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Abstract

BACKGROUND

Helicobacter bacteria are associated with gastrointestinal
diseases, especially Helicobacter pylori (H. pylori). With
the isolation of many non-Helicobacter pylori Helicobacters
(NHPH) from the liver, intestines, and gallbladder of natural
animal reservoirs, NHPH have been potential zoonotic
pathogens, but their infection and pathogenic mechanisms
are still unclear.

AlM
To explore the phylogenetic relationship of Helicobacter
species based on their pathogenic genes.

METHODS

The present study collected the genomic sequences of 50
strains in genus Helicobacter, including 12 strains of H. pylori
and 38 strains of NHPH. Based on 165 rRNA gene and
several pathogenic genes (flagella, urease, and virulence
factors), MAGA software (Version 11.0) was used to align
their sequences and construct phylogenetic trees.

RESULTS

The phylogenetic tree of 165 rRNA gene showed that gastric
Helicobacter (GH) and enterohepatic Helicobacter species
(EHS) were clustered into two large branches, respectively.
All of the GH’s hosts were mammals, while the hosts of
EHS were many wild poultry and mammals. Based on the

flagella motility-related genes (flaA, flaB, fliP, fliQ, fliR, fliG,
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fliM, and fliN), the phylogenetic trees were divided into two
major branches (GH and EHS). Similarly, the phylogenetic
trees of lipopolysaccharide (LPS) biosynthesis-related genes
(IptA, waaC, and waaF) presented two major branches (GH
and EHS), too. The urease genes existed in all of the 12
strains of H. pylori, 13 strains of gastric NHPH, and 4 strains
of EHS (H. hepaticus, H. muridarum, H. bilis, and H. anseris).
However, no significant phylogenetic patterns of GH and
EHS were observed in the seven urease genes (ureA, ureB,
ureE, ureF, ureG, ureH, and urel).

CONCLUSION

The phylogenetic relationship of Helicobacter species’
pathogenic genes is dominated distinctly by the special
colonization areas including gastric and enterohepatic niches.

© The Author(s) 2024. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Helicobacter species; 16S rRNA; Pathogenicity
genes; Phylogenetic analysis

Citation: Xu L, Liu X, Wu Q, Hua ZL, Yang F, Zhang JF. Phylogenetic
analysis of pathogenic genes in Helicobacter species. Shijie Huaren
Xiaohua Zazhi 2024; 32(1): 58-70

URL: https:/ /www.wjgnet.com/1009-3079/ full/v32/i1/58 htm
DOI: https:/ / dx.doi.org/10.11569/ wcjd.v32.i1.58

TP
=

AT H & (Helicobacter)ss % # 5Ll s JmAa %, TR
iy IV 8BAF 4 (Helicobacter pylori, H. pylori)9t, %#
EH. pylori3Z T4 /%48 (non-Helicobacter pylori
Helicobacters, NHPH)ALIA % #4315 09I AR W
WAL E P 5B R, AEABEHAT L ERRR
M, Ho B A A BOR AR B R A A

79
K TH pylori¥yaik BIRT AT R B i 09 2 5t e

Ti%

PBN24KH. pyloriA=384kNHPH# K B 28, 3 T16S
rRNA, £, FREZBALENRFALAR, AR
MAGA 11344347 55 Fo xh 54 7 R st A

ZR

A T16S _IRNAXHW AL LERE T, B
N ¥ AF 1A (Gastric Helicobacter, GH)A= T i $3AT
(Enterohepatic Helicobacter Species, EHS)Z % 412/~ X
%, GHfE £33 4rE5Lsh 4, MEHSTE £ % A& £ e
HILE M. AT E it Ak A H(flaA. flaB.
fliP. fliQ. fliR. fliG. fliM. fliN)#9 A& Zeit it
FHATI6S IRNAKRRATFE M Z AKX FE X7, &
T h& % #&(lipopolysaccharide, LPS)&~ s A48 % 2 F (IptA,
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waaCArwaaF)#) R it % 2R 4 B EMagHIE. f
F B R B A T124H. pyloriF=134k B ANHPH ¥, 41X
JEARREHS(H. hepaticus. H. muridarum. H. bilis. H.
anseris)'f AfE, 12T k& B Jk B 9 R St e AL
9 B —BHEAAE,

=i
AT B a0 R AL 2 3 B Ao T I AL ALY

-
R EHm.
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HR B, KoM T 124H. pyloriZ=38%kAEH. pylori¥E
AHE WA RARNE R, RILE AL SR A
GeikAwy LRI Ay, A IERNBFRAEH. pylorisgAT i & tm
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0 515

Wy [V REAT B8 (Helicobacter pylori, H. pylor)){) RIMEER T
BN L, IERE TR 71 A A B AR R I
WAEAE R EAEH. pylorrH T, tN3UAT TR | J(Bacteroidetes).
JEEER ] (Firmicutes). #RAT T [ J(Fusobacteria). JHZ&#
I"J(Actinobacteria)Z:". W FEIESE, CEH. pylorifE A HIIE
FEER R A B A3 B & (R 32 AR T750%), AMX 2
55 B R AR R A K R, T HIRZIF2 0 15 BRI 454
ISR, BOpiit FOR I, 181 2 B 5 R B
W8I TH. pylori) LU B2 S T ARG B K, H
B N BB FEME RS, TEH pydor B VE B B I BB
DNENEAT B B AN, $LRAEH. pylor BT B JE 41 1 (non-
Helicobacter pylori Helicobacters, NHPH) 1] RE /& 15 2l IF95
AR HE SR AR, H VRN M ANE AL,

B RILMINHPHZ T 50 H N 5 5 A

mustelae, J& XMW~ 18 N> BRBIH. felis, NIFINE
W BS18H. labacensis. H.mehlei. H. vulpis®. e T
B, ERELeSh YRR . i R0 JIH 2 1 e O LS AT
B B AT, WH. hepaticusTH, marmot. B AT C4E € H
INHPHA 478, AR 27 5501504 5 ISR (Gastric
Helicobacter, GH)F T 1748 ¥ B (enterohepatic Helicobacter
species, EHS), % 2 [atERGy, 2 5H b RGmifR A
RIS AR BRI B RE MR, H pylori& L4 k
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2150% 1 AENEE, T REUEEE K. ZEHEMEB R, B
WAL R B, H pyloriBYe 7 B B 1 XU ] 1
INZ12-8£5". s SR, ZFNHPH S L RS0
A, H hepaticusiE B BALB/c/) 7] 175 ST 41 4L A1
TR A", H. bilis P75 FNRASEVEIR", H. suists
BB RAE B M, X gk BUR, NHPHE S 5
B . S E R

H. pylorfiEHEURS KRB N B: (DA B
FRRRVER L IE B, )R HEE M) b R 4R 305 (3)
b R R R 7 07 S R E AR IR (4)FE R IR
AN AR Y. IR KBRS pyloriEAEITIo%
AT, R R AR R gm i, 724 BipH/AK S, R
B AH. pyloriRARRRIE R B R ERRE /), TR
FHYEME. pylorn] /KR IR 2, BRI = B WpHIE™. A
pylorf BN NEN IR LA T, e ORI %52 B AR IE
IR 28, 800 H e IT B BRI L, MBI
(flaAFflaB) 225 M 2= FEARA. pylorFIEENFIE R AE /1.
HIRAE BN UM HEE R M, WHpA. FlaAs{FlaB, 1]
RETE IS5 51 RS AR G2 FEHIRr S ML S 2, T
TERIIEM G, H. pyloris= Rl F R AR ZEH 1, 3%
ALHE I 4T R 45 5 2 2 (blood group antigen-binding
adhesion, BabA). MEWREZ4SS & FiF 2 (sialic acid-binding
adhesin, SabA). Zifft#H5CHE 5 H(adherence-associated
lipoprotein, AlpA/B). CagA. T4l RMKEA
(vacuolating cytotoxin, VacA)%¥, HH1CagAFIVacAREEF|
FIVEL S R GEk N Rl 2515 5 B3 1Y
A RIRFE M 9E, ik B 9 & AR, NI, H. pylor 30w
B4 ~NHPHEUR MR B T S5 (K35,

BRAT R B 5 NI FEBE A, & N AR
PR, B DRI ZH 5 30 B e SO MR M 2 A, EAN IR AT
IS (B A AE S 35 72 . O T IR AR M T o 2 T 11 Sk 4
b HLH, A TR EL T SORRANEE 3L R4, JET16S
rRNAZE] BN JREBGEED] . R 2 & A oK
B, M RGO, Oy S o B AR AT 1R R B TR e
PR AR

1 SRIASEA

1.1 A4

1.1.1 ¥24F14 /% A #k 7% & Genus(https:/lpsn.dsmz.de/
genus) W sl 2R BE A T B Ak O, R B AT 2R R A S
R, T S IRAT R AR HERR . T . AR AR B06
PE, FEMINHPHAR ek PR RAE B A0 R, i
TohRERR, WIBEATLIZE £ 1 5 R A S8 B K R AR v Ak AL
pyloriFE M EIRZ, A5 LLEE IR FCagA/VacA
FE R AR A WbRiE, £ CagA’/VacA™. CagA’/
VacA'. CagA7/VacA'. CagA/VacAfH. pylori$-3#k,

Baishidenge  WCJD | https:/ /www.wjgnet.com

60

V£ NH. pylorifQ 37 B k.

1.1.2 B EBA#RLRE 7RG EEEREYHAR
{5 B0 (National Center of Biotechnology Information,
NCBI)Assembly(https://www.ncbi.nlm.nih.gov/) £ 4z &
N R R B T AR R N R, AR T AIE B
4 (fasta nucleic acid file, fna). &N & A 5P 5I(E
S (fasta Amino Acid file, faa)Rl3E PR 203384
(general feature format, gff). 7EGene${ 4 22 H i IS
W e 16S IRNAFS, ULSE P I NS 751, 18
TBtools(version 1.098745)#{+ENCBIf{] Blast(https:/
blast.ncbi.nlm.nih.gov/Blast.cgi) T B FF AT AHALLIA:AG:
R, AL R 16S rRN ALK FFAI(E B, MR A
SR, k£ VUG B8 1 7 S AT R Gtk
. BETH pyloriBURHLE, 1EFE KRB, HEE. &
Bl 2% R 2 ) R 55 D0 B0 40 o1 ik IR AT 43 A, Lg%
TX G L DR FE MR A Je 400 R B DR 2 1 A, FERX IR T
HIME B tna SO i SO SLBE R P 51, DA ECE ) 56 8
BT RS 5 HT.

1.2 7

1.2.1 B 770 vt B ECEI I 16S rRNAMIEUHE Y 5
F T F 5 AMAGAR A (https://www.megasoftware.
net/) AT IF A LR, AHMEIE, 288w )2 P o A 7T
RIFH, Tk brdt: ()RR I3 Q)FFESMR
I, Bk (gap)<5; Q)FHIKERTIRIGEFH1/3. &
Fra e R 7 2, HEAT RS0 oA

1.2.2 Z GBS H: 7 LL T 58 BUG K H AR 45 1%
(neighbor-joining method, NJ)E i KSR (maximum
likelihood method, ML)fEMAGA A4 HEAT R B, i3E
K FH A 73 BT (Bootstrap Analysis)1000/K 1]
PRI 25 7 S ELAS B, I Figtree(http://tree.bio.
ed.ac.uk/software/figtree/) 5% 144 Xt HEAL AT BEA T 0 AL R 22

2 BR

2.1 $BAFH Bt h A W 4042 8 1%, 7ENCBI Assembly
AR FEE W) “Helicobacter pylori” , Y:153385WKH. pylori
FERAER, MRAEEE /I FCagA/Vac AZE R 4R 571
IRA, FFRAIEE3 DB, H, CagA+/VacA+#5i
WRSH. pylori R NFDAARGOS 298, ATCC 435047/
NCTC 11637, CagA+/VacA-#5T7IRZSH. pylori Pk 183
JOORIMT5135, CagA-/VacA+HEHHRASH. pyloriBitk N
B659-C2. 280-A-EK1HMIHUP-B14, CagA-/VacA-#5 iR 4
H. pylori# ¥k NHP14039. LIM-008FTHPY. 7k, £ [5 5C
HRAF38 Pk IE A % FINHPH, H A48k (H. nemestrinae
H westmeadii H. suncus~ H. apri)yFERALE B, 55,
AW FEANSONMEAT 17 J& W ARAE T 0 R, 1R
TR 16 BowtE. BERH g5 EE .
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2.2 HRAFH B4 16S IRNAK B 2 4L 54 NCBI
GeneBEFEh, H pylorif6#kANHPH(H. felis. H.
cinaedi~ H. pullorum. H. bilis. H. bizzozeronii~ H. suis)
HATEREM16S IRNAF I, (2T FI AT 7 51
H nemestrinae H. westmeadii~ H. suncus H. apriii- Ik
KH1E S, H fennelliaeMH. salomonisf)16S rRNAFL K
YK TSR FFIRI1/3, RPN T, fea 3R
AARRAEHF B 8 BRI 16S rRNAZEIR P 4145 1, I NIV
F i RGEEAR(EIL). 255 R, R 73 PR AN RS,
1 SOQARIEA R 3 AT AL N B, 18 E R
Bl M. NI, BRE mustelae i EAEB W, 2 11
SCIOMRAEAT TR M 2 AR I AR EE, 18 EAMY A
FE ALY, AT, RS, DEER EE 1 XM24
NIRRT, 120, pylonA R B ZRETRB R, 5
2 NHPHERH. acinonychis. H. cetorum)Fis—HE, J&
AR50 R AT, HAb10RE B WNHPHA p— ML)
KRICH. 1 SCH20 N R AR R IR 2 1R, 45 R 48
N, A AEEBALCE A7) 2 B8 B & R AR R g i
HE IR K.
2.3 $ZAF T B 2 T B A R B R AL T
2.3.1 BATH Bm SR MR 5 A L LA
pylori A, BURYII - EAFEREZR 7B R, At
FUREE T 35 BUw 5 B 76 18T 15 J&8 B Ak R I o AR
A(FR2). Horh, JREFEERAAAE T 128RH. pyloriFi20
PENHPH, #fEHFAE/E 244N HME, B2 S
B D23 R 0 AT T 128RH. pyloriFM30KNHPH; 4R 110,
AlpA/B. BabA. SabA. OipA. HopEZZ:k A1 LA
K8 I F-Cag AAFAET-H. pylori, Vac AAFAETH.
bizzozeronii, Fi WA 75 F K- (induced by contact with
epithelium, ice AVF1ET-H. pylori &R FIH. bilis. 25 R5¢
7N, NHPHEA — & 20w 1, HK2 8D e 8 1) 2
IR L R, B0 15255,
232 HAFH AW ANRELAR R RS HEHEE
VERBN I E, AT LR BPIR R RN AR =045
Horr, 22 4R A | fla AR £la B K] 2 L) 1) 4 B 45 0 B

WAKFlaA. FlaB41E"™; FlgE & 8 T IR A fit 32 2
A, FIGEZR AR MBI 280 7557 Bk SRR Ay 41 B8 48
Bk, NHMEERMES) ), HAMEIRL ring). A BIIAP
ring). WEIR(MS ring). BEFIFR(C ring). BEZIHF(rod)
Koy 125 B (export apparatus)ZH k5. 1 £ 5e B 1 3L ]
A AT RGeS BT, NIVEBUMLYE A 5 2R Gtk A
(E2).

H e, iR L RAAR R A R, T 284N

PRI fla ABE R R GRS 73 24N K3, 55 T %
H128RH. pylorif18tk E WNHPH(H. acinonychis. H.

cetorum~ H. labacensis. H. vulpis. H. baculiformis. H.
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cynogastricus~ H. felis< H. ailurogastricus ¥, T g
FFEEH. cholecystusfi T SCHRER; 56 11 0B & 7N
WR(H. hepaticus H. typhlonius- H. cinaedi~ H. jaachi-
H. marmotae. H. equorum. H. winghamensis)ay £ 307
B, RKELE 2 TR, R, 2T 33 Witk
flaB# K R G AL B A2 RS, 5 T SCahztk
H. pylori 0%k H WNHPH(A. acinonychis~ H. cetorum -
H. bizzozeronii. H. mehlei. H. ailurogastricus. H.
cynogastricus~ H. felis. H. labacensis~ H. baculiformis-
H. vulpis); 55 11 3 E B 126k BTSN 1 (H. jaachi
H. cinaedi. H. typhlonius. H. hepaticus. H. marmotae-
H. canis. H. winghamensis. H. anseris H. brantae.
H. pametensis. H. bilis. H. trogontum)F 5 WIS #H
mustelac 20 %, FEnH. mustelae v] GELE B A 735 7] 4.
Fk, MEBHIRAEIE R o M B, 3T 384 1E
PRI FIgBRE R RS 73 24> K3, SR IR AT B
(H. winghamensis. H. canadensis. H. pullorum. H.
rodentium- H. ganmani) 5 N13, 128KkH. pylori. 128k H
WNHPH(#. acinonychis~ H. cetorum- H. herlmannii~ H.
ailurogastricus~ H. suis. H. bizzozeronii~ H. mehlei. H.
cynogastricus~ H. felis. H. baculiformis. H. labacensis-
H. vulpis) FI AR I UEAT 7 (A bilis« H. trogontum
H. muridarum H. equorum H. marmotae H. jaachi. H.
cinaedi~ H. hepaticus. H. typhlonius)5 N5 — K3, R
HEE P RARTE D 1) R Gt 5 3 AR AL R R AN E .
e, M ik A B BIRG R RO, e i ik
FEMSIAAMICH, FRk & MLy A E, e E
TRBNFF, B A BEERCPIR ALY, AHF 5004 1 &
IR 13N ER I R Gtk . MSH SR HFLFALE,
FET 34N TR L5 R R G AL R B 452N K3, 63
FFIEFT B (. bilis+ H. trogontum. H. typhlonius. H.
hepaticus H. jaachi~ H. cinaedr)* oM N—1AK3Z, 12
WRH. pylori. 1%k B ANHPHAISHE AT IR B 2 R 5
— K. CHEHEE Sk i ik B a4, 156 ek 71,
HI 25 FURFIG, FIIMAIFLNZL AL, 45T 1X3 N SE R 1) R 45
BEALIR 525 52 B 2 AL AR AL S, B, T35 Bk
MIEGEE R R GEHACR 73 2K, 28 T SRR 124RA.
pyloriF1¥k B WNHPH(H. acinonychis H. cetorum- H.
suis~ H. bizzozeronii« H. mehlei H. ailurogastricus H.
cynogastricus~ H. felis< H. baculiformis H. labacensis
H vulpis); 5511329, BB WIBFFEH. mustelaedl, F
M VRR S R I IS AT 6 (. bilis H. trogontum- H.
winghamensis~ H. ganmani. H. pullorum. H. equorum .
H. jaachi. H. cinaedi. H. marmotae. H. typhlonius. H.
hepaticus). FEN, 77 ihe E HE A FFLP. FLIQHFIFIR
R R, FE T IX3ANFE ] (1 R e AL I 2 32 3 35 AR BB AL
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Colonization areas
Enterohepatic Helicobacter
Gastric Helicobacter

L .
~ 7 y & v 4y Reservoirs
n T & S
ot \‘; hal T SRR S R v W Ccat(12)
K B @ I S &
- % g 3 & E S I:‘;’ » ) » ) Mouse (11)
i) 3, 3 s IS S S >
= % 3 3§ 0¥ g § & W o4 T Dog (10)
% % % oz & 5 s & & »
] w3 w0y 8 3 % F o & - # Human (8)
% 2y >, s 5 & & &
% : 2§ ¢ & 9 .
ty %, % m 2833 S S & ” Pig (4
% >, > Q < S5 £ o N 4
o A N T I A % Monkey (3)
4, 5% v, o, 2 % s 8 T x 5§ S
o o, 2y % 2 o0 . & Goose (3)
’eeif % . % o 5«“‘ b
h “ St ON o¢°“ <G o Fox (3)
B S
Yoy, . s, 2\},\\0" i 1C ™ Horse (1)
tray, & st!
1gary 0 ”\
# ‘ # canadteng ., %60 ; strain MIT %% el Ferret (1)
"I NCTC 135, . typhion® W Bird (1)
] 8 .
% H. mehlej strain L gp H. pylori strain FDAARGOS 29 9 Chicken (1)
WY W H. ailurogastricus H. pylori strain ATCC 43504 " Whale (1)
(rain . Bytors gy “4 Dolphin (1)
H. vulpis S . Cre 7163 )
S g oy, ¥ Lion (1)
ba"f““fo o"st/-
-
o * “0161 U, SB35, W Leopard (1)
W S,
LR 6, 2 ke, & Marmot (1)
i <O o "%,
| ‘“,ﬂ“ \\,)I» A8 . ’q% 03,
v « o PR 2
® w & P S sg ez EL T % % 4"00
» LANESCAN N I B S A
Y W S ¢ S $ 5 5 3 = %
. LA A O N
7 S 2 a2 9 % 2
Lo - A )
o 5 9 N s = ) k4
AR <y
» & 5 F 2 3 =
X S 5 3
wr m~ T 5 °
y > i
oy
o w»
W~
wr

S

ISENE, H. pylorrB PR E WNHPHEE A —ANKSE,
WRAT T SRy 3 — K. BKBhAT H1 82 I RFIE, FlgB, FlgC,
FlgFAIFIgGZH 3, H A fgF2E K 7ENCBI genei s o 5¢
BIFIIWE NS T, AT RGid b s, 2 TflgC
i DRI AG) J2E 11 2% 0 Ao A 3235 52 31 2 AR AL IR s2 ), T
fliE. flgB. flgGHRPRIREA IR RBONZRHL. [FNF, FMELIA
I Jo PR AR G Rl AgH AN gl SR G AL AR A BB
. g5 R, HEREh T s A G R IR R 4t
A2 B 25 AL AL IR 2 5.

233 BHABMAN S HEERADXARE R ARNS
#r: lEZ Mi(Lipopolysaccharide, LPS) & % = B B
(A B BE sy, XK EE R, HHRIRA. %0 2 HEH
O-HiE M. LPSA Bt FErh, ¥ B AR AL, A
W FAENCBI geneX 4 FE 5 [ 21 56 % 5 51 (1) 5k KA
3, BFENR 2 WEBEFE L AL 1 (lipopolysaccharide
heptosyltransferase [, Hep [). JEZHEEEpEELEFS
I 11 (lipopolysaccharide heptosyltransferase I, Hep
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IZFTEBET16S RNAFSIRIFRSMEEEAGROVAGTEMN. 1 08 B IS, I8 G [P i,

DA g £ b2 % H A(lipopolysaccharide transport
periplasmic protein A, LptA). Hep | HwaaC3&[H %
i, Hep 1L HiwaaFEK4fid, BEpER RS 510
ZHEIITY R, S 50K BRI BA% 0 2 W52, e 2 0
FIEEAA HIptAZEHE gD, 571578 i P 3 e 5 B 1
LPSizf IS, IR IEUE RS, B F 265
PRIt AR RGEHEA 0 T o, 128RH. pylori 5 6Fk
B WNHPH(H. cetorum H. suis. H. bizzozeronii H.
mehlei. H. cynogastricus~ H. felis)VA S ARK T I8t
W (H. marmotae. H. cinaedi~ H. jaachi H. hepaticus)
FEEM RS 1 RS, RIS (A, pullorum H.
winghamensis~ H. bilis< H. trogontum)% A% 11 K37;
HTwaaCHlwaaF 5 R4 22 1) RGEHEALI o, S EAT
B 2 B R 9 — S (J13). 45 AR, LPSH i S &R K]
RGN R FIREZ B LR AL« ) B2,
2.3.4 WRM R AR IR R EIE R KRGt b H. pylori
IR MR R 5 e Rlure A ure BRISAM B2 A
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R 5 BHERAEZRERRIHIC O

® 1 BHEEEHESNSR

= BE BRI BRI BtR ERBRS
H. pylor™® N B 1SS, MR, B  FDAARGOS_298  GCF_003050665. 1
RS, S5 ATCC 43504 GCF_004295525.1
NCTC 11637 GCF_900478295.1
B659-C2 GCF_003639215.1
280-A—EK1 GCF_006337465.1
HUP-B14 GCF_000259235.1
83 GCF_000213135.1
J99 GCF_000008785.1
MT5135 GCF_017821535.1
HP14039 GCF_003636855.2
LIM-008 GCF_016748795.1
HPY GCF_013122115.1
H. mustelae"® =) = IEMBSE NCTC12198 GCF_900476215.1
H. felis"” B, 10 B 1BMBX, BE ATCC 49179 GCF_000200595.1
H. nemestrinae"® 1= = NR NR NR
H. cinaedi™ A 58,10, BR i)l =SS, BIE DSM 5359 GCF_017979495.1
H. fennelliae"™ A i7)E] 173¢, BIAE NCTC11613 GCF_900451005.1
H. muridarum™ = s, e == NCTC12714 GCF_900450885.1
H. acinonychis®" 3 = BH NCTC12686 GCF_900461455.1
H. canis™ N Atit, Ips 155, Ik CCUG 32756T GCF_008693005.1
H. hepaticus™ 5 iz, e R, iR, s ATCC 51449 GCF_000007905.1
H. pametensis™ B 98 B f7E NR ATCC 51478 GCF_000518225.1
H. pullorum'® A8 AL, s B, ISR CCUG 33837 GCF_017979475.1
H. bilis® 8 A FHAE, & 12T ATCC 51630 GCF_000765785.2
H. bizzozeron/*" B 00, 8 = = CCUG 35545 GCA_000263275.1
H. trogontum™ 5 7 El NR ATCC 700114 GCF_000765905.2
H. cholecystus™! R B3 RIS, IBESE ATk ATCC 700242 GCF_003364215.1
H. salomonis™" &, 0 = NR CIP 105607 GCF_017979425.1
H. rodentium®™" 55 )] B5 ATCC 700285 GCF_000687535.1
H. westmeadii’™ A A, fpEs NR NR NR
H. suncus™ BB = IEHEY NR NR
H. typhlonius™ 5 )] Bk MIT 98-6810 GCF_000765765.2
H. canadensis™® A 38 A, e B5 NCTC13221 GCF_900450815.1
H. ganmani®®® 5 ATit, fpE NR MIT 99-5101 GCF_003364315.1
H. winghamensis™” A i)l BS, 8k 2015D-0170 GCF_014931175.1
H. cetorum™ B fRE =5 SR, 5% MIT 99-5656 GCF_000259275.1
H. marmotae™ B, TR i, e Jinms MIT 98-6070 GCF_003364255.1
H. cynogastricus™® 19 = NR NR GCF_900197855.1
H. anseris™" 38 ] NR MIT 04-9362 GCF_003364335.1
H. brantae™" %8 el NR MIT 04-9366 GCF_003364205.1
H. equorum™? g i)l NR MIT 12-6600 GCF_003364175.1
H. suis™ 158 5 BENSELIE BR5 DSM 19735 GCF_017979375.1
H. baculiformis'“ .50 = NR NR GCF_900197685.1
H. heilmanni*® ANB105E = B¥, B LMG 26292 GCF_017979395.1
H. ailurogastricus"™® k) = 5%, %% NR GCF_900197675.1
H. jaachi®” /3 BT e AT, BBEESE B3k MIT 09-6949 GCF_000763135.2
H. apri*® N 5, FFiE fze NR NR NR
H. mehle/* i\ =5 NR L8b GCF_007280785.1
H. labacensis™ i)\ = NR L9 GCF_003660285.1
H. vulpis™ i\ = NR L2 GCF_003660395.1
NR: T0I23R.

J3aishideng®
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R 5. BHERAEZRERRIUHC I

® 2 BEMERIRYREREETERAEERETHDH
. - =R ==
& B Urease Flagelln AlpA/B  BabA  SabA  OipA  HopE  LPS  Cagh VacA  IceA
H. pylori FDAARGOS_298 + + + + + + + +
ATCC 43504 + + + + + + + + + + +
NCTC 11637 + + + + + + + + + + +
B659-C2 + + + - - - + + - + +
280-A-EK1 + + + - - + + - + -
HUP-B14 + + + - + + + - + -
83 + + - - - - - + -
JEE + + + + + + + + -
MT5135 + + - - - - + 4 —
HP14039 + + + - + - + + - - -
LIM-008 + + - - - = + 4+ - - _
HPY + + + - + + + + - - +
H. acinonychis NCTC12686 + + - - = = = & - — _
H. cetorum MIT 99-5656 + + - - - = = + - _ _
H. suis DSM 19735 + + - - = = = + - _ _
H. labacensis L9 + + - - - = = + - _ _
H. bizzozeronii CCUG 35545 + + - - = = = = - + _
H. cynogastricus NR + + - - - = - + _ _ _
H. felis ATCC 49179 + + - - = = = & - — _
H. heilmannii LMG 26292 + + - - - = = + - _ _
H. baculiformis NR + + - - = = = & - — _
H. vulpis L2 + + - - - = = + - _ _
H. ailurogastricus NR + + - - - - = 4 - — _
H. mehler L8b + + - - - = = + - _ _
H. canadensis NCTC13221 - + - - = = = & - — _
H. equorum MIT 12-6600 - + - - - - = + - — _
H. pullorum CCUG 33837 - + - - = = = - - _ _
H. winghamensis ~ 2015D-0170 - + - - - = = + - _ _
H. rodentium ATCC 700285 - + - - = = = & - — _
H. ganmani MIT 99-5101 - + - - - = = + - _ _
H. cholecystus ATCC 700242 - + - - = = = & - — _
H. brantae MIT 04-9366 - + - - - = = + - _ _
H. pametensis ATCC 51478 - + - - = = = + - _ _
H. mustelae NCTC12198 - + - - - = = + - _ _
H. anseris MIT 04-9362 + + - - - - = 4 - _ _
H. jaachi MIT 09-6949 + + - - - = = + - _ _
H. marmotae MIT 98-6070 + + - - - - = 4 - _ _
H. cinaedi DSM 5359 + + - - - = = + - _ _
H. bilis ATCC 51630 - + - - - - = + = - 4
H. canis CCUG 32756 + + - - - = = + - _ _
H. trogontum ATCC 700114 - + - - = = = + - _ _
H. hepaticus ATCC 51449 + + - - - = = + - _ _
H. muridarum NCTC12714 + + - - - = = & - _ _
H. typhlonius MIT 98-6810 + + - - - = - + _ _ _

WFEREERAPHDRT. + SHEZERRI, - MEZERRI.

(ureE. ureF. ureG. ureH. ureD)fJp"". RS Hr
SR, I IRKEHSH. hepaticus)[FlF BAG 52 ¥ ure A

ureB. ureGHE:H T, FINMREHS(H. muridarum . H.
bilis« H. anseris) A B A 58 M ure AJE K741 GHEA
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