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Molecular Diagnostics in Rotterdam

Past
Mutation detection by Sanger Sequencing, 1 amplicon/reaction

Present
More targets, less material > NGS, 100s amplicons/reaction

lon Torrent platform, First PGM purchased in April 2012, 2"d in December
2013

Fully implemented in diagnostics in mid 2013

Erasmus MC
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lon AmpliSeq technology

Highly multiplexed custom primer panels used in PCR
Current diagnostics: 300 — 700 amplicons

Primer design

Library preparation

Library quantification

Emulsion PCR

Chip loading & sequencing

Data analysis and reporting

Erasmus MC
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lon Torrent AmpliSeq workflow

Highly multiplexed PCR in 2 reactions

Adapter ligation

Clonal amplification by emulsion PCR

Sequencing on lon chip
sMC
2 afny




DNA isolation from routine specimens
Paraffin block H&E stained section Cytology preparation
Paraffin section IHC stained section

SURISTRY
AR NN S 1‘%8&1

Qi

Starfrost™ Starf'r()st@}

Starfrost®

‘@‘_’T




DNA isolation

Selection of tumor cells by pathologist, as high as possible

Manual microdissection from haematoxylin slides




Manual microdissection

Erasmus MC

Use 1 — 10 slides depending on number of cells 2 @b



DNA isolation

DEVAE

Manual microdissection

Cell lysis + proteinase K treatment overnight at 56 degrees
Day 2

Spin down cell debris

Measure quantity

Eraspaus MC
Quiality is not checked beforehand ~( 2™



DNA quantity

According to protocol 10 ng per primer pool is needed

Difficult when using small biopsies or cytology samples

Test performance with 10 ng, 1 ng and 0.1 ng DNA

Barcode Mame Sample ases = Mean Read Length

Mo barcode S A 320 38587 103 bp

lonspress_010 MM3EET_10ng a1l 113 bp

lonspress_011 Hma1_10no 838N A453R8 107 bp

lom<press_012 HME1_1ng 2 8845512 108 bp

lonspress_013 Hm&1_0.1ng FT 2N 108 bp




Detected variants

10 ng

1 ng

0,1 ng

Type| Ref
o | 43613843[RET ___Isnp|l o | 1 | 100 | 2787
11 | 534242|HRAS | I N S < N S N P X
P
P
Pl o | ¢ | 99 | 2527 |
Type
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
Type
ALK
PIK3CA
FGFR3
SNP
SNP
sNne| 6 | oA | 99 | 18 |
SNP
SNP
SNP
SNP
TpPs3 [snp| G | . c | oo | 2304 |

Eras

-

sMC
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Homopolymers difficult on lon Torrent platform

15[ x]

" Fle Genomes Miew Tracks Regions Tools GenomeSpace Help

Huran k13 |chr10 |chr10:89,711,519-89,711,851 G Fr <« » @ [ = 2 o =

J T e — W [ | T i I I
p15.2 pld pl3 pl232 pl2.2 pl1.23 pIl21 qll.l ql1.22
w, 34bp
=4
whi| ssTEHEp 89.711.830 bp 89 711,840 bp 89 711.850 bp
54 | | | | |
233 =
0- 4702 &
lonXpress_011... bam Coverage
I
[ T
]
3
I
I
I
I
I
lonXpress_011_R_2013_02_20_|
_43_Molpath_PAT-47-Low_inpu| I
{_RMA_20022013_Auto_Molpat
47-Low_Input_Test_RIMA_20022
8.bam 3
I
I
I
=
Sequence - A A [ T A T A A T G G A A [ A T T T T T T T T C A A T T T G G C T T|=
RefSeq Genes T
=
tracks loaded [prriosar1.852 I[ | o ot 393




PIK3CA, p.E545K

File Genomes “iew Tracks Regions Tools GenomeSpace Help

Human hglg vl 3 vl chr3:178,936,067-176,336, 115 « » @[ x5 2 =R

p26.1  p25.2 p243 p241  p22; p21.2 pl42 pl4l pi3 pl23 pl21 ql1.]

178.936.070 bp 176 936080 bp 176.936.090 bp 178936 100 bp 1768936 110 bp
| | | 1

DATATYPE
DATAFILE

NAVE

lonpress_011...bam Coverage -
lonipress 011_R_2013_02_20_| : g

_43_WMalpath_PAT-47-Low_lnpy

+_RMA_20022013_Auto_Molpat (o) o,
47-Law_Input_Test_RMA_20023 5 (o) 42 (o)

2.bam

lanXpress_012...bam Coverage

lanxpress_012_R_2013_p2_20_| 1 n
_43_Molpath_PAT-47-Low_Inpul

1_RMA_20022013_Auta_Molpat

47-Low_Input_Test_RMA_20023 O, 7 A
Bbam 584 G / 42 (o]

lonipress_013...bam Coverage

lonXpress_013_F_2013_02_20 | O, 1 ng

_43_Wolpath_PAT-47-Law_Inpy

+_RMA_20022013_Auto_Molpat o, o,
47-Low_Input_Test_RMA_20023 6 4 / G / A
2.bam o o

Sequence

RefSeq Genes




DNA quality

Not tested beforehand

DNA isolated from FFPE material can be heavily fragmented resulting in
decreased read length

Read Length Histogram Read Length Histogram

Erasmus MC
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DNA quality

Cytosine deamination give rise to false positives C>T transitions

C=»UHm= T

Cytosin Uracll

Erasmus MC
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chr17

pi33

Q2131

qZi33

Q251

252

7.579.850 bp
|

' )
-
pILz pLLL
7.579.870 bp
| |

Variant Calls

1116-752T3_Clotum_61
1D Diagnostiskvd

(DiagnostiekV/...CoveredBases A
mpliSeqiD 1ADS... solution type
=112 AmpliSeq ...ion=3.0.1 Wak
flon=DNA)

D Diagnostiekvd haispat

L7 154368504

AMPLT 152608440

Coverage

Alignments

0~ 1430

Sequence -

RefSeq Genes

AGGTCT

G AGGGGGCTCGACEC

ATCTGACT

CTCCTCCAT

TCT

G




Primer design — lon AmpliSeq Designer

As much coverage of ROI with as few amplicons as possible (cost)
Best possible design with a set of rules

Optimal melting temperature

No homopolymers in primer sequence

Avoid repeat regions

GC content between 20-80%

No known dbSNP allowed in primer (MAF > 5%)
Pseudogenes

No interaction between primers in one pool

Erasmus MC
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Primer design

Confirm ROIs are covered
UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | ==<=< | < =xx | ZOOMIN| 1.5x | 3x | 10x | base |Zoom out | 1.5x | 3x | 10x | 100x

chr17:7,571,720-7 590,868 19,149 bp. | enter position, gene symbol or search terms

24 MWor-kf 1ow=0HA

I 24 Workf 1ow=DMA

What to do with missed region?

Accept, White glove, Spike primer, Use other technigues (Sanger
Sequencing, SNaPshot, mutation specific PCR etc)

Erasmus MC
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Quality test of primers

In silico # in vitro
Coverage of all (important) amplicons?

Torrent Suite CoverageAnalysis plugin

Amplicon Coverage Chart Flot: Total Reads ¥

=
O
QO
o
-
=
=]
o
u
-t
T
=
=,
—
o

39 Selected

Eras
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ON AMbplisSedqd besiane /

chri -

T TT [ 1 1 7 T T [ [ D D B N B [ e
p3631  p36.21 p36i2 p353 p3d3  pIAl  p323  p3al p3l2  p3Ll p223 p2Zl  p2l.2  pi33  pl3l plll

274 bp
226.252.000 bp 226.252.100 bp 226.252.200 bp
| | | |
ariant Calls I -
1115-1658T_GBWI_D5 | |
D GBMgraot EEE - ; e AMPL?&T 130818 =
(AmpliSeq Ver.=3.4 Warkflon=
DHA)

D GBMgroat hotspat

02157 -
Coverage [

m

Alignments _ o

Sequence

RefSeq Genes




@, @ @,
chri -
|| | | LT LT T T I
p3631  p3621 p36d2 p353  pid3 p3dl  p3I23  p3dl p312 pi33  pl3l plil
274 bp
226.252.000 bp 226.252.100 bp 226.252.200 bp
| | |
[Variant Calls o Variants Found
11115-1658T_GBhIv2-mutan_B8
GEMVZ mutan
{CoveredBases...liSeqlD IADT71 AWPL7 154000053 =
86 solution ty..31 AmpliSeq Ve —
.24 Wo ikl awe=DHA) AMPL7 154000054
GBMZ mutan hatspat
0 15

Coverage

Alignments

Sequence

RefSeq Genes




chr1 -
C T T [ [ 17 I e e— N BN W ey "-:I:-:-:-:-:-:-:_:_:I:I:—]%q:-:_:
p36.31 p36.21  p3612 p353 p3d3 [TEEN] p323 p321 p31.2 p3L1 p223  p221 p21.2 p133 pl3l plld ql2 q21.1 q21.3 q23.2 q241 q25.1 q25.3 q3L.2 q321 322 qd4l  q4212 qd42.2 q43 q4
274 bp
226.252.000 bp 226.252.400 bp 226.252.200 bp
| | | |

ariant Calls I d
M15-1858T_GBM_05 | |
MD GEMgroot : : . - y - : AMPL757139918 =
(AmpliSeq Ver..=3.4 Wordloa= I
PHA) AMPL1G10823580

D GEMgroat hotspot

a-217) -

Ucsc In-Silico PCR

chrl:226252878+226252229 152bp GCAAATCGACCGGTGGTAAA GATACATACAAGAGAGACTTTGTCCCAT
GCAAATCGACCGOTOGTAAAECcaCcCcCcaggaagcaactgactacaaaageoc
goctcgecaagagtgogocctctactggaggggtgaagaaaccticatcgtta
caggtattaassasacaggaaaaaalATOOGACAAAGTCTCTCTTGTATGTA

TC

m

Alignments = o

- R

RINIK

Sequence

RefSeq Genes




chr1 -

S = WCSC In-Silico PCR T B2 xR ek
225252|-‘>:"P1:226252825—22625218? 163bp GOTAGGTAAGTAAGGAGGTCTCTGTAC TTAATACCTGTAACGATGAGGTTTCTTCAC LRI
GOTAGGTAAGTAAGGAGGTCTCTGTACCatggctcgtacaaagcagacty .
Variant Balts cccgraaatcgaccggtggtaaagoaccocaggaagoaactggctacaaas -
e e, £CCECtCECaagaEtgegccctctactgEagegGTGAAGAAACCTCATCG
e TTACAGGTATTAA ]
solution mpliSe Ve
sion=4.24 Waikflon=DHNA) »chr2:175584688+175584778 163bp GGTAGGTAAGTAAGGAGGTCTCTGTAC TTAATACCTGTAACGATGAGGTTTCTTCAC
GOggOaTAAGTAAGGAGETCTCTGTACCatggctcgtacaaagcagactg
PR G L cocgraaatogaccggteggtaaagracccaggaagoaactggctacaaas i
= gocgotcgoaagagtgogocctictactggageg0TGAAGARACCTCATCG
Coverage TTACAGGCcTggt

»chr4:1134861164113486278 163bp GGTAGGTAAGTAAGGAGGTCTCTGTAC TTAATACCTGTAACGATGAGGTTTCTTCAC

- atgAGGTAAGTAAGGAGETCTCTGTACCatggctcgtacaaggcagactg
cccacaaatcaaccggtggtaaaccacccaggasgraactggctacaaaa

- gocgoctcgoaagagtgtgocctctactggageg0TGAAGARACCTCATCG

TTACAGGCcTggt

- >chrX:122648293+122648454 162bp GGTAGGTAAGTAAGGAGGTCTCTGTAC TTAATACCTGTAACGATGAGGTTTCTTCAC

Alignments GoggGGTAAGTAAGGAGGTCTCTGTACCacggctcctacaaagoggacty

coccgraaaccgaccagtggtaasgoacccaggaagcaactggctacaaaag

ccgotocgraagagtgogocctctactggagee GTOAAGAAACCTCATCGT

TACAGGCcTggt

»chrl_glo6al9] random:19118-19249 148bp GGTAGGTAAGTAAGGAGGTCTCTGTAC TTAATACCTGTAACGATGAGGTTTCTTCAC

GOggOGTAAGTAAGGAGETCTCTGTACCatgactcgtacaaagcagtaaa

gaacccaggaagcaactggctacgaaagocgoctogoraasagtgogoccte

tactggaggeGTOAAGAAACCTCATCOTTACAGGCCTEEL

»>chrl:24275781-24275928 148bp GETAGGTAAGTAAGGAGGTCTCTGTAC TTAATACCTGTAACGATGAGGTTTCTTCAC

GOggOGTAAGTAAGGAGETCTCTGTACCatgactcgtacaaagcagtaaa

gaacccaggaagcaactggctacgaaagocgoctogoraasagtgogoccte

Seauence tactggaggeGTOAAGAAACCTCATCOTTACAGGCCTEEL

= CD >chr4:140619574-148619736 163bp GGTAGGTAAGTAAGGAGGTCTCTGTAC TTAATACCTGTAACGATGAGGTTTCTTCAC

GOggOaTAAGTAAGGAGETCTCTGTACCatggctcgtacaaagcagactg

cocgraaatcgaccggtgptaaagracccaggasgoraactggctacaaaa

gocgotcgoaagagtgogocctictactggageg0TGAAGARACCTCATCG

TTACAGGCcTggt




chri -
T T TT T [ 1 1 7 T T T o N N N B T oy e
p3631  p3621 p36d2 p353  pid3 p3dl  p3I23  p3dl p3i2 p3Ll p223 p221  p2i2 pi33  pl3l plil
274 bp
226.252.000 bp 226.252.100 bp 226.252.200 bp
| | | |
[Variant Calls o Variants Found
11115-1658T_GBhIv2-mutan_B8
GEMVZ mutan PR N S S S S S S S N N
{CoveredBases...liSeqlD IADT71 AWPL7 154000053
86 solution ty..31 AmpliSeq Ve I o
24 Workdlow=DNA) o AMPL7 154000054
GBEMVZ mutan hotspat
- 2219 o
lonXpress 088 ...4.bam Coverage C
n E
| |
| |
lonipress 088 .16 0108 1121 I
40 MalPath P... IMEOS012015
CHIP1 Auto b..AT 399 IMEOS [ |
012015 CHIP1 814.bam
H H 1 il
Sequence
RefSeq Genes




chr2 -
p25.2 p243 p2a1 |12!.2 pZZ2  pIl pl63  pl6d pld  pi13Z  pl2 pi1l q111 q121 qi3 q142 q211 q2ll  ql23 qIi3 q242 q31d CEIN] q3z2 q331 q333 q34  q35 q362 q37d  q373
120 bp
29.443 620 bp 29 443 640 bp. 29 443 €60 bp. 29.443 880 bp 28.443.700 bp 29.443 720 bp.
| | | | | | | | | | il
ariant Calls -
M16-0032T_Diagnostiek V3_86
MD Diagnostiskya AMPLT 153128403 |
D Diagnostiekya hotspat
WD Diagnostiskya effective TR TR il
0 ) -
Coverage
= ]
|
Alignments = —_— - |
_ = — . = = |
Sequence = AGGTCTCCCCCCGCCATGAGCTCCAGCAGGATGAACCGGGGCAGGGATTGCAGGCTCACCCCAATGCAGCGAACAATGTTCTGGTGGTTGAATTTGCTGCAGAGCAGAGAGGGATGTAAC|-

RefSeq Genes




Mispriming

¥ ¥ ¥ ¥ ¥ ¥ ¥ 3 ¥ ¥ ¥ ¥ ¥ ¥ ¥ E E ¥ ¥ ¥ ¥ E E * ¥ ¥ ¥ ¥

AMPLT 153120453

HRAS exon 2 forward primer
CGCCA CTCACCHCT ATA

C A C T € A C CpCpC A A T
5 v - I

Erasmus MC
2o
Described in McCall et al, IMD, 2014 g




Quality test of primers

Coverage all (important) amplicons?
Check mutation detection in as much amplicons as possible

Commercial test samples available from e.g. Horizon Diagnostics and
Acrometrix

Erasmus MC
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Horizon Diagnostics HDx Reference Standard

AmpliSeq Hotspot

EGFR

v

PIK3CA

NOTCH1

v

CTNNB1

v

Allele frequencies in three tiers: 5%, 2,5% and 1,25%

Available as FFPE material

Erasmus MC
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Acrometrix Oncology Hotspot Control

Synthetic and genomic DNA variants in 5 — 35 % allele frequency
> 500 COSMIC mutations are present

Suitable for commercial and custom primer sets

03 genes are represented: ABLT, AKTT, ALK, APC, ATM,
BRAF, CDH1, CDKNZA, CSFIR, CTNNBI, EGFR, ERBBZ,
ERBB4, EZHZ FEXW7 FGFRI1, FGFRZ FGFR3, FLT3, FOXL2,
GNATT, GNAQ, GNAS, HNF1A, HRAS, IDH1, IDHZ, JAKZ,

JAKS, KDR, KIT, KRAS, MAPZ2K1, MET, MLHT, MPL, MSHE,
NOTCHT, NPMT, NRAS, PDGFRA, PIK3CA, PTEN, PTPNTT,
RB1, RET, SMAD4, SMARCBT1, SMO, SRC, STKTT, TP53, VHL

Erasmus MC
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Acrometrix Oncology Hotspot Control

afva)

Erasmus MC



Acrometrix Oncology Hotspot Control

Allelic frequency(%) vs. Run index

v IDH1p.R132H

v PIK3CAp.E545K

7 ~ PDGFRAp.P567P

v EGFRp.L858R

v BRAFp.VE00E

v HRASp.G12V

v KRASp.G12D

v TP53p.R306™

v ERBB2p.A775_GT776i..

Missed TP53 mutation in run 2
AF below reporting threshold

Erasmus MC




Data analysis

Choice of software
Torrent Suite VariantCaller, no annotation
lon Reporter
Other (commercial) software packages

Huge number of settings in software

Balance between false positives and missed mutations

Erasmus MC
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Data analysis, different software, different results

Validation of Segnext software (JSI Medisys)

Compare Torrent Suite VariantCaller to Seqgnext

Erasmus MC
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Data analysis, different software, different results

Reanalysis of 181 samples, 2 different amplicon panels

PANEL 1, 101 amplicons PANEL 2, 255 amplicons
97 samples 84 samples

95 concordant 81 concordant

4 novel mutations 1 novel mutation

All novel mutations are confirmed by Sanger Sequencing

Difficult to select the best parameter set that

detects all variants without false positives
Eraspaus MC
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Interpretation of variants

Quality parameters

Coverage
> 100

20-100 KMBP decides

<20

Variant allele frequency
1/, x % tumor cells
> 1/,x % tumor cells
< 1/,x % tumor cells

<5 %, gene of interest
<5 %, no gene of interest

@]¢

Allelic imbalance

Check tumor cell %, possibly minor
clone

KMBP decides, confirmation difficult
unreliable

Erasmus MC
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Interpretation of variants

Strand bias
2:1-1:5
Can be amplicon dependent and present in all samples

Homopolymers

No insertions or deletions in homopolymer

Erasmus MC
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Reporting

All quality parameters are met

Known variants based on literature, COSMIC or LOVD are reported
Variants of unknown significance, KMBP decides

optional: Confirm by Sanger Sequencing
Exclude germ line variant by testing normal DNA

Erasmus MC
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Thank you for your attention

sMC
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