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ABSTRACT

'.) A cercosporoid fungus associated with angular leaf spots on the leaves of common fig (Ficus
carica) in Korea is known to be morphologically similar to Passalora, but phylogenetically

%T;%caktégr similar to Pseudocercospora. To clarify the ambiguity, six fig samples with angular leaf
spots were collected and examined using a microscope, and two representative isolates

ﬂ OPEN ACCESS were sequenced for multiple genes. The morphological characteristics were consistent with
PISSN : 0253-651X previous descriptions of Passalora bolleana. Molecular phylogenetic analysis based on the
eISSN - 2383-5249 internal transcribed spacer and large subunit ribosomal DNA (rDNA) regions showed that
Kor. J. Mycol. 2021 December, 49(4): 539-545 the Korean isolates, as well as previously published Korean and Romanian isolates, formed
https://doi.org/10.4489/KJM.20210053 a well-supported group in the clade of Pseudocercospora species. Consequently, the current

Korean isolates should be correctly described as Pseudocercospora bolleana. Additionally,
Pseudocercospora fici-caricae, a cercosporoid fungus previously described as a leaf pathogen
on common fig in Taiwan and Korea, was also compared and discussed.
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Sejuetol A FelahRol & do7)= of] F9 F3ol7t A =t34], 22 ¥
0o 2= B Colletotrichum sp., TS %+ Pseudocercospora fici-caricae, Tl % 0| ¥+
Sphaceloma caricae” } 715-5] QA TH4]. THH, FeFpLER Qo] 7o) = BRYE Adstal 7o
£ YOS 3742 L oA A LEol|A] ZHREd A R (AHBEIEEERR) 02 Hsh= Z/do] gkl
M o] Al AR gL, 71 A0 B A28 50 2 Pasalors bolkana 7154510
At Al EFEE A0 HEE] o] Q). whetA, Shatol|Af of2] 7| &4 v §l= o] Figolof o
3} 754 7| 20| W a3}t

Z| o, Videira {51 TR oA 2| E Foh o F-=5(CBS 541.71, Pas. bolleana)2} 3t
=+ 55(CPC 14819, Passalora sp.)”} F-AF4 0 2 A2 U=|5HH EAFAESHA O 2 Pseudocercospora
Atol] 2T SIQIT], 12U, o] & FFE Y53 EEA 52 AAoM e 2YEAV 2 &
AEAL A Pasaons 2Ho]e] £ Lehich njehi, 27402 278 HSst
H]ﬂﬂ—‘,’—% ZIegaloltt 2| F-4 0 2 o] 5 F3g 0|7} o] b L(genus)ol| A&SH=A| AAE 4
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o] nlaf A AFgE aliAstr| Ylsto], & Aol FelahpR Ry QulEry o ﬂ@l%]-h
& AAlotaL, E7eH QI & A stalat gt oA ZH"‘QOi &

5hl #9288 (Korean Agricultural Culture Collection, KACC)®l| F-&fut-5-
OFSH 4t Pas. bolleana = BEE F w72 71X LGS AT 3 o] & & o %%
2A 52} HE0] CPC 14819 W5 53 HEAISE A4 5to] FEiy B4 ¢ P‘E‘EP

AZFEL TSt A ETEHY _/n:(Korea University Herbarium, KUS)ol| E&&]0] Q] 2.
=l A B KUS-F23234 (14 Nov. 2007, A= 5] s ) KUS-F25396 (3 Oct. 2010, A=
QT ALRH), KUS-F27685 (5 Oct. 2013, eI QAFA] Al 8%, KUS-F27767 (24 Oct. 2013, 2}
2 OJAPA] A8-5), KUS-F27780 (31 Oct. 2013, FAFA] A1 Tt} ), KUS-F30079 (28 Sep. 2017,
AFr NUZEA] AES) S 6-olct

Fafah oA B BRLQInkE 442 9ol efE ol F
HRE2 9lo] oA B THE|ICh 7l Wik SejE M chddo 2 Ao HRLg
E] A2t o] 42} A% A 217 10 mmel] o] 21, R0 th-2 WRat 9% Ty o] Y Bt
< o] F3lt}. Wo] WA =T o] HET 1 dukgt 27|49 A S Y 22 thFig. 1A-C).

2go]o] YA EXL o] & 1] 7 (Axio Imager; Carl Zeiss, Oberkochen, Germany)= ©]-&
sto] 2Js}al, 271+ OptiView (Korealabtech, Seongnam, Korea) 21340 22 Z5}3]th 64
o] H& A|5ollA TEE Fgol= FEF & 513t 2fo| 7} glo] tix| 2 YA|skint. o] &
ol F& 9l HHC| HRtof|A =] o m, BAY EAFE stroma)= AL, 7] of| 25wl
SHAU thA /8 dAPE 22 o 2 WSl RAEANY -2 A AL} 9ol WA,
S| BA o, AU Thas -2 Hofo|H, A2 0-37]|o]H, £of] ZALE0] F-5i5}HA]
QAR 2131 oFA| EAHSIH, 271+= 1045 X 4.5-6.0 um©] ATH(Fig. 1D) TAEAR= Z=EA Y]
A SZbdo| U B A HT tha Wom T mofo @ Hrke £y 7| Rl my|ag &
ofx|H, 1-47|9] A¥o] Qlom, ul 2= A FjojjA| Folla, ZPZ] TF EESI8E 3 (hilum)©] R
o, 97]%16-55 X 5.0-7.5 um] A ThFig. 1E). 0|2} 22 FejZ] EA-L o] o] Falah}rLo
A B 31 Pas. bolleana (Thiim.) U. Braun [6-8]2} Y x| 5} ThH(Table 1).
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Fig. 1. Angular leaf spots caused by Pseudocercospora bolleana on common fig (Ficus carica). (A)
Leaves were infected, decreasing vigour of the plant. (B and C) Close-up view of leaf lesions, showing
grayish patches on the lesion due to heavy fructification. (D) Conidiophores. (E) Conidia. (F) One-week-
old colony of Psc. bolleana growing on a potato dextrose agar at 25°C.

Table 1. Comparative morphological characteristics of Pseudocercospora bolleana (syn. Passalora bolleana) and Pseudocercospora fici-caricae

on common fig.

Species Conidiophores Conidia References
Conidial scar Size (um) Hilum Size (um)

Cercospora bolleana* present, small 10-70 x4.5-6.0  not described 20-65 x 5.0-7.5 Chupp (1954)

Mycosphaerella bolleana*™ present, small 20-50x4.0-50  not described 25-60 x 5.0-6.0 Katsuki (1965)

Cercospora bolleana* present, small 50-130 x4.0-6.0  present, small 30-65 x 6.0-8.0 Ellis (1976)

Pseudocercospora bolleana present, small 1045%x4.5-60  thickened, small ~ 16-55 % 5.0-7.5 This study

Pseudocercospora fici-caricae™* not described 8-25x3.0-3.5  notdescribed 35-75%x2.0-3.5 Ryuetal. (1983)

Pseudocercospora fici-caricae™*  inconspicuous, unthickened  10-25x2.5-4.0  unthickened 20-90 x 2.0-3.5 Hsieh & Goh (1990)

*According to Index Fungorum as of August 2021, these three names are currently synonymous to Passalora bolleana.
** According to Liu & Guo (1991), this name was treated as synonymous to Pseudocercospora fici.

o] FFo|E US| flste] Al 22| ofd Wyt 9jo] FAH A=A Hes 7
o] B3 H@47t S0l 15 mL SHO| Y1, 7PHA] B50] 2k MEHEL 21 o
5o FH. Qhol] Q1= AR Rl AR A| (Difco, MD, USA)l =23 & 9-27](25£1°C)
ol A ujeFete] AL FEE FHIGU o] 5 d= PARPIHlR oA 152U7E Al %25
+1°C) 5t3le =l A7 5 mm o|5}= Aol o, 2l Ze|BM o 2 T2 HHigdo| Tt
(Fig. 1F). 20108 &= A] & 9 2013 JAF A| ol A= FFE 5 E35)0] Pas. bolleana 2 575}
KACCe 7]ek519d 21, ZH2} KACC456892F KACCAT653 2 HZE]Qich

The Korean Journal of Mycology 2021 Vol.49

541



Park et al.

O] 5 T 755 O =2 intemal transcribed spacer (ITS), 28S large subunit (LSU) rDNA, translation
elongation factor 1-alpha (EF-10t), actin (ACT), calmodulin (CAL), histon (HIS), 3-tubulin ([3-tub) -7-%1 2}
o] A7IM LS FAI AT TEgh A =2 {5]elAl o] 8- S FH(CPC14819) B Tk o o
Z(CBS 541.71=IMI 161111)2}%x. H] 25} THTable 2). CPC14819 (Culture Collection of Pedro Crous,
CPC)+= Crous HFAKThe Westerdijk Fungal Biodiversity Institute, Utrecht, Netherlands)”} 2007\ 7151
A 50ol|A] DESHFFF 2 A Passalora sp. 2 5-5510] Westerdijk Fungal Biodiversity Institute©]] 1223k
ZioltHs).

Genomic DNA+= PDA (potato dextrose agar)°l|A] 255 &9t B FARAE HIAZ Fof 1.5 mL
eppendorf tubeo]] A3 5ko] A ZAZS W1 uh4fgt Z DNeasy Plant Mini kit (QIAGEN, Valencia,
CA, USA)E 0]8-5}0] ZZ3)th Genomic DNAQ] ITS, LSU, EF-1a, ACT, CAL, HIS, f-tub -S-A A=
Groenewald 5-2] primerS AFE510] PCRE FZA|ZTH9,10]. ZF -F-3212] 7] A B2 Macrogen
(Seoul, Korea)ol| 2]=]5}o] 2-A5H & DNASTAR computer package 7.1 (Lasergene, Madison, WI, USA)
£ o]gsto] Helsth BE Y74 E2 GenBank database®l] 5= THTable 2). =W 5
(KACC45689, KACCAT653)2t £ w52 €714 B 2] A== NCBI BLASTnOlI A ER15H3 .
A& {242 MEGA 6.06 program[11}2- ©]-8-5}] neighbor-joining 1§ 2. &2 2Mg 53] o1, &7
A E 2] 72} A 2]+= Tamura-Nei parameter model 2 Z|4F5H 1, bootstrap analysis-= 1,000 §H=-0 2

Saysict

Table 2. Pseudocercospora bolleana (syn. Passalora bolleana) isolates obtained from common fig in Korea and reference isolates included in the
phylogenetic analyses.

Strain no.* Origins Collectors ngenBank acce551or£sSU References
CBS 541.71=1IMI 161111 Romania O. Constantinescu MF951368 MF951229 Videira et al. (2017)
CPC14819 (ex KUS-F23234)  Korea H.D. Shin MEF951370 MF951231 Videira et al. (2017)
KACC45689 (ex KUS-F25396) Korea H.D. Shin MZ266316 MZ269073 This study
KACCA47653 (ex KUS-F27685) Korea LY. Choi MZ266317 MZ266315 This study

* CBS The Westerdijk Fungal Biodiversity Institute, Utrecht, The Netherlands; IMI International Mycological Institute, CABI-Bioscience,
Egham, Bakeham Lane, United Kingdom; CPC Culture collection of Pedro Crous, housed at CBS; KACC Korean Agricultural Culture
Collection, RDA, Korea; KUS Korea University herbarium, Seoul, Korea.

o] & w50 thgt GenBank 5= T = Table 29F ZHoH, 3712 EA5E 524 2}9] GenBank
SEW T E EF-1a (MZ357969), ACT (MZ357966), CAL (MZ357967), HIS (MZ357968), B-tub
(MZ357965)°]t}. NCBIOA] ITS %ol gt BLASTn 21}, 0] w5+ GenBanko]] 524
Pseudocercospora sp. 714G (MF951370, MF951368)2} 99.77-100%2] &-5/dS Bt E3h
LSU ¥ ol thdt BLASTn search$t A3t F-&}rh b0l A 22|t Pseudocercospora sp.2] G714<E
(MF951229, MF951231)2+ D x| 5FATt. AT~ A/ 2k, KACC456892F KACCAT653 T+ F-
ShfLbRoll A 2171 51H0] GenBankoll 52 CPC14819 (3H) 2 CBS541.71 (0t o} #+52} 5}
o] 158 FAJ5HATtHFig. 2). Pas. bolleana®l| TSt EF-1a, ACT, CAL, HIS, B-tub 712k &7]
AP 2] ATE e AR R 2 AE Bl A28 AlF6tlon, ob4] vl tito] ¢l
ong 2 Aol A &85 = 4tk
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93" DQ676519/MF951226 P. convolute ex Chromolaena odorata

KX287300/KX286998 Pseudocercospora macadamiae ex Macadamia integrifolia
KX287301/KX286999 P. metrosideri ex Metrosideros excelsa
KF901721/KF902068 F. fori ex Eucalyptus sp.

DQ303081/KF442539 P robusta ex Eucalyptus robusta

KF801720/JQ739817 P. eucalyptorum ex Eucalyptus nitens
GU269805/GU253823 P sambucigena ex Sambucus nigra
GU269753/GU253780 P, norchiensis ex Eucalyptus sp.

DQ676519/MF951226 P convoluta ex Chromolaena odorata

GU269829/GU214483 P. vitis ex Vitis vinifera

GU269799/GU253817 P flavomarginata ex Fucalyptus camaldulensis
KX287299/KX286997 P dingleyae ex Haloragis erecta
GU269676/GU253723 F. prunicola ex Prunus yedoensis
KX287304/KX287003 Pseudocercospora sp. ex Eichhornia azurea
MF951369/MF951230 Pseudocercospora sp. ex Robinia pseudoacacia

]
L,
)
o~
0
o
S
)
2
"

KF442647/KF442674 F. pistacina ex Pistacia vera

KFT77T175/GU214483 P zambiae ex Terminalia sp.
MF951370/MF951231 Pseudocercospora sp. ex Ficus carica
MZ266316/MZ269073 P. bolleana ex Ficus carica

100k MF951368/MF951229 Pseudocercospora sp. ex Ficus carica
MZ266317/MZ266315 P. bolleana ex Ficus carica

99

MF951367/MF951227 P. nodosa ex Psoralea biturninosa
— HQ728115/MF351148 Cercosporidium californicum ex Asclepias fascicularis

0.005

100l I: MF951361/MF951218 Fleopassalora perplexa ex Acacia sp.
100 EU514280/MF951221 Passalora loranthi ex Cifrus sp.

Fig. 2. Phylogenetic tree based on neighbor-joining method comparing internal transcribed spacer (ITS) and 28S large
subunit (LSU) sequences of Pseudocercospora bolleana on Ficus carica isolates and some reference isolates retrieved
from GenBank. The numbers above the nodes are the bootstrap values obtained from 1,000 replications. The bar
indicates the number of substitutions per site. The Korean isolates presented in this study are indicated in bold.

AIAIA o &2 Bt Alge] oz 7|55 W2 ]9 Cercospora’s H80l= 5
o] .01, Pseudocercosporaolli= 72 1780 it} ZLZ0i|A] tiRhg]at -2y 12]0] A%t 7
SRR H R 7O 2 7124 P fici-caricacs B EAF 0] vl Zhom BAIEL 0] Zo] F
2 EAS 7 B2, AR Eo|Sh= Pas. bolleanah= FERZ] 0 2 & Freo] LEETK Table 1). THIL,
-2juztollA] AA|S Psc. fici-caricae w8 EAF] A= L A= 7L, 180%5)-2 Pas. bolleana®|
AR 77k Fef EAS Holx|eH12), BAYEAF] A 70] thgh B It Bafste] £ o] &
shalsich Aldzt 92|yt M B p. ficicaricae?] B = g7t 225 0] 9z ¢hom
2 ol Fof 24 o 75 1T 4= gl=d=olth

2 Aol Rz 64e] 2 AR E FEA o FAT Aute 25 AP 2R Passalora
=gole] E4S Ueith. &, A A o] Aol AFE(conidial scars)©] EAGHAL, w43
Ake] 7] 5of| vl (hilum)o] 7 0™ H|S&|o] ThE F-9] o] A|arHaf 2= Q] o]
A"FA Q1 Pseudocercosporass 280 ol A= WA E] A| QAT Passalorass 27500l A+=
Fo}. wehA, B R R F/dol Bojohs gol9] FEA §E4 O 2= Pas. bolleana2}
ARSI

FloA AGet et o], ejue} AlgollA] E22|H 39 25 A7IAE EAl9 AutEAs
Pseudocercospora 73 °l| |15, FENZ] £ O 2= Passalora %0l £85I 0|2k f-AlGH

A\, E3(Glycine soja)2] 5L+ Cercospora sojina Hara” } £AY 2174 0] ZA}E Z2) 2l BAYE
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2o] i3 £2)E- o] 32 Cercosporidium sojinum (Hara) X.J. Liu & Y.L. GuoZ 42 H7sI 7t
[13], CercosporidiumZ;°] Passalora%;0l| S3H=| " A Pas. sojina (Hara) H.D. Shin & U. BraunQ2 <
2 chA) AR H14), BAAF 278 Folo] Corospon 2] 432 SN
[15] EA ™2 Cer. sojina HaraZ oS- | 21 QITh16]. S=3F, Cercospora aberrans Petr.©] FEf
2 EAJof| k2 A E5t0] JFFO 2 Passalora aberrans (Petr.) U. Braun Q-2 FH & Tt H17] EAHA|
5512 B A 1to] ulet HzH -2 Pseudocercospora aberrans (Petr.) Deighton®]TH16,18]. thehA,
Fah o] R R QlnkE F/4dol Tofsh= &F30]+= PseudocercosporaZiol] 2441 7] Z10]
=UHal STk

o] F3ol= 18779 5 2] Thiiman©] 25 F-a}ahtF 9l 2] A 24 Septosporium bolleanum
Thiim. 22 %5 HH = ATH16]. 0] 50| 1879 Spegazini©ll 213l £-0] BFHY 0] Cercospora bolleana
(Thiim.) Speg. 2 7|5 $2H, 19821 0ll= F=2] Liu2}t Guoll 2J8ll Cercosporidium bolleanum
(Thim.) X.J. Liu & Y.L. GuoZ &2 &4 .2 ™[13], 1984140]| Sivanesan- Psc. bolleana (Thiim.) Sivan.
02 &5 HAAIZITH19]. 1995A°N= Braun©| Passalora%;2] 71132 7J2]5tA] o] Fg0]+= Pas.
bolleana (Thiim.) U. Braun. -2 7HH =] ATH17]. @AH= Pas. bolleana”} A4 22 Z %] 11 A A|2H16],
2 AFE Foto] 7141 3771 FEEH O 2M Puc. bolleanas JH 22 FFsljof o] Eryal
FEl| A7 2] Aatol] LA sto], g=te] FafabtRola] el
2|52 O 2 Psc. bolleana = A7 51 -2 B sttt gk 25t}
1 Psc. ﬁa-cancaeoﬂ OJ3t A2 suborbicularc] HA] FHE-A o]gtal 7|AE|lom g Y
B0 Z p. bolleanaoﬂ OJet Z/d-2 vein-limitedo| A A 2 SojE| B2 TR QIS 0

Shro] Rt bR BB L QlnkE J/do] ofsh= o 7329 Cercosporatt 5781 7F FEH 2
E= Passalora:0l] &5FA| T A'§5HY O 2= Pseudocercospora<iol] £3tttal A2 QI o] &
A5 s 2sk] flsted, 642 A RS dnd oz Fsiom & 355 47I4E 246kt
11 43} o] 5 A|59] F3Fol = e O 2= Passalora bolleana2}t 2 ‘]'3]'5,’1‘:} ITS?}FLSU 9714
42 BAAIEEH 02 BA5E A1t o] 5 T #F7} PseudocercosporaZs =0l Y15kl 2}
Aoz ok feo) Al FF(2 Ate] T et o] o et 2 UM o fafe] et FF=
L% Pseucocercospora bolleana = 574 =) QItE F714 0 2 tjnta} Sh=tofjA] Falah it 7 uf =
9 2 47 Pseudocercospora fici-caricae 2= H| w5kl E |53tk
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