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SEQUENCE CAPTURE IN HETEROGENEOUS
MONOGENIC DISORDERS

Disease # (known)
Major Genes
Breast cancer 2
Recessive ataxias >20
Blindness >200

Mental retardation ~1000




CHALLENGES

» Sequencing of multiple genes in parallel for heterogeneous
hereditary disorders

« Multiplexing of samples for sequencing to increase
throughput and reduce costs

« Automated data-analysis, including

* Interpretation of potential pathogenicity of identified
variants



TECHGENE

e Is a network of 1SO15189 accredited clinical molecular

genetic laboratories and renowned genome research
laboratories

e Has been positioned as a technological innovation
platform connected with the EUGT Network of

Excellence dealing with Quality Standards in Clinical
(Laboratory) Genetics



TECHGENE - WHO ARE WE?
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PLATFORMS

COMPANY TECHNOLOGY | CURRENT CURRENT
READ THROUGHPUT
LENGTH

Roche/454 Sequencing by 300-500 bases 500 Mb/10h

(GS FLX Titanium)

synthesis

Illumina (Solexa) Sequencing by 35 bases 4.5-6.0 Gb/2 days
(Illumina Genome Analyzer | synthesis

System)

Life Technologies Sequencing by 50 bases 30 Gb/5 days

(SOLID3)

ligation




600 million 1), 1 million
map-able 50bp reads &= map-able 500bp reads
- 30Gb - 500Mb

| B .!ls




TECHGENE - HOW?
SEVERTH FRAMERORE Overview of Plan of Investigation

PROGRAMME

WP8 Management of TECHGENE

WP1 WP2 WP3 WP4
Hemoglobinopathies Sensory Disorders Ataxia & Paraplegia Mental Retardation
Breast Cancer 1 Major Gene & Multiple Equally Rare Mutations in
Few Genes with Multiplel| [ Multiple Minor Genes Important Genes Rare Genes
Mutations
Long PCR Enrichment Validation Array Enrichment Read-out & Data Anal.

WP5 WP6 WP7

Dissemination &
Training

Ethical Issues Economic Issues

- Next Generation Sequencing in Diagnostics



THE MAIN CHALLENGE:
INTERPRETATION!

® Step 1: Identify all potential genetic variation (SNPs,CNVSs)
® Step 2: Exclude false positives

Data of first whole genome sequencing results look

great but.....
0,1% FP = 6 million bp!
1 mutation may cause disease!

Asian Genome
Wang. Nature 2008

® Step 3: Link true genetic variants to phenotype



Whole genome sequencing is not
suitable for diagnostics yet



Enrichment Strategies Including
Sequence Capture



ENRICHMENT STRATEGIES

* Long range PCR

« Amplicon sequencing

* Array-based gene capture (e.g. Nimblegen)

* Gene capture in solution (e.g. Agilent SureSelect)

 Alternative approaches (e.g. Raindance)



ARRAY-BASED SEQUENCE CAPTURE

TARGET TARGET TARGET
REGION A REGION B REGION C
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. DNA preparation (adaptor ligation)
. Hybridization
. Stringent washing

. Elution & ligation mediated (LM)-PCR

O wWNPEF

. Sequencing




SEQUENCE CAPTURE WORKFLOW

® Select your targets

7 genes: e.g. Target Regiohs :
APTX. SYNE1. TDP1 I —> [argeted region

! ’ ’ Mimb1eGen Tiled Regions ] _
SACS, SETX, ATM, FXN NI B NN 0 — Tiled region, i.e.
* all exons & introns ATH b - 4 TR represented on the array
» 886kb

® Enrichment of 10 samples

® 8/10 samples carried known disease causing mutations
(10 mutation alleles) for AR ataxia (severe movement
disorder)

® Roche 454 GS FLX Titanium Sequencing (1/4 run each)
>65Mb map-able sequence



AVERAGE MAPPING DATA

Target bases covered

98.05%

Mean sequence depth in target regions 27 fold
Mean sequence depth in coding regions 31 fold
Mean sequence depth in non-coding 24 fold

regions

Target region bases not covered

1.95%




Sequencing reads
|

Array probes

ENRICHMENT WORKS !
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ENRICHMENT AND SEQUENCING
IS REPRODUCIBLE'!

Random target stretch of ~5kb

ohé: 152483000  152483s00|  1524B4on0|  iszaesson|  15zdesoon|  tszaessoo|  szaseoon|  tszasesoo|  1seas7ooo|  1szasvson|  1seameoon]  1szassool
syneT e ' [=
« Duplications of =1000 Bases of Mon-Repeathiasked Sequence [>[>
Fepeating Elements by Repeathviasker
SINE [ ||
LIMNE
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DA
Simple
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Per base coverage
of 5 samples

patient_3_chri - | I - .
1
patient_G_chri I. | .ll |
L 1 _




ARE THERE REGIONS NOT COVERED ?

Only two exons (exon 1 of FXN, and 2" coding exon of
SACS) are not covered at all, due to very high CG content
(~65%)



ALL MUTATIONS IDENTIFIED

Patient 1: ATN. c.del7875-7876insGC., homozygous Patient 2: SACS, c.12160C>
Sceie| 260 bases sorrosres] T o s Scaie swb —=somes P L
T-G-ATG-C—TT-AT - chras TG Gc-TT
ehr11 10770a000| T-g-aTe-c-TT-a chria: | zzs10000| shriz TG cc-1 .
sz ToEIAZEIccyT A = 77 _ READ 1 7o GEiT
T- G AG-CETT-AT % RE~D Oz TG Se-T
FIETATECEET EEaD o5 T celT
T_G-A-G-ccT REap o2 T gcty
Patient 1 T-G-m-G-ccT Patient 2 READ O5 T ge-T
ToC A—G-cew READ OF TG ge-T
FoG-a-c_ccT EaD 08 TG ceT
vogIalilecT FEas r SEiT
v_| T o_mGoCET el READ 10 T SeiT
T GIACE ccT READ 11 TG GeoT
ToETATECECT FEaD 12 T SeoT
rarger_reoion I F_G-A_G-CET target_region READ 13 T agciT
Lol ] T-G-A-G-CCTT el EAD 14 x GC-T
TIEIATEIEET T EERT
L n o e v s 2 nea_region I I a8
tiled_regio T-g-A-c-ccT tiled_regio I €c-1
ToGIAZEIceT T AEE-T
AT I i el T R sacs T £ECT
Fre_a—E-cev T SEIT
Exon no s3 FrEé-accocer Exon no T ge-T
Repeathasker TIETATEZEET Repeathiasker | b Gc-T
Patient 2: SACS, c.5998-6002del Patient 3: SETX, c.6831-6836del
Scale s ko =zsa00u: = Scale| 100 bases|——— FEvTEe—
s oL I chr TT-CTTTTAA-GTA - o ar TATTTCTTTTTAA- .
ehriz: | zzs10000| chras T TTTAA-GTAT rra: 1341 43s00]| TATTITCTTITTT a-
77 _ EAD o0 T ZETaT] - E- TATTTGTTTTTAAS
REan o T ZeTyat] Ta : aas
READ O3 T ZETaT = TATTren———— aal
o ¥ I TATTTGTTTTTA- -
Patient 2 oA o LS —ETAT Pattarnt 3| TATTTe———— Py enar of Bases - maes
READ 07 T —cvaT FATTT-_———_aa-
FEAD 0B T AETaT TAT¥Io-IIIC aac -
READ 05 T ZETaT TATTT Y
’ READ 10 T ZeTaT] T TATTTCTTITTTAAS
= READ 13 T ZeTaT — TATTTCTTIITTAAC =
READ 12 T ZEéraT Ry ety aal
rarget_recion I READ 13 T —erarT target_region TATTTCTTTITTAA o
= EAD 13 T ZEéraTl = TATTTETTTTTAAS TP o TN ety
READ 15 T ZeraT] TATTTGTITTTAA? ttumber of Bases - DEterence
vied_region I REMD e T -cTaT| tled_region TATTT - aa -
— EAD 17 T ZeTaT — FATFTooIoooC o= =
READ 18 T ZeéraT
cs REan 1 T ZeTaT] Sevhi o
b READ 2C T -GcTAT| ¥
Exon no READ 21 T ZeTaT Exon no .
Repeattdasker | READ 22 b —CTAT| Repeathiasker -
Patient 3: SETX., c 6017C>T Patient 4: FXN. c.264-1G>A
Scale 200 bases 134161170 Scale Z00 bases FoesTeTS | (PEErelemms s Setereras
AGGTGCA-_CACACGA - CTCTGC-A-GETETC =
chea 134151500 AEsrecasacaton chra 7asseocal ghew,  EfSreroa-eorer
as ACETCEAT-AcCAtGCAl e READ & ETETGETA_GETETE .
ACETCEA I cACALCAl READ Oz CTETGC AZEETETE
ACCTCCA-CACACCA READ 03 CTETGc-A-GETETE
ACGTCCAT-ACACGA| Sent 4 READ OS5 CTCTGC-A-GCTCTC e SR
Eakians —CGTCGCA-CACACCGCA| Frmtian REaD 05 CTCTGC_A-_GCTCTEC remier or mas
ACETcca cacacca “p o7 cTErce AT CETCTC =
ACETCCA-CACACGA READ o& ETETGE-AaZETETE
ACoTCEAT-AcCAtCAl RE2D o5 crcTeciRAalETETe
1 AEGTCEAT Acatcal T .
ACCTCCAT-aAcacca
ACCTCCAT-ACACT
rarget_region [ ACETCCA SACRCOR rarget_region
erreg AGGT AT -ACACGA) Herirey
ACCTCCAT_ACACGCA
tled_region T tiled_region S
ACGTCCAT-ACACGA
ACETCCAT_AcCACCAl
SETH ACETCCA-cAacAacGA s
£ E— R s acatoa N _——
Exon no 1s aEETEEATCALAEE Exon no a
arracier I - ASEYECAT AcAcia Feseatvasker I _ —
Patient 5: AP 7TX, c.837C>T homozygous Patient 6: FXN, c.3G=T
e =g e | Py T B Scoie| 200 Banis T
= —AA—TT-CCAA--T GCAGCAT-GTGGACT
chrs:  sessasoo| ~pa-Troccan--x ) cnrs e p— oo sEaccaToepmoacy
az _ CARTIT = RERD 'S CERCEATT-TECAET
CAASTTTC-AA--T
CAAC¥Trc_aa--T =
CAATIITECAAICT
—— AAZ¥TTc_Aa__7| sent &
Patient AA-TTTC-aA--T Patient
SAATITTECAAIIT
Caal¥TTC AAs_T
CAASTTTE AAI-T -
1 CAAIITTEC ARl 1
- CAAZTTTCoAA- T =
- TTes T =
rarget_region [ = €= T target_region
- €z T .
vled_region I - 3= tiled_region
- b
APTx — — ] - < - Fxr —
300N Mo 7 E. - C - o N o 1
Repeathiasker e e - bl rrvsszerosrazrrrsrres: Repeathiasker I ||
Patient 7: ATN. c.5763-2A>T Patient 8 (carrier): ATM, c.8633T>G
Scale | oo bases < Scele| S0 Gases|———— Torrasaes =
enran ] 1o resssul chraz pam . enra: 1o rzssus] cnraa TerTe A Te
z3 _ cTT 18 _ READ ‘O1 TETTEC
Ean o2 crT N REan o cxycia -
READ 05 crT READ 03 TCI¥TCoA T
READ 02 cTT - READ 04 TE¥TC A T
Paticnt 7 REan On T Pationt & READ TE¥TE A ¥
READ 0o . o TEYTETA T
READ OF AccTT READ OF TCTTG A T
READ O& TETTT-AG-AccTT READ TETTE-a T
EAb 05 FTETTT_Ac_AaccTT . READ 05  TETTE A T
READ 10 TTCTTT-AG-ACCTT 1 READ 10 TETTC-A T
Eap 13 TTCTTT-_AG_AccTT = D11 TETTE A T
READ 12 TTCTTTToGoAccTT READ 12 TETTC A T
rarget_region [ rEAD 13 TICTITEEG-ACCTT target_region D 13 TETTC-A -T
— REAp 12  TTCTTTT_GoAccTT — READ 14 TETTE Aac T
READ 15 EIAEETT .
sled_region I tiled_region
AT L N AT
Exon no =) - Exon no
Repeathiasker ] = Repeathiasker

Hoischen et al., Human Mutation, 2010



CAN WE DETECT
PATHOGENIC MUTATIONS?

Point

Mutation
'

& T T TH G AC




PRIORITIZATION HIERARCHIES
FOR THE DISEASE CAUSING MUTATIONS

® Mutations that could give rise to premature protein
truncating mutations i.e. stop mutations, variants at
potential splice sites and exonic deletions/insertions
potentially resulting in frame shifts

® All exonic missense variants not known in doSNP
with at least 20% of variant reads. (This reduced the
number of variants to an average of 7 per sample)

® Ranking these variants based upon evolutionary
conservation of the affected nucleotide using
vertebrate PhyloP and PhastCons scores

- All known pathogenic mutations were ranked on the
top position



HOMOZYGOUS MUTATION IN THE ATM GENE | &

chri1: 107709500 107710000 107710500 107711000 107711500
=0

Patient 1

Target Regions

MHimbleSen Tiled Regions

FefZeq Genes

74— L . -

Exxaorn no =1 == == =
Repeatina Elements bw Repeathdasker

o] 2
chri1: 107 08000 1O77OSTE5]
I S S chrll CT -G -—-ATGoG - C-TT-—4AaTaA = urmber of Bases — Difference
— w71 contia CT-G-A-G-CCTT-ATA
W 1 ] RESD OL CT -G -G —CCTT —aTaA
I ] = i
e READ 02 CT-G-—-A-G-CCTT AT 1
————————  §x  ——  m | READ O3 CT -G-8 - G- CCTT -—AaTa
[ 7 5 READ O CT—-G-—A—-G—-CCTT—aTa o == =
I E— READ OS5 CT-G-A- G- CCTT-ATA I
[ _Em | READ O CTTGTA-—G-—CCTT —aTa -2 ]
7 =
I S READ OF CT-G-A - G- CCTT-ATA
I I READ OS5 CT—-G-—A-G—-CCTT-—ATA _=
_—_—_ READ O CT—G - — G- CCTT T ACGTACGTACGT ACGT.AC GT AC
I I READ 10 CT-G-A-—G-CCTT-ATA
— x| READ 11 CT-—G-—& - G- CCTT —aTa
] =
——y———— . READ 12 CT-—-G-A-— G- CCTT-—AaTaA
I — READ 13 CT-—G-—-A - G- CCTT-—ATA Murmibaer of Bases — FRead
I | ] REMAD 11 CT — G — — 5 —CCTT —a T o =
—————— | RE&AD 15 CT -G-8 - G- CCTT-—AaTaA ]
I I READ 15 CT—-G-—A-G—-CCTT-—ATA
[—————————————— |
Sy w4yl NMREAD a7 CT-G-&A-—G-CCTT-—AaTaA =
[ ] — READ 18 T —G—A— G- CCTT —AaTA
S R REMAD 19 CT — G- G- CCTT —aT A 2
I B READ 20 CTTG-—M - G- CCTT —AaTa
] READ 21 CT—-G-—A-G—-CCTT-—ATA
] =
———————— READ 22 CT -G -G —CCTT —aTaA o
] READ 23 CT —G—BA - G- CCTT —ATA ACCTACCTACEST ACCTACCT AC
e — READ 24 CT -G-8 G- CCTT AT
] RE&SD 25 CT -G-8 -G —-—CCTT -—-4aTA
[ — G- -G —CC -
] READ 25 CT-G-A-0G ':‘;TT AT A Mumber of Bases — Feference
. READ 27 CT-—G-—& - G- CCTT —aTa
) READ 28 CT -G —BA -G —CCTT —ATA 5
Target Begions READ 29 @ GT-G-A-G-CCTT-aATA
| (oD 30 cT-c-A-G-cCCTT-oATA _
" " " RE&AD 31 CT -G -—A-—GGCCTTTATA b
HMimbleSen Tiled Regions READ =2 GT—G—AfchETTfATA
I, <= S a-c-ccrroavtal | a1 |
o 4
AT A - ACSCTACCTACST ACCTAC GT Ac

B - TG—GC



MUTATION IDENTIFICATION AGAINSTA T e

BACKGROUND OF APPR. 800 HIGH
CONFIDENTIALITY (HC) DIFFERENCES

AT Patient: ¢.7875-7576 TG>GC (homozygous mutation ATM gene)

Roche Mapping software (HCdifferences) output:

* exclude variants outside coding regions
* exclude known SNPs (dbSNP)
* sort for conservation (phastCons & phyloP)

ref mutation

chromo variation |% amino [amino [coding [gene |phast

some start stop reference |mutation |reads reads variation|acid acid frame |name |Cons |phyloP
chrll 107,708,785 | 107,708,786 |TG GC 22 22 100|DA EP 1[ATM 1| 3.8459
chrl3 22,812,629 | 22,812,629 [T C 21 2 14|K R -2[SACS 1 1.7722
chré 152,735,877 | 152,735,877 |T C 12 6 S0|E E -1[SYNE1 1| 1.1568
chrld 63,491,288 | 63,491,288 [T A 28 3 11|Mm K 3|SYNE2 | 0.992| 4.4954
chré 152,699,834 | 152,699,835 |CT AC 15 9 60(K S -1[SYNEL | 0.992| 1.9699

—> Top 1 on the list is the known mutation!



HETEROZYGOUS MUTATION
IN THE SACS GENE

chrl3|51511729 | ref. ..

contiglo082
FP1USCLO4YFRSS
FP1U9CLOZIISRS
FPLUSCLOZIXKRO
FPLUSCLO4YZATL
FP1USCLO4XYESZ
FP1U9CLOZ2]7S3C
FPLUSCLO3RUE3N
FPLUSCLOZITHCD
FP1USCLO4YFS3C
FP1USCLOZ I ZHNY
FP1USCLOZILXER
FPLUSCLOZIGHLE
FPLUSCLO4YZEFG
FP1USCLOAX] Ding
FP1USCLOZIBAYH
FPLUSCLO3Q4WPA
FPLUSCLO4YIMQQ
FP1USCLO3RKOU4
FP1USCLO3RR3TI
FPLUSCLOZKCWAC
FPLUSCLOZ I ZIndYY
FP1USCLOZIBRTG
FP1USCLOZI0R44
FPLUSCLO3PWYCT
FPLUSCLOZ INWSH
FPLUSCLO30B9YX
FP1USCLOAX1EGK
FP1USCLO3POOOS
FPLUSCLO4YTSOL
FPLUSCLO4YTFS2
FP1USCLO3RCLGU
FP1USCLO3QKSWL
FPLUSCLOZIZFFU
FPLUSCLO4XSFHU
FP1USCLO3Q6IFQ
FP1USCLO4YGP3L
FPLUSCLO3RMLHO
FP1USCLO3Q0AS3
FPLUSCLO3RIZUC
FP1USCLO4XESF2
FP1USCLO4YDSDS
FPLUSCLO4YGK X
FPLUSCLO4XSCYP
FP1USCLO4XSITQ
FP1USCLO3RIP1A
FPLUSCLO3QMRME
FPLUSCLO4YBX3G
FP1USCLOZIINLN
FP1USCLO3PZLAK
FP1USCLOZILIIT
FPLUSCLO4XTTIA

AB--CCAA-C-A-T-CT-CTT--[8
AB--CCAA-C-A-T-CT-CTT--

AN
Ab--C

A---CC
AB--CCAA-C-A-T
Ab--CCAA-C-A-T

AA--CCAA-C-A-T-CT-CTT-A
AA--CCAA-C-A-T-CT-CTT-4

TTTT-

AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AMG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

AA--CCAA-C-A-T-CT-CTT--[ETTT--AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT

AA--C-A--C-A-T-CT-CTT--
AA--CCAA-C-A-T-CT-CTT--

AAG-TA-TAGACT-C-ATCT--AGAA-—-TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

AB--CCAA-C-A-T-CT-CTT--[@TTTT-AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
Af-—CCAA-C-A-T-CT-CTT--[§TTTT-AAC-TA-TAGAGT-C-ATCT--AGAAA--TCTT
Af--CCAA-C-A-T-CT-CTT--[§TTTT-AAC-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AB--CCAA-C-A-T-CT-CTT--[{TTTT-AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

AB--CCAA-C-A-T-CT-CTTG-
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
A---CCAA-C-A=T-CT-CTT--
AB--CCA--C-A-T-CT-CTT--
Af--CCAA-C-A-T-CT-CTT--
Ab--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT-
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--

AA--CCAA-C-A-T-CT-CTT-A

Af--CCAA-C-A-T-CT-CTT--

AA--CCAAM-C-A-T-CT-CTT--

AB--CCAA-C-A-T-CT-CTTG-
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
Af--CCAA-C-A-T-CT-CTT-
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT--
Ab--CCAA-C-A-T-CT-CTT--
AB--CCAA-C-A-T-CT-CTT-A
Ab--CCAA-C-A-T-CT-CTT-AL

TTTT-

A-G-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT
A-G-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGABA--TCTT
AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT
AMG-TA-TAGACT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AMG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AMG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

TTTTTAAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

TTTT-
TTTT-

AAGGTA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGCT-C-ATCT-G-GAAA--TCTT
AAG-TA-TAGACT-C-ATCT--ACAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT
AAG-TA-TAGAGT-C-ATCT--AGAAA--TCTT

AA--CCAA-C-A-T-CT-CTT--[ETTTT-AAG-TA-TAGACT-C-ATCT--AGAAA--TCTT

ARSACS patient:

A5 bp heterozygous CTTTT
deletion in exon 5
of the SACS gene



MUTATION IDENTIFICATION AGAINST T k.

A BACKGROUND OF APPR. 800 HIGH

CONFIDENTIALITY (HC) DIFFERENCES

ARSACS patient. compound heterozygous for

SACS ¢.5559-5563 delCTTTT / c. 11719C>T (p.Q3907X)

Roche Mapping software (HC differences) output:
* exclude variants outside coding regions
* exclude known SNPs (dbSNP)
* sort for conservation (phastCons & phyloP)
—> Top 2 on the list are the known mutations!

chromo variation |% refamino |mutation |coding [gene |phast

some |start stop reference |mutation |reads |reads variation |acid amino acid [frame |name [Cons |phyloP
chrl3 22,803,855 22,803,855 |G A 35 21 60|Q -2|SACS 1| 6.5854
chril3 22,810,013 | 22,810,017 |CTTTT - 27 17 63 -2|SACS 1| 5.3822
chrl? 42,576,285 | 42,576,285 |C T 4 100|S N -3|cDC27 1| 5.2978
chri4 63,498,047 | 63,498,047 |A G 30 10|Q R 2|SYNE2 1| 5.1516
chri4 63,695,793 | 63,695,793 |A G 25 12D G 1|SYNE2 1| 3.4163
chrl4 63,700,048 | 63,700,048 |T A 28 11|F Y 1|SYNE2 1| 3.3456




PROOF OF CONCEPT

® combination Roche 454 GS FLX Titanium and NimbleGen array
works

7 disease genes

Enrichment works, ~80% on or near target
Mean coverage: 24x

All known mutations were identified

Detection of the disease causing mutation depends on the
coverage

® Coverage: depending on the size of the targeted region, GC

Human Mutation

content, repeat elements
® At least 15x coverage
g Massively Parallel Sequencing of Ataxia Genes H':\IAQL\E{?

® Prioritization due to after Array-Based Enrichment ARIATION SOSETN
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NEXT PHASE

*Design of seq cap tools for parallel sequencing of appr. 100 genes,
in hereditary blindness, in hereditary movement disorders, in
mitochondrial disorders

*Validation of amplicon sequencing-based NGS approach for
BRCA1/2



GENE CAPTURE FOR .
HEREDITARY BLINDNESS DIAGNOSTICS? ' 5y

Stargardt
disease

retinitis

-

O o igmentosa

a % cone P19

o -~ dystrophy

o =

o =2

o- - -

Leber congenital amaurosis

-‘__ _ —_—
cone involvement rod involvement

e clinically and genetically heterogeneous

« focus on RP and LCA

e mutations described for >100 genes

« only known mutations detectable on microarrays
from Asper

e diagnostic yield by current Sanger sequencing-based
strategy Is very low!



BARCODING/MULTIPLEXING

a)

Sequencing Read
primer A~
I'd—l..--llllll..M
Primer A Key Library fragment Primer B
b)
Sequencing Read
primer A
Primer A Key | MID Library fragment Primer B

MID = multiplex identifiers



DATA ANALYSIS/INTERPRETATION OF
SAMPLES WITH UNKNOWN MUTATIONS?

Design makes data analysis challenging

Many variations found

Every gene is a candidate gene

Every variation potentially pathogenic

Several known blindness mutations are in doSNP

Include known blindness-causing mutations (e.g. HGMD)
In analysis pipeline

Data analysis/interpretation major bottleneck

(taking into account also possibility of digenic
inheritance/modifier genes...)



CONCLUSIONS T E-GipEye

® NGS will be suitable for diagnostics

® We need good coverage!

® Increase throughput (e.g. multiplexing)
® Decrease costs

® Robust handling for technicians in routine
diagnostics

® Possibility for automation

® Careful data analysis/interpretation (further

development of pathogenic mutation
identification pipeline)



We can distinguish known
mutations from 800-1000
variants; sequence capture
almost suitable for diagnostics



Exome sequencing successfully
applied in gene identification
(e.g. Schinzel-Giedion*)
Soon also as diagnostic test (e.g.
for very heterogeneous disorders
caused by de novo mutations)



Future perspectives in molecular
genetics

2010 2012 2013

Research:

Exome sequencing »

Whole genome sequencing >

Diagnostics:
Targeted re-sequencing in complex monogenic diseases

Exome sequencing

AV VA V4

Whole genome sequencing




Diagnostic testing first, then
detailed clinical investigation?



SEVENTH FRAMEWORK
PROGRAMME

NGS DIAGNOSTICS KNOWLEDGE NETWORK

More info at. www.techgene.eu or www.techgene.org

Register at: info@techgene.org
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http://www.techgene.org/
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