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gnomAD



gnomAD

• 141, 456 individuals 
• 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



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. 
• If 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 

mutation or the site is protected against mutation



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 CI 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



PLI continued



HI

• 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



pHI



pli further information-related to HI 



Methods
• 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 CI 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



DECIPHER
• suffering from Rare Disease 
• 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 ≥ 0.9) are extremely LoF intolerant, 

whereby genes with low pLI scores (pLI ≤ 0.1) are LoF tolerant.



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 
pLI ≥ 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



Results-either in gnomAD and/or DECIPHER



Loss of function variants-these are selected 
against-39 genes
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Gene Ontology Panther (GO Panther) over-
representation test



• 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).



Norrin signalling-2, Spliceosomal 3







Norrin signal(l)ing



Spliceosomal complex assembly 





X-linked-8 so +6 from GO=14

• RPGR
• RS
• CHM
• RP2
• OPN1LW
• OFD1
• PRPS1
• DMD



Large genes >1200kb, >400 aa

• OPA1-700aa
• EFEMP1-493aa
• KIF11-1093aa
• COL11A1-1806aa
• TOPORS-1045aa
• SNRNP200-2136aa
• COL2A1-1487aa
• ATXN7-945aa
• RIMS1-1692aa
• JAG1-1218aa
• PRPF8-2335aa
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gnomAD MS>2.99 so o/e<1 so selected 
against or protected from mutation- 14
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Spliceosome pathway





gnomAD MS Z<-2.99 so o/e >1 so more 
mutations than chance alone-6
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No enrichment pathway



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 segment morphogenesis, 

cataract and glaucoma genes are being evaluated


