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SUPERVISOR’S REVIEW

on the doctoral dissertation submitted by Nurlan Takenov on the topic “Study of
genotypes of the tuberculosis pathogen Mycobacterium tuberculosis in Kazakhstan”, for
the degree of Doctor of Philosophy (PhD) in the educational program 8D05104 — Genetics

The study of the genetic diversity and transmission dynamics of Mycobacterium tuberculosis
in Kazakhstan represents a highly relevant and strategically important area of contemporary
biomedical research. Tuberculosis remains a major public health challenge globally, and
particularly in regions with a high burden of drug-resistant forms. In this context, the
dissertation by Nurlan Takenov addresses a critical scientific and societal problem by
applying modern genomic approaches to better understand the epidemiology of tuberculosis
in the Republic of Kazakhstan.

The relevance of the research topic is determined by several key factors. First, there is an
urgent need for high-resolution molecular epidemiological data to support national
tuberculosis control programs. Second, the rapid spread of multidrug-resistant (MDR) and
extensively drug-resistant (XDR) tuberculosis necessitates advanced tools for timely
detection and surveillance. Third, despite the increasing global use of Whole Genome
Sequencing (WGS), comprehensive genomic studies of M. tuberculosis populations in
Central Asia remain limited. Therefore, the present work significantly contributes to filling this
knowledge gap and aligns with current international research priorities in infectious disease
genomics.

The scientific novelty of the dissertation lies in the comprehensive application of WGS-based
analysis to characterize the population structure of M. tuberculosis in Kazakhstan. The
candidate successfully implemented an advanced biocinformatic pipeline integrating widely
recognized tools such as TB-Profiler, MTBseq, and IQ-TREE 2. This approach enabled high-
resolution identification of phylogenetic lineages, with particular emphasis on the
predominance and diversity of Lineage 2 (Beijing) and Lineage 4 strains. Furthermore, the
study introduces an evidence-based framework for transmission analysis through the
application of single nucleotide polymorphism (SNP) thresholds (5 and 12 SNPs), allowing
for robust identification of recent transmission clusters.

A notable innovative aspect of the work is the integration of genomic data with geospatial
and epidemiological parameters. The application of Mantel tests to assess the correlation
between genetic and geographic distances represents a novel contribution in the regional
context and provides valuable insights into the spatial dynamics of tuberculosis transmission.
In addition, the candidate systematically re-evaluated drug resistance profiles according to
the latest World Health Organization classifications (MDR, pre-XDR, and XDR), thereby
ensuring the clinical and epidemiological relevance of the findings.
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The practical significance of the research is substantial. The results obtained in this
dissertation provide an important scientific basis for improving tuberculosis surveillance and
control strategies in Kazakhstan. The identification of dominant transmission clusters and
high-risk lineages can inform targeted public health interventions. Moreover, the updated
genomic resistance profiling has direct implications for optimizing treatment regimens and
enhancing diagnostic accuracy. The developed analytical framework may also be adopted
by national reference laboratories and integrated into routine epidemiological monitoring
systems.

The dissertation is logically structured and demonstrates a high level of internal coherence. It
consists of an introduction, three main chapters, and a conclusion. The first chapter provides
a comprehensive and critical review of the current scientific literature, covering key concepts
in molecular epidemiology, genotyping methods, and tuberculosis transmission dynamics.
The second chapter describes the materials and methods in detail, including study design,
sample collection, laboratory procedures, and bicinformatic analyses. The third chapter
presents the results and discussion of the study, including phylogenetic analysis,
transmission clustering, resistance profiling, and the integration of clinical and demographic
data. The findings are clearly presented, systematically analyzed, and thoroughly discussed
in relation to existing literature.

Particular attention should be given to the personal contribution of the doctoral candidate.
Nurlan Takenov has demonstrated a high degree of scientific independence, methodological
competence, and analytical thinking. The candidate independently conducted the collection
and processing of clinical isolates, implemented complex bicinformatic analyses, and
performed statistical and epidemiological interpretations of the data. The integration of
diverse datasets, including genomic, clinical, and demographic information from 272
patients, reflects a strong interdisciplinary approach and a deep understanding of both
molecular biology and public health principles.

Based on the above, | consider that the dissertation entitled “Study of genotypes of the
tuberculosis pathogen Mycobacterium tuberculosis in Kazakhstan” meets all the
necessary requirements for PhD dissertations, and | recommend it for public defense. |
believe that Nurlan Takenov deserves to be awarded the degree of Doctor of Philosophy
(PhD).

E-mail: xuye
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PELIEH3UA HAYYHOIO PYKOBOAWUTENA
Ha OOKTOPCKYl aucceptauuio HypnaHa TakeHoBa Ha Temy «M3yueHwe reHoTMnos
so3byautens Tybepkynesa Mycobacterium tuberculosis B KasaxcraHe» Ha coOMCKaHue
cTenexu aoktopa punocoduu (PhD) no obpasosarensHon nporpamme 8005104 - MeneTuka
ViccnegoBaHne reHeTu4eckoro ;_JaaHooﬁpaénR N  AUHAMWUKK  nepepayn Mycobactéfium
tuberculosis B KasaxcrtaHe npeacrasnsieT cobow BecbMa aKkTyanbHyl W CTpaTerm4yeckn BaxHyio
oBnacTs CoBpeMeHHbix GuomeauuMHCKuX uccnepoeaHuin. TyBepkynes ocTaeTcs cepbesHon
npoBnemoit 06LLEeCTBEHHOro 34paBoOOXpaHeHUs BO BCeM Mvpe, 0CoDeHHO B peroHax ¢ BbICOKOW
PacMpPOCTPAHEHHOCTLIO NEKAPCTBEHHO-YCTONYMBbLIX ¢Gopm. B 3TOM KOHTEKCTE Aucceprauws
Hypnaxa TakeHOBa paccMaTpvBaeT KpUTUYECKYIO Hay4HYI0 1 CoLnanbHyo npobnemy, NPUMEHSAA
COBDEMEHHbBIE rEHOMHbIE NOAXOAbI ANA NyHLWero NoHUMaHWA 3nnaemuonoruu TyGepkynesa B
Pecnybnuke Kasaxcran.
AKTYanbHOCTb TEMbI UCCNEAOBaHNA ONPEAENSeTCH HECKONbKMMU KIoYeBbiMU akTopamu. Bo-
nepsbiX, CyWecCTByeT ocTpas  HeoOXOAMMOCTb B BbICOKOTOYHBIX — MOMEKYNSApHO-
3NMAEMNONOTMYECKUX [aHHbIX ANA  MNOAAEPXKM HaUWMOHanNbHbIX Nporpamm bopebel C
Tybepkynesom. Bo-sTopbiX, ObiCTpoe pacnpocTpaHeHune Ty6epkynesa C MHOXECTBEHHOW
neKkapcTBeHHOW ycTonumsocTblo (MJTY) 1 WMpOKon NeKkapCTBEHHOW YCTOMYMBOCTLIO Tpebyer
NPUMEHEHUA NEePeaOBbIX MHCTPYMEHTOB ANS CBOEBPEMEHHOrO BbISBMNEHUA W MOHWUTOPWUHIA. B-
TPETbUMX, HECMOTPs Ha  pacTywee rnobanbHOE  WCMONMb3oOBaHWE  MOMHOTEHOMHOro
CEKBEHWPOBAHUA, KOMMMEKCHble rEHOMHble WCCNEAoBaHWs  nonynsauui Mycobacterium
tuberculosis B LleHTpanbHOM A3UM OCTAOTCA OrpaHuyeHHbiMW. [103TOoMy HacToAllas pabora
BHOCUT 3HauuTeNnbHblA BKMag B BOCMOMHEHWEe 3Ttoro npobena B 3HAHUAX W COOTBETCTBYET
TEKYLM NPUOPUTETAM MEXAYHAPOAHbIX UCCreaoBaHuin B 0bNacTu reHoMUKU WHDEKLMOHHBIX
3aboneeaHun.
HayuHas HOBM3HA AWUCCEpTaLMK 3aKMOYaeTCA B KOMMNNEKCHOM NpUMEHEeHUN aHanusa Ha oCHoBe
MOMHOTEHOMHOrO  CEKBEHUPOBAHWA AN XapaKTepucTMKW  NONyNAUMOHHOW  CTPYKTYpbl
Mycobacterium tuberculosis B KasaxctaHe. Kawgupgat ycnewHo BHeApwn nepenosoin
BUoUHOPMATUYECKUIA KOHBEWEP, UHTErPUPYIOLLUMIA LIMPOKO U3BECTHbIE UHCTPYMEHTHI, Takie Kak
TB-Profiler, MTBseq u IQ-TREE 2. 3tor noaxog nossonun C BbICOKOWM TOYHOCTbH
uaeHTUuuMpoBaTh (OUNOreHETUYECKUE NUHWKM C O0CcoBbIM aKueHTOM Ha npeobnajaHue u
pasHoobpasue wrammor nuHun 2 (MekuH) u nuHum 4. Kpome TOro, B UCCNeQoBaHWA
NPeACTaBneHa OCHOBaHHARA Ha (haKTUYECKUX AaHHBbIX METOAWKA aHanu3a nepefayn uH@ekuwm c
MCNONb30BAHWEM MOPOrOBbLIX 3HAYEHWIA OAHOHYKNEOTUAHbIX nonumopgusmos (SNP) (5 u 12
SNP), 4To NO3BONSIET HALEXHO BbIABMATL HEAQABHNE KNacTepbl nepeaaqn nHeKkumu.
3aMeTHbIM WMHHOBALMOHHLIM acnekToM paboTbl ABMAETCA WMHTErpauus reHOMHbIX AaHHbIX C
rEONPOCTPAHCTBEHHLIMM W 3NUAEMUONIOTMHECKUMM NapameTpamu. NpumerHeHne TectoB ManTens
ANS  OUEHKM KOppensiuMm Mexgy TreHeTWMecKMMM W reorpadmyecknmin  paccToAHNAMU
npeacrasnseT coboi HOBbI BKNaa B PErMOHaNbHOM KOHTEKCTe W NpPedocTaBnsaeT LUEHHYIo
uHdopMaumIio O NPOCTPAHCTBEHHOW AMHaMWKe nepeaaqn Tybepkynesa. Kpome Toro, kaHauaar
npoBEn CUCTEMATUHYECKYld NepeoueHKy npoduneidl nekapcTBEHHOW —yCTOW4MBOCTM B
COOTBETCTBUM C NocneaHumn Knaccudukaumsammu BcemupHoi opraHusauum 3apaBoOXpaHeHus
(MDR, pre-XDR u XDR), yto obecneunsaeTr KNUHUYECKY 1 3NAeMUonormyeckyro sHa4MMocTb
NONy4YeHHbIX pe3ynbTaTos.
MpakThYeckas 3HAYMMOCTb WUCCNEAOBaHUs CyLIECTBEHHA. PeaynbTaThbl, Mony4YeHHsle B AaHHOW
AUCCEPTaUMM, OBGECNeuMBaloT BaXHYIO HAyYHYl0 OCHOBY ANA YMyuWeEHWs cTpaTteruid
ANUAEMUONOTMYECKOr0 Haasopa W KoHTponsa TybGepkynesa B KasaxcraHe. BbissneHue
AOMUHMPYIOLLMX KNACcTepoB Mepefadn U NUHUA BbICOKOro pUCKa MOXET cnocobeTeoBaTh
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LeneHanpaeneHHbIM Mepam B 00nacTy 0BLIECTBEHHOrO 3apaBooxpaHeHus. Kpome Toro,
0B6HOBNEHHOE FEHOMHOE NPOMUNNPOBAHWE PE3NCTEHTHOCTU WUMeeT npsimoe 3HadeHue AnA
ONTUMW3ALMM CXEM TEYEHWUss W MOBBILEHWA TOYHOCTW  AUArHOCTUKW. PaspaboTtaHHas
aHanWTUHeckas MeToauWka MOXeT ObiTb Takke MpuHATa HauuoHamnbHbIMAU pedepeHTHbIMM
nabopaTopusMM M MHTErpupoBaHa B PernameHTHble  CUCTEMB 3NMAEMMUONOMUHYECKOro
MOHWUTOPUHra.

[uccepTaumns UMEeT NOruyeckyto CTPYKTYpy W AEMOHCTPUPYET BbICOKWA YPOBEHb BHYTPEHHEN
cornacosaHHocT. OHa COCTOMT M3 BBEAEHUS, TPEX OCHOBHbIX rnas W saknioueHuns. Nepsas
rnapa COAEPKUT BCECTOPOHHWUIA U KpuTUHeckuia 0630p COBPEMEHHOW HayuHoW nutepatypsl,
oxBaTbiBAOWMWA  KNIOYEBble  KOHUenuun MOneKynspHo#  anugemvonornn,  MeToab
rEHOTUNVPOBaHUA M AWHAMUKY nepeaadn Tybepkynesa. Bropas rmasa noapobHO ONMUCHIBAET
maTtepuansl U MeTOAp!, BKKOYas NnaH UCCneaoBaHns, c6op 0bpasuos, nabopaTtopHbie METOAUKN
u 6uovHOopMaTUHecknd aHanus. TpeTbs rnaea npeacTasnaeT pesynbTaThl U obcyxaeHue
AcCreaoBaHusi,  BKMOYas  PUNOreHeTUYECKUn  aHanus, KnacTtepusauuio  nepeaauv,
NPOUNMPOBAHNE PEINCTEHTHOCTU M UHTErPaLNIo KIMHAYECKIX 1 AemMorpauyeckux AaHHbIX.
PesynbTaThl NpeAcTaBneHbl 4eTKo,  CUCTeMaThHecku npoaHanuavpoBaHbl ¥4 MoApobHO
06CYKAAKTCS B KOHTEKCTE CYLLECTBYIOLEN NUTEPATYpbI.

Ocofoe BHUMAHWE CneayeT YAenuTs NUYHOMY BKnajay AOKTOpaHTa. HypnaH TakeHOB nokasan
BbICOKYIO CTEMeHb Hay4HOW CaMOCTOATENBbHOCTY, METOAOMNOMMYECKYH0 KOMMETEHTHOCTE U
aHanuTUyeckoe MblneHne. Kangmaat caMoCTOATENbHO NpoBen cbop 1 06paboTKy KITMHUHECKNX
W30MSTOB, BbINOMHUN KOMMNEKCHLIA GUoMH(OopMaTYeckuii aHanus 1 nNposen CTaTUCTUYECKYIO U
3NUAEMUONONAYECKYI0 MHTEPNPETALMIO AaHHBIX. HTErpauuns pasHoobpasHbix HabopoB AaHHbIX,
BKMIOMAA FEHOMHYIO, KIMHUYECKYlD W Aemorpacduyeckyto vHGopMauMilo OT 272 NauyWeHToB,
OTpaXaeT CUMbHbIN MEXANCLMNANHAPHBIA NOAXOA 1 rnybokoe NoHUMaHue, Kak MONEKyNApHON
61Onoruy, Tak v NPUMHLMNOB 0BLWECTBEHHOMO 34PABOOXPAHEHNA.

Ha OCHOBAHWM BbILLEN3NOXEHHOTO S CYATAI0, YTO AUCCEPTaUUs MOA Ha3BaHUEM «N3yueHune
reHoTunos Bo3byautensa TybGepkynesa Mycobacterium tuberculosis B KasaxcTtaHe»
oTBeuyaeT BceM Heobxogumbim TpeboBaHMaM ANA 3alWUThl KaHauaaTcKkoW aucceprauuu, U
pekomeHaylo ee K nybnuyHoh 3awure. 9 cuumtato, 4to HypnaH TakeHOB 3acnyxueaet
NPUCBOEHUA CTEMNeHn AoKTopa cdunococun (PhD).
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