
DOI: 10.1126/science.286.5444.1443a 
, 1443a (1999); 286Science

  et al.Martijn Huynen,
Phylogeny of Prokaryotes
Lateral Gene Transfer, Genome Surveys, and the

 www.sciencemag.org (this information is current as of December 3, 2008 ):
The following resources related to this article are available online at

 http://www.sciencemag.org/cgi/content/full/286/5444/1443a
version of this article at: 

 including high-resolution figures, can be found in the onlineUpdated information and services,

 http://www.sciencemag.org/cgi/content/full/286/5444/1443a#otherarticles
, 11 of which can be accessed for free: cites 16 articlesThis article 

 3 article(s) on the ISI Web of Science. cited byThis article has been 

 http://www.sciencemag.org/cgi/content/full/286/5444/1443a#otherarticles
 4 articles hosted by HighWire Press; see: cited byThis article has been 

 http://www.sciencemag.org/cgi/collection/evolution
Evolution 

: subject collectionsThis article appears in the following 

 http://www.sciencemag.org/about/permissions.dtl
 in whole or in part can be found at: this article

permission to reproduce of this article or about obtaining reprintsInformation about obtaining 

registered trademark of AAAS. 
 is aScience1999 by the American Association for the Advancement of Science; all rights reserved. The title 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
 (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by theScience

 o
n 

D
ec

em
be

r 
3,

 2
00

8 
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://oas.sciencemag.org/RealMedia/ads/click_lx.ads/www.sciencemag.org/cgi/reprint/286/5444/1443a.pdf/791098334/Top1/sci/PDF-USB-10.1.08-12.31.08/USB_2008_10_01_copy_copy.raw/32363637336633393439333634323730?tw_country_code=US
http://www.sciencemag.org/cgi/content/full/286/5444/1443a
http://www.sciencemag.org/cgi/content/full/286/5444/1443a#otherarticles
http://www.sciencemag.org/cgi/content/full/286/5444/1443a#otherarticles
http://www.sciencemag.org/cgi/collection/evolution
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org


Lateral Gene Transfer, Genome
Surveys, and the Phylogeny of

Prokaryotes
Doolittle argued that to construct phy-
logenies, an organism should be regarded as
either less or more than the sum of its genes
(1). The argument is based on the observation
that gene phylogenies are rarely consistent
with one another because, among others, of
lateral gene transfer (LGT). Creating phylog-
enies from sequence data in which an organ-
ism is described exactly as the sum of its
genes is not, however, the only approach (2).
Rather than creating phylogenies based on
sequence identity for separate genes, this al-
ternative creates a distance-based phylogeny
at the genome level by comparing the fraction
of genes shared between genomes (2). The
resulting phylogeny (Fig. 1) of completely

sequenced genomes (for an overview, see
http://www.tigr.org/tdb/tdb.html) is remark-
ably similar to the phylogenies that are based
on 16S ribosomal RNA (3). Not only is the
trichotomy between Eukarya, Bacteria, and
Archaea present, but within each of these taxa
the clusters generally recognized as being
monophyletic and for which multiple ge-
nomes are available, all have high bootstrap
values (the Proteobacteria and their branch-
ing order, the Spirochaetales, the low (G1C)
Gram-positive bacteria, and the Euryarcha-
eota). This method does not resolve the major
branchings of the Bacteria, but neither do the
phylogenies based on sequences that do not
show LGT resolve this part of Bacterial phy-

logeny with a high degree of confidence.
LGT of genes that are not yet present in a

genome, and the parallel loss of orthologous
genes in distant phylogenetic branches, reduce
the phylogenetic pattern in the gene content.
We argue that the rate of these processes is not
so high as to preclude a phylogenetic view of
genome evolution. Genome phylogeny based
on gene content disregards the evolutionary his-
tory of genes. It is analogous to distance-based
phylogenies of sequences that disregard the or-
igin of amino acids. In the absence of a model
of sequence or genome evolution, such ap-
proaches have been shown to be very useful. In
discussions about genome phylogeny and gene
phylogenies, it is difficult to see the forest (ge-
nome phylogeny) for the trees (gene phylog-
enies) (4). Higher order approaches that are
complementary to gene phylogenies and that
stress the complete genome aspect and the re-
lations between the genes should be taken into
consideration (5).
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From the time that ribosomal RNA molecules
were first observed and described (1) until the
1970s, they were the only high molecular
weight cellular RNAs that could readily be
isolated. Historically, the great abundance of
these RNAs and the repetitiveness of their
genes, particularly in eukaryotes, made rDNA a
popular choice as the molecular yardstick for
determining evolutionary relationships between
diverse organisms. While the essential and un-
varying role of rRNA in protein synthesis has
become clear, it remains to be seen whether the
sequences of rRNA molecules should form the
basis for a “universal tree of life” (2).

W. F. Doolittle (3) highlighted that lack of
clarity in his review of the universal tree and
emphasized the problem posed by what ap-
pears to be rampant lateral gene transfer
(LGT), particularly among and between the
Archaea and Eubacteria. In so doing,

Fig. 1. Genome phylogeny based on gene content. A Fitch-Margoliash (6) tree was made from a
genome distance matrix. Distances were calculated based on the number of genes shared between
two genomes divided by the number of genes in the smallest genome. The number of shared genes
between two genomes is calculated using an operational definition of orthology. Two genes from
two genomes are considered orthologous when they have the highest significant level of pairwise
similarity to each other compared to their similarity to the other genes in each other’s genome.
Two genes can be orthologous to a single gene from another genome when their alignments do not
overlap [see (2)].
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