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We’ve been trying for a long time to 

determine how many genes we have



1,000,000 genes? 100,000 genes?



Estimates in Nature Genetics (2000)

• 28,000 - 34,000

• Based on alignments to pufferfish (Tetraodon 

nigroviridis)



Estimates in Nature Genetics (2000)

• Based on expressed sequence tag (EST) 

alignments to human chromosome 22



Estimates in Nature Genetics (2000)

• Based on assemblies of ESTs

• Extrapolated to whole human genome



Estimates in Nature Genetics (2000)

• Correction to avoid over-counting immunoglobulin 
ESTs

• 81,000 genes, based on assemblies of ESTs

• 57,000 genes, extrapolating from Chr 21 and 22



The gene count guessing game



Human genome paper I:

Nature 409(15 Feb 2001), 860-921

• 30,000 - 40,000 genes

• Large degree of uncertainty about total

• Number of distinct transcripts and proteins even less 
certain



Human genome paper II:

Science 291(16 Feb 2001), 1304-51

• 26,588 genes

• 12,000 additional 
“likely” genes based on 
similarity to mouse or 
other evidence



Human genome version 2.0:

Nature 431 (21 October 2004)

• 20,000 - 25,000 genes



How do we find genes?

• Ab initio gene finding

• Expressed sequence tags (ESTs)

• Full-length cDNA sequencing

• Alignment of protein sequences to 

genomic DNA

• Combining all the evidence together
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How do we find genes?

• Ab initio gene finding

• Expressed sequence tags (ESTs)

• Full-length cDNA sequencing

• Alignment of protein sequences to 

genomic DNA

• Combining all the evidence together



• View ab initio predictions and sequence 

alignments within a genome editor:

Apollo

Artemis
Annotation Station

Putting it all together manually



Putting it all together automatically

with JIGSAW



Science 306 (2004), 636-640.

Evaluating methods on 1% of the 

human genome: ENCODE



ENCODE

Gene finding

ASsessment

Project

(EGASP)

The GencodeDB Genome Browser. Fig. 2 from Guigo et al., Genome Biology 2006, 7(Suppl 1):S2.



From Guigo et al., Genome Biology 2006, 7(Suppl 1):S2

EGASP results: Exon prediction accuracy among 

28 different methods



Genefinding Method Sens Spec

AUGUSTUS-any 47.9 35.5

FGENESH++ 69.9 42.0

JIGSAW 72.6 65.9

PAIRAGON-any 69.5 61.3

AUGUSTUS-abinit 24.3 17.2

GENEMARK.hmm-A 15.2 3.2

GENEMARK.hmm-B 16.8 7.9

GENEZILLA 19.5 8.8

ACEVIEW 63.5 48.6

AUGUSTUS-EST 47.6 37.0

ENSEMBL 71.6 67.3

EXOGEAN 63.1 80.8

EXONHUNTER 21.9 6.3

PAIRAGON+NSCAN_EST 69.5 61.7

AUGUSTUS-dual 26.0 18.6

DOGFISH 10.8 14.6

MARS 33.4 24.9

NSCAN 35.4 36.7

SAGA 4.3 3.4

GENSCAN 15.5 10.1

KNOWNgene 77.0 72.7

TWINSCAN 22.3 20.2

EGASP results: overall gene accuracy



So, where are we now?



Ensembl genes

www.ensembl.org

• 21,774 “Known genes”

• 1,036 Novel genes

• 3,994 RNA genes

• 69,185 Genscan gene predictions

Let’s not forget pseudogenes
• 27,130 pseudogenes

• www.pseudogene.org



Current NCBI gene counts

www.ncbi.nih.gov

• Entrez Gene:

– 38,621 genes

– But this includes pseudogenes

• RefSeq: 

– 28,961 genes

– 31,784 transcripts



Feb. 26, 2007

18,290

16,008

51,388

19,360

32,028

1,708

Lesson:

Science isn’t 

decided by 

voting



So, we still don’t have a gene count

…and for many genes, we aren’t yet

sure of their exon-intron structure…

…so we aren’t giving up!

…and there are > 1000 other genomes

already complete or under way…



Thanks…

Mihaela Pertea

Brian Haas 

(Broad Institute)

Bill Majoros

(Duke Univ.)
Jonathan Allen

(LLNL)

Art Delcher



Evaluating Gene Predictions

Fig. 3 from Guigo et al., Genome Biology 2006, 7(Suppl 1):S2.


