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Ajinencosa C.A.

JIOKTOp OMOJIOTMYECKUX HayK, 3aBeAylolas labopaTopuei,
AxTro0uHcknil yauBepcutet umenn C. baumiesa, Kazaxcran, . Akro0e,
e-mail: saira_ap@mail.ru

AHAAMN3 POAA ASTRAGALUS L.
AKTIOBMHCKOTIO ®AOPUCTHUYHECKOTO OKPYTA

Poa Astragalus L. (Galegeae, Fabaceae) — KpynHenwmi poA LUBETKOBbIX PaCTeHMIM, OXBaTbIBaIOLLMIA
okoAno 2500-3000 BMAOB, LUIMPOKO PaClpOCTPAHEHHbIX B CEBEPHOM MoAywapuu. MccaeaoBaHue
BMAOBOrO pa3HooOpasus poaa Astragalus L. npeaCTaBASIET CYLIECTBEHHbIN MHTEPEC AAS MOHUMAHMS
NMPOLLECCOB reHe3nca 1 3BOAIOLMM CTenHOM hAopbl EBpasmn.

B pabote AaH BCECTOPOHHMI aHAAM3 CaMOro KPYMHOro poAa AKTIOBUMHCKOrO (hAOPUCTUYUECKOrO
okpyra — Astragalus L., npeacrtasaenHoro 50 Buaamu, coctaBasiomm 3,8 % oT 06LIero Yncaa BUAOB
aopbl. [NpoBeaeHHbIN cUcTEMATUUYECKU aHaAM3 poAa Astragalus L. yCTaHOBMA AOMMHMpPOBaHWeE
noapoaa Cercidothrix, npeacraBaeHHbin 16 cekumsmm, 06beAUHSIOLLMMM 37 BUAOB, AU 74% OT 06L1ero
UMCAQ acTparaAoB, U MAaAOUMCAEHHOCTb NoApoasa Phaca, npeacTtaBAeHHOro 4 cekumsMu € 5 BUAAMM.
M3yueHune cnektpa >kmsHeHHbIX hopm no U.T. Cepebpskosy, no K. PayHkuepy, 3KOAOrMUeckmx TUMoB
MO OTHOLUEHMIO K YBAQXXHEHHOCTM CybCTpaTa rnokasaAo CTEnHoM xapaktep (Aopbl 1 ee creuudmky.
ApeoAOrMyeckuini aHaAM3 BMAOB aCTParaAoB AKTIOOMHCKOrO (PAOPUCTMUECKOrO OKpyra BbIIBUA 22
TUMAa apeaAoB C npeobAasaHMEM 3aBOAXKCKO-KA3aXCTAHCKOr0, 3aBOAXKCKO-Ka3aXCTaHCKO-TYPAHCKOrO,
TypaHcKoro TMnoB. Buapbl poaa Astragalus L. npeacTaBAeHbl 2-Msi rpynnamm apeaAoB: eBpasnaTckom
CTErnHOM 1 ApeBHECPEAM3EMHOMOPCKOI. B poae Astragalus L. AKTIOOMHCKOro (hAOPUCTUUECKOrO OKpYTa
BbIIBAEHO 10 AM3BIOHKTMBHOAPEAAbHbIX BMAOB C $IBHbIM AOMWMHMPOBAHMEM ME3aAN3bIOHKTUBHOM
rpynnbl. [pynna aHAEMUUHbIX BUAOB mnpeascTaBAeHa: Astragalus aktiubensis, Astragalus mugodshari-
cus, Astragalus temirensis, Astragalus subarcuatus, coctaBasitowimmn 8,0 % OT 06LLIEro YMcAa BUAOB
poaa. Pacripeaenenve BuAOB poaa Astragalus L. ycraHoBmao npeobaapsaHve NcammopUAbHOIO
AOPUCTMYHECKOTO KOMMAEKCA (22 BMAQ) M CTEMHOro (OPAOPUCTMYECKOrO KoMMAeKkca (21 BMA).

KAtoueBble caoBa: poa, haopa, acTparaa, apean, AM3bIOHKLUMS, (DAOPUCTUYECKMIA KOMITAEKC.

Aipeissova S.A.

doctor of biological sciences, chief of laboratory,
Aktobe University of S. Baishev, Kazakhstan, Aktobe, e-mail:saira_ap@mail.ru

Analysis of the genus Astragalus L. of Aktobe flora region

The genus Astragalus L. (Galegeae, Fabaceae) — the largest genus of flowering plants, consisting of
about 2500-3000 species, prevailing in Northern Hemisphere.

Species diversity research of the genus is of significant interest for understanding of process of
genesis and evolution of Eurasia steppe flora. The work provides a comprehensive analysis of the larg-
est genus of Aktobe flora region — Astragalus L., represented by 50 species amounting to 3,8 % of the
total number of flora species. Systematic analysis of the genus Astragalus L. identified a dominance of
subgenus Cercidothrix represented by 16 sections combining 37 species or 74% ot the total number of
astragalus and small number of the subgenus Phaca, represented by 4 sections with 5 species.Life forms
spectrum study of environmental types in relation to substrate moisture according to I.G. Serebryakov,
C. Raunkiaer showed steppe nature of flora and it’s specificity. Natural habitat analysis of astragalus spe-
cies of Aktobe flora region revealed 22 types of habitats with predominance of Zavolzhsk — Kazakhstan,
Zavolzhsk-Kazakhstan-Turan, Turan types. The species of the genus Astragalus L. are represented by 2
habitat groups: Euro-Asian steppe and earlymediterranean. 10 disjunctive natural habitat species with
obvious dominance of meso-disjunctive group were identified in the genus Astragalus L. of Aktobe flora
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region. The group of endemic species is represented by Astragalus aktiubensis, Astragalus mugodshari-
cus, Astragalus temirensis, Astragalus subarcuatus, amounting to 8,0 % of the total number of the genus
species. Species distribution of the genus Astragalus L. identified a predominance of psammophilous
floristic complex (22 species) and steppe floristic complex (21 species).

Key words: genus, flora, astragalus, natural habitat, disjunction, floristic complex.

Anneuncosa C.A.

GUMOAOTMS FbIAbIMAAPbIHbIH AOKTOPbI, 3epTXaHa MeHrepylLici,
C. bariwes aTbiHAaFblI AKTOOE YHMBepcuTeTi, KasakctaH, AKTebe K., e-mail:saira_ap@mail.ru

AkTeb6e (DAOPUCTMKAABIK aliMarbiHAaFbl Astragalus L. TybICbIH TaAAay

Astragalus L. (Galegeae, Fabaceae) TybiCbl — COATYCTiK >apTbl WapAa KeHiHeH TaparaH 2500-3000
TYPAI KAMTUTbIH T'YAA] ©CIMAIKTEPAIH €H ipi TybICbl.

Astragalus L. TybICbIHbIH, TYPAIK aAyaHTYpAIAiriH 3epTTey EypasusHbiH Aana pAopachl reHe3UCiHIH
YPAICi MeH 3BOAIOLMSCHIH TYCIHY YLUIH MaHbI3Abl KbI3bIFYLUbIAbIK, TyFbi3asbl. JXymbicTa AxTebe
(hAOPUCTUKAABIK, aiMaFbl PAOPaCbIHbIH, >KaAmMbl CaHblHbIH, 3,8 % KypanTbiH, 50 TypAeH TypaTbiH eH
ipi Astragalus L. TybICbiHa >KaH-)aKTbl Taapay GepiareH. Astragalus L. TybiCbiHA XYPri3iAreH >Kyieai
TaAAQY aCcTparaAAapAbIH XKaAmbl CaHbIHbIH, 74% KypanTbiH Hemece 37 Typre GipikTipiareH 16 cekuusira
aTtatbiH Cercidothrix TyblC TapmarbiHbIH 6acbiM €KEHAITi >kaHe 5 TypmeH 4 cekuusra GipikTipiAreH
Phaca Tybic TapmarbiHbIH a3AbiFbiH aHbikTaabl. M.I. Cepebpsikos, K. PayHkuep 6ovibiHIWa TipLuiAik
chopManapbl CrekTpiH, bIAFAAAAHY CYyOCTPATbiHA KATbICTbl KOAOTUSIABIK, TUMTEPAI 3epTTey (hAOPaHbIH
AAAAABIK, CUMATbIH XKOHE OHbIH epeKLUeAiriH kepceTTi. AKkTebe (HAOPUCTUKAABIK, alMarbiHbiH, Astraga-
lus L. TybICbIHa >KYPri3iAreH apeaAormsiAbIK, TaAAQY 3aBOAXKCK-KA3aKCTaH, 3aBOAXKCK-Ka3aKCTaH-TypaH,
TypaH TMnTepi 6acbiM KeAeTiH 22 apearAap TWNiH aHbIKTaAbl. Astragalus L. TybiCbl TypAepi 2 apeasaap
TOObIHA BGipIKTIPIAreH: eypasusAbIK, AAAAAbIK, XKOHe KeHeXepopTaTeHi3AiK. AKTebe (PAOPUCTHKAABIK,
anmarbiHbIH, Astragalus L. TybICbIHbIH Me3aAM3bIOHKTUBTI TOObI 6acbiM KeAeTiH 10 Typi aHbIKTaAAbI.
DHAEMUK TYpAep ToObl TybICTbIH >KaAMbl CaHblHbIH, 8,0 % KypanTbiH Astragalus aktiubensis, Astraga-
lus mugodsharicus, Astragalus temirensis, Astragalus subarcuatus TypAepiHeH Typaabl. Astragalus L
TYbICbl TYPAEPiIH 6OAY NCaMMOMUAbAI (PAOPUCTUKAABIK, KeLLeH (22 Typ) MEH AAAAbIK, (DAOPUCTUKAABIK,

KelleHHiH (21 Typ) 6acbIMAbIFbIH KOPCETTI.

Ty#iH ce3aep: TybIC, PAOPA, acTparaa, apeaa, AM3bIOHKLMS, (PAOPUCTUKAABIK, KELLIEH.

BBenenne
Pon Astragalus L. (Galegeae, Fabaceae)
MPEJICTaBIIET COOOW caMblii  KpYHHBIH — poj

AxTroOmHCKOTO (hrmopructudeckoro okpyra (ADO),
pacnionoxeHHoro B 1entpe EBpasun (Aiineucona,
2006:3-6).

HccnenoBanne BUAOBOTO pazHOOOpasus KpyI-
HEHUIIeTo po/a IBETKOBBIX pacTeHuil Astragalus L.
MIPEJICTABIISICT CYIIECTBEHHBIH MHTEPEC JIJISl ITOHH-
MaHU MIPOIECCOB, OMPEIENSIONINX TeHE3UC 1 IBO-
JIOIMIO cTerHoU (utopsl EBpazum.

Pon Astragalus L. oxBareiBaer okosio 2500-
3000 BuJI0B, IIMPOKO PACHPOCTPAHEHHBIX B CEBEP-
HOM monymapun. OCHOBHAsI Macca BHUJIOB JIaHHOTO
pona cocpenoroueHa B Cpennelrd Asuu (oxoso 600
BHJIOB), BTOPOE MECTO IO OOWIINIO BHAOB 3aHUMAa-
et KaBka3, Tperbe — Boctounas Cubupp u Anrait
(I'onuapos, 1944:56-62).

Pon Astragalus L. xapaktepusyercs 3Ha4H-
TenbHBIM nonumopguszmom (Kamennn, 1973:356;
Critus, 1992:123-132; Kuszes, 2007:1215-1226;
Frodin, 2004:753-776; Vural, 2008:255-263).
Hecmorps, Ha psin MoHOrpaduyeckux paldor,
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BKJTFOYAsl WCCIIEOBAaHUS TI0 MOJIEKYJISIPHOH CH-
cTemaTuke, kiaccuduranus pona Astragalus L.
sBasercs HeoxHo3HauHol (Yakovlev, 1996:724;
Gazer, 1993:69-155; Zarre, 1996:255-312;
Podlech, 2013:2439; Yan, 2000:1-5; Maassoumi,
1990:117-128).

Lenpto HacTOsIIeH pPabOTHI SBISIICS BCECTO-
poHHuit ananus pojaa Astragalus L. AKTIOONHCKOTO
(hIopHCTUYECKOTO OKpYTa.

MaTepna.m)l U METOAbI UCCJICTOBAHUSA

OO0BEeKTOM UCCIIeIOBaHUS ABISIICS POX Astraga-
lus L. Bo uope AKTIOOMHCKOTO (hIIOPUCTHYECKOTO
okpyra. PaboTa BbImosHeHa Ha OCHOBaHMHU Ooiiee
30-IeTHIX MaTepHUaIoB aBTOPa, COOpAHHBIX MapIIl-
pytHbeIM MeTonoM (AnéxuH, 1938:208), ananmmuza
repOapHbIX Koyutekunii Kazaxcrana, a Takxe 0000-
IIEHHS JINTEPATYPHBIX JaHHBIX.

s BunoB poja Astragalus L. ObLT TIpOBECH
CHCTEMaTH4eCKUi 0030p, YCTaHOBIECHBI KH3HEH-
veie opmbr (Raunkiaer, 1934:632; CepeOpsikos,
1964:146-205), SKOTOTHYIECKUE THUITHI 10 OTHOIIIC-
HUIO K yBIaXHEHHOCTH cyOctpara (LLlenHuKOB,

Experimental Biology. Ne3 (76). 2018 5



Amnamms pona Astragalus 1. AKTIOOHHCKOTO (DIOPHCTHIECKOTO OKpyTa

1950:375; IlomnaBckas, 1948:296; Kamenus,
1973:61), Tunst apeanos (Jlaperko, 1970:609-625;
JlaBpenko u 1p.,1991:146; Takhtajan, 1986:552;
Meusel, 1959:148-165; Zohary, 1973:739; Good,
1965:518; Hulten,1958:340; Cain, 1944:556).
Beutn omnpejiesieHbl KaTeropuu JU3bIOHKIIUN U JH-
nemuuHbie BUIBI (3aBepyxa, 1985:192; Koczwara,
1926:34-45; Ilomos, 1963:136), a Taxxke pacupene-
JICHUE BHJIOB POJia 10 (DJIOPUCTUYSCKUM KOMILICK-
cam (IToros,1963:136; Kamenun,1973:356).

Pe3y.]'[])TaTbI HCCJICA0BAHUA U UX oﬁcyswlemle

Cawmprii kpynHbIi pog ADPO Astragalus L. ipen-
crasieH 50 BugaMu, coctapiisiomumu 3,8 % ot 00-
LIETO YUciia BUAOB (DIOPHI, OTHOCSIIIUMHUCS K 3 TIOA-
ponam u 25 cexnusam (o Kamenuny, 1981:70-281).

W3 3 momapomoB poma Astragalus L. mo duciy
BUAOB JomuHHpyeT mnonpoxn Cercidothrix, npea-
CTaBJICHHBIM 16 CEKUMSIMH, OOBEIUHSIOMIUMHA 37
BUjI0B miu 74% ot o0lero yucia acrparajios. M3
JaHHOTO TOAPOJa MO YHUCIy BHIOB Npeolnagaer
cekuust Xiphidium Bunge, OCHOBHOE S7JpO KOTOPOH
cBs13aHo ¢ ropamu Cpenneit A3uu.

Ota cexuus Bo (ope ADO mnpexacrasieHa 8
CTETTHBIMHU ¥ TOPHO-CTETHBIMH BUIAMH, TPH U3 KO-
TOPBIX SIBISIIOTCS OHAEMUYHBIMU (4. aktiubensis,
A. mugodsharicus, A. temirensis). Ilpu 3Tom cie-
IyeT OTMETUTh, u4To A. aktiubensis mpomspactaeT
Ha HCCIIeyeMON TePPUTOPHUU TOJIBKO Ha MEIOBOM
cyOcTpare.

I[Io yuciny BUAOB 3a HEH ciexyeT CEeKLUs
Trachycercis Bunge, mpencrapieHnHas 3-Ms BUAa-
MU, U3 KOTOPBIX J1Ba BUAa (Astragalus ruprifragus,
Astragalus testiculatus) TOpPHO-CTENHBIE W OJWH
COOCTBEHHO-CTENIHOW BuUJ — Astragalus dolicho-
phyllus, KoTopbIii siBIIsSIETCS HauboIee IPEBHUM BU-
oM u3 cexumu 1rachycercis Bunge.

OnnHAaKoBOE TIOJOKEHUE B BBIIICYKa3aHHOM
MOJPO/Ie TO KOJWYECTBY BHIOB 3aHUMAIOT TpHU
crenable ceknmu: Craccina (Steven) Bunge, Cys-
todes Bunge, Paraxiphidium R. Kam.; pacmpo-
CTpaHEHHbBIE NMPEUMYIIIECTBEHHO B CTEITHOM 30HE U
CBSI3aHHBIE OOJNBINEH YacTbI0O C MEIOBBIMH OOHa-
KEHUSIMU 1 ojiHa VpaHo-cpenHea3narckas CeKIus
— Erioceras Bunge, BUIBI KOTOPOW NPUYPOUCHBI K
CKJIOHAM COTIOK ¥ IIEOHUCTHIM MECTOOOUTAHUSM.

Crnenyrommmu B noapoae Cercidothrix Bunge
nayt nByxBuaoBble cekuuu Cystium Bunge, Ono-
brychium Bunge, mpeacTaBlIeHHBIMU CTEITHBIMU BH-
JaMmu u cexuus Laguropsis Bunge.

B »ToMm ke monpone UMErOTCst 6 MOHOTHITHBIX
cekuuii: Picrophace Bunge, Helmia Bunge, Tamias
Bunge, Scabriseta R. Kam., Ammodytes (Steven)

Bunge u sHnemMuuHas TypaHckas cekuusi — Paracys-
tium Gontsch.

HeGonpiiass u BecbMa 000COONICHHAST CEKIIHS
Helmia Bunge pona Astragalus L. nmeer UEHTp
pasHooOpasus B KazaxckoM MENKOCOTIOYHHKE, ITOT
PEruoH, 10 BCeil BUIUMOCTH, OBUT MECTOM BO3HHK-
HOBEHUS M MEPBUYHOTO BHI000pa30BaHMs AaHHON
cexmmu (KaszeB u ap., 2006:278-290).

Ha 2-M MecTe 1o 4uCIly BUJIOB PacIoiOXKEH
noapon Astragalus, NpeACTaBIEHHBI 5 CEKIUAMU
¢ 8 BHOamu, U3 KOTOPBIX, HECOMHEHHO, MHTEpEeC-
HEI cexkuu Myobroma (Steven) Bunge u Alopecias
(Steven) Bunge, mpencraBieHHBIX B Hamen ¢io-
pe CTEemHBIMH W CTEMHO-IIyTOBBIMH BUAAMHU. Tpu
ocTajibHbIE CEKIUU nonapoaa Astragalus Mucidifo-
lia R. Kam., Ankulotus Bunge, Eremophysa Bunge
MIPEJICTABICHBI BUIAMH, TPHYPOYCHHBIMH K ITeCKaM
Y KAMEHUCTBIM CKJIOHAM XOJIMOB.

HauOonee mano4ncieHHOH MO YUCIY CEKIHMU
Y BHJIOB SIBIII€TCS MOAPOJ Phaca, 00be TMHSIIONIHIA
4 cexnuu ¢ 5 Bugamu. Cexuuu Hypoglottis Bunge
u Glypcyphyllus (Steven) Bunge manHOTO TOApO-
Ila TIpelCcTaBleHbl OopeadbHBIMH BHaamu. HanOo-
Jiee JIPEeBHUM TIpeJICTaBUTeNeM cekiu Hypoglottis
Bunge snsiercs Astragalus danicus. Jlpyroit 6o-
peanbHbIid BUI Astragalus glycyphyllos, npencras-
JISFOIIUI TPETUYHBIA Me30(MIIBHBIA BUJI JpEBHEH
cexkuuu Glypcyphyllus (Steven) Bunge ¢ Au3brOH-
KTUBHBIM apeanoM. OH OTMEYeH HaMH BIIEPBHIE IS
paiioHa uccieIOBaHus B PEITMKTOBOM JIECKE.

Ananu3 ku3HeHHbIX (GopMm Astragalus L. mo
N.I". CepeOpsixoBy TipesicTaBiieH B Tabmuie 1.

Kak BumHO M3 JaHHBIX TaOuuIel 1, B poae As-
tragalus L. mpeo0nagaroT CTEp>KHEKOPHEBBIE MO-
JTUKAPIHAKH, cocTaBIstonue 54% ot obmiero yncia
acTparayioB Hamie QGuopsl.

ITo knaccudpuxanmuu K.Paynkuepa (Raunkiaer,
1934:632) B pone Astragalus L. nOMUHUPYIOT Te-
MUKpUNTOGUTH — 28 BuaoB (56%) u xameuTsl —
14 BugnoB (28%). M3yuenue BumoB pona Astragalus
L. ¢moper A®O mo otHOmEHUIO K (aKTOpPy BIATH
MOKAa3aJio, YTO CHEKTP IKOJIOTUYECKUX TUTIOB TPe/I-
CTaBJICH 2-MsI 9KOJIOTHYECKUMH T'PYNIaMH: KCepo-
¢buapHON M Me30(HITEHOH, ¢ SBHBIM Tpeo0iagaHue
KcepopHIIbHOH rpymIibl (pUCYHOK 1).

I'pynna kcepoduios, mpeacTaBieHHasT THIHY-
HBEIMHU KcepodriaaMu U Me30Kcepo]rIaMu, cOCTaB-
ssorast 82,0% ot o0Iero yucia BUIOB poJia, C
npeoOnaganuem kcepodpuios (24 Buaa, 48,0 %).

TunuaaeiME ~ KceporiilaMu — ABISIOTCS  As-
tragalus amarus Pall., Astragalus ammodendron
Bunge, Astragalus mugodsharicus Bunge, As-
tragalus subarcuatus M. Pop., Astragalus temiren-
sis M. Pop.

6 Bectauk. Cepust 6uonorndeckast. Ne3 (76). 2018
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Taéanua 1 — CooTHOIIEHHE XU3HEHHBIX (OpM acTparanoB AKTIOOMHCKOTO duroprcTrdeckoro okpyra o V.I. CepebpsikoBy

Turnsl ¥ rpyNITs! )KU3HEHHBIX HOPM Kon-Bo % OT 00IIIero YKucia acTparaios
JlpeBecHble pacTeHus

Kycrapauku 5 10%
[TonynpeBecHble pacTeHUs

Ionyxycrapaukn 12%

TonykycrapHuukn 12%
[Nonmkaprnnyeckue TpaBbl

CTep KHEKOPHEBBIE TOTUKAPIIUKN 27 54%

JUIMHHOKOPHEBUIIHBIE IIOJIUKAPIUKH 1 2%
MoHokapruueckue TpaBbl

OrHONeTHHE TPABBI 5 10%

[Mpumepamu Me30KkcepoUIIOB SBISAIOTCS As-
tragalus arcuatus, Astragalus brachylobus, Astrag-
alus macroceras, Astragalus onobrychis, Astrag-
alus schrenkianus, Astragalus testiculatus.

MesoduibHas rpymnna npejacTaBieHa Kcepome-
30¢unaMu U Me30(priIaMH, COCTABUBIIUMH 9 BUI0B
(18% ot o01ero yucna BUJOB POJA).

Kcepomesodunamu pona Astragalus L. B Hatei
(hrnope saBisroTea Astragalus ammodytes, Astraga-
lus contortuplicatus, Astragalus sulcatus u ap.

CoBpemeHHOe reorpaduyeckoe pacrpocTpa-
HEHUE PACTEHUU SIBIISCTCA OTPAKEHUEM CIIOKHOU
HCTOPUU CTAaHOBJICHUS M PACCENICHHUS OTICIbHBIX
BUJIOB M UX KOMIIJICKCOB.

Keepodun Mezoxkcepodin

Kceepomezodun

Mezodun

Pucynoxk 1 — Pacnipenenenue BuioB pona Astragalus L. ADO o npuypov4eHHOCTH
K THUITaM MECTOOOUTAHUIA C OTPENICICHHBIM PEXKUMOM BIIard

Apeonornueckuil ananus BUIIOB pojaa Astraga-
lus L., nokasan, yro actparansl AD®O mpencras-
JIEHBI 22 TUTIAMU apeayioB u3 53 THUIIOB apeajios,
pa3paboTaHHBIX HAMH M YCJIOBHO O00bEAMHEHHBIMH
B TPHU TPYMIIBI: IIUPOKOPACTIPOCTPAHEHHYIO, €Bpa-

ISSN 1563-0218; eISSN 2617-7498

3MaTCKYIO CTEIHYIO U JPEBHECPEAN3EMHOMOPCKYIO
(Atineuncosa, 2013:93-155).

Bunsl pona Astragalus L. dnoper A®O mpen-
CTaBJIEHbI 2-Ms TpyIIaMH apeajioB: €Bpa3HaTCKON
CTEIHOM M APEBHECPEIM3EMHOMOPCKOH (Tabmuua 2).
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Amnamms pona Astragalus 1. AKTIOOHHCKOTO (DIOPHCTHIECKOTO OKpyTa

Ta6mmua 2 — Pactipenenenue BunoB pona Astragalus L. ¢iopsr ADO 1o rpynmnaM U TUTIAM apeaioB

I'pynms! u T apeanoB Kon-Bo BunoB Tpouenr ot oduiero nesa
BUJIOB pozia
1 2 3
JlpeBHecpen3eMHOMOpPCKAsI rpynna
BocTounonpeBHECpeIN3eMHOMOPCKUI 1 2,0
EBpormeiicko-BOCTOYHOAPEBHECPETU3EMHOMOPCKHIMA 1 2,0
Wpano-Typanckuii 4 8,0
Typanckuit 6 12,0
EBpasuarckas crenmHasi rpynna
EBporeficko-mpuaepHOMOPCKO-Ka3aXCTAHCKU I 1 2,0
EBporneiicko-nepeiHeaznarcko-3aBODKCKO-Ka3aXCTaHCKU I 1 2,0
EBpormeficko-3aBOIKCKO-Ka3aXCTAHCKO-CHONPCKUI 1 2,0
EBporneiicko-3aBOIKCKO-Ka3aXCTAHCKUH 1 2,0
BocTounoeBporneiicko-3ana HoKa3aXCTaHCKHH 4 8,0
BocrounoeBponelicko-3anaiHOKa3aXCTaHCKO-Ty paHCKUI 1 2,0
[IpruepHOMOPCKO-Ka3aXCTaHCKUI 4 8,0
TIpryepHOMOpPCKO-Ka3aXCTaHCKO-TYPaHCKHI 3 6,0
3aBOJKCKO-Ka3aXCTaHCKUM 7 14,0
3aBOMHKCKO-Ka3aXCTaHCKO-CHOMPCKHI 1 2,0
3aBOJKCKO-Ka3aXCTaHCKO-TyPaHCKO-MOHIOJIbCKU I 1 2,0
3aBOIKCKO-Ka3aXCTaHCKO-TYPaHCKUI 6 12,0
3anaJHOKa3aXCTaHCKUN 1 2,0
3amaIHOKa3aXCTaHCKO-TypaHCKUI 1 2,0
AKTIOOUHCKHI 1 2,0
MyramkapcKo-IIpuapanbCKo-KalrapcKuit 1 2,0
DMba-MyTamKapcKo-pHapaIbCKuit 1 2,0
VYpaun-ropHocpeaHea3suaTckui 2 4,0

1. EBpazuaTckas cTenHas rpyrmnma apeajioB 00b-
eAMHSCT BUMBI pona Astragalus L., y KOTOpBIX BCs
niu OoNbIas 9acTh apeaa JIEKHT B Tpezenax Es-
pa3uaTcKoM CTEeMHOM 00IaCTH.

EBpasuarckas crenHasi B CBOIO 0Yepelb MOapa3-
JieJieHa HaM{ Ha 2 TIOATPYIITEI TUTIOB apeajioB:

[TepBas moarpyrma apeanoB, BKIOYAET YHUCTO
CTEIHbIE BUJBI, apeaibl KOTOPHIX HE BBIXOJAT 3a
npenensl [IpruuepHOMOPCKO-Ka3axCTaHCKOM T0/10-
onactu EBpasmarckoii crenHoii obmactu. K stoi
MIOATPYTITIE apEasiOB OTHOCSTCS TAKKE TUIIBI apPEajioB
KaK, IPAYEPHOMOPCKO-Ka3aXCTAaHCKHH, 3aBOKCKO-
Ka3aXCTaHCKHUM, 3aBOJDKCKO-Ka3aXCTaHCKO-CUOUp-
CKHUH, 3ara{HOKa3aXCTaHCKUH, aKTIOOMHCKUH U JIp.
(14 Bunos, 28%).

Bropass moarpynmna eBpa3daTCKOW CTENHOU
CPYIIbl TUIOB apeajnoB, MPEACTABICHA CBSI3YIO-
mumu  Bugamu  (Iloptenmep, 2000:26-33). Ot1o

BU/JIBI, CBA3YIOIIME CTENHYI0 30HY EBpasum c nec-
HOW M JnecocrenHoil 3oHamMu EBpombl, Culupu u
Wpano-typanckoit momooOmacteio Caxapo-I o0uii-
CKOH MyCTBHIHHOW 00J1aCTH, a TaKXKE BUJIBI, apeaibl
KOTOpPBIX JIEXKAT B MpeJieNax CTEIHOW 30HBI U TOp-
HBIX CHCTEM, 3a4aCTYI0 C 3KCKJIABAMH B IIyCTbIHU
Typana. OTo Takue THNBI apeajoB, Kak eBpomei-
CKO-TIPUYEPHOMOPCKO-Ka3aXCTaHCKUH,  €BpONEii-
CKO-TIepEIHea3naTCKO-3aBOKCKO-Ka3aX CTaHCKUH,
€BPOIIEICKO-3aBOJIKCKO-Ka3aXCTAHCKUM, ypall-rop-
HOCpeaHeasnaTckuil u ap. (24 suna, 48%).

2. JlpeBHECPEAM3EMHOMOpPCKasl IpyIila TUIIOB
apeajioB TpejcTaBieHa 4 TUNaMM apeayioB: BOC-
TOYHOJIPEBHECPEAU3EMHOMOPCKOM,  €BpOINENHCKO-
BOCTOYHOJPEBHECPEIN3EMHOMOPCKOM, HMPaHO-TY-
paHckoi, TypaHckoit (12 Bunos, 24%).

CooTHoOIIEHUE TPy TUIIOB apeajoB MPEICTaB-
JIEHO Ha PUCYHKE 2.
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Aiinencosa C.A.

EBpazMaTcyag cTenHan

JpesHecpaguzeMHOMOpCHas

Pucynok 2 — CooTHOILICHHE TPYIII THUIIOB apeajioB BUa0B poza Astragalus L. ¢pmopsr AOO

[lo uucny BHIOB cpeu THIIOB apeajioB BH/OB
pona Astragalus L. mpeoOnamgaioT 3aBOIDKCKO-Ka-
3aXCTaHCKUH, 3aBOJIKCKO-Ka3aXCTaHCKO-TypaH-
CKHH, TYPaHCKHH.

W3 50 BunoB pona Astragalus L. ADO 20%
BUI0B SABJIAKOTCA JU3BIOHKTUBHOAPCAJIbHBIMU.
[lo mpocTpaHCTBEHHOW IW3BIOHKLUH, BCIEH 3a

b.B. 3aBepyxoii, MBI BbII€NA€M 3 TPYMNIIBI TU3BIOH-
KTUBHOApEaJbHbIX BUJOB: MeEraJu3bIOHKTHBHAS
— coime 1000 kM; makponu3broHKTUBHAS — 500-
1000 xm; mezoau3bronkTuBHasA- 100-500 kM. AHa-
JIU3 JU3bIOHKTUBHOAPEAIBHBIX BUIOB POJA MOKa-
3an mpeoOialaHue Me3aJU3bIOHKTUBHBIX BHUIOB
(pucyHnok 3)

Me3an1H3BHOHKTHEHAA

Mer ANIBBHOHKTHEHAA

MG_KDU,H]BBIOEKT]IBHEH

b=

0 1 2

Pucynoxk 3 — Pacnipesienienue AU3bIOHKTUBHBIX BUJIOB posia Astragalus L.
10 IPOCTPAHCTBEHHO BEJIMUNHE Pa3pbIBOB apeaioB

Me3aiM3bIOHKTHBHASL TPYyINa TpeJCTaBlieHa
TaKMMH BUJAMH Kak, Astragalus macroceras, As-
tragalus unilateralis, Astragalus arkalycensis,
Astragalus helmii.

Meraau3blOHKTUBHBIMA ~ BHIAMHU  SIBJISIOTCS
Astragalus glycyphyllos, Astragalus subarcuatus.
Astragalus lanuginosus Ledeb. siBnseTcst makpo-
JMU3BIOHKTHBHBIM BHIOM.

ISSN 1563-0218; eISSN 2617-7498

[Ipu u3yueHun MU3BIOHKLIUN BaXKHOE 3HAYCHUE
JIOJDKHBI UMETh KPUTEPUU HE TOIBKO MPOCTPAHCTBA,
HO U XPOHOCHI, T.€. BUJIbI IPOCTPAHCTBEHHOU TU3b-
FOHKITMH HEOOXOAMMO CBSI3aTh CO BpEMEHEM OpHEH-
THPOBOYHOTO BO3HUKHOBEHHS AU3BIOHKIHH (3aBe-
pyxa, 1985: 62).

Ha ocHoBanmm wumerommxcs mnaaeo00TaHH-
YEeCKUX JaHHBIX, JIUTEPATYPHBIX MCTOYHUKOB,
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M3YYCHUS apeasia BUOB MBI CYUTACM, UTO MeTra-
JU3BIOHKTUBHBIC apealibl 00pa30Baluch B IJIHO-
1eHe, MaKpOIN3bIOHKTHBHBIE apeajibl BOSHUKIIN B
KOHIIE MJIHONCHA U B MJICHCTOIICHE, & ME30IU3b-
IOHKTUBHBIC apealibl B KOHIIE IJICHCTOIICHA M B
rOJIOICHE.

CremneHb OPUTHHATIBHOCTH M CaMOOBITHOCTH
(bIIopBI MOKA3BIBAIOT JHJCMUYHBIC BHAMBI, BKITIO-
yasi cyOsHaeMbl, pona Astragalus L. (Astragalus
aktiubensis, Astragalus mugodsharicus, Astragalus
temirensis, Astragalus subarcuatus).

Pacnpenenenue BunoB pona Astragalus L. 1o
¢opuctrnyecknm komrurekcam ADO (cremHoi ¢uto-
puctrdeckuii komruieke — COK, kanbredunbHbIN
¢ropuctryeckuii kommieke — KOK, nerpoduinbHbiit
¢dopuctnyecknii komrieke — [IOK, ncammoduis-
HBIH QuiopucTryeckuit komreke — [IcdK, necnoit
¢opuctryeckuit komruieke — JIOK, myrosoit ¢uo-
puctudeckuii komrureke — JIyr®K, ramodumbHbII
¢dnopuctryeckuii komruieke — ['OK mokaszano gomu-
HupoBanue BuaoB B [IcOK (44% ot obmiero uncna
BuzoB acrparanos) u COK — 42% (pucyHok 4).

22
| I :

5

MNc®K

21
16
I | |
: : I : I :
COK NeK KOK oK

2
NeK

Nyr®K

Pucynoxk 4 — Pacnipenenenue BunoB pona Astragalus L. mo ¢mopuctuaecknm komrmiekcam AQO

BIIc®Kato Takue Bujbl, Kak Astragalus amarus,
Astragalus — ammodytes, Astragalus  filicaulis,
Astragalus lanuginosus, Astragalus pallescens mn
np., B COK — Astragalus baldshuanicus, Astragalus
onobrychis, Astragalus subuliformis, Astragalus
temirensis v Jip. HaMeHbIIIUM YUCIIOM BUJIOB poja
(Astragalus  glycyphyllos, Astragalus wolgensis)
npencrasieH JIOK.

Takum oOpaszoMm, m3ydeHue poma Astragalus
L. AxTIOOMHCKOTO (JIOPUCTHYECKOTO OKpyra Io-
Ka3ajo sSBHOE Mpeo0IIalaHue CTEeIHBIX BUOB, BhI-

paKeHHBIC CBSI3H C JIECHOM, JIECOCTETHON 30HAMU
EBponsl, Cubupu, nycteismu Typana, ropHoit
Cpenneit A3un. HezHaunTenmbHOE KOJIMYECTBO JH-
JIEMUYHBIX BHUJOB, cocTaBisonux 8,0% ot obie-
r'0 YHCJIa BUJIOB PO/Ia, CBUJIETEIHCTBYIOIIHNX O Cla-
OOM TMpOSIBICHUH aBTOXTOHHOCTH HCCIETyeMON
¢nopel. Beecroponnuii ananu3 poja Astragalus
L. monrBepkIaeT reTepoOreHHOCTh U TeTePOXPOH-
HOCTh (hJIOPBI U COTJIACYETCsl ¢ reorpaduuecKumM
MOJIO)KEHUEM AKTIOOMHCKOTO (IIOPUCTHYECKOTO
OKpyTa.
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®AYHA PYYEMHUKOB (TRICHOPTERA, INSECTA)
LEHTPAABHOIO U CEBEPHOI'O KA3AXCTAHA

(PayHa pyuverHnkoB KaszaxcTtaHa B LeAOM CAabo um3ydeHa. Mo coctosHuio Ha 2018 roa w3
M3BECTHbIX MMpPOBOI (hayHe 14548 BnAOB B Ka3axcTaHe nm3BecTeH TOAbKO 1571 BUA pyyenHMKoB 13 59
poAoB 17 cemencTB. HanboAbLee KOAMYECTBO BUAOB OOHAPY KEHbI B FTOPHbIX M MPEArOPHbIX paroHax
TaHb-LLlaHg 1 AATag (lo>xHas 1 BoctouHas vactm KasaxcraHa), pyyeiiHmkmn CesepHoro u LleHTpaabHOro
KazaxcTaHa n3yyeHbl 3HaUMTEALHO Xy>Ke. B HacToslee Bpems 13 BoaooeMoB LleHTpaabHoro KasaxcraHa
n3BecTHO 22 BuAa pydeintukos, 13 CesepHoro — 13 BuaoB. C6opbl, npounsseaeHHble B 2015-2016
IT., MO3BOAMAM PaCLUMPUTb BMAOBOI CMUCOK py4verHMKoB LleHTpaabHoro KasaxctaHa Ha 1 BuMA M
CeBepHoro KasaxcrtaHa — Ha 4 Buaa. Buabl Molanna albicans (Zetterstedt, 1840) u Grammotaulius
nitidus (Mueller, 1764) ykasaHbl Briepsble AAst KasaxcraHa. O6Hapy>KeHHble BUAbI AMMHOMUAbHBI 1
MMEIOT LUMPOKOE TOAAPKTUUECKoe, TPaHCrNaAeapKTUUeckoe, M TpaHCrnaAeapKTMyecku-opueHTaAbHOe
pacrnipocTtpaHeHne. CpaBHUTEAbHbIN aHaAM3 dayH nokasaa, yto CeBepHblii 1 LleHTpaabHbii KasaxcraH
6uoreorpadryeckn nNpeAcTaBAseT coboi eAnHbIA PerMoH, Hanboaee BAUBKMIA K H0XKHOMY 3aypaAblo
(3anaaHas MaaeapkTtuka). CxoAcTB ¢ hayHoi KOro-3anaaHor Cubmpu 3HaumMTeAbHO MeHbuie. CraTbs
MAAIOCTPUPOBAHA OPUTMHAAbHBIMU (DOTOrpadrsaMM FreHUTAAMI CaMLIOB OOHAPYKEHHbIX BUAOB.

KatoueBble caoBa: Trichoptera, dayHa, reHntaamm camuos, LleHTpaabHbii KasaxcraH, CeBepHblii
KasaxcraH.

Sklyarova O.N.", Krainyuk V.N.2, Smirnova D. A.?

Ichief specialist, e-mail: o.sklyarova@kape.kz
’head of Karaganda base, e-mail: karagan-da@mail.ru
head of the hydrobiological laboratory, e-mail: d.smirnova@kape.kz
13LLC «The Kazakhstan Agency of Applied Ecology», Kazakhstan, Almaty
2North Kazakhstan branch of LLP “Kazakh research institute of fishery”, Kazakhstan, Karaganda

Caddis flies fauna (Trichoptera, Insecta) of Central and North Kazakhstan

Caddis flies of Kazakhstan are studied rather poorly. As for 2018, 151 species of 59 genera of 17
families among 14548 species of World fauna are known in Kazakhstan. The largest numbers of species
are found in mountain and submontane regions of Tian Shan and Altay (Southern and Eastern Kazakh-
stan), caddis flies of Central and Northern Kazakhstan are studied much worse. Nowadays are known
22 caddis flies species from Central Kazakhstan and 13 species from North Kazakhstan. Caddis flies
research in 2015-2016 made it possible to expand the list of caddis Central Kazakhstan to 1 species, list
caddis North Kazakhstan — to 4 species. Molanna albicans (Zetterstedt, 1840) and Grammotaulius niti-
dus (Mueller, 1764) are recorded for Kazakhstan at first. Detected species are limnophilous and widely
distributed in Holarctic, Transpalearctic and sometimes Transpalearctic-Oriental Regions. Comparative
analysis showed, that Central and Northern Kazakhstan are uniform in the biogeographical aspects,
which are close to Southern trans-Ural (West Palearctic). The resemblance to South-Western Siberia is
much lower. The article is illustrated by original photographs of the male genitalia of these species.

Key words: Trichoptera, fauna, male genitals, Central Kazakhstan, North Kazakhstan.
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SrMAPOGMOAOTMSIABIK 3€PTXaHAChIHbIH, MeHrepyLici, e-mail: d.smirnova@kape.kz

T3OKLUC «KasakcTaH KoAaaHOaAbI SKOAOTMS areHTTiri», KasakcraH, AAMaThl K.
DKLLC «Kazak, 6aAblk, LWapyaLlbIAbIFbl FbIAbIMU-3epTTEeY MHCTUTYTbl» COATYCTIK DrAManbl,

KasakcraH, KaparaHAbl K.
OpTanblk, XdHe COATYCTiK KasakcTraHaarbl GyAakiuasap
(Trichoptera, Insecta) dpayHacbi

Kaanbl KasakcraHaa Oyaakiuarap dayHacbl a3 3epTreAreH. 2018 >KbIAAbIH >KaraaiblHAA
KasakcraHaa aAemaik dayHaaarbl 6eAriai 14548 TypaiH Tek 17 TykbiIMAACKa, 59 TyKbIMFa >KaTaTbiH
151 6yaakiiarap Typi 6eAriai. Typaepain 6ipas 6eairi TaH-LLlaH, AATain TayAapbliHbIH TayAbl >KoHe Tay
GeKTepAEpA aiMakTapbiHaH TabbiAAbL. (Ka3akCTaHHbIH OHTYCTIK XKOHE LbIFbIC OOAIri), COATYCTIK XKoHe
opTaAblk, KasakcraHHbIH, OyAakiiasapbl Hawap 3eptreared. Kasipri yakpitta OpTtaabik, KasakcraHaa
OyAakiarapAbiH, 22 Typi >keHe Coatyctik KasakcraHaa 13 Typ 6eariai. 2015-16 K >KMHAKTbIH
HoTuxkeciHae Opraablk, KasakcTaHHbiH OyAakiasap Tisimi 1 Typre >xoHe Coartyctik KasakcraH
GyAakwaap Tisimi 4 Typre ToabIKTbl. Molanna albicans (Zetterstedt, 1840) sxexe Grammotaulius nitidus
(Mueller, 1764) typaepi KasakcTaH yuiH 6ipiHii aHbikTaAybl. TabblAFaH TYPAEP AMMHOMUAbAIL XKoHe
KEH TYPAEri FOAOAPKTMKAAbIK, TPaHCMaA€apKTUKAAbIK, TPaHCMaAeapKTMKaAbl-OaFAapAbIK, TapaAyFa
ne. MayHarapAbl CaAbICTbIPY HOTMXKECIHAE OHTYCTiIK OpaA GoibiHa XakblHAbIFbI 6ap, COATYCTiKMeH
Opraabik, KazakcraH 6norpadusabik, 6ip ainmak, ekeHAiriH kepcetTi. OHTyCTik-batbic Cibip hayHacbiHa
YKCACTbIFbl eAB8YIp TOMEH. MaKaAaaa KepCeTiAreH TYPAEPAIH aTaAbIK, XKbIHbIC MYLLIEAEPi TYMHYCKAABIK,

cypeTTepMeH KOPKEMAEATEH.

Tynin ce3aep: Trichoptera, hayHa, aTaabIKTapAbiH >KbiHbIC MyLLeci, OpTaabik KasakcraH, COATYCTiK

Ka3sakcTaH.

BBenenue

®ayna pyueiinukoB Kazaxcrana B menom ciabo
uzyuena. [1o coctosinuto Ha 2018 rof U3 U3BECTHBIX
MupoBoii payne 14548 Bumos, 616 ponos u3 49 ce-
meiictB  (http://entweb.sites.clemson.edu/database/
trichopt/) B Ka3axcrane u3Becten Tonpko 151 BuA
pydeiHuKoB u3 59 pomoB 17 cemeicTB (AJbIeii-
coB, 2017:7). HauGonpee KOIMIECTBO BUIOB 00-
Hapy)XMBaeTCs B TOPHBIX M IMPEATOPHBIX paiioHax
Tsup-1llans u Anrtas (10’KHas ¥ BOCTOYHASI 4acTh
Kazaxcrana), py4eliHUKA CEBEPHOTO U LIEHTPAJb-
Horo Kazaxcrana n3ydeHbl 3HAUUTENBHO XyKe. s
BOJIOEMOB IIeHTpajbHOro Kasaxcrana u3BecTHO Ha-
xokaeHue 22 BuaoB u3 10 ceMelcTB 1 U3 CEBEPHOTO
Kazaxcrana — 13 BuioB u3 6 cemeiicTB (Smirnova,
2016: 398-408).

OnucsiBaemblii  peruoH CeepHoro u llen-
TpanmpHOTOo KazaxcraHa orpaHW4eH C ceBepa FOXK-
HO# yacTeio 3anaaHo-CHONPCKON paBHUHEI, ¢ fora
— Kazaxckum wmenkoconounukoMm. Otiuvaercs
KOHTHHEHTAIBHBIM KIIMMATOM C YKapKHM JIETOM U
MOpo3HOH 3umoit (BumecoB u ap., 2009: 172-176,
180) . 3HauMTENBHYIO €r0 YacTb 3aHUMAIOT PaB-
HUHHBIE CTENH, XOTS B LIEHTPE BBIACISCTCS Ooee
XOJIMUCTBIN PEruoH, MOKPHITHIA COCHOBBIMM Jieca-
mu (Bunecos u ap., 2009: 118, 119). I'maporpadu-
YyecKasi CeTh IEHTPAIBHOTO U ceBepHOoro Kazaxcra-
Ha CKJIA/IbIBAeTCAd peKaMH, MPUHAICKAIUMHI WIIH
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TATOTEIOMMMH K O0acceitny CeBepHoro JlemoBUTOTO
OKeaHa, WM 00pa3yrolux cOOCTBEHHbIC 0eCcCTOY-
Hble cucTeMbl. OCHOBHOM XapaKTEPUCTHKOH, 00b-
SIUHSIONEH BCce OacCeiHBI, ABISETCSA TMpeodiama-
HHME BECEHHEr0 CTOKa, Joxoxsiero mo 70-90% ot
rogosoro (Tromenes, 2008: 61, 67). B uenom peu-
Has CeTh HE OTJIMYAeTCSd MHOTOBOJHOCTHIO, MHOTO
0eccTOUHBIX 03€p.

B 300reorpadguyeckoM OTHOIIEHHH ONHUCHIBAC-
MBIH pPEeTHOH 1O (hayHe PyUCHHUKOB MPEICTABIISICT
cO0O0H CTBIK TPEX PETHOHOB, COTIIACHO JICJICHHIO JIe
Mypa u NBanosa (Moor & Ivanov, 2008: 404) — ¢
BOCTOKA pactoyiokeHa bepunrus (Boctounas [laire-
apKTHKa), C 3araja — rojapkTuyeckas (3amajgHast)
[Taneapkruka, ¢ rora — roxxHas [laneapkruka. ®a-
yHa pydeitnukoB Ceeproro u LleaTpansHoro Ka-
3axcTaHa, Kak ¥ (payHa CMEXHBIX TEPPUTOPUH FOTO-
3anaanoil Cubupu u 1oxHOro 3aypaibs (Beketov,
Ivanov 2004: 26-28; beketos, Kptokos, 2004: 213-
215; Beketov, 2006: 13-16), kak 4acTh MePeX0IHOM
30HBI, MOJKET UMETh B CBOEM COCTaBE KaK €BPOIICH-
CKHe, TaK U CHOMPCKYE BUBI, a Ha I0T€, BO3MOKHO,
U a3uaTckue dneMeHThl. OJJHaKo, HMEoIecs B Ha-
CTOSIILIEE BPEMsI CBE/ICHUSI, HE IO3BOJIAIOT YTOUYHUTh
paiioH pacmoJIOKEHHsI STOTO 300reorpaduyeckoro
«CTBIKa».

Taxkum o0pazom, nzyueHue payHsl pydeHHUKOB
CesepHaoro u llearpanpHoro Kazaxcrana BayKHO HE
TOJILKO C TOYKH 3PEHUSI YTOUHEHHsI cOCTaBa (hayHbl
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3TOTO PErroHa, HO U C IIENIBI0 MOJTY4YEeHHs BO3MOXK-
HOCTH TIPOJIMTH CBET Ha BOIPOC O TOM, KAKUM 00-
pa3oM QayHbl CMEXHBIX 300reorpapuIecKux BhlJie-
JIOB B3aMMOJEHCTBYIOT OIHA C APYTOM.

MaTepI/IaJI U METOAbI UCCJICT0OBAHUSA

COop MaTepuraia MPOBOIMIN B TIEPHO]T HIOHD —
ceHtsiopp 2015-2016 rr.

OT/0B MMaro py4yeHHUKOB OCYILIECTBISJICS B
BeuepHee Bpems nopratuBHon Y O-noBymikoi (I1a-
TeHT Ne 2084). JloBymika ycTaHaBIMBalIach Cpasy
OCIIe 3aKaTa COJHIIA, KaK MOXHO OJIvKe K Bojie (He
6oxee 0,5 M oT ypesa Bozbl). Dkcro3uius — 1 gac.

ITocne ceanca Jj10Ba yTOHYBIIMX HACEKOMBIX
W3BIICKAM M3 KOHTEWHEpa, MPOMBIBAIA HA CUTE H
KOHCEpBHPOBaIU 96% 3TaHOIOM.

JlaHHBIE 1O THUIPOXUMHUYECKUM TIapaMeTpam
BogoemoB mnpenoctaBiensl PITI «Kasrumpomer»
o Kocranaiickoit obmactu (03. boposoe u llyuse),
Oummanom «Kanan nm. K. Carmaesa» ['PIT «Kas3-
BOAX03» (BOJOXPaHUIIUINA KaHATA U TIPUJICTAIOIIIE
BogoembI 1 BoioTokn), TOO «3konycey, r. Kaparan-
na (o3. Cynrankensasl, p Hypa, 03. KokteHkoms).

Nmaro pydeiiHUKOB ObLTH COOpaHbBI HA CIIETYFO-
IIMX BOJHBIX O0OBEKTAX:

Ozepa bopoBoe u Il[yunre HaxomsTCs Ha Tep-
putopuu ['ocynapcTBEHHOr0 HAIIMOHAIBLHOTO MPH-
pomroro mapka (I'HIIIT) «bypabaii». OTHOCATCS K
Kareropuu npecHsix o3ep (320,1 mr/am?®), ¢ Markon
Boz1OM (2,38-3,50 Mr-skB/nm?), HATPUEBOW TPYTIIIBI,
¢ mpeobiagaHueM THAPOKAPOOHATHBIX AHHOHOB,
HelTpanpHol peakuuu (pH 6,85-7,14) u BbricOKMM
coJiepKaHUEM KHCIOpO/a.

Beper ozepa Illyune xapakTepu3yroTcs cialObl-
MU OOpPIFOPHBIMH 3apPOCIISIMU JKECTKOW HAJBOJTHON
pacTuTenbHOCTU. beper B 3HAUNTENBHON YacTH 3a-
pOC TPOCTHUKOM OOBIKHOBEHHBIM M MBOHW. J[HO BO-
JIoeMa MEIKO-TaJIEUHUKOBOE, CO CJIa00Ii MO IBOIHOM
PacTUTENBHOCTHIO.

O3zepo Cynarankenbasl Bxoaut B Kopramkus-
ckyto rpymnmy o3ep. Ilo conepkanuio HOHOB Boja
03. CynTaHKeNnbAbl OTHOCUTCSI K HATPUEBOU TPyII-
I1e XJOPUIHOTO Kiacca, xxecTkas (9,3 Mr-aks/am?),
cnabomuHepanuzoBannas (1488 wmr/am®), ciabo-
menoyHoil peakuun (pH — 8,23). Cogpepxanue
PacTBOPEHHOTO KHCJIOpPO/a B BOJE YIOBIETBOPH-
TEJIBHOE .

Tpacca kanama um. K. CarnaeBa mpoxoauT 1o
mByMm obmactsm Kaszaxcrana [laBmonapckoit n Ka-
paranauackoi. Ha Teppuropun [1aBnonapckoii o0-
JacTH KaHaJ MpuHUMaeT Boabl peku Lllunepter, Ha
KOTOpOU co3aH Kackaj u3 11 BogoxpaHuIui, BX0-
JAIKX B ero cuctemy (Amupranues, 1981: 40). Oc-

HOBHBIE I'pYyHTHI Tpacchl kanana umenu K. Catnaesa
XapaKTepHU3yIoTCs KaK TIIMHUCTO-IEOHUCTHIE, BOAA
npecHas. 3apociy KeCTKOM HaBOIHON pacTUTEb-
HOCTH B BOJOXpPaHWIWIIAX Pa3BUTHI CJIa0o, B OC-
HOBHOM OHH MMEIOT OOpIIOPHBIA XapakTep, Mpei-
CTaBJIEHbI TPOCTHUKOM OOBIKHOBEHHBIM (FO>KHBIM)
U pPOTro30M Y3KOJHMCTHBIM, HU3pEIKa OTMevaeTcs
KaMbIII 03epHbIA. MeTKOBO/IbsI MPEUMYILIECTBEHHO
MTOKPBITHI CTUTOIIHBIM KOBPOM 3apocJiel 310/en Ka-
HaJICKOM, B BECEHHEE BpeMsI HaOIIOAat0TCS PA3ITUBBI
BOJIOXPaHMIIUIII.

[Inotuna Yuinel HaxXoOAUTCA B CHCTEME P.
Hypsi, Kaparanauackoii oonacti. MuHepanuzanus
BOJIBI HE3HAYNTENBHO OTIMYAeTCS OT CHCTEMBI Ka-
Hana uM. K. CarnaeBa u cocrasisier 1370 mr/mme.
OCHOBHBIE TJIIYOMHBI BOJIOEMa COCTAaBISIFOT 3-4 M,
MEJIKOBOIbSI TIPAKTUYECKH OTCYTCTBYIOT. [lo ype-
3y BOJBI B OCHOBHOM IIPOM3PACTAaeT >KECTKas BO-
JHAsl PaCTUTEIBLHOCTh. MsrKasi MOABOJHAS PACTH-
TEJIHHOCTH TMPEJICTaBICHA TEPUCTOIMCTHUKAMU U
paectaMu, oOpa3yONIMMHU CIUIOIIHBIE 3apOCTH TI0
JIHY BOJIOEMa.

O3zepo KokreHnkoms, pacronoxenHoe B Illet-
ckoM pabione KaparaHauHCKO# 00JacTH, OTHO-
cutcs Kk Oacceitny p. Capeicy (KagsipoBa, Kenxe-
oekoB, 2015: 51-52). O3epo mpoTodHOE — UEepe3
Hero npotekaet p. JKaman-Capsicy. Bogoem umeer
CpenHIO MUHepanu3anuto (3426 mr/nmmM?), B OTIH-
9re OT BOJAOXPAHWIUIN KaHaja, T/Ie BOJla TIpecHasl.
Beiciiast pacTHTENILHOCTD PECTaBICHa OOIIUPHBI-
MH 3apOCIIIMH OOPIIOPHOTO TPOCTHHKA M POrosa.
MenkoBoAbsSI TOCTATOYHO 3aPOCIINE, HO OTIINYAIOT-
Cs APYTUM BUJOBBIM COCTABOM MSITKOM MOJBOJHOMN
PacTUTENBHOCTH.

Koopamnater Todek oTOOpa NMPUBEACHHI B Ta-
onune 1.

Beio cobpano u obpaborano 143 sx3emmuisipa
PYYEHHHUKOB.

Jist BUIOBOM MIEHTHU(HUKAIIMK HCIIOIb30BaI-
csl CHoco0 NPUTOTOBJICHHS] MCTUHHO BPEMEHHBIX
MIperapaToB TeHUTAIUI CaMIlOB B BOJie (IMCTHII-
JUPOBAHHOMN, KHWIITYEHOM WM BOJOIPOBOIHON),
TIIMIEPUHE WU CMECH TIIMIIEPHHA U criupTa (B CO-
otHomrenuu 1:1 wmm 1:2) (I'omy6, Llypuxos, IIpo-
kuH, 2012:279). /Ing ocBeTienus mnpenaparoB (mpu
HEOOXOMMOCTH) HCIONB30BacsS pacTBop 5-10%
menoun. BumoByro WACHTH(UKAUIO TPOU3BO-
UM TI0 ONpeAeTHUTeNbHbIM TabmumaM (MapTbl-
HOB, 1924:23-352; Mensenes, 1987:115-193; Jlep,
1997:10-202, Wiggins, 1998: 74-76).

Bce dororpaduu npemnaparos cueinanbl Ckiis-
posoit O.H. ¢ ncnonb3oBanreM MHUKpockomna Axio
Lab Al (Carl Zeiss Microscopy GmbH, I'epmanms)
C HCHoJb30BaHMEM mporpammbel Axiovision (Carl
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Zeiss Microscopy GmbH, I'epmanus), npu yBenu-

yenun 10x40.

JlaHHbIE 3aHOCHIINCH JIIEKTPOHHYIO 0a3y «buo-
ta» (CBUAETENBCTBO O TOCPETHCTPALlM IIPaB...

Nel715 ot 11 mrons 2017 1.).

KrnactepHslif aHanu3 BBITTOJTHEH HA OCHOBE JaH-

HBIX 10 HAJTUYHIO/ OTCYTCTBUIO BHJOB ITYTCM BbIYHC-

neHusi EBKIMIOBBIX PacCTOSHUN C WCIIONh30BaHUEM
mporpammsbl Primer v.6 (Clarke, Gorley, 2006: 57-68).

Pe3y.m>TaT1>1 HCCJIeJOBAHUA

B cbOopax oOHapyxkeHo 10 BHIOB pydYeHHHMKOB

u3 7 ponoB, 6 cemeiicts (Tabmuna 1).

Taomuua 1 — Pyueiinuxu Lenrpansaoro u CeBeproro Kazaxcrana

No Bun PacnipocTtpanenue™ Bonoem Koopaunatsl | JlaTbl moumMKu
CemeiictBo Ecnomidae.
N 53°04°32”
1 Ecnomus tenellus Rambur, 1842 EP WP OL 0O3. Boposoe E 70°14°44” 19.07.2016
CewmeiictBo Polycentropodidae
Holocentropus picicornis N 50°13°38”
2 (Stephens, 1836) EP WP 03. CynTaHKeNbabl E 69°31°58” 19.08.2016
CemeiictBoMolannidae
Molanna albicans N 52°59°47”
3 (JW Zetterstedt, 1840) EP WP 03. llyure E70010027 | 23072018
CewmeiictBo Leptoceridae
N 53°04°32”
. 03. boposoe E 70°14°44” 19.07.2016
4 | Mystacides nigra (Linnaeus, 1758) EP WP
03. [lyune N 32°39°47” 23.07.2018
Y E 70°11°02” o
. N 50°31°01”
03. Eceit E 69°38°13” 18.08.2016
N 53°04°32”
. 03. boposoe E 70°14°44” 19.07.2016
5 Oecetis ochracea (J Curtis, 1825) EP WP NA
'V Ne 1 KuKC N S1%48°43" 11.09.2015
Bp LY AR TR E 74°37°11” N
N 49°59°10”
171, 3aBbSUIOBCKAs E 71°50°53” 26.08.2015
CewmeiictBo Limnephilidae
Grammotaulius nitidus N 49°47°36”
6 (Mueller, 1764) EP WP p- Hypa, n/n Tommonex E 72°08°56” 24.08.2016
N 51°27°51”
Baxp I'V Ne 3 E 74920°50” 17.09.2016
L hilus deciv I]::I;;O;ggz’ 09.09.2016
7 HIREPIILLUS GECIPLENS EP WP Baxp. TV Ne 6 KuKC
(Kolenati 1848) N 51°09°50” 17.09.2015
E 74°00°12” o
N 51°05°56”
Baxp I'Y Ne 7 KuKC E 74°02°44” 11.09.2016
Biuxp. I'V Ne 8 KuKC, N 50°51°04” 19.09.2015
yctbe p. Llar E 74°03°12”
N 48°30°19”
03. KokTeHko1b E 72°06°58” 28.09.2015
) ) o Baxp. ['Y Ne 4 N 51020,44,, 15.09.2015
Limnephilus nigriceps (Zetterstedt, E 74°17°13
8 EP WP NA
1840) paxp. TV Ne 8 KuKC, N 50°51°04” 19.09.2015
yerbe p. lar E 74°03°12” o
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Ipooonacenue mabauywl 1

Ne Bun Pacmipocrpanenue* Bonoem Koopaunarer | JlaTel noumku
p-Hypa, Yuitnsr I]::I ;gogg,ig,, 25.08.2016
Baxp. ['Y Ne2 KuKC Ig;ié;,g;),, 16.09.2016
N51°27°51”
E 74°20°50” 17.09.2016
Baxp I'V Ne 3 KuKC N 51°27720"
om 1o 13.09.2015
9 Limnephilus politus McLachlan EP WP E 74°21°06
1865 NS1°10°29" 09.09.2016
E 73°59°56” o
Baxp. ['YNe6 KuKC N 51°09'50"
E 74°00°12” 17.09.2015
Baxp. ['Y Ne7 KuKC I}\E] ;}‘083,22,, 11.09.2016
Baxp. ['Y Ne4 KuKC ggiofg, ‘1‘;,, 15.09.2015
CewmetictBo Phryganeidae
. . N 50°13°38”
10 | Agrypnia pagetana J Curtis, 1835 EP WP NA 03. CynTaHKelb/Ibl E 69°31°58" 19.08.2016

*[Ipumeyanue: pacnpocTpaHeHue MpUBeacHO B cooTBeTcTBUH ¢ Trichoptera World Checklist
(http://entweb.sites.clemson.edu/database/trichopt/): EP — Boctounas [Taneapkruka, WP — 3anannas [Taneapkruka,
OL — OpwuenTanbHast o6iactb, NA — Heapkruka

CewmetictBo Ecnomidae.

Ecnomus tenellus Rambur, 1842 (Pucynox 1).

Nmaro otrsosieHsl Ha Oepery 03. bopoBoro Ha
NPUOPEKHBIX KAMHSX, B 30HE COINPHKOCHOBCHHS
COCHOBOTO Jieca ¥ BOJIOEMa.

CewmetictBo Polycentropodidae.

Holocentropus picicornis (Stephens, 1836) (Pu-
CYHOK 2).

BbUTH OTJIOBIIEHBI HA HU3KOM OOPBIBUCTOM Oe-
pery 03. CyJITaHKebIbl.

CemetictBoMolannidae

Molanna albicans (JW Zetterstedt, 1840) (Pucy-
HOK 3).

Ozepo Ulyune.

B Kazaxcrane Buj OTMEUEH BIIEPBbIC.

CewmetictBo Leptoceridae

Mpystacides nigra (Linnaeus, 1758) (PucyHoxk 4).

Otmeuanmnch Ha 1ByX o3epax Lllyumncko-bo-
POBCKOI KypOpTHOH 30HbI — boposoe u Il]yuse.

Oecetis ochracea (J Curtis, 1825) (Pucynox 5).
JlaHHBIN BUJ OTMEUYEH B JOCTATOYHO PA3HOTHUII-
HBIX BOJIOEMAaxX: MPECHBIX, COJIOHOBATOBOJHBIX, C
pa3IMYHON peakuuei cpensl 1 MophOMETpHIECKH-

MM U LEHOTHUYECKMMHU MapaMmerpamu. BopoxpaHu-
nunia kaHana uM. CarmaeBa. Berpeuancs B urone-
CEHTSIOpe TIpH TeMIlepaType BO3AyXa B BeUepHEE
Bpems oT 10 10 24°C, kax B ICHYI0, TaK U B TaCMYyp-
HYIO IIOroy.

Hns IlentpanbHoro Kazaxcrana ykasbiBaeTcs
BIEPBBIE.

CewmeiictBo Limnephilidae.
Grammotaulius nitidus (Mueller, 1764)
Peka Hypa, n/n Tononex.

B KazaxcTtaHe BUJ1 OTMEUEH BIIEPBBIE.

Limnephilus decipiens (Kolenati 1848) (Pucy-
HOK 0).

CoOpaH B ceHTsIOpe: Mpu TeMIiepaType BO3ILy-
xa B BeuepHee BpeMs oT 11 no 16°C Ha cBeTOBYIO
JIOBYIIIKY, B OCHOBHOM B SICHYIO M MaJIOOOJIAuHYIO
Morofy; mpu 0ojee HU3KOW TemIeparype Bo3ayxa
(7°C guem, 0°C BeuepoM) BpYyUHYIO C MaJIaTKH.

Bonoxpanwnuina kanana nvenu Carrnaesa, 03e-
po KoxTeHkoms.

Limnephilus nigriceps (Zetterstedt, 1840) (Pu-
CYHOK 7).

Bonoxpanunuma kanana uMm. K. Catnaesa Bo-
noxpanwuma ['Y NoeNe 4 i1 8
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Cxisipoa O.H. u jip.

Pucynok 1 — I'ennranuu camua Ecnomus tenelus Rambur, 1842:
1 — BuJ cOOKY; 2 — NEHHC U HIKHUE pUIAaTKH cOoKy. YBennuenue 10x40.

3 4

Pucynok 2 — I'eauranuu camua Holocentropus picicornis. (Stephens, 1836):
1 — Bux cOOKy; 2 —; nopcaibHas INIACTHHKA CHA3Y; 3 — HIDKHHE NMPUAATKH CHU3Y; 4 — neHuc cooky. Yemmuenue 10x40.
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Pucynok 3 — I'eanranuu camua Molanna albicans (JW Zetterstedt, 1840):
1 — Bug cBepxy; 2 — BUI cOOKy; 3 — Bu cHU3Y. YBennuenue 10x40.

3 4

Pucynoxk 4 — I'eanranuu camua Mystacides nigra (Linnaeus, 1758).
1 — Bux cO6oKy; 2 — X cerMeHT cBepxy; 3 — IX crepuuT cHuzy; 4 — nenuc. Ypemmuenne 10x40.
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Cxisipoa O.H. u jip.

Pucynok 5 — I'eantannu camua Oecetis ochracea (J Curtis, 1825):
1, 2 — Buz cOoky; 3, 4 — HIOKHUE IPUAATKA CHURY. YBenmyenue 10x40.

3 4

PucyHnok 6 — I'eantanuu camua Limnephilus decipiens (Kolenati 1848): 1 — VIII teprut cBepxy; 2 — BUA c3a1u;
3 — BBICTYIIBI BEPXHUX NPUAATKOB U BHYTPEHHHUE NPUAATKH c3aa1; 4 — HIDKHHUE PUIATKH cHU3Y. YBenuueHue 10x40.
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1 2

Pucynoxk 7 — I'eantammu camua Limnephilus nigriceps (Zetterstedt, 1840): 1 — Bux cO0Ky, BHyTpEeHHHE IPUAATKH;
2 — BUJI C3a1: TIpeaHaNbHbIe, U HIDKHHE NPUAATKH; 3 — IeHuC ¢ mapaMepaMu. YBemmaerne 10x40.

Limnephilus politus McLachlan 1865 (Pucy-
HOK 8).

B Bonmoxpanunmmax kanama uM. Cartnaesa, B
cucreme p. Hypel, mnoruna Yuiinsl. Mmaro storo
BUJAa COOpaHbl Ha CBETOBYIO JIOBYLIKY B KOHLIE aB-
I'yCTa-CeHTSIOpe TIPU TeMIlepaType BO3ayXa oT 8 10

23°C B BedepHee BpeMs, Kak B SICHYIO, TaK U B I1ac-
MYPHYIO TIOTOJTY, B TOM YHCIIC U B TOXKIb.

CewmeiictBo Phryganeidae
Agrypnia pagetana J Curtis, 1835 (Pucynox 9).
O3zepo CynTaHKeNIbIbI.

4

Pucynok 8 — I'eantammu camna Limnephilus politus McLachlan 1865: 1, 2 — Beictyn VIII Tepruta cO0Ky U cBepxy;
3 — BHyTpEHHHE U IIpeaHalbHbIe IPUAATKY ¢ 3y0unkaMu; 4 — HIbKHUE IpUAaTKu cOoky. YBemnuenne 10x40.
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Cxisposa O.H. u ip.

6

Pucynoxk 9 — 'ennranuu camua Agrypnia pagetana J Curtis, 1835: 1 — IX teprut cBepxy, 2 — T0 e cOOKY;
3 — Buz cOoky; 4 — X Teprur cBepxy; 5 — neHuc c6oky; 6 — 1o xe cHuzy. YBenudenue 10x40.

Oo6cyxnenune

B cbopax pyueiiHHKOB, IPOBEICHHBIX B UIOHE-
centsiope 2015-2016 rr. obnapyxeno 10 BuIOB U3
6 cemeiictB. Haunbospiiee xonudectso BUIOB — 4
NpUHAUIEKUT K cemeiicTBa Limnephilidae, 2 — x
Leptoceridae, k ocTaqbHBIM CeMEHCTBaM — IO OJ-
HOMY BHY.

s o3ep CeBepHoro Kazaxcrana BrepBble yKa-
3aHbl BUABI pyueiHUKOB E. tenellus (03. boposoe),
H. picicornis (03. Cynrankensanl), M. albicans (03.
lyuse), M. nigra (03. boposoe, Illyuse); aus Lien-
TpansHOTo — O. ochracea (BOIOXpaHWIUILA KaHaIa
um. Carnaesa), G. nitidus (p. Hypa, n/n Tonosek).

ISSN 1563-0218; eISSN 2617-7498

Panee ykazanneie B llentpansHoMm Ka3axcrane
BUJIBI PYyYEHHHUKOB OOHAPYKEHBI B HOBBIX BOJIOC-
Max: 310 L. decipiens B 03. Koktenkons u L. politus
B p. Hypa. Bunet M. albicans n G. nitidus BuepBbie
ykazansl Juig Kasaxcrana.

JInuuHKM Bcex OOHAapYKEHHBIX BHIIOB OOMTa-
10T B CTOSTYMX BOAOEMAX, TMOO MEAJICHHO TEKYIUX
BOJOTOKAX, YaCTO 3apOCIIMX BbICIIEH BOJHOM pac-
tuteabHoCThIO (JlemHeBa, 1964: 419, 448; JlenHe-
Ba, 1966: 26, 170, 185, 198, 200, 477, 505). Otun
BHJIBI IMEIOT IIUPOKOE PACTIPOCTPAaHEHUE: 5 TpaHC-
MaJICAPKTUUYECKUX BHUIOB, 3 TOJAPKTUYECKUX BHIA
1 OAMH BHI, PaclpOCTPaHEHHBIN TPaHCIAJICAPKTH-
YECKH M B OpHeHTaibHOUM obOsactu. Kak u dayHa
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pydeiinukoB 3ananHocubupckoil paBuunsl (beke-
toB, Kprokos 2004:2015), dpayna pydeiinnkos LleH-
TpansHOTO N CeBepHoro Kazaxcrana npezacrapieHa
JUMHO(MIBHBIMU BUIAMH, HALIEIIINMH B 3TOM pe-
IMOHE HOJXOSIINE YCIOBHUS OOUTAHUSL.

Jna yrounenus: mecta CeBepHoro u LlenTpais-
Horo Kaszaxcrana B Ouoreorpauueckom JeeHUN
OBUTIO TIPOBEICHO cpaBHEHHE (DayH FOTO-3aImagHON

Cubupu, 105KHOTO 3aypaiibs U HCCIEIYEeMOr0 Peru-
oHa. KitacrepHblii aHalIu3, BBIIIOJIHEHHBIN CITUCKOB
pydeiHuKoB mokasai, uro Llenrpanpubiii 1 CeBep-
Helii Kazaxcran — 310 Omoreorpauuecku eIuHOe
nenoe (Pucynox 10) u Hambonee OGIU30K ATOT pe-
THOH K I0KHOMY 3aypaniblo, TO €cTh K 3armagHon
[Maneapkruke. Cxonctso ¢ paynoii FOro-3anannoi
Cubupn 3HaYUTETHHO HIDKE.

LleHTpaneHeli KasaxcTtaH

CesepHblll KazaxcTaH

toxKHoe 3aypanee

toro-zanagHas Cnbupb

6 4

2 0

P](ICyHOK 10— I[eH;[porpaMMa CXOACTBAa PETUOHOB HAa OCHOBAHUHN OLCHKHU EBKJ’II/IZ[OB& pacCToAHUA
o HaIII/I'{I/IIO/OTCyTCTBI/IIO BHUI0B py‘leﬁHHKOB

BriBoabI

[IpoBenenHoe uccaegoBaHUE MO3BOJIMIIO pac-
WIUPUTh CHHUCOK pydyelHUKOB lleHTpanpHOoro Ka-
3axcrana 7o 24 BunoB, CeBepHOTO — 10 22, CIIUCOK
pyueiinukoB Kazaxcrana — no 152 Bugos. O6Hapy-
JKEHHBIE BHJIBI JUMHO(MWIBHBI U UMEIOT IIHPOKOE
roJapKTUYecKoe, TpaHCHaleapkTHUECKoe, U TPaHC-

MayeapKTHIeCKU-OPUEHTATIFHOE PACIIPOCTPaHEHHE.

CpaBuuTenbHbIN aHanu3 (ayn nokasai, 4yto Ce-
BepHblid 1 LlenTpansubiii Kazaxcran Ouoreorpadu-
YECKH TIPEICTaBIsACT COOON €MWHBIN PErHoH, Hau-
Oostee ONM3KHI K 3anaHOMAICapKTHIECKOMY .

B 3axmouenuu asmopul svipasicarom ceoio oaa-
eoodaprocms cmapuemy nabopanmy C® KazHU-
UPX Cepeoe FO.U. 3a nomows 6 coope mamepuana.
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METAGENOMIC ANALYSIS OF MICROBIAL COMMUNITY
IN COAL SAMPLES FROM KAZAKHSTAN
USING ILLUMINA NGS TECHNOLOGY

The development of micro- and biotechnological processes for fossil energy utilization has received
increasing attention in recent years. There are abundant coal resources in Kazakhstan; in particular, low-
rank coal resources of lignite and leonardite. These coal types are not exploited commercially due to
their low energetic power. However, they are considered as a rich source of humic substances (HS). The
HS in the soil play an important role in physical and chemical quality, carbon capture and stabilization
and in the inactivation of pesticides, heavy metals, as well as other polluting agents. Bioprocessing of
lignite also involves the production of clean energy.

Research on coal microbes is essential for microbial ecology and applied microbiology with regard to
the sustainable utilization of coal resources. Nevertheless, the inability of culturing vast amount (around
99%) of microorganisms in vitro counteract the research procedures. Currently, there is tremendous
advances in using non-culturing techniques based on omics to the examination of microbial diversity
of environmental compartments, such as soil, sediment, minerals, etc. Different omics tools, including
FISH, SIP, next generation sequencing (NGS), microarray, mass spectrometry, etc., evolve instant results
to provide comprehensive insight of the coal microbiome.

This paper discusses the findings and challenges in the study of Kazakhstan coal microbes, highlight-
ing lllumina NGS platform. Based on the results of the metagenomic analysis of coal samples (Oikaragai,
Lenger, Karaganda, Yekibastuz), 10 taxonomic groups of bacteria belonging to Proteobacteria, Teneri-
cutes, Actinobacteria, Firmicutes, Bacteroidetes, Nitrospirae, Chloroflexi, Gemmatimonadetes, Acido-
bacteriaand Fusobacteria were identified and analyzed.

Key words: lignite, leonardite, microbial diversity, microbial community, metagenomics, lllumina
Miseq sequencing
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Illumina 3amaHaym TEXHOAOTMSICbIH KOAAAHA OTbIPbIN Ka3aKCTAHADIK,
KOMIp YATiAepiHAeri MUKPOOTbIK KaybIMAACTbIKTbIH, METareHOMMKaAbIK, aHaAU3i

COoHFbl XXbIAAAPBI Ka30a aHepropecypcTapbiH KanTa OHAEY YLLiH OMOTEXHOAOTUSIABIK, MPOLLECTEPA
AambITyFa 6aca Haszap ayaapbiayaa. KasakcraHaa KeMip KOpbl XKETKIAIKTI eKeHAIrT >KaArbiFa MaAIM,
COHbIH, ilWiHAE, carnacbl TOMEH KOHbIP >K8HE TOTbIKKAH KOHbIP KOMIp TYpPAepi KenTemn Ke3AeceAl.
KOHbIp KOMip (AUTHUTTEP) dHEepPreTUKaAblK, KYHAbBIAbIFbI TOMEH GOAFAHAbBIKTaH ©HEepPKacinTe KeHiHeH
namaasatbiAMaiabl. COHbIMEH KaTap, oAap F'yMUHAI 3aTTapAbiH, (I3) eH 6ai ke3i GoAbin TabbiAaAbl,
COHAbIKTAH KeMipTeriHi BGipKaAbINTbl ycTan Typy >X8He TypakKTaHAbIPY, MECTULUMATEPAI, aybip
MeTaAAapPAbl >XKeHe 0acka Aa AacTarblll 3aTTapAbl MHaAKTMBAUMSAQY CUSKTbl (PU3MKA-XMMMUSABIK,
NpoLecTepAe MaHbI3Abl POA aTKapaAbl. AUTHUTTI BMOBHAEY Tasa SHEPTUsiHbI BHAIPYAI A€ KaMTUADI.

KeMipAiH MUKPOGTBIK, aAyaHTYPAIAITiH 3epTTey MUKPOOGTBLIK, S3KOAOTUSI MEH KOMIp pecypcTapbliH
TYPaKTbl MarMAaAaHy YLiH KOAAAHbBIAATbIH MMKPOOGMOAOTMUSHbBIH KaAMbl MIHAETI GOAbIN TabblAaAbI.
Taburn KarpanmAapAa TIPLWIAIK eTeTiH MMKPOOPraHM3MAEpAIH 99%-bl 3epTXaHaAblK, Taxipubeae
namAaAaHbIAATbIH KOPEKTIK OpTaAapAa in Vitro »karaarblHAQ ©CE aAMalTbIHABIFbI ABAEAAEHA. Kasipri
Ke3Ae KopllaFaH OpTaHblH HbICAHAAPbIH, MbICaAbl, TOMbIPAK, >KayblH-LIAWbIH, MWHEPAAAAP >KoHe
T.6. CUSKTbl MMKPOOTbIK, aAyaHTYPAIAIKTI 3epTTeyre apHaAfaH OMMKaAapFa Heri3AeAreH ASCTYPAI
eMeC BAICTEPAI KOAAAHY YAKEH MYMKiHAIKTep Tyfbidyaa. FISH, SIP, 3amanaymn cekBenupaey (NGS),
MMKPOUMII, MAaCC-CMIEKTPOMETPUS >KaHe T.6. dPTYPAI 9AICTEP apKbIAbl XKEAEA HOTUXKE aAyFa, COHbIMEH
Katap KemMipAiH MMKPOOTBIK, NMei3axk AapbiHbIH KYPbIAbIMbI MEH KYHi TypaAbl ManAaAbl aknapaTTapMeH
KamTamacbI3AaHAbIPAAbI.

ByA >kymbicTa lllumina NGS TeXHOAOTrMsIAbIK, MAQTOPMACh] MARAAAAHbIAbIMN, Ka3aKCTaHABIK, KOMIp
YATIAEPIHIH MUKPOOTbIK, 8PTYPAIAITIHIH HOTUXXEAEPI KOPCETIAreH >kaHe api Kapan TaAKblAaHaAbl. KOHbIp
kemipaepai, (Orikaparan, Aerip, KaparaHabl, ExibacTy3) metareHomabl capanTtamachbl 6GoMbIHLLA
10 TakCOHOMMSIAbIK, TomKa Proteobacteria, Tenericutes, Actinobacteria, Firmicutes, Bacteroidetes, Ni-
trospirae, Chloroflexi, Gemmatimonadetes, Acidobacteria >keHe Fusobacteria >kataTbiH GakTepusAap
MAEHTUMKALMIAAQHADI KOHE CapaAaHADI.

TyHiH ce3aep: KOHbIP KOMip, TOTbIKKAH Kemip, MMKPOOTLIK aAyaHTYPAIAIK, MMKPOOTBIK,
KayblMAACTbIK, MeTareHomuka, lllumina Miseq cekBeHupaey.
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Kasaxckuit HauMOHaAbHbI YHUBEPCUTET MMeHM aab-Dapabu, KasaxcraH, r. AaMarbl

MeTtareHOMHbIi aHaAM3 MUMKPOBHOro Coo61LLLeCTBa B 06pa3L,ax Ka3aXCTaHCKOIO Yras
C UCMOAb30BAHMEM TEXHOAOTMM CEKBEHUPOBAHMSI HOBOIO nokoAeHus lllumina

B nocaeaHue roabl Bce 6GoAblLIEe BHUMaHME YAEAAeTCA pa3pa60TKe OGUOTEXHOAOTNMYECKUX
rnpoueccoB AA9 YTUAU3aAUMN NCKOMaeMbIX 3HEPropecypcos. Kak Mn3BeCTHO, B KasaxcTtaHe aocTatouyHO
YIrOAbHbIX peCypcCoB, B TOM YNCAE, HU3KOKa4YeCTBEHHbIX 6yple N OKMCAEHHbIX 6yprX yr/\el7|. Bypble YIrAn
(AMUTHUTBI) HE HAXOAST LLIMPOKOIro npnMeHeHmsa B NPOMbILUAEHHOCTUN MN3-3a UX HM3KOM 3Hepl'eTl/lquKOl7l
LleHHocTun. B 1o ke BpeM4, OHN ABAAIOTCA HanboAee 6oraTbiMU MCTOUYHMKAMM 'YMMHOBbIX BelleCTB (FB),
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M MOTOMY UrpaioT BaXKHYIO POAb B (DM3UKO-XMMMYECKMX MPOoLLeccax, MPOUCXOASLLMX MPU YAABAMBAHMM
M cTabrAM3aUMK YTAEPOAQ, UHAKTMBALMM NMECTULIMAOB, TIXKEAbIX METAAAOB M APYIMX 3arpsI3HSIOLLMX
BelecTB. buoobpaboTka AUrHUTA Tak)Ke BKAIOYAET NMPOM3BOACTBO UMCTON SHEPTUMN.

M3yyeHrne MMKPOOHOrO pasHoOOpasust yraein SIBASeTCs oOulei 3apavert 3KOAOrMYeCKOM U
MPUKAAAHOM MUKPOOMOAOTMU AAS 3HEKTUBHOMO MCMOAB30BAHMS YTOAbHbBIX PECYPCOB. AOKa3aHo, YTo
A0 99% MMKPOOPraHM3MOB, OOUTAIOLLMX B NMPUPOAHbBIX YCAOBMSX, HE CMIOCOOHbI PaCTM Ha MMTaTeAbHbIX
cpeaax in vitro, MCNOAb3yeMbiX B AaBOpaTOpPHON NpakTUKe. B HacTosiee Bpems UMEIOTCS OrPOMHble
BO3MOXXHOCTM B MCMOAb30BaHWM HEKYABTYPAAbHbIX METOAOB, OCHOBaHHbIX Ha OMMKC-TEXHOAOTMUSIX
AASl M3YYEHUSl MUKPOOHOTO pa3Ho06pas3ns 06beKTOB OKPYXKAIOLLEN CPEAbI, TAaKMX Kak MOYBa, OCAAKM,
MWHEpaAbl U T.A.

B aaHHOM paboTe npeacTaBAeHbl M 0OCY>KAQIOTCS pe3yAbTaTbl MUKPOOGHOro pasHoobpasus npob
YIASl Ka3aXCTAHCKMX YTOAbHbIX MECTOPOXKAEHMIA, B KOTOPbIX NpUMeHsieTcs naatgopma texHoAormu Illu-
mina NGS. o pe3yAbTatam MeTareHoMHOro aHaAm3a 06pasios yras (Ovikaparai, AeHrep, KaparaHaa,
IkmbacTys) 6bIAM MAEHTUDULMPOBAHDBI U NMPOaHAaAM3MPOBaHbl 10 TaKCOHOMMYECKMX rpynn GakTepui,
npuHaaAexaumx K Proteobacteria, Tenericutes, Actinobacteria, Firmicutes, Bacteroidetes, Nitrospirae,

Chloroflexi, Gemmatimonadetes, Acidobacteria u Fusobacteria.
KatoueBbie cAOBa: Oypblii YTOAb, OKMCAEHHbIM YrOoAb, MMKPOOHOE pasHoobpasue, MMKpoOHOoe
coo0111ecTBO, MeTareHommKa, cekseHmposanue llluminaMiseq.

Introduction

Due to the limited oil and gas resources
worldwide, coal will become the most important
energy source. With the consumption of 2007, in
terms of volume, coal reserves will be maintained for
146 years, while oil will be exhausted within 50 years
and natural gas within 63 years. After depleting oil
and gas reserves, the coal will monopolize the entire
fossil energy market. Obviously, coal, especially
lignite (brown coal), which accounts for 47.3% of
the world’s coal reserves, will become an important
research issue (Yong et al., 1995: 437-47).

At present, 96,4% of the world’s brown coal
output is obtained by burning electricity and heat
energy. It is a serious environmental pollution. The
harmful substances released by the combustion of
lignite are mainly sulfur oxides (SOx) and nitrogen
oxides (NOx), carbon dioxide, and some trace
elements. Statistical results for 2005 show that in
Canada25% of sulfur oxides, 10% of nitrogen oxides
and 17,2% of carbon dioxide present in atmosphere.
All come from the combustion of lignite; in China,
87% of sulfur oxides, 67% of nitrogen oxides and
71% of carbon dioxide is derived from the burning
of lignite (Xu et al., 2000: 153-160).Therefore, in
terms of environmental protection, combustion is not
a suitable technique, currently; chemical methods
are mainly used for gasification, liquefaction as
fuel or chemicals instead of oil substances to
achieve lignite. The conversion is not effective, as
it is carried out under high temperature and high-
pressure conditions, high-energy consumption,
harsh reaction conditions, and cost.

Due to the fact, new conversion technologies
are urgently needed to achieve the clean utilization

of lignite. Bioconversion technology uses microbes
to transform solid lignite into clean, cost-effective
products and energy. In contrast, microorganisms
have mild conditions of action, simple methods,
low equipment, and, more importantly, are
environmentally friendly.

At the same time, the complex structure of
lignite also indicates that the implementation of
this method can encounter greater difficulties.
Lignite biotransformation has opened up a new
way for efficient and clean use of coal, and it has
become a research subject. Most lignite have high
ash (about 30%), high moisture (20-50%), low
calorific value (about 14 MJ-kg-1), low ash melting
point, poor thermal stability, and susceptibility to
spontaneous combustion, etc. (Yuan et al., 2002:
13 — 17; Dai et al., 1998: 4-7; Nakagawa et al.,
2004: 719-725),meanwhile, it is considered a humic
substance (HS) rich source.

HSs are polyelectrolyticmacromolecules which
play a crucial role in global C and N cycling and
in the regulation of the plant nutrients mobility
and environmental contaminants (Weber: 1988:
165—78; Murphy et al., 1995: 103-24; Christl et al.,
2000: 617-25). The HS are important for physical
and chemical quality of soil, carbon capture and its
stabilization (Piccolo et al., 2004: 329-343), and in
the neutralization of pesticides, heavy metals, and
other polluting agents (Bandeiraet al., 2009: 78-
91). HSs also stimulate plant growth (Badis et al.,
2009: 997-1007), as they induce root proliferation,
and stimulate root system (Barros et al., 2010:
3681-3688). It was reported that some microbes
couldgrow on coal and modify it with both non-
enzymatic and enzymatic processes by producing
humic acid and water-soluble humic material,
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including fulvic acids (Fakoussa, 1981: 634-642;
Cohen et al., 1982: 437-47).

Research on biological processes for the
utilization of fossil energy has received increasing
attention in recent years. Microbial treatment has
been considered as an economically effective
and environmentally safe way of processing low-
rank coals via degradation of the macromolecular
network into simpler molecular products (Fakoussa
etal., 1999: 25-40; Gupta et al., 2000: 103-5; Helena
et al., 2002: 17-23). Thus, one of the advantages of
biotechnological processing of coalsis to detect,
identify and enumerate the microbiota, potential for
bioconversion of lignite and leonardite.

There are abundant lignite and Ileonardite
resources in Kazakhstan and coal with low calorific
value and high ash content is piled up as rubbish
causing a serious waste of resources as well as
environmental pollution. Kazakhstan needs to
acquire new technologies for coal processing,
especially green-based approaches. Certainly,
the micro- and biotechnological means of coal
processing has a number of advantages, which
dictates the need to study microbial diversity of coal
as an essential source of environmentally friendly
energy and products (Crowford et al., 1991: 577-80;
Polman et al., 1995: 249-55; Yong et al., 1995: 437-
47; Davison et al., 1990: 447-56).

Relatively little studies have been conducted to
evaluate microbiota of Kazakhstan coal. However,
no research has addressed the microbial community
diversity and structure using novel culture-free
molecular techniques, especially Illmina MiSeq
sequencing. The present work is intended togenerate
an inventory of the microbial diversity, particularly
differences in the distribution of specific taxonomic
bacterial groups in coal samples by means of
[llumina Miseq approaches.

Materials and Methods

Coal samples. Thelignite and leonarditesamples
werecollected in four points of Kazakhstan
coal deposits. The top layer of 1,5-2,0 cm coal
removed with a sterile knife and 500-600 gams
of lignitesamples gathered with sterile spatula to
the depths of 30 cm. The leonardite samples were
placed in a sterile container and transported to the
laboratory. Each sample waslabeled indicating the
date and sample number. During transportation and
storage of coal samples the rules have been followed
in order to prevent the possibility of secondary
pollution. The coal sampling points are shown in
Fig.1.
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No.1. Leonardite “KLE”: Karagandy

No.2. Lignite “KLI”: Karagandy

No.3. Lignite “LLI": Lenger

No.4. Leonardite “LLE”: Lenger

No.5. Leonardite “OLE”: Oikaragai

No.6. Lignite “OLI”: Oikaragai

No.7. Lignite: “YLI”: Yekibastuz

Sequencing:

1. Extraction of genome DNA. Total genome
DNA from samples was extracted using CTAB/
SDS method. DNA concentration and purity was
monitored on 1% agarose gels. According to the
concentration, DNA was diluted to Ing/pL using
sterile water (Hess et al., 2011: 463-467; Avershina
al, 2013: 211-216).

2. Amplicon Generation. 16S tTRNA genes of
distinct regions (16SV4 were amplified used specific
primer (e.g.16S V4: 515F-806R ) with barcode.
All PCR reactions were carried out with Phusion®
High-Fidelity PCR Master Mix (New England
Biolabs, England).

3. PCR Products quantification and qualification.
The same volume of 1X loading buffer (contained
SYB green) with PCR products were mixed and
detected on 2% agarose gel electrophoresis. Samples
with bright main strip between 400-450 bpwere
chosen for further experiments.

4. PCR Products cleanup and purification. PCR
products were mixed in equidensity ratios. Then,
mixture PCR products was purified with Qiagen Gel
Extraction Kit (Qiagen, Germany).

5. Library preparation and sequencing. Sequencing
libraries were generated using TruSeq® DNA
PCR-Free Sample Preparation Kit (Illumina, USA)
following manufacturer’s recommendations and index
codes were added. The library quality was assessed on
the Qubit@ 2.0 Fluorometer (Thermo Scientific) and
Agilent Bioanalyzer 2100 system. Finally, the library
was sequenced on an [lluminaHiSeq2500 platform and
250 bp paired-end reads were generated.

Data analysis

1. Paired-end reads assembly and quality
control

1.1 Data split. Paired-end reads was assigned to
samples based on their unique barcode and truncated
by cutting off the barcode and primer sequence.

1.2 Sequence assembly. Paired-end reads were
merged using FLASH (V1.2.7,http://ccb.jhu.edu/
software/FLASH/) (Caporaso et al., 2011: 4516-
4522), a very fast and accurate analysis tool,which
was designed to merge paired-end reads when at
least some of the reads overlap the read generated
from the opposite end of the same DNA fragment,
and the splicing sequences were called raw tags.
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Figure 1 — The location and number of coal (lignite and leonardite) sampling points
1.3 Data filtration. Quality filtering on the  4207-4216) algorithmto annotate taxonomic

raw tags were performed under specific filtering
conditions to obtain the high-quality clean tags
(Youssef et al., 2009: 5227-5236) according to the
QIME(V1.7.0,http://qiime.org/index.html)  (Hess
etal., 2011: 463-467) quality controlled process.

1.4 Chimera removal. The tags were compared
with the reference database(Gold database,http://
drive5.com/uchime/uchime download.html)using
UCHIMEalgorithm(UCHIME Algorithm,http://
www.drive5.com/usearch/manual/uchime algo.
html) (Asnicar et al., 2015: 1029)to detect chimera
sequences, and then the chimera sequences were
removed (DeSantiset al., 2006: 394-399). Then the
Effective Tagsfinally obtained.

2. OTU cluster and Species annotation

2.1 OTU Production. Sequences analysis were
performed by Uparse software (Uparse v7.0.1001)
(Ondovet al., 2011: 385). Sequences with >97%
similarity were assigned to the same OTUs.
Representative sequence for each OTU was screened
for further annotation.

2.2 Species annotation. For each representative
sequence, the GreenGene Database(http://
greengenes.lbl.gov/cgi-bin/nph-index.cgi)
(Bulgarelliet al., 2015: 392-403) was used based
on RDP classifier (Version 2.2, http://sourceforge.
net/projects/rdp-classifier/) (Liet al.,, 2013:

32

information.

2.3 Phylogenetic relationship Construction. In
order to study phylogenetic relationship of different
OTUs, and the difference of the dominant species
in different samples(groups), multiple sequence
alignment were conducted using the MUSCLE
software (Version 3.8.31http://www.driveS.com/
muscle/) (Lundberget al., 2013: 999-1002).

2.4 Data normalization. OTUs abundance
information were normalized using a standard of
sequence number corresponding to the sample with
the least sequences. Subsequent analysis of alpha
diversity and beta diversity were all performed
basing on this output normalized data.

3. Beta Diversity.

Beta diversity analysis was used to evaluate
differences of samples in species complexity, Beta
diversity on both weighted and unweighted unifrac
were calculated by QIIME software (Version
1.7.0).Cluster analysis was preceded by principal
component analysis (PCA), which was applied
to reduce the dimension of the original variables
using the FactoMineR package and ggplot2
package in R software(Version 2.15.3). Principal
Coordinate Analysis (PCoA) was performed to get
principal coordinates and visualize from complex,
multidimensional data. A distance matrix of
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weighted or unweighted unifrac among samples
obtained before it was transformed to a new set of
orthogonal axes, by which the maximum variation
factor is demonstrated by first principal coordinate,
and the second maximum one by the second
principal coordinate, and so on. PCoA analysis was
displayed by WGCNA package, stat packages and
ggplot2 package in R software (Version 2.15.3).
Unweighted Pair-group Method with Arithmetic
Means(UPGMA) Clustering was performed as a
type of hierarchical clustering method to interpret

the distance matrix using average linkage and was
conducted by QIIME software (Version 1.7.0).

Results and Discussion

Currently the challenge in isolating the whole
microbial biodiversity is not conditional with
traditional methods of cultivation, but this approach
allows the clearest and most detailed study of the
microbial structure and stepwise characteristics,
particularly the functional groups of microorganisms.
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Figure 2 — The statistical amount of sequences of each coal sample at various classification level
(Y-axis: the tags number of each classification level, X-axis: the samples name)

In our study, in general, 75777, 86518, 84434,
76929, 80420, 73629 and 73857 sequences were
obtained from the seven coal samples, indicated
as KLE, KLI, LLI, LLE, OLE, OLI and YLI. As a
result, the abundance of bacterial species sequences
(BSS) was considerably higher in samples of KLI,
LLI and OLE; while lower BBS was observed in
OLI and YLI samples (Fig.2.)

(Total Tags number (red) indicates the splicing
sequence number. The taxon tags (blue) indicates
the number of Tags for building OTUs. Unclassified
Tags (green) refers to the building OTUs but without
classified information access. Unique Tags (yellow)
refers to the frequency is 1, but cannot be clustering
to the OTUs. Number of OTUs (purple) refers to the
Number of OTUs finally received) (Fig.3.).
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It is known that operational taxonomic
units (OTUs) can be constructed by clustering
sequences de novo, essentially based on their
similarity, which is computationally much more
intensive. Here, in order to study the species
composition of each sample, the Effective Tags
of all the samples were clustered into OTUs with
97% identity, and species annotations were then
performed on the representative sequences of
OTUs.

Of those sequences, total 77015, 87037, 84761,
78590, 81889, 73885 and 78690 Tags, and 1019,
709, 628, 1212, 682, 551 and 799 OTUs were
found in KLE, KLI, LLI, OLE, OLI and YLI,
respectively.
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Figure 3 — Tags and OTUs number statistics of coal samples
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Figure 4 — Hierarchical cluster analysis of coal microbial community
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In order to study the resemblance between
different coal samples, clustering analysis are
used to build a clustering tree. In environmental
microbiology, UPGMA (Unweighted Pair-group
Method with Arithmetic Mean) is a more commonly
adapted cluster technique, which was first used to
solve the classification puzzle. Thismethod was used
to visualize the interrelationship of test samples. The
distance matrices were detected through Unifrac
analyses (Fig.4.).

Top ten bacterial genera abundance in phylum
level of seven samples were also compared (Fig.5.).

In general, top 10 bacterial phyla were identified
in coal samples, with Proteobacteria, Tenericutesand
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Actinobacteria mainly being dominant among
samples. The relative abundance of Proteobacteria,
the greatest plentiful phylum in the samples, ranged
from 20,3% to 95,5% of the total bacterial 16S rDNA
gene sequences. Actinobacteria was the second
abundant phylum in the samples of KLE, LLE and
YLI with a relative abundance of 25,3 — 43,0%.
The relative abundance of Tenericutes was rich
in OLE, showing 65,4%. The relative abundance
of Firmicutes and Bacteroideteswere around 3,2-
45%, Nitrospirae phylum showed 20% abundance
only in LLP. Chloroflexi, Gemmatimonadetes,
Acidobacteria and Fusobacteria were not significant
in all samples.
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Figure 5 — Relative abundance of various bacterial phyla in coal samples

Moreover, some previous studies also found that
Proteobacteria, Actinobacteria and Firmicuteswere
also among the most abundant phyla in the
wastewater from coal-mining industry analyzed by
[llumina high-throughput sequencing (Lozuponeet
al., 2005: 8228-8235).

A total of 100 bacterial genera were identified
via taxonomic summary. Among the all coal
samples, the relative abundance of Phyllobacterium,
Pseudarthrobacter and Leptospirillumwere
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observed, while Candidatus Bacilloplasma showed
maximum level in OLE.(Fig.6-8.).

A large majority of Phyllobacterium are plant-
associated nitrogen-fixing bacteria and occupy
diverse ecological niches (Avershinaet al., 2013:
211-216). Their great variety of habitats suggests
that these genera have evolved essential adaptive
properties to the environment. Additionally, their
nonpathogenic status and their ability to promote
plant growth has made them attractive.
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Figure 7 — Relative abundance of bacterial genera in coal samples
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Figure 8 — Krona taxonomy web visualization illustrated by the case of Phyllobacterium

Conclusion

Currently, there is a steady trend towards a
transition to systemic biology, which is strongly
pronounced in the field of ecology of microbial
communities. Recognition of the impossibility of
considering an integral system from the point of
view of the properties of its individual components
allowed a completely different look at the approaches
used in biological research.

The main advantage of the metagenomic
approach is its comprehensive framework -
it allows to study not only the functions of
individual components of the microbiome, but
also the integral roles of the microbial community
as a whole, treating it as a set of interacting
microorganisms. The conducted in-depth work
in this field reveled several fundamentally and
crucial features of microbiota in Kazakhstan coal
samples.
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CHARACTERISTICS OF miRNA INTERACTION WITH mRNA
IN 5’UTR, CDS AND 3’UTR OF CANDIDATE GENES
OF ESOPHAGEAL AND STOMACH CANCER

miRNAs demonstrate a class of small, non-coding RNAs that can regulate the expression of genes,
and are associated with approximately all known physiological and pathological processes, especially
cancer. Expression of many genes is regulated by binding of miRNA with mRNA, therefore it is required
to identify candidate genes of esophageal and stomach cancers and to what extent they can interact
with miRNA. To determine the important miRNAs biding sites in genes, involved in the development of
esophageal and stomach cancers, there were used the MirTarget program. The article presents the results
of studying the characteristics of the interaction of miRNAs with mRNAs of 121 genes involved in the de-
velopment of esophageal and stomach cancer. From the 68 candidate genes, participating in the devel-
opment of esophageal cancer, only 54 genes were targets for miRNAs. 148 miRNAs have binding sites
at 5’UTR, CDS, and 3’'UTR, and the average free binding energy (AG) of miRNAs with mRNAs was -126
kJ/mole, -121 kJ/mole and -111kJ/mole, respectively. 20 miRNAs and mRNA genes associations with
a free energy of interaction more than -125 kJ/mole are recommended for the diagnosis of esophageal
cancer. From the 106 candidate genes, participating in the development of stomach cancer, 86 genes
were targets for miRNAs. 253 miRNAs have binding sites at 5’'UTR, CDS and 3’UTR and the average
free binding energy (AG) of miRNAs with mRNAs was -124 kJ/mole, -116 kJ/mole and -110 kJ/mole, re-
spectively. 28 miRNAs associations with mRNAs are recommended for the diagnosis of stomach cancer
that have a free energy of interaction more than -125 kJ/mole. The mRNAs of most genes containing two
or more miRNA binding sites with overlapping of their nucleotide sequences form clusters. Based on
the obtained results, groups of miRNA and mRNA associations of candidate genes are recommended to
develop methods for early diagnosis of esophageal and stomach cancer. The 768 previously unreported
binding sites for 3071 miRNAs, which may be the main ones in the regulation of genes responsible for
the development of esophageal and stomach cancers was established.

Key words: mRNA, miRNA, genes, oncological diseases, esophageal cancer, stomach cancer.

Akumumasosa A.H.", Huasosa P.E.2, AtambaeBa LLI.A.3, MBaweHko A.T.*

"PhD-AOKTOpaHTYpacbIHbiH, CTYAEHTI, Toxipnbe-xunHakTayubl, e-mail: 401052@mail.ru
26UMOAOTMS! FBIABIMAAPBIHBIH KAHAMAATBI, MPOGECCOPDI, JKETEKLLI FbIAbIMU KbI3METKepi, e-mail: raygul.nyiyazova@kaznu.kz
3GMOAOTUS FHIABIMAAPbIHBIH KAHAMAATbI, AOLIEHT, KETEKILLI FbIAbIMM Kbi3meTkepi, e-mail: shara.atambaeva@kaznu.kz
46MOAOTUS FBIABIMAAPBIHBIH AOKTOPbI, Mpodeccopsl, 6ac FbiAbIMK Kbi3meTkepi, e-mail: a_ivashchenko@mail.ru
BroAorus xxaHe BMOTEXHOAOTMS MOCEAEAEPIHIH FbIAbIMU-3EPTTEY MHCTUTYThI,
an-Mapabu aTbiHAaFb Kasak, yATTbIK, yHMBepcuTeTi, KasakcraH, AAmarbl K.

OHell XdHe acKa3aHHbIH, KaTepAi iCiriHiH, KAHAMAQTTbI reHAepAiH, MRNA-HbIH,
5’UTR, CDS xaHe 3’UTR-ae miRNA-AbIH 63apa acepaecyi

mMiRNA kilwiMoAekyAaabl, koaTamanTbiH RNA KAacblH kepceTeai, oAap reHAepAiH 3KCNpeccrachbiH

peTTenAi >xaHe 6apAblK OEATIAI (PUBMOAOTUSIABIK, )KBHE MATOAOTMUSIAbIK, MPOLECTEPMEH, BcCipece KaTepAi
icikneH GanAaHbiCTbl. KentereH reHaepait skcnpeccusicbl MiRNAHbiH MRNAMeH 6aiiAaHbICybIMEH
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peTTeAeAi, COHAbIKTAH OHELl >KOHEe acKa3aH KATepAi iCiriHiH KaHAMAAQTbl FeHAEPIH YK8He OAapAbIH
miRNAMeH e3apa acepAecyiHiH ASpPEXeCiH aHbIKTay KakeT. ©Hell MeH acKasaHHbIH, KATepAi iciri
AaMyblHa KaTblCaTblH reHAepAiH MIRNAMeH MaHbI3Abl 6aliAaHbICY CaMTTapbiH aHbiKTay yiuiH MirTar-
get GaraapAamachbl KOAAAHbIAAbL. JKyMbICTa ©HELL MeH ackasaHHbIH KaTepAi iCiri AamyblHa KaTbliCaTbIH
miRNA MeH 121 reHaepaiin MRNA e3apa 6aiiAaHbiCy epekLIeAIKTEpPIH 3epTTey HaTuXKeAepi
KepCeTiAreH. ©Hell KaTepAi iCiriHiH AamMyblHa KaTblCaTblH 68 KaHAMAATTbIK, reHAepAeH 54 reHaep
MiRNA HbicaHarapbl 6oAbIn Keaeai. 148 miRNA-aap ywid 5'UTR, CDS >eHe 3'UTR 6aiAaHbicy
canTrap 6ap >kaHe GaiAaHbICyAblH 60C 3Hepruschl (AG) -126 k)/mole, -121 kJ/mole >xeHe -111 kJ/
mole TeH, TuiciHwe. ©HewTiH KaTepAi iciriH AmarHocTukasay ywidH, mMRNA meH miRNA-aAbiH 20
aCccoUMaLMSAAPbl YCbIHBIAAABI, OAApPAbIH 6arAaHbICybiHbIH 60C aHeprusicbl -125 k)/mole >xorapbl.
AcCKa3aHHbIH KATepAi iCiriHiH AamyblHa KaTbicaTbliH 106 KaHAMAQTTBIK, reHAepAeH 86 reHaep MiRNA
HbicaHaAapbl 60AbIN keaeai. 253 miRNA 5'UTR, CDS »xeHe 3’UTR 6GaitaaHbicy canTTapbl 6ap keHe
6anAaHbICyAbIH opTalla 60oc aHeprusicol -124 kJ/mole, -116 k)/mole >xaHe -110 k)/mole TeH, TmiciHwwe.
AcCKa3aHHbIH KaTepAi iciriH amarHoctmkacbl ywiH mRNA meH miRNA-abiH 28 accoumaumsiaapbl
YCbIHbIAQAbI, OAAPAbIH 6aliAaHbICYbIHbIH 60C 3Heprumschl -125 k)J/mole xorapsbl. Eki Hemece oaaH aa Ken
MiRNA 6aiiAaHbICTbIPY CaMTTap KaMTUTbIH KenTereH reHAepAiH MRNA-Aapbl ©3AepiHiH HYKAEOTUATI
TisbekTepiHiH KabaTTacybIMeH KAACTEPAEPAI KyparAbl. AAblHFaH HaTMXeAep HeriziHae miRNA meH
KaHAMAQTTbI reHAepAiH, MRNA-AbIH accoumalmsAap ToNTapbl ©HELW NMeH acka3aHHbIH KaTepAi iCiTiHiH
AAAbIH aAa AMArHOCTMKaAQy SAICTEPIH AaMbITy YiliH yCbiHbIAaAbl. 3071 mMiRNA-HbIH 6ypbiH 6eArici3
768 6aiiAaHbICTbIPY CalTTapbl aHbIKTAAAbl, OAQp OHELl >XKOHEe ackasaH KaTepAi iCiriHiH AamyblHa
>KayanTbl FeHAEp peTTeyiHiH 6acTbl WapTbl 6OAYbl MYMKIH.

Tyiin ce3aep: MRNA, miRNA, reHaep, OHKOAOTMSIABIK, aypyAap, OHELLTIH KaTePAI iCiri, ackas3aHHbIH
KaTepAi iciri.
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Xapaktepuctuku B3aumoaercteusas miRNA ¢ 5’UTR, CDS U 3’UTR mRNA
KaHAMAATHbIX T€HOB paka NMULLLEBOAA M XKeAyAKa

MiRNA NpeACTaBASIOT KAAcC HeBOAbLUMX, Hekoampylolmx RNA, KOTopble MOryT peryAMpoBartb
3KCMPECCUMI0 TEeHOB M CBSI3aHbl C MPUOAMBUTEABHO BCEMM M3BECTHbIMM (DUBMOAOTMYECKUMMU U
NMaTOAOrMYECKMMM MPOLIECCaMM, OCOOEHHO C PakOM. IKCMPECCMs MHOIMMX TEeHOB PEeryAMpyeTcs
ceasbiBaHmem MIRNA ¢ mRNA, nostoMy HeoOXOAMMO MAEHTMMULMPOBATb TeHbl-KaHAMAATbI
paka nuuieBoAa M >KEAyAKa M TO, B KaKOWM CTerneHu OHW MOryT B3amMmoaencTBoBaTb ¢ MIRNA. Aag
ornpeAeAeHust BaXKHbIX CanToB CBg3biBaHMSI MIRNA B reHax, y4acTBYOWMX B Pa3BUTUKM paka NMULLEBOAQ
M XKeAyAKa, ObiAa MCMOAb30BaHa nporpamma MirTarget. B paboTe npeAcTaBAeHbl PE3YAbTaTbl U3yUeHMs]
XapakTepmncTuk B3aumoaencTams miRNA ¢ mRNA 121 reHa, yyacTByoLWMX B Pa3BUTUM paKa NuLLeBOAQ
1 >KeAyAka. M3 68 reHoB-KaHAMAATOB, YUYaCTBYIOLLMX B PA3BUTUKM paKa NULLEBOAA, MULLEeHIMM MIRNA
ABASIAMCH 54 reHa. 148 miRNA nmean cantbl cesisbiBanms B 5'UTR, CDS 1 3’UTR 1 cpeaHsisi cBoboaHast
sHeprus cesa3biBaHns (AG) miRNA ¢ mRNA paeHsaacb -126 kJ/mole, -121 k)/mole n -111 kJ/mole,
COOTBETCTBEHHO. AASI AMArHOCTMKM paka NuieBoAa pekomeHAoBaHbl 20 accoumaumii miRNA ¢ mRNA,
MMeIoLIMX CBOBOAHYIO HEpruto B3ammoaencTeus 6oaee -125 kJ/mole. M3 106 reHOB-KaHAMAATOB,
YYaCTBYIOLLMX B PA3BUTUM paKa >KeayAaka, MulleHsamMu miRNA aBasianch 86 reHoB. 253 miRNA nmean
canTbl cBa3biBaHus B 5'UTR, CDS m 3'UTR 1 cpeaHsis cBob6oaHas sHeprust cessbiBams (AG) miRNA
¢ mMRNA pasHsinacbk -124 kJ/mole, -116 kJ/mole n -110 kJ/mole, cootBeTcTBEHHO. AASI AMArHOCTUKM
paka >XeAyAka pekomeHAoBaHbl 28 accoumaumin miRNA ¢ mRNA, mmeowmx CBOGOAHYIO 3HEPruio
B3anmoaencTemus 6oaee -125 kj/mole. mMRNA 6oAbLIMHCTBA reHOB, COAEpPIKaLLMX ABa M HOAEE CalnTOB
cBs3bIBaHMS MIRNA C HaAOXKEHMEM MX HYKAEOTUAHBIX MOCAEAOBATEALHOCTEN, 00Pa3yIoT KAacTepbl. Ha
OCHOBE MOAYYEHHbIX PE3YAbTAaTOB PEKOMEHAYIOTCS rpynmbl accoumaumii miRNA 1 mRNA kaHAMAQTHBIX
reHOB AAS pa3paboTKM METOAOB PaHHEN AMArHOCTMKM paka MULLEBOAA M XKEAYAKA. BbIAM yCTaHOBAEHDI
paHee He M3yueHHble 768 caiToB cBsa3biBaHMa 3071 mIiRNA, KoTopble MOryT OblTb OCHOBHbIMM B
pPEeryAsiuMn reHoB, OTBETCTBEHHbIX 3a PAa3BUTME paKa MULLEBOAA U >KEAYAKA.

KaoueBbie caoBa: mMRNA, miRNA, reHbl, OHKoAOrMueckme 3aboAeBaHMs, paK MULLEBOAA, pak
SKeAyAKa.
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Introduction

Small RNAs that bind to mRNA and inhibit
protein synthesis are called microRNAs (Bartel,
2004: 281). This name inadequately reflects the
function of such RNAs. The size of these small
RNAs of 17-27 nucleotides is 6-9 nanometers and,
therefore, they are nanoscale, rather than microscale
RNAs. These RNAs inhibit mRNA and therefore
can be briefly termed miRNA: mRNA inhibitory
RNA. The next misconception is that miRNA binds
only in the 3’'UTR of mRNA (Bartel, 2009: 215).
Note that miRNAs interact with mRNA according
to their physicochemical properties. Therefore,
existing programs for searching for miRNA binding
sites in mRNA are unreasonably limited to the
3’UTR domain. This restriction certainly does not
take into account the miRNA binding sites in 5"UTR
and CDS. Many studies have shown that miRNA
binding sites exist in 5’UTR and CDS. However,
this misconception continues to dominate the search
for miRNA binding sites (Bartel, 2009: 215; Cipolla,
2014: 1). Another misconception is that the main
role in binding miRNA to mRNA is played by 6-10
nucleotides, the so-called “seed” located in the 5°-
end of miRNA (Bartel, 2009: 215). This assumption
is incorrect for several reasons. miRNA arose many
millions of years ago and during this time the entire
nucleotide sequence remains practically unchanged
(Cipolla, 2014: 1). The nucleotide sequences of the
miRNA binding sites in mRNA are generally also
conservative for millions of years (Naeli, 2017: 1).

Gastrointestinal (GI) tract cancer is one of the
three most common oncological diseases in the world
with a high mortality rate (Syngal, 2015: 223; Torre,
2015: 87). Esophageal cancer is the most invasive
disease associated with inclusive poor prognosis.
Efforts to identify diagnostic/prognostic markers
have proven to be unsuccessful for translation into
clinics. Esophageal cancer (EC) usually is found as
either adenocarcinoma or squamous cell carcinomas
(Mathé, 2009: 6192; Zeng, 2016: 232; Rustgi, 2014:
2499). Stomach cancer (SC) takes the second place
among the leading causes of death from oncology
diseases all over the world and continues to grow.
Stomach cancer refers to cancer originating from
any part of the stomach and mainly includes four
histological types: adenocarcinoma, lymphoma,
carcinoid tumor and gastrointestinal stromal tumor
(Lin, 2012: 3081). Results on the study of gene
expression, the sequencing of complete cancer
genomes and the study of epigenetic disorders have
shown that it is very difficult to determine the basic
set of genes for each type of cancer (el-Rifai, 2002:

273). Stomach and esophageal adenocarcinomas
are often considered as a single entity, even
though differences exist in epidemiology, clinical
presentation, molecular biology and treatment
options (Fornaro,2018: 90). Stomach and esophageal
cancers are as main cancers of the gastrointestinal
tract, which are associated with poor diagnosis and
survival. Finding new biomarkers that cover various
aspects of the diseases could provide a choice of
suitable therapies and better monitoring of patients
with these cancers. Among several biomarkers tissue
specific and circulating miRNAs have emerged as
powerful candidates in the diagnosis of stomach and
esophageal cancers (Jamali, 2018: 1; Abbas, 2018:
1688). Recently, alteration in miRNA expression
has emerged as an important hallmark of cancer.
Different miRNAs can function as tumor suppressors
or oncogenes in cancer cells, and the dysregulation
of certain miRNAs may contribute to human cancer
(Garofalo, 2011: 25; Zhou, 2017: 3893; Wang, 2018:
2018). An individual miRNA could potentially alter
complex cellular processes such as cell growth, cell
cycle, apoptosis and invasion. The recent emergence
of observations on the role of miRNAs in cancer and
their functions has induced many investigations to
examine their relevance to esophageal and stomach
cancer (Feng, 2018: 1595; Chen, 2018: 68; Cao,
2018: 1958; Guanen, 2018: 350).

Analysis of information to study the
involvement of candidate genes in the development
of gastrointestinal tract cancer shows that the
number of publications on this problem increases
in recent years. We have previously studied the
characteristics of intronic human miRNAs and
features of their interaction with mRNA (Berillo,
2013: 1374). But the present study aimed to identify
not previously used miRNAs binding sites in mRNA
of genes involved in the development of cancer
of the esophagus and stomach and the clusters of
miRNA binding sites and their properties. Studying
of clusters of miRNA binding sites in mRNA of
genes involved in the development of cancer of
the esophagus and stomach in Homo sapiens are
valuable for identification the role of these genes
and miRNAs in oncogenesis.

Materials and Methods

The information about the role and function of
genes participating in the development of esophageal
and stomach cancer were taken from GeneBank
databases and publications. The mRNA nucleotide
sequences of the human genes were derived from
GeneBank  (http://www.ncbi.nlm.nih.gov). The
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68 mRNAs of genes associated with development
of esophageal cancer and 106 mRNAs of genes
associated with development of stomach cancer
were used in the study. The nucleotide sequences
of 3701 miRNAs were taken from the article of
Londin E. et. al (Londin, 2015: 1106).

Searching of miRNA’s target genes was
performed by MirTarget program, created in our
laboratory. This program defines the beginning of
miRNA and mRNA binding sites; localization of
binding sites in 5’-untranslated region (5’UTR),
protein coding region (CDS), and 3’-untranslated
region (3’UTR); free energy of interaction (AG, kJ/
mole) and scheme of miRNA-mRNA nucleotides
interaction. There were calculated the AG/AG
(%) ratio for each binding site, where AG_ is equal
to free energy of interaction of miRNA with fully
complementary nucleotide sequence. The miRNA-
mRNA binding sites were taken with AG/AG_ratio
higher than 86%. There were used the criterion that
takes into account the length of miRNA, on which
the energy AG also varied, which was differ for
different miRNA lengths. Those, having the same
AG/AGm value for miRNAs of 17 nt and 25 nt, the
energy of binding of miRNA 25 nt was 1.47 times
higher with respect to the absolute value of miRNA

energy with 17 nucleotides length. This value
makes it possible to reduce the number of false-
positive miRNAs with a length of less than 20 nt.
The position of binding sites is indicated from the
first nucleotide of the 5’UTR in mRNA. The unique
property of MirTarget program include consideration
of nucleotide interaction in miRNA with mRNA
of target genes not only between adenine (A) and
uracil (U), guanine (G) and cytosine (C), but also
between A and C, G and U via single hydrogen bond
(Kool, 2001: 1; Leontis, 2002: 3497). The distance
between A-C and G-U is equal to distance value
between G-C and A-U.

Results and Discussion

The search of genes responsible for the
development of esophageal and stomach cancer
performed by the existed fragmented data, because
there is no available unified database of genes. To
create the database of genes, we took as a basis the
information available in the NCBI (National Center
for Biotechnology Information) and through a search
of PubMed. Table 1 presents the information about
the candidate genes involved in the development of
esophageal and stomach cancer.

Table 1 — The list of candidate genes involved in the development of esophageal and stomach cancer

Candidate genes for esophageal cancer only:

CKSI1B* (23301842); COL7AI (18331784); DLGI (25991909); DMD (28900487); DRD2 (16850143); FOXP2* (27382302);
HOXC4 (17659465); HOXCS (17659465); L7A* (17457978); PDE4D (23536305); PLEC (28900487); RGS22 (21533872);
SIPR2 (18426913); SHANK? (27058444); SP4 (19406933).

Candidate genes for stomach cancer only:

AKT?2 (25771729); ARID4B (24570593); BAALC (20841507); CELSR3 (29085454); CYLD (26711782); COL3A41 (25500430);
DAPK3 (22160140); EBF3 (21387304); EPHB2 (17295683); ERBB4 (16187281); F13A1%* (24159917); FGF14* (17071588);
FKBPS5 (22459275); GABI (25743471); GFIIB (23528308); GIPR (8243312); HDAC4 (21725604); IGFIR (14595755);
JMJIDIC* (17549425); KDMIA (24914365); KIAA1199 (19434458); LARP7* (22488152); MGAT5 (29143776); MTMR3
(28447759); MTUSI* (24299308); MX2* (12082013); MYO5B (23456500); PFKFB3 (27983531); PKDI (22217708); POU2F2
(26019213); PPP2CA (28904398); PRDM?2 (11544182); PRKCA (28121923); PRMTI (26472729); PTOV1 (20353268); RASSF'3
(26456015); ROBOI1 (28323002); SEMA5A4 (23661031); SKP1* (21190721); SLITI (27082735); SLIT2* (27082735); SLIT3
(27082735); SNDI (25965817); SREBF1 (25270091); SREBF2 (19323650); TACRI (26852958); TNKS (20811689); TRRAP
(18570183); UGCG (29409484); VPS13B (21733561); WWP2 (19139817); ZDHHC14 (24807047); ZNF141* (17071588).

Candidate genes for both esophageal and stomach cancers:

BBC3 (29966654); CD58* (26774142); CDCI6 (12029633); CKS2 (26137251); CPE (24716593); CUL2* (20712528);
CYP19A1* (23110082); DCC (20150623); DDIT3* (26384350); DICERI (24649159); DIS3L2* (22306653); DNMT3A
(27789275); DTL*(29235520); EPCAM (24422715); ERCCI1 (25610304); ETS1 (14562368); EVL (29069803); FAT2 (28930282);
FBXW7 (26886596); FZD3 (24255701); GDFI15%* (25867265); HNF4A (19468668); IGF2 (19843644); IHH (20307590);
ITCH (18552861); ITGAL (24217965); LAMB3 (29285246); MADILI (27895742); MAP2K4 (23874846); MCM7 (27476776),
MREI1A4 (23504502); NFE2L2 (28900487); NGFR (25244921); NOTCHI (28900487); NPIP* (3528183); PARPI (28789382);
PAX5 (29099287); PPFIAI (24009147); PTK2* (29285246); PTPRJ (25634668); PVR (20514215); RUNXI (22171576); SFRP1
(21567192); STMN1 (28977901); TCF4 (25767603); TNFAIP6 (27072986); TNFRSFIB (20646319); TP63* (12447998); TPM3
(28138712); TRAF2 (24362534); TRPC6 (19651628); TRPV4 (27687509); UBC* (25820571).

Note: In parentheses are shown the sources of information about candidate genes in PubMed. * — indicates the mRNAs, that are
not targets for miRNA with chosen criteria.
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From the table, we can observe that candidate
genes can be either for esophageal or stomach
cancer, or common. Part of the genes that are
characteristic of only one can be used as selective
markers. Some genes that are specific to only one
type of disease can be used as selective markers.
At the same time, there are genes involved in both
types of disease. They also have a prognostic value.
Genes that are not targets of miRNAs with AG/AGm
value higher than 86%, show that their expression
level is independent of miRNAs. And consequently,
it is impossible to make associations of genes and
mRNA on their basis. It was found that 13% of 121
candidate genes are not regulated by miRNA, and
therefore their expression could not be suppressed.

1. The characteristics of miRNAs interaction
with mRNAs of candidate genes, involved in the
development of esophageal cancer

To determine the miRNAs that play a key role in
the regulation of the translation of the protein coding
genes involved in the development of EC, it was
used a technique to search for the sites of interaction
of miRNAs with high complementarity throughout
the site sequence. As a result of the study of the 3701
miRNAs binding in mRNA of 68 protein-coding
human genes, 54 mRNAs were identified as targets
with given interaction criteria. miRNA binding sites
with characteristics are represented in Tables 2-4.

Table 2 shows the results of a study of the
interaction of miRNAs with mRNAs of genes in the
5’UTR. The mRNA of EPCAM gene has cluster of
binding sites of miR-2-7088-3p and miR-10-25141-
3p from 237 nt to 267 nt with AG value -117 kJ/
mole and -119 kJ/mole, respectively.

mRNAs of CDCI6, HNF44, IHH, NGFR,
PAXS, PDE4D and RUNX]I genes have binding sites
only for single miRNAs. The mRNA PLEC gene
has three binding sites that form a cluster from 27
nt to 58 nt with average energy AG equal to -124
kJ/mole.

The mRNA of PTPRJ gene has seven binding
sites for six miRNAs: miR-20-45152-5p, miR-2-
3313-3p, miR-22-46979-5p and miR-1-155-3p, that
form a cluster from 162 nt to 190 nt with a length
29 nt and average AG value equal to -132 kJ/mole;
miR-12-10048-5p and miR-17-41183-5p form an
another cluster from 206 nt to 236 nt with a length
31 nt and AG = -120 kJ/mole.

The average free energy binding of all miRNAs
with mRNAs in the 5’UTR region was equal to

-126 kJ/mole. 24 miRNAs bound with mRNAs
of corresponding target genes, and the number
of miRNA associations with mRNA having free
energy of interaction greater than -125 kJ/mole is
10. These associations are recommended as markers
for early diagnosis of esophageal cancer.

Table 3 shows the results of a study of the
interaction of miRNAs with the mRNA of 29
genes in the CDS, each of which binds from one to
several miRNAs. Some of these mRNAs bind six or
more miRNAs. mRNA of COL7A41, SHANK2 and
TNFRSF1B genes have by two clusters of binding
sites in CDS. Several miRNAs have some targets
of studied genes. mir-1-2121-3p, miR-19-21199-
3p and miR-19-33623-3p have binding sites in the
CDS of mRNA of BBC3 gene. These miRNAs are
important as they have binding sites with mRNAs of
studied genes.

mRNAs of CPE, DCC, DICERI, DNMT3A,
ETS1, EVL, FAT2, FBXW7, HOXC4, ITCH,
MADILI, MAP2K4, NGFR, RGS22, SIPR2
and TPM3 genes have binding site for single
miRNAs.

The mRNA of PLEC gene has 10 binding sites,
that form the following clusters: 1) miR-17-39011-
3p, miR-13-32613-3p and miR-2-6862-5p form
a cluster, localized from 5200 nt to 5231 nt with
a length 32 nt and AG = -124 kJ/mole. 2) miR-9-
25082-3p and miR-9-22187-3p cluster located in
segment from 6335 nt to 6360 nt with an average
AG value equal to -122 kJ/mole. 3) miR-19-41910-
5p, miR-13-32613-3p and miR-5-15548-3p localize
from 7013 nt to 7058 nt form a cluster with a length
46 nt and average AG = -129 kJ/mole.

The mRNA of PARPI gene has cluster from
1275 nt to 1302 nt with a whole length equal to 28 nt
and average energy range equal to -111 kJ/mole. The
mRNA of HOXCS, ITGAL, PPFIAI, SP4, TRAF2,
TRPC6 and TRPV4 genes have binding sites for two
miRNAs.

The average free energy of binding of all
miRNAs with mRNAs in the CDS was equal to -121
kJ/mole. The number of miRNA associations with
mRNA having free energy of interaction greater
than -125 kJ/mole is eight. All of them can serve
as markers in the development of methods for early
diagnosis of esophageal cancer.

Characteristics of site location in the 3°’'UTR
were selected by similar way as in 5’UTR and CDS.
Of the BBC3, ITCH, PVR, RUNXI, SIPR2, STMN1
target genes in the 3’UTR, their mRNAs form the
associations with 4 miRNAs (table 4).
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Table 2 — Characteristics of miRNA interaction with mRNA in the 5’UTR of genes involved in the development of esophageal cancer

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
CDCI6 miR-5-15733-3p 89 -134 90 24
DCC miR-19-36133-3p 440 -121 92 22
miR-12-32603-3p 482 -115 92 23
DICERI miR-13-34605-5p 86 -115 92 21
miR-5-15733-3p 86 -132 89 24
miR-2-4989-3p 157 -115 90 22
DNMT3A4 miR-2-6128-5p 44 -129 38 24
miR-8-23997-5p 88 -102 94 19
DRD2 miR-14-32135-5p 10 -117 93 21
miR-19-43527-5p 24 -125 89 23
EPCAM miR-2-7088-3p 237 -117 92 21
miR-10-25141-3p 244 -119 89 23
miR-17-39405-5p 314 -115 89 23
ETSI miR-4-11022-5p 20 -117 89 23
miR-13-32878-3p 40 -113 91 21
miR-11-29831-3p 57 -134 89 24
HNF4A4 miR-9-26042-5p 53 -125 92 22
IHH miR-7-21068-3p 23 -129 88 24
MCM7 miR-7-20142-5p 26 -119 89 23
miR-8-23353-3p 111 -121 90 22
miR-16-39014-5p 846 -106 91 21
NGFR miR-19-43963-5p 12 -119 92 22
PAXS miR-2-6328-5p 331 -119 90 23
PDE4D miR-17-39416-3p 66 -121 92 22
PLEC miR-7-23800-3p 27+35(2) -121+-125 89+92 23
miR-17-39570-5p 36 -127 94 22
PTPRJ miR-14-37452-3p 32 -125 91 23
miR-7-15849-3p 85 -110 96 18
miR-20-45152-5p 162 -134 90 24
miR-2-3313-3p 163+165 (2) -138 87 25
miR-22-46979-5p 166 -123 89 23
miR-1-155-3p 168 -125 91 22
miR-12-10048-5p 206 -117 92 20
miR-17-41183-5p 213 -123 89 23
miR-9-27797-5p 240 -125 88 24
miR-9-20317-3p 267 -132 89 24
RUNX1 miR-5-14114-5p 1417 -123 89 23
SFRPI miR-19-33623-3p 111 -132 89 24
miR-11-28567-3p 175 -123 89 23
TRPC6 miR-9-25488-3p 346 -113 93 20
miR-10-11155-3p 392 -115 90 22

Note: Here and in the tables below the number of miRNAs binding sites is indicated in parentheses
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Table 3 — Characteristics of miRNA interaction with mRNA in the CDS of genes involved in the development of esophageal cancer

46

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
BBC3 miR-22-45004-5p 408 -115 95 21
mir-1-2121-3p 455 -138 38 25
miR-19-21199-3p 457 -138 88 25
miR-19-33623-3p 458 -132 89 24
miR-22-42699-3p 869 -113 90 23
COL7A1 miR-8-23997-5p 4008 -102 94 19
miR-10-26838-3p 4491 -110 90 22
miR-6-17644-5p 4669 -123 91 23
miR-13-32983-5p 4677 -119 89 23
miR-11-26584-3p 5567 -110 90 23
miR-1-2558-3p 6143 -113 90 22
miR-7-20724-5p 7016 -104 92 20
miR-9-23731-3p 7503 -113 88 24
miR-11-30599-3p 8089 -123 88 24
CPE miR-3-3472-5p 355 -115 90 22
DCC miR-10-27508-3p 2971 -102 91 22
DICERI miR-12-32603-3p 4492 -117 93 23
DNMT3A4 miR-5-14479-5p 681 -115 90 23
ETSI miR-11-28259-3p 1295 -108 96 20
EVL miR-X-48174-3p 864 -132 93 24
FAT? miR-7-19687-3p 12856 -115 89 23
FBXW7 miR-4-13692-3p 1243 -108 93 22
HOXC4 miR-19-30988-5p 364 -129 90 23
HOXCS5 miR-22-45959-3p 275 -115 92 22
miR-5-16341-5p 316 -115 89 23
ITCH miR-17-34996-5p 725 -110 90 23
ITGAL miR-1-1982-3p 2292 -100 90 22
miR-2-6532-3p 2712 -108 89 23
MADILI miR-3-9978-3p 1965 -113 90 22
MAP2K4 miR-7-20203-3p 91 -123 92 22
NGFR miR-3-9952-3p 1309 -115 89 23
NOTCHI miR-2-7838-5p 46 -123 91 22
miR-7-20621-3p 2480 -108 91 21
miR-21-44879-5p 4415 -119 93 23
miR-9-25099-3p 4972 -115 90 22
miR-6-19010-3p 5181 -119 89 23
miR-18-41949-5p 6766 -123 92 22
PARPI miR-19-36095-3p 1275 -119 90 23
miR-17-12514-5p 1282 -102 91 20
PLEC miR-17-39011-3p 5200 -119 90 23
miR-13-32613-3p 5201 -132 93 24
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Continuation of table 3

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-2-6862-5p 5208 -121 89 23
miR-9-25082-3p 6335 -125 88 24
miR-9-22187-3p 6337 -119 89 23
miR-22-40302-3p 6503 -119 90 22
miR-14-34560-3p 6503 -119 89 24
miR-19-41910-5p 7013 -129 88 24
miR-13-32613-3p 7022 -132 93 24
miR-5-15548-3p 7035 -127 91 23
PPFIAI miR-5-17240-3p 63 -119 89 23
miR-21-43879-3p 171 -115 93 20
RGS22 miR-3-11123-5p 3500 -98 90 22
S1PR2 miR-11-30639-3p 1169 -115 90 23
SHANK?2 miR-10-13751-3p 4664 -125 95 21
miR-17-40012-5p 4666 -113 91 21
SP4 miR-17-39416-3p 215 -121 92 22
miR-2-6184-3p 1130 -119 92 23
TNFRSFIB miR-17-36319-3p 1156 -127 90 24
miR-16-37909-3p 1157 -110 91 21
TPM3 miR-5-14479-5p 335 -117 92 23
TRAF2 miR-17-41486-3p 1178 -110 91 21
miR-10-27780-3p 1395 -106 88 24
TRPC6 miR-17-39143-3p 470 -125 91 24
miR-5-15829-5p 527 -110 91 22
TRPV4 miR-15-36320-5p 1371 -121 90 23
miR-1-1855-3p 2078 -104 89 23

In mRNA of ETS! gene it was found the inter-
esting evidence: miR-15-36862-3p and miR-10-
29282-3p have 12 and 11 multiple binding sites,
respectively. They located from 3875 nt to 3931 nt.
The effect of each of the miRNAs will depend on
the ratio of their concentrations, and overall the ex-
pression of the E7S1 gene will be determined by the
total concentration of miR-15-36862-3p and miR-
10-29282-3p, since they have close free energies in-
teraction (AG are equal to -108 kJ/mole and -107 kJ/
mole, respectively) with mRNA of E7S1 gene. The
same miR-15-36862-3p and miR-10-29282-3p form
a clustered binding site with a length 33 nt located
from 5454 nt to 5487 nt in the 3’UTR of mRNA of
RUNXI gene.

The mRNA of S/PR2 has seven miRNA bind-
ing sites in the 3’UTR.The binding sites of miR-
2-4804-5p and miR-17-39935-3p are located in
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cluster from 2763 nt to 2795 nt with a length 33
nt and with average AG = -110 kJ/mole. miR-
19-42814-5p and miR-10-29282-3p form cluster
from 3191 nt to 3218 nt with AG value equal to
-105 kJ/mole.

The mRNA of DMD gene has cluster from
11762 nt to 11791 nt with average AG = -104 kJ/
mole. mRNA of CKS2, DLG1, ERCCI, FAT2, IHH,
MREI14, NGFR, TRPC6 and TRPV4 genes have
binding sites only for single miRNAs. TNFRSFIB
gene has a cluster from 2321 nt to 2365 nt with an
average AG value equal to -112 kJ/mole.

The IGF2 gene has clustered binding sites from
2286 nt to 2351 nt with average AG = -108.3 kJ/
mole and also in position of 2442-2463 nt with AG =
-108.8 kJ/mole. The average free energy of binding
of miRNAs with all mRNAs in the 3’UTR was equal
to -111 kJ/mole.
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Table 4 — Characteristics of miRNA interaction with mRNA in the 3’UTR of genes involved in the development of esophageal cancer
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Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
BBC3 miR-17-42375-5p 999 -119 89 23
MiR-19-41914-3p 1130 -121 95 21
miR-11-12657-3p 1625 -108 91 21
miR-6-18764-3p 1681 123 89 2
CKS2 miR-3-11351-5p 556 79 97 17
DLGI MiR-9-24591-3p 4250 4108 89 23
DMD miR-3-5147-5p “762(; 1766 -100+-102 9092 2
miR-101-27078-5p 11768 2110 91 23
DRD?2 miR-7-2273-5p 2039 115 93 21
miR-9-24471-3p 2581 115 90 23
ERCCI miR-17-9289-5p 1544 127 94 2
ETSI MiR-6-20721-5p 3284 296 90 2
miR-15-36862-3p | 38753908 (12) 4108 89 23
miR-10-29282-3p | 3888+3908 (1) -104+-108 89 23
FAT? miR-19-43329-3p 13551 123 91 2
FZD3 miR-20-20331-5p 6810 -106 91 21
miR-14-35161-5p 9897 117 89 2
miR-2-4826-5p 10100401 (2) 113 90 23
HOXC4 miR-11-18690-5p 1258 2110 90 2
miR-13-35476-3p 1387 117 90 2
HOXCS miR-17-39477-3p 828 113 91 21
miR-2-6824-3p 935 -110 90 2
IGF2 miR-101-27078-5p | 2286+2351 (6) -108+-113 89-93 23
miR-3-5147-5p 2301 -104 94 2
miR-3-5147-5p 2345 -104 94 2
miR-101-27078-5p | 24042412 (2) 110 91 23
miR-3-5147-5p 2345 -104 94 2
miR-101-27078-5p | 2442+2463 (3) -108+-113 89-93 23
miR-3-5147-5p 2457 -104 94 2
miR-101-27078-5p | 25202539 (3) -108 89 23
miR-101-27078-5p 2571 -108 89 23
miR-101-27078-5p 2620 -108 89 23
miR-101-27078-5p | 2655:2672 (3) -108+-110 89-91 23
miR-101-27078-5p | 2704+2725 (2) 4108 89 23
miR-101-27078-5p 2837 2110 91 23
miR-9-24619-3p 4292 115 90 23
HH miR-6-19324-3p 1940 -121 89 23
ITCH miR-14-35161-5p 3672 119 90 24
miR-22-45335-5p 3727 113 90 23
miR-19-42529-3p 5645 4110 90 2
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Continuation of table 4

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-22-45335-5p 5899 -115 92 23
ITGAL miR-10-11641-3p 4703 -119 89 23
miR-22-45335-5p 4943 -113 90 23
MREI14 miR-11-18690-5p 2966 -110 90 22
NGFR miR-6-18910-3p 1996 -108 93 20
PAXS miR-15-37146-3p 2136 -110 90 22
miR-17-36319-3p 2864 -127 90 24
PLEC miR-7-17280-5p 14501 -119 90 22
miR-17-39642-5p 14781 -115 90 22
miR-17-40730-3p 15022 -119 89 23
PVR miR-17-39935-3p 3528 -104 91 21
miR-8-17639-3p 3573 -110 91 22
miR-7-21133-5p 5105 -121 89 24
miR-19-43240-3p 5734 -113 93 21
RUNXI1 miR-4-11239-3p 3123 -115 93 20
miR-1-2558-3p 3368 -117 93 22
miR-15-36862-3p 5454-5464 (2) -108+-113 89+93 23
miR-10-29282-3p 5464 -108 93 23
S1PR2 miR-2-4804-5p 2763-2764 (2) -110+-115 88+92 24
miR-17-39935-3p 2774 -104 91 21
miR-19-42814-5p 3191-3195 (2) -104 89 23
miR-10-29282-3p 3192-3194 (2) -104+-106 89-91 23
STMN1 miR-5-17240-3p 1096 -119 89 23
miR-7-13347-5p 1730 -106 91 22
miR-10-26483-5p 1744 -113 91 22
miR-2-5355-3p 1987 -119 93 22
TNFRSF1B miR-2-4826-5p 2321-2322 (2) -113 90 23
miR-17-8001-3p 2342 -110 90 23
miR-9-24929-3p 3040 -119 92 23
TPM3 miR-17-34996-5p 3181 -110 90 23
miR-10-26483-5p 3540 -117 95 22
miR-8-11096-5p 4451 -117 93 22
TRPC6 miR-6-15855-3p 3877 -96 92 21
TRPV4 miR-11-31858-5p 2714 -110 93 20

Table 5 shows the patterns of miRNA
interaction with mRNA of the candidate genes
involved in the development of esophageal
cancer. The results show that nucleotides forming
non-canonical pairs participate in the interaction
of miRNA with mRNA: G-U and A-C. Due to
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this, the interaction of all nucleotides is taken
into account, which increases the free energy
of the interaction of miRNA with mRNA.
miR-10-29282-3p has 12 binding sites in the
3’UTR mRNA of ETSI gene with identical
characteristics.
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Table 5 — Schemes of the interaction of miRNA with mRNA of candidate genes of the esophageal cancer

PTPRJ;, miR-14-37452-3p; 5'UTR;32; -125; 91; 23
5' -AGCGGGAGCAGCCGCGGGAGCCG-3"

FEECEEEErrrr el
3'-UCGCUCCCGUCGGCGCCCCCGGEU-5"

PTPRJ; miR-2-3313-3p; S'UTR; 163; -138; 87; 25
5'-UGUGGCCGCGGCCGCCGCCGCCGCU-3"

e et errrrd
3'-GCCCCGGCGGLCGGECEELCGECEELGG-5"!

PLEC; miR-19-42706-5p; CDS; 6157; -125; 91; 23
5" -AGGAGGCGGAGAACGAGCGCCUG-3"

FEEEEEEErrrr el
3'-UCCUCCGCCUCCCGCUCGCGGGC-5"

TRAF2; miR-17-41486-3p; CDS; 1178; -110; 91; 21
51 —~CCGCCAUCUUCUCCCCAGCCU-3"

FELTEEEEEE el
3" -GGCGGUAGAAGGGAGGCCGGA-5"

ITCH; miR-17-34996-5p; 725; CDS; -110; 90; 23

5'-GCAACCUCUGCCUCCCGGGUUUA-3"
FEEEERrrE Tt

3'-CGUUAGAGAAGGAGAGCCCAAGU-5"

ITCH; miR-14-35161-5p; 3672; 3'UTR; -119; 90; 24

5' -GCACUCUGGGAGGCCGAGGCAGGA-3"
NERRRRRE AR RN

3 ' -UGUGAAACCCUCUCGCUCCGUCCU-5"

IGF2; miR-101-27078-5p; 2295; 3'UTR; -104; 86; 23

5'-GCACACACACGCACACACAUGCA-3"
FEEEEEEErrre el

3'-UGUGUGUGCGUAUGUGUGCAUGU-5"

IGF2; miR-101-27078-5p; 2341; 3'UTR; -113; 93; 23

5'-ACACACACGCACACACAUGCACA-3'
FEEEEEErEr et rrrnl

3' -UGUGUGUGCGUAUGUGUGCAUGU-5"'

ETSI; miR-10-29282-3p; 3888; 3'UTR; -104; 89; 23
5'-GUGUGUGUGUGUGUGUGUGUGUG-3"

FEETEEErErrr e rrrrend
3'-CACACACGCAUAUAUACACACAU-5"

RUNXI; miR-10-29282-3p; 5464; 3'UTR; -108; 92; 23
5'-GUGUGUGCGUGUGUGUGUGUGUG-3"

LEEEEEErrr el
3'-CACACACGCAUAUAUACACACAU-5'

Note. Here and in Tables 5 and 9, the first line shows: the name of the gene; miRNA; mRNA region; beginning of
the miRNA binding site, nt; the value of AG, kJ/mole; the value of AG/AGm,%; the length of miRNA, nt.

2. The characteristics of miRNAs interaction
with mRNAs of candidate genes, involved in the
development of stomach cancer

To determine miRNA, the targets of which are
the genes responsible for the development of SC,
it was conducted a search for binding sites in 106
mRNA human genes responsible for stomach onco-
genesis. As a result of the study, it was found that 85
of the 106 genes have binding sites with high affin-
ity for miRNA (Table 6).

The degree of interaction of miRNA with mRNA
is determined by the amount of free energy (AG) of
their binding. For this indicator, several miRNAs
can be distinguished.

Binding sites of miR-17-39555-3p, miR-1-654-
3p and miR-14-18322-3p in mRNA EPHB2 gene
located from 74 nt to 121 nt. The free energy of
interaction of these miRNAs is average AG value
equal to -115 kJ/mole.

The mRNA of ROBOI has cluster from 596 nt
to 616 nt with an average energy range equal to -114
kJ/mole. miR-22-23987-3p and miR-5-8853-5p
have the same binding sites in mRNA of ROBO!
with AG value equal to -123 kJ/mole and -117 kJ/
mole, respectively.

Identified miR-3-8100-5p, miR-9-5204-5p,
miR-5-8853-5p binding sites in mRNA of SLIT3
gene located from 220 nt to 256 nt with average AG/
AGm value was 91%, and an average AG value equal
to 124 kJ/mole. The degree of complementarity of
the interaction of miRNA with mRNA is highest for
the SLIT3 and miR-5-8853-5p association. It should
be remembered that the effectiveness of miRNA
interaction with mRNA is determined not only by
the degree of complementarity of nucleotides in the
binding site, but also by the nucleotide interaction
energy. Consequently, the more G-C-pairs are
formed, the stronger binding of miRNA with mRNA
will be (Table 6). mRNA of EPHB2 gene has a
cluster from 74 nt to 121 nt with an average energy
of hybridization equal to -115 kJ/mole. mRNA of
SLIT3 gene has two clusters, in segment from 26 nt
to 55 nt with AG = -122 kJ/mole and from 220 nt to
256 nt with AG = -124 kJ/mole.

mRNA of ARID4B, BAALC, CDCI16, FKBPS,
GIPR, HNF4A, IHH, KDMIA, KIAA1199, NGFR,
PAXS5, PKDI1, PPP2CA, PTOV1, RASSF3, SEMAS5A and
TACRI genes have the binding sites with single miRNA.

The mRNA of ETS! gene has cluster from 20
nt to 81 nt with an average energy of hybridization
equal to 121 kJ/mole.
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Table 6 — Characteristics of miRNA interaction with mRNA in the 5’UTR of genes involved in the development of stomach cancer

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ARID4B miR-21-40861-3p 389 -110 90 22
BAALC miR-19-43576-5p 197 -108 91 21
CDCI6 miR-5-15733-3p 89 -134 90 24
CELSR3 miR-20-44217-3p 166 -127 92 23
miR-17-35537-3p 168 -115 90 21
miR-9-27797-5p 271 -125 88 24
CYLD miR-15-37972-3p 15 -110 90 22
miR-X-37327-3p 52 -115 93 20
DCC miR-19-36133-3p 440 -121 92 22
miR-12-32603-3p 482 -115 92 23
DICERI miR-13-34605-5p 86 -115 92 21
miR-5-15733-3p 86 -132 89 24
miR-2-4989-3p 157 -115 90 22
DNMT3A4 miR-2-6128-5p 44 -129 38 24
miR-8-23997-5p 88 -102 94 19
EPCAM miR-2-7088-3p 237 -117 92 21
miR-10-25141-3p 244 -119 89 23
miR-17-39405-5p 314 -115 89 23
EPHB2 miR-17-39555-3p 74 -108 96 18
miR-1-654-3p 82 -115 92 20
miR-14-18322-3p 100 -123 92 21
ETSI miR-4-11022-5p 20 -117 89 23
miR-13-32878-3p 40 -113 91 21
miR-11-29831-3p 57 -134 89 24
FKBP5 miR-19-42169-5p 11 -115 89 23
GIPR miR-12-31754-5p 36 -119 90 23
HNF44 miR-9-26042-5p 53 -125 92 22
IHH miR-7-21068-3p 23 -129 88 24
KDM1I1A4 miR-10-28030-3p 54 -127 91 23
KIAA1199 miR-16-37525-3p 54 -119 90 22
MCM7 miR-7-20142-5p 26 -119 89 23
miR-8-23353-3p 111 -121 90 22
miR-16-39014-5p 846 -106 91 21
MTMR3 miR-14-35410-5p 130 -115 92 22
miR-19-38260-3p 135 -113 90 22
MYO5B miR-8-23323-3p 24 -123 91 23
miR-19-36992-3p 248 -110 93 20
NGFR miR-19-43963-5p 12 -119 92 22
PAXS miR-2-6328-5p 331 -119 90 23
PKDI miR-16-38906-3p 161 -127 88 24
PPP2CA miR-9-22179-3p 368 -110 93 21
PTOVI miR-10-13751-3p 79 -121 92 21
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Continuation of table 6

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
PTPRJ miR-14-37452-3p 32 -125 91 23
miR-7-15849-3p 85 -110 96 18
miR-20-45152-5p 162 -134 90 24
miR-2-3313-3p 163 -138 87 25
miR-2-4453-3p 165 -119 90 21
miR-22-46979-5p 166 -123 89 23
miR-1-155-3p 168 -125 91 22
miR-12-10048-5p 206 -117 92 20
miR-17-41183-5p 213 -123 89 23
miR-9-27797-5p 240 -125 88 24
miR-9-20317-3p 267 -132 89 24
RASSF3 miR-16-7974-5p 21 -121 90 22
ROBOI1 miR-2-7838-5p 501 -123 91 22
miR-22-23987-3p 596 -123 94 21
miR-5-8853-5p 596 -117 93 20
miR-2-6409-5p 599 -102 96 17
RUNXI1 miR-5-14114-5p 1417 -123 89 23
miR-17-40012-5p 1435-1436 (2) -110 90 21
SEMASA miR-1-2602-3p 411 -117 93 22
SFRPI miR-X-46434-5p 105 -113 90 21
miR-19-33623-3p 111 -132 89 24
miR-11-28567-3p 175 -123 89 23
SLIT3 miR-9-15689-5p 26 -129 91 24
miR-19-43373-3p 34 -115 90 21
miR-5-14202-5p 137 -123 91 22
miR-3-8100-5p 220 -129 88 24
miR-9-5204-5p 226 -123 92 22
miR-5-8853-5p 236 -119 95 20
TACRI miR-3-9000-5p 511 -104 91 21
TRPC6 miR-9-25488-3p 346 -113 93 20
miR-10-11155-3p 392 -115 90 22
UGCG miR-15-38620-5p 132 -119 90 22
miR-1-654-3p 194 -117 93 20
ZDHHC14 miR-X-44972-5p 159 -117 92 20
miR-17-39593-3p 427 -136 89 24

Analysis of clusters localization relatively to
genes by use of such instruments, as MirTarget
program, give ability to identify the localization
of clustered binding sites, to classify which
miRNA has ability to concur for binding site, what
is additional functional characteristics of such
clusters. Additional characteristics of nucleic acid

sequences for description of clustered binding sites,
such values as (AG, kJ/mole) and (AG/AGm, %)
allow more precise determination of what miRNAs
will have the advantage and allow qualitatively
solve new problems of analysis of binding sites by
their indicators. The development of methods for
locating binding sites in mRNA genes facilitates the
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determination of more accurate patterns of miRNA
functioning for the regulation of gene transcription.

The average free energy of binding of miRNA
with mRNA in the 5’UTR of all mRNA is -124
kJ/mole. The number of miRNA associations with
mRNA having a free interaction energy of more
than -125 kJ/mole is 14. All of them can serve as
markers in the development of methods for the early
diagnosis of stomach cancer.

Table 7 shows the results of a study of the
interaction of miRNAs with mRNAs of 48 genes
in the CDS regions, each of which have binding
sites for one to several miRNAs. mRNA of BBC3
and PRDM?2 genes have three clustered binding
sites of miRNA. In mRNA of PRDM?2 gene the

average free energy value is equal to -112 kJ/mole.
mRNA of ARID4B, DAPK3 and KDM1A have the
consequentially located multiple binding sites with
miRNA with free energy range between -108 kJ/
mole to -132 kJ/mole.

Inthe CDS of mRNA BBC3 gene identified three
miRNAs binding sites with overlapped nucleotide
sequences. They all form a cluster from 455 nt to 482
nt with average AG value equal to -136 kJ/mole. 11
miRNAs binding sites identified in mRNA of PKD1
gene, and two miRNAs have had the same starting
nucleotide. mRNAs of BAALC, COL3A41, EPHB?2,
ITGAL, PARPI, PPFIAI, PRDM?2, SREBFI,
TRAF2, TRPC6, and TRPV4 have two binding sites
for miRNAs in each gene.

Table 7 — Characteristics of miRNA interaction with mRNA in the CDS of genes involved in the development of stomach cancer

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ARID4B miR-9-26506-3p 2134-37 (2) -110 90 22
BAALC miR-1-3822-3p 207 -121 92 22

miR-18-41032-5p 305 -123 92 22

BBC3 miR-22-45004-5p 408 -115 95 21

mir-1-2121-3p 455 -138 88 25

miR-19-21199-3p 457 -138 88 25

miR-19-33623-3p 458 -132 89 24

miR-22-42699-3p 869 -113 90 23

CELSR3 miR-21-43422-5p 374 -113 90 22
miR-3-8100-5p 1710 -129 88 24

miR-17-40348-5p 1714 -121 89 23

miR-10-27065-3p 4533 -115 92 21

miR-16-38755-3p 4712 -119 89 24

COL3A1 miR-22-45188-5p 3517 -113 93 22
miR-6-19625-5p 3593 -117 92 23

CPE miR-3-3472-5p 355 -115 90 22
DAPK3 miR-11-24912-5p 813-14 (2) -108 91 21

DcC miR-10-27508-3p 2971 -102 91 22
DICERI miR-12-32603-3p 4492 -117 93 23

DNMT3A miR-5-14479-5p 681 -115 90 23

EBF3 miR-10-26815-5p 1629 -121 88 24

EPHB2 miR-12-31830-3p 155 -127 91 24
miR-17-40348-5p 169 -121 89 23

ETS1 miR-11-28259-3p 1295 -108 96 20

EVL miR-X-48174-3p 864 -132 93 24

FAT2 miR-7-19687-3p 12856 -115 89 23
FBXW?7 miR-4-13692-3p 1243 -108 93 22

GFIIB miR-11-29046-5p 436 -100 90 22
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Continuation of table 7

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
GIPR miR-7-20718-5p 688 -113 90 23
ITCH miR-17-34996-5p 725 -110 90 23
ITGAL miR-1-1982-3p 2292 -100 90 22
miR-2-6532-3p 2712 -108 89 23
KDMI1A4 miR-9-22187-3p 179 -119 89 23
miR-16-39014-5p 208 -106 91 21
miR-1-2180-3p 341-342 (2) -127+-136 94-100 22
miR-19-43437-5p 601 -117 92 23
KI4A1199 miR-17-35122-5p 364 -113 91 21
MADILI miR-3-9978-3p 1965 -113 90 22
MAP2K4 miR-7-20203-3p 91 -123 92 22
MYOSB miR-3-9744-5p 1422 -117 89 23
NGFR miR-3-9952-3p 1309 -115 89 23
NOTCH]I miR-2-7838-5p 46 -123 91 22
miR-7-20621-3p 2480 -108 91 21
miR-21-44879-5p 4415 -119 93 23
miR-9-25099-3p 4972 -115 90 22
miR-6-19010-3p 5181 -119 89 23
miR-18-41949-5p 6766 -123 92 22
PARPI miR-19-36095-3p 1275 -119 90 23
miR-17-12514-5p 1282 -102 91 20
PFKFB3 miR-22-23015-3p 1877 -106 91 21
PKDI miR-17-39570-5p 213 -123 91 22
miR-19-44070-3p 295 -117 89 23
miR-11-29553-3p 974 -119 92 21
miR-2-6831-5p 2059 -110 93 20
miR-10-8412-5p 3010 -132 91 23
miR-8-25030-3p 3323 -119 90 23
miR-11-30592-3p 5986 -117 90 23
miR-9-15689-5p 6448 -125 88 24
miR-1-869-3p 11047 -102 92 22
miR-8-21107-5p 11450 -110 90 22
miR-11-31032-3p 12009 -119 89 23
miR-19-41434-3p 12767 -110 91 21
miR-9-25624-3p 12767 -108 91 21
POU2F2 miR-19-43819-5p 1145 -110 90 22
miR-1-2802-3p 1308 -113 90 22
miR-8-23986-3p 1315 -129 90 24
PPFIAI miR-5-17240-3p 63 -119 89 23
miR-21-43879-3p 171 -115 93 20
PRDM?2 miR-9-26506-3p 1661-64 (2) -110+-113 90-91 22
miR-12-32603-3p 1666 -113 90 23
PRKCA miR-19-42303-3p 1789 -115 89 23
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Continuation of table 7

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
PTOVI miR-18-41128-3p 191 -113 91 21
miR-1-1007-3p 227 -115 89 23
miR-1-2030-3p 1131 -110 90 22
miR-19-37450-3p 1393 -108 94 21
PTPRJ miR-17-35260-3p 408 -117 92 22
SLITI miR-22-38710-5p 504 -110 91 21
SND1 miR-10-26483-5p 1344 -110 90 22
miR-9-25082-3p 1993 -125 88 24
miR-2-6494-3p 2234 -102 92 21
SREBF1 miR-8-23525-5p 323 -113 93 20
miR-8-23111-3p 546 -117 90 22
SREBF?2 miR-1-2002-3p 564 -121 90 22
TNFRSFIB miR-17-36319-3p 1156 -127 90 24
miR-16-37909-3p 1157 -110 91 21
TNKS miR-7-19239-3p 74 -125 89 23
miR-11-29000-5p 454 -119 89 23
miR-1-3558-3p 2944 -110 90 22
TPM3 miR-5-14479-5p 335 -117 92 23
TRAF2 miR-17-41486-3p 1178 -110 91 21
miR-10-27780-3p 1395 -106 88 24
TRPC6 miR-17-39143-3p 470 -125 91 24
miR-5-15829-5p 527 -110 91 22
TRPV4 miR-15-36320-5p 1371 -121 90 23
miR-1-1855-3p 2078 -104 89 23
TRRAP miR-19-33623-3p 1735 -132 89 24
VPS13B miR-1-4248-3p 3692 -110 93 21

mRNAs of CPE, DCC, DICERI, DNMT3A,
EBF3, ETS1, EVL, FAT2, FBXW7, GFIIB, GIPR,
ITCH, KIAA1199, MADILI, MAP2K4, MYOS5B,
NGFR, PFKFB3, PRKCA, PTPRJ, SLIT1, SREBF2,
TPM3, TRRAP and VPSI3B genes have binding
sites for single miRNAs with high affinity.

The average free energy of binding of miRNA
with mRNA in the CDS of all mRNA is -116 kJ/
mole. The number of miRNA associations with
mRNA having free interaction energy is -125 kJ/
mole and more is 12 (Table 7). All of them can serve
as markers in the development of methods for early
diagnosis of SC.

The characteristics of the interaction of miRNA
with mRNAs of 47 target genes in the 3’UTR are
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given in Table 8. The mRNA of some genes can
bind 2 or more miRNAs. There were six binding
sites for different miRNAs in the 3°’UTR of 4K72
gene, two of which form a cluster from 2248 nt to
2279 nt. Four miRNAs have binding sites in mRNA
of BBC3 gene.

mRNA of CKS2, CYLD, EBF3, ERBB4, FAT2,
HDAC4, IHH, ITGAL, MRE114, MTMR3, NGFR,
PFKFB3, PRMTI, PTOV1, POU2F2, SLITI, SNDI,
SREBFI, TRPC6 and TRPV4 genes has binding
sites for single miRNAs.

mRNAs of CELSR3, EPHB2, ERCCI,
KIAA1199, PAXS5, PRDM2, POU2F2, PRKCA,
SEMAS5A, SFRP1, SREBF2, VPSI3B and WWP2
genes have binding sites for two miRNAs.
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Table 8 — Characteristics of miRNA interaction with mRNA in the 3’UTR of genes involved in the development of stomach cancer
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Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
AKT?2 miR-17-42375-5p 1935 -119 89 23
miR-8-24024-3p 2248 -123 89 24
miR-15-38767-3p 2255 -121 88 24
miR-12-32747-3p 2551 -110 93 20
miR-19-39818-3p 3095 -102 91 20
miR-1-75-3p 3926 -117 90 22
BBC3 miR-17-42375-5p 999 -119 89 23
miR-19-41914-3p 1130 -121 95 21
miR-11-12657-3p 1625 -108 91 21
miR-6-18764-3p 1681 -123 89 24
CELSR3 miR-16-37914-3p 10515 -119 86 25
miR-19-43804-3p 10520 -110 91 21
CKS2 miR-3-11351-5p 556 -79 97 17
CYLD miR-10-29282-3p 6075 -106 91 23
EBF3 miR-19-41383-3p 2255 -115 90 23
EPHB2 miR-10-28283-5p 3606 -123 85 25
miR-17-39907-3p 4700 -108 91 21
ERBB4 miR-21-40861-3p 10515 -113 91 22
ERCCI miR-4-13310-3p 1042 -104 91 20
miR-17-9289-5p 1544 -127 94 24
ETSI miR-6-20721-5p 3284 -96 90 22
miR-15-36862-3p 3875+3908 (12) -108 89 23
miR-19-42814-5p 3876+3913 (15) -100+-102 85+87 23
miR-10-29282-3p 3888+3908 (11) -104+-108 89 23
FAT? miR-19-43329-3p 13551 -123 91 24
FKBP5 miR-2-5355-3p 1434 -115 90 22
miR-10-26483-5p 4870 -110 90 22
miR-11-29602-5p 5727 -106 91 21
miR-17-39935-3p 6364 -104 91 21
miR-10-26483-5p 6367 -110 90 22
miR-3-3567-3p 6487 -102 91 21
miR-22-45902-3p 7306 -110 91 22
FZD3 miR-20-20331-5p 6810 -106 91 21
miR-14-35161-5p 9897 -117 89 24
miR-2-4826-5p 10100+01(2) -113 90 23
HDAC4 miR-16-40163-5p 4605 -121 90 23
IGFIR miR-10-28238-3p 4199 -106 91 20
miR-2-4736-5p 5113 -121 92 21
IGF2 miR-101-27078-5p 2286+2351 (6) -108+-113 89+93 23
miR-3-5147-5p 2301 -104 94 22
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Continuation of table 8

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-3-5147-5p 2301 -104 94 22
miR-3-5147-5p 2345 -104 94 22
miR-3-5147-5p 2457 -104 94 22
miR-101-27078-5p 2404+2412 (2) -110 91 23
miR-3-5147-5p 2345 -104 94 22
miR-101-27078-5p 24422463 (3) -108+-113 89+93 23
miR-3-5147-5p 2457 -104 94 22
miR-101-27078-5p 2520+2539 (3) -108 89 23
miR-101-27078-5p 2571 -108 89 23
miR-101-27078-5p 2620 -108 89 23
miR-101-27078-5p 2655+2672 (3) -108+-110 89+91 23
miR-101-27078-5p 27042725 (2) -108 89 23
miR-101-27078-5p 2837 -110 91 23
miR-9-24619-3p 4292 -115 90 23
IHH miR-6-19324-3p 1940 -121 89 23
ITCH miR-14-35161-5p 3672 -119 90 24
miR-22-45335-5p 3727 -113 90 23
miR-19-42529-3p 5645 -110 90 22
miR-22-45335-5p 5899 -115 92 23
ITGAL miR-10-11641-3p 4703 -119 89 23
KIAA1199 miR-11-29796-3p 5267 -106 93 20
miR-11-28087-3p 5269 -113 91 22
MGATS miR-10-24586-5p 2381 -106 91 22
miR-17-40389-5p 4119 -110 93 20
miR-10-29282-3p 4308-4334 (14) -104+-106 89+91 23
miR-15-36862-3p 4308-4332 (13) -108 89 23
MREIIA miR-11-18690-5p 2966 -110 90 22
MTMR3 miR-3-8863-5p 4427 -102 91 21
NGFR miR-6-18910-3p 1996 -108 93 20
PAXS miR-15-37146-3p 2136 -110 90 22
miR-17-36319-3p 2864 -127 90 24
PFKFB3 miR-5-15245-3p 3363 -104 91 20
PKDI miR-6-17487-3p 13941+42 (2) -113+-117 90+93 23
miR-6-17605-3p 13952 -108 91 21
POU2F2 miR-17-17436-3p 2305 -108 91 20
miR-5-14706-3p 5031 -102 91 20
PRDM?2 miR-15-36862-3p 6149 -113 93 23
miR-2-6238-3p 6254 -102 92 22
PRKCA miR-8-23744-5p 6764 -119 90 23
miR-20-20331-5p 6874 -106 91 21
PRMTI miR-10-17673-3p 1255 -117 92 21
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Continuation of table 8

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
PTOVI miR-17-39730-3p 1568 -106 94 20
PVR miR-17-39935-3p 3528 -104 91 21
miR-8-17639-3p 3573 -110 91 22
miR-7-21133-5p 5105 -121 89 24
miR-19-43240-3p 5734 -113 93 21
POU2F2 miR-17-17436-3p 2305 -108 91 20
RUNXI miR-17-20229-5p 2954 -106 94 18
miR-4-11239-3p 3123 -115 93 20
miR-1-2558-3p 3368 -117 93 22
miR-15-36862-3p 5464-5464 (2) -108+-113 89+93 23
miR-10-29282-3p 5464 -108 93 23
SEMASA miR-X-45975-5p 7923 -96 92 22
miR-2-4826-5p 8045 -115 92 23
SFRPI miR-9-24201-3p 1264 -113 91 22
miR-10-26528-5p 2337 -121 88 24
SLITI miR-18-27691-3p 5412 -104 91 21
SND1 miR-3-8209-3p 2981 -106 91 21
SREBF1 miR-19-42491-3p 4420 -117 89 23
SREBF2 miR-17-38738-5p 4196 -117 90 22
miR-1-2142-3p 4206 -123 92 23
STMN1 miR-5-17240-3p 1096 -119 89 23
miR-7-13347-5p 1730 -106 91 22
miR-10-26483-5p 1744 -113 91 22
miR-2-5355-3p 1987 -119 93 22
TNFRSF1B miR-2-4826-5p 2321-22 (2) -113 90 23
miR-17-8001-3p 2342 -110 90 23
miR-9-24929-3p 3040 -119 92 23
TPM3 miR-17-34996-5p 3181 -110 90 23
miR-10-26483-5p 3540 -117 95 22
miR-8-11096-5p 4451 -117 93 22
TRPC6 miR-6-15855-3p 3877 -96 92 21
TRPV4 miR-11-31858-5p 2714 -110 93 20
VPS13B miR-9-26530-3p 13482 -110 90 22
miR-2-4804-5p 13561 -110 88 24
WWwP2 miR-16-37839-3p 3838 -115 89 23
miR-19-42814-5p 4433 -106 91 23

miR-2-4826-5p has binding sites in mRNAs of
FZD3 and TNFRSFIB genes with an energy value
equal to -113 kJ/mole in both cases. The mRNA of
TNFRSF1B gene has a cluster for two miRNAs in
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position from 2321 nt to 2365 nt. mRNA of RUNXI
gene binds with miR-15-36862-3p and miR-10-
29282-3p with an AG value equal to -113 kJ/mole

and -108 kJ/mole, respectively.
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The AG/AGm value, which characterizes the in-
teraction of miRNA with mRNA presented in the
table, does not exceed 95%.

The mRNA of PKDI gene has 3 binding sites
that form a cluster with overlapped of nucleotide se-
quences with an average value of AG equal to -113
kJ/mole. miR-17-39935-3p and miR-10-26483-5p
form a cluster in mRNA of FKBPS5 gene from 6364
nt to 6389 nt with a length 26 nt and AG =-107 kJ/
mole.

The average free energy of binding of miRNA
with mRNA in the 3’UTR of all mRNA is -110
kJ/mole. Only two miR-17-9289-5p and miR-17-
36319-3p binds with mRNA of the target genes
ERCCI and PAX5 with energy of more than -125

kJ/mole and are therefore recommended as asso-
ciations for diagnosis. Two more miRNA (miR-
10-29282-3p and miR-15-36862-3p) have multiple
binding sites in the E7S! and MGATS5 genes and
therefore are also suggested as associations for the
diagnosis of stomach cancer.

Table 9 shows the patterns of miRNA inter-
action with the mRNA of the candidate genes in-
volved in the development of stomach cancer. The
results show that nucleotides forming non-canonical
pairs participate in the interaction of miRNA with
mRNA: G-U and A-C. Due to this, the interaction
of all nucleotides is taken into account, which in-
creases the free energy of the interaction of miRNA
with mRNA.

Table 9 — Schemes of the interaction of miRNA with mRNA of candidate genes of the stomach cancer

DICERT; miR-5-15733-3p; S'UTR;86; -132; 89; 24
5'-GGCGGCGGGGGCGGCGGCGCCGGG-3"

FEEEErre reerer trrerrnd
3'-CCGCCGLCLGLeeeeaaraeeecuue-5"

ROBOI; miR-22-23987-3p; S'UTR; 596; -123; 94; 21

5'-CCGCCGCCGCCGCGLuGeee-3"
LCLETLELIELEEIL 1o

3'-GGCGGCGGCGGCGUGGCLCGGG-5"

KDMTA4; miR-1-2180-3p; CDS; 342; -136; 100; 22
5' -CCUCCGCGGGCCUCGCCCCCCG-3 "

FEEREEETErr el
3'-GGAGGCGCCCGGAGCGGGGEGC-5"

NOTCHI; miR-6-19010-3p; CDS; 5181; -119; 89; 23
5'-GCCGCCCCCGCCGGCGCAGCUGC-3 "

FEEETEEErr et terred
3'-CGACGGGGGCGGUUGUCUCGACG-5"

FZD3; miR-14-35161-5p; 9897; 3'UTR; -117; 89; 24

5' -ACACUUUGGGAGGCCGAGGCGGGC-3"
PR Errrr il

3' ~UGUGAAACCCUCUCGCUCCGUCCU-5"

MGATS; miR-10-29282-3p; 3'UTR:4308; -104; 89
5'-GUGUGUGUGUGUGUGUGUGUGUG-3"!

FECEREEEEE R e
3'-CACACACGCAUAUAUACACACAU-5'

5' -GAGGGGGAGGGAGAUAGAGGG-3"

(AN RERE RN RN
3'-CUCCCCCUCCCUCUACCCCUC-5"

CELSR3; miR-19-43804-3p; 10520; 3'UTR; -110; 91; 21

CYLD; miR-10-29282-3p; 6075; 3UTR; -106; 91; 23
5'-GUGUGUGUGUAUAUAUGUAUGUG-3"'

EEEREEEEr ettt rrl
3'-CACACACGCAUAUAUACACACAU-5'

ETSI; miR-15-36862-3p; 3875; 3'UTR; -108; 89; 23
5'-GUGUGUGAAUGUUGUGUGUGUGU-3"'

CEEREEE TR rernd
3'-CGUACACGUACAACACACACACA-5'

ETSI; miR-19-42814-5p; 3887; 3'UTR; -102; 87; 23
5 ' -UGUGUGUGUGUGUGUGUGUGUGU-3"
FELEEEE TrE Frrrrerrrt

3'-ACACACAAACAAACAUACACACG-5'

Conclusion

1. In each group of candidate esophageal and
stomach cancer genes, it was identified miRNA
and mRNA associations that had a free energy
of interaction of -125 kJ/mole or more that could
serve as markers for developing methods for early
diagnosis of esophageal and stomach cancer.

2. The average free energy of binding of miRNA
with mRNA of genes involved in esophageal and
stomach cancer development is greater in 5’UTR
and CDS compared to 3’UTR, which suggests

ISSN 1563-0218; eISSN 2617-7498

preferential binding of miRNA to 5’UTR and CDS
of the studied genes.

3. It was identified the location of miRNA binding
sites in clusters containing two or more binding sites
overlapping their nucleotide sequences. Such a compact
arrangement of binding sites in mRNA significantly
reduces the proportion of binding sites in mRNA
nucleotide sequence. Overlapping miRNA binding sites
creates competition between miRNA per binding site,
since the RISC complex interacting with mRNA with
more free energy will not allow binding to another RISC
with miRNA having a weaker interaction with mRNA.
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CHARACTERISTICS OF miRNA INTERACTION WITH
5’UTR, CDS AND 3’UTR mRNA CANDIDATE GENES
OF MYOCARDIAL INFARCTION AND ISCHEMIC HEART DISEASE

The study of the involvement of miRNAs in the regulation of the expression of candidate genes of
myocardial infarction and coronary heart disease will facilitate the development of new effective meth-
ods for noninvasive diagnosis of these diseases. Using the MirTarget program to determine the charac-
teristics of the interaction of miRNA with mRNA, the following original results were obtained. The 183
genes involved in the development of MI, 35 genes were associated with 51 miRNAs in the 5'UTR, 53
genes with 94 miRNA in the CDS, and 37 genes with 50 miRNAs in the 3'UTR. 24 genes bind to only
one miRNA were arranged in the 5’"UTR, 36 genes in the CDS, and 24 genes in the 3’UTR. The remain-
ing MRNAs of the genes involved in the development of MI were associated with two or more miRNAs.
Nine genes under the control of miRNAs were bound in the 5’'UTR, 21 genes in the CDS, and 15 in the
3’UTR. Most of the interactions occurred at the CDS site. The largest number of binding sites had the
MRNA of the CXCR2 and FAIM2 genes in the 3’UTR. Only three genes had binding sites in all regions:
AP3D1, GATA2, SEMA3F. MI candidate genes PDED4 was regulated by 13 miRNAs with free energy
of binding miRNAs with mRNAs -144 kJ/mole; genes ILF3, GATA2 were regulated by five and three
miRNAs respectively with the free energy of binding miRNAs with mRNAs -138 kJ/mole; genes TGFBR1
and AP3D1 were regulated by six and five miRNAs with free energy of binding miRNAs with mRNAs
-136 kJ/mole and -140 kJ/mole respectively. The 174 genes participating in the development of IHD,
34 genes were associated with 43 miRNAs in the 5'UTR, 55 genes with 90 miRNAs in the CDS, and 35
genes with 53 miRNAs in the 3’UTR. Of them, 23 genes that bound to only one miRNA were located
in the 5’"UTR region, 34 genes in the CDS, and 19 genes in the 3’"UTR. The mRNAs of genes involved
in the development of IHD were associated with two or more miRNAs. Eight genes under the control of
miRNAs were bound in the 5’'UTR, 20 genes in the CDS, and 15 in the 3'UTR. The mRNA of the THRA
gene in 5’UTR, the SMARCAA4 gene in the CDS, and the LDLR gene in the 3’UTR had the largest number
of interaction sites. The binding sites located at 5’"UTR had the strongest interaction. Only two genes had
binding sites in all sites: CTCF and F2RL3. IHD candidate genes SMARCA4, TGFB1 and DOCK7 were
regulated by seven, five and two miRNAs with free energy of binding miRNAs with mRNAs -140 kJ/
mole, -140 k)/mole and -138 kJ/mole respectively. There were genes characteristic for only one subtype:
myocardial infarction — ADRB1, ILF3, GATA2, TGFBR1, AP3D1; ischemic heart disease — SMARCAA4,
DOCK?7, CELSR2, TRIB1. All of the above mentioned accoumnaummn miRNA ¢ mRNA can be used as the
promising markers of myocardial infarction and ischemic heart disease.

Key words: miRNA, mRNA, myocardial infarction, ischemic heart disease, candidate genes.
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miRNA-AbIH, MHMOKapA MH(APKTICI )KoHE XYPEKTiH, ULLIEMUSIAbIK, aypybl
KaHAMAQATTbI reHAepiHiH, MRNA-aAbiH, 5’UTR, CDS xaHe 3’UTR-meH
e3apa apeKeTiHiH cMnaTramaAapbl

Mwuokapa MHMapKTICI >keHe >KYPEKTiH MIWEMMSAbIK, aypyAapbiHa ceGen GOAaTbiH KaHAMAQTTbI
reHAepi akcrpeccusicblH petteyaeri miRNA KaTbICyblH 3epTTey — OCbl aypaAapAblH, KaHa MHBA3MBTI
emMeC AMArHOCTMKaAapblH >Kacayfa >aHa TWIMAI oAicTepiH a3ipaeyre biknaa eTeai. Mirlarget
nporpamMmachbit KoaaaHy apkpbiAbl MiRNA meH MRNA-HbiH 6ip-6ipiMeH 6aiiAaHbICy cunaTTamaAapbiH
aHblkTay 6apbICbiHAQ KEAECIAE HOTUMXKEAEP aAbiHABL. Muokapa MHMAPKTICIHIH AaMyblHa KaTblCaTbiH
183 reH, onapabiH iwiHaeri 35 reH 5’UTR-aeri 51 miRNAs-meH 6arAanbicta 60AAbl, 53 reH CDS-Teri 94
miRNA-meH >xoHe 37 red 3’UTR-aeri 50 miRNAs-meH 6aiaanbicta 60AAbl. 24 red 5’UTR-aeri Tek kaHa
6ip MiIRNA-MeH 6arAaHbIcTbl, 36 reH CDS-Te, 24 rex 3'UTR-ae. Muokapa MHapKTiciHe KaTblcaTbIH
KaAFaH mMRNA reH eki He opaH kern MiIRNA-meH 6araanbicTa 60AAbI. MIRNAS-mMeH 6akbiAaHATbIH TOFbI3
red 5’"UTR-age, 21 ren CDS-Te, 15 red 3'UTR-ae 6aiaaHbic Kypanabl. OCbIAAPAbIH ilLiHAE GaiiAaHbICy
canTTapbiHbiH, Kebici CDS-te 6arkasabl. EH ken CXCR2 >xeHe FAIM2 reHaepiHiH MRNA-AapbIHbIH
GaiAaHbicy cantTapbl 3'UTR-Te 60oAAbl. Tek MblHA Yl FeHAEPiHiH GaiAaHbICy calTTapbl GAPAbIK,
anmakTapaa 6oaabl: AP3D1, GATA2, SEMA3F. PDED4 renaepi 13 miRNA-meH petteaeai, miRNA-HbIH
MRNA-MeH 6arAaHbiCy aHepruschbl 144k Ax/moab TeH, ILF3, GATA2 reHaepi 6ec oHe yw miRNA-
MeH peTTeAin oTbipaabl, MIRNA-HbiH MPHK-MeH GaiiaaHbicy sHeprusicbl 138 kAxk/Moab; TGFBR1 sxaHe
AP3D1 reHaepi aAtbl MeH 6ec miRNA-MeH peTteain oTbipaabl, MiIRNA-HbiH MRNA-meH GaiiAaHbICy
3Hepruscbl 136 KAXK/MOAb xaHe 140 KAXK/MOAb-re TeH. 174 reH >KYPEeKTiH ULEMUSIAbIK, aypybIHbIH
AaMyblHa Katbicaabl, 34 reH 5’'UTR-ae 43 miRNA-meH, 55 ren CDS-te 90 miRNA-meH >xaHe 3 reH
3’UTR-ae 53 miRNA-mMeH 6aiAaHbiCbl 6ap ekeHi aHblkTaAAbl. OHbiH, iwiHae 23 reH 5'UTR aeri Tek
KaHa 6ip miIRNA-meH 6GaitAaHbicTa 60Aca, 34 red CDS-te, 19 red 3’UTR-ae 6anAaHbICTbl. XKypekTin
MLLEMMSIABIK, aypYybIHbIH AamybiHa kaTbicaTblH MRNA reHaep eki Hemece opaH Aa kern miRNA-meH
GaiAaHbIC Ty3elTiH GOAbIN LWbIKTbI. MIRNA-MeH GakbiraHaTbiH ceri3 red 5’UTR-ae, 20 ren CDS-Te, 15
reH 3’"UTR-ae 6anAaHbiC Kypaiabl. EH ken 6anaarbicy canTtrapbl 5'UTR-ae THRA reni, CDS-te SMAR-
CA4 reni xoaHe 3’"UTR-ae LDLR reHaepiHii MRNA-AapbiHAa 60AAbL. Tek eki KaHAMAQTTbI FeHAEPIHIH
GapAblK, ariMakTapaa GaiAaHbicy canmttapbl 60aabl: CTCF, F2RL3. JKypekTiH MILeMMSAbIK aypybiHa
KaHAMAATThl reHaep SMARCA4, TGFB1 xeHe DOCK? >xeti, 6ec >xaHe eki miRNA-MeH peTteain
oTbipasbl, MIRNA-HbIH MRNA-meH 6ariAaHbicy sHepruscbl 140 KAXK/MOAb xaHe 138 KAX/MOAb-re
TeH. [eHAepAiH apacbiHaa Tek KaHa 6ip cybTurke »aTaTbiH reHAep 60AaAbl: MMOKApA MHGAPKTICH —
ADRBT1, ILF3, GATA2, TGFBR1, AP3D1; nwemusiabik, xypek aypybl — SMARCA4, DOCK7, CELSR2,
TRIB. bapablik, »orapbiaa kepceTiareH miRNA-Aap mMRNA-MeH accoumaumsaapbl MMoOKapA MHGAPKTICI
MEH XKYPEKTIH MLLEMMSABIK aypyblHbIH MEPCNEKTUBTI MapKkepAepi 6OAbIM KOAAAHBIAYbI MYMKIH.

Tyiin ce3aep: MiRNA, mRNA, muokapa MHGAPKTICI, UWLEMMSIAbIK, XYPEK aypybl, KaHAMAATTbI
reHaep.
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XapakTepucTuku B3aumoaencTeust miRNA
¢ 5’UTR, CDS u 3’'UTR mRNA KkaHAMAQTHbIX FeHOB
MHapKTa MUOKApAA M MLLEMHYECKOH O0Ae3HU cepAlia

M3yueHune yyactnga miRNA B peryAsiLMm sKCnpeccum KaHAMAQTHbBIX FeHOB MHpapKTa MmMokapaa 1
uiemmnueckot 6oAesHn cepaua 6yaeT cnocob6CTBoBaTh pa3paboTke HOBbIX 3EKTUBHBIX METOAOB
HEeMHBa3MBHOM AMArHOCTUKM 3TUX 3aboaeBaHMi. C npyumeHeHnem nporpammbl MirTarget onpeaeaeHms
XapakTepncTmk B3anmoaenctaus miRNA ¢ mRNA noAyuyeHbl cAeayioLLe OPUrMHAAbHBIE PE3YAbTATbI.
M3 183 reHos, y4acTBYIOLWMX B Pa3BUTMM MH(APKTA MMOKapAQ, 35 reHoB 6biAn cBs3aHbl ¢ 51 miRNAs
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B 5’UTR, 53 reHa — ¢ 94 miRNA B CDS n 37 reHoB — ¢ 50 miRNAs B 3'UTR. 24 reHa cBs3bIBaAUCb
ToAbkOo € oaHOM MIRNA B 5'UTR, 36 reHoB — B CDS mn 24 reHa — B 3’'UTR. OctaBwmecs mRNA
reHOB, yYaCTBYIOLMX B PasBUTUM MHGAPKTa MMOKapAa, ObiAM CBS3aHbl C ABYMSI MAM Goaee MIRNA.
AeBsiTb reHoB, KOHTpoAnpyembix MiIRNAs, 6biAn cBsizarbl B 5’UTR, 21 reHos — 8 CDS 1 15 — B 3’UTR.
BOABLUMHCTBO B3anMMOAENCTBMIA HabAloAaAoCh B CDS. HanboAbluee KOAMYECTBO CalTOB CBSA3bIBAHUS
mmean mMRNA reHoB CXCR2 mn FAIM2 B 3’UTR. ToAbKO Tpu reHa MMeAM CaiTbl CBS3blBaHMS BO BCeX
pernoHax: AP3D1, GATA2, SEMA3F. [eHbl-kaHAMAQTBI MHapkTa Mrokapaa PDED4 peryanpoBaAuch
13-10 miRNA co cBo6oaHoOM sHeprimeit cesasbiBatms MIRNA ¢ mRNA -144 K A>k/MoAb; rexbl ILF3, GATA2
PEryAMpoBaAMCh MsTbio M Tpemsi MIRNA cOOTBETCTBEHHO CO CBOOOAHOM 3HEpruneit CBa3biBaHMS MR-
NA ¢ mRNA -138 kAx/moab; reHbl TGFBRT 1 AP3D1 peryampoBaAmch wectbio 1 natbio MiRNAs co
cBoOOAHOM 3Hepriei ca3biBaHns MiIRNA ¢ mRNA -136 K Ayk/MoAb 1 -140 KAXK/MOAb COOTBETCTBEHHO.
174 reHa y4aCTBOBaAM B Pa3BUTMM MLLEMUYECKON BOAE3HM cepala, 34 reHa 6biAM CcBs3aHbl ¢ 43 miR-
NAs B 5’UTR, 55 reHoB — ¢ 90 miRNAs B CDS n 35 reHoB — ¢ 53 miRNAs B 3’"UTR. M3 Hux 23 reHa
CBS13bIBaAMCb TOAbKO € 0AHOM MIRNA B 5’UTR, 34 reHa — B CDS 1 19 reHoB — B 3’'UTR. mRNA reHos,
YUYaCTBYIOLMX B PA3BUTMM MLIEMMYECKOMN BOAE3HM CepALia, ObIAM CBSI3aHbl C ABYMS MAM GoAaee MIRNA.
Bocemb reHoB, HaxoagLWMXCst oA KoHTpoaem MiRNAs, 6biam cesizanbl B 5'UTR, 20 retos —8 CDS m 15
—B 3’UTR. mRNA rena THRA B 5'UTR, rena SMARCA4 B CDS n reHa LDLR B 3’UTR nmeAn HanboAblLee
KOAMYECTBO CalTOB CBSA3bIBaHMA. HamboAblLuee KOAMUECTBO CaliTOB CBS3bIBAHMSI PACrOAAraAoCb B
5’UTR. mRNA toabko AByx reHoB CTCF n F2RL3 nmean caittbl cesibiBaHmns miRNA Bo Bcex o6AacTsix.
[eHbl-kaHAMAQTbI Mwemmueckon 6GoaesHn cepaua SMARCA4, TGFBT u DOCK7 peryAMpoBaAmcb
cemblo, natbio 1 AByMsi MiIRNA co cBob6oAHOM 3Heprueit cesizbiBaHns MIRNA ¢ mRNA -140 kAxx/
MOAb, -140 KAX/MOAb 1 -138 KAX/MOAb cooTBeTCTBeHHO. CyLIECTBYIOT reHbl, XapakTepHble TOAbKO
AASt 0AHOTO cybTuna: uHdapkta mmokapaa — ADRB1, ILF3, GATA2, TGFBR1, AP3D1; mwemnuyeckas
6oae3Hb cepaua — SMARCA4, DOCK?7, CELSR2, TRIB1. Bce BbileynomsiHyTbie accoumatmm miRNA
¢ MRNA MoryT 6biTb MCMOAb30BaHbl B Ka4ecTBe MepCrneKkTMBHbIX MapKepoB MHgapkTa MMOKapAa M

niemMmyeckon 6oAe3Hn cepaLa.

KatoueBbie caoBa: miRNA, mMRNA, mHpapkT mMrMokapaa, viemmueckas 60Ae3Hb CepALld, reHbl-

KaHAMAQTbI.

Introduction

Coronary heart disease is the most common
cause of death, and the number of individuals at risk
is increasing. To better manage this pandemic, im-
proved tool for risk prediction, including more ac-
curate biomarkers are needed. The objective of this
study was to assess the utility of circulating miR-
NAs to predict future fatal acute myocardial infarc-
tion (Bye, 2016: 162-8).

Nowadays many papers are dedicated to reveal-
ing of main genes related to myocardial infarction
(M), such as SOCS3, VAPA and COL5A2; transcrip-
tion factors FOXO3, MYBL2, CYP4F3, TBLIXRI,
GBGTI, USP25, FDFTI, RORA, CCLS5, CCL2,
two miRNAs hsa-miR-21-5p u hsa-miR-30c-5p
can be involved in these genes expression regula-
tion (Cheng M. 2017: €774). In ischemic heart dis-
ease (IHD) development the genes /L-10, IL6, IL16
(Xu, 2015: 15869-75; Tong, 2013: 1049-56.), C5L2
(Zheng, 2013: 139), also enzymes participating in
fatty acids metabolism (Ravingerova, 2011: 329-41;
Ravingerova, 2013: S151-63) can be involved. Con-
suming, these data help to determine directed set of
the genes that play a key role in the IHD and MI
pathogenesis and consequently are natural targets of
new therapeutic interventions.

Traditional circulating biomarkers play a fun-
damental role in the diagnosis and prognosis of
myocardial infarction. However, they have several
limitations. miRNAs, a class of RNA molecules
that do not encode proteins, function directly at the
RNA level by inhibiting the translation of messen-
ger RNAs. Due to their significant roles in disease
development, they can be used as biomarkers. Ac-
cumulating evidence has revealed an attractive role
of miRNAs as biomarkers of MI and its associated
symptoms, including vulnerable atherosclerotic
plaques, and their role in disease diagnosis, plate-
let activation monitoring, and prognostic outcome
prediction (Chen, 2018: 140-147). Previously as
markers with high sensitivity and specificity for
MI and IHD such miRNAs as: miR-208b, miR-499
(Corsten, 2010: 499-506; Gidlof, 2013: 12; Widera,
2011: 872-5; Li, 2015: 58), miR-1, miR-133a/b,
miR-122 (D’Alessandra, 2010: 2765-73; Grabmai-
er, 2017: 30-36), miR-320a (Devaux, 2015:260-71),
miR-221-3p (Coskunpinar, 2016: 90-96), miR-92a
(Zhang, 2017: BSR20170047), miR-21, miR-423-5,
miR-499-5p (Olivieri, 2013: 531-6; Zhang, 2016:
323-9), miR-26a, miR -191; miR -208b (Li, 2015:
58), miR-181a (Zhu, 2016: 1591-1602), miR-19b-
3p, miR-134-5p, miR-186-5p (Wang, 2016: 1015-
29), miR-361; miR-519¢ (Wang, 2014: ¢105734),
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miR-29b (Grabmaier, 2017: 30-36). The best mark-
ers for MI diagnostics miR-106a-5p, miR-424-5p,
let-7g-5p, miR-144-3p and miR-660-5p were dis-
covered (Bye, 2016: 162-8).

Materials and Methods

For establishment of miRNA interaction with
5’UTR, CDS, 3’UTR mRNA candidate genes of
myocardial infarction and ischemic heart disease
were used 183 and 174 genes respectively. The
nucleotide sequences of candidate genes of the
myocardial infarction (MI) and ischemic heart
disease (IHD) were downloaded from GenBank
(http://www.ncbi.nlm.nih.gov). 3701 miRNA
were taken from the publication of Londin E. et al.
(Londin, 2015: 1106-1115). The miRNAs binding
sites in 5’-untranslated regions (5’UTRs), coding
domain sequences (CDSs) and 3’-untranslated
regions (3’UTRs) of several genes were predicted
using the MirTarget program (Ivashchenko, 2016:
237-240). This program defines the following
features of binding: a) the origin of the initiation
of miRNA binding to mRNAs; b) the localization
of miRNA binding sites in the 5’UTRs, CDSs
and the 3’UTRs of the mRNAs; c) the free
energy of hybridization (AG, kJ/mole); and d)
the schemes of nucleotide interactions between
the miRNAs and the mRNAs. The ratio AG/
AGm (%) was determined for each site (AGm
equals the free energy of miRNA binding with
its perfect complementary nucleotide sequence).
The miRNA binding sites located on the mRNAs
had AG/AGm ratios of 90% or more. The program
identifies the positions of the binding sites on the
mRNA, beginning from the first nucleotide of the

mRNA’s 5’UTR. The MirTarget program found
hydrogen bonds between adenine (A) and uracil
(U), guanine (G) and cytosine (C), G and U, and A
and C. The distances between A and C were equal
to those between G and C, A and U, and G and U
(Kool, 2001: 1-22; Leontis, 2002: 3497-3531). The
numbers of hydrogen bonds in the G-C, A-U, G-U
and A-C interactions were foundtobe 3,2, 1 and 1,
respectively. Table 1 shows sources of information
on candidate genes of breast cancer subtypes.

Results and Discussion

Characteristics of miRNA interaction with
5’UTR, CDS and 3’'UTR mRNA candidate genes of
myocardial infarction.

miRNAs bound with the high AG/AGm value
in 5’UTR, CDS and 3’UTR of mRNAs genes
participating in MI genes. 35 target genes were
associated with 51 miRNAs in 5’UTR (Table 1).

Two clusters were located in the mRNA of the
ILF3 gene, from 46 nt to 77 nt and from 167 nt to
209 nt, respectively, whose lengths without su-
perimposing of miRNAs equal to 31 nt and 42 nt
would occupy 23% of the SUTR of this gene. Three
miRNAs were associated with the mRNA of the
TGFBRI gene from 16 nt to 61 nt. Not overlapping,
they had a length of 66 nt, which would be 86% of
the 5°UTR of this gene.

The average free energy of binding of miRNAs
with mRNAs was -124.7 + -10.4 kJ/mole. The num-
ber of associations of miRNAs with mRNAs hav-
ing free interaction energy above -120 kJ/mole was
23. Of these, the highest free binding energy was
associated with: mRNA of the MBP gene and miR-
2-3313-3p.

Table 1 — Characteristics of miRNAs interaction in the 5 ‘UTR mRNA of myocardial infarction candidate gene

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
ALDH?2 miR-21-16482-3p 8 -123 92 21
ALMS!1 miR-19-43069-3p 76 -119 90 23
ALOXS miR-14-34410-3p 68 -127 91 24
AP3DI miR-20-43118-5p 128 -121 92 21

miR-7-17280-5p 152 -119 90 22

CD40 miR-1-3522-3p 10 -123 91 23

miR-14-37896-3p 27 -113 91 21

CHGA miR-16-14192-5p 155 -117 93 21
miR-6-18590-3p 247 -113 91 21

DNASE1 miR-14-35161-5p 622 -117 89 24
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Continuation of table 1

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
DPP4 miR-3-9273-3p 369 -108 93 20
DRDI miR-14-35041-3p 50 -110 91 21
F2R miR-6-16980-5p 56 -129 92 23
GATA2 miR-7-21068-3p 314 -138 94 24
miR-17-38391-3p 453 -115 90 23

GCLC

miR-9-25099-3p 455 -119 93 22
GSTPI miR-1-2336-3p 77 -115 93 21
HMOX1 miR-16-22443-3p 75 -113 95 20
HSPA12B miR-19-43963-5p 36 -119 92 22
miR-19-30988-5p 329 -129 90 23
IL6R miR-10-13751-3p 336 -121 92 21
miR-7-15849-3p 341 -110 96 18
miR-1-124-5p 46 -138 92 24
ILF3 miR-10-13751-3p 56 -121 92 21
miR-5-14408-5p 167 -123 89 23
miR-5-15733-3p 185 -134 90 24
KCNJII miR-2-4804-5p 82 -110 88 24
miR-17-34996-5p 140 -115 93 23
KCNMAI miR-8-22971-3p 36 -117 92 21
LAMA3 miR-9-20317-3p 13 -138 93 24
LRPS miR-6-18255-5p 16 -127 95 22
MBP miR-2-3313-3p 20 -142 89 25
NAMPT miR-17-12804-3p 9 -117 96 20
NFKB miR-10-13655-3p 126 -127 94 22
NFKBI miR-9-13610-3p 231 -125 95 21
NFKBILI miR-5-14220-5p 32 -106 96 18
P2RY2 miR-6-16152-3p 49 -119 92 22
PDE4 miR-17-39416-3p 66 -121 92 22
miR-12-30825-5p 22 -115 92 22
SCAP miR-12-31721-3p 23 -108 91 21
miR-8-23005-3p 49 -106 94 21
miR-2-4005-5p 97 -132 89 24
SEMASF miR-2-4453-3p 97 -121 92 21
miR-22-23987-3p 106 -121 92 21
miR-5-8853-5p 109 -117 93 20
SH2B1 miR-11-23098-5p 225 -110 91 21
STAT3 miR-11-29089-3p 28 -115 92 22
TFAM miR-11-29839-5p 221 -117 90 23
miR-19-42639-3p 16 -117 92 22
TGFBRI1 miR-5-15435-3p 31 -115 92 21
miR-22-46282-5p 38 -123 89 23
THBSI miR-19-43966-3p 113 -129 92 23
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53 target genes mRNAs were associated with 94
miRNAs in CDS (Table 2).

There was a cluster of two binding sites in the
mRNA of the ADRA2B gene from 455 nt to 486
nt equal to 31 nt, that without overlapping binding
sites, would be 44 nt.

Two binding sites in the mRNA of the APOE
gene formed a cluster from 766 nt to 788 nt with
length of 22 nt. There is the cluster in the mRNA of
the CDKNIC gene from 746 nt to 773 nt. Two bind-
ing sites formed a cluster with a length of 32 nt from
383 nt to 415 nt of mRNA of the FGF2 gene. There
was a cluster in the mRNA of the HSPAI2B gene

from 2072 nt to 2097 nt, with a length of 25 nt, that
without superimposing lengths of miRNAs would
be 46 nt. Two sites of binding miR miR-19-43132-
3p and miR-2-6772-3p in the mRNA of the SHH
gene formed a 39 nt cluster from 1341 nt to 1380
nt. There was a 41-nt cluster from 112 nt to 153 nt
of mRNA of the TGFBRI gene, that would have a
length of 138 nt, without overlapping binding sites.

The average free energy of binding of miRNAs
with all mRNAs in the 5’UTR was -120.6 + -8.4 kJ
/mole. The number of associations of miRNAs with
mRNAs having a free energy of binding of more
than -120kJ/mole was equal to 48.

Table 2 — Characteristics of miRNAs interaction in the CDS of mRNA of myocardial infarction candidate gene

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
ABCAI miR-11-21109-3p 6416 -110 90 23
ABCC6 miR-19-38006-5p 967 -117 90 24

miR-17-39143-3p 1365 -123 89 24

ADAMS
miR-10-25954-5p 2233 -119 89 24
miR-6-18378-3p 280 -117 92 22
miR-17-39416-3p 877 -121 92 22
ADAMTS7 miR-2-7425-5p 2570 -108 89 23
miR-10-25694-5p 4745 -132 89 25
miR-7-22066-3p 5030 -125 89 24
miR-15-36451-5p 455 -121 89 23
ADRA2B miR-22-44023-3p 465 -121 92 21
miR-12-32603-3p 882 -115 92 23
ADRBI miR-9-27298-3p 130 -119 90 22
AGTRI miR-6-3109-5p 102 -117 92 22
ALMS]I miR-9-26506-3p 169 -113 91 22
mir-1-2121-3p 2856 -140 89 25

AP3DI
miR-11-29785-3p 3099 -108 91 21
APOAI miR-10-13655-3p 841 -123 91 22
APOAIBP miR-15-38746-3p 142 -108 93 21
APOB miR-13-36375-5p 179 -119 90 23
miR-X-45440-5p 643 -121 95 22

APOE
miR-9-23547-5p 766 -115 93 20
APOE miR-9-24355-5p 768 -115 93 20
miR-2-6355-3p 2210 -106 93 20

C4B

miR-X-45905-3p 5141 -123 91 24
CCLS5 miR-19-42426-5p 181 -121 89 23
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Continuation of table 2

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-22-21907-3p 360 -106 94 19
miR-1-163-3p 746 -110 91 21
CDKNIC miR-8-22944-3p 753 -119 97 20
miR-5-16165-5p 831 -113 93 20
miR-14-31624-3p 1026 -127 88 24
CDKN2B miR-6-17811-3p 412 -132 89 24
miR-7-17280-5p 704 -119 90 22
CHGA miR-17-38391-3p (2) 769770 -115+-119 90+93 23
miR-17-38391-3p 943 -115 90 23
miR-9-25099-3p 1335 -117 92 22
CLEC164 miR-19-34661-5p 3004 -119 90 23
DDAH?2 miR-X-46104-3p 281 -110 91 21
miR-16-37746-3p 1113 -121 89 23
DOTIL miR-1-2781-5p 2711 -121 92 23
miR-9-24407-3p 2874 -119 90 22
miR-11-29723-5p 3924 -108 93 20
ENPPI miR-X-44972-5p 32 -119 93 20
ESR] miR-5-4100-5p 409 -106 91 22
miR-4-5310-3p 1852 -115 90 23
miR-8-22077-3p 344 -123 92 22
FGF2 miR-17-36033-3p 383 -129 87 25
miR-6-18438-3p 392 -125 91 23
GATA2 miR-16-38537-3p 877 -125 89 24
GJA4 miR-20-44079-5p 401 -121 90 22
GP6 miR-19-28028-5p 964 -132 89 24
GSTM1 miR-2-6532-3p 462 -108 89 23
miR-19-40174-5p 1102 -110 91 21
HSPAI2B miR-3-8603-3p 2072 -129 90 24
miR-8-21932-3p 2073 -127 88 24
IL6R miR-2-4533-3p 483 -125 89 23
ILF3 miR-10-26849-3p 2272 -113 90 23
KCNMAI miR-17-39416-3p (4) 203+215 -119+-125 90+95 22
LAMA3 miR-11-28567-3p 96 -125 91 23
LDLR miR-10-26537-5p 2452 -108 96 20
miR-19-38092-3p 486 -117 93 22
LRPI miR-1-2791-5p 2848 -110 91 22
miR-5-3136-5p 12102 -108 91 21
LRPS miR-6-7754-5p 1317 -115 93 21
MEF24 miR-22-45452-5p 1831 -104 94 20
MMP3 miR-10-24436-3p 132 -119 93 23
NFKBI miR-11-29785-5p 2249 -108 91 21
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Continuation of table 2

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
NEKBILI miR-11-27076-3p 815 -123 89 24
miR-19-42140-3p 923 -110 91 21
miR-15-38767-3p 2946 -123 89 24
NOS3 miR-X-45814-5p 3073 -117 89 24
miR-19-43338-3p 3599 -117 90 22
NOX5 miR-11-29675-5p 410 -100 92 20
miR-19-33623-3p 335 -132 89 24
PDE4D miR-19-21199-3p (2) 337+344 -140 89 25
miR-1-155-3p 344 -129 94 22
PLAUR miR-17-40348-5p 233 -123 91 23
PTX3 miR-11-30283-5p 573 -117 93 21
S10041 miR-11-32270-3p 221 -110 93 21
SCAP miR-12-17092-3p 2486 -125 91 22
SELE miR-7-21003-3p 829 -100 90 22
SEMA3F miR-7-19239-3p 2519 -125 89 23
SERPINE1 miR-2-3962-5p 542 -125 88 24
SH2B1 miR-4-13219-5p 2834 -106 91 22
miR-17-41315-3p 1000 -119 93 22
SHH miR-14-31624-3p 1112 -127 88 24
miR-19-43132-3p 1341 -119 90 22
miR-2-6772-3p 1356 -129 88 24
SIRTI miR-5-13181-3p 232 -123 89 24
miR-19-43644-3p 264 -123 89 23
miR-X-46721-5p 1920 -104 92 21
SMTN miR-11-18690-5p 2371 -113 91 22
miR-14-35670-5p 2990 -121 90 23
SOD3 miR-17-41183-5p 259 -123 89 23
miR-2-6532-3p 502 -108 89 23
miR-7-18119-3p 112 -123 92 22
TGFBRI miR-9-20317-3p (3) 127+133 -134+-136 90+91 24
miR-17-39416-3p (2) 128+131 -121 92 22
TNF miR-20-42898-3p 230 -121 92 23
TNNI3 miR-17-39011-3p 322 -119 90 23
VEGFA miR-9-26506-3p 775 -113 91 22

37 target genes were associated with 50 miR-
NAs in the 3’UTR (Table 3).

Two binding sites in the mRNA of the ANGPT2
gene formed a 29 nt long cluster from 3064 nt to
3093 nt, that without overlapping miRNAs lengths
would be equal to 46 nt.

miR-11-27078-5p and miR-3-5147-5p bound
to the CDKN2B and OLRI genes in the same sites,
indicating that they had matched sequences. From
1746 nt to 1775 nt of mRNA of the CDKN2B gene, a
29 nt long cluster would have a length of 92 nt. The
cluster, formed from 1504 nt to 1529 nt in the OLR/
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mRNA, had a length of 25 nt, without overlapping
the binding sites would be 45 nt. Such cluster ar-
rangement of binding sites in these genes indicated
the need to reduce the proportion of binding sites
in the site, as well as the enhanced control of the
expression of these genes.

Two binding sites in the mRNA of the FAIM?2
gene from 3392 nt to 3414 nt were combined into a
cluster of 22. From 2845 nt to 2870 nt in the mRNA
of the FGF2 cluster was 25 nt long, without over-
lapping the length of the miRNAs would be 44 nt.
mRNA of the SP/ gene contained eight and seven

binding sites for miR-10-29282-3p and miR-15-
36862-3p, respectively, from 4147 nt to 4184 nt,
forming a 37 nt cluster which, without overlapping
the miRNAs lengths, would be 184 nt. Therefore,
the compaction of binding sites was necessary to re-
duce the proportion of binding sites.

The average free energy of binding of miRNA
with mRNA in the 5’UTR was -111.1 + -8.7 kJ/
mole. The number of associations of miRNA with
mRNA having a free energy of binding of more than
-120 kJ/mole was equal to 9, STAT3 and miR-19-
30988-5p had the highest energy.

Table 3 — Characteristics of miRNAs interaction in the 3’UTR of mRNA of myocardial infarction candidate gene.

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
ABCC9 miR-5-12351-3p 6665 -104 89 23
ABO miR-19-38604-5p 1094 -117 92 22
i ANGPT? miR-7-21133-5p 3064 -121 89 24
miR-5-18072-3p 3071 -102 91 22
AP3DI1 miR-2-7340-3p 4735 -110 91 22
CASR miR-17-39495-3p 4776 -113 90 23
miR-X-45975-5p 616 -96 92 22
CCLS5 miR-2-4826-5p (2) 738+739 -113 90 23
miR-10-11641-3p 816 -121 90 23
CD40LG miR-5-14114-5p 1365 -123 89 23
miR-11-27078-5p (4) 1746+1752 -108 89 23

CDKN2B

miR-3-5147-5p (4) 1746+1752 -100 90 22
miR-17-40078-3p 1850 -113 88 24
miR-22-45902-3p 1972 -113 93 22
CXCR2 miR-10-26483-5p 2008 -113 91 22
miR-19-43804-3p 2547 -110 91 21
miR-17-34996-5p 2722 -110 90 23
miR-6-19858-3p 2925 -108 91 22
CYP4A411 miR-3-10329-5p 1708 -121 89 24
1 DKK miR-10-29282-3p 1580 -106 91 23
DOTIL miR-16-39493-5p 6992 -115 90 23
ENPPI miR-2-4804-5p (2) 67516752 -113+117 90+93 24
miR-4-11676-5p 1817 -110 91 21
miR-19-43146-3p 2464 -113 91 21
AL miR-19-41434-3p 3392 -113 93 21
miR-2-5276-5p 3394 -102 92 20
miR-15-36006-5p 3952 -119 90 23
miR-22-46603-5p 4522 -121 89 24
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Continuation of table 3

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
o miR-20-43646-5p 2081 -121 89 24
miR-2-4826-5p 2291 113 90 23
- o miR-17-39466-3p 2845 113 91 2
miR-8-11096-5p 2848 115 92 2
FTO miR-17-34996-5p 3710 110 90 23
GATA2 miR-2-6824-3p 2340 119 97 2
MiR-X-45975-5p 1686 -96 92 2
Po miR-22-45335-5p 2206 113 90 23
GSTCD miR-8-23744-5p 3096 119 90 23
HNRNPULI miR-17-40012-5p 2918 113 91 21
1CAMI miR-15-36862-3p 2087 -108 89 23
IL23R miR-2-4826-5p (2) 27672768 115117 92+93 23
miR-14-35161-5p 3063 119 90 24
o miR-X-45975-5p 4004 -96 92 2
miR-2-4826-5p (2) 46074608 1134115 9092 23
miR-7-20771-3p 4974 -89 91 21
LPL miR-10-28550-3p (2) 3004301 -119+121 9092 23
LTA miR-16-9117-3p 1258 .98 92 21
PO miR-10-17453-5p 2743 2100 92 21
miR-22-46211-3p 3001 -104 91 2
MTAP miR-2-4826-5p (2) 2530+2531 115117 92+93 23
miR-9-24450-5p 3350 117 89 24
MTHFR miR-X-44909-3p 6342 4108 91 2
miR-2-4684-5p 6844 117 93 2
miR-22-45902-3p 7051 113 93 2
LRI miR-11-27078-5p (2) 15041506 -108 89 23
miR-3-5147-5p (2) 15041506 -100 90 2
PSMAG miR-4-11714-5p 954 2106 93 20
SEMA3F miR-17-38738-5p 3293 119 92 2
SMTN miR-17-39570-5p 3166 2125 92 2
. miR-10-29282-3p (8) 4147+4161 -104 89 23
miR-15-36862-3p (7) 41474159 -108 89 23
STAT3 miR-2-4826-5p 3359 117 93 23
miR-19-30988-5p 3782 2129 90 23
miR-10-29282-3p (3) 382343837 -104 89 23

TEAM

miR-19-42814-5p 3824 -106 91 23
TNFSF4 MiR-19-42814-5p (2) 24892493 2106 91 23

Of the 183 genes involved in the development
of MI, 35 genes were associated with 51 miRNAs
in the 5’UTR, 53 genes with 94 miRNA in the CDS,
and 37genes with 50 miRNAs in the 3’UTR.
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Ofthese, 24 genes that bind to only one miRNA
were arranges in the 5’UTR region, 36 genes
in the CDS, and 24 genes in the 3’UTR. Thus,

these genes, weakly interacting with miRNA,
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did not need an enhanced control of the express.
The remaining mRNAs of the genes involved
in the development of MI were associated with
two or more miRNAs. Thus, 9 genes under the
control of miRNAs were bound in the 5’UTR,
21 genes in the CDS, and 15 in the 3’UTR. Most
of the interactions occurred at the CDS site. The
largest number of binding sites had the mRNA
of the genes CXCR2 and FAIM? in the 3’UTR (6
miRNASs).

The binding sites located in the CDS had the
strongest interaction. Only three genes had binding
sites in all regions: AP3D1, GATA2, SEMA3F.

Characteristics of miRNA interaction with
5’UTR, CDS and 3'UTR mRNA candidate genes of
ischemic heart disease.

miRNA bound to the mRNA of IHD genes with
high complementarity. From 34 target genes, their
mRNAs were associated with 43 miRNAs at 5’UTR
(table 4).

A cluster from 3 nt to 28 nt, located in the mRNA
of the DOCK?7 gene, occupied most part of the gene
5’UTR equal to 34 nt. Starting from 49 nt to 70 nt
of the SELP gene mRNA contained a cluster of 21
nt long, occupying a third of 5’UTR equal to 65 nt.

The average free energy of binding of miRNAs
with mRNAs for 5’UTR of all genes mRNAs was
-120.4 + -15.4 kJ / mol. The number of associations
with free energy of binding above -120 kJ / mol was
equal to 20. Of these, the mRNA of the DOCK7
gene and miR-19-21199-3p had the largest free
energy of binding.

Table 4 — Characteristics of miRNAs interaction in the 5’UTR of mRNA of ischemic heart disease candidate gene

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
ABCALl miR-11-21109-3p 6416 -110 90 23
ABCC6 miR-19-38006-5p 967 -117 90 24
ADAMS miR-17-39143-3p 1365 -123 89 24

miR-10-25954-5p 2233 -119 89 24
miR-6-18378-3p 280 -117 92 22
miR-17-39416-3p 877 -121 92 22
ADAMTS7 miR-2-7425-5p 2570 -108 89 23
miR-10-25694-5p 4745 -132 89 25
miR-7-22066-3p 5030 -125 89 24
miR-15-36451-5p 455 -121 89 23
ADRA2B miR-22-44023-3p 465 -121 92 21
miR-12-32603-3p 882 -115 92 23
ADRBI miR-9-27298-3p 130 -119 90 22
AGTRI1 miR-6-3109-5p 102 -117 92 22
ALMSI miR-9-26506-3p 169 -113 91 22
mir-1-2121-3p 2856 -140 89 25

AP3DI1
miR-11-29785-3p 3099 -108 91 21
APOAL miR-10-13655-3p 841 -123 91 22
APOA1BP miR-15-38746-3p 142 -108 93 21
APOB miR-13-36375-5p 179 -119 90 23
APOE miR-X-45440-5p 643 -121 95 22
miR-9-23547-5p 766 -115 93 20
APOE miR-9-24355-5p 768 -115 93 20
caB miR-2-6355-3p 2210 -106 93 20
miR-X-45905-3p 5141 -123 91 24
CCL5 miR-19-42426-5p 181 -121 89 23
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Continuation of table 4

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-22-21907-3p 360 -106 94 19
miR-1-163-3p 746 -110 91 21
CDKNIC miR-8-22944-3p 753 -119 97 20
miR-5-16165-5p 831 -113 93 20
miR-14-31624-3p 1026 -127 88 24
CDKN2B miR-6-17811-3p 412 -132 89 24
miR-7-17280-5p 704 -119 90 22
miR-17-38391-3p (2) 769770 -115+-119 90+93 23
CHGA
miR-17-38391-3p 943 -115 90 23
miR-9-25099-3p 1335 -117 92 22
CLECI16A miR-19-34661-5p 3004 -119 90 23
DDAH2 miR-X-46104-3p 281 -110 91 21
miR-16-37746-3p 1113 -121 89 23
DOTIL miR-1-2781-5p 2711 -121 92 23
miR-9-24407-3p 2874 -119 90 22
miR-11-29723-5p 3924 -108 93 20
ENPP1 miR-X-44972-5p 32 -119 93 20
ESRI m%R-5-4100-5p 409 -106 91 22
miR-4-5310-3p 1852 -115 90 23
miR-8-22077-3p 344 -123 92 22
FGF2 miR-17-36033-3p 383 -129 87 25
miR-6-18438-3p 392 -125 91 23
GATA2 miR-16-38537-3p 877 -125 89 24
GJA4 miR-20-44079-5p 401 -121 90 22
GP6 miR-19-28028-5p 964 -132 89 24
GSTM1 miR-2-6532-3p 462 -108 89 23
miR-19-40174-5p 1102 -110 91 21
HSPA12B miR-3-8603-3p 2072 -129 90 24
miR-8-21932-3p 2073 -127 88 24
IL6R miR-2-4533-3p 483 -125 89 23
ILF3 miR-10-26849-3p 2272 -113 90 23
KCNMALI miR-17-39416-3p (4) 203+215 -119+-125 90+95 22
LAMA3 miR-11-28567-3p 96 -125 91 23
LDLR miR-10-26537-5p 2452 -108 96 20
miR-19-38092-3p 486 -117 93 22
LRP1 miR-1-2791-5p 2848 -110 91 22
miR-5-3136-5p 12102 -108 91 21
LRP8 miR-6-7754-5p 1317 -115 93 21
MEF2A miR-22-45452-5p 1831 -104 94 20
MMP3 miR-10-24436-3p 132 -119 93 23
NFKB1 miR-11-29785-5p 2249 -108 91 21
miR-11-27076-3p 815 -123 89 24
NFKBILI -
miR-19-42140-3p 923 -110 91 21
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Continuation of table 4

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-15-38767-3p 2946 -123 89 24
NOS3 miR-X-45814-5p 3073 -117 89 24
miR-19-43338-3p 3599 -117 90 22
NOXS5 miR-11-29675-5p 410 -100 92 20
miR-19-33623-3p 335 -132 89 24
PDE4D miR-19-21199-3p (2) 337+344 -140 89 25
miR-1-155-3p 344 -129 94 22
PLAUR miR-17-40348-5p 233 -123 91 23
PTX3 miR-11-30283-5p 573 -117 93 21
S100A1 miR-11-32270-3p 221 -110 93 21
SCAP miR-12-17092-3p 2486 -125 91 22
SELE miR-7-21003-3p 829 -100 90 22
SEMA3F miR-7-19239-3p 2519 -125 89 23
SERPINE1 miR-2-3962-5p 542 -125 88 24
SH2B1 miR-4-13219-5p 2834 -106 91 22
miR-17-41315-3p 1000 -119 93 22
miR-14-31624-3p 1112 -127 88 24
SHH miR-19-43132-3p 1341 -119 90 22
miR-2-6772-3p 1356 -129 88 24
SIRT1 miR-5-13181-3p 232 -123 89 24
miR-19-43644-3p 264 -123 89 23
miR-X-46721-5p 1920 -104 92 21
SMTN miR-11-18690-5p 2371 -113 91 22
miR-14-35670-5p 2990 -121 90 23
SOD3 mi§-17-41 183-5p 259 -123 89 23
miR-2-6532-3p 502 -108 89 23
miR-7-18119-3p 112 -123 92 22
TGFBR1 miR-9-20317-3p (3) 127+133 -134+-136 90+91 24
miR-17-39416-3p (2) 128+131 -121 92 22
TNF miR-20-42898-3p 230 -121 92 23
TNNI3 miR-17-39011-3p 322 -119 90 23
VEGFA miR-9-26506-3p 775 -113 91 22

Of the 55 target genes, their mRNAs in the CDS
were bound to 90 miRNAs (table 5).

Two binding sites in the mRNA of the APOE
gene from 766 nt to 788 nt formed a 22 nt cluster
for binding miR-9-23547-5p and miR-9-24355-5p.
Without the overlapping lengths of the miRNAs,
the length of this cluster would be 136 nt instead
of 31 nt, hence the sites binding arrangement is
necessary to decrease the length of the sites. miR-
11-18690-5p and miR-1-1351-3p had binding sites
in the mRNA of the CNDPI gene from 285 nt and

290 nt respectively, forming a 28 nt cluster. A clus-
ter of 32 nt was located from 383 nt to 415 nt in the
FGF2 mRNA, it would be equal to 48 nt without
overlapping miR-17-36033-3p and miR-6-18438-
5p. In the mRNA of the GP1BA miR-1-654-3p and
miR-5-8853-5p had paired sites from 1325 nt, 1364
nt, 1403 nt, therefore had particularly overlapping
sequences. There was a cluster of 28 nt long from
5080 nt to 5108 nt of the mRNA of the SMARCA4
gene, that without miRNAs overlapping would
have a length of 46 nt. There was a cluster in the
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mRNA of the ZNF259 gene from 84 nt to 114 nt
for binding two miRNAs: miR-7-21068-3p and

miR-2-4736-5p.

The average free energy of binding of miRNA
with mRNA for CDS of all mRNAs was -117.5 +

-9.8 kJ/mol. The largest free energy had such asso-
ciations as: mRNA of the DAB2I gene and mir-1-
2121-3p, CELSR2 and mir-1-2121-3p, SMARCA4
and miR-5-15733-3p, which can be used as diagnos-
tic markers of CVD.

Table 5 — Characteristics of miRNAs interaction in the CDS of mRNA of ischemic heart disease candidate gene

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
ABCAl miR-11-21109-3p 6416 -110 90 23
AGTRI miR-6-3109-5p 102 -117 92 22
ALDH?2 miR-1-3575-5p 1559 -119 89 23

ANGPTL?2 miR-1-1510-5p 1145 -136 91 24
APOAI miR-10-13655-3p 841 -123 91 22
POB miR-13-36375-5p 179 -119 90 23

miR-19-25731-5p 2054 -93 92 20

miR-X-45440-5p 643 -121 95 22

APOE miR-9-23547-5p 766 -115 93 20
miR-9-24355-5p 768 -115 93 20

C3 miR-5-14995-5p 102 -106 91 21
mir-1-2121-3p 86 -142 91 25

miR-8-22507-5p(2) 4856+4857 -115 92 22

CELSR? miR-3-8028-5p 5803 -115 89 23
miR-19-41434-3p 7753 -110 91 21

miR-1-3181-5p(2) 8113+8114 -123+-129 95+100 23

miR-6-12155-5p 8691 -125 91 22

miR-11-18690-5p 285 -110 90 22

CNDPI miR-1-1351-3p 290 -117 89 23
miR-16-20362-3p 526 -102 91 22

CTCF miR-19-41018-5p 2532 -123 91 24
miR-14-36753-5p 1049 -110 90 22

DABI miR-8-23953-5p 2371 -129 38 24
miR-19-33623-3p(3) 2743+2750 -132+-136 8991 24

mir-1-2121-3p 2750 -146 93 25

DDAH?2 miR-X-46104-3p 281 -110 91 21

DNAH11 miR-9-26506-3p 137 -113 91 22
ENPPI miR-X-44972-5p 32 -119 93 20

ESRI miR-5-4100-5p 409 -106 91 22

miR-4-5310-3p 1852 -115 90 23

F2 miR-11-30672-3p 532 -119 100 21

F2RL3 miR-9-24119-5p 824 -102 91 21

F7 miR-1-4241-5p 215 -119 89 23

FADS2 miR-16-33426-5p 1447 -110 90 22
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Continuation of table 5

Gene miRNA Position, nt AG, kJ/mole AG/AGm, % Length, nt
miR-8-22077-3p 344 -123 92 22
FGF2 miR-17-36033-3p 383 -129 87 25
miR-6-18438-5p 392 -125 91 23
GCKR miR-10-26109-5p 820 -119 92 22
miR-1-654-3p 1325 -115 92 20
miR-5-8853-5p 1325 -115 92 20
miR-1-654-3p 1364 -115 92 20
GP1BA miR-5-8853-5p 1364 -115 92 20
miR-1-654-3p 1403 -115 92 20
miR-5-8853-5p 1403 -115 92 20
miR-17-20448-3p 1532 -93 92 20
GSTM1 miR-2-6532-3p 462 -108 89 23
HINFIA miR-4-12346-5p 1463 -108 89 23
miR-8-24124-3p 1825 -113 90 22
HP-v-1 miR-1-3943-5p 1178 -98 92 20
IL6R miR-2-4533-3p 483 -125 89 23
miR-8-23775-5p 339 -117 95 21
INSIG1 miR-14-14807-5p 414 -110 91 21
miR-11-28905-3p 601 -117 89 23
IRF8 miR-5-14452-5p 786 -121 88 24
ITGB3 miR-5-15104-5p 52 -115 89 23
ITIH4 miR-10-24312-3p 1682 -100 92 20
KALRN miR-1-2704-3p 1631 -110 91 21
IDLR miR-20-43477-3p 223 -110 85 22
miR-10-26537-5p 2452 -108 96 20
MADD miR-6-11241-3p(2) 516517 -113+-115 93+95 21
MEF24 miR-22-45452-5p 1831 -104 94 20
miR-21-45324-5p 379 -125 91 23
MMP2 miR-19-43421-5p 1681 -108 91 21
miR-17-39037-3p 1691 -113 90 22
MMP3 miR-10-24436-3p 132 -119 93 23
MMPO miR-17-38947-5p(2) 219+220 -113 90 22
miR-16-34158-5p 698 -113 93 22
MTRR miR-12-31626-5p 1751 -108 89 23
NCAN miR-1-2228-3p 1071 -123 88 24
miR-5-8853-5p 3447 -115 92 20
miR-15-38767-3p 2946 -123 89 24
NOS3 miR-X-45814-5p 3073 -117 89 24
miR-19-43338-3p 3599 -117 90 22
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Continuation of table 5

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-15-36925-3p 1793 -136 93 24
NPCILI miR-15-37642-3p 2221 -123 88 24
miR-15-33456-5p 2937 -117 92 22
PCSK9 miR-2-4035-3p 1052 -115 89 23
PPARD miR-12-30825-5p 431 -113 90 22
miR-2-5142-5p 855 -102 91 21
SELE miR-7-21003-3p 829 -100 90 22
SELPLG miR-1-1788-3p 334 -115 90 22
SERPINE1 miR-2-3962-5p 542 -125 88 24
miR-16-39450-3p 656 -123 94 23
miR-4-12861-5p 681 -117 90 22
miR-17-38067-3p 972 -127 90 23
SMARCA4 miR-9-25099-3p 5080 -119 93 22
miR-9-26506-3p 5086 -110 90 22
miR-5-15733-3p 5191 -140 94 24
miR-4-12154-5p 5194 -127 88 24
TFR2 miR-4-12266-3p 2054 -121 89 23
THRA miR-19-43985-3p 1931 -108 91 22
INF miR-20-42898-5p 230 -121 92 23
TRIB1 miR-8-24549-5p 756 -127 90 24
VEGFA miR-9-26506-3p 775 -113 91 22
miR-8-21883-3p 887 -123 88 24
VWF miR-17-40267-5p 5029 -127 90 24
INF259 miR-7-21068-3p 84 -129 88 24
miR-2-4736-5p 93 -123 94 21

35 target genes contacted in their 3’UTR with
53 mRNAs (table 6).

Two miRNAs — miR-7-21133-5p and miR-5-
18072-3p, bound to the mRNA of the ANGPT2
gene, formed a 29-nt cluster from 3064 nt to 3093
nt. There was a cluster in the mRNA of the F7
gene from 1561 nt to 1584 nt with length of 23
nt, which without lapping binding sites would be
45 nt. In the mRNA of the FGF gene, from 2845
nt at 2870 nt, a cluster of binding sites of 25 nt in
length was formed. The binding sites of miR-17-
39935-3p and miR-10-26483-5p formed a cluster
in the mRNA of the /CAM1 gene with a length of
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25 nt from 3022 to 3047 nt. There was a cluster
of binding sites for two miRNAs of 25 nt long,
from 3887 nt to 3912 nt in the mRNA of the LDLR
gene which would have been 44 nt without over-
lapping.

The average free energy of binding of miRNAs
with mRNAs for 3’UTR of all mRNAs was -111.6
+-97.8 kJ/mole. The number of associations having
a free energy of binding above -120 kJ/mole was 8.
The largest free energy of binding was possessed by
the association of the mRNA of the TGFBI gene
and mir-1-2121-3p, which can be used as a diagnos-
tic marker for IHD.
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Table 6 — Characteristics of miRNAs interaction in the 3’UTR of mRNA of ischemic heart disease candidate gene

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
miR-19-38604-5p 1094 -117 92 22
ABO
miR-17-12804-3p 1125 -113 93 20
miR-13-28252-3p 4068 -117 90 22
ACE miR-1-2030-3p 4657 -110 90 22
miR-X-46577-3p 4792 -106 91 21
ADIPOQ miR-17-39935-3p 1651 -104 91 21
AGTR2 miR-16-40163-5p 2307 -121 90 23
miR-7-21133-5p 3064 -121 89 24
ANGPT2
miR-5-18072-3p 3071 -102 91 22
miR-5-18072-3p 1375 -102 91 22
AS3MT miR-14-35161-5p 1403 -117 89 24
miR-2-5355-3p 2038 -115 90 22
CSMD1 miR-16-16298-5p 13931 -119 90 24
CTCF miR-3-10087-5p 3865 -108 91 22
CXCL12 miR-11-25459-3p 932 -119 90 23
DNAHI11 miR-2-4826-5p(2) 13853+13854 -115 92 23
miR-10-26483-5p 6274 -110 90 22
ENPP1
miR-2-4804-5p(2) 6751+6752 -113+-117 9093 24
ESR1 miR-8-24024-3p 3339 -121 88 24
miR-2-4826-5p(2) 20912092 -115+-117 9293 23
F2RL3
miR-2-4826-5p(2) 2426+2427 -113+-115 90+92 23
- miR-9-25099-3p 1561 -115 90 22
miR-17-38391-3p 1561 -115 90 23
miR-1-41-3p 1515 -108 91 21
miR-19-43386-3p 2407 -117 89 23
FADS
miR-1-1412-5p 2712 -117 90 22
miR-17-39583-3p 2803 -119 89 23
miR-20-43646-5p 2081 -121 89 24
FGB
miR-2-4826-5p 2291 -113 90 23
miR-10-24600-3p 2289 -102 89 23
FGF miR-17-39466-3p 2845 -113 91 22
miR-8-11096-5p 2848 -115 92 22
GCKR miR-6-18764-3p 1956 -121 88 24
miR-6-19858-3p 4139 -108 91 22
GHR
miR-15-36862-3p 2987 -108 89 23
ICAM1 miR-17-39935-3p 3022 -104 91 21
miR-10-26483-5p 3025 -110 90 22
IGFBP3 miR-19-43165-3p 1753 -108 91 21
IL10 miR-17-39466-3p 1200 -110 90 22
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Continuation of table 6

Gene miRNA Position, nt AG, klJ/mole AG/AGm, % Length, nt
IL6R miR-14-35161-5p 3063 -119 90 24
KIF6 miR-12-31649-3p 3234 -113 91 22
miR-17-39466-3p 3887 -110 90 22
miR-8-11096-5p 3890 -113 90 22
LDLR miR-X-45975-5p 4004 -96 92 22
miR-4-12245-3p(2) 4559+4560 -110 90 22
miR-2-4826-5p(2) 4607+4608 -113 90 23
miR-7-20771-3p 4974 -89 91 21
LTA miR-16-9117-3p 1258 -98 92 21
MLXIPL miR-6-17487-3p 3189 -115 92 23
miR-9-24450-5p 3350 -117 89 24
miR-10-11641-3p 6281 -119 89 23
MTHFR miR-X-44909-3p 6342 -108 91 22
miR-2-4684-5p 6844 -117 93 22
miR-22-45902-3p 7051 -113 93 22
miR-17-40078-3p 9425 -113 88 24
NOSI miR-12-31701-3p 11355 -117 92 22
miR-2-7331-5p 11355 -123 89 23
miR-22-45902-3p 11608 -110 91 22
NQO1 miR-17-34996-5p 1719 -110 90 23
miR-18-41332-3p 5939 -123 89 23
PPARA miR-19-29188-3p 5948 -113 90 22
miR-16-38689-3p 9118 -102 91 22
PPPIR3B miR-14-35161-5p 2150 -117 89 24
SELPLG miR-22-43699-5p 1818 -106 94 20
TGFBI mir-1-2121-3p 2093 -140 89 25
TNFSF4 miR-19-42814-5p(2) 2489+2493 -106 91 23

Earlier it has been shown that genes of the sar-
komerny proteins connected with a myocardial in-
farction and also some genes of coronary heart dis-
ease, are targets for miRNAs (Pinskij, 2017: 54-69).
In this research with the purpose to reveal features
of target genes at them interaction in 5’UTR, CDS
and 3’UTR of mRNAs also other genes participat-
ing in these types cardiovascular diseases have been
studied. It has been established that the 174 genes
participating in the development of IHD, 34 genes
were associated with 43 miRNAs in the 5’UTR, 55
genes with 90 miRNAs in the CDS, and 35 genes
with 53 miRNAs in the 3’UTR. Of them, 23 genes
that bound to only one miRNA were located in the
5’UTR region, 34 genes in the CDS, and 19 genes
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in the 3’UTR. Consequently, these target genes,
weakly interacting with miRNAs, did not need an
enhanced control of the expression. The remain-
ing mRNAs of genes involved in the development
of IHD were associated with two or more miRNAs.
Thus, 8 genes under the control of miRNAs were
bound in the 5’UTR, 20 genes in the CDS, and 15 in
the 3’UTR. Consequently, most of the interactions
occurred in the CDS site. The mRNA of the THRA
gene (three miRNAs) in 5’UTR, the SMARCA4 gene
in the CDS (seven miRNAs), and the LDLR gene in
the 3’UTR (six miRNAs) had the largest number of
interactions. The binding sites located at 5’UTR had
the strongest interaction. Only two genes had bind-
ing sites in all sites: CTCF and F2RL3.
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Conclusion

It was important to find out what functions genes
hold, which expression was most often regulated
by miRNAs. Conducted analysis of the function
of the studied target genes for miRNA showed that
a significant part of them encoded: a)myocardial
infarction candidate genes: cell signaling genes
PDED4 was regulated by 13 miRNA with free
energy of binding miRNAs with mRNAs -144 kJ/
mole; transcription factor genes ILF3, GATA2 were
regulated by 5 and 3 miRNAs respectively with the
highest free energy of binding miRNAs with mRNAs
-138 kJ/mole; cell proliferation genes 7TGFBRI and
AP3DI were regulated by 6, 5 miRNAs with highest
free energy of binding miRNAs with mRNAs -136

kJ/mole and -140 kJ/mole respectively; b)ischemic
heart disease candidate genes: transcription
regulators gene SMARCA4 and cell proliferation
regulators genes TGFB1 and DOCK7 were regulated
by 7, 5 and 2 miRNAs with highest free energy of
binding miRNAs with mRNAs -140 kJ/mole, -140
kJ/mole and -138 kJ/mole respectively.

Despite the fact that some of the genes were
common for several cardiovascular diseases
subtypes, there were genes characteristic for only
one subtype: myocardial infarction — ADRBI, ILF3,
GATA2, TGFBRI, AP3DI; ischemic heart disease
— SMARCA4, DOCK?7, CELSR2, TRIBI. All of the
above mentioned interactions can be used as the
promising markers of myocardial infarction and
ischemic heart disease.

References

Bye A., Resje H, Nauman J., Silva G. et al. Circulating microRNAs predict future fatal myocardial infarction in healthy indi-
viduals // J Mol Cell Cardiol. — 2016. — Vol. 97 — P. 162-8. doi: 10.1016/j.yjmcc.2016.05.009.
Cheng M., An S., LiJ. Identifying key genes associated with acute myocardial infarction // Medicine (Baltimore). —2017. — Vol.

96(42). — P. 774. doi: 10.1097/MD.0000000000007741.

Xu H., Liu Y. Role of interleukin-10 gene polymorphisms in the development of coronary artery disease in Chinese population
/I Genet Mol Res. —2015. — Vol. 14(4). — P.15869-75. doi: 10.4238/2015.

Tong Z., Li Q., Zhang J., et al. Association between interleukin 6 and interleukin 16 gene polymorphisms and coronary heart
disease risk in a Chinese population // J Int Med Res. — 2013.- Vol. 41(4). P.1049-56. doi: 10.1177/0300060513483405.

Zheng YY, Xie X, Ma YT A novel polymorphism (901G > a) of C5L2 gene is associated with coronary artery disease in Chinese
Han and Uyghur population // Lipids Health Dis. — 2013. — Sep 28. — 12:139. doi: 10.1186/1476-511X-12-139

Ravingerova T., Adameova A., Carnicka S., et al. The role of PPAR in myocardial response to ischemia in normal and diseased
heart // Gen Physiol Biophys. —2011. -Vol. 30(4). — P. 329-41. doi: 10.4149/gpb_2011_04_329.

Ravingerova T., Carnicka S., Ledvényiova V., et al. Upregulation of genes involved in cardiac metabolism enhances myocardial
resistance to ischemia/reperfusion in the rat heart // Physiol Res. —2013. — Vol. 62. — Suppl 1:S151-63.

Chen Z., Li C., Lin K., et al. MicroRNAs in acute myocardial infarction: Evident value as novel biomarkers? // Anatol J Cardiol.

2018. - 19(2). - P. 140-147.

Corsten M., Dennert R., Jochems S., et al. Circulating MicroRNA-208b and MicroRNA-499 reflect myocardial damage in car-
diovascular disease // Circ Cardiovasc Genet. —2010. — Vol. 3(6). — P. 499-506. doi: 10.1161/CIRCGENETICS.110.957415.

Gidlof O., Smith J., Miyazu K., et al. Circulating cardio-enriched microRNAs are associated with long-term prognosis follow-
ing myocardial infarction / BMC Cardiovasc Disord. —2013. — Vol. 13:12. doi: 10.1186/1471-2261-13-12.

Widera C., Gupta S., Lorenzen J., et al. Diagnostic and prognostic impact of six circulating microRNAs in acute coronary syn-
drome // J Mol Cell Cardiol. — 2011. — Vol. 51(5). — P. 872-5. doi: 10.1016/j.yjmcc.2011.07.011

Li C, Chen X, Huang J, Sun Q, Wang L Clinical impact of circulating miR-26a, miR-191, and miR-208b in plasma of patients
with acute myocardial infarction // Eur ] Med Res. — 2015. — Jun 5. — P. 20():58

D’Alessandra Y., Devanna P., Limana F., et al. Circulating microRNAs are new and sensitive biomarkers of myocardial infarc-
tion // J Eur Heart. —2010. — Vol. 31 (22). — P. 2765-73. doi: 10.1093/eurheartj/ehq167.

Grabmaier U., Clauss S., Gross L. Diagnostic and prognostic value of miR-1 and miR-29b on adverse ventricular remodeling
after acute myocardial infarction — The SITAGRAMI-miR analysis // Int J Cardiol. — 2017. — Vol. 244 — P. 30-36. doi: 10.1016/j.

ijcard.2017.06.054.

Devaux Y., Mueller M., Haaf P., et al. Diagnostic and prognostic value of circulating microRNAs in patients with acute chest
pain // J Intern Med. — 2015. — Vol. 277 (2). — P. 260-71. doi: 10.1111/joim.12183.

Coskunpinar E., Cakmak H., Kalkan A., et al. Circulating miR-221-3p as a novel marker for early prediction of acute myocar-
dial infarction // Gene.- 2016. — Vol. 591 (1). — P. 90-96. doi: 10.1016/j.gene.2016.06.059.

Zhang Y., Cheng J., Chen F., et al. Circulating endothelial microparticles and miR-92a in acute myocardial infarction // Biosci
Rep. —2017. — Vol. 37(2). pii: BSR20170047. doi: 10.1042/BSR20170047.

Olivieri F., Antonicelli R., Lorenzi M., et al. Diagnostic potential of circulating miR-499-5p in elderly patients with acute non
ST-elevation myocardial infarction // Int J Cardiol. — 2013. — Vol. 167(2). — P. 531-6. doi: 10.1016/j.ijcard.2012.01.075.

80 Xabapubl. buonorus cepusicol. Ne3 (76). 2018



Baizhigitova D. u np.

Zhang Y., Liu Y., Liu T, et al. Plasma microRNA-21 is a potential diagnostic biomarker of acute myocardial infarction // Eur
Rev Med Pharmacol Sci. —2016. — Vol.20(2). — P.323-9.

ZhuJ., Yao K., Wang Q., et al. Circulating miR-181a as a Potential Novel Biomarker for Diagnosis of Acute Myocardial Infarc-
tion // Cell Physiol Biochem. —2016. — Vol. 40(6). — P.1591-1602. doi: 10.1159/000453209.

Wang K., Zhao X., Liu Y., et al. Circulating MiR-19b-3p, MiR-134-5p and MiR-186-5p are Promising Novel Biomarkers for
Early Diagnosis of Acute Myocardial Infarction // Cell Physiol Biochem. —2016. — Vol.38(3). — P. 1015-29. doi: 10.1159/000443053.

Wang F., Long G., Zhao C.,et al. Atherosclerosis-related circulating miRNAs as novel and sensitive predictors for acute myo-
cardial infarction // PLoS One. — 2014.- Vol. 9(9). — ¢105734. doi: 10.1371/journal.pone.0105734.

Londin E., Lohera P., Telonisa A.G., Quanna K., et al. Analysis of 13 cell types reveals evidence for the expression of nu-
merous novel primate- and tissue-specific microRNAs // PNAS USA. — 2015. — Vol. 112, No. 10. — P. 1106-1115. doi: 10.1073/
pnas.1420955112.

Ivashchenko A.T., Pyrkova A.Y., Niyazova R.Y., Alybayeva A., Baskakov K. Prediction of miRNA binding sites in mRNA //
Bioinformation. — 2016. — Vol. 12, No. 4. — P. 237-240.

Kool E.T. Hydrogen bonding, base stacking, and steric effects in DNA replication // Annual Review of Biophysics and Biomo-
lecular Structure. —2001. — Vol.30. — P. 1-22.

Leontis N.B., Stombaugh J., Westhof E. The non-Watson- Crick base pairs and their associated isostericity matrices // Nucleic
Acids Research. —2002. — Vol. 30, No. 16. — P. 3497-3531.

[Munckuit U., Jladeut 3., Jlabeiit /1., UBamenko A. XapaktepucTuku B3aumoaeicteust miRNA ¢ mRNA kaHIuIaTHBIX TCHOB
CEepACYHO-COCYNUCTHIX 3aboseBanuii uenoBeka // Bectauk KasHY. Cepust buonorndeckas —2017. — Ne3 (72). — P. 54-69.

References

Bye A., Resje H, Nauman J., Silva G. et al. (2016) Circulating microRNAs predict future fatal myocardial infarction in healthy
individuals. J Mol Cell Cardiol., vol. 97, p. 162-8. doi: 10.1016/j.yjmcc.2016.05.009.

Chen Z., Li C., Lin K., et al. (2018) MicroRNAs in acute myocardial infarction: Evident value as novel biomarkers? Anatol J
Cardiol., vol. 19(2), p. 140-147. doi:10.14744/AnatolJCardiol.2017.8124

Cheng M., An S., Li J. (2017) Identifying key genes associated with acute myocardial infarction. Medicine (Baltimore), vol.
96(42), p. 774. doi: 10.1097/MD.0000000000007741.

Corsten M., Dennert R., Jochems S., et al. (2010) Circulating MicroRNA-208b and MicroRNA-499 reflect myocardial damage
in cardiovascular disease. Circ Cardiovasc Genet.,vol. 3(6), p. 499-506. doi: 10.1161/CIRCGENETICS.110.957415.

Coskunpinar E., Cakmak H., Kalkan A., et al. (2016) Circulating miR-221-3p as a novel marker for early prediction of acute
myocardial infarction. Gene, vol. 591 (1), p. 90-96. doi: 10.1016/j.gene.2016.06.059.

D’Alessandra Y., Devanna P., Limana F., et al. (2010) Circulating microRNAs are new and sensitive biomarkers of myocardial
infarction. J Eur Heart, vol. 31 (22), p. 2765-73. doi: 10.1093/eurheartj/ehq167.

Devaux Y., Mueller M., Haaf P., et al. (2015) Diagnostic and prognostic value of circulating microRNAs in patients with acute
chest pain. J Intern Med, vol. 277 (2), p. 260-71. doi: 10.1111/joim.12183.

Gidlof O., Smith J., Miyazu K., et al. (2013) Circulating cardio-enriched microRNAs are associated with long-term prognosis
following myocardial infarction. BMC Cardiovasc Disord., vol.13:12. doi: 10.1186/1471-2261-13-12.

Grabmaier U., Clauss S., Gross L. (2017) Diagnostic and prognostic value of miR-1 and miR-29b on adverse ventricular
remodeling after acute myocardial infarction — The SITAGRAMI-miR analysis, Int J Cardiol., vol. 244, p. 30-36. doi: 10.1016/].
ijeard.2017.06.054.

Ivashchenko A.T., Pyrkova A.Y., Niyazova R.Y., Alybayeva A., Baskakov K. (2016) Prediction of miRNA binding sites in
mRNA. Bioinformation, vol. 12, No. 4, p. 237-240.

Kool E.T. (2001) Hydrogen bonding, base stacking, and steric effects in DNA replication. Annual Review of Biophysics and
Biomolecular Structure, vol.30, p. 1-22.

Leontis N.B., Stombaugh J., Westhof E. (2002) The non-Watson- Crick base pairs and their associated isostericity matrices.
Nucleic Acids Research, vol. 30, no. 16, p. 3497-3531.

Li C., Chen X., Huang J., et al. (2015) Clinical impact of circulating miR-26a, miR-191, and miR-208b in plasma of patients
with acute myocardial infarction. Eur J Med Res., vol. 20 (1), p. 58. doi:10.1186/s40001-015-0148-y

Londin E., Lohera P., Telonisa A.G., Quanna K., et al. (2015) Analysis of 13 cell types reveals evidence for the expression of nu-
merous novel primate- and tissue-specific microRNAs. PNAS USA, vol. 112, no. 10, p. 1106-1115. doi: 10.1073/pnas.1420955112.

Olivieri F., Antonicelli R., Lorenzi M., et al. (2013) Diagnostic potential of circulating miR-499-5p in elderly patients with acute
non ST-elevation myocardial infarction. Int J Cardiol., vol. 167(2), p. 531-6. doi: 10.1016/j.ijcard.2012.01.075.

Pinskij I., Labejt Z., Labejt D., Ivashhenko A. (2017) Kharakteristiki vzaimodeystviya miRNA ¢ mRNA genov serdechno-
sosudistyh zabolevaniy cheloveka [Characteristics of miRNA interaction with mRNAs of candidate genes of human cardiovascular
diseases]. Experimental Biology., no.3, vol.72, pp. 54-69.

Ravingerova T., Adameova A., Carnicka S., et al. (2011) The role of PPAR in myocardial response to ischemia in normal and
diseased heart. Gen Physiol Biophys., vol. 30(4), p. 329-41. doi: 10.4149/gpb 2011 04 329.

Ravingerova T., Carnicka S., Ledvényiova V., et al. (2013) Upregulation of genes involved in cardiac metabolism enhances
myocardial resistance to ischemia/reperfusion in the rat heart. Physiol Res., vol. 62, suppl. 1, s151-63.

ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne3 (76). 2018 81



Characteristics of miRNA interaction with 5’UTR, CDS and 3°'UTR mRNA candidate genes ...

Tong Z., Li Q., Zhang J., et al. (2013) Association between interleukin 6 and interleukin 16 gene polymorphisms and coronary
heart disease risk in a Chinese population. J Int Med Res., vol. 41(4), p.1049-56. doi: 10.1177/0300060513483405.

Wang F., Long G., Zhao C..et al. (2014) Atherosclerosis-related circulating miRNAs as novel and sensitive predictors for acute
myocardial infarction. PLoS One, vol. 9(9), e105734. doi: 10.1371/journal.pone.0105734.

Wang K., Zhao X., Liu Y., et al. (2016) Circulating MiR-19b-3p, MiR-134-5p and MiR-186-5p are Promising Novel Biomark-
ers for Early Diagnosis of Acute Myocardial Infarction. Cell Physiol Biochem., vol.38(3), p. 1015-29. doi: 10.1159/000443053.

Widera C., Gupta S., Lorenzen J., et al. (2011) Diagnostic and prognostic impact of six circulating microRNAs in acute coronary
syndrome. J Mol Cell Cardiol., vol.51(5), p.872-5. doi: 10.1016/j.yjmecc.2011.07.011.

Xu H., Liu Y. (2015) Role of interleukin-10 gene polymorphisms in the development of coronary artery disease in Chinese
population. Genet Mol Res., vol. 14(4)., p.15869-75. doi: 10.4238/2015.

Zhang Y., Liu Y., Liu T., et al. (2016) Plasma microRNA-21 is a potential diagnostic biomarker of acute myocardial infarction.
Eur Rev Med Pharmacol Sci.,vol.20(2), p.323-9.

Zhang Y., Cheng J., Chen F., et al. (2017) Circulating endothelial microparticles and miR-92a in acute myocardial infarction.
Biosci Rep., vol. 37(2). pii: BSR20170047. doi: 10.1042/BSR20170047.

Zheng YY, Xie X, Ma YT A novel polymorphism (901G > a) of C5L2 gene is associated with coronary artery disease in Chi-
nese Han and Uyghur population // Lipids Health Dis. 2013 Sep 28;12:139. doi: 10.1186/1476-511X-12-139

ZhuJ., Yao K., Wang Q., et al. (2016) Circulating miR-181a as a Potential Novel Biomarker for Diagnosis of Acute Myocardial
Infarction. Cell Physiol Biochem., vol. 40(6), p.1591-1602. doi: 10.1159/000453209.

82 Xabaprsl. buonorus cepusicer. Ne3 (76). 2018



IRSTI 34.15.23; 34.15.25; 31.27.31; 76.03.31; 76.29.49

Niyazova R.E.', Mamirova A.?, Atambayeva Sh.A.%, Ivashchenko A.T.*

Icandidate of biological sciences, professor, leading researcher of, e-mail: raygul.nyiyazova@kaznu.kz
’master-student, e-mail: a.mamirova.95@gmail.com
Scandidate of biological sciences, associate professor, leading researcher, e-mail: shara.atambaeva@kaznu.kz
“doctor of biological sciences, professor, chief researcher, e-mail: a_ivashchenko@mail.ru
Scientific Research Institute of Biology and Biotechnology Problems,
Al-Farabi Kazakh National University, Kazakhstan, Almaty

CHARACTERISTICS OF miRNA INTERACTION WITH mRNA
OF CANDIDATE GENES OF THE NON-SMALL CELL LUNG CANCER

Lung cancer is one of the most common malignant diseases. It is expected to involve more than
200 candidate genes in the development of the non-small cell lung cancer (NSCLC). The present study
aimed to study the interaction characteristics of the 137 NSCLC candidate genes and miRNAs. The data
obtained show that a significant number of genes are targets of two or more mRNAs. The mRNA of some
genes contain binding sites for several miRNAs with overlapping nucleotide sequences, which have
been termed clusters. The properties of clusters of non-small cell lung cancer genes, containing binding
sites of several miRNAs, were studied for the first time. The properties of clusters with a large number
of miRNA binding sites in the 5’UTR are considered. The mRNA of CHKA, E2F1, HMGA2, PTEN,
HTRA2, ING1, MTA3, SMARCA4, NFATC2 genes contain clusters of binding sites for the largest number
of miRNAs. Several clusters are available in the CDS mRNA of CEBPA, NOTCH3, TRIO, LATS2, RB1 and
ZBTB7A genes. 32 genes are targets of 49 miRNAs, binding sites of which are localized in the 3'UTR.
The CDK®6 and IRS1 genes have clusters with the largest number of miRNA binding sites. The AKT1, EMP
and HMGAZ2 genes have clusters of 34 nt, 40 nt and 41 nt in length, respectively, of the binding sites of
three miRNAs. Each mRNA of BCAR1, ITGA11, MYLK, PTK6, PXN, SOX2 and SSX2 genes has clusters
of the binding sites of two miRNAs. It is assumed that the expression of the examined genes will depend
more on the miRNA interacting with mRNA with a higher free binding energy.

Key words: miRNA, mRNA, Non-Small Cell Lung Cancer, target genes.
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miRNA-AbIH, 6Kmne KaTepAi iciriHiH, ycak, emec )kacyluaAbl CyOTHNIHIH,
KaHAMAATTbI reHaepiHih MRNA-meH e3apa apekeTiHiH, cunaTramasapbl

Okne KaTepAi iCiriHiH ycak emec >kacywaAabl CyOTuriHiH AamybiHa 200-A€H Ker KaHAMAQTTbI
reHAEpAIH KaTbICybl KApacTbipblAaAbl. 3epTTeyAiH, MakcaTbl 137 ekne KaTepAi iCiriHiH ycak, emec
>KacylaAbl CyOTUMIHIH KAHAMAATTbI TeHAEPiHIH XkoHe MIRNA-AbIH ©3apa epeKeTiHiH cunaTTamasapbIH
3epTTey 6OAAbL. AAbIHFAH MOAIMETTED FEHAEPAIH KOr CaHbl eki Hemece 0AaH Aa ke MiRNA HbicaHaAapbl
60AbIN TabblAaTbiHbIH KepceTTi. Keibip reHaepain MRNA-pAapbl KAacTepAaep Aen atasatbiH Oip-
6ipiMEH KMbICTbIPbIAFAH HYKAEOTUATI TisbekTepi 6ap GipHewe mMiRNA 6aiAaHbICTbIPaTbIH CaiTTapbiH
KaMmTuAbl. AAraw pet GipHewe miRNA-HbIH 6afAaHbICTbIPATbIH CaiTTapbl 6ap eKmne KaTtepAi iciriHiH
yCaK, emec CyOTuMiHiH reHAep KAacTepAepiHiH kacuetTepi 3eptTeareH. 5'UTR-ae kentereH miRNA
6anAaHbICTbIPY CalTTapbl 6ap KAacTepaepaiH Kacuettepi Kapactbipbirasbl. CHKA, E2F1, HMGA?2,
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PTEN, HTRA2, ING1, MTA3, SMARCA4, NFATC2-TiH reHaepaiH MRNA-pbl kenwiaik miRNA-fa
apHaAfaH 6aiAaHbICTbIpy caiTTapabl kKamTnabl. CEBPA, NOTCH3, TRIO, LATS2, RB1 xeHe ZBTB7A
renaepitii mMRNA CDS-aa 6ipHewie kaactepaep 6ap. 32 reH 49 miRNA HbicaHAapbl 6OAbIN TabbIAAAbI,
OAapAbIH 6arAaHbICTbIpy canTTapbl 3'UTR aimarbiHaa AokaamsaumsaadFad. CDK6 meH IRST renaepi
eH ken MIRNA 6anAaHbICTbIpy canTTapbl 6ap kaacTepAaepAi kamTtmabl. AKT1, EMP xeHe HMGA2
reHAepiHAe y3biHAbIFbI 34 nt, 40 ntand 41 nt, TmiciHwe, kAacTepaep 6ap, yw MiRNA-HbIH 6aiAaHbICTbIPY
canTrapbiHaH Typaabl. BCART, ITGA11, MYLK, PTK6, PXN, SOX2 >xaHe SSX2 reHaepiHit op6ip mRNA-
Aa eki MiIRNA-HbIH 6afAaHbICTbIPY CariTTapbiHaH TypaTblH KAacTepAepi 6ap. 3epTTeAeTiH reHAEepAiH
akcnpeccunsacbl MiRNA-meH MRNA-AbIH 6aiAaHbICYAbIH XKOFapbl 60C 3HEPrMsSCbiHA TOYEAAI.
Tyiin ce3aep: MiIRNA, mRNA, ycak emec xacyllaAbl 6Krne KaTepAi iCiri, HbicaHa reHAep.
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XapaktepucTuku B3aumoaeincTeuss miRNA
¢ mRNA KaHAMAQTHBIX FeHOB HEMEAKOKAETOYHOr0 paka Aerkoro

Pak Aerkmx siBASIETCS OAHMM M3 HanboAee pPacrpoCTPaHEHHbIX 3A0KAaYeCTBEHHbIX 3a60AeBaHuin. B
Pa3sBMTUN HEMEAKOKAETOUYHOIO paka Aerkoro rnpearnoaAaraercs yyactme 6oaee 200 KaHAMAATHbBIX FT€HOB.
LleAblo MCCAEAOBAHMS ObIAO M3YUMTb XapakTEPUCTMKM B3aMMOAENCTBMS 137 KaHAMAAQTHbIX FE€HOB
HEMEAKOKAETOYHOro paka Aerkoro 1 miRNA. [MoAy4yeHHble AaHHble MOKa3blBalOT, YTO 3HAUMTEAbHOE
UMCAO FEHOB SIBASIIOTCSI MULLEHSAMM ABYX M 6oaee MIRNA. mMRNA HEKOTOpbIX FeHOB COAEpIKaT CaiTbl
CB$13bIBaHUSI HECKOAbKMX MIRNA € HaAOXXeHMeM HYyKAEOTUMAHbIX MOCAEAOBAaTEAbHOCTEN, KOTOpble
ObIAM Ha3BaHbl KAACTEpamMu. Briepeble M3yyeHbl CBOMCTBA KAQCTEPOB FeHOB HEMEAKOKAETOUYHOrO paka
AErkoro, copepykaujye canTbl CBS3blBaHMS HECKOAbKMX MIRNA. PaccMoTpeHbl CBOMCTBA KAAQCTEPOB C
OGOAbLLIMM YMCAOM caitToB cBa3biBaHns MIRNA B 5’UTR. mRNA renos CHKA, E2F1, HMGA2, PTEN,
HTRA2, ING1, MTA3, SMARCA4, NFATC2 coaep>kaT KAaCTepbl CalnTOB CBS3bIBAHUSI AASI HAMOOABLLIErO
koamyectBa MiRNA. Heckoabko kaactepoB mumeetcs B CDS mRNA renHos CEBPA, NOTCH3, TRIO,
LATS2, RB1 n ZBTB7A. 32 reHa gBAsitoTCs mMulleHamn 49 miRNA, caiTbl CBSI3biBaHUS C KOTOPbIMU
AOKaAm3oBaHbl Ha yuactke 3’UTR. Tenbl CDK6 1 IRST 06AapatoT KAacTepamMm € HaMBGOABLIMM YMCAOM
cantoB cBsi3biBaHns MIRNA. B reHax AKT1, EMP 1 HMGA2 umetotcs Kaactepbl AAMHOM 34 HT, 40
HT and 41 HT, COOTBETCTBEHHO, M3 CanTOB CBa3biBaHus Tpéx MIRNA. Kaxaas mRNA reqos BCART,
ITGA11, MYLK, PTK6, PXN, SOX2 1 SSX2 umeloT KAacTepbl M3 CalTOB CBS3biBaHMS ABYX MIRNA.
[NpeAnoAaraeTcs 4To 3KCNPeccusi PACCMOTPEHHbIX FeHOB BYAET 3aBMCETb B GOAbLLIEN CTeneHn OT miR-
NA B3anmoaeiicteyowen ¢ mRNA ¢ 60AbLIel i CBOOOAHOM SHEPTUEN CBSA3M.

KatoueBbie croBa: miRNA, mMRNA, HEeMEAKOKAETOUHbIN paK Arkoro, reHbl-MULLIEHN.

Introduction

Lung cancer is one of the most common ma-
lignant diseases. Lung cancer consists of two main
subtypes: small-cell lung cancer (SCLC) and non-
small-cell lung cancer (NSCLC) that are classified
according to their physiological phenotypes (Pao
W., 2011). NSCLC may be mainly divided into two
pathological subtypes, adenocarcinoma and squa-
mous cell carcinoma (Houston K., 2014). Emerging
studies demonstrated that genes and miRNAs played
fundamental roles in prognosis, diagnosis, treatment
and metastatic potential of lung cancer subtypes.
CBX3 and CRABP2 genes expression was mark-
edly increased in lung cancer tissues and especially

CRABP?2 may be promising candidate genes in lung
adenocarcinoma (Han SS., 2014). The expression of
APOCI gradually increased from early to late stage
in lung cancer patients (Ko HL., 2014). The level
of Rb1 expression in NSCLC was inversely corre-
lated with those of miR-155 and MCRS! (Liu M.,
2015). INGS5 was offered as a potent tumor suppres-
sor in lung cancer growth and metastasis (Zhang F.,
2015). RACK] is a candidate gene associated with
the prognosis of patients with early stage non-small
cell lung cancer (Choi YY., 2015). ARHGDIB and
HOXD3 demonstrated significant associations with
the overall survival of lung cancer patients (Huang
T., 2015). SFRPI was specifically indicated to target
B-catenin, and thus might be targeted by epigenetic
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therapy in NSCLC cell lines (Taguchi YH., 2016).
NEK2, DLGAPS and ECT2 were found to be highly
expressed in tumor samples of lung cancer patients
and might be used as promising biomarkers for the
early detection of lung cancer, as well as predict-
ing the prognosis of lung cancer patients (Shi YX.,
2017). Human epidermal growth factor receptor 2
(HER?2 or ErbB2) can be overexpressed, amplified
and/or mutated in malignant tumors, and is a candi-
date for therapeutic targeting. However, molecular
associations and clinical significances of these alter-
ations were controversial in lung cancer (Kim EK.,
2017). Combination of CALR and PDIA3 might
serve as an efficient biomarker and improved the
prediction of NSCLC prognosis significantly (Wang
K., 2017). TOP24, MELK and CENPF genes might
contribute to high proliferation and early metastatic
spread of SCLC cells (Mizuno K., 2017). CNTN6
and LBX2 genes were commonly downregulated in
all the 4 stages of NSCLC (Wang J. 2017). A2MLI,
CCNEI, COBL, ESCO2, GPRI115, MMP10, OVOLI
and SCGBI1A1 genes may be used as potential prog-
nostic biomarkers of lung squamous cell carci-
noma (Zhang W., 2018). AFAP1-ASI, BLACATI,
LOC101928245, and FENDRR were most differen-
tially expressed IncRNAs in lung adenocarcinoma
(Ding X., 2018). TTF1, SP-A, Napsin A, MUC5AC,
CDX2 and CKS5 genes allows to identify prognostic
subgroups among lung ADC (Tabbo F., 2018). Pre-
viously, we studied the associations of miRNAs and
mRNAs of genes involved in the development of
non-small cell lung cancer (Niyazova R.Y., 2015).
The data on the functions of genes increases every
year, and accordingly increases the number of can-
didate genes. The present study aimed to identify
the interaction characteristics of potential candidate
genes and miRNAs and identification the clusters of
binding sites and their properties.

Materials and methods

The nucleotide sequences of 243 candidate genes
of'the BC subtypes were downloaded from GenBank
(http://www.ncbi.nlm.nih.gov). 3701 miRNAs
were taken from the publication of Londin E. et al.
(Londin, 2015: 1106-1115). The miRNAs binding
sites in 5’-untranslated regions (5’UTRs), coding
domain sequences (CDSs) and 3’-untranslated
regions (3’UTRs) of several genes were predicted
using the MirTarget program (Ivashchenko, 2016:
237-240). This program defines the following
features of binding: a) the origin of the initiation
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of miRNA binding to mRNAs; b) the localization
of miRNA binding sites in the 5’UTRs, CDSs and
the 3°’UTRs of the mRNAs; ¢) the free energy of
hybridization (AG, kJ/mole); and d) the schemes of
nucleotide interactions between the miRNAs and the
mRNAs. The ratio AG/AGm (%) was determined
for each site (AGm equals the free energy of miRNA
binding with its perfect complementary nucleotide
sequence). The miRNA binding sites located on the
mRNAs had AG/AGm ratios of 90% or more. The
program identifies the positions of the binding sites
on the mRNA, beginning from the first nucleotide of
the mRNA’s 5’UTR. The MirTarget program found
hydrogen bonds between adenine (A) and uracil
(U), guanine (G) and cytosine (C), G and U, and A
and C. The distances between A and C were equal
to those between G and C, A and U, and G and U
(Kool, 2001: 1-22; Leontis, 2002: 3497-3531). The
numbers of hydrogen bonds in the G-C, A-U, G-U
and A-C interactions were found to be 3,2, 1 and 1,
respectively. Table 1 shows sources of information
on candidate genes of NSCLC subtype of lung
cancer.

Results and Discussion

It is expected to involve more than 200 candidate
genes in the development of the NSCLC subtype of
lung cancer. Tables 1-3 show characteristics of the
interaction of miRNA with mRNA of 137 NSCLC
candidate genes. The data obtained from this study
show that a significant number of genes are targets
for two or more miRNAs. Among these genes, those
that contain mRNA binding sites with overlapping
of nucleotide sequences are of particular interest.
These groups of miRNA binding sites are called
clusters.

In the article considered the properties of clusters
with a large number of miRNA binding sites in the
5’UTR (Table 1). Ten mRNAs of the candidate
genes have clusters for two miRNA binding sites
and six clusters for three miRNA binding sites. The
mRNA of CHKA gene have 13 miRNA binding
sites, three binding sites for miR-2-3313-3p, and
two binding sites for miR-19-21199-3p and miR-1-
155-3p. The total cluster length of all binding sites
is 362 nt, and the cluster has a length of 44 nt, which
is 8.2 times smaller than the total length. The 5’UTR
of the CHKA gene is 214 nt, that is, less than the
total length of all binding sites. Due to the compact
arrangement of the 12 miRNAs binding sites, they
occupy only 21% of the 5’UTR length.
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Table 1 — Characteristics of miRNAs interaction in the 5’UTR mRNA of NSCLC candidate gene

Gene Characteristics of binding
ACTN4 | miR-19-41803-3p, 86, 90, -113, 22
ACVRLI | miR-19-44097-5p, 165, 92, -123, 23
miR-12-32997-5p, 67 + 81 (3), 89 + 94, -125 + -132, 23; miR-1-3554-3p, 73, 89, -121, 23; miR-8-22944-3p, 143,
ADAM?23
93,-115, 20
ALK miR-2-4035-3p, 51 + 52 (2), 90 + 100, -117 + -129, 23
BAD miR-11-29089-3p, 237, 90, -113, 22
BCARI | miR-20-22562-3p, 127, 89, -134, 24; miR-19-35955-3p, 136, 89, -117, 23
miR-7-18337-3p, 173, 91, -123, 23; miR-17-39011-3p, 222 + 228 (3), 89 + 92, -117 + -121, 23; miR-3-8809-3p,
BMI1
251,90, -117,22
BMP4 miR-9-26506-3p, 33, 90, -110, 22
CASP9  |miR-1-2631-5p, 100, 91, -106, 21; miR-17-38067-3p,180,93, -132,23; miR-14-37896-3p, 272,93,-115,21
CDI51 miR-19-21199-3p, 24, 89, -140, 25; miR-3-8100-5p, 20, 88, -129, 24; miR-3-9461-3p, 30, 89, -121, 23
CD44 miR-16-40163-5p, 129, 90, -121, 23
CDC42 | miR-2-4804-5p, 115 = 116 (2), 93 =97, -117 + -121, 24; miR-19-43871-5p, 120, 91, -110, 22
CDC6 miR-10-27065-3p, 7, 92, -115, 21
CDHI miR-14-36073-5p, 57, 89, -123, 23
CDK6 miR-17-21769-5p, 261, 91, -106, 21
miR-2-3313-3p, 51 + 54 (3), 87 + 89, -138 + -142, 25; miR-3-8100-5p, 53, 90, -132, 24; miR-2-4453-3p, 54, 92,
-121, 21; miR-19-21199-3p, 56 = 57 (2), 88, -138, 25; miR-1-155-3p, 57 + 62 (2), 91, -125, 22; miR-20-43381-
CHKA 5p, 61, 94, -123, 21; miR-19-43966-3p, 64, 89, -125, 23; miR-7-15849-3p, 65, 100, -115, 18; miR-22-23987-3p,
66,92, -121, 21; miR-5-8853-5p, 69, 93, -117, 20; miR-9-13610-3p, 69, 97, -127, 21; miR-13-18339-3p, 70, 88,
-125, 24; miR-1-367-3p, 95, 89, -125, 23
CYLD miR-15-37972-3p, 15, 90, -110, 22
CYR61 miR-20-45753-5p, 80, 94, -127, 22; miR-7-15849-3p,125,96,-110,18; miR-12-26632-3p,180,89,-125, 23
DDRI1 miR-5-14114-5p, 73, 91, -125, 23
DIABLO | miR-9-25031-3p, 409 + 426 (2), 92, -119, 21
DKK3 | miR-19-42426-5p, 93, 92, -125, 23
DLX5 miR-1-1418-3p, 46, 92, -117, 20; miR-11-18690-5p, 82, 90, -110, 22
DPP4 miR-3-9273-3p, 369, 93, -108, 20
DVLI miR-20-45152-5p, 23, 89, -132, 24
miR-4-11239-3p, 84, 93, -115, 20; miR-20-45152-5p, 84 + 85 (2), 90 + 100, -134 + -149, 24; miR-2-4453-3p, 87,
E2F1 94, -123, 21; miR-1-1714-3p, 90, 93, -117, 20; miR-12-5800-5p, 90, 93, -113, 20; miR-19-21199-3p, 90, 88, -138,
25; miR-8-24509-3p, 90, 100, -108, 17; miR-2-3313-3p, 91, 87, -138, 25
ECT2 miR-17-34996-5p, 231, 93, -115, 23
prEypy | MiR-19-41434-3p, 331,93, 113, 21; miR-5-14114-5p, 333, 89, -123, 23; miR-17-39672-3p, 338, 91, -113, 21;
miR-20-44786-5p, 425, 93, -121, 21
EGRI miR-15-32047-5p, 13, 90, -132, 24; miR-2-3313-3p, 13, 91, -144, 25; miR-22-46979-5p, 14, 91, -125, 23; miR-
10-13655-3p, 15,91,-123,22; miR-15-38504-5p,90,92,-138,24; miR-1-123-3p, 216, 89, -123, 24
miR-11-29089-3p, 17, 90, -113, 22; miR-9-20317-3p, 106 + 116 (4), 90, -134, 24; miR-17-39416-3p, 111 + 114
EIF24K2 | (2),92,-121, 22; miR-5-15733-3p, 116, 90, -134, 24; miR-1-3679-3p, 455, 90, -113, 23; miR-1-3679-5p, 455, 90,
-113,23
EIF4B | miR-3-10329-5p, 100, 92, -125, 24
ENG miR-16-37746-3p, 6, 91, -123, 23
EPASI miR-16-37573-3p, 273, 93, -119, 21; miR-17-37993-5p, 418, 90, -115, 22
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Continuation of table 1

Gene Characteristics of binding
EPB4IL3 |miR-5-15611-5p, 7,90, -117, 22
EPHA2 |miR-17-39972-5p, 56, 93, -108, 20
EPHA3 | miR-20-28747-5p, 32, 90, -110, 22
EPHB6 | miR-19-41131-3p, 21, 94, -136, 23; miR-17-38067-3p, 75, 90, -127, 23
ERBB3 miR-1-163-3p, 114 + 115 (2), 91 + 93, -110 + -113, 21
ERRFII | miR-3-9439-3p, 4, 96, -108, 18; miR-5-15733-3p, 4, 90, -134, 24; miR-11-25459-3p, 100, 90, -119, 23
EZHD miR-2-6831-5p, 112, 95, -113, 20; miR-5-15733-3p, 120, 93, -138, 24; miR-19-36133-3p, 122, 90, -119, 22; miR-
3-9439-3p, 126, 98, -110, 18; miR-13-32613-3p, 127, 88, -125, 24
FENI miR-21-45306-5p, 320, 89, -121, 23
FOXOI miR-14-14807-5p, 120, 91, -110, 21; miR-12-17229-5p, 228, 91, -110, 22; miR-1-654-3p, 305, 92, -115, 20; miR-
22-40302-3p, 356, 90, -119, 22
GATA? miR-8-25030-3p, 189, 89, -117, 23; miR-11-28671-3p, 210, 90, -115, 22; miR-8-4989-5p, 413, 93, -115, 20; miR-
12-5800-5p, 415, 95, -115, 20
miR-2-3313-3p, 99, 87, -138, 25; miR-17-38391-3p, 312, 90, -115, 23; miR-3-9317-3p, 314, 90, -110, 22; miR-
19-43373-3p, 539, 93, -119, 21; miR-15-32047-5p, 541 + 544 (2), 88 + 91, -129 + -134, 24; miR-1-265-3p, 542,
HMGA2 |91, -125, 22; miR-17-41168-3p, 542, 95, -117, 20; miR-3-9301-5p, 542, 93, -115, 20; mir-1-2121-3p, 544, 93,
-146, 25; miR-19-33623-3p, 544 + 545 (2), 89 + 96, -132 + -142, 24; miR-1-155-3p, 550, 95, -132, 22; miR-10-
26815-5p, 575, 88, -121, 24; miR-11-18690-5p, 585, 90, -110, 22; miR-1-1819-3p, 788, 89, -123, 23
HNRNPD | miR-12-31754-5p, 141, 89, -117, 23
HTRA? miR-22-46979-5p, 239, 91, -125,23; miR-15-32047-5p, 241, 90, -132, 24; miR-17-40348-5p, 243, 89, -121, 23;
miR-19-21199-3p, 243, 89, -140, 25; miR-2-4005-5p, 243, 94, -140, 24
miR-8-22077-3p, 361, 95, -127, 22; miR-19-34067-3p, 531, 89, -119, 23; miR-11-28698-5p, 595, 92, -127, 23,
INGI miR-2-4005-5p, 657, 89, -132, 24; miR-1-275-3p, 664, 90, -127, 23; miR-19-43966-3p, 665, 89, -125, 23; miR-1-
155-3p, 667, 92, -127, 22; miR-3-9441-3p, 667, 91, -127, 23; miR-17-40274-3p, 820, 90, -113, 22
JAK1 miR-11-29827-3p, 66, 90, -129, 24
KIF14 miR-14-35852-5p, 223,91, -113,22
miR-17-39416-3p, 17 +29 (2), 92 + 94, -121 = -123, 22; miR-9-20317-3p, 37, 89, -132, 24; miR-13-32878-3p,
KRAS
96,91, -113, 21
LATS2 miR-2-4453-3p, 92, 92, -121, 21
LRIG3 miR-4-11437-3p, 170, 89, -125, 23; miR-7-20431-3p, 170, 90, -113, 22
MAPKI | miR-17-39570-5p, 11, 97, -132,22
MAPK3 | miR-17-36936-3p, 84, 90, -113, 22
miR-17-39416-3p, 110, 92, -121, 22; miR-5-15733-3p, 127, 90, -134, 24; miR-12-32603-3p, 145, 90, -113, 23;
MTA3 miR-22-40302-3p, 146, 90, -119, 22; miR-16-37579-3p, 153, 91, -110, 21; miR-1-1819-3p, 158, 89, -123, 23;
miR-19-43342-3p, 162, 90, -119, 22
MYC miR-19-44540-3p, 14, 93, -132, 23; miR-3-9461-3p, 16, 89, -121, 23; miR-2-5150-5p, 22, 91, -113, 21; miR-19-
44191-3p, 232, 87, -132, 25; miR-17-39987-3p, 296, 90, -110, 22
MYLK miR-13-18339-3p, 59, 91, -129, 24; miR-17-40321-3p, 75, 90, -113, 22
miR-20-45152-5p, 4, 89, -132, 24; miR-1-1714-3p, 10, 92, -115, 20; miR-2-3313-3p, 10, 87, -138, 25; miR-19-
NFATC2 | 21199-3p, 10 + 12 (2), 88 + 91, -138 + -142, 25; miR-17-40348-5p, 12, 91, -123, 23; miR-10-13655-3p, 13, 94,
-127, 22; miR-20-43381-5p,17,92,-121,21; miR-19-43966-3p,179,89,-125, 23
NEKBI miR-10-13655-3p, 126, 94, -127, 22; miR-17-40141-3p, 223, 92, -115, 20; miR-9-13610-3p, 231, 95, -125, 21;
miR-19-42137-5p, 292, 89, -117, 23
NKX2 miR-11-18690-5p, 306, 95, -117, 22
ORAI3 miR-12-34513-5p, 136, 88, -121, 24
PDK1 miR-2-4736-5p, 2, 92, -121, 21; miR-5-16438-3p, 3, 92, -121, 22
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miR-20-43459-5p, 75, 92, -115, 20; miR-5-15564-3p, 486, 91, -125, 22; miR-17-39416-3p, 531, 90, -119, 22;
PTEN miR-3-9439-3p, 533, 96, -108, 18; miR-5-15733-3p, 533, 89, -132, 24; miR-7-20203-3p, 536, 90, -121, 22; miR-
17-40141-3p, 705, 92, -115, 20; miR-17-41310-3p, 708, 96, -110, 18; miR-3-9461-3p, 790, 89, -121, 23
PTGIS miR-19-44127-3p, 13, 90, -134, 24
PTGS2 miR-9-23969-3p, 108, 92, -123, 21
PXN miR-11-29831-3p, 2 + 3 (2), 89,-134, 24; miR-17-39227-3p,4,89,-123,23; miR-10-8203-5p,7,92,-115, 20
RAF1 miR-3-8604-5p, 303, 90, -115, 22
RBL2 miR-5-16634-3p, &, 90, -121, 22
REPS2 miR-9-20317-3p, 64, 91, -136, 24; miR-5-15733-3p, 67 + 73 (2), 89 + 91, -132 + -136, 24; miR-17-39416-3p, 71,
90, -119, 22; miR-3-9439-3p, 73, 96, -108, 18
RHOA miR-16-38447-3p, 16, 90, -121, 23; miR-19-21199-3p, 97, 88, -138, 25
RND3 miR-2-6824-3p, 100, 90, -110, 22
RRM1 miR-10-28238-3p, 123, 93, -108, 20
S10042 | miR-9-24929-3p, 133, 89, -115, 23
SMARCA4 miR-10-26812-3p, 85, 91, -132, 24; miR-20-44754-3p, 86, 89, -123, 23; miR-5-14873-3p, 87, 94, -125, 22; miR-
11-29999-3p-2, 96, 90, -129, 24; miR-3-8775-3p, 98, 88, -123, 24
SOX2 miR-19-43069-3p, 344, 89, -117, 23
STK11 miR-7-21139-3p, 47, 90, -134, 24; miR-19-43345-3p, 113, 92, -125, 24; miR-22-16963-5p, 254, 91,-127,22
TACC3 miR-3-8242-5p, 70, 89, -119, 23
TGFBR3 |miR-7-19076-5p, 49, 91, -110, 22
miR-1-2077-5p, 32, 93, -110, 20; miR-10-27065-3p, 140, 92, -115, 21; miR-8-977-5p, 140 + 141 (2), 89 + 91,
TJP2 )
-125+-127,23
TWISTI miR-1-3558-3p, 153, 91, -113, 22; miR-5-14114-5p, 157, 91, -125, 23; miR-19-43426-5p, 173, 93, -121, 21; miR-
16-37196-5p, 233, 93, -115, 20
USPI miR-2-4600-5p, 574, 90, -117, 23
USP15 miR-2-3313-3p, 24, 89, -142, 25; miR-17-35260-3p, 28, 90, -115, 22
miR-1-265-3p, 9, 92, -127, 22; miR-19-21199-3p, 14 + 104 (8), 88 + 95, -138 + -149, 25; mir-1-2121-3p, 15 +
96 (7), 88 + 95, -138 + -149, 25; miR-19-33623-3p, 15+ 99 (5), 89 + 93, -132 + -138, 24; miR-20-22562-3p,15
+103 (3),90 + 97,-136 + -146,24; miR-3-9461-3p,17,89,-121,23; miR-20-43381-5p, 18 + 105 (2), 94 + 98, -123
+-129, 21; miR-4-6496-3p, 23 + 110 (3), 92 + 95, -119 + -123, 21; miR-3-9137-3p, 29, 89, -123, 23; miR-2-
4005-5p, 44 + 94 (2), 90 = 91, -134 + -136, 24; miR-8-4989-5p, 45 + 95 (2),93,-115, 20; miR-9-25099-3p, 68,90,-
115,22; miR-15-32047-5p, 89 + 98 (4), 88 + 91, -129 + -134, 24; miR-17-41168-3p, 90 + 93 (2), 93 + 95, -115 =
USP7 -117, 20; miR-20-45152-5p, 92, 89, -132, 24; miR-3-8100-5p, 92, 91, -134, 24; miR-2-3313-3p, 93 + 98 (4), 88
+92, -140 =+ -146, 25; miR-2-4453-3p, 93 + 101 (3), 94, -123, 21; miR-17-40348-5p, 94, 92, -125, 23; miR-10-
13655-3p, 95 + 104 (5), 91, -123, 22; miR-1-155-3p, 95 + 107 (4), 92 = 98, -127 + -136, 22; miR-17-42540-3p,
95 + 121 (2), 92, -115, 20; miR-8-24509-3p, 96, 100, -108, 17; miR-19-43966-3p, 99, 89, -125, 23; miR-16-
13062-5p, 102 + 108 (2), 90 + 91, -134 + -136, 24; miR-5-8853-5p, 104, 93, -117, 20; miR-22-16963-5p, 104 +
110 (3), 91 =92, -127 + -129, 22; miR-22-23987-3p, 104 + 110 (2),94,-123, 21; miR-4-11923-3p, 105, 95, -127,
22; miR-16-38418-5p, 108 + 130 (2), 95, -115, 19; miR-5-16438-3p, 116, 90, -119, 22; miR-22-16699-3p, 121 +
122 (2), 92, -117, 20; miR-5-12460-5p, 135, 90, -129, 24
40 miR-19-41131-3p, 17 + 18,90 + 91, -129 + -132, 23
YBX1 miR-2-4453-3p, 81, 92, -121, 21; miR-2-4736-5p, 82, 92, -121, 21; miR-22-23987-3p, 92, 130, -121, 21
ZBTB7A miR-12-17704-3p, 104, 94, -132, 23; miR-7-22377-3p, 107, 97, -132, 22; miR-19-30988-5p, 109, 90, -129, 23;
miR-5-16165-5p, 112, 95, -115, 20
ZFX miR-15-32047-5p, 27, 88, -129, 24; miR-19-21199-3p, 29, 88, -138, 25; miR-1-356-5p, 31, 93, -136, 23

Note: miRNA; the beginning of binding site; the AG/AGm (%); the free energy change (AG, kJ/mole); length of miRNA (nt)
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In the cluster organization of miRNA binding
sites, the problem of competition between miRNA
for binding with mRNA is peculiarly solved. If
miRNA within the RISC complex binds to mRNA
in a cluster of 44 nt in length, another miRNA in the
RISC complex will no longer be able to communicate
with it. Thus, the expression of CHKA gene will
depend more on miRNA interacting with mRNA
with a higher free binding energy. In considered
example, miR-2-3313-3p has three binding sites in
the cluster. There is a cluster in the mRNA of E2F]
gene with a length of 33 nt including eight miRNAs
binding sites. The total length of these binding sites
is 196 nt, that is more of the length of the 5’UTR
which equal to 140 nt. With the cluster organization
of binding sites for eight miRNAs, they occupy
only 24% of the length of the 5’UTR. Among these
miRNAs, miR-20-45152-5 has the greatest free
energy, which has two binding sites in mRNA of
E2F1 gene.

The mRNA of HMGA2 gene can bind 16
miRNAs. The binding sites of miR-17-38391-3p
with miR-3-9317-3p and miR-10-26815-5p with
miR-11-18690-5p form two clusters. Binding
sites for seven miRNAs with a total length of 205
nt are organized into a cluster 32 nt long, which is
4% of the length of the S’UTR mRNA of HMGA?2
gene.

The mRNA of PTEN gene can bind 9 miRNAs.
The binding sites of miR-17-39416-3p and miR-17-

40141-3p form two clusters. Binding sites for four
miRNAs with a total length of 86 nt are organized
into a cluster 27 nt long, which is 0.3% of the length
of the 5’UTR of PTEN gene.

Each of the mRNA of HTRA2, INGI, MTA3
and SMARCA4 genes have clusters of the binding
sites of five mRNAs. Seven miRNAs can bind to the
mRNA of NFATC2 gene, wherein miR-19-21199-
3p has two binding sites and interacts with free
energy -138 + -142 kJ/mole.

The USP7 gene is unique, the mRNA of which
has a cluster of binding sites of 33 miRNAs with a
length of 151 nt, with the 5’UTR length of 199 nt.
The total length of all 33 miRNA binding sites is
1798 nt, which is nine times more than the length of
the S’UTR.

Table 2 presents data on the characteristics of
the interaction of miRNA in the CDS mRNA of the
candidate NSLC genes.

mRNA of CEBPA, NOTCH3 genes can bind
with 17 miRNAs. The miRNAs binding sites in the
mRNA of CEBPA gene form three clusters. The 13
miRNA binding sites form a 35 nt long cluster. The
miRNA binding sites in mRNA of CEBPA gene
form one cluster with a total length of 50 nt.

The mRNA of TRIO gene can bind 14 miRNAs.
The binding sites of seven miRNAs are organized in
a cluster of 306 nt in length.

Eight miRNAs have clusters of binding sites in
mRNA of LATS2, RBI and ZBTB7A4 genes.

Table 2 — Characteristics of miRNAs interaction in the CDS mRNA of NSCLC candidate gene

Gene Characteristics of binding
ABCCI10 |miR-14-35246-5p, 3430, 88, -121, 24
ACLY miR-11-24912-5p, 1084, 91, -108, 21
ADAM?23 | miR-5-3563-5p, 337, 94, -129, 22; miR-4-13274-3p, 340, 91, -113, 21
AKTISI | miR-12-30944-5p, 824,91, -110, 22
ALK miR-9-23745-3p, 1036, 95, -115, 20; miR-16-38700-5p, 1337, 92, -125, 23; miR-3-10496-3p, 3079, 89, -117, 23;
miR-1-2802-3p, 3395, 90, -113, 22; miR-8-22818-3p, 5212, 96, -108, 20
miR-12-32603-3p, 687 + 741 (2), 92 = 93, -115 + -117, 23; miR-9-26506-3p, 751, 91, -113, 22; miR-9-25099-3p,
ANP324
778,90, -115, 22
BCARI miR-17-42375-5p, 662, 89, -119, 23; miR-3-6141-3p, 888, 92, -100, 20
BIRCE miR-8-23323-3p, 221, 89, -121,23; miR-18-41949-5p, 264, 90, -121, 22; miR-2-5674-3p, 266, 89, -123, 23; miR-
9-20317-3p, 266, 90, -134, 24
BMP4 miR-19-44061-5p, 906, 91, -106, 21
CARDI0 miR-16-37330-3p, 6, 92, -117, 21; miR-19-38260-3p, 24, 90, -113, 22; miR-12-32603-3p, 1167, 90, -113, 23;
miR-1-875-3p, 1820, 90, -115, 22
CCDC6 miR-10-29090-5p, 245 + 246 (2), 91 = 100, -110 + -121, 21; miR-9-27797-5p, 338, 88, -125, 24; miR-11-29839-
5p, 1505, 89, -115, 23
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CDHI miR-2-6803-5p, 484, 90,-119,22; miR-1-3928-3p, 573, 90, -110, 22; miR-15-37333-3p, 2454, 92,-100,20

miR-22-45959-3p, 97, 90, -113, 22; miR-20-24547-3p, 138, 90, -121, 22; miR-1-124-5p, 199, 89, -134, 24; miR-
CDT1 5-3563-5p, 200, 91, -125, 22; miR-5-14705-3p, 202, 95, -123, 21; miR-10-13751-3p, 204, 94, -123, 21; miR-21-
45472-3p, 210, 89, -125, 23; miR-4-14131-5p, 287, 88, -121, 25; miR-14-33186-5p, 578, 90, -132, 24

miR-19-28028-5p, 233, 89, -132, 24; miR-21-23994-3p, 236, 91, -113, 21; miR-19-33623-3p, 648, 89, -132, 24;
mir-1-2121-3p, 648 = 651 (2), 89 + 91, -140 = -142, 25; miR-2-3313-3p, 651 + 654 (2), 87 = 88, -138 + -140, 25;
miR-19-21199-3p, 651 + 660 (4), 88 + 96, -138 = -151, 25; miR-12-5800-5p, 653, 95, -115, 20; miR-2-4453-3p,
CEBPA | 654,95, -125, 21; miR-10-13655-3p, 654 = 657 (3), 92 + 94, -125 + -127, 22; miR-1-155-3p, 654 = 660 (3), 91 +
94, -125 + -129, 22; miR-4-6496-3, 657, 92, -119, 21; miR-5-8853-5p, 657, 93, -117, 20; miR-19-43966-3p, 658,
89, -125, 23; miR-4-11923-3p, 661, 92, -123, 22; miR-20-43381-5p, 661, 97, -127, 21, miR-20-40417-3p, 777,
96, -113, 19; miR-22-16963-5p, 782, 91, -127, 22

CHFR miR-1-3633-5p, 1537, 90, -121, 22; miR-19-21199-3p, 386 + 395 (4), 88 + 92, -138 + -144, 25

mir-1-2121-3p, 386 + 423 (4), 88 + 96, -138 + -151, 25; miR-1-155-3p, 389, 91, -125, 22; miR-3-8100-5p, 397,
CHKA 93, -136, 24; miR-19-33623-3p, 422 + 423 (2), 89 + 94, -132 + -140, 24; miR-20-22562-3p, 429 + 430 (2), 92,
-138,24

CTDSPL |miR-16-20705-3p, 852, 89, -123, 24
DAPKI miR-2-6184-3p, 4436, 89, -115, 23

miR-8-21738-3p, 570, 90, -110, 22; miR-3-10387-3p, 2409, 91, -110, 22; miR-3-10387-5p, 2409, 91, -110, 22;
miR-7-23800-3p, 2871, 91, -123, 23

DIABLO | miR-1-2802-3p, 1465, 90, -113, 22
DLX5 | miR-1-1488-5p, 489, 88, -108, 24; miR-22-44023-3p, 1015, 92, -121, 21
DVLI | miR-9-23297-3p, 1087, 93, -106, 20

miR-20-23817-3p, 290 = 291 (2), 100, -153, 24; miR-10-5299-5p, 290 + 291 (2), 95, -115, 19; miR-17-40141-3p,
EJ2F1  |295,93,-117, 20; miR-1-1714-3p, 381, 95, -119, 20; miR-17-36033-3p, 446, 87, -129, 25; miR-22-44137-3p,
764, 89, -115, 23; miR-22-44137-5p, 764, 89, -115, 23; miR-16-36797-3p, 1382, 93, -115, 22

EGFR miR-3-7886-3p, 1779, 88, -127, 24

miR-9-25082-3p, 467, 90, -127, 24; miR-22-40302-3p, 470, 92, -121, 22; miR-11-18690-5p, 806, 90, -110, 22;
miR-5-14103-5p, 813, 93, -108, 20; miR-2-6184-3p, 1682, 89, -115, 23

EIF4E miR-8-18887-3p, 2148, 92, -93, 21

ENG miR-16-37839-3p, 508, 89, -115, 23; miR-11-28996-5p, 1159, 90, -115, 23

ENOI miR-17-39143-3p, 1554, 88, -121, 24

EPASI miR-17-40452-5p, 1446, 90, -117, 22; miR-5-15664-3p, 1928, 92, -104, 20
EPB4IL3 |miR-19-36133-3p, 154, 95, -125, 22

miR-2-6640-3p, 204, 90, -119, 23; miR-22-46516-3p, 211, 92, -117, 21; miR-17-40725-5p, 756, 90, -110, 22;
miR-22-40730-3p, 1148, 90, -113, 22; miR-2-6494-3p, 2706, 92, -102, 21

EPHB6 miR-12-30818-5p, 1607, 88, -123, 24; miR-12-32998-3p, 3815, 90, -113, 22
FGF2 miR-8-22077-3p, 344, 92, -123, 22; miR-17-36033-3p, 383, 87, -129, 25

miR-9-20317-3p, 655 + 658 (2), 91 + 94, -136 + -140, 24; miR-5-15564-3p, 660, 91, -125, 22; miR-5-15733-3p,
FOXO0lI 661, 89, -132, 24; miR-3-9439-3p, 667, 96, -108, 18; miR-2-3313-3p, 669, 89, -142, 25; miR-15-39028-5p, 745,
91, -123, 23; miR-3-9461-3p, 749, 91, -123, 23

FUBP! | miR-12-30416-5p, 1503, 90, -115, 22
GATA2 | miR-5-17240-3p, 859, 89, -119, 23; miR-4-12483-3p,865,90,-115,22; miR-16-38537-3p,877,89,-125,24
HNRNPD | miR-11-29998-3p, 366, 89, -125, 23
HSPBI | miR-1-265-3p, 320, 92, -127, 22
HTRA2  |miR-8-22077-3p, 962, 90, -121, 22; miR-1-1670-5p, 1185, 90, -110, 22
IDI miR-8-977-5p, 117, 91, -127, 23; miR-4-6496-3p, 122, 93, -121, 21; miR-11-29553-3p, 123,92, -119, 21
ILK3  |miR-3-11072-3p,318,90,-113,22; miR-20-44572-3p,730,90,-113,22; miR-22-44471-3p,1388,91, -102.21

DDRI1

EGRI

EPHA2
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IRS] miR-3-7886-3p, 412, 88, -127, 24; miR-8-23997-5p, 1418, 94, -102, 19; miR-22-45452-5p, 2084, 92, -102, 20;
miR-10-26714-5p, 2085, 89, -121, 24; miR-19-37450-3p, 3446, 93, -106, 21
JAKI miR-3-10699-5, 2532, 96, -108, 21
miR-5-14233-3p, 1673, 88, -125, 24; miR-1-124-5p, 1705, 90, -136, 24; mir-1-2121-3p, 1851, 91, -142, 25; miR-
LATS? 17-40081-5p, 1851, 91, -134, 23; miR-19-33623-3p, 1851, 89, -132, 24; miR-1-28-5p, 1854,90, -134, 24; miR-11-
28484-5p, 1856, 90, -117, 22; miR-22-16963-5p, 1857 + 1863, 91 + 92, -127 + -129, 22; miR-9-25031-3p, 1861,
98, -127, 21; miR-2-2621-5p, 1864, 95, -134, 22
MAP2K4 | miR-7-20203-3p, 91, 92, -123, 22
MAPKI miR-5-14873-3p, 243, 90, -121, 22; miR-9-20317-3p, 243, 90, -134, 24; miR-17-39416-3p, 244, 92, -121, 22;
miR-19-41910-5p, 246, 90, -132, 24; miR-12-33610-3p, 246, 91, -136, 24
MAPK3 | miR-1-2802-3p, 1144, 93, -117, 22; miR-19-42375-3p, 1144, 91, -110, 21
MYLK miR-3-9317-3p, 5995, 91, -113, 22
NFKBI miR-11-29785-3p, 2249, 91, -108, 21; miR-11-29785-5p, 2249, 91, -108, 21
NKX2 miR-7-7134-3p, 431, 93, -113, 20; miR-9-22187-3p, 1041, 89, -119, 23; miR-5-15704-3p, 1048, 97, -123, 21;
miR-3-8419-3p, 1289, 89, -121, 23
NNMT miR-1-2236-3p, 1014, 90, -113, 22
miR-20-45152-5p, 85, 93, -138, 24; miR-15-32047-5p, 85 + 86 (2), 88, -129, 24; miR-2-3313-3p, 85 + 92 (3),
89 + 93, -142 + -149, 25; miR-11-1939-5p, 87, 92, -115, 20; miR-2-4005-5p, 88 + 113 (2), 89, -132, 24; miR-9-
NOTCH3 5204-5p, 89, 90, -121, 22; miR-12-5800-5p, 90, 93, -113, 20; miR-19-8151-3p, 90 + 115 (2), 92, -117, 21; miR-
11-28656-5p, 91, 89, -125, 23; miR-2-4453-3p, 94, 92, -121, 21; miR-19-43966-3p, 126, 94, -132, 23; miR-11-
32084-3p, 4257, 91, -110, 22; miR-21-44879-5p, 4305, 92, -117, 23; miR-8-23353-3p, 6288, 90, -121, 22; miR-5-
15599-5p, 6340, 90, -110, 22; miR-2-6803-5p, 6799, 90, -119, 22; miR-3-10473-5p, 6921, 92, -104, 20
ORAI3 miR-5-14747-3p, 927,91, -113, 21
PDCD6 | miR-10-27918-3p, 126, 91, -123, 23; miR-1-163-3p, 457, 91, -110, 21
PDK1 miR-17-10097-3p, 145, 89, -119, 23; miR-8-4989-5p, 147, 93, -115, 20
PLAUR | miR-17-40348-5p, 233,91, -123, 23
miR-9-20317-3p, 375 + 420 (3), 89 + 91, -132 + -136, 24; miR-17-39416-3p, 379 + 418 (2), 90 + 95, -119 + -125,
POU3F2 22; miR-1-1819-3p, 385, 89, -123, 23; miR-12-33610-3p, 392 + 393 (2), 89, -132, 24; miR-2-6772-3p, 400, 91,
-134, 24; miR-11-29463-5p, 404, 88, -125, 24; miR-2-3313-3p, 879, 87, -138, 25; miR-12-5800-5p, 878, 93, -113,
20
PTK6 miR-19-44132-3p, 184, 90, -115, 22
PXN miR-21-42431-3p, 879, 88, -123, 24
RAPGEF! |miR-18-40504-5p,1992,91,-106,22; miR-19-42673-3p,2125,90,-113,22; miR-2-6482-3p,2675,93,-119,21
RASSF5 | miR-5-8853-5p, 160, 92, -115, 20; miR-19-43003-3p,294,90,-121,22; miR-17-39416-3p,318,90,-119, 22
miR-15-32047-5p, 192, 91, -134, 24; miR-2-3313-3p, 192, 91, -144, 25; miR-2-4453-3p, 192, 92, -121,21; miR-
RBI 22-46979-5p, 193, 89, -123, 23; miR-3-8100-5p, 194, 93, -136, 24; miR-19-21199-3p, 195 + 224 (3), 88 + 92,
-138 +-144, 25; miR-1-155-3p, 195 + 230 (3), 91 + 92, -125 + -127, 22; miR-3-9461-3p, 198, 91, -123, 23; miR-
1-1714-3p, 224, 92, -115, 20
REPS? miR-17-39416-3p, 178 + 187 (3), 90 + 94, -119 + -123, 22; miR-5-15733-3p, 189, 89, -132, 24; miR-21-45056-
3p, 1173, 92, -104, 20
ROSI miR-11-31014-5p, 7102, 90, -100, 22; miR-11-32280-3p, 7102, 90, -100, 22
RRM2 miR-3-10227-5p, 112, 90, -119, 22
miR-16-39450-3p, 656, 94, -123, 23; miR-4-12861-5p, 681, 90, -117, 22; miR-17-38067-3p, 972, 90, -127, 23;
SMARCA4 | miR-9-25099-3p, 5080, 93, -119, 22; miR-9-26506-3p, 5086, 90, -110, 22; miR-5-15733-3p, 5191, 94, -140, 24,
miR-4-12154-5p, 5194, 88, -127, 24
SOX2 miR-9-24392-5, 455, 93, -106, 20; miR-17-40730-3p, 1218, 90, -121, 23
SRSF1 miR-9-22187-3p, 501, 92, -123, 23
STK11 miR-5-14952-3p, 1157, 91, -106, 21
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Continuation of table 2

Gene Characteristics of binding
TACC3 miR-19-42195-3p, 337, 93, -113, 22
TEK miR-14-35424-3p, 2003, 90, -119, 23
TJP2 miR-12-33740-3p, 1132, 90, -117, 22
TOPORS | miR-2-6128-5p, 208, 88, -129, 24
TPBG miR-1-265-3p, 1262, 91, -125, 22; miR-16-16153-5p, 1269, 100, -108, 17
miR-10-13655-3p, 26, 91, -123, 22; miR-9-23270-3p, 84, 90, -136, 24; miR-16-33136-3p, 85, 91, -123, 22; miR-
8-21978-5p, 100, 88, -125, 24; miR-16-35596-3p, 4331, 93, -110, 23; miR-19-43584-3p, 5567, 92, -121, 23;
TRIO miR-17-39416-3p,6875,92, -121, 22; miR-9-20317-3p, 6877, 89, -132,24; miR-5-15733-3p, 6883, 89, -132, 24;
miR-1-1819-3p, 6884, 91, -125, 23; miR-9-22187-3p, 6907, 89, -119, 23; miR-5-15564-3p, 6927, 100, -138, 22;
miR-9-25265-3p, 6934, 90, -119, 22; miR-11-28698-5p, 7145, 89, -123, 23; miR-11-28041-3p, 7181, 89, -123, 23
TWISTI miR-7-20781-5p, 428, 90, -113, 22; miR-15-37572-3p, 486, 92, -125, 22; miR-16-33136-3p, 490, 91, -123, 22;
miR-13-32613-3p, 602, 90, -127, 24
WWTRI |miR-4-11421-3p, 357, 89, -125, 23
YBXI miR-11-28484-5p, 201, 90, -117, 22; miR-19-28028-5p, 201, 89, -132, 24; miR-5-14114-5p, 205, 89, -123, 23;
miR-12-28419-3p, 272,91, -108, 21
mir-1-2121-3p, 664 + 671 (3), 88, -138, 25; miR-19-44540-3p, 667, 90, -127, 23; miR-19-21199-3p, 669 + 670
7BTB7A (2), 88 +92,-138 +-144, 25; miR-1-1714-3p, 670, 92, -115, 20; miR-10-5299-5p, 671 + 672 (2), 95, -115, 19;
miR-12-5800-5p, 672, 95, -115, 20; miR-1-155-3p, 673, 91, -125, 22; miR-2-3313-3p; 673 +~ 674 (2); 87 + 91;
-138 +-144, 25; miR-11-31496-5p, 1619, 90, -127, 23; miR-16-36024-3p, 1696, 91, -129, 23

Note: miRNA; the beginning of binding site; the AG/AGm (%); the free energy change (AG, kJ/mole); length of miRNA (nt)

Of the 243 genes participating in the
development of the NSCLC subtype of lung cancer,
32 genes are targets of 49 miRNAs whose binding
sites are localized in the 3°’UTR. Table 3 presents
data on the characteristics of the miRNA interaction
in the 3’UTR mRNA of the candidate genes. The
data obtained show that a larger number of genes

are targets of two or more mRNAs. Among them,
mRNA of genes that contain binding sites with
overlapping of nucleotide sequences are of great
interest. Such groups of miRNA binding sites are
called clusters. The five mRNAs have clusters of
two miRNAs binding sites, four mRNAs have
clusters of three miRNAs binding sites.

Table 3 — Characteristics of miRNAs interaction in the 3’UTR mRNA of NSCLC candidate gene

Gene Characteristics of binding
AKTI miR-10-27065-3p,2864,93,-117,21;miR-12-5800-5p,2866,93,-113,20;miR-13-36375-5p,2875,90,-119,23
BCARI | miR-14-35410-5p, 3046, 90, -113, 22; miR-4-12483-3p, 3046, 92, -117, 22
CCDC6 | miR-10-29282-3p, 5279, 89, -104, 23
CDHI miR-2-4804-5p, 3413, 88, -110, 24
miR-9-24961-3, 1678, 90, -98, 22; miR-10-29282-3p, 1896 + 1920 (9), 89 + 91, -104 + -106, 23; miR-15-36862-
CDK6 3p, 1900 + 1918 (7), 89 + 95, -108 + -114, 23; miR-4-13015-5p, 1901, 91, -102, 22; miR-9-9900-3p, 3041, 94,
-102, 20; miR-8-23986-3p, 7773, 88, -127, 24
CDTI miR-17-40078-3p, 2389, 88, -113, 24
CEBPA | miR-22-45967-3p, 2440, 92, -115, 22
CYLD miR-10-29282-3p, 6075, 91, -106, 23
E2F1 miR-21-40861-3p, 2178, 90, -110, 22
EIF24K2 | miR-1-210-5p, 2654, 91, -102, 21
EMP3 ?312-220644484-3@ 748, 89, -119, 23; miR-16-40261-3p, 765, 92, -115, 20; miR-17-12804-3p, 767 + 768 (2), 93,
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Continuation of table 3

Gene Characteristics of binding
ENOX2 |miR-3-5147-5p, 3059, 90, -100, 22
EPHA2 |miR-2-6331-3p, 3699, 90, -117, 22
FOX0OI |miR-3-10274-3p, 4489, 92, -93, 21
GATA2 | miR-2-6824-3p, 2340, 97, -119, 22
HDAC2 | miR-2-4804-5p, 5132 + 5832 (2), 88 =90, -110 +-113, 24
HMGA2 miR-2-6081-3p, 1255, 90, -113, 23; miR-13-35476-3p, 1261 + 1268 (2), 90, -117, 22; miR-19-43804-3p, 1275,
95, -115, 21
IRS] m%R-10-29282-3p, 7321 + 7425 (8), 89 +.91, -104 +-106, 23; miR-15-36862-3p, 7321 + 7333 (2), 89, -108, 23;
miR-19-42814-5p, 7334, 91, -106, 23; miR-8-23415-3p, 7351, 90, -98, 22
ITGAIl | miR-101-27078-5p, 4598 + 4634 (19), 89, -108, 23; miR-3-5147-5p, 4598 + 4634 (19), 90, -100, 22
KRAS miR-8-23744-5p, 3163, 92, -121, 23
MYLK miR-10-29282-3p, 7649 + 7651 (2), 89, -104, 23; miR-19-42814-5p, 7652, 89, -104, 23
PDSS2 | miR-8-23744-5p, 2043 + 2044 (2), 89 + 90, -117 + -119, 23; miR-1-1444-5p, 3351, 93, -106, 20
PTGIS | miR-10-22863-3p, 2569, 90, -113, 22; miR-2-4804-5p, 4356, 88, -110, 24
PTKG miR-7-205§3-3p, 2078, 89, -119, 24; miR-1-2142-3p, 2356, 90, -121, 23; miR-2-4826-5p, 2464 + 2465 (2), 90,
-113, 23; miR-17-40078-3p, 2480, 88, -113, 24
PXN miR-13-28252-3p,1963,90,-117,22; miR-12-31811-3p,2313,89,-117,23; miR-3-9956-3p,2314,89,-121,24
RAPGEFI 12113iR-14-35683-5p, 3488, 91, -106, 22; miR-14-35556-3p, 4413, 91, -104, 21; miR-18-41332-3p, 6021, 89, -123,
RASSF2 | miR-10-29282-3p, 1423, 91, -106, 23
RRM2 miR-2-4804-5p, 2664, 90, -113, 24
SOX2 miR-1-2142-3p, 1671, 90, -121, 23; miR-1-2602-3p, 1671, 90, -113, 22
SSX2 miR-101-27078-5p, 1104 = 1129 (12), 89, -108, 23; miR-3-5147-5p, 1109 + 1127 (10), 90, -100, 22
P53 miR-3-8997-3p, 1397, 89, -119, 24; miR-2-4804-5p, 2459 + 2460 (2), 88 + 92, -110 + -115, 24; miR-12-33375-5p,
2520, 90, -113, 23
ZBTB7A m@R-5-15026-5p, 2127, 89, -123, 23; miR-5-14687-5p, 2246, 93, -119, 21; miR-9-25031-3p, 2719, 92, -119, 21,
miR-16-36024-3p, 2784, 91, -129, 23
Note. miRNA; the beginning of binding site; the AG/AGm (%); the free energy change (AG, kJ/mole); length of miRNA (nt)

The CDK6 and IRS1 genes have clusters with
the largest number of miRNA binding sites. The
mRNA of CDK6 gene contains binding sites of six
miRNAs, miR-10-29282-3p has nine binding sites,
and miR-15-36862-3p has seven binding sites.

The total length of all binding sites cluster is 390
nt, and the cluster length is 5 nt, which is 78 times
smaller than the total length. The mRNA of /RS!
gene contains four miRNA binding sites, wherein
miR-10-29282-3p has eight binding sites, miR-15-
36862-3p has two binding sites. The total cluster
length of all binding sites is 275 nt, and the cluster
length is 30 nt, which is 9.2 times less than the total
length. The mRNA of AKTI, EMP and HMGA?2
genes have clusters of 11 nt, 20 nt and 20 nt in
length, respectively, from the binding sites of the
three miRNAs. Among these miRNAs, the largest

ISSN 1563-0218; eISSN 2617-7498

free energy of binding is for miR-13-36375-5p
(-119 kJ/mole, AKTI), miR-20-44484-3p (-119 kJ/
mole, EMP) and miR-13-35476-3p (-117 kJ/mole),
which has two binding sites in mRNA of HMGA2
gene.

Each mRNA of BCARI, ITGAI1, MYLK, PTK6,
PXN, SOX2 and SSX2 genes has clusters of two
miRNAs binding sites. miR-101-27078-5p and
miR-3-5147-5p have 19 binding sites in mRNA
ITGAI1I gene, 12 and 10 binding sites in mRNA of
SSX2 gene.

The total length of all binding sites cluster for
ITGAII gene is 855 nt, and the cluster length is 36
nt, which is 23.75 times less than the total length.
The total cluster length of all binding sites for the
SSX2 gene is 496 nt, and the cluster length is 25 nt,
which is 19.8 times smaller than the total length.
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The binding sites of the mRNA of these two genes
are identical by the site of localization, the value
of free energy and the percentage equivalent of the
bond (Score).

Conclusion

Of the 243 genes participating in the
development of the NSCLC subtype of lung cancer,
85 genes are targets of 260 miRNAs whose binding
sites are localized in the 5’UTR, 79 genes are targets
of 261 miRNAs whose binding sites are localized
in the CDS and 32 genes are targets of 49 miRNAs
whose binding sites are localized in the 3’UTR. The
location of mRNA binding sites in clusters containing
two or more binding sites with overlapping their
nucleotide sequences has been found. The mRNA

of CHKA, E2F1, HMGA2, PTEN, HTRA2, INGI,
MTA3, SMARCA4, NFATC?2 genes contain clusters
of miRNA binding sites in the 5’UTR. Several
clusters are available in the CDS mRNA of CEBPA,
NOTCH3, TRIO, LATS2, RBI and ZBTB7A genes.
The CDK6, IRSI, AKT1, EMP, HMGA2, BCARI,
ITGAIll, MYLK, PTK6, PXN, SOX2 and SSX2 genes
have clusters of miRNA binding sites in the 3’UTR.
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HA COAEPXKAHUE AMMUAO3bI B 3EPHE

Copep>kaHue aMUAO3bl SBASIETCS HamboAee BadKHbIM OGUMOXMMMUECKMM MOKa3aTeAeM KauecTBa
3epHa y 3epHOBbIX KyAbTyp. B paboTe npeACTaBAeHbl pe3yAbTaTbl GMOXMMMUECKOrO CKPUHMHIA Ha
KOAMYECTBEHHOE COAEpP>KaHMe amurAo3bl B 3epHe 112 06pasuoB npoca OTEUECTBEHHOW M MUPOBOWA
KoaAekumun (AdpranmncraH, beabrug, Benrpuga, KHP, Kanaaa, MHamg, WMpaH, Mekcuka, [lakucran,
PO, CLUA, Typums, YkpamHa, PpaHums). Ha ocHOBe MOAyUeHHbIX AQHHbIX COCTaBA€HA YCAOBHas
KAACCUUKaALMS KOAAEKLMU Mpoca. PesyAbTaTbl MOKasaAM, YTO UCCAEAOBaHHblE Hamu 006pasuibl
PA3AMYAAMCH MO COAEP>KaHUIO aMMAO3bl M MX KOAMYECTBO BapbupoBaAo OT 5,5% Ao 34,90%. Y
OTEYECTBEHHbIX 00pPa3LIOB COAEpIKaHMe amMMA03bl Koaebarocb OT 14,6% a0 34,8%. Y obpasuos
K-3742, Pl 436626 (Lung Shu 18), Pl 436625 (Lung Shu 16) 1 Ma zha Yan oTmeuyeHO HM3KOe
CoAep KaHMe aMUAO3bl, KOTOPOE B CPEAHEM BapbMpoBaAO OT 5,5 A0 5,9%. OTobpaHHble obpasupl
NPEACTABASIOT LIeHHbI reHeTUUYECKMIA MaTePUAA AAS CO3AQHUS TAIOTMHO3HbBIX COPTOB Mpoca v OYAyT
BOBAEUEHbI B AAAbHENLIME CeAeKLIMOHHbIE paboTbl. COrAaCHO YCAOBHOM KAQCCU(PUKALMIM YCTAHOBAEHO,
4TO CoAepIKaHUe amMMAO3bl ObIAO Bbillie 25% (BbICOKOAMUAO3HbIE) Y 68% mccaesyembix 06pasuos, 23 %
COCTaBUAM CpeAHeaMMAO3Hble rpynnbl (15-25%), 1 ToAbKO 5% 1 4% COCTaBUAM HU3KOAMUAO3Hble (6-
14%) v rAlOTWMHO3HBIE (A0 6%) rpynnbl, COOTBETCTBEHHO.

KAloueBble cAOBa: NPOCO, KOAAEKLMS, aMMAO3a, CKPMHUMHT, KAACCUmKaLms.
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Biochemical screening of the domestic and
world prosa millet collection on the content of amilose in grain

Amylose is the most important biochemical indicator of grain quality in cereals. In this research are
presented the results of biochemical screening for the quantitative amylose content in grain of 112 proso
millet samples domestic and world collections (Afghanistan, Belgium, Hungary, China, Canada, India,
Iran, Mexico, Pakistan, Russia, USA, Turkey, Ukraine, France). On the basis of the obtained data was
made conditional classification of proso millet collection on amylose content. The results of biochemi-

© 2018 Al-Farabi Kazakh National University



buoxumugeckuii CKPpUHHUHI OTCUYECTBEHHOUN U MPIpOBOﬁ KOJIJICKIIMU ITPOCa Ha COACPIKAHNE aMUJIO3bI B 3€PHE

cal screening of proso millet genotypes showed that the studied samples have different by the amylose
content and their number varied from 5.5 to 34.90%. In domestic samples the amylose content ranged
from 14.6% to 34.8%. A low amylose content were shown samples K-3742, Pl 436626 (Lung Shu 18), Pl
436625 (Lung Shu 16) and Ma zha Yan, averaging from 5.5 to 5.9%. Selected samples represent valuable
genetic material for the creation of glutinous proso millet varieties and will be involved in the breeding
process. On the basis of the conditional classification, it was found that the amylose content was higher
than 25% (high amylose) in 68% of the studied samples , 23% were medium-amylose (15-25%) groups,
and only 5% and 4% were low-amylose (6-14%) and glutinous (to 6%) groups, respectively.
Key words: millet, collection, amylose, screening, classification.
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OTaHADIK YKoHe LLIETEAAK Tapbl KOAAEKLMSICbIHbIH, AQHIHAETI
AMMA03a MOALLEPiHE OMOXMMMSIABIK, CKDUHUHT

AMMAO3a MBALLIEDI ACTBIKTYKbIMARCTAPAbIH ASH CanacbiHbIH MaHbI3Ab GMOXMMUSIAbIK KOPCETKiLTepi
6OAbIN TabblAaAbl. 3ePTTeY XKYMbICbIHAQ 112 OTaHAbIK, XaHe weTeAAik (AyFaHcTaH, beabrusi, BeHrpus,
KXP, KaHaaa, YHaicTtaH, MpaH, Mekcuka, TMoakictan, P®O, AKLL, Typkusi, YkpanHa, ®paHums) Tapbl
KOAAEKLMSICbIHbIH, ABHIHAET T aMMAO3aHbIH, CAHAbIK, MOALLIEPIHE XKYPTi3iAreH OUOXMMUSABIK, CKDUHUHITiH,
HOTUXKEAEPI KOPCETIArEH. AAbIHFAH HOTUXKEAEp BOMbIHILA Tapbl KOAAEKLMSIChIHbIH, WAPTTbI SKiKTEAYi
)Kacaaabl. 3epTTey HOTWMXKeAepi 3ePTTEAIHreH YATIAEPAIH aMMAO3a MeALLepi BOoMbIHLLA BPTYPAI XKeHe
OHbIH, MeALLEepi 5,5-34,90% apaAbiFbiHAQ 6H0AATbIHbIH KepceTTi. OTaHAbIK, YATIAEpAE aMUAO3bl MOALLIEDI
14,6-34,8% peiiH aybITKblAbl. TemMeH amMnAao3a meawepi K-3742, Pl 436626 (Lung Shu 18), Pl 436625
(Lung Shu 16) >keHe Ma zha Yan yAriaepiHAE aHbIKTaAAbl, OpTaLla lWamameH 5,5-5,9% kepceTTi. beAiHin
aAbIHFQH VYATIAEp TapblHbIH TAIOTMPHO3AbI COPTTapbiH LWbIFAPYAQ KYHAbBlI FEHETMKAAbIK, MaTepuas
6OAbIN TabblAAAbl XX8HE OAAp apbl Kapamfbl CEAEKLMSIAbIK, >KYMbICTapAa KOAAAHbIAAAbI. LLlapTThi
XKIKTEAY Heri3iHAe 3epTTey YATiAepiHiH 68%-Aa ammnao3a MeALLepi 25%-AaH XoFapsbl, 23 %-blH opTalla
aMmnAo3aAbl (15-25%), Tek 5% >xoHe 4%-blH TemMeHamMnAo3aAbl (6-15%) >keHe TAIOTMHO3AbI (6%-Fa
A€eWiH) TonTap CoMKeCiHLe KYPAbI.

Ty#iH ce3aep: Tapbl, KOAAEKLMS, aMMAO3a, CKPUHMHT, KAAaCCUpUKaLLMS.

BBengenne

[Ipoco — 0JJHO 13 LIEHHBIX APEBHEHUIIINX CEITbCKO-
XO3SIICTBEHHBIX KYJIBTYpP YHUBEPCATBHOTO UCTIOIh-
3oBanwms. [Ipoco moceBHOE (Panicum miliaceum L.)
BO3nebIBaeTcs B 30 cTpaHax Mupa, B TOM YHCIIC B
18 crpanax EBponbl. OCHOBHBIMHU MTPOU3BOAUTENS-
MU TIPOCa TIOCEBHOTO B HACTOSIIEE BPEMS SIBIISIOTCS
ath crpad: PO, Unnus, Kurait, CIIA u Ykpauna.
MupoBoe IpOHU3BOACTBO 3epHa IPOCOBHIHBIX KYJIb-
Typ 0o nanHbiM PAO cocraBiseT 0koso 30 MIH.T,
W3 HUX MPOCO kemuyxkHoe (Pennicetum) — 52 %,
MIPOCO WTANBSHCKOE WU uymm3a, Morap (Setaria)
— 18 %, mpoco noceBHoe (Panicum miliaceum L.)
— 14 %. Cpenu mpOCOBUAHBIX KYJIBTYP HAUOOIbIIICE
pacrmpocTpaHeHHe B HAIllel CTpaHe 3aHUMaeT Ipo-
€O OOBIKHOBEHHOE, UMEIOIIIee MPOI0OBOIHCTBEHHOE,
KOPMOBOE U PE3ePBHO-CTPATETHYECKOE 3HAYCHHE
(Zotikov, 2012: 3, Cunopenko, 2015: 69).

B 3epne mpoca conmeprkatcs 0K, )KUPHI, caxa-
pa, MUHEpaJIbHbIe cojii. Kpaxmai siBiisieTcsi OCHOB-
HOW COCTaBHOMW YacCThIO 3epHA MPOCa B KOJINYESCTBE
0K0JI0 56-80%. Y 00BIMHOTO IIpOCa OH COCTOHUT U3
amMuiio3el (25-30 %), koTopass UMEeT ITUHEHHYIO
MOJIEKYJIy 3TOrO TOJHCaxapuia U aMUJIONCKTHHA
(70-75 %) ¢ pa3BerBneHHON Mosekyoi (I Lmemkos,
1975: 496, Cambopckas, 2014: 17)

VY BBICOKOAMHUJIO3HBIX 00pPa3IOB Ipoca Colep-
kaHue aMuiI03el koseonercs ot 20 mo 32% (Kim,
2012: 311, Beleia, 1980: 300), o6pa3ibl ¢ comaepxa-
HHeM aMuia03bl 3,3-11,4% oTHOCATCS K HU3KOAMU-
no3ubM TpymmaMm (Kim, 2009: 59, Hoover, 1996:
355).

BockoBuiHble (TIFOTHHO3HBIE) (HOPMBI  TIPO-
ca (kpaxmal sHIOCTIepMa KOTOPOTO HE CojepkKar
ammo3bl) Obin eme m3BecTHb ¢ XIX Beka (Hix-
on, 1968: 267). IIpogykTsl BOCKOBHUIHBIX (WX) CO-
PTOB 3€pHOBBIX KYJIBTYp 00Jaal0T BHICOKUMH JTH-
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S€TUYECKUMHU CBOWCTBAMHU W CIIY’)KaT HUCTOYHHKOM
MPOM3BOJCTBA AMWJIONEKTHHOBOTO Kpaxmania JUis
MIPOMBILIICHHOCTH — IHUIIEBOH, TEKCTUIBHOH, OY-
Ma)KHOHU, CTalenpoKaTHOW, HeTenoObIBatomel 1
JIPYTHX, B CBA3H C 3TUM B TIOCJIEHEE BpeMs Hada-
JIUCH MCCIIE0BAHUS IO CO3JaHHI0 WX-COPTOB MHO-
TUX KYJBTYp, B YaCTHOCTH IIICHHUIIBI, pUca, IIpoca
(Cambopckas, 2014: 17, YBaposa, 1994: 34, Smos-
ckmit, 1987: 256). Ha coBpeMeHHOM PBIHKE Waxy-
THUIIBI TIPOCA, W3-32 UX IMOBBINICHHON KIEHKOCTH U
BBICOKOH OOBOJIAKMBAIOIIEH CIIOCOOHOCTH HMMEIOT
BBICOKMI CIIPOC KaK LIEHHBIN IIPOJOBOJIBCTBEHHBIN
MPOIYKT.

CopeprkaHre aMHIIO3BI JETEPMUHHUPYETCS a-
JTUTHUBHBIMHU, JOMUHAHTHBIMH, SIMUCTATUYCCKUMHU
U nuTorasMaTuueckumu ¢ dexramu. JlomuHu-
poBaHHE OOBIYHO HAIMPABICHO K 0O0Jiee BBHICOKOMY
ypoBHI0. DOpMBI TOMO3UTOTHBIE 1O TeHy WX co-
nepkat B kpaxmane 15-36% amunossl. M3mene-
HUS DKCTIpecCHH JIoKyca WX MOTYT MPOUCXOAHTH
BCJIE/ICTBUE BKJIFOUEHHUS TPAHCIO30HOB, WHCEPLHUS
KOTOPBIX B HHTPOHBI IIPUBOJIUT K TUBEpcU(pUKaNN
CTPYKTYpHOTO TeHa. PeryssipHbie N3MEHEHHSI MOTYT
OBITH 0OOJICE 3HAYUMBI JUISI BAPLUPOBAHUS COJCpKA-
HUSl aMUJIO3bl, YEM U3MEHEHHUsSI B CTPYKTYpE CaMo-
ro rera (Umeda, 1991: 569). KoixudecTBO aMHII03BI
3aBHCUT OT KOJIMYECTBa MpoJyKTa Waxy-reHa, Ko-
JIUPYIOIIETO0 CUHTa3y TPaHyJIHPOBAHHOTO Kpaxma-
na (granule-bound starch syntase = GBSS = Wx-
protein). MyTanuu TreHOB, KOJMPYIONIIUX CHHTE3
3TOrO (hepMEeHTa, MIPUBOJIAT K MOSBICHUIO MTPHU3HA-
Ka BOCKOTIOJJOOHOTO SHAOCIEpMa, U3BECTHOTO ITOJT
Ha3BaHUEM BAaKCU. Pe3ynbTaroM Takux MyTauuil
SBIISIETCS TIOJHOE OsiokupoBanue depmenta GBSS
1, COOTBETCTBEHHO, MTOJTHOE OJIOKMPOBAHHUE CHHTE3a
amMuo3bl. Takue MyTanuu ObUTH UACHTU(DUITMPOBA-
HBI Y KYKYPY3bl, pHca, SYMEHS, COPTo, OBCA M ama-

panTa, mmenunbl (Nakamura, 1995: 253, Komycs,
2009: 23).

[TiieHo TMOJyYeHHOE W3 TIIFOTUHO3HBIX (POpPM
Ipoca SIBJSIETCS] IEHHBIM JTUETUYECKUM MTPOJTYKTOM.
JlaHHbBI NPOIYKT BBIBOAUT M3 OpraHu3Ma TOKCUY-
HbIC COCIUHCHUS, IIJIAKH M JaXe HOHBI TSKEIBIX
MeTauioB. CieayeT OTMETHTh TaKKe, YTO IIIICHO
CIOCOOHO BBIBOJWTH W3 OpraHuU3Ma aHTHOWOTHUKU
(Kim, 2009: 59). B 'ocymapCTBeHHBII peecTp cenek-
unonHbIxX noctwkeHuit MCX PK Buecenst 19 coptoB
poca, cperr KOTOPBIX OTCYTCTBYIOT COpTa C HU3-
KHUM COZEpKaHUEeM aMUIO3bl (TIIOTHHO3HEIE). B Ka-
3aXCTaHe UCCIEIOBAHUS 10 JAHHOMY HAIPaBIICHHUIO
paHee He TIPOBOJIMIIHCH, YTO MTPUBEIIO K OTCYTCTBHIO
OTEYECTBEHHBIX HU3KOAMUJIO3HBIX COPTOB.

B cBsi3u ¢ 3TUM TIeNIBbI0 HAIIETO HCCICIOBAHUS
OBLIIO TIPOBEICHUE OMOXHMUYECKOTO CKPHHHHTA
Ha KOJIMUYCCTBECHHOE COJICP)KAHUE aMHJIO3bI B 3¢PHE
Ipoca U3 OTEYECTBEHHON W MHPOBOM KOJUICKIIUU H
ITOMCK HOBBIX T€HONCTOYHUKOB MPOCA C HU3KUM CO-
JICpyKaHUEeM aMUJIO3bI JIJISl CO3[IaHUSI BOCKOBHUIHBIX
Ka3aXCTaHCKUX COPTOB.

MaTepl/IaJ'[I)I U METOAbI UCCJICAOBAHUA

B wmccrmenoBatenbekoir padoTe OBLIM HCIIONb-
30BaHbl ceMeHa 112 reHOTWUIOB Tpoca w3 OTeue-
CTBEHHOW M MHpPOBOH KoJuleKuuu (Adranucras,
benwrusi, Benrpusi, KHP, Kanaga, Uunus, UpaHn,
Mekcuka, [lakuctan, PO, CIIA, Typrus, Ykpa-
nHa, Opannms). U3 Hux 45 ObUTM MONYYEHBI OT
Regional Plant Introduction Station (AfioBa, CLLIA),
46 — oOpasibel U3 BeepocHiickoro HHCTUTYTa pac-
tenueBojcTBa (Cankt-IlerepOypr, Poccus), 21 —
73 Ka3aXCTAaHCKHUX CEJEKIIMOHHBIX YUPEKICHUAX.
3epHa IITIOTHHO3HOTO ¥ aMHJIO3HOTO Mpoca yposkas
2016 rona nokasaHsl Ha PUCYHKE 1.

Pucynok 1 — 3epHa IIIOTHHO3HOTO U aMHJIO3HOTO 1POca

ISSN 1563-0218; eISSN 2617-7498

Experimental Biology. Ne3 (76). 2018 99



buoxumugeckuii CKPpUHHUHI OTCUYECTBEHHOUN U MPIpOBOﬁ KOJIJICKIIMU ITPOCa Ha COACPIKAHNE aMUJIO3bI B 3€PHE

3epHOBKI/I KOJUICKIIUU TIpOCa O6py1.HI/IBaJ'II/I ME-
XaHUYCCKH, CHUMAJIN IBCTKOBBIC 060H0‘IKI/I, nona-
BEprajii roMorcHusanyvi u B HOJIy‘IGHHOfI MYKE

OTIpeNIeJISUI  KOJTMYECTBEHHOE COJEepKaHUE aMH-
JI03BI KOJIOPUMETPUYECKUM METOJIOM (PHCYHOK 2)
(Approved Methods of Analysis, 2011).

1 — nmroTHHO3HBIH 00paszen; Ma zha Yan; 2 — Hu3koaMuII03HBIN 00paser Bai li Shu;
3 — BBICOKOAMMUIIO3HBII 00pasen Qing Yang e si niu

Pucynok 2 — Hoonas peaxius 06pasiios poca ¢ pasiuuHbIM COIEPKAHUEM aMUIO3bI

OHTI/I‘-IGCKYIO IIJIOTHOCTh HU3MCPAJIM Ha CIICK-
tpootomerpe (I13-5400UF, Dproc, Poccust) mpu
mumrHe BOTHBI 620 HM. ComepikaHue aMHITIO3BI OTIPe-
JIeTISUTM TI0 CTaHJIAPTHON KPHUBOH, pa3paOdoTaHHOU ¢
HCTIONb30BaHUEM CTaHJAPTHBIX CMECEd aMHIIO3bI
(Manjot, 2016). OxcnepuMeHT NPOBOAWIN B TPEX-
KpaTHOMH TOBTOPHOCTH, PE3yJIbTaThl 00padaThiBaIn
CTaTUCTUYECKU C TIOMOMIBIO Tiporpammbl Microsoft
Excel.

Pe3y.m>TaT1>1 HCCJICJOBAHUA U X oﬁcymz[e}me

ConepkaHue aMuIO3bl SIBJSICTCS  HauOosee
BAXHBIM OHOXMMHUYECKHM IIOKa3aTeleM Kaye-
CTBa 3¢pHA W €T0 KOJIMYECTBO B 3€pHE 3aBUCHUT HE
TOJIBKO OT IEHETHYECKHUX OCOOEHHOCTEH, HO U OT

MHOTHX BHEIIHUX (PaKTOPOB W YCIIOBHI BBIpAIIH-
BaHUs (XMMHUYECKOTO COCTaBa TOYBBI, €€ KUCIOT-
HOCTH W BIIQXXHOCTH). PaHee Hamu ObUIM TIpOaHa-
nu3upoBanbl 40 cOpTOOOPA3IOB MPOCA MO METOMY
S. Gurupavithra u ap. (Gurupavithra, 2013: 549).
OTMe4eHa CYIIECTBCHHAS Pa3HUIA Y HEKOTOPBIX
COpPTOB B CpPABHCHHU C IOJTYYCHHBIMU HdaHHBIMH
(drocubaeBa, 2017: 24). DTO MOXHO OOBSICHUTH
TEM 4TO, KOJIMYECTBO aMHUIIO3bI B 3ePHE 3aBHCUT HE
TOJIBKO OT T€HETUYCCKUX IMPU3HAKOB, HO U OT MHO-
T'UX BHEIIHUX (DaKTOPOB M yCIIOBHI BBIpAIIMBAHUS
(XMMHYECKOTO COCTaBa TOYBBI, 6€ KUCIOTHOCTH U
BIaXHOCTH). [IpoBeieH OMOXMMUYESCKUI CKPUHUHT
Y Ha OCHOBE 3KCIICPUMEHTAIbHBIX JaHHBIX COCTaB-
JIeHa KJIaCCU(PHUKAINS KOJUICKIUH 110 COJICPIKAHHIO
aMui103eI (Tadnmma 1).

Taomauua 1 — Coneprkanue U KiaccupUKanus aMIIIO3bI B 3epHE KOJUIEKIIMOHHBIX 00pa3IoB mpoca

Ne T'eHOTHITBI [Ipoucxoxnenue Coneprxkanue aMuio3bl, %
1 2 3 4
[JIFOTUHO3HBIC 00pas3Iibl

1 K-3742 PO 5,5+ 0,6

2 PI1 436626 (Lung Shu 18) Kuraii 5,540,7

3 P1 436625 (Lung Shu 16) Kurait 5,8+0,0

4 Ma zha Yan Kuraii 5,9+0,4

HU3KOaMUJIO3HbIE 00pas3Lbl
5 PI 346946 Poccus 7,8+0,1
6 PI1 436623 (Lung Shu 7) Kuraii 8,9+0,1
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IIpooonocenue mabauywr 1

Ne TeroTnmbl IIpoucxoxnenne ConepskaHre aMHIIO3bL, %o
1 2 3 4
7 Bai li Shu Kurait 9,7+0,1
8 P1 436622 (Lung Shu 5) Kurait 10,5+0,6
9 K-9989 bapnaynbsckoe 80 12,8+4,7
10 K-8873 Kazaxcran 14,6£2,3
CpeAHEaMMIIO3HBII 00pa3Ibl
11 Long mei 3 hao Kuraii 18,6£1,2
12 K-1437 V36ekucran 18,9+1,3
13 AKTIOOHHCKOE KOPMOBOE Kazaxcran 19,2+1,2
14 PI 649373 Typuus 19,6+1,3
15 P1346933 CCCP 20,8+4,3
16 K-9655 CIIA 21,5+1,0
17 K-9800 CILIA 21,6+1,4
18 PI 649383 CLOA 21,6+0,9
19 KoxkueraBckoe 66 Kazaxcran 21,6+1,7
20 K-1142 Kazaxcran 21,8+0,9
21 AbakaHCKOE KOPMOBOE P® 21,8+0,1
22 K-9910 VYkpauna 22,9+1,6
23 PI1346942 VYkpanHa 23,1£2,0
24 30JI0THCTOE KOPMOBOE PD 23,3+1,3
25 ITamsatu bepcuesa Kazaxcran 23,4+1,3
26 PI 365847 ABcTpanus 23,7+3,6
27 PI 367684 ABctpanus 23,8+2,6
28 PI1211059 Adranucran 24,3+1,3
29 K- 9658 Mekcuka 24,6+1,9
30 K-10299 Ykpauna 24,6+1,7
31 PI1 436624 (Lung Shu 14) Kurait 24,6+2,2
32 P1204905 Typnus 24,6+2,1
33 K-9681 Kazaxcran 24,6+1,4
34 K-10112 PO 24,6420
35 K-2377 Kazaxcran 24,624
36 Owmckoe 11 PD 24,8+2,1
BBICOKOAMHUJIO3HBIE 00Pas3IIbI
37 P1531413 Typuust 25,1+0,9
38 K-10286 PD 25,1£1,9
39 K-10204 PO 25,1+1,0
40 Spkoe 3 Kazaxcran 25,5+6,6
41 CapatoBckoe 3 PD 25,7+1,6
42 P1 179391 Typuust 25,8+0,6
43 K-803 Kazaxcran 26,0+£2,6
44 PI 269960 [lakucran 26,0+1,7
45 K-9837 PD 26,0+0,8
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Ilpooonacernue mabauywl 1

Ne T'enoTuIbs! [Ipoucxoxnenue ConepxaHue aMiio3bl, %
1 2 3 4
46 PI 531404 PO 26,3+0,7
47 Koxkuerasckoe 66 Kazaxcran 26,6+0,9
48 PI 654403 Typuus 26,6+1,8
49 K-10222 PO 26,6+3,8
50 Ames 28191 Kazaxcran 26,8+0,5
51 Spxoe 5 Kazaxcran 26,9+3,3
52 Kopmosoe mpoco KasaxcTtaH 27,0+£5,7
53 PI 163298 Nupns 27,022
54 PI 649374 Typuust 27,1£1,5
55 PI 176654 Typuus 27,2+0,7
56 PI 176399 CCCp 27,543,1
57 P1 507933 Benrpus 27,5+0,7
58 PI1204598 Typuust 27,6421
59 PI 170604 Typuus 27,7+0.,4
60 PI 170591 Typuus 28,1£2.9
61 PI 173752 Typuus 28,1£1,5
62 PI 223795 Adranucran 28,1+1,5
63 PI 268411 Adranucran 28,3+0,2
64 PI1220670 Adranucran 28,5+1,0
65 K-1066 Kazaxcran 28,5+0,7
66 P1289324 Benrpus 28,7+0,6
67 P1 463266 nnus 28,8+0,4
68 PI1346937 CCCp 29,0+0,3
69 PI1 442533 benbrus 29,0+1,8
70 PI1219931 Adranucran 29,0+1,0
71 PI1 173002 Typuust 29,1+0,8
72 PI1365844 Wunns 29,343,1
73 ITaBnonapckoe Kazaxcran 29,4+1,1
74 PI1 649373 Typuus 29,5+1,1
75 P1251389 Upan 29,6+1,9
76 Kopmogoe 89 Kazaxcran 29,6+1,0
77 Spxoe 6 Kazaxcran 29,7+1,2
78 P1260053 CCcCp 29,7+0,8
79 Bapnaynbckoe kopMoBoe PO 29,8+1,8
80 K-1685 Typuus 29,8+1,2
81 PI1 289322 Benrpus 29,9+1,3
82 PI 175798 Typuus 30,2+2,0
83 PI1 222201 Adranucran 30,3+£3,2
84 P1207501 Adranucran 30,4+0,5
85 K-10213 PO 30,8+0,3
86 PI 180450 Wupns 30,9+1,9
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IIpooonocenue mabauywr 1

Ne TeroTnmbl IIpoucxoxnenne ConepskaHre aMHIIO3bL, %o
1 2 3 4
87 K-9645 PO 31,0£1,7
88 P1289329 Benrpus 31,2+0,2
89 PI 177481 Typrus 31,6£1,8
90 PI 269953 TTakucran 32,0+£3,9
91 Ames 11641 Wunus 32,3%1,2
92 PI 182258 Typuus 32,3£3,1
93 opranaunckoe 7 Kazaxcran 32,4+1,0
94 Da huang Mei Kuraii 32,4+0,7
95 PI 654404 Typrwst 32,9+1,6
96 K-148 Kazaxcran 33,2+0,3
97 K-5786 Kazaxcran 33,2+1,6
98 Spxoe 7 Kazaxcran 33,6+2,1
99 PI 649372 Opanuus 33,7+0,4
100 Qing Yang e si niu Kurait 33,7+0,6
101 P1222811 YkpanHa 33,9+2,3
102 PI1 223793 Adranucran 33,9+2,0
103 Ypaubsckoe 109 TTakucran 33,9+0,3
104 PI 170587 Typuus 34,0+£2,6
105 PI 346941 VYkpauna 34,1+0,3
106 PI1 296376 Kanana 34,3+0,1
107 PI 173750 Typuus 34,4+0,1
108 Tu lu tan mei Kuraii 34,4+2,7
109 PI1346944 CCCPp 34,7+0,8
110 K-9580 Kanana 34,8+0,3
111 CapatoBckoe 6 P® 34,8+2,5
112 P1253955 Adranucran 34,9+0,4

PesynbTaThl OMOXMMHYECKOTO CKPHHHUHTA T€HO-
THTIOB TIPOCA TIOKA3alli, YTO MCCIIEOBAaHHBIC HAMHU
00pasibl pa3uvagiuch MO COJCPKAHUIO AMUIIO3BI.
KomnuectBo aMumio3el B OTOOpaHHBIX 00Opasiax
BapbpupoBasio oT 5,5 mo 34,9%. Y oTeuecTBEeHHBIX
00pas3IoB COJIEpPIKaHUE aMUJIO3BI KOJICOAIOCh OT
14,6 mo 34,8% u 1o KIIACCU(PUKAIIUN OTHOCATCS K
CpemHe- M BBICKOAMHJIO3HOHN TpyIIe, 4TO CBUJE-
TEJNLCTBYET 00 OTCYTCTBHM BOCKOBHJHBIX 00pa3-
IIOB IPOCa B Ka3aXCTAHCKOH CeNeKIuu. ¥ 00pas3ios
K-3742 u3 xomnexmuu BUP, PI 436626 (Lung Shu
18), P1 436625 (Lung Shu 16) u Ma zha Yan u3 Kku-
TAaHCKOM CENEeKIMU OTMEYCHO HU3KOE COJIEpIKaHUE
aMUIIO3bI, B CPEHEM BapbHUPOBAIO OT 5,5 1m0 5,9%.

ISSN 1563-0218; eISSN 2617-7498

Experimental Biology. Ne3 (76). 2018

[lo nuTepaTypHBIM AaHHBIM y TIIIOTUHO3HOTO (BOC-
KOBHUJIHBIE) IPOCa COZIEP)KAHWE aMHJIO3bl JOXOAUT
10 6% (Choi, 2004: 469). Vcxoxst u3 3T0T0, JaHHBIC
00pasLpl OTHECEHbI K TIIIIOTUHO3HOW (aMHJIOIEK-
THHOBOH) rpymire. Cieayer OTMETHTh, YTO CaMoe
BBICOKOE KOJIMYECTBO aMHUIIO3BI COJIEPKAT 0Opa3Ilbl
Adranckoro npoucxoxaenus (24-30%).

Ha ocHoBe ycrmoBHO# KiIacCH(pUKAIMK BBISB-
JIEHO, YTO COJIepXKaHHe aMHJIO3bl ObUTO BhIlIE 25%
y 68% wuccienyembix o0pas3nos, 23% cocraBuin
cpemHeammiio3Hbie rpymnms (15-25%), u Tomsko 5%
u 4% cocTaBmwIM HU3KOAMUIO3HBIE (6-15%) U TI10-
THUHO3HBIE (10 6%) TPyNIIBI COOTBETCTBEHHO (PHUCY-
HOK 3).
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68%

W rIHOTUHOZHBIN (A0 6%)

¥ CpegHeEamnI03HbIM (15-25)

4%

W HU3K0aMUI03HbIK (6-15%)

M BbICOKO2MK/TO3HbIN (Bbllwe 25%)

Pucynok 3 — CKkpuUHMHT KOJUIEKIIMHU 1IPOCa 110 COAEPIKAHUIO aMHIIO3bI

3akiouyenune

Taxum oOpa3oM, 1O pe3yJsibTaTaM CKPHUHUHTIA,
COTJIAaCHO YCIIOBHOHM KiaccH(UKAMKU KOJUIEKLIUU
mpoca 76 o0pasnoB u3 112 oTHOCATCS K BEICOKO-, 25
— K cpeaHe-, 3 — K HU3KO0- ¥ TOJIbKO 2 00pasiia K HU3-
KOAaMWJIO3HOM MJIM aMUJIONEKTUHOBOM rpymmne. [ng
THOPUIN3AIMOHHBIX PabOT MO CO3JIaHUIO0 BOCKO-
BUJIHBIX (pOpM Ipoca HEOOXOIUMO T€HOMCTOYHUKI
paHee He BOBJICKABLIMECS B CKPEIIMBAHMS, [T M3~
OeraHus reHeTHYeCKOW YHU(UKAIUU COPTUMEHTA.
BelaeneHnsle U3 MUPOBOW KOJUIEKIIMH TIIFOTHHO3-
Hble oOpasuel mpoca K-3742 u Ma zha Yan npen-
CTaBJSIFOT LICHHBIH T'CHETHUECKUH HCTOYHMK IS
CO3JIaHMs I1EPBOI'0 OTEYECTBEHHOI'O IJIFOTMHO3HOI'O
copTa mpoca ¢ KOMIUIEKCOM XO3SHCTBEHHO-LIEHHBIX

MPU3HAKOB ITyTEM MIEPEHOCA TEHA BOCKOBUHOCTHY
B MECTHble copra. Mcrnonb30BaHue UX B CEJEKIU-
OHHBIX HCCIIEIOBaHUSAX OyZeT crocoOCTBOBAaTH HE
TOJIBKO CHHKEHHIO COJIEP’KaHUSI aMUJIO3bI B 3€pHE,
HO U YBEJIMYECHHUIO YPOXKANHOIO U alallTUBHOTO IO-
TeHIMana npoca B Kazaxcrane 3a cuer pacimpeHus
TeHEeTHYEeCKOoro 0asuca KyJbTypbl.

PaGora BbIIONHEHA B paMKax IPOEKTa
AP05131622 «IlomyueHne nepcHEeKTUBHBIX HH3-
KOaMMJIO3HBIX O0pasLoB Mpoca AJsl CEJeKIMH Ha
OCHOBE OMOXMMHYECKHX U MOJIEKYJISIPHO-T€HETH-
YecKMX METOJIOB» Mo mnojmpuopurety: «Hayku o
JKU3HU U 3110poBbe» bromxeTHol nporpaMMel 055,
(uHancupyemoit ['ocy1apCcTBEHHBIM YUIPEKACHIEM
«Komuter nHayku MunmcTepcTBa 00pa3oBaHHs U
Hayku PecrryOnukn Kazaxcrany.

Jluteparypa

Zotikov V.I., Sidorenko V.S., Bobkov S.V. et al. Area and Production of Proso Millet (Panicum miliaceum L.) in Russia //
Advances in Broomcorn Millet Research. Proceedings of the 1st International Symposium on Broomcorn Millet. Northwest A&F
University (NWSUAF), 2012, 25-31 August. — Yangling, Shaanxi, People*s Republic of China. — P. 3-9.

Cupopenko B.C., I'ypunoBnu C.O. Cenexuusi HOBBIX COPTOB Mpoca Julsi kopMornpou3sBoacTsa // Cenexiiis i HaCIHHUITBO. —

2015. — Bumyck 108. — C. 69-76.

[TnenikoB B.IT. Buoxumus cenbckoxossiicTBeHHbIX pociuH./ M.: Komoc.-1975.- 496 c.
Cambopckast E.B. HaciienoBanue BOCKOBHIHOIO (WX) — THIIa KpaxMala B 3epHe IIpoca U CO3/IaHne JOHOPOB ITOTO IpH3HaKa //
3epH00000BbIE U KpyIsiHbIe KYIbTypbl. — 2014 — Ne4(12). — C. 17-20.

104 Bectruk. Cepust 6uomnornueckas. Ne3 (76). 2018



PricoexoBa A.b. u ap.

Kim S., Choi H., Kang D., Kim H. Starch properties of native proso millet (Panicum miliaceum L.) // Agronomy Research. —
2012.—N. 10.-P. 311-318.

Beleia A., Varriano-Marston E., Hoseney R. Characterization of starch from pearl millets // Cereal Chem. — 1980. — N.57. —
P. 300-303.

Kim S., Sohn E., Lee, I. Starch properties of native foxtail millet, Setaria italica beauv. // J. Crop Sci.Biotech. —2009. — N.12.
—P. 59-62.

Hoover R., Swamidas G., Kok L., Vasanthan T. Composition and physicochemical properties of starch from pearl millet grains
// Food Chem. — 1996. — N. 56. — P.355-367.

Hixon R. M., R. Brimhall Waxy cereals and red iodine starches / In: J. A. Radley (ed.) Starch and its Derivatives, 1968. — P. 247-
281.Chapman and Hall, Ltd, London, UK.

VBaposa U.U., IIpoxonern A.C. Mcnonp3oBaHne HpOCSIHOW MyKH B HpOW3BOACTBE ImedeHbs // Bectm Bysos. Ilnmesas
TexHouorus. — 1994. — Nel-2.- C. 34-36.

Smosckuii M.B. Cenekuust 1 ceMeHOBOACTBO mpoca. — M.: Arponpomusaar, 1987. — 256 c.

Umeda V., Ohtsubo H. Diversification of the rice waxy gene by insertion of mobile DNA element sintointrons // Jap. J. Genet.
—1991. - V. 66, N.5. — P. 569-589.

Nakamura T. Jamamori M., Hirano H., Hidana S., Nagamine T. Production of waxy (amylase-free) wheat // Mol. Gen. Genet.
—1995. — Vol. 248. — P. 253-259.

Komyce M.M., UrnareeBa H.I'., Bacromxmna H.E., Kpasuenko H.C., Komycs E.M. TI'enermueckmii mnommmopdusm
AMIJIOJIUTHYECKNX (DePMEHTOB 3epHA IIICHUIIBI M TeHeTHKa (epMeHTOB OHOocHHTe3a Kpaxmaia // 3epHoBoe xo3siicTBo Poccnu. —
2009. — Ne4.

Approved Methods of Analysis, 11th ed. Method 61-03.01, Amylose Content of Milled Rice. Published online. AACC Interna-
tional, St. Paul, MN, 2011. doi: 10.1094/AACC Int Method-61-03.01

Manjot Singh, Akinbode A. Adedeji Physicochemical, pasting and thermal properties of acid and hydrothermal modified proso
millet starch // An ASABE Meeting Presentation Orlando, Florida, 2016, July 17-20. DOI: 10.13031/aim.202460194 Paper Number:
2460194.

Gurupavithra S., Jayachitra A., Dilna K. Study on biochemical and nutritive value of popped foxtail millet // International Jour-
nal of Pharma and Bio Sciences. —2013. — N.4(2). — P.549 — 558.

Jrocubaesa D.H., CeiitxoxaeB A.W., PricoexoBa A.b. CKpHHHHT Ha coJep)KaHUe aMUIIO3bI B 3€pHE Mpoca OTeYeCTBEHHOU
n 3apyOexHoit komnekumum // BectHumk wHaykm Kasaxckoro arporexnmueckoro yamBepcutera uM. C.Ceiidymminna
(MexaucuuIITMHApHEIH). — 2017, — Ne2 (93). — C.24-29.

Choi H., Kim W., Shin M. Properties of Korean amaranth starch compared to waxy millet and waxy sorghum starches //
Starch(Istirke. — 2004. — N.56. — P.469-477.

References

Approved Methods of Analysis, 11th ed. Method 61-03.01, Amylose Content of Milled Rice. Published online. AACC Interna-
tional, St. Paul, MN, (2011). doi: 10.1094/AACCIntMethod-61-03.01

Beleia A., Varriano-Marston E. and Hoseney R. (1980) Characterization of starch from pearl millets. Cereal Chem., n.57.,
pp. 300-303.

Choi H., Kim W. and Shin M. (2004) Properties of Korean amaranth starch compared to waxy millet and waxy sorghum
starches. Starch!stdrke., n.56., pp.469-477.

Diusibaeva E.N., Seitkhozhaev A.l. and Rysbekova A.B. (2017) Skrining na soderzhanie amilozy v zerne prosa otechestvennoi
i zarubezhnoi kollektsii Vestnik nauki Kazakhskogo agrotekhnicheskogo universiteta im. S.Seifullina (mezhdistsiplinarnyi), n.2,
vol. 93, pp. 24-29.

Gurupavithra S., Jayachitra A. and Dilna K. (2013) Study on biochemical and nutritive value of popped foxtail millet // Interna-
tional Journal of Pharma and Bio Sciences, n. 4, vol. 2, pp. 549 — 558.

Hixon R. M.and R. Brimhall (1968) Waxy cereals and red iodine starches In: J. A. Radley (ed.) Starch and its Derivatives,
pp. 247-281.Chapman and Hall, Ltd, London, UK.

Hoover R., et al. (1996) Composition and physicochemical properties of starch from pearl millet grains. Food Chem., n. 56.,
pp.355-367.

Kim S., Sohn E., Lee, 1.(2009) Starch properties of native foxtail millet, Setaria italica beauv. J. Crop Sci.Biotech. n.12.,
pp.59-62.

Kim S., Choi H., Kang D., Kim H. (2012) Starch properties of native proso millet (Panicum miliaceum L.). Agronomy Re-
search. n.10., pp. 311-318.

Kopus M.M,, et al. (2009) Geneticheskii polymorphism amiloliticheskih fermentov zerna pshenizy i genetika fermentov bio-
synteza krachmala [Genetic polymorphism of amylolytic enzymes of wheat grains and genetics of starch biosynthetic enzymes].
Zernovoe hozyaistvo Rossii,,n.4.

Manjot Singh, Akinbode A.and Adedeji (2016) Physicochemical, pasting and thermal properties of acid and hydrothermal
modified proso millet starch. An ASABE Meeting Presentation, DOI: 10.13031/aim.202460194 Paper Number: 2460194.

Nakamura T. et al Production of waxy (amylase-free) wheat. Mol. Gen. Genet., 1995,vol. 248., pp. 253-259.

Pleshkov B.P. Biohimia selskohozyaistvennyh roslin [Biochemistry of agricultural plants]. M.: Kolos, 1975, 496 p.

ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne3 (76). 2018 105



buoxumugeckuii CKPpUHHUHI OTCUYECTBEHHOUN U MPIpOBOﬁ KOJIJICKIIMU ITPOCa Ha COACPIKAHNE aMUJIO3bI B 3€PHE

Samborskaya E.V. (2014) Nasledovanie voskovidnogo (wx) — tipa krahmala v zerne prosa i sozdanie donorov etogo priznaka
[Inheritance of a waxy-like (Wx) — type starch in millet grain and the creation of donors of this feature]. Nauchno-proizvodstvennyi
zhurnal Scientific and production journal “Zernobobovye I krupyanye kultury”, n.4 (12), pp. 17-20.

Sidorenko V.S and Gurinovich S.0. (2015) Selectiya novyh sortov prosa dlya kormoproizvodstva [Selection of new proso va-
rieties for forage production]. Selektsiya i nasinnitsvo, Issue 108, pp. 69-76.

Umeda V. and Ohtsubo H. (1995) Diversification of the rice waxy gene by insertion of mobile DNA element sintointrons. Jap.
J. Genet. vol.66, n.5., pp.569-589.

Uvarova L.I. and Prokopets A.S. (1994) Ispollzovanie prosyanoi muki v proizvodstve pechenya [Using of flour in the produc-
tion of cookies]. Vesti Vuzov. Pichavaya technology, n.1-2., pp. 34-36.

Yashovsky I.V. Selectiya i semenovodstva prosa. (1987) [Selection and seed production of millet]. M.: Agropromizdat, pp.256.

Zotikov V1., Sidorenko V.S., Bobkov S.V. et al. (2012) Area and Production of Proso Millet (Panicum miliaceum L.) in Russia
/I Advances in Broomcorn Millet Research. Proceedings of the 1st International Symposium on Broomcorn Millet. Northwest A&F
University (NWSUAF), 25-31 August. — Yangling, Shaanxi, People®s Republic of China, pp. 3-9.

106 Becrnuk. Cepust 6uonornueckas. Ne3 (76). 2018



MPHTH 34.15.00; 31. 27; 34.15.27

CmexenoB U.T.!, Aonos T.N.%, baxram6aea M.K.?,
Paxmarysnnaea I.T.Y, TaitmakoBa C.M.’, Bucen6aeB A. K.°

'PhD-cryznenT, Mitamnii Hay4qHbIi cOTPYAHHK, e-mail: smekenovizat@gmail.com
ZcTyaeHT OakanaBpuara, CTaxeép-mucCcie10BaTeb,
e-mail: timur220505@gmail.com bakhtambayeva.marzhan@gmail.com; guliza9676@gmail.com
SPhD, Bemymumii HaydHbINH COTPYAHHUK, e-mail: sabira.taipakova@gmail.com
SmokTop Ouosornueckux Hayk, npogeccop, akagemuk HAH PK,
[JIaBHBIN HAY4YHBIH COTPYAHHUK, e-mail: Amangeldy.Bisenbaev@kaznu.kz
Hay4Ho-ncce1oBaTenbCKuii HHCTUTYT MPOOJIeM OHOIOTHH U OHOTEXHOJIOTHH,
Kazaxckuii HalMOHANIBHBIN YHUBEPCUTET UMeHN anb-Dapadu, KazaxcraH, . Anmarsl

KAOHNPOBAHWE N SKCITPECCUSA
kAHK Rht-D1a NMLWEHMLIbI B E. coli

DELLA 6eAku mnieHnLbl KOAMPYOTCsS reHamm Rht-1 m MMeloT Tpy romMoAormyHbix Aokyca (Rht-
A1, Rht-B1 1 Rht-D1) B 4A, 4B 1 4D xpomocomax, COOTBETCTBEHHO. HecmoTps Ha BaxkHOCTb Rht-1
6eAKOB, MPAKTUYECKU HE NMPOBOAMANCH BUOXMMMYECKME MCCAEAOBAHUS, B OCHOBHOM M3-3a TPYAHOCTE
C OYMCTKOWM AOCTATOYHOIO KOAMYEeCTBa BeAKa M OTCYTCTBMS CreumdUUHbIX K 3TOMy GEAKY aHTUTEeA.
B npeacrtaBaeHHoi pabote BbiaereHa KAHK reda Rht-Dla ¢ npumeHeHuvem peakuum obpaTHOM
TPAHCKPUMLMU U MOAMMEPA3HOi LenHor peakumn. OcylecTBAeHa (PYHKLMOHAAbHAs 3KCMpeccus
Rht-D1a ¢ ructmamHoBbiM KOHUOM B E. coli m ounuieHa HukeAb-adphmHHOM Xpomartorpaduen A0
romoreHHoro coctosiHmg. C nomoubio MALDI-TOF Macc-cnekTpoMeTpum YCTaHOBAEHO TMOAHOE
COBMAAEHME  AMMHOKMCAOTHOM MOCAEAOBAaTEAbHOCTM  PEKOMOMHAHTHOrO 6GeAka C  MepBUYHOM
ctpykTypor Rht-D1a 6eaka Triticum aestivum. BbISIBAEHO, UTO NMPOAYKTOM 3KCMPECCUN FeHa SIBASIETCS!
rA0byAsipHbI 6eaok Maccon 65,3 kDa, coctoswmin n3 623 ammHokmcAoT (pl=4,99). C npumeHeHem
OUMLIEHHbIX PeKOMOMHAHTHbIX OeAakoB RHT-D1a ObiAM MOAyY€Hbl MOAMKAOHAAbHbIE aHTUTEAA W
BbisIBAEHA MX crieumdmryHocTb K Rht-D1a 6eaky nweHuupbl. [oAyueHHble Hammn oumiieHHbin Rht-D1a
6eAoK 1 crieumnryHble K HEMY MOAMKAOHAAbHbIE aHTUTEAQ MOAXOANT AAS AAAbHEWLLMX CTPYKTYPHbIX
1 PYHKLUMOHAAbHbIX MCCAEAOBaHUI, KOTOpble BYAYT CMOCOOCTBOBATL YETKOMY MOHMMaHMIO MEXaH13ma
peryAsiumm pocrta pacteHmn yepes Rht-D1a 6eAxu.

KaroueBble croBa: Triticum aestivum, Rht-D1a, DELLA, skcnpeccus.
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Cloning and expression of wheat Rht-D1a cDNA in E.coli

The wheat DELLA proteins encoded by the plant height reducing (Rht-1) genes. Wheat DELLA genes
have three homologous loci (Rht-A1, Rht-B1, and Rht-D1) in the 4A, 4B, and 4D chromosomes, respec-
tively. Despite the importance of the Rht-1 proteins, little biochemical analyses have been reported,
mainly due to difficulties with purification of sufficient quality of protein and absence specific antibod-
ies to this protein. Here, we isolated the Rht-D1a cDNA gene encoding the wheat Rht-D1a using the
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Knoruposanue u sxcnpeccus kK IHK Rht-D1a menunst B E.coli

reverse transcription — polymerase chain reaction (RT-PCR). Rht-D1a with a 6xHis end was functionally
expressed in E. coli and purified by nickel affinity chromatography. Using MALDI-TOF mass spectrom-
etry, a complete coincidence of the amino acid sequence of the recombinant protein with the primary
structure of the DELLA protein Triticum aestivum was established. It was revealed that the product of
gene expression is a globular protein with a mass of 65.3 kDa, consisting of 623 amino acids (pl 4.99).
Purified Rht-D1a was used as an immunogen to generate rabbit polyclonal anti-Rht-D1a antibodies. Our
purified preparation of the wheat Rht-D1a and antibodies generated against the recombinant Rht-D1a is
suitable for further structural and functional studies that will contribute to precise understanding of the
plant regulation mechanism through Rht-D1a proteins.
Key words: Triticum aestivum, Rht-D1a, DELLA-protein, aleurone, expression.
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buaai Rht-D1a kAHK reHin E.coli xyieciHAe KAOHAQY XKdHe dKCrpeccusiaay

buaaintabiH DELLA 6GeaokTapbl Rht-1 reHaepimeH koatasaabl. Rht-1 renaepinin 4A, 4B, xoHe
4D XpOMOCOMaAapbiHAQ YL FTOMOAOIMSAbIK, AOKycTapbl (Rht-A1, Rht-B1 >xene Rht-D1) 6ap. Rht-1
GeAOKTapbIHbIH, MaHbI3AbIAbIFbIHA KapaMacTaH, >KeTKIAIKTI MeAllepae GeAOK GOAIN aAy KMbIHABIKTapbI
MeH OEeAOKKA KapCbl aHTUAEHEAEPAIH G0AMaybiHa 0aMAaHBICTbI OMOXUMMSIABIK, 3€PTTEYAEP KaXKeTTi
AEHIerAe >KYpPri3iAMeAi. YCbIHbIAbIM OTbIPFAH >KYMbICTA Kepi TPAHCKPUMUUS K8HEe MOAMMEpPA3AbI
Ti36ekTi peakumsrapbl kemerimeH Rht-D1a k AHK reHi 6eAiHin aabiHABI. [MCTMAMH cOHAbI Rht-D1a E. coli
JKyMeciHAE PYHKLIMOHAABAI 3KCMPeCcCcUsiAaHbIr, HUKeAb apOUHAI XpomMaTorpadurs KeMeriMeH roMoreHAI
Kynae OeAiHin aabiHAbl. MALDI-TOF macc-cnekTpoMeTpusi KeMeriMeH pPeKkOMOMHAHTTbI GEAOKTbIH,
AMMHKILLKbIAABIK, Tiz0eriHiH Triticum aestivum Rht-D1a 6eAorbiHbIH, GiPiHLLIAIK KYPbIABIMBIMEH TOAbIK,
COMKECTIri aHbIKTaAAbl. [eH 3KCMpPeccuacbiHbiH ©HIMI MOAeKyAaAblk, maccacbl 65,3 kDa 6oaaTbiH
>koHe 623 aMMHKBILLIKbIAbIHAH TypaTbiH (pl=4,99) rA0OGYyAsIpAbl GEAOK €KeHi arlKbiHAAAAbI. Ta3aAaHbin
aAblHFaH pekoMbuHaHTTbl RHT-DT1a 6eAorbiHbiH  KOAAQHbIAYbIMEH TMOAMKAOHAAbAI aHTUAEHEAEp
aAbIHbIM, OAapAbIH Omaait Rht-D1a 6eAokTapblHa apHaMbIAbIFbl aHbIKTaAAblL. [OMOreHAT Kyae OOAiHIN
aAbiHFaH Rht-D1a 6eaorbl xoHe crneumdmKaablk, MOAMKAOHAaAbAbI aHTMAeHeAep, Rht-D1a 6eaorbiH
KYPbIABIMABIK, >koHe (PYHKLIMOHAAABIK, 3ePTTEYAEP XKYPri3yre MyMKiHAIK 6epeai, oaait 6oaca Rht-D1a
APKbIAbI 6CIMAIKTEPAIH ©CYiHIH PETTEAY MEXaHM3MIH HaKTbl TYCiHyre TypTKi 60AaAbI.

Tynin ce3aep: Triticum aestivum, RHT-D1a, DELLA-6eAok akcnpeccus.

BBengenne

l'en mmenwns Rht-1, npemonpenenummii
yCHEX «3€JIEHOW pPEBOJIOLUI» U HCIONb3YEMBbIH
[pU CO3JaHUU HU3ZKOPOCIBIX M YCTOMYMBBIX K MO-
JIETaHUIO COPTOB MIIEHUIIBI, KOAUPYET OCJIOK C BbI-
cokokoHcepBatuBHbiM DELLA nomenom (Peng J.,
1999: 256-261). BoNBIIUHCTBO KAPIHKOBBIX (HOpM
KyJBTYPHBIX PacTeHHMH cOAepKaT MYyTalluu B Te-
Hax, kogupytoumx DELLA-Genku. Takue mytanun
BeCbMa INEPCHEKTUBHBI I UCIOJIb30BAHUS B CE-
JIEKIIUH, TTOCKOJIbKY OHH HE OKa3bIBAIOT BIMUAHUSA HA
XKHU3HECIIOCOOHOCTH U pasMHokeHue pactenuit (Ue-
guchi-Tanaka M., 2007: 183-198; Cheng H., 2004:
1055-1064). benku DELLA sBnsitoTcst pernpecco-
pamMu pocra pacTeHHi, BIEpPBBIC HUICHTU(DUIUPO-
BaH B Triticum aestivum, U BCTPEUAIOTCS BO BCEX

CEJIbCKOXO3SIMCTBEHHBIX PACTCHUSX, BKIIOYAS PUC
(Oryza sativa), ssamensb (Hordeum vulgare), Kykypy-
3a (Zea mays), muennua (Triticum aestivum) u BU-
Horpan (Vitis vinfera) (Peng J., 1999: 256-261; Ue-
guchi-Tanaka M., 2007: 183-198; Boss P.K., 2002:
847-850; Chandler P.M., 2002: 181-190; Gubler, F.,
1992: 3591-3595; Itoh H., 2002: 57-70, Phillips S.,
2012: 4-6). B apadbunoncuce DELLA-6enkn RGA u
GALI (Silverstone A.L., 1998: 155-169) neiicTByroT
KaK OTpPHLATEIbHBIC PErYJSITOPBI TIEpeIaun CUIHA-
noB ru06epemoBoit kucnotsl (I'K), n anamorudnsie
poiu npeanosnaratorcst ;uist SLR1 B puce (Ikeda A.,
2001: 999-1010; Dai C., 2010:1916-1927) u SLN1
B stumene (Chandler P.M., 2002: 181-190). IToka-
3aHo, yro 'K wmnnynupyer nerpagammio DELLA
oenkoB. Jlerpamammms DELLA Oenka, wHIyIHpO-
BanHast 'K coBmecTHO ¢ penenrropom GID1 u 6en-
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kKoM F-Ookca, UrparoT KII0ueByI0 poiib B Iepeaayue
curnasnoB 'K (Feng S., 2008: 475-479; Fu X., 2002:
3191-3200). Korna I'K orcyrctByet, DELLA 6enku
noNaBisitoT pasnuunbie 3pdexTs ['K B pacTeHusx,
BKITFOYAsl DKCIIPECCHIO TeHa o-aMmiasbl. [Ipu cBs-
3piBaHNM Moutekyibl I'K ¢ pernentopom GID1 uny-
nupyetcst ero B3aumozeiicteue ¢ DELLA-Genkom
n F-6okcom, comepkammum Oenku SLY/GID2. B
pesynbrate DELLA-Oenok mpucoenuHsETCS K
yOMKBUTUH-TUTa3HOMY  KomIuiekcy — SCFSHY/GID2)
YTO CTUMYJIHPYET ero yOUKBUTHH-3aBUCUMBIN TIPO-
teonu3 DELLA-6enka. OTOT OCHOBHOW IyTh IS
I'K-unnyuuposannoit aerpananun DELLA-GenkoB
nmokasad B puce (Itoh H., 2005: 669-679, Gomi K.,
2004: 626-634) u sumene (Gubler, F., 1992: 3591-
3595). Ycranosiaeno, uro ['K-unnynupoBanHas je-
rpamanus DELLA B pacTeHmsIX apaOHIONCUC CTH-
mymmpyet poct pactenuit (Dill A., 2001: 777-785).
DELLA Oenku SIBISIFOTCSI HE TOJBKO KITFOUEBBIMHU
KOMIIOHEHTaMH [T CHUTHAIBHON TPaHCIyKITUH,
KOTOpBIE PEryJIMPYIOT POCT pacTeHWi B OTBET Ha
I'K (Alvey L., 2005: 153-160, Yamaguchi S., 2008:
225-251, Gilroy S., 1992:3591-3595), HO Takxe sB-
JSIFOTCS. MHTErPaToOpaMy CUTHAIIOB OT APYTHX (ak-
TOPOB PETYIUPYIOMINX POCT PACTCHUH.

I'excarmmonnnas mmenuna (AABBDD) sBms-
€TCsl OCHOBHOM IPOJOBOJIBCTBEHHOM KYJIBTYPOM.
DELLA Oenku nmenuns! koxupyrorces Rht-1 re-
HaMH KOTODBIN BIiepBhle ObUIH BBIAENEHB Peng et
al. (Peng J., 1999: 256-261). Rht-1 reHbl uMerOT
Tpu romonoruyHbix Jokyca (Rht-Al, Rht-Bl, and
Rht-D1) B 4A, 4B u 4D xpomocomax, COOTBET-
ctBenHo (Pearce S., 2011:1820-1831). Briasnenst
HECKOJIBKO MYTaHTHBIX BapuanToB Rht-B1/Rht-D1
MPHUJIAIONINX KapJIMKOBOCTh W TIOTEPIO UYyBCTBH-
tenpHOCTH K 'K (Pearce S., 2011:1820-1831; Wu
J., 2011:2120-2130). Iloxa3aHo, 4TO MyTaHTHBIE
BapuanTel Rht-Blb, Rht-Blc m Rht-D1b cHmxka-
ot ['K-3aBucumoe B3aumoneiicteue mexay GIDI1
n DELLA (Pearce S., 2011:1820-1831; Wu J.,
2011:2120-2130; Chandler P.M., 2008: 285-294).
B mmenwuite, XoTs B3aumonercTBrue Mexay Rht-1
u GID1 wnabmonamuch B OBYXTHOPHUIHBIX CHCTE-
Max mpoxoxeit (Wu J., 2011:2120-2130; Lou X.,
2011:¢0157642), 6enok Rht-1 mo cux mop He oOHa-
PYXKEH B TKaHSX MIIEHUIIBI U3-32 OTCYTCTBUS TOJI-
XOJISTIINX HHCTPYMEHTOB.

[Tonnmanne Ha MOJIEKYJISIPHOM YPOBHE OENOK-
OCIKOBBIX B3aMMOJACHCTBUN Mexy Oemkamu Rht-1
U IPYTUMHE TTOTEHIIHAIBHBIMA KOMIIOHEHTaMH CHT-
HAJIBHBIX CUCTEM SIBJISICTCS KPUTUYSCKU BAKHBIM B
pacudpoBKe MEXaHU3MOB pOCTa pacTeHUH U IS
noanManus GyHkiuii 6eaxos Rht-1. B cBs3u ¢ atum
IKCHpeccus B 2emeponocuyHbix cucreMax rena Rht-
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1 mo3BoJsieT noy4ars OOJIBIINE KOJUYECTBA Liee-
BOTO OeJKa /ISl TONTydeHus Crelin(pUIHbIX aHTHTEN,
MOIIHBIX WHCTPYMEHTOB B XapaKTEPUCTHKE (PyHK-
UMM TeHa U OenoK-OeNKOBBIX B3aWMOJCHCTBUI B
TPaHCIYKIIMH CUTHAJIOB POCTa PACTCHUH.

Llenbro mpencTaBiIeHHON paOOTHI ABISAETCS BbI-
nenenue u xapakrepuctuka kJIHK rena, komupy-
romero RHT-Dila n GyHKIIMOHANBHAS SKCIPECCHS
His-meuennoro k/IHK rena RHT-Dla B E.coli.

MartepuaJbl H METOABI HCCIETOBAHMS

Mamepuanvl ucciedosanus. OObEKTOM HCCIIC-
JIOBaHWHU SIBHJINCh HYKJIEWHOBBIE KHCIIOTHI, BBIJE-
JICHHBIC U3 MIIEHUIBI copTa Capamosckas 29.

B xozxe paOoThl MCTIONB30BAIN KIETOYHBIE JIU-
ann: NovaXG Zappers (F- mcrA A(mcerC-mrr)
endAl recAl @80dlacZAMI5 AlacX74 araDI139
A(ara-leu)7697 galU galK rpsL nupG J- tonA) nns
HapaboTku 1asmugHo JIHK u skcrmpeccnoHHBIH
mramMm  Rosetta(DE3)  pLysS (F  ompT
hsdS(r, m.") gal dem (DE3) pLysSRARE (Cam®))
tupmer «Novageny (I'epmanns).

Hnst  mpurotoBieHus: Oy(epHBIX pPacTBOPOB
HCTONB30BAIN PEAKTHBBl MapoK X.4., 4.J.a., U
0.C.4., TPOM3BOANMBIX upmamu «Sigmay (CLIA),
«Amresco» (I'epmanmst), «Serva» (I'epmanus) u
«Peaxum» (Poccust). B xoe paboThl HCTIOIB30BAIN
dbepmenter  Momudpukarmu  JJHK w  Genkor
npous3BozacTBa GupMm  «Sigma-Aldrichy (CIHIA),
«New England Biolabs» (Anrnust), «Thermo Fisher
Scientific» (CIIA), «Promega» (CIHIA), «Roche»
(CIIA).

Buioenenue momanvnoii PHK u3 nucmves nue-
Huywl. [l BeIpalBaHusS pacTEHUH MIIEHUIIBI CO-
pra Capamosckas 29, 3epHa CTCPUIN30BAIH B pac-
TBOpe 1%-ro runoxiopuna HaTpus B TeueHue 10
MUH. 3aTeM HECKOIJIFKO pa3 MPOMBIBAIN B CTEPUITh-
HOM Bojie m momemanu B yamku [letpu co 100 r
CTEPUIN30BAHHOIO TIeCKa U 3aMaunBand B 20-25 M
JICMOHU3UPOBAHHOM BOJbl. PacTeHus BbIpaliuBain
B YCI08USIX OJIUHHO20 CBETOBOTO OHs (=14 u) npu
22°C. Yepe3 5 nHell pacTeHMs] UCTOJIb30BAIU IS
BBIJIETICHHS] HYKJIEMHOBBIX KHCIIOT. JIJIsl BBIIETICHHS
PHK 6pas 100 Mr mpopOoCTKOB MIIEHHUIIBI U TOMO-
TeHU3UPOBAJIM B 3apaHee OxJakaeHHoU (dapdopo-
Boi ctynke B npucyrctBuM 1,3 mi TRI pearenra
(Sigma-Aldrich, CIIIA). 'omorenar nepeHocuiy B
MHUKpONpoOUpKy u nentpudyruposanu mpu 12000
00/mMuH B Teuenue 5 munyt npu 4'C. CyrnepHaTanT
NepeHeCIn B CTEPHUIIbHYIO MPOOHPKY W JTOOABUIIN
300 MKJI XOJIOJHOTO XJIopohopMa U IepeMeInBaIn
ITyTeM HWHBEPTHPOBAHHS MPOOUPKH, 3aTEM HHKYOH-
poBaJu Ha JIby B TedeHue 3 MUHYT. Jlanee 1eHTpu-
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¢yruposamu npu 12000 o6/muH B Teuenue 15 mu-
HyT nipu 4°C. BepxHIor0 BogHYIO (pa3y OCTOPOIKHO
MIEPEeHeCIN B HOBYIO MTPpoOUpKy U nobaBmin 0,5 mi
XOJIOZHOTO M30IponuioBoro cnupta. Ilocne mepe-
MENINBaHHUS PacTBOp WHKyOmpoBamu 10 MuHYT Ha
JpAy U neHtpudyrupoBanu mpu 12000 o6/mun 10
MuHyT npu 4°C. CynepHaTaHT y1asuTi MUIETKON U
ocasok pombiBaiy B 1 mi 75% atanoma. O6pazen
ocaxnanu 1eHtpudpyruposanuem mpu 12000 06/
MUH B TeueHue 5 MUHYT npu 4°C U CylmMiau mpu
KOMHATHOM Temmeparype B TeueHue 10 MUHYT.
Ocanok pacteopsimi B 30 mxin dH,O. Konuentpa-
uuio 1 kadectBo BeiaenenHoid PHK onpenensim ¢
oMot  criekrpodoromerpa Nanodrop 2000c
(Thermo Fisher Scientific, CIIIA) u arapo3Horo
resb-aaekrpodopesa. O6pasen xpanwu mpu -70°C.

Buvioenenue mPHK. O0beM Tipeniapata TOTalb-
noit PHK nosemn o 600 mxn ¢ dH,O. Ilpenapar
WHKYOUpOBadK B TeUueHUH 5 MUH mpu 65°C B BO-
IsTHO# OaHe, 3aTeM K mpenapary mooasmmu 500 MK
JIBYXKpPaTHOTO cBsi3biBarorero oydepa (1 M NaCl,
20 MM Tris pH 7,5, 2 MM EDTA, 0,1% ACH). ITo-
Jy4EeHHYI0 CMECh MEPEHOCHIIH B MPOOUPKY C TPO-
MbITOH onuro-dT 1emiri030i 1 MHKYOUpPOBAJIU B
TedeHne 15 MUH Mpu KOMHAaTHOW TeMIlepaType Ha
kaganke. Cmecs nenTpudyruposanu nmpu 14000 06/
MUH B TeueHue 10 MMHYT, yJaJlsiau CylepHaTaHT.
Ocagok MpOMBIBAJIM 1B pa3a OAHOKPATHBIM CBS-
3pIBaONIMM Oy(hepoM W /1Ba paza MPOMBIBOYHBIM
oydpepom (0,2 M NaCl, 10 mM Tris pH 7,5, 1 MM
EDTA, 0,05% JACH). MPHK snroupoBanu ¢ momo-
mpio oauro-dT nemiroi103el, 1o0aBneHnem 250 MK
Oy(epa [1st SI01UU U MHKYOUpoBaHueM rpu 37°C
B TeueHnn 5 MuH. Jlanee cmech HeHTpU(yrupoBa-
JIU ¥ OCTOPO’KHO OTOMpAaIH CYyNepHATAHT B YHCTYIO
npobupky. I[loropsuin amonutoo. OObeAUHSIH
3JI0ATHI U TIOBOAMIN 00BeM B0 0 200 MK, [l
ocaxxaenns noiau-A PHK k pactBopy no6asisu 40
MKJ 5 M anerara ammonus, 2.5 o0beMa 3TaHoIa U
nHKyOuposanu npu -70°C B reuenue 30 MUHYT, WK
Ha HOYb Ha -20°C. Ocanok coOnpanu NeHTPUPYTH-
poanueM u pactopsn B 50 Mk dH,0.

Peaxyusa obpamnou mpanckpunyuu. Jns cun-
te3a kJIHK na marpune MPHK, B crepunbHyro
MpoOUpPKY M00aBISUIM B yKa3aHHOW IOCIENOBa-
tenpHOCTH: PHK (1-500 Hr nmomu-A PHK), mpaii-
Mep (15-20 Mo TeH-CIeMUPUIHOTO TpaiMepa)
U 3aTeM o0beM JoBenu 10 12,5 MKI cTepuiibHON
dH,O. Peakunonnyto cmech nporpesanu mpu 70°C
B TEUEHHUE 5 MUHYT U OXJIaXX1ajau Ha apay. Janee, K
cMecHu 100aBIsITH (B yKAa3aHHOW MOCIIEIOBATEIIHHO-
cTH): 4 MKJ MISTUKPATHOI'O PeakUMOHHOTO Oydepa
(250 MM Tris-HCI pH 8,3 mpu 25°C, 250 MM KCl,
20 mM MgCl,, 50 MM DTT), 0.5 mxn (umu 20 ex.)

RiboLock™ RNase Inhibitor, 2 Mxn 10 MM cmecu
dNTP (xoHeunas koHmeHTparus 1MM), 1 MK (Hu
200 en.) RevertAid™ H Minus M-MuLV Reverse
Transcriptase (Fermentas, Jlateust). Koneunsrit 00b-
€M peakIMOHHON cMecu cocTaBisul 20 MKII. 3atem
CMECh OCTOPOKHO MEPEMELTHBAIIN U MHKYOHUPOBAIN
B TeueHne 5 MuH npu 37°C. Peakiuro npoBoIuIN
B TeueHne 1,5 dacoB mpu 42°C Ha BoasHOU OaHe.
Peakuuio octaHaBIMBa N MPOrpeBaHUEM B TEUCHUN
10 mun nipu 70°C. Iomy4yeHHBIN TPOAYKT XpaHUIN
nipu -20°C.

Honumepasnasa yenuas pearxyus. Jns momy-
4yeHusi B joctarouHoM konuuectse kAHK ncrnons-
3oBaiu metoa ITIP. K 2 Mk peakimoHHOM cMecu
00paTHON TPAHCKPUIILIUU JTOOABISIN OJIMTOHYKIIE-
OTH/IBI, SIBJISTFOIUECS TPSIMBIM U OOpaTHBIM Tpaii-
MepaMH J10 KOHeuHOU KoHieHTpauu 0,2 MM. [a-
nee B cMech gobasmsau 12,5 mxn 2X PCR Master
mix (Fermentas, Jlatust), conepxamme 0,625 enu-
aun Taq JIHK nmomumepassr B 6ydepe (750 MM Tris
HCI, pH 8,8, 200 MM (NH,),SO,, 0,1 % Tween 20),
50 MM MgCl, u 5 MM xaxporo dNTP, a Takxe
15,5 MKJI JICOHU3UPOBAHHOW CTEPUIIBHOM BOJbI Ha
25 mka peakuuu. [Ipoxyxrsr TP ananusupoBanu
B 1% arapo3HOM reie M 3aTeM OYMILAIA METOJOM
JIFOTIMA U3 TETIs.

Hnoyxyus sxenpeccuu Rht-Dia eena noo kou-
mponem T7 npomomopa 6 E.coli u ouucmxa pexom-
OuHanmuozo benxa

JIist MKMW 3KCIIPECCUM PEKOMOMHAHTHOTO
Oenxa o KoHTposeM T7 mpomMoTopa B KiIeTKax E.
coli HECKOJIBKO KOJIOHUH TpaHCHOPMHUPOBAHHBIX
KJIETOK BBIPOCIIMX Ha yamikax [leTpu ¢ cenexTuBHOM
cpenoil nHokynupoBaiu B 20 mur LB-cpenpl ¢ kaHa-
MHUITUHOM B KOHIEHTparuu 50 MKI/MJI ¥ KyJIbTHBH-
posanu nipu 37°C 1 uaTeHCHBHOM adpanun (180 06/
MHUH Ha Kadajke) B TCUYCHHWE HOYM. 3aTeM HOYHYIO
KyJbTYpy pecycrieH3upoBaiu B 1 i1 xxuakoi LB ¢
KaHaMHIMHOM. PocT OakTepuanbHOH KyJIBTYphI
npoBoauiy nipu 30°C 10 AOCTHKEHUS ONTHYECKON
miornocty OD ~0,6. Tlpu noctrmxennu HeoOXo-
MO TIJIOTHOCTH MHAYKIIUIO MPOBOJWIM B TpH-
cyrctBuu UIITI B xoneunoit konueHtpauuu 0,2
MM. OT60p Ipod I aHAIKM3a MPOBOIMIIHN JI0 U TI0-
cne naaykiuu ¢ UIITT B Teuenue 12 gacoB (HouHAas
KyJIbTypa) neHTpudyruposanueM npu 6000 o6/Mun
B TeueHnn 7 MuH 1pu 4°C. OcakIeHHbIC KIIETKH pe-
CYCTIEH3UPOBAIN B 3aBUCUMOCTH OT 00beMa KIIETOK
B 10-15 mu Gydepa mna xpanenus (20 MM HEPES
pH-7,6 ¢ 40 MM NaCl) u xpanwmm mipu -20°C.

PexoMOuHanTHBI Oenok ¢ His-KoHIIOM ObLI
ounieH MetamuoadpduuHON Xpomarorpadueil Ha
nonax mukens (Ni**) ¢ wucmonbzoBanmem HiTrap
Chelating xonoHkn o0beMoM | MII U TOCIIE IIFOH-
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POBaH M3 KOJIOHKH C TIOMOIIBI0 UMHUa30ja B Tpa-
nuente 20-500 MM c peructpanueid onTHYECKON
IUIOTHOCTH Ha JyinHe BOJIHBI 280 HM. DiekTpodopes
OCIKOB, IPUTOTOBIICHHBIX KUIISTYCHUEM 00pa3IioB B
2x obpasoBoM Oydepe, MPOBOAMIIHN B OJIHAKpHIIa-
MuAHOM rene o Metoxay Jammu (Laemmli UK.,
1970:680-5).

Honyuenue anmumen x 6eaxy DELLA u ummy-
HoOOMUHE

AHTH- TIONMKJIOHALHBIC aHTUTEINA OBUIH TTOJTY-
YeHBI POTUB TIOJTHOPA3MEPHOTO PEKOMOMHAHTHOTO
His-meuennoro DELLA 6enka. Okono 1 mr o4u-
nieHHoro pekomouHanTHOro DELLA Genka amyib-
TUPOBAINA B PaBHOM 00OBEME TOJIHBIM a/IbIOBAHTOM
®peliHa 1 BBOJUIN MOJKOKHO KpoJiukaM. Bcero-
MOTaTellbHbIC WHBEKIIUM AHTUTCHAa B HEMOJIHOM
ajnbroBanTe Opeiinaa MpoBOIMINCH KaXKIbIE JIBE HE-
nend. Y KpoJsimka Opanu oOpaser] KpoBU 10 MEPBOi
WHBEKIINH, a 3aTeM 4epe3 7 JTHEeH mocie mocieaHen
YETBEPTOW MHBEKIWU ISl TIONyYeHHUs] WMMYHHOM
CBIBOPOTKHU. Uepes HeJeNto MOCie MOCIeHEN UHb-
EKIIMU KPOBb COOMpPAT U UMMYHHYIO CBIBOPOTKY
OUMIIIAI UMMYHOA(Q(PUHHO TMOCPEACTBOM Habopa
Protein A agarose Fast Flow resin (Sigma, CIIA).
B kadecTBe TEpBUYHBIX AHTUTEN HCIOJIH30BAIA
OUMILEHHOE NOJUKIOHAIbHOE aHTuTena Kk DELLA
0elKy, a B KQueCTBE BTOPUYHBIX aHTUTEN — KO3JIH-
HBIC aHTHU-KPOJIUYbE MNMMYHOTJIOOYJIMHBI, KOHBIO-
TUPOBAHHBIA € MEpoKcHuaa3or xpeHa. s ummy-
HOOJIOTHHTra MPUOIM3UTEIBHO 50 M CBEXKEH TKaHU
JUCTa WIH KOPHS 14-JTHEBHBIX TPOPOCTKOB 3aMO-
paKHMBaJIHN B KHUIKOM a30Te M TOMOTCHH3UPOBAIIN B
250 mxn nensiHOM Oydepe uist IKCTPAKIHUU OENKOB,
conepxkarmiero 10 MM Tpuc-HCI (pH 8,0), 100 MM
KCl, 15% rmunepunra, 1 MM DTT, 0,01% NP-40,
1 MM denunmeTuncynbhounadropuaa, 5 MKremiI!
neiimentuHa U 1 Mkrem! antumanHa. TlomyueH-
HBII r3at neHTpudyruposau mpu 13000 g B Te-
genue 1 gaca nmpu 4°C Anis 0CaKICHUS KICTOYHBIX
octatkoB. CyIliepHaTaHT MEPSHOCUIIA B HOBYIO TIPO-
OMpPKY W KOHIICHTPAIHIO OelTka B KaKIOM 00pasIie
onpexaeisin MetooMm bpaadopna (Bradford M. M.
1976:248-254) nepenn HAHECEHUEM Ha TEIlb.

DKCTpakThl pacTeHud (12 MKT Oenka) gpakiu-
onupoBanu B 10%-nom JICH-monmakpmiaMuinom
relie ¥ 3aTeM OCNTKY TIePEHOCUIINCH U3 MOJTMaKpHia-
muaHoro rens Ha PVDF memOpany (Pierce, CILIA)
¢ wucnojp3oBanueM Bio-Rad Mini-transblot Cell
(Bio-Rad, CIIIA) B COOTBETCTBHH C HHCTPYKIHAMHU
npousBoauteds. [locie nepenoca 6enka, MeMOpaHy
OCTOPO’KHO BCTPSXHUBAIN B OJIOKUPYIOLIEM PacTBO-
pe, conepxkameM 5% momoka u 0,1% Tween-20 B
1x TBS (tpuc-0ydepnsiit coneBoit pactBop: 50 MM
Tpuc-HCI pH 7,5, 20 MM NaCl) B Teuenne 1 gaca
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mpu KOMHaTHOH Temmepartype. Ilocne ynanenus
OJIOKUPYIOIIETO pacTBOpa MeMOpaHy MHKYOHpOBa-
au B 10 mi apdunHO-oumnIieHHOM aHTH-atPARP
MOJIMKJIOHATBHOM aHTtuTene (passexenue 1:10000
B OmoxupytomeM pactBope 0,1% Teur-20) B Teue-
Hue Houn nipu 4°C. MemOpaHy NpOMBIBAIU ISTh
pa3 B 10 M O6ydepe ans npomsieku (1xTBS, 0,1%
Tween-20) B TedeHne 5 MUH, KaXIaelid pas. [locie
NPOMBIBKH, MeMOpaHy nHKyOupoBanu B 10 M pac-
TBOpE BTOPUYHBIX aHTUTEeN (paseneHue 1:20000
B Omokupytomiem pactBope ¢ 0,1% TBun-20) B Te-
yeHue | yaca nmpu KOMHATHOW Temreparype. 3aTeM
MeMOpaHy TIpOMBIBaJIM TSATh pa3 B 10 M pacTBope
JUISL IPOMBIBKU B T€YEHUE 5 MUH KaXKJIbIi pas. Pac-
TBOp cyOcTpaTa rOTOBHJIACH IYyTEM CMEIIUBAHHUS
paBHOTO 00BEMa PacTBOpa MEPOKCHIA U PACTBOPA
moMuHana/ycunutens. MemOpaHy WHKyOWpOBaiH
B pacTBope cyOcTpara B T€4eHHE 2 MHH B TEMHOTE
1 OETKOBBIC TIOJIOCKHI TIPOsBIsUM Ha TuieHke Kodak
X-Omat (CLLIA).

Pe3y.m>TaT1>1 HCCJICA0OBAHUSA M UX oﬁcymenne

Hamu ObI1 mpoBeJieH KOMIBIOTEPHBIH aHaIln3
HyKJIeoTHHOM mnocnenoBarenbHocT K/IHK rena
Rht-Dla nawaoit 1872 map HyKIEOTHAOB (HOMEpP
HES85643.1 B GenBank), konupytomiero Rht-Dla
0eNoK JUTMHOHM 623 aMUHOKHCIIOT C PaCYETHON MO-
JeKyJIapHOM Maccoi 65,3 k/la 1 u303J1eKTpUIeCcKOn
toukoit (MDT) oxomno 4,99.

Ha ocHoBanuu aHanu3a HYKJICOTHIHOH IIO-
cnenoBarenpHocTn MPHK (x/IHK) rema Rht-Dla
MIPOBEJICH pacyeT M OCYIIECTBIEH CUHTE3 OJINTOHY-
KJICOTHIHBIX IPAaiiMePOB ISl aMITTH(UKALIUH BBILIE-
yKa3aHHOTO T€Ha W3 MiieHnIbl copra CapaToBcKas
29 na matpure, coorercTtBytomieit MPHK ¢ mpume-
HeHHueM peakuuu oOpatHo# Tpanckpuniuu (POT) n
rommMepaszaoi renHon peakiuu (ITLP). ITocmeno-
BaTEJIbHOCTH ATUX OJUTOHYKJICOTHAHBIX IPaliMepOB
CIICAYIOIINE: CMBICIIOBOH nipaiimep RAt-Dl1a Dir: 5°-
ATCCGAATTCATGAAACGTGAGTACCAGG
-3’ u aHTHCMBICIOBOW mpaiimep Rht-Dla Rev:
5’- TCGATAAGCTTTTACGGACCAGC -3° ¢
MOAYEPKHYTBIMH CalTaMu pecTpukuuun EcoRl u
Hindlll, coorBercTBeHHO. CalThl BBIOMPAIHCH C
YUETOM paMKH CUMTBHIBAHUS MJIa3MHIbl. B kauecTBe
ncrouanka MPHK mis peakmuun OT-IILP Opumn
BBIOpaHbl S5-IHEBHBIE MPOPOCTKU TIIEHUIBI COPTa
Capamosckaa 9. Toransneiii npenapat PHK Boine-
JISIIA U3 S5-JIHEBHBIX ITPOPOCTKOB PACTEHUN TPU30JI-
METOJIOM, KaK OIHMCaHO B paszfiesie METOJIbl Hcce-
noBaHusl. Dnekrpodopernueckuii ananmuz PHK na
0,8% araposnom rerne nmoka3zan Hamumaue 28S pPHK
u 18S pPHK 1 4S pPHK (Pucynok 1A). OTHOImIEHUS
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A260/A280 u A260/A230 6wi1m 1,9 1 2,0, cooTBET-
CTBEHHO. DTO CBHUJIETEIHCTBYET O BHICOKOM Kadye-
CTBE TIpernaparta U HU3KOW 3arpsi3HEHHOCTH H30J1H-
POBaHHBIX 00pa3IOB OCIKOBHIMH KOMIIOHEHTaAMH U
BTOPUYHBIMHU MeTabomnTaMu. [lanee mpemapat PHK
WCTIONB30BaIN 1uist amruudukanust Rat-D1a xJJHK
r'eHa ¢ IPUMEHEHHUEM CalT crieluuIecKuX npaime-
POB C IOMOIIIBIO PEaKIH 0OPATHOMN TPAHCKPHUTIITUT

28SpPHK
18SpPHK

451PHK

(POT) u momumepasnoii nenHoi peakrmu (I1L[P).
VYcaoBUs NPOBENCHUS ATHX PEAKLUM yKa3aHbl B
pazznene «Marepuassl 1 METOIbI UCCIIEIOBAHUS», a
pe3ynbTaThl IpUBEAeHB! Ha pucyHke 1b. U3 npuse-
JIEHHOH 3JIeKTpo(operpaMMbl BUIHO, YTO TIIABHBIM
npoaykroMm amiuinpukanuu seisercs k/IHK ¢ oxu-
JlaeMbIM pa3zmepoM okoiio 1800 map HyKJIEOTH]IOB,
cootBetctBytonmii ymae K AHK RAt-Dla.

A — Ilpenapatsl TotansHOi PHK: 1-3 — cymmapHsIii npenapat puOOHYKIEMHOBBIX KUCIOT. Cripa-
Ba yka3aHo nonoxenue 28S pPHK, 18S pPHK u 4S pPHK. b — POT-IILP npoxyxTs:
M — mapkepusie JJHK. 1 u 2 — npoayktst POT u I[P

Pucynox 1 — IIpenaparsl HyKJI€HHOBBIX KHCIIOT, BBIIEIEHHBIX
13 npopoctkoB nuieHunsl 1 POT-TILP npomykTst

B creayrommx skcrnepuMeHTax, Uisl (yHK-
nmonanbHOU 3kcnpeccun k/IHK rena RAt-Dia B
MIPOKAPHOTUICCKON CHUCTEeME HaMu OBII BEIOpaH
Bektop pET28c (Novagen, I'epmanus), KOTOpBIi
o0aaeT HEOOXOMUMBIMH JUISI SKCIIPECCHH TEHOB
Ka4ueCTBAMMU: CHIIBHBIM, lac uHoyyubenbHbiM nPpoMo-
mopom 6axmepuogpaca T7, ¢ 6xHis-tag nocienosa-
TENBHOCTHIO Ha C-KOHIIE, YTO MO3BOJIsIeT adhHruHOM
OUYHCTKE OENKOBOTO IMPOAYKTa Ha OCHOE HHUKEIb-
OCHOBaHHOW Xpomarorpapuu ¥ TOIXOMISIIEH st
BCTaBKH €MKOCTBIO, U TIPOCTOTOW cenekiuu. [lis
co3manue pekoMmOmHaHTHOW JIHK-KOHCTpYKITHH
npoaykt OT-IILUP Rht-D1a xAHK knoHupoBanu B
mnazmuny pET28c no caifram pectpukuuu EcoRl u
Hindlll. Iloayuennyio xoncmpykyuio pET28c/Rht-
Dlampancgopmuposanu 6 E.coli mramma NovaXG
Zappers st HApaOOTKH PeKOMOMHAHTHOM ITIa3MHU-
11, CenexIuio KJIIOHOB TIPOBOIMIIA Ha arapu30BaH-
Hoit cpene LB ¢ kanamunmaom (S0mkr/min). Jlanee
mnazmugHas JIHK, BeineneHHas B COOTBETCTBUU C
nporokoioMm Habopa GeneJET Plasmid Miniprep

Kit (Thermo Fisher Scientific, CIIIA), Oputa uc-
MOJIL30BaHA JIJIsl TECTUPOBAHUS KIIOHOB Ha HAJTMYHE
PEKOMOMHAHTHBIX TUTa3MHI, COAECPKAIIUX B CBOEM
cocrase reH Rht-Dla ¢ nomowpio pecmpukyuoHHo-
2o u I[P ananusa.

Pe3ynbpTaThl pecTpUKIIMOHHOTO aHajun3a Ina3-
MUJIBI TIPEICTaBICHbl Ha pucyHke 2. Kak BunHO U3
PHUCYHKa KIIOHBI, cojepskariue rmiasmuasl pET28¢/
Rht-D1a ipu 06paboTKe SHIOHYKIIEa3aMHU PECTPUK-
uuu EcoRl n Hindlll na 1% arapo3HoM rejie JarT
YETKO BBIPAKEHHBIE J[BE ITOJIOCHI C JUTMHON OKOJIO
5,4 u 1,8 T.n.H. [lo pa3mepy mepBas mosoca cooT-
BeTCTBOBaJIA JutuHe miasMubsl pET28¢ 6e3 BcTaB-
KH, a Bropas JuymHe reHa Rht-Dla (Pucynok 2, oo-
poocku 6-10). Ilpu nposedenuu I[P ananuza c
UCTIONL306ANUEM 2eH-CReYUDUUECKUX NPAtMePOs U
niaasmuonou J{HK, vloenenuvlx uz mpanc@opman-
mos, pazmenmoi, 0OHAPYI’CEHHbIE & pe3Vibmame
aA2apo3H020 2enb-31eKmpopope3a NOIHOCHbIO CO-
0meemcmeo8aiu OluHe KIOHUPOBAHHO20 2eHa Rht-
Dla (Pucynok 2, oopoocku 1-5).

112 Becrnuk. Cepust 6uonornueckas. Ne3 (76). 2018



Cwmexenos W.T. u ap.

1-5 — TILIP ananu3 pexomOuHanTHOH masmuasl pET28¢/Rht-Dla;
6-7 — PecTpuKIMOHHBII aHan3 pekoMOnHaHTHO#H tuasmuael pET28¢/Rht-D1a; M: THK mapkep

Pucynok 2 — Ananu3 kioHoB, TpanchopmupoBanHbix pET28c/Rht-D1a mrammos E.coli
Ha HaJM4YHe PEeKOMOMHAHTHOMW IIIa3MHU/IbI

B pesynbraTe CKpHMHHMHTA yAaloch WACHTU(U-
IIPOBATh 5 KOJIOHUH, COAepKaIINX PEKOMOWHAHT-
Hble MIa3MuIbl. KIIOHBI OBUTM CEKBEHHPOBAaHBI B
o0onx HampasieHusx. OmnpeneneHue HYKJICOTH-
HOW TIOCJIeIOBATEFHOCTH ITOKAa3aj IMOJHOE COOT-
BETCTBUE MEPBUYHON CTPYKTYpHI T'€Ha paHee Omy-
OMMKOBaHHOW HYKJICOTHIHOH IMOCIIEA0BATEIbHOCTH
reHa Rht-Dla T. aestivum.

Juis upenTudUKanuKu npoaykra resa Rht-Dla
B KJIeTkax E. coli WCTIONB30BaIM CHCTEMY JKC-
npeccun Ha ocHoBe PHK-mommmepassr dara T7.
Hns cunresa DELLA Genka 7. aestivum B 6akTte-
pHUATBHBIX KJIETKaX HaMU ObLI BEIOPAH DKCIIPECCH-
ounsli mrTamm E. coli Rosetta(DE3), pasHoBua-
HocTh mTamma K-12. DToT mramMm comepkuT B
XpoMocoMe Komuio resa, kogupyroummii T7 PHK
moTMMepasy moJ kKoHtpojieMm lacUV5-ipomoTopa.
Rosetta(DE3)pLysS co3man Ha OCHOBE IITamMma
BL21 lacZY nns yBenwdeHHWs SKCIPECCHU DyKa-
pUOTHYECKHUX OEITKOB COIEPIKAIINX PEJKO HCIIOTh-
3yeMble B E. coli KOJJOHBI. DTOT IITAMM COJIEPIKHUT
renbl TPHK k cnegyromum kononam: AUA, AGG,
AGA, CUA, CCC, GGA B yCTOWYHUBEIX K XJIOpam-
(beHunkomny miazMuie.

Okcnpeccuto rena Rht-D1a TpanchopMUpOBaH-
HBIX B KJIeTKaxX E. coli mramma Rosetta(DE3)pLysS,
BhIsiBIsUIM ¢ niomolsio JJCH-TTAAT snekrpodope-
3a. Unaykuuto nposoaunu B npucyrctsuun UIITI B
KoHeuHOU koHIeHTparuu 0,2 MM. OT60p TIpob 11
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aHanau3a NpoBOAWIU A0 U nocie uuaykuuu ¢ UIITT
B TedueHme 12 gacoB. DiekTpodope3 6eTKoBBIX 00-
Pa3loB, IPUTOTOBJICHHBIX KUIISTYCHUEM KJICTOUYHBIX
au3aToB B 2X oOpasuoBoM Oydepe, mpoBoannu B
10% JICH-ITAAT B Tpuc-rnummaHOM Oydepe npu
12 V/ewm.

[To pesynpraram JCH-ITAAT snekrpodopesa
yaJI0Ch yCTAaHOBUTb, YTO PEKOMOMHAHTHBIN MITAMM
OpoNynupyer OelloK ¢ MOJEKYJsipHOH maccoi 70
k/la, 4TO He3HAYUTEIHHO BBIIIIE MPEACKa3aHHON MO-
nexymsipaoit Maccel Rht-Dla 6enka. B orcyrcTBun
MHIIyKTOpa HaKOIUIEHHE Oellka C COTBETCTBYIOIICH
MOJIEKYJISIpPHOH Maccoil He nmpoucxonmio (Pucynox
3). Uro cBumerenscTBYET 00 A(h(PEKTUBHOMN dKC-
npeccun reHa Rht-Dla.

Tak kak nus skenpeccuu kIHK 7. aestivum B
E. coli 6u11 BeIOpan BekTop pET28c ¢ 6xHis-tag
rocienoBaTenbHOCThI0 Ha C-KOHIIE, KCIPECCUpO-
BaHHBI PEKOMOMHAHTHBIN OEJIOK COofepKall MEeCTh
WICHTUYHBIX THCTUIMHOBBIX OCTaTKOB Ha C-KOHIIE,
KOTOPBIE JEUCTBYIOT KaK CAWT CBA3BIBAHUS METAJI-
JIOB U151 OYMCTKH OENKOB. B cBs13u ¢ 3TUM, pexoMOu-
HaHTHBIA 0eJtok ¢ His-KoHIIOM OBLI OYHIIIEH METaI-
noadunHoit xpomaTorpadueii. CTeneHb OYUCTKH
nony4yeHHoro Oenka ompenensiin ¢ JCH-ITAATD
(Pucynok 4). Kak BUAHO U3 TpECTAaBICHHBIX TaH-
HbIX pekoMOuHaHTHBIH DELLA Oenok ouurieH 10
TOMOTEHHOTO COCTOSIHUS U HE COJIepIKal NMpumecei
JIPYTHX OCITKOB.
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3KCTPaKT

QOcapok

M 12 3 4 1

70 kDa

2 3 4

M — Mapkep; 1 — kierounslii sxctpakT E. coli Hecymuii mycToif BekTop
pET28c; 2-4- xnerounsiii sxctpakT E. coli necymmit pET28c/Rht-D1a
nocne 12 g uaaykum ¢ UIITT

Pucynoxk 3 — Dkcnipeccust k/IHK rena Rht-D1a T. aestivum B E. coli

130

100

70 |

55

as

78 9 1011 1213

A — Ounctka Ha Ni-NTA marputie uist O€JIKOB, COJePIKALINX TUCTHUIHHOBYIO METKY.
M — GenkoBblit Mapkep. 1 — HenHyipoBaHHbIH KI1eTOuHbIH u3at. 2 — MHIynpoBaHHbINH
kJeTouHsli gu3at. 3 — [Ipockok yepes konouky HiTrap; 4-8 — Ouniuennsie dpakiun Genxa.
9-13 — nomoaHUTENBHAS OUNCTKA HA T€MapUHOBOM KOJIOHKE.

Pucynok 4 — Adpdunnas xpomarorpadus sxkcrpakra kierok E.coli,
akcrpeccupyromux DELLA-His6 6enok

Ha cnenyromem stamne Ui yCTaHOBIJICHUS IPU-
OBl IETEKTUPYEMbIX OETKOB MBI MPOBEIH MacCC-
criekTpoMeTpuueckuii ananu3z (MS). [ist aToro oun-
IICHHBIA ¢ moMoInblo adGUHHON Xpomarorpaduu
PEKOMOMHAHTHBIN OEJIOK Pa3lesIuiIN MPH TTOMOIIN
JCH-ITAAT snextpodopesa. ITocne okpammBanus
reneit kymmacc G-250 TOoJI0ChL, pacioNI0KEHHBIE B
30He mpeanonaraemoro HaxoxaeHnus Rht-Dla, BeI-
pe3anu u OTHpaBWIM Ha aHaiu3. Jlanuele MS nog-

TBEPAMIIH, YTO PEKOMOMHAHTHBIN OCJIOK C BBICOKOI
noJieit BepositHocTH siBiisieTcst DELLA Genkowm.
s oOnapysxenus Oenka Rht-Dla B pacrenu-
ax TpeOyercsi TodydeHue creruuIeckux aHTH-
TeJ K JaHHOMY (epMeHTy. [|Jis 3TOro o4MIeHHbII
pexoMOuHaHTHBI Oesok Rht-Dla coBmectHO ¢
anptoBanToM DpeiiHna BBEIW B KPOBOTOK KpPOJIH-
ka. [locne cepum MMMyHH3auuM Oblla O0TOOpaHa
HEOO0XOIMMOE KOJIMYECTBO KPOBH, U3 KOTOPOH BBI-
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JiefieHa ChIBOPOTKa, cojepikamme antutena Kk Rht-  Oenoxk u Oenku (QpakurOHHPOBAIM € TIOMOLIBIO
D1a. damee mpu momorm SulfoLink Immobilization ~ JICH-ITAAI'D. Jlanee mepeHocwan OEIKH M3 TIO-
Kit (Thermo Fisher Scientific, CIIIA) npoBenena  nuakpuiamuaHoro renst Ha PVDF memOpany u nn-
ouncTka anturen k Rht-Dla. KyOMpOBaII ee ¢ MOJIMKIOHATBHBIMHA aHTHTEIIAMHU K

B mocnexyrommx skcnepuMentax s BbisiB-  Rht-Dla. Ilpu aToM xpomarorpaduaecky oqnmieH-
nenust Rht-Dla 1 B mpopocTKax IIIEHHIBI ceMe-  Hble pekomOuHaHTHble Rht-Dla ucmonb3oBanu B
Ha BbIpamuBand 4 JHS. 3aTeM SKCTPArMpOBalM  KayecTBE KOHTPOJIS.

1 % 9 4 M

--=s

PexomOuHaHTHBIN ounIieHHBIH Oemok Rht-D1a.
2-4- KieTouHsIi 9KCTpakT mpopocTkoB T. aestivum

kDa

Pucynok 5 — Ananus crieruduaaoctu antu-Rht-D1a

TIOJIMKJIOHAJIBHBIX aHTHUTET

Kak BumHo u3 pucyska 5, antu-Rht-Dla antu-  uyto Rht-D1a npeacrasisieT co0oi OCHOBHOM OCIIOK,
tena BeisiBII Rht-D1a, kak O0eIKOBYIO IMONOCY € MO-  MPOJXYHHUPYEMbIi B E.coli ¢ MONEKYJISPHON Maccoi

JeKyIspHON Maccoit nmpubamsutensHo 70 k/a. 65,3 x/la, 4TO COOTBETCTBYeT Macce Oenka Tpe-
CKa3aHHOM Ha OCHOBE aMHUHOKHCIIOTHOW IOCIENO-
3akiouenne BarenbHocTH. MALDI-TOF wMmacc-criekrpomeTrpus

MIPEIoIaraeMoro PeKOMOMHAHTHOTO O€llKa U ero

B pesynbpraTe mpoBeAcHHBIX paboT HaMu ObT  aHamu3 ¢ ucronb3oBanneM NCBI BLAST mokasza-

BoiienieH Rht-Dila xJIHK ren merogom OT-TILIP 1 11, 4TO (pepMEHT COIACPKUT MPEAINoIaracMple KOH-

M YCTEITHO dKCTpeccupoBaH 6 E. coli moj KOHTpo-  cepBartuBHBIE MoMeHHI npucyime DELLA 6enky 7.
nmem T7 mpomotopa. Ananu3 JICH-ITAAI mokazam,  aestivum.
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¥PblK, AAMYbIHbIH AKAYAAPbIHA
BUOXNMUAADbIK, CKPUHUHITIH,
HOTUXEAEPI

AAaM  ypbiFbiHbIH  AaMybIHAAFbl  KeMICTiKTepAiH cebebi kebiHece XPOMOCOMAAbIK,
6y3blAbicTapFa 6anAaHbiCTbl. OCbl MaceAere KaTblCTbl MEAMUMHAAbIK, TeHeTMKaHblH, 6acTbl
MIHAETTEpPIHIH 6ipi asamM MOMYASUMSACBIHAQ XPOMOCOMAAbIK aypyAapAblH naMaa 60OAy XKMIAiriH
TeMeHAeTy. byA MakcaTTbl icke acblpy YLiH NpeHaTaAbAbl AMArHOCTMKAHbIH WHBA3WBTI emec
JKOHEe WHBA3MBTI 8AiICTepi KOAAaHblAaAbl. Makarapa 2017 XblAAaFbl XXYKTi 8MeAAepAiH KaH
CcapbICyblHa >KacaAblHFaH OUMOXMMMSAbIK, CKPUMHMHITIH, COHbIMEH Oipre KkayinTi TonTbl KypfaH
JKYKTI  @MeAAEpAIH  YPbIFbIHA >KYPri3iAreH LUMTOreHeTMKaAblk 3epTTEeYAEpAiIH HaTuxKeAepi
kepceTiareH. 30335 >KYKTi aileA OMOXMMUSIAbIK, CKPUHMHITEH OTTi. BUOXMMMWSABIK CKPUHWUHIP
| >xaHe Il TpumecTpAaepaeri XYKTIAIKTIH 11-13 anta >xeHe 14-20 anTa apaAblFbiHAQ >KYPTi3iAAi.
| TpMMecTpae KaH capbICyblHAQFbl €Ki KepceTKiluTepi: aAaM XOPMOHADBIK, TOHAAOTPOMUHHIH
(AXT) ropmoHbIHbIH, B-cy66ipAik >keHe PAPP-A 6eAOKTbIH MeALIEpAEpi, «KOC TecT» 6GoWbIHLIA
aHbIkTaAAbl. || TpUMecTpAe KaH capbiCybiHAAFbI YU KepceTKiwTepi: aabda peTtonpotenH (ADIT),
60c acTproA E3 xeHe AXI MeAluepaepi “ywTik TecT” 60MbiHIA aHbIKTaAAbl. MMMYHOMEPMEHTTIK
BAIC HeriziHAe OyA OuoMapkepAepaiH KepceTkiwTepi OOMbiHILIA YpPbIKTa XPOMOCOMAAbIK,
OYy3bIAbICTApPAbIH  6ap 6OAY MYMKIHAIM aHbiKTaAAbl. 3epTrey 6GapbiCbiHAQ KayinTi TonTbl
KypacTbipFaH 662 (2,2%) XXYKTi aeAre MHBa3mMBTI AMArHOCTMKA >XacaAblHAbl. OAapAblH XOPUOH
BOPCMHKaAapbIHbIH MeTadasaAblk, KAeTKaAapblHa LIMTOreHEeTUKAAbIK, 3epTTEYAep >KacCaAblHAbBI.
41 (6,2%) ypblKTapAblH AaMyblHAQ aybITKYAQp aHbIKTAaAAbl. EKi ypblKTa KMCTO3AbIK rMrpoma
xaHe spina bifida aybiTkyAaapbl 6arkassbl. 39 (5,9%) ypbikTa KapuoTUnTepAiH 6y3blAbICTapbl
aHbIikTaAAbl. OAaQpAbIH iWiHAE AayH CMHAPOMbBIHBIH KapuoTumi 29 ypbiKTa aHbIKTAAAbI, KE3AECY
KMIAITT 74,4% Kypaabl. XKac dakTtopbl 60MbIHILA CAAbICTbIPMAAbI TaAAdy XKacaFaHAQ, YPbIFblHAQ
AayH CMHAPOMbIHbIH KapuoTuni 6ap >kacbkl 30 >keHe oAaH >KoFapbl XXYKTi arneaaepae >kacbl 30-
fa AEMIHr XXYKTi oMeAAepMeH CaAbICTbipFaHAa, 2,2 ece apTybl 6aikassbl. COHbIMEH, YPbIKTbIH
AaMybl GoAallak, aHaAapPAbIH >Kac pakTopbiHA 6Te TAYEAAI EKEHAITH KepceTTi.

Tyiin  ce3aep: OMOXUMMSIABIK,  CKPUHMHI,  OMOMapKepAep, WMMMYHO(EPMEHTTIK  TaAAay,
XPOMOCOMAAbIK, 6Y3bIABICTAP, YPbIK, KAPUOTH.
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Results of biochemical screening of fetal malformations

The leading cause of malformations of the human fetus is chromosomal abnormalities. In connection
with this, one of the main tasks of medical genetics is to reduce the incidence of chromosomal pathology in
the human population. To solve this problem, invasive and non-invasive methods of prenatal diagnosis are
used. The article presents the results of biochemical screening of blood serum of pregnant women and, in
particular, the results of a cytogenetic study of the fetus of pregnant women at risk. Biochemical screening
was conducted for 30335 pregnant women. The screening was conducted in the | and Il trimester at 11-13
and 14-20 weeks of pregnancy. In the first trimester, a “double test” was used to determine the level of the
B-subunit of the hCG hormone and the pregnancy-related plasma protein RAPP-A. In the second trimester,
a “triple test” was used — determination of the level of AFP, hCG and free estriol E3. Based on the use of
the enzyme immunoassay, the results of the indices of these biomarkers determined the possibility of the
presence of chromosomal abnormalities in the fetus. According to biochemical screening, a risk group
was identified from 662 (2.2%) pregnant women who underwent invasive diagnosis. Cytogenetic stud-
ies of metaphase cells of villi chorion were carried out. Fetal development disorders were detected in 41
cases, which was 6.2%. In two cases, cystic gigrum and spina bifida were identified. Karyotype disorders
were found in 39 (5.9%) of the fetuses. Among them, the karyotype of Down syndrome was revealed in
29 cases, which was 74.4%. Comparative analysis by age factor showed an increase in the frequency of
fetuses with Down’s syndrome by 2.2 times in pregnant women 30 and older.

Key words: biochemical screening, biomarkers, enzyme immunoassay, chromosomal abnormalities,
fetal karyotype.
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Pe3YI\bTaTbI 61MOXMMHUYECKOro CKPUHUHIa NMOPOKOB pa3BUTUA NMAOAA

Beayuieit npMyunHOM MOPOKOB Pa3BUTMS MAOAQ YEAOBEKA SABASIOTCS XPOMOCOMHbIE HapyLUEHMS.
B cBS13M C 3TMM OAHOI M3 OCHOBHbIX 3aAa4 MEAMLIMHCKOM FeHETMKM SBASETCS CHU)KEHWE 4acCTOTbl
BO3HWKHOBEHUSI XPOMOCOMHOM MAaTOAOTUM B MOMYASILIMM YeAOBeKa. AAS pelleHns AaHHOM MPOBGAEMbI
VCMOAb3YIOTCS WHBA3MBHblE W HEWHBA3MBHblE METOAbl MPEHATAAbHOM AMArHOCTMKM. B craTbe
NPEACTaBAEHbI PE3YAbTATbl BUOXUMMUYECKOrO CKPUHUHIA CbIBOPOTKM KPOBM GEPEMEHHbBIX SKEHLLMH U,
B TOM YMCAE, PEe3YAbTaTbl LMTOrEHETUUYECKOrO UCCAEAOBAHMS MAOAQ GEPEMEHHbIX XKEeHLUMH rpyrrbl
pucka. broxnummnueckuii ckpuHuHr nposeaeH 30335 6epemeHHbIM skeHLmHam. CKPUHMHET MPOBOAMACS
B | n Il Tpumectpe Ha 11-13 n 14-20 HepaeAsx GepemMeHHOCTU. B nepBom TpuMeCTpe UCMoAb30BaAM
«ABOWVIHOI TECT» — ONPeAeAeHMe YPOBHS B-CybbeanHULbI ropmoHa XY 1 cBg3aHHOro ¢ 6epeMeHHOCTIO
naasmeHHoro 6eaka PAPP-A. Bo BTOpPOM TpUMECTpE MCMOAb30BAAU «TPOMHOM TECT» — OMPEAEAEHME
yposHs ADI1, XI'Y n cBoboaHoro sctpuoaa E3. Ha ocHoBe MCNoAb30BaHWsS MMMYHOMEPMEHTHOrO
MeTOAQ MO pe3yAbTaTaM rokasaTeAer 3TUX 6GUMOMapKepoB OMPEAEASIAM BO3MOXHOCTb HaAMUUS
XPOMOCOMHbBIX HapyLIeHW y MA0AQ. 10 AQHHBIM BUMOXMMMYECKOrOo CKPMHUHIA BbIIBAEHA rpymnra
prcka 13 662 (2,2%) 6epemMeHHbIX XKEeHLIMHbI, KOTOPbIM BblAa MPOBEAEHA MHBA3UBHAS AMArHOCTMKA.
[TpoBeaeHb! UMTOreHeTMYeCKe NCCAeAOBaHMS MeTaasHbIX KAETOK BOPCMHOK XOpWoHa. HapylieHuns
pa3BUTKS MAOAQ OOHAPY>KeHbI B 41 CAyuae, UTo COCTaBUAO 6,2%. B ABYX CAyuasix BbIIBAE€HbI KMCTO3Hasl
rurpoma u spina bifida. Hapywenuns kapnotuna o6HapyskeHbl y 39 (5,9 %) nAoa0B. Cpear HUX KapuoTwI
cMHAPOMa AayHa BbiSIBA€H B 29 CAyYasix, UTO COCTaBUAO 74,4% . CpaBHUTEAbHbIN aHaAM3 Mo hakTopy
BO3pacTa MokasaA yBeAMUEHME 4acTOTbl MAOAOB C CMHAPOMOM AayHa B 2,2 pasa y GepemeHHbIx
>KeHWwKH 30 1 cTaplue AeT.

KatoueBble cAOBa: OUMOXMMUYECKMIA CKPUHUHE, 6GUOMapKepbl, MMMYHO(EPMEHTHbIN aHaAM3,
XPOMOCOMHbIE HapyLUeHWs, KapuOTUM MNAOAQ.
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¥ PBIK 1aMyBIHBIH aKaylapbliHa OMOXUMISUTBIK CKPUHHHTTIH HOTIDKEIepi

Kipicme

Kazipri tagma op TYpii XpoMOCOMAJbIK OY3bI-
JBICTAp JKOHE JaMYIBIH op TYPJi KeMiCTIKTepiMeH
TYBUIBII KaTKAH HOPECTENIep CaHbl KeMiMel OThIp,
coJ cebenTi KapUOTHINHJIEC OY3bUIBICTaphl Oap
YPBIKTBI AYHHETe 9KeNly CaHbIH a3alTy YIIiH XKYKTi
ofienmepre MpeHaTaabdl JUATHOCTHKA JKYPTi3iIei.
[IpenaTanbbl JMATHOCTHKAIA MHBA3UBT1 EMEC KOHE
WHBa3MBTI OJMICTI KOJJaHA OTBIPBIN, KYKTUIIKTIH
I, II TpumecTpiHIEri XpOMOCOMAIBIK aypyJap.Ibl
JKOHE Tya OITKEH KeMICTIKTep/Ii aHbIKTaiabl. | Tpu-
mectpae PAPP-A, B-AXT, Il tpumectpre B3, AXT
koHe ADII OmomepkepiiepiH KOJIAHBIN, XYKTi
oHieniep/Ii mpeHaTasb/Ibl THarHOCTUKAIaH OTKI3eIl.

[Ipenaranbapl  CKPUHUHITIH  HETI3ri  KOM-
IJIEKCT OMOXUMUSIIBIK CKPUHHHT OOJBIT  TaOBI-
nasibl. BUOXMMUSUTBIK CKPUHMHT KYKTLTIK Ke31HJIeT1
JUAarHOCTHUKAJBIK KEHIeH. YPBIFBIHIA XPOMOCO-
MaJIbIK OY3BUIBICTAPHI )KOHE KYHKE TYTITIHIH aybIp
KeMICTiri Oap KYKTi oHernnmepai KOyinTi TonTapra
Oipikripeai (Wald, 2006: 769; Kynakos, 2000: 56).
CKpHHUHT 0ApBICHIH/IA KaH CapbICYbIHIAFbI apHABI
OromapkepepiH (ropMoHaap, 6eJoKTap) Memepi
AHBIKTAJIBIHAIBI.

AnmaMHBIH XOpHOHIBI ToHamoTporuHi (AXI)
— 00oc cyOonOipiikTi 0eta-AXI — KYKTUTIKTIH 1-111
TPUMECTPIHE YPBIKTBIH JaMYbIH aHBIKTAyFa MYM-
KiHmiK Oepemi. XOpHOHABI TOHATOTPOIIHMH XOPHOH
KJIIeTKachIHaH OeJiHe i (YPBIK KaObIPFachl), COHJIBIK-
TaH OJ KaHJa epTe aHbIKTanaibl (YpBIKTaHyZaH
Keiin Oipiammn kyHaepme) (Acanos, 2003: 224;
Lao, 2009: 55; Vranken, 2006: 639). AXT" (agam
XOPHOHIBl TOHAJOTPONMH) €Ki CyOBOipIiKTeH
Typasel: Oipinm — 6era, Tek AXI yIIiH epeKIeniK
xoHe anb(da-Oipiiri, o5 JIIOTEMHAEYII TOPMOH
cusiktel. Tpodobnact kimerkacel AXI cuHTe3iHEH
KCHIH Ky3ere acambl, COJ Ke3lIe dMOPHOH KaThIp
KybICbIHA HMIUIAaHTaluMs >kacailabl. byn mporecc
OapibIK KYKTUTIK Ke3iHzae »kanracanbl. Kem wmed-
mepaeri AXIT KOHIIEHTPAIIUACH )KYKTUTIKTIH 11-12
anTachlH/Ia Keliedl, KeHiH OHBIH MeJIepi TOMEH-
Jeil, YKTUIIKTIH EKIHII KapThICBIHAA TYPaKThl
nerreiine xamanel (Pommma, 2005: 259; Souter,
2002: 175; Cicero, 2003: 306 ).

AXI peini — capbl ACHEHIH KYMBICBIH KamTa-
MachI3 €Ty oHE OYJI KYKTUIIKTIH TaHy CHTHAJIBI
OOJBINT  TaOBLIAJBI, YPBIKTHI KYMBIPTKaHBIH aHa
opranusmine kiOepemi. AHa opraHusmi YIIiH
ToMeH akTHBTI AXI — YPBIK KYMBIPTKAHBIH OJICi3
CUTHAIIBIHBIH, Oipi OoJbIn TabbuIaabl, cebedi oifen
OpraHu3Mi YpBIK CHUTHAIJApblH YHeMi Oakbuian
OTBIpaabl, OYJI CHTHAJI YpPBIK OOJITriHeH Kelei.
AXT KYKTITIKTIH OpTYpJi KUBIHIBIKTAphl Ke3iHIe

JKOFapbUIaybl HE TOMEHJEYl MYMKiH, OipaK >KyK-
TUTIKTIH KUBIHIBIKTAPBIHEIH KaTepi AXI skoHe 6oc
Oera-cyonOipiik AXI neHreiiHiH )KOoFapbliaybIHaH
6omaser (Yrakosa, 2002: 111; Shijders, 2003: 351).

PAPP-A — epekmie Oellok, ofen OpraHU3MIC
KYKTUTIK yakpITBIHAA KemTen OeriHai, Oackaria
aTaybl OKYKTUTKTIH ~A-TPOTEHMH IIa3MachbIMEH
OaitmanbicKaH Ocnok. JKYKTi oienaepe YPhIKTHIH
TpodobIacThl OHAIpEl, OYJ1 OSIIOK YPBIKTHIH AaMy-
bIHJIa MaHBI3/IBI Oombin kenemi. PAPP-A xykrinik
Ke3iHme OipiHmI TpUMecTpAae KbICKa YaKbITTa
JKOFapbl 0onasbl. ¥PBIK JaMYbIHBIH KEMICTIKTEPiH,
JlayH CHHIPOMBIHBIH KaTEPiH )KOHE YPBIKTHIH 0acKa
XPOMOCOMAIIBIK OY3bLIBICTAPBIHBIH Maia 00TybIH
kepcereai, conapikTan PAPP-A Tecti npHeTaib/ b1
JIMATHOCTHKAJIa KEHIHEH KOJJAaHBUIAbI. MBICAIIbI
PAPP-A temen 6oica, ypeikra Jlayn Hemece Oa-
BapJic cuHIpoMbl 0oy MymKiH (baxmaes, 2012: 22;
Akolekar, 2009: 320; Gagnon, 2008: 918).

PAPP-A nenreiii sxkykrimiktig 11-14 anrana-
pBIHIA ONTUMAaNbIi JeHredre skerexi. PAPP-A
skoHe AXI Memmepi kem Karjaia YpBIKTarbl
Hays curnpomMbIHBIH Katepin kepcereni.(Bacchelli
2006:13, Spencer 2008:31).

Anbda-peronporenn(ADPIT), AXT ropMmoHIaps!
xkoHe O0oc actpmon (bBD) II Tpumectpaeri Herisri
Mapkepsep 0ojbin TaObuIaAbl. Bys Mapkepriepain
KOMETIMEH KOT JKarjaiiapia YPBIKTBIH OpPTabIK
KYWKE JKYyHeciHmeri KeMICTIKTepIi aHBIKTajaIbl
(bapamues 2003:224, Kumkyn 2009:31, Jlonros
2007:320, Gonzalez-Bugatto 209:221, Graves
2002:15).

AO®II — Oy ¢peranbi IUKOIPOTEHH, MOJICKY-
nmanel Maccackl — 68 k/la, o3 anapiHA OEIOKTHI
Ti30€K Kypalmpl, capsl JIEHE KOIpIIiKTepi MEH
ypBIK Oyiiperi eHpmipeni. byn Oenok oiien KaHbIHA
IUTAleHTa apKbUIbl Tyceai. O3iHIH KacueTiMeH
anpOyMuHIEp TOOBIHA Kipeai, olapra: ambOyMuH,
Oernok, OaitmanbicTeipymibl [l BuTamuHi, anbda-
MPOTEHH JKoHE anb(a-anbOyMuH kaTaibl. COHBIMEH
karap, A®Il wMmmyHApIK >xayarm Oepyrmi, ecymi
PETTEUTIH JKOHE JETOKCHKAIMSIIAFbl JaMy SIFHH,
YPBIKTBI KOPFAy POJiH aTKapajsl. Alb(a-mpoTeuH
SKIHIIII TPHUMECTPAC ONTHUMAIbIlI JeHTeime 00-
nanel. BipiHmi xone ekinmn tpumectpaeri ADIT
JICHTeHiHIH KaJIBINTHl JCHIeHJICH CYCBI3J/IBIKTA,
OYipek areHe3usChIH/A, KapbIH-IIIeK aKayIapblHaa,
YPBIK OCYIHIH TOKTATbUIYbIH/A, KHUCTO3JbIK THI-
poMaza, YphIK TaMbIpJIapbiHbIH OiTenyiHae, Kem-
VPBIKTHI )KYKTLIIK KE€31H]Ie )KOFapFBI IeHT e Ie 0oma-
1l (Kyperiana 2009:17, Deveci 2009:94, Goetzinger
2009:412).

JKykTi olennmepniH KaH capbICybIHOAFbel bD,
A®IT xone AXI' nmeHrediH aHBIKTAy >KYKTUTIKTIH
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14-20 antacel apanbiFsl xy3ere acsipbuiaasl (Celik
2008:549, Meloni 2009:361).

BD — Oy cTepouaTsl TOPMOH, KYKTUTIKTIH
I  TpumecTpiHie IUATHOCTHUKAIBIK  MaHBI3/IbI
KOpCeTKIm Oonmbm  TaOblIampl. boc  scTpuon
OylipekTe JoHe OyHpekycTi Oe3iHjae eHIipiiei.
Anam opraHusMiHAe YII TaOWFH 3CTPOTCHICPIiH
imriHAe (3CTPAIHUOI, SCTPOH KOHE DCTPHOII) ICTPH-
OJl €H KbICKA Ke3eHJIe JKapThlIai MIbIFapajbl KoHE
OMOJIOTHSUTBIK aKTHUBTI KeJIei. DCTPHOJT XUMUSITBIK
KYPBUIBICHI OOWBIHINIA CTEPHOATHI TOPMOH OOJIBITI
tabbuaasl (Ilepmunosa 2010:20, Poon 2010:216).

3epTTey MaTepuaAapbl MeH dicTepi

AJMaThl KaJlaJblK ajaM epOiTy OpTajbIFbIHBIH
MEJNKO-TeHETUKANBIK ~ OemiMiHae HWMMyHO(hEp-
MEHTTIK Tayijay 3eprxaHackiHiga 2017 KbUIbIH-
ma 30335 okykTi oennepAiH KaH CcapbiCyblHA
OMOXVMHUSIBIK CKPUHHUHT JKacalblHIBL.  JKYKTI
olfenepiiy kackl 22 MeH 46 jkac apaybIFbIHAAFbI
Oonael. 3epTTey OapbIChIHIA KAayiNTi TONTHI Kypac-
TBIpFaH 662 )XYKTi oeraepre MHBA3UBTI THAarHOCTH-
ka rxacanbHbl. JKykrimiktin I, 11 Tpumectpingeri
10 xone 14, 16 xone 20 anrta apaibIFbIHIAFHI
JKYKTI oHeNmepaiH THEPTCH aml KpBIHFA aJlbIHFaH
KaH capblcybl Tahmananiasl. KaH capbiCybl IeH-
Tpudyra >xonbIMeH anbiHAbL. KaH capeicybl ap-
Hailbl KOHJBIPFBUIAPFA KYUBUIBIT TOHA3BITKBIIITA
cakrananel. B-AXIT, PAPP-A, A®II, B3 wmapkep-
JepAiH Memepi UMMYHO(EPMEHTTIK 9.1ici OOMBIH-
112 aHBIKTAIBI. ApHAIBI AMAarHOCTUKAIIBIK peareHT-
Tep JKUBIHTHIKTaphl Koimaneuinbl: DELFIA AFP

kit, DELFIA Free hCGb kit, DELFIA PAPP-A kit,
DELFIA uE3 kit (Perkin Elmer, ®umnstanus). Ap-
Haitbl «MultiCalcy kommbroTepiIiK OarmapiiaMachl
konganasl. Crangaptrap peringe <0,1% wuarpuit
asuai Oap cay agamMHBIH KaH CapbICybl Iaija-
nauapl. CraHmapTrap TPaBUMETPHSUIBIK icTepi
apkputel pertenred. Kaiita ecenrenren daxTops! 1
HMOnB\1=0,288 Hr/mMi. MMMyHOIMarHOCTUKAIBIK
peareHTTep JKoHE KAOIBIKTAp KEIIEH Il XKYHeCiHIH
Oip Oemiri OombIn TaOBUIANBL. BHOXUMUSITBIK
MapKepJIepIiH MoJIIepi KOMITIOTEPIiK OarmapiaMa
OoiibiHIa MoM Oipairine aybIcThIpbULIEL. MoM
KaJeIThl Kepcetkini 0,5-2,0 kypaiiael. (Breathnach
2007:110, Kagan 2008:493).

3epTTey HITHAKEIEPI KIHE 0JIAPABI TAIAAY

buoxumusnslk ckpuHUHrTEeH oTkeH 30335
KYKT1 oifenzaep imiHae OMOXHMUSUIIBIK MapKep-
JepAiH KOPCETKIIMTEepi KaJBIITHI KOPCETKIMITEH
aybITKybIHa OaillaHbICTBI 662 KYKTI oiienuep
Kayinti Ttomka eHrizinmi. OHbIH okmimiri 2,2%
Kypansl. KayinTi TOmTarel JKYKTi olennepain
inriage tex 41 (6,2%) ypbIkTapia XpoMOCOMAaIIbIK
Oy3buibicTap TaObUIABL. JKYKTLTIKTIH Mep3iMiHe
KaTeICTHI, | skoHe Il TpuMmecTp OoifbIHIIA, apHANHI
«KOC» JKOHE «YIITIK» TecTep Kougaunubl. «Kocy»
tecT OoibiHa PAPP-A, B-AXI" mapkepiiep xoHe
«ymTik» TecT apkpuiel B-AXI, A®DII, BD wmap-
KepJiep aHbBIKTANbIHAABL. | TpUMecTpIeri KyKTi
oitenaep canbl 33 xone Il Tpumectpae — 8 Ooi-
bl 1-mi JkoHE 2-TIi KecTeliepae OChl TeCTepIiH
HOTHIKEJIEePi KOPCETIITeH.

1-kecte — I TprMecTperi XKYKTI alieniep KaH capbICybIHA )KacalFaH «KOC» TECT HOTHIKECI

No >KY1;TTiL‘I9ﬁeH YKachl p’i/l[):I\-AA’ B ll/i))li/f, M(YKTi(gﬁTZA)emiMi ¥YPBIK KapHOTHII
46,XX,del : 46,XX

1 I1.H. 28 0,40 2,38 12-13 6,XX.de [(87(35/(3?230‘%5)/ 6,
2 KA. 29 0,38 1,88 12-13 47, XX, +21

3 EJL 33 1,75 4,34 13-14 47,XY,+21

4 T.H. 36 1,49 3,27 12-13 46,XX,del(7)(q33:935)
5 C.A. 34 0,66 1,14 13-14 47,XY,+21

6 X.JL 41 0,42 1,82 12-13 47,XX,+21

7 T.P. 27 0,24 1,6 12-13 47, XX, +21

8 B.I. 34 0,36 2,5 13-14 Kucrozabik rurpoma
9 B.O. 28 2,31 3,46 13-14 46,XX,del(7)(q33:935)
10 P.O. 27 0,96 4,22 12-13 47,XY,+21

11 AA. 26 0,07 0,05 12-13 69,XXY
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1-kecmenin Jcaneacwoi

12 K. 42 035 1,48 13-14 47,XY,421

13 AP, 24 0,15 0,13 13-14 47, XX+18

14 AA. 25 1,63 2,68 13-14 47,XX+21/46,XX

15 KOK. 30 0,19 0,46 12-13 47,XY,421

16 K.A. 37 0,67 2.1 12-13 47, XX, 21

17 ILX. 25 031 1,72 13- 14 47, XX, 21

18 AA. 39 0,42 2,25 13- 14 47,XY,421

19 T.M. 34 0,32 1,81 12-13 47,XY,421

20 MK. 40 0,37 3,94 13- 14 47, XX 421

21 PA. 41 0,46 1,29 12-13 47,XY,+21

2 A3. 34 0,86 1,56 13- 14 47,XY,421

23 IILT. 45 1,86 1,59 12-13 47, XX, 21

24 K.M. 31 033 2,52 13- 14 47, XYA21

25 PH. 41 0,58 1,47 12-13 47, XY, 421

26 E.JL 32 0,30 2,47 13- 14 47, XY421

27 KOK. 28 0,25 1,47 12-13 47, XYA421

28 AK. 46 0,90 1,75 13- 14 47, XX, 21

29 B.B. 2 0,07 033 12-13 48.XXX,+18/46 XX
[80%;20%]

30 X.3. 28 0,71 2,04 13- 14 47 XXY

31 CJL 33 0,03 0,20 11-12 69,XXX

3 CM. 35 0,45 1,32 1n-12 46.XX.delS)(p14:p 1)y

46,XX [30%;70%]
33 KL 38 0,42 3,02 12-13 47,XX421
Koc tect wotmkeci OoiibiHma 32 (96,9%) 1 (3,03%) xarmaiima - 48 XXX,+18/46,XX

YPBIK XpOMOCOMACHIHAA OV3BIIBICTAPEI Oap jkoHe 1
(3,03%) mamybIHIA KONTIK akaybl 0ap (KUCTO3/IBIK
XpoMOCOMAaIbIK
Oy3puTBICTaphl  Oap ypbeIKTapAaslH imiHae [layx

TUTPOMa)  YPBIK

AHBIKTaJIIbI.

[80%;20%] sxoHe
46,XX,del(5)(p14:p1)/46XX
1 (3,03%) xarnaiina

KapHOTHITEPI

AHBIKTAJIJIBL.

(3,03%) oxarmaiima —

[30%;70%]  >xoHe
46,XX,del(7)(q33:935)
HamyblHOaFsl — op

CUHJPOMBIHBIH Kapuotumi 23 (69,7%) sxarnaiina
anbikTanabl. Onbry imiage 10 (30,3%) xarnaiiza —
47,XX,+21 xone 13 (39,3%) xarmatina—47,XVY,+21
KapUOTHUIITEPI aHBIKTAIBI. DABAPJIC CHHIPOMBIHBIH
tpucomusicel 1 (3,03%) xarmaiina -47,XX,+18
KapUOTHUITI aHBIKTA/IBI, KOHE OHBIH MO3aWKaJIbIK
typi 1 (3,03%) xarmaiina -48,XXX,+18/46,XX
[80%;20%] kapuoruni anbikTanael. KinaitHdens-
tep cuaapomubiy 1 (3,03%) xarnaiina — (47,XXY)
KapUOTHUII aHBIKTAJIABI. X—XPOMOCOMACHIHBIH I10-
mumonausicel 1 (3,03%) xarmaiina — (69,XXVY)
xoHe 1 (3,03%) xarnaiina — 69, XXX xapuoturrepi
aHbIKTAIABl. X —  XPOMOCOMAcChl  OOMBIHIIA
KYpBUTBIMABIK e3repicTepi Oap ypwikrap 4 (9,7%)
xarmaiina — 1 (3,03%) 46,XX.del(7)(q33:q935),

TYpJi KeMicTiri 6ap (KHCTO3/BIK THIPOMa) YPBIK |
(3,03%) sxarmaiina Oalikanmbl. Kuctos3meik rurpo-
Ma — MOMBIHHBIH TUMda TYHIHIEPiHIH JaMybIHIAFbI
OY3bUTYJIAP IbIH HOTHXKECI.

2-KecTe/ie KOPCETUITeH e VIITIK TeCT HOTH-
xueci OoiiprHma 7 (87,5%) yphIK Xpomacoma-
chIHJA Oy3bUIbICTapel Oap, xome 1 (12,5%) na-
MybIHIAa KOITIK akKaybl Oap YpBIK aHBIKTAJJIbIL.
XpomMocoMambIK OY3bUIBICTaphl 0ap YPBIKTApIbIH
iminge Jlayn cuHapombr 6 (75%) karmaiina
anpIkTaAbl. OHbIY imrieHne S5 (62,5%) sxarnaiiaa
— 47, XX+21 xome 1(12,5%) xarmatima — 47,
XY+21 kapuorunrepi aHbIKTanpl. KapuoTuminge
XPOMOCOMAJIBIK ~ KYPBUIBIMIBIK ~©3repicTep Oap
ypeik 1 (12,5%) xarnaiina — 47, XX, +mar/46,XX
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KapHOTHIII aHbIKTaiAbl. JlamybiHOa akaysl (spina
bifida) 6ap ypeixk 1 (12,5%) xarnaiina Kemecri.
Spina bifida — oMBIpTKaHBIH 1aMy aKaybl.
Opnebuertep OoiipiHIIAa aHa kackl 30-7maH
ackaH JKarmaiga TypurFaH Oamanap immame [layx
CHUHJPOMHBIH JKHIUIITT  eIoyip J>KOFapialThIHBI

oenrini (Nussbaum, 2007:91). /lamy GapbIChIHIaFbI
KONTEIreH  XPOMOCOMAIIBIK  Oy3bLIBICTAD  MCEH
YPBIKTBIH Tya OITKEH KEeMIiCTIKTepi, COHBIH illiHae
JlayH CHHIPOMBIHBIH KapUOTHI 0ap YPBIKTapIbIH
JKYKTI oHenmep >KachIMEH KaHIIAJIBIKTHI OaijaHbI-
CTBI EKEHJIITI 3-1111 KeCTe/Ie KOPCETUITeH.

2-kecte — Il TpuMecTipaeri )yKTi siiesiep KaH capbICyblHa JKaCIFaH «YIITIK» TECT HOTHKEC]

NoNo X{YI;TTi;ﬁeH Kacsl Bl;/II\o )ls/f’ /;/Iq;ll\}[, b3, MoM X(YKTi(J;E(TZI)ep simi ¥ pbIK KapUOTHITI

1 PA. 27 0,45 4,45 1,7 17-18 Spina bifida

2 KT 26 2,17 0,81 20-21 47, XX, +21

3 A.H. 28 2,12 0,81 19-20 47,XX,+21

4 0.3. 43 1,27 0,27 20 -21 47,XX,+21

5 AN 28 2,7 0,67 20-21 47,XX,+mar/46,XX
6 M.O. 33 1,19 0,46 20-21 47 XX, +21

7 K.P. 41 1,45 0,71 20 -21 47,XY,+21

8 T.HO. 26 1,4 0,38 19-20 47 XX, +21

3-kecTe — YPBIK JaMyBIHBIH aybITKYbI O0ap JKYKTi oHenaepiH jKackl

. . ¥PBIK AaMyBIHBIH aybITKYbI 21 XpoMOCOMaHbIH TPHCOMHUSICHI
JKykTi offenio sxxacel — —
CaHBbI, N kuimiri, % CaHBbI, N skuimiri, %

20-29 17 41,5 9 31,0

30 >xoHE OJJaH KOFAPbI 24 58,5 20 69,0

Bapibirbl 41 100 29 100

4-kecte — YPbIK KApUOTUIIHACTT OY3bUTBICTAD JKHUITIT]
Ne XpoMOCOMAaITBIK OY3BUTBICTAP KapuoTumi Cansl, n Kwuimiri, %
47,XV,+21 15 38,5
21 XpoMOCOMaHBIH TOJBIK
! TPHUCOMMSICHI KIHE MO3AUKAIIBIK TYPi 47,XX,+21 14 359
47,XX,+21/46,XX ’
46,XX,del(7)(q33:q35)/ 46,XX [80%;20%]; 1 2,6
2 KypbUTbIMIBIK jK0HE MO3aHKAIIBIK 46,XX,del(7)(q33:935); 2 5,1
Typrepi 46,XX,del(5)(p14:p1)/46,XX [30%;70%]; 1 2,6
47,XX,+mar/46,XX. 1 2,6
18 XpoMOCOMaHbBIH TOJIBIK 47.XX 418 1 2.6
TPUCOMUSICHI
18 XxpoMOCOMaHbIH TPUCOMHSLIBIK, 48 XXX +18/46,XX 26
4 X-xpomocoma GoifbIHIIIa 9%:20° 1
TIOTMCOMUSIUTBIK MO3aUKaJIBIK TYPi [80%:20%]
5 X-XpOMOCOMACHIHBIH ITOJINCOMUSCHI 47, XXY 1 2,6
69,XXVY 1 2,6
6 [Nonummonaus

69, XXX 1 2,6
Bapnbirbt 39 100
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¥ PBIK 1aMyBIHBIH aKaylapbliHa OMOXUMISUTBIK CKPUHHHTTIH HOTIDKEIepi

3-kecTe OOWBIHINA YPBIK AAMYBIHBIH ayBITKYbI
Oap »xacel 30-ra gmeiiinri KykTi odemmepmi 30
JKOHE OJIaH JKOFapbl KYKTI oHeNACpPAIH KaChIMCH
canbicTeippuiranaa, 41,5% xone 58,5% colikec
6omnpl, sFHU 1,4 ece xem Oomnabl. ¥poiFrbiaaa [layH
CHHPOMBIHBIH KapHOTHIT Oap skackl 30 jxoHe o/1aH
JKOFaphl KYKTiI oienaepae xacbl 30-Fa meHiHTi
JKYKTI oifeniepMeH CalbICThIpFania, 2,2 ece apTysl
Oaiikaibpl. 4 KECTele YPBIKTaFbl XPOMOCOMAJIBIK
OY3BUIBICTAp/BIH ~ CaHJBIK JKOHE KYPBUIBIMJIBIK
©3TrepiCTepAiH KU1 KOPCETIITEH.

4-xecte OodbiHIIa, Kaumbl 2017  KBLIABIH
imiHAe AaMybIHBIH Oy3buibicTapel Oap 41 ypbIK
aHBIKTaJFaH, OoHbIH imiHae 39 (95,1%) xarmaiina
CaHJIbIK OY3bUIbICTAp JKarmaibl OOJIJbI, al 5 Kar-

TPUCOMUSUIBIK, X-XpoMocoMa OOMBIHIIA MOJIHCO-
MHUSUTBIK MO3aWKaIBIK TYpi Ke3necTi. JKeIHBIC Xpo-
MOCOMAJIapbIHBIH ~ OY3bUIBICTAphl 3 KaFjaija,
xuiniri (7,6%) kypazabl. CaHIBIK XpOMOCOMAJIBIK
OY3BUIBICTAPABIH immiHAe 21 XPOMOCOMAaHBIH TpH-
COMMUSICBI YKOFaphl ACHIelal anbin oThIp, 74,4% Ky-
pazbl. 18 XxpoMocoMaHBIH TpUCOMUSCH 2,6% Kypa-
ITBI. X-XpOMOCOMACKIHBIH MOTUCOMHESICH (47,XXY)
2,6% xypazapl. [lomurmiouarsr ypeik 2 (5,1%)
JKargana Ke3aecTi.

CoHBIMEH, 3epTTey HOTHKEeNepi MpeHaTalb-
bl TMarHOCTHKA CaJlaChIHAAFbl  KOJIJaHATBIH
OMOXMMUSUTBIK CKPUHUHT 911CTePIiH KaXKETTiIT1H
KOpCEeTIN OTHIp. ¥PBIK NaMYbIHBIH KeMiCTiKTepi
Oap Oonynma ypeiktapaa JlayH CUHAPOMHBIH

naiina (12,8%) xpoMocoMaHbIH KYPBUIBIMABIK XkoHe — Kapuotumi  70,7%  kargaiga  KypalTbIHBIH
MO3aHWKaIBIK TYpiepi JkoHe 18 XpOMOCOMaHBIH  KOpPCETeIi.
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BAUAHUE 3ACYXU HA POCTOBbBIE TTAPAMETPbI U
NMUITMEHTHbIN KOMIAEKC AMUHUU TTLUEHULLDBI,
NMOAYYEHHbIX OT MEXXBMAOBbBIX CKPELLUMBAHUN

HeaOCTaToK BAArM SIBASIETCS KAKOUEBbIM CTPECCOPOM B YCAOBUSX TAOOAABHOIO M3MEHEeHUs
KAMMaTa. AydlieMy NOHMMAHMIO MpoLecca apanTauum PacTeHMIA K YCAOBMSM 3aCyXM MOKET MOMOYb
M3yyeHue BAMSIHWUS OTHOLIEHWIA SAPO-LUMTONAa3Ma. LleAbto paboTbl ObiA aHAAU3 M3MEHEHMS POCTOBbIX
NapameTpoB M TMUIMEHTHOrO KOMIMAEKCA MPOPOCTKOB TMOPUAOB M AAAOMNAA3MATUYUECKUX AMHMIA
MLEHULbI, MOAYHYEHHbIX B PE3YAbTATE MEXKBUAOBBIX CKPELLMBAHMIA, MPU BO3AENCTBUM MHAYLIMPOBAHHOM
3acyxu. MccaepoBaan 10-AHEBHbIE MPOPOCTKM, BbIPALLEHHBIE B ONTUMAAbHbIX M CTPECCOBbIX YCAOBUSIX,
MOAEAMPYEMbIX B BOAHOM KyAbType. CrekTpohOTOMETPUYUECKM B CMIMPTOBbIX IKCTPAKTAX OMPEAEASAM
coAepKaHMe XAOPO(UAAA U KAPOTMHOMAOB AMCTOBbIX MAACTMHOK. [lokasaHo, 4TO u3MeHeHue
AKTMBHOCTM POCTA NMPOPOCTKOB OMPEAEASETCS HE TOAbKO aKTUBHOCTbIO KOPHEBOM CUCTEMbI B YCAOBUSIX
3aCyxu, HO MO>KET BbITb CBS3aHO C ONTMMM3aLMer B paboTe hoToCuHTeTMYecKoro annapara. OTMeueHo,
4TO KOMOMHALMS SAPA U LMTOMAA3MbI, MPUHAAAEXKALLMX K PA3HbIM BUAAM, MOTYT KaK YAYULIUTb, TaK
M YXYAWUTb BaXKHble (DM3MOAOIMUECKME MapamMeTpbl CTPECCOYCTOMUMBOCTU U (POTOCUHTETUUECKON
aKTMBHOCTU. MaeHTUDMUMPOBaHbl HAMBOAEE TOAEPAHTHbIE K 3aCyXe aAAOMNAa3MaTUUeckne Autmumn D-d-
05 b, D-b-05, D-41-05 u HanboAee HyBCTBUTEAbHbIE (DOPMbI — aAAOAMHMS D-f-05 1 rubpua Al.

KatoueBble cAOBa: MileHMLLQ, MEXBUAOBbIE TMOPUADBI, AAAOMAA3MATUUECKME AMHWM, 3aCYXOYyC-
TOMUMBOCTb, (POTOCHHTES.
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Effect of drought for growth parameters and pigment complex
of wheat lines obtained from interspecific crosses

Deficit of water is a key stressor in global climate change conditions. The studying the influence of
nucleus-cytoplasm relations can be helped to the better understanding of the process of plant adapta-
tion to drought conditions. The aim of the study was the analyze of changes in growth parameters and
pigment complex of seedlings of hybrids and alloplasmatic lines of wheat, obtained as a result of inter-
specific crosses, when exposed to induced drought. Investigated the 10-day wheat seedlings, which was
growed in optimal and stressful conditions simulated in water culture. The content of chlorophyll and
carotenoids of leaf plates was determined spectrophotometrically in alcohol extracts. It is shown that the
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change in the growth activity of seedlings is determined not only by the activity of the root system under
drought conditions, but may be associated with optimization in the photosynthetic apparatus. It is noted
that a combination of nuclei and cytoplasm belonging to different species can both improve and worsen
important physiological parameters of stress resistance and photosynthetic activity. The most tolerant to
drought alloplasmic lines D-d-05 b, D-b-05, D-41-05 and the most sensitive forms — allolinia D-f-05 and
hybrid A1 were identified.

Key words: wheat, interspecific hybrids, alloplasmic lines, drought tolerance, photosynthesis.
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Typapaabik, 6yAQHAQCTbIPYAQH aAbIHFaH 6UAAN AMHUSIAQPbIHBIH,
©Cy rnapameTpAepi MeH MUIrMEHTTIK YXMUbIHTbIFbIHA KYPFAKLUbIAbIKTbIH, dCepi

AyHue >Ky3iAiK aya-panblHblH, ©3repyiHe GaiAaHbICTbl, CYAbIH, >KEeTiCMeyLiAiri CTpecc TyfFbi3aTbiH
MaHbI3Abl KaFbIMCbi3 8cep OOAbIN TabblAaAbl. XKyMbICTbIH MakcaTbl, GaFbITTaAFaH KypFakLblAbIK,
acepiHeH TypapaAbik, 6YAQHAACTbIPY HOTUXKECIHAE aAbIHFAH GUAANABIH AAAOMAA3MATUKAABIK AMHMSIAAPDI
MeH ByAaH ©CKIHAEPIHIH 6Cy napameTpAepi MeH MUIMEHTTIK KMbIHTbIFbIHbIH, ©3repyiH Taaaay GOAbIMN
caHanaAbl. OHTalMAbl XK8He CTpeccC >KafaarblHAQ CyAbl OpTasa eckeH 10-KYHAIK ©CKiHAEp 3epTTeAAi.
CrnekTpoOTOMETPAIK CIUPTTI 3KCTPAKTbIAA >KarblpakKTapAaFbl XAOPOMUAA MEH KapaTMHOMATAPAbIH
MOALLEPi aHbIKTaAAbl. KepceTiAin oTbipraHAai, ©CKIHAEPAIH ©cCy 6GeACEHAIAITiHIH e3repyi Tambip
SKYMECIHIH KYPFaKLWbIAbIK XKafaarbIHAFbl GEACEHAIAINIMEH FaHa Ak bIHAAAbIM KOMMaM, COHbIMEH KaTap
(hOTOCUHTETMKAABIK, annapaTbiHbIH XYMbICbIHbIH OHTalAQHYbIMEH A€ BalA@HbICTbI GOAYbI MyMKiH. ATan
eTiAreHAen, 6uaait TypAepiHiH 8pTypiHe XaTaTblH SAPO MEH LMTOMAA3Ma KOMOMHALIMSIAAPbI MaHbI3AbI
(PM3BMOAOTUSIABIK, CTPECCKE TO3IMAIAIK >KoHe (DOTOCMHTETMKAABIK, BEACEHAIAIK MapameTpAepiH Kaaait
»KaKkcapTca, COAal HawapAaTasbl. KyprakLibIAbIKKA aHaFYPAbIM TOAEPAHTTbl AAAOMAA3MATMKAABIK,
AmHmsiaap D-d-05 b, D-b-05, D-41-05 eHe aHarypAbIM Ce3iMTaA MiwiHAEp — aAAOAMHUS D-f-05 nex

A1 6yAaHbl GOAbIM aHbIKTAAAbI

Tynin ce3aep: 6Guaaii, Typapaabik OyAaHAAP, AAAOMAA3MATMKAAbIK, AMHMSAQD, KYPFaKLIbIAbIKA

Te3IMAIAIK, poToCMHTES.

BBenenue

B pesyinbrare ri100anbHOr0 U3MEHEHHS KJIMMa-
Ta BO BCEM MUPEC YBCIIMYMUBACTCA 4aCTOTA U UHTCH-
CHUBHOCTB 3acyX. [ loHIMaHue BaKHEWIINX MEXaHU3-
MOB pearupoBaHus PACTCHUI Ha HEAOCTATOK BJIaru
UMeEeT pelaroiiee 3HaueHue sl IPOrHO3UPOBAHUS
MOCJIEJCTBUN M3MEHEHHUSI KIMMaTa Ha MPOILYKTHB-
HOCTH CEIbCKOXO3SHUCTBEHHBIX KynbTyp (Atkin et
al., 2009: 581).

OaHuM M3 BaXKHEUIIUX MPOLIECCOB, MPOUCXO-
JSIIMX B PAcTUTENbHOH KIETKe, siBisercst (oTo-
CHHTE3, KOTOPBIH UTPaeT KIIOYEBYIO POJIb B OIpe-
JIeJICHUX TPOIYKTUBHOCTH pacTeHui. Tonbko nmes
JIOCTaTOYHBIE 3a11aChbl CBOOOTHOMN SHEPTUH, aKKYMY-
JUPOBaHHON B mporecce (OTOCHHTE3a, U OTHCIb-
HBIE pacTeHHs, ¥ OHOICHO3bl MOTYT OOECICUYHTh
BBICOKYIO ITOTEHIIMAIBbHYIO IPOAYKTUBHOCTD U KO-
JIOTUYECKYIO YCTOMYHMBOCTh B BAPbUPYIOLIUX YCJIO-
Busix BHemHe cpeasl (Kyuenko, 2008: 814).
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[Ipu ananuze OOJBIIOrO KOJUYECTBA JAHHBIX,
MIOJIyYCHHBIX TPH M3YUYCHUHU ACHCTBUS aOMOTHYE-
CKUX CTPECCOpPOB, CTAaHOBHUTCS OYEBUIHOW CBSI3b
CTPECCOYCTOHUMBOCTH C TEHOMHBIM COCTaBOM pac-
TEHUH U, B YACTHOCTH, C TeHaMH, OTBETCTBCHHBIMU
3a ¢orocunreruueckue peakuuu (Chaves et al.,
2008: 551). Bknaa pa3nuyHbIX M€HETUYECKUX CH-
CTEM B peaju3alllio HAacJICICTBEHHBIX CBOWCTB Op-
FaHU3Ma HEOJIMHAKOB. SIIpO Kak MHTErPUPYOLIUI
LEHTP TCHETHYeCKOH HH(POpPMaLUU BCEH KIETKU
OTIpeneNsieT CTpaTeruio (HOpMHUPOBAHUS BUAOCIIC-
IU(PUUECKUX CBOKMCTB opranm3Ma. Torma Kak re-
HETHYeCKas CHCTEeMa LHUTOIJIa3Mbl ONpeAeiseT
TaKTHKY >KU3HM KJIETKH, OOYyCJIOBIMBas YpPOBEHb
QIalITUBHOM PEaKIUK Ha MEHSIOIIUECS YCIOBUS
cpeabl. [Ipu 5TOM IPOJYKTUBHOCTH PACTEHHSI H €ro
IIPUCHIOCOOJIEHHOCTh K (pakTopaM OKpy:KaroLen
Cpe/bl BO MHOT'OM 3aBUCHT OT CKOOPJIWHHPOBAaHHO-
CTH pabOTHI TEHOMOB siipa 1 nuTorasmMsl (OpioBsa,
2001: 170, XKyuenxo, 2003: 3).
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PazpaboTka u pa3BUTHE TEXHOJIOTHI MOTyYSHHUS
MEXBHJIOBBIX T'MOPUAOB U aJUIONJIa3MaTHYECKUX
JIMHUM OT MEXBHJIOBBIX CKPEUIMBAHUN MPUBEIU K
(dhopMupoBaHUIO (HAKTHYECKH HOBOTO HAINPABICHUS
B OMOJIOTMH — HCCIIEJOBAHUIO SIEPHO-LUTOIIa3Ma-
TUYECKUX B3aUMOJECHCTBUIM, YTO MOCIYAKHUIO MOIL-
HBIM T'€HEPaTOpPOM IeHETHYECKON N3MEHYMBOCTH U
BBI3BAJIO KaK MPAKTUYECKUH, TAK U TEOPETUUECKUI
nntepec (ITamunosa u ap., 2005: 499). Mexsuno-
Bble THOPHIBI 4acTo 00JaJal0T MHOXKECTBOM IIO-
JIE3HBIX MOP(OJIOTMYECKUX, (PYHKIMOHATIBHBIX WIN
ajanTuBHBIX mpusHakoB (Parymmusaxk u ap., 2012:
18). OgHako BIMSHUE OTHOIICHUH SAPO-LUTOIIA3-
Ma Ha OJKCIPECCHI0 KOHTPOJHPYEMBIX CTPECCOM
SIIEPHBIX TEHOB, YYAaCTBYIOIINX B MIPOIECCE aarnTa-
UM PAaCTCHUH K YCIOBHUSIM 3aCyXH, JOJDKHBIM 00-
pa3oM 10 cux nop He usydeHo ([laHuneHko u zp.
2003: 494, Kholodova et al., 2007: 480).

Takum 00pa3om, HM3ydeHHE MEXKBHUIOBBIX T'H-
OpHUIIOB M aJIIOIIa3MaTHUECKUX JIMHHUH, MOJIydeH-
HBIX OT MEKBUOBBIX CKpEIIMBAHWH, JJIS MOMCKA
MEPCIEKTUBHBIX CTPECC-TOJEPAHTHBIX (OPM BECh-
Ma aKTyallbHBI, HECYT KaK TEOPETHYECKHI, TaK H
OOJIBIION MPAKTUYECKUH HHTEpEC.

Henbio nanHoii padoThl OBLJI AHATU3 BIVSHUA
MHAYLIUPOBAaHHON 3aCyXH Ha COCTOSIHHE POCTOBBIX
napamMeTpoB M MUTMEHTHOTO KOMILIEKCa THOPUI0B
W JIMHUN TIIEHWIBI, MOJyYEHHBIX B pE3yJbTaTe
MEXBHUIOBBIX CKPEIUBAHUIA.

MarepuaJibl 1 METOABI UCCIIEIOBAHMS

B kauecTBe maTepuana Jjisl UCCIIEIOBAHUMN B34-
Tl BUABI 1. turgidum, T. macha, nux TubpunHas 1u-
Hust Fo Al, a Take IEBATH aUIONIIa3MaTHYECKUX
JIMHUAW TIMICHUIBI, MTOJYYSHHBIX OT CKPEIIWBAHHUNA

Buna T. aestivum (copt MupoHnoBckas-808) u Buaa
T. dicoccum c mocneayONM MHOTOJIETHIM 0T0O-
powm (F ). T'ubpun u nmuHuM OBLIM MOTyYEHBI PaHee
npogeccopom H.A. Xaitnenko (Khailenko et al.,
2003: 267).

CrpeccoBbie YCIOBHSI JIJISl TPOPOCTKOB CO3JIaBa-
JIM, SKCIIOHUPYSI TPOPOCTKH B BOIHON KYJIBTYpE Ha
17,6% pactBOpe caxapo3ssl (Bec / 00beM), HATJITHO
nuddepeHINPYIONUMX 00pa3iibl M0 POCTY U HAKO-
TieHuIo bnomaccel. KoHTposieM City>Kuiu npopocT-
KH, BBIpamnnBaeMblie Ha Bojie. OTBITH IPOBOIMIIHCH
B 1a00OpaTOPHBIX YCIOBUSIX MTpU §-4acoBoM (hoTore-
puone, remneparype 26 + 2°C u ocsemenuu 3000
mokc (Udovenko, 1988: 89).

Conepxanue XJI0po(GUUIOB ¢ U b U KapOTUHO-
UI0B OMNpenessuin JudQepeHunansHo B CIIUPTO-
BBIX JKCTpakTaxX TOCJIE IEeHTPUPYTHPOBAHUS TPH
4°C (14,000 rpm), npu auHAX BOJH 665, 649 n
470 uM., ucnonb3oBanu crekrpoporomerp LEKI
SS2107UV (Finland) cormacuo Lichtenthaler (Li-
chtenthaler, 1987: 350). Bce skcnepuMeHTHI Tpo-
BOJMJIUCH B TpeX MOBTOPHOCTSX. CTaTUCTHYECKYIO
00paboTKy JMaHHBIX MPOBOAMIIHN TIO METOAY Y 0b-
ckoit (Ymombckas, 1976: 85). 3Hak MIHOC/MUHYC B
TabJIMIaX MOKa3bIBaeT OTHOCUTEIBHYIO OIIMOKY
CpeIHEro 3Ha4eHHs. 3HaK * IMMOKa3bIBAET JTOCTOBEP-
HOCTh Pe3yJIbTaToB 10 t-kputeputo Ha 0.05 ypoBHE
3HAYUMOCTH.

Pe3y.]'leaTl)I HCCJICJOBAHUSA U UX 06cy>lc21e}me

DKCIepUMEHTAITbHBIE CPaBHEHUS, OCHOBAHHBIC
Ha CTaTHCTHUYECKOU 00paboTKe JaHHBIX, ITOKA3AIIH,
YTO POCTOBBIC MAPAMETPHI H3y4aeMbIX (JOPM BaphbH-
pOBaIM KaK B ONTHMAJLHBIX, TaK U B CTPECCOBBIX
ycnoBusix (Tabmuma 1).

Tadmuua 1 — PocToBble mapaMeTphl EPBOTO JIMCTA U MEPBUYHOTO KOPHS 10-THEBHBIX MPOPOCTKOB AJUTOILIA3MAaTHYCCKUX JTHHUH
TIICHUIIBI ¥ X POAUTENLCKHUX (HOpM B ycnoBusx 3acyxu (17,6% caxapossl, 72 gaca)

KOPEHb JIUCT
Bun, rubpun,
% K KOH- % K KOH-
JINHAA KOHTPOJIb, CM cTpecc, cM KOHTPOJIb, CM cTpecc, cM
TPOJIIO TPOIIIO
T, turgidum 12,20+1,55 7,97 + 0,88* 61 16,80 + 1,54 13,94 + 1,55 83
T'macha 20,45 £1,56 14,40 £1,35* 70 17,50 £1,25 14,27 +£1,25 82
Al 14,89 +1,80 10,50 +0,81%* 71 14,40 + 1,47 9,80 + 1,37* 68
I aestivum (copr 8,22+ 1,53 6,86 + 0,81 83 1542+ 1,15 13,30 + 1,04 86
Muponosckas-808)

T. dicoccum 7,03 £ 0,65 6,58 £ 0,85 94 16,92 +1,10 13,99 £1,21 83
D-a-05 7,46 +0,61 4,32+0,76* 58 14,74 £ 1,11 11,83 £ 1,06 80
D-b-05 7.81 £ 1,66 7.04 £ 0,96 90 14,66 + 1,42 14,02 1,28 95
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IIpooonocenue mabauywr 1

KOpEHb JHCT
Bun, rubpun,
% K KOH- % K KOH-
JIMHNUA KOHTPOJIb, CM cTpecc, cM KOHTPOJIb, CM cTpecc, cM
TPOJIIO TPOJIIO
D-£-05 7,43 + 0,84 4,71 +£0,62* 63 17,60 + 1,19 11,10 £ 1,11%* 63
D-n-05 7,65+ 1,13 4,30+ 0,91* 56 14,26 £ 1,30 11,04 + 1,33 77
D-d-05 10,64 £0,84 6,76 +0,78* 64 15,61 £1,50 12,74 £ 1,71 82
D-d-05b 9,39+ 1,99 8,17 +0,71 87 17,20 £ 1,61 14,43 £ 1,71 83
D-40-05 9,67 £ 1,37 7,45+ 1,12 77 16,46 + 1,37 14,24 +1,32 87
D-41-05 7,26 £ 1,07 6,43 £1,27 88 15,69 + 1,30 13,10+ 1,11 83
D-42-05 9,26 £ 1,33 6,33 +0,92 68 15,91 +£0,97 12,63 £ 1,37 79

[Mpnmeuanue: 3HaK * yKa3bIBaeT Ha JOCTOBEPHBIE PA3IIMUHS IO OTHOIIEHHUIO K KOHTporo mpu p < 0,05

BEhIsIBIICHBI CYIIECTBEHHBIC PA3ITUYMS TI0 CHIIKE-
HUIO MIPUPOCTA MEPBUUHBIX KOPEIIKOB TIPU 3aCyXe
M0 OTHOIICHUIO K KOHTPOIIO Y BUAOB 1. turgidum,
T. macha n tubpuna Al (61, 70 m 71% cootBet-
CTBEHHO), a TAaKXKE y YEThIPEX aJUIOIIa3MaTHUISCUX
muaui (D-n-05, D-a-05, D-f-05 u D-d-05 — 56, 58,
63 u 64% cooTBEeTCTBEHHO). MaKkCcUMalbHOE CHH-
JKEHHUE IPUPOCTA MIEPBOTO JINCTA OTMEUYCHO Y JIMHUH
D-f-05 (63% x xonTtpomto) u tudbpuna Al (68%
KOHTPOIJTIO).

HauMeHbIIMM CHM)KEHHUEM POCTOBBIX Tapame-
TPOB JIUCTA M TEPBUYHBIX KOPEIIKOB IMPH 3aCyXe
MO OTHONICHUIO K KOHTPOJIIO OTJIMYAIHUCh JTHHUU
D-b-05 (90% xopenb, 95% mnucr), D-d-05b (87%
KopeHb, 83% muct) u D-41-05 (88% kopenb u 83%
JIKCT), MPEBbIMIAsi WIH HAXOJSICh HA YPOBHE JTHX

nokazarenell y dyIUIa3MaTHYECKHX POJUTEIBCKUX
dhopwm T. aestivum (83% xopens, 86% nuct) u 7. di-
coccum (94% kopenb u 83% nucT).

CocTostHHIEe MTUTMEHTHOW CUCTEMBI 3EJIEHOTO pac-
TEHHS SBJISICTCS OIHOM M3 XapaKTePHCTUK ero (oTo-
CHHTETHUYECKOM akTUBHOCTH. V3yuaemble ayutorias-
MaTHYeCKHe JIMHAU B IIEJIOM XapaKTepH30BAIUCh
BBICOKHM COJIepKaHueM Xjopoduuia (a + b) B KOH-
TPOJIbHBIX U 3aCYIUTHBBIX YCIOBHUSIX (PUCYHOK 1).

Conepxanue ximopoduiuia y BUAOB 1.turgidum
u T.macha, a Taxxke y rubpuzga Al Kak B KOHTPOJIb-
HBIX, TaK ¥ B 3aCYIUIUBBIX YCIOBUSIX OBLIO OTHO-
CUTENBHO HEBBICOKHM. [Ipm sTtom TmOpum Al mo
9TOMY TOKa3aTeN0 COOTBETCTBOBAJT POAUTEIHCKON
dopme T. turgidum (68% mpu 3acyxe Mo OTHOLIE-
HHFO K KOHTPOJIO).

C (a+b) mr/r %
O KOHTPO/b
16 140
1,4 A 120 [ caxaposa, 17,6%
1,2 E T " . 100 A % K KOHTPO/IO
1
- 80
08 +a P —=a
- 60
0,6 -
04 - - 40
02 - - 20
0 -0
) & Py & L S & ‘\.é’ $ & ©° &
qa\ <°'b ‘_@ 0(_,(-' Q.'b Q)Q Q Q’Q Q Q’Q DQ’ pt'\' y’]f
RN & ¢ AR AR VRN,
A AT A

PHCyl—lOK 1- KOHHCHTpaHI/ISI XJ'IOpO(I)I/I.]'IJ'Ia B JIMCTOBBIX IIJIAaCTHHKAX
10-mHEBHBIX MPOPOCTKOB MIICHUIIBI B ONITUMAJIBHBIX U 3aCYHUIUBBIX YCIIOBUAX
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Amnorutazmarndeckue nuaun D-41-05 n D-d-
05b xapakTepH30BaIiCh MAaKCHMAJIBHBIM COJIEpKa-
HUEM XJIOpoHIa B yCIOBHUSIX 3aCyXH 110 OTHOLIE-
Huto K KoHTpoio (100 u 124%, cOOTBETCTBEHHO).
A 'y annonuauu D-42-05 3T0T nokazaTtenb ObL1 MU-
HUMAaTBHBIM (64% K KOHTPOJIIO).

[pu sTom amutonuuuu D-b-05, D--05, D-d-05b,
D-40-05 u D-41-05 no noka3zaresito KOHIICHTpaIuu
xyopopmwiia (a + b) JOCTOBEPHO MPEBBIMIATIU Y-
a3Matuueckyto popmy 7. aestivum. Jluaum D-a-
05, D-n-05, D-d-05 u D-42-05 nocToBepHO OTINYA-
JIUCh OT 3yIuia3mMatudeckor dopmsel T. dicoccum B
CTOPOHY CHWKCHHS 3HAYCHHS ITPH3HAKA.

ITo cootHomennto xmopodumia a / b oTMedeH
OoNBIION pa3Max BapbHUpPOBAaHUS NMpPU3HAKA KaK B
KOHTPOJIBHBIX YCJIOBHSX, TaKk U Tpu 3acyxe (Pucy-
HOK 2).

[lo manHOMY mapameTpy Kak B KOHTPOJIb-
HBIX, TaK W B 3aCYIUIUBBIX YCIOBUSX THOPU]
Al Ttarke ObIT OJM30K K YPOBHIO POIUTEIIBCKOM
dbopmbr T. turgidum (153 u 147% k KOHTpPOJIIO
COOTBETCTBEHHO).

Cpenu auIONMHUAN HAUMEHBIIUM 3HAYCHHEM
MIPH 3aCyXe M0 OTHOIICHWIO K KOHTPOJIO XapakTe-
puzoBasiace ayvionuaus D-d-05 (74%), Hanbomb-
M — JmHus D-n-05 (222%), Torna kak mus 3y-
TUTa3MaTHYECKUX POTUTEINBCKAX (OPM OTMEUEHBI
s3Hauenus 92 u 108% (7. aestivum u T. dicoccum
COOTBETCTBEHHO). [IpH 3TOM B yCIIOBHAX 3acyXu Y
Bcex JuHHUH, kpoMe D-f-05 3HadueHuMs moxasarens
COOTHOIICHHS XJIopouiuia @ / b ObUIN BBIIIE, YEM
y 00enx 3yIuia3MaTHYECKUX POIAUTEIBCKUX (HOPM.

MakcumalibHOe 3HadeHue KapoTmHOUIoB (Pu-
CYHOK 3) B YCJIOBHSIX 3aCyXH IO OTHOIICHUIO K
KOHTPOJIIO 0TMeueHo y auHuil D-b-05, D-41-05 (o
110% y xaxmoit) u D-d-05b (111% x xoHTpOITIO).

MuHuManpHOe 3HaueHue — y rubpuga Al (Ha
ypoBHE ponutenbckoi opmer 7. turgidum, 83%)
n y muann D-n-05 (95% x konTpomo). Ilpu stom,
B OoTiMuYne OT rudpuaa Al, mpakTHUYECKH Bce aj-
JIONIMHUH KaK B KOHTPOJBHBIX YCIOBHUSX, TaK U B
YCIIOBUSIX 3aCYXH MPEBBIIIAIHN TI0 COACPKAHUIO Ka-
POTHHOMIIOB 00€ 3yIIa3MaTHIECKUE POTUTEIHCKHIE

(hOopMBI.

a/b % O KOHTPOJIb
5 250
45 W caxaposa, 17,6%
4 = 4 T 200
% A % K KOHTPOHO
3,5 T
CR— A T - 150
2,5 T -
2 - 100
1,5 -
1 4 - 50
0,5
0 A - 0
2 N H$ & & & 0o S D &
\&}@ & ¥ ‘@\\"@ 00‘"@ PR SR PSP MRV SN b:vo
& _6\ @‘} & 9 QT ¢ Q 0)‘ Q’b‘ Q
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Pucynok 2 — CoorHomenue xjaopoduiia a/ b B IMCTOBBIX ITACTHHKAX
10-HEBHBIX IIPOPOCTKOB MIIEHUIIBI B ONITUMAIILHBIX 3aCYLUIMBBIX YCIOBUIX

OcHoBHOE nelcTBHE aOMOTHYECKUX CTPECcCo-
POB Ha pacTeHHsI MOKHO 00OOIIUTH KaK HapyIlICHHE
BOJHOTO MeTa0ojM3Ma M HMHIHOMPOBAaHHE pOCTa
MyTeM pacTsDKeHHs Jensimmxcs kietok (Veselov,
2009: 47). HecmoTpst Ha (axTbl CHHXKEHUSI POCTA,
MOJTyYCHHBIC B OTBET HA OCMOTHYECKHI CTpecc, Tre-
HETHYECKHE MEXaHU3MbI, PErYJINPYIOIINE CKOPOCTh

pocra, 10 cux nop HeusBecTHbl (Munns et al., 2006:
1025).

B 3epHOBBIX KyJIbTypax MpPOAYKTHBHOCTB
orpesieNsieTCsl B IEPBYIO oYepeib pabOTON KOPHSI. .
[Mornomatomnue u MeTaboIMYeCKUue QYHKITUU KOP-
Hell HecyT HHPOPMAIIMIO HE TOJBKO O MPOAYKTHB-
HOCTH PAcTCHUH, HO U O €ro peakiuu Ha CTpecc
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(Aroca et al., 2011: 43). B 0630pe, omy0IUKOBaH-
HoM Gewin B 2010 . B Nature (Gewin, 2010: 552),
MPOTHO3UPYETCSl HOBasl «3€JCHAs DPEBOIIOIH»
MOJI 3eMJIeH, HAIpaBlICHHAsI HA yJIy4lICHHE Xapak-
TEPUCTUK KOpHEBOH cucteMbl. OCHOBHAs cTpaTe-
THsl aJlalTalliyd PacTeHUH K 3acyXe HarnpaBjeHa Ha
noJiiepKaHue BOJHOro OanaHca 3a CUYET HMCIOJIb-
30BaHMS BOJOCOEpETaInX MEXaHU3MOB H yBe-
JUYEHHE TOTJIONIeHUs BOAbl KopHeM (JKoskeBuy,

1968, Kramer et al., 1996: 135). ITosTomy ammomnu-
Hum D-b-05, D-d-05b u D-41-05, xoTtopsle uMenu
B HalIUX SKCIICPUMCEHTAX HAUMCHBIICC CHUKCHUC
POCTOBBIX TTapaMeTPOB KOPHEBOUM CUCTEMBI H JITH-
HBI JINCTA MPH 32CyXEe IO OTHOIICHUIO K KOHTPOITIO,
MbI MOKEM CUUTATh HaI/IGOJIee YCTOﬁHHBLIMH K 3a-
CyXe Ha paHHHX JTalax OHTOreHe3a, a Tuopua Al
n amutonmmann D-f-05 u D-n-05 — Hanmenee ycToii-
YHUBBIMU.

KapOTHHOMIBL, MI/T
% 0 KOHTpPOIB
12 120
A A O caxapo3sa, 17,6%
10 T a—— T e e 100
4 %% K KOHTPOIIIO
8 - 80
6 - 60
4 - 40
2 - 20
0 - -0
FFPFTSFHTEFE LSS
& & $C & o SF Qf& TN N W
ST FW INASEVARNVARN
. T &

Pucynox 3 — KoHnentpamusi KapoTHHOUIOB B JTHCTOBBIX IIACTHHKAX
10-1HEBHBIX MPOPOCTKOB IMIICHHUIIBI B ONTHMAIBHBIX U 3aCYIUTUBBIX yCIOBHUIX

Wccnenosanus (Efeoglu et al., 2009: 34) noka-
3aJIH, YTO 3acyXa SIBJSIETCS] BXKHBIM (DAaKTOPOM, OT-
BETCTBEHHBIM HE TOJIBKO 32 MHIMOMPOBAHHBIN pOCT
pacTeHuii, HO W 3a CHIDKeHHe (orocuHTe3a. Tak,
o0rmiee copep:kaHue MUTMEHTOB M MX OTHOCHTENb-
HBIC XapaKTEPUCTUKH B PACTCHUSIX Pa3MYarOTCs B
3aBUCHUMOCTH OT CTPYKTYPHBIX OCOOCHHOCTEH JIH-
CTOBBIX TJIACTHHOK, YCIIOBHI OKPYXKAIOLIEH Cpeibl
u npyrux dakropos (Ronzhina, 2004: 373). Barry et
al.(1992) cooOrmau 0 pa3pyllieHud XJIopoduiia B
SYMEHE B pe3yJIbTaTe BO3ACHCTBUS Ae(hUIIUTA BOJIBI.
Xian-He u 1p.(1995), oTmeTnnu cxoxue pe3ysbTa-
Thl B OTHOILIIEHUM miueHulbl. Kpome Toro, Fotovat
et al. (2007), oOHapyXuiIH, 4TO, IPH CHIIBHOM BO3-
JICHCTBUM 3aCyXH Ha TIIICHHILY, COJACPIKAHUE XJIO-
pO(i)I/IHHa B JIMCTBAX 3HAYUTCIBHO YMCHBIIAIOCH.
Gaballah u np. (2007), moka3anu, 4TO TEHOTHIIBI C
caMbIM HU3KUM 3HaueHueM OB umenu camplii HU3-
KU YPOBEHb XJIOPOHILIA U HA00OPOT.

Pe3ynbraThl HalIMX 3KCIEPHUMEHTOB TAKXKE T10-
Ka3aJu Pa3iMuHyIo peakiuio n3ydaeMbix Gopm. Ha
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(hone 001IIeH TEHACHIIMY K CHUKCHHIO COICPIKaHMUS
xyiopopwiia (@ + b) B CTPECCOBBIX YCIOBUSX, Y ajl-
nmonuaud D-41-05 3HaueHne OaHHOTO ITOKa3aTes
P 3aCyXe COXPAHSIOCh Ha YPOBHE KOHTPOJIBHO-
ro, a y tuauu D-d-05b naxke Bo3pacTasno, cocTaBuB
124% x xonTtpomo. O6e 3TH AJIONMHUM OBIIIH BbI-
JICJICHbI KaK HauOoJiee TOJIEPAHTHBIC K 3acCyXe I10
POCTOBBIM TTapamMeTpam, TOI/Ia KaK y MEHee YCTOM-
quBBIX ayutonuHui D-42-05 u D-n-05 obmee conep-
JKaHue Xjopoduiuia mpu 3acyxe ObUI0 MUHHMAalb-
HbIM (67 1 75%, COOTBETCTBEHHO).

CHmxeHne coiep kanus XJI0pohuiia B IUCThIX
IIPH CTPECCE MOKET OBITH CBSA3aHO KaK C YCKOPEHHOM
Jierpaialiueil MUrMeHTa, Tak U ¢ HapyIIEHUEeM €ro
ouocunTe3a (Akram et al, 2011: 94, Santos, 2004:
93). Ilpu sTom xmopoduut b, Kak OCHOBHOH KOM-
MMOHEHT (DOTOCUCTEM, TOJ JACHCTBUEM CTPECCOPOB
MTOBpEeXaaeTcs O0JIbIIe, YeM XJIIOPO(PHILT & U MOKET
MPEeBPAIAaThCs B XJIOPOPHILT ¢, B Pe3yJIbTaTe 4ero
B JKCIEPUMEHTE MOXET OTMEYAThCS ITOBBIIICH-
HOe cojepxanue xjopodumia a (Mauchamp et al.,
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2004: 227, Santos, 2004: 93, Eckardt, 2009: 700).
B nHamewm skcriepuMenTe moka3aTellb COOTHOIICHHS
xyiopodhwiia a / b pu 3acyxe UMes TCHICHIIUIO K
YBEJIIMYCHHIO 110 OTHOIIICHUIO K KOHTPOIIk0. OH Mak-
CUMAaJIbHO BO3pacTaj y MEHee 3aCyXO0yCTOHNYMBBIX
ayonuauit D-n-05, D-f-05 u D-a-05 u rubpuna Al,
HO OCTaBaJICsl CTAOMIILHBIM Y 3aCyXO-TOJEPAHTHBIX
muauii D-b-05, D-d-05b u D-41-05. 31 pe3ymnsTa-
ThI TIOJITBEPIKIAIOT BBIBOJIbI, IPEICTABICHHBIC B JIH-
TEeparype, O TOM, YTO BHJIbI C HU3KUM OTHOIICHHEM
xJIopodmIa a K b TOKa3bIBatOT OOJBIIYIO MPHUCIIO-
COOJISIEMOCTh K YCJIOBHSIM OKPYIKAIOIICH Cpelibl U
[TO3BOJISAIOT MPEIOI0KUTH, YTO PACCMATPHUBACMBIH
CTpeccC He BBI3BaJl 3HAYMMBIX CTPYKTYPHBIX H3MEHE-
HUH B paboTe (HOTOCHHTETHYECKOr0 anrapara 3acy-
XOYCTOMYUBBIX JINHUN.

KapotrnHou 11 IpUHUMAIOT aKTUBHOE YYaCTHE B
MOTJIOIICHUY CBETOBOM PHEPIHHU U IIEpe/iaue e¢ B pe-
AKIMOHHBIE IIEHTPBI (POTOCUCTEMBI U CITYKaT POTO-
MIPOTEKTOPAMH B TYIICHUH TPUTUIETHOTO COCTOSTHHS
XJIOpOWIIJIa U CUHTJICTHOTO KHCIOPOJa, a TaKKe
MHTHOUPYIONIMX MEPEKUCHOE OKHCICHHE JIUIUIOB
(Rubin, 1999: 5, HlumkeBuy, 2006: 37). Kaporu-
HOMJIbI TaKX€E SIBJISIOTCS MOIIHBIMH TIOTJIOTHTEIIS-
MU aKTHBHBIX ()OPM KHCIOPOJIA, 3alUINAIOIIMH
MMMTMEHTHI U HEHACHIIIIEHHBIE JKUPHBIE KUCIOTHI OT
JIUITUJIOB OT OKUCIUTEIbHOTO noBpexaeHust (Krin-
sky, 1989: 617, Edge, 1997: 189). HenaBHue nccie-
JIOBaHUS TIOKA3aJH, YTO KAPOTHHOMIBI MOTYT TaKKe
3alUINATh PACTEHUS OT OKUCIIUTEIBHOTO CTpecca
IyTeM MOIYJSINH (U3NISCKHX CBOUCTB (DOTOCUH-
TETUYECKAX MEMOpaH C y4JacTheM KCaHTO(WILIH-
YecKoro mukiia B 3tom mporuecce (Gruszecki, 1991:
310). CnienoBarenbHo, amutonuaun D-b-05, D-d-05b
n D-41-05 ¢ HanOOJBIINM OTHOCHUTENBHBIM CO-
JICpYKaHUEeM KapOTHHOMJIOB CTPECC / KOHTPOJIb MBI
BHOBb MOXKEM CUUTaTh 0OJiee yCTONYMBBIMH K 3a-
CyXe, YeM OCTaJIbHBIE.

Paznuune Mexay amiomia3MaTHUYeCKUMU JIH-
HUSIMU ¥ JYIUIA3MAaTHYECKUM KOHTPOJIEM JUIsl TIPH-
3HAKOB, CBSI3aHHBIX C (OTOCHHTE30M H 3aCyXO-
YCTOHYMBOCTBIO ITOKA3aJ0 BO3MOYKHOE BIIHSHHE
LUTOILIa3Mbl HA MX Hpoaykiuto. Tak, B cepun Ha-
X DKCIIEPUMEHTOB TIPH 3acyXe, COJepIKaHHe
XJIOpOGUILIa B JIUCTHAX 3aCyXOYCTOWUYMBBIX aJlIO-
mwrasMatuueckux jgunuii D-b-05, D-d-05 b, D-41-05
JIOCTOBEPHO BO3PACTAJIO OTHOCUTENBHO T.aestivum,
a B JIMCTBSX 3aCyXOUyBCTBHUTENHHOU HUU D-f-05
JIOCTOBEPHO CHIDKAJIOCh OTHOcUTeNbHO T. dicoc-
cum. AmnormasMarudyeckue uaun D-b-05, Dd-05
b, D-41-05 ObutH GOJICE 3aCYyX0yCTOHYUBBIME (HOP-
MaMHU, 4eM JyIUIa3MaTH4ecKas POAUTeIbCcKas Qop-
ma T. aestivum W, clIenOBaTEIbHO, CHIILHBIM I10JIO-
JKUTEIBHBIA 3()(EKT UTOIIa3Mbl Ha 3TH Ba)KHBIC

4epThI ObLT OYEBUIHBIM. JTH PE3yIbTATHI COTIIACY-
forcst ¢ manapiMA Nakamura et al. (1991), kotopsrit
HaOJFO1AMT MTOJIOKHUTENbHBIE dPPEKTHI IUTOTLIA3MBI
T. monococcum B aJUIOTIIA3MaTUIECKON JIMHUHY, TI0-
Jy9eHHOH B CKpeIUBaHUAX ¢ 1. aestivum Ha (HOTO-
CHHTETUYECKYI0 aKTHBHOCTh, JaHHbIMH Hodaei et
al. (2014), OTMETHBIIIMMU MTOJIOKUTEIBHOE BIUSIHAC
nuToriasmel Aegilops cylindrical va dortocuHTe-
TUYECKYIO0 aKTUBHOCTH U JaHHBIMU KoBams (1994),
MOKA3aBIIIETO MMOJIOKUTEITBHOE BIMSHUE ITUTOILIA3-
™Mbl 1. dicoccum Ha cOJIeyCTONYNBOCTD.

Ho, Tem He MeHee, HaIIM pe3yJbTaThl MMOKa3a-
JM, 9TO 3aMelIeHHE IUTOINIAa3MaTHIECKOT0 TeHO-
Ma OKa3bIBaJO HEOJHO3HAYHOE BO3JCHCTBHE HA
MPU3HAKK POCTa ¥ (POTOCUHTETUUECKOW aKTHBHO-
ctu. JlaHHBIE TUTEpPATyphl TaKkKe MOIYEPKUBAIOT
BXXHOCTh COAIAaHCHPOBAHHOCTH SIIEPHOTO H IIH-
Toriasmatudeckoro renoMoB (Ilammmosa, 1986:
224, Bonyesud, 1999: 43). Bo3amoxHO, Kak mpej-
mooxun lllumkesnda u np. (2006), cTeneHb wu3-
MEHEHUs, a, MOPOH, U caM HabOp M3MEHSIOIINXCS
MoKasareliell 3aBHCHUT He TPOCTO OT BHJIA SAPaA WIH
[IUTOTIa3Mbl, @ IMEHHO OT MX COYETaHUS, U 00be-
JIMHEHUE HanboJiee «OIaronoyuHbIX» POIUTEICH
MOET MPUBECTH K HEOXKHUJIAHHO PE3KOMY CHUKE-
HUIO KEJIaeMOro MOKa3aTels y ajuloIura3MaTHde-
CKOM JINHUHU.

3akiaouenne

Takum 00pazoMm, BEISBICHO, YTO H3MEHEHHUE PO-
CTOBOHM aKTHBHOCTH MPOPOCTKOB TP 3aCyX€ OIpe-
JIeNsIeTCsl He TOJIbKO pabOTON KOPHEBOH CHUCTEMBI,
HO MOXET OBITh CBSI3aHO C ONTHMH3AIKCH B paboTe
(hOTOCHMHTETHYECKOTO amnmapara, B 9aCTHOCTH — C
yIIydlIeHHeM padoThl MUTMEHTHOTO KOMILIEKCa:
y 0Oojee 3aCyXOyCTOWYHMBBIX JIMHUH COJIEpIKaHUC
xyopodmiia (a + b) B yCIIOBUSX HHIYIIMPOBAHHON
3acyxu OBLJIO Ha YPOBHE WJIU BBIIIE KOHTPOIHHBIX
3HAYCHHI, MMOKA3aTe)Ib COOTHOIIEHUS XJIOPO(UILIa
a /b ocraBajicst cTaOMIBLHBIM, U HAOII0IAJIOCH HAU-
OoJiblllee OTHOCHTENBHOE COZIePKaHHe KapOTHHOU-
JIOB (cTpecc / KOHTPOJIb).

WnentudunrpoBansl HanOoee ToJIepaHTHBIC K
3acyxe ajutoruiasmarndeckue iuanu D-d-05 b, D-b-
05, D-41-05 n namnbosee 4yBCTBUTENbHBIC (HOPMBI
—aymmonmuaus D--05 u rubpun Al. beiio orMedeno,
YTO COYETaHHUE B AJUIOMIIA3MAaTUUECKOW JIMHHUH SIIPO
U IHUTOIUIA3Ma, MPOUCXOMISIINE U3 POIUTEIHCKUX
¢dbopM, TpHUHAANIEKAITMX K Pa3HBIM BHIIAM, MOTYT
KaK yJIy4IlluTh, TAK H yXYJIINTh BaXKHBIE (rU3noIo-
TMYECKHE TapaMeTpbl CTPECCOyCTOWYMBOCTH, YTO
TpeOyeT JaibHEHIIero MOJIEKYIIPHO-TeHETHIECKO-
rO aHaJIH3a.

136 Becrnuk. Cepust 6uonornueckas. Ne3 (76). 2018



Tepneukas H.B. u ap.

Jluteparypa

Atkin O.K., Macherel D. The crucial role of plant mitochondria in orchestrating drought tolerance // Ann Bot. — 2009. — 103(4)
—P. 581-97. DOI: 10.1093/a0b/mcn094. Epub 2008 Jun 13.

Kyuenko A.A. AnanTuBHOE PaCTEHHUEBOJCTBO (IKOJIOTO-TeHETHUECKHE OCHOBEI): Teopus U npaktuka.— 2008. — M.: Arpopyec.
-T.1.-8l4c.

Chaves MM, Flexas J, Pinheiro C (2008) Photosynthesis under drought and salt stress: regulation mechanisms from whole plant
to cell. Annals of Botany 103 (4): 551-560

Opmos I1.A. BzaumoneiicTBre SAEpHBIX U IUTOIUIA3MATHYECKUX T€HOB AETEPMHUHALMA Pa3BUTHS pacTeHus. — MuHck, 2001. —
C. 170.

Kyuenko A.A. Ponb reHeTHYECKOH MHKCHEPHH B aJalTHBHON cucteme cenekunu pactenuii / C. x. 6uonorus. — 2003. — Ne
1.—-C.3-33.

[Tanunosa A. H., Opnos I1.A., Bonyesuu E.A. ®yHnameHTanpHble U MPHUKIAJHBIC TPOOIEMbl B3aUMOJACHCTBHS SACPHON U
LUTOIIA3MaTHUECKUX TeHETHYEeCKUX cucteM y pactenuii / Bectauk. BOTuC. —2005. — T. 9, Ne 4. — C. 499-504.

Parymnsik 5. Y., Koueenko A. C. DddexTsl amnommasMaTiueckux B3auMOACHCTBUII Y PELHIIPOKHBIX THOPUIOB BBICIINX
pactenuii / bBiorexnomnorisi, — T. 5, Nel, —2012. — C. 18-32.

Hanunenko H.I'., [laBeinenko O.I. Mupsl reHomoB opranes. — Munck: Taxnanoris, 2003. — C. 494.

Kholodova V.P., Bormotova T.S., Semenov O.G.,. Dmitrieva G.A., Kuznetsov V1.V. Physiological mechanisms of adaptation of
alloplasmic wheat hybrids to soil drought Russian Journal of Plant Physiology — 2007.- Vol. 54, Issue 4, — P. 480-486.

Khailenko NA, Sedlovskiy AI (2003) Development of Alloplasmic Lines of Spring Soft Wheat and Study of Their Resistance
to Leaf Rust. 38(3-4): — P.267-273

Udovenko G.V. Diagnostics stability of plant resistance to stress. 1988. Methodical guidance edited by, Leningrad, VIR: 89 p.

Lichtenthaler H. K. Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Method Enzymol148: 1987. —
P. 350-382 https://doi.org/10.1016/0076-6879(87)48036-1.

Vnonsckas H.JI. BBenenue B 6nomerputo. — Anma-Ata, 1976. — 85 c.

Veselov D.S. Growth by extension and water metabolism in water deficit conditions, Author’s abstract of dissertation of Dr.
Boil. Sci., SEI Bashkir State Univ., Ufa, — 2009, p. 47.

Munns R., James R.A., Lauchli A. Approaches to increasing the salt tolerance of wheat and other cereals, Journal of Experi-
mental Botany 57 (2006). -P.1025-1043.

Aroca R., Porcel R., Ruis-Lozano J. M. Regulation of Root Water Uptake under Drought Stress Conditions. 2011 J Exp Bot
63(1): P.43-57 https://doi.org/10.1093/jxb/err266.

Gewin V. An Underground Revolution. (2010) Food: Nature, 466, — P.552-553. http://dx.doi.org/10.1038/466552a.

JKonkesnu B.H. DOHepreTuka 1pIxaHus BBICIINX PACTEHUH B yCIOBUAX BoxHOro Aeduimra, Mocksa: Hayka, 1968.; C—211-213

Kramer P.J., Boyer J.S. Water Relations of Plants and Soils, New York: Academic, 1995.;lum, A., Crop Responses to Drought
and the Interpretation of Adaptation, Plant Growth Regul., 1996, vol. 20. -P. 135-148.

Efeoglu B., Ekmekci Y., Cicek N. Physiological responses of three maize cultivars to drought stress and recovery. South African,
2009. J. Bot., 75: P. 34-42

Ronzhina E.S. Structural and functional changes of mesophyll as a possible cause of cytokinin-dependent transport of sub-
stances in the leaves isolated. Plant Physiol. — 2004. — V. 51 (3). — P. 373-382

Barry P., Evershed R., Young A., Prescott M.C., Britton G. Characterization of carotenoid acyl ester produced in drought-
stressed barley seedlings. Phyto-Chemistry. — 1992., 9: P. 3163-3168.

Xian-He J, Wang J, Guo H, Liang F. Effects of water stress on photochemical function and protein metabolism of photosystem
IT in wheat leaves. Physiol Plant. — 1995., 93: P. 771-777.

Fotovat R, Valizadeh M. and Toorchi M. Association between water-use efficiency components and total chlorophyll content
(SPAD) in wheat (Triticum aestivum L.) under well-watered and drought stressconditions // Journal of Food, Agriculture & Environ-
ment —2007. Vol.5 (3&4): — P. 225-227

Gaballah M.S., Abou B., Leila H., El-Zeiny A., Khalil S. Estimating the performance of salt stressed sesame plant treated with
antitranspirants. J. Applied Sci. — 2007. Res., 3: — P. 811-817.

Akram N.A., Ashraf M. Improvement in growth, chlorophyll pigments and photosynthetic performance in salt-stressed plants of
sunflower (Helianthus annuus L.) by foliar application of 5-aminolevulinic acid. Agrochimica. —2011. — V. 55. — P. 94-104;

Santos C.V. Regulation of chlorophyll biosynthesis and degradation by salt stress in sunflower leaves. Sci Hort103: — 2004. —
P. 93-99 https://doi.org/10.1016/j.scienta.2004.04.0009.

Mauchamp A, Méthy M. Submergence-induced damage of photosynthetic apparatus in Phragmites australis. Environ Exp
Bot51: -2004.— P. 227-235 https://doi.org/10.1016/j.envexpbot.2003.11.002.

Eckardt N.A. A new chlorophyll degradation pathway. Plant Cell21: — 2009. — P.700. https://doi.org/10.1105/tpc.109.210313.

Rubin A.B. Mechanisms of regulation of primary processes of photosynthesis // Godnevskie tctenia — Minsk, 1999, — P. 5-25.

HIumkeBna A.M., Makapos B.H., Tonoenko N.M., JaBbiienko O.I. DyHKIMOHATbHOE COCTOSHHE (HOTOCHHTETHIECKOTO
ammapara y auloruia3MaTHYeCKUX JIMHUN stameHst // Dxojoruueckas rexetnka. — 2006. — T.4. Ne2. — C.37-42. http://dx.doi.
org/10.17816/ecogen4237-42.

Krinsky N.I., Antioxidant Functions of Carotenoids, Free Radical Biol. Med., 1989, vol. 7, pp. 617-635;

Edge R., McGarvey D.J. and Truscott T.G. The Carotenoids as Antioxidants—A Review, Photochem. Photobiol. Ser. Biol. —
1997. —vol. 41. — P. 189-200.

ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne3 (76). 2018 137



Bmusane 3aCyXH Ha pOCTOBLIC MAapaMETPhI N MMATMEHTHBIN KOMIUICKC TUHAM MIIICHUIIHI ...

Gruszecki W.I., Strzatka K., Does the Xanthophyll Cycle Take Part in the Regulation of Fluidity of the Thylakoid Membrane?
Biochim. Biophys. Acta. — 1991. — vol. 1060. — P. 310-314.

Nakamura C., Kasai K., Kubota Y., Yamagami C., Suzuki T., Mori N. Cytoplasmic diversity in alloplasmic common wheatswith
cytoplasms of Triticum and Aegilops revealed by photosyntheticand respiratory characteristics. — 1991. Jpn J Genet 66: — P. 471-483.

Hodaei M., Rahimmalek M., Arzani A. Plasmon analysis in wheat alloplasmic lines using morphological and chloroplast mic-
rosatellite markers. Plant Syst Evol — 2014. 300: — P.1137-1145. DOI: 10.1007/s00606-013-0951-2

Koganp B.C. BrusiHue iutorniasM HEKOTOPBIX BHIOB 3JIAKOB Ha COJICYCTOHYMBOCTD MATKO# mieHuIs // [enernka. — 1994, — 30,
npunoxenue. — C. 72.

[Manmunosa A.H. Briusnue mia3MoHa Ha MPU3HAKH, OIIPE/ISIISIONINE TPOAYKTUBHOCTD AJUIOIIIA3MATHIECKUX JIMHUN MIICHALBI //
Huronorust u reneruka. — 1986, T.20. Ne 3. C — 224-229.

Bonyesuu E.A., bynoiiuuk A.A. BnusiHue 4yKepoiHOro IIa3MOHa PAaCTEHUSI-XO35IMHA Ha YCTOMUMBOCTD MSTKOH IIICHUIBI K
B030yauTeIIO TBepHOoi TonoBry // I{ntonorus u reneruxa. — 1999. — T.33. — Ned. — C. 43-48.

References

Akram N.A., Ashraf M. (2011) Improvement in growth, chlorophyll pigments and photosynthetic performance in salt-stressed
plants of sunflower (Helianthus annuus L.) by foliar application of 5-aminolevulinic acid. Agrochimica. vol. 55, pp. 94-104;

Aroca R., Porcel R., Ruis-Lozano J. M. (2011) Regulation of Root Water Uptake under Drought Stress Conditions. 2011 J Exp
Bot. vol. 63, no. 1, pp.43-57.

Atkin O.K., Macherel D. (2009) The crucial role of plant mitochondria in orchestrating drought tolerance. Ann Bot. vol. 103,
no. 4, pp. 581-97.

Barry P., Evershed R., Young A., Prescott M.C., (1992) Britton G. Characterization of carotenoid acyl ester produced in drought-
stressed barley seedlings. Phyto-Chemistry. vol. 9, pp. 3163-3168.

Chaves M.M., Flexas J., Pinheiro C. (2008) Photosynthesis under drought and salt stress: regulation mechanisms from whole
plant to cell. Annals of Botany. vol. 103, no. 4, pp.551-560

Coval’ V.S. (1994) Vliyanie citoplazm nekotoryh vidov zlakov na soleustoichivost myagkoi pshenisy [The effect of cytoplasm
of some cereals on the salt tolerance of soft wheat] Genetics. vol.30, pp. 72.

Danilenko, N.G., Davydenko, O.G., (2003) Miry genomov organell [Genomes of Organelles], Minsk: Tekhnalogiya, pp. 494.

Eckardt N.A. (2009) A new chlorophyll degradation pathway. Plant Cell. vol. 21, pp.700.

Edge R., McGarvey D.J., Truscott T.G. (1997) The Carotenoids as Antioxidants—A Review, Photochem. Photobiol. Ser. Biol.
vol. 41, pp.189-200.

Efeoglu B., Ekmekci Y., Cicek N. (2009) Physiological responses of three maize cultivars to drought stress and recovery. South
African. J. Bot., vol. 75, pp.34—42

Fotovat R, Valizadeh M., Toorchi M. (2007) Association between water-use efficiency components and total chlorophyll content
(SPAD) in wheat (Triticum aestivum L.) under well-watered and drought stressconditions. Journal of Food, Agriculture & Environ-
ment. vol.5, no. 3&4, pp. 225-227

Gaballah M.S., Abou B., Leila H., El-Zeiny A., Khalil S. (2007) Estimating the performance of salt stressed sesame plant treated
with antitranspirants. J. Applied Sci. Res., vol. 3, pp. 811-817.

Gruszecki W.I., Strzatka K. (1991) Does the Xanthophyll Cycle Take Part in the Regulation of Fluidity of the Thylakoid Mem-
brane? Biochim. Biophys. Acta., vol. 1060, pp. 310-314.

Hodaei M., Rahimmalek M., Arzani A. (2014) Plasmon analysis in wheat alloplasmic lines using morphological and chloroplast
microsatellite markers. Plant Syst Evol. vol. 300, pp.1137-1145.

Khailenko N.A., Sedlovskiy A.IL. (2003) Development of Alloplasmic Lines of Spring Soft Wheat and Study of Their Resistance
to Leaf Rust. vol. 38, no. 3-4, pp.267-273

Kholodova V.P., Bormotova T.S.,. Semenov O.G, Dmitrieva G.A., Kuznetsov V1. V. (2007) Physiological mechanisms of adap-
tation of alloplasmic wheat hybrids to soil drought Russian Journal of Plant Physiology. vol. 54, issue 4, pp. 480—486.

Kramer P.J., Boyer J.S. (1996) Water Relations of Plants and Soils, New York: Academic, lum, A., Crop Responses to Drought
and the Interpretation of Adaptation, Plant Growth Regul., vol. 20, pp. 135-148.

Krinsky N.I. (1989) Antioxidant Functions of Carotenoids, Free Radical Biol. Med., vol. 7, pp. 617-635;

Lichtenthaler H. K. (1987) Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Method Enzymol.
vol.148, pp. 350-382

Mauchamp A, Méthy M. (2004) Submergence-induced damage of photosynthetic apparatus in Phragmites australis. Environ
Exp Bot. vol. 51, pp. 227-235

Munns R., James R.A., Lauchli A. (2006) Approaches to increasing the salt tolerance of wheat and other cereals, Journal of
Experimental Botany. vol. 57, pp.1025-1043.

Nakamura C., Kasai K., Kubota Y., Yamagami C., Suzuki T., Mori N. (1991) Cytoplasmic diversity in alloplasmic common
wheatswith cytoplasms of Triticum and Aegilops revealed by photosyntheticand respiratory characteristics. Jpn J Genet. vol. 66,
pp-471-483.

Orlov P.A. (2001) Vzaimodeystvie yadernyh i citoplazmaticheskih genov determinaciya razviriya rasteniya [The interaction of
nuclear and cytoplasmic genes in the determination of plant development]. — Minsk. pp. 170.

138 Becrnuk. Cepust 6uonornueckas. Ne3 (76). 2018



Tepneukas H.B. u ap.

Palilova A.N. (1986) Vliyanie plazmona na priznaki, opredelyaushie produktivnost alloplazmaticheskih linii pshenisy [The
effect of plasmon on the signs that determine the productivity of wheat alloplasmic lines] Cytology and genetics. vol.20, no. 3, pp.
224-229.

Palilova A.N., Orlov P.A., Voluyevich E.A. (2005) Phundamental nye i pricladnye problemy vzaimodeistviya yadernoi i ci-
toplazmaticheskih geneticheskih system u rastenii [Fundamental and applied problems of interaction of nuclear and cytoplasmic
genetic systems in plants. Vestn. VOGIS. vol. 9, no. 4, pp. 499-504

Ratushnyak Ya.l., Kochevenko AS (2012) Effects of alloplasmic interactions in reciprocal cybrids of higher plants. Biotechnol-
ogy. vol. 5, no.1, pp. 18-32

Ronzhina E.S. (2004) Structural and functional changes of mesophyll as a possible cause of cytokinin-dependent transport of
substances in the leaves isolated. Plant Physiol. vol. 51, no. 3. pp. 373-382

Rubin A.B. (1999) Mechanisms of regulation of primary processes of photosynthesis. Godnevskie chtenia, Minsk, pp.5-25.

Santos C.V. (2004) Regulation of chlorophyll biosynthesis and degradation by salt stress in sunflower leaves. Sci Hort. vol.103,
pp-93-99.

Shymkevich A.M., Makarov V.N., Goloenko [.M., Davydenko O.G. (2006) Phunkcional noe sostoyanie photosinteticheskogo
apparata u alloplazmaticheskih linii yachmenya [Functional state of fotosynthetic system in barley alloplasmic lines] Ecological
genetics, vol. IV, no. 2, pp. 37-42

Udol'skaya N.L. (1976) Vvedenie v biometriu [Introduction to Biometrics] Almaty, 85 p.

Udovenko G.V. (1988) Diagnostics stability of plant resistance to stress. Methodical guidance edited by, Leningrad, VIR, 89 p.

Veselov D.S. (2009) Growth by extension and water metabolism in water deficit conditions, Author’s abstract of dissertation of
Dr. Boil. Sci., SEI Bashkir State Univ., Ufa, pp. 47.

Voluevich E.A., Buloichik A.A. (1999) Vliyanie chuzherodnogo plazmona rasteniya-hozyaina na ustoichovost’ myagkoi psh-
enicy k vozbuditelu tverdoi golovni [The influence of alien plasmon host plant on the resistance of soft wheat to the causative agent
of hard smut] Cytologiya and genetics. vol.33, no.4, pp.43-48.

Xian-He J, Wang J, Guo H, Liang F. (1995) Effects of water stress on photochemical function and protein metabolism of pho-
tosystem Il in wheat leaves. Physiol Plant., vol. 93, pp. 771-777.

Zholkevich, V.N. (1968) Energetika dykhaniya vysshikh rastenii v usloviyakh vodnogo defitsita [Energetics of Higher Plant
Respiration under Water Deficit], Moscow: Nauka, pp. 211-213

Zhuchenko A.A. (2008) Adaptive plant growing (ecologo-genetic basis): theory and practice. Moscow: Agrorus. vol. 1, pp. 814

Zhuchenko A.A. (2003) Rol" geneticheskoi inzhenerii v adaptivnoi sisteme selekcii rastenii [The role of genetic engineering in
the adaptive system of plant breeding]. Agricultural Biology. no. 1, pp. 3-33

ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne3 (76). 2018 139






6-0011M
BUOTEXHOJIOI' s

Pazngen 6
BUOTEXHOJIOI'UA

Section 6
BIOTECHNOLOGY



MPHTU 62.09.37

®dadees /I.I!, KacbimoexoB B.K., ®ajees E.I'.%,
Mpiip3aramues K.2K.}, Borycnaes K.K.*

'KaHuIaT OUOOTMYECKHUX HayK, BEAyIIHi HAYYHbIA COTPYIHUK, e-mail: ex-cko@yandex.ru
MIT/IIIAIN HAYYHBIA COTPYAHUK
cTaxep-uccienoBaresb
4TOKTOpP OMONOTHYECKHUX HAYK, TIABHBIN HAy4YHBINA COTPYAHHUK, e-mail: kboguspayev(@yandex.kz
Hay4Ho-uccie1oBaTeNbCKIi HHCTUTYT IPOOJIeM SKOJIOTHHY,
Kazaxckuii HalMoOHaAIBHBIH YHUBEpCUTET nMeHH anb-Dapadu, KazaxcraH, r. AnMarsl

PA3PABOTKA TEXHOAOTUU KYAbTUBUPOBAHMS PACTEHMUI
TAY-CAIbI3A (Scorzonera tau-saghyz Lipsch. et Bosse)
C UCMOAb3OBAHMEM MOYBEHHOM MUKPO®AOPDI:
4. MMUKOPU3ALUMA
B YCAOBUAX AABOPATOPHOI' O 3KCITEPUMEHTA

Scorzonera tau-saghyz — aHaeMuk KasaxcraHa, cnocobHbii HakanAmBaTb A0 40% Kayuyka B CyXux
KOPHSIX, MO KauyecCTBY He ycTynawouero Kayuyky resen. Ceiuac BeAyTCS HayUHO-UCCAEAOBATEAbCKME
paboTbl MO BOCCTAHOBAEHUMIO UMCAEHHOCTU AQHHOIO BMAQ, a TakxKe Mo paspaboTke 3pdekTUBHbIX 1
peHTabeAbHbIX BMOTEXHOAOTMI MOAYUYEHMSI KOMMEPUECKOro Kayvyka 13 KopHen S. tau-saghyz.

B ycAOBUMSIX AAMTEABHOIO AABOPATOPHOT 0 IKCMEPUMEHTA OCYLLLECTBAEHA MMKOPM3aLMs MPOPOCTKOB
Tay-carbi3a. B KkauyecTBe MHOKyAsiTa MCMOAb30BaHbl rprbbli-Mrkopmsoobpasosateam pp. Claroideo-
glomus n Rhizophagus (Claroideoglomus etunicatum (Schiissler/Walker), Rhizophagus intraradices
(Schiissler/Walker), Claroideoglomus claroideum (Schiissler/Walker)). B kopHsix 3apa>keHHbIX pacTeHmi
ObIAM BbISIBAEHbI CTPYKTYpPbl, XapakTepHble AAS FpvbOB, 00pasyiolmMx MMKOPU3bl apbyCKyASIPHOro
TUMA: HECEMTUPOBAHHbIN MULLEANI, BE3NKYAbI 1 apOYCKYAbI.

HeMuKopu3Hble 3K3eMrAspbl B BapuaHTe oOfbiTa C BHECEHWEM WMHOKYAIOMA 3HAOMMKOPM3bI
He BbISIBAEHbl — 4acTOTa BCTPEYAEMOCTM MMKOPWM3HOW MHQEKLUMU B M3y4deHHbIX obpasuax KopHei
Tay-carbida coctaBuaa 100 %. PacteHms B BapuaHTe oOrMbiTa C BHECEHMEM MHOKYAlOMa rpuba-
MMKOPM3006pa30BaTEASl POCAM 3aMETHO Ayulle, YeM He MUKOpu3Hble. CpeaHMe MoKasaTeAr BbICOTbI
M KOAMYECTBA AUCTbEB MMKOPM3HbIX pacTeHuit Obina B 1,5 pas3a Bbille, YeM Y He MUKOPU3HbIX, YTO
SBASIETCS AOKA3aTEAbCTBOM BaXKHOCTU apOYyCKYASPHbIX MMKOPU3 B )KM3HEAEATEABHOCTU CTEHOTOMHOTO,
PEeAKOro 1 UCYE3aloLLEro BUAA Tay-Carbi3.

McrnoAb3oBaHMe 3HAOMMKOPU3 MOXET B CyLLECTBEHHOW CTereHu crnocob6CTBOBaTb paspaboTke
COBPEMEHHbIX, PEHTAabeAbHbIX OGMOTEXHOAOIMI, HAMPaBAEHHbIX Ha BOCCTAHOBAEHWE YMCAEHHOCTWU B
MPUPOAE U MOAYUYEHME KOMMEPUYECKOro Kaydyka M3 KopHel S. tau-saghyz. AaHHble MCCAeAOBaHMS
npuobpeTaioT 0cobyl0 akTyaAbHOCTb B CBETE PACTYLLEro Crpoca B MMPE Ha HaTypaAbHbIA KayuykK U
MOMCKA aAbTePHATUBHbIX, B OTAMYMK OT [eBeun, MCTOUHUKOB NMPUPOAHOIO Kayuyka.

KatoueBble caoBa: Scorzonera tau-saghyz Lipsch. et G.G. Bosse, HaTypaAbHbii kayuyk, Glomero-
mycota, Claroideoglomus etunicatum (Schiissler/Walker), Rhizophagus intraradices (Schiissler/Walker),
Claroideoglomus claroideum (Schiissler/Walker).
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Development of plant cultivation technology of tau-sagyz
(Scorzonera tau-saghyz Lipsch. et Bosse) with soil microflora:
4. Mycorrhization in a laboratory experiment

Scorzonera tau-saghyz — endemic of Kazakhstan, capable of accumulate up to 40% of rubber in
dry roots and quality is not inferior to rubber hevea. Currently, research work is underway to restore the
number of this species, as well as to develop effective and cost-effective biotechnologies for obtaining
commercial rubber from the roots of the tau-saghyz.

In long-term laboratory experiment carried out mycorrhization of seedlings. As inoculum used fungi
Claroideoglomus etunicatum (Schiissler/Walker), Claroideoglomus claroideum (Schiissler/Walker) and
Rhizophagus intraradices (Schiissler/Walker). In the roots of infected plants were revealed structures
typical for fungi, forming arbuscular mycorrhizae type: non septate mycelium, vesicles and arbuscules.

Mycorrhizal infection in the studied samples of S. tau-saghyz roots was 100 %. Infected plants was
noticeably better than non-mycorrhizal. The average height and number of leaves of mycorrhizal plants
was 1.5 times higher than that of non-mycorrhizal plants, which is proof of the importance of arbuscular
mycorrhizae in the life of stenotopic, rare and extinct S. tau-saghyz.

The use of endomycorrhizal fungi can significantly contribute to the development of modern, cost-
effective biotechnologies aimed at restoring the abundance in nature and obtaining commercial rubber
from the roots of tau-saghyz. These studies are particularly relevant at growing demand in the world for
natural rubber and the search for alternative sources of natural rubber, in contrast to Hevea.

Key words: Scorzonera tau-saghyz Lipsch. et G.G. Bosse, Glomeromycota, Claroideoglomus etu-
nicatum (Schiissler/Walker), Rhizophagus intraradices (Schiissler/Walker), Claroideoglomus claroideum
(Schiissler/Walker).
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Tonbipak, MMKpochAOpacbIH KOAAAHY GapbICbIHAA Tay-CaFbl3
(Scorzonera tau-saghyz Lipsch. et Bosse) 6CiMAiriH AaKbIAAQy TEXHOAOIMSICbIH O@HAET LUbIFapY:
4. AabopaTopHUSIAbIK IKCMIEPUMEHT XKaFAalMbIHAQ MMKOPU3aLLMSIAQY

Scorzonera tau-saghyz — reBesi kayJyriHeH Kem TYCMeWTiH, Kypfak, TamblpblHAQ 40%-Fa AeWiH
canaabl Kay4yKTbl KMHayFa KabiaeTTi, KasakcraHHbIH sHAemuri. Kasipri TaHAa ataAFaH TYpPAiH CaHbIH
apTTbipyFa GaFbITTaAFaH FbIABIMU-3EPTTEY XYMbICTapbl XYPri3iAin >aTblp, CoHAait-ak, S. tau-saghyz
TaMbIPbIHAH KOMMEPLIMSABIK, KayUyK OHIMAEPIH aAyAd TUIMAT GMOTEXHOAOTUSIAAD B3ipPAEHYAE.

Y3aK, yaKblTKQ CO3bIAFAH 3epTXaHaAblk —Toxipube >KafaalblHAQ —Tay-Cafbl3  ©CKiHAEpiH
MUMKOpUM3aLMsAQy >Ky3ere acblipbIAAbl. MIHOKYAST peTiHAe MUMKOpU3a Ty3yLli caHplpaykyAakTap pp. Cla-
roideoglomus >xeHe Rhizophagus (Claroideoglomus etunicatum (Schiissler/Walker), Rhizophagus intrara-
dices (Schiissler/Walker), Claroideoglomus claroideum (Schiissler/Walker)) naraaaaHbiaabl. 3akbIMAAAFaH
OCIMAIKTED TambIpbiHaH CaHbIPayKyAaKTapFa TOH KYPbIAbIMAQD, MMKOPM3aHbiH, apOyCKYASIPAbI TUIIi:
CY3iAMEreH MULIEAMI, BE3MKYAQAQD >KaHE apOyCKyAaAap aHbIKTAAADI.

ToxxipnbeHiH MUKOPU3aChI3 YATIAEPIHE XKYPri3iAreH JKyMbICTapAa MHOKYAIOMAI eHri3y 6apbiCbiHAQ
SHAOMMKOPM3aAap aHbIKTAAFaH >KOK. AAaiipaa, Tay CaFbi3AblH 3epTTey VYATIAepiHiH TaMblpblHAQ
MUKOPM3aAbIK, 3aKbiMaaHy XUiAiri 100% Kypaabl. MMKOpM3aTy3yLLi-CaHblPAYKYAAKTbIH, MHOKYAIOMIH
€Hri3reH eCciMAIKTIH Taxipnbe YAriaepi, MUKOPU3aAbl YATIAEpre KapaFaHAQ >KakCbl 6CTi. MUKOPU3aAbIK,
OCIMAIKTEPAIH OMIKTIri MeH >KarblpakTapblHbiH OpTalla CaHbl MWUKOPU3AAbIK, eMec eciMmaikTepre
KaparaHaa 1,5 ece >korapbl 60AAbI. ByA Tay-caFbi3AbIH AQAAAbIK, CUPEK >KAHE XKOMbIAbIN 6apa »aTkaH
TYPiHIH TipLiAiriHAe ap6yCKYASPAbIK, MUKOPU3AAAPAbIH MaHbI3ABIAbIFbIH KOPCETEA.
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DHAOMMKOPM3AI MampasaHy S.tau-saghyz-AblH TabuFaTTarbl CaHblH KaAmMblHA KEATIpyre >koHe
TaMbIpbIHAH KOMMEPLIMSIABIK, KayuyK aAyFa 6arbITTaAFaH Kasipri 3aMaHfbl, TUIMAT BUOTEXHOAOTUSIAAPADI
93ipAeyre eAeyAi ABpeXKeAe bIKMaA eTyi MyMKiH. ATaAFaH 3epTTeyAep 9AeMAEri Tabuen Kayuyk AereH
CYPaHbICTbIH, aPTYbIHaH, COHbIMeH KaTap [eBesiaaH 6acka TabmFK KayuyKTbiH 6aramachiH i3eyAe epekiie

©3eKTIAIKKe ue.

Ty#in ce3aep: Scorzonera tau-saghyz Lipsch. et G.G. Bosse, Taburu kayuyk, Glomeromycota, Cla-
roideoglomus etunicatum (Schiissler/Walker), Rhizophagus intraradices (Schiissler/Walker), Claroideo-

glomus claroideum (Schiissler/Walker).

BBenenue

Pactymmii cipoc B MUpe Ha HaTypaJIbHBII Kay-
YyK, B HACTOsILEe BPeMs, IPUBEI HCCIieaoBaTeIeh
K TIOUCKY allbTePHATHUBHBIX, B OTIIMYNHU OT I'eBEH HC-
TOYHHMKOB npupoaHoro kayuyka (Gelling, 2013: 67-
71; van Beilen, 2007: 522-529; Mooibroek, 2000:
355-365). Kosenenm Ttay-carei3 (Scorzonera tau-
saghyz Lipsch. et G.G. Bosse) — sumemuk Ka3zax-
cTaHa, criocoOHbIN HakarmBaTh 10 40% Kaydyka B
CYXHX KOPHSX, HE YCTyHaeT M0 Ka4ecTBY KaydyKy
reseu (pucynok 1) (ITasnos, 1947: 128; Kynbtua-
coB 1938: 315; borycnaes, 2013: 64-70).

UHCIIeHHOCTh JTAHHOTO BUJA B MPUPOJHBIX YC-
noBUsIX Obula cepbe3Ho mojpopBaHa B 40-e¢ rosl
MIPOIIOTO BeKa B XOJ€ MHTEHCHBHOW 3arOTOBKH.
3amachl BUAa CUIBHO COKPATUIINICHh B TIPEIBOCHHBIE
1 0coOeHHO B BoeHHBbIE roasl (1941-45 rr.), Korna
OBLIO BBIKOMAHO Oosiee 12 MITH. KOpHEH, CyXuM Be-
com okoJ10 908 1. B mepeBoie Ha KaydyK 3TO COCTa-
Buio 250-300 1. — Brimag Kaszaxcrana B geno 00o-
pousl ctpansl ([1aBnos, 1947: 128).

B HacTosIee Bpemsi YHCIIEHHOCTh Tay-carbi3a
HeBenuKka. JlaHHBIA BUJ BCTpedaeTcsl KpallHe pell-
KO, @ BOCCTAaHOBJICHME YHCIIEHHOCTH M apeajoB
MIPOM3pACTaHUsl TMPOWCXOTUT OYEHb MEIJIeHHO. B
MOCJIEAHUE TOJIbl UHTEPEC K ITOMY PACTEHHUIO BbI-
poc, U ceifuac BeayTcsl HAyYHO-HCCIICA0BATEIbCKHE
paboThl IO BOCCTAHOBJICHUIO YHCIICHHOCTH JaHHO-
ro BUJa, a TaKke Mo pa3padoTke 3(h(HEeKTUBHBIX U
peHTa0eIbHBIX OMOTEXHOJOIMH MOIYy4EHHUs] KOM-
MepYecKoro Kay4yka u3 kopueit S. tau-saghyz (bo-
rycmnaes, 2013: 64-70).

OueBuIHO, YTO BOCCTAHOBJIEHUE YHCIIEHHOCTU
PEAKNX M MCYE3AIOIINX BHIIOB TpeOyeT KOMILIEKC-
HOTO MOJXOJ[a, C HCIOJIb30BaHHEM COBPEMEHHBIX
OMOJIOTMUECKUX METOJO0B, OAHUMH U3 TaKHX Me-
TOJIOB MOYKET CTaTh HCIOJH30BAHHME ITOYBEHHOM
MHUKPOQIIOpBI, B YaCTHOCTH TPHOOB. 00pa3yromux
MHUKOPH3bI apOyCKYJISIPHOTO THIIA.

ApOyckynsipHas  MHKOpH3a  (3HIOMHKOPH-
3a) — 3TO MIMPOKO PACHpPOCTPAHEHHOE B MPHUPOJIE,
B3aMMOBBITOJIHOE COXKUTEJIBCTBO MHKPOCKOIIHYE-

ckux TpuboB otnena Glomeromycota, ¢ BbICHIH-
MH COCYJHUCTBIMH PACTCHHUSMH, CIIOCOOCTBYIOIIEE
3HAYHUTENILHOMY MOBBIIICHHIO JKU3HECTIOCOOHOCTH
pacteHusi-xo3sinHa. [loBblllleHHE yCTOHYMBOCTH
MUKOPU3HBIX PACTCHUH K HEOJAronpUsTHBIM YyC-
JIOBUSIM OKPYIKAIOIIEH cpejibl 00YCIOBICHO YBEIH-
YCHUEM JIBYHAIPABICHHOTO TPOPHUECKOTO IMOTOKA
MEXJIy MUKOCUMOMOHTaMH, KOTOPOE B MTOTE CIIO-
COOCTBYET MOBBIIICHUIO MOTJIOIICHHS TTUTATSIBHBIX
JJIEMEHTOB PACTEHHEM-XO03SIMHOM (B YaCTHOCTH, Ta-
KHX TPYJHOAOCTYIHBIX Kak Gocop 1 a30T), HHTEH-
CUBHOCTH (DOTOCHHTE34, YTO B CBOIO OUEPE/Ib BEACT
K CYIIECTBCHHOMY YBEIHUCHHIO KOPHEBOH W HaJI-
3eMHONM Macchl MUKOpU3HOro pactenus (CemuBa-
HOB, 1981: 177; IlIusipeBa-Lpara, 1990: 583-590;
Sharma, 2002: 363; Peterson, 2004: 173; Smith,
2008: — 787).

B uactHocTH, crierpanuctel 3 MHaUK mpoBe-
JIM MCCJICZIOBAHKE B XOJIe KOTOPOro OBLIO TTOKa3aHO
BIIUSTHUE WMHOKYJISIUU apOyCKYJISIPHOM MHKOPH-
30i HA yCHWJIGHHE pOcTa mepra JJIUHHOro — Piper
longum, (Dicot.) KOTOPBIA HCHONB3YyETCS B MEIM-
[UHCKUX cucTeMax VHauu Kak 1IeHHOE JICKapCTBO,
a TaKKe SABJSIONIeeCs MPSHBIM pacTeHueM. Mcrbi-
TBIBaH d(H(PEKTUBHOCTH HHOKYIIIITHN apOyCKyIIsIp-
HO-MHUKOPH3HBIMH TpuOamu 1noberos P. longum B
MOYBCHHOW KyJNbType. BBDKHBAEMOCTH MPH HHO-
KyJSIIHAW TToBBIIIanack ¢ 58 po 6omxee 80%. MHOKy-
JMPOBaHHBIE PACTEHHS UMEIH OOJIBIIYIO Oromaccy,
ObLTH BBIIIE U coepskanu 6omnbiie N u P. Haubonee
MPOAYKTUBHBIME IiTaMMamu Obutd Glomus fascic-
ulatum, G. clarum, G. etumcatum u G.versiforme
(Singh, 2012: 339-344).

ApOyCKyJISIpHbIE MHUKOPH3bl OKa3bIBAIOT 3Ha-
YUTEIbHOE BIUSHUE Ha obOecrieueHue (ochopom
MUKOTPOGHBIX PACTCHHUH, CPABHUMOE C BHECCHH-
eM (GocPOpHBIX YIOOpEHUH M MOXKET JaBaTh BO3-
MOXKHOCTb 3KOHOMHThH YAOOpPEHUs, YTO aKTyaJbHO
npu pa3paboTKe HOBBIX, PEHTA0CTBHBIX, IKOJIOTHY-
HBIX OMOTEXHOJOTHH KyJIbTHBUPOBAHHS PAaCTCHHUN
(Shukla, 2012: 109-116; Cozzolino, 2013: 40-44;
Thompson, 2013: 117-137; Soares, 2012: 47-54;
Umamaheswari, 2010: 341-348).
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Pucynok 1 — I[BeTeHune Tay-carbiza B HeTpOQUIBHBIX PACTUTEIBHBIX COOOIIECTBAX
CEeBEPHOro MaKkpocKioHa xpebra Kaparay

I'pubbI, oOpa3yromnire MUKOPHU3BI apOyCKyIISIp-
HOI'o THIIa OKa3bIBAIOT IIOJIOKHUTECIBHOEC BJIMAHUC
HA JKU3HENEATETBbHOCTh KaK OTIACNBHBIX PACTCHHH,
TaK W pacTHTENbHBIX coobmectB (Merrild, 2013:
229-240). Pactenust 0ObIYHO >KUBYT B CHMOHOTH-
YECKHMX AaCCOIHAlUAX C TpudamMu apOyCKyIIpHON
MUKOPH3BI, TOCTABISSI TPOIYKTHI (OTOCHHTE3a
CBOUM I'PHOHBIM MapTHEPaM, KOTOPhIE, B CBOIO Ove-
pelib, 00eCTeYNBAIOT UX MUHEPATHHBIM MTUTAHUCM.
ApOyckynsapHble MUKOpU3HBIE TpUOBI (AMI') 005-
CJMHSIOT COCEJCTBYIOIIUE pacTeHus, oOpasys 00-
[IMe MUKOPHU3HBIE ceTH. ECITH 0JTHO M3 MUKOPHU3HBIX
pacTeHHii HCIBITHIBAET YTHETEHHE POCTA, TO K HEMY
0 TaKUM MUKOPHU3HBIM CE€TAM OT 6HI/I3J’IC)K3HIHX
MUKOTPOGHBIX PACTCHHI MOCTYMAIOT MUTATEILHBIC
BEIIECTBA, YTO B UTOTE CITOCOOCTBYET MOBBIIICHUIO
TOJICPAHTHOCTU K PA3JIMYHBIM HeGHaFOHpI/IHTHBIM
YCIOBUSAM OKPYXKAMOMIEH Cpebl Kak OTACIbHBIX
IK3EMIUISIPOB MUKOPH3HBIX PACTCHUMN, TaK M IIEJBIX
pactutenbHbix coobmects (Walder, 2012: 789-
797).

[IpoBeneHHoe paHee HM3ydeHHE MHUKOCHMOHO-
tpodusma S. tau-saghyz B mpupojie U B YCIOBHUAX
KyJIbTUBUPOBaHUsI Ha Tepputopuu Kapatayckoro

ISSN 1563-0218; eISSN 2617-7498

l'ocynmapcTBeHHOTO TIPHPOTHOTO 3arOBEAHHUKA I10-
Ka3ajio, 4TO BCE HCCIICIOBAHHBIC 00paslbl KOp-
HEBBIX CHUCTEM Tay-carbi3a ObLTH MHUKOPWU3HBIMH:
4acToTa BCTPEYAEMOCTH MHUKOPW3HON HWH(EKIHH
coctaBmna 100 %. M3ydeHHBIE K3EMIUISIPBI pac-
TeHui S. tau-saghyz ObITM B OCHOBHOM CpellHE- H
c1aboMUKOTpOPHBIMUA. B yCITOBUSAX KyIBTHBHPO-
BaHWs MHUKOPHU3HasA I/IH(l)eKHI/IH MOXET HE TOJBKO
COXPAaHATHCS, HO U CYIIECTBEHHO MPEBOCXOIUTH
10 MHTEHCUBHOCTH aHAJIOTMYHBIC TIOKA3aTelN pac-
TEHUH, NPOU3PACTAOIIMNX B IIPUPOIAHBIX YCIOBUAX
(danees, 2014: 427-434; Borycnaes, 2014: 41-50).

Hcnonp3oBanue SHIOMUKOPH3 apO0yCKYISIPHOTO
THIIA MOKET B CYIIIECTBEHHOM CTEIIEHHU CIIOCOOCTBO-
BaTh pPa3pabOTKEe COBPEMEHHBIX, PEHTAOEThHBIX
OMOTEXHOJIOTHH HANpPaBICHHBIX HAa BOCCTaHOBIIE-
HHUEC YUCJICHHOCTH B IIPUPOJAC U ITOJIYUCHHUEC KOMMEP-
YECKOT0 Kay4yKa U3 KopHeH S. tau-saghyz.

Ienmsro manHON pabOTHI SBHIIOCH OCYIIECTBIIC-
HHE MUKOPH3AIINU, H3y4eHHEe MUKOCUMOHOTPO(DU3-
Ma, BBISBIICHUE POJIH apOYCKYIJISIPHBIX MUKOPH3HBIX
rprOOB B KU3HEACSITEIHLHOCTH PEAKOTO U NCUE3af0-
niero Buja S. tau-saghyz B ycimoBusax nabopatopHo-
r'0 SKCIEPUMEHTA
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MartepuaJibl 1 METOABI UCCIETOBAHUS

OOBeKTaMH JTaHHOTO HUCCIIEIOBAHUS SIBISLIIMCH
MIPOPOCTKM PacTEHUs KO3Jel Tay-carbi3 — S. tau-
saghyz (cem. Asteraceae) m MUKPOCKOITMYECKHE
rpudsI otaena Glomeromycota, OTHOCSAITUECS K PO-
nam Claroideoglomus v Rhizophagus (C. etunicatum
(Schiissler/Walker), C. claroideum (Schiissler/
Walker), R. intraradices (Schiissler/Walker)) (uHo-
KymoM cozepxan cnopsl AMI), oOpasyromme
MUKOPH3BI apOyCKyJISIPHOTO THIA C BBICIIAMHU CO-
CYJHMCTBIMHU pacTeHHUsIMU. Vcrionb30BaHHBIE B XOJIE
MocTaHOBKH onbiTa AMI™ IMEIOT IUPOKOE pacipo-
CTpaHeHHE B MPHUPOJAE ¥ BeChMa MHOTOYHCIICHHEI,
SIBIISISICH CBOETO POJIa KOCMOIIOJIUTAMH, YTO TOBHI-
maeT 3 (HEeKTUBHOCTh WX MCIONB30BaHHS NIPU MH-
KOpHU3allNK TeX WJIM MHBIX BUIOB pacteHuil (Blasz-
kowski, 2012: 303). ['pulbl, UCIIOJIB30BAaHHBIX HAMH
ITaMMOB ToJy4YeHsl n3 kommnanuu INOQ GmbH
(I'epmanmus, 1Inera). MHOKYIIIOM OBLT BHECEH Yepe3
nonroma (180 cyTok) mocie Hadajga TPOBEACHUS
skcnepuMenTa. CeMeHa Tay-carsiza CoOpaHbl B X0/1€
MIPOBEJICHHSI TIOJIEBBIX HKCHEAWIIMOHHBIX PadoT B
utore 2015 r., Ha CEBEPHOM MaKpOCKJIOHE XpedTa
Kaparay, 6mm3 nocenka Auucaid. [IpopammBanue
CEMSH W BBIpAlMBaHUE IPOPOCTKOB PACTEHUH TPO-
BOJIMIIOCH B PAaCTHJIbHE OCHAIICHHOW CIEIUAIbHBI-
MU JIaMIIaM#, OOECTICUHBAIONIMMH ONTUMAIIbHBIN
CIEKTp W MHTEHCHBHOCTb OCBEIIEHUS: OJIM3KHE IO
napameTpaM K COJTHEUHOMY CIeKTpy. B Xoze koH-
CTPYUPOBaHMS PACTWIBHU OBUIM HCIOJB30BaHbI
nmamiiel komrraanu Philips mapkn MASTER TLD
Reflex Super 80 (ITonpmia). JIaMIbl ObLTH yCTaHOB-
JeHsl Ha pacctostauu 20 cM Ipyr oT apyra. Bpems
OCBeIIeHHsI pacTeHni — 12 9/cyT.

IIpu BeIpamMBaHUM PACTEHUI B YCIIOBUSX Jia-
0OOpaTOPHOTO OMBITa B KAYECTBE ITOYBBI HCIIOJIb-
30Bajach CMECh KpPYIMHO3EPHHCTOTO TPOMBITOTO
PEYHOTrOo MecKa ¥ BEpMUKYJINTa, CMEIIAHHBIX B ITPO-
nopuuu 1:1. CeMeHa BbICEBaIM B IUIACTUKOBBIC €M-
KocTH oobeMom 150 mit.

3apakeHHe KOpHEH pPacTCHHUS-XO35IMHA TPOMC-
XOAMT Ha CTaAWU 2-3 HACTOsIIEro JaucTa. [Ipexaes-
pEMEHHOEe BHECEHHE MHOKYIIOMa MOXKET TPUBECTH
K CHWYKCHUIO KH3HECIIOCOOHOCTH CIIOP U YaCTHUYEK
MULEenUst rpuda-MuKopuzoodpaszoBarens. [lpose-
JICHHBIE HAMHU paHee TMpeABapUTENbHBIC HCCIENIO0-
BaHMS TOKAa3aji, 4YTO Tay-carbl3 B JIAOOPATOPHBIX
YCIOBUSIX PacTeT OuYeHb MEJICHHO, YTO MOXKET
OBITH 00YCIIOBIIEHO KaK OTPaHUYCHUSMHU B CIICKTpE
Y UHTEHCUBHOCTH OCBEIICHUS, TAK U CPABHUTEILHO
MaJbIMA 00bEMaMU TOPILKOB, MPEMSTCTBYIOUIMMU
HOPMaJIBHOMY POCTY M Pa3BHUTHIO OIIBITHBIX pacTe-
HUWA. B CBsI3U ¢ 3TUM, BHECEHUE WHOKYJIIOMA I'pU-

00B-MUKOpPH3000pa3oBaTesicii B caMOM Hadase Mmpo-
BEJICHHSI DKCTIEPUMEHTA, BMECTE C TTOCAKON CeMSH
npecTaBiIsgeTcsi Maaod(pQEeKTHBHBIM B IJIaHE 3apa-
JKEHHsI KOPHEH ONBITHOTO PACTEHHS SHIOMHKOPH3-
HBIM TPUOOM U B UTOTE HEIEIECOOOPA3HBIM.

Jnst noBeimennst 3QpQEeKTUBHOCTH 3apasKeHHs
WHOKYJIIOM TJIOMaJIeBBIX TPUOOB BHOCHJICS Ha CTa-
Iy 3-5 HACTOSLIEro JIMCTA, KOrJa BEPOSITHOCTh
BHEJIpEHUsI TpHOa-MUKOPU3000pa3oBaTensi B KOp-
HU Tay-carbl3a ¥ Kak CJIEICTBHE ero MUKOPH3aLus
OKakeTcsl HambOojiee OBICTpOo W APGHEKTHBHOM.
Mukopu3anuo NpopoCTKOB PaCTEHUI Ha MO3JIHUX
CTaIusIX TOJyYCHHS NPOPOCTKOB TPOBOAWIH TIO
OPUTHHAIBHOW METOAMKE, pa3paboTaHHOW paHee
@aneesiM [I.I". C 3T0#1 11€71bI0 MTPH MOCA/IKE CEMSIH
Tay-carbl3a HCIIOJIb30BaJIM TPOOUPKU AMaMETPOM
15 MM, npu auamerpe ropikoB 40 MM, KOTOpbIE B
BEPTUKAIBHOM ITOJIOKEHHUH TIOTPYKaIH B IPYHT Ha
2/3 ot BbIcOTHI ropmKkoB. [lo gocTmwxennu cragun
pocta 3-5 HaAcTOSIIEro JIMCTa OMBITHBIX PaCTEHUMN
MPOM3BOJMIIOCH BHECEHHE WHOKYIIOMa apOycKy-
JSIPHBIX MUKOPHU3HBIX IpubOoB. [yist aTOro mpodup-
KM aKKypaTHO W3BIIEKAJHNCh U3 TPYHTA, TaK, YTOOBI
n30eKaTh MOBPEKACHUSI KOPHEBOW CHUCTEMBI TPO-
pocTkoB. B o0pa3oBaBiimecsi mycTOTHI 3achIain
BBIIIICYKa3aHHYIO CMECh TPYyHTa U WHOKYJIFOMa TPH-
0a-MukopuszooOpaszoparess. CBEpXy MyCTOTa 3aChl-
najiach TeM K€ TPYHTOM (TIECOK U BEPMUKYIIUT) HE
COJIeprKaIINM HHOKYJITIOM.

OKCIepUMEHT NPOBeJeH B 2 BapuaHTax: | — B
KOHTpOJIE — 3TO ObUIa MPOCTO YKa3aHHAasl BBIIIE
CMecCh TeCKa W BepMHKYJIHTa (0e3 HHOKYyIIoMa
AMI), 2 — B BapHaHTe OMbITa ObUT BHECEH MHOKY-
JIIOM Ipruda-MHKOPHU3000pa3oBaTes.

Pe3ynpraTel SKCIIEpUMEHTa CHUMAIUCh dYepes
1,5 roma (545 cyTok) mocie Hadanga dKCIEPUMEH-
ta. KonndyecTBo MOBTOPHOCTEH B Ka)JIOM BapuaH-
Te ombITa — 15. Hamu ObuH BicciiemoBaHbI 00pas3Ifh
KOPHEBBIX CHCTEM ONBITHBIX PACTEHHI Ha MPeMeT
colepKaHusl CTPYKTYp TIpuba-MHKOpU3000pa3o-
BaTeNs, a TaKKe€ W3YYECHbI POCTOBBIE IapaMETPHI:
BBICOTA U KOJIMYECTBO JINCTHEB MUKOTPO(MHBIX H HE
MHUKOTPO(HBIX PaCTCHUH.

Jlns m3ydeHuss MUKOTpodu3Ma COOMPATTUCH TT0
5 PK3EMIUISIPOB KOPHEBOU cucTeMbl pacTeHuid. OTo-
OpaHHbIe 00pa3lbl KOPHEBBIX CHCTEM (UKCHPOBa-
muck B 70% pacTBOpe STHIIOBOTO CIIUpPTA. 3aTeM,
KopHU MarepupoBanuck B 10%-1oM pactope KOH
Y OKPAIIMBAJIUCh TPUITAHOBBIM CUHHM B JIAKTO-TJIH-
uepune: 500 ma Boxa, 250 mut rmnepus, 250 M
40 % monounas kucnoTa, 0,5 r TpUIIaHOBBIN CUHUH.
[Tocne okpammBaHusi KOpHH momemanucsk B 50 %
pacTBop TiHIepuHa, I muddepeHnnanun oKpa-
cku. [locne oxpammBaHWsi KOPHU TPOMBIBAIHCH
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¥ TOTOBWJIHCH [aBJICHHBIC IperapaThl, KOTOpBIC
MHUKPOCKOMTUPOBAINCH TIpH yBenmueHnn 120X Ha
MHUKpPOCKOIe. B KaxIoM roie 3peHust Oompenesns-
JIOCh KOJNHMYECTBO Tpuba MHMKOPHU3000pa3zoBaTess
B Oammax — mo maTnOayuibHON mikane CenuBaHOBa
(Cenuanos, 1981: 177). MukpodoTtocheMka oCy-
HIECTBJICHA C HCIIOIB30BAHUEM MUKPO(POTOHACAIKI
M®H-10, npu yBenaudenun 200%,

Pe3yabTaThl HCc/Ie10BAHUS U UX 00CYKIEHHE

HpOBeI[eHHI)Ie HuccjIie10BaHrd B YCJIIOBUAX Jia-
60paT0pH0r0 OKCIICPUMCHTA ITO3BOJIMJIN BBISIBUTH

HJINYME MHMKOPHU3HOW HWH(EKIHH B NPOPOCTKAX
Tay-carbl3a BBIPAIIEHHBIX C BHECEHHEM HHOKY-
moma AMI'. Tak, BO Bcex MHUKpPOCKOITMPOBAHHBIX
o0pasuax KOpHeH Tay-carbi3a B KOHTPOJE, TO €CTh
BBIpAIlICHHBIX 0€3 BHECEHHs WHOKYyJoMa rpubda-
MHUKOPH3000pa30oBaTelsi CTPYKTYphl XapaKTepHbIC
Uit apOyCKYJISIPHBIX MHUKOPU3HBIX TPUOOB HE BBI-
siBIIeHBL. [Ipn 5TOM, B BapuaHTE OIBITa C BHECEHUEM
uHOKyJtoMa rpuboB pp. Claroideoglomus v Rhizo-
phagus ObUIM BBIABICHBI CTPYKTYPBl XapaKTEpHbIC
U TpHOOB 00Pa3yIOMUX MHKOPH3BI apOyCKyIsp-
HOI'O TUIA: HECENTUPOBAHHBIN MULIEIINNA, BE3UKYJIbI
1 apOyCKyJIbl (PUCYHOK 2).

Tt i T8 W 101+ O WA e

K.K. — xopa xopust; K.I{. — kopHeBo# tpmuap.

Pucynok 2 — BHyTpuKopHEBBIE CTPYKTYpBI — Be3UKYIHI (B), Hecentuposanubie rudsl (I7)
B KOpe KOPHS PACTEHHH Tay-Carbi3a, BRIPAIIEHHbIX B JJAOOPAaTOPHBIX ycioBusix (200%)

He Mukopu3HBIE SK3eMIUIIPEI B BApUAHTE OTIbI-
Ta C BHECEHHEM HHOKYIIIOMa YHJJOMUKOPHU3BI HE BBI-
SBJICHbI, COOTBETCTBEHHO YacTOTa BCTPEYAEMOCTH
MUKOPHU3HON WHQEKINU B HW3yYeHHBIM 00Opasiax
KOpHel Tay-carbiza coctaBmia 100%. 3mech He-
00X0IMMO OTMETHTH, YTO B MPUPOAHBIX YCIOBHSIX
NPOBE/ICHHBIE PaHEe MCCIIET0BAHMS MOKA3alH, YTO
pACTEeHUsI Tay-carbl3a TaKkKe ObUIN HMCKIIOYUTEIEHO
MHUKOTPO(GHBIMH: YaCTOTA BCTPEYAEMOCTH MUKOPHU3-
Hol nH(pekuuu coctasuia taxxe — 100 % (danees,
2014: 427-434; borycmaes, 2014: 41-50). Jlannabie

ISSN 1563-0218; eISSN 2617-7498

(GaKkTBl MOTYT SIBISTHCS MOKa3aTEISIMH BBICOKOM
ponn apOyCKYIIPHBIX MUKOPHU3 B KU3HEAEATEIIBHO-
CTH TaKOTO CTEHOTOITHOTO, PEAKOT0 U UCUE3aI0IIETro
BUJIa KaK Tay-carbl3, Kak M3BECTHO, OKa3bIBAIOIIIX
CYIIECTBEHHOE BIHMSHHE HA >KH3HEAEATEIHHOCTDH
MuKopu3HbIX pactenuit (Cenusanos, 1981: 177;
[uepeBa-/para, 1990: 583-590; Sharma, 2002:
363; Peterson, 2004: 173; Smith, 2008: — 787).
VHTEHCUBHOCTP MHKOPU3HOH HMH(EKLIUH HC-
CIIeIOBAaHHBIX PACTEHUH Tay-carbl3a, BHIPAIICHHBIX
B J1a0OPATOPHBIX YCIOBHAX, COCTaBUIIA B CPEJHEM
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1,16+0,21 6amnos. Bce uccnenoBaHHbie dK3eMILIS-
PHI SIBISUTHCH C1a00MUKOTPO(DHBIMH.

B n3yuennsix oOpa3iax KOpHEBBIX CUCTEM Tay-
carbi3a ObLIO BBISIBJICHO 3HAYUTEIHHOE KOJIHMYECTBO
BE3WKYJ. Be3nkynbl ObUIM KPYIHBIMH, OBAJIbHOU
¢dopmel (pucyHok 2). [Ipu 3TOM, KOTHMUECTBO apOy-
CKYJI OBIJIO HECKOJIBKO OOJIBIIIE YeM BE3HMKYJ: COOT-
BETCTBEHHO, B cpearem 0,38+0,04 u 0,15+0,01 Gai-
J10B. Heckosibko 0oJibIliee KOJU4IeCcTBO apOyCKyJI 1Mo
CPaBHEHUIO C KOJMYECTBOM BE3UKYJ B KOpE KOPHS
M3YYEeHHBIX HaMH OOpa3I[OB MOXKET YKa3bIBaTh Ha
BBICOKYIO HMHTCHCHUBHOCTDH 06MCHHBIX mpoueccoB
MEXy TPHOOM-MHKOPH3000pa3oBaTesieM U pacTe-
HHUEM-XO035IMHOM. [IpOLIeHT JJIMHBI KOPHS 3aHSATHIN
MUKOpHU3HOH MH(peknued coctaBun — 51,0+4,1 %,
TO €CTh MPAKTUYECCKH MOJIOBHHA UCCIICIOBAHHBIX B
X0J1e MUKPOCKOITMPOBAHUS TTOJIeH 3pEHNUS COIepKa-
JIV T€ WK UHBIE CTPYKTYPEI XapaKTepHbIE IS DHI0-
MUKOPH3BI: TU(DBI, BE3UKYJIbI, apOYCKYJIBI.

Kax BumHO M3 TIpeIcTaBIEHHON HUXKE TaOINIIBI
B YCIOBHSIX JIADOPaTOPHOTO 3KCIIEPUMEHTA Y/a-
nock mobuthest 100 %-Horo MHGUIUPOBAHUS KOP-

HEeH Tay-carbiza apOyCKYJSIPHBIMH MHKOPHU3HBIMU
rpubamu. Kpome TOro, CTeneHbh MHKOCHMOHOTPO-
¢u3zmMa MHPHUIMPOBHHBIX MHUKOPU3HBIMH TpUOaMU
MIPOPOCTKOB Tay-carbi3a ObLIa 3aMETHO HMXKE, YeM
B TIPUPOJHBIX YCIOBHAX: cocTaBuB 2,23+0,04 Gamta
B HEC(OPMHUPOBAHHOM TIETPOPUILHOM PACTHTENb-
HoM cooOmiectBe, 1,85+0,03 u 3,33+0,05 Oamna B
MPUPOJHBIX YCIOBUSAX HA OMNBITHBIX IUIOMIAAKAX U
1,16+0,21 Gamia B yciaoBusiX jJa00OpaTOPHOTO KC-
nepumenTa (tabiuua 1). O4eBUAHO, JAaHHOE COOT-
HOIIICHUE CBSI3aHO C OTPAHUYCHHOCTHIO FOPIICUHON
KYJIbTYPBI B 00beMe, KauecTBe OCBEIeHHs, OeTHO-
CTBIO MHUTATEIBHBIMH 3JIEMEHTaMHU J1a00paTOpHOTro
IpYyHTA.

Kpome Toro, B Xo/ie poBeIeHHs IKCTIEPUMEHTA
OBLTO BBISIBIICHO, YTO PACTCHUSI B BapUaHTE OIbITA
C BHECEHHEM HHOKYIIOMa Tpruda-MUKOpHu3000pa-
30BaTesIsl POCIH 3aMETHO JIy4Ille, YeM He MHKOPHU3-
Hele. CpegHMe MOKa3aTeId BBICOTHI U KOJIMYECTBA
JIMCTHEB MHUKOPH3HBIX pacTeHHd Obuia B 1,5 pasa
BBIIIIE, YeM Y HE MUKOPHU3HBIX (KOHTPOJb) (pucy-
HOK 3).

Taomuma 1 — THTCHCUBHOCTh MUKOPHU3HOM HH(PEKITMU U 9aCTOTa BCTPEYAEMOCTH MUKOPH3HOM HH(DEKIMH pACTCHUI BUIa Tay-Carbi3
B J1a0OPATOPHBIX U MPHUPOAHBIX yciaoBusx (*danees, 2014: 427-434; Borycnaes, 2014: 41-50)

OO0mas cTerneHp
VenoBus npouspacTaHus MHKOCHMOHO-
Tpodusma (6aTbn)

Yacrora
Besuxyist ApOyCKyJIbI BCTPEYAEMOCTH
(6ass) (6as) MHUKOPU3HOU

unpexmu (%)

JlaboparopHbie ycioBus, 2-X JIETHAE

xpe6ta CriprapsrHcKoro Kaparay™

1,16+£0,21 0,15+0,01 0,38+0,04 100
MIPOPOCTKU
OnbITHAS HfomaaKa r. Kenray, 1-Ho netHue 1.85£0,03 0.4040,01 0.2240,01 100
MPOPOCTKU
OrnbITHASA HJIOH.[a,E[K:l ym. XaHTary, 2-X 3.3340,05 0.8540,02 1.1140,03 100
JICTHUE MTPOPOCTKU
HecdopmupoBaHHOE pacTUTETBHOE
€000IIeCcTBO, CEBEPHOTO MaKpPOCKIOHA 2,23+0,04 0,55+0,01 0,06+0,01 100

Takum 00pa3oM, MpPOBEICHHBIC HAMHU HCCIie-
JIOBaHUSI YKA3bIBAIOT HA TO, YTO MHUKOPHU3BLI apOy-
CKYJIIPHOT'O THIIA WTPAIOT CYIIECTBEHHYIO POJIb B
KHU3HESSITETbHOCTH Tay-carbida. VccienoBanusi B
JAHHOM 00JIaCTH SIBIISIFOTCSI BECbMa MEPCIIEKTUBHBI-
MU U MOTYT OBITh MTOJIOKEHBI B OCHOBY Pa3padOTKu
OMOTEXHOJIOTHI HAIPABICHHBIX HA ONTHMHU3AIUIO
yCJIOBI/II>'I KYJIbTUBUPOBAHUSA JAaHHOTO PEAKOI'0 U UC-
Ye3arollero Brja, NePCIeKTHBHOTO KaydyKoHoca S.
tau-saghyz.

[Towck MecT mpou3pacTaHusi PEJAKOro U HCYe-
3aF0IIEro BUJIa Tay-carbi3a B IMPUPOJE, MOJICIbHBIC

9KCIIEPUMEHTHI B J1a0OPATOPHBIX U MPHUPOTHBIX yC-
JIOBHSIX — BCE 3TO CO3JAeT MPEANOCHUIKH JJIS T10-
JydeHHsl OMOMaTepHalioB JaHHOTO BHJA C IENBO
MTOJTHOIIEHHBIX HMICCIIEIOBAaHUI B 0OJIACTH T€HETHKH
Y MOJIEKYJISIPHOM OGHOJIOTHH, B YaCTHOCTH T10 CEKBe-
HUPOBAHUIO TpaHCKpurToma. Tak Kak, JanbHenIee
MIPOBEICHNE TEHETHYECKUX MCCIIEIOBAHUNA PEIKOTO
W MCUE3aI0NIero BUa Tay-carbi3a TpedyeT MaTepH-
anoB — OMOJOrMYEeCKHX OOpa3LOoB JAHHOTO BHUJA.
Kpome ToOro, 3KCHepuMEeHTHI IO BBIPAIIUBAHUIO
Tay-carbi3a B J1a0OpaTOpHBIX W MPHUPOJHBIX YCIO-
BUSX C IEJBI0 ONTHUMU3AIMH TEXHOJIOTHH KYJIbTH-
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BHUPOBaHUS TAaHHOTO BUJA — 3TO OCHOBA (0a3a) /Uis  HATYpaJIbHOTO KaydyKa, B YACTHOCTH C HCIOJb30-
co3aHus B OyIyIIeM MPOMBIIIJICHHBIX TUIAHTAlMA ~ BaHWEM TE€HETHYECKH MOIU(HUIIPOBAHHBIX COPTOB
S. tau-saghyz c 1enbro NOay4YeHHsT KOMMEPYECKOr0  JaHHOTO Kay4yKOHOCA.

O[HO IecHue IMHEHKU — 5 CM.

PucyHnox 3 — Buemnuii Bua He MUKOPU3HBIX (1) 1 MUKOPU3HBIX (2) IPOPOCTKOB Tay-Carbi3a, BhIPAIIEHHbBIX
B YCJIOBHSX J1a0OPAaTOPHOTO 3KCIEpUMEHTa (Bo3pacT — 545 cyTok)

Paboma evinoanena ¢ pamxax peanusayuu na- AP 05135262 «Paspabomka KOMNIEKCHbIX Ouonpe-
YuHO-uccreoogamenvckux npoekmos AP05134291  napamos Ha ocHOge npooyyenmos buoI0Su4ecKy ax-
«Cexeunuposanue cenoma Scorzonera tau-saghyz — mueHbIX KOMHOHEHIMOG U OUOMOKCUHOB, 0becneuusa-
(Lipsch. & G.G. Bosse) u accoyuamueroe Kapmupo-  10wWux niodopooue no4e, 3auumy om namo2eHos u
8aHUe 2CHOMA NO NPUSHAKY COOEPIUCAHUSL KAVUYKAY»,  BbICOKYVIO Npoodykmuernocms pacmenuiiy, MOH PK.
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