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Genome)Varia1on

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

T!or!A!or!C!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

TP53!Sequence:!

Single!NucleoBde!Polymorphism!(SNP)!–!1nt:!

small!INserBons!and!DELeBons!(INDEL)!– 1O10nt:!

large!Structural!VariaBons!(SV)!O!>!100nt:!
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Comparison of variant calls for subject Z 
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 million 

subZ!issac!illumina! subZ!GATK!illumina!

subZ'GATK'new'Align'

SNP
s 

•  Original!approach!(146K!specific!events):!

!O!Aligner:!CASAVA;!Variant!Caller:!Isaac!

!

•  Hybrid!approach!(60K!specific!events):!

!O!Aligner:!CASAVA;!Variant!Caller:!GATK!

!

•  Gold!standard!approach!!

!(126K!specific!events):!

!O!Aligner:!BWA;!Variant!Caller:!GATK!

3.552M 
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3,559,137!

Germline!SNVs!

3,239,212!

(91.9%)!

Common!

SNVs!

319,925!

(8.9%)!

Rare!SNVs!
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Subject!Z! Subject!S!

Subject!N!

Comparison of SNPs across three genomes 

3.59M!

3.52M!3.56M!



Genome)Varia1on

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

T!or!A!or!C!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

TP53!Sequence:!

Single!NucleoBde!Polymorphism!(SNP)!–!1nt:!

small!INserBons!and!DELeBons!(INDEL)!– 1O10nt:!

large!Structural!VariaBons!(SV)!O!>!100nt:!



Genome)Varia1on

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

T!or!A!or!C!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

TP53!Sequence:!

Single!NucleoBde!Polymorphism!(SNP)!–!1nt:!

small!INserBons!and!DELeBons!(INDEL)!– 1O10nt:!

large!Structural!VariaBons!(SV)!O!>!100nt:!



How'to'study'&'classify'SNVs?'

Rare'vs'Common'SNVs!

Protein(coding,gene,

Coding'vs'Noncoding!

Synonymous'vs.'nonynonymous'SNVs!





Rare	Non-synonymous	Coding	Variants	
•  1018	SNVs	->	824	target	genes	

	

Gene	Annota6on	 Gene	Name	

Cancer-related	 NOTCH2;	PDE4DIP;	TPR;	CRTC3;	CDH11;	MLLT6;	
ASXL1;	HMGA1;	KDM6A	

DNA	repair	 RECQL;	RAD51;	PPM1D;	XRCC1;	AP1B1;	FANCI;	PTPRH;	
RBBP7;	SLX4;	POLR2A;	DCLRE1C;	ANKLE1	

Cancer	&	DNA	repair	 ATM;	PMS2;	ERCC5	

AcLonable	Gene	 ATM;	KDM6A;	INSR;	FOXP4	

•  ATM:	Serine/Threonine	Kinase;	Regulator	of	p53	and	BRCA1;	leukemia;	ataxia-telangiectasia;	breast	cancer	

•  PMS2:	Direct	p53	effectors;	mismatch	repair	cancer	syndrome;	colorectal	cancer;	hereditary	nonpolyposis	

•  ERCC5:	Chks	in	Checkpoint	RegulaLon;	DNA	Repair;	xeroderma	pigmentosum	

•  KDM6A:		TranscripLonal	misregulaLon	in	cancer	

•  INSR:	Insulin	Receptor;	PI3K-Akt	signaling	pathway;	GPCR	Pathway;	Diabetes	mellitus	

•  FOXP4:	TranscripLonal	repressor	that	represses	lung-specific	expression	



Arylamine*N,acetyltransferase*(PDB:*2PFR_A*;*gene:*NAT2)*

Residue*ID*

Subj.&Z&

114:*I,>T*

1&

Wild%type**********************Mutated**************(superimposed)*



LOF	variants



LOF	variants

admin




LoF variants that are predicted to be the most deleterious  
(along with their associated genes)

Subject Z

Snyder

No disease associations in OMIM 
(but CCDC47 is associated with 
Schizophrenia)



Enrichment of genes a!ected by LoF SNVs in SubjectZ
Signi"cant representation in olfactory genes!

Categories A!ected by Non-Synonymous SNVs

Categories A!ected by Premature Stop SNVs



Genome)Varia1on

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

T!or!A!or!C!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

TP53!Sequence:!

Single!NucleoBde!Polymorphism!(SNP)!–!1nt:!

small!INserBons!and!DELeBons!(INDEL)!– 1O10nt:!

large!Structural!VariaBons!(SV)!O!>!100nt:!



Genome)Varia1on

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

T!or!A!or!C!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

…GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT…!

TP53!Sequence:!

Single!NucleoBde!Polymorphism!(SNP)!–!1nt:!

small!INserBons!and!DELeBons!(INDEL)!– 1O10nt:!

large!Structural!VariaBons!(SV)!O!>!100nt:!
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Comparison of INDELs across three genomes 

0.83M!

0.73M!0.74M!
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Consensus Structural Variations across three genomes 
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Deletions Duplications 

1540!

3028!

1804!

Subject!Z!

177!
313!

184!





Processed)Pseudogene)Copy)Number)Varia1on
 
# Pseudogenes! Processed 

pseudogenes!
Human specific 

processed 
pseudogenes!

Human! ~14,000! 7,831! 127!

Pseudogene'absence'
Subject!Z! Subject!S!

Subject!N!

Subject!Z! Subject!S!

Subject!N!

Pseudogene'inserGon'

14! 16!

21!

10!

12! 10!



ALU)varia1on

 
# # of Alu in the genome! AluY!

Human! 1,238,995! 146,308!

Subject!Z!
Subject!S!

Subject!N!

New'Alu'inserGons'

1024!
1063!

815!
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Subject Z - SNPs frequency 

20!

3,559,137!

Germline!SNVs!

3,239,212!

Common!

SNVs!

319,925!

Rare!SNVs!

1,800!

Coding!

1,018!

NonOsynonymous!

733!

Synonymous!

15!

PreMatureStop!

318,125!

NonOcoding!

15,007!

Enhancer!

3,043!

Promoter!

42,389!

Other!annotaBons!(TFP,!DHS,!ncRNA,!

pseudogene)!

Rare'variants:'MAF<0.05%'



Arif’s/Sushant’s)example)I

Amplification

Deletion



Arif’s/Sushant’s)example)II

Amplification

Deletion



Pseudogene)CNV)–)Example)I

CBX3!InserBon!Point!

CBX3!Parental!gene!


