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ABSTRACT

In August 2017, anthracnose symptoms were observed on the petioles and leaf veins
of Korean radish (Rhaphanus sativus) in Hongcheon, Jeongseon, and Pyeongchang of

l.) the Gangwon province, Korea. Many grayish to dark-brown spots of 1-2 mm in diameter,
appeared on the lower surface and leaf veins of the radish leaves. The spots gradually

%T,%Caktég' enlarged and coalesced to form dark-brown irregular lesions. Ten Colletotrichum isolates
were obtained from the affected tissues of the Korean radish. Out of them, eight isolates

a OPEN ACCESS were identified as C. higginsianum and two isolates were identified as C. truncatum based
pISSN : 0253-651X on morphological characteristics and multi-locus molecular phylogenetic analysis using the
eISSN : 2383-5249 internal transcribed spacers and intervening 5.8S rDNA (ITS), partial beta-tubulin gene (TUB2),
Kor. J. Mycol. 2019 Septermber, 47(4): 393-406 partial actin gene (ACT), and partial chitin synthase-1 gene (CHS1). The pathogenicity test
https.//doi.org/10.4489/KIM.20190044 was carried out on wounded and unwounded Korean radish (cv. Siraegimu and Osarimu),

and Chinese cabbage (cv. Chuno and Smart) by inoculating with a spore suspension. All
isolates except one C. truncatum isolate developed typical symptoms on both wounded
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Fig. 1. Dark brown to black irregular spots on petioles and leaflets of Korean radish
anthracnose caused by Colletotrichum species. A, symptoms on petioles and leaflets in
Jeongseon; B, weak symptoms on petioles in Pyeongchang.
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Table 1. List of Colletotrichum spp. isolates collected from diseased radish leaves and GenBank accession numbers in this study

GenBank Accession Number

Species Isolates Locations
ITS TUB2 ACT CHS-1
Colletotrichum higginsianum C06201 Hongcheon MHS820152 MKO048416 MK118042 MK118052
(37.72N 128.39E)
C06202 Hongcheon MHS820153 MKO048417 MKI118043 MK118053
(37.72N 128.39E)
C06203 Pyeongchang MHS820154 MKO048418 MK118044 MK118054
(KACC48667)  (37.63N 128.54E)
C06204 Pyeongchang MHS820155 MKO048419 MKI118045 MKI118055
(37.63N 128.54E)
C06205 Pyeongchang MHS820156 MKO048420 MK118046 MK118056
(37.60N 128.50E)
C06207 Pyeongchang MHS820158 MKO048422 MKI118048 MK118058
(37.60N 128.53E)
C06208 Jeongseon MHS820159 MKO048423 MK118049 MK118059
(37.43N 128.85E)
C06210 Jeongseon MHS820161 MKO048425 MKI118051 MK118061
(KACC48666)  (37.49N 128.85E)
C. truncatum C06206 Pyeongchang MHS820157 MKO048421 MK118047 MK118057
(37.60N 128.53E)
C06209 Jeongseon MHS820160 MK048424 MKI118050 MK118060

(KACC48665)  (37.49N 128.87E)

ITS, internal transcribed spacers and intervening 5.8S ntDNA; TUB2, partial beta-tubulin gene; ACT, partial actin gene;
CHS-1, partial chitin synthase-1 gene.

N

Fig. 2. Morphological characteristics of Colletotrichum higginsianum isolated from infected
radish leaves. A, conidia; B, appressoria; C, acervuli; D, colony on PDA; E, colony on OA.
(Scale bars: A, B =10um, C = 200um).

Fig. 3. Morphological characteristics of Colletotrichum truncatum isolated from infected
radish leaves. A, conidia; B, appressoria; C, acervuli; D, colony on PDA; E, colony on OA.
(Scale bars: A, B=10pum, C = 200pm).
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Table 2. Comparison of morphological characteristics between the present isolate (C06210) obtained from infected radish leaves
and Colletotrichum higginsianum described previously

Structure® Characteristic i
Present isolate Colletotrichum higginsianum
Colony diameter (mm/7days)  60.749.2 (on PDA) 23.5-29.0 (on OA)
42.340.6 (on OA)
Conidiomata Conidiophores formed on pale brown,  Conidiophores and setae formed on pale brown
setae not observed on PDA
Conidial shape Hyaline, smooth walled, aseptate, Hyaline, smooth walled, aseptate,
cylindrical, straight cylindrical, straight to very slightly curved
Conidial length x width (um)  Mean 14.8£1.8 x 5.5+0.5 Mean 16.5+1.7 x 4.0+0.3
Range 11.1-18.1 x 4.2-6.2 Range 12.5-18.5 x 3.5-4.5
Appressorial shape Medium brown, smooth-walled, Medium brown, smooth-walled, fusiform, clavate,

irregular outline with an entire margin  elliptical or irregular outline with an entire,
crenate or lobate margin

‘Colony characters and growth rates were investigated at 7 days after incubation on PDA and OA. The characteristics of conidia
and appressoria were investigated after growth on PDA at 10 days
°C. higginsianum described by Damm et al. (2014).

Table 3. Comparison of morphological characteristics between the present isolate (C06209) obtained from infected radish leaves
and Colletotrichum truncatum described previously

Structure® Characteristic
Present isolate Colletotrichum truncatum
Colony diameter (mm/7days)  36.3+1.2 (on PDA) 19.0 (on OA)
48.3+0.6 (on OA)
Conidiomata Acervular,conidiophores and setaec formed Acervular, conidiophores and setae formed
directly on hyphae directly on hyphae
Conidial shape Hyaline, smooth-walled to verruculose, Hyaline, smooth-walled to verruculose,
aseptate, usually slightly curved, aseptate, usually slightly curved,
ending at the round and truncate base ending at the round and truncate base
Conidial length x width (um)  Mean 23.1£1.4 x 4.0+0.3 Mean 21.8+1.9 x 3.8+0.3
Range 20.4-28.0 x3.3-4.4 Range 16.5-26.0 x 3-4.5
Appressorial shape Light to medium brown, Light to medium brown,
entire edge to lobed, entire edge to lobed,
outline roundish to ellipsoidal or clavate outline roundish to ellipsoidal or clavate

*Colony characters and growth rates were investigated at 7 days after incubation on PDA and OA. The characteristics of conidia
and appressoria were investigated after growth on PDA at 10 days
°C. truncatum described by Damm et al. (2009).
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Colletotrichum higginsiarum Abo 1-1 Brassica oleracea Japan

ichum higginsi Abr 3-1 Brassica rapa Japan

Colletotrichum higginsiamm Abr 2-2 Brassica rapa Japan

Colletotrichum higginsicarmm MAFF 305635 Brassica rapa Japan

Colletotrichum higginsi C06210 Raph sativus var. hortensis Korea

a1 | Colletotrichum higginsiamam C06207 Raph sativus var. hortensis Korea

Colletotrichum higginsiamm C06204 Raphanus sativus var. hortensis Korea

Colletotrichum higginsi CO06202 Raph sativus var. hortensis Korea

Colletotrichum higginsi C06201 Raph sativus var. hortensis Korea

45

Colletotrichum higginsi 06203 Raph sativus var. hortensis Korea

Colletotrichum higginsi C06205 Raph sativus var. hortensis Korea

Colletotrichum higginsi C06208 Raph sativis var. hortensis Korea

| Colletotrichum tabaciN150 Nicotiana tabacum Canada
65 1 Colletotrichum tabaci CBS 124249 Centella asiaticaMadagascar

% Colletotrichum destructivum CBS 136228 Trifolium hybridum USA

59 | Colletotrichum destructivum CBS 119187 Crupina vulgaris Greece
18 Colletotrichum destructivum CBS 520.97 Medicago sativa Saudi Arabia

Colletotrichum bryvoniicola CBS 109849 Bryonia divica Netherlands

87 Colletotrichum fuscum CBS 133701 Digitalis lutea Germany

691 Colletonrichum fuscum CBS 825 68 Digitalis purpureaNetherlands

Colletotrichum ocimi CBS 298.94 Ocimum basilicum Itary

Colletotrichum sp. CBS 107.40 Pisum sativum Russia

0.002

B Colletotrichum higginsi C06201 Raph sativus var. hortensis Korea

Colletotrichum higginsi C06202 Raph sativus var. hortensis Korea

Colletotrichum higginsi C06203 Raph sativus var. hortensis Korea

Colletotrichum higginsi C06204 Raph: sativus var. hortensis Korea

Colletotrichum higginsi CO06205 Raph sativus var, hortensis Korea

ss | Colletotrichum higginsi CO6207 Raph sativus var. hortensis Korea

Colletotrichum higginsi C06208 Raph sativus var. hortensis Korea

Colls ichum higginsi C06210 Raph sativus var. hortensis Korea

Colletotrichum higginsianum MAFF 305635 Brassicarapa Japan

94 Colletotrichum higginsiamen Abr 3-1 Brassica rapa Japan

Colletotrichum higginsi Abr 2-2 Brassica rapa Japan

Colletotrichum higginsi Abo 1-1 Brassica oleracea Japan

Colletotrichum fiscum CBS 133701 Digitalis lutea Germany

Colletotrichum fuscum CBS 825.68 Digitalis purpurea Netherlands
'— Colletotrichum bryoniicola CBS 109849 Bryonia dioicaNetherlands

78 [ Colletotrichum tabaci N1350 Nicotiana tabacum Canada
Colletotrichum tabaci CBS 124249 Centella asiatica Madagascar
Colll ichum ocimi CBS 298.94 Ocimum basilicum Itary

= Colletotrichum destructivim CBS 136228 Trifolium hybridum USA
?i Colletotrichum destructivum CBS 119187 Crupina vulgaris Greece

Colletotrichum destructivim CBS 520.97 Medicago sativa Saudi Arabia

Colletotrichum sp. CBS 107 .40 Pisum sarivion Russia

—
0.01

Fig. 4. Phylogenetic tree based on the internal transcribed spacers and intervening 5.8S
nrDNA; A, partial beta-tubulin; B, partial actin; C, partial chitin synthase-1; D, genes
sequence data for Colletotrichum higginsianum isolated from infected radish leaves and
reference species(including C. destructivum species complex). Sequence data were obtained
from the NCBI GenBank database. The tree was generated using neighbor-joining analysis
and Kimura 2-parameter model. Bar represents the number of nucleotide substitutions per
site.
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64 —— Colletotrichum higginsi C06208 Raph sativus var. hortensis Korea

Colletotrichum higginsianum Abr 2-2 Brassica rapa Japan

Colletotrichum higginsi C06201 Raph sativus var. hortensis Korea
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Colletotrichum sp. CBS 107.40 Pisum sativiim Russia

0.005

Fig. 4. Continued.
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21 CBS 37167 5 6052 5YE 155 BAISIA L, ZH24e] 4642 ITS H-21+= 99.8-100%,
TUB2+= 99.4%, ACTS 98.8-100%, CHS-1-2 98.4-99.2%% UFERHCH AFR-E 47] S22} £
£ C. truncatum®] & 2ol H|1 A §824]0|¢l o, ITSeF TUB22] 79+ C. dematium™} C.
lineolaS F-25}A] £5h= 202 UG THFig. 5C, 5D). & Aol BAE 7 F30] 7] 4]
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Fig. 5. Phylogenetic tree based on the internal transcribed spacers and intervening 5.8S
nrDNA; A, partial beta-tubulin; B, partial actin; C, partial chitin synthase-1; D genes
sequence data for Colletotrichum truncatum isolated from infected radish leaves and
reference species(including curved Colletotrichum species). Sequence data were obtained
from the NCBI GenBank database. The tree was generated using neighbor-joining analysis
and Kimura 2-parameter model. Bar represents the number of nucleotide substitutions per
site.
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Fig. 5. Continued.
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Identification and Pathogenicity of Colletotrichum Species Causing Anthracnose of Korean Radish(Rhaphanus sativus) in Korea
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Table 4. Pathogenicity of Colletotrichum higginsianum and C. truncatum isolates to the leaves of Korean radish and Chinese
cabbage by artificial inoculation

Pathogenicity’ to Korean radish Pathogenicity to Chinese cabbage
Species Isolate cv. Siraegimu cv. Osarimu cv. Chuno cv. Smart
Unwounded Wounded Unwounded Wounded Unwounded Wounded Unwounded Wounded
C. higginsianum C06201 + + + + - ++ ++ ++
06202 ++ ++ nt’ ++ ++ o+ AR -+
C06203 nt’ ++ nt’ + ++ +++ ++ +
C06204 ++ ++ + ++ ++ ++ ++ ++
C06205 ++ ++ + ++ ++ ++ ++ ++
C06207 + ++ ++ ++ ++ ++ + +
C06208 ++ + + +++ ++ ++ ++ +
C06210 +++ ++ + +++ ++ + + ++
C. truncatum C06206 - - - - - - - -
C06209 ++ ++ ++ ++ - - - -
Control - - - - - - - -

*Pathogenicity was rated based on the lesion formation seven days after inoculation. +, 1-5 mm of lesion length; ++,
5.1-10.0 mm of lesion length; +++, 10.1mm < of lesion length; -, no symptom.
°nt : not tested

o3
H Alo| A= U x| B Al o A 2HYSE ebx] s 240 2 BE] 2E9] Colletotrichum
S 2al5l9la, o] 222 EfE EAJT} 47]2] DNA G7|ALEA ol 93l C. higginsianum} C.

truncatum S 2 S| 1, 0] = C higginsianumS -2} v ol 2= HAHS UeRd oL ¢
truncatum-2 Fol[FF BZ A 07)= A0 2 It AF7HA] FHoll= FHAHFOE C
higginsianumTF B3] 0] Q191 0m, B30l A= 2001 C. higginsianum 20} C. dematium©] &
Zh2 vt ez ig-& d oItk B g Qith3]. Ao M= F ExHol| C. higginsianum¥} C.
dematium©| FoI5h= 21 0.2 B 11E B} Ql O 4], F=rof| A= v =2}ol] £5= Chinese flowering
cabbage (Brassica parachinensis)2] BFA¥ 2 2 C. higginsianum 2]l C. truncatum®©] A& B3
= B} Qleh5]. LBl A €. higginsianum}t C. dematium®]] 2] 5+ - EEx{H o] EAof|A] o] B 72 uj
9 H|&5to] Fito] 2] QAThal 519l o, o] = Z U F 'RA ol M e fAFSE o it 1
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