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in an academic medical hospital

( Leiden University Medical Center )
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Leiden Genome

http:// www.LGTC.nl

Technology Center
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Current projects

• RNA
gene expression profiling,  miRNA• Chromatine-IP (ChIP-seq)

• SNP-discovery
targeted de novo sequencing• genome re-sequencing
virus,  bacteria,  insects,  ...,  human• targeted sequencing
candidate gene / gene region
hybridisation capture• diagnostics
non-invasive trisomy screening• metagenomics

• forensics
degraded / mixed samples
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Cartoon Coat
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Subjects today

• targeted sequencing

PCR-based
AccessArray  (Fluidigm)

hybridisation capture
FlexSelect
X-linked disease

• Helicos
single molecule sequencing
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Fluidigm system

plates
upto 96x96 PCRs

Real-time PCR

Liquid flow control

nanoliter PCR
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Nano-liter PCR

• normal PCR
real time measurement,  melt curve analysis

TaqMan SNP typing 9,216 in parallel

• measure sample concentration
digital-PCR (12 samples  - 765 wells)

Illumina and 454 

• PCR target enrichment
AccessArray

48 samples x 48 assays
real time PCR

retrieve products in sample well

> improved equimolar yield…
reduced sequencing cost
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Fluidigm digital-PCR

dilution
1/109

1/108

1/107

©Rolf Vossen

1/106

Determine exact DNA 
concentration before SEQ

- optimal loading

- max. SEQ yield
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Fluidigm AccessArray

• target BRCA1/2
HRMA PCR set (48 PCRs)

PCR with dye
follow qPCR

~95% PCR worked immediately
perform melt curve analysis

retrieve products
454 sequencing (500 bp)
Illumina sequencing (75 bp)

? equal coverage

? all variants detected
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AccessArray PCR

• PCR AccessArray
48 x 48
phosphorylated-oligo's

M13-tails

• retrieve products
AccessArray

• concatenate products
add ligase

• fragment…
+ normal sample prep

1   2    3   4   5

500 bp

1    = 100 bp ladder

2-4 = 400U ligase

5    = 1U ligase
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AccessArray BRCA1

coverage

G > A variant

BRCA1

NextGene analysis  (SoftGenetics)
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BRCA optimisation
PCR primers:    F 1) CGTATCGCCTCCCTCGCGCCATCAGACGAGTGCGTTGTAAAACGACGGCCAGT MID-F 

R        2) CTATGCGCCTTGCCAGCCCGCTCAGACGCTCGACACAGGAAACAGCTATGACC MID-R

F         3) TGTAAAACGACGGCCAGTggacgttgtcattagttctttgg         exon specific-F

R        4) CAGGAAACAGCTATGACCtcagcaattacaatagcctaatctt     exon specifi-R 

2 primers 3 primers4 primers

driver

start

melt curve

analysis
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HRMA PCR Q-check

PCR yield PCR quality

©Astrid Out

PCR OK

PCR abnormal

failed PCR

PCR OK

co
nc

en
tr

at
io

n



Human and Clinical Genetics © JT den Dunnen



Human and Clinical Genetics © JT den Dunnen

Hybridisation capture
• many experiments

on array and in soluiton
standard, custom, X-exome, exome

• lab work
in solution clear advantages

can be automated,  much easier

• region covered
on array more probes

no steric hindrance
in solution capture higher yield

• capture both strands
on array possible
in solution problematic
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Array capture - exome
©Jessica de Greef
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Full exome capture
©Rowida Al-Momani

Agilent

NimbleGen BRCA1
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Full exome capture
©Rowida Al-Momani

Agilent

NimbleGen HBA NR0B1

STRN4 FKRP

HBBLDB3
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LGTC Yavuz
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FlexGen arrays2
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Home brew - design2

probe
PCRPCR

T7

amplifcation

+ T7 RNA polymerase    (+biotin)

array oligo synthesis

chemical cleavage

capture
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Home brew - DMD2

S6 X-exome SureSelect
S7 custom HomeSelect

S6

S7

S6

S7

DMD-gene
(Xp21.2)

S6
S7

CREBBP (chr.16p)
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Home brew - MMR
APC

PMS2
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Home brew – MMRi

APC

zoomedintrons
added
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Advantages
• fast

1 day

• flexible
redesign,  add to existing

• cheap
no minimal amount
one array  >  indefinite resource

designed array to capture MMR genes
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X-linked TOD

• Terminal Osseous Dysplasia
pigmentary anomalies skin
skeletal abnormalities limbs
recurring digital fibromatosis childhood

• X-linked (Xq25-ter)
dominant

male lethal
female skewed Xi
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X-linked TOD2

3 families  (NL, Japan, Argentina)

+ 3 sporadic cases

©Yu Sun
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In-solution capture

one strand capture 

tested X-chromosome
whole-exome assay

in collab. with
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X-exome capture2

Exp.1        Exp.2 Common

exon coding 771 720 351

exon UTR 406 631 257

splice site 56 89 25

intron 793 1853 452

intergenic 1085 1716 425

( sub-optimal data analysis ! )

©Yu Sun
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TOD X-exome2

©Yu Sun

• cultured cells / blood
only normal allele expressed

100% Xi
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TOD X-exome3

RNA

©Yu Sun

fibromas

•archived fibroma tissue
( 15 year old )

2 alleles expressed
activated cryptic exonic splice site
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X-linked TOD2
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X-linked TOD4

• FLNA gene a surprise ?
first FLNA mutations published
the obvious candidate for TOD

phenotypic overlap

• 2003 gene analysed
send to expert  >  nothing reported
X-exome c.5217G>A  >  ?; was detected !

• 2010 paper
FLNA gene analysed, no variants found...

We need to share & report ALL variants, immediately
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Orange



Human and Clinical Genetics © JT den Dunnen

Helicos

single molecule sequencing

( SMS )
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Advantages tSMSTM
2

• saves work  (= time & cost)
'no' sample preparation

• no amplification (PCR)
fewer contamination issues
absolute quantitation
analyse everything (unPCR-able /unclonable)
no PCR errors (< sequence error)
analysis low quality DNA

forensics,  ancient,  archived
sample prep enriches contaminants

• sequence RNA directly
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Helicos

sequencer
computer
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Helicos

2 flow cells

25 channels each
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Methodology2

dT50

3’

Hybridize to flow cell
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Methodology2

Cycling:

A > G > C > T >  
A > G > C > T >  
A > G > …..

(~25 rounds)  
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Methodology
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Primary burials
©Eveline Altena
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From burial to teeth

©Eveline Altena
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Mitochondrial DNA2

Reference Sequence in bold
One channel each above and below
forward reads black,  reverse blue
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Human DNA  (NGS)

up to 30%
…
…
…

up to 40%

determine gender
bone structure 3/5
PCR 3/5
Helicos 5/5
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Summary Helicos
• more human DNA

excluded contamination researchers
variants in mtDNA

mark of DNA-damage
"variants" in one strand only

• many new possibilities
more data from these samples

complete mtDNA
…capture regions of interest
…complete genome sequence

archeology in general
extinct organisms

analysis "bad quality" DNA
forensics,  archived

low cost
load 50 samples
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Maternal plasma
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Cartoon giraf publicno

©Mordillo
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Black


