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Overview: 

The NCI Thesaurus provides a model that integrates genetic data with cancer-related information to create a well-designed cancer genetics ontology used for data annotation- deriving inference and other functions. It is designed to help meet the growing need for an accurate, comprehensive, shared terminology that encompasses pharmacogenomics as well as clinical genomics. This document focuses on the modeling of concepts in the Gene and Gene_Product Kinds further discussion on its scope for relating to Drugs, Disease, Protein Function, Pathways, etc. 
Classification Principle:

A concept is defined by its relationships with other concepts.  Logic-based definitions are expressions that convey information about the relationship between concepts and include is_a relationships (parent-child; vertical) and role relationships (semantic; horizontal). The Gene_Kind (is_a) hierarchy is organized by “function of the wild-type gene”.  Current gene concepts are Gene-As-Class parents and retain certain of their original role assertions. Along with a wild-type sibling concept, alleles are placed as children of the matching Gene-As-Class parent. The Gene_Product_Kind (is_a) hierarchy is organized by protein function. Most of the genes, variants (alleles) and gene products in NCI Thesaurus have been specifically requested by various NCI groups, implicated in cancer by publications, or those that might play a role in cancer based on their known function, relationship to a known cancer gene, or tissue of expression.  Additional genes and gene products have been added to complete categories, which had obvious omissions, or those needed to complete the modeling of some complexes.  An effort has been made to include a gene for each gene product and visa versa. Additionally modeling is carried out for those genes and gene products that are reflected in the Molecular Abnormality Kind.

Nomenclature Rules: 

Gene: 

In order to avoid having genes named differently, wrongly, or with a symbol that could subsequently change, gene concept names should be approved gene symbols and names following HUGO [Human Genome Organization] recommendations. The gene symbols should be upper-case Latin letters or a combination of upper-case letters and Arabic numerals, as designated by HUGO.

All gene concept names have to be in the following format;

Format: Gene Symbol followed by an ‘underscore’ followed by the term ‘Gene’. 

Example: BRCA2_Gene

Allele: 

In Thesaurus, allele concept names should be short and simple and the HUGO recommended symbols are represented as synonyms.

Format: Gene Symbol with mutation followed by an ‘underscore’ followed by the term ‘Allele’. 

Example: 
Concept name: 
CYP2C19_1_Allele

Preferred name: 
CYP2C19*1 Allele

Synonym: 
CYP2C19: c991A>G



HUGO recommended

Some of the sequence variations described at the DNA level, which can be applied to variation in the gene are listed below.

1. Substitutions are designated by a ">"-character after the number of the affected nucleotide. 

2. Deletions are designated by "del" after a description of the deleted segment, i.e. the first (and last) nucleotide(s) deleted. 

3. Duplications are designated by "dup" after a description of the duplicated segment, i.e. the first (and last) nucleotide(s) duplicated. 

4. Insertions are designated by "ins" after the nucleotides flanking the insertion. NOTE: duplicating insertions should be described as duplications; "indels" are described as a deletion ("del"), followed by an insertion ("ins") after a description of the deleted segment, i.e. the first (and last) nucleotide(s) deleted.

5. Inversions are designated by "inv" after the nucleotide number of the nucleotides inverted. 

6. Gene conversions are designated by "con" after the nucleotide number of the nucleotides converted, followed by a description of the origin on the new sequence; "region_changed" con "region of origin" 

7. Translocations are designated in the format "t(X;4)(p21.2;q34)", followed by the usual description, placed between brackets, indicating the exact translocation breakpoint.

8. Polymorphisms: In the past, a specific notation has been used to describe polymorphic sequence variations, i.e. c.76A/G and p.36L/I (p.36Lys/Ile). However, a description of a variant should be neutral and not include any functional conclusion - thus, polymorphisms and pathogenic changes should not be described differently.  

Detailed description with examples can be found in the original document <http://www.genomic.unimelb.edu.au/mdi/mutnomen/> and in “allele nomenclature.doc”.

These nomenclature recommendations seem to be reasonably comprehensive and appear suitable in many cases. It is important that the allele names be uniform and accurately reflect the relevant specific sequence variation(s). For simple variation, like point mutation etc., naming in accordance with HUGO standards, is straightforward. But, difficulty in naming, can increase as the complexity in variation increases, with the result that the names tend to get very lengthy. In many cases, for these specific alleles, it may be difficult to trace/map/verify the specified variation to a reference sequence. This is especially difficult in case of non-coding variations. Therefore, in Thesaurus, allele concept names should be short and simple and the HUGO recommended names should be represented as synonyms. 

CYP alleles: The naming convention of CYP alleles differs from HUGO. Human Cytochrome P450 (CYP) Allele Nomenclature Committee proposes their own recommendations for naming CYP alleles (<http://www.imm.ki.se/CYPalleles/>). The gene and allele is separated by an asterisk, followed by Arabic numerals and upper-case Roman letters with less than four characters, to name the allele (e.g. CYP1A1*3, CYP1B1*22, CYP2D6*10B).  For CYP alleles, these popular names should be used as concept name (asterisk being replaced by underscore) and preferred names, while the HUGO recommended equivalents should be represented as synonyms.

Concept name: 
CYP1A1_4 

Preferred name: 
CYP1A1*4

Synonym: 

CYP1A1: g.4887C>A

HUGO recommended

Gene Product: 

The naming style for Gene Products varies. Typically, the gene product concepts are named as 

· Gene name followed by an underscore followed by the term ‘Protein’. Example: BRCA2_Protein

· ‘Oncoprotein’, in case of proteins of oncogenes. Example: RET_Oncoprotein

· ‘RNA’/ ‘mRNA’ for functional RNAs. Example: Micro_RNA

· They can be simply named as: Example: Calcineurin_A_Beta; Interleukin-12-Receptor_Beta-1-Chain 

· Enzymes are named by their standard names designated by the Enzyme commission. Example: Glucose_Phosphate_Isomerase

· Protein family names end with a suffix ‘_Family’. Example: NOVA_Family.

The gene symbol is carried as a abbreviation.

Concept Modeling:
In order to develop, maintain and improve the NCI Thesaurus, controlled vocabulary terms are organized and edited in a semantically-rich description logic based environment.  Concepts are semantically defined by logical relationships with other concepts.  Logic-based, semantic definitions are expressions that convey information about the relationship between concepts and include “Is_A” relationships (parent/superconcept-child/subconcept; vertical) and “role” relationships (semantic; horizontal).  

Role relations assert a relationship between Domain concepts and Range concepts.  As an EVS business practice (SOP), a set of Defining Roles (in each Kind), are recognized as asserting relations of special significance between concepts in the Thesaurus.  Defining Roles specify information that is characteristic of the domain concept and discriminate/distinguish it from other concepts; non-defining roles specify important, useful information about a domain concept that does not discriminate it from other concepts.  A concept is designated as semantically defined when all Defining Roles of the concept Kind are asserted; concepts lacking any Defining Roles are considered Primitive.  Algorithmic classification of defined concepts verifies the logical validity of their vertical and horizontal relations.

Modeling Genes/Alleles:

The “original” Gene hierarchy (Genes only) was organized by function and primarily included concepts that represent wild-type genes.  As of 2005, the Gene hierarchy (Genes and Alleles) is organized by “function of the wild-type gene”, which does not change the tree location of most existing concepts.  With the addition of Alleles to the Gene hierarchy in 2005, most “original” gene concepts became Gene-As-Class parents and retain many original role assertions. “Original” roles include the following set:

Original, defining roles retained on Gene Classes:  

1.
Gene In Chromosomal Location
2.
Gene Found In Organism
3.
Gene Plays Role In Process
Non-defining roles retained on Gene Classes:  

4.
Gene Has Abnormality
NOTE: Asserted on Gene Classes when a gene abnormality is known, but the specific allele is unknown.  Also asserted on Fusion Gene concepts, rather than Allele_Has_Abnormality (see below).

5.
Gene Associated With Disease
6.
Gene Is Element In Pathway
Non-defining roles asserted on allele variants:

7.
Gene Is Biomarker of
8.
Gene Is Biomarker Type

9.
Gene Has Physical Location
NOTE: Asserted on wild-type gene concept; more appropriate than Gene Class.

Alleles are now placed, along with a wild-type sibling concept, as children of the matching Gene-As-Class parent.  In a Description Logics hierarchy, role assertions on a concept (e.g., Gene-As-Class) are inherited by sub-concepts.  However, structural alterations of gene variants (alleles) typically result in altered gene/gene product function compared to the wild-type gene.  As a result, inherited role assertions may lack validity.  To overcome this, assertion of some “specializing” roles on alleles must override invalid inherited roles.  Concepts that represent gene deletions (of any type) are regarded as alleles.   Due to frequent fundamental functional consequences, Fusion Gene concepts will be children of a Fusion Gene Class in the Gene hierarchy.

The following roles specialize roles retained on Gene Classes.  

1. 
Allele Absent From Wild-type Chromosomal Location


To specialize role inheritance on alleles, this role is in a hierarchy with Gene_In_Chromosomal_Location as parent:


Gene_In_Chromosomal_Location

Allele_Absent_From_Wild-type_Chromosomal_Location

If the new location of the allele is unknown, one must still assert Allele_Absent_From_Wild-type_Chromosomal_Location in order to suppress the inherited role Gene_In_Chromosomal_Location.

2. 
Allele In Chromosomal Location




To specialize role inheritance on alleles, this role is in a hierarchy with Gene_In_Chromosomal_Location as parent:


Gene_In_Chromosomal_Location

Allele_In_Chromosomal_Location

Role asserted when wild-type chromosomal location retained and when allele found in new chromosomal location.  

Note: Allele_In_Chromosomal_Location and Allele_Absent_From_Wild-type_Chromosomal_Location are sibling specializing children of Gene_In_Chromosomal_Location.

3. 
Allele Plays Altered Role In Process




With a specializing range value, this role overrides Gene_Plays_Role_in_Process retained on the gene class. Role inheritance is:


Gene_Plays_Role_In_Process

Allele_Plays_Altered_Role_in_Process

4.
Allele Ceases Function In Pathway


 

To specialize role inheritance on alleles, this role is in a hierarchy with Gene_Is_Element_In_Pathway as parent: 

 
Gene_Is_Element_In_Pathway



Allele_Ceases_Function_In_Pathway

5.
Allele Associated With Disease






and

Allele Not Associated With Disease




With a specializing range value, these roles override Gene_Associated_With_Disease retained on the gene class.  Role inheritance is:



Gene_Associated_With_Disease



Allele_Associated_With_Disease 



Allele_Not_Associated_With_Disease

When a non-specializing range value is used for Allele_Associated_With_Disease, suppress inherited Gene_Associated_With_Disease by also asserting Allele_Not_Associated_With_Disease with a specializing range value.
6.
Allele Has Abnormality


and

Allele Not Associated With Abnormality
With a specializing range value, these roles, override Gene_Has_Abnormality retained on the gene class. Role inheritance is:


Gene_Has_Abnormality

Allele_Has_Abnormality

Allele_ Not_Associated_With_Abnormality

When a non-specializing range value is used for Allele_Associated_With_Abnormality, suppress inherited Gene_Associated_With_Abnormality by also asserting Allele_Not_Associated_With_Abnormality with a specializing range value.

Additional Allele role assertions include:

1.
Allele Has Activity







The role asserts a relationship between an allele and its (or its product) level of activity.

2.
Allele Plays Role In Metabolism Of Chemical Or Drug
The role asserts a relationship between a specific allele (product; enzyme) and drug-metabolizing efficacy.  Efficacy of the allelic product may be noted in a Property:  Relative_Enzyme_Activity (see below)

3.
Allele Is Cancer-Related Type






The role asserts a relationship between a gene/allele and its cancer-related gene type (e.g. oncogene, tumor suppressor gene).

SNPs: SNPs of interest are recorded as a Property on the Gene-As-Class. Currently we model only those SNPs, which have an association with the gene. 
Role Groups:

1.
Allele Associated With Disease is interrelated with Allele Has Abnormality.  The two roles can be grouped as a Role Group.

Allele_Associated_With_Disease

Allele_Has_Abnormality

2.
Allele Plays Altered Role In Process is interrelated with Allele Has Activity.  The two roles can be grouped as a Role Group.
Allele_Plays_An_Altered_Role_In_Process

Allele_Has_Activity
Modeling Gene Products:

The (wild-type) Gene Products hierarchy is organized by function. Asserting Gene Product Encoded by Gene, Gene Product Plays Role In Biological Process and Gene Product Has Biochemical Function is current SOP sufficient to specify ‘Defined’ status on gene product concepts.

Additional role assertions in the Gene Products hierarchy include:

1. 
Gene Product Expressed In Tissue 

2. 
Gene Product Has Abnormality 

3. 
Gene Product Has Associated Anatomy 

4. 
Gene Product Has Chemical Classification 

5. 
Gene Product Has Malfunction Type 

6. 
Gene Product Has Structural Domain Or Motif 

7. 
Gene Product Is Biomarker of
8. 
Gene Product Is Biomarker Type
9. 
Gene Product Is Element In Pathway
10. 
Gene Product Is Physical Part of 

11. 
Gene Product Malfunction Associated With Disease
Absent specific Use Cases, variant gene products will not be modeled.  In lieu thereof, representation of the semantic relations of variant gene products to Processes, Abnormalities, Diseases or Drugs will be associated with the related allele concept.

Note: Detailed information on role definitions and their usage are listed in the Modeling Guide.
Defining Roles

Gene: 
Three roles (relationships) determine a defined status of gene concepts in Gene_Kind. Defining roles retained on Gene Classes are.  

1. Gene In Chromosomal Location: General gene location is specified by chromosomal band position (infrequently, by chromosome number or arm).  Since a gene can only be in a single chromosomal location, the relation is considered to be defining.  In exceptional cases, a gene (or variant) can have more than one location: chromosomal translocation, fusion genes. But this is dealt with in allele specializing roles (see below). This role is currently asserted only infrequently, since the vast majority of genes that we are currently modeling are human genes.

Note: Gene_Has_Physical_Location is used to link the gene with its actual physical location (region) on a chromosome, denoted by the chromosome number and start and end base positions (with numbering beginning at the telomere of the short p arm). The role is used as a supplementary role, only assigned when the defining roles Gene Found In Organism, Gene In Chromosomal Location and Gene Plays Role In Biological Process  fail to differentiate among sibling concepts.


2.
Gene Found In Organism: This role differentiates genes of the same name and function that originate from different organisms. Currently, we only model human genes, but this role has obvious utility in future, if other organisms are modeled as well.



3.
Gene Plays Role In Process: This role refers to the biological function of the wild type gene. 
Together these three roles are usually sufficient to diffrentiate gene concepts.  Exceptional cases typically involve clustered genes of similar function (e.g., cytokines).

Alleles:

In general, the most characteristic (differentiating) feature of any allele is its molecular alteration or abnormality.  

1. Allele concepts that inherit all gene-defining roles and 

a. also assert Allele_Has_Abnormality are given ‘Defined’ status.  

b. also asserts Allele_In_Chromosomal_Location will be Defined.  

c. also asserts Allele_Absent_From_Wild-type_Chromosomal_Location (e.g., translocation to unknown location) will not be Defined. 
Exception: Defined Alleles of complete gene deletions that inherit assert Allele_Absent_From_Wild-type_Chromosomal_Location be Defined.

2. "Named" oncogene subclasses should NOT be Defined.
3. Any existing gene role may be asserted on Fusion Genes.  Fusion Genes that assert all gene-defining roles will be Defined.  Allele roles should not be asserted on Fusion Gene concepts.

4. Rare neomorphic (non-fusion) alleles of interest that participate in a new process may need a new role Allele_Plays_Role_In_New_Process to specialize Gene_Plays_Role_In_Process.

Gene Product:

There are four roles, which are considered defining for Gene Product Kind:

1. Gene Product Encoded by Gene: Since a protein, is generally encoded by a single gene, this is a defining role. Note: the reciprocal link from gene to product is made through the property ‘Gene_Encodes_Product’.

2. Gene Product Has Organism Source: This role differentiates gene products of the same name and function that originate from different organisms. Currently, we model primarily human gene products, but this role has obvious utility in future, if other organisms are modeled as well. 

3. Gene Product Plays Role In Biological Process: Information considered by most researchers to be essential, definitional information about a gene product.

4. Gene Product Has Biochemical Function: Information considered by most researchers to be essential, definitional information about a gene product.  

The following table summarizes when a concept is semantically defined:

	
	Role
	Status

	Gene Class
	Gene In Chromosomal Location
	Defined

	
	Gene Found In Organism 
	

	
	Gene Plays Role In Process
	

	Allele
	Gene In Chromosomal Location
	Defined

	
	Gene Found In Organism 
	

	
	Gene Plays Role In Process
	

	
	Allele Has Abnormality
	

	Allele
	Gene In Chromosomal Location
	Defined

	
	Gene Found In Organism 
	

	
	Gene Plays Role In Process
	

	
	Allele Has Abnormality
	

	
	Allele In Chromosomal Location
	

	Allele
	Gene In Chromosomal Location
	Non-defined

	
	Gene Found In Organism 
	

	
	Gene Plays Role In Process
	

	
	Allele Has Abnormality
	

	
	Allele Absent From Wild-type Chromosomal Location 
	

	Allele

    Complete   

    Gene   

    Deletion
	Gene In Chromosomal Location
	Defined

	
	Gene Found In Organism 
	

	
	Gene Plays Role In Process
	

	
	Allele Has Abnormality
	

	
	Allele Absent From Wild-type Chromosomal Location
	

	  Allele

      Oncogene
	
	Non-defined

	Fusion-Genes
	Gene In Chromosomal Location
	Defined

	
	Gene Found In Organism 
	

	
	Gene Plays Role In Process
	

	Gene_Product
	Gene Product Encoded by Gene
	Defined

	
	Gene Product Has Organism Source 
	

	
	Gene Product Plays Role In Biological Process
	

	
	Gene Product Has Biochemical Function
	


Properties used with Gene and Gene Product Concepts:

1. Definition: Following the conventions set for NCI Thesaurus definitions:

a. Every gene or gene product concept will have an official NCI definition, and may have an additional NCI-GLOSS definition (if any), intended for a lay reader. This may not be as rigorous as the NCI definition, but it will not conflict with it. The general criteria for a successful definition, is that it should give only the necessary and sufficient conditions to define the concept. It should not contain examples, editors’ notes, scope notes, or similar information.

b. Thesaurus editors create definitions using XML tags to delineate fields within each definition. There are currently two tags: 

<def-source> (Source of definition) and 

<def-definition> The text of the definition. 

Attributions, if any, are placed at the end of the text of the definition, in     parentheses. We can modify an existing definition and designate it an “NCI”  definition, and attribute the relevant source as follows: 

Example:<def-source>NCI</def-source><def-definition>This gene encodes dihydrofolate reductase ……. may alter the efficacy of chemotherapy. (from LocusLink and NCI)</def-definition>

The “from” in parenthesis indicates that the definition was modified to some extent, while the lack of “from" would indicate that the contributor’s definition was used verbatim. Definitions contributed from outside NCI should be acknowledged.

c. The preferred sources for gene and gene product definitions are Entrez Gene NCBI (former LocusLink); OMIM (NCBI); SwissProt, On-Line Medical Dictionary and GeneCards. 

d. HL7 definitions: If the supplied definition is equivalent to the NCI definition, add a FULLSYN, term-type SY, for the atom and indicate the source as HL7. If the supplied definition is the best definition available, adopt it as the NCI definition, and tag it (HL7) or (from HL7) depending on whether minor editing was required.

2. Editor Note: Provides a place for an editor to record information that another editor may need to know about how a concept was modeled. These are used for internal purposes and are not published. 

3. Design Note: Provides a place for an editor to record information that a user may need to know about a concept. This information is published.

4. Gene Encodes Product: Indicates the protein or RNA product expressed by a gene. Ex: BRCA2 Gene <Gene Encodes Product> BRCA2 Protein

The product name should match the corresponding Gene Product concept for that gene, which in this example is ‘BRCA2 Protein’. This association is reverse of the role ‘Gene Product Encoded by Gene’.
5. FULL SYN: Synonyms should include alternate names for the gene or protein, symbols and other abbreviations. It should also contain the concept name without underscore, as PT. HUGO symbol, name should be entered as synonyms. Gene and Gene Product synonyms are generally derived from LocusLink/Gene, OMIM and Swiss-Prot databases.

6. Preferred name: The preferred name is the word or phrase that NCI uses by preference to refer to the concept. It is usually the concept name without underscores. Typically, the selected preferred name is the most commonly used/accepted/recognized name or a reasonably concise and functionally descriptive name.   Note: In case of CYP alleles, the underscore is replaced by a ‘*’ for preferred name.

7. GenBank Accession Number: Indicates the accession number for a Gene within the GenBank database. Ex: BRCA2 Gene<GenBank Accession Number >NM 000059

Note: GenBank contains numerous submitted genomic and mRNA sequences, each with a unique Accession Number, including alternatively spliced transcripts, for a given gene.  Therefore, EVS SOP is to designate only the first RefSeq mRNA Accession Number of the gene given in the LocusLink/Gene database. GenBank Accession Number should be annotated on both of the paired Gene and Gene_Product concepts.

8. Homologous Gene: Genes from other organisms that are similar in sequence and provide insight to the gene's function. It reflects a common evolutionary origin. Ex: APEX1 Gene < Homologous Gene> Escherichia coli exonuclease III

9. Locus ID: The original LocusLink from NCBI has now been replaced by Entrez Gene. It indicates the accession number for a Protein or Gene. Locus ID should be annotated on both of the paired Gene and Gene_Product concepts. Ex: BRCA2 Gene <Locus ID> 675

10. OMIM Number: Indicates the accession number for a Protein or Gene within the OMIM database  from NCBI. OMIM Number should be annotated on both of the paired Gene and Gene_Product concepts. Ex: BRCA2 Gene <OMIM Number> 6000185
11. SwissProt: Indicates the accession number for a Protein within the Swiss-Prot database. Swiss-Prot ID Number should be annotated on both of the paired Gene and Gene_Product concepts. Ex: Vitronectin <Swiss Prot> PO4004
12. SNP ID: Indicates the dbSNP id number for the genetic polymorphism due to base substitutions. Ex: BRCA 1 Allele< SNP ID> rs8176219

Note: Properties (7 to12) link the Gene/protein concept to external databases.

13. Relative Enzyme Activity: This property is mostly used for Drug Metabolizing Enzymes. It indicates drug efficacy of the allelic product.
Ex: CYP2D6 1< Relative Enzyme Activity> 0.5
14.  SNP Type: The qualifier is a pick-list of SNP types which indicate the gene region in which the genetic polymorphisms occurs. 

Ex: BRCA 1 Allele< SNP Type> Synonymous Coding SNP

Genes and Drugs:

Recent advances in pharmacogenomic research have focused on elucidating the inherited nature of inter-individual differences in drug-induced adverse reactions, toxicity, and therapeutic responses. Variations in DNA sequences (i.e. genetic polymorphisms) explain some of the variability in drug-metabolizing enzyme activities which contribute to alterations in drug clearance and impact patients' response to drug therapy. 

Representation of the semantic relations of genes, its variants and gene products to drugs is done by the following roles: 

Allele Plays Role In Metabolism of Chemical or Drug asserts a relationship between a specific allele and drug-metabolizing efficacy,

Chemical Or Drug Affects Gene Product represents the target of a therapeutic agent, with which it has direct interaction and the association, and

Relative Enzyme Activity which indicates the drug efficacy of the allelic product. 

The roles help the intended user in identification of genes that are involved in modulating drug response (genes encoding drug metabolizing enzymes, genes related to drug clearance mechanisms, genes causally linked to the disease and hence causally related to drug efficacy).
Genes, Disease and Abnormality:

The NCI Thesaurus disease model represents associations between disease and molecular genetics and cytogenetic abnormalities. It has been suggested that the NCI Thesaurus should endeavor to classify genes by their disease-related function. However, for most genes a definitive causal relationship to cancer is unknown and this information is still evolving for many others. Sequence variations exist at defined positions within genome and are responsible for individual phenotypic characteristics, including a person's propensity toward complex disorders such as heart disease and cancer.

In Thesaurus, molecular abnormalities in the gene are associated with the manifestation of disease. Thus, Gene/Allele concepts are related to the Disease concepts by the role 

Gene Associated With Disease. The gene involved, could be over- or under-expressed, amplified, translocated etc. to cause these abnormalities. Gene Has Abnormality is used to establish a link between a gene and the genetic or molecular abnormalities that have been observed in human cells and tissues associated with cancers. Both Gene/Allele concepts and Disease concepts are related to the Molecular abnormality. The triangular relationship can be depicted as below:







The specializing roles Allele Associated With Disease and Allele Has Abnormality may be used to override Gene_Associated_With_Disease and Gene_Has_Abnormality, respectively, that have been asserted for the gene class. 

The relationship between a gene/allele and its cancer-related gene type (e.g. oncogene, tumor suppressor gene) is expressed by the role, Allele Is Cancer Related Type, which can be used to tag oncogenes/TSGs/etc.

At the time of writing, there are about 1700 genes in Thesaurus. Out of these… are related to associated disease concepts. 

Comparing genes expressed in normal and diseased states assists the understanding of cancer pathophysiology, detection, prognosis, and therapeutic target study. A biomarker is a measurable and quantifiable biological parameter, which serves as an index for assessment of disease risk, disease diagnosis etc. Often, before the function of a gene or protein is known it will be observed that expression, etc, is correlated or altered with a particular disease or disease state.  This can suggest that the gene or protein is involved in the disease or disease state and can be useful information that could point researchers towards useful avenues of research.  The roles Gene Is Biomarker of and Gene Product Is Biomarker of point to this relationship and can suggest that the gene or protein is predictive of the disease or disease state. However, it does not imply a cause and effect. Gene(Gene Product) Is Biomarker Type" points to a small tree of biomarker types (e.g., Disease Marker, Metabolic Marker, or Prognostic Marker) in the Diagnostic and Prognostic factor Kind. 

Genes/Proteins and Function:

The flow of information from the DNA code to biological function deals with the central dogma of biology: Gene encodes forprotein and protein molecules have functions that carry out biological processes. Interacting proteins produce signaling and metabolic pathways that coalesce to form networks at the cellular level, and cells interact at an organismal level to produce physiology. 

Protein function information is most abundantly described in Biological process tree. The major categories of the Biological Process Kind in Thesaurus are Viral Function, Subcellular Process, Cellular Process, Multicellular Process, Organismal Process, Population Process, and Pathologic Process. The role Gene Plays Role In Process, which derives its range filler value from the Biological Process kind, intends to answer the question, "what biological function does the encoded product carry out?” and refers to the function of the wild type gene/gene product. In the Gene Kind, it is asserted on the gene class and therefore can be inherited by the allele. However, in case of altered function at the level of allele, Allele Plays Altered Role in Process can override the asserted role. Similarly, Gene Product Plays Role In Biological Process relates the gene product and the biological process in which it participates. Gene Product Has Malfunction Type is used to tag proteins, which reflect molecular abnormality as a result of overexpression, gene fusion, gene amplification, protein truncation, etc. and points to the Biological Process Kind.
Gene Product Has Biochemical Function denotes the biochemical activity of the gene product and refers to its molecular function. It points to the parent concept of the gene product and indicates the Functional Class of the protein.
Information about protein domains or motifs can give insight into protein function. Gene Product Has Structural Domain Or Motif indicates the presence of a specified (presumed) functional domain or motif contained in biological molecules of the type represented by the protein concept for which the role has been asserted. The role points to the Anatomy kind.

Genes/Proteins and Pathway: Biochemical pathways denote a sequence of chemical reactions of known or inferred interactions in a biological process which the gene encoded products carry out. Research into gene-interaction pathways for metabolic and regulatory functions, is another rapidly growing area of research in cancer.  In NCI Thesaurus, pathways are derived from BioCarta and KEGG and are associated with genes and proteins that comprise these pathways. Semantic relationship between gene/gene product and Biochemical Pathway is derived by three roles. These roles are used to assert the relationship between the gene or its encoding product and the pathways in which they participate to carry out the biological process.

Gene Product Is Element in Pathway:

Gene Is Element in Pathway:

Allele Ceases Function In Pathway: This specializing role is used to override (negate) the role Gene_is_Element_in_Pathway asserted at the gene class. This is used when an allele no longer functions in the specified pathway, due to a variation in the gene. This role is in a hierarchy with Gene_Is_Element_In_Pathway as parent.

Other protein-specific relationships:

The following role/relationships are used to gain information about protein structure/function and expression. 
Expression is the cellular production of the protein encoded by a particular gene. The role Gene Product Expressed In Tissue is used to link the protein information to the tissue where it is expressed.

Classical protein family classification is defined by function. The role Gene Product Has Chemical Classification is intended for indicating the protein structure. The role was originally intended for protein structure tagging (e.g., Phosphoprotein, Lipoprotein), but was extended to also tag for Membrane Protein, Complex Subunit Protein, etc.

Gene Product is Physical Part of: The role indicates that a gene product normally functions either as a catalytic unit, regulatory unit, or a structural component of a "functional complex". Individual gene products are classified by their function or by their anticipated biological function.
Potential Future Needs:

1. Normal Gene Homologs in Experimental Organisms




2. Link Normal Gene Homologs to Normal Human Gene



3. PubMed Authority Reference






4. Link CD to Disease






5. Link Normal Gene Expression to regulatory condition/agent

6. Protein- Protein Interaction

7. Variants of Gene products

Gene/allele Associated with Disease





Gene/allele Has Abnormality





Gene/Allele





Mol.Abnormality





Findings&Disorders





Disease Has Abnormality
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