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AHHOTANMSA
JlaHHBIN MPOEKT MOCBSIIEH CO3JaHUI0 MPOTrpaMMbl Ha si3bike Python 3.10 ms

ananmu3za 0a3pl maHHbIXx NCBI Protein Ha mpenMeT BBISIBICHHMS HOBBIX IIITaMMOB
kopoHaBupyca SARS-COV-2 ¢ cuiibHO W3MEHEHHBIM MOBEPXHOCTHBIM S-0€JIKOM
(Gonee 16 aMHHOKHMCIOTHBIX MyTalldii OTHOCUTEIHHO paHee pPacIHpOCTPAHEHHBIX

BapUAHTOB).

JlanHBIN BUPYC BBI3bIBaeT MH(PEKIIMOHHOE 3a00eBanne, Ha3BaHHOe COVID-19,
KOTOpO€ cTasio npuuruHo nanaeMuu B 2020 rogy. 9TOT BUPYC MOKPBIT KIIUITAKAMIY,
COCTOSIIIMMU U3 S-0elika, KOTOPBI OTBEYAET 3a MPOHUKHOBEHUE BUpYCa B KIIETKY U
Ha KOTOpbI, B OCHOBHOM, U (opMHUpYETCS] UMMYHHBIH OTBeT. CKaukooOpa3HbIN
KOMITJICKCHBIH MyTareHe3 S-Oenmka yxe umen mecto B 2022 romy W THpHUBEN K
BO3HUKHOBEHHUIO CWJIBHO 3apa3Horo mramMmma OMHUKpPOH, Ha KOTOpBIM He paboTtai
MMMYHHUTET HU OT BaKUUHBbI, HU OT NEPEHECEHHOro paHee 3abosieBanus. Ha Hame

CHaCThEC, IMMaTOICHE3 OBIJ1 HE CHJILHO CMCPTCIIbHBIM B TOT pas.

HGJ’II) CO3aaHusA IIpOrpaMMbl - CBOCBPEMCHHOC OIIOBCHICHUC O BO3HHMKHOBCHHNU
mTaMMa BHpPyCa C aHOMAJIbHO M3MCHCHHBIM S-0elkoM M Kak CJIICACTBUEC C HOBBIMH

HNMMYHHBIMH U IIATOTCHHBIMHA CBOMCTBaMHM.

[Ipennaraemas mporpamma peryiasipHO (pa3 B HEACHIIO) IPOM3BOAUT ITOMCK
HOBBIX OITyOJMKOBaHHBIX B 0a3e maHHbIX NCBI Protein mocnemoBarenbHOCTEN S-
Oenmka, ymanseT HHU3KOKAYECTBEHHBIE  IOCIEAOBATEIHLHOCTH, CpPaBHUBAET C
OOHOBIIIEMOI OMOIMOTEKOM TOCIEAOBATEILHOCTE M TPU HAXOXKJCHHM KiacTepa
MOCJICIOBAaTEIPHOCTEH C  BBICOKUM  KOJIMYECTBOM  MYTallMd  OTHOCHTEIBHO
npenpayied ONOIMOTeKN BhIIACT MPEAYNPEXKICHUE CO CITUCKOM HUIEHTU(UKATOPOB
MOJTIO3PUTENBHBIX TIOCHEI0BaTeIbHOCTEH. [loTeHIMaNBHO MporpaMMa MOMKET OBITh

HacTpoeHa Jijisi 60JIee MUPOKOTO TIEPEUHST BUPYCOB.
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BBenenue

JlaHHBIM MPOEKT MOCBALIEH CO3JaHMIO IporpamMmbl Ha si3bike Python 3.10 ms
aHanu3a 0Oa3bl naHHbiXx NCBI Protein Ha mnpeaMeTr BbISBICHHS HOBBIX IITAMMOB
kopoHaBupyca SARS-COV-2 ¢ cuibHO M3MEHEHHBIM IOBEPXHOCTHBIM S-O0€JIKOM.
Wnes co3maHus Takoil MporpaMMbl y MEHsS BO3HHMKJIA IIOCJIE 3aBEpPILCHUS
IPOLUIOrOAHEr0 MpoekTa 1Mo OuomHpopMaTtuku «BblsBieHHe Hambojee YacThIX
MyTaIluii  TMOBEPXHOCTHOTO S-Oenmka kopoHaBupyca SARS-CoV-2  dgenoBeka,
Y4acTBYIOIIUX BO B3aUMOJEHCTBUU ¢ OeiakoMm-penentopom AIID-2, u npeackazanue
KUBOTHBIX-TIEPEHOCUUKOB Juisi mTtamma OwmukpoH BA.1.», mpeacraBieHHOro Ha
koH(pepennu (koHkypc Bepnaackoro, MI'Y, Mocksa, 2022). UtoObl 000CHOBAThH
aKTyaJIbHOCTh CO3/IaHUSI TaKOW MPOTPpaMMbI IO3BOJBTE BBECTH BAC B TEMATHUKY

OCTaBJIEHHOM 3aa4H.

0030p JIUTEPATYPBI

baza ganasrx NCBI umeer 3amauy xpanuth ¥ 00Jeryarh AOCTYN K Pa3IAYHOU
Oouonornyeckot wHbopMmanmu. B Hamem cinydae HAc WHTEPECYIOT OETKOBBIC
nocnenoBarenbHocTH, Xpausimmuecs B NCBI  Proteins (GenPept). benku —
OMOJIOTUYECKHE  MOJIEKYJIbI, COCTOSIIME W3  PA3NIMYHBIX AMUHOKHUCIOT U
BBITIOJIHAIOIINE OYCHb pa3Hble (PYHKIIMH, BKIIOYAst (PEPMEHTATUBHYIO, PEIETITOPHYIO
(JIMraHA-CBS3BIBAIOILYIO) M CTPYKTYpHYI0. MH(poOpManuio 0 NepBUYHOM CTPYKType
(uenoyke aMUHOKUCIOT) Oelika MOXHO 3amucaTh B BHJE IMOCJIEA0BATEIBLHOCTH
AMUHOKHUCIIOTHBIX OCTaTKOB (0CHOBHBIX 20 BHI0B) B HanpaBieHuu oT N- k C-KkoHity.
Kaxxnas aMMHOKHCIIOTa UMEET 0IHOOYKBEHHOE 00o3HaueHue. Hampumep: ananus -A,

BaiH -V u T. 1. [1]

[leneBbIM OOBEKTOM ISl HAIIEW MTPOTPAMMBI SBJISIOTCS aMUHOKHCIIOTHBIE
MOCJIEeI0BAaTEIbHOCTH  MOBEPXHOCTHOTO  Oenka  kopoHaBupyca SARS-CoV-2,
npezacrasicHubie B 0ase manHeix NCBI Proteins. KoponaBupyc SARS-CoV-2,
BBI3BIBACT HWH(QPEKIMOHHOE 3abojeBaHue, KkoTopoe Obuio HazBano COVID-19

(coronavirus infectious disease 2019) [2]. B 2020 roxy sto 3a0oyieBaHHE CTajo



MIPUYUHOKW MUPOBOU STUIEMHUMU.

BupycHblii 60K, KOTOpBIM MPUBIEK HAllle BHUMaHWE, UMEET Ha3BaHHE S-
Oenok (surface glycoprotein/moBepXHOCTHBIM IIUKOMPOTEHH) wWiIK MUK (SPike).
OT10oT OENOK MOKPHIBAET BUPYCHYIO YAaCTHILy, KaK CJECACTBUE SIBISETCS OCHOBHOMU
[eIbl0 KMMMYHHOTO OTBETa OpraHu3Ma XO3sMHa, M, YTO CaMO€ BaXXHOE,
B3aUMOJICHCTBYsl ¢ OeikoM perentopoM AIl®D-2 (aHrHoTeH3MHIPEBpAINAOIIHIA
dbepmeHT 2) Ha TMOBEPXHOCTH KIETOK XO35SMHA, 3allyCKaeT IMKI COOBITHH,
MPUBOIANINX K TPOHUKHOBCHHIO BHPyca B KIETKY H €r0 Pa3sMHOXKCHHUIO.
CrneundpuyHocTh S-OeTKOBOro B3auMOJEUCTBHUS C OenkoMm perentopom AlID-2
SIBIIICTCSI OTHAM W3 BXHBIX (PaKTOPOB, BIMSIONINX HAa BUIOCIEIU(DUIHOCTD BUpyca
[3]. Omnako myraruu, MpUBOASAIIKME K 3aMCHAM OJHUX aMHUHOKHCIIOT Ha JPyTrUe WIn
WX yOAJCHWSM, WM JIMIIHUM BCTaBKaM, CIOCOOHBI H3MEHSTh  XapakTep
B3aUMOJICHCTBHSI MEXKIy OTUMH OelKaMH W TPUBECTH K  HU3MEHEHUIO
BUJOCIELIM(PUUHOCTH KOPOHABHpYCA. YK€ HE pa3 B IIPecce YIOMUHAETCS 3apaKeHHUE
KHBOTHBIX UEJIOBEUECKUM KopoHaBupycoM [4]. bBomee Toro wmytammm Moryt
MPUBOJIUTH K TOMY, 4TO C(OPMUPOBAHHBIA paHee (B CICACTBUU BAKIMHAIMW WA
MEPEHECEHHOT0 3a00JIeBaHNs) UMMYHUTET HE CMOXET d(PPEKTUBHO TPOTUBOCTOSITH
HOBBIM BapHaHTaM JTOTO )K€ BUpYCa.

MyTarenes3 Bupyca MpOUCXOJUT MOCTOSIHHO. JTO BOOYHIO MOXKHO HaOMIOAaTh,
aHanu3upys 06a3bl JaHHbIX nocienoBarenbHocTeid PHK u GenkoB Bupyca. BeiOpannas
HamMu ©Oa3za ganHelx NCBI 1mocrtosHHO 00OHOBIMETCS, J00aBJICHMEM HOBBIX
MOCJIEIOBATEIbHOCTEH, KOTOPhIE BO3HUKAIOT B  CIEJACTBUA CEKBHHHPOBAHUS
KJIMHUYECKUX M30JISITOB, KOTOPBIE B CBOIO Ouepeqh OepyT y OONBHBIX MallMEHTOB BO
BceM mupe. Kakmomy H3074Ty TPHCBAMBAThCS yYHUKAIBHBIM HACHTH(PUKATOP, IO
KOTOPOMY MOYKHO TOJIYYUTh HCYEPIBIBAIONIYI0 MHPOPMAIUIO O BPEMEHH U MECTE
3a0opa obOpasia. COBOKYMHOCTh M30JIATOB CO CXOJHBIMHU MOCIEAOBATEILHOCTIMU U
OOIIMM TPOUCXOXKACHUEM O0pPa3yloT IITaMM BHpyca (TO €CTh €ro pa3sHOBHIHOCTD).

Hanpumep, mumpoko HalryMeBIue B CBoe BpeMs mraMMbl Asbda, bera u [lenbra [5].



AXKTYaIbHOCTH

[Tocneanee Bpems BonHbI 3a0oneBanuil BupycoM SARS-COV-2 BbI3bIBatOTCS B
OCHOBHOM mojBapuantamMu OMHUKpOH mTamMMa [6], KOTOpBIH TpPaKTHYECKH
IIOJIHOCTBIO BBITECHWII yke 2022 roy apyrue ITaMMBbl, B CIEACTBUU CBOEH BBICOKOM
3apa3HOCTH M CHOCOOHOCTH O00XOMUTh CGHOPMUPOBAHHBIA paHee (B CIEICTBUH
BAaKIMHAIIMY WM MEPEHECCHHOTO 3a0oneBaHus) nMmmyHHUTeT [7]. Ha Hame cuactee,
ATOT HITaMM, B OTJIMYUH OT Oosiee paHHero mramma Jlensra, «mom@aanm Hac, 6omiee
JErKUM TeueHueM 3a00JieBaHMsI U 00Jee HU3KOW CMEPTHOCTBIO, OTOABHUHYB TEM
caMblM MaHJEMHUIO B Psly DIOOATBHBIX CTPAaXOB YEJIIOBEYECTBA HA HECKOJBKO
MTO3UIMN BHU3. « YIUBUTEIBHBIM» SIBISETCA TO, YTO ATOT IITAMM CONEPKUT cpazy 15
MyTallui B PELENTOp CBI3bIBAIOLIEM JIOMEHE S-0eiKa, OTHOCUTEIbHO HCXOJIHOTO
mramma u3 Kuraiickoro ropoga Yxanb. CpaBHeHUE OT mHpeablayuiero gasopura -
NENbTBl OT YXaHs. OJTO OYEHb CYIIECTBEHHOE B IUIAHE TEHETHUKM WM OYCHb
IIPUHLMNKAIBHOE B IUIaHE IIOCIHEACTBUM  OTIAYME HOBOIO IITaMMa  OT
MPENIIEeCTBEHHUKOB. Takoil KOMIUIEKCHBIM MyTareHe3 0e3 MpOMEKYyTOUYHBIX (HopMm
O4YeHb MajoBeposdTeH. Camoe ImpocToe U OYEBUAHOE OOBACHEHHWE — 3TO TO, YTO
MyTareHe3 Mpolies Ju00 B MOMYJSLHUU >KMBOTHBIX MEPEHOCYMKOB, & MOTOM HOBBIN
mTaMM BHpyCa CHOBa 3apaswi 4YeloBeKa, JM00, 4YTO OH ObUI CHenuajIbHO
reHEeTUYeCKH HM3MEHEH B OuojadopaTopuu W 3amylleH B MOMyssuuio jrofaei. B
mo0oM ciydae caM (pakT TOro, YTO BHUPYC MOMKET U3MEHATHCS HE IMOCTENEHHO
(PBOJTIOIIMOHUPOBATE), KaK A3TO OOBIYHO IPOUCXOAUT B CJICICTBUM HAKOIUICHUS
MyTallui B paMKax OJHOW MOMYJSIIHMHM, a CKauKooOpa3HO, cpa3y MEHSIi MHOTO
AMUHOKHCIIOT B MPUHLUUNHUAIBHBIX I (YHKUMOHUPOBAHUS S-0enka mo3umusax (a
CJIEIOBATENIbHO, W JUIA MaTOreHe3a BCEro BUpPyCa B ILEJIOM) BBI3BIBAET YYBCTBO
HAaCTOPOXKEHHOCTU MO OTHOIICHHIO K JaHHOMY siBJIeHUI0. OcOOEHHO B paMmkax
HBIHEIIIHEN TEOIOJIUTUYECKONM CHUTyallud B Mupe. B ¢BiI3M ¢ 3TuM, CUHUTaro
aKTyaJIbHBIM CO3JIaHH€ TIPOrpaMMmbl it MoHuTOpuHTra 0a3sl manHbx NCBI Protein
Ha TpeIMET BbISBICHUS HOBBIX IITaMMOB KopoHaBupyca SARS-CoV-2 c¢ cunbHO
U3MEHEHHBIM  TIOBEPXHOCTHBIM  S-O€JIKOM, OTHOCHUTENIBHO  MPEIIIeCTBYIOLIUX

BapUAHTOB.



Llenp co3maHus IporpaMMBbI - CBOCBPCMCHHOC OITOBCIICHHNC O BOSHHMKHOBCHHU

mraMMa BHpPyCa C aHOMAJIbHO M3MCHCHHbBIM S-OeJIkoM M Kak CJIICACTBUEC C HOBBIMH

HNMMYHHBIMHU U IIAaTOI'CHHBIMU CBOMCTBaMHM.

3agayu padOThI

1. ChopmynupoBaTh KpuTepuu s OObBEIUHEHHUS MOCIEIOBATEIBHOCTEH B
rpynibl BHYTpU OUOIMOTEKH W JJII OTHECEHUS K aHOMaJIbHO M3MEHEHHBIM -
JUI JaNbHENIIETo ONOBeIeHus: 00 yrpose.

2. Hammcate Momynb 3arpy3Kku TMOCJeI0OBaTeIbHOCTEH S-OETKOB KOpOHaBUpYycCa
SARS-CoV-2 u3 6a3er ganabix NCBI Proteins ¢ ¢yHknued ¢uasrpanyu ot
HU3KOKau€CTBEHHBIX TOCIEI0BATEIILHOCTEH.

3. Hanucarp pyHKIIMIO CpaBHEHUSI TOCIIEI0BATEIBHOCTEH.

4. Co3nath MOAYJb 3arpy3KH, OOHOBJIEHUS U COXPaHEHUS JIOKAJIbHBIX ONOINOTEK.

5. HactpouTts onosenienus yepe3 Telegram.

MeTtobl

CpeacTBo MpoOrpaMMHOM peanu3aliii — sI3bIK porpaMMmupoBanus Python
3.10 ¢ ucnonp3oBanreM cpejbl pazpadotku Microsoft Visual Studio.
Jliis pa®oTBI C IMOCJIEI0BATEALHOCTIMH HCIIOIb30Baach OuOaMoTeka Bio u
nH(GOPMAITMOHHBIN pecypc 1o padoTte ¢ Heit [8].
B wacTHOCTH, MCTIOIB30BAIUCH €€ MOTYJIH:
e moayab Align — 1t cpaBHEHUS MOCIEIOBATEILHOCTEIH;
e Moaynb Entrez — nns B3aumoneiictBus ¢ 6ubnurorexoit NCBI;
o wmoxyib SeqlO — nns mapcunra popmara Fasta.
Jlist 3amycka MporpaMMBbl € OTIPEACIICHHON MEePUOANIHOCTHIO UCIIOB30BaJIach

oubmuoreka schedule, a ais conpspkerns ¢ Tenerpamm - 6ubinoreka telebot.



OcHoBHas YacTh padoThI

KDI/ITGDI/II/I JJIs1 O6’BCZII/IH€HI/I5[ MO CJICAOBATEILHOCTEN B IPYNIILI BHYTPU OMOIMOTEKU M

I OTHECCHHUSA K dHOMAJIbHO M3MCHCHHBIM

Jns  onTUMHM3alMK  MPOrpaMMbl  OBUIO  MPUHATO  pPEIICHHWE  BCE
MOCJIEIOBATEIPHOCTH PA3/ICINTh HAa TPYIILL. B KauecTBe KpUTEPHS MCIOIH30BAIOCH
pacxokJIeHue OTHOCHUTEJILHO pyTa IpyIbl HE MeHee 6 MyTanuil. Eciu meHbie, To
MOCJIEIOBATEIPHOCTh OTHOCUM K TPYIITIE, B IPOTUBHOM CiIydae co31aéM HOBYIO, TIe
pyTOM OyIeT SBISATHCS 3TOT CUKBEHC. Ecnu rpynmna otnuyaercs cpazy Ha 18 u Gosee
MyTallMi OT pyTa, TO OHA CUUTACTCS aHOMaJbHas T'PYIINa, ISl KOTOPOH HEOOXOIUMO
nanpHelee omosemnieHus: 006 yrpose. CTOUT 3aMETHTh, YTO MCIIONB3YETCS TPUHITHIT
MIPUOPUTETHOCTH, TO €CTh €CIIU MOCJIEN0BATEIBHOCTD, OTIIMYAIOIIAsACS Ha 5, OH Oy/eT
nobasnena B 0 rpymmy, a He B 1. Ha ocHoBe mocienoBareabHOCTEH IITAMMOB
KOpOHaBHpYyca o Kiaccudukaiuu B mopraie CoVariants.org Ml COCTaBHIIA TaOJIUILY
CXOXKECTH TOCIIEeIOBAaTEILHOCTEH S-0€IKOB 3THX ITaMMOB (TipuiioxeHue puc. 1). U3
PUCYHKA BHIHO, 4YTO TMoABapuaHTbl OMHMKPOH MITaMMa KOPOHABHPYCa, KOTOPBIH
MPAKTUYECKU TMOTHOCTHIO BHITECHUII TIPEIIECTBYIOIINE IIITAMMBI, B CJICICTBUU CBOCH
BBICOKOM 3apa3HOCTH U CIIOCOOHOCTH 0OXOAuTh C(HOPMHUPOBAHHBIN  paHee
MMMYHHTET, COIepKaii B S-Oefnka O6osiee ueM 27 NOMOTHUTEIbHBIX MyTallduid. XOTUM
C AaKIEeHTUpPOBaTh BHUMAHHME, YTO B JIAHHOW paboTe IMOoJ MyTalueil MbI
moJpazymMeBaeM  3aMEHy,  JeJCIUI0 WM  BCTaBKy B aMHUHOKHCJIOTHOM
MTOCJICIOBATEIIBHOCTH OCITKOBOH MOJICKYIIHI.

3arpy3ku noclienoBarelibHocTen S-0enkoB kopoHasupyca SARS-CoV-2 u3 6asel

nauabix NCBI Proteins

Ha cnenyromem stane paboTbl HEOOX0AUMO ObUIO HAMMCaTh MOAY/b 3arpy3KH
nocienoBaTesbHOCTEN S-0enkoB kopoHaBupyca SARS-CoV-2 u3 6a3b1 nanusix NCBI
Proteins ¢ ¢yHkimel QuIbTpalui OT HU3KOKAYECTBCHHBIX IMOCIICIOBATEIBHOCTEH
(npunoxxenue puc. 2).

B camom Hauanme pabotel ¢ 6aszoii manHbix NCBI HyxHO ykaszarb afapec

AIIEKTPOHHOM TOYTHI JIsl OOPaTHOM CBS3M (TPUIIOKEHUE pHC. 2 A). DTO enaeTcs mpu



oMoty Moyt Entrez.email oubnmorexu Biopython.

CrnenyromuM MmaroM HEOOXOAMMO O003HAYMTh BPEMEHHOM nuamnaszoH. [lpu
nomoin 6ubnmmoreku datetime 3amaém mepemennyro today m one_week ago. OGe
TICpEMCHHBIC ITEPEBOIUM B JOpPMAT CTPOKH TP moMoIiu MeTona stritime.

Janee dhopMupyeM MOMCKOBOM 3allpoc: Ha3BaHHWE Oelika, Ha3BaHWE OpPTaHU3Ma
U auanazoH gar nyomukanuu. [IpowsBogum mouck ID GenkoB mo 3ampocy. Ilo
HaiiienHeiM  |D  3arpykaemM  mocnenoBaTeIbHOCTM M OUMIIaeéM WX OT
HU3KOKAYECTBEHHBIX O00pa3loB MpH IMOMOIIM Hamedl QyHKuuu QuibTpauuun —
delete_bad_sequences (nmpunoxenue puc 2 b).

OyHKIMU  QUIbTpanmuy Ha BXOJ TOMAETCS MaKCUMalIbHOE KOJUYECTBO
HEU3BECTHBIX aMUHOKHUCIIOT, MUHMUMAaJIbHAS JJIMHA M CIUCOK IMOCIEA0BaTEILHOCTEH.
[Mukiaom for ¢yHKIMS MpoBepseT KaKAYI MOCIEIOBATEIBHOCTh M, €CIH OHa
VIOBJIETBOPSCT KPUTEPHSAM, T0OABISICT B HOBBIN CITUCOK. B KoHIIE paboThl GyHKIIHH
HOBBII CIIMCOK BO3BpaIlaeTcsl.

Moaynbs cpaBHEHHS TTOCJICA0BAaTCILHOCTEHN

CrnenytomuM  MOAYJIEM  MOporpaMMbl  SIBIsieTCST  (DYHKUMST  CpaBHEHUS
MOCJICIOBAaTEIPHOCTEH. DTa (YHKIUS MOJIydYaeT Ha BXOJ OJHY IOCIIEI0BATEIHEHOCTD
M3 CKAQU€HHOTO CIMCKAa W OAHY M3 JOKaIbHOW OubOnmotexku. [Ipu momoru momysns
Align oubmuotekn BiO mpow3BoauTCS CpaBHEHHE, HO PE3yjbTaT HE MOIXOAIICTO
dopmara (mpwiokenne puc. 3 A). Ham HYXHO TONy4YUTh KOJIHYECTBO
HECOOTBETCTBUU. J[J1s 3TOTO yransieM Bce CTPOKU cozepikaline OyKBbI, B OCTABIIUXCS
CTpOKax ymajisieM Bce UGpPHL. Jlajgee MOACUUTHIBATHCS KOJIMYECTBO HECOBITAICHUN
«.» ¥ OTJICNIbHBIX JACNCIUi/UHCepIuil «-» (puioxenue puc. 3 b).

Monyiib 3arpy3Ku, OOHOBJICHHUS U COXPAHEHUS JIOKAJTbHBIX OMOJIIMOTEK

OCHOBHBIM TEJIOM TIPOTPAMMBI SIBIISIETCS MOAYJb 3arpy3K, OOHOBICHHS |
COXpaHCHUS JIOKAJIbHBIX OUOJIMOTEK, KOTOpasi COCTOMT U3 QyHKIMH main_alignment,
scan_seqs u reflib_update.

®ynkums main_alignment B Hagane cBoel paboThI CO3aeT pe3epBHBIC KOHU

oubmmotek ref _lib u ref _lib_bad, a camu nanneie 6nbOnroTexu u3 (aiina nepeBoasTCs
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B (opMaT MHOTOYpOBHEBBIX CIHCKOB (mpwiiokeHue puc. 4). Jlajgee BbI3bIBacTCA
byHKIM Scan_seqs (mpwiokenue puc. 5). B camoM KoHIE pabOTBHI 3TOr0 MOMYJIS
dopmupyeTcss OTYET O HOBBIX WM OBICTPOPACTYIIUX AaHOMAJBHBIX TIpyIax
TIOCJICIOBATEILHOCTEH (MPUIIOKEHHE pUC. 4), KOTOPBIHA OyIeT OTIpaBiIeH TelerpaMM
60TOM.

PaccmoTpum mo moapoOHee (yHKIMIO SCan_seqs (nmpuiiokeHue puc. 5). Dta
porpamMma MocJIe0BaTeIbHO HAMPABIISET HOBBIC 3arpy:KEHHBIE ¥ OTQIILTPOBAHHBIC
nocienoBarenbHoctd B GyHkruio reflib_update. B  xonme cBoedi  paGoThI
BBITIONHSCTCSI TIepepaclpeie]ieHie TPy TOCIeA0BaTeIbHOCTEH HAa OCHOBE WX
aKTyaJbHOCTH W pasMepy Kaxaod Tpymmbl Mexay Ouommorekamu ref lib wu
ref lib_bad, a Taxke coxpaHeHre >THX 0OHOBICHHBIX OHOIHOTEK.

Be3siBaemas ¢yukuus reflib_update (mpunmoxkenue puic. 6) Ha BXome JO/DKHA
MOJIYYUTh JABE OUOIMOTEKH U OJIHY HOBYIO MOCIIEA0BATEIHLHOCTh, KOTOPYIO € MmojaeT
byHKIMS SCan_seqs. DTa MmociaenoBaTeIbHOCTh CPAaBHUBACTCS C KaK/IBIM AJIEMEHTOM
oubmuorex ref lib wu ref _lib_bad ¢ mnomomplo panee ymomsHyTOH (QyHKIHH
CpPaBHEHHUS JIO0 TEX IOp, MOKa HEe HAWIETCS TPyIa OTIMYAIoIeecs MEHee YeM Ha 0.
Ecnmu MuHHMMAanbHOE pacxokIcHHE MeHbIe 6, To 10 HOBOW MOC/IEIOBaTEIBHOCTH
n00aBIseTCS K TEpBOM Tpymnmne (Bcero B mamsTH rpynme comepxkutcs mo 50 id
MOCIEA0BATENBHOCTEN), C KOTOPOW TMOJMY4YMIICA TAaKOW pe3ylbTrar CcpaBHEHuUs. B
cllydae, €CJIM HOBasl TIOCIIEIOBATEIIbHOCTh OTIMYAETCS OT BCEX IMPEIIIeCTBOBABIIUX
rpynn Ha 6 u Oojee MyTamnuii co3naércs HoBas rpymma B OuOmuoreke ref lib, B
KOTOPYIO JOOABISIETCS caMa IMOCIIeI0BaTeIbHOCTb.

q)ODMI/IDOBaHI/IC AKTYAJBbHBIX JJOKAJIbHBIX OuOINOTEK

[Tocne Toro, kak MbI CMOIJIM HaJaJAUTh PaOOTOCTIOCOOHOCTH MPOTPAMMBI
HacTajno BpeMs JUisi (OPMUPOBAHKME aKTyaldbHBIX OMOIMOTEK MOCIIEI0BATEIBHOCTEH
S-Oenka xopoHaBupyca. Jlims sroro umcmonb3oBaiack (Gynkunus Main_alignment ¢
HEOOBIITUMU HAJICTPOMKAMHU B BHJIC TIOPIIMOHHON TIOJ[a4H MOCIEA0BaTEILHOCTEHN (0T
2000 o 5000). beutn poaHaIU3UPOBAHBI BCE MOCIEI0BATEILHOCTH 3a MOCIEAHNE 3
rora, HauMHas OT YyXaHbCKOro mmTamma. Bcero Owuio o6pabGorano 2440081

BBICOKOKaQYC€CTBCHHBIX HOCJICI[OB&TGJIBHOCTGI;'I, Ha OCHOBC KOTOPBIX H ObBLIIH
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chopmupoBanbl akTyanbHbie OuOmmoreku ref lib u ref lib_bad ¢ omunakosoi
apxutekrypor (mpwiokeHue puc. 7). IlepBasg comepX HUT akTyaJbHbIE M YacTO
BCTpEUAIOIMECs] TPYIIbl, a BTOpas — pEAKue M ycTrapensie. [pynmsl Moryr
nepeMeniarbcs MeXIay OMOIMoTeKamMu, 3a CYET BTOPOW MOJIOBMHBI KoAa (DyHKUIHUU
scan_seqs (mpwiokenue puc. 5). Pacmpenmenenue mo OHONMHOTEKaM 3aBHCHUT OT
KOJTMYECTBA TOCJIEOBATEILHOCTEH B TPYyMIE U IMOCIEAHETO OOHOBIEHUS TPYIIIBI.
Takoe pazzaeneHne Mo3BoaNIO YCKOPUTH pabOTy IPOrpPAMMBI.

Pesynprarsl paboTsl IPOTrpaMMBbI

BaxxHo oTMeTuTh, YTO B pe3yibTare (POPMUPOBAHUS AKTYaJbHBIX OMOTMOTEK
OBUIO BBIABICHO 14 aHOMalbHBIX TPYIIN, CPEAU KOTOPBIX CTOUT BBIACIUTH TPU —
rpynnel 689, 847 u 1759, Ttak kak 3TH Tpynmbl Kaxnas BkiodaeT Oosnee 1000
MOCIIEA0BATEILHOCTEN, B TO BpEeMsi KaK OCTaJIbHbIC T'PYIIbl UMEIOT MUHUMAIbHBINA
pasmep (mpunoxkenue puc. 8). I'pynma 689 coorBercTByeT mnoaapuanty BA.1l
mTamMmmMa OMUKpPOH, KOTOPBIM BBI3BaJ TEPBYIO BOJHY 3aboneBaeMocTH OMHUKPOH
mtamMMoB B KoHUE 2021-nagane 2022 romoB. Ipynma 847, COOTBETCTBYET
nonBapuanty BA.2 mramma OMHKPOH, KOTOPBIM BBI3BAJI CJEAYIOUIYIO BOJHY
3aboneBaeMocT B Hauaje-cepenuune 2022 roma. A rpymma 1759, xoropas
COOTBEeTCTBYeT mnoaBapuaHTy BA.2.86 mramMmma OMHMKPOH, U3BECTHBIM TaKKe Kak
mrtaMMm [Iupona, sBAsieTCS OCHOBHBIM IITAMMOM, BBI3BABIIMM MOCJEAHIOK BOJIHY
3a0051eBa€MOCTH HaunHas ¢ Hos0ps 2023.

Omnogentenus yepes Telegram

Jlns ymoOCTBa yAaJCHHOTO IMOJb30BaHMS HAMKMCAHHON MPOrpaMMoi ObLIO
PEIIEHO CONPSLKUTE e ¢ boroM Telegram (mputoskenue puc. 9).

Jlnst paboThl 060Ta HYXKHO 3a7aTh YHUKAJIbHBIA TOKeH. Jlanee, mpu MOMOIIH
metona message handler, mporpamMma MOXeT MOMy4YUTh KOMAHIy U3 4ata, eciu Oblia
HalMCcaHa KOMaH/a «start», TO HaJl0 BBHIIOJIHUTH OJHOMMEHHYIO (pyHKIHI0. DYHKIHS
start ornpasiser onoBemieHre O Hadaje paboThl W Tpu momonu Momyis Schedule
BBI3BIBACT OCHOBHYIO ITpOrpaMMy main.

JInst OTIpaBKU OTOBEIEHHS MPHUILUIOCh HEMHOTO IepeieiaTh OCHOBHOE TEJIO

nporpaMMmbl, B Hed A00aBWIM NIOOAJbHYIO IEepeMeHHYyro [report, 4toObl He
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nepenasarb HU ID cooOmienus, Hu cam pernopt. Cpa3y mociie BITOTHEHUS (PyHKIIUN
main_alignment 3amyckaercst mpoBepKa: €CIIH PEHOPT IYCT, TO HAYETO OTHPABIIAThH HE

HaJ10, B IIPOTHUBHOM CJIY4aC — OTIIPABUTH PCIIOPT.



13

BriBoabl
1. Hamu co3mana u 3amymieHa B paboTy MporpamMmMa CBOEBPEMEHHOTO

OTOBEILIEHUS O BO3SHUKHOBEHUH IIITAMMAa BUPYCa C aHOMAJIbHO U3MEHEHHbBIM S-
OeTTKOM.

2. Pesynbrarhl aHanm3a Hailel rnmporpamMMoil 0as3bl JaHHBIX CUKBEHCOB MPOILUIBIX
JET, NPOAEMOHCTPUPOBAIM, YTO OHA CHOCOOHA BBIABIIATH M ONOBEHIATh 00
omacHbIXx MmTamMax Bupyca SARS-COV-2, koTopbie Y€ BbI3BAIM HOBBIC

BOJIHBI SITMICMUU.
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IMpunoxenue

paHHne WwramMmmbl

OMUKPOHBI

D 226 22F 23A 238 23C 330 23f 23F

Puc.1. CpaBuenue S-6enkoB y pazHbix mraMmMoB SARS-CoV-2 u3 6a3b1 Covariants:

3€JICHBIM IIBETOM 0003HAYEHO PacXOKJIeHHEe MeHee 6 MyTaluii, KpacHbIM — Oosee 17

MyTaIui, a 6eIbIM MPOMEXKYTOYHOE TOKa3aHUE M0 KOJIMYECTBY MyTaluii. BuaHo, uyto

mTaMMBbI OMI/IKpOH CHUJIBHO OTJIMYAIOTCS OT OoJiee PaHHUX IITAaMMOB.

download(day delta, X max,

print(

te.today()
(today

trftime(

read(

'x".Ji([

.efetch(db

_sequences(X_max, Len,

len(sequences

sequences

week_ago}:{today}
.esearch(db

4

, id=protein ids

fetch_har

Puc 2 A. Monyib 3arpy3Kku Mociaea0BaTeIbHOCTEM.
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delete bad sequences(X_max, Len, sequences):
newlist = []
for 1 in seguences:

if len(i) »= Len {i.seq}.count("X
newlist.append(i)
return newlist

Puc 2 b. ®yHkius QuibTpanuu A1 MOIYINS 3arpy3Ku.

A
target 120 NNATNWIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
N e e A
query 117 NNATNVWIKVCEFQFCNDPFLDV-YQKNNKSWMESELRVYSSANNCTFEYVSQPFLMDLE
b

alignment_r s_short(target, query):
aligner = / ir L *(scoring="blastp")
aligner.mode ="gl
alignments = a ign(target,query)
ts[e])
' NogcuyéT HecoBnageHUin

od_str += align split[4*i+1] - YoaneHue Oyks

num = collapsed str.replace(” ", ")

SO PN - Vnanewue Ludp

gaps = collapsed gaps.r
gaps = collapsed M .. "
_gaps = collaps - O,D,Cl'leT ﬂeﬂewal
15_gaps = collaps

misses + contiguous_gaps

Puc.3 ®yHkuus CpaBHEHMS  IOCIIEI0BATEIbLHOCTEM. A. Jlannble g0

¢dbopmarupoBanus. b. Koxg pynkium s popmarupoBaHusl.



def main_alignment(sequences):
al report
report = ""
new_name = copy_reflib()
copy_reflib bad()
ref_lib = reflib_to list()
ref_lib_bad = reflib_bad to_list()
x = len(ref_lib) + len{ref_lib_bad} - 1
scan_seqs(ref_lib, ref_lib_bad, sequences)
rning = []
warn_new = []
for i in range(len(ref_lib)):
if (int(ref_lib[i][@]) » x) and (ref_lib[i][6] >= 16):
warn_new.append('Group #' + str(ref_lib[i][8]) + ' with ' +str(ref_lib[i][6]) + ' mutations from ' + ref_lib[i][5])
warn_grow = []
for i in range(len(ref_lib)):
if ref_lib[i][6] >= 16:
if ref_lib[i][2]-ref_lib[i][3] »= 3:
warn_grow.append('Group #' + str(ref_lib[il[@]) wi " +str(ref_lib[i][6]) + mL s from ° + ref_1ib[i][5]
if len(warn_new)+len(warn_grow) > ©:
warns = open(f’ _warnings_{new_name}’, 'w’,
if print_reports: print(f'Warning list was generated.
if warn_new != []:
warns.write( 'New strange variants:\n')
for i in range(len(warn_new)):
warns.write(warn_new[i]+'\n")
if warn_grow != []:
warns.write( 'Growing
for i in range(len{warn_grow)):
warns.write(warn_grow[i]+'\n")
warns.close()
warns = open(f'new_warnings_{new_name}’, 'r', encoding="utf-8')

new_name} ")

report = str{warns.read())
warns.close()

Puc. 4. Monyns 3arpy3kud, OOHOBJICHHUS M COXPAaHEHHS JIOKAJbHBIX OHOIHOTEK.

(main_alignment).

scan_seqs(ref_lib, ref_lib_bad, seq file):
nume = @

record seq file:

reflib Update(ref_1ib, ref_lib_bad, record)

nume += 1

print("*" + r(nume))
f print_reports: print( te .dat ime.today() .strftime m t =
ref_1ib_raw open( ' ref t ’ , encoding= t ) O6H08.ﬂeHMe reﬂlb
ref_lib_bad_raw = open(’'refli ) Xt", , encoding=
for_write = []
for_write bad = []
f i (len(ref_1ib)):

.join(ref_lib[i )
sste(ref_lib[i][@]), ref_lib[i][1], r(ref_lib[i][2

< 10) ( t(linez[4] >= 3): for_write_bad.append( .join(linez))
< 32) ( t(linezZ[4] - : for_write_bad.append( .join(lin )
100) t(line = 5): for_write_bad.append( .join(lineZ))
315) t(line 6): for_ write_bad.append( .join(1i KpMTepMM nepeHoca

= 7): for_write_bad.append( -jJoin(1 6 6

€ 4 = 8): for_write_bad.append( .Join(lin rpynnbl u3 NONMUOTEKU
10000) t(1i = 9): for_write_bad.append( .join(line H H
31500 nt(lin >= 10): for e_bad.append( .join(linez reﬂlb B reﬂlb—bad

2 < 100000) ((int(lineZ[4] >= 11): for_write_bad.append( .join(lineZ))
: for_write.append( .join(lineZ))
i 2(len(ref_lib_bad)):
members .join(ref_lib_bad[i][7])
lineZ = [st + str(ref_lib_bad[i][@])), ref_lib_bad[i][1], str(ref_lib_bad[i
1inez(2]) > 25) and ( Snez[ 5y Bosspat u3 reflib_bad

ite.append(’ °.join(linez)) B reflib

ite_bad.append(' ‘.join(linez))

<
<
<
<
<
<

_raw.write(‘\n’.join(for_write))

_raw. close() CoxpaHeHue
bad_raw.write('\n’.join(for_write_bad
bad_ te(*\n’.j _bad)) GubnuoTtek

1ib_bad_raw.close()

f print_reports: print( jatetime.datetime.today().strftime

Puc.5 Monyne 3arpy3ku, OOHOBIICHHMSI U COXPAHEHHUS JIOKAJIbHBIX OHOIMOTEK.

(scan_seqs)
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-today().strftime("

ref_1ib[i][1])

[Jo6aseneHune 1D
nocnenoBaTtenbH
ocTu B reflib

.seq, ref_1ib_bad[§][1]) [Jo6aseneHune 1D
- nocnegoBaTerbH
ocTu B reflib_bad

Co3gaHune HoBOM
rpynnsi

Puc. 6. Moaynb 3arpy3kd, OOHOBJIEHUS M COXPAHEHHS JIOKAJIbHBIX OHOIHOTEK.
(reflib_update).
Ctpyktypa bubnuoteku reflib u reflib_bad:

[[group_no, sequence, memb_now, memb_earlier, idle_runs, root, diff_from_root, [memb1_id, ...,
member50max_id],[...],...]

[

[>Group0, MFVF...KLHYT, 180681, 180643, 0, Unknown, O, [YP_009724390.1, ... , QKE43667.1]],
[>Group44, MFVF...KLHYT, 143742, 143737, 0, Group0, 9, [QQH18545.1, ..., QQ1X36209.1]]

]

Puc. 7. Ctpykrypa 6ubnuorek reflib u reflib_bad.

OTnu4Ke ot
Mma Cpynnet Kon-Bo Pogutens poa. 1D nepBoro YneHa rpynnsl CHHOHUM B NUTEpaType
Group27 1 Group0d 41Q0CE59639.1 H.K.
Group12 1Group0d 350Q0D59283.1 H.K.
Groups89 266682 Group103 31UF0B9279.1 BA.1
Group1759 18425 Group1249 29WLW398341 BA.2.86
Group1782 1Group818 28WMQE5998 1 H.K.
Group11 1Group0 22000592821 H.K.
Groups47 637769 Groupssa 21UHU97100.1 BA29
Group3e 1Group0 21Q0J759241 H.K.
Groupb 1 Group0d 20Q0E84223.1 H.K.
Group32 1Group0 20004866851 H.K.
Groupb64 1Group29 19QRA189251 H.K.
Group1596 1Group798 19WDY97105.1 BA.1.1
Group42 1Group0 18Q0Q53339.1 H.K.
Group1523 1 Groupgd7 18WCI23486.1 BA.2.121

Puc. 8. I'pynmel ¢ aHOManbHO OOJBIIMM OTIMYUEM OT POAUTENBCKOW TPYIIIIHI,

BBISIBJICHHBIE TPU (POPMUPOBAHUH OMOTHOTEK



if report
bot.se

@bot .message_handler(comman

) -monday.at(

le.run_pending()

bot.polling(none_stop , interval=e)

OnoBelleHure B Telegram

TokeH 6oTa

mobanbHas nepemMeHHas Ansa penopra

do(main) ExxeHenenbHoe NoBTOpeHue
OCHOBHOIA MporpaMmsi

starting

Growin, ange variants:
with 29 mutations from Group1249 has

Puc. 9. Onosemenue yepe3 Telegram.
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