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Abstract: In this study, the genetic relationship, drug sensitivity, and drug resistance genes carried by Glaesserella parasuis in Guangdong
province were investigated. The evolution of 16S rRNA of the 53 Glaesserella parasuis strains isolated from different regions in Guangdong
was analysed , and their susceptibility to 21 antibacterial drugs was analyzed using the K-B disc diffusion method and the carried drug resistance
genes were analyzed using the whole genome sequencing (WGS). Results showed that the strains had high drug resistance rates to oxacillin,
trimethoprim-sulfamet, streptomycin and tetracycline, and the multi-drug resistant strains accounted for a relatively high rate (84.91%). A
comparison with the drug resistance gene database revealed 21 drug resistance genes that mediate resistance to 9 major classes of antibiotics,
among which kasugamycin-resistant gene, ksgA, and bacitracin-resistant gene, bacA, were detected for the first time. The coincidence rate
between the aminoglycoside and lincomycin resistance genes and the resistance phenotypes reached 100%. The 16S rRNA gene analysis a close
genetic relationship between the Glaesserella parasuis strains from different regions, and a correlation between to the carried drug-resistant
genes and the 16S rRNA evolution and isolation time. The results of this study can be used to guide the prevention and treatment of Glaesserella
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FKE. N (Trypticsoy Broth, TSB), J M ELMAE
IR AR B nyg, SuNUEFEEEAERR
AT, FRRTZ 56 “COKiE 30 min; ffilg | CORRE
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AT PUERAET , SUNEEYRARIA R A A
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Ay 51, ATAMITRE (B BERAF 4K
HB R K2 DNA PRIEFEBURFE, 2xTaq PCR Mix,
Marker DL2000, AbaiiEafEAEHRARGIR AR %
fRgukl, g HEETAEY) TREARA A .

1.3 16S rRNA E[HF PCR ¥ &5F5oH

FIFHANERFE A 20 DNA B BT St e
DNA. “RHI 16S rRNA B K517, 51751
N 127F (5-AGAGTTTGATCCTGGCTCAG-3’) #i
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NCBI B %4 e it AT BLAST #EZ 50 #T. FIH
MEGAT7 # it 5P ZI B 3 2 i, - Kitumra-2-
Parameter-Distance X{ 28Ul At SRR B, I H
Neighbor-Joining tree (NJ) :#4 % R 48k & # (1000
bootstraps), 34T 53 PRE IR R

1.4 YRR Ie
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10 pg); ZIEWEH MU 3 Fh: RIE R (KAN,
30 pug). fEHEZE (STR, 10pug). JKAEZE (GEN, 10
ng)s VOAZISZEACT 2 Fh: DUIE (TET, 30 pg)s
SRR (DX, 30 pg); WEGHHSRZGREtH 2 Fl: 3R
WP E (CIP, 5pg). AR E (OFX, 5ug); #F
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e AP, TR AT S AR 24
VI 2526

15 =EFRANFRSIMERERE

53 PREHEE MLAT B Z IR R A A PR
A AT AL PRI P, 48 lumina HiSeq 4000
SFEHHT, KA raw reads 751 SOAP de
novov 105 R {FHEAT BEHLALEE, Jf BT PGAP

(Prokaryotic genome annotation pipeling) #4173 X ¥
IS5 IThREERE . SR Glimmer 3.02 #AF AT TR L

HE (Open reading frame, ORF) i, ¥ Fitil &
HIF515 NRAETUAR S H £ 2E) . Swiss-Prot 4 4
eggNOG  ( Evolutionary genealogy of genes :
Non-supervised Orthologous Groups ) £l #i 4 J&
ARDB (Antlbiotic Resistance Genes Database) #{#f &
BT BLASTp (E<le ™) Hutf, MR4RVERAESE, 1HK
PR A BA N R DI R AT, A EH AT
PEEEA o
16 MHEERESTHAREFEERLT

XT 1A 3P A R BRI A 45 R 1.5 13 21
i 24558 PRI A S0 45 A6 e ge v, 29 B B W AT 1 25
BIPRI 2538 28 S5 24 B DR AR AR DG 1t o T 2456 R 2 5
MRS R R ANy RIS IR =i
2R B AH BT 24 B DR ) TR R B S Uz T
AR 245 5 DRI () B AR A
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2.1 EPERIIFERX 21 fiia=mzses
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Table 1 Results of antimicrobial susceptibility test for the 53 isolates of Glaesserella parasuis

Wb tt £ RAEZE it 25 A R

3k Jarikoh 2 (3.77) 3(5.66) 48 (90.57)
ki =% 9 (16.98) 0(0) 44 (83.02)

-PBLREE % 50(94.34) Kot 8 (15.09) 7 (13.21) 38 (71.7)

ok ik 50 (94.34) 0 (0.00) 3(5.66)
o 3£ G 15 (28.30) 1(1.89) 37 (69.81)
*AEE 16 (30.19) 8 (15.09) 29 (54.72)
A HEH £ 35(66.04) wEE 34 (64.15) 5 (9.43) 14 (26.42)
KKEX 6 (11.32) 1(1.89) 46 (86.79)
Mec £ £ 31600 B S S 30 (56.60) 5 (9.43) 18 (33.96)
BAEE 10 (18.87) 23.77) 41 (77.36)
289 £ 31(56.49) AR E 11 (20.75) 5 (9.43) 37 (69.81)
TR Z 22 (41.51) 0 (0.00) 31 (58.49)
%A H % £ 9(16.98) A& 9 (16.98) 1(1.89) 43 (81.13)
R 14(2642) ﬁu/%)i% 11 (20.75) 4 (7.55) 38 (71.70)
ALE 7 (13.21) 1(1.89) 45 (84.91)
B £ 40(75.47) B 7 #riE 40 (75.47) 1(1.89) 12 (22.64)
MHEEE 8 (15.09) 0(0.00) 45 (84.91)
ugE 5(9.43) 26 (49.06) 22 (41.51)

K IR A5 % 30(56.60)

Fugk 14 (26.42) 16 (30.19) 23 (43.40)

BB HREE 29 (54.72) 21 (39.62) 3(5.66)
WITEZ £ 29(54.72) wITEE 29 (54.72) 14 (26.42) 10 (18.87)
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PG AR TR 245 R e, 45 50 Kk (94.34%), HKHHE
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DRI f s ek, (H 2000 4F, skt 4y
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BT 2008 SRR, 1 FRE T 2009 SERT R 2
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[FRE A =TS AR S B SR 7 1R
2t 11O (g B 5 2 W M T b X 1) 8 LT T ) S
FABRAFIN L. [FIRE, A FTAT 53 AR XS
RN RN 255 T 66.04%. S fE2
W, RO 7T 2 ARG AT 1R R 24
VI 245 R de e, X5 AR 745 1S TN 25 R ik
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Fig.1 The multi-resistance of G .parasuis isolates
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K2, LUK RIS IR 258D 7rbrai R
ALUEH (B 1), 84.91% (45/53) HRiAZMEZ E
fif 2y, HrEZLL 3 H, 4 =AM 6 HZihE, Hib
B 11.32%. AH R GMH1 RILH UK. X
5 2018 SFELAEAREPL B0 B RRATAE ™ 5 ) 2 i
GO XG5 e R AR X BRI
AT TN 2P U™ B, BRI R ™ IR .

22 MZAEREFTUER

53 FREIFEVE AT H 2 WGS Kl FLA T 21 Fiff
2R (3R 2). 3 B p-MIBERCKT 23R, 53 Fk
(100%) %77 pbpla F1 pbp3a, 9 #k (16.98%) [Al
B4 A ) B- N I B8 (extended  spectrum
p-lactamases, ESBLS) M2 [H blagogs; 4 Fhadhi
TR 257 A A, DL ant(3")-la (14 ¥k, 26.42%).
aph(3")-1b (11 #k, 20.75%) A1 aph(6)-1d (9 ¥k, 16.98%)
RNE, Hri 9 Bk (16.98%) FIN#EATX =%, 4 t
(7.55%) [RINF4H7 DU s BRI 255 3 Fil,
F BB sul2 F1 dfrA3 435114 53 #& (100%) Al 52 #k
(98.11%) M #7, A 3 bk (5.66%) [FH 57 sull;
5 FhPUFR RN Z5FE A F1, 18 ¥k (30.19%) 57T tetB.
tetC. tetD. tetH Fl tetR, HF 16 FRFIHEHT tetB Al
tetR, HAHBIRFINE tetC A1 tetD, HAH P
B RIS tetH, 1 ARIFIRHETT tetH F tetR, HAR B
PRt o —Mh; @RI 2 7, &F 4 Bk
(7.55%) #5 catA7 Al floR; AAME 53 BRI
M FF H 8RN 2535 K, 50 Fk 1 (% GMH53.GMH10.
GMHT7) S5k AT B KT 25 56 18], B 53 BT AR I A
D2 G VA FIAR T 25 3R 2R (3R 2D
FEGUET ST 25 5 DR RS — MRt X 2R Y,
HCRRGE B PRI 25 521K, R PCR J5 A TR o Ak
R0t 130 Akt e s X RV LT 1 3647 DU PR 5T
LD S LIRS, R tetB & RIFET PUFR
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BB I KT P2 477 - 2018 4F Yongda Zhao 2518
W FC R I tetB F R V2 AAE TR AT w . B
FH 2 255 DR A 0 R 5 i 24 5% R 54 e D e xss )
W, AW TR tetB BER, [FIRHE AT T ORE
[ tetR FEK LAz /D& tetC tetD Al tetH FEK FIFEAE,
Hor R Z B R [R5 2 iz S AL . 2018 4
Yongda Zhao ZSVifF 7 2 RARIEWE AT 12 0 s L B2
PrAERMPUERAE HIIETS H & BT gyrA Fl parC %€
Ap IR 2, RIS RIS R 2555 floR
ERVIETT A . ANBIE T TRNAS 21— Mg a2
PUPEEER norA (3.77%) K 2 FiEE =itk AR floR
(9.43%) FI catA7 (7.55%) . HHILATCAHERTX TS
BRZ54 i 25 TR 70 N A HR T gyrA A parC 2848, 4&f
X R R IR 2 7T, SRR T4 I8 3
88.89%, [AIHLAT UL I floR A1 catA7 JE Pl AR
FAZEAT P . Bl 2 Pt — i I AR
2, Yongda Zhao Z5ISVRIT 5 e 00 s i K 24 3
sull Al sul2, AHFFER I AR S MEAE 7R H
dfrA3 JE[H, HiZFhIENTE 53 AR AEiR i, &
FLis$) 98.11%. IeAbh, AHFFTdr, EAIE] 2 FhreE]
FEVE MLFF TR R R R IR D], BRI
bacA xF H &R PiMEIEA ksgA. £ IX B Rl P4 2]
JEFFE— DRI A3 A . i A SR BdiE WGS
JAEYNE Bt n] DRI ISR AME S8 3 M 7 A4
Tl AFRE HBREE, XHlm AR 25 BA 18 S S SAER .
ORI E A T U S DR 7 1) B L2
i, 2005 4F John F. Lancashire Z£I17E G AT
KIHE tetB FEK R [FIRE, AR ARG
W T T o 2 LAY blaog. t 5 BRI M, 2015
4 Beibei Li P11 2018 4 1.5.Zhang 524y BIZE R
WE I B R I Y floR JERI kL. FEAMT 7,
X =R 2RI W R . Tt At R, A
T IORE_ (i 245 B DR AR A S A TR i 24 P s LA T
ik _FROFED T EEREY, BRI, REE AT 1
BRI ER L B- RGN S 3R 24 7] e 32 2
#5157 tetB . blagos A1 floR FEKF kI T o IX—HFF
S R TRA AL S AT BV AT B 24 A& SN
JHKEER . 2010 4E Liping Chen “5B475 gIlEwE MU 1
TR — > BORLAE 7 PP 55 25 2RI 24 5 4] lunCo BRIkt
Z4h,  HAl AR HAHRE %I R E R A
I 1958 T RFEHW P IVERINH, AT,
7E 3 FRBEMRIZERIZH R R BL T lunC &R o B SEAHENIX
3 PRERILH AR v 3 2R I 2456 7] RS et izt
FIFRA S

3R 2 53 HREIEMEMATEIET M ZAEREEY Bk (%)
Table 2 Results of resistance gene detection for the 53 isolates of

Glaesserella parasuis

it 24 2 B R A At R EA  EARA R
blarog.1 9 (16.98)
B-PBLREE % 53 (100) pbpla 53 (100)
pbp3a 53 (100)
aac(6")-le 5(9.43)
AL 16 ant(3")-la 14 (26.42)
(30.19) aph(3")-1b 11 (20.75)
aph(6)-1d 9 (16.98)
tetB 16 (30.19)
tetC 2(3.77)
Wit F £ 18 (33.96) tetD 2(3.77)
tetH 3(5.66)
tetR 18 (33.96)
#ek £ 50 (94.34) bacA 50 (94.34)
catA7 4 (7.55)
AEE £9(16.98)
floR 5 (9.43)
ACEIZEA L 2 (3.77) norA 2(3.77)
4 B %% 53 (100) ksgA 53 (100)
T HE % 3(5.66) InuC 3(5.66)
sull 3(5.66)
A2l % 53 (100) sul2 53 (100)
dfrA3 52 (98.11)

23 MR STIZEERTAR

53 PR B IIAI H - Bk Al St 24 5 1A, (H
A 3 PRI EIXT p-ABEIER 2 EUR, FEZRIk R
94.34% (50/53), 40 HRE EITRERSKEZAINN 25, 15
EFRILF) 75.47% (40/53) . 18 FRIE A H PUIA 25}
2y, (B 31 MR 2B VU R B2 24, 756
i F) 88.89% (16/18). 16 HRTE K I H 2 FEMH 21}
243, (B4 35 MRE SHUG R IEME 252G, 75
HRIEF) 100% (16/16). 9 PRGN H & F RIS 2h
FEH, (B 14 BRR SIS A E R BAINE, [56%
151 88.89% (8/9) . 2 Ao I H e A B M 24 5 AT,
B 31 PREA RIS ETERRS 2 2, T5 65|
50% (1/2). 3 PRI AR AT 8 22K 25 5L K, (HA
29 PREA 2 IR B R KLY 2, F56 R T
100% (3/3). HIFATIIM BRI N BRI 255 A

2.4 16S rRNA REF R BNSMZTBEIRAIEER
Sy BSHIMREZ: PCR 18 & Bk 5, i Ldr 1 48
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K/INZ) 1500 bp, STRHIA/ N B—8. HR4E 53 HREl
FEWEIMATTE 16S rRNA L7541, FIFH MEGA7
Kitumra W SHIERITH SR IE RS, THESE R 53

RIEE AT B IR FE 2T 0.00~0.17, H A2/
010, ETMHNESR.

53 PRI MU B 2 (8] B AR 5C R (8] 2)
B, 11 PR IS 2= 1Y 53 BEPRS> N 12 A hi
., Hr, 3BRMIGEEL AN 12, 4 F1 2 BUR)RERAL
FR—Mr3, Br@aARRESHIX, 5HAbRE
PR BE B iRt . SR T S0, HEAL G R i

55y BITE], 23BN R,
LT AN AR AN RT3t DX AU B R AT R 25
AR,

HHT, 27 165 rRNA M RS A bk
[FIEE KoRG R A RTE LB B, (EX T RIS
MFFR 3 B SIS R S [ SC R, AR
PRI 2515 00 5 B R RARES S HHATI . AW
WM 2 REFIEEFI AL S 165 rRNA JEAL & R AHXS B
(E 2.

i
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T €
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Fig.2 Resistance profiles across the 16S rRNA phylogeny of the G parasuis isolates
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SRR AN T HAB PR E L, B A PIRGE
NG 5 8, 73 E H 2010 4, X R 3 #RE M HE>
B RS, BRI, R T R S B0
FRI AR, M7 7RSSO [R] LI 242 A R th A AR L,
B 25 R AT, RRYI R Lt R
TR 25 5L R B PRI, (BRI REHR T Jm ST A
ARIABE AN A 3 200 25 R R R A AR A

28

3 Zhip

FIFEIE IR Ry H AT S 285 2t 1 g
RAMFPEGIRZ . EHE, JUERIEMABRAETHE
ML, X TCRE 2 O 2k B I 1Y
BEAEAYH A O AANFILIX S 15 5] 53
PR ML E PRI 24 2 AR 24 3 R R Aok 21
ZIBNR AT AL, BIPETE AT R i 24515 DL ™
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