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This PDF file includes: 
 

Supplementary text 
Figures S1 to S3 

 
Other supplementary materials for this manuscript include the following:  
 

Datasets S1 to S5 
 
 

Supplementary Information Text 

Supplementary Note  

Analysis of hypomorphic variants- Twenty-six variants in ABCA4 (see Supplementary 

Table 3) (1–5), one possible hypomorphic variants in BBS1(6–8), and one in 

NMNAT1(9), were reported as hypomorphic alleles. The 26 ABCA4 variants were 

reported to cause disease only when found in trans with a severe mutation, usually a 

truncating one. We therefore performed a separate calculation for the three above-

mentioned genes (in which we excluded all combinations of hypomorphic and missense 

variants as well as homozygous hypomorphic genotypes) in order to assess more 

accurately disease prevalence and carrier frequency. When calculating genetic prevalence 

for the remaining genes, we included all possible combinations of mutations.  
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Fig. S1. Venn diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Venn diagram representing the inclusion-exclusion principle. In this example there are 3 
groups, each represents the carriers of a specific mutation in a given gene. The 
overlapping regions represent the individuals who are carriers of more than one mutation 
(in this case carriers of mutations in two or three genes). In order to calculate the carrier 
frequency per each sub-population we summed all three groups |A| + |B| + |C| and then 
subtracted the overlapping areas (|𝐴⋂𝐵| + |𝐴⋂𝐶| + |𝐵⋂𝐶|). Since we subtracted the 
overlapping regions of all groups in the process, we added it again |𝐴⋂𝐵⋂𝐶|. In the 
end, the calculation is –  
|A| + |B| + |C| −(|𝐴⋂𝐵| + |𝐴⋂𝐶| + |𝐵 ⋂𝐶|) + |𝐴 ⋂𝐵⋂𝐶| 
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Fig. S2. The product calculation. A. Based on carrier frequency. B. Based on allele 
frequency. 
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B 
 

 
 
In this example, one specific gene (RDH12) in a specific population (Africans) is 
depicted. All mutations are shown in the first column and first row and the mutation 
carrier frequency (panel A, used for calculations by the “inclusion-exclusion” method) or 
allele frequency (panel B, used for calculations by the “independence probability” 
method) are in red.  
 
The green cells in panel A represent the chances of two individuals who are heterozygous 
for different mutations to meet and the blue cells represent the chances of two individuals 
who are heterozygous for the same mutation to meet. Summing all cells (green and blue) 
and dividing the result by four (chances of an affected offspring if two parents are 
carriers) is equal to the genetic prevalence. The CF values for all remaining genes are 
listed in Table S3. 
 
The green cells in panel B represent the genetic prevalence of compound heterozygous 
patients for each pair of mutations and the blue cells represent the same values for 
homozygotes. Again, the sum of all values of the matrix corresponds to the genetic 
prevalence for RDH12 mutations in Africans. 
  

RDH12 mutation c.184C>T c.193C>T c.250C>T c.524C>T c.698T>A c.701G>A c.806_810delCCCTG c.844T>G c.869T>G c.910T>C
1 2 3 4 5 6 7 8 9 10

CF of Mutations 0.0003331390   0.0001306848     0.0001306848    0.0000832016     0.0002501251     0.0001667361     0.0000843313     0.0000843811          0.0019141145          0.0001306848          
c.184C>T 0.0003331390          1.11E-07 4.35E-08 4.35E-08 2.77E-08 8.33E-08 5.55E-08 2.81E-08 2.81E-08 6.38E-07 4.35E-08
c.193C>T 0.0001306848          4.35E-08 1.71E-08 1.71E-08 1.09E-08 3.27E-08 2.18E-08 1.10E-08 1.10E-08 2.50E-07 1.71E-08
c.250C>T 0.0001306848          4.35E-08 1.71E-08 1.71E-08 1.09E-08 3.27E-08 2.18E-08 1.10E-08 1.10E-08 2.50E-07 1.71E-08
c.524C>T 0.0000832016          2.77E-08 1.09E-08 1.09E-08 6.92E-09 2.08E-08 1.39E-08 7.02E-09 7.02E-09 1.59E-07 1.09E-08
c.698T>A 0.0002501251          8.33E-08 3.27E-08 3.27E-08 2.08E-08 6.26E-08 4.17E-08 2.11E-08 2.11E-08 4.79E-07 3.27E-08
c.701G>A 0.0001667361          5.55E-08 2.18E-08 2.18E-08 1.39E-08 4.17E-08 2.78E-08 1.41E-08 1.41E-08 3.19E-07 2.18E-08

c.806_810delCCCTG 0.0000843313          2.81E-08 1.10E-08 1.10E-08 7.02E-09 2.11E-08 1.41E-08 7.11E-09 7.12E-09 1.61E-07 1.10E-08
c.844T>G 0.0000843811          2.81E-08 1.10E-08 1.10E-08 7.02E-09 2.11E-08 1.41E-08 7.12E-09 7.12E-09 1.62E-07 1.10E-08
c.869T>G 0.0019141145          6.38E-07 2.50E-07 2.50E-07 1.59E-07 4.79E-07 3.19E-07 1.61E-07 1.62E-07 3.66E-06 2.50E-07
c.910T>C 0.0001306848          4.35E-08 1.71E-08 1.71E-08 1.09E-08 3.27E-08 2.18E-08 1.10E-08 1.10E-08 2.50E-07 1.71E-08

RDH12 mutation c.184C>T c.193C>T c.250C>T c.524C>T c.698T>A c.701G>A c.806_810delCCCTG c.844T>G c.869T>G c.910T>C
AF of Mutations 3.33E-04 0.000130685 1.31E-04 8.32E-05 0.000250125 1.67E-04 8.43E-05 8.44E-05 1.91E-03 1.31E-04

c.184C>T 3.33E-04 1.11E-07 4.35E-08 4.35E-08 2.77E-08 8.33E-08 5.55E-08 2.81E-08 2.81E-08 6.38E-07 4.35E-08
c.193C>T 0.000130685 4.35E-08 1.71E-08 1.71E-08 1.09E-08 3.27E-08 2.18E-08 1.10E-08 1.10E-08 2.50E-07 1.71E-08
c.250C>T 1.31E-04 4.35E-08 1.71E-08 1.71E-08 1.09E-08 3.27E-08 2.18E-08 1.10E-08 1.10E-08 2.50E-07 1.71E-08
c.524C>T 8.32E-05 2.77E-08 1.09E-08 1.09E-08 6.92E-09 2.08E-08 1.39E-08 7.02E-09 7.02E-09 1.59E-07 1.09E-08
c.698T>A 0.000250125 8.33E-08 3.27E-08 3.27E-08 2.08E-08 6.26E-08 4.17E-08 2.11E-08 2.11E-08 4.79E-07 3.27E-08
c.701G>A 1.67E-04 5.55E-08 2.18E-08 2.18E-08 1.39E-08 4.17E-08 2.78E-08 1.41E-08 1.41E-08 3.19E-07 2.18E-08

c.806_810delCCCTG 8.43E-05 2.81E-08 1.10E-08 1.10E-08 7.02E-09 2.11E-08 1.41E-08 7.11E-09 7.12E-09 1.61E-07 1.10E-08
c.844T>G 8.44E-05 2.81E-08 1.10E-08 1.10E-08 7.02E-09 2.11E-08 1.41E-08 7.12E-09 7.12E-09 1.62E-07 1.10E-08
c.869T>G 1.91E-03 6.38E-07 2.50E-07 2.50E-07 1.59E-07 4.79E-07 3.19E-07 1.61E-07 1.62E-07 3.66E-06 2.50E-07
c.910T>C 1.31E-04 4.35E-08 1.71E-08 1.71E-08 1.09E-08 3.27E-08 2.18E-08 1.10E-08 1.10E-08 2.50E-07 1.71E-08
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Fig. S3. Genes that are commonly mutated in each sub-population and their corresponding 
prevalence. 
 

 
 
 
Each of the six panels represents a different sub-population, with mutated genes 
represented on the X-axis and the ratio between the genetic prevalence per million in the 
studied sub-population and the remaining sub-populations on the Y-axis. 
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Dataset S1 (separate file). 
Table S1: A list of 180 IRD-causing genes analyzed in this study 
Table S2: Distribution of mutations, CF and GP for each IRD gene in the different sub-
populations 
Table S3: A list of all 3,934 likely pathogenic variants 
Table S4: Phenotypes determined for each IRD gene 
Table S5: Homozygous individuals in gnomAD 
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