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Summary

The concept of liquid biopsy
- Cell-free DNA release
- A dynamic process

2 mm How to detect copy number variation of gene (CNV) from NGS data ?
- Approaches to detect structural variants
- Example of mCNA algorithm

3 #®  Shallow whole genome sequencing
- Workflow overview
- Bioinformatics process

4 BE  Some sWGS results...
- Comparison between sWGS profiles and cytogenetics
- Comparison tumor/plasma in disseminated DLBCL lymphomas
- Example of kinetic of SWGS profiling during treatment
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Liquid biopsy / Mechanisms of ctDNA release

ctDNA release Liquid biopsy

Plasma cfDNA

_— extraction
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necrosis apoptosis

secretion

Analysis

T cntDNA

Total cfDNA quantification

Fragmentome analysis

Tl ctDNA

ctDNA mutation analysis
whabla
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ctDNA methylation
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Copy number
profiling ?
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Liquid biopsy / A dynamic biological process ?

ctDNA dynamics estimated by mutation quantification Some copy number variations of gene detected

A % Depending on cfDNA concentration and
e VAR (pisa) ctDNA enrichment (VAF)
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2 CNV calling / Detection approaches

A ReadDepth(RD)

Delation Duplication
reference YEm———— _
3 main approaches: samplereads _ 5 < e R iy Y T
* read-pair (PR) —s — o — W SO, P s
o H.. .,.:_
* split-read (SR) o
* read-depth / UMI-depth (RD)
B PairedReads(PR)
Tandem Novel sequence
No SV Deleticn duplication insertion Inversion Translocation
reference "—f':_: L 5, T = L:r_—'”_“:r?—-—_} —_—&
Sample e e = R I = —
A large number of published RD
algorithms:: C SplitReads(SR)
* CNVnator, Balvtion
° - referance =
sample reads ae—— o —
— —_— F
— iy PR
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e — e

Georgia Escaramis, Elisa Docampo, Raquel Rabionet, A decade of
structural variants: description, history and methods to detect
structural variation, Briefings in Functional Genomics
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CNV estimation / Example of mCNA algorithm

MCNA workflow
H
Panel of reference samples i Tumors
l
BAM BAM - BAM BAM
N1 . Nk | T1 . Ti
i
i
]
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e

UMI count matrices UMI count matrices

Mi-™

—

R-\."

| Output
| =
o
S FreTTY
3 L re- ] iF =+
7]
E log-ratio plot
.. egmentation & Statistical inference
._E Predicted_regions.csv

Prediction of CNV regions

Pierre-Julien Viailly et al., Improving high-resolution copy number
variation analysis from next generation sequencing using unique
molecular identifiers - BMC Bioinformatics . 2021 Mar PMID 33711922

Key points

* Sequencing depth is linked to

number of reads overlapping a
genomic region

* The tumor fraction in a sample

will impact depth changes in the
presence of CNV

* The use of UMI counts data

makes it possible to overcome
PCR biases (%GC, insert size...)

1 2
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3 Shallow Whole Genome Sequencing / Concepts

Shallow WGS (sWGS) or low pass WGS (IpWGS) is commonly defined as sequencing a genome to an
average depth less than 10X coverage

Read depth algorithms for targeted Shallow WGS

sequencing

* Less than 10 reads aligned per base

* Average coverage per base of several thousand * Resolution is a parameter of the analysis (15kb,
reads 30kb...)

* Resolution at the level of an exon, a gene « Detection of large CNV at genome scale

]
1
=

Mean UMI coverage : 3000x per base Mean read coverage : 300x per bins of 15kpb
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3

Shallow Whole Genome Sequencing / Workflow overview

Total cfDNA extraction, library preparation, sequencing
- 10 ng of DNA minimum required (experimental threashold)
- ~5-10 millions of clusters / sample

Bioinformatics analyses
* Alignment (BWA-mem)
* sWGS analysis
- Raw coverage reads counts computing by bins
- LOESS regression (%GC, mappability)
- Excluding blacklisted regions (ENCODE, 1000
Genomes)
- Circular Binary Segmentation (CBS) + Segment copy
estimation

Tertiary analyses
- ctDNA/tumor comparison
- GISTIC
- Gene annotation

- [...]

Raw signal

log; ratio
i | 1
w n —_ L= ] - N w £ (¢
)

Promega30plus-IpWGS_S30_sorted (50,915,245 reads)

Processed
signal
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3 Shallow Whole Genome Sequencing / Methods

mmm Compute read coverage per bins

RC per bins

179k x 15 kbp . a Ec=0.175,6,=0.2
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L LOESS (LOcally Estimated Scatterplot Smoothing)

LOESS/Centering
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GC and mappability

kbp

o)

1

K x

179

(2) Divide each read count by the LOESS

JUNo9 peal 260j

value of its combination of GC and

mappability

Giges pie
=

11 13 1o 19

Jd 4 5 67 9

2

Log2(readCount)/mean(readCounts)

(3) LR

13 16 19

[Pt )zl g PO e et v i
[vm pave g woomges o [0 0 fmopuerpep [+ o
11

9

™ T r erirrTrrrirme
chromosomes

i
Sk
$

3 & & 67

chromosomes

:O)

(4) Signal centering (LR

10

B

Séminaire BioinfoDiag, Montpellier- 31 Mars

2025



(V)]
©
O
e
)
)
=
~
(@)
=
&)
c
)]
=
(on
()]
W
()
£
o)
c
(<))
O
9
o)
=
S
o
©
i o
wn

3

mmm Blacklist filtering

Final signal
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mmm Segmentation and copy number estimation
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- Best model
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3 Shallow Whole Genome Sequencing / Example of comparison between sWGS profile and cytogenetics

mmm Tumor / Follicular lymphoma

Eo=0121,0,=0123 3

ERERL

_ 167k x 15 Kbp, 105 segments

—0.6

PONT TR | : | |

A 1N I8 0 4 Loa

! : : - v

e l e e e bl Foz2

! ! : ! ! HE 0
11 12 13 14

15 16 17 18 19 21

S ES
probability

log, ratio
=
F
I -
C i

i -

1 2 3 4 ] B K 8 9 10

46,XX,add(1)(p35)(q21)  add(4)(p16)del(32) -6 +7  del(9)(p21) del(12)(q24), del(17)(p12)
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3 Shallow Whole Genome Sequencing / Example of comparison between sWGS profile and cytogenetics

mmm Tumor / Follicular lymphoma

_167k % 15 kbp, 56 segments . Eo=0107, 0,4 =0109

b
. e
3 ; : —0.8
il i
2 4
-3 A -0.2
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5 | 2l ik . ,_ . SSERET ¢
1 2 3 4 4] B ¥ 8 9 10 11 12 13 14 15 16 17 18 19 21
53,XX t(2;3)(p12;927 )+der(3) +6,del( 6)(q14925)x2 +12 +20
t(14;18)(932;921) +7,+8 del(13)(q12q14)
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3

Shallow Whole Genome Sequencing / Comparison between ctDNA and tumors / Disseminated DLBCL

Objectives

To assess clonal heterogeneity
between tumor and plasma using
sWGS in a population  of
disseminated diffuse large B-cell
lymphomas

Retrospective cohort of 48 patients

with:

« = 3 invaded extranodal sites

* Tumor/plasma available at
diagnosis

_."

n=48 tumorfplasma
pairs

sWGS informativity

i 23/40 matching
- | profiles
Tumor informativity : 89.58% |
1 Failed L -.
4 NI profiles - v | 6/40 with additionnal
43 informative profiles , , |CNV segments in the
n=40/48 tumor/plasma : plasma
3 pairs with usable sWGS |
data - i
cfDNA informativity : 91.66% - v | /40 with additionnal
0 Failed i |CNY segments in the
4 NI profiles ! tumor
44 informative profiles |
' 6/40 with with
: additional segments
| in the tumaor and in
! the plasma J
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3

Shallow Whole Genome Sequencing / Comparison between ctDNA and tumors / Disseminated DLBCL

Example of concordant

®
(Plasma) LNHIG&B—DLBCLRLDC#QI@S& (52,000,948 reads)
5 167k x 15 kbp, 168 segments E o =0.0842, 6A'=U.0934 ’
‘.- ‘ | |
34 : : lo.s
2 | |
L { | i | } 5 0.6
=] : : _: B =
50 o s PR S T 3
g B T v g
=] Bdie ol o i 1 a
L H 1 §ali T
-1 N
.2 ]
34 0.2
-4 -
-5 T T " T T T = R B =0
1 2 a 4 5 6 7 B8 ] 10 11 12 13 14 18 16 17 18 19 21
chromosome
(Tumor) D23170-DLBCLdiss_IpWGS_S12_sorted (40,886,727 reads)
167K x 15 kbp, 134 segments E0=00951,8A'=U.1UB ]
0.8

log, ratio

15 16 17 18 19

chromosome

Clonal heterogeneity ?

21

probability

Example of additional segments in cfDNA sample

(Plasma)

167k x 15 kbp. 114 segments

5

E 0 =0.0853, 5, = 0.0999 }

log, ratio
[=]

L L

(Tumor)

_167kx 15 kbp. 52 segments

E 0 =0.0945, G, = 0.104_1

log, ratio
[=]

'. | n '-I :-—D
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3 Shallow Whole Genome Sequencing / Kinetics of ctDNA release during R-CHOP therapy (DLBCL)

Objectives
Measure the evolution of the tumor Biological material sWGS at each time point
burden (ctDNA) in the plasma during
treatment (RCHOP) Collection of plasmas at different * Profil positivity
treatment times (HO, H4, H8, H12, * FCSscore
* (Using targeted sequencing data) H24, H36...)
* Using sWGS
* Using fragmentomics N = 24 patients

Predicting good responders from
non-responders?

R-CHOP chemotherapy

Rituximab Cyclophosphamide Hydroxydaunomycin Oncovin Prednisone
Up tu 8 hours ~ half an hour ~ half an hour ~10 min Once daily by mouth
(anti-CD20)  (Chemotherapy drug) (chemotherapy drug) (chemotherapy drug) (corticosteroid)

1 1

HO H4 H8 H12 H24 H36

17
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3 Shallow Whole Genome Sequencing / Kinetics of ctDNA release during R-CHOP therapy (DLBCL)

FCS score
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3 Shallow Whole Genome Sequencing / Kinetics of ctDNA release during R-CHOP therapy (DLBCL)

Negative ctDNA / decrease of FCS score

01-03BG-H4_Lymphoclear-lpWGS_S27_sorted (24,377,163 reads)

01-03BG-HO_Lymphoclear-lpWGS_S3_sorted (26,830,127 reads) 5 _167kx 15 kbp. 98 segments E0=0124,0y = 0131 )
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01-03-BG-H36_LymphoclearlpWGS_S27_sorted (34,991,264 reads)
01-03-BG-H8_LymphoclearPanel_S3_sorted (18,348,790 reads) Eo—0104
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3 Shallow Whole Genome Sequencing / Kinetics of ctDNA release during R-CHOP therapy (DLBCL)

Posit

log, ratio

log, ratio

ive ctDNA / No decrease of FCS score

01-22VM-HO_Lymphoclear-lpWGS S22 sorted (37,188,178 reads)

167k % 15 kbp, 138 segments Eo=04 P-.-=n1nq_1

probability

16 17 18 19 21

chromosome

01-22-VM-H24_LymphoclearlpWGS_S522 sorted (36,997,382 reads)
E0=0101.0,=0116

167k x 15 kbp, 126 segments

FCS =1750

probability

16 17 18 19 21

chromosome

log, ratio

log, ratio

1616

01-22-VM-H8_LymphoclearPanel_522_sorted (25,193,906 reads)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

rhramacnma

01-22-VM-H36_LymphoclearlpWGS_S46_sorted (20,618,108 reads)

chromosome
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Shallow Whole Genome Sequencing / Kinetics of ctDNA release during R-CHOP therapy (DLBCL)

Several groups

(1) Early undetectable residual SWGS
. segments

l FCS score / negative profiles

time_point (2) Stable residual disease
' g i =~ FCS score / positive profiles
H4
o B hs . . .
- B 1 (3) Increasing residual disease
Bl 2 T FCS score / positive profiles
1000 - B3 H36
11 X [ Z Results of next time points are still under
oI | AL L analysis
0_
HlO HI4 H'B HiZ H|24 Héﬁ
time_point
o | 3= =
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Conclusion

sWGS is informative in the context of lymphomas

ctDNA fragments are released quantitatively compared to the number
of copies of each segment of the original tumors

- Liquid biopsies can be used to estimate with accuracy the CNV from the
tumor of origin. LOD ?

- Some additional features in plasmas or tumors in a cohort of
disseminated DLBCL : clonal evolution of the distinct sites ?

- Kinetics of ctDNA release during treatment : an early marker of
response to chemotherapy? Correlation with PET-scan data ?

COpIgs

11

10

C1201273-DLBCLdiss_IpWGS_S17 - binsize 15 kbp - 33 674 411 reads - Best model

Cellularity: 0.75
Relative error: 0.228
H 1
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