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I. Abstract

Haemophilus influenzae and Helicobater pylori are two of the most important human pathogenic bacterium. The life styles of the two bacteria are very different. H. influenzae is an obligate parasite that lives in human upper respiratory mucosa and can be cultivated only on rich media; whereas H. pylori is the major cause of stomach and duodenal ulcers and an early risk factor for gastric cancer. Furthermore, H. pylori represents an early branching of the proteobacterial lineage. Comparative genome analyses of these two protein products will reveal genes that are responsible for pathogenic features and genome evolution.

II. Introduction  

Complete genomes of 30 microbial species have been determined during the past five years. These results have revealed the remarkable amount of information on the physiology and evolution of microbial species, and should provide a revolutionary impact on the discovery of novel medicines for infectious diseases.

Microbial diversity related to emerging pathogens, which are becoming an increasing threat to public health, has attracted high attention.  Design of new antimicrobial agents and vaccines has become more urgent with the spread of antibiotic resistance in important human pathogens. Moreover, the whole-genome analysis of human pathogens has suggested that there are mechanisms for generating antigenic variation in proteins. But the diversity of the microbial world is largely unknown although the genetic, metabolic and physiological diversity of microbes is far greater than that found in plants and animals. Of course it is impossible and impractical to sequence every organism in existence. Understanding the comparative genomics of closely related organisms will provide information about biochemical diversity, virulence and pathogenesis, and the evolution of species.

III. Background & Significance

The 1.83 Mb sequence of Haemophilus influenzae chromosome, the first genome completed genome, has been reported ( Fleischmann 1995). Yet, of the 104 H. influenzae clones that exist, six cause about 80% of all human disease (Relman 1995). Approximately 42% of the Haemophilus genes are either orphans, not belonging to any established gene family, or are similar to genes of unknown function. Another well-known and probably one of the most common bacterial pathogens of humans, Helicobacter pylori, was also sequenced (Tomb 1997). Due to its characteristic enzyme which is crucial for its survival in a highly acidic environment, H. pylori can colonize the gastric mucosa and cause severe gastric disease. Moreover, results from the whole-genome analysis of other human pathogens have shown that there are mechanisms for generating antigenic variation expressed on the bacterial membrane surface. Experimental evidence has suggested that the evolution of antigenic proteins probably occurs in real time, as cell populations divide. Hence, the conventional antibiotic method faces its challenges. Short-term measures, such as chemical modification of existing antibiotics and development of inhibitors of resistance genes, will have an immediate impact on antibiotic therapy. However, it is evident that complete genome sequence information can be exploited in the design of new vaccines and antimicrobial compounds. For example, the identification of new vaccine candidates against serogroup B Neisseria meningitidis (MenB) was reported (Pizza 2000).

IV. Results & Discussion

A. Genome Comparisons. (See table 1)

Table 1. Functional Classification of H. influenzae and H. pylori
Gene Role
H. pylori 26695

H. influenzae KW20



Number of genes
percent out of1589 genes
Number of genes
percent out of1738 genes

Amino acid biosynthesis
42
2.64%
71
4.08%

Biosynthesis of cofactors, prosthetic groups, and carriers
57
3.58%
56
3.22%

Cell envelope
100
6.29%
102
5.86%

Cellular processes
126
7.29%
67
3.85%

Central intermediary metabolism
24
1.51%
43
2.47%

DNA metabolism
90
5.66%
91
5.23%

Energy metabolism
100
6.29%
143
8.22%

Fatty acid and phospholipid metabolism
25
1.57%
34
1.95%

Hypothetical proteins(conserved)
186
11.70%
351
20.10%

Hypothetical proteins(not conserved)
497
31.20%
237
13.60%

other categories
17
1.06%
19
1.09%

Protein fate 
41
2.58%
71
4.08%

Protein synthesis
99
6.23%
116
6.67%

Purines, pyrimidines, nucleosides and nucleotides
38
2.39%
50
2.87%

Regulatory functions
25
1.57%
64
3.68%

Transcription
10
0.62%
30
1.72%

Transport and binding proteins
88
5.53%
165
9.49%

Unknown function
24
1.51%
28
1.61%

· Most of the resources in this paper are from the TIGR Genome Research Center.
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Table 2. DNA molecular information

Name
Haemophilus influenzae KW20
Helicobacter pylori 26695

Type
chromosome
chromosome

Topology
circular
circular

Length (bp)
1830138
1667867

%A
31
30.3

%T
30.8
30.8

%C
19.1
19.6

%G
18.9
19.2

%A+T
61.8
61.1

%G+C
38
38.8

TIGR assigned genes
1738
1589

TIGE gene assigned a role category
1473
1068

Functional predictions were made for 84.75% of the H. influenzae gene products, but only for 67.21% of the H. pylori gene products. Notably, highly conserved regions may represent novel families of essential proteins. 

1. GC content:

Due to the long history of evolution, different bacterial species are with wide varieties of base composition, namely, GC content. The GC content within a species is very consistent. Closely related species are thought to have the similar GC content, although two different species have different GC content. Here, the %GC of H. pylori (38.87) is very closed to the one of H. influenzae (38.15%).

The table showing below is the “best protein hits” of %GC comparison of H. influenzae and H. pylori. Blast matches that have significantly different GC contents may indicate interesting evolutionary processes, such as horizontal gene transfer or strong selection. Thus, the characteristics of genomic content distinguish different species. In pathogenic strains, some of the GC islands carry virulence genes which code for toxins, adhesins, invasins or other virulence factors (Hacker et al., 1997). On the other hand, the similarity indicates these two species share common region of genome which may have come from a common ancestor.

Since DNA molecules have only four nucleotides, be careful when comparing sequence homology of two different species, the same DNA molecules may not indicate the sequence is inherited. They might happen to be identical due to random mutation. 

Table 3. “Best Protein Hits” of %GC comparison

Query Locus
%GC
5' end 
3' end 
Common Name
Match Locus
%GC
5' end
3'end

HI1393
26.44
1492682
1491783
Type II restriction endonuclease
HP1518
30.18
1594777
1594493

HI10966
36.88
1025416
1024853
hypothetical protein
HP0057
39.61
61619
61825

HI1697
29.96
1767535
1766765
lipopolysaccharide biosynthesis protein
HP0826
38.83
878363
879181

Hi1562
35.9
1632305
1632150
hypothetical protein
HP1098
42.87
1159591
1158722

HI0251
40.37
283920
283111
tonB protein
HP1341
42.34
1399888
1400742

HI0711
33.33
757717
758022
conserved hypothetical protein
HP0894
34.09
946611
946348

HI1375
28.48
1470440
1471345
hypothetical protein
HP0513
33.03
539973
541946

HI1392
30.64
1491799
1490873
modification methylase
HP1352
33.33
1413297
1412221

HI0252
34.69
284373
283933
biopolymer transport protein
HP1340
38.24
1399533
1399919

HI0450
37
473349
473077
virulence associated protein D
HP0315
33.69
330872
330591

HI0538
43.42
562930
562376
urease accessory protein
HP0070
40.78
74745
74236

HI1737
34.86
1814568
1814242
conserved hypothetical protein
HP1330
37.68
1391874
1391530

HI0253
34.67
284829
284380
biopolymer transport protein
HP1339
39.36
1399036
1399533

HI0537
46.56
562265
561684
urease accessory protein
HP0069
40.94
74210
73449

HI0513
26.13
530488
528935
modification methylase
HP0910
37.47
961488
962624

HI0535
26.13
530488
528935
urease accessory protein
HP0067
43.9
72818
72024

HI1041
44.44
560826
560044
modification methylase
HP0051
40.05
51097
50033

HI1005
31.69
1105412
1106323
conserved hypothetical protein
HP0022
40.05
22717
21155

HI1454
31.6
1069855
1071411
cytchrome C-type biogenesis protein
HP0265
39.31
275250
275969

HI0708
35.68
1539151]
1538513
L-seryl-tRNA selenium transferase
HP1513
36.61
1587307
1588464

HI0216
39.26
753952
755334
type I restriction/modification spe
HP0790
35.58
846835
845543

HI0219
38.03
239215
238677
conserved hypothetical transmembrane
HP0565
41.71
597940
597296

HI0358
42.33
383075
383719
transcriptional activator, putative
HP1287
38.25
1363784
1363134

Hi1170
35.47
1241317
1240334
hypothetical protein
HP0293
36.26
309151
310827

HI1738
32.51
1815299
1814568
conserved hypothetical protein
HP1331
40.35
1392554
1391871

Hi1035
38.41
1099920
1100864
magnesium and cobalt transport protein
HP1344
37.63
1404859
1403906

HI0453
37.74
475494
474973
conserved hypothetical protein
HP0028
37.66
28901
29431

HI1470
38.08
1555803
1555045
iron chelatin ABC transporter, ATP-
HP0888
39.08
943114
942350

HI1272
37.14
1348468
1349256
ABC transporter, ATP-binding protein
HP0888
39.08
943114
942350

HI0336
42.81
363918
364508
molybdopeterin biosynthesis protein
HP0799
39.96
855873
855346

HI0417
42.92
439370
440047
thiamin-phosphate pyrophosphorylase
HP0843
42.16
895178
894522

HI0854
33.73
901404
902222
conserved hypothetical protein
HP0318
40.5
335143
334391

HI1186
41.47
1252616
1251732
dipeptide ABC transporter, permease
HP0300
45.61
318249
319103

HI0745
39.35
803249
804295
L-asparaginase II
HP0723
45.76
777473
776484

HI0135
39.06
149017
150204
conserved hypotheitcal transmembrane
HP1185
44.5
1255500
1254328

HI0536
44.44
561578
560904
urease accessory protein
HP0068
44.89
73417
72821

HI1187
40.54
1253632
1252634
dipeptide ABC transporter, permease
HP0299
44.11
317245
318246

HI0853
37.77
899649
901285
heme-binding lipoprotein
HP0298
41.23
315585
317231

HI0772
41.01
836029
834689
short-chain fatty acids transporter
HP0693
41.41
743083
744444

HI1455
37.68
1540224
1539166
peptide methionine sulfoxide reduct
HP0224
39.74
232467
233543
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There are several positions of GC contents in H. pylori 26695 different from those in H. influenzae , including the location of CAG pathogenicity islands; the regions 1050-1069 kb of transposases (HP0988, HP0989, HP0997, HP0998, HP1007), integrase/recombinase proteins (HP0995, HP0675), proteins regulating plasmid functions (HP1000, HP1006, HP1421); and the regions 1581-1613 kb of putative restriction /modification enzymes (HP1517, HP1521); outer membrane proteins (HP1512), and so on (Lio and Vannucci, 2000). 

Five regions within H. pylori genome with distinct GC content are shown in the paper of Tomb et al. in Science. Two of them contain one of more copies of the insertion sequence IS 605 flanked by a 5S ribosomal RNA sequence and a 521 bp repeat (repeat 7). The H. pylori 26695 contains a low GC content region located from 454-480kb, that is not present in the J99 strain. This region contains two homologues of VirB4 (HP0441, HP0459) that is implicated in bacterial conjugation (Dang et al., 1999), transposaes (HP0438, HP0437) and several hypothetical proteins. 

2. Identification of orthologus genes   


In order to compare the genome organization or metabolic pathways in H. pylori and H. influenzae, it is necessary to distinguish orthologs and paralogs among the genes of the bacteria.


To maintain function, orthologs are most likely to have maintained sequence conservation across different species. Thus, the ortholog to a given genome from a second genome is likely to be the protein that exhibits the greatest sequence similarity. Identification of orthologs is critical for reliable prediction of gene functions in newly sequenced genomes.

H. influenzae protein was considered to be the ortholog of a H. pylori protein if: firstly, it showed at least several higher similarity (extends to at least 60% ) to a given H. pylori protein than to any other H. influenzae protein;  secondly, for a group of proteins BLAST E values less than the rest of the search results ( E, the expected fraction of false positives, is smaller than 0.01) are usually considered evidence of orthologs; and thirdly, any two proteins from different lineages (here are H. pylori and H. influenzae) that belong to the same COG (Clusters of Orthologous Groups) are orthologs. 

Table 4. Functional Classification of H. pylori Orthologs in H. influenzae
Function Category
Number of H. pylori  Orthologs in H. influenzae
Percentage of H. pylori  Orthologs in H. influenzae

Amino Acid Biosynthesis
18
5.34%

Biosynthesis of Cofactors
14
4.15%

Cell Envelope
15
4.45%

Cellular Process
17
5.04%

Central Intermediary Metabolism
7
2.08%

DNA Metabolism
26
7.72%

Energy Metabolism
18
5.34%

Fatty Acid and Phospholipid Metabolism
12
3.56%

Hypothetical Protein (not conserved)
4
1.19%

Hypothetical Protein (Conserved)
35
10.39%

Other Categories
0
0

Protein Fate
24
7.12%

Protein Synthesis
64
18.99%

Purines, Pyrimidines, Nucleosides, and Nucleotides
18
5.34%

Regulatory Function
6
1.78%

Transcription
8
2.37%

Transport and Bindng Proteins
43
12.76%

Unknown Function
8
2.37%

Total Number of Orthologs
337
99.99%
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Altogether, not significant sequence similarity (similarity> 60%) to H. influenzae proteins is detected for H. pylori proteins; of these, 337 appeared to have a H. pylori ortholog. Most of the orthologs are in the categories of protein synthesis (including tRNA aminoacylation, ribosomal proteins, tRNA and rRNA base modification, and translation factors), transport and binding Proteins (including ABC transporter, ATP-binding protein, permease), and conserved hypothetical proteins. 

3. Level of Paralogy

Paralogs, due to gene duplication, may be involved in generating new functions. The level of paralogy, defined as the ratio of proteins that have paralogs to the total number of proteins, is lower in H. pylori than in H. influenzae- about one third of the H. influenzae proteins have paralogs, wheareas about one fifth of the H. pylori proteins have paralogs. This could be explained as genome size increases so do functional diversity and biochemical complexity. But since there are more unknown proteins in H. pylori than those in H. influenzae, more paralogs shall be detected in H. pylori in the future.  

Organism
Genome(Mbp)
ORF no.
Unknown no. (%)
Unique no. (%)

H. influenzae
1.83
1692
592 (35)
237 (14)

H. pylori
1.66
1657
744 (45)
539 (33)

Figures showing below are the “best protein hits” of level of paralogy. For detailed gene information please look at the table in index section. All the genes represented in the plot have a percent similarity above 40%. The genes along the diagonal in the plot are hypothesized to be recently duplicated. The largest paralogous family in H. pylori is the outer membrane proteins (TIGR H. plori paralogous gene families), in contrast to ATPase and GTPase with the “walker type” MTP-binding motif in H. influenzae (Tatusov et al., 1996). 

[image: image3.wmf]
[image: image4.wmf]
Horizontal gene transfer in prokaryotes can result in paralogs being present in the same genome. Horizontal mobility of operons that encode restriction-modification systems is probably the most compelling example of horizontal mobility of operons (Kobayashi et al., 1999). But there are also a lot of horizontally transferred operons, such as Urease distributed in H. pylori and H. influenzae.

In the study of differential genome display of H. pylori versus E. coli, H. influenzae (Bork et al., 1998), it is the first principle component that H. pylori reflects horizontal gene transfer. Biases in nucleotide frequencies and codon usage provide an important clue for detecting recent horizontal gene transfers into the genome (Medigue et al., 1991). Recently horizontally transferred genes are expected not to be involved in the core functions of the cell and to be relatively expendable. In H. pylori, the regions with deviating nucleotide frequencies can be related to pathogenicity, or are prophages and/or are rich in insertion sequences.  

Gene duplications can occur on a gene by gene basis, resulting in tandem repeats.  Eight repeat families (> 97% identity) varying in length from 0.47 to 3.8 kb were found in the H. pylori chromosome (Tomb et al., 1997). Repeat 1, 2, 3, and 6 are associated with genes that encode outer-membrane protein (OMP). 

4. Deducing H. pylori metabolism from protein sequence comparison
From the work done by Tatusov et al., of the proteins in H. influenzae that do not have orthologs in E. coli, a large fraction are involved in H. influenzae’s pathogenicity. These proteins include cell-surface lipopolysaccharides, virulence-associated factors, enzymes involved in the production of toxins, immunoglobulin proteases, virulence factors and homologs to the proteins present only in pathogenic species. 

Here I examined the functions of those H. pylori proteins that do not have orthologs in H. influenzae but have homologs in other organisms. Based on the COG database, orthologs of numerous genes that are involved in cell motility and chemotaxis in H. pylori (such as flih, flii, flip, flha, flhb, fliq, flir and flip) are missing from the genome of the non-mobile H. influenzae. Orthologs of the majority of proteins involved in, energy metabolism (such as electron transport, aerobic and anerobic), and transporson, are not detected in H. influenzae either. Species-specific genes can be derived if neither H. influenzae orthologs nor homologs to other organisms are detected, such as gene products of cag pathogenicity island and outer membrane. In the differential genome analysis between E. coli, H. influenzae and H. pylori done by Huynen et al. in 1998, 32 proteins in H. pylori homolous to H. influenzae but not to E. coli are mainly host interaction factors, like gene of the urease operon. HP 0068, H. pylori urease accessory protein has the highest similarity (89.40%) with HI0538, which is also a urease accessory protein in H. influenzae. That could also explain why H. pylori and H. influenzae are pathogens whereas E. coli is not. The only metabolic enzyme that H. pylori shared with H. influenzae and that has no homolog in E. coli is type II dehydroquinae (HP1038). More details will be discussed in the section of “essential genes in H. pylori”. 

Several features of metabolic pathways have been observed in H. pylori genome (Hughes et al., 1995; Mwnsz & Hazell 1995). First, H. pylori uses glucose as the sole carbohydrate source for substrate-level phosphorylation. The biosynthesis of peptidoglycan, phospholipids, aromatic amino acids, fatty acids and cofactors is derived from acetyl-CoA or from the intermediates in the glycolysis-gluconeogenesis pathways. The pyruvate ferredoxin oxidoreductase which catalyzes the transofrmation of pyruvate into acetyl-CoA, has no orthologs in E. coli and H. influenzae, but the orthologs in archaea and Thermotoga maritima have been observed. Interestingly, pyruvate kinase appeared in H. influenzae and E. coli is absent in H. pylori, In general, pyruvate kinase activity is most sensitive to changes in pH, K+ and Mg2+ concentrations compared to other glycolytic enzymes (Podesta et al, 1992). The analysis of degradative pathways, uptake systems and biosynthetic pathways for pyrimidine, purine suggests that H. pylori uses several substrates as nitrogen source. Proton translocation is mediated by NDH-1 dehydrogenase and the different cytochromes.  However, H. pylori is not able to use nitrate, nitrite, dimethylsulphoxide, trimethylamine N-oxide or thiosulphate as electron acceptors. In order to survive in the gastric environment, acid-tolerance is essential. A carboanhydrase (HP1186) and an amidase (HP0830) can play a role in increasing the local pH, while an arginase (HP1399) produces urea which in turn be used by urease to increase the local pH. Similar to H. influenzae, which lacks three enzymes in the TCA cycle- citrate synthase, isocitrate dehydrogenase and aconitase, the TCA cycle in H. pylori is incomplete and glyoxylate shunt is absent. 

5. Gene Shuffling in bacterial evolution

A comparison of the positions of the orthologous genes in the H. pylori and H. influenzae chromosomes clearly shows a lack of a long-range colinearity. 

Comparison of complete microbial genomes reveals a large number of conserved gene clusters - sets of genes that have the same order in two or more different genomes. Such gene clusters often represent an operon. A method to detect and analyze conserved gene pairs - pairs of genes that are adjacent in two or more bacterial genomes is used by TIGR. For each conserved gene pair, the probability that the genes below to the same operon is estimated. The algorithm takes into account several alternative possibilities. One is that functionally unrelated genes may have the same order due simply because they were adjacent in a common ancestor. Other possibilities are that genes may be adjacent in two genomes by chance alone, or due to horizontal transfer of the gene pair. According to the newly posted gene conserved clusters of H. pylori on the TIGR web site, there are 179 gene pairs located in the same operon; 75 of them (41.90%) have the homologous gene pairs in H. influenzae. Interestingly, most of those conserved gene pairs that show all homologies in H. influenzae genome are orthologous genes. This could explain to maintain essential gene functions among genomes, orthologs tend to keep the same gene orders. In contrast, that probably also means the extent of shuffling between bacterial genomes is related to the evolutionary distance separating bacterial species.

Note: Data not shown in this paper due to page limitation

B. Essential Genes in H. influenzae. 

Bacterial pathogens are heterotrophs; therefore, most of their import systems are used for the uptake organic compounds. Haemophilus "loves heme", more specifically it requires a precursor of heme in order to grow. Nutritionally, H. influenzae prefers a complex medium and requires preformed growth factors that are present in blood, specifically X factor (i.e., hemin) and V factor (NAD or NADP). Genome comparison of two respiratory pathogens, H. influenzae and M. pneumoniae, shows a marked diversification of transpoters (Fraser et al., 2000). H. inluenzae employs a battery of redundant processes that allow it to uptake amino acids, in contrast to M. pneumoniae encodes only three transporters with substrate specificity for amino acids. Notably, only the ammonia-dependent enzymes are present in H. influenzae, whereas the glutamine-dependent enzymes are missing. Evidences suggest that H. influenzae is adapted to growth in a nitrogen-rich environment.

Transport systems are available for the uptake of sugars, including glucose, fructose, galactose, ribose, xylose, and fucose, by phosphoenolypyruvate – phosphotransferase system (PTS), and by non-PTS mechanisms.

In the absent of complete TCA cycle, glutamate presumably serves as the source of carbon for biosynthesis of amino acids from precursors that branch from the TCA cycle.  

H. influenzae has a highly efficient DNA transformation system. Observations of genetic transformation H. influenzae have included drug resistance and synthesis of specific capsular antigens. The latter is thought to be the main determinant of H. influenzae. The DNA uptake sequence site, 5’ AAGTGCGGT, present in multiple copies in the genome (Fleischmann et al., 1995). Transformation in H. influenzae occurs by several different mechanisms and is more efficient than in enteric bacteria. Six of the fifteen genes involved in transformation, comprise an operon that is under positive control by palindromic competence regulatory element (CRE). When developing competence, the bacterium develops membranous "blebs" in the outer membrane that contain a specific DNA-binding protein. This outer membrane protein recognizes a specific 11-base pair sequence of DNA nucleotides that appears in H. influenzae DNA with much higher frequency than in other genera of bacteria. There is some evidence that H. influenzae is able to undergo both interspecies and intraspecies transformation in vivo (in host tissues). The restriction endonucleases from H. influenzae, e.g. Hind III, are widely used in biotechnology and in the analysis and cloning of DNA. 

The pathogenesis of H. influenzae infections is not completely understood, although the presence of the type b polysaccharide capsule is known to be the major factor in virulence. Encapsulated organisms can penetrate the epithelium of the nasopharynx and invade the blood capillaries directly. Their capsule allows them to resist phagocytosis and complement-mediated lysis in the nonimmune host. Nontypable (non- encapsulated) strains are less invasive, but they are apparently able to induce an inflammatory response that causes disease. 

Regarding pathogenicity and virulence, certain proteins can be examined, such as adhesins, lipo-oligosaccharide biosynthesis. The lipolysaccharide component of the outer membrane in H. influenzae lacks a long O-antigen chain (Zamze & Moxon, 1987).  These virulence-related genes contain tandem tetramer repeats that undergo frequent insertion and deletion of repeat units during replication. 

  Unusual feature is a direct repeat of 5432 nucleotides at positions 1410877-1416308 and 1544123-1549554, which contained 5 complete genes. The origin of this repeat remains unclear.

C. Essential Genes in H. pylori. 

All indications are that “ cag (cytotoxin-associated protein) pathogenicity island” (Censini et al., 1996) is the main virulence factor. This 40-killobase segment contains a set of accessory factors for secretion of the cytotoxins that damage the host gut ( Censini, et al. 1993). The region is flanked by insertion elements and is probably the result of horizontal gene transfer from some other organism. It includes at least 40 genes which are involved in different pathogenic processes including induction of inflammatory mediators in gastric epithelial cells and modification of intracellular signaling.

Vacuolating cytotoxin (VacA) induced the increase in the permeability of host epithelial cells, and its presence is associated epidemiologically with tissue damage and disease (Atherton et al., 1995).

The surface-exposed lipopolysaccharide (LPS) plays an important role in H. pylori pathogenesis. Two genes (HP0379, HP0651) are suggested to involve in LPS-Lewis (human Lewis x and Lewis y blood antigen) antigen molecular mimicry. 

 The most characteristic enzyme is a potent multisubunit urease that is critical for H. pylori’s survival at acidic pH and for its successful colonization of the gastric environment. It has been known that resident micororganisms in the stomach use enzyme urease to convert urea to ammonia and carbon dioxide (Kornberg & Davies 1995). Few other organisms can survive in such acidic environment, however, by using the urease activity to buffer the pH at the cell surface, H. pylori survives until it enters the mucus layer, a protective barrier against the high proton concentration. In the presence of twice as many of the basic amino acids arginine and lysine as proteins in other organisms, and in particular of the ammonia generated by urease, 

The biosynthesis of urease is governed by a seven gene cluster which includes the genes encoding the UreA (26.5 kDa) and UreB (60.3kDa) subunits of the urease and five accessory proteins which are responsible for Ni2+ uptake and insertion into the active site of the apo-enzyme (Labigne et al., 1991). 

H. pylori may use at least five different adhesins to attach to gastric epithelial cells, such as HpaA (HP0797) wsa previously identified as a lipoprotein in the flagellar sheath and outer membrane (Labigen & Reuse, 1996).  Two adhesins belong to the large family of outer membrane proteins. 

Like other pathogens, H. pylori required an iron-scavenging system for living in the host (Labigne & Reuse, 1996). Several systems have been reported. Some outer membrane proteins may also contribute to specific iron uptake, like HP1243 and HP0896,  which are important for host specificity and have been used for vaccine targets.


  H. pylori has two specialized export systems. One is associated with cag pathogenicity island and the other is the flagellar export pathway. Apparent missing in H. pylori are a type IV signal peptidase and orthologues of the dsbABC systems, which are required for maturation of pili and pilin-like structures and assembly of surface structures involved in virulence and DNA transformation (Strom, et al., 1994). The prokaryotic RNA polymerase, composed of a core enzyme (((2((() associated with a (-factor, is one of the best studied multisubunit enzymes. In H. pylori, the (- and (’-subunits are fused into a single polypeptide (RpoB). One of the two alternative ( –factors present in H. pylori, HP1032, is similar to the E. coli FliA protein (sigma 28), necessary for transcription of genes involved in flagellar biosynthesis (Liu & Matsumura, 1995). 

V. Conclusions


The comparison of the H. pylori and H. influenzae genomes reveals the functions encoded by homologous and non-homologous genes in each of them. H. pylori is a Gram-negative bacterium (Proteobacteria), so it is expected that most of its protein sequences resemble other Gram-negative bacteria such as E. coli and H. influenzae. Most of them do, but a considerable number have sequences that are most similar to other, more distantly related, bacteria. The gene content of H. pylori suggests that the basic mechanisms of replication, cell division and secretion, protein synthesis are similar to H. influenzae. A large amount of information that is important for pathogenicity, such as host interaction factors, is encrypted in the protein sequences. A detailed analysis of these sequences allows us to reconstruct the central metabolic pathways of H. pylori. Many examples show that H. pylori have greater sequence similarity to non-Proteobacteria in amino-acid biosynthesis, energy metabolism, translation and cellular process, such as  Dhs1 similar to Arabidopsis and TyrA resemble to B. subtilis (Tomb et al., 1997). 
Although urease seems significant to H. pylori, the possibility of rampant horizontal gene-transfer is discouraging for evolution biologists who intend to reconstruct the history of life on the basis of amino-acid sequence comparison (Doolittle et al.., 1996). It is frustrating not only because the genetic boundaries are ill-defined from highly conserved region of the enzyme urease, but also the plant (jackbean) sequence is 65% identical with the bacterial sequences used.  

The COG system is a convenient platform for a variety of evolutionary-oriented analyses of protein families. The genes of the pathogenic bacteria (H. influenzae and two mycoplasmas) are essentially subset of the two larger bacterial gene complements, E. coli and Synechocytis sp. The fact that proteins from the pathogenic bacteria are missing in many COGs most likely testifies to gene loss. Another obvious trend is the absence of proteins from pathogenic bacteria (H. influenzae, mycoplasmas) in many COGs in each functional category, especially in the metabolic functional classes. Probably the most important application of the COGs is functional characterization of newly sequenced genomes. In H. pylori, 813 proteins (51% of the gene products) from this bacterium were included in 453 pre-existing COGs and 143 new COGs. In spite of highly similar homologs from E.coli and other bacteria (Tomb et al., 1997), COG analysis produced over 100 additional functional predictions (Koonin) of H. pylori. 

This work is an attempt to deduce important aspects of bacterial metabolism and evolutionary relationship from a comparison of two genomes. To further reveal the distant of evolutionary relationships, analysis of structure is particularly advantageous for genome comparison. However, currently there are still a lot of limits to do protein structure comparisons. In addition, similarity in sequence is more closely related to similarity in structure than in function. Therefore, we should perform further experiments, such as protein-protein interaction, to verify some unclear gene roles. 

VI. Experimental Methods

A. Genome Subtraction 

By using the Clusters of Orthologous Groups (COG) database, which includes individual orthologous proteins or orthologous sets of paralogs from at least three lineages, species-specific proteins that might be used as potential drug targets can be indicated (Tatusov 1997; Koonin 1998). The phylogenetic pattern '-hu*****' denotes conserved proteins that are present both in H. influenzae and H. pylori genomes, but not in the related but much larger genome of E. coli (See http:// www.ncbi.nlm.nih.gov/cgi-bin/COG/readoganu?phy=-hu*****). In the current release of the COG databases, this pattern is found only in 17 protein families, five of which include urease and urease-accessory proteins, which are essential for acid tolerance in H. pylori and are known virulence factors (Montecucco 1999)

B. The Comprehensive Microbial Resource (CMR). 

Pairwise Alignments searching compares H. pylori proteins against all of the genomes in the CMR. Alignments were generated using praze (G. Sutton, unpublished) which produces an optimal gapped alignment using an implementation of the Smith-Waterman algorithm (J. Mol. Biol. (1981) 147, 195-197) which allows for frameshifts. The praze output displays codons stacked vertically above each translated amino acid of the query sequence. All query sequences were extended 300 nt at both ends to show possible upstream and downstream frameshifts or point mutations. 

See index for the complete gene role categories of H. pylori.

C BLAST 


For E value
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INDEX 

Cellular Processes








vs. H. influenzae




Locus
Function
Locus
identity
similarity (>60% blue)
NO orthologs in H. influenzae

Cell division






HP0331
Cell division inhibitor
no


COG2894

HP0749
cell division membrane protein
HI0770
0.257
0.515


HP0286
cell division protein
HI1335 HI1465
0.42
64.9% 60.1%


HP0748
cell division protein
HI0769 HI1549
37.6% 35.3%
62.4% 59.5%


HP0763
cell division protein
HI0768
0.466
0.676


HP1069
cell division protein
HI1465 HI1335
41.8% 43.6%
64.8% 64.8%


HP1090
cell division protein
HI1592
0.457
0.665


HP1556
cell division protein
HI0032 HI1132
30.1% 28.5%
50% 48.8%


HP1560
cell division protein
HI1137 HI0031
30.3% 28%
54.9% 54.1%


HP0978
cell division protein (ftsA) protein
HI1142
0.275
0.547


HP0332
cell division topological specificity factor
no


COG0851

HP0979
cell division protein
HI1143
0.416
0.622


HP1159
cell filamentation protein
HI0977
0.632
0.787









Chemotaxis and motility






HP0019
chemotaxis protein
no


COG0835

HP0393
chemotaxis protein
no


COG0835

HP0616
chemotaxis protein
no


COG0835

HP1067
chemotaxis protein
HI1379
0.35
0.607


HP0840
flaA1 protein
no


COG1086

HP0325
flagellar basal-body L-ring protein
no


COG2063

HP0351
flagellar basal-body M-ring protein
no


COG1766

HP0246
flagellar basal-body P-ring protein
no


COG1706

HP1557
flagellar basal-body  protein
no


COG1677

HP1092
flagellar basal-body rod protein
no


COG1749

HP1559
flagellar basal-body rod protein
no


COG1815

HP1585
flagellar basal-body rod protein
no


COG1749

HP1558
flagellar basal-body rod protein
no


COG1558

HP0684
flagellar biosynthesis protein
no


COG1338

HP1035
flagellar biosynthesis protein
no


COG1419

HP1041
flagellar biosynthesis protein
no


COG1298

HP0173
flagellar biosynthesis protein
no


COG1684

HP0685
flagellar biosynthesis protein
no


COG1338

HP0770
flagellar biosynthesis protein
no


COG1377

HP1419
flagellar biosynthesis protein
no


COG1987

HP0353
flagellar export protein
no


COG1317

HP1420
flagellar export protein ATP synthase
no


COG1157

HP0870
flagellar hook
no


COG1749

HP0908
flagellar hook
no


COG1749

HP1119
flagellar hook-associated protein 1
no


COG1256

HP0752
flagellar hook-associated protein 2
no


COG1345

HP0815
flagellar motor rotation protein
no


COG1291

HP0816
flagellar motor rotation protein
no


COG1360

HP0352
flagellar motor switch protein
no


COG1536

HP1031
flagellar motor switch protein
no


COG1868

HP0753
flagellar protein
no


COG1516

HP0327
flagellar protein G
no


COG1670

HP0797
flagellar sheath adhesin hpaA
no




HP0584
flagellar switch protein
no


COG1886

HP0601
flagellin A
no


COG1344

HP0115
flagellin B
no


COG1344

HP0295
flagellin B homolog
no


COG1344

HP1030
fliY protein
no


COG1776 COG1886

HP0392
histidine kinase
no


COG0643

HP0907
hook assembly protein, flagella
no


COG1843

HP0099
methyl-accepting chemotaxis protein
no


COG0840

HP0103
methyl-accepting chemotaxis protein
no


COG0840

HP0082
methyl-accepting chemotaxis transducer
no


COG0840

HP1274
paralysed flagella protein
no




HP0751
polar flagellin
no


COG1334

HP0391
purine-binding chemotaxis protein
no


COG0835

HP0232
secreted protein involved in flagellar motility
no




HP1192
secreted protein involved in flagellar motility
no




HP1462
secreted protein involved in flagellar motility
no


COG3187








Detoxification






HP1563
alkyl hydroperoxide reductase
no


COG0450

HP0875
catalase
no




HP0267
chlorohydrolase
no




HP0243
neutrophil activating protein(napA)
HI1349
0.326
0.563


HP0389
superoxide dismutase
HI1088
0.411
0.615


HP1452
thiophene and furan oxidizer
HI1002 HI0136
37.4% 30.9%
58.8% 61.7%









DNA transfomation






HP1378
competence lipoprotein
no




HP1361
competence locus E
no




HP0333
DNA processing chain A
HI0985
0.329
0.57


HP0042
trbl protein
no


COG2948

HP0441
VirB4 homolog
no











Toxin production and resistance






HP1431
16S rNA -dimethyltransferase
HI0549
0.355
0.523


HP1126
colicin tolerance-like protein
no




HP0606
membrane fusion protein
HI0894
0.242
0.458


HP0630
modulator of drug activity
HI0648
0.623
0.759


HP0428
phage/colicin/tellurite resistance cluster terY protein
no




HP1476
phenylacrylic acid decarboxylase
no




HP1165
tetracycline resistance protein tetA(P), putative
no




HP0887
vacuolating cytotoxin
no











Pathogenesis






HP0520
cag pathogenicity island protein
no




HP0521
cag pathogenicity island protein
no




HP0522
cag pathogenicity island protein
no




HP0523
cag pathogenicity island protein
no




HP0524
cag pathogenicity island protein
no


COG3505

HP0526
cag pathogenicity island protein
no




HP0527
cag pathogenicity island protein
no


COG2948

HP0528
cag pathogenicity island protein
no




HP0529
cag pathogenicity island protein
no




HP0530
cag pathogenicity island protein
no




HP0531
cag pathogenicity island protein
no




HP0532
cag pathogenicity island protein
no




HP0534
cag pathogenicity island protein
no




HP0535
cag pathogenicity island protein
no




HP0536
cag pathogenicity island protein
no




HP0537
cag pathogenicity island protein
no




HP0538
cag pathogenicity island protein
no




HP0539
cag pathogenicity island protein
no




HP0540
cag pathogenicity island protein
no




HP0541
cag pathogenicity island protein
no




HP0542
cag pathogenicity island protein
no




HP0543
cag pathogenicity island protein
no




HP0544
cag pathogenicity island protein
no




HP0545
cag pathogenicity island protein
no




HP0546
cag pathogenicity island protein
no




HP0547
cag pathogenicity island protein
no




HP0525
virB11 homolog
no


COG0630

HP0017
virB4 homolog
no




HP0459
virB4 homolog
no




HP0315
virulence associated protein D
HI0450
0.398
0.667


HP0967
virulence associated protein D
no




HP1248
virulence associated protein D
HI1733
0.332
0.545


HP0885
virulence factor mviN protein
HI0964
0.335
0.577









Adaptations to atypical conditions






HP1496
general stress protein
no




HP1483
gerC2 protein
no


COG2226

HP0927
heat shock protein
no




HP0280
heat shock protein B
no




HP1228
invasion protein
HI0901

0.621


HP0970
nickel-cobalt-cadmium resistance protein
HI0720
0.282
0.588


HP0432
protein kinase C-like protein
no




HP1444
small protein
HI0981
0.421
0.639


HP0930
stationary-phase survival protein
HI0702
0.426
0.664









Other 






HP0517
GTP-binding protein
HI1003
0.369
0.573


HP1086
hemolysin
no


COG1189

HP0599
hemolysin secretion protein precursor
no


COG0840















Cell Envelope






Surface structures






HP0410
putative neuraminyllactose-binding hemagglutinin homolog
no


















Biosynthesis of murein sacculus and peptidoglycan






HP0738
D-alanine: D-alanine ligase A
HI1140
0.281
0.492


HP0549
glutamate recemase
HI1739.2
0.303
0.523


HP0772
N-acetylmuramoyl-L-alanine amidase
HI0066
0.332
0.555


HP0597
penicillin-binding protein 1A
HI1725
0.349
0.57


HP1565
penicillin-binding protein 2
HI0032
0.35
0.556


HP0493
phospho-N-acetylmuramoyl-pentapeptide-transferase
HI1135
0.442
0.669


HP0743
rod shape-determining protein
HI0031
0.374
0.603


HP1372
rod shape-determining protein
HI0038
0.336
0.514


HP1373
rod shape-determining protein
HI0037
0.531
0.73


HP0645
soluble lytic murein transglycosylase
HI0829
0.3
0.502


HP1543
toxR-activated gene
HI0409
0.432
0.608


HP1544
toxR-activated gene
no




HP1155
transferase, peptidoglycan synthesis
HI1138
0.28
0.517


HP0740
UDP-MurNac-pentapeptide presynthetase
HI1134
0.242
0.458


HP1494
UDP-MurNac-pentapeptide presynthetase
HI1133
0.36
0.609


HP1418
UDP-N-acetylenolpyruvoylglucosamine reductase
HI0268
0.254
0.503


HP0648
UDP-N-acetylenolpyruvoylglucosamine reductase
HI1081
0.467
0.648


HP0623
UDP-N-acetylmuramate-alanine ligase
HI1139
0.373
0.587


HP0494
UDP-N-acetylmuramoylalanine-D-glutamate ligase
HI1136
0.311
0.527









Biosynthesis and degradation of surface polysaccharides and lipopolysaccharides






HP0003
3-deoxy-d-manno-octulosonic acid 8-phosphate synthetase
HI1557
0.447
0.628


HP0957
3-deoxy-d-manno-octulosonic acid transferase
HI0652
0.359
0.529


HP0858
ADP-heptose synthase
HI1526
0.434
0.651


HP1191
ADP-heptose-lps heptosyltransferase II
HI0261
0.361
0.607


HP0859
ADP-L-glycero-D-mannoheptose-6-epimerase
no




HP0855
alginate O-acetylation protein
no


COG1696

HP0326
CMP-N-acetylneuraminic acid synthetase
HI1279 HI0058
27.6% 26.7%
46.4% 50%


HP0230
CTp-CMP-3-deoxy-D-manno-octulosonate-cytidylyl-transferase
HI0058
0.362
0.576


HP1392
fibronectin/fibrinogen-binding protein
no


COG1293

HP0379
fucosyltransferase
no




HP0651
fucosyltransferase
no




HP0044
GDP-D-mannose dehydratase
no


COG1089

HP0867
lipid A disaccharide synthetase
HI1060
0.32
0.545


HP0805
lipooligosaccharide 5G8 epitope biosynthesis-associated protein
HI0550
0.349
0.538


HP0826
lipooligosaccharide 5G8 epitope biosynthesis-associated protein
HI1697
0.327
0.596


HP0159
lipooligosaccharide 1,2-glucosyltransferase
HI0258
0.259
0.491


HP0208
lipopolysaccharide 1,2-glucosyltransferase
no




HP1416
lipopolysaccharide 1,2-glucosyltransferase
no




HP0679
lipopolysaccharide biosynthesis protein
no




HP1475
lipopolysaccharide core biosynthesis protein
HI0651
0.466
0.726


HP0279
lipopolysaccharide heptosyltransferase-1
HI0261
0.258
0.493


HP0619
lipopolysacharide biosynthesis glycosyl transferase
no




HP1105
LPS biosynthesis protein
no




HP1578
LPS biosynthesis protein
no




HP1581
methicillin resistance protein
HI1716
0.268
0.526


HP0857
phosphoheptose isomerase
HI1181
0.472
0.663


HP1275
phosphomannomutase
no




HP1429
polysialic acid capsule expression protein
HI1678
0.46
0.663


HP0366
spore coat polysaccharide biosynthesis protein C
no


COG0399

HP0178
spore coat polysaccharide biosynthesis protein E
no


COG2089

HP0421
type 1 capsular polysaccharide biosynthesis protein J
no




HP0196
UDP-3-0-glucosamine N-acyltransferase
HI0915
0.355
0.528


HP1052
UDP-3-0-acyl N-acetylglosamine deacetylase
HI1144
0.446
0.678


HP1375
UDP-3-0-glucosamine acyltransferase
HI1061
0.414
0.596









Other






HP1450
60 kDa inner-membrane protein
HI1001
0.401
0.633


HP0180
apolipoprotein N-acyltransferase
HI0302
0.28
0.474


HP0175
cell binding factor 2
HI1004
0.305
0.52


HP0567
membrane protein
no




HP1456
membrane-associate4d lipoprotein
no




HP1564
outer membrane protein
HI0620
0.406
0.602


HP0009
outer membrane protein
no




HP0025
outer membrane protein
no




HP0079
outer membrane protein
no


COG3504

HP0127
outer membrane protein
no




HP0227
outer membrane protein
no




HP0229
outer membrane protein
no




HP0252
outer membrane protein
no




HP0254
outer membrane protein
no




HP0317
outer membrane protein
no




HP0324
outer membrane protein
no




HP0472
outer membrane protein
no




HP0477
outer membrane protein
no




HP0638
outer membrane protein
no




HP0671
outer membrane protein
no




HP0706
outer membrane protein
no




HP0722
outer membrane protein
no




HP0725
outer membrane protein
no




HP0796
outer membrane protein
no




HP0896
outer membrane protein
no




HP0912
outer membrane protein
no




HP0913
outer membrane protein
no




HP0923
outer membrane protein
no




HP1107
outer membrane protein
no




HP1113
outer membrane protein
no




HP1156
outer membrane protein
no




HP1157
outer membrane protein
no




HP1177
outer membrane protein
no




HP1243
outer membrane protein
no




HP1342
outer membrane protein
no




HP1395
outer membrane protein
no




HP1469
outer membrane protein
no




HP1501
outer membrane protein
no




HP0839
outer membrane protein P1
HI0401
0.24
0.422


HP1125
peptidoglycan associated lipoprotein precursor
HI0381
0.41
0.55


HP0955
prolipoprotein diacylglyceryl transferase
HI0904
0.346
0.575


HP0655
protective surface antigen D15
HI0917
0.275
0.47


HP1571
rare lipoprotein A
HI0030
0.376
0.591


HP0289
toxin-like outer membrane protein
no


vacA related protein

HP0610
toxin-like outer membrane protein
no


vacA related protein

HP0922
toxin-like outer membrane protein
no


vacA related protein








Protein Synthesis






tRNA aminoacylation






HP1241
alanyl-tRNA synthetase
HI0814
0.449
0.647


HP0319
arginyl-tRNA synthetase
HI1583
0.264
0.467


HP0617
aspartyl-tRNA synthetase
HI0317
0.473
0.661


HP0886
cysteinyl-tRNA synthetase
HI0078
0.408
0.62


HP0830
Glu-tRNA (Gln) amidotransferase, subunit A
no


COG0154

HP0658
Glu-tRNA (Gln) amidotransferase, subunit B
no


COG0064

HP0975
Glu-tRNA (Gln) amidotransferase, subunit C
no


COG0721

HP0476
glutamyl-tRNA synthetase
HI0274
0.413
0.615


HP0643
glycyl-tRNA synthetase, alpha subunit
HI0274
0.333
0.563


HP0960
glycyl-tRNA synthetase, alpha subunit
HI0927
0.601
0.734


HP0972
glycyl-tRNA synthetase, beta subunit
HI0924
0.336
0.536


HP1190
histidyl-tRNA synthetase
HI0369
0.248
0.477


HP1422
isoleucyl-tRNA synthetase
no




HP1547
leucyl-tRNA synthetase
HI0921
0.459
0.661


HP0182
lysyl-tRNA synthetase
HI1211
0.531
0.696


HP1141
methionyl-tRNA formyltransferase
HI0623
0.351
0.578


HP0417
methionyl-tRNA synthetase
HI1276
0.29
0.49


HP0403
phenylalanyl-tRNA synthetase, alpha subunit
HI1311
0.487
0.681


HP0402
phenylalanyl-tRNA synthetase, beta subunit
HI1312
0.316
0.524


HP0238
prolyl-tRNA synthetase
HI0729
0.4
0.59


HP1513
selenocystein synthase SelA, putative
HI0708
0.331
0.551


HP1480
seryl-tRNA synthetase
HI0110
0.486
0.664


HP0123
threonyl-tRNA synthetase
HI1367
0.417
0.648


HP1253
tryptophanyl-tRNA synthetase
HI0637
0.48
0.714


HP0774
tyrosyl-tRNA synthetase
HI1610
0.547
0.716


HP1153
valyl-tRNA synthetase
HI1391
0.425
0.633









Nucleoproteins






HP0835
histone-like DNA-binding protein HU
HI0430
0.352
0.582









Ribosomal proteins: synthesis and modification






HP1201
ribosomal protein L1
HI0516
0.52
0.762


HP1200
ribosomal protein L10
HI0640
0.305
0.5


HP1202
ribosomal protein L11
HI0517
0.579
0.5


HP1068
ribosomal protein L11 methyltransferase
HI0978 HI0012
38.4% 34.1%
55.7% 43.5%


HP0084
ribosomal protein L13
HI1443
0.507
0.684


HP1309
ribosomal protein L14
HI0788
0.659
0.837


HP1301
ribosomal protein L15
HI0797
0.425
0.575


HP1312
ribosomal protein L16
HI0784
0.609
0.767


HP1292
ribosomal protein L17
HI0803
0.483
0.647


HP1303
ribosomal protein L18
no




HP1147
ribosomal protein L19
HI0201
0.509
0.718


HP1316
ribosomal protein L2
HI0780
0.515
0.68


HP0126
ribosomal protein L20
HI1320
0.504
0.739


HP0296
ribosomal protein L21
HI0880
0.461
0.647


HP1314
ribosomal protein L22
HI0782
0.434
0.586


HP1317
ribosomal protein L23
HI0779
0.273
0.519


HP1308
ribosomal protein L24
no




HP0297
ribosomal protein L27
HI0879
0.647
0.788


HP0491
ribosomal protein L28
no




HP1311
ribosomal protein L29
HI0785
0.362
0.586


HP1319
ribosomal protein L3
HI0777
0.383
0.574


HP0551
ribosomal protein L31
HI0758
0.448
0.627


HP0200
ribosomal protein L32
no




HP1204
ribosomal protein L33
HI0950
0.486
0.686


Hp1447
ribosomal protein L34
HI0998
0.659
0.727


HP0125
ribosomal protein L35
HI1319
0.435
0.565


HP1297
ribosomal protein L36
HI0798.1
0.784
0.892


HP1318
ribosomal protein L4
HI0778
0.374
0.547


HP1307
ribosomal protein L5
HI0790
0.447
0.698


HP1304
ribosomal protein L6
HI0793
0.432
0.642


HP1199
ribosomal protein L7/L12
HI0641
0.592
0.744


HP0514
ribosomal protein L9
HI0544
0.32
0.54


HP0399
ribosomal protein S1
HI1220
0.311
0.559


HP1320
ribosomal protein S10
HI0776
0.582
0.857


HP1295
ribosomal protein S11
HI0800
0.542
0.725


HP1197
ribosomal protein S12
HI0581
0.734
0.823


HP1296
ribosomal protein S13
HI0799
0.532
0.721


HP1306
ribosomal protein S14
HI0791

0.6613


HP1040
ribosomal protein S15
HI1328 HI1468
0.466
64.8% 64.8%


HP1151
ribosomal protein S16
HI0204
0.468
0.74


Hp1310
ribosomal protein S17
HI0786
0.554
0.703


HP1244
ribosomal protein S18
HI0545
0.443
0.686


HP1315
ribosomal protein S19
HI0781
0.6
0.767


HP1554
ribosomal protein S2
HI0913
0.502
0.673


HP0076
ribosomal protein S20
HI0965
0.333
0.563


HP0562
ribosomal protein S21
HI0531
0.441
0.644


HP1313
ribosomal protein S3
HI0783
56.75
0.747


HP1294
ribosomal protein S4
HI0801
0.512
68.65


HP1302
ribosomal protein S5
HI0795
0.507
0.757


HP1246
ribosomal protein S6
HI0547
0.328
0.516


HP1196
ribosomal protein S7
HI0580
0.61
0.799


HP1305
ribosomal protein S8
HI0792

0.605


HP0083
ribosomal protein S9
HI1442
0.48
0.688


HP1047
ribosome-binding factor A
no











tRNA and rRNA base modification






HP0361
pseudoridylate synthease I
HI1644
0.3
0.473


HP1062
S-adenosylmethionine: tRNA ribosyltransferase-isomerase
HI0245
0.393
60.15


HP1148
tRNA-methyltransferase
HI0202
36.75
0.602


HP1415
tRNA-delta(2)-isopentenylpyrophosphate transferase
HI0068
0.3
0.539


HP0281
tRNA-guanine transglycosylase
HI0244
0.45
0.651









Translation factors






HP0247
ATP-dependent RNA helicase, DEAD-box family
HI0231 HI0892
0.377
61% 60.9%


HP0077
peptide chain release factor RF-1
HI1561
0.533
0.748


HP0171
peptide chain release factor RF-2
HI1561
0.358
0.592


HP1256
ribosome releasing factor
HI0808
0.437
0.727


HP1195
translation elongation facotr EF-G
HI0579
0.669
0.803


HP0177
translation elongation facotr EF-P
HI0328
0.434
0.626


HP1555
translation elongation facotr EF-Ts
HI0914
0.443
0.669


HP1205
translation elongation facotr EF-Tu
HI0632 HI0578
75.2% 75.2%
86.6% 86.6%


HP1298
translation elongation facotr EF-1
HI0548
0.583
0.75


HP1048
translation elongation facotr IF-2
HI1284
0.391
0.62


HP0124
translation elongation facotr IF-3
no











Other






HP1497
peptidyl-tRNA hydrolase
HI0394
0.466
0.687


HP0827
ss-DNA binding protein 12RNP2 precursor
no


COG0724








DNA metabolism






DNA replication, recombination, and repair






HP0142
A/G-specific adenine glycosylase
HI0759
0.373
0.598


HP0790
anti-codon nuclease masking agent
HI0216
0.442
0.64


HP1529
chromosomal replication initiator protein
HI0993
0.342
0.61


HP0701
DNA gyrase, sub A
HI1529 HI1264

63.8% 69.4%


HP0501
DNA gyrase, sub B
HI0567 HI1528 

66.8% 60.7%


HP1478
DNA helicase II
HI1188
0.362
0.573


HP0548
DNA helicase, putative
NO




HP0615
DNA ligase
HI1100
0.401
0.616


HP0621
DAN mismatch repair protein
HI0707
0.28
0.49
COG1193

HP1470
DNA polymerase I
HI0856
0.341
0.563


HP1460
DAN polymerase III alpha-subunit
HI0739
0.413
0.619


HP0500
DAN polymerase III beta-subunit
HI0992
0.26
0.523


HP1231
DAN polymerase III delta prime subunit
HI0455
0.338
0.549


HP1387
DAN polymerase III epsilon subunit
no




HP0717
DAN polymerase III gamma and tau subunits
HI1229
0.368
0.562


HP0012
DNA primase
HI0532
0.366
0.604


HP1523
DNA recombinaes
HI1740
0.344
0.554


HP1393
DNA repair protein
HI0070
0.283
0.527


HP0116
DNA topoisomerase I
HI1365
0.41
0.619


HP0440
DNA topoisomerase I
HI1365
0.315
0.533


HP0602
endonuclease III
no


COG2231

HP0585
endonuclease III
HI1689
0.401
0.629


HP0705
excinuclease ABC subunit A
HI0249
0.534
0.718


HP1114
excinuclease ABC subunit B
HI1247
0.531
0.729


HP0821
excinuclease ABC subunit C
HI0057
0.315
0.553


HP1526
exodeoxyribonuclease
HI0041
0.293
0.516


HP0213
glucose inhibited division protein
HI0582
0.485
0.687


HP1063
glucose-inhibited division protein
HI0486
0.325
0.563


HP1553
helicase
HI1188 HI0649
30.9% 31.6%
50.2% 51.1%


HP0883
Holliday junction DNA helicase
HI0313
0.39
0.637


HP1059
Holliday junction DNA helicase
HI0312
0.546
0.792


HP0877
Holliday junction endodeosyribonuclease
HI0314
0.346
0.526


HP0675
integrase/recombinase
HI0676 HI0309
31.5% 28.2%
57.6% 53.9%


HP0995
integrase/recombinase
HI0309
0.318
0.544


HP0323
membrane bound endonuclesae
no




HP0676
methylated-DNA-protein-cysteine methyltransferase
HI0402
0.41
0.639


HP0387
primosomal protein replication factor
HI0339
0.363
0.554


HP0153
recombinase
HI0600
0.601
0.792


HP0925
recombinational DNA repair protein
HI0443
0.365
0.602


HP0911
rep helicase, single-stranded DNA-dependent ATPase
HI0649 HI1188
33.8% 33.5%
54.9% 55.8%


HP1362
replicative DNA helicase
HI1574
0.37
0.58


HP0661
ribonuclease H
HI0138
0.584
0.679


HP1323
ribonuclease HII
HI1059
0.363
0.553


HP1245
single-strand DNA-binding protein
HI0250
0.355
0.511


HP0348
single-strand DNA-specific exonuclease
HI1214
0.306
0.535


HP1009
site-specific recombinase
HI0309
0.307
0.518


HP1541
transcription-repair coupling factor
HI1258
0.377
0.607


HP1347
uracil-DNA glycosylase
HI0018
0.428
0.625









Restriction/modification






HP0260
adenine specific DNA methyltransferase
HI1392 HI1056
45.8% 33%
62.5% 55.3%


HP0593
adenine specific DNA methyltransferase
HI1056
0.469
0.63


HP1522
adenine specific DNA methyltransferase
no




HP0050
adenine specific DNA methyltransferase
HI1392
0.348
0.51


HP0263
adenine specific DNA methyltransferase
HI1392
0.397
0.574


HP0478
adenine specific DNA methyltransferase
no




HP0481
adenine specific DNA methyltransferase
no




HP1352
adenine specific DNA methyltransferase
HI1392
29.8% 40.7%
48.4% 55.6%


HP0910
adenine specific DNA methyltransferase
HI0513
0.334
0.522


HP0054
adenine/cytosine DNA methyltransferase
HI1041
0.311
0.489


HP0051
cytosine DNA methyltransferase
HI1041
0.336
0.554


HP0483
cytosine DNA methyltransferase
no




HP1121
cytosine DNA methyltransferase
HI1041
0.273
0.48


HP1354
putative adenine specific DNA methyltransferase
no




HP1383
restriction modification system S subunit
no




HP0463
type I restriction enzyme M protein
HI1287
0.287
0.555


HP0850
type I restriction enzyme M protein
HI1287
0.322
0.547


HP1403
type I restriction enzyme M protein
HI1287
0.347
0.55


HP0464
type I restriction enzyme R protein
HI1285
0.304
0.508


HP0846
type I restriction enzyme R protein
HI1285
0.307
0.524


HP1402
type I restriction enzyme R protein
HI1285
0.299
0.538


HP0462
type I restriction enzyme S protein
HI1286
0.306
0.518


HP0848
type I restriction enzyme S protein
HI0216
0.37
0.553


HP1404
type I restriction enzyme S protein
HI1286
0.216
0.477


HP0092
type II restriction enzyme M protein
HI1392
0.264
0.443


HP0091
type II restriction enzyme R protein
no




HP1369
type II restriction enzyme M protein
HI1056
0.393
0.577


HP1370
type III restriction enzyme M protein
HI1392 HI1056
39.7% 37%
62.1% 58.1%


HP1371
type III restriction enzyme R protein
no




HP0592
type III restriction enzyme R protein
HI1055
0.261
0.463
COG3587

HP1521
type III restriction enzyme R protein
no


COG3587

HP1472
type III restriction enzyme M protein
no




HP1367
type IIS restriction enzyme M1 protein
HI1392 HI1056
28.7% 27%
50% 46.9%


HP1368
type IIS restriction enzyme M2 protein
HI1392
0.402
0.557


HP1517
type IIS restriction enzyme R protein
HI0513
0.291
0.47
COG1002

HP1471
type IIS restriction enzyme R protein
no




HP1366
type IIS restriction enzyme R protein
no




HP1208
ulcer associated adenine specific DNA methyltransferase
no


COG3392

HP1209
ulcer associated gene restriction endonuclease
NO











Degradation of DNA






HP0275
ATP-dependent nuclease 
no




HP0259
exonuclease VII, large subunit
HI0397
0.376
0.615









Chromosome-associated proteins






HP1138
plasid replication-partition related protein
no


COG1475








Transport and binding proteins






Amino acids, peptides and amines






HP0940
amino acid ABC transporter, periplasmic binding protein
HI1080
0.393
0.658


HP0939
amino acid ABC transporter, periplasmic binding protein
HI1079
0.552
0.754


HP1017
amino acid permease
no


COG0833

HP0942
D-alanine glycine permease
HI0883 HI0183
44.5% 37.7%
66.6% 58.4%


HP0301
dipeptide ABC transporter, ATP-binding protien
HI1185
0.529
0.745


HP0302
dipeptide ABC transporter, ATP-binding protien
HI1642 HI1184 HI1120 
53.8% 53.8%
67.3% 75% 69.9%


HP0298
dipeptide ABC transporter, periplasmic dipeptide-binding protein
HI0853
0.391
0.601


HP0299
dipeptide ABC transporter, permease protein
HI1187
0.511
0.721


HP0300
dipeptide ABC transporter, permease protein
HI1186
0.509
0.731


HP1506
glutamate permease
HI1530
0.476
0.702


HP1171
glutamine ABC transporter, ATP-binding protein
HI1180

0.675


HP1172
glutamine ABC transporter, periplasmic glutamine-binding protein
HI1080
0.271
0.463


HP1169
glutamine ABC transporter, permease protein
no




HP1170
glutamine ABC transporter, permease protein
HI1079
0.284
0.537


HP0250
oligopeptide ABC transporter, ATP-binding protein
HI0408

0.626


HP1252
oligopeptide ABC transporter, periplasmic oligopeptide-binding protein
no




HP0251
oligopeptide ABC transporter, permease protein
HI1122
0.335
0.565


HP1251
oligopeptide ABC transporter, permease protein
HI1187 HI1123
29.8% 32.5%
56% 59.3%


HP0819
osmoprotection protein
HI0099 HI1180 HI1347 HI1474
39.4% 36.8% 34.4%
62% 62.3% 59.1% 64.5%
COG1125

HP0818
osmoprotection protein
no


COG1732 COG1174

HP0055
proline permease
HI0975 HI1352
0.288
55.5% 67.8%
HI0355: ABC transporter, permease protein

HP0936
proline/betaine transporter 
HI0281 HI0418
27.7% 31.1%
50.3% 50.2%


HP0133
serine transporter
HI0289
0.512
0.708









Anions






HP0475
molybdenum ABC transporter, ATP-binding protein
HI1347
0.401
0.668


HP0473
molybdenum ABC transporter, periplasmic molybdate-binding protein
HI1693
0.278
0.512


HP0474
molybdenum ABC transporter, permease protein
HI1692
0.287
0.589


HP0313
nitrite extrusion protein
HI0135
0.258
0.468


HP1491
phosphate permease
HI1604
0.348
0.596









Carbohydrates, organic alcohols, and acids






HP0143
2-oxoglutarate/maltae translocator
no




HP1091
alpha-ketoglutarate permease
HI0281
0.29
0.514


HP0724
anaerobic C4-dicarboxylate transport protein
HI0746
0.425
0.672


HP1174
glucose/galactose transporter
HI0610
0.282
0.529


HP0140
L-lactate permease
HI1218
0.269
0.507


HP0141
L-lactate permease
HI1218
0.267
0.51









Cations






HP0791
cadmium-transporting ATPase, P-type
no




HP0969
cation efflux system protein
HI0895
0.255
0.517
COG3696

HP1328
cation efflux system protein
no




HP1329
cation efflux system protein
HI0895
0.263
0.501
COG3696

HP1503
cation-transporting ATPase, P-type
HI0290
0.302
0.529


HP1073
copper ion binding protein
no




HP1072
copper-transporting ATPase, P-type
HI0290
0.36
0.587


HP0471
glutathione-regulated potassium-efflux system protein
HI0911
0.282
0.564


HP0687
iron(II) transport protein
no


COG0370

HP1561
Iiron(III) ABC transporter, periplasmic iron-binding protein
HI1472
0.26
0.493


HP1562
Iiron(III) ABC transporter, periplasmic iron-binding protein
HI1472
0.249
0.479


HP0888
Iiron(III) dictrate ABC transporter, ATP-binding protein
HI1470 HI0361
0.386
61% 61.2%


HP0889
Iiron(III) dictrate ABC transporter, ATP-binding protein
HI1471
0.368
0.636


HP0686
Iiron(III) dictrate transport protein
no




HP0807
Iiron(III) dictrate transport protein
no




HP1400
Iiron(III) dictrate transport protein
no




HP1344
magnesium and cobalt transport protein
HI1035
0.265
0.51


HP1183
NA+/H+ antiporter
no




HP1552
Na+/H+ antiporter
HI0225
0.466
0.712


HP1077
nickel transport protein
no


COG3376

HP0490
putative potassium channel protein, putative
no











Nucleosides, purines and pyrimidines






HP1290
nicotinamide mononucleotide transporter
HI1077.1
0.307
0.535


HP1180
pyrimidine nucleoside transport protein
HI0519
0.577
0.787









Other






HP1129
biopolymer transport protein
HI0384
0.302
0.532


HP1130
biopolymer transport protein
HI0385 HI0253
0.382
64.2% 61.1%


HP1339
biopolymer transport protein
HI0253 HI1385
0.468
68.3% 60%


HP1340
biopolymer transport protein
HI0384 HI0252
0.315
68.5% 68.3%


HP1445
biopolymer transport protein
HI0253 HI0385
45.5% 41.2%
71.3% 61.4%


HP1446
biopolymer transport protein
HI0252
0.354
0.638


HP0876
iron-regulated outer membrane protein
HI0661 HI0113 HI0262
29.4% 27.4% 26.1%
50.7% 48.6% 46.5%


HP0915
iron-regulated outer membrane protein
no




HP0916
iron-regulated outer membrane protein
HI0113 HI0712 HI0661 HI0994 HI1568
30.2% 33.1% 31.2% 26.9% 28.4%
52.6% 52.2% 50.3% 48.6% 47.5%


HP1512
iron-regulated outer membrane protein
HI0113 HI0262 HI0661
28.1% 24.7% 23.7%
49.2% 47.9% 46.7%


HP0653
nonheme iron-containing ferritin
HI1385 HI1384
46.8% 45.2%
69.2% 68.8%


HP1341
siderophore-mediated iron transport protein
HI0251
0.331
0.545









Unknown substrate






HP0179
ABC transporter, ATP-binding protein
HI1549
0.367
0.622


HP0613
ABC transporter, ATP-binding protein
no




HP0715
ABC transporter, ATP-binding protein
HI1148
0.552
0.714


HP1576
ABC transporter, ATP-binding protein
HI0621
0.482
0.684


HP0853
ABC transporter, ATP-binding protein
HI0658
0.341
0.582


HP1220
ABC transporter, ATP-binding protein
no




HP1465
ABC transporter, ATP-binding protein
HI1078 HI1087 HI0621
40.9% 37.8% 36.7%
64.2% 61.8% 60.6%


HP1577
ABC transporter, ATP-binding protein
no




HP1575
ABC transporter, pupative
no




HP0607
acriflavine resistance protein
HI0895
0.29
0.549


HP1432
histidine and glutamine-rich protein
no




HP1427
histidine-rich, metal binding polypeptide
no




HP0600
multidrug resistnace protein
HI1051 HI0663 HI1156
31.1% 30.5% 26.4%
54.5% 54.2% 55.9%


HP1082
multidrug resistnace protein
HI0060
0.324
0.589


HP1206
multidrug resistnace protein
HI1051
0.324
0.563


HP1181
multidrug-efflux protein
no




HP0497
sodium- and chloride-dependent transporter
HI0736 HI1690
29.5% 31.7%
56.6% 57.5%


HP0498
sodium- and chloride-dependent transporter
HI0736 HI1690
31.8% 30.8%
58.8% 58.3%


HP0214
sodium-dependent transporter
HI0608 HI0020
37.6% 25.6%
60.7% 47.5%
















Energy metabolism






Aerobic






HP1222
D-lactate dehydrogenase
HI1163
0.27
0.49


HP0961
glycerol-3-phosphate dehydrogenase, NAD(P)+ dependent
HI0605
0.356
0.581


HP0037
NADH-ubiquinone oxidoreductase subunit
no




HP1269
NADH-ubiquinone oxidoreductase, NQO10 subunit
no


COG0839

HP1270
NADH-ubiquinone oxidoreductase, NQO11 subunit
no


COG0713

HP1271
NADH-ubiquinone oxidoreductase, NQO12 subunit
no


COG1009

HP1272
NADH-ubiquinone oxidoreductase, NQO13 subunit
no


COG1008

HP1273
NADH-ubiquinone oxidoreductase, NQO14 subunit
no


COG1007

HP1266
NADH-ubiquinone oxidoreductase, NQO3 subunit
no


COG1034

HP1263
NADH-ubiquinone oxidoreductase, NQO4 subunit
no


COG0649

HP1262
NADH-ubiquinone oxidoreductase, NQO5 subunit
no


COG0852

HP1261
NADH-ubiquinone oxidoreductase, NQO6 subunit
no


COG0377

HP1260
NADH-ubiquinone oxidoreductase, NQO7 subunit
no


COG0838

HP1267
NADH-ubiquinone oxidoreductase, NQO8 subunit
no


COG1005

HP1268
NADH-ubbiquinone oxidoreductase, NQO9 subunit
no


COG1143








Amino acids and amines






HP1398
alanine dehydrogenase
HI1362
0.262
0.462
COG0686

HP0294
aliphatic amidase
no




HP1238
aliphatic amidase
no




HP1399
arginase
no


COG0010

HP0943
D-amino acid dehydrogenase
HI0499
0.321
0.496


HP0056
delta-1-pyrroline-5-carboxylate dehydrogenase
no


COG1012 COG0506

HP0723
L-asparaginase II
HI0745
0.517
0.701


HP0132
L-serine deaminase
HI0288
0.425
0.654









Anaerobic






HP0666
anaerobic glycerol-3-phosphate dehydrogenase, subunit C
HI0683
0.257
0.434


HP0589
ferredoxin oxidoreductase, alpha subunit
no


COG0674

HP0590
ferredoxin oxidoreductase, beta subunit
no


COG1013

HP0591
ferredoxin oxidoreductase, gamma subunit
no


COG1014

HP0193
fumarate reductase, cytochrome b subunit
no


COG2009

HP0192
fumarate reductase, flavoprotein subunit
HI0835
0.373
0.545


HP0191
fumarate reductase, iron-sulfur subunit
HI0834
0.314
0.546


HP1110
pyruvate ferredoxin oxidoreductase, alpha subunit
no


COG0674

HP1111
pyruvate ferredoxin oxidoreductase, beta subunit
no


COG1013

HP1109
pyruvate ferredoxin oxidoreductase, delta subunit
HI1043
0.391
0.543
COG1144

HP1108
pyruvate ferredoxin oxidoreductase, gamma subunit
no


COG1014








ATP-proton motive force interconversion






HP0828
ATP synthase F0, subunit a
HI0485
0.335
0.545


HP1136
ATP synthase F0, subunit a
no




HP1137
ATP synthase F0, subunit b'
no




HP1212
ATP synthase F0, subunit c
HI0484
0.296
0.556


HP1134
ATP synthase F1, subunit alpha
no




HP1132
ATP synthase F1, subunit beta
HI0479
0.686
0.825


HP1135
ATP synthase F1, subunit delta
no




HP1131
ATP synthase F1, subunit epsilon
HI0478
0.327
0.591


HP1133
ATP synthase F1, subunit gamma
no











Electron transport






HP0146
cbb3-type cytochrome c oxidase subunit Q
no




HP0265
cytochrome c biogenesis protein
HI1454
0.394
0.657


HP0378
cytochrome c biogenesis protein
HI0936
0.28
0.5


HP0147
cytochrome c oxidase, diheme subunit, membrane-bound
no


COG2010

HP0144
cytochrome c oxidase, heme b subunit, membrane-bound
no


COG3278

HP0145
cytochrome c oxidase, monoheme subunit, membrane-bound
no


COG2993

HP1461
cytochrome c551 peroxidase
no


COG1858

HP1227
cytochrome c553
no


COG2863

HP0277
ferredoxin 
HI0527
0.459
0.624


HP0588
ferredoxin-like protein 
no


COG1146

HP1508
ferredoxin-like protein 
no




HP1161
flavodoxin
HI0191
0.438
0.667


HP0642
NAD(P)H-flavin oxidoreductase
HI1278
0.461
0.699


HP0954
oxygen-insensitive NAD(P)H nitroreductase
HI1278
0.327
0.588


HP0634
quinone-reactive Ni/Fe hydrogenase
no


COG0680

HP0633
quinone-reactive Ni/Fe hydrogenase, cytochrome b subunit
no


COG1969

HP0632
quinone-reactive Ni/Fe hydrogenase, large subunit
no


COG0374

HP0631
quinone-reactive Ni/Fe hydrogenase, small subunit
no


COG1740

HP1458
thioredoxin
no




HP0824
thioredoxin
HI0084
0.312
0.583


HP1164
thioredoxin reductase
HI0084
0.486
0.686


HP1539
ubiquinol cytochrome c oxidoreductase, cytochrome b subunit
no


COG1290

HP1538
ubiquinol cytochrome c oxidoreductase, cytochrome c1 subunit
no


COG2857

HP1540
ubiquinol cytochrome c oxidoreductase, Rieske 2Fe-2S subunit
no


COG0723








Entner-Doudoroff






HP1099
2-keto-3-deoxy-6-phosphogluconate aldolase
HI0047
0.404
0.65


HP1100
6-phosphogluconate dehydratase
HI0738
0.293
0.53









Fermentation






HP0691
3-oxoadipate coA-transferase subunit A
HI0774
0.419
0.626


HP0692
3-oxoadipate coA-transferase subunit B
HI0773
0.522
0.698


HP0903
acetate kinase
no




HP0904
phosphate acetyltransferase
no




HP0905
phosphotransacetylase
no




HP0357
short chain alcohol dehydrogenase
HI1430
0.576
0.739









Glycolysis/gluconeogenesis






HP0154
enolase
HI0932
0.549
0.745


HP1385
fructose-1,6-bisphosphatase
no




HP0176
fructose-bisphosphate aldolase
no




HP1103
glucokinase
no


COG0837

HP1166
glucokinase-6-phosphate isomerase
HI1576
0.51
0.702


HP0921
glyceraldehyde-3-phosphate dehydrogenase
HI0001
0.422
0.623


HP1346
glyceraldehyde-3-phosphate dehydrogenase
HI0001
0.397
0.633


HP0121
phosphoenolpyruvate synthase
no


COG0574

HP1345
phosphoenolpyruvate kinase
HI0525
0.413
0.649


HP0974
phosphoenolpyruvate mutase
no


COG0696

HP0194
triosephosphate isomerase
HI0678
0.391
0.57









Pentose phospate pathway






HP1386
D-ribulose-5-phosphate 3 epimerase
HI0566
0.437
0.595


HP1102
glucose-6-phosphate 1-dehydrogenase
HI0556
0.378
0.556


HP1101
glucose-6-phosphate dehydrogenase
HI0558
0.342
0.576


HP1495
transaldolase
HI1125
0.304
0.48


HP1088
tranketolase A
HI1023
0.467
0.651









Sugars






HP0574
galactosidase
no


COG0698

HP0360
UDP-glucose 4-epimerase
HI0351
0.348
0.561









TCA cycle






HP0779
aconitase B
HI0988
0.303
0.505
COG1049

HP0026
citrate synthase
no


COG0372

HP1325
fumarase
HI1398 
0.616
0.742


HP0509
glycolate oxidase subunit
no




HP0027
isocitrate dehydrogenase
no


COG0538








Other






HP0739
2-hydroxy-6-oxohepta-2,4-dienoate hydrolase
HI0282
0.293
0.561


HP0924
4-oxalocrotonate tautomerase
no


















biotin






HP0598
8-amino-7-oxononanoate synthase
HI1553
0.34
0.542


HP0976
adenosylmethionin-8-amino-7-oxononanoate aminotransferase
HI1554
0.345
0.592


HP1140
biotin operon repressor/biotin acetyl coenzyme A carboxylase synthetase
HI0220.1
0.376
0.587


HP0407
biotin sulfoxide reductase
HI0643 HI1047
42.7% 34%
62.4% 54.4%


HP1254
biotin synthesis protein
HI1551
0.233
0.476


HP1406
biotin synthetase
HI1022
0.287
0.56


HP0029
dethiobiotin synthetase
HI1445 HI1550
27% 29.7%
47.8% 44.6%









folic acid






HP1036
7,8-dihydro-6-hydroxymethylpterin-pyrophosphokinase
HI0064
0.323
0.524


HP0587
aminodeoxychorismate lyase
HI0457
0.324
0.486


HP1232
dihydropteroate synthase
HI1464 Hi1336
34.50% 34.50%
59% 59%


HP1545
folylpolyglutamate synthase
HI1261

0.637


HP0928
GTP cyclohydrolase I
HI1447
0.316
0.565


HP0577
methylene-tetrahydrofolate dehydrogenase
HI0609
0.484
0.688


HP0293
para-aminobenzoate synthetase
HI1170 HI1387
37% 26.6%
57.5% 50.7%









Heme, porphyrin, and cobalamin






HP0163
delta-aminolevulinic acid dehydratase
HI1160
0.289
0.522
COG0113

HP0376
ferrochelatase
no




HP0306
glutamate-1-semialdehyde 2,1-aminomutase
no


COG0001

HP0239
glutamyl-tRNA reductase
no


COG0373

HP0665
oxygen-independent coproporphyrinogen III oxidase
no




HP1226
oxygen-independent coproporphyrinogen III oxidase, putative
HI0463
0.379
0.582


HP0237
porphobilinogen deaminase
no


COG0181

HP0604
uroporphyrinogen decarboxylase
no


COG0407

HP1224
uroporphyrinogen III cosynthase
no


COG1587








Menaquinone and ubiquinone






HP1360
4-hydroxybenzoate octaprenyltransferase
no


COG0382

HP0929
geranyltranstransferase
HI1438
0.398
0.602


HP0240
octaprenyl-diphosphate synthase
HI0881
0.296
0.542









Molybdopterin






HP0768
molybdenum cofactor biosynthesis protein A
HI1676
0.314
0.59


HP0798
molybdenum cofactor biosynthesis protein C
HI1675
0.442
0.628


HP0799
molybdenum cofactor biosynthesis protein 
HI0336
0.506
0.713


HP0172
molybdenum cofactor biosynthesis protein
HI1448
0.342
0.564


HP0755
molybdenum cofactor biosynthesis protein 
HI0118 HI1449
32.2% 28.9%
55.5% 55.3%


HP0801
molybdopterin converting factor, subunit 1
HI1674
0.351
0.554


HP0800
molybdopterin converting factor, subunit 2
no




HP0769
molybdopterin-guanine dinucleotide biosynthesis protein A
HI0844
0.283
0.487









Pantothenate and coenzyme A






HP1058
3-methyl-2-oxobutanoate hydroxymethyltransferase
no


COG0413

HP0034
aspartate 1-decarboxylase
no


COG0853

HP0006
pantoate-beta-alanine ligase
no


COG0414

HP0841
pantothenate metabolism flavoprotein
HI0953
0.313
0.552









Pyridoxine






HP1583
pyridoxal phosphate biosynthetic protein A
no


COG1995

HP1582
pyridoxal phosphate biosynthetic protein J
no


COG0854








Riboflavin, FMN, and FAD






HP0802
GTP cyclohydrolase II
HI0212
0.472
0.677


HP0804
GTP cyclohydrolsae II/3,4-dihydroxy-2-butanone 4-phosphate synthase
HI0764
0.468
0.677


HP1505
riboflavin biosynthesis protein
HI0944
0.331
0.514


HP1087
riboflavin biosynthesis regulatory protein
HI0963
0.316
0.535


Hp1574
riboflavin synthase alpha subunit
HI1613
0.321
0.521


HP0002
riboflavin synthase beta chain
HI1303
0.524
0.734









Glutathione






HP1118
gamma-glutamyltranspeptidase
no


COG0405








Thiamine






HP0814
thiamin biosynthesis protein
HI1449
0.362
0.538


HP0843
thiamin phosphate pyrophosphorylase/hydroxyethylthiazole kinase
HI0417
0.47
0.679


HP0845
thiamin phosphate pyrophosphorylase/hydroxyethylthiazole kinase
HI0415
0.375
0.602


HP0844
thiamin biosynthesis protein
HI0416
0.527
0.72









Pyridine nucleotides






HP0329
NH(3)-dependent NAD+ synthetase
no


COG0171

HP1355
nicotinate-nucleotide pyrophosphorylase
HI1473
0.246
0.464


HP1356
quinolinate synthetase A
no


COG0379








Other






HP0354
deoxyxylulose-5-phosphate synthaes, putative
HI1439
0.397
0.611


HP0220
synthesis of [Fe-S] cluster
HI0378
0.419
0.597


HP1221
undecaprenyl diphosphate synthase
HI0920
0.424
0.607
















Amino acid biosynthesis






Aromatic amino acid family






HP1038
3-dehydroquinase type II
HI0970
0.448
0.697


HP0283
3-dehydroquinate synthase
HI0208
0.391
0.598


HP0134
3-deoxy-D-arbino-heptulosonate 7-phosphate synthase
no


COG3200

HP0401
3-phosphoshikimate 1-carboxyvinyltransferase
HI1589
0.291
0.532


HP1279
anthranilate isomerase (trpC)
HI1389.1
0.457
0.657


HP1282
anthranilate synthase component I
HI1387
0.457
0.657
indole 3-glycerol phosphate synthase/ 

Hp1280
anthranilate synthase component II
HI1389
0.418
0.576


HP1281
anthranilate synthase component III
HI1388
0.484
0.686


HP0663
chorismate synthase
HI0196
0.472
0.671


HP1380
prephenate dehydrogenase
HI1290
0.23
0.492


HP1249
shikimate 5-dehydrogenase
HI0655
0.348
0.534


HP0157
shikimic acid kinase I
HI0207
0.361
0.587


HP1277
tryptophan synthase, alpha subunit
HI1432
0.448
0.659


HP1278
tryptophan synthase, beta subunit
Hi1431
0.656
0.798









Aspartate family






HP0649
aspartate ammonia-lyase
HI0534 HI1398
56.2% 40.9%
72% 62.4%


HP1189
aspartate-semialdehyde dehydrogenase
no




HP1229
aspartokinase
no




HP0106
cystathionine gamma-synthase
HI0086
0.477
0.669


HP0290
diaminopimelate decarboxylase
HI0727
0.427
0.631


HP0566
diaminopimelate epimerase
HI0750
0.3
0.477


HP0510
diaminopimelate reductase
HI1308
0.329
0.57


HP1013
diaminopimelate syn thetase
HI0255
0.407
0.633


HP0822
homoserine dehydrogenase
no




Hp1050
homoserine kinase
HI0088
0.272
0.463


HP0672
solute-binding signature and mitochondrial signature protein
no




HP0212
succinyl-diaminopimelate desuccinylase
HI0102
0.423
0.596
HI0286: amino-transferase

HP0626
tetrahydrodipicolinate N-succinyltransferase
HI1634
0.345
0.504


HP0098
threonine synthase
HI0087
0.329
0.543









Glutamate family






HP0380
glutamate dehydrogenase
HI0189
0.581
0.738


HP0512
glutamate synthetase
HI0865
0.444
0.651


HP1158
pyrroline-5-carboxylate reductase
HI0307
0.254
0.488









Pyruvate family






HP0941
alanine recemase, biosynthetic
HI1575
0.312
0.557


HP1468
branched-chain-amino-acid aminotransferase
HI1193
0.635
0.783


HP0330
ketol-acid reductoisomerase
HI0682
0.335
0.577









Serine family






HP0107
cysteine synthetase
no




HP0096
phosphoglycerate dehydrogenase
HI1556
0.411
0.628


HP0397
phosphoglycerate dehydrogenase
HI0465
0.307
0.553


Hp0736
phosphoserine aminotransferase
no


COG0075

HP0652
phosphoserine phosphatase
HI1033
0.368
0.569


HP1210
serine acetyltransferase
HI0606
0.436
0.612


HP0183
serine hydroxymethyltransferase
HI0889
0.526
0.714









Other






HP0695
hydantoin utilization protein A
no


COG0145















Protein fate






Protein folding and stabilization






HP0010
chaperone and heat shock protein
HI0543
0.63
0.8


HP0109
chaperone and heat shock protein 70
HI0373

0.617


HP0210
chaperone and heat shock protein C62.5
HI0104

0.694


HP0011
co-chaperone
no




HP0110
co-chaperone and heat shock protein
no




HP1332
co-chaperone and heat shock protein
HI1238

0.618


HP1024
co-chaperone and heat shock protein A
HI0271

0.686
COG2214

HP1441
peptidyl-prolyl cis-trans isomerase B, cyclosporin-type rotamase
no




HP1123
peptidyl-prolyl cis-trans isomerase, FKBP-type rotamase
HI0699
0.388
0.565









Protein and peptide secretion and trafficking






HP0355
GTP-binding membrane protein
no




HP0074
lipoprotein signal peptidase
HI1006
0.325
0.599


HP0786
preprotein translocase subunit
HI0909

0.6701


HP1300
preprotein translocase subunit
HI0798

0.684


HP1255
preprotein translocase protein, low temperature
HI0597.1

0.612


HP1549
protein-export membrane protein
HI0239

0.629


HP1550
protein-export membrane protein
HI0240

0.612


HP0576
signal peptidase I
HI0015

0.608


HP1152
signal recognition particle protein
HI0106

0.6599


HP0795
trigger factor
no











Protein modification and repair






HP0363
L-isoaspartyl-protein carboxyl methyltransferase
no


COG2518

HP1299
methionine amino peptidase
HI1722

0.605


HP0793
polypeptide deformylase
HI0622

0.635









Degradation of proteins, peptides, and glycopeptides






HP0570
aminopeptidase a/I
no




HP0033
ATP-dependent C1p protease
no




HP0794
ATP-dependent c1p protease proteolytic component
no




HP0223
ATP-dependent protease
HI1597

0.618


HP1379
ATP-dependent protease
HI0462

0.633


HP1374
ATP-dependent protease ATPase subunit
no




HP0264
ATP-dependent protease binding subunit
HI0859
0.487
0.714


HP0169
collagenase
HI0419
0.401
0.616


HP0515
heat shock protein
HI0496
0.571
0.801


HP0516
heat shock protein (hslU) ORF1
HI0774 HI0497

62.6% 71.3%


HP0470
oligoendopeptidase F
no


 

HP0657
processing protease
no




HP1350
protease
no




HP1012
protease
no




HP1435
protease IV
no




HP0404
protein kinase C inhibitor
HI0961

0.618


HP1019
serine protease
HI1259 HI0945

64.6% 68.9%


HP1584
sialoglycoprotease
no




HP0382
zinc-metallo protease
no


















2'-Deoxyribonucleotide metabolism






HP0372
dexycytidine triphosphate deaminase
HI0133
0.282
0.497


HP0865
dexycytidine triphosphate deaminase
HI0954
0.361
0.576


HP0364
ribonucleosid diphophate reductase, beta subunit
HI1660
0.254
0.5


HP0680
ribonucleosid diphophate reductase, beta subunit
HI1659
0.29
0.511


HP0825
thioredoxin reductase
HI1158
0.403
0.587









Pyrine ribonucleotide biosynthesis






HP0321
5'-guanylate kinase
HI1743 
0.448
0.652


hP0618
adenylate kinase
HI0349
0.306
0.533


HP1112
adenylosuccinate lyase
HI0639 HI1398 HI0811
32.2% 30.1% 24.9%
54.9% 51.8% 45.5%


HP0255
adenylosuccinate synthetase
HI1633
0.465
0.65


HP1434
formyltetrahydrofolate hydrolase
HI1588 HI1428
49.1% 39.5%
69.3% 61.3%


HP1218
glycinamide ribonucleotide synthetase
HI0888
0.318
0.569


HP0854
GMP reductase
HI0221
0.355
0.554


HP0409
GMP synthase
HI0222 
0.63
0.703


HP0829
inosine-5'-monophosphate dehydrogenase
HI0221.1 HI0221
63% 56.6%
76.5% 72.8%


HP0198
nucleoside diphosphate kinase
HI0876
0.489
0.737


HP0742
phosphoribosylpyrophosphate synthetase
HI1609 
0.565
0.754


HP1530
purine nucleoside phosphorylase
no











Pyrimidine ribonucleotide biosynthesis






HP1084
aspartate transcarbamoylase
HI0596
0.31
0.533
COG0540

HP0919
carbamoyl-phosphate synthase(glutamine-hydrolysing)
no


COG0458

HP1237
CTP synthetase
HI1388 HI1171
29.5% 30.2%
54.3% 47.7%
COG0505

HP0349
dihydroorotase
HI1077

0.702


HP0266
dihydroorotase
HI077
0.507
0.704
COG0044

HP0581
dihydroorotase
no




HP1011
dihydroorotate dehydrogenase
HI1401

0.612


HP1257
orotate phosphoribosyltransferase
HI1401
0.415
0.612


HP0005
orotidine 5'-phosphate decarboxylase
no




HP1474
thymidylate kinase
HI1224
0.364
0.564


HP0777
uridine 5'-monophosphate (UMP) kinase
HI0456
0.312
0.575




HI1065
0.509
0.73


Salvage of nucleosides and nucleotides






HP0104
2', 3'-cyclic-nucleotide 2'-phosphodiesterase
HI0583
0.318
0.507


HP0572
adenine phosphoribosyltransferase
HI1230 HI1228
0.464
66.9% 68.9%


HP1179
phosphopentomutase
no


COG1015

HP1178
purine-nucleoside phosphorylase
HI0518 HI0280 HI1216
53.5% 30.4% 23.9%
72.6% 49.5% 47.6%


HP0735
xanthine guanine phosphoribosyl transferase
HI0692 HI0674
27.1% 27.1%
52.5% 52.5%









Sugar-nucleotide biosynthesis and conversions






HP0043
mannose-6-phosphate isomerase
no


COG0662

HP0045
nodulation protein
no




HP0646
UDP-glucose pyrophosphorylase
HI0812
0.424
0.621


HP0683
UDP-N-acetylglucosamine pyrophosphorylsae
HI0642
0.419
0.645









Other






HP0757
beta-alanine synthetase homolog
no











Central intermediary metabolism






Amino sugars 






HP1532
glucosamine fructose-6-phosphate
HI0429
0.417
0.636









phosphorus compounds






HP0620
inorganic pyrophosphatase
HI0124
0.315
0.562


HP0696
N-methylhydantoinase
no


COG0146

HP1010
polyphosphate kinase
no


COG0855








Polyamine biosynthesis






HP0020
carboxynorspermidine decarboxylase
HI0727
0.291
0.514


HP0422
arginine decarboxylase
HI0727
0.321
0.518
COG1166

HP0832
spermidine synthaes
no


COG0421








Other






HP0004
carbonic anhydrase
HI1301
0.276
0.488


HP0047
hydrogenase expression/formation protein
no


COG0309

HP0067
urease accessory protein (ureH)
HI1535
0.294
0.527


HP0068
urease accessory protein (ureG)
HI1536
0.742
0.894


HP0069
urease accessory protein (ureF)
no




HP0070
urease accessory protein (ureE)
HI1538
0.318
0.558


HP0071
urease accessory protein (ureI)
no




HP0072
urease beta subunit (urea amidohydrolase) (ureB)
no




HP0073
urease, alpha subunit (ureA)
HI0541 HI0540
63.4% 55.1%
75.2% 70.4%


HP0075
urease protein
HI1337 HI1463

64.8% 64.8%


HP0197
S-adenosylmethionine synthetase 2
HI1172
0.595
0.757


HP0869
hydrogenase expression/formation protein
no




HP0898
hydrogenase expression/formation protein
no


COG0409

HP0899
hydrogenase expression/formation protein
no




HP0900
hydrogenase expression/formation protein
no




HP1014
7-alpha-hydroxysteroid dehydrogenase
no




HP1186
carbonic anhydrase
no


COG3338








Fatty acid and phospholipid metabolism






Biosynthesis






HP0090
malonyl coenzyme A-acyl carier protein transacylase
HI0156
0.354
0.545


HP0195
enoyl-(acyl-carrier-protein)reductase (NADH)
HI1734
0.469
0.695


HP0201
fatty acid/phospholipid synthesis protein
no


COG0416

HP0202
beta-ketoacyl-acyl carrier protein synthase III
HI0157
0.438
0.665


HP0215
CDP-diglyceride synthetase
HI0919
0.403
0.649


HP0370
biotin carboxylase
HI0972
0.502
0.707


HP0371
biotin carboxyl carrier protein
HI0971
0.316
0.542


hP0416
cyclopropane fatty acid synthase
HI0095
0.213
0.491
COG2230

HP0557
acetyl-coenzyme A carboxylase
HI0406
0.505
0.672


HP0558
beta ketoacyl-acyl carrier protein synthase II
HI1533
0.386
0.577


HP0559
acyl carrier protein
HI0154
0.553
0.75


HP0561
3-ketoacyl-acyl carrier protein reductase
HI0155
0.456
0.639


HP0690
acetyl coenzyme A acetyltransferase (thiolase)
HI0771
0.52
0.717


HP0700
diacylglycerol kinase
HI0335
0.383
0.574


HP0808
holo-acp synthase
no


COG0736

HP0871
CDP-diglyceride hydrolsae
no


COG2134

HP0950
acetyl-CoA carboxylase beta subunit
HI1260
0.494
0.672


HP0962
acyl carreir protein
HI0154
0.563
0.704


HP1016
phoshatidylglycerophosphate synthase
HI0123
0.393
0.663


HP1071
phosphatidylserine synthase
no


COG1183

HP1348
1-acyl-glycerol-3-phosphate acyltransferase
HI0734
0.282
0.514


HP1357
phosphatidylserine decarboxylase proenzyme
HI0160
0.317
0.496


HP1376
(3R)-hydroxymyristoyl-(acyl carrier protein) dehydratase
HI1062 Hi1325
44.6% 29.4%
68.3% 48.4%









Other Categories






Plasmid functions






HP1000
PARA protein
no 




HP1006
conjugal transfer protein
no 


COG3505

HP1421
conjugal transfer regulon protein
no 


COG0630








Transposon functions






HP0413
transposae-like protein, PSeIS
no 


COG0675

HP0414
IS200 insertion sequence from SARA 17
no 




HP0437
IS605 transposase
no 




HP0438
IS605 transposase
no 


COG0675

HP0988
IS605 transposase
no 




HP0989
IS605 transposase
no 


COG0675

HP0997
IS605 transposase
no 


COG0675

HP0998
IS605 transposase
no 




HP1007
transposae-like protein, PSeIS
no 




HP1008
IS200 insertion sequence from SARA 17
no 




HP1095
IS605 transposase
no 


COG0675

HP1096
IS605 transposase
no 




HP1534
IS605 transposase
no 


COG0675

HP1535
IS605 transposase
no 











Regulatory functions






Other






HP0048
transcriptional regulator
no


COG0068

HP0088
RNA polymerase sigma-70 factor
HI0533
0.434
0.646


HP0164
signal-transducting protein, histidine kinase 
no




HP0166
response regulator
no




HP0224
peptide methionine sulfoxide reductase
HI1455
0.668
0.798


HP0244
signal-transducing protein, histidine kinase
no




HP0278
guanosine pentaphosphate phosphohydrolsae
HI0695
0.289
0.474


HP0400
penicillin tolerance protein
HI1007
0.306
0.554


HP0703
response regulator
no


COG2204

HP0714
RNA polymerase sigma 54 factor
no


COG1508

HP0727
transcriptional regulator, putative
HI0270 HI0979
35.9% 33.3%
56.4% 55.8%


HP0775
penta-phosphate guanosine-3'-pyrophosphohydrolase
HI1741 HI0334
36.8% 28.8%
60.3% 52.3%


HP0792
sigma 54 interacting protein
HI1117
0.363
0.612


HP1021
response regulator
HI1708
0.251
0.503


HP1025
putative heat shock protein
HI0293 HI1623
33.8% 30.6%
63.4% 51%


HP1027
ferric uptake regulation protein
HI0190
0.321
0.582


HP1032
alternative transcription initiation factor, sigma-F
no


COG1191

HP1043
response regulator
HI1379
0.304
0.583
E.coli

HP1139
SpoOJ regulator
no




HP1168
carbon starvation protein
HI1126.1
0.301
0.535


 
transcriptional regulator
HI0358
0.343
0.548


HP1364
signal-transducing protein, histidine kinase
HI1707 HI1378
24.5% 32%
53.6% 52.5%


HP1365
response regulator
HI1708 
0.31
0.533


HP1442
carbons storage regulator
HI0813
0.451
0.667


HP1572
regulatory protein DniR
HI1421 HI0829
33.3% 26.9%
52.6% 47.8%









Transcription






Degradation of RNA






HP1213
polynucleotide phosphorylase
HI0229
0.389
0.603









DNA-dependent RNA polymerase






HP1198 
DNA-driected RNA polymerase, beta subunit
HI0515 HI0514
49% 53.6%
67.4% 72.7%


HP1293
DNA-driected RNA polymerase, alpha subunit
HI0802
0.305
0.546









Transcription factors






HP0550
transcription termination factor Rho
HI0295
0.566
0.777


HP0866
transcription elongation factor GreA
HI1331 HI0569
48.4% 33.3%
66.9% 57.5%


HP1203
transcription termination factor NusG
HI0717
0.402
0.638


HP1514
transcription termination factor NusA
Hi1283
0.292
0.566









RNA rocessiong






HP0640
poly(A) polymerase
HI0063 HI1606
31.2% 34.1%
54.3% 51.8%


HP0662
ribonuclease III
HI0014
0.373
0.604


HP1448
ribonuclease P, protein component
no


















Unknown function






General






HP0089
pfs protein 
HI1216 HI0518
34.5% 24.5%
60.3% 48.5%


HP0136
bacterioferritin comigratory protein
HI0254
0.388
0.566


HP0207
ATP-binding protein
HI1277
0.382
0.624


HP0221
nifU-like protein
HI0377
0.383
0.578


HP0303
GTP-binding protein
HI0877

0.672


HP0322
poly E-rich protein
no




HP0377
thiol:disulfide interchange protein (dsbC), putative 
no


COG2143

HP0381
HemK family methylase, putative
HI1201 HI1550
35% 28.3%
53.2% 52.3%


HP0390
adhesin-thiol peroxidase
HI0751
0.383
0.586


HP0405
nifS-like protein
HI1343 HI1295
31.4% 32.7%
52.2% 51.2%


HP0431
protein phosphatase 2C homolog
no


COG0631

HP0480
GTP-binding protein, fusA-homolog
HI0864
0.543
0.743


HP0485
catalase-like protein
HI0928
0.232
0.47


HP0569
GTP-binding protein
HI0393
0.555
0.71


HP0595
DsbB-related protein
no




HP0624
solute-binding signature and mitochondrial signature protein
no




HP0625
protein E
HI0368
0.477
0.691


HP0834
GTP-binding protein homologue
HI0136
0.313
0.563


HP0872
alkylphosphonate uptake protein
HI0046
0.607
0.738


HP0981
exonuclease VII-like protein
HI0397
0.425
0.65


HP1034
ATP-binding protein
HI1277
0.35
0.529
COG0455

HP1104
cinnamyl-alchohol dehydrogenase ELI3-2
no




HP1193
aldo-keto reductase, putative
no


COG0667

HP1489
lipase-like protein
no











Hypothetical protein (conserved)






HP0022
conserved hypothetical integral membrane protein
HI1005
0.278
0.523


HP0028 
conserved hypothetical secreted protein
HI0453
0.421
0.622


HP0032  
conserved hypothetical protein
no




HP0035
conserved hypothetical protein
HI0442
0.329
0.585


HP0066  
conserved hypothetical  ATP-binding protein
HI1592
0.3
0.558


HP0086 
conserved hypothetical protein
no




HP0094  
conserved hypothetical protein
no




HP0100  
conserved hypothetical protein
HI0882
0.32
0.59


HP0102 
conserved hypothetical protein
HI0868 HI1578 Hi1696
38.3% 28.9% 23.8%
63.8% 56.1% 50.3%


HP0105  
conserved hypothetical protein
HI0491
0.397
0.618


HP0117  
conserved hypothetical protein
Hi1676
0.242
0.442
COG0731

HP0138 
conserved hypothetical ion-sulfur protein
no




HP0139 
conserved hypothetical secreted protein
HI0683
0.255
0.481


HP0151 
conserved hypothetical membrane protein
no




HP0162 
conserved hypothetical protein
HI0315
0.297
0.539


HP0189  
conserved hypothetical integral membrane protein
HI0507
0.337
0.639


HP0190 
conserved hypothetical secreted protein
no




HP0211  
conserved hypothetical secreted protein
HI1562 HI1625
50% 28.4%
62.5% 52.3%


HP0216 
conserved hypothetical protein
HI0807
0.345
0.595


HP0226
conserved hypothetical integral membrane protein
HI0806
0.226
0.484


HP0228 
conserved hypothetical integral membrane protein
no




HP0233  
conserved hypothetical protein
HI0929
0.305
0.511


HP0234 
conserved hypothetical integral membrane protein
no




HP0235 
conserved hypothetical secreted protein
HI1625
0.303
0.517


HP0248 
conserved hypothetical protein
no




HP0257 
conserved hypothetical secreted protein
no




HP0258 
conserved hypothetical integral membrane protein
HI0918
0.327
0.587


HP0269 
conserved hypothetical ATP-binding protein
HI0019
0.368
0.614


HP0274  
conserved hypothetical protein
no




HP0284 
conserved hypothetical integral membrane protein
no


COG0668

HP0285 
conserved hypothetical protein
HI0019
0.277
0.507


HP0309 
conserved hypothetical protein
no




HP0310 
conserved hypothetical protein
no


COG0726

HP0312  
conserved hypothetical ATP-binding protein
no




HP0318 
conserved hypothetical protein
HI0854
0.472
0.633


HP0320
conserved hypothetical secreted protein
no




HP0328 
conserved hypothetical protein
HI0059
0.307
0.475


HP0334 
conserved hypothetical protein
HI0305
0.262
0.444


HP0347 
conserved hypothetical protein
HI0617
0.305
0.567


HP0362 
conserved hypothetical integral membrane protein
HI1704
0.288
0.491


HP0373 
conserved hypothetical protein
no




HP0374 
conserved hypothetical protein
HI0303
0.247
0.511


HP0388 
conserved hypothetical protein
HI0319
0.398
0.606


HP0395  
conserved hypothetical protein
HI0090
0.399
0.605


HP0396 
conserved hypothetical protein
no




HP0415 
conserved hypothetical integral membrane protein
no


CoG0668

HP0419 
conserved hypothetical protein
HI1351
0.456
0.653


HP0447
conserved hypothetical protein
no


COG1112

HP0452
conserved hypothetical protein
no


COG1401

HP0465
conserved hypothetical protein
no




HP0466  
conserved hypothetical protein
no




HP0467 
conserved hypothetical integral membrane protein
no




HP0468 
conserved hypothetical protein
no




HP0469  
conserved hypothetical protein
no




HP0496 
conserved hypothetical protein
HI0386
0.373
0.61


HP0506 
conserved hypothetical secreted protein
HI0409
0.298
0.532


HP0507 
conserved hypothetical protein
no




HP0518 
conserved hypothetical secreted protein
no




HP0519
conserved hypothetical protein
no




HP0552 
conserved hypothetical protein
HI1654
0.392
0.563


HP0553 
conserved hypothetical protein
HI0860
0.3
0.481


HP0565
hypothetical protein 
HI0219

0.646


HP0571
conserved hypothetical integral membrane protein
HI1629
0.293
0.567


HP0575 
conserved hypothetical membrane protein
no




HP0639  
conserved hypothetical protein
HI1191
0.41
60. 31%


HP0644 
conserved hypothetical integral membrane protein
HI1036
0.278
0.6


HP0654 
conserved hypothetical protein
no


COG1060

HP0656  
conserved hypothetical protein
no


COG1060

HP0677  
conserved hypothetical integral membrane protein
HI0198 HI0902
22.8% 27.1%
53.1% 49.5%


HP0693 
conserved hypothetical integral membrane protein
HI0772
0.467
0.661


HP0707 
conserved hypothetical protein
HI1130
0.395
0.566


HP0709 
conserved hypothetical protein
no




HP0710 
conserved hypothetical protein
no




HP0713 
conserved hypothetical protein
no




HP0716 
conserved hypothetical protein
HI0065
0.302
0.583


HP0718 
conserved hypothetical imtegral membrane protein
no




HP0728 
conserved hypothetical protein
HI0404
0.294
0.511


HP0734 
conserved hypothetical protein
HI0019
0.258
0.482


HP0737  
conserved hypothetical integral membrane protein
HI1306
0.333
0.558


HP0741 
conserved hypothetical protein
no




HP0745 
conserved hypothetical protein
HI0412
0.326
0.549


HP0747 
conserved hypothetical protein
HI0340
0.324
0.535


HP0758  
conserved hypothetical integral membrane protein
HI0325
0.476
0.688


HP0759 
conserved hypothetical integral membrane protein
HI1612
0.263
0.461


HP0760 
conserved hypothetical protein
no




HP0785  
conserved hypothetical secreted protein
no




HP0787 
conserved hypothetical integral membrane protein
HI1548 HI1555
0.252
62.5% 51.6%


HP0810 
conserved hypothetical protein
HI0767
0.317
0.54


HP0813  
conserved hypothetical protein
HI1663
0.33
0.505


HP0823
conserved hypothetical protein
no




HP0831 
conserved hypothetical ATP binding protein
HI0890
0.314
0.543


HP0851 
conserved hypothetical integral membrane protein
HI0211
0.345
0.496


HP0860 
conserved hypothetical protein
HI0471 HI0621.1
0.3
58.6% 71.2%


HP0890 
conserved hypothetical protein
no




HP0891 
conserved hypothetical protein
HI0827
0.261
0.5


HP0892 
conserved hypothetical protein
HI0711
0.348
0.573


HP0894 
conserved hypothetical protein
HI0711
0.398
0.614


HP0920 
conserved hypothetical integral membrane protein
HI0044
0.328
0.57


HP0926 
conserved hypothetical protein
HI0701
0.307
0.536


HP0934 
conserved hypothetical protein
HI1189
0.383
0.585


HP0944 
conserved hypothetical protein
HI0719
0.504
0.732


HP0946 
conserved hypothetical integral membrane protein
HI1586 HI1107
35.9% 27.9%
60.8% 51.9%


HP0949 
conserved hypothetical secreted protein
HI0033
0.459
0.73


HP0952 
conserved hypothetical integral membrane protein
no




HP0956 
conserved hypothetical protein
HI0176
0.311
0.571


HP0959 
conserved hypothetical protein
HI0105
0.24
0.443


HP0966 
conserved hypothetical protein
no




HP0977 
conserved hypothetical secreted protein
HI1004
0.229
0.477


HP0980
conserved hypothetical secreted protein
HI0918
0.426
0.649


HP0983  
conserved hypothetical integral membrane protein
HI0195.1
0.255
0.537
COG0668

HP1020  
conserved hypothetical protein
HI0671 HI0672
44.2% 32%
67.3% 44.3%


HP1026 
conserved hypothetical helicase-like protein
HI1590 Hi1229
35.2% 33.7%
58.4% 51.3%


HP1037
conserved hypothetical protein
no




HP1044 
conserved hypothetical integral membrane protein
no




HP1046 
conserved hypothetical protein
HI1282
0.444
0.635


HP1049 
conserved hypothetical protein
no


COG2740

HP1061 
conserved hypothetical integral membrane protein
HI0188
0.35
0.577


HP1066  
conserved hypothetical protein
no




HP1075 
conserved hypothetical protein
no




HP1080 
conserved hypothetical integral membrane protein
no


COG1787

HP1098 
conserved hypothetical secreted protein
HI1562 HI1625
53.8% 30.4%
66.7% 53.2%


HP1117  
conserved hypothetical secreted protein
HI1625
0.367
0.582


HP1149 
conserved hypothetical protein
HI0203
0.321
0.607


HP1160 
conserved hypothetical protein
HI0004
0.347
0.554


HP1162 
conserved hypothetical integral membrane protein
no




HP1175  
conserved hypothetical integral membrane protein
HI0125
0.338
0.594


HP1182  
conserved hypothetical protein
HI1371.1 HI0404
34.6% 26.4%
55.7% 50.7%


HP1184 
conserved hypothetical integral membrane protein
no




HP1185
conserved hypothetical integral membrane protein
Hi0135
0.555
0.774


HP1214
conserved hypothetical protein
no




HP1216 
conserved hypothetical secreted protein
HI0730
0.319
0.533


HP1225
conserved hypothetical integral membrane protein
HI0597.1
0.306
0.612


HP1234 
conserved hypothetical integral membrane protein
no




HP1235
conserved hypothetical integral membrane protein
no




HP1240 
conserved hypothetical protein
no


COG0424

HP1242
conserved hypothetical protein
no




HP1258
conserved hypothetical mitochrondrial protein 4
no




HP1259  
conserved hypothetical protein
no


COG0846

HP1284 
conserved hypothetical protein
HI0523
0.368
0.544


HP1285 
conserved hypothetical protein
HI0693
0.38
0.571


HP1286
conserved hypothetical secreted protein
no




HP1291 
conserved hypothetical protein
no


COG1564

HP1321
conserved hypothetical ATP-binding protein
no




HP1330 
conserved hypothetical integral membrane protein
HI1737
0.417
0.621


HP1331
conserved hypothetical integral membrane protein
HI1738
0.336
0.655


HP1335 
conserved hypothetical protein
HI0174
0.354
0.573


HP1337 
conserved hypothetical protein
HI0651
0.409
0.659
COG1057

HP1338
conserved hypothetical protein
no


COG0864

HP1343
conserved hypothetical integral membrane protein
HI0056
0.491
0.679


HP1363
conserved hypothetical integral membrane protein
no


COG0063

HP1394
conserved hypothetical protein
HI0072
0.335
0.534


HP1401
conserved hypothetical protein
no




HP1407
conserved hypothetical integral membrane protein
HI0276
0.224
0.54


HP1413
conserved hypothetical protein
HI1291
0.416
0.592


HP1414
conserved hypothetical protein
HI0034
0.274
0.537


HP1417
conserved hypothetical protein
no




HP1423
conserved hypothetical protein
HI0562
0.371
0.529


HP1426
conserved hypothetical protein
no




HP1428
conserved hypothetical protein
HI0365
0.348
0.574


HP1430
conserved hypothetical ATP-binding protein
no




HP1438
conserved hypothetical lipoprotein
no




HP1443
conserved hypothetical protein
no




HP1449
conserved hypothetical protein
HI1000
0.359
0.484


HP1453
conserved hypothetical protein
no




HP1459
conserved hypothetical protein
HI1199 HI1243 HI0694
29.1% 29.5% 26.5%
53.4% 52.7% 49.7%


HP1464
conserved hypothetical secreted protein
HI1085
0.211
0.537


HP1466
conserved hypothetical integral membrane protein
HI1086
0.309
0.576


HP1484
conserved hypothetical integral membrane protein
no




HP1485
conserved hypothetical integral membrane protein
HI0722
0.352
0.568


HP1486
conserved hypothetical integral membrane protein
no




HP1487
conserved hypothetical integral membrane protein
no




HP1488
conserved hypothetical secreted protein
HI0898
0.218
0.435


HP1490
conserved hypothetical protein
HI03031 HI0452
27.6% 24.6%
57.9% 50.5%


HP1492
conserved hypothetical nifU-like rotein
HI0433
0.333
0.514


HP1504
conserved hypothetical protein
no




HP1507
conserved hypothetical ATP-binding protein
no


COG1748

HP1510
conserved hypothetical protein
HI0266
0.353
0.537


HP1533
conserved hypothetical protein
HI0265
0.283
0.576
COG1351

HP1548
conserved hypothetical integral membrane protein
no




HP1551
conserved hypothetical secreted protein
HI0241
0.367
0.696


HP1567
conserved hypothetical GTP-binding protein
HI1118
0.466
0.59


HP1570
conserved hypothetical protein
HI1679
0.405
0.621


HP1573
conserved hypothetical protein
HI0454 HI0081
36.4% 26.5%
58.5% 49.6%


HP1587
conserved hypothetical protein
no




HP1588
conserved hypothetical protein
no




HP1589
conserved hypothetical protein
no




from this line is unconsvered






HP0291
hypothetical protein
HI0534

0.72


HP0336
hypothetical protein
HI1562

0.667


HP0059
hypothetical protein
HI0673

0.654


HP0057
hypothetical protein 
HI0966

0.641


Level of Paralogy “Best Protein Hits” of H. influenzae

Query locus
5' End
3' End
Common Name
Match locus
5' End
3' End
Common Name
P value
% Similarity
% Identity

HI0712
761336
758085
hemoglobin-binding protein
HI0635
677553
674695
hemoglobin-binding protein
0
90.241341
83.8405

HI0635
677553
674695
hemoglobin-binding protein
HI0712
761336
758085
hemoglobin-binding protein
0
90.346275
84.050369

HI1463
1548004
1546670
mrsA protein
HI1337
1413606
1414940
mrsA protein
3.90E-218
100
100

HI1337
1413606
1414940
mrsA protein
HI1463
1548004
1546670
mrsA protein
3.90E-218
100
100

HI1465
1550126
1548984
cell division ftsH-related protein
HI1335
1410722
1412626
cell division protein
1.00E-194
100
100

HI0632
671764
672945
elongation factor Tu
HI0578
597681
596500
elongation factor Tu
5.10E-193
100
100

HI0578
597681
596500
elongation factor Tu
HI0632
671764
672945
elongation factor Tu
5.10E-193
100
100

HI1342
1418744
1420120
ABC transporter, ATP-binding protein
HI1300
1378846
1380786
ABC transporter, ATP-binding protein
1.10E-183
98.25708
97.167755

HI1464
1548869
1548045
dihydropteroate synthase
HI1336
1412741
1413565
dihydropteroate synthase
7.50E-144
100
100

HI1336
1412741
1413565
dihydropteroate synthase
HI1464
1548869
1548045
dihydropteroate synthase
7.50E-144
100
100

HI1340
1417490
1416168
conserved hypothetical protein
HI1462
1544081
1545442
conserved hypothetical protein
7.50E-128
87.5
80.3125

HI0418
439995
441335
transport protein, putative
HI0281
315794
314481
transport protein, putative
9.20E-123
78.850578
60.91954

HI0867
919376
920587
lipopolysaccharide biosynthesis protein, putative
HI1700
1770735
1769524
lipopolysaccharide biosynthesis protein, putative
1.80E-117
82.5
60.25

HI1467
1552525
1554291
ABC transporter, ATP-binding protein
HI0036
38237
40012
ABC transporter, ATP-binding protein
1.60E-111
63.869862
41.780823

HI1341
1418228
1417620
hypothetical protein
HI1292
1373973
1373191
hypothetical protein
3.20E-97
93.401016
89.847717

HI1292
1373973
1373191
hypothetical protein
HI1341
1418228
1417620
hypothetical protein
3.20E-97
93.401016
89.847717

HI1646
1712244
1711450
cytidylate kinase 2
HI1219
1289462
1290154
cytidylate kinase 1
2.20E-96
100
98.46154

HI1219
1289462
1290154
cytidylate kinase 1
HI1646
1712244
1711450
cytidylate kinase 2
4.40E-91
98.529411
95.588234

HI1343
1418847
1418134
hypothetical protein
HI1295
1375654
1374344
nifS protein, putative
1.80E-87
98.958336
96.354164

HI1462.2
1546608
1546117
conserved hypothetical protein
HI1338
1415002
1415493
conserved hypothetical protein
4.90E-85
100
100

HI1338
1415002
1415493
conserved hypothetical protein
HI1462.2
1546608
1546117
conserved hypothetical protein
4.90E-85
100
100

HI0692
737138
736674
xanthine-guanine phosphoribosyltransferase
HI0674
717158
716694
xanthine-guanine phosphoribosyltransferase
9.40E-82
100
100

HI0674
717158
716694
xanthine-guanine phosphoribosyltransferase
HI0692
737138
736674
xanthine-guanine phosphoribosyltransferase
9.40E-82
100
100

HI0221.1
250524
251012
hypothetical protein
HI0221
248948
250411
inosine-5'-monophosphate dehydrogenase
3.10E-58
98.305084
98.305084

HI0589
610691
611107
sigma factor regulatory protein, putative
HI0850
896738
897169
sigma-E factor regulatory protein, putative
7.40E-50
88.63636
75.757576

HI1064
1129053
1127599
conserved hypothetical protein
HI1005
1069855
1071411
conserved hypothetical protein
4.70E-48
57.339451
35.091743

HI0850
896738
897169
sigma-E factor regulatory protein, putative
HI0589
610691
611107
sigma factor regulatory protein, putative
3.90E-44
88.321167
74.452553

HI1280
1356988
1357260
conserved hypothetical protein
HI1721
1793813
1794460
transposase, putative
1.10E-34
92.941177
88.235291

HI1328
1406417
1406683
ribosomal protein S15
HI1468
1554701
1554435
ribosomal protein S15
4.50E-34
100
100

HI1468
1554701
1554435
ribosomal protein S15
HI1328
1406417
1406683
ribosomal protein S15
4.50E-34
100
100

HI0052
53614
52631
conserved hypothetical protein
HI1028
1094180
1093197
conserved hypothetical protein
5.80E-34
57.993729
29.467085

HI0292
327993
327790
mercuric ion scavenger protein
HI0291
327712
327509
hypothetical protein
2.00E-31
100
98.529411

HI0291
327712
327509
hypothetical protein
HI0292
327993
327790
mercuric ion scavenger protein
2.00E-31
100
98.529411

HI0765
828508
829353
lipooligosaccharide biosynthesis protein
HI0550
571598
570693
lipooligosaccharide biosynthesis protein
6.00E-31
60.082306
36.213993

HI1720
1793079
1793642
conserved hypothetical protein
HI0112
120388
120095
hypothetical protein
3.90E-28
77.528091
67.415733

HI0112
120388
120095
hypothetical protein
HI1720
1793079
1793642
conserved hypothetical protein
3.90E-28
77.528091
67.415733

HI1462.1
1545933
1545526
hypothetical protein
HI1339
1415698
1416084
hypothetical protein
1.50E-26
100
100

HI1339
1415698
1416084
hypothetical protein
HI1462.1
1545933
1545526
hypothetical protein
1.50E-26
100
100

HI0493
510454
510807
conserved hypothetical protein
HI1721
1793813
1794460
transposase, putative
1.90E-26
86.36364
78.409088

HI0094
102103
101786
hypothetical protein
HI1014
1078046
1078990
conserved hypothetical protein
1.80E-23
93.442619
78.688522

HI0996
1062206
1062643
hypothetical protein
HI0974
1031208
1032311
hypothetical protein
1.30E-22
64.748199
43.884892

HI0947
1008583
1008188
virulence associated protein C
HI0322
351371
351772
virulence associated protein C, putative
1.50E-19
60.76923
39.23077

HI0322
351371
351772
virulence associated protein C, putative
HI0947
1008583
1008188
virulence associated protein C
1.50E-19
60.76923
39.23077

HI1329
1407406
1407098
IS1016-V6 protein
HI1577
1646128
1646343
IS1016-V6 protein, putative
1.20E-17
75.342468
63.013699

HI1577
1646128
1646343
IS1016-V6 protein, putative
HI1329
1407406
1407098
IS1016-V6 protein
1.20E-17
75.342468
63.013699

HI0051
52589
52095
conserved hypothetical transmembrane protein
HI1030
1095970
1095488
conserved hypothetical transmembrane protein
2.00E-17
57.142857
31.292517

HI0973
1030275
1031141
hypothetical protein
HI0995
1062108
1060234
transferrin-binding protein 2 precursor
9.70E-06
55.244755
41.958042

HI0869
921289
921843
hypothetical protein
HI0868
920571
921320
conserved hypothetical protein
0.00011
58.407078
33.628319

HI0948
1008816
1008586
conserved hypothetical protein
HI0321
351138
351371
virulence associated protein B
0.0012
50
30.263159

HI0704
749602
749784
hypothetical protein
HI0706
749811
751025
lipoprotein
0.028
58.333332
36.666668

HI1479
1563332
1563601
hypothetical protein
HI1478
1561212
1563272
transposase
0.033
51.5625
32.8125

HI1492
1569309
1569812
hypothetical protein
HI1250
1327059
1327361
hypothetical protein
0.042
44.155846
27.272728

Level of Paralogy “Best Protein Hits” of H. pylori

Query locus
5' End
3' End
Common Name
Match locus
5' End
3' End
Common Name
P value
% Similarity
% Identity

HP0488
512806
515676
hypothetical protein
HP1116
1181257
1178387
hypothetical protein
0
100
99.895508

HP0424
441143
439287
hypothetical protein
HP1411
1481000
1482856
hypothetical protein
0
100
100

HP1411
1481000
1482856
hypothetical protein
HP0424
441143
439287
hypothetical protein
0
100
100

HP0610
650987
656815
toxin-like outer membrane protein
HP0922
979432
987018
toxin-like outer membrane protein
0
70.199776
50.27747

HP1116
1181257
1178387
hypothetical protein
HP0488
512806
515676
hypothetical protein
0
100
99.895508

HP0426
444215
442482
hypothetical protein
HP1409
1477927
1479660
hypothetical protein
5.79999999999999e-311
100
100

HP1409
1477927
1479660
hypothetical protein
HP0426
444215
442482
hypothetical protein
5.79999999999999e-311
100
100

HP1342
1400936
1403008
outer membrane protein
HP0227
237048
234976
outer membrane protein
6.20E-291
100
100

HP0227
237048
234976
outer membrane protein
HP1342
1400936
1403008
outer membrane protein
6.20E-291
100
100

HP0725
780897
779011
outer membrane protein
HP0722
774515
776338
outer membrane protein
2.20E-270
90.939041
86.655685

HP0722
774515
776338
outer membrane protein
HP0725
780897
779011
outer membrane protein
1.10E-266
90.789474
86.348686

HP0317
334091
331857
outer membrane protein
HP1243
1320039
1317841
outer membrane protein
9.00E-251
82.614746
75.104309

HP0438
454828
456108
IS605 transposase
HP0997
1061607
1060327
IS605 transposase
4.70E-222
100
99.765808

HP0997
1061607
1060327
IS605 transposase
HP1095
1158007
1156727
IS605 transposase
4.70E-222
100
99.765808

HP0989
1051550
1052830
IS605 transposase
HP1534
1614284
1613004
IS605 transposase
4.70E-222
100
99.765808

HP1095
1158007
1156727
IS605 transposase
HP0438
454828
456108
IS605 transposase
4.70E-222
100
99.765808

HP1534
1614284
1613004
IS605 transposase
HP0989
1051550
1052830
IS605 transposase
4.70E-222
100
99.765808

HP1095
1158007
1156727
IS605 transposase
HP0997
1061607
1060327
IS605 transposase
4.70E-222
100
99.765808

HP0438
454828
456108
IS605 transposase
HP1095
1158007
1156727
IS605 transposase
4.70E-222
100
99.765808

HP0997
1061607
1060327
IS605 transposase
HP0438
454828
456108
IS605 transposase
4.70E-222
100
99.765808

HP0425
442438
441188
hypothetical protein
HP1410
1479704
1480885
hypothetical protein
9.80E-206
98.984772
98.984772

HP1410
1479704
1480885
hypothetical protein
HP0425
442438
441188
hypothetical protein
4.80E-197
98.984772
98.984772

HP0379
388835
390109
fucosyltransferase
HP0651
698092
696665
fucosyltransferase
1.20E-191
97.630333
95.734596

HP0923
987073
988179
outer membrane protein
HP0477
499019
500119
outer membrane protein
5.50E-180
99.727524
99.727524

HP0477
499019
500119
outer membrane protein
HP0923
987073
988179
outer membrane protein
5.50E-180
99.727524
99.727524

HP1412
1482975
1483898
hypothetical protein
HP0423
439168
438245
hypothetical protein
4.80E-165
100
100

HP0423
439168
438245
hypothetical protein
HP1412
1482975
1483898
hypothetical protein
4.80E-165
100
100

HP0009
7145
5244
outer membrane protein
HP1243
1320039
1317841
outer membrane protein
2.70E-154
74.49456
58.009331

HP0118
129118
127934
hypothetical protein
HP1187
1257903
1256749
hypothetical protein
9.30E-137
94.778069
91.644905

HP1187
1257903
1256749
hypothetical protein
HP0118
129118
127934
hypothetical protein
1.40E-133
94.778069
91.644905

HP0120
132249
131056
hypothetical protein
HP0118
129118
127934
hypothetical protein
1.40E-133
88.04071
81.67939

HP1115
1178370
1177687
hypothetical protein
HP0489
515693
516577
hypothetical protein
1.80E-110
98.678413
96.916298

HP0489
515693
516577
hypothetical protein
HP1115
1178370
1177687
hypothetical protein
1.80E-110
98.678413
96.916298

HP1188
1259059
1258253
hypothetical protein
HP0120
132249
131056
hypothetical protein
2.20E-99
95.185188
91.481483

HP1008
1069967
1070380
IS200 insertion sequence from SARA17
HP0414
426876
427289
IS200 insertion sequence from SARA17
1.10E-73
100
100

HP0414
426876
427289
IS200 insertion sequence from SARA17
HP1008
1069967
1070380
IS200 insertion sequence from SARA17
1.10E-73
100
100

HP1096
1158077
1158502
IS605 transposase
HP1535
1614354
1614779
IS605 transposase
3.30E-70
100
100

HP0998
1061677
1062102
IS605 transposase
HP1096
1158077
1158502
IS605 transposase
3.30E-70
100
100

HP0437
454758
454333
IS605 transposase
HP0988
1051480
1051055
IS605 transposase
3.30E-70
100
100

HP0998
1061677
1062102
IS605 transposase
HP1535
1614354
1614779
IS605 transposase
3.30E-70
100
100

HP0437
454758
454333
IS605 transposase
HP0998
1061677
1062102
IS605 transposase
3.30E-70
100
100

HP1535
1614354
1614779
IS605 transposase
HP0988
1051480
1051055
IS605 transposase
3.30E-70
100
100

HP1096
1158077
1158502
IS605 transposase
HP0998
1061677
1062102
IS605 transposase
3.30E-70
100
100

HP1096
1158077
1158502
IS605 transposase
HP0437
454758
454333
IS605 transposase
3.30E-70
100
100

HP1535
1614354
1614779
IS605 transposase
HP0998
1061677
1062102
IS605 transposase
3.30E-70
100
100

HP1096
1158077
1158502
IS605 transposase
HP0988
1051480
1051055
IS605 transposase
3.30E-70
100
100

HP1535
1614354
1614779
IS605 transposase
HP1096
1158077
1158502
IS605 transposase
3.30E-70
100
100

HP0988
1051480
1051055
IS605 transposase
HP0437
454758
454333
IS605 transposase
3.30E-70
100
100

HP0988
1051480
1051055
IS605 transposase
HP0998
1061677
1062102
IS605 transposase
3.30E-70
100
100

HP1535
1614354
1614779
IS605 transposase
HP0437
454758
454333
IS605 transposase
3.30E-70
100
100

HP0988
1051480
1051055
IS605 transposase
HP1096
1158077
1158502
IS605 transposase
3.30E-70
100
100

HP0437
454758
454333
IS605 transposase
HP1096
1158077
1158502
IS605 transposase
3.30E-70
100
100

HP0437
454758
454333
IS605 transposase
HP1535
1614354
1614779
IS605 transposase
3.30E-70
100
100

HP0998
1061677
1062102
IS605 transposase
HP0437
454758
454333
IS605 transposase
3.30E-70
100
100

HP0998
1061677
1062102
IS605 transposase
HP0988
1051480
1051055
IS605 transposase
3.30E-70
100
100

HP0988
1051480
1051055
IS605 transposase
HP1535
1614354
1614779
IS605 transposase
3.30E-70
100
100

HP0895
946969
946595
hypothetical protein
HP0316
331245
330856
hypothetical protein
6.60E-49
89.743591
84.615387

HP0316
331245
330856
hypothetical protein
HP0895
946969
946595
hypothetical protein
6.60E-49
89.743591
84.615387

HP1009
1071068
1070511
site-specific recombinase
HP0995
1057225
1056161
integrase/recombinase
5.00E-44
86.708862
63.291138

HP0981
1044772
1045134
exonuclease VII-like protein
HP0259
268080
269339
exonuclease VII, large subunit
1.70E-34
90.804596
82.758621

HP0962
1020916
1020458
acyl carrier protein
HP0559
594273
594040
acyl carrier protein
6.40E-28
97.14286
90

HP1408
1477542
1477874
hypothetical protein
HP0427
444600
444268
hypothetical protein
3.70E-17
100
100

HP0427
444600
444268
hypothetical protein
HP1408
1477542
1477874
hypothetical protein
3.70E-17
100
100

HP0674
724805
725488
hypothetical protein
HP0030
31852
30074
hypothetical protein
4.70E-12
65.168541
48.314606

HP0436
453958
454320
hypothetical protein
HP0987
1050812
1051042
hypothetical protein
8.10E-12
68.852463
60.655739

HP0446
464937
464161
hypothetical protein
HP0455
474313
474621
hypothetical protein
1.90E-11
59.34066
35.164837

HP0442
462015
461752
hypothetical protein
HP0457
475826
476086
hypothetical protein
2.80E-09
63.529411
41.176472

HP1389
1450780
1450959
hypothetical protein
HP1388
1450188
1450634
hypothetical protein
4.20E-08
69.565216
52.173912

HP1388
1450188
1450634
hypothetical protein
HP1389
1450780
1450959
hypothetical protein
2.30E-07
64.444443
48.888889

HP0789
845403
845260
hypothetical protein
HP0847
899835
899737
hypothetical protein
2.30E-07
97.058823
85.294121

HP0847
899835
899737
hypothetical protein
HP0789
845403
845260
hypothetical protein
2.30E-07
96.969696
90.909088

HP0880
932025
931606
hypothetical protein
HP1438
1509160
1510173
conserved hypothetical lipoprotein
1.50E-05
56.410255
36.752136

HP0453
470340
473402
hypothetical protein
HP0527
559989
554209
cag pathogenicity island protein
4.20E-05
50.620346
31.01737

HP1426
1496638
1496099
conserved hypothetical protein
HP1113
1174794
1175624
outer membrane protein
0.027
47.333332
30.666666

HP0449
466757
468172
hypothetical protein
HP0967
1026735
1026451
virulence associated protein D
0.057
50
33.333332

HP0443
462318
462019
hypothetical protein
HP0015
13702
13980
hypothetical protein
0.061
52
30
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Function Categories
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Representation of different functional categories of H. pylori proteins by orthologs in H. influenzae.
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		Function Category		Number of Orthologs		Percentage of Orthologs

		Acmino Acid Biosynthesis		18		5.34%

		Biosynthesis of Cofactors		14		4.15%

		Cell Envelope		15		4.45%

		Cellular Process		17		5.04%

		Central Intermediary Metabolism		7		2.08%

		DNA Metabolism		26		7.72%

		Energy Metabolism		18		5.34%

		Fatty Acid and Phospolipid Metabolism		12		3.56%

		Hypothetical Protein (not conserved)		4		1.19%

		Hypothetical Protein (Conserved)		35		10.39%

		Other Categories		0		0

		Protein Fate		24		7.12%

		Protein Synthesis		64		18.99%

		Purines, Pyrimidines, Nucleosides, and Nucleotides		18		5.34%

		Regulatory Function		6		1.78%

		Transcription		8		2.37%

		Transport and Bindng Proteins		43		12.76%

		Unknown Function		8		2.37%

		Total Number of Orthologs		337		100%





Sheet1

		



Function Categories

%Orthologs in H. influenzae

Representation of different functional categories of H. pylori proteins by orthologs in H. influenzae.
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5' End

Position of Query/bp (H. influenzae)

position of Match/bp (H. influenzae)

Level of Paralogy "Best Protein Hits"
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LevelsOfParalogy2.tmp

		Query locus		5' End		3' End		Common Name		Match locus		5' End		3' End		Common Name		P value		% Similarity		% Identity

		HI0712		761336		758085		hemoglobin-binding protein		HI0635		677553		674695		hemoglobin-binding protein		0		90.241341		83.8405

		HI0635		677553		674695		hemoglobin-binding protein		HI0712		761336		758085		hemoglobin-binding protein		0		90.346275		84.050369

		HI1463		1548004		1546670		mrsA protein		HI1337		1413606		1414940		mrsA protein		3.90E-218		100		100

		HI1337		1413606		1414940		mrsA protein		HI1463		1548004		1546670		mrsA protein		3.90E-218		100		100

		HI1465		1550126		1548984		cell division ftsH-related protein		HI1335		1410722		1412626		cell division protein		1.00E-194		100		100

		HI0632		671764		672945		elongation factor Tu		HI0578		597681		596500		elongation factor Tu		5.10E-193		100		100

		HI0578		597681		596500		elongation factor Tu		HI0632		671764		672945		elongation factor Tu		5.10E-193		100		100

		HI1342		1418744		1420120		ABC transporter, ATP-binding protein		HI1300		1378846		1380786		ABC transporter, ATP-binding protein		1.10E-183		98.25708		97.167755

		HI1464		1548869		1548045		dihydropteroate synthase		HI1336		1412741		1413565		dihydropteroate synthase		7.50E-144		100		100

		HI1336		1412741		1413565		dihydropteroate synthase		HI1464		1548869		1548045		dihydropteroate synthase		7.50E-144		100		100

		HI1340		1417490		1416168		conserved hypothetical protein		HI1462		1544081		1545442		conserved hypothetical protein		7.50E-128		87.5		80.3125

		HI0418		439995		441335		transport protein, putative		HI0281		315794		314481		transport protein, putative		9.20E-123		78.850578		60.91954

		HI0867		919376		920587		lipopolysaccharide biosynthesis protein, putative		HI1700		1770735		1769524		lipopolysaccharide biosynthesis protein, putative		1.80E-117		82.5		60.25

		HI1467		1552525		1554291		ABC transporter, ATP-binding protein		HI0036		38237		40012		ABC transporter, ATP-binding protein		1.60E-111		63.869862		41.780823

		HI1341		1418228		1417620		hypothetical protein		HI1292		1373973		1373191		hypothetical protein		3.20E-97		93.401016		89.847717

		HI1292		1373973		1373191		hypothetical protein		HI1341		1418228		1417620		hypothetical protein		3.20E-97		93.401016		89.847717

		HI1646		1712244		1711450		cytidylate kinase 2		HI1219		1289462		1290154		cytidylate kinase 1		2.20E-96		100		98.46154

		HI1219		1289462		1290154		cytidylate kinase 1		HI1646		1712244		1711450		cytidylate kinase 2		4.40E-91		98.529411		95.588234

		HI1343		1418847		1418134		hypothetical protein		HI1295		1375654		1374344		nifS protein, putative		1.80E-87		98.958336		96.354164

		HI1462.2		1546608		1546117		conserved hypothetical protein		HI1338		1415002		1415493		conserved hypothetical protein		4.90E-85		100		100

		HI1338		1415002		1415493		conserved hypothetical protein		HI1462.2		1546608		1546117		conserved hypothetical protein		4.90E-85		100		100

		HI0692		737138		736674		xanthine-guanine phosphoribosyltransferase		HI0674		717158		716694		xanthine-guanine phosphoribosyltransferase		9.40E-82		100		100

		HI0674		717158		716694		xanthine-guanine phosphoribosyltransferase		HI0692		737138		736674		xanthine-guanine phosphoribosyltransferase		9.40E-82		100		100

		HI0221.1		250524		251012		hypothetical protein		HI0221		248948		250411		inosine-5'-monophosphate dehydrogenase		3.10E-58		98.305084		98.305084

		HI0589		610691		611107		sigma factor regulatory protein, putative		HI0850		896738		897169		sigma-E factor regulatory protein, putative		7.40E-50		88.63636		75.757576

		HI1064		1129053		1127599		conserved hypothetical protein		HI1005		1069855		1071411		conserved hypothetical protein		4.70E-48		57.339451		35.091743

		HI0850		896738		897169		sigma-E factor regulatory protein, putative		HI0589		610691		611107		sigma factor regulatory protein, putative		3.90E-44		88.321167		74.452553

		HI1280		1356988		1357260		conserved hypothetical protein		HI1721		1793813		1794460		transposase, putative		1.10E-34		92.941177		88.235291

		HI1328		1406417		1406683		ribosomal protein S15		HI1468		1554701		1554435		ribosomal protein S15		4.50E-34		100		100

		HI1468		1554701		1554435		ribosomal protein S15		HI1328		1406417		1406683		ribosomal protein S15		4.50E-34		100		100

		HI0052		53614		52631		conserved hypothetical protein		HI1028		1094180		1093197		conserved hypothetical protein		5.80E-34		57.993729		29.467085

		HI0292		327993		327790		mercuric ion scavenger protein		HI0291		327712		327509		hypothetical protein		2.00E-31		100		98.529411

		HI0291		327712		327509		hypothetical protein		HI0292		327993		327790		mercuric ion scavenger protein		2.00E-31		100		98.529411

		HI0765		828508		829353		lipooligosaccharide biosynthesis protein		HI0550		571598		570693		lipooligosaccharide biosynthesis protein		6.00E-31		60.082306		36.213993

		HI1720		1793079		1793642		conserved hypothetical protein		HI0112		120388		120095		hypothetical protein		3.90E-28		77.528091		67.415733

		HI0112		120388		120095		hypothetical protein		HI1720		1793079		1793642		conserved hypothetical protein		3.90E-28		77.528091		67.415733

		HI1462.1		1545933		1545526		hypothetical protein		HI1339		1415698		1416084		hypothetical protein		1.50E-26		100		100

		HI1339		1415698		1416084		hypothetical protein		HI1462.1		1545933		1545526		hypothetical protein		1.50E-26		100		100

		HI0493		510454		510807		conserved hypothetical protein		HI1721		1793813		1794460		transposase, putative		1.90E-26		86.36364		78.409088

		HI0094		102103		101786		hypothetical protein		HI1014		1078046		1078990		conserved hypothetical protein		1.80E-23		93.442619		78.688522

		HI0996		1062206		1062643		hypothetical protein		HI0974		1031208		1032311		hypothetical protein		1.30E-22		64.748199		43.884892

		HI0947		1008583		1008188		virulence associated protein C		HI0322		351371		351772		virulence associated protein C, putative		1.50E-19		60.76923		39.23077

		HI0322		351371		351772		virulence associated protein C, putative		HI0947		1008583		1008188		virulence associated protein C		1.50E-19		60.76923		39.23077

		HI1329		1407406		1407098		IS1016-V6 protein		HI1577		1646128		1646343		IS1016-V6 protein, putative		1.20E-17		75.342468		63.013699

		HI1577		1646128		1646343		IS1016-V6 protein, putative		HI1329		1407406		1407098		IS1016-V6 protein		1.20E-17		75.342468		63.013699

		HI0051		52589		52095		conserved hypothetical transmembrane protein		HI1030		1095970		1095488		conserved hypothetical transmembrane protein		2.00E-17		57.142857		31.292517

		HI0973		1030275		1031141		hypothetical protein		HI0995		1062108		1060234		transferrin-binding protein 2 precursor		9.70E-06		55.244755		41.958042

		HI0869		921289		921843		hypothetical protein		HI0868		920571		921320		conserved hypothetical protein		0.00011		58.407078		33.628319

		HI0948		1008816		1008586		conserved hypothetical protein		HI0321		351138		351371		virulence associated protein B		0.0012		50		30.263159

		HI0704		749602		749784		hypothetical protein		HI0706		749811		751025		lipoprotein		0.028		58.333332		36.666668

		HI1479		1563332		1563601		hypothetical protein		HI1478		1561212		1563272		transposase		0.033		51.5625		32.8125

		HI1492		1569309		1569812		hypothetical protein		HI1250		1327059		1327361		hypothetical protein		0.042		44.155846		27.272728
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5' End

Position of Query/bp (H. influenzae)

position of Match/bp (H. pylori)
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		Query locus		5' End		3' End		Common Name		Match locus		5' End		3' End		Common Name		P value		% Similarity		% Identity

		HP0488		512806		515676		hypothetical protein		HP1116		1181257		1178387		hypothetical protein		0		100		99.895508

		HP0424		441143		439287		hypothetical protein		HP1411		1481000		1482856		hypothetical protein		0		100		100

		HP1411		1481000		1482856		hypothetical protein		HP0424		441143		439287		hypothetical protein		0		100		100

		HP0610		650987		656815		toxin-like outer membrane protein		HP0922		979432		987018		toxin-like outer membrane protein		0		70.199776		50.27747

		HP1116		1181257		1178387		hypothetical protein		HP0488		512806		515676		hypothetical protein		0		100		99.895508

		HP0426		444215		442482		hypothetical protein		HP1409		1477927		1479660		hypothetical protein		5.79999999999999e-311		100		100

		HP1409		1477927		1479660		hypothetical protein		HP0426		444215		442482		hypothetical protein		5.79999999999999e-311		100		100

		HP1342		1400936		1403008		outer membrane protein		HP0227		237048		234976		outer membrane protein		6.20E-291		100		100

		HP0227		237048		234976		outer membrane protein		HP1342		1400936		1403008		outer membrane protein		6.20E-291		100		100

		HP0725		780897		779011		outer membrane protein		HP0722		774515		776338		outer membrane protein		2.20E-270		90.939041		86.655685

		HP0722		774515		776338		outer membrane protein		HP0725		780897		779011		outer membrane protein		1.10E-266		90.789474		86.348686

		HP0317		334091		331857		outer membrane protein		HP1243		1320039		1317841		outer membrane protein		9.00E-251		82.614746		75.104309

		HP0438		454828		456108		IS605 transposase		HP0997		1061607		1060327		IS605 transposase		4.70E-222		100		99.765808

		HP0997		1061607		1060327		IS605 transposase		HP1095		1158007		1156727		IS605 transposase		4.70E-222		100		99.765808

		HP0989		1051550		1052830		IS605 transposase		HP1534		1614284		1613004		IS605 transposase		4.70E-222		100		99.765808

		HP1095		1158007		1156727		IS605 transposase		HP0438		454828		456108		IS605 transposase		4.70E-222		100		99.765808

		HP1534		1614284		1613004		IS605 transposase		HP0989		1051550		1052830		IS605 transposase		4.70E-222		100		99.765808

		HP1095		1158007		1156727		IS605 transposase		HP0997		1061607		1060327		IS605 transposase		4.70E-222		100		99.765808

		HP0438		454828		456108		IS605 transposase		HP1095		1158007		1156727		IS605 transposase		4.70E-222		100		99.765808

		HP0997		1061607		1060327		IS605 transposase		HP0438		454828		456108		IS605 transposase		4.70E-222		100		99.765808

		HP0425		442438		441188		hypothetical protein		HP1410		1479704		1480885		hypothetical protein		9.80E-206		98.984772		98.984772

		HP1410		1479704		1480885		hypothetical protein		HP0425		442438		441188		hypothetical protein		4.80E-197		98.984772		98.984772

		HP0379		388835		390109		fucosyltransferase		HP0651		698092		696665		fucosyltransferase		1.20E-191		97.630333		95.734596

		HP0923		987073		988179		outer membrane protein		HP0477		499019		500119		outer membrane protein		5.50E-180		99.727524		99.727524

		HP0477		499019		500119		outer membrane protein		HP0923		987073		988179		outer membrane protein		5.50E-180		99.727524		99.727524

		HP1412		1482975		1483898		hypothetical protein		HP0423		439168		438245		hypothetical protein		4.80E-165		100		100

		HP0423		439168		438245		hypothetical protein		HP1412		1482975		1483898		hypothetical protein		4.80E-165		100		100

		HP0009		7145		5244		outer membrane protein		HP1243		1320039		1317841		outer membrane protein		2.70E-154		74.49456		58.009331

		HP0118		129118		127934		hypothetical protein		HP1187		1257903		1256749		hypothetical protein		9.30E-137		94.778069		91.644905

		HP1187		1257903		1256749		hypothetical protein		HP0118		129118		127934		hypothetical protein		1.40E-133		94.778069		91.644905

		HP0120		132249		131056		hypothetical protein		HP0118		129118		127934		hypothetical protein		1.40E-133		88.04071		81.67939

		HP1115		1178370		1177687		hypothetical protein		HP0489		515693		516577		hypothetical protein		1.80E-110		98.678413		96.916298

		HP0489		515693		516577		hypothetical protein		HP1115		1178370		1177687		hypothetical protein		1.80E-110		98.678413		96.916298

		HP1188		1259059		1258253		hypothetical protein		HP0120		132249		131056		hypothetical protein		2.20E-99		95.185188		91.481483

		HP1008		1069967		1070380		IS200 insertion sequence from SARA17		HP0414		426876		427289		IS200 insertion sequence from SARA17		1.10E-73		100		100

		HP0414		426876		427289		IS200 insertion sequence from SARA17		HP1008		1069967		1070380		IS200 insertion sequence from SARA17		1.10E-73		100		100

		HP1096		1158077		1158502		IS605 transposase		HP1535		1614354		1614779		IS605 transposase		3.30E-70		100		100

		HP0998		1061677		1062102		IS605 transposase		HP1096		1158077		1158502		IS605 transposase		3.30E-70		100		100

		HP0437		454758		454333		IS605 transposase		HP0988		1051480		1051055		IS605 transposase		3.30E-70		100		100

		HP0998		1061677		1062102		IS605 transposase		HP1535		1614354		1614779		IS605 transposase		3.30E-70		100		100

		HP0437		454758		454333		IS605 transposase		HP0998		1061677		1062102		IS605 transposase		3.30E-70		100		100

		HP1535		1614354		1614779		IS605 transposase		HP0988		1051480		1051055		IS605 transposase		3.30E-70		100		100

		HP1096		1158077		1158502		IS605 transposase		HP0998		1061677		1062102		IS605 transposase		3.30E-70		100		100

		HP1096		1158077		1158502		IS605 transposase		HP0437		454758		454333		IS605 transposase		3.30E-70		100		100

		HP1535		1614354		1614779		IS605 transposase		HP0998		1061677		1062102		IS605 transposase		3.30E-70		100		100

		HP1096		1158077		1158502		IS605 transposase		HP0988		1051480		1051055		IS605 transposase		3.30E-70		100		100

		HP1535		1614354		1614779		IS605 transposase		HP1096		1158077		1158502		IS605 transposase		3.30E-70		100		100

		HP0988		1051480		1051055		IS605 transposase		HP0437		454758		454333		IS605 transposase		3.30E-70		100		100

		HP0988		1051480		1051055		IS605 transposase		HP0998		1061677		1062102		IS605 transposase		3.30E-70		100		100

		HP1535		1614354		1614779		IS605 transposase		HP0437		454758		454333		IS605 transposase		3.30E-70		100		100

		HP0988		1051480		1051055		IS605 transposase		HP1096		1158077		1158502		IS605 transposase		3.30E-70		100		100

		HP0437		454758		454333		IS605 transposase		HP1096		1158077		1158502		IS605 transposase		3.30E-70		100		100

		HP0437		454758		454333		IS605 transposase		HP1535		1614354		1614779		IS605 transposase		3.30E-70		100		100

		HP0998		1061677		1062102		IS605 transposase		HP0437		454758		454333		IS605 transposase		3.30E-70		100		100

		HP0998		1061677		1062102		IS605 transposase		HP0988		1051480		1051055		IS605 transposase		3.30E-70		100		100

		HP0988		1051480		1051055		IS605 transposase		HP1535		1614354		1614779		IS605 transposase		3.30E-70		100		100

		HP0895		946969		946595		hypothetical protein		HP0316		331245		330856		hypothetical protein		6.60E-49		89.743591		84.615387

		HP0316		331245		330856		hypothetical protein		HP0895		946969		946595		hypothetical protein		6.60E-49		89.743591		84.615387

		HP1009		1071068		1070511		site-specific recombinase		HP0995		1057225		1056161		integrase/recombinase		5.00E-44		86.708862		63.291138

		HP0981		1044772		1045134		exonuclease VII-like protein		HP0259		268080		269339		exonuclease VII, large subunit		1.70E-34		90.804596		82.758621

		HP0962		1020916		1020458		acyl carrier protein		HP0559		594273		594040		acyl carrier protein		6.40E-28		97.14286		90

		HP1408		1477542		1477874		hypothetical protein		HP0427		444600		444268		hypothetical protein		3.70E-17		100		100

		HP0427		444600		444268		hypothetical protein		HP1408		1477542		1477874		hypothetical protein		3.70E-17		100		100

		HP0674		724805		725488		hypothetical protein		HP0030		31852		30074		hypothetical protein		4.70E-12		65.168541		48.314606

		HP0436		453958		454320		hypothetical protein		HP0987		1050812		1051042		hypothetical protein		8.10E-12		68.852463		60.655739

		HP0446		464937		464161		hypothetical protein		HP0455		474313		474621		hypothetical protein		1.90E-11		59.34066		35.164837

		HP0442		462015		461752		hypothetical protein		HP0457		475826		476086		hypothetical protein		2.80E-09		63.529411		41.176472

		HP1389		1450780		1450959		hypothetical protein		HP1388		1450188		1450634		hypothetical protein		4.20E-08		69.565216		52.173912

		HP1388		1450188		1450634		hypothetical protein		HP1389		1450780		1450959		hypothetical protein		2.30E-07		64.444443		48.888889

		HP0789		845403		845260		hypothetical protein		HP0847		899835		899737		hypothetical protein		2.30E-07		97.058823		85.294121

		HP0847		899835		899737		hypothetical protein		HP0789		845403		845260		hypothetical protein		2.30E-07		96.969696		90.909088

		HP0880		932025		931606		hypothetical protein		HP1438		1509160		1510173		conserved hypothetical lipoprotein		1.50E-05		56.410255		36.752136

		HP0453		470340		473402		hypothetical protein		HP0527		559989		554209		cag pathogenicity island protein		4.20E-05		50.620346		31.01737

		HP1426		1496638		1496099		conserved hypothetical protein		HP1113		1174794		1175624		outer membrane protein		0.027		47.333332		30.666666

		HP0449		466757		468172		hypothetical protein		HP0967		1026735		1026451		virulence associated protein D		0.057		50		33.333332

		HP0443		462318		462019		hypothetical protein		HP0015		13702		13980		hypothetical protein		0.061		52		30
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		Query Locus		%GC		5' end		3' end		Common Name		Match Locus		%GC		5' end		3'end

		HI1393		26.44		1492682		1491783		Type II restriction endonuclease		HP1518		30.18		1594777		1594493

		HI10966		36.88		1025416		1024853		hypothetical protein		HP0057		39.61		61619		61825

		HI1697		29.96		1767535		1766765		lipopolysaccharide biosynthesis protein		HP0826		38.83		878363		879181

		Hi1562		35.9		1632305		1632150		hypothetical protein		HP1098		42.87		1159591		1158722

		HI0251		40.37		283920		283111		tonB protein		HP1341		42.34		1399888		1400742

		HI0711		33.33		757717		758022		conserved hypothetical protein		HP0894		34.09		946611		946348

		HI1375		28.48		1470440		1471345		hypothetical protein		HP0513		33.03		539973		541946

		HI1392		30.64		1491799		1490873		modification methylase		HP1352		33.33		1413297		1412221

		HI0252		34.69		284373		283933		biopolymer transport protein		HP1340		38.24		1399533		1399919

		HI0450		37		473349		473077		virulence associated protein D		HP0315		33.69		330872		330591

		HI0538		43.42		562930		562376		urease accessory protein		HP0070		40.78		74745		74236

		HI1737		34.86		1814568		1814242		conserved hypothetical protein		HP1330		37.68		1391874		1391530

		HI0253		34.67		284829		284380		biopolymer transport protein		HP1339		39.36		1399036		1399533

		HI0537		46.56		562265		561684		urease accessory protein		HP0069		40.94		74210		73449

		HI0513		26.13		530488		528935		modification methylase		HP0910		37.47		961488		962624

		HI0535		26.13		530488		528935		urease accessory protein		HP0067		43.9		72818		72024

		HI1041		44.44		560826		560044		modification methylase		HP0051		40.05		51097		50033

		HI1005		31.69		1105412		1106323		conserved hypothetical protein		HP0022		40.05		22717		21155

		HI1454		31.6		1069855		1071411		cytchrome C-type biogenesis protein		HP0265		39.31		275250		275969

		HI0708		35.68		1539151]		1538513		L-seryl-tRNA selenium transferase		HP1513		36.61		1587307		1588464

		HI0216		39.26		753952		755334		type I restriction/modification spe		HP0790		35.58		846835		845543

		HI0219		38.03		239215		238677		conserved hypothetical transmembrane		HP0565		41.71		597940		597296

		HI0358		42.33		383075		383719		transcriptional activator, putative		HP1287		38.25		1363784		1363134

		Hi1170		35.47		1241317		1240334		hypothetical protein		HP0293		36.26		309151		310827

		HI1738		32.51		1815299		1814568		conserved hypothetical protein		HP1331		40.35		1392554		1391871

		Hi1035		38.41		1099920		1100864		magnesium and cobalt transport protein		HP1344		37.63		1404859		1403906

		HI0453		37.74		475494		474973		conserved hypothetical protein		HP0028		37.66		28901		29431

		HI1470		38.08		1555803		1555045		iron chelatin ABC transporter, ATP-		HP0888		39.08		943114		942350

		HI1272		37.14		1348468		1349256		ABC transporter, ATP-binding protein		HP0888		39.08		943114		942350

		HI0336		42.81		363918		364508		molybdopeterin biosynthesis protein		HP0799		39.96		855873		855346

		HI0417		42.92		439370		440047		thiamin-phosphate pyrophosphorylase		HP0843		42.16		895178		894522

		HI0854		33.73		901404		902222		conserved hypothetical protein		HP0318		40.5		335143		334391

		HI1186		41.47		1252616		1251732		dipeptide ABC transporter, permease		HP0300		45.61		318249		319103

		HI0745		39.35		803249		804295		L-asparaginase II		HP0723		45.76		777473		776484

		HI0135		39.06		149017		150204		conserved hypotheitcal transmembrane		HP1185		44.5		1255500		1254328

		HI0536		44.44		561578		560904		urease accessory protein		HP0068		44.89		73417		72821

		HI1187		40.54		1253632		1252634		dipeptide ABC transporter, permease		HP0299		44.11		317245		318246

		HI0853		37.77		899649		901285		heme-binding lipoprotein		HP0298		41.23		315585		317231

		HI0772		41.01		836029		834689		short-chain fatty acids transporter		HP0693		41.41		743083		744444

		HI1455		37.68		1540224		1539166		peptide methionine sulfoxide reduct		HP0224		39.74		232467		233543
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