Future perspectives

on genetic diagnostics
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( Leiden University Medical Center

® Genetic Disease

/Q\ neuromuscular disorders
haN 2 http:// www.DMD.nl
CMSB diagnosis

treatment / therapy

® Genome Technology

try and apply
facilitate
Leiden Genome Technology Center

http:// www.LGTC.nl /
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Possible variants

® change in sequence

ACATC AGATGTTC GAGACTTTGCCA
ACATC AGATGTTT GAGACTTTGCCA
ACATCAGGAGAAGATGTT GAGACTTTGCCA
ACATC AGATGTTCCGAGACTTTGCCA

® change in amount

1M1 7 1
1M /7 /7 1
1M 1

® change in position
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Summary

® change in sequence
sequence

® change in amount (CNV)
sequence & count
paired-end > breakpoints
® change in position

sequence
paired-end > breakpoint

Non-Invasive Prenatal diagnosis

sequence ccff DNA/RNA
paired-end > size
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LGTC technologies

®* DNA
genomics
n
® RNA 2
transcriptomics g
S
® protein ~2
proteomics ©°
=

® metabolite
metabolomics
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LGTC equipment

sequencing PCR

ABI3730, ABI3730x] TagMan 7900HT
pyrosequence LightCycler480

Solexa Fluidigm

array technology other

Affymetrix  (incl. 4-colour) LightScanner (ldaho)
HMumina (incl. BeadXpress)  BioAnalyzer

Agilent scanner NanoDrop

hybstations Caliper LC-90

arrayer (OmniGrid) robotics (Tecan, Caliper)

FlexArrayer GeneTAC G3
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Melting Curve Analysis

s (MCA)
® principle
sequence difference > altered melting | pest J
. in heteroduple m |
® detection dsonA I \
DNA + intercalating

fluorescent dye
dsDNA o s
measure fluorescence g7 eteroduplexmelt
while raising T
denaturation gives
decreasing
fluorescence &

Fluorescence

homoduplex melt

® closed-tube assay

8 s @ & @& @ o
Temperature
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MCA applications

® variant detection
BRCA1/2, DMD, ...

® SNP typing

melt probes
® gel electrophoresis

® allelic imbalances

CNV confirmation
® methylation

® clone identification

e
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©Rolf Vossen

Clone selection

Phage-display

96 clones selected

MCA > determine complexity

- first conclusion
- select for sequencing

more informative then
gel electrophoresis
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©Rolf Vossen
©Jan Harryvan|

Variant detection

ApoE
E2/E3/E4

dye added
post-PCR

i L
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CNV & hriMCA
® SNP-based

required
homozygous sample AA & BB
test sample A? (AA, A0, AAA)
® assay
amplify

AA, BB, test sample

1:1 mix AA/ BB

1:2 mix AA/ BB

1:1 mix BB/ test (A?)
other mixes (1:3, 3:1, etc. )

® result

test=AA/BB mix > AA/BB

test #AA/BB mix > A0/BBor AAA/BB [IM“F
C

%Human and Clinical Genetics © JT den Dunnen

©Margot Kalf

hrMCA octaploid

( large shift variant )

s L
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Temperature *C
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LGTC / Solexa

® LGTC characteristics
not a large sequencing center

no Biolnformatics support
Solexa 1G result on CD ( hard disk )
since Q1 2007 .

academic customers

hesitating new users

many different applications

offer alternative
technologies

all formats
do it yourself / outsourcing
collaboration ServiceXS
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Somatic mosaicism

©Antoinet Gijsber

( high-resolution Melting Curve Analysis )

SNP5
% deletion confirmed SNP4
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Solexal

DNA sequencing
- f/ "
:»~ ; ‘ ﬁwmﬁmmwf 454 8Fuees
- bbbl
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Summary

® system performs as expected
with ups & downs

steadily increasing performance
0.5 MB to 2.4 Mb runs

® important aspects
sample preparation !
skilled operator

® data analysis Sophie Greve

software behind on technology
de novo assembly

%Human and Clinical Genetics

Yavuz Ariyurek




Current projects

® replace arrray
Chromatine-IP
micro RNA profiling & discovery
gene expression profiling
SNP typing
® SNP-discovery
® genome re-sequencing
® disease candidate gene / gene region

® de novo genome sequencing

[ ]
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Expression profiling

® model

wt / transgenic DCLK
constitutive exp ion 5C-d
brain > hippocampus .
subtle behavioural abnormalities

tin-like kinase

® micro-array analysis
5 platforms
> only subtle changes
> biological replicates

® approach
pools (wt/transgenics )
Solexa / lllumina
individual mice
% Leiden (n=4 per group)
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L . 5
MC  Solexa — Generation SAGE tags

mRNA prufication of RNA sample with oligo dT from Dynabeads B )
{ 1stand2nd strand cDNA synthesis

TSN R AT T T T T T TTITTT Q)

y Nialll digestion

T T l

y Ligation GEX adapter 1 (sequencing primer)

PSR —————————

; Mmel digestion

¢ Dephosphorylation and phenol extraction

r—

¥ Ligation GEX adapter 2

e c ——» Strandfor sequencing

PCR enrichment and gel purification (~85bp)

Results expression

1 [Sequence Sample 1 Sample 2 Sum_ GENE DESCRIPTION
2 |CATGATAATACATAAASAAAA 114494 101445 215939 mitochondrial
3 |CATGTATTAATAAATAGAGCA 41353 3710 73089 Tspan? Tetraspanin 7
4 |CATGTAACTITAAGATGCTGC 2858 35622 64280 Offnl Olfactornedin 1
5 |CATGOAATAATAAAACTATTT 30583 30787 61370 Hspad Heat shock protein &
B _|CATGGGCTTCGGTCTITITGA 20855 27311 50166 Rplpt Ribosomal protein, large, P1
CATGCATCCTTGATGTTTGEC 17745 20549 30294 Ckb Creatine kinase, brain
B |CATGTGTAAAATAACTGGATA 18165 18401 36586 2900019G14Rik RIKEN cDNA 2900019614 gene
9 |CATGCCTTACCGCTGTAATGE 17787 17977 35764 E130013NO9Rik RIKEN cONA E130013N09 gene
10 |CATGCTGAGGAAGTGAGATAC 16401 19341 35742 Sparcll SPARC-like 1 (mast9, hevin)
11 |CATGTAAAAAGAAAGGATGGE 15963 17769 33732 Ndrg2 N-myc downstream regulated gene 2
12 |CATGATGACAAAGAAAAAGAC 18093 15461 33554 Cph Complexin 2
13 |CATGTTAATAAAAGTATTCGT 16852 16598 33480 Mifapl Mari4 family associated protein 1
14 | CATGCAAMMATAAMAGCCGCA 12881 18090 30971 Enal Enalase 1, alpha non-neursn
15 |CATGCCTACTAACCAGAGCTE 13801 17210 30711 Aldoa Aldolase 1, A isoform
16 |CATGCAAAATACATTTATITG 13545 16985 30630 Maged! Melanorna antigen, farily D, 1
17 |CATGAGGCAGACAGTIGCTGT 14987 14380 29367 Eeflal Eukaryatic translation elangation factor 1 alpha 1
18 |CATGTGTAGTGTAATAAAGGT 16248 13077 29325 Rpe8 Ribosormal protein S8

2 samples analysed

mouse brain wt <> transgenic
~ 7.4 M tags per sample
range 36 K (0.5%) - 1
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Solexa
Result expression
A B c D E [
1 Tag sequence Gene-ID sample A sample B Ratio P value > 2 fold change
2 |aaTTICTTCCTCTTCCT Mupt 2165 3 5759 0
3 TTATATITAATTAGRG  CD7TIdes o7 562 o (P<0.05)
4 |ACAGTGGGGATTTTTTT Plges3 887 2783 032 0] 131 genes
5 AGAATAATATATGAATT 849 383 224 004
6 |TAAATGTTGCTAGCCTC 5% 2 a8 0
7 |TCCAACTCCTTTCTTTA Mips21 500 1458 042 o
8 |GGGAGCGAMAGGTTAA 142 380 2 192 )
9 |AGTGTGACGTGACCGGG Mapkip3 323 1 32639 )
10/ AAGACTCAGGACTCATC 1 315 1 3831 0
11 ATGATAATGGACTGAGC A B c D E F
12 |ATTTGTACTCATACCAG 81 [CARRATACATITATITA s 54 015 o
13 AGGARAGCCTCTCAAGT 8 |GGCTTCGGTCTITATGA 7 o1 012 o
14 TCCAACCCARACTAATA 83 | TTCCAGCCTTACTATGT 7 3 02 008
15 GAAATICTCCATIGATT 84 |CARTAAGCAAGGGTGG  GJ278058 5 31 02 005
16 |CCTGATGCTACAGARAA 85 |AAAAATTTGTTTTGCTC 5 32 016 002
17 ARAGGATGTTAATTACA 86 |TATAGTATGTTCGATTA 4 3 012 001
18 |ARATTCTICCTCTTCCT (87 | CRATAAACTGAARAGAC 4 2 016 004
BB [CAGTTATTAATTTCTTA 3 2 00e o001
89 |ACCCTCTAMAGAGCAGA 3 24 013 004
90 |CATCCTTGATGTTAGSS 2 o 005 o
91 |TCCAACTTGTAAGGATA 2 20 01 005
|92 |CCTCCTCOAGBARAGAG i 2 00s 001
93 1 7 006 005
|94 GGATTTGGCTTGTATGA o 2 ) o
95 |CTCCGTITTGTTGAGTA o 2 0 o
96 |CAGGCCACACARGAGCS  Ci230438 o i 0 005 mm
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Expression profiling

® easily interpretable results
numbers
no cross-hybridization & background

¢ differential expression
4 orders of magnitude, more genes significant

® additional to arrays
47% genes differential polyA addition
51% genes anti-sense transcription

® Jower variation
fewer replicates required
inter-lab data compare much better

® array comparison
limited overlap

all d GABA-ergic signalil
MPSS higher fold changes mm
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Identification of SNPs In Turkey using
massive parallel sequencing on the Solexa
sequencing platform

Martien Groenen

Animal Breeding & Genomics Centre

ANIMAL SCIENCES GROUP Animal Breeding &
@uBay  VWAGENINGEN o= Genomics Centre

Solexa sequencing: strategy

Turkey / chicken

Mix DNA from 6 individuals from 2 breeds
DNA digested with Sau3A

Separate on agarose gel

Isolate 2000-4000 bp fraction

Random shearing of fragments

Isolate 200-250 bp fragments

ANIMAL SCIENCES GROUP Animal Breeding &
f= WAGENINGE N IEM Genomics Centre

SNP identification
GGA19 5474 gttttctgoe: qgftqqcccaaqqactqcaqtgqc

46773142 35 Sau3A
29142802 35

Turkey / chicken

9132386 35
50889210 34
73399306 35
62913761 35
60250883 35
53125147 31
50086129 35
49263872 35
43190606 35
40722688 35
40434882 35
36035668 35
34894691 35
34687370 35
33758413 35

32688469 35
27353056 35

ANIMAL SCIENCES GROUP Animal Breeding &
WmBag  WAGENINGEN [~ Genomics Centre




Deep sequencing

® viral pool
identify low-% variants

® sensitivity test
3.1 Kb fragment, plasmid cloned

PCR product
high-fidelity polymerase
gel-purified
fragmented

® spike known variants
25% (2), 6.25%, 1.56% (2),
0.42%, 0.10% (2)

s
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Deep sequencing

( low quality sequence run )

2nd highest Fstrand call

true variant: F + R
1394A>C + 1396A>C

%Human and Clinical Genetics

25% + 6.25%

1399C>T [lif!]
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Deep sequencing

( low quality sequence run )

true variant: F + R
1791A>G + 1793C>T
L
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Deep sequencing

( low quality sequence run )

true variant: F + R
2294C>T + 2296T>C
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Targeted sequencing
( complexity reduction )

® chromosome sorting

® gel separation
Pulsed-Field Gel-electrophoresis

® megabase regions
cover by long-range PCR
1Mb > 100 x 10Kb fragments

multiplex PCR
compare
controls <> cases
s
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® smaller regions
pool samples
add sequence tag

% ® array hyb-selection

Human and Clinical Genetics

Candidate gene

® compare controls / cases

® long-range PCR  (8.5Kb)
pool 176 DNA samples, then IrPCR

no reproducible result
very sensitive to DNA quality

pool 176 IrPCR products
PCR, hrMCA check (yield, purity)
reproducible result
SNP freq. 1-2%
all variants detected (1/176) + more...
error rate 0.3 - 0.5% (= 1/176 chromosomes)
redundancy > useful

pool tagged (Ir)PCR products
% ...under investigation

Human and Clinical Genetics
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Deep sequencing Hyb-selection

.. . - -

® pooling is possible ¢ NimbleGen array ‘NimbleGenl
DNA quality ! 5 custom design arrays Sareve N

2,1 077"%77, °’d§Les
. . . . 'y J r
® detection limit ~0.5 % variant 11650-803:_5 . ()
candiaate genes
- mix 50-100 patients

exons + 100 nt intron, tiling
° .
- mix mixes of 50-100 barcoded patients hybselection

Solexa sample prep
up to seq.linkers added
number of reads determines limit hybridize 60h
combine ~500 patients per run

wash, collect DNA
qPCR check
non-selected: 5 PCRs
selected: 5 PCRs

L
%Human and Clinical Genetics © JT den Dunnen mf(!‘l

L
%Human and Clinical Genetics © JT den Dunnen NFI

©Yavuz Ariyurek — :
Rowida Al-Moman COTTTTGTITIOATHTOTITACKATATAGAN & 2

Hyb-selection

one variant

selection on NimbleGen array

1 L

wl o, T

Il LT

ol
LML T
Wil i il

TTACAATATAGARACGTATTTTACTARASTAT X 1
TRCAATATAGAARCGTATTITACTAMGTATE X 2
ACAATATAGRABCGTATITTACTAMMGTATCA X 1
CAATATAGAARCGTATTTTACTARAGTATCAS X 2
TATAGAABCOTATTITACTARGTATCAGTEC
! ATAGRARCGTATTTTACTARAGTATCAGTCCA X 3
s o e W wa W en 1o o ol one me wn v e ATAGAABCCTATTTTACTARAGTATCAGTCCA X 1

TAAMESTATITTACTAMITATAGECA 2 1
AAMCCTITIITACTAMMGTATCAGTCCAAL X 1
5 : AABCOTITTITACTAMTATOAGTCEAALL 3
% 9% sequence from selected region ARCITATTTTACTAACTATCATEC AL
mm ACGTATTTTACTARAGTATCRGTCCRALLALL X

Human and Clinical Genetics © JT den Dunnen C

1
BCOTATTTTACTALAGTATCAGTCCARARARR X 1
GEAARACARALC TACACAAATOTTATATCTTTGEATAMAATOATTTCATAGTCAGS

FlexArrayer

FlexGen arrays

m it I \‘ il |
AL U

GULRLLLUw

PUNLUN NG

GRS UG




Genome re-sequencing

® bacteria

disease-related strains
large collections

drug resi: virul infectivity, ...
diagnostic typing
genes involved
® viruses
® moulds
e .. ( human patients )

s
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Future ahead

Soon we will be able to sequence a
complete human genome

s
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A human genome

( www.LUMC.nl )
® by academic hospital L

not a large genome center,
nora pany (seq technology) ‘

® Marjolein Kriek

PhD, clinical geneticist (i.t.)

first from LUMC,
Leiden,
Nederland,
Europe
female

L
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A human genome

® why ?
show it is possible

P Y

to learn

data floods, lysi
attractive project to tackle

® results
technically - no problem
computationally - at our limits
analytically - not possible

as expected

® >> to be applied in patients
resolve cause genetic disease

L
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Analyse a genome

draw DNA-based conclusions

1. afemale > no Y-chromosome sequences

s
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50% mtDNA

genome x400,000




Analyse a genome

® red hair...
suggested by all

literature
MC1R gene
no LSDB

many variants
%-change red hair

Human and Clinical Genetics
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Analyse a genome

Gt 24143,y 00841 ARTICLE

Three Genome-wide Association Stu
and a Linkage Analysis Identify HERC2
asa Human lris Color Gene

® blue eyes...

Manired Kiyser . Fan 1in? A, Casile J3_Jansens? fesando Rivde
Kute van Duij! Mark Ver \muku it \qw\lm M. Thamai Wil 1
e e o

suggested by all

oline C-W. Klaver 57 Johannes i Mn!vm\\ s VS e Jong 111 bt

literature a7 :
blue iris colour i T

s

no LSDBs

many variants
%-chance iris colour
analyse SNP profile
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Analyse a genome

et 2,402 by 508411 ARTICLE

Three Genome-wide Association Studies
and a Linkage Analysis Identify HERC2
as a Human Iris Color Gene
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Jo»mn oo unsen, Seion Wt 0 D1ats 721 Tobte 3. Confimation of Iris Colo Association of Four SNPs from the OCAZ-HERCZ Region in the Total ERF and Rterdam

Caro ivers? Johannes R, vingering 57
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Studies, Stage 2, and HapMap Genotype Frequencies for the SNPs Studied
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Search for SNP on NCBI Reference Assem
Saarch Enirez | SNP ~or
Reference SNP(refSNP) Cluster Report: rs4778138
16fSNP ID: 154778138
: human (Homo sspien)
Moleculs Type: Ganomic

1 Class:

CreatedUpdated in build: 111/129 Alleles: AG

Map to Genome Bui

SNP Detads e orgaized inthe Rlwing secions
ene

[l Submitter records for this RefSNP Cluster

19455 has the sequence of all cluster members and was used to instantiate sequence

NCBI
Assay D
536592456 WI_SSAHASNPINT_010280.13_739768

‘Handle|Submitter ID.

0¥v0 51185501
569171488 pERLEGENwGpomoAsz

570401012 [LLUMINABuenanHap30042.0 154772138

5571078704 [LLUMINAHumanHap650Yv3.0 154778138

575491477 ILLUMINAJILMY_Human_1M_rs4778138

Aliele.

Oxientation

SNP.
* single nucleotids polymorphisin

[Strand
fdT  AIG
AT AIG

4G
G
G

Alleles

Analyse a genome

»
<3 NCBI

Al Databze:

Limits | Previewinex | History | Ciphoard [ Details .

‘The following term was not found: 15118550 19[All Fields] 3
See Details. Mo items found,

{cl
dbSNP BUILD 128

Limi

_Previewindex | History | Clipboard | Detalls

Display [ Grapiic Summary =] Shaw [20 =] [Sortby S[Senae =l
["A:1 | Clinical/LSDB Submissions: 0 | Human: 1 | Mouse: 0. %]

1 13916977 [Homo sapiens]
CCCCGTGEAGECTTOOCCAGCCTICT A/ 6] TCTACTCARACTGCATCCCCACTET
BB Haoview “Goneviow NSRS -
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Analyse a genome

‘The American Journal of Human Genelics 82, 411-423, February 2008 411 ARTICLE

Three Genome-wide Association Studies
and a Linkage Analysis Identify HERC2
as a Human Iris Color Gene

Manfred Kayser,* Fan Liu,2 A. Cecile J.W. Janssens,® Fernando Rivadeneira, 5 Oscar Lao,!
Vermeulen,.$ Pascal Arp* Mila M. Jhamai,* Wilfred FJ. van Ijcken,s
Bmon Heath,!0 Diana Zelenika, ' Dominiek D.G. Despriet,5
Johannes R. Vingerling,5 Pauls TVAL de Jongs11.12 Albert Hofman,*
hlm s \u\menkn,» ‘Andre G. Uitterlinden,*5 Ben A. Oostra and Cornelia M. van Duijn2

Human icis color was one of the first raits for which Mendelian segregation was established. To date, the genetics of i color I still not
fully understood and is of interest, particularly in view of forensic applications. In three independent genome-wide assoclation (GWA)

studies of atotalof 1 A y of 1292 relatives, all from the Netherlands, 15q13.1
regionis the predominant region involved in human ris color. T} evidence
a color. P in the HERC2 geneand, toa lesser extent,in the neigh.

boring 0CA2 gene were independently associted tois color variation. OCAZ has been implicated in iris color previously. A repli
study within two populations confirmed that the HERCZ gene is a new and significant determinant of human iris color vasiation, in
addition to OCAL. Furthermore, HERC2 1916977 showed a clinal allele distrbution acros 23 European populations, whih was signi

i, the OCA2 gene existin the HERC2 gene
or, akemnatively it the 117 1 of sequence between OCA2 and HERC2, and that most iis color variation in Europeans is explained

by the HERC2.0CA2 n forensicapplications to predict eye color p pesof
unknown persons of European genetic origin,
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A human genome

...what do all these variants mean ??
® few tools available

® data scattered over the web
databases, incl. LSDBs
many formats
little phenotype information

® most data in drawers

® ..tools are there

gene variant databases (LSDBs )

® change in attitude required

s
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Future ahead

Soon we will be able to sequence a
complete human genome,

but if we can not make sense out
of the variants detected, as to
whether they are "pathogenic or not",
this information is useless and
misinterpretation....

e
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Gene variant databases

Submit all the changes
you have, NOW

( without errors )

Leiden Open Variation Database

%Human and Clinical Genetics

S ‘5

e
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Summary

Sequencing has the future

As clinical lab,
do not buy a system yet,
use that of your colleague,
but start saving money,
in 3-5 years you need it...

s
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