Descriptors for molecular fine-structure representation in network diagrams.

Kurt Kohn 23 April 2009

Preliminary comments:

Here I descibe a scheme for a molecular fine-structure (domains, sub-domains, motifs, sites, modifications, etc) representation that does not require nesting. The basic idea is to treat all of the above-mentioned fine-structure elements of a given molecule as entities and link them together in a transparent manner.

In order to test those rules in a real-life case, I have assembled most of what is known about the relevant fine-structure of the important and extensively studied tumor suppressor, p53. Any graphical notation scheme should be able to cope with complexities such as those encountered in this biologically and medically important test case.

A referenced source-annotation file is included with the diagram. The annotations are listed in the order of amino acid position number (using the lower number of a range).

A cursory glance at the diagram shows that 

a) all the features are legible (nothing is too tiny to see without magnification), 

b) the full presentation of domains, motifs, sites, interactions, etc is too complicated be included routinely in all network diagrams. It is nevertheless important to have all this information represented and accessible. A solution would be to have a separate diagram for each complicated molecule with all its structural details and its direct interactions (as in the appended p53 diagram). Network maps would then show only those domains, motifs, sites, modifications, interactions, etc that are relevant to the particular network. In other words, things that do not have functional consequences relevant to the aims of a particular network map would be omitted from that diagram.

The appended diagram has some MIM-like features that may have to be modified for portrayal in SBGN. Hopefully the required adjustment of SBGN would not be too onerous.

The appended diagram of p53 utilizes the following rules.

Descriptors for a molecular fine-structure portrayal (draft 090423a):

1) An entity can be a 


a) molecule


b) domain


c) subdomain


d) motif (eg, a peptide region with known binding function, such as ability to bind phosphotyrosine residues)


e) site 

2) All entities are “created equal” -- the software treats them all the same way (except as noted below).

3) An entity can have

     a) one location number (eg, modification site)

     b) a range between two location numbers (eg, start & end of a domain, subdomain, or motif)

     c) no location number (any interaction whose location in the molecule is unknown or that involves the entire molecule)

4) Entities that are encompassed within another entity are placed immediately to the right of the encompassing entity and are arrayed from left to right in approximate location-order (eg, amino acid sequence number), except that:

5) The left-most entity contains the name of the molecule and has no location number. It is all-encompassing.

6) An entity whose location resides within the location range of another entity or entities is placed immediately after (to the right of) the right-most entity that contains it.

7) Entities whose location is unknown are placed immediately to the right of the left-most entity.

8) Interactions emanating or terminating at an unknown site are represented as interactions with the left-most entity.

9) A routine could be added to draw boxes around the entities that fall within another entity -- this would be optional and would not be treated as formal properties or nestings.

10) Sites are single-location entities. They can have covalent modification states (P, Ac, etc) and mutational modification states (eg, S200D - serine 200 replaced by an aspartate). They can also have binding states that may depend on the modification state (eg, binding to a phosphorylated site).

11) Domains & motifs are entities that have a location range (starting and ending location number). They do not have modification sites, such as P or Ac (relevant modifications are indicated in the site entities that follow the domain or motif entity). They can however have conformational states. They can also have binding states, where the binding is to the domain or motif (eg, a peptide region or motif that constitutes a binding site). When binding is to a defined part of a domain, however, then that part of the domain becomes a motif-entity (linked on the right to the domain-entity).
12) When binding to a motif depends on a modification (eg, phosphorylation) of a site within that motif, the motif and phosphorylation site are represented as separate entities. The site-entity is linked to the right of the motif-entity that contains it. Binding to the motif-entity can be represented by a requirement-contingency for the site-entity being in the phosphorylated state.

13) Overlapping motifs or domains are represented as separate entities, linked in an order based on the position of the start of the motif or domain.
14) When a region is described as a “domain” and resides within another defined domain, then the former is treated as a subdomain and represented as a separate entity linked to the right of the parent domain. (Domains are sometimes defined as if they were nested. Those definitions are generally based on observed or presumed functions. But our scheme suggests a way to avoid nestings in the formal description of the graphics language, while retaining everything that may be functionally important.)

15) When domains or motifs overlap, it is the position of the left-most boundary that determines the order in which they are linked. The linkage position of sites that fall within an overlap region may be decided based on the positions of their interaction targets. Thus different domains or motifs (despite overlap or nesting) would be arrayed linearly as separate entities, each with its particular depicted functions.

