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ABSTRACT

In January 2017, discolored black oat seeds were found in the storage depot of a farmhouse in
Jeongeup. Pyrenophora sp. was detected in 45% of the oat seeds surveyed. All Pyrenophora
isolates obtained from the seeds were identified as Pyrenophora avenae based on the

'.) sequences of internal transcribed spacer (ITS) rDNA regions and glyceraldehyde 3-phosphate
dehydrogenase (GPDH) gene and validated by morphological and cultural characterization.

%T;%Caktégr A phylogenetic tree constructed using the ITS and GPDH sequences showed that the Korean
isolates of P. avenae comprise of four genetically distinct groups. Pathogenicity test validated

B OPEN ACCESS that the fungus is an infectious agent responsible for discolored black seeds and leaf blotch

PISSN : 0253-651X in oat plants. This is the first study report that P. avenae causes leaf blotch disease of oat in
elISSN : 2383-5249 Korea.

Kor. J. Mycol. 2018 December, 46(4): 459-466 )
https;//doi.org/10.4489/KJM.20180050 Keywords: Black discolored seeds, Leaf blotch, Oat, Pyrenophora avenae

Received: October 16,2018

Revised: October 22, 2018

Accepted: November 01, 2018

© 2018 THE KOREAN SOCIETY OF MYCOLOGY. kl B2
[ -

Thisisan Open Accessartide ) (Oats, Avena sativa LA SQ0IA]o}] & @ate] s} 2k2 2 4] dhikzofl= 1z Althol 8-

distrbuted under theterms of . | )
theCreative CommonsAttrbuionNonCommerdal 8 2122 ST 19601 7 =0 F5EA| oA 2l 7] Z0] Qlont 8}, =4 50 #All=

License fitp! creatiecommonsorgficensesy o} i) z) okrirt 2] Halo] tiajake B0 A7 SAIEo 24 7t IAEEA A
citatichpemistrescecronommugl 62 AHEHE A SebE H, mefe] cite £ YIS HEoRA TIE A A,

use, distibution, and reproductioninanymedium, 3R A|9& FAH 08 A8 Bl 715 ALR-8-0 = AfllEl= HAjo] S|l QIEH1].
provided the original work is properly cited. ?‘]E—]Oﬂ Ha]'/\gé]"‘i EXY ;,_O,] o] %EH“E EE—], DE] %—Oﬂ EX) %’%‘3% _\i|__t§’ 7‘7:!__?_7]]:5) Ea%ﬂ—ﬂ%%,

The Korean Journal of Mycology Vol.46, No. 4, 2018 459



Jung-Hye Choiet al.

QIntE, $egol Sol Lelx glrhal. 551, FujelAl WAjo] HE|A] $2 Pyrenophors
avenacol] o3t 71) ArFE- B SEARS HAAA 0 2 ARl ol e 23 Qe
Fu Flelol Wgshs Bl RS Ty, 27|, 287, £7057]80] 712 Elof 9)
23 1 9|t} 2ol ol A 7o) 1R Aol cHal, 2 A= 20161 o) 857l
A 43J3)0] Bt Fold 7] 5 33 24S Kol Fxj2 R AR Hefslel S4sk, 15

S
= o
of 924 hapyd 2AbE B S WSt
a
ME 9wl

F2| Ext 2% 9 Pyrenophora = 22|

3= F2]ZEAR= 1% sodium hypochloriteo]] 2427F 2 X|510] THH A=SIQTHS]. ASH EA52
AR 23] Al & Hid AR 2 E71E AASE TS 100702 potato dextrose agar (PDA;
streptomycin 600 pug/mL)o]| &2 =94t} 25°C 27|04 5L 7S & T2 colony S FAISH R
+ &= PDACY A HIFSIRATE Pyrenophoras; 2] ZA1%/d2 9I5t0] At oat leaf agar Hj
Z|(OLAY ol 251l 152 5353 T near ultra violet NUV)E 12ARH1Y AR =25°C &
7]ol|A 2527 vt B/ S AR ZAFAE S ZA5H] Water agaro]] =HBE £ 25°C

5
DNA == 3 F7IME 24

Pyrenophora w55 PDA Bl|2|o]] Z&5}a1, 25°Col|A] 3~5U7t BiF & vl FARAIRE] genomic
DNAE Chi 5] 3612 ol 831of #2511 -20°Col HseIA) ol ALgaisict. 757 2
OHA Tl BA1S 2QJ5l internal transcribed spacer region (ITS) rDNAS} glyceraldehydes
3-phosphate dehydrogenase (GPDH) -9-42Fe] 97| A F-8 BA5IQICE ITSE= ITS1 (5-TCC GTA
GGT GAA CCT GCG G-3)ZHTS4 (5-TCC TCC GCT TAT TGA TAT GC-3’) Z&}o|H[7], GPDH
£ gpdl (5-5-CAA CGG CTT CGG TCG-3)1} gpd2 (5-GCC AAG CAG TTG GT-3) Zefo|HE
8] o]-85}0] PCRS AA|SIATE FZARE-L2 QIAquick PCR purification kit (Qiagen, Germantown,
MD, USA)E A5t} A 7] 18 & - 2A]5HI T A1 &1 714182 DNASTAR (Lasergene
8; DNASTAR, Madison, W1, USA)Z- ©]-85}0] WA &, GenBank (accession number MF693022-
MF693069, MF537439-MF537486, MH603003 2 MH603004)o]| %—%'3]—%‘11) Genbanko]] S-2%|
Pyrenophora%:2] €71 K G2} a/d wAlS &5t w54 B -F4 tfd = ARSI, Clustal
W AZLELQoIP]E o]-&slo] Q7|1XMB-S AL, Al'e4+= MEGA 6.0 ZZT1H[101Z AHE5}
o] neighbor-joining® © & ZMAJ5}Qict,

Fofm ST

W71 B B A 24 &3l 574 P. avenae Tl thisto] P2 E/du HiFA 492 ZAF
SHRICE FElZ| B2 oA 71adt /sl webM ZAkS @R & 2AEARe BYt 7|8 2
AFSHRATE BiFA] E/d2 ZH2ke] w2 cork borer (2173 5 mm) 2 Ze} A 22 PDA HijA] g0l 4

- =
%%, 15°C,20°C, 25°C, 30°C 1821 35°CollA] iRt & wAMYE, ZAE/d Bl & B/d5 AT
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SiIeH1].

Y 7

ol

497119] Pyrenophora -2l 5 8712] @55 Altsto] 2jof| thsto] B 7S Atk A
HHE 5= SollA] 716 wol] whabA] OLA Bijz]ol] 2215 /g A7 2, hemocytometerS- ©]-&-
Slo] ZAFARONO] F 5 5 x 10° spores/mLE A5} 2] 2404 ZEo]| nlEsio] 80
U7E ApupsE & 73] AlEA o B5 A5 tlRTs BRe] Pk s Asllom, A
34HE.0 2 AASIQICE BRHE & A EAlE Bl d 2 §1120°C 27| 3U7HE T 7 o] 241
oA FAIA7|HA] Y& ARSI

o 22| Y EXMAZSHA P, avenae S

g2l AHels7lolA 2 & TAsto] o] AAE AdeE Bkl 2] SAklM ARl &
RHFig. 1A)oHE Tl SAHERIS] 2 32 WA Aol S0z watel 242 Uehich
(Fig. 1B). 2| ZAtE EHAE S PDA H| 2o 2)/dsto] Fgo] 7Hde-& 2Kt 21}, Pyrenophora
2:(45%), Alternaria2x(15%), Epicoccum?(3%)°] 2 ZZE|]cHdata not shown). £2|%
Pyrenophora 2] ITS .5lo] cfslo] Genbank 7|Hke] BAFE BAT}AS42 2t 2
1} RE FF= T 020 2 LREATHFIg,. 2A). FAE 4971 75 £ 1708)e01062} 1708)e0108
w55 Alelet477) #5771 2FE 1E 1.2 5529] F{2ol|A] £2]E P. chaetomioides BRIP 10944
220} 100%°] QAFES LFEPHT, 17081601067} 1708Je0108 22 Etok= 1.2 2= ool
F2l&(Avena sp.)ollA] 2] D. avenae CBS 189.2953 100%2] -FAE S Bt = 157
7192 SAHEE 09060]R), 5 bpe] 2714 AJolS LEick, S5k Pyrenophorase] The £ S}
ITS 52} 7|MH FARE= 97% ol5tRl 2102 Uetylt oj2ish Zxtz R S8 /2 Uep]
£ Aeo|A E2)¥ Pyrenophora 5= 2= P. avenae (540|% P. chactomioides, F/JA|cH
Drechslera avenae) & 57 =|]{C}.

Fig. 1. Comparison between healthy oat seeds (A) and black discolored grains (B).

The Korean Journal of Mycology Vol.46, No. 4, 2018 461



JungHye Choiet al.

0, avenae 170 5/e0227(MFE30ST)
0, avenae 1705/e0228(MFE33053)
D, avenae 1 705)80226(MFE33051)
D, avinae 1705)60226(MFE33050)
0. avenae 1 705)e0228 (MFE3304S)
D, avenas 1705060223 (MFEI3048)
D, avenas 1705/e0022 (MFEIINT)
0. avenae 1705)e0221 (MFEI045)
D, avenae 170SIe0220(MFE345)
D, avenae 1705)e0219(MFE304L)
D. avenae 17050218 MFEIIM3)
D, avense 17056021 7(MFEII04Z)
D, avenae 170510216 MFEII41)
D. avenae 17050015 MFE33040)
0. avenae 1705)e0214 (MF633039)
D, svenne 170560213 (MFES3038)
D, avenne 1705)e0212(MFEIN0IT)
D, svenae 1705)60211 (MF6330386)
0, avenae 1705/e0210(MFE33035)
0. avense 1705)e0208(MFEI30M)
D, wverse 170560208 (MFES3033)
D, sverse 170560207 (MFES3032)
D, avenas 1705006 {MFE330H)
0. avenae 1705160205 MF633030)

" D, avenae 17050004 (MFES3029)

D, avenae 17050003 (MFEII0E)
D, avenae 170560002 (MFES30ZT)
D, aveene 1 70560001 (MFEI3026)
D, avense 1 705)e0103(MFEI0)
D, svenne 1 705160102 (MFES3023)
D, avense 1 705)e0101 (MFE33022)

Pyrenophons chastomicides DACM ZE5797 (INS43661)
Bavanats "

JRBE0T5. 913 (MH393541)

[— i JRBE2015, 370

Pyrenophors chatomicides BRIP 10844 (RI415521)
0. svenae 1705/e0229(MFEI)
D, avenae 1705Ie0E30(MFE33055)
D, avenae 170560251 (MFEI3056)
D, avenas 17050832 (MFE30ST)
D, avenae 17050033 MFE33058)
D, avenas 17050034 (MFEI3059)
D, sverine 1705)e0035 (MFEI3060)
D, avenine 1705)e0036 (MFE33061)
0, avanne 1705/e0237 (MFEIN0EL)
0, avenae 1705/e0238(MFE33063)
0, avenas 170S/s0239(MFE33054)
0, svenae 1705)20240 (MFEA308S)
0. avenae 1705)e0041 (MFEI30EE)
0, avense 1705)e0042 (MFEI3ET)
D. avenae 1705/e0043(MFEI0ES)
0. avenae 1705)e0044 (MF633059)

[, avense CBS 1633 (AVOMTHE)
[, avense CBS 27331 (AVOM7%)

D, avenae 1 70S)e0106 (WFE33025)

D, avense 1705080108 (MHEDI00L)

Pyrescgho loli CBS 318,60 (MHESa316)

l—Pyr

ﬂl
0  Pyrenopoe feres P 2(Y03T46)

Groupl

Groupll

erophoss bromi DAOM 127414 (JNS43668)
DACM 107224 {AY004602)

Pyrenophors japarica DACM 168286 (AFOTIT)

Bipalares sp. CES16491 (AVONTIY)

|+

§
-

e[

D, avenas 1705)e0238 (MFSIT480)
D. avenae 170510239 (MFSIT481)
0. avenas 170580231 (MFSIT4T3)
D. avenss 1705180223 (MFS3T4T1)
D, avenas 1705160225 (MFS3TA6T)
D. avenae 1705)e0224 (MF53T465)
D. avenae 17050219 (MFS3T461)
D. avenae 1705)e0218 (MFS3IT460)
D. avenae 1705)e0215 (MFS3ITAST)
o4 [0 avenee 1705)e0214 (MF537456)
D. avenae 1705)e0213(MFSIT4SS)
0. avenas 170580212 (MFSIT4S4)
D, avenas 1705)e0209 (MF53T451)
D, avense 1T0S)e0207 (MFS3T445)
D, avense 1705160201 (MF53T443)
D, avense 1705060103 (MF537441)
D, avenae 1705)e0102 (MF53T440)
D, avense 1705)e0101 (MFS3T439)
D. avense 170510240 (MFSIT482)
D. avenae 1705)e0241 (MFS3T483)
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Fig. 2. Neighbor-joining tree based on sequences of internal transcribed spacers rDNA region (A) and glyceraldehydes
3-phosphate dehydrogenase gene(B) of Pyrenophora avenae isolates and related species.

Table 1. Morphological and cultural characteristics of Pyrenophora avenae isolates

Group I 170SJe0101 46.0+1.0 60.7+12 69.0+1.7 507+12 103+06 3~5 383~829x92~174(602x12.7) 4.8
170SJe0243 457+0.6 633+£15 787+12 59715 97+06 3~6 382~89.7x12.0~19.5(59.0x14.8) 4.0
Group II 170SJe0202 39.0+3.6 53.0+£1.0 543+32 363+06 53+06 2~4 326~786x102~158(559x12.7) 44
170SJe0210 32.7+15 487+06 573+12 143+£06 67+1.5 3~5 37.1~83.0x10.6~18.0(60.0x14.6) 4.1
Group Il 170SJe0203 223+0.6 320+10 40.7+15 257+15 - 2~4  37.0~85.7x10.7~23.8 (564 x 14.0) 4.0
170SJe0204 257406 420+1.0 627+3.1 26.7+0.6 - 2~4  279~675%x9.7~152(41.7x11.6) 3.6
GroupIV  170SJe0106 273+15 353+15 330+10 147+12 - 2~5  40.6~99.7x134~212(64.1x16.8) 3.8
1708Je0108 233+0.6 31.7+1.5 37721 160+1.0 - 3~6 53.0~982x124~21.3(79.0x173) 4.6
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Z1H Q3 Cloy

P. avenae w5-2] FU| 5794 T 2412 9I5| GPDH §-342t 947148 7251t =
ol A B2]¥ P. avenae #5-2] GPDH -3-34}2] 37| A D1} GenBankol] S-Z% k2 Pyrenophora
S5 FAE BA T AlESE Ade Al SA1E BE o P avenae2 511, 47
9] XA 120 g JLEE]o] ITSEHIH= =2 resolutionS 215} THFig. 2B). ITS AlE40i|A] 1
5101 &3t 477)] 755= GPDH Al540l| s} 3712] 150 2 M=, 157l A7|1ME fA
= 99~100%, A7IAEL 7 bpe Zol5 YERTE ITS Alg4oilA] LF20] &3+ &+ o=
(1708Je0106, 170SJe0108)x= GPDH Al Aol A = S2ie1A| The 1502 F-2E A, IF
1~3 #59h=95~96% 2] -FAREE Z|of 26 bp2] F7|AF Zpo| & UEpth. =iu] w5 5 15200
43514= 187l) 5= Pyrenophora chaetomioides BRIP 109442} 100% 3AHES UERNQI T, 154
of| £51= 27 #== D. avenae CBS 189299} 100%2] SAE S Hoit}, Jejut 2 =5 18
17} 30]] £35= GenBankol] 524 9] w5+= QIATh P. avenae®} Pyrenophora £:2] tF2 51+
9] GPDH 412} 4714 Q -RAKE= 94% ofsto]H, £3] TLF1~30]| &ol= 4771 o2} B] w3}
o} 909% olste] -FAREE UERITE 919] Atz HE] Fufjollx] 2% P. avenae 5= -H714 0
4789] 1F 0 2 FLREH, o=ol|A BalH F57t ol Qlie LE29k 48Tk opet &5 Q1A ok
LE1}30] EAfEhE S ERIE 4= Uitk

o

rlo

FHH EUZN

P. avenae®] ZU thd B0l o8} 112 0 2 FRE= 47 D80 L5 B gF 2 oz
e, v B3-S ZAFHIICE PDA B A dol|A] Qb2 Sl A~B M -2 A2 11, Bl A~5] A
o] 2 Aol (uft)7F FAE7 = Sk SIHS S Ro7t Ao, o 242 el H~oy
~GZAo| 11, YR ofif= w2 QIste] Slo|thFig. 3A, 3B). 72| 8- FAFT B 25°C7F
22w 2 Uepdon sighb ms 5 9 2o wet k2 A] LERGTHTable 1). 25°CollA] vk

i

rlo

Fig. 3. Morphological features of Pyrerophora avenae. Front (A) and reverse (B) of colony on potato
dextrose agar at 25°C for 7 days; Conidiophores with conidia (C and D); Conidia with scar (E) (scale
bars = 10 pm).

The Korean Journal of Mycology Vol.46, No. 4, 2018 463



JungHye Choiet al.

&E Ll 21 0] £5R= 1708160243 7-57}4.7~11.1 mm/lday & 480 7P Wi o, 1240 &
51=1605Je0106, 160SJe01086 757} 2] A] A 51 71 0 2 LfeRdTh 1237 o)) &ahe A5
+ 35°CollA= A5o1A] At 28RS Thsolu 1E 0 & Blskal, Tl Y o= A-st
Ao, Zuto] 9lom 9jZojx] T2 Ho]9) O (geniculate), ZH~QFZAHO| 11 A THEL
2 74 o] gloj 7t Zol= 1 mm ofate] i, T 7| oA BEa1, F-28~16 umo|thFig. 3C,
3D). FAYEAR= ti7 Yo, AZA~Z1 2, H-2 ol 1151, 5303, ] a1 2o, <F
2 521, o7l 2~6719] pseudoseptas 2H1l, EX} F7|= BAH O 2= 41.7~79.0 x 11.6
~17.3 pm(Fig. 3D, 3E)o] A5t F=2o] whaka] Blo]7} Alselar, 1840] 451 170S]e01067}
1708Je0108 5= TR w50l Hlsl| & ZAA71E Ueplth. Z21e] 7|7 A|2ol= E55 =
hilumO] 3L, FESI6IaL WA R scar s & 4=t} 912] A2 R E| -F40] Lok dre ASE T
L} ZAF77HE Dgsat 2l 7F ks 2la ERld 4= AT Bl S A1t FEi4, viief
2] E/40) o7k Qlgoll= Etalal, 150 FEfA, ulid2] £/3-2 Ellis & Walker [10] 2! Sivanesan
[11] ol 2]&} 7% P. avenae®} v 4] 2 A=]513At.

Hald 4d

P.avenace) Fjejol titt el A ANBIAR vl BAIGH P HE 79 F o E Aol
3 o] 9 TPt Aol
b R A D) (alo) S FAISIRICE WS A 3, Beislo] 21 S4S Ui,
AJE 739 TALBIICHFi. 4A). FAoIA = 1 2 ghume)e] 224 wulo] WAmgl, A By
o) A7} A0} 912 00, HLARIN B4 0 2 AAEIGIC Fig. 4B). P avenact AL,
%3, 5%, 0|3, o|gejo}, olaer} 5 ool Ae) Aeiiciol ] wAgste, Aol kg, W, 2
2] 243 52 FASAS e, 71591 712, vile), B9)e) 5 7124 Alg ol e}
MU, 900, F152] 5 1370 AlZolA] Batelo] glrk3]. vl et S2o] Aelo] WAtstol
2] 3040962 Tl g0, A9 koA s FAFIL0 2 2oh 10062] £Alo] wigh

N L l ®) ” ‘\
/ i \

Fig. 4. Leaf blotch (A) and black discolored kernels (B) produced on oat plant inoculated with
Pyrenophora avenae.

N
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Aow v uglrH12, 13]. Teiuh Uil 2ol 48 sk WaleA “Flzioluigy
ofe} Wi 7S ARk,
2 W FAh o] 7152 A RIo] A=A 13} deielo] B, 245 Alsh)R

2JZAol|A] P. avenaco]] 2J5F S F-/do] AR 212 20161H 4¢ Sl 247 15H 6 g 517
7HA| 73t 739 L 47 ok sfiof] v]sf @td o] 7 2 Y9102 22w 11 9, thR 57}
oA vid AP S A2 EALE HHEA 0 2 ARgshe Ak SARI Yol 23

Q1 F s e 4= Qleh AlAIA 0 &2 2kZof MAYSH= Pyrenophoras &0 &= P. avenact Rt of
Uz} P. dictyoides, P. graminea, P. japonica, P. lolii, P. teres 2 P. triticitepentis?} E11%=|o] QJct. w}
2hx] = A2lolal= Eajol|a] WAjo] Bg SFLRHP. graminea)t TEFL|RTHP. tere)
Thop et A2} & HlRste] Yolut He] 5 TiefRt 7|50l A WS H= Pyrenophorass 0] Y
At T 2] A Sefel tEo] ¥ Wgel] At 71VdR o] 2/dH T A2l dnkEH
T lolE Zeffe 4= Q17| wizol ¥ Hhgol] tiigh U et ofu2} et B A7+ A
Fojzjop g 7 0 & Y7k,

gL
S+ A
T4
o
| .

o]

xg
2017'A 19 732 S5 H A7 ol A et A2l SA A ek ZARE 100712] FAF5
457l Aol A Pyrenophora; w#0] FAE=|QIct AtolA PojRl BE 552 internal transcribed
spacer (ITS) £-2]2} glyceraldehyde 3-phosphate dehydrogenase (GPDH) 742} 9718 7|22
Pyrenophora avenaei2. 5451911, el Hiela] 4ol olsh S1eelglck. ITsehGPDH €714
7[R ASE 53H P. avenae B2 RAA 02 FEigH47l0] OF0 2 SR 4= RA3iTh B
3 27 A, P. avenae= 7|2]9] SARSRT QUSRS A 07| = WY o SRIE I 0|7l
ShollA] P. avenaeZt 2] AnFEHS A 0 Ithe 2% Hato|d,
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