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«KA3AKCTAH PECITYB/IHKACHI
¥YJTTBIK FBLIIBIM

b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBa )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTtenbHbIH HOHT « XalbIK». 3aTOIBI CBOCH IEATEITHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IIPOCKTOB B 001ACTIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] W cnopta, POoHA BBLACITHI
Oonee 45 MIITHAP/IOB TEHTE.

Ocoboe BHuUManue brnarorBopurenbueli  poHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKas3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@oH1 BHOCUT CBOW MOCHJIBHBIA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbIM crmocoOCTBYSl pOCTY 4YHcCa JIIO#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIIOB B pa3MUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ORHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pazoBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6uzHec-uHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOpBIT
MOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJIBLHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX nered DoHn
HEOIHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHune B MextyHapoHoH mkoie «Mupacy»
u B Astana IT University, a Takke MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
yuactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CIIA. Atopckue
paboTsl B pamkax npoekTa « Tamimrepy, koropomy ®oHJ 0Ka3ail NOAACPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, YYEOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHUMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moMoOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIeIKeld u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOHM BKJaJ B MOBBIIICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyyIIMX MOKOJICHMH Ka3axcTaHieB. [Ipu mommepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoro «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTaJl peaju3yeMblii MPOEKT M0 OOYYECHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesied M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
rPaMOTHOCTH M IPEAIPHUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskaaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
BbaarorBopurenbHblii ®oHa «XaabIK»!



BAC PEJAKTOP:
MYTAHOB Faavpivkaiiplp MyTaHyibl, TeXHHKA FBUIBIMIAPBIHBIH TOKTOpHI, mpodeccop,
KP ¥T'A akamemuri, KP BfM F'K «AkmaparThiK )oHE €CENTey TEXHOIOTUSUIAphl HHCTHUTYTH» Oac
JPEKTOPBIHBIH M.a. (Anmarsl, Kasakcran), H-5

BAC PEJAKTOPIBIH OPBIHEACAPBI:
MAMBbBIPBAEB Opxen JKyMmaskaHYIbl, aK[naparThlK O>Kyielep MaMaH/ABIFBl OOHBIHIIA
¢unocodpust goxropsl (Ph.D), KP BFM Friibiv koMuTeTi « AKIapaTThIK )KOHE €CENTeYil TEXHOIOTUsIap
nHeTUTYTh PMK >KkayanTs! xatmibicsl (AnMarsl, Kazakcran), H=5

PEJAKIUA AJTKACHI:

KAJIMMOJIJAEB Makcar Hyponginyisl, ¢u3nka-mMareMaTnka FbUIBIMAAPBIHBIH JOKTOPEL,
npodeccop, KP ¥FA akanemuri (Anmarsl, Kazakcran), H=7

BAMT'YHYEKOB JKymaii JKana6aiiy.ibl, TeXHIKa FEUTBIMIAPBIHBIH JOKTOpPHI, Ipodeccop, KP
YFA akanemuri, KubepHerrka jkoHe aKnapaTThIK TEXHOJIOTHsIIap HHCTUTYTHI, CaTnaeB yHHBEpCUTe-
Tinig Komman6aisl MexaHHKa KoHE HHKeHepIik rpaduka kadenpacsl, (Anmarsl, Kasakcran), H=3

BOMYMK BajibaeMap, TeXHHKA FHUTBIMAAPBIHBIH TOKTOPbI ((u3nKa), JIFOOIHH TEXHOTOTHSITBIK
yHUBepcuTeTiHIH npodeccops! (JIroomun, [Tonbma), H=23

BOIIKAEB Kyanraii ABra3piyibl, Ph.D. TeoprsutbIk xoHe sIporbIK (r3nKka KadeapachIHbIH
noueHTi, on-Papadbu areiHaarsl Kasak yntTeIk yHuBepcureTi (Anmarsl, Kazakcran), H=10

QUEVEDO Hemando, npodeccop, Saponsik FeutbiMaap HHCTUTYTH (Mexuko, Mekcuka), H=28

KYCIIIOB Mapar A6:xaHyJIbl, H3HKa-MaTeMaTHKA FEUTBIMIAPBIHBIH JJOKTOPBI, TEOPUSIIBIK )KOHE
sAponbIK (hu3KKa KadenpachHbIH npodeccopsl, an-Mapadu  arsiHmarsl Kasak yiITTBIK yHUBEPCUTETL
(Anmarsl, Kazakcran), H=7

KOBAJIEB Anekcanap MuxaiiioBud, Gpusnka-MaTeMaTHKa FUTBIMIAPBIHBIH JOKTOPEI, YKpanHa
YFA akanemuri, Konnan6aiapl MmaTeMaTKa jkoHE MeXaHUKa MHCTUTYTH ([lonenk, Ykpanna), H=5

PAMA3AHOB Tinekka6pl1 Co0utyibl, (u3nKa-MareMaTHka FbUIBIMIAPBIHBIH JIOKTOPEL,
npodeccop, KP ¥FA akanemuri, on-®apabu areiHmarel Kazak YITTHIK YHUBEPCHUTETIHIH FHUIBIMH-
MHHOBAIMANBIK KbI3MET JKOHIHIET1 IpOpeKTopsl, (AnmMarsl, Kazakcran), H=26

TAKUBAEB Hypranu Kaéarayibl, pr3rnka-MaTeMaTHKa FhUTBIMIAPBIHBIH JOKTOPBI, podeccop,
KP ¥TA akanemuri, on-dapadu arsiHnars! Kazak yiTTeik yHuBepcuteti (Anmarel, Kasakcran), H=5

TUTUHSIHY Hon MuxaiinoBuy, Gpu3nka-MareMaTnka FbUIBIMAAPBIHBIH JOKTOPBI, aKaJeMHUK,
MomnnoBa FrutbM AkaJeMHsICBIHBIH Ipe3uaeHTi, MonjgoBa TexHHKalblK yHuBepcuteTi (Kummnes,
Monposa), H=42

XAPHUH CranuciaaB HukosaeBud, Gprsika-mMaTeMaTiKa FhUTBIMAAPBIHBIH JOKTOPEIL, podeccop,
KP ¥TFA akanemuri, Kazakcran-bpuran rexaukansik yausepcureti (Anmarsl, Kasakcran), H=10

JABJIETOB Ackap Ep0Oy1anoBud, ¢pu3nKa-MaTeMaTnKa FRUTBIMAAPBIHBIH JOKTOPHI, Ipodeccop,
an-MDapabu areiHgars! Kaszak ynTTeik yHEBepeHuTeTi (Anmarsl, Kasakcran), H=12

KAJIAHJPA IIsetpo, Ph.D (pusuka), HaHOKYpBUIBIMIIBI MaTepHAIIAPABI 3¢PTTEY HHCTUTY THIHBIH
npodeccopsr (Pum, Urtanms), H=26
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I[JIABHBIN PEJAKTOP:
MYTAHOB I'anmnvkanp MyTaHoBHY, JOKTOp TEXHHYECKHX HayK, podeccop, akagemuk HAH PK,
1.0. TeHepabHOTO aupekTopa «HeTHTyTa HHGOPMALMOHHBIX U BBIMUCIUTENbHBIX TexHONmoruiy KH MOH
PK (Anmarsl, Kasaxcran), H=5

3AMECTUTEJIb ITTABHOI'O PEJAKTOPA:
MAMBIPBAEB Oprken KymaxanoBu4, gokrop ¢unocopunr (PhD) 1o  crenvaabHOCTH
WuhopmanonHele  cucTeMbl, OTBeTCTBeHHBIN cekperaps PITI «/HcTHTyTa WH(DOPMAMOHHBIX H
BBIUHCIUTENTBHBIX TexHOmoruin» Komurera naykn MOH PK (Amvarsr, Kasaxcran), H=5

PEJAKIIMOHHASA KOJIJIEI'UA:

KAJIMMOJIJAEB Maxkcar HypagnioBu4, TokTop (DU3MKO-MaTeMaTHYeCKUX HayK, mpodeccop,
axanemnk HAH PK (Ammarsl, Kazaxcran), H=7

BANTYHYEKOB Kymamun Kana6aeBud, JOKTOp TEXHHUECKHX HAyK, MPodeccop, aKameMHK
HAH PK, MHCTUTYT KHOSPHETHUKN 1 MH(POPMALIMOHHBIX TEXHOIOTHI, Kadeapa MPUKIaJHON MEXaHUKU H
nHKeHepHoit rpaduky, YansepeuteT Carnaepa (Anmmvarel, Kazaxcran), H=3

BOMNYUK Banbiemap, JOKTOp TeXHHUECKMX HayK ((pu3.-Mar), mnpodeccop JI0GIMHCKOro
TEXHOJIOrM4eckoro ynusepcurera (JIroomn, [onbma), H=23

BOILKAEB Kyanraii ABrassieBud, 1okrop Ph.D, npernoiasaresib, 101eHT Kadeapbl TEOPETHISCKOIM
u simepHoi ¢pu3uku, Kazaxckuit HalMoHAIBHBIN yHIBEpCHTET UM. anb-Dapadu (Ammvarerl, Kazaxcran), H=10

QUEVEDO Hemando, npodeccop, HarmonansHbIii asroHOMHEIH yHEBepcnTeT Mekernk (UNAM),
WncrutyT sinepHbIx Hayk (Mexuko, Mekcrka), H=28

KYCYIIOB Mapar A@:kaHOBHY, JOKTOp (PU3MKO-MaTeMaTHYeCKUX HaykK, mpodeccop Kadempbl
TeopeTnueckor u simepHoi (usnky, Kazaxckuil HaMOHATBHBIN YHUBEPCUTET UM. anb-Dapabu (Anmarsl,
Kazaxcran), H=7

KOBAJIEB Anexcanap MuxaiiioBuy, T0KTOp (PH3HKO-MaTeMaTHIECKHUX Hayk, akagemMuk HAH
Yipaunsl, MHCTUTYT NpUKIaIHON MaTeMaTHKy 1 MexaHuku ([lonerk, Yipanna), H=5

PAMA3AHOB Taekkafyn Ca0uToBHY, JOKTOp (PHU3MKO-MATEMAaTHYECKHX HayK, mpodeccop,
akagemuk HAH PK, npopekrop no Hay4HO-UHHOBAlMOHHOU JeATeNbHOCTH, Ka3axckuii HallMOHAIbHBIN
yHHBepcuTeT nM. anb-Dapadu (Anmarel, Kasaxcran), H=26

TAKUBAEB Hyprain ’KabaraeBnd, TokTop (pU3MKO-MaTeMaTHUECKHX HayK, Tpodeccop, akaaeMuK
HAH PK, Kazaxckwuii HallmoHaIbHBIA yHHBEPCHTET UM. anb-Dapadu (Anmarst, Kazaxcran), H=5

TUTNHAHY Hon MuxaiinoBud, JIOKTOp (DH3HKO-MATEMATHUISCKHX HAyK, aKaJeMHK, TPEe3UICHT
Axanemnn Hayk Monosl, Texunuecknii yanepcurer Monoesl (Kummnes, Monyosa), H=42

XAPHUH CranuciaB HuxomaeBnd, 10KTOp (DU3HKO-MAaTeMaTHIECKUX HAyK, MPOQEccop, akaJeMUK
HAH PK, Kazaxcrancko-bpuranckuii Texandaeckuii yausepeutet (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpOynanoBud, ToKTop (pU3HKO-MareMaTHIecKnX Hayk, npodeccop, Kazaxckuit
HAaIMOHAIBHBINM yHUBepcHTeT UM. anb-Dapadu (Anmarel, Kasaxcran), H=12

KAJIAHPA IIberpo, noxtop ¢unocopun (Ph.D, dusuka), npodeccop MHCTHTYTA IO H3yUCHHIO
HAHOCTPYKTYPHPOBaHHBIX MaTepranoB (Pum, Utamis), H=26
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Abstract. In the realm of modern molecular biology and epidemiology,
where extensive genetic data undergoes intricate processing and analysis,
information technologies assume a pivotal role in both propelling and refining
the implementation of Multi-Locus Variable Number Tandem Repeat Analysis
(MLVA). Within this dynamic landscape, these technologies emerge as catalysts that
empower and elevate the MLVA methodology. The comparison of MLVA profiles
across diverse individuals or locales reveals the rthythmic patterns of transmission,
identifies sources of infection, and illuminates the path of pathogen propagation.
This knowledge serves as the bedrock for focused interventions, targeted control
strategies, and the preemptive containment of potential outbreaks. In the context
of outbreak detection and management, MLVA's use shines particularly bright.
The comparison of MLVA profiles across diverse individuals or locales reveals the
rhythmic patterns of transmission, identifies sources of infection, and illuminates
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the path of pathogen propagation. This knowledge serves as the bedrock for
focused interventions, targeted control strategies, and the preemptive containment
of potential outbreaks. In the endeavor to combat infectious diseases, Multi-Locus
Variable Number Tandem Repeat Analysis (MLVA), underpinned by the formidable
capabilities of information technologies, emerges as an indispensable instrument.
It not only elucidates the intricate dynamics governing pathogenic agents but also
furnishes the essential knowledge requisite for safeguarding public health. This
review article describes the significant importance of information technology’s role
in revealing outbreaks sources and epidemiological control as well as comparative
analysis of algorithms is conducted.
Keywords: Information systems, bioinformatics, MLVA, VNTR, algorithms
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AnHotanus. KeH ayKpIM/Ibl TeHETUKAJIBIK JIEPEKTEP KYpAEi OHJEY/eH KOHE
TaljaylnaH OTeTiH 3aMaHayd MOJICKYIAJbIK OHOJOTHS KOHE OSIUJISCMHOIOTHS
CaJIachIHJIa aKIIAPATTHIK TEXHOJIOTUSLIAP KOTI JIOKYCThI alHBIMAJIBI CAHAAP TaHASM/I1
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Kaiitanay TannayslH (MLVA) eHrizyi sIHTaTaHIbIpy/Ia XKOHE HAKThUIAY A STy
pen arkapanel. Ocbl TUHAMHKAIBIK JaHamadTra Oyn TexHojormsmmap MLVA
o/licTeMeCiH KYIIEHTETiH )KoHEe KOTEPETiH KaTaln3aTopiap peTiHe naimaa 6omasl.
OpTypii agamMaap Hemece KepritikTi skepiaepae MLVA npodunbaepin canbicTeIpy
OepinyliH BIPFaKTBl YITUIEPIH KepceTedi, WH(EKIUS KO3JepiH aHBIKTaIbl
JKOHE TIATOTCHHIH Tapayy >OJBIH JKapbIKTaHIbIpaabl. byn OimiM OarmapriaHraH
apanacynap, MakcaTTbl Oakpulay CTpaTerusulapbl JKOHE BIKTMMAN 1HACTTEPIiH
QNJIBIH ally YIIiH Heri3 O0omajsl. Aypynbl aHBIKTAy KOHE 0acKapy KOHTEKCTiHJEe
MLVA xonganysl epekilie >kapKblpaiiibl. 3aplan IIeKKeH aJaMaapliaH allbIHFaH
natoreHaik mrammaapasiH MLVA npodwunbaepin 0eiry apKbUTBI OiC KaJIbl
UHQEKIMS KO3AEpiH KoHE Kafjaiyiap apachlHIarbl OalaHpICTapAbl TE3 apana
aHBIKTaWBI. Bys enTimik Te3 kayamn Oepyre MyMKIHIIK Oeperi, OaKpLIayabl JKOHE
OaKpLIay/Ibl KEHUIACTE . OPTYPIl afaMaap Hemece Keprimkri xeprnepae MLVA
po(UIBICPIH CANBICTBIPY OCPLTYIIiH BIPFAKTHI YATIIEPiH KOpceTei, WHPEKIUs
KO3/epiH aHbIKTaW/bl OHE MAaTOTCHHIH Tapajly >KOJBIH >KapbIKTaHIAbIpaasl. by
OimiM OaFnapiaHfaH apanacyiap, MakcarThl OaKbulay CTpaTeTHsIapbl JKOHE
BIKTUMAJl 1HJASTTEPJiH ajIblH aiy YIIiH Heri3 Oonambl. JKyKmanmsl aypylapMeH
Kypecyze axKmaparThlK TEeXHOJOTHSUIAPABIH 30p MYMKIiHIIKTEpiHE HerisnenreH
Multi-Locus Variable Number Tandem Repeat Analysis (MLVA) Ttanteipmac
Kypaln petiHae maiina Oonmaapl. O MaroreHmiK areHTTepi O0acKapaThlH Kypreli
JMHAMHUKACHIH aIlIbIl KaHa KOMMAaii/ibl, COHBIMEH KaTap KOFaMIBIK JACHCAYJBIKTHI
caKray YIIiH KaXeTTi OUTIMMEH KaMTaMachl3 eTefli. byn momy makamackiHIa
IHAET OIIAKTApPbIH JKOHE SMHMICMUOJIOTHSIBIK OaKblIayAbl allyAarbl aKMapaTThIK
TEXHOJOTUSJIAp  POJNiHIH  MaHBI3ABUIBIFBl  CHUIATTAJIFaH, COHBIMEH Karap
ITOPUTMJIEPTe CAJIBICTBIPMAIIbI TAJIay KYPri3iireH.

Tyiiin ce3mep: AxnaparTelk >xyienep, Ounomngpopmaruka, MLVA, VNTR,
AJITOPUTMIIED

By orcymoicmol Kaszaxeman Pecnyonuxacol Binim dcone 2bLablm MUHUCIPIISTHIH
Fouoim komumemi 2023—-2025 oaceindapza apHaneau 2uliviMu  3epmmeyiepoi
bazoapnamansviy Kaporcvlianovipy aacvinoa, Ne AP19678041 («Tymac cenomovix
cekseHupneyoeei  MaHoeMOiK — Kaumaniayiapovl — uoeHmuuxayusniay  yulim
bazoapnamanevly Kammamacwvls emyoi 23ipney») codacvbiHblY  KONLOAYbIMEH
OMKIZINOI.
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AnHotrammusa. B cdepe coBpeMeHHOW MOJIEKYISIpHOM  OWomorMu U
SMHUAEMHOJIOTHH, TIe OOIIMPHBIE TeHETUYECKUE AaHHBIC MMOJBEPraloTCs CIOKHON
00paboTKe M aHamu3y, HHPOPMALIMOHHBIC TEXHOJIOTHH UIPAIOT KIIIOYEBYIO POJb
Kak B MPOJBMXCHUH, TaK U B COBEPLICHCTBOBAHWH BHEIPEHHUS MHOTOJOKYCHOTO
TaHJEMHOTO ITOBTOPHOTO aHanmm3a c mepeMeHHbiM uncioM (MLVA). B atom
JUHAMUYHOM JIaHAA(TEe O3TH TEXHOJOTHHM CTaHOBITCA —KaTalu3aTOpaMH,
KOTOpbIE PacIIMPSIOT BO3MOXXHOCTH M COBEPLICHCTBYIOT Meromosiornio MLVA.
Cpasuenue npoduieit MLVA y pa3HBIX JIIOEH WM MECT BBISIBIISICT PUTMHYECKUE
3aKOHOMEPHOCTHU MEPeIauu, ONpeAesieT HCTOYHUKH MH(PEKINHY U OCBEIAeT My TH
pacnpoCTpaHEeHHs MaTOTeHa. DTH 3HAHUS CIIy’KaT OCHOBOM I LI€JIE€HAIIPABICHHBIX
Mep, CTpaTeruii MPHULEIBHOTO KOHTPOJS M  YNPEKAAIOUIETO CACPKUBAHUS
MOTCHIUANBHBIX BCHBIINICK. B KOHTEKcTe BBISBICHHS U OOPHOBI CO BCIIBILIKAMU
ncnonb3oBanre MLVA niposiBiisieTcst 0cCOOSHHO sipKo. B 60oprOe ¢ HHPEKITMOHHBIMU
3a00JI€BaHUSIMA  HE3aMEHMMBIM HMHCTPYMEHTOM CTAHOBUTCSl MYJIBTHIIOKYCHBIN
aHaJIM3 TaHJEMHBIX TOBTOPOB C MepeMeHHbIM uncioM (MLVA), moakpernieHHbIi
OTPOMHBIMH BO3MOXKHOCTSIMH MH(OPMAIMOHHBIX TEXHOJIOTHH. OH HE TOJBKO
Pa3bsACHSET CIOKHYIO AMHAMHKY [TaTOTCHHBIX areéHTOB, HO TAaK)Ke MPEI0CTAaBIISIET
Ba)KHBIE 3HAHMSI, HEOOXOIUMBIE [UIS 3aIIUTHI OOLIECTBEHHOTO 30pOBbs. B manHoi
0030pHOH CTaThe OMUCHIBACTCS 3HAUMMOCTh POJIM MH(POPMALIMOHHBIX TEXHOIOTUI
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B BBISIBJICHUM MCTOYHHMKOB BCHBILICK M STHMIEMHOJIOTHYECKOM KOHTPOJIE, a TaKkKe
MIPOBOANTCS CPABHUTEIIBHBIN aHAIU3 aJITOPUTMOB.

KuaroueBbie cioBa: nHpoOpMaIOHHBIE CUCTeMbI, OnonH(popmarnka, MLVA,
VNTR, anropurmsl

Paboma evinornena npu noooepowcxe Komumema nayku Munucmepcmea
HayKu u evicuieco obpazoeanus Pecnyonuxu Kasaxcman 6 pamkax npozpammbl
Qunancuposanus Hayunvlx ucciedosanuii Ha 2023—2025 200vt, UPH npoexma
AP19678041 («Paspabomka npocpammnozo obecneuenuss Oas udeHmupurayuu
MAHOEMHBIX HOBMOPOE NPU NOTHOLEHOMHOM CEKEEHUPOBANULLY).

Introduction

In recent years, the field of molecular biology has witnessed tremendous
advancements in genotyping techniques, revolutionising our understanding of
microbial diversity and population dynamics (Messina et.al., 2018). Among these
techniques, Multi-Locus Variable Number Tandem Repeat Analysis (MLVA) has
emerged as a powerful tool for characterising and discriminating between strains
of various microorganisms. MLVA utilises the polymorphism observed in tandemly
repeated DNA sequences, known as variable number tandem repeats (VNTR) to
provide insights into the genetic variability and relatedness of microbial populations.

MLVA involves the amplification and subsequent analysis of multiple VNTR
loci, each of which comprises a variable number of repeated DNA motifs (Lindstedt,
2005). The number of repeats at each locus varies among strains, leading to distinct
patterns that can be used for strain typing and epidemiological investigations.
By comparing the MLVA profiles obtained from different isolates, researchers
can discern the relatedness between strains, identify clonal outbreaks, trace the
source of infections, and monitor the spread of pathogens within a population or
geographical region.

MLVA's significance spans a spectrum of vital contributions, including its role as
a discriminating force among closely linked microorganism strains. By delving into
the intricacies of variable number tandem repeats (VNTRs) within strain genomes,
MLVA crafts distinct profiles that segregate strains with precision.

This micro-level resolution unveils the genetic mosaic within populations and
meticulously traces the footprints of infectious agents' transmissions. Beyond
mere differentiation, MLVA significantly bolsters epidemiological investigations
(Li et.al., 2009). The comparison of MLVA profiles across diverse individuals or
locales reveals the rhythmic patterns of transmission, identifies sources of infection,
and illuminates the path of pathogen propagation. This knowledge serves as the
bedrock for focused interventions, targeted control strategies, and the preemptive
containment of potential outbreaks (Cheng et.al, 2015). In the context of outbreak
detection and management, MLVA's use shines particularly bright. By dissecting
MLVA profiles of pathogenic strains sampled from affected individuals, the technique
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promptly pinpoints common infection sources and links between cases. This agility
enables swift response, facilitating containment and control. Remarkably, MLVA
has played an instrumental role in deciphering outbreaks spanning a gamut of
infectious diseases, from foodborne ailments to nosocomial infections, Thus, in
the summer of 2018, a small dairy farm located in the eastern region of Austria
experienced an abnormal and advanced increase in the number of somatic cells in
milk (MSCC). As a result of the bacteriological examination, it became clear that
nine out of twenty lactating cows had at least a quarter infected with P. aeruginosa.
Results obtained in this study suggested that one single strain was responsible for
the whole outbreak. Complementing its dynamic roles, MLVA serves as a vigilant
sentinel through constant surveillance and monitoring of microbial populations.
Regular analyses of isolates from clinical samples, food sources, and environmental
reservoirs reveal the evolution of pathogens over time. This vigilance aids in
uncovering nascent strains, discerning evolutionary trajectories, and gauging
the effectiveness of control measures. Furthermore, MLVA's utility extends to
zoonotic diseases, elucidating transmission dynamics by identifying akin strains
in animal reservoirs and tracing links to human infections (Cumbassa, 2013). It's
also a cornerstone in foodborne outbreak investigations, identifying contamination
sources and catalysing effective interventions. MLVA's contributions encompass
strain discrimination, epidemiological insight, outbreak vigilance, surveillance,
and the scrutiny of zoonotic and culinary pathogens. A fusion of high-resolution
discrimination and transmission tracking, MLVA plays an indispensable role in
molecular biology and public health, bolstering our understanding of microbial
realms, advancing control strategies, and safeguarding public welfare.

Methods

As the main method, comparative analysis of various algorithms for VNTR
search was used when comparing types of algorithms that focused on finding
already known tandem repeats and discovering new tandem repeats using machine
learning methods.

MLVA analysis was implemented using the MLVA_finder script in which RAW
reads of Brucella abortus were used as input data.

Results

1.1 Process of MLVA analysis implementation

The process of MLVA typically involves three main steps: DNA extraction,
PCR amplification of VNTR loci (Figure 1), and fragment analysis. Initially, DNA
should be extracted from the target microorganism using established protocols,
after that the stage of assessing concentration and purity of the DNA. Subsequently,
PCR primers specifically need to be chosen, after performing PCR amplification,
the resulting amplicons are then subjected to fragment analysis, typically utilizing
capillary electrophoresis, to determine the size of the VNTR alleles present in each
sample. These sizes are subsequently used to construct MLVA profiles for each
isolate (Li et.al., 2009; Pourcel et.al., 2020).
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Tandem repeats

Non repeating code~l— repeats TLNon repeating code

Repeat sequences types
GACCTGCGGA ATGCTT

Variable Number
of Tandem Repeats (VNTR)

GACCTGCGGA | GACCTGCGGA | GACCTGCGGA | GACCTGCGGA

Repeat sequence length:
10-100 base pairs/repeat

Short Tandem Repeats (STR)
ATGCTTATGCTT|ATGCTT|ATGCTT|ATGCTT

Repeat sequence length:
2-9 base pairs/repeat

Fig. 1. The representation of tandem repeats

1.2 The MLVA analysis input and output data

The input data for MLVA analysis include such files and/or information as:

Sequences, including “fasta” sequences or raw data converted to fasta as well as
reference sequence in “fasta” format. Primers located near to repeat region together
with additional information including <locus name> <pattern size>bp <insert
size_in_reference genome>bp <corresponding allele coding convention>U
forward primer, reverse_primer (Table 1)

Table 1 — primers located near VNTR region

n/a | PrimerName Forward primer Reverse primer

Bruce23 9bp 51bp _lu | CGCCCTTGAGGGTGAGCGTGT | GGATATGGAATCAGAACACGC

Bruce24 8bp 108bp 8u | CATGGCCGCAGCGACCATATT | TGCTCCAGCGCGCGGGGAGGT
Bruce35_10bp 98bp_4u | GGCGCGGTGTTGGCGATCAGC | ACGGCAGCCATGCTGATGGGG

Bruce36_15bp 95bp_4u | GCCCGTCGCCAGTGTTGAAGT | CAATAGGGACAACGCATCGAA

BRI =

Once the MLVA analysis has finished, it will produce a “.csv” file which contain
information on numbers of VNTR repeats (Table 2)
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Table 2 — output of the MLVA analysis using MLVA_finder [10] and custom scripts

n/a Bruce23_ Bruce24 Bruce35 Bruce36 15bp
9bp_51bp_lu | 8bp 108bp 8u | 10bp 98bp 4u |95bp 4u
1 B-abortus-B0502
S44 3 7 4 19
2 | B-abortus-B0558
S38 4 6 4 19
3 | B-abortus-
Kaz-030_S2 4 6 4 19
4 | B-abortus-
Kaz-050 S6 3 6 5 19

As can be seen from the example of artificial data, it can be seen that primers
whose locus name is Bruce23 has highest discriminatory power, while Bruce36
loci has the lowest discriminatory power which means such data have no scientific
interest (Delgrange et.al., 2004; Benson, 1999).

1.3 Algorithms for identification of VNTR repeats

VNTRs are sequences where a short motif'is repeated in tandem, and the number
of repeats varies among individuals. For the last 2 decades, various algorithms have
been developed to detect these repeats in DNA sequences. Table 3 illustrates an
overview of some common algorithms used for VNTR identification (Table 3)

Table 3 — Algorithms for searching VNTR repeats

n/a

Algorithm
name

Description

STAR

Identifies all segments of the sequence that correspond to significant
approximate tandem repetitions of the motif. In our model, an Exact Tandem
Repeat (ETR) comes from the tandem duplication of the motif and an ATR
derives from an ETR by a series of point mutations.

TRF

RF is a widely used algorithm for detecting tandem repeats in DNA sequences.
It employs a heuristic approach to identify repeating patterns and can handle a
variety of repeat motifs. TRF has been extensively used in the field of genomics
and bioinformatics for detecting and characterising VNTRs.

T-REKS

T-REKS is an algorithm for de novo detection and alignment of repeats in
sequences based on K-mers algorithm. Minimal length of repeat arrays is 9 for
true homorepeats and 14 for other repeats with potential biological meaning.

RPWM

The novel RPWM algorithm, which uses a novel algorithm for constructing
multiple alignments based on the generation of random position weight
matrices, is developed and applied to detect TRs of 2 to 50 nucleotides long in
the rice genome, revealing that TRs occupied 5% of the genome and that most
of them were 2 and 3 bases long

TRhist

An algorithm specifically developed to detect and correctly annotate TR
expansions. Their identification of expanded TTTCA repeats within long
TTTTA repeats causing BAFME1 was also facilitated by long-read sequencing
technologies.
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6 | PTRStalker | PTRStalker is a new algorithm for ab-initio detection of fuzzy tandem repeats
in protein amino acid sequences.

7 |RepeatSeq |Determines genotypes for microsatellite repeats in high-throughput sequencing
data.

8 |STR-FM

Various algorithms have a number of advantages and drawbacks in relation to
each other.

For instance, STAR is a straightforward algorithm used for identifying simple
tandem repeats (STRs) in DNA sequences. It works by sliding a fixed-size window
across the sequence and searching for repeated patterns within that window.
When a repeated pattern is found, it is marked as a tandem repeat, however, the
algorithm is designed for basic repeat patterns and may not handle complex or
compound repeats efficiently. To overcome the issue of searching a limited number
of patterns, the other tools such RepeatSeq and STR-FM were developed. These
tools implement search of VNTR repeats using machine learning algorithms
such as linear regression or classification. Despite machine learning solutions
for identifying VNTR repeats becoming more popular for identifying new repeat
patterns, most VNTR analysis algorithms based on already known repeats remain
the main direction when it comes to outbreak tracking, that is why the algorithms
like RPWM play such an important role (Jorda et.al., 2009; Korotkov et.al., 2021;
Gall-Duncan et.al., 2022).

The comparative analysis between the RPWM (Reputation Weight Matrix)
algorithm and alternative methods for tandem repeat (TR) identification yielded
insightful revelations about their respective capabilities. Specifically, the study
unveiled that RPWM displayed a unique proficiency in discerning tandem repeats
characterised by elevated levels of nucleotide divergence (Pellegrini et.al., 2012;
Guilmatre et.al., 2013; Korotkov et.al., 2021).

The parameter "average number of base substitutions per nucleotide (x)"
denotes the extent of sequence variation or mutation present within a tandem repeat
sequence. Within this context, a higher value of x signifies a greater departure
from the original sequence due to various genetic changes. These alterations can
encompass mutations, insertions, deletions, or evolutionary shifts that reshape the
repeat motif while preserving the tandem arrangement (Bolognini et.al., 2020;
Kumar et.al., 2013).

The research findings illuminated RPWM's exceptional acumen in identifying
tandem repeats situated within the range of 1.5 to 3.2 for the average number of
base substitutions per nucleotide (x). Essentially, RPWM excelled in capturing
tandem repeats that underwent a moderate level of mutational transformation. This
remarkable capability allowed for nuanced modifications in the repeat motif while
preserving the essential tandem structure (Gao et.al., 2019).

Conversely, prevalent methods like T-REKS and TRF demonstrated limitations
in detecting divergent tandem repeats characterised by higher x values (>1.5). This
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implies that these methodologies might encounter challenges when accurately
pinpointing tandem repeats subjected to significant mutational adjustments,
consequently leading to a decreased sensitivity in recognizing such divergent
repeats (Gelfand, 2014).

The significance of these findings resides in RPWM's potential to expand
the horizons of tandem repeat discovery to sequences marked by evolutionary
divergence. Such implications are far-reaching, particularly in evolutionary
genomics, where the identification of more divergent tandem repeats enriches the
comprehension of genetic variability and evolutionary dynamics.

1.4 Tools for detecting VNTR repeats

These tools (Table 4) offer diverse algorithms and features tailored to cater to
various aspects of tandem repeat analysis. Here is the list of software solutions
dedicated to tandem repeat identification.

Table 4 — Tools for MLVA analysis

n/a | Tool name Description
1 |ReviSTER|ReviSTER (Revise Simple Tandem repeat Error Reads) is an automated
0.1.7 pipeline using a local mapping reference reconstruction method to revise

mismapped (mapped to incorrect position) or partially misaligned (mapped
to correct position but one of ends misaligned) reads at STR (Simple Tandem
Repeat) loci. It takes FASTQ-formatted files, a reference sequence file and a list
file containing STR locations as inputs and utilises BWA as an initial mapping
program.

2 | TRiCoLOR |a freely available tool for tandem repeat profiling using error-prone long
reads from third-generation sequencing technologies. The method can identify
repetitive regions in sequencing data without a prior knowledge of their motifs
or locations and resolve repeat multiplicity and period size in a haplotype-
specific manner.

3 | Phobos Phobos is a tandem repeat search tool for complete genomes. PHOBOS can
search for tandem repeats with a unit size of more than 5000 bp, which in the
STAMP modules implies that primers can also be designed for minisatellites
and tandem repeats with even longer units.

4 | Bionumerics | The BIONUMERICS software offers a fully automated workflow for multi-
locus VNTR analysis, starting from raw capillary sequencer chromatogram
files

5 | TideHunter | Uses a fast seed-and-chain algorithm to efficiently recognize the underlying
repeat pattern size, and then partition the original long-read into multiple
repeat units.

6 |MLVA finder | MLVA_finder.py is a python script designed to do Multi loci VNTR analysis
(VNTR stands for Variable Number of Tandem Repeats).

MLVA_finder.py performs an in-silico PCR to extract sequences of tandem
repeat from submitted fasta file(s)

and call VNTR alleles.

7 | VNTRseek VNTRseek is a targeted, efficient VNTR (Variable Number of Tandem
Repeats) detection software which can provide essential information on VNTR
occurrence and characteristics of minisatellites

8§ | RepWords RepWords detects tandem repeats in FASTA sequences.
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These software solutions collectively cater to the various needs of researchers
engaged in tandem repeat analysis. The choice of software depends on factors
such as the complexity of the genome, the specific type of tandem repeats being
investigated, the desired level of accuracy, and the ease of use. By utilising these
tools, researchers can unravel the intricate patterns of tandem repeats, shedding
light on the genomic tapestry and contributing to our understanding of genetic
diversity and evolution.

1.5 Sequences analysis equations (calculation and interpretation of the
Discriminatory Power)

Sequence analysis equations is an algorithm that is used for aligning the
sequences. Although it is not used as the main tool in MLVA analysis, the algorithm
is able to provide more information on gaps in sequences, sequence identity and
similarity when it comes to missing data(nucleotides) in sequence or checking the
direction of sequence.

The expression of Discriminatory Power (D), as initially demonstrated by
Hunter, finds its formulation in the context of Simpson's index of diversity (1):

1

D=1-—
J"l'l__;'\'_j.}

=2= x5 -1 )

Within this equation, D represents the discriminatory power index, N signifies
the count of unrelated strains subjected to testing, S denotes the variety of distinct
types identified, and xj corresponds to the number of strains belonging to the jth
type. It's important to note that the assumption is made that the strains are classified
into exclusive categories. In essence, a D value of 1.0 would denote a typing
method capable of distinctly classifying every member within a strain population
from all others. In contrast, an index of 0.0 would imply that all members of a strain
population share an identical type. Notably, an index of 0.50 signifies that if one
strain is randomly selected from a strain population, there exists a 50% likelihood
that the subsequent randomly selected strain would be indistinguishable from the
initial selection. Simpson's diversity index is applicable only to situations in which
all strains can be placed into mutually exclusive groups (Hunter et.al., 1989).

To improve the algorithm, a generalised version of the first algorithm was
proposed by Hunter (Doster, 2019):

D=1-

NN-1) 2?21 % @)

In the context of this mathematical formulation (4), "aj" is indicative of the
count of strains within the population that are non-distinguishable from the jth
strain. Here, "N" stands for the total number of strains within the population. Put
simply, this process involves sequentially comparing each individual strain with all
other strains present within the population. Through this comparison, the goal is to
ascertain the number of other strains that share an indistinguishable nature with the
jth strain, thereby yielding the value of "aj".
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The second equation is more effective when it comes to implementing statistical
and epidemiological Interpretation. Based on the MLVA results, researchers can
draw statistical and epidemiological conclusions. This might involve identifying
potential sources of infection, characterising transmission dynamics, and making
informed decisions for public health interventions.

Conclusion

While new approaches like machine learning are involved in detecting new
VNTR repeat patterns, it is important to improve already existing algorithms for
identifying known repeats in assemblies. As it can be seen from the comparative
analysis conducted in the article, each algorithm has its own range of application,
some algorithms are strictly focused on identifying long repeats while missing the
short ones.

Although there are a variety of tools and algorithms existing, still there is no
gold standard protocol for detection of such repeats in various organisms. It has
been revealed that most algorithms for detecting VNTR repeats are focused on
searching already known tandem repeats in pathogens. T-REKS is one of the most
successfully developed algorithms in terms of accurate detection of tandem repeats
from several nucleotides long to hundreds of nucleotides long.

An important aspect in searching such repeats is that most algorithms and
software created are working only with assemblies, meaning that some data could
be missed from the final analysis as in most cases genome assembly contains gaps
that may lack important information such repeats. Thus, creating an algorithm that
could work directly with raw data (sequences) is another direction that is able to
improve the quality of MLVA analysis.
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