Max-Planck-Institut fiir Menschheitsgeschichte

Max Planck Institute for the Science of Human History WAX-PLANCK.GESELLSGHAFT

Department of Archaeogenetics
Professor Dr. Johannes Krause
Director

Tel.: +49 (0) 3641 686-600

Fax: +49 (0) 3641 686-623
krause@shh.mpg.de

23.12,2021

Review of doctoral thesis

of Lyazzat Musralina Zenurainovna

"Paleogenetic analysis of pathogenic microorganisms in archaeological finds
from the territory of Kazakhstan "

The dissertation work of Mrs. Lyazzat Musralina Zenurainovna focuses on the molecular analysis
of ancient pathogens from archaeological specimens from prehistoric time periods in Central
Asia. Specifically, the work focuses on the molecular identification of ancient pathogens from
teeth and bones collected from skeletons. For her dissertation work Mrs. Musralina
Zenurainovna analysed more than 350 human specimens from the Bronze age to the 14th
centuries AD. Her dissertation consists of an extensive introduction to the subject of ancient DNA,
ancient pathogens, plague and Hepatitis B virus (HBV) in particular. In addition, there is an
extensive results and methods section from a total of 10 publications of which 3 are published in
international peer reviewed journals and 5 are conference abstracts. Of these publications, one
is published in the international journal Science and one is published in Science Advances another
one is currently in second round of review at the journal Nature and another one in the second
round of review at PNAS. Mrs. Musralina is a prominent co-author in all those publications
showing impressively her international network of collaboration partners.

In recent years, major advances in the research field of archaeogenetics have made it possible to
reconstruct from subfossil material not only for the first time the genomes of humans from the
past, but also the genomes of the pathogens that once afflicted them. This has allowed direct
conclusions to be drawn about the evolution of pathogens and microorganisms through time. In
this context, ancient pathogen genomics offers the possibility to reconstruct whole genomes of
millennia-old pathogens in order to better understand the evolution of pathogenicity and the
adaptation of pathogens to new hosts, e.g. humans. A number of molecular methods and
algorithms for the analysis of these ancient pathogens have been developed within the last 5
years. Mrs. Musralina has applied these techniques for her dissertation to learn more about the
evolution of the plague pathogen VY.pestis, the typhoid fever causing pathogen Salmonella
enterica Paratyphi C and the HBV pathogen, among others.
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Plague is considered one of the most infamous pathogens in human history. The bacterial
pathogen of plague, Yersinia pestis, has caused at least 3 major pandemics in history. Mrs.
Musralina dealt in her work with the origin of the second pandemic in Central Asia as well as with
an unknown disease caused by an early form of Y.pestis that is also called the Late Neolithic
Bronze Age (LNBA) plague. Mrs Musralina succeeded in reconstructing some of the youngest
genomes from the LNBA lineage from Central Asia, as well as other Late Neolithic and Bronze Age
Y.pestis genomes. Among other things, it could be shown that these LNBA pathogens lacked
genes necessary for flea transmission. These arose only later. That is, this form of plague probably
did not cause bubonic plague, but only a form of pneumonic plague that was probably
transmitted by droplet infection. The late occurrence of this LNBA lineage that is 3000 years after
the first appearance suggest local extinctions of the pathogen lineages occurred apparently again
and again. Through the 3000 years of evolution of this pathogen, only one lineage ever survived.
It can therefore be speculated on whether it might be a completely different disease that was
caused by this early Y.pestis pathogen.

Mrs. Musralina has found in a large number of commensal pathogens, such as Tanerella forsythia,
present in the human remains she studied. She also found pathogens such as Y.pestis and HBV in
more than a dozen specimens showing the prevalence of ancient disease in prehistoric Central
Asia.

Mrs. Musralina demonstrates an excellent and deep understanding of the molecular methods
used in the ancient DNA lab that are used to extract, enrich and sequence ancient DNA from
oones. She furthermore shows a good understanding of the phylogenetic analysis and
interpretation of the analysis results in the context of pathogen evolution.

In the overall impression it can be said that the work of Mrs. Musralina is scientifically very well
comprehensible and shows a very conscientious analytical work. The chapters are well written
and they impressively demonstrate that Mrs. Musralina works independently and autonomously.

In my opinion the thesis fulfills all requirements for obtaining a PhD degree. The thesis is ready
to be defended orally in front of a respective committee.

With my very best regards,

annes Krause
Director Max Planck Institute for Evolutionary Anthropology
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OT3bIB Ha AOKTOPCKYH AUCcepTauumio
MycpanuHo# J1a33aT 3eHypauHOBHbI

"ManeoreHeTMYeCKUn aHaNM3 NATOreHHbIX MMKPOOPraHU3MOB B
ApXeonorMyeckmx HaxogKax ¢ Tepputopumn Kasaxcrana"

AucceptaumonHas pabota r-xu JlazzaT MycpanumHbl 3eHypauHOBHLI NOCBALLEHA
MONEKYNAPHOMY aHaNU3y APEeBHUX NATOreHOB U3 apXeonornyeckux 0bpasLoB AOUCTOPUYECKUX
BpemeHHbIX nepnoaos B LleHTpanbHoM A3umn. B yacTHocTH, paboTa NocBAwWEeHa MONeKyNAapHOMI
NAEHTUGUKaUMM APeBHWUX NaTOreHoOB U3 3y60B U KOCTel, cobpaHHbIX CO cKeneTos. [ ceoeil
AuccepTauMoHHon pabotel MycpanuHa 3eHypauHOBHa npoaHanusuposana 6onee 350
yenoseyecknx obpasuos ot 6poH30BOTO BeKa A0 14 Beka Haweit 3pbl. Ee auccepTaums cocTouT
M3 obwupHoro BBeAeHUA B Temy ApesHeit [IHK, ApeBHUX NaToreHos, Yymbl 1 BUpyca renatuTa B
| (HBV) B y4actHocTU. Kpome Toro, umeerca obBWMpPHbIA pasgen pe3ynbTaTtoB U MeToA0B,

BKIOYalOWMN B obuieit cnoxHoctM 10 nybaukaumii, M3 KoOTopbIX 3 Ony6AMKOBaHbI B
MeXAyHapOAHbIX peueH3npyembiX KypHanax, a 5 - Te3ucbl JOKNAfA0B Ha KoHpepeHumax. M3
3TUX nybauKauuii ogHa onybnuKoBaHa B MexayHapoAHOM }ypHane Science, oaHa - B Science
Advances, ewe ogHa HaxoMTCA Ha BTOPOM 3Tarne peLeH3upoBaHua B xypHane Nature v ewe
OAHa - Ha BTOPOM 3Tane peueH3uposaHua B PNAS. M-a MycpanuHa sABASETCA OCHOBHbIM
COaBTOPOM BO BCeX 3TUX NybOAMKAUMAX, Y4TO CBMAETENbCTBYET O ee MeAyHapoAHOoi ceTu
napTHepoOB NO COTPYAHUYECTBY.

B nocnegHue rogbl 3HauMTeNbHble AOCTUXKEHUA B 061acTU apXxeoreHeTUKU NO3BONMUAU
Bnepsbie PEKOHCTPYMPOBATb MO MWCKOMAaeMbIM MaTepuvanam He TONbKO TeHOMbI Aaen
NPOLWOro, HO U reHOMbI NAaTOreHOB, KOTOPbIE KOrAa-TO NOpParkanun Ux. ITo NO3BOAMNO CAeNaThb
npamble BbIBOAbI 06 3BONIOUMM NATOTEHOB WM MWKPOOPraHM3MOB BO BpeMeHW. B 3aTom
KOHTEKCTe reHOMMKA [APEeBHWX MaToOreHos [AaeT BO3MOMHOCTb PEKOHCTPYMpOBaTb Lenbie
reHOMbl NATOreHOB TbiCAYENETHEW JABHOCTM, YTOObI NyYlle NOHATb 3BONOLMIO NAaTOreHHOCTU U
afanTauuilo NaToreHoOB K HOBbIM XO3AeBaM, Hanpumep, K 4enoBeky. 3a nocnegHue 5 net 6bin
paspaboTaH pAg MONEKYNAPHbIX METOAOB M aNrOpuUTMOB ANA aHanM3a 3TUX APEBHUX
natoreHos. [-a MycpanuHa npumeHuna 3TM MeToabl B CBOe auccepTauun, ytobbl 6onblue
y3HaTb 06 3sontoummn Bo3byauTens yymel Y.pestis, Bo3byautena 6prowHoro Tuda Sa/monella
enterica, Paratyphi C v Bo3byanTens renatuta B, u apyrux.
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qYMa WS CambiX MNeyanbHO W3BECTHBIX NaToreHos B ucropum

4enoBe Wi 2038yanTens yymsl, Yersinia pestis, Bbi3san, no kpaiiHeil mepe,
3 Kpym - B cBoeil pabote r-ma Mycpaamsa paccmaTtpusaer
Npoucxe = LleHTpanbHOM A3nu, a Tasse mewssecTaos sabonesaHue,
BbI3BAHHO SESTS, KOTOPOE TaKKe Ha3biBAKT WMol MO3AHEro Heo/UTa M
6poH3os0r D27MHOW yaanoch PEKOHCTRYMDOE="s =“ex0TOpbIe U3 CaMbIX
MO0 AbIX ‘ w3 UeHTpanbHoi A3sum, 2 lﬁ ZoyTHe reHombl Y.pestis
no3aHero BSars sexa. Cpeln NpoYero, yaamocs moxa3aTb, YTO y 3tux LNBA
naToreHo! =20bxofMMble ANA Nepeszew Saox. OHU BO3HUKAN TONBKO
no3aHe: *. BEPOATHO, He Bbi3sisana SySo==0it YyyMbl, a TONbKO hopmy
neroy '_ 0, Nepe/jaBanace soamy @nensHbIM nyTem. MNosgHee
nosBsnes cnycta 3000 net nocee meseoro NOABAEHMA, NO3BOAAET
npeano; = BbIMUPAHUA A A NPOMCXOAMAM, no-
—u-ua 8bIXKM/1a TONbKO OAHa

NUHUA. SST0MI0XUTb, MOMET M =m0 SeTe COBEPLIEHHO Apyroe
3abones: SE2HO PaHHUM naTores: '
-3

Kak Tane

BUANMO! = 3000 neT 3BO/MOLMM =

z 6onblwoe KonuueT=o | ==C2N5HbIX NAaTOrTeHOB, TaKMUX
FUOLWMX B U3YUEHHBIX S9 e =cxMx OCTaHKax. OHa TaKxe
%2« Y.pestis  HBV & “=w necaTke 06pasuos, 4To

cBuaeTens WTIEHSHHOCTM  Apesss Bomescewi 8 AOUCTOPUYECKOM
LeHTpanek ‘

obHapy*m

M-wa STTwpyeT OT/IMYHOE M
MeTOoA0B,  #=SopaTopumu  ape
U3BNEYEHMUS _T=10BaTeNIbHOCTH Ap
LEeMOHCTPMU] 'aHne  ¢punore
pe3ynbTaTos
Mo obt

TOHMMaHUe MONEKYNAPHBIX
 WODTODBIe  NPUMEHAKTCA  ANA
w= =octeit. Kpome TOro, oHa

B=27M33 U UHTeprnpeTauuu
320/110UMM NaTore

T#HO CKa3aTb, YTO §
C Hay4yHOM DUPYET OYeHs &
[nasbl xopo EneyaTnsalwe a
paboTaeT cam WAHO.

AICDaNnMHON OYeHb NOHATHA
2 2HaNuTUYeckyro pabory.
=70 rocnoxa MycpanuHa

Mo moe TE.MA OTBeYyaeT BC
AoKkTopa dun
KOMMCCHEN.

477 NONYYEHUA CTeneHu

“=CTalUMA roTOBa K nepej, COOTBETCTBYIOLLEl

C Hauny:

(Modnuces)
MoxaHHec Kpaya

OvpexTtop UH S<TDONONOTUN UMES

Kahlaische StraBe 10
07745 Jena

s 0)3641 696-5

misEshh mpg. de
3641 686-99(0

weww shih mpg. de




 —— e

Pecny6mvka KaszaxcTaH, ropol AMaThL

JlBeHaaToE AHBAPs THICATH ABaIaTh BTOPOTO roja.

[lepeBoj JOKyMEHTa € ANTTAICKOTO S3bIKA HA PYCCKHH A3BIK BBIMOJIHEH TTEPEBOTIMKOM
PrickynoBo# AcHel Asar6exosnoii, HUH $10310400328, B ropoae ANMATEL PecnyOiuka
Kazaxctal

TToAMHCh: ﬁ %"Vﬁ"‘"{;‘ %*’ W’

PecnyGymka Kaszaxcras, ropoz AIMaThbl.

Jipenanuaroe sHBaps IBC THICSYH JBa/IIATh BTOPOro rola.
s, Kynycosa AsThbiHAil AckapoBHa, HOTapHyC T. AsmMarsl, jeiicTByronias Ha OCHOBAHHUM
muuensun  Ne 0003398 gp1aHHol  KOMHATETOM perHCTpauMOHHOﬁ cy kOBl M OKa3aHHA
MpaBoBOil MOMOLIH Munmuctepersa HOcTuinu PK or 28 wons 2011 1. CBHJETENLCTBYIO
[O/UTHHHOCTD TOANHCH. crieaHHOl M3BECTHBIM MHE TIepeBOIIHKOM PricKyTOBOHl AcHEH
Asar6eKkoBHOl. JIHHHOCTE. HOHCABIIEr0 JOKYMEHT YCTaHOBJICHA, jieecrnocoOHOCTL 1
[1OTHOMOYHS €r0 MpOBEPEHbL.
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