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ABSTRACT

Background: A soil-borne pathogenic fungus, Ilyonectria radicicola (Cylindrocarpon destructans) causes root rot on ginseng
(Panax ginseng C. A. Meyer) and is known to attack many other plants. The Nectria/Neonectria radicicola complex has been
renamed as the /. radicicola complex after analysis of its multi-gene relatedness and morphological characteristics. The fungi in this
complex have been reclassified into 16 species under the genus /lyonectria based on characteristics analysis

Methods and Results: To obtain useful data from the Korean ginseng root rot, /. radicicola was isolated from the rhizosphere soils
of the chestnut tree. They were identified through a pathogenicity test and a survey of the morphological features. The existence of 1.
radicicola in soil samples was confirmed by PCR detections using nested PCR with species-specific primer sets. These were subse-
quenctly isolated on semi-selective media from PCR-positive soils. Genetic analysis of the I. radicicola complex containing these
pathogens was done by comparing the DNA sequences of the histone h3 region. These isolates originating from the rhizosphere soils
of chestnut constituted a clade with other closely related species or I radicicola isolates originating from ginseng or other host
plants, respectively. Additionally, the pathogenicity tests to analyze the characteristics of these 1. radicicola isolates revealed that
they caused weakly virulent root rot on ginseng.

Conclusions: This is the first study reporting that /. radicicola isolates from chestnut rhizosphere soils can attack ginseng plant in
Korea. Thus, these results are expected to provide informations in the selection of suitable fields for ginseng cultivation.
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M A AEHor dHA e, 2 F EFHDELS] lyonectria

radicicola (Cylindrocarpon destructansy= A8 o= 104
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WLIe SH=Y H2| B0l QM Chet Hel

oA B KWl C. destructanse= -, X, At
W, S, AL 32 Tl 7R EElA leH (Booth,
1966; Matuo and Miyazawa, 1984), 25 % =0 ZHU3}
SHAE FAFoR galA EAlcte 4o IHA UL
(Singleton et al, 1992; Punja, 1997, Reeleder et al,
2002), ol = Qlak, 2ok, Er]oA] WAio] Hilwo] 9]
t} (KSPP, 2009).
=] 7, AefellM 2 C. destructanse 7224
+HE doA Qi mRPIRRE Aok AzPelE do7]
7] 43 (Choi et al, 2004), Q1toll tiste] Ba)H23He o
o7l Ze=Z dExon, N2 ERAA st I
robusta®. AT AT (Seo et al., 2017).

Jun (2008 WhF- Ereje] A2 FLejel T EkoX C
destructanss AZ3IAL, Tt 44 14 o= 7Y
7HE Bl =2 HIEZ C destructanss HEZSITH 2
ub i BREle] A Beu T Bl wElE C
destrctans®] W] Ao AEL ERAA WE Fo
Fe o]FoX|A] ATt

F2 Peishy 43 multi-locuss -89 F3 =3
vlwsle] C. destructans w2 I radicicola 152 A&
SIFAL o]5S T F 16 9] FOo= Witk ek 4
S =2RY BYE FOZ= I mors-panacis, I robusta, I
panacis, 1. crassa 5 525 4 Fo] EFHUT (Cabral er
al., 2012).
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570 AFe] v IAgeA ZHzE 20 A4, F 100 7MY E
WAEE AR o] nested PCR (first round; ITS
1, 4 primer set, second round; dest 1, 4 primer set) '
< ©o]&3% PCR #HoE EY W eS8+ (C
destructans)?] EA)2 et}

PCR HEL 33l Wdte] SA7F ER1E ESo 2N +
FE ] flsted EF AR 1,000 B 34 100 4=
Ll

=

=90
==

W] [czapek solution agar 49 g, pentachloronitrobenzene
(PCNB) 0.5g, difenoconazol 2mg, chloramphenicol 02g,
azoxystrobin 1 mg)oll =TS 319, dZ2As A 15T, 21 ¢
7 BAsiGith 2 5 iAol 2 colony T FEASHA o R
AN S AZ FAFSE FAME potato dextorse agar
(Difco Laboratories Inc., Detroit, MI, USA)l| zZ}zt ©tA}
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£ o] Ao, 75 s & 58S 98l DNA
£ F5ke] histone h3 G2 A7IME FA 0l ARE-aI3H

2. WAy Hd

R ZEESANA B89 L radicicola d5= A4t
(Panax ginseng C. A. Meyer)oll tist 94 §5F 9 21 =}
o|F otr7] 95t BARS o]&ste] WA HAPE AAst
ATt

PDA HiR|ol 22® [ radicicola dFE 14 47+ 20T
A aFstdom, vigE FARE 40 mee] s ¥ vl
sto] HEAS WHE Ths, BARS widRdEdel] AAAZ &
ARG AT E T F FAtel fIRIg diFRATeNAN B
A olAslal 1 WA BEE gl
TESE QoA BElE I mors-panacis CY8005 59} I
cyclaminicola CY8073 #5-5& U252 ARE-ste] U]
ztol & gRlsisit.

3. DNA 22| ¥ IMEs

HUR ZHEGA A
genomic DNA #2]5 9]3] PDA wjx]o] 53l 20T, &+
Z7oA ZA] wf sttt

AN T3] FAARAIA wRig ¥, proteinase K
(50 1)} extraction buffer [200 mM NaCl, 30 mM
EDTA, 200 mM Tris-HCI (pH 8.0), 0.5% SDS|& %, 2
x CTAB solution [2% CTAB, 100mM Tris-HCI (pH 8.0),
1% PVP, 1.4M NaCl, 20mM EDTA]Z 78Itk 2 &
chloroform isopropanol (24: 1) 700 (4 E X7Fsld 15 &
&<t 13,000 rpmO= TSIt Aol sl Ao
5N 15mlE tubedl] B3, 70% ethanol 700 (& & Al
28 o2 13,000 rppmo2 15 ¥ FF AR E s19on,
FdE DNAE ALlg ymx] 22453 A7 A2
A ethanolo] ¢H83] AAE W7lx] AXAZ|AL HEFSHT
5005 B U A7ER] —70Ce] B#sIATE (Doyle,
1990).

Y 2HAESE Zead A EelE CYs00s,
CY8014, CY8073 52| histone h3 ¥9= PCR
slo] AZHEl CYLH3FSF CYLH3R primers ©]€-3fo] PCR
< Y39 (Crous et al., 2004).

SZ5 PCR 4H=2 Macrogen (Daejeon, Korea)oll %7141
& B4e =% F, vl SHAEYEAIE (NCBI)® Basic
Local Alignment Search Tool (BLAST)E ©]&3} NCBI®
= el F7IALF vlaLssit)

T fAEA A4S 918 971492 MEGA 6 program
(Tamura et al., 20132 ©]-83}o] alignmentS 2A|3to] U]
A & A7IMEe EAA AeAnk 1,000 3]

Eouun =21

C. destructans TTFE9
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bootstrap 42 53l AF=E HrkelgeH, MEA Fol &
¥ L radicicola species complexES 252 DNA 97]
MEZ ARESIATE (Cabral ef al, 2012).

29 o o
1. WUTF ZHEUC| WaAR HE

& 5 1o YR 2o 2 RE Zhzt 20 Mo wuE &
BEY AFE A-HSIA Iyonectria radicicola’} A= E
s Adstal HedS 471 918k nested PCR WS &
&3 PCR A4S 3t (Fig. 1).

Hamelin 5 (1996)2 AU §XoNA  Cylindrocarpon
destructans®] EAAF-S IHA317] 2131 internal transcribed
spacer (ITS) J O ZHE 399-400 bpe] FZEAHES Leh)

primer set® TIARISIY] <%= ITS 1, 4 primer set®
ZAF|AL, o] SEALHES dest 1, 4 primer set? S1AHEEE]
SHdS AET 4 = nested PCRES AA]S v} Qlch
£ 'S &8st Al gAY B

=

ofN r|r
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Jang (2005 ©]

o RRYH PR H ST EAE Adsle AEHS
et vb Aok 5 AY whbE Y] BE oA L
radicicola®] =7} GRI= o™, 100 712 EYAE F 35
Me] EGAFONA 400 bpe] SEES VERE Wl
EAE IR & AU

Jun (2009)& HhbT- HE]e] A2 919} ZUE)e RAE
C. destructanss AZE3 W77 PSS dovl=
C. destructans®] 71574 7Fs/3<

ol
elske o AU F
al 2 Ae S BT

2l

p==1
2. 7oz 2ME Sot YUT ZAUEY 2wl & S3

W ZHEYNAN [ radicicola®] EAE 3l

gelst Eqfo
ZHE dbdguixE o] g3t + EElE 3F3MSH (chestnut
7, 11, 12, 17, 18 and 24), histone h3 H 2] FATAEA
< AAsl F 5HS AABIEY (Fig 2)

Seifert 5 (2001)2 ITS ¥Fo FI7|IMES o]
destructans complex ol = A& gl wj=to] A4k
< ¥3shs 253 e 7IFEETH Y aE0E U
AeH, Seo (2009)= HW A 2HE TE|g C. destructans
o] ITS 7MY 45 Fall A Belds xsle 2%
olol= t& 715X EElE C destructans®t ¥ 1w
o|fF= =S IS

HZN= M2 EFAAA 8 I mors-panacis, I
robusta, I. panacis®}t I crassa 5 4 5°] AN ZHE E
H Foz % ul AUt} (Cabral er al, 2012). E3F )
MM AN SF] ARLFE 3l L mors-panacis, 1.

robusta, I liriodendri, I cyclaminicola®} S+ 159 vl&A
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Fig. 1. PCR detection of llyonectria radicicola from
rhizozf)ere soil of chestnut tree using nested PCR
with dest 1, 4 primer set. A; Gongju Suksongli, B;
Gongju Nechonli, C; Gongju Jangwonli, D; Gongju
Daesanli, E; Gongju Nemoonli, M; 100 bp ladder, P;
positive control, N; negative control, lane 1 - 20; DNA
isolated from rhizosphere soil of each chestnut tree.

CHESTNUT12_GJ
CHESTNUT24_GJ
CHESTNUT7_GJ
CHESTNUT18_GJ
CHESTNUT17_GJ

CY8014

CHESTNUT11_GJ

CY8073

991/, cyclaminicola CBS302.93
I. venezuelensis CBS102032
I. robusta CBS321.34

26

1. europaea Cy131
1. liligena CBS189.49
1. gamsii CBS940.97
1. pseudodestructans CPC13534
I. crassa CBS139.30
I. rufa CBS640.77
1. liriodendri CBS117526
1. lusitanica CBS129080
|. mors-panacis CBS120359
971CY8005

I. anthuriicola CBS564.95

[ CBS112594

C. pauciseptatum CBS100819

Campylocarpon pseudofasciculare CBS112679
1. vitis CBS129082

Fig. 2. Phylogenetic analysis of Ilyonectria radicicola species
complex obtained from chestnut tree rhizosphere soils
using histone h3 sequence region. The unidentified isolates
of chestnut rhizosphere soils were in the same group as the
existing ginseng isolate /. radicicola complex. Tﬁe bootstrap
analysis was performed with 1,000 replications.
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Fig. 3. Pathogenicity on ginseng roots by chestnut 11 isolate from chestnut rhizosphere
soil. 4 Weeks (a), 6 weeks (b), 8 weeks (c) and 12 weeks (d) after inoculation,
respectively.

Fig. 4. OthicaI images showing symptoms of root rot due to llyonectria radicicola
affected by highly (a) and Weakly (b, c and d) aggressive /. radicicola isolates in
vivo on field cultivating ginseng roots. Ginseng roots were inoculated by CY8005
(a, 6 weeks), CY8073 (b, 3 years), chestnut 11 (c. 3 years) and chestnut 24 isolate (d,
3 years) after inoculation.

AAN &) I radicicola complex Woll ®5F Eg=om,  Fo)
AlZEoA E2]8t I cyclaminicola®t 7P 242 & o] Seo 2017y AEETF F I cyclaminicol
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Table 1. Pathogenicity of Korean ginseng lfyonectria mors-panacis,
I. cyclaminicola and |I. radicicola species complex
(chestnut 11, chestnut 24) originated from chestnut
rhizosphere soils

Species Disease severity"
llyonectria mors-panacis CY8005 100 ++++
I. cyclaminicola CY8073 12,5 ++
Chestnut 11 27.5 +++
Chestnut 24 22.0 +++

T—: (no infection), +; (1 - 10%), ++; (11 - 20%), +++; (21 - 30%),
++++; 31% >).

glom, o SEyE WAYS Hlskich. e v Uk

GellA F2lE F57F ikl #21E CYs014¢t Fd48e

2 dAsk= ZoR Hol Hhiy e R ZUEGA
EAlsk= Wro] PEo R fygste] Qlatel HEHHE
dod F de 7FsEE BTt
3. YUF 2A 2zl ool thst Had

ERAAAS T HUF 2HEYeZRE 29 I
radicicola v+°] Q13 23 HJstd WS dovj= A &

o134t} (Fig. 3 and 4, Table 1).
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