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Momusayus u yenw: Iocne nangemun COVID-19 Bce Ooibllie BHUMaHUS YACTSACTCS
HOBBIM 300HO3HBIM HH(peKIuAM. L{enbro 7aHHO# paboThI ABJISETCS pa3padoTKa I0ax0/1a
K HISHTH(UKAIINA BO3MOXKHBIX HHPEKIINOHHBIX areHTOB Ha OCHOBE YBEITUYCHUS TIPEe/I-
CTaBJICHHOCTH U PACIpOCTPAHEHHOCTH KOPOTKHUX MOACTPOK (prukcupoBanHon THHBI (K-
MEpPOB) B JIaHHBIX IMOJITHOTEHOMHOT'O METar¢HOMHOI'O CEKBEHUPOBaHUSI.

Memoowt u aneopummol: J\Jia Banumanuu MpeioKEHHOTO METo/a OBLIO MPOBEIEHO
CHMYJIMPOBAaHWE METAareHOMHBIX MpouTeHuit mpu nomoinu yruautel InSilicoSeq [1].
HaGop w 3HaueHWs TMPEACTAaBICHHOCTH BHUJOB OBLIM TMOJYYCHBI M3 aHaIM3a
cekBeHupoBanus TotanbHo PHK BhImeneHHON M3 Ma3Ka U3 HOCOIJIOTKH MAIMEHTA C
COVID-19 (axcnepument SRA SRX8697677, 3amyck SRR12183113). Jlns moacuera
KaHoHnyeckux  K-mepoB  Obur  wmcmosip3oBan  Jellyfish  [2].  Jlns  onenkwu
TaKCOHOMHYECKOT0 cocTaBa obpasiia ucnonb3oBaiu Kraken2 [3].

Jst mpoBepKU MPUMEHNMOCTH TTOAX0/1a, HaMH ObLiTa CMO/IETTUPOBaHA BPEMEHHAS CEPUS
n3 7 maroB, BeIOpaH oOMuH opraHu3zM (Streptococcus sp. S5) mpencTaBIEHHOCTH
KOTOPOTO JIMHEHHO Bo3pacTayia. BeiOop opraHr3mMa OCHOBaH Ha €ro MPeJICTaBICHHOCTH,
OMM3KOW K MEOUAaHHOMY 3HAYEHHWIO, pPOCT OTHOCHUTEIFHO TIPEACTAaBICHHOCTH
MPOU3BOIMICS C MCXOMHOro 3HaueHust 10 61, 71 wiu 91 nponentwis. JiuHa K-mepa
pu aHanu3e Obla BeIOpaHa paBHoi 10.

Jliis mo160pa ONTUMATEHOTO 3HAYEHS JUTMHBI K-MepOB OB HCITOIB30BaH TOT JKe HabOop
M3ydaeMbIX BHUAOB. B cumymsanuio Takxke ObUT J00aBlieH IIyM: OTHOCHUTEIbHAs
YUCIEHHOCTh KXKIOr0 BHJia Obljla paclpe/icjicHa B COOTBETCTBHM C OTPHUIIATEIBHBIM
OMHOMHAJILHBIM 3aKOHOM M W3MEHSJIaCh B TCUYEHHE CEMH BPEMEHHBIX IIIaroB.
KonmuecTBO mpoYTeHWH MaHHOTO COOTBETCTBYIOIIErO TAKCOHA TMPHUHATO 34
HEOTpHIIATEIbHOE CpesiHee pachpeaereHue (MU). JmuHbl pe3yapTupyrommx K-MepoB
Obutn paBHbl 10, 11, 12, 13, 14. Onenka pocTa MPOU3BOIUIACH C TOMOIIBIO JIMHEHHON
mozesu (hyHkiwst Im B si3bike mporpamMupoBanus R).

Pesynomamol. B BaquaanioHHOM HabOpe JaHHBIX MPOIEHT pactyiux K-mepos (K-
MEpPOB, YHCJIO KOTOPBIX CTATUCTUYCCKH 3HAYUMO PACTET BO BPEMEHHOH cepuu) u3
IIEJIEBOTO OpPraHM3Ma OT BeeX pacTymux K-mepor cocrasnseT ot 84.48 mo 85.57 %. B
Ha0ope MaHHBIX, KOTOPBIH HCITONB30BAJICS A IMOAOOpa ONTHUMAIbHOTO 3HAYEHUS
JUTHHBI K-MepOB, TPOIEHT pacTymMx K-MepoB M3 IEJICBOr0 OpraHu3Ma OT BCEX
pactymmx k-mepoB ymensmmaercs ot 99.97 % npu k=10 mo 52.19 % mpu k = 14.
IporeHT pactymux K-mMepoB u3 Bcex K-MepoB 11€J1eBOro opraHu3mMa yBEIHUUBACTCS OT
1.74 % npu k = 10 mo 82.67 % npu k=14. B orkpeiThix 0a3ax maHHbIX (SRA,
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HumanMetagenomeDB) cobpanbl MmeTareHoMbl U3 Poccun, Ha KOTOPBIX TUIAHUPYETCS
3aIyCTUTh Halll TalIUIaiH.

Buieoowi: Tlomxon, OCHOBaHHBIM Ha aHAIW3e AMHAMHKH K-MEpOB, ITOTEHIMAIBHO
MO3BOJISIET MCKATh BO3MOJKHBIC areHTHI (BUPYCHI M OaKTEepHM), YBEIMUMBAIOLIUECS B
pacnpocTpaHeHHOCTH. OJHON W3 MPUYMH YBEIMUYEHHS PACIPOCTPAHEHHOCTH MOKET
OBITh MOSIBIICHHE HOBBIX MH(EKIMOHHBIX areHTOB. bonbiias umHa K-mepa o3Hauaer
POCT JIOKHOIIOJIOKUTEIBHBIX CIIy4aeB, MEHBIIAs — JIOKHOOTPULIATENBHBIX.
Qunarncuposanue. Pabora BeimonaeHa Ha 6a3ze HUU cucteMHoi OMOIOTHY U METUITUHBI
PocnorpeOHanzopa B paMkax roc3ananus «Pa3paboTka alropuTMOB IS BEISIBICHHS HO-
BBIX, YHUKaIbHBIX MTocnenoBaTenbHocterd JJHK nim PHK B meTarenomax un ux denotun-
nMYecKasi XapakTepucTuka in vitroy, aomep 12203090069-4.
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Motivation and Aim: After the COVID-19 pandemic, more and more attention is being
paid to new zoonotic infections. This work aims to develop an approach to the
identification of possible infectious agents based on increasing the representation and
prevalence of short fixed-length substrings (k-mers) in the data of genome-wide
metagenomic sequencing.

Methods and Algorithms: To validate the proposed method, metagenomic reads were
simulated using the InSilicoSeq tool [1]. The set and values of species representation
were obtained from the analysis of sequencing of total RNA isolated from a
nasopharyngeal swab of a patient with COVID-19 (experiment SRA SRX8697677,
launch SRR12183113). Jellyfish was used to calculate canonical k-mers [2]. Kraken2
was used to assess the taxonomic composition of the sample [3].

To test the applicability of the approach, we modeled a time series of 7 steps and selected
one organism (Streptococcus sp. S5) whose abundance increased linearly. The choice of
an organism is based on its abundance close to the median value; an increase in relative
representation was made from the initial value to 61, 71, or 91 percentiles. The length of
the k-mer was chosen to be 10 in the analysis.

The same set of studied species was used to select the optimal value of the length of k-
mers. The noise was also added to the simulation: the relative abundance of each species
was distributed according to the negative binomial law and varied over seven-time steps.
The number of readings of this corresponding taxon is taken as a non-negative mean
distribution (mu). The lengths of the resulting k-mers were equal to 10, 11, 12, 13, 14.
The growth was estimated using a linear model (the Im function in the R programming
language).

Results: In the validation dataset, the percentage of growing k-mers (k-mers, the number
of which grows statistically significantly in the time series) from the target organism of
all growing k-mers ranges from 84.48 to 85.57 %. In the dataset that was used to select
the optimal value for the length of k-mers, the percentage of growing k-mers from the
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target organism of all growing k-mers decreases from 99.97 % at k = 10 to 52.19 % at
k =14. The percentage of growing k-mers from all k-mers of the target organism
increases from 1.74 % at k = 10 to 82.67 % at k = 14.

Metagenomes from Russia were collected from open databases (SRA,
HumanMetagenomeDB). Our pipeline is planned to be launched on these metagenomes.
Conclusion: The approach based on the analysis of the dynamics of k-mers potentially
allows us to search for possible agents (viruses and bacteria) that are increasing in
prevalence. A longer k-mer length means an increase in false-positive cases, and a
smaller one — false-negative ones.

Funding: The research was carried out on the basis of the Research Institute of Systems
Biology and Medicine within the framework of the state task “Development of
algorithms for identifying new, unique DNA or RNA sequences in metagenomes and
their phenotypic characteristics in vitro”, number 12203090069-4.
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