Functional analysis of Hsa21 genes to understand Down syndrome phenotypes 
I. Hypothesis: Analysis of gene networks encompassing Hsa21 genes and known or predicted interacting factors will give increased understanding of the pathogenesis of Down syndrome (DS) phenotypes. An understanding of these pathways will be useful in correlating gene expression profiles with specific DS phenotypes.
II. Goals:

A. Identify gene expression, protein, and other databases containing Human chromosome 21 (Hsa21) genes or orthologs.  

B. Identify pathways containing large numbers of Hsa21 genes, especially genes that  may be specific to the development of DS facial features (candidate genes).
1. Hsa21 candidate genes for DS facial features:

a. Dyrk1a

b. Ets2

c. Sim2
d. DSCAM
C. Identify significant “hubs”: Hsa21 or other genes that participate in a large number of pathways. Do candidate genes (above) or modifier genes (below) function as “hubs”?
D. Determine if specific Hsa21 regions contain multiple genes that are specific to a certain pathway (i.e. Does the ~5.3 Mb region on Hsa21 containing the candidate genes important in the cell cycle pathway)
E. Analyze relationship between important modifier genes and Hsa21 genes, pathways, hubs, and specific genomic regions (like described above).  These genes are not found on Hsa21 but may be disrupted in the developmental process of a Down syndrome phenotype.

1. Modifier genes:

a. Sonic hedgehog (Shh)

b. Bmp2

c. Bmp4

d. Fgf8

III. Other questions:

A. How closely related are modifier genes to Hsa21 genes in a pathway analysis (1, 2, or more steps away)

B. Are modifier genes related to multiple Hsa21 genes or corresponding pathways?  Could the modifier gene serve as a “hub”?

IV. Resources

A. Databases

1. Chromosome 21 gene function and pathway databases

(contain complete lists of all Hsa21 genes): 

http://chr21db.cudenver.edu/
http://chr21.molgen.mpg.de/index.html
2. Possible pathway or protein databases

Kegg: http://www.genome.jp/kegg/
Gene Ontology: http://www.geneontology.org/
Interpro: http://www.ebi.ac.uk/interpro/ especially http://www.ebi.ac.uk/interpro/databases.html and 

http://www.ebi.ac.uk/Databases/
Gene ontology annotation: http://www.ebi.ac.uk/GOA/
NCBI: http://www.ncbi.nlm.nih.gov/ especially


http://www.ncbi.nlm.nih.gov/Tools/

http://www.ncbi.nlm.nih.gov/Database/

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Protein

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene
Human protein reference database: http://www.hprd.org/
Biomolecular Interaction Network Database: http://bond.unleashedinformatics.com/Action? Or 

http://bind.ca
3. Gene expression data

Gene expression omnibus: http://www.ncbi.nlm.nih.gov/geo/
Search of “Down syndrome” revealed a number of gene expression (microarray) studies
Chromosome 21 expression atlas:

http://www.tigem.it/ch21exp/Menu1.html
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