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Supplementary Tables
Table S1. Databases of Annotated Variants
	
	Description
	Mutation Information
	Data Collection
	URL

	COSMIC (Catalogue of Somatic Mutations in Cancer)
(1)
	Mutations
(29,134 genes, 1,109,875 samples, 12,380 papers, 2,653,426 variants (V72, March 2015))
	Mutation related samples, literature, experimental information 
	Manual curation
	http://cancer.sanger.ac.uk/cancergenome/projects/cosmic/

	MyCancerGenome
(2)
	Disease (Cancer)-Gene-Variant
(92 genes related to 21 diseases (February 2015))
	Mutation and manually summarized explanation and clinical trials related to the mutation
	Manual curation by experts
	http://www.mycancergenome.org/

	OMIM (Online Mendelian Inheritance in Man)
(3)
	Human gene and phenotype
(14,935 genes with phenotype description (June 8, 2015))
	Mutation information is provided by dbSNP
	Manual curation
	http://omim.org/

	CancerDR
(4)
	Anti-cancer drug effectiveness against cancer cell lines
(148 drugs, around 952 cancer cell lines, 116 targets (last updated in 2012))
	Cell-lines are also included
	Manual curation, Collect from other databases (e.g., CCLE, COSMIC), user submission
	http://crdd.osdd.net/raghava/cancerdr/

	MD Anderson Personalized Cancer Therapy Knowledge Base
	25 cancer gene related mutations and drug responses (May 2015)
	Cancer gene related information manually summarized by experts. Provide related mutation information, evidence data, and literature.
	Manual Curation, Collect from other databases
	https://pct.mdanderson.org/

	PharmGKB
(5)
	Drug information
(3145 drugs, 27,024 genes, 70,599 relations between drug-gene, variant-gene, variant-drug (June 5, 2015))
	drug-variant relationships in clinical annotations
	Manual curation 
	https://www.pharmgkb.org/

	DrugBank
(6)
	Drug information
(total of 7,759 drugs – Ver. 4.2, April 1, 2015)
	SNP mediated effects, SNP mediated adverse drug reactions (208) Somatic Mutations are unsearchable
	Manual curation, semi-automated method
	http://www.drugbank.ca/

	dbSNP
(7)
	Single Nucleotide Polymorphism 
(260,570,204 ss# SNPs, 62,387,983 rs# SNPs) (Build 141, May 21, 2014)
	(more focused on germlines than somatic events)
Somatic Mutations are unsearchable
	User submission
	http://www.ncbi.nlm.nih.gov/snp/ 

	ClinVar
(8)
	Mutations
(26422 genes, 147215 variants (June 8, 2015))
	relationships between human variations and phenotypes (supporting evidence included)
	Semi-automated collection, manual curation, user submission
	http://www.ncbi.nlm.nih.gov/clinvar/

	GDSC (Genomics of Drug Sensitivity in Cancer)
(9)
	Drug sensitivity of 707 cell-lines 
(June 13, 2015)
	Somatic mutations related to drug response biomarkers (from COSMIC)
	Collect from other databases (e.g., COSMIC), experimental data
	http://www.cancerrxgene.org/

	CCLE (The Cancer Cell Line Encyclopedia)
(10)
	24 anticancer drugs across 504 cell lines, mutations in 1651 genes, and OncoMap of 33 genes of cancer cell lines (June 2015)
	Somatic mutations related to drug response biomarkers (24 drugs)
	Experimental data
	http://www.broadinstitute.org/ccle

	CTRP (Cancer Therapeutics Response Portal) 
(11)
	Cancer cell-line sensitivities with small molecules (76,703 connections to 185 compounds (June 2015))
	Somatic mutations related to drug response biomarkers
	Experimental data
	http://www.broadinstitute.org/ctrp/




Table S2. Comparison of Algorithms
	　
	Description
	Method
	Source code
	Target
	Data

	MuteXt
(12)
	Contains validation filter with outside database
Manually built except list
	Regular expressions
	N/A
	Protein mutations with protein name
(wNm, wN+m)
	2736 GPCR point mutations from 914 articles, 785 NR point mutations from 1094 articles

	MEMA 
(13)
	Found 30 patterns and generated regular expressions
	Regular expression
	N/A
	Protein mutations / DNA mutation with gene name
	91 abstracts from OMIM. Applied to 16728 MEDLINE abstracts (N/A)

	VTag 
(14)
	CRF trained with 27 types of 63,421 features
	CRF, regular expression
	included in Biosfier
	Point-mutations, translocation, deletion
	545 manually curated documents

	Mutation GraB
(15)
	Found GPCR, tyrosine kinase and ion channel protein families’ protein-wNm mutation. Online filtering helps  map related proteins
	Simple rule-based (wNm only), Graph-based bigram traversal for protein mapping
	N/A
	Protein point mutations, (GPCR, tyrosine kinase and ion channel protein families)
	350 full texts containing proteins such as GPCRs, tyrosine kinases, and ion channel protein families

	MuGeX 
(16)
	Found 20 patterns and generated regular expressions 
	Regular expression, Rocchio/ Naive Bayesian algorithm for disambiguation resolution
(Nucleotide OR AA mutations)
	N/A, DB is publicly available on the Web
	Protein-mutations with gene names - disease names
	231 abstracts

	MutationFinder
(17)
	Improved from MuteXt
	Regular Expression
	Python, Perl, Java
	Point-mutations
(wNm, wN+m, simple sentence form) 
	910 point mutations in 508 abstracts (available)

	Retrieving Mutation-Specific information for human proteins
(18)
	Suggest 4 patterns of protein point mutations, Swiss-Prot sequence filter
	Regular expression, Protein sequence filter
	N/A
	Protein point mutations with protein names
	MutationFinder data set, 2188 texts in Swiss-Prot data set

	mSTRAP
(19)
	Pipeline of protein mutation extraction, ontology instantiation
	Ontology, Regular Expression
	N/A
	Protein point-mutations with protein names
	47 PMD database records

	EnzyMiner
(20)
	Protein mutations for a given enzyme list
	MuGeX
	N/A
	Protein point mutations
	393 (lipase) and 126 (amylase) related abstracts

	Algorithms and semantic infrastructure for mutation impact
(21)
	Mutation extraction using MutationFinder and link protein properties
	MutationFinder
	N/A
	Protein point mutations with protein names, properties
	13 full texts with 54 mutations

	OMM
(22)
	Ontology-based approach, uses MutationFinder for extracting mutations
	Regular Expression, Ontology
	Java
	Point mutations, mutation series, kinetic values 
	11 full texts with 1306 mutations

	EMU
(23)
	Contains validation filter uses outside database
	Regular Expression
	Perl
	Point mutations, mutation-gene, mutation-disease
	51,128 mutations of prostate cancer, breast cancer

	tmVar
(24)
	Covers most of the mutation forms
	CRF, Regular expression　
	Perl
	Mutations
	From 500 abstracts (available) + MutationFinder

	Hybrid curation of gene-mutation relations… 
(25)
	Mutation-gene pair extraction with crowdsourcing
	EMU for mutations, GenNorm for gene extraction, Amazon Mechanical Turk for validation
	Perl (EMU and GenNorm)
	Mutation-gene pairs
	EMU data set (810 abstracts)




Table S3. Post-processing module filtering result of each step (BRONCO Result)

	
	Filtering Steps
	tmVar
	EMU
	Mutation Finder

	1
	Filtering list
	54
	2
	8

	2
	Non-informative mutations
	144
	8
	-

	3
	Protein substitution probability matrix filter
	54
	0
	-

	4
	Synonymous mutation
	6
	0
	-

	5
	Irregular/Imbalanced
	84
	23
	-

	6
	Special symbols
	14
	89
	-

	7
	"for" processing
	3
	9
	-



＊Notice that tmVar’s result is ‘extracted mentions’ (with repetition), EMU and Mutation Finder’s results are ‘normalized mutations’ result (without the repetition). For the details about extracted mentions and normalized mutations, please look at the ‘performance metrics’ section in (17). 



Supplementary Figures

Comparison of existing mutation extraction algorithms
Although using BioNLP for extracting variants may seem like a simple task, it is difficult because there may be different notations of the same mutation in the literature. To address this challenge, the Human Genome Variation Society (HGVS) has suggested a nomenclature for describing various variants (26); however, many published papers do not comply with HGVS nomenclature and thus makes it more difficult for BioNLP systems to extract variants. Figure S1 illustrates an example from the HGVS nomenclature to describe variants. 
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Figure S1. Mutation nomenclature according to HGVS.
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Figure S2A. Post-processing module’s performance on the D1 (MutationFinder) data set. (Before post-processing (above) and after post-processing (below)) 
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Figure S2B. Post-processing module’s performance on the D2 (EMU) data set. (Before post-processing (above) and after post-processing (below)) 
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Figure S2C. Post-processing module’s performance on the D3 (tmVar) data set. (Before post-processing (above) and after post-processing (below))
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Figure S2D. Post-processing module’s performance on the BRONCO data set. (Before post-processing (above) and after post-processing (below))
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Figure S3A. Venn diagram of results (before post-processing) 
[image: ]
Figure S3B. Venn diagram of results (after post-processing) 

Guidelines for the Manual Annotators

1) Find all the variants (protein or DNA level) that appear in the given PMCID literature (full texts).
Include all kinds of mutations (protein/ DNA) including substitutions, deletions, insertions, frame-shifts, duplications that follow the HGVS nomenclature (http://www.hgvs.org/mutnomen/quickref.html).
 
Mutations with wild-type, mutated-type, and location information

- T790M	⇒ p.T790M
- Thr790Met	⇒ p.T790M
- T1799A	⇒ c.1799T>A

Include natural language form of the mutation

- Threonine to Methionine in 790			⇒ p.T790M
- threonine 790 substituted with methionine	⇒ p.T790M

Include dbSNP ID

- rs121434569	⇒ rs121434569

Exclude mutations with insufficient information

- mutations in EGFR	(X)
- mutations in T790	(X)

Add these mutations to the provided Excel file with the original text and HGVS nomenclature (http://www.hgvs.org/mutnomen/quickref.html).

- If you find “threonine 790 substituted with methionine” in the text, write “threonine 790 substituted with methionine” in the “Text” column and “p.T790M” in the “HGVS” column.

2) If you find any variant, find possible genes, diseases, drugs, and cell lines that are related to the variant in the text. You may find multiple diseases, drugs, and cell lines related to a variant. If the related entities are not directly mentioned together but still related, use “()” to distinguish them from the directly related entities. Please write the names of drugs, diseases, and cell lines as they appeared in the text. If you cannot find any variants in the text, please discard the document and leave a note such as “No variants found in this text.”


Example)

… Development of resistance to TKI is a major therapeutic problem in non-small cell lung cancer (NSCLC). … We then focused on the gefitinib-resistant, EGFR mutant cell lines [H1650: exon 19 and PTEN mutations; and H1975: exons 20 (T790M) and 21 (L858R)] to identify agents that could overcome TKI resistance. … [PMID 23515752]

⇒

	PMCID
	PMID
	TEXT
	GENE
	VARIANT
(HGVS)
	DISEASE
	DRUG
	CELL LINE

	PMC3636434
	23515752
	T790M 
	EGFR 
	p.T790M
	NSCLC
	gefitinib/TKI
	H1975

	PMC3636434
	23515752
	L858R
	EGFR 
	p.L858R
	NSCLC
	gefitinib/TKI
	H1975

	
	
	
	
	
	
	
	



…  In addition, the AR in 22Rv1 cells contains a His874 to Tyr substitution that also permits stimulation by adrenal androgens albeit likely through a different mechanism than the T877A substitution in LNCaP cells. … [PMID 21539745]

⇒ 

	PMCID
	PMID
	TEXT
	GENE
	VARIANT
(HGVS)
	DISEASE
	DRUG
	CELL LINE

	PMC3094321
	21539745
	His874 to Tyr
	AR
	p.H874Y
	-
	-
	22Rv1

	PMC3094321
	21539745
	T877A
	AR
	p.T877A
	-
	-
	LNCaP
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