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cDNA libraries, EST clusters, gene prediction 
and functional annotation 	


Biosciences 741: Genomics	

Fall, 2013	

Week 3	




9/19/13	


2	




9/19/13	


3	




9/19/13	


4	




9/19/13	


5	




9/19/13	


6	




9/19/13	


7	


Figure 2.14  Relationship between gene structure, cDNA, and EST sequences	


Figure 2.14  Relationship between gene structure, cDNA, and EST sequences	
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Subtracted and/or normalized cDNA libraries	


Carninci et al. (2000) Genome Res. 10, 1617-1630 	


Subtracted and/or normalized cDNA libraries greatly reduce	

sequencing redundancy in EST genome projects	


Carninci et al. (2000) Genome Res. 10, 1617-1630 	
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Figure 2.18  Distribution of GC content along human chromosome 1	


Top panel – GC content averaged over 1 Mb windows.	

Bottom panel – GC content in 1 Mb, averaged over 200 bp windows.	


Box 2.3, Figure A  Training the 
HMM	
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Box 2.3, Figure B  Schematic of the hidden states included in an HMM	


RNA splicing signals near the splice and lariat sites 
are moderately conserved in vertebrates, ���

but difficult to identify���
from sequence information alone	


  Yeo, G. et al. (2004) Proc. Natl. Acad. Sci. USA 101, 15700-15705. 	
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Splice enhancing signals are not conserved between 
fish and mammals	


 Yeo, G. et al. (2004) Proc. Natl. Acad. Sci. USA 101, 15700-15705. 	


Figure 2.16  Transfer RNA content in the human genome	


(left) percent codons for each amino acid (color).  (right) percent of tRNAs in genome.	
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Figure 2.16  Transfer RNA content in the human genome	


Figure 2.15  Phylogenetic 
shadowing	


Multiple sequence alignment (“phylogenetic shadowing”)	

can be very helpful in gene finding.	
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Box 2.3, Figure C  Predicting 
genes	


Three different gene prediction methods (Ensembl, Fgenesh, and	

Genescan) were used on a region of chromosome 17 that includes	

The GOSR2 gene.  The black images below indicate matching	

cDNA/EST sequences.	
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Figure 2.21  Orthologs and 
paralogs	


Orthologs versus paralogs	
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Clusters of orthologous genes, sequence 
motifs, and gene families	


•  Gene families are groups of genes that share descent from a common 
ancestor gene.  A gene family may include several genes in one species 
(paralogs) or corresponding genes in different species (orthologs).  Gene 
families (particularly orthologs) tend to maintain similar biochemical 
functions over long periods of evolutionary time, although details (such as 
expression patterns) may differ (particularly in paralogs).	


•  Clusters of orthologous genes (COGs) are discovered by automated 
sequence alignment between species.  This procedure is supposed to 
facilitate the discovery of orthologs, and hence the inference of gene 
function.  COGs are not necessarily reliable, but can be quite valuable in 
suggesting putative gene functions.	


•  Protein sequence motifs are relatively short conserved protein sequences 
that occur in many gene families.  Although the secondary structure and 
basic function of sequence motifs are conserved, they can be deployed in 
different gene families (as a result of recombination events in evolutionary 
history).	


Figure 2.20  Clusters of 
orthologous genes	


Clusters of orthologous genes are assembled by merging triads of genes 	

from different species that are reciprocal best matches to each other.	
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Figure 2.20  Clusters of 
orthologous genes (Part 1)	


Figure 2.20  Clusters of 
orthologous genes (Part 2)	
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Figure 2.23  Gene Ontology 
categories (Part 1)	


Gene ontologies are assembled from various lines of evidence	

in multiple species.	


Figure 2.23  Gene Ontology 
categories (Part 2)	
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Discussion Questions (week 3)	

•  What is a normalized cDNA library?  How are they constructed?  How 

are they used to prioritize sequencing efforts in EST projects?	


•  Discuss several (at least three) of the reasons that the original drafts of 
the human genome greatly overstated the true number of protein-coding 
genes.  Define ESTs and families of related ESTs.  Why are families of 
related ESTs often revised into a single Unigene group?  What is the 
significance of EST singletons?	


•  Discuss the technical difficulties involved in identifying a complete 
inventory of special categories of genes - such as species-specific 
genes,  tissue/stage specific genes, regulatory genes, and genes with 
unstable (poly(A)-) transcripts.	


•  Discuss the difficulties involved in computationally recognizing exons 
and introns in genomic sequences.  Your answer should include 
sequencing errors, noncoding DNA, exon splice enhancing signals, 
intron splice enhancing signals, alternative splicing, species differences, 
noncoding DNA, and so on.	



