
ht
tp

://
w

w
w

.p
la

nt
gd

b.
or

g/
tu

to
ria

l/a
nn

ot
at

em
od

ul
e/

 

Annotating Genomes: 
where are all the genes? 
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Overview  

•  A bit of background 

•  What is manual genome annotation? 

•  Why do we need it? 

•  How do we do it? 



Havana: Human And Vertebrate Analysis 
aNd Annotation 

Manual annotation of human, mouse and zebrafish 
whole chromosomes or genomes 

 

Vega: VErtebrate Genome Annotation 
database 



http://chslearns.vail.k12.az.us/pluginfile.php/1738/course/section/616/central%20dogma.png 



Central Dogma  
Of Molecular  
Biology 

http://www4.ncsu.edu/~bjreadin/ 



Whole Genome  
Shotgun 

<1000bp 

sequence 
assembly 

sequence 
assembly 

Hybrid Sequencing Strategy 

clone by clone 
Bacterial Artificial 

Chromosomes 
Ave size 150 kb 

Finishing        Annotation 

map 

Mapped 
back to 
chromosome 



Human ~3Gb:  
22 chromosomes + sex 
chromosomes 

Reference genomes: 

Mouse ~3 Gb:  
19 chromosomes + 
sex chromosomes 

Zebrafish ~1.4 Gb:  
25 chromosomes, 
no specific sex 
chromosomes 
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RNA  
polymerase 

Ribosome 
binds to RNA 
generates  
amino acids 



Eukaryotes: 
More complex: Introns and Exons 

5’ end 3’ end 

Prokaryotes: 
Simple protein-coding gene 

donor  
slice site 

acceptor  
splice site 

intron nnnnG GTnnn nnnCAG nnnn 

exon exon 

Genomic 
DNA 



Do we know how many genes there are? 

21,638   25,120   

  Protein coding genes         

1980’s  100, 000 
 
 2000    40, 000 
 
Today  ~ 21, 000 



AUGCCTG~~~~~~~~~~~~~~~~~~~~~~~~~~~AATAAA~~~~~~~~AAAAAAAA mRNA 

Reverse transcriptase transcribes  
the mRNA into a complimentary  
strand of DNA (cDNA) 

TACGGAC~~~~~~~~~~~~~~~~~~~~~~~~~~~TTATTT~~~~~~~~TTTTTTTTT cDNA 

5’ end 3’ end 

Sequences submitted to databases 

Evidence for genes: DNA (in vitro) 
mRNA extracted from tissue sample 

Expressed Sequence Tags (ESTs) 
shorter stretches of cDNA (`800bp) sequences 
 from both ends 

EST 

ATGCCTG~~~~~~~~~~~~ 

5‘ –> 3’ 

~TTATTT~~~~~~~~TTTTTTTTT 

3‘ <– 5’ 

mRNA degraded and a second  
strand of cDNA made 

ATGCCTG~~~~~~~~~~~~~~~~~~~~~~~~~~~AATAAA~~~~~~~AAAAAAAA 



Evidence for genes: Protein 

AUGCCTGCT~~~~~~~~~~~~~~~~~~~~UAG~~~~AATAAA~~~~~~~AAAAA mRNA 

5’ end 3’ end 

mRNA in cell 

Protein purified in lab and 
sequenced (Mass  
Spectrometry) or cDNA 
translated into protein 
computationally 

Sequences submitted to database 

Stop 
Codon 

polyA signal 
polyA tail 

Translation into protein 

Amino acids made  
from triplets of DNA  
(codons) 

Protein Met-Pro-Ala~~~~~~~~~~~~~~~~~~    ~~~ AA 
Start 
Codon 

* 



Searching the databases: How to find gene location 
BLAST  

(Basic Local Alignment Search Tool) 

Genomic DNA as query  
against the databases 

ATGCTAGGATCCGATTGCAAG!
CCTGAATCCGGCCTAATTTAC!
GGTATGGGTCCAATAGGGACC!
AATGGCAGTTAGATATCGTAG!
ATCGTGGGACAGTAGGATAAG!
ATAGCAGATAGACAGTAAGAC!
ATGATAGACGATAGATACAGA!

Pattern matching to 
millions of sequences 
in the databases 

BLAST results 
and alignment 



Conservation: 
GAPDH gene coding exons 



Conservation: 
TCEB2 gene 

Coding exons 

Conserved 
regions 

5’ end 3’ end 



AAAAAA 

ESTs 

Genomic sequence 

Protein 

Making the transcript from evidence: 

Analysis pipeline 

Gene structure 

cDNAs 

Sequences from  
databases 

Annotation 



Mutually exclusive 

Skipped exon 

Retained intron 

Alternative splice donor 

Alternative splice acceptor 

Alternative first exon 

Alternative final exon 

Reference model 

Alternative Splicing 



GPR56:  
Human G protein-coupled receptor 56 gene 



Do we know how many genes there are? 

21,224  15,962  14,427  

21,638    6,875    5,510   

25,120    4,556       224  

  Coding  Non-coding     Pseudogene
  



Non-coding genes: 

microRNAs:  Under 200 residues  
  Highly conserved signature 
  Imported from Rfam database  

Long non-coding RNAs: 
(lncRNAs)  Over ~ 200 residues 

  Not highly conserved between species 
  Manually annotated 
  Some very well-known e.g. Hotair (HOX antisense intergenic RNA) 
  Many others not yet characterised 
    



GENE2-AS1 

GENE2-UA1 

GENE2-OT1 

GENE1-IT1 

GENE 1 (Coding) GENE 2 (Coding) 

GENE1-AS1 

GENE2-AS2 

GENE2-AS3 

antisense strand 

lincRNA 

GENE2-GENE1-AS1 

sense strand 5’ 

5’ 

lncRNAs 



GAS5: growth arrest-specific 5 (non-protein coding) 

intronic snoRNAs 



Unprocessed 

Duplication 

Reverse transcription and re-
integration into genome 

AAAAAA 

Processed 

AAAAAA 

* * **

Havana pseudogenes 

Disruption to coding sequence and stop codons 





Genome browsers include Vega genes:  
GENCODE geneset: 



Genome browsers include Vega genes:  
GENCODE geneset: 



Genome browsers include Vega genes:  
GENCODE geneset: 



Linked loci 

ATP50 

DONSON 

CRYZL1 ~300kb 



HOXA gene cluster 

Human chr 7p15.2 Mouse chr 6qB3 

HOXA11AS 

HOTAIRM1 

Long non-coding transcripts are conserved across species and 
regulate expression of HOX genes 
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