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(The art of) Multi-center mutation calling 

• Approaches to somatic mutation calling 

• Early benchmarking of somatic mutation callers 

• Early trials of 3-center calling and adoption of 
standards 

• Current status of multi-center calling 

• New developments in mutation calling 
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Sources of error in sequencing data 

• Base calling error 
– Randomly distributed after Q recalibration (GATK) 
– Largely reflected in the Q-values 
– Estimated error rates ~10-3 per base (Illumina)  
– Filter most of it, except for calling in low allele fraction 

variants 
 

• Mapping error and alignment ambiguities 
– Systematic 
– Depends on details of repeat structure of the genome 
– Repeat structure is different in tumor and normal 
– Depends on sequencing chemistry 
– Produces high-quality variation 
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Variant “truth engines” – 1st generation 

• Atlas-SNP (BCM: Yu et al.) 

 

• MuTect (BI: Cibulskis et al.) 

 

• Pebbles (UCSC: Ma et al.) 

 

• BaSSoVac (TGI: Wendl & Ding) 
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Downstream processing 

• Initial variation calls must be filtered by heuristic criteria 
– MuTect best documented 7 criteria 

Cisbulskis et al.  Nature Biotechnology 2013 
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TCGA Colorectal Cancer Genes 

TCGA  
190 patients 

Vogelstein 
11 patients 

FDR < 0.1 
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Significantly mutated gene lists 
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Benchmark 1 ca  Feb 2011 

Strict: Somatic Calls Passing Filters Loose: All Somatic Calls 
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Benchmark 2  ca  March 2011 

Strict: Somatic Calls Passing Filters 
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 UCSC Top 100 WUSTL Top 100 
 Broad Top 100 Baylor Top 100 
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Colorectal adenocarcinoma 

 

 UCSC Top 100 Baylor Top 100 Broad Top 100 
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Early benchmarking conclusion 

• Discordance between callers was 
high 

• High quality calls, as defined by one 
caller were missed by other callers. 

• Multi-center mutation calling may 
ameliorate these issues 



13 
O’Rawe et al. Genome Medicine 5: 28 (2013) 

Low concordance in (diploid) SNP calling 
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 Acute Myeloid Leukemia 

716 
19% 

886 
3% 

1088 
1.5% 

603 
99% 

61 
90% 

6 
100% 

24 
54% 

  
-- 3 somatic SNV callers 
-- subset of calls (>1000)  
  manually reviewed 
 
- If we require 3 callers,  
~253 false negatives 
 
 

 Number of calls 
Validation percentage 

Malachi Griffith and Chris Miller, WUSTL 
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Lung Adenocarcinoma 

Caller Validation (Indels): 
Broad: 60% 

WashU: 60%  
UCSC: 60% 

Caller Validation (SNPs): 
Broad: 98.6%  
UCSC: 90.9%  

WashU: 89.4% 

234 
275 

8 
51 

256 
484 

1063  
1064 

32 
32 

95 
236 

1699 
1699 

Broad 

WashU UCSC 

0 
0 

13 
27 

8 
20 

60 
99 

86 
148 

65 
103 

624 
1036 

Broad 

WashU UCSC 

SNP INDEL 

Validated 
Powered  
(p >= 0.99) 

161 patients 
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BI BCM 

UCSC 

63,176 

1,336 5,759 

12,519 

2,497 7,165 8,579 

Somatic mutations called by 3 centers 
(including Illumina and Solid, BI did not call on Solid) 

Indels and 
SNVs 

506 patients 
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Validation of 325 Illumina SMG SNV on Ion Torrent 

19.5 

100 77.8 

98.7 

95.7 71.4 43.7 
(23) 

(153) 

(71) (7) 

(9) 

(41) 

(21) 

177 cases 

BCM BI 

UCSC 



18 

Meta caller developed based on multiple mutation 
callers calibrated by validation data  
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2012-3 formalization of multicenter calling 

– Mutations callers are improving 
– Different callers detect different events 
– Validation cycles take too long and cause 

delay in submissions 
– 3-center calling 

• Multiple caller stratify the calls into high to 
low quality 

• Initial time line allowed 6 weeks (now 3 
weeks) 
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Marker paper submission  

• MAF contains 3 callers with annotation of which 
group provided each call. (column 3 of the MAF) 

• Significantly Mutated Gene list (e.g. MutSig, 
MUSIC) uses calls supported by two-centers 
(which guarantee high accuracy). 

• The resulting SMGs can be used for submission. 
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Final publication includes validation 

• Validation requires a second independent 
sequencing event. 

• Visual inspection of reads (e.g., IGV) is not 
validation; however, visual inspection improves 
accuracy.  MAF was designed to capture that in 
the “Verification” column. 

• Validation results are captured in separate BAM 
files and submitted. 

• Validation should include mutations in genes on 
SMG, and include mutations found by single 
caller. 
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Adrenal cortical carcinoma 91 patients: 
SNVs 

New callers 
can be easily 
added, and 
therefore have 
role in marker 
paper. 
 
With 5 callers 
require 3/5 
being tested. 
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Second Generation Mutation Callers 

• Increased sophistication in heuristic filters 
• Increased sophistication in underlying 

genetic models 
 
 

• MuSE – HGSC/MDACC 
– Distance measure per position per sample 

reflecting mutation evolution 
– Uncertainty estimates based on Bayesian 

Markov model 

• Viper – Wash U 
• MuTect v 2 

 
 

(poster #60) 
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Dream  Challenge 
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Conclusions 

• TCGA paradigm mutation discovery is improved by 
multicenter calling 
– Decreased FN rates 
– Delivers a set of somatic SNVs of calibrated accuracy 
– Accelerates submission of marker papers 
– Stimulates development of new mutation callers by providing 

‘benchmarking’ on the fly. 
– A formal “meta-caller” was developed which may be useful in 

retrospectively refining mutation calls from TCGA tumor sets 
• Multi-center mutation calling has not been applied to other 

mutation modalities. Needs to be tested. 
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Clear cell renal cell carcinoma (KIRK) 

• >500 patients 

17158 

4994 

25038 

BCM 

Broad UCSC 

2672 

14330 

11518 

126352 

(93.39% of 1848) 

(93.83% of 292) 

(89.19 of 74) 

(59.64% of 114) 

(88.35% of 758) 

(41.79% of 420) 

(24.83% of 604) 
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