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ABSTRACT

Background: In September 2017, wilting and rhizome rot symptoms were observed on Atracty-
lodes macrocephala Koidz. in Jecheon-si and Eumseong-gun. This study was carried out to isolate
hitherto unidentified pathogenic fungi from 4. macrocephala and to test the pathogenicity of iso-
lated fungi against Atractylodes spp. genus such as A. macrocephala, A. japonica, and their inter-
specific hybrids.

Methods and Results: The diseased plants were washed with running tap water, and the boundary
between the healthy area and the diseased area was cut while the pathogens were isolated by grow-
ing cultures from the diseased areas on Phytophthora semi-selective medium. The internal tran-
scribed spacer (ITS) region of the isolates was used in this study for identification. Test plants were
cultivated in the glasshouse at 20 C - 30 C for 4 months and then used for pathogenicity test. The
pots with plants inoculated with mycelial plugs and zoospores were placed at 25 C for 48 hin a
dew chamber where relative humidity was above 95%, and then moved into the glasshouse at 20 'C
- 30 C. The presence or absence of pathogenicity of the strains was determined by evaluating the
symptom of plant wilting. The inoculation test was performed in three replicates with a non-treated
control.

Conclusions: On the basis of results of ITS sequence analysis, the strains isolated from the dis-
eased plants was identified as Phytophthora sansomeana. Biological assay using test plants con-
firmed the pathogenicity of P sansomeana against Atractylodes macrocephala. This is the first
report of rhizome rot in 4. macrocephala caused by P. sansomeana.

Key Words: Atractylodes. japonica, Atractylodes macrocephala Koidz, Pathogenicity, Phytoph-
thora sansomeana, Rhizome Rot
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T N5 (dtractylodes japonica S0 72 HE o] EE] Auj7F Bojd o]T2E A
SN (Atractylodes macrocephala Koidz.)2] (A. japonica)?t TEATF (A. macrocephala) 25 &= 1
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Phytophthora sansomeana®|| 2[5t

WL d2iE 28bsd A 9 Bee] xR R
H AHUEE (F2K4E), 2EY (Wi%) 5 tEd
grejof Aol E3tEe SHefRolA R thEAR] Y o oF
ANZA Sl A A AR 9L Qloks Esle] 31 ha 2
82 E2 AYASIAL AUTH (MAFRA, 2019). W&E g5 gt
e A7} SEo] AT UOP Jemg (2015) TS =
oA el WEe] e #3 A7AFAE WHO-ATC
guideline (WHO, 2014)e]] whe} 4131904 43b7] 9 Ak
AE 28 T8 Haek At 23 702 7 Bkew, &
A7 &% 11 7, Y &50] 9 7o 1 FHE otk
Barstal Qlok. o]y st Aibe ot gl TRl Sl
WE A Al Uehe aeh Ao wHlo] thgk
A &5, S, o 5] AHREe} AHE a5 kst
TS 5 71 @) EHoAM s HEs] 7eHA dud &
ol A e AMEA B3l AFER SATIL SISt

SEAIRE wWiZe] 7194 =] AE Aful717e] AaL A
o] ylo} A Erke F= opIAF | olEekaL o At
T Tl ol AplE it kR Qg HAx XA
oJHol] FHefstmz Al Al f1@acle] EaL 3tk (Cho er
al., 2001a, 2001b). o]¥ Aulde] FHPIES FE554L 33
sidstaa Aot ExAEe S (4. japonica < A.
macrocephala) 9 F&°| $/3=00m™ shEst FFol tigh A
< 543} atractylenolide I, atractylenolide 11, atractylenolide
I & fF8AE vl 2 3, st 235 vlwd bt ot
(Jeong et al., 2018a, 2018b).

AA7A] Aol EAste Wl Z%  Colletotrichum
gloeosporioides®| 2|t ©EAY | Sclerotium rolfsiioll 2|3t 3]
S| Phytophthora drechsleridll 213+ 99 So] H3w n}
Ao (NIAS 1991; Kim et al., 1997) L4150l BA sk
WORE= P drechsleril] °]gk ¥go] fU3HA| Harxo] ok
(Kim et al., 1997). 224 S7F AuiA] eprlol] 538
FAoA <ol AA AAY AFRTE Al BElE XS
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1.

%71 (Phytophthora semi-selective medium)el] 3|
(NIAS, 2000) 20C ®j%7] (WIM-RL4, Daihan Scientific
Co., Ltd.,, Wonju, Korea)ollA] 48 A|7+ wjF & o|yzzo g
2EH A 435 22 10% VSA ¥jA] (Campbell Soup
Co., Camden, NJ, USA)ll 22|32 20CA &< w314
o}k o]% dt FHF7E B7 10 ml test tube ol AR AH
S ¥ 15C Bt A o] 833t

2. 2ol SHS st PCR &Y FDIME &M
H2E FFE 10% VSA vl HFsle] 25Tl 4

t ,
’ y Vil ) 1 7 Na

Y }‘ P b W oW (]
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Fig. 1. Occurrence of Phgtophthora blight caused by Phytophthora sansomeana in cultivated field. A; outbreak of disease, B;

wilting symptom, C; plant decay.
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7F F AR wjgslel FAAE At #AKIE PCR 22
S Yot FAAZRE T A% 1.5 ml tubedl] WL

S extraction buffer (200 mM Tris-HCI (pH 8.0), 200 mM
NaCl, 30 mM EDTA, 0.5% SDS) 400 /£ ¢} proteinase K
5 e F7KE 5 37ColA 1 AIZF B9 WA Tt 2 x
CTAB solution (1 M, NaCl; 100 mM, Tris; 20 mM EDTA;
1% w/v polyvinyl polypyrolidone, PVPP) 400 (£ & 3 7}gt
£ 5-10 % 5 & 412 T chloroform : isoamylalcohol
24 ;1 €N 700 M E H7lsla PARF 704 20CE
E7F 12,000 ipmeZ “Ha] stk JAE 600 L
NMZL 1.5 140 tubed] Ho] & & thA] chloroform :
isoamylalcohol = 24 : 1 €9 700 b & H7lelaL -2 =7
o] AAEYE 1 3] vhE AAJSIGTE A4lEe ste] dojxl
1 & thA] isopropanol 420 (5 7l A2A 10
74 WS B0 4TolA 10 & B2t 12,000 pmoz Y4
2] 3lo] DNA pellet A AJZATH 2 o] 70%2
ethanol 500 (£ 2 DNA pelletS A&3 & 12,000 rpm 4C
A 10 & B¢ 9452 g F vacuum pumpZE 30 &
S AZAZ T 50 O] BHTE ¥ol &3AT7IAL, 0.7%
agarose geldll 2719% 3l DNAS st
Phytophthora & 2] ITS 992 ITS 5 (GGAAGTAAA
AGTCGTAACAAGG)®} ITS 4 (TCCTCCGCTTATTGA
TATGC) Zeglo|ME o|&3ste] FH3Tt (White er al.,
1990). 7t =Zz}o]®] 10 pmol 2 DNA 1 /45 E3HaF= 20
wel #HF H3=Z AccuPower PCR Premix (Bioneer Co.,
Daejeon, Korea)S ©]-88= C1000 thermal cycler (Bio-Rad
Inc., Hercules, CA, USAYS ARE3le PCRE 43 3sl%ith.
PCR %7 94CollA initial denaturation 5% & 94CojlA
denaturation 40 %, 55ColA annealing 40 %, 727CellA
extraction 19 Z7ASE 35cycles AA|3FAL, final
extension> 72CollA 10 7+ AAIEIATE PCR AHE2 1%
agarose gelolA 719% 3l DNAE 153

PCR Clean-Up System (Promega Ltd., Madison, WI,
USA)e Z AAsle], Erla2A (Seoul, Korea)ol]l 2]Z|shed

10

Ni

r fr o

A7IME AL STk F7IME A AI= MEGA ver.
50 (Tamura et al, 2011)& ©]&3}o] WA S NCBI

(National Center for Biotechnology)®] BLAST (Basic Local
Alignment Search Tool)E ©|-&3f] 7]&o] B H7|ME
3} vlwskelth 92 971482 GenBank=F-E] reference
Fo] GrIME S L2 Esl] MEGA ver. 5.0 (Tamura et
al., 2011 o]&3ste] HH3IATE Reference 5+ ex-type
o5 B AR w2 759 GenBank datas 315}k
MAFFT v7 (Katoh and Standley, 2013)2 ©]-&3] FHE3}A
t}. A9+ Kimura 2-parameter model (Kimura, 1980)3}
1,000 3] WFE- bootstrapping®Z MEGA ver. 5.0 (Tamura
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et al., 2011y AM8-3te] 2d3HA

2a|7%0| 78X EM XA}

ME ARl Held #F )7
(DM5000B, Leica Microsystems, Wetzlar, Germany)yS =3l
A7t ARl FEHE AV S8 e 10%
V8A Aol A 2 A7F mjgsidiTt. o] &40] 7P 2 o
Z9] 7P E 1 em x 1 em 2 2} 100 mm x 15 mm 72
9] HEZYA] (SPL Co., Ltd., Pocheon, Korea)oll 7]
HHZF5E 20 Ml Hrkste] FAF AHo] 2A3s] S 77)
A star 25C 3 x1e] w7l (WIM-RL4, Daihan
Scientific Co., Ltd., Wonju, Korea)ellX] 24 A|7F 531 A

FFAY Pehg 2ARE olF BRERFE 2 A7
njt} 2|42 o7 ZlolEs ;gr;qg_ B3] §FapdomRE &
FAE FEATIL 10Yme 550 AefAoA] ST & e X2
o A HEALE 2T,

3.

o] @A 542 9%

4, 2efaFo| HF 5 Al20l Ujsh WM 2N

B4 HAL 20T - 30C7F fA frelAoA Z8t
22g 3 (0200 mmpel| F2E ¥ Zoh 4 Mg E%F BEA
7 AAg AEAE R Fsith. AHEe AF A
A o] gsk HFA AFAde =2ty fxg F5FAE
AA R HF FEFehs T /HKE FAseH T B
T HE AEA A falo}oq BaFQ #2] #+5 F HCRD
17065 455 X FF=2 3k 33kt

A RS o83 WY AR EENTE ieE
st om HAHFFE 20ColA 3 U7 V8A Hix|oA] ¢ wl
Fste] o] AL 3HAIZI T 20C VBA Hix| thA] 3

A7F & wlF sted A 55 6 mm cork borer (DH-
KAO0049, Daihan Scientific Co., Ltd., Wonju, Korea)=

Ao YA FAF AGERQE gt FEAFE AR £S
A AS L Bigo)] Eo 243_0} It} o]F HEd 3RS A

HFE7F 95% ol fAlElE 25T HE
Scientific Co., Ltd., Hwaseong, Korea)ell

32 (DS-53C, Dasol
27 48 A7+ 7

F & oA 20C - 30C fEl4dz 24 oézoé 5 AEA
o AE 249§ BANAG. BI AEAR RS

2 ARESE ARolM = #AF AR JEARS RVRAE
o] S 37 F 20T V8A HiAIo] thA] 2 A7 ¢
ujok dto] S #ES 1om x 1 em B g HEFTA
2 7ol vro] Hal 20 mb B RTE ke & 20104
1 97 ¥ wjdates] fabds thge R APAATE HE
oz »o 9F2= i wjef = AFZESLE 2 A7
A&H o7 Zolrs HFE il FFAPdeEZRH FE2A
Aok olf fE2E FFAE 3 A9 ARE A=ZA Ko §

(1973)9] microsyringae ol W} HEFIoZ U {4}
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SO Befslal Sl WS (4. japonica),
(A. macrocephala), 1283l ©] F &9
7% @9, 3%, &, 49
A% 3 A A s FRe
Z71° mlolAzIleR 10 m ¥ A :
HET shte dAF A HE L3 el s 3
(DS-53C, Dasol Scientific Co., Ltd., Hwaseong, Korea) Hl
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(Atractylodes macrocephala Koidz.) A& 373<]

o uny

2
HRERERE 22lE 459 ITS 99 A7 ES GenBank
o 554 reference o} A vl A3} P sansomeana
o} 2 aFS HASNUIL reference dFE AMEE P
sansomeana CPHST BL 55 @5 71X Eo] A5t
5 (2009)°] ITS ¥ <]
Z3] 71 Cooke 5 (2000)°] A|<tst
Phytophthora < 7%°19] 8 7| Alg- EFAA MEA &
o7 A% WYAHFOR P drechslerit A3 AlEtol] &34
T A o R FEE e @7IKYEY X}O]E Helch
B A= Sl 3%%@%% Rkl B3k 5= 20099
0]% GenBankdll 55% P sansomeana a9 100%2]
A As8s 5‘“"]& T AU weEbA T AFolA g
THTE P sansomeana=. 73R oM 71Ee| A UA
F2 BRIE P drechsleritts FA3AI= 7MAAT T2 Y
< gRlskt.

(Fig. 2). P sansomeana= Hansen
A7 Y BAL

o

2. 2ENUFT QY Z4 Al

10% V8A HIR|IA &

= 1cm x lcmiz‘i‘r-ﬂl
20 0 ml A7ksld 25C B =

AF266796 Phytophthora cryptogea IMI045168
AF266797 Phytophthora erythroseptica ATCC36302
AF266798 Phytophthora drechslent ATCC46724
MGB865585 Phytophthora sansomeana CPHST BL 55

100

1

00 THCRD 17065
EAF266799 Phytophthora medicaginis UQ125
60 AF266800 Phytophthora trifolil UQ2143

[ AF266804 Phytophthora lateralis IMI040503

100 L— AY369368 Phytophthora ramorum 0217

AF266769 Phytophthora sojae UQ1200

100

62

70

100 [

74

—
0.01

100[

AF266764 Phytophthora cinnamomi UQ881
AF266763 Phytophthora cambivora IMI296831

AF449491 Phytophthora europaea OSU-2 AE2

[ AF266794 Phytophthora crassamura IMI133317

100 AF266793.2 Phytophthora lacustris P245
AF266788 Phytophthora citricola E IMI031372
4100!::523386 Phytophthora siskiyouensis WAS-030403
AF266780 Phytophthora palmivora UQ1294
AF266772 Phytophthora cactorum IMI296524
AF266774 Phytophthora pseudotsugae IMI331662
AY230190 Phytophthora pseudosyringae PSEU 6
100 \[AY332651 Phytophthora nemorosa P13
AJ131990 Phytophthora ilicis ILI1 (P590)

AF266770 Phytophthora heveae IMI180616

Fig. 2. Neighbor joining tree inferred from the internal transcribed spacer (ITS) sequences of Phytophthora species. Bootstrap
scores > 50 are presented at the nodes. The scale bar indicates the number of nucleotide substitutions per site. Fungi isolated

from A. macrocephala are indicated in bold.
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ol FHH/] ARSI o F A%HOR BAERTE @

A= AgE Sl %er}%l fﬂmqgiofq 49 Hxo
HE2Es oA 3 T wo oko] §F27} Aoz
H fEHA. gubd oz AAjol 9ol 541 Tt A
Asl7] 98l &3] ARgsE A2xg] @C -10C) & A&
(24C)o 2 g71E FHo] glolm 7Faatded FEel g
st ool f At 8 50] 3]0 diaR{T WA AYPTe R

T 7Fsehe Hol Fon ol FEAY WE 96l
E3t P sansomeana 2] 53 EAHOE Ho Foh
Avg A7 A3 fAbde] B 4o = Zole 54 -
57 AL Zo] o] HH] Bl 1.55- 1.6°120=T ©)i= Hansen
5 (2009)°] RS 71| P sansomeana®] A 53}
LA ATt (Fig. 3). =3 FFAs A9 Adeljolr B
7l Wk AESe Aol wom 24 A7F T 96%, 48
AIZE F 16%, 72 A7 5 8%, 96 A7 & 9hH API‘SPEE}
.ol Axs 53 ST ARAAME dekol eo] {5

7} =7t A7) A3 wEt §48] A e vk 54

E HAETYo= 3 A5 & A= Had 3% é% =4 95

T ul2 $3Y318H

3. P sansomeanal| &3 & AI20l tist Wad HA
TN BEE 452 A & AEd ditk Hdge

Fig. 3.
zoospores with two flagella.
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AP

7] 18 sl MYd B8l & P sansomeanaZ
HCRD 17065 #+& Olﬁ—o}oq AR, 234, 29
o e R S49 1d 5 7Y FE=
HAde ATt #AE Z*-ﬂ% HEHo= AMgSH
Hed AR A JEEelA 48 AIRF A 9 e
2= &A ShE7E At AAN Z717F e s
17} ASE AYAY 4 YO PSP 9.
W SRUT, 7 59 FVWIEE I0R B 454
Xé]z }étﬂoﬂ/ﬂ‘—— ELJ:‘-’-/\LZU]— tﬂo] wkAy 0}93\_43] (Flg 5) ;q
AR Z717F AWEEA AEA7E AlE7] AlFELAL Al F
Zdol BEEA] e¥aL AJZbo] AupH AEA|7F s, A
sl BE7A] Ae S BAoH ol AAl s7EEAelA
o W Wl A8 v 0}"‘33} A AR A AR
HE3ANE 27 HE & 243 ¥ F9lddA o] P
sansomeanaﬂ L=t sARE Ao ARS-SH Aol 1

A
= CE

el
7l
1__

_:ré‘_
.]

7 FE0 FRATANE AT AW, A S 5 o

wek ZAn)ek WAE ASEA] eskth (Fig. 6). ]—?‘3 3ol
w2 AT ARl Podrechsleriol 213 9ol HIY
o] (Kim er al., 1997) ¥/do] &21d v} 3lom l‘e AHE
Fall FEAT dHE dodl= E uE AgHdl P
sansomeana= N9 TS E HIALE HolA] &=
S ERIT 5 AT SARE B AollA] HAg Al

B

24.993 ym

Inoculum mass production. A; zoosporangium production, B; zoosporangia, C; zoospores released from zoosporangia D;



Fig. 4. Plant browning symptom in soil surface by mycelial agar plug |nocu|at|0n in A. macrocephala. A; mycelial agar plug, B;
plant inoculated by a piece of mycelial agar plug, white circle; browning symptom.

Fig. 5. Wilting symptom by zoospores inoculation in A. macrocephala. A; non treated control, B; plant moculated by zoospores,

white circle: wilting symptom.
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wh Mo~ e
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VQL' _18,
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Hansen -5
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2009yl 213l Phytophthora
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&5 (Pisum sativum L) 5 2HZEEANA F2 9GS 4o
7= ¢S 2 HIHo it} (Zelaya-Molina et al., 2010;
2010; Chang er al, 2017). ¥ AF)M &
71| BAH P drechsleri ¥ oFUz} P
HAdE Uehie 21 gklsialen ol p
sansomeana®l| °|3F A AW WS HXE HIISHAL
i

=
o
o

Tang et al.,
ATl

sansomeana’=-
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Fig. 6. Nonoccurrence of wilting symptom in A. japonica and interspecific hybrid between A. macrocephala and A. japonica. A;
inoculation with 10 mé zoospores suspension (10%mf) per one plant. B; A. japonica, C; Gowon, D; Gochul, E; Dachul, F;
Sangwon, G; Sangchul, H; Manchul, I; Huchul, C, D, E, F, G, H and | are interspecific hybrid between A. macrocephala and A.

japonica.
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