
International Nucleotide Sequence Database Collaboration:
The main repositories of ‘finished’ sequence span a wide range of 
organisms, representing the many priorities of scientists worldwide.
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Sequence Read Archive: Houses 
raw data from next-generation 
sequencers. Dominated by human 
sequence, including multiple 
coverage for more than 170 people.

Trace Archive: Developed to 
house the raw output of high- 
throughput sequencers built in
the late 1990s, the trace archive 
spans a wide range of taxa.

DNA SEQUENCES BY TAXONOMY
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e The Trace archive, started in 2000, 
houses raw sequence data, and 
currently holds 1.8 trillion base pairs.
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J. Craig Venter
diploid genome4

First drafts of two composite 
haploid human genomes1,2

Human Genome Project 
completed3

Two Korean males including 
Seong-Jin Kim9,10, Stephen 
Quake11, another cancer 
genome12, George Church, a 
Yoruban female, another 
male13, and four others14–16

A glioma cell line17, Inuk18, 
!Gubi and Archbishop 
Desmond Tutu19, James 
Lupski20, and a family of four21

James Watson5, a woman with 
acute myeloid leukemia6,
a Yoruba male from Nigeria7 
and the first Asian genome8

AUTOMATED SANGER SEQUENCING: 
Based on a decades-old method, at the 
peak of the technique, a single machine 
could produce hundreds of thousands of 
base pairs in a single run.

SEQUENCING BY LIGATION:
This technique employed in SOLiD and 
Polonator instruments uses a different 
chemistry from previous technologies 
and samples every base twice, reducing 
the error rate.

454 PYROSEQUENCING:
Released in 2005, 454 sequencing is  
considered the first ‘next-generation’ 
technique. A machine could sequence 
hundreds of millions of base pairs in a 
single run.

SEQUENCING BY SYNTHESIS:
Other companies such as Solexa (now 
Illumina) modified the next-generation, 
sequencing-by-synthesis techniques 
and can produce billions of base pairs 
in a single run.

Whole Genome Shotgun Sequence

Gene sequence stored in

international public databases

THIRD-GENERATION SEQUENCING: 
Companies such as Helicos BioSciences 
already read sequence from short, single 
DNA molecules. Others, such as Pacific 
Biosciences, Oxford Nanopore and Ion 
Torrent say they can read from longer 
molecules as they pass through a pore.

Page size by
comparison

The Sequence Read Archive (SRA) houses raw data from 
next-generation sequencing and has grown to 25 trillion base 
pairs.  If this chart were to accommodate it, it would stretch to 
more than 12 metres — twice the height of an average giraffe.
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At the time of the announcement of the first drafts of the 
human genome in 2000, there were 8 billion base pairs of 
sequence in the three main databases for ‘finished’ sequence: 
GenBank, run by the US National Center for Biotechnology 

Information; the DNA Databank of Japan; and the European Molecu-
lar Biology Laboratory (EMBL) Nucleotide Sequence Database. The 
databases share their data regularly as part of the International Nucle-
otide Sequence Database Collaboration (INSDC). In the subsequent 
first post-genome decade, they have added another 270 billion bases 
to the collection of finished sequence, doubling the size of the database 
roughly every 18 months. But this number is dwarfed by the amount of 
raw sequence that has been created and stored by researchers around 
the world in the Trace archive and Sequence Read Archive (SRA). 
See Editorial, page 649, and human genome special 
at www.nature.com/humangenome

1. Venter, J. c. et al. Science 291, 1304–1351 (2001). 
2. International human Genome Sequencing 

consortium Nature 409, 860–921 (2001). 
3. International human Genome Sequencing 

consortium Nature 431, 931–945 (2004).
4. Levy, S. et al. PLoS Biol. 5, e254 (2007). 
5. Wheeler, d. A. et al. Nature 452, 872–876 (2008).
6. Ley, T. J. et al. Nature 456, 66–72 (2008). 
7. Bentley, d. r. et al. Nature 456, 53–59 (2008). 
8. Wang, J. et al. Nature 456, 60–65 (2008).

9. Ahn, S.-M. et al. Genome Res. 19, 1622–1629 
(2009). 

10. Kim, J.-I. et al. Nature 460, 1011–1015 (2009). 
11. pushkarev, d., Neff, N. F. & Quake, S. r. Nature 

Biotechnol. 27, 847–850 (2009). 
12. Mardis, e. r. et al. N. Engl. J. Med. 10, 1058–1066 

(2009).
13. drmanac, r. et al. Science 327, 78–81 (2009).
14. McKernan, K. J. et al. Genome Res. 19, 1527–1541 

(2009). 

15. pleasance, e. d. et al. Nature 463, 191–196 (2010). 
16. pleasance, e. d. et al. Nature 463, 184–190 (2010). 
17. clark, M. J. et al. PLoS Genet. 6, e1000832 (2010).
18. rasmussen, M. et al. Nature 463, 757–762 (2010).
19. Schuster, S. c. et al. Nature 463, 943–947 (2010). 
20. Lupski, J. r. et al. N. Engl. J. Med. doi:10.1056/

NeJMoa0908094 (2010). 
21. roach, J. c. et al. Science doi:10.1126/

science.1186802 (2010).

The graphic shows all published, fully sequenced hu-
man genomes since 2000, including nine from the first 
quarter of 2010. Some are resequencing efforts on the 
same person and the list does not include unpublished 
completed genomes.
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