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In early spring, water-soaked lesions appeared on the petals and leaves of gaenari (Forsythia koreana), and the
tissues were necrotic and dry. Cankers appeared on the infected branches around late spring and the above
part of a branch withered and died. However, it was very rare that the base of the cankered-branch died. The
identical fungi were isolated from the lesions on various tissues, and they grew with white colonies on po-
tato dextrose agar medium. The fungus grew most actively at 23°C and produced many sclerotia of various
sizes. In a pathogenicity assay in which mycelial and sclerotial suspensions were inoculated on each organ of
forsythia, it was found that the pathogen infects the flower only, but not the leaves or branches. Symptoms
on the flowers spread to the next leaves and branches over time and the infected branches were eventually
withered. To identify the isolates, DNA sequences of four phylogenetic markers including ITS, LSU, Tub2, and
CAL were analyzed and all isolates were identified as a species in the genus Septotinia. This is not only the first
report of gaenari (forsythia) shoot blight caused by the fungus Septotinia sp., but also the first report on the
genus Septotinia as a plant pathogen in Korea.
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Table 1. Primers used in this study

DNA region Primer name Sequence (5’-3’) Amplicon size (bp) References

ITS ITS1 TCCGTAGGTGAACCTGCGG 550 White et al. (1990)
ITS4 TCCTCCGCTTATTGATATGC

LSU NL1 GCATATCAATAAGCGGAGGAAAAG 1,300 White et al. (1990), Fell (2001)
LR6 CGCCAGTTCTGCTTACC

Tub2 BT2a GGTAACCAAATCGGTGCTGCTTTC 450 Glass and Donaldson (1995)
BT2b ACCCTCAGTGTAGTGACCCTTGGC

CAL CL1C GAATTCAAGGAGGCCTTCTC 820 Weir et al. (2012)
CL2C TTCTGCATCATGAGCTGGAC

White 5, 1990) Z&}o]H, beta-tubulin 2 (Tub2) §ZAx} X
o2 =2Z317] 93} BT2a/BT2b (Glass2} Donaldson, 1995)
atolw, 12|l calmodulin (CAL) F-384F 43 99 $22 ¢
3f] CL1C/CL2C (Weir 5, 2012) 2}o|HE o] 85} tHTable 1).
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2 25 pl2 HEQtk PCR HE-S-2 72 94°Cof| 4] 57 dena-
turationdt & 96°Col|A] 30%7t denaturation, 1283 Z g}
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St o] I 353 REESHGITE nEA| ke = 72°Co)|A] 102
7k extensionS AA|SFGTE LSU §AA}F H< PCR 2742 94°C
of| A 287} denaturationdt &, 94°Coj| A 187} thA] denatur-
ation, 55°Cof| 4] 1327} annealing, 68°Col|A] 187t extension
St g5 303] HHESHAAL, upA|9f 2 & 68°Cof| A 227t
extensiond}$ith

PCRO] T ZF S HAPE 2 228 PCR AHE 5 lo} Dyne
Loading STAR (Dyne Bio Co., Seongnam, Korea) 1 ul& &g}
o] 1.5% agarose gelo]4] 100 V2 A7|9%5-& 3}, UV transil-
luminatorE Al-&5}o] DNA band $Z o] E.& 20154t
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Direct sequencing2 2|&5}¢ith EA% H7]4FL MEGA
11.0 (Tamura 3, 2021)& o]-§3to] @75 AT F AZsH
&t} ©]3 NCBI (National Center for Biotechnology Informa-
tion, |5 = JAEREAE)NA o {2 F714E 1|
. BA51a1, MEGA 11.0 = 2 73 ] neighbor-joining meth-
0dZ AH§3tel AT 4 SHsHAck

Fig. 1. Blight symptoms on flowers, leaves, and twigs of Forsythia
koreana. (A, B) Naturally occurred symptoms. (C) Necrosis and wilt
of the flowers inoculated with macerated mycelium/sclerotium
suspension. (D) Enlargement of a necrotic lesion onto new shoots
and a twig. (E) Blighted young twigs. (F) A defoliated and dead
twig.
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Fig. 2. Colony morphology (A) and sclerotia formation (B) of the isolate CUTP-FO01 on potato dextrose agar medium and a cross section of

a sclerotium (C, x100).
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Fig. 3. Mycelial growth of CUTP-F001 at different temperatures on
potato dextrose agar medium.

SRR EXMESH S N Lo 2%
CUTP-FOOT, -F002 2 -F0032] ITS rDNA, LSU rRNA, partial
Tub2 ¥ partial CAL -§-Z=} <o T3t PCR A}, ITS g9&
oF 550 bp, LSUL= 2k 1,300 bp, CALL 2F 820 bp 18] 3 Tub2
L €450 bp Z7]0)4 2 SAAPER FUT PCRAFES &3]
thFig. 4).

CUTP-FO01, -F002, -F003 <+3=9] ITS, LSU, Tub2, CAL
Azt 714G 4 A Al 73 2l 2E 8% 9714
Fo] 100% &8-S et e, o 7hof Hol= il
t}. CUTP-F001, -F002, -FO03 #52] §-AA} d7]|A4ES NCBI
GenBankol| 523}921, accession 5= &3} 7}
ITS 9%(OR083420-0R083422), LSU § A=} (OR124627—
OR124629), Tub2 §-7*}(OR095783-0R095785), CAL 8- A}
(OR095786—0R095788).

1,200 bp

Table 2. Sclerotia formation of CUTP-FO01 on potato dextrose
agar medium at different temperatures’

Temperature (°C) sc?::;‘ieatbe (::;‘) No. of sclerotia
17 6.3+5.1a 38.6+8.1a
20 6.6£2.0a 246+4.1b
23 11.2+7.2a 6.0+£14c
26 71+1.7a 13.6+2.6d

*The numbers with a same letter in the column are not signifi-
cantly different in Duncan’s multiple range test (P<0.05).
®Mean of the longest and the shortest diameters.

Al #52] EAEEA 75 H15ke] ITS rDNA2}LSU rRNA
FAA Q71X ES B3 A3}, ITS (DNA {-%%}= GenBank
ol 5-E 4 Septotinia populiperda LS1-5-1 (GenBank accession
no. MT093499) 4! S. podophyllina CBS:394.59 (MH857900)2}
100% LR3Itk Tt 2 4570l %<& w2 Monilinia
O] M. laxa2} M. fructicola, ZL&) 31 Sclerotinias:2] S. sclerotio-
rum} S. trifoliorum 5013125 95.5% o]Ate] AFEAlS LEF
WAk (Fig. 5A). wh2kA] ITS rDNA o &2 B35 o CUTP-
F001,-F002, -FO032 Septotinias; 2.2 A= ATt

LSU rRNA 5212} |75 E SA| Septotinias} 7HE =&
A= XS "o, S, populiperda CBS 339.53 (GenBank accession
no. MH101506) ¥ S. podophyllina CBS:318.37 (MH101505)}+
98.7% oA} LR|3FATE. Sclerotinia<s S. sclerotiorum, Bortyo-
tiniaZs B. convoluta, B. ficariarum3}+2] A5A]-& oF 93%%ith
(Fig. 5B). & A+12] #55-2 LSU rRNA -2} EA | A &= ITS

1,200 bp

500 bp

Fig. 4. Agarose gel electrophoresis patterns of PCR-amplified products in ITS, LSU, Tub2 and CAL genes amplified by PCR using primer pairs
ITS1/ITS4, NLL/LR6, BT2a/BT2b and CL1C/CL2C. The fungi isolated from blighted shoot of Forsythia koreana in Cheongju and Daejeon.
Lanes: 100 bp molecular weight marker (M) and fungal isolates (CUTP-FO01, -F002, -FO03). PCR, polymerase chain reaction; ITS, internal
transcribed spacer; LSU, large subunit rDNA; Tub2, beta-tubulin 2; CAL, calmodulin.
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Il CUTP-F001 (OR083420)
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| Sclerotinia sclerotiorum (MH857810) CBS 344.58

72| Monilinia laxa (MN049483) MON 41
Monilinia laxa (KC544793) BPZK
Monilinia fructicola (GU967379) St1813TP

B W CUTP-F001 (OR124627)
B CUTP-F002 (OR124628)
B CUTP-F003 (OR124629)
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Septotinia podophyllina (MH101505) CBS 318.37

Septotinia populiperda (MH101506) CBS 339.53
] Bortyotinia convoluta (MH870893) CBS 427.68
99 Bortyotinia convoluta (ficariarum) CBS 176.63

Sclerotinia sclerotiorum (CP017820)
100 Sclerotinia sclerotiorum (AF431951) CBS 499.50

Sclerotinia sclerotiorum (MN078807) BSS21
Pycnopeziza sejournei (KX090827) KL267
Cenangium acuum (KX090828) KL276
Cadophora fascicularis (MN339414) P2794
Mycochaetophora gentianae (AB49693) MAFF 239231
Rhexocercosporidium carotae (KP671743) MUTITA 4963

100 Rhexocercosporidium carotae (KF636776) MUTITA 4411

0.05 0.04 0.03 0.02 0.01

Fig. 5. Phylogenetic relationship of the isolates CUTP-F001, -FO02, -FO03 by partial sequences from ITS rDNA and LSU rRNA regions per-
formed with MEGA 11.0 software using the neighbor-joining method. Ten thousand replications for Bootstrap values. (A) ITS rDNA se-
quences (GenBank accession nos. OR083420—0OR083422). (B) LSU rRNA sequences (GenBank accession nos. OR124627—-0R124629). ITS,

internal transcribed spacer; LSU, large subunit rDNA.

rDNA §- 2R} A3} 7o Septotinia; 0. 2 B F QT

Tub2 AR ¥7]ALE-& GenBank 2 AXE = Sclero-
tiniaceaex}ol| &3} Septotinia populiperda (GenBank ac-
cession no. QUX37352)& H|&3}9] Sclerotinia sclerotiorum
(UQH66463), Botrytis cinerea (ADW7889), Monilinia polystro-
ma (WDR20424) 53} 100% AF5-4S UERith =, Tub2 G4
Ab= Sclerotiniaceae¥}2] &5 7hof Hol7t giglon, FA%
chope mol| stk

CAL §-4A} G7I1MEL Al FF B GenBankol| 553
Sclerotiniaceaex}2] Sclerotinia sclerotiorum (GenBank acces-
sion no. CP017814), Botryotis cinerea (XP00155212), Botryotinia
tulipae (TGO09976) 5 ol2] S-ARET} 100% AEALS HY

t}. vbd, -2 3lof| &3} Sclerotinia nivalis (GenBank acces-
sion no. KAJ8058351), S. trifoliorum (CAD6447131), Botrytis
sinoallii (XP038759643), Monilinia laxa (KAB8291167) 52| &
HARRH = AP 40| WolTh 2, CAL § Ao ot AR RE
ITS rDNA 9 LSU rRNA §-A A} Al B = 9l= =] Sclerotini-
aceae P &5 QoA EAF3H Ho7} theft Ao = 1t
Ehd

Septotinia sp.2] CAL &-HA} F714Y-& GenBankel| 5E%
o] QU] kol B FFE1} Septotinia sp.&+2] AEA-L v|wdt
4 Itk & Ao A Ee] g CUTP-F001, -F002, -FO03 ¢
O] CAL 442} g714 "2 NCBI GenBankel] % S23}4ich

=, el A Bajgt @3 CUTP-F001, -F002, -FO032] ITS
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rDNA, LSU rRNA, Tub2 & CAL -S4} G714 8-S B35 2
ITS rDNAS} LSU rRNA 3- 22}l A<= Septotinia sp.2 £-575]
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Ago 2 BRIk

=

2 32

=F
=

g

2] 7 mE )2 S-2luetell A= o2 71R] 4]
o2 B v gloy, Hed2 ol B, Jiue] sl £
< Frgste] =34 AAERES TS0 FH 22 0 2 SHiks)
™ 3t 7R of| ZAef utE S-S oItk AHE dE0l
L5 det gojz= 44 dh<e o] Foll= T EE 7ROl Hl%kol
Uepuw nt27] AjZst=d), 7EArkEo] €71 7|5 71R] XA
L e =t =

7HAuLEHEE =ollAE AuEel &3] Yehts Ho = o
0] 2 S A Stk 7HA| ek S439] ¥Rl 2= Phytophthora
spp., Botryoshpaeria sp., Phomopsis sp. 5 & 0] &4 Q=
o], 7]l HQJstA Qo] M0 & Wt Al5H, ol=gt 4
o] 7K 2 MA7= 5 $ Bl e S ¥otkHe 5,
2023). o] F 714 &3] AZE| &= Zo| Sclerotinia sclerotiorum};
Phytophthora nicotianae 5-318)|, Phytophthora spp= 4% 7)
Ao £7] 7157HA] Zst Bejo| = Hx|7} HilE= 5 2
Aol A TR Aot o A Hol= Ao = dEA
QJtHOrlikowski2} Ptaszek, 2008). HH4, S. sclerotiorumS- 0| & &
of 29131} Qlof] =24} WHrS Y o7]=d], F/do] XHEHA
7R7HA| EAkEo] ZIX7t miE s 5 2 Ate /443 v H
251 A o 2 | 11x]o] Qltk(Florea 5, 2022).

Sclerotinia= A3-42--0] 20-25°Co]w, 0-25°C WOl A 7+
T 7NFES AET & S, 7P EdsHA AEste &
T 15-20°CE oA ItHChuppt Sherf, 1960). E3t o]
THOIEY #HE FHO| o F& M ZA(ind) = FERke] 9l
o, 1 k&0 2 gF2 93 (cortex)©| 1Al WH = HF22
A $(medulla)2 YA JcHWillettse} Wong, 1980). &
TollA 223t 7y 7R urE TR 7]0] R o] & &l
T2 Z@EP))E F8l Adasts 2 st o, £t
FE 23°Co|A 7P mEA St 4= & TE
B ARNAE dofu 7R Erk = ol FE5HS o &
Fol E3aL, o] & Foll HF-o] &E|=-5 Sclerotinia sp.2} vH-$-
H|tt §4S B} six|ut #3S 2t HopS o gEwt

7R fAAE F7IAES AR AT, ITS G714 E E40lA =
Septotinia populiperda, S. podophyllina®} 100% DA gHS E31
B Sclerotinia spp., Monillinia spp. 53+= 95% H&=9] 45
A& BGrh LSU F-3} @7| 4 ol A= Septotinia spp.2+ <+
YRR = Gk} Sclerotinia spp.Lt Botryotinia spp.X.
e AEAL BAth CAL $274 GG E B
55 oI AHFAe] T2 Ukt 5 57 o]
7} A3tk Tub2 8- AR} = Sclerotiniaceaedo] HE & 71of| 2}
o7} AT 2, vl 47} % ITS8k LSU 4R} 014 Az}
£ HolF e, o] 7 F3AeA B Septotinia:o] 71 =
S AEE HAL B2 Ay 7HAukE S 2%t
< Septotinia sp.2 F75t= 70| BIFSiTial it o]
A= 2 Ao 22 S Hole AuEE ke
SclerotiniaS B Y2 2 H 113t Florea 5(2022)2] A-e}=
A ghod, o] 52 w2 5T o ribosomal DNA 17
2} 3t 719k 2Helskel 7] W2 7F5Ado] Atk Sclerotinia®t
Sclerotinia%;-2 25 Sclerotiniaceae®}of| &3, H5H¥ o2
E e EASE ok e B R ek 54 fleiMe
ol RS A5t ok & Aot
& AFolA WL E T Septotiniats 2 Al=+E Wt
o2 g9 dHA A g, S. populiperda= 23 F1+5-E
Populus%:3} Salix%: == AntE 7S do7l= |
YH#o 2 X 1 Eo] o w(Sutton, 1980; Watermand}t Cash,
1950; Zhu 5, 2019, 2022), FLofl&= AALJA = dHio] B 11
=9 tHChudinova®} Elansky, 2021). Zhu 5(2022)-& 498 =
of YutEHS Yo 7| S, populiperdacl] tHat Ao A 57

=
N
T
20

¢

i)

T 5 Al fREo] FAAITY AR RS B/dstAThaL skl
QL lofl 110+ 25 F3E B PAS A=l
U % 6 Rto] RAEAE HWol FAsIHS B 275+
FAFo| i AL o E 273 F= BRYZAE A 1A
okolthy B ustgH o B 2, S, populiperda= w50l whel A%
S0 Zpol7t ackar & 4= Gk 2 A FFE2 EFE £
A2} FAEO| - ZkeY, ol= 37Tk ERIgh Ao|
b2 FAZA P RS ERIsY| SN o B2 455

ZAtstofof & Ao 7 Azttt gHH v o]ofE(Podophyllum
peltatum)ol] 7t 5 & Yo 7l= A& 42X S. podo-
phyllina®) thai A= S. populiperda®} 2+ Fol2t= F4to] ©
B A g A|7]E]o] 231 Qlth(van den Ende, 1960). 3FA|qt, &2
Ao Al 4ol A S. podophyllina2] ITS DNA F< |71
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XEL S. populiperdal} Yz St HHH, LSU rRNA - A+ A7 A4
2 AAs] AR = U2 B = (Fig. 5) 7 Fol & 75
A= vjAIE = gl
Septotinia sp.7} $-2lUgto| A A EHYUHO 2 H 15 0] Q)
£ A2 Septotinia populiperda T 15¥.9 2 (Korean Society
of Plant Pathology, 2022), Z+& A)7]o]] T Ao] R i1 E o] Qlth
(Byun 5, 1967; Park, 1967). 184} Byun 5-(1967)2] H++= Ak
YT DY AN et AL 2 A EZolls ZEHA S
populiperda®l 23t Anl=4 wF =t 7|20 Qict Park
(1967)9] A= FUHAEH T A=A E0ll= Populus
ol WAYS= JukErEe] Y2 2 S, populiperdagh= 1 ©]
S5 7148k 9l #, ol A= Septotinia sp.&] S/l o
Kl ’é“ﬂOM J70] Po7]= el et A AF glrk
2 AFoM e vk 57442 Bole MuE] 7HERE +
2SR, Wi 5443 A A7 E B4 Sl SeptO-
tinia sp.= &SI, FF A2 Al 2 HdgdS E4l
SHTE o] Ak 7iuE] 7EmkE ol et =) A A9l SA
|| Septotinia sp.7+ A= Yt U= Yol = A Ealolok

oFf
=

0]

ol2 Bol ute] BUT Yol S 3
Zlo] MAstH uf= a1 FAdo] ZER|7HA] SATE T e E 7}
Aoll= Aol A71H 54 27E QFEo] Tt F=t, 714
7R et F e AeE e E%‘}i o 4 o
£/ 2020 T8 B2lEle) JHE sk

Ho| A| B2 EE 78 FHo] %_‘—E]Q‘Hhtﬂ potato dextrose
agar HjR|ol| A B - Z-& THEG0H 23°ColA] ASo] 7H
iR 2717k cheet #S ol Wk el 2
7ol ARl w3l FErHS HFe WA HBNA B
© 28 grelsiol, QoI AP helel ek Ao Lisk
o, Z2ofl Ukt SR ARbo] Aol ubet 9l 7hx| 2 SHaE
o} 2hg 24S AN WAFS TSP sk ITS,
LSU, Tub2, CAL = U] 7}x] S-A=}e] A7) A E-e 245 A}
Septotinia%;2 = F7E ek & A= vt Z7EuER o
el thigt =Wl A B3Rl FAlofl Septotinias;o] A& Yt
& sl =) 3 = Tolk

uro] UrEhbA 2
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