AP~k

Acta Microbiologica Sinica

2024, 64(11): 4455-4465
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20240366 g

Data Paper [Ei€i3 2%

R ERRTEMAEREBLSANEERTH

BE R L SIS R N, B, SR 1, | Zi 1

| PURG ShW e B s B R B TR F g oL, DU AR 611130

2 Ui shp e s i EIPR A g oy, Uil AR 611130

3 ZhWrEse S5 NSRRI A A SRR, I S 611130

4 Mgl Re: s, SRwBiattssh., Wil s#Es 611130
5 LR SR M ARA A, TLIR fEiE 223800

W FEE, IR A, RUERE, TRAHTE, FRea, X Ty, G e BLER [CAT 1A i 24 55 IR 1% 4 O xUi0 26 8 K A A [0]. A 9024 4R,
2024, 64(11): 4455-4465.

YANG Yuhao, YAO Yizhou, ZHU Dekang, ZHANG Xiangde, CHENG Anchun, LIU Mafeng. Transmission ways and
distribution of antibiotic resistance genes in Riemerella anatipestifer[J]. Acta Microbiologica Sinica, 2024, 64(11): 4455-4465.

. [8 4] %% 2 KK H (Riemerella anatipestifer, RA)Z —FF & 78, #5F & Ko ¥FE L K
MRBEE. ZANEAR>BHREA 2 T, BRAMHMZIREE MY, [2X FiXek
AR LR ST NS AR A LT, KRB EL T AR ABE 2 RKATH 1%
TR ARt KR A Z A RS B 690 0L L7 & 10 5% B # RA ATCC 11845,
& R4~ & A& RA CH-1. RA CH-2 # 10 X 28 Ay 2h4p 6yt 25 £ A5 38 i A 40 5 A7 Ao A B B K AR 89
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Abstract: [Objective] Riemerella anatipestifer (RA) is a Gram-negative bacterium that mainly
infects domesticated birds such as ducks and geese. The clinical isolates of RA are multi-drug
resistant and increasing year by year. However, the transmission ways of antibiotic resistance
genes in RA have not been identified. This study aims to identify the transmission ways and
distribution of antibiotic resistance genes in the clinical isolates of RA. [Methods] The drug
resistance phenotypes of the reference strain RA ATCC 11845 and the clinical isolates RA
CH-1 and RA CH-2 to 28 antibiotics belonging to 10 categories were determined. The
antibiotic resistance genes were identified by genome analysis and construction of gene
deletion strains. The transmission ways of antibiotic resistance genes were identified by natural
transformation. The distribution of these resistance genes in different clinical isolates was
detected by PCR. [Results] RA CH-1 and RA CH-2 were resistant to f-lactams, tetracyclines,
macrolides, lincosamides, and amide alcohols, while RA ATCC 11845 was sensitive to the
above antibiotics. The resistant strains became sensitive to the corresponding antibiotics after
the deletion of 13 resistance genes, respectively, indicating that these genes were involved in
antibiotic resistance. All the resistant genes can be transferred to the sensitive strain RA ATCC
11845 by natural transformation. The detection rates of resistance genes in 100 clinical isolates
from 2017 to 2023 varied within the range of 3% to 89%. [Conclusion] Antibiotic resistance
genes can be transmitted in RA through natural transformation, and different antibiotic
resistance genes presented varied distribution in clinical isolates, among which tetX (B739_0030) and
blapxa (G148 1768) were carried by the most and fewest strains, respectively.

Keywords: Riemerella anatipestifer; antibiotic resistance genes; transmission way; natural
transformation
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PUAE F N 2 1 Y 0 A% 5 A JIOE: B A4k
AT I 14 B R T A [ 21 40 = i o e [
AR AN 25 3L KOV 68 2 Py sRAF TR 2504,
SRR RS F RS G 58 5 S H RS
b 3 Fhor T, A A SR AN P A TE Y
— 7 DNA R AL, 388 40 78 -5 240 0 18] 4%
fil (5 5 R N — SRR B 5 — AW, i
INCA/C Bk fEZ R 2= [RBATE R Th 2 B, 2
FEAFT AR TR | St B B T RN B = AN Sl AT
B, IR EORE H A gqnrAL JER], )X SR s
Fi 22y = rE it 2500 e e ARG R A R 4 Ak
TR K685, A SR A s R AR 2 5 ER5E rh
PP KA EAERT, BRIV TGS | i
BR PR 45 40 BAT T o e PR AR R I 25 3 U0, A
SR AL A5 A0 TR BE U S5 RO B2 P il 5 1) DNA Jf:
BEEAGRERNAMSE, f£ARTER, 7
B DEAR TR R A B HUOABE i 25 DNA 1)
REJT; R, X RANR K il it B AR AR 7 =X
SR ARAGIH 253 12

5 2 B 2R G AT 18 (Riemerella anatipestifer,
RA) 2 8 7 17 FC I B (Weeksel laceae) . HL 2R FG T
J& (Riemerella) i —Fh 2% FBAPEAT & ) X
B ZA s B M Z =it 25 e, B, it
A B — I T TR 98 1 B 2 P AR M s 1) 9 oy 4
R, 2 E A B 1 SR Ml ft R R e i) 3 A
PR IR R Y LR PR A T 24
FE F 840G B-NIERE SN 25 5L 5 blamm.:
blaoxaz00. blagaa1. blagasas. rad-1"""1 {3t
W5 25 3L 4 aac(3)-1g. aac(3)-lc, aadS*”,
P e 2 i 24 L 1A floR, cat!' !, R Py g 2k i
243N erm(F), erm(E). ere(D)?", HRAI M
Mt 2555 8 Inu(H)FT Inu(D)>2), s R 2k i 24 5k
gyr AT DUBRZE KR 25 LA tet(X)PH%E

A R B, T HERICAT I A AR
FEALR B, BRI A AR A AE 1% T i 25 6 1R

el P I R B R G . AT B AEIR ST
ey 15 HELEER R B8 F ik 24 25 R i i 1 AR A
AT AT KRS, I ELO G 24 5 DR 7 Il
IR A5 S DL T A, il PR 2 $ ik 2
A .
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1.1 MR

925 B R G AT RA CH-1, RA CH-2 J¢ 3
LI PR 43 25 Wk Fh AR S5 55 %5 43 B O A7 T80 °C
VKA. RA ATCC 11845 iy [ 3¢ [ ML B 321 {4
O 5 WG 92E HEL IR AT D i 245 25 DR e 2 ke el A A
FERIEE; DNA 4lifb IR & B RAR A bR
FALTOABRA F]; 8552500 A AU 2 R A
R E] SRR A KIER CAEYHEARABRAF.
1.2 SRS &K

WFoE LR 7 515k A NCBI 8%, 51
YE 5 B AL R E R Iy A IR R R,
W21,
1.3 E#rs/MIERE (minimum inhibitory
concentration, MIC){& N E

2 B8 5 [0 DR R 592 36 2 A o i 2 v D 2 it
AR MIC W2 i, FIH 96 FLEEFRARIN &
10 2% 28 4= £X%F RA CH-1, RA CH-2, RA
ATCC 11845 () MIC . 7£ 96 FLEFF# M P AAL
IR R & 5200 10° CFU; InA R =45
FLHE A2 AR M 512, 256, 128, 64, 32,
16, 8. 4. 2, 1. 0.5, 0.25 ug/mL. JiA 37 °C
TE IR S 4 555 1824 h I, 103 ERREREA
AP EHTA R ) MIC 1.
1.4 LEREREB S

LN E NCBI b A7 (45922 B BR FCAT 1A
RA CH-1. RA CH-2, RA ATCC 11845 JE[H4H,
X IR AL 740 F A, 43 B H AR A R R TRl it 25
KA,
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Table 1 Primers used in this study

Primers name

Primer sequences (5'—3")

B739_0030 up pl
B739_0030 up p2
B739_0030 down pl
B739_0030 down p2
G148 1774 up pl
G148 1774 up p2
G148_1774 cfx pl
G148 1774 cfx p2
G148 1774 down pl
G148 1774 down p2
B739_0033 pl
B739_0033 p2
B739_0033 up pl
B739_0033 up p2
B739_0033 down pl
B739_0033 down p2
G148 _1767 up pl
G148 _1767 up p2
G148_1767 down pl
G148 1767 down p2
G148 1771 up pl
G148 1771 up p2
G148 1771 down pl
G148 1771 down p2
B739_0031 up pl
B739_0031 up p2
B739_0031 down pl
B739_0031 down p2
B739_0035 up pl
B739_0035 up p2
B739_0035 down pl
B739_0035 down p2
G148 1768 up pl
G148_1768 up p2
G148_1768 down pl
G148 1768 down p2
G148 1777 up pl
G148 _1777 up p2
G148 1777 down pl
G148 1777 down p2
G148 1775 up pl
G148 _1775up p2
G148_1775 down pl

CGCGGATCCTGTGCTTAACCGAAAATTTGG
CATGCCATGGTTGTTTGTCTGTATCTATTCG
AAAACTGCAGAATGGAATAAAACGGCACATAAC
ACATGCATGCTAACCTTGATACGAAGCCGAAAG
GCTGTTTTTATGTATGGTTCATTTACTAAAAGCGAAG
GCTTCGGGGTCATTATATTGCATTAATAGTTCAC
GTGAACTATTAATGCAATATAATGACCCCGAAGC
GTTAGCTGACGTTTTTATTCTTAAGATTTTACTGAAGTTTG
CAAACTTCAGTAAAATCTTAAGAATAAAAACGTCAGCTAAC
GGGATTTTTAGCACTGAACTTTAATCGAAGAACAG
ATGACAAAAAAGAAATTGCCC
CTACGAAGGATGAAATTTTTC
CGCGGATCCCTTATAATGCCAAATTTTGTC
CATGCCATGGTAGTAACTTCTTACAGGTGAATAC
AAAACTGCAGTTCAAAGTCGGGTGGTTGTCAAG
ACATGCATGCCGTTGTACGACATAGTAAAACCG
CGCGGATCCTGTAATTTTTATTACCTTTGTG
CATGCCATGGTCAAAAATGGCACATAACGGTC
AAAACTGCAGAATGGAATAAAACGGCACATAAC
ACATGCATGCCGCCTTTTGCAAATACTATGTTG
CGCGGATCCATTTCTTATTTCTCATCAAG
CATGCCATGGTATTACCTTATTTTAAATTAAAAATTAAC
ACGCGTCGACGAATAATGTAAATTTGATTTCG
ACATGCATGCCGCGGCATTATGTGTAATTTTAG
CGCGGATCCGCGGGCATTGTGAAAGATACC
CATGCCATGGTTTAGTATGTTTTTTTCTATTTC
ACGCGTCGACAAAGACGAACGCACAACAAGG
ACATGCATGCCTCTTCAATGCTGTTAAATTTC
CATGCCATGGGAAATATTTCGTATATTTGCG
CGGGGTACCTTGTTTGTCTGTATCTATTCG
CTAGTCTAGAAATGGAATAAAACGGCACATAAC
ACATGCATGCTGTCGTCTTTTAAGCTGCCGC
CGCGGATCCCAAAGCACGACTGCCAATAAC
CATGCCATGGAGGTAATAAAAATTACATTATATC
ACGCGTCGACAAAGACGAACGCACAACAAGG
ACATGCATGCCTCTTCAATGCTGTTAAATTTCC
CATGCCATGGGATGTTGTGAAAGAAATTCAAG
CGGGGTACCTCAAAAATGGCACATAACGTTG
CTAGTCTAGAAATGGAATAAAACGGCACATAAC
ACATGCATGCCCATATTCTCAAAAATAGCAAC
CGCGGATCCGATGCCTCCTTTTGCAGGACAAG
CATGCCATGGTTGTAACTGCGTCATTTCTTC
ACGCGTCGACCATCGGTTTGGCGAAATGGCGG

<l actamicro@im.ac.cn, & 010-64807516
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L5 1)

Primers name

Primer sequences (5'—3')

G148 1775 down p2
G148 1769 up pl
G148_1769 up p2
G148_1769 down pl
G148 _1769 down p2
B739_0036 up pl
B739_0036 up p2
B739_0036 cfx pl
B739_0036 cfx p2
B739_0036 down pl
B739_0036 down p2
G148 1772 up pl
G148 _1772 up p2
G148_1772 cfx pl
G148 1772 cfx p2
G148 1772 down pl
G148 1772 down p2
B739_0030 p1
B739_0030 p2
B739_0031 pl
B739_0031 p2
B739_0036 p1
B739_0036 p2

G148 _1767 pl

G148 _1767 p2
G148 1768 pl

G148 1768 p2
G148_1769 pl

G148 1769 p2
G148 1771 pl

G148 1771 p2
G148 1772 pl

G148 1772 p2
G148 1775 pl

G148 1775 p2

ACATGCATGCCTCAAAATAGTTGAATTGAAAAG
CGCGGATCCCTAAATTCAGGTTTTACAATTTC
CATGCCATGGTATGAAACTTGCACCGCTCCC
ACGCGTCGACTAAAAAGAAGGTTCCGAAATTC
ACATGCATGCGGCTTGCTGAAATACATAAAATG
GAGAGGCTTGGAGTTTAGCCATATCGTTTTC
GCTTCGGGGTCATTATAGTATTCATTTTCATGAG
CTCATGAAAATGAATACTATAATGACCCCGAAGC
GTTAGCTGACGTTTTTATTCTTAAGATTTTACTGAAGTTTG
CAAACTTCAGTAAAATCTTAAGAATAAAAACGTCAGCTAAC
CATCGTTATGGGTAATGGACGCTTACTTTTC
GCTGATGCTATGGAAAGCTTCATTACTGAAAAGG
GCTTCGGGGTCATTATAGATTACCTGCCATTATG
CATAATGGCAGGTAATCTATAATGACCCCGAAGC
CGGAACCTTCTTTTTATCATTTAAGATTTTACTGAAGTTTG
CAAACTTCAGTAAAATCTTAAATGATAAAAAGAAGGTTCCG
CATCTGCTACGGTTGGTCGAAATTGAACTATTG
GAACGTTGCAATAATTGGTGGTGG
CAATTGCTGAAACGTAAAGTCGGG
GGATATTGTCAAACTAAAAG
GCTTCTTTCGTTGAATTCAATCG
GTGCTACGGTACATGATAATAACC
CTCACCCTTGTTGAATTCTTCCG
ATGACAATGCGAATAGATACAGAC
TTATACATTTAACAATTGCTG
TTGTGTAGTTGGGGGAAGGTTAG
GCTTCTTTCGTTGAATTCAATCG
ATGGCAGGTAATCAAGGTCATAAA
GAACAAAGAATTGGCATTGC
ATGAAAAATATAAAACCCTTAAC
TCAATCCACTATTTCTGAAAC
GAAGAATTGCTGGAAAATACTTG
GTCGTTTTAGCAATATCAGC
ATGATTAACAAAACAAAATCTATA
TTAGCGGTAGTTTTTTCTTATTTC

1.5 TWAERRREKNDE

43 3PA RA CH-1, RA CH-2 R 4H MiHy
AR5 | P B it 25 3L R F U (up) i BE AT
It (down) i B 5 43 5| LABR. pEX18Gm, pLMF03
AR A 3 H LA 2 (spectinomycin, spe) i3k
R R BEFISL A 7E T (cefoxitin, ofx)ifif 25 K F Bk .
W e B PR B B R A Bl it

A& PCR My Xilff1i%4:, 155 up-spe-down
5% up-cfx-down F Bt WG F Bl AR 1k
IR ZEE D, M-S AEENER
(80 pg/mL)B L FIVE T (1 pg/mL)AY IiL-~F-Ax i 1 ,

K v A 54 up pltcfx p2 2§ spe p2 .cfx pl
oY spc pl+down p2 #4T PCR %5E . LAML Ty ikadt
A (R TiES 245 25 DRL R SR R A4 1 B- P Tt e SIS it 2 5k

http://journals.im.ac.cn/actamicrocn
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B739 0031 . B739 0036 . G148 1768 i
G148 1774, DU FR LM 251K B739_0030.
B739_0035. G148 1767 il G148_1777, KM
BT 25 58 B739 0033, G148 1771, Aku] i

it 25 He [ G148 1775 Ko ik Jie st 28 it 24 & [A]
G148 1769 Il G148 1772,
1.6 BAREK

H SR AL T 5 2 BEOCIR 261001 T B A o
RA ATCC 11845 1537 Z Xt 504 K W (ODgoo M
1.0-2.0), Ff¥4%& ODgoo & 1.0, UL RA CH-1, RA
CH-2 L[N 4H kY DNA (2 pg)5 300 L RA
ATCC 11845 ZIKHIR GG T ARk, BT
37 °CCHEFRFAMEE 1 h, BEEDRHIR A T3 MY
PUrE R IR AR L, SR fe T 25 2 K5 |
) up pl & down p2 #1T PCR %%E .
1.7 TWHERELREZERRHRAIRKS S
¥REY 0

TEH 100 #4528 HLBR FCAF DI R 20 B 0k, X
Hi 253 R F T PCR %5, A5 90 A ifi 25 3
up pl/down p2, Gt 100 FkIE AR 23 Bk it
2R RECH &b T

2 EREM

2.1 BESZEEIKAFE RA CH-1 #. RA
CH-2 #F1 RA ATCC 11845 ¥k 253 8N E

il % RA CH-1, RA CH-2 #il RA ATCC
11845 % 3 PR HLER FCAT TR A i 25 32 10, il
T 10 25 28 Pt 3 BRI MIC, 255k 2
fii7~, 5 RA ATCC 11845 #fitt, RA CH-1 }Z RA
CH-2 X B-NBERLZE . 2B 2E . UM R,
KIFNEEZE . MRS . MROATHESS | Mt |
BERRZE . 2R | BRSSP AE R AT 251
RA ATCC 11845 NI Z&XT 25 Wusk, XX
FWEH R . ZIREAYRA DU

<l actamicro@im.ac.cn, & 010-64807516

#z2 ARMEZMBERERKAEN MIC &
Table 2 The MICs of different antibiotics to
Riemerella anatipestifer (ug/mL)

AR RA ATCC RA CH-1 RA CH-2
Antibiotics 11845

Sk ALIE vk <0.25 0.5 0.5
Ceftiofur

Z HHF Aztreonam <0.25 16 4
AP T Cefoxitin -+ <0.25 <0.25 <0.25
BNHEHER <0.25 <0.25 1
Ampicillin

3k e i <0.25 <0.25 <0.25
Cefquinome

FRMEFEAR Oxacillin -~ <0.25 2 4
4R IE <0.25 16 >512
Trimethoprim

FIREER 64 64 32
Kanamycin

RREER 16 16 16
Gentamicin

2SN 16 16 32
Streptomycin

WX Neomycin -~ 32 32 16
JW#JE % Florfenicol 1 1 4
TR 32 64 64
Vancomycin

F 4 PG AR Methicillin <0.25 4 8
HER 2 2 32
Chloramphenicol

LEHZ Polymyxin >512 512 >512
PUIFE Tetracycline <0.25 4 16
SRR <0.25 1 8
Doxycycline

£1 % & Erythromycin <0.25 32 8

BT ap R 0.5 256 2
Azithromycin

TR R 16 512 16
Spiramycin

SAJRVP & Ofloxacin+ <0.25 0.5

R R <0.25 1 8
Enrofloxacin

MR 2 2 128 256
Pipemidic acid

MR <0.25 >512 128
Lincomycin

TEMREER <0.25 512 1
Clindamycin

T i Y e 16 256 128
Sulfamethoxazole

KE <0.25 <0.25 <0.25
Meropenem
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2.2 BSZEEIKHE RA CH-1 #F RA
CH-2 AT Z5 B E Bk bR aV 2

Wik e RA CH-1, RA CH-2 #il RA
ATCC 11845 42 N4, A5 RA CH-1.RA
CH-2 FERH IR F] 13 22, RA CH-1
SRR AL i 25 5L A . dufd B-PN e it
243K B739 0031, B739 0036, #fituFf it
Z43EK B739 0030, B739 0035, it KFFPIAEZE
Mit25 5L 5 B739_0033; RA CH-2 H:PHZH 0 & it
P FEDREI A - G B-INTRE I 2SN 24 2 (K] G148_1768
1 G148_1774, Jmfih PUPR 2R M 24 3 K G148_1767
G148 1777, i i K ¥ N B 2K i 2 5k A
G148_1771, ZmhbRAl S 2By G148 1775,
Sl IR 25 2K K G148_1769 11 G148_1772,

Hdr, B739 0030 £ B739 0035 Jy[q] it
K, AR 96%; G148 1767 F1 G148 1777
FFEVESZE, MRS 100%; G148 1769 Fil
G148_1772 Ay [R5, AR 98.5%

K P JE R A i 0 B SR R R A 7
B, L RA CH-1AB739_0030::spc fit2k bk iy 4
SELER RG] 25 R 1 s L RA CH-1AB739_

bp M 1 2 3 4 5 6 7 8

2225bp
2215 bp

Up-spc

Spc-down

1 PCR £3F B739 0030 EFEHREHREAL B KE

Figure 1 The identification of B739_0030 gene
deletion strain. Lane M: DNA marker; Lane 1, 2:
Up-spc fragments were amplified from RA
CH-1AB739_0030::spc; Lane 3, 4: Up-spc fragments
were amplified from positive control and RA CH-1,
respectively; Lane 5, 6: Spc-down fragments were
amplified from RA CH-1AB739_0030::5pc; Lane 7, 8:
Spc-down fragments were amplified from positive
control and RA CH-1, respectively.

0030::spc MHEAR, PCR fEd 34 H up-spe A B &
spc-down B¢, TXTHEZH RA CH-1 At MR
P 45, 18] RA CH-1AB739_0030:spc AR
TR MRA R . HARBR PRI S Bl 745
Fir %,
23 BEERRKHEMAEEBRKLEXNE
N B I E

Sy i — 2B E LA i 2 2 R 5 2 5 A
W2, ATFFERTIN TR AR | i 2 S R ek
PRZ I AT 25 25 57 0 W 3 FioR, Bl R

BT 25 55 [F B739_ 0033, G148 1771, #knffik

it 253K B739 0033, G148 1775, B-NMENE
J5Mif 2556 B739_0036 Ji&, ke ikxT AN 2547
TURAME S FEK 2 5 RA ATCC 11845 [a]—/KF;
UMK N AETERIZE 2 AR I, (LB
1 AN XoF i 24 2 700 6 35 R ] o A Y 2 AN SRR
S S5 A X A N 245 P SRR, G BRI B 2R 2K
2 5 B739_0030 & B739_0035 X PU¥f 2 MIC
ELTCRENMA , XY 2 AN 25 5L PR I 2R J5 A 2 B AR X
DU R U
2.4 RA CH-1/RA CH-2 EFAEHMHE
E LB B R ERER ZEHREK
RA ATCC 11845

WFoE 2 B, Mg B R ECAF I BLA kA A AR %%
TRRYRE ST, R HlsE A SR AL R 5 R % i 2
FERAT R 1 — BB 7 =, ARG 433 DA
RA CH-1 fil RA CH-2 JEH4 IR PiAT H IR %%
1k, FIBr RA CH-1, RA CH-2 H:[K4H i 24 5
DK e 75 7 2 Uk RA ATCC 11845 . 44
FH], RA CH-1/RA CH-2 415 RA ATCC
11845 5 )5, AIfli RA ATCC 11845 Xf VUK
K. KANERELY A2 . X7 T
PCR %5E LB, MHZ55EK B739_ 0030, B739 0033,
G148 1767, G148 1771 B 445 % RA ATCC
11845 HYSEAIZL (& 2); HARTE 24 5L A sl A an
I, AJffi RA ATCC 11845 X B-PMEM .
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#z3 MEZEMICHE
Table 3 The MICs of the antibiotics

itk SR MIC {6 JU5FZ MIC 6 U8 % MIC i sobk® MIC {f 4% % MIC (i

Strains The MICs of The MICs of The MICs of The MICs of The MICs of
aztreonam tetracycline erythromycin clindamycin chloramphenicol
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)

RA CH-1 64 4 32 512 2

RA CH-1AB739_0031 64 4 32 512 2

RA CH-1AB739_0036 <0.25 4 32 512 2

RA CH-1AB739_0031AB739_0036 <0.25 4 32 512 2

RA CH-1AB739_0030 64 4 32 512 2

RA CH-1AB739_0035 64 4 32 512 2

RA CH-1AB739_0030AB739_0035 64 <0.25 32 512 2

RA CH-1AB739_0033 64 4 <0.25 <0.25 2

RA CH-2 4 16 8 1 32

RA CH-2AG148_1768 4 16 8 1 32

RA CH-2AG148_1774 1 16 8 1 32

RA CH-2AG148_1768AG148 1774 1 16 8 1 32

RA CH-2AG148 1767 4 16 8 1 32

RA CH-2AG148 1777 4 16 8 1 32

RA CH-2AG148 1767AG148 1777 4 4 8 1 32

RA CH-2AG148 1771 4 16 <0.25 1 32

RA CH-2AG148 1775 4 16 8 <0.25 32

RA CH-2AG148_1769 4 16 8 1 16

RA CH-2AG148_1772 4 16 8 1 32

RA CH-2AG148_1769AG148 1772 4 16 8 1 2

RA ATCC 11845 <0.25 <0.25 <0.25 <0.25 2

MRAT 2SS Tk e BE2AS 200 77 L T 2, %o 2 Ak -3k
1T PCR %€ &P, 1tz K K B739_0036 .
G148_1774, G148 1769, G148 1775 .44
% RA ATCC 11845 (LI . LA 455 IEHT,
AN [R) i 24 56 R 4 g il 2k B SR e 1k O X AE g 2 L
BRECHF TR 2 8] & A A SE R 575
25 MHERERRERKTEIRKED
vaKitl

Ry it — 2 It 5 X TR 24 B DR A [R] i R T
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Figure 2  The identification of transformant carrying resistance genes (B739_0030, G148 1767,
B739_0033, G148 1771) using PCR. A: PCR identification of transformant carrying B739_0030 resistance
gene. Lane M: DNA marker; Lane 1-5: B739_0030 fragments were amplified from transformants; +:
Positive control; —: Negative control. B: PCR identification of transformant carrying G148_1767 resistance
gene. Lane M: DNA marker; Lane 1-6: G148_1767 fragments were amplified from transformants; +:
Positive control; —: Negative control. C: PCR identification of transformant carrying B739_0033 resistance
gene. Lane M: DNA marker; Lane 1-6: B739_0033 fragments were amplified from transformants; +:
Positive control; —: Negative control. D: PCR identification of transformant carrying G148 1771 resistance
gene. Lane M: DNA marker; Lane 1-6: G148_1771 fragments were amplified from transformants; +:

Positive control; —: Negative control.
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