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Abstract: Bacterial chromosomes are partly shaped by the functional requirements for effi cient replication, which lead to 
strand bias as commonly characterized by the excess of guanines over cytosines in the leading strand. Gene structures are 
also highly organized within bacterial genomes as a result of such functional constraints, displaying characteristic position-
ing and structuring along the genome. Here we analyze the gene structures in completely sequenced bacterial chromosomes 
to observe the positional constraints on gene orientation, length, and codon usage with regard to the positions of replication 
origin and terminus. Selection on these gene features is different in regions surrounding the terminus of replication from 
the rest of the genome, but the selection could be either positive or negative depending on the species, and these positional 
effects are partly attributed to the A-T enrichment near the terminus. Characteristic gene structuring relative to the position 
of replication origin and terminus is commonly observed among most bacterial species with circular chromosomes, and 
therefore we argue that the highly organized gene positioning as well as the strand bias should be considered for genomics 
studies of bacteria.
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Introduction
Replication of bacteria with circular chromosomes start from a well-defi ned origin (ori), and the rep-
lication forks progress bidirectionally on the two replichores until both forks meet at the replication 
terminus (ter), usually located directly opposite of ori to maintain a physical balance (Rocha, 2004a; 
Rocha, 2004b). The asymmetrical replication machinery between that of the leading strand and that of 
the discontinuous replication in the lagging strand results in different mutational biases (Frank and 
Lobry, 1999; Lobry and Sueoka, 2002). This strand compositional asymmetry is known as the GC skew 
from the computational study of complete genome sequences, which shows an excess of G over C in 
the leading strand that abruptly shifts its polarity at ori and ter when this compositional bias is plotted 
along one strand of the chromosomal sequence (Arakawa et al. 2007a; Lobry 1996; Lobry and Louarn, 
2003). The degree of GC skew generally correlates with the strength of replicational selection; for 
example, GC skew is either not evident or only weakly represented in intracellular parasites and in 
Cyanobacteria, which have a long doubling time in the order of hours to days (Kowalczuk et al. 2001; 
Salzberg et al. 1998; Worning et al. 2006). Fast growing bacterial species have minimal doubling time 
of less than one hour, and the functional requirement to conduct a highly effi cient replication process 
exerts notable selectional pressures on the chromosomal organization of bacterial genomes, in addition 
to this compositional asymmetry. These functional constraints affect the orientation of several over-
represented signal oligonucleotides, including the RAG motif recognized by the FtsK translocase, to 
locate the dif site in the ter region for the chromosomal dimer resolution by XerCD recombinase 
(Hendrickson and Lawrence, 2006; Levy et al. 2005; Pease et al. 2005; Perals et al. 2001; Perals et al. 
2000), and the Chi sequence recognized by the RecBCD exonuclease/helicase for the recombinational 
repair of stalled replication forks (Arakawa et al. 2007b; Kowalczykowski et al. 1994; Uno et al. 2000; 
Uno et al. 2006).

Replicational selection also controls the organization and structures of genes. Genes are preferentially 
co-oriented in the direction of replication (i.e. preferentially located in the leading strand; 55% in 
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Escherichia coli, 54% in Haemophilus infl uenzae, 
and 74% in Bacillus subtilis) (McLean et al. 1998), 
especially for essential genes (Rocha and Danchin, 
2003), and transcription units and operons tend to 
be longer in length when located in the leading 
strand (Omont and Kepes, 2004; Price et al. 2005). 
These coding preferences are partly attributed to 
the head-on collision of DNA and RNA polymer-
ases when the replication fork reaches a highly 
transcribed gene in the lagging strand, which either 
slows the movement of the replication fork or 
interrupts the transcription of essential genes 
(Brewer, 1988; Liu and Alberts, 1995; Price et al. 
2005). Fast growing bacteria often have multiple 
rounds of replication to compensate the limitation 
in the maximal rate of the DNA polymerases, and 
since this results in dosage effects near the origin 
of replication, transcription and translation genes 
are preferentially located near ori, in the leading 
strand (Couturier and Rocha, 2006). Coupled with 
the G + C composition at the third codon position 
(GC3), the codon usage of genes is also reported 
to be affected by the polarity of genomic composi-
tion, especially by the A + T enrichment near ter 
(Daubin and Perriere, 2003).

In this work, we analyzed the genomes of 300 
bacterial species with circular chromosomes for 
the genomic organization of gene length, orienta-
tion, and codon usage bias relative to the positions 
of ori and ter, in order to understand the effects of 
gene positioning within the genome. As a result, 
this selection on the gene structures was commonly 
observed in most bacterial species, displaying 
characteristic organizations that are different in 
regions surrounding ter but not necessarily pro-
portional to the distance from ter. We therefore 
suggest that the genomic studies of the gene struc-
tures should consider the background effects of the 
genomic positions.

Methods

Sequences and software
Complete genome sequences in GenBank format 
were obtained from the NCBI RefSeq FTP reposi-
tory (ftp://ftp.ncbi.nih.gov/genomes/Bacteria/). In 
this study we have used 300 complete genome 
sequences of eubacteria that have circular chromo-
somes. All analyses were conducted using the 
G-language Genome Analysis Environment version 
1.6.4 (Arakawa et al. 2003; Arakawa and Tomita, 

2006). The positional coordinate system for the 
genomic sequence used in this work was set to 
originate at 0, unlike that of GenBank, which uses 
1 for the origin. Leading and lagging strands were 
defi ned from the locations of ori and ter, predicted 
using the maxima and minima of cumulative GC 
skew graphs with single base pair resolution (Frank 
and Lobry, 2000), or documented with experimen-
tal confi rmation where available (Freeman et al. 
1998): E. coli K12 MG1655 [GenBank: NC_
000913] at 3923499 and 1588799, H. infl uenzae 
[GenBank:NC_000907] at 602999 and 1517999, 
and B. subtilis [GenBank:NC_000964] at 0 and 
2016999, for ori and ter respectively.

Analysis of gene structures
Gene structures are controlled by various func-
tional requirements, and therefore contain consid-
erable number of constraints in addition to the 
replicational selection, which results in signal 
“noise” when observed relative to the distance from 
the origin. To level out local noise and to make the 
positional tendencies apparent, cumulative dia-
grams were utilized (Grigoriev, 1998). Gene ori-
entation was given a score of the ratio between the 
fraction of genes in the lagging strand over that in 
the leading strand (i.e. score � 1) when the gene 
was in the leading strand, and –1 when in the lag-
ging strand, in order to normalize the score to 
account for the different frequencies of genes in 
the two strands, and to enable effective cumulative 
plotting. Similarly, gene length was given a score 
of 1 when the length was longer than mean, and –1 
when shorter. For codon bias measures, cumulative 
sum of Codon Adaptation Index (CAI) (Sharp and 
Li, 1987) centered on the mean was calculated by 
subtracting the mean CAI value for all genes from 
the observed CAI value, so that the value is posi-
tive when greater than mean and negative when 
below (Daubin and Perriere, 2003), using the ref-
erence set of ribosomal genes. CAI measures the 
relative adaptiveness of the codon usage of a gene 
towards the reference set, and is mostly utilized to 
estimate the expressiveness of genes by using 
highly expressed genes such as the ribosomal genes 
as the reference set, and structuring of CAI is 
reported to be similar to other codon bias measures 
(Daubin and Perriere, 2003). Ribosomal proteins 
(only 71 genes in E. coli) were excluded for the 
cumulative plot of CAI, since they are used as the 
reference set and therefore results in extremely 
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high CAI values, and since they tend to be clustered 
within the genome and produce sharp local peaks 
that deform the cumulative graphs.

Verifi cation of the contribution of gene 
essentiality to strand bias
Gene essentiality is reported to be a major driving 
force for the strand bias of gene positioning in 
E. coli (Rocha and Danchin, 2003), and in order 
to test this contribution of essentiality on the four 
features of gene structure analyzed in this work, 
we have repeated the same analyses after removing 
the essential genes. Information about gene essen-
tiality was obtained from the Profi ling of E. coli 
Chromosome (PEC; http://www.shigen.nig.ac.jp/
ecoli/pec/) database, where a total of 250 essential 
genes including 234 essential protein-coding genes 
are listed based on comprehensive gene disruptions 
(Hashimoto et al. 2005).

Comparison with the degree of skew
To compare the results of the gene structure with 
the strength of mutational selection in leading and 
lagging strands, GC Skew Index (GCSI) was cal-
culated for all the available complete circular 
bacterial chromosomal sequences. GCSI quantifi es 
the strength of GC skew using the power spectrum 
of Fourier transform of the GC skew graph and the 
Euclidean distance between the peaks (Arakawa 
and Tomita, 2007).

Statistical assessment 
of the positional effects near ter
To test whether the distribution of the gene structures 
are different around the regions surrounding ori and 
ter, cumulative values were calculated with genes 
ordered according to their distances from ori. High-
est peak, either maximum or minimum depending 
on the greatest absolute distance from the baseline, 
was used as the parting position to divide the 
genome into two regions, one surrounding ori and 
the other surrounding ter. Distribution of the gene 
structures in these two regions were tested using the 
distribution of original values (as opposed to the 
cumulative value) with two-sided Welch two sample 
t-test, because equal distribution in these two regions 
could not be assumed. Difference of the distribution 
in the two regions were noted using three confi dence 
levels according to the p-values: * for p � 0.01, 
** for p � 0.001, *** for p � 0.0001.

Results and Discussion
Here we have analyzed the positional effects on 
the gene structure of bacterial chromosomes with 
regard to the distance of genes from the replication 
origin and terminus, in order to understand the 
replicational selection effects on the strand bias of 
gene structures. Cumulative graphs were utilized 
with statistical assessment for this purpose. Gene 
structural features, including the orientation, 
length, and expressiveness or codon usage, have 
been reported to be positively selected in the lead-
ing strand in several previous works (McLean et al. 
1998; Omont and Kepes, 2004; Price et al. 2005), 
and A-T enrichment near ter correlating with the 
cumulative CAI values was pointed out (Daubin 
and Perriere, 2003), but their comprehensive dis-
tribution pattern in the genome, which is the focus 
of this work, had not been reported.

Strand bias features were plotted as cumulative 
graphs originating from ori to ter to show the 
positional effects on gene structures. Graphs are 
shown for three species (Figs. 1–3, for E. coli, 
H.infl uenzae, and B.subtilis, respectively), in which 
the locations of ori and ter are experimentally 
identifi ed. Statistical information for 50 genomes 
out of 300 genomes (fi rst 50 ordered by their acces-
sion numbers) analyzed in this work is depicted in 
Table 1 (See Supplementary Information for com-
prehensive listing of the results for all 300 
genomes). Except for gene orientation in E. coli 
that did not show statistically signifi cant position-
ing, all of the other gene structures in the three 
genomes exhibited different distribution around 
ter compared with the distribution of the rest of 
the genome. No correlation between the gene 
structure and the distance from ori or ter was 
observed. These characteristic changes in distribu-
tion were observed throughout many bacterial 
species, most being highly signifi cant (marked *** 
for p � 0.0001). Gene essentiality is a major driv-
ing force of gene positioning and strand selection 
(Rocha and Danchin, 2003), but the removal of 
essential genes in E. coli had little effect on the 
overall shape of the cumulative graph, and since 
the majority of essential genes were located close 
to ori, the identifi ed region surrounding ter was 
not affected by this removal (Fig. 4).

In species where the distribution of certain 
gene structure was signifi cantly different from 
that of the rest of the genome (p � 0.01), genes 
were more oriented in the direction of replication 
near ter for 168 out of 255 (65.9%) genomes, 
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shorter near ter for 91 out of 161 (56.5%), CAI 
was below average for 147 out of 265 (55.5%), 
and enriched in A-T for 212 out of 271 (78.2%). 
Therefore, most genomes showed A-T enrichment 
near ter, but the characteristic distribution near 
ter was different among the analyzed genomes. 
For example, E. coli genome showed descending 
graphs in the signifi cant region near ter (Fig. 1 
b–d), but the region was enriched in G-C in 
H. infl uenzae (ascending, Fig. 2 d) even though 
other gene structures showed descending graphs 
(Fig. 2 a–c). Likewise, the graphs of CAI and 
GC3 were inversely shaped in B. subtilis (Fig. 3 
c–d), as indicated in previous studies (Daubin and 
Perriere, 2003). Nevertheless, most genomes 

showed different distribution patterns for the gene 
structures in the proximity of ter, mostly encom-
passing 5 to 40% of the genome. As indicated by 
the low p-values, distribution of gene structures 
in these regions surrounding ter was signifi cantly 
different from those of the whole genome. For 
example, average gene length in E. coli is 951.87 bp, 
but that around ter is 884.16 bp (972.50 bp for 
the rest of the genome). Average gene length in 
H. infl uenzae is 937.75 bp for whole genome and 
741.15 bp around ter (952.97 bp for the rest of 
the genome), and that in B. subtilis is 895.63 bp 
for whole genome and 687.86 bp around ter 
(910.20 bp for the rest of the genome). Similarly, 
gene orientation rate for the direction of replication 

Figure 1. Strand bias features of gene structures cumulatively plotted for E. coli. (a) Gene orientation, (b) Gene length, (c) CAI, and (d) 
GC3. The shaded area represents regions around ter where the distribution is shown to be signifi cantly different from that of the rest of the 
genome.
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in H. infl uenzae is 54.32% for whole genome and 
30.72% around ter (57.55% for the rest of the 
genome), and that in B. subtilis is 73.67% for 
whole genome and 78.99% around ter (69.31% 
for the rest of the genome). Signifi cant regions 
around ter were very limited in size (around 5%) 
for gene length in H. infl uenzae and B. subtilis, 
but even these limited regions lowered the aver-
age value for the rest of the genome (occupying 
95% of the genome). Therefore, genomic studies 
of the gene structures should carefully consider 
the positioning effects of genes on their properties 
especially around ter, and general observations 
using the entire genome may not be always suit-
able, considering these biased distributions.

Only the peak position of CAI and GC3 showed 
notable correlation: R2 values were 0.1376 for spe-
cies scoring p � 0.01 and 0.2728 for p � 0.001, 
and strong correlation of R2 = 0.6567 was observed 
for p � 0.0001. Lack of correlation suggests that 
the positional effects on gene length and orientation 
are independent of each other, and they are not the 
results of local GC content. Conversely, the strong 
correlation of the peak positions of CAI and GC3 
in most bacterial species indicates that the two 
properties are related. Change in the local GC 
content affects the frequencies of codons, and this 
is presumably the main cause for this correlation, 
as discussed in previous studies (Hooper and Berg, 
2003). Inverse correlation of CAI and GC3 in 

Figure 2. Strand bias features of gene structures cumulatively plotted for H. infl uenzae. (a) Gene orientation, (b) Gene length, (c) CAI, and 
(d) GC3. The shaded area represents regions around ter where the distribution is shown to be signifi cantly different from that of the rest of 
the genome.
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B. subtilis is also indicative of this effect of local 
GC content on CAI, since major codons in 
B. subtilis tend to have low GC3 (Sharp et al. 
1988). Expressiveness of genes should be further 
investigated if quantitative expression data 
becomes available for a large number of species, 
in order to validate whether the local GC content 
drives the mutational bias or the positioning of 
highly expressed genes drives the strand specifi c 
mutational bias.

Correlation of the peak position and GCSI val-
ues was not observed for any of the properties of 
the genes. GC skew is not evident in slow growing 
bacteria such as Cyanobacteria (Salzberg et al. 
1998), and replicational selection is partly 

attributed to the mutational bias in the leading and 
lagging strands (Kowalczuk et al. 2001). Differing 
distribution patterns near ter for the enrichment of 
AT and subsequently the corresponding change in 
CAI, as well as the changes in gene orientation 
percentage and average gene length, were observed 
commonly among most bacterial species analyzed 
in this work, indicating replicational selection on 
the gene structures. Selectional pressure of the 
replicational machinery around ter is presumably 
lower than around ori, and the peak position is 
indicative of the boundary up to which the replica-
tion selection is strong. GC skew results from a 
kind of strand-specific mutational bias and is 
compatible in most cases with a neutral and purely 

Figure 3. Strand bias features of gene structures cumulatively plotted for B. subtilis. (a) Gene orientation, (b) Gene length, (c) CAI, and 
(d) GC3. The shaded area represents regions around ter where the distribution is shown to be signifi cantly different from that of the rest of 
the genome.
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mutational hypothesis (Lobry and Sueoka, 2002), 
therefore the replicational selection acting on the 
four gene structural properties analyzed probably 
involve complex interplay of replication and tran-
scription other than the mutational bias.

The gene structures analyzed in this work are 
constrained by the selection exerted by the replica-
tion machinery, and thus are distributed differently 
around the regions surrounding ter. The reason for 
this selection requires further investigation, but 
possible explanations are suggested, for example, 
by the reduced requirements for effi cient replica-
tion around ter compared to ori, to avoid head-on 
collisions of DNA and RNA polymerases (Omont 
and Kepes, 2004), to ascertain effective expression 
(Price et al. 2005), and to make use of the dosage 
effects (Couturier and Rocha, 2006). Our results 
imply the importance of considering the highly 

selected region near ter in addition to the differences 
in the leading and lagging strands, since replica-
tional selection does not necessarily affect the 
entire leading strand, and the effect may be differ-
ent near ter. These positional effects within the 
genome should provide deeper insights into the 
structuring of the bacterial genome through repli-
cational selection in evolution.
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Table1

		

						Accession		Species		GCSI				GC3								CAI								Gene Length								Gene Orientation

														peak		position (%)						peak		position (%)						peak		position (%)						peak		position (%)

						NC_000117		Chlamydia trachomatis D/UW-3/CX		0.430				max		54.43		***				min		68.34		*				max		78.13						max		42.57

						NC_000853		Thermotoga maritima MSB8		0.079				min		32.37		***				max		70.41		***				max		38.14		*				max		78.11		***

						NC_000907		Haemophilus influenzae Rd KW20		0.076				min		79.16		***				max		77.44		***				max		94.06		**				max		88.81		**

						NC_000908		Mycoplasma genitalium G37		0.086				min		59.70		***				max		59.70		***				max		36.50						min		24.12

						NC_000911		Synechocystis sp. PCC 6803		0.009				min		39.89						max		80.19		*				max		84.27						min		14.39

						NC_000912		Mycoplasma pneumoniae M129		0.036				min		50.51		***				min		65.02						min		57.14						min		21.72		*

						NC_000913		Escherichia coli K12		0.098				max		78.01		***				max		73.54		***				max		78.00		***				max		15.93

						NC_000915		Helicobacter pylori 26695		0.112				max		51.06		***				max		69.25						min		77.65						min		77.77		*

						NC_000918		Aquifex aeolicus VF5		0.017				min		13.41		*				min		13.57						min		43.91						max		79.70

						NC_000919		Treponema pallidum		0.341				min		22.98		*				min		34.72		***				min		75.37						min		34.87		***

						NC_000921		Helicobacter pylori J99		0.106				max		42.44		***				max		72.34						min		36.73						max		50.27		*

						NC_000922		Chlamydophila pneumoniae CWL029		0.254				max		75.48		***				min		75.22		***				max		87.15		**				max		25.05

						NC_000962		Mycobacterium tuberculosis H37Rv		0.075				max		75.91		***				max		75.91		***				max		31.15		*				min		53.00

						NC_000963		Rickettsia prowazekii str. Madrid E		0.180				max		68.74		*				min		71.71		*				min		56.12						min		43.86

						NC_000964		Bacillus subtilis subsp. subtilis str. 168		0.312				max		67.51		***				min		67.16		***				max		94.57		***				min		56.34		***

						NC_002162		Ureaplasma parvum serovar 3		0.138				max		47.62		**				min		44.97		***				max		62.05						max		32.85

						NC_002163		Campylobacter jejuni		0.274				max		11.42		***				min		10.12		***				min		31.01						min		51.91		***

						NC_002179		Chlamydophila pneumoniae AR39		0.256				max		75.14		***				min		75.14		***				max		86.65		**				max		25.13

						NC_002488		Xylella fastidiosa 9a5c		0.371				max		80.68		***				max		35.83		**				max		33.42						max		35.85

						NC_002491		Chlamydophila pneumoniae J138		0.256				max		75.39		***				min		74.64		***				max		85.98		*				max		25.12

						NC_002516		Pseudomonas aeruginosa PAO1		0.113				max		20.58		***				max		21.66		***				min		64.54						min		15.05		*

						NC_002528		Buchnera aphidicola str. APS		0.090				max		41.30						min		31.94						min		34.51		*				max		43.62		***

						NC_002570		Bacillus halodurans C-125		0.406				max		46.09		***				min		39.25		***				min		87.60		**				min		71.23		***

						NC_002620		Chlamydia muridarum Nigg		0.456				max		67.27		***				min		67.26						min		89.03						max		41.20

						NC_002655		Escherichia coli O157:H7 EDL933		0.123				max		64.17		***				max		64.17		***				max		63.24		***				min		55.43		***

						NC_002662		Lactococcus lactis subsp. lactis Il1403		0.329				max		22.24		***				max		72.68		***				min		51.29		*				min		63.60		***

						NC_002663		Pasteurella multocida		0.140				max		48.08		***				min		25.52						max		6.98						min		48.29		***

						NC_002677		Mycobacterium leprae TN		0.225				min		42.64		**				min		56.22		***				max		30.95		*				min		60.91		***

						NC_002678		Mesorhizobium loti MAFF303099		0.050				min		34.22		***				min		34.22		***				min		83.12		*				min		71.00		*

						NC_002695		Escherichia coli O157:H7 str. Sakai		0.121				max		64.59		***				max		64.40		***				max		70.34		***				min		60.92		***

						NC_002696		Caulobacter crescentus CB15		0.049				max		51.62		***				max		50.29		***				min		26.01		*				min		69.82		***

						NC_002737		Streptococcus pyogenes M1 GAS		0.318				max		63.57		***				min		62.66						max		68.21						min		57.08		***

						NC_002745		Staphylococcus aureus subsp. aureus N315		0.402				max		36.21		***				min		57.55		***				min		69.73						min		75.95		***

						NC_002755		Mycobacterium tuberculosis CDC1551		0.077				max		76.05		***				max		76.05		***				max		23.40		*				min		53.00		*

						NC_002758		Staphylococcus aureus subsp. aureus Mu50		0.398				max		35.01		***				min		36.65		***				min		68.17		*				min		32.41		***

						NC_002771		Mycoplasma pulmonis UAB CTIP		0.051				min		50.19		*				max		84.49		*				min		56.20						max		64.30		***

						NC_002927		Bordetella bronchiseptica RB50		0.144				min		6.31		***				max		54.83		***				min		69.56						min		42.67		***

						NC_002928		Bordetella parapertussis 12822		0.141				min		23.55		***				min		33.35		***				min		82.73						min		49.91		***

						NC_002929		Bordetella pertussis Tohama I		0.050				min		34.98		***				min		5.24		**				min		29.14		*				min		36.53		***

						NC_002932		Chlorobium tepidum TLS		0.137				max		96.49						max		20.89		***				max		41.35						max		25.65

						NC_002935		Corynebacterium diphtheriae NCTC 13129		0.116				max		65.51		***				max		65.51		***				min		15.42		*				min		64.74		***

						NC_002936		Dehalococcoides ethenogenes 195		0.114				max		68.33		***				min		41.66		**				min		62.66						min		51.46

						NC_002937		Desulfovibrio vulgaris		0.205				max		71.57		***				max		69.38		***				max		31.29		**				min		57.14		***

						NC_002939		Geobacter sulfurreducens PCA		0.054				max		61.77		***				max		61.77		***				min		48.32						min		62.58		***

						NC_002940		Haemophilus ducreyi 35000HP		0.228				max		12.65		***				min		13.29		***				min		14.42		***				max		47.09		***

						NC_002942		Legionella pneumophila		0.227				max		68.52		***				min		69.85		***				min		38.44						min		89.76		***

						NC_002944		Mycobacterium avium		0.016				max		70.87		***				max		70.87		***				min		37.07		**				min		39.66		***

						NC_002945		Mycobacterium bovis AF2122/97		0.077				max		77.61		***				max		77.61		***				max		23.59		*				min		44.88

						NC_002946		Neisseria gonorrhoeae FA 1090		0.142				min		9.79		***				max		65.77		*				max		61.90						max		22.84		**

						NC_002947		Pseudomonas putida KT2440		0.129				max		54.39		**				max		54.26		***				min		61.02						max		32.53

						NC_002950		Porphyromonas gingivalis W83		0.042				max		62.83		***				max		62.34						max		20.68						max		37.80		***
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						Accession		Species		GCSI				GC3								CAI								Gene Length								Gene Orientation

														peak		position (%)						peak		position (%)						peak		position (%)						peak		position (%)

						NC_000117		Chlamydia trachomatis D/UW-3/CX		0.430				max		54.43		***				min		68.34		*				max		78.13						max		42.57

						NC_000853		Thermotoga maritima MSB8		0.079				min		32.37		***				max		70.41		***				max		38.14		*				max		78.11		***

						NC_000907		Haemophilus influenzae Rd KW20		0.076				min		79.16		***				max		77.44		***				max		94.06		**				max		88.81		**

						NC_000908		Mycoplasma genitalium G37		0.086				min		59.70		***				max		59.70		***				max		36.50						min		24.12

						NC_000911		Synechocystis sp. PCC 6803		0.009				min		39.89						max		80.19		*				max		84.27						min		14.39

						NC_000912		Mycoplasma pneumoniae M129		0.036				min		50.51		***				min		65.02						min		57.14						min		21.72		*

						NC_000913		Escherichia coli K12		0.098				max		78.01		***				max		73.54		***				max		78.00		***				max		15.93

						NC_000915		Helicobacter pylori 26695		0.112				max		51.06		***				max		69.25						min		77.65						min		77.77		*

						NC_000918		Aquifex aeolicus VF5		0.017				min		13.41		*				min		13.57						min		43.91						max		79.70

						NC_000919		Treponema pallidum subsp. pallidum str. Nichols		0.341				min		22.98		*				min		34.72		***				min		75.37						min		34.87		***

						NC_000921		Helicobacter pylori J99		0.106				max		42.44		***				max		72.34						min		36.73						max		50.27		*

						NC_000922		Chlamydophila pneumoniae CWL029		0.254				max		75.48		***				min		75.22		***				max		87.15		**				max		25.05

						NC_000962		Mycobacterium tuberculosis H37Rv		0.075				max		75.91		***				max		75.91		***				max		31.15		*				min		53.00

						NC_000963		Rickettsia prowazekii str. Madrid E		0.180				max		68.74		*				min		71.71		*				min		56.12						min		43.86

						NC_000964		Bacillus subtilis subsp. subtilis str. 168		0.312				max		67.51		***				min		67.16		***				max		94.57		***				min		56.34		***

						NC_002162		Ureaplasma parvum serovar 3 str. ATCC 700970		0.138				max		47.62		**				min		44.97		***				max		62.05						max		32.85

						NC_002163		Campylobacter jejuni subsp. jejuni NCTC 11168		0.274				max		11.42		***				min		10.12		***				min		31.01						min		51.91		***

						NC_002179		Chlamydophila pneumoniae AR39		0.256				max		75.14		***				min		75.14		***				max		86.65		**				max		25.13

						NC_002488		Xylella fastidiosa 9a5c		0.371				max		80.68		***				max		35.83		**				max		33.42						max		35.85

						NC_002491		Chlamydophila pneumoniae J138		0.256				max		75.39		***				min		74.64		***				max		85.98		*				max		25.12

						NC_002516		Pseudomonas aeruginosa PAO1		0.113				max		20.58		***				max		21.66		***				min		64.54						min		15.05		*

						NC_002528		Buchnera aphidicola str. APS (Acyrthosiphon pisum)		0.090				max		41.30						min		31.94						min		34.51		*				max		43.62		***

						NC_002570		Bacillus halodurans C-125		0.406				max		46.09		***				min		39.25		***				min		87.60		**				min		71.23		***

						NC_002620		Chlamydia muridarum Nigg		0.456				max		67.27		***				min		67.26						min		89.03						max		41.20

						NC_002655		Escherichia coli O157:H7 EDL933		0.123				max		64.17		***				max		64.17		***				max		63.24		***				min		55.43		***

						NC_002662		Lactococcus lactis subsp. lactis Il1403		0.329				max		22.24		***				max		72.68		***				min		51.29		*				min		63.60		***

						NC_002663		Pasteurella multocida subsp. multocida str. Pm70		0.140				max		48.08		***				min		25.52						max		6.98						min		48.29		***

						NC_002677		Mycobacterium leprae TN		0.225				min		42.64		**				min		56.22		***				max		30.95		*				min		60.91		***

						NC_002678		Mesorhizobium loti MAFF303099		0.050				min		34.22		***				min		34.22		***				min		83.12		*				min		71.00		*

						NC_002695		Escherichia coli O157:H7 str. Sakai		0.121				max		64.59		***				max		64.40		***				max		70.34		***				min		60.92		***

						NC_002696		Caulobacter crescentus CB15		0.049				max		51.62		***				max		50.29		***				min		26.01		*				min		69.82		***

						NC_002737		Streptococcus pyogenes M1 GAS		0.318				max		63.57		***				min		62.66						max		68.21						min		57.08		***

						NC_002745		Staphylococcus aureus subsp. aureus N315		0.402				max		36.21		***				min		57.55		***				min		69.73						min		75.95		***

						NC_002755		Mycobacterium tuberculosis CDC1551		0.077				max		76.05		***				max		76.05		***				max		23.40		*				min		53.00		*

						NC_002758		Staphylococcus aureus subsp. aureus Mu50		0.398				max		35.01		***				min		36.65		***				min		68.17		*				min		32.41		***

						NC_002771		Mycoplasma pulmonis UAB CTIP		0.051				min		50.19		*				max		84.49		*				min		56.20						max		64.30		***

						NC_002927		Bordetella bronchiseptica RB50		0.144				min		6.31		***				max		54.83		***				min		69.56						min		42.67		***

						NC_002928		Bordetella parapertussis 12822		0.141				min		23.55		***				min		33.35		***				min		82.73						min		49.91		***

						NC_002929		Bordetella pertussis Tohama I		0.050				min		34.98		***				min		5.24		**				min		29.14		*				min		36.53		***

						NC_002932		Chlorobium tepidum TLS		0.137				max		96.49						max		20.89		***				max		41.35						max		25.65

						NC_002935		Corynebacterium diphtheriae NCTC 13129		0.116				max		65.51		***				max		65.51		***				min		15.42		*				min		64.74		***

						NC_002936		Dehalococcoides ethenogenes 195		0.114				max		68.33		***				min		41.66		**				min		62.66						min		51.46

						NC_002937		Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough		0.205				max		71.57		***				max		69.38		***				max		31.29		**				min		57.14		***

						NC_002939		Geobacter sulfurreducens PCA		0.054				max		61.77		***				max		61.77		***				min		48.32						min		62.58		***

						NC_002940		Haemophilus ducreyi 35000HP		0.228				max		12.65		***				min		13.29		***				min		14.42		***				max		47.09		***

						NC_002942		Legionella pneumophila subsp. pneumophila str. Philadelphia 1		0.227				max		68.52		***				min		69.85		***				min		38.44						min		89.76		***

						NC_002944		Mycobacterium avium subsp. paratuberculosis K-10		0.016				max		70.87		***				max		70.87		***				min		37.07		**				min		39.66		***

						NC_002945		Mycobacterium bovis AF2122/97		0.077				max		77.61		***				max		77.61		***				max		23.59		*				min		44.88

						NC_002946		Neisseria gonorrhoeae FA 1090		0.142				min		9.79		***				max		65.77		*				max		61.90						max		22.84		**

						NC_002947		Pseudomonas putida KT2440		0.129				max		54.39		**				max		54.26		***				min		61.02						max		32.53

						NC_002950		Porphyromonas gingivalis W83		0.042				max		62.83		***				max		62.34						max		20.68						max		37.80		***

						NC_002951		Staphylococcus aureus subsp. aureus COL		0.420				max		35.98		***				min		38.49		***				min		67.22						min		33.37		***

						NC_002952		Staphylococcus aureus subsp. aureus MRSA252		0.381				max		34.33		***				min		54.19		***				max		27.79		**				min		31.77		***

						NC_002953		Staphylococcus aureus subsp. aureus MSSA476		0.427				max		36.01		***				min		55.92		***				max		22.11		***				min		33.89		***

						NC_002967		Treponema denticola ATCC 35405		0.103				max		68.20		***				min		65.69		***				max		30.14		***				min		48.30		***

						NC_002971		Coxiella burnetii RSA 493		0.156				max		53.37		***				min		45.85						min		36.62		***				min		55.67		*

						NC_002973		Listeria monocytogenes str. 4b F2365		0.308				max		67.50		***				min		68.05		***				min		55.53						max		30.60		**

						NC_002976		Staphylococcus epidermidis RP62A		0.321				max		54.40		***				min		30.62		***				min		59.26						min		55.10		***

						NC_002977		Methylococcus capsulatus str. Bath		0.173				max		39.35		***				max		39.35		***				min		50.99		**				max		81.54		**

						NC_002978		Wolbachia endosymbiont of Drosophila melanogaster		0.058				min		99.97						max		20.77		*				max		59.16						max		33.73		**

						NC_003028		Streptococcus pneumoniae TIGR4		0.330				max		82.15		***				min		62.28		*				max		58.58						min		45.53		**

						NC_003030		Clostridium acetobutylicum ATCC 824		0.696				max		30.95		***				min		33.25		***				max		64.26		***				min		66.83		***

						NC_003047		Sinorhizobium meliloti 1021		0.055				max		59.73		***				max		59.96		***				max		38.34		**				min		35.75		*

						NC_003098		Streptococcus pneumoniae R6		0.336				max		81.70		***				min		59.50		*				min		86.91						min		46.37		*

						NC_003103		Rickettsia conorii str. Malish 7		0.156				min		16.23		*				max		15.85		*				max		30.86		*				min		10.31		*

						NC_003116		Neisseria meningitidis Z2491		0.138				min		14.56		***				min		13.94						min		13.80		*				max		81.44		*

						NC_003143		Yersinia pestis CO92		0.109				max		37.69		***				max		79.03		***				max		51.80						max		23.89		***

						NC_003197		Salmonella typhimurium LT2		0.167				max		71.52		***				max		42.38		***				max		77.24		***				max		85.64		***

						NC_003198		Salmonella enterica subsp. enterica serovar Typhi str. CT18		0.153				max		74.98		***				max		54.95		***				max		70.30		***				max		88.96		**

						NC_003210		Listeria monocytogenes EGD-e		0.307				max		65.43		***				min		65.96		***				min		54.86						max		29.73		***

						NC_003212		Listeria innocua Clip11262		0.316				max		61.27		***				min		40.36		***				min		86.79						max		20.46		***

						NC_003228		Bacteroides fragilis NCTC 9343		0.269				min		55.30		***				max		56.75		***				max		50.66		***				max		89.00		***

						NC_003272		Nostoc sp. PCC 7120		0.009				min		97.70		*				min		64.29						min		76.92						max		10.06		***

						NC_003295		Ralstonia solanacearum GMI1000		0.084				min		15.93		***				min		15.93		***				min		60.18						min		58.61		***

						NC_003361		Chlamydophila caviae GPIC		0.266				max		62.61		**				max		21.38		*				min		42.04						max		49.97

						NC_003366		Clostridium perfringens str. 13		0.815				max		20.82		**				max		60.36		*				max		59.64						max		75.03		*

						NC_003450		Corynebacterium glutamicum ATCC 13032		0.109				max		60.91		***				max		78.62		*				max		77.41						min		17.79		*

						NC_003454		Fusobacterium nucleatum subsp. nucleatum ATCC 25586		0.198				max		21.29		***				min		21.22		***				max		73.07						max		58.12		***

						NC_003485		Streptococcus pyogenes MGAS8232		0.323				max		64.70		***				min		64.01						max		30.47		*				min		61.05		**

						NC_003869		Thermoanaerobacter tengcongensis MB4		0.590				min		65.07		***				max		76.32		***				max		38.15						min		34.51		***

						NC_003902		Xanthomonas campestris pv. campestris str. ATCC 33913		0.080				max		55.50		***				max		63.15		***				min		71.63		*				min		81.46		***

						NC_003909		Bacillus cereus ATCC 10987		0.649				max		51.07		***				max		64.77		***				max		75.02		***				min		57.14		*

						NC_003910		Colwellia psychrerythraea 34H		0.142				min		99.07						max		68.29		***				max		95.82		*				min		80.74		***

						NC_003912		Campylobacter jejuni RM1221		0.256				max		44.56		***				min		9.71		***				min		58.67						min		45.15		***

						NC_003919		Xanthomonas axonopodis pv. citri str. 306		0.085				max		46.21		***				max		74.82		***				min		79.58						max		88.73		***

						NC_003923		Staphylococcus aureus subsp. aureus MW2		0.420				max		35.73		***				min		55.68		***				max		22.05		*				min		73.88		***

						NC_003997		Bacillus anthracis str. Ames		0.673				max		46.74		***				max		63.14		***				max		41.15		*				min		53.84		***

						NC_004061		Buchnera aphidicola str. Sg (Schizaphis graminum)		0.109				min		25.01						max		30.91		*				min		34.62		*				max		43.38		***

						NC_004070		Streptococcus pyogenes MGAS315		0.323				min		8.39		***				max		34.54		*				max		37.58		*				min		57.93		***

						NC_004088		Yersinia pestis KIM		0.148				max		57.44		**				max		71.04		***				max		54.39						min		46.44		*

						NC_004113		Thermosynechococcus elongatus BP-1		0.008				min		83.68						min		5.10		**				min		22.19		*				max		48.46

						NC_004116		Streptococcus agalactiae 2603V/R		0.404				max		30.06		**				max		51.58		*				min		60.56		***				min		52.32

						NC_004129		Pseudomonas fluorescens Pf-5		0.162				min		67.35		***				max		43.59		***				min		78.10		***				max		67.67		***

						NC_004193		Oceanobacillus iheyensis HTE831		0.369				max		47.46		***				min		48.97		***				min		20.14		*				min		80.85		***

						NC_004307		Bifidobacterium longum NCC2705		0.009				max		48.03		*				max		84.93		**				min		10.58		***				min		35.63		***

						NC_004337		Shigella flexneri 2a str. 301		0.081				max		73.25		***				max		63.96		***				max		73.05		***				max		17.29

						NC_004344		Wigglesworthia glossinidia endosymbiont of Glossina brevipalpis		0.076				min		34.53						max		81.80						min		15.34		*				max		45.45		***

						NC_004347		Shewanella oneidensis MR-1		0.260				max		49.14		***				min		46.00		***				min		49.86						min		49.31

						NC_004350		Streptococcus mutans UA159		0.378				min		47.10		**				min		86.72						min		50.25		**				min		28.53		**

						NC_004368		Streptococcus agalactiae NEM316		0.407				min		64.70		***				max		55.32		**				min		52.72		*				min		58.44		***

						NC_004369		Corynebacterium efficiens YS-314		0.036				min		23.26		***				min		20.81		***				min		54.54						max		87.78		***

						NC_004431		Escherichia coli CFT073		0.111				max		73.51		***				max		72.85		***				max		77.82		**				min		60.14		***

						NC_004432		Mycoplasma penetrans HF-2		0.205				min		79.22		**				max		80.33		*				min		26.28		**				max		80.57		***

						NC_004461		Staphylococcus epidermidis ATCC 12228		0.324				max		50.54		***				min		43.50		***				min		66.30						min		50.61		***

						NC_004463		Bradyrhizobium japonicum USDA 110		0.040				min		36.45		***				min		39.41		***				min		37.18		***				min		38.56		***

						NC_004545		Buchnera aphidicola str. Bp (Baizongia pistaciae)		0.409				max		81.16						min		80.94						min		36.67		*				max		44.55		***

						NC_004547		Erwinia carotovora subsp. atroseptica SCRI1043		0.261				max		71.14		***				max		63.17		***				max		71.20		**				max		32.49		***

						NC_004551		Tropheryma whipplei TW08/27		0.048				max		48.71		***				max		88.76						min		82.95						min		61.45		***

						NC_004552		Chlamydophila abortus S26/3		0.253				max		51.32		**				min		50.03						min		42.64						max		51.27

						NC_004556		Xylella fastidiosa Temecula1		0.383				max		40.53		***				max		28.60		***				max		34.90		**				max		54.90		***

						NC_004557		Clostridium tetani E88		0.680				min		37.43		***				max		52.94		***				max		65.93						min		65.24		*

						NC_004567		Lactobacillus plantarum WCFS1		0.615				min		38.30		***				max		90.26		***				max		15.18		**				min		61.91		***

						NC_004572		Tropheryma whipplei str. Twist		0.048				max		51.15						min		48.23		**				min		65.09						min		61.08		***

						NC_004578		Pseudomonas syringae pv. tomato str. DC3000		0.095				max		98.96						min		38.06		**				min		72.22		*				min		41.23		***

						NC_004606		Streptococcus pyogenes SSI-1		0.332				min		8.40		***				max		42.95						max		37.62		*				min		57.59		***

						NC_004631		Salmonella enterica subsp. enterica serovar Typhi Ty2		0.148				max		74.27		***				max		72.66		***				max		74.37		***				max		83.29		**

						NC_004663		Bacteroides thetaiotaomicron VPI-5482		0.253				max		85.35		***				min		74.79		***				max		20.39		***				min		68.25		***

						NC_004668		Enterococcus faecalis V583		0.418				max		64.25		***				min		66.19		**				min		37.85						min		41.96		*

						NC_004722		Bacillus cereus ATCC 14579		0.682				max		46.71		***				max		61.86		**				max		24.52		**				min		53.22		***

						NC_004741		Shigella flexneri 2a str. 2457T		0.077				max		64.24		***				max		58.26		***				max		73.26		***				max		17.52		*

						NC_004829		Mycoplasma gallisepticum R		0.069				min		57.40						max		12.80						min		43.10						min		25.76		***

						NC_004842		Anaplasma marginale str. St. Maries		0.129				max		74.01		***				min		31.70						min		40.19		*				min		61.02		***

						NC_004917		Helicobacter hepaticus ATCC 51449		0.198				max		41.61		***				min		41.63		***				min		26.29						max		35.02		***

						NC_005027		Rhodopirellula baltica SH 1		0.200				max		80.54		***				max		79.01		***				max		78.84		***				min		35.60		**

						NC_005042		Prochlorococcus marinus subsp. marinus str. CCMP1375		0.085				min		20.20		***				max		23.21		***				max		35.47		***				max		23.37		*

						NC_005043		Chlamydophila pneumoniae TW-183		0.252				max		75.63		***				min		71.69		***				max		86.11		*				max		25.14

						NC_005070		Synechococcus sp. WH 8102		0.073				max		28.13		***				max		28.13		***				max		35.70		**				max		22.35		*

						NC_005071		Prochlorococcus marinus str. MIT 9313		0.219				max		54.82		***				max		54.95		**				max		41.86		***				min		70.52

						NC_005072		Prochlorococcus marinus subsp. pastoris str. CCMP1986		0.061				max		77.56		***				min		72.95		***				max		24.86		**				max		23.84		***

						NC_005085		Chromobacterium violaceum ATCC 12472		0.210				max		75.03		***				max		72.31		***				min		52.57		*				max		49.27

						NC_005090		Wolinella succinogenes DSM 1740		0.290				max		79.23		***				max		51.99		**				max		47.01						min		29.04		***

						NC_005125		Gloeobacter violaceus PCC 7421		0.006				max		44.74						max		44.73		*				max		66.44		*				min		18.62		*

						NC_005126		Photorhabdus luminescens subsp. laumondii TTO1		0.303				max		74.00		***				max		42.26		*				min		17.43		**				min		22.91		***

						NC_005295		Ehrlichia ruminantium str. Welgevonden		0.579				max		68.84		***				min		58.07		***				min		70.68						min		36.40		***

						NC_005296		Rhodopseudomonas palustris CGA009		0.084				max		37.20		***				max		37.20		***				min		41.08		*				min		20.49		***

						NC_005303		Onion yellows phytoplasma OY-M		0.043				max		31.33		**				min		17.82		**				max		55.39						max		44.81		***

						NC_005362		Lactobacillus johnsonii NCC 533		0.438				max		48.57		***				max		25.62						max		45.22						min		33.07		***

						NC_005363		Bdellovibrio bacteriovorus HD100		0.267				max		85.05		***				max		49.13		***				min		34.27						min		38.89		*

						NC_005364		Mycoplasma mycoides subsp. mycoides SC str. PG1		0.103				max		56.65		***				min		60.09		***				max		93.34						min		34.05		***

						NC_005773		Pseudomonas syringae pv. phaseolicola 1448A		0.120				max		24.18		***				max		80.04		***				min		69.87						min		42.42		***

						NC_005810		Yersinia pestis biovar Microtus str. 91001		0.042				max		31.90		***				max		52.12		*				max		69.86						max		39.15		***

						NC_005835		Thermus thermophilus HB27		0.047				max		65.43		*				max		65.93		**				min		57.92		**				max		54.60		***

						NC_005861		Candidatus Protochlamydia amoebophila UWE25		0.121				min		50.51		***				max		48.55		***				max		44.70		*				max		46.84

						NC_005945		Bacillus anthracis str. Sterne		0.669				max		46.76		***				max		63.04		***				max		44.41		*				min		53.86		***

						NC_005955		Bartonella quintana str. Toulouse		0.411				max		63.39		***				min		65.73		***				max		11.01						min		65.73		***

						NC_005956		Bartonella henselae str. Houston-1		0.397				max		45.73		***				min		45.65		***				max		21.69						min		67.71		***

						NC_005957		Bacillus thuringiensis serovar konkukian str. 97-27		0.655				max		48.82		***				max		69.56		***				max		73.12		***				min		54.85		***

						NC_005966		Acinetobacter sp. ADP1		0.192				max		42.54		***				min		39.59		***				max		25.41						max		20.20		*

						NC_006055		Mesoplasma florum L1		0.349				max		43.59		***				min		28.13		***				min		72.32						max		88.48

						NC_006085		Propionibacterium acnes KPA171202		0.169				max		54.53		***				max		66.21		***				max		68.62						min		69.67		***

						NC_006086		Streptococcus pyogenes MGAS10394		0.319				max		64.53		***				min		25.48		*				min		48.71						min		57.07		***

						NC_006087		Leifsonia xyli subsp. xyli str. CTCB07		0.019				min		32.34		***				min		33.96		***				min		56.65		***				min		35.36		***

						NC_006138		Desulfotalea psychrophila LSv54		0.298				max		53.45		***				max		13.01		**				min		50.09						max		41.35		*

						NC_006142		Rickettsia typhi str. Wilmington		0.161				max		69.94		***				min		69.94		**				max		25.14						min		46.43		***

						NC_006155		Yersinia pseudotuberculosis IP 32953		0.174				max		44.32		***				max		59.06		***				max		82.58		***				max		78.29		***

						NC_006177		Symbiobacterium thermophilum IAM 14863		0.135				min		21.54		***				min		21.54		**				max		75.77		*				min		82.39		***

						NC_006270		Bacillus licheniformis ATCC 14580		0.271				min		10.54		***				min		73.68		*				max		66.44		***				min		62.16		***

						NC_006274		Bacillus cereus E33L		0.659				max		47.94		***				max		64.08		**				max		72.65		**				min		54.45		***

						NC_006300		Mannheimia succiniciproducens MBEL55E		0.175				max		91.01		**				max		8.02		**				min		39.54		***				min		35.91		**

						NC_006347		Bacteroides fragilis YCH46		0.253				min		55.31		***				max		54.70		***				max		49.04		**				max		38.71

						NC_006360		Mycoplasma hyopneumoniae 232		0.019				max		13.12						min		25.12		*				min		68.44						max		60.90		***

						NC_006361		Nocardia farcinica IFM 10152		0.021				max		48.31		***				max		48.31		***				max		53.13		***				max		75.85		***

						NC_006368		Legionella pneumophila str. Paris		0.222				max		52.02		***				min		52.02		***				min		42.92		*				max		27.21		**

						NC_006369		Legionella pneumophila str. Lens		0.231				max		71.02		***				min		52.72		***				min		42.33						max		27.61		**

						NC_006370		Photobacterium profundum SS9		0.240				max		45.88		***				max		68.86		***				min		17.01		*				max		51.70		***

						NC_006371		Photobacterium profundum SS9		0.167				max		43.79		***				min		43.88		***				max		69.42		**				min		56.22

						NC_006448		Streptococcus thermophilus LMG 18311		0.319				min		15.51		***				min		74.08						max		83.43		*				min		9.75		***

						NC_006449		Streptococcus thermophilus CNRZ1066		0.317				min		15.37		***				max		42.62						max		80.63						min		9.61		***

						NC_006461		Thermus thermophilus HB8		0.041				max		94.22		***				max		64.76		***				min		56.11						max		56.03		***

						NC_006510		Geobacillus kaustophilus HTA426		0.410				min		35.72		***				min		35.67		***				min		39.32						min		62.34		***

						NC_006511		Salmonella enterica subsp. enterica serovar Paratyphi A str. ATCC 9150		0.167				max		83.56		***				max		54.06		***				max		52.95		*				max		70.39		***

						NC_006512		Idiomarina loihiensis L2TR		0.191				max		49.49		***				max		39.20						min		68.87						min		20.88

						NC_006513		Azoarcus sp. EbN1		0.080				max		68.03		***				max		65.07		***				min		14.40						min		45.02		***

						NC_006526		Zymomonas mobilis subsp. mobilis ZM4		0.148				max		81.85		***				min		15.01		***				min		45.50						max		51.34		**

						NC_006570		Francisella tularensis subsp. tularensis SCHU S4		0.255				max		51.72		***				min		34.56		***				max		56.58		**				max		47.43

						NC_006576		Synechococcus elongatus PCC 6301		0.022				max		55.61		***				max		52.91		*				min		51.86						max		55.75		*

						NC_006582		Bacillus clausii KSM-K16		0.324				min		16.11		*				min		37.57		***				max		59.09						min		51.26		***

						NC_006677		Gluconobacter oxydans 621H		0.259				max		82.79		***				max		82.78		***				max		41.35		*				min		14.40		*

						NC_006831		Ehrlichia ruminantium str. Gardel		0.574				max		77.32		***				min		77.76		***				min		77.76						min		34.30		***

						NC_006832		Ehrlichia ruminantium str. Welgevonden		0.583				max		77.36		***				min		59.24		***				min		43.22						min		33.54		***

						NC_006833		Wolbachia endosymbiont strain TRS of Brugia malayi		0.163				max		75.48		*				min		56.92		*				max		14.30						min		39.95		***

						NC_006834		Xanthomonas oryzae pv. oryzae KACC10331		0.066				max		95.08		*				min		25.08		**				min		55.30		**				max		60.17		***

						NC_006905		Salmonella enterica subsp. enterica serovar Choleraesuis str. SC-B67		0.161				max		73.31		***				max		70.40		***				max		76.77		***				max		85.14		**

						NC_006908		Mycoplasma mobile 163K		0.063				min		70.93						max		70.93		*				max		89.69						min		41.23		*

						NC_006958		Corynebacterium glutamicum ATCC 13032		0.104				max		61.50		***				min		23.79		*				min		11.66		*				min		18.45		*

						NC_007005		Pseudomonas syringae pv. syringae B728a		0.121				min		58.13		***				max		50.62		***				min		92.53		*				min		45.31		***

						NC_007086		Xanthomonas campestris pv. campestris str. 8004		0.083				max		44.97		***				max		71.41		***				min		76.63		*				max		48.00		**

						NC_007109		Rickettsia felis URRWXCal2		0.122				min		42.97						min		67.49						max		24.65						min		66.27

						NC_007146		Haemophilus influenzae 86-028NP		0.084				min		61.52		***				max		61.83		***				min		88.11		*				min		71.18		***

						NC_007164		Corynebacterium jeikeium K411		0.094				max		29.02		***				max		30.01		*				min		67.60						min		69.09		**

						NC_007168		Staphylococcus haemolyticus JCSC1435		0.280				max		47.28		***				min		43.42		***				min		63.84		**				min		60.44		***

						NC_007204		Psychrobacter arcticus 273-4		0.103				max		57.37		**				max		74.29		***				min		50.55		*				max		63.72		*

						NC_007205		Candidatus Pelagibacter ubique HTCC1062		0.119				max		77.40		**				min		56.86		**				min		85.36						min		63.43		***

						NC_007292		Candidatus Blochmannia pennsylvanicus str. BPEN		0.289				min		94.16						max		55.24						max		60.64						max		64.83		***

						NC_007294		Mycoplasma synoviae 53		0.033				min		21.93		**				max		81.10		*				min		58.26		*				min		58.26		*

						NC_007295		Mycoplasma hyopneumoniae J		0.021				max		15.73		**				min		16.11		***				max		33.00						max		40.55		**

						NC_007296		Streptococcus pyogenes MGAS6180		0.330				max		60.37		***				min		27.55		*				min		9.51		*				min		58.67		***

						NC_007297		Streptococcus pyogenes MGAS5005		0.306				min		8.65		***				min		51.33						max		71.25						min		61.06		***

						NC_007298		Dechloromonas aromatica RCB		0.199				max		54.14		***				max		56.43		***				max		66.70						max		65.64		***

						NC_007332		Mycoplasma hyopneumoniae 7448		0.027				max		16.68		**				min		16.86		***				max		32.88						max		41.45		**

						NC_007333		Thermobifida fusca YX		0.020				min		22.28		***				min		22.28		***				max		68.24		**				min		35.55		***

						NC_007335		Prochlorococcus marinus str. NATL2A		0.072				min		44.03		***				min		88.49		***				max		72.07		***				max		26.28		**

						NC_007350		Staphylococcus saprophyticus subsp. saprophyticus ATCC 15305		0.396				max		55.45		***				min		41.57		***				min		67.53		*				min		62.39		***

						NC_007354		Ehrlichia canis str. Jake		0.615				max		69.36		***				min		68.38		***				min		45.92						min		35.06		***

						NC_007356		Dehalococcoides sp. CBDB1		0.127				max		71.74		***				min		40.07		***				max		20.33						max		36.34		***

						NC_007384		Shigella sonnei Ss046		0.081				max		67.65		***				max		68.64		***				max		71.72		**				max		15.81		***

						NC_007404		Thiobacillus denitrificans ATCC 25259		0.042				max		58.45		***				max		58.49		***				max		26.56						min		56.08		**

						NC_007406		Nitrobacter winogradskyi Nb-255		0.089				max		37.66		***				max		37.50		***				min		72.82						min		60.05		***

						NC_007413		Anabaena variabilis ATCC 29413		0.011				min		25.07		*				max		68.26		*				min		22.63		**				min		42.99		*

						NC_007429		Chlamydia trachomatis A/HAR-13		0.427				max		69.11		***				min		62.93		*				max		78.04						max		42.19

						NC_007432		Streptococcus agalactiae A909		0.393				max		68.22		***				min		68.36		***				min		59.80		***				min		28.21		**

						NC_007484		Nitrosococcus oceani ATCC 19707		0.301				min		8.57		***				min		42.96		*				min		69.72		***				min		37.47		**

						NC_007492		Pseudomonas fluorescens PfO-1		0.108				max		72.20		***				max		63.62		***				min		60.62						max		70.96		***

						NC_007498		Pelobacter carbinolicus DSM 2380		0.336				max		61.09		***				max		50.22		***				max		24.42						min		76.36		***

						NC_007503		Carboxydothermus hydrogenoformans Z-2901		0.630				max		82.73		***				min		19.27		***				min		44.86		*				min		22.43		***

						NC_007508		Xanthomonas campestris pv. vesicatoria str. 85-10		0.087				max		76.19		***				max		91.64		***				min		51.91						max		83.23		***

						NC_007512		Pelodictyon luteolum DSM 273		0.114				max		60.59		***				max		65.79		***				min		31.24		*				max		41.92		***

						NC_007513		Synechococcus sp. CC9902		0.146				max		71.84		***				max		72.46		***				max		30.69		***				min		44.40		*

						NC_007514		Chlorobium chlorochromatii CaD3		0.123				max		48.64		***				max		41.01		*				min		54.86						max		35.10		***

						NC_007516		Synechococcus sp. CC9605		0.065				max		61.55		***				max		61.61		***				max		62.83		***				min		39.57		**

						NC_007517		Geobacter metallireducens GS-15		0.067				max		64.28		***				max		67.06		***				min		58.62						min		21.21		***

						NC_007519		Desulfovibrio desulfuricans G20		0.228				max		72.76		***				max		44.39		***				min		83.71						min		22.48		***

						NC_007520		Thiomicrospira crunogena XCL-2		0.432				max		48.43		***				min		50.89		***				max		54.47						min		46.73		***

						NC_007530		Bacillus anthracis str. 'Ames Ancestor'		0.674				max		46.74		***				max		63.14		***				max		41.15		*				min		53.84		***

						NC_007575		Thiomicrospira denitrificans ATCC 33889		0.151				max		26.78		***				min		26.78		***				min		47.47		*				max		67.56		*

						NC_007576		Lactobacillus sakei subsp. sakei 23K		0.407				max		14.28		***				min		64.37		*				max		59.21						min		16.53

						NC_007577		Prochlorococcus marinus str. MIT 9312		0.064				min		54.66						min		84.32		***				max		28.89		**				max		24.41		***

						NC_007604		Synechococcus elongatus PCC 7942		0.024				max		54.91		***				max		53.66		**				min		39.49		*				max		60.85		*

						NC_007606		Shigella dysenteriae Sd197		0.048				max		46.57		***				max		38.49		***				max		45.81		*				min		66.82		*

						NC_007613		Shigella boydii Sb227		0.035				max		70.76		***				max		66.27		***				max		66.22		***				max		17.00		***

						NC_007618		Brucella melitensis biovar Abortus 2308		0.128				max		60.85		***				max		34.79		***				max		26.98						min		55.50		*

						NC_007622		Staphylococcus aureus RF122		0.416				max		35.56		***				min		36.80		***				max		22.76		**				min		75.68		***

						NC_007624		Brucella melitensis biovar Abortus 2308		0.106				max		48.48		**				min		83.44		*				max		14.45						min		34.72

						NC_007626		Magnetospirillum magneticum AMB-1		0.066				max		35.96		***				max		36.04		***				max		89.98		***				min		41.31		***

						NC_007633		Mycoplasma capricolum subsp. capricolum ATCC 27343		0.156				max		74.76		***				min		74.76		***				min		75.88						max		46.80		*

						NC_007643		Rhodospirillum rubrum ATCC 11170		0.113				max		43.98						max		13.19		***				max		90.62		*				min		40.26		***

						NC_007644		Moorella thermoacetica ATCC 39073		0.140				max		21.45		***				max		21.62		***				min		14.47		**				max		87.14		***

						NC_007645		Hahella chejuensis KCTC 2396		0.372				max		47.06		***				max		15.13		***				min		45.45						min		50.34		***

						NC_007677		Salinibacter ruber DSM 13855		0.120				max		72.02		***				min		20.12		***				max		42.86						max		49.95		*

						NC_007705		Xanthomonas oryzae pv. oryzae MAFF 311018		0.068				max		38.88						min		25.15		*				min		38.76		**				max		77.50		***

						NC_007712		Sodalis glossinidius str. 'morsitans'		0.120				max		44.05		***				max		43.80		***				min		33.19						max		12.18		**

						NC_007716		Aster yellows witches'-broom phytoplasma AYWB		0.043				min		49.49		***				max		51.84		***				max		53.37						max		50.38		***

						NC_007722		Erythrobacter litoralis HTCC2594		0.028				min		15.81		***				min		15.78		***				max		26.86		*				min		81.95		**

						NC_007759		Syntrophus aciditrophicus SB		0.124				max		41.08		***				max		86.65		**				min		74.99		**				min		16.44		***

						NC_007760		Anaeromyxobacter dehalogenans 2CP-C		0.040				max		48.20		**				max		32.24		***				max		68.30		**				min		69.43		***

						NC_007761		Rhizobium etli CFN 42		0.061				max		35.92		***				max		34.49		***				max		39.94		**				min		30.12		***

						NC_007775		Synechococcus sp. JA-3-3Ab		0.007				max		96.70						min		61.72						max		21.95						min		31.54		*

						NC_007776		Synechococcus sp. JA-2-3B'a(2-13)		0.010				max		99.27						min		26.37						min		37.61						max		33.76

						NC_007777		Frankia sp. CcI3		0.057				min		44.41		***				min		27.07		***				max		73.61						min		17.96		***

						NC_007778		Rhodopseudomonas palustris HaA2		0.049				max		57.11		***				max		57.11		***				min		64.25						min		39.32		***

						NC_007793		Staphylococcus aureus subsp. aureus USA300		0.415				max		35.21		***				min		37.57		***				max		23.46		*				min		73.68		***

						NC_007794		Novosphingobium aromaticivorans DSM 12444		0.047				max		81.08		***				max		81.52		***				min		39.55		***				min		38.56		***

						NC_007797		Anaplasma phagocytophilum HZ		0.240				max		74.02		***				min		37.54		*				max		65.81						min		88.29		**

						NC_007798		Neorickettsia sennetsu str. Miyayama		0.215				max		76.47		***				min		39.29		**				min		19.61		**				min		18.96

						NC_007799		Ehrlichia chaffeensis str. Arkansas		0.579				min		99.94						min		53.38		***				min		66.63		*				min		35.08		***

						NC_007802		Jannaschia sp. CCS1		0.098				min		9.47		***				min		66.31		***				min		36.67		*				min		10.39		**

						NC_007880		Francisella tularensis subsp. holarctica		0.246				max		55.65		***				min		73.98		***				max		69.81		**				max		52.06		**

						NC_007899		Chlamydophila felis Fe/C-56		0.284				max		49.69		***				min		61.34						min		43.36						max		50.11		*

						NC_007907		Desulfitobacterium hafniense Y51		0.416				min		36.39		***				min		36.41		***				max		84.59		***				min		57.41		***

						NC_007908		Rhodoferax ferrireducens T118		0.065				max		40.36		***				max		35.54		***				min		18.08		***				min		18.12		**

						NC_007912		Saccharophagus degradans 2-40		0.447				max		71.00		***				max		54.54		***				min		24.64		**				min		42.28		***

						NC_007925		Rhodopseudomonas palustris BisB18		0.045				max		36.89		***				max		36.89		***				min		62.84						min		33.41		***

						NC_007929		Lactobacillus salivarius subsp. salivarius UCC118		0.597				max		41.15		***				min		41.88		**				max		31.04		*				min		32.18		***

						NC_007940		Rickettsia bellii RML369-C		0.108				max		45.48		*				min		81.68		*				max		43.62						max		48.40		*

						NC_007946		Escherichia coli UTI89		0.104				max		76.44		***				max		69.19		***				max		83.55		**				min		30.90		***

						NC_007947		Methylobacillus flagellatus KT		0.267				min		62.13		**				max		32.86		***				min		72.03						max		62.80

						NC_007948		Polaromonas sp. JS666		0.071				max		60.49		***				max		59.81		***				min		66.50		*				max		34.19		***

						NC_007954		Shewanella denitrificans OS217		0.231				max		56.40		**				min		49.93		***				min		59.08						max		10.68		***

						NC_007958		Rhodopseudomonas palustris BisB5		0.064				max		38.77		***				max		39.57		***				max		70.14						min		27.22		***

						NC_007963		Chromohalobacter salexigens DSM 3043		0.220				max		44.27		***				max		43.36		***				min		34.05						min		94.06		***

						NC_007964		Nitrobacter hamburgensis X14		0.063				max		33.41		***				max		33.17		***				max		73.39		*				min		53.37		***

						NC_007969		Psychrobacter cryohalolentis K5		0.103				max		35.85						max		50.85		**				min		60.75		**				max		69.94		***

						NC_008009		Acidobacteria bacterium Ellin345		0.032				min		69.57		***				min		69.57		***				max		18.36		***				min		82.04		***

						NC_008011		Lawsonia intracellularis PHE/MN1-00		0.266				min		95.93						max		95.50						max		28.12						min		95.50

						NC_008021		Streptococcus pyogenes MGAS9429		0.328				max		64.67		***				min		49.58						min		60.31						min		58.02		***

						NC_008022		Streptococcus pyogenes MGAS10270		0.329				max		60.49		***				min		28.18		*				min		11.83						min		55.06		***

						NC_008023		Streptococcus pyogenes MGAS2096		0.327				min		8.12		***				max		79.48		*				min		52.05						min		57.15		***

						NC_008024		Streptococcus pyogenes MGAS10750		0.295				min		8.87		***				min		84.59						max		31.24						min		56.87		***

						NC_008025		Deinococcus geothermalis DSM 11300		0.022				min		46.07		***				min		58.70		**				min		42.53		*				min		77.61		***

						NC_008027		Pseudomonas entomophila L48		0.106				max		88.55						max		62.62		***				min		81.64		*				max		69.37		***

						NC_008044		Silicibacter sp. TM1040		0.133				min		12.72		***				min		13.57		***				max		50.07						min		78.38		**

						NC_008048		Sphingopyxis alaskensis RB2256		0.053				max		47.85		***				min		14.00		***				max		21.40						min		23.71		***

						NC_008054		Lactobacillus delbrueckii subsp. bulgaricus ATCC 11842		0.144				max		68.95		***				max		81.02		***				min		49.10		*				min		31.56		***

						NC_008086		Helicobacter pylori HPAG1		0.097				max		66.32		***				max		79.10		*				min		29.80						min		51.36

						NC_008095		Myxococcus xanthus DK 1622		0.144				max		42.27		*				min		57.76		***				min		72.82		***				min		66.50		***

						NC_008146		Mycobacterium sp. MCS		0.019				max		53.96		***				max		53.96		***				max		95.76		**				min		54.21		***

						NC_008148		Rubrobacter xylanophilus DSM 9941		0.067				max		79.18		***				max		79.15		***				max		54.99		*				min		52.09		***

						NC_008149		Yersinia pestis Nepal516		0.180				max		44.29		***				max		50.02		*				max		44.17		*				max		22.76		*

						NC_008150		Yersinia pestis Antiqua		0.102				max		69.90		***				max		36.29		**				max		46.09		***				max		57.03		*

						NC_008209		Roseobacter denitrificans OCh 114		0.111				max		99.98						min		13.54		***				min		44.29						min		36.38

						NC_008228		Pseudoalteromonas atlantica T6c		0.150				max		45.51		***				max		65.31						min		74.46		*				min		25.79		*

						NC_008229		Helicobacter acinonychis str. Sheeba		0.119				max		63.51		***				min		56.64		**				min		28.47						min		57.57		***

						NC_008245		Francisella tularensis subsp. tularensis FSC 198		0.255				max		51.72		***				min		34.56		***				max		59.21		**				max		47.43

						NC_008253		Escherichia coli 536		0.098				max		79.32		***				max		74.99		***				min		30.39						min		32.25

						NC_008254		Mesorhizobium sp. BNC1		0.042				min		24.04		***				min		24.03		***				max		65.25						min		42.06		***

						NC_008258		Shigella flexneri 5 str. 8401		0.061				max		71.17		***				max		64.17		***				max		76.94		***				min		60.48

						NC_008260		Alcanivorax borkumensis SK2		0.543				max		64.65		***				max		54.70		**				min		62.74		**				min		62.89		***

						NC_008261		Clostridium perfringens ATCC 13124		0.810				min		66.52						max		66.98		***				max		56.97						max		69.58		**

						NC_008262		Clostridium perfringens SM101		0.753				max		21.67		*				max		61.30		**				max		60.85		*				max		73.08		*

						NC_008278		Frankia alni ACN14a		0.040				max		99.97						min		80.03		***				max		86.99		**				min		27.31		***
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