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B.A. Kamkun, b.A. [Ilaaab6aes, A.H. Kamaposa*

Topaiizvipos yrusepcumem, Ilasrodap, Kasaxcman
*Aemop 0rs koppecnondenyuu: aidanakamarova2@gmail.com

ITepcrieKTMBBI BO3AeAbIBAaHNS M IIPOM3BOACTBA KUIIpes
Y3KOAMCTHOTIO Ha ceBepoO-BocTOKe Kasaxcrana

Annoranus. Cmambs nocesiulena usyueHuto nepenekmue 6030eAvléanus U npoussoocnsan
Kunpes Y3KoAucmmozo Ha cesepo-éocmoke Kazaxcmarna. Ha ocrosanuy aHaAu3a AUmepamypHvlx
UCHOUHUKOS NOAYUeHb OaHHble 0 XUMUUECKOM cOocmase Kunpes Y3KOAUCHINO020, UMEI0LLe20
0ozamutii XuMuueckuii cocmag u OmAUUHble 6KYCO-apomamuieckue ceoticmea. LLupokuii cnexmp
MOAE3HBLX C60TICIME KUNpes. YSKOAUCTHO20 HAXOOUNT C60e NpUMeHeHUe 6 NULLeEDIX MEeXHOAOZUIX.
B cmamve daemcs onucarue MOpPOr020-0UOA0UMECKUX U IKOAOZUUECKUX 0coDeHHocmetl
MECTHBIX NONYASUULL Kunpes yskorucmmozo. ITpedcmasiervi pesyrvmamovt uHmpooyKuuu
KUnpes Y3K0AUCHHO20 € 4eAbI0 U3YUeHUs dPPeKMUsHLIX Memodos AeMHUX U 0CeHHUX 10Ce606 U
nocadox 6 ycaosusx Keresurckozo pationa Ilasaodapcxoii o0racmu. Msyuenvl ocoderHocmu
peror0zuU U MOPPOAOZUY PACTIEHUTI 6 3AGUCUMOCTITIL 0111 CPOKO6 U c1ocodos nocesa u nocadxu. Ha
OCHOGAHUL ~ Pe3YALIMAMOE UCCACOO6AHUL  6LISIGACHbl  ONMUMAAbHDIE NPUEMbL  AZPOMEXHUKU
SOIPAULUBANHUS KUNPes. YSKOAUCHO20 6 YCA0GUsx cesepo-eéocmoxa Kasaxcmana. ITpedroxertvl
adanmuposartvie K  MECHHbIM — YCAOGUSM — MEXHOAOZUU — 3A20M06KU U nepepabomxu
pacmumeAvHozo cuipvs 6 ¢umouair. Ha ocrosaruu anaiusa npodyKmusHoCHIU ecrnectgeHHblx
NONYAAYULL  KUNpes. Y3KOAUCHHO020, dPPexmusHocmu ex0 UHMpoOOYKUUU 6 KYAbmypy u
PULIHOUHOTL KOHDIOHKIYPOL NOKA3AHA IKOHOMUUECKAS NepCHeKmu6HOCHb NpoU3600CHea UeaH-1as
HA 0CHOBE MeCtH020 QUKOPACHIY14e20 U KYADHUBUPYEMO20 PACHIUIIEALHOZ0 CbIPDSL.

Karouesble caoBa: wunpeil yskorucmmviil, ueéan-uai, Chamaenerion Seg., azpomexwuxa,
Pumouait.

DOI: 10.32523/2616-7034-2023-142-1-6-16

BBeaenmne

B Hacrosmee BpeMms akTyadbHa TeMa NCIIOAB30BaHM U IlepepabOTKM  /eKapCTBEHHOTO
PacTUTEABHOTO CBIPbs, IIOIYASPHOCTh HAOMPAIOT DKOAOTMYECKM YICTBIE ITPOAYKTHI, HaIIpuUMep,
HaIuTKN (PYHKIMOHAaAbHOTO HasHaueHus — ¢urodan. Cerogns, B nepuod nangemun COVID-19, sto
0COOEHHO aKTyalbHO, T.K. IIPMCTaAbHOE BHUMAaHME YAEAdeTCS IOAAEP>KaHMIO M YKpPeILAeHUIO
MMMYHHUTETa, a TaKXke peaOuAuUTalMy IIOCAe Il€peHeceHHOro 3aboaeBaHms. Kak mssecTHO, 4Yait
(4epHBIil, 3eA€HBIil, TPaBsIHOI) SBAAETCSI OAHUM U3 CaMBIX PacIpOCTpaHEHHBIX HammuTKOB. OAHaKO
ynorpebaeHne KPeIKoro 4as He BceM AOCTYITHO IO MeAMITMHCKIM ITOKa3aHUAM, K TOMY >Ke He KaXKAast
MapKa 4Jas OTBeJaeT BceM HeoOXOAMMBIM TpeOOBaHNAM IMIIEBOI IeHHOCTU 1 Oe3orracHoCTI. B cBsism ¢
OTUM BO3HUKAaeT HEOOXOAVMOCTh B IIPOM3BOACTBE (PUTOYAEB U3 DKOJAOTMYECKU UNMCTOTO CHIPBS, C
HaMOOABIINIM COAep>KaHNEeM OM0A0TMYeCKY aKTVBHBIX COeAVIHEHNIA.

OCHOBHBIMI KPUTEPUSIMU A451 OTOOpa PacTUTEABHOTO CBHIPBSI SBASIOTCS: BBICOKOE COAep>KaHMe
010A0TMYECK) aKTVMBHBIX BEIleCTB, AOCTYIIHOCTh CBIPbS B IIPUPOAE, HECAOXHas TEXHOAOTUS €ro
KYABTVBVPOBaHII.

CoraacHo mposegeHHOMY aHaAK3y (AOPHI A€KapCTBEHHBIX pacTeHNI ceBepo-BocToKa KasaxcraHa,
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BBIAIBAEHO HanOo.lee IepCIeKTUBHOe pacTeHNe, OTBedalollee BCceM BBIIeN310KeHHbIM TpeOOBaHUIM —
KuIpen y3koAuCTHbIA. IIpoBegeHHbIe MapIIpyTHbIe MCCA€AOBAHUSA IIOKa3aAll 3HAauMTeAbHBIE
NpUpOAHBIE  3allachl JaHHOTO pacTeHus Ha Teppuropuu sKeaesuHckoro, basnayanckoro,
Mlep6axTunckoro n Kaumpckoro paiionos IlaBaogapckoit obaactu. I'aaBHBIM  AMMUTHUPYIOIIM
$aKTOpOM A4 MPaKTUIECKOTO WCIOAB30BAaHUS MMEIOIIErocs PeCcypCHOTO IIOTeHI[MaJda KHUIIpes: B
pernoHe sABASETCA OTCYTCTBME OIIbITa €ro BO3JeAbIBaHI:, 3arOTOBKM U IlepepabOTKM y MeCTHBIX
SKUTEeAEN U CeAbCKOXO3AMCTBEHHBIX IIPOM3BOAUTEALIA.

AAas yCTaHOBAEHMsI ONTUMAABHBIX IIPUMEMOB arpOTeXHMKM B yCAOBUAX JKeae3uHckoro parlioHa
ITaBaogapckoit 06aacty ObIAM 3aA05KEHBI BKCIIepUMeHTaAbHble IIA0MIAAKY 10 BEIPAIIMBAHUIO KUIIPes
Y3KOAMUCTHOTO.

Lleapio mccaesoBanus SBAAAOCH U3YYeHNME NEePCHeKTUB BO34eAbIBAaHNS U IIPOM3BOACTBA KUIIpes
Y3KOAMCTHOTO Ha ceBepo-BocToke Kasaxcrana.

Martepuaabl 1 METOABI MICCA€A0BAHNST

MccaeaoBannss MHTPOAYKIIMOHHOIO IIOTeHIMada AeKapCTBEHHBIX pacTeHMiI Ha TeppUTOpUM
Keaesunckoro paitona IlaBaogapckoit 064acTy BRIIIOAHEHBI B paMKaxX MHMIIMATUBHO-TIonckoBoit HVIP
B corpyaHudectBe ¢ KX «AcpraoB». bblan 3aa105keHbl ITpOOHbIe SKCIepUMeHTaAbHble I1AO0IaAKM I10
n3ydeHnio 5(QpQPeKTUBHBIX MEeTOA0B AETHUX U OCEHHMX IIOCEBOB U IIOCaJOK KUIIpes Y3KOAVCTHOTO B
ycaosusix XKeaesunckoro pariona IlaBaosapckoit o6aacrtu.

Aas IpOBeAeHNs I0A€BOI0 ONBITa IO MHTPOAYKIINY KUIIpesl y3KoAUCTHOro B asrycre 2020 n 2021
rosos OblA OpTaHM30BaH COOp CeMsAH KMUIIpes Ha MecTaX ero ecTecTBeHHOro Ipomspacranus. Ilepeg,
II0CEBOM KUIIpes MPOBOAMAM OTHEBYIO KyAbTUBAIIMIO AAs YHUYTOXKEHUs COPHON pPacTUTEeAbHOCTH.
Maygaaucey criocoObl IOceBa HEOUMIIIEHHBIMU CeMeHaMM U ApPa’kKMPOBaHHBIMI HEOUMIIIeHHBIMU
ceMeHaMU. /A5 TTOceBa HEOUNIIIEHHBIMI CEMeHaMI OCYIIeCTBASACA PYJYHON BBICEB COOPaHHBIX CeMsH
KUIIpesl IO BBIKXK@HOMY Y4acTKy € ILA0THOCTBIO roceBa 1000-1200 cemsan na Mm% Aas gpa’kmpoBaHIs
JICII0AB30BaAach KMAKasl CMeCh CeMsH KUIIpes 1 O1odapa ¢ MeCTHBIM CyTAMHKOM B cooTHomennmn 1:1 ¢
I10CAeAyIOIMM pa3OphI3IMBaHNEeM CMeCH U3 ABVKYIIerocs IIpuIieria Ipyu O4HOBPeMeHHOM I10ANBe U3
aBTODOOYKY C cODAI0AEHMEM TOM ke raoTHocTu rtocesa B 1000-1200 cemsia/m2.

C meapio M3ydeHus BereTaTMBHOTO Ppa3MHOXKEHU: KUIIpes: y3KOAUCTHOro B ceHTs10pe 2020 roga
ObLAM 3arOTOBAEHBI U BBICAKeHBI OTPe3Ku KOpHeBMIN Kuripes AamHoit 30-45 cM, cogep:kamme 4-7
nouek. KopHesuira BplcaskmBaanuch B 00po3AKM rayomHoi 2—2,5 cM 10 paHee BBIK)KEHHOMY y4acTKy C
Mexaypsaabamu 35-40 cm. Cepxy OOpO3AKM IIPUCHIIIAAMCH ITIOPOIITKOM OMoyapa TOAIINMHONM caos 3-5
MM. DKCIIepMeHT Ob1A ITOBTOPeH B ceHTsA0pe 2021 roga 1o Toi1 ke cxeme.

Pe3yabTaThl

Kvmpernt yskoancraeii  (Chamaenerion  Seg., VIpaH-dail) — MHOTOJeTHee, TpPaBsIHICTOE,
KOPHEOTIIPBICKOBO-CTep>KHEKOPHEBOe  /JeKapCTBeHHOe pacTeHMe, IIpUHAaAJAeXKalllee K CeMelCTBY
Onagraceae. /laHHOe pacTeHIe MOJKeT pacTl IpaKTndeckn se3ge. [Ipeanounraer cBexxue A€rkie IIOYBHI,
YMEpEeHHBIII KAUMAT ¥ XOPOIIO OCBEIIeHHBIe MeCTa, K II1040pOAMIO IIOYB He TpeOoBaTeAeH.
Bcrpewaercst 1o ropHBIM CKJAOHaM, JecaM, 3adeXkaM, BeIpyOKaMm 1 rapsiM Bcero Kasaxcrana xpome
nycreinb. B [TaBaogapckoit o6aactu BCcTpedaeTcs IIOBCEMECTHO Ha AeCHBIX TapsX U OIYIIKaX KOAKOBBIX
AecoB, HO HamOoAbIIlero odomams AocturaeT B JKeae3mHCKOM pailoHe, Ide IpM MHpou3pacTaHUM Ha
AYTOBBIX CTEIISIX OTAMYaeTcs HeBBICOKMM pocTtoM (90-110 cm) u 6oaee meakumu auctbsamu (5-10 cm).
3ariBeraeT 1 B MIOHE, IIA0A0HOCUT C Hauala MI0As. Y poxkartHOCTb AncTbes 0,5-0,7 Kr / M? B cCBeXXeM BuAe.

B noaaecke sapacraromiux rapei B ycAOBMIX OOABIIIErO yBAa>KHEeHMs BbICOTa gocturaer 160-170
cM, aAAnHa AncTbes 15-20 cM. YposkaiHocTs 1,5-2,0 Kr / M? AUCThEB B CBEXKEM Bue. 3allBeTaeT B KOHIIE
MIOHSI, IIA10A0HOCUT B KOHIIe MIOHS — HayaJe aBrycra.
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PasMHO>KaeTcs Kak CeMeHHBIM, TaK U BereTaTuBHBIM IyTeM. OIleHKa yCIIeIIHOCTU MHTPOAYKIINM
U TePCHeKTUBHOCTU B KyAbType IIpoBedeHa Ha OCHOBe 0aAAbHOM IIIKaAbl I10 KOMILAEKCYy OMoaoro-
XO3JICTBEHHBIX IPU3HaKOB, IpeaaokeHHblx P.A. Kapmnmconosoin (1978) [1] u aomoanennoi /.JI.
Tommaosoit (1982) [2]. COop chIpbst OCyIIeCTBASETCS C Masi 110 aBIyCT.

M3 xumpes y3KOAMCTHOTO IOTOBAT HAaIIMTOK — MBaH-4yail (Karopckmii 4aii). IleaeOHble cBoiicTBa
AAHHOTO HaIlMTKa M3BeCTHBI 4aBHO, U3ApeBAe MBaH-4yall IPUMEeHAAN B HapOoAHON MeaunnHe, B Poccun B
XIX Beke mMBaH-yall IPOU3BOAMAM B DOABIINX KOAMYECTBaX ¥ MMIIOPTUpPOBaAU B Apyrue crpassl. Ilo
UMeIOIMMCs  AaHHBIM, MBaH-yail IPUMEHsAeTCI KaK aHTMOKCHAAHTHOe, OOIeyKperasioliee,
IIPOTUBOBOCIIAAUTEABHO®, PpaHO3aXXUBASIONIee, KpOBOpa3 KrpKalollee, IIOAMBUTAMMHHOE,
IIPOTUBOANXOPaJ0YHOE CPeACTBO, a TaKKe IMPUMeHseTCs Ipy OecCOHHNIIe, TOAOBHBIX 004X, HeBpo3aXx,
aHeMIM, HapyIIeHNsAX OOMeHa BellleCTB 1 OHKOAOTMYecKnx 3aboaepansx. B ceonx nccaegosanmsix /A1.4.
HIunyanna, O.I1. IlleitueHko 1 Ap., U3yUMB raaA09AAaTOTaHHUHEI MBaH-4asl, OOHaPY>KIAM MX BBICOKYIO
IIPOTUBOBUPYCHYIO M YMEpPeHHYIO IIpOTMBOMMKPOOHYIO aKTMBHOCTh, a TaKXXe BbIpaskeHHOe
IIPOTUBOOIIyXOAeBoe JeiicTBie Ha opraHusM [3]. B Hacrosiee Bpems mHTepec K IIOYTH 3a0BITOMY
HaIlUTKy BO3pOAMACA Oaarogapsi ero YHUKAaAbHOMY XUMMYECKOMY COCTaBy, K TOMY >Ke 0cCOOYIO
IIeHHOCTh KUIIpeil Y3KOAMCTHBIN IIpuoOpeTaer 0aarojaps HaAM4MIO B €0 COCTaBe aAKaAOWUAOB,
CIIOCOOHBIX yAydIllaTh OOMeEH BelllecTB, KpOBOOOpallleHue, COCTOsIHMe HEpPBHOI CUCTeMBI, SABASACH
obesboansalonuM cpeactsoM. OTcyTcTBue B HeM KoderHa paciiupsieT 004acTb ero IIpUMeHeHNs
CpeaM caMBIX Pa3HBIX BO3PACTHBIX KaTeropuii, BKAIOYas OOABHBIX C apTepuaAbHON TIUIIepPTEeH3Meil,
IIOTOMY KaK KO(eH CITOCOOCTBYeT Cy>KeHUIO COCYAOB M YMEHbIIIeHNIO pJICKa BOZHMKHOBEHI I TPoMO03a
[4].

B mpoussoacTBe BO3MOKHO MCIIOAb30OBaHMe IpaKTUJIecK! Bcero pacreHus, T.K. y Chamaenerion
Seg. Bce opraHpl (Kak reHepaTuBHBIe, TaK I BereTaTUBHbIE) 001ajalOT Ae4eOHBIMU MAU TUIeBBIMU
csorictBamu. HambGoapmmii mHTepec IpeAcTaBAsieT HaA3eMHasl 4acThb KUIIpes Y3KOAMCTHOIO, T.K.
VIMeIOTCs OCOOEHHOCTY B XMMMYECKOM COCTaBe MMEHHO ®TON yacTy pacreHns. CoraacHo pesyabraraM,
noaydyeHHsIM P. V1. BaaoBwiM: «cogep>kaHme ©eAKOB B HaA3eMHOI YacTU pacTeHUs HaXOAUTCSA B
Koandecrse 12,2-16,4 %, camsm (moamcaxapuAbl, KOTOpble A€TKO IuApoausyiorcsa) — 8,8-19,4 %,
KaeTyatka — 13,1-26,0 %, ayonasnsie coeannenmst — 6,1-10,1 %, aaroumnans: — 1,0-1,8 %, anraun — 8,7-
13,8 %, xaopoduaa a — 5,1-8,0 mr/a, xaopopuaa b — 9,3-13,6 mr/a, xkaporus — 3,6-7,6 mMr %, pyTuH —
16027,72 mr %, sutamusn C — 56,4-225,1 mr %» [5]. Buomacca kurpest y3KOAMCTHOTO IMeeT A40CTaTOYHO
OoraTeiil ®aemMeHTHBINN cocTas, P. V. BaaoseiM 1 Ap. TakKe Obla 1MccAeA0BaH KadeCTBEHHBIN COCTaB U
KOAMYEeCTBeHHOe CoAep KaHMe XMMUJeCKuX D1eMeHTOB B Tpase Chamaenerion Seg. B pabote [6] Obrao
yCTaHOBAEHO «HaAm4ne 61 saemeHTa B HazeMHol 4actu pacrenus: Na, Mg, P, K, Si, Br, Li, B, AL, Tji, V,
Cr, Mn, Co, Ni, Cu, Zn, Ca, Se, Rb, Sr, Zr, Mo, Ag, Cd, Sn, Sb, I, Cs, Ba, La, Ce, Nd, Au, Be, Ge, As, Y,
Nb, Pr, Sm.». [lomumo sTOrO, pacreHme Ooraro MmarHueMm, moandOgeHom (0,44 mr), 6opom (6 Mr),
KaaueM, HukeaeMm (1,3 Mr), amtneMm, Kaabiue™m, TutanoM (1,3 Mr), HaTpueM M MHBIMM DAeMeHTaMu. B
Ha/A3eMHOI YaCTy pacTeHNs COAeP KUTC DOABIIIOe KOANYECTBO BUTaAMIHOB, OCOO@HHO MHOTO BUTaMMHa
C, ero cogepxaHme Bplle B 3 pa3za IIO CpaBHEHUIO C LUTPYCOBBIMM Ildogamu. Pasuble yactu
Chamaenerion Seg. cogepXkaT ¢gupHbIe MacAa, Cpeau KOTOPBIX AMMOHEH, 9BIeHOA, OeH3aabJerug,
deasanapen, 3-rexkcen-1-04, kamdeH, AMHaA004 U Apyrue [7].

Coraacno aanssim V. B. TToaexaesoit 1 Ap., B BereTaTMBHOI 4acTU pacTeHUs oOHapy>keHO 16
aMIMHOKICAOT, IIeCTh U3 KOTOPBIX HezameHyMbIe. 100 I cyXoro chIpbs KUIIpes: y3KOAMUCTHOTO ITOKphIBaeT
o1 5 20 10 % cyTouHOII TOTPeOHOCTH 4451 B3POCAOIO YeA0BeKa B He3aMeHIMbIX aMMHOKICAOTax [8].

Kumpeil y3KOAUCTHBIN SBASI€TCS OAHUM U3 BaXKHEMIINX MeJOHOCOB CpeAu AMKOPAaCTYIINX
pacrenuii [4]. B cpeaneit moaoce coop meaa ¢ 1 ra B pazandansie roasl Koaedaetcs ot 350—400 kr 240 500
600 xr, a B nepesode Ha caxap — 250-300 xr [9, 10]. Mea uBaH-uas 3eA€HOBaTbIli, O4eHb CAAAKUIA,
o0aasaeT MPUATHBIM 3araxom [11, 12].

Kumpeit o0aagaer 11eabIM  psAAOM  XO3SMCTBEHHO-LIEHHBIX IIPM3HAKOB, B CBSI3M C DTUM
IpeAcTaBAsieT MHTepec A48 KOpMonpoussoacTsa [13], ncrioan3yercs Kak B Buje 3eA€HON Macchl, TaK U
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Aas mipuroroBaeHust cuaoca [14, 15]. Vimeer xopolllee caxapOIIPOTeMHOBOE OTHOIIEHMe U SBAsAeTC:
XOPOLIIO CAOCYeMBIM pacTeHyeM B 4ncToM Buge [16, 17].

Kumpeit y3KoAMCTHBIN UCIIOAB3YeTCS B IMIIIEBOI IIPOMBIIILA€HHOCTY B KauyecTBe I104CAacTUTeAs B
’KeJe, CHpoIax X MOPO>KeHOM. V13 BBICYIIIeHHBIX KOpHeil AeAal0T MYKY AAs BBIIIEUKN AMabeTdeckoro
xaeba u1 kode [18].

PasMHO>KaeTcss Kumpen y3KOAMCTHBIM KaK CeMEHHBIM, TaK U BereraTuBHbIM myTem. CemeHna
Kurpest oueHb Meakue, Macca 1000 cemsH ero cocrasaser 0,048 r., B TO >ke BpeMs OH MMeeT BBICOKYIO
CeMEeHHYIO IIpoAYKTUBHOCTb. O4HO pacTeHMe IIpU Pa3AMYHBIX ycaoBuAx daeT oT 4000 ao 49140 cemsn
[19]. CeexxeyOpaHHBIe ceMeHa KMUIIpes: MMEIOT 4O0CTaTOYHO BBICOKME IIOKa3aTeAM BCXOXKeCTH, KOTopasd
aocturaet oT 97 20 99 %. B Hammx uccaeaoBanmsx oda cocrasuaa 96,4 %.

Ognako ceMeHHOI CIIOCOD ero pasMHOXKEHHs B YCAOBUAX IIPOU3BOACTBA TPYAHO OCYIIIeCTBUM,
rAaBHBIM OOpa3oM M3-3a MCKAIOUMTEABHO MEAKMX CeMsH KUIIpes, KOTOphle CIIOCOOHBI IIpopacTaTrh
TOABKO C IIOBEPXHOCTM IIOYBBI, B pe3yabTaTe uyero HaOAIOAaeTcs MaccoBas MAM TIOAHas Tubeab
IIPOPOCTKOB MPY MaJeIeM UX MOACBIXaHUM. Y KUIIpes IpopacTaioT AUIIb ceMeHa, HaXoAsIyecs Ha
IIOBEPXHOCTM TOYBHI B YCAOBUAX XOPOIIIETO IOCTOSIHHOTO yBAa>kHeHMs. MaaelImii He40CTaTOK BAaru
BeJeT K OBICTPOMY BBICBIXaHMIO I TIMOeAM IIPOPOCTKOB, KOPeIIKM KOTOPBIX B BTOT Iepuoj
IIpeACTaBAsAIOT cOOOJ OAHOKAETOUYHBbIe YAAMHEHHBble BOAOCKM. Meakue ceMeHa Kumpesi y3KOAMCTHOTO
SIBASIIOTCSI OAHOV M3 OCHOBHBIX IIPMYMH BBICOKOM TpeOOBaTeABHOCTM HTOIO pacTeHus K yCAOBMAM
IpopacTaHmsI.

PesyabraTel MHTPOAYKIIMM KHUIIpes y3KOAMCTHOIO IIOKas3aaAl, 4TO B ycaoBusx JKeaesmHcKoro
paiioHa ceMeHa KUIIpesl AaAM APY>KHbIe BCXOABI Ha 7 AeHb 1tocae ntocesa (TaGauma 1). ITpukusaemocts
BCXOJO0B COCTaBIAa y ceMeHHOTO criocodba rmocesa 80,0 %, y Apa’kmposaHHOTO criocoba mocesa — 73,5 %.
Xopor1ieil HPVKMBAaeMOCTM U IOSBA€HUIO APY>KHBIX BCXOAOB CIIOCOOCTBOBaAM OOMABHBIE AOXKAM,
npomreammme 1ocae 1ocesa. Caeayer OTMeTUTh, YTO HPMKMBAeMOCTb CeMsAH, OKa3aBIIMXCA Ha
MIHepaAN30BaHHOI 11040Ce, KOTOpast He I10ABepraach AeCTBUIO OTHs IIPY OrHeBOi 0OpaboTKe yyacTKa
cocTaBmuaa TOABKO 18 %, 4TO CBUAETEABCTBYeT O CTUMYAMPYIOIIEM AeVICTBUM 30AbHBIX DA€MEHTOB Ha
Hayva/bHbIe DTaIlbl JKM3HU pacTeHUI KUIIpes..

PasBuTie BCXoA0B 11110 40CTaTOYHO MeAAeHHO, U TlepBble HaCTOSIIe AMCTOYKU OSABUANCH Ha 8—
12 a2enp OT MOMeHTa X IOsIBAeHN:. /| AMHa I1aBHOTO KOPHs y pa3AMYHBIX CIIOCOOOB IT0CeBa cocTaBuaa 6
cM, a OOKOBBIe KOPHM BapbUpOBaAul AAMHONM OT 3,5 CM y CeMeHHOro crocoba mocesa 40 2,8 cM y
ApakupoBaHHOTO criocoda rocesa. CpeaHsis AAMHaA BCXOAOB OT IIEPBOTO HACTOSIIIEIO AMCTa y IepBOTo
criocoba 1mocesa cocrasuaa — 5,0 MM, y BToporo criocoba nocesa — 4,0 mM. ITocae obpasosanms mepBbIX
2—4 map HaCTOAIINX AVICThEB, CPeAHsISI BBICOTa BCXOA0B COCTaBIAa Y CEMEHHOTO criocoda rmocesa — 1,7 cvm,
y ApakupoBaHHBIX ceMsiH — 1,5 cM. B aeTnuit nmepmog 0b1a IIpousBegeH 3aMep BBICOTBI pacTeHNs Ha
OIIBITHOM y4acTKe, KOTOpasl COCTaBuJa y CeMEHHOTO crocoba moceBa — 15 cM, y ApakupOBaHHOTO
criocoba rmocesa — 13 cM.

Tabamniia 1
Passurme Kumpest y3Kk0AUCTHOIO B 1-104 XuU3HU
Opy pa3aM9IHBIX CIIOCO0aX Imocesa
Crocod Cpeansis JaviHa OOKOBBIX Cpeansis Aa1HaA BCXOA0B Cpeansisa BpIcOTa
roceBa HPYKMBA KOpHeIl, CM. crebaert, cM
€MOCTh B | BHayaJe | B KOHIle | OT IIepBOIO 2-4 map ITepsomn Bo
%. 1- roga 1-roga | HacrosIIero | HaCTOSIIMX | AeKajbl BTOpOI1
SKU3HU SKU3HU AVICTA AVICTBEB VIOHS Aekaze
CEeHTAOp:
ceMeHa 80,0 3,5 14,0 5,0 1,7 15 26
Apa>kpoBaH 73,5 2,8 9,0 4,0 1,5 13 22
HbIe ceMeHa
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Brikonka BCxo40B, IIpoBeJeHHasl B KOHIIe aBIycCTa, I0Ka3aaa, 4TO y pacTeHMI IIepBOTo roja SKIU3HI
UJAEeT B OCHOBHOM (OpMIUpOBaHUE KOPHEBON CICTEMBI U 3aKAadKa ITOYeK BO30OHOBAeHI:. KopeHs B
TpeTheil JeKajde aBIycTa paspacraeTcss Ha rayomHe 9-14 cM, B OCHOBHOM B TOPM30HTaAbHOM
HallpaBA€HUM U pacTeT IpeuMYyIecTBeHHO B O4HOM HallpaBaeHuu. Bo BTopoit gexase ceHTsAOps BbIcOTa
cTrebAell KUIIpesl y CeMeHHOTO criocoda ItoceBa cocTaBmAa 26 €M, y 4pa’kKIMpPOBaHHOTIO cIIoco0a rmocepa —
22 cM, oOpa3oBaHIsI COLIBETII He Ha0A104a40Ch.

Takum oOpasoM, Mo pesyabTaTaM IIOAY4eHHBIX AAHHBIX B XOJAe 9KCIePUMEHTa HauAydInii
Croco0 IoceBa CeMsIH KUIpesl Y3KOAMCTHOTO sABAsAETCS II0CeB HeOUMIIIeHHBIMM HeApakMPOBaHHBIMU
cemenamu. ITproxuBaemocts ceMsH cocrasuaa 80,0 %. AanHaa OOKOBBIX KOpHeIL: 3,5 cM 1 roa >KU3HU 1
14,0 cMm B xoH1Ie 1-rO roga >ku3HN. CpeAHsI BBICOTA pacTeHNsI COCTaBuAa 26 cM.

Kak wm3BecTHO, Kumpeil OTHOCUTCI K KOPHEOTIPBICKOBBIM pacTeHMsM. OpraHaM1u ero
BereTaTBHOTO  pPa3MHOXKEHUs  sBASIOTCA ~ KOpPHeBble  OTIIPBICKM, IIpeAcTaBAsIoNIe  coOoi
BIAOM3MeHeHHble KOPHHU C IOYKaMMy, pacriodaraiomyecs Ha rayonse ot 3,0 40 20,0 cm. Ot xopHeBbIX
OTIIPBICKOB, pa3pacTalOlIMXCs [IPeMMYIIeCTBeHHO B TOPM30HTaAbHOM HallpaB/AeHNM, U IIPOUCXOAUT B
OCHOBHOM €0 BereTaTMBHOE pa3MHO>KeHIe.

Ilpn noasuMHell Imocaldke BCXOABI BEeCHOM IIOABASIOTCA Ha ABe-TPU HeJeAM paHbllle II0
CpaBHEHMIO C BeceHHell Iocagkoit. HaGaroaeHwns, mposedeHHBle 3a IpOXOXKAeHMeM ¢a3 pasBUTHS,
nokasaan (Tabamma 2), 94To pacTeHMsI OCEHHEIO CpoKa IOCaAK! OIlepeXkaall B CBOEM pPa3BUTUN
pacTeHus BeCeHHel I10CaAKu.

Tabamria 2
®eHOA0TMYECKIIe OCOOCHHOCTH KUIIpesI IIPU Pa3AMYHbIX CPOKaX MOCaAKM
Pocr u
Cpoxkn Aara ITosaBaenne paspirriie CospesaHnne
11o6eros byronmsaums | Liserenne
IocaAKu IocaaKm BCXOA0B ceMsIH
3eaeHas
«eA09Ka»
Ocennnit 10.09 01.05 01.06 28.06 11.07 15.08
Becennnit 15.05 10.06 09.07 - - -

DTO CBA3aHO C TeM, 4YTO HpU IIOA3MMHEl II0CajKe CO3Jal0TCA HauAydIlIne YCAOBUS AAs
YKOpeHeHMsI KOPHeBMIII, I BeCHOI KOpHeBUIIa, MCII0AL3Yysl OOABIIION 3arac BAary, cpasy Iocae cxoja
cHera, OBICTPO IpoOpacTalOT U AAIOT APYKHbIe BCXOABL. Y pacTeHMII BeceHHero cpoka II0caJKU B
cepeayiHe MepBOIl AeKaabl M0 cpOpMUPOBaAUCh Haa3eMHble ToOern. ITo KauecTBeHHBIM ITpM3HaKaM
U OMoMeTpMyecKuM IIOKazaTeAsM B IIEepPBLII TIOJ >KM3HM pacTeHMs] BeCeHHero CpoKa I1ocalKu
HaXOAMANCH B BUPTMHUABHOM COCTOSIHUM, MMeAM TUINYHbBIe AAsl AaHHON >KM3HEHHOI (POPMBI YepTEl,
HO K IIBETEHMIO He IPUCTynuAu. B aBrycre-ceHTsA0pe OTMeyaAcs MHTEHCHUBHBIM POCT IPUAATOYHBIX
KOpHell, Ha KOTOPBHIX 3aKAaAblBaAMCh MHOTOYMCAEHHBbIE IPUAATOYHbIe IIOYKM BO30OHOBAEHUA. Y
OCEHHero Cpoka II0CaAKM Ha BTOPOI IO/ >KM3HU y>Ke OTMedaeTcs HacTyIlJAeHMe TeHepaTMBHBIX (as:
OyTOHM3aINs, IIBEeTeHNs U CO3PeBaHIe CeMSH.

Mopdomerpudecknii  aHaAM3 Pa3HOBO3PACTHBIX paCTeHUII KHUIIpes Y3KOAUCTHOIO —JaAa
caegymoniue pesyapraTsl (Tabanma 3).
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TabGawniia 3
Mop¢domeTpuueckas: XxapakTepUCTUKa pacTeHMI KUIIpesl Y3KOANCTHOIO
Uncao
Bcero
Mupuna | Aanna Aavna ceMsTH Macca Bricora
Cpoxn HPIKIAOCH y
ANCTA, AICTA, | COLIBETUS, B 1000 pacTeHmii,
OCaAKM JepeHKOB,
% CM. cM cM KOpPOOOUKe, ceMsIH, T cM
IIIT.
OcenHun 84,5 1,8 10,4 15-35 4500 0,043 73,5
Becennmnit 65,7 0,9 6 - - - 50,0

ITpu ocenHelt 1ocaake B KOHIIe CEHTAOPs MPUKIBAeMOCTh YepeHKOB Oblaa Hanboaee BLICOKOL, He
HIoKe 84,5 %, 1Ipu BeceHHeM CpOKe ITOCaJKM IPVKIBAaeMOCTb YepeHKOB cocTasuaa 65,7 %. Cpeausis
BBICOTA pacTeHNi, cpOpMUPOBABIIMXCSI B IEPBBIN I0J >KM3HM, B BapMaHTax ombita Obiaa 50,0 cM.
BricoTa pacrenmii, cpopMuUpOBaBIIIIXCsI BO BTOPOI IO/ >KM3HM, IIPY OCEHHEM CPOKe IOCaAKI COCTaBlAa
73,5 cm (mpmbaska 23,5 cM) cootsercTseHHO. Hanboablas 44MHa 1 IMpUHA AUCTbEB OTMedYeHa IpU
oceHHeM cpoke mnocadku 10,4-1,8 cm. Ilpm Becenmeit mocagke B 1 roa >kusHmM pacreHus ¢asa
OyTOHM3aMM He OTMeyaeTcs, eCTeCTBEHHO, COIIBETI:I B IIepBBI To >XusHM He (popmupyiorcs. Ipn
OCeHHeM CpOKe IOcaJK! Ha BTOpPON TIoJ >KU3HU yKe (OpMUpPYeTCs COILBeTUs, AAMHa KOTOPOTO
cocTaBmaa OT 15 20 35 cM. Uncao cemsn B kopobouke 4500 11T, mpu macce 1000 cemsan — 0,043 1.

Takum oOpasoM, Ay4IIMM CpPOKOM IIOCaJKU Kuilipes sBaAseTca oceHHmil. Ilo pesyabraTam
HabAI0AeHM:, 3a TIpOXOXKAeHneM (a3 pa3BUTUA IIOKa3aAM, YTO PACTEHMs] OCEHHETO CpOKa IT0CagKu
orepe>kaau B CBOEM Pa3BUTUM pacTeHNs] BeCeHHell IocaAKy. DTO CBA3aHO C TeM, 4TO IIpU MOA3UMHe
rocajke CO3JalOTCsA HaMAydllle YCAOBUS AASl YKOpeHeHUs KOPHeBMIN, M BeCHOV KOpPHeBMUINa,
UCII0AB3Yysl DOABIION 3aIlac BAary, Cpasy IIocJde CXO4a CHera, OBICTPO HpoOpacTaioT U AalOT APy KHBbIE
BCXOABI, COLIBETIISI OOpasyeTcs y>Ke Ha BTOpoii ro >xusHi. [1o mokasareasm nprxusaemoct (84,5 %) u
BBICOTBI pacTeHuit 73,5 cm (mpmbaska 23,5 cM), COOTBETCTBEHHO, TaK >Ke HaMAYYIINIl pe3yAbTar
Ha0A104aACs1 IIPY OCeHHEM CpOKe IOCaAKI.

Textorozus npoussodcmea uear-uas. TeXHOAOTMYECKII ITPOIIecc IMPON3BOACTBA MBaH-4asl U3 KUIIpes
Y3KOAUCTHOTO 4OBOABHO ITPOCT ¥ COCTOUT U3 CAeAYIOIIMX DTAIlOB: COOP ChIPhs, OABsAAMBaHIE AUCTHEB,
ckpydmnBaHue, ¢depMeHTallls, BBIIIEKaHMe I AOCyllIMBaHMe Ha BosAyxe. /lydlllee BpeMs 3arOoTOBKM
AUCTBEB — A0 HayaJa IIBeTeHU:A. B MIOHe AMCThs 3aroTaBAMBAIOTCA B YCAOBMSX AYTOBBIX CTeIleil, a B
IoA/AecKe BOCCTaHaBAMBAIOIIMXCS A€CHBIX rapeil 3aroTOBKa BO3MO>KHa A0 cepeAMHbI nioas. Haunnas ¢
cepeAuHBI MIOASl UM AO Hadada aBrycTa B ycaoBusx JKeae3mHCKOro palioHa KadyecTBO ANCTHEB
CTpeMUTeAbHO MajaeT. IlapaaaeabHO ¢ 3aTOTOBKOI AMCTheB MOKHO 3arOTaBAMBaTh B OTAeAbHbIe MEeIIIKI
usetku xumpes. [Tpu sToM caeayer naberaTh cOopa CTPYYKOB, KOTOpPble BIIOCAEACTBUI OTKPOIOTCA U
BBIITYCTAT IIy4OK OIYIIeHHBIX CeMsH, CUABHO CHIDKAIOIIMX KauyecTBO U TOBapHOCTh
3aroTosAeHHbIe IIBeTKM (AeI1eCTKM) CAeAyeT CYyIIUTh OTAeAbHO OT AMCTheB 445 COXPaHEeHMUs MX PO30BOil

CBIPDA.

okpackn. IIpu cymke okpacka CMeHMTCS Ha ITypIypHO-PMOAeTOBYIO. BriocaeacTsmm BHICyIlIeHHbIE
AeTIeCTK MOTYT OBITh 400aBAeHBl K (pepMEeHTUPOBAHHBIM AVCTBAM AAsl YAyUIIeH)s BHEIIHeTro BUJa
yas. XpaHeHMe UBaH-4yas CAedyeT OCYIIeCTBAATh B ILAOTHO 3aKPBITOM CTeKASHHONM IIOCyJe.
[IpnbGan3nTeabHO B TedeHMe Mecslla B 9ae IPOUCXOAUT Cyxoe (pepMeHTHpoBaHMe. 3a DTO BpeMs Jail
npuoOpeTaeT CBOI XapaKTepHblii BKyc. CpOK TO4HOCTM BBICYIIIEHHOTO Yasl cocTaBAaseT 2 roga. Visan-vait
13 (epMeHTUPOBaHHBIX ANMCTbEB KUIIpes IIpY IIPaBUABHOM IIPUTOTOBAEHMM U yHOTpeOAeHnn
OKa3bIBaeT MATKOe TOHM3UPYIOIee AeliCTBIe Ha OPTaHM3M, He BhI3bIBaeT 11obouHoro adpdexra [20].

¢apmaxoaornaeckas

q)apMaKOAOFI/ILIECKOFO ,Zl,eI7ICTBI/UI, HapsiAy € OTAMYHBIMU BKYCO-apOMaTN4eCKMMU CBOI?ICTBaMI/I, SIBASIOTCA

Bricokas aKTVIBHOCTbD IBaH-4as1 u H_U/IpOKI/Iﬁ CIIEKTp ero

IIPUYMHOM er0 BOCTpeDOBaHHOCTM Ha PhIHKe pacTUTeAbHBIX ITpertapaTtos. CoBpeMeHHas pbIHOYHAs IjeHa
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dpepMeHTHPOBAHHOTO MBaH-4asg cocTaBAsdeT 19 TeIC TI/KT, 4TO mpm ypoxkainHoctu B 4,3-12,4 11/ra
I103BOAsIeT MOAy4daTh cpeanuit 4oxoa B 15 865 toic. Tr ¢ rekrapa. OamH cOOPIIMK BPY4YHYIO 3a A€Hb
cobupaet 20-25 Kr AUCTbEB, UTO B IlepecyeTe Ha CyXyIO MacCy COCTaBAseT 4-5 xr. Ha 1 rexrap
cpeaneit yposxxaiHoctu 8,35 11/ra Tpedyercst 36 4eA0BeKO-AH: pabOTHI IT0 COOPY PacTUTEABHOTO CBIPBS.
OrpaHnyeHHOCTh Ce30Ha 3aroTOBKM ANCTbEB IIepUOJOM JBe HeJeAU OT Hadada OyTOHM3alluu AO
IIO/AHOIO IIBeTeHNsI OOecrieunBaeT 3 pabOUMX MecTa Ha TeKTap 3a CE30H.

BeiBoabl

Ha ocHoBaHum mnpoBeseHHOTO aHaAM3a AUTEPATYPHBIX MCTOYHMKOB, BBISBAEHO, YTO KUIIpeN
Y3KOAUCTHBINI COAEP>XKUT OO0ABIIOe KOAMYECTBO OMOAOTMYECKM aKTMBHBIX BeIeCTB, BaXKHBIX A4
opraHu3Ma yeaoBeKa 1 004ajaeT BLICOKOMN KM3HeCIIOCOOHOCTBIO, oOeciednBaloleil ero 3HadMuTeAbHbIN
NpUPOAHBIN 3anac. IIpuBeseHHbIe JaHHbIE O XMMIYECKOM COCTaBe KUITpesl Y3KOAMUCTHOTO yKa3bIBaloT Ha
BLICOKO®  COA€ep>KaHue B HeM BUTaMMHOB, AaMMHOKICAOT, MakKpo- ¥  MUKPODAEMEHTOB,
00ycAaBAMBAIOIIMX ero JAedeOHbIe CBOJICTBA, TaKUM OOpa3oM, MOXHO cCJeAaTh BBIBOJA YTO CBONCTBa
KUIIpesl y3KOAMCTHOIO INNpe, YeM y Kaaccudeckux 4aeB. CaeaoBaTeAbHO, KMUIIPE Y3KOAVICTHBIN
SABASETCS IIePCIEeKTUBHLIM PAaCTUTEALHBIM CBIPbEM AAs MPOM3BOACTBA pPsja LEHHBIX IIPOAYKTOB
340pOBbsl, B YaCTHOCTY HAaIIUTKOB (PYHKITMOHAABHOTO Ha3HauYeHus — QpUTOYaes.

B xoae mccaesoBaHmit OblA BBISABAEH HAUAYYIINII CIIOCOO BO3JAeABIBAHMS KUIIPes y3KOAMCTHOTO.
IIo pesyabprataM IIOAyYeHHBIX AAHHBIX, IOKa3aTeAy II0CeBa HEOUMIIEHHBIMU HeApaKMPOBaHHBIMU
ceMeHaMI BBIIIIe TI0 CPaBHEHMIO C APa’kKMPOBaHHBIM CIIOCOOOM r1oceBa ceMsH Kutpes. [To pesyapratam
IIOAYy4YeHHBIX AAHHBIX, AYYIIMM CPOKOM IIOCagKM KMUIIpesl Y3KOAMCTHOTO OblA OIpejeleH OCeHHUII
IepuoJ, MOTOMY KaK pacTeHMsI OCEHHEeIo CpOKa ITOCaJK! ONepeXaau B CBOeM Pa3BUTUM PacTeHM:
BeceHHell nmocagku. Haamdue 304bHBIX 51€MEHTOB B IIOYBe OKa3blBaeT CTUMYAUPYIOIee BO34eICTBIe Ha
MpopacTaHue CeMsH U Pa3BUTIE MOAOABIX PaCTeHNIA.

Vcroab3oBaHme COBpeMEHHON TeXHUKM, TeXHOAOIUM BO3JeAbIBaHMA U ODOpPYAOBaHUS
CeABCKOXO3AMCTBeHHBIMI  NPEeATIPUATUAMU ¥ YaCTHBIMU  (PepMepCKUMM  XO3SVCTBAMM  ITO3BOAUT
COBpeMeHHBIM (pepMepaM ITepeiiTy Ha HOBBI TeXHOAOTMYeCKNII YPOBeHb pa3BUTHU, 0OeCIIednTh HOBbIe
paboune Mecra, 4TO OyJeT CIIOCOOCTBOBATh YBEAMYEHUIO ITPOM3BOACTBA, IOBBIIIEHNIO KOAMYECTBa
KauyeCTBEHHOIO  ChIPbs,  OTBEYAIOIIEr0  MEeXAYHapOAHBIM  CTaHAapTaM, Ha  pPBIHKe,  AA4d
dapmarieBT4ecKoll IPOMBIIIAEHHOCTM ¥ YacTHBIX AWIl. BosjeablBaHme JAeKapCTBEeHHBIX TpaB
peKoMeHAyeTCsl XO35IICTBaM, Iie eCTh HeoOXOAUMBbIe Kaaphl 4451 yXO4a 3a IocesaMu 1 cOOpa rOTOBOI
MPOAYKLIIA.

®unaHcupoBanme. CTaThbsl BHIIIOAHEHa B paMKaxX (pMHaHCHUPOBaHU: 10 OI0AXKETHOI IIporpaMmme
217 «Passutme Haykm, noanporpamma 102 «I'panToBoe (puHaHCHpOBaHME Hay4HBIX MCCAeAOBAaHMI 3a
cyeT CpeACTB peciyOAMKaHCKoro Oioaxera». VIPH AP(09561718 «JIsyuyeHne WHTPOAYKIIMOHHOTO
IIOTeHIIMala AeKapCTBeHHBIX pacTeHni1 cesepo-Boctoka Kasaxcrana».
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B.A. Kamkus, b.A. I[llaaa6aes, A.H. Kamaposa
Topaiizvipos yrusepcumemi, Ilasaodap, Kasaxcman

KasakcTaHHBIH COATYCTIK-IIBIFBICHIHAA JXKiHIIIKe JKaIIbIPaKThl KYPEHOT OCipy XK9He OHAipy
nepcreKkTuBaaaphl

Apgarma. Makasa Ka3akCcTaHHBIH COATYCTiK-IIBIFBICBIHAA KIiHIIIIKe >KaIlbIpaKThl KypPeHOT ecipy
JKeHe OHJipy IepcleKTuBaJapblH 3epTTeyre apHaAraH. O4e0u agepekkesjepai Taaday HerisiHAe Oait
XMMMSABIK, KYpaMBbl KoHe KepeMeT XOII MICTi KacueTTepi Oap, >KiHIIIKe >KaIIbIpakKThl KYPEeHOTTHIH
XMMMSAABIK KYpaMbl TypaaAbl MaaiMeTTep aabiHABL JKiHillke >KamnplpakThl KYpPeHOTTHIH IlaiilaAbl
KacleTTepiHiH KeH CIeKTpi, OHBIH TaraMABIK TeXHOJAOIusAAapda KOAAaHBIAYBIH Tabaabl. Makaaaga
JKepriAiKTi KiHiIlIKe JKarbIpaKThl KYPeHOT IOy AIMsAapbIHBIH MOP(OAOTUAABIK, OMOAOTUAABIK JKoHe
DKOAOTUAABIK, epeKIleaikTepi cumarraaraH. IlaBaosap oOapiceiHbIH JKeae3uH aysaHbl >KargaliblHAa
>Ka3rbl JKoHe KY3Il eTriCTiKTep MeH eKleaepaiH TuiMAl 94iCTepiH 3epTTey MakcaTbIHAQ, >KiHiIIKe
KaItbIpaKThl KYPeHOT MHTPOAYKINSACHIHBIH HOTIUKeAepi YChIHBLAABL. OciMaikTepAiH (peHOA0rMACk MeH
MOPQOAOTUCEIHBIH epeKIeAiKTepi ery >KoHe OTHIPFBI3Y Mep3imaepi MeH aJicTepiHe OallaaHBICTHI
3eprreaai. 3eprrey Hotmkecinae Coarycrik-Ibirpic Kasakcran xxaraaiiaapbiHaa SKiHiIIKe >KalblpaKThl
KYPEeHOT ecipyAiH OHTallAbl arpOTeXHNIKa Taciagepi aHbIKTaaAbl. JKepriaikTi >Karaaiiaapra OeitiMaeareH
eCiMAIK IIMKi3aTBIH IOl IaiblHa JaliblHAQY >KoHe ©eHJey TeXHOAOTMsAAaphbl YCbIHbLAABL. JKiHimike
JKaIBIPaKTBl KYPEHOTTBIH TaOuFM MOMyAsSNVAAApPbIHBIH ©HIMAIAITiH, OHBI MoJeHMeTKe eHIi3yAiH
TUIMAIAITNIH >K9He HapBIKTHIK KOHBIOHKTYpPaHBl Taljay HerisiHAe >KepriaikTi >kaOaiflbl eceTiH >KoHe
ocipizeTiH ©ciMAIK IIMKi3aThl HETi3iHAe MBaH-IIAl OHAIPYAiH DKOHOMMKAALIK II€PCIIeKTUBACHI
KOpCeTiATeH.

Tyitin cesaep: XiHilllke >KaIlbIpaKThl KypeHOT, uBaH-mnait, Chamaenerion Seg., arpOTeXHUKa,
¢uromrari.

V.A. Kamkin, B.A. Shalabaev, A.N. Kamarova
Toraighyrov University, Pavlodar, Kazakhstan

Prospects of cultivation and production of fireweed in the north-east of Kazakhstan

Abstract. The article is devoted to the study of the prospects of fireweed cultivation and
production in the northeast of Kazakhstan. Based on the analysis of literary sources, got data on the
chemical composition of fireweed, which has a rich chemical composition and excellent taste and
aromatic properties. A wide range of useful properties of fireweed finds its application in food
technology. The article describes the morphological, biological, and ecological characteristics of the local
populations of fireweed. The results of introducing fireweed, to study the effective methods of summer
and autumn sowing and planting in the conditions of the Zhelezinskii district of the Pavlodar region,
are presented. The features of phenology and morphology of plants, depending on the timing and
methods of sowing and planting, were studied. Based on the results of the research revealed the optimal
methods of agrotechnics of growing fireweed in the northeast of Kazakhstan. Adapted to local
conditions, technologies of harvesting and processing plant raw materials in Phyto tea were proposed.
Based on the analysis of productivity of natural populations of fireweed, the effectiveness of its
introduction into the culture and market conditions the economic prospects of production of Ivan tea
based on local wild and cultivated plant raw materials.

Keywords: fireweed, ivan-tea, Chamaenerion Seg., agrotechnics, phyto-tea.
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Mechanisms of plant responses to salinity stress

Abstract. Environmental stress is a major area of scientific interest because it limits the
productivity of both plants and crops. Anthropogenic activities have exacerbated the issue even
more. As a result, salt stress appears to be a significant barrier to plant and crop productivity.
Salinity has a variety of effects on plants, including osmotic effects and ion-specific toxicity, as well
as proline accumulation and sulphur assimilation. Plants known as halophytes have a high salt
tolerance, allowing them to survive and thrive in extremely saline conditions. The study of
halophytes aids our comprehension of important adaptations required for survival in high salinity
environments. Therefore, enhancing plant salt tolerance as well as increasing agricultural yield
and quality of crops in saline lands is of vital importance. Here, we look at what we know about
how salinity affects plant metabolism and how plants deal with it.

Keywords: salt stress, Salicornia and Sarcocornia Plants, sulfur assimilation, proline
accumulation, reactive oxygen species (ROS), halophyte plants.
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Introduction

Over time, plants have developed several adaptation strategies to changing environmental
conditions such as temperature, light, mineral concentrations, water, and other abiotic, biotic factors.
One of the oldest and most significant worldwide abiotic pressures impacting agricultural output is soil
salinity. According to the Food and Agricultural Organization (2008), salt affects around 6% of the
world's total land surface or roughly 800 million  hectares of land
(http://www.fao.org/ag/agl/agll/spush/). Furthermore, by 2050, it is estimated that roughly half of all
arable land would be damaged by salt stress [1,2]. As a result, there is a pressing need to develop
approaches to mitigate the negative impacts of salt stress and to implement measures to boost crop
yield in saline environments. Salinity has an impact on a variety of physiological processes in cell
metabolism, including photosynthesis, protein synthesis, energy, and lipid metabolism, as well as
causing growth reduction. Plant growth is influenced by ionic and osmotic effects, nutritional
imbalances, and oxidative stress. For sustainable crop production, it is therefore vital to understand the
physiological processes and molecular mechanisms that plants use to build salt resistance [3,4].

Salt Stress: Consequences and Mechanism of Detoxification

Plants are affected by soil salinity in two ways. High salt concentrations in the soil make it
difficult for roots to draw water, and high salt concentrations in the plant can be hazardous [6,7].

Salt stress causes plants to accumulate excessive amounts of sodium (Na*) and chloride (Cl),
disrupting the vital nutrient balance. Plants adapt to salt stress to maintain a suitable K*/Na* ratio in the
cytosol. Furthermore, excessive formation of reactive oxygen species (ROS) that obstruct physiological
activities is an inescapable consequence of elevated Na* and CI- buildup in plants. High levels of
reactive oxygen species (ROS) can oxidize photosynthetic pigments, proteins, lipids, and nucleic acids
[8,9]. In transgenic cabbage plants and salt-tolerant cultivars, controlling ROS generation and
scavenging in the chloroplast has been demonstrated to be critical for salinity tolerance [9,10]. ROS
serves as a stress signal, triggering acclimation and defense systems that, in turn, mitigate stress-related
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oxidative damage [11-13]. H2O? generated by apoplastic polyamine oxidase has recently been
demonstrated to alter salinity stress signaling in tobacco and to play a role in the plant response balance
between stress tolerance and cell death [14,15]. DNA damage from excessive ROS generation includes
base deletion, pyrimidine dimers, cross-links, strand breakage, base modification, and activation of
programmed cell death [16]. As a result, plants have numerous detoxification systems to protect cellular
components from ROS [17].

Plant salt tolerance systems can be classified as either low-complexity or high-complexity.
Changes in various metabolic pathways are involved in low-complexity processes. Selective ion
accumulation or exclusion, control of ion uptake by roots and transport into leaves, ion
compartmentalization at the cellular and whole-plant levels, synthesis of compatible solutes, changes in
membrane structure, induction of antioxidative enzymes, and other changes are examples of these
changes [18,19]. Changes that protect major processes like photosynthesis and respiration, such as water
use efficiency, and those that preserve important features like cytoskeleton, cell wall, or plasma
membrane—cell wall interactions [5,20], as well as chromosome and chromatin structure changes, such
as DNA methylation, polyploidization, amplification of specific sequences, or DNA elimination [21,22],
are examples of high-complexity mechanisms. Low-complexity mechanisms are thought to be triggered
in a coordinated manner to safeguard higher-order processes [23].

Salt Tolerance in Halophyte Plants

Plants may be split into two types based on their resistance to salinity: glycophytes and
halophytes. Halophytes are a kind of halophyte that can complete their life cycle at a salt concentration
of at least 200 mM NaCl and makeup around 1-2% of the world's flora [24,25]. Some of the more
extreme halophytes termed halophytes, can grow and produce biomass at seawater salinities. Suaeda
fruticosa, which grows in association with Arthrocnemum macrostachyum, was reported to exhibit its
highest biomass production rate at 400-600 mM NaCl, with little mortality when grown at up to 1000
mM NaCl [26,27].

Halophytes are phylogenetically varied plant species that belong to a variety of plant families,
including both dicots and monocots. They are plants that live in one of two types of natural habitats: (1)
habitats with high levels of brackish water in the soil that frame coastal lines in both tropical (e.g.,
mangrove ecosystems) and temperate (e.g., arid and semi-arid inland regions where annual evaporation
rates exceed precipitation); and (2) arid and semi-arid inland regions where annual evaporation rates
exceed precipitation. Salts are released from basal rocks in these areas, rising to the top layer of soil by
capillary action, where they precipitate and induce soil salinization. There are very limited
opportunities to use halophytic plant species as crops although there are occasional outliers, such as
Salicornia from the Chenopodiaceae family [28,29].

Salicornia and Sarcocornia Plants

Salicornia and Sarcocornia, genera that naturally survive in coastal salt marshes from the Arctic to
the Mediterranean and are frequently subjected to daily tides, are promising prospects for the
establishment of novel halophytes as crop species.

On the sea coasts, salt-tolerant species of both genera are commonly referred to as "pioneer
plants" [30-32]. Salicornia is a novel vegetable crop that can be watered with saltwater or very saline
water. Salicornia is a salt-tolerant plant that can be watered with water that contains as much salt as
saltwater [33,34]. The perennial Sarcocornia differs from the annual Salicornia by its distinct perennial
growth habit [30,35] and floral arrangement peculiarities [32,36]. Both genera contain succulent shoots
that may be utilized to grow green crops, but the yields and nutritional value of each are different
[37,38].
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Salicornia is a vegetable with leafless shoots that resemble green asparagus that has been
introduced to the European market. The young fleshy tips of this green vegetable are in high demand in
gourmet kitchens, not only because of their salty flavor, but also because of their high nutritional
content in terms of minerals, antioxidants, and vitamins like vitamin C and [-carotene [33,38].
Importantly, a halophyte crop must be capable of high-yield production under salty circumstances to be
economically viable [34,39].

Involvement of Sulphur Containing Compounds in Salt Tolerance

Mineral nutrient levels are important for crop yield and quality. The mineral nutrition and
sustainability of crops are both complicated in a saline environment. Reports on the effect of the
interaction between salinity level and mineral nutrients on salt tolerance are available [29,40]. For
example, an adequate supply of sulfur (S) has been shown to enhance growth and photosynthetic
activity to a great extent, and to protect against the negative effects of salt stress on barley crops [41].
Through S-N mediated metabolite synthesis of antioxidant defense compounds in Olieferous brassicas
cultivars, plant N and S supply played an important role in plant growth, development, and
productivity [42].

Sulphur is found in a wide range of compounds, such as polysaccharides, iron-sulphur clusters,
lipids, as well as a broad variety of biomolecules such as vitamins (e.g biotin and thiamine), cofactors
(e.g CoA and S-adenosyl- methionine) peptides (e.g glutathione and phytochelatins), secondary
products (allyl cysteine sulphoxides and glucosinolates) and the S containing amino acids cysteine and
methionine [43,44]. Thiols can react with a wide range of agents, including free radicals, reactive oxygen
species, and cytotoxic electrophilic organic xenobiotics, thanks to cysteine residues. As a result, sulphur
metabolism is critical in plant stress responses [45—47].

Plants with high antioxidant levels have a better ability to scavenge ROS and so deal with higher
salt concentrations [15,48]. As a result, increased antioxidant compound synthesis can be exploited as a
future selection factor in crop breeding for salt tolerance [49]. Reduced glutathione (GSH) is one of the
antioxidants involved in scavenging ROS and maintaining steady-state ROS levels.

GSH is a tripeptide that is present in high amounts throughout the cell [50,51]. During H202
breakdown by GSH, the ratio of GSH to its oxidized form, glutathione disulfide (GSSG), is critical for
maintaining redox balance in the cell [51-53]. Several plants, including tomato, wheat, and the
halophyte Myrothamnus flaberllifolia [51,54,55], have been found to benefit from maintaining a high
GSH/GSSG ratio.

The activity rates of serine acetyl transferase (SAT) and O-acetyl serine thiol lyase (OASTL) rise in
plants subjected to salinity stress, promoting a greater rate of cysteine biosynthesis, which results in
enhanced GSH production for defensive responses to salt stress-induced ROS [3]. Many studies have
been reported in which S assimilation was improved to generate glutathione. Brassica napus treated with
saltwater conditions boosted its S assimilation rate and cysteine and GSH production significantly
[51,56]. Salt stress has been linked to changes in S assimilation enzymes in broccoli, and Arabidopsis
[41,47,57] found that salt stress impacted root thiol concentration via modifying the rate of S
assimilation. Transgenic techniques have also proven successful in improving plant salt tolerance
capability by modifying S metabolism. Increased resistance to oxidative stress was shown when the
sulfate transporters, ATP-sulfurylase, Cys, OAS, and GSH were overexpressed [46,58]. Thus, employing
genetic engineering to change the regulation of S partitioning and manipulate the production of S-
containing molecules in plants might be a viable strategy for enhancing salt tolerance [59,60].

Regulation of Sulfur Assimilation
The absorption of inorganic sulfate by the sulfate transporters SULTR 1,2 is generally the first step
in plant sulfur metabolism, and it is fueled by the proton motive force provided by ATPase [60,61].
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Sulphate reduction activation is the most common pathway for assimilation, and it occurs in plastids
[44,62]. The adenylylation of sulfate, mediated by ATP sulfurylase (ATPS), generates adenosine 5'-
phosphosulfate, which starts the sulfate reduction pathway (Fig 1). (APS). The plastidic enzyme APS
reductase then converts APS to sulfite (APR). Sulfite reductase also converts the hazardous sulfite to
sulfide (SiR). Sulfide is then integrated into cysteine in a process mediated by the enzyme OAS-TL
[60,63]. Sulfide is combined with O-acetylserine (OAS), which is catalyzed by SAT.

Most sulfur compounds are generated from cysteine, which is the major intermediate [see Fig 1
and [62]]. Cysteine can also be used as a precursor for the production of methionine, which is then
integrated into proteins or transformed into S-adenosyl methionine (SAM) by SAM synthetase after a
reaction with ATP. The two principal S products, cysteine, and methionine, need interactions with both
N and C metabolism. The coordinated actions of S, N, and C metabolism in plants are believed to
improve salt stress tolerance and aid the S assimilatory reduction route for salt stress control in plants
[4].

As previously mentioned, sulfate assimilation in plants is highly documented. However, only
scarce information exists on sulfate assimilation in halophytes exposed to salinity. Thus, not much is
known about the behavior of the biochemical and molecular components of sulfate assimilation in
halophytes [40,64].
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Figure 1. Schematic representation of the sulfate reduction pathway [3]
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Mechanisms of proline stress protection

The accumulation of proline is one of the most critical changes in the metabolism of plants when
they are under a lot of salt stress. [65].

In plants, intracellular proline levels have been discovered to expand by>100-fold under stress.
Proline accumulation in plants happens throughout the presentation on different stresses, including
salt, drought, UV radiation, and oxidative stress [66]. Under stress conditions (e.g., drought, salinity),
proline accumulation for plants includes complementary regulation of pyrroline-5-carboxylate
synthetase (P5CS) and proline dehydrogenase (PRODH). Over higher plants, biosynthesis from
claiming proline happens using two pathways relying upon the relative accessibility of the elective
substrates, glutamate (Glu) and ornithine (Orn). The Glu pathway starts for P5CS by reducing Glu with
ATP and NAD(P)H'H* to glutamate-semialdehyde (GSA), which transforms to pyrroline-5-carboxylate
(P5C) spontaneously. For proline biosynthesis, the Orn pathway needs to be mostly acknowledged as an
elective pathway. Orn is transaminate by ornithine-d-aminotransferase (OAT), which produces GSA
and P5C, which is then subsequently reduced to proline by pyrroline-5-carboxylate reductase (P5CR)
[67]. P5CS activity (Glu pathway) expanded upon salt stress treatment, same time OAT action (Orn
pathway) remained unchanged, implying that the Glu pathway instead of the Orn pathway assumes an
additional huge part on proline amassing throughout osmotic regulation in salt stress [65].

During salt stress, proline was shown to protect Complex II of the mitochondrial electron
transport chain, stabilizing mitochondrial respiration.

Under specific conditions, the P5C—proline cycle can deliver electrons will mitochondrial electron
transport without producing glutamate and, under specific conditions, could produce more ROS in the
mitochondria [68]. Proline catabolism is, therefore, a critical regulator for cell division ROS equalization
and impacts various extra regulatory pathways. The certainty that proline might go about as a signaling
molecule and also impact protection pathways, and control complex metabolic and developmental
processes offer extra chances for plant improvement [5,68].

In the halophyte species, proline might have been sequestered will vacuoles in non-stressed
plants, while in salt-stressed plants, a high proline content might have been distinguished in the cytosol,
suggesting the vitality of de novo proline biosynthesis and also transport for proline accumulation [7].

The mechanisms by which proline alleviates anxiety could be classified into two broad categories.
One possibility is that organisms gather proline by increasing proline biosynthesis, with proline acting
as an osmolyte, a chemical chaperone, and a direct scavenger of OH- or O2. A second system relies
ahead on dynamic proline metabolic flux and linkages with different metabolic pathways. Proline
metabolic flux prompts cell insurance by helping maintain cellular energy and NADP*/NADPH balance,
enacting indicating pathways that push cell survival, What's more helping should different pathways
for example, such those tricarboxylic acid cycle and GSH biosynthesis [66,67]

Conclusion

In the future, soil salinity will continue to be a danger to agricultural productivity and food
security. The most efficient strategy to solve his environmental problem is to cultivate salt-tolerant
crops. Under salt stress, sulfate needs for metabolic adaption responses are increasing, indicating the
importance of sulfur-containing metabolites. Sulfur-containing compounds have two functions in
plants: they serve as structural components for a variety of cellular components as well as for cellular
interaction with the environment as signaling molecules. Changes in ROS and ROS-related enzymes are
also early stress indicators. Early identification of salinity stress impact may be possible using molecular
and oxidative stress. Still, each stress signature has its limitations, whether they are morphological,
physiological, oxidative, or molecular changes in plants. Chlorophyll content, proline accumulation,
stress protectants, and membrane stability are all investigated using physiological and biochemical
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markers. These physiological markers, especially changes in plants' levels of proline, are important for
making plants more resistant to salt.

Funding. The work was funded by the Ministry of Education and Science Republic of Kazakhstan
(grant number AP09058098).
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M.2K. Anpim6ari, K.E. JKanacosa, A.JK. AkGacosa, C.b. JKanrasun, 4.H. Ayranosa,
M.K. Bericekosa, A.b. KypmanOaesa
A.H. I'ymuaes amoindazor Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman

Ty3abLabIK cTpeciHe eciMgikTepaiH Xayan Oepy MexaHM3MAepi

AngaTtna. DKOAOIMAABIK CTPECC FRIABIMU KBISBIFYIIBLABIKTBIH HeTi3Ti cadackl OOABIN TabbLAaAbl,
OIITKEHi 04 6CiMAIKTepAiH Ae, AaKblAAapAbIH Aa ©HIMAIAITIH IeKTelAl. AHTpOIIOTeHAIK OeaceHAiaik Oya
MacedeHi oOgaH opi YIIBIKTBIpABL. HoTimkeciHge, Ty34bl cTpecc eciMAIKTEp MeH JaKblagapAblH
OHiMAlJAiTiHe alTapAbIKTall Kedepri keaTipedi. Ty3ablabIK eciMAiKTepre ospTypAi ocep eTeAi, COHBIH
iIiHAe OCMOTMKAABIK 9cep >KoHe MOH-CHeIM(UKAABIK VBITTBIABIK, COHBIMEH KaTap HPOAMHHIH
JKMHaAybl >KoHe KYKIpTTiH accummaAnuscel. I'azodurrep gen atasaThlH ©ciMAiKTep Ty3fa >KOFaphbl
TesiMaiaikke 1e, Oya oaapFa TY3Abl CTpecc >KafdallblHAa eMip cypyre >KoHe ecyre MYMKiHAIK Oepei.
laaodpurrepai 3eprrey >KOfapbl TY3ABIABIK JKarjaliblHAa e©Mip Ccypy YIIH KakeT MaHBI3AbI
Oeltimaeayaepai Tycinyre kemekreceai. COHABIKTaH ©CIMAIKTEPAIH Ty3Fa TO3IMAIAIriH apTTHIPY >KoHe
TY34Bl >Kepaepae AaKblAJapAblH ©HIMAiAiri MeH camachlH apTThIpy ©Te MaHbI3AbL. MyHaa 06i3
TY3ABLABIKTBIH ©CIMAIKTEp aAMacybIHbIH 9pTYpAi acliekTidepiHe >KoHe OHBIH ©CIMAIKTepre Te3iMAidik
CTpaTeTusChbIHa acepi TypaAbl TYCiHIiIiMi3Al KapacTbIpaMbI3.

Tyitin ce3aep: Ty3Abl cTpecc, Salicornia xaHe Sarcocornia eciMAiKTepi, KyKipTTiH acCUMUASAIUICEH,
IIPOAVHHIH XIHaAYBI, OTTeriHiH OeaceHai popmaaapsl (ObP), raaodpuTri ecimaikrep.
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M.K. Anpiv6ari, K.E. JKanacosa, A.JK. AkbOacosa, C.b. JKaurasun, 4.H. Ayranosa,
M.K. bericekosa, A.b. KypmanOaeBa
Eepasuticxuti nayuonarorot yrusepcumem um. /1.H. l'ymuresa, Acmana, Kasaxcman

MexaHn3mbl OTBeTa pacTeHIMIL Ha COA€BOM CTpecC

AnHOoTammsl. DKOAOTMYECKUII CTpecc sBAsSeTCS OCHOBHOM 004acThl0 HAay4yHOIO MHTepeca,
IIOCKOABKY OH OIpaHM4YMBaeT IMPOAYKTUBHOCTh KaK pacTeHMil, TaK M CeAbCKOXO3AMCTBeHHBIX KyABTYP.
AHTpONIOTeHHasl AesATeABHOCTD ellle 0oabllle ycyryOmaa 3Ty nmpoOaemy. B pesyabraTte coaesoir crpecc,
IIO-BUAVMMOMY,  SIBASIETCA  CEPhe3HBIM  IIPEIATCTBUEeM A4S IPOAYKTUMBHOCTM — pacTeHMil U
CeAbCKOXO3JCTBeHHBIX KyAbTYp. COA€HOCTh OKa3blBaeT pa3AM4HOe BO3eNICTBIe Ha PacTeHIs], BKAIoJas
ocmoTrmyecknii 5¢G@PeKT 1 MoHoCIenMPUIecKyl0 TOKCUMYHOCTh, a TaK’Ke HaKOILAeHMe IIpOAMHA U
acCUMUAAIMIO cepbl. PacTeHns, mM3BecTHbIe KakK raaouThl, 001a4al0T BBLICOKON COA€yCTONYMBOCTLIO,
4YTO MO3BOAseT MM BBDKMBATh M IIPOLIBETaTh B YpPEe3BBIYAIHO 3aCOAEHHBIX yCAOBMsAX. VIsyuenme
ra20(pUTOB CITIOCOOCTBYET ITOHMMAaHMIO BaXKHBIX ajaIlTalinii, HEOOXOAMMBIX 4451 BbIXKMBAHNS B YCAOBUSX
BBICOKOI coaeHOCTH. [I05TOMY MOBBIIIeHNe COAeyCTOMYMBOCTY PACTeHNIA U ITOBBIIIeHNe YPOKalTHOCTI
U KayecTBa CeAbCKOXOB3AVCTBEHHBIX KyAbTYp Ha 3aCOAEHHBIX 3eMAAX MMEIOT >KM3HEHHO Ba’kKHOe
3HayeHue. 34eCh MBI pacCMOTPMM Hallle ITIOHVMMAaHUe BAVSAHUSA COAEHOCTM Ha pa3AMYHbIe acIIeKThI
MeTabO0AM3Ma pacTeHMI1 U CTpaTerny ero TOAPaHTHOCTH Y PacTeHMIA.

KaroueBble caoBa: coaeBoit crpecc, pacreHus Salicornia m Sarcocornia, acCUMUAALIUSL CepPBI,
HaKOIL1€eHIe IIPOANHa, aKTUBHEIe (POpMBEI Kucaoposa (ADPK), razodpurHble pacTeHNsI.
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The fire blight prevalence on different varieties of apple trees in the main industrial
zone of horticulture (south and south-east of Kazakhstan)

Abstract. Apple is the most significant fruit in Kazakhstan, as well as in many other countries of
the world. According to the Statistics Agency in 2020, the apple cultivation area in Kazakhstan is
about 36 thousand hectares with a gross har-vest of 259.1 thousand tons. The fire blight of fruit
crops, in particular apple trees, is one of the most harmful infectious diseases, rapidly spreading
and cre-ating a constant threat to the apple plantations of Kazakhstan. In order to avoid the further
spread of fire blight in the territory of Kazakhstan, it is very important to grow wvarieties of fruit
trees resistant to fire blight. The article pre-sents the results on the spread of fire blight on zoned,
introduced, and promis-ing apple varieties in plantations of the main industrial zone of
horticulture (Turkestan, Zhambyl, Almaty regions). As a result of the bacteriological analy-sis of
the selected samples, 8 bacterial isolates were extracted from the varieties such as Aport, Voskhod,
Sinap Almaty, Maksat, Golden Delicious, Kon-fetnoye, Pinova, Pink Lady, which, and were like
the causative agent of fire blight by morphological and cultural characteristics. Bacterial
pathogenicity testing on immature apple fruit showed positive test results confirming the presence
of the bacterium Erwinia amylovora, the causative agent of fire blight.

Keywords: apple tree, disease, fire blight, phytopathological monitoring, varieties, Erwinia
amylovora, the resistance of varieties, the prevalence of the disease.

DOI: 10.32523/2616-7034-2023-142-1-31-40

Introduction

Apple is the most popular fruit in Kazakhstan, as well as in many other countries of the world.
Kazakhstan is a leader in increasing fruit production. Apple orchards cover 77% out of 45.0 thousand
hectares of pome and stone fruit orchards. Southern and southeastern regions of Kazakhstan have the
most favorable climatic conditions for growing fruit crops, in particular apple trees. According to the
Statistics Agency in 2020, the apple cultivation area in Kazakhstan is about 36 thousand hectares with a
gross harvest of 259.1 thousand tons. According to the varieties research of the plantation in the
country, a big assortment of fruit crops is recommended for use, with about 69 apple varieties included
in the State register in Kazakhstan.

One of the most harmful infectious diseases of fruit crops is fire blight (Erwinia amylovora). It is a
quarantine object in Kazakhstan. The disease is caused by the bacteria Erwinia amylovora (Burrill)
Winslow et al and affects apples (Malus domestica) and pear (Pyrus communis). The disease affects all
apple tree organs: flowers, blossoming buds, fruits, leaves, shoots, boughs, bark stem.

Erwinia amylovora was the first bacterium described as a causal agent of plant disease by Burrill
[1]. It was reported in North America and was later detected in New Zealand in 1920. In Europe, fire
blight was reported in 1957 in the United Kingdom and has since been identified in most areas where
susceptible hosts are cultivated. Erwinia amylovora is now present in more than 40 countries [2, 3], but it
has not been recorded in South America, Asia, or sub-Saharan African countries. It has been recorded in
some North African countries and only once in Australia [3, 4]. Bacterial fire blight in Kazakhstan was
identified in 2010 for the first time [5]. It represents a threat to the pome fruit industry of all the
countries. Details on geographical distribution can be found in the EPPO Plant Quarantine Data
Retrieval system [6].
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Field observations have already shown that Aport was one of the susceptible varieties to this
disease. To localize and eliminate the disease, uprooting and burning of trees and all vegetation in this
area within a radius of 30 kilometers will be required. This will result in multi-billion-dollar losses.
Losses could amount to more than 50 percent of all fruit plantations in Kazakhstan, which could lead to
an environmental disaster [7].

E. amylovora is highly virulent and capable of rapid systemic movement within plant hosts and of
rapid dissemination among rosaceous species, including apple and pear trees, when environmental
conditions are favorable. The internal movement of the pathogen through the vascular system of plants
and the ability of the pathogen to infect flowers, actively growing shoots, and rootstocks makes the
management of fire blight difficult [8, 9]. The first fire blight manifestation in Kazakhstan was in 2008,
and by 2010 it began to cause significant damage to the apple and pear orchards of the republic. In some
peasant farms of the Almaty region, the proportion of affected trees in apple orchards reached 50-60%
or more with a high degree of symptom development. In terms of severity, fire blight has not equal
among known diseases of fruit crops [10, 11].

Data on the resistance of domestic and foreign apple varieties to fire blight in Kazakhstan is extremely
segmentary, which prevents us to recommend a suitable assortment for industrial and private orchards
in regions with the higher risk of disease development.

Materials and research methods

The research was carried out in the field and in laboratory conditions. Route inspections of apple
plantations to identify the causative agent of fire blight on apple varieties and rootstocks were carried
out in large industrial orchards and farms of Turkistan, Zhambyl, and Almaty regions and collection
plantations of Kazakh Research Institute of Fruits and Vegetables LLP, located in the Talgar district of
Almaty region.

In order to detect the pathogen, the apple trees without symptoms and with highly expressed
symptoms of fire blight were selected. Branches, leaves, and ovaries were taken from trees with
symptoms of fire blight for microbiological studies.

For the timely detection of fire blight, regular inspections of apple plantations in the south and
southeast of Kazakhstan were carried out during the growing season according to the methods for
detecting and identifying the fire blight agent of fruit trees [12, 13]. For bacteriological analysis,
confirming the presence of Erwinia amylovora in the plant, fresh samples were taken from the bark taken
at the border of the canker, as well as from bacterial exudate, and bent tips of young shoots. The
pathogenicity of the strains on young immature apple fruits was tested according to the White method.
This test is one of the main ones in determining the causative agent of fire blight.

The degree of study of the topic. In terms of its damage to horticulture during the years of
epiphytosis, fire blight is more harmful than all fruit diseases combined. According to its economic
importance, this disease is recognized as the most dangerous in the world and is included in the EPPO
A2 list [14, 15, 16]. Gradually spreading, it reached almost all continents. Its penetration into Europe
dates back to 1957. Currently, there is an expansion of the disease around the globe, penetrating into the
territory of more and more new countries. Such a widespread prevalence of fire blight, despite the
difference in natural and climatic conditions of the countries where the disease is registered, indicates
the ecological plasticity of the pathogen. Consequently, the threat of expanding the range of the disease
will continue in the future. Despite numerous studies conducted in different countries, several issues of
fruit crop varieties' resistance to fire blight have not been sufficiently studied. Data on the resistance of
domestic and foreign apple varieties to fire blight in Kazakhstan is extremely segmentary, which
prevents us to recommend a suitable assortment for industrial and private orchards in regions with the
higher risk of disease development.
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Analysis. The fire blight causative agent diagnosis will allow for assessing the level of infection
and identifying resistant apple varieties for breeding and further reproduction. The cultivation of such
varieties will reduce the pesticide rate, and obtain environmentally friendly products for fresh
consumption and food production, including those based on organic production.

Results

A monitoring survey of several farms to identify the fire blight causative agent and sampling for a
subsequent molecular genetic analysis was carried out on 53 apple varieties, including 21 zoned, 5
promising, and 27 introduced in Turkestan, Zhambyl, and Almaty regions and collection plantations of
"Kazakh Research Institute of fruits and vegetables" LLP. Sampling was carried out in double and more
replicates at 2 and more sampling points. Thorough analysis of the disease symptoms was carried out
during inspection and samples of the affected tree organs (leaves, fruits, shoots, branches, bark) were
selected.

Apple plantations of Almaty regions were examined in the farms of Baiseit, Kyzylsharyk, Koram,
Malovodnoe villages in Enbekshikazakh district, and collectable plantations of "Kazakh Research
Institute of fruits and vegetables" LLP in Talgar district. The apple plantations in the Turkistan region
were examined in farms and production orchards of Akzhar and Sharbulak villages of Kazygurt region
and Shakpak village of Tulkibas district. In Zhambyl region, there were examined apple orchards of
Merke village in the Merken district. The results of apple varieties evaluation to fire blight are given in
table 1.

Table 1
Evaluation of apple varieties to fire blight in the farms of the Turkestan, Zhambyl, and Almaty
regions, 2021
Varieties Almaty region Turkistan Zhambyl Trees with
region region symptoms
Zoned varieties

Idared + + + +
Ainur + + — —
Aport + + + +
Bayterek + -
Voskhod + - - +
Gala + + +

Golden Delicious + + +

Granny Smith + + +

Danalyk + - - -
Zarya Alatau + - - -
Maksat + - - +
Mantet + - - -
Melba + + — —
Red Delicious + + - -
Renet Simirenko — + - -
Renet Burkhardta + - - -
Saltanat - + - -
Starkrimson + + + +
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Talgarskoe + - - -
Fuji + + + +
Pestrushka + - - -
Promising varieties of domestic breeding

Damira + - - -
Zharkyn
Yessen
Sarkyt
Rakhat

+ |+ [+ |+

Introduced varieties

Braeburn

Jeromine

+ |+ [+

Jonagold

+ 1+ [+
|
|

Kandil Sinap

Quinte
Pink Lady
Pinova

+
|

+ |+ [+ |+

Prima

Scarlet Spur + + —
Stark’s Earliest
Rashida

Sinap Almatinski
Konfetnoe

Diana

Red Chief

Elstar

Monroe

Red free

Lady Williams
Diana

Gala Mitch
Honeycrisp

+ |+ [+
[
[

|
+
|

+
|
|
I

|
+
|
I

Golden Spur

Korea

Red Topaz

Diligence

o O o I o I I I e R o s

Santana

The presence of fire blight symptoms characteristic of apple tree was noted during a visual
examination of the samples: drying of the tops of young shoots, the tips of which are bent in a hook-like
mannet, leaf necrosis, brown spots on immature fruits, which are gradually mummified, "marbling" on
the bark cut, wedge-shaped ulcers on the bark, exudate on the affected organs (Figure 1).
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©)

Figure 1. Symptoms of a fire blight (a) drying out of the tops of young shoots, shepherd's crook; (b)
release of bacterial exudate

According to the results of the surveys, a focal spread of the fire blight of fruit crops in the
surveyed farms of Almaty, Turkestan, and Zhambyl regions was established. Due to the dry weather
conditions observed during the 2021 growing season, there was noted a sharp decrease in the disease
harmfulness compared to previous years. In order to control and exterminate the infection on farms,
pruning and removal of trees, as well as treatments with copper-containing preparations, are used.

Surveys of apple plantations in the main horticulture production areas (south and southeast of the
republic) showed that fire blight was quite widespread. In three surveyed farms of the Turkistan region,
6 released varieties out of 12 were with symptoms of fire blight damage, and out of 8 introduced
varieties of foreign breeding, 3 were with symptoms of disease damage. In the Almaty region, in five
surveyed farms out of 18 released varieties, 8 apple trees were damaged by fire blight, and out of 5
promising and 22 varieties of foreign selection, 5 were with symptoms of disease damage. In the Merke
district of the Zhambyl region, out of 7 released and 3 foreign varieties, 6 varieties were found with a
fire blight effect on an apple tree. In all surveyed farms of Almaty, Tukristan, and Zhambyl regions,
apple varieties Idored, Aport, Voskhod, Maksat, Golden Delicious, Granny Smith, Pinova are most
susceptible to fire blight, where the prevalence of the disease was 27-50%, with a degree of development
-9.0-16.2%, respectively.

Thus, in the surveyed production orchards and farms of Turkestan, Zhambyl, Almaty regions and
collection plantations of "Kazakh Research Institute of fruits and vegetables" LLP, among 21 released
varieties, apple trees damaged by fire blight was found on most varieties: Idored, Aport, Golden
Delicious, Granny Smith, Maksat, Sunrise, Starkrimson, and Fuji. Of the 27 introduced varieties of
foreign breeding, symptoms of the disease were noted on the apple varieties Pinova, Pink Lady,
Rashida, Konfetnoye, Sinap Almaty, and Red Topaz. The promising domestic apple varieties like
Damira, Zharkyn, Yesen, Sarkyt, Rakhat were free of a fire blight symptom, which brings a significant
interest in apple production.

BECTHVK EHY umenu A.H. [ysuaesa. Cepus Buorocuneckue nayxu Ne 1(142)/2023 35
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



The fire blight prevalence on different varieties of apple trees in the main industrial zone of...

In order to diagnose apple fire blight by isolating the causative agent of the disease in pure
cultures, bacteriological analyzes of samples taken as a result of the examination were carried out in
laboratory conditions. Samples were taken on 14 varieties with symptoms of the disease: Idored, Aport,
Golden Delicious, Granny Smith, Maksat, Voskhod, Starkrimson, Fuji, Pinova, Pink Lady, Rashida,
Candy, Sinap Almaty, Red Topaz.

The pathogenicity of the bacteria E. amylovora was isolated, identified, and characterized. The
records of the bacteria grown on a nutrient medium result and description were carried out within 3-10
days. Colonies of E. amylovora on King B medium are off-white, rounded, smooth, flat to slightly convex.
Good results were obtained by isolation on a Levan medium. Colonies on Levan medium are white,
rounded, and smooth, the profile is from convex to drop-shaped with smooth edges, shiny, translucent,
and size from 2 mm to 5 mm. Colonies on potato agar are off-white or yellow, round, smooth, flat to
slightly convex, and punctate to 5 mm in size. The selected colonies were sifted into Petri dishes with
the nutrient medium of King B and Levan. With the growth of the same type of colonies, they were re-
seeded for further research.

As a result of the bacteriological analysis of the selected samples, 8 bacterial isolates were isolated
from the varieties: Aport, Voskhod, Sinap Almaty, Maksat, Golden Delicious, Konfetnoye, Pinova, Pink
Lady, which were similar in morphological and cultural characteristics to Erwinia amylovora, the
causative agent of fire blight.

To comply with Koch's postulates and confirm the pathogenicity of bacteria, the test was carried
out by the White method on immature apple fruits. For inoculation, the Pinova apple variety susceptible
to E. amylovora was used. A suspension of bacteria (concentration 10 cells/ml) was applied to fresh
incisions and pricks made with an entomological pin on the surface of a disinfected apple fruit under
the skin, at different depths. Then the inoculated apple fruits were placed in a humidity chamber using
closed desiccators with a sterile cotton pad. The control was individual apple fruits with sterile water
applied to the incisions and injections. Fruits were incubated in a humidity chamber at 25°C for 3-7
days. Observations of the inoculated fruits showed that after 3 days necrotic spots appeared around the
injection site and milky-white exudate was released at the injection sites. In the control, there were no
ulcers at the site of inoculation or only a small necrotic ulcer was observed (Figure 2).

(a) (6)

Figure 2. Testing the pathogenicity of E. amylovora on immature apple fruits: (a) inoculated
fruits; (B) control without inoculation
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Discussion

An increased level of resistance to diseases is one of the most important requirements for a
modern variety of agricultural plants, including fruit ones. The problem at present is the search for fire-
blight-resistant domestic and introduced varieties of apple trees, which does not allow us to recommend
a suitable assortment for industrial and private gardens. Despite numerous studies conducted in
different countries, a number of issues of fruit crop varieties’ resistance to fire blight have not been
sufficiently studied. The cultivation of such varieties will reduce the pesticide load and obtain
environmentally friendly products for fresh consumption and food production, including those based
on organic production. As a result of this work, the area of spread of fire blight in the orchards of
Turkestan, Zhambyl, and Almaty regions was estimated and zoned and introduced apple tree varieties
are identified as the most susceptible to disease. The disease-resistant promising apple varieties of
domestic breeding such as Damira, Zharkyn, Yessen, Sarkyt, Rakhat were selected, which should be of a
production considerable interest. The pathogenicity of the bacterium E. amylovora has been isolated,
identified, and characterized. The fire blight causative agent was identified on the examined apple
varieties on the basis of microbiological analysis. In the future, it is planned to identify genetically
resistant apple varieties to the blight pathogen using modern molecular genetic methods based on DNA
markers and develop recommendations for improving the breeding process and increasing the
productivity of plantations.

Conclusion

As a result of a survey of apple plantations in the main industrial zone of horticulture (Turkestan,
Zhambyl, Almaty regions), it was found that fire blight has become quite widespread. The most
susceptible to bacterial blight among 53 zoned, promising, and introduced apple varieties were
identified, which should be of considerable interest for apple production.

As a result of the bacteriological analysis of the selected samples, 8 bacterial isolates were
extracted from the varieties: Aport, Voskhod, Sinap Almatinsky, Maksat, Golden Delicious, Candy,
Pinova, Pink Lady, which, in morphological and cultural characteristics, were similar to Erwinia
amylovora, the pathogen fire blight.

Testing the pathogenicity of bacteria on immature apple fruits showed positive test results
confirming the presence of the bacteria Erwinia amylovora, the causative agent of fire blight.

Funding. The research was funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (Grant No. AP09259636).
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I'.H. Kariposal, 3.b. Camraxosa? H. dayaet?, /. AGcaTraposal
IKasax yxmmorx azpapavix sepmmey yHueepcumemi, Aavmamot, Kasaxcman
cimdikmep OUOAOZUACHL XKaHe OUOMEXHOA0ZUsCHl uHcmumymul, Aamamul, Kasaxcman
2Ocimo 0 0 A K

BbarGaHABIKTBIH Herisri eHepkacinTik ariMarbiHAa (KasakcTaHHBIH OHTYCTIK JKoHe
OHTYCTIK-IIBIFBICHI) aAMa aFalIbIHBIH 3PTYPAi cCOpTTapbIHAa OaKTepUAABIK KYWiKTiH Tapaaybl

Angarna. Kaszakcranaa, 24eMHiH KenTereH eadepiHjerigel, >KeMic AaKblAAapbIHbIH iITiHAETI eH
MaHBI3ABICHI aaMa arallbl Ooablll TaOblaaabl. 45,0 MBIH ra aliMakTa erideTiH >KeMic JAakblagapbl
OaxkTapbiHbIH  77%-bI aaMa OakTapbl. JKeMic-KMaeK JakplaJapblHBIH, aTall aiiTKaHAa, aama
arallTapbIHbIH OakTepusAblK Kyiiiri Pecriybamka OakTapblHAa TYpPakKThl Kayill TOHAIpeTiH >KoHe Te3
TapaJaTblH €H 3UAHABI KYKIIaAbl aypyaAapablH Oipi Ooabm Tabblaaapl. Kasakcran aymarbiHAa
OakTepuAABIK KYMKTiH O4aH 9pi TapaayblHa >k0A OepMmey VIIIiH aypyFa Te3iMAi >KeMic arallTapbIHBIH
COpTTapBIH ©cCipy eTe MaHBI3Abl. MakaJada Herisri eHepkocinTik OarbOaHAbIK aiiMmakTelH (Typkicras,
Kam6p14, Aamatsl 00AbICTaphl) ILAaHTalMsAapbIHAAFB ayAaHAACThIPbLAFaH, UHTPOAYKLIMIAaHFaH JKoHe
IepCcreKkTUBaAbl adMa copTTapblHa OakTepmaaabl ©PTTiH Tapaaybl OOMBIHIIIA HITVOKelep OepiareH.
Tanpaaran cpiHamMadapapl  OakTepUOAOTMAABIK —Tadjdy HITVOKeciHAde MOpP(OAOTMAABIK — >KoHe
KyABTYpaaAbIK Oeariaepi Ooiibinia Aniopt, Bocxoa, Cunan Aamatunckuit, Makcat, l'oagen Jeantnec,
Kongernoe, Innosa, ITnuk JAean copTrapbiHad OaKTepUABIK KY MK KO3ABIPFBIIIbIHA YKCacC 8 M30A54ThI
Oeaininn aapiHABlL. Ilicmeren aama >kemicrepiHe >KyprisiareH OakTepmaaAbl IIaTOTEHAIK CBHIHaMa,
DaKTepUsAABIK KYWiK KO3ABIPFBIILL Erwinia amylovora GakTepusACHIHBIH OOAYBIH pacTaifTbIH OH ChIHAK
HOTIVDKeAepiH KOpCeTTi.
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G.N. Kairova, Z.B. Sapakhova, N. Daulet, D. Absatarova

Tyiin cesaep: aama arambl, aypy, OakTepmaablK KYifiK, (pUTONATOAOTMAABIK MOHUTOPVIHI,
coprrap, Erwinia amilovora, copTTapAbIH TO3iMAiAiri, aypyAblH TapaaAybl.

I'.H. Kariposal, 3.b. Camraxosa? H. Aayaet?!, 4. AGcaraposal
TKazaxckuil HAYUOHAALHDLI AZPAPHLLIL UCCAC)06AMeAbCKUTE YHusepcumem, Aavamul, Kasaxcman
2Mncmumym 6uorozuu u duomexHorozuu pacmenuii, Aavamol, Kasaxcman

PacripocTpaHeHHOCTh OaKTep1aabHOIO OXKOIa Ha pa3AMYIHBIX COPTaxX s10A0HM B OCHOBHO¥
IIPOMBINILAE€HHOM 30He Caj0BoAcTBa (1or 1 10ro-socTok Kasaxcrama)

Annorammsa. B Kasaxcrane, xak m B OOABIIMHCTBe CTpaH MHpa, HamboJee 3HAuMMOI U3
IIA0JOBBIX KYyABTYp sBAsercss s0a0HA. V3 45,0 ThicAumM Ta CcagoB, 3aHATHIX CEeMEYKOBBIMU U
KOCTOYKOBBIMM KyAbTypaMy, 77% COCTaBASIOT s1010HeBble caabl. bakrepmaabHBIN OXOI I1A040BBIX
KyAbTYp, B 4YaCTHOCTM s0AOHM, SBASETCS OAHUM U3 HamboJee BpeAOHOCHBIX IH(EKIIMOHHBIX
3a0041€eBaHNI1, CTPEMUTEABHO PACIPOCTPAHSIOIINXCS 1 CO3JAI0ONINX ITOCTOSHHYIO YTPO3y HacaXKAeHUAM
pecniy0aukn. Bo nsbekaHne gaabHeNIIIero paclpoCcTpaHeHnsl OaKTepMaAbHOTO OKOra Ha TepPUTOPUN
Kasaxcrana oueHb Ba>KHO BBLIpalIMBaTh YCTOVMYNMBBIE K JaHHOMY 3a00A€BaHMIO COpTa I1A1040BBIX
AepesbeB. B craTbe mM340KeHBI pe3yabTaThl I10 pacIpOCTpaHeHMIO OaKTepuaAbHOTO OXKOTra Ha
PpalioHNMPOBAaHHBIX, MHTPOAYIIMPOBAHHBIX 1 ITePCHEeKTUBHBIX COpTax sA0A0HM B HacakKAeHIUAX OCHOBHOI
IIPOMBIIILAeHHON 30HBI cagoBoacTBa (Typkecranckors, JKamOplackoir, AamartmHcKol oOaacreii). B
pesyabTaTe 0OaKTepMOAOTMYECKOTO aHaAu3a OTOOpaHHBIX OOpas3IloB ObIAO BBIAeA€HO 8 M30AATOB
Oakrepuit ¢ coproB Anopt, Bocxoa, Cunan Aamarmuckuii, Makcar, T'oagen Aeanmec, Kondernoe,
IInnosa, ITunk Jean, koTopsle 10 MOP(POAOTMYECKUM U KyAbTYPaAbHBIM IpU3HaKaM OBLAM CXOXKM C
BO30yauTeseM OakrepuaabHOTO oxKora. IIposepka maToreHHOCTM OakTepuil Ha He3peABIX I1104ax
s0A0HM TTOKa3ala II0A0XKUTeAbHbIE pe3yAbTaThl TecTa, IIOATBep KAalolne Haandne Oakrepun Erwinia
amylovora, Bo30yauTeas 6aKkTepnuaabHOIO OXKOra.

Karouesbie caosa: 516.10H:1, 001e3Hb, OaKTepraAbHBIN 0XKOT, (PUTONATOAOTMYECKIIT MOHUTOPYHI,
copta, Erwinia amylovora, ycTOIYMBOCTL COPTOB, pacIpOCTpaHeHHOCTh 00.Ae3HM.
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NL.N. Tempemes!, b.K. Kormmxacapos!, 3.b. beknasaposa'*,
A.M. Cap06acosa’, A.Ill. A>xaHOaTBIPOB?
1Kasaxckuil HAY4HO-UCCAI08AMEALCK UL UHCHumym sauumot u kapanmuna pacmenuti um. XK. XKuembaesa, Aamamul, Kazaxcman

2Kasaxckuil HAUOHANbHYLI azpaprbil yHusepcumem, Aamamuvt, Kasaxcman
*Asmop 05 koppecnondenyuu: zibash_bek@mail.ru

K nmsydenmo naykoo6pasnabix (Arachnida) - sHTOMOdAaros yenryekpbLabIx
BpeanTeaen 1010HM I0ro-socToKa Kasaxcrana

AnHOTanms. B s0aonesvix cadax tozo-éocmoka Kasaxcmana ommevenvt 81 6ud u 59 podos
naykoobpasiolx, omuocsujuxcs k 4 ompsdam (Pseudoscorpionida, Trombidiformes, Opiliones u
Aranei) u 19 cemeiicmeam. JoMUHUpYOWUM 10 pasHoo0pasuto seAsemcs ompsd naykos
(Aranei) — 16 cemeiicms, 54 poda u 73 euda, ocmarvHvie ompsdvl 6KAIOUAION 10 00HOMY
cemeiicmey u 1-2 poda u éuda. Ilo wucay podos u 6udos JOMUHAHIMOM AGAAEMCA CEMELCHIE0
Araneidae — 11 6udos u 9 podos. 3a num caedytrom cemeiicmea Thomisidae (9 podos u 10 61006),
Salticidae (8 podos u 9 6udos), Lycosidae (5 podos u 9 6udos), Philodromidae (4 poda u 9 6udos) u
Theridiidae (3 poda u 5 eudos) u Gnaphosidae (4 poda u 4 euda). Ilpouue cemeiicmea
npedcmasrerovr 1-2-ms podamu u eéudamu. B uerom @payna nayxooOpasHolx SA0A0HeSLLX
Hacaxoeruii, 6 KOMoOpvlX NPUMEHAIOMCS 00pabomKy XUMUMECKUMU NeCuyudamu, 20pasoo
boree obednena (6 2 u Ooree pasa) mo cpasmenuto ¢ cadamu 0es maxux o0pabomox u
ecmecmeertomu  Ouomonamu. Ilpusedervr Oartvie no mnoedaemocmu 2ycerut, 6pedumeneil
pasHoIMu 6U0AMU Naykos npu AabopamopHom codepxkanuu. Amaurobius erberi (Keyserling,
1863) 3a cymwu noedar do 10 zyceruty A0A01H0i naodoxopxu Cydia pomonella (Linnaeus, 1758)
uru 0o 5 zycenui, Puoremoso-cepoti cosxu Orthosia incerta (Hufnagel, 1766). Steatoda
paykulliana (Walckenaer, 1806) 3a cymxu yHuumoxar 6 cpeduem 5 2ycerul; s0A0HNOIL
NA000XKOpKU uAu 3 2ycenuubl cosku. boree meaxue 6udvl, maxue kax Diaea suspiciosa O.P.-
Cambridge, 1885, Xysticus pseudocristatus Azarkina & Logunov, 2001 u Evarcha arcuata (Clerck,
1758), noedaru 2-3 zyceruyol 6 cymii. Bnepsvie 6 s6A01esom cady ommeuer nayx Olios sericeus
(Kroneberg, 1875), ¢ Kasaxcmatrie amom 610 paree OmMMearcs Kax CUHAHMPONHbIiL.

Karouesnle caosa: nayxooOpastvie, Arachnida, gayna, anmomopazu, A0A0HS, 1020-60CMOK,
Kasaxcman.

DOI: 10.32523/2616-7034-2023-142-1-41-56

BBeaenne

[Ipeacrasutean kaacca IlaykooOpasuble, mam apaxumapl (Arachnida) oTHOcATCsA K IOATUILY
xeauteposbix (Chelicerata) tTumna uaenmncronornx (Arthropoda). Ha aaHHBII MOMeHT m3BecTHO Ooaee
114 000 Buaos maykooOpasHbix. HamboabIlee KoAM4eCTBO U3 HUX IPUHAAAEXKUT K OTpsizaM I1ayKOB
(Aranei) - 44 863 Buaa, u kaemeit (Acari) - 55 214 Bugos [1]. BoabpImHCcTBO TayKOOOpa3HBIX ABASETCS
XUIIHUKaMM, MCKAIOYEHMe COCTaBASIOT PacTUTeABHOsAAHBIE KAeIM, a TakXXe HEeKOTOpble IayKu-
CKaKyHBI, IIepUOAMYECK yIOTpeDAsIomMe pacTuTeAbHylo numyy [2]. B cuay 9Toro onm sBASIOTCA
OAHOM W3 XO3SAMCTBEHHO Ba’KHBIX TIPYIN OeCrO3BOHOYHBIX >KMBOTHBIX, B OOABIINX KOAMYECTBaX
uCTpedAss Pa3HOOOPa3HBIX BpejuTesell CeAbCKOIO M AeCHOTO XO3AMCTBa. BaXXKHbIM sABAseTCs TO
00CTOATEAbCTBO, UTO IayKM YHMYTOXKAIOT BpeAHBIX HaCeKOMBIX He TOABKO Ha 3eMJe, HO M Ha Pa3HBIX
apycax pactureapHocTn. Taxoke oHM B Macce I10eJaiOT KPOBOCOCYIIMIX HAaCeKOMBIX — II€peHOCYMKOB
nHQEKITMOHHBIX 3a004eBaHNii, ¥ OBITOBBIX BpeANTeAell — TapakaHOB, MyX 1 Ap. [3-6]. OaHako xepTBamMu
I1ayKOB CTaHOBATCA U Pa3HOOOpasHbIe I10Je3Hble HaCeKOMBbIe — SBHTOMO]Aru 1 OIBIANTeAN (CTPEKO3H,
CeTYaTOKphLAble, HAe3AHUKM, MYXU-XKYypYaaKy, I4eAbl, OCbl, Mypasbu u T.11.) [7]. Ilo »Toi1 mpuunne
usydeHmne apaxHodayHsl pa3ANdHBIX arpo- M YpOOIIEHO30B SBASETCs OAHON M3 0DsA3aTeAbHBIX 3ajad
IIpU U3y4eHun ux 01opasHooOpasns, 4To IOATBepP>XKAaeTcsl IyOANKaIUAMA B U3AaHUAX OAVKHETO U
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K usyueruto nayxoobpastoix (Arachnida) — anmomodazos weuryexpoirvix epedumeneii 10A01u 1020-60cmoka Kasaxcmana

AaapHero 3apyOexbs [8-16]. Takke mayky MOTyT OBITh MICIIOAb30BaHBI B KadeCTBe MOAEABHBIX BUAOB A
U3y4yeHNsl COCTOSIHUs OKpY>KaloIlleil cpeAbl, Halpumep, AA4s OIeHKM TOKCHMYeCKOIO BO3AelCTBUS
MIeCTUIIAOB Ha OMOIIEHO3 U ero OTAeAbHble KOMITOHeHTHI [17-20].

SI6a0oHeBBIe CcaAbl ABASAIOTCA MCKYCCTBEHHBIM OMOIIEHO30M, He 001ajaioIiyuM  J0CTaTOYHOM
CTabMABHOCTBIO. A5 MOAAep>KaHNs er0 B PaBHOBECHOM COCTOSIHUM HeOOXOAMMO IIPUCYTCTBME cpeau
€ro KOMIIOHEHTOB BCeX TPYIIIT eCTeCTBEHHBIX PeryAsITOpPOB BpeAHbIX OPTaHU3MOB, CpeAM KOTOPBIX HayKu
3aHMMAIOT JaJeKo He ITocAejHee MecTo. 3a PyDesKoM 9Ta TeMa CYUTaeTCsl A0CTaTOYHO aKTyaAbHO, U 110
Hell 3allMIalOTCs AVccepTallMy Ha coucKaHue crerieHu Adokropa PhD [28, 29]. Ocoboe BHMMaHME B
AAHHBIX MCCAeAOBaHMAX OBLAO yAeAeHO CUCTeMe, BOSHMKAIOIIe B cajax B 3MMHUIL IIePHOJ, C yyacTueM
aKTUBHBIX 31MoI1 ntaykoB Philodromus spp. (Philodromidae) u Anyphaena accentuata (Walckenaer, 1802)
(Anyphaenidae), a Taxxe Bpeauteas aucrodaomku Cacopsylla pyri (Linnaeus, 1758). Brrsacneno, uto
aKTUBHbIE 3MMOIJI ITayK! B caJax B OCHOBHOM IIPeAIIOUNTaIOT OXOTUTLCA Ha BpeauTeell U 3Ha4uTeAbHO
cokpamaioT nomyasaiuio C. pyri 3uMoit u panHeit BecHoil. OgHako nX 9PPeKTUBHOCTb CHUKAeTCA 13-3a
BHYTPMBMAOBOIO KaHHMOaAu3Ma. Ero MOXXHO yMeHBIINTD, YCTAHOBUB I104A0CHI 13 rOQppUPOBAaHHOTO
KapTOHa BOKPYI CTBOJAa, KOTOpBIEe CAy>KaT YOeXMIeM AAs MeAKUX Iaykos. PesyabraTel paOoOTbI
ITIOKa3bIBAIOT, YTO COOOIeCTBa aKTMBHBIX 3MMOI IIayKOB MOIYT CAYXKUTb BBICOKOD(PQPEKTUBHBIMU
areHTaMy OMOKOHTpPOAs B cagax. OTMeueHo, 4TO 3HaueHNe pa3HbIX BIAOB IayKOB 3aBUCUT OT CTpaTerun
OXOTBHI, pa3MepOB, CTagu Pa3BUTH, IUIEBbIX OOBEKTOB U YCTOMYMBBIX MHAMBMAYAABHBIX Pa3ANYINil B
nosegeHnn. B Kazaxcrane panee maydeHmeM apaxHodayHbl sI040HM aKTMBHO 3aHMMaJach TpyIIIia
yuenplx BO raase ¢ Y.K. TapabGaespim [30-32]. Vimm Obam IoOAy4eHBI AOCTaTOYHO MHTEpEeCHLIe
pe3yabTaThl, B T.4. U 110 OIIeHKe AesATeAbHOCTH IayKoB Kak ®HTOMOaros Bpeauteaein 1040um. Tak, gas
nayka Phylloneta impressa (L. Koch, 1881) (=Theridion impressum L. Koch, 1881) 6n110 ycraHoBAeHO
ucrpedaenmue 10-11-i1 yacTu HaceKOMBIX, OOUTAIOIIMX B 30He >KM3HeAeATeAbHOCTM I1ayKa, YTO BechMma
3HaunTeabHo. OgHako nocae de3ppeMeHHONM KOHUMHB UnHruca KapuMosnya B AaHHBIX MCCA€40BaHX
HaCTyIlMA AOATOCPOYHBIN TepepbiB. /0 IOcaeAHero BpeMeHM CIelMaAbHOIO M3ydeHMs BUAOBOIO
coCTaBa ITayKOB sI0A0HEBBIX CajOB M MX XO3sVICTBEHHOIO 3HAueHN: Ha TePPUTOPUM PecIyOAMKU He
IIpOBOANAOCH. [leapio Harleir pabOTHI ObLA0 YTOYHUTHL COBPEMEHHBIN BIAOBOM COCTaB I1ayKOOOpPa3HBIX B
sA010HeBBIX calax I0To-BocToka Kasaxcrana, ycTaHOBUTH 3aBUCHMMOCTb MX BUAOBOIO pa3HOOOpasus OT
XMMMYECKX 00pabOTOK IIPOTUB BpeAnTeAel sI0A0HN 1 BBIACHUTH 3Ha4eHUe B KadecTBe SHTOMOQAros
BPeAHBIX YeIllyeKpPBLAbIX.

Marepnaa n MmeTOABI

Matepuaaom Aas paOOTHI IOCAYK1UAM COOPBI aBTOPOB, CAeAaHHbIe B s0A0HEBBIX caJax Ha IOro-
Boctoke Kasaxcrama (r. Aamare, AamarmHcKas obOaacts, Ilangmaosckuit  parion, TOO
«baitcepkeArpo», Kapacaiickuir paion, KX «Oaxac», KX «Aaaray», ITHIIII «Jae-Aaatay», yiieabs
Akxcait, Typrenpr n MaaoaaMaTHHCKOe) B paMKax BBIIIOAHEHNs IIPOeKTa II0 pa3pabOTKe TeXHOAOTUM
0110A0TMYeCKOTO KOHTpOAsl Bpeauteaeil sa0aonu. Ilpu mposegeHnmn mccaeloBaHUI YelTyeKPBLABIX
BpeanuTeseli sA0A0OHM HPOBOAMANCH TaKXKe Yy4deThl BUMAOBOIO COCTaBa M YMCAEHHOCTM Pa3AMYHBIX
®HTOMO(Aros, B T.4. U IayKooOpasHBIX. JaHHbIe 110 MX YMCAEHHOCTU U BUAOBOMY COCTaBy IOAy4aAu
OOILIeNPUHATHIMU MeTOAaMI — PY4YHOI cOOp Ha CTBOAaX M II0A KOpON AepeBbeB, KOIIeHUe CauykKoM
PpacTUTeABHOCTU M PacKOIIKM ITOYBHI Ha IMPOOHBIX 1aomagkax 1o 0,25 m? [21]. OtaeapHble BUABI TakKKe
coOMpaANch B A0BUMX TOsICaX ¥ (PEPOMOHHBIX AOBYIIIKAaX Ha CTBOAAX 51010Hb, MCIIOAB30BABIINXCS AAs
yuéTa dYeIlyeKpBIABIX BpeauTeaeil M ux sHToMO(paros. Kpome TOro, mcrioap3oBaanuch IOYBEHHbIE
AOBYIIKM OpUIMHaAbHON Moaudpukanuu [22]. CoOpaHHBIX ITayKOOOpa3HBIX MOACYUTHIBAAU U 3aTeM
¢uxcuposaan aas nocaeayiomiero onpegeaenus B 70%-HoMm cnupre. Aas maeHTudUKauun BUAOB U
omnpegeseHust wuHPopManuyu 00 UX OMODKOAOTMYECKMX OCOOEHHOCTSIX M pacHpocTpaHeHU!
MCII0AB30BAAVICh UCTOYHUKM U3 CIIMCcKa AuTepatypsl [23-27]. KoopanHaTsl MecT chopa nmayKooOpasHBIX
B s1I0A10HEBLIX cajax IpeAcTaBAeHbl B TabanIie 1.
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TabGamria 1

Koopaunarer MecT cO0pa MaTepnaaa 10 1ayKooOpasHbIM

B
Haspanne opranmsarum, Xo3siicTsa [Iupora (N) Aoarora (C) peota, h;i;i YPORHEM
TOO «baricepke Arpo» 43°40'645" 77°07'109" 630,8857
KX «Kemuc» 43°45'885" 77°69'642" 783,0051
KX «Cysgaavesa O.B.» 43°49'948" 77°55'55" 658,2591
KX «Aaaray» 43°10'44.0" 76°43'43.3" 896,15
KX «Ozaxxac» 43°09'32.6" 76°33'33.8" 898,75
I'HITIT «Mae Aaaray», Axkcaiickoe 43°07'218" 76°47'858" 1379,525
yIreane
I'HIIT  «Mae  Aaaray», Maaoe 43°10'33" 77900'43" 1313
AaMaTHHCKOe yIieabe
I'HIIIT «Mae Aaaray», Typrennckoe 43990'9.30" 779%70.77" 1161
yIreane
r. Aamarel, napk «/OCTBIK» 43°13'32.43" 76°55'38.68" 879
PesyabpTaTnl

B xoge mpoBegeHHBIX OOCA€AOBaHMII B HAaCaXXAEHUAX KyAbBTYPHOI s0AOHM U MecTax
npouspactanns s10aoHn Cusepca Obla coOpaH MaTepmad MO IayKooOpasHbIM. CIMCOK BBISIBAE€HHBIX
BIAOB IIPVUBEAEH HIDKE.

HekoTopele 13 oOHapy>KeHHBIX B sI0OAOHEBBIX CajaX BUAOB I1ayKOOOpa3HBIX IIpeACTaBA€HBI Ha
¢ororpadusx (puc. 1-26).

Orpsg Pseudoscorpionida — /105KHOCKOPIIVIOHEI

Cemerictso Chernetidae — Yepnetnas

Chernes cimicoides (Fabricius, 1793) — /10>)KHOCKOPIIMIOH KAOTIOBVAHBIN

Orpsg Trombidiformes — Tpom6uandopmHble Kaemm

Cewmerictso Trombidiidae — Kaemm-kpacHoreakn, nan bapxatHsle Kaermm

Trombidium holosericeum (Linnaeus, 1758) — KpacHoreaka 11eakosucras

Orps4 Opiliones — CeHoKOCIIBI

Cewmeiicro Phalangiidae — ®asanrnmast

Homolophus almasyi Roewer, 1911 — Cenoxocer; Aamartin

Homolophus charitonovi (Gricenko, 1972) — Cenokocerr XapuToHOBa

Orpsg Aranei - [Taykn

Cewmeiictso Lycosidae — Ilayku-soaku

Alopecosa aculeata (Clerck, 1758) — Aaomnekosa >kaasimas

Alopecosa cuneata (Clerck, 1758) — Azorekosza KAnHOOOpa3Has

Arctosa leopardus (Sundevall, 1833) — Apkrosa aeomapaosas

Cercidia prominens (Westring, 1851) — Llepuimans BbITyKAast

Pardosa agrestis (Westring, 1861) — [lapaosa rmoaesasi, mau ceabcKast

Pardosa monticola (Clerck, 1757) — Ilapao3a ropHas

Pardosa paludicola (Clerck, 1757) — ITapaosa 6oaoTHast

Trochosa ruricola (De Geer, 1778) — Tpoxosa noaesast

Trochosa terricola (Thorell, 1856) — Tpoxo3a HazeMHast

Xerolycosa nemoralis (Westring, 1861) — Kcepoankosa aectHast

CewmerictBo Thomisidae — ITayxu-60koxoast

Diaea suspiciosa O.P.-Cambridge, 1885 — Aes BeankoaenHas
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Ebrechtella tricuspidata (Fabricius, 1775) — MusymeHor1c OypbIit

Misumena vatia (Clerck, 1758) — ITayk 11BeTOUHBIIT, MU3yMeHa KOCOAarIasl
Ozyptila praticola (C. L. Koch, 1837) — Osunrnaa ayrosas

Spiracme striatipes (L. Koch, 1870) — Kcncrukyc cMopImieHHBII

Synema utotchkini Marusik & Logunov, 1995 — Cunema YTOoukmHa

Tmarus piger (Walckenaer, 1802)

Thomisus onustus Walckenaer, 1805 — ToMu3syc n3sMeHInBBIIN

Xysticus pseudocristatus Azarkina & Logunov, 2001 — KcreTnkyc A0KHbI rpeOeHYaTHIN
Xysticus robustus (Hahn, 1832) — Kcucernkyc maccusHBIN

Cewmerictso Philodromidae — KpaGosrre maykn

Philodromus cespitum (Walckenaer, 1802) — ®Puaoapomyc AepHOBBI
Philodromus collinus (C. L. Koch, 1835) — ®11104pomMyc BO3BHIIIIEHHBIN
Philodromus emarginatus (Schrank, 1803) — ®naoapomMyc HeOKaIMAEHHBII
Philodromus margaritatus (Clerck, 1757) — ®naoapomyc >KeMuy>KHBI
Philodromus poecilus (Thorell, 1872) — Pnaoapomyc TeMHBII

Rhysodromus histrio (Latreille, 1819)

Tibellus oblongus (Walckenaer, 1802) — Tubeaaroc yskuii

Thanatus arenarius (Thorell, 1872) — TanaTyc recuaHslii

Thanatus formicinus (Clerck, 1758) — TanaTyc MypaBbIHBII1

Cewmerictso Tetragnathidae — TerparnaTtuas

Tetragnatha montana (Simon, 1874) — TeTparnara ropHas

Tetragnatha nigrita (Lendl, 1886) — TeTrparnaTa uepHas

Cemerictso Araneidae — Kpyromnpsast

Aculepeira armida (Audouin, 1826)

Aculepeira ceropegia (Walckenaer, 1802) — Kpyronp:si4, >keATOIITHICTBI, BOCKOBUK
Agalenatea redii (Scopoli, 1763)

Araniella cucurbitina (Clerck, 1757) — KpecToBUK THIKBOBUAHBIN

Araneus angulatus (Clerck, 1758) — Kpectosuk yraosaTslii

Araneus diadematus (Clerck, 1758) — KpecToB1K OOBIKHOBEHHBIA

Argiope bruennichi (Scopoli, 1772) — Apruona bpironnnxa, mayk-oca
Hypsosinga sanguinea (C.L. Koch, 1844) — I'mricocnra kpacHoBarast
Larinioides patagiatus (Clerck, 1757) — KpectoBuk okaimMAeHHBIN

Mangora acalypha (Walckenaer, 1802) — ITueaococ HeragaHHBI

Neoscona adianta (Walckenaer, 1802)

Cewmerictso Uloboridae — Yao6opnast

Uloborus walckenaerius Latreille, 1806

Cewmeiicrso Gnaphosidae — I'nadposmapr

Gnaphosa lucifuga (Walckenaer, 1802) — I'naposza nmoayHounuma
Haplodrassus signifer (C.L.Koch, 1839)

Micaria pygmaea Kroneberg, 1875 — Muxapust murmeit

Zelotes latreillei (Simon, 1878) — 3eaot Aatperiaas

Cewmerictso Pisauridae — [Tnsaypuant

Pisaura mirabilis (Clerck, 1757) — Ilusaypa yausureabHast

Cewmeiicrso Theridiidae — Tepeaumast

Enoplognatha ovata (Clerck, 1757) — DHOIL10THaTa OBaAbHAS

Phylloneta impressa (L. Koch, 1881) — Tepuanon BaaBaeHHbIN

Steatoda albomaculata (De Geer, 1778) — Creatoga GeaOoIIsITHICTAS

Steatoda grossa (C.L. Koch, 1838) — Crearosa KpymHas, nau A0KHas BAOBa
Steatoda paykulliana (Walckenaer, 1806) — Crearoaa Ilaiikya4s, man A0XKHBI KapaKypT
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Cewmeiictpo Salticidae — CkakyHunkm

Evarcha arcuata (Clerck, 1758) — DBapxa paay>KHas

Heliophanus auratus (C. L. Koch, 1835) — I'eanoganyc 3040TuCTbII
Heliophanus potanini (Schenkel, 1963) — I'eanoganyc I[Toranuna
Mogrus neglectus (Simon, 1868)

Neon levis (Simon, 1871)

Pellenes seriatus (Thorell, 1875)

Philaeus chrysops (Poda, 1761) — ®naeyc 3040TOrAa3b11

Phlegra fasciata (Hahn, 1826) — ®aerpa rmoaocaras

Rafalus variegatus (Kroneberg, 1875) — Pajdpaayc uameHIMBLIII
Cewmerictso Titanoecidae — ITaykn-Turanenmant

Titanoeca quadriguttata (Hahn, 1833) — TutaHoeka 4eThIpeXIIATHUCTAs
Titanoeca tristis (L. Koch, 1872) — Turanoeka nevaapHast
Cewmeiicrso Oxyopidae — IMayku-poicu

Oxyopes globifer Simon, 1876 — Oxcmoriec 11apoHOCHbIN

Oxyopes heterophthalmus (Latreille, 1804) — Oxcnornec pazHoraasbiin
Oxyopes ramosus (Martini et Goeze, 1778) — Oxcuornec BeTBUCTbIN
Oxyopes takobius Andreeva & Tyschchenko, 1969

Cewmerictso Linyphiidae — Aunndumant

Linyphia hortensis (Sundevall, 1830) — Aunudus cagosas

Neriene clathrate (Sundevall, 1830) — Hepuena permerdaras
Agelenidae — Boponkosble rayku

Tegenaria domestica (Clerck, 1757) — loMOBbIi1 I1ayK, TeTeHapus A0MOBas
CewmerictBo Sparassidae — I'mranTckne kpaboBble HayKn
Micrommata virescens (Clerck, 1757) — MukpomarrTa 3e1eHOBaTast
Olios sericeus (Kroneberg, 1875) — KopruuneBbii ayK-OXOTHUK
Cemerictso Amaurobiidae — Ilayku-amaypobunast

Amaurobius erberi (Keyserling, 1863) — Amaypobuyc Dpbepa

L.

PmcyHoki. Chernes cimicoides Pucynoxk 2. Trombidium
holosericeum

|

Pucymnox 5. Pardosa agrestis

Pucynox 6. Trochosa terricola

Pucynox 4. Homolophus
charitonovi
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|

PucyHoxk 7. Ebrechtella Pucynox 8. Xysticus PucyHoK 9. Spiracme striatipes

tricuspidata pseudocristatus
i -

Pucynok 10. Misumena vatia ~ Pucymnok 11. Philodromus cespitum  Pucynox 12. Thanatus arenarius

'l

Pucynoxk 13. Thanatus Pucynok 14. Philodromus poecilus Pucynok 15. Philodromus
formicinus margaritatus

Pucymox 16?Aculepeim
ceropegia

"'.'
i
5

k

Pucynox 18. Zelotes latreillei Pucynox 19. Pisaura mirabilis I/ICyHOK 20. Steatoda
albomaculata
46 Ne 1(142)/2023 ALH. Tymunes amomdazor EYY Xabapuivicor. buorozusavi 2otavimoap cepuscol

ISSN(Print) 2616-7034 eISSN 2663-130X



M.N. Tempewes, 5.K. Konxacapos, 3.5. bexnasaposa, A. Capoacosa, A.ILl. Axanbamuvipos

L Pmcyno% 21. Steatoda
paykulliana

F A 8L M e T e i

Pucynox 24. Micrommata J PI/IyOK 25. Olios sericeus Pucyrok 26. Amaurobius erberi

virescens

TakcoHomMmyecknit aHaAM3 COOpPaHHBIX ITayKOOOpa3HBIX IIpUBeJeH B TabauIle 2.

Tabamnriia 2
TakcoHOMMYECKNiI COCTaB NayKOOOPa3HBIX 51010HEeBbIX HaCaKAeHNIA
Orps4a, ceMelncTso Yncao poaos % Ywucao BuaOB %
Pseudoscorpionida 1 1,69 1 1,23
Chernetidae 1 1,69 1 1,23
Trombidiformes 1 1,69 1 1,23
Trombidiidae 1 1,69 1 1,23
Opiliones 1 1,69 2 2,46
Phalangiidae 1 1,69 2 2,46
Aranei 54 91,53 73 90,12
Lycosidae 6 10,17 10 12,35
Thomisidae 9 15,25 10 12,35
Philodromidae 4 6,78 9 11,11
Tetragnathidae 1 1,69 2 2,46
Araneidae 9 15,25 11 13,58
Uloboridae 1 1,79 1 1,23
Gnaphosidae 4 6,78 4 4,94
Pisauridae 1 1,69 1 1,23
Theridiidae 3 5,08 5 6,17
Salticidae 8 13,56 9 11,11
Titanoecidae 1 1,69 2 2,74
Oxyopidae 1 1,69 3 3,69
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Linyphiidae 2 3,38 2 2,46
Agelenidae 1 1,69 1 1,23
Amaurobiidae 1 1,69 1 1,23
Sparassidae 2 3,38 2 2,46
Urtoro 59 100 81 100

Kak BMAHO M3 gaHHBIX TaOAMIIB 2, AOMUHUPYIOIIVM IIO YMCAY BUAOB SIBASIETCS OTpsiA Aranei,
oCTaZbHBIE OTPsIABI BKAIOUAIOT 1-2 Buga. [1o uncay poaos u BuAOB IIpeo0aajaer ceMericTBo Araneidae.
3a HuM caeayior cemeiictBa Thomisidae, Lycosidae, Salticidae, Philodromidae, Gnaphosidae u
Theridiidae. OcraapHble cemelicTBa IpeacTaBaeHbl 1-2-ms pogom u BuAoM. Iloutm Tpers BMAOBOTO
pasHOOOpasust oTpsiga NpUXoAUTcsa Ha 5 cemelicts — Araneidae, Thomisidae, Salticidae, Lycosidae n
Philodromidae. B KoAM4ecTBEHHOM COOTHOIIIEHMM IIPU IIPOBEAEHUM y4eTOB IIpeoOaasaam Te Ke 5
cemerictB — Araneidae (28,2 %), Thomisidae (22,3 %), Salticidae (13,4 %) Philodromidae (11, 4 %),
Lycosidae (8,2 %) n Theridiidae (7,2 %), Ho k HuM npubasasorcs Takke Oxyopidae (3,1 %), Pisauridae
(22 %) n Linyphiidae (1,8 %). Joas mpouux cocraBasiaa okoao 1 %. VI3 Hux aoMmHUpOBaAM IIO
yncaenHoctu Diaea suspiciosa, Ebrechtella tricuspidata, Spiracme striatipes, Xysticus pseudocristatus, Pardosa
agrestis, Heliophanus potanini, Evarcha arcuata, Rafalus variegatus, Philodromus poecilus, Ph. histrio, Ph.
cespitum, Oxyopes heterophthalmus, Aculepeira ceropegia, Araniella cucurbitina, Theridion impressum u Pisaura
mirabilis. VI3 aApyrux maykooOpas3HBIX BBICOKYIO UMCAEHHOCTh uMmea ceHokocerl Homolophus almasyi,
OAHAKO OH BCTpevaAcsl TOABKO B Cajax, He ITOABEPTaBIINXCS 00paboTKe XMMUIEeCKUMH IIperiapaTaMu U
B IMae-Aaarayckom I'HIII, kak n aoxuockoprmon Chernes cimicoides. B 11eaoM B A040HeBBIX cadax C
oOpaboTKaMM XMMIMYeCKMMM —IIeCTMIIMJaMM  IOTO-BOocTOKa Kasaxcrana BugoBoe pasHoOOpasue
I1ayKoOOpa3HbIX CUABHO 00eaHeHO (B 2 1 0oaee pa3a) O CpaBHEHMIO C €CTeCTBeHHBIMM OMOTOIIaMM U
HeoOpaOaTeiBaeMbIMU cagamu (Tabamniia 3).

Tabamniia 3
KoandecTBO BbISABA€HHBIX TAKCOHOB IIayKOOOPpa3HBIX Ha MCCAe40BaHHBIX ydacTKax
s1010HEBBIX CaA0B ¥ €CTeCTBEHHBIX OMOTOIOB AAMAaTMHCKOM 004aCcTI

Ortpsiant Caap1 Oe3 06paboOTOK 1 Caapl c mpyMeHeHeM XMMITIEeCKIX
eCcTeCcTBeHHbIe OMOTOIIBI eCTUILINAOB
CemericTBa Poaa Buapr CemMmericTBa Poaa Buanr
Pseudoscorpionida 1 1 1 - - -
Trombidiformes 1 1 1 1 1 1
Opiliones 1 1 2 - - -
Aranei 16 54 73 8 22 25
Bcero 19 57 77 9 23 26

Bo BpeMs 1104€BbIX HaOAIOAEHMIT ObLI0 OTMEUYEHO, YTO B AOBYNX ITI0sICAX, B KOTOPBIE 3aceAsANCh
IayKy, YMCAEHHOCTh TyceHuI] s0A0HHOM maoaoxopku Cydia pomonella (Linnaeus, 1758) um apyrmx
BPeAHBIX YeIlTyeKphIABIX CHI>KaJach 40 MUHUMYyMa. B HEKOTOPHIX cAydasx, HaIpuMep MpU 3aceAeHun
AOBYMX IT051COB ITaykamu Amaurobius erberi (puc. 26) B AKCalICKOM YITieAbe, TyCeHUIIbI YeITyeKPBLABIX B
HIUX IIpaKTU4ecKu orcyTcrBoBaan. IIpm sTOM B pepOMOHHBIE AOBYIIKM, YCTaHOBJAEHHBIE B BTOM 3Ke
yiieabe, Ioragaaoce 40 60 mryk Oabouek sA0A0HHON IIA0AO0XKOPKM, a IpU 00cAej0BaHMIU OBLAO
orMeueHO nopaxkenue e 70 % 110408 s10a0uu Cusepca, T.e. YMCA€HHOCTb BpeAUTeAs B IpUpoJe ObL1a
BBICOKOIL.

B 2abopaTopHOM BKCIIepuMeHTe pU cojep>KaHnu B cadke 1 ocodb A. erberi 3a cyTKu 1oegaaa 40
10 rycenmry s16A10HHOTI I1A0A0KOPKM MAM A0 5 TyceHuUIs ¢puoaeToso-cepoit copku Orthosia incerta
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(Hufnagel, 1766) (aaHHBIIT B114 BpeAHBIX YeITyeKPbIABIX B TEKYIIleM TOAy TakKe IPUCYTCTBOBaA B
MaccoBOM KoAmdecTse B 00cAeA0BaHHBIX cTanusx). Ilayk Steatoda paykulliana, Tax>ke OXOTHO CeASIITMILCS
B A0BYMX ITosAcax (puc. 21), B cagke 3a CyTKM YHUYTOXAaA B CpeAHeM 5 IyceHnI] A0A0HHOM I1A040KOPKI
nan 3 ryceHUIB (PUOAETOBO-cepoil COBKM. boaee meaxme BuAbl, Takme Kak Diaea suspiciosa, Xysticus
pseudocristatus v Evarcha arcuata, moegaan 2-3 ryceHUIIBI B CyTKU (TaOan1ia 4).

Tabamnria 4
CyTrouHoe noTpedaeHNe I'YCEHNI] BpeAHbIX UelllyeKpPbLAbIX pa3HbIMI B AaMI I1ayKOB

KoangecTBo cheeHHBIX TYCEHMII, DK3.

Bua genryekpsraoro Cydia pomonella Orthosia incerta
Bapuanrs! onbita 1 2 3 4 Cpeanee 1 2 3 4 Cpeanee

3HayeHye 3HayeHye
Amaurobius erberi 10 8 9 10 6,75 4 4 5 5 45
Steatoda paykulliana 5 5 4 5 4,75 3 3 3 2 2,75
Diaea suspiciosa 2 2 3 3 2,5 2 1 2 3 2,25
Xysticus 3 2 2 3 2,5 1 2 3 2 2
pseudocristatus
Evarcha arcuata 3 3 3 2 2,75 3 2 1 3 2,25

VurepecHsiM ¢akToM sBAsleTCs HaxoaKa B s040HeBoM cady mayka Olios sericeus (puc. 25). B
Kasaxcrane ganHblii B1A OblA BIepBble OTMeYeH KaK CHHAHTPOIIHBINM, oOuTarommii B 3jaHuax [33].
Hamu on 614 Haiigen 13.07.2021 B cagy KX «Oaxac» Kak Ha cTBoAax s1010HB, TaK U B (pepOMOHHBIX
AOBYIIKAX, Ky4a BepOsITHO OblA IIpMBAeYeH NONaBIINMU Tyja Oabodykamu s040HHOM I11040K0pKu. V13
ApPYyIuX apaxHug B (epOMOHHBIX JAOBYIIKaX HEOAHOKpPAaTHO OTMeyaauch ceHokocubl Homolophus
charitonovi n H. almasyi, u nayku Pardosa agrestis, Heliophanus potanini, Evarcha arcuata.

BuiBoabl

Bcero B s1040HeBBIX cagax Ioro-soctoka Kasaxcrana Obiam orMedennl 81 Bua m 59 poaos
IayKooOpa3HbIX, OTHOCAIIMXCS K 4 oTpsdaMm u 19 cemeiictBaM. JOMMHUPYIOIIUM SBASETCS OTpP:A,
rnaykos (Aranei) — 16 cemeiicts, 54 poga m 73 BHMAa, OCTaAbHBIE OTPsAABI BKAIOYAIOT IIO OAHOMY
cemerictey un 1-2 posa u Buga. JOMMHMPYIOIIMM IIO pa3HOOOpasMIO U3 HUX SABAAETCS CeMeliCTBO
Araneidae — 11 BugoB n 9 pogos. 3a HuUM caeayioT ceMerictBa Thomisidae (9 poaos u 10 B1AOB),
Salticidae (8 poaos u 9 Buao0B), Lycosidae (6 poaos u 10 Buaos), Philodromidae (4 poaa un 9 B1a0B),
Theridiidae (3 poaa 1 5 BuaoB) u Gnaphosidae (4 poaa u 4 suaa). [Ipoune cemericrsa rnpescrasaeHs! 1-
2-ma podammu u BugaMm. B 1meaom ¢ayHa maykooOpasHBIX s10A0HEBBIX Haca’KAeHUil, B KOTOPBIX
IpUMeHsAeTCsl 00paboTKa XMMMYeCKMMM IecTUIAaMy, ropaslo 0olee obegHeHa IO CpaBHEHUIO C
cagaMm Oe3 TakKuX OOpaOOTOK M ecTeCcTBeHHBIMM Omortonammu. ITockoapky rmaykooOpasHble A0BOABHO
9PPeKTUBHO YHMYTOXKAIOT MHOIMX BpeAHBIX HAaCeKOMBIX, TpeOyeTcs IpoBejeHMe AaAbHeMIINIX
uccAeAOBaHMII B JaHHOM HampabAeHnn. Peryasphsle 00paOOTKM XMMHUYECKUMM ITeCTUIIMAAMU
Iy6I/ITe/lLHO AEVICTBYIOT He TOAbKO Ha BpeauTeAell, HO Ha IpeACTaBUTeAel I10Ae3HOMI (])ayHH, B T.4. I Ha
I1ayKOB, a TaK>XKe BpeAsAT 3A0pOBbIO YeA0BeKa U KMBOTHBIX, 3aTPA3HAIOT II0YBY, BOAY U PacTUTeABHOCTD
cBoMMM ocTarkamy. TakuM oOpasoM, B sI0A0HEBBIX cadax HeOOXOAMMO pa3pabaThiBaTh M IPUMEHSTDH
MeTOABl OMOAOIMIeCKOT0 KOHTPOAS YMCAEHHOCTM BPeAHBIX OPTaHU3MOB, 004ee I0AXOAsIe KaK 445
coXpaHeHIsI OMopa3HOOOpass, TaK I B OTHOIIIEHUN OXPaHbI 340POBbI AI0A€ll 11 OOIIell PKOAOTMIeCKO
0e301TacHOCT.
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OpmexkiniTapisaiaepai (Arachnida) seprrey — KasakcTaHHBIH OHTYCTiK-IIBIFBICBIHAAFBI
aama OakTapbl KaObIpIIaKKaHATTHI 3MsIHKeCTepiHiH 9HTOMOQarrapbl

Angarma. KasakcTaHHbIH —~ OHTYCTiK-IIBIFBICBIHAQFBI  aaMa  OakTapbiHga 4 OTpsAKa
(Pseudoscorpionida, Trombidiformes, Opiliones >konHe Aranei) >koHe 19 TyKbIMAacblHa >KaTaThIH
apaxHuarepaiy 81 Typi MeH 59 ypmarbl atan eTiagi. OpTypaiairi OoiibiHIIa OackIM-©pMeKIilep
oTpsiabl (Aranei) — 16 TykpiMAac, 54 TYKbIM KoHe 73 Typ, KaafaH OTpsigTapfa Oip TykpiMAac >koHe 1-2
TYKBIM MeH TYPp Kipeai. TYKpIM MeH Typaepain caHpl OolibiHIIa Araneidae TyKbiMaace! Oaceim — 11 Typ
>koHe 9 TyKbIM. Ogan keitiH Thomisidae (9 TykpiM >xone 10 Typ), Salticidae (8 TykbiM >kaHe 9 Typ),
Lycosidae (5 Tykbim xaHe 9 Typ), Philodromidae (4 Tyksim >xane 9 Typ), Theridiidae (3 TyxpiM >xone 5
Typ) koHe Gnaphosidae (4 TykpiM 1 4 Typ). backa TykbpiMgactap 1-2 TYKBIM MeH TypAepAeH Typaabl.
Kaampl, XUMMAABIK IeCTULMATEPMEH 6HJey KOAJaHbIAFaH apaxHUATI alMa eKIleaepiHiH ¢ayHachl
TaOury OmoronTaphl Oap, MyHJail eHaeycis ODaKTapMeH caAbICThIpFaHAa o@44eKalija a3 (2 ece HeMece
oJaH Ja Kem). J3epTXaHa4blK >Kafgalida ©pMeKIIidepAiH apTypai TypAepiMeH 3UsIHKeCTepAiH
JKYAABISKYPTTapBIHBIH >KeMTIHAIIN Typaabl MaaimeTrTep KeartipiareH. Amaurobius erberi (Keyserling,
1863) Toyairine 10 aganHara AeitiH aaMa >KeMicXKeMipiHiH >KyAABIBKYPTBIH Cydia pomonella (Linnaeus,
1758) nHemece 5 saHara AeitiH KyariH-cyp keOeaek Orthosia incerta (Hufnagel, 1766) >xeai. Steatoda
paykulliana (Walckenaer, 1806) xyHiHe opTa ecemnrieH 5 aama >KeMicC>KeMipiHiH KYAABI3KYPTHH HeMece 3
Ke0eaeK KYAABIBKYPTTaphIH XKoWAL Diaea suspiciosa O. P.-Cambridge, 1885, Xysticus pseudocristatus
Azarkina & Logunov, 2001 >xone Evarcha arcuata (Clerck, 1758) cusakTel Kimiripim Typaep Tayairine 2-3
KKAABIBKYPT XKeai. AaMa OarbiHAa aaram per Opwmekiri Olios sericeus (Kroneberg, 1875) aram eriaai,
Kaszaxcranaa Oya Typ OypbIH CMHaHTPOITHI peTiHAe aTall eTiAeTiH.

Tyiin cesaep: epmekiiTopisgisep, Arachnida, ¢ayna, sHTOMOparrap, aama araIsl, OHTYCTiK-
meIFbic, KazakcraH.
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To the study of arachnids (Arachnida) — entomophages of lepidoptera pests of apple trees in
the south-east of Kazakhstan

Annotation. Nowadays, 81 species and 56 genera of arachnids belonging to 4 orders
(Pseudoscorpionida, Trombidiformes, Opiliones and Aranei) and 19 families have been recorded in
apple orchards of southeastern Kazakhstan. The order of spiders (Aranei) is dominant in diversity — 16
families, 54 genera and 73 species, the remaining orders include one family and 1-2 genera and species.
According to the number of genera and species, the Araneidae family is dominant — 11 species and 9
genera. It is followed by the families Thomisidae (9 genera and 10 species), Salticidae (8 genera and 9
species), Lycosidae (5 genera and 9 species), Philodromidae (4 genera and 9 species), Theridiidae (3
genera and 5 species) and Gnaphosidae (4 genera and 4 species). Other families are represented by 1-2
genera and species. In general, the fauna of arachnid apple plantations, in which chemical pesticide
treatments are used, is much more depleted (by 2 or more times) compared to gardens without such
treatments and natural biotopes. Data on the consumption of pest caterpillars by different types of
spiders in laboratory maintenance are given. Amaurobius erberi (Keyserling, 1863) ate up to 10
caterpillars of the codling moth Cydia pomonella (Linnaeus, 1758) or up to 5 caterpillars of the clouded
drab Orthosia incerta (Hufnagel, 1766) per day. Steatoda paykulliana (Walckenaer, 1806) destroyed an
average of 5 caterpillars of the codling moth or 3 caterpillars of the clouded drab per day. Smaller
species, such as Diaea suspiciosa O.P.-Cambridge, 1885, Xysticus pseudocristatus Azarkina & Logunov,
2001 and Ewvarcha arcuata (Clerck, 1758), ate 2-3 caterpillars per day. For the first time in the apple
orchard, the spider Olios sericeus (Kroneberg, 1875) was recorded, in Kazakhstan this species was
previously noted as synanthropic.

Keywords: arachnids, Arachnida, fauna, entomophages, apple tree, south-east, Kazakhstan.
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Obtaining and investigating immunochemical properties of monoclonal
antibodies against rCTLA-4 protein

Abstract. Monoclonal antibodies are used to block control points of the tumor development of
many oncological pathologies. One of the critical control points of tumor development of several
oncological pathologies is the receptor for cytotoxic T-lymphocyte-associated protein 4 (CTLA-4).
Monoclonal antibodies against the CTLA-4 receptor are laboratory-derived humanized antibodies.
An essential step in the humanization of antibodies is the production of murine hybrid cells
producing monoclonal antibodies. This article describes studies of mice monoclonal antibodies
against a recombinant human CTLA-4 receptor (rCTLA-4) expressed in Escherichia coli. To obtain
strains of hybrid cells producing monoclonal antibodies were used methods of hybridoma
technology. As a result, hybrid cells producing monoclonal antibodies to CTLA-4 were obtained.
Strains of hybrid cells have high productive activity in vitro and in vivo. Monoclonal antibodies
react with rCTLA-4 protein, belong to the class of IgG1, and have a high binding constant. They
efficiently bind to the rCTLA-4 receptor and block the interaction of rCTLA-4 with the commercial
recombinant human B7-1 Fc and rhesus monkey PD-1 hFc proteins. These monoclonal antibodies
to rCTLA-4 can be used to obtain recombinant humanized monoclonal antibodies to the human
CTLA-4 receptor.

Keywords: Monoclonal antibodies, CTLA-4 receptor, oncology, recombinant protein.
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Introduction

Currently, monoclonal antibodies (mAbs) against the cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) are of great importance for immunotherapy aimed at blocking immunological control points
of tumor development. Programmed cell death receptor 1 (PD-1), ligands for PD-1 and 2 (PD-L1, PD-
L2), and antigen 4 associated with cytotoxic T lymphocytes (CTLA-4) are of great interest. Interest in
CTLA-4 is attributed to the receptor being a homolog of the CD28 receptor and having a higher affinity
for the B7 receptor. The interaction of CD28 and B7 receptors leads to increased T cell proliferation and
cytokine production. CTLA-4 is essentially a competitor to the CD28 receptor, thereby interfering with
the generation of the CD28:B7 signal that stimulates immunity. In addition, the binding of CTLA-4 and
B7 can produce inhibitory signals that counteract the stimulatory signals from the binding of CD28:B7
and TCR: MHC [1]. PD-L1 is the central mediator of the evasion of cancer cells from immunity and is
the only biomarker that allows the prediction of the effectiveness of the blockade of immunological
checkpoints [2]. In addition, PD-L1, like CTLA-4, can bind to the B7.1 (CD80) receptor on dendritic cells
and prevent the development of antitumor immunity [3].

In this regard, mAbs against PD1 are effective tools in treating melanoma [4,5,6,7]. Since 2011,
mAbs against CILA-4 (Ipilyumab) has taken a stable position in the pharmaceutical market of the
world. The mechanism of action of Ipilimumab is based on the inhibition of CTLA-4 and an increase in
the period of antitumor immunity. In 2014, two more drugs based on mAbs Pembrolizumab,
Nivolumab, and Ipilimumab became commercially available. Studies have shown that the use of mAbs
in 20% of patients with skin melanoma increased their immune response against malignancies by
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several years. The use of Nivolumab or Pembrolizumab in combination with Ipilumumab was
significantly more effective in the treatment of melanoma [8,9,10,11]. In the first phase of clinical trials,
the effect of pembrolizumab on patients with melanoma and lung cancer was studied. Pembrolizumab
showed no dose-dependent toxic effects and showed stimulatory antitumor activity against melanoma
and lung cancer [12,13].

The use of mAbs for cancer immunotherapy control points is an essential study for the Republic
of Kazakhstan in connection with an increase in malignant melanoma among the population. Here we
report a study of murine mAbs against a recombinant CTLA-4 receptor expressed in Escherichia coli.

Material and methods

Animals, cells, and antigens

A total of 20 BALB/c mice (6-8-week old) and 150 outbreed mice and X-63 myeloma cell lines were
used. Anti-Mouse IgG1 and IgG2a Subclass Specific Antibodies (Jackson Immuno Research Inc), anti-
Mouse IgG (whole molecule)-Peroxidase antibody produced in goat (Sigma-Aldrich, A4416) and
3,3',5,5"-Tetramethylbenzidine (TMB) Liquid Substrate System for enzyme-linked immunosorbent assay
(ELISA) (Sigma-Aldrich, T0440) and recombinant human B7-1Fc protein were used in this study.

Production of mAbs

On the first day, BALB/c mice were injected intraperitoneally with 400 mg of rCTLA-4 antigen
with 0.1 mL of incomplete Freund's adjuvant (Gibco, USA) in phosphate-buffered saline (PBS), pH 7.2-
7.4. The following immunization was performed on days 7, 11, 12, 13, and 14 with 100 pg of antigens.
The titer was evaluated using an enzyme-linked immunosorbent assay (ELISA) in a series of two
dilutions of the serum of each animal, starting at 1:200. Cell hybridization was carried out according to
the method of Oi and Herzenberg [14]. Cloning of hybrid cultured cells was performed by the limiting
dilution method described by Coding [15].

To obtain a preparative amount of antibodies, hybrid cells were cultured in flasks with a volume
of 150 cm? for 8 days at 37°C. After cultivation, the culture medium was collected and separated from
the hybrid cells by centrifugation at 150 g for 10 minutes. MAbs were purified from ascites fluid by
salting out with ammonium sulfate to 50% saturation. The formed precipitate was centrifuged at 3000 g
for 30 min at 4°C. The antibody pellet was resuspended in a minimal volume of PBS (pH7.2) and
dialyzed against PBS during the day. Antibodies from the resulting solution were purified using HiTrap
Protein A HP (GE Healthcare Life Sciences).

The binding affinity of mAbs

The method of Beattyet al. (1987) determined the binding affinity of mAbs. The recombinant
protein was immobilized in three rows of a 96-well plate with the optimal concentration (10pug/mL) and
three rows of wells with a protein concentration two times lower than the optimal concentration (5
pg/mL) in 0.05 M bicarbonate buffer, pH of 9.6 and incubated at 4°C for 12 h. After washing the plate
and blocking with 1% bovine serum albumin (BSA), double dilutions of mAbs were introduced into the
wells, starting from 10ug/mL, and incubated at 37°C for 1 h. After washing the plate, an antispecific
conjugate was added at a dilution of 1:1000 and incubated at 37°C for 1 h. To develop the reaction, a
TMB substrate was used, followed by the addition of a stop reagent. The optical density was measured
at a wavelength of 450 nm. Based on the obtained data, graphs were constructed and the binding
constant was determined.

The value of Kaff was calculated using equation (1).

Kaff = s 1)
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Where

Ab’ - concentration of antibodies at 50% optical density of the reaction with rPD-1 in
concentration 10 ug/mL;

AD - concentration of antibodies at 50% optical density of the reaction with rPD-1 in concentration
5 ug/L.

ELISA

Solutions of rCTLA-4 (5ug/mL) in bicarbonate buffer (pH 9.6) were immobilized at 4 °C for 16 h.
The plate was washed with 0.15 M PBS with Tween 20 (PBS-Tw20) (pH 7.4). After washing the plate, 1%
BSA was added and incubated for 1 h at 37°C. Then, serial dilutions of mAbs beginning with 1:100 were
introduced into wells. The plates were incubated as above and Anti-Mouse IgG (whole molecule)-
Peroxidase antibodies produced in goat (Sigma-Aldrich) diluted 1:40000 were added to the wells. The
incubation was performed as previously. To develop the reaction, a substrate of 3.3'5.5-
tetramethylbenzidine (TMB) was added and incubated at RT. The reaction was then stopped by the
addition of 2M sulfuric acid. The intensity of the reaction product was measured at 450 nm.

Western blot

The recombinant protein was analyzed on a 12% SDS-PAGE by Laemmli [16]. Immunochemical
properties of the rCTLA-4 were analyzed in Western blot by Towbin [17] method. The rCTLA-4 was
transferred to a nitrocellulose membrane which was incubated in a 1% BSA at 4°C, 16 h. Then the
membrane was incubated with 1:1000 mAbs for 1.5 h at RT. After a washing step with PBS-Tw20 the
membrane was incubated with anti species peroxidase-conjugate for 1 h at 37°C. After the washing
procedure protein detection was visualized by the adding4-chloro-naphthol substrate.

Results

Obtaining hybridoma cells producing mAb to the rCTLA-4 protein

In the enzyme immunoassay, the titer of antibodies against rCTLA-4 in the serum of immunized
mice was 1:25600. B-lymphocytes of immunized mice were used to obtain strains of hybrid cells
producing mAbs. As a result of hybridization, out of 384 seeded wells, 100 showed the growth of clones
of hybrid cells, which is 26% of clone formation. Antibody-producing hybrid cells, we cloned three
times. After the third cloning, from 96 obtained clones, 81 subclones produced antibodies to rCTLA-4,
which is 85% of positive clones. After cloning, the hybridoma cells did not change their productive and
cultural properties for 16 passages in vitro condition (observation time). The productivity of hybrid
strains was determined using ELISA for 8 days. Hybrid cells were seeded in 8 wells of a 24-well plate in
an amount of 2x10 cells per well. From day 1 to day 8, the culture medium was selected from one well
per day to determine the antibody-producing activity of hybridomas by ELISA. To determine the
hybridoma productivity, a comparison of the reaction intensity in the tested row of wells with positive
control, in which the concentration of murine antibodies is known, was used. The results of the analysis
of the productivity of hybrid cells are shown in Fig. 1.
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Figure 1. Productivity curve of hybrid cell strains producing mAbs to rCTLA-4 protein in vitro

Figure 1 shows that the concentration of antibodies in the culture fluid on the 8th day of
cultivation reaches 17 - 30 pg/mL. To obtain a preparative amount of mAbs, hybridoma cells were
cultivated in RPMI1640 medium within 6 days. The antibody concentration obtained was 4 mg/ml,
from the total volume of cultural fluid was 150 ml.

Immunochemical properties of monoclonal anti-PD-1 antibodies

Indirect ELISA was used to determine the constant affinity (Kaff) of the mAbs. Serial dilution of
mAbs was loaded onto rows on a microtiter plate with rCTLA-4 at two concentrations- 5 and 10 pg/mL.
The dilution results from mAbs of four hybridoma cell culture pools in two concentrations of rCTLA-4
coating are shown in Fig. 2.
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Figure 2. Experimental ELISA curve for anti-rCTLA-4 mAbs at two concentrations of protein

The calculated antibody concentrations (ng/mL) at OD-50 were H8 - 150 and 30; A5 - 75 and 15.
According to formula (1), the affinity constant of monoclonal antibodies was calculated. This formula
determines the level of interaction of the mAbs with the antigen and is based only on the total
concentration of antibodies at 50% optical density of the reaction for 96 well plates immobilized with
two concentrations of antigen, 5 and 10 ug/mL. The results of determining the binding constant are
shown in table 1. To determine the subclass of mAbs in the ELISA used anti-mouse IgG1 and IgG2a
subclass-specific antibodies (Jackson Immuno Research Inc).

60 Ne 1(142)/2023 /LH. Tyasuaes amvindazor EYY Xabapuvicer. buorozusiavix zviavivdap cepuscol
ISSN(Print) 2616-7034 eISSN 2663-130X



Zh.B. Adish, M. Nurtleu, K.A. Tursunov, K.N. Mukantayev, Y.M. Ramankulov, K.K. Mukanov

Table 1
Main characteristics of monoclonal antibodies to rCTLA-4
Productivity of
Subclass of rocue IVIty.O Antibody Constant
Mab name o1 hybridomas in . .
antibodies . sensitivity, ng/mL affinity
vitro, pg/mL

HS8 IgG1 30 30 3x108M1
A5 IgG1 28 15 5x108M1

As can be seen from Table 1 the constant affinity of mAbs ranged from 3x105M-1 to 5x108M",
which indicates the sufficient power binding of mAbs to this protein. The results of assessing the
subclass of mAbs show that the mAbs to the rCTLA-4 protein synthesized by hybridoma belongs to the
class G1 antibody.

Specificity and inhibited ability of monoclonal anti-rCTLA-4 antibodies

The main biological characteristics of mAbs are specificity, sensitivity, and affinity. The specificity
demonstrates the ability of mAbs to react only with the certain protein to obtain antibody selectively.
mAbs specificity was determined by Western blotting with heterogeneous proteins. The Western blot
analysis showed a specific reaction of mAbs only with rCTLA-4 protein, the molecular weight of which
is 20 kDa (Fig.3).

A MM 1 2 3 B MM 1 2 3

25kDa

15 kDa

Figure 3. Electrophoresis (A) and Western blot (B) determine the specificity of mAbs to rCTLA-
4 protein. Line 1 - rN protein SARS-Cov2; Line 2 — rCTLA protein; Line 3 - rPD-L1 rptein

The ability of mAbs to inhibit the reaction of rCTLA-4 with recombinant human B7-1Fc protein
was researched by competitive ELISA assay. The solution of mAbs and rB7-1Fc protein was added to
wells immobilized with rCTLA-4 a concentration of 10000 to 0,7 ng/ml. The solution of mAbs and rB7-
1Fc was prepared in a ratio of 1:1. ELISA showed a decrease in the optical density of the reaction
mAb+rB7-1Fc compared to rB7-1Fc (Fig.4).
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Figure 4. Experimental curves of competitive ELISA for rB7-1Fc protein and solution
mAbs+rB7-1Fc protein

Discussion

mAbs against PD-1, PD-L1, and CTLA-4 have been successfully used as a treatment for various
tumors and occupy a stable position in the pharmaceutical market of the world. The most widely used
are three humanized mAbs: ipilimumab, pembrolizumab, and nivolumab [18]. mAbs can be used for
the treatment of different types of malignant tumors. Japanese scientists have seen a positive effect in
the treatment of diseases such as NSCLC, renal cell carcinoma, and melanoma in 18, 27, and 28% of
patients, respectively. In these patients, also was observed the formation of long-term antitumor
immunity. mAbs restrained the proliferation of some malignant tumors for 20-30 months [19].

In this work, five hybridoma cells producing mAbs to rCTLA-4 receptor were obtained. To get the
strains of hybrid cells, we used the rCTLA-4 receptor obtained from E. coli. Analysis of the resulting
murine mAbs showed a specific reaction with the extracellular fragment of the CTLA-4 receptor. mAbs
had a sufficient affinity ranging from 3x108M! to 5x108M}, specificity, and sensitivity to rtCTLA-4. In our
study, the resulting mAbs provide their unique specificity for CTLA-4 due to the interaction, which is
likely to help in the development of therapeutic antibodies.

Wang et al. (2019), conducted studies on the effect of PD-1 receptor glycosylation on binding to
mADbs. For these purposes, the authors obtained murine mAbs for recombinant human PD-1 (amino
acid residues 21-167) obtained from Escherichia coli [20]. Mouse mAbs specifically bind to human PD-1
protein and inhibit the interaction of PD-1 and ligands. The mAbs obtained by the author had a binding
constant of 3,5x10’M1. Then, the authors received humanized antibodies following the humanization of
frame sequences of antibodies without changing affinity and specificity. Structural analysis showed that
the specificity of mAbs is associated both with interaction with loops and with the glycan, parts of PD-1.
The results showed that the N-glycosylation of PD-1 does not affect the binding strength of antibodies
[20].

Conclusion

As a result of the work were investigated mAbs to a fragment of the extracellular domain of
CTLA-4. The hybridoma cells have high productivity in vitro and in vivo. mAbs react with rCTLA-4
protein, belong to the class of IgGl, and have a high binding constant. Obtained mAbs efficiently
blocked the reaction of rCTLA-4 with recombinant human B7-1Fc. Characterization of mAbs rCTLA-4
allows you to use them to obtain recombinant humanized mAbs to human CTLA-4 receptors.
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rCTLA-4 akybI3Ha MOHOKA0OHaAAbl aHTHAeHeAePAiH MMMYHOXMMMSIABIK KacueTTepiH
3epTTey JKoHe ady

Anpaarmia. MOHOKAOHaAABl aHTHAEHeAep KOIlTeTeH OHKOJAOIVABIK —IaToAoImsAlapda icik
AaMyBIHBIH ~Oakblaay HyKTedepiH ©040Kkray VIIH KoaJ4aHblAagbl. bipkaTap  OHKOAOTMSABIK
raroJorusidap KesiHge iCiK JaMyBIHBIH MaHBI3ABl Oakblday HYKTeAepiHiH Oipi HIMTOTOKCMKaABIK T-
anmonutrepmen OaiiaanpickaH akybis 4 (CTLA-4) penentopaapsl Goabmn Tadblaaasl. CTLA-4
pelleITOpbIHa Kapchl MOHOKAOHAaAABl —aHTUAEHeJep 3epTXaHaAblK IIIBIKKAH  i3riaeHAipiareH
aHTHAeHedep Oo0AbIT TaOblAaAbl. AHTHAeHeAepAi TyMaHM3alUsAayAblH MaHBI3ABL KajaMbl 04
MOHOK/AOHAAbABl aHTUAEHeAepAl IIBIFapaThIH THIIIKAH TUOPUATI >KacylladapblH ©HAIpYy OOABIIT
Tabblaaabl. bya Makaaaga Escherichia coli skcmpeccusaanraH ajaMHbIH pexoMOuHaHTTHI CTLA-4
penentopeiHa (rCTLA-4) kapcel TiHTYipAiH MOHOKAOHaAABl — aHTMAEHeAepiHiH  3eprreyaepi
curarraaraH. MOHOK/AOHaAABl aHTUAeHeAepAi IIbIFapaThiH TMOPUATI Kacyllla ITaMMAapbIH aay YIIiH
TMOPUAOMABIK ~ TeXHoAOIms oddicrepi KoadaHbiaawl. Hoertmkecinge CTLA-4-re MOHOKAOHaAABI
aHTHAeHeAepAl OHAIpeTiH IMOPUATI JKacyladap aablHABL [MOpUATI Kacyliia IrraMMAapsl in vitro >KoHe
in vivo >KOFapbl ©HiMAi OeaceHaisikke me. MoHokaoHaaasl aHTuAeHeaep rCTLA-4 akybI3bIMeH
opeketTeceai, IgGl KaaceiHa >KaTaAbl >KoHe >KOraphl OailaaHbICy KoHcTaHTachiHa me. Oaap rCTLA-4
pellennTopeiMeH TuiMai Oaitaanbicagbl koHe rCTLA-4-TiH KoMMepHUAABIK peKkomMOmHaHTTH Fc B7-1
azaM akybpi3japel MeH pesyc Makaka PD-1 hFc opekerrecyin 6aoxraiael. bya antu-rCTLA-4
MOHOKAOHaaAb! aHTugeHeaep agaMublH CTLA-4 perjenitoppiHa peKOMOMHAHTTBI TyMaHM3alMsAaHFaH
MOHOK/A0OHaAABI aHTHAeHeAepAi XKacay YIIiH IaligaaaHblAybl MYMKiH.

Tyitin cesaep: monokaoHaaabl anTuAeneaep, CTLA-4 perienTopbl, OHKOAOINS, PeKOMOMHAHTTHI

aKybl3.

64 Ne 1(142)/2023 A.H. Tymunes amondazor EYY Xabapuivicer. buorocusvtk 2otavimoap cepuacol
ISSN(Print) 2616-7034 eISSN 2663-130X



Zh.B. Adish, M. Nurtleu, K.A. Tursunov, K.N. Mukantayev, Y.M. Ramankulov, K.K. Mukanov

XK.b. Aaumr'2, M. Hypraey'?, K.A. Typcynos!, K.H. Mykanraes!,
E.M. Pamankyaos!, K.K. Mykanos!
IHavyuonarvnuiil yenmp ouomextorozuu, Acmana, Kasaxcmarn
2Eepasutickuil HauuonarvHotd ynusepcumem umeriu /.H. I'ymuresa, Acmana, Kasaxcman

INoaydeHnne u ccaejgoBaHye MIMMYHOXVIMIYIECKIIX CBOVICTB MOHOKAOHAAbHBIX aHTUTeA K
0eaxy rCTLA-4

Annoramsi. MOHOKAOHaAbHbBIE aHTUTEAA UCIIOAB3YIOTCA A48 OAOKMPOBKM KOHTPOABHBIX TOUEK
OIIyX04€BOIO Pa3BUTHUs MHOIMX OHKOAOIMYeCKMX mnaToaoruit. OAHONM 13 KPUTHMYECKUX KOHTPOALHBIX
TOYeK  OIIyXOAeBOTO  PpasBUTMUS  psja  OHKOAOIMYECKMX  IIaTOAOTMI  SABAAETCs  pelenTop
uuToToKcnueckoro T-amMdonmrapHo-accorunposanHoro Oeaka 4 (CTLA-4). MoHokaoHaAbHBIE
antutreaa mnporus penenrtopa CTLA-4 mnpejcraBasioT coOoif  I'yMaHM3MpPOBaHHBIE —aHTUTeAa
2abOpaTOPHOTO IPOUCXOXKAeHMs. Ba’kHpIM 9TalloM TIymMaHU3allMM aHTUTeA sBASETCA IoAydeHue
MBIIIVHBIX TMOPUAHBIX KAETOK, TPOAYLIMPYIOIIX MOHOKAOHaAbHbIE aHTUTeAa. B 9T0I1 craThe omnycaHb
1CCA€40BaHNs MBIIIMHBIX MOHOK/AOHA/ABHBIX aHTUTeA IMPOTUB pekoMOuHanTHOro penenntopa CTLA-4
yeaoseka (rCTLA-4), skcrpeccuposaHHoro B Escherichia coli. Aasi moaydeHMs IITaMMOB IMOPUAHBIX
KAETOK, IPOAYLMPYIOLIIMX MOHOKAOHAAbHbIe aHTUTeAa, ObLAM MCIIOAb30BaHbI METOABI TMOPUAOMHON
TexHoAorun. B pesyaprate ObLAM mOAydeHbI IMOpUAHbBIE KAETKY, MPOAYIIMPYIOIIie MOHOKAOHAAbHbIe
antuteaa K CTLA-4. IlltaMMbl TMOPUAHBIX KA€TOK 0041a4aI0T BLICOKON TPOAYKTMBHONM aKTUBHOCTBIO i1
vitro u in vivo. MOHOKAOHaAbHBIe aHTUTeAa pearnpyioT ¢ beakom rCTLA-4, otHocATcs K Kaaccy IgGl n
MMeIOT BBICOKYIO KOHCTaHTY cBsA3biBaHUs. OHM 9PPeKTuBHO cBA3bIBalOTC ¢ perieritopoM rCTLA-4 n
6aokupyior Bzanmmogeiictsue rCTLA-4 ¢ xoMmMmepueckuMmu pekoMOMHaHTHBIMU Oeakamu Fc B7-1
yeaoseka 1 PD-1 hFc makaka pesyc. Ot MoHOKAOHaAbHbIe aHTUTeAa K TCTLA-4 MOXHO MCII0Ab30BaTh
AAsl TIOAy4eHUs] peKOMOMHAHTHBIX TYMaHU3MPOBAaHHBIX MOHOKAOHAABHBIX aHTUTEA K 4el10Be4eCKOMY
peneritopy CTLA-4.

KaroueBble ca0Ba: MOHOKAOHaAbHbBle  aHTuUTeda, penentop CILA-4, oHkoaorus,
PeKOMOMHAHTHBI OeA0K.
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Asmoparap myparvt Mmarimen:

9diw K. b. — VIMMyHOXMMMS >KoHe MMMYHOOMOTeXHOAOIMs 3epTXaHacChIHBIH FbLABIMU
KbI3MeTKepi, ¥ATTHIK OmorexHoaorus oprtaabirel, KopraaxxeiH Tac >xoapl, 13/5 rmmapart, AcraHa,
Kazaxkcran.

Hypmaey M. — JKaampr Omoaorus >koHe reHoOMMKa KadpeapacelHbIH 3 Kypc AokTopanTsl, /1.H
I'ymnaes arsinaarel EYY, Cotnaes kemeci 2, Acrana, Kazakcran.

Typcomos K.A. — ViMmMyHOXMMUS KoHE MMMYHOOMOTEXHOAOTN 3ePTXaHAChIHbIH aFa FhLABIMMU
KbI3MeTKep, YATTHIK OMOTeXHOAOTus opTaabirbl, KopraaxeiH Tac >koawl, 13/5 rmmapar, AcraHa,
Kazaxkcran.

Myxanmaes K.H. — VIMMyHOXMMIS >KoHe MUMMYHOOMOTEXHOAOIS 3epTXaHaChIHBIH MeHTepyIIIici,
YaTThIK OM0TEeXHOAOIISI OpTaablFsl, KoprasxsiH Tac ko4l 13/5 rmmapar, Acrana, Kasakcran.
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Supplement to the flora of tugai forests and adjacent deserts of the Ile-Balkhash region

Abstract. Based on the results of long-term research by the authors, and taking into account the
analysis of literary data, we provide an addition to the desert flora of the Ile-Balkhash region, which
includes 86 species from 69 genera and 31 families. Among the most interesting finds are Gagea
jensii Levichev & Schnittler, first discovered in Kazakhstan; Allium subscabrum (Regel) RM
Fritsch, a recently described narrow-local endemic of the 1li deserts; as well as four species listed in
the Red Book of Kazakhstan. The article considers the unstable ecological situation in the surveyed
region and the related changes in the species composition of higher plants, we recommend carrying
out floristic monitoring of the most vulnerable plant communities, the tugai forests of the Ili River
valley, and of the aquatic and semi-aquatic communities of the delta.

Keywords: flora, species list, ecosystem, desertification, distribution range type, monitoring.
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Introduction

The study and monitoring of specific floras are especially relevant in ecologically unstable areas,
where global climate change increases desertification and alters the hydrological regime in the river
basins. In Kazakhstan, one such unstable region is Ile-Balkhash. It occupies a vast territory of the
Balkhash depression, bounded by the southern coast of Lake Balkhash, the Chu-Ili mountains, and the
Zhetysuskiy Alatau ridge. The modern delta of the Ili River, the area of which is 8200-9750 km?
according to different estimates, is considered one of the largest remaining deltas in the arid regions of
Central Asia. The Ili River is a transboundary river. The upper part of its basin and the main drainage
area are located in China, where agricultural water consumption is constantly growing. A further
reduction in the river flow may lead to a shallowing and splitting into two parts of Lake Balkhash, and a
repetition of the Aral Sea crisis [1].

In accordance with the botanical and geographical zoning, the Ile-Balkhash basin belongs to the
North Turan province of the Sahara-Gobi desert region. The phytocoenotic diversity of the territory
includes aquatic, marsh, meadow, tugai, and desert vegetation types. However, desert vegetation
occupies the largest area [2]. According to the floristic zoning of Kazakhstan [3], most of the Ile-
Balkhash region belongs to the Balkhash-Alakol floristic region. The ecological situation in this region
has been unstable lately, due to increasing anthropogenic impact (regulation of the Ili River stream bed,
creation of the Kapchagai reservoir) and desertification process in general. In this regard, inventory and
monitoring of biological diversity in general, and that of the higher plants in particular are very
relevant.

The study of the flora and vegetation of the region began in the first half of the 20th century.
Among recent studies, we consider the monograph by S.G. Nesterova and Z.A. Inelova [4] to be the
most important; it provides a detailed summary of the desert flora of the Ile-Balkhash region and
adjacent territories. It lists 933 species and is currently the most complete summary of the region's flora.
The authors also made taxonomic, ecological, and geographical analyses of the flora and identified rare
species. Nevertheless, based on the in-depth analysis of existing scientific publications, it is possible to
make additions to the existing summary of the flora.
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In the Ile-Balkhash region, of particular interest are tugai forests, which provide vital ecosystem
services in arid areas and act as a barrier to desertification. However, they occupy small areas, suffer
from frequent fires, and are also subject to degradation due to the expansion of irrigated agricultural
land, soil salinization, and reduced river flow [5-6]. In this regard, the scientific and technical program
of the Kazakh Research Institute of Forestry and Agroforestry named after. A.N. Bukeikhana titled
"Development of the scientific background for the conservation and increased stability of forest
ecosystems in the regions of Kazakhstan" for 2021-2023 includes a section on the study of the current
state, stability and restoration of tugai forests in southern Kazakhstan. One of the key elements of the
first stages of research is the study of the floristic composition of tugai forests and their dynamics.

The purpose of the present study was to clarify and supplement the existing data on the species
composition of tugai forests of the Ili River valley and the adjacent deserts.

Materials and Methods

The study area included the deserts of the Ile-Balkhash region, in particular, the Ili River valley,
the Malaysary mountains, and the Ile-Balkhash nature reserve (Figure 1).

Study area

Kazakhstan

Figure 1. The Ile-Balkhash region

We collected material by studying the region's flora, rare plant species, biology and the state of
populations of ephemeroid geophytes, in particular, representatives of the genus Tulipa L. (1986-2020).
The data were also collected during a complex expedition aimed at the development of a natural-
scientific justification for the creation of the Ile-Balkhash nature reserve (led by Doctor of Biol. Sci., Prof.
E.I. Rachkovskaya and Cand. Sci. B.M. Sultanova., Summer 2010), during the study of rare species
(Berberis iliensis M. Pop., Lonicera iliensis Pojark.) and student fieldwork (2010-2020), as well as during
annual route-reconnaissance surveys of turanga woodlands in the Ili River valley and adjacent deserts
(2015-2020). In addition, herbarium and photographic materials were used, kindly provided by V.A.
Kovshar, O.V. Belyalov, and L.E. Ishkov. The identification of plants was carried out by a florist, Cand.
Sci. A.A. Ivashchenko, with the exception of representatives of the genus Gagea determined by Cand.
Sci. I.G. Levichev (V.L. Komarov Botanical Institute of the Russian Academy of Sciences, St. Petersburg).

When processing materials, scientific publications on the flora of the Ile-Balkhash region were
analysed, references to which are provided in species descriptions.
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The Latin names of plants are according to the International Plant Names Index (IPNI) [7]; in
some cases, synonyms are given according to the "Flora of Kazakhstan" [3, 8-15] and the summary by
S.A. Abdulina [16]. Descriptions and analysis of data on the distribution and ecology of species are
provided according to the main floristic studies [3, 8-15, 17-27]. The order of families is given according
to the system of A. Engler adopted in the "Flora of Kazakhstan" [3, 8-15], the order of species within
families, in alphabetical order, and the types of areas, mainly according to V.P. Goloskokov [28]. The
distribution of species by vegetation types was carried out according to E.I. Rachkovskaya et al. [29].

Research results are available on the topic of the study

Many publications on the inventory of flora and the description of the vegetation of this region
date back to the 1960-the 1980s [30-32]. Further clarifications were obtained mainly due to an in-depth
study of individual taxonomic groups (Gagea Salisb., Allium L., Tulipa L.) using modern molecular
genetic methods [33-35].

As mentioned above, the most detailed summary of the desert flora of the Ile-Balkhash region was
provided by S.G. Nesterova and Z.A. Inelova [4], who listed 933 species. Subsequently, floristic studies
in this region continued, including those of certain types of useful plants [36], as well as by the authors
of the present article [37-41].

Results and discussion

After processing the collected material and thoroughly analyzing the literature data for this
region, we were able to supplement the most recent account of the flora of the region with 86 species,
specific information on each of which is given below.

Family Thelypteridaceae Pichi Sermolli

Thelypteris palustris Schott (Dryopteris thelypteris (L.) A.Gray, Thelypteris thelypterioides (Michx.)
Holub) has been recorded in the delta's lake thickets with the participation of Phragmites australis (Cav.)
Steud. and Typha angustifolia L., in particular near Lake Chaconite (13.06.2010). This is a perennial fern
with a Holarctic distribution range type; it commonly grows on swampy river banks and lake shores,
and in damp swampy forests. It occurs on the territory of almost all of Kazakhstan, except for deserts

[3]-

Family Sparganiaceae Rudolphi

Sparganium microcarpum Celak. was recorded only in the Ili River delta, along the shores of Lake
Asylbai (15.07.1995, L.E. Ishkov), and in flooded inter-ridge depressions in the Koktala area (19.06.2010).
This is a perennial plant with a European-Siberian range type. It grows along the banks of water bodies
of almost the entire flat Kazakhstan including the desert zone, from the Caspian Sea to the Balkhash-
Alakol basin [3].

Sparganium stoloniferum (Graebn.) Buch. -Ham. ex Juz. is fairly common along the banks of the Ir
and Balakoshkan channels, Lake Chakonit (13.06.2010), as well as the lakes Asaubay, Bogushnoye and
Shabarkukan (21.06.2010). This is a larger perennial with a Mountain Siberian-Iranian range type,
growing along the banks of rivers, lakes, and tributaries throughout Kazakhstan [3].

Family Juncaginaceae Rich.

Triglochin maritima L. was recorded on the shores of Lake Sorbulak (26.05.2013), as well as in the
delta of the Ili River in meadow areas with Phragmites australis and Bolboschoenus maritimus (L.) Palla
(19.06.2010). This is a cosmopolitan perennial with a rhizome. It occurs throughout Kazakhstan along
lake and river banks, and in wet meadows with slightly saline soils [3].
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Family Poaceae Barnhart

Aegilops tauschii Coss. was recorded in the grass layer of turanga sparse forests with Populus
pruinosa Shrenk on the right bank of the Ili River, slightly below Tamgalytas (18.06.2020) and near the
southern edge of the Malaysary pass (16.05.2015), in the altitude range of 428-437 m above sea level [41].
According to the "Flora of Kazakhstan" [3], the distribution range is limited to the adjacent lowlands
(Chu-Ili mountains, Zailiyskiy Alatau), although N.N. Tsvelev [27] also included the Southern Balkhash
region. This is an annual plant with a Dzhungar-Mediterranean habitat type. It is common in semi-
deserts, on clayey crushed stone slopes, from the plains to the middle elevations.

Bromus japonicus Houtt. was recorded as one of the species used in the turanga reforestation
(Populus pruinosa, P. diversifolia Schrenk) on the sandy slopes of the right bank of the Ili River (437 m,
13.06.2020 and 18.06.2020) [38]. This is an annual plant with a Palearctic range and a wide ecological-
phylogenetic range; it often grows as a weed on pebbles and sandy soils throughout Kazakhstan.

Calamagrostis pseudophragmites (Haller f.) Koeler (C. dubia Bunge (C. pseudophragmites subsp. dubia
(Bunge) Tzvelev) has been recorded in the tugai thickets of the middle course of the Ili River between
Tamgalytas and Malaysary (18.06.2020). According to N.P. Ogar [42], this species is an edifier of
communities with Calamagrostis spp. and Elytrigia repens Desv.; it grows along the banks of the channels
of the Ili River delta. This is a perennial with a Palearctic distribution range. It grows in tugai forests,
along river banks, sometimes on slightly saline soils, from plains to middle elevations almost
throughout Central Asia, including the Balkhash-Alakol basin [3, 27].

Digitaria sanguinalis (L.) Scop. has been recorded only on the sandy banks of the Ili River, 5 km
above the settlement Bakanas, in a tugai forest with the participation of Salix songarica Andersson,
Elaeagnus angustifolia L., and Berberis iliensis. In Kazakhstan, it has been recorded in the desert regions of
Mangyshlak, Muyunkum and Turkestan, and in the lowlands of Western Tien Shan and Zailiyskiy
Alatau [3]. Later, N.N. Tsvelev [27] included the South Balkhash region as well. This is an annual plant
with a large Palearctic distribution range; it grows on sandy soils, along the banks of rivers and aryks,
often as weeds in fields and settlements.

Sclerochloa dura P. Beauv. was recorded in abundance in the flat areas of the turanga forests of the
middle course of the Ili River, below the Tamgalytas gorge (18.06.2020). This is an annual plant with an
ancient Mediterranean range type; it is mainly confined to weedy areas and is common near roads, in
settlements, sometimes in crops, from plains to middle elevations, from the Northern Tien Shan to the
Turkestan floristic region [3]. N.N. Tsvelev recorded the species in the Southern Balkhash region [27].

Family Juncaceae Juss.

Juncus articulatus L. was recorded in a tugai forest with the participation of turanga, Salix
songarica, and Elaeagnus angustifolia in the middle part of the Ili River valley, 1-3 km below Tamgalytas
(13.06.2020 and 18.06.2020). This is a perennial plant with a Holarctic range type; it grows on sandy
shoals, along the banks of rivers and lakes, on plains, and in the mountains throughout Kazakhstan and
Central Asia [8, 21].

Juncus compressus Jacq. was recorded together with the previous species in the same place. It is
also quite common in the Ili River delta. R.P. Plisak [43] recorded this species in hygrophytic
communities on the lake shore in the vicinity of the village Old Koktal and in the floodplain thickets of
the Zhideli and Arystan channels. This is a perennial with a Holarctic range type; it grows in river
valleys, tugai forests and on the lake shores of almost all flat and mountainous Kazakhstan, including
the Pribalkhash plains [21].

Juncus inflexus L. (. brachytepalus V.1.Krecz. & Gontsch.) was recorded in the turanga forests of the
middle course of the Ili River (18.06.2020). This is a perennial plant with a Mountainous Middle Asian-
Iranian range type growing along the banks of rivers and lakes, and along the streams and aryks of the
south-eastern part of Kazakhstan, also in the Balkhash-Alakol depression [8].
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Juncus gerardii Loisel. was recorded in thickets of Elaeagnus angustifolia, reed, and tamarix in the
area of the Pritopar sands (09.06.2010), the channels of Baiminae and Zhideli, and the Kuigan tract
(11.06.2010), as well as in the herb-and-reed thickets near the Naryn channel (23.06.2010). This is a
common component of communities with Phragmites australis and Calamagrostis epigeios Steud. in the
delta of the Ili River, in particular, in the floodplain of the Arystan channel to the southwest of the
village of Karoi [43]. This is a perennial plant with a Palearctic range type growing on the banks of
water bodies, in tugai forests, and on wetlands of the whole of Kazakhstan [8].

Family Liliaceae Juss.

Gagea bulbifera Salisb. was observed on clayey and sandy banks of the Ili River near the
Kapchagay reservoir (02.04.2006, 15.04.2011, 09.04.2018), as well as in similar habitats downstream of the
Ili River, up to Tamgalytas and the Malaysary pass [41]. This is a small bulbous perennial plant with a
Pan-Kazakh range type. It grows on crushed stone and fine-ground loess slopes, on plains and in low
mountains, in steppe and desert zones, including the Balkhash-Alakol basin, as well as in the low
mountains of the Dzhungar Alatau and Northern Tien Shan [8, 18].

In Kazakhstan, the first records of Gagea jensii Levichev & Schnittler were made on 10-11.04.2019
in sandy deserts near the road between the village of Bakanas and Karoi (collected by V.A. Kovshar,
identified by I.G. Levichev). This is a bulbous perennial plant. It was recently recorded in China, in the
vicinity of Urumgqi in Xinjiang (hills near a cemetery, 43°43'53"N, 87°35'46"E, 987 m; Yamalik Hill Forest
Park, 43°4726"N, 87°34'21"E, 1,027 m) [44].

Gagea olgae {. dilatata Levichev was found in two locations on the southern coast of Lake Balkhash,
near the village of Ulken (335 m) and to the north-west of the same settlement (457 m) on 01.04.2015 and
22.04.2015 (collected by V.A. Kovshar, identified by I.G. Levichev). This taxon was described by 1.G.
Levichev in 1986 using collections of L.S. Krasovskaya from the clay slopes of the foothills of the
Chatkal ridge (960 m) and was previously considered endemic to Western Tien Shan [45].

Tulipa kolpakowskiana Regel was recorded on the leveled terraces of the right bank of the Ili River
valley, in the Tamgalytas gorge (09-10.04.2018, 13.04.2018), on both sides of the Kapchagai reservoir
(21.04.1988, 24.04.1999, 15.04.2011), as well as in the Zhusandala desert, along the Konshengil highway,
north-west of the Kurty river canyon (25.04.2018), and in a forest belt near Lake Sorbulak (19.05.2000).
This is a bulbous perennial plant with a Dzhungaro-Tian Shan range type. It grows on clayey and less
often, on finely crushed and sandy sections of foothill plains, foothills and lowlands, from the Alakol
basin to the eastern Karatau. It is common in the southern part of the Pribalkhash plains and along the
Ili River valley, up to the Malaysary pass, where it is sometimes found in sparse turanga forests with
Populus pruinosa [41, 46]. An unfortunate mistake was made in the early work of L.P. Gvozdeva [47],
where, in our opinion, the species was described as Tulipa schrenkii Regel the range of which does not
even reach the Northern Balkhash region, passed to the subsequent reports of S.G. Nesterova and Z.A.
Inelova [4], and N.T. Gemedzhieva et al. [36]. The species is listed in the Red Book of Kazakhstan [48].

Family Alliaceae J. Agardh

Allium subscabrum (Regel) RM. Fritsch (Allium tulipifolium var. subscabrum Regel, A. decipiens
Fisch.) was recorded in turanga forests in the middle course of the Ili River valley (16.05.2015,
10.04.2019) [41], as well as in ephemeroid communities in the vicinity of Kapchagai (13.04.2018,
24.04.2019), on sandy soils. This is a perennial, narrow-local endemic of the Ili River valley and adjacent
deserts [49].

Allium trachyoscordum Vved. was recorded in abundance in crushed stone areas of deserts
between the canyon of the Kurty and Konshengil rivers, as well as in the vicinity of the village Aksuek
(25-26.04.2018). This is a perennial with a rhizome; it has a Tian Shan range type, the northern part of
which stretches into the desert of Betpakdala. It grows on the outcrops of variegated rocks and on
crushed stone slopes of low hills [8, 18].
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Family Cyperaceae Juss.

Cyperus fuscus L. was recorded by R.P. Plisak [43] in the floodplain of the Zhideli channel. We
found it on the right bank of the Ili River, just below Tamgalytas (11.09.2007). This is an annual plant
with a Palearctic range type; it grows in wet meadows and on shoals of water bodies, including the
Pribalkhash deserts [21].

Eleocharis acicularis (L.) Roem. & Schult. was described by R.P. Plisak [43] as growing on the shoals
of the delta tributary of Arystan to the southwest of the village of Karoi. During the survey of the
territory of the future Ile-Balkhash natural reserve, it was found in similar conditions along the
floodplains of the Baiminay (11.06.2010) and Zhideli (19.06.2010) channels. This is a small perennial
dense sod grass with a Holarctic range type; it grows along shoals, sand banks, and shallow waters of
rivers, lakes, and river channels, and is common in the southern regions of Kazakhstan [21].

We recorded Eleocharis argyrolepis Kierulff in abundance in submerged depressions between the
sandy ranges of channels in the vicinity of the village Koskumbez (21.06.2010). This is a larger perennial
with an Eastern Ancient-Mediterranean range type; as it is the case with the previous species, it grows
along wet and marshy meadows and along the banks of water bodies throughout Central Asia,
including the Balkhash-Alakol basin [8].

Pycreus nilagiricus (Hochst. ex Steud.) Schischk. has been recorded in reed communities in the area
of the modern delta of the Ili River, and on the right bank of the Zhideli channel [42]. This is a small
annual with a cosmopolitan range type, growing on sandy-silt shoals, along the banks of water bodies,
and on wet and swampy meadows of plains and foothills of southern Kazakhstan, including the
Balkhash-Alakol basin [8, 21].

Scirpus kasachstanicus Dobrochot. is common in the lower reaches of the Topar River (Lake
Berkutinoye), along the shores of the lakes near the Zhideli Channel and in the bays of Balkhash,
Arkalyk and Moitan Kultuk. It was also found in the shallow waters of a channel in the middle course
of the Ili River, between the Tamgalytas gorge and the Malaysary pass (11.09.2007, O.V. Belyalov). This
is a large perennial with a rhizome described by K.V. Dobrokhotova using specimens collected on the
territory of the modern delta of the Ili River, in the Semizkul strait. It was previously considered a
narrow endemic of Kazakhstan, but was later found in the Amu-Darya Delta and Fergana Valley [21]. It
is listed in the Red Book of Kazakhstan [48] as "under threat". It is recommended as a monitoring object.

Scirpus lacustris L. was recorded in abundance by R.P. Plisak [43] along the southern shore of Lake
Balkhash [43]; we found it in lakes of the modern delta — Shuberkukan, Bogushnoye, Asaubay,
Batpachnoye (21.06.2010) — along the banks of the channels Ir and Balakashkan (13.06.2010). This is a
large perennial with a rhizome; it has a Holarctic range type, distributed almost throughout
Kazakhstan, including the Balkhash-Alakol basin [8].

Family Araceae Juss.

During the survey of the territory of the future Ile-Balkhash natural reserve, Acorus calamus L. was
found in the grass-and-herb community with Elseagnus angustifolin in the Zhideli channel (349 m;
11.06.2010). This is a strong perennial with a rhizome. It has a Holarctic range type; in Kazakhstan, it is
distributed only in the eastern part of the country, from the Irtysh to the Balkhash-Alakol basin. The
westernmost distribution location was the Koktal River; it has never been recorded in the valley of the
Ili River [8, 50].

Family Polygonaceae Juss.

Polygonum aviculare L. is common in places with burnt reeds and tugai forest. In similar
conditions, it has been recorded at the dry bottom of Lake Balkhash (12.06.2010), and in the turanga
forests (Populus pruinosa) in the middle course of the Ili River, in heavily trampled places (19.04.2016,
18.06.2020) [38, 41]. R.P. Plisak [43] noted its appearance in 1971 in the area of the modern delta of the Ili

BECTHMK EHY umetu A.H. Tysmuaesa. Cepus Buorozuneckue nayxu Ne 1(142)/2023 73
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



Supplement to the flora of tugai forests and adjacent deserts of the lle-Balkhash region

River, along the banks of the Zhideli channel. This is an annual with a Holarctic range type,
growing as weed throughout Kazakhstan and Central Asia [9, 18]. In the study area, the population
numbers are unstable; the plant appears and disappears from year to year.

Polygonum hydropiper L. was recorded by R.P. Plisak [43] on the banks of the Zhideli channel [43].
We recorded the species in a tugai forest with Elaeagnus angustifolia on the banks of the Bayminay
channel (11.06.2010) and in marsh communities on the banks of the Ili River, just below the Tamgalytas
gorge (18.06.2020). This is a coastal-aquatic annual with a Holarctic range type; it grows along the banks
of rivers, streams, and aryks, from the plains to the middle elevations of all Kazakhstan [9, 18].

Polygonum persicaria L. was recorded by R.P. Plisak [43] in the floodplain of the Zhideli channel
(modern delta of the Ili River). This is a cosmopolitan annual; it grows in conditions similar to those of
the previous species, i.e. on the banks of water bodies and in humid places, sometimes as weed [9, 18].

Family Chenopodiaceae Vent.

Chenopodium rubrum L. was found in flooded depressions of the Ili River delta, near the Koktal
gorge (19.06.2010), as well as along the shores of Lake Sorbulak (26.05.2013) and the Ili River, just below
the Tamgalytas gorge (18.06.2020). This is an annual with a Holarctic range type, growing on brackish
soils along river valleys and water bodies, sometimes as weeds, almost throughout Kazakhstan. In
particular, it has been recorded in the Balkhash-Alakol depression [9, 19]. R.P. Plisak [43] recorded this
species in the reed beds of Ahmedsu bay.

Halimione verrucifera (M.Bieb.) Aellen was recorded only in the basin of Lake Alakol, in the south-
western part of the Balkhash region between the villages of Aksuek and Burabaytal (26.04.2018). This is
a semi-shrub with a South Palearctic range type, growing on brackish meadows and salt marshes of
desert and steppe plains of Kazakhstan [9, 19].

Kalidium schrenkianum Bunge ex Ung.-Sternb. was recorded in halophytic communities with the
predominance of Suaeda physophora Pall. and Halostachys belangeriana (Moq.) Botsch., on the coastal
plains of Lake Balkhash (21.06.2010). This is a dwarf shrub with a Turano - Mountainous Central Asian
range type, previously considered endemic to Kazakhstan [9], but was later found in Kyrgyzstan and
Tajikistan [19]. It grows along the salt lakes shores in the eastern part of Kazakhstan, from Turgay and
the Balkhash-Alakol depression [9].

Family Nymphaceae D.C.

Nymphaea candida ].Presl & C.Presl was recorded in two delta lakes, Chakonite and Asaubai
(13.06.2010 and 21.06.2010). This is a relic of aquatic flora growing in lakes, river deltas, and bays almost
throughout Kazakhstan, except for mountains [10, 19].

Family Ranunculaceae Juss.

Anemone gortschakowii Kar. & Kir. was found only on crushed stone sections of the right bank of
the Kapchagay reservoir (13.04.2008, 02.05.2011). This is a perennial with a Dzhungaro-Pamiro-Alai
range type, inhabiting crushed stone slopes of the low mountains of Tien Shan and Dzhungar Alatau
[10, 19].

Batrachium divaricatum Wimm. was recorded by R.P. Plisak [43] on shoals and in the delta
channels of Zhideli and Arystan. This is an aquatic perennial with a Holarctic range type, dwelling in
freshwater lakes, rivers, and channels on the plains and in the Tien Shan mountains [19].

Family Brassicacieae Burnett

Camelina microcarpa Andrz. ex DC. has been repeatedly recorded in sparse turanga forests on the
right bank of the Ili River, from the gorge Tamgalytas to the Malaysary pass (16.05.2015; 11.06.2019;
18.06.2020), as well as in herbal desert communities with a predominance of Ceratocarpus arenarius L.
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between the settlements of Konshengil and Aksuek (26.04.2018). Everywhere, it has been found in small
numbers. This is an annual with a Palearctic range type, growing on loess and sandy hills, near roads
and in the fields of plains and foothills of almost all Kazakhstan [10].

Erophila verna (L.) DC. was noted only in the Ili River valley, just below the Tamgalytas gorge, by
the road, in a plant community with the participation of Tulipa kolpakowskiana (09.04.2018). This is a
small early blooming annual with a Euro-Siberian - Ancient Mediterranean range type, growing on the
fine ground and crushed stone hill slopes, and in sandy places near roads, from plains to the middle
elevations. In Kazakhstan, it occurs from the Caspian and Aral deserts to the foothills of the Western
and Northern Tien Shan [20].

Brassica elongate Ehrh. (Erucastrum armoracioides Litv.) was recorded in small numbers by the road
in the vicinity of Lake Sorbulak and north-west of the Kurta Canyon (19.05.2000), as well as near the
water edge on the right bank of the Kapchagai reservoir (28.06.2013, V.G. Epictetov). This is a perennial,
less often a biennial with a Palearctic range type, growing near roads, in fields, sometimes in
wormwood meadows almost throughout Kazakhstan, including the Balkhash-Alakol basin [10, 20].

Family Resedacieae DC.

Reseda lutea L. was growing as a small group of a dozen flowering individuals in the southern part
of Prikaskelen Moyinkums (26.05.2013). This is a perennial with a Holarctic range type, previously
known only from Western Kazakhstan and several locations in the Western Tien Shan [10, 20]. In the
late twentieth and early twenty-first centuries, it was spreading within the boundaries of Kazakhstan,
Uzbekistan and Kyrgyzstan [45, 51-52].

Family Crassulaceae DC.

Rosularia turkestanica A.Berger was found only in the rocky areas of the left bank of the Kapchagai
reservoir in the area of the hydroelectric plant (15.04.2005). This is a perennial with the Dzhungaro-
Pamiro-Alai distribution type, growing on crushed stone and rocky slopes at middle elevations in the
southeast and south of Kazakhstan. It was previously considered endemic to this region [10], but
subsequently found in the neighboring countries of Central Asia [20].

Family Grossulariaceae DC.

Ribes saxatile Pall. has been found so far only in one location, on a rocky slope of the right bank of
the Ili River, in the Tamgalytas gorge (05.04.2006, 09.04.2018, 26.04.2019). This is a shrub with an Altai-
Central-Kazakhstan-Tian Shan distribution type; according to one report [20], it also grows in the
Pribalkhash deserts.

Family Rosaceae Juss.

Potentilla virgata Lehm. (P. dealbata Bunge) was found in tugai forests with Hippophae rhamnoides L.
on the right bank of the Ili River, near Bakanas (11.06.1991), as well as in turanga groves above the
Tamgalytas gorge (18.06.2020). This is a perennial with a Mountainous Siberian-Mountainous Middle
Asian range type, growing along the banks of water bodies, and on wet, sometimes brackish meadows
of almost all Kazakhstan [21].

Family Fabaceae Lindl.

Medicago lupulina L. was found in the delta of the Ili River on the right bank of the Zhideli
channel, northwest of the settlement Novyj Koktal [42], as well as in the Koskumbez area (20.06.2010)
and in the middle of the Ili River valley [38]. This is an annual or biennial with a Palearctic range type,
found in meadows, river valleys, and sometimes on deposits throughout Kazakhstan and Central Asia
[11, 22].
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Medicago trautvetterii Sumnev. was found on the right bank of the Kaskelen River, a few
kilometres to the north of the Kapchagai highway (26.05.2013). Information about this finding was
published earlier [52]. This is a perennial grass endemic to Kazakhstan, growing in wet basins,
solonchak and dry meadows of the Central Kazakhstan shallow hill and desert zone, including the
Moiynkums, Zaysan, and Balkhash-Alakol basins [11]. According to later reports [22], the species also
grows in Dzhungar Alatau and Tarbagatay, and according to Yu.A. Kotukhov [53], in Western Altai and
the Kalbinskiy ridge.

Oxytropis puberula Boriss. is common in the modern Ili delta; it has been found in meadows with
Calamagrostis epigeios, Elytrigia repens and Phragmites australis northwest of the settlement of Novyj
Koktal [42], on shoals in the vicinity of the village Karoi and along the banks of the Arystan channel
[43]. We found the species in reed beds of flooded inter-ridge depressions near Koskumbez and the
Kokzhide channel (18.06.2010). This is a perennial with a Turanian-Mountainous-Middle Asian range
type growing along riverbanks and in floodplain meadows of the desert zone [23].

Family Apiaceae Lindl.

Cuminum setifolium Koso-Pol. (Psammogeton setifolius Boiss.) was found in sandy areas in the
outskirts of a turanga grove with Populus pruinosa on the right bank of the Ili River (428 m), near the
Malaysary pass (16.05.2015). This is an annual with a Turanian-Mountainous-Middle Asian range type
growing in sandy deserts and semi-deserts, from the Aral Sea to the Balkhash-Alakol depression [12,
23].

Hymenolyma bupleuroides (Schrenk ex Fisch. & C.A.Mey.) Korovin was found in abundance in the
wormwood-emeretum communities in the Zhusandala desert, between the villages of Konshengil and
Aksuek (25.04.2018). This is a monocarpic plant with a Mountainous Central Asian-Central Kazakh
range type growing on sandy and crushed stone plains and lowlands; it has been recorded in the Ile-
Balkhash region by floristic reports [12, 23].

Turgenia latifolia Hoffm. has been repeatedly recorded as a weed growing on the roadsides: on the
left bank of the Kapchagai reservoir in a plant community with Tulipa kolpakowskiana (21.04.1988), near
Lake Sorbulak (26.05.2013), and in the vicinity of the village of Konshengil (20.05.2000). It is an annual,
mainly weedy plant with a Dzhungaro-Mediterranean range type; it often grows in fields and on
deposits, on crushed stone and loess soils, and sometimes on fixed sands, from plains to the middle
elevations. It has been recorded in the Balkhash-Alakol floristic region [12], although, in a later report
[23], only the Zaysan basin and Moyynkums were indicated as the desert distribution range.

Family Primulaceae Vent.

Androsace maxima L. (Androsace turczaninowii Freyn) has been described as a common species in
crushed stone and sandy areas of the Ili River valley on both banks of the Kapchagai reservoir
(15.04.2005, 09.04.2018), in turanga forests between the Tamgalytas gorge and the Malaysary pass
(11.06.2019), and on the plateau above the right side of the valley of this area (05.04.2018). This is an
early-flowering annual with a Eurasian range type, dwelling on loess hills, pebbles, and crushed stone
slopes, from the plains to the upper belt of mountains; it has not been found in the Balkhash-Alakol
basin [13]. In later reports, the Pribalkhash deserts were included in the distribution range of this species
[24].

Lysimachia vulgaris L. has been found only once along the shores of Lake Asylbay, near the
settlement of Karoi (16.08.2005, L.E. Ishkov). This is a perennial with a South Palearctic range type
growing along the banks of rivers and lakes, and on floodplain meadows throughout Kazakhstan,
except for mountains [13, 24].

Family Menyanthaceae Dumort.
Nymphoides peltata (S.G. Gmel.) Kuntze: in 2010, during the survey of the territory of the future Ile-
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Balkhash natural reserve, quite large populations were found in six freshwater lakes of the
modern delta of the Ili River — Batpachnoye, Bogushnoye, Shubarkutan, Chakonit-1, Chakonit-2, and
Asaubay (13.06.2010, 21.06.2010). This is an aquatic perennial with a rhizome. It has a Palearctic range
type and grows in lakes, ponds, and river channels, mainly on the plains, almost throughout
Kazakhstan; it has been recorded by the majority of reports in the Balkhash-Alakol basin [13, 24].
Interestingly, V.A. Kostin [54] did not find it in the delta of the Ili River from 1968-1979. The species is
listed in the Red Book of Kazakhstan [48]. It is recommended as a monitoring object.

Family Convolvulaceae Juss.

Convolvulus pseudocantabrica Schrenk has been found on sandy sections of the right bank of the
Kapchagai reservoir (10.07.1986, 16.05.1995) and in deserts near the settlement of Konshegil (20.05.2000).
This is a perennial with a Mountainous Central Asian range type growing on clay slopes and sandstone
outcrops from the plains to the upper mountain belts throughout Central Asia [24].

Family Cuscutaceae Dumort.

Cuscuta lehmanniana Bunge was recorded in tugai thickets on the right bank of the Ili River, just
above the Tamgalytas gorge (13.06.2020); it was also mentioned in the summary of economically
important plants of the Balhash region [36]. This is an annual with a Turanian range type parasitizing
on tree and shrub species, and on large grasses in tugai forests, and often in orchards of the whole of
South Kazakhstan [13, 24].

Family Boraginaceae Juss.

Heterocaryum rigidum A.DC. has been found in thinned turanga thickets (Populus pruinosa) near
the Malaysary pass (16.05.2015, 13.04.2016) and in the wormwood-ephemeroid deserts with
Krascheninnikovia ceratoides (L.) Gueldenst. between the Kurti River canyon and the Konshengil gorge
(25.04.2018). This is an annual with a Turanian-Iranian range type, growing on sandy and crushed stone
slopes, from the plains to the middle elevations in a large area of Kazakhstan and throughout Central
Asia [13, 24].

Lithospermum arvense L. (Rhytispermum arvense L.) Rchb.f.) was found in the wormwood-
ephemeroid deserts between the canyon of the Kurta River and the Konshengil gorge (25.04.2018). This
is an annual with a Palearctic range type growing in river valleys and on sandy, loess and crushed stone
soils, from the plains to the middle elevations throughout Central Asia [13, 24].

Lithospermum tenuiflorum L. (Link.) (Rhytispermum tenuiflorum (Moris) Rchb.f.) was found on the
crushed-stone slopes of the right bank of the Kapchagai reservoir (15.04.2005). This is an annual growth
in river valleys, on rocky and crushed stone slopes of foothills, and sometimes as a weed on arable land
and deposits. It occurs mainly in the foothills and low mountains of the Dzhungar Alatau and Tien
Shan. It has not been found in the Balkhash-Alakol basin [13, 24].

Lycopsis orientalis L. has been found on the right bank of the Ili River in ephemeroid communities
with the participation of Tulipa kolpakowskiana near the Tamgalytas gorge (13.04.2018), as well as in
turanga forests downstream of the river (13.04.2016, 11.06.2019). This is an annual with a Dzhungaro-
Mediterranean range type, found on fine-earth and crushed stone slopes, along roads, and often as a
weed on arable land and deposits of the southern part of the desert and mountainous Kazakhstan [13].

Muyosotis caespitosa Schultz was found by R.P. Plisak [43] on the shore of the Kapchagai reservoir,
2-3 km from the water line, in wormwood grasslands with the participation of Alhagi pseudalhagi Desv.
This is a perennial with a Palearctic range type confined to wetlands and swampy places along the
banks of water bodies, tugai forests, and springs. It is found almost throughout Kazakhstan, including
the Balkhash-Alakol depression and the Pribalkhash deserts [13, 24].
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Myosotis micrantha Pall. ex Lehm. was found in abundance on the crushed stone slope of the right
bank of the Ili River in the Tamgalytas gorge (13.04.2018). This is an annual with a Palearctic range type
growing on crashed stone slopes among shrubs, and on pebbles and sandy-silt sediments in the river
valleys of Northern, Central and Southern Kazakhstan [24].

Rochelia cardiosepala Bunge was found on the rocky and crushed stone slopes of the left bank of the
lower part of the Kapchagai reservoir (15.04.2005). This is an annual with a Mountainous Central Asian-
Iranian range type growing on dry river beds, on slopes, and often as weed in the fields and on deposits
of southern Kazakhstan, from the plains to the middle elevations; it has been recorded in the
Pribalkhash deserts and the Ili River valley [24].

Rochelia retorta (Pall.) Lipsky has been found in sparse forests with Populus pruinosa on the right
bank of the Ili River, under the Malaysary pass [41]. This is annual with the Mountainous Central Asian
range type, a common inhabitant of loess and sandy loam deserts, and crushed stone slopes of foothills.
It is more widespread than the previous species and can be found from the Caspian Sea to the entire
chain of mountain ranges from Tarbagatay to Western Tien Shan [13].

Family Lamiaceae Lindl.

Lamium amplexicaule L. was found on fine gravel slopes on both shores of the Kapchagai reservoir
(21.04.2007, 23.04.2011). This is an early-flowering annual with a Holarctic range type growing on rocky
and crushed stone slopes, often as weed near roads, and on deposits from the plains and foothills to the
middle elevations. It occurs sporadically almost throughout Kazakhstan [25].

Lycopus exaltatus L.f. occurs along the Ili River banks and in tugai forests of the middle part of the
valley below the Tamgalytas gorge (13.06.2020 and 18.06.2020). This is a perennial with a Palearctic
range type growing in tugai thickets, along the banks of rivers and lakes from the plains to the middle
elevations of almost all of Kazakhstan [13, 25].

Mentha asiatica Boriss. was found in the coastal turanga thickets (Populus pruinosa, P. diversifolia)
just below the Tamgalytas gorge (18.06.2020). In previous years, N.P. Ogar [42] found this species in
ravine meadows along the banks of the channels of the modern delta of the Ili River. This is a perennial
with an Altai-Iranian range type growing along the banks of streams and aryks, in the river valleys from
the plains to the middle elevations. It is found throughout Central Asia, including the mountains of
southern Kazakhstan, but has not been recorded in the Balkhash-Alakol basin and the Ili River valley
[13, 25].

Nepeta cataria L. was repeatedly found at only one point, on the crushed-stone slope of the right
bank of the Ili River, in the thickets of the Tamgalytas gorge (09.06.2018, 26.04.2019). This is a perennial
with a Palearctic range type growing in shrublands, on stony slopes, often as weed, and occurring
sporadically throughout Kazakhstan [25].

Paraeremostachys dshungarica (Popov) Adylov, Kamelin & Makhm. (Eremostachys dshungarica
(Popov) Golosk.) was found in two locations in the southwestern part of the region: in the Akdala gorge
(06.05.2005) and in the Konshengil gorge (20.05.2000). This is a perennial with a Dzhungaro-Eastern
Tian Shan range type, growing along the foothills and on plains with sandy and crushed stone soils; it
has been recorded in the Balkhash-Alakol basin and the Pribalkhash deserts [13, 25].

Phlomoides gymnocalyx (Schrenk) Adylov, Kamelin & Makhm. (Eremostachys gymnocalyx Schrenk)
has been recorded in plant communities with artemisia (Artemisia terrae-albae Krasch., Artemisia turanica
Krasch.) and ephemeroids (Poa bulbosa L., Tulipa buhseana Boiss.) in the Taucuma desert (25.06.2018)
and in the vicinity of the village of Aydarly (27.05.1998), as well as in plant communities with the
participation of Carex physodes M.Bieb. in one case and Salsola orientalis S.G.Gmel., Salsola arbusculiformis
Drobow, Nanophyton erinaceum Bunge in the other case. This is a perennial with a Dzhungaro-North
Tian Shan range type endemic to Kazakhstan. It grows on the sandy soils of the plains and foothills of
the Balkhash-Alakol depression, the Chu-Ili mountains, and the western part of the Dzhungar Alatau
[13, 25].
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Salvia aethiopis L. has been repeatedly recorded near the roads in the vicinity of the Kapchagai
reservoir (11.07.1986, 24.06.1987, 30.05.2016, 13.06.2020), on the Arkharly pass (13.06.1993), on roadsides
between the village of Saryozek and the Altyn-Emel Pass (02.06.2002), on the Altyn-Emel Pass
(06.06.2016), and in the Kaskelen (01.05.2015, 10.06.2016). The species has been spreading in recent
decades. In some cases, numerous populations of the species were found on the desert plains,
occupying an area of more than 1 km?, for example, near the highway leading to Bakanas, in the vicinity
of Kerbulak (13.06.2020); whereas in the inland part of the valley of the Ili River, only single individuals
were found (18.06.2020). In June 2021, extensive thickets of the species were registered by us in the
village of Saryozek, where we didn't find it a few years ago. This is a perennial with a Dzhungaro-
Mediterranean range type. In the "Flora of Kazakhstan" [13], it was mentioned as growing in Karatau
and the Chu-Ili mountains, and later, in the Kyrgyz Alatau [25], although a little earlier V.P. Goloskokov
[28] had already described it as part of the flora of the Dzhungar Alatau.

Salvia deserta Schangin has been repeatedly noted near the road in the vicinity of the Kapchagai
reservoir and the area of Kerbulak along the highway to Bakanas (24.06.1987, 13.06.2020), as well as in
dry meadow-steppe sections in the Ili River valley. In addition, the species was found in the floodplain
of the middle part of the Ili River valley in dry steppe areas, in the sparse forests of Elaeagnus angustifolia
(02.06.2019). This is a perennial with a Pan-Kazakh range type growing in dry meadows and in steppes,
on mountain slopes, and in river valleys, often as a weed near roads, housing, and sometimes in crops.
It is distributed almost throughout Kazakhstan [13, 25].

Family Solanaceae Juss.

Hyoscyamus niger L. occurs sporadically, most often as single individuals throughout the Ili River
valley to the modern delta [38]. It was also recorded by N.G. Gemedzhieva et al. [36]. This is a weedy
annual with a Palearctic range type, growing near roads, housing, on deposits, and on arable land
throughout Kazakhstan. Its distribution and abundance, as it is also the case with some other annual
weeds, are not stable.

Family Scrophulariaceae Juss.

Verbascum songoricum Schrenk has been repeatedly recorded near roads in the Kapchagai reservoir
and along the Bakanas highway, up to the Malaysary pass (24.06.1987; 30.04.2009; 13.06.2020), as well as
in the area of Lake Sorbulak (26.05.2013). This is a biennial with a Mountainous Central Asian-Iranian
range type growing in river valleys, at the roadsides, and on deposits and slopes from the plains to the
upper belt of mountains. The species is widely distributed almost throughout Kazakhstan but has not
been recorded in the Balkhash-Alakol basin [14, 25].

Family Orobanchaceae Vent.

Cistanche ambigua Beck was found in saxaul thickets near the southeastern bay of Lake Balkhash
(26.04.2018). This is a perennial with a Mongolian-Turkish-Iranian range type growing on sands, along
the channels of dried rivers of the Southern part of the desert zone of Kazakhstan, including the
Balkhash region [14, 26].

Orobanche cernua Loefl. was found in the wormwood deserts near the village Konshengil
(08.05.2005). This is a perennial with a Mountainous-Mediterranean range type growing on sands, in
tugai forests, and on crushed-stone slopes from the plains to the middle ranges of southern Kazakhstan,
including the Pribalkhash deserts [14, 26].

Family Valerianaceae Batsch.

Valeriana chionophila Popov & Kult. was found on rocky slopes of the left bank of the Kapchagay
reservoir in the hydroelectric plant (15.04.2005, 09.04.2018). This is a tuberous perennial with a Tian
Shan-Pamiro-Alai range type growing in crushed stone areas of flat deserts and mountain slopes; it has
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been found also in the Ili River valley [26]. The species is listed in the Red Book of Kazakhstan [48]. It is
proposed as a monitoring object.

Valerianella plagiostephana Fisch. & C.A.Mey. was found in the wormwood deserts to the southeast
of the settlement Konshengil (25.04.2018) and in the vicinity of the village Aksuek (26.04.2018). This is an
annual with a Mountainous Central Asian-Iranian range type growing on clay and crushed stone soils
of plains and mountains of southern Kazakhstan [14, 26].

Valerianella szovitsiana Fisch. & C.A.Mey. was found on rocky slopes of the left bank of the
Kapchagai reservoir (30.04.2009). This is an annual with a Dzhungaro-Mediterranean range type
growing in conditions like that of the previous species, including in the Balkhash region [26].

Family Asteraceae Dumort.

Bidens tripartita L. was found in the delta part of the Ili River valley in the vicinity of the village
Koktal (19.06.2010), as well as in reed beds and inland communities of the Zhideli and Arystan channels
[42-43]. It occurs sporadically, and its presence, as is the case with some other annuals, is not stable — in
some years it appears and then disappears. For this reason, this species is not on the floristic list of one
of the major economically important plant surveys accomplished in the region studied [36]. This is a
cosmopolitan annual growing along the banks of rivers, lakes and springs, on marshes, and sometimes
as a weed on irrigated lands throughout Kazakhstan and Central Asia [14, 26].

Brachyactis ciliata Ledeb. R.P. Plisak [43] described the plant as a part of reed (Phragmites australis)
and mixed-grass communities along the banks of the Ili River and in flooded depressions in the modern
delta. This is an annual with a Mountainous Siberian-Mountainous-Middle Asian habitat type, growing
on wet, slightly saline soils of near-water habitats of the entire Kazakhstan [14].

Cephalorrhynchus soongoricus (Regel) Kovalevsk. was found on a rocky and crushed stone slope of
the right bank of the Ili River in the Tamgalytas gorge (26.04.2019). This is a perennial with a
Dzhungaro-Pamiro-Alai range type growing among shrubs on the mountain slopes of southern and
southeastern Kazakhstan; it was also found in the Balkhash-Alakol basin [15, 26].

Erigeron nigrimontanus Popov (Psychrogeton nigromontanus (Boiss. & Buhse) Grierson) was found
by R.P. Plisak and N.P. Ogar [42-43] in wet meadows of the modern delta of the Ili River. This is a
biennial with a Turanian-Iranian range type growing in meadows, near springs, and often as a weed in
the fields throughout the south of Kazakhstan, except for high mountains [14, 26].

Lachnophyllum gossypinum Bunge occurs scattered in the middle of the Ili River valley. It was
found by us as part of sedge-grass deserts with the participation of Salvia aethiopis near the Kapchagai-
Kerbulak highway (13.06.2020). This is an annual with a Mountainous Middle Asian Iranian range
growing on clayey and crushed stone soils of desert plains and foothills of southern Kazakhstan; it has
not been recorded in the Balkhash-Alakol basin and the Pribalkhash deserts [14, 26].

Lactuca serriola L. (Lactuca scariola L.) was found in turanga forests of the middle course of the Ili
River (18.06.2020). The species is quite common in wormwood meadows of the modern delta of the Ili
River [42], as well as in the reed beds with Alhagi kirghisorum and Krascheninnikovia ceratoides, and in
burnt tugai forests with Elaeagnus angustifolia in the Zhideli Channel and the Kokzhide gorge
(17.06.2010). This is an annual, less often a biannual with a Holarctic range type growing on coastal
pebbles, dry slopes, among shrubs, often as weed on deposits, fields and near roads. It is found
throughout Kazakhstan and Central Asia [15, 26].

Lactuca undulata Ledeb. was found in desert communities on the right bank of the Kapchagai
reservoir near the exit to the Kapchagai-Bakanas highway (17.06.1986). This is a smaller annual with a
Dzhungaro-Iranian range type found on sandy and clay soils, inland pebbles, and sometimes on
crashed stone slopes of plains and mountains throughout Kazakhstan and Central Asia [15, 26].

Pseudohandelia umbellifera (Boiss.) Tzvelev was found growing sporadically on the plains in the
vicinity of Lake Sorbulak (19.05.2000, 26.05.2013, O.V. Belyalov), in desert communities on the edge of
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turanga forests on the right bank of the Ili River under the Malaysary pass (16.05.2015), and near the
highway north of the Kerbulak gorge (15.05.1995). This is a biennial, rarely a perennial with a
Dzhungaro-Iranian range type growing on sands, loess, and crushed stone slopes of hills of flat deserts
of southern Kazakhstan and along the foothills of mountains, from Dzhungar Alatau to Western Tien
Shan [15].

Pulicaria vulgaris Gaertn. (Pulicaria prostrata Asch.) was found along the bank of a channel in the
middle course of the Ili River, below the Tamgalytas gorge (11.09.1987). This is an annual with a
Palearctic range type growing in wet meadows, near water bodies, and sometimes as weed near roads
and in crops. It is found almost throughout Kazakhstan and Central Asia, except in the mountains. The
species has been found also in the Pribalkhash deserts [14, 26].

Steptorhamphus crassicaulis (Trautv.) Kirp. was found on the crushed stone slopes of the left bank
of the Kapchagai reservoir near the hydroelectric plant (30.04.2009). In similar habitats, it was recorded
along the right bank of the reservoir, 10-15 km upstream [40]. This is a perennial with the Dzhungaro-
Pamiro-Alai range type growing on dry crushed stone slopes, sometimes in the rock cracks, in the lower
and middle mountain belts of the south and southeast of Kazakhstan [15, 26].

Conclusion

Over the years of research in the Ile-Balkhash region, and taking into account the analysis of
available scientific publications, the authors additionally identified 86 plant species from 69 genera and
31 families not listed in the last generalized summary by S.G. Nesterova and Z.A. Inelova [4]. Of those,
cryptogams were represented by one species; monocotyledons, by 24 species from 16 genera and 8
families; and dicotyledons, by 60 species from 52 genera and 22 families. By the vegetation type, the
species were distributed as follows: tugai, including turanga forests, 20 species; grassy marshes and
aquatic ecosystems, 9 species; meadows, 17 species; plain deserts, 18 species; foothill deserts of the
petrophytic type, 21 species. Four species were rare and listed in the Red Book of Kazakhstan, and one
species (Gagea jensii Levichev & Schnittler) described in China was first discovered in Kazakhstan.

Due to the unstable ecological situation in the region which affects, among other things, the
species composition of plant communities, we propose to include the following vegetation types in the
floristic monitoring system:

turanga forests;

tugai forests with Hippophae rhamnoides, Berberis iliensis, Lonicera iliensis in the Bakanas area;

grass marshes and aquatic areas with Nymphoides peltata and Nymphaea candida, in particular in

the area of the modern delta.

We recommend conducting monitoring studies in these types of vegetation at least once every 10
years.

New species discoveries indicate that there is great potential for previously undiscovered plants
in the region, which is of great scientific and practical interest.
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A.A. ViBamenko!, T.H. Ctuxapesa!, K.T. AdOuakyaosa? B.1O. Kupnaaos!, A.H. PaxuMxaHoBs!
19.H. boxetixan amuirdazvl Kasax opman uapyauiviAvizvl XaHe azpoopMaHMeAUuoparust ZulAbIMU-
sepmmey urncmumymeot, Lyuurnck, Kasaxcman
29A-Dapabdbu amvindazvl Kasax yammork yrusepcumemi, Aavamol, Kasaxcman

Iae-baaxar eHipiHiH TOFajiabl OpMaHAapbl MeH ipreaec meaaepi ¢paopacbiHa KOCbIMIIIa

Anaartmia. ABTOpAapAbIH KOIDKBLAABIK 3epTTeyAepiHiH HoTu Keaepi OoiibIHINA 94e01 AepeKTepai
TaaAayAbl eckepe OTHIpBI, lae-baakamn meaai eHipiHiH ¢aopackiHa TOABIKTBIpyAap KeATipideai,
oAapablH KypambiHa 69 TybicThiH, 31 TyKbIMAacTelH 86 Typi Kipeai. EH KBISBIKTBI O/AXKadapaaH
Kasakcran aymarbiHAa aaramn pet taOblaraH Gagea jensii Levichev & Schnittler; sxakbiHAa cumnaTTaaran
Lae eHipi meaaepiHiH II1aFbIH XepriaikTi sHAemuri Allium subscabrum (Regel) R. M. Fritsch; conaaii-ax
KasakcrannbeiH KpI3bia KiTaOblHa eHrisiaTeH TepT Typi aTaAblll ©TiAreH. JepTTeAreH aliMaKTaFrbl
TYpPaKChI3 9KOAOIMAABIK >KaFdailAbl >KoHe >KOFapbl ©CiMAIKTepAiH TypAik KYypaMBIHBIH OCBIFaH
DallaaHBICTBI ©3TepyiH ecKepe OTBIPHII, €H oOcald eciMAiKTep KaybIMAacThIKTapblHAa — lae eseHi
aAKaOBIHBIH TOFalAbl OpMaHAAapBIHAQ, Kasipri AeAbTaHBIH Cy >KoHe Cy MaHbl KaybIMJacThIKTapblHAA
paopMCcTUKAABIK, MOHUTOPVHT KYPTi3y YChIHBLAAABI.

Tyiin ce3aep: paopa, Typaep Tisimi, DKOXYIie, 11161€ITTeHyY, apeaa TIUIli, MOHUTOPHHI.
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A.A. MiBamenko!, T.H. Ctuxapesa?!, K.T. AdGuakyaosa? B.1O. Kupnaaos!, A.H. PaxumvxaHos!
IKasaxckuil HAYUHO-UCCACOBAMEALCK UL UHCIUMYM AECHO20 X03STCNEA U AZPOAECOMCAUOPAUUY UMEHU
A.H. Byxeiixana, IHJyuunck, Kasaxcman
2Kasaxcxkuti HayuoHarbHblil yHusepcumem umery aro-Papadu, Aamamo, Kasaxcman

Jomnoanenne K paope TyraiHbIX A€COB M IIPIAeTalomyX IIyCTbIHb
Nae-baaxamckoro permona

Annsoramms. Ilo pesyapraTaM MHOTOAETHUX MCCAeAOBAaHMII aBTOPOB C YYeTOM aHaAu3a
AUTEPaTyPHBIX JAaHHBIX MPUBOAATCA AomoAHeHMs K (paope mycrsiHHOTO Vae-Baaxarickoro permosa,
KOTOpBbIe BKAIOUaIoT 86 B1A0B 13 69 poaos u 31 cemericrsa. 13 caMbIX MHTepeCHBIX HAXOA0K OTMedaloTcs
Gagea jensii Levichev & Schnittler, sBriepsrie oOHapy>keHHblii Ha Tepputopum Kaszaxcrana; Allium
subscabrum (Regel) R.M. Fritsch, HejaBHO oOmMCcaHHBIN Y3KOAOKaAbHBIN 9HAeMUK IIpumaniickmx
IIyCTBIHB, a TaKXKe yeThIpe BUAa, 3aHeceHHble B KpacHyro kaury Kasaxcrana. YuuTeisas HeCTabMABHYIO
HKOAOTMYECKYI0 CUTyallMio B 00CAe40BaHHOM perroHe M CBsA3aHHbIe C 9TUM M3MEeHeHMs BIAOBOTO
cocTaBa BBICIINX PacTeHMI, peKOMeHAYyeTCs HPOBOAUTL (PAOPUCTUYECKMIT MOHUTOPMHI B Hamboaee
YSA3BUMBIX PacTUTEABHBIX COODINeCTBaX — TyTallHBIX AecaX AOAMHBI p. V1A, BOAHBIX U OKOAOBOAHBIX
COOOITIeCTB COBPEMEHHO AeAbThI.

Kaiouesbie caoBa: ¢aopa, CHUCOK BMAOB, BDKOCHUCTeMa, OIyCTBIHUBaHMe, TUII apeaaa,
MOHUTOPUHI.
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Abstract. Asthma is a complex heterogeneous disease, the development of which is determined by
the complex interaction of many predisposition genes and environmental factors. Many
epidemiological studies have shown that single nucleotide polymorphism (SNP) in the FCER1B
(rs1441586), FCER2 (28364072), and ADAM33 (rs528557) genes are associated with the risk
development of asthma. However, the results are inconsistent and inconclusive. The aim of this
study was to determine whether the FCER1B (rs1441586), FCER2 (28364072), and ADAM33
(rs528557) polymorphisms confer susceptibility to asthma. To derive a more precise estimation, a
meta-analysis was performed. Meta-analysis was conducted with the data from case-control
association studies (20 studies with 9954 controls and 8261 cases). Comprehensive Meta-Analysis
software was used for statistical analysis. A random-effects model was used to calculate summary
odds ratios (ORs). The meta-analysis showed no association between asthma and the FCERIB
rs1441586 variant under any genetic model. A noticeable association of FCER2 (rs28364072)
polymorphism with susceptibility to asthma in overall pooled subjects was observed under
dominant, recessive, and allele contrast models. Moreover, statistically significant results were
obtained for the ADAMS33 polymorphism in the allele contrast model. This meta-analysis
illustrates that the FCER2 (rs28364072) and ADAM33 (rs528557) polymorphisms may increase
susceptibility to asthma.

Keywords: asthma, SNPs, FCER1B, FCER2, ADAM33, meta-analysis.
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Introduction

Asthma is a heterogeneous disease, usually characterized by chronic inflammation of the
respiratory tract. This is determined by the presence of a history of respiratory symptoms, such as
wheezing, shortness of breath, chest tightness, and cough, which vary over time and intensity, as well as
variable restrictions of airflow when exhaling [1]. According to estimates by the World Health
Organization (WHO), more than a third of billions of people have suffered from asthma worldwide and
up to half a million people die every year around the world precisely because of this disease [2].

The etiopathogenesis of asthma results from intricate interactions between genetic factors and
exposure to numerous environmental agents [3].

Nowadays, it is widely accepted that asthma susceptibility has a strong genetic component, as
shown by multiple studies. In the last decade, several genome-wide association studies (GWAS) have
identified numerous genetic variants responsible for asthma susceptibility [4]. These mainly non-coding
variants play a regulatory role in gene expression and asthma heritability [5]. And such kind of genetic
variations in various loci and genes are important in asthma pathogenesis. Regardless of the severity of
atopic bronchial asthma, its pathogenetic basis is allergic inflammation, the peculiarity of which is a
hereditary predisposition and hyper production of immunoglobulins IgE and IgG4 [6]. In the regulation
of IgE secretion, various immunological pathways are of great importance. Alterations in any of the
major pathways can greatly increase the risk of developing asthma. Variant polymorphisms of some
genetic markers can predict susceptibility to asthma.

The high-affinity receptor IgE 1 (FCER1) gene is located on chromosome 11q13, a region that is
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involved in the induction of immune responses in atopic disease, contributing to the IgE-dependent
activation of mast cells and basophils. It encodes the beta chain of the high-affinity receptor for IgE
(FceRI-f gene, FCER1B), which in combination with one alpha subunit binding IgE and the dimer of the
gamma subunit forms the FceRI tetramer. It is believed that FCER1B functions as an enhancer of FceRI
expression and signaling, which enhances the activation of mast cells and basophils and enhances IgE-
mediated inflammatory reactions [7].

Taking into account the importance of FCER1B in the immunopathogenesis of bronchial asthma,
multiple epidemiological studies have been conducted to identify potentially important single-
nucleotide polymorphisms (SNP) in the FCER1B gene associated with the risk of developing asthma.
Two functionally important SNPs in this gene were the polymorphism of the promoter C109T
(rs1441586) and the 7th exon E237G (rs569108). Although several studies have shown no significant
differences in the distribution of -109 C/T polymorphism between asthma patients and healthy control
subjects, the data were still contradictory [8-11].

Low-affinity immunoglobulin E receptor gene (FCER?2), is a protein-coding gene that is located on
chromosome 19. It is one of the key molecules in the regulation of IgE production. Gene variant
rs28364072 of the FCER2 is presumably related to the severity of asthma [12,13] and the duration of
hospitalization [12,13, 14]. K. G. Tantisira et al. [13] established the effect of three SNPs of the FGFR2
gene on an increase in serum IgE levels and the deterioration of asthma in European Americans. The
authors demonstrated the association of rs 28364072 (T2206C) polymorphism with severe asthma
exacerbations in children [15, 16].

Relatively recently asthma gene A disintegrin and metalloprotease 33 (ADAM33) [17] located on
chromosome 20p13 was characterized. Analysis of 135 SNPs of the ADAM33 gene showed the most
significant association with asthma. These data indicate the important role of ADAM33 in the functions
of the respiratory tract. Currently, the role of these genetic variations associated with susceptibility to
asthma has been confirmed in Saudi Arabia and China populations [18]. However, the data on
polymorphism rs528557 were contradictory.

Therefore, we aimed to perform a meta-analysis based on the studies of the association between
FCER1B, FCER2, and ADAMS33 gene variants to asthma susceptibility.

Materials and methods

Strategy for literature search. In this meta-analysis collected all the case-control studies using
Scopus, PubMed, Web of Science, Medline, and other databases until March of 2022. The databases were
searched for the keywords: FCER1B, FCER2, ADAMS33, polymorphism, single nucleotide variant,
C109T, E237G , rs1441586, rs28364072, rs528557, SNP and asthma.

Inclusion and exclusion criteria. For inclusion in the meta-analysis, the studies must have the
following criteria: (1) the study association between FCER1B, FCER2, ADAM33 polymorphisms, and
asthma; (2) should have a case-control design; (3) the study must offer the sample size, distribution of
alleles and genotypes.

Studies identified from the searches were screened and excluded from further analysis if one of
the following reasons was satisfied: a review article, lack of information, animal research, not case-
control or nested case-control study design, or unreported genotype frequencies.

For each publication included in the meta-analysis, the following information was obtained:
author’s first name, year of publication, SNP, quantitative and qualitative characteristics of asthmatic
patients and control group, and genotyping data.

Statistical analysis. In the control population, the Hardy—Weinberg Equilibrium (HWE) was
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evaluated using the online software "Calculation of the Chi-square criterion for deviation from the
Hardy-Weinberg equilibrium” (https://gene-calc.pl/hardy-weinberg-page). The statistical analysis was
carried out using Comprehensive Meta-Analysis Version 3.0 (Biosta, Englewood, NJ, USA). We used
ORs and 95% ClIs to summarize the tightness of the connection between FCER1B, FCER2, and ADAM33
polymorphisms and asthma. The heterogeneity was estimated by using the I? index. If 12 > 50%, it
indicates that there was high heterogeneity, and the random-effects model was used to calculate the
association of OR. In other respects, the fixed-effects model was applied (19). Publication bias was
measured via “Begg’s funnel plot” and “Egger’s linear regression” methods [20]. A two-tailed p-value <
0.05 implied a statistically significant publication bias.

Results

Studies included in the meta-analysis

A total of 213 potential articles were identified from the database search. After 171 duplicate
records were removed, a total of 42 potential articles were reviewed. Amongst these articles, 18 were
excluded after the titles and abstract review. Four others were excluded for lacking controls. Finally, 20
studies with a total of 9954 controls and 8261 cases that met the inclusion criteria were included in this
meta-analysis (Fig. 1). The characteristics and genotype frequencies and HWE examination results of
each study included in this meta-analysis are listed in Table 1, Table 2 and Table 3.

Records identified through Additional records identified
electronic database searching through other sources (n =0)
(n=213)

Records after excluding irrelevant and repetitive
articles (n=42)

Records excluded after title and
abstract review (n=18)

Articles
Records included for excluded: without
further evaluation (n=24) control group
(n=4)

Avrticles included for meta-analysis (n=20):

Studies about the FCER1B rs1441586 polymorphism
(n=8);

Studies about FCER2 rs28364072 polymorphism (n=2);
Studies about ADAM33 rs528557 polymorphism (n=10)

Figure 1. Flow diagram of the study selection process
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Table 1

Characteristics of the studies of FCER1B (rs1441586) polymorphism included in the meta-analysis

First author, year Case Control p (HWE)

TT CT CC TT CT CC Control
Li Hua, 202121 108 125 31 317 329 74 0,66
Li Hua, 2015/%?] 416 436 148 406 470 124 0,64
V. Tikhonova, 53 69 18 48 70 18 0,61
2010123
E.S. Kim, 200914 159 167 20 140 135 28 0,68
H. Li, 200923 110 24 58 78 24 90 0,46
D.P. Potaczek, 57 72 25 57 70 27 0,59
2007121
S. H. Kim, 200621 67 65 8 113 128 23 0,67
N. Hizawa, 85 123 18 108 99 19 0,69
20001281

Table 2

Characteristics of the studies of FCER2 (rs28364072) polymorphism included in the meta-analysis

First author, year Case Control p (HWE)
TT TC CC TT TC CC Control
Fayzullina, 51 34 7 41 47 11 0,65
2019
Ly, 20163 58 39 10 5 11 7 0,45
Table 3
Characteristics of the studies of ADAM33 (rs528557) polymorphism included in the meta-analysis
First author, year Case Control p (HWE)
GG GC CC GG GC CC Control
Thongngarm, 182 60 8 148 82 20 0,75
202261
Shen, 2017132 48 78 24 39 41 20 0,59
Miyake, 2012033 10 28 50 94 506 681 0,27
Tripathi, 201134 20 67 88 159 79 15 0,78
Jie, 2011833 92 52 6 43 28 3 0,77
Awasthi, 20101 18 85 108 72 51 14 0,71
Blakey, 20095371 46 319 472 458 2682 3726 0,26
Thongngarm, 114 77 9 72 21 7 0,82
2008381
Hirota, 2006/ 299 159 24 354 251 39 0,74
Howard, 2003401 85 55 10 68 42 13 0,72
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Data analysis

Meta-analysis of the relationship between the FCER1B (rs1441586) gene polymorphism and
risk of asthma

Meta-analysis has shown, that FCER1B (rs1441586) gene polymorphism was not associated with
asthma (TT+CT versus CC: OR =1.175, 95 % CI 0.815-2.039, p = 0.269; CT+CC versus TT: OR = 0.957, 95
% CI 0.815-1.518, p = 0.648; CC versus TT: OR = 1.171, 95 % CI 0.813-2.188, p = 0.306). All data of meta-
analysis concerning associations between the FCER1B (rs1441586) polymorphism and risk of asthma is
shown in Table 4.

Table 4
Meta-analysis of the association between FCER1B (rs1441586) polymorphism and risk of asthma

Polymorphism OR 95 % CI P-value I Egger P
Dominant model 1.175 0.815-2.039 0.269 59.483 0.11
TT+CT vs. CC

Recessive model 0.957 0.815-1.518 0.648 59.251 0.35
CT+CCvs. TT

Additive model CC 1.171 0.813-2.188 0.306 59.017 0.2
versus TT

Meta-analysis of the relationship between the FCER2 (rs28364072) gene polymorphism and risk
of asthma

Meta-analysis has shown, that FCER2 (rs28364072) gene polymorphism was associated with
asthma in dominant, recessive and allele contrast model (TT+TC versus CC: OR = 2.408, 95 % CI 1.518-
4.244, p = 0.020; TC+CC vs. TT: OR = 0.411, 95 % CI 0.235-0.568, p = 0.037; T allele versus C allele: OR =
2.139, 95 % CI 1.482-3.128, p = 0.042; C allele versus T allele: OR=0.468, 95 % CI 0.320-0.675, p = 0.042)
(Fig. 2-4). Moreover, there is a trend of rs28364072 association with asthma under additive model (TT
versus CC: OR=3.737, 95 % CI 1.955-8.120, p=0.063). All data of meta-analysis concerning associations
between the FCER?2 (rs28364072) polymorphism and risk of asthma is shown in Table 5.

Table 5
Meta-analysis of the association between FCER2 (rs28364072) polymorphism and risk of asthma

Polymorphism OR 95 % CI P-value I Egger P
Dominant model 2.408 1.518-4.244 0.020 45.836 -
TT+TC vs. CC

Recessive model 0.411 0.235-0.568 0.037 51.569 -
TC+CCvs. TT

Additive model TT 3.737 1.955-8.120 0.063 63.617 -
versus CC

Allele contrast model 2.139 1.482-3.128 0.042 61.955 -
T allele versus C allele

Allele contrast model 0.468 0.320-0.675 0.042 61.955 -
C allele versus T allele
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Meta Analysis

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Fayzulina, 2019 1,518 0,562 4,099 0,823 0,410
Ly, 2016 4244 1411 12,764 2573 0,010
2,408 1,151 5,034 2335 0,020 <&
0,1 1 10 100

0,01

Favours A Favours B

Meta Analysis

Figure 2. Forest plot of the association between FCER2 rs28364072 and risk of asthma: TT+TC vs. CC

Meta Analysis

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Fayzullina, 2019 0,568 0,320 1,008 -1,931 0,053
Ly, 2016 0,235 0,081 0678 -2,677 0,007
0411 0178 0947 -2,087 0,037

0,01 0,1 1 10

Favours A Favours B

100

Meta Analysis

Figure 3. Forest plot of the association between FCER2 rs28364072 and risk of asthma: TC+CC vs.
TT

Meta Analysis

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value

Fayzullina, 2019 1,482 0,795 2,764 1,237 0,216

Ly, 2016 3128 1628 6,009 3422 0,001 E 3

2139 1,029 4,446 2,036 0,042
0,01 0,1 1 10 100

Favours A Favours B

Meta Analysis

Figure 4. Forest plot of the association between FCER2 rs28364072 and risk of asthma: T allele vs.
C allele
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Meta-analysis of the relationship between the ADAMS33 (rs528557) gene polymorphism and
risk of asthma

According to the meta-analysis, there is no association between ADAMB33 (rs528557) gene
polymorphism with asthma in dominant, recessive and additive model (GG+GC versus CC: OR = 0.730,
95 % CI 0.062-2.630, p = 0.334; GC+CC versus GG: OR =1.577, 95 % CI 0.542-13.109, p = 0.142; GG versus
CC: OR = 0.604, 95 % CI 0.021-3.074, p = 0.306). However, the significant association was found under
allele contrast model (G allele versus C allele: OR = 0.293, 95 % CI 0.121-0.360, p = 0.009 and C allele
versus G allele: OR = 3.413, 95 % CI 0.909-8.272, p =0.009) (p < 0.05). All data of meta-analysis concerning
associations between the ADAM33 (rs528557) polymorphism and risk of asthma is shown in Table 6.

Table 6
Meta-analysis of the association between ADAMS33 (rs528557) polymorphism and risk of
asthma
Polymorphism OR 95 % CI P-value I Egger P
Dominant model 0.730 0.062-2.630 0.334 93.112 0.32
GG+GCvs. CC
Recessive model 1.577 0.542-13.109 0.142 94.931 0.08
GC+CCvs. GG
Additive model GG 0.604 0.021-3.074 0.306 95.026 0.40
versus CC
Allele contrast model 0.293 0.121-0.360 0.009 95.431 0.06
G allele versus C allele
Allele contrast model 3.413 0.909-8.272 0.009 95.431 0.06
C allele versus G allele

Meta Analysis

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Thongngarm, 20222781 1,690 4,576 4,023 0,000 B
Tripathi, 2011 8,272 6,062 11,287 13,322 0,000
Jie, 2011 0,909 0,567 1458 -0,395 0,693
Awasthi, 2010 6,140 4,388 8,592 10,589 0,000
3413 1,367 8,520 2,630 0,009 <

0,01 0,1 1 10 100

Favours A Favours B

Meta Analysis

Figure 4. Forest plot of the association between ADAM33 rs528557 and risk of asthma:
C allele vs. G allele

Discussion

Asthma is a common respiratory disease characterized by a significant decrease in the quality of
life and a high rate of mortality from complications. An important feature of asthma is heterogeneity. It
manifests itself in various phenotypes and genotypes arising from the activation of the different gene
networks and the development of molecular patterns. As previously reported, genetic factors largely
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determine the course of the disease. The contribution of heredity in asthma is about 75% [4]. Genetic
variations or single nucleotide polymorphisms are widespread genetic factors that are found in the
studies of many researchers in recent decades. Despite the fact that many studies have shown reliably
statistically significant results, the contribution of genetic variations to the risk of asthma is still the
subject of discussion. However, meta-analysis, which collects quantitative data from individual studies
and combines their results, has a number of advantages in improving accuracy, providing reliable
estimates, and solving problems that are not effective enough in studies of individual associations.
Thus, in this study, we focused on the contribution of several genetic polymorphisms predisposing to
the development of asthma.

The development of IgE-mediated inflammatory response is the central component of allergy
asthma. IgE is secreted from B cells into blood circulation, where it binds to FCER1 on the surfaces of
effector cells of allergic reactions, such as mast cells and basophils [41]. FCER1B combines with an IgE-
binding alpha subunit and a gamma-subunit dimer to compose an FCER1 tetramer complex, which is
essential for IgE-mediated allergic responses. FCER1B functions as an expression and signaling
enhancer that enhances mast cell and basophil activation and activates IgE-mediated inflammatory
responses [42].

One of the first described polymorphisms of the FCER1B gene in position -109 was the
replacement of cytosine with thymine (rs1441586) [28]. Later, several studies showed that this
polymorphism is not associated with the risk of developing asthma [25-27]. However, Kim et el,,
reported that patients carrying the homozygous TT genotype showed a high level of IgE compared to
the patients with the homozygous CC genotype and the heterozygous CT genotype [23]. According to
our results, there is no significant association between rs1441586 FCER1b gene polymorphism and the
risk of asthma for all models.

The next candidate gene in our study was the FGFR2. The previous case-control study didn’t find
differences in the frequency distribution of alleles and genotypes of SNP rs28364072 in patients with
asthma and healthy controls. But Tastisira et al., showed that rs28364072 of FCER2 gene was associated
with high IgE levels in the blood serum of patients with asthma [40]. But in our case, it was found that
the homozygous TT genotype increased the risk of developing asthma, whereas the homozygous CC
genotype, on the contrary, decreased the risk of asthma. Since the number of studies is not enough to
make an appropriate conclusion, in our opinion, further research is necessary to understand the role of
this SNP in asthma.

One of the common SNPs of the ADAMB33 gene, which is considered a potential biomarker of
asthma, is the rs528557 polymorphism. As previously assumed rs528557 SNP can affect the activity of
the ADAM33 gene and cause the occurrence of bronchial hyperreactivity and airway obstruction, which
in turn can lead to the development of asthma [43].

However, our results indicated that rs528557 plays a potential role in the allelic contrast model. In
other models, the role of this polymorphism is not statistically significant due to high heterogeneity.

Nonetheless, this meta-analysis had a number of limitations. First of all, our results may not
provide sufficient statistical power to assess the correlation between FCER?2 (rs28364072), and ADAM33
(rs528557) polymorphisms with asthma due to the small number of studies included. Secondly, single
nucleotide polymorphisms vary between populations and have a different effects on bronchial
hyperreactivity. Further case-control studies of SNPs in FCER2 and ADAM33 genes are needed in
different populations.
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Conclusion

In summary, our meta-analysis suggests that the polymorphisms rs28364072 of the FCER2 and
rs528557 of the ADAM33 gene may contribute to the risk development of asthma and can be the
potential biomarkers for the early diagnosis of asthma. However, gene polymorphism rs1441586 of
FCER1D is not associated with asthma. Taking into consideration all mentioned limitations, further
detailed research is required to confirm our data.
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A.K. Amanreagai, O.B. byarakosa
A.H. I'ymunres amvindazor Eypasus yammorx ynusepcumemi, Acmana, Kasaxcman

bponx gemiknecimen FCER1B, FCER2 >xore ADAMS33 rengepi noanmoppusmi
accorManuscblHa MeTa-aHaAu3

Anpaarmia. bponx gemikiieci - Kypdeai rereporeHai aypy, OHBIH JaMybl KeIlTereH OeifiMAiaik
reHJepi MeH KOopIllaraH opTa (paKTOpAapbIHBIH KypAeadi e3apa oapekeTTecyiMeH aHbIKTaaaAbl. Kernreren
srauaemuoaornsaaslk deprreyaep FCERIB (rs1441586), FCER2 (28364072) sxone ADAM33 (rs528557)
reHgepingeri 0ip HykaeotaTri moammopdusmgep (SNP) gemikire kaymimen OailaaHBICTBI eKeHiH
KepceTTi. Aaalija, HOTUKeAep KalIIBLABIKTHI JKoHe ceHiMci3 60aab1. by sepTreyain makcatsr FCER1B
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(rs1441586), FCER2 (28364072) >xone ADAMB33 (rs528557) moanmopduaMaepinig OpoHX AeMikireciHe
OertiMaiairin anpiKTay 0044b1. Jaaipek Oaraaay yIIiH MeTa-aHaAM3 XXYypridiaai. Mera-anaans >xaraaii-
Oakblaay KaybIMAACTBIFBIHBIH 3epTTey JAepeKTepiH KOAJaHa OTHIPHII JKypridiaai (9954 Oakblaay >koHe
8261 »xarpaiiapr xamtuteiH 20 3eptrey). Cratmcrukaaslk Taagay kemeHai Comprehensive Meta-
Analysis OargapaamaablK >KacaKTaMachlH KOAJaHY apKblabl Xyprisiaai. Kesaeiicok sdpdexr mogeai
KaAIbl BIKTMMaAAbIK Koddpuimentrepai (ORs) ecenrey yiniH KoajaHeiaasl. Mera-anaans FCER1b
rs1441586 nHyckacsl MeH OpOHX JAeMiKIleci apachlHa eIlKaHAall I'eHeTUKaAblK MoOeAbde OalllaHbIC
kopceTkeH KOK. FCER2 (rs28364072) renaik Hyckacsl ylIiH OapAblK cyObeKTiaepaeri okie gemikneciMeH
OeniMAiAiKIIeH MaHBI3ABI OallAaHBICH YII TypAl MOAeAbje (adaeabAl MOAeAb, TOMO3UTOTAABIK, MOAEAb
(aaAUTUBTI) >KOHe AOMMHAHTTHI) OaiikaaAbl. CoHeiMeH Karap, ADAMB33 mnoammopdusmi yriH
aa4eabAiK KOHTpacT MoJeAiHAe CTaTHCTMKAAbIK, MaHbI3Abl HOTVKelep aAablHAbL. bya Mera-aHaams
kepcetkeHgelt, FCER2 (rs28364072) sxone ADAM33 (rs528557) noanmopduamaepi OpoHX AeMiKIieciHe
ce3iMTaAABIKTHI apTTHIPYBl MYMKIiH.
Tyiin ce3aep: oponx aemikiteci, SNPs, FCER1B, FCER2, ADAM33, meTa-aHaaus.

A.XK. Amanreaani, O.B. byarakosa
Espasuiicxkuii nayuonarvnviii ynusepcumem umenu A.H. I'ymuresa, Acmana, Kasaxcman

Merta-anaans acconmanmym rmoanmop¢gusmos reaos FCER1B, FCER2 n ADAMS33 ¢
OpOHXMaABLHOM aCTMOM

Annoramis. bponxnaapHas acTMa - CA0XKHOe reTeporeHHoe 3a0o/AeBaHMe, pa3BUTHe KOTOPOTO
onpejeAseTcsl CAOXHBIM B3alIMOJENCTBMEM MHOIMX TIeHOB IHpeApaciioA0KeHHOCT U (PaKTOpOB
OKpyXammeit  cpeapl.  MHOrme  SIMAEMMOAOTMYECKME  MCCA€AOBaHMA  IIOKa3aAu,  4TO
oaHOHYKAeoTHAHbIe ToauMopduamel (SNP) B renax FCER1B (rs1441586), FCER2 (28364072) 1 ADAM33
(rs528557) cBszaHBl € pUCKOM Ppas3BuTusa acTMbl. OgHaKO pe3yabTaThl HpPeAbIAYIINX McCAelOBaHUIMI
IIPOTUBOPEYMBLl 1 HeyOeAnTeAbHBI. 1leabio ®TOrO MccaeaoBaHmst ObLAO OIpeAeAuTh, 00yCAOBAMBAIOT
an  noanmmopduamel  FCER1B  (rs1441586), FCER2 (28364072) u ADAM33  (rs528557)
IIpeApacIioA0KeHHOCTh K act™e. a5 roaydenus 0olee TOYHON OIeHKM OblA IpoBejeH MeTa-aHaAu3 C
MCIIO/Ab30BaHNeM JaHHBIX MCCAeJO0BaHUI accouyaluy CcAy4dai-KoHTpoab (20 mccaegosanHuii ¢ 9954
KOHTPOABHBIMM U 8261 caydasmm). JAas CTaTUCTUMYECKOIO aHaAu3a MCIOAb30BaA0Ch IIPOTpaMMHOe
obecrregennre Comprehensive Meta-Analysis. Aas pacuera cymmaphbix koagduimenTtos maHcos (ORs)
MCII0Ab30Balach MOJeAb CAydaifHBIX (PQPeKToB. MeTa-aHaAM3 He IOKazaA CTaTUCTUYECKU 3HauMMOI
cBaA3u Mexxay actmont u Bapuantom FCER1B rs1441586 Bo Bcex Tpex reHeTMYeCKMX MOAeAsX. 3aMeTHas
cBaspb nmoanmopduama FCER2 (rs28364072) ¢ mpeapacrioa0>KeHHOCTBIO K acTMe y BceX OObeAVHeHHBIX
CcyObeKTOB HabAl0Aadach B MOAEASX JAOMMHAHTHOIO, PellecCMBHOIO UM alAeAbHOro KOHTpacra. boaee
TOTO, OBLAYI TTOAy4YeHBI CTAaTUCTUYECKN 3HaUYMMBbIe pe3yAbTaThl 4451 noanmopdusma ADAMS33 B Mogean
aA1eABHOTO KOHTpacTa. JaHHbII MeTa-aHaAu3 okKasbibaeT, 9To noanmop¢usmsl FCER?2 (rs28364072) n
ADAMS33 (rs528557) MOTyT HOBBIIIATh BOCIIPUMMYMBOCTD K acTMe.

Karouessie caoBa: actma, SNPs, FCER1B, FCER2, ADAMS33, meTa-anaaus.

BECTHMK EHY umenu /.H. Tymuaesa. Cepus buorozuueckue nayxu Ne 1(142)/2023 101
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



Meta-Analysis of the association of FCER1B, FCER2, and ADAM33 gene polymorphisms with asthma

CsegeHnns 006 aBTopax:

Amanzeadi A.K. — exinmi kypc Maructpantel, /A.H. I'ymmaes atweingarsl Eypasus yaTThIK
yausepcureti, K. Mynaritnacos xemt. 13, Acrana, Kasakcran.

Bbyazaxoea O.B. — PhD, nmpodeccop M.a. >Kaarbsl 0moaorus >KoHe reHommka Kadeapacer, /.H.
I'ymnaes arsinaarsl Eypasus yarteik yausepcureti, K. Mynaritnacos xem. 13, Acrana, Kasakcran.

Amangeldi A.Zh. — The 2" year master student, L.N. Gumilyov Eurasian National University, 13
K. Munaitpasov str., Astana, Kazakhstan.

Bulgakova O.V. - Ph.D., Acting Professor of the Department of General Biology and Genomics,
L.N. Gumilyov Eurasian National University, 13 K. Munaitpasov str., Astana, Kazakhstan.

102 Ne 1(142)/2023 A.H. Tymunes amondazor EYY Xabapuivicer. buorocusvtk 2otavimoap cepuacol
ISSN(Print) 2616-7034 eISSN 2663-130X



MPHTIN 34.17.15

C.C. Autumnios™, E.B. IIpeoOpaxxeHnckast®

IBoponesxciuil zocydapcmeeriviil yHusepcumem, Boporex, Poccus
2Urnemumym buodusuxu xaemwu PAH, ITywuno, Poccus
*Aemop 0As Koppecnondenyuu: ss.antipov@gmail.com

Ilapaaoxc MHOTOQYHKIIMIOHAAbHBIX TOMOOAVIOMEPOB: CIIOCOOBI MIX A0KaAM3alii 1
MeXaHNI3MBbI peryasanyy (pyHKIIMOHAaAbHOM aKTMBHOCTH

AnpoTanust. MH020PYHKIUUOHANDHVIE 20MOOAUZOMEPbL, 1MAKXKe U36eCHIIbe 6 HACHOAULee
epems xax «Moonlighting proteins», xapaxmepusyiomcs cnocoOHOCHIbIO GbINOAHAMb BoAee
0010t OuoXUMUUECKOU UAU OuoPu3Uteckott PYHKUUU 6 npedeAax 00HOT NOAUNENMUOHOU Uenu.
Ilpu  amom  MHoXKecmeeHHOCHL — GYHKUUIL He  00YCAOBAeHA — CAUSHUEM — 2eHO6 — UAU
MHOXKECEeHHVIMU  NpomeoAumudeckumu  ppacmermamu. Ha ce00Hs 6vl56AeHO HECKOALKO
comer 0eAK08 MAK020 KAACCA, GKAIOUAIOUL20 OeAKl ¢ OOAbUUM pasHoobpasuem GyHKiuIL.
Hexomopuie yuacmeytom 6 kackade OUOXUMUUECKUX peaKlUil, UCNOAL3YS AKIMUBHBLLL LeHMpP 0AS
Kamaiusa, a 0pyzylo 4acmo nosepxHocmu Oerka OAs 63aumodeticmeus ¢ OpyzuMu OeAKaMmi.
MHozue u3 HUX ydacmeyiom 6 paseumuu NarmoA0UNecKUxX COCHMOSHUL, N0dMmomy OaHHbvle o
CMpYKMYpHO-PYHKUUOHANDHOU OP2AHUSAUUY U MEXAHUSMAX USMEHEHUS AOKAAUSAUUY MAKUX
beAkos mozym Ovimb Kpaiite 60CHPedOSAHHLIMU 6 00AACHU NPOPUAAKMUKY U AeHeHUs
PASAUMHBLX NATNOAOZUIL.

Kaiouesble caoBa: 20MmooAuzoMepl,  PYHKUUOHAALHAS — AKIMUEHOCHIb,  KPUCTHAAAUHDI,
«Moonlighting proteins».

DOI: 10.32523/2616-7034-2023-142-1-103-110

BBeaenue

Cpean mepBHIX BBISABAEHHBIX O€AKOB, MMEIONIMX I'OMOOAUTIOMEpPHOe CTpOeHMe M CIIOCOOHBIX
BBITIOAHATh ABE COBEpPIIeHHO pa3ANyYHble (PYHKIIMM B OAHOM M TOM >Ke OpraHusMe, ObIAM TaKCOH-
cnenupuueckne KpucraaauHel. OHM  QOpMHUPYIOT XpPYyCTaAMK TJda3a M MOIYT  BBIIIOAHATDH
¢epmenraTusHyo ¢pyHknuio. Hanpumep, e-xpucraams, oOHapy>KeHHBIT y nitull u pentuani [1,2,3],
MOKeT BBIIOAHATH POAb AaKTaTAeIMAporeHasbl, KaTaAu3UpyIOlell IpeBpallleHne IMpyBaTa B AaKrara
(Puc. 1). V apyrux BuAOB OBLAM BBIABAEHBI KPUCTAaAMHBI, CIIOCOOHBIE YyJacTBOBaTbh B APYIUX
KaTaAUTUYECKMX peakIsX, HaIpuMmep, XMHOHOKCHAOpeAyKTaza sABAseTcs  (-KpUCTaAAMHOM
Bep0OAI0J0B, 1aM, MOPCKUX CBMHOK U Adrymiek [4,5,6], a aapaernagernaporeHasa - 910 (-KpUCTaAUH
semaepoek [7]. Apyrme BojopacTBOpuUMBIe (PEepMEeHTHl DBOAIOINMOHMPOBAAM B HalpaBAeHNUN
npuoOpeTeHns BO3MOXHOCTM y4acTBOBaThb B PeryAsAlMM TPaHCKPUIILIMU WAM  TPaHCAALUH,
criocobHoctu B3anmogericrsosath ¢ AHK nan PHK, a B HeKOTOpBIX caydasx ydactus B pOPMUPOBAHNI
oOpaTHOII CBsA3M Ha M3MeHeHMe codep>Kanusa ¢pepmeHTos. Hampumep, akoHmuTasa, KaTaausupyiomas
U30MepU3alMIO IIUTpaTa B U30LUTPAT B [IUKA€ AVMOHHONM KMCAOTHI, IIPU CHVKEHIUM KOHIIeHTpalmu
BHYTPMKAETOYHOTIO JKele3a TepseT cepo->KeAe3Hblll KAacTep aKTUBHOTO LleHTpa (pepMeHTa, BCAeACTBIe
gyero msMeHsercs ero KoHdopmanusa. beaok B HOBOM KOH(pOPMAaIIMOHHOM COCTOSIHMU IpuoOpeTaeTr
CIIOCOOHOCTDL B3ammoderictsoBath ¢ PHK, 4T0 saeT BO3MOXKHOCTH peryAmpoBaTh DKCIPECCUIO TeHOB,
KOAMPYIOImMX OeAKH, ydacTByIoIiue B MeTaboansme xeaesa [8,9,10].

Ha sanHbpII MOMEHT MHOroQpyHKIMOHaAbHblE TOMOOAMIOMEpPBLI BCTpPedaloTCs IIO BCeMy
9BOAIOLIMIOHHOMY A€peBy M Ha BCeX YPOBHAX OpTaHM3aliui OT BUPYCOB, OaKTepuii 1 apxeit 40 rpuOOB,
pp106 1 MaexornmTammx. Cpean HMUX BCTpeyaloTcsa (pepMeHTHI, IIUTOKMHbI, (paKTOpbl TPAaHCKPUIIIUM,
AHK-cBaspBaroniye 6eaku, OeAKM IUTOCKeAeTa, pellelITOPhI, IIallePOHbI, KOMIIOHEHThI BHEKAeTOYHOIO
MaTpuKca, TpaHCMeMOpaHHBIX KaHaA0B, puOOcoMaabHple Oeaku U Ap. DTO CBUAETEALCTBYeT O
3HAUYMTEABbHBIX M3MEHEHIX 9TUX OeAKOB B XO4e DBOAIOLNY U IT0Ka €MHCTBeHHBIM (PaKTOPOM, KOTOPbIN
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MO>KHO OXapaKTepn3oBaTb Kak OHpe,Zl,e/UIIOH_U/IﬁI q)yHKLU/IOHaAbHYIO aKTVIBHOCTD AL
MHOrOCIDYHKLU/IOHa/lebIX O0AUTOMEPOB, MO>KHO Ha3BaTh X KA€TOYHYIO A0KaAM3alnIo.

/10Ka111/13au1/m MHOI‘O(I)yHKI_H/IOHaAbeIX TrOMOOANTOMEPOB I ME€XaHVI3MBbI peryasinm mx
AKTUBHOCTHA

Oanont m3 cambIx Ooapmmx moArpynm «moonlighting proteins», maeHTM¢guUIMpPOBaHHBIX Ha

CeTOAHSAIIHUI AeHb, SBASIOTCS BHYTPUKAETOUHBIE ITanepoHsl 1 gepmeHTH. Kak mpasuao, 1o 6eakn
«AOMaIHero xossiicTsa» mam «housekeeping proteins», KoTopble y4acTBYIOT B IAMKOAM3e, IIMKAE
AVIMOHHOJ KMCAOTBI, NeHTo3opocdatHoM mytm u Mmertadoamsme Oeakos m JAHK. Ilepseim On1a
naeHTHPUIMpPOBaH ranmepaabierng-3-pocparaerngporesasa (GAPDH) Ha moBepXHOCTH IaTOTE€HHBIX
cTpenTOKOKKOB [11]. Ha cerogHs BBIABAEHHI U Apyrue TUIBI (pepMEHTOB, A0KaAM30BaHHBIX KaK BHYTPU
KAETKM, TaK UM Ha ee IIOBepxHOCTH, BKaiouas apyrme tumsl GAPDHs ¢epmentos [12,13,14],
docoranneparknnasy [15] n enoaasy [16, 17]. ITomumo DTOro, MMeIOTCA aHAAOTUYHBIE JaHHBIE O
mareponax HSP60/GroEL, HSP70/DnaK [18,19,20], ¢pakrope »a0HTa1im ouocnnresa deaka Ef-Tu [21]
rucroHe H1 [22] a0kaam30BaHHBIX KaK BHYTPHM, TaK M BHe KJeTKM, a HEKOTOphle U3 STUX OeAKOB
PYHKIIMOHMPYIOT KaK peleNTOpbl KAeTOYHON IIOBePXHOCTU Yy AIOAeil U APYIMX MAEKOIUTAIOIIMX.
beaox GAPDH xartaamsupyer mpeBpamienue D-raunepaabgerna-3-pocdara B 3-Ppocdo-D-
ranneponadocdar Hpu TIAUKOAU3E BHYTPU KATKM B OOABIIMHCTBE TUIOB KaAeToK. OgHako y
MAEKONUTAIOIMX TaKXe CAYKUT pelleTOpoM TpaHcpeppuHa Ha KAETOYHON ITOBEpPXHOCTH,
criocoOcTBys1 ycBoeHmio >keaesa [23], HSP60 sBasercs miariepoHOM, CIIOCOOCTBYIOIIMM MMIIOPTY
MUTOXOHAPMAABHBIX O€AKOB B KAETKy, a TakXe BbIIOAHsAeT (QPYHKIMIO pelenTopa KAeTOYHOM
IIOBEPXHOCTU AAsl AUTIOIPOTENHOB 0Jarojapsl ero CpoAcTBy K aroauronporensy apoA-II [24]. V
alogein msopopma nmpysatkuHazP-3 (PK3), rayrarmon-S-rpancdepasa Mu-3, Tpuosodpocdat-
nsomepasa u (¢pykrosa-oucpocdar-aabgosaza A  A0Kaau3OBaHBI Ha MeMOpaHe TIOJ0BKU
criepMaTo3onja ¥ y4acTBYIOT BO B3aIMOJENCTBUAX C OeakaMM I1da3MaTUIecKol MeMOpaHbI
STATTeKAeTKH [25].
AnazornyHe (peHOMEH M3MeHeHMs TuIla (PYHKIMOHAABHOM aKTUBHOCTM OeAKOB, B 3aBUCHMOCTH OT
AOKaAM3alMy BHYTPU KAETKM MAU BHe e€, INMPOKO Habarojaacs y Oakrepuii. bakrepum m apyrme
IIaTOTeHHble MUKPOOPIaHM3MBI OOBIYHO MCIIOAB3YIOT IUTO304bHBIe «moonlighting proteins» Ha
ITIOBEPXHOCTM KAETKU AAs POPMMPOBaHNS U MTOAAep>KaHs B3aIMOAEIICTBIS C OPTaHM3MOM -XO3SMHOM.
boaee Toro Hexoroprle m3 ®TuMX 0eAKOB yJacTBYIOT B 3apakeHul, WHBa3UM, BUPYAEHTHOCTU U
dpopmuposannmu  OmonaeHok. Ilpomecc 3aceaenms Oakrepuii B KAeTKM OpraHM3Ma-XO3sMHa
COIIPOBOXKJAeTCsl UX ajre3ueil, B pe3yAbTaTe KOTOPOIl ITOBEPXHOCTHBIE OeAKM MMKPOOPTaHM3MOB
CBA3BIBAIOTCSL C OeAKaMl BHEKAETOYHOTO MaTpMKCa MAM KOMIIOHEHTaMI SINUTeAMaAbHON CAM3UCTON
oboaoukn. Ho B HEKOTOpBIX caydasx IpM AOKaAM3alMM Ha IIOBEPXHOCTM KaAeTKu «moonlighting
proteins» B3aMOAEICTBYIOT HEIIOCPeACTBEHHO ¢ MeMOpaHHBIMM OeaKaMl KA€TOK OpraHM3Ma-XO3s1Ha.
Bce »Tm Tunmel B3anMogencTsus oOecriedmBaloT (puaMdeckoe cliernaeHne OaKTepuaabHBIX KAETOK C
KaeTkaMm Xo3suHa. Tak, Oakrepun poaa Listeria 4as1 9TUX 11eAeii UCIIOAb3YIOT aAKOTOAb-alleTaAbAeTr -
Aernaporenasy (LAP) aas cBsA3bIBaHMS C SINMTeAMaAbHBIMU KAeTKaMM KMIIIedHMKa [26], ®HOaa3a,
yJyacTByloIasi B TAMKOAU3€e, OOHapy>keHa Ha KAETOYHON IIOBePXHOCTU Pa3AMJHBIX TUIIOB OakTepuii
(Streptococcus, Mycoplasma w Plasmodium falciparum), rae oHa BOBAeKaeTCs B CBs3bIBaHMe I11a3MIHOTeHa,
¢pubponekTHa M Apyrux OeAKOB M WIPaeT BaXKHYIO poAb B MHQUIIMPOBaAHUU AIOAel, coDak U
rtur [27,28,29], 6eaok Ef-Tu ma Streptococcus gordonii o6aasaeT CIIOCOOHOCTBIO B3aMIMOAENCTBOBATDh C
mynunoM [30], sHAg0menI TN AA3a Streptococcus pneumoniae UCIIOAb3YeTCSI AAsl CBSA3bIBAHIUSA I1Aa3MUHOTeHa
1 ¢uOpOHeKTMHa KAeTOK opraHmaMa-xossmHa [31], ©Oeaox GAPDH Haemonchus contortus,
Iopa>kaloIuil JKeAy0uHO-KUIIIeUHBI TPaKT OBell I KO3, CIIOCOOeH B3auMOoJeiicTBoBaTh ¢ Oeakom C3
CMCTeMBI KOMIIAMMEHT, MHIMOMUPYs TaKUM CITOCODOM KacKa/, peakIiuii 9TOM CUCTeMBI, YTO IPUBOAUT K
ITOHVKEHNIO IMMYHHOTO OTBeTa CO CTOPOHBI OpTaHM3Ma-xo3suHa [32], a manepon HSP70/Dnak,
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MOXKeT CAY>KUTb PellelITOPOM I1da3MMHOIeHa Ha KJAeTOYHON IOBepXHOCTH y Oakrepuii poda Neisseria
[33], Mycobacterium tuberculosis [34], Bifidiobacterium lactis [35] u ap.

BO3MO>KHOCTD  BBIITOAHATH HECKOABKO (PYHKIMII YacTO SABASETCS AWUIIL YacThlO0 MCTOPUH,
CBA3aHHOI C MHOTOQYHKIIMOHAABHBIMIU TIOMOOAUTOMepaMy. MecTOIOAOXKeHne U BpeMs AeVICTBUS
KakJ0ro 0eaka Ba>kKHBI AAs ITOAJAep>KaHMs 3J0pOBbsa U roMeocrasa. Kpome Toro, myramnum, KOTopble
U3MEHAIOT aMMHOKMCAOTHYIO II0CA€40BaTeAbHOCTh OeaKa, MOIYT HPUBOAUTL K yBeANIEHMIO
VMHTEHCUBHOCTI (PYHKIIVMOHAABHONM aKTUBHOCTU MAM K (POPMUPOBAHMIO CIIOCOOHOCTM BBIITOAHATD
aAbTEePHATUBHYIO (HeoOMOp(}HYI0) PYHKIIMIO M CTaTh IPUIMHOI 00pasoBaHmsl OeAKOBBIX arperatos [36].
[TosTOoMy HEOOXOAMMO HOJAep>KaHMe YPOBHS DKCIIpPeccuy 9TnX 0eAKOB COOTBETCTBYIOIIMMM TUIIaMU
KAETOK, KOTopas AOAXKHa OCYIIIeCTBASATHCA Ha KOHKPETHBIX DTallaX pocTa KAETOK M/MAM B OTBET Ha
BO3JelicTBue (PpaKTOpOB OKpyKaroIeil cpedbl. Ilpm ®TOM HOKayTMpoBaHUe HEKOTOPBLIX I€HOB
10AM(PYHKITMOHAABHBIX TOMOAUTOMEPOB IPUBOAUT K IuMOeay ®MOpHMOHa Ha PaHHUX CTajUsAX ero
PasBUTU HECMOTPSI Ha TO, YTO DKCIIPeCcusl STUX TeHOB IIpeAlioAaraeTcsl BO B3pOCAOM COCTOSIHUM, YTO
Tak>Ke IoguepKuBaeT 3HaYMMOCTh «moonlighting proteins» B >K13HecrIocOOHOCTI OpraHU3Ma.

Kaxaast m3 sBomoansembix ¢QyHKIM «moonlighting proteins» MoXeT peryampoBaThbCs
He3aBJICYIMO AU MIMeeT CBOero poja «IlepeKaiodaTeab», peryAupyIOmnil BEIIIOAHeH e TO AWM VHOM
$ynxym. OaMH U3 TaKMX TUIIOB IepPeKAIYeHNUs (PYHKIIMOHAABHONM aKTMBHOCTM YK€ YIOMMHAACS
paHee 445 aKOHUTA3Bl, HO ABASAETCs AUIIDb OAHUM U3 METOAOB IepPeKAIOYeHM MeKAY BBIITOAHIeMbIMU
dysxyaMu. Apyroi TUIl IepekaAioueHns (PYHKIIMOHAABHONM aKTUMBHOCTU peaAmn3yeTcs Ha ypOBHe
IIOCTTPAHCAAIIMOHHBIX Mogudukanmii. PocpopmuanposaHme HEKOTOPBIX O€AKOBBIX KOMIIOHEHTOB
pubocoM MpUBOAUT K MX AMCCOLMAIINM, B pesyabTaTe 4ero 9Ty OeAKM IOIajaioT B SAApO, TAe OHU
HaUMHAIOT BHIIIOAHATDH aabTepHaTUBHYIO (yHKIMIO. Hanmpumep, pubocomusiir 6eaok S3 (rpS3) B sape
yJacTByeT B BOoccTaHOBAeHMM nospexenHoir AHK m moxer urparts poab ¢gakropa TpaHCKPUIIIIUU
[37,38]. beaok L10a (rpL10a) MO>KeT IIpersTcTBOBaTh Pa3MHOKEHMIO TeMHuBMpyca y pacrtenuii [39, 40],
a Oeaok L13a (rpL13a) mpucoeamHseTcss K MyAbTHOEAKOBOMY TPaHCKPUIIIIMOHHOMY ¢akropy [41].
[TpOoTHBOIIOAOXKHEIN IYTh IIPOXOAUT PeleNTOp DCTPOTeHa, OH CIIOCOOeH HOKMHYTD AP0 B pe3yabTaTe
NIaAbMUTOMAMPOBAHNUIO, 4TO IPUBOAUT K €ro CIIOCOOHOCTM B3aMMOAENCTBOBATh C CUTHAABHBIMU
INyTAMM TAa3MaTudeckoin MemOpanbl [42]. Takum oOpa3oM, BcaeAcTBUE ITOCTTPaHCASIIMOHHONM
MOANQPUKALIINY A APYTUX CITIOCOO0B MoAnuKaruy 60apmmHCTBO «moonlighting proteins» crroco6Ho
BBITTOAHATh pa3AndHble (PYHKIIMU B IIUTOILAa3Me, sipe, BHYTPU MAU Ha IIOBEPXHOCTU OpraHeas,
KAETOYHOJ MeMOpaHe AU BHEe KAeTKIU.

B TO Bpemsa Kak MexaHM3MBbI MepeKAIOUeHMUs MeXAy TullaMy (PyHKIMOHAAbHOM aKTMBHOCTU
HEKOTOPBIX MoANQYHKIIMOHAABHBIX rOMOOAUTOMEpPOB U3BECTHBI, MeXaHI3M CMeHBI
LIMTOILAa3MaTUIeCKOM A0KaAu3aluy Ha MeMOpPaHHYIO MAM BHEKAETOYHYIO OCTaeTCsl MaAOIOHATHBIM.
CymecTByeT HeCKOABKO J40Ka3aTeAbCTB TOTO, UTO 5TU OeAKM MMEeHHO CeKpeTUPYIOTCs, a He BBIXOAAT M3
KAGTKM B pesyabTaTe ee Ausuca uay rudeau [43]. Bo-mepsrix, B cymnepHaraHTe He 3apUKCHPOBaHO
IIPUCYTCTBME APYIMX ILIUTONAa3MaTUYeckux Oeakos, a mpoguab 0eakos, OOHapy>KeHHBIX B
CyllepHaTaHTe MAM Ha IIOBEPXHOCTM KAETOK, He KoppeaupyeT C OeaKOBbIM IIpopuaeM KAeTKMN.
Hampumep, y Staphylococcus aureus HauBBICIINIT ypOBeHb CeKpeIlul eHOAa3bl U  aAbA0Aa3bl
Ha0Al04aeTcsl BO BpeMs SKCIIOHEHIMaAbHOTO POCTa, KOrda KOAMYECTBO ITOBPEXAEHHBIX KAeTOK
MUHUMaAbHO [44], a BBeJeHME OAMHOYHON aMMHOKUCAOTHOM 3aMeHbl B mo3unum K341 eHosass
Escherichia coli mpuBOAUT K OTepe €€ ceKpelum Jake B CAydae KaTaAUTUIeCK! aKTMBHOTO MyTaHTHOTO
Oeaka [45]. AnaaormaHo B eHoaase Bacillus subtilis aeaeniyst BHyTpeHHe q-ClIpaAy TakKe IIPUBOAUT K
IpeAOTBpalleHnIo eé cekpenum [46]. DTu pes3yabTaThl MOATBEPXKAAIOT MAEI0 O TOM, 4TO, BepOATHO,
cymlecTsyeT cucrema(bl) ceKpeluu, IIO KpaiiHeil Mepe A4s HeKoTopbhix «moonlighting proteins».
CriocobHocts  Dps  BBINOAHATHL — 3alUTHYIO (PYHKIMIO OCHOBaHa Ha e€ro TpeX CBOMCTBaX:
B3anMogeiictBoBath ¢ AHK, nakanamusath >keaeso u ¢geppokcuaasHoit akTupHoct Dps. D10 geaaet
Dps upespbryaiiHO 3HAUMMBIM B JETOKCHMKALMM KAETKM OT TOKCHMYHBIX MOHOB >KeJe3a U IepeKucu
BOAOPOAa, a TaKKe B YCTOMUMBOCTY KAETOK K BO3AeMCTBUIO KicAoT [47]. ITpu 9TOM OTHOCHTEABHO
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HeJaBHO OBLAO IIOKa3aHO, YTO oAmroMepHas ¢gopma Dps mposiBaser 3aBUCMMOCTb OT IPUCYTCTBUSA
rAIOKypOHaTa M TrajdaTypoHaTa [48, 49], 4TO CBMAETEABCTBYeT O BO3MOXKHOCTM PEryAsSlUI €ro
(YHKIIMOHAABHO aKTUBHOCTH 3a CYeT IPVCYTCTBIS HEKOTOPBIX AUTaHAOB.

3akao4deHue

Taxum 0O6pa3om, Ha CeroAHsI M3BeCTHBI COTHN 0eAKOB, KOTOpPbIe MEIOT HeCKOABKO, ITO-BUAVIMOMY,
He CBA3aHHBIX (PYHKIINIL, 0OABINas 4acTb KOTOPBIX, B TOM 4icie OeAKM Ter10BOTO INOKa, SBASIOTCS
IINTO30ABHBIMM OeAKaMl, KOTOpble MOTYT BBIIIOAHATL JOIO/AHUTEABHBle (PYHKIIMM TpU  UX
repeMeIleHNI Ha KAeTOUYHYIO IIOBePXHOCTb UAM BO BHEKAETOYHOE IIPOCTPaHCTBO. /JaHHbIe IPOTEOMHBIX
UCcCAeAOBaHMIA 1 M3ydeHNe KAeTOYHON ITOBepXHOCTU MOKa3bIBaeT, YTO CIMCOK DTUX OeAKOB 4aaeKo He
IIOAHBI U1 MOKeT OBITh B 3HAUMTEABHOM CTeIleH! pacliupeH. A pe3yAbTaThl CCAeAOBaHIs CTPYKTYPHO-
(PYHKIIMOHAABHBIX XapaKTePUCTUK MHOTOQPYHKIVMOHAABHBIX TOMOOJAWIOMEPOB IIPpO- U BDYKapMOT B
3HAUNTEABHOI CTeIleHU MOIYT pacIIMpUTh IpeAcTaBAeHNs O (GOPMMPOBAHUM I1aTOAOTMIECKIUX
cocrostamit. ITpu sTOM mMsyuenmne H6akrepmaapHbIX «moonlighting proteins» Mo>eT JaTh 3HaYMTEABHBIN
CrieKTp MHQOpMaLMM O MeXaHM3MaX, JeXKalllMX B OCHOBe X CeKpeluu U POAU Ha IIOBEPXHOCTU
MeMOpaHbl, YTO MOXKeT OBITh KpaliHe BOCTpeOOBaHO IIpM IIOHMMaHUM Iporiecca (GOpPMUPOBaHMU
OaKTepraabHOI BUPYAEHTHOCTU U CITOCOOOB ITPOTUBOAEICTBI MHPUILIMPOBaHNIO.
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Kend¢ynKinoHnaaabl roMO0OAMTOMepAepPAiH IapajoKChl: 02apAbl OKIIayaay aAicTepi KoHe
$YHKIMOHAAABIK 0eACeHAiAIKTi peTTey MexaHU3MAepi

Anparna. Kasipri yakeirra «Moonlighting proteins» aem Te araaaTelH KeIyHKIIMOHAAABI
romooauroMepaep Oip IOAUIIENTUATIK TizOekre OipHellle OMOXMMUAABIK HeMmece OMOPU3MKAABIK,
dyHKIIMAAapABl OpBIHAAY KaOideTiMeH cumarTadaabl. bya >karjaitga QyHKOMsAAapABIH KOMNTiri
reHAepain Oipiryine Hemece OipHellle IIPOTEOAUTMKAABIK (pparMeHTTepre OailAaHBICTBI emec. byrinri
KYHi KernTereH pyHKIMsLAaphl Oap aKybI3gapAbl KAMTUTBIH OChI KAaCTaFbl OipHerle XKy3aereH akybijap
aHbIKTaAAbl. KeitOipeyaepi kataams yIniH OeaceHAl OpPTaABIKTHI, aa OacKa aKybI3gapMeH opeKeTTecy
YIIiH aKkybl3 OeTiHiH Oacka OeiriH maiigadaHy apKblAbl OMOXMMIIABIK peaknysdap KacKajblHa
Karpicaapl. OaapaplH KOIIIiAiri IaTOAOTMAABIK >KaFdaildapAblH JaMybIHa KaTbICagbl, COHABIKTAH
MYHJQil ~ aKybI34apAblH  OpHAaJaCyblH  ©3IepTyAiH  KYPBIABIMABIK  >KoHe  (PYHKIIMOHAAABI
YMBIMAACTBIPBIAYBI MeH MeXaHU3MAepi Typaabl MaJliMeTTep opTypAi HaTOAOTUAAAPABIH aAAbIH-aly
JKoHe eMJey calachblHja oTe Ka’keT 00Aybl MyMKiH.

Tyitin  cesaep: romooanromepaep, (PYHKIUOHAAABIK  OeACeHAiAiK,  KpUCTaAAUHAEp,
«Moonlighting proteins».

S.S. Antipov?, E.V. Preobrazhenskaya?
Woronezh State University, Voronezh, Russia
2Institute of Cell Biophysics RAS, Pushchino, Russia

The paradox of multifunctional homo-oligomers: methods of their localization and
mechanisms of regulation of functional activity

Abstract. Multifunctional homo-oligomers, now better known as "Moonlighting proteins", are
characterized by the ability to perform more than one biochemical or biophysical function within a
single polypeptide chain. In this case, the multiplicity of functions is not due to gene fusion or multiple
proteolytic fragments. Nowadays, there have been identified several hundreds of proteins of this class,
including proteins with a wide variety of functions. Some of them are involved in a cascade of
biochemical reactions, using the active site for catalysis, and another part of the protein surface to
interact with other proteins. Many of them are involved in the development of pathological conditions;
therefore, data on the structural and functional organization and mechanisms of changes in the
localization of such proteins may be in great demand in the field of prevention and treatment of various
pathologies.

Keywords: homoligomers, functional activity, crystallins, "Moonlighting proteins".
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/1.H. Tymunres amoindazvt Eypasus yammork ynusepcumemi, Acmana, Kasaxcman
2M. ©memicos amvirdazol bamoic Kasaxcman ynusepcumemi, Opan, Kasaxcman
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KaiibIK ©3eHi aHFapbl Kapa TepeKTi OpMaHAbI aAKaObIHBIH
MaKpOMMIIETTep adyaHTYypAaiairi

Anpatna. bamuvic Kasaxemar o0Avicvl wezindezi 2Kaitvi  oseni  aveapvl Mmuxoduomacot
MAKPOMULMMEPIHIY, — MYPAIK  KYPAMUIH  AHLIKMAY2a  04zbimmarzan  eblAblMu-3epmimey
xymoicmapor 2019-2021 aparvizvinda 00AbICHvlH, 0pMardvl AAKANMApbiHia Kypaisirdi. Jararvik
sepmimey Kymuvicmapuvl Hezizinde 00AbIC OpMAHOAPBLIHLIN, He2iszl OpMaH Kypayuivl mypi 0oAvin
mabviaamoti Kapa mepexmi (Populus nigra) opmandapvinda areaur pem MUKOAOZUAALIK MAAAY
Kypeisiadi.  Kattviama  opmandapuindazol - Kapa  mepekmi  opMmaH  mysyuli  Hezisl
Kayomoacmolkmapza 2e000mManuKarvlk cunammama 0a 0epirdi. 3epmmey aiumazor exi ipi
Espasuarvix-dararvix xane Caxapa-I'oOurix wereiimmi 00maHuKaAvk-202paduirvl 301aoa,
20AAPKIMUKANDLK Nnamuarvlx, Oopearvdork Kare exezixkepopmamenizoix exi
NAMULANDIKMAPMAKMIE, WeKapacvlnoa oprarackan. XKozapvida amarzan opman aAKanmapoiHuly
KAANAKULAADL CAHbIpayKyAaxmap OuomacoiHda arzaui pem Agaricomycetes KAACoiHa Kamamvix 7
xamap, 19 myxvimdac xane 32 myvicka Oipikken 42 maxpomuvemmi, mypi anorkmarool.
Kemexwi mywvimoacmapdvl Agaricaceae, Boletaceae, Polyporaceae, Russulaceae wxypaiiovt.
IKOAOZUSAAVIK-MPOPUKAAVIK  MAAIAY HIMuUXKeAepi Mukoduomada kcurompopmap 0acvimovk
manvimamuvlidvizoiit kepcemmi, oap - 18 myp (42,9%), monvipaxmox canpompod - 13 myp
(31%) 6orca, muropusa mysywirep - 11 mypdi (26,1%) xypadvl. 3epmmey Hamuxerepire
cytiete Omuvpbin, MAKPOMULemmepdit, MypAIK KypamolHa oHiplil 2e02pagusiibik OpHAAACYDL,
2Katiork 03eHiHiH, 20 MOPPOA0ZUAADIK KYPUIABIMYL, Kep Oedepiil epeKuieAikmepi, coHoati-ax ocol
AYMAKMBIY, MONLPAK-KAUMAILIK KaHe ZUOPOAOZUSALIK KAOAUAAPDL Sepimmel HulCAHbIHLIH
IPMYypAIAIZIHe AUMAPALIKMALL dcepin Mu2isemindizin Hezi30eil AAAMUI3.

3epmimey anumazvinan XUHAALIN, AHVIKMANAH MAKPOMULLemmepdit; MAKCOHOMUIADK KYPaMbL
OyA atimax yulin arzaul pem 0epirdi.

Tyitin cesaep: kapa mepexmi opmarbvl, e3eH aHzapvl, MAKpoOMuULen, OUOAAYAHIMYPAIAIK,
2Katiork osemi.

DOI: 10.32523/2616-7034-2023-142-1-111-123

Kipicne

byringe OmoaayanTypaiaikri caktay Oykia o4eM YVIIiH ©3eKTi MoceleaepaiH opi OaceiM
OarpITTapAbIH Oipi ekeHi gaycwid [1, 2]. OnTkeHi 04 MeMaeKeTTepAiH SKOHOMUKAABIK >KOHE Cascu
AaMYBIHBIH MaHBI3ABl (paKTOpPBIHA allHAABIN, KOPIIAaFaH OPTaHBIH TYPaKTBIABIFBI MeH aJaM eMipiHig
camacbIMeH THIFBI3 OaiiaaHbIcTEl. COHABIKTAH TaOUFM 9KOXKylielepre aHTPOIIOTeHAIK KBICBIMHBIH
KYIIeIOi >XaFAaliblHAa OMO09pTYpaiaikTiH Kypamaac OeaikrepiHiH Oipi, O1oreoreHO3AbIH €H MaHbI3AbI
reTepoTpodThl OYBIHBI — MaKpOMMUIIETTEPTEPAiIH TYpPAiK KypaMbIH 3epTTey MaHbI3fa me [3]. OcbHaait
PecypCThIK, 24eyeTi a3 3epTTeAreH ar3alap TOOBIHA, DKOXKYlieAeri OpHbEI 30p, peAylieHTTep KylieciHiy
0ip Oeairine JKariblK aHFapbl Kapa TepeKTi OpMaHAAPBIHBIH KaATlaKIlaAbl CaHbIpayKyAaKTaphl KaTa bl

Maxkpomuiierrep - apTypai KaaTallaabl >KoHe Oa3uamaaAbl caHbIpayKyAaKTapAblH ©KiadepiH
OipikTipin, MuneanaaAel MaccaHBIH eAdyip AaMybl )KoHe Ke3re KOpiHeTiH JKeMiCTi geHeAepiHiH maiiga
0o0AyBIMeH cuNaTTalaThIH KypaMa ToIr [4-8].

CaHpIpayKyAaKkTap 9yKapMOTTap HaTIIaAbIFBIHBIH €H YAKeH, adyaHTYpAi IaTiIaablKTapAbIH Oipi
FaHa eMec, COHBIMeH KOca OpMaH 9KOXKYlleaepiHiH MaHbI3Abl OMOAOTUAABIK, 004iri 00AbII TaObLAaAb! [9].
Oaap TombIpak KYHapAbLABIFBIHA, OPTaHUKAABIK 3aTTapAbIH bIAbIpayblHa JKoHe MIHepaAAbIK,
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alflHaAbIMFa 9Cep eTeTiH KOIlTereH MUKPOOMOAOIMAABIK >KoHe DKOAOTUAABIK ypAicTepe Ae >KeTeKIIli
poare ne. CaHplpayKydaKkTap KOPeKTiK 3aTTapAblH aliHaABIMBIHAAFLI iprei peaiHe, MaTOTeHAIK >KoHe
MYTyaAUCT peTiHAeri KpI3MeTiHe OaitaanbicThl [10] ymr Herisri QyHKIMOHAAABIK TOIIKa OeaiHeai:
arallITBIH BIABIPaybl MeH TOIIBIpakK Ty3idyiHe BIKIIaA eTeTiH arallThl Oy3aThIH caHbIpaykyaAakrap [11],
TOCEMIKTi BIABIPATaThIH JKoHe KOMipTeri MeH a30T AMHaMMKachlHAa MaHBI3AbI POA aTKapaThiH >Kep
OeTiHAeri TOCEMIKTIK carpoTpOdTHI caHbIpayKyAakKTrap [12] skoHe eciMaikTepmen ceabecir, ¢pocdop MeH
a30TTBIH KabbLA4aybIH KeHiaAeTeTiH MIKOpM3a Ty3yIIi cuMOMoTpoTH caHbIpayKyAakTap [13, 14].

CanpIpayKyaakTapAblH >KahaHABIK 9pTYpAiairiHiH Iamacel HeTiziHeH HaKThl Oearicis, 6ya e3
Ke3eringe o4i Je THAHAKTHL — y3akMep3iMai  3eprreyaepai  kaxer erteai [15].  JKepaeri
caHbIpayKyJAaKTapAblH OpTYpAidirin Oarasday HOTUKedepi OHBI CHUIIaTTayAblH TaHJAaAFaH oJiciHe
DallaaHBICTBI aliTapAbIKTall e3repinn oThipAbl. Kemreren >kplagap Ooiibl XOKCBOPTTHIH YCbIHFaH 1,5
MMAAVOH CaHbIpayKyAak Typi [16] aaemaeri caHplpayKyaaKTapAblH OallABIFBIHBIH €H KIi KeATipiareH
KepceTKilTepain Oipi 60aab1. Jerenmen O0ya kepcetkimTiy Tek 100 000 >KybIFbI cuIlaTTaAfaH/bIFBI
Oeariai eai [17]. bya Garaaay Oipkatap aliMaKTapga OalfiKaAfaH >KOFapbl caTBIAAFBI ©CIMAIKTep MeH
caHbIpayKYAaKTapAbIH 9pTYpAidiri apacblHAArbl TYpPaKThl apakaTbiHacKa [18], sirHm OipHellle MekeH
OpBIHAApPBIHAA Oip eciMaik TypiHe opTa ecelllieH aAThl CcaHbIpayKyJak TypiHEH KeaAeTiHAIriH ecerke
aayra HerizgeareH (XokcBopT mHgekci) mama. KediiH caHbIpayKyAdaKTap4blH opTYpAidiri Typaabl
Blackwell eTkisy kabiserTiairi >Korapsl ceKBeHMpAey dJiCTepiHe HerizgeareH 3 >KyMbICTapbiHAaA 5,1
MIAAVOHFa KYBIK Typ Oap ekeHairin Ooaxaawl [19]. Aaaiiga Hawksworth & Liicking [20] e3
KoAXKazDasapblHAa Oy acklpa CiaTeAreH MoH JeIl KOpPCeTill, caHblpayKyJAaKTapAblH TYpPAiK KypaMbl
oyringe 2,2-aen 3,8 MMAAMOHFa AeVHII TypAi Kypaiigsl JeTeH TY>KbIpbIMFa keaai [20, 21]. Aa
aHBIKTaABII, cUIaTTaafraH TypAaep canbl 120 000-ra XybIK Typdai Kypaca, 6ya Oyringe JKep mapniHga
pecMmu cunarraarad MakpomunertrepAis 10 % rana aen ecenrreaeai [20].

bisain eaimisain Typai aydaHaapblHAaFbl MaKpOMUIETTepAiH TYpAiK KypaMbIHa KeOIlTereH
Kplagap OONMBI 3epTTey >KYMBICTaphl >KYprisizinm keaeai. Aaaiiga keitOip ajiMakTap oai Je
MUKOAOIMAABIK TYPFbIAaH Hallap Hemece Oipkeaki seprreamereH. CoHall aliMaKTapAblH KaTapblHaH
bareic KasakcraH OOABICBIHBIH MMKOOMOTAchl OPBIH adaAbl. byrinre aeitin JKaiiblk e©3eHiHIH
>KallbLAMachlHAA >KoHe OHBIH caJaJapblHAa TapadfaH OpMaH KaybIMAACTBIKTapbIHBIH MaKpOMUIIETTep
OmorachbiHa 94i KyHIe JeliiH TOABIKKAHABI >KYylieadi 3epTTey >KyMbICTaphl >Kyprisiameren [22]. Ocb
yakbITKa Jeriin JKailbIKk e3eHi aAKaOBIHBIH (paOpackl MeH ©CiMAIK >KaMBLAFBICHIHA KeH KeJeMJe
3epTreyaep OKypridiareHiHe KapamacTaH, MaKpOMMLETTEpiHIH TYpAiK KypaMbIH aHBIKTayra
OarbITTaafaH MUKOJAOIMAABIK 3epTTeylep TeK (pparMeHTapAbl KOpiHic TamkaH. MyHJAail MaHBI3AbI
AepeKTepAiH >KeTKiAIKCi3Airi, aTadfaH ayMaKKa MaKcaTThl OaFbITTadfaH FBLABIMU-3ePTTey JKYMBICTapbIH
Xyprisyimisre TypTki 60aapr. Coa cebGenti ge bartsic Kasaxcran ob6apicer mreringeri JKaifblk eseHi
aHFapbl OpMaHAbl aAKaOBIHBIH HeTri3ri OpMaH KypayIlbl >KbIHBICHI OOABIII TaObLAQTBIH Kapa TepeKTi
OopMaHJap MUKOOMOTACBIHBIH TYpAiK KypaMBIH aHbIKTayFa OarbITTaAfaH >KYMBICTAp ©3€KTi Jell
mameIMAal aaaMbl3.

Ocpbiran  opaif, >KYMBICTBIH MakcaTbl: JKaliblK ©3eHi aHrapbhl Kapa TepeKkTi OpMaHAapbl
MaKpOMUIIETTePiHiH TYyPAiK KYpaMbIH aHbIKTay OOABII TaObLAaAbl.
JKaiiplK ©3eHi >KaliblLAMackIHBIH OpMaH KYPYIIb! XbIHbICTaphl O04bin Populus alba >xene Populus nigra
TypaThiH TepekTi opMaHgap TaOblaadbl. TipImiaik eTy opTachlHBIH DKOAOIMAABIK JKarjaiiblHa, aralll,
OyTa >KoHe IIOITEeCiH OCiMAIKTepAiH KypaMblHa OaillaHBICTBI TepeKTi OpMaHJap opTypAai TomTapra
Oipikripiaeai. bya repexTi opmangap 00abic aymarbiHbIH 43679 ra (48,8%) aabin xaTeip [23].
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Marepuaagap MeH aaicremeaep

3eprTey HbIcaHbl: JKallbIK ©3€Hi aHrapbl Kapa TepeKTi OpMaHAapBIHBIH MaKpOMUIIeTTep
OuoTacel 00ABIIT TaObLAAABL.

3epTrey MaTepmaadapbl aBTOpAbIH ©3iHiH barpic Kasaxcran o6abicel mieringe JKaiiblk e3eHi
aHrapbl oOpMaHAbI aaKadpiHa 2019-2021 0K, aaAbIH-ada OeAriaeHreH, MapIIpyTThl 94icIIeH KyprisiareH
JKOCTIapABl  FBIABIMU  DKCIIEAVIIMAABIK 3epTTeyAep HaTKeciHAe aabiHABL Ochl  yakKpITKa AeiiH
Xyprisiaren >kaamsl canbl 40-TaH acTaM JaJaablK 3epTTey >KYMBICTaphl HerisinAe JKaliblK ©3eHi
opMaHAbBI aakaObiHAa 600-Te SKyBIK MaKpOMUIIETTePAiH YATidepiH >KMHaIl, MapLIpPyTTLIK HYKTeAepiH
(GPS naBuratop OoiibiHIIa KoopauHarTapsl Keartipiaren (GPS, Garmin eTrex 30X)) Gearisemn, 6akpraay
KYPri3aik.

CaHpIpayKyAaKThIH >KeMicTi JeHeJepiH >KMHAy, KeNTipy >KoHe cakKTay, OJapAblH Tapaay
epeKIeAikTepiH, cyOcTpaTTapblH, ©CIII TYpFaH OpTachbIHAAFbI ©CIMAIKTep KaybIMAACTBIFBIH aHBIKTay
MMKOAOTMSAABIK >KoHe OOTaHUKAABIK 3epTTeylepae KOAJAAHBIABII KYypreH aJicTepre cylieHe OTBIPBII
Kyprisiaai, repOapuiiaey KesdiHAe >KOMBIAATBIH MaKpOMOPQOAOIVABIK OeAridepiH cuIarray YIOiH
JKeMicTi geHeaepi cypeTke Tycipiagi. Yariaepain >kxemicti geHeciH cypertke Tycipy ymin Canon EOS
4000D xamepacsr MeH Iphone 12 xamepacs! koa4aHbpiaAbl. ['epbapuaeyre skoHe y3ak MepsiMre cakTayra
apHaAraH CaHBIpAyKYAaKTbIH >KeMICTi JeHeJdepi 3MAHKeCTepPAeH 3a4aAChI3AaHABIPY  KeITiprimr
mkadrapaa 50-55°C-ra 30-40 mMuH OOJibl XYprisiaai. Opbip caHbIpayKyaak YATiCi THICTi eHJAeyAeH
OTKi3iAreH COH apHalibl HOMipAeHIeH KallTaMada caKTayfa KOWMbLAAbL Op KalTaMada CaHbIpayKyJAak
YATiCiHIH peecTpAaiK HOMepi, TypAiK araysl, >KMHaAfaH >Kepi MeH KyHi >KoHe KOAAeKTOPABIH aThI->KOHi
KopceTiaai.

CanpIpaykyaak TypaepiH nieHTUPUKaNuAlay YATiHIH MOp(OAOTUAABIK CUIIaTTaMachl HeriziHae
yariaepaiH OaafblH (CBEKMII) >KoHe KeNTipiareH KyliHAe, COHBIMEH Koca JalaablK >Kardaiida
cumaTTaaraH Oearizep MeH cyperTepai Taajay KemerimMeH Kyprisziagi. CaHplpayKyAaKTBIH >KeMicTi
AeHeJepiHiH, 0a3uAMAAapBIHBIH JKoHe CIIOpalapbhIHBIH MaKpO- JKoHe MUKpoeAaleMAepi OMHOKYASIPABIK
aynaaap, Olympus DP72 mukpockonsiMen EVOS® FL/FL Color ¢ayopeciieHTTi MMKPOCKOIIBIH
naligaaaHa OTBIPBIII JKacaaAbl, CypeTKe Tycipiaai.

CanplpayKkyJdakTapAblH ~ aTaybl ~ MeH  aBTOpAbIK  aOOpesmarypa  Index  Fungorum
(www.indexfungorum.org) maaimertep OasaceiHa [24], ecimaikrepaiki International Plant Names Index
(IPNI 2008) [25] cetikec kepceTiaai.

HBTI/I)Ke[lep MeH TaaKblaayaap

JKaripik e3eHi aHFapbl COATYCTiKTeH OHTYycTiKKe Kapait JKapcyat (N 51°25.083 E 053°17.156) (batsic
Kasakcran o0asbichr) aybiabiHal VHgep (N 48°35.520 E 051°47.754) (ATbipay 00ABICH) ayblAbIHA AeliiH
>KallblAMaHbIH, YAKeH ayMarblH aAblll >XKaTelp. bya aymakTeiy y3biHABIFEI InaMaMeH 720-750 xm
Kypaiabl. OcblHAal Y3BIHABIFBIHBIH apKacklHAa JKallblK e3eHi aHFapbhlHAAQ KAMMATTBIK >KafdanidapAblH
FaHa aybICybl eMeC, COHbIMEeH Koca TaOufM 30HaJdapAblH aybICybl Ada Xypedi (EBpasmarThK gaaaablk
koHe Caxapa-T'oOmitaik 1meaent 3onHa). COHBIMEH KaTap >KaliblAiMa OpMaHJAapda TipIIidik eTy
>KaFJaiiapbl, OpMaH aAKaObl, OyTaAbl >KoHe IIeNTeCiH JKaMBLAFBICBIHBIH KYPaMBbl Ja ©3repei.

JKaitbIk e3eHi aHFapbl TepeKkTi opMaHABI aaAKaOblHAa Kapa Tepek (Populus nigra) ©achIMABIK
TaHBITaAbl. AFallIThl >KaMblAFblga Taa (Salix alba), ak Tepex (Populus alba), xent xezae meripmiin (Ulmus
laevis) xe3aeceai. byTaanl kabar aca OalikaaMaiigbl, TeK COATYCTiriHAe KapaxkeMic (Rhamnus cathartica),
utmypbiH  (Rosa  canina)  HeridiHge  KepiHic  TalKaH. IIlenitecin  >XaMBIAFbI4a  aCTBIK
TYKbIMAacTapTaHKbIATaHAKChI3  apriabac  (Bromopsis  inermis), >kaTaran Ougaiplk  (Elytrigia
repens)0acbIMABIK, KepceTce, aa Kpisbrabostyten (Galium boreale) xeit xxepaepae Ke3aeceai.
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3epTTey aiimMarblHa KYPrisiareH sepTreyaep HaTvoKeciHae JKaiiblK ©3eHi aHFaphl Kapa TepeKTi
OpMaHABI aAKaOBIHBIH MakpoMmuiierTep OmoTaceiHAa Agaricomycetes KaacblHa >KaTaTelH 7 Karap, 19
TYKbIMAac >KoHe 32 TybIcKa OipikkeH 42 MaKpOMUIIETTePAIH TYPAiK KypaMbl aHBIKTaAAbI (KecTe 1).

Kecte 1
XKaiibIK ©3eHi aHFapbl Kapa TepeKTi OpMaH KaybIMAaCTBhIFbIHBIH MaKpOMMLIeTTep
6I/IOTaCbIHbIH TaKCOHOMMSIADBIK K¥pr[lbIMbI

Kaacc, kaTap, TykpiMaac TybIc (Typaep caHbl)

(TyBIC/ TYpA€ep caHBbI)

Kaacc: AGARICOMYCETES (42)

Karap: AGARICALES(11/20)

TyxbiMaac:Agaricaceae (3/5) Agaricus (3), Leucoagaricus (1), Battarrea (1)

Amanitaceae (1/1) Amanita (1)

Cortinariaceae(1/1) Cortinarius (1)

Marasmiaceae (1/1) Marasmius (1)

Hymenogastraceae(1/2) Hebeloma (1), Galerina (1)

Lycoperdaceae (1/2) Lycoperdon (1), Calvatia (1)

Pleurotaceae (1/1) Pleurotus (1)

Pluteaceae (1/2) Volvariella (2)

Psathyrellaceae (1/1) Coprinellus (3)

Strophariaceae (1/1) Pholiota (1)

Tubariacea (1/1) Cyclocybe (1)

Karap: BOLETALES (1/5)

Boletaceae (3/5) Boletus (1), Leccinum (3), Tylopilus (1)

Karap: GEASTRALES (1/2)

Geastraceae (1/2) Geastrum (1), Myriostoma (1)

Karap: GLOEOPHYLLALES (1/1)

Gloeophyllaceae (1/1) Neolentinus (1)

Karap: HYMENOCHAETALES(1/2)

Hymenochaetaceae (1/1) Phellinus (2)

Karap: POLYPORALES (3/8)

Fomitopsidaceae (1/2) Fomitopsis(1), Rhodofomes (1)

Laetiporaceae (1/1) Laetiporus (1)

Polyporaceae (5/5) Fomes (1), Lenzites (1), Lentinus (1), Ganoderma (1),
Cellulariella(1)

Karap: RUSSULALES (1/4)

Russulaceae (2/4) Lactarius (2), Russula (2)

Kunaaran yarizepai TakCOHABIK MAeHTMPUKaIMsAAay >KoHe >Kyleadik Taajay HoOTUKecCiHae
Ka/AIaKIIaAbl caHbIpayKyAaKTapAblH immiHAe Agaricaceae TYKbIMAACH - 5 Typ, Boletaceae TykpIMaacs - 5
TYPp, Polyporaceae TykpiMaacs! - 5 Typ, Russulaceae TyKpimAaacer - 4 Typ, Psathyrellaceae TykpIMaacs - 3 TYp,
Hymenogastraceae, ~ Hymenochaetaceae, — Lycoperdaceae,  Pluteaceae, ~ Geastraceae, ~ Fomitopsidaceae
TYKbIMAacTapbl 2 TypAeH FaHa aHbIKTaaAbl. Amanitaceae, Cortinariaceae, Marasmiaceae, Pleurotaceae,
Strophariaceae, Tubariacea, Gloeophyllacea, Laetiporacea TyKbpIMAacTapsl Oip-0ip TypAeH aHBIKTaAABL.
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3epTTey SKYMBICHIMBI3ABIH OapBICBIHAQ TipIIiAiK eTy >KarjalidapblHa OaillaHBICTEI ©3€eH
KaliplAMazapbIHAa (apHa MaHbl, OpTaAbIK >KoHe Teppaca MaHbl) TapaafaH ©CiMAIiK KaybIMAAaCTBIKTapbhIH
>KaifblAMa TYpiHe Kapail KiKTell, MaKpOMMIIeTTepAi aHBIKTaABII, TipKeAreH KaybIMJacTBIKTapbIHa cail
a>KBIPATTHIK,.

Teppaca MmaHbIHAA Kapa TepekTi - Oyaaiprenai (Populus nigra, Rubus caesius), Kapa TepeKTi-
UTMYPBIHAB-KUsAKeAeHAl (P. nigra, Rosa majalis, Carex acutiformis, Carex supina), XKapa TepeKTi -
Oyaaiprenai - imxyryaai (P. nigra, Rubus caesius,Convallaria majalis), kapa TepexTi - Musanl ((P. nigra,
Glycyrriza glabra), kapa TepeKTi - g0aaHaAB-iHXyTyaA4i ((P. nigra, Crataegus ambigua) KaybIMaacTBIKTap
aHBIKTa/Aca, Teppaca YCTiHe Kapa TepekTi - imxyryaai (P. nigra, Convallaria majalis), kapa TepekxTi -
pyadepaaanl - ouaanukTel (P. nigra, Elytrigia repens), kapa TepekTi - Toyipmusianl (P. nigra, Glycyrrhiza
aspera), Kapa TepekTi - pyaepaaanl (P. nigra, (Cannabis ruderalis, Atriplex oblongifolia), Kapa TepexTi -
epkekmmenTi (P.nigra, Agropyron desertorum) Kapa TepekTi -Tyiterabananl (P. nigra, Zygophyllum fabago),
Kapa TepekTi aitpaybiKThl (P. nigra, Calamagrostis epigejos) KaybIMAaCTbIKTap ToH.

Opraapk >kaliblaMaja Kapa TepekTi Oyagiprenai (P. nigra, Rubus caesius), Kapa TepekTi
apTypaimenTi - ymikipaey kuskeaesai (P. nigra, Carex acutiformis), Kapa TepekTi apTypaimenti -
KoHbIpOacTI(P. nigra, Poa pratensis), aK Taaabl-Kapa TepeKTi - yIikipaey KuskeaeHai (Salix alba, P. nigra,
Carex acutiformis), maraHABI - Kapa Tepekrti (Fraxinus exelsior, P.nigra), maraHABI - TaAAbl - Kapa TepeKTi
(Fraxinus exelsior, Salix alba, P. nigra), Kapa TepekTi OyagipreHai - imxyryaai (P. nigra, Rubus caesius,
Convallaria majalis), Kapa TepeKTi - pyAepaaAbl - KbI3bLA0OyIIONTi - apniadbactsl (P.nigra, Galium boreale,
Bromopsis inermis), meripurinai - kapa TepekTi - Kaaakaiawl (Ulmus laevis, P.nigra, Urtica dioica), Kapa
TepekTi >XycaHabl (P.nigra, Artemisia abrotanum), Xapa TepekTi ambl >XycaHAbl (P.nigra, Artemisia
absinthium), Kapa TepeKTi AOHbI30AeH KusKeaeHai (P.nigra, Carex praecox), Kapa TepeKTi - KUAKOAEHA] -
KycaHasl (P.nigra, Carex praecox, Artemisia austriaca), meripiiHAl - Kapa TepeKTi - KupkasoHasr (Ulmus
laevis, P.nigra, Aristolochia clematites),kapa TepekTi - Gepre >XycaHAbl - apradactel (P.nigra, Artemisia
austriaca, Bromopsis inermis), Kapa TepeKTi - YIIKip KusikeaeHai (P.nigra, Carex acuta), Kapa TepeKTi -
KbI3bla Musiabl (P.nigra, Glycyrriza glabra), kapa TepekTi - OMiK >KycaHABI - acTBIK TyKbIMAacTsl (P.nigra,
Artemisia abrotanum, Festuca australis, F. ovina), kapa TepekTi ymikipaey kKusikeaenai (P.nigra, Carex
acutiformis), Kapa TepekTi apmabactbl (P.nigra, Bromopsis inermis), Kapa TepeKTi - KOHBIPOACThHI -
KusAKeaeHAl (P.nigra, Poa pratensis, Carex praecox), Kapa TepeKTi - aK TepeKTi - KMPKa3oHABI (P.nigra,
P.alba, Aristolochia clematites), kapa TepeKTi - Kbi3bLa0osymenTi (P.nigra, Galium boreale)kaybiMAacThIKTap
tapaaraH (Cyper 1).
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Cypert 1. Kapa TepexTi opmMaHABI aaKanTa TipKeAreH MaKpOMIIIeTTepAiH Tapaly KapTa-KecKiHi
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ApHa MaHBIHJA Kapa TepeKTi - KMAKeAeHAl - >Kaa0wu3awl (P.nigra, Carex acuta,Mentha australis),
Kapa TepeKTi - Kapamacak, Kmsakeaesai (P.nigra, Carex melanostachya), Kapa TepeKTi - IIIaraHABI - TAAIIBIK,
cyrrirenai (P.nigra, Fraxinus exelsior, Euphorbia virgata), Kapa TepexTi - pyaepaaabl - KOpKeM KUAKOAeHA
(P.nigra,Carex vulpina), kapa TepekxTti aiipaywIKThl (P. nigra, Calamagrostis epigejos), Kapa TepeKTi -
Oyaaiprenai - Kuskeaenai (P.nigra,Rubus caesius, Carex vulpina) KaybIMAacTBIKTap Ke31ecCTi.

Teppaca maHBI >XalibLAMacbIHAA Kapa TepeKTi - 401aHaAbI-iIHXYTyA4i KaybIMAAcTEIKTa Laetiporus
sulphureus (Bull.) Murrill, Kapa TepeKTi-UTMYPBIHABI-KUAKOAHAI KaybIMAAcThIKTa Volvariella bombycina
(Schaeff.) Singer, kapa TepexTi - Oyaaiprenai ae Fomes fomentarius (L.) Fr., Neolentinus cyathiformis
(Schaeff.) Della Magg. & Trassin., kapa TepexTi - OyaaipreHai - irkxyryaai ae Lactarius resimus (Fr.) Fr.,
Pholiota populnea (Pers.) Kuyper & Tjall.-Beuk. ke3aecri.

Teppaca ycri >kaifbLaMacbiHAQ TapadfaH Kapa TepeKTi - epKelIenTi KaybiMaacTeikTa Volvariella
volvacea (Bull.) Singer, Fomitopsis pinicola (Sw.) P. Karst, xapa tepexrTi aitpaysikTbida Laetiporus sulphureus
(Bull.) Murrill, xapa TepekTi ToyipMmsaABl KaybIMAacThIKTa Leucoagaricus barsii (Zeller) Vellinga
AHBIKTAAABIL.

OpraaplK >KailblAMajarbl Kapa TepeKTi - YIIKip KUAKOAeHAl - apTypAillenTi KaybIMAacThIKTa
Leccinum scabrum (Bull.) Gray, Lactarius resimus (Fr.) Fr. TaOplaca, kapa TepekTi OyagipreHai
KaybimMaacTeikTa Neolentinus cyathiformis (Schaeff.) Della Magg. & Trassin., Fomes fomentarius (L.) Fr.,
Kapa TepeKTi apTypAilllenTi - KOHBIPOAcThl KaybIMAacTeikTa Leccinum duriusculum (Schulzer ex
Kalchbr.), ax Taaasi-kapa TepekTi - yIIKipaey KuskeaAeHAI Ae Boletus edulis Bull, xapa Tepexri
imxyryaai ae Pholiota populnea (Pers.) Kuyper & Tjall.-Beuk., Phellinus igniarius (L.) Quél., maranap! -
TaAApl - Kapa TepekTi KaybIMaacthiKkTa Fomes fomentarius (L.) Fr., xapa Tepexri - Oyagiprenai-
imKyryaai kaysimaacroikta Russula foetens Pers, kapa Tepekri - maranAbl aa Pleurotus ostreatus (Jacq.) P.
Kumm, xapa Tepekti - pyaepaaanl - Kbi3plabosymenti ae Hebeloma crustuliniforme (Bull.) Quél.),
IIEeTipIIiHAL - Kapa TepeKTi - Kaaakaasl Aa Leccinum scabrum (Bull.) Gray, meripmiinai - kapa TepexTi -
knpkazoHasiga Coprinus comatus (O.F. Miill.) Pers., xapa Tepexri - Kapamacak KUIKeAeHAl
KaybiMaacTeikTa Hebeloma crustuliniforme (Bull.) Quél.), Lentinus tigrinus (Bull.) Fr., xapa rtepexri
Oyaaiprenai ae Agaricus campestris L., Hebeloma crustuliniforme (Bull.) Quél.),Pholiota populnea (Pers.)
Kuyper & Tjall.-Beuk.,Volvariella bombycina (Schaeff.) Singer, Neolentinuscyathiformis (Schaeff.) Della
Magg. &Trassin. Kapa TepekTi - KMsIKeAeHAI - >KaaOwl3apiga Lactarius controversus Pers., Pholiota
populnea (Pers.) Kuyper & Tjall.-Beuk., kapa TepexTi - Ouik >KycaHAbl KaybIMaacTbIKTa Pholiota populnea
(Pers.) Kuyper & Tjall.-Beuk., Agaricus campestris L. Kapa TepekTi - AOHbBI3©A€HAI KaybIMJAaCTHIKTa
Galerina marginata (Batsch) Kiithner, kxapa Tepekrti - pyaepaaapl - JOHbBI3©AeH KUAKOAEHAL
KaybiMaacTeikTa Cortinarius armillatus (Fr.) Fr., Kapa TepekTi - 40HbI304€H KMAKOAeHAL - DepTe >KycaHABI
KaybIMAAcThIKTa Lycoperdon perlatum Pers., Kapa TepeKTi >XycaHAHI - KusKeAeHaide Russula foetens Pers.,
IIeTipIIiHAL - Kapa TepeKTi - KupKa3oHabida Leccinum holopus (Rostk.) Watling, kapa Tepekri - yIkipaey
KusAKeAeHAide Russula foetens Pers., Kapa TepekTi - OepTe >KycaHAbI - apriabacTtbida Lenzites betulinus (L.)
Fr., ak Tepekri - yHmIKip KMsAKeAeHAL - Kapa TepeKTi KaybiMAacTeiKTa Lactarius resimus (Fr.) Fr., kapa
TepeKTi - KbI3blA MusAbIAa Pleurotus ostreatus (Jacq.) P. Kumm Tipkeaai. Kapa Tepexri - 6uik >KycaHawI -
KOpPKeM KUAKeAeHAl KaybiMAaacTtbiKTalaetiporus sulphureus (Bull.) Murrill, kapa Tepekri - Oetereai
KaybiMAacTeiKkTa Russula sp., kxapa Tepekri - OmMiK >KycaHABI - acTBIK TYKbIMAacThiga Hebeloma
crustuliniforme (Bull.) Quél.), Kapa TepeKTi pyaepaaAbl - KopkeM KuskeaeHai Pleurotus ostreatus (Jacq.) P.
Kumm, xapa TepexTi aitpaybIKThl KaybIMAacThiKTa Laetiporus sulphureus (Bull.) Murrill., Kapa TepexTi -
pyaepaaAbl - OMAAMBIKTEL KaybIMAAcThIKTa Laetiporus sulphureus (Bull.) Murrill, Phellinus pomaceus (Pers.)
Maire,kapa Tepekri - apradbactsl KaybiMAacTeikTa Volvariella bombycina (Schaeff.)Singer, xapa TepexTi -
KopkeM KuskeaeHaigeCalvatia cyathiformis (Bosc) Morgan, Kapa TepekTi OmMiK >KycaHABI - KapaMacak,
KkusakeaeHaiaeVolvariella bombycina (Schaeff.) Singer, xapa TepekTi - AOHBI3©AeH KUAKOAEHAL -
KoHpIpOacTeiga Amanita vittadinii (Moretti) Vittad., kapa TepekTi KpI3pLAOOAYIIONTI KaybIMAACTBIKTa
Leccinum holopus (Rostk.) Watlingansixraaanr. KaiiblK ©3eHiHiH TOMEeHT1 aFbICBIHAAFbI OPTaAbIK,
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JKallbLAMaHbIH >KaaA apaablK OWMBICHIHAAFBl Kapa TepeKTi- VIIKipaey KUAKOAeHAl KaybIMJAacThIKTa
Battarrea phalloides (Dicks.) Pers., Myriostoma coliforme (Dicks.) Corda, Rhodofomes roseus (Alb. &
Schwein.) Kotl. & Pouzar, xapa TepekTi - A0HBI3OAEH KUsIKoAeHAiae Agaricus campestris L., Amanita
vittadinii (Moretti) Vittad.,Geastrum coronatum Pers., kapa TepekTi - apmabacTbl KaybIMAACTBIKTa
Volvariella bombycina (Schaeff.) Singer makpomurierrepi Tipkeaai.

ApHa MaHbBIHAA Kapa TepeKTi - KMAKOAEHAl - >Kaa0bI3Abl KaybIMaacTeiKTa Lactarius resimus (Fr.)
Fr.,Agaricus campestris L., xapa TepexTi - kapamacax KuskeaAeHAige Coprinopsis atramentaria (Bull.)
Redhead, xapa TepekTi - maraHABl - TaAIIBIK CyTTireHAige Lentinus tigrinus (Bull.) Fr., Ganoderma
applanatum (Pers.) Pat., kapa TepexTi - pyaepaaapl - KepkeMm Kusakeaengiae Pleurotus ostreatus (Jacq.) P.
Kumm, kapa Tepekri anpaysikteiga Laetiporus sulphureus (Bull.) Murrill,Coprinellus micaceus (Bull.)
Vilgalys, kapa Tepekri - OyagipreHai - KusaKeAeHAI KaybIMAacTeikTa Marasmius oreades (Bolton) Fr
Ke34€cCTi.

JKorapriga OaiikaraHBIMBI3Aail MaKpOMUIIETTEPAIH TYPAiK KypaMbl OpTaAbIK >KaliblaMada Oacka
KallblAMaJapra KaparaHja aliTapAbIKTail KeIl. MakpoMuierrepaiH MyHAAll apTypAidiriHe opTaAbIK
’KalbplAMaJa >Kep OeTiHIH >KaAIlblAall TeTicTey KeAyi, Kelize OChHI ayMaKTa KOTepiHKi >Kaldap MeH
CO3BIABIHKBI HeMece TaOakIlla Topi3Ai KeareH omarinadap 0Oalikaaybl, KapacyalapAblH Kes3Jlecyi acep
eTill KoliMall, COHBIMEH KaTap ©cCiMAIKTep KaybIMAACTBIFBIHBIH Ja Oail Typaik (24 KaybIMAACTBIK)
KypaMMeH KepiHic TaOybl ©3 ocepiH TUTi3reHiH 00/AKail adaMbl3. OpMHe, MUKPOKAMMAT >KarAaiilapsl,
MayCBIMABIK IIMKAAap, OMIKTIK, TeMIlepaTypa >KoHe >KaybIH-IIaIllbIH MOAIIepi CUAKTH KOpIlaraH opTa
IapamMeTpAepiH Je Hazapra aAfaH OPBIHADL.

MukoOuoTanblH 0OacTel cHUIaTTaMaJdapbiHBIH Oipi OHBIH TPOQPUKAABIK KYPbIABIMBI OOABIII
TaObla1aabl. ONTKeHi caHbIpayKydaKTapAblH TpopUKaAbIK OalldaHbICTAPbIH 3epTTey TabuUFyu DKOXKyliese
Heri3ri peare re MaKpOMUIETTepAiH DKOAOTMAABIK OaliAaHbICTaphIH TaHyAa aAABIHFBI Ke3eKTe Typaabl.
Taburu sKoXxyleaepie OMOAOTUAABIK Telle-TeHAIK Tipi ar3adapAblH TipIIiAiK opeKeTiMeH, COHBIH
iminge = MakpomuiierrepMmeH — Herizgeaedi.  CaHbIpayKyadaKTapAblH — 9KOAOTMAABIK-TPOPUKAABIK
apakaThHAChl 3aT aliHaaAy YpAiciHAeri >XoHe LeHO3JapJarbl DHEPIUSAHBIH KYPYiH Kopcereai, sSFHM
KOpIIlafaH OPTaHbIH OMOA0TUAABIK MHAVKATOPHI peTiHAe 004a aaaapl.

buoreorienosarsl MakpoMuIieTTepAiH TpOpUKaAbIK 0ailAaHBICHI OCHI aF3alapAbIH DBOAIOIMAABIK
AaMYBIHBIH ~caaJapbl, TipImidikke OeliMaeAyiHiH HoTuoKedepi o0aAapablH  KeHiCTiKTe Tapaayhl,
9KOAOTUAABIK-TPOPUKAABIK TONTapfa OeaiHyi Ooabin Tabblaagwl. /I.byposa kepcerkengeir [26]
cyOcTpaT MakpOMMUIIETTepAiH aAyaHTypAidiriHe acep eTeTiH Herisri (pakTop, 04 TeK KaHa KOPEeKTiK
3aTTapAblH KO3i eMec, COHBIMeH Oipre MaKpoOMUIIeTTepAiH TipIIidik opTachl eKeHiH eCTeH IbIFapMaraH
xeH. Ocpl Opaiiga 3epTTey ayMarblHJAa >KYPTi3iAreH DKOAOTMAABIK-TPOPUKAABIK Taljay HoTUKeaepi
3epTTey ayMarbIHBIH IIIeriHje campoTpo(THl Typaep OachIMABIK TaHBITAaTHIHABIFRIH KepceTTi. COHBIH
iminge xcnaorpodrap (Tipi aramira, earen aramra) - 18 Typ (42,9%), TonplpakThK carrpoTpod - 13 Typ
(31%), aa aHbIKTaAFaH TypAepAiH iltiHge MUKOpu3a Ty3ylidepain yaeci - 11 typai (26,1%) Kypaabl.

KopbITbIHABI

1. JKaiiplK e3eHi aHFapbl Kapa TepeKTi opMaHJAapblHa reoOOTaHMKAABIK CHIIaTTaMa >KacaaAbl.
JKaitbIk e3eHi aHFaphl TepeKTi opMaHABI aakaObiHAa Kapa Tepek (Populus nigra) 6GacbIMABIK TaHBITaAbL.
AramTel >kaMblarbiga Taa (Salix alba), ax tepek (Populus alba), xeit xesae meripmiin (Ulmus laevis)
Ke3deceai. byraapl kabar aca OailKaaMmaliAbl, TeK COATYCTiriHAe Kapaskemic (Rhamnus cathartica),
uTMYpbIH (Rosa canina) HeridiHAe Kepinic TankaH. ITlenreciH >KaMblAFblda acTBIK TYKbIMAacTapTaH
KBLATaHaKChI3 apriadac (Bromopsis inermis), )kataraH OuAaiibiK (Elytrigia repens) 6GacbIMABIK KopceTeAi.

2. 3epTTey ayMmarbl LIeTiHAETI Kapa TepeKTi opMaH aAKaIlTapbl MIKOOMOTACkIHA TaaAay >KacaAAbl.
Hatimxecinge makpomuriertepaiy Agaricomycetes kaacblHa >KaTaTblH 7 Katap, 19 TykpiMgac >koHe 32
TybICKa OipikKeH 42 TypaiK KypaMbl aHBIKTaAAbl. JKuHaAraH yArizepai TaKCOHABIK MAeHTU(UKaIusaay
>KoHe KYIeaiK Taazay HaTUKeciHAe KaAllaKIllaAbl cCaHblpayKyAaKTapAblH imiHge Agaricaceae
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TYKBIMAACH - 5 Typ, Boletaceae Tykpimaacs - 5 Typ, Polyporaceae Tykpimaacer - 5 Typ, Russulaceae
TyKbIMAacel - 4 1yp, Psathyrellaceae tykmimaacer - 3 Typ, Hymenogastraceae, Hymenochaetaceae,
Lycoperdaceae, Pluteaceae, Geastraceae, Fomitopsidaceae TyksiMaacTaps! 2 TypAeH FaHa aHBIKTaAAbL.
Amanitaceae, Cortinariaceae, Marasmiaceae, Pleurotaceae, Strophariaceae, Tubariacea, Gloeophyllacea,
Laetiporacea TykpimMaactapsl Oip-0ip TypAeH aHBIKTaAAbI.

3. Tipmriaik eTy >KafgaiiaapblHa OallaaHBICTHI ©3€H >KailblAMaJapblHa call aHbIKTaAFaH ©CiMAiK
KaybIMAACThIKTapbIHAAFbI MAaKPOMULIETTEPAl aHBIKTay HOTVUKeAepi MaKpOMULIETTEPAIH TYPAiK KypaMbl
OpTaAbIK, >KayblAMaja Dacka >KaliplAMaJAapra KaparaHJa aiTapAbIKTay >KOrapbl €KeHAIrl aHBIKTaAAbL.
MyHaail HoTIIKere OpTaAbIK >KailblAMaja >Kep OeTiHiH >KaAIlblAall Tericrey KeAyi, OCBI ayMakTa
KOTepiHKi >Kaadap MeH CO3BLABIHKBI HeMece TaDaKIlla Topi3Ai KeAreH OIfIarmialap OaliKaAysl,
KapacyAapAblH Ke3Jecyi acep eTim KoiiMall, COHBIMEH KaTap ©cCiMAIKTep KaybIMAACTBIFBIHBIH Ja Oail
TYyp4iK (24 KaypIMAACTBIK) KypaMMeH KepiHic TaOybl ©3 acepiH TUIi3reHiH 004>Kail adaMbI3.

4. DKOAOTUAABIK-TPOPUKAABIK Taaday HITUKeAepi MmKoOmoraga KcmaoTrpodprap OackIMABIK
TaHBITAaTBIHABIFBIH KepceTTi, oaap -18 Typ (42,9%), TonbipakThlk carporpod - 13 1yp (31%) Goaca,
MMKopu3a Ty3ymiaep - 11 typai (26,1%) Kypaasl.

3epTTey HoTUIKeJepiHe cylieHe OTBHIPBII, MaKpOMHILETTepAiH TypAiK KypaMblHa ©Hip4iH
reorpapusAblK, OpHaJacybl, JKailbIKk e3eHiHiH reoMoOp({OAOIMAABIK KYPBIABIMEL, Xep OeaepiHiH
epeKIeaikrepi, coHAal-aK OCbl ayMaKTbIH TOIBIPaK-KAUMATTHIK, JKoHe IMAPOAOTUAABIK >Karjalidapsl
3epTTey HbICAaHBIHBIH 9pTYPAiAiriHe aiTapAbIKTay 9CepiH TUIi3eTiHAITIH Heri3Aell adaMbl3.
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A.H. Capcenosa'?, C.A. Aoues!, T.E. Japb6aesa?
IEspasuiickuti Hayuonarvrulii ynusepcumem umenu /A.H. I'ymuresa, Acmana, Kasaxcman
23anadno-Kasaxcmaricxuii yrusepcumem um. M. Ymemucosa, Yparvck, Kasaxcman

PasnooOpasne MakpOMUIIETOB B U€PHOTOIIOAEBBIX A€Cax AOAVHDI peKu Ypaa

Annoramms. Hayuno-uccaegosaTeabckue pabOTHI 11O BBIABAEHUIO BUAOBOTO COCTaBa MUKOOMOTHI
AOAVHBI peku Ypaa B mpedeaax damnagHo-Kasaxcranckoim obaactu (3KO) mpoBogmanch B AecHBIX
coobmecrsax permoHa c¢ 2019 mo 2021 roa. Ha ocHOBe I04€BBIX 1CCA€40BaHMII BIIEpPBbIe OBLAO
IIpOBeAEeHO MMKOJAOIMYEeCKoe OIMCaHMe YepHOTOIoAeBbiX (Populus nigra) AecoB, KOTOpbIe SBASIOTCS
OCHOBHBIMI 1€CO00pasyloImMMu IopojaMu 1uccaeiyeMmoit teppputopun. Taxske Obpla0 mIposeleHO
reo0OTaHMYeCKOe  OIIMCaHMe OCHOBHBIX YepHOTOIIOAeBBIX cooOmiects. Paiton  mccaegosanus
pacriooXxeH B IIpejedax AByX OoTaHMKO-reorpadpuueckmux oOaacrteil: B EBpasmarckoil cremnHoir u
Caxapo-T'oOnitckoii MmycTBIHHOM 30HaX, l'osapkTmyeckoro Ijapcrsa, Ha rpaHuile bopeaarHoro u
JpeBHecpeA3eMHOMOPCKOIO Itoauiapcrsa. Ha Bceil moiiMe HpoTsDKeHMHN p. Ypaa TOIOJeBble Jeca
SABASETCS  TOCHOACTBYIOIIMMM — HOpoJaMm. B mMccaesgyeMbIX 4epHOTOIIOAEBBIX —JecaX XOPOIIO
Habal0aeTcs OuoTa MAAIIOYHBIX TpuOoB. IIpn nccaejopannm pasHooOpasus MaKpOMMUIIETOB B OuoTe
IIASITIOYHBIX TPMOOB YePHOTOIIOAEBBIX A€COB 3aperucTpUpOBaHo 42 Biija MaKpOMUIIETOB, OTHOCSIIIVIXCS
K 32 pogam u 19 cemerictsaM, 7 nnopsakam Kaacca Agaricomycetes. Beaymumu cemencrsaMm sSBASIOTCS
Agaricaceae, Boletaceae, Polyporaceae, Russulaceae. Dxoaoro-rpodgudeckunii aHaAmn3 IoKaszaa IpeodaajaHue
kcnmaorpodos (18 Buaos, 42,9%) wm  rymycosbix campotrpodos (13 Bumaos, 31%) Hag
MuKopuszoobpaszosareasmu (11 Buaos, 26,1%). Ilo pesyapraTtam 1ccaea0BaHMSI MOXKHO IIPEAIIOAOXKNUTS,
9TO Ha BUAOBOM COCTaB MaKpOMMIIETOB OKa3bIBAlOT CyIIeCTBeHHOe BANsAHUEe Teorpauyeckoe
II0A0>KeHNe perroHa, reoMop(oaornyeckoe CTpoeHne pekn Ypaa, a TakKe ITOYBeHHO-KAMMaTIdecKe
U TUAPOAOTUYECKUe YCAOBIUS Kpasl.

TakcoHommyeckuit cocraB MaKpOMMIIETOB, COOpPaHHBIX U MAEHTU(PUIMPOBAHHBIX B palioHe
1ccAeJ0BaHNs, IIpeJcTaBAeH BIIepBhIe 445 DTOTO paiioHa.

Kariouesbie caoBa: yepHOTOIIOA€BBIe Jeca, AOAMHa peKy, MaKpoMulleT, Ouopa3HooOpasue, pexa
Vpaa.

A.N. Sarsenova'?, S.A. Abiev!, T.E. Darbayeva?
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
?Makhambet Utemisov West Kazakhstan University, Uralsk, Kazakhstan

Diversity of macromycetes in the black poplar forests of the Ural river valley

Abstract. Research works devoted to the identification of species composition of the mycobiota of
the Ural River valley within the West Kazakhstan region (WKR) were carried out in the forest
communities of the region from 2019 to 2021. On the basis of field studies, a mycological description of
black poplar (Populus nigra) forests, which are the main forest-forming species of the studied territory,
was carried out for the first time. Also, there was carried out a geobotanical description of the main
black poplar communities. The study area is located within two botanical and geographical regions
such as in the Eurasian steppe and Saharo - Gobi desert zones, the Holarctic kingdom, on the border of
the Boreal and Ancient Mediterranean subkingdoms. Throughout the floodplain along the Ural River
poplar forests are the dominant species. When studying the diversity of macromycetes in the biota of
cap fungi of black poplar forests, there were registered 42 species of macromycetes belonging to 32
genera and 19 families, 7 orders of the class Agaricomycetes. Ecological-trophic analysis showed a
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predominance of xylotrophs (18 species, 42,9 %) and humus saprotrophs (13 species, 31 %) over
mycorrhizal (11 species, 26,1 %).) According to the results of the study, it can be assumed that the
species composition of macromycetes is significantly influenced by the geographical position of the
region, the geomorphological structure of the Ural River, as well as the soil-climatic and hydrological
conditions of the region.

The taxonomic composition of macromycetes collected and identified in the study area is
presented for the first time for this area.

Keywords: black poplar forests, river valley, macromycete, biodiversity, Ural river.
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9.M. Mycaesa*, M.M. baxTun

«Acmana meduyuna yrusepcumemi» KeAK, Paduobuorozus xate paduayusirvix xopeay uncmumymot, Acmana, Kasaxcmarn
*Bbatiranvic yuin agmop: mussayeva.e@amu.kz

YpaH xkeHiH 6HaipeTiH aliMaKTapaa “TomnbIpak-eciMaik” Ti30eriHgeri
PaaAOHYKAMATEepPAiH MUTpaIsicbiHa Oara Oepy (sae0m moay)

Anpatna. Tay-xen enepxaciOiniy, Kblsmemi Hamuxecinde Oercendi MymazendiK xKae
Kanuepozendix  acepi  0ap  paduonyxkAudmep MeH XUMUAALIK —sammap — Kep  Oemine
uLblzapbiAamoitbl 0eAziAi. Ocipece paduoakmuemi KAAIbIKmAp Kate de 6ACKACOA CUAKMLL Katima
ondey onimdepi epexuie Kayin mondipyi mymkin. Ocviean 0atAaHbicmbl KAAJbIKmapdol caxmay
OpLIHOAPLIHA KaHe PAOUOHYKAUIMEP MeH ayblp Memardapoviy Kopuidzai opma o0vekmirepitde
MUZPAUUSAAHY 0apexecite MYpaKnivbl MOHUMOPUHE KYP2isy Kaxemmirizi myvinoaidol.

bya maxarada adebu uioAydvir He2isinde ypaw KeH aumaxmapuindazol paduoHyxAudmepoir
monvipax, ocimoiKmezi moAutepime, orapdviry “monvipax-ocimiix” misoezitidezi Mupayuscul
MYpavl KAsipzi 3aManbl MaALMemmep KapacnvlpolAzat.

Tyitin ce3aep: paduonyraudmep, paduoHyKAUOmepoity MUzpayuacol, monvipar, ecimoix, ypan
Keni.

DOI: 10.32523/2616-7034-2023-142-1-124-135

Kipicne

Kasipri Tanga TonblpakTarel, KyMAAFbl, Cy4arbl, Tay >KbIHBICTapBIHAAFD], ayalarbl JKoHe Oacka Ja
KOpIllaraH opTa OObLeKTiAepiHAeri paslOHYKAMATePAiH MOAIIepiH aHBIKTay >KYMBICTaphl icke
aceIppiayja. bya sxyprisiaren seprreyaepain OacbiM Oeairi KopIara opTa OObeKTici peTiHAe TOIbIpaK,
ChIHaMaJapblH 3epTTeyre OarbITTaaraH.Kopiraran opra oobekTiaepiniH paanoakTusTiairi Herisinen 238U,
22Th, 22°Ra, 1Cs >xoHe Tarbl 0acka paAMOHYKAUATEpPiIMeH, OJapAblH BIABIpAy ©OHIMJepiHiH Meamrepi
Oarasanaan! [1-2]. TonelpakThIH OCBI Opaiigarbl epeKIeairi-oa paguoakTUBTI MaTepruaaiapAblH COHFBI
OarbITHI >KoHEe OHBIH y3aK Mep3iMai peai pasuoHyKAMATepAi KMHaKTay KoHe COHbIMeH Oipre ayaHbIH,
CYABIH, eciMAiKkTepaiH AacTaHybIHAA OCBI 3aTTapAbIH Heri3i Ke3i peTiHae acep ereai [3].

Tompipak cbhlHaMajzapblHa OKYpri3iATeH 3epTTeyAepaiH HoOTUDKeCiHAe PpasuOHYKAUATEpPAiH
KOHIIeHTpallMsAapbl ~ TeorpapusAbIK — >KoHE  TeOAOIVAABIK — JKafjaiidapfa  OaiflAdaHBICTBI  op
aliMaKTaesrepeai [4]. Oprypai aliMakTapja TeOAOTUAABIK >Kep KaOaTBIHBIH epeKIIeAiri ypaH, KeMip,
MyHali, ras, ¢pocdar eHaipy, coHAali-aK CeliCMUKAABIK KaFjaliaap KoHe Dackasa TaOUFM KyOblLABICTap
TOIIBIPAKTaFbl TEXHOTEHAlL PaAVIOHYKAMATEPAIH JKoHe ayblp MeTaAAapAblH TapaAyblH ©3repTe adaasl [5].
Mpicaapl, Iloapma men Kanaga tonbipakrapblHAarbl ypaHHBIH OpTallla KOHLIEHTPaLMsAChl CoIKeCiHIIe
0,79 wmr/kr >xoHe 1,2 Mr/kr Kypaca, Opaadarbl Ca3AbI-IIBIMTE3€KTi TOIIBIpaKTapAaFrbl YpaHHbIH
koHneHTpanysicer 0,2-0,9 mr/kr 60araH [6]. Tay-keH eHaipiciHiH ecyiHe OariaanbicTsl KpITaliga ypaHHBIH
TOIBIpaKTaFrsl oprama meamepi 19,62 mr/kr kepcerkeH [7]. Aa Opraasik Ilopryraamsgarel ypaH
KeHiIliHiH ajfHalacbIHAAFBI TOIIBIpaKTaFbl ypaHHBIH MeAarepi 109,2 mr/kr 60aybsiHa OailaaHBICTBHI COA
aliMaKTa >KOFapbl BDKOAOTMAABIK Kayill TeHaipedi [8].CoHabIKTaH ypaH eHAipici OpHaJackaH
aliMaKTap4a TOIbIpaK, ©CiMAIK ChIHaMaJapblHAAFbl PaAIOHYKAUATEPAIH MOAIIEPiH aHbIKTAy, OAapAbIH,
COA MaHAa TYPaTblH TYPFBLABIKTEI XaAbIKKa 9CePiH 3epTTeyosekTiMaceaeaepain Oipi 604bII TaObLAaAbL.
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Taapay

Eaimisae ypan enaipici conrnl 50 kbl intinge OeaceHai Typae icke acyda.YpaH KeHiH ©HAIpy KoHe
KaliTa eHJey eKiHII JyHIeXY3iaiK corbicTaH KeifiH Oactaaabpl.KeHec gayipinae ypanubH mamamen 30-
40% Asus aiimareiHAa eHAipiareH et ecenrreareH [9,10].

Kasipri tanaa Kasakcran ypan eHgipyaeH aaeMae Oipinimii opsiH aaaasl. 2009 >XbLabl 04 2aeMAiK
eHaipicTiH mamMamMeH 28%-bIH Ky pPalTHIH 91eMAeTi KeTeKI ypaH eHAipymii eare aitHaaAbl. 2020 5KbLabI
Kasaxcran mamamen 19500 ToHHa ypaH eHAipill, 94eMAiK ypaH eHAipiciHig 41%-b1 Tueciai 6oaasr [11].

YpaH KeH OpBIHAApPBl T€OAOTUAABIK epeKIleJikKTepiMeH, OpHaJacybl OONMBIHIIA aAThl ypaH
keninrine eneai: Illy-Capsricy, Coipaapus, Coarycrik Kasakcran, Kacrimit, baakam sxene Lae [12]. Ypan
eHAipiciHiH KeH aykbIMbl OHTycrik Kasaxcranaarpr Ily-Caproicy xeHe ChIpgapusi aymakTapblHAa
morslpaanral. OHrycrik Kasakcranga opHazackan ypaH eHJipeTiH TepT keH opHbl (Vukaii, Kaparay,
Onrycrik VHkan, XapacaH) aaemaeri ipi ypaH eHAipeTiH KeH OpbIHAaphl OHABIFBIHBIH KaTapbiHAa [13].
Kasaxcran ypan xopsiabig 20% Cripgapust ypaH KeHinni ayganaapbiHa tueciai. Celpaapus ypaH KeHini
aydaHJapbIHAarbl ©HAIpicTiK opbiHAapra Coatycrik >koHe OHrycrik Kapamypsin, Vpkea, Xapacah,
3apeyHoe KeH OpBIHAapbl >KaTagbl. Herisri ypan eHaipici ypaH KeH OpBIHAapblHAA >KepacTbl
ciatiaeHaipy saiciMeH Xyprisiayae [14].

YpaH eHAipeTiH >XoHe OHAENTIH KoCIIOPHIHAAP MeH OJapMeH OallAaHBICTBI KOIl JKBLAFBI
reoAOTMABIK Oapaay >KYMBICTaphl pajuoaKTUBTI KaaAbIKTapAbIH KaAbIIITacThIPybIHa oKeaai [15].

YpaHabl ©HepKaCiNTiK ©HAIpy aliMaKTapbhlHAA PaAMO9KOAOIVAABIK >Karaaliabl 3epTTey KesiHge
KOpIlIaraH OpTa OOBeKTiAepiHAeri pajMOHYKAMATEPMEH KaTap, ayblp MeTaldapAblH MeAIlepi Je
3eprresiHeai. Mbicaarl, KpiTallga ypaH KeHimn aliMaKTapblHAa >KYPIi3idreH 3epTTey >KYMBICTapbl
Ke3iHJe cOoa aliIMaKTaH aAbIHFaH TOIIBIpaK ChlHaMalapblHAAa PaldlOHYKAUATEPAIH MOAIIEpPi, CoVKeCiHIIe
28U 25,81-9,58 bx/kr; °Ra 24,85-2,77 bx/xr; 22Th 29,40-3,14 bx/kr; '¥Cs 5,64-4,56 Bk/Kr apaabFpiHAa
6o4ca, ayelp MeTaagapasiy Meatepi Pb > Cr >As > Ni > Cu > Cd > Zn Teprtibinge xemiren [16]. Srun
TOIBIpaKTaFrel PalMIOHYKAUATEPAIH MOAIIePiH aHBIKTay apKbLABl OHBIH paAlOaKTuBTiAirine 6ara Gepyre
0oaaast [17].

TonpIpakThlH paaMOaKTUBTIAINL COHBIMEH KaTap pPasuOHYKAUATEpAiH MeAllepiHe FaHa eMmec,
0JapAbIlH MMUIpalMsAChIHA >KoHe TONIbIpaKTa >KMHaKTalyblHa Ja OaliaaHBICTBI 0o0aaabl. MpIcaasl,
Monroaus eainge ypaH KeHilITepi aiiMakTapblHAa >KYpridiareH 3eprreyaep KesiHge **Ra
KOHIIEHTPALICHl COATYCTIK >KoHe opTaablK aydaHgapaa 19-30 Bx/kr, aa oHrycrik Oeairinge ?*°Ra
KOHIeHTpauuscel 26-3630 bx/kr 6oaca, 28U meamepi 100-1220 bx/kr xyparaH. bya MoHroamsAaFs!
Dacka aliMaKTapMeH CaAbICTBIpFaHAa >KOFaphl Meallepde OoaraH. CoHJall-aK, paguOHYKAUATEPAiH
MeAlllepi TOIBIPAKThIH TOMeHTi KabaTTapblHAa >KOFapbl 0oaraH, Oya TOIBIPaKTBIH KacueTTepiMeH
PaAVOHYKAUATEPAIH KO3FaAbICbIHa OallaaHBICTBI eKeHAiriH kxepceteai [18]. beariai Oip aiiMakThIH
©3iHAIK epeKIlelikTepiMeH, KAUMAaTTHIK >KaFAalldapblHa OallaaHBICTBI PaAMIOHYKAUATEPAIH YIII HeTisri
KO3FaAbIC MexaHusmi 0Oeariai: 1) pagumoHykamATepAiH ¢U3MKa-XUMUAABIK —epeKIelikKTepiMeH,
TONBIPAKTBIH CUIIaTTaMaJapbiHa OallaaHBICTHI PaiMIOHYKAUATEPAIH TOIbIPAaKTaFbl TiK MUTPALUACHL; 2)
TOIIBIPAK, DPO3UIACHIMEH arperamuschl HITIKeciHAe Oeariai Oip MeallepiHiH asalOblHa oKeJeTiH
PaAMOHYKAUATEPAIH TOIBIpAaKTarbl KOAA€HEH MUIPalMChl; 3) TOIBIPAKThIH >KOFapbl KaOaThIHAAFBI
PaaMOHYKAUATEPAIH >KeAMeH KaiiTa IIambipaybl. PajanoHykamaTepain KO3raablC MeXaHU3MJAepiHeH
OZapABIH XMHAKTaAybl MEH MUTPALIVACH TeK pagiOHyKAUATEPAIH KacKeTTepiHe eMec, COHBIMEeH KaTap
PaAMOHYKAUATepAIHTONBIpaKIIeH e3apa apeKeTTecyiHeOallAaHBICTHI €KeHAITiH KepyTe 604aAbI [19].

Paguonykanarepain TOIIBIPAKIIEH ©3apa 9peKeTTecyi >KoHe 0AapAblH MUTPALMACHl aaAbIMeH
TONBIPaKThIH MOP(OAOTUAABIK KacueTTepiHe OaliaaHbICThL. MbIcaabl, ypaH >Kep KbIPTBIChIHAA OpTallia
KOHIIEHTpaIIMACH IITaMaMeH 2-3 MI/KT KeAeMiHje TOIbIpaKTa JKoHe Tay KbIHBICTaphIHAA Keslecedi. Aa
MarMaTMKaAblK Tay >KBIHBICTApbIHJA YPaHHBIH >KOFapbl Keaemi aHbiKTadaabl. CiaTiai rpanmuTrepae
ypaHHbIH KoHIeHTparusacsl 100 1/t >xeryi mymkin. KapOoHaTTsl >koHe KeceKTi >KbIHBICTapAa ypaH
Me/llepi a3 Kke3jeceAi, 01apAbIH OpTallla MaHi KeceKTi >KbIHpIcTap il 0,45-0,59 Mr/Kr, a4 KapOOHATTEI
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KBIHBICTap yImiH 2,2-2,5 Mr/kr Kypaiiasl. IlleriHai >KeIHBICTAapABIH iIliHAE YpaHHBIH KOHIIEHTpPaIIVChI
Ca3Abl JKBIHBICTApAa SKOFapHl, OHBIH MeaAtrepi 3-4 Mr/kr aeriin 60aaasl [20]. YpaHHBIH >KOFapsl MeArtepi
COHJAall-aK CyAbl-OaTIakThl aliMaKTapaa Oalikadagapl. Mreicaapl, I'epMmaHmsigarbl OYpBIHFBI  ypaH
OHAIpiCiHIH KaaABIKTapbIMeH JacTaHFaH CyAbl-OaTIIaKThl aliMaKTa IIBIMTEe3eKTi TOIIbIpaKTapAblH
KYpaMbIHJAFbl ypaHHBIH MeAttepi 7500 MI/Kr getiiH >xeTkeH [21].

ConpIMeH KaTap, paAdMOHYKAMATEPAiH TOIbIpaKTarbl KOAJeHeH MUTpalisAChIMeH KaTap, Kasipri
Ke3/e 04apAblH «TOIIBIPaK-eCciMAiK» TizOeriHAeri MUTpalVsChIH 3epTTey MaHbI3AbL. OciMaikTep Oeariai
Oip aymakka TeH oacep eTy KellleHiH Oaradayra MYMKiHAik OepeTiH OObeKT OO0ABIIT TaObLiaAbl.
Xyprisiaren sepTreyaep HoTMKecCiHAe pajIOHYKAUATepMeH Oipkarap ayslp MeTaagapAbH (Mn, Cr, Cd,
Cu, Ni, Zn, Pb) ecimgikrepre >Kkamnplpak, TaMBIp apKbIABl CiHipiain, apTypai >Keyre >KapaMabl
DeaikTepiHAe >KMHAABII JKoHe ajaM ar3acblHa TaMaKIIeH TYThIHyAaH KelliH illIKi coyaeaeHyAiH y34ikci3
Me lllepiHe 9KeAeTiHAirl aHbIKTaAraH [22]. XaABIKTHIH AeHcayAbIFbIHA Kayill-KaTep MeH 3UIHABL acep eTy
JAdpe>KeciH aHBIKTay YIIiH KyH CallblH IaljaJdaHblAaThIH TaMak ©HiMAepiHAe OCHl paJMOHYKAUATEpTre
HaKTbl Oarasay >Kyprisiay kaxker. COHFBI KbLAJaphl KOpIIaraH OpTalarbl PasMOHYKAUATEPAiH >KoHe
0AapAbIH OMOAOTMAABIK OOBEKTiAep YIIIiH peAiH 3epTTey >KYMBICTaphL,04apAbIH adaMAapFa a3bIK-TyAiK
Tiz0eri apKblabl €Hy 5K0AAapbl KapacThIpblaas! [23].

Oem OOJNbIHINIA ypaH ©HAipeTiH aliMakTapaa: Apcrpaans, ['epmanns, Kanaga, Amepuka Kypama
HlIrarrapsr, bpasuans, [lopryraans, Keitai cusKTE eadepae pasniodKOAOTUAABIK XKaFAaliAbl Oaradaysa
>KacaAfaH 3epTTey >KYMBICTapblHAA TOIIBIpaK, Cy, IIeriHAidepaeri pagiOHyKAUATEPAIH MeAllepiMeH,
04apAblH TYPAi aybla IIapyalllbLABIFb OHIMAepiHje JKIMHAKTaAybl 3epTTedinreH (kecre 1).

Kecre 1
YpaH KeH OpbIHAApbI aliMaKTapbIHAAFbl PAAMIOHYKAMUATEPAiH ©ciMaik TypaepiHaeri
caapicTbipMaanl Meamepi (Bk/kr)

Memaeker Crinama yariaepi 2381 2B2ThH | 226Ra | 210Pp 210Po Oaebuer
Kerrait eciMaikTep: man <0.1- 0.5- | <314- [24]
>KansipakTapsl (Camellia 1.0 8.0 150

sinensis); KapToIl
>KamblpakTapsl (Ipomoea
batatas); xypim (Oryza
sativa); mmHaT (Ipomoea

aquatica);
opam>Kanblpakrap (Brassica
rapa)
Ascrpaansa | xexenicrep: Buchanania <0.03- | <0.004 | 0.18- | 0.042- | 0.12- [25]
obovata; Persoonia falcata; 0.28 -0.12 | 70.5 11 1.83

Vitex accuminata;
Syzygiumeucalyptoides;
Terminalia ferdinandiana;
Ficus racemosa;

>kemicrep: Dioscorea
transversa; Vigna lanceolate;
Cartonemapariflorum;
Brachystelma glabriflorum;
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I'epmanusa | canpipaykyaakrap: Boletus 0.01- 0,03- | 0,06- | 0,10- [26]
species, Suillus species, 25,9 51,2 28,9 64,0
Xerocomos species, Leccinum
species, Lepiota species,
Agaricus species; Lycoperda
species

Kerib6ip raapiMAapAblH 3epTTey HOTUKeCiHAe aAbIHFaH ChbIHaMaJapAblH illliHAe cOoA OpTara ToH
eciMaikTepAiH TaMblpAapbIMeH, aybld IIapyalllblABIFBI  ©HIMAEpiHiH iIliHAe KbIPBIKKAOATTHIH
PaAVOHYKAMATEPAL TOIIBIpaKTaH CiHipy KabieTi >JKoraphl eKeHAIriH KepceTKeH [27].

Kasakcranaarsl seprreyaepdaiy O6aceiM Kemmriairi ge, Akmoaa o6abiceiHAare 30-4aH acTaM ypaH
KeH opbiHAapbiH KaMTUThIH Coatycrik Kasakcran ypaH KeHillliHiH KOpIllaraH OpTara TUTIi3eTiH acepiH
Oarasayra apHaaraH.CoHgall >KyMBICTapAblH OipiHae aliMaKTarbl pagUMOHYKAMATEPMEH aybIp
MeTaajapAblH «TOIIBIPaK-eCiMAiK->KaHyapaap-aybla IIapyallblABIK, eHiMepi» Ti30eriHgeri
MUTPalMSCBIH 3epTTereH. 3epTTey HoTVDKeCiHAe pajMOaKTMBTI AacTaHFaH aliMaKTapdaH aAbIHFaH
TOmBIpaK CbiHaMadapbiHAa 238U, 22Ra, 22Th, 2Pb pagumonykaAmATepiniH OeaceHaiairi OakplLaay
tonrapeiHaH 10-31 ece, aa As, Co, Ni, Zn, Cd, Cu,Sn ayslp MeTaaAapbIHBIH KOHIIEHTPAIUACH! KaAIIbI-
caHMTapAbl HOpMaJaH calikecinme 161; 4; 25; 9; 18; 33; 42 ece >xorapsl O0araH. Coa aliMaKKa ToH Typai
IIeNTeCciH eciMAiKTepAeH aAbIHFaH ChiHaMadapga 28U, 22°Ra, 22Th, 2Pb, 20Po mearmrepi Oaxpraay
TONTapbIHaH covikeciHmre 15; 155; 54; 5; 9 ece, aa As, Pb, Co, Ni, Cu, Cd aysip meTaagapsr 2-35 ece
>KOrapbl OoaraH [28].

Onrycrik Kasakcranga ypaH eHAipyAiH KopIllaraH opTara acepiH Oaraaay >Kymbicrapbl Kopaait
ypaH KeHillliHAe >KyprisiareH. 3epTrey HoTIKeCiHAe PajAUMOHYKAUATEpPAiH KOpIIaraH opTa
oObeKTiAepiHiH illiHAe TOIbBIpaK >KoHe INeriHjdidepAiH cbhlHaMaJlapblHAa KOmTel Ke3JeCKeHAiriH
anpikTaraH. CoHAall-aK, 3epTTey Ke3iHAe aiiMaKTaFbl JOMMHAHTTHI eciMaiktepmen (Patrinia intermedies,
Elytrigia repens L., Althaca officinalis), cy acTsl MyKTepiHeH opi Kapall 3epTTeyre yAriaep >KMHaKTaAFaH.
AapinraH yariaepaen 28U KOHIIeHTpalVsICBIHBIH MaKCUMaAAbl AeHreiti P.intermedies, E. repens L, cy acTbl
MYKTepiHeH aHBIKTaAfaH, oJdap covikeciHImechiHaMacaamarbiHelH 3; 0,5; 500 Bx/kr kyparas, aa ?*°Ra
KOHIIeHTpalus AeHreriaepi coiikecinmre 21;18;130 bx/kr, As ymin Tuicti genreitaepi 0,2; 0,05; 2 mr/kr
6oaran. Congaii-ak, Patrinia intermediesecimairinig epTypai Geaikrepingeri (TamMbIp, cabak, >KambIpak)
PaAMIOHYKAUATEp MeH MUKpODJeMeHTTep MOAIIepiH caabICThIpa Kele, OJapAblH TaMbIpda >KOFaphl
eKeHJiri kepceriare [29].

Ocerran yxcac seprrey >xymeictapsl [lopryraamsga OypbIHFBL YpaH KeH OpHBIHAA >KYprisiarex.
3epTrey KesiHAe TOIBIpaK IIeH CyJaFbl, COA OpTara ToH Kep YCTi >KoHe Cy acThl ©CiMAIKTepiHiH
KYPaMBIHAAFBI PagVIOHYKANATEPAIH MeAlllepi aHbBIKTaAFaH. Y paHHBIH KOHIIEHTPaLVsChl TOIbIPAK, YIIiH
7,5-557 mr/Kkr >xoHe cy cbiHaMaaapsl yiiiH 0,4-113 MKr/a apaabiFbiHAa O0AFaH. Y paHHBIH KOIl MeAIIepae
JKMHAKTaAybl XKep YCTi eciMaiKTepiHiH TaMbIpAapblHAa TipkeareH: Juncus squarrosus (450 mr/kr), Carlina
corymbosa (181 mr/kr) >xone Juncus bufonius (39,9 Mr/kr), aa cy acrsl ecimaikrepinge: Callitriche stagnalis
(55,6 mr/xr) Lemna minor (53,0 Mr/kr) >koHe Riccia fluitans (50,6 Mr/Kr). 3epTTey HOTUKecCiHAe Xep yCTi
eciMaiKTepiHiH TaMbIpAapbIHia PagOHYKANATePAiH MOAIIepiHiH >KoFapsl OoaraHbIH KepceTeai [30].

Paguonykanarepain ecimaikrepaiH TaMmblp OeairiHge Keml Ke3decyi, pPaAMOHYKAUATEPAiH
TOIIBIPAKTBIH >KOFapbl KabaTbIHAA 004y yaKbIThIHA OariaaHBICTEL. PaanoHykAnATepAin TombIpakTa Oasy
KO3FaAyBl >KoHe MUTPaLVl JKbL1AaMABIFBIHBIH TOMeH 00AYbl pajgllOHYKANATEPAIH ©CiIMAIKTepAIH TaMBIP
aliMarblHAa y3aK 0OAybIHa 9Keadeai, COHABIKTaAH PajMOHYKAMATEPAIH ©CiMAiKKe CiHy BIKTMMAaAAbIFbIH
apTTBIpaas! [31].

Anariga, keifOip aliMaKTapAa TOIIBIPAKTBIH TYPiMeH, COA aiiMaKThIH KAMMATTHIK (paKTOpAapblHa
DallaaHBICTBI PaAMOHYKAUATEPAIH MeAIlepi eciMaikTepiH TaMBIpBIHAAQ eMec, Kep YCTi OeaikTepiHge
>KOFrapbl 004ybl MYMKiH. MBIcaabl, AKTay KaAacklHAAFbl OYPBIHFBI €Ki ypaH KeHillliMeH ypaH eHaey
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3aybITBIHBIH ipresec aysaHAapfa TUTI3eTiH padllODKOAOTUAABIK 9CepiH 3epTTey >KYMBICTaphl Ke3iHJe
eciMaik yariaepingeri 28U, 22Th mearmepin aHbIKTalIl, 0A1apAbl AacTaHOaraH >kepAepAeH aAblHFaH COA
ecimMaik TypiHaeri (Artemisia austriaca) yariaepmeH caapicThiprad. HoeTmkecinge Oakblaay aliMarblHaH
aAblHFaH eociMJ4ikTepaiH cblHaMaJapblHAAa  PagMOHYKAUATEPAIH  MeAlllepi  >KallblpaKTapbIMeH
TaMBIpBIHAA KOII Ke3jecce, 3epTTey aliMarbIHAAFbl ©CiMAiKTepae 04apAblH MeAllepi KalblpaKTapbIMeH
cabakTapbIHAA >KOFaphl OoAFfaH. bya sepTreareH aiiMaKTBIH KAMMATTHIK (paKTOpAapblHa OaillaHBICTHI
TaMBIP KYIeCiHiH Halllap >KeTiAyiHeH pagOHyKAUATepPAiH TaMbIpAa a3 Mealepae OOAFaHBIH, ajdaiija
IIaHABl KeAJepAiH ocepiHeH paAMOHYKANUATEp eociMAikTepaiH >Kep YcTi OeaikTepiHAe KeImTem
Ke3/ecKeHiH KepceTTi [32].

Paagnonykanarepaid ToIlbIpakTaH eciMAiKTepre MUIPaLMsACH ©CIMAIKTIH TaMBIp >KylieciHe,
MIHepaAAbl CiHIpyTYypiHe, KaAmil, KaAbLIMil >KoHe OacKka Ja KOPEeKTIK 3aTTapfa Ka’KeTTiliriHe Je
OariaaHbicThl 6042451 [33].

Kaanel aaraHga, eciMaikrepaiH TOIbIpakTaH paJMOHYKAMATEPMEH ayblp MeTaadjapAbl CiHipyi
KOpIllafaH OpTaHBIH (paKTOpAapbIHa: TONBIPAKTHIH KYPBLABIMBL ME€H XMMUAABIK Kacuerrepine, pH,
BIAFaAABIABIFBIHA, ~ OpPraHMKaABIK  3aTTapAblH  KypaMblHa, MOH aaMacy KaOideTiHe  >KoHe
PaAVOHYKAUATEPAIH KOHIIeHTpalusAChiHaA KoHe T.0. OaitaanbIcThl [34]. Meiicaasbl, Cibipae >Xyprisiaren
3epTTeyaepAeH pasuOHYKAUATepAiH OpMaHABI, OyTaabl >KoHe IIOITi eciMAiKTepMeH >KMHaKTaAybl,
acipece KyAriH TOIbIpaKKa KaparaHAa, IIIBIMABI KYATiH TOIIbIpaKTa >KMHaKTaly MeAIlepiHeH >KOFaphl
€KeHiH aHbIKTaraH [35].

Eaimizae xypriziaren seprrey >KyMBICTapPBIHBIH HOTUKECiHAE TOIIBIPaKTarbl paAOHYKAUATEPAIH
JKMHaKTaAybl KoHe 04apAblH MUTPAIMChI- TONBIPAKThIH HeTi3rikepceTKillTepiHekaHe Je 3epTTeAeTiH
aliMaKTbIH MeTeOpOAOTUAABIK, TMAPOAOIUAABIK >KafgalidapblHa OaliaaHBICTBI ©3repeTiHAIriH KepceTTi
[36]. OcimaikTepai cyrapaTbhlH CyABIH, >KaybIH-IIIAIIBIHHBIH MOAIlepi, TOIBIPaKThl ©HAeY IIpoliecTepi,
>Kep acThl CyAaphl ©CiMAikTepaiH KypaMbIHAAFbl PajMOHYKAUATEPAIH MOAIIepiH aHbIKTaniAbI [37].

Eaimisge >Kyprisiaren seprreyaepaiH OachIM KOIIIIiAiri TeXHOreHAl AacTaHFaH aiiMaKTapA4a,
acipece OypniHFpl CeMell ChIHAK ITOAUTOH aliMaKTapblHAA KacaHAbl pagVOHyKAUATEpPAiH eciMaikTepae
>KMHaKTaAyblAeHrelli, COHpIMeH KaTap paAMOaKTMBTI AaCcTaHyAbIH ©ciMAiKTepAiH MOp¢O-aHaTOMUABIK
KYPBLABICBIHA TUTi3TeH ocepi OaradaHraH. 3epTTey4iH HITIDKeCiHAe Y3aK Mep3iMAi CcO3blLAMaAbl
coy/AeleHyAiH acepiHeH cabaKTarbl >KoHe >KaIlbIpaKTarbl KellOip aHaTOMMAABIK OeAariaepaiH esrepici-
KOpIllaFaH OpTaHbIH TeXHOTeHAIK AaCTaHybIHBIH KOPCeTKiIll 004ybl MyMKiHAi KepceTiareH [38].

2 xecreje paAVOHYKAMATEPAiH TOIbBIpaK, ©ciMJiKTepJeri KOHIeHTpalMsAAapblH aHBIKTAIl,
PaAMOHYKAUATEPAiH TOIbIpaKTaH ©cCiMAiKKe aybicy KoodduileHTTepiH Oaraaay OarbIThIHAAFBI 3epTTey
>KYMBICTapBIHBIH HOTIVKeAepi KOpCeTiATeH.

Kecre 2
Pagnonykanarepaiy TonbipakTaH eciMAikTepre aybicy KoapPpurteHTTepi
Memaexer Crinama yariaepi 28U 226Ra Z2Th/R | B¥Cs OaebuerTep
a
Kerraii (ypan | Ocimaikrep: 0.005- 0.006- 0.00013- [39]
KEeHIIITi) Lupinusalbus, Brassica 0.037 0.034 0.00214
chinensis, Trifolium
pratense, Lolium
perenne, Zea mays
Hurepus (tay- | Ocimaik: 0.01- 0.006-1.54 [40]
KeHayJdaHAapsl) | Manihotesculenta 0.90
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Cupns KOKOHIC 4aKblAAaphl 0.003- 0.008 [41]
(’xacpLa OypaI, 0.12
KVSIP, KbI3aHaK,
OaxaarkaH), OypImax
AAKbIAAapPbl
(>xacpIMBIK, OypIIIaK),
>KeMic aFallTapsl
(aama, xys3iMm,
391ITYH), A9HAL
Aakplagap (apia,

Ouaarn)
Brernam (ypan | A.auriculiformis 0.006- 0-0.344 0.017- 0- [42]
KeHiTti) 0.380 0.655 3.433
Banraagernn Ocimaikrep: Acalypha 0.045- 0.064- 0.04- [43]
indica, Bacopa 0.070 0.108 0.075

monniera, Lantana
camara, Solanum
nigrum, Synedrella
nodiflora

KopoITbIHABI

Kearipiaren o4e0u I1I0AyAblH HOTVDKeAepi pPaAMOHYKAUATEp MeH ayblp MeTaadapAblH
MOAIIepiHiH >KOFapsl OOAYBIH, OAapAblH ©ciMJAiKTepae 9pTypAai AeHrelije TapaTbLAaTBIHBIH KOpceTeai.
Ypan engipici aiimarbiHga TypaThH XaAblK YIIiH iIKi coyaeaeHyAiH ocepiH Ooaxkay MakcaTbIHAA
PaAVOHYKAUATEPAIH TOIIBIPAK, O©CIMAIKTeri MOAIIEPiH aHBIKTAy, OAapAbIH apbhl Kapall TackiMaajaHy
AeHreitiHe Oara Oepy MaHBI3bL.

Kapxblaauapipy. eraviMu sxymeic «Ceipgapusi ypaH pyAackl HPOBMHIVACHIHBIH KOpPIIaraH
opTachl MeH TYPFBIHAAPBLIHBIH JEHCAyABIFbI VIINiH HeraTMBTi TeXHOTeHAIK Kayin ¢pakropasapbiH
HIUBeAUpAey d4icTepiH asipaey» (2021-2023) aTThl FBLABIMU-TEXHMKAABIK >KO0achl asChIHAA XYPTisiaai
(tanicerpric Oepytri KP BiaiM >koHe FbLapIM MUHMCTIpAiriHiH Fh1A6IM KOMuTeTi VIPH AP09261243).
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HAO «Meduyuticxuti ynusepcumem Acmara», Vincmumym paduo0uorozuu u padua,uoHHoL 3auumot,
Acmana, Kazaxcman

Onenka Murpanuy paguoHyKAnAOB B IieN «II0Y9Ba-pacTeHNe»-ypaHoA00bIBalOIIX
pernoHos (anTepaTypHbIN 0030p)

Annorams. VI3BecTHO, 4TO B pe3yabTaTe AesTeAbHOCTI TOPHOAOOBIBAIOIIEl ITPOMBIIILAEHHOCT
Ha ITOBEPXHOCTb MOTYT OBITh M3BA€UEHBl PaAMOHYKAMABI VM XUMMMUYeCKNe BelllecTBa, OOalajaroliye
aKTUBHBIM MYyTareHHBIM I KaHIlepOTeHHBIM JelicTBueM. OcoOyio OITacHOCThL MOTYT IIpeACTaBAATb
IIPOAYKTBI YyTUAU3ALUM, TaKue KaK pasuOaKTUBHBIE OTXOABI M Apyrue. B cBa3m ¢ 9TuM BO3HMKaeT
HEOOXOAMMOCTD B PeryAsSpHOM MOHMTOPMHIE MeCT XpaHeHMs TaKUX OTXOAOB M CTelleHM MUTpariuu
PaaVOHYKAMAOB U TSKEABIX METaAA0B B OObeKTaX OKpY>KalOIIell Cpeabl.

B aanHHOIT 0030pHOII CTaThe paccMaTPMUBAIOTCA COBPeMeHHbIe JaHHbIe I10 1ICCAeAOBAaHNIO CTeIleHN
MUTpaly PajuiOHyKAMAOB B LIeIIM «I109Ba-pacTeHye» B ypaHOAOObIBAIOIIMX PerrOHaXx.

KaioueBble caoBa: pagliOHYKAMABL, MUIPalNs PaguiOHYKAMAOB, II0YBA, pacTeHue, ypaHOBas

pyaa.

E.M. Mussayeva, M.M. Bakhtin
Astana Medical University, Institute of radiobiology and Radiation Protection, Astana, Kazakhstan

Assessment of radionuclides in the "soil-plant” chain of uranium mining regions (literature
review)

Abstract. It is well known that as a result of the activities of the mining industry, radionuclides
and chemicals with active mutagenic and carcinogenic effects can be extracted to the surface. Disposal
products, such as radioactive waste and others, may cause particular danger. In this regard, this
requires regular monitoring of radioactive waste storage sites and the degree of migration of
radionuclides and heavy metals in environmental objects.
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This review article considers the uranium ore region’s current data for the content of
radionuclides in soil, vegetation, and their migration in the “soil-plant” chain.
Keywords: radionuclides, migration of radionuclides, soil, plant, uranium ore.
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