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CLAIMS

What is claimed is: 

1. A method of constructing a variant pathogenicity classifier, the method including: 

training a convolutional neural network-based variant pathogenicity classifier, which runs on numerous 

processors coupled to memory, using as input benign training example pairs and pathogenic training example pairs 

that include reference protein sequences and alternative protein sequences, wherein the alternative protein sequences 

that include at a target position benign variants and pathogenic variants; and 

wherein the benign variants include common human missense variants and 

non-human primate missense variants occurring on alternative non-human primate codon sequences that share 

matching reference codon sequences with humans; 

wherein the common human missense variants have a minor allele frequency, abbreviated MAF, greater than 

0.1% across a human population variant dataset sampled from at least 100000 humans. 

2. The method of claim 1, wherein the sampled humans belong to different human subpopulations and the 

common human missense variants have a MAF greater than 0.1% within respective human subpopulation variant 

datasets. 

3. The method of claim 2, wherein the human subpopulations include African/African American, Ashkenazi 

Jewish, East Asian, Finnish, Non-Finnish European, South Asian, and Others. 

4. The method of any of claims 1-3, wherein the non-human primate missense variants include missense variants 

from a plurality of non-human primate species, including Chimpanzee, Bonobo, Gorilla, B. Orangutan, S. 

Orangutan, Rhesus, and Marmoset. 

5 The method of any of claims 1-4, further including, based on an enrichment analysis, accepting a particular 

non-human primate species for inclusion of missense variants of the particular non-human primate species among 

the benign variants, wherein the enrichment analysis includes, for the particular non-human primate species, 

comparing a first enrichment score of synonymous variants of the particular non-human primate species to a second 

enrichment score of missense identical variants of the particular non-human primate species; 

wherein missense identical variants are missense variants that share matching reference and alternative codon 

sequences with humans; 

wherein the first enrichment score is produced by determining a ratio of rare synonymous variants with a MAF less 

than 0.1% over common synonymous variants with a MAF greater than 0.1%; and  

Wherein the second enrichment score is produced by determining a ratio of rare missense identical variants with a 

MAF less than 0.1% over common missense identical variants with a MAF greater than 0.1%. 

6. The method of claim 5, wherein rare synonymous variants include singleton variants. 

7. The method of claim 5, wherein a difference between the first enrichment score and the second enrichment 

score is within a predetermined range, further including accepting the particular non-human primate species for 

inclusion of missense variants of the particular non-human primate among the benign variants. 
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8. The method of claim 7, wherein the difference being in the predetermined range indicates that the missense

identical variants are under a same degree of natural selection as the synonymous variants and therefore benign as 

the synonymous variants. 

9. The method of claim 5, further including repeatedly applying the enrichment analysis to accept a plurality of 

non-human primate species for inclusion of missense variants of the non-human primate species among the benign 

variants. 

10. The method of claim 1, further including using a chi-squared test of homogeneity to compare a first 

enrichment score of synonymous variants and a second enrichment score of missense identical variants for each of 

the non-human primate species. 

11. The method of any of claims 1-10, wherein a count of the non-human primate missense variants is at least 

100000. 

12. The method of any of claims 1-11, wherein the count of the non-human primate missense variants is 385236. 

13. The method of any of claims 1-12, wherein a count of the common human missense variants is at least 50000. 

14. The method of any of claims 1-13, wherein the count of the common human missense variants is 83546. 

15. A method of claim 1, further including: 

the first set of benign training examples comprises human nucleotide sequence pairs, expressed as protein 

sequences, with each human nucleotide sequence pair including a human alternative nucleotide sequence containing 

a SNP and having a minor allele frequency abbreviated MAF deemed to be common within a human population; 

and 

the second set of benign training examples comprises a non-human primate nucleotide sequence pair, 

expressed as a protein, with each pair including a non-human primate alternative nucleotide sequence, wherein 

the non-human primate reference nucleotide sequence has an orthologous human nucleotide reference 

sequence and 

the non-human primate alternative nucleotide sequence contains a SNP. 

16. A non-transitory computer readable storage medium impressed with computer program instructions to 

construct a variant pathogenicity classifier, when executed on a processor, implement a method comprising: 

training a convolutional neural network-based variant pathogenicity classifier, which runs on numerous 

processors coupled to memory, using as input benign training example pairs and pathogenic training example pairs 

of reference protein sequences and alternative protein sequences, wherein the alternative protein sequences are 

generated from benign variants and pathogenic variants; and 

wherein the benign variants include common human missense variants and  

non-human primate missense variants occurring on alternative non-human primate codon sequences that share 

matching reference codon sequences with humans; 

wherein the common human missense variants have a minor allele frequency, abbreviated MAF, greater than 
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0.1% across a human population variant dataset sampled from at least 100000 humans.

17. A system including one or more processors coupled to memory, the memory loaded with computer 

instructions to construct a variant pathogenicity classifier, the instructions, when executed on the processors, 

implement actions comprising: 

training a convolutional neural network-based variant pathogenicity classifier, which runs on numerous 

processors coupled to memory, using as input benign training example pairs and pathogenic training example pairs 

of reference protein sequences and alternative protein sequence, wherein the alternative protein sequences are 

generated from benign variants and pathogenic variants; and 

wherein the benign variants  include common human missense variants and  

non-human primate missense variants occurring on alternative non-human primate codon sequences that share 

matching reference codon sequences with humans; 

wherein the common human missense variants have a minor allele frequency, abbreviated MAF, greater than 

0.1% across a human population variant dataset sampled from at least 100000 humans. 

18. The non-transitory computer readable storage medium of claim 16, further impressed with computer program 

instructions implement a method comprising: 

the first set of benign training examples comprises human nucleotide sequence pairs, expressed as protein 

sequences, with each human nucleotide sequence pair including a human alternative nucleotide sequence containing 

a SNP and having a minor allele frequency abbreviated MAF deemed to be common within a human population; 

and 

the second set of benign training examples comprises a non-human primate nucleotide sequence pairs, 

expressed as protein sequences, with each pair including a non-human primate alternative nucleotide sequence, 

wherein 

the non-human primate reference nucleotide sequence has an orthologous human nucleotide reference 

sequence and 

the non-human primate alternative nucleotide sequence contains a SNP. 

19. A system of claim 17, further implementing the actions comprising: 

the first set of benign training examples comprises human nucleotide sequence pairs, expressed as protein 

sequences, with each human nucleotide sequence pair including a human alternative nucleotide sequence containing 

a SNP and having a minor allele frequency abbreviated MAF, deemed to be common within a human population; 

and 

the second set of benign training examples comprises a non-human primate nucleotide sequence pairs 

expressed as protein sequences, with each pair including a non-human primate alternative nucleotide sequence, 

wherein 

the non-human primate reference nucleotide sequence has an orthologous human nucleotide reference 

sequence and 

the non-human primate alternative nucleotide sequence contains a SNP. 
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20. The non-transitory computer readable storage medium of claim 16, implementing the method further 

comprising, based on an enrichment analysis, accepting a particular non-human primate species for inclusion of 

missense variants of the particular non-human primate species among the benign variants, wherein the enrichment 

analysis includes, for the particular non-human primate species, comparing a first enrichment score of synonymous 

variants of the particular non-human primate species to a second enrichment score of missense identical variants of 

the particular non-human primate species; 

wherein missense identical variants are missense variants that share matching reference and alternative 

codon sequences with humans; 

wherein the first enrichment score is produced by determining a ratio of rare synonymous variants with a 

MAF less than 0.1% over common synonymous variants with a MAF greater than 0.1%; and 

wherein the second enrichment score is produced by determining a ratio of rare missense identical 

variants with a MAF less than 0.1% over common missense identical variants with a MAF greater than 0.1%. 

21. The non-transitory computer readable storage medium of claim 16, implementing the method further 

comprising using a chi-squared test of homogeneity to compare a first enrichment score of synonymous variants and 

a second enrichment score of missense identical variants for each of the non-human primate species. 

22. The system of claim 19, further implementing actions, based on an enrichment analysis, accepting a 

particular non-human primate species for inclusion of missense variants of the particular non-human primate species 

among the benign variants, wherein the enrichment analysis includes, for the particular non-human primate species, 

comparing a first enrichment score of synonymous variants of the particular non-human primate species to a second 

enrichment score of missense identical variants of the particular non-human primate species; 

wherein missense identical variants are missense variants that share matching reference and alternative 

codon sequences with humans; 

wherein the first enrichment score is produced by determining a ratio of rare synonymous variants with a 

MAF less than 0.1% over common synonymous variants with a MAF greater than 0.1%; and 

wherein the second enrichment score is produced by determining a ratio of rare missense identical variants with a 

MAF less than 0.1% over common missense identical variants with a MAF greater than 0.1%. 


