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ABSTRACT

We isolated endophytic fungal strains from the roots of three medicinal crops, Ligusticum
chuanxiong, Angelica gigas, and Cnidium officinale, cultivated at Yeongju, Korea. The fungal
strains were identified based on their morphological characteristics and molecular analyses
of their internal transcribed spacer, large subunit rDNA, and beta-tubulin regions. Thereby, we
identified three previously unrecorded endophytic fungal species, Dactylonectria pauciseptata,
Rhizopycnis vagum, and Sistotrema sernanderi, in Korea. In this report, we describe the
morphological characteristics and phylogenetic analyses of these three fungal species.

Keywords: Dactylonectria pauciseptata, Endophytic fungi, Medicinal crops, Rhizopycnis
vagum, Sistotrema sernanderi
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Algo] 7L 20179 9 A& JFo 9= li Arlokg At A4 Wo] 73 AEA|(N36°5240.5",
E128°32'11.5"0l| 4] Z13Y =] qlct. %LHOHH He= Wol 2fjuli=| 11 gl o, He] & )| = 0] -85
+= k82291 B g (Ligusticum chuanxiong Hort.), 2Fd7(Angelica gigas Nakai), & -g-(Cnidium
officinale Makino)2] 2] & 2 75to] 24417t o|uof] APAl 2 2HlslQc) HMeje Z=24g 4
o] -8 23] A AT Eol 3% NaClo &-Hoil 38, 70% EtOHO]| 1827+ X 2 2] 2)5to] A
SFAIL, 100 ug/mL & =2] streptomycin 8- Kol 1027t 2 2|9t 7 H= 38] Aok #H
ARt B8] = filter paperg ©|-&5t0] 715 5] AASHH 0.5 cm 20| 2 22t water agar(WA)
B2 o] U] F-5-0]ol] X|/35HATHI). 257 Co] Aol i FotA] ud Hasto] wFAR7} o] L
Q2= Zlo] &Rl Uﬂié 0]-8-5}0q potato dextrose agar (PDA, BD Difco™, USA) HIA| 2 A|THul
gstglon, 4 EalH 5= PDABIA| 2} T E-0] malt extract agar (MEA, BD Difco™', USA)HY
Z|of| A} 797t v st oH%oﬂﬂlﬁ 2l 5] 7 Aol A FEjH EAS TRSIATHTable 1), &
Efd o2 BEr Fao] BaHA| 5 572 ¢J5H DNeasy plant mini kit (Qiagen, USA)S 083
of FAof| A DNAS 3Z5H 5, ribosomal DNA (tDNA)2] 5.8S A %2 Z3}F51= internal transcribed
spacer (ITS)Y S w5 E°|4 primer®] ITSIFL} ITS4 [10]5 ©]-&5to] =31 o, B} 4
S5t 542 2I5ko] tDNA9] large subunit (LSU)B - primer LRORZ} LR16 [1112 ©]-83}] 5

Table 1. Morphological characteristics of fungal strains isolated in this study

Strain  D. pauciseptata 17E023 D. pauciseptata [14] R. vagum 17E011 R.vagum [17]  S. semanderi 17E012 S. seranderi [20]
Colony PDA,25C, 7 days PDA, 25°C, 7 days PDA, 25°C, 7 days PDA,25C,25 PDA,25C,7days uncultured
days
Color  White in center, margin nearly White to grayish brown;reverse  Surface brightly white; Dark brownto  Brightly white Basidiocarp
colorless; reverse beige, margin brownish yellow to cinnamon ~ reverse yellowish brown, margin white to cream
nearly colorless brown, margin pale yellow brown in center, margin lighter, generally
felty white to beige felty
Size  34~35mm 35~50 mm 34~36 mm 85 mm 20~23 mm uncultured
Shape Raised, margins nearly entire ~ Felty due to aerial mycelium Convexed, mycelium  Mycelium dense, Raised, radial uncultured
dense, margins faintly ~ faintly zonate ~ margin due to aerial
zonate, nearly entire mycelium
Conidia Macroconidia 2~3 septate, Macroconidia predominantly Hyaline, cylindrical, ~ Hyaline, Basidia Basidia narrowly
spindle to subcylindrical, 3~septate, cylindrical, (37~) 1~2 septate, (8.12~)  cylindrical to subcylindrical, light urmniform to
(25.04~)29.54 (~36.78) X 42~45~47 (~54) % (7.0~) 10.76 (~13.02) x fusiform, 1~3  brown to dark brown, subcylindrical,
(7.82~) 8.52 (~9.00) um in 8.5~9.0~9.5 (~10.0) pm in (1.30~)2.23 (~3.16)  septate, (16~)  (23.21~)26.18 20~30 x 4~6 pm
diam; microconidia aseptate, ~ diam; microconidia aseptate, pm 18~25(~28)x  (~29.18) x (4.35~)
ovoid to ellipsoid, (5.95~) 7.63 subglobose to ovoidal, (3.5~) (4.0~)45~60 483 (~5.77)um
(~8.73) x (3.72~) 4.66 (~5.87) 4.4~5~54(~1.8) x (24~) (~6.9) um
um 2.9~3.3~3.7 (~4.6) um
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E5}91 11, beta-tublin (TUB) %S primer B2a2} Bi2b [12]5 ©]-&5}t0] 2E5}19ich. PCREFS-S
SolGent PCR smartmix (SolGent, Daejeon, Korea)2] protocol®]] th2} 95° C 28, (95° C 20%, annealing
40%, 72° C 189S 35 cycle ¥, 72° C 55, 8" CollA 52 F19Y3519 1, annealing === ITSY
2 50°C, LSUY Y2 44°C, TUB Y -2 55°CE A3t PCRO| £ DNAE 1.5% agarose
geloll 20427+ 27] 9 55to] 22 DNA Bl 3718 &Rlet & A7IAd BAE oJ=lekqict
(SolGent, Dagjeon, Korea). DNA 9714 &2 )= =427 EAIE|(NCBI) /ol 4] BLASTS}
FARES ERI31aL MEGAT 221315 o]-35}oi[13] = B F-2 Al 992} A7 22 olof
neighborjoining '8-4] © 2 A58 2/ttt ERIH 0|71 5% v 1 HAY =AM T(NIBR)
of| 7]&5t 0., BLAST RAR=Z A B! A 34= 2 /g of] o] 8- &7]A4F-& NCBIel| 555131t

=R
Dactylonectria pauciseptata (Schroers & Crous) L. Lombard & Crous,
Phytopathologia Mediterranea 53: 527 (2014)

Yo Balo A Haje F3o|ch PDABIA| oA 7UZF v wE2] 7] 3435 mm H =
0|1, #F2] e A A oz Mot 7AYol M= FAte] WETE FolEof FA o] 7}
A B3t R A A 0 2 wjo] A A w]2|RE QFHIL Zro] ZPg At of| A= FAlel 7}
7he &0l ERIETt. #F9] A= HiR|o| A A% g7 E Fefoln #E2] 7PgAlE = F
< Gelloll 7PAThFig. 1A). MEABIA]ol|A] 797F vk H#52] 2172 35~38 mm H=0] L, #F
O] A2 oF St W= FGRol| A= Agh o] A A wjr 7} Ate| 2 Zh4-E Alo] ojXitk o
F9 A= iAol A A §7]E FefjolH 7Pt = WA 2o o] Ut A

.

E
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Fig. 1. Colonies of strain 17E023 (Dactylonectria pauciseptata) grown for 7 days on potato dextrose
agar (PDA) (A) and malt extract agar (MEA) (E), macroconidium (D), microconidium (H1) and
macroconidium (H2). Colonies of strain 17E011 (Rhizopycnis vagum) grown for 7 days on PDA (B)
and MEA (F), conidia (I, J). Colonies of strain 17E012 (Sistotrema sernanderi) grown for 7 days on
PDA (C) and MEA (G), basidia (K, L). (scale bars: D=20 pm, H-L=10 um).
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o] EChFig. 1E). ="Y=Hconidia)= 2 H(septate)°l] 2J3l| 34202 Lprol x| = A& P332
o284 2Kmacroconidia)2K(Fig. 1D), A= 0] &RIE] 2] b= &2 B 9] A2/ Kmicroconidia)
7F @A EIE Uk Fig. 1H). & S5 25 £33 e il 27]= tl2 /A7 (25.04~) 29.54
(~36.78) X (7.82~) 8.52 (~9.00) um L0 AEAYR}= (5.95~) 7.63 (~8.73) X (3.72~) 4.66 (~5.87)
Hm (n=20) 2 2RI = Qi

Specimen examined: Yeongju, Gyeongsangbukdo, Korea, N36°52'40.5", E128°32'11.5", September
20, 2017, Dactylonectria pauciseptata, isolated from root of Cnidium officinale, strain 17F023,
NIBRFG0000503364, GenBank No. MK968524.

Notes: D. pauciseptata:=2008'c Schroes & Crousl| 2]&ll Cylindrocarpon pauciseptatum 2.2 %] %
H 15|91 O 1{14], 2014 Lombard & Crous©l| 2|3l Nectriaceae U12] <2 A17d Hoh= 17g ol A
Dactylonectria®. 477 0] 57 =| QTH15]. 3712] AE2 71 t-2/3Atet AH o] §l= dhte] Al
2 o] 207l 224712 2k o] Solm[14], B AT E tlEAIR}7} 2-37e] 2ol o]
o LAl 22 8018 4 I9la Aol 9l ARAAIE Helstgict 2 Bl HaUs
of| A ez} AlE(Erica melanthera)2] B8], £28}7]o}o] L LU 7] W Bigjo A 2 &
O m[14], o] Fol| = S0 Tl (Nicotiana) A E0IA WO 2 FejH 7|50 EAgiti16].
ITS, LSU, TUB Y 2] DNA ¥7|A ¥ £ ZAIHTSE D. pauciseptata MF440370.13} 99.64%, LSU
+ D. pauciseptata KM515903.12} 99.83%, TUB+= D. pauciseptata JF735435.17} 98.12%2] L] =&
Hlom i Zhe- Al 52 /g5t 3ithFig. 2).

671 Dactylonectria macrodidyma CBS 112615
Dactylonectria torresensis CBS 119.41
Dactylonectria novozelandica CBS 112608

95 |- Dactylonectria hordeicola CBS 162.89
Dactylonectria estremocensis CBS 129085

83| pactylonectria pinicola CBS 173.37

Dactylonectria anthuriicola CBS 564.95

Dactylonectria vitis CBS 129082

g9 | | Daclylonectria pauciseptata CBS 100818
s Dactylonectria pauciseptata CBS 120171

Dactylonectria pauciseptata 17TF023

Campylocarpon fasciculare CBS 112613

—
0.05

Fig. 2. Neighbor-joining phylogenetic tree based on a concatenated alignment of the internal transcribed
spacer (ITS), large subunit (LSU), and beta-tubulin (TUB) sequences. Campylocarpon fasciculare was
used as an outgroup. Numbers on branches indicate bootstrap values (1,000 replicates). The fungal strain
isolated in this study is in bold.
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Rhizopycnis vagum D.F. Farr, Mycologia 90: 291 (1998)

EXgo] #eol|A £2|H w50tk PDA Hi A]of| A 727 i FH F-0] A7]+=34-36 mm F =
o|al, &2 U2 HAA o= B2 SMS wH SIH2 SR F2AZ, 7P| oA
+ Hlo|A M .2 BMe Wt #50] N = BE §7]% FEjo|al 7PgAtels F2 oIt
(Fig.1B). MEA HI R0l A] 7U7Fu R FZ-2] 27]+=32~35 mm 7 =o|H, #F-2] A2 o2 2
A2 oz Y2 SAg w il 5 SR E ST BAS wo 7Rt of|Af= Hl o] A]
Al 22 ofo| EE| S W} #F-9] = Hi Aol A A 57| F Ejjo] L, #F2] 7HAtE =
entire® ol 7P TH(Fig. 1F). w82 21 FReh &g olH, 1~2719] Auf 7HA| AL Tk 24
Ak A7]= (8.12~) 10.76 (~13.02) X (1.30~) 2.23 (~3.16) um (n=20)2 21 =] A ThFig. 11, 1J).
Specimen examined: Yeongju, Gyeongsangbukdo, Korea, N36°52'40.5", E128°32'11.5", September
20, 2017, Rhizopycnis vagum, isolated from root of Ligusticum chuanxiong, strain 17F011,
NIBRFG0000503360, GenBank No. MK968525.

Notes: R. vagum+> 1998'd DF. Farr®]| 2] sl &3} F-0] “5-Alol] 7] 25| {TH17]. %75 2] Rhizopycnis
+ ¥ (thiza-)°l| 2ZA7](pycnidium)E B30t AolA Feli= et EA3A1 (conidiophore)
o] gRl=]A] ¢kl conidiomata®l| A} 1~3719] A9l-S 7Hd W54 -2 Y532 £AAHE /st
= 7lo] Exolui[17], £ A7l E BA4A Qlo] A%e UER R YA 1-27)0] Zst
71 AR E A gelsielth 2 B s WeT} AEso) Baloy e g5ol
17], S8 (Nicotiana tabacum)2] 2] | A WO 2 22 E R. vagum w57} 2H|oh= 220]
L FAEE A 4= rke A Z27EEARITH 18] ITS2FLSU Y% 2] DNA 6714 2
AT TSE R. vagum HQ610503.17} 98.78%, LSU= R. vagum IN859474.12} 100%2] Uz| =&

om 2 Al5-2 B dsI A thFig. 3).

ol

Em]or

)

o

Rhizopycnis vagum REF096

62 Rhizopycnis vagum REF078
Rhizopycnis vagum 17E011
Acrocalymma walkeri CBS 257.93

Acrocalymma ficus CBS 317.76

Acrocalymma pterocarpi voucher C233

Acrocalymma medicaginis CPC 24340

Acrocalymma aquatica MFLUCC 11-0208

Acrocalymma cycadis CBS 137972

Neocucurbitaria quercina CBS 115095

Fig. 3. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed
spacer (ITS) and large subunit (LSU) sequences. Neocucurbitaria quercina was used as an outgroup.
Numbers on branches indicate bootstrap values (1,000 replicates). The fungal strain isolated in this study
is in bold.
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Sistotrema sernanderi (Litsch.) Donk, Fungus 26: 4 (1956)

Ao H2ollA Z2]E o]t} PDA HiZ|of|A] 7L Xt i 7F-2] 7]+ 20~23 mm A=
O|aL, wFo] A2 oh-SIH R YR SIS Wk 750 A= HijR|of|A A7 §7]E FEol
H, 7PgAR 2 S5A o] U7 RIARE S o] 2ThFig. 10). MEA Bl Z|oflAf 77 HijoF e <
39 271 15~16 mm == o =2 A A2, #E0] A2 oF- S 2F FAo] 77k &
AS T}, #30] A= v Aol FASHA 20 i, 7FgAte] = S AISHAl FAPF o] Qlet
(Fig. 1G). FAF 7] Bt HolollM 5332l A2 22 SZ2A G| (basidia)”| /5= ™,
A7) (23.21~) 26.18 (~29.18) X (4.35~) 4.83 (~5.77) um (n=20)°| ChFig. 1K, IL).

Specimen examined: Yeongju, Gyeongsangbukdo, Korea, N36°52'40.5", E128°32'11.5", September 20,
2017, Sistotrema semanderi, isolated from root of Angelica gigas, strain 17F012, NIBRFG0000503359,
GenBank No. MK968526.

Notes: 51 S. semanderi= 19561 Donk®l| 2]3l| Gloeocystidium semanderi®l| 4| Sistotrema<; 9.2 2
Z 2= ATH19]. Basidiomycota©l] 510, S1M 5.2 S M| FARS 241 20~30 x 4~6 pm F =
A719] 5% A7 |ollA E213 2-A 2] % (suballantoid)2] HAFEA K (basidiospore) S B =
70| E40Jth20]. 2 Aol A= GAREARE ERIE A Feton, A5F B2 272k FE
7} 22} D2|eh= RS RIS 7HEH U (Picea abies)2} U =R (Fagus sylvatica)
oA 22 E 7150] EAsHH20], T2 U A 220l A] gol F2jEth2l, 22]. ITSS} LSU

78 Sistotrema sernanderi CBS 926.70
99 | Sistotrema sernanderi GB-BN-4
60

Sistotrema sernanderi 17TF012

Sistotrema eximum CBS 531.91

Sistotrema octosporum CBS 126038
98

'— Burgoa verzuocliana CBS 131.38

Burgoa anomala CBS 130.38

Sistotrema hypogaeum CBS 394.63

100

Sistotrema coronilla AFTOL-ID 618

Hydnum repandum voucher 420526MF0925

0.005

Fig. 4. Neighbor-joining phylogenetic tree based on a concatenated alignment of internal transcribed
spacer (ITS) and large subunit (LSU) sequences. Hydnum repandum was used as an outgroup. Numbers
on branches indicate bootstrap values (1,000 replicates). Fungal strain isolated in this study is in bold.
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3919] DNA ¥7|1M Y BA AT} ITSE S. sernanderi AY805624.13F 99.82%, LSUS S. sernanderi
AM259219.17}99.68%2] DX =& HYom &= 7k Al=S P51 ThEFig. 4).
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g

BE 97 AR AR A Aol A AlishAl Q= FEANE 3E(EM T, W, Y3)e] B
2loflA WAw-Z 2ot B2l H ¥ e 527} internal transcribed spacer, large subunit
rDNA, beta-tubulin G 2] £AH 242 ET| 2 575513t} A+ 2HollA 332 7uf n|7| 5%
W 755 215 AL, &R1% F-2 Dactylonectria pauciseptata, Rhizopycnis vagum, Sistotrema
semanderi®|th. 1] 71 5-E W8+ 2] FEiZ] B4 &l B AlE 24 Aol dish 7«5t
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