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Ajlinencosa C.A.

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

AHAAN3 POAA ASTRAGALUS L.
AKTIOBMHCKOTIO ®AOPUCTHUYHECKOTO OKPYTA

Poa Astragalus L. (Galegeae, Fabaceae) — KpynHeLmim poA LUBETKOBbIX PaCTeHMIM, OXBaTbIBaIOLLMIA
okono 2500-3000 BMAOB, LUIMPOKO PaClpOCTPAHEHHbIX B CEBEPHOM MOAylapuu. KMccaeaoBaHue
BMAOBOrO pa3HooOpasus poaa Astragalus L. npeACTaBASIET CYLIECTBEHHbI MHTEPEC AAS MOHUMAHMS
MPOLLECCOB reHe3nca 1 3BOAIOLMM CTenHOM hAopbl EBpasmn.

B paborte AaH BCECTOPOHHMI aHAAM3 CaMOro KPYMHOro poAa AKTIOBUMHCKOrO (hAOPUCTUUECKOrO
okpyra — Astragalus L., npeacraBaeHHoro 50 Buaamu, coctaBasiomm 3,8 % oT 06LIero Yncaa BUAOB
aopbl. [poBeaeHHbIN cUcTEMATUUECKUI aHaAM3 poAa Astragalus L. yCTaHOBMA AOMMHMpPOBaHWe
noapoaa Cercidothrix, npeacraBaeHHbii 16 cekumsmm, 06beAUHSIOLLIMMM 37 BUAOB, AU 74% OT 06L1ero
UMCAQ acTparaAoB, MU MAaAOUMCAEHHOCTb NoApoasa Phaca, npeacTtaBAeHHOro 4 cekumsMu € 5 BUAAMMU.
M3yueHue cnektpa >kusHeHHbIX hopm no U.T. Cepebpskosy, no K. PayHkuepy, 3KOAOrMUeckmx TUMoB
MO OTHOLUEHMIO K YBAQXXHEHHOCTM CybCTpaTa rnokasaAo CTEenHom xapaktep (Aopbl 1 ee creuudmky.
ApeoAOrMyeckuini aHaAM3 BMAOB aCTParaAoB AKTIOOMHCKOrO (PAOPUCTMUECKOrO OKpyra BbIIBUA 22
TUMAa apeaAoB C npeobAasaHMEM 3aBOAXKCKO-KA3aXCTAHCKOr0, 3aBOAXKCKO-Ka3axXCTaHCKO-TYPAHCKOrO,
TypaHcKoro TMnoB. Buapbl poaa Astragalus L. npeacTaBAeHbl 2-Msi rpynnamy apeaAoB: eBpasnaTckom
CTErnHOM 1 ApeBHECPEAN3EMHOMOPCKOI. B poae Astragalus L. AKTIOOMHCKOro (hAOPUCTUUECKOrO OKpYra
BbIIBAEHO 10 AM3BIOHKTMBHOAPEAAbHbIX BMAOB C $IBHbIM AOMWMHMPOBAHMEM ME3aAN3bIOHKTUBHOM
rpynnbl. [pynna aHAeMUUHbIX BUAOB mpeacTaBAeHa: Astragalus aktiubensis, Astragalus mugodshari-
cus, Astragalus temirensis, Astragalus subarcuatus, coctaBasitowimmn 8,0 % OT 06LLEro YMcAa BUAOB
poaa. Pacripeaenenvie BMAOB poaa Astragalus L. ycraHoBmao npeobaasaHve NcammoUAbHOIO
AOPUCTMYHECKOTO KOMMAEKCA (22 BMAQ) M CTEMHOro (OPAOPUCTMYECKOrO KOMMAeKca (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.

GUMOAOT S FbIAbIMAAPbIHbIH, AOKTOPbI, 3epTXaHa MeHrepylLici,
C. bariwes aTbiHAaFbI AKTEOE YHMBepcuTeTi, KasakcTtaH, AKTebe K., e-mail:saira_ap@mail.ru

AkTe6e (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 Taaaay GepiareH. Astragalus L. TybiCbiHA XYPri3iAreH >Kyieai
TaAAQy acTparaAAapAbIH XKaArbl CaHbIHbIH, 74% KypanTbiH Hemece 37 Typre GipikTipiareH 16 cekuusra
»aTtatbiH Cercidothrix TyblC TapmarbiHbIH 6acbiM €KEHAITi >kaHe 5 TypmeH 4 cekuusra GipikTipiAreH
Phaca TybiC TapmarbiHblH a3AbiFbiH aHbikTaabl. M.I. Cepebpsikos, K. PayHkuep 6ovibiHIWa TipLuiAik
chopManapbl CrekTpiH, bIAFAAAAHY CYyOCTPATbiHA KATbICTbl SKOAOTUSIABIK, TUMTEPAI 3epTTey (hAOPAHbIH
AQAAABIK, CUMATbIH XKOHE OHbIH epeKLUeAiriH kepceTTi. AKkTebe (HAOPUCTUKAABIK aiMarbiHbiH, Astraga-
lus L. TybICbIHa >KYPri3iAreH apeaAorusiAbIK, TaAAQY 3aBOAXKCK-KA3aKCTaH, 3aBOAXKCK-Ka3aKCTaH-TypaH,
TypaH TMnTepi 6acbiM KeAeTiH 22 apearAap TUNiH aHbIKTaAbl. Astragalus L. TybiCbl TypAepi 2 apearaap
TOObIHA GipIKTIPIAreH: eypasusiAbIK, AAAAAbIK, XKOHe KeHeXepopTaTeHi3AiK. AKTebe (PAOPUCTHKAABIK,
anmarbiHbIH, Astragalus L. TybICbIHbIH Me3aAM3bIOHKTMBTI TOObl 6acbiM KeAeTiH 10 Typi aHbIKTaAAbI.
DHAEMUK TYpAep ToObl TybICTbIH >KaAMbl CaHbiHbIH, 8,0 % KypanTbiH Astragalus aktiubensis, Astraga-
lus mugodsharicus, Astragalus temirensis, Astragalus subarcuatus TypAepiHeH Typaabl. Astragalus L
TYbICbl TYPAEPiIH GOAY NCaMMOMUAbAI (PAOPUCTUKAABIK, KeLLeH (22 Typ) MEH AAAAbIK, (DAOPUCTUKAABIK,

KelleHHiH (21 Typ) 6acbIMAbIFbIH KOPCETTI.

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

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

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

HccnenoBanne BUAOBOTO pazHOOOpasus KpyI-
HEHUIIeTo poja 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 HCCIIEOBAaHUS TI0 MOJEKYJISIPHOH CH-
cTemaTuke, kiaccudukanus pona Astragalus L.
sBaseTcs HeoxHo3HauHol (Yakovlev, 1996:724;
Gazer, 1993:69-155; Zarre, 1996:255-312;
Podlech, 2013:2439; Yan, 2000:1-5; Maassoumi,
1990:117-128).

Lenpro HacTOsIIeH pabOTHI SBISIICS BCECTO-
poHHui aHanus pojaa Astragalus L. AKTIOONHCKOTO
(hropHrCTHYECKOTO OKpyTa.

MaTepna.m)l U METOAbI UCCJICTOBAHUSA

OO0BEeKTOM UCCIIeI0BAHUS ABISIICS POX Astraga-
lus L. Bo yiope AKTIOOMHCKOTO (DIIOPUCTHYECKOTO
okpyra. PaboTa BbImosHeHa Ha OCHOBaHMHU Ooiiee
30-IeTHIX MaTepHaIoB aBTOPa, COOpAHHBIX MapIIl-
pytHbIM MeTonoM (AnéxuH, 1938:208), ananmmuza
repOapHbIX Koyutekunii Kazaxcrana, a Takxke 0000-
IIEHHS JINTEPATYPHBIX JaHHBIX.

s BunoB pojaa Astragalus L. ObL1 TIpOBEICH
CHCTEMaTH4eCKUi 0030p, YCTaHOBIECHBI KH3HEH-
veie opmbr (Raunkiaer, 1934:632; CepeOpsikos,
1964:146-205), SKOTOTHYIECKUE THUITBI 10 OTHOIIIC-
HUIO K yBIaXHEHHOCTH cyOctpara (LLlenHHuMKOB,

Experimental Biology. Ne3 (76). 2018 5



Amnamms pona Astragalus 1. AKTIOOHHCKOTO (DIOPHCTHYECKOTO OKpyTa

1950:375; IlomnaBckas, 1948:296; Kamenus,
1973:61), Tunst apeanos (JIaBperko, 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).
Bbutn omnpe/iesieHbl KaTeropuu JU3bIOHKIIUN U JH-
nemuuHbie BUIBEI (3aBepyxa, 1985:192; Koczwara,
1926:34-45; Ilomos, 1963:136), a Taxxke pacnpene-
JICHUE BHJIOB p0Jia 10 (DJIOPUCTUYECKUM KOMILICK-
cam (IToros,1963:136; Kamenun,1973:356).

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

Cawmprii kpynHbIi pog ADPO Astragalus L. npen-
crasieH 50 BugaMu, coctapiisromumu 3,8 % ot 00-
LIET0 YUciia BUAOB (DIOPHI, OTHOCSIIIUMHUCS K 3 TTOA-
ponam u 25 cexnusm (o Kamenuny, 1981:70-281).

W3 3 moapomoB poma Astragalus L. mo wuciy
BUAOB JomuHHpyeT mnonpoxa Cercidothrix, npea-
CTaBJICHHBIM 16 CEKUMSIMH, OOBEIUHSIOMIMMHU 37
BUjI0B min 74% ot o0lero yucia acrparajios. M3
JaHHOTO TOAPOJa MO YHUCIy BHIOB Ipeolnamaer
cekuust Xiphidium Bunge, OCHOBHOE S7Jp0O KOTOPOH
cBs13aHo ¢ ropamu Cpenneit A3uu.

Ota cexuus Bo (iope ADO mnpexacrasieHa 8
CTETTHBIMH ¥ TOPHO-CTEIHBIMH BUAAMH, TPH U3 KO-
TOPBIX SIBISIOTCS SHAEMUYHBIMHU (4. aktiubensis,
A. mugodsharicus, A. temirensis). Ilpu 3Tom cie-
IyeT OTMETUTh, uTo A. aktiubensis mpomspactaeT
Ha HCCIIeyeMOH TepPUTOPHUU TOJIBKO Ha MEIOBOM
cyOcTpare.

I[Io uuciny BUAOB 3a HEH ciexyeT CEKLMs
Trachycercis Bunge, mpencrapieHnHas 3-Ms BUAa-
MU, U3 KOTOPBIX J1Ba BUAa (Astragalus ruprifragus,
Astragalus testiculatus) TOpPHO-CTENHBIE W OJWH
COOCTBEHHO-CTENIHOW BuUn — Astragalus dolicho-
phyllus, xoTopbIil sBIIsSIETCS HanboIee IPEBHUM BU-
oM U3 cexumu 1rachycercis Bunge.

OnnHaKOBOE TIOJOKEHUE B BBIIICYKa3aHHOM
MOJPO/Ie TO KOJWYECTBY BHIOB 3aHUMAIOT TpPHU
crenable ceknmu: Craccina (Steven) Bunge, Cys-
todes Bunge, Paraxiphidium R. Kam.; pacmpo-
CTpaHEHHbIE NPEUMYIIIECTBEHHO B CTEITHOM 30HE U
CBSI3aHHBIE OOJNBINEH YacTbI0O C MEIOBBIMH OOHa-
KEHUSIMU 1 ojiHa VpaHo-cpenHea3narckas CeKius
— Erioceras Bunge, Buabpl KOTOpOW TPUYPOUYEHBI K
CKJIOHAM COTIOK ¥ IMIEOHUCTHIM MECTOOOUTAHUSM.

Crnenyrommmu B moapoae Cercidothrix Bunge
nayt nByxBuaosble cekuuu Cystium Bunge, Ono-
brychium Bunge, nmpeacTaBieHHBIMU CTEITHBIMU BH-
JaMmu u cexuus Laguropsis Bunge.

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

Bunge u sHneMuuHas TypaHckas cekuus — Paracys-
tium Gontsch.

HeGomnpiass 1 BecbMa 000COONICHHAST CEKIHS
Helmia Bunge pona Astragalus L. nmeer UEHTp
pasHooOpasus B KazaxckoM MENKOCOTIOYHUKE, ITOT
pEruoH, 0 BCeil BUIMMOCTH, OBUT MECTOM BO3HHK-
HOBEHUS M MEPBUYHOTO BHI000Pa30BaHMs JaHHOU
cexmuu (KaszeB u ap., 2006:278-290).

Ha 2-M MecTe 1O 4uMCIly 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 CEKLUU nojapoaa Astragalus Mucidifo-
lia R. Kam., Ankulotus Bunge, Eremophysa Bunge
MIPEJICTABICHBI BUIAMH, IPHYPOYCHHBIMH K ITeCKaM
Y KAMEHUCTBIM CKJIOHAM XOJIMOB.

HauOonee majao4ncieHHON MO YUCIY CEKIHMU
Y BHUJIOB SIBIII€TCS MOAPOJ Phaca, 00beTMHSIIONIHIA
4 cexnuu ¢ 5 Bugamu. Cexuuu Hypoglottis Bunge
u Glypcyphyllus (Steven) Bunge manHOTO TOApO-
Ila TIpeICcTaBlIeHbl OopeadbHBIMH BHaamu. HanOo-
Jiee JIPEBHUM TIpeJICTaBUTeNeM ceKiu Hypoglottis
Bunge sBnsiercs Astragalus danicus. Jpyroit 6o-
peanbHbIii BUI Astragalus glycyphyllos, nipencras-
JISIFOIME TPETUYHBIA Me30(DMIIBHBIA 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 Tadmmie 1.

Kak BumHO M3 JaHHBIX TaOuuUIel 1, B poae As-
tragalus L. mpeoOnagaroT CTep)KHEKOPHEBBIE MO-
JTUKAPIIHAKH, coCTaBIstomnue 54% ot obmiero uncia
acTparayioB Haie Qruopsl.

ITo knaccudpuxanmuu K.Paynkuepa (Raunkiaer,
1934:632) B pone Astragalus L. nOMUHUPYIOT Te-
MUKpUNTOGUTH — 28 BuaoB (56%) u xameuTsl —
14 BunoB (28%). M3yuenue BumoB pona Astragalus
L. ¢moper A®O mo oTHOmEHHUIO K (aKTOpPy BIATH
MOKAa3aJio, YTO CHEKTP IKOJIOTUIYECKUX TUTIOB TPE/I-
CTaBJICH 2-Ms 9KOJIOTHYECKUMH T'PYNIAMH: KCepo-
(buapHON M Me30(PHITEHOH, ¢ SBHBIM Tpeo0IiagaHue
KcepopHIIbHOH rpymribl (pUCYHOK 1).

I'pynna kcepoduios, mpeacTaBicHHAsT THIHY-
HBEIMHU KcepodriaaMu U Me30Kcepo]rIaMu, coOCTaB-
ssoriast 82,0% ot o0Iero yucia BHIOB poOJia, C
npeoOnaganuem kcepopuios (24 Buaa, 48,0 %).

TunuaaeiMu ~ KceporilaMu — 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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Taéanna 1 — CooTHOIIEHHE XU3HEHHBIX (OpM acTparanoB AKTIOOMHCKOTO ¢uroprcTrdeckoro okpyra o V.I. CepebpsikoBy

Tursl ¥ rpyNITH! KU3HEHHBIX GOpPM Kon-Bo % OT 00IIIero YKucia acTparaios
JlpeBecHble pacTeHus

Kycrapauku 5 10%
[TonynpeBecHble pacTeHus

IonyxycrapHukn 12%

TonykycrapHuuku 12%
[Nonmkaprnnyeckue TpaBbl

CTepKHEKOPHEBBIE TOTUKAPIIUKN 27 54%

JUIMHHOKOPHEBUIIHBIE IIOJIUKAPIUKH 1 2%
MoHoKapru4eckue TpaBbl

OnHONeTHHE TPABBI 5 10%

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

MesoduibHas rpymmna npejacTaBieHa Kcepome-
30¢uinaMu U Me30(puiIaMH, COCTABUBIIUMH 9 BUI0B
(18% ot oO1ero uncna BUIOB POJA).

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

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

Kceepodun Mezoxcepodin

Kceepomezodin

Mezodun

Pucynok 1 — Pacnipenenenue BuioB pona Astragalus L. A®O o npuypov4eHHOCTH
K THUITaM MECTOOOUTAHUI C OTPENICICHHBIM PEXKUMOM BIIard

Apeonornueckuil ananus BUIIOB poja Astraga-
lus L., nokasan, yro actparansl ADO mpencras-
JIEHBI 22 TUTIAMU apeayioB u3 53 THUIIOB apeajios,
pa3paboTaHHBIX HAMH M YCJIOBHO O0bEAMHEHHBIMH
B TPHU TPYMIIBI: IIUPOKOPACTIPOCTPAHEHHYIO, €Bpa-

ISSN 1563-0218; eISSN 2617-7498

3MaTCKYIO CTEIHYIO U JPEBHECPEIN3EMHOMOPCKYIO
(Aiineuncosa, 2013:93-155).

Bunsl pona Astragalus L. dnoper ADO mpen-
CTaBJIEHbI 2-Ms TpyIIIaMHU apeajioB: €Bpa3HaTCKON
CTEIHOM M APEBHECPEIM3EMHOMOPCKOH (Tabmuua 2).
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Ta6muua 2 — Pactipenenenue BunoB pona Astragalus L. ¢imopsr ADO 1o rpynmaM U TUTIaM apeaioB

I'pynns! u Tl apeanon Kon-Bo BunoB Tpouent ot oduero unesa
BHUJIOB pozia
1 2 3
JlpeBHecpen3eMHOMOpPCKAs rpynna
BocTounonpeBHECpeIN3eMHOMOPCKUI 1 2,0
EBpormneiicko-BOCTOYHOPEBHECPETU3EMHOMOPCKHIMA 1 2,0
Wpano-Typanckuii 4 8,0
Typanckuit 6 12,0
EBpasuarckas crenmHasi rpynna
EBpormeficko-mpunaepHOMOPCKO-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-TYPAaHCKHI 3 6,0
3aBOJKCKO-Ka3aXCTaHCKUN 7 14,0
3aBOHKCKO-Ka3aXCTaHCKO-CHOMPCKHI 1 2,0
3aBOJKCKO-Ka3aXCTaHCKO-TyPaHCKO-MOHIOJIbCKUI 1 2,0
3aBOKCKO-Ka3aXCTaHCKO-TyPaHCKUI 6 12,0
3arnaJHOKa3aXCTaHCKUN 1 2,0
3amalHOKa3aXCTaHCKO-TypaHCKUI 1 2,0
AKTIOOUHCKHIT 1 2,0
MyramkapcKo-IIpuapanbCKo-KalrapcKuit 1 2,0
DMba-MyTamKapcKo-pHapaIbCKuit 1 2,0
Ypaun-ropHocpeaHea3snaTcKkui 2 4,0

1. EBpazuaTckas cTenHas rpyrmnma apeajioB 00b-
eAMHSACT 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 srtoi
MIOATPYTITIE apeasiOB OTHOCSTCS TAKKE TUIIBI aPEajioB
KaK, IPHYEPHOMOPCKO-Ka3aXCTAaHCKHH, 3aBOKCKO-
Ka3aXCTaHCKHUH, 3aBOJDKCKO-Ka3aXCTaHCKO-CUOUp-
CKHUH, 3ara{HOKa3aXCTaHCKUH, aKTIOOMHCKUH U JIp.
(14 Bunos, 28%).

Bropass moarpynmna eBpa3WaTCKOW CTENHOU
CPYIIbl TUIOB apeaioB, MPEACTABICHA CBSI3YIO-
mumu  Bugamu  (Iloptenmep, 2000:26-33). Ot1o

BU/JIBI, CBA3YIOIIME CTENHYI0 30HY EBpasum c jnec-
HOW W JnecoctenHoil 3oHamMu EBpombl, Culupu un
Wpano-typanckoit momooOmacteio Caxapo-I oOnii-
CKOH MyCTBIHHOW 00J1aCTH, a TaK)KE BUJIBI, apealibl
KOTOPBIX JIeXKAT B MpeJieNax CTEIHOW 30HBI U TOp-
HBIX CHCTEM, 3a4aCTyI0 C 3KCKJIABAaMH B IIyCTbIHU
Typana. OTo Takue THIBI apeajoB, Kak eBpomei-
CKO-TIPUYEPHOMOPCKO-Ka3aXCTaHCKUHM,  €BpONEii-
CKO-TIepEIHea3naTCKO-3aBOKCKO-Ka3aX CTaHCKUH,
€BPOIIEICKO-3aBOJIKCKO-Ka3aXCTAHCKUM, ypal-rop-
HOCpeaHeasnaTckuid u ap. (24 suna, 48%).

2. JlpeBHECPEAM3EMHOMOpPCKasl I'pyIiia TUIIOB
apeajioB TpejcTaBieHa 4 TUNaMM apeayioB: BOC-
TOYHOJIPEBHECPEAU3EMHOMOPCKOM,  €BpOINENCKO-
BOCTOYHOJPEBHECPEIN3EMHOMOPCKOM, HMPaHO-TY-
paHckoi, TypaHckoi (12 BunoB, 24%).

CooTHoOIIEHUE TPy TUIIOB apeajoB MPEJCTaB-
JIEHO Ha PUCYHKE 2.
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38

40 1

35 1

25 A

20 A

15 +

EBpa3znaTtckan cTenHasa

L pesHecpeiM3eMHOMOPCHaRA

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

[lo yucny BHIOB cpey THIIOB apeajioB BH/OB
pona Astragalus L. mpeo0OnamaioT 3aBOIDKCKO-Ka-
3aXCTaHCKUH, 3aBOJIKCKO-Ka3aXCTaHCKO-TypaH-
CKHH, TYPaHCKHH.

W3 50 BunoB pona Astragalus L. ADO 20%
BUI0B SABJIAKOTCA JU3BIOHKTUBHOAPCAJIbHBIMU.
[lo mpocTpaHCTBEHHOW IU3BIOHKLWH, BCIE] 3a

b.B. 3aBepyxoii, MBI BbII€N€M 3 TPYMIIBI TU3BIOH-
KTUBHOApPEaJIbHbIX BUJOB: MeEraJu3bIOHKTHBHAS
— coime 1000 kM; makponu3broHKTUBHAS — 500-
1000 xm; mezoau3bronkTuBHas- 100-500 kM. AHa-
JIU3 JU3bIOHKTUBHOAPEAIBHBIX BUIOB pOJa MOKa-
3an mpeoOnanaHue Me3aIUu3bIOHKTUBHBIX BHUIOB
(pucyHnok 3)

Me3aaH3bI0HKTHBHAA - 7
MeranH3bIOHKTHBHAA -
MakpoIH3bOHKTHBHAA - 1
P . L L L
0 1 2 3 4 5 6 7

Pucynok 3 — Pacnipesienienuie AU3bIOHKTUBHBIX BUJIOB posia Astragalus L.
10 TIPOCTPAHCTBEHHOH BETMUNHE pPa3pbIBOB apeaioB

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

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

ISSN 1563-0218; eISSN 2617-7498

[Ipu u3yuyeHun NMU3BIOHKLUUN BaXXHOE 3HAYECHUE
JIOJDKHBI UMETh KPUTEPUU HE TOIBKO MPOCTPAHCTBA,
HO U XPOHOCHI, T.€. BUJIbI IPOCTPAHCTBEHHOU TU3b-
FOHKITMH HEOOXOMMO CBSI3aTh CO BpEMEHEM OpHEH-
THPOBOYHOTO BO3HUKHOBEHHS AU3BIOHKIHK (3aBe-
pyxa, 1985: 62).

Ha ocHoBanmm wumerommxcs maaeo00TaHu-
YECKUX JaHHBIX, JUTEPATYPHBIX MCTOYHUKOB,
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H3YYCHUS apeasia BUJOB MBI CYUTACM, UTO METa-
JU3BIOHKTUBHBIC apealibl 00pa30Baluch B IIHO-
1eHe, MaKpOIN3bIOHKTHBHBIE apeajibl BOSHUKIIN B
KOHIIE MJIHONECHA U B MJICHCTOIICHE, 2 ME30IU3b-
IOHKTUBHBIC apealibl B KOHIIE IJICHCTOIICHA M B
rOJIOICHE.

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

Pacnpenenenue BunoB pona Astragalus L. 1o
¢dopuctrnyecknm komrurekcam ADO (cremHoi ¢uto-
puctrdeckuii komruieke — COK, kanbredunbHbINH
¢ropuctryeckuii kommieke — KOK, nerpodunbHbiit
¢dmopuctnyecknit komrieke — DK, nmcammoduis-
HBIH QuiopucTryeckuit komreke — [1cdK, necnoit
¢opuctryeckuit komruieke — JIOK, myrosoit ¢ao-
puctudeckuii komrureke — JIyr®K, ramodumbHbII
¢dnopuctryeckuii komruieke — ['OK mokaszano gomu-
nupoBanue BuaoB B [Ic®DK (44% ot obmiero uncna
Buz0B 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

BTIIc®Kato Takue Bujpl, 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 (IIOPUCTHYECKOTO OKpyra Io-
Ka3ajo SBHOE Mpeo0IIalaHue CTEIHBIX BUIOB, BhI-

paKEHHBIC CBSI3H C JIECHOM, JIECOCTEITHON 30HAMU
EBponsl, Cubupu, nycteismu Typana, ropHoi
Cpenneit A3un. HezHaunTembHOE KOJIMYECTBO JH-
JIEMUYHBIX BUJOB, cocTaBisonux 8,0% ot obie-
T'0 YHCJIa BUJIOB PO/Ia, CBUJIETEIHCTBYIOIIHNX O Cla-
OOM TMpOSIBICHUH aBTOXTOHHOCTH HCCIEIyeMON
¢dnopel. Beectroponnuii ananu3 poja Astragalus
L. monrBepkIaeT reTeporeHHOCTh U TeTePOXPOH-
HOCTh (hJIOPBI U COTJIACYETCsl ¢ reorpaduuecKumM
MOJIO)KEHNUEM AKTIOOMHCKOTO (IIOPUCTHYECKOTO
OKpyTa.
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®AYHA PYYEMHUKOB (TRICHOPTERA, INSECTA)
LEHTPAABHOIO U CEBEPHOI'O KA3AXCTAHA

(PayHa pyderiHnkoB KaszaxctaHa B LeAOM CAabo um3ydeHa. Mo coctosHuio Ha 2018 roa w3
M3BECTHbIX MMpPOBOW (hayHe 14548 BnAOB B Ka3axcTaHe nm3BecTeH TOAbKO 1571 BUA pyyenHnKoB 13 59
poAoB 17 cemencTB. HanboAbLee KOAMYECTBO BUAOB OOHAPY KEHbI B FTOPHbIX M MPEArOPHbIX paloHax
TaHb-LLlaHg 1 AATag (lo>xHas 1 BocTouHas yactm KasaxcraHa), pyyeiiHmkmn CesepHoro u LleHTpaabHOro
KazaxcTaHa n3yyeHbl 3HaUMTEAbHO Xy>Ke. B HacToslee Bpems 13 BoaooeMoB LleHTpaabHoro KasaxcraHa
n3BecTHO 22 BuAa pydeintukos, 13 CesepHoro — 13 BuaoB. C60pbl, npounseeaeHHble B 2015-2016
IT., MO3BOAMAM PaCLUMPUTb BMAOBOW CMUCOK py4verHWkoB LleHTpaabHoro KasaxctaHa Ha 1 BuMA M
CeBepHoro KasaxcraHa — 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
pacrnpocTtpaHeHne. CpaBHUTEAbHbIN aHaAM3 dayH nokasaa, yto CeBepHblii 1 LleHTpaabHbii KasaxcraH
6uoreorpadryeckn nNpeAcTaBAseT cobom eAnHbI PermoH, Hanboaee BAUBKMIA K H0XKHOMY 3aypaAblo
(3anaaHas MaaeapkTtuka). CxoacTB ¢ payHoi 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

TOKLUC «KasakcTaH KoApaaHOaAbI SKOAOTMS areHTTiri», KasakcraH, AAMaThl K.
DKLLC «Kazak, 6aAblk, LWapyaLbIAbIFbl FbIAbIMU-3epTTeY MHCTUTYTbl» COATYCTIK hrAManbl,

KasakcraH, KaparaHAb! K.
OpTanblk, XdHe COATYCTiK KasakcraHaarbl 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 3eptreareH. Kasipri yakpirta Optaabik, KasakcraHaa
OyAakiarapAbiH, 22 Typi >keHe Coatyctik KasakcraHaa 13 Typ 6eariai. 2015-16 K >KMHAKTbIH
HoTuxkeciHae Opraablk, KasakcTaHHbiH OyAakiasap Tisimi 1 Typre >xoHe Coatyctik KasakcraH
GyAakwaap Tisimi 4 Typre ToabIKTbl. Molanna albicans (Zetterstedt, 1840) sxexe Grammotaulius nitidus
(Mueller, 1764) typaepi KasakcTaH yuiH 6ipiHiii aHbikTaAybl. TabblAFaH TYPAEP AMMHOMUAbAI XKoHe
KEH TYPAEri FOAOAPKTMKAAbIK, TPaHCMaA€apKTUKaAbIK, TPaHCMaAeapKTMKAAbI-OaFAapAbIK, TapaAyFra
ne. MayHarapAbl CaAbICTbIPY HOTMXKECIHAE OHTYCTiIK Opaa GoibiHa XakbIHAbIFbI 6ap, COATYCTiKMeH
Opraablk, KazakcraH 6uorpadusabik, 6ip ainmak, ekeHAIriH kepcetTi. OHTyCTik-batbic Cibip hayHacbiHa
YKCACTbIFbl eABYIp TOMEH. MaKaAaaa KepCeTiAreH TYPAEPAIH aTaAbIK, XKbIHbIC MYLLIEAEPi TYMHYCKAABIK,

cypeTTepMeH KOPKEMAEATEH.

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

KasakcTaH.

BBenenue

®ayna pyueiinukoB Kazaxcrana B menom ciabo
uzyyena. [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 u3BecteH Tonpko 151 BuA
pydeiHuKOB m3 59 pomoB 17 cemeicTB (AJbIeii-
coB, 2017:7). Haubonpee KOIMIECTBO BUIOB 00-
Hapy)XKMBaeTCs B TOPHBIX M IPEATOPHBIX pailoHax
Tsup-1llans u Anrtas (10)KHasT ¥ BOCTOYHASI 4acTh
Kazaxcrana), py4eiHUKA CEBEPHOTO U LIECHTPAJb-
Horo Kazaxcrana n3ydeHbl 3HAUUTENBHO XyKe. s
BOJIOEMOB IIeHTpajbHOro Kasaxcrana u3BecTHO Ha-
xokeHue 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 wmenkocornounukoMm. Otiuvaercs
KOHTHHEHTAIBHBIM KIIMMATOM C YKapKHM JIETOM U
MoOpo3HOH 3umoit (BumecoB u ap., 2009: 172-176,
180) . 3HauUTENBHYIO €ro YacTb 3aHUMAIOT PaB-
HUHHBIE CTENH, XOTS B LIEHTPE BBIACISCTCS Ooee
XOJIMUCTBIN PErruoH, MOKPHITHIA COCHOBBIMM Jieca-
mu (Bunecos u ap., 2009: 118, 119). I'maporpadu-
YyecKasi CeTh IEHTPAIBHOTO U ceBepHOro Kazaxcra-
Ha CKJIA/IbIBAeTCAd peKaMH, MPUHAICKAIUMHI WIIH
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TATOTEIOMMMHE K Oacceitny CeBepHOro JlemoBUTOTO
OKeaHa, WM 00pa3yrolux cOOCTBEHHbIC 0eCcCTOY-
Hble cucTeMbl. OCHOBHOM XapaKTEPUCTHKOH, 00b-
SIUHSIONIEH Bce OacCeiHBI, ABIAETCSA Mpeodiama-
HHME BECEHHEro CTOKa, Joxoxsiiero no 70-90% ot
rogosoro (Tromenes, 2008: 61, 67). B nenom peu-
Has CeTh HE OTJIMYAeTCSd MHOTOBOJHOCTHIO, MHOTO
0eccTOUHBIX 03€p.

B 300reorpadguyeckoM OTHOIIEHHH ONHUCHIBAC-
MBIH pPEeTHoH MO (hayHe PYyUCHHUKOB MPEICTABIISICT
co0O0H CTBIK TPEX PETHOHOB, COTJIACHO JICJICHHIO JIe
Mypa u NBanosa (Moor & Ivanov, 2008: 404) — ¢
BOCTOKA pactoyiokeHa bepunrus (Boctounas [laire-
apKTHKa), C 3araja — rojapkTu4yeckas (3amajgHast)
[Taneapkruka, ¢ rora — roxxHas [laneapkruka. ®a-
yHa pyueitnukoB Ceseproro u llenaTpansHoro Ka-
3axcTaHa, Kak ¥ (payHa CMEXHBIX TEPPUTOPUH FOTO-
3anaanoii Cubupu u 1o0xHoro 3aypaibs (Beketov,
Ivanov 2004: 26-28; beketos, Kprokos, 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€, BO3MOXKHO,
U a3uaTckue dneMeHThl. OJJHaKo, HMEeoIecs B Ha-
CTOSIILIEE BPEMsI CBE/ICHUSI, HE IO3BOJIAIOT YTOYHUTh
paiioH pacmoJIOKEHHsI STOTO 300reorpaduyeckoro
«CTBIKaY.

Taxkum 00pazom, nzyueHue (payHsl pydeHHUKOB
Cesepnaoro u llearpanpHoro Kazaxcrana BayKHO HE
TOJILKO C TOYKH 3PEHUSI YTOUHEHHsI cOCTaBa (ayHbl
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3TOTO PErroHa, HO U C IEJIBI0 TOJTY4YEeHHs BO3MOXK-
HOCTH TPOJIMTH CBET Ha BOIPOC O TOM, KaKHUM 00-
pa3oM QayHbl CMEXHBIX 300reorpapuIecKux BhlJie-
JIOB B3aMMOJEHCTBYIOT OJ[HA C APYTOM.

MaTepI/IaJI U METOAbI UCCJICT0BAHUSA

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

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

ITocne ceanca Jj10Ba yTOHYBLIMX HACEKOMBIX
W3BIICKAN M3 KOHTCWHEpa, MPOMBIBAIA HA CUTE H
KOHCEpBHPOBAIU 96% 3TaHOTIOM.

JaHHBIE 1O THUIPOXUMHUYECKUM TapaMeTpam
BogoemoB mnpenoctaBiensl PITI «Kasrumpomer»
o Kocranatickoit obmactu (03. boposoe u llyuse),
Oummanom «Kanan nM. K. Carmaesa» ['PIT «Kas3-
BOAX03» (BOJIOXPAHUIIUINA KaHATA U TIPUJICTAIOIIIE
BogoeMbI 1 BoioTokn), TOO «3konycey, r. Kaparan-
na (o3. Cynrankensasl, p Hypa, 03. KokTeHkoms).

Nmaro pydeiiHUKOB ObLTH COOpaHBI Ha CIIETYFO-
X BOJHBIX O0OBEKTAX:

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

Beper ozepa lllyunre xapaktepu3yroTcs cialObl-
MU OOPIFOPHBIMH 3apPOCIISIMU KECTKON HAJBOJTHON
pacTuTenbHOCTU. beper B 3HAUUTENBHON YacTH 3a-
pOC TPOCTHHKOM OOBIKHOBEHHBIM M MBOMW. J[HO BO-
JIoeMa MEIKO-TaJIEUHUKOBOE, CO CJIa00Ii MO IBOIHOM
PacTUTENBHOCTHIO.

O3zepo Cynarankenbasl BxoauT B Kopramkus-
ckyto rpymnmy o3ep. Ilo congepkanuio HOHOB Boja
03. CynTaHKeNnbAbl OTHOCUTCSI K HATPUEBOU TPyII-
T1e XJOPUIHOTO Kiacca, sxecTkas (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
nByMm obmactsim Kasaxcrana [laBmonapckoit n Ka-
paranauackoi. Ha Teppuropun [laBrnonapckoii o0-
JacTH KaHaJ pUHUMaeT Bojbl peku Lllunepter, Ha
KOTOpOU co3aH Kackaj u3 11 BogoxpaHuIui, BX0-
JAIKX B ero cuctemy (Amupranues, 1981: 40). Oc-

HOBHBIE I'pyHTHI Tpacchl kanana umenu K. Catnaesa
XapaKTepHU3yITCs KaK TIIMHUCTO-IEOHNCTHIE, BOAA
npecHast. 3apociy KeCTKOM HaIBOHOM paCTUTENb-
HOCTH B BOJOXPaHWIWIIAX Pa3BUTHI CJIa0o0, B OC-
HOBHOM OHHM MMEIOT OOpIIOPHBIA XapakTep, Mpei-
CTaBJICHbI TPOCTHUKOM OOBIKHOBEHHBIM (FO)KHBIM)
U pPOTr0o30M Y3KOJHMCTHBIM, HU3pEIKa OTMEvaeTcs
KaMBbIIl 03epHbIA. MeTKOBO/IbsI MPEUMYILIECTBEHHO
TTOKPBITHI CTUTOIIHBIM KOBPOM 3apociel 310/eu Ka-
HaJICKOM, B BECEHHEE BpeMsI HaOIIOAAat0TCS PA3ITUBBI
BOJIOXPaHUIIUIII.

[Inotuna Yuinel HaxXoOAUTCA B CHCTEME p.
Hypsi, Kaparanauackoii oonacti. MuHepanusamnus
BOJIBI HE3HAYMTEIBHO OTIMYAEeTCS OT CHCTEMBI Ka-
nHana uM. K. CarnaeBa u cocrasmsier 1370 mr/mve.
OCHOBHBIE TJIIYOMHBI BOJIOEMa COCTAaBISIFOT 3-4 M,
MEJIKOBOIbSI TIPAKTUYECKH OTCYTCTBYIOT. [lo ype-
3y BOJBI B OCHOBHOM IIPOM3PACTaeT >KECTKas BO-
JHAsl PACTUTEIBLHOCTh. MSrKasi MOABOJHAS PACTH-
TEJIHHOCTH IPEJICTaBICHA TEPUCTOIMCTHUKAMU U
paectaMu, oOpa3yONIMMHU CIUIOIIHBIE 3apOCTH TO
JIHY BOJIOEMa.

O3zepo KokreHnkoms, pacronoxenHoe B Illet-
ckoM pabione KaparaHauHCKO# 00JaCTH, OTHO-
cutes K Oacceiiny p. Capeicy (KagsipoBa, Kenxe-
oekoB, 2015: 51-52). O3epo mpoTouHOE — Yepe3
Hero npotekaet p. JXKaman-Capsicy. Bogoem umeer
CpenHIo MUHepanu3anuto (3426 mr/nmM?), B OTIH-
YHe OT BOAOXPAHWIUIN KaHaja, T/ie BOJla TIpecHasl.
Beiciiast pacTHTENILHOCTD PEACTaBIeHA OOIIUPHBI-
MH 3apOCIIIMH OOPIIOPHOTO TPOCTHHKA M POrosa.
MenkoBoAbSI TOCTATOYHO 3aPOCIINe, HO OTIINYAr0T-
Cs APYTUM BUJOBBIM COCTABOM MSITKOM MOJBOJHOMN
PacTUTENBHOCTH.

Koopamnater Todek oTOOpa NMpUBEACHHI B Ta-
onune 1.

Beio cobdpano u obpaborano 143 sx3emmisipa
PYYEHHUKOB.

Jns BUIOBOM MJIEHTHU(UKAIIMK HCIIOIb30BaI-
csl CHoco0 TPUTOTOBJICHHS] MCTUHHO BPEMEHHBIX
MIperapaToB TeHUTAIUI CaMIlOB B BOJie (IMCTHII-
JUPOBAHHOMN, KHWIITYEHOM WM BOJOMPOBOIHON),
TIIMIEPUHE WU CMECH TIIMIIEPHHA U criupTa (B CO-
otHomrenuu 1:1 wmm 1:2) (I'omy6, Llypuxos, IIpo-
kuH, 2012:279). /Ing ocBeTnenus npenaparoB (mpu
HEOOXOMMOCTH) HCIONB30BaCcS pacTBop 5-10%
menoun. BumoByo uACHTH(UKAWIO TPOU3BO-
AT TI0 ONpEeAeTHUTENbHBIM TabmumaM (MapTbl-
HOB, 1924:23-352; Mensenes, 1987:115-193; Jlep,
1997:10-202, Wiggins, 1998: 74-76).

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

16 Bectauk. Cepust 6uonorndeckast. Ne3 (76). 2018



Cxisposa O.H. u ip.

Zeiss Microscopy GmbH, I'epmanus), npu yBenu-

yenun 10x40.

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

Nel715 ot 11 mrons 2017 1.).

KrnactepHslif aHanu3 BBITTOTHEH HA OCHOBE JaH-

HBIX 10 HAJTUYHIO/ OTCYTCTBUIO BHJOB ITYTCM BbIYHC-

neHusi EBKIMIOBBIX pacCTOSHUN C MCIIONh30BAaHUEM
mporpammsbl Primer v.6 (Clarke, Gorley, 2006: 57-68).

Pe3y.m>TaT1>1 HCCJIeJOBAHUA

B cbopax oOHapyxkeHo 10 BHIOB pydYCHHHKOB

u3 7 ponoB, 6 cemeiicts (Tabmuna 1).

Taomuua 1 — Pyueiinuxu Lenrpansaoro u CeBeproro Kazaxcrana

No Bun PacnipocTtpanenue™ Bonoem Koopaunatst | JlaTbl moumMKu
CemeiictBo Ecnomidae.
N 53°04°32”
1 Ecnomus tenellus Rambur, 1842 EP WP OL 0O3. Bopooe E 70°14°44” 19.07.2016
CewmeiictBo Polycentropodidae
Holocentropus picicornis N 50°13°38”
2 (Stephens, 1836) EP WP 03. CynTaHKeIbabl E 69°31°58” 19.08.2016
CemeiictBoMolannidae
Molanna albicans N 52°59°47”
3 (JW Zetterstedt, 1840) EP WP 03. lllyure E7001007 | 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 32539747 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
I'V Ne 1 KuKC N S1%48°43" 11.09.2015
Bp LY R 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 Tormonex 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
Biaxp. I'V Ne 8 KuKC, N 50°51°04” 19.09.2015
yctbe p. Llar E 74°03°12”
N 48°30°19”
03. KokTeHkoiab 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) Baxp. I'V Ne 8 KuKC, N 50°51°04” 19.09.2015
yctbe p. lar E 74°03°12” o
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Ipooonacenue mabauywr 1

Ne Bun Pacripocrpanenue® 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/bl E 69°31°58" 19.08.2016

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

CewmetictBo Ecnomidae.

Ecnomus tenellus Rambur, 1842 (Pucynox 1).

Wmaro orsosieHsl 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 lUlyune.

B KazaxcraHe Bujl OTMEUEH BIIEPBbIC.

CewmetictBo Leptoceridae

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

Otmeuamnch Ha 1ByX o3epax Lllyumncko-bo-
POBCKOI KypOopTHOU 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. Bopoxpanu-
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 TaCMyp-
HYIO IIOroAy.

Hns IlentpanbHoro Kazaxcrana ykasbiBaeTcs
BIIEPBBIE.

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

B Kazaxcrtane BU1 OTMEUEH BIEPBBIE.

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

CoOpaH B ceHTs0pe: Impu TeMIieparype BO3Iy-
xa B BeuepHee BpeMs oT 11 no 16°C Ha cBeTOBYIO
JIOBYIIIKY, B OCHOBHOM B SICHYIO M MaJIOOOJIAuHYIO
Morofy; nmpu 0ojiee HU3KOW TemIeparype Bo3ayxa
(7°C guem, 0°C BeuepoM) BpYyUHYIO C MMaJaTKU.

Bonoxpanwnuina kanana nmenu Carrnaesa, 03e-
po KoxTeHkomb.

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

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

1 2

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

3 4

Pucynok 2 — I'eautanuu camua Holocentropus picicornis. (Stephens, 1836):
1 — Bux cOOKy; 2 —; nopcaibHasl INIACTHHKA CHA3Y; 3 — HIDKHHE NMPUAATKH CHU3Y; 4 — neHuc cooky. Yemmuenue 10x40.
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Pucynok 3 — I'eanrtanuu camua Molanna albicans (JW Zetterstedt, 1840):
1 — Buz cBepxy; 2 — BUI cOOKy; 3 — BuA cHU3y. YBennuenue 10x40.

3 4

Pucynoxk 4 — I'eanrannu camua Mystacides nigra (Linnaeus, 1758).
1 — Bux cO6oKy; 2 — X cerMeHT cBepxy; 3 — IX crepuuT cHu3y; 4 — nenuc. Ypemnuenne 10x40.
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Cxisipoa O.H. u nip.

Pucynok 5 — I'eantanuu camua Oecetis ochracea (J Curtis, 1825):
1, 2 — Buz cOoky; 3, 4 — HIOKHUE IPUAATKA CHU3Y. YBenmuenue 10x40.

3 4

PucyHnok 6 — I'eanrtanuu 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 3

Pucynoxk 7 — I'eantammu camua Limnephilus nigriceps (Zetterstedt, 1840): 1 — Bux cO0Ky, BHyTpEeHHHE IPUAATKH;
2 — BUJI C3aIM: TIpeaHaNbHbIe, N HIDKHHE NTPUAATKH; 3 — IeHUC ¢ mapaMepaMu. YBemmaerne 10x40.

Limnephilus politus McLachlan 1865 (Pucy-  23°C B BeuepHee BpeMmsl, KaK B CHYIO, TaK M B I1ac-

HOK 8). MYPHYIO ITOTO/IY, B TOM YHUCIIE U B IOK/Ib.
B Bomoxpanmnumiax kanana uMm. CarnaeBa, B
cucteme p. Hypsl, mnoruna Yuidnel. Mimaro storo CewmetictBo Phryganeidae
BHJIa cOOpaHbl Ha CBETOBYIO JIOBYIIKY B KOHIIE aB- Agrypnia pagetana J Curtis, 1835 (Pucynox 9).
I'yCTa-CeHTSIOpe TIPU TeMIlepaType BO3ayxa oT 8 10 Ozepo CynTaHKemb/bl.

3 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 — HIDKHUE TpUAaTKu cOoky. YBemnuenune 10x40.
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Cxisposa O.H. u ip.

6

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

Oo6cyxnenne

B cbopax pyueiiHUKOB, IPOBE/ICHHBIX B UIOHE-
centsiope 2015-2016 rr. obnapyxeno 10 BuIoB U3
6 cemeiictB. Haubospiiee xonudyectso BUnOB — 4
NpUHAUIEKUT K cemeiicTBa Limnephilidae, 2 — x
Leptoceridae, k ocTaqbHBIM CeMEHCTBaM — IO OJ-
HOMY BHY.

s o3ep CeBeproro 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-
TpaneHOTo — 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. Bunst M. albicans n G. nitidus BuepBbie
ykazansl Juig Kasaxcrana.

JIMuuHKM Bcex OOHAapYXEHHBIX BHJIIOB OOWTa-
10T B CTOSTYMX BOAOEMAX, TMOO MEAJICHHO TEKYIIUX
BOJOTOKAX, YaCTO 3apOCIIMX BBICIIEH BOJHOM pac-
tuteiabHoCThIO (JlemHeBa, 1964: 419, 448; JlenHe-
Ba, 1966: 26, 170, 185, 198, 200, 477, 505). Otun
BUJIBI IMEIOT ITUPOKOE PACTIPOCTPAaHEHHE: 5 TpaHC-
MaJICAPKTUUYECKUX BHUIOB, 3 TOJAPKTUYECKUX BHIA
1 OAMH BHI, PaclpOCTPaHEHHBIN TPaHCIAJICAPKTH-
YECKH M B OpHeHTabHOU obOsactu. Kak u dayHa
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pyueiinukoB 3ananHocubupckoil paBuunsl (beke-
toB, KprokoB 2004:2015), dpayna pyueiinnkos LleH-
TpansHOTrOo N CeBepHoro Kazaxcrana npezacrapieHa
JTMMHO(MIBHBIMU BUIAMH, HALIEIIUMH B 3TOM pe-
IMOHE HOJXOSIINE YCIOBHUS OOUTAHUSL.

Jna yrounenus mecta CeBepHoro u LlenTpais-
Horo Kaszaxcrana B OuoreorpauueckoM JeeHUN
OBUTIO TIPOBE/ICHO CpaBHEHHE (DayH FOTO-3aImagHON

Cubupu, 105KHOTO 3aypaiibs U HCCIEIYEeMOT0 Peru-
oHa. KitacrepHblii aHalIu3, BBIIIOJIHEHHBIN CITIMCKOB
pyderHuKoB mokasai, uro Llenrpanpubiit 1 CeBep-
Heii Kazaxcran — 310 Omoreorpauuecku eIuHOe
nenoe (Pucynox 10) u Hambonee OGIU30K ATOT pe-
THOH K I0KHOMY 3aypanblo, TO €cTh K 3armagHol
[Maneapkruke. CxonctBo ¢ paynoii FOro-3ananHoi
Cubupu 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 OLCHKU EBKJ’II/IZ[OB& pacCToAHUsA
o HaIII/I‘II/IIO/OTCyTCTBI/IIO BHUI0B py‘leﬁHHKOB

BriBoabI

[IpoBenenHoe uccaenoBaHUE MO3BOJIMIIO pac-
WIUPUTh CHHUCOK pydyelHUKOB lleHTpanpHoro Ka-
3axcrana 70 24 BunoB, CeBepHOTO — 10 22, CIIUCOK
pyueiinukoB Kazaxcrana — no 152 Bugo. O6Hapy-
JKEHHBIE BHJIBI JUMHO(MWIBHBI U UMEIOT IIHPOKOE
roJapKTUYecKoe, TpaHCHaleapkTHUeCKoe, U TPaHC-

MayeapKTHIeCKU-OPUEHTATIFHOE PACIIPOCTPaHEHHE.

CpaBuuTenbHbIN aHanu3 (ayH nokasai, 4yto Ce-
BepHblid 1 LlenTpansubiii Kazaxcran Ounoreorpadu-
YECKH TIPEICTABISET COOON €MUHBIN PErHoH, Hau-
Oostee OnM3KHI K 3ana[HOMAICapKTHIECKOMY .

B 3axmouenuu asmopul svipasicarom ceoio oaa-
eoodaprocms cmapuemy nabopanmy C® KazHU-
UPX Cepeoe FO.U. 3a nomows 6 coope mamepuana.

Jluteparypa

Trichoptera World Checklist (http://entweb.sites.clemson.edu/database/trichopt/)
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yH-T. —2017. - 396 c.
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267 c.
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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 KaybIMAAQCTbIKTbIH, METareHOMMKaAbIK, aHAaAU3i

CoHFbl XXbIAAAPBI Ka30a aHepropecypcTapbiH KanTa OHAEY YLLUiH OMOTEXHOAOTUSIABIK, MPOLLECTEPAI
AaMbITyFa 6aca Haszap ayaapbiayaa. KasakcTaHaa KeMip KOpbl XKETKIAIKTI eKeHAIrT >KaAmbiFa MaAIM,
COHbIH, ilWiHAE, Carnacbl TOMEH KOHbIP >K8HE TOTbIKKAH KOHbIP KOMIp TYpPAepi KenTemn Ke3AeceAl.
KOHbIp KOMip (AUTHUTTEP) dHEepPreTUKaAblK, KYHAbBIAbIFbI TOMEH GOAFAHAbBIKTaH ©HEpPKaCinTe KeHiHeH
namaasatbiAMaiabl. COHbIMEH KaTap, oAap F'yMUHAI 3aTTapAbiH, (I3) eH 6ai ke3i GoAbIn TabblAaAbl,
COHAbIKTAH KeMipTeriHi 6ipKaAbINTbl ycTan Typy >X8He TypakKTaHAbIPY, MECTULMATEPAI, aybip
MeTaAAapAbl >XeHe 0acka Aa AacTarblll 3aTTapAbl MHAKTMBAUMSAQY CUSKTbl (PU3MKA-XMMMUSABIK,
NpouecTepAe MaHbI3Abl POA aTKapaAbl. AUTHUTTI BMOBHAEY Tasa SHEPTUsIHbI BHAIPYAI A€ KaMTUADI.

KeMipAiH MUKPOGTBIK, aAyaHTYPAIAITiH 3epTTey MMKPOOBTBLIK, SKOAOTUSI MEH KOMIp pecypcTapbliH
TYPaKTbl MarMAaAaHy YLiH KOAAAHbBIAATbIH MMKPOOGMOAOTMSHBIH KaAmMbl MIHAETI GOAbIN TabblAaAb.
Taburn >karpanmAapAa TIPLWIAIK eTeTiH MMKPOOPraHM3MAEpAIH 99%-bl 3epTXaHaAblK, Taxipubeae
namAaAaHbIAATbIH KOPEKTIK OpTaAapAa in Vitro »karaarbiHAQ ©CE aAMalTbIHABIFbI ABAEAAEHA. Kasipri
Ke3Ae KOopLlaFaH OpTaHblH HbICAHAAPbIH, MbICaAbl, TOMbIPAK, >KayblH-LIAWbIH, MWMHEPAAAAP >KoHe
T.6. CUSKTbl MMKPOOTbIK, aAyaHTYPAIAIKTI 3epTTeyre apHaAfaH OMMKaAapFa Heri3AeAreH ASCTYPAI
eMeC BAICTEPAI KOAAAHY YAKEH MYMKiHAIKTep Tyfbidyaa. FISH, SIP, 3amanaym cekeHupaey (NGS),
MMKPOUMIT, MAaCC-CMIEKTPOMETPUS >KaHe T.6. dPTYPAI 8AICTEP apKbIAbl XKEAEA HOTUXKE aAyFa, COHbIMEH
KaTap KemMipAiH MMKPOOTBIK, NMei3axk AapbiHbIH KYPbIAbIMbI MEH KYHi TypaAbl ManAaAbl aknapaTTapMeH
KamTamacbi3AaHAbIPAAbI.

ByA >kymbicTa lllumina NGS TeXHOAOTrMsIAbIK, MAATOPMACh] MANAAAAHbIAbIMN, Ka3aKCTaHABIK, KOMIp
YATIAEPIHIH MUKPOOTbIK, 8PTYPAIAITIHIH HOTUXEAEPI KOPCETIAreH >kaHe api Kapan TaAKblAaHaAbl. KOHbIp
kemipaepaiH, (Orikaparan, Aerip, KaparaHabl, ExibacTy3) metareHomabl capanTtamacbl OGOMbIHLLA
10 TakCOHOMMSIAbIK, TomKa Proteobacteria, Tenericutes, Actinobacteria, Firmicutes, Bacteroidetes, Ni-
trospirae, Chloroflexi, Gemmatimonadetes, Acidobacteria >keHe Fusobacteria >kataTbiH GakTepusAap
MAEHTUPMKALMIAQHADI XOHE CapaAaHADI.

TyHiH ce3aep: KOHbIP KOMip, TOTbIKKAH Kemip, MMKPOOTLIK aAyaHTYPAIAIK, MUKPOOTbIK,
KayblMAACTbIK, MeTareHomuka, Illumina Miseq cekBeHupaey.
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Kasaxckuil HauMOHaAbHbIN YHUBEPCUTET MMeHM aab-Dapabu, KasaxcraH, r. AaMarbl

MeTtareHOMHbIi aHaAM3 MUMKPOOHOro Coo61LLLeCcTBa B 06pa3L,ax Ka3axXCTaHCKOIO Yras
C UCMOAb30BAHMEM TEXHOAOTMU CEKBEHUPOBAHMSI HOBOIroO nokoAeHus lllumina

B nocaeaHue roabl Bce 6GoAblLIee BHUMaHMeE YAEAGEeTCA pa3pa60TKe OUOTEXHOAOTNYECKUX
rnpoueccoB AA9 YTUAM3aAUMN 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 NMNPOMbILUAEHHOCTUN MN3-3a UX HU3KOM 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-XMMMUYECKMX MPOoLLeccax, MPOUCXOASLLMX MPU YAABAMBAHMM
M cTabrAM3aUMK YTAEPOAQ, UHAKTMBALMM NMECTULIMAOB, TIXKEAbIX METAAAOB M APYIMX 3arpsI3HSIOLLMX
BelecTB. buoobpaboTka AUrHUTA Tak)Ke BKAIOYAET NMPOM3BOACTBO UMCTON SHEPTUMN.

M3yyeHne MMKPOOHOrO pasHOOOpasust yraein SIBASeTCs oOulein 3apavert 3KOAOrMYeCKOM U
MPUKAAAHOM MUKPOOMOAOT MU AAS 3HEKTUBHOMO MCMOAB30BAHMS YTOAbHbBIX PECYPCOB. AOKa3aHo, YTo
A0 99% MMKPOOPraHM3MOB, OOUTAIOLLMX B NMPUPOAHbBIX YCAOBMSX, HE CMIOCOOHbI PaCTM Ha MMTaTeAbHbIX
cpeaax in vitro, MCNOAb3yeMbiX B AaBOpaTOPHON NpakTUKe. B HacTosiee BpemMs UMEIOTCS OrPOMHble
BO3MOXXHOCTW B MCMOAb30BaHNMM HEKYABTYPAAbHbIX METOAOB, OCHOBaHHbIX Ha OMMKC-TEXHOAOTMUSIX
AASl M3YYEHUsl MUKPOOHOTO pa3Ho06pasns 06beKTOB OKPYXKAIOLLEN CPEAbI, TAaKMX Kak MOYBa, OCAAKM,
MWHEpaAbl U T.A.

B AaHHOM paboTe npeacTaBAeHbl M 06CY>KAAIOTCS pe3yAbTaTbl MUKPOOHOro 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 MAEHTUDUUMPOBAHDBI U NMPOaHAaAM3MPOBaHbl 10 TaKCOHOMMYECKMX rpynn GakTepui,
npuHaaAexaumx K Proteobacteria, Tenericutes, Actinobacteria, Firmicutes, Bacteroidetes, Nitrospirae,

Chloroflexi, Gemmatimonadetes, Acidobacteria n Fusobacteria.
KatoueBble cAOBa: Oypblii YTOAb, OKMCAEHHbIM YrOoAb, MMKPOOHOE pasHoobpasue, MMKpoOHOe
coo0111ecTBO, MeTareHomrKa, 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/puL using
sterile water (Hess et al., 2011: 463-467; Avershina
al, 2013: 211-216).

2. Amplicon Generation. 16S TRNA 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
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:

4207-4216) algorithmto annotate taxonomic
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.drive5.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

0.754

0.59

Relative Abundance

0.254

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.

Others
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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

ISSN 1563-0218; eISSN 2617-7498

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 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.
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peTTeAeAi, COHAbIKTAH OHEeLl >KOHe acKa3aH KATepAi iCiriHiH KaHAMAATbl FeHAEPIH YK8He OAapAbIH
miRNAMeH e3apa acepAecyiHiH ASpPEXeCiH aHbIKTay KakeT. ©Hell MeH acKa3aHHbIH, KATepAi iciri
AaMyblHa KaTblCaTblH reHAepAiH MIRNAMeH MaHbI3Abl 6aliAaHbICY CaMTTapbiH aHbiKTay yiliH Mirlar-
get GaraapAamachl KOAAAHbIAAbL. JKyMbICTa ©HELL MeH ackasaHHbIH KaTepAi iCiri AamyblHa KaTbliCaTbIH
miRNA MeH 121 reHaepaiin MRNA e3apa 6afiAaHbiCy epekLIeAiKTEpPIH 3epTTey HaTuXKeAepi
KepCeTiAreH. ©Hell KaTepAi iCiriHiH AamyblHa KaTbiCaTblH 68 KaHAMAATTbIK, reHAepAeH 54 reHaep
MiRNA HbicaHaAapbl 6oAbin keaeai. 148 miRNA-aap ywin 5'UTR, CDS >xeHe 3’UTR 6aiAaHbicy
canTTap 6ap >kaHe GaiAaHbICyAblH 60C 3Hepruschl (AG) -126 k)/mole, -121 kJ/mole >xeHe -111 kJ/
mole TeH, TuiciHwe. ©OHewTiH KaTepAi iciriH AmarHocTukasay ywidH, mMRNA meH miRNA-abiH 20
aCCcoUMaLMSAAPb! YCbIHBIAAABI, OAApPAbIH 6arAaHbICybiHbIH 60C 3Heprusicbl -125 kJ/mole >xorapbl.
AcCKa3aHHbIH KATepAi iCiriHiH AamyblHa KaTbicaTbliH 106 KaHAMAQTTBIK, reHAepAeH 86 reHaep MiRNA
HbiCaHaAapbl 60AbIN keaeai. 253 miRNA 5'UTR, CDS »xeHe 3’UTR 6aiiaaHbicy canTTapbl 6ap keHe
GanAaHbICyAbIH opTalla 60oc aHeprusicol -124 kJ/mole, -116 k)/mole >xaHe -110 k)/mole TeH, TmiciHwwe.
AcCKa3aHHbIH KaTepAi iciriH auarHoctmkacbl ywiH mRNA meH miRNA-abiH 28 accoumaumsiaapsl
YCbIHbIAQAbI, OAAPAbIH 6aiiAaHbICYbIHbIH, 60C 3Hepruschl -125 kJ/mole >korapbl. Eki Hemece oaaH aAa ke
MiRNA 6aiiAaHbICTbIPY CaMTTap KaMTUTbIH KenTereH reHAepAiH MRNA-Aapbl ©3AepiHiH HYKAEOTUATI
TisbekTepiHiH KabaTTacybIMeH KAACTEPAEPAI KyparAbl. AAblHFaH HaTMXeAep HerisiHae miRNA meH
KaHAMAQTTbI reHAepAiH, MRNA-AbIH accoumaumsAap TonTapbl ©HELW NMeH acka3aHHbIH KaTepAi iCiTiHiH
AAAbIH aAa AMArHOCTMKaAQy SAICTEPIH AaMbITy YiliH YCbiHbIAAAbL. 3071 MiRNA-HbIH 6ypbiH GeArici3
768 6aiiAaHbICTbIPY CalTTapbl aHbIKTAAAbl, OAQp OHELl >XKOHEe ackasaH KaTepAi iCiriHiH AamyblHa
>KayanTbl FeHAEp peTTeyiHiH 6acTbl WapTbl 6OAYbI MYMKIH.

Tyiin ce3aep: MRNA, miRNA, reHaep, OHKOAOTMSIABIK, aypYAap, OHELLTiIH KaTePAI iCiri, ackasaHHbIH
KaTepAi iciri.
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Xapaktepuctuku B3aumoaercteusa miRNA ¢ 5’UTR, CDS 1 3’UTR mRNA
KaHAMAATHbIX T€HOB paka MULLLEBOAA M XKeAyAKa

MIiRNA NpeACTaBASIOT KAACC HeBOAbLUMX, Hekoampylolmx RNA, KOTopble MOryT peryAMpoBartb
3KCMPECCUMI0 TEHOB M CBSI3aHbl C MPUOAMBUTEABHO BCEMM M3BECTHbIMM (PUBMOAOTMYECKUMU U
MaTOAOrMYECKMMM MPOLECCaMM, OCOOEHHO C PaKOM. IKCMPECCMs MHOIMX TEeHOB PeryAMpyeTcs
cBasbiBaHmem MIRNA ¢ mRNA, nostoMy HeOoOXOAMMO MAEHTMMULUMPOBATb TeHbl-KaHAMAATbI
paka nuueBoAa M >KEAyAKa M TO, B KaKOWM CTerneHu OHW MOryT B3amMmoaencTBoBaTb ¢ MIRNA. Aag
ornpeAeAeHust BaXKHbIX CanToB CBS3biBaHMS MIRNA B reHax, y4acTByOWMX B Pa3BUTUK paka NMULLEBOAA
M XKeAyAKa, Obiaa MCMOAb30BaHa nporpamma MirTarget. B paboTe npeAcTaBAeHbl Pe3yAbTaTbl U3yYeHMs]
XapakTepncTuk B3aumoaencTams miRNA ¢ mRNA 121 reHa, yuacTByioOLMX B Pa3BUTMM paKa NuLLLEBOAQ
1 >KeAayaka. M3 68 reHoB-KaHAMAATOB, YUYaCTBYIOLLMX B Pa3BUTUKM paKa NMULLEBOAA, MULLEHIMM MIRNA
ABASAMCH 54 reHa. 148 miRNA nmean cantbl cesizbiBanms B 5'UTR, CDS 1 3’UTR 1 cpeaHsisi cBoboaHast
sHeprus cesa3biBaHns (AG) miRNA ¢ mRNA paeHsaach -126 kJ/mole, -121 k)/mole n -111 kJ/mole,
COOTBETCTBEHHO. AASI AMAarHOCTMKM paka NuiLeBoAa pekomeHAOBaHbl 20 accoumaumii miRNA ¢ mRNA,
MMeloLIMX CBOBOAHYIO Hepruto B3ammoaencTeus 6oaee -125 kj/mole. M3 106 reHOB-KaHAMAATOB,
YYaCTBYIOLLMX B PA3BUTUM paKa >KeayAaka, MulieHamMu miRNA aBasamnch 86 reHoB. 253 miRNA nmean
canTbl cBasbiBaHus B 5'UTR, CDS m 3'UTR 1 cpeaHsis cBob6oaHas sHeprust cessbiBams (AG) miRNA
¢ mMRNA pasHsiaacbk -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 M3ydeHHble 768 caiToB cBs3biBaHMa 3071 mIiRNA, KoTopble MOryT OblTb OCHOBHbIMM B
pPEeryAsiuMm reHoB, OTBETCTBEHHbIX 3a PAa3BUTME paKa MULLEBOAA M >KEAYAKA.

KaoueBbie caoBa: mMRNA, miRNA, reHbl, OHKOAOrMUeckme 3aboAeBaHMsl, 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); MYOS5B (23456500); PFKFB3 (27983531); PKDI (22217708); POU2F2
(26019213); PPP2CA (28904398); PRDM?2 (11544182); PRKCA (28121923); PRMTI (26472729); PTOV1 (20353268); RASSF'3
(26456015); ROBOI (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),
MREI14 (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
DRD?2 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 4123 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 2110 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) 2110 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 4110 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"

FErrrrrrrrrrrrrrrrrertd
3'-UCGCUCCCGUCGGCGCCCCCGGU-5"

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

CErrrerr rerrrrrrrrrrnnd
3'-GCCCCGGCGGCGGCGGCGGCGGCGG-5"

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

Frrrrrrrrrrerrrrrrrrrtd
3'-UCCUCCGCCUCCCGCUCGCGGGC-5"

TRAF2; miR-17-41486-3p; CDS; 1178; -110; 91; 21
5'"-CCGCCAUCUUCUCCCCAGCCU-3"

FEErrrrrrrrrrrrrrrrtd
3'-GGCGGUAGAAGGGAGGCCGGA-5"

ITCH; miR-17-34996-5p; 725; CDS; -110; 90; 23
5'-GCAACCUCUGCCUCCCGGGUUUA-3"

Frrrrrrrr rerrrrrrrrrtd
3'-CGUUAGAGAAGGAGAGCCCAAGU-5"'

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

CErrrrrrrrrrr rerrrrrnnd
3'-UGUGAAACCCUCUCGCUCCGUCCU-5"

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

FEEEEErrrrrrrrr e
3' -UGUGUGUGCGUAUGUGUGCAUGU-5"

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

CEEEErerrrrrrrerrrrrrd
3 ' -UGUGUGUGCGUAUGUGUGCAUGU-5"

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

FEEEErrrrrrrrrrr e
3'-CACACACGCAUAUAUACACACAU-5'

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

FEEEEEErrrr 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, KDMIA4, KIAAI1199, 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
RUNXI miR-5-14114-5p 1417 -123 89 23
miR-17-40012-5p 1435-1436 (2) -110 90 21
SEMAS5A 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 PKD]
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

ISSN 1563-0218; eISSN 2617-7498

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
FKBPS5 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 2442+2463 (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
TNFRSFI1B 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
WWP2 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

58

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

DICERI; miR-5-15733-3p; 5'UTR;86; -132; 89; 24
5" -GGCGGCGGGGGCGGCGGCGCCGGG-3!

FEEEEErr treerr trrrrrnd
3'-CCGCCGCCGCCGCCGGCGCGGUUC-5"

ROBOI; miR-22-23987-3p; 5'UTR; 596; -123; 94; 21
5'-CCGCCGCCGCCGCGCCUGCCC-3!

FEEETErrrrrerrrr rerl
3'-GGCGGCGGCGGCGUGGCCGGG-5"

KDM14; miR-1-2180-3p; CDS; 342; -136; 100; 22
5" -CCUCCGCGGGCCUCGCCCCCCG-3"

FEEETEEEEr el
3" -GGAGGCGCCCGGAGCGGGGGGC-5"

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

FEEEErrrrr e rrrrnd
3"'-CGACGGGGGCGGUUGUCUCGACG-5"

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

5'-ACACUUUGGGAGGCCGAGGCGGGC-3"
FEEEEEErrrert rrrrrrrrl

3'-UGUGAAACCCUCUCGCUCCGUCCU-5"

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

FEEEEEEErr et e el
3'-CACACACGCAUAUAUACACACAU-5'

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

FEETTEEErr el
3'-CUCCCCCUCCCUCUACCCCUC-5"

CYLD; miR-10-29282-3p; 6075; 3UTR,; -106; 91; 23

5'-GUGUGUGUGUAUAUAUGUAUGUG-3"'
FEETTEEErr e et

3'-CACACACGCAUAUAUACACACAU-5'

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

FEEEEEE FErrr e el
3'-CGUACACGUACAACACACACACA-S'

ETS1; miR-19-42814-5p; 3887; 3'UTR; -102; 87; 23
5'-UGUGUGUGUGUGUGUGUGUGUGU-3"
FEEEEEr tre rrrrrrrrr

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
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Experimental Biology. Ne3 (76). 2018

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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Mwuokapa MHMapKTICI >keHe >KYPEKTiH MIIEMMSAbIK, aypyAapbiHa ceGen GOAaTbiH KaHAMAQTTbI
reHAepi akcrpeccusicblH petteyaeri miRNA KaTbICyblH 3epTTey — OCbl aypaAapAblH, KaHa MHBA3MBTI
emMeC AMArHOCTMKaAapblH >Kacayfa >aHa TWIMAI oAicTepiH a3ipAeyre biknaa eTeai. Mirlarget
nporpamMmachbiH 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 6aiaarbicta 60AAbl. 24 red 5’UTR-aeri Tek kaHa
6ip MiIRNA-MeH 6arAaHbIcTbl, 36 reH CDS-Te, 24 rer 3'UTR-ae. Muokapa, MHpapKTiciHe KaTblCaTbIH
KaAraH mMRNA reH eki He opaH ke MIRNA-mMeH 6ariaaHbicTa 60AAbl. MIRNAs-MeH 6aKkblAaHATbIH TOFbI3
red 5’"UTR-age, 21 ren CDS-Te, 15 red 3'UTR-ae 6aiaaHbic Kypanabl. OCbIAAPAbIH ilLiHAE GaiiAaHbICy
canTTapbiHbiH, Kebici CDS-te 6arkaaabl. EH ken CXCR2 >xeHe FAIM2 reHaepiHiH MRNA-AapbliHbIH
GaiAaHbicy cantTapbl 3'UTR-Te 60AAbl. Tek MblHA Yl FeHAEPiHiH GaiAaHbICy calTTapbl GAPAbIK,
anmakTapaa 6oaabl: AP3D1, GATA2, SEMA3F. PDED4 renaepi 13 miRNA-meH petteaeai, miRNA-HbIH
MRNA-MeH 6arAaHbiCy aHepruscbl 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 KAX/MOAb xaHe 140 KAXK/MOAb-Te 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 miRNA-meH GaiAaHbicTa 60Aca, 34 red CDS-te, 19 reH 3’UTR-ae 6anAaHbICTbl. XKypekTiH
MLLEMMSIABIK, aypYbIHbIH AamybiHa kaTblicaTblH MRNA reHaep eki Hemece opaH Aa kern miRNA-meH
GaiiAaHbIC Ty3elTiH GOAbIN LWbIKTbI. MIRNA-MeH GakbiraHaTbiH ceri3 red 5’UTR-ae, 20 ren CDS-Te, 15
reH 3’"UTR-ae 6anaaHbiC Kypaiabl. EH ke 6araanbicy cantrapbl 5'UTR-ae THRA reni, CDS-te SMAR-
CA4 reni xoaHe 3’UTR-ae LDLR reHaepiHiH MRNA-AapbiHAa 60AAbL. Tek eki KaHAMAQTTbI FeHAEPIHIH
GapAblK ariMakTapaa GaiAaHbicy camttapbl 60aabl: CTCF, F2RL3. JKypekTiH MILEMMSAbIK aypybiHa
KaHAMAATTbl reHaep SMARCA4, TGFB1 xeHe DOCKY >eti, 6ec >xaHe eki miRNA-MeH peTTteain
oTbipasbl, MIRNA-HbIH MRNA-meH 6ariAaHbicy sHepruscbl 140 KAXK/MOAb xaHe 138 KAX/MOAb-re
TeH. [eHAepAiH apacbiHaa Tek KaHa 6ip cybTurnke xaTaTblH 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
MEeH XKYPEKTIH MLLEMMSAbIK aypyblHbIH MEPCNEKTUBTI MapKepAepi 6OAbIM KOAAAHBIAYbI MYMKIH.

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

M3yueHune yyactnga miRNA B peryAsiLmMm 3KCnpeccmm KaHAMAQTHbBIX FeHOB MHpapKTa MmMokapaa 1
uiemmnuecko 6oAesHn cepaua 6yaeT cnocob6CTBOBaTh pa3paboTke HOBbIX 3(EKTUBHBIX METOAOB
HeMHBa3MBHOM AMArHOCTUKM 3TUX 3ab6oaeBaHMi. C npyumeHeHnem nporpammbl MirTarget onpeaeAeHms
XapakTepncTmK B3anmoaenctaus miRNA ¢ mRNA noAyuyeHbl caeayiolLe OPUrMHAAbHbIE PE3YAbTATbI.
M3 183 reHos, y4acTBYIOLMX B Pa3BUTMM MH(APKTA MMOKapAQ, 35 reHoB GbiAn 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
ToAbkO € oAaHOM MIRNA B 5'UTR, 36 reHoB — B CDS un 24 reHa — B 3’'UTR. OctaBwmecs mRNA
reHOB, yYaCTBYIOLMX B PasBUTUM MHpAPKTa 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 3Heprimeit cesasbiBatms MiIRNA ¢ mRNA -144 K A>k/MoAb; rerbl ILF3, GATA2
PEryAMpoOBaAMCh MsTbio M Tpemsi MIRNA cOOTBETCTBEHHO CO CBOOOAHOM 3HEprueit CBa3biBaHMS MR-
NA ¢ mRNA -138 kAx/moab; reHbl TGFBRT 1 AP3D1 peryampoBaAmch wwectbio 1 natbio MiRNAs co
cBOOOAHOM 3Hepriei cea3biBaHns MiIRNA ¢ mRNA -136 K Ayk/MoAb 1 -140 KAXK/MOAb COOTBETCTBEHHO.
174 reHa y4aCTBOBaAM B PasBUTMM MLLEMMYECKON BOAE3HM cepala, 34 reHa 6biAM cBs3aHbl ¢ 43 miR-
NAs B 5’UTR, 55 reHoB — ¢ 90 miRNAs B CDS n 35 reHoB — ¢ 53 miRNAs B 3’"UTR. M3 Hux 23 reHa
CBS13bIBAaAMCb TOAbKO € oAHOM MIRNA B 5’UTR, 34 reHa — B CDS 1 19 reHoB — B 3’"UTR. mRNA reHos,
YUYaCTBYIOLMX B PA3BUTMM ULIEMMYECKON BOAE3HM CepALia, ObIAM CBSI3aHbl C ABYMS MAM Goaee MIRNA.
Bocemb reHoB, HaxoAdLWMXCs oA KoHTpoAem MiRNAs, 6biam cesizanbl B 5'UTR, 20 retos —8 CDS m 15
—B 3’UTR. mRNA rena THRA B 5'UTR, reHa SMARCA4 B CDS n reHa LDLR B 3’UTR nmeAn HanboAblLee
KOAMYECTBO CaNTOB CBA3bIBaHMA. HamboAblLuee KOAMYECTBO CaliTOB CBS3bIBAHMSI PACrioOAaraAocb B
5’UTR. mRNA toabko AByx reHoB CTCF n F2RL3 mnmean caittbl cesisbiBaHmns miRNA Bo Bcex o6AacTsix.
[eHbl-kaHAMAQTbI Mwemmyeckon 6GoaesHn cepaua SMARCA4, TGFBT u DOCK7 peryAMpoBaAmcCb
cemblo, natbio 1 AByMs MiIRNA co cBob6oAHOM 3Heprueit cesisbiBaHmns MIRNA ¢ mRNA -140 k A/
MOAb, -140 KAX/MOAb 1 -138 KAX/MOAb cooTBeTCTBeHHO. CyLIECTBYIOT reHbl, XapakTepHble TOAbKO
AASt 0AHOTO cybTuna: uHdapkta mmrokapaa — ADRB1, ILF3, GATA2, TGFBR1, AP3D1; mwemnuyeckas
6oae3Hb cepaua — SMARCA4, DOCK?7, CELSR2, TRIB1. Bce BbilueynomsiHyTbie accoumatmm miRNA
¢ MRNA MoryT 6biTb MCMOAb30BaHbl B Ka4eCTBe MepCrneKkTMBHbIX MapKepoB MHgapkTa MMoOKapAa M

nemMmyeckon 6oAe3Hn cepaLa.

KatoueBbie croBa: miRNA, mMRNA, mHpapkT mMrokapaa, viemmyeckas 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,
GBGTI1, 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
GeLe miR-17-38391-3p 453 -115 90 23

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 HSPA12B 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) 769+770 -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 FGF?2 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
ABCCY9 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
AP3D1 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
aPo 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 208 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
oLRs 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 2119 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 [HD 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
ABCA1 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) 769+770 -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
NOXS5S 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 CNDP1 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
ABCAI 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

DABSI miR-8-23953-5p 2371 -129 88 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.
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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, 6Kne KaTepAi iciriHiH, ycak, emec »acyluaAbl CyOTHNIHIH,
KaHAMAATTbI reHaepiHih MRNA-meH e3apa apekeTiHiH, cunaTramasapbl

Okne KaTepAi iCiriHiH ycak emec >kacywaabl cyOTumiHiH 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 8pekeTiHiH crnaTTamasapbIH
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 MiRNA 6aiAaHbICTbIPaTbIH CaiTTapbiH
KamTuAbl. AAraw pet GipHewe mMiRNA-HbIH 6afAaHbICTbIPATbIH CalTTapbl 6ap eKrne KaTtepAi iciriHiH
yCaK, emec cyOTuMiHiH reHAep KAacTepAepiHiH kacuetTepi 3eptTeareH. 5'UTR-ae kentereH miRNA
6anAaHbICTbIPY CalTTapbl 6ap KAacTepaepaAiH Kacuettepi Kapactbipbiraabl. CHKA, E2F1, HMGA?2,

© 2018 Al-Farabi Kazakh National University



Characteristics of miRNA interaction with mRNA of candidate genes of the non-small cell lung cancer

PTEN, HTRA2, ING1, MTA3, SMARCA4, NFATC2-TiH reHaepaiH MRNA-pbl kenwiaik miRNA-fa
apHaAfaH 6aiAaHbICTbIpy caTTapabl kKamTnabl. CEBPA, NOTCH3, TRIO, LATS2, RB1 »xeHe ZBTB7A
renaepitii mMRNA CDS-aa 6ipHewe kaactepaep 6ap. 32 red 49 miRNA HbicaHAapbl 6OAbIN TabbIAAAbI,
OAapAbIH 6arAaHbICTbIpy cantTapbl 3'UTR anmarbiHaa 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
canTTapbiHaH Typaabl. BCART, ITGA11, MYLK, PTK6, PXN, SOX2 >aHe SSX2 reHaepiHit op6ip mRNA-
Aa eki MIRNA-HbIH 6afAaHbICTbIPY CariTTapbiHaH TypaTbiH KAAcTepAepi 6ap. 3epTTeAeTiH reHAEpPAiH
akcnpeccunsacbl MiRNA-meH MRNA-AbIH 6aiAaHbICYAbIH XKOFapbl 60C 3HEPrMsSCbiHA TOYEAAI.
Tyiin ce3aep: MiIRNA, mRNA, ycak emec xacyllaAbl 6Kmne KaTepAi iCiri, HbicaHa reHAep.
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Xapaktepuctuku B3aumoaeincTeus miRNA
¢ mRNA KaHAMAQTHbIX TEHOB HEMEAKOKAETOYHOr0 paka Aerkoro

Pak Aerkmx siBASIeTCS OAHMM M3 HanboAee pPacrpoOCTPaHEHHbIX 3A0KAaYeCTBEHHbIX 3a60AeBaHuin. B
Pa3BMTUN HEMEAKOKAETOUYHOIO paka Aerkoro rnpeAarnoaAaraercs yyactme 6oaee 200 KaHAMAATHbBIX FT€HOB.
LleAblo MCCAEAOBaHMS ObIAO M3YyUMTb XapakTEPUCTMKM B3aMMOAENCTBMS 137 KaHAMAAQTHbIX FE€HOB
HEMEAKOKAETOYHOro paka Aerkoro 1 miRNA. [MoAy4yeHHble AaHHble MOKa3blBalOT, YTO 3HAUMTEAbHOE
UMCAO FEHOB SIBASIIOTCS MULLEHSAMM ABYX M 6oaee MIRNA. mMRNA HEKOTOpbIX FeHOB COAEp KaT CaiTbl
CB$13bIBaHMSI HECKOAbKMX MIRNA € HaAOXKeHMeM HYyKAEOTUMAHbIX MOCAEAOBAaTEAbHOCTEN, KOTOpble
ObIAM Ha3BaHbl KAACTEpamMM. Briepeble M3yueHbl CBOMCTBA KAQCTEPOB FeHOB HEMEAKOKAETOUYHOro paka
AErkoro, copepykalye camTbl CBS3blBaHMS HECKOAbKMX MIRNA. PaccMoTpeHbl CBOMCTBA KAAQCTEPOB C
GOAbLLIMM YMCAOM caitToB cBa3biBaHnsg MIRNA B 5’UTR. mRNA renos CHKA, E2F1, HMGA2, PTEN,
HTRA2, ING1, MTA3, SMARCA4, NFATC2 coaep>kaT KAaCTepbl CalnTOB CBS3bIBAHUSI AASI HAMOOAbLLIErO
koAanyectBa MiRNA. Heckoabko kaactepoB mumeetcss B CDS mRNA renHos CEBPA, NOTCH3, TRIO,
LATS2, RB1 n ZBTB7A. 32 reHa gBAsitoTCs mMulleHamn 49 miRNA, caiTbl CBSI3biBaHUSI C KOTOPbIMU
AOKaAM3oBaHbl Ha yuactke 3’UTR. Tenbl CDK6 1 IRST 06AapatoT KAacTepamMm € HaMBGOAbLLMM YMCAOM
cantoB cBsi3biBaHns MIRNA. B reHax AKT1, EMP 1 HMGA2 umetotcs kaactepbl AAMHONM 34 HT, 40
HT and 41 HT, COOTBETCTBEHHO, M3 CanTOB CBa3biBaHus Tpéx MIRNA. Kaxaas mRNA reqos BCART,
ITGA11, MYLK, PTK6, PXN, SOX2 1 SSX2 uMmeloT KAacTepbl M3 CaliTOB CBA3biBaHMS ABYX MIRNA.
[NpeAnoAaraeTcs, 4TO 3KCMNPECCMs PaCCMOTPEHHbIX FeHOB OYAET 3aBMCETb B OOAbLLUER CTereHuw OT
miR-NA B3anmoaencTsytoliein ¢ MRNA ¢ 60AbLLein CBOOOAHOM 3HEPTMeEN CBSI3N.

KatoueBbie croBa: miRNA, mMRNA, HEMEAKOKAETOUHbIN paK Arkoro, reHbl-MULLIEHM.

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

CRABP2 may be promising candidate genes in lung
adenocarcinoma (Han SS., 2014). The expression of
APOC]I 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 MCRSI (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; 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 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
NFKBI 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
S§10042 | 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 NFATC?2 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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Gene Characteristics of binding
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,
E2F1  |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
REPS2 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
ZBTB7A (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
CDH]I 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
FOXOI |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
SSXx2 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
JBTB7A 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 HMGA?2
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
ITGAI1l 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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BMOX!/!MM‘JECKMIZHCKPMHMHI'
OTEYECTBEHHOU U MUPOBOU KOAAEKUHU TTIPOCA
HA COAEPXXAHUE AMMUAO3bI B 3EPHE

CopeprkaHue aMUAO3bl SBASIETCS HamboAee BadkKHbIM OGUMOXMMMUECKMM MOKa3aTeAeM KauecTBa
3epHa y 3epHOBbIX KyAbTyp. B paboTe npeAcTaBAeHbl pe3yAbTaTbl GMOXMMUYECKOrO CKPUHMHIA Ha
KOAMYECTBEHHOE COAEpP>KaHWe amurAo3bl B 3epHe 112 06pasuoB npoca OTEYECTBEHHOW M MUPOBOWA
Koarekumun (AdpranmncraH, beabrug, Benrpuga, KHP, Kanaaa, MHamg, MpaHn, Mekcuka, [lakucran,
PO, CLUA, Typums, Ykpamna, ®PpaHums). Ha ocHOBe MOAyUeHHbIX AaHHbIX COCTaBA€HA YCAOBHas
KAACCUUKaALMSI KOAAEKUMU Mpoca. PesyabraTbl MoOKasaAM, YUTO UCCAEAOBaAHHblE Hamu 00Opasuibl
PA3AMYAAMCB MO COAEP>KaHUIO aMMAO3bl M MX KOAMYECTBO BapbupoBaAo OT 5,5% Ao 34,90%. Y
OTEeYECTBEHHbIX 00pPa3LIOB COAEpIKaHMe amMMAO03bl 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
coAepyKaHMe aMUAO3bl, KOTOPOE B CPEAHEM BapbMpOBaAO OT 5,5 A0 5,9%. OTobpaHHble 06pasupl
NPEACTABASIOT LIeHHbI reHeTUUYECKMIA MaTePUAA AAS CO3AQHUS TAOTMHO3HbBIX COPTOB Mpoca v OYAyT
BOBAEUEHbI B AAAbHENMLIME CeAEKLIMOHHbIE paboThbl. COrAaCHO YCAOBHOM KAQCCU(PUKALIMM YCTAHOBAEHO,
4TO CoAEpIKaHUe aMMAO3bl ObIAO Bbillie 25% (BbICOKOAMUAO3HbIE) Y 68% nccaesyembix 06pasuos, 23 %
COCTaBUAM CpeAHeaMMAO3Hble rpynnbl (15-25%), 1 ToAbKO 5% 1 4% COCTaBUAM HU3KOAMUAO3Hble (6-
14%) v TAlOTMHO3HBIE (A0 6%) rpynnbl, COOTBETCTBEHHO.

KAloueBble cAOBa: NPOCO, KOAAEKLMS, aMMAO3a, CKPMHUMHT, KAACCUMKaL M.
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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-
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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 YXdHe LUETEAAIK Tapbl KOAAEKLMUSICbIHbIH, ADHIHAETI
AMMA03a MOALLEpiHe OMOXMMMSIABIK, CKPUHUHT

AMMAO3a MBALLIEDI ACTBIKTYKbIMAACTAPAbIH ABH CanacbiHbIH MaHbI3Abl GMOXMMUSIAbIK KOPCETKilTepi
60AbIN TabblAaAbl. 3ePTTey XKYMbICbIHAQ 112 OTaHAbIK, XaHe weTeAAik (AyFaHcTaH, beabrusi, BeHrpus,
KXP, KaHaaa, YHaicTtaH, MpaH, Mekcuka, Moakictan, P®O, AKLL, Typkusi, YkpanHa, ®paHums) Tapbl
KOAAEKLIMSICbIHbIH, ABHIHAET I aMMAO3aHbIH, CAHAbIK, MOALLIEPIHE XKYPTi3iAreH OUOXMMUSABIK, CKDUHUHITiH,
HOTUXKEAEPI KOPCETIArEH. AAbIHFAH HOTUXKEAEP BOMbIHILA Tapbl KOAAEKLMSIChIHbIH, WAPTTbI >KiKTEAYi
)Kacaaabl. 3epTTey HOTWMXKeAepi 3epPTTEAIHIeH YATIAEPAIH aMUMAO3a MeALLepi BOMbIHLLA BPTYPAI XKeHe
OHbIH MeALLEepi 5,5-34,90% apaAbiFbiHAQ H0AATbIHbIH 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) >kaHe Ma zha Yan yAriaepiHAe aHbIKTaAAbl, OpTaLla lWamameH 5,5-5,9% kepceTTi. beAiHin
aAbIHFQH VYATIAEp TapblHbIH TAIOTMPHO3AbI COPTTapblH LWbIFAPYAQ KYHAblI FEHETMKAAbIK, MaTepuas
6OAbIN TabblAAAbl XX8HE OAAp apbl Kapamfbl CEAEKLMSIAbIK, >KYMbICTapAa KOAAAHbIAAAbI. LLlapTThi
XKIKTEAY Heri3iHAe 3epTTey YATiAepiHiH 68%-Aa ammao3a MeALLepi 25%-AaH XoFapsbl, 23 %-blH opTalla
aMmmnAo3anbl (15-25%), Tek 5% >xoHe 4%-blH TemMeHamMuAo3aAbl (6-15%) >keHe TAIOTMHO3AbI (6%-Fa
A€eWiH) TonTap CoMKeCiHLIe KYPAbI.

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

BBengenne

[Ipoco — 01HO U3 IIEHHBIX JIPEBHEHIIINX CEIILCKO-
XO3SIICTBEHHBIX KYJIBTYP YHUBEPCAIBHOTO UCIIOIb-
3oBanwms. [Ipoco moceBHOE (Panicum miliaceum L.)
BO3nebpIBaeTcs B 30 cTpaHax Mupa, B TOM YHCIIC B
18 crpanax EBponbl. OCHOBHBIMU NTPOU3BOAUTENS-
MU TIPOCca TIOCEBHOTO B HACTOSIIEE BPEMS SIBIISFOTCS
math crpan: PO, Unnus, Kurait, CIIA u Ykpauna.
MupoBoe mpou3BOJICTBO 3€PHA MPOCOBUIHBIX KYJIIh-
Typ 1o maHHbeIM DAO cocTaBiseT okoo 30 MITH.T,
W3 HUX MPOCO kemuyxkHoe (Pennicetum) — 52 %,
IIPOCO WTANBSHCKOE WU dymm3a, Morap (Setaria)
— 18 %, mpoco moceBHoe (Panicum miliaceum L.)
— 14 %. Cpenu mpOCOBUAHBIX KYJIBTYP HAUOOIbIIICE
pacnpocTpaHeHHe B HAlllel CTpaHe 3aHUMaeT Ipo-
€O OOBIKHOBEHHOE, UMEIOIIIEe MPOIOBOIHCTBEHHOE,
KOPMOBO€ U PE3epBHO-CTPATETHUYECKOE 3HAUCHUE
(Zotikov, 2012: 3, Cunopenko, 2015: 69).

B 3epne nmpoca conmeprkatcs OSNKH, )KUPHI, caxa-
pa, MUHepalbHbIe coli. Kpaxmai sBisieTcss OCHOB-
HOW COCTaBHOMW YacCThIO 3€pHA MPOCa B KOJINYESCTBE
oxo1o 56-80%. Y 0OBIYHOTO TIpOCAa OH COCTOHT U3
amuinosbel (25-30 %), KoTopash MMeEeT JIMHEHHYIO
MOJIEKYJIy ATOrO TONHCaxapuia U aMUJIONEKTHHA
(70-75 %) ¢ pa3BerBneHHON MoJeKyoi (ILmemkos,
1975: 496, Cambopckasi, 2014: 17)

VY BBICOKOAMHUJIO3HBIX 00pPa3IOB Ipoca Colep-
KaHue aMnio3bl konednercs ot 20 no 32% (Kim,
2012: 311, Beleia, 1980: 300), o6pa3ipbl ¢ comaepxa-
HHeM aMuia03bl 3,3-11,4% oTHOCATCS K HU3KOAMU-
no3ubM Tpymmam (Kim, 2009: 59, Hoover, 1996:
355).

BockoBunbie (TIHOTHHO3HBIE) (BOpPMBI  TIpO-
ca (kpaxmal sHIOCTIepMa KOTOPOTO HE CojepkKar
ammo3bl) Obin eme m3BecTHB ¢ XIX Beka (Hix-
on, 1968: 267). IIpogykTsl BOCKOBHIHBIX (WX) CO-
PTOB 3€pHOBBIX KYJIBTYp 00Jaal0T BHICOKUMH JTH-
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€TUYECKUMHU CBOWCTBAMHU W CIIy’)KaT WUCTOYHHKOM
MPOM3BOACTBA AMWJIONEKTHHOBOTO Kpaxmania JUis
MIPOMBIIUICHHOCTH — IHUIIEBOH, TEKCTUIBHOH, OY-
Ma)KHOHU, CTalenpoKaTHOH, HeTenoObIBatomell u
JIPYTHX, B CBA3H C 3TUM B TIOCJIEIHEE BpeMs Hada-
JIUCH UCCIIEOBAHUS IO CO3[JaHHI0 WX-COPTOB MHO-
TUX KYJBTYp, B YaCTHOCTH IIICHHUIIBI, pUca, IIpoca
(Cambopckas, 2014: 17, YBaposa, 1994: 34, Smos-
ckmit, 1987: 256). Ha coBpeMEeHHOM PBIHKE Waxy-
THUIIBI TIPOCA, W3-32 UX TMOBBINICHHON KIIEHKOCTH U
BBICOKOH OOBOJIAKMBAIOIIEH CIIOCOOHOCTH HMMEIOT
BBICOKUH CIIPOC KaK LIEHHBII IIPOJOBOJIbCTBEHHBIN
MPOTYKT.

CopmepkaHre aMHIIO3BI JETEPMUHHPYETCS a-
JTUTHUBHBIMHU, JOMUHAHTHBIMH, SIMUCTATUYCCKUMHU
U nurorrasMaTuueckumu dddexkramu. JlomuH#-
poBaHHE OOBIYHO HAMPABJIEHO K 0OJie€ 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 TPUBOJIUT K TUBEpCcUpUKAIINN
CTPYKTYpHOTO TeHa. PeryssipHbie N3MEHEHHSI MOTYT
OBITH 0OOJICE 3HAYUMBI JUII BAPLUPOBAHUS COJCpKA-
HUS aMUJIO3bl, YEM U3MEHEHHUS B CTPYKTYpE CaMo-
ro rera (Umeda, 1991: 569). KoixudecTBO aMHIO3BI
3aBHCUT OT KOJIMYECTBa MpoayKTa Waxy-reHa, Ko-
JIUPYIOIIETO CUHTA3y TPaHyJIUPOBAHHOIO Kpaxma-
ma (granule-bound starch syntase = GBSS = Wx-
protein). MyTanuu TIeHOB, 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
amMuio3bl. Takue MyTanuu ObUTH UACHTU(DUITMPOBA-
HBI Y KYKYPY3bl, pHica, SYMEHs, COPTo, OBCA M ama-

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

[TiieHo MOJMyYeHHOE W3 TIIFOTUHO3HBIX (POpPM
Ipoca SIBJSIETCS] IEHHBIM JTUETUYECKUM MTPOJTYKTOM.
JlaHHbBI NPOIYKT BBIBOJUT M3 OpraHu3Ma TOKCHY-
HbIC COCIUHCHUS, IIJIAKH M JaXKe HOHBI TSKEIBIX
MeTauioB. CieayeT OTMETHTh TaKKe, YTO IIIICHO
CIOCOOHO BBIBOJAWTH W3 OpraHuU3Ma aHTHOWOTHUKU
(Kim, 2009: 59). B 'ocymapcTBeHHBII peecTp cenek-
unonHbIX noctwkeHuit MCX PK Buecenst 19 coproB
poca, cperr KOTOPBIX OTCYTCTBYIOT COpTa C HU3-
KUM COZEpKaHUeM aMUIO3bl (TIIOTHHO3HBIE). B Ka-
3aXCTaHe UCCIEIOBAHUS 110 JAHHOMY HAIPaBIICHUIO
paHee He TIPOBOJIMIIHCH, YTO MPUBEIIO K OTCYTCTBHIO
OTEYECTBEHHBIX HU3KOAMUJIO3HBIX COPTOB.

B cBsi3u ¢ 3TUM 1IeNIBbI0 HAIIETO HCCIEIOBAHUS
OBLIIO TIPOBEICHUE OMOXHMHUYECKOTO CKPHHHHTA
Ha KOJIMUYECTBCHHOE COJICPIKAHUE aMHJIO3bI B 3¢PHE
Ipoca U3 OTEYECTBCHHON W MHUPOBOH KOJUICKIIUU H
ITOMCK HOBBIX T€HONCTOYHUKOB MPOCA C HU3KUM CO-
JICpyKaHUEeM aMUJIO3bI JIJISl CO3/IaHUsI BOCKOBHUIHBIX
Ka3aXCTaHCKUX COPTOB.

MaTepl/IaJII)I U METOAbI UCCJICTIOBAHUA

B wmccrmenoBatenbekoir padoTe OBLIM HCIOMb-
30BaHBl ceMeHa 112 reHOTWUIOB Tpoca U3 OTeue-
CTBEHHOW M MHpPOBOH KoJuleKuuu (Adranucras,
benwrusi, Benrpusi, KHP, Kanaga, Uunus, UpaHn,
Mexkcuka, [lakuctan, PO, CIIA, Typrus, Ykpa-
nHa, Opannus). U3 Hux 45 ObUTM MONYYEHBI OT
Regional Plant Introduction Station (AfioBa, CLLIA),
46 — oOpasibl U3 BeepocHiickoro WHCTUTYTa pac-
tenueBojcTBa (Cankt-IlerepOypr, Poccus), 21 —
M3 Ka3aXCTAHCKHUX CEJEKIIMOHHBIX YUPEKICHUAX.
3epHa IITIOTHHO3HOTO ¥ aMHJIO3HOTO Mpoca yposkas
2016 rona nmokaszaHsl Ha PUCYHKE 1.

Pucynok 1 — 3epHa IIIOTHHO3HOTO U aMHJIO3HOTO 1TPOca
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3epHOBKI/I KOJUICKIIMU TIpOCa O6py1.HI/IBaJ'II/I ME-
XaHUYCCKH, CHUMaJIN IBCTKOBBIC 060H0‘IKI/I, nona-
BEprajii roMorcHusalnyii u B HOJIy‘IGHHOfI MYKE

KOHTPO.Ib

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

2 " 3 1

1 — nroTHHO3HBIH 00paszen; Ma zha Yan; 2 — Hu3koaMHII03HBIN 00pasen Bai li Shu;
3 — BBICOKOAMMUIIO3HBII 00paser Qing Yang e si niu

Pucynok 2 — Hoonas peaxis 06pasiios poca ¢ pasiuuHbIM COIEPKAHIEM aMUIO3bI

OHTI/I‘-IGCKYIO IIJIOTHOCTh HU3MCPAJIM Ha CIICK-
tpootomerpe (I13-5400UF, Dproc, Poccust) mpu
mutrHe 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 TIOMOIIBIO Tiporpammbl Microsoft
Excel.

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

ConepkaHne aMuIO3bl SBJSICTCS  HauOosee
BaXHBIM OHOXMMHUYECKHM IIOKa3aTeleM Kaye-
CTBa 3¢pHA W €r0 KOJMYECTBO B 3€pHE 3aBUCHUT HE
TOJIBKO OT IEHETHYECKHUX OCOOEHHOCTEH, HO U OT

MHOTHX BHEIIHUX (PaKTOPOB W YCIIOBHI BBIpAIIH-
BaHUs (XMMHUYECKOTO COCTaBa TOYBBI, €€ KUCIIOT-
HOCTH W BIIQXXHOCTH). PaHee Hamu ObUIM TIpOaHa-
nu3upoBanbl 40 cOpTOOOPA3IOB MPOCa MO METOMIY
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 YTO, KOJIMYECTBO aMHUIIO3bI B 3¢PHE 3aBHCUT HE
TOJIBKO OT T€HETUYCCKUX IMPU3HAKOB, HO U OT MHO-
T'UX BHEIIHUX (DaKTOPOB M yCIIOBHI BBIpAIIMBAHUS
(XMMHYECKOTO COCTaBa TMOYBBI, 6€ KUCIOTHOCTH U
BIaXHOCTH). [IpoBeieH OMOXMMUYESCKUI CKPUHUHT
Y Ha OCHOBE 3KCIICPUMEHTAIbHBIX JaHHBIX COCTaB-
JIeHa KJIacCU(PHUKAINS KOJUICKIUH 10 COJICPIKAHHIO
aMui103sl (Tadnuma 1).

Taomuua 1 — Coneprkanue U Kiaccu(pUKaus aMIIIO3bI B 3epHE KOJUIEKIIMOHHBIX 00pa3IoB mpoca

Ne T'eHOTHITBI [Ipoucxoxnenue Coneprxkanue aMuiossl, %
1 2 3 4
DJIFOTUHO3HBIC 00pas3Iibl

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

2 PI 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 PI1 346946 Poccus 7,8+0,1
6 PI1 436623 (Lung Shu 7) Kuraii 8,9+0,1

100
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Ipooonocenue mabauywr 1

Ne TeroTnmbl IIpoucxoxnenne ConepskaHye aMHIIO3bL, %o
1 2 3 4
7 Bai li Shu Kurait 9,7+0,1
8 PI1 436622 (Lung Shu 5) Kurait 10,5+0,6
9 K-9989 bapnaynsckoe 80 12,8+4,7
10 K-8873 Kazaxcran 14,6£2,3
CpeAHEaMMIIO3HBIN 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 CIIOA 21,5+1,0
17 K-9800 CILIA 21,6+1,4
18 PI 649383 CILIA 21,6+0,9
19 KoxkueraBckoe 66 Kazaxcran 21,6+1,7
20 K-1142 Kazaxcran 21,8+0,9
21 AbakaHCKOE KOPMOBOE PD 21,8+0,1
22 K-9910 VYkpauna 22,9+1,6
23 PI1346942 VYkpanHa 23,1£2,0
24 30J10THCTOE 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 ABcrtpanus 23,8+2,6
28 PI1211059 Adranucran 24,3+1,3
29 K- 9658 Mexkcuka 24,6+1,9
30 K-10299 Ykpaunna 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 00pa3IIb
37 P1531413 Typuust 25,1+0,9
38 K-10286 PD 25,1£1,9
39 K-10204 PD 25,1+1,0
40 Slpkoe 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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Ipooonaicenue mabauywl 1

Ne T'enoTuIb! [Ipoucxoxnenue ConepxaHue aMIiIo3bl, %
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 PI1 176399 CCCPp 27,543,1
57 P1507933 Benrpus 27,5+0,7
58 PI1204598 Typuust 27,642,1
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 Wnnus 28,8+0,4
68 PI1346937 CCCPp 29,0+0,3
69 PI1 442533 benbrus 29,0+1,8
70 PI219931 Adranucran 29,0£1,0
71 P1 173002 Typuus 29,1+0,8
72 PI1365844 Wupns 29,343,1
73 ITaBnomapckoe Kazaxcran 29,4+1,1
74 PI1 649373 Typuus 29,5+1,1
75 PI1251389 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 kKopMoBoe 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 Adranncran 30,4+0,5
85 K-10213 PO 30,8+0,3
86 PI 180450 Wupns 30,9+1,9
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Ipooonocenue mabauywr 1

Ne TeroTnmbl IIpoucxoxnenne ConepskaHye aMHIIO3bL, %o
1 2 3 4
87 K-9645 PO 31,0£1,7
88 P1289329 Benrpus 31,2+0,2
89 PI 177481 Typrust 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 Sproe 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 VYkpanHa 33,9+2,3
102 PI1 223793 Adranucran 33,9+2,0
103 VYpaunsckoe 109 TTakucran 33,9+0,3
104 PI 170587 Typuus 34,0+£2,6
105 PI 346941 Ykpauna 34,1+0,3
106 PI 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 CCCP 34,7+0,8
110 K-9580 Kanana 34,8+0,3
111 CapatoBckoe 6 P® 34,8+2,5
112 P1253955 Adranncran 34,9+0,4

Pe3ynbTaThl OMOXMMHYECKOTO CKPHHHUHTA T€HO-
TUTIOB TIPOCA TIOKA3aJli, YTO MCCIIEIOBAaHHBIC HAMHU
00pasipl pa3uvaiiuch MO COJCPKAHUIO AMUJIO3bI.
KomnuectBo aMumio3el B OTOOpaHHBIX 00Opasiax
BapbupoBasio oT 5,5 mo 34,9%. Y oTeuecTBEeHHBIX
00pas3IoB COJIEpPIKAHUE aMUJIO3BI KOJICOAIOCh OT
14,6 mo 34,8% u 10O KIIACCU(PHUKAIIUH OTHOCATCS K
CpeaHe- M BBICKOAMHJIO3HOHW TpyIIe, 4TO CBHUJE-
TEJNLCTBYET 00 OTCYTCTBHM BOCKOBHJHBIX 00pa3-
IIOB MPOCa B Ka3aXCTAHCKOU CeNeKIuu. ¥ 00pas3ioB
K-3742 u3 xomnexmuu BUP, PI 436626 (Lung Shu
18), P1 436625 (Lung Shu 16) u Ma zha Yan u3 Ku-
TaHCKOM CENEeKIMU OTMEYCHO HU3KOE COJIEpIKaHHE
aMUIIO3bI, B CPEHEM BapbHUpPOBAIO 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 COAEP)KAHWE aMHJIO3bl JOXOAUT
10 6% (Choi, 2004: 469). Vcxonst u3 3T0T0, JaHHBIC
00pasLpl OTHECEHbI K TIIIIOTUHO3HOW (aMHJIOIIEK-
THHOBOH) rpyme. Cieayer OTMETHTh, YTO CaMoe
BBICOKOE KOJIMYECTBO aMHUIIO3BI COJIEPIKAT 0Opa3Ilbl
Adranckoro npoucxoxaenus (24-30%).

Ha ocHoBe ycrmoBHO# KiacCH(pUKAIMH BBISB-
JIEHO, YTO COJIepXKaHHe aMHJIO3bl ObUTO BhIlIE 25%
y 68% wuccienyembix o0pas3uos, 23% cocraBuin
cpemHeammiio3Hbie rpymnms (15-25%), u Tomsko 5%
u 4% cocTaBmIM HU3KOAMUIO3HBIE (6-15%) U TI10-
THUHO3HBIE (10 6%) TPyIIIBI COOTBETCTBEHHO (PHUCY-
HOK 3).
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68%

M [/IIOTUHO3HBIN (40 6%)

[ cpeAHeaMWA03HbIN (15-25)

4%

5%

M HU3KO0aMUO3HbIN (6-15%)

M BLICOKOAaMMWMNO3HBIW (Bbille 25%)

Pucynok 3 — CKkpuUHMHT KOJJIEKIIMHU NIPOCa 110 COACPIKAHUIO aMHIIO3bI

3akiouenune

Taxum oOpa3oM, IO pe3ysibTaTaM CKPHUHUHTIA,
COTJIAaCHO YCIIOBHOHM Kiaccu(UKAIMKU KOJUICKLIUU
mpoca 76 o0pasnoB u3 112 oTHOCATCS K BEICOKO-, 25
— K cpeaHe-, 3 — K HU3KO0- ¥ TOJIBKO 2 00pasiia K HU3-
KOAaMWJIO3HOM MJIM aMUJIONEKTUHOBOM rpymmne. [ng
THOPUIN3AMOHHBIX PabOT MO CO3/IaHUIO0 BOCKO-
BUIHBIX (popM mpoca HEOOXOMMO TeHOUCTOYHUKN
paHee He BOBJICKABLIMECS B CKPEIIMBAHMS, [T U3~
OeraHus reHeTHYeCKOW YHU(UKAIUU COPTUMEHTA.
Briienennsle 13 MUPOBOM KOJUIEKIIMM TJIFOTHHO3-
Hble oOpasuel mpoca K-3742 u Ma zha Yan npen-
CTABJSIFOT LICHHBIH T'CHETHUECKUH HCTOYHMK IS
CO3JIaHMsl I1IEPBOI'0 OTEYECTBEHHOI'O INIIOTUHO3HOI'O
copTa mpoca ¢ KOMIUIEKCOM XO3SHCTBEHHO-LIEHHBIX

MIPU3HAKOB ITyTEM IIEPEHOCA TE€HA BOCKOBUHOCTH
B MECTHble copra. Mcrnonb30BaHue UX B CEJEKIU-
OHHBIX HCCIIEIOBaHUSAX OyZeT crocoOCTBOBATH HE
TOJIbKO CHWKEHHUIO COZCPKaHMs aMUJIO3bl B 3€pHE,
HO U YBEJIMYCHHUIO YPOXKAMHOIO U aJlallTUBHOIO I10-
TeHIana npoca B Kazaxcrane 3a c4yer paciuimpeHus
TeHETHYECKOro 0a3uca KyJbTypbl.

PaGora BhImoMHEHa B paMKax IPOEKTa
AP05131622 «IlomyueHne nepCHEKTUBHBIX HH3-
KOaMMJIO3HBIX O0pasLoB Mpoca Ajsl CEeJeKIMH Ha
OCHOBE OMOXMMHYECKHX U MOJIEKYJISIPHO-T€HETH-
YecKMX METOJIOB» Mo mnojampuopurety: «Hayku o
JKU3HU U 310poBbe» bromxerHoil mporpammel 055,
¢duHaHcHpyeMoit ["oCy1apCTBEHHBIM YUPEIKIACHUEM
«Komuter nHayku MunmctepcTBa 00pa3oBaHHs U
Hayku Pecrryonmku Kazaxcramy.
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