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The aim of this study was to investigate the distribution of
resistance genes in high-level streptomycin resistant Escherichia
coli isolated from shellfish collected between April 2015 and
March 2016 in Korea. From the 269 E. coli isolates obtained
from shellfish samples, a total of 40 streptomycin-resistant
isolates with MICs of > 1,024 pg/ml were screened and the
prevalence of streptomycin resistance determinants was analyzed
by PCR. Among the isolates, str4-strB gene structure (77.5%)
was the most frequent streptomycin resistance determinant,
followed by aadA (30.0%). Six isolates (15.0%) simultaneously
contained aadA and strA-strB determinants, whereas three of
the isolates (7.5%) did not contain both resistance determinants
examined in this work. The difference of MICs between the
isolates having the same resistance gene was elucidated by
real-time PCR results. The copy number of resistance genes
differed considerably among the isolates, which solely harbored
an aadA or strA-strB and showed different MICs.
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A Escherichia coli)& Aoy F=2 Aol A A
*R—‘] Nl “]’%‘%"Jé O]-rJ— o HH-E 5ol A 2 2 v S
S 5ol ohE A R 2] Aot 47
ol ki Algtolrh, ] Al dsio] olat 2412 o
ulal7] ol Eol L} 2] Aleha A wU e Yste
AR50 2 A Elof $ich P
u| A 4] S5 8k 210 2 ekel A Qlol, BuA Ao 3
MA| A A& alolsli= ko 2 & o) 2] QFTHELD ef
al, 2007). 58] B-& T A7 $747} Hol 2
SLR51 2712 LA A el

FH2 917k 2910 B S ot
A o 2 e Al A8 210
A Alsto g o5 ks dol et -7 A7)
o]t Alexander ef al., 2010).

Streptomycin2- 19434 o] aminoglycoside#| 3YA| = 7}
WA WA E AR S B et 12 S Aol <
7Hl 9] AR ol A olgkeh, ZAREopo] A Al
4 Agte] 29 T AAEANL 93 B2 AR
7HA| 2= 2 oJLkcHGraham et al., 2007). 1 & o}zl W
Srtoll A, ARgo] AlskElo] 971 ahAk Al AEge)
HHAE 9ot %oko 2 = AREE| 17 QJtMcManus et al., 2002).
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Y Mlate] Edolet= =S EA1E oF7| A1 thAarestrup
et al.,2008). Streptomycin Z|3}A] Aol tsto] HarE W
A7 = T Aol YA QL Alatoll A o] ol Flek

Streptomycin©] 2H-8-717- Aot 2] H52]30S A9 E
/35}+= 168 rRNAS}S12 Thal o] H|7}) 2 0 & Z3tsto] ¢
A S A= Aol T 22 Al5to] streptomycin
ofl thsll A= 27| sh= ©Ql 5 Shb= &l olof &fgt
o]& 3E2 9] MF otk S12 Thild AL rpsL = 16S
RNA -§-A &2 rrsol] A 7] B2 =AM o] 7} streptomycin @] 2
& ABNAIA Alto] A3 S 24| B Ylo] Etk(Finken
et al., 1993; Springer et al., 2001). rpsLof] & Ho| 7| Lot
7dF-olli= 32,000 pg/ml o449 2 0 A dflE =
(minimum inhibitory concentration, MIC) & L ERJ ATt rrs -5
HAhe] Belulol i 57 4-20) AL WA He Ao v
1% 31 e (Eliopoulos et al., 1984; Nhu et al., 2012). 134
16S rRNA 9] o]x}Ltz 0] 3FS 1] x]+= 7-methylguanosine
methyltransferase -3 291 gidBo] EAHO| = H2 =50
A8} L 747 3K Okamoto ef al., 2007).

Streptomycino] gt & THE Ag 71 8-S FAAE W
A A A-8-8HA] 81| Sl W] o] k. Streptomycin©] Q1447
= ol d7]E 20 #5353 Al7|= Zlo] dubFo|n =2
Al 712 Akl ofsff dojubar Q1o Hark|al Qlek(Shaw
etal., 1993; Sunde and Norstrom, 2005). 147 S A oA 7| =
phosphotransferase = streptomycin®] 3” =6 2]2] 2] hydroxyl
718 XBHAIITE o] & & 40| 3 2R= aph(3”)2t aph(6)
T strA9} strBR 7V E-g]o] A1l QJth Eol3lA o] & &
A= WE 2 A4 w0 strd-sirB 325 o] FHA AL &
29 48 5 cheF B0l REsHE Aol 217 o) Al
of| 4] ¥4 =] 27 91 th(Sundin and Bender, 1996; Sundin, 2002).
o7& HolA7]= AR aadAol| o] Y55t =
adenylyltransferase £ streptomycin®] 3”2] hydroxyl7| S
PA|A F53} A7 |= 97 LRb o] th(Clark er al., 1999).

2 AFo A= e Ukt Fafietol A Y33t s 25 E &
2R Bt 5 8 5= streptomycinof] A& 2= ot
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e w T ARAHE HAsta SR v g 2
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Agskazt sheick

ME 2 g
& Az & tiE2el 22

S 2ok ] 1Rt 7 Al &= 20159 4456 2016
W 397k Ao raetoll A RSk vk Ruditapes
philippinarum) @ M| 712K Scapharca subcrenata)-&- 113+ =
=t &l A of| A, =(Crassostrea gigas) ¥ A E{(Haliotis discus)
= ¢ =1 s ol A 2| sk

o A2] 2= 1SO 16649-3 (2015)2] v of| ula} w5
o] ZAsh= tid=te Agshe E2 S8l olFoilH &
oFst, 2zt 71 = 200 gofl 2812 0.1% peptone -84
(pepton 1.0 g, sodium chloride 8.5 g per L)-2 Y 31 blender = 60
22t 2}f513ich Peptone 842 108 = ©HA| S143E A 25
10 ml12] MMGM H}|X|(mineral modified glutamate medium)
(Oxoid)of] 1 mI# HE3HATh Al 2E HE3L v Al=37°C]l
A 24171 ekt 5] WA] o] Alo] 1ezhal o 2 wia A o)
Apo 2 ARG AAISHALE O Alglhe 2 e wiol
2 Hjj9Fol-S TBX agar (tryptone bile glucuronide agar) (Oxoid)
Bl A o] TmEsto] 44°Cof & 24 A17E w5tk TBX agar
oflA FEM 22U B gt e r WSkt
o FFE HSFUTE 2l H = 16S IRNA 42} 47
A ae skl it o2 2F 5785k 16S IRNA
AR = 2712} 1525r primers (Lane, 1991)E A5} 523}
231, ¥7]1 - =L SolGent Co.o|| o|2|5lo] AAs}GIT) £e
o it ot i FelS 65% glycerol 8ol ¥l o] -80°C
off Bk shivhzt ok A9 oll AMg-sHiTh

ST Streptomycin K& CHEERC| Myt 2 MIC =X

(@]

= i: o
2|48l 5 =(MIC) &= Kim 5(2016) 9] W& HEsto] &
k3T WA, eE it FolA] AEE 9 streptomycin
of| thal A& g 2 w5 ATESITE o] & 18l 1,024 pg/ml
= E streptomycing 747}t Muller-Hinton broth (Becton
Dickson) 3 mlE A| & ¥Hof| w525} 3iTh. o] 7] o] LB broth o] 4]
7 v et ot o 10 plE A4 F5hof 35°Cof| A 18A|1%k
v oot - Aot 2] S4] o] 5& 2153l 1,024 ng/ml 9]
streptomycinol| A Apgk w525 thA O 2 FEMICS] Z7-2 9
3f] 4,096 pg/mlof| A 1,024 ng/mi7kA] 1/24 streptomycin &

£ esto] A S AT T, 2L WU OR AF U o)
FS sk HelE o)t #9] BE-E Table 19 4 45
et
Ack
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Table 1. List of Escherichia coli isolates used in this study

No.

—

O 0 N A L R W

20

Name

DMRP546
DMRP548
DMRP5410
DNRP543
DNRP545
DMRP552
IDCG571
WNHD571
WSCG574
WSCG575
DMSS571
DMSS573
JDCG5101
WSCG5105
WNCG5102
DMRP5101
DMRP5102
GJCGS111
GJCGS5119
WSCG5119

MIC
(ng/ml)
2,048
4,096
2,048
4,096
4,096
> 4,096
2,048
> 4,096
> 4,096
> 4,096
> 4,096
4,096
> 4,096
4,096
> 4,096
> 4,096
> 4,096
2,048
> 4,096
> 4,096

Source®

Ruditapes philippinarum
Ruditapes philippinarum
Ruditapes philippinarum
Rudlitapes philippinarum
Rudiitapes philippinarum
Rudiitapes philippinarum
Crassostrea gigas
Haliotis discus
Crassostrea gigas
Crassostrea gigas
Scapharca subcrenata
Scapharca subcrenata
Crassostrea gigas
Crassostrea gigas
Crassostrea gigas
Ruditapes philippinarum
Ruditapes philippinarum
Crassostrea gigas
Crassostrea gigas

Crassostrea gigas

MIC

No. Name (ug/ml) Source

21 WSCG51110 > 4,096 Crassostrea gigas

22 WNCG5111 > 4,096 Crassostrea gigas

23 WSCG5126 > 4,096 Crassostrea gigas

24 WICGS5121 > 4,096 Crassostrea gigas

25 WICG5124 > 4,096 Crassostrea gigas

26 JDCG5121 > 4,096 Crassostrea gigas

27 DNRP611 > 4,096 Ruditapes philippinarum
28 DNRP612 > 4,096 Ruditapes philippinarum
29 DNRP613 > 4,096 Ruditapes philippinarum
30 DNRP614 > 4,096 Ruditapes philippinarum
31 DNRP615 > 4,096 Ruditapes philippinarum
32 DMRP613 > 4,096 Ruditapes philippinarum
33 DMRP614 2,048 Ruditapes philippinarum
34 DMRP615 > 4,096 Ruditapes philippinarum
35 DSRP611 > 4,096 Ruditapes philippinarum
36 DSRP612 > 4,096 Ruditapes philippinarum
37 JDCG621 > 4,096 Crassostrea gigas

38 DSRP622 > 4,096 Ruditapes philippinarum
39 DNRP626 > 4,096 Ruditapes philippinarum
40 DMRP632 > 4,096 Ruditapes philippinarum

*Ruditapes philippinarum, short-neck clam; Crassostrea gigas, Pacific oyster; Haliotis discus, abalone; Scapharca subcrenata, small ark shell

Table 2. Primers used for detection of genes encoding resistance to streptomycin

Primer Nucleotide sequences (5'—3") Product size Target Reference
ant(3") F CAG CGA ATGACATTCTTGC
295 bp aadA van Overbeek et al. (2002)
R GTC GGC AGC GAC AYC CTT CG
aph(3”) F GAC TCC TGC AAT CGT CAA GG
518 bp strA van Overbeek et al. (2002)
R GCA ATG CGT CTA GGA TCG AG
aph(6) F GAC TCC TGC AAT CGT CAA GG
560 bp strB van Overbeek et al. (2002)
R GCA ATG CGT CTA GGA TCG AG
strA TAT CTG CGA TTG GAC CCT CTG
538 bp strA- strB Sunde and Norstrom (2005)
strB CAT TGC TCA TCA TTT GAT CGG CT

Streptomycin K& SXXIe| =tol

A242 B213k7] 915 PCR 2o
A5 primer= Table 22} 2t} ant(3”) F/R primer= aadAZ,
aph(3”) F/RT} aph(6) F/R-& ZFZt strA 2} strB G- AR} HLELS =
Z A7) =2 47 % primerso]THvan Overbeek et al., 2002).
B, strA+= strd -F- A Aof| 4] A A % forward primer©| 37, strB
+ reverse primer2 strB A Ao A A A = 21 THSunde and
Norstrom, 2005). ©] primer set& 3] = AR HER o

AE strd-strB F-ZE 3} =] o] B E 8015 4= Qlth

jIOII

Streptomycin #3HAJ-5

=32 A Als4d A3E

A O 2 EE] genomic DNA Q] 252 AccuPrep DNA
Extraction Kit (Bioneer) & AF&-8}o] A| ZA} 45 Ho 2
AA8A T} 3==5 DNA-= NanoDrop One spectrophotometer
(Thermo Scientific) 2 5 =5 =4 35}%ch

PCR WHg-20-2-1 ul (20 ng) 2] =& DNA, 1.25 ul (2 unit) ]
Tag DNA polymerase (Bioneer), 2.5 ul2] 10X buffer (100 mM
Tris-HCI, 25 mM MgCl, 500 mM KCI, pH 8.0, 2.5 ul (0.2
mM) 2] ANTPs -8, Z+Z} 1 pl Q] primer (20 pmol) & Y2 &
FR4 2% g8 ole) 3318 20 w2 28l ick PCR
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N

|71+= Thermal Cycler Dice (Takara Shuzo)E AF8-3}%10H,
HE2- 2 712 ant(3”) F/R, aph(3”) F/R & aph(6) F/R primer2]
73 95°Cof| A 5EF A A3t &, 95°Cof|A] 30x F<t
denaturing, 55°CoJ|4] 30%7} annealing, 72°Cof|A] 30%7F
extension I}74-S-303] ¥HE5}S) L, upA|akO 2 72°Cof| 4] 787k
final extensionS AA|S}A T strd-strB SAAFLZE 3215}
7] ]38} primer set @] strA/strB 2] annealing-2-60°Coj| 4] 30 % &
QF AAsHAT

Real-time PCR

Real-time PCR WF-2-91 9] A2 1 ul (20 ng) 2] 5% DNA,
10 ul9] iQ SYBR Green supermix (Bio-Rad)o]] Z} 5 pmol €]
primerE & & SR 25 -89 Hu 520 ul=2
Z AL 27 AR R = 2] adenylate kinase -5
A}l adkE M85t House keeping --A A2l adk 2] &
325 213} primer 7] A G-& adk-F; 5'-ATT CTG CTT GGC
GCT CCG GG-3’, adk-R; 5'-CCG TCA ACT TTC GCG TAT
TT-3"o]2)thNemoy et al., 2005). Real-time PCRS] Z7A-&
95°Col| A 3E7F A A &]gt 3, 95°Coj|A] 1027t denaturing,
55°Co)| Al 10%7} annealing, 72°C ]| 4] 10 27} extension-2 30
3] Wk} 31 vk ] uhextension W8-S 72°Co]| A] 7H7t AA] 8}
At} Real-time PCR 7]7]+= Thermal Cycler Dice Real Time
System III (Takara Shuzo)& ARSI T o] AH-2335] whE
shgick

Zn} o D

ST streptomycinO| CHSH XS LR

20159 445E 2016 3H71X] 53t o 7258 52697
O] WAt 5 EE3kATh 151,024 pg/ml @] streptomycin
of|A] Apehi= Als e A o= 407 2 A 2] 14.9%0 &
SH3ithTable 1). A3/ w550l tHet 16S rRNA 71219
714 D& 273 A} ot type strain ¥} B] w5} 1~-3
B717F 2o U= A0 & 11 E] 0] 99.8% o /d2] FrAM = B

2AHE = Q7] w<zoll
21729 v B7Fssicl ohvk BeE At Soll A
streptomycin A& o0 SN E= Al 72 Tl whet
TR 210 2 LAl @ik Park -5(2013)0f wh= st
| Fof| A Ba] gt )&t 2047] = streptomycin A 3FHA] 5

ot
o,
X o
A
rir
£l
N
2
fllo
Hu)
X
o
fil
%

=527 &2 A © 2 25.5%F AHA| 51 O, A5 o] w)
2} 10~90% H9lofl A Hxp7F & A o2 Uebgth Kwon &
(2016) 9] X.a10f| oJ5HH A Fod2| 27 e gk th =t
83.6%, SAFQ Hl o 2 HE| Eafgt +2] 67.4%7] streptomycin
A/ 3k 2HE Asfitol A A F g 725 e et
th7=toll Al streptomycin A3Hd w520 AR == 7.2%%
o et al.,2016). o|FA 2ol 7} AA| U= A/ 3 7 A
s QlZ o RE s oz {AE= 7 o EHA &
ol o FFS W= AR BRI 5] AsE =T}
ot Aol X 7o of ol YA ] ARg-o] H-E HA| e &
oAl A o] EARIE 2 A o= HolLanz et
al.,2003; Enne et al., 2008) o] & 7[=2] EHo| & J3FS 1]
A Ao w ke,

740 2o = R gt thdat o] -9 Holl A 2t
&S] 59.2% (Lee et al., 2005), S| A 256 B8] H 59
50.0%7} streptomycin A &4 w5 tHChoi et al., 2006). T}
£ A Aol ot ~mFE gt F32] 42.6%, A
521 64.6%, T 9] 65.5%7}F A& HERH A THLim
et al.,2014). F=rol A= H Aol A 2] E thd =t 5 37.5%7
streptomycin A &AJ0]%1-20] B 1% vl It Enne ef al., 2008).
AHHA 6 2 71| A EalE tiAd 5 tetracycline, ampicillin,
sulphonamide 2} 317 streptomycin®]] gt #3}H4d ¥l=7} o
E A ol vl A YrehaL Qlti(Lanz er al., 2003). whe}
A 74 7t SAAL AU A o710l A felet A
A& tid=to] s o= - w o] i FolA HEd 743
o] M- 1=

Streptomycin X&kd SXX}

3552 9] streptomycin©]] thal| #13HdS 2E= 40719 i
o] 7HA AL Sl A1 fARE &S Aok Fig 1112
o}, AA 2] 77.5% (31/40) )| A strA 2t srB7} 2¥2F A2 H gl
(Fig. 1B and C). strA©f| 4| forward primerE- sirBof| 4] reverse
primerE- A|2}510] PCRE =3¢t Aol A &=, strd = strB
FRARE 7HA] AL Q= B At ol A ol = $ el 538 bp 2]
DNA7} 525 o] = A7 Ueks] AdE o] Q= strd-strB

Fal 5= & 5= AU TH(Fig. 1D). strd-strB= A<
=ol Al oheFet Aol A &3] Yelh=
92} S Z 0|t Sundin and Bender, 1996). = o]l A =40
5 5 strA-strBE 7R AL Q= w571 77.5% (31/40) 2 7}
o 7 o 2 JENYTE aadA=30.0% (12/40)0| A AZEE]
O m(Fig. 1A), A 2] 15% (6/40) 0| A= aadA S} strA-strB
I 37 %= KFig. 1A and D).

ol
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(A) M1 234 56 78 91011121314151617 18 1920212223 2425262728293031323334353637383940

2000 bp —
1000 bp—

500 bp—

100 bp—

(B) M1 2 34567 8 91011121314151617 18 192021 222324252627 282930313233 34353637 383940

2000 bp —
1000 bp—

500 bp—

100 bp—

(©) M1 2345678 91011121314151617181920 212223 24252627 282930313233 34 353637383940
2000 bp
1000 bp
500 bp
100 bp

(D) M 12 345 67 8 9101112131415161718 192021 2223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40
2000 bp

1000 bp
500 bp

100 bp

Fig. 1. Agarose gel electrophoresis of PCR products amplified with ant(3”) F/R (A), aph(3”) F/R (B), aph(6) F/R (C), and strA/strB primers (D). Lanes 1~40
correspond to the strain numbers in Table 1. M, 100-bp DNA size marker (Bioneer).

th7ato] 7HA AL QA= streptomyein A& F-AA} ol A
aadA$} strd-strB7} Z @ W= ot 5=9] 7| ol wet o}
& AL 2 Yehtal Qi S-FE5E Ee 3§l streptomycin
of Aa}Ad el thA <= 81.8% (90/110)7} strd-strB=-, 26.4%
(29/110)7} aadA= 744 1 Qlelom, & SARE 3 744
T Q) TR 8.2% (9/110)%)-8-0] 2153 9)thSunde and
Norstrom, 2005). -2 Upefol| A A|HE] AL Q= 4 257 E
B3 1797)9] oS AR Aol A 12.8% (23/179)
7} streptomycin©]] #1842 YERH 1AL, 712 69.6% (16/23)
7} A3 SAXR aadAS 7FA 2 U THRyu et al., 2012).
SHH, 7735t 2] 2 5-E] E2] H streptomycin A gt
A strd-strB7} 61.1% (44/72) 2 2} 2|51e] 71 Z@u w7} =
QF31, 1 320 & aadA7}54.2% (39/72) & AR5kt 25.0%
(18/72)=strA-strBL} aadA=S- 317 71431 Q) 2 tHEnne et al.,

=32 A Als4d A3E

2008). =71 5ol A &7t streptomycin A 3}/d T
A= 76.5% (13/17)7} strd-strB T-25 74211 912
11.8% (2/17)+= strd GAA 7FA) 21 Q) Yt Aslam et al.,
2009). Aol A Ao A 2] 3t streptomyein A%+ o
Ao A= 60% (39/65)7} aadAZ, 12.3% (8/65)7} strd-strB
£ 7H) 2 1o, strd-strBL} aadAS A 7R I Q=
27127.7% (18/65)0] S5t thLanz et al., 2003). 0|2} Z+o]
streptomycin g Y] SN hgre] 7|
w5 2ol weEt FefAlE As o o dek

L5 5= 9] streptomycino]] thet A #FE T2
ARpO] HALE ZARGE & Aol A= T77.5%7} strd-strBE 7t
A3 QA}. strd-strB+ streptomycinS 243 A7 = &
N s Adoslele FAAEHEE A o2 AdH 20|

7] migoll i AR ot Tl w2 HER SHT A

o

rlI.
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o g Helr thgatol A streptomycinof] thgt MIC+= A3+
L A}of| whe} 2 FoFS- Hkal 9l o, 11 = strd-strB7} =&
£2Z29] AL Al Fetrt= B 117} 9lthSunde and Norstrd
m, 2005). 407} 3= 371(7.5%) o) A= ZAJEE S AR} A& E
2] ekoke}. Al 7] 2] streptomycin A &H-F AR E AR O
AFNA, AR HEEA] G2 H1E+= 1.0% (Lanz et al.,
2003) E2=9.7% (Enne et al., 2008) Q] 71 ©. 2 Lyepytc}. o] 7
02 3790 8843t a4 E Yo lsle AR 7K 1L
= e, A5 streptomycin ] 3l A% Lk
ol v]Fo] rpsL - 4A}2] FEA R olof] o3t 3240 ¥

o

MICQ} M& SFXIe| copy number

Y2t strd-strB T35 7HAHA MIC7} oF2 Al 71 9] oF
£ YAC R real-time PCRE 4~8)3} % tH(Fig. 2). MIC7}
2,048 pg/ml2l DMRP546+= B}A| 2R, philippinarum)©l| A,
4,096 pg/m1Q] WSCG51059}> 4,096 pg/ml <l WSCG5119
= =(C. gigas)ol A 2| H ootk FL7t FO] DNAS}

housekeeping A} adkE 5ZA) 7|+ primerS ARE-31 T
Zat Ao A Al t7-2] Ctgho] 22 A 0 = SR = Ytk Fig.
2B). L& strd-strB F- RS 535 A FE 7ol MIC]
w2} Cgkoll Al 2kl 7k A ATH(Fig. 2A). AACHHH O = /-4
Z}9] copy numberE At 2] © 2 A &F 31912 wl, MIC7} 2,048
pg/mlel DMRP5462 71& 2.2 4,096 ug/mlel WSCG5105
L 2,528, > 4,096 pg/mlQl WSCG5119= 9.961]2] copy
numberE Zh= A 0 2 UENH T aadd §-3719) 79 A2
OFAFS B Atk MIC7}> 4,098 ug/mlQl WSCG511102] A3+
A AR} 4271 2,048 pg/mlQl IDCG571 KT} 2.420) W2 A
o2 UepgthFig 3). tfebd FUF SRS FHR A
MICOJ A 2po]7h U= =8 A%l A 849 copy
number 2] Z}ool 7] 91%ke o 4= 3leh

ko FA| A3 §-Hx 50| ZafAn|E = transposon}
28 o154 1A A AL 9ol The o] Ao A
) 4 9l Ebintegron & 58] a4 4R} 81 70
oJ0 = a4 £8A)2] Bhiko] Z21E)7|E Fievan Hoek
eral, 2011). 53], $ 23] 9714 82) E4o] HusEEA §

A 90
(A) strA-strB

70
GJCG5119
(>4,096 pg/ml)

50
WSCG5105
(4,096 ng/mb)

30
DMRP546
(2,048 pg/mt)

Fluorescence (Primary Curve)

10 //

-10 T T T

0 5 10 15 25 30 35 40 45
Cycles
(B) 90
- adk
£ 70
% GICG5119
(>4,096 pg/ml)
£ 50
£ WSCG5105
> 30 (4,096 pg/me)
Q
5 DMRP546
3 " (2,048 pg/mt)
g
=
-10 T T T T T T T )

25 30 35 40 45
Cycles

Fig. 2. Result of real-time PCR to determine the relative copy number of str4-strB (A). The housekeeping gene, adk, was used as control (B). A 20 ng of

genomic DNA from isolate was used for each reaction.
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Fig. 3. Real-time PCR for comparison of aadA gene copy numbers between WSCG51110 and JDCG571 isolates having different MICs of streptomycin.
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