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ABSTRACT
@ OPEN ACCESS From 2008 to 2017, Korean azalea (Rhododendron yedoense f. poukhanense) showing
PISSN : 0253-651X angular, necrotic leaf spots were found in Jeju and Hongcheon, Korea. The lesions
eISSN : 2383-5249 occurred frequently, detracting from the beauty of the glossy green leaves of the plant
Kor. J. Mycol. 2020 September, 48(3): 329-335 and causing premature defoliation. Therefore, to identify the fungus associated with the

https//doi.org/104489/KJM20200032 lesions, morphological characterization and molecular phylogenetic analysis of actin (Act),

translation elongation factor 1-alpha (EF), internal transcribed spacer (ITS), 28S nrDNA (LSU),
and RNA polymerase Il encoding the second largest subunit (RPB2) of the two representative
isolates were performed. The phylogenetic tree inferred from the neighbor-joining method
showed the isolates clustering in the Sphaerulina azaleae group. Therefore, the fungus
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© 2020 THE KOREAN SOCIETY OF MYCOLOGY. associated with the angular leaf spots on the Korean azalea was identified as Sphaerulina
azaleae.
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Sphaerulina azalea (Voglino) Quaedvlieg, Verkley & CrousZ 573 $HTH2,3].

Fig. 1. Angular leaf spot of Rhododendron yedoense var. poukhanense infected with Sphaerulina azaleae. (A) Heavy infections
detracting from the beauty of the plant. (B) Close-up symptoms in the later stage of disease development. Note the pycnidial
conidiomata showing as small black dots on the lesions. (C) Symptoms of angular leaf spot on current-year leaves. (D) White conidial
horns being extruded through the ostioles of pycnidial conidiomata. (E) Close-up of white conidial horns. (F) Conidia. (G) Five-week
old colonies of Sp. azaleae growing on potato dextrose agar. Note plentiful production of conidia on the colonies.
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FHIIME &M

e EAS 7|22 AT 755 ARSI IAF KACCO] 7|8 tHEAF(KACC 44227,
KACC 44865)S thAFOZ actin (Act), translation elongation factor 1-alpha (EF), internal transcribed
spacer (ITS), 28S nrDNA (LSU), RNA polymerase II second largest subunit (RPB2) 5-2] -F-%1 A}l Tf
& 471422 ZA AU Genomic DNAE ZARFHHA|of|A] 25 57t HIJH FAMHE WA=
0] 1.5 mL eppendorf tubeOll 2{F|5to] A A AS 31 mh4f$H S, DNeasy Plant Mini kit (QIAGEN,
Valencia, CA, USA)Z- 0]-&5}0] Z&3th Genomic DNA2] Act, EF, ITS, LSU, RPB2 - A= Table
19] primerS- AF8-519] PCRE Z-ZA|Z{ TH4-11].

Table 1. Primer combinations used in this study for PCR amplification and sequencing, and GenBank accession numbers.

Annealing GenBank Accession no.
Locus Primer Primer sequence 5’ to 3’ Orientation tﬁm;()oecr:a)lture Reference KACC 44277 KACC 44365
Translation elongation  EF1-728F  CATCGAGAAGTTCGAGAAGG Forward 52 Carbone & Kohn (1999)[4]  MK584563  MK584564
factor-la EF-2 GGARGTACCAGTSATCATGTT Reverse 52 O’Donnell etal. (1998) [5]
RNApolymerasell ~ fRPB2-5F ~ GAYGAYMGWGATCAYTTYGG Forward 49 Liuetal. (1999)[6] MKS584567  MKS584568
second largestsubunit  RPB2 414R  ACMANNCCCCARTGNGWRTTRTG ~ Reverse 49 Quaedvlieg etal. (2011)[7]
LSU LSU1Fd GRATCAGGTAGGRATACCCG Forward 52 Crous etal. (2009) [8] MK578201  MK578202
LR5 TCCTGAGGGAAACTTCG Reverse 52 Vilgalys & Hester (1990) [9]
ITS TS5 GGAAGTAAAAGTCGTAACAAGG  Forward 52 White etal. (1990) [10] MK578199  MK578200
ITS4 TCCTCCGCTTATTGATATGC Reverse 52 White etal. (1990) [10]
Actin ACT512F ATGTGCAAGGCCGGTTTCGC Forward 52 Carbone & Kohn (1999)[4]  MK584565  MK584566
ACT2Rd ARRTCRCGDCCRGCCATGTC Reverse 52 Groenewald etal. (2013) [11]

F2H A2 A E 23l 1.5% agarose gelo A E2]3F & PCR purification kit (Core-one™, Core-
bio, Seoul, Korea)Z- AFE-31T} ABI 3130 auto sequencerS- ©]-8-510 57 --41212] 71L& £A]
Fom BAE 7] A Y2 GenBank database (National Centre for Biotechnology Information [NCBI],
US National Institute of Health Bethesda, http://blast.ncbi.nlm.nih.gov/Blast.cgi)Oll 4] €184t} Al58k
2] 292 MEGA 6.06 program [12]2 ©]-8-5}0] neighbor-joining B 0 2 ZHdgi o m, &1 714 L 9]
AR} A 2]+ Tamura-Nei parameter model 2 AJ4F5}FS 1L, bootstrap analysis 1,0005H2-0 2 43§

APEE B EY] ZA4fol| ook tEol Tigh NCBIQ] GenBank 55 &+ Table 13 2
o} 2, Act 999 H7|A LS MK584566, MK584565°| M, EF G <92] 9714 H-2 MK584564,
MK584563, ITS 99| 7|41 H-2 MK578200, MK578199, LSU 4<12] 97| A4 €2 MK 578202,
MKS578201, RPB2 2] 97| A H-L MK 584568, MK584567°]C}. NCBICI| A Blastn search@t EF
J 99| Y714 L2 GenBankOl| Sp. azaleac = 5= KF253546, KF253547 532> 99% /3542 E
AThITS, LSU, RPB2 921 2] ¢17] A 9-& GenBank®l| Sp. azaleae & 52 MH865035, MH876472,
KF2525922F ZH2F 100% AFEAdS Bodeh a2iuh Act 92i2] 9714 DL GenBankol] S2% t}
2] Septoria S 52 /3573 HO| B2 Sphacrulina &7g°l| -#-85 -F-HAF ol i
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w5k AHEZ m Ry 2ol Pojshs tEFF9] Act, EF, ITS, LSU, RPB2 5 571 /47
o] A7) Foll tht dataset FH=0] Al'S4 23 23} Rhododendronol| A &e]5to] 55
St Sp. azaleac®] W71 L, KF253901 (Act) - KF253546 (EF) - KF251599 (ITS) - KF252104 (LSU) -
KF252592 (RPB2)¥ -2 150 2 59 O™, Septoria £3H= ThE 150 2 12| %| 1 thFig. 2).

83— Sphaerulina amelanchier |KF253898|KF253543|KF251596|KF252101|KF25
Sphaerulina sp. [KF253935|KF253581|KF251635|KF252140|KF252627| ex
Sphaerulina gei |KF253915|KF253560|KF251613|KF252118|KF252605|
Sphaerulina viciae |KF253940|KF253586|KF251639|KF252 2
Sphaerulina cercidis |KF253908|KF253553|KF251 609|KF252114|KFm
Sphaerulina sp. |KF253936|KF253582|KF251636|KF252141|KF252628| ex |
Sphaerulina berberidis |KF253903|KF253548|KF251601|KF252106|KF2525
Sphaerulina azaleae_KACC44227 ex Rhododendron yedoense f. pouki
100) Sphaerulina azaleae_KACC44865 ex Rhododendron yedoense f. pouki
%! Sphaerulina azaleae |KF253901|KF253546|KF251599|KF252104|KF252592
Sphaerulina menispermi |KF253919|KF253564|KF251617|KF252122|KF.
Sphaerulina patriniae |KF253925|KF253570|KF251623|KF252128|KF252¢
Sphaerulina tirolensis [KF253938|KF253584|KF251637|KF252142|KF252
Sphaerulina socia |KF253933|KF253579|KF251632|KF252137|KF252
E Sphaerulina betulae |KF253904|KF253549|KF251602|KF2521! -
- Sphaerulina westendorpii |KF253941|KF253587|KF251640|KF252145

E Septoria apiicola |KF253646|KF253289|KF251342|KF251846|KF252343| ex Apium graveolens
Septoria lycopersici |KF253766|KF253410|KF251462|KF251966|KF252459| ex Lycopersicon esculentum

100 _|:Sepfona tinctoriae |KF253879|KF253525|KF251578|KF252083|KF25257 1| ex Serratula coronata

Septoria villarsiae [KF233888|KF253534|KF251567|KF252092|KF252580| ex Nymphoides peitata

ar

72

20

100

100

Septoria stellariae |KF253875|KF253521|KF251574|KF252079|KF252567] ex Stellaria media
1007 Septoria abel [KF253638|KF253280[KF251333|KF251837|KF252336) ex Hibiscus syriacus
— Septoria hibiscicola |KF253737|KF253381|KF251433|KF251937|KF252430] ex Hibiscus syriacus

= |

2]

Septoria eucalyptorum |KF253721|KF253365(KF251417|KF251921|KF252415| ex Eucalyptus sp.
L Septoria verbenae [KF253886|KF253532|KF251585|KF252090|KF252578| ex Verbena officinalis
= Septoria linicola [KF253764|KF253408|KF251460]KF251964|KF252457] ex Linum usitatissimum

% Septoria citricola |KF253686|KF253329|KF251382|KF251886|KF252383| ex Citrus Sinensis
1001~ Septoria protearum |KF253829|KF253474|KF251525|KF252030]KF252519] ex Zanthedeschia aethiopica
Mycosphaerella brassicicola [KF253613|KF253252|KF251304|KF251808|KF252309| ex Brassica oleracea
Pseudocercospora pyracanthigena |KF253627|KF253267|KF251320|KF251824|KF252324| ex Pyracantha angustifolia
33\ pseudocercosporelia capsellae |KF253631|KF253272|KF251325|KF251829|KF252329| ex Brassica sp.

0.01

Fig. 2. Phylogenetic tree on Sphaerulina and Septoria species by a neighbor-joining method from the multigene dataset based on partial
sequences of the actin (Act), translation elongation factor 1-alpha (EF), internal transcribed spacer (ITS), 28S nrDNA (LSU), and RNA
polymerase II second largest subunitt (RPB2). The numbers above the nodes are the bootstrap values obtained from 1,000 replications.
The Korean isolates presented in this study are indicated in bold.
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