Future perspectives

on genetic diagnostics

Johan den Dunnen
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( Leiden University Medical Center

I ® Genetic Disease
/@\_ neuromuscular disorders
b\ Zod http:// www.DMD.nl
CcMSB 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

ACATCAGGAGAAGATGTTC GAGACTTTG(
ACATCAGGAGAAGATGTTT GAGACTTTG
ACATCAGGAGAAGATGTT GAGACTTTGC
ACATCAGGAGAAGATGTTCCGAGACTTTG

® change in amount
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® 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

* RNA

transcriptomics

® protein
proteomics

® metabolite
metabolomics
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LGTC equipment

seqguencing PCR

ABI3730, ABI3730xI TagMan 7900HT
pyrosequence LightCycler480
Solexa Fluidigm

array technology other

Affymetrix  (incl. 4-colour) LightScanner (Idaho)
lllumina (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

. (MCA)
® principle
sequence difference > altered melting | reat J
mismatch in heteroduplex reduces Tm . l
¢ detection dsona TR \
DNA + intercalating 109
fluorescent dye %
dsDNA

measure fluorescence
while raising T
denaturation gives
decreasing
fluorescence &
%

® closed-tube assay

Fluorescence

homoduplex melt
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MCA applications

® variant detection
BRCA1/2, DMD, ...

® SNP typing

melt probes
® gel electrophoresis
® allelic imbalances

CNV confirmation

® methylation
® clone identification
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Clone selection

Phage-display

96 clones selected

MCA > determine complexity

- first conclusion
- select for sequencing

more informative then
gel electrophoresis
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Variant detection

ApoE
E2/E3/E4

ye added
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CNV & hrMCA
® SNP-based

required

homozygous sample AA & BB
test sample A? (AA, AO, 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 Z AA/BBmix > AO/BB or AAA/ BB ﬁF’
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hrMCA octaploid

( large shift variant )
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Somatic mosaicism

( high-resolution Melting Curve Analysis )

SNP5
% deletion confirmed SNP4
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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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Summary

® system performs as expected
with ups & downs

steadily increasing performance
0.5MB to 2.4 Mbruns

® important aspects
sample preparation !
skilled operator

Yavuz Ariyurek

® data analysis Sophie Greve

software behind on technology
de novo assembly
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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 expression C-doublecortin-like kinase
brain > hippocampus

subtle behavioural abnormalities

® micro-array anaIyS|s
5 platforms

> only subtle changes

> biological replicates

® approach
pools (wt/transgenics)
Solexa / lllumina
individual mice
Leiden (n=4 per group)
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Expression profiling
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Results expression

2 samples analysed

mouse brain wt <> transgenic
~ 7.4 M tags per sample

range 36 K (0.5%) - 1
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Result expression

> 2 fold change
(P <0.05)

131 genes
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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

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

hd array comparison
limited overlap
all indicate disturbed GABA-ergic signaling
MPSS higher fold changes
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SNP discovery2
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SNP discovery3
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Turkey / chicken

Turkey / chicken

SNP discovery7
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>40,000 candidate SNPs
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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)
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Deep sequencing

( low guality sequence run)

25% + 6.25%

true variant: F+R
1394A>C + 1396A>C
1399C>T
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Deep sequencing
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( low quality sequence run)

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

1.56%
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Deep sequencing

( low quality sequence run)

0.10%

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

® smaller regions

pool samples
add sequence tag

® array hyb-selection
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compare
controls <> cases
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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
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Deep sequencing

® pooling is possible
DNA quality !

® detection limit ~0.5 % variant
- mix 50-100 patients
- mix mixes of 50-100 barcoded patients

number of reads determines limit
combine ~500 patients per run
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Hyb-selection

® NimbleGen array

5 custom design arrays
minimal order

2,100,000 probes
60-80 nt

116 candidate genes (MR)

exons + 100 nt intron, tiling

® hybselection

Solexa sample prep
up to seq.linkers added
hybridize 60h

wash, collect DNA

gPCR check
non-selected: 5 PCRs
selected: 5PCRs
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©Yavuz Ariyurek
Rowida Al-Moman

Hyb-selection

selection on NimbleGen array

% 9% sequence from selected region
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FlexArrayer

FlexGen arrays




Genome re-sequencing

® bacteria

disease-related strains

large collections

drug resistance, virulence, infectivity, ...
diagnostic typing
genes involved

® viruses

® moulds

* . ( human patients )
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Future ahead

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

(www.LUMC.nl)
® by academic hospital

not a large genome center,
nor a company (sequence technology)

® Marjolein Kriek

PhD, clinical geneticist (i.t.)

first from LUMC,
Leiden,
Nederland,
Europe
female
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A human genome

® why ?
show it is possible
technical, computational, analytical
to learn
technology, data floods, analysis
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
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Analyse a genome

draw DNA-based conclusions

1. afemale > no Y-chromosome sequences
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50% mtDNA

genome x400,000




Analyse a genome

® red hair...
suggested by all

literature
MCI1R gene
no LSDB

many variants
%-change red hair
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Analyse a genome

® blue eyes...
suggested by all

literature
blue iris colour
HERC2, OCA2
no LSDBs

many variants
%-chance iris colour
analyse SNP profile
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Analyse a genome
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Analyse a genome
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Analyse a genome
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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
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Paper piles
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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....
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Gene variant databases

Submit all the changes
you have, NOW

( without errors )
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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...
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