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Bacteriophages of Pectobacterium carotovorum subsp. carotovorum which causes soft rot on diverse vegetables
had been isolated from 6 major Chinese cabbage cultivation areas in Korea. In order to isolate
bacteriophages, total 15 different strains of P carotovorum subsp. carotovorum isolated from nation-wide of
Korea had been used as a host. When we tested 30 different soil samples individually from Pyeongchang and
Taebaek with 15 different strains as a host, Taebek soil samples showed bacteriophage plaques with almost all
different indicator strains but Pyeongchang soil samples showed plaques only with P. carotovorum subsp.
carotovorum Pcc2 and Pcc3 strains. Especially, P carotovorum subsp. carotovorum Pcc3 strain was able to
produce plaques with almost all soil samples. Thus, this strain can be used as an indicator strain for P
carotovorum subsp. carotovorum bacteriophage screening. Electron microscope observation revealed P
carotovorum subsp. carotovorum bacteriophages isolated in Korea were belonged to three different families,
Myoviridae, Siphoviridae and Podoviridae in order Caudovirales.
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& HWPHo 2 ube| 2] 9 9| 7k F=5R AL ATk (Erskin, 1973;
Gill -5, 2003; Ravensdale -5, 2007).

W QA= M-S 5olX o8 Fhdste] &+Al7]
A &ddte vlolg| 282, HiE mx|gtal i) 2
71 st} 1915 F=12] AlF8HAF Frederick Twort <}
1917\ Z&29] M8HA} Felix dHerelle®] 2}7} S 2
o2 AR o A= FEOIY A= o]y
2o Blal] A= AlFFRE ZAst Aot 7150 o
st Mejido] tids] =2 nle]#{~e]ti(Ackerman 5, 1997).
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2 e Aol #gk A sR A Hlgte] oA ] vt
g2 e oA o] &gt A= ofA| A&} @A o] th(Eayre &,
1995; Gross =, 1991; Toth 5, 1993). A vre] 2] 0 1}%
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carotovorum subsp. carotovorum®| &3t &4 AFE
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Taebaek

Fig. 1. Locations of six major Chinese cabbage cultivation area in
Korea. Pyeongchang and Taeback are the location that the
summer Chinese cabbage cultivation. Gochang, Muan and
Haenam are the place for the winter Chinese cabbage cultivation.
Jeju island cultivate Chinese cabbage during winter in Korea.

Table 1. Number of soil samples from Pyeongchang or Taebaek
that showed phage plaques with 15 different strains of
Pectobacterium carotovorum subsp. carotovorum

No. of positive soil samples from

Seed bacteria

Pyeongchang Taebaek
P, carotovorum subsp.
carotovorum
Pccl 0/30* (0%) 3/30 (10%)
Pcc2 13/30 (43%) 10/30 (33%)
Pcc3 28/30 (93%) 30/30 (100%)
Pcc4 0/30 (0%) 0/30 (0%)
Pcc5 0/30 (0%) 3/30 (10%)
Pcco 0/30 (0%) 0/30 (0%)
Pcc7 0/30 (0%) 3/30 (10%)
Pcc8 0/30 (0%) 5/30 (17%)
Pcc9 0/30 (0%) 2/30 (7%)
Pccl0 0/30 (0%) 3/30 (10%)
Pccll 0/30 (0%) 12/30 (40%)
Pccl2 0/30 (0%) 3/30 (10%)
Pccl3 0/30 (0%) 0/30 (0%)
Pccl4 0/30 (0%) 0/30 (0%)
Pccl5 0/30 (0%) 0/30 (0%)

*; Number of positive samples that showed bacteriophage plaques out
of 30 samples.
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Fig. 2. Different sizes o f plaque on solid media. (A) largest clear
plaque. (B) Medium sizes of plaques. (C) mixture of largest
plaques and smallest plaques.

Fig. 3. Different types of plaque morphology. Three different
types of plaques were observed during the isolation of P
carotovorum subsp. carotovorum phages. (A) Typical clear
plaque. (B) Clear plaque with white band. (C) Turbid plaque.

carotovorum subsp. carotovorum Pcc3 &5 7|FE Ab
23 A% 4-6mm B =719 FHE FE plaqueS
JAsart.

Shpol B plaqued Lelded oA EET 08 w4

Fig. 4. The electron microscopic pictures of three different types
of phages. (A) mixture of Podoviridae and Myoviridae. (B)
typical Myoviridae with expanded sheath and tail. (C) Siphoviridae
with long non-contractile tail. (D) Podoviridae with very short
tail.

Zl3l7] 9lste] PEGE A3l CsCl gradient 4] &
£ 3 F AAAn AR st thFig. 3). &9
T g A 57 obd Aol 2F R tE FE 9
7h #FEAN 0T AA o 35/ A7t AFE = 5
AThFig. 4). gtz oz A5 Aol Fdst= v
2] QA= Caudovirales & 43t= H(Family) 3%5F
Myoviridae, Podoviridae, Z12]3L Siphoviridae?t R.3LE| o]
UTHAckerman 5, 1997). =t oAl 2]¢k P carotovorum
subsp. carotovorum wFE2S F 3| 3l= bacteriophage=
3FF 25 BEHATHFig 4). 1A 7PE thEF <l v
21wz o] FeNA Myoviridae?] 73-%- M2l= 2F 100 nm
A2 v A3 ENeck)?] Zo]= 10x 8nm, 2]
sheath & BAA & 79 250 x20nm 27|17} =il &
=2HRAS A9 90x30nm AE7} HTkFig. 4B). FHA
FF = PodoviridaeZ ¥ = Myoviridae Bt 2
60 nm g =°]™ sheatht= {12 w]ol Zzwt A TH(Fig.
4C). MWHA F72l Siphoviridaer= ™ 21= Podoviridae 2}
H| =38kl 60-80 nm7F = uh w9~ 21 AE]E 7FA AL 3l
th. Myoviridae®t= 28] 227t FHEAY A= FL
k7 307 71 At 5ol th(Fig. 4D).
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Table 2. Type of bacteriophages isolated in different regions of Korea

. Type of Bacteriophage . Type of Bacteriophage
Location — - — — Location — - — —
Myoviridae ~ Siphoviridae ~ Podoviridae Myoviridae ~ Siphoviridae ~ Podoviridae
Haenam Pyeongchang
HHI1 - (¢} 0] POl - 0] -
HH2 - (¢} (0] PO2 - (0] -
HH3 - (¢} - PO3 - 0] -
HH4 - (¢ - PO4 - 0) (¢}
HH5 - (¢} 0] POS5 - 0] o
HH6 o 0] 0] PO6 - 0) o
HH7 - (¢} (0] PO7 - 0] 0o
HH8 o 0] - POS8 - 0] o
HH9 - (¢} - PO9 - - o
HHI10 - (¢} 0] POI10 - 0] -
Rate (%) 20% 100% 60% POI11 - 0) (¢}
Taebaek PO12 - 0) (¢}
TB1 - (¢} 0] POI13 - 0] -
TB2 - (¢} 0] Rate (%) 0% 92% 62%
TB3 - (0] o Muan
TB4 - (¢} 0] MHI1 - 0) -
TB5 - (¢} 0] MH2 - 0] -
TB6 - (¢ 0] MH3 - 0) o
TB7 - - 0] MY1 - 0] o
TB8 - - 0] MY2 - (0] o
TB9 - (¢} - MY3 - 0] -
TB10 - (¢} 0] MY4 - 0] o
Rate (%) 0% 80% 90% MYS5 (¢} 0) o
Gochang MY6 (0] - (0]
GGl - (¢} - Rate (%) 22% 89% 67%
GQG2 - (¢} - Jeju
GG3 - (¢} - 1 - 0] o
GG4 - (¢ 0] 12 - 0) o
GS2 - (¢ 0] 113 - 0] o
GS3 - (¢} - 14 - 0] -
Gs4 (¢} - 15 - 0] o
GS5 - (¢} - JJ6 - 0] (¢}
GM1 - (¢ 0) JS1 - 0] (¢}
Rate (%) 0% 100% 33% Rate (%) 0% 100% 86%
AnZow 7 e BREAT. A, B Aode] &= el i A Eol W P carotovorum subsp.
AMe 1032004 AT EF AEE AFSSAL B3-S carotovorum HAFo] TATE ongtial & 4 Sl
13A]Y, F-oF 3-8 ox|, 283 A|FEoME 74 Y SEuet EY Sl Siphoviridae?] JEIE 7F 314
o] ERNEE AMF st wAE HEs & A AFe o FETF 8%E 2] B wiF Avl Sl Siphoviridae

ROk tH(Table 2). - H=He] 7F EAet . & 4 9ok 2 HE ©9] Podoviridae7t
Eoko|A] 1|7} Uk}, o) 78%= Wl =A Usko™ Myoviridae®] 735 60X < <]
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213t A3 MyoviridaeSt Podoviridae?t 2= Q3
Siphoviridae= =R QQkThal BASIATHGIll 5, 2003).
AR Pectobacteriume 4oz thtRe] X EXE
ZAYeE A7 AAIF SR HA7t o]l P carotovorum
Zoll % Siphoviridae7} A 3= ZRIA oYW Erwinia
amylovora®}t "%~ fASE S-2l\Vete] Erwinia pyrifoliae
% Siphoviridae7t HZEA] o5& ZAA] o AFT}
) Z a3 Ao|tk(Schnabel 5, 2001; Toth &, 1993).

U F8 wFAER] 6322 Asl] EF AEA
|74 5 & bacteriophages £ 3+t
o] B AZoA S

7 H
M EelF 157le] e FEHES VISR NS 2
23 A B EFS st Beld s IFE 35
she b 3] v = F SR doMt SFe] =
o] vi5-

subsp. carotovorum Pcc39] o

NA FAAE FET F Qo] Yo g A F o] &F FE

W Q2 #32 ARE F de 7S

U FEHAS §4F F AE FAE= Myoviridae,

Podoviridae, Siphoviridae Al &7FZ B8 Hom =u A
RUn

o] A AN Siphoviridae7t £ = St}
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