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Abstract: The objective of this study was to analyze the evolutionary relationships of the fourteen
Gallibacterium strains isolated from Henan and Shanxi Provinces, and the role of gyrB gene in
phylogenesis analysis. 16S rRNA, rpoB and gyrB gene of all isolates were amplified by PCR and
the purified PCR product were submitted directly for sequencing. Sequences of three housekeep-
ing genes of 14 Gallibacterium isolates were compared, and used to generate the phylogenetic
tree, with that of the Gallibacterium reference strains, using the software of DNAstar, Clustalx
1. 81 and Phylip 3. 67. The sequence homology were 96. 3%-98. 0% (gyrB), 97. 7%-99. 6%
(16S rRNA), 97.7%-99.0% (rpoB) among Gallibacterium isolates and G. anatis type strains,
88.8%-89.9% (gyrB), 96.2%-97.5% (16S rRNA), 92.6%-93.6% (rpoB) among Gallibacte-
rium isolates and Gallibacterium genomosp. 1 strains. Three phylogenetic trees generated from

housekeeping genes showed that 14 Gallibacterium isolates fell into the same branch with G.
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anatis type strains. 14 Gallibacterium isolates were classified in G. anatis. In the three gene

locus of gyrB, rpoB and 16S rRNA genes, there were no apparent genetic difference between

Gallibacterium strains isolated from Henan and Shanxi Provinces, and from healthy chickens and

diseased chickens with salpingitis. gyrB gene could be used for classification of Gallibacterium

isolates, furthermore, more obvious differences was noticed in the homology analysis based on

gyrB gene sequence between Gallibacterium isolates and G. genomosp. 1 than that based on 16S

rRNA and rpoB genes.

Key words: Gallibacterium;Gallibacterium anatis; 16S rRNA; rpoB; gyrB; evolution analysis

2003 4FE, Christensen 260 AR $ X9 4T B 16S
rRNA FH 5 51 43 M1 FEAE F 3 A 90 2% R AE 2 10K
JE R BT B G AT B (Pasteurella anatis) 3§ Il P B
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FFH (Actinobacillus salpingitidis) & 3. 4 % B K
FERER 0 1 A F 8 — X W 8 (Gallibacteri-
um) . MEYE K H (Gallibacterium anatis) N iZ &
AR A A AR a0 2 DR X T TR
P R R 2R B T R — Rl R T AR R
WFFE A B < XOAT B -5 25 X0 0 A8 2R i B0 A 8 i 255 2
TR REY) I A SR EORE R AT BN T
el o] E X B oOR A R E B R I I AE A
BT

2008 4F, F I BAES 1 AR E T 3 [ XY 3 1
PR XGAT B CY I 52398 Ry WG R TOAT T 7)1 2% e 17 O
SRR TR A 12 SR 37 YA Y50 A TR Rk
Y S HUR B R 48, 490, A RE 45 X i
FL 2R 53 %08 3 BEAT 40 B 43 85, A 101 Hag rh 43
BIUEE T 45 BRI . A HE SR - 3R E G HE
Y N i B I S o R |
rpoB.infB Ml atpD B H £ ¥ 51 LA 53 B (10 77 15
UESE T 9 BRI R 45 X FF 1 20 B AR T U5 XS A 1A
HUANG-FU"™ [ & A1 H B RN 48R ] 16S
rRNA JE PP 51 53 A 19 77 3% 5 RS 1 91 pig 1 75 A
JUEB 43 X6 FF TR 70 15 ik o X2 T 1 1 Y508 A 7 L i HL 3
BRI SG P XS F B S 25 bR (8] A AR AL PR AR L 1
7 96 % (16S rRNA) LI I,

gyrB B 4 i DNA fif ig i B 7 58037 19 &
W AR RMATTERY gyrB ZENE 16S rRNA J&
PR LA A 38 G 4 TRT 25 ) 1Y) S — SELAR B BE A AR R A
PRl A AR AR P 0 A 0 0 AR A iy 3 S T A T 2%
iy S 50 R AR BF SR E T gy B RE A A
16S rRNA Fll rpoB &K 7 51 43 Hr (4 7 125, X8 ¥l 7 Al

e P 45 0 B 1Y) 14 BRI AT T kAT 1 A% A o A o £
AL A 73 B 3 [ XS KT B A 3 47 b 26 [ iE 2 A
gyrB FENATEXGFF B R G A H 7 P i

1 #elE7RE
1.1 EH

IR AGHT IR 2 % bk Yu-ZZ-HL-1-SLG FI 14 fk
XA T 43 15 AR X by ¥ e A R 2 8 9 F 9 i 3 1
TE S IFRAE . 14 BRXGFF 1R 43 B R, 11 k23 85 1)
B3 MR B TREVE A5 11 kR4 5 T 4 U9 4 R W
X3 MR B T ARBERY . 14 MRXS T & 2 25 4k A5 B W
*x1,
1.2 U5 HA

PCR {X (HBPX2220) , 2 [ Thermo 2\ &) F= i 5
BERE A 3 AR & 48 (Alphalmager EP) ., 3¢ [ alpha
O ENE s 10 0 45 3 i B R T Al KM & B AE ) T
A R A A 72 b Tag B, DL2000 Marker, H A<
TaKaRa 23 &) 77 i s GoldView 1 IR R Yok}, b &
e FRHECA R A i DNA R R i0aln &, B
WA AR ) TR R IR 55 A PR W 7 i
1.3 5|9

%% Weisburg 4™ Hl Christensen £ 1y J5
o BBt 16S rRNA L rpoB JEA i PCR 519, 2
% Yamamoto %7y 5 gk 3T gyrB K PCR
18 CUPL, UP2e) #1511 # (UP1S, UP2rS) . 5l
W LA TAY TR ARG A RA G S 1.
FFHII2 2,
1.4 BEHRHET R DNA BFl&

BU—70 °CURAF I XS AT B 43 B bk, R0 F 10 0 4
F BT AR .37 CHRARh R IR 24 h, fE PR
NEEZM T & SUN/ANFMEN LBRAGF, T
37 CH_ep I 12~16 h, % HUANG-FU 4
() 7 1 F BORS AT 1R 3 T 4 DNA L, —20 CR A& .
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Table 1 Essential information of Gallibacterium isolates
. (CEX v v e I
. . b L ; - N . . . ; S, :
ETRe) E7S Leolat R BRI I ] 9 B bk ML ORIR HBIRE I} ]
solate
No. Strain ) Source Host heath  Isolation || No. Strain Isolate  Source Host heath Isolation
site
statu date site status date
Yu-JZ-WZ- P o Yu-XX- PN e
1 HONAE R HRONAE A 2008. 4 N W R 2009. 12
YQ-5-SLG HJ-6-SLG
Yu-XX-HJ- . Yu-ZK-XC
2 SR TR WIS A 2009, 12 9 ]E W RO 2008.11
6-QG -13-QG
Yu-PDS-JX- . Yu-XX-HJ .
3 e R {dt B 2010. 3 10 WO WM RO R 2009.12
3-QG -4-SLG
Yu-2Z-XMZ Yu-ZZ-XY )
4 WA i B 2010.10 || 11 E S MM WIER 2009.12
-46-XZQ -1-QG
Yu-ZZ-XY- . Shan-XY
5 fwones R RERAE 4 2000.12 | 12 MEEEE PRTE FERAE A 2010010
1-SLG -8-XZQ
Yu-PDS- P ) Shan-XY )
6 HONAE R HONAE A 2008. 4 13 FEfE  BRPE EORAER 2010.10
RZ-1-SLG -4-F7Z
Yu-ZZ-ZD- . Shan-XY ’
7 M7 R e B 2010. 10 14 WORE  BRYE RERER 2010.10
26-X7ZQ -4-SLG
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Table 2 Primer sequence and the target gene

SIS (5-3D)

HPH BB BOR/AN bp

Primer sequence Gene Size
rpoB-L: GCA GTG AAA GAR TTC TTT GGT TC (23 bp) B 60
rpo o
rpoB-R: GTT GCA TGT TIG IAC CCA T (19 bp) ?
UP1l:. GAA GTC ATC ATG ACC GTT CTG CAY GCN GGN GGN AAR TTY GA (41 bp)
UP2r. AGC AGG GTA CGG ATG TGC GAG CCR TCN ACR TCN GCR TCN GTC AT (44 bp) B 1 20
ayr 0
UP1S: GAA GTC ATC ATG ACC GTT CTG CA (23 bp) Y
UP2rS: AGC AGG GTA CGG ATG TGC GAG CC (23 bp)
F1. CCG AAT TCG TCG ACA ACA GAG TTT GAT CAT GGC TCA G (37 bp)
16S rRNA 1 600

R1. CCC GGG ATC CAA GCT TAC GGT TAC CTT GTT ACG ACT T (37 bp)

1.5 3AEREEM PCR ¥ RN F

1.5.1 16S rRNA K PCR Y H  PCR i
K% .10 X Buffer(F Mg’") 5 uL,dNTP (10 U)
1 pL. 5% F1 #1 R1(25 pmol » pL- )% 1 ul, Taq
DNA R4& 2.5 U, Bk DNA 2 pL e fh w258
TIKZE 50 pl, PCR W R :95 ‘CHiAZYE 3 min,

AT 30 MEI , BEANE I 0 S S50 95 C 45 s,

62 °C 30 s,72 °C 2 min; fEH L5 W5 .72 “CIEf 10
in, SIS R HL KA

1.5.2 rpoB ¥y PCR ¥ ## PCR % i f&

% :10 X Buffer(F Mg?" )5 uL,dNTP(10 U)1 pl,

5% rpoB-L Fl rpoB-R(25 pmol Hlfl )& 1 nl,
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Taqg DNA R 4G 2.5 U, 8tk DNA 2 pL, f /5 #h 5
EBTKES0 pL. PCR W REF:95 °C HiA ok 4
min, 47 35 16 3R, B A6 3R 09 S 2 8. 95 °C
30 5,55 °C 1 min,72 C 2 min; fEH &R 5,72 “CIE
ff 10 min, J2 W45 3R 5 HL KRN

1.5.3 gyrB #£ K iy PCR ¥ 3 PCR % W &
% :10 X Buffer(§ Mg* )5 pL.dNTP(10 U)1 pL,
514 UP1 fil UP2r(25 pmol » pL™") % 1 L, Tagq
DNA R4 2.5 U, Btk DNA 1 pL. fe G b a5 5
F7K % 50 pL, PCR RN FESF :94 ‘CHIZEYE 5 min,
AT 30 NG BB A SN Z4:94 °C 1 min,
60 °C 1 min,72 °C 2 min; fF¥ &5 5,72 “C4Effi 10

x3 BHESEKRER

min, SN 45 A5 HL UK A I
15,4 3AFEREERBN P PCR 7= ¥ 28 H1 7K
il 5 A DNA B i o) & glifh . R 5 6
ali b= W He s g A T AE Y TR R R I 55 A B
T
L6 EFINEREEANERLZEMAE

iz | DNAStar 247 Jotun hein B¥:, LI £
AME I TCHT B8 2 2% bk R SR AE L X 14 BRXS AT 1 4 25 bk
FHTARFXGFE S % % (R 3, i#17 3 MERHE
PRIAL L f AH R e 8. 0 7 i fE W ] PHYLIP
3. 6T, AL 19 AT SE PR bootstrap #4743 1. H
1 00041 EE . FIH MEGA 5. 05 2l st 1L

Table 3 Information of the reference Gallibacterium strains
B g |, 5
RS if B _ RS Fif B ,
. ) Accession . ) Accession
Strain Species Gene Strain Species Gene
number number
16S rRNA AF294410 AR
CCUG 17976 ZANEE RAT 19060/1120 16S rRNA  EU339203. 1
rpoB AY170216. 1 HEHE3
16S rRNA  AF228001. 1 S YA
F149 W Y5 A AT T CCUG 15563 o rpoB AY314032. 1
gyrB AY258266. 1 FT
16S rRNA  EU424000. 1 AR
F150 I R AE S Y KT B CCM 5974 i rpoB AY314033. 1
rpoB EU424018 SER1
16S rRNA  NR _044470. 1 A KT
52-S3-90 T B A TR XS T 59/53/89 o rpoB EU424017. 1
rpoB EU424012 HERE2
16S rRNA  NR_044495. 1 %2 3Nk
F450 T B W5 X K P427 . gyrB AY258264. 1
rpoB EU424003 LG AT R
. e . ) I XS FT T
Gerl. 2740/89 MR A 1 16S rRNA  AF228018.1 ||CCUG23139 . gyrB AY258267. 1
24
CCM 5976 XY KT TR B AR 2 16S rRNA  AF228017. 1
RN BT T 3N ERERNARGELEHMN
2 & B F A R ULE 2~4, 3T 3 AF F AL A Y ik

2.1 3NEBEREREM PCR 75 F
3SMEREENN PCR YUK S R WA 1, |

BT, 3 X5 3938 1 T AR B 0 R B, B

KNG —B, 3 DMFERERWFI B C 8L

GenBank, &35 g 4,

2.2 EF3INEREEFINNHELSH

2.2.1 RBGKREHMr DL 22 2% 18 [Q AT 1 R Ab

AR 137 8 7% o 14 R RS A AT 4 5 A R S RS A T A5 =X
PR W] i H A7 AE T ] — A~ 43 3

2.2.2  AHALES BT A5 3 AF K EEH T 51
X 45 5L 14 Bk 09 FF 8 22 8] (0 AR R 97, 1% ~
100. 0% (gyrB).97. 5% ~100% (16S rRNA) FlI
98.2%~100% (rpoB) . 14 HRIGF 5 HE S % #
Z I AL DL 3R 5 B ZR AT 14 BRAG AT B 5 G R
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100 % (rpoB) ; X FT- T 8 BRE XS 43 28 ¥k 5 & 9k XY 40 5 bk
ZIE B AL YE R 97. 1% ~99. 5% (gyrB).98. 0% ~
S e T TSR 99.9% (16S rRNA)F1 98. 6% ~100% (rpoB).

1 2 3 45 6 7 8 9 101112 13 14 B P M
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Table 4  Accession numbers of three housekeeping genes of

Gallibacterium isolates

8 9 10 11 12 13 14 M

LR 7S gyrB 3P 16S rRNA JEB rpoB 5K
Strain gyrB gene 16S rRNA gene rpoB gene

Yu-JZ-WZ-YQ-5-SLG JN828478 JN828469  JN828499

ab Fl ¢ 23818 gyrB.rpoB 1 16S rRNA 2 K4 3% F B, Yu-XX-HJ-6-QG JN828486  JN828463  JN828495
M. DL2000 DNA marker;B. 4% {4 % I s P, 38 ¥F B 2 I8 bk

Vo ZZ HL1-SLG: 114 451 2 1 114 51547 g YuPDSJX-3-QG  JN828484  JN828470  JN828492

a, b and ¢ were the figure of gyrB, rpoB and 16S rRNA Yu-ZZ-XMZ-46-XZQ JN828481 TN828473  JN828497
genes, respectively, M. DL2000 DNA marker; B. Blank

control; P. Reference strain Yu-ZZ-HL-1-SLG; 1-14 re- Yu-ZZ-XY-1-SLG JNB828476 JN828460 JN828490
presented Gallib_cf_clerium isolates No. 1-14 in Table 1 YuPDS-RZ1-SLG  JN828485 TN828472  JN828501
B1 BRESEHKRINIBFERERHN PCR =Y

Fig. 1 Detection of the PCR product of three housekeep- Yu-ZZ-7D-26-XZ2Q  JN828483 JN828462 JN828493

ing genes of Gallibacterium isolates
Yu-XX-HJ-6-SLG JN828487 JN828465  JN828494

AT 14 2 M =2 1) (0 M 0L 4 Sk 96. 3% ~ 98. 0% Yu-ZK-XC-13-QG ~ JN828475  JN828471  JN828491
(gyrB).97.7%~99.6% (16S rRNA) 1 97. 7% ~ Yu-XX-HJ-4-SLG ~ JN828480  JN828464  JN828498
99.0% (rpoB) 14 RS HE S5 EEHE 1 SHHZ Yu-ZZ-XY-1-QG JN828477  JN828461  JN828489
fa] i AL Sl 88, 8% ~89. 9% (gyrB) .96, 2% ~ Shan-XY-8-XZQ JN828482  JN828467  JN828496
97.5% (16S rRNA)FI 92. 6% ~93. 6% (rpoB).

3ANE R I T F L XT 45 H R < XS AT T BE VY
Bk 50T RE Rk 2R A Rl 97, 306 ~ 99. 8%
(gyrB).98.1%~99.9% (16S rRNA) il 98. 6 % ~

Shan-XY-4-FZ JN828479 JN828468 JN828488

Shan-XY-4-SLG JN828474 JN828466 JN828500

x5 BHESENRSHESERZEHNFIEMER

Table 5 Sequence comparison results among Gallibacterium isolates and other reference strains

# Specics gyrB LKA 16S rRNA % rpoB JEH
gyrB gene 16S rRNA gene rpoB gene
WS XS FE T (G. anatis) 96.3%~98.0% 97.7%~99. 6% 97.7%~99.0%
MWATE M ARE 1 (G, genomosp 1) 88.8% ~89.9% 96.2%~97.5% 92.6%~93.6%
WITHEE SR 2 (G, genomosp 2) - 95.7%~97.1% -
XK H E AR 3 (G, genomosp 3) - 93.1%~94.5% 87.9%~88.7%
WO RIGFTIE (G. salpingitidis) - 91.7%~93.2% 87.3%~88.3%
TG W WE R BEXAF T (G, trehalosi fermentans) - 92.1%~93.4% 85.5% ~86.5%
JE R MRS F B (G, melopsittaci) - 93.0%~94.7% 86.7% ~88.1%
Z A MEERAFE (P. multocida) 76.9%~77.5% 89.5%~91.0% 83.4% ~84.2%

- TCAZMGHTF B RO R 5 PR 4 )5 51

-. No corresponding gene sequence of the Gallibacterium species
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74

G. melopsittaci F450

74

G. genomosp. 3

100

e |
0.005

P. mulrocida CCUG17976

G. trehalosifermentans 52/S3/90

G. salpingitidis F150
3 19060/1120
100 G- genomosp. 1 Gerl. 2740/89
r— G. genomosp. 2 CCM5976
G. anatis F149
Yu-ZZ-XY-1-SLG
100l Yu-ZZ-XY-1-QG
Yu-ZZ-7Z1-26-X7Q
Yu-ZZ-XMZ-46-XZQ
Yu-XX-HJ-6-SLG
-Il Shan-XY-4-SLG
Shan-XY-8-XZQ
Yu-JZ-WZ-YQ-5-SL.G
‘ﬂrssohan-XY-4-FZ
Yu-PDS-IX-3-QG
L Yu-ZK-XC-13-QG
Yu-PDS-RZ-1-SLG

100 Yu-XX-HJ-4-SLG
{Yu-XX—HJ-G-QG

1000 AEE LR R KT 50 % M 45 8 L HFHE A5 AL 0. 005 substitutions/site
Percent bootstrap support (>>50%) from 1 000 replicates (analyzed by neighbour-joining methods) is indicated at

each node. Scale bar indicated an evolutionary distance of 0. 005 substitutions per site in the sequence

Bl 2 16S rRNA E[F i & i L &
Fig. 2 Phylogenetic tree inferred from 16S rRNA gene sequences

88

77

G. genomosp. 3 59/83/89

G. trehalosifermentans 52/S3/90

100 L—— G. melopsittaci F450

100

100

59

G. salpingitidis F150

G. genomosp. 1 CCM5974

Yu-PDS-RZ-1-SLG

G. anatis CCUG15563

|

Shan-XY-4-FZ

Yu-ZZ-XY-1-QG

Yu-ZZ-XY-1-SLG
Shan-XY-4-SLG
Yu-1Z-WZ-YQ-5-SLG
L Yu-XX-HJ-4-SLG

Yu-Z7-XMZ-46-X70
Shan-XY-8-X7ZQ

Yu-ZK-XC-13-QG
Yu-XX-HJ-6-SLG
Yu-XX-HJ-6-QG
Yu-ZZ-7D-26-X7Q
Yu-PDS-1X-3-QG

1000 NEE AR AR KT 50 % 845 5 S H 8, br R AL 3 0. 01 substitutions/site
Percent bootstrap support (>>50%) from 1 000 replicates (analyzed by neighbour-joining methods) is indicated at

cach node. Scale bar indicated an evolutionary distance of 0. 01 substitutions per site in the sequence

B 3 rpoB ERiEE#H L

Fig. 3 Phylogenetic tree inferred from rpoB gene sequences

P. multocida CCUG17976
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P. multocida P427

G. genomosp. 1 CCUG23139
G. anatis F149

|: Yu-XX-HJ-6-SLG

Yu-XX-HJ-6-QG

Yu-PDS-RZ-1-SLG
Yu-PDS-JX-3-QG

69

L
0.005

Shan-XY-8-XZQ
Yu-ZZ-ZD-26-XZQ
Yu-27-XMZ-46-X7Q
75 7Y1u-ZZ-XY- 1-QG
GSYU-ZZ-XY-I-SLG

Yu-JZ-WZ-YQ-5-SLG
Shan-XY-4-FZ
Yu-XX-HJ-4-SLG
Shan-XY-4-SLG
61 Yu-ZK-XC-13-QG

A 1000 ANEE AR R KT 50 %0 9SS 5 S FRE AR AR 2 0. 005 substitutions/site

Percent bootstrap support (=>50%) from 1 000 replicates (analyzed by neighbour-joining methods) is indicated at

each node. Scale bar indicated an evolutionary distance of 0. 005 substitutions per site in the sequence

B 4 gyrB EEEEH LR

Fig. 4 Phylogenetic tree inferred from gyrB gene sequences

3 3

16S rRNA F K 751 L 5 76 39 FF 58 43 28001 58 R
BAEEME X ELEERIEF L CGHUMEKRT
97 V) B FPAIHE LA 430 BERE i YRS A
XA A 1.2 Z 8 M A AUPE KT 97 %0 I ik
AT [E B & ) gyrB il rpoB 2 AN R EE AL L
PEATAHAAE 0. 2T 3 ANFER RSN RE L
BTN 14 PR AES pk 5 G U5 X AT B AR bk AL T
A —AFE . B3 NFEFKEEKR T8 X 45 2% ]
L, 14 BR B 5 0 R T B S Xk 22 T ) A R4
HmE AT 96.3% . RS R LR 14 RRXGFT
P AT BAR TS JE T U5 XS R TR R, gy B IR AT T
R FF IR FP 2R L8 KRG R E 5T

AFFRE B S E AR 1 S5 bk 0 A8 b
SIHTEE R (GR 5) R BT gyrB B KUY 41 K 1 A1
U B EE T 16S rRNA . rpoB K& [ 751 H 42 19 AH
WIPEZAL . T 2B gyrB e K 76 XS KT 1 T 2 Fh A
Rl 2 BT i B s AR 25 L E A T IXOE
G,

IREG 45 R R PY B 3 BR XS AT IE SR Y 11
RS FF B 2 (6] A AR L JE % 8 A F 97, 3% ~

100. 0% . B AIT7EZE A% o b [7) — AN 1L A B
2 B3 3 IR A3 B3 R AT TR S A OB A R
o5 XS 43 B B 1L AR RS R B I A A ALPE A T 97, 100 ~
100. 0% ZE G AL b 4 T [7] — A8 A T2 L5 A
oy 32, BB g REFW . AL gyrB. rpoB Ml 16S
rRNA 3 A~ 58 3 A a5, W9 AT B8 1) e Ak 55 B TG ok
2Z V) ST TR A B A R 0 X 43 B PR R R XS A B R
ZEIBTC s LR RGNS F R AT
WATIE 7 A BE T Bl X TR B 2 48 X AT TR JEk e
iR A —E NS % 5L

HHE 2009 4F Bisgaard %1 B BF 55 45 % L % 8
HATELEE 4 AT a4 1 B8 I8 XS T 1 (Gallibacte-
rium anatis) J 9N R IGFF H (Gallibacterium sal-
pingitidis) . F& K B & X T B (Gallibacterium
melopsittaci) MG 5 & B FF & (Gallibacterium
trehalosi fermentans) , UL} 3 A & & #F (Genom-
ospecies 1.2 F13) . ARMFFR T Y 14 RG24 E
49 J 1 U5 X0 FF B B L 45 A Bk Aok L & BN AR
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