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INVESTIGATING TRANSCRIPTOME OF BARLEY NEARLY ISOGENIC LINE
WITH PARTIAL ALBINISM

Shmakov N.A., Glagoleva A.Y., Afonnikov D.A., Khlestkina E.K.

630090, Russian Federation, Novosibirsk, Prospekt Lavrentyeva 10
e-mail: shmakov@bionet.nsc.ru

Transcriptome of barley nearly isogenic line i:BwAI/m with partial albinism was analyzed. Differential expression of
genes between line i:BwAIm and control isogenic line Bowman was observed. Furthermore, de novo reconstruction
of transcriptome was conducted, and previously unannotated genes of barley were discovered.

Key words: transcriptomics, differential expression of genes, de novo assembly, barley, albinism

Chlorophyll is a plant pigment participating in photosynthesis. Chlorophyll deficiency in plant cells causes
albinism and leads to premature death due to energy starvation. However, instances of partial albinism are
described, in which cases the plant can survive long enough to reproduce. Researching such organisms can shed
light upon details of chlorophyll synthesis and distribution and chloroplast functioning. A promising object for such
study is barley nearly isogenic line i:BwAIm defined by partial albinism.

Transcriptome is a sum of all transcripts in a biological sample. Researches of transcriptome provide
information of gene expression on the scale of whole genome. RNA-seq is the most high throughput method of
transcriptome investigation. In the present work, RNA-seq was implemented to sequence transcriptomes of barley
lines i:BWAIm and Bowman.

Comparison of two lines’ transcriptomes revealed discrepancies in expression of a number of genes, including
genes localized in chloroplast genome. Metabolic pathways involving genes with differential expression between
two lines were identified. De novo transcriptome assembly was performed, and existence of previously not
annotated barley genes, including genes of disease resistance, was predicted.

YIIK 577.21
KNACTEPHASl OPTAHU3ALUA CAUTOB CBA3bIBAHMA miRNA C mRNA
FTEHOB CYBTUIMA HER2 PAKA MOJIOYHOM XXENE3bI

Aiicuna [.E.

HWW Tpo6raem 6uonorum n 6uotexHonoriy, KasHY um. anb-®apabu, Anmatsl, KasaxctaH
0500838, Anmartsl, [pocnekT anb-Gapabu, 4. 71, kopri. 6
e-mail: dana.aisina03@gmail.com

B 5'UTR, CDS u 3'UTR ycTaHOBNeHbl knacTepbl canToB cBsisbiBaHMs MIRNA B mMRNA reHoB cy6tuna HER2.
Accoumalmm HEKOTOPbIX KaHAMAaTHbIX reHoB M MiIRNA ¢ noBblIlEHHON CBOGOAHON aHepruet B3auMOAeNCTBUSA
MOTYT C/TY>XUTb OCHOBOW A1 pa3paboTKy METOLOB AMarHOCTMKM cy6Tuna HER2 paka MONIOYHOI Xenesbl.

KnioueBble cnoBa: miRNA, mRNA, HER2 cy6Tun, pak MOIOYHOM Xenesbl, Knactep

Pak MOMOYHO Xenesbl 3aHUMaEeT OAHO U3 MepPBbIX MECT CpeAn BCeX pakoBbix 3abonesaHuin B mupe [1].
mMiRNA siBnstoTCs perynsTopaMm 3KCNpeccum reHoB, y4acTBYHOLLMX B Pa3BUTUM paka MOJIOYHOW xenesbl (PMXK).
B HacTosiLen paboTe caiTbl cBA3biBaHMA MIRNA npefckasbiBany nporpammoit MirTarget, koTopasi onpefenset:
a) Hayano nHuumaumm ceasbiBaHna MiRNA ¢ mRNA; 6) nokanusauuto cainToB cBsdbiBaHust MiRNA B 5>UTR, CDS 1
3>UTR mRNA,; B) cBO60AHYHO 3Hepruto ruébpuansaumm (AG, k)X/Mosb); U T) CXeMbl B3aUMOAENCTBUIA HYKNEOTUA0B
(HT) Mexay miRNA 1 mRNA [2]. HykneoTuaHble nocnegosatesibHocTM MRNA reHoB YesioBeka 3avMCTBOBaHbI
n3 NCBI (http://www.ncbi.nlm.nih.gov). HykneotuaHble nocneposatenbHocT 2565 miRNA yenoBeka B3siTbl
“3 6a3bl AaHHbix MiRBase (http://mirbase.org), 3707 miRNA 3aumcTBOBaHbl U3 ny6nvkauuu [3]. YcTaHoBNEHbI
caiiTbl cBsi3biBaHMs MIRNA ¢ nepekpbiBaoLLMMUCS HYKIEOTUAHbIMY NocnefoBaTenbHocTAMM (KnacTepsbl), pac-
nonoxexHole B SUTR, CDS nnn 3>UTR mRNA MHorux reHoB. KnactepHas opraHusauusi CaiToB CBsSi3blBaHUS
miRNA u cBo6ogHas aHeprua BsammogencTenss miRNA ¢ mMRNA onpefenstoT KOHKypeHLuo mexay miRNA 3a
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cBasbiBaHne ¢ MRNA. CaiiTbl cBasbiBaHMA 23 mMiRNA 6b1in o6HapyxeHbl B 5>UTR mMRNA Tpex KaHAMAATHbIX
reHoB EPOR, MAZ u NISCH cy6tuna HER2 paka Mono4dHoi >xenesbl. mMRNA reHa EPOR umena Tpu caiTa
cBs3bIiBaHMA MiRNA, o6pasyowmx Knactep U3 26 HT, pacnosioXeHHbIn oT 77 HT no 102 HT B 5'UTR mRNA EPOR
reHa. B mRNA MAZ reHa cantbl cBasbiBaHusa TJU_CMC_MD2.1D00968.3p-miR, TUU_CMC_MD2.ID01476.3p-miR,
miR-1470 n TJU_CMC_MD2.ID00620.3p-miR 6b151 pacnonoXeHbl B KacTepe AIMHOM 34 HT, TOKanu30BaHHOM C
16 HT no 49 HT. O6wasn agnnHa aTux MiRNA 6bina paBHa 87 HT. [ipyron knactep B 5'UTR mRNA MAZ anvHow 44 HT
6bl1 06pa3oBaH caTamu cBsisbiBaHMs MiR-6850-5p, miR-4466, miR-762, TJU_CMC_MD2.1D00915.3p-miR 1 TJU_
CMC_MD2.1D02979.5p-miR. O6a knacTepa 3aHMManu Bcero 78 HT, a o6wasi A/iMHa CalTOB CBA3bIBaHUSA AEBATU
miRNA cocTaBnsina 196 HT. s 24 miRNA 6bi5vM ycTaHOBNEHbI canTbl cBA3biBaHMA B CDS mMRNA kaHAaMAaTHbIX
reHoB. l'eH MAPK3 6b1n MuweHbto ana Tpex miRNA, caiTbl CBA3bIBaHWA KOTOPbIX Obl/IM PACMONOXKEHbI B Kia-
cTepe anvHow 26 HT. MRNA reHa MAZ nmena caiTbl cBA3biBaHuA Ans MiRNA B yeTbipex knactepax. B 3'UTR
mRNA BRCA2 reHa Tpu cainTa casbiBaHus MiRNA coctaBnsanu knactep. CanTbl cBA3biBaHWUA AeBATU MIiRNA
6b1nm o6HapyxeHbl B 3’'UTR mRNA reHa CDK6. mRNA reHa CDK6 nmena caiTbl cBAdbiBaHus Asnist miRNA B AByx
knactepax. TJU_CMC_MD2.I1D03264.3p-miR, miR-548h-3p, miR-548z, miR-548ag-3p, miR-548az-3p ¢opmupoBanu
knactep ¢ 1677 HT no 1699 HT. MRNA reHoB BRCA2 1 CDK6 nmenu caintbl cBsA3biBaHusa ansa miRNA B 3>UTR co
CcBO6OAHON aHepruen ceasbiBaHns oT -98 kx/Monb 1o -117 kx/Monb. Takum 06pasom, BnepBble 06HapyXeHa
KnacTepHasa opraHusauus cantos cBssbiBaHMA MIRNA ¢ mRNA reHoB cy6Tuna HER2 paka MONoYHOW »enesbl.
BbisiBNeHbl KONMYecTBEHHble XapakTepucTuku B3anmogencTema miRNA ¢ mRNA KaHAMAATHbIX FTeHOB U Ha KX
OCHOBE MpeAioXeHbl accoumaumm ans paspaboTKn MeTOA0B AMArHOCTMKM paka MOMIOYHOW Xenesbl cybTuna
HER2.
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CLUSTER ORGANIZATION OF miRNA WITH mRNA GENES HER2 SUBTYPE
BREAST CANCER

Aisina D.E.

Research Institute of Problems of Biology and Biotechnology, al-Farabi Kazakh National University, Almaty,
Kazakhstan

050038, Almaty, Prospect al-Farabi, 71, corp.6

e-mail: dana.aisina03@gmail.com

Clusters of miRNA binding sites in mRNA genes of HER2 subtype have been established in 5'UTR, CDS and 3’'UTR.
Associations of several candidate genes and miRNA with increased free energy of interaction can serve as the
basis for the development of diagnostic methods for HER2 subtype of breast cancer.

Key words: miRNA, mRNA, HER2 subtype, breast cancer, cluster

Breast cancer is one of the first places among all cancers in the world [1]. miRNAs are regulators of the
expression of genes involved in the development of breast cancer (BC). In the present work, miRNA binding sites
were predicted by the MirTarget program, which determines: a) the start of the initiation of miRNA binding to
mRNAs; b) the localization of miRNA binding sites in 5UTRs, CDSs and 3'UTRs of the mRNAs; c) the free energy
of interaction miRNA and the mRNA (AG, kJ/mole); d) the schemes of nucleotide interactions between miRNAs
and mRNAs [2]. The nucleotide sequences of mRNAs of human genes have been downloaded from NCBI (http://
www.ncbi.nlm.nih.gov). Nucleotide sequences of human 2565 miRNAs have been downloaded from the miRBase
database (http://mirbase.org), 3701 miRNAs nucleotide sequences have been taken from the publication [3]. The
miRNA binding sites with overlapping nucleotide sequences (clusters) located in 5UTR, CDS or 3'UTR mRNA of
many genes have been established. The cluster organization of miRNA binding sites and the free energy of miRNA
interaction with mRNA determine competition between miRNA for binding to mRNA. Binding sites of 23 miRNA
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have been found in 5UTR mRNA of three candidate genes EPOR, MAZ and NISCH of HER2 subtype of breast
cancer. The mRNA EPOR gene had three miRNA binding sites forming a cluster of 26 nt, ranging from 77 nt to 102
ntin 5UTR mRNA. In the mRNA of MAZ gene, the binding sites of TJU_CMC_MD2.ID00968.3p-miR, TUU_CMC_MD?2.
ID01476.3p-miR, TUU_CMC_MD2.1D00620.3p-miR, miR-1470 and have been located in a cluster with length of 34
nt from 16 nt to 49 nt. The total length of four miRNAs have been equal to 87 nt. Another cluster in MAZ mRNA
with a length of 44 nt have been formed by miR-6850-5p, miR-4466, miR-762, TJU_CMC_MD2.ID00915.3p-miR and
TJU_CMC_MD2.1D02979.5p-miR binding sites. Both clusters occupied only 78 nt, and the total length of binding
sites of nine MiRNAs was 196 nt. For 24 miRNA, binding sites have been established in CDS of mRNA candidate
genes. MAPK3 gene have been a target of three miRNAs, the binding sites of which were located in a cluster with
the length of 26 nt. The mMRNA MAZ gene had binding sites for miRNA in four clusters. In 3’'UTR mRNA of BRCA2
gene three miRNA binding sites constituted a cluster. Nine miRNA binding sites have been found in 3'UTR mRNA of
CDK®6 gene. mRNA of CDK6 gene had binding sites for miRNA in two clusters. miR-548h-3p, miR-548z, miR-548aq-
3p, miR-548az-3p, TJU_CMC_MD2.1D03264.3p-miR formed a cluster from 1677 nt to 1699 nt. mMRNAs of BRCA2 and
CDK®6 genes had binding sites for miRNA in 3'UTR with the free energy of binding from -98 kJ/mole to -117 kJ/mole.
Thus, the cluster organization of miRNA binding sites to the mRNA genes of HER2 subtype of breast cancer have
been first discovered. The quantitative characteristics of interaction of miRNA with mRNA candidate genes have
been identified and associations on their basis have been proposed for the development of methods for diagnosing
breast cancer subtype HER2.
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KOMIMbIOTEPHAA OLLEHKA HEXXENATEJIbHbIX 3O ®EKTOB
MEXJIEKAPCTBEHHbIX B3AVIMOJ1EVICTBVIVI HA CEPAEYHO-COCYAUCTYIO
CUCTEMY

UBaHoB C.M., JlaryHuH A.A., ®dunumonos [1.A., Mopolikos B.B.

PenepasibHoe rocygapCcTBEHHOE GOXKETHOE HayYHOE yupexaeHne «Hay4yHo-muccneqoBaTenbCkmi MHCTUTYT
6romeanLMHCKO xummm nmenn B.H. OpexoBuyax», Mocksa, Poccusi

119121, MockBa, yn. lNorogunHekas, 4. 10, cTp.8

e-mail: sergey.ivanov@ibmc.msKk.ru

PaspaboTaH KOMMbIOTEPHbIV MOAXOL K OLEHKE HexenaTesbHbIX 3h(HeKTOB MeX/eKapCTBEeHHbIX B3anMogen-
CTBMIA HAa CepAEYHO-COCYAUCTYHO CUCTEMY, OCHOBAHHbI Ha KOMMIEKCHOM aHanu3e CrMoHTaHHbIX COOBLLEHNI 1
CBA3el «CTPYKTypa-akTUBHOCTb». [oixoA 6bin anpo6upoBaH Ha npumepe crefytolwmnx ahhekToB: MHbapKT M1o-
Kapfia, MEeMUYECKUI MHCYIbT, XeNy[ouKoBasa TaxuKapAns, apTepuanbHas runepTeHsus 1 cepfedHas HepgocTa-
TOYHOCTb.

KnioueBble cnosa: MeXXJieKapCTBEHHbIE B3aMMOAENCTBUSA; HeXenaTenbHble Sd)d)eKTbl NneKapcTB, cepaeyHo-co-
cyancTtaa cucteMa,; CoHTaHHble COO0O6LLEHNSsI; B3aMOCBS3b «CTPYKTYpa-aKTUBHOCTb»

HexxenatenbHble addekTbl nekapcTBeHHbix cpefcTB (HIJ1) sBnsA0TCA OAHOM U3 NUAMPYIOLLMX MPUYUH
CMEpPTHOCTM B pasBUTbIX CTPaHaX, @ Tak)ke OCHOBHOW NMPUYMHOI OT3bIBOB NpenapaTtoB ¢ pbiHKa [1, 2]. H3/, ces-
3aHHble C feiICTBMEM Ha CepAevHO-COCYAUCTYIO CUCTEMY, ABAIOTCA Hanbosee onacHbIMM U1, B TO Xe BpeMs, pac-
npocTpaHeHHbIMKU addekTamu. JleueHne 3a6oneBaHnin YenoBeka YacTo TpebyeT NpuemMa HeCKOIbKUX JIEKapCTB,
UTO MOXET MPUBOAUTb K MEX/eKapCTBeHHbIM B3anMogencTeuam (MJIB), Bbi3biBatOLLMM MOBbILIEHUE YacTOThbI
1 BblpaXXeHHOCTM HexenaTenbHbIX addekToB [3]. OueHka HIJ, BKtoyas oueHKy addekta MJIB Ha ux nposasne-
HWe, IBNSIETCA HeTpUBMANbHOW 3aAaden 1 TpebyeT NpoBeAeHNs 6ONbLUOr0 KOMYECTBa 3KCMEPUMEHTASTbHbIX U1
KJIMHNYECKUX UCCNefoBaHNN.

[ns pelweHnn aTon npobnemMbl Mbl pa3paboTany KOMMbIOTEPHbIN NOAXOA K OLleHKe CepAeYHO-COCYAUCTbIX
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