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Helicobacter pylori is a causative agent of type B gastritis and plays a central role in the
pathogenesis of gastroduodenal ulcer and gastric cancer. To elucidate the host-parasite
relationship of the H. pylori infection on the basis of molecular biology, we tried to evaluate the
genomic diversity of H. pylori. An ordered overlapping bacterial artificial chromosome (BAC)
library of a Korean isolate, H. pylori 51 was constructed to set up a genomic map. A circular
physical map was constructed by aligning Apal, Notfl and Sfil-digested chromosomal DNA.
When the physical map of H. pylori 51 was compared to that of unrelated strain, H. pylori
26695, completely different restriction patterns were shown. Fifteen known genes were mapped
on the chromosome of H. pylori 51 and the genetic map was compared with those of strain
26695 and J99, of which the entire genomic sequences were reported. There were some
variability in the gene location as well as gene order among three strains. For further analysis on
the genomic diversity of H. pylori, when comparing the genomic structure of 150 H. pylori
Korean isolates with one another, genomic macrodiversity of H. pylori was characterized by
several features: whether or not susceptible to restriction digestion of the chromsome, variation in
chromosomal restriction fingerprint and/or high frequency of gene rearrangement. We also
examined the extent of allelic variation in nucleotide or deduced amino acid sequences at the
individual gene level. fucT, cagA and vacA were confirmed to carry regions of high variation in
nucleotide sequence among strains. The plasticity zone and strain-specific genes of H. pylori 51
were analyzed and compared with the former two genomic sequences. It should be noted that the
H. pylori 51-specific sequences were dispersed on the chromosome, not congregated in the
plasticity zone unlike J99- or 26695-specific genes, suggesting the high frequency of gene
rearrangement in H. pylori genome. The genome of H. pylori 51 shows differences in the overall
genomic organization, gene order, and even in the nucleotide sequences among the H. pylori
strains, which are far greater than the differences reported on the genomic diversity of H. pylori.
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INTRODUCTION

In Korea, Helicobacter pylori infection be-
gins at infancy. The infection rate reaches up
to 50% at 5~6 years of age and 80~90% at 8
years of age and then maintains the percentage
throughout the whole ages of adults (4,19). H.
pylori colonizes the gastric mucosa of humans
and causes gastritis and peptic ulcer diseases.
H. pylori infection also causes gastric adeno-
carcinoma and MALT lymphoma, which has
been verified by epidemiological studies as well
as by an experimental infection leading to gas-
tric adenocarcinoma in Mongolian gerbils (5,15,
20,21,24).

B type chronic gastritis, peptic ulcer diseases
and gastric cancer could be annihilated by the
direct countermeasures targeting H. pylori. Un-
fortunately, however, strategies based on con-
ventional principles and practice of microbio-
logy for the control of H. pylori-induced di-
seases are of limited utility, because of the fol-
lowing four reasons (25). First, antimicrobial
drugs are not effective for the eradication of H.
pylori on the basis of asymptomatic infection.
Second, diagnostic utilities convenient for the
H. pylori eradication are not available at this
moment. Third, it seems theoretically impossi-
ble to develop vaccine against H. pylori. Fourth,
it does not seem to be easy to block the trans-
mission of H. pylori infection at the level of
public health.

These barriers make it practically impossible
to decrease rapidly the prevalence rate of H.
pylori infection. Nevertheless, the control of
the H. pylori-induced gastroduodenal diseases
is urgently required in a country with a high
prevalence rate of H. pylori infection, like Korea.
Molecular biology of H. pylori on the basis of
genome analysis could provide a breakthrough
for the above-mentioned obstacles and for the
understanding of H. pylori-human relationship.

Recently, the complete genomic sequences

of two unrelated isolates of H. pylori, strain
26695 (23) and J99 (2), were reported. The se-
quence comparison revealed structural and al-
lelic differences between the two genomes. It
is remarkable that 23% of the genes in both
strains are H. pylori-specific, which show no
sequence similarity with genes availabe in pub-
lic databases and that about 6 to 7% of the
genes are specific to each strain, with almost
half of these genes being clustered in a single
hypervariable region, namely plasticity zone
(2). This region is postulated to play a signifi-
cant role in the pathogenesis of H. pylori in-
fection.

Here, we tried to evaluate the genomic div-
ersity of H. pylori.

Construction of ordered overlapping BAC
library. A bacterial artificial chromosome (BAC)
library of H. pylori was constructed to set up
a genomic map. Chromosomal DNA of H. py-
lori strain 51, a clinical isolate recovered from
patients with peptic ulcer at Gyeongsang Na-
tional University Hospital, was prepared in
low-melting point agarose block, partially dig-
ested with HindlIl and then ligated with pBelo-
BAC11 (22), which was kindly provided by
Dr. Melvin Simon at the Division of Biology,
California Institute of Technology, Pasadena,
CA 91125, USA.

Seven hundred BAC DNAs which contained
inserts with a range of 50~200 kb were select-
ed and separately dot-blotted on 4 gridded nylon
filters for hybridization. The set of filters was
used as a random BAC library of H. pylori.
Ordering of BAC DNAs was done by chro-
mosome walking method involving hybridiza-
tion of probes made from the inserts of represen-
tative BAC clones to the set of filters. Eighty-
four BACs were mapped to a maxiset contig
covering the entire chromosome, and are represen-
ted by a miniset contig consisting of 16 ordered
BACs (data not shown). The order of BACs
was confirmed and extents of overlap among
them were estimated by restriction analysis.
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Analysis of physical map. Chromosomal
DNA from H. pylori 51 was digested with 42
restriction endonucleases to identify restriction
patterns suitable for mapping the genome. We
identified three enzymes, Apal, Nofl, and Sfil,
which gave a small number of DNA fragments
of higher molecular weight that were well
resolved after pulsed-field gel electrophoresis
(PFGE). The H. pylori chromosome contained
10 Apal fragments ranging from 28 to 309 kb,
7 Nod fragments ranging from 4.5 to 516 kb,
and 2 Sfil fragments of 332 and 1,342 kb. The
genome size of H. pylori 51 estimated by sum-
ming sizes of 7 Notl fragments was 1,679 kb.
A circular physical map of the H. pylori was
constructed using a cross-hybridization strategy
(17). Briefly, fragments of Notl-digested chro-
mosomal DNA were used as probes to hybri-
dize to Southern blots obtained from PFGE of
Apal- and Sfil-digested chromosomal DNA. Simi-
larly, the Apal-digested DNA fragments were
hybridized to Southemn blots from PFGE of Noil-
and Sfil-digestcd chromosomal DNA. The map
was then constructed by analysing these hybridi-
zation data. Additional hybridizations of Apal-
Notl, Apal-Sfil, or Not-Sfil double-digest frag-
ments were performed to establish the physical
map.

When the physical map of H. pylori 51 was
compared to that of unrelated strain, H. pylori
26695 (23), of which the entire genomic se-
quence was reported, completely different res-
triction patterns were shown (17).

Putting the previous reports together, several
factors may contribute to the observed vari-
ation: (i) considerable diversity in DNA res-
triction sites, (ii) high mutational frequency of
nucleotide within genes, and (iii) well-deve-
loped restriction and modification system of H.
pylori.

In early studies including ours, the evidence
that H. pylori would be a species characterized
by a large degree of genome variability has
been suggested by a variety of genomic analy-

sis using restriction fragment length polymor-
phism (RFLP) analysis of genomic DNA or
specific genes (1,8,9,12,16), PFGE fingerprin-
ting (16), or randomly amplified polymorphic
DNA (RAPD) fingerprinting (7,8).

Genomic diversity in H. pylori is much grea-
ter than that observed in other bacterial species
whose DNA gives a characteristic fingerprint
after PFGE. Although heterogeneity of genome
sizes among natural isolates of Escherichia coli
has recently been reported (11), the genomic
maps of E. coli K-12 and Salmonella typhimu-
rium can be aligned showing signifi-cant con-
servation (18).

Analysis of genetic map. Fifteen known H.
pylori genes, cagA, flaA, flaB, frdC, fucl, ggt,
hpaA, hpn, metG, sodB, tsaA, ureB, vacA, and
genes for 16S and 23S ribosomal RNAs, were
mapped on the chromosome of H. pylori 51 by
hybridization to the maxiset BAC library and/
or to PFGE-separated chromosomal restriction
fragments. The gene probes used in this study
were generated by PCR using public data or
data from GenBank (Table 1). With each gene
probe but TRNA genes, all BAC DNAs to which
it hybridized were mapped to just one location.
16S tRNA and 23S rRNA probe hybridized to
BACs from two chromosomal loci, respec-
tively.

The genetic map of H. pylori 51 was com-
pared with those of strain 26695 (23) and J99
(2). The urease gene was used as the reference
point for comparing three genetic maps. In all
three H. pylori strains, most genes were present
in a single copy and 16S and 23S rRNA genes
were present in two copies. In the case of fuco-
syltransferase gene (fucT), however, strain 51
was confirmed to have only one copy unlike
strain 26695 and J99 of which the gene copy
numbers were two. The chromosomal loci of
eight genes (cagA, flaB, frdC, ggt, hpn, tsaA,
ureB, and vacA) and one copy of 16S and one
copy of 23S rRNA genes were generally con-
served among three strains. In contrast, there
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Table 1. Oligonucleotide primers used for PCR amplification

Locus Gene Orientation Sequence
cagh Cytotoxin-associated Forward  5-TCATGCGAGCGGCGATGTG-3'
gene Reverse 5'-GTGCCTGCTAGTTTGTCAGCG-3'
flaA Major flagellin Forward  5-AATCGGTCAGGTTCGTATCG-3'
Reverse 5-AAGCACTAGGCCCATTACTG-3'
flaB Minor flagellin Forward 5'-AAGACATTCTGTTGCACCGC-3'
Reverse 5'-AACACTTTAGGCGTTAGGGC-3'
frdC Fumarate reductase Forward  5-AGCATACAAGCTCCCAATGG-3'
Reverse 5'-TCCATGACGCTCTTTATCGC-3'
fucT Fucosyltransferase Forward  5".CTGAATTCATGTTCCAACCCC-3'
l Reverse 5-GCGAATTCAAATCTTTCGCCACGC-3'
ggt Y-glutamyltranspeptidase Forward 5-GAAAACGATTGGCTTGGG-3'
Reverse 5-TCTTTCCTTGGATCCG-3'
hpaA Flagellar sheath adhesin Forward  5.TTCAAAGCGCTCTTGATCGC-3'
Reverse 5-ATTACCATCCAGCTAGCGAG-3'
hpn Histidine-rich metal Forward 5. AGCCACACCGATATTACTCG-3'
binding polypeptide Reverse 5-TATTCAACCCGCATGAAGGC-3'
MetG Aminoacyl tRNA Forward 5 TGGCCATGCTTATACGAC-3'
synthetase Reverse S-TACCCCATTCAAAGCTCG-3'
sodB Superoxide dismutase Forward 5-ATCCACTGATCCTAAGCC-3
Reverse 5'-"TGCTAAAGACAGCATGGG-3'
1saA Alkyl hydroperoxide Forward  5'.CCACGCCCAATAACGATG-3'
reductase Reverse 5-TCCAAAGAGCCGTCATTG-3'
ureB Urease structural Forward  5"TGGGACTGATGGCGTGAGGG-3'
protein (subunit B) Reverse 5" ATCATGACATCAGCGAAGTTAAAAATGG-3'
vacA Vacuolating cytotoxin Forward  5-ATGGAAATACAACAAACACAC-3'

Reverse 5-CTGCTTGAATGCGCCAAAC-3'
16S tRNA 16S ribosomal RNA Forward 5'-ACGTATTCACCGCAACATGG-3'
Reverse 5-GAGGTAGGTGGAATTCTTGG-3'

23S IRNA 23S ribosomal RNA Forward 5-GAACAAGTCAGATGCTGCAG-3'

Reverse 5-TAGAGGCTTTTCTTGGCACG-3'

were differences in the loci of flaA, fucT, and of 23S rRNA genes between 51 and 26695
hpaA between strain 51 and J99 and in those (Fig. 1). In addition to gene location, the gene-
of flaA, fucT, hpaA metG, sodB, and one copy tic maps of these three strains showed some
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Figure 1. Comparison of the genetic maps of H. pylori strain 51, 26695, and J99.

H. pylori 26695
2H3H4

H. pylori 199

1. flad 2. fucT 3. hpad 4. vacd 5. ggt
6. 16STRNA 7. 238tRNA 8. hpn 9. tsad 10. ureB
11. flaB 12. frdC 13. sodB 14. metG 15. cagd

Figure 2. Schematic comparison of the gene order on the chromosomes of H. pylori strain 51, 26695, and J99.

variability in gene order (Fig. 2).

For further analysis on the genomic div-
ersity of H. pylori, 150 H. pylori strains were
isolated from patients at the Gyeongsang Na-
tional University Hospital. Digestion of chro-
mosomal DNA from H. pylori isolates with
Notl and PFGE analysis gave widely different
restriction patterns. Eighty-five isolates (57%),
unexpectedly, were confirmed not to be cut with

Notl. The remaining isolates showed 4 to 9
well-resolved DNA fragments ranging from 50
to 700 kb. When comparing the isolates with
one another, PFGE gave no characteristic fin-
gerprints for H. pylori DNA and almost all
these isolates gave different patterns. Among
them, fifteen isolates of which fingerprint pat-
terns were estimated to be roughly similar to
that of H. pylori 51 were selected and their
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Figure 3. Comparison of physical and genetic maps among H. pylori strains isolated from patients at the
Gyeongsang National University Hospital.

physical maps were constructed by hybridiza- the genomes varied between 1.61 and 1.79 Mb.

tion of radiolabelled chromosomal Nofl-frag- Four genes (frdC, ggt, and 16S and 23S rRNA
ments of H. pylori 51 to Southern blots pre- genes) were assigned to the maps by the same
pared from PFGE of the isolates. The sizes of method as above. When the fifteen genome
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Figure 4. Phylogenetic tree of fucT amino acid sequences of 2 H. pylori Korean strains (H. pylori 51 and
137), and a reference strain (H. pylori 26695). There are just two copies of each fucT gene in the strain 137,

and 26695.

maps were compared, significant diversity in
gene location as well as gene order was evident
among them, suggesting considerable flexibility
in H. pylori genome organization (Fig. 3).

Our study demonstrates that genomic ma-
crodiversity of H. pylori was characterized by
several features: whether or not susceptible to
restriction digestion of the chromsome, vari-
ation in chromosomal restriction fingerprint (i.e.
variation in physical map) and/or high frequen-
cy of gene rearrangement.

Analysis of genetic diversity. It has been
suggested that genomic diversity in H. pylori
also would occur at the individual gene level
(microdiversity), e.g. in the allelic variation seen
in PCR-RFLP analysis of several genes such as
urease genes, ureA, ureB, ureC, and ureD (1,
13). Similar variability was also reported in
vacA gene (3,8), flaA and fluB genes (12), 16S
ribosomal genes (9), and copA and copP (14),
which encodt a P-type ATPase, etc. In this
study, we examined the extent of allelic vari-
ation at the level of nucleotide or deduced ami-
no acid sequences by analyzing four genes,
g8t cagA, vacA, and fucT, which have been
supposed to be important virulence factors of
H. pylori.

Hybridization of gene probes, the same PCR
products as previously used in the genetic map-
ping, was performed to dot-blot array filters
containing a random plasmid library of H. py-
lori 51, of which details were described below.
Plasmid DNAs hybridized strongly to each
probe were randomly selected and used as tem-
plates for forward- and reverse-sequencing reac-

tions. Nucleotide sequences were determined
by the dideoxy chain termination method with
an automated DNA sequencer (ABI 373 DNA
Sequencer, Perkin-Elmer Applied Biosystems)
and ABI PRISM BigDye Terminator Cycle Se-
quencing Ready Reaction Kit (Perkin-Elmer
Applied Biosystems). Sequence fragments were
assembled to complete open reading frame (ORF)
of each gene with the SeqMan 1I software (LA-
SERGENE Systern, DNASTAR Inc.). A search
of databases for homologous sequences was ac-
complished by using the BLAST network ser-
vice of the National Center for Bio-htechnology
Information (NCBI).

Sequence comparisons of the entire ggt
ORF (1,701 bp) from H. pylori strain 51 with
those of strain 26695 or J99 indicated that
there was about 97% nucleotide identity among
the three homologs, reflecting a good con-
servation of this gene (data not shown).

When the o (1,3)-fucosyltransferase gene
{(fucT) of H. pylori 51 was sequenced, a 1,368-
bp ORF encoded 455 amino acids was present.
A PCR product from another Korean isolate,
H. pylori 137 was generated with primers that
flanked the fucT region in H. pylori 51. Se-
quence analysis of the subcloned PCR product
revealed that strain 137, in contrast to strain
51, carried two fucT homologs which encoded
439 and 442 amino acids, respectively. A com-
parison between the two fucT homologs of strain
137 by deduced amino acid sequence showed an
unexpected low identity (82%). In further com-
parison among two Korean strains (H. pylori 51
and 137) and a foreign strain (H. pylori 26695)
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Figure 5. Phylogenetic tree of vacA s-region nucleotide sequences of 18 H. pylori Korean strains (H. pylori 2,
3,5,6,7,8,9,11, 13, 15, 16, 17, 18, 19, 20, 21, 22 and 51), and 10 reference strains (H. pylori Ch3, AU10,
U07145, PES012, PQ70, PO76, HK43, JA3, NL3964, and U29401). Letters in the names of the isolates in-
dicate the country or location of origin: Australia (AU), China (Ch), Hong Kong (HK), Japan (JA), Peru (PE),

Portugal (PO), and Netherlands (NL).

(23), there was higher degree of sequence vari-
ation (data not shown): about 66% identity of
deduced amino acid sequence between 51 and
26695; 72~81% identity between 137 and 26695;
and 73% identity between 51 and 137, respec-
tively. The greatest genetic diversity was obser-
ved in the C-terminal region of the predicted
protein (41~64% identity). Phylogenetic analy-
sis by Clustal method with MEGALIGN soft-
ware (LASERGENE System, DNASTAR Inc.)
showed obvious association between sequence
variants and the geographic origins of the iso-
lates (Fig. 4).

Analysis of the genetic diversity of the va-
cuolating cytotoxin gene (vacA) focused on
variation in the previously defined s and m re-
gions, as determined by PCR and direct se-
quencing. It was reported that the vacA con-
tained at least two variable parts. The s region
(encoding the signal peptide) existed as sl or
s2 allelic types. Among type sl strains, subtype

sla, slb, and slc have been identified. The m
(middle) region occurred as ml or m2 allelic
types (10).

It is commonly believed that virulent H. py-
lori could produce severe gastroduodenal symp-
toms like peptic ulcers. Particular vacA s geno-
type and the presence of cagA locus has been
used as a marker of the pathogenicity of an in-
dividual strain in the Western World (3,10).
The virulent H. pylori is designated as type 1
strain which carries both cagA and vacA geno-
type sl. Our previous studies demonstrated
that most of H. pylori Korean isolates were
type 1 strains regardless of the clinical conse-
quences (8). However, a lot of Korean strains
have not yet been classified into subtype sys-
tems established for strains from other coun-
tries.

For analysis of the s region, PCR amplicons
with the expected size (323 bp) were gener-
ated from 18 Korean isolates including strain
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Figure 6. Phylogenetic tree of vacA m-region nucleotide sequences of 14 H. pylori Korean strains (H. pylori
2,7,8,10, 11, 13, 15, 16, 23, 24, 25, and 26) and a reference strain (H. pylori 26695).
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Figure 7. Phylogenetic tree of cagA nucleotide sequences of 5 H. pylori strains, including 4 reference strains
of different geographic origins, Japan strain, ATCC43526, 26696, and J99.

51 and were sequenced. All sequences were
compared with one another and with the exis-
ting sequence data obtained from 10 H. pylori
isolates of different geographic origins as a re-
ference (10). Phylogenetic analysis revealed
the existence of three distinct types of s-region
alleles in the Korean isolates. Three (Sp3, Sp7
and Hp51) and two (Sp13 and Sp21) among 18
isolates were categorized as sla and slb sub-
types, respectively. However, all the remaining
13 isolates (72%) formed a new homogeneous
cluster in the phylogenetic tree (>93% nucleo-
tide identity in all comparisons), implying the
possibility of a new subtype aside from the exis-
ting sla, s1b, slc, and s2 allelic subtypes and
the existence of geographic segregation of H.
pylori isolates within s1 subtypes (Fig. 5).

In order to analyze m region, 480-bp PCR

amplicons generated from 14 Korean isolates
were examined by sequence analysis. Phyloge-
netic tree showed a clear separation between
ml and m2 allelic types (Fig. 6). Although nu-
cleotide sequence homology between m1 and
m?2 alleles was very low (ranged from 47~52%
nucleotide identity), both m1 and m2 sequences
were well conserved among the same allelic se-
quences (>92% and >94% nucleotide identity
in m1 and m2, respectively).

Our results confirm and extend the finding
of previous studies suggesting marked variation
of nucleotide sequences of vacA gene. Particu-
larly, the fact that a novel subtype is observed
exclusively in isolates from Korea and appears
to be the major sl allele indicates the substan-
tial s-region heterogeneity.

The cagA ORF (3,573 bp) of H. pylori 51

-527-



Woo-Kon Lee, er al

H. pylori 51 (1,679 kb)

kb 0 200 400 600
L 1 | L

1,(I)OO 1,%00 1,4[00 1,600 1679
1 |

pBACHPI4 pBACHp70 pBACHR30

PBACHp45

PBACH270

PBACHp8S

e

r n SRR [ ]
kb OL 200 400 1,400 1,600 1,644
L | Im 1

H. pylori 199 (1,644 kb)

Plasticity zone

Figure 8. Comparison of the overall genomic organization between H. pylori strain 51, and J99.

was sequenced and compared with those of 4
foreign strains, 26695, 199, ATCC43526, and
Japan strain. There was 66~79% similarity in
nucleotide sequence among the 5 homologs (data
not shown). Phylogenetic analysis of the entire
cagA sequences of them revealed that the strain
51 formed a separate branch with the most far
distances from the other strains (Fig. 7).

It may be considered that allelic variation (mi-
crodiversity) could arise by two mechanisms,
either by a progressive accumulation of point
mutations in different strains over time, or by
horizontal gene transfer of sequences between
strains allowing numerous reassortment of a few
variant sequence.

Analysis of plasticity zone and strain-spec-
ific sequence. The plasticity zone is a region
of lower (G+C) percentage and contains 46%
and 48% of the genes that are unique to H. py-
lori 26695 and J99, respectively. Although
this region is continous in J99, it is split in
26695 into two domains that are separated by
~600 kb (2).

We analyzed the plasticity zone and strain-
specific genes of H. pylori 51 and compared it
with the previously reported two genomic se-

quences.

A plasmid library of H. pylori 51 was con-
structed to facilitate molecular genetic analysis
of the plasticity zone and to prepare plasmid
DNA templates for random shotgun sequencing
of the genome. DNA fragments with an aver-
age size of 1.6~2.0 kb were isolated from me-
chanically sheared H. pylori chromosome and
cloned into the pTZ19U vector by a two-step
ligation procedure (11) to minimize contamina-
tion of double-insert chimeras or free vector.
Aliquots of 18,000 transformants culture from
forty-eight 384-well microtiter plates were ar-
ragnged in a highly packed dot-blot array on
12 nylon filters (1,536 dots/filter) and their DNAs
were fixed to filters for hybridization. The set
of filters was used as a random plasmid library
of H. pylori.

Plasmid DNAs were assorted into 13 groups
by hybridization of BAC DNAs comprising a
miniset contig to filters carrying the random
plasmid library. And then, plasmid templates
radomly selected from each group were se-
quenced and analyzed by the BLAST network
service of the NCBI. Of a total 987 distinct se-
quence fragments, 59 turned to be as strain-
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Table 2. Distribution of strain-specific genes on the chromosome of H. pylori #51

O};ieé " mac I;‘fz? Sg;;'er‘l’cfe maggrh?npgng&g ft;e total %iiFs Relative N°'5 i’fs ;'cigyc lori
c(::cl)(r)lrtiieg clone (kb)  fragment 01;1 J%()gnegi%%?s;n%n ;;gl((;:) ratio sequence fragment
1 pBACHp123 130 137 82 1.00 16
2 pBACHP110 168 64 63 0.77 5
3 pBACHP104 131 52 47 0.57 1
4 pBACHP70 191 100 56 0.68 5
5 pBACHP45 196 109 62 0.76 6
6 pBACHP30 163 86 71 0.86 3
7 pBACHP26 115 49 39 0.48 1
8 pBACHP58 171 81 44 0.54 6
9 pBACHP48 184 85 54 0.66 4
10 pBACHP167 86 57 58 0.71 4
11 pBACHP270 66 40 47 0.57 3
12 pBACHP190 84 48 58 0.71 0
13 pBACHPS85 132 79 ND. - 5
Total 987 59

"Not determined. “*Relative ratio is defined as each proportion/proportion of ORFs matched to sequence

fragments from pBACHp123.

specific DNA sequences which were unique to
H. pylori 51. It was identified that pPBACHp
123 would correspond to the chromosomal re-
gion encompassing the plasticity zone of J99
by sequence matches of conserved ORFs.
However, of the 59 H. pylori 51-specific se-
quence fragments, only 16 (27%) were de-
tected from the pBACHp123, in contrast to
the data that there was 42 J99-specific ORFs
(48%) in the plasticity zone. The remaining
strain-specific sequence fragments were al-
located to another 11 BAC DNAs with vari-
ation in number (from 1 to 6 fragments, Table
2). Moreover, considering the proportion of
sequence-matching ORFs to total ORFs in cor-
responding regions of J99 chromosome, there
is a possibility that additional specific sequen-

ces can be found out of all of BAC DNAs.
Therefore, it could be concluded that the H.
pylori 51-specific sequences are dispersed on
the chromosome, not congregated in the plas-
ticity zone, unlike J99- or 26695-specific genes.

The remaining 928 sequence fragments were
confirmed to possess the counterpart ORFs in
26695 or J99. When comparing their relative
loci on the chromosome between 51 and J99,
197 sequence fragments (21%) were found to
be located beyond the loci of the correspon-
ding J99 ORFs (Fig. 8). This finding demon-
strates that there is an extensive gene shuffling
between the two strains, and that differences
in genomic organization and gene order be-
tween Korean and foreign isolates are much
greater than those observed between the two
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foreign isolates, J99 and 26695 (2).

CONCLUSION

We compared the genomic structure of H.
pylori 51 with other Korean isolates as well as
with the reported genomic sequences of H. py-
lori 26695 and J99. The genome of H. pylori
51 shows differences in the overall genomic
organization, gene order, and even in the nu-
cleotide sequences among the H. pylori strains,
which are far greater than the differences repor-
ted on the genomic diversity of H. pylori (2).

The genomic diversity noted among H. py-
lori strains could reflect a long evolutionary
history or genomic rearrangements after infec-
tion, perhaps in response to and adaptation to
a new environment. This genomic diversity
could enable the organism to cause chronic in-
fection and diverse gastroduodenal diseases.

Further genomic analysis of H. pylori strains
would provide a discriminatory tool for typing
the clinical isolates and an insight into the
host-parasite relationship for the breakthrough
in the control of H. pylori infection.
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