UNIVERSITY

NAZARBAYEV 3 eL0 BN AL LI ™ ‘f. Hﬁ IAZTAITHIT,
T NASHIM 8 30 Bl 55T L 5 & E g+
Sl D 30 F4ER &Y VRS Y LT THRET WA W2 &,

HonLsTXnET,

Genomic Research in Kazakhstan:
From Lab to Clinical practice

AinurR. Akilzhanova,

MD, PhD, DMSci, Professor

Laboratory of Genomic and Personalized Medicine,
Center for Life Sciences, National Laboratory Astana,
Nazarbayev University

akilzhanova@nu.edu kz

FAIE 2005 4Fic NASHIM 7'v1 275 ZC ST 2 8% iz
72 &, MY - D TEF OB CERIHE A Z T £ LT,
RIGRYE T, (TR, IRENR. EREd%. BB
ZNENOBER O IR 2 RS N, TS ORES
R EH O IFEIC OV TR LB TE,
NASHIM 1213 & THREH L TV,

¥z, COHFEEICH L LBY . HAR, FrcRElo EZEHH i
L 72dmbie 7 V =y 72 #il L, S EIEREMEZIZILD

aﬁaﬁ&mxémﬁézafeéibko

FIGD N %1 TSFRI] & v ) IR 23503 B 0, 1945 FRICHEC 5 2R S - RGO BRIV IR X o7z
DDE S el T T HET,

NASHIM 232 DB L TH 2 72 %ES L B IEF Y A nwd o Td, T, 30 FAFEBEDTL S
TEVET !

Hllll

SzARBAES iR, 77 2RO % ZEICHTES ¢ T E T,

s LR LDES e b AT RRA Ty TS A =TT I
AT —=BR=R, Effiley = ) 24T FIANT I I

Rl E DG L 7 ) L 2 RS L, §CIC KT & G
Liffse e —Z 385 L7,

REDANAF AT 4 ANT ) 17 ZADME I EFDIZE A
EFTRTCONFICHRZY T,

Z LT, WAERE, EEY., B, BIYELR EiICE0» T,
&7 ) AESIB X VIERLCWB C L R ERTE LT,

in genetics and suchas the of
the human genome, the human haplotype map, openaccess
databases, cheapevgenctyplng and chemlcalgenomwcshave
already b and i
research.

Recentrese




T 720 LABNIE AR 521X 0 L7228, BAECRATFEESH CREMFHETH., ST ITAFEHANWREN
T LR 2 T T,

NAZARBAYEV

UNIVERSITY

* The Evolution of Sequencing Cost  * The Evolution of the NGS-Based
and Throughput with Different Clinical Testing.
Sequencers.
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» Hotspot mutation panel
» Actionable gene panel
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Technological and scientific progress in the human genome sequencing field
allowed to carry out large scale and clinically significant analysis of genetic
variability at an affordable price.

Clinical value and promising results of research led to a vast increase of the
number of centers of genome medicine for improvingthe health of the public.
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Center for Life Sciences Center for Energy and
» Laboratory of Genomic and Personalized Advanced Materlals
Medicine Science
> Laboratory of Bioinformatics and Systems
Biology > Laboratory of Advanced Materials
» Laboratory of Epidemiology and Public Health and Systems for Energy Storage
% Labioratory:at Human Microbionie and > laboratory of Materials Processing
Longevity and Applied Physics )
% Laboratory of Translational Medicine and Life > Laioratory of Computational
5 3 Materials Science for Energy
sciences Technologies pes
GERT _ Application
> Laboratory of Bioengineering and Regenerative > Laboratory of Ativanced Solar
Medicine Energy Materials and Systems

» Laboratory of Biophotonics Imaging
» Laboratory of Biosensors and Bioinstruments
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* The understanding of genetic variation in the Kazakhstani population is a
challenge due to the lack of a high-quality Kazakh reference genome.

« Our projects will enrich the current data by producing a reference
genome database specific to Kazakhstan citizens and drive large scale
scientific discovery.

* There has been a remarkable progress of personalized medicine in the
scientific basis and clinical applications on cardiovascular diseases (CVDs)
after its introduction in the late 1990s.

« Cardiovascular disease remains one of the leading causes of death
worldwide, and therefore, it is a main focus of research and treatment.
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"~ Our main achievements Kazakhstani Reference
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Clinical genomics.
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Aim
to understand the relationship between genomics, disease and wellness in a way that is specific to

the Kazakhstani population.

Objectives and Expected results

* To create Kazakhstani reference genome database to assist in the heaith of the population.

*+ To equip scientists, physicians and other healthcare practitioners with high quaiity information
wiedge

* To enable advanced diagnosis and treatment options based on genomic data
* To deliver personalized and prevention programs tailored to an individuar's unique genetic
makeup.

« To build a capacity to employ large scale sequencing and massive data analysis
« To raise intellectual potential
« To introduce new technologies
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frameshiftdeletion 583 388 &5
Annotated with frameshiftinsertion 338 205 362
ANNOVAR: nonframeshift delotion 622 277 642
ENCODE gene nenframeshiftinsertion 32 91 326
Exonic nonsynonymous SNV 27,582 17,235 28508
stopgain 3n n7 13
WG -25 stoploss 4 a7 56
11 SynonymoUs SNV, 27,921 15433 28455
unknown 387 305 420
Intronic 139,467 2,863,847 2,904,811
Splicing 241 28 306
uTR2 53960 60,966 .50
TR 8552 A% 12260
UTRS.UTRI 8 6 101
Upstream;Dowmstresm 585 2743 3,025
upstream 3,857 51723 53,750
Odowmstream 5,07 69,146 69,271
Intergenic 3155 181857 188,050
RERNA_exonic 5,897 42,570 25,956
NCRNA_Intronic. 8137 80,351 843,869
NCRNA_splicii 2 29 265
nERA PeRNATR 4,000 49 5692
NCRNA_UT 04 38 L
NCRNA_UTRSNCANA_UTRS 7 7 s
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51440 known SNPs

33989 genotypes

1035 genes

291 medical conditions.
162 medicines.

Total genesrepresented 18827

1GSR: The International Genome Sample Resource
Providing ongoing support for the 1000 Genomes Project data
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1. Watch out for high fatin diet (PPARG)
2. Nosmoking (FASLG)
5 f

a:
, 36983267, ELAC2)
ration (ARMS2, HTRA1)
52943634, rs10757278, rs2383206)
k of type 2 dial bem(cmmu SLC30A8)
of male

" h
13, Lower isk of demantia and Alzheimer's disease (ceTp)
14. Dry earwax — likely Asian ance: stry (ABCC11)

15. Nobody odour (ABCC11)

16. Extra tasting ability (TAS1R3, TAS2R38)

17. May ba batter long-term memory (PRNP)

18. Advantage in memory and attention tasks (COMT)

IfE
risk (ITGAV, SYAYA)
9x increased risk (rs1333049)

increased risk for high blood pressure (ADD1)
estry - dark hair (SLC45A2)

Cvirus therapy (ITPA)
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the PCAanalysis of Kazakh individuals with several Central
Asians and other Eurasians in HGDP and Jorde genomic
projects to show position of the Kazakh samples in genetic
maps of human populations in Eurasia

Th frst and second pincipal componert main relc he
ity
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* Identified mitochondrial DNA
haplogroups for 61 sample

two main haplogroups H,D
from Wesl Europe and East
Asia and several smaller
haplogroups TCUANB,)
from other parts of Eurasia.

<« Identified ¥-chromosome
haplogroups for 32 samples:
the key haplogroups are
CO,GR from East Asia, West
Asia and West part of Eurasia

< Data analysis of mtDNA and Y
chromosome reflect the
historical, traditional factors
involved in the formation of
the gene pool of the Kazakh
population.

G U7 JESEm, R, 260

j‘o

NAZARBAYEV
UNIVERSITY

technologles -

itation of ,,Cardio-g P:

Genome size: 3.200,000,000 bp (3.2 billion bp)

I“ sequencing by NGS

One Design to cover the various clinical phenotypes

~ 1% of the genome encodes an extract (genes encoding a protein) = 30,000 genes

1-15 genes are usually sufficient forroutine diagnostic testing covering> 65% of cases
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HALOPLEX Cardiomyopathy (34 gene) and Arrythmia
Research Panels (21 gene)

1mq 0T ydroma

Arrythmogenic
right ventricular
cardiomyapathy

Hypertrophic cardiomyopathy

Designed cardiopanel 96 genes for targeted exome sequencing.
Haloplex technology , Agilent Technologies

mdromes Assoclated genes
KCNQ, KCNH2, SCNSA, KCNE1, KCNE2, ANK2, KCNI2, CACNALC, Cava, SONAB, AKAPS, KCNIS,
SNTAL

KNG, KCNH2, KENIZ

SCNSA, CACNB2, GPDIL. SCN1b, KCNES, SCN3b, CACNALS, MOGL, KCNES, KCND3, HCNA

KCNAS, KCNE2, KCNQL, NPPA, NUP1S5, LMINA, SCNSA, KCNJB, ABCCS, GIAS, KCNUZ

TR VRS RyR2. CASQZ KCNI2
Ventricular Tachycardia (CPVT)
MY P2, DSG2, DSC2, DSP, JUP, TMENA2, TGFBI, RYR2

LMINA, LDB3, TNNT2, PLN, MYH7, MYBPC3, SCNSA, DES, SGCD, CSRP3, TCAP, ACTC, TNNCI,
TNNIZ, TTR, (LK, EMD, CRYAB, BAG3, CHAM?, SGCE, DSP, TOM1, NEBL, DSG2, TIN, FYAS,
ABCC, TMPO, PSENL, PSEN2, ACTNZ, TAZ, VCL, ANKRDL, FKTN, LAMP2, NEXN, TEX20, OTNA,
MYPN, LAMA4, FHLZ, LAMA2, DMD, RBM20, SERCA2A, MYH®, CRYAB, BAG3, CHRM2, SGCB,
NEBL, DSG2

J Vv, TNNT2, TPM1, MYBPC3, TNNI3, PRKAG2, MYL3, TNNCI, MYL2, ACTC, LAMP, GLA,
Cava, TTR, FHL1, TTN, CSRP3, MYOZ2, MYHE, MYLK2, MVOS, LDB3, TCAP, VCL, ACTNZ, PLN,
JPH2, CRYAB, NDUFV2, GAA, CALR3, CTF1, NEXN.

[ VI, TNNI3, MYBPC3, TPML, TNNT2, TNNC, ACTC, MYL2, MYL3, TCAP, LMINA, DES, CSRP3,
TAZ,LOB3, MYOZ2, PLN, GLA
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Material and Methods

* DNAisolation

Design of study

« Library prep

* HaloPlex Target Enrichment System
Protocol (version D.5, May 2013, Agilent
Technologies, CA, US) using the standard
HaloPlex 96 indexing primer cassette.

* Qualitycheck - 2100 BioAnalyzer
(Agilent Technologies, CA, US)

CHD, n=23

mm DCM, n=32

iVT, n=40

+ Sequencing - HiSeq2000 platform using
2x150bp paired-end standard
sequencing conditions.
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+  Cardiac Gene panl including 96 genes was
designed to identify genctic predisposition
and differential diagnosis of  cardiac
rhythm disorders.

*In 92 patients with coronary heart disease
{CHD), dilated cardiomyopathy or idiopathic
ventricular tachycardia genetic profile and
variation In known cardiac risk genes were
studied using this panel.

*  Targeted sequencing and stepuise filtering
of the annotated variants identified a total
of 307 u in
up in 456 valants o the overal study
group. 168 HGMD mutations (65 unique)
were cbseeved in 37 genes.

* VT patients camy multiple rare mutations
d lly path
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Patient IDNe 239

Woman 23 years old, Kszakh.
The ansst of CPVT i 13 years old.

Ds: diopathic ventriealar arrhythmia: CPVT

Farmily history iz ncgative for syacope and SCD opizcdes.

entified by s history of syncope and the sppesrance of .
alymorphic vealticulas premature

§ by bidirections| ventricular tachycardia snd sreas of
Dolvwovp'm ventricular tachycardia,

Complaints of hoart attack, shortness of broath ca exertion, woakness and
fatigue.

Sha had palpitati
respiratory infecti

. comulsior:
syclonaphri

oz of #ainting, frequant
lic:

n adéition, all brathers and sisters No. 219 were
£t the age of 16, idiopathic heart ihythm disturbance was diagnosed, and in | tosted, showing 3 nogative result.
2009, KZHT was verified, During the subsequent period, she did not have
syncopsl attacks,
Akilzhanova A et al // PLOS One. 2014 Jun 30;9(6):€101050

zince childhocd. Both parents shaw no patholaglcal heart symptams.

NAZARBAYEV
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Polyphen-2: mas avazc A128827, 5 04631v .‘ ]

gé% 53
MutationTaster
mutation t sting
Mutation detected in exon 95 (c.A13892T;
p.D4631V) -
In-silico analysis using Mutationtaster
predicted a probability
score of 0.99999 for pathogenicity of the
variant.
www.mutationtaster.org/
NAZARBAYEV
UNIVERSITY
Results: Case 2 g
Patient, ID# 271
Male, 42 years old, Korean.
Idiopathic VT: le paroxysmal VT G
> =
Age at manifestation a of disease symptoms - 41, is ‘ @

Complants of monotanous pain and numbness of the left hand, not
associated vith physical stress, |

Holter ECG: fixed eplsodes of unstable ventriculsr tachycardia.
Laboratory tests showed hypercholesterolemia and E =
hypertiiglyceridemia.
A new mutation was discovered in exon 37 of the RYR2
EchoCG did not revesl any structural sbnormalities of the heart, gene. (c.G5428C, pvisiol)
The treadmill test is negative, exercise tolerance was high, and weekly | Option RYR, observed in patient number 271, was
for the last 1.5 yoars has bean exercising, inherited by one (ID No. 274) of the three sons of the
patient.

gery for hemia of the esophageal (2010).
gastritis, GERD, sclerotherapy for the thyroid gland.
Family history was negative for ARIA.

Former smokex AkilzhanovaA etal // PLoS One. 2014 Jun30,3(6}:2101055

In the mother (No. 356) of patient No. 271,
variant was not detected in exon37.

his genetic
Chronic erosiv &

PR 2 T
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Polyphen-2: s271:rvr2 c.c8

mutation t sting

MutationTaster: s271:rv
PVIBIC

ZCROIMERERH Y AT a—1T I AFEESTEE
DESAZE L ZBFOEHZHRELE T, 2OoEFIFe MY
T 7YV ZEREILTIC denovo BEBFD LNF LD, Z
D X5 RERII AR HH TR I N T o770,
HMENTH-EBbhET,

11

IZ X o CTFH
EHREZG|ZRILEZEW

T DJIRAEE I, Polyphen & MutationTaster

INTREEETH V. T IRRADEARE
IZEHRLTET,

b9 1 ooflRFMEN EEHHOARIRE FFo BT, [ U

BT, RYR2 ZFMERTOL 7 Y v 37T ICEEBEO2Y

F L7,

I/, BEOBRTIARCHFEILERELARO2D L7z, B
A vkl v IS0k, BEFIAICOWTIEREEMEIC L 3 E
WY T LT ZeREdoNnNE L,

FRERIBEEFH cIMHINTE Y iR T LR %
Flx#Z L7~ Z &% MutationTaster THRa L L 7=,
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+ Genome guided treatment approach in anti-thrombothic therapy for patients with
high sk of thrombosis and bleeding were implemented into practice of the National
Scientific Cardiac Surgery Center, Astana, Kazakhstan.

* August 2012 - first heart in Kazakhstan, LVAD i ons >100
August 2018 —implantation of a fully artificial heart into 60-year-old patient, who
was suffering terminal stage heart failure. A group of specialists from CARMAT, a
medtech company, and Airous created the one million euro (US$ 116 million)
artificial heart,

* 100 patlents with Imolanted left ventricular assist device (LVAD) operated at National
Sclentific Cardiac Surgery Center, Astana, Kazakhstan were included into study .

* Polymorphlsms In genes involved in the metabolism of antithrombotic drugs
(VKORC1, CYP2CY, GGCX, 1TGB3, CYPLF2, UGTIAY, PIGS1 etc] were genotyped.
According to the genotyping results optimal dose of Warfarin were calculated and
recommended.

Genetic screening for markers of sudden cardiac death in

patients with cardisc amhythmlas and personazed spproach for
treatment

the National Scientific Cardiac Surgery Center, Astana,

Kazakhstan.

Genetic counseling for patients

BAL. BIETMT ORER. ik
TVnEd,

WTCHZINT7 7Y veT A ) vOEHE

NAZARBAYEV
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[ *Esophageal cancer s the sixth common cancer in Kazakhstan, and usually not -
detected until it has progressed to an advanced incurable stage.
«Aim: To identify genetic basis of esophageal squamous cancer by performing ! S
whole human genome/exome and large scale RNA (transcriptome) sequencing
study.

# total RNA sequencing of Kazakhstani patients with Esophageal
cancer using HiSeq2000 lllumina was performed.

# genes involved in carcinogenesis of esophageal cancer - potential
targets for the development of diagnostic markers and cancer therapy

Prindpsl component anslysis

54 tissue samples were scquenced for complete transcriptome (27 normal =)
and 27 cancer samples) of 27 Kazakhstani patients with esophageal
squamous cell carcinoma (ESCC) using next-generation sequencing
technologies (lllumina HiSeq 2000).

1072 down-regulated and 1963 up-regulated genes were identified.
Functional analysis of up-regulated genes revealed the most significant
enrichment for genes encoding products in the category of “cell cycie”, . °
“DNA replication” and “lysosome”, W=
down-regulated genes In the category "metabolism of lipids and

lipoproteins, “aline, leucine and isoleucine degradation” and “propanoate
metabolisr".

Pea: Speceof 10samoles

Biologcel process network Biological sgnating

was, Akitzhanova

ovY. Omarc

Wroezikic L. MBS EHERZILRL TWET,
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Aim: Evaluate the role of exogenous and genetic factors in the
formation of susceptibility to TB infection, and the impact of
phenotypic and genotypic properties of Mycobacterium
tuberculosis on clinical course, outcome of the disease and the
development of the epidemic process of tuberculosis. e
| MO T8 disease inddence

Fr B
41

«The genetic risk factors for tuberculosis were studied
+10 SNP in 6 human genes
| showed  associative
development  of
participants.
These include the following polymorphisms of:
+Toll-like receptor gene 8 (TLR8) in the total group
+Tagl and Bsml vitamin D receptor gene and a gene
1F-y in women.

sgenes IF-y(A/ A)and TLR8 (G / A ) by ethnicity

were identified and
relationship  with  the
tuberculosis  in 1569 study

silfty 10 tybsreulosis in Kazakh
Salfinger M, Chan CK Mo &

10303
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Wb oo
com [N JBeiprg [unl  [rariem | S99 | > For the first time In Kszskhstan 20 whole genomes of M.cuberculosis with
»3 74 o o) different drug resistance profiles were sequenced using Roche GS FLX+

povessan |3 TG ee?| Pl
MOR E 7] o 43 001 # In MDR and XDR isolates MTB-06-003 and MTB-07-006
Susce pliole R L 09| A common genetic loci were found (genes PE_PGRS24,

PPE24, PPES, PE_PGRSSE), that were not observed In
MTB-07-002

MDR-06- XDR-07-006
» MDR TB prevail ameng
new casesof TB

> Among resistant forms of
TB Beijing family strains
prevailed as well
(especially,in MDR TB,
p=0.001)

> Proteins of this famlly of genes may play a role of
virulence factors and contribute to @ successful
infection. So, mutations specific to these two isolates
might be one of sdditional virulence factors that provide
an advantage to the isolates in the interaction with the

host and require further investigation.

» 45 and 33 unique genetic loci were found between
MIB-07.002 and MTB-06.003, also between MTB-07
002 and MTB.07.006, respectively.

SUSC-07-002

F 7z, MARAER IO U R 7 238 W EBF I3 2 Jriifess
LB T 27 LHA Fiahd . FAeb Dy 7 LT — ZERIRHE
Ho—>T7,

CO/HERHY 7 R & v OENLDIENE - v & — THRE X
NTWEd, Fle v &2—i3HH% 722 PO LIEBEHE. #HbhA
T.0fiE (LVAT) #4E, Hiffiett Carmat & Airbus & o HE[d]Ic
X 2B ANT DD BE~DBMCIER IcH & T,

F 72 Ui o @b 2 8 T2 DB T AL %
FAEZEHL, BEIAICHEL

7207 AREE I LD T 54 3 v 7 AR R IEEEIC
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TH B EEHA T, BH T T TITET LIRESHE L IREEIC
DETCHRAINTHA,

fA7- B 1TEED Total RNA > —F7 VA, 7 LY —T VA
%ﬁb\ [HHACE ). TDNAE®RL, TY) Y V' —24] DR LA

) —CTHRBET., RALEAT28ETE2RRAL, ColH
@%ﬁ%?%@&—fvF%%%iktfwi?@ﬁﬁ%:@

b3 AF7RAZVOERICE s TRKEGRAHLE 25T

WA OSE LY AT uY 2 s BfToTwE T, ik
CHEBLBEDY ) ARERICE RS T LT, mHE-RE
ROMHAFRZHEL CWE T,

ZLTC A Z7RZ Y THEBELTCOAREEEOLET ) Ly —
TV AR ET O, 2FEFERED I D 87%2 MDR IKET 3
TEEBHLICLE L,

i oOMEM O CiE, ERBERICRoTwE T,
WFZE I3 BE O ke rh o, B ALK L, &7/ LR 5 B4
B, MEVBEBL LT FETT,



e T y e saRS SARS-CoV-2 DiiifTid, Oxford Nanopore @ > — 7 v o fighfy
s — " A — _____ | FIHoRWHITT,

: FA7zH ik, [Midnight] 7'm b 2 VL, 205 v 4L
ADET ) LEN 2T L WERKEZRER T 720120

= Befii 2RI LTV 5,

Midnigst peotocal ONT (1200 bp amplicon seguencing]
wsing IS (156b}

oy completing

T T e 11 I L7254 vy MIFETR, 20 CRIIRGE &

‘ : wd NIRED 99% A F L 2T LA, BUFIEA L 2 0 k%
{roTwET,

Z LT, Zofy ) Aiili, ERAICHIFAEEZ GISAID 77 v F 74— L7 vy 7ua—FEh, avFvy

ANADET ) LT —ABPIDT —ER=AHFEEINT T T,
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# UNIVERSITY :hif@wg%iabi—ﬁ_
> Populational whole genome sequencing enhance understanding of genetic variation in the % E],\] éé 73 VANN Haﬁlj fj{ FEIC X D HYFET AR )\ D 1.»_. {K El,] :/EEE

Kazakhstani population
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— R AR L. KRB RREITE R A BE L £ 5
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SONRC b BIRAIAE 4 73k & L COTREME 2 B T £ 5,

s, A7) —=v 7 FEOKRRMOFHICZ 2 =7y b =T VAT 5 LR TEET, &7/ 4
V=T VAT, BRIV — Ly =T VY RRNT, =Ty b= v AT ORERE BEICHR T 2 2 Lk, B
A F 74 v b REEAEIC GO IR ICRIGE O RE 2 R LR B E LA L REN Y v ) v
ARETREHEZ A E T,

wZIC, 7/ MEFULEBREE, A F 4 v 7 r~T47
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Congratulationsto NASHIM s 30th Anniversary!

XNVAN R v H 5 NASHIM @ 30 FEIC BRI ZH L R F
ER

THEDH VAL S T nE L,
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Thank you for attengi



