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Momusayus u yens: BUpyCBl CIMTAIOTCS CaMOU pacIipOCTpaHEHHOH (OPMOii KI3HHU Ha
Hallel miaHere. B HacTosmee BpeMs U3BECTHO MTOYTH 13 MMIUIMOHOB T€HOMHBIX ITOCIIE-
JIOBaTEJIbHOCTEN BHUPYCOB, M 3TO YHCIO C KaXABIM I'OJIOM pacTeT 3KCIIOHEHIMAJIBHO.
HpI/I O9TOM CUHTACTCs, YTO 6OJ'II)HII/IHCTBO HN3BECTHBIX BUPYCOB, BbI3bIBAIOIIUX 3360HCB3-
HUS Y 4EeJIOBEKa, IEPBOHAYATIBHO UMEIIH 300HO3HBIN XapaKTep 1 ObLIH EepPEJaHbl JIFOISIM
W3 NOMYJISALUM )KUBOTHBIX. [103TOMY Ba’KHOCTH MOHUTOPHUHIA IPUPOIHBIX PE3EPBYAPOB
WHEKIUHA He HYXAaeTcs B MOSCHEHWH. 3/1ech oOpamaroT Ha ce0st 0coboe BHUMaHUE
PYKOKpBUIBIE, KOTOPBIE HAa CErONHSIIHUI JICHb CUMTAIOTCS OJHUM M3 CaMBIX BAXKHBIX
NPUPOAHBIX PE3EPBYAPOB MOTEHIMATBHO 300HO3HBIX MH(EKIMH, MOCKOJIBKY OTIHYa-
I0TCSl HCKITIOYHUTENFHBIM BHIOBBIM pa3HO00pa3reM — OHH cOCTaBIsIIOT puMepHo 20 %
BCEX BHUJIOB MIIEKOMUTAIOMUX. ['TaBHOE opyxkue B OoprOe ¢ OyaynIMMu 300HO3aMH —
3TO MPEBEHTUBHBII KOHTPOJIb, MOHUTOPHHT U OLICHKA IIyTEeH paclpoCTpaHEeHUs U3BECT-
HBIX IMaTOI'CHOB, a TAKXKC BBIABJICHUC HOBBIX IIATOICHOB B IIPUPOIAHBIX OYarax I/IHq)CK-
nuid. BeIsIBIIEHHE U U3YyUYEHUE CBOMCTB HOBBIX, HE OIIMCAaHHBIX PAHEE BUPYCOB TOXKE SIB-
JsieTcsl BaKHOH 3a/1a4eid, MOCKOJIBKY I0CTOBEPHO HEM3BECTHO, KAKOH MMEHHO IaTOreH
OK&KETCS CIHOCOOHBIM BBI3BATh CIEAYIONIYIO SIMHAEMHUIO 300HO3HOTO 3a00JIeBaHMUSL.
HpI/IMeHeHI/Ie B I[aHHOﬁ O6JIaCTI/I CCKBCHUPOBAHMS, ITIOMUMO BBIABJIICHUA 3TUOJIOTHYC-
ckoro Qakropa 3a060sieBaHMs, IO3BOJIIET IPOBECTH '€HOTHIIMPOBAHKE JIIO00T0 JOKYCa,
PEKOHCTPYKIHMIO IIOJIHOTO TeHOMa I JIF000To Trna 00pasua u J1ro00ro THUIa naToreHa.
IIpuMeHeHne BBICOKOMYJIBTHILNIEKCHBIX MPAaiMEPHBIX MaHENIEH HIMPOKOIO0 CKPUHHUHIA
JUISL TApT€THOTO 000TaIIEH s TO3BOJISIET MTOBBICUTH 3(P(QEKTUBHOCTL UCCIIEIOBAHUS, CY-
LIECTBEHHO CHU3UB €r0 Ce0ECTOMMOCTh, B TOM YHCIIE 32 CYET YMEHBIICHHUS KOJTMYECTBA
JIAHHBIX CEKBEHHUPOBAaHMUs, HEOOXOJMMOro JUIsl aHanmu3a ojaHoro obpasna. OJHako, B
CHITy YaCTOTO HCIIONB30BaHUS TIPU CEKBEHUPOBAHUH «METOJIa IPOOOBUKAY, CYIIECTBY-
IOLIME JJIs1 peIliCHHUs MOCTaBJICHHOM 3aJauu MporpamMMbl pa3paboTaHbl ¢ pacueToM Ha
aHaJIM3 IMEHHO TaKUX 00pa3LoB, YTO HE MO3BOJISIET IPON3BECTH KAUECTBEHHBIN 1 OBICT-
Pl aHaNU3 JaHHBIX IPYyroro Tumna. IIpu 3ToM 3a cHET MAJIOT0 KOJIMYECTBA IaHHBIX, He-
00XO0AMMBIX JUIS aHaJIU3a KaKAOro oOpasia, KOJIMYEeCTBO 0Opa3LoB B OJHOM 3aIlyCKe
MOJKET OBITh 3HAYUTENILHO OOJIBIIIE, YEM IIPH UCCIIEIOBAHUH C HUCIIOJIb30BAHUEM «METO-
JIOM JIpOOOBHKA, YTO TIPUBOJUT K TOMY, YTO BpeMsi, He00X0IuMoe Ha OnonH(popMaTu-
4yecKyro 00pa0oTKy JaHHBIX, HAUWHAET COCTABJIATh 3HAYNUTENHHYIO JIOJI0 OOIIEro Bpe-
MEHH, HE0OXOIUMOTo AJisl POBeJIeHU HccieaoBaHus. Kpome Toro, cyiiecTByIOIIHe
pelIeHns He CTIeMUAN3UPYIOTCS Ha aHau3e 00pa3IoB, MOIYIEHHBIX OT )KHBOTHBIX, U
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HE TI03BOJISIIOT TPOBECTH 00PaOOTKY SHAOTEHHBIX IPUMECEH, B TyUIleM clydae OT(huib-
TPOBBIBas MX, 0€3 U3BJICUCHHUS IOTIOTHUTEIBHON HH(POPMAIIUH.

Memoowt u ancopummer: Tporpamma pathogenid npenHasHaueHa A7l aHATM3a HYKJICH-
HOBBIX KHCJIOT ITATOI€HOB U IIPEIOCTABIISIET CIIETYIONINI (DYHKIIMOHA: (DUIIBTpanus Hc-
XOJIHBIX TIPOYTEHHH M0 KaueCTBY M JUTMHE, O0BbEAMHCHUE MapHBIX NMPOYTCHUI B OAWH
(haiin B cirydae mapHO-KOHIIEBOTO CEKBEHHPOBAHMUS, 00pabOTKa MPOUYTEHUH HA TPEIMET
NPUHAIISKHOCTH K TEHOMY XO35MHA, KJIACTEPU3alHs MOCIEA0BATEIIFHOCTEH ¢ LENbI0
COKpAILleHHsI BpEMEHH aHAIIN3a U pa3/ieieHus] 00BEKTOB PA3IUUHBIX TPYII MEKAY CO-
0011, HOCTpoeHNE KOHCEHCYCHBIX OCIIEI0BATEIBHOCTEH, CPAaBHEHUE CXOXKECTH IPOYTe-
HHH C TIOCIIeIOBATEIbHOCTIMU U3 peepeHCHBIX HYKICOTHIHBIX 0a3 TaHHBIX, a B CITydae
aHalu3a HyKJIEMHOBBIX KHCIIOT BUPYCOB M CPaBHEHHE KOHCEHCYCHBIX MOCIIEI0BATENb-
HOCTeH ¢ 6a30i TaHHBIX aMUHOKHCIOTHBIX OCIEA0BATEIbHOCTEH, aHHOTALMS IPOUTe-
HHUH, CXOKHUX C pedepeHCHBIMHU IOCIIEI0BATEIHHOCTIMHU, 10 TAKCOHOMHYECKOH 0aze
JAHHBIX, PACUeT OTHOCUTEIFHOTO B a0COIIOTHOTO COEPKAHUH HYKJIEHHOBBIX KHCIIOT,
WHTEPECYIOIIUX T0JIb30BaTENs B KOHTEKCTE 33a]]auH, B UCCIIEAyEeMOM 00pasiie, Co3/JaHne
oTyeTa O pe3ysbTarax aHaausa oopasioB B ¢opmarax Excel-rabmumer u JSON. Ilpo-
rpamMMma 00pabaThIBaeT JaHHbIE, HOCTYTAIOIINE C BEICOKOTIPOM3BOANTEIBHBIX INTATGOPM
CEKBEHHPOBAHUS KaK BTOPOTO, TaK M TPETHETO MOKOJICHHH.

Pesynsmamer: Beino paspaboTtano mporpamMmHoe obecrieuenue pathogenid, aganrupo-
BaHHOE JIJIS 33/1a91 U3YYEHHsI BUpOMa IPHPOIHBIX pe3epByapoB nHdpekuuii. [Iporpamma
anmpoOupoBaHa Ha BeIOOpKe u3 713 Omomorndeckux o0pasmoB, MOIYYEHHBIX OT PYKO-
kpbutbix (Chiroptera), mpeacraBureneii 29 pa3IM4YHbIX BUI0OB, B OCHOBHOM poja Myotis
(N =429, 60.17 %), noiimanusix 110 16 cyObektam Poccuiickoit deneparn. Hanboss-
mee KOJIM4YecTBO o0pas3roB Obuto coOpano B Amypckoit (N = 165) m Amnraiickoit
(N =111) obnactsix. MccnenoBaHue NpoBOIUIOCH C HCIIOIB30BAHUEM KOMOMHAIIMK M3
CeMH TMpalMepHBIX MaHeNeH, COCTOAMUX cyMMapHo u3 40 415 mepBUUHBIX CTPYKTYD,
HAIIEJICHHBIX Ha OOHapYXXeHHe 52 POJOB BUPYCOB, OTHOCAIIUXCA K 23 pa3InIHBIM Ce-
MeilictBam. B pesynbraTe aHanmm3a JaHHBIX BBICOKOIPOM3BOAUTEIHLHOTO CEKBEHUPOBA-
HUS OBbUTM OOHApY>KEHBI MOCIE0BATENIFHOCTH HYKICHHOBBIX KHUCIOT 217 M3BECTHBIX
TPYIII BUPYCOB M 343 NPEIIIOIOKHUTEIFHO HOBBIX BUPYCOB )KHBOTHBIX. Cpenn oOHapy-
JKEHHBIX CEMEICTB Yallle OCTaJbHBIX BCTpeyanock cemeiictBo Coronaviridae. Ipencra-
BUTEIN ceMeicTBa Obu 0OHapykeHBI B 348 o0pasiax, uto coctanisieT 48.1 % oT Bcex
NPOaHAM3UPOBAHHBIX 00pa3noB. [lomyueHHbIE pe3ynbTaThl, a TaKkKe (aKThl IPHCYT-
CTBHS HyKJICHHOBBIX KHCJIOT HOBBIX BAPHAHTOB BUPYCOB OBLIN ITOITBEPIK/ICHBI MeTare-
HOMHBIMHU UCCJIEIOBaHUSMH. MBI TIOKa3aju, YTO C MCIOJIb30BaHUEM TOTO e Habopa
JIAHHBIX BO3MOXKHO 3((EeKTHBHOE OIpeJielieHHe TAKCOHOMUUYECKOW MPHHAIIEKHOCTH
HOCHTEJIS BUPYCa, YTO MOXKET OBITh BaKHOH 3a/aueii METareHOMHBIX HCCIIEIOBAaHHH.
Omnpenenenne TaKCOHOMUH XOCTa BO3MOKHO ITPH YCIIOBUH HAJTMYHSI COOTBETCTBYOLICH
TeHOMHOW UH(OpPMAIMH B OTKPHITHIX HCTOYHHKAX. B cpeqHeM aHanmu3 oHOTO 0Opasia,
BKJIFOYAsi TOUCK TOMOJIOTUYHBIX aMUHOKHCIOTHBIX ITOCJIEI0BATEILHOCTEH, 3aHMMAeT
15 munyT.

Buisoowi: B iporiecce paboThl Obl1a pa3paborana mporpamma pathogenid — yausepcains-
HBII OrnonH(popMaTHUeCKHii KOHBeliep 00pabOTKH IAHHBIX CEKBEHUPOBAHUSI, aJAlITUPO-
BaHHBIN JIUISl HCIIOJIB30BAaHMS B 33J]a4ax aHAJIM3a BUPOMa MPUPOIHBIX Pe3epByapoB HH-
¢dexnmii. JlanHast mporpamMMa MoX0IUT TS 00pa3IioB JIF000W MPUPOJBI (IIPU COOTBET-
CTBYIOIIIEM METO/I€ SKCTPAKIIMH), TTATOT€HOB JIIOOON MPHUPOMABI, OOHAPYKEHUSI HOBBIX
BUPYCOB, aHAIIM3a PE3yJIbTaTOB CEKBEHUPOBAHUS Ha JII000i1 iaTropme BTOPOTo U Tpe-
THEro MOKOJIeHUs. [Ipy HaTMYMK U3BECTHBIX TEHOMHBIX JaHHBIX )KUBOTHOTO-HOCHTEIIS,
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pathogenid mo3BossieT OAHOBPEMEHHO OMPEACIATh TAKCOHOMHYUECKYIO MPHHAIICK-
HOCTB XOcTa. [laiinnaitH HaCTPOEH JJIsl TAKCOHOMUYECKON Ki1acCU(UKAIIUU TATOTSHOB C
TOYHOCTHIO JIO BHJa/mTaMMa. MbI anpoOUpOBalii TaHHBIH alTOPUTM aHajIu3a B MPo-
eKTe, BKIrtogarmuM 6osee 700 06pa3noB, M HOATBEPIFIIN MOTydeHHBIE PE3yIbTaThl Me-
TOJIOM METareHOMHOT'O CEKBEHUPOBaHUs. TakuM 00pa3oM, MbI MOKEM HPOBOUTH Mac-
COBBII CKPHHHHT OHOJIOTHYECKOT0 MaTepraia, 00padarsiBast O0JIBITIOE KOJIMIECTBO 00-
pas3ioB B KOPOTKHE CPOKH, MPOBOJS TPU 3TOM CKPUHHMHT Cpa3y Ha BCE 3HAYHMMBIC
TPYIIBI TATOTCHOB OJTHOBPEMEHHO, BBISBIISS B TOM UUCIIC HOBBIC, HE U3BECTHBIC paHEe
BUPYCHI.

Qunancuposanue. ViccnenoBaHue BBITOTHEHO TP TOAJEPKKE TOCYIaPCTBEHHOTO 3212~
Hust Ne 388-00084-24-00.
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Motivation and Aim: Viruses are considered as the most prevalent form of life on our
planet. Currently, almost 13 million genomic sequences of viruses are known and this
number is growing exponentially every year. It is widely believed that the majority of
known viruses responsible for human diseases originated from zoonotic transmission,
meaning they were initially transmitted to humans from animal populations. Therefore,
the significance of monitoring natural reservoirs of infections is self-evident. Bats (Chi-
roptera) merit particular attention in this regard, as they are now recognized as one of
the most significant natural reservoirs of potentially zoonotic infections. Their excep-
tional species diversity, comprising roughly 20 % of all mammal species, underscores
their importance in this context. The primary strategy in combating future zoonotic dis-
eases involves preventive control, monitoring, and assessing the spread of both known
pathogens and the identification of new pathogens in natural infection foci. Additionally,
the identification and investigation of new, previously unknown viruses are crucial tasks,
because pathogen, which will be capable of causing the next epidemic of zoonotic dis-
ease, cannot be accurately predicted. The utilization of sequencing goes beyond merely
identifying the causative agent of the disease. It enables genotyping of any locus and
reconstruction of the complete genome for any sample type and pathogen species. The
use of broad screening panels for targeted enrichment can increase the efficiency of the
study, significantly reducing its cost. The widespread adoption of the shotgun method in
metagenomics has resulted in the specialization of existing software solutions for ana-
lyzing such samples. Consequently, high-quality and rapid analysis of other types of data
is difficult. Additionally, current solutions lack specialization in analyzing animal sam-
ples and struggle to effectively manage endogenous contaminants, typically resorting to
filtering without extracting additional information.

Methods and Algorithms: The “pathogenid” is pipeline intended for the analysis of nu-
cleic acids of pathogens and provides the following functionality: filtering of source
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reads by quality and length; combining paired reads into one file in the case of paired-
end sequencing; processing of reads for belonging to the host genome; clustering of se-
guences in order to reduce analysis time and separate objects of different groups from
each other; construction of consensus sequences; comparison of the similarity of reads
with sequences from reference nucleotide databases; comparison of consensus se-
guences with a database of amino acid sequences, annotation of reads similar to refer-
ence sequences in a taxonomic database, calculation of the relative and absolute contents
of nucleic acids of interest to the user in the context of the problem in the sample under
study, creation of a report on the results of analysis of samples in Excel table and JSON
formats. The program processes data coming from high-throughput second- and third-
generation sequencing platforms.

Results: Pathogenid software has been developed and adapted for the task of studying
the virome of natural reservoirs of infections. The program was tested using a set of
713 biological samples collected from Chiroptera, including representatives of 29 dif-
ferent species, mainly the genus Myotis (N = 429, 60.17 %), collected in 16 regions of
the Russia. The largest number of samples were collected in the Amur (N = 165) and
Altai (N = 111) regions. The study was conducted using a combination of seven primer
panels, consisting of a total of 40,415 primary structures, aimed at detecting 52 genera
of viruses belonging to 23 different families. Nucleic acids from 217 known groups of
viruses and 343 presumably new animal viruses were discovered. The results obtained,
as well as the facts of the presence of nucleic acids of new variants of viruses, were
confirmed by metagenomics. Among all results, the Coronaviridae family was most
common. Representatives of the Coronaviridae family were found in 348 samples,
which is 48.1 % of all analyzed samples. We demonstrate that, utilizing the same dataset,
it is possible to efficiently determine the taxonomic identity of the virus host, which can
be an important goal of metagenomic studies. The determination of host taxonomy was
achievable given the availability of suitable genomic information from open sources. On
average, the analysis of one sample, inclusive of searching for homologous amino acid
sequences, took 15 minutes.

Conclusion: Pathogenid — a universal bioinformatics pipeline for processing sequencing
data, adapted for use in analyzing the virome of natural reservoirs of infections. This
program is suitable for samples of any nature (with the appropriate extraction method),
pathogens of any nature, detection of new viruses, analysis of sequencing results on any
second and third generation platform. Given known genomic data from the host animal,
pathogenid allows the taxonomic affiliation of the host to be simultaneously determined.
The pipeline is configured for taxonomic classification of pathogens with species/strain
accuracy. We tested this analysis algorithm in a project involving more than 700 samples
and confirmed the results obtained using metagenomic sequencing. Thus, we are capable
of conducting mass screening of biological material, processing a large number of sam-
ples swiftly. This enables simultaneous screening for all significant groups of pathogens,
including the identification of new, previously unknown viruses.
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