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Abstract: [Objective] To clarify serotype, drug resistance and genetic evolution of Rimerella anatipestifer in
Guangdong. [ Method] The isolates of R. anatipestifer were isolated and identified from samples of the large-
scale duck farms. Serotype was identified by glass agglutination test. The minimum inhibitory concentration was
tested by double dilution method in test tube, and the drug sensitivity was analyzed. Whole genome sequencing
technology was used to analyze the sequence characteristices and construct the genetic evolution tree of the core
genome. [Result] A total of 168 isolates of R. anatipestifer were isolated and identified. All serotype 1, 2, 3, 5,
6, 7, 8 and 10 were prevalent. Serotype 1 was dominant, reaching 54.17%(91/168), followed by serotype
2 (27.97%, 47/168). The 48 representative isolates were used for drug sensitivty test and sequence analysis. The
isolates showed high drug resistance to gentamicin, kanamycin and ciprofloxacin hydrochloride, and the drug
resistance rates were all more than 80%. The drug resistance rates to oxytetracycline, tetracycline hydrochloride,
chlortetracycline hydrochloride, ofloxacin, norfloxacin, sulfadimidine and sulfamethoxydiazine were all more
than 60%, and the drug resistance rates to amoxicillin, cefotaxime and spectinomycin were all less than 30%.
The 48 representative isolates were resistant to 5—12 kinds of drugs, and there were 44 types of drug resistance
spectrum. The whole genome sequences of 46 isolates were obtained successfully, and six drug-resistant genes
were detected. The detection rates of drug-resistant genes erm(F) and fe#(X) were 73.91% (34/46) and 82.60%
(38/46), respectively. In addition, 95.65% (44/46) of the isolates carried more than two drug-resistant genes at
the same time. Total 18 isolates (39.13%, 18/46) were typed successfully with 11 kinds of ST. Further genetic
tree construction based on the core genome showed that all the sequenced isolates had a high similarity with the
isolates from China in the multi-locus sequence typing (MLST) database, and mainly existed in the dominant
clones of Clade 1 and Clade 3. [ Conclusion] Serotype 1 is superior in the investigated R. anatipestifer isolates,
and the drug resistance is serious. The drug-resistant genes and resistant phenotype have certain relevance. ST
type has a high diversity. The genetic background of tested strains was similar with Chinese strains in MLST
database. The results of this study can provide a basis for vaccine immunity prevention and drug therapy of R.

anatipestife disease as well as for understanding the genetic evolution characteristics of R. anatipestife.
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Table 1 Collected samples and isolation information of Riemerella anatipestifer

HIX KA [H] I FEAHL 73 B RFPEMREL
District Acquisition time Farm number  Sample number  Isolate number  Representative isolate number
#A5% Shaoguan 2015-05—2019-04 19 69 15 5
5 Heyuan 2015-07—2019-11 16 56 13 5
Z % Yunfu 2015-09—2019-12 30 112 25 4
HEIK Zhaoging 2015-04—2019-10 17 63 12 4
&1 Qingyuan 2015-03—2019-12 23 91 19 5
ff 1] Foshan 2015-05—2019-12 15 57 12 5
744 Maoming 2015-04—2019-11 20 80 16 5
HJH Huizhou 2015-05—2019-11 23 80 17 5
jlisk Shantou 2015-03—2019-12 25 91 21 5
YT Zhanjiang  2015-05—2019-12 22 82 18 5
KT Total 2015—2019 210 781 168 48
1.1.2 &XAL5HR URBEEAKRAKEAD  TERT

(TSB) B5 773, & 5% () #1444 L3 s R K & 50
flg (TSA) B 3258, & 5%(o) B d- i, 2 el
FrIE R A T 2 T VRO s B 22 g 6 A
AR EE N AR YIRS A BR A ] 77 s
DNA marker DL 2000 f1 Premix Taq & TaKaRa 2
H] 7 s 29V b A A A2 (Ofloxacin,
OFX). i#i ¥ B (Norfloxacin, NOR). #h iR VUIF &
(Tetracycline hydrochloride, TCY). 3k i1 4 Ji5
(Cefotaxime, CTX)- B SLPGHK (Amoxicillin, AMX), 175
% (Oxytetracycline, OXY). 22 4% 2 (Chlortetracycline
hydrochloride, CTE). &% Fi#k (Ampicillin, AMP).
K K% & (Gentamicin, GEN). $hig A A ¥ &
(Ciprofloxacin hydrochloride, CIP). £ &HE &
(Kanamycin, KAN). KW % & (Spectinomycin,
STP). f#f "% g (Sulfadiazine, SDI). fifh fi& — F W% g
(Sulfadimidine, SUL) AT i % B 48 85 0 (Sulf-
ametoxydiazine, SMD) 4 [E £ [ 24 /i M 52 i 7= i o
1.1.3 RX%shan 1 HEER AR Y, K4
4000 R, T8 E M IX RS 3, R AT A % B
MIPTILIE, 1 F7 T, 2 7~14 H g k47
a5 .

114 3l4bak  BIZHESGR [3] A% LA 16S IRNA
MY IR . 514 ( RA-F: 5-ACGTCATCCCACC
TTCCTC-3, RA-R: 5-GTTCAGACTAA GCGAAAG-3")
H Invitrogen 27 5o

115 AFds MG 1 B RRRHES S
PRET R4 R BB 34 AW 50 B 25 AR AR ) 54 it

1.1.6 A fF  1.2.3.4.5.6.7. 8.9, 10 BIFg s
HEBR AT S H ke B iE, B R KRB sh
PAW T A AV E T E A

1.1.7 Jiz# KBB4 ATCC25922 1 H H [

L2y AT .
1.2 A&
12.1 mRadLs%ie RS E: K LEREN

I3 BRSBTS o ZH 2, RIZR 2Rl T TSA £
TR ORI ZE FEYLRE 7 5P, T 37 °C JREHE %
24 h, PRELA ] BT B VR AT AL 5

W22 gL h s P HL Al IR 1) TR TR AT A
o Bk, WS AN b TS A R

ARG K 4 B AR Sl R R T R A
RS H, T 37 C IRF PR FR, Mg R,

PCR %7€ : LLor B bR 1) BN ARG 4T PCR
P8, PCR NS AARFA 20 uL: Premix Taq 10 pL.
LRSI 1 pls B 1 pl. ddH,0 7 pl; [ v 4%
4:: 94 °C FAE M 5 min, BL 94 °C 305,55 °C 305,72 C
1 min #4730 MEH, 72 °C LEAH 7 min; KL K
Jeis ¥ PCR P2 LA 10 /L B IR 0w B S5 v Pk 3R AT 46
W, H 2 K /NA 325 bp.

S ECR IR K 168 PRSRE LB FCAF B 2
BR B 7~14 HESRIENS, FEkERR 10 Hak
o6, [ B o B AL B 10 R 56 Y, i 4R A 42
14 ds F2 7 2E JR 5 FL PR VA S g 92 L BR DT 1A 49 5 Ak
JEBE 1x10° CFU/mL, & R VES 1 mL, %R A4
LK, B R 1 mL. FE SR, MEE0R 71, 1
S AR 0 G 0 B BT s ] BN AR A a6 FS A T2 AN
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M 37 B 4 7 - B 4 I B0 23 iR N 30 ul
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K577 18~24 h [AFS 7 HLER ECAF B 18 9% TR L AR 0.5 %2
PG Eb b o 1) 29, B DA TSB K% 37 3 % R B LE
1:100 FRe J5 4% FH 76 15 min P43 52 e ) 407 e 22
i, FEEC 1 M ITE TSA AR LB 3%, DR £
BRI A

70 TR 24 W R B VR P s DA R PR A
R B VE I G 9% BLER ST B 40 35 AR 1) MIC, HX
14 SCRBERE A —HE BRE 1 MA 1.6 mL TSB
REFRFILH, Haxf 3R E BN 1 mL TSB #7973,
T2 1 &R0 0.4 mL £ 254 1R 2T, )
Bl mL NG 2 8, RS G A 1| mL &3
3, W ES AR 128, RS E R
1 mL F4, 25 13 & N A 259 1 BH PE xR, 28
14 BN TINZ WA W 0 A 2 7K f B 1 )
HE A28 1~13 i 0N 1 mL F B 8 0, DRI 28
1~12 E 2R B E 55N 2564 128, 64,32,
161 8.4.2.1.0.5.0.25.0.125 mg/L.

B MR R E BT 37 C IRM R
22~24 h.

8 TP TR« 8 B X R B e St R ol o7 L
BRI PR 1) MIC &b T o 2 Y0 B R 0 1, PRIHIR o] P67
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2R 0 E AR AR [4-5] i 245 Vi
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AR Ul WY, e BTG e LB EORT B 0 S A A 2
ZH DNA; I o il B2 ) 52 0 358 i 0 6 12 P vk, %)
& RS A ¥ 5 FE Hlumina(250 bp) 322, FH
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Ji 42 R 2 B 2 5k )5 18 FH SPAdes v3.6.2 X JE 4R 4
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7 A,

FE BUAFAE 7> BT o T 245 285 B 7 A - K B2 1) 0
4t _FA% % CGE ¥ ResFinderd. 1 %4 /=™ DL4y
T B8 PR BT 485 7 (1 i 24 25 K] (ARGs) (https://cge.cbs.
dtu.dk/services/ResFinder/); ST 43 4. ¥4 4% 47 rM
FFas R AL 2= 207 T 514384 (Multi-locus sequence
typing, MLST) £t i LA B AR T 1K) ST 2 (hitps://
cge.cbs.dtu.dk/services/MLST/).

oy A% 0 B2 RV ZH A : )N NCBI Genome
B e rh AL TE 59 MR BLER IO 1 1 A
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M: DNA marker DL2000; 1, 2: Riemerella anatipestifer isolates;
3: Positive control; 4: Negative control

El1 RSEEERRTES B PCR £ELER
Fig. 1 PCR identification results of Riemerella anatipestifer
isolates

W5 25 LR QAT BRS I R IR, 3 B3R TR PR T AL
R KD B 26, 4 0 Bl o A (0 284, LT
F, SRPGEE, 5 Rk RS A, TEE
AT M HEFR G HLER [T B 29 B A R B0 S 1 JHF
JUE B8O U R 35 ] oy S B AR, R 22 e sl o I
(R /INFE B, A A R0 5 SR AR 6 2 LR IR A R
PE, PCR £ @ 4R 5 BHRVIIR 7 B E &R —
o PR, AR A0 TR 43 B9 4 e 45 LA S a1 iR 5
S LR T AR X IR S 37 35 4 B ) 168 HRHS
FLBR P B B
23 MERLE

FALS Y2 EEL R PR A 40 0 R ot 7 2 3 e 4 TR LK 2,
M3 14243454 64 7 8. 10 BUFI A @ B A AT, H
HEIE 54.17%(91/168) K4 B ik A 1 8, Hikk
2, (5 27.97%(47/168). R, |45 H [X 192 HL 2R
FOFF B 43 Rk DL 1 RO A s AL .

*2 FRMXEMBRSEZERRTES BHREE

Table 2 Isolate number of each serotype for Riemerella anatipestifer isolates from different districts

X 53 BEARAL IMi% %Y Serotype
District Isolate number | 2 3 4 5 6 7 8 9 10 AREM Undefined
155 Shaoguan 15 7 2 2 0 0 1 0 1 0 0 2
Ji[J5 Heyuan 13 7 4 1 0 0 0 0 0 0 1 0
ZVF Yunfu 25 15 8 0 O 1 0 0 0 0 0 1
E£ R Zhaoging 12 6 3 1 0 0 0 0 1 0 1 0
151 Qingyuan 19 10 6 1 0 1 0 0 0 0 0 1
f#1l1 Foshan 12 7 4 0 0 0 0 1 0 0 0 0
7% 4 Maoming 16 8 5.1 0 0 0 0 1 0 1 0
HU Huizhou 17 12 30 0 0 0 1 0 0 1 0
#IlI3k Shantou 21 12 7 0 0 O O 0 0 0 2 0
T Zhanjiang 18 7 5 0 0 1 1 1 2 0 0 1
St Total 168 919 47 6 0 3 2 3 5 0 6 5

2.4 BRI

20T G 92 R R PR TR AR 2 1 R R 1) MILC
JE G5 R MR SR S5 AR 3. MRS MIC 70 #r %
234N 50% 1 90% 5572 HLER FOAT T 1R R AE K1Y
MIC, Bl MICs, F1 MICq4p, MICs, 4T+ 0.25~>256 mg/L,
Horr, SkMERG R, X 0.25 mg/L, FISLFEARN 1 mg/L,
ZORTIM, EE R BRI R, RS HE R ER
RN 8 mg/L, SRR AV E N 16 mg/L, Wb
B RUE R KRER 70N 32, 64, 128 mg/L, fif
JHZWEWE Ny 256 mg/L, BB ZR . T — HIWEIE , Tgfion)
FH SR e 151 >256 mg/L; MICqq H AT 8~>256 mg/L,
Hor, Sk AOMERG AR, X 8 mg/L; HEHR MR G5

F N 16 mg/L; shIR VU 3\ A RID 2 SRR NI
BN 32 mg/L; W RID BN 64 mg/L; BB PE AR, &
TR KMEB RN 128 mg/L; RIER. K KE
B i frg e | R i PR | g o) Y A T AL
i, $49>256 mg/Lo

3 AT 2 BRI R AR M B R 2 i 25
FRRURRAE, X PR B R I 2 28 511K 91.67%(44/48);
X R IEE 2 AN ER R IA A Vb B TR 24 2% 90 331N 89.58%
(43/48) 1 81.25%(39/48); Xt +- 55 & thR IUIA &
M EHE R AR R BRI R B g,
Tt i 5 R S E PRI TR 245 6 A 60%~80% 3 i ik i 1%
WE 1S P8 AR (1) i 25 28 T 30%~60%; X i) 52 78
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3 8 HISRERRFERRMESBRSEINERE (MIC) NELHER"
Table 3 The minimum inhibitory concentration (MIC) of 48 representative isolates of Riemerella anatipestifer
sipery M MIC MICy MGy iM% Proportion
Drug type Drug (mg-L™) (mgL™)  (mgL™) s o 2
Sensitive Intermediate Resistant

Jiaelidires AMX  <0.125~256 1 128 75.00(36/48) 6.25(3/48) 18.75(9/48)
f-lactams AMP  <0.125~256 8 128 64.58(31/48) — 35.42(17/48)

CTX  <0.125~256 0.25 8 91.67(44/48) 4.17(2/48) 4.17(2/48)
IWENS OXY  <0.125~128 8 16 20.83(10/48) 14.58(7/48) 64.58(31/48)
Tetracyclines TCY  <0.125~128 8 32 18.75(9/48) 10.42(5/48) 70.83(34/48)
CTE  <0.125~32 8 16 18.75(9/48) 20.83(10/48)  60.42(29/48)
RAEEF R GEN 0.25~>256 128 >256 8.33(4/48) — 91.67(44/48)
Aminoglycosides KAN 2~>256 >256 >256 8.33(4/48) 2.08(1/48) 89.58(43/48)
STP 16~256 64 128 45.83(22/48)  25.00(12/48)  29.17(14/48)
ERFLTES OFX 0.5~64 8 32 20.83(10/48) 6.25(3/48) 72.92(35/48)
Quinolones NOR 0.25~128 32 64 14.58(7/48) 16.67(8/48) 68.75(33/48)
CIP 0.5~64 16 32 14.58(7/48) 4.17(2/48) 81.25(39/48)
Ttifiz 2k SDI 64~>256 256 >256 52.08(25/48) — 47.92(23/48)
Sulfonamides SUL 32~>256 >256 >256 39.58(19/48) — 60.42(29/48)
SMD 128~>256 >256 >256 33.33(16/48) — 66.67(32/48)

DAMX: T 2 %4k, AMP: £F &4k, CTX: kFaE85,0XY: £ &4, TCY: &8 wir%,CTE: 84 %%,GEN: A X E &,
KAN: FAR% %, STP: X WHE %, OFX: &MY Z,NOR: # A7) £, CIP: %83 % ) £, SDI: ke #7 , SUL: Bl = vz,
SMD: & i xt ¥ A7 s MICsqAnMICoq 7 RE 475 50%F290% 28 H £ K AT & 49MIC; “—” F 7 A4l B4k

1) AMX: Amoxicillin, AMP: Ampicillin, CTX: Cefotaxime, OXY: Oxytetracycline, TCY: Tetracycline hydrochloride, CTE:
Chlortetracycline hydrochloride, GEN: Gentamicin, KAN: Kanamycin, STP: Spectinomycin, OFX: Ofloxacin, NOR: Norfloxacin,
CIP: Ciprofloxacin hydrochloride, SDI: Sulfadiazine, SUL: Sulfadimidine, SMD: Sulfametoxydiazine; MICs, and MICy, are MIC

values that can inhibit 50% and 90% bacteria growth; “—”

PR S 0 1 5 R R0 %5 3% 110 T 245 71 B4 (30%
LATR).

AR 25 OB 25 2R, 73 A g 8 HLBR FRAF 1 AU R
VEE PRI 2 i 251, 45 R W 2 Fron . 48 BRI

351
30

B 47 L%
Isolate proportion

5 6 7 8 9 10 11 12

Drug number

2 48 KBS ERRMHER RS B®REEMAMLSH
Fig.2 Results of multi-drug resistance of 48 Riemerella
anatipestifer representative isolates

indicates no detectable isolate

HLBR AT WX 5~12 P&t 25, Hod 9 fif #1010 i
FIER BB Z, & 54.17%(26/48), 6 Tif A1 11 it
7 it 5 8 T (1 B bR [, 40y 4 BRF S Bk T
5 TR 12 N AR B, S 2 k.

GEit I o0 BTS2 HL R CCAT 181 40 25 A R T 24 14,
48 FRTSE HLER AT 1 B 44 PO 2GR, Hrb 40 #&
R, IR EE N 2.08%(1/48), Hi4x 4 T 24t
RGN 2 BRETSEA, MR 4.16%(2/48) (£ 4).
25 EEREBNFSH

H A 5 R BOIR B % 4 A BR A =X 48 BRI
925 HLER FCAT B AR M B R AT S R R 7, &
Quast FF iR fE, Hrh 2 ¥RBHER & A R, MUA
46 PRIAT FE B0 Mo SLAT 6 Pl 24 B [, A 465
7 PUPR 2 5 25 F R ter(X) I BRIMR B 22, BHPE R &
1% 82.60%(38/46); K IR 4 i i 24 7 K erm(F) FH
PR 73.91%(34/46), TR IF PGS 75— 25 5
ere(D) IIBHTERAA 19.57%(9/46); p— N ki
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Table 4 Drug resistance spectrum of 48 representative isolates of Riemerella anatipestifer

2y s iR 243 L7 S4 /%
Drug number Resistant spectrum Isolate number Proportion
5 OFX-NOR-OXY-GEN-KAN 1 2.08
OFX-CTE-GEN-CIP-KAN 1 2.08
6 OFX-NOR-TCY-GEN-CIP-KAN 1 2.08
OFX-NOR-GEN-CIP-KAN-SMD 1 2.08
NOR-GEN-CIP-KAN-SUL-SMD 1 2.08
CIP-KAN-STP-SUL-SMD-SDI 1 2.08
7 OXY-TCY-CTE-GEN-KAN-SUL-NOR 1 2.08
OXY-GEN-KAN-SDI-SUL-SMD-CIP 1 2.08
OXY-TCY-CTE-GEN-KAN-OFX-CIP 1 2.08
OXY-TCY-CTE-GEN-KAN-NOR-CIP 2 4.16
8 OFX-NOR-TCY-CTE-GEN-CIP-SUL-SMD 1 2.08
NOR-TCY-CTE-GEN-CIP-KAN-SDI-SMD 1 2.08
CIP-GEN-SDI-SUL-SMD-NOR-TCY-AMP 1 2.08
AMX-AMP-OXY-TCY-CTE-GEN-KAN-OFX 1 2.08
AMP-STP-SDI-SUL-SMD-GEN-KAN-OXY 1 2.08
9 OFX-NOR-TCY-OXY-CTE-GEN-CIP-KAN-SUL 2 4.16
OFX-NOR-TCY-CIP-KAN-SDI-SUL-SMD-GEN 1 2.08
OFX-NOR-AMX-CTE-GEN-CIP-KAN-SUL-SMD 1 2.08
OXY-TCY-GEN-KAN-OFX-NOR-CIP-SDI-SUL 2 4.16
TCY-GEN-CIP-KAN-SDI-SMD-CTE-OFX-SUL 1 2.08
OXY-AMP-GEN-KAN-STP-SDI-SUL-SMD-NOR 1 2.08
OFX-NOR-OXY-GEN-CIP-KAN-SUL-SMD-SMD 1 2.08
OFX-TCY-OXY-GEN-KAN-STP-SDI-SUL-SMD 1 2.08
AMP-CTX-SDI-GEN-SMD-OFX-STP-KAN-CIP 1 2.08
AMX-AMP-OXY-TCY-STP-KAN-OFX-SDI-GEN 1 2.08
SMD-ERY-OFX-SDI-CIP-AMX-AMP-CTE-TCY 1 2.08
NOR-TCY-OXY-CTE-GEN-CIP-KAN-SUL-AMP 1 2.08
10 NOR-TCY-OXY-CTE-GEN-CIP-KAN-STP -SMD-SDI 1 2.08
AMP-OXY-TCY-CTE-GEN-KAN-OFX-NOR-CIP-SMD 1 2.08
OFX-NOR-TCY-CTE-GEN-CIP-KAN-SDI-SMD-SUL 1 2.08
OFX-NOR-TCY-OXY-CTE-GEN-CIP-KAN-SMD-SDI 1 2.08
OFX-NOR-AMX-AMP-GEN-CIP-KAN-SUL-SMD-CTE 1 2.08
OFX-NOR-TCY-AMX-OXY-CTE-GEN-CIP-KAN-SDI 1 2.08
OFX-NOR-TCY-OXY-CTE-GEN-CIP-KAN-SUL-SMD 1 2.08
TCY-AMP-GEN-CIP-KAN-STP-SDI-SUL-SMD-KAN 1 2.08
AMX-AMP-OXY-TCY-CTE-GEN-KAN-OFX-SDI-SUL 1 2.08
OFX-NOR-OXY-CTE-AMP-GEN-CIP-KAN-SUL-SMD 1 2.08
OFX-NOR-AMX-AMP-GEN-CIP-KAN-SDI-SMD-STP 1 2.08
TCY-OXY-GEN-KAN-STP-SDI-SUL-SMD-CTX-AMP 1 2.08
11 OFX-NOR-TCY-CTE-OXY-GEN-CIP-KAN-STP-SDI-SMD 2 4.16
OFX-NOR-TCY-OXY-CTE-AMP-GEN-CIP-KAN-STP-SUL 1 2.08
OFX-NOR-TCY-OXY-CTE-AMP-GEN-CIP-KAN-STP-SMD 1 2.08
12 AMX-OXY-TCY-CTE-STP-KAN-OFX-NOR-SUL-SMD-SMD-CIP 1 2.08
OFX-NOR-TCY-OXY-AMP-GEN-CIP-STP-SUL-SMD-SDI-CTE 1 2.08

1) AMX: T £ &k, AMP: £5F &k, CTX: k7E05,0XY: £ 5%, TCY: #8 WK%, CTE: #8584 %% ,GEN: A XEZ,
KAN: £ %%, STP: X L& %, OFX: A Z,NOR: A7 Z, CIP: MR A7) 2, SDI: BMeE7, SUL: Brile = Tz,
SMD: &l 34 ¥ A7

1) AMX: Amoxicillin, AMP: Ampicillin, CTX: Cefotaxime, OXY: Oxytetracycline, TCY: Tetracycline hydrochloride, CTE:
Chlortetracycline hydrochloride, GEN: Gentamicin, KAN: Kanamycin, STP: Spectinomycin, OFX: Ofloxacin, NOR: Norfloxacin,
CIP: Ciprofloxacin hydrochloride, SDI: Sulfadiazine, SUL: Sulfadimidine, SMD: Sulfametoxydiazine
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HE W LF 2R 25 3 Y aadS AR JE % i 24 3L A
SloR T FHAE ZEAHRT UK, 7358 34.78%(16/46) Al
30.43%(14/46). fif 253 R 45 R W3R 5.

x5 46 ISR ERRTERTME S ERMAEREETFHER
Table 5 The resistance genes carried by 46 Riemerella
anatipestifer representative isolates

E2ik | it 245 32 PR /%
Drug Resistant gene  Positive rate
yeZ RS erm(F) 73.91(34/46)
Macrolides ere(D) 19.57(9/46)
VYR E tet(X) 82.60(38/46)
Tetracyclines
RS floR 30.43(14/46)
Florfenicol
FIERET R aadS 34.78(16/46)
Aminoglycosides
S-S p-lactams bla oxa200 54.35(25/46)

BT RGN 46 PRTGHE BLUER G 1 4 2 R 4 7
B, #E—25 0 Hr H MLST, H 18 ¥k ST 43 R pki3h,
47BN ST38(4 #k). ST13(2 #k). ST24(2 ¥k)-
ST35(2 1K)~ ST44(2 #k), HAth ST &L 53 ST2
ST16.ST21. ST34.ST42 A1 ST43, ¥ KA 1 £k, H
A28 BRA ARSI ST A5 U5 I AW 52 W 77 B4 Ak (1)
ST BY & ZHEME, R BILLH ST Y.

W AT T 46 RGP BLER I B Bk 1) 4 R A
S P 435 O 5 B0 59 BRI ¥ B BR R I TR PR
) 4 55 DR 2 B0 HE AT EL X, b 8 A 0 36 R A HE 4k
(B 3), B4 2 59 PRS2 5L BR ECF B B AR
39 RRUET o, 9 BRoRIE TS, 2 R oRUE T Ep
JE, PR MR P AR E A 1R A 6 HRbRE
Ko St 105 PRAGEE BLER IOM B AR 20 A 7E 6 4>

® RHFF Bk
- Isolate in this study
0.1 \ [FIZ Country
F1[# China
® ENJ¥ India

& ¥ Germany
g~ ‘- o % #7 Russia
® JE[F UK
® %[H UsA
A1 Unknown

| OERER Clade

Clade 1
Clade 2
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Clade 4
Clade 5
Clade 6
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Fig.3 Phylogenetic tree of core genomes for 105 isolates of
Riemerella anatipestifer
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