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Medically relevant genes v

Autosomal recessive Autosomal dominant

G enes w | th h |gh— | m p a Ct Va r| an tS Carrier Carrier Affected Unaffected

for genetic diseases. = : 5 =
U N1

Important to know if dominant or
recessive for diagnosis.

Can also be located on gonosomes .\

(chromosome X or Y). " |= .I l i
v 0

Affected Carrier Carrier  Unaffected Affected Affected  Unaffected Unaffected
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Challenging genes

sequences within the same genome.

LW
Highly similar to other DNA

These homologous regions are really
complex to characterize.

Variable Number Tandem Repeat

- —

Copy Number Variation
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Challenging Medically Relevant Genes (CMRG) @2

395 genes that are both challenging and with high
Impact variants.

Two major categories:

Sanger deadzone.

NGS deadzone.
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Example: PKD1 w

PKD1P1

Responsible for 75% of Autosomal
Dominant Polycystic Kidney Disease. oKD 1P

PKD1P3

6 pseudogenes that are highly similar

PKD1P4

Part of the NGS deadzone. PKD1PS

PKD1P6
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Variant identification for PKD1 5"

{ Pseudogene I w { Pseudogene | l
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Short read sequencing Long read sequencing ‘
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Oxford Nanopore Technologies sequencing ,;

DNA strand passes through a
nanopore.

fans  |ong *TeRTEE S

The sequencer records electrical
Cu rrent Cha nges Array of microscaffolds

mmmmmmm

Read length: +10k bp.

Read Until: Select only reads
from given region(s) of interest.

Y. Wang et al. (2021)
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Atopic Dermatitis (AD) v

a b | AD with FLG mutations
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Th2 immune response

# Allergens v
. . Asthma
2 Antgen-presenting cell Allergic rhinitis
J. Heilman (2010) R. Osawa, M. Akiyama and H. Shimizu (2011)
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The Filaggrin gene (FLG) w

12,753 bp

| O

Dol CO000000000I=

S100 calcium . C-terminal
’ - B-domain - )
binding domain . Impreer;ee;ttFLG ' FLG monomers domain
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Role of FLG

‘ Binding to

Proteolysis ‘ keratin fibers

Maintenance of
' skin barrier

—> o > @l

Degradation to

—

Urocanic acid

Pyrrolidone
carboxylic acid

UV protection

é

Natural
Moisturizing Factors
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LOF variants of FLG

i

Loss of function
variant

Partial Profilaggrin without
C-terminal domain
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LOF variants prevents proteolysis 5;
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Increased skin
dryness

Distruption of Increase risk of
skin barrier Atopic Dermatitis
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Multiple known alleles of FLG

£ 0000000!=
100000000 =
000000000 =

GIGA-MCB seminar 24/04/25 16 / 48



Short read sequencing limitation
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Short read vs Long read

v
»

18 / 48

24/04/25

GIGA-MCB seminar



Something is off. ..

e Repl1 Reps Rep? Reps Reps Rep1
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Undescribed FLG allele(s)?
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FLG research project i:

Capture the genetic variability of the FLG gene
in a catalog of alleles and infer new pathogenic
variants by using long read sequencing
technologies.
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In-house clinical cohort 5;

- Control AD CENTRE
Origin | tient Total A HOSPITALIER
samples | patients UNIVERSITAIRE DE
Africa 8 68 76 g & Fmcaren [KIGALI
Euro pe 83 43 126 3Vl Trinity College Dublin
g ;@ E? cOléistg na Tﬁonéide, paile Atha Cliath
TOta| 91 111 202 Eﬁﬁ The University of Dublin
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|dentification of new LOF variants ';
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|dentification of novel alleles
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Multi-ethnic cohort

Uk

Origi Number of CENTRE
Il g n | g HOSPITALIER
samples UNIVERSITAIRE DE
Africa 392 Teaing & Fosenren |KIGALI
Eu rope 326 ESAVl Trinity College Dublin
q@ I Colaiste na Trionéide, Baile Atha Cliath
East ASIa 213 The University of Dublin
South Asia 223
Latin America 182 IGSR
Total 1336
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Quality Control of Public Data ';

Pel C00000000~I=
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Quality Control of Public Data v

Pel C00000000~I=
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Multi-ethnic cohort after Quality Control

Origin Number 9| After QC
Africa 392 355
Europe 326 311
East Asia 213 193
South Asia 223 191
Latin America 182 163
Total 1336 1193

GIGA-MCB seminar 24/04/25 27 / 48



Catalog of novel alleles
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Catalog of novel alleles 5;
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Frequencies of novel alleles

East South Latin
Allele Africa Europe Asia Asia America

0 403 195 83 60 52

177 348 85 154 141

48 75 217 168 131

n7 0 0 1 0 0

n9 47 2 0 0 0

nl3 34 1 0 0 1

nl6 1 0 0 0 0

nl7 0 1 0 0 0

n20 0 0 0 0 1
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Frequencies of novel alleles
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East South Latin
Allele Africa Europe Asia Asia America
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Frequencies of novel alleles

Uk

East South Latin .
Allele Africa Europe Asia Asia America
0 403 195 83 60 52 X
177 348 85 154 141 . B
48 75 217 168 131 -5
n7 0 0 1 0 0
n9 47 2 0 0 0 B
nl3 34 1 0 0 1
nl6 1 0 0 0 0
nl7 1 0 0 0
n20 0 0 0 1 0 Africa (710) East Asia (386) Europe (622) Latin America (326)  South Asia (382)
Simpe
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Frequencies comparison AD/controls

Allele Africa Europe .
AD Control AD Control e
el -
n7 0 0 0 0 .
n9 2 45 1 1 L
nl3 6 28 0 1 =
nl6 1 0 0 0
nl7 0 0 0 1
n20 0 0 0 0 o

‘AfricaAD (136) ‘Africa Control (574) Europe AD (86) Europe Control (336)
Sample origin
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Frequencies comparison AD/controls

100

Allele Africa Europe
AD Control AD Control

0 69 334 32 163

46 131 42 306
12 36 11 64 . .

n7 0 0 0 . Novel

n9 2 45 1

n13 6 28 0 =

n16 1 0 0

n17 0 0 0

n20 0 0 0

Afiica AD (136) Aftica Control (574) Europe AD (86) Europe Control (536)
Sample origin

Allele frequency
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o p
Characterization of novel alleles i,

CNV events have been called for each sample and
stored in VCF files.

The position, the length and the sequence of each
event is known.

Just need to remap these sequence to the human
genomel!
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Characterization of novel alleles: the smarter way i:

CNV events have been called for each sample and
stored in VCF files.

The position, the length and the sequence of each
event is known.

Just need to remap these sequence to the human
genomel!
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Characterization of novel alleles: the other way i:

Take all 1193 samples and visualize them on |GV,
Note by hand which sample have which CNV event.
Map novel alleles to n10, n11 and n12 alleles.

Extract manually the CNV sequence and remap it.
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Alleles with deletions

HG02502 Longread WGS Cove

HG02502 Longraad WS
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Alleles with insertions

Recombinant allele
with 16 repeats

Mapped to N-11, HG002 T2T PAT genome
12kp

an o o on i "
L | 1 1 ! I 1 L L L 1 1

REC-16
RwaCase-5
Exon3 PCR1

FLaas
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Insertions: Consensus and motif searching .;

Mapped to N-16, consensus sequence generated fram RwaCase-5

RwaCase-5
Adaptive
sampling

RwaCase-5
Exon3 PCR1
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HB01122 LongRead WS

002855 LoncRasd WGs
Refseq Genes
Repi Reps Rew Reps [
o=t r——— ———
Repto v Rept Rez
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Frequencies of novel alleles

South
Asia

East Latin o

Allele Africa Europe

America

Asia

n7 0 0 1 0 0 X
n9 47 0 0 0 E_, i
n10 279 7 4 3 7
nll 5 10 9 26 9

n12 6 4 0 1 1

n13 34 1 0 0 1 )
nl6 1 0 0 0 0

nl7 1 0 0 0

n20 0 0 0 1 ’

Allele
w0
B
o
B
H-
W
oo
™
o
W
N
N

“Aftica (710) East Asia (386) Europe (622)  Letin America (326)  South Asia (382)

Sample origin
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Frequencies of novel alleles

Uk

East South Latin "
Allele Africa Europe Asia Asia America

124 188 79 57 45

172 338 76 128 132 .

38 75 217 167 130
n7 0 0 1 0 0 .
n9 a7 2 0 0 0 i m-
n10 279 7 4 3 7 -
nll 5 10 9 26 9
nl2 6 4 0 1 1
n13 34 1 0 0 1
nl6 1 0 0 0 0
nl7 0 1 0 0 0
n20 0 0 0 1 a Africa (710) East Asia (386) Europe (622)  Latin America (326)  South Asia (382)
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Frequencies comparison AD/controls

Allele Africa Europe
AD Control AD Control
0 23 101 30 158
46 126 42 296
8 30 10 61
n7 0 0 0 0
n9 2 45 1 1 g
n10 46 233 2 5
nll 0 5 0 10 :
nl2 4 6 1 3
nl3 6 28 0 1
nl6 1 0 0
nl7 0 0 1
n20 0 0 0
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Afiica Comtol (574) Europe AD (66)
Sample origin

Europe Control (536)
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Frequencies comparison AD/controls ,;

Allele Africa Europe
AD Control AD Control
0 23 101 30 158
46 126 42 296
8 30 10 61
n7 0 0 0 0
n9 2 45 1 1
nl0 46 233 2 5
nll 0 5 0 10
nl2 4 6 1 3
nl3 6 28 0 1
nl6 1 0 0
nl7 0 0 1
n20 0 0 0

Allele frequency
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o
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Aftica D (136] “Aftca Comrol (574) Europe AD (66) Europe Comrol (336)
Sample origin
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Sheding new light on data

100 100
7 7
= Allele = Allele
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o 0
Africa Control (574) Europe AD (86) Europe Control (536)

Africa AD (136) Africa Control (574) Europe AD (56) Europe Control (536) Africa AD (136)

Sample origin Sample origin
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Current state of the catalog - 1
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Current state of the catalog - 2
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Potential origin of these novel alleles i:

Seems to originate from misalignment during
homologous recombination.

Due to the high similarity between repeats, an
misalignment could happen during DNA repair.
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GM18501 Long r2ad WS Cove
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GM18501 Long read WGS Cove

GM1£501 Longresd WEs

Find motif (sur login-node)

Search Pattern:
GCCTGCTTGTCCTGGACCCCTC]

TATARAAI{3).

Positive Strand Track Name:[CGCCTGCTTGTCCTGGACCCCTC
Negative Strand Track Na... |CTGCTTGTCCTGGACCCCTC Negative

ccost

Repests FLG
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GM18501 Long read WGS Cove

GM1£501 Longresd WEs

Refaeq Genes

Repests FLO
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GM18501 Long read WGS Cove

GM1£501 Longresd WEs

Sequence -
RefaeqGenss

ccccc
Repests FLG

Rep2
coceTsemeTectasaceeet
c
coceTsemeTeeTaBACCEET
aative
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