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Sr. Genomics Application Specialist
West Coast, USA

Using NGS to accelerate Immuno-Oncology Research

Sample to Insight



Legal disclaimer

QIAGEN products shown here are intended for molecular biology applications. These products are not intended for the diagnosis, prevention or
treatment of a disease.

For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit handbook or user manual. QIAGEN kit
handbooks and user manuals are available at www.giagen.com or can be requested from QIAGEN Technical Services or your local distributor.
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Agenda
Elements & Challenges of Immuno-Oncology

NGS solutions for Immuno-Oncolgy

Summary

Sample to Insight
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Immuno-oncology therapies target body’s immune system to fight cancer

Immuno-Oncology Chemotherapy Targeted Radiation Surgery
Therapy

Tumor cell

Sample to Insight
https://www.immunooncologyhcp.com/ 4



Immune response to cancer and challenges

Presentation Infiltration Elimination

< N
Vg W3

Typical immune response timeline

Sample to Insight
https://www.immunooncologyhcp.com/ 5
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Immune response to cancer and challenges

Presentation Infiltration Elimination

Typical immune response timeline

Challenges

Are normal cells affected ?

Are the tumor cells escaping ?

Normal cell

Approaches for precise monitoring...

Sample to Insight
https://www.immunooncologyhcp.com/ 6



QIAGEN Sample to Insight workflows

NGS and
PCR library

prep

Data Biological

Library QC
analysis interpretation

and PCR

Sample

isolation Sample QC

Sample to Insight
7
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QIAGEN Sample to Insight workflows

NGS and
PCR library

prep

Sample

Library QC
and PCR

Data Biological

Sample QC analysis interpretation

isolation

.....

Qlaamp DNA

FFPE Tissve Kit (50)

miRNeosy FEPE Kit (50)
Cat. No. 217504

ﬁL ¥ ARTICLE
_— - OPEN

na[Ul’C DNA methylation loss promotes immune evasion
COMMUNICATIONS of tumours with high mutation and copy

number load

Sample to Insight
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QIAGEN Sample to Insight workflows

Data Biological

NGS and Library QC
analysis interpretation

PCR library and PCR
prep

Sample
isolation

Sample QC

Sample to Insight
9
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NGS applications to accelerate IO pathway studies

InDels

Mutations

& CNV

Epi-

genetics

Sample to Insight

Immuno-phenotyping

[

TMB ]

High TMB tumors more likely
to harbor immune-triggering

B

neo-antigens %

s

N
MSI tumors more likely %
to harbor immune-triggering
neo-antigens

DNA repair dysfunction 9#:-:

Dysfunctional DNA repair may
lead to increased neo-antigen
presentation

¢

Microbiome dysfunction

Certain bacteria may help
immune cells proliferate and
enhance tumor killing

Presence of tumor-killing cells
suggests immune system is
present to attack

Immune
Repertoire

TCR clonality

9 ‘?‘ Clonal expansion indicates
o~ e ‘(g neo-antigen recognition
[ 4 — 35 =
“1,\, Activation of killing
L mechanisms suggests immune
< system is mounting an attack

t miRNA
a o
< ! ¥ Checkpoint activation expression

~ Presence of checkpoint

markers suggests checkpoint
cloaking mechanism is active

Non-checkpoint regulation
Q Presence of regulatory cells and
¥ their signaling molecules reduces

immune-cell tumor killing Gene
7 Expression

+ Fusions

Neo-antigen
generation

Immune
activation

Immune
evasion

- Other

Tumor
cell

@ |Immune
cell

Q Regulatory

cell

(- Red blood
cell

@y Microbe

https://www.lek.com/insights10



QIAGEN’s NGS portfolio: QlAseq for Immuno-Oncology
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Sample to Insight

QIAseq Stranded RNA + FastSelect rRNA/Globin removal
QIAseq UPX 3’ Whole / Targeted Transcriptome
QIlAseq Targeted / RNAscan RNA Panels

Gene
Expression
+Fusions
InDels

Mutations QlIAseq miRNA Sequencing System

& CNV
Bio-

markers

Epi- Immune
genetics Repertoire

11



QIAGEN’s NGS portfolio: QlAseq for Immuno-Oncology
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QIAseq Stranded RNA + FastSelect rRNA/Globin removal
QIAseq UPX 3’ Whole / Targeted Transcriptome
QIlAseq Targeted / RNAscan RNA Panels

— -
f—

Gene
Expression

+Fusions »
Ve

QlAseq Whole Exome Panel P

QlAseq Targeted DNA Panels InDels -

Mutations QlIAseq miRNA Sequencing System

& CNY - -

Bio-
markers

Epi- Immune
genetics Repertoire

Sample to Insight
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QIAGEN’s NGS portfolio: QlAseq for Immuno-Oncology

QIAseq Stranded RNA + FastSelect rRNA/Globin removal
QIAseq UPX 3’ Whole / Targeted Transcriptome
QIlAseq Targeted / RNAscan RNA Panels

o W

f—

Gene
Expression

+Fusions »
Ve

QlAseq Whole Exome Panel P

QlAseq Targeted DNA Panels InDels -

Mutations QlIAseq miRNA Sequencing System

& CNY - -

—

Bio-
markers

Epi- Immune

genetics Repertoire QlAseq TCR Panel (CDR3 + Full Length)

QIAseq Bisulfite Conversion
QIAseq Ultra-low DNA for ChlP-seq

QlAseq Targeted Methyl Panels QIAseq FX DNA for Whole Genome

QIAseq FX 16S/ITS Screening + Region Panels

13
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QIAseq Immune Repertoire RNA Library Kits

Precise detection of T-cell receptors using RNAseq with unique molecular indexing

Sample to Insight

14
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Understanding T-cell receptors

T-cells express hetero-dimeric receptors which recognize specific antigens.

« T-cell receptors are encoded by 4 different genes
° Alpha (TRA), beta (TRB), gamma (TRG) and delta (TRD)
o T-cells have either alpha + beta chains or gamma + delta chains

o T-cell receptors have constant and variable regions — variable regions are more interesting to researchers as they
determine the properties of a T-cell receptor

Alpha Beta Gamma Delta

<«——— \Variable region ——

™~

Constant region

Sy

Sample to Insight
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Understanding T-cell receptors

The VDJ region determines the specificity for antigens

QIAGEN'’s Immune Repertoire T-cell Receptor Kit analyzes this region by RNAseq

VJ region

Alpha Beta Gamma

VDJ region

SO A

joon

Delta

Sample to Insight
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Understanding T-cell receptors

The VDJ region determines the specificity for antigens

QIAGEN'’s Immune Repertoire T-cell Receptor Kit analyzes this region by RNAseq

CDR1
CDR2

CDR3
Alpka Beta Gamma

VDJ region

SO A

joon

Delta

Sample to Insight
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NGS approaches to study T-cell receptors

* RNA

+ TCR mRNA templates are likely to be more represented than DNA, allowing
higher sensitivity

* RNA sequencing specifically allows for the identification of expressed TCR
sequences

* The relatively shorter length of TCR mRNA templates allows for simpler library
construction and for capture of complete V(D)J regions including CDR1, CDR2
and CDR3

 DNA

« Samples are much easier to obtain; even biopsy samples from tissues
or slides can be used

P
VﬂSA Dnl J|s7 Cnl

N » Since each cell may only have one copy of the successfully
rearranged V(D)J, it may reflect the quantity of the repertoire better

Sample to Insight
Woodsworth, D. J., Castellarin, M., and Holt, R. A. (2013). Sequence analysis of T-cell repertoires in health and disease. Genome Medicine 18



NGS approaches to study T-cell receptors

* RNA

+ TCR mRNA templates are likely to be more represented than DNA, allowing
higher sensitivity

* RNA sequencing specifically allows for the identification of expressed TCR
sequences

* The relatively shorter length of TCR mRNA templates allows for simpler library
construction and for capture of complete V(D)J regions including CDR1, CDR2

and CDR3
+ Gene Expressmn
8 b : ’ § E%E’E“:::.:m
ID Associated Network Functions Score g2
1 Gene Expression, Cell Death, Lipid Metabolism 54 .

2 Cancer, Renal and Urological Disease, Amino Acid Metabolism

34
3 Cell-To-Cell Signaling and Interaction, Cellular Growth and Proliferation, @*
Hematological System Development and Function 23 N
4 Gene Expression, Cellular Function and Maintenance, Skeletal and Muscular e
System Development and Function 23 ~
5 Gene Expression, Cell Cycle, Cellular Growth and Proliferation 23 ¢
~ RAGE
*  TRAFD!
] 2 s T 53 g -3 E s B
£ 2 S € 3 23 ~-
REERIHE R EERT
i - s 5§ §i3 s g ¥ S &
g & g gfdtTef Is § §is 33
3 P O3S i is 8D 4 83f i
b ] g;zr g2 3 553 23
v g % = 2
4 §3 83 3% &3 0 f: i3
2% O s _g 9 & 5
2 § b iz 2

Sample to Insight

Woodsworth, D. J., Castellarin, M., and Holt, R. A. (2013). Sequence analysis of T-cell repertoires in health and disease. Genome Medicine 19
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What do | need to determine the expressed V(D)J regions for TCR mRNA

Sample to Insight

Sample

isolation

RNeasy
RNeasy Plus

MRNA

enrichment

QIAseq Immune
Repertoire
Library Kit

IMHS-001Z
Human T-cell

IMMM-001Z
Mouse T-cell

Sample

indexing

QIAseq Index Kit

QlAseq 96-Index
UDI Set A (384)

QIAseq 96-Index
UDI Set B (384)

QIAseq 96-Index
UDI Set C (384)

QIAseq 96-Index
UDI Set D (384)

QIlAseq Library
Quant Assay Kit

QIAseq Library
Quant Array Kit

lllumina

Bioinformatics

GeneGlobe Data Analysis Center
CLC Workbench

20
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RT primer priming, reverse
transcription, and secon

strand synlthesis

5I

5'

UMl

Library construction 1incorpomﬁon
of adapters, molecular barcodes,

and sample indexes)

T o I
Adapter

Becd clean up

Target enrichment by single

primer extension

UM%

5'
? “““““““ e, GEF
L Bead clean up
Sample indexing and
amplification
5' C —
= —

Bead clean up

Sequencing-ready library

UMI: Unique Molecular Index
G5F: Gene specific primer
FP: Forward primer

Z

UP: Universal primer
SIP: Sample index primer

8-%h

Pool of primers for gene-specific reverse transcription of alpha (TRA), beta (TRB),

gamma (TRG) and delta (TRD) TCR mRNAs

—¥ UMI- provides the ability to more accurately quantify the number of individual TCR clonotypes

Gene specific pool of primers for target enrichment of alpha (TRA), beta (TRB),

gamma (TRG) and delta (TRD) gene sequences

Sample to Insight



Precision sequencing with UMIs: Improved diversity modeling

» Rarefaction plots for each sample per receptor

« Number of reads per UMI can be used to gauge if the complete repertoire was sequenced

TRAC TRBC TRDC TRGC

0D

Clonotype
L A — L
diversity
Wi
=
[ ] L pre - ] Z-f O st o318 @ L2 Wz B @ L L= [£=
LR R I T H G R RNTEIEE LR IRT HAE MR RATLEH TR T e el Wk
FRESWE T = mape e -oraupr T Ke FRES W E = e spaups T He FAECEAT = e b - e tiee R FalE AT = v el - xnne i b
Number of UMIs

Sample to Insight
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Performance data

« T-cells sorting using flow cytometry based on available antibodies is one of the 3 Melan'A MELOE
classic approaches g 192%) g 93%,__;_;4':
z | 1
51
« Can we capture information if similar T-cells populations are subjected to RNAseq = %CDSI
using 10 ng or 25 ng total RNA (1000 to 2500 T-cell) o
Unstimulated ~ +Melan-A,,7 ;. +M113 +M117

C01% 2% 85% 43%

Unstimulated ~ +MELOE-134.44 +M113 +M117

50% 35% 62%
I 0.1% _ " o

—> % TNF producing T cells

(b)

Sample to Insight
Labarriere et al. 2013 23
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Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients

B. Dreno A. Khammari

Pt PBMC
= / \
Injection H \
Peptide
stimulation

Specific T-cells are amplified for infusion E :

Melan-A/A2 specific T cells Melan-A 57,

(1-2.10%cells)  pejoe-1/A2 specific T cells
(1-2.10¢ cells)

A
e

> MEL015_44
T-cells are sorted based on HLA-peptide /
multimer coated magnetic beads 2
) A2/Melan-A
Enriched Tce@

A2/Meloe-1 populations

\ D14
Specific T cell

sorting PR

Jeubeyy

F. Lang

Sample to Insight
Labarriere et al. 2013 24



Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients

Classic phenotypic analysis - FACS

Transcriptional profiling for TCR clonotypes

Sample to Insight

D30

Injection

Melan-A/A2 specific T cells

D28

Meloe-1/A2 specific T cells
(1-2.108 cells)

(1-2.10% cells)

~ : h
{ —Q

( oubep | |
N\ AN J

[ 1euben | |

— @

Specific T cell
sorting

DO

HLA-A2

Patient PBMC

Peptide
stimulation

Enriched T cell
populations
By

) '_j—’;;C- o

25
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Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients

Classic phenotypic analysis - FACS

? frontiers
in Immunology

ORIGINAL RESEARCH
pubishert: 20 August 2018
ki 10,2200 rmu. 2018.01962

Ghock tor
paine

TCR Analyses of Two Vast and
Shared Melanoma Antigen-Specific T
Cell Repertoires: Common and
Specific Features

Sylvain Simon'2_ Zhong Wi, J Cruand "2, Virginie Vignard 24, Agnes Fortun 2,
Amir Khammari™2*, Brigitte Dreno "2, Francols Lang ™, Samuel J. Ruli® and
Nathalle Labarriore 24

Transcriptional profiling for TCR clonotypes

Sample to Insight

DO
HLA-A2
Patient
3o PBMC
|
Injection
Peptide
stimulation
Melan-A/A2 specific T cells
(1-210%cells)  Meloe-1/A2 specific T cells

(1-2.108 cells)
% .. A ) Y
s o= ()

=1 .=L‘\;Lvl'~{‘§$\ ) &= e

. = p i\_/“ ; ‘\_

o Enriched T cell
popula‘uonsi i
:}/_" oy
= &
Specific T cell

sorting

D14

26



% CD107 positive T cells

% CD107a positive T cells
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Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients

Classic phenotypic analysis - FACS

95 %

—

1007
80+
60~
40+
20+
0 T T
-10 -5 0
log [peptide nM]
100+
804
60+
40+ /7
20+
15—
10+
54
0-
NS 1/0,5 7 1/2
E:T ratio

Good Purity & specificity

Reactive against the peptides

Melan-A (in red) & MELOE-1 (in blue)
infused specific T-cells are reactive
against melanoma specific T-cells
expressing the 2 antigens

HLA-A2
Patient
D30
Injection
D28
Melan-A/A2 specific T cells
(1-2.10%cells)  Mmeloe-1/A2 specific T cells
(1-2.109 cells)
S Q)
Specific T cell

sorting

DO

PBMC
Peptide
stimulation
& a
..
Enriched T cell
popula‘uonsi _

Sample to Insight

Simon et al Frontiers Immunol 2018 27



Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients

Classic phenotypic analysis - FACS
Challenges

TRBV12-3,12-4
2%

FITCPE

TRBV6-5,6-6,6-9
2.1%

Cross-reactivity of some antibodies

The 24 Ab panel did not cover the entire Vbeta repertoire

DO
HLA-A2
Patient
3o PBMC
Injection
Peptide
, » stimulation
D28
Melan-A/A2 specific T cells /
(1-2.10%cells)  Mmeloe-1/A2 specific T cells _
(1-2.109 cells) /
% ) TN
LrgD .:\ C“d’\_(é‘)) [\_/I
3 —e@ .
— ‘\_,-‘ g
o Enriched T cell
popula‘uonsi _
r/__u y =N D14
Specific T cell

The total number of T cell clonotypes remain unknown

sorting

Simon et al Frontiers Immunol 2018 28

Sample to Insight
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Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients

Transcriptional profiling for TCR clonotypes

QIAseq Immune Repertoire analysis

ANS

» 6 Melan-A specific T cell populations

ANS

» 4 MELOE-1-specific T cell populations

Sample to Insight

D30

HLA-A2
Patient

Injection

D28

Melan-A/A2 specific T cells

(1-2.10% cells)

Meloe-1/A2 specific T cells
(1-2.108 cells)

\ eubepy [ |

A

o=, C,
BNV

( oubep | |

—t@

Specific T cell
sorting

DO

PEMC

Peptide
stimulation

F v

- ‘\‘/\;‘J—J '"4—(\\
o 4

Enriched T cell

populations
A
Nl
A

/1 D14

4

.

Simon et al Frontiers Immunol 2018

29
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Research collaborations with MELSORT trial (NCT02424916) -

To study T-cells from Melanoma patients HLA-A2
— Patient PB_MC

Transcriptional profiling for TCR clonotypes Injection
Peptide

stimulation

v Major clonotypes confirmed!
v High concordance with FACS data D28 l :

v" Complete immune repertoire

(1-210%cells)  Meloe-1/A2 specific T cells

(1-2.10° cells) & /

Melan-A/A2 specific T cells

[ ey h
= 8 @
g (
g o
g % oy A -
E’ 3 =B () K e
- L aadpt 4
A o Enriched T cell N
E populations
(- e D14
-y
Specific T cell )

" 0.001 0.01 0.1 1 10 100 sorting

Vbeta frequencies (Ab)

Sample to Insight
Simon et al Frontiers Immunol 2018 30
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Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients HLA-A2
— Patient PB_MC

DO

Transcriptional profiling for TCR clonotypes Injection
Peptide

stimulation

v Major clonotypes confirmed!
v High concordance with FACS data D28 l :

v" Complete immune repertoire

(1-210%cells)  Meloe-1/A2 specific T cells

(1-2.10° cells) & /

v" TRBV repertoire NOT covered by the antibodies identified Melan-A/A2 specific T cells

oubepy [ |

5 =@

H —

E (

g o

g % ) A an

E’ 3 =B () K e

A o Enriched T cell N

E populations“_
™ D14
N

Specific T cell )

0.001 0.01 0.1 1 10 100 sorting

Vbeta frequencies (Ab)

Sample to Insight
Simon et al Frontiers Immunol 2018 31



Number of clontypes
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Research collaborations with MELSORT trial (NCT02424916)

To study T-cells from Melanoma patients

Transcriptional profiling for TCR clonotypes

150+

100+

50+

Similar numbers of CDR3a and CDR3b

clonotypes

Higher number of low frequency
clonotypes (< 10-4) detected when
starting with a higher amount of total

RNA

Melan-A CDR3a clonotypes

Sample to Insight

P1 P2 P3 P4 P6 P7
T cell populations

Number of clontypes

150+

100+

50+

Melan-A CDR3b clonotypes

[110 ng of starting RNA
[ 25 ng of starting RNA

P1 P2 P3 P4 P6 PT
T cell populations

sorting

DO
HLA-A2
Patient
D30 PBMC
Injection
Peptide
, stimulation
\ ‘
| Dzs | :
Melan-A/A2 specific T cells I
(1-2.10%cells) - meloe-1/A2 specific T cells
(1-2.10¢ cells)
§ o te=Q
¢ otz &
o Enriched T cell .
popu anons_
(O D14
Specific T cell

Simon et al Frontiers Immunol 2018
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Research collaborations with MELSORT trial (NCT02424916) -

To study T-cells from Melanoma patients HLA-A2
Patient

D30 PBMC
Injection

Transcriptional profiling for TCR clonotypes
Peptide

stimulation

QIAseq Immune Repertoire analysis

» Improves immune monitoring options by
providing the details of the poly-peptide

chains SR
(1-2.10%cells) - meloe-1/A2 specific T cells

(1-2.10° cells) & /

Melan-A/A2 specific T cells

B CDR3 alpha CDRS3 beta
50-:1 :3 é ':‘f-c 12'@9 C
Melan-A AV _ﬂﬁgﬂgsk‘,E ZE A§§ =-G%=¢.,,EQ¥-F @
:E L1 % .ﬁ&ﬁ@ "l\/;\ \;__;1 g .
L2 B
—:E o Enriched T cell
MELOE- AL i AS§=—;*?§"Z,E.Q§F DODulatlonE > —
5 10 15 I;‘/rﬁ;’ > (\-
Specific T cell )
sorting

Sample to Insight
Simon et al Frontiers Immunol 2018 33
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QIAseq Targeted Methyl Panels

Targeted Methylation Sequencing For Challenging Sample Types-Including FFPE and Liquid Biopsy

Sample to Insight
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Epigenetic changes through DNA methylation

Stable, heritable, covalent modifications of DNA

Primarily at CpG dinucleotides, but are also found at
non-CpG sites

Involved in normal cell differentiation and development

With some exceptions, CG dense promoters are
unmethylated in normal tissues

Associated with gene silencing

Sample to Insight

35
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DNA methylation events in cancer

NH.,
N—
s
/

Hypomethylation Hypermethylation 5-Methylcytosine
Reduction in methylated cytosines — active state of Increase in methylated cytosines — repressed state of
chromatin chromatin

 Activation of cancer germline genes that are normally silenced « Tumor suppressor gene silencing when regulatory sequences

o o such as enhancer or promoter regions are affected
* Increased transcriptional activity

» Change in expression of transcript isoforms when alternative

* Less compact chromatin structure may lead to genomicinstability promoters are affected

» Specificity of methylation patterns for different tissue types, differentiation status and disease states — promisingbiomarker
» Stability in circulating cell-free DNA — promising liquid biopsy biomarker
> Reversibility of methylation status — potential target for epigenetictherapies

Sample to Insight

Pfeifer, G. (2018) Defining driver DNA methylation changes in human cancer. Int. J. Mol. Sci. 19, 1166. 36
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What do | need to determine the methylation status of DNA?

Sample

collection Sample Bisulfite _ Data
and preparation treatment Sequencing analysis
stabilization
Cell-free DNA stabilizationin * QIlAamp MinElute ccfDNAKit * EpiTect Fast DNA NGS * QIAGEN CLC Genomics
blood samples - QlAamp DNA FFPE TissueKit Bisulfite Conversion Kits * QIlAseq Methyl Library Kit Workbench
. _Fr’ﬁgg’;”e BloodcefDNA . GeneRead DNA FFPE Kit . QIAseq TargetedMethyl ~ ° GeneGlobeData

Analysis Center
* QIAsymphony PAXgene Blood Panels

ccfDNAKIit

» EpiTect Fast FFPE Bisulfite
» EpiTect Fast LyseAll Bisulfite

*CTC stabilization claim is only valid for the PAXgene Blood ccfDNA Tubes (768115; RUO) For Research Use Only. Not For Use in Diagnostic Procedures. Available in US and certain other countries outside Europe.

Sample to Insight
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QIAseq Targeted Methyl Panels — an overview

Bisulfite treatment lefr:i/imméi[get Targeted seI”Er:rllr(]:% _ Data analysis
® »( Converted »( methyl DNA g g > Seq(t;etncmg - B
DNA library ata lee_s the
methylation % at a
specific genomic
region
)
Sample types : FFPE, gDNA and liquidbiopsy Panels for targeted methylation sequencing Data analysis options
irculati |I-free DNA fDNA :
(C'rce ating Ce. ree oree ) * Human Breast Cancer Panel * GeneGlobe Data Analysis Center
Starting material « Human Colorectal Cancer Panel * QIAGEN CLC Genomics Workbench
* 1-100 ng gDNA
* Immuno-Oncology Panel
» 10-200ng FFPE DNA * Human T-cell Infiltration Panel
» 10-200 ng ccfDNA Compatible with Illumina sequencers
Total workflow time: 7.5-9 h o .
Panel customization: Fully design-novel panel
Total hands-on time. 2.5-4.5h content based on genomic coordinates or CG

identifiers

Sample to Insight
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QIlAseq Targeted Methyl Panels powered by unigue technologies

UMIs reduce bias

Unique molecular indices (UMIs) are unique
index sequences that are ligated on to each
bisulfite-treated DNA strand

» UMIs help to overcome bias during PCR
and bridge amplification

« Data is now representative of the unique
number of molecules in a sample

« 12 base single UMI

SPE enhances CpG targeting

Liquid biopsy and FFPE compatible

<

Single primer extension (SPE) enables
increased targeting and multiplexing
capacity

» Targeting only a single region inintronic
regions reduces the need for paired
primers

* Auniversal primer is used tocreate
sequencing ready libraries

Methylation can be indicative of genomic
alterations and identify certain cell and
tissue types. The kit is compatible with
ccfDNA and ultralow input levels, evenfrom
FFPE to help determine these patterns.

* 10-40 ng of DNA needed for liquid biopsy
applications

* Minimum of 1 ng of purified gDNA for
cells and tissue for the rarestsamples

Sample to Insight

39
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QIASeq Targeted Methyl Panels- efficient and high-throughput compatible workflow

Input requirements:

250 ng -1 ug

Microarray

Sample to Insight

Hybrid capture NGS

Q Day 1 Q Day 1

Amplify and
incubate DNA

Day 2

Fragment DNAto
hybridization

Day 3

Extend and stain
Image chip and call

250 ng -1 g

Amplify and
incubate DNA

Day 2

Fragment DNAto
hybridization

1-40 ng

o Day 1

Bisulfite conversion,
single primer
extension; to
sequencing

40



Single day to sequencer: QlAseq Targeted Methyl Panel sequencing workflow

71T 19 ? Methylated C

l DNA bisulfite conversion: ? Non-methylated C
EpiTect Fast Bisulfite Conversion Kits

l DNA end repair

xUCU cC U

l Ligation of first
IL-Me-N7# index with UMI

UM UCU C U

l Target enrichment by
single primer extension
C

S UG Y u
N e 5\
Repeated sampling

Library amplification and
‘ sample indexing with an
IL-S5# index primer

5 TCT CT1 'L:Jlfv\l [l:Jniquedmol_ecular index
el orward primer
up —" G5F Genespecific primer
l UP  Universal primer
SIP Sample index primer

Library
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High performance from tissue and liquid biopsy: 1-10 ng of input range

QIAseq Targeted Methyl Panel: High mapping efficiency even at 1 ng of input

% of total reads

100 2% 96 09 Q5
82
80 70 74 /7
60
40
20
0

gDNA 1 ng gDNA >10 ng FFPE >10 ng ccfDNA >10 ng

Input type and amount

M Map fo primer [l Unique mapping

Results show high mapping on primer and unique reads even from 10 ng inputs

e gDNAwas run at both 1 and 10ng
e FFPE was run at 10 ng
e ccfDNAwas run at 10 ng

Sample to Insight
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Much lower input amounts with high correlation to established methods

High correlation to Pyromark assays

Methylation degree MGMT: % methylation

% methylation
Q0

80 45 77.8

70
60
50
40
30
20
10

0

DNAT DNAS5 DNA9
B Pyro M QlAseq Targeted Methyl Panel
Input: 40 ng FFPE DNA

Primers: 93 primers covering 566 CpG sites; 7 CPG sites on the MGMT gene,
previously validated with pyrosequencing, were compared to the targeted
methyl result

92% correlation to EPIC array despite 1/5th the input

Supplier | Array

Cor =0.92
pvalue <2.2e-16
CpGs =71

0.8

0.6

0.4

0.2

0.2 0.4 0.6 0.8
Targeted NGS

Input: 40 ng gDNA from hepatocytes

Primers: 102 primers covering 71 CpGs

Sample to Insight
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QIAseq Targeted Methyl Panel: Human Breast Cancer Panel

High performance at ultra-low input levels leading to high-quality data

% of total reads / % cytosines % of total reads / % cytosines
100 78 99 o4 100 939
84 8B
BO BO 75
50 50 57 4o
40 A0
20 20 g 10
0 0
1 ng A0 ng 1 ng 40 ng
Breast Cancer Panel /MCF7 gDNA Breast Cancer Panel /MCF7 gDMNA

M % reads after rimming M % reads matched a primer M % reads unique mapped % ontarget M % ofttarget M % C covered M % CpG covered

» Toevaluate library characteristics of the Human Breast Cancer Panel (cat. no. MHS-001Z), 1 ng and 40 ng gDNA were used togenerate
libraries
 Libraries were sequenced on MiSeq, resulting in high mapping rates and high numbers of CpGs covered

 Library quality is high even with the lowest possible input used for bisulfite conversion with EpiTect Fastchemistry

Sample to Insight
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Generate high-quality libraries from ccfDNA with different panel sizes

High-quality libraries that resulted in high percentages of unique reads

®

% of tokal reads

100

% » Toevaluate library characteristics, ccfDNA was purified

50 using QlAamp chemistry and subsequently bisulfite treated

using EpiTect Fast chemistry.
40
* 10 ng ccfDNA was processed using 3 differentpanels
20
0

748 primer 1400 primer 1900 primer
GlAseq Targeted Methyl Panel (input 10 ng ccfDNA)

B % reads after rimming M % reads matched o primer M % reads unique mapped

Sample to Insight
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Cloud or local data analysis solutions

Analyze your data from wherever you are

v' Custom catalog numbers are provided for user-defined content

v" Output files can be downloaded from your QIAGEN.com account

for tertiary analysis

v' Connect directly from your lllumina BaseSpace account

Cloud

é;.u:;ii GeneGIObe Products Customize  Analyze  Explore

Analyze > NGS

QlAseq Methylation DNA Enrichment

Read Files Analysis Jobs

Uploaded

Recen' F’()iec'S

Local computer / Institution Server

« Genome-wide/ targeted methylation calling

* Bisulfite read mapping

» Detection of methylated Cs in various sequence contexts
« Statistical tests for differential methylation

» Reduced representation bisulfite sequencing support

Ui- Genome_browser-CMHS-10005Z-87...

Navigation overview: Chromosome 1

1 | D
79,015,450 79,05‘5,500 TB,DBIE,SSD 79.05‘5.500 79,05‘8.550 79,ﬂﬂlﬁ,7ﬂﬂ 79,057%73808 N

Homeo_sapiens_sequen | JiIl WAL U0 OONAUS ST O OO0 0 OANASLONUMATD O 00 DOMOEE 00 00 OO MR 0100000 0 IO OO TGO 00 OO RO O OO 1O 0 Y0 O O DO b
74

I | 1 1 Wl iejr m L[N W TTTT [ LI I I O} 1
o e —
B®—- ——v +@EEm
Filter to Selection. Filt =
‘Chremosome Nam Toral 5 d [ Methylated Methyl: level

Sohen Al 5o —es e . P
1 ‘complement(73088589) CHH 579 411 409 9 0.02
1 79088593 CpC 573 169 168 80 0.48
1 complement(79088594) CpG 576 402 401 184 0.46
I
1 i< W79088601) CHH 583 393 388 5 0.01
1 complement(73088608) CHG 586 384 378 7 0.02
1 79088609 CHH 588 204 202 1 4.95E-3
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Precision NGS for immuno-oncology applications- “off the shelf”

Targeted NGS panels with UMIs + integrated BIOX solutions = precision NGS

Gene
expression

QlAseq Immune Repertoire T-cell Immuno-
oncology

v RNAseq T-cell Receptor Panel Receptor applications

QIAseq Targeted Methyl Panels

Methylation
v" Immuno-Oncology Panel markers

v" Human T-cell Infiltration Panel

QIAseq Targeted RNA Panels

v" Immunocology Panel

Mutational QIAseq Targeted DNA Panels

burden

v Tumor Mutational Burden

Sample to Insight
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QIAGEN’s NGS portfolio: QlAseq for Immuno-Oncology

QIAseq Stranded RNA + FastSelect rRNA/Globin removal
QIAseq UPX 3’ Whole / Targeted Transcriptome
QIlAseq Targeted / RNAscan RNA Panels

o W

f—

Gene
Expression

+Fusions »
Ve

QlAseq Whole Exome Panel P

QlAseq Targeted DNA Panels InDels -

Mutations QlIAseq miRNA Sequencing System

& CNY - -

—

Bio-
markers

Epi- Immune

genetics Repertoire QIAseq TCR Panel (CDR3 + Full Length)

QIAseq Bisulfite Conversion
QIAseq Ultra-low DNA for ChlP-seq

QlAseq Targeted Methyl Panels QIAseq FX DNA for Whole Genome

QIAseq FX 16S/ITS Screening + Region Panels
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QIAseq Stranded RNA + FastSelect rRNA/Globin removal
QIAseq UPX 3’ Whole / Targeted Transcriptome
QIlAseq Targeted / RNAscan RNA Panels

———
f—

Gene

Expression
+Fusions »

QlAseq Whole Exome Panel e
QlAseq Targeted DNA Panels /54

InDels e

e

Mutations QlIAseq miRNA Sequencing System

& CNY - -

—-—

Bio-
markers

Epi- Immune

+
genetics Repertoire QlIAseq TCR Panel (CDR3 + Full Length)

QIAseq Bisulfite Conversion
QIAseq Ultra-low DNA for ChlP-seq

QlAseq Targeted Methyl Panels QIAseq FX DNA for Whole Genome

QIAseq FX 16S/ITS Screening + Region Panels
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Thank you for your attention. :
Questions?

T
i

El_izabeth Conzevoy, MPH Sujash Chatterjee, PhD
Elizabeth.Conzevoy@qiagen.com Sujash.Chatterjee @giagen.com
Sr. Solutions Manager, Genomics Sr. Genomics Application Specialist

Trademarks: QIAGEN®, Sample to Insight®, QlAseq®, FastSelect™, GeneGlobe® (QIAGEN Group); lon Torrent™ (Life Technologies Corporation); lllumina®, BaseSpace™, NextSeq®, TruSeq® (lllumina, Inc.); KAPA® (Roche Group); NEBNext®,
New England Biolabs® (New England Biolabs, Inc.). Registered names, trademarks, etc. used in this document, even when not specifically marked as such, may still be protected by law. PROM-16825-001 © 2020, QIAGEN, all rights reserved.
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