Alleles-As-Genes Proposal

02.16.05

The following recommendations by the EVS “Gene Group” implement the Allele-As-Gene Model.  

Use Cases: 

The recommendations herein are supported by the following Use Cases:

1. UC 1.0: 




Gene Classification by Oncogene/Suppressor Class

Requirements:


Represent the relationship between gene alteration and cancer-related gene status (e.g., Oncogene, Tumor Suppressor Gene, etc.).

2. UC 2; 2.2: 


Scope of Gene Coverage; 

Anomalous Gene Function
Requirements:


Represent normal/anomalous human and Experimental Organism (EO) genes by function associated with cancer disease; pathways in which anomalous genes participate; and genes facilitated or inhibited by agent.

3. UC 3.0; 3.1; 3.2: 


Cross Classification of Genes and Diseases;
Anomalous Gene Function;
Disease Associated with Anomalous Gene Function

Requirements:


Represent normal/anomalous gene function associated with disease, species, biological process, location, normal function, cellular component, anomaly, and authority (PubMed).

4. UC 15: 




Rembrandt Project :

Clinical and Functional Genomics Terminology Support for 

Translational Science Data Repository of Brain Tumors
Requirements:


Represent relationships between gene variations, diseases, anatomy, interventions, and drugs.

5. UC 16: 




Flockhart Genes

Requirements:


Represent relationships between normal genes, variants, drugs, and drug metabolism/disposition.

Gene Hierarchy Organization:

Absent any specific Use Cases, NCI EVS has no current plans to model variant gene products.  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.  With exceptions, the Gene Kind (IsA) hierarchy will be organized by “function of the wild-type gene”.  Current gene concepts will become Gene-As-Class parents and retain certain of their original role assertions (see Roles, below).  Alleles will be placed, along with a wild-type sibling concept, as children of the matching Gene-As-Class parent.  Concepts that represent gene deletions (of any type) will be regarded as alleles.  Fusion Gene concepts will be children of a Fusion Gene Class in the Gene hierarchy. "Named" oncogenes (e.g., Oncogene_H-Ras) in the current Cancer_Gene branch of the Gene Kind will be retreed as subclasses of their respective Gene Classes (Gene Kind), and as a sibling of the wild-type allele and non-oncogene alleles of interest.  A new role will point from these subclasses (or the specific allele children therein) to concepts in the Cancer_Gene branch (see Additional Proposed Roles #3, below).  

Roles:

Existing Roles:

The following existing defining roles will be retained on Gene Classes.  

1. Gene_In_Chromosomal_Location: 


[UC 1.0; 2.2; 3.1]

2. Gene_Found_In_Organism: 



[UC 2; 3.0; 3.1; 3.2]

3. Gene_Plays_Role_In_Process: 



[UC 2; 2.2; 3.0; 3.1; 3.2; 16]

The following existing non-defining roles will be retained on Gene Classes.  

4. Gene_Has_Abnormality: 



[UC 2; 2.2; 3.0; 3.1; 3.2; 15]

NOTE: This role should be asserted on Gene Classes only when a specific abnormality associated with the gene is known, but the specific allele is unknown. This role, rather than the role Allele_Has_Abnormality (see below), should also be asserted on Fusion Gene concepts.

5. Gene_Associated_With_Disease: 



[UC 2; 2.2; 3.0; 3.1; 3.2; 15]

6. Gene_Is_Element_In_Pathway: 



[UC 2]

The following existing non-defining roles may be asserted on specific allele concepts; the semantic notion intended by these roles seems more appropriate for individual alleles.

7. Gene_Is_Biomarker_of: 

8. Gene_Is_Biomarker_Type: 
The existing non-defining role Gene_Has_Physical_Location: should be asserted on the wild-type gene concept. The semantic notion intended by this role is more appropriate for the wild-type gene concept than for Gene Classes.

Proposed Specializing Roles:

The following proposed roles specialize roles retained on Gene Classes.  

1. Allele_In_Chromosomal_Location: 


[UC 1.0; 2.2; 3.1]

[Gene > Anatomy]

2. Allele_Absent_From_Wild-type_Chromosomal_Location:
[UC 1.0; 2.2; 3.1] 

[Gene > Anatomy]

3. Allele_Plays_Altered_Role_In_Process:


[UC 2; 2.2; 3.0; 3.1; 3.2] 

[Gene > Bioprocess]

4. Allele_Ceases_Function_In_Pathway:


[UC 2] 

[Gene > Pathway]

5. Allele_Associated_With_Disease:



[UC 2; 2.2; 3.0; 3.1; 3.2; 15] 

[Gene > Disease]

6. Allele_Not_Associated_With_Disease:


[UC 2; 2.2; 3.0; 3.1; 3.2; 15] 

[Gene > Disease]

7. Allele_Has_Abnormality:



[UC 2; 2.2; 3.0; 3.1; 3.2; 15] 

[Gene > Abnormality]

8. Allele_Not_Associated_With_Abnormality:

[UC 2; 2.2; 3.0; 3.1; 3.2; 15]
[Gene > Abnormality]

Role Hierarchies:

To specialize role inheritance on alleles, the following role hierarchies are proposed:

1. Gene_In_Chromosomal_Location:

Allele_Absent_From_Wild-type_Chromosomal_Location:

Allele_In_Chromosomal_Location:
2. Gene_Plays_Role_In_Process:

Allele_Plays_Altered_Role_In_Process:

3. Gene_Is_Element_In_Pathway:

Allele_Ceases_Function_In_Pathway:

4. Gene_Associated_With_Disease:

Allele_Associated_With_Disease:

Allele_Not_Associated_With_Disease:

5. Gene_Has_Abnormality:

Allele_Has_Abnormality:

Allele_Not_Associated_With_Abnormality:

Allele-Defining Role:

Existing gene roles (defining and non-defining) that are retained on Gene Classes will be inherited by the sibling wild-type gene and allele concepts.  

Wild-Type Genes (Human):

Only wild-type gene concepts that inherit or assert all existing gene-defining roles will be given Defined status.  

NOTE: To discriminate a wt allelic child – as well as all other allelic children – from the Gene Class parent, the Role Allele_In_Chromosomal_Location must be asserted on the child concept, otherwise an Equivalency Error will occur during classification.
Alleles (Human):
In general, the most characteristic (differentiating) feature of any allele is its molecular alteration or abnormality.  

1. Only allele concepts that inherit all gene-defining roles and also assert Allele_Has_Abnormality will be given Defined status.  

a. Altered Chromosomal_Location: 

i. An allele that inherits all gene-defining roles, asserts Allele_Has_Abnormality, and asserts Allele_In_Chromosomal_Location will be given Defined status.  

ii. An allele that inherits all gene-defining roles and asserts Allele_Has_Abnormality, but also only asserts Allele_Absent_From_Wild-type_Chromosomal_Location (e.g., translocation to unknown location) will NOT be given Defined status. 

1. Exception: Complete Gene Deletion Alleles that inherit all gene-defining roles, assert Allele_Has_Abnormality, and assert Allele_Absent_From_Wild-type_Chromosomal_Location be given Defined status.
b. 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.

i. Though currently difficult to quantitate the prevalence of such cases for modeling cancer-related concepts, the “gene group” expectation is that such cases will be quite infrequent.

ii. The “gene group” recommendation is that the new specializing role Allele_Plays_Role_In_New_Process can be added later, if needed.

2. Any existing gene role may be asserted on Fusion Genes.  Fusion Genes that assert all gene-defining roles will be given Defined status.  Allele roles should not be asserted on Fusion Gene concepts.

Additional Proposed Roles:

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

1. Allele_Has_Activity





[UC 2; 2.2; 3.0; 3.1; 3.2]

[Gene >Properties_or_Attributes]

The following proposed role asserts a relationship between a specific allele (product; enzyme) and drug-metabolizing efficacy.

2. Allele_Plays_Role_In_Metabolism_Of_Chemical_Or_Drug: 
[UC 16]

[Gene > CD]

Efficacy of the allelic product may be noted in a new Property: 

Relative_Enzyme_Activity:




[UC 16]

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

3. Allele_Is_Cancer-Related_Type




[UC 1.0]
[Gene > Gene]

Role Groups:

Role Groups such as the following will likely be utilized.

1. Allele_Associated_With_Disease 

Allele_Has_Abnormality

SNPs:

SNPs of interest may be recorded as Properties on the Gene-As-Class.

SNP_ID:






[UC 15]

(qualifier) SNP_Type:





[UC 15]

Sandbox Test Observations of Allele Modeling:

(For details of tests, see AlleleSandboxTests.doc).

For both primitive and defined concepts, with single or multiple asserted specializing roles, role specialization requires specification of a range value that matches or “specialize” the range value of the parent (inherited) role.  A “non-specializing” range value thwarts the effect of a specializing role.  This is correct; it’s how it should work.  By design, we choose to model in a way that constrains the power of the classifier to tree concepts wherever it wishes in the hierarchy.  This is done by asserting many semantic relations at the concept level.  The more and higher that roles are asserted on headers, the more free the classifier is to organize the hierarchy according to its logic.  
Modeling Implications of Specializing Range Value (Hierarchical Roles): 

Gene_In_Chromosomal_Location:

The proposed new roles involve cases in which gene location is altered. For Allele_In_Chromosomal_Location to suppress an inherited Gene_In_Chromosomal_Location role, Allele_Absent_From_Wild-type_Chromosomal_Location must also be asserted.  If the new location of the allele is unknown, Allele_Absent_From_Wild-type_Chromosomal_Location must still be asserted in order to suppress the inherited role Gene_In_Chromosomal_Location.

Gene_Plays_Role_In_Process:

The proposed new role Allele_Plays_Altered_Role_In_Process should work correctly with specializing range values.  Allele_Plays_Altered_Role_In_Process will often be asserted in a role group with the role Allele_Has_Activity.  For some neomorphic alleles, a new specializing role may be needed, Allele_Plays_Role_In_New_Process.

Gene_Is_Element_In_Pathway:

Application of the specializing role Allele_Ceases_Function_In_Pathway should work correctly with a specializing range value.

Gene_Associated_With_Disease:

This role is problematic; consider the following scenario: Gene_Associated_With_Disease: XYZ is asserted on Gene Class. An allele is linked with a different (“non-specializing”) disease ABC. Assertion of Allele_Associated_With_Disease: ABC does not suppress inheritance of Gene_Associated_With_Disease: XYZ from Gene Class.

Solution: Gene_Associated_With_Disease: XYZ remains asserted on Gene Class. Assert role Allele_Not_Associated_With_Disease: XYZ on allele to suppress Gene_Associated_With_Disease: XYZ inherited from Gene Class.

Gene_Has_Abnormality:

This role could be asserted on Gene Classes when an abnormality associated with the gene is known, but the specific allele is unknown. This role, rather than Allele_Has_Abnormality, should be asserted on Fusion Gene concepts. This role is problematic; consider the following scenario: Gene_Associated_With_Abnormality: XYZ is asserted on Gene Class. An allele is linked with a different (“non-specializing”) abnormality ABC. Assertion of Allele_Associated_With_Abnormality: ABC does not suppress inheritance from Gene Class of Gene_Associated_With_Abnormality: XYZ.

Solution: Gene_Associated_With_Abnormality: XYZ remains asserted on Gene Class. Assert role Allele_Not_Associated_With_Abnormality: XYZ on allele to suppress the inherited role Gene_Associated_With_Abnormality: XYZ from Gene Class.

Potential Future Needs:

1. Normal Gene Homologs in Experimental Organisms


[UC 2]

2. Link Normal Gene Homologs to Normal Human Gene

[UC 2]

3. PubMed Authority Reference




[UC 3.0; 3.1; 3.2]

4. Link CD to Disease





[UC 15]
5. Link Normal Gene Expression to regulatory condition/agent

[UC 2] 
