Technology reaching the clinic:
an overview

A (forever) changing landscape
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The ‘new kid on the block’: CNV
Detecting deletions and duplications

Southern blotting
FISH
Quantitative PCR

Genome-wide, array based
approaches (BAC, oligo)

MAPH
MLPA
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Ligation site
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Probes hybridize adjacently on genomic DNA




Ligation site
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After ligation and PCR amplification a DNA fragment
of a defined length is generated
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MLPA peaks

Changes in peak height correspond
with deletions / duplications



Non-contiguous duplications

White et al., Cytogenet Gen Res 2006



Large-scale copy number
variation

(Large-scale) Copy-Number Variation (CNV)

“Gain or loss of several kilobases to several thousands of kilobases of
genomic DNA”

S

Feuk et al. Nat Genet Rev 7: 85-9ﬁgﬁ




Screening populations for CNV

No Moderate Extensive
CNV CNV CNV

35 5q13.2 17921.31

Percentage gain loss | gain loss | gain
Pygmy (n=37) 0 5 19 11
Indonesian (n=88) 24 20

Dutch (n=84) 28 | 29
Turkish (n=64) 23 | 36
Finnish (n=36) 31 | 25
Total (n=309) 24 | 28
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10q11.22
14q11
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MLPA normalized ratio

Indonesian population
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Population median

Lowest value: ~0.50
Steps: ~0.25

Lowest value: ~0.66
Steps: ~0.33




Population distributions
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NSF gene

N-ethylmaleimide sensitive factor
expressed in neuronal synapses

was reported to be reduced in expression In
prefrontal cortex in schizophrenia patients

second study found no difference
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NSF gene

Easze FosqitTi0hn

ETE Markers | |

Duplications of *188A Bases of Hon—-EepeatMazked Zeduence
S, ochrl T 4172519 B e S T S I N S T T S T T T T T

Study that detected difference in expression used
cDNA clone, probably covering the majority of the
gene (including duplicon)



NSF gene

posthion/search (chrl 7:42,023,397-42,189,993 jump | clear |size 166,5%7 bp.  configure

chr17 (o2i.51) I WTENRIT 54

Easze FosqitTi0hn
=2T= Markers on Genetic Cblue) and Eadiation Hubr+id Cbl1ack) Maps=s
ETE Markers | | | |
Gap Locations
Gap

HEF
Duplications of *188A Bases of Hon—-EepeatMazked Zeduence
S, ochrl T 4172519 B e S T S I N S T T S T T T T T

«Study that did not detect a difference in expression
used gPCR, with product based in last exon (not in
duplicon)



Increasing resolution....
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Array CGH

Disease-causing or  Normal variation?

L. Vissers, Nijmegen



Peters’ Plus Syndrome

e Characterised by
— Eye abnormalities
— Developmental delay
— Disproportionate short stature

Analysed 6 patients ( including two

brothers) by 1 Mb array-CGH 0 0r®
Led
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Looking for an approach that has the
sensitivity of MLPA, but can provide
genome-wide coverage



Bead-based SNP-typing

— one bead = one probe ,

— oligonucleotide

96-well format

1500 probes / well
— controls + 1350 SNP's

read-out optic fiber

— 50,000 beads
— ~30 beads per SNP




3437 40 43 46

sample 5 known duplication

19 22 25 28 A
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18p telomeric probes

1
1

DMD gene - known mutations detected; samples 28 and 29; 4 X- chromosomes

34037 40 43 48
34037 40 43 48

sample 17 known deletion

1013 16 19 22 25 28 3

10 13 16 19 22 25 28 3
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15¢ telomeric probes - no known aberrations
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The sequencing revolution




Mutation detection techniques

Methods for scanning Sensitivity*

=»Direct sequencing ~100 % **

HR-Melting curve analysis - | ~> 99 %

]
Shifted Melting Curves
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Eun@est HIRESsMeElting Curyve Analysis .-

www.eurogentest.org (@i‘ tation Scan)
CANSANEAANNANAAN XN RN XN XN Z XN XN XN XN XN XN RN XN XN ZXR AN AN AN Z XN 2 XN Z XN 72 XN
I. PCR amplification of fragments (96 well I. 1,5-2
plate) ' hours
Il. Melt PCR-fragments in Lightscanner ™= 1. 8 minutes

I11. Analysis (IT software)




Human Mutation, Volume 30, Issue & {p §99-909)
r S c ie n c e Abstract | Beferences | Full Text: PDF (497k1 | Supporting Information Save Article to My Profile
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Human Mutation

OFFICIAL JOURNAL

Diagnostic Guidelines for High-Resolution Melting Curve HGV;‘

(HRM) Analysis: An Interlaboratory Validation of BRCA1 HUMAN GENOME
Mutation Scanning Using the 96-Well LightScannerT”'

Nienke van der Stoep,"™ Chantal D.M. van Paridon,' Tom Janssens,® Petra Krenkova,? Alexandra Stambergova,’
Milan Macek,? Gert Matthijs,® and Egbert Bakker'

'Center for Human and Clinical Genetics, Leiden University Medical Center, Leiden, The Netherlands; ?Institute of Biolo gy and Medical Genetics,

Charles University, Prague, Czech Republic; *Center for Human Genetics, University of Leuven, Leuven, Belgium

172 known variants and 197 controls

40 HRM primer pairs for BRCAL.

20 pairs tested in 3 labs: (reproducibility, inter-laboratory variability, robustness)
Validation : blind set of 28 samples,

=>»100% sensitivity (no false negatives)

=>» 98%Specificity

General guidelines for HRM set up






Targeted sequencing

® chromosome sorting ( complexity reduction )

® gel separation

Pulsed-Field Gel-electrophoresis

® megabase regions

long-range PCR
1 Mb > 100 x 10Kb fragments

normal PCR (multiplex)
RainDance, Fluidigm

® smaller regions

normal PCR (multiplex)
pool samples (+ /- sequence tag)

® hybridisation capture

on array, in solution
NimbleGen, Agilent




In-solution capture

Product Mame Product Pricing &
Number Availability

SureSelect SureSelect Human X Contact Us
mﬁﬂm Target Enrichment System ;

Chromosome Exome Kit
JQ&W Capture Process

Agilent's SureSelect Target
Enrichment System

tested X-chromosome
whole-exome assay
in collab. with
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X-exome

® X-chromosome
85% exons

Agilent's SureSelect Target
excl. pseudo-autosomal, Y-homology Enrichment System

® probes

43,073 of 120 nt

7663 regions
one strand only

® capture & sequence
paired-end 2x50 nt reads
8.2 M QC filtered, 6.0 M map uniquely (74%)

probes span 3.05 M
covered 3.02 M (99%)

234 | 7663 regions show gap




Array capture.

Mixed tagged samples

4,
custom array gRULTHEIHE)

SYSTEMS, I

Pool of 2
ACAGTG - 11089031
TGACCA - 4770651

Pool of 5
ACAGTG - 4717304 “
CTTGTA - 3782593 S S R R
CAGATC - 3022664 .
GGCTAC - 2381920

ATCACG - 2376586




©°Rowida Al-Momani

X-exome select
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©°Rowida Al-Momani

X-exome select

posit:ionfsearch|n:hr>-<:153,355,303—153,555,802 jurnp | clear |size 209,500 b, configure |

chiry cgasy [

chir 153406888| 1534568088| 1535aaaaa| 15355aa88|
25 _ My Custom Track
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UCEC Genes Based on Refzed, UniFrot, GenBank, CCDE and Comparative Genomics
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Mamma 1ian Gene Collection Full ORF mEMAS
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Human mrMAs —i—EHH _— |
Human EZT= That Hawe Been Epliced
spliced EsTs ——BHH T EN—H— 1 i
Yertebrate MUItiz Alighment & Conserwation (44 Species)
2 _ Flacental Mammal Basewize Conszervation by FhaloF

Human MEHHS fram GenBank

XQq28 region




X-linked

® Terminal Osseous Dysplasia

pigmentary anomalies skin
skeletal abnormalities limbs
recurring digital fibromatosis childhood

® X-linked (Xq25-ter)

dominant
male lethal
female skewed X

American Journal of Medical Genetics 94:91-101 (2000)

New Syndrome?

Recurrent Digital Fibroma, Focal Dermal
Hypoplasia, and Limb Malformations

Yu Sun et al. AJHG 2010 in press.



Normalized Counts LGTC dC3

CENTRE FOR
Medical Systems Biology

Lab2lab consistency

2 transgenic mice 2 different labs
120 100
g -
E. 90 1 y=0.9768x +0.3347
1909y -0.9813x +0.0776 I R*=0.9579
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Normalized Counts LGTC mouse dC2 Normalized Count LGTC - sum unpooled samples

( biological replicas ) (lllumina <> Leiden)



Human genomes

( Individual genomes )

Craig Venter

ANONYMOUS:
Yoruban male
Yoruban trio
Asiatic genome
- Female Cancer

James Watson




A human genome ...

® why us?

show it is possible
technical, computational, analytical

to learn
technology, datafloods, analysis

attractive project to tackle
® why her ?
clinical geneticist

X-chromosome less variable
look at more, not fewer

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

as expected

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




Analysis

draw DNA-based conclusions

1. afemale (no Y-chromosome sequences)

%



ACAATCEAGT AGTACTCCCGAT TEAAGCCCCCAT TCETAT AATAATTACAT CACAAGRACGETCT TECACTCAT GAGCT GTCCCCACAT TAGGCT TAARA AT
AGATGCAAT T CCOGGACGT CTAAACCAARCCACT TTCACCGCTACACGACCEGEGEET AT ACT ACGET CAATGCTCTEAAATCT GT GEAGCAAACCACAGT
TTCATGCCCATCET CCT AGAAT TAATT CCCCT AAAAATCT TT GAAAT AGGGCCCGTATTTACCCT ATARCACCCCCT CTACCCCCTCTAGAGCCCACT GT
AAACCTAACT TAGCATTAACCTTT TAAGT TAAAGATT AAGASAACCAACACCTCTTT ACAGT GAAAT GCCOCAACTAAAT ACT ACCETAT GECCCACCAT
AATTACCCCCATACTCCTTACACTATT CCT CATCACCCAACT ARARATAT TAAACACARACT ACCACCTACCT CCCT CACCAAAGCCCAT AAAAATAARD
AATTATAACALLCCCTCACAACCAAAATCAACCAAAATCTCGT TCGCT TCATT CATTGCCCCCACAAT CCT AGGCCTACCCGCOGCAGT ACTGATCATT CT
ATTTCCCCCTCTAT T GATCCCCACCTCCARAT AT CTCAT CAACAACCEACTAAT CACCACCCARACAAT GACT AAT CARACTALCCTCAARACAAATGATA
ACCATACACAACACT ARACCACGAACCTCGATCTCT TATACTACGTATCCTTAATCATTTTTAT TGCCACAACT AACCT CCTCGGACTCCTECCT CACT CAT
TTACACCAACCACCCAACTATCTATAAACCTAGCCATGEGCCATCCCCTTATGAGCGEGECGCAGTGAT TATAGGCT TTCGETCTAAGAT TAARAAT GCCCT
AGCCCACTT CTTACCACAAGCCCACACCTACACCCCTTAT CCCCAT ACTAGTTAT TAT CEAAACCATCAGCCTACT CATTCAACCAAT AGCCCT GECCGETA
CECCTAACCGCT AACAT TACTGCAGGCCACCT ACT CATGCACCT AAT TEEAAGCECCACCCT AGCAATAT CAACCAT TAACCT TCCCTCTACACT TATCA
TCTTCACAAT TCTAATT CTACTRACTATCCTAGAAATCGCTETCGCCTTAAT CCAAGCCTACGCTTTT CACACT TCTAGTAAGCCT CTACCTGCACGACAA
CACATAATGACCCACCAAT CACAT GCCTAT CATAT AGTAAAACCCAGCCCAT GACCCCT AACAGGHCCCTCT CAGCCCTCCTAATGACCTCCGECCT Al

AACCTGACT AGAAAACCTAT TACCTAAAACAATT T CACAGCACCAAATCT CCACCTCCAT CATCACCT CAACCCAARMASCCATAATTAAACTTTACTTC
CTCTCTTTCTTCTT CCCACT CATCCTAACCCTACT CCTAATCACATAACCTATT COCCCCGAGCAATCTCAATTACAAT ATAT ACACCAACARACAATCTT
CAACCAGTAACTACTACTAATCAACGCCCATAAT CAT ACAAACGCCCCCECACCAATAGEATCCTCCCEAATCAACCCT GACCCCTCTCCT TCATAAATTA
TTCAGCTTCCTACACTATT AAAGT T TACCACAACCACCACCCCAT CATACTCTTTCACCCACAGT ACCAATCCTACCT CCAT CECTAACCCCACT AR AAT
ACTCACCAACACCT CAACCCCT RACCCCCAT GO T CAGGATACT CCT CAATAGCCAT CECTETAGTAT AT CCAAAGACAACCATCAT TOCCCCTARRT AR
ATTAAAMAAACTATT AARACCCATATAACCT CCCCCARAAT TCAGAAT AAT AMCACACCCGACCACACCGCTAACARAT CAATGCTAAACCCCCATAARTAG A 14582

GAEAAGGGCT TAGAAGAR AR CCCCACAALCCCCAT TACTAAACCCACACT CARACAGARACAAAGCCATACAT CAT TATT CTCGCACEEACTACAACT AT ZAC
CAATGATAT GAAAAACCAT CETTETAT TT CAACT ACAACAACACCAATEACCCCAAT ACGGCARAACT AACCCCCTAAT AAART TAAT TAACCACT CATTC
ATCGACCTCCCCACCCCAT CCAACATCTCCGRAT GAT GAAACTT CEECT CACTCCTT GCGCCTECCT GATCCTCCARAT CACCACAGSACTATT CCT Als
CCATGCACTACT CACCAGACGCCT CAACCGCCTTTTCAT CAATCGCCCACAT CACTCGAGACCTAAAT TATCECT GAATCAT COGCTACCTT CACGCCAA
TEECECCTCAATATTCTTTATCTGCCTCT TCCTACACAT CEEECCGASECCTATAT TACGGAT CATTTCTCTACTCAGAAACCT GAAACAT CEECATTATC
CTCCTECTT GCAACT AT AGCAACAGCCTT CAT AGGCTAT GTCCT CCCET GAGGCCARAT ATCATT CT GAGGEEECCACAGT AR T TACAAACTT ACT AT CCG
CCATCCCATACATT GEACAGACCTAGTT CAATGAAT CT GAGGAGECTACTCAGT AGACAGT CCCACCCT CACACGATTCTT TACCTTTCACT TCATCTT
GCCCTTCATTAT TECAGCCCTAGC AN CACT CCACCTCCTATTCT TECACGAARCGEEAT CAARCAACCCCCT AGGAAT CACCT CCCAT TCCGATAAAATC
ACCTTCCACCCT TACTACACAAT CAAAGACGCCCT O TTACTTCTCTTCCTTCTCTCCTT AAT GACAT TAACACTATT CT CACCAGACCT CCT AGECE
ACCCAGACAATTATACCCT AGCCAACCCCT TARACACCCCTCCCCACAT CAAGCCCGAAT GATATTT CCTAT TCECCT ACACAAT TCTCOGAT CCGET COC
TAACAAALCT AGCASGCETCCTTGCCCTAT TACTAT CCAT CCT CAT CCTAGCAAT AAT CCCCAT CCTCCAT AT ATCCAAACAR CARAGCAT ARTATTT CGC
CCACTAAGCCAATCACTTTATT GACT CCT AGCCGECAGACCTCCT CATTCT AACCT GAAT CEEAGEACAACCAGTAACCTACCCTT TTACCAT CAT T2AC
AAGTAGCAT CCGTACTATACTT CACAACAAT CCTAAT CCTAATACCAACTAT CTCCCTAATT CAAAACARAAT ACT CAAATGENCCT STCCT T T AGT AT
AAACTARTACACCAGTCTT GTAAACCEEAGAT GAAAACCTTT TT CCAAGGACAAATCAGAGAAARACT CTTTAACTCCACCAT TAGCACCCARAGCT AL
ATTCTAATTTAAACTATTCTCTGTTCTTT CAT GEGEAASGCAGAT T TET ACCACCCAAGTAT TGACT CACCCAT CAACAACCGCTAT GTATT TCET ACA
TTACTGCCAGCCACCAT GAATATT GTACGGTACCATAAATACTT GACCACCT GTAGT ACATARAR ACCCAAT CCACANCARRACCCCCTCCCCATGCTTA
CAASCAAMGCTACAGCAAT CAACCCT CAACTATCACACATCAACTGCARCT CCARAGCCACCCCT CACCCACTAGEATACCARCAAACCTACCCACCCTT AR
CAGTACATAGTACATAAAGCCATT TACCGTACATAGCACATT ACAGT CAAAT CCCTTCTCGET COCCAT GEAT GACCCCCCTCAGATAGGET COCTT ZAC
CACCATCCTCCGTEAAAT CAAT AT CCCGCACAACA T GCTACTCT CCTCECT CCGLECCCAT ARCACT TG ET AGCTAAAGTSAACT GTAT COGACAT
CTEETTCCTACT TCAGEET CAT AAAGCCT ARATAGCCCACACGT TCCCCT TAAAT AAGACAT CACGAT =

=2 mtINA Haplogroup H4 ... = mtDNA Haplogroup Hba

C 14385
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Scientists crack women's DNA code

FINALLY, men may be able to understand women,
it seems. Dutch scientists said they have mapped

the full genetic sequence of an individual
woman's DNA for the first time.

Fesearchers at Leiden Unrversity Medical Centre said
they had sequenced the genome of one of their

researchers, geneticist Marjolein Krek, and plan to
publish it after resviewy.
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ZDEl{En Zeavanceerd zoeken

marjolein kriek

Googl

Het internet

472 resultaten opgeslagen op uw computer - erbergen - Info
Hlumina Barcelona G0 ppt - sequence technology) Marjolein Kriek PhO, clinical
Gv0_Kgenome. ppt - company (sequence technology) Marjolein Kriek PhD, clinical

Eerste genenkaart wvrouw ontcifferd - Binnenland - de Volkskrant

27 mei 2008 ... Het dna is van Marjelein Kriek (34), klinisch geneticus in opleiding aan het
LUMC. 7ij is de derde mens van wie het complete erelijk ...

wenewe volkskrant.nlf.. /Eerste_genenkaart_wrouw ontcijfferd - [n cache - Yergelijkbaar

Moorderlicht Radio en TY: Noorderlicht nieuws

28 mei 2003 ... Marjolein Kriek vertelt in Moorderlicht Radio (27 mei 2008) hoe het is am
j& ... Marjolein Kriek is te gast bij Moorderlicht Mieuws. ...

noardetlicht voro.nlfafleveringen/39422270¢ - In cache - Yergelijkhaar

Dr. Marjolein Kriek, First Woman to Have Her DMNA Seguence Determined - [ Vertaal deze paging ]
31 Dec 2008 ... Celebrating two firsts in May, Dutch clinical geneticist Dr. Marjolein Kriek,

34, of Leiden University Medical Centre (LUMC) in the ...

waewe findingdulcinea. com/. fmarjolein-kriek hitml - In cache - Yergeljkbaar

First fermale genome is sequenced — Dr Marjolein Kriek! | Genetics ... - [ “ertaal deze pagina |
The DMNA, is that of Dutch scientist Dr Marjolein Kriek, a clinical geneticist at LUMC. "I

anyone could properly consider the ramifications of knowing his or ...

wianne blisstree. comf.. Mirst-fermale-genome-is-sequenced-dr-marjolein-krieks -

In cache - Yergelijkhaar

ErdrA MNews Explorer: Marjolein Kriek

YWorld news clustered, updated every day. Explore the news, following stories by time, place
or person.

emm.newsexplorer. eu/MewsExplorenfentities/nlA70829 html - Wergelijkbaar

Marjolein Kriek - MextEio - [ vertaal deze panina |

Search Term: Marjelein Kriek (author). Print page. Author. See also "M Kriek" - Author -
Related Content - Studies - Clinical Trials - Literature - News ...

wonn. nexthio.comdbd. /Marjolein%20Kriek - In cache - “ergelijkbaar

L 123456785910 Volgende
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2"d principal comonent = 6% of variance

Principal component analysis of European populations

Simon Heath et al. (2008) EJHG 16, 1413 — 1429

15t principal component = 26% of variance

0.14 T T T T
French +
Spanish <
012 - German * + -
UK 0
Czech
01T Slovak o _
Hungarian
008 Polish & -
Romanian
Norway «
0.06 - Russian - -
0.04 - -
002 - -
-0.02 + B
-0.04 -
-0.06 L
-0.03 -0.02 -0.01 0 0.01 0.02 0.03

0.04






SELEET AN ERA TO EXPLORE

HE HUMAN JOURNEY

iR

| LA ,‘HE w:uﬂmfarthest :
VA m 1\1 - e

3 4.(((.." t\

W N o2 ¥ F

4

-"‘-‘r-

] |
GO TO: GEMETIL MARKERS £ JOURMEY HIGHLIGHTS £

THF%ﬁﬁlélﬁﬁé}Mh:L‘r NA“ON#&L ?-_:-=—_==

GEOGRAPHIC ====7=%

Global flekd science supponed by the Wain Famsily Pousdation A research partnership of National Geographic and [BM
D NATIONALGEOGRAPHIC.COM Home | Sitelndex | Search | Free Mewsletters | Subscriptions

= 18996-2005

5 Mational Geographic Society. All rights reserved Shopping | Contact Us | Adwvertise With Us | Mew Privacy Palicy | Press Room




Excavation Site: Various Levels
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Leiden Genomic DNA Samples
Sequence Yields Obtained from Next-Gen Platform

P

Sample Extract Concentration 9% Reads of

Number Volume (ng/pl) Human Origin
()
1 ~ 20 26.7 1%
2 ~ 20 68.4 Less than 1%
3 ~ 20 43.3 Less than 1%
4 ~ 20 39.4 Less than 1%
5 ~ 20 34.0 6.6%
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