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syringae pv. actinidiae Biovar 3 Strains Isolated from Korea
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Pseudomonas syringae pv. actinidiae (Psa) is the causal agent responsible for the bacterial canker disease of ki-
wifruit plants. Psa strains are divided into five different biovars based on genetic and biochemical characteris-
tics. Among them, biovar 2 and 3 strains of Psa were isolated and have been causing widespread damages in
Korea. One of the most effective ways to control Psa is to use an antibiotic such as streptomycin. However, Psa
strains resistant to this antibiotic were isolated in Korea, and an earlier study revealed that the resistance in the
biovar 2 is associated with strA-strB genes. This study aimed to determine the molecular resistance mechanism
of Psa biovar 3 strains to streptomycin. Sequencing the rpsL gene encoding ribosomal protein S12 from three
streptomycin-resistant strains screened in the laboratory revealed that a spontaneous mutation occurred
either at codon 43 or 88. Meanwhile, in four streptomycin-resistant strains of Psa biovar 3 isolated from two
kiwifruit orchards, a single nucleotide in codon 43 of the rpsL, which is AAA in streptomycin-sensitive strain,
was substituted for AGA causing an amino acid change from lysine to arginine. The resistant mechanism in all
biovar 3 strains obtained in Korea was identified as a mutation of the rpsL gene.

Keywords: Bacterial canker, Kiwifruit, Pseudomonas syringae pv. actinidiae, Streptomycin resistance

= 57 252 2 YojFtHSawada®} Fujikawa, 2019; Sawada
=, 2016). 1 = 2]uglo| A= biovar 22} 37} B ¥ 17 Qth

Pseudomonas syringae pv. actinidiae (Psa)= 7] o]l AlltA (Lee &, 2017). Biovar 2= 1994 o] Z|of| A A2 H 1% o]
AFES do7l= U AFS &2 201085 E A AAl 27 al(Koh 5, 1994) 5279 (Actinidia deliciosa)2t 34719
719] el s7kol et &35S 7| X3 Qlth(Vanneste, 2017).  (Actinidia chinensis)©] F1%F HA oA E&]E 1 §lthKoh 5,
Psat= 94352 2 A3}eA E Ao whe} biovar 1,2, 3,562 2010; Lee 5, 2017). 20114 -2 2HAH biovar 3 (Koh 5, 2012)
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= oA sl 2 7|9 FFl AFES doA s
£ ZF1 QthKim 5, 2016; Lee =, 2017).
719 AFH PAE SAo) oA Ei u|SEAC thop
gt vhHo] A= %11 QlcHCamerond} Sarojini, 2014). 3}sHA]
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HHA WHH O 2 copper hydroxide, copper sulfate 52 54|
2} streptomycin, oxytetracycline, kasugamycin, validamycin
Fo] Z3o.2 24 A AHEET glrhKoh 5, 2017;
Tyson 5, 2017). AA| S0l A streptomycine &-&7do] 24
I8l 542 R7] giizol 19508 t) 27E At A& W
Aof] AFEE o] 2rtHSundini} Wang, 2018). Streptomycin
aminoglycoside| A 2 YA3HA|32 2] S12 2] HE& Thldat
H|7}9 2 0 2 Agsto] thil AR ]S AAITFO 2N Aot &
27 Fet,

FAAN Y ALY A2 AR w72 @0l A
£ op7|AIXIt Streptomycin A3 Alatoll A #1342 €
o H= EAHY 7122 5 71R]of| 7|)1%}. AR = streptomycin
of 3EAo] Btz 305 2 Akgle] TAARR S12 Suld e
A5 3et= FHAF rpsL, Tz EEA] 165 rRNA {32 rrs
o] 2407} doji}= Ao tHChioug} Jones, 1995; Cuevas-
Cérdoba 5, 2013; Sundini} Wang, 2018). ©o]& §-ZA9] =4
Ho] = QI3f streptomycino] 2o AFFsHA] F5HA Ho =
A AltE0] A BA | Erwinia amylovora®t 22 4]
EHAG AltollA o]t EAHoIA| = ts] {82 olof A
=147} streptomycing AHE-51A] 9o} Aok (selection pres-
sure)o] Z-g-5H1] gh= oAM= EEE= Aoz IR
(Loper 5, 1991). Streptomycin AgH/do| tjst &= HA| EA}14
712re A §771e] B o]t Streptomycing: BE45}
AP BaE GEBkSHE GAAR strA%h strB AR A2
H F2 2 plasmidy transposoni} ¢4 = o{(SundinZ} Wang,
2018) A&, T& % Abgroll A 22E okt A Aol A
A= 31 QItHSundin} Bender, 1996).

A AFE S FHolA AYH BARL 2R Z2E Psa
S ollAl streptomycino]| thal] A13Hd& Hol= #7F e
I (Lee &, 2020), 1 = biovar 2 7-352] A 3FAJo]| strA-strB -4

Table 1. Bacterial strains and relevant characteristics

Aol 719182 E Ot (Lee -5, 2021b), #3}H/d<1 biovar 3 o
Fo|A= o] AT EAER] gokTh
2 At A = FHlA £2H Psa biovar 3 45 F
streptomycin®] A3A3E E= F59 Aol THE /4
2 7 vr] ALz skoich
M=

HitH
od

na

Streptomycin Xatd #F 3 HHUEZA. Ao AHEH +
T Table 13} 2t} AletA A ZEE =2 719 A
v oA £2]% Psa biovar 3 #5 504 100 ug/mle]
streptomycin®] 33 peptone-sucrose (PS; 20 g peptone,
20 g sucrose per liter) B} x| of| Z4Z3t T 28°Cof|A] 24A] 7} vlj ok
sto] A7o] dofjd 5 AdstGichLee 5, 2020). A
TFE L2 559 streptomycino] 501 1= PS agar HljZ|of]
Aot AFA ARE 2F2 o= g5t KDS16613}
KDS1662+= 2016\d9]| 73'd AP 9] gt Th=ofl A &) Psa
biovar 3 #+50]3Z, KDN173132} KDN1732+= 2017 9] A5 A
T3z HXT FLRE 719 ol B2l doltk

XAUME streptomycin Xy SAHHO|H[2| &E.
Streptomycino]] A 3+A-S ZF= Psa biovar 3 oA =
streptomycino] Z3HE Hjx|of| A ALY . 2 AY7]= A]
P #FE A= BHS S8 Ecklyu 5, 2019).
Streptomycino]] T17FAl-& ®o]= Psa biovar 3 3 HYH1471
& 2471717 Wikt § 10° cfu/mi SjAal ok, 31473 vl
QFl 200 plE 100 pg/mle] streptomycin®] =9 ¢l PS agar
szjo] Earako] 28°ColA 24-36A17F BeFakaich. Aol
ot 221 ZFof|A 37 F32(S1-HYH, S2-HYH, S3-HYH)= A
hsho] ohZ Addof] AH8-8H3IT

. .- a rpsL
Strain Origin Sm MIC (pg/ml) Codon 43 Codon 88
HYH1471 Jeju S 2.0 AAA Lysine AAA Lysine
S1-HYH This study R >2,048 AGA Arginine AAA Lysine
S2-HYH This study R >2,048 AAA Lysine AGA Arginine
S3-HYH This study R >2,048 AGA Arginine AAA Lysine
KDS1661 Gyeongnam R >2,048 AGA Arginine AAA Lysine
KDS1662 Gyeongnam R >2,048 AGA Arginine AAA Lysine
KDN1731 Jeju R >2,048 AGA Arginine AAA Lysine
KDN1732 Jeju R >2,048 AGA Arginine AAA Lysine

°Sm, streptomycin; S, sensitive; R, resistant.
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EAXSHSEL| EH. Streptomycino]] T3t Psa biovar 3
F9] A A3 E=(minimum inhibitory concentration, MIC)
742 Lyu 5(2019)9] S WP ske] 2853tk 3 mI2) PS
W27} S} Q= Al streptomycing] FE7} 2420, 1,
2,4,8,16, 32,64, 128, 256, 512, 1,024, 2,048 ug/ml =4 5}
o}, 63710 PS BI04 2|4717k4] A Bkt Psa T2 10 pE
ko] 28°Col| 4] 24417t 2153k vkt H 600 nmoll A
FHEE 243ko] 01 o4l A Aol ol How B
A5k

=

DNA F£&. PSulj |9 A] vljoF3t Psa biovar 3 &3 1.5 ml&
12,000 xgollA 527+ A& st Aot AlZ25 ¢33
o} H|Z2 2 HE] 2] DNA =& Genomic DNA extraction
kit (Bioneer, Daejeon, Korea)& A}-&3}o] 433}t =&
% DNA 92 Nanodrop One Spectrophotometer (Thermo
Scientific, Madison, WI, USA)2 =45}t

rpsL FTIXI2| PCR SZ1t HI|ME2| ZH. Psa biovar 3
439 rpsl FAAE ZZ317] Y3t PCR primers= NCBIoj|
S8 Psa G4 G7IA1G F ppst F 2.0 2R AASIH
(GenBank accession no. CP032871.1). A ¥ primer?] rpsL-F
(5'-ATGGCAACTATCAACCAGCT-3")¢} rpsL-R (5'-CTACTTAG-
GCTTCTTGGTAC-3")2 Psa®] rpsL +4AL2] s} =E(open
reading frame, ORF)2l 372 bp& =314 Ht} PCR -3
2 5 ul9] 10x JF-g-2-=0 5 ul2] 10 mM dNTP, ZFZ}F 20 pmol
9] primer, 2.0 U2] Top DNA polymerase (Bioneer), 20 ng2] 3=
& DNAE 323551 50 w7} B == 319 PCR 2742 95°C)|
A 587} denaturation A]Z] &, 95°Cof| 4] 30% 2] denaturation,
50°Co)| 4] 30& 7t annealing, 72°Coj| 4] 30%7} extensionS 30
3] vrEs}th upx|ako 2 72°Col| Al 587t final extension&
ATt 5EH rpsl F-AA= 1.2%2] agarose gelof A A
719%3}o] 213t F AccuPrep PCR Purification Kit (Bioneer)
2 AAISFATE G714 89 AA-2 Cosmogenetech Inc. (Dae-
jeon, Korea)ol| 2]&Js}o] ¢F& vtgko & Aot

strA-strB ST XQ| &2, Streptomycind] A& &
BT} A= 84S g3stets R strAS) strB
o] ZAE &Qlst] 913t PCRE Lee 5(2021b)¢] W& w
Tk strAE $Z317] Y3St primersZ aph(3")-F (5'-GCT-
CAAAGGTCGAGGTGTGG-3)2} aph(3")-R (5'-CCAGTTCTCTTC-
GGCGTTAG-3") 2 AF&319 1L, strBe &2 aph(6)-F

(5'-GACTCCTGCAATCGTCAAGG-3)2} aph(6)-R (5-GCAATGC-
GTCTAGGATCGAG-3') primers2 43335}t &= AL 2%
annealing 2=+ 55°Cith

1
-

Z Y o

Psa biovar 3 o oA AAWAEA EAHolo] o3 A7)
+ streptomycin A3}/ 2] £A12 7]12ka dopi 7] fisf A ¥
Al 27004 A7) A3 EARCIAIE ALt B4
Streptomycin F17+A] Psa biovar 3 #5291 HYH14719] ujjoFol
© 2 RE streptomycind]] A3 Hol= 3719 o] «F
Z= S1-HYH, S2-HYH, S3-HYHE A3t oct o] & A3 +F
£ A S Aol opE 239 HYHIAH T
Al 100 pg/mle] streptomycin®] 3Z£&He PS agarol| A Z22UE
HABIF LY Streptomycine]| th gk MICE &4 3 23} HYH1471
°] 2 ug/mlo|H ¥HH S AH| A 52] MIG= 2,048 pg/ml ©]
02 58 579 AR BYTHTable ).

rpsL-F/R primer AE2 AL-&3t PCRO| A, Aol 183t Psa
biovar 3 ¥t EFoA AFEH 372 bpe] DNA HHo| 5
Zejgick G2 5 H] ALSH primerih L s £ @
7| g 25 e A&FsEat) Forward primer= 7A]| =0 4] A
Zysto] 3' ko 2 20 bpE, reverse primer= $AIES £
Set 20 bp2 AL whebA Psa d3ollA 525 372 bp
= A&3] rpsLe] ORFo|tk. 124 Psa®l= 2] E. amylovora
(Chiou®} Jones, 1995)2} Xanthomonas oryzae pv. oryzicola
(Zhang 5, 2011) 5-°l A= rpsL ] ORF7} 375 bpZ A= 0] Q1
o] BaE gtk

OFE Y w7l HYH14719] rpsL & H7|A ¥ Fig. 13 &
t} o] #3F9 F7|4E-& GenBankol] 5= Psa biovar 3
3 ICMP 188842 rpsl. 714 & (GenBank accession no.
CP011972.2)} 100% AFEAS Herh

S, A Ao A AdtE streptomycin A3+ Psa biovar 3
SdHOANM = st |77 HHE 971z AEE o=
et =, S1-HYHS} S3-HYHOJ A= 438 F&=0] AAAY]
A AGAZ v}Q) 31, S2-HYH HFof| A= 88H A Z=0] AAA
of| A AGAZ BFITE. o]2jgt T H719] W3}= ofn|ieih-S
lysine (K)ol|A] arginine (R)2. 2 X|ZFA|7ITH(Table 1).

rpsL S AARS] SLE 43 T 88014 Lol B @719 B4
Ho|7} obu] Ak Z|¥AIA streptomycino] EA o] A5}
A ZoHA oA Ade ZA H= @42 E amylovorg,
Clavibacter michiganensis, Mycobacterium tuberculosis, X. ory-
zae pv. oryzicola, Thermus thermophilus 5 12| Ala-ol| A &
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ATG GCAACT ATC AACCAGCTG GTA CGT CAGCCG CGTAAG CGT ATC GTCGAGAAATCC GAC 60
M A T I N QL V R QP R K R I V E K s D

GTG CCT GCG CTG CAGAACTGCCCG CAACGTCGCGGT GTG TGC ACT CGT GTG TAT ACCACC 120
v P AL Q N CP QR R GV C TR VY T T

ACGCCGIAAAIAAA CCT AACTCGGCATTG CGTAAAGTC TGC CGT GTG CGC CTGACCAACGGT 180
T P|K|K P N S A L R K V € R V R L T NG

TTCGAGGTT TCC TCG TACATC GGT GGT GAAGGT CAC AACCTG CAAGAGCACAGCGTG GTA 240
F E VvV s s Y I G G E G H N L Q E H s Vv V

CTG ATC CGT GGCGGT CGT GTAAAAIGACTTG CCAGGT GTT CGC TAT CACACC GTT CGTGGT 300
L I R 6 G R V|K|D L P GV R Y H T V R G

TCT TTG GAT ACC TCC GGCGTCAAAGGT CGTAACCAG GGT CGC TCGAAATACGGTACCAAG 360

S L b T S GGV K G R NQG R s K Y GG T K

AAG CCT AAGTAG 372
K P K

Fig. 1. Nucleotide sequences of the rpsL gene from streptomycin-sensitive strain HYH1471 of Pseudomonas syringae pv. actinidiae biovar 3.
The deduced amino acid sequence is indicated below the second nucleotide of each codon. A mutation at 43rd or 88th codon resulted in
the change from Lys (AAA) to Arg (AGA) was associated with streptomycin resistance. The nucleotides and amino acid at codon 43 and 88
are shown in box. The bases corresponding to polymerase chain reaction primers used for amplification of rpsL gene are underlined.

E22x06 7 H3% Hf ltiDobner 5, 1997; Gregory 5, 2007;
Ponce de Ledn-Door 5, 2013; Valenzuela &, 2019; Zhang
%5, 2011). o|jgt Seolo] ofat EAH o) MHL HL 52
streptomycin A4 EHF S 2 YeEPITHChiou?} Jones,
1995).

Al o] A AatE 37]9] streptomycin A g}Hd Psa biovar 3
5 % 2 4388 2E|, Lol 3 A 88uA) Eo
A SdHo|7} EAYSHF S B 2, Psa biovar 304 & T2 Al
A T oA 22 doft Z=HR0|7} streptomycin A3+
of olo] P& & 5 Uik o5 EAWIA FFEE B2
$=29] streptomycin A4S LEFATHTable 1).

Alet/d Aol AT 7|19 o2l e £23t Psa
biovar 3 ¥ % streptomycino] A3A-E Ho|= 47 45
£ gEIG o5 dFoll A= biovar 2 5ol A A<
Aol HAUH strA-strB -FHAA7F AEEHA] gdrHdata not
shown). mhaba], Z|3}/do] A asof o3t FY=H 9 E843t
o= ok 71&l| Yst= Aoz AL, o F Bsl7]
3} streptomycin A3 w52 rpsL A G7|AES W
X 79l HYH14713 W maklk. 1 At a4e] Ae
Z(KDS1661, KDS1662, KDN1731, KDN1732) B=oj|4 Z=E 43
o] AAASIA] AGAZ W3H: 7 Eeldol7} dofetgo] B2
itk et 3E 880] 4 o]} Yol FEL ¢l
(Table 1).

A=)
Aot

rpsL - ARFe] FArolo] 23t streptomycin A o
T 439 Lo SHHo7E Lot 97} 88HA F=
A 2o}t ©f vl ol o7} M. tuberculosis (Cuevas-
Cérdoba 5, 2013; Dobner 5, 1997), E. amylovora (Chiou%}
Jones, 1995; Ponce de Ledn-Door 5, 2013), X. oryzae pv.
oryzicola (Zhang 5, 2011), C. michiganensis (Valenzuela, %,
2019) oAl Hargar glovt I lof A= &l vt
glck

o] 4] E2]H streptomycin A3+H4] Psa biovar 2 o F2]
7%, AR 713Fo] streptomycin B3t HAE B35t
= strA-strB A o] 71Q18F=t| RH3l(Lee 5, 2021b), biovar 3
FFE psL §AA) SAWolo] et AC R vrepiith 2
< FoA T A2 7]l whet LA = streptomycin A%
4 71&e] & 4= itk E. amylovora®] 73-%- vl= A7) o
H Z9HChiou2} Jones, 1995), o]Aetll(Manulis 5, 1998), T+
ZlAE (Thomson <=, 1993) 2 WHA|H (Ponce de Ledn-Door 5,
2013) Foll A<= rpsL F-AAH] 2= 43 S A 712
Q1 ¥hd, w|=o] | ZLo} F=0] YR} 78, m|A7E Fof A
= strA-strB A&}l SRt A - F7F F2 WHEIL o
(McGhee %, 2011; Russo <, 2008).

Psa biovar 2 7= S-Ejueto At =B & o]& 45
oA M strA-strB-§ A Ff SA Lolut A
537 o|Fo] 7)913 10 2 £ 4 ek Biovar 3 F5-)
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72, 1psl SRR} STO 20E AUAS TH5 A (Lee
5, 2021203 7 Fhell Al B2 AL SAWI 7Hs
o) g7 EAf e

Streptomycin Ag4¢1 Psas] FES 2] SIshHE 7191 4]
F4 FAPES] PA streptomycino] T A 44§
435k, o} 27 THE 2§ 7182 2 A RO o
Aok weh = AF§3H Hlo] Bastk

2 o

Pseudomonas syringae pv. actinidiae (Psa)= 7|1l All+/3
APEe sl WuFolh Psa FE §02 W Aske
Z EA o] whe} 5719] biovarZ Yol Rtk 1= biovar 22} 3
o] ol A WHE o] FHAT WsfE L Utk PsaE HA]
st a9l W F VIR streptomycindt 22 A4
£ AHg3HE Aolth el o A AR 2 2
7F = iol A B =L, A3 AFollA biovar 2 52 #]%}
73] strA-strB - Akel| ek Ao 2 Bt £ Aol M=
Psa biovar 3 w5204 streptomycin A3HAJ2] EA}4 72
98] 34} shgiet A Ao A A streptomycin A +F
o) lmd Tl $128 A akshs §Ael pst o] @71
S 2R A1}, 4357 E= 88HA F=olA A A A
Sao]7 dofut 212 Selstgich S, 5 329 719) B4l
oA E2]% 47119] streptomycin A&} biovar 3 FFoA=
RIZHY 70l AAASL psle] TE 430] AGAR Tl ¢17] 3]
So] Uojytar, o= o] i4hS: lysineo] A arginine &= W3}t
Al71A Hek Fujoll A WAH biovar 3 o5 HF2] A3 7]
28 rpst §HA}0] Eviole] 71elssick
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