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Isolation, identification and whole-genome sequencing of
Gallibacterium anatis from chicken

TANG Shi, PANG Xueqing, ZENG Hongmei, WANG Yin, LUO Yan, YAO Xueping,
REN Meishen, YANG Zexiao'
College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

Abstract: [Background] As an opportunistic pathogen, Gallibacterium anatis can cause poultry
diseases such as ovaritis, salpingitis and peritonitis, which seriously threatens the development of
poultry industry. [Objective] A shipment of chickens, died from a suspected G. anatis infection, was
sent from a hennery in Sichuan. In order to explore the infection mechanism, prevention and treatment
of G. anatis, we isolated and identified the bacterium and analyzed its whole genome sequence.
[Methods] The bacterium was isolated and purified from the sample, followed by biochemical test, 16S
rRNA gene sequence analysis, and drug sensitivity test. The whole-genome sequencing was carried out
for species typing, annotation of virulence- and drug resistance-associated genes and phylogenetic
analysis. [Results] The isolate was identified as G. anatis and named TS0001. Drug sensitivity test
showed that the strain was sensitive to itrofurans and a few [-lactamines and resistant to some
B-lactamines, chloramphenicol, some aminoglycosides, macrolides, tetracyclines and sulfonamides. The
strain had a whole genome of 2 626 722 bp, and gene function annotation showed that it had strong
self-modification capacity. A total of 83 genes related to virulence factors and drug resistance were
annotated throughout the whole genome, and four prophage regions were predicted. The strain belonged
to the sequence type ST69, and the phylogenetic tree constructed based on housekeeping genes
demonstrated that it had the highest homology with the isolate 7990 from Mexican Gallus domesticus.
[Conclusion] This study provides a reference for the research on the infection mechanism and
prevention of G. anatis and enriches the molecular biological background for subsequent studies.

Keywords: chicken; Gallibacterium anatis; genome sequence analysis; pathogenicity; drug resistance
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W Bl (Pasteurellaceae) 3% #F & s E R ED
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Figure 1  The colony morphology of isolated
bacteria on sheep-blood agar medium (A) and the
result of Gram staining microscopy (B).
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HBRKEHERAKEMN 87.23%; oA 52 1
tRNA, rRNA A 4 ~EHFE 14 58 RNA,
1 4~ 16S rRNA F1 2 /> 23S rRNA), ncRNA 83 1~;
CRISPRs 7£ contigd 5 contigl7 H&EAFTE 1 4>
R PR 7 91 A FASTA XA F4% % Genome %X
P& PEFRAG S5 JAGMUQO00000000, F-4¢
LW R GR5 R TS0001
2.6 ANI &%

YRR 55 IS BRI 95%0 ANT {E),
H & 2 BT 0L, TS0001 543 25 X 1t 7 fis ) g st

ROFF R 21K2 TR AR R4 06 R e M50, ANTH 5
ik 97.41%; HS5TEWEAGHF PR MERR NCTC11413
FEXTHY ANTELA 97.02% ; S5 HA RN Gallibacterium
anatis LB ANT {EHIYE T 95%1 402K B {H
HAsriin . 5 [RS8 0 5 098 RS E
(Gallibacterium salpingitidis) W] 3 ™R E IR
F 150, 19987/2 Salp K 18469/18 A, ANI{H
BIETF 80%. DHULAHRHE ANI EbXT 25 5] H)
TS0001 MRS AT B, T LIS 50 R0 A 1 I o [
RGO AWML

x1 AHYPLBEER
Table 1 The results of antibiotic sensitivity tests
Antibiotics Drug names Inhibition zone diameters (mm) Results
B-lactamines Cefatriaxone 23 S
Ceftazidime 32 S
Ampicillin 0 R
Piperacillin 15 I
Cefoxitin R
Chloramphenicols Chloramphenicol R
Florfenicol 15 I
Aminoglycosides Neomycin 15 I
Gentamycin 16 I
Streptomycin 0 R
Tobramycin 16 I
Kanamycin 0 R
Macrolides Erythrocin 0 R
Medemycin 0 R
Tetracyclines Tetracycline 0 R
Doxycycline 9 R
Minocycline 18 I
Sulfonamides Trimethoprim and 0 R
sulphame-thoxazole
Fluoroquinolones Norfloxacin 0 R
Ciprofloxacin 10 I
Galtixacin 10 I
Ofloxacin 11 I
Itrofurans Furazolidone 28 S
Nitrofurantion 29 S
Polypeptide antibiotics Polymyxin B 15 I
Bacitracin 0 R
e S: #UE; 1. A5 R: M2y

Note: S: Sensitive; I: Intermediary; R: Resistance.
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Figure 2 ANI results among TS0001 and representative of Gallibacterium. The NCBI accession number of
the strain is shown in brackets.
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Figure 3 COG function classification diagram of the TS0001 genome.
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Figure 4 Classification diagram of KEGG metabolic pathway of the TS0001 genome.
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Figure 5 GO function classification map of the TS0001 genome.

2.7.5 EARBEERER Swiss-Prot ;£ BLAST X, ¥EHUS 53 f5 s H E-value<le-5 1Y
TS0001 A7 1 984 NIENMEFFHINAE 4554, £E TS0001 ZEF A, B3] TafFh S

WBF T Swiss-Prot 2848 1% . B R BB KT RE IR .

2.8 SHRMHNF BB AR A 1 0 RN T BT -5 R 7 IR A G ) 2

281 FHEFIE GtxA . tolC. fifA Fl OmpW IR E] .
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Table 2 Virulence factors in TS0001 genome
Function Virulence factors Related genes
Adherence EF-Tu tufA
RTX-like toxin GtxA4
F-17 fimbria FIfA, fIfC, fifD, fIfG
Outer membrane protein OmpA, OmpW, tolC
Iron uptake Heme biosynthesis hemN
Invasion LPS rfak, rfaF, kdsA, IpxD, IpxA, orfE, gmhA/lpcA, msbA
Antiphagocytosis Capsule IS1016-V2

2.8.2 THHERFR

TE TS0001 J PRI 2H v, A0 3] 1 22 Fofr s 24 2k
L, ALFE X B-INBEESS . R RE . ST
K. RIFNEEIE . TUMRIE. MRS MK
M FIMREE RIS FUMEIHT S FRIL B R
X 10 KW bt A 5 2 2jm 25k
FAHRMYIE . 25 L% 3,
2.9 HIEEASH

ik PHAST Fiil|, TS0001 J&[K 4 fpv] GE
A 4 DEIGER RIS ETE, KRR 16,
18.8. 37.1 il 69.8; Al 9. 22, 55 #

F 3 TS0001 B #k B fif 25 5 & 7

83 1~ CDS; GC &t /3l h 39.28%. 40.79%.
43.69%F1 39.31%. Horb & L5 0 B IAORH DG 1Y 28
MR VST EGE . SR . Rl . 25w
R TG .
2.10 TS0001 R Lt L #5347

FET PubMLST £ 2 iR I AT 121 1Y fum C
atpD . mdh . thdF. gyrB. recN. infB  adk iX
8 MEZRELINIGH] TS0001 Bk FEFI2E%1 K ST69,
H A8 SR DR BRI T () R R A AN 5] 6 IR,
XG4 B kK TS0001 5 43 25 T 25 V4 B 538 G 1y
7990 FtkIB LI Bt H. ANT{EESR , 4 97.34%.

Table 3  Prediction of antibiotic resistance genes in TS0001 strain

Resistant genes category

Resistant genes

B-lactam antibiotics

Chloramphenicols

Aminoglycosides

Macrolides
Tetracyclines
Sulfonamides
Nitroimidazoles
Rifomycins
Fluoroquinolones
Elfamycin

Efflux pump conferring
antibiotic resistance

0XA4-5, OXA-7, OXA-10, OXA-11, OXA-13, OXA-14, OXA-16, OXA-17, OXA-19, OXA-28,
OXA-35, OXA-56, OXA-74, OXA-101, OXA-129, OXA-142, OXA-145, OXA-147, OXA-183,
0XA4-233, OXA-240, OXA-246, OXA-251, OXA-256, OXA-368, OXA-454, OXA-663,
TEM-40, TEM-156, TEM-206

TnSsl1, cat-TC, catB3, pp-flo, floR, floR2

aadAl, aadAl-pm, aadA2, aadA3, aadA6, aadA7, aadA8, aadA8b, aadA9, aadA6/aadAl0,
aadAll, aadAl2, aadAl3, aadAlS, aadAl6, aadAl7, aadA2l, aadA22, aadA23, aadA24,
aadA25, aadB, AAC(3)-Ila, AAC(3)-1lc, AAC(3)-1ld, AAC(3)-1le, AAC(3)-1V, APH(6)-1d
EreA, EveA2, mphA, mphE

tet(4), tet(C)

sull, sul?

msbA

arr-3, rpoB

gyrd, gyrB, parC

EF-Tu

qackE, qacEdeltal, floR, mdtM
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Strain (GenBank accession number) ANI ST
[ NCTCI1413 (UGGZ00000000)  97.02% 44
0.011 0,000 DSM16844 (JPHN00000000) 97.02% 44
1 149 (JPHN00000000) 97.12% 44
%F 279 (JTJO00000000) 96.91% 21
L 1-opq 810272 (ITIN00000000) 96.84% 44
0.001 >1pDHE97-78 (JPXQ00000000)  97.17% 33
0.001 00 = Gerl.3348/80 (JPXR00000000)  97.04% 30
0.003 1 558/3K1, (JPXS00000000) 96.97% 30
%wms (NLFM00000000) 97.26% -
) go5 CCMS995 (JPXT00000000) 97.26% -
0.001 U2 4295 (JPIQ00000000) 96.69% -
OW@Avicor (JPIMO00000000) 97.24% -
LD T o0 10672-6 (IPHO00000000) 97.10% 65
0.001 2 Gerl.4224/88 (JPXU00000000)  97.22% 2
0.003 0002 1797 (1pXW00000000) 97.27% 2
L $V200 (NLFL00000000) 97.30% 70
0.006 o ATS0001 (JAGMUQO00000000)  100.00% 69
0,001 122227990 (JPIL0O0000000) 97.34% _
0.001 _@21 K2 (JPIN00000000) 97.41% -
. UMN179 (CP002667) 97.27% 61
23K 10 (JPJO00000000) 97.11% -
0.002 23T10 (JPIPO0000000) 97.08% 39
i —:ZITZ (JPX000000000) 97.16% 39
0.006 12158-5 (JPIK00000000) 97.26% 39
0'0(])600 < F0003406 (JPXV00000000) 97.24% -
—2— 10672/9 (JPTU00000000) 97.00% 71
36961/Sv7 (JPXPO0000000) 97.25% 3
0.001 “2297,5656/12 (AVOX00000000) 96.95% 32

6 Bk TS0001 £ TEREEFINMEMRTLERM

A AW EE9 TS0001 Hbk; ST: JF

FIERL; —: pubMLST di FE ARG LM SR . 70 3 F BT Fon st L i ey

Figure 6 Phylogenetic tree of TS0001 based on housekeeping genes sequences. A: The TS0001 strain
isolated in this study; ST: Sequence type; —: This sequence type is not included in the pubMLST database.
The number on each node represents the genetic distance.

3 Wi

W8 5 XS AT A e s LK & 7 B AU S R 1)
TR, EEGEINPIET . BT MLIE R Z (8]
T XA ER, H B B A 2R
JER 22 E i 2RO (AR A BT A AT
TERER A s, 516480 DNA-DNA Z¢
ZEF1 16S tRNA FEH YR e kM, i
FH ANT 43 B 2547 TR 6 e ] Y A Al e s
RGP 1321 AT D A XS T TR i AN ) SIF o i)

LA

ANI 2583, HRWAHZGHIAK, 4546
COG. KEGG il GO {EREA[ %1, TS0001 #RA 4
SR E RN TAEMRE T, B 177 SRR G
MR IS RE R, A 7 SRR .
TS0001 FRAFFE] T 19 A~d A, B4l
B A RIEH Gxd . tolC. fifA. OmpA F
OmpW YA E] . Gred KR Fromid iy RTX
e GtxA T2 MGG FF I 300 1) f5c HL 70 1)
JIRF, [ TR AR AE 4 2 1 B A -l S | R S o
A B IR A, GtxA FEREPHE B E
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A AR TERY, GRS SR O PO B B
U B IEA T kT 8 G 3 DA TR R H
B J H o AR MR O Mg 55 Y, R I R TE s
FIREYL R AL AR R E AR . TS IRXS AT IS
1) F-17 W B&—Mnl LI+ & N-Z Bt -D-
RILHE R A R Az, (AR S TE &
ARG, B R it 0 S & %
IR SN, T 174 L fIfC . fIfD T AIFG 3X 4 ANk
I RL T F-17 W B AR . 5 1S1016-V2 2
2 1 S A B 18 500 A T o 1E 2 A i gk 7
Bhbf, A BUEWEME RS R R EOR A
JL K 5 22 1Y A ISR R g 22 B A I v 1
B RGER Ay, WIS 4 SN T U XS AT R ) S
T S SR e S A Y R, TR
A B S M A Y i R, ATk E
BLAAER ZU 1 s S s o Ompwr 3618 it 4
T SRR 1 W EL B E S 5 TS IS AT B P i 5
O S8 S 1T Y R AT A A 4E K (X F--Tu (EF-Tu)
HAWHAEE AMRHE, A NS 5T kbl
HilH, 55 40 7 TS0001 #fH % B T CRISPRs,
HA A Ry T B AR R SNEAZ R, X 1 —
o K B BRAL AR 7

XF 28 ARG FE I R AT 2 AL ST 51 43 B
Joi KB, ARG 4315 B TS0001 A% A2 B — B
Y ST69 ¥4, PubMLST %4 H AR T
—MRAR ] 3 T TR, R R YR A SR 1Y) 35 [ 4 8
Pk 187, H I JC & T %A 0 A T F A -
Kudirkiené 2135 H 75 JE A FT B 1) FIF, FIFL FI
FIf3 B BRI fEAE ST B 44,
TS0001 FEAZ.O W BRBFERIE LA S
SEURAMFAT

HE Y XS AT B AE N A BUR B, 18 200 5
FNRA T2 R e T HAEXS R N B0 o
FLFRB IR . SR AR RS B A AR TR 2 410
H T2 I R R IR T TR 2 28 WP W A2 7K P

&, WU Bos H i pe R AR, fE M
KHEZFEF, MEFRERE. FH . WEKFE
1) 728 AT O R T2 TR A AR N S0 A R T R
SRR o HoAtE Dt TR B0 BE 1Y KGR g T 3oE
F W E A E S e ], DA IREE I R Y AR
b, N RIRERA . Ba L EHE . 8
WAR ., BERARFESHES VW, W
W Y5 XS AT B X R

1 25 ) USRI AT 1, TS0001 AR X843 B-
RIS . EEmE R ST, KA
H. MR B Y I A S 2k
XPRE 15 CARD % 2 Lo J VR 14 T 24 25 [
P2, RO AR EASAT RO R 2 E 258
B, HLAERBEITEE U5 Hw i 2y
AT e 5 I R K Al X s 2 Wy kA7 B iR A
Ko TEVUIRZE ST 25 3L rer OGN 32K & B0
W8S S5 X A B T UL ter(B)VOYFD rer(30)V AL,
mEkr 5 UMN179 ¥RABRIE tet(4)F tet(C)
FERW R B DU ER R A 251, i
WREPHZVEIHR R H5AREHREIH P18
Feo B, 78 TS0001 Bk E RS 4 A2 2Tt 25
HMHESEAHSC I B, BB 3 4l o 2 A A
25 21

M 1950 AL TR B B o I HGEP A 2021 4
11 J 20 H, NCBI Gemone U FE I 57 29 £k
S S TR Y 4 L AL 7 51, e O
DX 49 T 058 X054 A 4 K PR e F 9 0 Ak F 25 1 By
Bt o ASBRGEAE A )1 3 X G 3 R AT — ik g 5
AOFFER , X H AT 4 3L AL 7 J5 114 % NCBI
Gemone $His 2, 3778 171G W5 XS T B 1) 35 DR 5B
EfFER -

4 Hip
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