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ABSTRACT : Ginseng root rot caused by Cylindrocarpon destructans is one of the most destructive diseases of ginseng
(Panax ginseng). We analyzed the features of the species through pathogenicity test and genetic diversity analysis
of C. destructans in Korea, for its application as basic data to attempt for effective control. C. destructans isolated
from rotted ginseng roots exhibited a variety of colonial colors on media. It was assumed that there may exist
genetic diversity in the population by the diversity of pathogenicity among isolates observed when artificially inoculated
into ginseng roots. Pathogenicity tests using ex vivo wound inoculation with agar mixture inoculation on ginseng
roots were performed similar results as were observed appear to be useful for rapid pathogen inspection. According
to RAPD analysis results, Korean C. destructans isolates formed a single genetic group which can be distinguished
readily from closely related other fungi. C. destructans group was divided into two small groups. Therefore, we
were able to confirm pathogenicity and genetic difference between the isolates in each of the groups of the pathogen.
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Aoz Ex)sk=dl(Hildebrand, 1935; Seifert et al., 2003),
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Table 1. A list of isolates of Cylindrocarpon destructans used
in this study

Isolate Geographic origin Age of ginseng
CYO001 Wanju, Jeonbuk 4
CY003 Yeoju, Gyeonggi 6
CY006 Geumsan, Chungnam 4
CY008 Icheon, Gyeonggi 4
CYO010 Goesan, Chungbuk 4
CY030 Yeongju, Gyeongbuk 4
CYO033 Icheon, Gyeonggi 6
CY036 Goesan, Chungbuk 4
CY037 Okcheon, Chungbuk 4
CY050 Boryeong, Chungnam 3
CYO051 Goesan, Chungbuk 4
CYO055 Boryeong, Chungnam 3
CY060 Goesan, Chungbuk 4
CY063 Hongcheon, Gangwon 6
CY066 Goesan, Chungbuk 4
CYO075 Yangju, Gyeonggi 6
CYO076 Goesan, Chungbuk 4
CY080 Hoengseong, Gangwon 4
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W] 44 §ATAE Lol A} URP primer 1271
S} OPA 10715 AF8510] RAPD 412 44511tk RAPD
HAE AN AxE Bl e Qge] Zpo|7t FRle] vt
ER= 3719] primer, URP-01, URP-03, URP-092 412513
T}. URP primer set= T+ H7Fek2] #|F-2 ARSI

RAPDI| <J5]l o1z DNA polymorphism- HHE -7
w2} 0 12 vdste] HEl AR daa® 2Pkl
o] data= NTSYS programs ©]-8-3}q ofgfje} -2 F2o =
FAREE T, 221S 7S 2 UPGMAS] 23k 3]
A8 AASEATH(Ver. 1.70, Rohlf, 1992).

Similarity coefficients = 2n, /(n,+ n,).

n,, n,: Number of fragment in each strain.
n,, : Number of fragments shared by the compared strains.
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A EAL} AT o] FEe $HIEATF A Qigml
FAo] tpeksiA UERA(data not shown), 3 ©|&
AT FA T AN #5-S A8 C. destructans
2 FZE AT

C. destructans®] &% Hook}‘] ko] Hokal 2} fo
e o= HAMKE 7IHE o]&3k= Aol Al
- f2lsitt webA] BME QoA EE gAHTES
B34 DNAS A3 71290 C destructans & 5|
A primer® 2 3%F Destl/Dest4 primer(Hamelin et al., 1996)
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Fig. 1. Nested PCR amplification for the identification of

Cylindrocarpon destructans isolates from agar using ITS
and Dest primers. M, 100 bp ladder; lanes 1-17, C.
destructans isolates; C, Negative control.

FAsHA Eb‘P 1 CY037, CY080 w5-%to] o3l
S A5 THTable 2). £ (1981)
g+t A?ﬂ Q1] A 2
rjr__ EOhﬁ

73 IR 2 uﬂ% Laﬂ x}qu 71° & (Hildbrand,
1935 Seifert et al., 2003) T3] HE Al A H<l olappa]

SHEke] Ao] A] eokal, A HES S3 YA
Zj@—e— AeME o718 o 5o & Aoz Azt

BARES T FAATES] 292 At gk W
A AR A3 FATE ol FET-loA kY] =
7] ztolol] e ARl B Zpol7h vEbeS 1T
AATH(Fig. 2; Table 2).

AR elM ] 2 APl QAR A SR WAYo]
714 o] VRt (Cho ef al., 1995), W4 70l 220
7P 34 o]2h= Rahman 5(2005)°] 787+ 2ol & A
oA ALETH AHAHETS B3 WA ARLS T HER
o} 2d 2ol A o] FAIFTE Tholl W AlolE B % Fsist
Al FEE S AN By B A T AT

S Q1] AFE HAATE T8 U0 EE dF
g 7RI 5, 1988), EFFE2 4~‘7’+ e s

A ZHE

3 wjEEo Aﬂ A 2 Al 508 5, 1978; %
5, 1981; A 5, 1984)0] L&A 911 AR 1ol B
Z ﬁﬂésﬁb HME% 15, Alit 8%, A4 1950] 0‘?424

UTHEH=A B EE, 2009) olE Wall F Witk F=

BH‘:;]E ,—doﬁo}__ oﬂi o] 713z A ;qoﬂzJ EO]:OO:]

Aol gk 24, gues wae SE - %
Z

ol B2} olsish olstapyel ¥
Sk ST, 1979; 2, 1981

J5lo] HUL;G_E uug

f 5, 1993). w2

HARF % Ak 4 B el Tk fak
o], A DAL the £ ale] sl 934 8

1_]’% ApAFEke 2 lsted B} Hekelarl 21438k C destructans

o] W1 gl falsitia ek,
=& 4y
Aol BeE Aol S BATFES) 2%
Ak A L 24 2515 BAPA el TE B



=) QIR S A (Cylindrocarpon destructans)2] +A% T4 19

Table 2. Pathogenicity of Cylindrocarpon destructans isolates
on ginseng roots ex vivo and in vivo

Isolate Ex vivo" In vivo’
Non-wounded Wounded Mixed with inoculum

CYO001 - + ++
CY003 - + ++
CYO006 - +++ ++
CY008 - ++ +++
CYO010 - ++ +++
CY030 - + ++
CYO033 - +++ ++
CYO036 - ++ +++
CY037 + +++ +++
CY050 - ++ ++
CYO051 - + +++
CYO055 - ++ ++
CY060 - ++ +++
CY063 - + +
CY066 - +++ ++
CYO075 - ++ ++
CYO076 - ++ +++
CY080 + ++ +
N.C* - - -

*-, (No symptom); +, (> 4.5 mm); ++, (4.5-9.0 mm); +++, (> 9.0 mm);
Lesion length on ginseng root was surveyed on 4 weeks after inoculation.
*-, No symptom); +, (1-40%); ++, (41-80%); +++, (> 80%). Diseased root
rate was surveyed 7 months after inoculation.

“Non-treated control.

Fig. 2. Symptoms of root rot caused by Cylindrocarpon destructans
on wounded 2 years old ginseng ex vivo. A, Negative
control; B, + (weakly virulent isolates, CY001 and CY030);
C, +++ (highly virulent isolates, CY066 and CY033).
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Fig. 3. Diseased ginseng roots by weakly (A, CY001) and highly
(B, CY033) virulent Cylindrocarpon destructans isolates.
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Fig. 4. Dendrogram showing relationships among the Korean Cylindrocarpon destructans isolates. Genetic distance was obtained

by RAPD using URP-1, URP-3 and URP-9 primer sets.
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