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Gene classes:  risk and frequency 
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• Intended for identification/ validation/ characterization 
of intermediate-risk susceptibility genes.  

• Requires epidemiologically sound case-control series 

• All subjects are mutation screened across the coding 
exons (and proximal splice junctions) of target genes.  
The lab is blind to the status of individual samples. 

Case-Control Mutation Screening 

• Analysis: 
Summed frequency of truncating variants in cases vs. controls. 

In silico grading of rare missense substitutions followed by a 
trend test to compare the frequency distributions of the graded 
missense substitutions in cases vs. controls. 
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Risk estimates 

>4.00 
3.00-4.00 
2.50 to 3.00 
2.00 to 2.50 
1.67 to 2.00 
1.33 to 1.67 
1.10 to 1.33 
0.90 to 1.10 
≤ 0.90 

Analysis of rare missense substitutions: ���
	

Distribution of risk in the GVGD plane	



Tavtigian et al.  Human Mutation. 29: 1342-1354, 2008 



Background 

Case-control mutation screening 

ATM and CHEK2 

CAGI CHEK2 

Topic progress 



Data collection for a meta-analysis of rare ATM variants 

Tavtigian et al.  AJHG 85: 427-446, 2009 



Analysis of ATM case-control mutation screening data 
 Rare  variants only 
 Missense analysis limited to the FAT-kinase region 

Tavtigian et al.  AJHG 85: 427-446, 2009 



Towards replication of the ATM results:  WECARE study 
 Overall analysis 

Bernstein et al.  JNCI 102: 475-483, 2010 



Towards replication of the ATM results:  WECARE study 
 Stratified by radiotherapy exposure 

Bernstein et al.  JNCI 102: 475-483, 2010 

Rare missense, 
   stratified by SIFT 



Case-control mutation screening of CHEK2 
 Study characteristics 



Case-control mutation screening of CHEK2 
 Results 
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CHEK2 Prediction:  Truncating variant data 

From a total of 16 predictions: 
Only 2 predictions included all of the truncating variants. 
One additional prediction included the nonsense substitutions. 

It’s appropriate to include all of them as a matter of course. 



CHEK2 Prediction: 
Missense 
substitution data 

Number of variants called 

All  2 
Except T+SJVs  3 
& except doubles  8 
Fewer  2 



CHEK2 Prediction Results:  Analysis 
• Odds ratio: 

Predicted most pathogenic 3rd of missense substitutions vs most 
benign 3rd of missense substitutions. 

 OR ≤ 1.0  4 methods 
 1.0 < OR ≤ 2.0  2 methods 
 2.0 < OR < 4.5  5 methods 
 OR = 4.5  Align-GVGD 
 OR > 4.5  4 methods 

• Linear regression: 
Regress predicted probability pathogenic for each variant against 
case/ control status of each subject.  Report 1-sided P-value. 

 P = 1.0  4 methods 
 1.0 > P > 0.05  6 methods 
 0.05 > P > 0.02  2 methods 
 P = 0.021  Align-GVGD 
 P < 0.02  4 methods 



CHEK2 Prediction Results:  Correlation 
• Five methods beat Align-GVGD in either the OR or LR 

tests.  Here are their pairwise correlations. 



CHEK2 Prediction Results:  Interesting variants 
• Maybe relatively pathogenic, concordant prediction: 

• Maybe relatively pathogenic, lots of discord: 



CHEK2 Prediction Results:  Interesting variants 
• Maybe relatively neutral, concordant prediction: 

• Maybe relatively neutral, lots of discord: 



CHEK2 Prediction Results:  Interesting variants 
• Massive confusion: 

• Power calculation (from Align-GVGD) 
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