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Abstract

The powdery mildew on Castanea crenata in South Korea was first recorded as Microsphaera
alni in 1958. On the basis of its morphological characteristics and host range, the mildew was
determined as Microsphaera sinensis in 1988. According to the rules of The International Code
of Botanical Nomenclature, M. sinensis was renamed Erysiphe castaneigena in 20006.
Nevertheless, taxonomic re-consideration of the morphological and molecular characteristics
for the Castanea powdery mildew in Korea has not been performed. In the present study, we
studied 34 powdery mildew samples collected from C. crenata in the Korea University
Herbarium. On the basis of microscopic examinations of the holomorph and phylogenetic
analysis of the internal transcribed spacer regions, we confirmed the powdery mildew fungus as
E. castaneigena. In addition, sequence comparison between E. castaneigena and E. alphitoides
ex Castanea sp. suggested a close phylogenetic affinity.
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), B0] Q4] C dentata (Marsh.) Borkh. (A=), - $AES] C. sativa Mill. (-4
) = Lo

MAR o2 JIUCastanea spp.)°lX 7159 7152 Cystotheca, Erysiphe,
Phyllactinia ‘5 32:°] ItH2]. ©] SN Erysiphe sect. Microsphaera®l = E. alphitoides
(Griff. & Maubl.) U. Braun & S. Takam., E. castaneae U. Braun, E. seguinii (Y.N. Yu &
Y.Q. Lai) U. Braun & S. Takam., E. castaneigena U. Braun & Cunnington 5 45| 7| 5X]
o] QItH2, 3]. A, E. alphitoides+— T2 H72] RS Quercus spp.) 7155 A4
Sh= 7R o 2 LA QLo Castanea 420] 3504 = E1 3 v St =, J=2dht
Fof nlaiuRo] 7o 2 A oA, o] SI7ERETRe = fgoflA
deiA QIth2]. FZoll THAO] Castanea sp.oA AR S-S E. alphitoides 2
5% 72 A internal transcribed spacer (ITS) tDNA §7]4 o] NCBI¢|| 555 A
g o =EollAs BERRe] Ve gt 2Reld HES tFA] YSiTh4]. E.
alphitoides'=& 7W'@o| Bo5tal 7|5 97} o9 Yol A ZhpRE HlRe of 2 2o 4]
=04 HaE|gleon =, 3], Shpisat IR AeS A dcks S7EFEdo] A=
UM ER1A] FE A B HEZL H Q3 AHo|tH3]. A, E. castaneaer= A=
5 RS 659 70| 78w 2 A ul=at Zfiubetel ARt 7] 5 5]o] gloa
[2] Buoft #3E5H= 1-{F 0= AAZITH3]. AR, E. seguinii= o= L] AlFto|udt
ol 7155 F0 24 AF7HA] S=oll ARt Hals -G-5o]oh3]. o] 7
XS] FEid EAo] E. alphitoides<t -GAFSHH, Tt ] EA-2 defxl v glck. o+
L}, o] T2 22 AR Harg vE glong E9E F.0 2X49] 295 st = o4
o=tk YA, E. castaneigena= YTt S| 7o =4 At 5
=4 B E AT o] 0] A4 F-E0|(nomenclatural synonym).C 2 Microsphaera
sinensis YuZ} It} &, 2000189 Microsphaera?} Erysiphe®] 5-=0|H 02 JFHE 0 24
SHHO| E. sinensisZ B OLH5], “E. sinensis= ©]0] TF2 37L2 0o shg o 2 A3
&o] it wEEA Braun 5{6]¢] E. castaneigena U. Braun & Cunnington©|2k= A1
(nom. nov.)= Fo{5H3irh

TR _E=2] MU Castanea crenatays * F2H 2 B ofE £o] HhuFel
= A= Ao k= odo] glov, B oM AV A S S (=5 Y) ol 25K
Al B 2 37131t 0] A7l ek =i ] x0] 7|50 2=1940 <ATHE -84
AHzh of| 7155 Microsphaera alni (Wallr.) Salm.©] Lo, 2334 5 B R 7T Gl
O 7R O] PRt 7= QITH7]. 1 F Park [8]°] 1957'd AJSHHIA] Ade)
SHof| A ZHHRE R S7 2 o] el EAS 71AHSKAL Microsphaera alni=. 715}
Aok LA, M alni= W2 78] SO0 =4 HvRRETE oL et of 2] HEAIE O] SIV7FE
WS Istict. ?HH, 2000390 Shin [9]2 Sh=ro] B SV M. sinensis Yu
= FASISE £, 1982d S0 Yut Lai [10)7} =5V 7FSw-& M alni
complex®|4] Eelsl] SHH F0 2 X M. sinensisZ Q5= Shin [9, 1112 9]
HUT SR S0 7)Aot FEA 0 2 ARk TAE ANSHAA M sinensis=
FA5IAL). 11 & F=o) v SI7FRHGES M. sinensis 2 SE1A SO 12], 45 AT
L o]0}l sigi
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2RI Erysiphe castaneigena 2| &l

T2 Farr®} Rossman [2] % Braun?} Cook [3]2] Z}=0l] SJSHA, IEAl M. sinensis =
AR eh=ro] v S7E o] @AW= E. castaneigenaZ 71550] itk o]= Fot
Ao LE, F=, SFh)ollA] Z1FE T M. sinensisE 20030l E. sinensis= F7H5H1[13],
2006 Aofl= < AlEg ol Tt = A HHICBN) o] 2o W2t E. castaneigena=. 7] oh=
[6] ZHEoM AT ARA] 2 A= o] HhpF ST oA 22| datolr),
ChA] Tsf], Rh=f2] WU SI7FR S E. castaneigena® B7dot= 710 &2 Z171e o
ShatHd A E= o]F o v gltt. 71, H MIAIKH O 2 E. castaneigena®l] TRt EAANS
ot A= i Am 184 A% ITS F99] d7IAde] & #olrk. 539, E
castaneigena®) 371FHE(F, HMAS40689) = T10f| F51= S5 Aol A B4
AH=oF2] Harel vl gick

AAFE2 = Ulol| A sk RiIVET SI7ERrE e dist ekt HESL o4 7| 5o L
Qopchal st e oishy A EEA(KUS-F)oll B2 591 EA|Zof| A HIuF &
71 A EAS Aol A7dstar @A) 7w ERAAB] ol SASk 7
st T2 ol & A= ITS FY 9] F7 M B BAT O =M EAA 0 =2 o]
7ol gt et 54 AARE Algstaat 2 AE AAISHIT
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199075 20161 87E2] =W A HolA] 25t B 27 Fe et Alse arefdietn X
TEEH | HEE] 0] QLo F 347 o] A 57} HE Folrh thg2 A Alm o] Yotk
KUS-F10552 (15 Oct 1990, 734, 75 ¢5tistr), F10608 (24 Oct 1990, ZSA], Z[H
“5), F11208 (3 Oct 1991, 541, 25 AFtetad), F11812 (7 Jul 1992, 541, 7545
ok, F12468 (22 Jul 1993, ZF3A], 7595 tst), F12636 (25 Sep 1993, 54, 4
&), F12899 (25 Jun 1994, 7341, 735 d5=thelar), F12965 (4 Sep 1994, Z5Al, 2its),
F13229 (26 Oct 1994, 73 2A], %), F13685 (20 Sep 1994, 45A], 314F5), F13706 (8
Oct 1996, 7F2A], ZF2Q5Ftistar), F16980 (8 Oct 1999, QFFA], FeIE01) F17107 (15
Oct 1999, A9, SEAESH A4, F18314 (28 Aug 2001, AF2A], 95, F18701
(20 Oct 2001, 7F2A], AAAHH), F22942 (27 Sep 2007, &:2A], A5 istw), F24350 (22 Jul
2009, tAZGA], T4, F26045 (29 Aug 2011, ZF2A], ZF2-95d18k), F26869 (2 Sep
2012, A, EAIH), F28255 (25 Sep 2014, FAEFIA], ZF4H), F28333 (8 Oct 2014, 24F
A, EF71429), F28372 (11 Oct 2014, XA, AR A 7|&9), F28489 (7 Nov 2014,
Z=QIA], 3BwAY), F28492 (9 Nov 2014, 'HeFEA], Z173-8), F28539 (20 Nov 2014, U5EA], =
A3, F28562 (27 Nov 2014, 9541, Zddisha of5-71m 2), F28640 (15 Jun 2015, A1
A, ZEH), F28676 (24 Jun 2015, 2JAHA], E917169), F28682 (28 Jun 2015, 5
Al, ZX138+3), F28761 (29 Jul 2015, 'HEA], ©13-5), F28794 (30 Aug 2015, 3HJA], SEH),
F28830 (13 Sep 2015, “F=EA], WubAl), F28837 (15 Sep 2015, BAl, o1@%), F29627 (27
Oct 2016, Y+, B-74h.

e
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s sl g o) RAAtlel SATNE Daslr Baetd S4e melsla 2
71 Z7ot7] S1oliA] Alopdeldn|E(BX51; Olympus, Tokyo, Japan)= AFS-0F3]. 0™,
An|g ARl-2 ol E7Hd AT (Axio Imager; Carl Zeiss, Oberkochen, Germany)< ©]-8-5}
o] G5, TSt SAATHO] Al ARLE Al e 2 A RS AFgsle] of
Fojzlor, F7HAQ1 o] B agt Z-eolli= XA EE 3% KOHO| F-25] B4 ARS

SAe,

Fig. 1. Erysiphe castaneigena on Castanea crenata. A, symptoms on adaxial leaf surface; B,
symptoms on abaxial leaf surface; C, hypha with lobed appressoria; D, E, conidiophores; F,
primary conidia (arrows) and secondary conidia; G, H, germinating conidia; I, conidium
showing the angular/rectangular pattern of outer wall; J, chasmothecium with asci; K,
appendage; L, asci containing 6 to 8 ascospores.
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b 7R ol of el E710flA = ek =54 el it 7910 A
ol 27 fiEEle] o ool 719 o= HHA FET o, o] FHE T EE] Mstg
Ch(Fig. 1A, 1B). & Aol 2 ¥ike @4 7-polle Aol dlasizHA Aol 27 Hi=
S A

TARE A GOl AR 5] TAshe 747t o] b, Ale 2] o upg ol &
Aetet. wAkE iR mpgolH, H2s 28 IAISHH, 2 4-8 um At wARe] 2t

7le ZFEgon, At AY S o] H, Z st thFig. 10). BT w4 §
HR o 2 HE] #Igsh, 60~100 x 7~9 pmo|™, 3~47H] A E2 A =|o, A 27t 24y
222 WStk Fig. 1D, 1E). 715429 ofgfi&e 211, Zo]=20~35 um ek 12 &
R FAP= S1Z0 ST o} iZO FESn, F7]+=27~35 x 14~18 umO|w, 7]e} tk2 EA
2 22 HAY o] F5HATHFig. 1F). 241 A EA = FA0] ThA o], o H2AIAE
Zt7) grom, eI Wix] ©@ZFdolH, A7) 30~42 x 15~20 umO]H, T A0 vl
HEFg]of| A WolstthFig. 1G, 1H). E§F EAYEALS] THAZE= THZFA A (angular/
rectangular)©] ${CHFig. 11).

e A3t 7ol 2R AU TofA] A=, 272 80~120 pmo]H, HA = 2]
7 8~25 um2] EF2Ig Al Z 2 LA, 4-8719] 2pd-S 71 hFig. 1]). F-E5AF= 8~14
FHo]m, ZpdLo] 91Zo]] Barsh, Z1o]=80~130 umO| 1L, E-2 6~10 pmo|H, T-2 4-63]
olx} Bz]o] glom, ofgfj&- ZHS mA|Yt 9.0 B ZHE Fo| Qi hFig. 1K). A
2 e}y 0 2 A4 ofgiF B T2 7IA|H, 37| 57~75 x 42~50 um©|H, 6~8712] A
IAE AW hFig. 1L). ARFEAR= eF e WA @dadolw, 271 17-23 x 12~15 pm©|
o, Ao]Q)et. o]2gt sty EAL obA I 3]0llA] HalH ¥R Castanea spp.) 2]
71 F W4t Erysiphe castaneigena U. Braun & Cunnington®} Q*|5}Act.

AR 24

sty EEA| HEL|O| QI = E castaneigena A& 5014 KUS-F17109, F18701,
F28676, F28682, F28761, F28837 5 6742] ITS 4] G714 &-& £33t Genomic
DNA F2-2 91514 Chelex 100 (Bio-Rad, Hercules, CA, USA)= A5 11, ITS52} P3
nalo|HE 0]-851 ITS G S22 polymerase chain reaction (PCR)Z F-ZA|ZTH14]. H7]
D= 551 PCR Al=-& 2RIt 9of] 714 F +-41-& Macrogen (Seoul, Korea)©l| 2]=]
Stirk 1 A 639 AlRold I A7IAES AR 100% LASIECH, o5
GenBank©]l 7|E5}ATHK Y926842~K Y926847). NCBI BLASTE- ©]-85197 ITS 49|
7188 vt AT, b0 E. castaneigena N & 67332] G714 DL GenBankol 5-&%0]
U= PEO] AP S7LEHA E. castaneigena (LCO10079)2} 100%2] A5-d-S Lt
wict. ol &9 #AHAE ] TAIE Rt flote] Ale-E Aot o™, MEGAT &
ZI3[15]2 0|85 maximum likelihood B0 2 EA5}Ict 1 Av} gh=ro] shitg
A7FFREA A B 6T B Alm 182 2 Alewoll £519.0H, 97%2] =2 A= 2|4
(bootstrap value)S LWEFHTHFig. 2). T3t T2k~ 9] Castanea sp.oIX ARE S7 2w
E. alphitoides?} E. castaneigena®] 7V 717ke- -%-U-& 2151t 2003'F Cunnington
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KY926842 Erysiphe castaneigena ex Castanea crenata
KY926843 E. castaneigena ex C. crenata
KY926844 E. castaneigena ex C. crenata
97| KY926845 E. castaneigena ex C. crenata
KY926846 E. castaneigena ex C. crenata
KY926847 E. castaneigena ex C. crenata
AF298545 E. castaneigena ex C. crenata (Korea)
LC010079 E. castaneigena ex C. crenata (Japan)
KY348500 E. alphitoides ex Castanea sp. (France)
100 JX235968 E. magnoliae
JX235964 E. magnoliae
LC010061 E. azaleae

LC009984 E. azaleae

G5 AY587014 E. elevata

—| KF840721 E. elevata

AY587012 E. elevata
001 KJ567071 E. magnifica
GU195046 E. magnifica

58 JX997805 E. platani
_|-ABQ26022 E. platani
JQ365941 E. platani

AFQ073358 Arthrocladiella mougeotii

0.020

Fig. 2. Phylogenetic relationship between Erysiphe castaneigena isolates and some reference
isolates retrieved from GenBank, inferred by maximum likelihood method using the ribosomal
internal transcribed spacer regions. Bootstrap values based on 1,000 replications are indicated
above the branches. The scale bar represents 0.02 nucleotide substitutions per site. The Korean
isolates presented in this study are indicated in bold.

S{16]0] A0 0] YR T} REE A2 TS G2 HAjsto] NCBIo] Z]Ekel
o, AG7IHA] 0] T2 M. sinensis 2 FEA SItt. wbA, o] A5 Fof o= ¥y
SRS E. castaneigena = SH1 =Tt

ATE S5t = R VS 6] FA5t, T 54 AARE AlASIT
53l E. astanelgenaJ A o] EA Foll A 12 BAY IR O] EA v} B T a}o] T
Z= 277 g Aol gl g=re] Hhvk R 87 FEF T AEE 72l o]t EA
= A0 2 7153 o 24 =ufellA LAYkl Sl ‘%‘/’r‘j SRS FHA
9 B2 2A4S 501 E. castaneigena® SIRIE] AT, 0] -2 X F7HA] “goFAore] Hivk
T2 71575 Hdchks VEHTo=A A it F=ollA 7]Eﬂ°19’¢}[2] AR
NCBI| 554 E. castaneigena®] ITS @71 E ARE= AE A7t S= Ala ZH2t 1-9]
A9 T A ERE =Eo= ”JFQX] 2FotA & Aol A= A L] = .

o= RN F=O| R A=/ A E E|o E. castaneigena?t O Ao /LR
Foll AT A== 1552 % SISk 4 A+t B st Tt FujofAfgt ezl
E. castaneae? } =] HUF-Rol| 'AYSH=2] of fofl thet HUE]R], F=9] Aoy Rty
N ARt NYEH E. seguinii®] ot EA o thgt 7|1 % A, 122l F-golA B Fo] M+
FollX AHE E. alphitoides©ll tgt BUE|Fo] 2|42 0 =2 o]fo]zjof & Zo]tt.
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