How to Interpret Genetic Data
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Courtesy: Nottingham University Hospitals NHS Trust
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Adapted from National Human Genome Research Institute



N 1 or Wil TCCTTCCGCAGGCGCACGGACAGGACACG
ormal or Wild type i s
TCCTTCCGCAGGCGCACGGACACGGACACG

Missense S F R R RTD D T

TCCTTCCGCAGGCGCACGGAC AAGGACACG

: ¢ leoti
Insertion of a nucleotide S - = 7 o

CAGAGGCAGATGACGCTG
QO R QMT L
Non-sense CAGAGG AGATGACGCTG
Q R M T L

TCCAGTGGCCCCTCCAGC TGAGAGC
S § G PS S P E S

Deletion of nucleotides

TCCAGTGGCCCCTCCAGCTGAGAGC
S § G P S S




Factors to consider while analysing geW
/ \

e Clinical phenotype

e Type of Mutation/Variation
e Frequency of the variation in Genome data base
e Involved Gene

e Mutation previously reported or not
Is the published data convincing ?

o Is there any functional analysis data available
e Location of the Mutation in the Gene
e Conservation of the involved amino acid

e Family history for the disease



Splice Site Mutation /
\

gttatgaaaacatgtcagatagcatcagtictgtagaactgatttgattaaacagttacagaagcaaaagtttgatgtattataatgatgta
cacatctctgtttccttatggtaacctcag TTTGAAGTAGATCTGTACCAAAATGAAACAGCCTGTCAGAGT
CCTTTGGATTATCAGTACCGTCAGGAGATCCTGAAGCTGGAGAATTCGGGTGGCAAGAAAA
ACCGACGAATCTTTACCTACACTGACTCTGATAGATACACCAATTTGGAGGAGHtattgttctttcta
ggotctcatagcticcatctttgcticctetagctitttigectcactgagtictgtgtgttatgtcagagectagtaaggggagacaagtagec
tgtctaggaa

AATTTGGAGGAG
N L E E

AN

AATTTGGAGGAA
N L E E

AAA




Splice Site Mutations their Consqu ,
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Splicing Result
¢ 477 +1G>A
| wwwwees | BN B Complete skipping
of exon-2
Zehelein J et al. 2006. J Biol Chem.
c.387 -5 T>A
. "EENNEE WM 0% skipping of exon-2

10% normal splicing

Bhuiyan et al. 2007




We AggregatiM

7:150645534 T/ G (rs1805123) 7 150645534 p.Lys897Thr PASS missense m 21515 114962 2260
7:150645534 T/ TGTCCG (rs1805123) 7 150645534 p.Lys897ThrisTer79 PASS frameshift 2 114962 0
7:150645537T/C 7 150645537 p.Asp896Gly PASS missense 1 116448 0

Population genetics @

NHLBI Exome Sequencing Project allele frequencies

African_American  European American

. » T 73% G » T77% HSSSRSCN5A

®» C:27% » C:23%
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Cardiac lon Channels and long QT synd

Amin et al. ] Physiol. 2013; 591: 4125-4139.
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Phase 0: depolarization
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0 nA . Increased lNG_L
LQTS types 3,9,10& 12

0nA Increased lq, |

V LQTS types 8
0 nA _‘ 10

0nA —!l \ Reduced |,

LQTS types2& 6

0 nA [ \ Reduced |y,

LQTS types 1,5 & 11

0nA =3 } Reduced |4

LQTS type 7

SCN5A, CAV3, SCN4B, SNTA1

CACNAi1C

KCNH2, KCNE2

KCNQ1, KCNE1, AKAPg

KCNJ2
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Liu, M. et al. (2014). Nat. Rev. Cardiol. doi:10.1038/nrcardio.2014.85




Predominant Genes in Long QT SyW

/
DB KCNQi1 (KvLQT1) 50%
¢ Type> KCNH2 (HERG) 35%

° Types SCN5A 8%




Genes in Long QT Syndrome /

- Remaining LQTS Gene Protein Current
Type 4 Ankyrin B Ankyrin Na+/K+ ATPase and
others
Type 5 KCNE1 MinK Iks 2
Type 6 KCNE2 MiRP1 Tkr v
Type 7 KCNJ2 Kir2.1 Ik v
Type 8 CACNA1C CaVi.2 [Ca-L \
Type 9 CAV3 Caveolin 3 INa A
Type 10 SCN4B SCNB4 subunit  INa A
Type n AKAP-g Yotiao Iks v
Type 12 SNTA-1 Syntrophin-oa INa A
Type 13 KCN]J5 Kir3.4 IkAch v
Type 14 CALM1 Calmodulin 1 Defective Ca2+
signalling
Type 15 CALM2 Calmodulin 2
Type 16 CALM3 Calmodulin 3

v



Rmaining LQTS

Type 4

lype s
Type 6
Type 7
Type 8
Type 9
Type 10
Type n
Type 12

Type 13
Type 14

Type 15
Type 16

Type 17 or CPVT3: Bi-allelic mutation in TECRL gene (Trans-2,3-E
Reductase-Like)

Gene

Ankyrin B

KCNE1
KCNE2
KCNJ2

CACNAiC

CAV3
SCN4B
AKAP-9
SNTA-1
KCNJs5

CALM1

CALM2
CALM3
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Protein
Ankyrin

MinK

MiRP1

Kir2.1

CaVi.z
Caveolin 3
SCNB4 subunit
Yotiao
Syntrophin-oa
Kir3.4

Calmodulin 1

Calmodulin 2
Calmodulin 3

Current
Na+/K+ ATPase and

others

Iks
Ikr
Tk1
ICa-L
INa
INa
Iks
INa
IkAch

ECDED>D> > €« €«

Defective Ca2+
signalling
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inherited
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Gain of Function Mutation in SCN5A

oA WT
M1875T *% ® A MI1875T

by
N8

3

35ms
+90mV

Time constants (ms)

0.1

2nA | 90mV 40 30 20 10 0 10 20 30
-_ _O ﬁ 10 ms -120mV Voltage (mV)
3 4 5 C D 600 - P<0.01
+ - 200 o WT .
G 100 4 ® M1875T S -500 - ‘
2 0] g
¥ o 20 s
=200 @
7] < -300 4
3 4 $ 300 3
+ + 5 400 { 3 -200
a Zgg *x¥ § -100 -
- s T Q_
-100-80 -60 40 20 0 20 40 60 80 100 0 |
Voltage (mV) WT M1875T

Makiyama et al. ] Am Coll Cardiol. 2008;52:1326—-34 v
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Diminution or Loss of 1Ks current in LQT1 due to KCNQ1 Mutations
— “k\
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ted topology of the IKs channel

KCNQI KCNE1
VSD = 3 Pore region

Pore loop

COOH términus

Amino terminus: 1-121
Transmembrane, Linker and Pore: 122-348
C-terminus: 349-676

Wau et al. Molecular pathogenesis of long QT syndrome type 1. Journal of Arrhythmia. 2016;32: 381-388




Pathogenicit diction for Missense Mutations in KCN
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KCNQ1 estimated Predictive Values

B 1. Subunit Assembly Domain (SAD)
9 20
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EPV = 100%




Pathogenicit diction for Missense MutatiW
A

2 KCNH2 estimated Predictive Values
100%

(95-100)

63% /' 78% P
(17-84) (46-87)

B
1. Per-Armt-Sim (PAS) domain

41 79
2. PAS-associated C-terminal
9? “.‘
—& - -
3. Cyclic nucleotide binding domain (cNBD)

7"2 8‘:2 o u v

EPV = 100%

EPV = 100%




Pathogenicit diction for Missense MutatW

SCN5A Estimated Predictive Values
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Transmembrane and Linker Region: EPV 88%




C-lo L in KCNQ1 gene are moM
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Transmem

A 0.60 1

0.30 4

Probabiity of a Cardiac Event

0.10 1

0.00 <7

PATIENTS AT RISK

Transmembrane 445
C=Terminus 126

0.40 -

0.30 1

0.20 1

ne vs C-Terminus Mutations in KCNQ1

Unadjusted P< 0.001




Missens Non-Missense Mutations in KCNQ1

B 0.60 1
§ 0501 Unadjusted P=0.002
w —_—
‘g 0.40 4
O
(]
3 O.m g
-
n’g 0.20 -
0.10 -
0.00 45 . v - . . r r v
0 - 0 B 20 25 30 K< 40
PATIENTS AT RISK Age
Missense 476 %3 0.21) 264 (0.37) 241 ©.90) 208 (0.44)
Non—missense 98 88 (0.08) 67 (0.21) 61 (0.27) 59 (0.28)

Moss et al. Circulation. 2007;115:2481-2489




Dominant negative vs Haploinsufficient MutaW.,

-

0.60
e 050 P<0.001 ____',_,.-—r-—-
% E .'_ e "~
A : )
9 040 1*  Dominant-negative effect
3 S ' (>50% reduction in Iks)
O Z i
© 0.30 - rJ
5 : |
) : -
7 0207 & _ o
8 I - Haploinsufficiency
& ] - (<50% reduction in Iks)
0.10 1 i
|
T e e e
0 3 10 15 20 25 30 35 40
PATIENTS AT RISK Age
Dominant negative 185 128 (0.30) 92 (0.48) 82 (0.50) 77 (0.53)
Lose of function 169 #8 (0.09) 13 (0.21) 101 {(0.27) 91 {0.30)

Moss et al. Circulation. 2007;115:2481-2489




C-loop Mutations in KCNQ1 gene are mowgeni/

P —

0.35 _
£ Unadjusted P<0.001 -
0 —
5 025 —_
Missense C-loops
S =
0-20 — _—
% J
5 0.15 . .
£ =
'_E 0.10 |
£ _l_ MissenseCNTerm _______
o 0.05 A7 Missense Membrane Spanning _ _ . .
o Nonmissense
0.00 v h 1 h h h L] h h v 1 h h h L
0 10 20 30 40
Years
Patients at Risk
CIN Term 172 145 (0.02) 108 (0.07) 88 (0.11) 62 (0.16)
Membr Spanning 376 328 (0.03) 242 (0.07) 192 (0.11) 154 (0.13)
C-loops 125 109 (0.06) 78 (0.14) 59 (0.22) 39 (0.33)
Nonmissense 186 157 (0.01) 119 (0.09) 95 (0.10) 69 (0.11)

Barsheshet et al. Circulation. 2012; 125: 1988-1996
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(up to age 40, per 100 person-years)

C-loop mutations Non C-loop mutations

Barsheshet et al. Circulation. 2012; 125: 1988-1996




Beta adrenergic stimulation and Protein kinase A mediated phosphor
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KCNQ1 KCNE1

VSD Pore region
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Beta-1 adrenergic receptor activation leads to activation of Protein Kinase A (PKA)

V

PKA phosphorylates the KCNQ1 subunit and increases the IKs function

4

Wu et al. Molecular pathogenesis of long QT syndrome type 1. Journal of Arrhythmia. 2016;32: 381-388
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ECG of the Proband

ID:2556797 23-MAY-2014 13:15:42 KING ABDULAZIZ CARDIAC CENTER
19-MAY-2014 (4 days) Vent. rate 139 BPM ## #% % 1% % Pediatric ECG Analysis * *¥ *¥ *% %
Male Unknown PR interval 116 ms Sinus rhythm with Fusion complexes
QRS duration 142 ms Right atrial enlargement

Room:PCICU10 QT/QTc 332/505 ms Left bundle branch block
Loc:29 P-R-T axes 83 89 27 No previous ECGs available

Technician:MARTHA BACOLOD

Test ind:PRE OP

Referred by: PEDS Confirmed By: ::

COMMENT: ECG 55-17:Yes

|

25mm/s  10mm/mV ~ 40Hz 7.1.1  12SL239 CID: 167 EID:222 EDT: 16:14 23-MAY-2014 ORDER: ACCOUNT: 2556797
Page 1 of 1




ECG of the Proband /
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Dar ide of the Moon
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O

10
months

neonatal
period

.

13 yrS
asymptomatlc 6 months
months

Heterozygous:

Ri8W: SCN5A
E1550Q: ANK2
V1790G: AKAPg




Dark Side of the Moon

Heterozygous:

Ri8W: SCN5A { )

E1550Q: ANK2
V1790G: AKAPg

“i s i

13 yIS

neonatal 10 asymptomatic 6 months
months period months
Heterozygous:
Ri8W: SCN5A

E1550Q: ANK2
V1790G: AKAPg
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Heterozygous:

Chr3: Ri8W: SCN5A
Chr4: E1550Q: ANK2
Chr 10: ANK3: P2490L

Moon Explored

— T

e

Heterozygous:

Chr7:V1790G: AKAPg
Chr 10: ANK3: P2490L

e

neonatal
period

months

Heterozygous:
ANK2: E1550Q
CALM3: D130G
ANK3: P2490L

Heterozygous:

Ri18W: SCN5A
Ei1550Q: ANK2
CALM3: D130G

13 yTS V1790G: AKAPg
10 asymptomatic 6 months
months ¢
Heterozygous:

E1550Q: ANK2
V1790G: AKAPg

Homozygous:

Chr 10: ANK3: P2490L

Chr 16:

CCDC154: R386X

Homozygous:
ANK3: P2490L
CCDCi54: R386X

-1 @

Calms3 is Germline mosaic in sperm or oocytes

H



0 lini = Analyse in silico
xome clinique Panel de génes selon la clinique
panels

commerciaux ’ * Programmes commerciaux

) r ’/l/ » Pipeline bioinformatique

mals(:;l (basé sur des algorithmes “ope X e b
source FASTQ
,é = Externaliser I'analyse (?) A%%E%%CG C
Rarper A5 Al
e
FAMH ““““““ y\ Annotation et AACGTTGC
filtration AACGTTGC
it 4 ACGTTGC
HGMDD —

Variant(s) pathogeéne(s) ? P~ In house

u ClinVar it fbrabpadisad
; 3 ExAC
Classification, o
lien clinique R qualité
fréquence

d iant
type de varian 1. Alignement des séquences (BAM)

2. Identification des variants dans le
panel de génes

, AGGTCGTTACGTACGCTAC
GACCTACATCAGTACATAG
Nidewaiiants GCATGACAAAGCTAGETGT

o .
oinformaticien
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e Clinical Phenotype, Family History for the Disease,
ECG phenotype, QTc interval

¢ Main Genes: KCNQ1, KCNH2, SCN5A

¢ Multiple Genes might be involved, which has to be
considered

e Mutation severity should be evaluated
¢ Location of the Mutation is Important

e Electrophysiology data, In vitro functional data,
Animal data is important.

¢ Overinterpretation could be dangerous

v






