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Human Genetic Variation

Nature of variation

Types of mutations and their consequences

Variation in individual genomes

Origin and frequency of different types of mutation
Consequences for molecular diagnostics of WES/WGS

A
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Causes of genetic variation

Chrosomes Single nucleotide Copy number variations

polymorphisms (SNPs) (CNVs)

(1960) (1980) (2004)
i - e
o0 2 O e

’ -
. Frequent: Very frequent:
Varianstare rare -1 SNP every 1000 bp - 1000 CNVs/2 individuals
- 0.1% difference between 2 -0.7% of genome is copy
human genomes variable between 2 individuals
- 3 Mb difference - 21 Mb difference!
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Types of variation and their consequences

e« Chromosomes & Copy number variation => see lesson on chromosomes
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SNPs : Common variation in the genome

Type of Variation Size Basis for the Number of
Range Polymorphism Alleles
(approx.)
Single nucleotide 1bp Substitution of one or Usually 2
polymorphisms another base pairata
particular location in the
genome
Insertion/deletions lbpto> Simple: Presence or Simple: 2
(indels) 100 bp absence of a short Microsatellites:
segment of DNA 100-1000 typically 5 or
bp in length more

Microsatellites: Generally, a
2-, 3-, or 4-nucleotide unit
repeated in tandem 5-25

times
Copy number 10kb to > Typically the presence or 2 or more
variants 1Mb absence of 200-bp to 1.5-

Mb segments of DNA,

although tandem

duplication of 2, 3, 4, or

more copies can also occur
Inversions Fewbpto  ADNAsegment presentin 2

>1Mb either of two orientations
with respect to the

%
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SNPs : Common variation in the genome

5 10 15 20
l I I I

Reference sequence ... GGATTTCTAGGTAACTCAGTCGA...

acler ...GGATTTCTAGGTAACTCAGTCGA...
arcle2 .. GGATTTCH®MAGGTAACTCAGTCGA...

areet ..GGATTTCTAGGTAACTCAGTCGA..
mmzMGGATTTCTAGG.TAACTCAGTCGA

SNP

Indel A

aree1r ...GGATTTCTAGGTAACTCAGTCGA...

ndel® ez . GGATHMCTAGGTAACTCAGTCGA...
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Point mutations (SNV)

Nonsynonymous
ATA
—
ile Nonsense
TAA Readthrough
Synonymous —
GGA stop 1A

NS /e

...IATG“GG(.}IAAA“'I'ATI{RGCI{Q.TT“CCA“'I'AAIAAATATATA...
met gly lys tyr ser ile pro stop
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second letter
u c A G

ool el UAU uGu } u

Bl uuc /™™ ucc | g, wac | yag for B

UUA T, = UCA UAA Stop UGA Stop A

UUG UCG | UAG Stop UGG Tip G

CuUU | GCU ] CAU]. GCGU’ u

cuc coc CAG | CGC e
5 B cua [®¥ cca [P caAl. Caa [AY B o
g CUG )] caG (" CGG . N 2
E Il Auu ACU - AAU AGU u 2
'"“ B AUC lile ACC AAC [AST aGC bl B

A aua AcA [T aaa1  agal1. B

AUG Mel ACG ArG [ aga [A9 G

GUU GCU GAU|,  GGU" u

GUC GCC | GAGC | GGC | c

Bl cua V¥ Goa[M aaay o caa [V

GUG GCG | GAG ™ GGG G
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http://iaincarstairs.files.wordpress.com/2011/12/codons_aminoacids_table.png

Deletions and insertions (indels)

3-Nucleotide deletion

. ATGGGCTATAG CIf\T T“C CA“'I'AAIAAATATATA .
met gly tyr ser ile pro stop

/

.. .IATG“GGCAAATAT“AG CATTCCA“'I'AAIAAATATATA -

i L T I
met gly lys tyr ser ile pro stop

\ | -Nucleotide deletion

AT G:IGGﬁIAAT“ATA"G CATT C,,CAT,fﬂ\AA,f‘AT,f‘TA.- ..

met gly asn ile ala phe his lys asn ile
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Point mutations origin

« During replication (1 mutation/cell division)
« DNA damage
« Estimated to be 10000- 1M nucleotides are damaged/human/day
e Spontaneous chemical processes: e.g. Depurination,
Demethylation, Deamination
 Chemical mutagens (natural or otherwise)
e |onizing and UV radiation
« DNA damage is repaired, but some remain.
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COSMIC, the Catalogue Of Somatic Mutations In Cancer, is the world's largest
and most comprehensive resource for exploring the impact of somatic () 15 Signature 1B (Alexandrov et al, 2013)

mutations in human cancer. —_
o R
Start using COSMIC by searching for a gene, cancer type, mutation, etc. ..% Z
below. 5 5 10
2 m
‘g -g ‘ | I
—
eg Braf, COLO-829, Carcinoma, V60OE, BRCA-UK, Campbell m = o olL11s. L T |I| ||| “l ||| |.|.| s enad
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Splice consensus signals

B )

UAnu avYWeaaa e

j

Figuur 1 Nature Reviews | Genetics

5 splice site Branch site 3 splice site
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Microsatellite polymorphism
Allele 1..GGATTTCAACAACAACAAGGTAACTCAGTCGA. ..
Allele 2..GGATTTICAACAACAACAACAAICAAIGGTAACTCAGTCGA...
Allele 3..GGATTTICAACAAICAAICAAICAAIGGTAACTCAGTCGA...

Mobile element insertion polymorphism

Allele 1

Allele 2

Inversion polymorphism

—
Allele 1 PAEICDE et

YY-'RB ABCDEFGH g
: Allele 2 PNSIEDCZ el s
W% 8 ABCDEFGFGFGH <

Copy number variant

Human Genetic Diversity KU LEUVEN




Het humane genoom bevat 50% repeats

Exons-
Introns-
Repeats-

Retroviruses-

Non-Unique 35bp-
Non-Alignable 100bp-

Non-Unigue 100bp-

0 25 50 75 100

Percentage of the Genome
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Het humane genoom bevat 50% repeats

LTR
retrotransposons
DA transposons i

Simple sequence
repeats

Segmental
duplications

Miscellansous |
heterochromatin |

Miscellaneous

unigue sequences Protein-coding

genes

Copyright © 2005 Mature Publishing Group
Nature Reviews | Genetics

Interspersed
Repeats (SINEs,
LINES, LTRS)

Tandemly repeated
sequences (simple
sequence repeats)

Minisatellites
(12-500 bp units)

Simple Sequence
Repeats

(1-12 basepair units)
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Short tandem repeat (STR)

e Short tandem repeat = Microsattelites = Variable
number of tandem repeats = simple sequence repeats

* They have specific unit: e.g. CGG

e That Is repeated:
CGGCGGCGGLCGGCGGLGE

+ 1 miljoen STRs in the human genome

Tandem repeats can have a big impact on phenotype
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A schematic of a hypothetical microsatellite marker In
human DNA.

Unrelated Individuals Family Members
Mother Father Child 1 Child 2 Child 3
4 —
 S— ——— 6 —o @09/
b
*gn —o e—1 -5 - C ¢ -
% C— f —" -4 - [ — P —)
E') o, = C )
b 3 —
| C— —— 2
o 14
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Tandem repeats In genes are assoclated with disorders
characterized by anticipation

5'UTR INTRON EXON 3'UTR
5’7_ -—/\— ~ 3
(CGG)n (GAA)N (CAG)n (CTG)n
Fragiele X Friedreich ataxie  Huntington Steinert
Kennedy SCAS
SCAL,2,3,6,7

DRPLA
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Myotonic dystrophy (Steinert disease)
(as an example)

e Autosomal dominant
* Trinucleotide repeat expansion
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DMPK pre-mRNA with relationship between
CUG repeat size and phenotype.

Size of CUG repeat

DM1 phenotype n=50-400(\ /
“Premutation”
Asymptomatic n=38-49

Normal n=5-37
.7 5 (CUG), = (AAA),
< >« >« >
5UTR DMPK Gene (coding region) 3UTR

Chris Turner, and David Hilton-Jones J Neurol Neurosurg ;
Psychiatry 2010;81:358-367 FjAN"MPetiC Diversity KU LEUVEN




Myotonic dystrophy (Steinert disease)
Hereditary aspects

« Anticipation
 Increasing severity and successive generations

« Maternal transmission for large expansions

o Often paternal transmission in case of smaller
expansions.
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DM: anticipation

D_ Late onset
50 TG repeats
Legend
~ Clazsic onset
D ot O = tuale or fernale é) ‘ (g . 100 CTG repeats
. ar = ale or fermale
affected with DIV 3
D—O = husband and wife | Juenile onset ﬁ
400 CTG repeats .

ﬁ d) =hrother and sister
Congenital
1500 CTG t

D/ = deceased i
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Myotonic dystrophy (Steinert disease): detection

¥ -n=1500

. <n =500
- «<n =350

«n =100
o <n=4-12
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Southern blot om lange expansies te bepalen:

1. Knippen van humaan genoom met restrictie enzymes

AMA or DA Solution passes through

qel and filter to paper towsls
= Migration
32P.Jabel N ' Sy, o
i n?:fk:i g . Papertowels
K P {‘“{\\ :
\\l’// Electrophnresls HH“"* Yc g
Gel
Filter in i
E “Seal-a-Meal" a ;
x_:‘aﬁli Probe hybridized bag solution HHRGES RS
to filter f to complementary el
el saquance )
- =4 Gal - Filtar
Remowve Hybridize with uniquea DA
Autoradiogram unbound 32p-labaled transferred
praba nucleic acid probe to filter
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Southern blot to detect large expansions

Expansies

> 6 7 8 9 10 1112

ra
142
doa
v

9682 bp :

-> Fragment can be recognized via probe
-> Fragment will be larger with larger expansions
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Long expansions can be detected by Triplet primed-PCR
(TP-PCR)

/ \ L LS VS

FAM-P1-F FAM P1-F
—_— CTG)n PA(CAG)6-R
—>»

Conventional PCR TP-PCR
T~_  NormalAllele
\\

ANM Madder of fragments from the expanded allele
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Triplet primed PCR

Nomal
- >  [Normataiiele | —
g o
"
2 = omalaliele |——

H F

o > [Nomalaliele —— e
£
& === [ pandedaliele (> 55 CGG repeats)
® _—- | Expanded allele (> 55 CGG repeats)
'E'_ e, Ty *—, T
&
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Active mobile elements in the human genome

a b

Mobile element structure HGR Length,  Remarks Target site

- |
DNA ransposons: | | |
Transposes from less L |

| I. Transposase I I II 2-3% 1.4 kb | than 100 kb to distant T i g 1

sites from original site

IR Mariner IR
Retrotransposons (autonomaous): i ‘ l.‘.‘) 2nd strand cleavage

Retrovirus like siructure
with defective envelape T TTTTT TTTT
gene, reinserts in the |
same genome lrom | @

hich th
B Hi) Arnealing of L1 RNA

7-9% | +1.4kb

',.Il

17-19% | 6kb | Onlyautsmomeusly | N
active mobile elements in ; iv) Reverse transcription

primates and humans

1 I . 3
Non-aufonomous: - v) Integration

- — Alu insertions accounts
| ili ii | An . - |-+5- - - An 0.2 kb for over 20 cases of TsD TsD
Alu

human genetic diseases

Left arm Right arm '
SVA insertions occurs at vi) DNA synthesis
high frequeney, so far 3
11-13%  *1.5kb
T=D - VNTR SINE-R TsD cases of human disease —
[CCCTCTn s5vA reported
TS TsD
| Arises by revere
"| | | | | | | | " | | | 3'UTR Variable | transcription of cellular
mRNA & integration of Mew ingert flanked by TSD

Processed pseudogene cDNA in the genome

. Sargurupremraj and Wjst Respiratory Research 2013, 14:99 R U L EUVEN




ﬁ uu'ralmnu Y

i Mutations affecting
mmfﬂ Mutations disrupting gene regulation
¢ ANA stability or dosage

or
RNA spiicing

Hb Hammersmith — | Decreased
(if unstable —»= decreased amount) amount
B-Thalassemias = e -Thalassemias
* Monosomios
InCreased * TUumor-suppressor
- k— Loss of protein function | i amount mutabons
Hb Kempsey (the great majority) | [
Achondroplasia s Trisomies
: oo = . - J « Charcot-Marie-Tooth
i »{ Gain of function |« ds0630 fype 1A
Hb & ' T~e HPFH
0 . = NF"""P"’F";W * Many oncogenes
Inappropriate
@XPression
| tima, )
E = WIong place
helerochronic expression -
(uncommon, except in cancer)
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Variation Iin individual genomes

»» »
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1000 genome project/resource

o Comprehensive description of common human
]UOO GE"UITIES genetic variation

Mapping Human GeneticVariation  Latest report: genomes of 2,504 individuals from
| 26 populations using a combination of low-

coverage whole-genome sequencing, deep exome
sequencing, and dense microarray genotyping.

e Results:

— over 88 million variants (84.7 million single nucleotide
polymorphisms (SNPs)
— 3.6 million short insertions/deletions (indels), and

60,000 structural variants), all phased onto high-quality
haplotypes.

— This resource includes >99% of SNP variants with a
frequency of >1% for a variety of ancestries.
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SNP variation/population

! =T 12 millign

24 millian 18 million
|
| Private to Shared across
| population all continents

\ N
Private to'._ ,/) Shared across

continent T continents

A Auton et al. Nature 526, 68-74 (2015) -Liuman Genetic Diversity KU LEUVEN
doi:10.1038/nature15393 nature




SNP variation/population
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Structural variation

genome aggregation database or GhomAD
Based on short read sequencing in 14290 genomes

a CHY Other SV (non-CHY) Unresolved
SV class| Deletion Duplication Multiallelic CNV  Insertion Inversion Translocation Complex SV Breakends
Abbrov.| =DEL =P =MOCHY =|MS =NV =CTX CPX =EMND

Ref| —3D» —3> —3BD> — —3E- T Smms —»

e

Exam —IE D> chra—f—»  —WEE> [
e~ —IED> i, —ID> —@> gy DGR —F7
—A -~ (See Fig. 2) Discarded
corac o I+ ooy o AR )
This study This study oEL 20 -AE{:;
10003 .2 504 =AFR 10006 .EE,EHB =0Up o =EUR i
=AMA =MCNV O 101 ~OTH
GonL [ 789 =EAS GonL J67.357  =Ins
=ELIR =NV 04 o AR
GTEx| 147 OTH GTEx [|23.002 CPX ——w Article — i
- ) =END X Astructural variation reference for medical
0 5 10 15 0 200 400 -30 -20 -10 0 10 and populationgenetics
Samples (=1,000) SVs (x1,000) PCA
https: fidol.org/10.1038/541586-020-2287-8 Ryan Lculllru:""' {247, Konrad ). )Oualanuillw“‘
e e
o i “”“““"""“,“ e e e’
B Chock for updates Kent D. Taylor®, Henry J.Lin®, slepiwnea;.“mnh Wendy S. Post™, Yil-Der Ida Chen,
Jerome . Rotter”, «Ghad usba . Anthony -Mlmw‘il.‘l l;'cd;:l': Stacey Gabriel',
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Structural variation characteristics

E AFR AMR EAS EUR OTH Median
£ 10,000 - a7
S 5000 a0
T 6000 —2f12 NS
o s ]
w 4,000 EEEPWIEHF'
ol 2 000 4 — 220 MCNV flos
» 0. 2,606 DEL
o =DEL =DUP =MCNV =INS =INV =CPX
f 100% h & sox l
00 %
= & ] E‘Tﬂ'ﬁ
!g % 80% a "
; B0%
B g 70% g
= = ™ .
g E Eﬂ'ﬁ-- ﬂ_‘g EI-D?'EI' [ ] .
n & i
Aare Common R < R )
50% 4 & (AF <1%) (AF = 1%) e T
T = T - T = B
100bp 1 kb 10kb100kb1 Mb 10 Mb 1 10 100 1k 10k ™
SV osize Allale count SV size
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Mapping full spectrum of structural variation

 Human Structural variation consortium
« Comprehensive structural variation analysis with a multitude of techniques.

» 3 parent-child trios (Han, Puerto Rican, Yoruban)

Table 1 Summary of sequencing statistics
AVE soq Avg. frag Physcal
COVETaRe length COVETADE
Pacafic Bl cences e (i gias {chuld) T
20000 doarantd 9619 (narent)
iCrrimrd bamom o 109 (HGEDNFIT 11,993 149
Bumena shart insert 4.5 504, 1A
Bumina WA G5 3 3475 153 :00(\
Buminz 7 k& JAP 11 69712 ¥52 nature A —
10 € Py i 824 90,098 §19 c
Biomama Genomics M AA 2H1E 4 0% e
Tou-Seq SLE 347 A9 147
e ML HAA 587 ARTICLE .
-t 1949 1.03E 407 M S E— :
Tok 2356 &7 08 Multi-platform discovery of haplotype-resolved
structural variation in human genomes
Frrpicsl corveraps & pvan o |iumine chars nas, |ACS, T PAP. T0OE Chr omum piryeies]
g | s Srroateed reosd chonsd corveraps Mark 1P. Chaisson et al®
For Hi-L Fropmees |angsh & S dSares et Do rasd s Br imers-chrormenermss raord
S
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Per genome variation

(3-7x more than known from short read sequencing)

818000 indels (<50bp)
31599 structural variants (>50bp)
156 inversions (>50bp)
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Origin and frequency of de novo variation
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Selection-mutation balance

‘balance between genetic copying errors that turn normal alleles into
harmful mutations, and selection eliminating these mutations”™

Mutation Beneficial Neutral Harmful
1 |
) W 7
Selection Drivers of evolution Disease

Reduced fecundity

Elimination of alleles
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Freqguency of de novo mutations

Estimation per generation mutation rate

7.6x10°to 2.2 x 10®=50-100 de nhovo mutations per genome
These mutations are under limited selective pressure!

Estimated de novo mutations per exome:
1.4 exonic mutatons/ individual
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Freqguency of de novo structural variation

0.29 de novo SVs per generation in regions of the genome accessible to
short-read WGS or 1 per 2-8 live births

Collins et al., Nature, 2020

Human Genetic Diversity KU LEUVEN




Mutation rate, « (3Vs par genaration)

=

=

=

=

Freguency varies along types of SVs

== : from Watterson E“.in gnomAD, n = 10,000

4 & HAate of validated de novo SVs from 510 quartets
31 @0.288
E-_
t 0.146
1- ic.::e
+L‘I.I:I=IJZI-
0 - & & 0.001
Al @#DEL @®INS @DUP CPX  ®INV

Collins et al., Nature, 2{y2(enetc bersiy
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Overview

Variation Detected in a Typical Human Genome

Individuals vary greatly in a wide range of biological functions, determined in part by
variation among their genomes. Any individual genome will contain the following:

- *5-10 million SNPs (varies by population)

- 25,000-50,000 rare variants (private mutations or seen previously in <0.5% of
individuals tested)

- %75 new base pair mutations not detected in parental genomes

+ 3-7new CNVs involving 500 kb of DNA

- 200,000-500,000 indels (1-50 bp) (varies by population)

- 500-1000 deletions 1-45 kb, overlapping 200 genes

- %150 in-frame indels

« 200-250 shifts in reading frame

- 10,000-12,000 synonymous SNPs

- 8,000-11,000 nonsynonymous SNPs in 4,000-5,000 genes

- 175-500 rare nonsynonymous variants

- 1 new nonsynonymous mutation

- 2100 premature stop codons

« 40-50 splice site-disrupting variants

« 250-300 genes with likely loss-of-function variants

- %25 genes predicted to be completely inactivated
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Molecular diagnostics WES/WGS

chance of:
Finding the
causal variant
- Variants of
unknown
significance

ease of
high interpretation

low

A few genes
genen (1-5)
PCR +
sequencing
I:-]I(I: : |1qm(h 34Mb sn.Mbl 3Gt:l
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Interpretation of variants

« Databases
« SNP Databases > population frequenties
 (internationale en lokale) mutation databases
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HSP: trio-based WES analysis of a cohort of 8 patients

! PublfNed

’ varsome

1624 | - .i Aims
119318 | E
l‘ qﬁl %' @ T R I N -
HEMD & Clinvar HEMD & clinvar Z.u' S G
d.a-5 . 45 £
69 2 . s - _
2 & Material and
Em:nk&:gli:ejihe metrlmds
D
TIB
—— American College of Medical
De novo Maternal® . p:
=) 1] Genetics and Genomics

%  HSP_novel
0,25

b= HSP_GTex_GO_KEGG
10

Out of panels
37

!GV manual filter ]

133714
IGV manual filter

nomAD
m“.l

HsP8

AD filter
IGV manual file

138077

opedia of
enomes

136365 12062 8
8
0

22
12

6

GTEX

| ' ’ {)) GENEPAINT

Added value of

NGS in very rare

disorders

Se—
HGMD®

Conclusions
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gnomAD (past Exac) database

Gene identification from genome wide population sequencing data based on 140000 exomes

[ gnomad *x BEE - =] X

&« C v @ Niet beveiligd | gnomad.broadinstitute.org « 0B 'o

gnomAD |
NTVYY

genome aggregation database

33 Apps M Peter Grandsard se

Search by gene, region, or variant

Examples - Gene: PCSK9, Variant: 1-55516888-G-GA

The Genome Aggregation Database (gnomAD) is a resource developed by an international coalition
of investigators, with the goal of aggregating and harmonizing both exome and genome sequencing
data from a wide variety of large-scale sequencing projects, and making summary data available for
the wider scientific community.

The data set provided on this website spans 125,748 exome sequences and 15,708 whole-genome
sequences from unrelated individuals sequenced as part of various disease-specific and population
genetic studies. The gnomAD Principal Investigators and groups that have contributed data to the
current release are listed here.
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Probabillity of being LOF intolerant

« Haploinsufficiency to estimate the total number of
autosomal recessive human protein-coding genes based
on mutation tolerance

o Haploinsufficient genes do not tolerate loss-off-function
(LOF) variants in one of the two alleles.

e Their probability of being LOF intolerant (pLlI) is thus
close to 1.

* In Gnomad pLI is measure by analysis of 140k exomes
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Database of genomic variants

(curated structural variation)

atabase of enomic ariants

A curated catalogue of human genomic structural variation

About the Project Downloads Links

Statistics FAQ
Genome Browser Query Tool

Submissions Contact Us Training Resources

Keyword, Landmark or Region Search:

| search |[GRCh37/hg19 v

Examples: RP11-34P13; CFTR, 7q11.21; chr7:71890181-72690180

Find DGV Variants

by Study by Sample
by Method by Variant

by Platform by Chromosome

Summary Statistics

Stat Merged-level Sample-level
CNVs: 983845 7021692
Inversions: 4083 32044

Number of Studies: 75

News: February 2020 Update and Newsletter has been issued
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Human Gene mutation database

[ gnomad X @ HGMD® home page X + - X

&« C (¢ @ Nietbeveiligd | www.hgmd.cfac.uk/ac/index php * B8 o :
11 Apps M Peter Grandsard ser

The Human Gene Mutation Database -~

at the Institute of Medical Genetics in Cardiff

Home Search help Statistics New genes What is new Background Publications Contact Register Login LSDBs Other links

Gene symbol v Symbol: Missense/nonsense

HGMD.
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The gene description, gene symbol (as recommended by the HUGO Nomenclature Committee) and chromosomal location is recorded for each gene. In cases 6531 9976

iz il where a gene symbol has not yet been made official, a provisional symbol has been adopted which is denoted by lower-case letters.

¢DNA sequence  ¢DNA reference sequences are provided, numbered by codon. 6531 10339
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Genomic (chromosomal) coordinates have been calculated for missense/nonsense, splicing, regulatory, small deletions, small insertions and small indels. 0

Standard HGVS nomenclature has been obtained for missense/nonsense, splicing, regulatory, small deletions. small insertions and small indels.

Single base-pair substitutions in coding regions are presented in terms of a triplet change with an additional flanking base included if the mutated base lies in

SSCHSEINONSENSE o itpar the first or third position in the triplet.

Mutations with consequences for mRNA splicing are presented in brief with information specifying the relative position of the lesion with respect to a
Splicing numbered intron donor or acceptor splice site. Positions given as positive integers refer to a 3' (downstream) location, negative integers refer to a 5' (upstream)
location.

Substitutions causing regulatory abnormalities are logged in with thirty nucleotides flanking the site of the mutation on both sides. The location of the mutation

Regulat . - L . L
cguiatory relative to the transcriptional initiation site, initiaton codon, polyadenylation site or termination codon is given.
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HUMAN MUTATION Database in BRIEF 31: E1801-E1810 (2010) Online

HUMAN MUTATION

OFFICIAL JOURNAL
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Tao Zhang'?*, Arthur Moss®.*, Peikuan Cong?,*, Min Pan 2.*, Bingxi Chang?, Liangrong Zheng?, Quan Fang?,
Wojciech Zareba?, Jennifer Robinson?, Changsong Lin2, Zhongxiang Li§, Junfang Wei, Qiang Zeng?,
Long QT International Registry Investigators, HVP-China Investigators, and Ming Qi'-2***
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Genetics
o ameran ctegeotmesacenensnacenoms. ACIMI@ STANDARDS AND GUIDELINES | inMedicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD?'¢, Sherri Bale, PhD?, David Bick, MD* Soma Das, PhD?,
Julie Gastier-Foster, PhD%’8, Wayne W. Grody, MD, PhD?*'"" Madhuri Hegde, PhD",

Elaine Lyon, PhD'3, Elaine Spector, PhD', Karl Voelkerding, MD' and Heidi L. Rehm, PhD';
on behalf of the ACMG Laboratory Quality Assurance Committee
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Class Clinical
ofrisk | significance

1 not patogenic

likely not
pathogenic

3 uncertain

4 likely
pathogenic

5 definitely
patogenic

Plon SE, Eccles DM, Easton D, et al. Sequence variant
classification and reporting: recommendations for improving the
Interpretation of cancer susceptibility genetic test results. Hum
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ACMG STAN DARDS A.N D Gu I D EI-I N ES RICHARDS et & | Interpretation of sequence variants

Table 3 Criteria for classifying pathogenic variants
Evidence of pathogenicity Category

\ery strong P51 null variant {(nonsense, frameshift, canonical 1 or 2 splice sites, initiation codon, single or multiexon
deletion) in a gene where LOF is a known mechanism of disease

Caveats:
« Beware of genes where LOF is not a known disease mechanism (e.g., GFAP, MYH7)
= Lse caution interpreting LOF variants at the extreme 3" end of a gene

= Use caution with splice variants that are predicted to lead to exon skipping but leave the remainder of the
protein intact

= Use caution in the presence of multiple transcipts
Strong P51 Same amino acd change as a previously established pathogenic variant regardless of nudeotide change
Example: Val—Leu caused by either G=C or G=T in the same codon
Caveat: Beware of changes that impact splicing rather than at the amino add/protein level
P52 De novo (both maternity and paternity confirmed) in a patient with the disease and no family history

Mote: Confirmation of paternity only is insufficient. Egg donation, surrogate motherhood, errors in embryo
transfer, and so on, can contribute to nonmaternity.

P53 Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or gene
product

Mote: Functional studies that have been validated and shown to be reproducible and robust in a dinical
diagnostic laboratory setting are considered the most well established.

P54 The prevalence of the variant in affected individuals is significantly increased compared with the prevalence
in controls

Mote 1: Relative risk or OR, as obtained from case—control studies, is 5.0, and the confidence interval around
the estimate of relative risk or OR does not include 1.0. See the article for detailed guidance.

Mote 2: In instances of very rare variants where case—control studies may not reach statistical significance, the
prior observation of the variant in multiple unrelated patients with the same phenotype, and its absence in
controls, may be used as moderate level of evidence.

Moderate PM1 Located in a mutational hot spot andfor critical and well-established functional domain (e.g., active site of
an enzyme) without benign variation
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Moderate

Strong

Very Strong}

Population
Data

MAF is too high for
disorder BA1/BS1 OR
observation in controls
inconsistent with
disease penetrance B52

Absent in population
databases PM2

Prevalence in

affecteds statistically

increased over

controls PS4

Computational

Multiple lines of

Multiple lines of

Movel missense change

Same amino acid

Predicted null

And Predictive computational evidence computational at an amino acid residue| change as an variant in a gene
Data suggest no impact on gene | evidence support a where a different established where LOF is a
/gene product BP4 deleterious effect pathogenic missense pathogenic variant known
Wiesareaiioans whaps on the gene /gene change has been seen P51 mechanism of
' gene product PP3 before PM5 disease
only truncating cause PYS1
disease BP1 Protein length changing
i PM4
Silent variant with non WRT L P
predicted splice impact BP7
Functional Well-established Missense in gene with | Mutational hot spot Well-established
Data functional studies show low rate of benign or well-studied functional studies
no deleterious effect missense variants and | functional domain show a deleterious
BS3 path. missenses without benign effect PS3
common PP2 variation PM1
Non-segregation Co-segregation with
Segregation with disease BS4 disease in multiple .
Increased segregation dafa
Data affected family e >
members PP1
De novo De novo (without De novo (paternity &
Data paternity & maternity | maternity confirmed)
confirmed) PM6& Ps2
Allelic Data Observed in trans with For recessive
a dominant variant BP2 disorders, detected
in trans with a
Observed in cis with a pathogenic variant
pathogenic variant BP2 PM3
Other Reputable source w/out Reputable source
Database shared data = benign BP6 | = pathogenic PP5
Found in case with Patient’s phenotype or
Other Data an alternate cause FH highly specific for

BP5

gene PP4
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Table 5 Rules for combining criteria to classify sequence
variants

Pathagenic (i) 1Verystrong (PV51) AND
(@) =1 Strong (PS1-PS4) OR
{b) =2 Moderate (PM1-PM6) OR

{0) 1 Moderate (PM1-PM6) and 1 supporting
(PP1-PP5) OR

(d) =2 Supporting (PP1-PP5)
(ii) =2 Strong (PS1-PS4) OR
(iii) 1 Strong (PS1-PS4) AND

(a)=3 Moderate (PM1-PM6) OR

{b)2 Moderate (PM1-PM6) AND =2
Supporting (PP1-PP5) OR

{c)1 Moderate (PM1-PM6) AND =4
supporting (PP1-PP5)

Likely pathogenic (i) 1Verystrong (PV51) AND 1 moderate (PM1-
PMeE) OR

(i) 15Strong (P51-P54) AND 1-2 moderate
{PM1-PMB) OR

{iiiy 1 5trong (P51-P54) AND =2 supporting
(PP1-PP5) OR

(iv) =3 Moderate (PM1-PME) OR

{v) 2 Moderate (PM1-PM6E) AND =2 supporting
{PP1-PP5) OR

{vi} 1 Moderate (PM1-PME) AND =4 supporting
(PP1-PP5)

Benign (i) 1 Stand-alone (BA1) OR
(i) =2 Strong (BS1-B54)

Likely benign {i) 1Strong (BS1-B54) and 1 supporting (BP1-
BP7) OR

{ii) =2 Supporting (BP1-BF7)

Uncertain (i) Other criteria shown above are not met OR
significance

(i) the criteria for benign and pathogenic are
contradictory

Human Genetic Diversity KU LEUVEN



PATHOGENICITY CALCULATOR

Users of the calculator can coniribute their interpretation, evidence codes, evidence, and assertion in the
Repo (PCER) by chcking “Expaort to PCER". The shared data is instantly
a\rallal.llc through ClinGen Allele Registry and PCER.

ClinGen Pathogenicity Calculator team is thankful to our distinguished users who donated their
interpretations in Clinvar

y by BCM's

WHAT IS THE CLINGEN

PATHOGENICITY
c ALCULATOR? NC_| ooonza 11:.101399747C>T, CMOODBES. 2:g.101399747C>T, NC_000023.10:9.100654735C>T,

CMO00685.1:9.100654735C>T, NC_000023.9:9.100541391C>T, NG_007119.1:9.13217G>A, LRG 6?2 9.13217G>A,
NM_000165.2:c.640-801G>A, LRG_672t1:c.640-801G>A, NM_D01199573.

lele Informatio

Allele Registry ID

ttp://reg.genome.netwogl allele/CAD21883

A08+4250C>T,
The shift fram genetic testing of individual genes to exome and NM_001199974.1:¢.285 +'."925C)-T, XR_938397.1:n.72 lG:uk, 'ENSTO0000218516.3:¢.640-80 1G >A,
genome sequencing has been accompanied by new challenges in ENST00000409170.3:c.300+4290C>T, ENSTO0000409338.5:¢.177+7925C>T, ENSTO0000468823.1:n.189-801G>A,

interpretation. The American College of Medical Genetics and ENSTO0000480513.5:n.478-801G>A, ENST00000486121.5:n.685-801G>A, ENSTO0000493905.6:c.*24G>A
Genomics and the a"smcua ion for Molecular Pathology rru.au\up]

Gene

have published lards and Guidelines fer the Interp: of
Sequence Varfants. To enable wide application of the ACMG/AMP and GLA
similar quidelines and the development of ol knawledge by the
commum[y_ ClinGen has devel ’r d the ClinGen Pathog e Phenotype
Calculator. By automating the formal reasoning, the Calculator Fabry disease
eliminates Gul'l'Of .lﬂll'l.llc appd -ca ion and makes it possible to Mode of Inheritance
automatically calculate | clusions based on latest ’ X
evidence. Moreover, Ihe Calculator makes reasening explicit by X-linked Recessive
documenting applicable rules, evidence codes, and links to supporting
data By explicitly communicating the reasoning behind 2 conclusion Evidence
about pathogenicity of any specific variant, the Calculator enables
critical evaluation of the reasoning and facilitates resolution of PP1
cciﬂi:rﬂﬂ EEEEI ii:ﬂf.;
Category : Pathogeni ion Data

ACMG Text : Cuseglzgatlon wnh dls:m In muldple affected family members in a gene definitively known to cause the disease
User Summary : Allele cosegregated with disease
Supporting Links :
= Taiwan population [Hnkl
PS4
Category : Pathogenic » Strong » Population Data
ACMG Text ; Prevalence in affecteds statistically increased over controls
User Summary : Higher prevalence over control
Supporting Links :
= Paper reportl high il of the cardiac variant IVS4+919G>A among both newborns and patients with idiopathic
hypertrophic l:.nn:lml"\‘ltn:wmll‘r in the Taiwan Chinese population [Link]

ps3
Category : Pathogenic » Strong = Functional Data
ACMG Text : Well-established functional studies show a deleterious effect
User Summary : Functional studies support this tag.
Supporting Links :
= Plasma ?-galactosidase A activity assay was 10.47£711.2% of normal in the men and 48.67+719.5% of normal in the women [Link]

PVS1-Strong

Category : genic » Strong » Ci jonal And Predictive Data
ACMG Text : PV51 downgraded in strength to Strong
User Summary : Null variant but incomplete alternate splicing

Final Call : Pathogenic

Rules Passed :
& Pathogenic.Strong >=2
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ARTICLE

Performance of ACMG-AMP Variant-Interpretation
Guidelines among Nine Laboratories in the
Clinical Sequencing Exploratory Research Consortium

Laura M. Amendola,'.'¢ Gail P. Jarvik,!.'®* Michael C. Leo,” Heather M. McLaughlin,”

Yassmine Akkari,* Michelle D. Amaral,® Jonathan S. Berg,® Sawona Biswas,” Kevin M. Bowling,>
Laura K. Conlin,” Greg M. Cooper,”> Michael O. Dorschner,® Matthew C. Dulik,” Arezou A. Ghazani,!’
Rajarshi Ghosh,!! Robert C. Green,* 12,15 Ragan Hart,! Carrie Horton,!? Jennifer J. Johnston,!+
Matthew S. Lebo,*!? Aleksandar Milosavljevic,!! Jeffrey Ou,! Christine M. Pak,* Ronak Y. Patel,'!
Sumit Punj,* Carolyn Sue Richards,* Joseph Salama,! Natasha T. Strande,® Yaping Yang,!'!

Sharon E. Plon,!! Leslie G. Biesecker,'* and Heidi L. Rehm?12,15.*
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(B) Inter-laboratory concordance of 97 variants. This graph compares the same calls, based on either the ACMG-AMP rules or the site’s

rules, between laboratories.
(C) Inter-laboratory concordance after consensus efforts. This graph shows a final comparison of calls between sites after consensus-

building efforts.
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Table 1.

ACMG-AMP Rule Clarifications and Suggestions for Mod ification

Rule Description Clarifications and/or Suggestions
PVsl variant predicted null where LOF is a mechanism of disease do not apply to variants that are near the 3’ end of the gene and
escape nonsense-mediated decay
P51 variant with the same amino acid change as a previously does not include the same variant being assessed because it is
established pathogenic variant, regardless of nucleotide not yet pathogenic, and the rule is intended for variants with a
change different nucleotide change
ps2 de novo variant with confirmed maternity and paternity apply this rule as moderate or supportingifthe variant is mosaic and
its frequency in tissue is consistent with the phenotype
P53 variant shown to have a deleterious effect by a well-established reduce the strength for assays that are not as well validated or
functional study linked to the phenotype
PM1 variant located in a mutational hotspot and/or critical and not meant for truncations; more clarification is needed for
well-established functional domain applying this rule
PM2, BS1  variant absent in population databases or with an allele cannot assume longer indels would be detected by
frequency too high for the disease next-generation sequencing
use a published control dataset if its size is at least 1,000 individuals
cannot be applied for low-quality calls or non-covered regions
must define the condition and inheritance pattern
PM3 for recessive disorders, variant in trans with a pathogenic variant  invoke this rule as supporting if the phase is not established
can upgrade if more than one proband is reported
Phi4 proteindength~hanging variant applicable for in-frame deletions, inserions, or stop-loss variants,
but not frameshifts, nonsense, and splice variants
PMS novel missense variant at amino acid with different ensure pathogenicity of previously reported variant
pathogenic missense change
suggest changing “novel” to “different” because some variants that
are not novel might mequire assessment with this rule
PP3, BP4 variant with multiple lines of computational evidence all lines must agree
PP4 the patient’s phenotype or family history is highly specific to not meant to be used for genetically heterogeneous conditions
the genotype or conditions with unsolved etiology
not typically applied for an analysis of inciden tal Aindings, but it
could be applied for prior observations
PP5, BP6 variant called pathogenic or benign by a reputable source only applicable when evidence is not available (e.g., Sharing
Clinical Reports Project)
BS2 variant observed in a healthy adult for a disorder with full populations might not have been screened or excluded for the
penetrance at an early age phenotype
EP1 variant in a gene in which truncations primarily cause disease clarify the meaning of “primary™; suggest =900
BP2, BF5  variant in traris with a dominant pathogenic variant [BP2) or in clarify that one should apply BP2 when the pathogenic variant

an individual with an alternate molecular basis for disease (BP3)

is seen in the same gene as the variant being evaluated and apply
BPS when the pathogenic variant is in a different gene
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Genetics
inMedicine | ORIGINAL RESEARCH ARTICLE © American College of Medical Genetics and Genomics

Clinical laboratories collaborate to resolve differences in
variant interpretations submitted to ClinVar

Steven M. Harrison, PhD'"?, Jill S. Dolinsky, MS3, Amy E. Knight Johnson, MS?,
Tina Pesaran, MA, MS3, Danielle R. Azzariti, MS?, Sherri Bale, PhD?, Elizabeth C. Chao, MD?3¥,
Soma Das, PhD?%, Lisa Vincent, PhD> and Heidi L. Rehm, PhD'%78

b 91.7%
Concordance

|
I 1

65.3%
Agreement

4,500

4,000 4,027

3,500

3,000
26.4% 6.4% 19%
2,500 Confidence level Other differences Medically significant differences
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1,000
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24 93 0 0 0 0
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0

Figure 1 Distribution of variant interpretation differences between four clinical laboratories. (a) Interpretation comparison of data in ClinVar (as of
January 1, 2016) before resolution efforts. (b) Interpretation comparison after reassessing 33% (242/724) of shared variants with interpretation differences.
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Genetic testing

Molecular testing

1 disease
1 (single) mutation

1 disease different diseases

1 gene 1 (single) gene
1 disease different diseases
few genes many genes total
1 disease different diseases genome
1 chromosomal different anomalies
anomaly
(un)known defect Molecular cytogenetic
karyotyping testing
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Whole-Genome SEQUENCING

Construct
shotgun library .

——— e

Genomic DNA Fragments

AGGTCGTTACGTACGCTAC
GACCTACATCAGTACATAG
GCATGACAAAGCTAGETGT

Mapping, alignment,
variant calling DNA sequencing
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Anamnesis: Patient 1

e Only child of an healthy unrelated couple.

e At birth facial dysmorphism with polymalformative syndrome
e Large anterior fontanella

e Microcephaly

* Rightturning! Molecular analysis:

« Abdominalwé « Karyotyping

+ Cleftpalate | * FISH for 22g11.2 and 9p-

+ Hypoplasiaof ¢ Array-CGH

«  Major hearing o 16p13.3(4379999-4443009)x3mat
* likely benign

e Hypertension
e Feeding problems
e Short stature

e Congenital thoracic vertebral fusion - severe torsional scoliosis
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Patient 2

¢ Hypotonia
* Failure to thrive
e Progressive macrocephaly (H&W at p3, OFC at p97)

e Periventr

- Epilepsy Molecular analysis:

¢ Frontal

Array CGH
* Deep-se )
* Fragile X
e Downsla

. Mildhypl © PTEN, MID1 and NEMO genes

« Mildintel ®* gene panel for Rasopathies
(PTPN11, SOS1, RAF1, RIT1, KRAS, BRAF,

e Clear pi
Ve MEK1, MEK2 and HRAS)
- il * Mendeliome in 2015 i

* Small and fragile teeth
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Total

R e
HEMD & Clinvar . HEMD & clinvar ol
45 a5
Exonic & splice site
» 4
X-linked Autosomic
N T e
4  —
De novo Maternal® .
De novo recessive

4
Qut of panel

<

QOut of panel de novo &
recessive

—_

SNVs Analysis:

Number of variants
Filtering criteria (Patient 1 | Patient 2
Total 108071 105933
Not in negative panel 104375 102349
Not in-house class 1-2 102901 100890
Frequency < 2% 8337 8083
Exonic and splice site variants 1450 1351
x-linked + recessive + de novo 95 75
AD filtering \ 60 ) 58

Negative
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HGMD i Rep d dis /phenotype Variant class  Gene symbol I
CI176502 Intellectual disability with overgrowth |} HISTIHIE GCGACG GG
Literature citation Citation type Support
1. Tatton-Brown (2017) Am J Hum Genez 100: 725 PubMed: 28475857
Memtions in Epigenetic Ragulation Ganes Are 2 Mejor Cause of Overgronth with Ietellacmual Dissbiliny: Py e - Ses Tatie ST,
Extra information
Ceding strand genomic sequence (GRCh38) CGGCGAAGAAGCCCAAGAAGGCGACGGGGG(-'g)CGGCC
Genomic coordinate (GRCh38) chr6:26156820-26156821
Genome viewers UCSC; NCBI MapViewer; NCBI SeqViewer
HGVS nomenclature NM 005321.2: c.430dupG; NP_005312.1: p(Alal44Glyfs*52)

nalysis:

Number of variants

Filtering criteria | Patient1 Patient 2
de nm¢@| 108071 105933

ot in '&egﬁgtf(fﬁ,fit ) 104375 102349

Not in-house class 102901 100890

I DAy @by 5752 8337 8083
Exonic and sp/itiﬁs"gﬂ g}ffirlgf] E 1450 1351

x-linked + recessive + de novo ( 95 75

HISTONE GENE CLUSTER 1, H1 HISTONE 38

FAMILY, MEMBER E; HIST1H1E —
HGNC Approved Gene Symbol: H1-4 (:)MIN.[{E

Cytogenetic location: 6p22.2
Genomic coordinates (GRCh38): 6:26,156,330-26,157,114 (rom ncen

Phenotype
Location Phenotype MIM number  Inheritance

AD

6p222  Rahman syndrome 617537
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https://www.genenames.org/tools/search/#!/genes?query=H1-4
https://www.omim.org/geneMap/6/135?start=-3&limit=10&highlight=135
https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg38&position=chr6:26156330-26157114&dgv=pack&knownGene=pack&omimGene=pack
https://www.ncbi.nlm.nih.gov/
https://www.omim.org/geneMap/6/135?start=-3&limit=10&highlight=135
https://www.omim.org/entry/617537
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ARTICLE

Mutations in Epigenetic Regulation Genes
Are a Major Cause of Overgrowth
with Intellectual Disability

Katrina Tatton-Brown,2 Chey Loveday,! Shawn Yost,! Matthew Clarke,! Emma Ramsay,’
Anna Zachariou,! Anna Elliott,! Harriet Wylie," Anna Ardissone,® Olaf Rittinger,* Fiona Stewart,>
I. Karen Temple,®” Trevor Cole,® Childhood Overgrowth Collaboration, Shazia Mahamdallie,!

Sheila Seal,! Elise Ruark,! and Nazneen Rahman!“.10.* c.436_458del23

808

NTO [ Globular domain | cm

* Frame Mutation Sequence Length Charge
C . &BOd u I !G p R AI a144G nyS 5 2 1 Wildtype . . .KKATGRATFKKSAKKTFEKAKKPARAAGAKKAKS PKKRKARKPKEAPKSPARAKAVEEK. .. 219 44
. 2 . 430dupG + « . KKATGGCHPQEERQE AGE JKSEKE =088 194 T
B o —al i ) c.441dupC . . . KKATGAATPQEERQEDE 194 7
®s.- f S l 2 ©.436_458del23 .. .KKATGAA 186 a
‘ 3 .. . KKATGRPPPRRAPRRPURRRRSRLOLLEPKKRKARKRREQPSQKRRPRAQRRPKQLNFR. .. 227 18

B COG0405 c COG0412 D COG1832

1.5 years 13 years 15years  15.5 years  4vyears
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Am.J Hum Genel. 2019 Sep 5,105(3):493-508. doi: 10.1016/].2jhg.2012.07.007. Epub 2012 Aug 22.

Aberrant Function of the C-Terminal Tail of HIST1H1E Accelerates Cellular Senescence and
Causes Premature Aging.

MW‘ IMartinelli Sz‘ Van Dijck A3‘ Ciolfi Ad; Cecchedti 85, Coluzzi EE‘ Pannone L7, Andreoli CB‘ Radio FC4, Pizzi S", Carpentieri GTi Bruselles Az, Catanzaro
Qg, Pedace Lw, Miele Em‘ Carcarino Eﬁ‘ﬁﬁ, C_hiJMﬁ Lewis MESH, Meuwissen MM, Kenis 515, Van der Aa NM, Larson Am. Brown K15.
Wasserstein MPW, Skotko BGWS‘ Begtrup Aw, Person R'B‘ Karayiorgou MZO. Roos JL21‘ Van Gassen KLZZ‘ Koopmans MZZ, Bijlsma EK23‘ Santen GWEZ3,
Barge-Schaapveld DQGM23, Ruivenkamp CAL23, Hoffer MJV23, Lalani SR24, Streff Hu, Craigen W‘Jz‘ii Graham BHZS‘ van den Elzen APMZE‘ Kamphuis DJZT,
Mp_KZB, Reinson K28= Pajusalu 529= Wojcik l‘\/‘WH:"O= Viberti 031‘ Di Gaetano C31= Bertini E‘l‘ Betrucci 532‘ De Luca A33, Rota Rw, Eerretti E34, Matullo 631,
Dallapiccola B‘l. Squra As, Walkiewicz M35, @y&%, MQM:’?

p.Thr146Hisfs*50/p.Thr146Aspfs*42
p.Lys148GInfs*48(4)

p.Ser150GIufs*46(1)
|_ [ P-Lys157Glufs"39(1)

N-terminus Globular domain C-terminal domain

a14GIs"5(
p.Lys139GInfs*57(2)
pLYS137GIulS"59(1)—

T & T T |
Thr Th S S *
AA 1 36 108 14{.’ 15; 1732" 18871” 194 219
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segnames start end width change_ty QUAL_lurm GC069450 GC069451 GC069452 Combined_geno nchiRefSe geneHanc Mum_exo DGV freq GNOMAD lumpy_en lumpy_ch OMIM_ye OMIM_gr
chrl 25405501 25410000 4500 DEL NOT_LUM 1/1 0/1 o1 1/1;0/1;0/1 RHCE 11 DGV NA NA RHCE
chr1g . . . . .. . .
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chr2

s 70—

chr7? 38348501 38358000 9500 DEL NOT_LUM 1/1 o0/1 o1 1/1:0/1;0/1 TRG-ASL TRGV4 0 NA NA NA

chrs 1178001 1181000 3000 DEL LowQualii 1/1 0/1 0/1 1/1;0/1;0/1  CTD-3080I CTD-3080F 0 NA NA NA 1180617 chrs

seqnames  start end width hange_typ QUAL lumpy 50_consen51_conser52_conser Combined_genotypes ncbiRefSeqCuratigeneHancdum_exon DGV freq  GNOMADampy_endmpy_chrorMIM_yelloMIM_gree

o, CNVs Analysis: B9 Negative =~ awx 0w
chria 7 LUMPY of1 ofo o/o 0/1;0/0;0/0 ACOT1,HEATR4 . 12 NA NA NA ACOT1
a3 SVS Analysi Number of variants G
16000 DEL Tota/ 20414 ?;Csi[ KIR3DL1
Filtering criteria| DEL/DUP/INV INS BND ..
Good quality and rare 737 3795 2827 o=

165 * fores

> 10 bp *

. e

o la

.

P P S PR

chris DEL ,GOLC
i *= | De novo and recessive containing a4 20 40 =
chr2 DEL H
o | gene and/or regulatory regions
chrll 1964501 DEL . .
chrls  aa001 8400 21500 DFL IGV manual filtering 3 4 0
chrig 27399501 27633500 234000 DEL = WOT_TOmPY T 174 L7y T OTU, T T T T ™ ™ T
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seqnam start |~ end |v| width~ hange 1~ WAL lu/~ |50 _con: |51 _cong ¥ |52 cont v Combined_genoty ~ | nchiRefS + geneHani iﬂmﬁg10rfx *| DeV|r| freq ~|GNOM/~ impy_e~ mpy ch ~ OMIM_ ~ OMIM gre|(~
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chrl2 86811036 86812190 1155 DUP PASS 1/1 o/o 0/1 1/1;0/0;0/1 dﬁ{ 8 6 9 8&@:3 6 5 9 7 6 8@ 6 z 2 51 86812158 chrl2
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chr6 31409977 31505091 95115 DUP PASS 0/1 o/o o/o 0/1;0/0;0/0  HCG26,HCP! MICB HCG26,HCPS,LINCO1149,h 18 NA NA NA 31505091 chr6 HCP5,MIC
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https://www.genenames.org/tools/search/#!/genes?query=ZFHX4
https://www.omim.org/geneMap/8/329?start=-3&limit=10&highlight=329
https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg38&position=chr8:76681218-76867284&dgv=pack&knownGene=pack&omimGene=pack
https://www.ncbi.nlm.nih.gov/
https://www.omim.org/geneMap/8/329?start=-3&limit=10&highlight=329
https://www.omim.org/entry/178300
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Am J Hum Genet. 2011 Aug 12;89(2):295-301. doi: 10.1016/].ajhg.2011.06.012. Epub 2011 Jul 28.
¥

* Round face with full cheeks
» High forehead

* Ptosis

» Corneal opacities

* Wide nasal bridge

* Underdeveloped alae

* Short philtrum

* Cupid's bow of the upper lip
* Downturned corners of the mouth
* Micrognathia

* Low-set and prominent ears
» Short neck

Characterization of a 8q21.11 microdeletion syndrome associated with i
recognizable phenotype.

Lynch SA, Sharkey FH, Thuresson AC, Anneren G, Belligni EF, Martinez-Fernandez ML, Bermejo E, Nowakowska B
Obersztyn E, Martinez-Frias ML, Hennekam RC, Lapunzina P.

» Camptodactyly

* Syndactyly

» Broadening of the first rays

* Hypotonia

* Impaired balance

» Sensorineural hearing loss

» Underdeveloped corpus callosum
* Unusual behavior
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22 years old

¢ Non-consanguineous, healthy parents

e Ventricular septum defect

e Coarctation of the aorta

¢ Horseshoe kidney

» Bilateral choanal atresia

¢ Clinodactyly of the third and fourth finger
e Bilateral sandal gap

e Short stature

¢ Hyperextension of the knees and slumped shoulders
¢ Hypogenesis of the abdominal mesentery
¢ Mild intellectual disability

» Facial dysmorphism Molecular analysis:
« Midfacial hypoplasia * CHDY7 negative
« Short palpebral fissures * Array-CGH negative

e High-arched palate

e Undersized maxilla resulting in a nasal speech
e Ptosis of the upper eyelids

e Smallmouth and ears

e Horner’s syndrome
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.

SNVs Analysis:

Filtering criteria Number of variants

Total 6,912,472

De novo variants 102,190

Rare variants (MAF<1%) 69,071 —) Negative
Exonic and splice-site variants 223

CADD > 20 142

Excluding synonymous variants 91
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CNVs Analysis:

N deletion
» fold change under 0.7 and above 1.3 Chf’ﬁ: 149,308,196 = 149.360,335
* good mappability in TAB2 gene
e de novo
| Array-CGH

jrov— o - e
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Gene expression

gRT-PCR

with 2 different primer pairs mapping to the exon 3

Tab2 expression IDT primers Tab2 expression P3P primers
normalised to GAPDH normalised to GAPDH
120,00% 120,00%
100,00% 100,00%
100,00% 100,00%
9%
Bo.00% 67.21% s0,00%
E0,00% 50,00%
40,00% 5 40,00% 3291%
- M| []
0,00% 0,008
Ref FO=Puro FlnoFuo Ref FO+ Purg FlnoPuo
Tab2 expression IDT primers Tab2 expression P3P primers
normalised to P53 normalised to P53
120,00% 120,005
100,00% . 100,00% 98,85%
100.00% 85,26% Foaen
E0,00% 80,00%
£0,00% 60,00%
£43.13%
50,00% 33.92% 40,00%
- . - .
0,00% 0,00%
Ref F+ Purg FlnoPuo Ref FO+ Purg FlnoPuro

Human Genetic Diversity KU LEUVEN




MCA/ID: trio-based WGS analysis of 3 patients with unknown clinical diagnosis
.

Whole Exome Sequencing, Familial Genomic Triangulation, and
Systems Biology Converge to Identify a Novel Nonsense Mutation
in TAB2-encoded TGF-beta Activated Kinase 1 in a Child with
Polyvalvular Syndrome

A De Novo 0.63 Mb 6q25.1 Deletion Associated
with Growth Failure, Congenital Heart Defect,
Underdeveloped Cerebellar Vermis, Abnormal
Cutaneous Elasticity and Joint Laxity

v Salpi L2% Marti Rug;icri.’ Kshitij Mankad," Gabriella Di Rosa,” F Granata,®
Italia Loddo,” Emanuela Moschella,® Maria Pia Calabro,” Anna Capalbo,® Laura Bernardini,®
Antonio Novelli,” Agata Polizzi,'™"" Daniela G. Seidler,'” Teresa Arrigo,” and Silvana Briuglia®

Jaeger P. Ackerman, BA,* John A. Smestad, BS,! David J. Tester, BS,*
Muhammad Y. Qureshi, MBBS,” Beau A. Crabb, MS, CGC,* Nancy J. Mendelsohn, MD,* and
Michael J. Ackerman, MD, PhD*

A recognizable systemic connective tissue disorder with E
polyvalvular heart dystrophy and dysmorphism associated
with TAB2 mutations

Haploinsufficiency of TAB2 Causes
Congenital Heart Defects in Humans

Bernard Thienpont,!14 Litu Zhang,215 Alex V. Postma,* Jeroen Breckpot,! Léon-Charles Tranchevent,+
Peter Van Loo,56 Kjeld Mellgird,” Niels Tommerup,? Iben Bache,? Zeynep Timer,28

A 2.6 Mb deletion of 6q243_25] ina patient | Klaartje van Engelen,® Bjérn Menten,10 Geert Mortier,1%11 Darrel Waggoner,12 Marc Gewillig,13
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MCA/ID: trio-based WGS analysis of 3 patients with unknown clinical diagnosis

e CHDs

« Facial dysmorphism

o Growth failure

 Joint laxity

* Hypotonia

» Connective tissue abnormalities

* Developmental or intellectual
disability

» Horseshoe kidney
 Bilateral choanal atres

genesis of the alf
entery 9
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Analysis of the complete genome (SNPs + CNVSs)

Conclusive cause Mo cause

12% 27 % 42%

Array WES WGS
n= 1,480 n =100 n=>50

Genome sequencing identifies major causes of severe
intellectual disability
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Analysis of the complete genome

Conclusive dominant de novo causa (B0%:)
Conclugiva inharited causa (2%)
Mo cause [38%)

Diagnostic yield: 62%

Genome sequencing identifies major causes of severe
intellectual disability
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The burden of autosomal recessive diseases In rare
developmental disorders

 DDD study
e 3.6% autosomal recessive
e 40% de novo coding mutations

» Pakistani study:
e 30.9% autosomal recessive
e 30% de novo dominant

Human Genetic Diversity KU LEUVEN



gnomAD (past Exac) database

exercise

[ gnomad *x BEE - =] X

&« C v @ Niet beveiligd | gnomad.broadinstitute.org b 4] 'o

gnomAD |
NTVYY

genome aggregation database

33 Apps M Peter Grandsard se

Search by gene, region, or variant

Examples - Gene: PCSK9, Variant: 1-55516888-G-GA

The Genome Aggregation Database (gnomAD) is a resource developed by an international coalition
of investigators, with the goal of aggregating and harmonizing both exome and genome sequencing
data from a wide variety of large-scale sequencing projects, and making summary data available for
the wider scientific community.

The data set provided on this website spans 125,748 exome sequences and 15,708 whole-genome
sequences from unrelated individuals sequenced as part of various disease-specific and population
genetic studies. The gnomAD Principal Investigators and groups that have contributed data to the
current release are listed here.

Human Genetic Diversity KU LEUVEN




We are all mutants!
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