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KOS	vocabularies	for	
representing	data	and	publication

Subject	headings
Thesauri
ClassificationTaxonomy

Facts	about	organisms Knowledge	derived	from	studying	
the	facts	about	organisms



Example:	Taxonomic	representation	of	a	DNA	
sequence	dataset	in	GenBank that	
documents	the	organism	in	the	form	of	taxon	
lineage

Example:	Subject	representation	of	the	publication
related	to	the	DNA	sequence	dataset	(PubMed	ID:	
7871890),	which	strives	to	provide	as	many	and	
exhaustive	access	points	as	possible



Why	should	we	care	about	linking	data	
to	publications?

• Evidence	on	which	the	publication	is	based,	
i.e.,	validity	and	verifiability

• Reproducibility	of	research
• Reuse	and	sharing	of	data	more	easily



Content	representations	for	data	and	
publications	are	different	in	terms	of	
1. Scope	and	coverage
2. Focuses	or	application	practices
3. Ability	and	mechanisms	for	integrating	

biomedical	research	data	



1.	Scope	and	coverage

Source:	http://apps.who.int/classifications/icd10/browse/2016/en

International	Classification	of	
Disease	(10th ed.)	class	for	breast	
cancer:	primarily	based	on	body	
organs	or	symptoms	

Source:	
https://www.nlm.nih.gov/cgi/mesh/2016/M
B_cgi?mode=&index=2282&view=concept

Image	credit:	http://www.physio-
pedia.com/Physiotherapy_and_cancer_treatment



Constraints	of	conventional	KOS	vocabularies	on	
coverage	and	scope	

Coarse	granularity	on	representing	concepts	and	
relationships

Covert	relationships	between	concepts

Documentation	of	information	about	a	concept



2. Focuses or application practices

Organizing	knowledge	of	
organisms

• Applying	scientific	
taxonomy	and	
nomenclature	to	

– identify,	
– name,	and	
– classify	them	

• in	bioinformatics	data,	
and

• in	the	metadata	that	
describes	such	data.	

Organizing	information	and	knowledge	
contained	in	research	publications

• Applying	thesauri	and	
classifications	to	

– index,
– retrieve,	
– organize,	and
– connect	

• the	scholarly	output	from	studying	
the	organisms,	and	

• the	scholarly	output	in	regulation	
and	guideline	documents.

Image	credit:	
https://blogs.cfainstitute.org/inv
estor/files/2015/06/How-
Financial-Advisers-Can-Help-
Close-the-Behavior-Gap.pngExamples	

• NCBI*	Taxonomy	
• NCBI	Organismal	Classification
*NCBI=National	Center	for	Biological	Information

Examples	
• Medical	Subject	Headings	(MeSH)	
• NCI*	Thesaurus	(NCIt)	
*NCI	= National	Cancer	Institute



3.	Ability	and	mechanisms	for	
integrating	biomedical	research	data	

• NCBI	Organismal	Classification
*NCBI=National	Center	for	Biological	Information

The	Genetic	Codes

Attributes:	term	ID,	inherited	blast	
name,	rank,	genetic	code,	other	name,	
host,	and	Lineage.	
Source:	
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&name=He
patitis+C+virus&lvl=0&srchmode=1



3.	Ability	and	mechanisms	for	integrating	
biomedical	research	data	

NCI	Thesaurus	(NCIt)	
*NCI	= National	Cancer	Institute

Source:	
https://ncit.nci.nih.gov/ncitbrowser/pages/concept_details.jsf?dictionary=NC
I_Thesaurus&version=16.09d&code=C14312&ns=NCI_Thesaurus&type=all&k
ey=n1875063326&b=1&n=0&vse=null



Ways	of	linking	data	to	publication

• Identifiers

• Semantic	relationships
– KOS	crosswalk

– Co-indexing	terms

– Knowledge	networks

Object-to-object	linking

Concept-to-concept	linking

Label-to-term	linking

Node-to-node	linking



Object-to-object	linking

A	publication	ID	from	
PubMed	is	embedded	
in	the	dataset’s	
metadata	record



https://ncim.nci.nih.gov/ncimbrowser/ConceptReport.jsp?dictionary=
NCI%20Metathesaurus&type=synonym&code=C0220847

Many	KOS	vocabs	already	exist,	
maybe	mapped…	

Concept-to-
concept	linking



Metadata	for	a	DNA	sequence	
dataset	in	the	GenBank data	
repository

Indexing	terms	in	PubMed for	the	
paper	that	resulted	from	studying	
the	DNA	sequence

Label-to-term	linking



Node-to-node	linking

(Source: NAS, 2011)  





A	case	study:	
Knowledge	nodes	in	precision	
medicine	publications



The	vision	of	a	Knowledge	Network	of	Disease	
and	Information	Commons	

(Source:	NAS,	2011)



Research	problem

“Because new information and concepts from biomedical 
research cannot be optimally incorporated into the disease 

taxonomy of today, opportunities to define diseases more precisely 
and to inform health-care decisions are being missed.” 

(Source:	NAS,	2011)

GenBank,	Protein	
Bank,	…GenBank
Protein	Bank,	…

Data	from	
basic	research

Represented	by	
taxonomic	classes

Clinical	practice

Coded	by	International	
Classification	of	Diseases

How	can	biomedical	
research	be	optimally	
incorporated	into	the	

disease	taxonomy	of	today?



Approach	to	address	the	research	problem

New	information	and	
discovery	is	reported	in		

Knowledge	nodes:
• Types?
• Attributes?
Relationships	between	nodes:
• Types?
• Attributes?

Identify	from	publications	

Attributes	of	data	
(metadata)

Object-to-object	linking
Concept-to-concept	linking
Label-to-term	linking
Node-to-node	linking

?

?



Pilot	study:	data

• A	sample	of	30	articles	in	precision	medicine
– Four	in	breast	cancer
– Five	in	diabetes
– Eleven	in	oncology

• “Purposeful	sampling”
– To	gain	insights	and	in-depth	understanding	rather	
than	empirical	generalizations



Pilot	study:	Selecting	knowledge	nodes

• Molecular	entities	such	as	genes,	proteins,	
genomes,	etc.

• Disease	names
• Names	or	terms	related	to	treatments/therapies
• Methods,	techniques,	and	types	of	decisions	
related	to	diagnosis

• Data	sources	used	by	the	publication
• Types	of	relationships	between	potential	
knowledge	nodes



Pilot	study:	Mapping	knowledge	nodes	

A sample map of knowledge nodes and relationships from a research paper 
(based on PubMed paper ID 25441102)



Pilot	study:	Preliminary	results	(1)

• Structural	levels	of	nodes

Category Atomic	level	(name	of	things) Concept	level Cluster	level

Gene Her2,	BRCA1,	BRCA2,	EGFR Oncogenes EGFR	mutations	in	
lung	cancer

Disease Non-squamous	carcinoma,	
squamous	cell	carcinoma	

Non-small	cell	lung	
cancer Lung	cancer

Drug Pertumzumab,	Lmatinib,	
Crizotinib

Tyrosine	kinase	
inhibitor

Oncogene	de-
addiction

Examples of knowledge nodes derived from the sample publications 



Pilot	study:	Preliminary	results	(2)

• Knowledge	nodes	by
– Disciplinary	field:

genetics,	pathology,	pathophysiology,	oncology,	virology,	…
– Disease	name	and	biomarker	pairs:

• Chronic	myeloid	leukemia	(CML)	with	mutated	gene	BCR-
ABL

• Breast	cancer	with	positive	estrogen	receptor	(ER),	BRCA1/2,	
and	Her2

• Non-small	cell	lung	cancer	with	mutations	in	multiple	genes	
such	as	epidermal	growth	factor	receptor	(EGFR),	excision	
repair-cross	complementation	group	(ERCC),	and	
ribonucleotide	reductase	(RRM)	



Pilot	study:	Preliminary	results	(3)

• Knowledge	nodes	that	blend	clinical	and	basic	
research
– clinically	actionable	mutations
– phenotype	of	breast	cancer
– resistance	to	endocrine	therapy
– biomarkers	predicting	response	to	therapy
– genomic	drivers	of	cancer
– predictive	and	prognostic	biomarkers
– intratumor heterogeneity	
– molecular	classification	of	tumors



Pilot	study:	Preliminary	results	(4)

Relationship Pattern Example	

has-biomarker Disease	has-biomarker	
Gene

chronic	myeloid	leukemia	has-
biomarker BCR-ABL
non-small	cell	lung	cancer	has-
biomarker EGFR

is-driver-of Gene	is-driver-of	
Disease

Her2	is-driver-of breast	cancer
c-Kit	is-driver-of chronic	granulocytic	
leukemia

targets Drug	targets	Gene Crizotinib targets ALK
Olaparib targets BRCA1/2

has-role-of Drug	has-role-of	
Treatment

Crizotinib has-role-of	oncogene	de-
addiction
Olaparib has-role-of DNA	repair

Major	relationships	types	and	patterns	between	knowledge	
nodes	observed	in	the	sample	publications



Implications	of	preliminary	results

• Knowledge	nodes	may	be	marked	with	different	
labels—structure,	discipline,	disease,	gene	or	
biomarker,	treatment,	…

• Each	label	represents	a	dimension	and	the	nodes	
in	one	dimension	form	a	vector	

• A	node	may	reside	in	multiple	dimensions	at	the	
same	time

• The	knowledge	network	of	disease	can	be	
considered	as	the	sum	of	nodes	in	all	vectors,	
which	becomes	a	data	science	research	problem	



Concluding	remarks
• Linking	between	data	and	publications	requires	
reexamining	the	data	and	knowledge	landscape	
and	renew	our	understanding	of	KOS	in	the	
context	of	data-intensive	science	

• New	types	of	KOS	need	to	be	dynamic,	flexible,	
and	linkable	

• Models,	patterns,	and	computational	algorithms	
will	be	needed	to	develop	the	knowledge	
network	of	disease	that	incorporates	basic	
science	with	clinical	practice
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