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gnomAD

* 141, 456 individuals

e 125,748 exomes and 15,708 genomes from unrelated individuals
aligned against the GRCh37

* The average human DNA mutation rate is estimated to be
approximately 2.5 x 10(-8) mutations per nucleotide site or
175 mutations per diploid genome per generation

 Total 24,754,800 new mutations ct GRCh37 in just this generation

|| Mesn



gnomAD

* If no mutation at any one site, then one peak but the mutations should
be dependent upon the number of bases per gene.

* CT GrCh37, there should be a one tailed curve of number of mutations,

* BUT the “reference is actually the human/chimp primate and the
dNonsyn/dsyn for every gene is checked as the expected bell shaped
curve.

* |f the shape shifts towards more mutations then the site is a hot spot for
mutations or there is selection for mutation

* if the shape shifts to less mutations then there is selection against
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Normal o/e vs selected against and “selected for or
hot spot”
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Probability of loss of function intolerance (pli)

 Loss-of-function variants include frameshifting and stop variants
and are of particular interest because of their potentially profound
impact on the mRNA transcript and translated protein

* >0.9 is considered significant in EXAC and still used but now also
* 0/e upper CI<0.4 (no Cl in the past)
* We have used both

* A framework for the interpretation of de novo mutation in human disease Kaitlin E Samocha Nat Gen 2014
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PLI continued
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al

Huang and colleagues made this metric by using properties of
established haploinsufficient and haplosufficient genes to train a
predictive model. The properties included in the final model were
“dN/dS between human and macaque, promoter sequence,

embryonic expression and network proximity to known Hi
[haploinsufficient] genes
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gene-based p(HIl) 09 0.2 J 05

gene-based p(HS) o 08
OSSO 1) =22.p=0017

I{1-0.1x0.8V(0.1x0.8)) « 24, p= 0018

Characterising and Predicting Haploinsufficiency in the
Human Genome

Ni Huang, Insuk Lee, Edward M. Marcotte, Matthew E. Hurles

Published: October 14, 2010 « https://doi.org/10.1371/journal. pgen.1001154
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pli further information-related to Hl

Analysis of protein-coding genetic
variationin 60,706 humans

Monkol Lek, Konrad J. Karczewski, [...] Exome Aggregation Consortium

Nature 536, 285-291(2016) | Cite this article

The final smetnic, pll (the probabiity of Deing oss-of-funcion inlclerant)

plZ, = MI | my, FTV,)
2 PZ, » e n, PTV,)

pLi, =

The doser pll is 0 1, the more fkely the transconpt s loss-of-functon (LoF ) ntclerant
The overal Gistinbuton of pll = fairly DENOdal. with MOosS! Gares Iokrg aither Iolarant o
intolerant of protein-runcating vanabon (Suppiementary Figure 4a). Addacnally, pll s
only modestly comeiated with transorgt leng®h (r = 0.16568) Mowever, we Snd that the
mast Mghly LoF-inclerat genes (plLl = 0.9) are signficanty longer than &l genes
(Wicox p < 10™) The least intolerant genes are aiso signfcantly-—but %0 a lesser
o xart—iarger Than al genes (Wicox p < 107)
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Methods

e 312 genes found to be associated with IRD on RetNet were
evaluated for their constraint variables using gnomAD v2.1 and
DECIPHER

* For LOF variants constraint was PLI >0.9 and highest Cl was 0.35 for
o/e

* DECIPHER is based on children who were sequenced-HI<10 and
PLI>0.9

* For MS and synonymous variants Z>2.99 or <-2.99 ie less than .0014
in the distribution
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DECIPHER

 suffering from Rare Disease
e 33,000 cases from 250 centers

* Uses HI (haploinsufficiency index) 0-10% and pli>0.9 quite
haploinsufficient

* HI=known haploinsufficient genes and genes disrupted by unambiguous
loss-of-function variants in at least two apparently healthy individuals.
Percentages refer to genome-wide percentiles of genes ranked according
to their haploinsufficient score.

* Pli= Genes with high pLI scores (pLI 2 0.9) are extremely LoF intolerant,

... whereby genes with low pL scores (pLL < 0.1) are LOF tolerant. .
|| Mesn 1




Rules

* We also show that longer genes are, in general, more depleted of protein-truncating variation
(observed/expected), which can explain the enrichment of long genes in the set of genes with
pLl 2 0.9. There is a relationship between deciles of gene length (bins of increasing gene length)
and the observed depletion of PTVs in that bin: longer genes (deciles closer to 1) have a
significantly lower rate of observed/expected (p < 10-50)

* Given that the X chromosome is hemizygous in males, we expect that genes on the X would be
more constrained than those on autosomes. As expected, we find the genes on the X
chromosomes are significantly more constrained than those genes on the autosomes for
missense and loss-of-function (synonymous p = 0.0223; missense p = 4.43x10-8; loss-of-function

p = 2.50x10-75). The high correlation between the observed and expected number of
synonymous variants on the X chromosome (r = 0.9677 vs 0.9777 for autosomes) indicates that

this difference in constraint is not due to a calibration issue
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Results-either in gnomAD and/or DECIPHER
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Loss of function variants-these are selected
against-39 genes

RPGR
RS1
CHM
PRPF31
0OPA1
RP2
EFEMP1
PRPF8
KIF11
LRP5*
*SNRNP200*
PRPF3
FzD4
COL11A1
TOPORS
COL2A1
OPN1LW*
ATXN7*
RIMS1*
JAG1
TEAD1
PITPNM3
0TX2
ccn2
GDF6
CTNNA1
VCAN
MFN2
NR2F1
HK1
PRPF4
AHR
OFD1
PRPS1
INF423
RB1
DMD
a3
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Gene Ontology Panther (GO Panther) over-
representation test

Anahysis Stemendry. Feais reeor! = B

Anadysis Type: PANTHER C

et e tertaton Test (Released 20190711

Annotation Yersion and Release Date: ¢
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Acaltyred List {

Cherdt Tt Box Irput (Homo sapéens

Retwreonce List Homo sapeecs (all genes In databane

Annotation Data Set HOGCH PIOCEesSs Compene

Tent Type: = Fhdw

=Ty

Cormrection: '* Calculate Fakse Dscovery Hae Use the Bonfemons correction lor multighe Sesting T

Relerance 52 Chent Text Box input

Uniguely Mapped 1DS 25955 out of 20956 JSocutof 39

Unmapped 10s
Multple mappng indormabon

O }

m EVE. s geor gt «is

vasnye
Hospital




e P-value is the probability or chance of seeing at least x number of
genes out of the total n genes in the list annotated to a particular
GO term, given the proportion of genes in the whole genome that
are annotated to that GO Term. That is, the GO terms shared by the
genes in the user’s list are compared to the background distribution
of annotation. The closer the p-value is to zero, the more significant
the particular GO term associated with the group of genes is (i.e. the
less likely the observed annotation of the particular GO term to a
group of genes occurs by chance).
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Norrin signalling-2, Spliceosomal 3

WillsEye
Hospital




-

- .
-

-
-
‘.

- L
‘e

-
‘e
-

WillsEye
Hospital

()
,_\
-

»
\'v

12
=4

-

42E-03
J SO 4
2 S1E-03

< O3E 07
1 O3E-O¢
9 0%l

} SSE.O05
t O1E-OC
T 74l -
8 0SE-0C




B THIRE

WillsEye
Hospital

1 241
1 43F




Norrin signal(l)ing
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Spliceosomal complex assembly
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PANTHER Pathiway
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X-linked-8 so +6 from GO=14

°* RPGR

* RS

* CHM

* RP2

* OPN1LW
* OFD1

* PRPS1
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Large genes >1200kb, >400 aa

G hman Hela [N=22.257)
* OPA1-700aa
* EFEMP1-493aa s
. KIF11-1093aa | S
- COL11A1-1806aa s o A
* TOPORS-1045aa s
« SNRNP200-2136aa
» COL2A1-1487aa
» ATXN7-945aa
* RIMS1-1692aa
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gnomAD MS>2.99 so o/e<1 so selected
against or protected from mutation- 14

PPPPPP
PPPPP

11111

SNRNP200

PRPF3

KLHL?7
PNPLAG6
COL2A1*

JAG1*

CTNNA1

NR2F1

HK1

PRPF6

PRPS1
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Anaksis Sum

Anatysis Type

Annotation Yersion and Release Date:c GO Omiclogy database He

Amalyred Lisz
Relerence List

Annotation Data Set

fest Type

COrMnecnon Use the Bonlamman cotrechon I = pde Yesl

Reaference kst Clhent Taxt Box Input
Uniguely Mapped 1DS 295 out of 20996 14 out of 14
Unmapped 1Ds
Mullpile mappng nformabon

WillsEye
Hospital




Spliceosome pathway
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gnomAD MS 7<-2.99 so o/e >1 so more
mutations than chance alone-6

ADAMTS18

WFS1*MS

SAMD11
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No enrichment pathway
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Questions

 What makes these genes statistically very different than other IRD genes?

* GO states that spliceosome pathway is over-represented in the loss of
function group and in the underrepresented MS group-these are selected
against

* Norrin signal(l)inggenes are also over-represented in the loss of function
group-these are selected against

* There are IRD genes that are selectively over or underrepresented-some
are basic pathway genes and these are underrepresented-why the other
genes are over or under-represented needs to be further evaluated- not
purely related to size and X chromosome

* Differences with ocular tumor genes, anterior seiment morphogenesis,
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