1).

Kecrte 1
KplIKbLIFa Te3iMainik Hotuxkesnepi (pH 2.0 xxane 2.5, 2 car)
pH 2.0, KTb | pH 2.0, KTb | Tesimainik, | pH 2.5, KTb | pH 2.5, KTb | Tesimpinik,
[MTamm
0 car 2 caF % 0 car 2 caF %

SLA 8,25 8,14 82,4 8,27 8,23 92,1
SLC 8,21 8,03 75,6 8,19 8,12 87,4
SSV 8,18 7,92 63,2 8,22 8,05 78,5

pH 2,5 afpaiibiHa 6apJ/blK ITaMM/ap KOFapblpak, Te3iMinik kepceTTi: SLA - 92,1 %,
SLC - 87,4 %, SSV - 78,5 %. byn nepexrtep L. acidophilus 1ITaMMbIHBIH, KbILIKbIJIFA KOFAPbI
6eMimMaeny KabijieTiHe Me eKeHiH KepCeTTi.

0,3 % »xoaHe 0,5 % oT Ty34aphl KaFalblHAa 4 caFaT UHKyOauus/aH keiiH L. acidophilus
SLA eH >xofapbl Tesiminik kepceTTi (95,8 % xaHe 90,4 %), an L. bulgaricus SSV TemeHipek
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MaH KepceTTi (83,1 % »xaHe 75,0 %) (Kecte 2). Bys1 HoTHXesiep mITaMMAap/iblH acKa3aHHAH
KeMiHri ilek opTacbiHa 6eliMaeny KabisieTiHae alblpMallbl/IbIK 6ap eKeHiH KepceTei.

Kecrte 2
OT Ty3AapbiHa TE3IMAiIiK HOTHXKeepi (4 caraT, 37 °C)
ITamMm 0,3% et Tesimpinik, % 0,5 % eT Tesimainik, %
SLA 8,15-8,12 95,8 8,16—8,07 90,4
SLC 8,10—8,02 89,1 8,11-7,97 83,2
SSv 8,12—-7,98 83,1 8,10—~7,88 75,0

3-kectene 0,3% xoHe 0,5% oT Ty3aapbl 6ap opTaja 4 caraTTbIK UHKyOalMsa/daH KeuliH
3epTTeJireH LITaMAap/iblH eMipileHAiri kepcetiireH. L. acidophilus mtamMbl SLA eMip cypy
JleHreli eH »xofapbl 60/b1: 0,3% eT Ty3aapbl Ke3iH/e eMip cypy JeHreHi - 95,8% 6ouica, an
0,5% eT Ty3aaphI KesiHje - 90,4%-Ab1 Kypaabl. Bys kepceTkilTep ITaMMHBIH, illleK OpTacblHA
»KaKChl belliMzeny KabijsieTiH pacTalbl.

L. casei SLC mrammbl 0,3% KOHIeHTpanusaaa eT Ty3JapbiHblH 89,1% xoHe 0,5%
KoHLeHTpanuaza 83,2% TypaKThIIBIKTBI KepceTTi, 0y opTaiua gen 6arasaH/bl. llltamm L.
bulgaricus SSV camikecinuie - 83,1% xaHe 75,0% MeJiliepZie eH TOMEHTI HOTUKere re 60JAbI.

Kannel KaparaHza, WTaMMJApAbIH, TO3IMAIIrI ©T Ty3JapblHbIH KOHLLEHTPALUAChIHA
IpONOPLHOHANbl TYpJle TOMeHJeWTiHI 6alKanzabl. Bysl CYTKBIIKBII OGaKTepUsJapbIHbIH
GU3MOSIOTUABIK KacueTTepiHe XoHe OT TY3/apblHbIH >Kacylla MeMOpaHacblHa acep eTy
MexaHU3MiHe OGalIaHbICThl O0Jibll TabbLIaAbl. L. acidophilus SLA mtaMMbl KeliH TaFam
eHIM/lepiHe eHri3yre >xoHe illeK TpaH3UTiHe GeliMJieNly TYpFbICbIHAH €H, NepCleKTUBaJbI
0OJIBII CaHaAJ/IAAbI.

AckazaH (KbIILKbLI) X9He illek (6T Ty3Aapbl) dakTopapblHa A2UeKTi acep xaFAalbIH/A
IITaMM/ap/blH, aJbl eMip cypy AeHreii 60-85 % apanbifbiHAa 60/4bl. SLA 1ITaMMbI €H
’KOFapbl KepceTKillke ve 60bl (84,7 %), 6y OHbIH acKa3aH-illleK TPaH3UTIH COTTI eHcepy
MYMKIHZAITIH Aasienaenii.

Bpuauc sziciMeH »xacaifaH aJre3usi/IblK CbIHaKTap IITaMMJAp apacblHAAFbl aWKbIH
allbipMalblIbIKTapAbl KepceTTi (Kecte 3).

Kecre 3
llITaMMaapAbIH 3pUTPOLUTTEPre ajare3us 6escenaiairi (bpuauc aaici)
| OS] eamopenec | M
SLA 4,3+0,2 Korapsbl 68,0 £ 3,1
SLC 2,7+0,3 OpTaiua 45,2 £ 2,7
SSV 1,4+0,2 TemeHn 285+2,1

L. acidophilus SLA mTaMMbl eH, )KOFapbl aAre3usiyiblK 6esceHinikTi kepceTTi (OAK = 4,3),
o6ys1 68% xarpaiaa 100 sputpouuTTepae 6ekiHyaiH 6alKaaraHblH kepceTei. SLC mTaMMbl
optaia agresusHbl kepceTTi (OAK = 2,7), an SSV miTaMMbl TOMEH aire3usiJiblK, 6eJCeHAITIKTI
TaHbITTHI (OAK = 1,4) (CyperT 3).
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Cyper 3. Lactobacillus miTaMM/1apbIHbIH a/laM 3pUTPOLIMTTePiHe aZre3usicobl (bpuauc agici)

3epTTey HoTHXKesepi 6oibiHIIA L. acidophilus SLA miTaMMbl 6T Ty3/1apbl MEH KbILIKbLIAAPFa
YKOFapbl TO3IMJiJIKKe He X9He KbI3blJl KaH >KacyllaJlapblHa >»KOFapbl aJre3us JeHreuiH
kepceTteii. L. casei SLC miTaMMbl opTailla KepceTKiliTepre ve 6osica, ouaa L. bulgaricus SSV
IITaMMBbI >KOFapbl KbIIIKbIJI Ty3€TiH 6eJiceH/jiJliriHe KapaMacTaH CajbICThIpMaJibl TYPAE CTPECC
IeH aJre3vsfa Te3iMJiJliKKe TOMeH KepceTKillike ve 60sbl. Bys fepekTep wTaMMAap/blH
NpOOGMOTHUKAJBIK MOTEHLUAJbIH KaH-KaKTbl OafraJjiayfa KoHe oJlap/bl TaFaM 6HiMjiepiHJe
OJlaH opi malasaHyFa 6aFbITTa/IFaH CeJIEKLIUAHBI )KYpridyre MyMKiH/ZiK 6epefi.

Tankpliay

Bya xxymbicta Lactobacillus acidophilus SLA, Lacticaseibacillus casei SLC »«ane Lactobacillus
delbrueckii subsp. bulgaricus SSV mTaMMAapbIHbIH, I[n Vitro >XaffaWblHAAFbl HeTi3ri
NpOOHUOTHUKAJIBIK KacUeTTepi >KaH-KaKTbl 3epTTesifi. AJIbIHFaH HaTHXKeJlep LITaMM/ap
apacblH/ia alKbIH QU3UO0JIOTUSJIBIK )KoHE TEXHOJIOTUSJIBbIK alblpMallbl/IbIKTap/blH 0ap eKeHiH
KepceTTi. Bys1 KyObLIbICc NPOOMOTHKAIBIK KaCUeTTeP/liH KebiHece Typ leHreliHeH repi LITaMM
JleHreliH/ie aHbIKTaJaTbIHbIH KOPCETETIH OYPBbIHFBI 3epTTey/lepMeH CaliKec KeJiefi. MbIcasbl,
Jacobsen xaHe GipJieckeH aBTOpJap JiakTobauu/IalapAblH 9pTYpJi WITaMM/Aapbl apacblHZa
NpOOMOTHKAJBIK KachueTTep OOWBbIHIIA aWTapJblKTal alblpMallblIbIKTApP 60JIaTbIHbIH
kepceTkeH [35]. ConbiMeH KaTap, Ayyash »xoHe 6ipJieckeH aBTOpJiap *kaHa NPOOUOTHUKAJIBIK
ITaMMZapAbl 6arasaysa KblIIKbIIFa TO3IMJIIK, 6TKe TYPaKTbLIbIK XoHe aJAre3us KabineTi
Heri3ri KpuTepuilJiep eKeHiH aTan eTKeH [36].

L. bulgaricus SSV mTaMMbl KbIIKbLI TY3yUIiJIiri 60MbIHILA €H XOFapbl KepceTkiwTi (124
°T) kepceTTi. By/s1 OHBIH KJacCHKaJbIK CYT 6HIMJepiH albITy yhepicTepiHje OesceHAi
TEXHOJIOTUSJIBIK, PeJl aTKapa ajaTblHblH KepceTefi. L. acidophilus SLA xane L. casei SLC
IITaMM/JAPbIHbIH, KbIIIKbLI TY3ylli 6esiceH/iiri TUiciHille »aKChbl ko9He opTalla JieHrenae
6osabl. Bysn HaTmxkesnep Lactobacillus TybicblHA T9H KeMipcy/aap/blH roMopepMeHTaTHUBTI
auy MeTabosiu3aMiMeH TycCiHAipisieai, OHbIH Heri3ri eHiIMi - CYyT KbIIIKbIJIbI.

KplKblFa Te3iMAiMiK cblHaKTapbl SLA wmTaMMbIHBIH, TeMeH pH »kaFaallblHJa >KaKChbl
oerimaeneTinin kepcetTi (pH 2.0 kesinzge 82,4% emipmengik). byn Hatuxe L. acidophilus
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IITaMMJAPbIHbIH, aCKa3aH oOpTachlHa Te3iMJiJairi »Kofapbl OOJIATBIHBIH K6pCeTeTiH
3epTTeyJiepMeH calikec Keseni. Mbicanbl, Pan »xoHe 6ipJsieckeH aBTopJiap L. acidophilus
IITaMM/IAPbIHbIH, KbIIIKbIJI >Xo0He 6T OpTachlHa Te3iMJJIIriH 3epTTed OTbIPHIN, OJIap/blH
acKasaH-illleK >K0JIbIH/a TiplijikK eTy KabiseTi koFapbl ekeHiH kepceTkeH [37]. CoHbIMEH
KaTap, Jacobsen >xoHe OipJsieckeH aBTOpJiap MPOOUOTHKAJBIK LITAMMAAPAbIH KbIIIKbIJIFA
TO3IMiJIri 1mTaMMFa Toayes/li €KeHiH »oHe OapJblK IWITaMMAAPAblH OipJled »KOoFaphbl
TYPaKTbLJIbIK KOpCETNENUTIHIH aTan eTKeH [35].

OT Ty3japblHa T3iMiJNIKTI 3epTTey HaTHXKesepi SLA 1mITaMMbIHBIH (GU3UOJIOTUSJIBIK,
TYPaKTbIIbIFbI KOFapbl eKeHiH kepceTTi: 0,5% eT Ty3japbl KOHLEHTPAIUSChIHJA OHbIH
emipuwenairi 90,4% 6oaapl. [Ipo6UMOTHMKaNBIK MHUKpOOpraHuUsMepAi ipiktey KesiHze
MYH/Iall KepCeTKIlITep MaHbI3Abl KpUTepuiJiepAiH Oipi 6osbin Tabbliaabl. Begley >xoHe
6ipJieckeH aBTOpJIap 6T Ty3JapblHA Te3iMAiJNiK KebiHece 6T Ty3/apbIHbIH, T'Hp0Jia3achl
(BSH) ¢depmeHTiHiH 6esiceHainiriMeH 6alslaHbICTbl eKeHiH kepceTkeH [38]. Bysn depmeHT
6akTepuUsiJIapFa 6T TY3JapblHbIH YbITThI 9cepiHe 6eriMaenyre MyMKiHAiK 6epe/ii. COHABIKTaH
SLA mTaMMBbIHBIH, )KOFapbl TO3iIM/iJiri OHbIH, GU3UOJIOTUSJIBIK GeHdiMaesly MeXaHU3M/epiHiH
THUIMJI KYMbIC icTelTiHiH KepceTei. An SLC mTamMbl opTamia Te3iMAiliKkTi kepceTce, SSV
LITaMMbI €H TOMEHT1 HOTUKEHI KOPCETTi.

KbIlIKbIZT MeH 6OT Ty3/AapblHbIH, J9HEeKTi acepiHe Te3iM/JIIK CbIHAaFbl acKa3aH-illleK
KOJIBIHBIH, )KaFlallblH MO/JleJIbJleyre MYMKiH/ik 6epe/ii. SLA mTaMMbIHBIH 6yJ1 cbiHAKTa 84,7%
eMipHIeH/JITiH caKTaybl OHBIH ilIEKKe Tipi XeTy BIKTUMaJJbIFbl YKOFapbl €KEeHIH KepceTeni.
OcbhiHAal KelleHAi in vitro 6afanay Taciijepi Kasipri npoO6UOTUKTEPAi 3epTTeyAe KeHiHeH
KOJIJlaHbl/1abl.

JpUTPOLUTTEpPre aJre3usi CblHAFbl HOTHUKesiepi SLA IITaMMbIHBIH, €H »KOFapbl aJire3us
unjekcid (OAK = 4,3) kepceTKeHiH aHbIKTaZbl. Byl OHbIH 3MUTENUN acyllajapblHa KOHE
MYLUH KabaTblHa }KaKChbl OeKiHY Kabi/ieTiHiH 6ap eKeHiH kepceTei. Are3usi NpoO6MOTUKTEP/IiH,
MaHbI3/Ibl KacHeTTepiHiH 6ipi 60JibIN TabbLIa/ibl, cCe60ebi 0J1 MUKPOOpPraHU3M/IEP/iH, illleKTe
yaKbITIIa KOJIOHHW3aLUsJIaHyblHA MYMKiHJik 6epezi. Tuomola >xoHe Salminen »xyprisreH
3epTTeysepae optTypai Lactobacillus mTaMMAapblHbIH, illeK 3MWUTENHHM >KacyllajapblHa
aJire3usicbl aKbIH LITaMM/IbIK, alblpMallblIbIKTapFa Ue ekeHi kepceTiireH [39]. CoHbIMeH
KaTap, 3epTTeyllijiep aJire3usiHbl 3epTTEYAiH in vitro afjicTepi NpoOUOTUKTEPAI GacTanKpbl
CKPUHHUHITEY YIIiH naijaabl 60JFaHbIMEH, OJIap/blH, HOTHKe/Iepi 9pKalllaH in Vivo KaFJanibl
TOJIBIK, CUITaTTal 6epMeNTiHIH aTan eTKeH.

JKannbl anfaHpaa, ajblHFaH HaTHXKesiep SLA 1ITaMMbIHBIH, NPOOMOTHKAJBIK dJeyeTi
’)KOFapbl eKeHiH kepceTTi. O KbIIIKbIJIFA »X9HE OT Ty3JapblHA Te3iMJiNiK, A2HeKTi
raCTPOMHTECTHUHAJJIbIK CTpecC >KaFJahblHAA 6MipIleH/iriH CaKTay >XKoHe CaJibICThbIpMaJibl
TYPZAeE >KOFaphbl aire3us KabisieTi CUAKTbI MaHbI3/1bl KACUETTePAi KepceTTi. MyHAal HoTUXKeep
SLA mTaMMbIH QYHKIMOHAJNABIK TaFaM 6HiMJepi MeH NPOOHWOTUKAJBIK OUoIpenapaTTap
eH/ipiciH/Ie KoJIJJaHyFa MepClneKTUBaJIbl KaHAUJAT PETiHAEe KapacTbIpyFa MyMKiH/AIK 6epe/i.

3eprTeygiH, Oesrini 6ip wekTteysnepi 6ap. bipiHwigen, 6apsblk Toxipubesep in
vitro >KaFJaublHAA KYPri3ijiiji, COHABIKTAH HITHXKeJIepAi In Vivo KaFAaublHA TOJIBIK
3KcTpamnoJislysaaay MyMkKiH emec. Ouwehand »kaoHe Salminen npo6MOTHKaANBIK IITAMM/AAP/bIH,
HaKThl 9CepiH aHbIKTAy YIIiH KOCbIMIIA in vivo 3epTTeyJsiep KaxKeT eKeHiH aTtan eTKeH [40].
ExiHliZileH, ajAre3vsi 3pUTPOLUTTEP MOJieJli apKblibl OaFasaH/bl, aJ OyJ MOJie/ib illleK
3NUTENUNIHIH HaKTbhl KYPbLJIbIMbBIH TOJIbIK OeliHesieil aiMaiabl. COHbIMEH KaTap, 3epTTeye
ITaMMJAp/iblH TeHeTUKaJbIK epeKlleaikTepi, aHTUOUOTUKTepre Te3iMainiri xoHe
AHTUMUKPOOTBIK 6eJICEH/1i/IrT KapacTbIpPbLIMa/bl.

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol Nel(154)/ 55
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



T.C. Tacmazanbemosa, Y.3. CazbiHObIKOS

Bosiamak seprreynepze SLA, SLCxxaHe SSV uTaMMaapbIiHbIH aAre3usacobid Caco-2 Hemece HT-
29 kacyuaJblK, MOJle/IbJlepiH/ie 3epTTey, 0J1apAblH aHTUMUKPOOTBIK OeJICeH/JIIrH aHbIKTaY,
COH/lali-aK, TeHOM/bIK Kayilci3zirin 6arasiay MaHbI3bl 60Jibll Tabbl1aAbl. COHbIMEH KaTap,
NpOOHUOTHUKAJIBIK dCEPiH HAKTHI OaFasiay YIIiH )XaHyapJiblK MO/ e/bJiep/ie HeMece KJINHUKAJIBIK,
3epTTeyJep/e KOChbIMIIA 3epTTey/iep XKyprizy KaxeT. Ocbl 3epTTey HaTHXKesepi L. acidophilus
SLA mTaMMbIHBIH acKa3aH-illleK »K0JIbIHbIH, CTpecc GpaKTopJiapblHa KOFapbl Te3iMiniri meH
aJire3usybIK KabiseTi 6ap ekeHiH kepceTTi. Bys1 oHbI TaFaM eHIM/epiH/ie KoJ1JaHyFa *KapaM/,bl
nepcneKTHBa/bl IPOOUOTHUKAJIBIK LITAMM PETiH/JE KapacTblpyFa MyMKiH/iK 6epefi.

KOpBIThIHABI

3eprTey HoTuxKesepiHe cavikec L. acidophilus SLA, L. casei SLC xaHe L. bulgaricus SSV
IITaMM/APbIHbIH TPOOHUOTHUKAJBIK KACHETTePi caibICThIpMaJibl TypAe 3epTTei. L.acidophilus
SLA - eT Ty3hapbl MeH KbILIKbLIJAPFa KOFapbl TO3IMJIIKKe 9He XOFapbl aAre3usJbIK
6eJiceH/liliKKe e eKeHiH kepceTTi. Bys1 mTaMM illlek apKblLibl 6Ty Ke3iHje eMip Cypy »koHe
ilek anuTe/sMiiHe OeKiHy KabiseTi 60MbIHIIA €H THIMAI MPOOUOTHKAJIBIK YMITKep 6GOJIbIN
Tabbl1a/bl. L. casei SLC - opTama Te3iMAiNiK neH aAre3usiyiblK 0eJCeHAiTKTI kepceTTi, 6y
OHBIH KOCbIMIIIA KyJIbTYpa HeMece MPOOUOTUKaJIbIK KOMIIO3ULIMsJIap KypaMblH/a NaijasaHyFa
JIaubIK, ekeHiH kepceTeni. L. delbrueckii subsp. bulgaricus SSV mTaMMbl O0Fapbl KbIIIKbLI
TY3eTiH 6eJiCeHiJiriHe KapaMacTaH, CTpPecC >XafF[aiJiapblHa TO3iMAiJK MeH aJre3vusiyblK
KabisieTi 60MbIHIIA TOMEH KOPCETKIIITEP KOPCETTI.

’Kannbl anFaHza, ajiblHFaH HOTHKEJIEP CYTKbIIKbII 6aKTepUsAIapbIHbIH, MPOOUOTHUKABIK
NOTEeHLMa/bIH Oafasiay Ke3iHJe OipHelle Herisri mapaMmeTtpJiepZi (KbIIIKblJI MEH 6OTKe
TO3IM/iJiK, a/ire3usi KabisieTi )koHe KbIIIKbIJ TY3YIli 6eJIcCeH/1i/iK) KelleHAi TypAe TaJlAay/iblH
MaHbI3/IbLJIbIFbIH KOPCETTI.

3epTTeyAiH,  FbUIBIMM  MaHbI3AbLIBIFBl  CYTKbIUIKbLI  OaKTepHUSJIapbIHbIH,  9PTYpJi
IITaMM/JApPbIHbIH IPOOMOTUKAJBIK KACUETTEPIH in vitro MoJesbJep apKblibl KellleH/i baraay
HOTHXKECiHZe oJiapAblH, GU3UOJIOTUSJIBIK epeKllieaikTepi MeH (QYHKIMOHa//JbIK dJieyeTiH
aHbIKTayMeH O6alJiaHbICThL. bByJl HOTHXesjep MNPOOHOTHKAIBIK MHKPOOPTaHU3MJEP/iH,
IITAMM/BIK JeHrenaeri aublpMallblIBIKTapblH TYCIHYTe >KoHe oJlapAbl MaKCaTThl TYpAe
ipiKkTeyre FbLIBIMU HeTi3 6epepi.

3epTTeyAiH NpaKTHUKaJIbIK MaHbI3AbLIbIFb] aJIbIHFAH AepeKTepAiH, GYHKIMOHANABIK TaFaM
eHiMiepiH, MPOOHUOTHKAJIBIK OMOIpenapaTTap/ibl >koHe CTapTepJliK MaileHHeTTepAl a3ipaieyae
KOJIZJaHbLJy MYMKIiH/[iTiMEeH aHbIKTadaZbl. Atan aWTKaHja, L. acidophilus SLA 1mTamMMbl
»KOFapbl TYPAKTbLJIbIFbl MEH a/Ir€3UAJbIK KaCHETTepiHe 6aliIaHbICThl MPOOUOTHUKAJIBIK TaFaM
OHIMJIepiHiH KypaMblHa €HTi3y YVIUiH MepCleKTUBaJbl KaHAUAAT peTiHJAe KapacTbIPbLIYbI
MyMKiH. Bosamiak 3epTTeysiepze 6y LITaMMJapAblH NPOOUOTUKAJBIK dcepiH in vivo
KaFJlaiiblH/la, COHJAM-aK oJiapAblH aHTUMUKPOOTBIK OeJCeHJiNiri MeH TIeHEeTHUKaJbIK
Kayinci3/irid 3epTTey MaHbI3/4bl 60JIbIN TaObLIAAbI.

ABTOpJ/IapABIH, KOCKAH YJIeci

T.C.T. - 3epTTey TYXbIpbIMJaMachIH 33ipJiefii, 94e0u 10Jy XKYPri3fii, 3epTTey djicTeMeciH
TaHAA/Jbl, 3epTXaHaJ/IbIK >KYMBICTBl XKYprisin, HoTMxesepAl Tanpazbl. CoHbIMeH Kartap,
MaKaJlaHblH, HeTri3ri MaTiHiH ’Ka3blll, KOPbITbIHAbI 06JiMiH AaWbiHAaAbl. Y.3.C. - asbIHFaH
JlepeKTepAi eHJe/i ’KoHe KecTesiepAi JalblHAAayFa KaThIChII, MaTepyalapAbl pefaKLusiayFa
aTcanbIcThl. EKI aBTOp [ja MaKa/laHbIH, COHFbl HYCKACBhIH OKBbII, MAa3MYHBIMEH TOJIBIK, KeJlice/i
YKOHE KYMBbICTBIH FbIJILIMU HOTHKeJIepi Y1IiH 6ipAel kayanKkepIuisik ajazpl.
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KapXxbu1aHabIpy
ByJ1 3epTTey MeMJIeKeTTIiK, KOMMepPLUAIbIK HEMece KOMMEPLUAJIBIK eMeC CEKTOpJIapAarhbl
ellKaH/lal Kap>KblJIaH/bIpy areHTTIriHeH apHalbl FPAHT aJIFaH XOK.

Myaaesiep KaKThIFBICHI
ABToOpJiap OChbI 3epTTeyre OaMJAHBICTbI KApPXKbLJIbIK, KOMMEpPLUSJIbIK HeMece e3re e
My/iiesiep KaKThIFbICBIHBIH, )KOK, €KEHIH MaJliMAeni.

ITHUKAJIBIK HOpMaJiapAbl CaKTay
ABTOpsap oOpbIHAAFaH Oyl MakKajaZa aJaMAapAbl HeMece JKaHyapJsapAbl 3epTTey
00beKTisiepi peTiH/ie NaiijasiaHFaH 3epTTeyJiep KyprisijiMereH.

J9Je6ueTrTep Ti3imi

1. Zapasnik A, Sokotowska B, Bryta M. Role of lactic acid bacteria in food preservation and safety.
Foods. 2022;11(9):1283. https://doi.org/10.3390/foods11091283

2. Wang Y, Wu |, Lv M, et al. Metabolism characteristics of lactic acid bacteria and the expanding
applications in food industry. Frontiers in bioengineering and biotechnology. 2021;9:612285. https://
doi.org/10.3389 /fbioe.2021.612285

3. Mathur H, Beresford T. P, Cotter P. D. Health benefits of lactic acid bacteria (LAB) fermentates.
Nutrients. 2020;12(6):1679. https://doi.org/10.3390/nu12061679

4. Mora-Villalobos ], Montero-Zamora ], Barboza N, et al. Multi-product lactic acid bacteria
fermentations: A review. Fermentation. 2020;6(1):23. https://doi.org/10.3390/fermentation6010023

5. Raman |, Kim ], Choi K, et al. Application of lactic acid bacteria (LAB) in sustainable agriculture:
advantages and limitations. International Journal of Molecular Sciences. 2022;23(14):7784. https://doi.
org/10.3390/ijms23147784

6.AyiviR, Gyawali R, Krastanov A, et al. Lacticacid bacteria: Food safety and human health applications.
Dairy. 2020;1(3):202-232. https://doi.org/10.3390/dairy1030015

7. Kieliszek M, Pobiega K, Piwowarek K, et al. Characteristics of the proteolytic enzymes produced by
lactic acid bacteria. Molecules. 2021;26(7):1858. https://doi.org/10.3390/molecules26071858

8. Barcenilla C, Ducic M, Lopez M, et al. Application of lactic acid bacteria for the biopreservation
of meat products: A systematic review. Meat Science. 2022; 183: 108661. https://doi.org/10.1016/].
meatsci.2021.108661

9.de Souza E, de Oliveira K, de Oliveira M. Influence of lactic acid bacteria metabolites on physical and
chemical food properties. Current Opinion in Food Science. 2023; 49:100981. https://doi.org/10.1016/j.
cofs.2022.100981

10. Yang X, Hong ], Wang L, et al. Effect of lactic acid bacteria fermentation on plant-based products.
Fermentation. 2024;10(1):48. https://doi.org/10.3390 /fermentation10010048

11. Zhang H., Cai Y. Lactic Acid Bacteria: Fundamentals and Practice. Dordrecht: Springer; 2014. 335-
338 p.

12. Albuquerque-Cavalcanti de Albuquerque M.A., de Morene de LeBlanc A., LeBlanc ].G. (eds.) Lactic
Acid Bacteria: A Functional Approach. London: Routledge; 2023. 122-125 p.

13. Kim S, Lee ], Jeong Y, et al. Antioxidant activity and probiotic properties of lactic acid bacteria.
Fermentation. 2022;8(1):29. https://doi.org/10.3390/fermentation8010029

14.VougiouklakiD, Tsironi T, Tsantes A, etal. Probioticpropertiesand antioxidantactivityin vitro oflactic
acid bacteria. Microorganisms. 2023;11(5):1264. https://doi.org/10.3390/microorganisms11051264

15. Reuben R, Roy P, Sarkar S, et al. Characterization and evaluation of lactic acid bacteria from
indigenous raw milk for potential probiotic properties. Journal of dairy science. 2020;103(2):1223-
1237. https://doi.org/10.3168/jds.2019-17092

JLH. Tymunee amoindarst Eypasust yammuik yHusepcumeminiyy XABAPIIBICBL. Buo102usabiK FolabMAap cepusicol Nel(154)/ 57
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu


https://doi.org/10.3390/foods11091283
https://doi.org/10.3389/fbioe.2021.612285
https://doi.org/10.3389/fbioe.2021.612285
https://doi.org/10.3390/nu12061679
https://doi.org/10.3390/fermentation6010023
https://doi.org/10.3390/ijms23147784
https://doi.org/10.3390/ijms23147784
https://doi.org/10.3390/dairy1030015
https://doi.org/10.3390/molecules26071858
https://doi.org/10.1016/j.meatsci.2021.108661
https://doi.org/10.1016/j.meatsci.2021.108661
https://doi.org/10.1016/j.cofs.2022.100981
https://doi.org/10.1016/j.cofs.2022.100981
https://doi.org/10.3390/fermentation10010048
https://doi.org/10.3390/fermentation8010029
https://doi.org/10.3390/microorganisms11051264
https://doi.org/10.3168/jds.2019-17092

T.C. Tacmazanbemosa, Y.3. CazbiHObIKOS

16. Jeong Y, Kim H, Lee ], et al. The antioxidant, anti-diabetic, and anti-adipogenesis potential and
probiotic properties of lactic acid bacteria isolated from human and fermented foods. Fermentation.
2021;7(3):123. https://doi.org/10.3390/fermentation7030123

17. Pachla A, Ptaszynska A, Wicha M, et al. Insight into probiotic properties of lactic acid bacterial
endosymbionts of Apis mellifera L. derived from the Polish apiary. Saudi Journal of Biological Sciences.
2021;28(3):1890-1899. https://doi.org/10.1016/].sjbs.2020.12.040

18. Bryukhanov A, Klimko A, Netrusov A. Antioxidant properties of lactic acid bacteria. Microbiology.
2022;91(5):463-478. https://doi.org/10.1134/S0026261722601439

19.Klimko A, Cherdyntseva T, Brioukhanov A, et al. In vitro evaluation of probiotic potential of selected
lactic acid bacteria strains. Probiotics and antimicrobial proteins. 2020;12(3):1139-1148. https://doi.
org/10.1007/s12602-019-09599-6

20. Montet D., Ray R.C., Paramithiotis S. (eds.) Lactic Acid Bacteria as Cell Factories: Synthetic Biology
and Metabolic Engineering. Amsterdam: 2020. 32-41 p.

21.WangH, Li L. Comprehensive evaluation of probiotic property, hypoglycemic ability and antioxidant
activity of lactic acid bacteria. Foods. 2022; 11(9): 1363. https://doi.org/10.3390/foods11091363

22. Lin |, Xiong T, Peng Z, et al. Novel lactic acid bacteria with anti-hyperuricemia ability: Screening
and in vitro probiotic characteristics. Food Bioscience. 2022; 49: 101840. https://doi.org/10.1016/j.
fbio.2022.101840

23. Terzi¢-Vidojevic A, Veljovi¢ K, Tolinacki M, et al. Diversity of non-starter lactic acid bacteria in
autochthonous dairy products from Western Balkan Countries-technological and probiotic properties.
Food Research International. 2020; 136: 109494. https://doi.org/10.1016/j.foodres.2020.109494

24. Szutowska J. Functional properties of lactic acid bacteria in fermented fruit and vegetable juices: A
systematic literature review. European Food Research and Technology. 2020; 246(3): 357-372. https://
doi.org/10.1007/s00217-019-03425-7

25. Saboori B, Shahidi F Hedayati S, et al. Investigating the probiotic properties and antimicrobial
activity of lactic acid bacteria isolated from an Iranian fermented dairy product, kashk. Foods. 2022;
11(23): 3904. https://doi.org/10.3390/foods11233904

26. Ahire ], Jakkamsetty C, Kashikar M, et al. In vitro evaluation of probiotic properties of Lactobacillus
plantarum UBLP40 isolated from traditional indigenous fermented food. Probiotics and antimicrobial
proteins. 2021; 13(5): 1413-1424. https://doi.org/10.1007/s12602-021-09775-7

27.Nath S, Sikidar ], Roy M, et al. In vitro screening of probiotic properties of Lactobacillus plantarum
isolated from fermented milk product. Food Quality and Safety. 2020; 4(4): 213-223. https://doi.
org/10.1093/fgsafe/fyaa026

28. Kanauchi, M. Lactic Acid Bacteria: Methods and Protocols. Springer; 2019. 125-128 p.

29. Meena K, Taneja N, Jain D, et al. In vitro assessment of probiotic and technological properties
of lactic acid bacteria isolated from indigenously fermented cereal-based food products. Fermentation.
2022; 8(10): 529. https://doi.org/10.3390/fermentation8100529

30. Rai R, Tamang J. P. In vitro and genetic screening of probiotic properties of lactic acid bacteria
isolated from naturally fermented cow-milk and yak-milk products of Sikkim, India. World Journal of
Microbiology and Biotechnology. 2022; 38(2): 25. https://doi.org/10.1007/s11274-021-03215-

31. Turner KW, Shahani KM. Determination of acidity in dairy cultures by the Turner method. Journal
of Dairy Science. 1974;57(6):716-720.

32. bpunuc BY, bpunene TA, Jlenunep XII, Jlennnep AA. MeToauKa U3y4eHUs aZire3UBHBIX CBOMCTB
MUKpPOOPraHu3MoB. JlabopaTopHoe feso. 1986;4:210-212.

33.Charteris WP, Kelly PM, Morelli L, CollinsJK. Developmentand application of an in vitro methodology
to determine the transit tolerance of potentially probiotic Lactobacillus and Bifidobacterium species in
the upper human gastrointestinal tract. Journal of Applied Microbiology. 1998;84:759-768

34. Begley M, Hill C, Gahan CGM. Bile salt hydrolase activity in probiotics. Applied and Environmental
Microbiology. 2006;72(3):1729-1738. https://doi.org/10.1128/AEM.72.3.1729-1738.2006

58 Nel(154)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usiblK FblablMOap cepusicbl
2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunesa. Cepust 6uoso2uveckue HayKu


https://doi.org/10.3390/fermentation7030123
https://doi.org/10.1016/j.sjbs.2020.12.040
https://doi.org/10.1134/S0026261722601439
https://doi.org/10.1007/s12602-019-09599-6
https://doi.org/10.1007/s12602-019-09599-6
https://doi.org/10.3390/foods11091363
https://doi.org/10.1016/j.fbio.2022.101840
https://doi.org/10.1016/j.fbio.2022.101840
https://doi.org/10.1016/j.foodres.2020.109494
https://doi.org/10.1007/s00217-019-03425-7
https://doi.org/10.1007/s00217-019-03425-7
https://doi.org/10.3390/foods11233904
https://doi.org/10.1007/s12602-021-09775-7
https://doi.org/10.1093/fqsafe/fyaa026
https://doi.org/10.1093/fqsafe/fyaa026
https://doi.org/10.3390/fermentation8100529
https://doi.org/10.1007/s11274-021-03215-y
https://doi.org/10.1128/AEM.72.3.1729-1738.2006

CymKblwKbL10b1 6akmepusiiapdbly NPoOOUOMUKAIbIK d/1eyemiH 6araaay

35. Jacobsen CN, Rosenfeldt Nielsen V, et al. Screening of probiotic activities of forty-seven strains
of Lactobacillus spp. by in vitro techniques and evaluation of the colonization ability of five selected
strains in humans. Applied and Environmental Microbiology. 1999;65(11):4949-4956. https://doi.
org/10.1128/AEM.65.11.4949-4956.1999

36. Ayyash MM, Abdalla AK, AlKalbani NS, et al. Invited review: Characterization of new probiotics
from dairy and nondairy products—Insights into acid tolerance, bile metabolism and tolerance, and
adhesion capability. Journal of Dairy Science. 2021;104(8):8363-8379. https://doi.org/10.3168
jds.2021-20398

37. Pan X, Chen F, Wu T, Tang H, Zhao Z. The acid, bile tolerance and antimicrobial property
of Lactobacillus acidophilus NIT. Food Control. 2009;20(6):598-602. https://doi.org/10.1016/].
fi nt.2008.08.019

39. Tuomola EM, Salminen SJ. Adhesion of some probiotic and dairy Lactobacillus strains to Caco-2
cell cultures. International Journal of Food Microbiology. 1998;41(1):45-51. https://doi.org/10.1016/
S0168-1605(98)00033-6

40. Ouwehand AC, Salminen S. In vitro adhesion assays for probiotics and their in vivo
relevance: a review. Microbial Ecology in Health and Disease. 2000;15(4):175-184. https://doi.

rg/10.1 1 1001

OuneHka l'lpOﬁPIOTPI‘lECKOI‘O NOoTEeHIHa/JIa MOJIOYHOKHMC/IBIX 6aKTepni71

T.C. Tacmaran6eroBa*?!, ¥.3. CareIHAbIKOB?
L2Egpasutickutl HayuoHa/bHblll yHusepcumem umenu JI.H. I'ymunesa, AcmaHa, Kazaxcmax

AnHoTanus. CeroiH TPOGUOTHYECKHE MUKPOOPTAaHHU3MbI, B TOM YU CJIE MOJIOYHOKHUC/IbIE GAKTEPUH,
Ipyuo6peTaloT Bce GoJibliiee 3HaUeHKe B MUILEBON IPOMBILLJIEHHOCTH U 6M0TexHO0TUU. OHU UrpaloT
BOXKHYI0 poJib B GOPMHUPOBAHUM MHUKPOQJIOPHI KEJYAOUHO-KUIIEYHOT0 TPAKTa, MOAABJSIOT POCT
NAaTOreHHbIX MHUKPOOPraHU3MOB, Y/IYYIIAT YCBOEHHWE NUTATeJbHbIX BELIECTB U CIOCOGCTBYIOT
0011eMy 3JJ0pOBbI0 OTpebuTeNel. IOPeKTUBHBINA 0TOOP NPOOUOTUYECKHX IIITAMMOB OCHOBAH Ha UX
GU3HO0JIOrNYEeCKON CTaOUJIBHOCTH (KUCIOTHI U COJIM JKEJTYHBIX KHUCJIOT), 3ATE3MOHHON CIIOCOGHOCTH U
TEXHOJIOTUYECKUX CBOWCTBAX. B CBS3W € 3TUM KOMILJIEKCHAS OIleHKA MPOOGUOTUYECKOTO MOTeHI[Mana
MOJIOUHOKHUCJIBIX OaKTEPUU SIBJSETCS BAXKHBIM LIAaroM B Bbl6Ope NEPCHEeKTUBHBIX IUTAMMOB [Js
BKJIIOYEHHS B MULIEBble NPOAYKTHI. B 3TOM HcciiefoBaHUU Hcnosib3oBanuch Lactobacillus acidophilus
SLA, Lacticaseibacillus casei SLC u Lactobacillus delbrueckii subsp. bulgaricus SSV (nasnee Lactobacillus
- L). OcHOBHBIE MPOGUOTHYECKHE CBOMCTBA IITAMMOB GbLJIM BCECTOPOHHE OIleHeHHI in vitro. B xoje
ucciaefoBaHus MeTofoM TepHepa ompejeseHa KHCJI0TO0Opasywlasi aKTUBHOCTb W MPOBeEHbI
TECThl Ha YCTOMYMBOCTDb K KUCJIOTaM U COJISIM KEJYHOTO My3bIpd JJisl MOJIeJTMPOBAHUS KeJTyA04YHO-
KHUIIEYHbIX COCTOSIHUN. COCOGHOCTh aJire3vu K 3PUTPOLUTAM OLleHHWBaJjJach Mo MeToay Bpwuiuca.
CoryiacHO moJiy4eHHBIM pe3ysbTaTaM, mtamMM L. acidophilus SLA o6s1ajaeT BbICOKOUM YyCTONYHUBOCTBIO
K KHMCJIOTaM U COJISIM KeJT9u (3ku3Hecnoco6HocTh npu pH 2,0 — 82,4 %, xu3Hecnoco6HocTb pu 0,5%
- 90,4 %) u nokasan BbicOKUH ypoBeHb aaresuu (OAK = 4,3). Xora wrtamm L. casei SLC obsagaer
cpeAHel yCTOMYMBOCTBIO U iT€3MOHHOM CIIOCOOGHOCTHIO0, TaMM L. bulgaricus SSV o61aian Beicoko
KUCJI0TO06pasywlleld akTUBHOCThIO (124°T), HO HU3KON YCTOMUYUBOCTBIO K CTPECCOBBIM paKTOpaM U
ajaresuu. B nesom, JaHHbIe OKa3aJiy, YTO IPHU KOMILJIEKCHON OIleHKe MPOOUOTHYECKOr0 TOTEHIHAA
MOJIOUHOKHUCJIBIX GaKTepUl HeoOGXOJMMO YYUTHIBATh TaKHe BaKHble KPUTEPHH, KaK CTaOUJIbHOCTb
W aJire3usl KUCJIOT M KeJUHBIX coJied. Pe3yabTaThl Mcc/ie/JOBaHUS MO3BOJISAIOT OLUEHUTh ITaMM L.
acidophilus SLA kak MHOTOOGe€IAI0IEro KaHAU/aTa JJis UCII0JIb30BaHUS B MUIIEBbIX MPOAYKTAX.

KiiroueBble cjJ0Ba: MOJIOYHOKHC/ble 6akTepud, Lactobacillus, nmpobuoTuyeckuid MmoTeHIHaJI,
YCTOUYHUBOCTD K KUCJOTE, }KeJYHbIe COJY, aare3usi, meto/ TepHepa
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Assessment of the probiotic potential of lactic acid bacteria

T.S. Tasmaganbetova*!, U.Z. Sagyndykov?
L2],N. Gumilyov Eurasian National University, Astana, Kazakhstan

Abstract. Today, probiotic microorganisms, including lactic acid bacteria, are becoming increasingly
important in the food industry and biotechnology. They play an important role in the formation of the
microflora of the gastrointestinal tract, inhibit the growth of pathogenic microorganisms, improve
the absorption of nutrients, and contribute to the overall health of consumers. Effective selection of
probiotic strains is based on their physiological stability (acids and salts of bile acids), adhesive ability,
and technological properties. In this regard, a comprehensive assessment of the probiotic potential of
lactic acid bacteria is an important step in selecting promising strains for inclusion in food products. In
this study, Lactobacillus acidophilus SLA, Lacticaseibacillus casei SLC »xaHe Lactobacillus delbrueckii
subsp. bulgaricus SSV (hereinafter Lactobacillus - L) were used. The main probiotic properties of the
strains were comprehensively evaluated in vitro. During the study, the Turner method revealed the
activity of acid formation and conducted tests for resistance to acids and salts of the gallbladder to
simulate gastrointestinal conditions. The ability of adhesion to erythrocytes was evaluated using the
Brilis method. According to the results obtained, the L. acidophilus SLA strain is highly resistant to acids
and bile salts (viability at pH 2.0 - 82.4%, viability at 0.5% - 90.4%) and showed a high level of adhesion
(UAC = 4.3). Although the L. casei SLC strain has medium resistance and adhesion, the L. bulgaricus
SSV strain had high acid-forming activity (124 °T), but low resistance to stress factors and adhesion. In
general, the data showed that in a comprehensive assessment of the probiotic potential of lactic acid
bacteria, it is necessary to take into account such important criteria as stability and adhesion of acids
and bile salts. The results of the study allow us to evaluate the L. acidophilus SLA strain as a promising
candidate for introduction into food.

Keywords: lactic acid bacteria, Lactobacillus, probiotic potential, acid resistance, bile salts, adhesion,
Turner method
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AHHOTauMsa. B npexacraBieHHONW paboTe McCle0BAaHO BJMUSHUE KJIKOYEBbIX
3KO0JIOTUYEeCKUX (PaKTOPOB, BKIKYAKUIMX TeMIIepaTypy BO/bl, KOHIIEHTPALUIO
aMMHaKa M YpPOBEHb PAaCTBOPEHHOTO KUCI0POAA, HA UMMYHHBIM CTAaTyC Kapna
(Cyprinus carpio) v ero BOCIPUUMYHUBOCTb K 6aKTepHUaIbHBIM U Mapa3uTapHbIM
3abosieBaHUAM. M cciiejoBaHMEe OCHOBAHO Ha 9KCIIEPUMEHTAJIbHOM MOJIeJINPO-
BaHUH YCJOBUU aKBaKy/IbTypbl C BADbUPOBaHMEM NIapaMeTPOB Cpe/ibl U IocJie-
AyIollled OLleHKOW MMMYHOJIOTHUYEeCKUX NOoKa3aTesel, TAaKUX KaK aKTUBHOCTD
JIU301|MMa, CoJiepKaHMe HWMMYHOIVIOOYJIMHOB, ¢aronuTapHasl aKTHUBHOCTH
HeUTpPO(dUJIOB, aKTUBHOCTb KOMILJIEMEHTA U ypOBeHb KopTHU3o0Jia. [IpoBesén-
Has oleHKa QU3NKO-XUMHUUYECKHX XapaKTePUCTUK BOJbl I03BOJIN/IA MOATBEP-
JUTb CTaOMJIBHOCTb YCJOBUM IKCIEPUMEHTA W BbIJEJUTH BJIHWSHHE UMEHHO
M3y4yaeMbIX CTpeccopoB. Pe3ysibTaThl OKa3ay, YTO MOBBILIEHUE TeMIlepaTy-
pbl A0 30°C, yBesiMueHHEe KOHILlEHTpalUKM aMMUaka o 1,0 Mr/ji u CHUXKeHue
YPOBHS paCTBOPEHHOT0 KMCJI0poJa 10 3 MI'/J1 IPUBOAAT K BbIpa)KeHHOMY CHHU-
YKEHHWI0 UMMYHOJIOTUYECKUX peaKLMi U 3HAaYUTEJbHOMY YBeJMYEHHUIO Mopa-
kéHHoCTU Aeromonas hydrophila u Dactylogyrus spp. HauboJiee cyimecTBeHHbIe
HapylleHWs1 UMMYHHOTO CTaTyca HabJII0AAJUCh IPU F'MIOKCUYECKUX YCJIOBU-
SIX, CONIPOBOXK/1aBIIMXCS NOBBILIEHHBIM YPOBHEM KOPTHU30J/1a U MaKCUMaIbHOU
MHTEHCUBHOCTbI0 MH(EKLMOHHOI0 Mpouecca. JTU JaHHble CBU/ETEJbCTBY-
I0T O Beyllel pOoJIM KUCJIOPOJHOTO pexxnuMa B QOPMUPOBAHUU YCTOUYMBOCTH
Kapla K IaToreHaM M MoJ4E€pKUBAOT HEOOXOJUMOCTb ONNTUMU3ALMU KOHTPO-
JIl Ka4ecTBa BOJbl B CHCTeMax NMPECHOBOJHOMN akKBaKyJabTyphl. [losydyeHHBIe
pe3y/abTaThl N03BOJISAIT CYOPMYIUPOBAThL BBIBOJ, O TOM, UYTO 3KOJOTUYECKUE
CTPEeCCOpHI CyLeCTBEHHO MOBBIIIAIT BOCIPUUMYHUBOCTDb Kapa K UHPEeKIMOH-
HbIM 3200/1EBaHUSIM U JOJKHbI pACCMaTPUBATBHCA KaK KDUTHUECKUU QaKTOp B
paKTU4eCKOM PbIOOBO/CTBE.

KiroueBsle cj10Ba: KaprnoBble pblObl, UIMMYHHBIN CTATYC, 9KOJI0THYECKUE PaK-
TOPBI, aMMHUAK, TUIIOKCHUS, TEMIIEpaTypa BOAbl, BOCIPUUMUYUBOCTD K 3ab60JieBa-
HUAM
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BBeaeHue

KapnoBnsie pbiObl (ceMelicTBo Cyprinidae) siBASIIOTCS OAHOW K3 HauboJiee LiEHHBIX I'PYI
rMJJpOOMOHTOB B INPECHOBOJHOM aKBaKy/bType. Bbicokas 3KoJioruyeckasi MJIaCTUYHOCTD,
TEMIIbl POCTA U YCTOMYMBOCTD K YCJIOBUSIM COJIEPKAHUSA [1e/1al0T UX 00'bEKTOM HHTEHCUBHOTO
pbi6oBo/cTBA. [Ipy 3TOM coBpeMeHHble MeTO/bl BbIpallMBaHUs OTJUYAKTCH BbICOKOU
IJIOTHOCTBID NOCAJKH, UYTO YBEJUYUBAET YYBCTBUTEJbHOCTb pPbl6 K 3KOJOTHYECKUM
cTpeccopaM U MHQEKIIMOHHBIM 3a00/1€BaHUSIM.

BiusiHue paKkTOpOB OKpy:Karolel cpeibl HA UMMYHHBIN CTAaTyC KapNOBbIX PbIO U3y4yaeTcs
Ha NPOTSHXKEHUU MOC/Ie[JHUX AeCATUIeTU. B paHHUX UCcleJ0BaHUSAX ObLJIO YCTAHOBJIEHO, UTO
TeMIlepaTypHble KoJle6aHUs CIOCOOHBI U3MEHSATbh aKTUBHOCTb HecnenupUyeCcKux 3aljUTHbIX
peakuuil y Kapna, IpUuBO/sl K YTHETEHUIO JIM30LUMHON U paroyuTapHoi akTUBHOCTH [1-4].
[TosgHee A.L. Smith et al. [5] npogeMoHCTpUpOBaiv BbipaXKeHHOE CHIKeHUE (arondTapHou
AKTUBHOCTU TMpPU THUIOKCUYECKHUX YCJOBUSX W IMOBBIIIEHUE JIETAJbHOCTH PbI6 MO
BO3/elcTBUEM Aeromonas spp.

Tokcruyeckoe BJIMSIHME a30TUCTbIX COeJMHEHUH, Mpex/Je BCero aMMHaKa, TaKxke
MHOTOKpaTHO MOJATBEPX/AEHO 3KclepuMeHTalbHO. CoracHo faHHbIM H. B. KoBasiéBoit [6],
KOHIIeHTpallMM aMMuaka Bbllle 0,7 Mr/J BbI3bIBAlOT HapylleHUe OapbepHbIX (QYHKLHUU
3MUTENUs], AeCTPYKLHUIO UMMYHOKOMIETEHTHBIX KJIETOK M MOBbIIIEHHE BOCOIPUMMYUBOCTH
K OakTepuasbHbIM HHPekuusaMm. HcciepnoBanHus mnociaenaHux JieT [7-10] noauépkuBaroT
3HAYUMOCTb KOMIIJIEKCHOT'O BO3/I€MCTBHS CTPECCOPOB, KOTOPOE MPUBOAUT K BbIPA)KEHHOMY
CHIKeHUI0 3P PEeKTUBHOCTHU BPOXKJAEHHOTO HIMMYHHUTETA.

HecMoTpss Ha OOIIMPHOCTb MCCA€OBAaHUMN, BJIMSIHME COYETAHUS TeMIlepaTyphl,
KMCJIOPOJIHOTO peXMMa U KOHI|eHTpalMil aMMHUaKa Ha UMMYHHBIH CTaTyC KapHOBbIX PbI6 U UX
BOCIIPUMMYUBOCTb K MHPEKIIMOHHBIM areHTaM 0CTaéTCsl HeJ0OCTaTOYHO U3yYEHHBIM.

Llesibto HacTosilled pabOThl SABJSAJOCH IpPOBeJleHHEe KOMIIJIEKCHON OLIEHKU BJIMSIHUSA
KJI0YEBbIX 3KOJIOTMYECKHUX [TapaMeTpPOB Ha UMMYHOJIOTUYECKHe NToOKa3aTeau Kapna (Cyprinus
carpio) v onpezieJieHHe UX POJId B MOBBIIIEHUH BOCIPUUMYUBOCTH pblb K 6aKTepHUaIbHbIM U
napasuTapHbIM UHPEKIUSM.

MaTepPlaJIbI M MeTOoAbl UCC/IEA0OBAHUA

HcciegoBaHre MpoOBOAMJIOCH HAa MOJIOAU Kapla cpeJHell Maccoil 352 1, BbIpallleHHOH B
yCJIOBUAX J1JabopaTOPHOW akBacucTeMbl. [lepes Hauya/loM 3KCEpUMEHTA PbIObI MPOXOUIN
JIByXHe/leJIbHYI0 aJlanTalyi. JKCIepUMeHTa/lbHas 4acTh BKJOYasa pasjiesieHue ocobei
Ha 10 rpynn c BappbUpOBaHMEM TeMIlepaTypbl BOJbl, KOHIEHTPAallMM aMMHaKa U YPOBHA
pacTBOpEHHOrO0 Kucaopoaa. TemnepatypHble pexxuMbl cocTaBisaau 18, 24 u 30°C; cogepxkaHue
aMMMaKa nozajepxkuBasoch Ha ypoBHsAX 0,1, 0,5 u 1,0 mr/ni; comepkaHvue PacTBOPEHHOIrO
Kkucjaoposa - 3, 5 1 8 mr/a1. YeaoBusa rpynnsl 24°C, 0,1 Mr/a1 aMmMuaka u 5-6 Mr/j kucaoposa
NPUHUMAJIMCh 32 KOHTPOJIbHBIE.

OnpeneneHve MMMYyHOJIOTUYECKUX IIOKa3aTesJed BKJ/OYaJI0 OLEHKYy aKTHUBHOCTH
JIN3011MMa ChbIBOPOTKHM KpoBU no MeTojuke R. Parry [11] B Mmogudukanuu A.A. CMUpHOBa
[12], copepraHue 061X UMMYHOIVIOOYJIMHOB 110 MeToAy Lowry, dparonutapHyo akTUBHOCTb
HeUTpOoPUJIOB METOJOM JIATEKCHbIX YaCTHIl, AKTUBHOCTb CHUCTEMbl KOMIJIEMEHTA IO
CTaHJapTHOMY remosiutTuyeckoMy Tecty CH50, a Tak>ke KOHLeHTpaL U0 KOPTU30J1a METO/,0M
MMMYHOpEpMEHTHOTO aHa/IU3a.
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1T OLleHKM BOCIPUMMYMBOCTH DPbI6 HCIOJIb30BAJIUCh TeCT-UHPEKIHUU KyJIbTypaMu
Aeromonas hydrophila v 3apaxkenue napasutom Dactylogyrus spp. UHTeHCUBHOCTb NOpaXKeHUs
onpejesisaach Ha 7-e U 14-e CyTKU 110 O6LIeNPUHATHIM BeTEPUHAPHbIM LIKaJIaM.

CraTucThyeckasd 06pabOTKa [AAaHHBIX BBINOJIHAJACh C MCHOJb30BaHUMEM NPOrpPaMMBbI
Statistica 13. IlpoBepka HOpPMaJILHOCTH paclpefeJeHus NpPOBOAUJIACH [0 MeTOAY
KosimoropoBa-CMupHoBa. J[Jis1 o1jleHKM 3HAYUMOCTHU Pa3JIMYU i UCIT0JIb30BaJIM OJJHOPAKTOPHbIHN
AucnepcuoHHbl aHanu3 (ANOVA) c nocienywomyM TecToM ThlOKM. 3HQUMMBIMU CYUTAJIUCH
pasanyus npu p < 0,05.

Pe3ynbTaThl

Bxoze skcnepuMeHTa yCTaHOBJIEHO, YTO U3MEeHEeHHE OCHOBHBIX 3KOJIOTMYECKHX TapaMeTpPOB
OKa3blBaeT 3HAYMMOe BJIMSHUE Ha UMMYHOJIOTHYECKHEe MOKa3aTeJNU Kapla, a TakXke Ha UX
006111y10 GU3UO0JOTUYECKYI0 PEAKTUBHOCTb. /[lJ1s1 06ecnieyeHrs1 KOPPEKTHOCTU UHTepIpeTalnuu
NOJIyYEHHBIX JAHHBIX Ha MIEPBOM 3Tale UCCAeA0BaHUs OblIa NPOBeAeHA JleTa/IM3UpPOBaHHAs
olleHKa (PU3UKO-XUMHUYECKUX XapaKTEPUCTUK BOJABI BO BCEX IKCIEPUMEHTANBHBIX TPyIIax
(Tabnuua 1). Takod noaxoxd MO3BOJIU HCKIIOYUTH BO3/EMCTBUE HEKOHTPOJHUPYEMBIX
CONMYTCTBYWOIIMX (GAKTOPOB U MOATBEPAUTH CTAOUJIBHOCTH YCJIOBUH COJEpKaHUS, 3a
HCKJIIDYeHHEeM TeX IMapaMeTpoB, KOTOPble BapbHPOBAJMCh lieJieHanpaBeHHo. Ocoboe
BHHUMaHHE YeJsJIOCh MOKa3aTesJsIM KUCJIOTHOCTH, XECTKOCTH M COJlepPKaHHUI0 a30THUCTBIX
CoeJUHEHUH, TMOCKOJIbKY M3BEeCTHA HX YYBCTBUTEJbHOCTb K OGMOJIOTHYECKHMM IMpolieccaM B
aKBaKYJIbType ¥ NOTeHIIMa/IbHOEe BJAUsIHUE HA GU3NO0JIOTHYECKOE COCTOSIHHE PhIO.

Ta6una 1
PU3UKO-XUMHUYECKHeEe ITapaMeTphl BOAbI B 9KCIepUMEHTA/IbHBIX Irpynnax
IlokasaTeb KoHTpoJib 30°C Ammuak 1,0 mMr/a 0, =3 mMr/a
pH 7,4+0,1 7,320,1 7,5+0,1 7,4+0,1
0611as )KECTKOCTD, 8,2+0,4 8,3%0,3 8,1+0,4 8,2+0,5
°dH
HuTtputsl, Mr/a 0,020,001 0,03+0,002 0,04+0,002 0,02+0,001

HpI/IMe‘{aHI/IE! COCTaBJIEHO Ha OCHOBAHHWH JdHHBIX dBTOpPa

AHanv3 npejACTaBJEeHHbIX [JaHHbIX CBU/IETEJbCTBYET O MHUHUMAaJbHBIX KOJIeOaHUAX
KHCJIOTHOCTH U KECTKOCTH BO BCEX BApPUAHTAX OIBITA, YTO NMOATBEpPXKAaeT OLHOPOLHOCTb
yCJ0BUU cpenbl. He3HauuTesbHOe NOBBIIIEHWE KOHLLEHTPALlMM HUTPUTOB B TIpyIlne C
aMMHaKOM 3aKOHOMEPHO CBA3aHO € UHTeHCUPUKaLKel NPoLecCOB HUTPUPUKALIUY, OLHAKO
3TU U3MEHEHUS He JJOCTUTa/IM YPOBHEMH, CIOCOOHBIX BbI3BaTh CAMOCTOSATE/IbHOE BO3/leCTBUE
Ha MMMYHHBIH CTaTyC pbl0. TaKMM 06pa3oM, 3apUKCUpPOBaHHbIE PA3JIU4YU UMMYHOJIOTUY€eCKHUX
NoKa3aTeJieH B Ja/IbHel1IeM c1elyeT pacCMAaTPpUBATh KaK IPsAMoe CJ1eICTBUE TeMIIepaTypPHOIo
BO3/IeMCTBHSA, aMMHUA4YHOM HAarpy3KH UJIM TMIIOKCUH, YTO U ABJIAJIOCh 3ala4el UCCIeJOBaHUA.

[IpoBeiéHHbIE MMMYHOJIOTUYECKHE TeCTbl IOKa3aJld, YTO 3IKOJOTHYECKUE CTPecCOpbI
3HAQUUTEJIbHO BJIMAIOT HAa aKTUBHOCTb KaK TyMOpAJIbHOTO, TaK M KJIETOYHOI'O 3BEHbEB
uMMyHUTeTa. [loBbilieHne TemnepaTtypsbl 10 30°C, yBesiMieHUe KOHLIEHTpALMM aMMHUaKa /0
1,0 Mr//1 1 cCHMXKeHUe YPOBHS PaCTBOPEHHOTr0O KMCJI0POJa 10 3 MT'/J1 BbI3bIBAJIM BIpaXKEHHOE
CHUKeHWEe UHTEHCUBHOCTM UMMYHHBIX peaklUh. ITO OTPaKaJloCb Ha CHWXKEHUU YPOBHeH
JIN3011MMa, UMMYHOIJVIOOYJIMHOB ¥ QaroyUTapHON aKTUBHOCTH, UTO XapaKTepHO JJif CTpecc-
MHAYLIIUPOBAaHHOM HMMYyHOCyTnpeccuu y pbi6 (Tabauuna 2).
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Ta6una 2
I/IMMYHOJIOI‘I/I‘IECKPIG MNOKa3aTeJ/IU Kapia
no/j, BOSAGﬁCTBl/IeM JKOJIOTHYIECKHUX CTpeCcCopoB
Iloka3zare/b KoHTpoJib 30°C AmMmuak 1,0 mr/an| 0, =3 mr/a

JIu3011UM, MKT/MJI 38,2+1,5 29,1+1,2 27,4+1,3 24,8+1,1
WUMMyHOI/I0OYIUHBI, MT /M 12,6+0,8 9,3+0,7 8,7+0,6 7,9+0,5
QdarouuTapHas akTUBHOCTb, % | 61,4+2,1 48,2+1,9 46,7+£2,0 42,5+1,8

AK xommiiemenTa, CH50 112+5 89+4 86+3 74+4
KopTu3zou, Hr /M 3243 47+4 51+3 58+4

HpI/IMe‘{aHI/Ie: COCTaBJIEHO HA OCHOBAHHWH AJAHHbIX aBTOPAa

[lonyyeHHble JJaHHble YyKa3bIBAlOT Ha BbIPpAXXEHHOE yrHeTeHUe HecneludUuiecKoro
MMMyHUTeTa. Haubosiee cyljecCTBEHHO CHWXasach ¢aronydTapHasgd aKTHUBHOCTb W
aKTHUBHOCTb KOMILJIEMEHTA B YCJOBUSX FMIIOKCHH, YTO COTJIACYeTCs C JaHHBIMU JIMTEPATYPHI,
CBUJETEJNbCTBYOIIUMU O KJIWOYEBOM pOJIM KUCJOPOAHOrO obecrnedyeHUsi TKaHed B
GYHKIMOHUPOBAHUHU KJIETOK UMMYHHOM CHCTEMBI.

PocT KOHIeHTpalUd KOPTHU30JiIa BO BCEX IKCIIEePUMEHTAJNbHBIX I'PYINaxX MOATBEpPXKAaeT
pa3BUTHE CUCTEMHOTO CTPECCOBOTO OTBETA, 4YTO SBJSETCS TUIHWYHBIM MPOSIBJIEHUEM
aIalITUBHOM peaKlMU KapmnoBbIX pbIO NpPU BO3AEWCTBUM MOBpEXJamUX (aKTOPOB
OKpy»Karolei cpe/ibl. B yC/0BHSX NMOBbIIIEHHON TeMIEPATypbl U aMMHUAYHOT'0 3arpsi3HEHUS
TaK>Ke HabJ110/]a/10Ch JJOCTOBEPHOE CHUXKEHHE T'yMOpaJibHbIX PAaKTOPOB, OJJHAKO HAUOOIbLINM
3¢ deKT BHOBb OTMeuasicsl NpU JePULIUTE KUCI0PO/a, YTO CBUIETENbCTBYET O IOMUHUPYIOILEM
BJIMSTHUM TUIIOKCHUH.

Oco6oe3HaYeHHE UMEIOT Pe3YJIbTAThI, OTPaKaIoL[e U3MEHEHUSI BOCIPUUMYUBOCTH Kapra K
MHQEKIMOHHBIM areHTaM. YCTaHOBJIEHO, YTO CHUXKEHHE MMMYHHOTI'0 CTaTyca COPOBOX/a10Ch
yBeJIMYEHUEM YACTOThl U UHTEHCUBHOCTH 3apaXKeHUsI 6aKTepHUaJbHbIMU U NMapa3suTapHbIMU
naToreHaMu. B yacTHOCTH, oTMeyeHO ycusieHue nopaxeHuss Aeromonas hydrophila, a Takxe
POCT YMCJEHHOCTH NMapa3uToB poAa Dactylogyrus, 4To yKka3blBaeT Ha CHUXKeHUEe OapbepHBIX
byHkuui opranusMma (Tabauna 3).

Ta6smna 3
WHTEHCUBHOCTb NOpakeHWs1 ”THPEeKIMOHHBIMY areHTaMH Ha 14-e CyTKM 3KcneprMMeHTa
I'pynna Aeromonas hydrophila, 6anibl Dactylogyrus spp., napa3uToB/0co6b
KoHTpoJib 1,2+0,1 4,1+0,3
30°C 2,6+0,2 7,4+0,5
Avmuak 1,0 mr/n | 3,11+0,3 8,6+0,4
0,=3wmr/n 3,8+0,3 10,2+0,7

HpI/IMe‘laHI/Ie: COCTaBJIEHO HA OCHOBAHHWH AJAHHbIX dBTOpPAa

Haubosiee BbICOKMe NOKa3aTeJ U NOPaXKeHUsl 3apeTUCTPUPOBAHbI y PbIO, COZepKalUXCS B
YCJIOBUSAX TUIIOKCUH, UTO IOJYEPKUBAET BEYILYI0 POJIb KUCJOPOAHOrO0 AepUITA B CHUXKEHU U
YCTOMYMBOCTHU OpraHrU3Ma. YcuieHre 6aKkTeprualbHON Harpy3KHu PU YMeHbIIEHUM aKTUBHOCTH
JIN30LMMa U KOMIJIEMEHTA OTpaXkaeT HapylleHHe MexXxaHHM3MOB HeclelupUuecKor 3alUThI.
[lapa/iesibHOe yBesiMueHHe KOJIMYeCTBa Napa3uTapHbIX OPraHU3MOB CBAA3aHO € 0C/1abJieHueM
MeCTHOI0 MMMYHHUTeTA abp, 4TO CO3JaéT 6JaronpusTHble YCJAOBUA AJis UHBA3WU. TaKUM
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06pa3oM, pe3y/abTaThl JeMOHCTPUPYIOT NMPSAMYI0 B3aUMOCBSI3b MeXAy GU3UO0JOTUYECKUMU
HapylIeHUSIMH, BbI3BAaHHBIMHU 3KOJIOTUYECKUMHU CTPECCOPAMU, U POCTOM BOCHPUMMYUBOCTH
Kapra K UHQEKIMOHHbIM areHTaM pa3/InuHON NPUPOABI.

O6cyxaeHue

TemnepaTypa BOJibl SIBJSIETCS OJAHUM W3 BaXKHEHUIUX 3JKOJOTHYECKUX (aAKTOpPOB,
BJMAOIIMX Ha BCe >XU3HEHHble MpOLecChl BOAHBIX OpraHu3MoB. Kak Xo0/104HOKpOBHOeE
»KUBOTHOE, pbl0a He CIOCOOHA CaMOCTOSITE/IbHO PEryJiMpoBaTh TeMIlepaTypy TeJia, I03TOMY
eé ¢usuosorniyeckre QyHKIIMU HANPSIMYIO 3aBUCAT OT TeEMIEepaTypbl OKPYXKawollel cpe/ibl.
Kosnie6aHus TemMmiepaTypbl BOAbI BJAXSIOT HA 0OMEH BEILECTB, POCT, AKTUBHOCTb, PA3MHOXKEHUE,
nuieBapeHue, NoTpebieHne KUCA0poJa U NoBeieHYecKue peakyuu (Tabauna 4).

TeMnepaTypa HanpsiIMyto BJUSIET HA aKTUBHOCThb PbIObI: B 6JIaroNpUsTHOM JiMalia30He OHA
IpOSIBJISIET MOBBILIEHHYIO MO BHKHOCTb, arpeCCUBHOCTb K KOPMOBBIM 06'b€KTaM, UTO BaXKHO
JJIsl XMIHOT0o oOpa3sa »u3HU. [Ipu cHukeHUH TeMnepaTypbl HUKe 10°C MeTabosiM4yeckue
NPOLECChl 3HAYUTEJIbHO 3aMeAJIA0TCA. EE aKTUBHOCTb CHUXKAETCsl, OHA IpeKpalllaeT akTUBHOE
NHUTaHUE, IPEUMYILECTBEHHO HAXOUTCS B COCTOSIHUU NOKOS HAa JIHE WJIU B 3apOC/iax. B Takux
YCA0BHUAX POCT NpeKpalllaeTcs, YTO XapaKTepPHO JJil 3UMHEro Nepuoa B eCTeCTBEHHBIX
BoJloéMax. UYpe3aMepHO HHU3KHE TeMIepaTypbl MOTYT BbI3BaTb (PU3UOJIOTHUUECKHUU CTpecC,
O0COGEHHO y MOJIOAY WJIHA 0CO6el, HaxoAAIMXCA B BOJE C HEJOCTAaTOYHBIM KOJIMYEeCTBOM
Kucaopoga [13, 14].

Tao6suna 4
BiinsiHMe TeMnepaTypbl BoAbl Ha pU3N0I0rHYECKUe MPOLECChI

Temneparypa, °C

CocTrosiHue opraHnusma /

KOMMeHTapI/II/I Mo NpaKTUIECKOMY

dusmnosioruyeckas peakuus 3HAYEeHUI0

0-4 Jletaprus, 3aMmeasieHle MeTabo/iM3Ma, | 3MMOBKA, POCT HE  IPOUCXOJHUT,
OTCYTCTBUE NMUTAHUS aKTHBHOCTb MUHHUMaJIbHA

5-9 AKTHUBaLMsl HEPeCTOBOro mnoBefeHHs, | ONTUMaJIbHBIN Avana3oH AJIS
HayaJlo HepecTa HKpPOMETaHUs

10-14 Pa3zBuTre WKpBI, BBIXOJ, JHYHUHOK, | Heo6xoamma CTabUJIbHOCTh
HU3KUH TEMI POCTa TeMIlepaTyphbl

15-17 Ha4yasio akTUBHOT'O MU TAaHHUS MOJIOU BaxkHbli Tnepuoj AJA obecrnedyeHUs

KUBbBIM KOpMOM

18-22 (onTumMyM) | MakcuManbHasi  CKOpPOCTb  pocTa, | OnTUMasbHble yCJ0BUA AJis
aKTHUBHOE MUTaHUe BbIpALMBaHUA B NIpyAax uian Y3B

23-25 YMmepeHHbIN cTpecc, cHkeHUe | TpebyeTcs KOHTPOJIb KUCJIOpPOJA U
anmneTUTa MJIOTHOCTH NMOCaJ KU

26-28 Puck TemsioBoro crpecca, rHIOKCUHA PexoMmenyeTcd aspauud

> 28 Kputuyeckoe coctosiHue, BbicOKas | OmacHble yCJI0BUSI, OCOOGEHHO B
CMEepPTHOCTD 3aMKHYTBIX CHCTEMax

HpI/IMe‘{aHI/IE! COCTaBJIEHO Ha OCHOBAHHWH JdHHBIX dBTOpPa

Temnepatypsl Boilie 24-26°C cuuTaloTcA [Jd Kapna InpeAejabHbIMU, a IPU JOCTUXKEHUHU
28-30°C BO3MOXHO pa3BUTHE TEIJIOBOrO CTpecca, HapyluleHUs NPOLEeCCOB TEPMOPETYJIAIUH,
CH>KEHHEe PacCTBOPUMOCTH KUCJIOpPO/a B BOJle, UTO NPH HEJOCTATOYHOM aspaliui IPUBOJUT K
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runokcuu. Takue yc10BUsl HEraTUBHO BJUSIOT HA POCT, allIETUT U OOLY0 CONPOTUBJISIEMOCTD
K 60J1e3HAM. BricOKHe TeMnepaTypbl 0COGEHHO OMACHBI /151 Kapla B yCJI0BHUSX UHTEHCUBHOIO
BbIpalllUBaHUs B MpyJax WJU 3aMKHYTbIX CHCTeMax, [IJle OrpaHMYeHa BO3MOXXHOCTb
TEPMOPErYJIALUHU.

TemnepaTypa Takxe omnpezesisieT CPOKM M YCIEIIHOCTb pa3sMHOXeHUsl kapna. Hepect
O0OBbIYHO NMPOUCXOJUT BECHOMW, KOrAa TeMIlepaTypa BoAbl NoAHMMaeTcsa A0 6-9°C. UMeHHO
B 3TOT Mepuoj], aKTHUBU3UPYeTCs IMoJioBasgs (QYHKLUS, CAaMKU OTKJAJbIBAlOT HKPY Ha
3aTOIJIEHHY0 PAaCTUTEJbHOCTb B NPUOPEXKHON 30He. UKPUHKU Y JIMYMHKH YYBCTBUTEbHBI
K pe3KUM KoJiebaHHSIM TeMIlepaTyphl, a TaKXKe K 3a/iep>KKe porpeBaHus BoJibl. [loBbilIeHHE
TeMIiepaTypbl BoJbl 0 14-16°C yckopsieT pa3BUTHe 3MOPHUOHOB M CIIOCOOCTBYeT 6oJiee
ObICTPOMY BbIXOAY JUUYMHOK. OfHako npu neperpeBe Bbille 18°C B mepuoj UHKyOalnuu
BO3MOXXHA r'MOeJIb 3HAYUTEJbHOU YaCTH UKPbI WU NOsiBJIeHUEe AedeKTOB pa3BuTus [15, 16].

Ha Bcex cTagusix pa3BUTHUS TeMmIlepaTypa BoOJbl OlpefeisieT NOTPeOHOCTb Kapna B
kuciaopoge. [Ipy moBbllIeHUU TeMIlepaTypbl MeTab0JM3M BO3pacTaeT, U BMeCTe C HUM
- noTtpebJieHHMe KUCJI0pOJa, B TO BPeMsS KaK €ro pacTBOPUMOCTb B BOJE YMeHbIIAeTCs.
ITO CO3[aéT PUCK BO3HUKHOBEHUS KPUTUYECKUX YCJIOBUH AJISI TUAPOOUOHTOB, OCOOEHHO
Ipy BBICOKOW 6GuoMacce JieToM. [103TOMy B TEmJbIA NMepUOJ KOHTPOJb TeMIepaTypbl U
KMCJIOPOJHOTO peXrMMa sIBJISeTCS KJAYeBbIM acClIeKTOM TEXHOJIOTMHU BbIpalllMBaHUs Kapna.

TakuMm o06pa3oM, TeMnepaTypHbIM pexuM siBjasseTc (GAKTOPOM, KOTOPBIM peryaupyeT
He TOJIbKO CKOPOCTb pOCTa M MOTpebJeHHe KOpMa, HO W omnpejessseT PpHU3UO0JOTHYECKYI0
YCTOMYMBOCTb Kapma K ApyruM pakTopaM OKpy:Karoliei cpezbl. [loHMKeHHe TeMIepaTypbl
MOXeT 3aMeJJINTb MeTab0JIM3M, CHU3UThb aKTUBHOCTb M MOJAaBUTb UMMYHHYH peaKLHUIo
OpraHu3Ma, TOI/1a KakK leperpes CocoOeH BbI3BAaTh F'MIOKCHI0, HApylLleHHe paboThl cepAedHO-
COCYAUCTOM CUCTEMBI U THbeIb MoJioau [17-19].

Peryssiius TeMnepaTypHOro pexxruMa B COYeTaHUH C APYTHMU IapaMeTPaMU — CoAepKaHueM
Kuciaopoza, pH, KoHLeHTpauued a30TUCTBIX COeJMHEHUN - obeclieuuBaeT CO3JaHHUe
CTabUJIbHOM CpeJibl, CIOCOOCTBYIOLIEN MHTEHCUBHOMY POCTY, CHUXKEHHIO YPOBHSI CTpecca U
NOBBILIEHMIO BbXKMBAEMOCTH KapIla Ha BCceX 3Talax ero oHToreHesa. BogHas cpeja saBisieTcs
»KWU3HEHHBIM IPOCTPAHCTBOM /Jisl PbIO, U €€ GU3UKO-XUMUUYECKUE XapaKTEPUCTUKH HANIPSIMYI0
BJIMSIIOT Ha OMOJIOTUYECKH e TPOLeCChl POCTa, PAa3BUTHSA, BBDKMBA€MOCTH U 0611LeT0 COCTOSHUSA
opranusaMa. OCHOBHBIMHU COCTABJISIOUIMMH BOJHOTO pEXHUMa, HUMEILUMU KJIOUYEBOE
3HauYeHUe NMpPH BbIpallMBaHUU pblO, ABJIAITCA KOHLEHTPALUs PAaCTBOPEHHOIO KHUCJIOPOJA,
KHCJIOTHO-11Ie/IouHOM 6as1aHc (pH) 1 ypoBeHb MUHepasiu3aluu (coéHocTH). Kaxk bl U3 3TUX
apaMeTpoOB OKa3blBaeT CBOE BJIMSHUE HAa OOMeH BelleCTB, JblXaHUeE, I0BeJleHUe PhIObI, eé
MMMYHHBIH CTaTyC ¥ YCTOMYUBOCTD K 3a6osieBaHusM [20, 21].

PacTBOpEHHBIN KUCI0pPOJ, ABASAETCA KPUTUYECKU BaXXHBIM (QAKTOPOM, NOCKOJIbKY PbIObI
HOJIY4YalOT HEOOXOAUMBIN [/l KU3HEeJeITeJIbHOCTH KHUCJI0POJ HENOCPeJCTBEHHO U3 BOJbI
nyTém JudPy3nun yepes kabpbl. OnTUMaNbHASA KOHLEHTPAaL U paCTBOPEHHOI0 KUCJI0PO/a A5
60JIbIIMHCTBA MPECHOBOIHBIX PbIO cocTaBiisseT 6-8 Mr /. [Ipu TakoM ypoBHe o6ecrieurBaeTcs
NOJIHOLleHHOe (QYHKIIMOHUMpPOBAaHWE OpraHMW3Ma, HOpMaJibHasg WHTEHCUBHOCTb [bIXaHUS,
aKTHUBHOE NMTaHUe U POCT.

Korzpa comepxaHue Kucaopoja CHUXKaeTcs A0 4-5 Mr/J, y ppl6 HauMHAeT NPOSABJAATHCS
TUIIOKCUSI - COCTOSIHUE KHCJOPOJHOTO TOJIOAAHUS. ITO CONPOBOXKJAETCS CHUXKEHUEM
anmneTyTa, 3aMe/lJieHMeM MeTab0JIM3Ma, MOBBILIEHHON BOCHPUMMYMBOCTBIO K UHPEKIUAM,
yMeHblIeHHWeM MPUPOCTA Macchbl. B ciyyae KpUTHYecKOro majeHUsi ypoBHS KUCJI0pOAA [0
2-3 Mr/J1, 0COGEHHO JIETOM NPU BbICOKOM TeMIepaType, BO3HUKAeT PUCK MacCOBOM rubeJy,
0COGEHHO Cpeiu MOJIOJIH.
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[TokazaTesib pH onpe/iesisieT akTUBHOCTb HOHOB BO/IOPO/ia B BOJle U OTPa*KaeT KUCIOTHOCTh
WJIK L1eJIOYHOCTb Cpefbl. PbIGbl 4YBCTBUTEJIbHbI Jlake K HE3HAUYUTEJbHbIM HW3MEHEHUSIM
atoro napamertpa. Jyig kKapna onTUMaJibHbIA Auana3oH pH cocrtaBaseT 6,8-8,0. [Ipu Takux
3HaYeHHUsIX obecrieyrMBaeTCs HopMaJibHasg paboTa ¢pepMeHTOB, CTAOUIbHBIA OCMOTHUYECKUM
06MeH, 3¢ PpeKTUBHOE NOTJIOLIeHUE KUCA0pOo/ia Yepes )Kabpbl U ONITUMaJbHAasA HOHOPETYJISLUS.

CHmxeHue pH Hmxke 6,0 (3akuc/eHMe BOJbl) MPUBOJAUT K HapylleHUI (YHKLUH Kabp,
CHWKEHUI0 YCTOMYMBOCTH K 3a060/iIeBaHUSM, NOBBIIIEHUIO NMPOHULIAEMOCTH MeMOpaH, UTo
HapyllaeT BOJHO-COJIEBOM GajlaHC. Y MOJIOAM 3TO MOXET BbI3BaTb 33J€P>KKY Pa3BUTHUA U
HOBBbIILIEHHYI0 CMEePTHOCTb. Upe3MepHoe noBbilieHue pH (> 8,5) Takke HebaronpusTHO: B
TaKUX YCJOBUSAX aMMHaK, NIPUCYTCTBYIOLUHN B BOJie, NepeXoJUT B TOKCUYHY0 ¢dopmy (NH3),
YTO SIBJISAETCA JONOJHUTEJbHBIM CTPECCOBbIM (aKTOPOM AJisd pbibbl. U3MEeHEHUsA KUCIOTHO-
111eJI0YHOTO 6aslaHCa MOTYT ObITh BbI3BaHbl Ype3MEPHbIM pa3BUTHEM PUTOIJIAHKTOHA, CTOKOM
y/00peHuH, pa3ioKeHueM OpraHUKU UJIU HeZLOCTaTOYHBIM BOZA,006MeHOM. /lJ1s1 peryJinpoBaHuUs
pH ncnosib3yoT U3BecTKOBaHUE (/1J1s NOBbILLIEHHS ), l06aBJIeHHe OpraHWYeCKUX BelllecTB (/15
CHW)KEHHs), a TaKXKe MO/JAJEePKUBAIOT CTAaOUJIbHOE T'M/IpOXUMHUYECKOe paBHOBecHMe BOJ0EMa
[22, 23].

ConéHocTb BoAbl BiMsET Ha 3QPEeKTUBHOCTb ra3000MeHa, NPOHUILAEMOCTb KJIETOYHbBIX
MeMOpaH, paboTy noyek U kabp. MoJioZib 3HaYUTENbHO 60Jiee UyBCTBUTEbHA K U3MEHEHUSIM
MUHepaIu3aluy,yeM B3pocible 0co6u.[103ToOMy BBOJ0OXpaHUINILAX M TPY/AX, PACI0JI0KEHHBIX
Ps10M C MOPCKUMHU NT06GEpeRbIMU UJIM B YCIOBUSX 3aCOJIEHHBIX IOYB, BaXKHO KOHTPOJIMPOBATh
ypoBeHb coJsield B Boje. Micnosib30BaHMe apTe3MaHCKOM WJIM YaCTUYHO IMOJ3eMHON BOJbI B
CUCTeMax BbIpalllMBaHUs TpebyeT NpeABapUTENbHOI0 aHa/IM3a MUHEPAJIbHOI'0 COCTaBA.

KuciopoAHbIN pexuM, KHUCJOTHO-IIEJO0YHON 6GasaHC M COJIEHOCTh (Tabsauma 5) - 3To
B3aMMOCBSI3aHHble MapaMeTpbl, KOTOPble CyIIEeCTBEHHO BJIMSIOT Ha >XU3HeJAesTeJbHOCTb
Kapna. X MOHUTOPUHT U MOJJiep>KaHue B ONTHUMaJIbHBIX NpefiesiaxX ABJISITCA KPUTUUYECKU
BaXXHbIMM [/l obOecriedyeHUsi BBICOKOW MPOAYKTHBHOCTHM B pblOOBOACTBEe. BHejpeHue
peryjisipHOro aHajii3a BOJHOW Cpejibl, KOPPEKTHUPYIOLIMX MEPONPUATHH M ajanTanus
TEXHOJIOTUY€eCKUX MPOLLECCOB K 'UIPOXUMUYECKUM YCA0BUSAM SIBJISIOTCS OCHOBOM YCIELIHOTO
BeJleHUsI aKBaKyJbTyphl [24, 25].

Pe3ysnbTaThl NpOBEAEHHOI0 MCCAE/J0BAaHUS MOKA3bIBAIOT, YTO 3KOJOTMYECKHEe (PaKTOpPBhI,
TaKMe KaK TeMIlepaTypa BO/ibl, KOHLEHTpalusi aMMHaka M ypOBeHb pPacCTBOPEHHOIO
KMCJI0POJia, SABJSAKTCA KPUTHUYECKUM BAXKHBIMHU pEryjsTopaMd HMMYHHOrO CTaTyca
kapna (Cyprinus carpio) U OKa3blBalOT KOMIJIEKCHOe BO3/leHCTBUE Ha (U3UOJIOTUYECKHE
IpolecChl OpraHrM3Ma. JTU apaMeTpbl Cpe/ibl BJAUSAIOT Ha pa3/iMuHble 3B€HbsI UMMYHUTETQ,
BKJIIOYasi BPOXK/AEHHbIE U aJlallTUBHble MEXaHU3MbI 3alllUThl, @ TaKXXe HAa MeTab0JUYeCKUU
Y 3HJOKPUHHBIN cTaTyc pbl6. M3MeHeHUsi TeMmmepaTypbl BoOJbl B mpejesnax oT 18 go
30°C npuUBOAMJIM K 3HAYUTEJbHOMY YrHETEHHIO TYMOPaJbHOTO 3BeHAa HMMYHUTET],
BbIpa)kaBIlIEMYCSl B CH?)KEHUU aKTUBHOCTH JIM301MMa U KOHIIeHTPalMi UMMYHOIJIO0YJIMHOB.
[lTono6HOe BAMAHUE TeMIepaTypbl MOATBepxAaeTcs uccaefoBaHusAMU A.L. Smith et al. [5],
KOTOpbIe [T0Ka3aJiy, YTO TENJIOBOM CTPeCC NPUBOAUT K epepacnpe/ieJIeHUI0 MeTaboIu4eCcKou
3Hepruy, NoBbIIIEHUI0 pacxoja afeHo3uHTpudpochara (ATP) Ha noaJep>kaHUe roMeoCcTasa 1
CHIPKEHHUIO CHHTEe3a UMMYHOKOMIIETEHTHBIX O€JIKOB, 4YTO 0CJ1abJisieT CIOCOOHOCTh OpraHu3Ma
K 93¢ PeKTUBHOMY UMMYHHOMY OTBeTY. [IoBbIllIeHHEe TeMIepaTypbl CONMPOBOXKAAETCSA TaKKe
yCUJI€HUEM MNPOAYKLHUMU KOPTHU30Jla U JPYTrUX CTPecc-rOpMOHOB, KOTOpPble OKa3blBaOT
MMMYHO/lelIpeCCUBHOE IeMCTBUE, 101aBJIsAs QYHKIMI0 TUMMPOLUTOB U CHUXKASA 9P PEKTUBHOCTD
AHTUTeH-0NIOCPeJOBAaHHOTO OTBeTa [26-28].
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Ta6smpa 5
BiiMsiHM e rUAPOXMMUYECKUX IAapaMeTPOB Ha PU3N0JIOTUYECKOe COCTOSIHUEe Kapna
(Cyprinus carpio)

OntumasibHble | JlomycTUMBbIE BinsiHMe NpU OTK/IOHEHUH OT
Iloka3areJib
3HAYeHUs npejeJbl HOPMBI
Kucnopop (02) 6-8 mMr/n 4-10 mr/n [Ipu < 4 Mr/s1 - TUIIOKCUS], CHUXKEHUE
pocTa; npu < 2 MI'/J1 — JIeTaJIbHOCTh
pH 6,8-8,0 6,0-8,5 < 6 - alK/J03, MojilaBjJeHUe
aKTUBHOCTHU pepMeHTOB; >8,5 -
TOKCUYHOCTb aMMHaKa
CoJsiéHOCTB golr/n Jo2r/n > 2 r/n - HapylleHue
OCMOpETY/ISAL MUY, CHUKEHYe alllleTUTa
Y TEMIIOB POCTa

HpI/IMe‘{aHI/Ie: COCTAaBJIEHO HAa OCHOBAHHWH AJAHHbIX aBTOpPAa

Bo3jeiicTBUe aMMMakKa O0Kas3aja0Chb ellé Oosiee BbIpaKEHHbBIM M MHOTOQAaKTOPHBIM.
YBesnueHUe KOHLEHTpauuu amMMuaka Ao 1,0 Mr/a BbI3bIBaJo CHHXKEHHE aKTUBHOCTH
JIU30LlUMa U CUCTEeMbl KOMILJIEMEHTA, YTO CBAA3aHO C TOKCHYECKUM JelCTBUEM aMMHaKa Ha
MeMOpaHbl KJIETOK UMMYHHOUW CUCTEMbI U NMOBpPEXJEeHUEM 3MUTeNHATbHBIX OapbepOB abp
U koxu. JlanHble 3dpdekThl noaTBepxAawTca pedyabraTamu H.B. KoBanésoil [6], koTopas
NoKasaja, YTO aMMMAK HapyllaeT LeJOCTHOCTb 3MUTEJNHUAJbHOTO MOKpPOBAa M YMeEHbIIAeT
GYHKIMOHA/NbHY0 aKTUBHOCTb Makpo¢daros, HEUTPODUIOB U PYTUX UMMYHOKOMIETEHTHBIX
kJ1eToK. KpoMe Toro, aMMuak MHAYLUPYET OKUCJIUTENbHBIN CTpecC, yCuIrMBasi obpa3oBaHue
CBOOO/IHBIX Pa/IMKaJOB U MHULUUPYS NOBpPEXJeHUe OeJIKOBBIX U JIUMU/HBIX CTPYKTYP, UTO
JIOTIOJTHUTEJIbHO CHKaeT 3QPEeKTUBHOCTb BPOXKAEHHOIO UMMYHHOTO OTBeTa [7, 8].

Haubosiee BblpakeHHble HapylleHUsS MUMMYHHOTO CTaTyca ObLIM 3apUKCUPOBAHBbI MpHU
TMIIOKCUYEeCKUX YCI0BUAX. CHU2KEHM e YPOBHS PaCTBOPEHHOI0 KUCI0POAa 10 3 MT /1 IPUBOJIUJIO
K pe3KoMy majieHul0 parouuTapHOM aKTUBHOCTH, CHUKEHUIO aKTUBHOCTH KOMILJIEMEHTa
M HapylleHUI0 (QYHKIMOHAJIbHOM KooNepalyh MexAy KJIeTKaMU HMMYHHOU CHUCTEMBL.
ITU U3MEHEeHHUs] CONPOBOX/JAIMCh 3HAUYUTEJbHBIM NOBbIIIEHHUEM YPOBHS KOPTHU30J1a, UTO
yKa3blBaeT HAa aKTHUBALUIO CTPECCOBOM OCU TMIIOTa/IaMyc-TUNnopu3-HaAno4yeyHUuKU. [unokcus
OKa3blBaeT yrHeTawllee AelUCTBUe Ha MUTOXOHJAPHaJbHYI (QYHKIMIO KJIETOK, HapyllaeT
OKMCJIUTENbHOEe QochopuirupoBaHue U CHWXKaeT npoaykuuiw AT®, 4yTo orpaHu4yMBaeT
3HepreTU4yeckhe pecypcbl UMMYHOKOMIETEHTHbIX KJETOK W MPENSITCTBYyeT peanu3aluu
addpexTuBHOro MMMyHHoro otrBeta [29, 30]. B cOBOKYNHOCTH 3TH HpoLecchbl NPUBOJAT K
3HAYUTEJbHOMY 0CJabJeHUI0 HeclequpHUiecKOM U crnequPprUiecKOr 3aliUThl, YBEJUUYEHUI0
BOCIIPUMMUYUBOCTH K 6aKTepUaJbHbIM U Napa3sUTapHbIM UHQPEKIUAM U MOBbILIEHHUIO TIXKECTH
3abo0JsieBaHuA.

Oco6o0e 3HaueHUEe UMeeT B3auMoOJleMcTBUEe GAKTOPOB cpeabl MexAy cob6oi. [loBbilieHHe
TeMIepaTypbl U KOHLEHTPAlMM aMMUaKa YCUJIMBAeT HeraTUBHOE BJIMSIHME THUIOKCHUH,
co3naBasi 3QQPeKT CUHEpPruu CTpeccopoB. B Takux ycioBUsX HabJOAaeTCs MNOAABJIEHUE
BCeX KJIIDUEBbIX KOMIIOHEHTOB MMMYHHOW CHCTEMbl OJJHOBPEMEHHO: CHMXK€Ha aKTHUBHOCTD
JIN3011MMa, YMeHbIIEH YPOBEHb UMMYHOIVIOOYJIMHOB, HapylleHa ¢paroyuTapHas CHOCOGHOCTh
HelTpoduysoB M MakpodaroB, CHUKEHA AKTUBHOCTb KOMIIJIEMEHTA, IMOBBILIEH yPOBEHb
KOpTHU30J/1a. JTO NPUBOJAUT K CYLEeCTBEHHOMY YBeJMYEHUI0O BOCIPHUMYMBOCTU Kapna K
MHQEKUOHHBIM areHTaM, 4YTO IMOJTBEPXAAeTCAd I3KCIEepPUMEHTAJIbHbIMUA [JaHHBIMU IO
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3apaxxeHuto Aeromonas hydrophila n napasutamu poja Dactylogyrus, rie UHTEHCUBHOCTb
HopakeHHsl BO3pacTasia MHOIOKPATHO 10 CPABHEHHUIO C KOHTPOJIEM.

KoMn/ieKCcHbIM aHa/u3 MeXaHHW3MOB I[10Ka3bIBAeT, YTO 3KOJOTUYECKHE CTPEeCcCOpPHI
BbI3bIBAIOT HapylleHHe 6asaHca MeXJy aKTHBallMed MWMMYHHbIX MeXaHU3MOB W
KOMIIEHCATOPHBIMU peaKIUsIMH, HallpaBJeHHbIMU Ha NoAJep:KaHue romeocrasa. OpraHusm
ObITAaeTCd KOMIIEHCUPOBAaTb YrHeTEHHWe HMMMYyHHUTeTa 3a C4€T IepepacnpejiesieHus
3HepreTUYeCKUX peCypCcoB U aKTUBALIMU CTPECC-0TBETA, 0JHAKO 3TH MeXaHW3Mbl 0Ka3bIBalOTCS
HE/JOCTaTOYHbIMU NPU [JAJUTEJbHOM WJIM KOMOWHUPOBAHHOM BO3JeHCTBUU (GAKTOPOB.
B pesynbraTe HabJ0AaeTC CUCTEMHass HWMMYHOJeNpeccusi, yBeJUYeHHe BepOsITHOCTH
BTOPHUYHBIX MHQEKIIMMN U CHUXKEeHUe 0011el YCTOMYHMBOCTU OpraHr3Ma.

OCHOBHBIM BBIBOJOM UCCJIE[JOBAHUS SIBJISIETCS TO, YTO IKOJIOTHUYeCKre PaKTOPhI CTOCOGHBI
3HAYUTEJbHO CHH)XAaTh UMMYHHbBIH CTAaTyC KAapMOBBLIX PbIO, MOBbINIAST PUCK BOSHUKHOBEHUS
O6aKTepUa/JbHbIX M Napa3uTapHbIx 3abosieBaHuMi. Hanbosiee KpUTHUYECKUMM M3 M3y4YeHHbIX
baKTOPOB ABJISAETCS TMIIOKCHS, KOTOpasi OKa3blBaeT MaKCUMaJIbHOE YTHeTalollee 1eCTBUE Ha
MMMYHUTET. JTU pe3yJbTaThbl MOJYEPKUBAIOT HEOOXOJUMOCTb CTPOrOT0 KOHTPOJIS KayecTBa
BOJbl B CHCTeMax aKBaKyJbTyphl, BKJIOYAas MOHUTOPHUHI TeMIepaTypbl, KOHIEHTpPaLUU
aMMHaKa U YPOBHS PACTBOPEHHOTO KUCJOPOJA, a TaKXKe MPUMeHeHHUs] NMPoPpUIaAKTUIECKUX
MepONPUATUH 15 N0 ]eP>KaHHs 3J0POBbs PbIO U CHIXKEHUS pUCKa 3300 THH. [loggep>kaHue
CTaOUJIbHBIX 3KOJIOTUYECKUX NapaMeTpoB fBJAETCA KJIUYEBbIM YyCJIOBHEM obecrnedeHUs
MMMYHOJIOTHYECKOT0 TOMe0CTa3a, COXpaHeH!sI NPOAYKTUBHOCTH Y NOBbILIEHUS yCTOMYHUBOCTU
KapIOBBIX PbI6 B YCIOBUSX UHTEHCHBHOTO BbIpal[BaHMUS.

3aKk/iloueHue

KoMniekcHoe ucciejoBaHUe BJIWSHHUSA 3KOJIOTMYEeCKUX (AaKTOPOB Ha MMMYHHBIN CTaTyC
Kapna MpoJeMOHCTPUPOBAJO, YTO H3MEHEHUs KJIIUEBBbIX MapaMeTpPOB BOJHOU Cpesbl
OKa3bIBAlOT MHOIOYPOBHEBOE W B3aMMOCBSI3aHHOE BO3/elCTBUEe Ha (QU3UOJIOTUYECKHE
npoueccel opranusma. [loBbllieHHe TeMIiepaTypbl BO/bl, yBeJIM4eHU e KOHLIeHTPALlM aMMHUaKa
U CHIXXeHHe YPOBHSA KHCJIOPOJHOIO HACBILEHHWA NPUBOAAT K CUCTEMHOMY YIHETEHHIO
MMMYHOJIOTUYECKUX peaKLMM, 3aTparuBasg KakK [yMoOpa/ibHOe, TaK U KJETOYHOe 3BeHbs
uMMyHuTeTa. [loslydyeHHble AaHHble NOJATBEPXKJAIOT, UYTO Ja)Ke yMepeHHble OTKJIOHEeHUs
OT ONTUMaJIbHBIX YCJOBUU COJEep>KaHUA CHOCOOHbI HMHULMHPOBATH KacKaj CTpecc-
acCOLMMPOBAHHbBIX peaKIMi, CONPOBOXK/AAOLIMXCS POCTOM YPOBHS KOPTHU30J1a, HApylleHHeM
MeTab0JIMuYeCcKOro paBHOBECHUs U 0cJlabieHueM 3alllUTHbIX MeEXaHU3MOB.

OcobeHHO 3HAYUMBIM fABJASAETCA TOT (AKT, YTO BJIMUSHHE CTPECCOPOB NpPOABJAETCA He
TOJIbKO B CHW)KEHHUU aKTUBHOCTH OT/eJIbHbIX UMMYHHBIX II0Ka3aTeJlel, HO U B HapylleHUH
MX KOMIIJIEKCHOTO B3aMMOJENCTBHS, YTO JieJlaeT OpraHvu3M 6oJiee yAISBUMBIM K IaTOT€HHbIM
Bo3/JeicTBUAM. HanpuMep,yMeHbllleHMe aKTUBHOCTH JIN301;MMa M KOMILJIEMEHTA CII0COOCTBYET
CHWXKeHUI0 3 (PEeKTUBHOCTU NMEPBUYHBIX OAPbEPHBIX MEXaHU3MOB 3alllUThl, a OcCjaabJieHue
darouuTapHOW CHOCOOHOCTH KJETOK MUMMYHHOW CUCTEMbl OTPAaHUYMBAET BO3MOXHOCTHU
OopraHu3Ma I0 yCTpaHeHHI0 UHQEKLMOHHBIX areHTOB Ha PaHHUX CTaAUAX NPOHUKHOBEHHUS.
JTH M3MeHEeHHs COYEeTANTCA C YMeHblIeHUeM yPOBHS UMMYHOIJIOOYJIMHOB, YTO YKa3bIlBaeT
Ha I0JjaBJieHHWe aJalTUBHOIO MMMYHHOIO OTBETa, OCOOEHHO BaXKHOr'O NpPHU JJUTEJTbHOM
BO3/leMICTBHUY [TIATOT€HOB OKPY>KaI01le cpesibl.

ConoctaBsieHre 3QPeKTOB pas3/UYHBIX CTPECCOBBIX (PAKTOPOB MO3BOJIMJIO yYCTAHOBUTb,
YTO HauboJsiee KPUTHUYHBIM JJis Kapla fIBJSeTCS TMIOKCHS, OKa3blBawllasg BbIpaXKeHHOe
MMMYHOJlenlpecCMBHOe jgelcTBUe. [lebUIUT KUCI0pPOAA NPUBOAUT K 3SHEPreTUYecKOMY
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roJIoJJaHMI0 TKaHel, HapylleHWI OKHUCJIWUTEe/JbHO-BOCCTAHOBUTEJNbHOIO 0OajiaHca H
CHKeHUI0 QYHKIMOHAJNbHOW aKTUBHOCTH UMMYHOKOMIIETEHTHBIX KJIETOK, UTO OObSCHSET
3apUKCUpOBaHHOE B XOJle 3KCIepUMeHTa HauboJiee pe3koe yMeHblleHHe (aronydTapHOU
AKTUBHOCTM W aKTUBHOCTHM KOMILJIEMEHTAa HMMEHHO B TpyNle C HU3KUM COJepKaHueM
pPacTBOPEHHOI0 KUC/I0POAA. JJONOJTHUTEbHBIM C/IeCTBUEM TMIIOKCUH SIBJISIETCS TOBBIIIEHUE
YPOBHS CTPECC-TOPMOHOB, KOTOpblEe caMU MO cebe JeHCTBYIOT KaK MMMYHOJENpPeCcCaHThI,
yCUJIMBasi HEraTHBHbIE MOCJIeACTBUS KUCJIOPOAHOTO0 AeUIMTA.

HeMaJsioBaXKHBIM SIBJISIETCS POCT BOCIIPUUMYHBOCTH PbI6 K 6aKTepHUalbHbIM M TAPA3UTaPHBIM
MHOEKIUAM, CONMPOBOXKAAWIIUNA YrHETEHHE HMMYHHOIO CTaTyca. YCTAaHOBJIEHO, YTO MpH
YBEJMYEHUU BBIPOXKEHHOCTH 3JKOJIOTUYECKOr0 CTpecca YCUJIMBAETCl HWHTEHCHUBHOCTH
nopaxxeHusi Aeromonas hydrophila, 4To yka3bpiBaeT Ha CHU>KeHUe 3P PEKTUBHOCTH MEXaHU3MOB
HecrnenMpryecKor 3aliyMThl. AHAJOTMYHO BO3pacCTaeT CTeleHb WHBA3WM NMapa3uTaMU pojia
Dactylogyrus, 4TO CBSI3aHO C YMeHbIIEHUEM PE3UCTEHTHOCTHU 3MUTETHATbHbIX TKaHEeN Kabp
¥ HapylleHHeM JIOKAJbHbIX UMMYHHBIX peakIui. TakuM 06pa3oM, HeraTUBHble U3MEHEHHUS
MMMYHHOTO CTaTyca pbl6 HUMEKT MpsMble KJIMHUYECKHE TMOCJAe/CTBUS, MPOSBJSIOIIMEcs B
poCTe 4acTOThI 3a60JIeBaHUM U TSXKECTH UX TeUeHUs.

[TosnydeHHbIe pe3y/bTaThl MOAYEPKUBAT HEOOXOAHUMOCTb CTPOrOro, CUCTEMAaTHYECKOTO
¥ Hay4YHO 0OOCHOBAHHOTO KOHTPOJISI KauecTBa BOJbl B CUCTEMaX aKBaKyJbTypbl. Peryasuus
TeMIlepaTypbl, NpeJoTBpallleHhe aMMHAYHbIX BBIOPOCOB W MOJJiep’KaHHE ONTUMaJJbHOTO
YPOBHS PACTBOPEHHOTO KUCJIOPOJA AOJKHbI PacCMaTPUBATbCS KaK KJIHOYEBblE 3JIEMEHTHI
npopUJAKTUKUY HMMYHOZENPECCUHM W CBSI3AHHbIX C HeW HUHPEKIHMOHHBIX OCJO0KHEHHUH.
[[puMeHeHHEe KOMILJIEKCHOIO MOHHUTOPHHIA TI03BOJISET HEe TOJIbKO MOAJep>KUBATh
dusrosiornyeckoe 6J1aromnojyyve pbib, HO U 3HAYUTEJbHO CHUXKAaThb PUCK BO3HUKHOBEHMS
3MU300THH, MOBBILIATH HPOAYKTUBHOCTb U YCTOMYMBOCTb aKBaKyJbTypHbIX cUCTeM. B
11eJI0M, aHaJIU3 MOATBEPXK/AAET, YTO MOAAepKaHUEe CTAOUIBbHBIX 9KOJIOTHYEeCKUX NTapaMeTpPOB
SIBJISIETCS KPUTUYECKU BaXKHBIM YCJIOBHEM 0bOecredyeHusi UMMYHOJIOTMYECKOT0 TOMeOCTa3a 1
COXpaHEeHHs 3/J0pPOBbs1 KapIMOBBIX PbIO B YCJIOBHUSIX MHTEHCUBHOIO BbIpallBaHUS.
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JKOJIOTHSJIBIK, paKTOpIaPABIH, TYKbI TYKbIM/AAC 6a/IBIKTApPABIH,
HMMYH/ABIK, KaFaiibIHA ’K9He aypy/iapFa ce3iMTa/IAbIFbIHA dcepi

H.M. CeiigasneBa*!
T 9a-Dapabu ameindarel Kazak ¥ammuik yHusepcumemi, Aamamol, Kazakcmat

Angarna. Bys kymbicTa cy TeMnepaTypachl, aMMHUaK KOHIEHTpPALMSACh] XKoHe epireH OTTeriHiH
JleHredi CHUSIKTbI HeTi3ri sKoJIOTHsIbIK, (daKTopaapAblH TyYKbl OanblFbiHbIH (Cyprinus carpio)
MMMYH/IBIK >KaFJaliblHa KoHe OaKTepHa/IJbl *KoHe IapasuTapJ/ibl aypyJapFa ce3iMTasabIFbIHa acepi
3epTTefi. 3epTTey Cy lIapyallblbIFbl JXKaFfailJlapblH 3KCIEPUMEHTTIK MOJesbJey >XKoHe OopTa
napaMeTpJiepiH ©3TepTy apKbLIbl KYpPridinji, keliH UMMYHOJOTUSJIBIK KepceTKiliTepai Garasnay
»KacaJJbl, OHbIH IilIiHAEe JW30LUUM 6eJICEeH/IiNiri, MMMYHOIJIOOY/IUH JleHreii, HeHTpoduIepaiH
daronuTapsibl 6esceHAiNIT, KOMIJIEMEHT KyHeciHiH 6esceHAiNIri )koHe KOpTU30J JAeHreli. CyablH
OUBUKO-XUMUSAJIBIK CHUIATTaMajlapblH 6aFajiay 3KCIEePUMEHTTIK >KaFmalaap/blH TYPaKTbLIbIFbIH
pacTazbl KoHe 3epTTeJreH cTpecc GAKTOPJIAPBIHBIH, 9CepiH 0OeJsin KepceTyre MYMKiHJIK 6epmi.
HaTmxxesnep kepceTkeHael, Temnepatypanbl 30°C aelliH KkeTepy, aMMHUaK KOHIleHTpanusacbiH 1,0 Mr/a
JlefiiH apTThIPY >K9HE epireH OTTETiHiH JeHreliH 3 Mr/J1 lefiiH TOMeH1eTY UMMYH/IbIK, peaKLUsIap/iblH,
allKbIH TeMeH/ieyiHe xxaHe Aeromonas hydrophila xane Dactylogyrus spp. acepiHe efayip y/FarobiHa
okes/i. UMMYHABIK KaFAal/IbIH €H alKbIH OY3bLIybl TUIIOKCUSJIBIK XKaFaliap/aa 6aiiKasaibl, OyJ1 Ke3/ie
KOPTH30JI [iIeHTeHiHiH KOFapbLIaybl KoHe UHPEKUUSAIbIK MPONEeCTiH, MaKCUMaJIIbl KaPKbIH/bLIbIFbI
Tipkesnai. Bys gepekTep TYKbl Oa/IbIFbIHBIH, MATOTeHAEpre TO3IMIUITiH KaJbIITaCThIPyAa OTTETI
peXuMiHiH Heri3ri peJsiiH kKepceTeni »KoHe TYIbl CYy aKBaKyJbTypachl >XKyWeJiepiHJe Cy camacblH
GaKblIayAbl OHTAWJAH/ABIPY KaXKETTLNIriH atam KepceTeAdi. AJIbIHFAaH HITHXKeJIED 3KOJIOTHSJIBIK
cTpecc GpaKTOpJIapbIHbIH TYKbl 6aJbIFbIHBIH, UHPEKIUAIBIK aypy/lapFa ce3iMTalAbIFbIH alTapJIbIKTal
APTTBIPATHIHBIH XK9HE OJIap/bl NPAKTUKAJBIK OaJbIK 6cipyse MaHbI3lbl GpaKTOp peTiHJe KapacTbIpy
KepeKTIriH KepceTe/i.

Ty¥iH ce3aep: TYKbl TYKbIMAAC 6ATBIKTApP, UMMYH/IBIK, *KaFAaH, 9K0JOTHUSJIBIK GaKTOpJIap, aMMHUAK,
TUIIOKCHS, Cy TeMIlepaTypackl, aypyJlapfa ce3iMTaNbIK,

Influence of environmental factors on the immune status
of cyprinid fish and susceptibility to diseases

N.M. Seidaliyeva*!
lal-Farabi Kazakh National University, AlImaty, Kazakhstan

Abstract. This study investigated the influence of key environmental factors, including water
temperature,ammonia concentration, and dissolved oxygen levels, on the immune status of common carp
(Cyprinus carpio) and their susceptibility to bacterial and parasitic diseases. The research was based on
experimental modeling ofaquaculture conditions with controlled variation of environmental parameters,
followed by assessment of immunological indicators such as lysozyme activity, immunoglobulin content,
neutrophil phagocyticactivity, complement activity, and cortisol levels. Evaluation of the physicochemical
characteristics of water confirmed the stability of experimental conditions and allowed isolation
of the effects of the studied stressors. The results showed that an increase in temperature to 30°C,
ammonia concentration to 1.0 mg/L, and a decrease in dissolved oxygen to 3 mg/L led to a pronounced
suppression of immune responses and a significant increase in susceptibility to Aeromonas hydrophila
and Dactylogyrus spp. The most substantial impairment of immune status was observed under hypoxic
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conditions, accompanied by elevated cortisol levels and maximal intensity of the infectious process.
These findings highlight the key role of oxygen regimes in forming carp resistance to pathogens and
emphasize the necessity of optimizing water quality control in freshwater aquaculture systems. The
results allow the conclusion that environmental stressors significantly increase carp susceptibility to
infectious diseases and should be considered a critical factor in practical fish farming.

Keywords: cyprinid fish, immune status, environmental factors, ammonia, hypoxia, water
temperature, susceptibility to diseases
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E.B. Jlelinexko*'™, A.H. Kenec?", B.b. Toi ib16aii3 ",
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1PedepanvHoe 2ocydapcmeeHHoe 610dxcemHoe HayuHoe yupedcdeHue «DPedepanbHblii uccaedogamensckuil yeHmp
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12345FEgpasulickutl HQUUOHAbHbIU yHugepcumem um. JL.H. I'ymusaeea, Acmawa, Kazaxcmaw
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AHHoOTanMsa. PaccmaTtpuBaloTcsi JaHHble O JOCTaBKe (QpparMeHTOB 3K30TeH-
HbiX JIHK, ucnonbsyemsbix B JIHK-TexHO/IOTHUAX B KayeCcTBe KacCeT 3KCIpec-
CUHM TeTepoJIOTHUYHbIX I'€HOB MPU CO3JJaHUU TPAHCTE€HHBbIX pacTeHUH, JU6O B
KayeCcTBe MHCTPYMEHTOB AJid MOAUPUKALIMU TEHOMOB PAacTeHUH C IpUMeHe-
HHEM MeTOJI0B T€HOMHOIO0 peJaKTHpoBaHUA. OCHOBHOM aKLEHT CJeJlaH Ha
paccCMOTpeHUH MeTO/0B JIOCTaBKH in planta, mo3Bo/AOIUX UCCIeL0BaATENAM
MUHOBATh CTaAUI0 KyJIbTUBUPOBAHUS PACTUTEbHBIX, BKIOYAOLIYI0 3TAl Je-
3WUHTEerpayyy pacTUTEeJNbHbIX TKaHe! [0 KaJJIYCHBIX KYJIbTYP C OCJAeAYOLUM
BOCCTAaHOBJIEHUEM B YCJIOBUSX In Vitro pacTeHUU-pereHepanToB. UMeHHO 3TOT
aTan MoAUQUKAUU PACTUTEJNbHbIX FTEHOMOB C IPUMEHEHUEM COBPEMEHHBIX
JHK-TexHOoJI0THMI B HACTOsIIlee BpeMs NpUBJieKaeT BHUMaHUe MHOTHUX HCCJie-
JloBaTeJbCKUX rpyni. [IpuBesieHbl JaHHbBIE O NEPCIEKTUBHOCTU UCIO0JIb30Ba-
HUSI BUPYCHBIX BEKTOPOB /i1 TPAH3UEHTHOM JJ0CTaBKU HHCTPYMEHTOB F€HOM-
HOI'O peJJaKTUPOBaHUS B PaCTUTebHbIE KJeTKH. O6CYKJat0TCsl BO3MOXKHOCTH
Y HEKOTOPbIe HeJJOCTAaTKU 3TOM TEXHOJIOTUH, a TaKXKe NepCleKTUBLI ee IpUMe-
HeHUs J|JIS1 CeJIbCKOX03SWUCTBEHHbIX BU/IOB PACTEHHUM.

KinloyeBble c/10Ba: reHeTUYeCcKasi MHXXeHEPUs], TeHOMHOE peJaKTUPOBaHUeE,
TpaHCreH, METOAbI JOCTaBKHU in planta, floral dip, BUpyCHBIA BEKTOP, UHAYLU-
pPOBaHHOE BUPYCOM peJlaKTUPOBaHKWe reHoOMa

BBeaeHue

[Ipomsio HeMHOrUM 6GoJiee TPU/LATH JIET C MOMEHTA MOJIyYeHUs] epBOro reHeTUYeCKU
MOAMGPULUMPOBAHHOIO pacTeHHUs, MpeJHA3HAYEHHOTO /JJid KOMMepYyecKUx Lejged -
TPaHCTeHHOI'0 TOMaTa, noJiyuyuBilero HasBaHue Flavr Savr (XpanuTtesb BKyca) [1]. B reHom
3TOro pacteHus 6bl1 nepeHeceH ¢pparmMeHT /IHK, BkirodarouyMil 4acTh reHa, KOAUPYIOLIETO
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6uocuHTe3 ¢epMeHTa MNOJIMTaJaKTYpOHAa3bl, PAaCHOJIOXKEHHbI B COCTaBe T'eHETUYeCKOU
KOHCTPYKLIMU B 0OpaTHOM OpPHUEHTALMU K COOCTBEHHOMY (ayTEHTUYHOMY) pPacTUTEJIbHOMY
reny. Takoe pacnoJioxkeHrve FOMOJIOTUYHBIX TeHOB [10 OTHOLUEHUIO IPYT K APYTY CTUMYJINPOBAJIO
3aNyCcK MexaHM3Ma HHTepdepeHIIMH U IPUBOJUJIO K pa3pyLUeHHI0 IPOAYKTOB €ro 3KCIpeCcCuu
Ha ypoBHe MPHK. Tak kak ¢epMeHT noJiMrajakTypoHasbl IPUHUMAET y4yacTHe B Mpoleccax
pacnaza nekTUHa MPU CO3peBaHUU IJIOZOB, TO €ro yMeHbllleHre B TKaHAX IJIOZJ0B TOMAaTOB
obecrnevyrBasio 60Jiee AJIUTENbHbIN CPOK UX XpaHEHUS.

B nocnenyrouide HeECKOJIbBKO JieT IOCJe PperucTpayydu IMepBOro CopTa TeHeTHUYecKU
MOAMGPUIMPOBAHHOIO PacTeHUs] TOMAaTa, YCHEUIHO NPOUIIM WUCIbITAaHUS U JApPYyryhe BUJbI
pacTeHuU, peKOMeH/I0BaHHbIe /11 KoOMMepuuyaaudanuu. Tak, Hanpumep, yxke Kk 1996 r. iomaau
II0CEBOB, 3aHMMAaeMbIX YCTOMUMBBIMU K repOUIH/IaM COPTAMU COU Y KaHOJIbI, @ TAK)Ke COPTaMHU
KYKYpy3bl, XJION4YaTHUKA U KapTodeJisi, yCTOMYUBbIMU K HACEKOMBIM-BpeUTeIIM, COCTaBUJIU
nouty 1,7 msH ra B CIIA u KaHaze [2]. B nocneayomue rogbl OTMeYeH HEYKJIOHHbBIN pOCT
IJI01a/ie, 3aHMMaeMbIX TeHeTU4eCKM MOAMPULIMPOBAaHHBIMU Ky/abTypaMu. K HacTosameMy
BpeMeHHM IJIOLA/IM, 3aHMMaeMble MO0J eHEeTUYeCKd MOJUPUIIMPOBAHHBIMU KYJIbTYpPaMH,
NPOJOJKAIOT PacTu U JocTUrIU yxe 6osiee 200 miH ra [3]. Bcero Ha aTux miaomagax B 27
cTpaHax Bo3jesbiBaeTcsl 10 copTOB reHeTHYeCKHM MOAUGUIMPOBAHHBIX BUJIOB paCTEHUH,
JOMUHUPYIOIIMMHU Cpeay KOTOPBIX ABJAITCA €Of, 3aHMMawLaa 98.9 MjH ra u Kykypysa -
66,2 MJIH ra.

Hapsany C yJly4iieHHueM X035 CTBEHHO-|€HHbIX XapaKTepPUCTUK BaXKHBIX
IPOJOBOJIbCTBEHHBIX KYJbTYpP, MOAUUKALUSA reHOMa pacTeHUW MeTOoJaMU reHeTU4YeCKOU
WH)XXeHepUM IoJIyyuJa LIHPOKOe IpHMeHeHWe B OUOTEeXHOJIOTMH, B 4YacTHOCTU B
6uodapmalleBTHKe, 151 OUOCMHTE3a PEKOMOMHAHTHbIX OesikoB. Ha cerogHsIIHUMN JleHb
3TO OJWH K3 OBICTPO pPA3BHUBAIOIIUXCA CErMEHTOB 3KOHOMMKH, Ha3blBaeMbld HWHOTZA
MOJIeKYJISIpHbIM $epMepcTBOM. MolllHOe pa3BUTHE 3a MOC/e/HEe JIeCATHUIETHE MOJIYUYUJIO
BTOpOE HalpaBJieHHWe MOJIEKYJIIpHOro ¢epMepcTBa, CBA3aHHOE C HAapabOTKOM B pacTeHUX
pPEeKOMOUHAHTHBIX 6€JIKOB Ha OCHOBE TPaH3WEHTHOM 3KcIpeccuu. biarogapss MakcMMalbHO
CKaTbIM CPOKaM OT MOMEHTA BblJleJIEHUS] aHTUT'eHHOM N0C/1e[0BaTeJIbHOCTH 10 HApabOTKHU
60JIbLIMX KOJIMYECTB aHTUT'€HOB [4] 3TO HanpaBJieHHe OTKPbIJIO LIUPOKKUE BO3MOXKHOCTH IS
KPYITHOMAacCIITaOHOTO MPOU3BO/CTBA PACTUTEbHBIX BaKLIUH, 0COOEHHO IIPY HEOOXOAUMOCTH
3KCTPEHHOr0 pearupoBaHus [5].

B ocHOBe MeT0/10B, N03BOJIAOIUX MOAUPUIUPOBATH TeHOMBI PaCTEHUH, ObIJIU M0JI0XKEHBI
TEXHOJIOTUU pekoM6buHaHTHbIX /JIHK, Bkitoyarouye KJIOHUPOBAaHHUE MpesCTaBJSIOLUX
UHTepec JJs HCccaejoBaTessl TeHOB W3 pa3/IMYHbIX TeTepOJIOTUYHBIX CUCTEM (BUPYCHI,
O6aKTepHUHU, paCTeHHUs], )KUBOTHbBIE U YeJIOBEK) U IIEPEHOC UX B COCTABE UCKYCCTBEHHO CO3/JaHHbIX
reHeTHU4eCKUX KOHCTPYKLMH B reHoMbl pacTeHUH. JIHK-TexHo10r1u 66111 J0CTaTOYHO ObICTPO
noAXBayeHbl NPAKTUKOM U 3a nocaeayoiue 30 jieT nocse co3aHus IepBOro KOMMEPYECKOro
copTa MUpPOBBIM COOOLIECTBOM MCCAe[oBaTesed OblIM IMOJIydeHbl COPTAa C YAy4YLI€eHHBIMU
XapaKTepPUCTUKAMHU XO351MCTBEHHO-IIeHHbIX IPU3HAKOB, a TaK)e pa3paboTaHbl TEXHOJOTUHU
HapabOTKU PeKOMOMHAHTHBIX O€JIKOB, B TOM YHMCJIe U MEIULMHCKOI0 Ha3HAY€eHUsl.

CnenywoumyM 3TaloM B pPasBUTUM METOJ0B MOJUPUKALUU PACTUTEJbHBIX TE€HOMOB,
OTKpBIBIIEM HOBbIE NEPCHEKTUBBI AJI UCCIe0BaTesel, NOCAYKUI0 OTKPbITHE MeXaHU3Ma,
M03BOJIAIOLEr0 6aKTepUsIM LieJieHanpaBJjeHHo pa3pywaTs JJHK 6aktepruodaros, ucnosb3ys
Ipyu 3TOM paHee coxXpaHeHHble konuu ¢aroBoi /[HK B cnemuduyeckoM pailioHe CBOero
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reHoMa, nosay4yuBuiero Ha3BaHue (CRISPR - Clustered Regularly Interspaced Palindromic
Repeats) [6]. UMeHHO 3Ta 0CO6EHHOCTb NOCJAYKMJAa OCHOBOM AJI1 CO3/laHUS UHCTPYMeHTa
JUI LleJIeHallpaBJIeHHOTO BHECEeHUs /[BYyLlelIOYeYHBbIX pa3pblBOB B BLIOPDAHHOM paHoOHe-
MuleHu MoJsiekyssl JIHK v pasBuTHsA TeXHOJIOTMH HaNpaBJIeHHON MOAUM(UKALUK F'eHOMOB,
NOJIy4YMBLIEH Ha3BaHUEe TeHOMHOT0 peJaKTUpoBaHus. CyTb 3TOr0 OAX0Aa COCTOUT B CO3/JaHUU
reHeTU4eCKOW KOHCTPYKLMH, BKJIoYawlel yyactok JIHK, koMnieMeHTapHBIN palioHy reHa-
MHUIIEHM B reHOMe MOAMPULMPYyeMOro pacTeHUs, B KOTOPOM IpeJInoJaraeTcsl Npou3BecTH
JIByLlelIoYeYHbIM pa3pe3. B kauecTBe «MoOJIeKYJSIPHBIX HOKHUL» [JIS1 OCYILECTBJIEHUS TaKUX
pa3pe30B BBICTYINAIOT HyKJiea3bl, B YaCTHOCTH, HykJeasza Cas9 us Streptococcus pyogenes.
TakuM o6pasoM, B pe3dysbTaTe 3KCIOPECCHUM, JOCTAaBJIEHHOM W UHTErPUPOBAHHOW B IeHOM
pacTeHUs reHeTH4YeCKOM KOHCTPYKLMH, HyKJsea3a (Cas9 HampaBJfeTcd K CauTy-MHUIIEHU
nocpeactBoM HanpasJstoueit MPHK (HPHK) u ocyiiecTBiisieT B HEM ABylieNoYeuHbI pa3pes.
[Tocsie BoccTaHOBJIEHUSA 3TOr0 pa3pes3a penapalMOHHBIMU CUCTEMAMU KJIETKH, B 3TOM palioHe
MOTYT OBbITh BbISIBJIEHBI HApYLIE€HUs B COCTaBe M0C/Ie/0BaTeJIbHOCTH HYKJIEOTHU/IOB (JieJIeliuHy,
BCTaBKU M HYKJIEOTHJIHble 3aMeHbl), IPUBOAALME K MYTALUsAM COOTBETCTBYIOULIMX T€HOB.
CnenyeT 06paTUTbh 0COO0€ BHUMaHHKe Ha TOT QaKT, YTO NPU HOKAyTUPOBAHUM LieJIeBbIX T€HOB
Bce ¢pparMeHThl yykepogHoit JJHK, o6 bejiHeHHbIE B COCTaBE MeHETHYECKON KOHCTPYKIIUU
M o0003HauYaeMble MHOIZA KaK HHCTPYMEHTbl T€HOMHOIO peJaKTUpPOBaHUS, U MyTalluy,
MHAYLUPOBAaHHbIE 3STUMHU UHCTPYMEHTAMHM, MOTYT ObITh paclipe/iejieHbl B pa3Hble raMeThl B
pe3ysibTaTe KOMOWHATOPHBIX COObITUM B Melo3e. TakMM 06pa3oM, pacTeHHs] C HOKayTaMH,
NPUBOJALIMMU K YJYYIIEHUIO XO3fWCTBEHHO LIEHHbIX IMPU3HAKOB, HE HECYyT B TeHOMe
JIOTIOJTHUTEIbHBIX ¢pparMeHToB uyKepoHbix JHK. B Hactosimee Bpems JIHK-TexHoJsiorus c
npuMmeHeHrueM CRISPR/Cas npuBJiekaeT Bce 60Jiee MpUCcTaJbHOE BHUMaHUe UCCIe0BaTeser
KaK peBOJIIOLIMOHHAs TEeXHOJIOTHSA, MO3BOJAKINAA MOAUPULUPOBATb F'€HOMBI PAaCTeHHUU B
COOTBETCTBHUH C HEOOXOAUMOCTBIO YIY4IIEHUAX UX XapAKTEPUCTHK B CBAA3U C U3BMEHSAIOLUMHUCS
YCJIOBUAMMU OKpykamwle cpefbl [7]. Ha pucyHke 1 cxeMaTHU4HO NpejCTaBJeHbl OCHOBHbIE
atanbl JJHK-TexHOJI0TUH, IPUMeHSEeMBIX UCCIeL0BaATeNAMU [JIF YIydlleHUd TeX WU UHBIX
XapaKTEePUCTHUK y PaCTEHUMH, B TOM YUCJIE U Y UX XO3HUCTBEHHO LJeHHbIX BU/I0B.

B 1mesioM, TexHOJIOrMA CO3J@aHUs TPAHCTeHHbIX pACTeHUW C IpPHMEHEHWEM TeHHO-
VWH)XeHEepHBbIX MeTOZ0B BKJ/OYaeT 4 OCHOBHBIX 3Tala, HalpaBJIEeHHbIX Ha NOMUCK IeJIeBOr0
reHa, ero KJIOHUPOBaHUE U CO3/JjJaHue reHeTHYeCKOM KOHCTPYKL MM (1 3Tam) ¢ nocjaeAyouum
ee IIepeHOCOM Ha BTOPOM 3Talle B [€HOM pacTeHUs C MPUMEHeHHWEeM pa3/IMYHbIX MEeTO/0B
JlOCTaBKU — BEKTOPHas U 6uobasiuctudeckas TpaHchopmanus (Pucynok 1, A). TpeTuit stan
CBA3aH C 0T60POM TpaHCHOPMUPOBAHHBIX KJIETOK Ha CeJIEKTUBHBIX CpejiaX C JJ00aB/eHUEM
CeJIeKTUBHBIX areHTOB (@HTUOUOTHUKH, repOULMABI U JApP.) U BOCCTAaHOBJIEHMEM W3 HUX B
YCJIOBUSAX In Vitro NMOJHOLLEHHBIX pacTeHUN-TpaHcpopMaHTOB. CielyeT OTMETUTD, YTO 3TOT
3Tal NpejCTaBJsAeTCs He TOJbKO KaK HauboJjiee MpOJO/KUTENbHBIA UM BpeMs 3aTpPaTHbIN
110 CPAaBHEHMIO C IByM9 MpeLIeCTBYIOLIMMY 3TallaMH, HO U IPUJIOKKMMBIX He KO BCEM BUJAM
pacTeHHWH, B YaCTHOCTH K TeM, AJig KOTOPBIX NMpoleAypa BOCCTAaHOBJIEHUS MOJIHOLEHHBIX
pacTeHUM U3 KJIETOYHOU KYJbTYpbl HEJOCTAaTOYHO pa3paboTaHa MJU COBCEM OTCYTCTBYET.
YeTBepTbli 3Tan NOJy4eHUS TPaHCTeHHbIX pacTeHUuM mnpuMeHeHueM JIHK-texHosorumn
CBsI3aH C aHAJIM30M I0JIyYeHHBIX in Vitro pacTeHUU-TpaHCHOPMAHTOB U OATBEPKAEHUEM UX
TPAHCTeHHOI'0 CTaTyca C IPUMeHeHHeM MeTOJ0B MOJIEKY/ISPHO-O0MO0JIOTMYeCKOT0 aHa/In3a,
a Takxke JaJibHellleld afanTalyeld K YCJOBUSAM BbIpallMBaHUs B PYHTE U TECTUPOBAHUEM
yJIy4IlleHHbIX XapaKTepPUCTUK C IPUMEHEHHEM COOTBETCTBYIOLIMX METOZ0B U MOAX0/0B.
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1. 'eneTnueckas 2. BerpanBanue 3. Kynstusuposanue 4. Aams
KOHCTPYKIIIS TPAHCTEeHa B TEHOM in vitro Tpanc(OpMaHTOB

b.

AnNNKAJIbHBIE
/ MepHCTeMbI
Cas9+uPHK >
\ Kaersn
3ApPOABLIIIEBOrO NYTH
1. T'enernyeckas 3. Anamis pacteHnit
KOHCTPYKIIIS 2. Huzykuiist HOKayToB ¢ MyTaIIAMH

PucyHok 1. OcHOBHble 3Tanbl MoAUUKALUM IeHOMa pacTeHUi ¢ npuMeHeHueM JIHK-
TEXHOJIOTHH. A) MojgudUKalMs reHoMa C NpUMEHEHHEeM TeHeTHUYeCcKOoW HHKeHepud; B)
MoaudUKaLUs reHOMOB C IPUMeHEeHUeM I'eHOMHOTr0 peZlakTupoBaHus; L — neseBoit ren; M
- MapkepHbIH reH; Cas9-HPHK - nHCTpyMeHT /11 FeHOMHOTO peJaKTHPOBAaHUA

TexHoJsiorust MogudUKaL MU TeHOB paCTEHUH C IPUMEeHEeHMEeM F'eHOMHOI'0 pe/IaKTUPOBaHHUS
(Pucynok 1, B) BkJlo4yaeT paboThl MO CO3JAAHUI0 HMHCTPYMEHTapus [Js IpoBeJleHUs
HOKAyTOB LieJIeBbIX TreHOB (3Tam 1), KOTOpble MOTYT ObIThb Jajiee A0CTaBJeHbl B 'eHOM
pacTeHUs1 JAByMsl NYTSAMM - C MCIOJIb30OBaHMEM BEKTOPHOM WM 6GHOGAIIUCTUYECKOU
foctaBkU. ToT $akT, YTO JOCTaBJIeHHble UHCTPYMEHTbI [Ji1 TEHOMHOrO peJaKTUPOBaHHUS
NpeJICTaB/STCI HEOOXOAWMBIMU TOJIBKO HAa CTaJUM HOKAyTHPOBAHUS 1€JIeBOr0 TeHa,
CTUMYJIMPOBAJIO MCCJe0oBaTesed Ha IMOUCK HOBBIX CIOCOOOB JOCTaBKM HUHCTPYMEHTOB
HENOCPeACTBEHHO K IjeJIeBbIM TKaHAM pacCTEeHMs, MO3BOJIAIOILUX HUCKIIOYUTH CTALUI0 HUX
Jle3UHTerpanuuy 4 NnocaeAyouero or6opa KJeToK ¢ MyTallusMU U BOCCTAHOBJIEHUEM W3
HUX MOJIHOL|EHHBIX PaCTeHUU C MyTaHTHbIM ¢eHOTUNIOM. UMeHHO 3TOT 3Tan MoJudUKaALUU
reHOMOB C NprMMeHeHUeM coBpeMeHHbIX JIHK-TexHOo/sOrMi npuB/ieKkaeT BHUMaHUe MHOTHX
MccJie0BaTeNbCKUX I'PYIII, TOCKOJIBKY BO3MOXXHOCTb UCKJIIOYEHHUS CTaIUN KyJIbTUBUPOBAHUSA
in vitro cyuecTBeHHO ynpoujaeT caM npouecc MoguPUKalMU PaCTUTEJIbHbIX TEHOMOB, YTO
npeJ/iCTaB/seTCS Ype3BbIYalHO BaXKHBIM /1151 MOAMPUKALIMM T€EHOMOB X031 CTBEHHO-LleHHbIX
BU/IOB paCcTeHMUM, a TaKKe TeX BUJO0B pacTeHHH, AJid KOTOPBbIX NPOTOKOJIbl pereHepanyu
MOJIHOLEHHBIX PaCTeHUH 3aTPyJAHEHbI WU C1ab0 pa3paboTaHbl. TaKUM 06pa3oM, Ha BTOPOM
JTamne CO3JaHUS pacTeHUM C MyTallMsMM MO LieJIeBbIM FeHaM-MHUUIEHSAM HcCle[0BaTeNaIMu
MOTYT OBbITb HCIOJIb30BaHbl He TOJIBKO y»Ke XOPOLIO 3apeKOMeH/0BaBlIMe cebsl CoCOObI
arpo6akTepuaJbHOM M OHUOGAIMCTUYECKON TpaHcPopMaluyd, HO U METOJbl [10CTaBKU
in planta, opueHTUpPOBaHHble B JajibHeHlIeM Ha MCKJIWYEeHUe CTaAuu 3, CBSI3aHHOU C
KYJIbTUBUPOBaHMEM PaCTUTENbHBIX TKaHEH In Vitro, i epexo/ioM K CTaJ Uy 4, HalleJIeHHOM Ha
TEeCTUPOBAHNWE UHAYLIMPOBAHHBIX MyTaLMM Y TOJIy4YeHHbIX OTPeAAKTHUPOBAHHBIX PACTEHUH.

B npesiaraeMoM 0630pe 0CHOBHOe BHMMaHUe 6y/ieT cCOCpeZ0TOYeHO Ha Pa3BUTUU METO/0B
JlocTaBKU 3k3oreHHbIx JIHK npu Mogudukanuu pacrenuit c npumenenueM JIHK-texnosorus,
CBA3aHHBIX C JOCTaBKOH in planta, T.e. IpU HCKJIOYEHUU CTAJUU KYJbTHBHUPOBAHUSA In
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vitro. Tak Kak JloCTaBKa UHCTPYMEHTOB /Ji1 TEHOMHOIO peZlaKTUPOBAHUSl U FeHEeTHYeCKUX
KOHCTPYKLIMWA NpPU CO3/JaHUM TPAHCTE€HHBIX pacTeHUH c mpuMeHeHUeM MeToja «floral dip»
paccMoTpeHbl HaMU paHee [8], B JaHHOM 00630pe aKLeHT OyJeT c/eslaH Ha Jjpyrue MeTOZbl
Y NI0/X0/1bl, 06ecnevyrBarlye A0CTaBKy 3k30reHHbIX //HK B reHOMBI pacTUTE/bHBIX KJIETOK,
MCKJIIOYAIOIIMX CTaiUU KYJIbTUBUPOBAHUS MOJUPUIIMPOBAHHBIX KJIETOK in vitro.

MeToapb! TpaHcdopManum pacTeHui in planta

Konyenyust mpancgopmayuu in planta

[eHeTHdeckass TpaHcpopMalUsi MHOTMX BHUJIOB pacTeHUN, OCHOBaHHas Ha MNOAX0JaX
KYJIbTUBUPOBAHHUS TPAaHCPOPMUPYEMBIX PACTUTEJbHBIX KJIETOK U TKaHEH, KYJIbTUBUPYEMbIX
in vitro, MOXeT ObITb TPYJOEMKHUM IpOLIECCOM, TPeOYUIMM aceNTHYeCKHUX YCJOBHUHU H
pereHepanyu pacTteHUU-TpaHcpopMaHTOB. Heo6XxoUMO OTMETHUTb, YTO B OTJUYHE OT
TPaJULIMOHHBIX METO/I0B, CTpaTeruu in planta npakTu4ecKkd He TpPeOYyT AJUTENbHOTO
HaX0X/leHHS 3KCIJIAHTOB in vitro, 0jHaKo 04eHb CUJIbHO PAa3/IM4AI0TCSA MEXY COO0H M0 CBOUM
MeXaHH3MaM /e CTBUsI, a TAKXKe 10 TUIIaM IieJieBbIX 0praHoB [9-11]. B cBs13U € 3TUM, KOHLIENLIUS
TpaHchopMaluu in planta 6p11a NepecMOTpeHa IPyNION UcciejoBaTes el MoJ, pyKOBOICTBOM
Jloktopa Jlynssl J/loHaxblo, KOTOpbIE IepeonpeiesInIu 3TOT NPOLecC KaK C1oco6 reHeTHYeCKon
TpaHcOpMalLMU PACTEHUN C OTCYTCTBHEM HMJIM MUHUMAJIbHBIMU 3TallaMU KyJIbTUBUPOBaHUS
TKaHel in vitro [12]. PaccMOoTpuM HeKOTOpble MpUMepbl TpaHCHOpPMALUU PACTUTENbHbBIX
TKaHeW COIJIaCHO 3TOM KoHlenuuu. 0611eit yepTol, 06'beAUHSAIOLIEN BCce HUKENPHUBeAeHHbIe
pUMeEDPBHI, IBJISIeTCs TOT GAKT, YTO TKAaHU-MUILIEHH, B KOTOPbIE JOCTABJSAIOTCS reHeTU4ecKue
KOHCTPYKLIMU WJU MHCTPYMEHTbl T'e€HOMHOTO peJaKTUPOBaHMs, 00JIafjal0T BBICOKHUM
MopdoreHeTHYECKUM NOTEHIIMAIOM (MEPHUCTEMBI ), TMOO OTHOCATCS K TKAaHSM reHepaTUBHbIX
nyTel pacTeHUH (CeMAMOYKH, NbIBHUKH, IbLIbLIA, AHLIEKIETKA).

Tpaucgopmayus in planta 6e3 KyrbmueuposaHus in vitro

Ha pucyHke 2 npezcTaBJieHbl IPUMeEPbI UCIIOIb30BaHUSA 111 TPAHCPOPMAIIUU Pa3JIUYHbBIX
TKaHeH-MUIlIeHeH, TO3BOJISIIOIMX MUHOBATD 3TAll KYJIbTUBUPOBAHUS PACTUTE/bHBIX TKaHEH
in vitro. K TakuM TUNaM TKaHeH OTHOCATCS TKaHU F'eHEPATUBHOTO My TH PaCTeHUM.

Hanecenne JJHK Ha
pacTyIuye MBUTbLIEBEIE

TPYOKH

TpascdopMHpOBaHHBIE
MBLTBLEBEIC 36PHA

Hanecenne THK Ha cpes
CTONIOHKA ¢ pacTyIIeii MBLIBLIEBOI
TPYOKOH

Pucynok 2. [lpumepbl TpaHcbopmanuu in planta, Hame/seHHOW Ha TKaHU-MUILEHHU
reHepaTUBHOTO NMyTH PaCTEHUH
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CnenyeT OTMeTUTb, YTO CpeJyd METO/0B, MO3BOJIAKUIMX JOCTaBJIATb (parMeHThI
sk3oreHHbIX /IHK HemocpeAcTBEHHO K TKaHAM TreHEpPaTUBHOTO MYTH, OTHOCHUTCS XOPOILO
3apeKkoMeH/loBaBIIMN cebs MeTos floral dip (puc. 2a), ¢ IpUMeHeHHUEM KOTOPOro yAaaoCh
YCIIEIIHO OCYIleCTBUTD IEPEHOC FreHeTUYECKHUX KOHCTPYKLUHM 60s1ee ueM y 10 BU/I0B pacTeHU I
[8]. U3BecTHBI ycrelHble TPpUMepPbl TpaHCPOpPMaALUMK NbLIbIbI (PUC. 26) C MOCAEAYIOIIUM ee
HaHeCeHUeM Ha pbliblia NeCTUKOB 1|BeTKOB [13-15]. OgHako aTOT MeToA 3pdeKTUBEH He A
IIMPOKOTO Kpyra pacTUTEJbHbIX BU/I0B, HAIpUMep, [IJIs1 OAHOA0/JbHBIX OTMeUYeHa ero HU3Kas
adpdexkTuBHOCTD [16]. UccieoBaTessiIMU pacCMOTPeHbI MyTHU A0CTaBKM 3k3oreHHoW [HK B
reHOM pacTeHHUH uepes pacTyuue nbliableBble Tpyoku [17]. IHK, HaHeceHHass Ha 0OTpe3aHHbIN
(YKOpOY€eHHbIH) CTOJIOUK pacTeHUsI-PeLUIIMEeHTa, TPAaHCIOPTUPYETCS N0 NbLIbLEBON TPYOKe U
BMECTE CO CIEPMHUSIMU U BereTaTUBHbIM s1/[pOM [IONIa/laeT Yepe3 MUKPOIIUJIe B BOCbMUSIEPHbIN
3apo/bllIeBbId MeIIOK W Jajee B 3urotry (puc. 2B). [IpoTOKOJBI AJIA 3TOM CTpaTeruu
Ony6JIMKOBaHbl K HAaCTOsIIEMy BpeMeHH JJis 6oJsiee 4eM [JIBYX JEeCATKOB BHUJIOB pacTeHUMU
[18-20]. Moaudukaius sToro MeTo/ia, CBI3aHHas C MOJIHbIM y/laJleHUeM CTOJIOMKA MecTUKa
1ocJjie ONbLJIEHHS W MOCJAeAYIUMM HaHeceHWeM 3k3oreHHod /IHK, mo3Bosinsia moBBICUTH
adpdexkTUBHOCTDb TpaHchopmanuu cou a0 11 % [21]. UTak, Ha OCHOBAHHHU BblllIeNPUBEJEHHbBIX
IpPHYMEPOB OYEBHUJIHO, YTO pa3pabOTaHHble K HACTOSIL[EMY BpPEMEHH MEeTOAbl U TOJXObI
BBejleHUs1 3k3oreHHoM /JHK HemocpeAcTBEHHO K TKaHSM reHEpPAaTMBHOrO NMYyTH pacTeHUH,
NO3BOJISIOT YCHELIHO NPUMEHSATb HX [AJisd TeHEeTHUYeCKOM MoAudUKALUM paCTUTEbHbIX
reHOMOB, B TOM YMCJIe ¥ XO35IMCTBEHHO-1I€EHHBIX BU/IOB.

Tpaucgopmayus in planta ¢ MUHUMANBbHBLIM KY/1bMUBUPOBAHUEM In Vitro

Croco6HOCTb HENMpepbIBHO MOAAEPXKUBATh AaKTUBHO PaCTyIlle BepxylleyHble MO6ery, u3s
KOTOPbIX GOPMHUPYIOTCS OPraHbl PpACTEHUS, SABSETCSA YHUKAIbHOW 0COGEHHOCThIO IIBETKOBbBIX
pacteHud. TKaHM TakuxX MNOOGEroB MOJYYWJIU CIlelHajJbHOe Ha3BaHWE — alHKaJbHble
MepucTeMbl. K/leTKHM anuKaJibHbIX MepUCTeEM (PYHKIMOHAJIbHO aHAJOTHYHbI CTBOJIOBBIM
KJIETKaM >XUBOTHBIX WU CJY>aT MOCTOSSHHBIM HMCTOYHHUKOM IJIIOPUNOTEHTHBIX CTBOJIOBBIX
KJIETOK, MOTOMKHM KOTOPbIX BKJIIOYAKOTCS B 3a4yaTKW opraHoB [22]. TpaHcdopmanus
anuKaJbHbIX MEPUCTEM YHUBEPCAIbHA K MOXKET ObITh OCYII[€CTBJIeHA TPAKTUYECKU Ha JIDOOH
*KU3HEHHOM CTaJIMU pacTeHHus, T.e. OT CesHIIA /|0 B3pOCjou cTtaauu [23].

Pucynok 3. [Ipumepsl TpaHchopManuu in planta, Hale/leHHOW Ha MepuCTeMaTHYeCKUe
TKaHU Nobera B KayecTBe MulleHel: 1) HaHeceHue JJHK Ha MecTa nmopaHeHHI anMKaJlbHOU
MepucTeMbl nobera; 2) HaHeceHue /JHK Ha MecTa mopaHeHUN MepuCTeM 6OKOBbBIX 10GETOB

82 Nel(154)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usi1blK FblAblMOap cepusicbl
2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuveckue HayKu



Moodugukayus zeHoma pacmeHuli ¢ npumeHeruem JJHK-mexHonozull: npozpecc 8 o6aacmu docmasku sk302eHHbuIX [JHK

Ha pucyHke 3 npejcTaB/ieHbl pa3/iMiHble MyTH U NpueMbl TpaHcpopMmauuu in planta c
VCIIOJIb30BAHWEM B KaueCTBe TKaHeU-MHUIEeHeW aluKaJbHbIX U a/|BEHTUBHBIX MEpHUCTEM.
Tpancdopmanum in planta cnpyuMeHeHUEM allMKaJIbHbIX MEPUCTEM YCJIOBHO MOXKHO pa3/ieJIUTh
Ha cJleiyIolKe 3Tallbl, IepBbIM U3 KOTOPBIX BK/IIOYAaeT MeXaHU4YeCKoe IOpaHeHHe alluKaJlbHOU
MEepUCTEMBI C TOMOLIbIO UTJIbl U CKaJiblesis (PucyHok 3). BTopoii aTan BK/Il0oYaeT HaHeCEHH e
arpo6akTepruabHOM CyCIeH3UMU Ha MOBPEXJEeHHY0 06J1aCTh C MOCJAeAYIOIHUM CO0pOM ceMsH
To Ha TpeTbeM 3Tane U UX TECTUPOBAHUEM IO YCTOMYUBOCTH K CeJIEKTMBHOMY areHTy Ha
4yeTBEpPTOM 3Tarne [24]. B iuTepaType onvcaHo JOCTaTOYHO MHOT'0 Pa3JIMYHbIX MOAUUKALIUI
TpaHchopMmauuu in planta pjas pas3/M4YHBIX BUJOB pacTeHUMN, KaK /BYAOJIbHBIX, TaK U
OJIHOJI0JIbHBIX. B Tabuinie 1 nprBe/ieHbl JaHHbIE 10 UCII0JIb30BAaHUIO OMKUCbIBAEMOI0 METO/1a
JU1S1 IOJIyYeHHS KaK TPaHCTeHHBIX pacTeHUH, TaK U IJid 1jeJled FeHOMHOTO peJaKTUPOBaHMUSA.

Taéuna 1
Cucrembl TpaHcPOpMaLUM/pereHepanum,
anMKaJbHbIX MEPUCTEM

OCHOBAHHBbIE Ha HMCIIOJIb30BAHUH

HasBaHue pacTeHudA

CchlIKA HA UCTOYHUMK

Orypen noceBHoH (Cucumis sativus)

Baskaran et al., 2016; [25]

[letynus (Petunia hybrida)

Ulian et al., 1990; [26]

Peikuk noceBHo (Camelina sativa)

Sitther etal., 2019; [27]

XpusaHTeMa gaamaTtuHckas (Tanacetum cinerariifolium)

Li etal, 2022; [28]

XnonvaTHUK (Gossypium hirsutum)

Ganesan et al., 2109; [29]

[Menuna (Triticum aestivum )

Hamada et al., 2018; [30]

[Ipoco manbyaroe (Eleusine coracana)

Satish et al,, 2017; [31]

[lleTHHHUK UTANbIHCKUH (Setdria itdlica)

Ceasar et al., 2017; [32]

[Ipoco abpukaHckoe (Pennisetum glaucum)

Jhaetal, 2011; [33]

Puc noceBHol (Oryza sativa)

Arockiasamy et al., 2007; [34]

BupycHbIe BEKTOPbI

Hcnonp3oBaHWe BUPYCOB pacTeHHWU B KadecTBe UHCTpyMeHTOB aAJa JHK-texnosnoruu
JlaBHO NpHUBJIEKAJO0 BHUMaHUMe MHOTUX rpynn ucciegoBateseid [35]. IlepBrie mpumepbl
MCII0JIb30BAaHHUS BUPYCOBJISI3TUX1leJ1e ObLIM CBS3aHbI CIONBITKAMU MHAKTUBUPOBAHHUSI TEHOB
CTPECCOYCTOMUYMBOCTH Y BOXKHBIX CEJIbCKOX035IICTBEHHbIX BU/I0B pacTeHUH [36], a Takxke ¢ UX
MCII0JIb30BaHHWEM B KaueCTBe MHCTPYMEHTOB JJOCTaBKH JJ11 peJaKTUPOBaHUs TeHOB-MULIEeHEeN
B CRISPR/Cas moaxomax AJid MHAYKIUM HOKAyTOB reHoB-MuleHed [37]. C mpuMeHeHUEM
OOLIMPHBIX JAHHBIX 10 aHHOTHUPOBAaHUI0 GYHKIUH MHOTUX BUPYCOB, B TOM YHCJie U BUPYCOB
pacTeHUi, HaKOIJIEHMEeM HOBbBIX JJAHHBIX 00 UX 0COOEHHOCTSIX B3aUMOJ e CTBHS C OpPraHU3MOM
X035IMHa, CYLEeCTBEHHO pacLIUPHUJIOCh HCIOJIb30BaHUE BUPYCOB B OuoTexHosoruu [38].
PazBuTue u coBepieHcTBoBaHMe JJHK-TexHO/MOrUM € HCO/Ib30BaHUEM BHPYCHBIX BEKTOPOB
A1 JOCTaBKA WHCTPYMEHTOB peJaKTUPOBAaHUs CTHMYJHUPOBAJO M HHTeEpeC K MeToJaM
TpaHcopmanuu in planta [39, 40]. UMeHHO TEXHOJIOTUU PeNAKTUPOBAHUS PACTUTENbHBIX
r€HOMOB MOCJY>KUJIM XOPOIIUM TOJYKOM K EePeCMOTPY YU ONTHMHU3ALMU CIOCOOOB 10CTaBKU
¢parmenToB 3k30reHHbIx [JHK B reHOMbl pacTeHUN U, B YaCTHOCTH, CTPAaTeruid BpeMeHHOU
(TpaH3ueHTHOM) TpaHcPopManuu. [IockobKY pelakTUPOBaHUS (HOKAyThl TeHOB-MUIIEHEHN)
He TPeOYIOT HaJIM4rs caMUX HHCTpyMeHTOB (Cas9 u HanpagsJstonieit PHK) B reHoMe NoTOMKOB
OoT caMmoonblieHUs1 ucxogHoro (To) oTpefaKTUPOBAHHOTO pAaCTEHHUs, BEKTOPbl HA OCHOBE
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BUPYCOB MNPEJCTABJAKTCA BeCcbMa NpHUBJEKaTeJbHbIMU [JI1 COBEPLIEHCTBOBAHUA CaMOMU
TEXHOJIOTMU B HAllpaBJIEHUH CIIOCOOOB JOCTABKHU.

HecMoTpsi Ha TO, YTO BepXylledHble MePUCTEMbBI, KaK IPaBUJI0, CBOOOAHBI OT BUPYCOB, BCE XKe
HEKOTOPble BUPYChI CIIOCOOHBI 3aCe/IATh U 3TU 06/1aCTU pacTUTENbHON TKaHu [37,41]. UMeHHO
3Ta 0COOEHHOCTb BUPYCa NOTPEMKOBOCTH Tabaka 6bljla UCII0JIb30BaHa JJ15 CO3/JaHUA JOBOJIbHO
OPUTMHAJIbHOI'0 UHCTPYMEHTA /IJ11 peJaKTUPOBAHUS pacTUTebHOro reHoMa [42]. CyTb aToit
paboThl cocTosiia B TOM, 4TO nocyegoBatesbHOCTh reHa FT (FLOWERING LOCUS T) 6biia
cavTa ¢ nocsnefoBartesbHOCThIO PHK, HanpaBiidgoniet Hyk/aeady Cas9 Kk palioHy-MULIeHU. Tak
kak reH FT kogupyeT 6eJ/IoK, ABJSOUIMICA KJII0UYeBbIM CUCTEMHBIM CUTHAJIOM, 3allyCKaOLUM
npouecc BeTeHU: Yy pacTeHUH, TO KJIOHUPOBAB €ro B BUPYCHBIM BEKTOp, UCCJeL0BaTENH
CMOTJIMA MOJIyYUTh MOOUJIbHBIM MHCTPYMEHT JJI1 peJJaKTUPOBAaHUS CBEPXIKCIIPECCUPYIOLUX
6es10k Cas9 pacTeHUH, ,0CTaBJIsieMbIi B TKaHU allMKaJbHbIX MEPUCTEM B BapUaHTE JOCTAaBKU
in planta. [laHHBIA NpUMep INpejCcTaBasgeT COO0W yJadyHOe coYyeTaHUe NMPUMEHEHUs [BYX
JAHK-TexHO/1I0TUM - T€eHHOW UHXXEHEePUU U T€HOMHOI0 pPeJaKTUPOBAHUSA KaK MHCTPYMeHTa
A WHAYKIMU HOKAyTOB B LieJIeBbIX palOHax TIeHOB-MUIIeHed. JlaHHas TexXHOJI0rud
OCyIlecTBJIAeTCA B JiBa 3Tala — HA NEepBOM M3 HUX I'eH, KOAUPYWOILMH HykJeady Cas9,
IIepeHOCUTCH B TEHOM pacTeHHs, Cpeiu IOTOMKOB OT CaMOOIbIJIEHUSI KOTOPOI'0 OTOUPAIOTCS
JIMHUHU CO CBepX3IKCIpeccuer 3Toro reHa. Ha BTopom 3tamne 3TH JIMHUU MCIOJB3YIOTCA AJIA
JIOCTaBKU MOOUJIBHOTO MHCTPYMEHTA B allMKaJIbHble MepUCTEMbl MeTOAO0M in planta. Takum
06pa3oM, 6eJIOK, ABJAIILUNACA CUCTEMHbIM CUTHAJIOM LBETEHMSs, JOCTABJISIETCA B COCTaBe
BEKTOpA Ha OCHOBE BHpyCa MOrPeMKOBOCTU Tabaka, UMEHHO B 3TH TKaHU-MUIIEHH, TaK KaK
3TOT BUPYC CIIOCOOEH KOJIOHM3UPOBATh U allMKaJibHble MEpPUCTEMBI pacTeHUM. BriociecTBruu
3Ta MOOMWJIbHAsA CUCTeMa peJaKTUPOBaHUA Oblla OTHECEHA K YHUBEpCAJbHbIM, TaK Kak
ObLIa MOATBEPXK/IEHA ee COBMECTUMOCTbD C APYTUMHU BUpycamu [43, 44]. B HacTosiliee BpeMs
HabJiroaeTcs MOBBILIEHHBIM MHTEpeC UccaefoBaTesied K pa3paboTKe METOJ0B M MOAXO/0B
JlocTaBKU 3k3oreHHbIX JIHK B reHOMBI pacTUTeNIbHBIX KJIETOK B BapyaHTe in planta [45-47].

3ak/Il04eHue

CoBeplieHCTBOBaHWE COBPEMEHHOW OMOJIOTMM PACTEHUWM Ha CTa[UMU ee MOCTTeHOMHOTIO
pa3BUTHS HANpPSMYH CBA3aHO C TEXHOJIOTMSAMHU MOJAUQPUKALUM TE€HOMOB, BKJ/IOYAKOIIUX
reHeTUYeCKyl0 UHXXeHEePUI0 U FeHOMHOe peJlaKTupoBaHUe. JlaJbHEeNIIMU nporpecc B 3TOM
HalpaBJIEHWU MpPOCMATpUBAETCs B pa3BUTUM Takux 3TanoB JIHK-TexHosiorui, KoTopbie
Obl MO3BOJIMJIA COKPAaTHUTb CPOKM IMOJIYyYEHUs IMpejloJaraeMblX LieJeBblX MOAUPUKALUU
pacTUTE/IbHbIX T€HOMOB, a TaKXe YIpPOCTUTb caMy Mpoueaypy ux moaudukanuu. B
npejsaraeMoM 0030pe MpUBeJieHbl pe3yJbTaTbl pabOT pas/JMYHbIX KOJIJIEKTUBOB
ucciiejoBaTesiel, CBSI3aHHbIe C yIpolleHHeM J0CTaBKU pparMmeHTOB 3k3oreHHbIX /IHK, B ToM
4yucje NpsIMOU JOCTaBKU, MUHYSI CTaJiMI0 KYyJIbTUBUPOBAHUSI PAaCTUTEJNbHBIX KJIETOK in vitro
C MOCJeAYIIIUMU NpOoLeypaMu BOCCTAHOBJIEHUS] pacTeHUM-pereHepaHToB. 06CyX/jaeMble
NOAXOAbI SABJISIIOTCSI OCHOBOM /1 Jla/IbHEHIIero nporpecca B HalpaBJIeHUH pa3BUTUSA paboT
no MoAvpUKaALMKM reHOMa pacTeHUU. PaccMOTpeHbl MepCrneKTUBBI JOCTAaBKM MHCTPYMEHTOB
reHOMHOTO peJlaKTUPOBAaHWUSI B paCTUTeJIbHble KJETKHU [JIs1 YJAydlleHUs pPasJUdHbIX
X031 CTBEHHO-LIEHHBbIX XapaKTePUCTUK, B TOM YHUCJIE [/ BaXXHBIX CEJIbCKOXO35IMCTBEHHBIX
BU/IOB PaCTEHUM.

Bxiag aBTOpOB
J.E. - pa3paboTKa KOHLeNMH, HanucaHue Tekcta; T.P. - Hay4YHOe pyKOBOACTBO paboOTOM;
K.A,, T.b. u T.I. - pefakTupoBaHue CTAThH.
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E.B. [letinexo, A.H. Keyec, b.b. Totiabi6atli, I'C. Tawkeum6aeea, PM. TypnaHosa

ak3oreHfik JIHK ¢pparmenTTepiH xkeTki3y fepekTepi KapacTbeipblLiabl. Herisri Hazap eciMzik TinAepiH
KaJIyCThIK KyJIbTypaJiapFa AeliH le3uHTerpanusaaaybl )KkoHe KeHiH in vitro >xafaailblHJa pereHepaHT-
eCiMZIKTep/i KaJlbIHa KeJTipyAl KaMTUTBIH 6CIMAIK )KacylajapblH KyJbTUBUPJIEY CaThIChIH alHaJIbII
eTyre MyMKiH/ik GepeTiH in planta >keTki3y ajjicTepiH KapacTbipyFa 6aFbiTTasFaH. Kasipri 3amaHfbI
JHK TexHoJsiorusiiapblH KoJ1ZJaHa OTbIPbII, 6CIM/iIK TeHOM/AAPbIH 63TepPTY/iH A9/ OCbl Ke3eHi Ka3ipri
yaKbITTa KeIlTereH 3epTTey TONTapbIHbIH Has3apblH ayZapyza. OciMAik »xacymajapblHa FeHOM/JBIK
eH/ley Kypa/ljapblH TPAaH3UTIIEH XKeTKi3y YIIiH BUPYCTBIK BEKTOpJIapAbl NaijasaHy nepcreKTHBaIaphbl
»KeHiHJe AepeKTep 6epinreH. Bys TexHOIOTUAHBIH MYMKiH/ZiKTepi MeH Kelbip KeMIliniKkTepi, coHAal-
aK OHBI aybLIIAPYALIBLIBIK 6CIMAIK TypJiepiHe KOJIAaHy NepCleKTUBalaphbl TaJKblIaHALbI.

TyiiiH ce3aep: reHeTHKaJbIK HHXKeHepUs, TeHOMABIK, 6Hley, TpaHCreH, in planta »xeTki3y agicTepi,
floral dip, BUpyCTBIK, BEKTOD, BUPYCIIEH UHYKIUsIJIaHFaH FTeHOM/bl 6HJley

Modification of plant genomes using DNA technologies:
progress in the delivery of exogenous DNA

E.V. Deineko*!, A.N. Kenges?, B.B. Toilybai?,
G.S. Tashkentbaeva*, R.M. Turpanova*>
1Federal State Budgetary Scientific Institution “Federal Research Center Institute of Cytology and Genetics
of the Siberian Branch of the Russian Academy of Sciences,” Novosibirsk, Russia
123451, N. Gumilyov Eurasian National University, Astana, Kazakhstan

Abstract. The article reviews data on the delivery of exogenous DNA fragments used in DNA
technologies as expression cassettes for heterologous genes in the creation of transgenic plants, or as
tools for modifying plant genomes using genome editing methods. The main focus is on in planta delivery
methods that allow researchers to bypass the plant cultivation stage, which includes the disintegration
of plant tissues into callus cultures followed by the in vitro regeneration of plant regenerants. It is this
stage of plant genome modification using modern DNA technologies that is currently attracting the
attention of many research groups. Data are presented on the prospects of using viral vectors for the
transient delivery of genome editing tools into plant cells. The possibilities and some disadvantages of
this technology are discussed, as well as the prospects for its application to agricultural plant species.

Keywords: genetic engineering, genome editing, transgene, in planta delivery methods, floral dip,
viral vector, virus-induced genome editing
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Isolation and characterization of umbilical cord-derived mesenchymal
stem cells
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Abstract. Mesenchymal stem cells (MSCs) isolated from human umbilical
cord have been studied by scientists for more than 10 years due to their
regenerative potential. Identification of the phenotype of these cells is very
important because it shows the presence of properties of stem cells. This
study aims to identify the phenotype of MSCs that were obtained from the
human umbilical cord. MSCs were isolated from human umbilical cord and
cultured in complete a-MEM medium. The colony-forming capacities of the
obtained MSCs were analyzed by colony-forming assay. The phenotype of the
obtained MSCs was evaluated using flow cytometry. [solated MSCs showed the
typical morphology of MSCs and demonstrated the ability to form colonies in
the CFU assay. Obtained MSCs showed the expression of surface markers of
normal MSCs. Thus, the cells that were isolated from the human umbilical cord
confirmed the presence of the phenotype of MSCs.

Keywords: mesenchymal stem cells, CFU, flow cytometry, phenotype, surface
markers

Introduction

Mesenchymal stem cells are a heterogeneous subpopulation of multipotent cells that are
isolated from synovial tissue, umbilical cord blood, perivascular areas, and human organs and
tissues [1-3]. To date, interest in the use of MSCs by scientists and clinical researchers has
increased, as MSCs have pronounced immunoregulatory and immunomodulatory properties,
namely suppress the activity of pro-inflammatory cells of both innate and acquired immunity
[4-6]. It was shown that MSCs are able to suppress the activation or induce immune cells with
anti-inflammatory phenotypes [4, 5]. It was found that the immunomodulation action of MSCs
occurs both through cell-cell contacts and paracrine. It is reported that MSCs secrete molecules
and factors capable of activating anti-inflammatory reactions [4]. Itisreported that MSCs isolated
from the umbilical cord have potential in the treatment of various diseases. Before considering
every type of MSCs, it is important to determine their phenotype and stem cell characteristics.
Chen et.al. reported that UC-MSCs demonstrate paracrine functions that promote the formation
of new vessels, alleviation of apoptosis and fibrosis, reduction of TNF-a and TGF-f levels,
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rejuvenation of cardiac properties, particularly, cardiac allografts. The immunoregulatory
properties of UC-MSCs due to lowered immunogenicity demonstrated moderate elimination
in comparison with BALB/c in immunocompetent mice, and also inhibition of Th1 and Th2
levels. The effect of UC-MSCs in clinical studies is being investigated for the next disease models:
stable heart failure, ST-elevation myocardial infarction, acute myocardial infarction, and chronic
ischemic cardiomyopathy. The authors indicated the next issues as safety and control of capacity
for application in a clinical study [5, 7].

Materials and research methods

Isolation of mesenchymal stem cells from human umbilical cord

Biomaterial of the umbilical cord (UC) was taken from a healthy pregnant woman during
a cesarean section at the Maternity and Childhood Center (Astana) (the report of the ethical
committee is attached to the project, written informed consent was prepared before the
procedure). Isolation of MSCs was carried out as described [8]. The samples were collected in
phosphate-salt buffer (PSB) (Gibco, USA) and sent to the laboratory, where they were washed
in PBS with 1% Anti-Anti antibiotic (Gibco, USA), cut into segments of 5 cm2, and the blood
vessels were removed. Segments were placed in T25 cm?2 vials and cultured in a-MEM medium
with the addition of antibiotics, 1% Anti-Anti (Gibco, USA), and 10% fetal serum (Gibco, USA).
Flasks with cells were incubated at 37 °C, with 5% CO2, and left alone for 7 days. Changing of
medium was performed every 3-4 days. After 2 weeks, the explant PCs were removed, and the
attached cells were cultured for 21 days. Then cells were passaged using 0.05% Triple (Gibco,
USA). Then the cells were quantified using the trypan blue method and subcultured on serum-
free medium - Stem MACS MSC Expansion (Milteniy). The morphology of MSCs was evaluated
using an inverted microscope Axio Observer A1l (Carl Zeicc, Germany).

Analysis of fibroblast-like colony-forming units (CFUs)

MSCs were collected using 0.05% Triple (Gibco, USA), and the total number of cells was
determined using an automatic cell counter, Bio-RadTC20. Collected cells were seeded in
culture vials T25 with a density of 1000 cells/vial. After 14 days, cell cultures were washed
with phosphate-buffered saline (PSB) and stained with 0.5% crystal violet in methanol at room
temperature. After staining, vials were washed with FSB, dried, counted, and analyzed for
fibroblast-like colonies using a stereomicroscope SZ61 (Olympus, Hamburg, Germany) [9].

Multilineage differentiation assay

For adipogenic differentiation, 1x104 cells/cm2 were seeded in a 6-well culture plate and
cultured in adipogenic differentiation medium consisting of high-glucose a-MEM supplemented
with 15% FBS, 0.2 mM L-glutamine, 100 pM L-ascorbic acid, 200 pM indomethacin, and 100
nM dexamethasone. After 21 days, the cells were fixed with 4% paraformaldehyde (PFA) and
stained with Oil red O. For osteogenic differentiation, the cells were cultured at 90% density in
osteogenic differentiation medium consisting of low glucose a-MEM supplemented with 15%
FBS,200 pM L-ascorbicacid, 10 mM glycerol phosphate,and 100 nM dexamethasone. The medium
was changed twice a week for 3 weeks. Osteogenic differentiation was assessed by Alizarin
red staining. For chondrogenic differentiation, cells were resuspended at 1.25x106 cells/mL in
chondrogenic differentiation medium consisting of high-glucose DMEM supplemented with 1%
ITS+Premix, 100 uM ascorbate-2-phosphate, 0.1 uM dexamethasone, and 10 ng/mL-[3-glycerol-
phosphate. To generate chondrogenic pellets, 2.5x105 cell micromasses from this cell solution
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were placed in a 15 mL polypropylene tube, centrifuged at 500xg, and incubated at 37°C and
5% COZ2. The medium was changed twice a week. After 3 weeks, cell pellets were collected, fixed
with 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 pm thickness, and
stained with toluidine blue [9].

Flow cytometry analysis

For flow cytometry analysis, 1x106 cells/sample were stained using the appropriate antibody
kit (BD Stemflow Human MSCs Analysis Kit, USA): FITC CD90.2, PerCP-Cy 5.5 CD105, APC CD
73, PE CD44. After incubation with antibodies, cells were fixed in fixing buffer (Fix/Perm buffer,
BD Biosciences) [9]. All antibodies were purchased from BD Biosciences. Analysis of cells was
carried out using a flow cytofluorimeter CytoFLEX (Beckman Coulter, USA). The obtained data
were processed using the program Flow]o (BD Biosciences).

Statistical data processing

Statistical processing of the results was carried out using the ANOVA test. The results of
statistical processing of experimental data are presented in the form of graphs with an indication
of the value of the mean square deviation.

Results

Characterization of UC-MSCs

Obtained MSCs from Wharton jelly of umbilical cord were spindle-shaped, expanded rapidly
in culture, and reached confluence within 10-14 days (Figure 1B). Further analysis showed that
MSCs have the capacity to form fibroblastic colonies (Figure 1C).

Figure 1. Isolation and characterization of the primary culture of MSCs of the human UC: (a)
Phase-contrastimage of MSCs migrating from the segments of Wharton's jelly of human umbilical
cord; (b) Phase-contrast image of MSCs monolayer culture (passage 2); (c) Representative
image of MSCs fibroblast colony after crystal violet staining

Obtained MSCs showed the potential to differentiate into adipocytes, osteoblasts and
chondrocytes (Figure 2), indicating that they possess the self-renewal and multipotent abilities.

Figure 2. Multilineage differentiation of MSCs: (@) Phase contrast image of MSCs after
osteogenic differentiation. The cells contain calcium deposits stained with Alizarin Red S. (b)
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Phase contrast image of MSCs after adipogenic differentiation. The cells contain orange lipid
vacuoles stained with Oil Red O. (c¢) Chondrogenic differentiation of MSCs in spheroid culture.
Histological section of chondrogenic spherule stained with Toluidine Blue

Isolated UC-MSCs demonstrated the expression of specific markers of MSCs: CD29, CD44,
CD90, and CD105 (Figure 3). Thus, these results support that our obtained cells from hUC
indeed belong to MSCs.
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Figure 3. Flow cytometry analysis of MSCs (CD44, CD90, CD73, CD105)
Discussion

The potential of MSCs due to their immunoregulatory properties is being studied in
different diseases, including autoimmune and cardiovascular diseases. Authors revealed 6
directions where MSCs' effects were found in applying for alleviation of atherosclerosis [10].
In another study, the effect of cytokine-preconditioned MSCs for decreasing the development
of atherosclerosis in an animal model [11]. Before the application of MSCs for in vivo study, we
examined them in the CFU assay, the multilineage differentiation assay, and in flow cytometry.
The flow cytometry is the standard method for identifying if the cells meet the identity criteria
according to the International Society for Cell and Gene Therapy. One of the interesting studies
was focused on MSCs derived from umbilical cord (UC MSCs), adipose tissue (AD MSCs), and
bone marrow (BM MSCs), and investigated their stability, expansion potential, and suitability
for clinical-scale production by comparing culture in commercial media. MSCs at passages 3
and 6, and after thawing (P3), were analyzed in flow cytometry. More than 95% of cells were
positive for CD73, 90, 105, and less than 2% expressed negative markers (CD34, CD45, CD11b,
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CD19, HLA-DR). UC MSCs demonstrated excellent identity in both media, with positive markers
expressed near 100% and negative markers well below 2%. AD MSCs showed in Stem MACS
medium high positive and low negative expression, while in Power Stem medium, there was
high expression of positive markers, but some samples exceed 2% for negative markers. BM
MSCs had a drop in CD90 and CD105 marker expression after culturing in Power Stem medium,
with very high negative results (45% approximately). This indicated very poor performance of
the cells in this medium. Authors found that Stem MACS MSC Expansion is the most suitable and
consistent medium for cell growth. These cells, grown on selected media, were not contaminated
with other cell types and fully meet the standard criteria by the International Society for Cell
and Gene Therapy (ISCT). The CD73 factor is responsible for regenerative function, conversion
of adenosine-monophosphate to adenosine, and contributes to anti-inflammatory signaling in
MSCs. The CD90 is responsible for the ability to adhere, migrate, and differentiate, meaning
the function of cell-cell and cell-matrix interaction in MSCs. The CD105 participates in vascular
regeneration and tissue healing, a co-receptor of TGF beta (transforming growth factor) [9].

Colony-forming unit assay (CFU) is the standard method to determine the cell proliferation
capacity and clonogenic potential of MSCs. Authors, by using this assay, found that UC MSCs had
a similar number of cells in both Stem MACS and Power Stem with high clonogenic potential.
If AD MSCs performed better proliferation in Stem MACS media, with the average CFU counts,
however, BM MSCs were slightly higher in Stem MACS, but not statistically significant (P=0.13).
The colony-forming unit assay was performed on MSCs of passage 2. The seeding density was
the next: UC-MSCs - 4 cells/cm?, AD-MSCs - 20 cells/cm?, and BM-MSCs - 100 cells/cm?. Authors
found that UC MSCs had a similar number of cells in both StemMACS and PowerStem with high
clonogenic potential (the highest CFU count overall: average 366 +154 colonies). However, AD
MSCs performed better in StemMACS, with average CFU counts of 97 + 18 colonies. In addition,
BM MSCs were slightly higher in StemMACS, but not statistically significant (P=0.13), with
the lowest colony overall 16 #3 CFUs [12, 13]. Other researchers also focused on studying
how different sources of mesenchymal stromal cells (MSCs) affect the ex vivo expansion of
hematopoietic stem/progenitor cells (HSPCs) derived from umbilical cord blood by comparing
the MSCs from three sources (bone marrow, adipose tissue, and umbilical cord matrix). The
study also examined whether replacing fetal bovine serum (FBS) with human platelet lysate
(HPL) during the expansion of MSCs. BM- and AT-derived MSCs expanded with FBS improved
the UCB HSPC expansion and maintenance of primitive subsets, while UCM-derived MSCs and
HPL-based cultures may compromise these outcomes [14].

In regenerative medicine, bone marrow-derived mesenchymal stromal cells are becoming
increasingly important. Many scientists study the MSCs’ therapeutic value, but some issues
regarding the expansion were raised. For the cell therapy, fetal bovine serum usage causes
challenges, including safety problems and the variety of media compositions. This is why serum-
free media (SFM) usage is becoming more diverse, studying the specificity of media for cell
growth. To identify the most suitable media, six commercial SFMs were analyzed at two different
densities for BM-derived MSCs culturing, where differences in marker expression of MSCs were
seen after altering the time, yield, colony formation, differentiation, and immunosuppression.
This study showed the possible replacement of animal-derived serum for safer conditions
and clearer results. Overall, Rooster Nourish, Rooster Nourish-MSC XF, StemMACS-MSC XF,
and MSC NutriStem XF media showed the highest expression of positive markers (>98%) and
the lowest expression of negative markers (<1%) in flow cytometry. This demonstrated that
these commercial media are consistent across seeding density variations and cryopreservation
influence.
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BM-MSCs were also examined in CFU analysis. It was found that serum-containing medium
had the highest number of colony formation, with dense, large, and numerous colonies. BM-
MSCs cultured in the Rooster Nourish media showed a meaningful number of CFU as well, while
other SFM/XFM, especially MSC NutriStem, showed significantly reduced colony formation [15,
16]. It was reported that mesenchymal stem cell markers like CD73 and CD90 are usually used
to reflect the original state of cells. The authors analyzed cells from periosteum and cartilage,
finding that >95% of cultured cells expressed CD73 and CD90, regardless of their original tissue
or culture conditions. Nevertheless, it was found that freshly isolated cells do not have these
markers, suggesting that the expression of CD73 and CD90 is possible during in vitro culture,
but not in vivo. Therefore, the expression of MSCs’ markers was not connected to reflecting
their natural identity or functional state.

Authors found that after in vitro cultivation, cell populations acquired similar surface
phenotypeswith high expression of CD73 and CD90, with thelossof CD34[17,18].Itwasreported
that cord blood-derived mesenchymal stromal cells (CB-MSCs) are emerging as a promising
option to support immune tolerance and reduce the need for traditional immunosuppressive
drugs. Because of their unique anti-inflammatory and anti-apoptotic properties, they can be
considered for clinical use. The GMP-compliant (Good Manufacturing Practice) process to
produce and bank clinical-grade material for use in advanced therapy medicinal products
(ATMPs) was considered. Between 2012 and 2023, 263 CB-MSC doses were safely administered
to 40 patients with conditions like Graft-versus-Host Disease, nephrotic syndrome, and neonatal
bronchopulmonary dysplasia. The authors found no serious side effects, and most patients
showed positive outcomes. CB-MSCs were analyzed in flow cytometry for expression of 3 positive
and 1 negative marker. From the results, CB-MSCs were characterized by strong expression of
CD90 and CD105 and absence of CD45, which was used to identify any contaminating non-MSC
cells. Also, the cells showed strong purity, with an average of 97.3 + 2.7% expressing key MSC
markers CD90, CD105, and lacking the blood cell marker CD45. Contaminating cells were nearly
absent, and viability was high, with over 92.7 + 4.6% of the cells alive and healthy at the time of
testing. Even after thawing, the cells maintained good viability.

Additional tests confirmed that the cells consistently expressed other important markers
like CD73, and all safety checks, like sterility, absence of mycoplasma or viruses, and normal
karyotype, were successfully passed. These results highlight the reliability and clinical readiness
of the MSC(CB) produced under strict GMP standards. Also, the colony-forming units’ assay
showed that CB-MSCs formed 17.9 + 17.4 colonies [19, 20]. It was revealed that the potential of
MSCs derived from the umbilical cord blood can be considered for skin diseases like psoriasis.
Authors exhibited in vitro and in vivo studies on the application of MSCs and derived exosomes
for psoriasis disease [21]. Another work of the same author presented the findings on the use
of cytokine preconditioned MSCs that were isolated from human umbilical cord blood for the
alleviation of psoriasis in a mouse model.

The flow cytometry analysis of hUCB-MSCs also showed positive expression of CD90,
CD73, and CD105 markers [22]. Another study compared the osteogenic capabilities of
MSCs of adipose tissue and Wharton'’s jelly of the umbilical cord, which were cultured under
identical differentiation conditions to determine which MSC source is more effective for bone
regeneration. Authors evaluated the osteogenic differentiation using established biomarkers,
including calcium deposition (Alizarin Red S staining), alkaline phosphatase (ALP) activity, and
the secretion of osteoprotegerin (OPG) and osteocalcin (OC). The low OPG and high OC levels
in both cell types indicated the progression to an advanced osteogenic differentiation stage.
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However, W]-MSCs demonstrated greater OC secretion than AT-MSCs. These findings confirmed
that both AT-MSCs and W]-MSCs possess the osteogenic potential, though the differences in
biomarker expression suggested that AT-MSCs may have reached a more mature differentiation
stagebyday21[23,24].Also,drawing onawide range of previous studies, offers acomprehensive
overview of how various cell types, including macrophages, endothelial cells (ECs), nerve cells,
and periodontal cells, affect the osteogenic differentiation of mesenchymal stem cells (MSCs).

Inaddition to servingas avaluable reference for developing multicellular co-culture strategies
in osteogenesis research, the article also provides a solid foundation of basic knowledge on
the mechanisms and factors involved in MSCs’ osteogenic differentiation. The osteogenic
differentiation of MSCs progresses through distinct stages: proliferation, commitment to the
osteoblastlineage, and matrix mineralization. This complex processis orchestrated by a network
of transcription factors, including Runx2, Osterix (0SX), DLX5, and ATF4, and is regulated by key
signaling pathways such as Wnt/3-catenin, BMP, Notch, FGF, and Hedgehog. Among these, Runx2
is particularly critical, serving as a central hub that integrates signals from multiple pathways
to drive osteoblastic differentiation [25, 26]. In this review authors reported on chondrogenic
differentiation in mesenchymal stem cells, in comparison with the differentiation potential of
cancer stem cells (CSCs). The complex biological mechanisms are involved in this process, such
as signaling pathways: TGF-3/Smad, BMPs, Hedgehog, Notch, Wnt, and FGF, all of which are
converged in the regulation of the SOX9, the master transcription factor in chondrogenesis. It
was indicated that a comprehensive multi-dimensional scope—addressing not only canonical
molecular pathways but also non-coding RNAs (miRNAs, IncRNAs, circRNAs) and biophysical
factors like oxygen tension, mechanical stress, and substrate stiffness, which can shape the fate
of MSCs [27, 28]. It was reported that MSCs can be considered as a promising tool in tissue
engineering, but their tendency to lose potency in the creation of cartilage that isn't fully
comparable to native tissue [29, 30].

Our obtained results of all experimental analyses confirmed that the cells isolated from the
Wharton's jelly of human umbilical cord supported the characteristics of mesenchymal stem
cells: showed a fibroblast-like morphology, demonstrated the differentiation potential into
three cell types (osteocytes, adipocytes, and chondrocytes), and reliably expressed the positive
surface markers - CD44, CD90, CD73, and CD105.

Conclusion
Thus, the cells that were isolated from the human umbilical cord confirmed the presence of
the phenotype of MSCs.
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Kinzik 6ayblHaH Me3eHXMMaJ/IAbl GaFaHAJIbI 2KacyllaJapAbl aay *KoHe cunaTTay

A.E. CexenoBa*!, A.C. Uca6ekoBa?, B.B. Oraii?
123 [lineex xncacywasap 3epmxaHacst, ¥ammuolk 6uomexHos102ust opmasvirsl, AcmaHa, Kazakcmat
H

Angarna. FaneiMpap amaMHbIH  KiHJIK 6ayblHAaH OeJiiHTeH Me3eHXUMaJIblK 6GaFaHaJibl
*kacymasapbiably, (MBXK) pereHepaTuBTi moTeHuuaabiH 10 KbLIAaH actaMm 3epTTen KeJsefdi. Bya
’KacymajapablH (eHOTHIIH aHBIKTAy 6Te MaHbI3/lbl, 6UTKeHi 0J1 GaFaHaJibl KacyllaJapbIHbIH,
KacueTTepiHiH 60JybIH KepceTe/i. bys 3epTTey/iH MakcaThl aJlaMHbIH KiH/[iK 6ayblHaH aJIbIHFaH
MB2XK-HbIH GeHOTHIIH aHBIKTaybl 60JBIT TabbLIaAbl. MBXK afjaMHbIH KiHAiK 6ayblHAH G6JIiHIN, TOJBIK
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a-MEM opTraga ecipingi. AnbinFaH MBXK-HbIH K010HUS TY3Y KabijeTi KoJIOHUs Ty3y1li TalAay apKblJbl
Tasaasabl. AnbiHFaH MBI ¢deHoTUI aFbIHABIK IUTOMETPHUS KoMeTiMeH 6aranan/bl. AnbiHFaH MBX
TUINTiK MopdosiorusicelH kepceTTi xkoHe CFU TasngaybiHa KOJIOHUsIAP KYPY MYMKIHJIrH KepceTTi.
Anpiaran MBX kanbintel MBIK 6eTTik MapkepJiepiHiH akcnpeccusicblH kepceTTi. Ocbliaiila, alaMHbIH,
KiHZiK 6ayblHaH aJblHFaH acyianap MBXK-HbiH ¢peHOTUNIHIH 60/1ybIH pacTajbl.

Ty#iH ce3aep: MeseHxuMa/Jbl 6araHasbl xacywanap, CFU, aFbIHABIK LUTOMeTpUsi, GeHOTHI],
6eTTik Gesrisiep

BeigesieHne u XdPAKTEPHUCTUKA ME€3CHXHUMAJ/IbHBIX CTBOJIOBbIX K/JIETOK U3 IIYIIOYHOT0 KAHATUKA

A.E. CexkenoBa*!, A.C. UcabekoBa?, B.B. Oraii®
123 [labopamopust cmeo.108bIx KAemok, HayuoHa/ibHbIl YyeHmp 6uomexHoiozuu, Acmama, Kazaxcmau

AHHOTauusa. PereHepaTHUBHBIM MOTEHI[MA/] Me3eHXUMAJbHBIX CTBOJIOBBIX KJeTok (MCK),
Bbl/leJIEHHBIX U3 IYIIOBUHHOM KPOBU UesioBeKa, u3y4yaeTcs yke 6osiee 10 sieT. Onpesesienue peHoTUNa
3THUX KJIETOK UMeeT BayKHOE 3HaYeHUe, IOCKOJIbKY yKa3blBaeT Ha HaJIMYUe CBOMCTB CTBOJIOBBIX KJIETOK.
llenpt0 TaHHOTO HCCAeIOBaHUSA ObLI0 ompeneneHue peHoruna MCK, mosydyeHHBIX U3 MYyNOBUHHOM
KpoBH yesioBeka. MCK 651114 BbIZje/ieHbl U3 TYITIOBUHHOM KPOBU YesI0OBeKa U KYJIbTUBUPOBAHbI B TOJIHON
cpene a-MEM. Cnoco6HOCTb K KOJIOHMeo6pa3oBaHUI0 nojyyeHHbIx MCK 6bl1a npoaHainsupoBaHa
nomolibio aHau3a CFU. ®eHotun nosyaeHHbIXx MCK GbLI O11€HEH € TOMOIIBIO TPOTOYHOHN I[UTOMETPUH.
[lonyyenHble MCK wumenu TunuyHyoo MopQoJIOrdi0 M MNPOJAEMOHCTPUPOBAIM CIOCOOHOCTH
ob6pazoBbiBaTh KoJIOHUU B aHasuze CFU. IloayyenHble MCK skcnpeccupoBasid MOBEPXHOCTHBIE
Mmapkepbl MCK. TakuM 06pa3oM, KJIeTKH, BblAeJIeHHbIe U3 TyTOBUHHOW KPOBU YeJI0BEeKa, OATBEPAUIN
npuHaajaexxHoctb Kk MCK.

Kiio4deBble c/10Ba: Me3eHXUMaJlbHble CTBOJIOBbIE KJeTKH, CFU, npoToyHas nuToMeTpusi, GeHOTHI],
[IOBEPXHOCTHbIE MapKephbl
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Abstract. The study presents an approach for detecting rust and differentiating
lesions using hyperspectral imaging and machine learning methods. Analysis
of the differences in the spectral characteristics of lesions on the wheat ear,
leaf, and stem revealed patterns between light reflectance and the structure
of plants and pathogens. Healthy areas have a high reflectance coefficient due
to their normal cellular structure and chlorophyll content. Lower intensity
was detected in desiccated areas, which is associated with moisture loss
and disrupted plant structure. Areas affected by rust exhibit low reflectance
coefficients, which are related to tissue degradation and the accumulation of
dark pigments by the pathogens, contributing to their resistance to external
stresses. This forms a distinct spectral profile, allowing for clear visual
identification of the disease. As aresult, with the aim of identifying the presence
of lesions caused by Puccinia graminis and Puccinia triticina, a classification
model based on the Random Forest algorithm was developed to recognise
rust-affected zones, achieving an overall classification accuracy of 94%. The
obtained values indicate the model's high potential for detecting rust lesions,
confirming the promise of synergistic analysis of hyperspectral data combined
with ensemble machine learning algorithms for the non-invasive detection of
wheat rust diseases.

Keywords: hyperspectral imaging, spectral characteristics, plant rust, wheat
agrocenosis, classification model

Introduction

Wheat rust, caused by fungi of the genus Puccinia, is a severe pathology of cereal crops. The
disease causes significant damage to yield [1] and grain quality. Crop losses can reach up to 50-
60% [2]. Therefore, early and accurate identification is a crucial component of phytosanitary
monitoring, as even a moderate disease stage reduces the photosynthetic activity of leaves and
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Spectral signatures of wheat rust from hyperspectral data: the potential of machine learning methods

accelerates their aging, leading to deterioration in grain quality. Furthermore, different types of
rust develop differently and require timely, appropriately selected control measures. Untimely
detection leads to rapid expansion of disease foci and increased fungicide costs.

Hyperspectral imaging has become one of the most promising tools for disease monitoring.
Using hyperspectral imaging, infected and healthy plants can be distinguished with high
accuracy, enabling early detection of stripe [3-7] and leaf [5, 8, 9] rust at early stages. This
technology facilitates the creation of disease recognition models that can determine the severity
of infection for stripe and leaf [10, 11] rust; models based on Random Forest algorithms [12],
CNN architectures, and UAV-hyperspectral data [13] show high accuracy in detecting the
severity of stripe rust, while an ML model was used to recognise stem rust [14]. UAV-based
hyperspectral imaging provides a reliable assessment of the spread of stem [15, 16], stripe
[17-21], and leaf [21] rust in field conditions over large areas. Although multispectral imaging
can identify stripe rust [22, 23], hyperspectral imaging proves to be more sensitive to the
pathology compared to multispectral imaging [24] and allows for determining the stages of
disease development, predicting its severity, and tracking its dynamics. In rust identification,
the biophysical parameters of vegetation indices [25] and spectra [26] are important, especially
narrow spectral bands in the red and near-infrared regions.

In this work, we aim to analyse the spectral characteristics of wheat samples affected by rust
and to build a classification model using machine learning methods to assess the potential of
hyperspectral imaging for reliable disease identification.

Materials and research methods

Spring wheat (Triticum aestivum L., 1753) plants affected by rust diseases caused by Puccinia
graminis and Puccinia triticina were used as objects of this study (Figure 1).

We collected plant material during the 2025 growing season in the major grain-producing
regions of Northeastern Kazakhstan. To obtain representative samples, plants showing rust
symptoms were selected during the key phenological stages of the crop (BBCH 39-59 and 61-
75), where these stages correspond to the development of the pathogens and their spread
across different parts of the plant. The sampling area comprised 10 monitoring plots. Plant
counts on these plots were based on 10 specimens per plot. To comprehensively cover all
potential variations in symptom expression, the distance between adjacent plots ranged from
25 to 50 paces; the distance from the field edge varied between 25 and 50 meters, with further
progression into the crop reaching 200-300 meters. Rectangular/triangular and diagonal
(checkerboard) sampling patterns were employed to assess the spatial distribution of symptoms.
Accordingly, the first pattern helped evaluate the uniformity of infection, while the second was
applied for patchy or heterogeneous pathogen spread [27]. Subsequently, phytopathological
diagnostics were performed on the collected samples at the Laboratory of Biological Research
of Toraighyrov University (Pavlodar, Kazakhstan) in accordance with the State Standard 12044-
93 "Methods for determination of disease infestation" [28].

Following this, the selected plant specimens were prepared for hyperspectral imaging. This
procedure involved calibration using white and black references to convert raw sensor data
into reflectance values, removal of background noise through ROI masking, and normalisation
of the resulting spectral data. Hyperspectral imaging was carried out using a FigSpec FS-13
VNIR scanning camera (400-1000 nm; Hangzhou, China). The system provided 1200 spectral
channels with a spectral resolution of 2.5 nm and a spatial resolution of 1920 pixels, where each
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pixel size was 5.86 um, and the frame rate was 128 frames per second using a CMOS detector
[29, 30].

Figure 1. Study objects (a - wheat ear, b - wheat leaf, c - wheat stem)

The initial hyperspectral data, presented as hypercubes, were processed using Breeze
software (version 2024.2.0). For spectral analysis, a PCA model and the Pixel Explore tool were
applied. This allowed the use of original spectral plots to visualise spectral curves for individual
plant samples across the VNIR range. Scatter plots were used to analyse pixel distribution across
PCs, where colour intensity reflects point density - red indicating the highest density (PC1
representing the most pronounced spectral differences; PC2 representing spectral variability
within a lesion).

To visualise the spectral channels with the greatest variance, hyperspectral cubes were
projected onto two-dimensional images by creating maximum variance images. In this study,
PCA served as an exploratory method to assess the spectral separability and heterogeneity of
rust lesions. The Random Forest algorithm was used as a supervised classification method. The
input features for each ROI consisted of spectral reflectance values across the VNIR range (400-
1000 nm), as well as derived indices including mean reflectance, standard deviation, relative
bandwidth, and wavelength contrast. Hyperparameter tuning was performed via mesh search,
with parameters for the Random Forest set as number of trees (n estimators = 100), maximum
tree depth (max depth = 10), and splitting criterion (Gini impurity). This approach was chosen
to enhance model reliability and reduce the risk of overfitting, as it processes independent
decision trees in parallel and aggregates their predictions to produce a final classification result
[31].

Statistical analysis of the spectral data was performed using ANOVA and descriptive statistics.
For each organ and tissue condition, statistical significance was assessed by calculating p-values,
and effect sizes were quantified using n? (eta squared) and Cohen’s d, emphasising organs
exhibiting the most pronounced spectral differences. Model performance was evaluated using
five-fold cross-validation. The 143 ROIs were selected to isolate tissue areas with lesions. To
better approximate independent evaluation and reduce potential bias, the ROIs were split plant-
wise, so that ROIs from the same plant did not appear in both the training and validation folds.
In each iteration of the five-fold cross-validation, approximately 70% of the ROIs were used for
training, and 30% for validation, and performance metrics (F1-score, Precision, Recall) were
averaged across all folds to assess internal stability. The approach used reduces the likelihood
of overfitting and allows for a reliable evaluation of the model.
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Results

The figures present hyperspectral images of wheat ear, leaf, and stem affected by rust,
accompanied by the Raw Spectrum graphs showing curves thatreflectthe spectral characteristics
of plant areas, and a Variance Scatter diagram. The hyperspectral image is characterised by
being coloured in conditional colours that correspond to the level of light reflectance intensity.
Here, warm colours (red, yellow) denote areas with high reflectance, while cold colours (light
blue, blue) indicate zones of low reflectance. The Raw Spectrum graph contains curves reflecting
the spectral characteristics of specific regions of the hyperspectral image. On the other hand,
the Variance Scatter diagram represents the distribution of spectral data after dimensionality
reduction, where each point corresponds to a single pixel of the hyperspectral image, which is
transformed into principal component coordinates. Considering the object localisation in the
image, it can be noted that the colours of the areas corresponding to the curves of different
colours are indicated on its right side: for example, the red curve corresponds to the blue colour
on the hyperspectral image, as follows from the colour scale.

Figure 2 depicts an ear affected by the rust pathogen. It is worth noting that the red curve
corresponds to the rust-affected area of the ear at its base with a reflectance of 23%. The
remaining curves belong to healthy areas of the ear, where the reflectance varies within 15-30%.
The spectral peaks belonging to the ear were in the wavelength range of 550-780 nm, which is
standard for all examined samples. Notably, this range includes the red edge region, known for
its sensitivity to the physiological state of plants. In the Variance Scatter, the first component
t[1] (73.2%) reflects the majority of data variation and differences between spectra, while the
second component t[2] (6.15%) shows additional variations. The high t[1] values within the
explained variance indicate the dominance of spectral values characteristic of healthy ear areas,
whereas t[2] primarily explains spectral deviations associated with local lesion areas. Overall,
the points were grouped into one cluster, indicating that a large number of pixels have similar
spectral characteristics. The presence of individual outliers is represented by the image of rare
points, which reflect rust areas with distinct spectral properties, confirming the possibility of
identifying regions with altered optical characteristics (Figure 2).
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Figure 2. Spectral characteristics of a wheat ear affected by rust
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Figure 3 depicts a rust-affected leaf, where the red curve reflects individual rust foci with
an average reflectance of 15%. Here, the yellow curve describes areas surrounding the disease
foci with a reflectance identical to the previous one - 15%. The similarity of spectra inherent to
the infection foci may predominantly indicate that the disease was characterised by the onset
of infection symptom development, or it may point to underlying physiological changes that
were relatively difficult to distinguish visually. The purple curve belongs to desiccated areas
of the leaf, where reflectance values of 25% were noted, which, in most cases, is explained
precisely by the degradation of cellular structure and disruption of water balance. Alongside
this, the remaining curves correspond to healthy tissue and have a reflectance in the range of
20-35%, the primary reason for which may be the relative variability of lighting conditions
and the anatomical heterogeneity of the foliar organ's structure. It is important to note that the
maximum spectral peaks were in the 550-780 nm range, corresponding to the region sensitive
to stress impacts. The Variance Scatter diagram is characterised by an elongated shape, where
the actual percentage of scattered points, reflecting pixels differing in spectral properties, is
4.56%, indicating a relative predominance of homogeneous spectral characteristics with locally
pronounced areas of deviations (lesions by the rust pathogen) (Figure 3).
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Figure 3. Spectral characteristics of a wheat leaf affected by rust

Colour differences between various areas of the stem essentially indicate a disruption of
physiological processes or may be a result of tissue degradation. Figure 4 depicts a diseased
stem, where the red and green curves belong to diseased areas; here, the red reflects the
most severely affected areas with a reflectance of 8%, while the green curve has a reflectance
within 15%. These low values may be associated with the accumulation of pathogenic biomass
or the destruction of cell structure. The yellow curve corresponds to desiccated areas of the
stem (28%), whereas the remaining curves represent regions retaining a healthy green colour
(30-35%), primarily due to the preservation of pigments and lower moisture content. The
wavelength range of the spectral peaks, as with other areas, was noted within 550-780 nm,
which is a result of the physiological sensitivity of plant tissues to pathological impacts. The
Variance Scatter contains numerous points, accounting for 6.24%, reflecting the heterogeneity
of the stem surface due to the spectral features of disease lesions.
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A comparative analysis conducted on the spectral profiles of different plant organs enables
the investigation of optical properties of individual areas depending on the physiological state
and anatomical structure of the studied samples. Figure 5 demonstrates the spectral profiles of
different parts of wheat: ear, leaf, and stem. It has been established that the red curve reflects
the spectral characteristics of the ear with a reflectance of 11-18%, the green curve belongs
to the leaf and has a reflectance of 10-21%, while the blue curve describes the stem, where
reflectance was within 14-21%. These differences were primarily determined by chlorophyll
content, structural features of tissues, and an indicator such as moisture content. The identified
spectral indicators were determined within the 550-780 nm range, which primarily correspond
to regions of maximum sensitivity. This fact is associated with various pathological changes
occurring in the tissues of plant organisms and is used as an informative identifier for
differentiating lesions.
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Figure 4. Spectral characteristics of a wheat stem affected by rust

Figure 5. Comparative spectral profiles of wheat ear, leaf, and stem

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol Nel(154)/ 109
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



R.M. Ualiyeva, A.V. Osipova, M.M. Kaverina, S.B. Zhangazin, N.N. Iksat

Descriptive statistical indicators and the results of the analysis of variance for the reflectance
and wavelength range are presented in Tables 1 and 2, respectively. The data in Table 1 show
quite pronounced indicators of the reflectance associated with different functional states. It
should be noted that, in several cases, the statistical analysis yielded a standard deviation of
zero. This result arises because the calculations were based on the reflectance coefficient,
which exhibited a single pronounced peak. Under these conditions, the absence of variability in
the parameter leads to a zero-standard deviation. Therefore, in the present case, the magnitude
of the standard deviation is determined not by the distribution of values across the entire
spectral range, but by the presence and number of pronounced peaks in the spectrum. Spectra
containing two or more distinct peaks exhibited non-zero variance, reflecting differences in
their amplitude characteristics. The average value of the coefficient for the affected areas
was approximately 23%, while for the entire sample as a whole, it was only 14.5%, which is
60% lower than the first indicator. Healthy ear areas are characterized by a wide wavelength
range, which accompanies increased variability indicators (CV=8.47%) and indicates the actual
heterogeneity of the optical properties of undamaged tissue.

Desiccated leaf areas have an average reflectance (25-28%) distinguished by its stability,
which corresponds to reduced moisture content, as well as degradation of tissue structure, and
is confirmed by zero values of standard deviation and variation indicators. The stem exhibits
more pronounced differentiation of spectral characteristics. Differences in reflectance indicators
are manifested precisely in the fact that affected areas exhibit minimal reflectance values,
whereas healthy areas show maximum values (11.5% and 32.5%, respectively). Moreover, the
main reflectance difference (A) with the maximum value was recorded within 10.58%, which
corresponds to a healthy leaf and ear, and is a result of the sensitivity of this parameter, reflecting
primarily the physiological state of the plants.

Table 1
Spectral characteristics of wheat samples: Reflectance
Reflectance Mean

Ne Plant Body part (coefficient) | Reflectance, Star.lda}rd Ccv Rate of | A Reflec
part (%) Median Deviation Change | tance
1 |Ear Body 11-18 14.5 0.89 6.13 | 14.50 4.94
Affected areas 23 23.0 0.00 0.00 | 23.00 0.00
Healthy areas 15-30 22.5 191 8.47 | 22.50 10.58
2 | Leaf Body 10-21 15.5 1.40 9.01 | 15.50 7.76
Affected areas 15 15.0 0.00 0.00 | 15.00 0.00
Dried areas 25 25.0 0.00 0.00 | 25.00 0.00
Healthy areas 20-35 27.5 191 6.93 | 27.50 10.58
3 | Stem Body 14-21 17.5 0.89 5.08 | 17.50 4.94
Affected areas 8-15 11.5 0.89 7.73 | 11.50 4.94
Dried areas 28 28.0 0.00 0.00 | 28.00 0.00
Healthy areas 30-35 32.5 0.64 1.95 | 32.50 3.53

The results presented in Table 2 demonstrate that, regardless of the condition of the plant
tissue or organ, all main spectral characteristics were noted in the wavelength range of 550-780
nm. Thus, the following indicators were obtained: constancy of the spectral range width within
230 nm, contrast ratio of 1.42, relative bandwidth - 0.173, and normalized contrast - 0.295.
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This indicates that the key differences between the samples were related to changes in light
reflectance rather than to shifts in spectral range width or peaks.

Table 2
Spectral characteristics of wheat: Wavelength
v | Rantpar | Ve | S | conmstraio | S| Mo
Ear 550-780 230 1.42 0.173 0.295
Leaf 550-780 230 1.42 0.173 0.295
Stem 550-780 230 1.42 0.173 0.295

These observations were confirmed by statistical analysis (Table 3). The factor studied
had a highly significant effect on stem and leaf reflectance (p<0.001) with large effect sizes
(n?=0.41 and 0.38; Cohen’s d=1.25 and 1.10, respectively), reflecting the fact that rust
pathogens predominantly affect leaves and stems. In contrast, the effect on ear reflectance
was not statistically significant (p=0.16) and corresponded to a small effect size (n?=0.02;
Cohen’s d=0.18). These results indicate that stem and leaf reflectance are the most informative
parameters for differentiating tissue conditions, confirming their utility as indicators in
diagnosing phytopathological conditions of wheat.

Overall, it was found that the most informative among the statistical data were the reflectance
indicators, which allow for more accurate differentiation of desiccated, affected, and healthy
tissue areas on plant samples, confirming their expediency for use as indicators in diagnosing
phytopathological conditions of wheat.

After processing the spectral data, categories were added for different zones of the
hyperspectral images of wheat parts. Figure 6 shows key information about the classification
model built using the Random Forest machine learning algorithm. The core of the Random
Forest method in this context involves generating many independent decision variants and then
aggregating their outputs; this is, done by creating random samples from the original data, each
used to train an individual decision tree. The results from all these trees are then averaged to
produce the final rust classification model with high accuracy.

Table 3
Spectral characteristics of wheat: Wavelength
Ne Plant part p-value n? Cohen’s d
Ear 0.16 0.02 0.18
Leaf <0.001 0.38 1.10
Stem <0.001 0.41 1.25

The statistical data of the algorithm are presented under the letter D. Macro Accuracy, equal to
0.74074, indicates a fairly good balanced accuracy across all examined classes. Micro Accuracy
shows the proportion of all correctly classified zones and is about 89%. Log loss is less than 0.3,
which is a sign of a stable model and indicates a low probability error, and Log Loss Reduction
within 0.69 is an indicator of the model's quality improvement compared to the baseline. The
cross-validation value confirms model stability when applied to various subsamples, but at the
same time it may indicate potential for further improvement by retraining on additional data.
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The confusion matrix (C) presents classification performance metrics such as Recall, Precision,
and the F1-score. Precision shows how accurate the model's predictions are and ranges from
92.9% to 97.6%; Recall, meanwhile, reflects how well the model finds all diseased areas, and
as a result, ranges from 86.7% to 100%. The F1-score is the harmonic mean between Precision
and Recall and shows how balanced the model is, where experimentally obtained data were
noted within the range of 89.7% to 96.5%. Thus, rust-affected leaf areas were classified with
the highest accuracy (100%), good classification performance was observed for stem zones
(95.4%), whereas only 86.7% of leaf zones were correctly classified. In Figure 6, under letters
A and B, the area parameter is visible, which shows the size of the affected areas, allowing for a
visual comparison of the scale of the lesions.

Discussion

Rust pathogens are obligate fungi of the genus Puccinia. Brown leaf rust is caused by P
triticina, black stem rust by P graminis f. sp. tritici, and yellow stripe rust by P. striiformis f.
sp. tritici [32]. Their spores land on the plant, penetrate tissues via haustoria, and as a result,
secrete effector proteins that suppress plant immunity [33, 34].

Sa.. ‘ Group ‘ Image | Category ‘ Random Forest | Random Forest Area
1256, .. Group [ =] Stem rust = Stem rust 776 px
12.5.6. ... Group '| =] Stem rust o Stem rust 480 px
12.5.6. ... Group | =] Stem rust 5] Stem rust 799 px
1256, ... Group =] Slerm rust = Stem rust 873 px
1256, .. Group = Stem rust = Stam rust B73 px
1256, .. Group J = Stem rust = Stem rust 555 px
12.5.6. .. Group L] Stem rust ] Stem rust 33 px
1236, .. Group | = Stem rust 8] Stem rust 242 px
12560 .. Group 5 = Stem rust = Stem rust 45 px
1256, ... Group f =] Stem rust = Stem rust 733 px
12.5.6. .. Group | =] Stem rust o Stem rust 776 px
12.5.6. ... Group | m Stem rust ] Stem rust 776 px
12.5.6. ... Group | =] Stem rust 8] Stem rust 728 px
1256 .. Group | = Stem rust = Stem rust 585 px
1256, .. Group . = Stem rust = Stem rust AB2 px
12.5.6. . Group | =] Stem rust ] Stem rust 344 px
12.5.6. .. Group l =] Stemn rust 8] Stem rust 528 px
12,56, .. Group I = Slem rust 5] Stem rust 798 px
12.5.6. .. Group i = Stem rust = Stem rust GBS px
£12 00 Group ] Ear rust ] Ear rust 144 px
I B Group ] Ear rust =] Ear rust 144 px
7L M. Group n | Ear rust =] Ear rust 144 px
7.L2 M. Group : n Ear rust ] Ear rust 72 px
L2 .. Group I | Ear rust ] Ear rust 48 px
FA2 . Group F ] Ear rust ] Ear rust 108 px
A S Group . ] Ear rust =] Ear rust 8 px
7.L2 M. Group I | Ear rust =] Ear rust 8 px
7.L2. M. Group i ] Ear rust -] Ear rust 8 px
L2 M, Group | | Ear rust | L] Ear rust a8 px
S B Group ] Far rust =] Far rust 8 px
i B Group I ] Ear rust =] Ear rust 36
7L M. Group | ] Ear rust =] Ear rust 137 px
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7lZ M. Group l | Ear rust I ] Ear rust 275 px
L1200, Group ! | Ear rust m Ear rust 208 px
3 B Group ] Ear rust =] Ear rust 136 py
712 M. Group I ] Ear rust I =] Ear rust 60 px
7.1.2. M. Group I || Ear rust I 5] Ear rust 12 px
712 . Group I | Ear rust I ] Ear rust 12 px
8.1.2. M. Group 1 ] Leaf rust I o Leaf rust 8 px
812 M. Group ! = Leaf rust I 5] Leaf rust 8 px
8.1.2. 1., Group = Leaf rust =] Leaf rust 8 px
B.1.2. M. Group ! = Leaf rust I =] Leaf rust 8
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812 M. Group m Leat rust I o Leat rust 2 px
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8.1.2.M.. Group I L] Leaf rust I n] Leaf rust 2px
8.1.2. M. Group ] Leaf rust I 8] Leaf rust 2 px
8120, Group | | = Leaf rust u] Leaf rust 2 px
B12 M. Group n = Leaf rust I =] Leaf rust 2 px
8.1.2. M. Group | | =] Leaf rust I m] Leaf rust 2 px

|Absorbance
Measurement 391.51 -
Actual classes Total Stem rust Ear rust Leaf rust No class
Stem rust 87 (60.8%) 83 (95.4%) 1(1.15%) 3 (3.45%)
Ear rust 15 (10.5%) 13 (86.7%)
Leaf rust 41 (28.7%) 41 (100%)
# Predicted 143 (100%) 85 (59.4%) 14 (9.79%) 44 (30.8%) 0
Correctly 137 (95.8%)
Incorrectly 6 (4.2%)
Precision 97.6% 92.9% 93.2%
Reca 95.4% 86.7% 100%
F-score 96.5% 89.7% 96.5%
Algorithm Name Macro Accuracy Log Loss Log Loss Reduction Micro Accuracy Cross Validation ...
Random Forest (Fast.. 0.74074 0.28815 0.68811 0.89286 0.64829

D

Figure 6. Classification model (A - selected zones, B - analyse tree, C - confusion matrix, D -
model statistics)

JLH. 'ymunee amuindarul Eypasus yammuik ynugepcumeminiy XABAPIIBICHL. Buo/102UsifblK FlablMOap cepusicol Nel(154)/ 113
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



R.M. Ualiyeva, A.V. Osipova, M.M. Kaverina, S.B. Zhangazin, N.N. Iksat

Our experimental data confirm that healthy areas have greater reflectance intensity compared
to affected and desiccated ones, with the rust-affected areas having the lowest reflectance values.
It is also important to note that among all plant parts, the ear possesses the lowest reflectance
intensity, although the actual difference between the reflectances is practically insignificant.

Figure 7 shows the dependence between pigment content and the degree of light reflectance.
As follows from the figure, red arrows indicate the degree of actual light reflectance. Thus,
healthy plant tissue has a high reflectance, which is due to the green pigment chlorophyll,
reflecting light in the green range of the visible spectrum (500-600 nm) and in the near-infrared
range (from 700 nm). Furthermore, it has been established that the decrease in reflectance
intensity of affected areas is primarily associated with the dark pigmentation of the disease.
Equally important is the fact that rust pathogens contain DHN-melanins [35], for example, in
black stem rust, and carotenoids (phytoene, lycopene, y-carotene, and [3-carotene), for example,
in yellow stripe rust [36]. These are primarily used to provide direct protection for the pathogen
against ultraviolet light, as well as to shield it from oxidative stress.

Our analysis also revealed that different types of rust can exhibit varied spectral indicators,
which may depend on pigment content. The main reasons for this may be disruption of the
epidermis structure, the presence of the pathogen's dark pigment, destruction of the mesophyll,
and inhibition of chlorophyll synthesis, which consequently leads to reduced light reflectance
in diseased areas and the plant as a whole. Accordingly, the decrease in reflectance is one of the
key diagnostic indicators for rust identification in direct spectral analysis.

Figure 7. Wheat leaf (A - healthy areas, B - affected areas, C - dried areas)
Conclusion

The obtained data confirm thathyperspectralimagingis a highly effective tool for the detection
of wheat rust and the assessment of its overall phytosanitary status. The use of hyperspectral
data allowed for the analysis of differences in the spectral characteristics of lesions on the wheat
ear, leaf, and stem, as well as the identification of the most significant patterns.
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It has been established that healthy areas have a high level of light reflectance, which is
due to normal cellular structure and its chlorophyll content. Meanwhile, the intensity in
desiccated areas is noted to be at a lower level, which may be associated with moisture loss
and disruptions occurring in the plant structure. It has been revealed that rust-affected zones
possess low reflectances, related to tissue degradation and the accumulation of dark pigments
in the pathogens, which allow them to ensure resistance to external stresses. These combined
factors create a distinct spectral profile that enables reliable disease identification.

As a result, based on the analysis of spectral characteristics using the Random Forest
algorithm, a classification model was built for recognising rust-affected zones, with an actual
average classification accuracy of up to 94%.

Thus, this research demonstrates that the integration of hyperspectral imaging with machine
learning methods enables the detection of rust and differentiation of the degree of infection by
its pathogen across various plant parts, including early stages. This approach can be integrated
into remote monitoring systems for wheat agroecosystems, thereby ensuring timely diagnosis
of various phytopathologies.
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MaLlIUHAJIBIK OKBITY 9JicTepiHiH a/1eyeTi
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Anparna. 3epTTey ruIepclneKkTpaJJbl BU3ya/lHd3alUsA KoHe MallWMHAJBbIK OKBITY OAiCTepiH
KOJIJAHA OTBIPBIN, TaTThl aHBIKTAY >KoHe 3aKbIMAAHYAbI capajiay TocCiJiH YCbIHaJbl. bupaan
MacaFblHbIH, allblpaFbIHbIH *K9HE CabaFbIHbIH, 3aKbIMJAaHYbIHbIH, CIEKTPJIIK CUIIaTTaMaJsapblH/aFbl
albIpMallbLIBIKTApAbl TaJJay >KapbIKThIH IIAFbIIBICYBI KOHE OCIMAIKTEep MeH KO3AbIPFBIIUITAp/bIH
KYpPbUIBIMBl apacbIHAAFbl 3aHJBLIBIKTapAbl KepceTTi. Cay alMakTapZa KaJsbIIThl >KacyllaJblK
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R.M. Ualiyeva, A.V. Osipova, M.M. Kaverina, S.B. Zhangazin, N.N. Iksat

KYPBLJIbIMFa K9HEe OHbIH KypaMbIH/|aFbl XJI0pOpUJIre 6aiIaHbICThI )KOFApPbI IAFbLIbICY KO3)GUIIMEHTI
aHbIKTaAbl. TEMeH KapKbIH/bLJIbIK bLJIFaJ/blH }K0FalyblHa )KoHe 6CiMAIK KypbLJIbIMbIHbIH OY3blIybIHA
6GalIaHBICThI OCIMAIKTIH KYpFaK aliMaKTapbIH/[a aHbIKTa//bl. TaTTaH 3apjan nmeKKeH aiMaKTap/blH
LIaFblIbICy KO3)PULIMEeHTTEpPiHIH TOMeH KepceTKillTepi TiHAepAiH AerpajalUsicbiHa }oHe ChIPTKbI
cTpeccTepre Te3iMAiIKKe BbIKINAA eTeTiH KO3/JbIPFbIIITApAa Kapa MNUICMEHTTepAiH >XUHaJybIHA
6aiyaHbICThl. Bysl aypyfa ToH, OHbl HaKThbl aHbIKTayFa MyMKiHJiK 6epeTiH cnekTpJik npoduiabai
Kypaigbl. HoTmxkecinge Puccinia graminis, Puccinia triticina K034 bIpFbIIUITApPbIHbIH, 3aKbIMAAHYbIHbIH
GOJIYbIH aHBIKTAy MaKCaTbIHJA KaJNbl KikTey Aauaairi 94% 6o/saThIH TaTTaH 3apjan IIeKKeH
aiiMakTapab!l TaHy yuwidH Random Forest anropuTmi HerisiHge »KikTey Mozesi KypbliAbl. AJbIHFaH
MOH/Iep YJITiHiH TaTleH 3aKbIM/IaHFaH alilMaKTap/bl aHbIKTAy Kabi/lieTiHiH *X0OFaphl eKeHiH KepceTei
Jle, 6y 6ulaiiiblH TaT aypy/lapblH MHBA3UBTI eMeC TYp/ie aHbIKTay YIUiH ruIlepcleKTpaaibl epeKTepai
aHCaMOJIbJiK MallWHaJbIK OKBITY aJropUTMJepiMeH OipiKTipiireH cHHepreTHKaJblK TaJJaylblH
NepCcrneKTUBAaChIH pacTal/bl.

TyiiH ce3aep: rumepcrnekTpa bl BU3yalU3alMsA, CIEKTPJIK cUNATTaMajap, TaT, 6ujan
arpoLLeHOo3bl, XKIKTey MozeJi

Cl'leKTpaJ'leble CUTHATYPbI P2XKABYHWHbI NIIE€HUIbI 110 THINIEPCNEKTPA/IbHBIM JAHHBIM:
MNOTEHII A1 METOJ0B MAIIIMHHOI'O 06yqe1m;1

P.M. YasimeBal, A.B. OcunoBa?, M.M. KaBepuna*3, C.B. ’Kanrazun*, H.H. Ukcar®
L23Topalizvipos yHUsepcumem, I[lassiodap, Kazaxcmau
*SEgpasutickuti HayuoHabHbIU yHUusepcumem umenu J1.H. ['ymusesa, Acmara, KazaxcmaH

AHHOTanus. B ucciiefoBaHUY Npe/cTaB/IeH NOAX0/, K BbISIBJIEHUIO P>KaBYMHbI U AU depeHInaLum
HopakeHUH ¢ IpUMeHeHWeM TUIePCNeKTPabHOM BU3yaJU3al MU U MeTOI0B MallUHHOI0 06y4eHus .
AHa/nu3 pa3/IMyri B CIEKTPa/bHbIX XapaKTepUCTHKaAX OPaXKeHUH K0J10Ca, JIUCTA U CTe6J1s MIIEeHULbI
[I0Ka3a/l 3aKOHOMEPHOCTH MeXJYy CBeTOOTpaKEHHEM U CTPYKTYPOH pacTeHUM W B036yAuTesed
3a60/1eBaHUH. 30pOBbIE YYAaCTKU MUMEIOT BbICOKUHM K03 PUIHMEHT OTparkeHUsI 3a CUET HOpMaJbHOU
KJIETOYHOU CTPYKTYPHI U COZlep:KaHHUs B Hel xjiopoduJiia. bosiee HU3Kash MHTEHCUBHOCTD BbIsSIBJIEHA Y
3aCOXIIMX y4aCTKOB, CBA3aHHBIX C IOTepeX BJaru U HapylleHHeM CTPYKTYpbl pacTeHus. [lopakeHHbIe
pP’KaBUMHOM 30HBI 006/1aJjal0T HU3KUMHU K03QPULHUEHTAaMU OTPaKeHHUs], YTO CBSI3aHO C JAerpajauuen
TKaHel U HaKOIJIEHUEM TEMHbIX NUICMEHTOB y BO30yAuTesel, CIOCOOGCTBYIOUIMX YCTOMYUBOCTU K
BHELIHHUM CTpeccaM. DTO pOpMUpPYeT XapaKTePHbIN ClIeKTPaIbHbIN PO Uik, TO3BOIAILNN HATJISALHO
uJleHTUGULUpPOBaTh 60Jie3Hb. B pe3yibTaTe C Lefblo UAeHTUQUKALWUU NPUCYTCTBUS NMOpPaKeHUH
B036yauTessasMU Puccinia graminis, Puccinia triticina 6b1y1a mocTpoeHa kjaccupuKaliMoHHass Mojesb
Ha ocHoBe asiropuTMa Random Forest /i1 pacno3HaBaHUsl 30H, IOPaXKEHHBIX PKaBUMHOM, € o6Liel
TOYHOCTbIO Kjaaccubukanuu 94 %. [losyyeHHble 3HaUYeHUs] YKa3blBAlOT HAa BBICOKYH CIIOCOOGHOCTH
MO/IeJIU BBIABJIATb NOPAXXeHUA P>KaBYMHOM, YTO MOATBEPKJAaeT NepCeKTUBHOCTb CHHEPreTHYeCKOr o
aHa/iM3a TUIepCleKTpPaJbHbIX JaHHBIX B COYETAaHHUMU C aJCOPUTMaMM aHCaMGJIeBOTO MAaLIWHHOTO
006y4eHHUs AJ151 HeMHBA3WBHOIO BbISIBJIEHUs] pXKaBUMHHbIX 3a60/1eBaHUM NILEHULIb.

KiroueBble cJ10Ba: TruIlepCHeKTpaJbHas BU3yalu3alyd, CIeKTpajbHble XapaKTEePHUCTHUKHY,
p’KaBUMHA, arpoLeHO3 MILeHHUL b, KJaccuPUKaLMOHHAsI MOJeJlb
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Biochemical mechanisms of the effects of heavy metals on barley
(Hordeum vulgare L.)
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Abstract. Heavy metal pollution poses a major threat to ecosystems and
the health of living organisms. In the present study, we investigated the
effects of zinc and copper by applying ZnSO, and CuS0O,4:6H,0 solution on
the physiological and biochemical processes in barley (Hordeum vulgare L.)
cv. Astana-2000 seedlings, 1 mM solutions of ZnSO, and CuS04-6H,0 were
used. Sulfite oxidase (SO) is an enzyme that contains molybdenum and that
contributes to sulfite detoxification and the regulation of redox reactions. The
present research focuses on the impact of Zn and Cu on the enzyme SO activity.
Zn and Cu treatments apparently induce moderate stress by stimulating SO
activity, thereby enhancing sulfite detoxification and maintaining cellular
redox balance. These results suggest that Zn and Cu differently affect the
SO regulatory mechanism, also showing the participation of SO in the early
regulation of redox balance and defense mechanism in barley under heavy
metal stress. These findings support the importance of studying heavy metal
interactions to develop strategies for enhancing plant tolerance to Zn, Cu, and
similar stress conditions.

Keywords: zinc, Copper, barley, sulfite oxidase, catalase, heavy metals

Introduction

The heavy metal pollution has been identified as a global threat since the beginning of
the Industrial Revolution. Heavy metal exposure due to its toxicity poses serious health and
environmental problems [1]. Its toxicity adversely impacts physiological and morphological
characteristics by reducing the absorption of essential nutrients and disrupting metabolism,
thus inhibiting growth and biomass accumulation [2]. Common morphological symptoms are
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Biochemical mechanisms of the effects of heavy metals on barley (Hordeum vulgare L.)

reduced root and shoot growth, which decrease respiration and photosynthetic processes,
along with typical symptoms of heavy metal exposure in plants, such as chlorosis and necrosis
[3]. Moreover, heavy metals such as Fe, Mn, Cu, Ni, Co, Cd Zn and Hg stimulate the production
of reactive oxygen species (ROS) such as superoxide radical (0--2), hydroxyl radical (OH)
and hydrogen peroxide (H202), which causes lipid peroxidation, resulting damage of cell
membrane and enzymatic activity at the cellular level [4]. However, many heavy metals at low
concentrations function as enzyme cofactors and promote antioxidative defense that ultimately
increases plant growth and its resistance to stress [5].

This dual nature of heavy metals plays a critical role in sustainable agriculture and in
environmental protection. Some of the heavy metals, such as Cu, Fe, Mn, Mo, Ni, and Zn, function
as essential micronutrients for plant growth when present in small amounts [6]. Among these,
Cu and Zn often act as cofactors or activators in numerous enzymatic reactions. Zinc ions (Zn**)
play a crucial role in various metabolic pathways, supporting the activity of enzymes such as
RNA polymerase, superoxide dismutase, alcohol dehydrogenase, and carbonic anhydrase, as
well as contributing to protein synthesis and the metabolism of lipids, carbohydrates, and
nucleic acids. Also, Zn is a structural component of Zn-finger chain transcription factors, which
regulate cell proliferation and differentiation [7]. Similarly, copper is crucial for photosynthesis,
respiration, and lignin biosynthesis. However, at high concentration it impairs nutrient
homeostasis, photosynthesis, and inhibits plant growth and productivity by causing oxidative
stress [8]. Thus, a balance between deficiency and toxicity determines whether heavy metals
act as growth promoters or stress inducers.

Copper and zinc illustrate this duality among various heavy metals. As reported by Azooz et
al. (2012), Cu in wheat (Triticum aestivum cv. Hasaawi) promoted plant growth by enhancing
the biosynthesis of free amino acids, proline, and antioxidant enzyme activity [9]. However,
excessive Cu stress was shown to reduce photosynthesis, chlorophyll, leaf area, and grain yield
[10], demonstrating its delicate boundary between beneficial and harmful levels. In spring
barley (Hordeum vulgare), co-treatment with Cd and Zn suppressed plant growth, disrupted root
and leaf morphology, and induced ultrastructural impairment in chloroplasts and mitochondria
[11]. Similarly, excessive Zn concentration in cereals can inhibit growth and induce chlorosis,
which is a sign of impaired chlorophyll synthesis often associated with impaired iron uptake and
cellular damage [12]. In rice (Oryza sativa), high Cu exposure inhibited root and shoot growth,
and accumulated excessive Cu, but when Zn was combined with Cu, the plant was improved,
oxidative stress was reduced, antioxidant enzyme activity was increased and Cu uptake was
limited [13]. Although, despite its beneficial role in trace amounts, copper becomes toxic at
elevated concentrations, causing growth inhibition and morphological changes in various plant
species. Copper reduces root growth, plant mortality, biomass, and seed production in Rhodes
grass (Chloris gayana), black bindweed (Polygonum convolvulus), and bean (Phaseolus vulgaris)
[14].

Given the specificity of crop responses to Zn and Cu, barley (Hordeum vulgare) was chosen as
the model species for this study. Barley is the fourth-most widely grown cereal crop worldwide,
after maize, rice, and wheat, and this cereal is widely used as feed and malt. For the experiment,
we used the Astana-2000 cultivar of Hordeum vulgare L., which was previously used as a
reference variety in field trials of Kazakhstan and demonstrated good adaptation to steppe and
continental climates [15, 16].

Sulfite oxidase (SO) is a molybdenum cofactor-containing enzyme that catalyzes the oxidation
of sulfite to sulfate. Because sulfite is a toxic nucleophile, its concentration must be strictly
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managed [17]. It has been isolated from several plant species, including Spinacia oleracea,
Malva sylvestris, Nicotiana tabacum, and Arabidopsis thaliana [18]. SO plays a vital role in the
detoxification of sulfite formed during the degradation of sulfur-containing amino acids in plants,
as well as excess sulfite derived from atmospheric SO2. Thus, SO contributes to both sulfur
metabolism and protection against sulfite-induced oxidative stress. Recent evidence suggests
that SO is not only responsible for sulfite detoxification but also influences wider metabolic and
stress pathways. For example, Oshanova et al. (2021) demonstrated that variations in SO activity
affect sulfur, carbon, and nitrogen metabolism, while modulating oxidative stress resistance
[19]. Similarly, overexpression of SO in maize enhanced drought tolerance by reducing oxidative
damage, highlighting the enzyme’s role in maintaining cellular redox homeostasis under stress
conditions [20]. These findings suggest that SO activity is sensitive to disturbances in cellular
redox balance, which is also a characteristic feature of heavy metal stress.

Heavy metals such as Zn, Cu, and Cd are known to disrupt cellular homeostasis by inducing
excessive formation of ROS and interfering with enzymatic redox regulation [21]. At the
biochemical level, heavy metals can affect molybdoenzymes, including SO, through two main
mechanisms: firstly, altering the redox signaling pathways that regulate their transcription and
activity, and secondly, inhibiting enzyme function directly through inappropriate metalation
or replacement of essential cofactors [21-23]. Neumann et al. (2008) demonstrated that heavy
metal ions can inhibit molybdoenzymes by binding to sulfur ligands or directly interfering with
Moco incorporation, offering a feasible mechanism responsible for SO inhibition during metal
toxicity [23].

Therefore, although direct studies of SO under heavy metal stress remain limited, data from
studies of oxidative stress and molybdoenzymes support the hypothesis that the effect of Zn and
Cu on SO activity may vary according to their concentrations. At physiological trace metal levels,
these metals can indirectly stimulate SO activity through redox signaling and the induction
of antioxidant defenses. However, heavy metals can inhibit SO at elevated concentrations
by disrupting Moco biosynthesis or directly interacting with its catalytic center. This dual
mechanism of action highlights the importance of studying the role of SO in plant responses to
heavy metal stress conditions, particularly Zn and Cu, which are both essential trace elements
and potential toxicants at high concentrations.

The production of H202 directly links sulfite metabolism to the generation of ROS [24],
establishing SO as both a detoxifying agent and an oxidative stressor in the plant mechanism.
Furthermore, SO activity indirectly influences ROS and increases catalase (CAT) activity, thereby
enhancing the antioxidant defense network. ROS, which are byproducts of various metabolic
processes, play dual roles in plants as signaling molecules and potential agents of oxidative
damage [25]. CAT normally detoxifies the H202 that comes from SO at low sulfite levels, but at
higher concentrations, the accumulated H202 may non-enzymatically oxidize extra sulfite. The
class Il peroxidases might be a backup detoxification system in SO-deficient plants [24, 26].
Moreover, Xia et al. (2012) provided evidence that sulfite alone is capable of generating ROS and
causing oxidative stress. As a result, SO contributes to the protection of plants by not allowing
the peroxisomal CAT that is involved in the detoxification to be inhibited during excess sulfite
in plants [20]. Hence, SO is a pivotal factor that not only connects sulfite metabolism but also
redox signaling and defense pathways in conditions of oxidative stress.

The interconnection between antioxidant enzymes and SO activity in plants under heavy
metal stress is crucial for the preservation of cellular redox homeostasis and for the alleviation
of ROS-induced oxidative damage. Heavy metal stress is the major cause of oxidative stress
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in plants, leading to the accumulation of ROS, which in turn requires an effective antioxidant
response to be able to protect cellular structures and functions. Moreover, this increase often
contributes to the activation of different antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT), and ascorbate peroxidase (APX), which have a very important role in
detoxification of ROS and protection of biological macromolecules against oxidative damage
[9]. These antioxidant enzymes not only detoxify ROS production, but also stabilize the redox
environment, which is necessary for maintaining SO activity. Increased antioxidant activity
limits oxidative modifications that can degrade SO, while SO itself promotes detoxification
of ROS by converting sulfite to sulfate and also supporting glutathione (GSH) biosynthesis.
Studies show that overexpression of SO in plants improves drought tolerance by increasing GSH
levels, which enhances the SO-dependent antioxidant system and reduces H202 accumulation,
thereby scavenging ROS and minimizing oxidative damage [20]. Furthermore, Yadav (2010)
demonstrated that modulation of key enzyme activity participated in sulfur acquisition,
the ascorbate-glutathione cycle (ASA-GSH), and phytochelatin (PC) synthesis promotes Cu
detoxification [27]. This tightly coordinated interaction reflects a complex yet effective plant
response to oxidative stress.

This study demonstrates that SO functions at the intersection of sulfur metabolism, ROS
regulation, and antioxidant defense, making it susceptible to damage during heavy metal stress.
By studying the responses of barley (Hordeum vulgare L.) cv. Astana 2000 to Zn and Cu, we
aim to determine whether SO activity varies within coordination, stimulating defense at the
micronutrient level but inhibiting it under toxic conditions.

Materials and research methods

Growth conditions

Barley seeds (Hordeum vulgare L.) were sterilized on the surface by immersing in a 3%
hydrogen peroxide solution and constantly stirring for 5 minutes. After sterilization, the seeds
were washed three times with double-distilled water (DDW) to completely remove the hydrogen
peroxide. The seeds were placed in Petri dishes lined with filter paper soaked in 10 ml of 1 mM
ZnS04 or CuS04 -6H20 solutions for germination. The dishes were kept in the dark for 72 hours
and then transferred to the light. Seedlings were grown in a controlled chamber under long-day
conditions (16 h light/8 h dark) at a relative humidity of 75-80% and an air temperature of 22
to 27 °C. Lamps with spectral outputs of 2700 K and 6400 K, arranged alternately to stimulate
optimal growth conditions, provided artificial lighting. The plants were watered with 15-20 ml
of DDW at the same time each day. Seven-day-old seedlings were used for further experiments.

Preparation of samples for the experiment

To prepare samples, fresh leaves of seven-day-old seedlings were harvested and immediately
processed to prevent enzymatic degradation. Leaf material was thoroughly homogenized using
a pre-cooled mortar and pestle with the addition of extraction buffer. The extraction buffer
was freshly prepared and contained 250 mM sucrose, 3 mM EDTA (pH 8.3), 250 mM Tris-HCl,
L-cysteine, molybdenum solution, dithiothreitol (DTT), and DDW. This composition was chosen
to stabilize proteins and enzymes, prevent oxidation, and maintain the structural integrity of
biomolecules during homogenization. The homogenate was transferred to pre-cooled centrifuge
tubes and centrifuged at 10,000 rpm for 25 minutes at 4°C. Centrifugation at low temperature
was used to reduce the risk of protein denaturation and enzymatic activity. After centrifugation,
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the supernatant, which contained soluble proteins and metabolites, was gently separated from
the pellet, which consisted mainly of cellular debris and intact tissue. The obtained supernatants
were immediately used for further biochemical analysis. Protein concentration was measured
using the Bradford method [28].

Determination of chlorophyll content

Chlorophyll pigments were determined by taking about 20 mg of fresh leaf tissue from
each sample and homogenized in 1 ml of 90% (v/v) ethanol using a pre-cooled mortar and
pestle. The homogenates were put in centrifuge tubes and spun at 10,000 rpm for 10minutes
at 4°C to separate cellular debris. The supernatant, containing the extracted pigments, was
carefully collected for subsequent analysis. Chlorophyll concentrations were analyzed with a
spectrophotometer through absorbance measurement at a specific wavelength. Chlorophyll
a content was measured at 664 nm, and chlorophyll b at 649 nm. 90% ethanol served as a
blank standard during the measurements. Chlorophyll concentrations were calculated using
the following equations based on the studies of Lichtenthaler and Wellburn et. al. (1983) [29].

Determination of ROS generation

Barley seedling leaves were analyzed to establish ROS components, particularly H202. To
quantify H202, samples were homogenized in 50 mM phosphate buffer (pH 7.5) ata 1:8 (w/v)
ratio and centrifuged twice at 10,000 rpm for 10 minutes at 4°C. The resulting supernatants
were used for analysis. The reaction mixture for H202 detection consisted of 0.85 mM
4-aminoantipyrine (AAP), 3.4 mM 3,5-dichloro-2-hyroxybenzene sulfonate (BHS), and 4.5
U/ml horseradish peroxidase (HRP) dissolved in 2 ml of 50 mM phosphate buffer (pH 7.5),
prepared based on the method of Yesbergenova et. al. (2005) [30]. Samples were incubated
in the reaction mixture and after 5 minutes, the absorbance at 515 nm was recorded using
a spectrophotometer. The H202 concentration was identified by comparison with a standard
calibration curve.

Determination of CAT activity

CAT activity was assessed according to the method originally described by Aebi et. al. (1984)
with minor modifications. After electrophoresis, CAT isoenzyme bands were visualized by
incubating the gel in 0.03% H202 solution for 10 minutes. Then, enzyme activity was detected
by staining the gel with a freshly prepared solution containing 1% potassium ferricyanide
[K3Fe(CN)6] and 1% ferric chloride (FeCl3) [31].

SO activity measurement

SO activity was evaluated according to the method of Kurmanbayeva et. al. (2017) [37]. To
separate proteins, 500 pl of the plant extract supernatant was introduced to a Sephadex G25
column pre-equilibrated with sulfate buffer (0.5 M Na2S04 in 0.1 M Tris-HCl, pH 8.0). The
samples were applied to completely absorb onto the G25 matrix. To separate proteins from
low-molecular-weight metabolites, 1 ml of sulfate buffer was then added to the column and
completely absorbed into the matrix. The first 1 ml of eluate, containing the protein fraction,
was collected and used for subsequent SO activity measurements.

Statistical analysis

All experiments were repeated at least three times to confirm the reliability of the results.
Seedling shoot height was measured for each treatment, and the data were analyzed using
GraphPad Prism software (version 8.02). Comparative analysis of arithmetic means was
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performed, and the statistical significance of the differences between treatments was determined
using one-way analysis of variance (ANOVA) followed by Turkey’s multiple comparison test.
Data from three independent replicates were converted to numerical values (£SD), and Image]
was used to quantify enzyme activity intensity.

Results

Effect of Zn and Cu on seed germination and morphological parameters

To quantify the morphological responses to applied metal stress, shoots and root lengths
of barley seedlings were measured by using a standard ruler (cm) under identical growth
conditions. The data have shown the effect of Zn and Cu on barley growth and development.
Figure 1 revealed a noticeable enhancement in seedling growth under Zn treatment compared
with the control plant. It is characterized by a slight increase in shoot length and developed leaf
structure. Overall, seedlings exposed to Zn treatment have maintained normal development.
On the other hand, Cu treated ones showed a significant decline in growth, the shoot length
decreased remarkably, and leaves became thinner compared with Zn-treated and control
plants. Those leaves have shown several symptoms of stress, including pale green color and
slightly curly morphology. Overall, seedlings were smaller, and the difference in height was
clearly visible.
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Figure 1. Heavy metal-induced changes in growth and development of barley leaves. (a) Effect of
Zn and Cu on the morphology of barley; (b) Effect of Zn and Cu treatments on barley shoot length. The
graph shows the average shoot length (cm) of barley seedlings grown under control, 1 mM Zn, and 1 mM
Cu conditions. Asterisks in the graph “***” indicate a very significant (P < 0.01); “ns” - an insignificant
(P < 0.05) difference in the presented data. Statistical analysis (Student’s test) was performed using
GraphPad Prism software (v.8.02). Data are presented in relative units.

Quantitative measurements confirmed these visual observations. As illustrated in Figure 1
(b), compared to the control, one Zn treatment resulted in a slight increase in shoot length,
reaching approximately 6%, but this difference was not statistically significant. In contrast, shoot
length significantly reduced to approximately 39% of the control value. Our results demonstrate
the opposite effect of Zn and Cu on barley morphology; Zn treatment showed a moderate
stimulating effect, whereas Cu significantly inhibited growth and elongation processes. Overall,
morphological analysis has demonstrated contrasting physiological effects on barley seedlings.
Zn acts as a micronutrient and moderately stimulates shoot growth, whereas Cu showed a
phytotoxic effect even during relatively low concentrations.
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The change in chlorophyll content under Zn and Cu treatment

Chlorophyll a and b contents were measured in barley seedlings to assess the effects of Zn
and Cu exposure. The chlorophyll content of seedlings was differently affected by Zn and Cu
treatments, as shown in Figure 2.
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Figure 2. Determination of chlorophyll a and b contents. Asterisks in the graph “***” indicate a
very significant (P < 0.01); “ns” - an insignificant (P < 0.05) difference in the presented data. Statistical
analysis (Student’s test) was performed using GraphPad Prism software (v.8.02). Data are presented in
relative units

Compared with the control, exposure to 1 mM Zn resulted in a slight increase in chlorophyll
a content by 3%; however, the effect of 1 mM Zn solution on chlorophyll b content was opposite,
resulting in a 14% decrease. In contrast, seedlings treated with 1mM Cu exhibited a marked
increase in chlorophyll a by 16%, showing the most pronounced enhancement. The effect of
a 1 mM Cu solution on the chlorophyll b content was not remarkable. These findings indicate
that Zn stress negatively influences pigment accumulation, whereas Cu at high concentration
appears to stimulate chlorophyll a biosynthesis under the tested conditions.

Reactive oxygen species (ROS) accumulation under heavy metal stress

To evaluate the oxidative response of barley under heavy metal stress, ROS activity was
quantified after exposure to 1 mM Zn and 1 mM Cu. As shown in Figure 3, the results clearly
indicate that the two metals have distinct and opposing effects on ROS, reflecting the different
mechanisms by which they influence plant oxidative balance.
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;, Figure 3. ROS content in leaves of barley seedlings treated with 1 mM
= Zn and 1 mM Cu. Asterisks in the graph “***” indicate a very significant
0.00 - (P <0.01); “ns” - an insignificant (P < 0.05) difference in the presented
&‘o\ \‘\1,0 @o’ data. Statistical analysis (Student’s test) was performed using GraphPad
< &\ Prism software (v.8.02). Data are presented in relative units.
126 Nel(154)/ JLH. Tymunee amvindarst Eypazust yammulik yHugepcumemitiy XABAPLIBICBL. Buo102usabiK FolablMAap cepusicel
2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series

BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuveckue HayKu



Biochemical mechanisms of the effects of heavy metals on barley (Hordeum vulgare L.)

Significant differences were observed between the experimental groups. In control seedlings,
ROS formation was maintained at a stable baseline level, consistent with the normal oxidative
state of untreated plants. Compared with untreated or control ones, seedlings exposed to Zn
treatment increased ROS generation. It was approximately 20% of the control group, revealing a
tendency for the ROS level to increase under these stress conditions. Although the increase was
not statistically significant, the data consistency showed slightly higher ROS values in Zn-treated
plants across all replicates. In contrast, Cu treatment significantly reduced ROS accumulation
compared to both the control and Zn-treated groups. Cu treatment led to a decrease in ROS
accumulation to 40% of that in the control group, which reveals a statistically significant
change. This result was repeated in all biological replicates, confirming the inhibitory effect of
Cu treatment on ROS generation. Comparing Zn, Cu treated and untreated groups, the lowest
accumulation of ROS was detected in Cu-exposed plants, whereas Zn-treated ones showed
the lowest values. Barley plants under Cu treatment showed significantly lower ROS levels
compared with those during Zn stress conditions, which indicates a remarkable difference
between treatment with Zn and Cu.

These results demonstrate a remarkable contrast in oxidative responses under the influence
of the two metals. Zn and Cu treatments have led to different oxidative responses in barley
seedlings. Zn exposure caused a small increase in ROS level, whereas Cu exposure significantly
increased ROS production, demonstrating greater potential to disrupt cellular redox balance
and lead to oxidative damage.

The role of the CAT enzyme in plants under zinc and copper stress

To better understand the antioxidant defense responses of barley seedlings under metal
stress, CAT activity was reported, as CAT is one of the key enzymes responsible for the breakdown
of H202 and protecting cells from oxidative damage. The dynamics of CAT activity, visualized as
band intensities on the gel, are shown in Figure 4.
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Figure 4. Catalase activity in barley leaves

The control group has determined a distinct band, indicating basal CAT activity during normal
physiological conditions. Under Zn treatment, the CAT band intensity remarkably increased
compared to the control plant. It reveals increased enzyme activity. Quantitative analysis of the
relative band density revealed a significant increase compared to the control value. This increase
shows that Zn moderately stimulated the antioxidant defense system, which is correlated to the
adaptive reaction in order to maintain redox balance under moderate oxidative stress induced
by Zn ions. On the other hand, Cu exposure led to a similar band intensity as in the control plant;
it showed no significant increase, as shown in Figure 4. It implies that stress related to the Cu
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exposure may exceed the antioxidant capacity or dysregulate the CAT enzyme activity, resulting
in an imbalance between ROS generation and detoxification.

Overall, the results obtained showed that Zn treatmentled to amoderate increase in enzymatic
CAT activity as a defense response, whereas Cu treatment caused in minimal enzymatic change,
indicating weaker or possibly suppressed antioxidant defense against Cu-induced oxidative
stress in barley leaves.

Role of Sulfite oxidase (SO) stimulation under heavy metal stress
To subsequently investigate the enzymatic antioxidant responses of barley seedlings to Zn
and Cu, SO activity was measured, as this enzyme plays a key role in sulfur metabolism and the
detoxification of sulfite to sulfate, thereby reducing oxidative stress. Relative SO activity levels
are shown in Figure 5.
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Figure 5. SO activity in barley grown with 1 mM Zn and 1mM Cu treatments. Asterisks in the graph
“**%” indicate a very significant (P < 0.01); “ns” - an insignificant (P < 0.05) difference in the presented
data. Statistical analysis (Student’s test) was performed using GraphPad Prism software (v.8.02). Data
are presented in relative units

Figure 5 demonstrates that SO activity occurs in untreated barley seedlings. During 1mM Zn
treatment, the enzymatic activity of SO has slightly decreased and is reduced to 6% compared
to the control plant. Stress related to Zn exposure didn’t significantly affect sulfur-related
oxidative metabolism, since no huge decrease in SO activity was detected, indicating a weak
inhibitory effect. On the other hand, during Cu treatment, seedlings showed a moderate increase
in SO activity, approximately 15% of the control plant. It indicates a moderate activation of SO,
possibly related to a compensatory response to the increased oxidative pressure generated by
Cu ions. Neither Zn nor Cu treatments have led to a significant change compared to the control
plant in SO activity; in other words, it was relatively stable. Whereas, a slight decline in activity
under Zn and an increase under Cu treatment reveal that So is a stable enzyme and has a crucial
role in preserving the redox and sulfur balance in barley leaves during early metal stress.

Discussion

This study shows the different influences of Zn and Cu on barley growth and development.
According to the morphological data, in seedlings exposed to a 1mM Zn solution, shoot
length hasn’t demonstrated a remarkable change; on the other hand, 1ImM Cu-treated ones
demonstrated a significant decline. This demonstrates that the applied concentration, Zn, did
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not significantly impair growth, while Cu caused substantial growth inhibition. These findings
align with previous observations on the effect of high concentrations of Cu on barley that
showed a notable decline in biomass accumulation and overall plant growth. The study by Leite
et al. (2024) found that Cu treatment during early development and barley seed germination
declined seedling length and biomass, confirming strong growth inhibition [33]. Similarly, the
study by Gao et al. (2008) reported that an increase in Cu concentrations in Jatropha curcas
seedlings significantly reduced growth and biomass while changing antioxidant enzyme
activities, inducing oxidative stress, and activating the defense mechanisms [34]. In contrast,
Zn treatment on barley plants in the study by Mazurek et al. (2024) showed a clear inhibitory
effect on shoot elongation and overall growth, demonstrating the negative effect of excessive Zn
concentrations on morphological development [35]. Our findings of a non-significant decline
under Zn suggest that the Zn level used may lie near the threshold between slight stimulation
and inhibition, or that barley seedlings tolerate 1mM Zn under our experimental conditions.
The much stronger morphological inhibition by Cu underscores the greater toxicity potential of
Cu compared to Zn in barley early development.

Cu and Zn are elements with an important role in plant growth and development at low
concentrations; however, they are toxic at high concentrations [36]. Cu treatment increased the
content of chlorophyll a and b, since it was used at low concentrations. However, a significant
decrease in chlorophyll content and photosynthesis rate was observed in other studies using
higher concentrations of Cu. In the study by Panou-Filotheou et al. (2001), the effect of high
Cu concentrations on oregano (Origanum vulgare subsp. hirtum) leaves was studied, and many
structural and ultrastructural damages in chloroplast and mesophyll tissues were detected [37].
In another study, Cambrollé et al. evaluated the tolerance of wild grapevine (Vitis vinifera L. subsp.
sylvestris) to copper toxicity by assessing physiological and biochemical responses to excess Cu
exposure [38]. On the other hand, Essa et al. (2021) explored the effects of biogenic copper
nanoparticles synthesized from Avicennia marina leaves on wheat seedlings, demonstrating that
these nanoparticles influenced seed germination, chlorophyll content, detoxification enzyme
activity, and copper uptake [39]. Zn had slightly different effects on chlorophyll a and b, since
it was used at low concentrations (1mM). In the study by Singh, on Cajanus cajan (L) Millsp.,
at 500 and 1000 mg kg-1 concentrations of Zn, resulted in a dramatic decline in chlorophyll
pigments [40]. In another study on Triticum aestivum L. at 900 mg kg-1 concentration, inhibition
in chlorophyll and total sugar contents was detected [41].

Results of ROS generation showed that Zn treatment increased ROS accumulation compared
to the control, whereas Cu treatment markedly decreased ROS activity. This is somewhat
unexpected because many studies report increased ROS under heavy metal stress, particularly
with Cu. According to Juknys et al. (2012), both Zn and Cu exposure in spring barley increased
oxidative stress markers, with Cu causing a stronger accumulation of ROS and greater lipid
peroxidation than Zn, indicating that Cu exerts a more severe oxidative effect on plant tissues
[42]. The decrease in ROS under Cu exposure in our experiment may result from a few possible
mechanisms: (1) Cu stress may have suppressed ROS-producing processes (e.g., inhibited
electron transport or metabolic activity), (2) there may have been a strong up-regulation of
ROS scavenging systems (even if we did not detect large increases in CAT or SO), or (3) severe
damage may have reduced overall metabolic activity and thus ROS generation. In contrast, the
mild increase under Zn aligns with the idea that Zn may generate a mild oxidative damage.
Interestingly, a barley metal toxicity study found that Zn acted antagonistically in Cu + Zn
mixtures and reduced oxidative stress biomarkers in some combinations [43]. Our data thus
suggest that under the conditions of our experiment, Cu caused strong growth inhibition but
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without the expected ROS elevation, possibly because ROS generation was suppressed or rapidly
scavenged, whereas Zn provoked a minor ROS increase consistent with a low-level stress or
signalling response. In leaves of barley seedlings, CAT activity under Zn treatment slightly
increased compared to the control, while under Cu treatment it remained nearly unchanged.
According to Song et al. (2014), exposure of barley seedlings to heavy metal stresses led to an
increase in CAT activity, indicating activation of the antioxidant defense system in response
to metal-induced oxidative stress [44]. Another barley study under copper stress (200 pmol
CuCl2) found an increase in CAT activity compared with the control, demonstrating strong
induction under Cu toxicity [45]. The modest increase in our Zn treatment is thus consistent
with a mild protective response, whereas the near-control level under Cu suggests that, in our
experimental conditions, catalase induction was minimal, perhaps due to enzyme inhibition or
oxidative damage overwhelming the CAT-mediated detoxification. This may help explain why
morphological growth was so severely reduced under Cu stress despite only moderate CAT
induction.

In the present study, the activity of sulfite oxidase (SO) in barley leaves showed differential
responses under Zn and Cu stress, being slightly lower under Zn and slightly higher under Cu
compared to the control. The slight reduction in SO under Zn treatment suggests that moderate
Zn exposure may not strongly disrupt sulfur metabolism, while the increase under Cu indicates
a stress-induced activation of SO as part of the plant’s defense system. This detoxifying role
is the most studied in Arabidopsis plants, where SO enzymatic activity results in disruption
of sulfur and carbon metabolism; moreover, it leads to the decline in biomass and increased
oxidative stress [19]. In the same manner, a transgenic tobacco plant with overexpression
of SO was shown to elevate sulfate and glutathione (GSH) levels; furthermore, it results in
reduced ROS accumulation and improvement of stress tolerance [20]. These findings support
the interpretation that the increase in SO activity observed under Cu stress in barley reflects
a protective adaptation to elevated oxidative load. Brychkova et al. (2007) showed that SO-
deficient Arabidopsis and tomato plants accumulate toxic levels of sulfite and suffer from growth
inhibition and metabolic disturbances, indicating that SO has a key detoxification function under
stress conditions [46]. Furthermore, according to Sun et al. (2023), exposure to heavy metals
such as Cu and Zn alters sulfur metabolism in plants by regulating key enzymes, including sulfite
oxidase (SO), whose enhanced activity contributed to detoxification of sulfite and improved
tolerance to metal-induced oxidative stress [47]. Thus, the metal-specific modulation of SO
observed in this study likely represents an adaptive mechanism to sustain sulfur metabolism
and mitigate ROS accumulation under Cu and Zu toxicity. These findings align with reports that
heavy metals can modulate sulfur assimilation pathways and SO-related defense mechanisms
[46,47], highlighting that SO activation plays a crucial role in mitigating sulfite toxicity and
maintaining redox homeostasis under metal stress.

Although this study revealed that Cu and Zn differently influence sulfite oxidase activity in
barley seedlings, it was limited to short-term exposure and basic biochemical parameters. Future
research should include longer exposure periods, different plant stages, and a wider range of
metal concentrations to better understand how SO activity contributes to plant tolerance under
metal stress.

Conclusion

This study demonstrated that copper and zinc differently affect the growth, chlorophyll
content, and enzyme activity of barley seedlings, especially SO. Zinc treatment slightly increased
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SO and catalase activities and maintained chlorophyll levels, suggesting that plants can activate
these protective mechanisms under mild stress. In contrast, copper caused stronger growth
inhibition with only a small change in SO and other physiological parameters, indicating that the
enzyme and associated processes were partly suppressed under Cu stress. Overall, these results
show that SO, along with other cellular and physiological responses, plays an important role
in mitigating the harmful effects of heavy metals, with the response depending on metal type
and concentration. Considering that Kazakhstan has regions with elevated Cu and Zn levels in
agricultural soils due to industrial activity, understanding how barley responds to these metals
is especially relevant for improving crop tolerance and maintaining soil health. Further studies
on SO regulation and overall physiological responses under different metal stress conditions will
be useful for developing strategies to enhance stress resistance in crops grown in Kazakhstan
and other countries or regions facing comparable agricultural and environmental challenges.
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Aybip MeTa/1AapabiH apnara (Hordeum vulgare L.)
TUTi3iTeH dcepiHiH, GMOXMMUSAIBIK MEeXaHU3MAepPi

M.K. BeiicekoBa'l, A.C. Caty'?, K.[. Kymaprasseit?, M.Mam6eToBa*,
A. Camar?®, A.)K. BektypoBa®, M.T. Meip3a6aeBa’, A.JK. Ak6acoBa®,
K.K. MacaiumoB*?, A.B. Kypman6aeBa*!?
12345678910 J1 H, I'ymusies amoiHdarsl Eypaszus yammubiK yHugepcumemi, Acmata, Kasakcman

AnaaTna. JKoKyHeHiH TYTacThIFbIHA XKoHe Tipi OpraHu3M/iepAiH AeHcay/bIFbIHA TOHETIH Heri3ri
KayinTepaiH 6ipi - ayblp MeTajAap/iblH JiaCTaHYbIHbIH yJbl acepi. 1 MM ZnSO4 »xsHe CuS0,4:6H,0
epiTiHAisepi TypiHAe KoJ1JaHbLIAThIH MbIPHILL )k9He MbIC apnaHblH (Hordeum vulgare L.) Actana-2000
COpTHBI OCKiHJepiHAeri GU3NO0IOTUsAIBbIK-OMOXUMHUAIBIK NponecTepre AuddepeHnanbl acep eTefl.
Cynpdurtokcugasa (CO) KypaMmblHAA MoaubAeH 6ap ¢epMeHT, o CyJbPUTTI JeTOKCHKaLusiay
MeH TOTBIFY-TOTBIKCBbI3JaHy NpoLecTepiH peTTeyre KaTblcajbl, ajaifia ayblp MeTa/ll CTpecCiHe
OHBIH, peaKLUsChl dJi Je KeTKiMiKTi 3epTTesMereH. bys 3epTTeyaiH MakcaThbl cy/lbPUTOKCHIA3a
OeJICeHiTIriHIH Moy siuMsIcbIiHA Zn »aHe Cu acepiH 3epTTey 60JiAbl Zn koHe Cu acepsiepi opTaiia
ctpecc Tyabipbin, CO GesiceH/iIIriH apTThIpaThIHbl 6aWKaIbl, OY/ CYyJbOUTTIH /e TOKCUKAIWSChIH
KYILIENTIN, )KacyliaJapAblH, TOTbIFY-TOThIKCbI3[JaHy Tele-TeHAIriH caKTayFa bIKHaJja eTyi MyMKiH. by
HaTKesep Zn xoaHe Cu CO peTTesyiHe apTypJii acep eTeTiHiH kaHe CO dpepMeHTiHiH aybIp MeTasn
CTpecci Ke3iHJe apliaZiaFbl epTe TOTBIFY-TOTBIKChI3JaHy peTTe/lyiHe XKoHe KOpFaHbILI peaKLusIapbIiHAa
KaTbICaTbIHbI JaJesfeii. ANbIHFaH JepekTep Zn aHe Cu eciMJiKTepMeH e3apa 9peKeTTecyiH
3epTTey/iH MaHbI3AbIBIFbIH KOPCETIN, aybLIIIapyallbLIbIK AAKbLIJAapbIHbIH Zn xaHe Cu koHe 6acKa
Jla ctrpecc pakTopaapbiHA TO3IMALIITIH apTThIPY CTpaTerusJlapbiH 33ipJiey YiliH Heri3 60J1a anajpbl.

Ty#iH ce3aep: MbIpbILL, MbIC, apHa, Cy1bGUTOKCHAA3a, aybIp MeTalJap

BroxuMHyecKre MexaHHW3Mbl BO3/IeMCTBUS TSKeJIbIX MeTa/lJIoB Ha suMeHb (Hordeum vulgare L.)

M.K. Beiicekora'l, A.C. Caty'?, K.JI. Kymapra3asi'3, M. Mam6eToBa*,
A. Camar®, A.)K. BektypoBa®, M.T. Meip3a6aeBa’, A.JK. Ak6acoBa8,
K.K. MacaimmoB*?, A.B. Kypman6aeBa*!?
12345678510 Egpazulickuli HAYUOHA/IbHLIU yHUBepcumem umeHu JL.H. I'ymusesa, Acmaua, Kazaxcmau

AnHoTanud. OfHa U3 IJIaBHBIX YIPO3 LIEeJJOCTHOCTU 3KOCUCTEM U 3[J0POBBIO KMBBIX OPraHM3MOB
CBSI3aHa C TOKCHUYECKUM BO3/IeICTBHEM 3arpsisHeHUs TsKeJbIMU MeTa/lJIaMU. B JaHHOM ucciejoBaHUU
JU1s1 U3ydeHus1 BAUsAHUA Zn U Cu Ha pu3HoJIoriyecKre U 6MOXHUMHUYEeCKHe POLecChl B POCTKAX IYMeHSs
(Hordeum vulgare L.) copt «Actana-2000» ucnosb3zoBaauck 1 MM pactBopsl ZnSO, u CuSO,4-6H,0.
CynpduTtokcugasza(CO),MmonubaeHcoaepxalui epMeHT, UrpaloL Ui KI04eBYI0 pOJIb B JeTOKCUKALL UK
CyMbPUTOB U PETYISALUNA OKUCIUTENbHO-BOCCTAHOBUTEBHBIX MPOIECCOB, HEJAOCTATOYHO HU3y4YeHa B
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Biochemical mechanisms of the effects of heavy metals on barley (Hordeum vulgare L.)

yCJIOBUSIX CTPECCa, BbI3BAHHOTO TSXKeEJIbIMU MeTaslJIaMU. [103ToMy Liesiblo JaAHHOTO UCC/lelOBaHUs ObLIO
u3ydeHue BJIMAHUA Zn U Cu HAa aKTUBHOCTb CyJbOUTOKCHAA3bl. 06paboTka Zn u Cu, N0-BUAHUMOMY,
BbI3bIBaeT YMEPEHHBIN CTpPecC, CTUMYJUPYIOLUMU akTUBHOCTb CO, 4TO NOTEHIMa/bHO yCUJIWBaeT
JleTOKCUKAL1Io CyJbPUTa U NOJJjepKUBAET OKHUCIUTETbHO-BOCCTAHOBUTE/IbHBIN 6alaHC KJIeTOK. ITH
pe3yJbTaThl CBUAETENbCTBYIOT 0 TOM, UTO Zn 1 Cu 0Ka3bIBaIOT pa3IMuHOe BO3JelCTBUE Ha PErY/IsALUI0
CO, 4To, B CBOIO 04Yepe/b, yKa3biBaeT Ha y4acTue CO B paHHel OKHUCJIUTEJTbHO-BOCCTAaHOBUTENbHOU
peryjasiiui M 3allUTHBIX peaKUUsX fYMeHsi NpPU CTpecce, BbI3BAHHOM TSKEJbIMU MeTaJlJlaMHu.
[losyyeHHBble AaHHBIE NMOAYEPKUBAIOT BAXKHOCTb M3Y4YeHHUs B3aUMOZJEHCTBUA TSKEJBIX METAJJIOB C
pacTeHUsIMU AJ151 pa3pabOTKU CTpaTerui MOBBIILIEHHS YCTOMYHBOCTH CeJIbCKOX035MCTBEHHbIX KYJIbTYP
K BO3JeicTBUIO Zn ¥ Cu U ApyryUx aHaJIOTUYHBIX CTPECCOBBIX YCI0BUH.
Kiio4yeBble €/10Ba: LIUHK, Me/lb, TUMEHb, CyIbPUTOKCUA3a, TAKEIble MeTaLIbl
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Abstract.Thearticleisdevotedtotheassessmentofthestateofcoenopopulations
of the plant Linaria cretacea, a rare species that needs special protection, by
botanical methods. To study the age structure and ontogenetic state of rare
species in the Aktobe region. L. cretacea coenopopulations, test sites were
built for Akkudyksai, Kopaly, and Utek coenopopulations in the populations of
the Ishkargantau chalk massif. The age structure and ontogenetic state of the
registered individuals of the species were determined, and the demographic
situation in the coenopopulations, the values of the age index and the
energy efficiency index, i.e., "delta-omega", and the indicators of recovery,
exchange, and aging were calculated. In the results obtained, the average
density of the species around coenopopulations and the average number of
plants in different age states in the sample sites were calculated. According
to coenopopulations, indicators were determined to determine changes in
the demographic situation. The soil cover of the coenopopulation consists of
gravelly chalk formed by sedimentary rocks of the Cretaceous period. In the
soil where L. cretacea plant populations are found, facultative calcefites are
twice as dominant as obligate calcefites. Studied rarely, the base spectra of
L. cretacea coenopopulations are of a single and mature type. In the future,
based on the results obtained, it will be possible to make recommendations
for the conservation and protection of this rare species.

Keywords: L. cretacea, botanical methods, coenopopulations, ontogenetic
state, age structure
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Introduction

The destruction of a certain biological species on Earth disrupts the stability of ecosystems
and the integrity of the biosphere. This is one of the dangerous changes that are currently
developing at a rapid pace in nature [1]. In most cases, anthropogenic factors are the cause
of the decline and disappearance of plant populations within the ecosystem [2]. In the last
edition of the Red Book of our republic (2014), 387 species with a reduced number are under
state protection. In the Aktobe region, located at the crossroads of Europe and Asia, Mountain
suffixes of the Cretaceous and Mesozoic were formed [3]. One of the oldest species preserved in
the landscape and climatic zones is the Volga - West Kazakhstan endemic Linaria cretacea Fisch
ex Spreng, which is listed in the Red Book of Kazakhstan.

In order to preserve these species, populations are monitored and, if possible, conservation
and restoration work is established. Nevertheless, the list of rare plant species is constantly
updated, because today's methods for accurately determining the number and distribution area
of a particular species still require in-depth study. Therefore, the issue of improving various
methods of assessing and preserving rare species at the population level in different regions of
the country is relevant [4,5].

Oneofthe pressingissuesinthe preservation ofrare plantspeciesisthe question of the number
in the coenopopulation sufficient for life in the protected area. The study of coenopopulation
plays an important role in determining the organization and dynamics of phytocenoses [6-8].
The properties of coenopopulations are determined by the number, age, and vital conditions of
the plants included in their composition, their ecological and genetic heterogeneity [9,10].

In some cases, the deterioration of abiotic living conditions of plants in coenopopulations
is associated not with climatic characteristics, but with changes in local conditions caused by
human activity, including economic changes, albeit at a considerable distance from the research
site [11-13].

It is important to note that in plants of the same coenopopulation, the requirements for
environmental conditions may differ in different ontogenetic States. In the pregenerative period
(juvenile and immature states), plants are sensitive to fluctuations in temperature and humidity,
which is caused by the fact that powerful root and shoot systems do not have time to form.

Other reasons for the deterioration of the coenopopulation of protected plant species may
be related to the generative sphere. This includes, for example, a decrease in the viability of
plants, which is a consequence of hybridization, which is closely related to the spatial isolation
of small areas and coenopopulations. Regardless of the factors leading to the destruction of the
coenopopulation, it is important to determine the question of the number of plants sufficient
for successful development in these specific conditions in order to plan possible steps to restore
it [14].

Plant coenopopulation refers to a dynamic phenomenon that is constantly changing
and evolving. The habitat of plants is distinguished by factors affecting coenopopulations.
Depending on the climatic conditions of the environment and soil moisture, changes and signs
in the external structure of plants are formed. The influence of abiotic factors, along with
anthropogenic factors, on the reduction of the species number of the Linaria cretacea plant,
which is the subject of research, may be present. For this reason, the study of the age status,
density and demographic status of the rare Linaria cretacea cenopopulations is relevant.
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Ontogenetic spectrum of rare Linaria cretacea Fisch ex Spreng coenopopulations in the Aktobe region

Materials and research methods

According to the population of Ishkargantau in the Aktobe region of the rare species Linaria
cretacea, 3 coenopopulations were studied: Akkudyksai, Kopaly and Utek populations. Test sites
were built every 10-20 meters for each of the three coenopopulations taken in the study, that
is, a total of 30 individuals of Linaria cretacea from the test sites were calculated, and life States
were determined [15-18]. The age status of 459 individuals of the Linaria cretacea plant found
in 3 cenopopulation (CP) zones found in the Ishkargantau chalk massif was determined by the
classification of T. A. Rabotnov (1950) in Table 1 and a set of criteria proposed by A. A. Uranov
(1975) [19,20] (Table 1).

Table 1
Classification of the state of life according to T. A. Rabotnov (1950)
Stages of ontogenesis State of plants Age index

Latent Seed in a state of rest sm
Pregenerative Sprouted pl
Juvenile j

Immaturly im

Virginil \

Generative Young gl
Mature g2

Old age g3

Postgenerative Subsenil Ss
Senile S

Withered sc

The density of coenopopulations of Linaria cretacea was calculated by the number of
individuals in the test sites [21-23]. The age structure and ontogenetic state of individuals of the
species, calculated from the sample sites of 3 coenopopulations (CP) in the populations of the
Linaria cretacea plant in the Ishkargantau chalk massif in the Aktobe region, were determined.
To determine the demographic situation of the studied coenopopulations, the values of the age
index (A) and the energy efficiency index (w), i.e., "delta-omega", and the indicators of recovery,
exchange, and aging were calculated [24-27]. Statistical processing was performed using the MS
EXCEL 2010 program and Statistica 5.0 statistical software package.

Results

It is known that the soils of the Akshatau and Ishkargantau mountains, where populations of
the Linaria cretacea plant are the subject of research, are mainly chalky. As a general substrate,
chalk has its own characteristics. The specific microclimate regime, physical and chemical
properties of chalky soils, a low content of humus and an excessive excess of calcium affect
plants. Several species have been formed that have adapted to such soils of the mentioned
chalk mountains. Plants in such an unusual chalky substrate are divided into obligatory and
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facultative calcefites.

In the mountains of Akshatau and Ishkargantau, where populations of the Linaria cretacea
plantare found, there is mainly chalk soil. The specific order of the microclimate, physicochemical
properties of the soil of the region studied as a substrate for growth, the low content of humus,
the peculiarities of chalk and an excessive excess of calcium cannot help but affect the plants
themselves. The flora of obligate and facultative calcefites, adapted to the chalky soils of the
Ishkargantau chalk massif, is formed.

The Linaria cretacea plant has a high dependence on a chalky substrate. Among the plants
included in the studied populations, we can note the real calcefites Anthemis trotzkiana,
Limonium cretaceum, Crambe tataria, Anabasis cretacea, Achillea nobilis, Echinops meyeri,
Zygophyllum pinnatum, which are found exclusively in cretaceous soils of carbonate rocks.
Facultative calcefites include the rest of the species, which are better adapted to other soils
than chalky ones [19,21,28].

Facultative calcefites predominate over obligate calcefites in the Ishkargantau chalk soil
studied by us, where populations of the Linaria cretacea plant are found: 23.4% of obligate
calcefites are adapted only to chalky soils and 76.6% of facultative calcefites are registered,
typical of desert areas that can grow on other soils (Figure 1).

0,234 H obligate

facultative

0,766

Figure 1. Flora of obligate and facultative calcefites in the Ishkargantau chalk massif, %

In the study, the average density of the species in the area of coenopopulations (PCs/m2) and
the average number of individuals in different age states in the sample areas (PCs/M2) were
calculated (Figure 2).
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Figure 2. Ontogenetic state of L. cretacea cenopopulations
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Ontogenetic spectrum of rare Linaria cretacea Fisch ex Spreng coenopopulations in the Aktobe region

On the territory of Akkudyksai of the Ishkargantau chalk massif, the average density of L.
cretacea individuals is 11.3 PCs/M2. In the coenopopulation, individuals of the pre-generative
period v-18.9%, the generative period g - 74.8% and the post-generative period ss -6% were
recorded (Figure 3).

80,00% 74,80% 73,70%
65,50%
60,00%
40,00% B Pregenerative
8,50% M Generative
18,909 21,009
20,00%
6,30% 5,30% 6,00%
0,00%
Akkudyksai Kopaly Otek

Figure 3. Ontogenetic stages of Linaria cretacea coenopopulations, (%)

The average density of individuals of the species in the area of copular coenopopulation was
10.2 pieces/M2, individuals of the pre-generative period V-21% of the plant, g-73.7% of the
generative period and subsenile individuals of the postgenerative period ss - 5.3%.

The average density of individuals of the species on the territory of the Otek coenopopulation
is 7.1 PCs/M2. Individuals of the pre-generative period (v) consist of 6%, individuals of the
generative period G-65.5% and subsenile individuals of the post generative period (ss) 28.5%.
In addition, our study revealed indicators of the demographic situation according to the listed
coenopopulations (Table 2).

Table 2
Demographic status of mature Linaria cretacea coenopopulations
Cenopopulation AKkkudyksai Kopaly Otek
Age index, A 0,56+ 1.4 0,44+ 0.5 0,42+ 1.3
Energy efficiency index, w 0,71+ 0.9 0,62+ 1.0 0,58 +1.1
Recovery index, Ir, % 31,3+ 1.0 28,5+ 0.5 20,2 x0.9
Exchange index, le, % 42,1+ 1.3 38,3+x0.7 17,4+ 0.6
Aging index, la % 0,25+ 0.2 0,05+ 0.5 0,06 £1.1

The Kopaly and Otek populations were approximate in terms of A and w, forming the values
A=0.44, w =0.62 and A = 0.42, = 0.58, respectively.

Discussion

We see that these values are much higher in the Akkuduksai coenopopulation (A = 0.56,
w = 0.71). In the bile, virginil individuals are smaller in comparison with Otek and Kopaly
coenopopulations. However, the number of generative individuals in the Akkudyksai and
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Kopaly coenopopulations was approximately the same, and the number of generative
individuals was recorded in the bile. At the same time, 15 senile plants were observed in this
Otek coenopopulation, and 7-8 senile plants were observed around the Akkudyksai and Kopaly
coenopopulations.

In these populations, A and w have almost the same indicator, and the higher of these
indicators in the Whitefish is due to the fact that the two previous coenopopulations contain
more than the number of middle-aged generative individuals. As for the indicators of the age
index (w) and energy efficiency index (w) of the studied coenopopulations, the registration of
individuals in the senile (s) state together with subsenile (ss) individuals in the post generative
period of all coenopopulations affects the low indicator of the age indexA.

Population-based studies are based not only on visual assessments. The success of the
analysis of the obtained data is also determined by the use of quantitative indicators that assess
the number, density, fitness, ontogenetic spectra and other characteristics of coenopopulations.

In this study, the Aw classification made it possible to additionally identify coenopopulations
of the “transitional” type, and from the “young” cenopopulations, it was possible to identify
“maturing” ones, i.e., cenopopulations with a high proportion of generative individuals. These
classifications are based on different criteria, so they can evaluate the age status of Linaria
cretacea cenopopulations in different ways. Thus, the indicators presented in the article make it
possible to quantify the state of Linaria cretacea cenopopulations based on data on ontogenetic
spectra and identify their temporal and spatial dynamics in different environmental conditions.

Conclusion

In the coenopopulations of Akkudyksai, Kopaly and Otek, the state of growth and germination
of the L. cretacea plant is normal. There are a few young virginil individuals in the testicular
coenopopulation. The whitefly coenopopulation was distinguished by the predominance of
the number of generative individuals of a rare species over other coenopopulations, and the
presence of a small number of post generative individuals. Plants in the subsenile (ss) and
senile (s) state predominate in the Otek coenopopulation. Thus, the quantitative indicators
of aging and recovery indices presented in the results of the study showed that all studied
coenopopulations have the potential to expand the distribution areas of the species. The basic
spectra of the studied coenopopulations are of a single and mature type. The main ontogenetic
spectrum of coenopopulations is concentrated in the middle of the spectrum, from the
abundance of young and middle-aged generative individuals. In coenopopulations, differences
are observed only in the density of individuals. The highest average density of individuals at
the test sites was recorded in the Akkudyksai coenopopulation of 11.3 (PCs / M2), the lowest in
the Otek coenopopulation of 7.1 (PCs/m2). We attribute the reason for the low Exchange index
and aging rate in the Otek coenopopulation to the predominance of plants in the subsenile and
senile states here.
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AKTeG6e 06/1bICBIHAAFbI CUPEK Ke3aeceTiH Linaria cretacea Fisch ex Spreng
I eHOMONY/ISINUSIIaPbIHbIH, OHTOT€HETUKAJIBIK, CHEKTPI

M.C. BakbprmkaHoBa'*, K.X. Maxmyzaoga?, B.Y. llapunograd,
H.II. AxmMeToBa*, A.A. Butkeesa®, T. ATuun®
L23A6aii amviHdarsbl Kazax yammulk nedazozukabik yHugepcumemi, Aamameol, Kazakcman
1. Yanuxanoe amuiHdarbl Kexwemay yHusepcumemi, Kexwemay, Kazakcma
STopatirvipos yHugepcumemi, [lasaodap, Kazakcmau
la3u ynusepcumemi, Aukapa, Typkus

AngaTna. Makanazia epekile KOpray/[bl KaKeT eTeTiH cupek Typ Linaria cretacea eciMJiriHiH
IeHOTIOMYJISILUSAIaphl  KaFJalblH OOTAHUKAJBIK dJlicTepMeH OafajiayFa apHajfaH. AKTebe
OOJIBICBIH/IAFbl CUpeK Ke3zeceTiH L. cretacea 1eHONMOMYJASUUSJIAPBIHBIH, KACTbIK KYPbLIbIMbI
MeH OHTOTleHeTHUKasblK KyHiH 3epTTey yuwiH EwmkbipFaHTay 60pJbl MaccUBi MONyJsILUsIapbl
imingeri Akkyabikcai, Konasbl >xkoHe OTeK LeHONOMyJsLUsJapblHa CbIHAK aJaHJapbl CaJbIHJBbIL.
TipkenreH Typ JapajapblHbIH KaCTbIK KYpPbLIbIMbl MeH OHTOT€HETHKaJ/IblK KyWi aHBIKTAJIbIII,
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Ontogenetic spectrum of rare Linaria cretacea Fisch ex Spreng coenopopulations in the Aktobe region

[eHOTONYISUUAIApaFbl  AeMorpadUs/IblK >KaFAaWAbl aHBIKTAYy VIIIH JKaCTbIK WHJAEKCI MeH
JHepreTUKaJbIK THUIMAIJIIK UHAEKCI, AFHU «JeJbTa-OMera» MIHJepi KoHe KaJlllblHa KeJy, aJmacy,
KapTalw KepceTKiluTepi ecenTesfi. AJIBIHFAaH HOTHXKeJlepJe LEHONONYIsALUsaIap ayJaHbIHAAFbI
TYPZAiH opTallla ThIFbI3AbIFbl MEH YJIT1 aJlaHAapbIHAAFbI 9PTYPJIi KaCThIK KyHjepiHaeri eciMaAikTep/iH,
opTaillla caHbl ecentes/i. LleHononyasusaaap 6oibiHIIa AeMOrpadUANbIK KaFAal/IblH 63repicTepiH
AHBIKTAUTBIH KOPCETKIIITEP aHbIKTA/bI. lleHOmony I UAHbIH, TONbIPAK KaMbLIFbICHI 60p AJYipiHiH
HIeriH/i *KbIHbICTAPbIHAH TY31JIreH KUbIPIUBIKTHI 60pJaH Typajbl. L. cretacea ecimziri monysisiusiiapbl
Ke3/IeCeTiH TOMBbIPAKTA OGJHUIraTThl KaJbllepUTTEPre KaparaHaa GaKyJbTaTUBTI KaJbllepUTTED €Ki
ece 6acbIM eKeHiH KepceTTi. 3epTTeJreH cUpeK Ke3jeceTiH L. cretacea 1eHONMOMYJISIUSAIAPbIHBIH,
6a3asbIK CrieKTpJepi 6ip HMIBIH/AbI XK9He XKeTiJIreH TUIIKe KaTa/bl. KeseleKkTe, ajiblHFaH HOTHXKeJlepre
CyHeHin ockl CUpeK TYpAi caKTay MeH KOpFayFa YChIHbICTAp KacayFfa 60J1a/ibl.

Tyiin ce3gep: L. cretacea, 60TaHUKAJBIK d/jicTep, LeHONONYy AL HsAIap, OHTOreHETUKAJIBIK KYHi,
»KaCTbIK KYpPbLJIbIMbI

OHTOreHeTH4eCKMil CIEKTP peJKUX HeHononyassuui Linaria cretacea Fisch ex Spreng B
AKTIOOHUHCKO# 06J1aCTH

M.C. BakbiT:)KaHOBa*!, K.X. Maxmyzgoga?, B.Y. lllapunogra3,
H.II. AxmeToBa*, A.A. Butkeesa®, T. ATnun®
L23Kazaxckull HaAYUOHA/IbHbIU hedazoauyeckull yHugepcumem umenu Abasi, Aamamol, Kazaxcmau
*Kokwemayckuii ynueepcumem umeru Ill. Yaauxarosa, Kokwemay, Kazaxcma
*Topatizvipos yHusepcumem, [lassodap, KazaxcmaH
¢Yuusepcumem la3u, Aukapa, Typyus

AHHOTanus. CTaThsl NOCBsIlEHA OLEHKe COCTOSIHUSI LIEHONOMyJSIUN PeAKOTr0o BHUJAA pacTeHUs
Linaria cretacea, Tpe6Gymwolnero o0co60i 3aum[dTbl, OOTAHUYECKMMU MeToAaMH. /[l H3ydeHHs
BO3PACTHOMN CTPYKTYPhl U OHTOr€HETUYECKOT0 COCTOSTHUS LeHOMONY AU pefKoro Buaa L. cretacea
B AKTIOOMHCKOW 06J1aCTM ObLIM NOCTPOEHBbl UCHBbITATE/NbHblE IJIOWAAKH [AJsS LEeHOMONyasAnun
Axkkynbikcali, Komanbsl u OTek B nmomyasigusix MejaoBoro MaccuBa Wiikapranrtay. Beuiu onpeseseHbl
BO3pacTHasl CTPYKTypa U OHTOTEHETUUYECKOE COCTOSIHHE 3aperuCTPUPOBAHHBIX 0cobell BHUJa, a
IS ompejiesieHus JeMorpadpuyecKod CUTyalMHd B LIEHOMOMYJANUSX ObIM PACCYUTAHbl 3HAYEHUS
HMHJeKCa MOJIOJOCTH M UHJIeKCa SHEPreTHUYEeCKOU 3P PEeKTUBHOCTH, TO €CTh «JeJIbTa-OMera», a Takxe
NoKa3aTeJd BOCCTAHOBJIEHUs], 06MeHa, cTapeHus. [1o mosiydyeHHbIM pe3y/bTaTaM Obljla paccuuMTaHa
Cpe/iHsisl IJIOTHOCTh BU/|a B palilOHE LIEHOMONY/MALMN U cpe/ijHee KOJIMYEeCTBO PacTEHUN B pa3/IMUHbIX
BO3pPAaCTHBhIX COCTOSIHUSIX Ha ydYacTkKax o6pasinoB. OmnpejesieHbl MOKas3aTesH, OINpeJesstoliye
M3MeHeHUs AeMorpaduiecKo CUTyaluH Mo [eHononyasauusaM. [louBeHHbIN TOKPOB LIEHOMOMYIAIUNA
COCTOUT W3 I'PAaBUUHOIr0 MeJia, 06pa30BaHHOI'0 OCaJ0YHBIMH MMOPO/IaMU MeJIOBOTO Nepuoza. B mouge,
rJle BCTPEYarTCs MOMyJSLUU pacTeHuM L. cretacea, GbaKy/IbTaTUBHbIE KaJblleQUThI MPe0OJIaAal0T
HaJ, 06JIMraTHbIMU KaJjibllepuTaMU B 2 pasa. ba3oBble CHEeKTPbl LIEHOMOMYJASAIUNA HCCIeJyeMoro
peAKoro pacteHus L. cretacea 0THOCATCS K OJUHOYHOMY U 3peJioMy TUly. Ha ocCHOBaHHUU MOJy4YeHHbIX
pPe3y/bTaTOB, B Oy/IyIlEM MOXKHO aTh PEKOMEH/JallMU 110 COXPAHEHUIO U 3al[UTe 3TOT0 PEJKOT0 BU/IA.

KioueBble cioBa: L. cretacea, 60TaHUYeCKUE METObI, IeHOMOMYJAIMHY, OHTOTeHETUUECKOe
COCTOSIHWE, BO3pACcTHasi CTPYKTypa

CBeaeHMs 00 aBTOpax:

Bakwimatcanosa Mapas Ca2slHObIKOBHA — aBTOP [JIs1 KOPPeCTOHJeHI[UH, IOKTOpaHT Kazaxckoro
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Abstract. The article discusses the findings of a study investigating the impact
of ticks on the transmission of vector-borne and arboviral diseases among
livestock in the West Kazakhstan region. The epizootic situation with blood-
sucking ticks in farm animals has also been studied. The results presented
in this article show a potential solution to many problems associated with
the spread of tick-borne infections. The analysis of epizootic indicators used
for monitoring and zoning the territory of Western Kazakhstan according to
the degree of intensity of the epizootic situation and a number of infections
among farm animals has been carried out. To monitor and zone the territory
of Western Kazakhstan according to the degree of intensity of the epizootic
situation for the following viral infections among farm animals (bluetongue,
Schmallenberg's disease, nodular dermatitis of cattle, Crimean-Congo
haemorrhagicfever, etc.). The methods developed and adapted for the detection
and strain differentiation of the virus were used, based on PCR and nucleotide
sequencing, followed by analysis of the amplified nucleotide sequences of the
genome of isolates of identified animal viruses in Western Kazakhstan. The
results are of scientific and practical interest to researchers from neighboring
countries: Central Asia, Russia, China, etc.
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Introduction

Due to the expansion of logistics ties, animal migration, and climate change, the economy
and biological security of many countries are threatened. A significant contribution to the
destabilization of the epidemiological situation is made by such exotic viral infections as
bluetongue, Schmallenberg's disease, nodular dermatitis of cattle, and Crimean-Congo
haemorrhagic fever among people and farm animals.

Several European nations face significant risks related to the introduction and dissemination
of viral diseases such as nodular dermatitis in cattle, bluetongue, and Schmallenberg disease.
This concern is exacerbated by the unfavorable conditions in animal husbandry and the
anticipated importation of livestock from these countries into the Republic of Kazakhstan.
Evidence of the existing danger is the fact that cases of importation of seropositive animals for
Schmallenberg and bluetongue disease are known in our country. Diagnostic studies on these
infections are carried out within the framework of the rules for quarantining animals imported
from third countries [1-5].

Despite all the measures taken by various international organizations, the epizootic situation
of infectious diseases of animals and birds in the world remains tense. Of particular concern
are diseases of Group A, which, according to the classification of the Office International
des Epizooties (OIE, World Organisation for Animal Health), are dangerous. It is known that
outbreaks of diseases of this group cause enormous socio-economic damage to the state. The
Republic of Kazakhstan is clean about these diseases of animals, but every year in some part of
our country, as a result of the introduction of infections from unfavorable countries, outbreaks
of particularly dangerous diseases are recorded. Many authors consider ticks as the main factor
in the source of threats to the livestock of our country, particularly dangerous animal diseases
[6-9].

The peculiarity of some transmissive diseases is that their pathogens can remain in the bodies
of certain carrier vectors for a long time. The most obvious natural focus of vector diseases is
where the spread of infection occurs with blood-sucking arthropods (ticks, fleas, mosquitoes,
etc.). The causative agent of the disease constantly circulates along this chain: the carrier animal
is a person or an animal. Disease-sensitive animals, pathogens, vectors, or intermediate hosts
are the links of the biocenosis associated with a particular biotope. Therefore, natural focal
diseases are characterized by strict seasonality, territorial distribution, and clear designation of
a specific type of landscape (for example, for the deserts of Central Asia - leishmaniasis of the
skin and spirochetosis of ticks, etc.), in contrast to anthroponoses. A natural hearth can contain
pathogens of several diseases, as well as various types of animals susceptible to these diseases
[10-15].

Active natural foci of Crimean-Congolese hemorrhagic fever are located in Zhambyl, South
Kazakhstan, and Kyzylorda regions. The incidence of CCHF is recorded annually in these
regions. The main carriers of CCHF in this territory are Hyalomma anatolicum anatolicum and
Hyalomma detrium, Ixod mites that parasitize mainly farm animals. Boophilus calcaratus plays
an important role in infecting the population. An important role in epidemiology is played
by ticks of the genus Dermacentor niveus, which are found mainly in the northern part of the
hearth - in the lower reaches of the Shu River, in the northern part of the Sarysu and Moyinkum
districts of the region [16-18].

The West Kazakhstan region (WKR) borders on the territory of Russia, where there are
natural foci of Crimean-Congo hemorrhagic fever (CCHF) and diseases are periodically recorded.
In 2007, specific antibodies to the CCHF virus in cattle were detected for the first time in the
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western part of the West Kazakhstan region using the complement fixation reaction. 1,871
cattle were studied in this area for three years. Antibodies specific to the virus are found in 25
cows (1.3%). The annual stable circulation of the CCHF virus has been established.

In 2011, 2180 ticks were collected from cattle in the territory of three administrative
districts in the west of the West Kazakhstan region and examined in the CCHFE. In this area,
high budding of Hyalomma marginatum cattle was found. This type of tick is the main carrier
of CCHF in neighboring regions of Russia. As a result of comprehensive research, a new natural
focus of Crimean-Congo hemorrhagic fever was identified in Kazakhstan in the west of the West
Kazakhstan region [19].

Research on the causative agent of bluetongue's disease among animals in the Republic of
Kazakhstan has so far been unambiguous, and as for the Schmallenberg disease virus, it has not
yet been isolated and is not available for research work. In our country, the role of blood-sucking
mites in relation to the spread of bluetongue and Schmallenberg diseases and the epizootic
situation in these diseases in general have not been monitored, in connection with which there
is almost no scientifically based national strategy and measures to combat these diseases [20].

Taking into account the epizootic situation with the participation of blood-sucking mites as a
source of infection among farm animals and regional features, the research work planned to be
carried out on the scale of West Kazakhstan was not fully carried out.

This study aims to perform monitoring investigations to identify infectious vector-borne
diseases affecting both livestock and humans in western Kazakhstan. To achieve this goal,
monitoring studies were conducted to assess the species composition and primary host feeders
of ticks that pose a risk for transmitting viral vector diseases to farm animals and humans,
including bluetongue, Schmallenberg's disease, cattle nodular dermatitis, and Crimean-Congo
hemorrhagic fever, among others, in the region.

Materials and research methods

When conducting the study, standard methods recommended by the OIE for the diagnosis
of infectious diseases were used. The material for the study was samples of biological material
collected by generally accepted parasitological methods from farm animals - ticks. The collection
of ticks was carried out by generally accepted methods in places of public gathering (parks, etc.),
private farmsteads, herds, and flocks [29,30]. Bacteriological, virological, molecular biological,
and serological studies of the collected ticks were carried out.

Ticks collected from animals were placed in empty, dry, hermetically resealable plastic
containers. For research, live and dead ticks were delivered to the Almaty branch of the
"National Veterinary Reference Center". Several ticks collected from the same animal were
analyzed together in a single sample. The processing of collected ticks in the chamber, along
with their identification by genus and species, was conducted using specialized keys designed
for identifying ticks belonging to the Ixodidae family [31].

The identification of the dominant host of ixod ticks was carried out by examining 10% of
the total livestock of the selected herd in a particular locality - animals, taking into account the
number of ticks and determining the average number of ticks per animal using the following
formula:

B =(Kx 100): C, (1)

where B is the type of animal, K is the number of ticks found in animals of this species, and C
is the sum of ticks of this species found in all animal species.
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Epizootological monitoring of livestock in West Kazakhstan was conducted through the
analysis of statistical data derived from our research reports, along with the findings from
virological monitoring studies utilizing PCR techniques.

The mite suspension was frozen and thawed three times, then processed by centrifugation
at 600 g for 10 minutes. To isolate the virus, a pool was prepared from several individuals of
the same species of ticks. The mites use 2.0 ml tubes containing zirconium-Silicon beads (6
mm SSB60) and DMEM cultivation medium (CAPRICORN Lot No: CP23-6146) (DNA/RNA free
Eppendorf). crushed with a homogenizer (LabSafer TS-48/64).

Special PureLink Microbiome DNA Purification Kit "Invitrogen”, Catalog Number a29790,
Pub to extract (isolate) DNA and RNA from clinical material to extract nucleic acids from tick
homogenates. No. MAN0014332 Rev. A.0. a set of reagents was used.

Amplification of tick viruses. The presence of CCHFV, SBV, BTV and LSDV RNA/DNA in ixod
ticks was molecularly tested using a single-stage RT-PCR or built-in RT-PCR using a set of special
primers for each virus according to the instructions described in real-time commercial RT-PCR
kits ("Amplisens® Moscow, Russia). Real-time PCR was performed using a thermocycler Rotor-
Gene Q (Qiagen, Hilden, Germany).

According to the level of equipment of the material and technical base, the National Veterinary
Reference Center laboratory has a Biosafety Level 3 (BSL-3), which is an advanced institution
in the Republic of Kazakhstan that ensures full sanitary, epidemiological, and environmental
safety and meets all requirements when working with pathogens of particularly dangerous
infections of Agriculture, wild animals, and birds.

Research was conducted using RT-PCR-RV to detect pathogens in ticks by analyzing the
DNA/RNA of the bluetongue virus, Schmallenberg virus, bovine nodular dermatitis virus, and
Crimean-Congo hemorrhagic fever virus.

Nucleic acids isolated from tick homogenates were used to perform real-time reverse
transcription and polymerase chain reaction (RV-RT-PCR) analysis in the course of research
conducted atthe national veterinary reference center by RV-RT-PCR for the presence of DNA/RNA
of ticks Bluetongue, Schmallenberg, bovine nodular dermatitis, Crimean-Congo haemorrhagic
fever virus. The reactions were carried out on the Rotor-Gene Q MDX 6plex amplifier (QIAGEN,
Germany), which provides high sensitivity and real-time fluorescent signal recording.

To detect viruses and bacteria, a set of PCR reagents with real-time (RV-RT-PCR)
hybridization-fluorescent detection was used. The assessment of the genetic material from viral
pathogens affecting animals, including Crimean-Congo hemorrhagic fever, Schmallenberg virus,
bluetongue, bovine nodular dermatitis, and brucellosis virus RNA, was conducted utilizing the
following assays: "Amplisens® CCHFV-fl," "PCR-Schmallenberg-factor," "PCR-Bluetongue-factor,"
"PCR-nodular dermatitis - cattle-factor;," and "PCR - Brucella spp. - Dermatitis-cattle-factor." This
analysis was performed in accordance with the protocols established by the manufacturers,
specifically the federal state budgetary institution "CSP" and LLC "Vet Factor" (Russia) (Table 1).

Table 1
Commercial Kits used for the diagnosis of infectious diseases by the RV-RT-PCR method

Tested pathogen Reagent kit Manufacturer

Crimean-Congo  hemorrhagic | AmpliSense® CCHFV-FL FSBI "CSP", Russia
fever virus RNA (CCHFV)

Schmallenberg virus RNA (SBV) | PCR-SCHMALLENBERG FACTOR | VET FACTOR LLC, Russia
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Bluetongue virus RNA (BTV)

THE BLUETONGUE PCR FACTOR

VET FACTOR LLC, Russia

Bovine nodular dermatitis virus

PCR-NODULAR-DERMATITIS-

VET FACTOR LLC, Russia
(LSDV) DNA

Brucella spp DNA

CATTLE-FACTOR

PCR-Brucellaspp.-DERMATITIS-
CATTLE FACTOR

VET FACTOR LLC, Russia

Samples were distinguished, obtained and tested in accordance with the methodological
instructions of the manufacturers. PCR analysis was carried out in real time using modern
thermocyclers.

Research was carried out on 258 adult male and female Ixodes ticks obtained from farm
animals to determine the RNA/DNA of bacteria and viruses CCHE, Schmallenberg, bluetongue,
nodular dermatitis, as well as Brucella spp. The results were processed mathematically in
Microsoft Excel.

Results

As a result of identification, ticks were classified as 2 relatives and 6 species of ticks
belonging to the Ixodidae family: Dermacentor pictus Herm., Dermacentor marginatus Sulzer,
1776, Dermacentor niveus Neum., 1897, Hyalloma marginatum Koch, 1844, Hyalomma scupense
Schulze, 1918, Hyalomma anatolicum Koch, 1844 (Figure 1).

0,0077

0,0116

0,0465

y

= Dermacentor niveus
= Hyalomma anatolicum

= Dermacentor pictus
= Hyalloma marginatum

= Dermacentor marginatus
u Hyalomma scupense

Figure 1. Species composition of ticks detected in the West Kazakhstan region

Ticks of the genus Dermacentor are the most common and numerous: of the 258 ticks
studied, 241 (93.4%) belong to this genus. The species Dermacentor marginatus (34.9%) and
Dermacentor pictus (29.8%) are found in all territories of the 13 districts of the West Kazakhstan
region, where the study was conducted. The smallest were the species of the genus Hyalloma
(Figure 1).

The smallest type of ixod tick for the fauna of the studied area was the Hyalomma scupense
species in our research: 2 pieces (0.77%) in a collection.

The distribution of Ixodidae mites in landscape provinces is characterized by a mosaic
pattern.

During the entire period of observation, a predominance of females over males was observed
(62.8% and 37.2%, respectively), but in July, this ratio was stronger than in late August and
early September, which was especially evident in the species Dermacentor pictus, Dermacentor
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niveus, and very high Dermacentor marginatus. The differences are statistically reliable. The
decrease in the proportion of females at the end of summer is explained by the later appearance
of nymphs at an early age (Table 2).

Table 2
Sexual composition of ticks in western Kazakhstan
Species Males and females
(sample size)

Dermacentor pictus 26 51
Dermacentor marginatus 36 54
Dermacentor niveus 29 45
Hyalloma marginatum 3 9
Hyalomma scupense 2 -
Hyalomma anatolicum - 3
Total 96 162

In areas near settlements, the main feeders for adult ticks among domestic animals are cattle
and small cattle. Also, dogs and horses have a high number of ixodids (Figure 2).
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Figure 2. Ticks collected from domestic animals in western Kazakhstan, pieces

Ixodid ticks are known to parasitize a variety of forest-dwelling animals and livestock, as well
as numerous species of ground-feeding birds. The primary hosts include large wild mammals
such as ungulates and predators, exemplified by deer and foxes, as well as both large and small
rodents like hares, squirrels, chipmunks, mice, and ground squirrels. Moreover, adult ticks are
also known to actively seek out humans. Due to their inability to move over long distances when
hungry, these ticks remain patient, positioned on the tips of grasses or within small bushes,
waiting for a potential host to come within reach. Then these parasites act very deftly: tightly
cling to wool or clothing, choose a place to suck blood and actively move around the body. In
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animals, ticks often attach themselves to the head, especially behind the ears, neck, chest, and
groin. In humans, attached parasites are usually found in the armpits, groin, and scalp.

All samples showed a negative result for the presence of infectious agents under study (Table
3).

Table 3
PCR detection of pathogens in blood-sucking insects
for infectious diseases of farm animals
Vector Quantity | CCHF (+) | Schmallenberg (+) Bl“e(tf)ng“e derl\:ﬁ:t‘i‘tliasrm B“‘C'EB;‘ SPp-
Ticks (Hyalomma
and Dermacentor 258 0 0 0 0 0
spp-)

Note: data on positive samples, % - share of the total

As a result of the conducted studies, it was found that all the studied areas of the West
Kazakhstan region are free from the studied infections, which confirms the absence of circulation
of pathogens of vector-borne diseases and arbovirus infections.

However, the results confirm the need to constantly monitor the number and infection of
ticks, as well as carry out preventive work among the population, and recommend the following
recommendations to prevent the spread of diseases:

-continuation of epizootiological surveillance of ticks and other arthropods in regions of
western Kazakhstan that are potentially endemic.

- development and implementation of measures for medical and veterinary control and
prevention of vector-borne infections.

- use modern methods of molecular diagnostics for early detection of foci of infection and
assessment of epizootic risk.

Discussion

The epidemiological uniqueness of Ixodidae ticks is that one carrier can contain several
pathogens of different species (of a viral or bacterial nature). Currently, tick infections are an
important issue that is increasing in importance as new, previously unknown natural-focal
diseases are identified in which ixod mites serve as carriers [25]. The practical importance of
ticks as pathogens of many natural-focal infections of humans and animals has long attracted
the attention of scientists. Numerous studies conducted by domestic and foreign authors have
proven the ability of ixodids to store in their own bodies and transfer pathogenic protozoa,
bacteria, viruses and other pathogens to feeders [3].

In the modern world, an important task of medical and veterinary science is the study of
ticks of the Ixodidae family, which are carriers and keepers of vector diseases. According to
research by foreign scientists, it was found that the contamination of Ixodidae ticks with certain
pathogens of natural focal infections is influenced by the species factor [21,22,23,24,25].

Many authors argue that ticks of the Ixodidae family are the main carriers of viral pathogens
due to their virophoricity and at the same time a reservoir of infections [26,27,28].

In recent decades, there have been significant changes in the conditions of agricultural
production in our country, which have led to an increase in biotopes of ixodid ticks suitable for
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their presence and an increase in the number of ixodid ones, which has affected the deterioration
of the epidemic and epizootic situation for tick-borne diseases.

Studies conducted to study blood-sucking insects, their species composition found in western
Kazakhstan and the viral diseases they carry have shown that polymerase-chain reaction is
of great importance for species differentiation of insects, as well as the isolation of DNA/RNA
of virus pathogens from biological material for sequencing and analysis of genomes is very
important.

Monitoring of infectious diseases among sensitive animals allows you to monitor and
develop an anti-epizootic action plan. In addition, it is necessary to take into account the natural
reservoirs of pathogens, which, in turn, affect the spread of infection. To identify and control
such diseases in animals, it is necessary to change the way of determining the source of the
pathogen. The identification of new sources of diseases will allow the introduction of effective
methods and measures to combat vector diseases of farm animals.

Conclusion

Inwestern Kazakhstan, the mainrisk of infection with studied infectionsamong the population
and farm animals is associated with ticks of the genus Hyalomma, which previously revealed
positive reactions to viruses and bacteria that pose a threat to livestock and public health. The
negative results obtained in the course of this study indicate the absence of active circulation of
pathogens of transmission infections during the examination, but do not exclude the possibility
of their subsequent occurrence when the epizootic situation changes. The epizootic situation
in the West Kazakhstan region remains stable and calm, and cases of vector-borne diseases
and arbovirus infections were not recorded in our study. In agriculture, especially in regions
with the activity of ticks of the genus Hyalomma and Dermacentor, it is necessary to regularly
monitor and prevent vector-borne diseases and arbovirus infections.
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Angarna. Makanaga keHesepaiH bateic KasakcTtaH o006JbICBIHAA aybLI  IAPyallbLIbIFbI
’KaHyapJlapblHbIH, BEKTODJIBIK, X9He apOOBUPYCTBIK aypyJ/apblHbIH TapajyblHa JcepiH 3epTTey
HOTMKeJiepl KeJTipifireH. Aybll IIapyallbUIBbIFbl »KaHyapJlapblHAAFbl KaH COpPAaTblH KeHeJsepJiH
3MU300THUSAMBIK, KaFfahbl Aa 3epTTesji. 3epTTey HITHXKesepi OCbl MakKajaZa KeJTipiJireH KeHe
MHpeKLUAMapbIHbIH TapaJiyblHa 0alJlaHbICThl KeNTereH MacesesiepliH bIKTUMaJs wLiewimMi 60JibIn
TabbLiagbl. baTbic KasakcTaH ayMarblH 3MM300TUSIBIK, KaFjaiiJblH 1HeseHic gapexeci 6oHbIHIIA
ayblJ IIapyallblIbIFbl KaHyapJ/apbl apacblHJarbl GipkaTap uHekuusaap GoHbIHIIA MOHUTOPHUHT
JKYPrisy »oHe alMakTapfa OeJly VILIiH NaiJiaJlaHbLIaTbIH 3MM300TOJIOTUSIBIK KOPCETKILITepre
TaJjay Kyprisisigi. Aybli mapyallblIbIFb]l XKaHyapJiapbl apacblHAa TeMeH/le 3epTTesreH (6JIIOTaHT,
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[lImannen6epr aypysl, IKM Hopynasipablk gepMmaTtyti, KoHro-KblpblM reMoporusiblK KbI36achl KoHe
T.6.) BaTbic KasakcTaH aymMaFblHa MOHUTOPHHI KYpri3y *koHe aillMakTapfa 6eJiy yuUIiH BHUPYCTBIK,
vHOeKIMsIap OOMbIHIIA 3MU300THUSJIBIK KaFJAUblH IIHeJeHicy Aapexeci TanmaHabl. Makanaana
KeJITipiiireH 3eptreysepAi x)yprisyae IITP »KoHe HYK/JIeOTUATEpP CEKBEHLMUACH! HerisiHAe BUPYCTHI
aHbIKTAy K9He LITaMM/bIK capaJiay YlIiH a3ipJieHreH *aHe GellimzenreH, kellinHeH Batbic KazakcTran
ayMarblH/Jla aHbIKTa/IFaHXaHyapJ/lap BUPYyCTapbl U30JIATTapbl T€eHOMBIHBIH KYLI €U TIIreH HYKIEOTUATED
Ti3beriH Tanjay aicTepi naiaanaHbLiAbl. HoTmxkenep kepiuinec Opta A3us, Pecet, KpiTall 2koHe T.0.
eJIlepAiH 3epTTeyllijiepi yiliH FbIJIBIMU )KoHe MPaKTUKaJIbIK KbI3bIFYIIBIIBIK TYAbIPa/bl.

TyiiH ce3jep: keHesiep, TYP KypaMbl, TPAaHCMHUCCUBTI aypy/aap, apOb0BUPYCTHIK HUHPEKLUsIap,
3MUJEeMHUOJIOTUABIK, XKaFgan

BiiMsiHMe KJIeleid Ha pacnpocTpaHeHNe TPAHCMUCCUBHBIX M ap6OBUPYCHBIX 3a60/1eBaHUM B
3anmaaHo-KasaxcraHckoi o6J1acTa

P.H. ToneyoBa*!, B.K. EcumoB?, A.Y. Tysak6aeBa’, [.LK. MycaeBa*, K.U. AxmeTOB®,
M.A. Bepaukynos®, K.T. Maiixun’, B.A. Ka3b16ait®, [.E. Acbri16ekoBa’
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AHHOTanus.BcTraTbenpuBeieHbl pe3ynbTaThl UCCIe0BaHUABINAHUA K/eleiHapaclpoCcTpaHeHue
TPAaHCMUCCUBHBIX U apOOBUPYCHBIX 3a00JIeBaHUN CeJIbCKOXO3SIMCTBEHHBIX »KUBOTHBIX B 3amnaHo-
KazaxctaHckoil o6JiacTu. Takke U3yyeHa 3MM300THYeCKasl CUTyalysl C KPOBOCOCYLUIMMHU KJellaMHy
y CeJIbCKOXO3IMCTBEHHBIX >KUBOTHBIX. Pe3ynbTaTel WCCIef0BaHUW, INpPUBEJEHHble B JaHHOH
CTaTbe, NMpPeACTAB/SAIOT CO60M MOTEHLHA/NbHOE pelleHUe JJisi MHOXeCTBa Npo6JieM, CBSI3aHHBIX C
pacnpocTpaHeHHeEM KilellleBbix MHpekuui. [IpoBefieH aHa/M3 3MU300TOJIOIMYECKUX IOKasaTeJseH,
VCII0JIb3yeMbIX JIJI IpOBeleHU MOHUTOPUHTA U 30HUpOBaHusA TeppuTopuH 3anagHoro Kaszaxcranano
CTeleHWHaNpsXKEHHOCTU3NU300TUUECKON CUTYaL[ M1, 10 psily UHPeKL U cpeit CeJIbCKOX0351M CTBEHHBIX
KUBOTHBIX. /[ NpoBeJleHNsI MOHUTOPUHIa U 30HUPOBaHUA TeppUTOpUM 3anagHoro KaszaxcraHa nmo
CTeleHW HANpsSHKEeHHOCTU 3MM300THYECKOM CUTyalMU 10 HUKellepeyHcJeHHbIM (6J1I0TaHr, 60J1e3Hb
[lImansneH6epra, HogyIsspHbIN fepMaTUT KPC, KOHro-KpbIMcKas reMopparuieckas InxopaiKayeaoBeka
U p.) BUPYCHbIM MHQEKLHUSIM Cpefd CeJIbCKOXO3SWCTBEHHbIX UBOTHBIX. Mcno/b30BaHbl METO/bI,
KOTOpble pa3paboTaHbl U aZjallTUPOBAHbI [/ BbIsIBJIEHUS U IUTAMMOBOH AuddepeHpanuu BUpyca, Ha
ocHoBe [IlIP 1 HYK/JI€EOTUHOTO CEKBEHUPOBAaHMUS, C MOCAEAYIONIUM aHAJIU30M aMILTUPULIUPOBAHHBIX
HYKJIEOTUHBIX TO0CJe[0BaTeJbHOCTE TeHOMa H30JIATOB BHUPYCOB, BBISBJEHHBIX >XUBOTHBIX Ha
TeppuTopuu 3anagHoro KazaxcraHa. Pe3ysibTaThl NpeACTaBAAI0T HAyYHbINM U MPAKTUYECKUN UHTEpeC
JJIS1 KccyiefjoBaTe el conpefiesibHBIX cTpaH: CpegHel A3un, Poccuy, Kutada u ap.

Kinwo4yeBble cj0Ba: KJjelld, BUJOBOH COCTaB, TPAaHCMHUCCUBHble 3abo0JieBaHHUs], apOOBUpPYCHbIE
MHQEKI WY, 3NMU300THYEeCKasl CUTYaL U

CBeaeHuA 06 aBTOpaAX:

Toaeyoea Paywanzyn HypaaHo8Ha - aBTOp [AJisl KOPPECNOHJEHLUH, NOKTOpaHT Kaszaxckoro
HaI[MOHAJILHOIO MeJaroruiyeckoro yHuBepcuTeTa uMeHW A6Gas, [locteik, 13, 050010, Anmarsl,
KazaxcraH.

Ecumos boaam Ka6dyweeuy-kaHuaaT 61M0J10THYeCKUX HayK, 1o1ieHT Ka3aXxcKoro HaliuOHaJILHOTO
nelaroru4eckoro yHuBepcuteta uMeHu Abas, Jlocteik, 13, 050010, AnmaTsl, KazaxcraH.

JLH. Tymunee amoindarst Eypasust yammuik yHusepcumeminiyy XABAPIIBICBL. Buo102usabiK FolabMAap cepusicol Nel(154)/ 157
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



R.N. Toleuova, B.K. Essimov, A.U. Tuyakbayeva3, G.K. Mussayeva,
K.1. Akmetov, M.A. Berdikulov, K.T. Maikhin, B. Kazybay, G. Assylbekova

Tysak6aeea Akmapaa YcepXaH0o8HA - KaHAUJ]AT 6U0J0TUYECKUX HaYK, U.0. iolleHTa EBpasuiickoro
HallMOHaJbHOTro yHuBepcuTeTa MMeHH JL.H. 'ymuineBa, Catnaesa, 2, 010008, Actana, KazaxcraH.

Mycaeea TI'yavoican Kasnenoena - PhD, AnMatuHckuit ¢unuan «HaunuoHanbHbIM pedepeHTHBIN
LEHTP 10 BETEPUHAPUU», TPOcHeKT PaiibiMbeka, 221 B, 050000, Anmatsl, KazaxcTaH.

Axmemoe Kaiipam Hmanzaauesuu - PhD, acconmupoBaHHbiii mnpodeccop TopaHreipos
yHHUBepcuTeTa, JIomoBa, 64, 140008, I1aBiogap, KasaxcraHh.

Bepdukynoe Makcam AMaH6eKkogu4 - KaH[UAaT BeTepUHAPHbIX HayK, Ipodeccop, ATIMaTUHCKUI
dunman «HauuoHanbHbIA pedepeHTHBbIN LIEHTP MO BeTepHHApWM», nmpocnekT PailbiMbeka, 221 B,
050000, AnmaTsl, KazaxctaH.

Maiixun Kwuidwvip6ail Tajxcu6aesuy - KaHAW/JAT BETEPUHAPHBIX HAyK, AJIMAaTUHCKUN ¢uiman
«HanuoHanpHbIN pedepeHTHBIN LIeHTp MO BeTepUHapuu», npocnekT PaiibiMbeka, 221 B, 050000,
Anmarsl, KazaxcraH.

Ka3vi6aii bomazo3 AkumxaHoeHa - acuupaHT KbIpreI3cKOro HALMOHAJBHOTO arpapHoOro
yHuBepcuteta uM. K.M. Ckpsi6uHa, yi. Megeposa, 68, 720001, bumikek, KeipreisctaHs.

Acvii6ekosa TI'yremupa EpmykaHO8HA — KaHAUJAT OGUOJIOTHUYECKUX HAYK, aCCOIMUPOBAHHBIN
npodeccop Bricuielh mkosabl EcTrecTBo3HaHus [laBsiojapckoro Iejaroruieckoro yHUBEpPCUTET3,
Ounxabait 6aTeip, 60, 140000, [TaBaogap, KazaxcraH.

ABTOpJ1ap Typasibl MaJIiMeT:

Tesneyoea Paywianeyn HypaaHKbI3bl - xaT-xabap aBTOpHI, JOKTOpaHT, A6all aTbiHAarbl Kasak
VJITTBIK [TeJarorUKabIK yHUBepcUuTeTi, JlocThiK AaHFbLIbL, 13, 050010, Anmatsl, KazakcTraH.

Ecimoe boaam Ka6dyweguyu - 610J10THS FhLIBIMAAPbIHBIH KaHAW/AThI, A0IeHT, AGail aThIHAAFbI
Kasak y/ITThIK MeJaroruKasiblK yHUBepcuTeTi, JlocThiK JaHFbLIbL, 13, 050010, Anmatsl, KazakcTaH.

Tysik6aeea Axkmapasa YcepXaHKbI3bl — GUOJIOTUS FhLIBIMAAPbIHBIH KaHAWAAThI, AOLEHT M.a., JI.H.
['ymuneB aTbiHAarbl Eypasus yaTTeiK yHuBepcuTeTi, K. CoTbaeB keiueci, 2,010008, AcraHa, KasakcTaH.

Mycaeea I'yscan Kanenkwizol - PhD, «BeTepuHapus 60ibIHIIA YATTHIK pepepeHTTiK OpTaabIK»
Anmatel dunuanel, PalibiMbek gaHFbLIbl, 221 B, 050000, AnmaTsl, KazakcraH.

Axmemos Kaiipam Hmaunraauyavlt - PhD, xayeiMpacTeippuiFadH mnpodeccop, TopaiiFbipoB
yHuBepcuTeTi, JlIoMoB kemeci, 64, 140008, [Tasnozap, Kazakcras.

Bepdikys10e Makcam AmMaHGeKy/bl - BeTepUHApUs FbUIBIMIAPbIHBIH KaHAUAATHI, npodeccop,
«BeTepuHapus GoibIHILA YITTHIK pedepeHTTiK opTaiblK» AnMaThl ¢uarasbl, PallbiMbek JaHFbLIbI,
221 B, 050000, Anmatsl, KasakcTaH.

Maiixun Kvidwip6aii Tasxci6allyael - BeTepHUHAPUS FbLIBIMJAPbIHBIH KaHAUAATHI, «BeTepuHapus
OoibIHIIA YATTHIK pedepeHTTiK opTaibliK» AnMaTel ¢unuaisl, PalibiMbek gaHFblibl, 221 B, 050000,
Anmartsl, KazakcraH.

Ka3wi16aii bomaze3 9KimMXxaHKbI3bl - acnupaHT, K. CKpsiO1H aTbIHAAFbl KbIPFbI3 YITTHIK arpapJiblk
yHuBepcuTeTi, Mesepos keureci, 68, 720001, bimukek, KpIpFei3cTaH.

Acvin6ekoea TI'yamupa EpmyKaHKbI3bl -  OUOJIOTUS  FBUIBIMJAAPBIHBIH, ~ KaHAUJATHI,
KaybIMAacCThIpbliIFaH npodeccop, [laBjionap MejarorukasnblK yHUBepcuTeTiHiH YapaTbuibicTaHy
FBUIBIMJAPHI )KOFapbl MekTebi, Oynkabai 6aTeip keueci, 60, 140000, [TaBaogap, KasakcTaH.

Authors' information:

Toleuova Raushangul - Corresponding author, doctoral student, Abai Kazakh National Pedagogical
University, Dostyk, 13, 050010, Almaty, Kazakhstan.

Essimov Bolat - Candidate of Biological Sciences, Associate Professor, Abai Kazakh National
Pedagogical University, Dostyk, 13, 050010, Almaty, Kazakhstan.

Tuyakbayeva Akmaral - Candidate of Biological Sciences, Associate Professor, L.N. Gumilyov
Eurasian National University, 2 Satpayev st., 010008, Astana, Kazakhstan.

Mussayeva Gulzhan - PhD, Almaty branch «National veterinary reference center», 221b Rayymbek
Avenue, 050000, Almaty, Kazakhstan.

158 Nel(154)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usi1blK FblAblMOap cepusicbl
2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuveckue HayKu



The influence of ticks on the spread of vector-borne and arbovirus diseases in the West Kazakhstan region

Akhmetov Kairat - PhD, Associate Professor, Toraigyrov University, 64 Lomov st., 140008, Pavlodar,
Kazakhstan.

Berdikulov Maksat - Candidate of veterinary sciences, Professor, Almaty branch «National veterinary
reference center», 221b Rayymbek Avenue, 050000, Almaty, Kazakhstan.

Maikhin Kydyrbai - Candidate of veterinary sciences, Almaty branch «National veterinary reference
center», 221b Rayymbek Avenue, 050000, Almaty, Kazakhstan.

Kazybay Botagoz - Postgraduate student of the Kyrgyz National Agrarian University named after K.
Scriabin, 68 Mederova St., 720001, Bishkek, Kyrgyzstan.

Assylbekova Gulmira - Candidate of Biological Sciences, Associate Professor, A. Margulan Pavlodar
pedagogical University, Olzhabay batyr street, 60, 140000 Pavlodar, Kazakhstan.

J1.H. T'ymunes amuiHdarel Eypaszusa yrmmeuik ynusepcumeminiy XABAPILBICHI. Buon02usiablk Folablmdap cepusicol Nel(154)/ 159
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



JLH. I'ymunes amviHdarsl Eypasus yimmeolk yHueepcumeminiy XABAPIIIBICHL.
BULLETIN of L.N. Gumilyov Eurasian National University.

BECTHHK Espa3uticko20o HAyuoHa/1bHo20 yHusepcumema umeHnu JL.H. ['ymusesa.
ISSN: 2616-7034. eISSN: 2663-130X

IRSTI 34.33.23

https://doi.org/10.32523/2616-7034-2026-154-1-160-176

Research article

The prevalence of some parasitic insects and helminths in the natural
biocenoses of the West Kazakhstan region

A.K. Darzhigitova*'™, A.M. Orazbayeva?”~, D.O. Ibrayev3"™,
B.K. Zhumabekova*", M. Oztiirk®

Mahambet Utemisov West Kazakhstan university, Uralsk, Kazakhstan
2Astana Medical University, Astana, Kazakhstan

3*Margulan University, Pavlodar, Kazakhstan

SRecep Tayyip Erdogan University, Rize, Turkey

160

E-mail: *albinok_di@mail.ru, “aygul.orazbaeva@list.ru, *dau-bori@mail.ru,
‘zhumabekovab@ppu.edu.kz, *murat_ozturk25@erdogan.edu.tr

Abstract. The article presents the results of a study of the epidemic and
epizootic well-being of the West Kazakhstan region on parasitic diseases. In
the course of the work, biological and parasitological studies were carried out.
Data on the epizootic situation of the spread of ticks, mosquitoes and some
helminthiasis in a number of areas of the studied region have been obtained.
6 species of blood-sucking mosquitoes and 6 species of ixodes ticks, 3 types of
trematodes: opisthorchiasis, fascioliasis and dicroceliosis, and 1 cestodosis:
echinococcosis were studied as having epidemiological significance, their
distribution zones were studied, as well as indicators of animal infection with
ticks and the level of helminth invasion detected in summer and autumn. The
degree of infection of the population of the studied region with echinococcosis
and opisthorchiasis was also considered. The work is aimed at scientific
provision of epidemic and epizootic well-being for infectious parasitic diseases,
development and implementation of databases for modeling and forecasting
of parasitic diseases. Studying the dynamics of parasitic insects and helminths
in the natural biocenoses of the West Kazakhstan region makes it possible to
understand the stability of local ecosystems and identify the main factors of
their circulation, helping to prevent the transmission of parasites to pets and
humans. The conducted studies have confirmed the high diversity of parasitic
organisms in the natural biocenoses of the West Kazakhstan region.
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The prevalence of some parasitic insects and helminths in the natural biocenoses of the West Kazakhstan region

Introduction

Creating a stable well-being of the territory of the Republic of Kazakhstan for especially
dangerous infections and ensuring biological safety is an important task for improving the socio-
economic situation and strengthening national security. Currently, the situation of particularly
dangerous human and animal infections has become an urgent problem for many countries
around the world, including our country. Outbreaks of particularly dangerous infections cause
great socio-economic damage [1-3]. Parasitic fish diseases in Kazakhstan have a significant
impact on the productivity and quality of fishery products, as well as pose a potential danger to
humans [4,5].

The epizootic and epidemiological situation in Kazakhstan and neighboring countries is
quite complicated. The epizootological and epidemiological situation of zoonotic helminthiasis
is difficult in the republic. Studies have shown that the soil and reservoirs are intensively
seeded with helminthiasis pathogens. Natural foci in the republic are not systematized, and
their condition is not monitored. Without a well-founded analysis, it is impossible to implement
an adequate system of antiepizootic measures. An effective solution to the problem requires
appropriate information support for the epizootological monitoring system [6-11].

Parasitic insects and helminths perform the most important regulatory functions in natural
biocenoses, influencing the dynamics of host populations and participating in the energy
exchange of ecosystems [12-14]. Their study in arid regions, such as the West Kazakhstan
region, is of particular importance due to the unique combination of natural and climatic
factors. The specifics of the steppe and floodplain landscapes of the region create prerequisites
for the formation of special parasite-host systems that require detailed analysis. The ecological
plasticity of parasites in conditions of insufficient moisture and sudden temperature fluctuations
determines their adaptive potential and epidemiological significance. The study of these
mechanisms in the context of Western Kazakh biocenoses will reveal key patterns of stability
of parasitic systems, which is especially important for predicting their dynamics in a changing
climate.

The lack of systematic data on the parasitofauna of the West Kazakhstan region creates
significant gaps in the understanding of epizootic processes. This limits the possibilities of timely
control of the number of vectors and helminths, increasing the risks of mass invasion among
wild ungulates and rodents. Such epizootics pose a direct threat to farm animals in border areas
and are potentially dangerous to humans through zoonotic transmission mechanisms [15-18].

Ixodidosis is one of the most significant vector-borne diseases of cattle in Kazakhstan,
causing serious economic losses due to reduced productivity and animal deaths. Their spread
is associated with the high number and activity of ixodes ticks, whose role is increasing
against the background of climate change. The study of the fauna of ixodid ticks and the blood-
parasitic diseases they carry is necessary to develop effective methods of diagnosis, prevention
and control of them, which is of key importance for the sustainable development of livestock
production in the country [19].

The complex of modern environmental challenges contribute to changes in the ranges of
parasites and modification of their life cycles, which requires constant updating of parasitological
monitoring. This is especially important in regions with intensive animal husbandry, where
contact between wild and domestic fauna is especially close. The development of scientifically
based measures for the prevention of parasitic invasions is impossible without understanding
the seasonal dynamics and spatial distribution of pathogens in natural reservoirs. Modern

JLH. Tymunee amoindarst Eypasust yammuik yHusepcumeminiyy XABAPIIBICBL. Buo102usabiK FolabMAap cepusicol Nel(154)/ 161
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



A.K. Darzhigitova, A.M. Orazbayeva, D.O. Ibrayev, B.K. Zhumabekova, R.N. Toleuova, M. Oztiirk

climatic trends dictate the need to update data on parasitocenoses in order to create adaptive
epidemiological surveillance systems that minimize the risks of foci of zoonotic infections
[20,21].

The purpose of the work is a comprehensive study of the species composition, quantitative
indicators, and spatiotemporal patterns of the spread of parasitic insects (ixodes mites,
mosqiutoes) and helminths (trematodes, cestodes) in key biocenoses of the West Kazakhstan
region.

Materials and research methods

Parasitic insect samples were collected using standard entomological techniques, including
manual trapping, the use of entomological nets and Barber traps. For helminthological studies,
autopsies of captured arthropods-intermediate hosts and wild animals were performed,
followed by the extraction of parasites from tissues and body cavities. All procedures were
performed with the observance of sterility to prevent contamination of samples.

Special attention was paid to the selection of sampling sites in accordance with the zonal
features of the biocenoses. The seasonal dynamics of the parasitofauna were taken into account
by regular sampling during the growing season from April to October 2020-2025. For the correct
spatial representativeness of the study, stratified sampling was used with differentiation by
types of biotopes: steppe, floodplain and near-water areas. The frequency of collection was 10-
14 days, which made it possible to record changes in the population dynamics of the parasites.
The localization of sampling was strictly tied to the concentration sites of the host feeders.

The primary processing of the collected material included fixation of entomological samples
in 70% ethyl alcohol with the addition of glycerin to prevent deformation of chitinous structures.
The worms were preserved in a 4% solution of neutral formalin, followed by conversion to 70%
alcohol for long-term storage. For detailed morphological analysis, vital staining with trypan
blue and carmine using the Hesse method was used. All samples were labeled with the date of
collection, geographical coordinates and type of host.

Morphological analysis was performed using light and electron microscopy according to
generally accepted diagnostic keys. Microscopic studies provided visualization of diagnostic
structures on different scales and served as a basis for comparison with descriptions in
taxonomic manuals [22,23]. Methods of variation statistics are used to analyze the situation in
the West Kazakhstan region. When processing veterinary monitoring data for 2021-2025, the
following indicators are highlighted: the extent of invasion (EI, the number of infected animals
out of the total number of examined). Invasion intensity (Al) (average number of parasites per
head). The representativeness error was calculated to refine the sampling accuracy during
deworming. To analyze the relationship between human morbidity and epizootic in animals
(the data of which we considered earlier) The Pearson correlation coefficient (r) was applied.

Results

The natural biocenoses of the West Kazakhstan region are characterized by pronounced
landscape differentiation. The predominant ecosystems of the region are dry steppes and semi-
deserts, occupying about 70% of the territory. Steppe biotopes are characterized by grass-type
associations on chestnut soils with a low humus layer. Semi-desert areas are characterized by
sparse vegetation, dominated by sagebrush and salt flats on light chestnut saline soils. A special
ecological niche is occupied by floodplain biotopes along the Ural River and its tributaries. These
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territories are characterized by alluvial meadow soils with high groundwater levels and rich
hydrophilic vegetation. Floodplain biocenoses serve as important seasonal stations for many
animal species, creating favorable conditions for the development of parasites. The hydrological
regime of these sites is subject to significant seasonal fluctuations, which affects the dynamics
of parasitic communities.

The distribution of parasitic organisms in the region is determined by a complex of abiotic
and biotic factors. Microclimatic conditions, including temperature and humidity, are of key
importance, which regulate the life cycles of parasites. The composition of the vegetation
indirectly affects the presence of intermediate hosts and feeders. The density of populations
of vertebrates acting as final hosts is a limiting factor for the circulation of many species of
helminths and ectoparasites.

As a result of the integrated approach, it was possible to identify 12 species of parasitic
insects representing the ecological diversity of the region. The identified species are distributed
into 2 families, which indicates a significant taxonomic diversity of ectoparasitic fauna [24].
Such differences emphasize the regional specificity of parasitic complexes.

Among the identified taxa, the dominant position is occupied by blood-sucking mosquitoes
(Culicidae), as well as ixodid mites (Ixodidae). These groups exhibit pronounced trophic
specialization associated with their mammalian hosts. The features of their ecology are
determined by the availability of food resources and the microclimatic conditions of biotopes.
The seasonal dynamics of the number of detected ectoparasites correlates with the temperature
and humidity of the environment. The peaks of activity of blood-sucking diptera are observed in
the spring and summer period, whereas ixodic ticks exhibit two—phase activity in spring and
early autumn. Such patterns reflect the adaptation of parasites to the climatic features of the
region.

Autopsies revealed the specific localization of parasites in the organs and tissues of the hosts,
including the intestinal tract, liver and body cavities. Pathological and morphological changes
ranged from local inflammation and mucosal hypertrophy to focal necrosis and degenerative
tissue changes. The described lesions were accompanied by signs of systemic intoxication and
a decrease in the physiological stability of the affected individuals, which indicates the clinical
significance of the invasions.

Among the identified species, potentially zoonotic helminths are noted, which are of
epidemiological importance for the region. The presence of such species in natural biotopes
increases the risk of transmission of infections to humans and pets through contact with
infected hosts or their secretions. The findings highlight the need for systematic monitoring,
risk assessment, and the development of preventive measures to reduce transmission between
wild and synanthropic populations.

The comparative analysis revealed statistically significant differences in the species richness
of parasite complexes between the floodplain, steppe and semi-desert biotopes of the region.
Floodplain biocenoses were characterized by the greatest species diversity due to the higher
structural heterogeneity of the environment and the presence of permanent or seasonal water
sources. Steppe areas showed intermediate values of species richness, while semi-desert
biotopes had the lowest diversity, which correlates with the limited resource base and extreme
abiotic conditions. Factors explaining the differences include vegetation structure, microclimatic
conditions, and the range of potential hosts. In floodplain biocenoses, a more diverse flora and
a high density of hosts contribute to the maintenance of complex parasitic communities. In
steppe and semi-desert biotopes, limited resources and seasonal fluctuations lead to a decrease
in species composition and the predominance of specialized species (Figure 1).
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Figure 1. Zonal distribution of parasitoses in the West Kazakhstan region for 2021-2025

The presented infographic clearly divides the West Kazakhstan Region (West Kazakhstan
Region) into three risk zones, which is extremely important for epizootic monitoring. Based on
your visual data and statistics from 2020-2025, you can conduct an in-depth analysis of risk
factors:

1. High-risk zone (Southern steppe regions): As can be seen on the graph, the livestock factor
is dominant in this zone. Features: These are the areas with the highest concentration of sheep
and camels (Bokeyordinsky, Zhangalinsky). Connection with diseases: It is here that the highest
rates of echinococcosis are recorded (55% in the structure) due to the close contact of dogs
with livestock and the traditions of domestic slaughter. A high score of the transmission factor
correlates with the abundance of ticks of the genus Hyalomma.

2. Medium risk zone (Center and floodplains): The environmental factor plays a key role
here (9 points). Features: Floodplain meadows of the Ural and Chagan rivers. Connection with
diseases: High humidity and floods create ideal conditions for the development of larval stages
of fascioles. The transmission factor (10 points) indicates the maximum density of mosquitoes
and the risk of spreading West Nile fever.

3.Zone of relative stability (North): The northern districts (Burlinsky, Bayterek) show a more
balanced picture. Anthropogenic factor (8 points): The high score here is due to the population
density and the development of large agricultural holdings. Disease-related: Due to better
veterinary control at large enterprises, the incidence of helminth infestations is statistically
lower here than in the south of the region.

Generalized structure of echinococcosis incidence in West Kazakhstan region. According
to the pie chart inside the infographic (Figure 1), the structure of the invasion is distributed
as follows: 1. High risk (55%): Endemic foci in the south. 2. Average risk (35%): Areas with
moderate prevalence. 3. Relative stability (10%): Prosperous farms. A positive correlation has
been established between the biodiversity of parasites and the density of host populations in
different ecosystems. Increased host density increases the likelihood of contact and supports a
wider range of parasite life cycles, which contributes to an increase in the number of species. The
presence of key hosts and their spatial aggregation enhance the stability of complex parasitic
communities.
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The incidence of echinococcosis and opisthorchiasis in the West Kazakhstan region in the
context of districts in retrospect for 2021-2025 showed the dynamics of the increase in the
incidence of the West Kazakhstan region population, which in recent years has acquired a
pronounced upward trend. It is noteworthy that the data on the graph shows higher values
compared to the national average, which underlines the region's status as an endemic focus.
An analysis of the territory of the West Kazakhstan region according to the degree of risk of
infection with opisthorchiasis was carried out. Akzhaiksky, Taskelinsky, Zelenovsky, Terektinsky,
Burlinsky, Chingirlau districts and the city of Uralsk are classified as areas of high risk of infection
of the population. The remaining 6 districts are classified as areas with a low risk of infection.

Foraretrospective analysis of the incidence of the population (people) in the West Kazakhstan
region, itis important to take into account that echinococcosis and opisthorchiasis have different
types of infection in this region: the first is associated with animal husbandry (steppe zones),
the second with fishing (Ural River basin) (Figure 2).
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Figure 2. Incidence of echinococcosis and opisthorchiasis in the West Kazakhstan region for
2021-2025, per 100 thousand population

There is a steady increase in echinococcosis 1.8 in 2021 to 2.6 (forecast) in 2025. The total
increase in the indicator over 5 years was 44.4%. The peak in 2023 (2.5) and subsequent
stabilization in 2024 (2.4) may indicate the introduction of mass screening measures during
this period, which made it possible to identify "accumulated"” cases.

Opisthorchiasis is showing more aggressive growth, from 1.9 in 2021 to 4.2 in 2025 per
100,000 population. The steep rise in the graph line after 2022 (the transition from 2.2 to 3.1
and above) directly correlates with hydrological changes in the Ural River basin and an increase
in the consumption of home-salted fish without proper heat treatment. The infection rate
increased 2.2 times (+121%).
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The graph clearly demonstrates the dynamics of the increase in the incidence of the West
Kazakhstan region population, which in recent years has acquired a pronounced upward trend.
It is noteworthy that the data on the graph shows higher values compared to the national
average, which underlines the region's status as an endemic focus.

In the West Kazakhstan region, human echinococcosis remains a serious surgical problem.
Risk groups: shepherds, pet dog owners, slaughterhouse workers. In 75-80% of cases, the liver
is affected, and in 15%, the lungs are affected. There is a correlation with the growth of livestock
in the private sector. The peak in 2023 is explained by improved diagnostics (the use of CT and
ELISA tests) in regional centers.

The West Kazakhstan Region is a natural focus of opisthorchiasis due to the basin of the Ural
River. The source of infection is fish of the carp family (ide, bream, roach). The highest rates are
recorded in Uralsk, Bayterek district, and Akzhaik district. The outbreak of the disease in 2023
was caused by heavy flooding. River flooding has contributed to the migration of infected fish to
floodplain lakes, which are actively used by the population for recreational fishing. The average
indicator for the West Kazakhstan Region is 1.5-2 times higher than the republican one, which
makes opisthorchiasis a socially significant disease for the region.

A strong direct relationship of echinococcosis (r = +0.82) between dog infection was
revealed/livestock and cases among the population. This confirms that unauthorized slaughter
of livestock remains the main risk factor in the West Kazakhstan Region. The dependence of
opisthorchiasis is more ecological (r = +0.65 with the flood water level) than anthropogenic.

Despite the efforts of veterinary and sanitary services, the indicators remain stable. An error
in the range of 7-10% indicates a high reliability of the monitoring data. The main problem
remains late diagnosis: echinococcosis is often detected at the stage of large cysts requiring
complex surgical intervention.

These statistics complement our risk map, showing how environmental factors (floodplains)
and animal husbandry are directly transformed into the health indicators of the region.

Below is an overview of the epizootic situation for 2021-2025 (taking into account forecast
data for the current year) based on veterinary reports and scientific monitoring.

In recent years, there has been a tendency towards a wave-like change in morbidity in the
West Kazakhstan region. The peak of invasions usually occurs during wet years (for fascioliasis)
and periods of uncontrolled grazing (Table 1).

Table 1
The spread of helminthiasis of animals in some areas of the West Kazakhstan region
Year Fascioliasis Dicroceliosis Echinococcosis | The main foci in the West Kazakhstan
(P£+m,%) (P£+m,%) (P£+m,%) region
2020 13.2+1.07 19.5+1.25 4.8+0.67 AkzhaiksKky, Terektinsky districts
2021 12.5+1.04 18.2+1.22 4.1+0.62 Kaztalovsky, Zhangalinsky districts
2022 10.8+0.98 15.4+1.14 3.8+0.60 Floodplain of the Ural river, Syrymsky
district
2023 14.2+1.10 20.1+1.26 4.5+0.65 Burlinsky, Bayterek district
2024 11.5%£1.01 17.6x1.20 3.9+0.61 Consistently disadvantaged areas

Note: EI - the extent of the invasion (percentage of infected animals from the total population
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Fascioliasis and dicroceliosis (Trematodes) are prevalent in areas with a developed
hydrographic network (basins of the Ural, Chagan, and Dercul rivers). The increase in the
incidence of fascioliasis in 2023 was associated with abundant spring floods, which contributed
to the reproduction of intermediate hosts — small pond mollusks. Dicroceliosis is the most
widespread invasion in the West Kazakhstan region. In dry steppe areas (Kaztalovka, Zhanibek),
the incidence of sheep invasion can reach 35-40% due to the resistance of ants (intermediate
hosts) to the climate.

Echinococcosis (Cestodosis) remains a serious problem not only in veterinary medicine, but
also in medicine (zoonosis). In the West Kazakhstan region, the average human morbidity rate
is about 1.85 per 100,000 population, which directly correlates with the incidence of livestock.
The main source is priotarny dogs. In cattle, organ damage (liver, lungs) during slaughter at
meat processing plants in the region varies from 3.7% to 17.2%. Studies have revealed an
uneven distribution of parasitic insects across the territory of the West Kazakhstan region. The
highest concentration of ectoparasites was observed in the floodplain biocenoses of the Ural
River and its tributaries. Less pronounced foci are recorded in steppe areas with developed
animal husbandry. Semi-desert zones were characterized by sporadic distribution of species.
Predictive models indicate a tendency to expand the ranges of blood-sucking insects.

As follows from these figures, according to the scenario of moderate anthropogenicimpact on
the Earth's climate system RCP4.5, the nozoareal CCHF will expand northward during the 21st
century, as well as into the mountainous regions of the Caucasus and Central Asia [25,26]. This
indicates the dynamics of the spatial distribution of parasites under the influence of climatic
changes.

The formation of zones of increased abundance of parasitic insects is determined by a
complex of factors. Anthropogenic transformation of landscapes contributes to the creation of
favorable microbiotopes for the development of preimaginal stages. Natural conditions, such
as the hydrological regime and vegetation cover, modulate the availability of food and shelters.
RCP4.5 climate scenarios predict an increase in these processes in the northern latitudes of the
region.

The table below is based on data from long-term monitoring of sanitary and epidemiological
services in the region. The West Kazakhstan region is an active natural focus of West Nile fever.
The peak of mosquito activity occurs in May-July. In years with heavy flooding of the Ural River,
the population density of Aedes mosquitoes can reach 150-200 individuals per 20-minute
count (the "on-your-own" method). West Kazakhstan region is at risk for Congo - Crimean
hemorrhagic fever (CCHF), although the activity here is lower than in the southern regions of
Kazakhstan. The main feeders of ticks in the region are cattle (cattle, small cattle), rodents and,
in significant numbers, wild fauna (including migrating saiga populations). Ticks of the genus
Dermacentor predominate in the north of the region, while Hyalomma (the most dangerous in
terms of CCHF) dominate in the sandy and sagebrush steppes of the south.

Anti-mite treatments are carried out annually in the West Kazakhstan region: spraying of
pastures and disinsection of livestock (especially in March-April). Larvicidal treatments for the
destruction of mosquito larvae in reservoirs within the city of Uralsk and regional centers. When
analyzing data, it is important to take into account that climate change (warming) promotes the
promotion of southern tick species (Hyalomma) to more northern areas of the region (Table 2).
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and Derkul rivers (especially
after floods)

Table 2
Species composition and distribution of blood-sucking arthropods
in the West Kazakhstan Region
Group of Main species Distribution in West Epidemiological
insects (Genus/Species) Kazakhstan Region significance
Mosquitoes | Aedes caspius, Aedes | Everywhere. Peak — Carriers of tularemia, West
(Culicidae) | vexans floodplains of the Ural, Chagan, | Nile fever (WNF)

Culex pipiens, Culex
modestus

Localities (Uralsk, Aksai),
anthropogenic reservoirs

The main carriers of WNF in
urban conditions

Anopheles hyrcanus,
An. maculipennis

Wetlands, southern areas
(Kaztalovsky, Zhangalinsky)

Potential malaria vectors

Ixode ticks | Dermacentor Steppe and forest-steppe zones | The main carriers of Congo-
(Ixodidae) | marginatus, D. (northern and central regions: | Crimean hemorrhagic fever
reticulatus Bayterek, Terektinsky) (CCHF) and tick-borne typhus

Hyalomma asiaticum,

Southern semi-desert regions

The main reservoirs of the

H. scupense (Bokeyordinsky, Zhangalinsky) | CCHF virus are in arid zones
Rhipicephalus They are ubiquitous and often | Carriers of tularemia and
rossicus parasitic on farm animals pyroplasmosis (in animals)

A vector of tick-borne
encephalitis and borreliosis

Forests of the Ural River
floodplain

Ixodes ricinus
(rarely)

Comparative analysis has shown significant differences in the species composition of parasitic
insects between the main biocenoses. Steppe ecosystems were dominated by the abundance of
ixodes ticks and blood-sucking diptera. Specialized species adapted to arid conditions prevailed
in semi-desert biotopes. Floodplain complexes were characterized by the greatest biodiversity
due to hematophages associated with near-aquatic birds and mammals.

Discussion

Theabove dataontheincidence of animals and the population, as well as the nosological profile
of helminthiasis registered in the West Kazakhstan region, are alarming to epidemiologists. For
example, over 400 people are operated on for echinococcosis in the south every year, which is
more than 70% of all registered cases in the republic. The rate of postoperative mortality in
patients is 2.2%, and in 6.5% of cases there are relapses. There are cases of human infection
with alveococcosis, which is called "invasive cancer”, resulting in a 100% mortality rate.

Thus, an analysis of the epidemiological situation of zoonotic helminthiasis in recent years has
shown a significant incidence of helminthiasis among the population of the republic, especially
in regions and regions where stationary natural foci of particularly dangerous zoonotic
helminthiasis, such as opisthorchiasis, echinococcosis and others, are registered. Therefore,
deep knowledge of the ways of formation of natural foci of helminthiasis on the territory of the
republic, knowledge of its components, knowledge of the main reservoirs of helminths in nature
will serve as the main auxiliary materials in the regionalization of natural foci. Regionalization
of natural foci of helminthiasis according to this classification is important for epizootological
and epidemiological services. An important factor influencing the epizootic situation of zoonotic

168  Ne1(154)/

2026

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



The prevalence of some parasitic insects and helminths in the natural biocenoses of the West Kazakhstan region

helminthiasis are epidemiologically significant regions that require constant monitoring and
supervision due to the fact that disruption and deterioration of the epizootic situation in them
can lead to the spread of diseases with significant consequences (Figure 3).
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Figure 3. Identification of zones, taking into account nosological units and the main
mechanisms of parasite transmission

Studies have established that the most common zoonotic helminthiasis in the republic are:
echinococcosis of carnivores, agricultural animals and humans; opisthorchiasis of carnivores
and humans.

CCHF is a severe natural focal arbovirus human disease transmitted by ixodic ticks and
characterized by fever, severe intoxication, and hemorrhagic syndrome. The presence of the
outbreak is explained by the arid climate, high average daily temperature (necessary for the
reproduction of viruses in ticks), certain types of ticks and vertebrate hosts, which leads to the
ecological circulation of the virus. In the regions under consideration, there is a large proportion
of cattle, which serves as the main feeder for imago H. marginatum, which is why there is a
stable circulation of the CCHF virus here.

There is a natural outbreak of West Nile fever in Western Kazakhstan [27]. WNF is a
zoonotic natural and anthropurgical viral infectious disease with a transmissible mechanism
of transmission of the pathogen. The mosquitoes An. maculipennis, and C. modestus of this
region have been found to contain WNF virus RNAs. Antibodies to WNF were also detected
in the population of Western Kazakhstan, therefore, their presence indicates that people have
been in contact with the infection. The high number of biological hosts and vectors of the WNF
virus causes the formation of a natural outbreak in this area.

To reduce the risk of infection with diseases carried by ticks, it is necessary to avoid staying
in areas where there are a large number of them, and during those seasons when they are most
active. In Kazakhstan, infection occurs in spring and in the first half of summer, when the largest
seasonal number of adult ticks is observed.

Studies have revealed an uneven distribution of parasitic insects across the territory of
the West Kazakhstan region. The highest concentration of ectoparasites was observed in the
floodplain biocenoses of the Ural River and its tributaries. Less pronounced foci are recorded
in steppe areas with developed animal husbandry. Semi-desert zones were characterized by
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sporadic distribution of species. Predictive models indicate a tendency to expand the ranges of
blood-sucking insects [28]. This indicates the dynamics of the spatial distribution of parasites
under the influence of climatic changes.

The spread of helminths in the region is determined by the type of ecosystems and soil and
climatic conditions that form the environment for the development of free-living stages and the
degree of contact of hosts. Humidity and temperature conditions significantly affect the survival
of eggs and larvae in the soil and vegetation. The type of soils and their water regime determine
the duration of the invasion period and the spatial stability of the foci. Spatial heterogeneity of
landscapes leads to the formation of local foci with high or low intensity of parasite circulation,
which is reflected in the distribution of infection among animals. Maps of soil and climatic
gradients make it possible to identify high-risk areas and optimize surveillance. Identifying
these dependencies is of practical importance for developing priority monitoring and control
measures (Figure 4).

CONCEPTUAL MODEL OF THE PARASITIC SYSTEM OF WKR

* River Floodplains (Ural, Chagan) 4 species of mosquitoes (Culicidae)
~—~—== -+ Steppe Ecosystems 5 species of ticks (Ixodidae)
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'[ + « Echinococcosis, Fascioliasis, Opisthorchiasis

Figure 4. River banks, floodplains and reservoirs as biocenoses provide increased density of
contacts between wild and synanthropic animals, which enhances the transmission of parasites

Hydrological connectivity also contributes to the spread of parasites along river systems and
the formation of extensive foci.

Different taxonomic groups of helminths exhibit distinctive spatial patterns due to their
life cycles and environmental requirements. Trematodes are mainly associated with aquatic
and coastal biotopes through dependence on aquatic intermediate hosts, whereas are more
common in terrestrial habitats and depend on soil parameters and microclimate. Cestodes tend
to be spatially bound, determined by trophic connections between hosts, reflecting the role of
food chains in their circulation.

The seasonal dynamics of the number of parasitic insects in the West Kazakhstan region
demonstrates a pronounced correlation with the phenological cycles of their hosts. The greatest
activity of ixodes ticks is observed in the spring and summer period, which coincides with the
peak of reproduction of small mammals and birds. Fleas and mosquitoes reach their maximum
numbers in the summer months, synchronizing with the period of high activity of warm-blooded
animals. This synchronization ensures optimal conditions for feeding and reproduction of
ectoparasites. Studies confirm that the temperature conditions of the winter and spring seasons
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significantly affect the timing of the onset of parasite activity. Migration processes of rodents
and migratory birds in the spring additionally contribute to the expansion of parasite ranges.
These factors form stable seasonal population peaks characteristic of specific biocenoses of the
region.

The temperature regime is a determining factor for the development of parasitic organisms
in the conditions of the West Kazakhstan region. Optimal temperature ranges affect the rate
of embryogenesis of helminth eggs and insect metamorphosis. In a region with a sharply
continental climate, seasonal temperature fluctuations create differentiated conditions for
different types of parasites. The greatest activity is observed in the spring and summer period
at average daily temperatures of 15-25 °C. Extreme summer temperatures above 35 °C in the
western regions of the region limit the spread of moisture-loving parasite species. Winter lows
below -20 ° C reduce the survival rate of free-living larval stages of helminths. However, some
nematodes show adaptations to low temperatures due to the formation of protective cuticle
capsules. This allows them to remain viable in the soil even after prolonged frosts.

The lack of precipitation (less than 300 mm/year) in the region determines the specifics of
the spread of parasites by limiting the availability of aquatic environments for the development
of their intermediate stages.

Interactions in the parasite-host system play a key role in shaping the dynamics of populations
of parasitic organisms in the natural biocenoses of the West Kazakhstan region. The specificity
of interspecific relationships is determined by the degree of adaptation of parasites to specific
host species, which affects their survival and reproductive success. In the ecosystems studied,
there is a pronounced coevolutionary relationship between helminths and their definitive
hosts, which contributes to the maintenance of stable parasitic systems. These interactions
form complex trophic networks that determine the circulation of parasites in natural foci.

In the natural biocenoses of the West Kazakhstan region, the main routes of transmission
of parasites between wild animals are direct contacts, trophic relationships and shared
environmental resources. The greatest intensity of infection is observed among ungulates
and rodents using the same watering holes and pasture areas. Intermediate hosts, including
blood-sucking insects and mollusks, play a special role in the circulation, providing helminth
transmission. Local foci of invasion form in places of increased concentration of animals during
seasonal migrations. Analysis of the spatial distribution of parasites revealed the dependence
of transmission routes on the type of biotope. In steppe ecosystems, the contact mechanism
through soil and water contaminated with faeces dominates, while in floodplain biocenoses, the
role of insect vectors increases. It has been established that synanthropic rodent species and
predators perform the function of reservoir hosts, contributing to the penetration of parasites
into anthropogenic landscapes. This factor creates prerequisites for contact of wild fauna with
domestic animals.

The potential risks of infection of farm animals are associated with their grazing in territories
bordering natural foci of parasitosis. Dirofilariasis and Echinococcosis, circulating in the wild
carnivorous — mosquitoes - domestic animals’ system, are of the greatest epidemiological
importance. In order to avoid an increase in the circulation of dirofilariasis, it is necessary to
carry out comprehensive preventive measures, such as exterminating mosquitoes and reducing
the number of obligate definitive hosts (stray dogs, cats), treating domestic cats and dogs, as
well as informing the population about personal preventive measures.

Climate change, primarily an increase in average annual temperatures and changes in
humidity conditions, can shift the boundaries of the habitats of parasitic insects and helminths
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in the region. Such shifts lead to the appearance of parasites in previously unfavorable biotopes
and change the structure of host-parasite interactions, which can disrupt the stability of local
biocenoses.

Conclusion

The analysis revealed clear spatial and temporal patterns in the distribution of parasites. The
maximum number of ixodes ticks was recorded in the spring and summer period in floodplain
biotopes. The dynamics of helminthiasis demonstrated pronounced seasonality, correlating
with the hydrological regime of reservoirs and the migration cycles of host animals.

It has been established that the circulation of parasites is determined by a complex of abiotic
and biotic factors. Temperature and humidity proved to be key determinants for ectoparasites,
while the density of host populations played a crucial role in the spread of helminths. These
relationships create significant risks of cross-border transmission of zoonotic infections into
anthropogenic landscapes.

Based on the data obtained, practical recommendations have been developed for regional
services. These include the organization of monitoring in epizootically significant biotopes,
seasonal treatment of farm animals, and educational programs for the population. The
implementation of these measures will minimize the risks of parasitosis in conditions of
anthropogenic impact on ecosystems.

Therefore, when monitoring parasitic diseases, joint cooperation of medical and veterinary
specialists is necessary to obtain a complete picture of the situation with zoonotic helminthiasis.
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BaTbic Ka3zaKcTaH 06/1bICHIHBIH, TAGUFU OMOL€HO3AapbIHAA
KelOip mapasuTTiK xK9HJIKTep MeH reJIbMUHTTEPAiH Tapajiybl

A.K. JapxiritoBa', A.M. Opa36aeBa?, [I.0. U6paeB3,
B.K. ’Kyma6ekoBa*, M. O3Typik®
IM. Bmemicoe amviHdarbl Bambic Kazakcmar yHugepcumemi, Opas, Kazakcmau
2AcmaHa meduyuHa yHugepcumemi, AcmaHa, Kazakcmau
319, MapryaaH yHusepcumemi, [lasnodap, KazakcmaH
SPescen Talivin EpdoraH YHusepcumemi, Puse, Typkus

Anpgarna. Makanana bateic KazakcTaH 06J/IBICBIHBIH TAPA3UTTIK aypyJsiap 60UBIHINA SMUAEMUSJIBIK
’)KOHE 3IMU300THUAJBIK CaJlayaTThUIBIFBIH 3epTTey HaTHxKeJsepi KesTipinreH. KyMbICTBI OpbIHZAAY
GapbICbIH/]a GMOJIOTHUSJIBIK XK9HE Mapa3uTOJOTUSJIBIK 3ePTTeyAep XKypri3iiji. 3epTTesieTiH alMaKThbIH
Gipkatap aymaHAapblHAA KeHeJIepAiH, Macajap/iblH K9He KehOip reJbMUHTO3/JapAblH Tapasybl
GOMBIHIIA 3MU300THUSJIBIK XKaFal Typasibl JepeKTep anablH/bl. KaH copaTblH MacanapabiH 6 TYpi xkaHe
MKCOJl KeHeJiepiHiH 6 Typi, TpeMaTono034ap/blH 3 Typi: onucTopxos, dacuuosies KaHe JUKPOIEJN03
»koHe 1 11ecTo/[03: 3XMHOKOKKO3 3MUAEMHUOJIOTUSIJIBIK, MaHbI3bl O0OJFaH/bIKTaH 3€pTTeJ/i, OJapAblH,
Tapajdy alMaKTapbl, COHJAaM-aK >KaHyapJapZblH KeHeJepMeH J>XYKTbIPYy KepceTKilTepi >koHe
aHbIKTaJ/IFaH TeJIbMUHTTEPMEH jKa3/Ja KoHe Ky3Je WHBasusJaHy JeHreui seprtrenfi. CoHpaii-ak,
3epTTeJsieTiH aliMaK TYPFbIHAAPbIHBIH 3XUHOKOKKO3 »9HE ONUCTOPX036eH KYKThIPY [opexeci
KapacTbIpbLAAbl. 2KyMbIC KYKNa/bl Iapa3yuTTiK aypyJiap 60MbIHILIA 3MUEMUSJIBIK XOHE SMTU300TUSAJIBIK
caJlayaTTbUIBIKTbl FBLIBIMH KaMTaMachi3 eTyre, NapasuTTiK aypyaapAbl MoOJesbAey KoHe Gosnkay
YIUiH MaJiiMeTTep 6asacblH d3ipJieyre >koHe eHri3yre GarbITTajFfaH. baTeic KazakcTaH 0GJIBICHIHBIH,
TabUFU OUOLLEHO3AapbIH/AFbl NAPA3UTTIK XKOH/AIKTEp MeH reJIbMUHTTEDP/H AUHAMUKACBIH 3epTTeY
YKepriJiKTI 3KOXyHeJiepZiH TYPaKTbUIbIFBIH TYCIHYre 3>KoHe OJlap[blH aWHaJbIMbIHBIH, HeTi3ri
dakTOp/apbIH aHBIKTayFa MYMKIiHAIK 6epefi, 6y mapasuTTepAiH yH KaHyapJapbl MeH aJlamMAapfa
6epinyin 6oaabipMayFa keMekTecei. ’KyprisinreH septreynep bateic KazakcTaH 06/1bICBIHBIH TAOUFU
GUolleH03/lapbIHAaFbl TAPA3UTTIK OPraHU3MAEP/iH ajlyaH TYpJiairid pactajbl.

Tyiin cesaep: Barbic KasakcTan 06J1bIChl, Mapa3vTTIK aypyJiap, KAaH COpaThIH Macajap, UKCOJ
KeHeJiepi, relbMUHTOdayHa, MOHUTOPHUHT, 6UOLIeHO3ap
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The prevalence of some parasitic insects and helminths in the natural biocenoses of the West Kazakhstan region

PacnpocTpaHEHHOCTh HEKOTOPBIX IApa3UTUYE€CKUX HACEKOMBIX U TeJIbMUHTOB
B IPUPOAHBIX 6GHoIeH03axX 3anaHo-Ka3axcraHckoii 06/1acTH

A.K. lapxxurutoBal, A.M. Opa36aeBa?, /1.0. U6paeB?,
B.K. ’Kyma6ekoBa*, M. O3TIOpK®
13anadHo-Kazaxcmauckuli yHugepcumem umeHu M.Ymemucoaa, Ypaavck, KazaxcmaH
2Meduyunckuli ynugeepcumem AcmaHa, AcmaHa, Kazaxcman
34[lass0dapckuli nedazozuveckutl yHugepcumem umeHu 0.Mapryaan», [lasaodap, Kazaxcmat
*Yuusepcumem Pedocena Tatiuna 3pdozana, Puse, Typyus

AHHOTauusa. B craThbe nmpeAcTaBieHBbl pPe3yJAbTAThl HCCAEOBAHUS 3MUAEMUYECKOTO U
3MU300TUYECKOT0 61aromnoydus 3anaaHo-KazaxcTaHcKol 06J1aCTH 10 Tapa3uTapHbIM 3a60J1eBaHUSM.
B xozie BbINIOJTHEH U PA6OTHI OBLIM TPOBEIEHbI OM0JIOTMYECKHE U TAPA3UTOJIOTHYECKHE HCCIeJOBAHUS.
[lonyyeHbl fAaHHBIE 06 3MU300TUYECKOW CHUTYallMM MO PacCIpOCTPaHEHHUI0 KJlellled, KoMapoB U
HEKOTOPBIX I'eJIbMUHTO30B B PS/ie PallOHOB HCC/Ie/lyeMOoro peruoHa. MccieoBaHbl Kak HUMeOIIHe
3MUIEMUOJIOTHYECKOe 3HAaYeHHe 6 BUJI0OB KPOBOCOCYIIUX KOMapoB U 6 BUJIOB UKCO/IOBBIX KJlelllel, 3
BH/Ia TPEMATO/I030B: OMUCTOPX03, pacuuose3 U JUKPOIEeJH03 U 1 11ecTo/103a: 3IXMHOKOKKO3, U3y4eHbI
30Hbl MX pAacCIpOCTPAHEHHs, A TAKXKe I0KA3aTeJH 3apAKeHUs KUBOTHBIX KJENaMU WU YpOBeHb
MHBa3WH reJIbMUHTOB, BbISIBJIEHHBIX JIETOM U 0CeHbI0. Tak)Ke O6bl/Ia paCCMOTpPEeHa CTelNeHb 3apayKeHHU s
HaceJIeHUS UCCJIeIyeEMOT0 PErMOHA 3XMHOKOKKO30M Y ONUCTOPX030M. PaboTa HampaBsieHa HA HAy4YHOe
obGecreyeHHe 3MUIEMUIECKOTO U SNTU300THYECKOT0 6J1aromnoy4rs Mo HHPEKIMOHHBIM Napa3uTapHbIM
3a60/1eBaHUAM, Pa3paboOTKy U BHeJpeHHe 6a3 JAHHBIX JJis MOJEJUPOBAHUS U MPOTrHO3WPOBAHUSA
napa3vuTapHbIX 3a00/ieBaHUN. M3ydeHHe JUHAMUKH NapasUTUYECKUX HACEKOMBIX M TeJIbMUHTOB B
IPUPOAHBIX 6MOTeH03ax 3anaiHo-Ka3zaxcTaHCKOM 06J1aCTH 103BOJISIET TOHATH YCTOWYHUBOCTb MECTHBIX
3KOCHUCTEM U BBIIBUTh OCHOBHbIE PAaKTOPBI UX IUPKYJISLIMH, CIIOCOGCTBYS MPEI0TBPAIlleHHIO epeaaqyu
Napa3suTOB JIOMAallHUM XHBOTHBIM U JIOJsiM. [IpoBe/ieHHbIE UCCJIeIOBAaHUS TOATBEPAUIN BbICOKOE
pasHoOOpa3ue NMapa3suTUYECKUX OPraHHW3MOB B NPHPOJHBIX OHOLieHO3ax 3amaaHo-KazaxcTaHckoi
006J1aCTH.

KioueBble cjioBa: 3anajHo-KaszaxcTraHckassi 06/1acTb, NMapa3uTapHble 60JIe3HH, KPOBOCOCYIIHeE
KOMaphbl, UKCOZIOBbIe KJIEITH, TeJIbMUHTO)AYHA, MOHUTOPHUHT, GUOI€HO3bI
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I'icromopdpomeTpuyecKrue noKasaTe/id MUOKapAa KpbIC
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AHHOTanMsa. YcTaHOBJeHbl MopdoJsiornieckue HM3MeHeHUs CTPYKTYPHBIX
KOMIIOHEHTOB MHOKapZa B 3KCIIepUMEHTAJbHONW MOZeNN KapJUOMHONATHH,
MHAYLIMPOBAaHHOMN AoKcopyOunMHOM. Hanbosiee mHGOpMAaTHBHBIMU MapKe-
paMu nporpeccupoBaHus 3a60JieBaHUs OKa3aJUCh: A-aKTUHUH-2 (ACTN2Z; A
=0,0051, p =0,005), cepaeunniii TpononuH T (TNNT2; A = 0,0085, p = 0,008),
cykuuHaTtgeruaporenasa (CAI A =0,0097, p = 0,010), 1akTaTneruaporeHasa
(JIAT; A =0,0135, p = 0,014) 1 nokasaTe/ib NapeHXMMATO3HO-CTPOMAJIbHOTO
otHouteHus (I[1CO; A = 0,0137, p = 0,014). [lonnyyeHHbIE JaHHbIE MOTYT ObITH
JIONOJIHUTEJIbHBIMU KPUTEPUSAMHU [1J1S1 BbISIBJIEHUS] paHHEN CTaJluu TOKCHUYe-
CKOI'0 NOBpEX/eHUsI MUOKap/Aa, a TaKXe /151 OLleHKH 3 PeKTUBHOCTHU HOBBIX
KapAuONpOTEKTOPHBIX CPE/ICTB.

Kiwo4yeBble cj0Ba: [OKCOPyOMLMH-UHAYLUPOBaHHAsA KapAUOMUONATHS,
YABTPACTPYKTYypPa, A-aKTUHUH-2, CepAeYHbIM TPONOHUH T, CyKIIMHATAEeTU/po-
reHasa, JJaKTaTJeruAporeHasa, napeHXMMaTO3HO-CTPOMaJlbHOEe OTHOIIEHHUE

BBeaeHue

AHTHOUOTHUKU U3 TPYNIIbl aHTPALUKJIWHOB AABJISIOTCSA OJHUMU U3 CaMbIX PaCIPOCTPaHEHHbIX
JIeKapCTBEHHBIX CPE/ICTB, UCNI0JIb3yeMbIX B OHK0JI0TUH [1]. TeM He MeHee, KapAMOTOKCUYHOCTh
JlAaHHOW Tpynnbl NpenapaToB, BXOAALUX B CXeMbl MOJUXUMHUOTEpANUH, O0OYCJOBIMBAET
pa3BUTHE CePAEYHO-COCYJUCThIX 3ab0JieBaHUM KaK B paHHeM, TaKk M B I03JHeM
peabuiMTanMoHHOM nepuofe [2]. Haubosiee 3HaYMMbIM NpPOSIBJIEHUEM TAaKOM TOKCUYHOCTH
CYUTAEeTCHd aHTpauukJnHoBasg Kapauomuomnatusa (KMII), npuBoasawmas k AUCPYHKLUUU U
peMo/ieITMPOBaHUIO CEPZIeYHON MBI, C BOSMOXXHOM MaHUdecTalyel CnycTs rofbl nocsue
YCIIeIIHOTO 3aBeplLIeHUsA IPOTUBOOIYyX01eBoM Tepanuu [3]. YacToTa pa3BUTHUSA NOBPEXAEHUN
cepAla NpH JiedeHUU aHTPaLUK/JIMHOBBIMU aHTUOMOTHKaMU cocTaBJisieT 5-48 %. [Ipu aTom
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CMEPTHOCTD OT CepZeYHbIX IPUYKMH fAocTUraeT 7 %, a B c/lyyae pa3BUTHSA 3aCTOMHOM CepleYHOU
Hel0CTaTOYHOCTH — 27-60 % [2,4].

B ocHOBe nmaToreHeTHU4eCKHX MeXaHU3MOB aHTpauukJrnHOBOoM KMII siexxuT akTuBanus
NIEPEKHUCHOT0 OKWCJIEHUd JIMIIM/ 0B, HApylLIeHWe aJjpeHepruyecKOd MHHEepBAllMU U CUHTe3a
COKpaTUTEJIbHbIX O€JIKOB, pa3BUTHE HMMMYHOBOCHAJUTEJbHOM peakUUUu U CTUMYJIALUS
IpOLeCcCOB KJeTOYHOU rubesn B Muokap/e [5-8]. HecMoTpss Ha MHOroo6pa3sve u3yyeHHbIX
HapyleHud, Mop¢doJIorMYyecKUM Cy6CTpaToM  cepAedyHOW AUCOYHKLMHU  CYUTAKTCA
XapaKTepHble U3MEHEHUSABCTPYKType MUOKapAa. KHUMOTHOCATCABAaKyO0IM3al U LU TON/Ia3Mbl
kapauoMmuonutoB (KMII), oTek capkona3aMaTH4eCKOT0 PETUKY/IyMa U MUTOXOHAPUH, TOTeps
MUOPUOPUILI, aTPOPHS U JIM3UC MbIILIEYHbIX BOJIOKOH, a TAKXKe pa3BUTHE UHTEPCTULHATBHOTO
¢ubposa [9,10]. BrleonrcaHHble TUCTONATOJIOTHYECKHE TpaHCcPopMalLUK NPUBOAAT K
HeoOpaTHMOMY CHIKEHHUI0 ppakiMu BbIOpoca JieBOro »xesaygodka Ha 10 % oT ucxomHoro
3Ha4YeHUda y 26 % nanyeHTOB U Pa3BUTHIO CUMIITOMAaTHU4YeCKOU CepZleuHOM HeJJoCTaTOYHOCTH
y 7 % nanyeHTOB, MOJYYUBIIUX KYMYJIATUBHY0 103y 550 Mr/m2 nokcopy6ununa (JOKC) [11].

B HacTosmee BpeMd A/ AUArHOCTUKMU aHTpauukaAMHOBOU KMII mupoko ucnosnb3yoTcs
axokapauorpapuyeckue MeTO/bl, MNO3BOJISIOIHE OLEHUTb (PYHKIUMOHATBHOE COCTOSHHUE
cepaua [12]. OgHaKo 3TU MEeTO/ bl He BCET/a CIOCOOHBI BbISIBUTb Haua/IbHbIE, JOKJIMHUYECKHE
CTaJlMM MOBpeX/JeHNUs MUOKap/a, KOorJja CTPyKTYpHble U3MEHEeHUd y>Ke HadaJIuCh, HO ellle He
IpUBEJH K 3HAYUMOMY CHWXKEHUI0 PppaKL U BbI6poca JeBoro xeygodka [13]. B aTolt cBsA3U
MeToAbl Mopdosioruyeckoro U MopdOMETPUYECKOr0 aHajlu3a MNPUOOpeTalT KJHYeBOe
3Ha4YeHUe, I03B0JIASA NIPOBOAUTh TOYHYIO KOJIMYECTBEHHYIO OLleHKY CTPYKTYPHBIX IepeCcTpPoeK
MHOKap/ia Ha TKAHEBOM, KJIETOYHOM U CyOKJIETOYHOM YPOBHsX [14-16].

HecMmoTpst Ha HasIM4KMe JJaHHbIX 0 MOP}OJIOTrUYeCKUX HapylIeHUAX IPU aHTPALMKJINHOBOM
KMII, MHoruve acmnekTbl B3aUMOCBS3HW MEXJAY OTJeJbHbIMU THUCTOMOPOMETPUYECKUMHU
napaMeTpaMH U UX CTeNeHbI0 BIPAXKEHHOCTH OCTAIOTCS HEA,0CTATOYHO PacKpbITbIMU. Oco60r0
BHMMaHMUS 3aCJy>KUBaeT ollpe/ieJieHHe UX IMarHOCTUYeCKOU LleHHOoCTH [17-19].

llesib HACTOSALIEr0 UCCIe0BAaHUS — BblSIBJIeHHME B3aMMOCBSI3€M TMCTOMOPPOMETPHUYECKUX
nokasaresed Muokapga Kpbic B Mozeau JOKC-unayuupoBanHou KMII u omnpepenenue
KJIETOYHBIX MapKepOB MPOrpecCUpPoBaHUs 3a60/1eBaHUSI.

MaTepPlaJIbI M MeTOoAbl UCC/IEA0OBAHUA

JKcnepUMeHTalbHble MCCAe/J0BaHUS BbINOJHEHbl Ha 80 s1a60paTOpHBIX KpbICax-caMliax
Buctap maccoit 150-180 r c cobGJutojieHreM MPaBOBBIX M 3TUYECKUX HOPM OOpalieHUs C
’KUBOTHBIMHU B COOTBETCTBHH C HALlMOHAJIbHBIMU U MEX/AYHAPOAHBIMU CTaHAAPTAMU KayeCcTBa
IJIAHMPOBAHUS M IPOBEIEHUS UCCIeJOBaHUM HAXKUBOTHBIX [20]. Mozeib 3KCIEpUMEHTaIbHOM
KMII ¢opMupoBasiu nyTeM JApOGHOTO BHYTPUOPIOIIMHHOTO BBeJEHHUS JAOKCOPYOHIIMHA
rugpoxyopusa (PB) B kymysnsTuBHOMU f03e 15 Mr/Kr, pa3aesieHHOW Ha 6 UH'beKL Ui (1o 2,5 Mr/
Kr) B TedeHUe 14 fHel [21]. DkcieprMeHTa/lbHbIE XKUBOTHbBIE ObIJIM pa3/iesieHbl Ha IPYIIIbL.
[lepBast (n=20, KOHTpOJIbHAsA) - BBeJEHHE ANHUPOTreHHOro (PpU3HUOJIOrHUYECKOr0 pacTBoOpa
(ADP). Bropas (n=30, IOKC-KMII-30 cyT.) - BBegenue JJOKC c nocsieayoominuM BbiBeleHUEM
’KUBOTHBIX U3 3KcrepruMeHTa Ha 30-e CyTKM NocJle ocJeJHEW UHbEK UM NIpenapaTa. TpeTbsa
(n=30, IOKC-KMII-60 cyT.) - BBeaeHue JJOKC c nocieayouUuM BbiBeJ€HUEM KHUBOTHBIX M3
3KcIeprMMeHTa Ha 60-e CyTKH IocJle N0CJeJHEW NHBbEKIIMU NTpenapara.

O6'beKTOM HCCIe0BAHUSA ABJSJICA MUOKAP/, JIEBOTO KeJyA04YKa MO ONbITHBIX }KUBOTHBIX.
MukponpenapaTbl TOTOBUJM C MoMoulblo Kpuoctata Microm HM 525 (Tepmanus) wu
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06pabaTbIBa/IM OOLENPUHATBIMU FTMCTOXMMUYECKMMU METO/JaMH Ha BblsiBJIEHWE aKTUBHOCTHU
cykuuHataerugporenassl (CAL K® 1.3.99.1) u naktataeruaporeHass! (JIAL K 1.1.1.27) [22].
KoJsinuecTBeHHY10 O1leHKY akTUBHOCTH pepmeHTOB C/AI" 1 JI/IT npoBOAMIIU C MCNIOJIb30BAHUEM
nporpaMmmbl Image] (1.49k, CILIA).

JI1 TUCTOJIOTUYECKOTO aHasiM3a o6pa3ibl TKaHd ¢ukcupoBaiu B 10 % pacTtBope
HelTpasibHOro ¢dopMaivHa B TedyeHHe 48 4, mMpoMbiBaJd B NPOTOYHON BOAE, a Jajee
obpabaTbiBa/id MaTepuasJ U 3ajJMBaJd ero B mapaduH MO CTaHAAPTHOM MeToxauke [23].
[locsie okpamMBaHUA F'HCTOJIOTUYECKHUX CPE30B reMaTOKCUJIMHOM M 303MHOM M 1o MaccoHny
NpoBeJieHa KoJIMYeCcTBeHHas OlleHKa IJIoLa/ield MapeHXMMbl U CTPOMbI MUOKap/a, AMaMeTpPOB
Y miowazae nonepeyHoro ceyenuda KMIL u ux apep, AuaMeTpa KanuJIApOB U apTEPHUOII,
TOJILIMHBI COCYUCTON CTEHKHU apTepHOJI IPpU YBeJIMUeHUHU MUKpockona x400 c npuMeHeHMeM
nporpamMmmbl Image] (1.49k, CIIA). Ha ocHOBaHMHM MOJIyYEHHBIX HW3MEpPEHHUU BbINOJHEH
pacyeT TMoKasaTesJel MapeHXMMaTO3HO-CTpoMajbHOro oTHoweHus ([ICO) u sAzxepHo-
nuTonsasMaTuyeckoro otHowenus (AL0), ckaeporuueckoro uHaekca (CHU), Tpopudeckoro
unpekca (TH), ungekca Kepaorana (MuK) no ciegyrouum ¢popmynam:

I1CO = Sn/Sc, (1)
rze Sn - IJI01a/lb MapeHXMMbl MUOKap/a, SC — MJIOLa/ib CTPOMbI MUOKap/a;

ALO = Ss/Sw, (2)
rae Sqa - muowaab aapa KML, Sy - nuiomaze nutoniaasMmel KML;

CH = (Sc/Sm) x 100 %, (3)

rze Sc - MIo1aJb CTPOMbI MUOKap/a, SI — NJIoLaAb NapeHXUMbl MUOKap/a;

TH = Sk/Sm, (4)
rzie SK — IJI0Ia/ib KalUJJIApOB, SIT — JIOLaAb NapeHXUMbl MUOKAp/a;

NuK = Ta/Ra, (5)
rge Ta — TosIIMHA COCYIUCTOU CTEHKHU apTepuoJ, Ra — paguyc npocBeTa apTepuo..

WMmmyHorucroxumuueckoe (MIX) okpammBaHue NPOBOAWJIM C TNPUMEHEHUEM
MOJIMKJIOHAJIbHBIX KPOJUYbUX aHTUTEN K o-akTUHUHY-2 ACTN2 (FNab00121, «FineTest»,
KHP, B pa6ouem pasBeaeHuu 1:200), ceppeunHomy TtponoHuHy T TNNT2 (E-AB-70232,
«Elabscience», KHP, B pa6ouyeM pa3BegeHuu 1:200) 1 MOHOKJIOHA/IbHBIX MBIIIMHBIX aHTUTEJ
K O-IJIaZZKOMBIIIEYHOMY aKTHUHY a-SMA (Z2066ML, «Zeta Corporation», CIIA, B paboueMm
pa3BegeHuu 1:200). Bce atanbl UT'X nccsieoBaHUS BbINOJHEHBI COIVIACHO NPEAI0XKEHHOMY
npoTokosy GupMbl-npousBoguTes. [ AeTeKIMU UCNO0Jb30Bajach cucteMa 2-step plus
Poly-HRP Anti Rabbit IgG Detection System (E-IR-R217, «Elabscience», KHP). B posiu xpomoreHna
BoicTynan 1 % pactBop 3,3-AMaMHMHOOEH3UIMHA TeTpaxJopuga. MukponpenapaTbl ObLIU
oludpoBaHbl C MPHMEHEHHEM THUCToJIorhnyeckoro ckaHepa MoticEasyScan One (KHP) Ha
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yBesindyeHuU x20,0. KosmmuecTBeHHad oleHKa pe3yabTaToB UI'X nccienoBanya NpoBOAUIIACH
C TOMOIIbI0 TNPOrpaMMHOr0 obecrneyeHUs aHaiu3a H300pakeHUN Aperio ImageScope
[v12.4.6.5003] nyTeM BbifeseHuss 10 cayyallHbIX HelepeceKaroluxcs MoJeld 3peHUs NMpu
yBesndyeHun x200. [lokazaTesn aHaJU3UPOBAJM IO CTAHAAPTHOMY aJTOPUTMY MOJCYETA
NO3UTUBHBIX MUKcesel «PositivePixelCount v9» [24]. OueHuBaMM cieaylolye MoKasaTeau
3KCIIpECCUU:

1.[I03UTUBHOCTD — OTHOILIEHHE YHCJ1a TO3UTUBHBIX UKCEJEN K 00111eMY YU CTY TO3UTUBHBIX
M HeraTUBHBIX nHuKceseil x 100 %;

2. Nsr - 019 nMKCesied C BBICOKOM UHTEHCHUBHOCTBIO B UMMYHOIIO3UTUBHBIX y4aCTKaXx;

3. KoadpduiyeHT HHTEHCUBHOCTH — OTHOLIEHHE CyMMbI IPOM3BeleHUH YK cla TO3UTHUBHBIX
NYKceJiel Ha 0aJlJibHbIM 9KBUBAJIEHT, COOTBETCTBYIOLUN UX HUHTeHCUBHOCTH (UIX peakuus
oTcyTcTBoBaJsa - 0 6as10B, cyabas — 1 6as, ymepeHHas - 2 6a/i1a, BbIpaXkeHHas — 3 6aJiia), K
0011eMy YMCTY TO3UTUBHBIX TUKCEEN);

4. Isr - 10J11 CYMMapHOT0O YPOBHSI UHTEHCMBHOCTH BbICOKO MO3UTHUBHBIX TUKCEJIEH.

B paboTe Takke HCI0JIb30BaH 3JIEKTPOHHO-MUKPOCKONMUYECKUN METOJ[, HCCJe/l0BaHus
[25]. Cpesnbl roToBUIM Ha yabTpaToMe LKB-8800 (IlBenys) u npocMaTpyBaJIU B 3JIEKTPOHHOM
mukpockone JEM-100 CX (Jeol, Anonus). MopdoMeTpuiyecKud aHa/lU3 3JIEKTPOHOIPAMM
OCYIIEeCTBJISJICS C UCIIOJIb30BaHUEM IPOTrpaMMbl 06paboTKHU AaHHbIX «Image]» (1.49k, CLLIA).
OneHMBaJIM KOJIMYECTBO MUTOXOH/ApHa/bHbIX MPOodUIEN Ha Cpe3ax, CPpeIHIO0 MJI01a/lb OJ{HOU
MHUTOXOHJPUM Ha cpe3e (MKM2), COOTHOIIEHUS OOUIMX IMJIOLAJeNd CeYeHUH MHUTOXOHJPHUM
1 MUOPUOPUIIT Ha cpe3e K obueit miomaau KML, koTopble onpefesiioT 06beMHYIO J0JIH0
MUTOXOHAPUN U MUOGUOPUII B 06beMe KM (%), KOJMYECTBO MEXMHUTOXOH/APHUATbHbBIX
koHTakTOB (MMK) Ha 100 MUTOXOHApPUH, MJOILAJb MONEPEYHOr0 CeYeHUs KalWJIJISPOB
MUOKapJa (MKM2). BblllosiHEH pacyeT MokKa3aTeJsis 3HepreTuyeckoi obecneyeHHoctu KM,
paBHbIN OTHOIIEHUIO 06'b€MHOM 01U MUTOXOHAPUN K 06'bEMHOM /10J1€ MUODUOPUILIL.

[lonydyeHHble MopdoMeTpUuecKHe JaHHble o0OpabaThiBaJd C [OMOLIbO METO/0B
BapUallMOHHON CTAaTUCTUKHU (nmakeT NpukaaZHbIx nporpamMm «STATISTICA 12.0», StatSoft,
CIIA). lpoBepKy pacmnpezesieHUs] KOJMYEeCTBEHHBIX NMPU3HAKOB HAa COOTBETCTBUE MOJEJHU
HOPMaJIbHOTO pacnpejeaeHUs OCYLLeCcTBIAIU ¢ IpuMeHeHueM W-kputepus lllanupo-Yuika.
Y4uThIBasg OTCYTCTBUE B 60JIbLIMHCTBE UCCIEyeMbIX BBIOOPOK HOPMaJIbHOTO pacipesiesieHus,
B3aMMOCBAI3b MeX/ly IOKa3aTeJsIMU OLleHMBaJlM I[pU NOMOLIM HenapaMeTPU4YeCKOro
JIByCTOpPOHHero kKoapduiueHTa koppeasayuu CnvpmeHa (rs). C 1oMO11bI0 JUCKPUMUHAHTHOTO
aHa/ivd3a omnpejensid HHPOPMAIMOHHYI (AMArHOCTUYECKYH0) LEHHOCTb HCCIeAyeMbIX
MopdoMeTpuieckux nokasaresei. [lokasaTteseM MHPOPMATUBHOCTU NMPU3HAKOB SIBJISETCS
yactHas JIam6a (A) [19]. Pazinuus cyMTaau 4OCTOBEPHBIMU IPpU ypoBHe 3HaUuuMocTH p<0,05.

PesyibsTaThl

Ha TkaHeBoMm ypoBHe npu passutuu [JOKC-ungynuposanHor KMII k 30-m cyTkam
HabJII0IeHUS BbISIBJIEHBI KOPPEJISIUOHHbIE B3aUMOCBA3M MeX/1y NapaMeTpaMH MapeHXHUMbI
U CTpOoMbl MHUOKapAa. O6HapyKeHbl NOJIOKUTeJbHbIe CBSA3U Moka3aTess [ICO ¢ o6'beMHOM
Jlosield MUOPUOPUIII U MO3UTUBHOCTBIO aKcipeccur ACTN2 B KMI], a Takke oTpullaTe/bHbIE
cBa3u CH c aHa/JIOrMYHBIMU NOKa3aTeJsIMU. 3aPpUKCHPOBaHbl 06paTHbIe KOPPESALMU MeX1y
VHTEHCUBHOCTBIO 3KCIIpecCUU o-SMA B cTpoMe MHMOKapZa U UHTEHCUBHOCTBIO 3KCIPECCUU
ACTN2Z, Nsr ACTNZ u Isr ACTN2 B KMII. Co cTOpOHBI MUKPOLUPKYJIATOPHOTO PyCJia OTMeYEeHbI
obpaTHbIe Koppeasuuu Mexy maowaabio KML v nyiouaibio ceyeHus KalulspoB, a TaKxKe
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MeX/y N03UTUBHOCTBIO 3Kcnpeccud ACTN2Z u MHK. BeisiBsieHa OJIOXKUTE/IbHAA CBA3b MEXAY
N03UTUBHOCTBIO 3Kcnpeccur ACTNZ u sjuamMeTpoM npocBeTa apTepHroJI.

Ha K/1eTOYHOM ypoOBHe YyCTaHOBJIEHbl KOppeJALUOHHble B3aUMOCBA3M, OTpa)kalolive
KOMITEHCAaTOPHYI0 U MeTabosindeckyto nepectpoiiky KMI. [Liomaas KMI] npsiMmo koppesupyeT
c owaabko aapa KML v CAT, a nuiomaab A4pa, B CBOK ovepenb, cBsa3aHa ¢ AL0. JuameTp KMI]
¥IMeeT CUJIbHYIO M0JIOKUTEJIbHYIO CBA3b ¢ KoimdyecTBOM MMK, a Tak»ke npsaMble 3aBUCUMOCTH
¢ aktuBHocThto CAI' m JIALL Ilpu 3TOM BBIABJEHA OTpULIATeJIbHAA KOppeJdldOHHas
3aBucuMoctb Mexay fALl0 u aktuBHOcThiO JI/II. 3adukcrupoBaHa MOJIOKUTEJNbHAsA CBS3b
MeX/y N03UTUBHOCTBIO 3Kcnpeccur ACTNZ u nokasaresiem MMK.

Ha cy6Ok/ieTOYHOM ypoOBHEe BbISIBJIEHbl KOPPEJSL UM, XapaKTepu3ylolide COCTOSHUE
COKpaTUTEJbHOTO W 3Hepretuyeckoro anmnapatoB KMIL. O6beMHass [oJjis MUOPUOPUILI
06paTHO KOppeJupyeT C OTHOIIEHHEM OO0beMHBIX JoJied MUOPUOPUII U MUTOXOHJAPUUA U
KOJIMYECTBOM Npoduieldl MUTOXOHAPUN Ha cpe3e, HO MOJIOXKUTEJIbHO — C UHTEHCUBHOCTBIO
skcnpeccur TNNT2. O6beMHass [0/ MUTOXOH/APUN, HAIPOTHUB, MOJOXUTEJIbHO CBfI3aHa C
OTHOUIeHueM MUOGUOPHUIIJI/MUTOXOHJPUHN U oTpUliaTesbHO — ¢ ynciaoM MMK. KosnuecTBo
npobused MHUTOXOHJAPUN MpsMO KoppesaupyeT ¢ akTuBHocTbio JIJI. OgHOBpeMeHHO
3adpUKCUpPOBaHbI MOJIOKUTEJNbHbIE B3aUMOCBSA3M Mex/y akTUBHOCTbio C/II' M skcmpeccueit
ACTN2 (Nsr/Isr) u TNNT2 (Nsr/Isr) (Ta6sauna 1).

Ta6suna 1
KoppesisinuoHHbIe B3aMMOCBSA3U MexXAYy MopdoMeTpUYEeCKMMHU NOKa3aTe/IAMU
Muokapza kpbic ¢ JOKC-unayuupoBanHoi KMII Ha 30-e cyTKu HaG/110AeHUS

[TokasaTesib MepBOro KoaddunueHt Kputepuii
[TokazaTesib BTOPOTo NMopsiaka
nopsiKa KoppeJsiuu 3HAYUMOCTH
TkaHesoll yposeHb
1eo 06 beMHas 1011 MUOPUOPHUILIT 0,38 p =0,039*
[To3utuBHOCTB 3Kkcnipeccur ACTN2 0,34 p = 0,046*
06 beMHas 1011 MUOPUOPHUILIT -0,38 p =0,039*
CH [TosutuBHOCTB 3Kcnipeccur ACTN2 -0,34 p = 0,046*
HMHTeHcuBHOCTD skcnipeccuu ACTN2 -0,48 p=0,022*
HurencusroCTh Nsr ACTN2 -0,47 p =0,029*
akcnpeccuu a-SMA
Isr ACTN2 -0,47 p =0,029*
[Tnomaas KMIJ [lnoma b ce4eHUs1 KanuasipoB -0,50 p =0,005*
[To3UTUBHOCTBH JvamMeTp npocBeTa apTEPHUOJI 0,43 p=0,018*
akcnpeccun ACTN2 UuK -0,38 p = 0,041*
KaemouHblii yposeHb
[lnomaae aapa KM 0,39 =0,001*
[Tnomanas KMII Ll ! 4
CAr 0,34 p =0,007*
MMK 0,79 p=0,007*
HAvameTp KMI] car 0,26 p=0,041*
AAT 0,25 p =0,049*
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[lnowaznk aapa KMIJ A0 0,62 p=0,001*
410 JIAT -0,38 p=0,003*
[103UTUBHOCTDb MMK 0,71 p=0,021*
akcnpeccuu ACTN2
Cy6k/1emoy4Hblll ypoB8eHb

OTHoOlLlIeHHEe 00 beMHBIX JoJien -0,58 p=0,001*

MUOPUOPUILI/ MUTOXOHAPUHN
O6memman oz KosindecTBO npoduieit MUTOXOHAPHUM -0,36 p = 0,049*
MUoPuOpHUILI

Ha cpese

HMHTeHcuBHOCTD skcnpeccuu TNNT2 0,37 p=0,047*
O6beMHad o4 OTHoOllIeHHe 00 beMHBIX JoJien 0,72 p=0,001*
MUTOXOHAPHUMN MUOGUOPUIII/ MUTOXOHJAPUU

MMK -0,73 p=0,017*
KosinuecTBo npoduseit JIAr 0,49 p=0,006*
MUTOXOHAPHUM Ha cpe3e

Nsr ACTNZ2 0,35 p=0,037*
CAT Isr ACTN2 0,36 p=0,032*

Nsr TNNT?2 0,38 p=0,020*

Isr TNNT2 0,38 p=0,020*

HpI/IMe‘{aHI/Ie: AOCTOBEPHOCTD OTJIMYMH: * — OT OKa3aTeJier BTOpOTO nmopsAaaka

Ha 60-e cyTku pa3Butusa JJOKC-unayuupoBanHoit KMII Ha TkaHeBOM ypoBHe 0GHAPY>KEHbI
KOppeJIsIMOHHblE B3aWMOCBSI3W, CBU/ETEJNbCTBYIOIHUE O MPOrpecCUpOBaHUU PUOPO3HOTro
peMozieIMpOBaHUS W YIJIyOJIeHHWM MeTabOoJM4YeCcKOW NepecTPOUKHM MHUOKapza. BreisiBieHa
oTpUlaTes/bHasA CBS3b MeX/Jy IJIOIAJbl0 MapeHXUMMbl U IJIOLAAbI0 CTPOMbI MUOKap/a.
YcraHoBJIeHBI NOJIOXKUTeJIbHbIE Koppeasanuu nokasaTtess [1CO ¢ TU u aktuBHocThiO JIAL, a
Tak»e oTpuuareabHas cBsa3b [ICO ¢ aktuBHOocTblo CAL i1 CHU 3adukcrupoBaHbl 06paTHBIE
3aBMCUMOCTHU: oTpuLiaTeabHble - ¢ TU u JIAT, Ho mosioxkuTeibHas — ¢ C/II. BbisiB/eHbl 06paTHBIE
B3aMMOCBSI3U MeX/Jy IO3UTUBHOCTBIO 3KCIIpeccur a-SMA B cTpoMe MUOKapAa U 9KCIpeccuen
cokpaTuTesbHbIX 6ekoB ACTN2 u TNNTZ2 B KMII. [Ipy 3TOM HHTEHCUBHOCTb 3KCIPECCHUH
a-SMA noJioXKUTeIbHO KoppesupyeT ¢ akTUBHOCTbIO JI/I[. O6Hapy»keHa npsimasi Koppessiius
MeXy MO/ b0 CeYeHUs KalWJISPOB U aKTUBHOCTbIO C/T.

Ha kJjieTOUHOM ypoOBHe yCTaHOBJIEHBl KOppEJSLMOHHblEe B3aUMOCBSI3H, OTpaXKawolue
HapylleHWe HYyKJIeo-LUTOIJIa3MaTUYeCKOro roMeocTtasa U [JAe3aJalTUBHYI NepecTpPOUKYy
KML. [Lromwaas KMI nosioyUTeNbHO KOppeJupyeT C IJIOWAAbI0 f/pa, HO OTpULIATEeJbHO
- ¢ A0 u aktuBHocThiO JIAL. [Anamerp KMIL uMeeT CUIBbHYIO0 NOJIOKUTEJBbHYIO CBSA3b C
kosmdyectBoM MMK u otpuunartenbnyto — ¢ ALO. [lnowaas gapa KMI npsaMo koppenupyeTt
c A0 n o6beMHOU A0/1Iell MUTOXOHJPUH, B TO BpeMs KaK JAuaMeTp s[pa OTpULATeSbHO
cBfI3aH c akTUBHOCTHIO JI/II. OTMedeHa noJioxuTesibHasA cBA3b Mex Ay ALlO ¥ T03UTUBHOCTBIO
akcnipeccu TNNT2, a Takke oTpuLiaTe/IbHasA KOPPesALUs MeXy NO3UTUBHOCTBIO 9KCIIPECCUU
ACTN2 v kosimyectBoMm MMK.

Ha cy6k/s1eToOYHOM ypOBHe BbISIBJIEHBl KOPpeJSLMY, XapaKTepU3yolue Je3uHTerpamnuo
COKpaTUTEeJbHOTO M 3HepreTuyeckoro amnnapatoB KMI. O6beMHasa poass MUOPUOPHUILI
00paTHO KOppeJiMpyeT C OTHOIIeHHWEM OObEMHbIX [A0Jed MHOPUOPUJII/MUTOXOHAPHUH,
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HO MOJIOXKHUTEJNbHO — C KosaudecTBoM MMK. O6beMHass [0/11 MUTOXOH/JAPHUN, HANpOTHUB,
OpsMO CBsi3aHa C OTHOIIeHWeM MUOPUOPHUIIJI/MUTOXOHAPHUH, CpeJHer IJIOUAAbI0
OIHOM MUTOXOHJPUH M KOJUYECTBOM MHUTOXOHJAPHAIbHbIX Npoduseit. 3adpukcupoBaHa
MOJIOKUTeJIbHAA Koppeasauusa Mex Ay akTuBHocTbio CAT' u JIAL, a Takke oTpULlaTe/IbHAdA CBA3b
no3uTUBHOCTU 3Kcnipeccu ACTN2 caktuBHOCTBI0 C/II' IpH 0JHOBpEMEHHBIX [10JIOXKUTEJIbHbIX
Koppessnuax ¢ napamerpamu skcnpeccud TNNT2 (Ta6suna 2).

C IMOMOILBIO JUCKPUMHUHAHTHOIO aHaJ/M3a ornpezesieHa MHbOpMaILMOHHAsA
(AnarHoctuyeckasi) LLleHHOCTb HUcCClefyeMblx MOpdOoMeTpUUECKUX MOoKa3aTesed. Haubosee
MHGOPMATUBHBIMHU OKa3dasiuchk: akcnpeccuss ACTN2 (A = 0,0051, mpu p = 0,005), gasnee no
HucxoasAen sakcrnpeccuss TNNT2 (A = 0,0085, npu p = 0,008), aktuBHocts CAT (A = 0,0097,
npu p = 0,010), aktuBHocTb JIZAT' (A=0,0135, npu p=0,014) uI11CO (A= 0,0137, npu p = 0,014).

Ta6una 2
KoppeissimoHHbIe B3aMMOCBSA3U MexXAYy MopdoMeTpUYEeCKMMHU NOKa3aTe/IAMU
Muokapza kpbic ¢ JOKC-unayuupoBanHoii KMII Ha 60-e cyTKu HaG/110AeHUS

[TokasaTesib ePBOro KoadbdpuuueHr KpuTtepuit
[TokasaTesib BTOPOro nopsiika
nopsjaka KOppeJsiLuu 3HAYMMOCTH
TkaHesoll yposeHb
[lnomwaab napeuxuMbl | [lomagb CTpoOMBbI -0,99 p=0,001*
THU 0,30 p =0,035*
[1CO CAr -0,32 p=0,022*
AAT 0,39 p = 0,006*
H -0,30 p =0,035*
Cu CAr 0,32 p=0,022*
JIAT -0,39 p=0,006*
[TosutuBHOCTB 3Kcnipeccur ACTN2 -0,37 p=0,032*
[To3UTUBHOCTB MHaTeHcuBHOCTH 3Kcnpeccuu ACTN2 -0,35 p=0,047*
sKcnpeccuu a-SMA MHTEHCHBHOCTD 3KCIPECCUH -0,45 p = 0,009*
TNNT2
WHTEeHCUBHOCTB JIAT 0,41 p=0,017*
akcnpeccuu a-SMA
[lnomaab ceyeHUA CcAar 0,49 p=0,006*
KanuJJIsipoB
Ksaemounwlil ypogeHs
[nomaae aapa KMI] 0,40 p=0,001*
[Tnomaas KMIJ A10 -0,27 p=0,001*
JAT -0,22 p = 0,049*
A10 -0,13 p =0,004*
HAvameTp KMI]
MMK 0,68 p=0,029*
A10 0,73 p=0,001*
[Tnowanpk aapa KM -
0O6beMHas 10J11 MUTOXOHAPUN 0,40 p=0,028*
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HAuameTtp saapa KMIL] Jiar -0,22 p=0,047*
A0 [TosutuBHOCTB akcnipeccu TNNT2 0,34 p=0,038*
[103UTUBHOCTDb MMK -0,87 p=0,001*
akcnpeccuu ACTN2
Cy6Kk/1emoy4Hblll yposeHb
OTHomEeHHe  OOBEMHBLIX  JoJieH -0,76 p=0,001*
O6bemHas fosis MUOGUOPUII/ MUTOXOHAPUI
MUoPuUOPHUILI
MMK 0,72 p=0,019*
OTHomeHHe  OOBEMHBLIX  JoJieH 0,70 p=0,001*
MUOPUOPHUIII/ MUTOXOHAPHUUN
O6beMHas o4 Cpenuss IJIoLaAb OJIHOH 0,38 p =0,039*
MUTOXOHAPHUMN MUTOXOH/APHH Ha cpe3e
KosinuecTBo npoduseit 0,52 p =0,004*
MUTOXOH/APHUI Ha cpe3e
CAr JIAT 0,44 p=0,001*
CAr -0,71 p=0,001*
[IO3UTUBHOCTD HMHTeHCUBHOCTD 3Kcnipeccuu TNNT2 0,54 p=0,001*
skcnpeccuu ACTN2 Nsr TNNT2 0,51 p=0,002*
Isr TNNT2 0,51 p=0,002*

[IpuMeyaHue: JOCTOBEPHOCTb OTJIMYMMU: * — OT MMOKa3aTesiel BTOPOro nopsijika
06cyxxaeHue

KoppensinyoHHbIM aHaIM3 I0Ka3aTe el CTPyKTYPHBIX KOMIIOHEHTOB MUOKap/ia B JUHAMUKe
pasButusa JOKC-ungyuupoBanHou KMII mo3Bosin BBISBUTHh OCHOBHblE 3aKOHOMEPHOCTHU
Mop@doreHe3sa Tokcnieckoil KMII. BeisiB/ieHHbIE B3aMMOCBS31, 0XBaThIBalOLIe NePECTPOUKY
MHOKap/ia Ha TKAaHEBOM, KJIETOYHOM U CyOKJI€TOYHOM yPOBHSIX, COIVIACYIOTCS C COBpEMEHHBIMU
npeACcTaBJAeHUSIMU O MeXaHU3MaX TOKCUUECKOTO peMO/ZieIMPOBaHHUs CepALa, I/ie KAIUYeBbIMU
3BEHbSIMH BBICTYNAIOT MUTOXOHJpHUAIbHAsA AUCOYHKIMSA, MeTaboindyeckas TpaHcopMaLus
KMII u MmuokapauaibHblii Gubpos [5-7].

K 30-m cyTkam pasButusa mogesnpoBaHHord KMII B MHOKapze KpbIC Ha TKAHEBOM ypOBHeE
JIOMUHHUPYIOILYI0 POJIb IPUOOpETAOT PUOPOTUUECKHE U3MEHEHUSI CTPOMBI, CONPSIP)KEHHbIE C
yrHeTeHUeM coKpaTuTebHOU ¢yHkuuu KMII. MapkepoMm pasBuBarwolierocs ¢pubposa cayxaT
obpaTHble KOppeJsiluK MexAy sKkcnpeccrued a-SMA B cTpoMe M mapaMeTpaMM 3KCIPECCUU
ACTN2 B KMII, oTpaxkatiue akTuBanuo MuodpubpobaactoB no mepe yrpatbl KMI] cBoero
dyHKIIMOHa/NIBbHOTO noTeHnasa. CorslacHO JIUTEPAaTypPHBbIM JaHHBIM, OKCUIATUBHBIN CTPECC,
unaynyupoBaHHbii JIOKC, 3anyckaeT curHaibHble nyTH (TGF-B1/R-Smad), ctumynupytoue
auddepeHIUPOBKY PpHOPOOIAacTOB B MUOPUOPOOGIacThl [26]. OTpULlaTe/IbHAs KOpPPeJsIUs
Mexay miaomazbo KMI v nuomajblo ceyeHUs KaNWISAPOB yKa3blBaeT Ha pa3BUTHE
OTHOCUTEJIbHOM UIIEeMHH, 00YCJIOBJIEHHON OTCTaBaHWEM aHIHOTeHe3a OT POCTa MbILIEYHbIX
BOJIOKOH [27]. /laHHBIA pAucbasaHC MOATBEpPXAaeTcsl OOpaTHOM Koppessuued Mexay
skcnpeccued ACTN2 u HHK, cBugeTenbCTByMOLEd 006 YXYJALIEHUU MHUKPOLUPKYISALUA
Ha QoHe CHWXKeHUSI CcOoKpaTuTesbHOro noreHuuasa KMII. [losoxuTesbHasgs CBSI3b MEXY

184 Nel(154)/ JLH. I'ymunes ameivoarsl Eypasus yammeuik ynueepcumeminiy, XABAPIIBICBI. Buo.102usi1blK FblAblMOap cepusicbl
2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espa3sulicko2o HayuoHa/bHo20 yHusepcumema umeru JL.H. ['ymunesa. Cepust 6uoso2uveckue HayKu



T'ucmomopgpomempuueckue nokazameau Muokapaoa kpwvic npu 0okcopybuyuH-uHdyyupo8aHHol kapduomuonamuu

NMO3UTUBHOCTBIO 3Kcrpeccun ACTNZ v pauvaMeTpoM IMpocBeTa apTEPHOJ], BEPOATHO,
npeAcTaB/asieT COO00M KOMIEHCATOPHYI peaKlWlo, HalpaBJEHHYI Ha MoJJepKaHue
KPOBOCHA0OXXeHHS B YCJOBUSAX MOBPEXJEHUS MapeHXUMMbl. TeM He MeHee, COXpPaHSIIUNCS
JIUCOaJlaHC B CUCTEME «IapeHXHMMa — MUKPOLMPKY/ISATOPHOE PYCJ0» OCTAeTCs 3HAYUMMbIM
¢dakTopom natorenesa JJOKC-unayuupoBanHoit KMII.

3aperucTpupoBaHHble Ha KJIETOYHOM YpPOBHE MOJIOXKHUTEJbHbIE KOpPPEJISILUOHHbIE
3aBUCUMMOCTHU Mexy mioiazbio KML v nuowmaapsio ux aaep, a Takke MexJy NJI0LaAblo 41pa
KML[ u ALO yka3biBalOT Ha pa3BUTHE KOMIIEHCATOPHOW rumnepTpoduu, HampaBJeHHON Ha
nojjep:kaHue cokpaTuTesbHON ¢yHkuuu KMI| B ycioBusix Bo3pociield GyHKIIMOHATbHOU
Harpy3KH, BbI3BaHHOU KapauoTokcudeckuM gerictBueM JIOKC. [Ipsaamas koppensanusa fuaMmeTpa
KMI] ¢ konnyectBoM MMK oTpakaeT afjlaiTHUBHYI NepeCTPOMKY 3HepPronpoAyLypyroLien
cuctembl: ¢popMupoBaHnrne MMK obGecneyrBaeT KOOpAUHALUIO (PYHKUUNA MUTOXOHJPUN U
MHTEerpanyi HUX 3HepreTUYEeCcKOro MOTeHIMaJjsa, TeM CaMbIM CIOCOOCTBYSl aJleKBaTHOMY
3Heproob6ecneyeHU0 TunepTpoPUpoBaHHON KieTKU [28]. BMmecTe ¢ TeM moJioKUTeJsbHAsA
cBa3b AuamMeTpa KML c aktuBHOCTbIO JI/II' BhISIB/ISIET MeTab0JIMYECKUI CBUT, IPU KOTOPOM
nporpeccupoBaHve TrunepTpopuu Ha ¢GOHe THUIOKCHUM CONPOBOXK/JAETCS aKTUBaLUeu
aHaspoOHoro rmaukosusa. [logo6HOe mepekJoUYeHUe 3HepPreTUYecKoro MeTtaboJsusMma C
OKMCJIEHUS] >KUPHBIX KHCJOT Ha I[VIMKOJIM3 XapaKTepHO [Js1 cep/leYHOW HeJ0CTaTOYHOCTHU
U CAYKUT aJalTUBHBIM MEXaHU3MOM IOJJlep>KaHUsI 3IHEePTONPOAYKIHUU MpU JeduuuTte
Kucaopoja [29].

Ha cyb6k/ieTOYHOM ypoOBHe BbIsIBJIeHHble HapylleHUs CBUJETEJbCTBYIOT O KJIHOYEBOU
poOJIM MUTOXOHJPUAJBHON JUCOYHKIMU B pealrd3alUd KapAUOTOKcUYeckKoro 3ddekra
aHTpalMKAUHOB. OTpuUlaTe/lbHasA KOppeasLuuss MexJy 00beMHOM JoJsiel MUOPUOPUIIT U
KOJIMYECTBOM MHUTOXOH/PHUAJbHbIX NpOoduJel, a TaKKe CBSI3b MOCJAEeJHUX C aKTUBHOCTBIO
JIAT yka3bIBalOT HA CTPYKTYpPHYIO JAerpaZjalidi 3sHeproob6pasywinux opraHest. JOKC
M3BEeCTEeH CBOEM CIOCOOHOCTbI) HAKAIJIMBAaTbCS B MUTOXOH/PUSIX, B3aUMO/EeNCTBOBATb
C KapAWOJHMIMHOM M HapylaTb paboTy /JbIXaTeJbHOH IeNH, YTO BeJEeT K CHIKEHUIO
aKTUBHOCTU OKMUCJUTEJbHbIX (PEPMEHTOB W H30BITOUHOW TeHepalUy aKTHUBHBIX (GopM
kucjaoposa [5,6]. llpy aToM coxpaHeHHe NOJIOKUTEJbHBIX CBA3€d MeX/Jy aKTUBHOCTbIO
CAT u skcnpeccuelt cokpatruTenbHbix 6e1k0B (ACTN2, TNNT2) oTpaxaeT NONBITKY KJETKU
noAJepKaTb COKPAaTUTEJbHbIA alnapaT B YCJAOBUSIX HapacTawllero geduiidTa 3HEPTrUU.
OpHako pa3o61eHre NPOLLECCOB IHEPTONPOAYKIUU U IHEPTONOTPeO/IeHNSI HEM30€eKHO BeleT
K CHU’KEHHUIO COKPaTUTEeNbHON QYHKIMHU U TPOTPECCUPOBAHUIO Cep/leHHON HeZJOCTaTOUHOCTH.
Takum o6pasoMm, k 30-M cyTkaMm pasButus [JOKC-ungynupoBaHHod KMII nosyyeHHble
JlaHHble JIeMOHCTPUPYIOT POopMHUpOBaHME NATOJOTHMYECKOTO KackKaja: MUTOXOHJpUaJibHOE
NOBpEeX/JeHUe UHULUHUPYET SHEPreTUUECKU U e PUIIUT, KOTOPbIA CTUMYJIUPYET TUNIepPTPOPHI0
Y MeTabo/IMYeCKUH CAIBUT Ha KJIETOYHOM YPOBHe, Tor/ja Kak ru6esib KML| Ha poHe HapylieHHOH
MUKPOLUPKYJISLMHU 3allyCKaeT peMo/JieJIMpOBaHHUE CTPOMbI MHOKap/a Ha TKAHEBOM YPOBHE.

Ha 60-e cyTky 3kcneprMeHTa KOppeJSLMOHHBbIM aHa/Iv3 BBIABUJ Ka4€CTBEHHO HHYIO
KapTHHY N0 cpaBHeHUIO ¢ 30-MU CyTKaMH HabJIIOJeHHUs, YTO OTpPaKaeT MpPOrpeccupoBaHUe
NIaTOJIOTMYECKOTO NMPOoLecca U epexos, OT CTaZM KOMIIEHCAlUH K CTaZ VU JeKOMIIeHCALluU U
IJlybOKOTO peMo/ieJIMpOBaHUs MUOKap/ia. Ha TkaHeBOM ypoBHe o6paillaeT Ha ce6s1 BHUMaHUeE
CUJIbHasi 06paTHas KOppeIsALUs MeX Ay [IJ10111a/|bI0 TapeHXUMbI M CTPOMBbI, CBU/€TE/IbCTBYOLIAs
0 3aMecTUTesJbHOM (uOpo3e. YBesMuyeHHEe 0O0beMa COeJMHUTEJNbHOW TKAaHU MPOUCXOAUT
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CTPOTO MPONOPIMOHANBHO yObLIM GyHKIMOHUpPYOWKUX KMII, 4TO cOOTBETCTBYyeT KapTHHE
Inddy3HOro KapAUOCKJepo3a Ha TepPMUHAJIbHbIX CTaAuAX aHTpauukanHoBod KMII [30].
PazHoHanpaB/JIeHHOCTb KoppessiiuoHHbIX B3auMocBsized [ICO u CHU ¢ mMeTaboJMYeCKUMHU
MapKepaMU OTpaKaeT reTepOreHHOCTb TKAaHEBOro OTBeTa. [loyioxuTesbHasA KoppeasLus
[1CO c aktuBHOCTBIO JI/IT' B coueTaHuu Cc oTpUliaTesibHOU cBsA3bIo ¢ C/II' cBUAETENBCTBYET O
KOMIIEHCAaTOPHOM NepeKJI0YeHHU MeTab0/1M3Ma COXPaHUBLIENCS TapeHXUMbl Ha aHA3POOHbIU
TJIMKOJIM3 B YCJIOBUSIX TUITOKCHUU. HanpoTuB, o6paTHasg JuHaMuKa A1 CU xapakTepusyeT 30HbI
BbIpaXxeHHOTO pubpOo3a, rje IJIMKOJIUTHYEeCKass aKTUBHOCTb eJUHUYHbIX KMIL]| oka3biBaeTcs
110/1aBJIEHHOM BCJIe/ICTBUE KPUTHUYECKOTO UCTOILeHUSI MeTab0JIMYeCKUX pe3epPBOB U INyOOKOT0
HapylleHUs1 MUKPOUUPKYIauud. O ¢ubpo3HOM 3aMellleHUHM QYHKLUOHAJIbHOM TKaHU
CBU/IeTE/IbCTBYIOT OTpHULIATE/IbHbIe KOPpPeJALMU 3KCIpeccuu a-SMA ¢ COKpaTUTeJbHBbIMU
6enkamu KMIL (ACTN2, TNNT2), a mosoxutenbHass cBa3b a-SMA c JI[AT' ykasbiBaeT Ha
CONPSKEHHOCTh GUOPOreHesa C JIOKaJIbHON TKaHeBOM runokcuei. B otinune ot 30-x CyTOK,
rJie HabJlo[anach KOMIeHcaTopHast Ba3oAuaaTayus (cBsa3b akcnpeccud ACTN2Z ¢ suameTpom
aptepuo), K 60-M cyTkaM pUOPO3 CTAHOBUTCSA AOMUHUPYIOIIUM GaKTOPOM, HapyLIAOLUM
MUKpPOLMPKYAANUIO. [losoKuTeslbHAaA CBAA3b MeX/JAy IJIOUdibl0 Ce4eHUs KallUJJISpPOB
u aktuBHOCTbIO C/I[, BeposATHO, fIBJsSeTCSd TEPMHUHAJbHOM KOMIIEHCATOPHOM peakluew,
HalpaBJIEHHOW Ha MOJiepKaHWe OKCHUTeHal WU OCTaBLIMXCS runeptpodupoBaHHbix KMII,
oaHako Ha ¢poHe cHmkeHUd [1CO u pocta CHU 3Ta peakius HeJJOCTaTOUYHA.

Ha k/eTo4yHOM ypoOBHE BbISIBJIEHHbIE KOpPpPEJSLUMU CBUJETEJbCTBYIOT 00 HCTOLIEHUHU
aJlanTallMoHHbIX pe3epBoB KMI| u mnepexose OT KOMIEHCATOPHOW rumneprtpoduu K
auctpopudyeckuM Hu3MeHeHUsIM. CoxpaHeHHe IOJIOKUTEeJbHOW cBA3M IMiomaau KMI| ¢
IJIOLA/AbI0 A/1pa IPYU OJHOBPEMEHHOM OTPULIATEJbHOU KOppeJaLUH I1o1aau kaetku ¢ 410
yKa3blBaeT Ha JUCcOaAJaHC HYKJIEO-IUTOMJIAa3MaTUYECKUX OTHOLUEHWH: POCT LUTOMJIa3Mbl
onepexkaeT (YHKIMOHAJIbHbIE BO3MOXHOCTH SJepHOr0 almapara, 4YTO MPUBOAUT K
HAKOIJIEHWI0 U36bITOYHOM IMTOINJIAa3MaTHYECKOW Macchl, He MOAJEePKaHHOW a/leKBaTHbIM
TPAaHCKPUNIMOHHBIM KOHTpoJieM M 3HeproobecrnedyeHueM [31]. CHmxeHue ALO mnpu
yBesudyeHud guamerpa KMIL Takke nmojTBep:KJaeT UCTOLIEHHE CUHTETUYECKHUX pecypCcoB
k1eTkU. 0co60ro BHUMaHUSA 3acayKMBaeT NapaoKcasibHasl AUHAMHUKA MUTOXOH/APUATbHON
vHTerpauvu. CuabHas npsamas koppenasanusa guamerpa KMI] ¢ konmnyectsBom MMK Ha nepBbii
B3IVIAJ, OTpa)KaeT aJalTHUBHYIO MEpPecTPOUKY 3HEPreTHUYEeCKOro anmnapara, HalpaBJIeHHYIO
Ha MojJepKaHhe COKpPaTUTeJbHOW QYHKLUUK runepTpodrpoBaHHOMN kJeTkH [28]. OgHako
OZJHOBpeMeHHas BblpaXKeHHasd oTpuLaTesibHasd cBA3b 3Kcnpeccuu ACTNZ ¢ MMK packpbiBaeT
NPUHLUIIMATBHO UHYI0 3aKOHOMEPHOCTh: popMupoBaHre MMK Ha 60-e cyTKH sKkcniepuMeHTa
acCOLIMMPOBAHO C Jerpajanyed CcokpaTuTesbHOro anmapata KMI. 3To cBUAeTe/NbCTBYeET
O TOM, YTO MHUTOXOHJpUa/IbHasg HHTerpanys MNpPOUCXOAUT MNpeumMyliectTBeHHO B KMI c
BbIPQXXEHHBIM IOBpeXJeHrneM MHUOGUOPU/LI, BEPOSITHO, KaK 3KCTpeHHas KOMIleHCaTopHas
peakiUsi, HalpaBJIeHHass Ha IMpeoJioJieHUe 3HeprofedUIUTa, OJHAKO 3TA peaklus He
CriocoO6HA MpPeAOTBPaTUTh CTPYKTYPHBbIM pacmaj, U mporpeccupoBaHue QyHKIMOHAJbHOM
HeJJ0CTaTOYHOCTH.

Ha cy0Ok/eTOYHOM ypOBHE BbISIBJIEHHbIe B3aUMOCBSI3W JE€MOHCTPUPYIOT TJIyOOKHM
JiucOasiaHC MeX /1y MUOPUOPUIJIIPHBIM U MUTOXOHZpUAJIbHBIM annapaTtamu. OTpunaTesabHast
Koppessilius MexJy O06beMHON joJsied MUOQUOPUJJI M OTHOIleHHeM MuOoUOpuUILI/
MUTOXOH/PUM yKa3bIBae€T HATO,YTO COKPATUTEJIbHbIE CTPYKTYPbl yTPAUYUBAIOTCS OBICTPEE, YEM
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3HepreTUYeCKHUe, YTO XapaKTEPHO JJil TEPMHUHAJIbHOM CTaiM CepAEevYHON HeJJOCTaTOYHOCTH
[29]. NlonoxkuTesnbHasA Koppeasuuss 060b€MHOM JO0JM MUTOXOHJPUH C UX KOJIUYECTBOM U
CpeZHeu IJI0Ia/|b0 MOXKET PacLlleHUBAThCA KAK KOMIIEHCAaTOpHAas TUIepI/ia3us MUTOXOHAPUH,
oaHako Ha ¢oHe oTpunaTesibHOU cBsAI3U ACTN2 ¢ C/II' cTaHOBUTCSA OYEBUAHBIM pPa30blIeHUe
MeX/Jy IHEeproNnpoAyKLHUeN U SHepPronoTped/IeHUEM.

KitoueBbIM HWHTErpajbHbIM MapKepoM Je30praHu3anuu Ha 60-e CyTKM 3KCIepUMeHTa
BoicTynaeT ACTNZ2 - CcTpyKTypHbIM 6eJlOK capKOMepoB, ob6ecrneynBaldil CTabUJIbHOCTb
cokpatuTesnbHoro amnnapata KMIL. Ero askcnpeccussi oTpuLaTeNbHO KOppeaupyeT C
kosimdyectBoM MMK, aktuBHocThio C/II, a Takxke ¢ akcnpeccuer a-SMA B ctpoMe. CHUKeHUE
ACTN2 conpsikeHO C yXyAlleHueM KpPOBOCHAaOKeHMs, MaJleHheM a3poOHOro MeTabo/vM3Ma
Y akTuBauue ¢ubporenesa. I[losoxutenbHble cBsi3u ACTN2 ¢ mapameTpaMHu 3KCIpecCUH
TNNTZ2 no3BoJiSIlOT NPEANOJI0XKUTb CTaIMMHOCTD Jlerpajalun capkoMepHbix 6esikoB: ACTN2
paspyluaeTcs paHblile, TOrAa Kak TponoHUH T coxpaHsieT sKCIpeccUlo A0JblIeE.

Takum o6pasoMm, k 60-M cytkam pasButusa JJOKC-unayuupoBanHo KMII xapakTtep
NaTOJIOTUYECKOTO TMpollecca MeHSeTCs: KOMIIEHCAaTOPHO-NPUCIOCOOUTE/NIbHbIE pPEaKIUH,
npeo6JsiaJilaBliMe Ha paHHEM 3Tale, CMEHSIOTCS Jle3aJlalTallMOHHbIM PEMO/IeJIMPOBaHUEM.
[Iporpeccupytomuii $ubpo3 Ha TKAHEBOM YpPOBHe ycCyryb6JisieT KalWUISPHY AUCOYHKIHUIO
Y TKAaHEBYIO THMIIOKCUIO, YTO CTUMYJUPYET MeTAab0JUYEeCKUN CABUT B CTOPOHY aHA3pPOOHOIro
IJINKO0JIM3a. Ha KJIeTOuHOM YpOBHE 3TO cCONpoBoXAaeTcs auctpodueit KMI, nposiBastonieiics B
cHmkeHUU A0 MyrHe TEHUM 3KCITPECCUU COKPATUTEbHBIX 0€JIKOB, TOT/Ia KaKHACyOKJIETOYHOM
ypOBHE HAOJIIOJAETCS CTPYKTYpHas Ae3UHTerpaius, XapaKTepUsywlascs Arccoluanyein
MeX/y Tullepl/ia3ueld MHUTOXOH/JPHUAJbHOrO amnmapata M Jerpagapued mMuooubpusa. B
COBOKYITHOCTH BbISIBJIEHHbIE U3MEHEHUS CBUETENbCTBYIOT 00 UCTOILEHUHN alalTalluOHHbIX
pe3epBOB MHUOKapZa, onpejesss HeoOpaTUMOCTb TOKCUYECKOTO MOBPeXJeHU U Nepexos K
JleKOMIIeHCalluu cepAedHOoN QyHKIUHU.

3ak/lo4eHue

B paMkax TmpoBeZleHHOr0 MCCJe0BaHUs BbIsIBJE€Hbl O0COGEHHOCTH MopdoreHesa
MHOKap/a NpU 3KCIePUMeHTaIbHOW KapAMOMHUONATHH, UHAYLUPOBAaHHOU JJOKCOPYOULIMHOM.
YcraHoBJ/ieHbl Haubosiee HHPOPMATUBHBIE MPOTrHOCTUYECKHE MOKAa3aTesH, KOTOpble MOTYT
ObITb UCII0JIb30BaHBI /1J151 BbISIBJIEHUsI paHHEH CTaZiu TOKCUYECKOT'0 TIOBPEX/AEHHUS MUOKapAa,
a Takxe JJis1 pa3paboTku 3G PeKTUBHBIX KAPAUONPOTEKTOPHBIX CPE/ICTB.

Bxiiag aBTOpoB
E.®. - npoBeJieHMe 3KCIEPUMEHTOB, HanvcaHue cTtaTbd; C.M. - pefjlakTUpOBaHUe TeKCTa
CTaTbH, YTBEPXAEHHNE OKOHYAaTE/JbHOT'O eé BapHaHTa AJid Hy6JII/IKaLlI/II/I.

KoHuKT nHTEpecoB
ABTOpBI 3a9BJAIOT 06 OTCYTCTBUU KOHPJIMKTOB UHTEPECOB.

COﬁJIlO,ZleHI/Ie ITUYECCKHUX HOPpM

Bce Inpoueaypbl, BbIIIOJIHEHHBIE B UCCTI€JOBAHUAX C Yy4aCTUEM X KUBOTHLIX, COOTBETCTBOBAJIH
3TU4Y€CKHMM CTaHAapTaM Yy4YpexJeHud, B KOTOPOM MNPOBOAWIHNCbL HCC/IE€JOBaHHA, U
YTBEPXAECHHBIM MEXKAYHAPOAHbLIM ITPABHUJIAM.
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EreyKy#HpbIK MHOKap/AbIHbIH, JOKCOPYGUIIMH-UHAYLMPIeHIeH KapANOMHUONATUACHI Ke3iHJe
rucTOMOpPPOMETPUSIBIK KOpCeTKiITepi

E.B. ®égopora*!, C.B. MaHbKOBCKas>
LZBesnapyco ¥ammoik FolabiM akademusicbiHbig Quauosozus uHcmumymol, Mutck, beaapyco

AnpgaTtna. JlokcopyGULMH TyJblpFaH KapAHMOMHONATHUSHbIH 3KCHEPUMEHTTIK MoJeJiHje
MHUOKapATbIH KYPbLJIbIM/AbIK KOMIOHEHTTePiHAeri MOpdOJI0rUsIbIK 83repicTep aHbIKTal/bl. AypYAbIH,
epLIYiHiH eH aKNapaTTbIK MapkepJepi 60i4bl: a-akTUHUH-2 (ACTN2; A = 0,0051, p = 0,005), xypek
TponoHuHi T (TNNT2; A = 0,0085, p = 0,008), cykiunataeruaporenasa (CAL; A = 0,0097, p = 0,010),
Jaktatgeruaporenasa (JIAG A= 0,0135, p = 0,014) )xoHe nmapeHXUMaJbIK-CTpoMab/bl KaTbiHac ([1CO;
A =0,0137, p = 0,014). AnblHFaH lepeKTep MUOKAPATbIH YbITTbl 3aKbIM/IJaHYbIHbIH, epTe CaTbLJIapbliH
aHBIKTayFa, COHJAM-aK *KaHA KapIMONPOTEKTOPJIbIK areHTTEPAiH THIMAIIriH 6aFasayFa KOChbIMINA
KpPUTEepUH peTiHJe KbI3MEeT eTyi MYMKIH.

Ty#iiH ce3aep: JOKCOPYOULIMH TYAbIPFaH KapAMOMUONATHS, YAbTPAKYPbIJIbIM, O-aKTUHHUH-2, )KYPeK
TponoHuHi T, a-Teric 6y/IIbIKET aKTUHI, IapeHXUMaJIbIK-CTPOMaJibJbl KATbIHAC
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Myocardial histomorphometry of rat in doxorubicin-induced cardiomyopathy

E.V. Fiodorova*!, S.V. Mankovskaya?
L2Institute of Physiology of the National Academy of Sciences of Belarus, Minsk, Belarus

Abstract. Morphological changes in the structural components of the myocardium were established
in an experimental model of cardiomyopathy induced by doxorubicin. The most informative markers of
disease progression were: a-actinin-2 (ACTN2; A = 0.0051, p = 0.005), cardiac troponin T (TNNTZ2; A =
0.0085, p = 0.008), succinate dehydrogenase (SDG; A = 0.0097, p = 0.010), lactate dehydrogenase (LDG;
A=0.0135, p = 0.014) and parenchymal-stromal ratio (PSR; A = 0.0137, p = 0.014).

Keywords: doxorubicin-induced cardiomyopathy, ultrastructure, a-actinin-2, cardiac troponin T,
succinate dehydrogenase, lactate dehydrogenase, parenchymal-stromal ratio
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