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basa sHanmniit SOLANUM TUBEROSUM:
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BbicTpoe pa3BuUTHEe BbICOKOMPOU3BOANTENbHbBIX FEHOMHbIX, TPaHC-
KPUMTOMHbIX, IPOTEOMHbIX 11 METaOONOMHbIX TEXHONIOMUIA 06YCNOo-
B110 3P deKT «MHGOPMaLMOHHOIO B3pbIBa» B 0651acTy bronorum
pacTeHuii. Ha cerogHAWHWN AeHb YNCNO HAaYYHbIX Ny6nvKauuii
TONIbKO MO OfHOW BaXHelLlel CeNlbCKOXO3ANCTBEHHON KybType
Solanum tuberosum L. (kapTodenb) npesbiwaeT 1.5 MaH. Dbdek-
TUBHbBIV AOCTYM K 3HAHWAM, pacnpefenieHHbIM MO TaKoMy MHOXe-
CTBY HehOPMan30BaHHbIX ECTECTBEHHO-A3bIKOBbIX TEKCTOBbIX
NCTOYHMKOB, TpebyeT NprMeHeHNA crneLnanbHbIX KOMMbOTEPHbIX
VNHTENNEKTYaNbHbIX METOAOB aHanr3a TekcToB (text mining). Oa-
HaKo B iTepaType HeT JaHHbIX O LUMPOKOM MCMOb30BaHN NH-
TenneKTyasnbHbIX METO40B aBTOMATMYECKOTO M3BMIEYEHNA 3HAHWI
13 Hay4YHbIX Ny6AMKaLMiA NO CeNbCKOXO3ANCTBEHHBIM KyNbTypam,
TaKuUM KaK KapTodenb. PaHee Hamu Gbina pa3paboTtaHa NUIOTHanA
BepcuA 6a3bl 3HaHUN SOLANUM TUBEROSUM, npepcTasnstowas
0601 KOMMbIOTEPHYIO NNAaTPOPMY 15 KOMMIEKCHON UHTENNEK-
TyanbHoM 06paboTKM 6ONbLUMX AAHHBIX, BKNtOYas: 1) aBTomaTuye-
CKWIA aHann3 TEKCTOB HayuHbIX NybnvKauuin n Gaktorpapryeckmx
6a3 faHHbIX, HanpaBneHHbIN Ha SKCTPaKLMIO MHPOopMaLmMm No
reHeTuKe, MapKepam, cenekumm, CEeMeHOBOACTBY, ANArHOCTHKE
BO36yauTenelt 3aboneBaHunin, CpefcTBaM 3aLnTbl M TEXHONOMMAM
XpaHeHua KapTodens; 2) bopmanr3oBaHHOe NpefcTaBeHme
n3BneyeHHol nHpopmaumm B 6ase 3HaHWI; 3) NONb30BaTENIbCKUIA
LOCTYN K 3TUM AaHHbIM; 4) aHan13 1 BU3yanu3auuio pesynsTaTos
3anpocoB. B oHTonorum 6a3bl 3HaHUn SOLANUM TUBEROSUM
npencTaBieHbl CI0Bapy MONEKYNAPHO-TeHETUYECK/X O6BEKTOB
(6enkoB, reHoB, meTabonutos, MUKPOPHK, briomapkepos u ap.),
copToB KapTodena n nx GeHOTUNNYECKNX MPU3HaKoB, 6ores-

Hen 1 BpeanTenen Kaptodensa, broTnyecknx n abnoTnyeckmx
baKTOpOB OKpYy:KatoLLeli cpeabl, arpOOUOTEXHONOIN BO3AENbIBa-
HUA, @ TaKXKe TeXHONOTNIA NepepaboTKy 1 XpaHeHNA KapTodensa.

B cTaTbe gaHo onvcaHue Tekylen Bepcum 6a3bl 3HaHM SOLANUM
TUBEROSUM, nonyuyeHHoOI B pe3ynbTaTe paclUMPeHHOro aHanmsa
Hay4HbIX Ny6ANKALMIA MO MONEKYNAPHO-TEHETUYECKON perynaumm
MeTabonunuecknx nyTen y kaptodens, a Tak»kKe MOAESbHbIX pac-
TUTENbHbIX OPraHn3MoB (KyKypy3bl, puca, apabugoncuca). Bcero
6bl110 NPoaHanM3nMpoBaHo okosio 9000 NOMHOTEKCTOBbIX CTaTel

n 6onee 130000 pedepato PubMed. C nomoubto aBToMaTuye-
CKOrO aHasnim3a TeKCTOB Hayy4HbIX Ny6nvKauuii BbiaBieHo 6onee
59000 $paKTOB O MONEKYNAPHO-FEHETUYECKMX B3aNMOLENCTBUSAX U
reHeTUYeCcKol perynauum, a aHanus gpaktorpaduyeckrx 6as paH-
HbIX NO3BONWI BbIABUTL 6osiee 380000 TaKmMX B3aIMOAENCTBUIA Y
paccMoTpeHHbIX OpraHn3moB. MNpuy 3ToM oKasanocb, YTo K Solanum
tuberosum L. oTHOCKTCA OKONMO 3 % 3KCTPArMpoBaHHbIX GaKTOB O
MONEKYNAPHO-TeHETUYECKMX B3aUMOAENCTBUAX U FreHeTUYeCKom
perynaumun. Taknum o6pasom, BKIOUEHNE CBEAEHNI O XOPOLLO
N3yYeHHbIX MOAENbHbIX BUAaX Npwv n3BeyeHnn nHdopmalmm o
MONEKYNAPHO-TeHETUYECKON Perynaumm metabonmyeckmx npo-
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Rapid development of high-performance genomic, tran-
scriptomic, proteomic and metabolic technologies led to
an information explosion in the field of plant biology and
agrobiology. To date, the number of scientific publications
on only one of the most important agricultural crops of
Solanum tuberosum L. (potato) has exceeded 1.5 million.
Effective access to knowledge distributed over such a mul-
titude of non-formalized natural language textual sources
requires the use of special computer-assisted intelligent
methods of data mining (text-mining). However, in the
literature, there is no data on the application of intellec-
tual methods of automatic knowledge extraction from
publications on agricultural crops, such as potato. Previ-
ously we have developed a pilot version of the SOLANUM
TUBEROSUM knowledge base. SOLANUM TUBEROSUM is
a computer platform for complex intellectual processing
of large data bodies, including (1) automatic analysis of
scientific publications and databases for extraction of in-
formation on genetics, markers, breeding, diagnostics, pro-
tection and storage technologies for potato, (2) formalized
representation of extracted information in the knowledge
base, (3) user access to these data, (4) analysis and visu-
alization of query results. The ontology of the SOLANUM
TUBEROSUM knowledge base contains dictionaries of
molecular genetic objects (proteins, genes, metabolites,
microRNAs, biomarkers); phenotypic characteristics of
potato varieties; potato diseases and pests; biotic/abiotic
environmental factors; potato agrobiotechnologies. This
article describes the current version of the SOLANUM
TUBEROSUM knowledge base developed from an exten-
sive analysis of scientific publications on the molecular-
genetic regulation of metabolic pathways in potatoes, as
well as model plant organisms (maize, rice, Arabidopsis
thaliana). In total, about 9,000 full-text articles and more
than 130,000 abstracts of PubMed were analyzed. With
the help of automatic analysis of scientific publications,
more than 59,000 facts on molecular genetic interactions
and genetic regulation were identified, and the analysis of



L|eCCOB AABNAETCA Ba>KHbIM 11 MO3BOJIAT NpefCKa3biBaTbh
reHbl-opToNnory y Kaptodensa n NnpoBoANTb VX AasibHENLYo
naeHTUPMKaLuio 1 BblgeneHne Ha OCHOBE FrOMOJIOT N,
CKOHCTPYMpOBaHa accoLmaTMBHasA CeTb FeHETUYECKON pe-
rynaumm buocrHTesa Kpaxmana y Kaptodens, BKiovatoLwas
33 meTabonuta, 36 6enKkoB, 6 MeTabonnuecKux nyTel n

132 B3ammogencTBua mexay H1uMK, 86 13 KOTOPbIX OMMUCHI-
BalOT KaTannTUyeckme peakuun, a ocTanbHble — perynatop-
Hble cobbITUA. CKOHCTPYMPOBaHHasA CeTb ABMIAETCA OCHOBOW
AnA noncka reHOB-MULLEHEN anAa Hal'lpaBHEHHOFO MyTare-
He3a U MapKep-OpUEHTUPOBAHHON CeneKL MM COPTOB Kap-
Todena c 3afaHHbIMM CBOMCTBaMU Kpaxmasa. TectoBas
BepcuA 6a3bl 3HaHUn SOLANUM TUBEROSUM pocTynHa no
agpecy http://www-bionet.sysbio.cytogen.ru/and/plant/.

KntoueBble cnoBa: kaptodenb; Solanum tuberosum L.;
6a3a 3HaHu; ANDSystem; 6BUOCHMHTE3 Kpaxmana;
aCCoLMaTUBHbBIE TeHHble CeTU; reHeTuYecKas perynaumsa.

KAK UUTUPOBATb 3TY CTATbIO:

factual databases revealed more than 380,000 such interac-
tions in the examined organisms. It turned out that about

3 % of extracted facts about molecular genetic interactions
and genetic regulation were related to Solanum tubero-
sum L. Thus, the inclusion of information on well-studied
model species during the extraction of information on the
molecular-genetic regulation of metabolic processes is
important. It allows prediction of orthologous genes in po-
tato and their further identification and analysis based on
homology. An associative network of genetic regulation of
starch biosynthesis in potatoes, including 33 metabolites,
36 proteins, 6 metabolic pathways and 132 interactions
between them, 86 of which describe catalytic reactions,
and the rest - regulatory events, was reconstructed. The
reconstructed network is the basis for the search for target
genes for directed mutagenesis and marker-oriented selec-
tion of potato varieties with specified starch properties. The
trial version of the SOLANUM TUBEROSUM knowledge base
is available at http://www-bionet.sysbio.cytogen.ru/and/
plant/.

Key words: potato; Solanum tuberosum L.; knowledge
base; ANDSystem; starch biosynthesis; associative gene
networks; genetic regulation.
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aproderns (Solanum tuberosum L., cem. IlacneHoBBIC)

Mpe/ICTaBIsIeT cOO0H BayKHEHIITYIO CEITbCKOXO3SIHCTBEH-

HYIO KYJIBTYPY, UMEIOLLYIO BBICOKYIO ITHILEBYI0, KOPMO-
BYIO M TEXHHYECKYIO LIEHHOCTh. [IumeBas 3HaYMMOCTh €ro
BO MHOTOM O0YCIJIOBJICHA BEICOKHM COZIEPKaHNEM YIJICBO/IOB
(rmaBHBIM 00pa3oM Kpaxmaja), XOpoIleil yCBOSIeMOCThIO
OenkoB KapTodes, 3HaUNTEIHHBIM COICpKaHUEM acKop-
OMHOBOI KHCIIOTHI, CONEH KaJIusl, KaJdbLlUsl, MArHUS, TPYTHX
MHUKpoas1eMeHTOB. KaprodenbHblil kpaxmall CIIy)KHT ChIpbeM
JUIs CIIMPTOBOM M KPaxmajo-NAaTOYHOM MPOMBIIUIEHHOCTH,
U3 HEro MPOM3BOAST JICKCTPUHBI, TIIOKO3Y, MAJIBTO3y JUIS
[IUIIEBOM UHIyCTPUU U P IOJIYIIPOLYKTOB JJIsl XUMUYECKON
npomsiierHoctH (Khlestkin et al., 2018). Kpowme Toro, kpax-
MaJl KIlyOHeH KapToders UPOKO UCTIONb3yeTcst B OyMa)kHOH,
TEKCTHJILHON MPOMBIIIICHHOCTH U JApyrux orpacisix (Kraak,
1992; Ellis et al., 1998; Jobling, 2004).

B Hacrosee BpeMs, B CBSI3M CO CTPEMUTEIBHBIM Pa3BH-
THUEM BbBICOKOIIPOU3BOANUTEIIbHBIX TCHOMHBIX, TDAHCKPUIITOM-
HBIX, IPOTEOMHBIX ¥ META0OJOMHBIX TEXHOJIOTHH, a TaKKe
HOBBIX TEXHOJIOTHH B CEIILCKOM XO3SHCTBE, HAOIIOIACTCS
«MH(pOPMAIIMOHHBINA B3pHIB» B OMOJIOTMH PAacTeHUH U pac-
TEHHEBOJICTBE, B TOM YHWCIIe B KapTodeneBoacTre. OmHako
TOJIEKO HEOOJIbIIIast YaCTh JAHHBIX, TOTyYCHHBIX B PE3YJIbTaTe
Hay4HBIX HCCJIEA0BaHHMN, TPEACTaBIeHa B (HOPMaIN30BAHHOM
BHJE B (akTorpaduueckux 0aszax, Takux xak GeneBank,
Uniprot, IntAct, BioGRID u T.1. OcHOBHas k€ 9acTh Hpo-
JyLIIPYEMBbIX 3HAHUI OIIMCAHA B MUJJIMOHAX HAyYHBIX CTATEH,
MPECTaBIIOMINX COOOM Tak Ha3bIBAEMBbIE HECTPYKTYHPOBAH-
HBIC TEKCTOBBIC JIAHHBIC HA €CTECTBEHHOM sI3bIKe. B wacTHO-
CTH, KOJIMYECTBO HAy4YHBIX MyOIMKAIMI TOJBKO 110 Solanum
tuberosum L. IpeBbIMaeT MOATOpa MUJUTHOHA. Takast pa3o0-
IIEHHOCTh MH(OPMAILIUK 3aTPYIHICT YCTAHOBICHUE CBSI3CH

leHeTVKa 1 cenekuus Kaptodens

U KOppensiuid Mexy HabopamMH JaHHBIX, OMHCHIBAIOIINX
MPAKTHYECKH TOJIE3HbIE W Ba)KHBIC CBOMCTBA PACTEHHUSI, €r0
CTpPOEHHE U ITPOLIECCHI Ha MOJIEKYJISIPHOM YPOBHE, HAIPUMEP
CBEJIEHUs 0 KapTo(heIbHOM KpaxMaje — OT TeHETHYECKOH
peryisinuy ero OMOCHHTE3a /10 MPUMEHEHUS B Pa3IM4HBIX
OTpacysiX MPOMBIIUIEHHOCTH (XIECTKUH U p., 2017). Takum
o0pazom, cHmKaeTcs 3 (PEKTHBHOCTH UCTIOIE30BAHUS TTOITY-
YEHHBIX JIaHHBIX, PACTET YHCIIO YITYIICHHBIX BO3MOXHOCTEH
palMOHaIBHOTO HCII0JIb30BAHUS TEHETHYECKOTO K METa00I M-
YEeCKOTO NMOTEHIIMAA IPUPOJHBIX PECYPCOB.

B coBpemenHoM mMupe npobiema oOpaboTKH OOIBIINX
00BEMOB TEKCTOBOM MH()OPMAIMK UTPAET OTPOMHYIO POJIb B
CaMBIX Pa3HBIX 00JIACTSAX )KU3HHU YeJI0BEeKa. JTO CITOCOOCTBO-
BAJIO PA3BUTHIO KOMIIBIOTEPHBIX HHTEIUIEKTYJIbHBIX METO/IOB
aBTOMaTHueCcKoro aHanm3sa tekcros (text mining) (Kilicoglu,
2017). Bce MeTo/1p aBTOMATHIECKOTO aHATTN3a TEKCTOB MOYKHO
pa3aenuTh Ha JBE OOJIBIINE TPYIIIBI: METObI, OCHOBAaHHEIC Ha
NpaBUJIax, ¥ METO/IbI, NCIIOIB3YIOIINE MAIMHHOE 00yUYeHHUE.
MeToapl, OCHOBaHHBIE Ha NpaBHJIaX, MO3BOJIAIOT AOCTHYD
BBICOKOH TOUYHOCTH M3BJICUCHHS MH(DOPMALINH, OJHAKO HMe-
I0T OTHOCHUTENIbHO HM3KHE 3HAYECHUS ITOJHOTHI M3BICYCHUS
(Aggarwal, Zhai, 2012). AnpTepHaTHBHBIM ITOJXOAOM K aB-
TOMaTHYECKOMY U3BJICUCHUIO HH(POPMAINH, HE TPEOYIOINM
MPUMEHEHHS BDYUHYIO CO3IaHHBIX MPaBHUII, SIBJISTOTCS] METOBI
MAIIMHHOTO O0Y4YeHUs], KOTOPbIE MOTYyYMIN IHUPOKOE IMPHU-
MEHEHHE B TociieHue roapl. Cpean Takux METOJOB YacTo
HCIIOJIB3YIOTCSl HAUBHBIA 0alleCOBCKHI KiiacCU(UKATOP,
JIEPEeBBS PEIICHUH, METOJT yCIOBHBIX CIyYalHBIX ITOJIeH (con-
ditional random fields — CRF) (Uzuner et al., 2011) u cTpyk-
TYpPHPOBaHHBIE OTIOPHBIE BeKTOpa (structured support vector
machines —SSVM) (Tang et al., 2013), a Taxoke MeTOBI TITy00-
KOro oOy4ueHus1, OCHOBaHHbIE Ha HeHpoHHBIX ceTsx (Collobert
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et al., 2011). K HegocraTkaM 3THX METOJOB MOKHO OTHECTH
TpeOOBaHUE HATUYUs OONBINMX OOYYAIOUIMX BHIOOPOK, CO-
JIEpKAIIX Pa3MEUeHHBIC TEKCTHI.

MeTopl aBTOMaTHYECKOTO aHaJH3a TeKCTOB HAIIUTA Hau-
OoJiee MIMPOKOE MPUMCHEHUE TIPU PEIICHUU Pa3IMYHBIX 3a-
Jtad OMOMETUITIHBI, CHCTEMHOH U HHTETPaTUBHON OMOJIOTHH
(Rebholz-Schuhmann et al., 2012), BkiTrogast oiep>kKy KITi-
Huueckux pemenunit (Friedman et al., 1999; Cao etal., 2011),
KypHUpPOBaHHE OMOIOTHYECKUX/OMOMEIUIIMHCKIX 0a3 TaHHBIX
(Wei et al., 2013), uacrieknuto dapmmpenaparos (Sarker et
al., 2015) u np. B xayecTBe MCTOYHUKA TEKCTOBBIX JAHHBIX
UCIIONB30BAIMCH pedeparhl, OTHOTEKCTOBBIC CTAThH U MTATeH-
THI (Shetty, Dalal, 2011; Li et al., 2013), a Taxxe 37eKTpOH-
Hble KapTouky naruenToB (Meystre et al., 2008), TekcToBbIE
JIlaHHBIC B commanbHbIX cersx (Sarker et al., 2015) u mp.

B obmactr Gmonoruy pacTeHU HHTEIICKTyalIbHBIE METO-
JTbI aBTOMATHUCCKOTO M3BJICUCHHSI 3HAHUH IIIMPOKO IPUMEHSI-
JIFCB TOJIBKO JUTS AHAJIM3a CTaTe! 110 MOZICIEHBIM OpTaHU3MaM.
Hanpuwmep, web-goctymaas cucrema PLAN2L (Krallinger
et al., 2009) comepXUT pe3yabTaThl ABTOMATHYCCKOTO H3-
BJICYCHUS MH(POPMAIIIH U3 TIOTHOTEKCTOBBIX ITyOIHKAIIN 1O
Arabidopsis thaliana o 6emOK-0eTKOBBIX B3aUMOICHCTBHISIX
U TCHETUYCCKOU PETYJISIIIAU, & TAKXKE acCOIMAIUSIX TCHOB C
HEKOTOPBIMH KJIETOYHBIMHU MPOIIECCAMHU U MPOIIECCAMU Pas3-
BUTHS (I[BETKA, KOPHS U T. II.).

Panee namu BriepBbIe B MUpe ObLIa pa3paboTaHa KOMITbIO-
TepHas mardopMa Al KOMIDIEKCHOTO MHTEUIEKTYa IbHOTO
aHaNM3a HAYYHBIX ITyOJIMKAIMA B O0ONACTH KapToderaeBo-
ctBa — 0a3a 3Hanuit SOLANUM TUBEROSUM (Caiik u
np., 2017). TlporpamMmMHBIE€ CpeACTBa ATOH MmIaTGopmbl 00e-
CIICYMBAFOT PEIIICHHE BCEX HEOOXOMMUMBIX IIIar0B IS aBTOMa-
TUYECKOU IKCTPAKIMH U (POPMATTU30BAHHOTO MPEIICTABICHHUS
B 0Oase 3HaHuii uHGopMaruu 1o reuerrke, JTHK-mapkepam,
CeJIeKIINH, CEMEHOBOJICTBY, AMArHOCTHKE BO30ymuTeNeH 3a-
OosieBaHUil, CPENCTBAM 3AIUTHI U TCXHOJOTUSAM XPaHCHUS
kaprodens. I'padbnueckuii moab30BaTeNbCKU HHTEpDEiic
SOLANUM TUBEROSUM n03BOJSIET OCYLIECTBIATH J10-
CTYI K 3THM JaHHBIM, IPOBOJUTH aHAJN3 U BU3YyaTH3aIUIO
PE3yNBTaTOB 3aMPOCOB.

JIst aBTOMAaTHYECKOTO aHaJIM3a TEKCTOB OCYIIECTBICHA
ajlanTaiys ¥ WHTErpaius MOAyJs text-mining mporpamm-
Ho-uH(popmarronHoii cucrembl ANDSystem (Demenkov
et al., 2012; Ivanisenko et al., 2015; Saik et al., 2016a),
MpeIHA3HAYCHHOH [T SKCTPAKIIUU MEIHKO-OHMOIOTHIECKIX
3HAHUHU W3 HAyYHBIX ITyOIUKAIMHA C TIOMOIIBI0 CHHTaKCHKO-
ceManTuueckux npasui. ANDSystem ucnonszoBaiach npu
MPOBEJICHUH aHAJIN3a JTAaHHBIX BBICOKOIPOM3BOIUTEIBHBIX
MIPOTEOMHBIX IKCIIEPUMEHTOB B 001acTi Onomenuiabl (Mo-
mynaliev et al., 2010; ITactymkoBa u ap., 2015a, 6; Larina
et al., 2015; Pastushkova et al., 2015), a Takxe npu aHanu3e
TKa"ecnenupuaeckoro d3¢pdexra HoKkayTa TeHOB U TOUCKE
MTOTCHIINAFHBIX MHIICHEH IS JIEKapCTBCHHBIX MPENapaToB
(Petrovskiy et al., 2015). C nomomisto ANDSystem ObutH BbI-
SIBTICHBI HOBBIE PETYIATOPHBIC MOJIEKYISIPHO-TEHETUIECCKHE
MEXaHU3MBbI KOMOPOUTHBIX B3aMMOOTHOIICHUN MEKIY pa3-
JIMYHBIMH MTATOJIOTHSIMU uesioBeka (Bragina et al., 2014, 2016;
Glotov et al., 2015; Saik et al., 2016b), a Takxe MokKa3aHo, 4TO
JAaHHAsT CHCTEMa TPUTOIHA NI BBIABICHHS MOJICKYISPHO-
TCHCTHUYCCKAX MEXaHHU3MOB JKU3HCHHOTO IIMKJIA MTATOTCHOB
(Popik et al., 2015).

10 Vavilov Journal of Genetics and Breeding - 2018 - 22+ 1

T.V. lvanisenko, O.V. Saik, P.S. Demenkov, V.K. Khlestkin,
E.K. Khlestkina, N.A. Kolchanov, V.A. lvanisenko

OnHol n3 BakHEHIINX 3a7a4 pa3BUTHUSA CO3JaHHOM 0a3bl
3Hannii SOLANUM TUBEROSUM sBinsitoTcst aBTOMaTH-
Yeckasi IKCTpakuus U GopMalu30BaHHOE MPEICTABICHHE B
0asze 3HaHMH MH(OpPMAIMHU, Kacalolieiics MOJIEKYISIPHO-Te-
HETHYECKNX MEXaHN3MOB, JIE)KAILIX B OCHOBE XO35HCTBEHHO
LIEHHBIX IPU3HAKOB, TCHETHYECKON PETYIISINN MeTadoInye-
CKUX MyTed. MHTerpanus 3TUX CBEJCHMH JOIKHA CIIOCO0-
CTBOBATH YCKOPEHHIO MACHTH(UKALUHN T€HOB-KAHIUIATOB
JUTSL CEJIGKIIMOHHO 3HAYMMBIX XapaKTEPUCTUK KapTodems
1 pa3pabdOTKH JUArHOCTUYECKUX MapKEepOB JUIsl CEJICKIIHH.
K unciy ceneKnunoHHO 3HAYUMBIX XapaKTEePHCTHK KapToders
OTHOCSITCS CBOMCTBA KpaxMaJlla, BIUSIONINE HA IIPUTOAHOCTD
coptoB Kaptodens k nepepadorke. OmeHka OOJBIIMHCTBA
XapaKTEPUCTUK KpaxMmaja SIBJISIETCS TPYLOEMKOM 3ajauei,
MI03TOMY HCIIONB30BAaHNE HA PAaHHMX dTarax CEeJICKIHOHHOTO
npornecca guarHoctuueckux JJHK-mapkepoB, cBS3aHHBIX ¢
Pa3TMYHBIMA CBOMCTBAMH Kpaxmala, CIOCOOCTBOBAIO OBI
YCKOPEHHIO W YCUICBICHHUIO Mpoliecca MOIydeHHUsI COPTOB,
MIPUTOHBIX K MepepadoTKe.

Henpio HacTOsIIEeH pabOTHI OBUIO W3BICUCHHUE TAHHBIX
U3 PAacHIMPEHHOTO aHaM3a HAYYHBIX MyOIMKALUi 110 Mo-
JEKYJISAPHO-TEHETHUECKON peryssinuu y kaprodens u no-
CTPOCHUE Ha OCHOBE IOJYYEHHBIX JTaHHBIX aCCOLMATHBHOM
CEMaHTUYECKOW CETH MOJICKYJIIPHO-TCHETHYECKON PEryIsLUH
Merabonu3ma kpaxmana. [lapamnensHo ¢ nadopmanuei mo
KapTodeTio M3BJIeKanach aHAJIOTHYHAsSA MH(POPMAIUS TI0
Oonee M3y4CHHBIM BHIAM PAacTeHUH (KyKypys3a, pHc, apadu-
JIOTICHC), TaK KaK CBEACHHsI 00 3THX XOpPOLIO M3yYEHHBIX C
MOJICKY/ISIPHO-TeHETHYECKON TOUKHU 3pEHHS BUIAX PACTCHUH
Oy/lyT TIOJIE3HBI ISl JAbHEHIINX SKCIIEPUMEHTAIBHBIX HC-
CHeﬂOBaHMﬁ, HaIlpaBJICHHLIX Ha BBIACJICHUC HOBBLIX I'€HOB-
KaHJHMAATOB XO3SHCTBEHHO LIEHHBIX NPH3HAKOB KapTO(es.
PazpabarsiBaemas 6aza 3nannit SOLANUM TUBEROSUM
MOXET OBITh I0JIE3HA HIMPOKOMY KPYTY CIIELHaIMCTOB B
oOmacTi OMOJIOTHH pacTEHHUi, B TOM YHCJIe TeHETHKaM, Ce-
JeKnnoHepam, Gpuronaroioram, OnonHGpOpMaTHKaM H JIp.

MaTepmanbl n metogbl
[TonpobHoe onmcanune cTpykTypsI 6a3sl 3HaHni SOLANUM
TUBEROSUM (http://www-bionet.sysbio.cytogen.ru/and/
plant/) mpuBeneHo B pabdote (Caiik u ap., 2017). OHa BKITIOUaeT
TPH OCHOBHBIX MOJTYJISI, TPEACTABICHHBIX Ha PHC. 1.
MonyJib aBTOMAaTHY€CKOI0 aHAJIN3a TEKCTOB (text min-
ing) HAyYHBIX ITyONMMKAIui 1 hakTorpadnaecknx 6a3 TaHHBIX
Ipe/IHa3HaueH /ISl aBTOMATHYECKON SKCTPaKIuK MH(OpMa-
LMY O B3aMMOOTHOUICHHSIX MEXK/y 00bEKTaMH COINIACHO OHTO-
noruu 6a3bl 3HAHUK. DTOT MOYJIb UCTIONB3YET IPOTPAMMHBIE
cpeactBa ANDSystem (Ivanisenko et al., 2015), mo3Boss-
IOmue aBTOMAaTUYCCKU MPOU3BOJUTH BCHO HeO6XOHl/IMyIO
penoOpaboTKy TEKCTOBBIX JAHHBIX, BKITIOYAst peoOpa3oBa-
HHE NCXOJHOTO TEKCTa B TOHUMAEMBbIH (hopmat, pasaencHue
Ha MPeIJIOKEHUs, HOPMaU3aluio, MOpQOIoruieckuii u
CHHTAKCHUECKHI aHAJIN3, PAa3METKY TOMMEHOBAHHBIX CYIIIHO-
cTeit (MMeH 00beKTOoB). [1J1st pa3MeTKH ITOMMEHOBAHHBIX CYII-
Hocteil B ANDSystem peann3oBaH KOMILIEKCHBIA aJITOPUTM
Ha OCHOBE CJIOBApEil, TaKKe OCYIIECTBISIOIUHN pa3peleHue
po0sieM CHHOHUMHUH, OMOHHMUH, aHa(oprH 1 KopedepeHT-
HBbIX CCBIJIOK. HeO6XO[lI/lMOCTI) peumieHud NepeUYrCICHHBIX
po0sIeM CBs3aHa ¢ OCOOEHHOCTSIMH €CTECTBEHHOTO SI3BIKA.
Harrpumep, aBTOpBI 4acTO MUCITONB3YIOT HETOYHOE HAIMCAHNE
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MOAyﬂb ABTOMaTU4YeCKOoro aHasin3a TeKCcTtoB

ANDSystem text-mining tools
* Mpeno6paboTka TEKCTOBbIX AaHHbIX (POPMATMPOBaHVE TEKCTa, Pa3ferieHne Ha NPeaoKeHUs, HopManM3auys, MopdONOrNYECKMIA 1 CUHTAKCU-

YecKnii aHanms, pasmeTka MOMMEHOBaHHbIX CYLLHOCTeN)

* DKCTpaKuma I/IH(I)OpMaLU/IVI 0 B3aVIMOZENCTBUAX C MOMOLLbI0 CEMAHTUKO-NIMHIBUCTUYECKIX LABGTOHOB

Mopynb - 6a3a saHHbix SOLANUM TUBEROSUM

-

Plant

* MoneKynapHo-reHeTuyeckmne faHHble No Kaptodento 1 MofebHbIM
pacTeHuaMm (reHbl, 6enku, metabonutbl, MUKPoPHK, 6ronornyeckme
npowecchbl)

* [eHeTYecKme GriomapKepbl

« Copta kaptodens

» CenekLMOHHO 3HaUMMble KauecTBa, X03ANCTBEHHO LieHHble Npu3Ha-
K1 1 NOTpebrTenbCcKme CBOMCTBA

» Qusnonornyeckme (beHoTMNMYECKIME) NPU3HAKM 1 6ONe3HN KapTo-
dena

Environment

* BrioTuueckre dakTopbl OKpyKatoLe cpeabl (Tonnyeckue, Tpodurue-
cKue, pabpuryeckme, popuryeckue)

* AbroTuyeckre GakTopbl OKpyKaloleln cpefpbl (MouBa, BNAXXHOCTb,
TemnepaTtypa, CBET U Apyrue BUAbl U3MTyYeHWil, BO3AYX, KIUMaT U
MUKPOKAVMAT U T.1.)

3alLUTbl, TEXHONOTMAMM (BOBNEYEHNE, npuMeHeHne n T.4.)

Paspgen Dictionary: cnoBapu 06beKTOB 1 MOHATUN

Paspgen Associative networks: nHdbopmMausa 0 B3aMOOTHOLIEHUAX MEXAY OObeKTamMy 11 MOHATUSAMUN
(Mopfenb 3HaHWI — accoumaTBHaA CeMaHTUYecKas ceTb, BepLUMHaMM KOTOPOI ABNAIOTCA 06bEKTbI 1 MOHATHS,
a pebpamu — B3aMMofeNCcTBUA 3alaHHOrO TINa)

» DusnyecKre B3aMoAENCTBIA (MONEKyNAPHbIE KOMMIEKCb 6enok/cenok, benok/nurang, 6enox/AHK)

* XmMnyeckme B3auMoAeincTBUA (KaTauTryeckme peakLum 1 npoLecchl) no Tuny cybctpat—pepmMeHT—NpoayKT

* PerynsatopHble B3aMMOAENCTBUSA 1 accoumanmm (perynsaums SKCnpeccum reHa, perynsaums akTuBHOCTM 6enka, accouuauns reH/6onesHs v T.4.)

* B3anMOOTHOLEHUA MeXay MOHATUAMU cenekuur, GeHOMUKM 1 CeMEeHOBOZACTBA, 3aboNeBaHnsaMM, NprYemMamy AUAarHOCTUKA U CPeacTBamm

~

Potato Pathogens and Pests

* MonekynapHo-reHeThYecKne faHHble no Bo3bygutenam 3abonesa-
HWI 1 BpefuTeneil Kaptodpens (reHbl, 6enku, metabonutbl, 6uonoru-
yeckue NpoLecchl)

* [eHeTMYecKkne 6roOMapKepbl PE3VNCTEHTHOCTY K CPEACTBaM 3alumTbl
pacteHunn

* MoneKynapHble MULLEHW AN1A XMMWUYECKVX CPeACTB 3aluTbl pacTe-
HUI

Methods and Technology
« Cenekumna
* 3aWmTa 1 AnarHocTMKa 3abonesaHui
* BospenbiaHue, nepepaboTka 1 XxpaHeHune KapTodena

/

Mopynb Bu3yanusauum n 6MonHpopmaTKm

/ ANDVisio tools
* /IHTepaKTMBHaA PEKOHCTPYKLMUA acCOLMATVBHbIX FeHHbIX CETEN Ha
OCHOBe pe3ybTaToB NoucKa Mo 6ase 3HaHWi
* [padrueckan BU3yanusaLmna accoLmaTrBHbIX FeHHbIX CeTel

N

Bioinformatics \

* MpuopuTr3aLma reHoB ANA 3afay cenekuun (NpeackasaHve reHeTu-
Yyecknx bomapKepoB cenekLMOHHO BaXHbIX MPU3HAKOB)

* VIHTepnipetayua TPaHCKPUMTOMHBIX M FEHOMHbIX AaHHbIX (OLeHKa
oboraleHHOCT! BG1ONIOrMYEeCcKUX NPOLIECCOB, BbIABIEHUE peryns-
TOPHBIX KOHTYPOB, $YHKLMOHaNbHLIX MOAynei, aHanu3 3ddekTa
MyTauun n ap.)

/

Puc. 1. Mogynu nporpammHo-nHdopmaLroHHo nnatpopmbl «basa 3HaHnin SOLANUM TUBEROSUM» ans KOMMIEKCHON MHTeNNeKTyanbHoi obpaboT-

K1 6oNbLUNX AaHHbIX.

Ha3BAHUH T€HOB WIIH JIPyTUX OOBEKTOB IO CPABHEHUIO C MX
OOIIENTPUHITHIMI HMEHAMH (IIepECTaHOBKH, I00ABICHHS HITH
yIaJieHus CJI0B U T. /.). KpoMe Toro, iMeHa pa3HbIX 00bEKTOB
4acTO COBIA/IAIOT JIPYT C APYTOM, OCOOCHHO B CIIydae KOpOT-
KX COKPAIIEHUH. DTU TPYAHOCTHU NPEOJOIEBAIOTCS ITyTEM
paciIupeHus 4ucia CHHOHHUMOB U OLIGHKH CBSI3HM MMEHHU C
KOHTEKCTOM cTaTbu. CTUINCTHYECKHE MPUEMBI, TAKHE KaK
anadopsl, >nHpopsl, KopehepeHTHBIE CCHUIKH, BEAYT K He-
SIBHOMY YIIOMUHAHUIO B IIPEIOKEHUSIX UMEH OOBEKTOB, UTO
MPEACTABIACT APYTyI0 IMpoOiieMy Ul UX paclo3HaBaHUSI.
Pemenne nannoi npoodiemsl B ANDSystem ocymiecTsisiercst

leHeTVKa 1 cenekuus Kaptodens

B IIPEJIENIaX TOJBKO OTAENIBHO B3SITHIX MPEITIOKEHUN C IOMO-
11O CHEIHAIbHBIX JUHTBUCTUYECKUX MTPABUIL.

[ToaroroBneHHbIE TAKUM 00PA30M TEKCTHI Jlajiee UCIIOb-
3YIOTCSI [T U3BJICUCHUS HH(OpMAIMK O B3aWUMOACHCTBHUIX
MEXTy 00BEKTaMH C IOMOIIBIO CEMaHTHKO-TTHHIBUCTHIECKIX
1rabonoB. MHbopMartivs 0 BhISBICHHBIX B3aUMOJCHCTBHSIX
KIIaccu(UIPYETCs TI0 OpraHu3MaM TaKke ¢ MIPUMEHEHHEM
CTELHUAIbHBIX 1a0JIOHOB, PACTIO3HAIOIINX UMS OPraHH3Ma B
aHaIM3upyeMoM Tekcre. CieyeT OTMETUTb, YTO HACTOAIIAs
Bepcust ANDSystem HacTpoeHa Ha aHAJTN3 TOJIBKO TEKCTOB Ha
AQHIIIUICKOM SI3BIKE.

BaBuWNOBCKNI )KYpHaNn reHeTUKN 1 cenekumm « 2018 « 22+ 1 11



The SOLANUM TUBEROSUM knowledge base: the section
on molecular-genetic regulation of metabolic pathways

T.V. lvanisenko, O.V. Saik, P.S. Demenkov, V.K. Khlestkin,
E.K. Khlestkina, N.A. Kolchanov, V.A. lvanisenko

O61bekKT 1 HazBaHMe 13 croBaps reHoB GENE

O61beKT 2 Ha3BaHMe 13 crioBaps opraHmamoB ORGANISM

O6beKT 3 Ha3BaHMe U3 C/I0BapA aHaTOMUYECKMX CTPYKTYp
ANATOMICAL STRUCTURE

O61beKT 4 HazBaHMe 13 cnoBaps ceolictBa FEATURE

O61beKT 5 HazBaHMe 13 cioBaps cBorictBa FEATURE

KntoueBoe cnoBo 1 kntoyeBble cnosa u3 cnosapsa OVER-EXPRESSION
KntoueBoe cnoBo 2 kntoyeble cnosa u3 cnosaps INCREASE
KntoueBoe cnoBo 3 kntoyeble cnosa 13 cnosapA DECREASE

Bsaumogeincteus:
B3zaumopencteue 1: <O6bekT 1>-INCREASE-<O6beKT 4>
Tvin B3aumopencteuma 1: MonoKutenbHaa perynauns
ATpur6yT 1 B3aumogenctaus 1: <O6beKT 2>
ATpur6yT 2 B3aumogenctaus 1: <O6bekT 3>
B3zaumogenctsue 2: <O6bekT 1>-DECREASE-<O6beKT 5>
Tun B3anmogencTeua 2: OTpuLaTenbHas perynauma
ATpur6yT 1 B3aumogenctaus 2: <O6bekT 2>
QTpVI6yT 2 B3aumopgeiicTBus 2: <O6beKT 3> J

Puc. 2. MNprimep ceMaHTUKO-NIMHIBUCTMYECKOTO WabnoHa AnA BbisBIe-
HVISl B TEKCTE YYACTHVKOB 11 aTPUOYTOB COOBITUA PETYNALIN COfep)KaHns
Kpaxmarna 1 rioKko3sbl B KNy6HAX KapTodens.

CemaHTHKO-TMHTBHCTHYECKHE 1abnoHe ANDSystem nme-
10T CJIOXKHYIO CTPYKTYPY, B KOTOPOH MOYKHO BBLICIIUTDH JBE
OTJIeNIbHBIC YAaCTH: CHHTAKCHYECKHE CBS3H B MPEIOKCHUH
MEXy IMEHaMH 00BEKTOB U KITFOUEBBIMH CJIOBAMH, & TAKKE
CEeMaHTHYECKHUE CBS3U MeX 1y o0bekTamu (puc. 2). CemaHTH-
YECKHE CBS3M COIEPIKAT BCIO HEOOXOAMMYTO HH(OPMAIIHIO O
B3aUMOJICHCTBHSIX, B KOTOPBIX YYaCTBYIOT OOBEKTHI.

Ha puc. 3 nmpuBenen npumep pe3ysibrara aBToMaTHyecKoro
aHanm3za npemnoxkerns «Here, we show that over-expression
of SnRK1 in potato tubers causes a significant increase in
starch content and a decrease in glucose levels, resulting from
a dramatic increase in the level of expression and activity of
two key enzymes involved in the starch biosynthetic pathway:
sucrose synthase and ADP-glucose pyrophosphorylase»,
B3siToro u3 padbotsl (McKibbin et al., 2006), ¢ momomisio ce-
MaHTHKO-JIMHIBUCTHYECKOTO 1Ia0I0Ha, TpeHa3HaYeHHOTO
JUTSL SKCTPAKIIUU UHPOPMAIIMUA O COOBITUSAX T'€HETHYCCKOM
PEeryJsInY COIEePKAHNS KpaxMaiia U ITTIOKO3bI B KITyOHSIX Kap-
Toderns (cM. puc. 2). BbIsBIeHHBIC B3aUMOCHCTBHS OKA3aJIH,
4TO TeH «sucrose non-fermenting-1-related protein kinase-1
(SnRK1)» ygacTByeT B AByX B3aUMOACUCTBHAX: 1) MOIOKH-
TeJIbHAs PEryJIALMs COACPKaHUs Kpaxmaina «starch contenty u
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CUHTaKCUYecKme CBA3M: Kniouesoe | ObbekT 5\ Mpeanoxenue: A
cnoso 3 ~| FEATURE Here, we show that over-expression of SnRK1 in potato tubers
DECREASE causes a significant increase in starch content and a decrease in
glucose levels Y,
Kniouesoe .| Obbekt1 KntoueBoe | O6bekT 4
cnoso 1 |  GENE cnoeo 2 ”| FEATURE e Baaumoneiicrame 1: ™\
EXPCI)Q\I,EE;ON T INCREASE Tun B3anmopeiicteua 1: Up-regulation
O6beKT 2 YuactHrk O6bekT 1: SnRK1 | sucrose non-fermenting-1-related
ORGANISM protein kinase-1
T Tun o6bekTa 1: GENE
YuyactHuk O6beKT 2: starch content
Obvekr 3 Tin o6vexra 2: FEATURE
ANATOMICAL ATpu6yT 1 B3ammopeiicteuA 1: Organism = potato | S. tuberosum
STRUCTURE . R
\ J ATpur6yT 2 B3aumogenctaus 1: Anatomical structure = tuber
/Cemaumqecxme cBA3M: N Bsaumopeiicrene 2:

Tun B3aumopeiictBus 1: Down-regulation

YyactHuk O6bekT 1: SnRK1 | sucrose non-fermenting-1-related

protein kinase-1

Tun o6bekTa 1: GENE

YuactHuk O6bekT 2: glucose level

Tun obbekTa 2: FEATURE

ATprbyT 1 B3aumogeiictana 1: Organism = potato | S. tuberosum
KATpI/IGyT 2 B3aumopeiicTemsA 1: Anatomical structure = tuber J

Puc. 3. [prmep MalIMHHON BbiAauy, ONMCbIBaOWMIA pe3ysbTaT npume-
HEHUA CEMaHTUKO-TIMHIBACTNYECKOTO LWabioHa ANA BbIABIEHUA B TEKCTE
YYaCTHVKOB U aTprOYTOB COOBLITVA PEryNALMM COAePKaHMA Kpaxmana 1
TNoKO3bl B KNYOHAX KapTodens.

2) oTpHLATENIbHAS PETYISINS COCPKaHMUs ITIOKO3BI «glucose
level». Ilpu aTOM [UTsl KQXKIOTO M3 B3aUMOICHCTBUN ObLIH
OIpeesIeHbl ABa aTpHOyTa, XapaKTepU3YIOIIe OpraHu3M
(Organism = potato | S. tuberosum) 1 aHaTOMHYECKYIO CTPYK-
Typy (Anatomical structure = tuber).

Ha crienyromiem mare aHannsa HHQOpPMAIHS, SKCTpari-
pOBaHHAsi ¢ MOMOIIIBI0 METOOB aBTOMAaTHYECKOTO aHaJlN3a
TEKCTOB, aBTOMATHYECKH ITOMEIIAeTCsl B 023y JaHHBIX, KOTO-
past sIBIsIeTCS LEHTPAIBHBIM MOYJIEM PO paMMHO-HH(OP-
ManonHol cuctreMsl SOLANUM TUBEROSUM. B ctpyk-
Type 0a3bl JaHHBIX MOXKHO BBIZICIUTH JBa OOJIBIINX pa3Jielia;
1) cnoBapu o6bekToB U mousaTui (Dictionary); 2) pasmen,
coziepKaInii HHPOPMALUIO O B3aNMOJICHCTBHAX STHX 00bEK-
TOB M MMOHITUH MKy coboi (Associative networks). Pazmen
Dictionary, B CBOIO o4epesib, COCTOUT U3 YEThIPEX OONBIIIX
nozpasnenos: 1) pacrenus (Plant); 2) marorensr u 3abomneBa-
uust kaprodens (Potato Pathogens and Pests); 3) dakropsr
okpy>katommeit cpensl (Environment); 4) METOIBI M TEXHOIIO-
run (Methods and Technology). ITonpasnen Plant conepxut
CJIOBapH MOJICKYJISPHO-TEHETHUYECKUX 00BCKTOB (OCIKH,
reHsl, MeTabonmuTel, MUKpoPHK, Groornyeckue nporeccsl,
OroMapkepsl U JAp.), TEHETHYECKHX OMOMapKepoB, COPTOB
Kaproderist, CeIeKIIMOHHO 3HAYUMBIX, X035HCTBEHHO [ICHHBIX
U MOTPEeOUTETBCKUX CBOWCTB, a TakkKe (PEHOTHUITUYECKHUX
NpU3HaKoB 1 OonesHel kaprodens. B Potato Pathogens and
Pests comepikarcst ciioBapu BO30OynuTenei 3a00IeBaHUN U
BpeIUTENeH KapTodes, a TAaKKe MOJIEKYIAPHO-TeHETHYECKUe
JIAHHBIC TI0 9THM OpraHu3MaM (TeHBI, OCJIKH, METa0OIHTHI,
Ouonormyeckue mporeccsl). Kpome toro, mojpasest BKIro4ya-
€T CJIOBAPH 110 TeHETHYECKIM OMOMapKepaM pe3nCTeHTHOCTH
Y 3THX OPraHH3MOB K CPE/ICTBaM 3allUThI PACTCHHH, a TAKKe
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Ta6bnuua 1. Konnyectso nyb6nvKkaumi (MONHOTEKCTOBbIX cTaTel 1 pepepaTos PubMed) no pas3nunyHbiM KynbTypam pacTeHui,
MCMONb30BaHHbIX A1 aBTOMATUYECKOro aHanm3a npu 3anonHeHnmn 6asbl 3HaHUn SOLANUM TUBEROSUM

Solanum tuberosum/potato

* )KypHaﬂbI, M3 KOTOPbIX NPOBOAWIICA aHaNIN3 NOMTHOTEKCTOBbIX cTaten.

Arabidopsis thaliana/Arabidopsis

Zea mays/maize

Oryza sativa/rice

** AHanM3MpoBanuch pedepaTbl BCeX KypHasoB, MHaeKcupyembix B PubMed, B KOTOPbIX yNIOMUHANOCh Ha3BaHMe YKa3aHHbIX OPraHi3MOB.

M3BECTHBIC MOJICKYISIPHBIC MUIICHH JUIsI XAMUYECKHX CPEICTB
3amuThl pacteHuil. B Environment npezcraBiieHbl clioBapu
OMOTHYECKUX 1 a0MOTHYECKUX (PAKTOPOB OKPY’KAIOIIEH cpe-
1wl [Tonpasnen Methods and Technology mpenrasaaden s
XPaHEeHUsI CII0Bapeil 10 METO/IaM CEeJISKIIMH, METO/IaM 3aIllUThI
KapTodens u TUarHOCTUKN 3a00JIeBaHMM, a TAK)KE TEXHOIIO-
THSIM BO3/IEJIBIBAHUS, TIEPEPAOOTKH M XpaHEHHS KapTO(eIs.

B pasnene Associative networks cocpeoToueHbI 3HAHUS,
9KCTPAarMpOBaHHBIE U3 TEKCTOB HAYYHBIX MyOIHKAWH |
(baxrorpaduyecknx 6a3 naHHBIX. B kKadecTBe Moneny 3HaHNH
UCIIOJIB3YETCsl acCOolMaTUBHAs CEMaHTHYecKasl CeTbh, Bep-
IIIMHAMHU KOTOPOH SIBIISTIOTCS OOBEKTHI M MOHATHS, a pedpa-
MU — B3aUMOJICHCTBHS 3a/TaHHOTO THITA. B oHTONMOTHMN 6a3bI
3HaHU MpeCTaBlIeHo Ooliee 25 Pa3IMYHBIX THIIOB CBSI3EH,
OITUCHIBAIOIINX MOJICKYIISIPHBIE B3aHMOJAEIHCTBUSA, a TaKKe
B3aMMOOTHOIICHUS MEXKTY TIOHATHSIMH CENCKINH, PEHOMUKH
U CCMCHOBOACTBA, 3a6OJ'IeBaHI/IHMI/I, npueMamMu JuarnoCTuKu
U CPEACTBAMH 3aIHUTHI, TEXHOJIOTHSIMU. CBS3H MOIpa3iess-
I0TCSl Ha (PM3UYCCKHE MEKMOJICKYISIPHBIC B3aUMOICHCTBUS,
XMMHYECKHE B3aUMOJICUCTBUS 110 TUILY CyOCcTpar—(hepMeHT—
IPOAYKT, IOCTTPAHCISUOHHBIE MOJU(PUKALNN OEIKOB
(pocdopunmpoBanne, NUKO3WINPOBAHKE U T. [1.), ITUPOKUI
KpYT PErysITOPHBIX B3aUMOJCHCTBUM, BKIIFOUAs PETYIISILIUIO
9KCIPECCUH TeHOB TPAHCKPHIILIOHHBIMH (haKTOPaMH, PeTyJIsi-
IIM0 aKTUBHOCTH M CTAOMIIBHOCTH OCIIKOB H T. 1., ACCOLIATHB-
HbIE CBs3U. B3auMooTHoIIeHUS MCKAY HOHATHAMU CCIICKINH,
(heHOMHUKH ¥ CEMEHOBOJICTBA, 3a00NIE€BaHUSIMH, AHATHOCTH-
KaMH U CPEICTBAMU 3aIUThI, TCXHOJIOTHUSIMH OIPEICISFOTCS
Ppas3IMYHOTO THUIIA PETYIATOPHBIMU CBA3AMU (HOHO}KI/ITeHbHaﬂ
Y OTpHLATeIbHAS PETYIISLNA), a TAKKEe TAKIMH CBA3SIMU, KaK
NpUMEHEHHE, Ha3HAYCHHE U JIP.

Moayas Bu3yaJau3anuu ¥ GHOMH(OPMATHKH NpegHa-
3Ha4YeH I pabOTHI Moib30Barenel ¢ 6a3oit 3HaHmi. IIpo-
rpamma ANDVisio ciryut uHTepQercom Ui peann3anni
MOJIb30BATEIILCKUX 3alpocoB K Oase manubix SOLANUM
TUBEROSUM, a Takxe obecrieanBaeT rpahuaecKyro BIU3ya-
JIM3AIMI0 ACCOLMATUBHBIX TCHHBIX CETEH, MOCTPOCHHBIX Ha
OCHOBE Pe3yJIbTaToB 3TUX 3anpocoB. ANDVisio 6bi1a pa3pa-
0oTaHa HAMU paHee KaK MOYJIb BU3yaJIU3aLliH ISl CHCTEMBI
ANDSystem (Demenkov et al., 2012).

bronHdpopmariueckie MeTo/Ibl aHaIN3a MPpeAHa3HAYCHbI
JUTSL PEILIeHUs] IIMPOKOTO KPyTa 3a1a4 [0 IPHOPUTH3ALIIH T'e-
HOB, NIPEJICKA3aHUIO0 MaPKEPOB, INTAHWPOBAHUIO YKCIICPUMEH-

leHeTVKa 1 cenekuus Kaptodens

TOB U Jp. HA OCHOBE MH(OpPMAINH, IPEICTABICHHOI B 0a3e
naaabeix SOLANUM TUBEROSUM. B uactHOCTH, TpOBE/Ie-
Ha HHTeTpaius m3BectHoro makera nporpamm GUILD (http://
sbi.imim.es/web/index.php/research/software/guildsoftware)
JUISL pelIeHus 3ajad NPUOPUTH3AIMM Ha OCHOBE aHaju3a
CTPYKTYpHI rpada reHnbix cereit (Guney, Oliva, 2012). Eme
OIIMH Kilacc OMOMH(OPMATHUECKUX METOIOB, pPEaN30BaH-
veli B SOLANUM TUBEROSUM, ocHoBaH Ha OIlEHKaX
00orammeHHOCTH ONOIOTHYECKUX MPOIIECCOB TeHAMH, H/ICH-
TU(QHUIIMPOBAHHBIMH B 9KCTIEPUMEHTE (HallpHMep, IIPH TPaHC-
KPUIITOMHOM aHanu3e). Takue MeTo/b! IUPOKO MPUMEHSIOTCS
B M3BECTHBIX KOMITBIOTEPHBIX CHCTEMaX, MPEeIHa3HAYCHHBIX
JUISL THTEPIPETAlNK SKCIIEPUMEHTAIBHBIX TAHHBIX, HAIPHMEP
DAVID (Huang et al., 2008), PANTHER (Thomas et al., 2006;
Mi et al., 2015), GORILLA (Eden et al., 2007, 2009) u np.

PesynbTatbl 1 06CyxaeHne

CraTucTiKa 6a3sbl 3HaHWIA

no Teme «reHeTuyeckas perynaumusa»

B Hacrositeii Bepcuu 6a3bl 3HaHUH OCYIIECTBICHO OOHOBJICHHE
WHPOPMAIIAHN, OTHOCSIICHCS K MOJCKYIAPHO-TCHETHIECKON
peryisinuyu MeTadoJIMYecKuX Ipoueccos y S. tuberosum, a
TaKKe aHAJIOTMYHON HH(pOpMaLUK y Oosiee H3yUYeHHbIX BH0B
pacrenutii (Arabidopsis thaliana, Zea mays u Oryza sativa) —
B Ka4eCTBE CTOUHMKA HEIOCTAIONINX Y KapTo]eIs CBeACHHH.
Buecenue B 0a3y 3nanniit SOLANUM TUBEROSUM (http://
www-bionet.sysbio.cytogen.ru/and/plant/) ZomoTHUTETHHBIX
JIAHHBIX O MOJICKYJISIPHO-TeHETHYECKON PETyIISINU yHUBEP-
CaJIbHBIX METa0OJINUECKHX ITyTeH 3a cueT aHanm3a nHdopMarmm
10 MOJIETIBHBIM BHIaM TTO3BOJIUT IPEJCKA3aTh TEHBI-OPTOIOTH
y KapTo(esns ¥ IPOBOJIUTH UX AATbHEHIITYIO HASHTU(PHUKAIIIO
1 BbIJIEJICHHE Ha OCHOBE romMoJioruu. Beero nipu periennu 3o
3amaqn ObUTO TIpoaHanm3upoBaHo Oomee 130000 pedeparos
crareii 1 6omnee 8 000 MOIHOTEKCTOBBIX CTATEH IS YKa3aHHBIX
YeThIpex BUIOB pacTeHuii (tadm. 1). CymmapHas CTaTHCTHKA
6a3p1 3Haanit SOLANUM TUBEROSUM 110 Teme «reneTn-
YyecKast peryisius Ioka3aHa B Taoi. 2.

ABTOMaTHYECKHUI aHAJIN3 TEKCTOB HAyYHBIX ITyOIMKaIIUH MTO-
3BOJTHUI BBISIBHTE Ootee 59000 pakToB 0 MONEKYISIPHO-TEHETH-
YECKHX B3aHMOICHCTBHSIX M TeHETHUECKOM PETYIISILIMH, [IPH 5TOM
oko110 3 % (akToB OTHOCHIIOCH K . fuberosum. IT0 NONTBEPK-
JIaeT 3HaYMMOCTb BKJIFOUEHHS CBEICHUI O XOPOIIIO H3yYEHHBIX
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Ta6nuua 2. Ctatuctuka 6a3bl 3HaHUN SOLANUM TUBEROSUM no Teme «reHeTuyeckasa perynaumsay»

Tun B3aumogencteua  Solanum tuberosum/potato

Association 1405 44542
Cata|yze .................................. 4 450 ........................................... 1 09336 .......
Regu|at|on120 ............................................... 3125 .......
|nteract|on15 ............................................. 30257 .......
|nvo|vement .......................... 3276 ........................................... ”2999 .......
qmcnoreHOB ........................ 3 2995 ............................................. 381 25 .......
qmcn06enKOB .......................... 412 ............................................. 15288 .......

MOJIEIIBHBIX BUJIAX MPH U3BJICUCHUH HH(POPMALIUK O MOJICKY-
JSIPHO-T'€HETHYECKOH PEryJisiliii MeTabOIMYECKHX IPOLIECCOB.

JIOTOHUTENBHO K JAHHBIM, H3BJICUEHHBIM U3 JINTEPaTyPhbl,
MH(pOPMALHSI O MOJICKYIISIPHO-TEHETHYECKIX B3AUMOJICHCTBHSIX
ObLIa JOMOJIHCHA JAHHBIMH U3 (pakrorpaduueckux 06a3 (Bce-
ro 6omnee 380000 B3ammozeiicTBuil). B wactHOCTH, M3 0a3bl
nmanabix BioGRID (Stark et al., 2006) Obn1a skcTparupoBana
nHdopmarms 0 6eJI0K-OeTKOBBIX B3aUMOJICHCTBUSIX, U3 0a3bl
AmiGO 2 (Carbon et al., 2009) — napop™Marys 0 BOBICICH-
HOCTH TeHOB B Ononornueckue npoueccel Gene Ontology, a
u3 6a3sl KEGG (Kanehisa, Goto, 2000) — y4yactre OeskoB B
KaTaJINTHIECKUX peakiusx. HTepecHo, YTO COOTHOIICHUE
KOJTHYECTBA MOJICKYJIIPHO-TCHETHYECKUX B3aHUMOJICHCTBUIA,
NPEJICTAaBICHHBIX B 9THX 0a3aX JaHHBIX 110 KapTodeltto 1 Tpem
MOJIENTBHBIM OPTraHU3MaM, 0Ka3aloch MPUMEPHO PABHBIM aHa-
JIOTMYHOMY COOTHOILICHHUIO, HAllICHHOMY [PH aHAJIN3€ TaHHBIX
B Hay4HOM jureparype (okoso 3 %).

AccoumaTmBHaA ceMaHTMYeCKas ceTb MONeKyNAPHO-
reHeTn4ecKom perynaunm metabonusma Kpaxmana
I'panynbl kpaxMana B KIyOHSX KapTo(ens coCTOSAT U3 ABYX
MOJIMCaxapyu/IoB — aMIIIO3bl M aMmuitonekTnHa. Oba coenn-
HEHUS! SIBJISIIOTCS TIOJIMMEPAMU IVIFOKO3bI, HO Pa3iiMyaroTcs,
KpPOME BCETO MPOYET0, [0 MOJIEKYJISIPHOMY BECY U TOTIOJIOTUH
MOJIMMEPHBIX Leneil. AMHII03a MpeCTaBIsIeT cO00W JH-
HEHYI0 MaJopa3BeTBICHHYIO MOJIMMEPHYIO el OCTATKOB
0-TJTFOKO3BI, COSIMHEHHBIX MEXTy co00H (1—4) rmMKo3uIHbI-
MU CBSI3AMH, 1 UIMEET MOJIEKYISpHYt0 Maccy 10°-10° a.e.m.
AMUIIONEKTHH COCTOMT U3 Pa3BETBJICHHBIX HETIOYEK OCTATKOB
0-TJTFOKO3bI, COSTUHEHHBIX KakK (1—4), Tak u (1 —6) mmKo3u -
HBIMH CBA3SIMH, M IMEET MOJIEKYNISIpHYt0 Maccy 107-10° a.e.m.
buocuHTe3 kpaxmana B KIyOHsX Kaprodels BKIIOYaeT Ha
TIEPBOM 3Tare IMPEBPAIICHNE CaXapo3bl B TIIIOK030-6-pocdar
B [IUTOILIa3ME Yepe3 CEepHI0 XMMUYECKNX PEaKIi, KaTaiu-
3UpyeMbIX (pepMeHTamu caxapo3ocuHTasa (sucrose synthase,
EC 2.4.1.13), YA®-mmokomupodocdopuinaza (UDP-glucose
pyrophosphorylase, EC 2.7.7.9) u ¢ocdormaokomyrasza
(PGM - phosphoglucomutase, EC 5.4.2.2). Jlanee miroko30-
6-thocdat/ocarHbIif TpaHCTOKAIMOHHEIH 6e10K (glucose-
6-phosphate/phosphate translocator protein) nepeHocur rio-
K030-6-(hocar B aMUIIOILIACT, TI€ OH IPEBPAILAETCS B TIIIO-
K030-1-docdar mpu ygactun mractTunHONW Gochormoromy-
tasel (phosphoglucomutase, EC 5.4.2.2). 3atem a/neHO3UH-
nudocdar-rrokoza-nupodochopuiaza (ADP-glucose py-
rophosphorylase, EC 2.7.7.27) katanu3upyet npeBparieHue
rrok030-1-pochara n AT® B AJ{D-rimoko3y n HeopraHu-
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Arabidopsis thaliana/Arabidopsis

Zea mays/maize Oryza sativa/rice

2577 6917
.......................................... 426627952
221497 ............................
............................................... 53160
.......................................... 512431316
............................................. 7 8932638
........................................ 532933755

yeckuil mupodocdar. AJ/ID-mmroKo3a BEICTYMAET KaK JTOHOP
aKTHBI/IpOBaHHOﬁ TJIFOKO3bI JJId pa3/IMYHbIX KpaxXMaJICUHTA3
(starch synthases, EC 2.4.1.21), koTopble IPOAYITUPYIOT aMH-
n03y. KpaxmascuHrasa, cBsi3aHHas C KpaXMaJIbHBIMHU FpaHyJIa-
mi (granule-bound starch synthase), oTBeTcTBEeHHA 32 CHTE3
aMUJI03b], TOIZ1a KaK pacTBOPUMBbIE KpaxMancuHTasbl I-111 or-
BEYAIOT 32 CHHTE3 aMIJIONICKTHHA. BeTBIeHHEe aMHUIIONIEKTHHA
ocymectsisier BerBimuil pepment SBE (starch-branching
enzyme, EC 2.4.1.18), KoTOpBIii OTIIEIIISIET OT HEPa3BETBIICH-
HOH LIENOYKN ()parMeHT M IEPEHOCHUT €ro K IMIECTOMY aTOMy
yrieposa ioko3sl (Zhang et al., 2017). [Iyts OGnocunTesa
KpaxMajia OIHMCaH BO MHOTHX MCTOYHHKAX, B TO BpeMs Kak
PETYISIIMS 3TOTO TPOIEcca JI0 CUX MOP OCTACTCsl MAJION3Y-
yenHoit (Van Harsselaar et al., 2017).

Ha puc. 4 npencrasneHa accolMaTiBHast CETb, OIMCHIBA-
I0I1ast My Th OMOCHHTE3a Kpaxmaia 1 TeHETHUECKYIO peryiisi-
LIMO ATOTO MPOIIeCcca, TOCTPOSHHAs C TIOMOIIBIO 0a3bl 3HAHUH
SOLANUM TUBEROSUM. AccounatnBHast CETh BKIIIOYa-
et 33 merabonura, 36 O6eIKOB, 6 OHOIIOTHYECKHUX MPOIECCOB
Gene Ontology u 132 B3auMoaeicTBUS MEXYy HUMH, 86 U3
KOTOPBIX OIMCHIBAIOT KATAJIUTHYECKUE PEAKIMH, a OCTallb-
HbIC — PEryJSITOpHBIE COOBITHSA. Tak, HapUMep, Ha CETH T10-
Ka3aHa aKTUBAIMs aJleHO3HHIU(OCchAT-TIT0K03a-Mupodhoc-
thopunazer 6erkom NADP-3aBrCcHMO# THOPETOKCHHPELYKTa-
3011 C (NTR3), koTopast mprBOIUT K HAKOIUICHUIO Kpaxmasa
(Jenner et al., 2001; Michalska et al., 2009; Geigenberger,
2011). N3BectHO, uyTO 3Kcmpeccus reHoB LOB, TIFY5a n
WRKY4 NON0XUTENBHO KOPPEITUPYET € IKCIPECCUEN T€HOB
SuSy4 v GPT2.1 (Van Harsselaar et al., 2017). Ha puc. 4 no-
Ka3aHa TaKoKe MOJOKHUTETbHAS PETyIALHs SKCIPECCHU TeHOB
caxapo30CHHTA3bI 1 a/IecHO3MHANpocdaT-TiiroKo3a-nmpodoc-
dhopunasel 6enkom SnRK1 (Purcell et al., 1998; Slocombe et
al., 2002; McKibbin et al., 2006) u caxapo3oii (Salanoubat,
Belliard, 1989; Miiller-Réber et al., 1990).

Eme ogHuM npUMepOM peryisiTOPHBIX B3aUMOJCHCTBUI
MOJKET CIIY’KHTb PETYJIILHUS SKCIPECCHUH T'eHa Caxapo30CHH-
Ta3bl Sus/ MAHHUTOIIOM, KOTOPBII IMUTHPYET 3P deKT ocMo-
THYecKoro crpecca y pacrenuii (Déjardin et al., 1999), wim
aKTUBAIMs dKcrpeccun reHa PHSI abcu3oBol KUCIOTON
(Quettier et al., 2006). Ipyrum MeTab0IUTOM, BOBICYCHHBIM
B pEryJsHI0 MeTaboJu3Ma Kpaxmalia, SIBJISEeTCs ayKCHH.
AYKCHH CTIOCOOCH perynupoBaTh IENbIA P OMOJIoTHYe-
CKHUX IIpOIleccoB, BKItoyast ¢potocuntes (Xing, Xue, 2012),
opranorene3 (Furutani et al., 2007), crapenue (Zhu, Davies,
1997), passutue meutbnsl (Ni et al., 2002), mopdorenes
KOpHs U (opmuposanue npopoctkoB (Ljung et al., 2005), a
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Takke reorponnsM pacrenuii (Friml et al., 2002). B padorax
(Obata-Sasamoto, Suzuki, 1979; Roumeliotis et al., 2012)
MI0Ka3aHo, YTO yPOBEHb ayKCHHA PE3KO BO3pacTaeT B CTOJIOHE
nepes1 pOpPMHUPOBAHNEM KIIYOHEH 1 0CTaeTCsl OTHOCHTEIBHO
BBICOKMM Ha Ha4yaJbHBIX CTaJMSX POCTa KIyOHEH, a 3arem
CHIDKAETCSI, YTO yKa3bIBAET HA CTUMYJIUPYIOILYIO POJIb ayK-
cuHa B 00pa3oBaHnu Kiyonei. Mccnenosanus (Miyazawa et
al., 1999) nokassiBatoT, uTo B Tabake Nicotiana tabacum cHu-
JKEHHE YPOBHSI ayKCHHA IPHBOINT K HAKOIUICHUIO Kpaxmaa.
W3BecTHO, 4TO 3KCIpeccHs TPAHCKPHUIIIIMOHHOTO (akTopa
LOB 3aBucur ot marrepuoB aykcuHa (Guilfoyle, Hagen,
2007), oqHAKO MEXaHMW3M 3TOTO B3aWMOJICHCTBHUSI OCTACTCS
He 1o koHIa n3ydeHnsM (Lee et al., 2015). ITokaszano, 4ro
AyKCHH CIIOCOOEH MHIyLHpOBaTh OMOCHHTE3 abCIM30BOii
kucnotsl (Hansen, Grossmann, 2000). B pa6ote (Mishra et al.,
2009) ToBOpHUTCS O TOM, YTO [ITFOKO3a MOYKET BIIUSATH Ha TCHEI,
BOBJICUEHHbIC B OMOCHHTE3 ayKCHHA, OCIKU-TPaHCIIOPTEPHI
ayKCHHA, PELEeNTOPbl ayKCHHA U YYaCTHHKOB CHI'HAJIEHOTO
myTH aykcnHa. O0cyk1aeTcst Takxke CriocoOHOCTh caxapo3bl
noBeIaTh ypoBeHs aykcuHa (Lilley et al., 2012; Boycheva
etal., 2015).

Takum 00pazom, peryisus OnocHHTE3a Kpaxmasa BKIIo-
4aeT MHOXKECTBO B3aMMOJACIHCTBUH, KaK NMPSMBIX, TaK U
OIOCpeAOBaHHbIX. Busyanuzanus 3Tux B3aMMOAEUCTBUN B
BH/IC ACCOLMATHBHON CETH C MCIIOIB30BAaHUEM 0a3bl 3HAHUI
SOLANUM TUBEROSUM mno3BoJisieT NoJIHee UX YIUTHIBATh
B XOJIe TTOCTPOCHUSI OMOXMMHUYECKUX IyTEH MpeBpaIieHIH,
OIMCAHUS PETYISATOPHBIX (DYHKIMHA METaOOINTOB U JPYTHX
UCCJIE/IOBAaHUM, TEM CaMbIM NOBBIIIAsE 3PPEKTUBHOCTD HC-
IOJIL30BAHUS PaHee MOJIyYeHHBIX JaHHBIX.

3aknioyeHune
Texymas Bepcuu 6a3p1 3Hannit SOLANUM TUBEROSUM

BKJIFOYAET B ccOst I/IH(i)OpMaIII/IIO MO MOJICKYJIAPHO-T'CHCTHUYC-

leHeTVKa 1 cenekuus Kaptodens

CKOH perynsnun MeTaboIMYecKHX MPOIIecCOB y KapToders,
a TaKXKe MOJIEBbHBIX PACTUTEIIBHBIX OPraHU3MOB (KyKYPYy3Bbl,
puca, apabugorncuca), IOTYYCHHYIO B pe3yibTaTe PacIv-
pensoro ananmuza 9000 MOTHOTEKCTOBBIX cTarell M Ooisee
130000 pedeparoB PubMed. C nmomoIipr0 aBTOMaTHYECKOTO
aHaJIN3a TEKCTOB HAyYHBIX MyOIUKaIMii BBIIBIEHO Ooiyee
59000 ¢axkToB 0 MONEKYIIPHO-TCHETHYECKIX B3aUMOJICH-
CTBHUSIX M T€HETHYECKOH peryisiiuu, a aHamus daxkrorpadu-
YeCKHX 0a3 TaHHBIX MO3BONMII BEIIBUTE Oosee 380000 Takmx
B3aMMOJICHCTBHI y PacCCMOTPEHHBIX OpraHu3MoB. [1pu 3Tom
0Ka3aj0cCh, 4YTo K Solanum tuberosum L. OTHOCHUTCSI OKOJIO
3 % sKcTparupoBaHHBIX ()AKTOB O MOJIEKYJISIPHO-TEHETHYe-
CKHMX B3aUMOJICHCTBUSIX U I'€HETHUECKON PETy/suH. Takum
00pa3oM, BKJIFOYEHHE CBEIACHHH O XOPOIIO M3y4YEHHBIX MO-
JIETbHBIX BUAX MIPU N3BJICUEHUH HHPOPMAIIN O MOJIEKYIISP-
HO-T€HETHYECKOH PEeryssiiii MeTaboIMUeCKUX MPOIIeCcCOB
SABJIACTCA BaKHBIM U IMO3BOJIUT MMPEACKA3bIBATh I'CHBI-OPTOJIOTU
y KapTo(erns ¥ IPOBOIUTH UX AATbHENIITYI0 HACHTU(PHUKAIINIO
W BBIJICJICHUE HAa OCHOBE roMojoruu. CKOHCTpyHpOBaHHAs
aCCOI[MAaTUBHASI CCTh TEHETUYCCKOM Peryssiuu OMOCHHTE3a
Kpaxmaia y KapTo(es CIIy>KUT OCHOBOH ISl TONCKA T€HOB-
MHUIICHEH /TSl HalpaBICHHOTO MyTareHe3a 1 MapKep-opHeH-
TUPOBAaHHOW CEJIEKIIMKU COPTOB KapTodelns C 3aJaHHbIMU
CBOMCTBaMHM Kpaxmalia.

bnarogapHocTn

Pabora BbITIOJIHEHA 32 CYET CPEJICTB, BBIACICHHBIX HA BBITON-
HEHUeE TIJIaHa Hay4YHO-HccleoBarenbekoi padorsr MLul" CO
PAH na 2017 r. B paMKax KOMIIJIEKCHOTO IUIaHA Hay4YHBIX
nccaenosauniit PAHO Poccun «Pa3Butne ceekum 1 ceMme-
HOBozIcTBa KapToderns» (rmpoekt Ne 0324-2017-0062).
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