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Momueayus u yenv. O3epo baiikan — ogHO W3 OpPEeBHEUITNX 03€p Ha IUIAHETE,
MpUMeYaTeIbHOW OCOOEHHOCTHI0O KOTOPOTO SIBIISIETCS OOMMpHOE Omopa3zHooOpasme
¢aynpl, HacumtThiBaromeir Oomee 2500 Bumo [1]. HawmbGonee 3HaYMMBIM H
MHOTOYHCIICHHBIM OTPSIIOM OaiKallbCKUX OECIIO3BOHOYHBIX SBISIOTCA aMpunoasl. B
Baiikane am¢unonsr npeacraBieHsl 0oiee yeM 350 mMopdoIorHdecKkuMH BHIAMHU U
MOJBUIAMH, CPEAN KOTOPBIX 0TMeUeH 99 % 3HAEeMU3M, OTHAKO CTENICHb KPUIITUIECKON
W3MEHYUBOCTH OCTaeTCsl HesicHOH. HeaaBHue rccieoBaHust MPOASMOHCTPUPOBAIH, YTO
OIHM M3 Hauboiee paclpoCTpaHEeHHBIX oOWTaTeneld JIUTOpAIbHOW 30HBI 03€pa,
Eulimnogammarus verrucosus (Gerstfeldt, 1858) wm Eulimnogammarus vitatus
(Dybowsky, 1874), BkiouatoT B ce0st pa3Hbie reHeTrdeckue tuauu [2]. [Tomumo 3toro,
y E. verrucosus Obuto oOHapyKeH pENpOAYKTHBHBIH Oapbep MEXIy ABYyMS
TEHETHYECKUMH JIMHUSMH AaHHOTO BUJA, U NOJOOHbIE MCCIEIOBAHUS MPOJOKAIOTCS
[3]. Hanmume kpunTHYecKOW W3MEHYHMBOCTH TOKa3bIBAaET, 4TO A d()(eKTHBHOTO
M3y4eHHUsT BUIOBOTO pa3HOOOpa3us aM(QuIioa, MOMHUMO aHaju3a MOPQOIOrHUECKUX
pasnuumid, TpeOyeTcss WCCIeOBaHWE pa3JIMuMii Ha TEHEeTHYECKOM YypOBHE —
TCeHOTUIIUPOBAHUE, KOTOPOE OOBIYHO MPOBOAAT C TOMOLIbIO CEKBEHHUPOBAHUS I10
Conrepy. [lonymspHbIM  WHCTPYMEHTOM JUIS ~ HHTEpIIpPETallMd  pe3yJIbTaToB
TCHOTUIIMPOBaHMUS  sIBIsieTcss  Touck B Oase  jmanHeix  NCBI  GenBank
(https://www.ncbi.nlm.nih.gov/genbank/) u Barcode of Life Database (BOLD;
https://boldsystems.org). OnHako HCIOJIB30BaTh ATHU CEPBUCHI I HACHTH()UKALIIH
reHeTrueckol rpymmsl He Bceraa d¢¢extuHo. [lonp3oBarenn NCBI BLAST uacto
BBIHY’KJCHBI YUTaTh COOTBETCTBYIOUIYIO ITyONMKALUIO IJIsl YTOUHEHHS TeHETUYECKOU
JIMHUH, TOCKOJIBKY B 06a3e Genbank moryT ObITh yKka3aHbl ToJAbKO Buabl. BOLD, B cBOIO
ouepesib, MO3BOJISIET ONPEACISITh TeHETUIECKUE TPYIIIBI, OJTHAKO HICHTUPHUIIUPYET UX
kak BIN (Barcode Index Number), uro Takxe TpeOyeT OT MoJib30BaTeNsl 03HAKOMHTCS C
COOTBETCTBYIOIIEH MyONMKalue Asl TOro YTOObI COOTHECTH KaKOW IeHETHYECKOU
rpymre cootBeTcTByeT KOHKpeTHBIH BIN. Ilomumo storo, NCBI no3Bosnsier mpoBouTh
WACHTU(QHUKALIUIO TOJILKO HA OCHOBE YK€ OMyOJIMKOBAHHBIX MTOCIIEIOBATENILHOCTEH, YTO
YCIIOXKHSIET PYTHHHYIO paboty c HOBBIMH, HEOMyOJIMKOBaHHBIMH
MOCJIEe0BATENLHOCTSIMHU.

Takum 00pa3oM, B CBSI3M C BBINICTICPEUHCIICHHBIM, IIEIbI0 JaHHOW PaOOTHI SIBISIETCS
co3naHue yAoOHOro, BeO-mpuiioxkeHHs Uid 3(PQeKTUBHOrO ompeaeneHus] BUIOBOU
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MPUHAAICKHOCTH W/WIIK TeHETHYECKOH TnHUK amdumon o3epa baiikan myrem ananmza
Pe3yAbTaTOB TeHOTUITUPOBAHMSL.

Memoowr u aneopummur: Vicnonb3yemas B IpHWIOKEHUH 0a3a JaHHBIX OblIa CO3laHa C
IOMOILIBI  s3pIKa  IporpaMMmupoBaHusi Bash  Ha  ocHOoBe  cTaHIapTHBIX
¢uoreneTnaeckux MapkepoB (muroxpom-c-okcuaasza [ (COI) u 18S pPHK) ampunon
Baiikansckoro permona. baza maHHBIX ObmIa  chOpMHpOBaHA W3  HOBBIX
[I0CJIEI0BATEIHOCTEH, IOJIyYCHHBIX C IIOMOIIBIO CEKBEHHpOBHUS 1o CaHrepy u
JIOTIOJTHEHA MOCTIeI0BATEILHOCTIMU OCTYHBIMU B Genbank. BeG-mpuioxenue 66110
CO3/1aHO HA OCHOBE SI3bIKa MPOTPaMMHPOBaHUs R M ¢ MOMOIIBIO KITIOYEBHIX MaKETOB
Shiny [4], rBLAST [5], ggplot2 [6], mapview [7], leaflet [8].

Pe3zynomamui:  Bpulo  TpoBeEHO TEHOTUNHMPOBAHHME HEKOTOPBIX BHJOB pojJa
Eulimnogammarus u3 o3epa baiikan u peku AHrapa u npoaHaJH3UpOBaHa Ha HATMYHE
Pa3IMYHBIX TeHETUYECKUX TPYII BHYTPH KaXI0ro U3 BUIOB. Ha ocHOBE 3THX AaHHBIX
ObLTa co3ana 6a3a JaHHBIX, UCTIOIB3yeMas B mpuioxernn speCOldent.

CosznanHoe BeO-ipunoxenue speCOIdent pa3MerieHo Ha OJJHON CTPaHHUIIC U UMEET TPH
WHTEPaKTUBHBIC TAHEIH [Tl B3aUMOJIEHCTBUS ¢ monk3oBareneM: 1) [lanens mis BBoxa
M0CJIE0BATEILHOCTH U HACTPOWKH MapaMeTpoB uaeHTuukanuu. [lons3zosarens nmeer
BO3MOXKHOCTb CKOITUPOBATH IOCIIEIOBATEIILHOCTS B OKHO JJISl BBOJIa Kak B (opmare
fasta, Tak U B popMare HyKJICOTHUIAHOHN MMOCIIEAOBATEIBHOCTH 0€3 3aroyioBka. [lomumo
3TOr0, B MNPWIOKEHUH TPHCYTCTBYET BO3MOXHOCTb H3MEHATH IapaMeTphl
uaeHTH(UKANY, Takue Kak «e-value» (Mepa BEpOATHOCTH TOTO, YTO HaWJEHHOE
coBmnajieHue ciydaitno) u «% ID» (MpoIeHT HASHTUYHOCTH TOCIEA0BATEILHOCTEH). 2)
PesynpTaroM uAeHTH(QUKALUM SBISETCS BCIUIBIBAIOIIEE HHTEPAKTUBHOE OKHO, B
KoTopoMm conepxkutcs uHpopMmarus o Turme rera (COI wmm 18S pPHK), BumoBoit
NPUHAIICKHOCTH W TeHeTHueckod rpynme. [lomMrMo 3Toro, Ha BTOpPOM OKHE
otoOpaxkaeTcsi AMHAMHYECKH MaclITabupyemas, WHTEpPAaKTHBHAs KapTa apeaia BUAA
WIM TEHEeTHYECKOH TpyNIbl, MO3BOJAIOLIAS C BBICOKOH TOYHOCTBIO OIPEIEIHUTH
W3BECTHbIE MecTa uX oburtaHus. 3) Takke JOMOTHUTENBHBIM —PE3yJIbTaATOM
WACHTU(QHUKALNY SBISIETCS TaOMUIa W3 ISATH JIYYIIMX COBHAJCHHM, COZeprKamias
Ha3BaHME BU/A, HA3BAaHHUE €r0 FeHETUUECKON IPYIIIbl, HA3BaHUE TeHA, a TAK)KE IPOLICHT
uAeHTHYHOCTH. JlaHHas Tabnuia sIBIsSeTCS MHTEPaKTUBHOW M IMO3BOJISIET BHIBECTH HA
9KpaH TOJHBI CIHCOK TMapaMeTpoB HWJICHTU(GUKAIIMM W BbIpaBHHBAaHUE Ha
M0CJIe0BaTeNbHOCTD HHTEpeca. JononnutensHbiMu QyHKIusMu speCOldent siBnsiercs
BCTPOCHHAs] MHCTPYKLUS IO HMCHOJIB30BAHMIO M BO3MOXKHOCTH CKa4aTh IOJHYIO 0a3y
JaHHBIX B popmarte fasta.

IMomumo 3toro, ¢ momomisio BeO-npunoxenus speCOIdent ObUTH TpoOaHATHU3UPOBAHBI
nocnenoBatenbHocTr COl Heckompkux momynsiuii amduron Buga E. verrucosus uz
o3epa baiikan u peku AHrapa u onpeneneHbl UX FeHeTHYECKHE JINHHUH.

Buvigoowvi: beio cozgano BeO-npunokenue speCOldent ¢ 0a3oli naHHBIX W3
MOCJIeI0BAaTENIFHOCTEN CTaHAapTHBIX (roreHerndyeckux mapkepos COI u 18S pPHK
JUIA  ONpelesieHUsT BUIOBOW NPUHAIUIEKHOCTH, TEHETHYECKOW TIpyNIbl M apeana
amounon baiikanbckoro permoHa MyTeM aHaiH3a pe3yJbTaTOB T€HOTHITHPOBAHHS.
[Mpunoxenue speCOldent coueraer B cebe npenmymiectsa kak NCBI BLAST, tak u
BOLD, no3Bonss OBICTPO U C BBICOKOH TOYHOCTBIO HJIEHTU(UIHUPOBATH HE TOJBKO
BUJIOBYIO TPUHAJICKHOCTh, HO M TEHETUYECKYI0 TPYINy, Tapajule]bHO OTpakas
Mamrabupyemyto kapty apeana. [lomumo storo, speCOldent siBisiercs ruOKkoil u erko
aJanTHPYyEeMOH IPOrpaMMOi, KOTOPYIO MOXKHO OBICTPO HACTPOUTH Ha UCIOJIb30BaHHE
pasNuYHbIX 0a3 AaHHBIX C JIOOBIMM MapKepHBIMH IOCIeA0oBaTelbHOCTAME. [lanHOe
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NpuiIoKeHue OBIJIO CAeTaHo OOIIEeNOCTYIMHBIM M Pa3MEIIEHO Ha cepBepe HaydHO-
HCCIIEI0BATEIBCKOTO HHCTUTYTA Oouonoruu ury o aapecy
(http://bioinformatics.isu.ru:3838/speCOldent/). TlomMmumO 53TOro, HCXOOHBIA KO
speCOldent Op1  omybnmukoBaH Ha  BeO-cepBuce GitHub mo  agpecy
(https://github.com/MutinAndrei/Shiny-web-application-for-analyzing-genotyping-
results).

QuHancuposanue. VccmenoBanue OBIIO TPOBENEHO TPHU TOAJNEPKKE TpaHTa
MUHHCTEPCTBA HAyKU M Bbicuiero oopazoBanus Poccuu Ne FZZE-2024-0008.

Web application speCOldent for the analysis of genotyping
results for cryptic species of Baikal amphipods belonging to the
genus Eulimnogammarus

Mutin A.D.*, Saranchina A.E., Rzhechitskiy Y.A., Pomazkin V.K., Timofeyev M.A.,
Drozdova P.B.

Institute of Biology at Irkutsk State University, Irkutsk, Russia
* andreimutin97@gmail.com

Key words: Baikal; amphipods; molecular phylogenetics; speCOIdent; cytochrome c-oxidase (subunit I)

Motivation and Aim: Lake Baikal is one of the oldest lakes in the world, a remarkable
feature of which is the rich biodiversity of its fauna, including over 2500 species [1].
Amphipods are one of the most species-rich and important groups of Baikal
invertebrates. In Baikal, amphipods are represented by more than 350 morphological
species and subspecies, over 99 % of which are endemic, but the degree of cryptic
diversity remains unclear. Recent studies have shown that some of the most common
inhabitants of the littoral zone of the lake, Eulimnogammarus verrucosus (Gerstfeldt,
1858) and Eulimnogammarus vitatus (Dybowsky, 1874), comprise different genetic
lineages [2]. In addition, a reproductive barrier between two genetic lineages of
E. verrucosus has been found, and there is more to learn [3]. The presence of cryptic
diversity shows that to effectively study amphipod species diversity, it is necessary, in
addition to analyzing morphological differences, to study differences at the genetic level
by genotyping, which is usually performed using Sanger sequencing. Popular tools for
interpreting genotyping results are search engines of the NCBI GenBank
(https://www.ncbi.nlm.nih.gov/genbank/) and the Barcode of Life (BOLD;
https://boldsystems.org) databases. However, using these services to identify a genetic
group is not always efficient. NCBI BLAST users often need to read the relevant
publication to clarify the genetic lineage, as the Genbank database may only list species.
BOLD, on the other hand, provides the identification of genetic groups, but identifies
them as BINs (Barcode Index Numbers), which also requires the user to consult the
relevant publication to determine which genetic group a particular BIN corresponds to.
In addition, NCBI only allows identification based on previously published sequences,
which makes routine work with new, unpublished sequences difficult.

In view of the aforementioned considerations, the objective of this study is to create a
user-friendly, web-based application for the efficient determination of the species and/or
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genetic lineage of amphipods of Lake Baikal by means of the analysis of genotyping
results.

Methods and Algorithms: The database utilized in this application was constructed using
the Bash programming language, based on standard phylogenetic markers (cytochrome
c-oxidase | (COI) and 18S rRNA) of amphipods from the Baikal region. The database
was constructed from newly generated sequences obtained through Sanger sequencing
and augmented with sequences available in GenBank. The web application was
developed using the R programming language and several key packages, including Shiny
[4], rBLAST [5], ggplot2 [6], mapview [7], and leaflet [8].

Results: Genotyping of some species of the genus Eulimnogammarus from Lake Baikal
and the Angara River was conducted and analyzed to identify the presence of different
genetic groups within each species. The resulting data were used to create a database,
which was subsequently incorporated into the speCOldent application.

The speCOldent web application is comprised of a single page and features three
interactive panels for user interaction: 1) a panel for entering the sequence and setting
the identification parameters. The user may input the sequence in either FASTA format
or nucleotide sequence format, without a header. Furthermore, the application enables
the user to modify identification parameters, such as the e-value (a measure of the
probability that the match is random) and the % ID (percentage of sequence identity). 2)
The identification result is presented in an interactive pop-up window, which provides
information about the type of the genetic marker (COI or 18S rRNA), species affiliation,
and genetic group. Additionally, a second window displays a scalable, interactive map
of the known records for the species or genetic group, allowing for precise identification
of its range. Additionally, the identification process yields a table of the top five matches,
which includes the species name, the name of the genetic group, gene name, and identity
percentage. This table is interactive, allowing the user to view the full list of
identification parameters and alignment to the sequence of interest. SpeCOldent also
features a built-in instruction manual and the possibility to download the full database
in FASTA format.

Using the speCOldent web application, the COI sequences of several populations of
amphipod species E. verrucosus from Lake Baikal and the Angara River were analyzed
and their genetic lineages were determined.

Conclusion: A web application, speCOldent, was created with a database of sequences
of standard phylogenetic markers, COl and 18S rRNA. The application was used to
determine the species, genetic group, and range of amphipods in the Baikal region by
analyzing genotyping results. The speCOldent application integrates the strengths of
both NCBI BLAST and BOLD, enabling rapid and precise identification of species
affiliation and genetic group, while reflecting a user-friendly range map. Moreover,
speCOldent is a versatile and adaptable program that can be rapidly configured to utilize
disparate databases with any marker sequences. The application is now publicly
available and is hosted on the server of the Institute of Biology at Irkutsk State University
at http://bioinformatics.isu.ru:3838/speCOldent/. Furthermore, the source code of
speCOldent has been made publicly available on the GitHub web service at
(https://github.com/MutinAndrei/Shiny-web-application-for-analyzing-genotyping-
results).

Funding: The study was financially supported by grant Ministry of Science and Higher
Education of Russia No. FZZE-2024-0008.
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