Genome Update: length
distributions of sequenced
prokaryotic genomes
Genomes of the month
This month, four genomes from two
different species will be discussed. The
first organism, Rhodopseudomonas
palustris, is a metabolic ‘fox’, in that it can
do many different things. R. palustris is
one of the most metabolically versatile
bacteria known – it can grow utilizing
any one of the four modes of metabolism
that support life. In contrast, the three
different Prochlorococcus marinus isolates
are perhaps more like metabolic
‘hedgehogs’ in that they can do only one
thing, but they do it very well. P. marinus
requires only light, CO2 and inorganic
materials to live, and the three different
genomes reflect adaptation to different
ecological environments, in terms of
wavelength and intensity of available light.
R. palustris is a purple photosynthetic
bacterium, belonging to the
a-Proteobacteria. R. palustris can obtain
energy from light, inorganic compounds or
organic compounds, allowing survival and
growth under a wide range of conditions.
The genome of R. palustris strain CGA009
consists of a circular chromosome of about
5?46 Mbp in length, which is slightly below
the average size (5?6 Mbp) for free-living
a-Proteobacteria (see Fig. 1). The genome
encodes 4836 predicted genes (see http://
genome.ornl.gov/microbial/rpal/ for a
detailed list of genes), including all genes
necessary for growth with CO2 as the sole
carbon source; about 15 % of the genome
is devoted to transport (Larimer et al.,
2004). R. palustris is ideally suited for use
as a biocatalyst and it might be possible
to bioengineer this organism to produce
large amounts of H2 from plant biomass
(Larimer et al., 2004).
P. marinus is a dominant part of the
phytoplankton in oceans and is responsible
for a large fraction of photosynthesis
globally. The three P. marinus genomes
sequenced vary in size from 1?66 to
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2?41 Mbp, as shown in Table 1. The MED4
strain is adapted to high light intensities
and has the smallest genome of any known
oxygenic phototroph, whilst the MIT9313
strain is low-light adapted and has a larger
genome (Rocap et al., 2003). These two
strains represent isolates with the largest
evolutionary distance within the
Prochlorococcus lineage (Rocap et al., 2003).
P. marinus strain SS120 can grow in very
low light levels and as such represents an
organism adapted to the extreme edge of
an environmental niche (Dufresne et al.,
2003). It is interesting to step back and
have a look at these genomes from just
the point of view of examining their
differences in size. P. marinus strain
MIT9313 is almost half again as large as
the other two strains. Furthermore, the
P. marinus strain MED4 genome is about
three times smaller than the Gloeobacter
violaceus genome (Nakamura et al., 2003),
discussed in last month’s ‘Genome Update’
(Ussery, 2004), and is four times smaller
than the genome of the cyanobacterium
Anabaena nostoc (Kaneko et al., 2001).
To date, eight cyanobacterial genomes
have been sequenced (see http://www.
cbs.dtu.dk/services/GenomeAtlas/
show-kingdom.php?kingdom=Bacteria&
phyla=Cyanobacteria for the full list).
Method of the month – genome size
This month, the ‘method’ of genome
comparison is merely to have a look at
the distribution of sizes of microbial

genomes. This is the first in a series of
articles discussing each of the columns of
numbers in Table 1. Sequenced
prokaryotic genomes currently range in
size from 490 885 bp for the
Nanoarchaeum equitans genome to
9 105 828 bp for the Bradyrhizobium
japonicum genome. As can be seen for the
three Prochlorococcus genomes in Table 1,
even for different strains of the same
species, there can be considerable size
variation. This is true for other bacteria
as well; for example, Escherichia coli
genomes can vary in size by more than
1 000 000 bp (Ochman & Jones, 2000);
and the Bacillus cereus main chromosome
contains a 2?4 Mbp stable core, while the
remaining roughly 3 Mbp of the
chromosome are highly variable (Carlson
& Kolsto, 1994). Even within a given
isolate, quite a bit of variation can occur.
For example, the same clinical isolate of
Campylobacter jejuni (NCTC 11168)
differs in cell morphology, colonization
abilities and microarray expression
patterns, depending on the age of the
culture from which the bacteria is grown
(Gaynor et al., 2004).
Although there are indeed large variations
within prokaryotic genomes, in perspective,
the 20-fold size difference seen is quite
small, compared to the more than
1 000 000-fold size range found in
eukaryotic microbial genomes (McGrath
& Katz, 2004). Fig. 1 illustrates the genome
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Fig. 1. (a) Estimates of genome sizes, based on data from DOGS – Database of Genome Sizes (http://www.cbs.dtu.dk/
databases/DOGS/). Ranges for genomes from Drosophila, E. coli and P. marinus are shown, as discussed in the text. For
simplicity this figure includes one line for the kingdom Protoctista, which is defined as nucleated micro-organisms and their
descendants, exclusive of fungi, animals and plants (Margulis & Schwartz, 1998). (b) Size ranges of sequenced prokaryotic
genomes; ‘n’ is the number of sequenced genomes for the given phylum or group. The solid black lines refer to archaeal and
bacterial genomes, whilst the shaded areas refer to genomes within a specific phylum. Note that this scale is linear, as
opposed to the log scale in (a). M. acetivorans, Methanosarcina acetivorans.
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Table 1. Summary of the published genomes discussed in this Update
Note that the accession number for each chromosome is the same for GenBank, EMBL and the DNA DataBase of Japan (DDBJ).
Genome

Size (bp)

AT content (%)

rRNA operons

tRNAs

CDS

Accession no.

Rhodopseudomonas palustris CGA009
Prochlorococcus marinus MED4
Prochlorococcus marinus MIT9313
Prochlorococcus marinus SS120

5 459 213
1 657 990
2 410 873
1 751 080

35?0
69?2
49?3
63?6

2
1
2
1

49
38
44
40

4832
1716
2274
1882

BX571963
BX548174
BX548175
AE017126

size range for various types of organisms;
note that the genomes of microbial
eukaryotes vary in size from that of a small
bacterial genome (e.g. the 510 000 bp
Guillardia theta genome) to several
hundred times larger than the human
genome (e.g. the 670 000 000 000 bp
Amoeba dubia genome). For comparison,
the sizes of plant and animal genomes are
also included in Fig. 1. The range of sizes for
various Drosophila genomes are shown, as
well as the above-mentioned ranges for the
P. marinus and E. coli genomes.
Fig. 1(b) shows the sizes of sequenced
archaeal and bacterial genomes. Note that
the scale for this plot is linear. The results
are shown for all phyla containing three
or more genomes. Thus, for the archaeal
genomes, the (one) Nanoarchaeota
genome is not shown. Members of the
Actinobacteria have a wide range of genome
sizes, and include two large Streptomyces
genomes (8?7 and 9?0 Mbp). Surprising
(at least in our opinion) is the observation
that the Firmicutes have smaller genomes
(an average of about 2?6 Mbp) than the
Proteobacteria (average 4?1 Mbp).
Although there are 37 Firmicutes genomes
sequenced, the set chosen is still a bit biased,
and thus might not be a good reflection
of the genome size distribution actually
found in nature. As an example of this,
the d/e-proteobacterial genomes that
have been sequenced are fairly small in
size (average 1?8 Mbp), although the
genomes of some of the myxobacteria
(d-Proteobacteria) have been estimated to
be more than 12 Mbp long (Pradella et al.,
2002). This is a case where a bacterial
genome is longer than the eukaryotic
Schizosaccharomyces pombe genome (Wood
et al., 2002), with the bacteria encoding
perhaps twice as many genes. Members of
the a-Proteobacteria tend to have larger
genomes (perhaps masked by the common
occurrence of multiple chromosomes
http://mic.sgmjournals.org

and large plasmids in this subdivision of
organisms), and include R. palustris,
mentioned above, as well as the current
largest sequenced bacterial genome
(B. japonicum). On the other hand, the
alpha group also contains the reduced
Rickettsia genomes and is thought to be
the progenitor of mitochondria. It is
interesting to note that, in terms of the
‘minimal set of genes’ necessary for life,
this experiment has been performed
many times in the evolution of these
endosymbiotic genomes (Klasson &
Andersson, 2004).
In response to last month’s column, people
have asked about how our list of sequenced
genomes is obtained, since we have extra
genomes, in addition to the ones available
from EMBL or GenBank. Basically, the
genomes on our web page (http://
www.cbs.dtu.dk/services/GenomeAtlas/
show-kingdom.php?kingdom=
Bacteria&sortKey=DATESORT) reflect
those that are publicly available, either from
EMBL or from a genome sequencing centre
that is willing to allow us to download raw
unannotated sequence files. Currently there
are three places from which we download
information: the Sanger Institute (http://
www.sanger.ac.uk/Projects/Microbes/),
the US DOE Joint Genome Institute
(http://www.jgi.doe.gov/JGI_microbial/
html/index.html) and the University of
Oklahoma’s Advanced Center for Genome
Technology (http://www.genome.ou.edu/).
We would, of course, be delighted to
include more genomes from other
places – suggestions are welcome!
Next month, the ‘method’ of genome
comparison discussed will be the AT
content, which currently varies from
27?9 % for Streptomyces coelicolor to 77?5 %
for Wigglesworthia glossinidia, for the
sequenced prokaryotic genomes publicly
available. Obviously, the AT content is not
homogeneously distributed throughout the

chromosome and it is known, for example,
that promoter regions are in general more
AT-rich than the genome average (Pedersen
et al., 2000).
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