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PE®EPAT

B nunnomHoit paboTe nipeacTapiieHo 62 cTpaHullbl, 14 pucyHkos, 1 Tabnuia, 33
VCTOYHMKA U | mpuiioKkeHue.

KitoueBbie cnoBa: cOopka reHoMOB de novo, cmexHbie Konturu, C++, OpenMP,
R, Repp, Bioconductor, LQ-koaddunuent, mokpertue, GC-comepranue.

COopka reHOMOB de novo SIBJISIETCS aKTyaldbHOW 3ajgauelt OMOMH(GOpPMAaTHKH,
0COOEHHO TpH paboTe ¢ KUBBIMU OpraHu3MamMu 6e3 pedepencHoro renoma. OauH U3
KJIFOYEBBIX JTAllOB — TIOMCK CMEXHBIX KOHTHTOB, (parmeHToB Mmoiekyn JJHK
MOTEHIIMAIBHO HAXOAIIUXCS PSAIOM B UCXOIHOM MOCIIEI0BAaTeNbHOCTH. JlJis peteHus
3a/ladyd TPeOyeTCs HMCIOJb30BAHKUE IMapasUICNbHBIX BBIYUCICHUM W WHTErpalus C
COBPEMEHHBIMU UHCTPYMEHTAMH aHAJIN3a.

[leas paboTel — pa3paboTka aNropuTMa IMOWCKAa CMEXKHBIX KOHTUIOB MPH
cOOpKe reHOMOB de novo ¢ MOAAEPKKON MYIBTUIIPOLECCOPHOCTH.

OOBEKT HUccea0BaHMs — MPOLECC MOUCKA CMEKHBIX KOHTHUTOB;

[Ipenmer wuccienoBaHUst — AITOPUTMBI W MPOTPAMMHBIE  CPE/CTBA,
ONTUMHU3HUPYIONINE TOMCK CMEXHBIX KOHTUTOB C MPUMEHEHHEM paclapajieIeHHbIX
BBIYHCIICHUMN.

B pabote mpoBeaéH 0030p METOAOB CEKBEHUPOBAHUS U AJITOPUTMOB COOPKHU,
PacCMOTpPEHBI CYIIECTBYIONINE UHCTPYMEHTHI, BKItouas Combinator-FQ. Paspaboran
Y TIPOTPAMHO Pean30BaH ONTHMHU3UPOBAHHBIN aTOPUTM ITOUCKA CMEXHBIX KOHTUTOB
Ha s3bIke mporpammupoBanHusi C++ ¢ mnpumenenuem Oubmuoreku OpenMP,
BKUTIOUaromuei 00padoTky FASTA-@daitnoB skcriepruMeHTAIbHBIX TaHHBIX TEHOMHOTO
cekBeHUpoBaHus, pacy€T MeTpuk (LQ-korddunuent, nokpeitue, GC-comepkanue) u
OKCIIOPT PE3yabTaroB. Bu3yanuzamusi W aHajau3 BBINOJHEHBI Ha s3bIke R C
UCIOJIb30BaHUeM OubmmoTeku ggplot2, peannzoBana BOZBMOXXHOCTD JIJIsl HHTETPAIUU C
OonouH(popMaTHUECKUMU HHCTPYMEHTaMH uepe3 Repp.

[IporpamMMHBIi KOMIUIEKC IPOTECTUPOBAH HA NaHHBIX E. coli n Bradyrhizobium
liaoningense. IlonmydyeHno yckopenue a0 30% 1O CpaBHEHHMIO C aHaJOroM, a
npuMenenue Oubnuorekn OpenMP mozBonuino goduthes mpupocra B 27% mpu 8
MOTOKAaX, MIPU WHIESHTUIHOW TOYHOCTH OMPEACICHHS CMEKHBIX KOHTHUTOB.

HoBuszHa paborsl — pa3paboTka aJropuTMa MOMCKAa CMEXKHBIX KOHTHTOB C
NOJIEPKKOM mapayenu3dMa W unterpauuer C++, R u Rcpp, yto obecnednBaer
pacuIMpeHHbIe BO3MO)XHOCTH aHanu3a u AHHOTALINU cOOpaHHBIX
ncosienoBarensbHocre monekyn JJHK.

[IpakTryeckass 3HAUMMOCTH 3aKJIIOYACTCS B TPUMEHUMOCTH KOMIUJIEKCA B
TeHOMHBIX W  METareHOMHBIX  HWCCJENIOBaHMAX, a TaKkke B  3aJadax
MePCOHAIM3UPOBAHHOMN MEIUIIMHBI. Kommnekc OTJIMYAETCSA BBICOKOM
IPOU3BOANTEIBHOCTBIO, MAaCIITAOMPYEMOCThIO M yAOOCTBOM, oOOserdasi IMpoiecc
MOWCKAa CMEXHBIX KOHTHUTOB M CHOCOOCTBYSI JajbHEHIIEMY pPa3BUTHIO TEHOMHBIX
HUCCIIENOBAaHUMN.



PODEPAT

VY neimiomHai pabotie mpajcrayineHa 62 crapoHnku, 14 mamronkay, 1 Tadmina, 33
KpBIHIIBI 1 1 gajarax.

KittouaBbls ciioBbl: 300pka reHomay de novo, cyceatist kautoiri, C++, OpenMP,
R, Repp, Bioconductor, LQ-ka3dinpient, makpsiie, GC-3meciina.

300pka reHoMay de novo 3’synseniia akTyaidbHal 3amadail Oi€iHdapmaTbIKi,
acabiiBa mpel pabolle 3 JKbIBBIMI apraHi3Mami, Ui SIKIX aJCyTHIYae ATAJIOHHBI
(padeprHCHBI) TeHOM. AM3IH 3 KIIOYaBBIX 3Tanay — TOLIYK CYCEIHIX KaHThIray,
dbparmenray wmanekyn JIHK, skis maraHmpiiiHa 3HaXoA3sMmma modad y 3bIXOMHAN
nacisgoyHaci. Jlnsg BeIpammHHSA TrITal 3agaubl  marpadyellia BBIKAPHICTAHHE
napaebHbIX BBUTIUAHHSY 1 IHTATPAIbIS 3 Cy4aCHBIMI aHAIITBIYHBIMI IHCTPYMEHTaM.

Mbta pabore — pacmpaloyka aiarapbiTMy IHOIIYKY CYCEOHIX KAaHTbIray MpbI
300p1Ibl TeHOMAY de novo 3 aATPbhIMKal mMaTIpalcapHaciii.

AOG’eKT acienaBaHHs — IPAIRC MOIIYKY CYyCe/IHIX KaHThITay.

[IpagmeTr nacnemaBaHHS — airapbITMbl 1 TparpamMHbiss  CPOJKi, IITO
anThIMI3YIOI[b TIONIYK CYCEAHIX KaHThIray 3 BBIKAPBICTAHHEM IMapasielIbHbIX
BBUTIUDHHSAY.

VY paboiie mpaBen3eHbl ariisg)l METajay CEKBEHaBaHHS 1 alrapbiTMay 300pKi,
pasriie/KaHbl ICHYIOUBIS IHCTPYMEHTHI, yKitodatoubl Combinator-FQ. PacnipariaBanbt
1 poaii3aBaHbl aNThIMI3aBaHbl AIrapbITM MOILIYKY CYCEIHIX KAaHThIray Ha MOBE
nparpamaBanHa C++ 3 BeikapbsicTanHeM 010misTaki OpenMP, siki Ykirouae anpanoyky
FASTA-daiinay 3 skcriepbIMEHTAIBHBIX JAJ3€HBIX TEHOMHAra CEKBEHaBaHHs, Pa3Jiik
MeTphik (LQ-kasdinpienT, makpsie, GC-3meciiiBa) 1 SKCnapT BeIHIKAY. Bizyanizaibis
1 aHaji3 BhIKaHAHbI HA MOBe R 3 BbIkapeicTaHHeM O010miATIKI ggplot2, pranizaBaHa
MargsIMacilb IHTATpalbli 3 01€iH(apMaTbIYHBIMI THCTpYMEHTaMi mpa3 Repp.

[IparpaMHbI KOMIUIEKC TpaTidcTaBaHbl Ha JMan3eHbiX E. coli 1 Bradyrhizobium
liaoningense. ATpbiMaHasi XyTKacIlb BbIKaHaHHS NaBsTiubliacs na 30% y napayHaHH1
3 aHajaram, a BhIKapbicTaHHe 010misToKi OpenMP na3Bomina gacsrHyib MPBIPOCTY
npagaykibiiHaci Ha 27% mpbl BRIKApBICTaHHI 8 marokay 0e3 cTparhl JakiiaaHacIll
BBI3HAYDHHS CYCEHIX KAaHTHITay.

Hagizna paborie — pacrparoyka airapbITMy TOIIYKY CYCEIHIX KaHThITay 3
najaTpeIMKai mapanenizmy 1 iHTIrpansisi C++, R 1 Repp, mro 3abscrieuBae
MalbIpadblsl MardbIMaciii JUIs aHai3y 1 aHaraibli cabpaHbIX MacisgoyHacIel
manekyn JJHK.

[IpakThIuHas 3HAYHACITH 3AKIIOYACIIIA ¥ MardbIMacIli MPLIMSHEHHS KOMILICKCY
¥ TeHOMHBIX 1 METareHOMHBIX JacjielaBaHHAX, a TakcaMa ¥ 3aj1a4ax repcaHaiizaBaHai
MeAbILbIHBL. KoMIIieke BhI3HAUaella BbICOKai MpaayKIIbIMHACIIIO, MalITabaBaHACIIO
1 3pydHaclio, WITO CHpalyae MpandCc MOIIYKYy CYCEAHIX KaHThIray 1 CHpblsie
JaneinamMy pa3Billiio TCHOMHBIX Jaciie/IaBaHHSTY.



STRUCTURAL ABSTRACT

The thesis comprises 62 pages, 14 figures, 1 table, 33 references, and 1 appendix.

Keywords: de novo genome assembly, adjacent contigs, C++, OpenMP, R, Recpp,
Bioconductor, LQ coefficient, coverage, GC content.

De novo genome assembly is a pressing task in bioinformatics, particularly when
working with living organisms lacking a reference genome. One of the key stages is
identifying adjacent contigs—fragments of DNA molecules that are potentially located
next to each other in the original sequence. Solving this task requires the use of parallel
computing and integration with modern analytical tools.

The goal of the work is to develop an algorithm for identifying adjacent contigs
in de novo genome assembly with multiprocessor support.

Object of the study: the process of finding adjacent contigs.

Subject of the study: algorithms and software tools that optimize adjacent contig
search using parallel computation.

The thesis provides an overview of sequencing methods and assembly
algorithms, and examines existing tools, including Combinator-FQ. An optimized
algorithm for identifying adjacent contigs was developed and implemented in C++
using the OpenMP library. It processes FASTA files from experimental genome
sequencing data, computes key metrics (LQ coefficient, coverage, GC content), and
exports results. Visualization and analysis were conducted in R using the ggplot2
library, and integration with bioinformatics tools was enabled through Rcpp.

The software was tested on data from E. coli and Bradyrhizobium liaoningense.
The solution achieved up to a 30% speedup compared to an existing tool, with OpenMP
yielding a 27% performance increase using 8 threads, while maintaining the same
accuracy in identifying adjacent contigs.

Novelty of the work: development of an algorithm for adjacent contig
identification with support for parallelism and integration of C++, R, and Rcpp,
providing extended capabilities for analysis and annotation of assembled DNA
sequences.

Practical significance: the system can be applied in genomic and metagenomic
research, as well as in personalized medicine. It is distinguished by high performance,
scalability, and user-friendliness, facilitating the search for adjacent contigs and
contributing to the advancement of genomic research.



