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New Records of Three Aquatic Fungi Isolated from
Freshwater in Samcheok and Yeongju, Korea
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ABSTRACT : Three aquatic fungi were isolated from samples of freshwater-deposited plant litter and foam collected in Samcheok,
Gangwon-do, and Yeongju, Gyeongsangbuk-do, Korea. Based on their morphological characteristics and a phylogenetic analysis of
the internal transcribed spacer (ITS) rDNA region, the three isolates NNIBRFG329, NNIBRFG339, and NNIBRFG19 were
confirmed as aquatic fungi: Articulospora tetracladia, Margaritispora aquatica, and Aquanectria penicillioides. These species were
known as aquatic fungi but neither species has been previously reported in Korea.
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H elMe FE55 FHIe 5 EEHE 9=
Sl SITH3). BAZIA oF 3005 olae] SAERL el
A om, tiFE AP (Ascomycota) 22X FA| Sor-
dariomycetes (~11 spp.), Dothideomycetes (~10 spp.), Pe-
zizomycetes (1 sp.), Orbiliomycetes (3~5 spp.), Leotiomy-
cetes (>75 spp.)°ll &3h= FE°] AHAISkaL UTt[4]. 3FA|TE
ol ke SRl TIg B 9457} Ag) ool
A %Al = Aol

£ AFolME 359 T, Leotiomycetes®ll &3l
Articulospora tetracladia, Margaritispora aquatica, ~L2]3L
Sordariomycetes®ll &3= Aquanectria penicillioidesS =
o) Frbgelr daslslon, o8 S 7|55 oR
ks ST =N
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skt TIXEN RE
e FATRY B mE 2AYAS AR
= =2 o IS ZARE ] 918l Har HA| 8j=] (0.1 g CaCl,

AR G AHAEA F T X *li% Wigeol] 2 2H,0, 10 mg MgSO,7H,0, 10 mg KNO,, 0.55 mg K,HPO,,
H A Z S & o Y3 20°CollA] 3HF H= v A A 0.5 g MOPS buffer, 1 L distilled water) [5]°] agar 27}
o} v & 100 pLE water agar (WA; 20 g/L)Oﬂ =t &S 3 20°ColA] 50 rpm 2 v YSFHA] ABAFE A}
% 2% FRF 25°Coll A SIS v iAol AL 5 dAnE R AT 24 12 Al B T,

Relg Bol BROIS SRRt wrRAE FRE 24 2k SR ASEIA R 92 B9 )
potato dextrose agar (PDA; Difco; BD, Franklin Lakes, NJ, il

USA) 2 malt extract agar (MEA; Difco; BD) Aol %

3L 15°C B= 20°Cell W d3le] Aol A8 3laL, dF=  DNAFE A 2

15% ZEHEe) B F s0'col AAeTt, S5 folel B AVARA 2D P EE AR

FJooo38s5 Articulospora tetracladia CCMF-11805
61 FJooo378 Articulospora tetracladia CCMF-03680
KP234371 Articulospora tetracladia CBS106.46
99| | Flooo377 Articulospora tetracladia CCMF-10806
GQ152144 Articulospora tetracladia 253309
Articulospora tetracladia NNIBRFG329

FJoo0386 Articulospora tetracladia CCMF-11101
KC834056 Gyoerffyella entomobryoides CBS268.63
KC834055 Gyoerffyella craginiformis CCMF-09367
KC834060 Gyoerffyella gemellipara CCMF-402
KC834061 Gyoerffyella rotula CCMF-400
JX981463 Varicosporium elodeae WA0000019152

8" KP234355 Fontanospora fusiramosa CCMF-11313
KC834059 Gyoerffyella tricapillata CBS451.64
Margaritispora aquatica CBS258.84
Margaritispora aquatica NNIBRFG339
KC834063 Lemonniera centrosphaera CCMF-149
89/ - KF730824 L iera cf. alab is UMB-550.10
KF730823 Lemonniera aquatica UMB-512.09
KF730820 Lemonniera aquatica UMB-449.09
KF730819 Lemonniera aquatica UMB-448.09
Flooo4o2 Articulospora atra CCMF-0684
o FJooo398 Articulospora atra CCMF-07283
FJooo396 Articulospora atra CCMF-01384
Flooo3gs Articulospora proliferata
KP234362 Articulospora proliferata CCMF-11201
94 KP234351 Articulospora proliferata CCMF-11200
74/HQ897796 Aquanectria submerse CBS394.62
58 GQ411327 Heliscus submerses UMB-001.99

70|

Agquanectria penicillioides NNIBRFG19
JXo89512 Flagellospora penicillioides UMB-800.11
KM231743 Aquanectria penicillioides CBS257.54
GQ411323 Flagellospora penicillioides UMB-350.07
JQ666054 Gliocladiopsis elghollii CBS206.9
JQ666070 Gliocladiopsis tenuis CBS114148
JQ666069 Gliocladiopsis tenuis CBS114147
711JQ666060 Gliocladiopsis mexicana CBS110938
98 79 JQ666056 Gliocladiopsis indonesiensis CBS116090
KP859045 Idriella lunata CBS209.6
KP859043 Idriella lunata CBS177.57

KC775737 Idriella rara MUCL40962
109 KP859013 Microdochium phragmitis CBS285.71

74 KP859009 Microdochium tainanense CBS269.79
66 KP859038 Microdochium seminicola KAS3576
100 KP859014 Microdochium albescens CBS290.7
| KT203786 Inocybe margaritispora AH40462
10d KT203785 Inocybe margaritispora AH40461

—
0.05

Fig. 1. Neighbor-joining tree of alignment of internal transcribed spacers rDNA region of three aquatic fungi including
Articulospora, Margaritispora and Aquanectria species from deposited plant litter and foam. Inocybe margaritispora was used as
an outgroup. Boostrap values more than 50% (1,000 replications) were shown at branches.
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228 R PAC el TR S 5
S5t TALE glass bead”} B tubeol] ol T&SIAIZ &
NucleoSpin Plant IT DNA extraction Kit (Macherey-Nagel,
Diiren, German)S A3l DNAS FE535K30t. =4
DNA9] internal transcribed spacers (ITS) rDNA H-&-&
SEA717] 9130 1TS1 2 1TS4 Zelo|HE AMS-31e] PCR
= A8 6]. DNA @714 48 2 AYS il
Clustal X2.1 [7]9} Bioedit 7.2.5 [8]E AME-3IAL, AlSS
ZHS- 913 MEGA 6.07 [9]13 AH&-3F3TH

eI~

Articulospora tetracladia C.T. Ingold, Trans. Br. Mycol.
Soc. 25: 376 (1942)

Articulospora tetracladia= % @27 FAATFEA =
9] Ingolddl] ©JallA] 194230 *5 R= It (1]. 7734
2= Hymenoscyphus tetracladius$t Ombrophila tetracla-
dia7} GEA J21H10, 11], BE A7} o] FolAA] b
Aol

NNIBRFG329 5= 735 @54 A9 Ha 2ol
Al BEEHA. o] #F9] ITS DNA F-& A7IMES
NCBIl| 5% A714E3} vluste] #4438 2, A tet-
racladia (GenBank Accession number FJ00386)2} 99.4%
(521/524 bp)2] F&/3S HA oM, Fig. 191A9} o] A
B oM A. tetracladia group®ll 3= AL ERISH
At

NNIBRFG329 &5~ MEA HiA|ol] Hig3E wf 15°Cel
A 7Y B2 20 mm FER =) A on, FAMA
= 7k o] g 2Alg ot 7Pk FEe ¥

AL =AY 19 armS 71 tetraradiate FE) (tetrad
hyphal-like form)9] A& 7HA]3L JoH, Z7]= do|7}
40~50 pm, HHI7} 3~4 um©] Sl (Table 1; Fig. 2A). F=
Aol WM& IAPYEES S8 A, BS 3 o]
B I AAske RS gRlIsilen, dxddxe 749
o] A\t o] gl A= A7 ARSI (Fig. 3A).

Margaritispora aquatica C.T. Ingold, Trans. Br. Mycol.
Soc. 25: 352 (1942)

Margaritispora aquatica™ 19423 J=2] Ingold®l <]
3 Ao 2 WA ACH1]. NNIBREG339 75+ H5 %
A SAE B HAEA] (plant litter) oA 2] =1
T}, o] 59 ITS rDNA F-4&- H71M €S NCBIo| 5=
Q718 vlaste] £28E A3 Lemonniera centrosph-
aera (GenBank Accession number KC834063)$; 99.2%
(508/512 bp)2] &S B o}, FelF EAo] UX]
SHA] gttt o]l Fungal Barcoding Database [12]9114] &
718 vlal A8 A3, M. aquatica CBS 258.849}
99.6%2] ‘&&= BT #12] TFF CBSollA EFito}
ITS rDNA H71M<E 242 4|5t NNIBRFG339 75
o} Bldk A}, 99.5% (411/413 bp)2] A EAS HIoH,
AT BlME 2 groupdll Ealke AE 1T 5 3
ATH(Fig. 1). FeiZ 54 2 2AATETH 242 B
)2 NNIBRFG339 T8 M. aquatica® & T3
.

o] MEA iAol ¥FAE W 15°CollM 79 &<t 25

m e =2|A ARsilon], FAE 7R FEol
23S ot 7P HEe 2AE Blt e A
AP o 2 FH) (cubic) RFe] ZAE JHA A 9lon, =2

Table 1. Morphological characteristics of three aquatic fungi isolated in this study

Characteristics

Colony

Conidia

Articulospora
tetracladia

in the present study

felty, slow growth

in reference [1] ND

greenish brown, reverse brown,
aerial mycelium sparse,

4 arms radiating (tetraradiate),
tetrad hyphal-like form, 3 termnial brances
length 40~50 pm, width 3~4 pm

4 arms radiating from a common point
(tetraradiate), 3 terminal brances
(or 2, one of them forking again)

Margaritispora
aquatica

in the present study

in reference [1]

slightly reddish, reverse reddish brown,
aerial mycelium felty, slow growth

whitish to greyish or typically reddish
brown, aerial mycelium sparse, felty,
conspicuous sclerotia in concentric rings

globose cubic to almost stellate
8~13 um diameter

globose with up to six papilliform
or cubic to almost stellate
(8~)9~13(~14) pm diameter

(or scattered), brown to black

Aquanectria
penicillioides

in the present study
aerial mycelium flat

in reference [14] ND

slightly yellowish to whitish,

filiform, curved to slightly sigmoid, aseptate,
length 30~40 pm, width 2~3 pm

filiform, curved to slightly sigmoid,
aseptate to 1-septate, hyaline, smooth

ND, no description.
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Fig. 2. Colony shape and conidia of three aquatic fungi. A, Articulospora tetracladia NNIBRFG329; B, Margaritispora aquatica
NNIBRFEG339; C, Aquanectria penicillioides NNIBRFG19 (scale bars = 20 ym).
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Fig. 3. Effect of light for sporulation rates of three aquatic fungi. A, Articulospora tetracladia NNIBRFG329; B, Margaritispora
aquatica NNIBRFG339; C, Aquanectria penicillioides NNIBRFG19.



79 Ak @
71 AE©] 8~13 umo|tH(Table 1; Fig. 2B). FZ21S
A §A1T 32 OIFRE FAZ AFHACH, S
A= 9ol Ak EAE AAdSHA] ST (Fig. 3B).

Aquanectria penicillioides (Ingold) L. Lombard & P.W.
Crous, Stud. Mycol. 80:207 (2015)

Aquanectria penicillioidest Flagellospora penicillioides=
Ingold [13]9] 93l HFxE BHuEJQor}, o]F Lombard
S [14]9l &J3lA Aq. penicillioidesZ A8 =] AT NNIB

REG19 715 U= AHA] A8l e] B3] Z**‘gxﬂ Al
BollA B =)}, o] 752 ITS rDNA F& G7|MES
NCBI®| S52% d7|NEx} vlwsle] 2 )\4 ZA_Eer Aq

penicillioides (GenBank Accession number KM231743)94—
99.5%(547/550 bp)-°4 3528 Rt (Fig. 1).
NNIBRFG19 55 MEA HjA]ol] vi S vl 15°CellA]
7Y &<t 40 mm @an’ At o, FAE 7kt
o] A B 7Pl R s S Hln
Aq. penicillioidese ¥t SAF B.oFo 2 FR-H% 431 7=
o] T 2AE 7HAAL glom, A7) Aol 30~
40 pum, HHI= 2~3 um®]lth(Table 1; Fig. 2C). NNIBRF

G19 T F213 4= B5FoA 3¢€0] A 3HE
FAE A3 ThFig. 30).
b.S| (@]
b | el
E AFollae e A 9 AE JF 299 shdellA
AR & F %(:]Xd’% Al F G oA 1S 28}
of AT 35S DEEITh Bl TS e 54
2} internal transcrlbed spacers tDNA -4} 498

3l 4% A7, NNIBRFG329, NNIBRFG339, NNIBR
FG19 T 217} Articulospora tetracladia, Margaritispora

aquatica, Aquanectria penicillioides®| 2T}, °15 352 ¥

= BTl &3k ©@ A I RE Ul v7IES
©F Hudk= vlolth,
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