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ABSTRACT

Pyrenochaetopsis is a genus of filamentous fungi within the Cucurbitariaceae family
(Ascomycota, Dothideomycetes, and Pleosporales). Pyrenochaetopsis is commonly isolated
from the soil, plants, and marine sediments. Species in this genus are receiving attention
owing their ecological functions and biotechnological potential given their roles as plant
pathogens, decomposers, and production of bioactive compounds. Five previously
unrecorded Pyrenochaetopsis species were isolated from freshwater environments in Korea
and identified using internal transcribed spacer (ITS) sequencing. The strains were identified
as P. confluens NNIBRFG21038, P. kuksensis NNIBRFG33605, P. leptospora NNIBRFG33604,
P. microspora NNIBRFG21054, and P. uberiformis NNIBRFG33601. Their morphological
and physiological characteristics, including growth patterns, spore structure, and potential
antimicrobial and enzymatic activities, were examined. These findings contribute to our
understanding of the Pyrenochaetopsis diversity in Korea, providing foundational data for
future ecological and applied studies.
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Pyrenochaetopsis <5(Ascomycota, Pezizomycotina, Dothideomycetes, Pleosporales, Cucurbitariaceae)
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100} o] 52 Tioret B g i Azl Aeleld oS Al Ao 2 R 1%l ckpy)
AANTHA] 2 S22 A A|AA 0.7 24F 0] HkE]o] L om[3], ol A= 2024 7]& T 155Ho]
7)= 5o} ey

2 7ol Fuf t4 Bl 2% B U B2 0E 2RE Releln SASCt
71 Az}, ZUjol| A v| 7] S Pyrenochaetopsis <5 3 2
A AE A A, 18|01 7| 2 A0 AR E W EE B oskalat gk

HruFE wfol7] flste] 471k ERIAIe R e Qo] T SHolA F AR
ot B Z(E &l ] EGe A6t G4 AlEs ZAF @l fiegzet YER

AE2 0 A W EQl "WE](nitrocellulose membrane filter, pore size 0.45 pm; MCE membrane, MF-
Millipore™, Burlington, MA, USA)E- ©]-&-5}0] o }seith. A|57} of b FE| HE AEH En}
041100 ppm®] H7He &} v Z] (water agar, WA; 20 g/L agar)ol] F-2F5H 5, 15°Col| A 147 vl st
At o] A E|Ql e E AA kL, AA|AR] S o]-&-sto] Holgt ZALE Fe]s}o] V8 HjA]
(V8 agar; 8% V8 A [viv], 1.5% agar [w/v], pH 6.02-2 10 N NaOH=Z 2740l HZ5}o] v sl ict.
T 2A0IA AT HAlE AlRE 10°2 AR &, 2EIEDR]A 100 ppmO] H7HE A}
SHd v A (potato dextrose agar, PDA; Difco, Detroit, MI, USA)°ll =&5}0] 15°CollA] 347+ vl 513
o} Wi FFE2 T2} 225 9l VRA H Aol A o B eElokl o, SR o] A
+ PDA HiZ](3.9% potato dextrose agar powder [w/v]; Difco, Sparks, MD, USA)°l| 4] AlthuljFsto] &
B

A8 ol 2 EA-S 2AFSH| /510 malt extract agar (MEA; 2% malt extract [w/v], 2% agar
[w/v]), oatmeal agar (OA; 7.25% oatmeal agar powder [w/v]; Difco, Sparks, MD, USA), PDA2] A 7}
A HjAE ARol] ARESIGiTh 22l el A} v 9l o] ] ghE = gt #n| A (HS50S;
Nikon, Tokyo, Japan)=- ©|-8-5F0] 4351},

22 59 58 Z Y3l ITS (internal transcribed spacer) region [ITS5 (5'

-GGAAGTAAAAGTCGTAACAAGG-3") % ITS4 (5'-TCCTCCGCTTATTGATATGC-3")] ¥ LSU
(large subunit) [LROR (5'-ACCCGCTGAACTTAAGC-3") 2 LR7 (5-TACTACCACCAAGATCT-3)]
o] A7IM L& AFE-51 2 H[5,6], BLAST(Basic Local Alignment Search Tool)S- 53 Tl| o] E{Ho]
20| S5 T FEN &E/dE BT (Table 1). ©1% MEGA 11 Z213[7]2 0|85t} 7]
SE A

U 07552 A4 28 7S Hrlel] ot e 24 B a A g4

2 A5t 1A 538Ut Fusarium solani®t 115 ¥+t Phytophthora capsici, 18] 1 A¢
T2 o7} 52|71 PDA HIA] ol A Thx|ul st 3int. ob oA, 22 ZAITtoAl, 27 totA],
7IElUolA] /4S5 27gst7] ol 24H2t ot 22 W E ARESIQiT:: obdetolA] 241 ¢
3l a-Amylase Assay Kit (Megazyme, Bray, Ireland), = 2] ZA|CtoFA| 2448 98l B-Glucosidase Assay
Kit (MAK 129, Sigma-Aldrich, St. Louis, USA), 7] E]L}o}A] 2495 2]} Chitinase Assay Kit (CS0980,
Sigma-Aldrich, St. Louis, USA), 2710} 2412 215l More 5{8]2] ®H = A 3ol AR5t
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Five Pyrenochaetopsis Strains Isolated from Freshwater in Korea

Table 1. Accession number of Pyrenochaetopsis.

Species Strzin No. GenBank Accession No.
ITS LSU

Pyrenochaetopsis botulispora UTHSC:DI16-297 LT592945.1 LN907440.1
P, botulispora UTHSC:DI16-298 LT592946.1 LN907441.1
P, botulispora UTHSC:DI16-289 LT592941.1 LN907432.1
P. confluens NNIBRFG21038 PV368328 PV715656
P, confluens CBS142459 LT592950.1 LN907446.1
P, confluens UTHSC DI16-303 NR 160338.1 LN907446.1
P, decipiens CBS 343.85 LT623223.1 GQ387624.1
P indica CBS 124454 LT623224.1 GQ387626.1
P. kuksensis NNIBRFG33605 PV368329 PV715657
P, kuksensis CBS 146534 NR 172539.1 MT371397.1
P. leptospora NNIBRFG33604 PV368330 PV715658
P, Ieptospora CBS 101635 MHZ862744.1 GQ387627.1
P, Ieptospora CBS122787 LT623225.1 EU754151.1
P. microspora NNIBRFG21054 PV368331 PV715659
P. microspora CBS 102876 MHS862809.1 GQ387631.1
P, oryzicola MFLUCC 24-0041 PQ376615.1 PQ376629.1
P, oryzicola NTUPPMCC 22-240 PV412948.1 PV426298.1
P, paucisetosa UTHSC:DI16-193 LT592897.1 LN907336.1
P, tabarestanensis SSA106 KF730241.1 KF803343.1
P. uberiformis NNIBRFG33601 PV368332 PV715660
P, uberiformis CBS142461 LT592935.1 LN907420.1
P, yunnanensis KUN-HKAS 123172 ONO077077.1 ONO077066.1
Xenopyrenochaetopsis pratorum CBS 445.81 MHS861363.1 MHS873116.1

ITS, internal transcribed spacer; LSU, large subunit.

Pyrenochaetopsis confluens Valenz.-Lopez, J.F. Cano, Guarro & Stchigel,
Studies in Mycology 90: 57 (2017)(MB819763)(Fig.1 & 2, Table 2 & 3)

5] E/: 1A vl A] Aol 25°CollA] 7247t v el e W, 2 2Y= 10-15mm == =

2| A| 287513A Tk MEA B 2|0l A= S o] IS w] Qo SAH-S AsH S-S AA 7Pt
2|7} oA A 0 2 WIS OA B R|ol| A= SR o] gt 3] 4o 7gztel= 38 H
HH2 B2 Hjo]| A M-S UERITE. PDA B Aol A= Shio] 22 Z2| B Ao A 35S wj]lal
A2 3ol 7PgAte] = Aol it 22 U= Wl =0 st ghtElglor, 5
< FEE B} TSt Fejo] BAizdo] /g H o, Exf= Eo] T Wi d (cylindrical)
O F AN, F7|+=2F 56 um X 1-1.5 umSI ThFig. 2, Table 2).

e S E

EE AR 7|2 8914 91 2019.03.07., NNIBRFG21038(FBCC-F1371), ZH Y4 =S

ZFAT ITS: PV368328, LSU: PV715656
H|3: NNIBRFG21038 #F+= ITS 92| 7|4 ¥S BLASTE o]&3l At 2},

T
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confluens UTHSC DI16-303 T2} 100% (516/516, NR160338) 542 LFEFATH Al 54 Abof|A]
I NNIBRFG21038< P. confluens CBS142459 522} ZH2- cladel] &h= A 0= Rl o], 2|F
20 2 P, confluens = 574 =| I THFig. 1). $HH, P. confluens= 20180} 25 Ea1H F0 2 Q17He]
ol A 5of|A Bl oz deA] rhol.

£ 5= Fusarium solani 2 Phytophthora capsici©l] Tl 735t S+e/d-& Uehdlon, g A8
oAM= S7totA|et 71 EjuobA 7L eksA|, obdetolA|= - 735kA| LT, 3t PDBO
Al F A] QA Ho] Ei= e ghAl A A S AY/J S Th(Table 3).

p

68| Pyrenochaetopsis botulispora UTHSC:DI16-289
Pyrenochaetopsis tabarestanensis SSA106
5 Pyrenochaetopsis botulispora UTHSC:DI16-298
Pyrenochaetopsis botulispora UTHSC:DI16-297
i Pvrenochaetopsis oryzicola NTUPPMCC 22-240
Pyrenochaetopsis orvzicola MFLUCC 24-0041
Pyrenochaetopsis paucisetosa UTHSC:DI16-193
Pyrenochaetopsis uberiformis NNIBRFG33601
ﬁ Pyrenochaetopsis uberiformis CBS142461
87| Pyrenochaetopsis microspore NNIBRF G21054

Pyrenochaetopsis microspore CBS102876

98| Pyrenochaetopsis kuksensis NNIBRFG33605
Pyrenochaetopsis kuksensis CBS146534

84| Pyrenochaelopsis leptospora NNIBRFG33604

a1| Pyrenochaetopsis leptospora CBS101635
Pyrenochaetopsis feptospora CBS122787

70 Pyrenochaetopsis indica CBS124454

L Pyrenochaetopsis decipiens CBS343.85
Pyrenochaetopsis confluens NNIBRFG21038
o| Pyrenochaetopsis confluens CBS142459

Pyrenochaetopsis confluens UTHSC DI16-303

Pyrenochaetopsis vunnanensis KUN-HKAS 123172

Xenopyrenochaetopsis pratorum CBS445.81

—
0.01

Fig. 1. Phylogenetic tree of unrecorded Pyrenochaetopsis species isolated from freshwater environments
and related taxa, based on neighbor-joining analysis of internal transcribed spacer (ITS) and large
subunit (LSU) region sequences using MEGA 11 [7]. Bootstrap values (1,000 replicates) are shown next
to the branches. Values less than 50% were deleted. Evolutionary distances were computed using the
Kimura 2-parameter method. Xenopyrenochaetopsis pratorum CBS445.91 was used as the outgroup.
Unrecorded strains are highlighted in bold and red.
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Five Pyrenochaetopsis Strains Isolated from Freshwater in Korea

Fig. 2. Morphological characters of P. confluens NNIBRFG21038 (FBCC-F1371). A: Mycelial growth
on MEA, OA and PDA for 7 days at 25C. B: Pycnidia x10. C: Conidiophore and D: Conidia x400,
scale bar =10 um. MEA, malt extract agar; OA, oatmeal agar; PDA, potato dextrose agar.

Table 2. Morphological characteristics of Pyrenochaetopsis.

Species Strain No. Colony Pycnidia Conidia
P, confluens NNIBRFG21038  10-15mmon MEA, OAafter 7d ~ Dark brown to black, aggregated, Aseptate, hyaline, cylindrical
Cream on MEA subglobose of globose 5-6x1-1.5 um
CBS142459[9] 10-15mm on MEA, OA after 7d  Pale brown, aggregated, subglobose Aseptate, hyaline, ovoid to
Brownish-grey on MEA of globose cylindrical
80-140 x 70-90 um 2-4x2-2.5um
P, kuksensis NNIBRFG33605  20-25mmon MEA, OAafter 7d ~ Dark brown to black, aggregated, Aseptate, hyaline, ovoid to
‘White to grey on MEA subglobose cylindrical
2-3x0.5-1 um
CBS146534[10]  36.5-44mm on MEA, OA after 10d ~ Brown, aggregated, globose to Aseptate, hyaline, cylindrical to
‘White on MEA ovoid allantoid
254 %12 um
P, leptospora NNIBRFG33604  10-15mmon MEA, OAafter 7d  Dark brown to black, aggregated, Aseptate, hyaline, cylindrical
Cream to greyish green on MEA subglobose 5-6x1-1.5 um
CBS101635[9] 15-20mm on MEA, OAafter 7d ~ Dark brown to black, aggregated, Aseptate, hyaline, cylindrical
Light beige on MEA subglobose 3-5x225um
P. microspora NNIBRFG21054  15-20mmon MEA, OAafter 7d  Dark brown to black, aggregated, Aseptate, hyaline, ovoid to
Cream on MEA Subglobose or globose cylindrical
2-3x0.5-1 pm
CBS102876[9] 10-20mm on MEA, OA after 7d ~ Dark brown to black, aggregated, Aseptate, hyaline, ovoid to
Light Brown on MEA Subglobose or globose cylindrical
2-3x2-2.5um
P, urberiformis NNIBRFG33601 5-15mmon MEA, OAafter 7d ~ Dark brown to black, aggregated, Aseptate, hyaline, cylindrical
Cream on MEA Subglobose or globose 34 x1-1.5 um
CBS142461[9] 20-27mm on MEA, OA after 7d Brown, solitary or confluent, Aseptate, hyaline, cylindrical
Brownish orange on MEA globose or ovoid 4-6x2-2.5um

200-440 x 130410 um

MEA, malt extract agar; OA, oatmeal agar.
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Table 3. Physiological characteristics of five Pyrenochactopsis species isolated from freshwater environments in Korea.

Strain no. Fusarium solani - Phytophthora Phospate Pigment production Laccase Chitinase ~ Glycosidase ~ Amylase
capsici solubilization

NNIBRFG21038 H ++ + S3010-Y10R + + - +H+

(FBCC-F1367) R184, G169, B141

NNIBRFG33605 + ++ + S1505-Y20R - + - +

(FBCC-F1671) R219, G208, B190

NNIBRFG33604 ++ + + S3005-Y20R - + - +

(FBCC-F1672) R182,G169, B152

NNIBRFG21054 + ++ + color less + + - +

(FBCC-F1370)

NNIBRFG33601 ++ + + color less - + + +

(FBCC-F1674)

FBCC: Freshwater Bioresources Culture Collection. “E: not examined; -: no activity; +: slightly activity; ++: moderate activity; +++: strong activity.

Pyrenochaetopsis kuksensis Spetik, Eichmeier & Berraf-Tebbal,
Phytotaxa 498 (3): 177 (2021)(MB835803) (Fig.1 & 3, Table 2 & 3)
#H EA: 1A viA] AdollA] 25°CollA] 7L7E Bl SIS W, 2 U= 2025 mm HEE &
A Y75t o1, OA B 2| of| A 7H E = =] 25T MEA BiA| ol A= 9P o] SJHl S o] 11,
2 @2 ZAo|qith OA v Zlofl A= S 2 Y] 9ol Agh Sluig, S I M-S Le}
C}. PDA HiZ[ol|A = QFH T} S 25 SlAe mgl o 7Pgate]= A 0 & ettt
2 REE AR R 8719 FElE B} gt o] EAabdo] A E 9o,
HE 2= Eo] T 2 (ovoid to cylindrical) 02 HFEE| AN, F7]+=2F2-3 um X 0.5-1 pmA T}
(Fig. 3, Table 2).

e EE A E

HEE AH: MebE e 210k nledw, 2021.04.01., NNIBRFG33605(FBCC-F1671), &8 U574
S ITS: PV368329, LSU: PV715657

H|3: NNIBRFG33605 @5+ ITS 999 A714 €S BLASTE o] &3l 243 21}
Pyrenochaetopsis sp. MAFF307189 5-2F 100% (429/429, LC433836) /d-5/d < UEr o™ Als
/g0l A} NNIBRFG33605 P. kuksensis CBS146534 052} 752 cladel] £5H= 7102 EQl%]o]
2|FA O 2 P kuksensisZ ‘57 = ATHFig. 1). $HH, P kukensist 72 U-F2Zbo| A Be|H A
O 2 HuElglon vl wA o] B1E Foti10].

2 5= PDBOI| A A BH2 S5 et MAS Ak, A, dabteshs
4 §4%H] F 7] EjuotA|el opdatolA| 7} oFsHA| Qe AS ERISHRITEH (Table 3).
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dl
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Five Pyrenochaetopsis Strains Isolated from Freshwater in Korea

3 v O ::h v} p — j ": —
Fig. 3. Morphological characters of P, kuksensis NNIBRFG33605 (FBCC-F1671). A: Mycelial growth

on MEA, OA and PDA for 7 days at 25C. B: Pycnidia x10. C: Conidiophore and D: conidia, 400,
scale bar =10 um. MEA, malt extract agar; OA, oatmeal agar; PDA, potato dextrose agar.

Pyrenochaetopsis leptospora (Sacc. & Briard) Gruyter, Aveskamp &
Verkley, Mycologia 102 (5): 1076 (2010) (Fig.1 & 4, Table 2 & 3)

A EA: A viA] AdollA] 25°CollA] 7L7E BiFEIS W, E2 U= 10-15S mm =R =
24| 287513l o, OA HiA|ol|A] A87d-E0] 71 =34t MEA B R|ol| A= F 24 7F - Aol A
Sl=Ats wjoirl, 7P AR = oA A AE UERIT OA B Z|of|Af= 9o &2 345 o
o, 7P 7tel = S3is JEf = EatE] ], S F 3PS w] it} PDA HiR|ol|A = 22
U AR U= 7| PEiE A ™, BPZE-2 218t 3|45 wjrir} 74
Apejoll A w7h P =it Sst Pejo] Bdahdo] FAE Rl om, Zabe go] F gt
T3 (cylindrical) 22 TEE N, 7] 5-6 um X 1-1.5 um R TH(Fig. 4, Table 2).

2o EE A E

HEE AH: MR e 210k nledw, 2021.04.01., NNIBRFG33604(FBCC-F1672), & U5-7H4)
ST ITS: PV368330, LSU: PV715658

H]31: NNIBRFG33604 o+ ITS ¥ 9] A7|A €S BLASTE ©|&3l &A% 2t p.
leptospora CBS101635 7322} 100% (534/534, MF795793) AF5-A S UERTh A|54: Ao A E
NNIBRFG33604+= P. leptospora CBS101635 & CBS122787 732} ZH2- cladel] £5}= Z1 0 2 3
Qlx]o], 2|52 0 2 P, leptospora® 573 = ATKFig. 1). P. leptospora+= Pyrenochaeta leptospora ${TF
7F20109 AEFE] o] AA)2] T og HAE|l om, Zkr]e] Qlofu, ko] EQF FollA 22
=] ACH2].

B FF= QAhH88s-2} Fusarium solani 2 Phytophthora capsici©ll thall S2HdS UERH S
™, PDBOI| A A] 218t gt A]F o] MAE AY/dstal, S48 5 7| EjuotAle} opdat
ofA|7} oFsA| = A SIS (Table 3).

rg
X fr Mo rlo
oz B re
¥Q ol
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—
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Fig. 4. Morphological characters of P. leptospora NNIBRFG33604 (FBCC-F1672). A: Mycelial growth
on MEA, OA and PDA for 7 days at 25C. B: Pycnidia x10. C: Conidiophore and D: conidia, 400,
scale bar = 10 um. MEA, malt extract agar; OA, oatmeal agar; PDA, potato dextrose agar.

Pyrenochaetopsis microspora (Gruyter & Boerema) Gruyter, Aveskamp
& Verkley, Mycologia 102 (5): 1077 (2010)(MB514657) (Fig.1 & 5, Table 2
&3)

A E/d: 1A vl R] AoilA] 25°CollA] 797 B gellE W, T2 Y= 2F 1520 mm B EE
LejA| st o, OA x|l A A7-Eo] 7 =8kt MEA HI Aol A= e S 2
AAZ UERITE 0A Bl AlollA = 2 Y7 S S| MS m g, 7Pt = SEish FHle) 3
HAS Belom, S A= A S Rt PDA HiR|ol| A= Tha FEl E‘Jﬂﬁé’éﬂ
R, P2 B woir} 7Pt = Ao & AT HHS
o, 7PgAte] F2ollAe AEAS Uepyict 9ot ee] 2A4abdo] A= L, 2AbE
o] 5 2 & (ovoid to cylindrical) 22 WEE O, F7]= 2F2-3 um X 0.5-

Table 2).

2 g

EE AH: 77] % 821A] X917, 2019.03.07., NNIBRFG21054(FBCC-F1368), Y-S A=
A3 1TS: PV368331, LSU: PV715659

H] 3 NNIBRFG21054 75+ 1TS 99| 7|48 BLASTE ©|-&sl A5t 23} p.
microspora CBS102876 &Tﬁ} 99% (512/514, NR160059) 4532 LFEFATE Al AdollA =
NNIBRFG21054+= P. microspora CBS102876 T5+2} -2 clade®l] £5H= 21 0 2 2Rl E] o, 2| F-4]
O 2 P. microspora® 57 | I THFig. 1). P microspora+= ©]%0lli= Phoma leveillei var. microspora =
EFEILoH, 201000 MEA AHE B T2 Skadar T72] B, AW U A SollA 22 E
Ao g HE o]

NNIBRFG21054+= Fusarium solani 2 Phytophthora capsici©l] Tl &84 9 Q18855

il
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Five Pyrenochaetopsis Strains Isolated from Freshwater in Korea

Fig. 5. Morphological characters of P, m1crospora NNIBRFG21054 (FBCC-F1368). A: Mycelial
growth on MEA, OA and PDA for 7 days at 25C. B: Pycnidia x10. C: Conidiophore and D: conidia,
%400, scale bar = 10 um. MEA, malt extract agar; OA, oatmeal agar; PDA, potato dextrose agar.

Pyrenochaetopsis uberiformis Valenz.-Lopez, J.F. Cano, Guarro &
Stchigel, Studies in Mycology 90: 61 (2017)(MB819765) (Fig.1 & 6, Table 2
&3)

] B7: 1A vl 2] Aol A 25°CollA] 787t Hl g5t S w, MEA B A| ol A = E2 U 7F5-10
mm JE2 0] =2 A 75132, 0A 2 PDA HiZ| A= 1520 mm == Aﬁﬂé}ﬂu}
MEA B| 2|0l A= Pt S 2= 3 A2 et OA HiR]o M &= F2 U7t oA S8 g
T =A sl o, 2 HAIA o= gt SIS w i, Zhe-uet 7P AR oA = 'é‘} 3]
=Ao] ettt S A Mo|qlck PDA i Z| ol A= o S 77 8] 5 w1 7pg At
£ agMollom, S FA R A A SIS mrpr A A o2 P 0 2 Hststelrt.
otk eje] B0l A= AL, T o] 5 Bl (cylindrical) 02 BRSO,
A7]+=2F34pum X 1-1.5 um${THFig. 6, Table 2).

2o ErE A E

EE AR detBr ok uked ™, 2021.04.01., NNIBRFG33601(FBCC-F1674), =8 Y5744
EAMAT ITS: PV368332, LSU: PV715660

H]:'_: NNIBRFG33601 5+ ITS 92| 47|14 D& BLASTE ©|-&alf A5 A1}, p.

E4 A

NNIBRFG33601-2 P. uberiformis CBS142461 &Tsa} ze cladeoﬂ +o}— 7oz awlﬂoi, 223
O & P, uberiformis 2 5= 1CHFig. 1). P uberiformis= 20180 Q17ke] 7] WHo| A X% B
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H Aoz BIEQ oLl9)], 2 Aol A= =l ohd Bl A EojlA] 2=}l

NNIBRFG33601-2 Fusarium solani % Phytophthora capsiciol] th3l] &2, QA7kast 2l g4
24 3 71uoll, 22 2Acjollet ofeletolrlzt B oRspl Ui, st AIsHA
FATH(Table 3).

§2

..//\‘

Fig. 6. Morphological characters of P. uberiformis NNIBRFG33601 (FBCC-F1674). A: Mycelial
growth on MEA, OA and PDA for 7 days at 25C. B: Pycnidia, x10. C: Conidiophore and D: Conidia,
%400, scale bar = 10 um. MEA, malt extract agar; OA, oatmeal agar; PDA, potato dextrose agar.

a9

2 AFolM= Ul T 0N T A S ERE #7E Rtk A% At 2y
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