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Copy Number Variation (CNV)

Imbalanced genetic variation involving more than 500bp. ]
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CNYV detection from High-Throughput Sequencing
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Baker 2012, Nature Methods.




Low-mappability regions

& Repeat-rich regions, centromeres, telomeres.
& ~13% of the human genome.
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Low-mappability regions

& Repeat-rich regions, centromeres, telomeres.
& ~13% of the human genome.

& More prone to CNV.
« Enriched in Segmental Duplications (Sharp Annual Review
2006).
+ Short Tandem Repeats highly polymorphic (Warbuton BMC
Genomics 2008).
+« Transposons involved in CNV formation (Sen AJHG 2006).

Copy-Number Variation



Low-mappability regions
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Repeat-rich regions, centromeres, telomeres.
~13% of the human genome.

More prone to CNV.
« Enriched in Segmental Duplications (Sharp Annual Review
2006).
+ Short Tandem Repeats highly polymorphic (Warbuton BMC
Genomics 2008).
+« Transposons involved in CNV formation (Sen AJHG 2006).

Involved in phenotype and disease.
« Short Tandem Repeats and gene expression (Gymrek Nat.
Genetics 2016).
+ Repeats CNV involved in ~30 genetic disorders (Mirkin
Nature 2007).
+ Retrotransposition in cancer (Lee Science 2012).

Copy-Number Variation
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PopSV approach

Objective

Test the entire genome, including low-mappability regions,
and detect subtle abnormal coverage.

PopSV: Population-based approach

Use a set of reference experiments to detect abnormal patterns.
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Benchmark and validation

Existing methods

FREEC LASSO-based segmentation; GC and mappability
correction.

cn.MOPS Multi-sample Bayesian-based segmentation.

Whole-Genome Sequencing data

& 45 samples, including 10 twin families (i.e 2 twins + 2 parents).

& 95 pairs of normal/tumor samples from Renal Cell
Carcinoma (CageKid).

PopSV approach



Benchmark and validation

& Replication in the twins.

& Concordance with pedigree.
& Replication in the paired tumor.

& Concordance of different bin sizes
& PCR validation.

& Opverall performance and in different repeat context.

PopSV approach



Validation conclusions

& PopSV detects 3-5x more variants.
& Wider genomic range.
& Robust across challenging regions:

« Low-coverage.

= Segmental duplications.
+« DNA satellites.

+ Short tandem repeats
» GC-rich/poor.

& Resolution down to half the bin size.

PopSV approach
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CNV in normal genomes

640 normal genomes

& 45 samples from the Twin study (~40X)
& 95 normal samples from Renal Cell Carcinoma (~54X).
& 500 unrelated samples from GoNL (~14X).
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640 normal genomes
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& 500 unrelated samples from GoNL (~14X).
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Where are CNVs located ?

In Centromere ? Telomere ? Segmental duplication ?
DNA satellites ? Short tandem repeats ?
Transposable Elements ? Exons ? Promoters ?




CNV in normal genomes

640 normal genomes

& 45 samples from the Twin study (~40X)
& 95 normal samples from Renal Cell Carcinoma (~54X).
& 500 unrelated samples from GoNL (~14X).

v

Where are CNVs located ?

In Centromere ? Telomere ? Segmental duplication ?
DNA satellites ? Short tandem repeats ?
Transposable Elements ? Exons ? Promoters ?

Control regions

& Same size distribution.
& Randomly distributed.




Enriched close to Centromere/Telomere/Gap (CTG)
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Enriched in SD and low-coverage regions
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Going further

1. Control for the SD and CTG patterns.
2. Look at other repeat classes. J

Control regions

& Randomly distributed.

& Same size distribution.




Going further

1. Control for the SD and CTG patterns.
2. Look at other repeat classes. J

Control regions

& Randomly distributed.

& Same size distribution.

& Same proportion overlapping a segmental duplication.
& Similar distance to CTG.




Controlling for SD and distance to CTG
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Controlling for SD and distance to CTG
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Protein—coding Mappability

cohort

. Twins

. CK Normal

[ Gone

. CK Somatic

Fold change

ex'on ge'ne Io'w hig'h T'E satéllite S‘i’F\

patterns in normal genomes



Controlling for SD and distance to CTG

& Satellites enrichment driven by ALR/Alpha,
(GAATG)n/(CATTC)n families.

& Short Tandem Repeats

« Enrichment distributed across families...
+ ... but stronger for larger STR.

& Transposable elements (TE):
« SVA class enriched.
« Expected: L1HS, L1PA2 to L1PAS.
« Surprises: HERVH, LTR38, LTR4.

CNV patterns in normal genomes



Repeat CNVs and protein-coding genes

Genes with CNVs

Set CNVs Exon ‘ + Promoter ‘ + Intron
| AICNVs [ 91733 | 7206 | 11341 [ 13259 |
Low coverage 26888 | 682 1151 1977
Extremely low coverage | 10010 | 347 465 521
STR 4286 45 286 748
Satellite 1822 2 21 33
TE 20491 | 164 1747 3998
STR/Satellite/TE 22313 | 166 1760 4014

Repeat CNV: more than 90% of the CNV is annotated as repeat.

CNV patterns in normal genomes
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& PopSV

« uses reference samples.
+ detects more CNVs.
+ isrobust across the entire genome.

Conclusion 21



& PopSV

>

>

>

uses reference samples.
detects more CNVs.
is robust across the entire genome.

& Innormal genomes:

Conclusion

>

>

CNVs enriched in low coverage regions.
Specific enrichment in satellites, simple repeats, TEs.

Not due to segmental duplication enrichment.
Replicated across datasets but different from somatic
patterns.

Some CNVs in low coverage regions or repeats hit
exonic sequence.
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Workflow

- Genome binning
- Read counting
- GC correction
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Replication in twins
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Robust across challenging regions

00- 100-

TR,

n of regions with concordant samples.
g

proportion of regions with concordant samples
8 g

o o o2 oo odos  soa b
coverage dass GC content

100- 100
8 £
E 13
Sors- Sors-
§ §
- 4
E 5
§ 3 = 8 3
£ o

0s0- 0s0-
H H
B 2 g 2 B
g H
§ §
Soas- Sozs-
g g

00

082 ©Zoq__ _odos _ eson o811 b2l ©Zoa__ pdos osom b1l
segmental duplication proportion simple repeat proportion



N
S
=
oD
o))
L
o0
(e
—{

.

Robust across challeng

PopSV

=

08-
0.6-
04-
0.2-
0.0-¢

- CUML-06VT
- TUML-06YT
- 19YlIoON-06VT
_ 19yre-06vT
_ v18yio
_zibyio

- €ldyo

- CUML-TZTT
- TUML-TZTT
—8yred-1eTT
- 18YlIoN-TZTT
- TUML-EVYT
- cumML-gvyT
—ayied-evvT
- BUION-EVYT
- T8yo

- CUMI-€ZET
- TUML-EZET
- 19YION-EZET
- CuUIML-TOET
- TuIML-TOET
- 1BYI0N-TOET
- 1ayred-gzeT
- 1ayred-08vT
- 19yied-ToeT
- S,y

- 1dyre4-68€T
- 18Yl0N-982T
- cUM1-982T
- TumML-982T
- 1ayie4-98¢T
- cumL-202T
- TumL-/02T
-18yred-202T
- 19YloN-202T
- CUML-68ET
- TuIML-68ET
- 1BYION-6BET
- TuIML-08YT
- cumL-08vT
- 19yloN-08YT
- cUML-gS9T
- TumL-2S9T
- 18yre4-zgsotT
- 18Yl0N-2S9T

sample
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Using only CNVs in extremely low coverage regions !




Resolution - 500 bp bins Vs 5 Kbp bins

o
3
a

0
©
S
£
T
a
k)
4
]
o
£
<1
D_050
K
5]
s
<]
c
K=]
2
£
<]
2
°
o
&

o
N
a

5000 7500 10000 12500 15000 17500 20000
size of the 500bp—bin call




Control regions

QC - SD, low-coverage and CTG distance control
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Control regions

QC - SD, low-coverage and CTG distance control

1.004
0.75
c
2
£
o
Q
o
o
0.50
2
8
=1
£
3
o
0.25
region
—— CNV
0.00- — control
0e+00 2e+07 2e+07 6e+00

distance to centromere/telomere/gap (bp)



Control regions
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Controlling for SD and distance to CTG
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Controlling for SD and distance to CTG
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Distance to CTG for somatic CNVs
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