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KUWAIT GENOME PROJECT

Egypt Divided / Pot’s Big Moment / Best of 2012 Kt

TIME

Want to Know
My Future?

Fahd Al-Mulla B.sc., M.B.ch.B., Ph.D. PCTM, FRCP

Professor of Molecular Pathology at Kuwait University

New genetic tests can point to risks—
but not always acure

Head of Functional Genomics at Dasman Diabetes center
Director of Genomic Medicine Center “GENATAK” “<hilua”
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Area:

Total:

Population:

Total:

Kuwaiti nationals:
Non-nationals :

www.genatak.com

17,820 sq km

3,442,945
1,102,485

2,340,460

(Public Authority of Civil Information, 2009 )

6-Governorates

One public many private Universities
Centralized specialized Free public Health

Service:

-Kuwait Cancer Control Center
-Kuwait Medical Genetics Center/maternity
-Private free Dasman Diabetes Center



Research and External funding
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http://kfas.org/index.html « Kuwait Foundation for the Advancement of
@ﬁu,ﬂ%ﬂﬁf, o e Sciences. Directed Dr. Adnan Shihab Eldin
/i uwait oun aion Home | Sitemap | Links | Careers | Contact Us | KF&S mail | euse
e [

@] Eror. Click for details

-1% of profit from local businesses
-Research, programs and educational-
based funding
« Kuwait institute for Scientific research
another source of research Funding
* Research funding dropped $30M-300k 2017

RESEARCH
pROPOSA LS November, 2013

KFAS announces its FIRST CALL
FOR RESEARCH PROPOSALS for

Now Cycle T (November 12th 2013 - [
Taniare 14th 2n14Y
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Research funding not a priority
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natllr e International weekly journal of science

* Nature 2006 issue on Islam and Science

o * Most Gulf sates spend 0.1-1% of GDP
e nber 2000 towards research and development

i . o=« Better trends now with Qatar 5% and

- Research Highlights -~ News and Views

> KAUAHEE GAIE Volume 444 Number 7115 pp1-122

publication

+ Current issue

+ Nature News

: ngaess ) %s{munica ions s : * .

ye— B = Saudi Arabia matching this and more

 web focuees - Correspondence mmcatlons . . )

o AND SCIENCE et  Kuwait-Bahrain-UAE-Oman remain on
s rmamnassondiny ~ Futures

o this week low spending side

4 Nlnwse Onaniale

OILRICH, SCIENCEPOOR

The wealthy Arab states offer scant support for science and technology.
Jim Giles finds out whether this indifference to research is likely to change.

hen Nature surveyed the pros-
pects for science in the Arab
world in 2002, our reporter
picked out three subjects in

which the region excelled'. One was, and still
is,important: desalination technologies to com-
bat water shortages. But the other two highlight
the region’s threadbare research record. Camel
reproduction and falconry research might
excite Arab sports enthusiasts, but they are
unlikely to set the scientific world on fire.

The monarchies of the Gulf are the richest
of all Muslim nations, but little of that wealth
is spent on research. Saudi Arabia, Qatar
and Kuwait spend about 0.2% of their gross
domestic product (GDP) on science — less
than one-tenth of the developed-country aver-
age of 2.3% and about a third of that spent by
less wealthv Tran. The oil monarchs have the




Research barriers
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Th@SClentISt  Very difficult research environment

MAGAZINE OF THE LIFE SCIENCES

News & Opinion _ The Nutshell Multimedia ~  Subjects «  Surveys gazine TR ° Delayed tenderS/ethical approvals etC

March 2011 » Critic At Large

Another Revolution Needed? Bill&v & « Pleaseread our cry for help in

Counting the many plagues that threaten research In the Middle East and

North Africa reglon thESCientiSt

By Fahd A-Mulla | March 1, 2011
Subscribe to RSS feed

Qorre: & M gue Buscns Pswmoe [Jreesos

EZEZez
= x

— http://www.the-
b ko st scientist.com/?articles.view/articleNo/29545
T /title/ Another-Revolution-Needed-/

3. Vitamin D on Trial

4, Suspected Effects of Vitamin

5. Immune Role in Brain
Disorder?

Current Issue



Rare allele avenue!
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This family cost Government +3 million KD

Genetic screening/ prediction costs only few

thousands

* Enormous time depth of human
habitation (second only to sub-Saharan Africa)

* 50-70% Consanguineous marriages

* Source of major genetic discoveries
* Autozygosity mapping
* Linkage analysis

* Clusters of familial disorders and cancers
* 50% of 50-years aged adults T2DM
* 30% of the population are obese

* Arabs are not represented in the HapMap,
1000 Genome project
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Genome Arabia
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Original Article

Journal of Human Genetics 59, 615-622 (November 2014) | doi:10.1038/jhg

The influence of admixture and consanguinity
on population genetic diversity in Middle East

Xiong Yang, Suzanne Al-Bustan, Qidi Feng, Wei Guo, Zhiming Ma, Makia
Marafie, Sindhu Jacob, Fahd Al-Mulla and Shuhua Xu

5
Mean Total Length of ROH > 5 and 10 * Considerable higher proportion

Mb in Kuwait and Orkney of ROH over 5 Mb was observed
in the Kuwaiti samples when
compared to the Orkney
population.

___,
B oo o

[ L.

=

* Over three times as many

Kuwaitis had at least one ROH >
*ﬁ 10 Mb in length than Orcadians.
F.-.'Ilﬂ-i-ﬁnum BOH leng1h 1hieshaild Ii.ﬁ:l:l

Mhean total kength of ROH |W2)
£ =

* Indicating recent inbreeding
loops in their pedigrees.

B Ceadian W Eyveait



Genome Arabia
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Kuwait
Bahrain
/' Qatar

* |In2012:

Set up Genome Arabia working group to
whole genome sequence 1000 normal
Arabs.

Grant funded by QNRF

2013-stopped??
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Gulf | Qatar

Qatar Genome launched

Project is road map for future treatment of personalized medicine

Bty Hahith Toumi, Bureau Chief

Published: 12:08 December 10, 2013 GULF = NEWS

EIME XK 10

MWanama; Shaikha Moza Bint Masser, the Chairperson of the non-profit Qatar
Foundation for Education, Science and Community Development has announced the
launch of the 'Clatar Genoms'.

"In Qatar, when we strived to build our all-inclusive culture of health, we transformed our
health centers into research and academic centers, which incorporate hands on
experience,” Shaikha Moza said.

"Ag aresult of the integration of scientific research and the clinical realities, | am
pleased to announce the project "Qatar Genome', a project that consists of a road
map for future treatment of personalized medicine,” she said as she opened the YWorld
Innowation Summit for Health (WISH) in the Qatari capital Doha on Tuesday.

www.genatak.com

Mapping the Qatari genome to prevent inherited diseases

January, 2014

A Weill Cornell Medical College
study that analyzed the DNA of
Qatar's native population has
discovered genetic variations that
could help doctors target
interventions to reduce the
prevalence of a variety of
debilitating hereditary disorders.

Researchers at WCMC-Q and
Weill Cornell Medical College New
York (WCMC-NY), working with
colleagues from Cornell
University in Ithaca and Hamad
Medical Corporation, identified 37
genetic variants in 33 genes
known to play causal roles in a
total of 36 diseases, including
such devastating conditions as
cystic fibrosis, sickle cell anemia
and muscular dystrophy. The
study points the way to more

Dr. Ron Crystal, chairman of genetic medicine at WCMC-NY,
is leading a group of research projects investigating the
Qatari genome




Saudi Genome
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BB NEws Spo Weathe Capita Culture

NEWS HEALTH

Home UK Sfrica B8sia Europe Latin 8merica Mid-East U anada Business QEEENGE Sci
9 December 2013 Last updated at01:33 D=8
GMT

Hundred thousand genomes to be
mapped in Saudi Arabia

By Helen Briggs
BBC News

4
\ LIFE TECHNOLOGIES

Saudi Arabia is launching a national research project to study the genetic basis of disease in its
population

Up to 100,000 people in Saudi Arabia are to have their genetic

codes mapped in a new human genome project. Related Stories



Saudi Genome

Official journal of The European Society of Human Genetics

European Journal of Human Genetics (2017) 25, 176-182 EIHG @ e n

www.nature.com/ejhg

Clinical exome sequencing: results from 2819 samples
reflecting 1000 families

Daniel Trujillano*!1%, Aida M Bertoli-Avella®>'%, Krishna Kumar Kandaswamy'!%, Maximilian ER Weiss!,

Julia Koster!, Anett Marais!, Omid Paknia!, Rolf Schrider!, Jose Maria Garcia-Aznar!, Martin Werber!,

Oliver Brandau!, Maria Calvo del Castillo!, Caterina Baldi!, Karen Wessel!, Shivendra Kishore!,

Nahid Nahavandi', Wafaa Eyaid®?, Muhammad Talal Al Rifai>*, Ahmed Al-Rumayyan®%, Waleed Al-Twaijri>*,
Ali Alothaim®>, Amal Alhashem®, Nouriya Al-Sannaa’, Mohammed Al-Balwi**, Majid Alfadhel>>,

Arndt Rolfs"® and Rami Abou Jamra*!*®

We report our results of 1000 diagnostic WES cases based on 2819 sequenced samples from 54 countries with a wide
phenotypic spectrum. Clinical information given by the requesting physicians was translated to HPO terms. WES processes were
performed according to standardized settings. We identified the underlying pathogenic or likely pathogenic variants in 307
families (30.7%). In further 253 families (25.3%) a variant of unknown significance, possibly explaining the clinical symptoms
of the index patient was identified. WES enabled timely diagnosing of genetic diseases, validation of causality of specific genetic
disorders of PTPN23, KCTD3, SCN3A, PPOX, FRMPD4, and SCN1B, and setting dual diagnoses by detecting two causative
variants in distinct genes in the same patient. We observed a better diagnostic yield in consanguineous families, in severe and in
syndromic phenotypes. Our results suggest that WES has a better yield in patients that present with several symptoms, rather
than an isolated abnormality. We also validate the clinical benefit of WES as an effective diagnostic tool, particularly in
nonspecific or heterogeneous phenotypes. We recommend WES as a first-line diagnostic in all cases without a clear differential
diagnosis, to facilitate personal medical care.

European Journal of Human Genetics (2017) 25, 176-182; doi:10.1038/ejhg.2016.146; published online 16 November 2016
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Top-to-bottom model

www.genatak.com

* Kept knocking

* No major reaction from policymakers

* Unlike Qatar GP. We have no champion.

* Few doctors/specialists understood our GM initiative

* Doctors/specialists send-out
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GM and the private sector

www.genatak.com

* Bottom-to-top model

* Direct to customer model

* Deliver state-of the art services
* Limited bureaucracy




Kuwait Public and Private Genome Projects
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Genatak Counseling

Private Phenotyping
sector 1000 genomes 30x
400 rare diseases

KU

Breast Multiple
cancer Sclerosis

176 samples/families
Dasman
Diabetes
Institute

T1DM/T2DM 25,000 samples Biobank
MODY Plan f9r 10,000 -genomes
Functional studies



Bioinformatics/EHR made simple
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Body View:

Gene Overview:
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Data generation and databases

3-Tier Architecture

Client Tier

Logic Tier

Web
Framework

Variant 4 Chrom 4 Position * Consequence * Filter
v v v v
1:55512190C/T 1 55512190 c.400-6C>T PASS
<
e g

2 :555 555 ©.400-6C>

o, (‘@ 1 12192G/T 1 12102 400-6C>T FAIL
S,

@O 1:55509511 G/T 1 55509511 ©.400-6C>T FAIL
1:55505537C/T 1 55505537 p.Ser9Ser PASS

>

Annotation
splice region
splice acceptor
splice acceptor

synonymous.

Iy i
= Flags =

test
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Allele  ,  Allele
Count ¥ Number ¥

1

1

3

121374

121374

121374

23606

e Building online Kuwait genomics portal

IR TVt

NumberOf .  Allele i
Homozygotes ¥  Frequency ¥

0 0.082
0 0.082
119198 0.838
166 0.838



Kuwait Genome Project
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Inherited disease Inheritance mode  SNP ID Mutation KGP_MAF ExAC
MAF

21-hydroxylase Autosomal rse471 p. V282L 0.0056 0.01

deficiency recessive

Adenosinedeaminase 2 Autosomal rs73598374  p.D8N 0.087 0.13

allozyme recessive

Alport syndrome X-linked recessive rs104886192 p.M898V 0.0034 0.0003

Arrhythmogenic right Autosomal rs121912998 p.V3OM 0.0056 0.0031

ventricular dominant

cardiomyopathy type 8

Metachromatic Autosomal rs2071421 p.N352S 0.24 0.21

leukodystrophy recessive

Metachromatic Autosomal rs74315479  p.E384K 0.0028 0.000025

leukodystrophy recessive

Asphyxiating thoracic Autosomal rs138004478 p.G104R 0.0028 0.00009

dystrophy 2 recessive

Autoimmune Autosomal rs80358239  p.l1406L 0.0085 0.0049

lymphoproliferative dominant

syndrome type 2

Congenital ichthyosis 1 Autosomal rs41295338  p.S42Y 0.0056 0.004
recessive

Bartter syndrome Autosomal rs59172778 p.M338T 0.0056 0.008

antenatal type 2 recessive

Becker muscular X-linked recessive rs1800279 p.H2798R 0.051 0.026

dystrophy

Bethlem myopathy Autosomal rs117725825 p.P932L 0.0028 0.0029

dominant/recessive
Biotinidase deficiency = Autosomal rs35976361  p.1296V 0.011 0.004



Kuwait Genome project: Breast Cancer

Next-generation sequencing in familial

breast cancer patients from Lebanon

Nadine Jalkh', Eliane Chouery', Zahraa Haidar', Christina Khater”, David Atallah®, Hamad Ali**, Makia J. Marafie®,

Mohamed R. Al-Mulla’, Fahd Al-Mulla®®" and Andre Megarbane®”

Family 13

www.genatak.com

Gene Variation BIC database COSMIC Leiden Open Variation BRCA Exchange
Clinically Importance/ Database (LOVD)
Clinical Classification

BRCA1 c.G131T unknown/ Not found Affects function Not found
p.C44F pending
FOUNDER
c.A536G unknown/ Not found Does not affect function Benign
p.Y179C pending
c.C4327T yes/ Neutral Affects function Not found
p.R1443* class 5
c.A1067G unknown/ Pathogenic | Does not affect function Benign
p.Q356R pending
¢.5090_5093del | Not found Not found Not found Not found
GTTA
p.L1697fs

BRCAZ c.C65T unknown/pending Not found Effect unknown Not found
p.A22V
c.G223C unknown/ Not found Does not affect function Benign
p.A75P pending
c.658_659delGT | yes/ Not found Affects function Not found
p.V2200* class 5
c.C4061T unknown/ Neutral Does not affect function Benign
p.T1354M pending
c.G4258T no/ Neutral Does not affect function Benign
p.D1420Y pending
c.C5744T no/ Neutral Does not affect function Not found
p.T1915M class 1
c.G8775C unknown/ Not found Effect unknown Not found
p.Q2925H pending
c.Al114C no/ class 1 Neutral Not found Benign
p.N372H
c.C1151T no/ Not found Not found Benign
p.S384F pending

°
| e

BRCA1: p.CA4F

o

13/B36/Age 32-years
BRCA1: p.C44F
PALB2: p.G998E
SLX4: p.G141W
STK11: p.S404F



Discovery Loop
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Study Genome

Patents
Technology transfer

Spinoffs

Functional studies )
CRESPR

Cell biology D I Scove ry

Animal models

Discover

_O O p variations

Translational Medicine

Study protein

Proteomics




Lessons Learned
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Implementation of GM in the Kuwait public sector is challenging

Collaborations should be based on sincere partnerships

Significant opportunities for GM and discovery in the area



