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Reports

15 years



Next generation sequencing

• 06/2011
Earray (Agilent

• 10/2011  02/2012
2 experiments– Earray (Agilent

technologies) : 
targeted
resequencing of 

2 experiments
– NEIGE 1 = 12 

samples
• Positive controlsq g

460 exons of 25 
genes

• Database : 
Ensembl 62  

Positive controls
• 9 substitutions
• 5 delins

• Illumina GAIIX  Ensembl 62, 
GRChp37

• Repeat Masker
UCSC

PGT-CGFB 
Bordeaux 

• Illumina MiSeq 
GeT; INRA Toulouse

• Oligos 120 mers, 
tiling 2X, +/- 50 
bp around
exons

GeT; INRA Toulouse
– NEIGE2 = 30 

samples
• 16 positive controlsexons

 2666 oligos
duplicated 19 
or 38 X  57750 
oligos total)

6 p
with « complex » 
mutations

• 14 samples double 
blind diagnostic oligos total)

 0,187 Mb
blind diagnostic 
series



Capture library selectionp y

BRCA1 uc002ict 2BRCA1 uc002ict.2
BRCA2 uc001uub.1
BRIP1 uc002izk.1
PALB2 uc002dlx.1
ATM uc001pkb.1

Breast &
Ovary
Breast &
Ovary

BARD1 uc002veu.2
CHEK2 uc003adt.1
RAD51C uc002iwu.2
PTCH1 uc004avk.3
PTCH2 uc010olf 1

cancerscancers

ddPTCH2 uc010olf.1
SUFU uc001kvy.1
PIK3CA uc003fjk.2
PTEN uc001kfb.2
MLH1 uc003cgl.2

TransductionTransduction

MSH2 uc002rvy.1
MSH6 uc002rwd.3
MUTYH uc001cnh.2
PMS2 uc003spl.2
APC uc003kpy 3

Colon 
Cancer
Colon 
Cancer

APC uc003kpy.3
EPCAM uc002rvx.2
CDH1 uc002ewg.1
STK11 uc002lrl.1
MRE11 uc001peu.2

OthOthRAD50 uc003kxi.2
TP53 uc002gij.2

OtherOther



Integrative Genome Viewer (Broad Institute)
BRCA2  1 16BRCA2 exons 1-16

dbSNP

Coverage

GAIIX
Coverage

reads

MiSeq

BRCA2 
exons 1110 12 13 14151612 3 4 8 957



Integrative Genome Viewer (Broad Institute)
Substitutions

PMS2
137G>T

MLH1 
2041G>A

BRCA2
7759C>T

BRCA2
3812C>G

PTEN
821G>A

PTEN
210-14A>G

GAIIX

MiSeq



Integrative Genome Viewer (Broad Institute)
1 bp deletion1-bp deletion

BRCA1
1390delA

PTCH1
1299delC

PTCH1
279delC

GAIIX

Number of reads

MiSeq

Number of reads
951-545-955



Results of the first set of experiment
6 genes in 12 samples6 genes in 12 samples

Variants attendus    (total = 72) GAIIX (CASAVA) MiSeq (MiSeq Rep)

polymorphismes 58 58
substitutions 53 53
délétions 3 3
insertions/2 1* 2
mutations 14 14mutations 14 14
faux sens  9 9
délétions 3 3
duplication 1 1
delétion insertion 1 1*

Variants additionnels   (total=151) GAIIX (CASAVA) MiSeq (MiSeq Rep)
non vus par précriblage 3 3non vus par précriblage 3 3
nouveaux polymorphismes (hétérozygotes) 90 90
substitutions 80 80
délétions 6 6
insertions 4 4
nouveaux polymorphismes (homozygotes) 61 61
nouveaux polymorphismes (hétérozygotes) en +/‐50  1 1
nouveaux polymorphismes (homozygotes) en +/‐50 18 18p y p ( yg ) /
off Target (Nb de régions) 9 9

*: mal annoté



NEIGE2
• 16 positive controls with « complex » mutations

– 4 Gross gene rearrangement (GGR)4 Gross gene rearrangement (GGR)
– 8 delins
– 4 point mutation

• 14 DNA sample from patients not previously screened
– Consultations  : 07/2011
– Double-blind studyDouble blind study

• Gaëlle Geneste, Françoise Bonnet : EMMA-Sanger sequencing
• Delfine Lafon, Nicolas Sévenet : Next-Generation sequencing

– 100% of concordance– 100% of concordance
• NGS seems to be more sensitive than our current screening method 

(dHPLC, EMMA, HRM) due to its detection and identification of 
homozygous variantsyg

– Résultats
• BRCA1 : 1 GGR (del exons 21-24 included), 2 Unknown Variant
• BRCA2 : 1 frameshift• BRCA2 : 1 frameshift



Positive controls
Gross Gene Rearrangement

Del ex9 TACSTD1-Ex 1&2 MSH2

Del 16-23 BRCA1



Positive controls
delinsdelins

MLH1PTCH1 PTEN PTENMLH1 MLH1
Exon 16

c.1852_1853delinsGC
p.Lys618Ala

PTCH1
Exon 7

c.1019_1022dupAGTT
p.Ile342ValfsX96

PTEN
Exon 8

c.1807dupA
p.Tyr336X

PTEN
Intron 4

c.254-1delG

MLH1
Exon 19

c.2181_2182dupCA 
p.Ile728ThrfsX56



Positive controls
PTCH1 Mosaicism

Ratio 
Germline

Deleterious Mutation
Exon 10; c.1453delC; 

p Leu485TrpfsX6

Ratio 
Variant/WT 

= 98/908
≈ 10%

p.Leu485TrpfsX6

Germline
polymorphism

Exon 12; c.1686C>T; 
p.Ala562Ala

Reverse sequence

Ratio 
Variant/WT 
= 322/304
≈ 50%≈ 50%



Double blind study
BRCA1BRCA1

del 21-24 : c.5278-?_5592+?del

Del 21-24 BRCA1

2021222324



Double blind study
Point mutationsPoint mutations

BRCA1 BRCA2BRCA1
Exon 24

c.5468-8G>A

BRCA2
Exon 24

c.6209delAAAG
p.Glu2070ValfsX10



Capture statistics
Quality Control Manager, Genespring NGS, Agilent technologiesTargeted Bases 

with minimum 20X 
coverage (%)

Uniquely aligned
bases (%)

Bases of reads

High QC samples

Bases of reads
within targeted

region +/- 200 bp
(%)

Bases of reads
within targetedwithin targeted

region (%)

Duplicates (%)
Low QC samples

10 samples



Capture Metrics 1F18_low 1K24_high
Total reads 1217364 1614132

Uniquely mapped reads (#) 1001698 1407682

Low
QC

High 
QC

statistics Reads

Uniquely mapped reads (#) 1001698 1407682
Unmatched reads (#) 149918 104719

Avg read length(Reads in targeted regions only) 149,96 150,05
Reads in targeted regions (#) 339327 990656
Reads in targeted regions (%) 31,79 65,63

T t l b  f d  (i l d  b  f t h d 

Bases

Total bases of reads (includes bases of unmatched 
reads)(#) 182332398 241968474

Total bases of mapped reads(#) 159694780 226155905
Uniquely Aligned Bases (#) 149768158 210796283
Uniquely Aligned Bases (%) 82,14 87,12

Bases of reads within targeted regions (#) 45140999 131991704
B  f d  ithi  t t d i  (%) 28 27 58 36

Uniquely aligned
bases (%)

Bases of reads Bases of reads within targeted regions (%) 28,27 58,36

Enrichment Genome targeted (%) 0,01 0,01
Enrichment in targeted regions (fold) 5234,16 10806,61

Coverage Average coverage (fold) 240,07 701,97

Bases of reads
within targeted

region (%)

Coverage Median coverage (fold) 239 693

Targeted regions (#) 460 460
Targeted regions covered by at least 1 read (#) 460 460
Targeted regions covered by at least 5 read (#) 460 460
Targeted regions covered by at least 10 read (#) 460 460

Targeted regions Targeted regions covered by at least 20 read (#) 459 460
Targeted regions covered by at least 30 read (#) 459 460
Targeted regions covered by at least 40 read (#) 458 460

Zero Coverage Targeted Regions(#) 0 0
Zero Coverage Targeted Regions(%) 0 0

Duplicates (%)
Duplicates Duplicates (#) 55597 147723

Duplicates (%) 10,32 19,44

Bases in targeted region 188010 188010
Targeted bases with minimum 1x coverage (%) 99,97 99,99
Targeted bases with minimum 5x coverage (%) 99 87 99 95

Targeted Bases 
with minimum 20X 

Duplicates (%)

Bases in targeted regions

Targeted bases with minimum 5x coverage (%) 99,87 99,95
Targeted bases with minimum 10x coverage (%) 99,81 99,9
Targeted bases with minimum 20x coverage (%) 99,61 99,86
Targeted bases with minimum 30x coverage (%) 99,38 99,83
Targeted bases with minimum 40x coverage (%) 99,17 99,8
Targeted bases with minimum 1Kx coverage (%) 0 14,28

with minimum 20X 
coverage (%)



Molecular genetic lab, Institut Bergonié
200 m2 technical platformp

1
Covaris

DNA 

2
Sample qualification

First steps before captureDNA 
fragmentation
(Bx2 partner)

First steps before capture

Post-PCR
Pre-PCR/nucleic
acid extraction

&
sequencing area

PCR 
area

DNA 
add 3
Library capturearea

Amplification & indexing
Multiplexing

Library qualification

4
Sequencing by synthesis

Primary analysis
Secondary analysis

PCR mix room



Molecular genetic lab, Institut Bergonié
NGS : bioinformatic analysis workflow



Future
• Validation phase

– Experiments :Experiments :
• 150 germline DNA samples double blind analyzed before 12/2012

– Organization
10 samples multiplexed each week• 10 samples multiplexed each week

• Analysis time < 2 weeks

• Developments
– Haloplex design & test (09/2012)
– V2 capture library design

• Enrichment for BAP1 & RAD51 family involved in HBOC& 5 y OC
• Enrichment for DDB2 involved in Basal cell carcinoma syndrome

– Multiplexing of 25 samples with the 7Gb flowcell
• Expected• Expected

– NGS as the sole molecular diagnostic method from 02/2013
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Bioinformatic infrastructure


