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Abstract

Helicobacter pylori (H. pylori), a major pathogen colo-
nizing the human stomach, shows great genetic varia-
tion. Comparative analysis of strains from different A.
pylori populations revealed that the genome size of
strains from East Asia decreased to 1.60 Mbp, which
is significantly smaller than that from Europe or Africa.
In parallel with the genome reduction, the number of
protein coding genes was decreased, and the guanine-
cytosine content was lowered to 38.9%. Elimination
of non-essential genes by mutations is likely to be a
major cause of the genome reduction. Bacteria with a
small genome cost less energy. Thus, H. pylori strains
from East Asia may have proliferation and growth
advantages over those from Western countries. This
could result in enhanced capacity of bacterial spread-
ing. Therefore, the reduced genome size potentially
contributes to the high prevalence of H. pyfori in East
Asia.
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Core tip: Comparative analysis of strains from differ-
ent Helicobacter pylori (H. pylori) populations revealed
that the genome size of strains from East Asia was
reduced. In parallel with this, the number of protein
coding genes and the guanine-cytosine content were
decreased. The reduced genome of H. pylori from East
Asia potentially contributes to the high prevalence of A.
pylori in East Asia.

Dong QJ, Wang LL, Tian ZB, Yu XJ, Jia SJ, Xuan SY. Reduced
genome size of Helicobacter pylori originating from East Asia.
World J Gastroenterol 2014; 20(19): 5666-5671 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i119/5666.htm
DOIL: http://dx.doi.org/10.3748/wjg.v20.119.5666

INTRODUCTION

Helicobacter pylori (H. pylori) is a major human pathogen
causing chronic inflammation of gastric mucosa!. In-
fection by this bacterium is associated with an increased
risk for the development of peptic ulcer and gastric
cancet™. There is a dramatic geographical variation in
the prevalence of the infection and H. pylori associated
diseases. In Western countries, the infection rate is ap-
proximately 30%, while it is higher than 60% in Eastern
countries”. The incidence of gastric cancer is much
lower as well in Western countries’.

It is believed that H. pylori has established its colo-
nization in human stomachs 100000 years agom. With
the human migration out of the Africa, the bacterium
carried by its hosts traced the route of migration reach-
ing Asia through India, and then into South East Asia
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and Australia”. Tt arrived at Europe through Turkey'.
The phylogenetic analysis of global strains of H. pylori
reveals that the bacterium is subdivided into seven pop-
ulations: hpAfrical, hpAfrica2, hpEastAsia, hpEurope,
hpNEAfrica, hpAsia2 and hpSahul®®. These popula-
tions generally correspond to their geographical origins.
Up to date, hundreds of strains have been sequenced or
being sequenced[()’lz]. The purpose of this review is to
compare the genomic differences of H. pylori from dif-
ferent populations, and discuss their implications in the
geographical variation of the prevalence of the infec-
tion.

VARIATION OF THE GENOME SIZE AND
THE GUANINE-CYTOSINE CONTENT

To explore the genomic differences between H. pylori

strains, we have determined the genome sequence of
H. pylori strain D33 isolated from a Chinese patient
with gastric cancer. Whole-genome sequencing was per-
formed as described previously[g’lm. Briefly, the raw reads
were trimmed and filtered, yielding a total of 2364383
reads with an average length of 260 nucleotides. This
corresponded to about 297-fold genome coverage. A
total of 74 contigs were assembled. The annotation of
the genome was performed using the Glimmer program.
This whole genome shotgun project has been deposited
in DDBJ/EMBL/GenBank under the accession num-
ber ANIO00000000 (The version desctibed hete is the
first version, ANIO01000000.) The genome of H. pylori
D33 had a size of about 1555730 bp, with a guanine-
cytosine (GC) content of 38.96%. It possessed 1570 pro-
tein coding genes. The D33 genome carries a complete
¢cag pathogenicity island. It has been found that H. pylori
from East Asia had a massive decay of molybdenum-re-
lated genesm’m. There are a total of 12 molybdenum-re-
lated genes including three genes encoding molybdenum
transport proteins, eight genes involved in molybdenum
cofactor synthesis, and only one molybdenum-contain-
ing enzyme!™. Most of them have been fragmented!?.
Consistent with this, seven molybdenum-related genes
of strain D33 were fragmented, while intact #0dB, moalz,
moeB, mogA and mobA genes were present.

H. pylori D33 had a smaller genome compared to
strains from Western countries. To identify the genomic
size difference between different H. pylori populations, a
total of 118 sequenced strains with required data avail-
able were assigned into different populations based on
results of the phylogenetic analysis. Briefly, sequences of
house-keeping genes atpA, efp, mutY, ppa, trpC, urel and
phC were extracted from strain D33 sequenced in this
study, 117 sequenced strains available from GenBank
(http:/ /www.ncbi.nlm.nih.gov), and 77 strains avail-
able from multilocus sequence typing (MLST) database
(http://www.mlst.net). The sequences of these genes
were concatenated and a neighbor-joining tree was con-
structed (Figure 1). The strains from the MLST database
was used as a standard to assign those sequenced strains
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into different populations, since the population they
belong to is known. These 118 sequenced strains could
be assigned into five H. pylori populations, including
hpEastAsia (30 strains), hpAsia2 (7 strains), hpEurope (39
strains), hpAfrical (40 strains) and hpAfrica2 (2 strains).
No sequenced strains were assigned into the other two H.
pylori populations, hpSahul and hpNEAfrica. The aver-
age genome size of H. pylori was about 1.64 Mbp. How-
ever, it is significantly different between the populations.
Strains from hpEastAsia had a genome size of 1.60 Mbp
on average (Table 1), which is significantly smaller than
that from hpEurope (P < 0.001) or hpAfrical (P < 0.001)
(Figure 2). The average genome size of strains from
hpEastAsia was also smaller than that from hpAsia2 or
hpAfrica2, although the difference is not statistically sig-
nificant probably due to small sample size. These findings
suggest that genome reduction occurs in strains of H. py-
lori from East Asia. As shown in Table 1, the genome of
H. pylori decreased gradually with its spreading. In parallel
to the genomic reduction, the number of protein coding
genes was decreased (R = 0.568) (Figure 3), and the GC
content of the genome declined gradually (Table 1).

MECHANISMS OF THE GENOMIC
REDUCTION

Bacterial genome size is mainly determined by gains or

losses of genesm. Bacteria acquired new genes through
duplication of genes or horizontal gene transfer' ",
Genes may be deleted through mutations or recombina-
tion events'”™. Genome reduction occurs when gene
losses prevail gene gains. The life style of bacteria is
a major factor contributing to the genome reduction.
Bacterial species have a reduced genome when inhabit-
ing in the host cells or in the extreme conditions”"*. Tt
1s, however, unusual that a particular bacterium living
in similar environments has reduction of genome. Our
comparative analyses of genome found that genome
reduction occurs in H. pylori. This is unexpected as the
bacterium only colonizes in the human stomach. It is
likely that variation in host genetic backgrounds dramati-
cally influences physiochemical properties, immune and
inflammatory responses of the stomach, leading to ge-
nomic alterations of H. pylori.

Genome reduction may be caused by the deletion of
intergenic regions[23]. This leads to an increased density
of gene contents and thus a well compacted genome. It
1s most frequent, however, that genome reduces through
removal of non-essential or redundant genesm]. Our
comparative analysis found that the number of protein
coding genes of H. pylori was closely associated with the
genome size. The number decreased with the reduced
size of the genome. This demonstrates that the genome
reduction in H. pylori is caused essentially by deletion of
genes. Compared to strains from Western countties, two
groups of genes are frequently removed from those from
Eastern countries'”. The first group consists of gene en-
coding outer membrane proteins, including 0p.A4-2, hgpN,
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Figure 1 Neighbor-joining tree of 118 sequenced Helicobacter pylori strains and 77 strains from multilocus sequence typing database based on the phylo-
genetic analysis of seven house-keeping genes (atpA, efp, mutY, ppa, trpC, urel and yphC). The population to which those 77 strains belong is known. The tree
was constructed with Mega 5.0 software. Scale bar indicates substitutions per nucleic acid residue (change/nucleotide site). Classification of population/ subpopulation

was as previously described®”.
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Table 1 Genome size, guanine-cytosine content and number of protein coding genes of Helicobacter pylori from different populations

Population n Size (Mbp) GC content Protein coding genes
hpEastAsia 30 1.6050 + 0.0327 38.8167% + 0.1206% 1548.8000 + 74.3762
hpAsia2 7' 1.6243 + 0.0282 39.0286% =+ 0.0756 % 1559.5000 + 57.2757
hpEurope 39' 1.6467 + 0.0391 38.9231% + 0.1287% 1627.8684 + 74.7411
hpAfrical 40 1.6558 + 0.0384 39.1800% + 0.1137% 1660.0250 + 58.9108
hpAfrica2 2 1.6500 + 0.0424 38.5000% + 0.1414% 1637.5000 £ 92.6310
Total 118 1.6379 + 0.0417 38.9822% + 0.1986% 1637.5000 + 71.3128

'The number of protein coding gene is only available in 2/7 strains from hpAsia2 and 3839 strains from hpEurope. GC: Guanine-cytosine.
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Figure 2 Genome size of strains from different Helicobacter pylori popu-
lations. Single factor analysis of variance was used for the statistical analysis.
The average genome size was significantly different between Helicobacter
pylori populations.
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Figure 3 Correlation of the genome size of Helicobacter pylori with the
number of protein coding genes. CDS: Coding sequence.

babC, sabB, vacA2, homB and hopQ. All of these genes
have their homologs and are variable in H. pylor/>*.
Therefore, their functions ate most likely redundant. The
other group of genes deleted in Eastern strains are com-
posed of those involved in central metabolism. These
genes include molybdenum-related genes as found in our
sequenced strain D33 and other Japanese strains'", zwE
encoding acetyl-CoA synthetasem, tas encoding aldo-
ketoreductase involved in carbonyl metabolism and™
and jhp0585 encoding a putative hydroxyl-isobutyrate
dehydrogenase which degrades valine™. Functions of
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these genes could be complemented by their paralogs in
the genome. These findings suggest that H. pylori strains
originating from Eastern countries could eliminate non-
essential genes from their genome, resulting in the re-
duction of genome.

Bacterial genome size is well correlated with the GC
content™. Events of G-C to adenosine-thymine (C-T)
mutations are more common than those of C-T to A-G
mutations” . Thus, GC contents significantly influ-
ence the genome size. Outr comparative analysis found
that the GC content drops with the gradual reduction
in the genome size of strains from hpAfrica 1 and 2,
to hpEurope and hpAsia2, and finally hpEastAsia. This
indicates that mutation is a major factor contributing to
the genome reduction in H. pylori. Mutations and recom-
bination events frequently occur in this bacterium"**.
It has been estimated that the mutation rate is as high as
1.38 X 10’ per site per year. The majority of genes de-
leted in Eastern strains are possibly caused by mutations.
Recombination is also frequent in H. pylord™. However,
recombination usually has no influence on the GC con-
tent. Thus, it is unlikely to be a major reason causing the
genome reduction.

REDUCED GENOME SIZE AND
PREVALENCE OF H. PYLORI IN EAST
ASIA

The prevalence of H. pylori shows considerable geo-
graphical variation™. In Eastern countries, the infec-
tion is much higher compared to Western countries.
Family transmission is a major route for the bacterium
to spreadm. Spread of H. pylori is influenced by envi-
ronmental conditions including socio-economic status,
inhabiting conditions and hygiene levels®™™). These
factors may lead to an increased exposure to the bac-
terium. Spread of the bacterium is also influenced by
the individual susceptibility determined by host genetic
backgrounds. The single nucleotide polymorphism of
the Toll-like receptor gene is closely associated with in-
creased susceptibility to the infection™. Bacterial factors
related to the spread are, however, unclear.

Bacteria spend the majority of their energy for syn-
thesis of proteinsm. Genome reduction with reduced
number of protein coding genes, thus, requires less cost
of energy™. Furthermore, genome reduction would
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decrease the energy cost for the maintenance of DNA
structure and replicationml. These would promote bacte-
rial growth and proliferationm]. The lowered energy cost
for bacteria means less nutrient needs. Therefore, bacte-
ria with a reduced genome have an increased capacity of
adapting to unfavorable environments'?. Our compara-
tive analysis found that strains form the hpEastAsia pop-
ulation have a smaller genome than those from hpEu-
rope. Thus, H. pylori originating from East Asia could
have an enhanced capacity of bacterial proliferation and
growth, facilitating the spreading of the bacterium. It is
conceivable that the reduced genome size contributes to
the higher prevalence of H. pylori in East Asia.

CONCLUSION

H. pylori shows an unusual variation of the genome size.

The reduced genome size of strains from East Asia
potentially contributes to the high prevalence of the
bacterium in the region. It is worth of further studies
to investigate the influence of the genome reduction on
the proliferation, growth and spread of H. pylori. This
will benefit for the understanding of mechanism of the
spreading and the prevention of the infection.
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