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B S

1-1. FKAERFEREE S I

SRR TRy K e i TR MR- 2 TR T 2 A AR (T raELrT) &
WAy 2 % D T IR - A TR D AR (T T) D 2 DOAETEER
bbb, MAFS LAFAFOMMRIZ K > THEELZ2 5 LTWD, FKRERTEEREM
I, R E I FEEPNICHTR T D AR ('L T) o b A
BIECTHD, ROLIBRFEE L OHEBTH 5, FKRAERTEREHIL, 1951 FIZ
Beverwijk (2 X > TKHFTHEAREREZITI 2N TE L0, oA+ (EHERT) B
XK CidZe < 5 C1T 9 W BE. aeroraquatic fungi| & L CEB I
(Beverwijk 1951b), D%, 1972 4E1C Park 1T & » TKAERE TOEBREMRLE
Y OAERRTF RGeS 72 S (Park 1972) . Tz s2i) T 1977 412 Fisher IC X - T
laero-aquatic| 23 ER S 4L, FARERTEREREBUT, KPP CTIHRISREBFR KR EZIED
ZOEBENELR LTV D HE B E O BWWZESHIZE S 7RI O B KIZTEE < Rk
IS Z A 2 o E T AT D HE & L TR b vz (Fisher 1977a, 1977b)
AINAEBTHAREEFEEAE LT, KERELEH lTaquatic (mitosporic) fungi| F
721 lIngoldian fungi] 2SN TNWH2S, ZHHIFKFIZAER L, KHTS T,
AAIV, WHE (T IRy ME) SEON5ETEZEKT 5, LT, ZhbL0H5%E
FIIRFZRAN TS 5 (Ingold 1942 ; #& 1998 ; Kendrick 2000), —J7. F/K

AR TFEREBITMOKIDE D IEAIZHRE U2 % e, B ORISR RE I(CERT D,



ARORETKPTHERET D2, 2EFIE, KA TAVIRAK LIRS HEE

BB

DEEDKE D BBIIRFIT, 225 LK & DB TRk S 5, EXR A iAly
FeR o ME1E & 72 o TV D 3 B3, ARG B A D LRSI & | /K & i3
STHHT % (Fig. 1-1), ZO7), KAERTERER L XXM S THERERTERE
B E0E TFRUKAER ] ERENTWD (Fisher 1977a, 1977b ; F& 1998 ; Webster
and Weber 2007), HARTIE 1958 4FH 5 Tubaki & L o THARAERFERFFHDIL
4 LA T2 (Tubaki 1958, 1971, 1975a, 1975b ; Tubaki and Takamura
1985), D&, HRHZRAIFEITR < FEOYKAERFEERFEOFEMELL D418
IIREHDOEE TH D,

FOKAERTERWIAD 53 ETIITERTE  EI MR ET . k& IRk~ 280 & 5 (Fig.
1-2), T O OEMERRIZREIL, eI~ 7o LD ITKIZEW K EZE > THld 50
WCHE LEEBETH Y, KERE~DHESTHDL EEZEZDBN TS (Webster and
Descals 1981 ; Kendrick 2000 ; Webster and Weber 2007, Fig. 1-1), F7=. 1980
FRA S 1990 FERUTITHKEREREFHD Y 7 =0t b v — 25 B 5 F5E
DRI TWD X 91T (Fisher et al. 1977, 1983 ; Samir et al. 1989 ; Bergbauer et
al. 1992) \ REIHITKERTERFIE & FERIC, KL OEFAARSCHEIETE DY) D53 iR
ELTHERAEIND —FHT, A=A A~V 7 VEOKDIAERT D8O Y %
BARRLTWRIZE T 2 %E 20 KLOEYOBYEHEZ X TWDH EB X B
TW% (Kendrick 2000), F£7-, AREREIE, KBRE & W O REEFREREE CH AR AlHE

EWVOMDEEFICIZ R SR WRRR MR B A TV D, TNHEDZ b, KA



A

FERRBIIAIL OBEFDOAEITER | WO KA~ OIS LR FE IR OIEER &K
AREREZHG/NCT 5 L THHRERERHETHLLEZABND,

Flo, KEARFEFEBIZOWTE, BE@BMWFWEITIE G S VIR O LD
—UaE o TND EWVWIHENH 572D (Krauss et al. 2005) . FIEROBRBEIZAER L
TV D HRAERTEFE RS GRS NWIZBREDOEL O —fin Z H o TV 5 alReVEDS B4
ENb, KEBIIHE COEFENENWZD, ZE THHIEEMEDO A7 ) —=2 7
MEHZER SN T2 oo Te, L L b, REFIIKAERRIZAERT L TWAH T2,
TEENS OSEEREN DR TNETAZ Y —=0 7B E LTHRY EFbn T
7o 188 @ Aspergillus P. Micheli ex Haller (Haller 1768) <> Penicillium Link (Link
1809) &IFHZ DM RAEPIEMEME OR A bR S D, EERIZ, FRER TR
T 5 Helicoon richonis (Boudier) Linder (Linder 1929) |2 XV 4 pE X125 Hill
PiAY'E Quinaphthin O % (Fisher et al. 1988). Beverwykella pulmonaria

(Beverwijk) Tubaki (Tubaki 1975a) IZ XV AEESIN DRI ELITHIEEIEE LT
i HATRE 72 BTl OPTE HE FA200A 3 LY FA200B OFFF (RO FRA Sk, £F
Bfl 2005-220039 F5 L OVRFBH 2005-220040) | Pseudaegerita websteri Abdullah, Gené
& Guarro (Abdullah et al. 2005) (Z X DHERFOIRIEEZIXTHEICEHATHL &
VA ART I RORGERFT (5 — =3kl WO02007/018194) | 3 LU Aegerita
sp. Persoon (Persoon 1794a) T & 2 HUIEiidSE DG RIA & U TH M 2L FENE
2-7 X /- 1-7 == ) = )V BIRORGERFT (XA A TR, 5B

I 8-98697) HEIDH D, DFEV . AR, PUEWESCHBIEIEYE OA LR



EMEREEZ BN,

1-2. AFFEOE RB LOHI

AREBTTREM E T EMAOT FELT EBX LN TWDEN, TDIZEAETT
VAENALTZIZDD 5 TRV (Table 1-1), —F T, ZHETOEEERMILLY
Hyaloscypha lignicola Abdullah & J. Webster (Abdullah and Webster 1983) [#,
Hyaloscypha spiralis (Velenovsky) J.G. Han, Hosoya & H.D. Shin (Han et al.
2014) 1015k % B L THE O VBB K AR ERE D Pseudaegerita
J.L. Crane & Schoknecht (Crane and Schoknecht 1981) 7 F%€/1L 7 (H4ET) %
T 5 2 ENHE S TWS (Abdullah and Webster 1983), 7=, Hyaloscypha
zalewskii Descals and Webster (Descals and Webster 1976) 75 Z & Hijf L T
HIVTEEEEEDS Clathrosphaerina zalewskii Beverwijk (Beverwijk 1951a) D434
FaHH L, C. zalewskil DRJAF (54EF) KL D FEEB ORI BIEE S -
ZEIZkY, TUAEAT-TFTEATEURDBMBH ST F S H D (Descals and
Webster 1976), Z Offi, T E THE STV D E < OFRERTEEREBIL
Tablel-1 (/R L7z &30 -FE D Helotiales I[CHTET 5 Z LRI TWN 5,
—J5C., Aegerita candida Persoon (Persoon 1794a) & Bulbillomyces farinosus

(Bresadola) Jiilich (Jilich 1974). Aegerita tortuosa Bourdot & Galzin (Bourdot
and Galzi 1928) & Subulicystidium longisporum (Patouillard) Parmasto (Parmasto

1968) DL HICHTEBELEOTFT LVAENL 7T FEALZ7EFZ LB EIN TV A


http://www.indexfungorum.org/names/Names.asp?strGenus=Aegerita

(Eriksson and Ryvarden 1976, 1984 ; Breitenbach and Kranzlin 1986 ; Webster
and Weber 2007) ,

L L, FARERFERFERIL, ZIVE THAET ORI R IERE & BRI 0 E N
SINTED, HFREFHIFEBRPZ L, Z< DREIZOW TR FIINEDH
EMZ I TWVARYY (Table 1-1), P /KARZERREED 1§ Th D Spirosphaera
Beverwijk (Beverwijk 1953) &, ZNETOMENFEINTEY, TDOELDOFET
T IERMPEG I LT W oo 72, Voglmayr (2004) 73, S. cupreorufescens
Voglmayr (Voglmayr 2004) Z#ifEiisid 288, # A 7HTH D S foriformis
Beverwijk (Beverwijk 1953) & 73 1 RENT 21T - 245 F. S floriformis 1%
Leotiomycetes (2. S. cupreorufescens Ix Dothideomycetes |ZFT)E L. AKJENZ R
ThHrZ 2PN Lz, LrL, BRERIEENGIFNEE LT TERNE LT
S. cupreorufescens |+ Spirosphaera & L Cit#i L. Z DL RMIEITFAKERE~D
TERER S DORE R CTH D &5 L7= (Voglmayr 2004), F7-. helicosporous fungi
I, SEARDETFEZERT DA EREHLE L TERSND (Zhao et al. 2007), =
D HHEARSEF TS MMM T, A FERMIEOE S 180° L EI—T73 5

(Kirk et al. 2008), H¥ADHIZIZHE L THEIICZER 28 IAT 3 RouiE & %
X3 % Helicodendron Peyronel (Peyronel 1918) X° Helicoon Morgan (Morgan 1892)
ITFKRAERFERFEHE B X IV TS, —J5 T, helicosporous fungi IZ, HHA D[H]
B e <o M E TIIFEE LRV 2 IRoTHEIE D5 A+ 2B 9 % Helicoma Corda

(Corda 1837). HelicomycesLink (Link 1809) I X O Helicosporium Nees (Nees



1817) %#&te, Zivbld HelicodendronX° Helicoon & [RIEEIZ, 12K L7 DKEET
SETFEHR L, ZO0EFITAKITEMT 5 & oA ERITE &S TKIZE L,
IO, EBHIL CALDOARBRELED, TOSAEFNFEHMREETH D
Helicoma. Helicomyces ¥ & " Helicosporium & JKFED ¥ KAEREEFETH D &
ZZ TWb, Z O helicosporous fungi (-2 T, Tsui and Berbee (2006) 7343 F 5%
WEEMT 21T o> 7245 8. helicosporous fungi (X FEEDOH T 6 DO RT3 T,
Fo. BT EOBERBMHEITRES T, BRAET DR, 2REMEZ R LT, ZOh
£ XV | helicosporous fungi I%, /KA THA TS EO 7= O DOFERER# T L VD LR

AL ETL TS Z ENRBENT (Tsui and Berbee 2006), Z D X 9512, FKk4E

A

e BIE, KAEBREE & W D RFERRBRETIC L D BIUEIC LY | RFEDS R R HTEM] T

i

Efe

DR B IR b R B, MIRHROBARBOTRICE & 5T % T

DE, DFED ERE L TCOFHMERBEMICROON TS OO, 5% EO

AT (F4) DR A R LTV, 20728, [/ Lo TEEREHN T 5546,

RSN EL BRLFRENMT 2 Z IR 5AMREMENH U IEHT 2121305

PPN BLEREF THD EEZADND, £, REHDOLZERMER LUK 7SR

[Cay

Wrgez4715 Z Lok v, BEOKERREICRB T 2l tELIcEET 28 7= m ARG 5

o LIRIHIC, KEARER DM D72 5 Z EnBfFs D, /2. IELWEYS

LR A 5 S5 = & T, RIHED 25 OEIEO KR IUE - (RAFATHE

ET20  BARIEMEIROMER & R RIICHEERS 2 £ E X b D,

T 2 TARBIFE TR, FKRERTEEFHADRBER 2 I 502 Lc ETofasnglket



ATV, ZOSERMR K OUKARRICE T 2 HEOEISERZH LT 2 & &2

K& LT, LT OMgEHEZ T 72,

OFETRIEROFAKRERFEFHAOFEHEMAZA S L, ZTOSHRMEEZHET S,

©

ARFHINLE DS A 2 R AER T RRFRAOMEZH LN L, TS S REE

' FEHI LR B 21T D

QOARWHEDOT VAENT7-T TN TEBREWRA LML, ZOEIEN & AR

fEI4 %,

HARHNZIE, £, [EPNST O KSR DV SEWE BT DI IS E 1 =52 L

HELL TS 2 ¥KRERFEEEHO AT 0T 2, GO TSk Z VW Th R

BT 24TV, 3B FIC T, ZHE T FIERDB D> TR o oK AERTE A

HOFRMFRIMEZH SN D E & B, FREDOKRAEREEFEEFMZTHA L

Too —#b, EFEWIFEZ FEhE L7 & A EO¥KAERNTREEMICH F & Lz, RIZ

SENLELEICT, HFBMPERINE D B2 T X =N LB R RS

DWTEHE TV, I THOMAERBICONWTERZIT o7, £72, IUE LIHRIE

FIFE L THETHILSTENTE 2 & 9 ITMEMRARNCFL 21T o7,



Aero-aquatic fungi condition
the dead twigs, leaves, woods
etc. and make them palatable
to the detritus-eating

invertebrates and vertebrates.

Sporulatior} Habitat

Terrestrial

llllll)

AL
5>
.

Aero-aquatic

Aquatic

Fig. 1-1. Ecology and habitat of aero-aquatic fungi. This figure was drawn referring to Webster
and Descals (1981), Kendrick (2000), and Webster and Weber (2007).




Fig. 1-2. Morphological diversity of conidia of aero-aquatic fungi. A. Pseudaegerita corticalis.
B. Peyronelina glomerulata. C. Helicodendron sp. D. Pseudoclathrosphaerina sp. (A-D.
Scanning electron micrographs. B provided by Dr. Nakagiri.) Bars: 10 pm.



Table 1-1. Taxonomic positions and teleomorph-anamorph relationships of aero-aquatic fungi.

Higher taxa Conidial shape Anamorph Teleomorph References
Clathrate Clathrosphaerina Hyaloscypha Webster and Weber (2007)
Clathrate Clathrosporium unknown VVoglmayr (2004)
Hymenoscyphus
Leotiomycestes Helotiales Helicoid Helicodendron Mollisia Webster and Weber (2007)
Lambertella
Globose Pseudaegerita Hyaloscypha Webster and Weber (2007)
Clathrate or Helicoid Spirosphaera unknown VVoglmayr (2004)
Dothideales  Helicoid Helicodendron Tyrannosorus Webster and Weber (2007)
Ascomycota Fan-shape _ Beyerwykella unknown Zhang et al. (2009)
Dothideomycetes Pleosporales  Clathrate or Helicoid Spiroplana unknown Voglmayr et al. (2011)
Clathrate or Helicoid Spirosphaera unknown VVoglmayr (2004)
Tubeufiales  Helicoid Helicoon unknown Tsui and Berbee (2006)
Venturiales? Helicoid Helicoon unknown Tsui and Berbee (2006)
Microascales Clathrate Dendroclathra unknown Voglmayr (2011)
Sordariomycetes Xylariales Globose or Onion Polyancora unknown Voglmayr and Yule (2006)
flower-shape
unknown Fan-shape Cancellidium unknown Zelski et al. (2014)
Orbiliomycetes Orbiliales Helicoid Helicoon Orbilia Webster and Weber (2007)
Candelier-shape or Candelabrum unknown Index Fungorum
Crown-shape Peyronelina unknown Index Fungorum
Ascomycota? unknown unknown Clathrate Pseudoclathrosphaerina unknown Index Fungorum
Globose Ramicephala unknown Index Fungorum
Clathrate Sympodioclathra unknown Index Fungorum
o Agaricomycetes Polyporales  Globose Aegerita Bulbillomyces Webster and Weber (2007)
Basidiomycota Trechisporale Globose Aegerita Subulicystidium Webster and Weber (2007)
unknown unknown Fan-shape or Elliptical ~ Akenomyces unknown Webster and Weber (2007)

This table was produced by modifying Webster and Weber (2007) and adding the taxonomic position, conidial shape, and data of aero-agautic fungi described until Nov
Medusoides and Limnoperdon in table of Webster and Weber (2007) were excluded as Oomycota and teleomorphic fungi respectively in this table.
Index Fugorum; fungal name database (http://www.indexfungorum.org/names/names.asp).

10



FOFE FIKRERTEEREAD S R AR ICFE D < S BHFRIITIE & FRE D K

AN SE A B EE O fE

2-1. 5

KRABREICART 2 EHEO AR LUOSREE OB M T gkl e LT, &
SIZIIAMBRAWER & L THIRERTRFEEZ DR DO ERINIEE - k735
FIZBWTYH | KEHEASOAEY TR EBEROMIMIEE TH L, AFZETIEL, R
PER DY K AR RFEOHEMZWA LML, ZOSHMEMA+T5 2 L HIFL,
A AR Hds L OUEEINFFESE O & A E0 B K AERNTERRER L INE, Sl T, Z0OHE
k% T2 00 1SR fRHT 2 ATV 0 BERR O SR B AR IE A S L= BT
R & ZRRMEDIRIIICES DT, S BT, AKBITERT DR L W O HiT- 70 B
BIROMRIZOZRTHZ L2 BIE L., FARERTERRBOMBERIE L FHk= L7 >
2 DEEEAToTe, o, 65 TR BV 2N E THARENDFEKAERTE
SEHEOIES L OFLHIE Tubaki (2 X > THARICITHRTE 7 (Tubaki 1958,
1971, 1975a, 1975b ; Tubaki and Takamura 1985), L7>L. IT4EIZIE L A EHFZENR
ToNTELT, A L0, ARENOREEOA X2 U —FRIZE T
D RAERFERFERDOEHPENL TV D, £ Z THARENICET 5 KERNTEEE
FHOREZITO & & bIZ, B ONTDHER K D 7o 72 B A ERIZ DWW CRii &

1T-77,
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2-2. MEHEB L OHE

2-2-1. W R DIEE

HARENE LY A OKLE Y KIZR STV ¥ —S 2 54E U (BREMZE DM
IXTable 2- 1D BEFE/E Y 2 N 22 HR) | B SHT-M X AL 2B o Ras O ERER B &
ATk, WEZIREMRBIZAR S, 15~25CTREA T2 (LI, NE=EE v
9, Fig. 2°1), #1H D15 AMIZUARMIC1E, Z0%I3EA 1REEE2 1TV, 3RS
oA ST R AEREREEDO e T 2 BRNIE LT 2 VT AT U3 CTRILL, 7 b
FY A 7V RS 50mg/LAY OYM it (1% D (+) -Zr=a—=x, 0.5% X7
hy 0.83% BERE=F A, 0.83% EHFETZ XA, 1.5% X, pH5.6) £72FA L7 b
~A TV UREE 0.5 glLBLOMR= U VGH Y A 05gILAY DY Y HAE =2
VURRREEM (PCAEGH ; 20 g/ OV ¥ WA T&2HH L2k, 20g/L =2
A L7k, 2% 2R, pH6.0) (ZHUEEL 72, HEECRRE L-ERIEyY v A & -
oo PERER R (PSARSH ; 200 g/ DY % HA TAMH LIZHE, 2% A7 m—R,
2% %K, pH5.6) E72IFPCARFMITEEE L. EIRE/21315~1TCTHERF L 7=, 155
NI BERDN BRI OE CTH L0 MRS 5720, £, PCARFHI TR LA HER
FZ25mmAIZE Y H L JREKICIR T CEIREZIL15~1TCTHETH 2 LItk - T
DEFIRAEFE LT (CIT., TERARKE &), Fig2-1), KRIZ, Bk I
AT OB TV, TNENDBEOSERBRERIC K DRIEEEEIT o7z, £T2,
Oy FIEMAEGR STV D EREIC DV TIELSU rDNA D1/D2fHIRES L (85.8S-1TS
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rDNAEEALHNHD ZHHAEIMER SR (BLAST ; Basic Local Alignment Search Tool)
RGBS BICRELIT T, 1212 L, ZDIEE A ETHFIHERPBEINL TRV
D, BRIZESSFENETH D, 5OV mHERIT, B2 bR & M7 EE A
R RS (NITE) A 4727 /ey —kr%— (NBRC) OMAWRTHE

B FREEAIT o T,

2-2-2. HikkA 5D DNA it & PCR &4

PSA B E 721X PCASSH ECABT LEEE A I 7 n A—=7)1T2ml F 2 —7Z
Bl X L . Nucleon PhytoPure Genomic DNA Extraction Kits ( Amersham
Biosciences, Piscataway, NJ, USA) F /-3l - ¥ o X7 HHEER Y 27 A
Maxwell 16 System (Promega, Madison, Wisconsin, USA) B XD v h & H
VT DNA it %47 - 7=, Polymerase chain reaction (PCR) (21X TaKaRa Ex Taqg
Hot Start Version Kit (Takara Bio, Otsu, Shiga, Japan) # M\, 771 ~—|%
LSU rDNA D1/D2 i KBS D77 A ~— & LT NL1 % XU NL4 (O’Donnell
1993) %, 5.8S-ITS rDNA A FNIHD 7 F7 A4 ~— & L TITS4 B X WITS5 (White
et al. 1990) % v 7=, #lit DNA (> 7L — k) 5ul. PCR Buffer 5pl, ANTP 4pl,
Taq DNA polymerase 0.3ul, 74V — KL U NX—ZXDZNENDT T A4 ~v— (I
REE 1pM) TEEF50pl 12725 & ) ICEKZ M 72 b D% PCR KR & L7, PCR
It iZ Y —~ /%A 7 7 —GeneAmp PCR System 9700 (Applied Biosystems,

Foster City, CA, USA) % 72i% T-gradient thermal cycler (Biometra, Géttingen,
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Germany) (ZTIRDOYA 7))V TIT o7z, FIDIT 95°C3 43 TEMEL, 221 95°C30 4,
7 ==V 7 55C30 B 72°C1 43 % 30 Y1 7 /L %12 72°Ch 4B\ 7=1%.4°C
THIFELZ, PCR EMIX GFX PCR DNA and Gel Band Purification Kit

(Amersham Biosciences) ¥ 7213 Agencourt AMPure Kit (Agencourt Bioscience,

Beverly, Massachusetts, USA) % W TR L 7=,

2-2-3. DNA Hi SR8 0 B

PCR %)%, BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems)
& PCR LAKD T T A ~—&2 T, V=~V A7 T =TI —r A5 z1T>
77o FIOIZ 96°C3 2y TEMEL., ZM 96 C10R, 7=—1 7 50C5 ., & 60°C4
D25 YA I NVAT ok, ACTHRIAFE LT, ¥ — 7 U ARIEWIEL Agencourt
CleanSEQ Kit (Agencourt Bioscience) % W\ CiFH L, DNA HAEESIE ABI
PRISM 3130 % 721% 3730 Genetic Analyzer (Applied Biosystems) THENT L7=,
SNT-W R ELFNX Y 7 b =7 Sequencher ver. 4.7 (Gene Code, Ann Arbor, MI,

USA) F7213% ATGC (Genetyx, Tokyo, Japan) ([ZC7 7/ L7,

2-2-4. RICAEHT
Fig. 2-2 ORMBHERICHWZHIEALS| DT — % &~ M, Lutzoni et al. 2004,
Wang et al. 2006, Schoch et al. 2006 35 & TF Hibbett et al. 2007 % 2352 &t B4R

B LR DT 9 % B E O M FERC A A 388k L Tl L~ L T o AL S SR
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DR AR L. & ZISHRAERTEREEO2BEHK. NBRC #hk LU CBS #k& A
NWTHRNT 24T o 72, FKERTEEEDATE LR W RTINS OTU 23 b
L. AEEELFTET 2 %580E, BLAST His&ift R4 2t /2 o OTU # & 628
MU TR 2 AERR LT, TEEMO 71 5380 71 54, @M o 21 5%k 21
Ao L OWMEE S L C% € L 7= Rhizopus oryzae (AY213626) @ LSU rDNA D1/D2
fEIR IR JEAC 51X DDBJ/EMBL/GenBank nucleotide sequence database J ¥ Huf5 L
7= (Fig. 2.2 DT DT 7k v g o nN—2ft L=fR), 723, BT 1 S>OfEic
OWTHEBRPFIET 256, 1 ROV, o, A7 —2 &y MMTiZ
NBRC CHEEES 2 i L 7= NBRC Etk [Beverwykella pulmonaria NBRC 6800,
Helicodendron articulatum Glen-Bott (Glen-Bott 1955) NBRC 32869, H. fractum
P.J. Fisher (Abdullah et al. 1979) NBRC 32871, H. paradoxum Peyronel (Peyronel
1918) NBRC 32872, H. tubulosum (Riess) Linder (Linder 1929) NBRC 32873]
B X O CBS Ftk[Akenomyces costatus var. costatus D. Hornby (Hornby 1984)
CBS513.83]07 —# 4 &= BS7T — X1V 7 v =7 MEGA ver.6 (Tamura et
al 2013) ZAVWTT IA AL FBEIRY=2T L TOT T4 AL FOMGHEL F v
v T OREEIToTe, EO%, JHMEHTIXRY 7 U =7 2 O CEBEE S (NJ
%) (Saitou and Nei 1987) 36 KXY Knue value  (Kimura 1980) (2K V1T7o72, &
R OEFEMEIX, 7 — R A N7 v 7k (Felsenstein 1985) (ZX W EHiL7z, 7 — b
A 7 ZEIL 1000 [El# 0 R L TR D 72, KL Ndplot (Perriere and Gouy 1996)
ICX VLT,
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2-3. fk5

2-3-1. Sy HERE R

AWFFETIL, BAND 10 J& 24 98 FR, X A 70513 8 @ 14 F 119 #K, &5t 11 /8
29 ff 217 BROFRERFERFHBOBRZ L LIz, 2B, AR sp., cf.. R
[FEM A S ETICE L LTc, 2BEROWNER A Table 2-2 1R 3 & & bI2, SEME S

SYBERRD U X k% Table 2-1 1278 Lz, ZAUG 1%, LRIBFZEE 23 0BE L 72 HERE S &
te, 0. INOOBERRIZ, 33T NBRC IZFRE LT, 2o O BERRIT, B AE
FHEERE (Katsumoto 2010) 35 X UV H AMAME IR 72 JSMRS (Japan society for
Microbial Resources and Systemtics ) # ¥~ 7 A4 ¥ 5 — X ~N — X

(http!//www.jsmrs.jp/ja/strain_database/) DIE#H % & &2 H AT O 4B S O A
ICOWTHRARIZE 2 A, 18O BAFERZ GT 2 LD > 72 (Table 2-2 @ % 3
DT DR A AR PER 27~ L AR 2-3-3 122 Otz Fig. 2-3 1ICX &R LT),
¥, TORARPEMIL, UEROETHABRMME L >/ = ABRPHLNERD | H
ARSI S T2 Z Enbholoflb, 2 TIEE D, £o, BAHER X &M
OEFmEE (RHR) BXOILRE THRIRLIZb DN E o7, 612, AABIWY
A THBES - REEEHMEOF 21X, Candelabrum Beverwijk 1951 (Beverwijk
1951b) . Pseudaegerita. Akenomyces G. Arnaud ex D. Hornby (Hornby 1984) (Z
U LTEREEZ b OMRA G EN 55— T (Fig. 2-4 A-C, D, E, K-M, Table 2-1), ¥
L9 DT RE 2 R SRR MAAE L2 Wi b 3 /e (Fig. 2-4 F, G—J, Table 2-1),
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2-3-2. SRiAEAT

RICIRMT DRER, FAKRAERTRREBEIL T REM & 1T EM O TR SRR AT
BL. FEEMOBTIE 6 Rkt (Fig. 2-2A @ %) (2571 L, F#(Z Leotiomycetes,
Dothideomycetes . Sordariomycetes (2% < OFEDFTE L7 (Fig. 2-2B,C), —F

‘/C:‘\

B

B3 BT BERR . NBRC IZIRAE S IV TV D FKAERTEREHO WK, CBS
ik (CBS 513. 83 Akenomyces costatus var. costatus) 1 X OVAILDKE FEEIF] D
T =X X— X T % DDBJ/EMBL/GenBank nucleotide sequence database (Z LSU
rDNAD1/D2 SEIH LR 38 Gk S 40TV 2 R ERFZEREH O I
Lecanoromycetes X° Eurotiomycetes (ZFTJ&T 5 b DITFRO o7 (Fig. 2-2
B, ZNHDREREY , ZNFE TERDIAD D> TR Do 2 RAERTEREEHD
5 H 11 BIZOW R FAIIFTR 2N L~ L TH L2 o 72 (Table 2-3), 72
B, AEPUEIX Candelabrum O £ 5 \ZREPEEH 25 b OITENENE L, SEITHF
TETHFIBERD D> TVDGAETH ., BT R BT 5 T2 BT ONT
TG E L7, EBIT, FH—E 12 THRRZE B, ZNETEEMERREINTE
7= Spirosphaera <> helicosporous fungi LASMZ #7212 Pseudaegerita, Candelabrum.
Clathrosporium Nawawi & Kuthubutheen (Nawawi and Kuthubutheen 1987) T
LMD bt (Fig. 2-2 B, C),

Pseudaegerita |3 Sordariomycetes, Dothideomycetes, Leotiomycetes (ZTJ&E L
7z (Fig.2-2B,C fkO#ENT), /o, KEDOZ A T TH D P corticalis (Peck)

J.L. Crane & Schoknecht (Crane and Schoknecht 1981) 7} Leotiomycetes (ZFT/&
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T HDITK LT, P corticalis Doy &1 EHEZ 77373, Dothideomycetes ([ZFTIET 5
Art#FE 2 (NBRC 106781) & 1f77E L7 (Figs. 2-2 B, 2-4 D, E, Table 2-1),
Candelabrum \Z >\ TClL, KEDO X A 7 TH % C. spinulosum Beverwijk
(Beverwijk 1951b) 7% Leotiomycetes (ZPT)E 3 % D2k L T, Sordariomycetes
CHTR T 5 R bR S (Fig. 22 B, C AL YofM#ty), £z, C
brocchiatum Tubaki (Tubaki 1975a) I[ZHET AN A Lo PVar RS T, BAD
Orbiliomycetes (ZFTJE T 5 Candelabrum tDOAFC#HfE 1 (NBRC 108087) & 171E
L7= (Figs. 2-2 C, 2-4 A—C, Table 2-1),

Clathrosporium |3 Dothideomycetes & Leotiomycetes (ZFTIE L7=, £72. €%
NOHDOHT TH L AR AR L, Spirosphaera & D4y FEFREDKELL L VAR 2 &%
Spirosphaera & Clathrosporiumcomplex & LT, 2 B%& 7 T12F & D THHEFEN
HHETOMENH S (Fig. 2-2 B, C KEOMEENT), £7-. Spirosphaera = ivE
THE1 5 41TV 7= Dothideomycetes 35 & OY Leotiomycetes @RI A,
Microthyriales (¥17 Ci% Dothideomycetes) (ZFTIE 3 %5 Microthyrium Desmaziéres

(Desmaziéres 1841) (ZUT#x7255 3 D%#[S. dimorpha Marvanova & Bérlocher

(Marvanové and Béarlocher 1998) . S. minuta Hennebert (Hennebert 1968) . .S.
beverwijkiana Hennebert (Hennebert 1968) |23 iR 7= (Fig. 2-:2C), Zi b
VEMh.0> Spirosphaera DFEIZEEA~ | 3 A XD/ NS ElenEF 2T %%

KON THT IR R R D TRE 2 A LT,
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O, THETTHEFED 1 EFE X BTV Peyronelina glomerulata
Arnaud ex Fisher, Webster & Kane (Arnaud 1952 ; Fisher et al. 1976) X+
P Agaricales ICFTRT 5 Z LD THL N E 72572 (Fig. 2-2D 2 7 OfgH
F)e

Akenomyces |ZHEARIZY T 0T RiEE b O LT EMATHL LI TEL
N, R OFER D bHEFEINUCHTE T2 Z LWL ERD | S HIHFEM
® Agaricales ([ZFTIE L7z, E£7-. T OEEHFHE) O Akenomyces &5 2 5L TV
7oK #fE 6 (NBRC 109668, Table 2-1) % Agaricales @ C Akenomyces & 1%
BIRFHETHD Z ERxbro7= (Figs. 2-2D, 2-4 K-M),

3 1-2 ThX7= &L BV | Clathrosphaerina zalewskii 1%, JCiTAF4EI1C L D554
3¢ X 0 Hyaloscypha Boudier (Boudier 1885) & D7 LA E /L7 —7 F /L7 %
DR EN TV (Descals and Webster 1976), L72>L. AAF%E L Y Leotiomycetes
WZHTIE 3 5 b Dd, Han et al. (2014) 73335 Hyaloscyphaceae | Hyaloscypha O
HThHDHELTEL DT, Hyaloscypha 75 X% Hyaloscyphaceae @7 L — R
\Z C. zalewskii i(ZFT)@¥ 9. LachnellulaP. Karsten (Karsten 1884) LiIfxTdh D
ZEnbhotm (Fig. 2-2 C),

F 7o, REHNTIC LV . IR T Pseudaegerita ¥, Candelabrum 11 L O
Akenomyces R BEKZ T T 6 Rt DORFHEFE DS FAIFTRA 5720 |
Pseudaegerita tf CRFCHE 2) . Candelabrum % CRELHEE 1) B X Akenomyces
B CRELHFE 6) BRIz =N o oA TIENEE T 5 Pseudaegerita.
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Candelabrum 3B X O\ Akenomyces D& & 2¥E 13 872 ~>7- (Figs. 2-2 B-D H D
H#r, 2-4 A-C, D, E, K-M), Rl 3 (NBRC 106812, Table 2-1) (22O T,
Sordariomycetes, Pisorisporiales (Zf7JE L. Candelabrum brocchiatum Tubaki
(Tubaki 1975a) <X°> C. microsporum Castafieda & Kendrick (Castaneda and
Kendrick 1991) (2 TodH 0 . BRI ORBITSOCMEL L Tnvens, BEikids B+
ZICEC L7 o7 (Figs. 2-2 B HAOMEHNT, 2-4 F), KiL#fE 4 (NBRC 108573,
Table 2-1) |%. Dothideomycetes, Pleosporales IZFT/E L. 2 DORWTESR E 4
DI IESR & & OHERIE DT 23 5 Quadricrura bicornis Kaz. Tanaka,
K. Hirayama & H. Yonezawa 2009 (Tanaka et al. 2009) (Z°0=0iUrf%x7= 7=, L >
L. FEEEZ & SINEOMIEN NS DO BIRITTHORBY , ThRELE-T1oDFE
\ZBONT BT Bk OGBS 5 Z OERRIX Quadricrura b %72 > 7= (Figs.
2-2 B OB, 2-4 G, H), Ric#fE 5 (NBRC 108574, Table 2-1) I%
Sordariomycetes I(ZFT)E L., FKERZELEEHATH S 9 LD Cancellidium
Tubaki (Tubaki 1975b) 2ok CTh D05, £ DIEREITHIE (setae) TTEZEK
BT, TOMENRITCOREMIA I ZE L THET D2MEIT, FCHMICHTEL
Xylariales ([ZFT/B T %, FKAERFEREIE TH S Polyancora globosa Voglmayr &
Yule (Voglmayr and Yule 2006) ® 434+ D3 EREAIZHERI L Tz (Figs. 2-2 B &
BoOMET, 2-4 1, J), 2D 6 RFMORGLHMMIZHOVT DNA HIEASZ 7z
BLAST ik 217> 72 & Z A, FARMEAR 27 & EALOfETH LSU rDNA D1/D2 fElk

YR ARSI C 93~98%. 5.8S-ITS rDNA H Al T 81~92% (—E ORI AR [RIAL 51 Bk
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HEVY) THY | BERE SN TWDHEIERST — 2 2B\ TdbiiE L Bbn o b

DITERD B2~ 7= (Table 2-4),

2-3-3. HASHPEFE D RL#HL

RELY . 13D HABEM 2 7=,
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Candelabrum clathrosphaeroides Voglmayr, Mycological Research 102: 412

(1998) . Fig. 2-3 A-C.

Conidiophores semimacronematous, mononematous, unbranched.
Conidiogenous cells terminal, holoblastic, single on each conidiopores. Conidia
acrogenous, born singly, hyaline, white in mass, strobiliform, four-leaved
clover-shaped basal plate, upward growth from basal plate, the terminal being

minute tubercles, 13—21 pm diam, 13—21 pm high.

Habitat: On submerged decaying twig, litter and wood in a lake, pond, idled paddy
field, and the side of a pool near a waterfall.

Distribution in Japan: Nagano, Chiba, Hokkaido

Specimens examined- NBRC 102394, NBRC 109729, NBRC 109735, NBRC
109742, NBRC 109746.

Teleomorph: Hyaloscypha.

Note: Hyaloscypha and Candelabrum were revealed the teleomorph-anamorph

relationship in this study (See chapter 5).
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Candelabrum desmidiaceum Voglmayr, Mycological Research 102: 410 (1998) .

Fig. 2-3 D-F.

Conidiophores semimacronematous, mononematous, unbranched.
Conidiogenous cells terminal, holoblastic, single on each conidiopores. Conidia
acrogenous, born singly, hyaline, white in mass, strobiliform, upward growth from
basal plate, the terminal being minute tubercles. Candelabrum

clathrosphaeroides-like.

Habitat: On submerged decaying litter in a pond.

Distribution in Japan: Hokkaido.

Specimens examined- NBRC 109736.

Teleomorph: Hyaloscypha.

Note: This species was identified based on phylogenetic analysis. Hyaloscypha
and Candelabrum were revealed the teleomorph-anamorph relationship in this

study (See chapter 5).
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Candelabrum microsporum R.F. Castafieda & W.B. Kendrick, University of

Waterloo Biology Series 35: 16 (1991) . Fig. 2-3 G-1.

Conidiophores micronematous to semimacronematous. Conidiogenous cells
terminal, monoblastic. Conidia acrogenous, white, gray to orange, globose to
subglobose, dichotomously or trichotomously branching, the terminal being

minute tubercles, 40-69(-90) x 34—-56(—81) pm.

Habitat: On submerged decaying twig and wood in a pond and the main stream.
Distribution in Japan: Nagano.

Specimens examined- NBRC 102397, NBRC 102398.

Teleomorph: Unknown.

Note: This species was combined to Brocchiosphaera microspora in this study (See

chapter 5).
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Clathrosporium olivatrum (Saccardo) Hennebert, Canadian Journal of Botany 76:
1598 (1999) [1998]. Fig. 2-3 J, K.
= Illosporium olivatrum Saccardo, Michelia 1: 92 (1877) .

= Strumella olivatra (Saccardo) Saccardo, Michelia 2: 36 (1880) .

Conidiophores micronematous. Conidiogenous cells arising from assimilative
hyphae. Conidia gray to brown, globose to subglobose, clathrate, unilateral or
bilateral branching, coiled, septate, smooth, dense, 87.5-110 X 82.5—-107.5 pm.

Component cells brown, up to 16 pm length, 4-5.5 pm wide.

Habitat: On submerged decaying twig in the surrounding of a spring.
Distribution in Japan: Hokkaido.

Specimens examined- NBRC 106767.

Teleomorph: Unknown.

Note: The genus Clathrosporium was polyphyly. This identification might change

after re-classification of this geuns in future.
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Helicodendron Iuteoalbum Glen-Bott, Transactions of the British Mycological

Society 38: 24 (1955) . Fig. 2-3 L.

Conidiophores micronematous to semimacronematous, mononematous.
Conidiogenous cells blastic, integrated, terminal or intercalary. Conidia
acropleurogenous, hyaline, smooth 20—26 X 14.5—20 pm, coiled 4-9 times ave. 7
times in a clockwise and counterclockwise direction to form a doliform, secondary
conidia produced by lateral proliferation from parent conidium, forming conidial

chain. Conidial filament 2—2.5 pm wide, multiseptate.

Habitat: On submerged decaying twig in a pond.
Distribution in Japan: Nagano.
Specimens examined- NBRC 102383.

Teleomorph: Unknown.
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Helicodendron triglitziense (Jaap) Linder, las %riglitziensis] Annals of the
Missouri Botanical Garden 16: 330 (1929) . Fig. 2-3 M—P.
= Helicomyces triglitziensis Jaap, Verhandlungen des Botanischen Vereins der
Provinz Brandenburg 58: 43 (1916) .

= Helicodesmus albus Linder, American Journal of Botany 12: 267 (1925) .

Conidiophores micronematous to semimacronematous. Conidiogenous cells
blastic, integrated, terminal or intercalary. Conidia acropleurogenous, hyaline,
smooth, 15—-23 X 13 pm, coiled 1-2 times in a clockwise direction, secondary
conidia produced by lateral proliferation from parent conidium, forming conidial
chain, with denticles at the basal end. Conidial filament 5-5.5 pm wide,

multiseptate. Phialidic state not seen.

Habitat: On submerged decaying twig in a pond.
Distribution in Japan: Nagano.
Specimens examined- NBRC 102370.

Teleomorph: Unknown.
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Pseudaegerita conifera Abdullah, Gené & Guarro, Mycological Research 109: 591

(2005) . Fig. 2-3 Q, R.

Conidiophores micronematous to semimacronematous. Conidiogenous cells
blastic, integrated. Conidia acrogenous, pale olive, globose to irregular in shape,
(h) 90-120 x 80—114 pm, (c) 65—180(-292.5) x 59—156 pm, composed of highly
branched system of torulose, collapse not easy. Component cells globose to
subglobose, (h) 5—7 pm diam, (c¢) 6—7.5 pm diam, each successively budding 1-3

daughter cells. Phialidic state not seen. (h); habitat. (c); culture.

Habitat: On submerged decaying litter in a pond.

Distribution in Japan: Nagano.

Specimens examined- NBRC 102371.

Teleomorph: Unknown.

Note: The genus Pseudaegerita was polyphyly. This identification might change

after re-classification of this geuns in future.
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Pseudoclathrosphaerina evamariae Voglmayr, in Voglmayr & Krisai-Greilhuber,

Mycologia 89: 943 (1997) . Fig. 2-3 S, T.

Conidiophores semimacronematous, mononematous. Conidiogenous cells
terminal, holoblastic, single on each conidiopores. Conidia acrogenous, born singly,
hyaline, white in mass, irregularly globose to subglobose, smooth, clathlate,
repeatedly dichotomously branched, 27.5-35 x 24-32.5 pm diam. Conidial

filament 1.5 pm wide.

Habitat: On submerged decaying twig in a small spring beside the main stream
and swamp.

Distribution in Japan: Nagano, Hokkaido.

Specimens examined- NBRC 104124, NBRC 106755.

Teleomorph: Unknown.
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Spirosphaera beverwijkiana Hennebert, Transactions of the British Mycological

Society. 51: 16 (1968) . Fig. 2-3 U, V.

Conidiophores micronematous. Conidiogenous cells arising from assimilative
hyphae. Conidia formed by coiling and unilateral branching of the extremity of
conidiogenous cells, loose balls of threads shaped, pale brown, subglobose

irregulary, 2862 X 22—42 pm. Conidial filament 3—4 pm wide, multiseptate.

Habitat: On submerged decaying litter in the surrounding of basin of a waterfall.
Distribution in Japan: Nagano.

Specimens examined- NBRC 102390.

Teleomorph: Unknown.
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Spirosphaera carici-graminis Voglmayr, Canadian Journal of Botany 75: 1772

(1997) . Fig. 2-3 W, X.

Conidiophores micronematous. Conidiogenous cells arising from assimilative
hyphae. Conidia formed by coiling and unilateral or bilateral branching of the
extremity of conidiogenous cells, loose balls of threads shaped, hyaline, globose to
subglobose irregulary, 62.5-95 X 50—77.5 pym. Conidial filament 3.5—4 pm wide,

multiseptate.

Habitat: On submerged decaying twig in a swamp.
Distribution in Japan: Hokkaido.
Specimens examined- NBRC 106764.

Teleomorph: Unknown.

31



Spirosphaera dimorpha Marvanova & Barlocher, Mycotaxon 68: 33 (1998) .

Fig. 2-3, Z.

Conidiophores micronematous. Conidiogenous cells arising from assimilative
hyphae. Conidia formed by coiling and unilateral branching of the extremity of
conidiogenous cells, loose balls of threads shaped, hyaline to pale yellow,
subglobose irregulary, varing in size, 13—28(—45) x 11-17(-36) pum. Conidial

filament 1-2 pm wide, multiseptate. Lambdasporium state not seen.

Habitat: On submerged decaying litter (Sasa veitchii?) in a swamp.
Distribution in Japan: Hokkaido.
Specimens examined- NBRC 106783.

Teleomorph: Unknown.
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Spirosphaera minuta Hennebert, Transactions of the British Mycological Society.

51:19(1968). Fig. 2-3 Aa.

Conidiophores micronematous. Conidiogenous cells arising from assimilative
hyphae. Conidia hyaline to pale brown, formed by coiling and unilateral
branching of the extremity of conidiogenous cells, balls of threads shaped, globose

to subglobose, 23—40 X 23-31 pm. Conidial filament 3 pm wide, multiseptate.

Habitat: On submerged decaying litter in the surrounding of basin of a waterfall.
Distribution in Japan: Nagano.

Specimens examined- NBRC 102378.

Teleomorph: Unknown.

Note: The conidial size of this strain was easy to change in culture up to 81 pm.

This identification might change after re-classification in future.
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Aegerita tortuosa Bourdot & Galzin, Hyménomycétes de France (Sceaux) : 298
(1928) . Fig. 2-3 Ab.
= Aegeritina tortuosa (Bourdot & Galzin) dJulich, International Journal of

Mycology and Lichenology 1: 282 (1984) .

Conidia hyaline, white in mass, subglobose, consisting of twisted interwoven,
(839129250 x(66-)99—222 pum. Conidial filament the tip curving, 2—4(-5) pum
wide. Cystidia elongated, subulate, projecting outwards from conidial propagules,

with crystal-like ornamentation.

Habitat: On submerged decaying twig in the surrounding of a spring.
Distribution in Japan: Hokkaido.

Specimens examined- NBRC 106768

Teleomorph: Subulicystidium longisporum ( Patouillard ) Parmasto 1968,

Conspectus Systematis Corticiacearum (Tartu) @121 (1968) .
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2-4. B
YooK AERFEEFE L, Index fugorum

(http://www.indexfungorum.org/mames/names.asp) N7 —X & H &2y /) =L
FRICK D HELEIRE . A (variety) 3G OIS, BEOHZHER LR, 2 E
TIT 19 & 141 A HE STV D (Table 2-5), 7246, Z DOIITITH =8I TRLH
L7z Trichoderma aeroaquaticum K. Yamaguchi, Tsurumi, Chuaseeharonnachai &
Nakagiri (Yamaguchi et al. 2012) Z&de, AMIEICL D | 2BEE. NBRC IZ{RAF
ENTWDYKERELEEEOE ., CBS Eifkod CBS 513. 83  Akenomyces
costatus var. costatus¥ . O DDBJ/EMBL/GenBank nucleotide sequence database

ICBEE SN TWAAREEEO LSU rDNA D1/D2 fEk M AL 8 % 3\ BT 21T - 1=

25

BT RMFEINEPBEIN CTH AL ED 17 8 41 O Y KERTZEFHHED /1

MFEHINLE AR T 2 ENTE L, TS X VB KAERTEREED O B,

M
OY

Ramicephala(VNoglmayr and Delgado 2004) 35 & O Sympodioclathra(Voglmayr and
Krisai-Greilhuber 1997b) #FR< 3 _XRTOBICOVWTEKRZEEZH LT H I &
MATE T (Table 2-3), 7pds, 17 & 41 FEOHL, BEAFEDO LR L. ZRFAHERR
SNTZBHEIZHSWTIX Helicoon D X 5 \ZEED RN H->TH 1EE LTHER LT,
FEG[REECTd D, Pseudaegerita cf. matsushimae I35 =5\ C Trichoderma
aeroaquaticum 72> 7272, T OHEEClX T aeroaquaticum & L Cit E L7z, K
WHFEE D | 11 8 29 DN IKAEREREFHOEMK A LS L, HAESL LT 10 & 24 1

A L. DD 13O AAER T L O 2 MO RKGFLHTE 2 B 5772 L7z (Table 2-2),

35



H AT PERR 7S = B R 07 S i3 SO AL TR E O (0 Tt e CHREE L 2 ERRIC S < LB vz
SUZOW T, BARIZB T 2MIEF COREEDA X Y —ff&N ik TITH
NTIRpolzled B2 5, MERBD DI WEALH)T T, 4% S HICHHEEZITH
Z LT, BEICBT AAREHOZERENH LN D LD LEEZ D, £o, DBEKIC
X BEAFEICOBEEIT 23, XV EEM R SO RE S L E 2R (spoEidef & L
TRLTEE), 2F0, BRAVWHEZEATHLAMREME L H Y | 4k, 2D b2
AT TV Z LT, HITHRITEIT 2B KERTEREED LR EEEZ I &
MNZTHIENTEDLLEEZD,

CIVETIZ, PARERERFEEIZOW T EH & IR RFEMIT 21T - 72
BlE7R e ARFFROBRIT. AEREO S R FRIFTBEOMHICKRE < FE Lz
EEZD, —HT, THE TAREBEZOW TIEHELIC X 5 2 RN RB I N TE
Toi3. ABFFRIZ LD . < DIBIZB W TERMOHER S L, DBFAEHAITO 2 L
TELICHTERBORENLIE DD EE XD, Fio, KEHOZHEMEDO TS
SHICHLMNZT H72DITIE, ZThVE TORBIEIZE S Iy FiEWmE T
BHL TV REDLR D D,

AUFGE D RAIENTHE RN, #7212 Pseudaegerita, Spirosphaera-Clathrosporium
complex 3 LMDV DD JE T, TRRESFAD WLIE U % & e Rt 3 FH IR FE DS &
BWCThDHZ LEmRE L (Fig. 2.2 B, C, D), LA FIZ, &BOSEFHIERIZ O

THERT D,
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2-4-1. Pseudaegerita M5y 5 1) R S

Pseudaegerita 3. W80T, B, #HE. 2130 LAIE- T2 L5 /S 7
RA S ECERIRIT S L T, 2 ERIT I, LI S £ - T 1 D O REZRE O BHR K

(A1) T 5 (Crane and Schoknecht 1981 ; Abdullah et al. 2005).
Pseudaegerita 3. ZiLE TIZ P caffra Matsushima (Matsushima 1996b). P
conifera Abdullah, Gené & Guarro (Abdullah et al. 2005). P corticalis (¥4 7
fE). P foliicola S.K. Abdullah ex J.A. Cooper (Cooper 2005). P matsushimae
Abdullah & J. Webster (Abdullah and Webster 1983). P ossiformis Abdullah,
Gené & Guarro (Abdullah et al. 1997), P, viridis (Bayliss Elliott) Abdullah & J.
Webster (Abdullah and Webster 1983). P websteri Abdullah, Gené & Guarro

(Abdulla et al. 2005) @ 8 FiA s =T %, Al P corticalis, P conifera ¥
LW P of. matsushimae (P matsushimae \ZJ8lT A EMEZ HOfE L L CRE) I
DWW TR 24T o 7285, 3 DDffl. Sordariomycetes, Dothideomycetes.
Leotiomycetes (ZFTIET 5 Z E DAL NZ 72~ 7- (Fig. 2-2 B, C)., Leotiomycetes (Z
FTiE 3 % Claussenomyces atrovirens (Persoon) Korf & Abawi (Korf and Abawi
1971) & Pseudaegerita & D7 L AE/)V 7 =7 FF /)L 7 BRI R S LT 5 (Fisher
1985) 1Z7>, Abdullah and Webster (1983) (2L V. [F] U< Leotiomycetes (ZFT/&
9% Hyaloscypha lignicola (3l Hyaloscypha spiralis) D301 % HEEL THEL
I ESE RS Pseudaegerita D53 T %k LT Z &6, Pseudaegerita & H.

lignicola D7 VFAENT =T FTENALTEBLPF K INTEY  (Abdullah and
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Webster 1983), ZI 6D Z &, ZivE TARJEIL Leotiomycetes (ZATET 57 7
TILTHEEBZ BTV, RIFFEL Y . Pseudaegerita |- Leotiomycetes LAF D %
MABEND ZEBAGNIRoTZ LT, ABREIZR T 2 INaoE 2R LTk
0. EFREENYERERECH D L ar LTz (Fig. 2.2 B, 0),

F 7o, FKRAERZEEEEICIT Helicodendron X° Pseudaegerita DN D) DFET
RIS AT S TR D . 2O/ 1T spermatia (CRENRE T 7213/ 4R
T) THHEEZEZLILTWD, Pseudaegerita cf. matsushimae D 4 S D53BERED 5
L2 RIX, SO/ ETER Ui, Ko T, ROHERIX. ¥ A 7HD P corticalis
EXRMMAERICL, £l MUIGEFZTMT DR ETERK LR WA S TE TV DR
T, RN RFEEONBUE O LB A HEN T 5 L CTIFRFICEERMZEMEITH S
EZZ B, 22T, F=FITT Pof. matsushimae O 57 BE O 53 8B 21T
5 &L BT, TOBRERIZONWTELELL,

— 5., Dothideomycetes (ZFTE L 7= P conifera \Z >\ CII D BEREN 1 ETH Y |
AREEOFREME S D 2 &b, B _E TOMRFMN OIS Lic, 4%, SRR Z I
L. e84 TR A THRREZ Y T8 To PR X OIBREBICE D g 217 9
ZEIZED, SRR EITONENH D (Fig. 2-2 B),

F 7o RECHE D F 21T Pseudaegerita Bk DI HE % 7~ 3 Afl#ifE 2 (NBRC 106781,
Figs. 2-2 B #a0#8#hF, 2-4 D, E, Table 2-2) H1FE(E LT, kD LB, KED
EFIL, IBE T, MHBEO/N S 223 EERIRICHEEE L T 1 OB OREEERD
DEFETET S Z & Th D (Crane and Schoknecht 1981 ; Abdullah et al. 2005)

38



ABFFEN & DAJE DL RV T D REHEDOFERLIT, ZOLH7R|EE LTOE
BIVEDOERD, IWHRBICL > TELLTWEETHL Z LICERT L LB BN
D120, TORELNLETH D, FERANZIIARRE O T~ TOM M7 L 72 Rt oM

FHIMERT ATV, TRRPEEZ RE L TROBEREIT O LEN DD LERD,

2-4-2. Spirosphaera 35 5. O* Clathrosporium O %y ¥8 51 [ E i

Spirosphaera \Z O\ TCIL, HH— 1-2 Tik<7= &Y Voglmayr (2004) (2L~
TERFEMENRIB STV, AIFFEICE Y, & 512 Voglmayr (2004) DT
X % Leotiomaycetes ¥ L (8 Dothideomycetes (2 FT J& 4 5 & # (2 0 x|
Microthyriales (3117 Cl% Dothideomycetes) (ZFT/E T D RMDFELENI S L 7r o
7= (Fig. 2-2 C), Microthyriales (% Schoch et al. (2009) <> Wu et al. (2014) (T X
DI DBART % AW T2 RHEEHT C Venturiales ([Z4T#% 72 H & L T Dothideomycetes
IZFT)E L=, —J5 . Microthyriales ® 7 L' — RZERTHEDOT— A T v 7l
13 1% < . Dothideomycetes @ . K % # T & % Dothideomycetidae ¥ J OV
Pleosporomycetidae & $70% 7 L— RIZHTE Lo, AMF%ETid LSU rDNA D1/D2
TH 4 HE L BC 51 407 positions 12 FE S W THEMNT L 72 &5 B . Microthyriales 1%
Dothideomycetes DEEHI 7 L — R LR 7 L— REEAL LT, Z OREE & A58 % 0F
W THESZ T 5 &, Microthyriales (3HTHIZF4 4 T 2 RlE & RIB S D T D, AR
FECIERR T2 0 L CfT T 2 B3 b 5 & 5 2 %, Microthyriales OFTEIZ DO

T, BHBOBBTFEZHWTRETODLENRDY, THICEVKBICHET S
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Spirosphaera dimorpha, S. minuta, S. beverwijkiana DL ~)L TOEKRTED
HoNZRLb0 %2 % (Fig. 2-2 C),

5T, AWrgeic kv, 2t b Spirosphaera & Clathrosporium complex I3
Leotiomaycetes 3 & U Dothideomycetes O H1 T AR RMEEICHTE L. T2
DORADOHFTHHRZFEZRI T, ZRMTHLZ LB L7 (Fig. 2-2B, C K
B ONHET), Spirosphaera & Clathrosporium 1%, EH 6 bR OHAL KR
20 TR EARAEDOLIITEHKBICHED . 1 DORAETZHT 205, €O

\Z72 D438 Spirosphaera 13 15318 Clathrosporium (XX 51257183 5 A
BlE 5 (Voglmayr and Delgado-Rodriguez 2001), AMFFEDFER TIX, 2 b
EILRZ B L T2 2R L, BELTOERDRELAKETHD Z &
R LTc, B, 206 2BICOWVWTIE HIZHBRZ D, Z A TIERSL X A 7'H
KR &L DT R KOV FIEH. E7o. AR DA R E B IR LT

LT, SRR ATT ) BB B,

2-4-3. Helicodendron ¥ X. 1" Helicoon 05387/ Rl i

W Doy 1 % RS % Helicodendron 3@ & U CHRKIIR S 2o 723, 4]
fEMT I U 72 FE 19X C Leotiomycetes (ZATE L. #l L~ L CHFEILIE U%HE 2R
L7z (Fig.2-2C), — /TR C X 9 28004+ % 7T % Helicoon 1%, Tsui and
Berbee (2006) DATHFZEDRER . Dothideomycetes D TEL R TH D Z & Vi

HENTWD, F72. Orbilia luteorubella (Nylander) P. Karsten (Karsten 1870)
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(Orbiliomycetes (ZFTJ&; Pfister 1997) 3 LN Ascotaiwania hughesii Fallah, J.L.
Crane & Shearer (Sordariomycetes (ZFTJE; Fallah et al 1999) 7% Helicoon ®7 -
ENT LD ERHMOLNTEY  KWFFE TS Helicoon O FE I [F £k (IZ
Dothideomycetes ., Orbiliomycetes. Sordariomycetes ([ZFT)jE L 7=, — 5 C,
Leotiomycetes |\ZFTIE T 2 L4 BEIFEATICEEH LRI A 6 7ed - 72 (Fig. 2-2 B,

C)e ZID 2 BOXBNIMIED /31 HE{T 570 (Helicodendron) . #H&{ 1L 720>

Y

H

7> (Helicoon) T& % (Zhao et al. 2007), A EIOFER LD |

A
&

T DEIIN A
E 512 Leotiomycetes O AMIZATIET 5 DL Helicodendron T& % AIHEMEZ R~ L
7z, Helicodendron 3 Y. " Helicoon 1%, ZiVE TIZENEI 26 Flids LN 27 FES#
HINTEY, BEHONKAERTEHEBEDIEDK 4 F 2 HDLHRERITN—TTHD
(Table 2-5), ZD7=, FKAERNTREEHZHET HOICHELRHEHKETHD LH
A %o —IT, WA TORMATRERERN D 72N | K7V — 7 Z ik
I R i © & 370 KR 0% 4% %2 58 i T & 72\, Helicodendron 7>
Leotiomycetes (2R T 2 MENEZ A LN T H1-01001E, 5%, XA THERAS X A

THIRM AR L oo, & LICSKOME B LIE, T 5 LERH 5,

2-4-4. BAHHRDNKAEREREE
Peyronelina Arnaud ex Fisher, Webster & Kane (Arnaud 1952 ; Fisher et al.
1976) %X Z I F Tl Peyronelina glomerulata (Arnaud 1952 ; Fisher et al. 1976)

D1IRDOAPMONTEY | PO A ZRRT D, ARITT LA T LT DR
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T, INE T FIEHRZ IR LIRS MM TOoN TE O o RFHINLE
TATH-Te, ZD7H, FHADT —FZX—ATIEFEEMNIITET L2 & I TV
D, AW R Y | AFEPNHEFEPNICTE T 5 2 LTI BT o 72 (Fig. 2-2
D v'r 7 OMENT), HFEPNCHTR T 5 K AERTEREEBIT Aegerita candida, A.
tortuosa ¥ O\ Akenomyces costatus @ 3 FENHN LGN TWDLDHATHD, £i=. A
candida. 3 L N A. tortuosa 3. HF—F 1-2 TR/ L B Y  ZNZ 1 Bulbillomyces
farinosus ¥ X O\ Subulicystidium longisporum %7 VA E/N 726D ENHILIL
TEBY, Inoixavy s ¥ rMoOBRICEET DX A TOTRIKERKRT 5, AR
AEHTRE R LV . Peyronelina 3/~7 % r IO Wb 5 —{H) /e a1k %
e T % Agaricales |ZATE L7z, &2 CHEFHODRWNEFEHMIZETR L, 2D
NG B RIO T FREKT D 7V — TR L2010 CTORAERERFHE L L
T, AEHOLEREHS T 2O OEIEROMHZ B L, FHUFEICTAEO

MRSy 17 o T2

2-4-5. Candelabrum O 5351 M RE A

Candelabrum 1% Beverwijk (1951b) 2k > T ¥ KAERZEEFEEE L THO TH
HEEINTETH D, Candelabrum X Z 1WE T2 7 f : C. brocchiatum, C.
clathrosphaeroides Voglmayr (Voglmayr 1998). C. desmidiaceum Voglmayr

(Voglmayr 1998) . C. japonense Tubaki (Tubaki 1958). C. macrosporum

Matsushima (Matsushima 1996a). C. microsporum. C. spinulosum (% A 7'f&)
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MERESINTEY, ZALIEFRETFORELY 2 ZHdLZLNMbLATVND
(Voglmayr 1998) ., 1 D3 ¥ A4 M % & C. spinulosum 7 /v — 7 (C.
clathrosphaeroides. C. desmidiaceum. C. japonense., C. macrosporum. C.
spinulosum) T& 5, C. spinulosum 7 )Vv—7D45%F1%, BEArLAGTHIRE
72137 v —/X—JE D basal plate Z#FfH . £ D basal plate 7> HEE F O _EHIZH4E
FEIESHE D, MFIX C brocchiatum 7 )v— 7 (C. brocchiatum ¥ X C.
microsporum) T, ZORAEFILT ) —Lta0H AL Uthak S L, basal plate &
FRled, X FERIF =X 280 IR URBET D, ANFIED BT R 1T
Candelabrum DOERE N RAHEDENE ML TWHZ &R L, C. spinulosum
7' V—71% Leotiomycetes (2. C. brocchiatum 7 /v— 7% Sordariomycetes (ZFT/E
THZENHGNE o7 (Fig. 2-2B,C AL o), RFEE2 MRS 2520

BRAN |

i‘i
il

H ORI, ZRMETRITMOEFEO S EREEIC BN TH AL 2
Do D7, Candelabrum \JTERETEHE 2 FE 40 L L THERFEHTH L &
ERTc, £ T, ZRMMEDREESND Candelabrum \ZOWTIE, & BIZHT1F#H
HCICHERELZ AE L, FRHEIZBWTARBOEER X O FIHERICES < 458

FHIFRRE 21T o 72,

2-4-6. Clathrosphaerina O %y % FHIFTE
Clathrosphaerina zalewskii D7 L /)L 7 — 7 FF /L7 BRI DWW TIL, 5800

LV, THET Hyaloscypha & OFRMEBDBRBE I Tz, Ll AWFJEIC
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XV Lachnellula &t ToH 5D Z EDRHA LM/ o772 (Fig. 2-2 C), £ DOFE 72 iTix
FBR A SN T 2 720101E, 5. Leotiomycetes (ZFTIE 3 5 B E D RM AT I H
WHENTWD rpb2 FOBMLB T2 HOTHRET2MLENH D, Hyaloscypha X°
Lachnellula ® 7 )v—713F%2 O Z A T O/NUTI » FIROFFEE (FEK) 2%
L., ZTOREBITELL TWD, £D7=®, Descals and Webster (1976) 732415
DT LAENT =T FE/NT7ERETE LB ORED Hyaloscypha TlX7ahoiz
REME L B2 bND T2, 5%, TDOBRIZHWGILTZ Hyaloscypha zalewskii DFEAR

(IMI 200959) ZH( Y FHETHIET D2 LENH D LB R D,

2-4-7. £&9
SZRIAERR 2 b OB, 2 E T T TEMAE] ISV, IS 1T >OEY
MCTT VATV THET FTRATHOR A DART (F4) 25202 ENRTEL, L
2L, 2011 FOEPRESH - W - A BRKROUETIC L D Tt —m4aik] 12XV
MEE1FA] LTI O0FAICK T 52 ENROLNTL, & 5IZ 2017 0
ABRKIOYEIZ AT o2 TH . TR O VER IS L OIEIERF R O 24 DR S T8
ISR 472 (Okada 2011 ; Aoki and Okada 2017), ZiUE7 LA E/L 7 BN AH 72
TFRITEDN, FFIERICE Y RMERMLEPHEE TE D L D ICRo 72 Z L
W2 D, Aspergillus =° Penicillium 50 X 912, 4 OZEH N FAFAIC & BEEEAIC
BN REVHEBLREFT, TOEOHMIEE 7 1—712X 0 EDZA4 2

T oD R S, BENED SN TS, Ll FARERNTEREEOLE ., b
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THEBRONTEY | MAEMREEE RSN ER D PR Z LW
TOREHOEETHY | TOLLITBWTERBRFHIMER D> TR oTo, L
INLIR D AFRIC KD . ZHETIHEAH Th o722 < O KRERTEREHEO R
FAINCE DS BTl o7z, Zhud 11 B 1 24 ) ICE S4BT H L L,
EOICEBIGHE WS BLENG | RFFRIFTERH B &R & LT, RSO
fTHIZEBNT 5 LB A% (Table 2-3), 4. T 6 DOREREIITHA OfE—~FT
T, BHAZIT > TS BERH L0, KW Aspergillus <° Penicillium ® X 512
DEHE L TELESTLEBETIT WD, HFIFRED, R MEELHTLD
DFLIHERST D L0 ZLIXTERY, o, ZREOH T, B4 OEBEHEL B
ZDBEDZA TFENE ZDORFICHTBRT DOPHERL TV BERHYD | S HICRE
LTWD XA TRERR S A THRKD 3 FIHEBR O IMEK L T2 iude 5720, 2
DI, Bk, A TIEERRLZ A THRKZ IR, €63k TnD
Galdm B4 A RO, £/o, ENDR/TONRWGEIIRA X A THRIEZAT O %,
O & DOE DT ZITO RS, FAR—OHMZ LTS BERH D,
[t —fnddB) 2LV, 338 IREREE] LW ORI Rotzicd, 7%
VT HEOBEBEREICESEEREL T HMEIT R RoTETND, —FHT, WE
T FTENLT LInROD > TORWIERE S Z IAET D, 7o, AREFITINBGEL
MENSDD, 3FIEHRE S LICHEBIPEAHERLE S ZLICED, ZRIARBOL D
r—ANREW, Flo, FEICBWTHEMERZ OFREIL, T E CEENREEMICERE
WIZEDERENRINTE LT, ZLOFEHRELGZX TND, ZOD, KEHE
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AT FRINFEIC BN T, 5I&HiE . EFCHEFEIRAGEORREE LT

S

STEREIE T, I TVAELT =TT EATEGRE#R L. BT, BREMIC
HWrL, ML TS RERZH D EE X D,

AMFFENZ LD 21T BROFKERTEEFEEPINE S, NBRC ICFRE, RfFS N7

(Tables 2-1, 2-2), Z3LH OEKEE W RFEMATORER LV . REREIL. FEEM
EHTEM OS2 FEREICHTE L. FFIC Leotiomycetes =° Dothideomycetes.
Sordariomycetes (2% < OFENATIET 5 Z EMH LMo T, —F T, AR L
72 HE#RIZI% Lecanoromycetes <° Eurotiomycetes (ZFT/ET AL no72, 2 b
DFERIT, FAKREREREENINETAZ Y —=0 B LTRY EFbnTE
7= LA D Aspergillus X° Penicillium (£ 5 6 ¢, Eurotiomycetes (ZFTJ&) & (357
LDHRMCTHLILEZRL, A7 V==V M LTI INETHASI N TI 2o
To. DEVIIREHEOEIR TH D Rt 2R L7z, E7o. 2BERRIE 6 SRt D R H
HzEh, TRRFEPVELERRLINTWRNI 2B 25 ERRBOEDEIRTH
HLEZXD, T T, A%, SBEFIBEI 2TV, ZHSEMBEFIZOWTHES L
EHEE LTREZITW, BTz HEIC T 208N H 5, — T, Rid#k
fE2, 3, 5, 6 (Table 2-1) IF 1ERLEENTWRWNIZD, FEHOTZOIC, £F1F

R Z S HICINE L TS RERH D, i, ZAIEOF =~ A ORIZRAK L

v

ME ooyt S - RE0#EFE 4 (NBRC 108573, Table 2-1) 12O\ Tid, AHFZED S

HERR & LTI LRRIZT 228, HARDKE DA 200D brEES T2 (B

TRAT) o D Vo TTBEEOREMN O B S NIZRIC OV TR, ERBREE) AR
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HEDAERII AT b RE T D E B D D
DL AFFRIC LY Z < ORBTEIFEDIUE, 7 SaL, ks (Fig.
2-2, Tables 2-1,2-2), € LT, AR TR LN 2N L OEKSCH HRIL, 5RO

FHIZ BT 2 SRR, £, AR FE~OEYEREMNICRE <F
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Decaying twigs, litter, and woods are
collected, cut into small pieces,
and placed into a plastic container.

‘ Plastic container
ya

Moist condition

Twigs, litter etc. are incubated with wet paper
(to provide moisture) in a plastic container at

'M‘ between 15-25° C.

- Samples are observed every week for the first
/ month, then every four weeks for the following

Decaying twigs, litter etc. Wet paper two months.

e

using a fine needle under dissecting microscope,
and placed them on a new agar plate.

/ Conidia produced on the surface of twigs are taken

e — Incubate a plate at between 15—-25° C.

containing hyphae water, and continued to incubate at
between 15-25° C.

—
The hyphae germinated from conidia
Agar discs \@\ with agar are transferred to sterile distilled

Sterile water

Fig. 2-1. The method of fungal isolation and inducing sporulation used in this study.
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Knuc
0.02
=

Sordariomycetes *

72

= [ rotiomycetes

Lecanoromycetes

Dothideomycetes +

82 Leotiomycetes *

100

Pezizomycetes
9 88 oo = Orbiliomycetes %
—M Microthyriales (Dothideomycetes?) %

86

©)100AWO0ISY

< Basidiomycota

Rhizopus oryzae AY213626 Outgroup

Fig. 2-2. Neighbor-joining (NJ) phylogenetic tree of Ascomycota and Basidiomycota inferred
from DNA sequence data of LSU rRNA gene (D1/D2 regions) (407 positions). Bootstrap values
above 50% from 1000 replicates of NJ method are indicated at the corresponding branches. The
fungal strains sequenced in this study are highlighted in bold with strain ID. Other DNA
sequences are from GenBank (with accession numbers) or NBRC online catalogue. Aero-aquatic
fungi are highlighted in red. Rhizopus oryzae was used as outgroup. A. Overview tree. B. The
tree focused on Sordariomycetes, Eurotiomycetes, Dothideomycetes, and Lecanoromycetes
shown in A. C. The tree focused on Leotiomycetes, Pezizomycetes, Orbiliomycetes, and
Microthyriales shown in A. D. The tree focused on Basidiomycota shown in A.

*: The clade containing aero-aquatic fungi. **: It might be need re-identification or re-
classification.
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0.02

Candelabrum

Pseudaegerita

Peyronelina

Spirosphaera & Clathrosporium
complex

New taxa

83~ Candelabrum brocchiatum NBRC 30048 (type) ---
Candelabrum sp. NBRC 109738

Candelabrum microsporum NBRC 108750
Unidentified fungus 3 NBRC 106812....
Achroceratosphaeria potamia GQ996538
Pisorisporium cymbiforme KM588904

Helicoon farinosum JQ429230
Diaporthe pustulata AF408358

Chaetosphaeria chalaroides AY017372

Chaetomium sphaerale AF286407

Cancellidium applanatum NBRC 108038

Cancellidium cf. applanatum NBRC 108828

Unidentified fungus 5 NBRC 108574
Barbatosphaeria fimbriata KM492867
Conlarium duplumascospora JN936992
Oxydothis frondicola AY083835
Polyancora globosa DQ396466 (type)

94

Xylariales

100[ Trichoderma hamatum NBRC 104990

Dendroclathra lignicola EU873529
Elaphocordyceps capitata AY489721
Nectria haematococca DQ119560
Ophiostoma piceae AJ538341
Xanthothecium peruvianum AB053453
Eurotium rubrum U29556
Coccidioides immitis AY176713

51

Stictis radiata AY341361
53 E Porpidia melinodes DQ314985
78!

91 Discosphaerina fagi AY016359
E Myriangium duriaei AY016365

Helicoon fuscosporum NBRC 108063
Venturia inaequalis EU035460

Asterina weinmanniae GU586218
Stomiopeltis betulae GU214701

IVenturiaIes

100 Natipusilla limonensis HM196370
Lecano romycetes
Lecanora hybocarpa DQ782910

Mycosphaerella punctiformis DQ470968
Hysteropatella clavispora AY541493
Helicoon gigantisporum NBRC 108082
Chlamydotubeufia khunkornensis JN865190
Tubeufia cerea AY856907
Tubeufia helicomyces AY856873
Botryosphaeria lutea AY 928043
Mycopepon smithii AF279400
86| Pseudaegerita conifera NBRC 102371** ...
Spirosphaera cupreorufescens AY616236 (type)
Anguillospora longissima AY 204597
Lojkania enalia AY016363
Quadricrura bicornis AB524613
Unidentified fungus 4 NBRC 108573-......
Spiroplana centripeta HQ696652
Phoma herbarum AY293790
Clathrosporium intricatum NBRC 108834**
100° Clathrosporium cf. intricatum NBRC 109670**
Cochliobolus heterostrophus AY544645
Pleomassaria siparia AY004341
Beverwykella pulmonaria NBRC 6800
71 Lophiostoma rugulosum FJ795440
Clathrosporium olivatrum NBRC 106767**-............._|
96| Spirosphaera cf. floriformis NBRC 102384

Tubeufiales

71

[eriodsiiosid

Pseudaegerita cf. matsushimae NBRC 108034 ...,IHypocreaceae

] Eurotiomycetes

[ Unidentified fungus 2 (Pseudaegerita-like) NBRC 106781

99

82

Leotiomycetes

100
@—mr Orbil

Pezizomycetes
iomycetes

= Dothideomycetes?

86
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‘Basidiomycota : EI

Rhizopus oryzae AY213626 QO utg rbu p
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Sordariomycetes

Eurotiomycetes

Dothideomycetes

Dothideomycetes

Knuc

0.02

Lecanoromycetes

Bulgaria inquinans DQ470960
5 Helicodendron luteoalboum NBRC 102383
Roseodiscus subcarneus KT972715
Bisporella citrina AY789385
Helicodendron articulatum NBRC 32869
: Mollisia cinerea DQ470942
Sclerotinia sclerotiorum AF431951
Lambertella tubulosa AY616237
- 951 Clathrosporium sp. NBRC 104127 -
Spirosphaera floriformis AY616238
Helicodendron tubulosum NBRC 32873
95! Helicodendron conglomeratum NBRC 102372
87| Helicodendron paradoxum NBRC 32872
Helicodendron triglitziense NBRC 102370
Helicodendron microsporum KR078441
Lachnum virgineum AY544646
Cudoniella clavus AY789373
Phaeohelotium epiphyllum KT876976
Hymenoscyphus scutula AY 789431
Clathrosporium intricatum AY 616235
2L Hydrocina chaetocladia AY789412
Neofabraea malicorticis AY544662
Lachnellula occidentalis KC492977
Clathrosphaerina zalewskii NBRC 32898

82 81l

78

Spirosphaera carici-graminis NBRC 106764 -

89

59190/(&12 11097

Helicodendron fractum NBRC 32871

Helicomyces scandens AY916089

Hyaloscypha daedaleae AY789415

Candelabrum clathrosphaeroides NBRC 101134 (type)
Candelabrum japonense NBRC 108749 (type)

%Hyalodendriella betulae EU040232

Spirosphaera minuta NBRC 102378 ** L2
50 Pseudoclathrosphaerina spiralis NBRC 107651 (authentlc) - 55
7 Candelabrum desmidiaceum NBRC 101133 (type) el < k._n

Candelabrum sp. NBRC 108047**

eeaoé’udﬂoso |i'?'AH

Pseudaegerita corticalis NBRC 108037
97" Hyaloscypha spiralis AB546940
100 i Peziza badia U42692 .
Peziza vesiculosa AF378367 ] PeZIZomyceteS
Orbilia vinosa DQ470952
100 | Helicoon sessile NBRC 106775
Orbilia inflatula AY261122
Unidentified fungus 1 (Candelabrum-like) NBRC 108087

88

99

s9180AW-

89— Orbilia sarraziniana KT215260 i
100 L— Spirosphaera dimorpha NBRC 106783
Spirosphaera minuta HQ696659 M icrothyriales
86 100 Spirosphaera beverwijkiana NBRC 102390 (DOthid eomycetes?)
Microthyrium microscopicum GU301846

1
0 Microthyrium propagulensis KU948989

Taphrina deformans AJ276064 T aphri nomycetes

< Basidiomycota EI

Rhizopus oryzae AY213626 QuUtgroup
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Ascomycota +

Hyalopsora polypodii k1608627 Pucciniomycetes
Ustilago maydis AF453938 Ustilaginomycetes
Filobasidium floriforme AF075498 Tremellomycetes

Caloceracornea AY701526 Dacrymycetes

£|: Aegerita tortuosa NBRC 106768
Subulicystidium longisporum AJ406422 @ Trechisporales

Trechispora farinacea EU909231

99 { Aegerita candida NBRC 1067741
86 Bulbillomyces farinosus DQ681201
L] Grifola frondosa AY629318

H GO—I_— Fomitopsis pinicola AY684164
Coltricia perennis AF287854
Paxillus involutus AF098385

99

Polyporales

Boletus satanas AF071528

Suillus cavipes AF071535 Boletales

Coniophora olivacea AF098376

Auriculariopsis ampla AY570992
Armillaria mellea AY700194
nidentified fungus 6 (Akenomyces-like) NBRC 169668
Agaricus bisporus AY635775
Peyronelina glomerulata NBRC 32867
Flagelloscypha minutissima AY571006
Akenomyces costatus var. costatus CBS 513.83 (type)
Lachnella alboviolascens AY571012
Nia vibrissa AF334750
Calathella mangrovei AF426954

Rhizopus oryzae AY213626 Outgroup

98
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Tabel 2-2. Aaero-aquatic fungi isolated in this study.

The No. of strains

Phylum Genus Species/ Information Source of Isolation** Locality of Source - Subtotal
Japan Thailand
-~ applanatum decaying twig, wood waterfall 0 4 4
Cancellidium cf. applanatum decaying wood waterfall 0 1 1
brocchiatum decaying twig, wood, waterfall,. stream, pond, 18 14 32
bark, stem lake, sluice, dam
cf. brocchiatum decaying twig, wood stream, waterfall 1 8 9
N . . ... stream, pond, lake, idled
clathrosphaeroides decaying twig, wood, litter paddy field, pool 5 4 9
desmidiaceum* decaying litter pond 1 0 1
Candelabrum cf. desmidiaceum decaying twig stream 0 1 1
japonense decaying twig waterfall, river 1 2 3
microsporum* decaying twig, wood waterfall, stream, pond 2 5 7
cf. microsporum decaying twig waterfall 0 1 1
spinulosum decaying twig, litter waterfall, stream, pond, lake 5 0 5
sp. decaying twig, reed stream, sluice 2 0 2
Clathrosphaerina zalewskii decaying twig, litter waterfall, swamp 4 0 4
compactum decaying twig, wood waterfall, stream 0 5 5
intricatum decaying wood waterfall 0 1 1
Clathrosporium cf. intricatum decaying wood waterfall 0 1 1
olivatrum* decaying twig spring 1 0 1
Sp. decaying twig stream 1 0 1
conglomeratum decaying litter pond 3 0 3
Helicodendron luteoalbum* decaying twig pond 1 0 1
triglitziense* decaying twig pond 1 0 1
Ascomyctoa fuscosporum decaying twig, litter, wood stream, pond 2 3 5
Helicoon gigantisporum decaying wood stream 0 3 3
sessile decaying twig swamp 2 0 2
conifera* decaying litter pond 1 0 1
Pseudaegerita corticalis decaying twig, wood waterfall, st-ream, rIver, 17 16 33
swamp, spring
cf. matsushimae decaying twig, wood waterfall 0 3 3
evamariae* decaying twig, litter, wood \Sl\gtiir;a"’ stream, swamp, 2 10 12
Pseudoclathrosphaerina spiralis decaying wood stream 0 5 5
cf. spiralis decaying twig, litter, wood stream 0 12 12
Sp. decaying twig, wood waterfall 0 5 5
beverwijkiana* decaying litter waterfall 1 0 1
carici-graminis* decaying twig swamp 1 0 1
dimorpha* decaying litter swamp 1 0 1
Spirosphaera floriformis decaying twig, wood waterfall, stream, spring 2 1 3
cf. floriformis decaying twig pond 1 0 1
minuta* decaying litter waterfall 1 0 1
Sp. decaying litter pond 1 0 1
Unidentified fungus 1 Candelabrum -like decaying wood waterfall, stream 0 7 7
Unidentified fungus 2 Pseudaegerita -like decaying twig swamp 1 0 1
Unidentified fungus 3 decaying twig stream 1 0 1
Unidentified fungus 4 decaying twig waterfall 0 1 1
Unidentified fungus 5 decaying wood waterfall 0 1 1
A . candida decaying twig, wood, litter stream, swamp, spring, 8 0 8
egerita . . .
tortuosa* decaying twig spring 1 0 1
- decaying twig, litter, waterfall, stream, pond,
Basidiomycota Peyronelina glomerulata wood, lequme pod swamp forest 7 4 11
Sp. decaying twig stream, pond 2 0 2
Unidentified fungus 6 Akenomyces -like decaying wood stream 0 1 1
Total 98 119 217

*: Fungal species of new record in Japan
**. All samples are submerged in water.
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Fig. 2-3. Description of fungal species of new record in Japan. A-C. Candelabrum clathrosphaeroides. B,
C showing the detachment point of conidium from the conidiogenous cell (arrows). D—-F. Candelabrum
desmidiaceum. E showing the detachment point of conidium from the conidiogenous cell (arrow). G-I.
Candelabrum microsporum. J, K. Clathrosporium olivatrum. L. Helicodendron luteoaloum. M-P.
Helicodendron triglitziense. P showing the scar of secondary conidia produced by lateral proliferation from
parent conidia (arrows). Q, R. Pseudaegerita conifera. S, T. Pseudoclathrosphaerina evamariae. U, V.
Spirosphaera beverwijkiana. W, X. Spirosphaera carici-graminis. Y, Z. Spirosphaera dimorpha. Aa.
Spirosphaera minuta. Ab. Aegerita tortuosa. A—C from NBRC 109735; D-F from NBRC 109736; G-I from
NBRC 102397; J, K from NBRC 106767; L from NBRC 102383; M-P from NBRC 102370; Q, R from
NBRC 102371; S, T from NBRC 104124; U, V from NBRC 102390; W, X from NBRC 106764; Y, Z from
NBRC 106783; Aa from NBRC 102378; Ab from NBRC 106768. (A-K, Q, R, T-X. Scanning electron
micrographs. L, N-P, Y—Aa. Nomarski micrographs. M, S, Ab. Dissecting micrographs.) Bars: A, B, D, H, U
=5um; C, E-G, I, K, L, N-P, R, T, V-Z =10 pm; J, Q, Aa = 20 pum.
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Fig. 2-3. (Continued.)




Fig. 2-4. A-C. Unidentified fungus 1 (Candelabrum-like). D, E. Unidentified fungus 2 (Pseudaegerita-like).
F. Unidentified fungus 3. G, H. Unidentified fungus 4. I, J Unidentified fungus 5. J showing the setae
developed and elongated from globose central cells (arrows). K-L. Unidentified fungus 6 (Akenomyces-like).
A from NBRC 108157; B, C from NBRC 108087; D, E from NBRC 106781; F from NBRC 106812; G, H
from NBRC 108573; I, J from NBRC 108574; L-M from NBRC 109668. (A-F, J-K, M. Nomarski
micrographs. E, F, L. Scanning electron micrographs.) Bars: A, | =100 um; B, E, F, H, J, LLM =20 um; C =
10 um; D, G, K =50 um.
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Fig. 2-4. (Continued.)
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Table 2-3. Taxonomic positions of aero-aquatic fungi in Table 1-1 updated by this study.

Higher taxa

Conidial shape

Anamorph

Teleomorph

References

Ascomycota

Candelier-shape

Candelabrum*

Hyaloscypha —See chapter 5

This study

Clathrate Clathrosphaerina Hyaloscypha ? Webster and Weber (2007)
Clathrate Clathrosporium unknown Voglmayr (2004)
Hymenoscyphus
Leotiomycestes Helotiales Helicoid Helicodendron Mollisia Webster and Weber (2007)
Lambertella
Globose Pseudaegerita Hyaloscypha Webster and Weber (2007)
Clathrate Pseudoclathrosphaerina* Hyaloscypha ? This study
Clathrate or Helicoid Spirosphaera unknown Voglmayr (2004)
Dothideales  Helicoid Helicodendron Tyrannosorus Webster and Weber (2007)
Fan-shape Beverwykella unknown Zhang et al. (2009)
Clathrate Clathrosporium* unknown This study
. Pleosporales  Globose Pseudaegerita* unknown This study
Dothideomycetes Clathrate or Helicoid Spiroplana unknown Voglmayr et al. (2011)
Clathrate or Helicoid Spirosphaera unknown Voglmayr (2004)
Tubeufiales  Helicoid Helicoon unknown Tsui and Berbee (2006)
Venturiales  Helicoid Helicoon* unknown This study
Dothideomycetes? Microthyriales Clathrate or Helicoid Spirosphaera* unknown This study
Hypocreales Globose Pseudaegerita* Hypocrea ? —See chapter 3 This study
Microascales Clathrate Dendroclathra unknown Voglmayr (2011)
Pisorisporiale Globose Candelabrum* unknown —See chapter 5 This study

Sordariomycetes

Globose or Onion

Xylariales Polyancora unknown Voglmayr and Yule (2006)
flower-shape
unknown Fan-shape Cancellidium unknown Zelski et al. (2014)
Helicoid Helicoon* unknown This study
Orbiliomycetes Orbiliales Helicoid Helicoon Orbilia Webster and Weber (2007)
Globose Ramicephala unknown Index Fungorum
?
Ascomycota? unknown unknown Clathrate Sympodioclathra unknown Index Fungorum
Polyporales  Globose Aegerita Bulbillomyces Webster and Weber (2007)
- . Trechisporale Globose Aegerita Subulicystidium Webster and Weber (2007)
Basidiomycota Agaricomycetes Fan-shape or Elliptical ~ Akenomyces* unknown This study

Agaricales

Crown-shape

Peyronelina*

Flagelloscypha —See chapter 4 This study

*; Taxonomic positions found in this study.

Index Fugorum; fungal name databese (http://www.indexfungorum.org/names/names.asp).
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Table 2-5. The number of described species of aero-aquatic fungi.

The number of

species
Aegerita 42
Akenomyces
Beverwykella
Cancellidium
Candelabrum
Clathrosphaerina
Clathrosporium
Dendroclathra
Helicodendron
10  Helicoon
11 Peyronelina
12 Pseudaegerita
13 Pseudoclathrosphaerina
14  Polyancora
15 Ramicephala
16 Spiroplana
17  Spirosphaera
18 Sympodioclathra
19 Trichoderma aeroaquaticum

No. Genus

OO Ol h WN -

[{e]

= NN
MM rorRrPRrNMoRNEOMARADIMON
H

Total

Note:

The number of species (variety is not counted) here was based on
Index Fungorum database as of 1 November, 2017.

Spirosphaera lignicola was counted as Dendroclathra liginicola.
Aegerita viridis was counted as Pseudaegerita viridis.
Aegeritina tortuosa was counted as Aegerita tortuosa.

Aegerita setosa was not counted as Volutella setosa.

Medusoides argyrocodium was excluded as Oomycota.
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HBEFE RIS < Pseudaegerita matsushimae D FERERE(L & INEL

3-1. W&

Pseudaegerita matsushimae (3. 4V —7 7V —  OREEHES AT EZEE L.
Y ¥). Papulaspora viridis Matsushima (Matsushima 1975) & L C 1975 4E|Z
Matsushima (2 & > T Fi# S 4172 (Matsushima 1975) , & D%, 1983 422 Abdullah
and Webster (Z > T, 5T OFIER L O ERE) Papulaspora Preuss (Preuss
1851) OfiofE L ix b Z L v Pseudaegerita \Z#5J&E X 417- (Abdullah and
Webster 1983), [RIFFIZ, i 513 1918 FIZFLEFER S 7 Aegerita viridis Bayliss
Elliott (Bayliss Elliott 1918) % Pseudaegerita \Z% L . #ilAE&bH & LT P viridis
BIRE LTZ, ZD7=, A UL Pseudaegerita \ZH5J@ S 7= Pap. viridis (Z1%, F&/)
K OEBZRET D2 DITH4 & LT P matsushimae 7352 317, Abdullah and
Webster (1983) (3 Z OlF, BRI EF DL OREFIEBE L 2> b DD P
matsushimae 3353 F C/NUGETFZTERT D 2 & 2#iE L,

AWFFEIZBNT, fkf, EREOEBERDO S ETF DIRREN D P matsushimae &)X
[FIE L7 Btk 2 R figtr Lo & 2 A, RKERIZT VA€V 7 % Hyaloscypha

(Helotiales. Leotiomycetes) & 9% Pseudaegerita DX A 7 Fi% S ie Rt & I35

720 . Hypocrea (Fries 1825) /Trichoderma (Persoon 1794b) (Hypocreales,
Sordariomycetes) LI THHI L& RLTE (G W), £ T, A4 THRES
AT IEFTAR D & 438 & du7z NBRC 108034 % & 1e 3 /BERE, B X OVHARDEZEL Y 7
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Btz 1 s3BERE & Abdullah and Webster (1983) 7% Pap. viridis \Z¥i4 P
matsushimae % 5 2 T-BRZFRHEIZ W T2 S BEEEA (authentic specimen) T % IMI
266915 Z M\ TIZRRELER R L OSRART 217\ P matsushimae D 0¥ %175 2
EEFE-OHME L, AR TIMONS Trichoderma & OBIRMEIZOWTHREIL
76

F72. XA PED 2 7BEREIT Abdullah and Webster  (1983) 12 L - CT#Hiis S iv7-
74 7 aR o NG A L XU KOS AT IR E b o/ NI A -2
JEHc L7z (Fig. 3-1 H, J-L), F/KERTBRFEADO —F O/ INUG LT 2T 5
ZEFmLENTWELER, EELRICBTLEFNCOVWTIEARAATHL-D, P
matsushimae OATEL ZFEMICHFIT 52 LITX > T, ZOEWFRREELBLL

7’»
—o
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3-2. Mk LOU5E

3-2-1. B4E & EAE Ik

HADRA o A% ) ENAREOFE (Siriphum Waterfall ; #25%) 1,400m) X
DAKICIR- M EBRE L, B=EE (Fig. 2-1) 2LV 200CTH#EE{To 72, BREH

W, ERTAMSE T CREEEE L, RO RSB U K ERERE RO 4 T
(Na¥) ZBIRAEE LT 2 7 AT VB THIRL, A ML b~ A & URilgEE 0.5 g/L
BLOR=v U GHYTA 05gL A O PCARHUCHEEL-, £m, B KE
LER S v # — B ERIFFEBRAT (&K 1,300m) O KIAMRETIZTY ¥ — %8
Fliz, V=T <HfL TOKTIRIEL, V¥ —RBIKE HE Lz, ZOREIR
Z, 1FZFHIZ200 um DA v =, 2FBEIZ 100 pm DA v =% ANTZEIT@E L,
WITE ZITKEARZEENE L CHF L7c, 1ZBE2FBDA Y 2D T v
Shiz, A X100 um LA, 200 um L FO U X —Wr i ZJE/K TRE L, 7 1
FAh7x=a—/ 01 gL BLXUSRREOEARKEZMZ 50— 7L 40
mg/L AV DFHFa— 1 I — VEREEM[1.2% FHEEKEH (Nissui, Tokyo, Japan) .
0.5% =1—> I —/LFEXREH (Nissui), 1.2% BINOFERNIAT, BETT 4 BFES
# L7z, AJF1L1Z Bills and Polishook (1994) T X % particle filtration method %
WELTEHDTHD, H5HD LITAEX TETEREAR T EBMRIE L& 7 AT U8 TH
B L. LcAZEXREM  (Miura and Kudo 1970) (28 L. o ECTER S T=04

A IR LR 2 2 LI K0 MBR AT, b 20 AASEERR (NBRC
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108031) (X:FFZEE OEEER/A (NBRC) ICX> THEBLIOSHiENT-, =1
5 3 DDF A BRI LN 1 DO HASBERRIZ 7Bl . PSA Bitlids L OV PCA Btz

T 15~17CTHEMEEF L 7= (Table 3-1),

3-2-2. EEERMEAREARR
BEBERER X3 0 =—MRIIR O HIETERM LTz, Sk —r I —1—
T XA b — AEREM[CMD 5l ; 22— I — L #EREH (Nissui), 2% 7 % A

fa—2]Canm=—23¥4% 50-65 mm |Z72 5 F CTRIEGE L, B Smm D ES T

o
B

ZE0 H L, B 90mm ¥ ¥ — L DuEnDH 10~156mm DALEIZ/2 D L 9 IZERERAH D
Be i C R U, A BB A ORI R T F 7% 2 hr— 2 Z K5 (PDA ; Nissui) |
CMD st | & EsH (SNA ; Nirenberg 1976) % 0.6 mL 1 N NaOH T#J pH 5.8
AR L7 b O Lz, &8I 15°C, 20°C. 25°C. 30°C. 35°CT. W5 72 I
MBS CTIT o 7o, IMREBIEAICIX PCA B3, 7213 0.1% ZIFFEREH (MEA 534
0.1% EIFTF A, 1.8% EK) IZTHAT 15~1TCTHELLLD, BLXUOHAEFE
k75T 5 BT PDA B, CMD K, SNA H5H1C 25°C, 96 FERHIHF AT ChssE

L7=% 12 B[RS AT. 12 BRREIBAFTOEHITEE L= b 02 v,

3-2-3. JEREBIZR
DEF. ETIEEMIE (74774 F) BXOSEFRNOMEER, Mo TWEr
VINIARZEASE (Axioplan2 imaging microscope ; Carl Zeiss Microlmaging, Tokyo,
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Japan) X OVEEMEFBEMEL (SEM) (JSM-6060 ; JEOL, Tokyo, Japan) (2T
BlgE Uiz, B E T ORGHEEIZZERTIRAKE (Fig. 2-1) 1280 PCA KiHiCR;
BLEGHERFT 20 H L, WEKICOT T 15~17TCTHE L7z, SEM #5121%
PCA Kt E TR LT 2 v, BRER % 1% b4 2 I 7 LKEIKRIC
TA4CT Wi, FITRBT2HMBEE Lz, by ) — v =Xk 0 ihxa
[Zx & ) — VIR R B CRIK L, BElEA V7 IOV CEBRE, B R E T
L. B@&NN TP UL Ta—T 7%, JSM-6060 (JEOL) (ZTH#EESE 156 kV

THIZE LT,

3-2-4. HEED S D DNA i & PCR 51

PSA it E7-1Z PCA B TR L7-FR IR - # o X7 EHEFR S X7 A
Maxwell 16 System (Promega) &% ®F v k% AU\ T DNA i L7z, LSU rDNA
D1/D2 fgik (LSU) ¥ X TNITS-5.8S rDNA (ITS) ALY OEEMEIZ 1%, LSU X NL1
FLO'NL4 (O’Donnell 1993) %, ITS |3 ITS4 35 L OV ITS5  (White et al. 1990)
bl IA~w—E L TENENHY., TaKaRa Ex Taq Hot Start Version Kit (Takara
Bio) Z{#i > T PCR % %/ifi L 72, RNA polymerase I &{x ¥ (rph2) 1% Blend Taq-Plus
Kit (TOYOBO, Osaka, Japan) Zf#ff L. nestedPCR D77 A ~—& L%, 1A
Hi% fRPB2-5F ¥ L U fRPB2-11aR %, 2 [n]H L fRPB2-5F ¥ X O fRPB2-7cR % H

VW= (Liu et al. 1999), Fourth largest intron of the translation elongation factor

1-a BE{xF (tefl-intd) 13 KOD FXKit (TOYOBO) Z#{#fH L. 77 A ~—I% EF1-728F
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B IO TEF1LLErev (Carbone and Kohn 1999 ; Jaklitsch et al. 2005) % fHv 7=,
OSBRI FNEND A —H—D 7 1 b a—LZH->7=, rpb2 12O\ TIE 2 [B1H
® PCR OFEDT 7L — 1k (1aH® PCR ® PCR PE¥) &ix 1 uL & Lz, H—
~ /A 7 7 —(% T-gradient thermal cycler (Biometra) Z H\ 7z, LSU 3 X OV ITS
ZiE, ROBIGT a7 Z K& Wiz, #1012 95°C3 43 TEMR%., B 95C30 B, 7
==V 7 55C30 B MEKIL 72°C1 53 % 30 A 7 MTWV et DR ISIE 72°C
bWtk ACTHRAF LTz, rph2i%, RORIET 07 7 Lk Hniz, 1EED
PCR (%, #1912 95°C5 4y TEMEL, £ 95°C1 4y, 7=—VU 7 55°C2 4y, =Dtk
T4 CE T O02C/H TIREL LI TAMRRIS 74°C1 4> 30 B 35 A 7 VAT o T2 F%,
ACTHRAFELTZ, 2B PCR X, 1HEIEOT 07T 50D 5 b A 7 VA 30 YA
7 v, HEIG%E T4°C45 FIICE 2 TITo T2, tefl-intd 121X, RO T v 7T K
Wiz, #1012 94°C1 5 CEM%, £ 94°C1 4y, 7=—VU 7 59C1 4. HEKX
Jis T4°CB0 % 35 A 7 v, sBEDMERIGIE 74CT 5BV itk 4 CTRIFLIZ,

PCR PEEM O RHIZ1X Agencourt AMPure Kit (Agencourt Bioscience) % iV 7z,

3-2-5. A5 O DNA flit & PCR 44

Abdullah (Z X » CTARt &7z P matsushimae O 2 WBFEAK IMI 266915 1. Royal
Botanic Gardens, Kew (%[E) XV {EH L. DNA ORI 21572, EARNLOD
DNA fiiZ, ¥ 7 VDOX A=V E2H/NRIZTSD, X4 L7 F PCR (2

nestedPCR Z#lA &bt 7= HiEa W TITo 72, 4 DOBEBESETFB L7 4T 0
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BN A% B T AT P CERIL . AR L7 7 LT — O RICEE, b
IO TV IRT — N THEARIAR, Y Hod D Z ETEVIE L, £OMIKEL
20 pL OPWHEKTREBELTCT > T L —hE LT, 2B, ZOT7 7 L— MIRG L7
M HEEIZHV, PCRIZDNA#IH L2 B T o 72, FHLAETITHEIE L7222
oo T4 ~—IIARE 3-2-4 OEKTHWZ PCR ¢RIty hEFEHL, 1 RIEOD
PCR I3 it DNA (7> 7L — ) 0.1 uL., PCR Buffer 5 uL., dNTP 4 pL., TaKaRa
EXTag03uL, 74U — K& U R—2DFNENDT T4 ~— (FAEEE 1pM) T
ARF B0l 1272 D & 5 ICHEKE Mz PCRIgIE 24T~ 72, 70 7T A%, #1912 95°C
3 WAV, AME95C30 7, T =—1 > 53C30 B, MEMG 72°C1 3% 40 VA
7V etk DI RSOGIE 72°C5 r 7tk 4°C THRAT LTz, 4 DO &k (LSU,

ITS. rph2. tefl-intd) & ©Fjti Li=73. tefl-intd DFHIEEIZLEI L=, 2 A1 H @ PCR
1377 L— 1k (1[EH® PCR ® PCR #EY) ®i£0.2uL & L7, 2[HH® PCR &
1% EF1-728F 35 L Y EF1-986R (Carbone and Kohn 1999) 77 A ~—%Hu, 7
BT MIEKERIC 70 7T ATHEM Lz, PCR EMIL. EEOESINE iz
72, TOPO TA Cloning Kit (Invitrogen, Carlsbad, California, USA) (ZX 0 7 =

— =T EHiTo T,

3-2-6. DNA ¥ E:fic 41 o s
DNA HEEA OB I ERS L OMEA L HICFE U HEE2 v, 5% 2-2-3 LA
RO GETEm LT, 774 ~—1ZUTFTOHLDE W=, LSUBLOWITS /X PCR &
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R 74 ~—% M=, rpb2% fRPB2-5F, fRPB2-7cR. RPB-432F, RPB-450R
(Hanada et al. 2008) D77 A ~—% ., tefl-int413 EF1-728F % X " EF1-986R
DT F7A4~—% M, DNA HEHE!F1X ABI PRISM 3130 Genetic Analyzer
(Applied Biosystems)Z W CHUE L, S oW ElsiLY 7 b7 =7 ATGC
(Genetyx) IZC7 &7 L7, 156107 ils L DDBJ/EMBL/GenBank

nucleotide sequence database (Z%&k L 7= (Table 3-1),

3-2-7. — kAT
W 2-3-2 OFER A E 2 T, B DY Hypocreaceae (ZFTIE L, Trichoderma
CTEBMRICH D Z LR I N, BG LT ITS, rpb2, tefl-int4d DOXEILHD
5| % H v T Hypocrea/Trichoderma @ 6] € @ 7= & @ ISTH (International
Subcommission on Trichoderma and Hypocrea taxonomy ) database
(http://www.isth.info/) @ TrichOKEY (ver. 2 ; Druzhinina et al. 2005) ¥ X

TrichoBLAST (Kopchinskiy et al. 2005) 2 X 5 —WRENT 21T > 7=,

3-2-8. RAMMEHT

B 232 ORERZHEA T, MLUT OB ZW LIS T 572010, 5 5 2-24
THWEEER Y OFT — %% v b & HkiZ., Pseudaegerita DX A 7FETH D P
corticalis 3 X 1" P matsushimae #%457 BE#K 723 FTJ& L 7= Leotiomycetes 3 X O

Sordariomycetes |ZFTIE T HFED 5 B BLAST W& hE R4 512 P corticalis 35 X OV P
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matsushimae B 7BERRIC TR 22BN L T, RFEME 21EKR LT, mb2 BXI O
tefl-intd OSRHLFAT DIZ D OHFRBSNOT — X2 & v ME, KFE 3-2-TICX VT —
WIENTHRE R L 0 . Hypocreal Trichoderma @ Hamatum/Asperellum 77 L — K2
FTE 3 2 MO E ST — & % Samuels and Ismaiel (2009) % ZEIZ{ERk L7-, 1%
E R 50 3%a8E 50 Bl LSU FA, 14 /35ERE 14 KLy O rpb2 1 L O tefl-int4 O
Bc 4] IZ DDBJ/EMBL/GenBank nucleotide sequence database I J OV ISTH
database L Y Eif5 L7 (Figs. 3-5, 3-6 DT DT 7 &g vF o n_"—& LIZFE),
TnENnOT —4%% > MMt NBRC ¥kl Trichoderma longibrachiatum Rifai (Rifai
1969) NBRC 31919, Hypocrea atroviridis Dodd, Lieckfeldt & Samuels (Dodd et al.
2003) NBRC 101776, 7' hamatum (Bonorden) Bainier (Bainier 1906) NBRC
104990 . Pseudaegerita corticalis NBRC 102375 ¥ £ 8 NBRC 108037] .
Pseudaegerita matsushimae D ZWFEAR IMI 266915 35 L OV BERE > B30 B (2 BfS
L7zfdd Zz & Te (Table 3-1), £ HOESNLY 7 U =7 Clustal X ver. 1.83
(Thompson et al. 1997) ZH W TT 7 A4 A Mgk, Y7 F U =7 Se-Al v2.0all
(http://tree.bio.ed.ac.uk/software/seal/) \Z L > TT 7 A A N DWFHEST ¥ v 7
DR E E2IT o . T 7 A4 A v b F — X L TreeBASE
(http://www.treebase.org/treebase-web/home.html; submission ID. S11768) (2%
gk L7, £DO%, BT Y 7 h 7 =7 Clustal X % H T NJ £ (Saitou and Nei
1987) B L Kuue value  (Kimura 1980) (2K VATo7, R OE#EML. 77—

A NT v 715 (Felsenstein 1985) ([ X VEHMEL7=, 7 — M X N7 v 7fHEIX 1000
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[El#E 0 IR L TR 72, Rkt Ndplot (Perriére and Gouy 1996) (2 L W #EE L7,
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3-3. fHiR

3-3-1. JEHE

4 ODOLBERIT. WS BT DA, B, A R ZXEIT =X 240 R
DETOREREXL Y, P matsushimae {HEPT 55 & L CRIFEE S iz (Fig. 3-1
A-E, N, O Table 3-1), filiZ0HtkD 5> &, A4 LV EHLE L7 NBRC 108034 35 L
NBRC 108036 (%7 4 7 a B/ NG AT Z TR LTz, £ DD AARB L O A PED
4yBfERE (NBRC 108031 35 £ UV NBRC 108035) (28 T/ AT DR AITFRD
Lo lz, TO/NWNUGAEFIT, frax 2L, FETIELL R TH -7,
ST D3 EFINCTERSND 7 4 7 T4 8 (AEFREMI) 3WmET, 747 7
A FOEmIZSEH LA FAMRICEE £, ZonEF AT,
Verticillium Nees (Nees 1817) 3 X O Trichoderma OFEIZFELL L T 7= (Fig. 3-1
H-L), —5 . B matsushimae (IMI 266915) O/ GEFD 7 47 T4 Rix7
VT VRT, S RIS SEANC ZR o T 0 . Bk (NBRC 108034 35 XUV NBRC
108036) 1% IMI 266915 & 0 o0fll < Verticillium ¥ DTG HEZ L TV 5 8 THh T
72 o7 (Figs. 3-1K, 3-3 B), # A FEOH# (NBRC 108034 5 J U NBRC 108036)
TR S NI/ NG A% & 7 AT CEFTERELL . BT LWEEHLICRBAE T 5 & J8 37
D Hiv7z, NBRC 108036 % B\ N2 /0 BERRIT 25°CI L OMKIR T CRIZR DA+ %
JEHC L, PCA 55#h, 15~17°C TIEREIZIERL L7z, NBRC 108036 [Z# K iR/KIEIC K
D 15~17CTHE LR, WO AT EERK LT, NS AETF ORI 25°C
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LIT TR SN, WO A 2SR T 5 L EBRO AT Z TR LT2D
/NG A DTERIERR D B viRin - T, /NG A1 2k R R L7258 3 ok

TR BT,

3-3-2. —IRFRHT

TrichOKEY \Z X 2 AT o R R, b 4 ko ITS o 5 B A%
Hypocrea/Trichoderma J& 2 1% & ™ 7% Bl %] anchor 1~5 ( anchor 1:
GTTGCCTCGGCGG, anchor 2: CCCGGG, anchor 3: CTGGCATCGATGAA,
anchor 4: GCGTTGGG, anchor 5: GGGAGCGCGGCGCG) ZfrA L T\ 5 Z &3]
Bk ipotz, £z, ITS, rph2F L O tefl-int4 DIFEILES % 72 TrichoBLAST
W~ KX DA R OSSR BERKEDS Hypocreal Trichoderma @ Viride 7 L — K ®d
Hamatum/Asperellum 7 7 L — NIZFTE 3 5 T paucisporum Samuels, C.
Sudrez & K. Solis (Samuels et al. 2006) ., 7 hamatum, T theobromicola Samuels

& H.C. Evans (Samuels et al. 2006) [ZTfx CTHD Z EDRHLNE o7,

3-3-3. RAIEHT

LSU rDNA D1/D2 fE Ik FLAL AT EE D < BTG R &LV . Pseudaegerita
corticalisINBRC 102375 3 JXUYNBRC 108037) 7% Hyaloscypha(Hyaloscyphaceae.
Helotiales . Leotiomycetes) (ZFT)@ 3 5 D xt L T, 4 EEKRIT VTN H

Hypocreaceae (Hypocreales, Sordariomycetes) (ZFT)& L. Trichoderma \ZiT#% T
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bHHZ LN BEMNE o7 (Fig. 3-5),

FTo. b2 BELO tefl-int4d (TS RHMAT ORI NTEH . HHERE N
Hamatum/Asperellum %727 L — NIZFTET A Z DN LNERD | ZDOH THAST
L7cZ L—FRZEHL, MW7 — A N7y ALY IR &z (Fig. 3-6),

Pseudaegerita matsushimae ODZHHEAR (IMI266915) O tefl-int4 |23 < Ffi
AT DOFER. Hypocrea/Trichoderma @ Hamatum/Asperellum %7 7 L — RIZETE
THZENHLMERoT, SHIT, IMI 266915 1%, Z DO RAHHITIVNT 4 FrBERE
EIFALMNNIERR D 7 V— R&2EAK L, T yunnanenseZ.F. Yu & K.Q. Zhang (Yu et

al. 2007) LIEFITHIHETHDH Z EDBP LN E -7z (Fig. 3-6),

3-3-4. UTIHKMRICIRIT DR L+ (KRB A) DOIERHERR & TERE LR

£

tefl1-Int4 |2 < SAMPNTRER L 0 . IMI 266915 |ZiT#% CT& - 7= T yunnanense
(2B T DB E T DIER DA EZ MR T D720, # A 7 Hk#k (NBRC 108643)
% PCA F5itids LU0 0.1% MEA By i TR L, SERARAKIEIZ LY | GEHBERA 2
HKIZIRIT T 15~1TCTH#R 21T 72, LinL, 5 A OBERIZIS N TS Bk
BT DORRITRD Sl »o =, Trichoderma yunnanense ® 7 47 7 A RiX
6.5—11 X 3—4.5 pm. 73E 7L 4-5%x3.5-4um TH D — 5T, P matsushimae D%
TRFEA (IMI266915) D7 7 7 A Ki% 9-28 x 2—-3.5 pm. /M43 4+-1% 3—6.5 x 2—-3
pm CTH Y. T yunnanense D7 47 74 RBIXOGETIY HERITIEL, BRIZ
o7z, (Figs. 3-3 B, C, 3-4, Table 3-1),
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F7o. FIERIC tefl-int4 \ZHD < HHMEMTHEFR LV IMI 266915 28 T. asperellum
Samuels, Lieckfeldt & Nirenberg (Samuels et al. 1999) LY 7! asperelloides
Samuels (Samuels et al. 2010) &EHETHLZ &Enb, ERARAKEIZELD, T
asperellum ¥ X Y T. asperelloides 1S EIER 53 AT 2 TR T 5 0 iR EAT o T2, L
L2m6,. Zinb 25 [T asperellum; NBRC 30498, NBRC 101777 (ex-holotype) .
NBRC 105938, NBRC 105939 : 7! asperelloides; NBRC 108806 (ex-holotype) .

NBRC 108807] 1% 2 » AR OERIZHB T b HEEESETEZRK Lo 12,
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3-4. 0¥

3-4-1. Trichoderma aeroaquaticum K. Yamaguchi, Tsurumi, Chuaseeharonnachai

& Nakagiri, sp. nov.D$g%

Trichoderma aeroaquaticum K. Yamaguchi, Tsurumi, Chuaseeharonnachai &
Nakagiri sp. nov. Figs. 3-1, 3-2, 3-7.
Mycologia 104: 1113, 2012.

MycoBank no.: MB 561937.

Mycelium hyaline on PDA, a yellow pigment diffusing into the agar, forming
aerial hyphae, but growing predominantly inside the agar on CMD, SNA, PCA
and 0.1% MEA. Hyphae on PDA (1.5-)2-6(-13) um wide, on 0.1% MEA
(1.5-)2.5—6(—9) nm wide. Phialoconidiophores branched. Phialides cylindrical or
tapering ampulliform, 8.5-27.5 X 2—5 pm. Phialoconidia green to olive-green in
mass, ovoid to oblong, smooth, 3-6.5 X 1.5-3 pm. No pustules observed.
Conidiophores of bulbilis mononematous. Bulbils globose to subglobose, 113—260 X
103—243 pm in culture, 163—305 X 125—-258 pm on natural substrates, composed
of dichotomously or trichotomously branched cell aggregates, 6—11(-13) X

(5-)6—10.5(-12) pm in culture, 7-11 x (5.5-)6.5—11 pm on natural substrates.
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Mature apical cells of the bulbils have secretion-like warts. Chlamydospores
absent. Teleomorph is unknown. DNA sequence of tefl-int4 gene distinguishes
this species from other species of Trichoderma. Optimum temperature for growth
at 25 °C (Fig. 3-7). Colonies on PDA, CMD and SNA hyaline, producing
phialoconidia within 1 wk at 15 C and 20 C but only few after 2 mo on PDA and
CMD at 25 °C. Colonies on PDA and SNA formed bulbils within 2 wk at 15 °C and
20 °C, more abundantly at 15 °C. Colonies on PCA produced phialoconidia and
bulbils within 2 wk at 15 °C. Colonies on 0.1% MEA and CMD formed
phialoconidia within 2 wk at 15 °C but not bulbils. Cultures did not produce
phialoconidia if only bulbils were inoculated onto a new medium. Colony radius
after 72 h at 25 °C on PDA reached (25—-)48—-64 mm, on CMD 18-38 mm, on SNA
2-10(-=21) mm, but not growing at 35 °C (Fig. 3-7) After 2 wk at 15 °C colony
radius on 0.1% MEA reached 10—22(-60) mm, on PCA (33-)50 to more than 70
mm. Cultures that had lost the ability of producing phialoconidia grew faster,
especially at low temperatures (i.e. 15 °C). The colony radius of the sterile
cultures of phialoconidia reached more than70 mm after 2 wk at 15 °C on PDA, on
CMD more than 70 mm, on SNA 5-21(-50) mm. In contrast, colonies of fertile
cultures were retarded to 25—48 mm after 2 wk at 15 °C on PDA, on CMD 31-53
mm, on SNA 4-21 mm. The mycelium on SNA was hyaline to yellow or light

brown at 30 °C, with diffusing brown crystal-like pigment. Distinct coconut odor
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was emitted from cultures on PDA and CMD.

Specimens examined- THAILAND, Chom Thong, in the Siriphum Waterfall,
Doi Inthanon National Park, Chiang Mai, on submerged dead wood, 13 Feb. 2009,
C. Chuaseeharonnachai (BBH 27841 holotypus, NBRC H-12796 isotypus;
ex-holotype culture BCC 36135 = NBRC 108034).

Other specimens examined (paratypus): THAILAND, Chom Thong, in the
Siriphum Waterfall, Doi Inthanon National Park, Chiang Mai, on submerged
decaying wood, 13 Feb. 2009, C. Chuaseeharonnachai (BBH 30426, NBRC
H-12797; culture BCC 35374 = NBRC 108035). THAILAND, Chom Thong, in the
Siriphum Waterfall, Doi Inthanon National Park, Chiang Mai, on submerged
decaying twig, 13 Feb. 2009, C. Chuaseeharonnachai (BBH 27873, NBRC
H-12798; culture BCC 36768 = NBRC 108036). JAPAN, Ueda, near the Daimyojin
Waterfall, Sugadaira Montane Research Center, Univ. Tsukuba, Sugadaira
Highland, Nagano Pref., on decaying leaf, 29 Jun. 2009, Y Tsurumi (NBRC
H-12799; culture NBRC 108031).

FEtymology: Latin aeroaquaticus = aero-aquatic, referring to its aero-aquatic

habit.

HZAPED 3 TEERIE, A TR OBERDBPEWRA - A 2 F 7 VUICALET D TR
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K UTZEFARZRE L, DSz, BAROSHEEITE FEFIALE T 2 MU < T
LLZV A= oafisNc, T OBRERMITVT HEEER 1,300~1,400m (2
ALIE L DR T & 5, B8 Tl Bk O R A 139~ T 25°C T (Fig. 3-7) .
15~20°C CHRBARD LT Z IERRICT LTz, 2D ORERIE, ARG IR R 2
AERIRIZ L TWD Z & &RIB LT, Trichoderma aeroaquaticum O B35PT (habitat)
3. 2 A BLOHARDOGERRORESG O DKIATH D Z L b HWKIZR
KUFEEF LI ETH D, £7o. KENED Pseudaegerita tk DR D BRI
EBRENTKEIZHENTWDLOE822 LT (Fig. 3-1F), AKXiERI1L Trichoderma @ 1
FECd D AT, KAEBREIZ T Pseudaegerita D5y/E1- & K < P72 KT < Bk %
fED | BREEICHIG L7 0 HOIE 2 & 5 2 L IC K o T, PKREREREBO—HEZ S -

7= DO TIE RN EHERI S 7=,

3-4-2. Trichoderma matsushimae (Abdullah & J. Webster) K. Yamaguchi, Tsurumi,

Chuaseeharonnachai & Nakagiri, comb. nov. D25

Trichoderma matsushimae (Abdullah & J. Webster) K. Yamaguchi, Tsurumi,
Chuaseeharonnachai & Nakagiri, comb. nov. Fig. 3-3.
Mycologia 104: 1115, 2012.
MycoBank no.: MB 561936.

= Paplaspora viridis Matsushima, Icones Microfungorum Matsushima Lectorum.
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Kobe. p. 106, pl. 370. 1975.
= Pseudaegerita matsushimae Abdullah & J. Webster, Transactions of the British

Mycological Society 80: 249. 1983.

Phialoconidiophores macronematous. Phialides ampulliform with an abruptly
narrowed tip, 9-28 x 2—3.5 pm. Phialoconidia greenish yellow to herbage-green,
olive-green at maturation in mass, ovoidal to ellipsoidal, smooth, 3—6.5 X 2—3 pm.
Conidiophores of bulbil mononematous. Bulbils greenish yellow to herbage-green,
olive-green at maturation, globose to subglobose, 85—233 X 67—175 pm, up to 450
pm, composed of a repetitive dichotomous, or trichotomous branching system of

chains of torulose globose cells, 5.5—9.5(=10) x 4-9.5 pm. Teleomorph unknown.

Specimens examined. SCOTLAND. Ballochbrae Forest, near Braemar, on
Quercus leaf, Nov. 1979, Abdullah (HME 3704; IMI 266915 authenticated

specimen).

AHFFECliE. Royal Botanic Gardens, Kew (F2[E) A P matsushimae (IMI
266915) OEADIPIERIZRE LOXOIEARN LIFTC tefl-intd OHTRARSNIZHES<
fENT 24T o T2, T ORER, AFEDY Trichoderma (2 7-kkta D 7 ¢ 7 v BN -
ERRT D52 . B X teflint4d 125 S < BHMAT O FE RS
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Hypocreal Trichoderma ® Hamatum/Asperellum %7 7 L — RIZATE T2 Z &b,
Trichoderma \Z#5 )@ S 5 2 & B % Y TH 5 & W L 7=, Pseudaegerita
matsushimae |3 Pseudaegerita |ZH5)@& S NVT-BEZ P matsushimae D4 % 52 6
NTWDEN, ZFONRUE =L (GEDF4) 1 Paplospora viridis ThH 5, iz HAIC
€5 & Trichoderma viride &3 % Z L 250 Tldd 5723, Trichoderma viride 7579

TICHFET 272D/ 4 % [ matsushimael & L7-,
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3-5. B

EE BRI TE 8 K OSRMAENT RS 1%, P matsushimae D H KIS L OVZ A 5 BEE D
Hypocreal Trichoderm \ZFT g3 5T CToh 5 L RFHZ, ZILH D0 Trichoderma O FiFl
ThdILim L, HHROEEES LT, NEGETFBEIORNT 47 74 FOERE
I% P matsushimae LWL L TV, 747 74 ROJEHED P matsushimae O X
INTT TR TR I Je b CHEMICIZ 72 3, KV Verticillium ¥k ThH % &,
tefl-int4 \ZIHD < A Rffris R b . DBEK E P matsushimae (IMI1266915)
EITH LMK END Z LRI TH D LW L7z (Figs. 3-1 A-L, N, O, 3-3,
3-5, 3-6, Table 3-1),

F 7=, Pseudaegerita & SN T\ 7= P matsushimae t . ZMREAR (IMI266915)
MW REBLE L teflintd OB IERHNITEE S < R R R LY
Hypocreal Trichoderma To 25 Z EDBHMNE R -T2, S HIT, RN ORERIX
IMI1266915 7% 7! yunnanense (NBRC 108643) & irfx CTdh 5 Z & &7~ L 7= (Figs. 3-3
B, C, 3-6), Trichoderma yunnanense % 2007 4|2 Z. F. Yu and K. Q. Zhang |Z &
> THEDOEMEE DX N ORE TH GRS, fiilIhi, e, RAFEOSHE
BERRITBIED &L Z A NBRC 108643 (= CBS 121219 = YMF 1.01694) ® 1 #kL
DIFAEL TV, D%, 2010 42 Samuels et al.ic k> T, 7 HE#REIY T
asperellum \ZIEFE 2Tk CTH D Z &6 T asperellum & O BEVENFMRTT S, &
B OB IR Z AW 725 7 RHEMNT. sequence polymorphism-derived typing
patterns, MALDI-TOF MS IZ X A7 T 4 — LT, 747 74 KD HE
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E . BEEMERICES S WO TN L7 Th 5 2 & 3 3R STz, AFRIZEB W T,
T yunnanense O % A 7 H3kkE (NBRC 108643) % 553 L CTIERBHLE: 24T - 725 ..

P. matsushimae (IMI 266915) ® 7 47 74 RE X OSG4I T yunnanense
DHED XY BHEWZ LR L E o7, RN TIX I & OMIVEITHERR S
RO ARERE D 747 T4 REZEFITBWTRD NIRRT,
R 2 BRI E LAF S TR LRIl L7 (Figs. 3-3, 3-4, Table 3-1), 7, T
yunnanense 7> P matsuhsimae TGN LR AT E T 50, BRARK
BIZ X0 MR ZAT o Te N AR BT DB RITRE D B iginolz, ZHETIC Yu et
al. (2007). Samuels et al. (2010) F7/=iFMhDOMFIEEIZ L > T, T yunnanense

(Z X DB EF DL OHREIT R, Lo T, T 6 DRI L OR R

B

X V. P matsushimae %. T yunnanense & [XHIFECH 5 & iEimfl )7z,
Pseudaegerita matsushimae & T, yunnanense & OZRMEFRIZOWTIL, tefl-int4
LISMZ rpb20 act (7 7 F U BIBT) O X 9 RBURT 2 T ffr o, S 6Ic% <o
BRRZINEE L, B8R AITO 2 LKV BALNIRD b D EEbi s,
FoKAERERFEEO RS 21 2 7= T aeroaquaticum ¥ X O T matsushimae 1.
KIS B AT A TERT 2 Z LI X D AKAERRICHEIC LI EEZE2 oD, —
A B -CHEWRIRE & LT b, AR TH D Trichoderma O —FBICIE,
T. Iongibrachiatum, T atroviride, T asperelloidess. WEHAN> 5 7EE S LD FEOMW
HbHd D (Gal-Hemed et al. 2011), 24KV P matsushimae &TixPfREZ R LT
T asperellum 3 X O T asperelloides 73K/ EBEE~Di)i % 7~ L, B L+ 2T
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FT 5 ATREPE SRR ST 7o D, R FIRKIEIC LV HERZIT o T BB L7 o 7,
Abdullah and Webster (1983) 1%, f2&EE&:E X W Papulaspora viridis O 55 Btk
(MFC-6043) #15C. JERe@l£2 4 K2 Papulaspora viridis % P matsushimae \Z#z5

BL7z, LnLns, ZoHk (MFC-6043) 13, %1 7' Hiskkk (MFC-1846) T

X7 o 72, LU, Papulospora viridis O % A THEARE L OZ A 7 HERKIZ OV

T, 1995 DR - IS RERIC L W Rb Tk Y (&M LFME) . Papulaspora

viridis % Pseudaegerita \Zfr)@ ¥, P matsushimae & L TRV H> Z L L LT

B P OWTIE, 5%, Papulaspora viridis DX A TRERDZEBRE S W25 6

Pap. viridis (23535 =X A4 TERZHINL, BHGEEZIT Y Z &1L VBN

B EEZD, LT, ORI, P matsushimae (IMI266915 ; Abdulah 2% 1983

FEAZFLHEUT W RRIT I S SHEAR) & ARMFSE T b T2 4 BERK (T) aeroaquaticum) |

¥ 72 P matsushimae (IMI266915) & T yunnanense O RFAEEIfRHI G NI/ 5

Lo EEbiILS,

Pseudaegerita (21X P matsushimae USNZ 3BTkt z B3 5fE LT, P
caffra, P ossiformis, P viridis WEESNTND, UL, BEERSAET L2 %
KT 2 MDY 1 XL T aercaquaticum & %72 % (P caffra : WHEES £ T
300-1000 pm, f{fd 4—6 pm ; P, ossiformis: EAZAR 57 4E T 50—-100 pm, Al 4—5 num ;
P, viridis : WiERSAF 800 pm LA T, #ifd 4—7 pm) (Abdullah et al. 1997, 2005 ;
Abdullah and Webster 1983 ; Matsushima 1996b. Table 3-1) , Pseudaegerita viridis

X7 4 7 e BN A TR RS D 48T P matsushimae 3 X OV T aeroaquaticum
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EHEL L TW B T2 [RIREIZ Trichoderma T & 5 FIHEME N B 2 BT, Pseudaegerita
viridis O % A TIERD G FHHRITEIGF SN TORWA, =2—Y—F > FOMAEY
{RAFHEBI Td % Landcare Research Ok ICMP 15542 (25U T ITS O HRELS D
BekT — 20D, TDOT —HX %52 BLAST MR 217> 1=§ %, Coleophoma
paracylindrospora CBS 115328 (KU728492) Z 100% (529/529, gap Obp) T\
FAFM: %27~ L. Leotiomycets @ Helotiales [ZAF /&3 5 Z & 03/RIE2 & v, Trichoderma
NIRRT D Z b ooTe, £72. P viridis 1ZMAIT) 7 Pseudaegerita OV
BamR L, T OEEARS AT BERRISESE L T, 2 ABRANCERIZ 2
LG22 L TR Y FIZIET LT — b 2Bl T DRI 2 b OMIIE I AN
Do ZOMEEICEITAME T, X ERII SN ERY R LG T, EnEho
AR HUZ B2\ P matsushimae 3 . O T aeroaquaticum & 13572 > 7=,
Trichoderma DOFEDIZE A EIFEARH & LTHLN TSR, ZHE TOHIET
Trichoderma 7> P matsushimae \Z 5,531 % WZER O EIAARZ TR L T2 &V 9
IE720, L L, AR L Y . Trichoderma \Z7J& 7 5 2 FED KR SEREFEFFA
DKL AT (BHER) ZTBRT 5 2 &N OENE o7z, Z O3 RITKAIZ
A B U7 Trichoderma O30 A 2 /N—PNKARBEICE T 2BPULIT XD . KIZHF
SHEREZ R DWBMROBIRZ TS 5 L 912t LTz & B 2 b, Trichoderma &
Pseudaegerita \Z 33\ 2 BHROLNTINBOE L OFE R & mg Sz, 70, 2HU,

Trichoderma D /K/ERBE~DHE)ICELZRT LD TH 5 ERIFFIZ, KENFEA, Y

b

A WHFEFAMICNA T, KE @OKAE, #BE) L0 52 L TERRREREEIC

B
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EREIER LTS THL Z NI,

W 2-4 THIR =L BV | Pseudaegerita D4y DIEREITIN GRS OfE B4
CRTWEERTHD ZENRRINTEY, KEDOHRNO G Trichoderma )3
TOBIRAETR LI Z b, TOFBEEIFF Uiz, £lo, ARERLD | FRAER
SERFEENERT 5/ AT, T OEOARKOEMFENREE RTHDOTHD 1

VAN d Wi

*KEDWNEIL Yamaguchi et al. 2012. Mycologia 104; 1109-1120 (2 CTHFK LT,
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Fig. 3-1. Trichoderma aeroaquaticum. A-E. Different stages of development of bulbils. C
showing a mononematous conidiophore with a bulbil (arrow). F. Bulbils floating on water
surface. G, I. Phialoconidia and bulbils produced on PCA. G showing conidial drops (arrows)
attached on the surface of bulbils, I showing developing bulbils (arrowheads) and
phialoconidiophores with conidial drops. H. Phialoconidiophore. J. Phialoconidia and
conidiogenous cells. K. Phialides. L. Phialoconidia. M. Light brown pigment crystal secreted
into SNA at 30 ° C. N, O. Dichotomous or trichotomous branching and surface of bulbil. N
showing an immature and O showing a mature propagule. Note; the mature bulbil has secretion-
like warts on the distal cells. A-F, M from NBRC 108031; G-L, N, O from NBRC 108034 (ex-
holotype). (A-D, H, M. Nomarski micrographs. E, J-L, N, O. Scanning electron micrographs. F,
G, I. Dissecting micrographs. A-D provided by Mr. Tsurumi.) Bars: A-E, H = 50 pum;
J-L=5pum; M =20 um; N, O = 10 pm.
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Fig. 3-2. Cultures of Trichoderma aeroaquaticum (NBRC 108034, ex-holotype). A. Colonies
after 2 weeks incubation on PDA, aat15° C,bat20° C,cat25° C,dat30° C. Bulbils
(arrow) and phialoconidia (arrowhead) produced on PDA at 15 ° C. B. Magnified view of Fig.
Aa (arrow). C. Magnified view of Fig. Aa (arrowhead). D. Culture unable to produce
phialoconidia within 2 weeks incubation on PDA at 15 ° C. Note; culture growth became faster
than the culture which produced phialoconidia abundantly (compare with Fig. Aa). E. Bulbils
and phialoconidia (arrow) produced on PCA at 15 ° C around the inoculated agar disc and the
edge of petri dish. F. Magnified view of Fig. E (arrow).
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Fig. 3-3. Trichoderma matsushimae (IMI 266915, authentic specimen). A. Bulbils. B.
Phialoconidiophore and phialides. C. Phialoconidia. (A. Nomarski micrograph. B, C. Phase contrast
micrographs.) Bars: A= 50 um; B, C =5 um.
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Fig. 3-4. Trichoderma yunnanense (NBRC 108643 = CBS 121219, ex-holotype). A. Conidiophores.
B. Conidia. C. Conidiophore and phialides. (A. Phase contrast micrograph. B, C. Nomarski
micrographs.) Bars: A= 10 um; B, C =5 um.
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Knuc )
79 Elaphocordyceps capitata AY489721
0.02 7 Haematonectria haematococca DQ119560

Trichoderma longibrachiatum NBRC 31919

Hypocrea atroviridis NBRC 101776

Trichoderma hamatum NBRC 104990 Hypocreaceae

85| | NBRC 108034

88/|NBRC 108035

NBRC 108036

66INBRC 108031

Melanconiella spodiaea AF408370

Diaporthe pustulata AF408358

Cainia graminis AF431949

Oxydothis frondicola AY083835

Diamantinia citrina AY346278

Melanochaeta aotearoae AF466082

Chaetosphaeria raciborskii AY436402

Schizothecium curvisporum AY 346300

Cercophora macrocarpa AY 780060

Chaetomium sphaerale AF286407

97 Farrowia longicollea AF286408 ;
Ophiostoma pgiceae AJ538341 Sordarlomycetes

99

Coccidioides immitis AY176713

‘ Eurotium rubrum U29556
\%“‘rArachnomyces minimus AB075350

100 Xanthothecium peruvianum AB053453

Dermatocarpon miniatum AY584644 R

944" "apronig pilosella DQ823099 Eurotiomycetes
Stictis radiata AY341361
Porpidia melinodes DQ314985
72 P Lecanora hybocgrpa DQ782910 Lecanommycetes
Lambertella tubulosa AY616237
Lachnum virgineum AY544646
Hyaloscypha daedaleae AY789415
Hyaloscypha vitreola EU940156 Hyaloscyphaceae
Pseudaegerita corticalis NBRC 102375 ...,
99 “Pseudaegerita corticalis NBRC 108037
96 Hydrocina chaetocladia AY789412
Crocicreas diapensiae DQ008442
Bisporella citrina AY789385

70 Cryptosporiopsis ericae AY442323
86 Neofabraea malicorticis AY544662
"‘ Sclerotinia sclerotiorum AF431951 :
Rhytisma acerinum AF356696 Leotlomycetes
98 Lojkania enalia AY016363

Pleomassaria siparia AY004341
Cochliobolus heterostrophus AY544645
Phoma herbarum AY293790

55 Trematosphaeria heterospora AY016369
Tubeufia cerea AY856907

Botryosphaeria lutea AY 928043

Hysteropatella clavispora AY541493

Mycosphaerella punctiformis DQ470968
Myriangium duriaei AY016365
Delphinella strobiligena AY016358
Discosphaerina fagi AY016359

100 Aureobasidium pullulans AJ507454 Dothideomycetes
—— Peziza vesiculosa AF378367 . I

100 L Peziza badia U42692 Pez_lzomycetes
Taphrina deformans AJ276064 Taphrinomycetes i

Fig. 3-5. Neighbor-joining (NJ) phylogenetic tree of Ascomycota inferred from DNA
sequence data of LSU rRNA gene (D1/D2 regions) (475 positions). Bootstrap values above
50% from 1000 replicates of NJ method are indicated at the corresponding branches. The
fungal strains sequenced in this study are highlighted in bold with strain ID. Other DNA
sequences (with accession numbers) are from GenBank or NBRC online catalogue. Taphrina
deformans was used as outgroup. a, b. Bulbil of Trichoderma aeroaquaticum (a. NBRC
108031. b. NBRC 108034). c, d. Conidium of Pseudaegerita corticalis (NBRC 102375). Bar:
a=20 um; b, ¢ =10 pm; d = Sum.
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rpb2

Knuc
0.02

63

tefl-int4

Knuc

0.02
—

H. pezizoides G.J.S. 01-231 (isth750)

100

70/NBRC 108034

NBRC 108036 .
7 T. aeroaquaticum

NBRC 108034

9
NBRC 108036
0 T. aeroaquaticum
NBRC 108035
NBRC 108031
T. theobromicola DIS 85fT (FJ007374)
T. paucisporum G.J.S. 01-13T (FJ150787)

T. hamatum DAOM 167057NT (isth764)

T. pubescens DAOM 166162 T (isth760)
T. evansii CBS 1230797 (EU883558)

94

H. flaviconidia G.J.S. 99-49T (EU883557)
T. asperelloides G.J.S. 04-1167 (GU248411)
T. asperellum G.J.S. 90-7 (EU338337)
T. yunnanense CBS 1212197 (GU198274)
T. lieckfeldtiae CBS 123050 (EU883561)

H. neorufa G.J.S. 96-132 (HQ260621)

93

|‘NjRC 108035
NBRC 108031
T. theobromicola DIS 85fT (isth937)
T. paucisporum G.J.S. 01-13T (isth940)
T. hamatum DAOM 167057NT (isth28)
T. pubescens DAOM 1661627 (isth254)
T. evansii CBS 1230797 (EU883566)
H. flaviconidia G.J.S. 99-497 (isth900)

H. pezizoides G.J.S. 01-257 (AY937438)
T. asperelloides G.J.S. 04-1167 (GU248412)
T. asperellum CBS 433.977 (isth26)
T. yunnanense CBS 1212197 (GU198243)
IM1 266915 cloneC6
IM1 266915 cloneB5
IM1 266915 cloneC2
IM1 266915 cloneA8
87 lIMI 266915 cloneAd
IM1 266915 cloneAl

T. matsushimae
(Pseudaegerita matsushimae)

4‘1 lieckfeldtiae CBS 123050 (EU856325)

H. koningii CBS 119500 (FJ860541)

H. neorufa G.J.S. 96-1357 (AF487670)

T. atroviride CBS 142.95 (EU341801) i

T. koningii G.J.S. 96-117NT (isth95)

H. atroviridis G.J.S. 98-134T (AF456887)

Fig. 3-6. Neighbor-joining (NJ) phylogenetic trees inferred from DNA sequence data of rpb2 and
tefl-int4 gene of the Hamatum/Asperellum subclade in the genus Hypocrea/Trichoderma

(804 positions and 178 positions respectively). Bootstrap values above 50% from 1000 replicates
of NJ method are indicated at the corresponding branches. The fungal strains sequenced in this
study are highlighted in bold with strain ID. Other DNA sequences (with accession numbers) are
from GenBank and ISTH database. Hypocrea/Trichoderma koningii and H. atroviridis/T.
atroviride were used as outgroup. Abbreviations; T = ex-type culture, NT = ex-neotype culture.
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Fig. 3-7. Radial growth (mm) of Trichoderma aeroaquaticum after 72 h on PDA (—), CMD (- .),
SNA (---) in darkness. Bar of +, — indicates standard deviation from the average value of 4
strains (NBRC 108031, NBRC 108034, NBRC 108035, and NBRC 108036).

103



¥ Peyronelina glomerulata D7 v ZFE )V 7 =7 F /)L 7 RO

4-1. GEE

Peyronelina |3 Z 1% TIZ Peyronelina glomerulata (Arnaud 1952 ; Fisher et al.
1976) O 1FEDOHBH LT D, AT, EAFEDORENEFIHRE S THLNR
[Arnaud 1952 ; Fungal Records Database of Britain and Ireland (FRDBI) , CABI,
UK AR & L TKLDIRAK LTZEIARZEIZAR L, 20~30 ORI & Zh %
&Y T T~17T AORED L O 7RliaD & 72 5 TR O 53 4 - % FE R 1 O T K
95 (Arnaud 1952 ; Fisher et al. 1976, Fig. 4-1), Z O04AFI3ZER A F & IARK
RS AEE L > TR Y, FKERTEEHDOFHE ZH 2 T\ 2% (Fisher et al.
1976 ; Nakagiri and Ito 1997, Fig. 4-1C), AFEIXT L AENL TR DO0->TEL T,
THETIC IR I A2 B LISRMRIT 2 72 ST 2 L 3 e o T2 T 0 3R PTIS
TR T 5 EZEZRDNTWER, AFFEICELY ., HFEMO Agaricales ICHTET 5 Z
EDRH BT o7 (Fig. 2-2 D, 5 _EHH),

£72. 2005 4 4 7 IZAZ) RN EET OBRFR WO OB B, ATEOSEF L 4
DOHHHMO/NMIOHFERE S HOT T Y ¥ FOFFERPIRIE L TV D D384
a7z (Fig. 4-2), £ Z CTAMIETIZ, BARENI Y 58 L2 P glomerulata ® 45
8RB LT U ) U Z RO+ FREEIR 1 8% (Table 4-1) % f» T LSU rDNA
D1/D2 FHISHE FERL A % FLN RFEMEHT 21TV . S DIZFEMIC P glomerulata D 3R#4557

HFINE LA REET 5 & & bic, 55&ERER T P glomerulata D7 VA ENT-T FF
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NTERERAE LT, £o. HAEETH DR Z A5 7o oMl OB RO R IR

BEDWHIRS B 21T > 72,

105



4-2. MBS KOGIA

4-2-1. BREE & B IR

AARBEHOKD LY KITR S TR0V ¥ — %2 HE L, B=EE (Fig. 2-1) 12XV
iR (0 25°C) THEZIT-72, ¥1HO 1 » A 1 EMIC 18, Z0%IZEA 1
[FIELER ATV BB RIS S T K AE R SRR D /3 A1 £ 72 130 14 R & A
WME L2 T AT U CTERIRL, 7 NI %A 27 U R 50mg/L AY @O YM £%
HIZHBEL 72, ZHUC LD Table 4-1 127”7 F 9 ¥E[P glomerulata8 kB L OV 7 o U
2 RO E R (NBRC 104516) 1R & 157, 200 BERRIX PSA BiHh & 72

X PCA B5HIlZ T, =i £ 721% 15~20°C THERHMERF L 72,

4-2-2. T UAENTIT FENTHEED - D OEEERR

TUVAENLN T EHET DO TOEREZIT-72, 500ml =7 7 A =2|Z PCA
i 50 ml AXURHEICE L S, & ZITPRE L7 2 AT, RIS, M350k
2% L ONZIREAKRZ I Z A O < O FIZ Peyronelina wtk (NBRC 104517,
NBRC 104518, NBRC 104521) ##fiL7-, D7 7 A ZFEHE T L1124 2 DHE
L7z, ZL T 1ty hERIRT4 » ARLUEREEL, b2 1ty 21, AH=ER
THIELZE, 4CT 1 » AR L, T0®% TR T84 U FaX—F—

(CFH-300: Tomy Seiko, Tokyo, Japan) THifT 12 K§fi] 20°C, 5T 12 KffH 10°C T
B L7,
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SETFEREZFHETH7-012, HaEn o0 L7-EE (NBRC 104516) (3,
FHRIRAKE (Fig. 2-1) 12Xk, PCAEMI 200C CTHs&E L, HiR &2 &1 5bmm 4 D%

KEZEI0DH L., WEAICET T 2~3 BlEE TR L,

4-2-3. EFOEBEREFHEEE (SEM) #2

= 3-2-3 L [REBRDOIFL L ¢ SEM #2417 - 72,

4-2-4. DAPI Q6412 K 5 B OB1%%
DETFEIET 2 EROE K L 471X VECTASHIELD Mounting Medium
(Vector Laboratories, Burlingame, CA, USA) #H\W\ T, DA — I —DO Y FE
IZHEVY 4',6-diamidino-2-phenylindole (DAPI) %:ta L7-, fifadh 7= 0 O OHIL
Axioplan2 imaging microscope (Carl Zeiss Microlmaging, Tokyo, Japan) % T

HIHE LT,

4-2-5. HARMREEOFZ R E - BMEE (TEM) #1%2

PCA 554 ECH:FR U 7= EARICRTE EW[3.6% 7 /v 2 — /v T VT & RKEEHK,1/156M
U ) U seEENR (pH 7.0)]% BHEE T L. 10~30 =ik TRl L7z, £ D%,
EREET 2~3 mm ADOERXFTEZYID H L, ) 15ml HDO/SA TV (2L OOES
E AT AH) 2 L CHITEERIZ B4R U, 1 R SR TR L CRIEE 21T > 72,
Z D%, ERAZ 11IBM Y e U U LfEER (pH 7.0) T 5 B L., BEK (2%
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MU A2 X 0 LKEHR) (AN T 1R =IR TR E LEE 21T o 70, £ 0%, Bt
AKT3EEF L, =& ) — v ) =X TRKZITV, TF ) —LnbT & b ER
%, 7 b b A —EIE (Spurr 1969) (ZEH#L L 7=, ZEX & RHE Cal%, 50C
5 K]k, T0°CT 48~60 KM EG Z{T~7c, E@EUIFIIU AL FT7I7 8 h—A

(Ultracut UCT: Leica Microsystems, Wetzlar, Hessen, Germany) % fif > C{ESI L
Teo GIHILIZBIRIZ T A v DR =V Z RS T2 7 ) » IO, i, 3%EHER Y
T = VKR 2 REfH, 7 = W8 (Reynolds 1963) 5 4y C _EHYaxiTo7c, £ D

%, BimTE IS (H-7600: Hitachi, Tokyo, Japan) (2 CHIEEE 100kV TEl

=N

%

PN
7~

i

1T o7,

4-2-6. DNA it & PCR ZfF:

FEE 2-2°2 LRIBRDTIETIT o T,

723 . DNA filitH i Nucleon PhytoPure Genomic DNA Extraction Kits (Amersham
Biosciences) . —~ /Y% A 7 J —{% GeneAmp PCR System 9700 (Applied
Biosystems) . PCR FE#OFEHIT GFX PCR DNA and Gel Band Purification Kit

(Amersham Biosciences) # H 7~,

4-2-7. DNA Kz Bid 1 0 Hufs
R 2-2-3 LRARD GIETIT o 7,
7235 . DNA H AL 13 ABI PRISM 3130 Genetic Analyzer (Applied Biosystems)
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T LT=, SO =WrRECHNILY 7 b7 =7 Sequencher ver. 4.7 (Gene Code)

NG AN AP

4-2-8. RAFEHT
Bodensteiner et al. (2004) Z X L7277 vV & B +H% 5
Agaricomycetes @ 38 4yfE#E 48 BLI O LSU rDNA D1/D2 fE ik M 2 fd 41 1%
DDBJ/EMBL/GenBank nucleotide sequence database £ ¥ /5 L7= (Figs. 4-7, 4-8
DODHYDOT 7y arFrN—%f LR, A% CHUS L7 Peyronelina,
Flagelloscypha Donk (Singer 1949) . NiaR.T. Moore & Meyers(Moore and Meyers
1959). Halocyphina Kohlmeyer & E. Kohlmeyer (Kohlmeyer and Kohlmeyer 1965)
(Table 4-1) Z&ier—% kv b (42 %) XY 7 F U =7 Clustal X ver. 1.83
(Thompson et al. 1997) ZHWTHHT L, 774 A2 NOWIIESX v v T OFRE
1LY 7 hU =7 Se-Alv2.0all (Rambaut 2007) ZHW\WCiT7o72, 774 AL T
— %% TreeBASE (http://www.treebase.org/treebase/index.html; study No. S2217,
matrix No. M4214) 2% &k L7-, "ML 7 b7 =7 Clustal X ver. 1.83
(Thompson et al. 1997) % T NJ #£ (Saitou and Nei 1987) 35 X Kuye value
(Kimura 1980) & X 0 17 o 72, B OfE ML, 77— F 2 k7 » 71k (Felsenstein
1985) (Z& VWA L7z, 7 — M A b T v % 1000 [l 0 IR L TSRO, SRHUHHE

Ndplot (Perriére and Gouy 1996) (2 L Y #EEE L 7=,
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4-3. FER

4-3-1. 7 VAENT=-T F /N7 HE%

2005 4= 4 AN/ N T OBRIB WO XY P glomerulata D453+
LEFEBHOFERICEAIRICEEZ b OMBROERK 0.1mm ©7 v Y 2 RO
TEEBRE L TWDOBREE SN (Fig. 42 A), IR IIBIE IR0 > 7288,
COWFEREIVEFHEO 4 Ko/ E b OB sz (Figd-2C),

[FIARIC 2007 4F 8 HIZHFZR) RN DR VOB LY 77 U o Z r B RAK
AR L, TOTFEENS S T AT Tkl L THlitk 2572 (Fig. 4-3
A), AorEER (NBRC 104516) Z%RKFRAKIEICZE Y PCA R, 20°C CTHiFRER,
ERZETe bmm ADOEXAIZ L TEIY H L, KSR TEIRIZTHR 2~3 BEHE#E L
7= & 2 A Peyronelina 5341 %k L7=(Fig. 4-3 B, C),

PCA B3 | C=IRIC TR 4 » A RS2 Lz P glomerulata 73 Bfikk NBRC 104518,
NBRC 104520, NBRC 104522) 76 g RS EM MBI S iz, ZHI3Ermk
ECBE S - Rk O SERICHERL L2 EiE A2 LT (Fig. 44 A-E), Z o1
Fr RAFRNEEW) L Flagelloscypha, Lachnella Fries (Fries 1836). Pseudolasiobolus
Agerer (Agerer 1983) DFRIZHELELL TV, F7-. ZOREIX. AR 13
PR JE FHIAR 2 72 IR OREEAN AT, SEsl T iAW ERR £ 72130 LIBIROFE % b
D L THIE DT BIVD Flagelloscypha (Agerer 1975,1979) & —% L Tz (Fig.
4-4 A-E), LML DE, SHIT 2~3 7 HEE Ak 7208, R RE O 125k
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EEHH SN PR FREOREE N EOHF3RROE Y TREINT- L OO, IE
TR IO o RITEIE SN0 o7 (Fig. 44 F, G), ARFE 4-2-2 D
FHEZEY, =A7 7 2az v PCA RHEEFHZIRE LA & EKE ANTZ b
DI P glomerulata 5Bk 2 L C, 4°CT1 » AEEZ Lictk, 7u s/ I 51
FaX—F —TEREToTN, AMHEAEAHYET D LIXTE holz,

Fo DA TR L TS P glomerulata 57 BERk 7 DAPI 40\ L 0 Z#EIE 21T
ST T A, HEEAMNT 128 (FIC 28, FNIC3MEBBESNGZLLH
o72) D T OERIEARACH O ML Tl 1~4 A BlEt Sz (Fig. 4-5) 4

Peyronelina glomerulata %y §ikk (NBRC 104517) %53 # 5k DR EE Ot & 4
R E BB CBIE LT R, AT 2 BD L Y — AL E S DR LR

B£% L C\ /= (Kahn and Kimbrough 1982 ; Markham 1994, Fig. 4-6),

4-3-2. SRiAEAT

Peyronelina glomerulata DoyBkk 8 k& 70 ) 2 FRH 2R X0 plES iz
1 #% T LSU rDNA D1/D2 SRS IS < R 217 > 7/ R, P
glomerulata |¥ euagaricus 7 L' — NIZ&En/- (Fig. 4-7), ZOHTYH, EAEHETF
Nia, Halocyphina, Calathella mangrovei E.B.G. Jones & Agerer (Jones and
Agerer 1992) <ClE/EfH 17 [& Flagelloscypha. Lachnella. Cyphellopsis Donk (Donk
1931) S&2 G 7 v ) X MM EO Nia 7 L— RicEEhiz, £/, Nia 7 L
— RO T Flagelloscypha minutissima (Burt) Donk (Singer 1949) B X OV F
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japonicaT. Handa & Y. Harada (Handa and Harada 2005) & 7 7 A ¥ — %k L,
Flagelloscypha 7 ' — FNIZNE LT, 207 L— RIZZNETHN 91% & T4%D 7 —
A NT v FETKFF S (Fig. 4-7),
[FIERIC 7 O ) 2 R F-2R R 10 3B S BERR IS Flagelloscypha 7 v — RIZ
fLE L7z, AEER L 0 72 KO Pl HI3BEE TE o 7y, FRRDOED

e L OSRBMTRE R L 0 . Ak % Flagelloscypha sp. & [FlE LT=,
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4-4. BE

AWFFEN T, Flagelloscypha 4128 R D586 Peyronelina D53 £ iFE X
Nl Z &, £ P glomerulata 7)> 5 57 BfE LToAR DS E538 12 LV Flagelloscypha O
FEEEBRLIZZ L, S5I2, LSU rDNA D1/D2 fEf EA S B < SRATHEHT
DFERN G P glomerulata 13 Flagelloscypha 7 V— RIZFTlg@ L2 &b, P
glomerulata & Flagelloscypha DT V4 /)7 -7 TNV TZEUREHL T D2 &
N CE7z (Figs. 43, 44, 47), L2 U726, P glomerulata 77 BEED R LT
Flagelloscypha D1 EZRITARBA T, B REE O -2k E & S S a7
TRROENBE SN b OO, EFZHFHRBLOH Flar 28835 LN TE
7otz (Fig. 44 F,G), L7=23-> 7T, P glomerulata D7 L A E /L7 OFEFEEFR L
UL L, B LE B O W88 R 2 G E S 5 72 DI RARORKEZ AW D
. P glomerulata 73[R USEE EIZIRTE L CTA X TW5 Flagelloscypha % T H>
TTHND%E, A%, SORDIMFEIT o TV BERDH D,

DAPI 402 L A DR R, P glomerulata (3 d7-0 1~4 ¥ (£ 2 ¥%)
THDHIERDLNMNY, 2 XV P glomerulata IZ_ M ThHd EEZ LN (Fig.
4-5), WRIZ, SERATIEID 2D HETHRETPHR LIZLEEZXD, THIZAFETED
LR Z > TWDHDOD, TR EBRIZE VHENFE Z > TV DD, KD AT

WAL BT, A%, HraRIVEARF 2R FOBEL T BFESE T, Bl

BEITOMEND D,
B R IREE DTSR GBI 21T - o5 . P glomerulata 53Bftk (NBRC 104517)

113



T AT ETROA L Y = ML E b OBARLREEZ A L Tz (Kahn and
Kimbrough 1982 ; Markham 1994, Fig. 4-6), +H1-E¥E D F R BREE ORI & I3 R
AR LTS Z EMRETHIE L VB 502725 T Y (Lutzoni et al. 2004) , A&
RN L ARENHEFEHICET 22 2MIFL, S HICEDOREIX
Agaricomycetes I[ZFTE 5 Z & AR LT,

INETOMIELY | PKRERERFEDIZE AV ENFREHOT TELT THD
ZENHMBNTUVWS (Webster and Weber 2007, Table 1-1), - 1-EED T FE/L 7
ELTT LAEA TR0 TODHEITEBROMIENEE > THWHEEKE O /E
T &I D Aegerita candida (Bulbillomyces farinosus D7 FE/L7) 1L 0%
ROMIERRCN TG>T, 1 OOAWVKREO LT 2R 5 Aegerita
tortuosa (Subulicystidium longisporum D7 FE/INT7) D 2FEOHTHDH, 28,
Akenomyces [ LHERIZ V7 7 v 7 fiA %2 b B (Voglmayr and Krisai-Greilhuber
1997a) , AW I T TR LV EFERTH L Z LRI, T U
FENTIIRHTH S, 400D P glomerulata & Flagelloscypha D7 L A€/ 7 —
TFEATEBOFERIZ3FIA LD, £z, ER2MEOT LAEATIINTRE =
Y7 ZTROBBIZEET 28 A TOFEETHY, 700 2 5ROFEIKE T
S HHAHIIHD TOHITH D,

HARFREATESE 1% P glomerulata IX euagaricus 7 L— RO 7 7 U o Z A H O
Nia 7 L— RIZE&EN., S BB ED Flagelloscypha D7 L — RIZ&G&ENDH T &%

RLT= (Fig. 4-7), F7=. P glomerulata 7 ' — RiZW DO0O% 7 7 L— K THERK
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SNTc. ZHUTTEREPCEEEMEIR COEWDR Y 72 H 720 2 & 2 BEEHIC K 2 BIRHY
SRIPRIB ST, S F Y THERFMELE 72137 H# 1 (NBRC 32867, NBRC 104517,
NBRC 104518, NBRC 104520) . #3117/ 5t (NBRC104516, NBRC 104521) .
Fap IR ERE R (NBRC 102381, NBRC 104128) J L2/ 7 AZ U v 7 S
o THUHEMEET DI1E, Atk & DITHEEOHIR) & 53 HERK 2 15 THRIT 3 2 242
VAR SR

KW9E~ 5 P glomerulata |30 ¥ Cd % Nia vibrissa R.T. Moore & Meyers
(Moore and Meyers 1959)X°> Halocyphina villosa Kohlmeyer & E. Kohlmeyer
(Kohlmeyer and Kohlmeyer 1965) L iliiix T 5 Z & h3 o7 (Figs. 4-7, 4-8),
Nia 3 X O Haloscyphina (3EAO 7 7 ) > 2 7 B L0 EL L, #1725 % B
PUC PSS, RO TFHRERET D & & bIo, T <

—¥ ((MER) Zzb oWl E2ERT 2 2 LI ViLEaRT TEEBRIbN
TUW 5% (Nakagiri and Ito 1991 ; Jones and Jones 1993 ; Hibbett and Binder 2001 ;
Bodensteiner et al. 2004), £V, Zh o607 v Y 2 G RBAEILT LAENLT

DIRE AW AREIZHEIC L T LB b D, B, ZTh o6 DOAHETEIZ
T FENT BRI TR, D Flagelloscypha 1%, BRI OH R4 1
b, FHMOBTFRT- 2T 5 2 L h, TOFEBIZIE W COKERE~OB#EIG % 7R
LCWRWZ Enbonbd, D%V Flagelloscypha (7 V4 €/ 7) —Peyronelina (7
TENAT) ORBREIY ., 7T o F SRR, POKIEASOERIZBS W TET LA
ENTOFRETITZRL TTEATOFRET, KLIZHELT 2 TEEEL 2% 722 &
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DRBEND, ZDZ LT, AKEEAD 7 U & AR F-E D MEK B L ORI
e n 1k (B CHEIcHEE L2, oF 0 WKENCIET VAL T OFERET, ¥

AKIRZIZT AT ORREE (L ST TS L2 E2 RSN D (Fig. 4-8),

* RKEDONIL Yamaguchi et al. 2009. Mycoscience 50; 156164 |2 THFEK LT,
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Fig. 4-1. Conidia of Peyronelina glomerulata. A, B. Crown-shaped conidium composed of central
subglobose cells and arms. C. Conidia produced on the surface of a twig. Note; the released
conidia floating on the water. (A, B. Scanning electron micrographs. C. Dissecting micrograph. A,
B provided by Dr. Nakagiri.) Bars: A, B=10um; C = 50um.
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Fig. 4-2. Cyphelloid to disc-shaped basidiomata of Flagelloscypha-like teleomorph on natural
substrates. A. Cyphelloid basidiomata (arrows) and conidia of Peyronelina glomerulata
(arrowhead) on decaying wood near a stream. B. Cyphelloid hair-bearing basidioma. C. Basidia
bearing four sterigmata (arrows) produced on basidioma. (A. Dissecting micrograph. B, C.
Nomarski micrographs. A-C provided by Dr. Degawa.) Bars: A= 0.1mm; B = 100um; C = 10um.
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Fig. 4-3. Cyphelloid to disc-shaped basidiomata of Flagelloscypha sp. (NBRC 104516) and conidia
of Peyronelina glomerulata produced in culture. A. Basidiomata on decaying wood submerged in a
stream. B, C. Conidia produced on submerged PCA agar blocks containing mycelia. (A. Dissecting
micrograph. B, C. Scanning electron micrographs. A provided by Dr. Degawa.)

Bars: A=0.2mm; B = 50um; C = 10um.

120



Fig. 4-4. Basidiomata and basidium-like structures produced by Peyronelina glomerulata in culture.
A. Basidiomata (arrows) produced on PCA after incubating for about 4 months. Note; coexisting
conidia of Peyronelina glomerulata (arrowheads). B, E. Cup- to disc-shaped basidiomata with hairs.
C. Tapering hairs around basidioma. D. Surface of hairs. F. Immature or deformed basidium-like
structures with sterigma-like projections (arrows) on the upper surface of basidioma. G. Discharged
basidiospore-like structures scattered around basidioma on agar. A—C from NBRC 104518; D-G
from NBRC 104522. (A. Dissecting micrograph. B, C. Nomarski micrographs. C—G. Scanning
electron micrographs.) Bars: B = 200um; C = 20um; D = 2um; E = 100um; F = 10um; G = 5um.
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Fig. 4-5. Nuclear staining with 4',6-
diamidino-2-phenylindole (DAPI) of
Peyronelina glomerulata strain (NBRC
104518). A. Vegitative hypha with hyphal
septations (arrows). B. Globose cells and
arm cells of a conidium. (Aa, Ba. Nomarski
micrographs. Ab, Ac, Bb. DAPI stained
images.) Bars: A= 5um; B =20um.



Fig. 4-6. Transmission electron micrograph of dolipore/parenthesome septum of Peyronelina
glomerulata strain (NBRC 104517). Pore cap or parenthesome (PC), septal swelling (SS), and
cross wall (CW). Bar: 100nm.
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Fig. 4-7. Neighbor-joining (NJ) phylogenetic tree of euagarics clade inferred from DNA sequence
data of LSU rRNA gene (D1/D2 regions) (513 positions). Names of aquatic taxa are in boldface;
M = marine, F = freshwater. Bootstrap values above 50% from 1000 replicates of NJ method are
indicated for the corresponding branches. The names of clades refer to Bodensteiner et al (2004).
The fungal strains sequenced in this study show with strain ID. Other DNA sequences (with
accession numbers) are from GenBank. Paxillus involutus and Coniophora olivacea were used as

outgroup.
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Fig. 4-8. Relationship of basidiomata morphology and phylogenetic tree of a part of Fig. 4-7 (Nia
clade). Names of aquatic taxa are in boldface; M = marine, F = freshwater. Bootstrap values above
50% from 1000 replicates of NJ method are indicated for the corresponding branches. Other DNA

sequences (with accession numbers) are from GenBank.
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FhE  Candelabrum D% L OHSHE

5-1. #h 5

Candelabrum 1% Beverwijk (1951b) 2k > T Y KAERZEEFEEE L THO TH
HENTCRTH D, ZOREFITKITEE, BE, LMl T, EfMa (basal plate)
D 4 SOROMAST S EJi~, basal plate (Zxf U CIRE S AN REZE L, &
BENCARTOBRIZR S T-WERETIE Y o7 U 7B EZ77 (Fig. 54 B-F),

Candelabrum (X ZVE TIZ 7THi . C. brocchiatum Tubaki. C. clathrosphaeroides
Voglmayr. C. desmidiaceum Voglmayr., C. japonense Tubaki, C. macrosporum
Matsushima, C. microsporum Castaneda & Kendrick, C. spinulosum Beverwijk

(Z A TFE) BN b TV 5 (Figs. 54, 5-5 A-1 28 (B L C macrosporum % 5:<),

KB OO FIT Voglmayr (1998) (2L - TREEINTWD, F _#F 245 TH
WAL B LD GETOIREIZZER T, ¥ A THAE &t C. spinulosum 7 )V
— 7" (C. clathrosphaeroides. C. desmidiaceum. C.japonense. C. macrosporum,
C. spinulosum) & C. brocchiatum 7 v— 7 (C. brocchiatum 3 5. 8 C. microsporum)
D 2 FHKid 5D, Tubaki (1975a) b C. brocchiatum % i#l 3 2B5. T DO ETDE
HEZS basal plate #5729, X FIF =Nl K L, FRIZHEEL T <
AT DIGERRRD Candelabrum OFEHEAILT LH —FH L7aWE LTV 2y, HEFD
FLEE DO H TlX Candelabrum &35 D032 & & 2 AJE Tl L7, Voglmayr %

F AT DI

Sy

IZ 35 & Candelabrum D% %% % RE2 L Tz (Voglmayr

126


http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=310221
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=443541
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=443540
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=294013
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=415824
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=361510
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=294015
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=415824
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=294015
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=443541
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=443540
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=294013
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=415824
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=294015
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=310221
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=310221
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=361510
http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=310221

1998),

ABFFEE 7, LSU rDNA D1/D2 stz FBLA I 5 S < RBMEATE R L 0 |
Candelabrum D% ZMMEIIRFAEZ KL TWDH Z ENRBINTZ &b, HARE
FOZ A EHN K VL LTz Candelabrum O3Bk %2 AV, FERER XL OV FF I
D& SDICFEMICHEI 21T 5 & & bICA|OH I EZ1T > 72 (Fig. 2-2 B, C, Tabale
5-1),

2. E Fig. 2-2 C O I AV = Candelabrum sp. (NBRC 108047)

X C. desmidiaseum \Ziiix72FiE L CI LR ARIEERATZN, BEEKO DA

i

EFHETE T, BRBIEEITI 2N TERD ST TILOARREN BIIRW -,
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5-2. Mkt L OU5E

5-2-1. £R4E & K

B 2-2-1 LAROGIETIT o 7o, ABFFEISHWIZ 0 BERR 2 Table 5-1 1277

5-2-2. DNA filii & PCR &fF

5o 324 LRIBRDOFIETITo 72, DNA MiIIEEmRE - % v B HENER S R
7 2 Maxwell 16 System (Promega) 3O D F v F & HWTITW, PCR X LSU
rDNA D1/D2 &5k, 5.8S-ITS rDNA 5 X U RNA polymerase II &{s 7 (rph2) (2D

WTCITo 72,

5-2-3. DNA ¥z F:fd 41 o B s
=% 3-2-6 & [AEED 71T LSU rDNA D1/D2 #E35. 5.8S-ITS rDNA ¥ L O rph2

DWW TTo 7,

5-2-4. RAIRHT

o5 328 LABRDITIETIT o7, 7B, Fig. 5-1 ORFMATIC W I EL Al 41
DT —Fty MNIFE FE 224 THOWEEEEINOT —2€ > b & LI,
Candelabrum spinulosum 7 /V— 7% X C. brocchiatum 7 )v— 7 3FrlE L7z

Leotiomycetes 35 . O Sordariomycetes ([ZFT/E T 2 FED 9 © BLAST MisE#E R 2 251
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ZTNEND T N — TR 28 A BN L TSR &2 1ERR L 72, Fig. 5-2 (DWW T,

Han et al. 2014 % J&iZ Hyaloscyphaceae 7 — %t v F&{ER L7=, 3 DDEMLF
FEI 2GS U TR L7 R, (82 OBUS 15Ot L 72 Rbeit 2 R L, &
DR O LS LEDE T, FEPRONHERZIT> T, 3 DOBISFHl
DIEET — % OZMHM & Uiz, Fig. 5-3 1225\ TClX. C brocchiatum 7' v —7 D45 EfE
Rz, K7 NV—7 123k 7 Pisorisporiales D JEFB L UOSEL N2 7-, FEH P
W2t % Fig. 5-1 @ 57 /7¥E#E 59 4l LSU rDNA D1/D2 s JEf 41 Fig. 5-2
D 12 Sy ¥ERE 22 Bed O rpb2. 5.88-1TS rDNA. LSU rDNA D1/D2 fEfiH Had 51,

Fig. 5-3 @ 4 %8 6 By rpb2 E41E DDBJ/EMBL/GenBank nucleotide
sequence database X ¥ Eutf5 L7= (Figs. 5-1,52,5-3 DH DT 7wy a st —

i UT-FE)

5-2-5. JERERIZ:

H = 3-2-3 LIARDTIET T o 7,
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5-3. fiH

5-3-1. ST

LSU rDNA D1/D2 I ARLAIN S SRFART O R Candelabrum 13 L~
IWT2ODFRMPIZHNPNDZ ENH LMo, T b, Candelabrum
spinulosum 7' )V—=7" (C. clathrosphaeroides, C. desmidiaceum, C. japonense, C.
spinulosum) 1% Leotiomycetes (ZFTJE L. C. brocchiatum 7' )\— 7" (C. brocchiatum
B LW C microsporum) 1% Sordariomycetes |ZFT)E L7z (Fig. 5-1), Z ORI
INETICRREN TV EFOREREIZLE N, >EV EANLHAT
basal plate #FfH, 206 EFICRZEL TV Z—T7L L2 VFAT basal
plate ZFi 7= TR 24 0 RT3 EF 2T 5 70— I —8 LT, Zh XLV,
B A TFhEEGER C. brocchiatum 7 )V— 7 138E & UTARE 5-4 IC L VIEZTT
o7, 7=, C. spinulosum 7 /V— 7% rpb2. 5.8S-ITS 3 XX LSU rDNA D1/D2
PRI FLRL S A AE S LT SREMENT LV Hyaloscypha 7 V— RIZFETET 5 Z &G
&7 o7z, Candelabrum spinulosum 7 /\V—7D7 L—KRKD7— KA KT v 7l
L 83% & m< o NERM AR LT, Candelabrum japonense & C.
clathrosphaeroides 3[R U7 L — RIZALE L, D7 L — NIZIX Hyaloscypha sp.

(NBRC 108595) »3& Fiiz (Fig. 5-2), Candelabrum brocchiatum 7 /v — 7%
Pisorisporiales (ZFT/ET 5 Z & W Iz (Fig. 5-1), 7272 L. & bilrfx 72 BEEnfE

Td % Pisorisporiaceae (ZfTJ& 3 5 Achroceratosphaeria potamia Réblova, J.
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Fourn. & K.D. Hyde (Réblova et al. 2010) T& X C. brocchiatum D % A 7 H Kk

(NBRC 30048) & OAH[AEMEN LSU rDNA D1/D2 18k GQ996538 T 94% (508/540) .
rpb2 KM588908 T 82% (960/1165, gap 21bp &1r) THDHZ b, BOFTEIC
DOWTCIIRATH D, F£7=. C. brocchiatum 7' )V — 7% rpb2 O RSN FES = %
AT 24T o 7225, C. brocchiatum ¥ X O C. microsporum & HLFEZ LICFE L E 65T,
Tubaki and Takamura (1985) (2 > Ty STV D KFLHEFE Candelabrum sp.

ERBEDTERE 2 R4 Bk b & o, IRTET DRI 72> 7= (Fig. 5-3),

REBIE 24T - T2 f . C brocchiatum 7' )v— 7 \ZJ& ¥ % C. brocchiatum ¥ X Y
C. microsporum 1%, K (77> =2V —fR) Tbasal plate ZFi7=9, AL Ia%
27 (Fig. 55 A-1), ZiuE, A, ZHla T, basal plate @ 4 DD Kb DH 7 7>
5 _EJ -~ basal plate (2% L CEE S MICHEAIHEET D &9 Candelabrum O J&
DEBMOINND, Fio. DHERIZIZ C brocchiatum B X WY C. microsporum (238
P20, ROA LU e2 L., K, 2EF ORI & > < VI EITERIR
BT, ZOSumIZEEE AT DR ERBIE sz (Fig. 5-5 J-0),

2 A TR THD C. spinulosum % &1e C. spinulosum 7 /V— 7' |X basal plates & b
b, BEANLHBERET D, WERBROMR, ZNETOREDLEBY, A THET
&% C. spinulosum I3 basal plate 75 HAR T, £ T2 Ol FHIZHE=EL, 54T
DAKIZES EEHW R—=FY B RN TWD X9 IR % (Fig. 5-4 A-F) ., Candelabrum
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Japonense¥ X O C. clathrosphaeroidesi3 basal plate NVUEED 7 10— N— &7~ L,
ZIMD EFITHEL, C. spinulosum & [FIRRIZAETDKITELS E AW R—F Y3
FENWTWL EH12H x5 (Fig. 54 G-L), 26D AEFDORE S1E, C. japonense
1% 18-23(25) pm () 3 L 10V 18-20 x 13-15 u m (MEx & &) | C. clathrosphaeroides
1% 20-26 pm (ERE) BELT15-30 ym (FI) LRtV THBY . C japonense )3
/N E VY (Tubaki 1958 ; Voglmayr 1998), LoxL7Zen3 6, A#fF%EC NBRC EEE
B X OB ZFHAI L7= & 2 A Candelabrum japonense 13(11-)14-21 x11-17(-21)
nm. C. clathrosphaeroidesd 14-25 x 14-21pm & S5/EFORE Si3h—FH L1
(Table 5-2), Candelabrum desmidiaceum |Z->\Tl% basal plate 75 = DD 7
n—N"—gERL, £I0b EHITRET DL D70 (Voglmayr 1998), AH#FFET
IZ basal plate DR ZBILT 5 Z LN TE oo 7z (Fig. 5-4 M-0),
RAEINTRER LV . C. japonense 35 J. O C. clathrosphaeroides & DT BER 1R
W2 X 7= Hyaloscypha sp. (NBRC 108595) % PCA HihTHza L. XK RAKIE
(Fig. 2-1) 1LV, GHEERFZWEKIZOTTZEZ A, 3 HUWIC C. japonense
Do ETEKR LT (Figs. 5-2, 5-6),
NS DOERBIEGEFIL. C japonense & C. clathrosphaeroides D% ) = LR %
T~ & L BT, C japonense & Hyaloscyphasp.& D7 VA E/NT=7 FF/N 7%
s LTc, 2L, 3 REEMHTHE R & OF T, Hyaloscypha 7 v — RIZPTE LT-
C. spinulosum 7 )V — 7%, 9T Hyaloscypha \ZHH#AEDOEEITH T LB RY
&I L7z,
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5-4-1. Brocchiosphaera K. Yamaguchi, Chuaseeharonnachai & Nakagiri gen. nov.

Brocchiosphaera K. Yamaguchi, Chuaseeharonnachai & Nakagiri gen. nov.

Mycelium immersed, branched, septate, hyaline. Conidiophores macro- to
semimacronematous, mononematous, unbranched, hyaline and arising from
repent hyphae. Conidogenous cells monoblastic, terminal. Conidia solitary,
acrogenous, composed of dichotomous or trichotomous branches, terminating
inflated short dichotomous branches, each of which is ornamented with minute
tubercles, developing to a spherical or subglobose propagule, hyaline to orange

colored conidia, floating on the surface of water.

Type species: Brocchiosphaera brocchiata (Tubaki) K. Yamaguchi,

Chuaseeharonnachai & Nakagiri.

Etymology: Brocchus, from the bud-like conidium. Sphaero, from the globose

shaped conidium.
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KEDSHEATEREIL. Candelabrum DEDEFRZ E TRV, AL UAEE L.

basal plate # ©, 729, ZTOMIIE X F 71X =Xl %2 < D I 2 TR TR~ T,

5-4-2. Brocchiosphaera brocchiata (Tubaki) K. Yamaguchi, Chuaseeharonnachai &

Nakagiri D%

Brocchiosphaera brocchiata (Tubaki) K. Yamaguchi, Chuaseeharonnachai &
Nakagiri comb. nov. Fig. 5-5 A-B, D-1.
= C(Candelabrum brocchiatum Tubaki, Transactions of the Mycological Society of

Japan 16: 134, 1975.

Colony growth slow, reaching 11-26(-30) mm diam on PCA, 9-24(-34) mm

diam on PDA including about 5 mm inoculum at 25 °C after 1 mo. Colony color

white on PCA, pale yellow-brown (buff) on PDA. Mycelium immersed, branched,

septate, hyaline. Conidiophores macro- to semimacronematous, mononematous,

unbranched, hyaline and arising from repent hyphae. Conidogenous cells

monoblastic, terminal. Conidia solitary, acrogenous, composed of dichotomous or

trichotomous branches, terminating inflated short dichotomous branches, each of
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which 1s ornamented with minute tubercles, developing to a spherical or

subglobose propagule, 37-234(-296) x (26-)34—166(-225) pm diam, hyaline to

orange colored. Teleomorph unknown.

Type: JAPAN, Lake Sengari, Hyogo Pref., on balsa-wood block immersed in

water, 3 Oct. 1974 (holotype, NBRC H-11656; ex-type culture, NBRC 30048).

Gene sequences ex-holotype: 1LC331736 (D1/D2 regions of LSU), LC332953

(ITS), LC333313 (zpb2).

Additional cultures examined: JAPAN, Joganji temple, Nakajima, Kimitu-shi,

Chiba Pref., decaying twig submerged in a sluice, 17 Apr. 2003, Kaoru Yamaguchi

(culture, NBRC 109730); JAPAN, Joganji temple, Nakajima, Kimitsu-shi, Chiba

Pref., decaying bark submerged in a sluice, 11 Aug. 2003, Kaoru Yamaguchi

(culture, NBRC 109737); JAPAN, Lake in Onuma Park, Nanae-cho, Kameda-gun,

Hokkaido Pref., submerged decaying twig, 17 Sep. 2003, Akira Nakagiri (culture,

NBRC 109741); JAPAN, Lake in Onuma Park, Nanae-cho, Kameda-gun,

Hokkaido Pref., submerged decaying twig, 17 Sep. 2003, Akira Nakagiri (culture,

NBRC 109743); JAPAN, Junsai Pond, Onuma Park, Nanae-cho, Kameda-gun,
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Hokkaido Pref., submerged decaying twig, 17 Sep. 2003, Akira Nakagiri (culture,

NBRC 109744).

5-4-3. Brocchiosphaera microspora (R.F. Castafieda & W. B. Kendrick) K.

Yamaguchi, Chuaseeharonnachai & Nakagiri D#z%2

Brocchiosphaera microspora (R.F. Castafieda & W. B. Kendrick) K. Yamaguchi,
Chuaseeharonnachai & Nakagiri comb. nov. Fig. 5-5 C.
=Candelabrum microsporum R.F. Castaneda & W. B. Kendrick, University of

Waterloo Biology Series 35: 16, 1991.

Type: CUBA, Ciénaga de Zapata, Matanzas, on rotten leaf of Palmaceae, 10

Apr. 1991, R. F. Castafieda (holotype, INIFAT C 91/137).

Specimens/Cultures examined- JAPAN, Sugadaira Montane Research Center,

Univ. Tsukuba, Sugadaira Kogen, Ueda, Nagano Pref., submerged decaying wood,

17 Jun. 2006, Kaoru Yamaguchi (culture, NBRC 102397); JAPAN, Sugadaira

Montane Research Center, Univ. Tsukuba, Sugadaira Kogen, Ueda, Nagano Pref.,

submerged decaying twig, 18 Jun. 2006, Kaoru Yamaguchi (culture, NBRC
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102398); THAILAND, Wang Muang-Wang Khwai waterfall, Doi Inthanon

National Park, Chom Thong, Chiang Mai, submerged decaying twig, 11 Feb. 2009,

Charuwan Chuaseeharonnachai et al. (specimen, NBRC H-12852; culture, NBRC

108099); THAILAND, Wang Muang-Wang Khwai waterfall, Doi Inthanon

National Park, Chom Thong, Chiang Mai, submerged decaying wood, 29 Jul. 2009,

Charuwan Chuaseeharonnachai et al. (specimen, NBRC H-12867); THAILAND,

Wang Muang-Wang Khwai waterfall, Doi Inthanon National Park, Chom Thong,

Chiang Mai, submerged decaying wood, 29 Jul. 2009, Charuwan

Chuaseeharonnachai et al. (specimen, NBRC H-12876); THAILAND, Lum Ta

Khong Stream, Khao Yai National Park, Pak Chong, Nakhon Ratchasima,

submerged decaying wood, 15 Jan 2010, Charuwan Chuaseeharonnachai et al.

(specimen, NBRC H-12887); THAILAND, Lum Ta Khong stream, Khao Yai

National Park, Pak Chong, Nakhon Ratchasima, submerged decaying wood, 4

Aug. 2009, Charuwan Chuaseeharonnachai et al. (culture, NBRC 109667).

KD 5y FIREIL B, brocchiata \ZHELLT B3, =D YA XL 27-80(-89) x

24-68(-80) pm T Y . B. brocchiata £V L/ W TRBIEN S (Fig. 5-5 C,
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Table 5-3),

5-4-4. Brocchiosphaera bulbiformis K. Yamaguchi, Chuaseeharonnachai &

Nakagiri D%

Brocchiosphaera bulbiformis K. Yamaguchi, Chuaseeharonnachai & Nakagiri sp.

nov. Fig. 5-5 J-0.

Mycelium immersed, branched, septate, hyaline. Conidiophores macro- to
semimacronematous, mononematous, unbranched, hyaline and arising from
repent hyphae. Conidogenous cells monoblastic, terminal. Conidia solitary,
acrogenous, composed of dichotomous or trichotomous branches, terminating with
inflated bulbiform cells, each of which is ornamented with minute tubercles,
developing to a spherical propagule, 30—47 X 26—42 pm diam, orange to dark
orange colored. Teleomorph unknown.

Colony growth slow, reaching 13—17 mm diam on PCA, 14-19 mm diam on
PDA including about 5 mm inoculum at 25 °C after 1 mo. Colony color white on

PCA, pale brown (fawn) on PDA.

Type: JAPAN, Tomigawa Valley, Tomigawa-machi, Isahaya-shi, Nagasaki Pref.,
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submerged decaying twig, 31 May 2004, Kaoru Yamaguchi (holotype, NBRC

H-13290; ex-holotype culture, NBRC 109748).

Gene sequences ex-holotype: LC331789 (D1/D2 regions of LSU), LC333005

(ITS), LC333362 (1ph2).

Etymology: Bulbiformis, from the bulbformed conidial terminal cells.

Habitats: on submerged decaying twigs and leaves.

Additional cultures examined:- JAPAN Joganji temple, Nakajima, Kimitsu-shi,
Chiba Pref., decaying reed submerged in a sluice, 11 Aug. 2003, Kaoru Yamaguchi
(para-type, NBRC H-13291; para-type culture, NBRC 109738).

Gene sequences ex-paratype: LC331788 (D1/D2 regions of LSU), LC333004

(ITS), LC333361 (rphb2).

br

KOS AEFRERITRNA LV VEZE L, DA RimMlRNE > VIBEET

[

FERIRIE TH LR T 2 M & Kl s s (Fig. 5-5 J-0, Table 5-3), Tubaki and
Takamura (1985) 7% HARSHOKTEE ETRH SN D Candelabrum [T %
& LT, APRREBHLUT 22 HE L TWD, £z, Z A TRKROIZREZ R T EE
Ry AA YA ENLAREOBEGUSIRAK LT L0 5Bt S v, Candelabrum sp. & L TH

HEN T3 (Chuaseeharonnachai et al. 2013) .,
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5-4-5. Hyaloscypha spinulosa (Beverwijk) K. Yamaguchi, Chuaseeharonnachai &

Nakagiri comb. nov. D$g%

Hyaloscypha spinulosa (Beverwijk) K. Yamaguchi, Chuaseeharonnachai &

Nakagiri comb. nov. Fig. 5-4 A-F.

= (Candelabrum spinulosum Beverwijk, Antonie van Leeuwenhoek 17: 283, 1951.

Type: SWEDEN, Stockholm, Drottningholm, on decaying leaf of Alnus glutinosa
in pond, Jul. 1950 (holotype, CBS H-20017; ex-type culture, CBS 128.51 = NBRC
101903).Gene sequences ex-holotype: LC331731 (D1/D2 regions of LSU),

L.C332948 (ITS), LC333308 (rpb2).

Candelabrum D% A 7Ff&CT&é 5 C. spinulosum % &1 C. spinulosum 7 /v — 71
basal plates # & 6, HEANO AEALT ET O0EF AT D, RHMEHT O R, &
TN— BT D139 X C, Hyaloscypha 7 V' — RIZFTE L7- (Fig. 5-2, Table
5-2), £7=. KT N—TIZETET % C. japonense X Hyaloscypha %7 L A€/ 7|
bOZENRHLMNI R oT, THUHDRRIY ., TTEH1F4 ] OL— TR,
C. spinulosum 7 )V — 7L 3 X C Hyaloscypha \Z#s)g #17->72, L > T. C.

spinulosum % Hyaloscypha spinulosa & L C Hyaloscypha \Z#n)& L 7=,
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5-4-6. Hyaloscypha desmidiacea (Voglmayr) K. Yamaguchi, Chuaseeharonnachai

& Nakagiri comb. nov. D&%

Hyaloscypha desmidiacea (Voglmayr) K. Yamaguchi, Chuaseeharonnachai &
Nakagiri comb. nov. Fig. 5-4 M-O.

= (Candelabrum desmidiaceum Voglmayr, Mycological Research 102: 410, 1998.

Type: AUSTRIA, Upper Austria, Distr. Scharding, Kopfing, on submerged beech
leaves, 28 Sep. 1996. H. Voglmayr, (holotype, WU 17011; ex-type culture, CBS
613.97 = NBRC 101133). Gene sequences ex-holotype: LC331716 (D1/D2 regions of

LSU), LC332933 (ITS), LC333293 (rpb2).

7

AT X OB REEIER 2 HZ C. spinulosum 7 /Vv— 7 \ZFT)@ 9 % Candelabrum
desmidiaceum 1% Hyaloscypha desmidiacea \ZH#lA & %1 7-7- (Fig. 54

M-O0, Table 5-2),
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5-4-7. Hyaloscypha japonensis (Tubaki) K. Yamaguchi, Chuaseeharonnachai &

Nakagiri comb. nov. D$g%

Hyaloscypha japonensis (Tubaki) K. Yamaguchi, Chuaseeharonnachai & Nakagiri
comb. nov. Figs. 5-4 G-L, 5-6.
= C(Candelabrum japonense Tubaki, Journal of the Hattori Botanical Laboratory
20: 149, 1958.

= Candelabrum clathrosphaeroidesVoglmayr, Mycological Research 102: 412,

1998.

Type: JAPAN, Tokyo Pref., Hongo, on dead bark of Shiia sieboldii, Nov. 1956
(ex-type culture, CBS 138.59 = NBRC 108749).Gene sequences ex-holotype:

L.C331718 (D1/D2 regions of LSU), LC332935 (ITS), LC333295 (rpb2).

AT L OYEREEIEL & £LC C. japonense 3 X Y C. clathrosphaeroides 1% [FIF&
THHEHW LT, £7-. ERAERAKIEZLY Hyaloscypha sp. (NBRC 108595)
23 C. japonense D ;1 %#H LT Z &5, Hyaloscypha japonensis I3 C.
japonense DA R E/N T4 E L THMAGOEZIT I & & i, C. japonense 3 L
C. clathrosphaeroides |3 H. japonensis D/ =2 & L7= (Figs. 5-2, 5-4 G-L, 5-6,
Table 5-2),
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5-4-8.  Hyaloscypha  macrospora (T. Matsushima) K. Yamaguchi,

Chuaseeharonnachai & Nakagiri comb. nov. D25

Hyaloscypha macrospora (T. Matsushima) K. Yamaguchi, Chuaseeharonnachai &
Nakagiri comb. nov.
=  (Candelabrum macrosporum 'T. Matsushima, Matsushima Mycological

Memoirs No. 9. Kobe. p. 5, pl. 894-897, 1996.

Type: SOUTH AFRICA, near Rustenburg, near Sparking Water Hotel, on

decaying leaves in stream, 21 Sep. 1995 (holotype, MFC-5A 121).

Matsushima (1996a) OFt#is LUK (GFH) OBAFEELZ I, BREZE L,
WWoHED 7 v —/N—J D basal plate # &> Candelabrum macrosporum 1%. C.
spinulosum 7' /V—=7 & |l L. Hyaloscypha macrospora \ZH#lG 247 -7

(Table 5-2).,
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FEREFHIZ IR Y | 2 RAMEDRF S LTz Candelabrum Tod H W, 531 %Hk
AT OFERIT., TNOLDOEEZHEWNE XF L., C spinulosum 7 )v— 7%
Leotiomycetes (ZFT)& L. C. brocchiatum 7' /v — 7% Sordariomycetes (ZFTEd 5
ZEDPHBENI ST, TDT, Candelabrum O % A 7fTo 5 C. spinulosum
Zade C spinulosum 7 )V— 713 Candelabrum & U, C. brocchiatum 7' )\— 7" TC&
% C. brocchiatum 3 X O C. microsporum \[ZHOWTITREE LT D Z &Y L
M(Wr L. 1)@ Brocchiosphaera #1452 L L Lz,

Brocchiosphaera X\ 7 — s A b T » 7fECTXF & Pisorisporiales (ZFT /&9
L2 ENHBMNERoTe, RBOFTET2FHZOWTIR, A%, S O OPER
FELITV, T EDOHIO ETHREST D 0E D B %, Brocchiosphaera 75 FT)& 7
% Sordariomycetes (Z13% < DEKER X OMEATEENFTET 5 (Vijaykrishna
et al. 2006), F7-. Brocchiosphaera H [TJ&7 % Pisorisporiales (357 F- I & H(Z
Bl 7 Pisorisporium Réblova & J. Fournie (Réblova et al. 2015) ¥ L O
Achroceratosphaeria Réblova, J. Fournier, K.D. Hyde & Ranghoo (Réblova et al.
2010) OHDFTE LT\ 5, Achroceratosphaeria incolorata (Réblova) Réblova, .
Fourn. & K.D. Hyde (Réblovi et al. 2010) % [&X. Pisorisporiales DFE|IIKKE T
FHE & LT, RAEREIZRK LI EAARSOIAREN S RS L, FRIF D I
BHOWES, TR T7—Y ((FER) OKEDOHEBEICAGIDRHE) X203, K
2D 52 LI Lo THEGICFERFVRFEFET L LRHESNTND (Réblovd et
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al. 2015), — /5T, ZNHDOT FTENATZIZRDD> TWR\, Brocchiosphaera 1%
Pisorisporiales (ZFATET HIX LD TOTFENLT DE TH Y . Pisorisporium B L
Achroceratosphaeria & FIFRIZHRKIBICAEAR L TWD, ZDOZ &b,

Brocchiosphaera & Z 1V HKAET TR & ORMBUREASHZ I HIZHET 5 Z &1,
EHDOKAEBRBEIC B T DG E L OCEEREOHER ST VA 'L T =T TN T
ROERIZ A ET 5 & 25, F£7= Pisorisporium N° Achroceratosphaeria \Zi8
LNDT LAENT DIEREIZE T D KAEBREE~DWL & Brocchiosphaera \Z31F %

T T ENT OFEREIC I T D KABREE~ DG, BHH OO Zeqk TH) 2208 )& RE ) D — Vi

Eor

ZOMPOLEDLEDENR D,

Brocchiosphaera (213 Tubaki and Takamura (1985) (Z X D #E SN TWB4E
TRRWA L VEZ R L, KB, 24T RimMIE & > < 0 E I ZERIRTE O R
R ARGLHOE & [F] Ui 290 BEkk  (NBRC 109738 35 & U8 NBRC 109748) 73
GENT, ZHEINAE T OEREN Phaeocandelabrum elegans (R.F. Castafieda)R.F.
Castafieda, Heredia & Saikawa (Castafieda-Ruiz et al. 2009) |Z¥E{Ll+ 25723, P
elegans XA/ p/EFiE b b, RAaER L, DlkE# Y IRX T, Selenosporella
T ITENT (BEOTTENAT ZRRT OEOMGOT FELT) 2T S
RN % (Castafieda-Ruiz et al. 2009) , 70 Rt OfEA TIE, NBRC 109738
F L O'NBRC 109748 1% C. microsporum & & ® T, C. brocchiatum & [F]|CONE DD
7V —RIZE & E o7 (Fig. 5-3), Candelabrum brocchiatum & C. microsporum

WIS AE AV A XDENTH D[C. brocchiatum, (70)80-90(120) pm (Tubaki
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1975a) ; C. microsporum, 35—60 nm (Castafieda and Kendrick 1991) ], NBRC
109738 33 L O'NBRC 109748 & 26 2 OBRED AR, Jellb~7junA L
VearE L, AT REMIEN L > VIBELITEBIEOREL TR TH DL, -
C. microsporum & 35741 A X0 EL L. C. brocchiatum & 35741 %A ATX
Al & 115 [Tubaki’s strain, 30—40 pm (Tubaki and Takamura 1985) ; NBRC 109738
B L OYNBRC 109748, 30—47 pm] (Table 5-3), 4[El. C. microsporum D7 A V4
A TEADEEFHICIVATT LI ENTET, ¥4 TEREZHNTHEETHZ &
INTERMoTc, LinL, RMFRED . AT O A XD TR Z VTR
e L7z & 2 A, C. brocchiatum 5yBfEREDS 37-234(-296) X (26-)34-166(-225) um
126t LC. C. microsporum %yEERRIE 27-80(—89) x 24—68(=80) pm & /NMUTH V) |
COWEIIZELT-bDTE~7-, £72. Candelabrum sp. ® NBRC 109738 3 LT
NBRC 109748 i%. 5534 FDH A X 30-47 X 26—42 pm T ZEWRIEE & LT,
RnA Lo, pAEFREMIN L > VIBEIFERREZ R LT, 26 0R5ER
KV, rpb2 \THS L G RMEENTRERIY C. brocchiatum. C. microsporum &
Candelabrum sp /3X BT 25 Z LIXTEX R o=, BEFEEICEBWTEREN AL,
ZOWEIFLZELTND I ENnb, Zib 3 DEFRIE AT L., 4%, BF2—7
U U EDOBIG A W TR 2 LR H 5,

rpb2, 5.8S-ITS rDNA ¥ JX OV LSU rDNA D1/D2 fEutE Rl Y 2 fE & U 72 RHCAEHT
fER XV, C spinulosum 7 /v— 71X Han et al. (2014) (X THEXINT

Hyaloscypha 7 V— NI T 5 Z LRGN oT-, 7o, C. spinulosum 7' /v
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— NI T — MANT TR 53% TH o722, BRI RSN, S 61T, i#TE
X C japonense & C. clathrosphaeroides |¥|fl—7 L — RIZFTE L. JEREH —EK
LTWHZEMBR—FTH D &Mz (Figs. 5-2, 5-4 G-L, Table 5-2), £7=,
A2 L— RZi% Hyaloscypha sp. (NBRC 108595) 23 & £ #1172, = Z C.NBRC 108595
DICREFERIRT 21T 0 TeDICHRARAKIEIC LV 3 EFORKFELIT 7oL 25,
C. japonense D73 E T %K LTz, ZiL 6 ORER XV | Hyaloscypha & Candelabrum
DT VAENT =T FELTERBH ST 72 2 LD B 43 1SRRG R b B
£ 2T C. spinulosum 7' )V—7 D9 XCOFE% Hyaloscypha \ZHaJ@+ 5 2 & 3%
EHIET L, Bl G OE OHE LT o 72,

— 5. [Al—Hf & L CTHWr 7= Hyaloscypha sp. NBRC 108595 % &ir C.
Jjaponense —C. clathrosphaeroides 7 — RIS\ T, C. japonense D IEVEFE AR %
RKEDOH A 7L L, KEIZx LU Hyaloscypha japonensis O 4 % 5 %2, C.
clathrosphaeroides 3 X O C. japonense & H. japonensis D/ =& LTz,
Candelabrum macrosporum (= O\ Cik, JRELHEHOFREEHR LY . C. japonense ¥
KO C. clathrosphaeroides & [7)— T 5 Z EBWRBINTZN, C. macrosporum O
FEAREZIE DNA 3Rk Ty (EELRME) . AFT LI LNTE N7
T AEIZOWTIE Y = ABHRICITE T T, 20/ %25 L, H. macrospora
& L7,

Hyaloscypha \Z31F 5 /KERTZREHA L DT VAENT —T FE/NT7 BRI 5

BIFE LY. ZIVE TIZ H zalewskii & Clathrosphaerina zalewskii (Descals and
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Webster 1976) 1 X O H. lignicolal¥i4: H. spiralisl & Pseudaegerita sp. (Abdullah
and Webster 1983) 3H b TV D, 2B, H_EORGMNTHER LY C. zalewskii
I% Helotiales (ZFT)& T % & DD Hyaloscypha TIZ/RWAIREMEN B D DT, 5%,
PTAVEND D, Hyaloscypha 13 - 12855 % 4f P, /T RO K (F
FHR) AT D AENOHREERTHD, ZNHDT LAELT =T FEA TR
V. Hyaloscypha N/KABRBEICIE S-S, T VAL T OBETIERL, 7T
ENTOIEIRFRETKAERBEICHEIG LI Z EXNRBINT-, £7-. Hyaloscypha
& C japonense & DT LA E )T — T FE/) T ERITHKAERTEREIEI AR IC
BT 52 L E2RRIELHEFO 1 DIk oT,

Helotiales |2 I£ Cudoniella Saccardo ( Saccardo 1889 ) . Hyaloscypha .
Hymenoscyphus Gray (Gray 1821) . Hydrocina Scheuer (Webster et al. 1991) |
Mitrula Fries (Fries 1821) . Ombrophila Fries (Fries 1849) . Vibrissea Fries (Fries
1822) IZB W T, R LM THERT L%, YARAREZ LN O TS,
NS DOHIZIFIKERTZREID Anavirga B. Sutton (Sutton 1975) . Anguillospora
Ingold (Ingold 1942). Articulospora Ingold (Ingold 1942). Tricladium Ingold

(Ingold 1942) %7 FENLTZITH ORI LN TS, Ziubid BSA 7 L—F
(Discomycetes with small or tiny apothecia, mostly Bright-color, Saportrophic,
aero-Aquatic or prefer a habitat with high humidity) (ZFTgL. 7— A T v 7
EOZXFHIENS ODORFENZE & EDH (Wang et al. 2005), ZDZ b, fF3kK,

Hyaloscypha & Candelabrum & T, ZiLH ORFBER & KAERBE~DOEIZS
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WCTHRHT2XLEND D, Fiz, B B CTORMINERIX. C spinulosum 7' v —
7" % & ¢ Hyaloscyphaceae 7 L — R X Pseudoclathrosphaerina Voglmayr
(Voglmayr and Krisai-Greilhuber 1997b) . Spirosphaera minuta Hennebert
(Hennebert 1968) 2ME1ET D IRILIZ 72 > T 5 (Fig. 2-2 C) ., Spirosphaera minuta
TBERRIT. Fig. 2-2C XV, ¥ A PHFIKETIZZR WA S minuta DBERT — % £ 5%
AN D 2 EMLEREIEDLENH D)., Pseudoclathrosphaerina 35 LY S.
minuta & OB FHIEI G S %IT> TS BLE DR H D,
INETHA L HROKARRK I 7HE%1T > CT& 72 Sordariomycetes ([ZPT/ET
% Brocchiosphaera 1%, BV 0> HIRA, MiRHFE CI I E Mk CHBES LTV D
(Table 5-1), ZHMETIZAKRE ZALSMZ, FE ~L— T, 74U, F—
ARDT HELAZVTRE Fa— AFva TITVN A=A RT VT
=a—U—T7 Y R BB A S TER Y . Brocchiosphaera |3 IR < 47
T 5 FRER EHOEZEMEEZE X 5115 (GBIF; Global Biodiversity
Information Facility, https://www.gbif.org/ ; Abdullah et al 1998 ; Cai et al. 2003 ;
Whitton et al. 2012), — 5 T, Leotiomycetes (ZFT/E T 5 C. spinulosum 7 /V—=7
IE. SRETEAREZ AN, A=A DT, EE, 7T A, A4V N TY
—, TANT R, FTUF BT, AT =—F 2 AAf A HFTH, KE,
AXva A—ARTVT ma—V—F R E7 7V ITHREINL TS (GBIF;
Bottomley 1953 ; Goénczol and Révay 2003 ; Pascoal 2005) ZHARTOL B
EXVEBE»LEI ST, EHEICPOMIEBEF THBES A 2EmIZH D
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(Tokumasu 2009 ; Kageyama 2010), ##igTHH A ¥ 2 (GBIF) %1 (K
%% ; Chuaseeharonnachai 2013) THHE I TWD N, ¥ A Tld, X Wi E
WMTHDHNA A ) VENARTORGEESN TS, 2D OEERE X 0 &

ety (L) 12X DAERDAMOEWIRR S LT,

*REEDWNE L Mycoscience [ TETH D,
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100 Pisorisporium cymbiforme KM588902
|P|sor|spor|um cymbiforme KM588903
100 50'pisorisporium cymbiforme KM588904
69 Achroceratosphaeria potamia GQ996538
Achroceratosphaeria sp. AF132325 «°
80 Candelabrum microsporum NBRC 108750
%9 Candelabrum microsporum NBRC 108751
Candelabrum sp. NBRC 109748
5 Candelabrum brocchiatum NBRC 30048 (type)

sojeriods1iosid

Oxydothis frondicola AY083835
Diamantinia citrina AY346278

Nectria haematococca DQ119560
Elaphocordyceps capitata AY489721
Trichoderma atroviride AB646518
Schizothecium curvisporum AY346300

Cercophora macrocarpa AY 780060
@aetomium sphaerale AF286407

68

0.02
A
100
- %2

85

60
100

68

79

85 Farrowia longicollea AF286408

Melanochaeta aotearoae AF466082
96 Chaetosphaeria raciborskii AY436402 H
Ophiostoma piceae AJ538341 Sordarlomycetes

[ Lojkania enalia AY016363
Pleomassaria siparia AY004341

|7T Trematosphaeria heterospora AY016369
_| I Phoma herbarum AY293790
95 Cochliobolus heterostrophus AY544645
Hysteropatella clavispora AY541493

Neofusicoccum luteum AY928043

Tubeufia cerea AY856907

Mycosphaerella punctiformis DQ470968
Myriangium duriaei AY016365

I Delphinella strobiligena AY016358
I_|97 |Discosphaerinafagi AY016359
100 Aureobasidium pullulans AJ507454
94 I Coccidioides immitis AY176713
Eurotium rubrum U29556
I%_|—L_ Arachnomyces minimus AB075350
100 Xanthothecium peruvianum AB053453

{ Dermatocarpon miniatum AY584644
94 Capronia pilosella DQ823099

Dothideomycetes

Eurotiomycetes

:Melanconlella spodiaea AF408370
Diaporthe pustulata AF408358 -
Cainia graminis AF431949 C. brocchiatum group

Stictis radiata AY341361
Porpidia melinodes DQ314985
Lecanora hybocarpa DQ782910.
100 jCandelabrum clathrosphaeroides NBRC 101134 (type)
Candelabrum japonense NBRC 108749 (type)
58 Hyaloscypha sp. JN086754
Candelabrum desmidiaceum NBRC 101133 (type)
Candelabrum spinulosum NBRC 101903 (type)
Ikiyalos'fy%haglkl)ohyallna var. spiralis AB546940 LN
Hyaloscypha daedaleae AY789415
Lachnellula occidentalis KC492977 | C. Sp'nUIosum group
Lachnum virgineum AY544646
Lambertella tubulosa AY616237
— Hydrocina chaetocladia AY789412

Lecanoromycetes

91

88

eydAosoeAH

61

Bisporella citrina AY789385
‘j: Cryptosporiopsis ericae AY442323
90 Neofabraea malicorticis AY544662

Crocicreas diapensiae DQ008442
Chlorociboria cf. aeruginosa AY544669
Sclerotinia sclerotiorum AF431951
Rhytisma acerinum AF356696 i
Bulgaria inquinans DQ470960 Leotlomycetes
—— Peziza vesiculosa AF378367

Peziza badia U42692 Pezizomycetes I

Fig. 5-1. Neighbor-joining (NJ) phylogenetic tree of Ascomycota inferred from DNA sequence
data of LSU rRNA gene (D1/D2 regions) (479 positions). Bootstrap values above 50% from
1000 replicates of NJ method are indicated at the corresponding branches. The fungal strains
sequenced in this study are highlighted in bold with strain ID. Other DNA sequences (with
accession numbers) are from GenBank. Peziza vesiculosa and Peziza badia were used as

outgroup.
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97 NBRC 109731CS
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98 NBRC 101903 Ex-type strain of CS

(NBRC 109736 CD C. desmidiaceum clade
53| 100 L NBRC 101133 Ex-type strain of CD
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 NBRC 108187 Ge C. clathrosphaeroides clade

NBRC 109729 CC
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88INBRC 106777 CJ
NBRC 101134 Ex-type strain of CC
92] NBRC 102394 CC
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100 L—Hyaloscypha spiralis IN086885/ JN033440/ IN086741
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4|:Hyaloscypha bulbopilosa JN086867/ IN033423/ IN086726
100 Hyaloscypha bulbopilosa JN086897/ JN033451/ JN086751
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Hyaloscypha monodictys JN086906/ JIN033456/ JN086756
[ Hyaloscypha albohyalina JN086874/ JN033431/ JN086734
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L Hyaloscypha albohyalina JN086882/ JN033437/ JN086738
—Hyaloscypha aureliella JNO86879/ AB546942/ AB546943

100
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Fig. 5-2. Neighbor-joining (NJ) phylogenetic tree of Hyaloscypha and closely related species referred
from Han et al. (2014) inferred from combined DNA sequence data of rpb2, 5.8S-ITS rRNA, and
D1/D2 regions of LSU rRNA gene (1381 positions). Bootstrap values above 50% from 1000
replicates of NJ method are indicated at the corresponding branches. The fungal strains sequenced in
this study showed with strain ID. Other DNA sequences (with accession numbers) are from GenBank.
Amicodisca castaneae and Dematioscypha dematiicola were used as outgroup. Abbreviations; CD =
Candelabrum desmidiaceum, CJ= C. japonense, CS = C. spinulosum (type species of Candelabrum).
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Fig. 5-3. Neighbor-joining (NJ) phylogenetic tree of Pisorisporiales inferred from DNA sequence
data of rpb2 gene (933 positions). Bootstrap values above 50% from 1000 replicates of NJ
method are indicated at the corresponding branches. The fungal strains sequenced in this study
are with strain ID. Other DNA sequences (with accession numbers) are from GenBank.
Trichoderma viride and Pseudonectria rousseliana were used as outgroup. Abbreviations; CB =
Candelabrum brocchiatum, CM = C. microsporum, C cf. B = C. cf. brocchiatum, C cf. M = C. cf.
microsporum.
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Fig. 5-4. Conidial morphology of Candelabrum spinulosum group. A—F. C. spinulosum. A. Conidia
produced on the surface of a submerged litter. B-D. Conidium. E, F. Conidium with H-shaped
basal plate. G-I. C. clathrosphaeroides. G, H. Conidium. I. Conidium with four-leaved clover-
shaped basal plate. J-L. C. japonense. J, K. Conidium. L. Conidium with four-leaved clover-
shaped basal plate. I, L showing the detachment point of conidium from the conidiogenous cell
(arrows). M—0O. C. desmidiaceum. M, N. Conidium. O. Immature conidium. A, C, E from NBRC
109731; B, D, F from NBRC 109734; G from NBRC 109729; H, | from NBRC 109735; J, K from
NBRC 6844; L from NBRC 6777; M-O from NBRC 109736. (A. Dissecting micrograph. B.
Nomarski micrograph. C-O. Scanning electron micrographs.) Bars: B, C, H, I, L, N, O = 10 um;
D-G,J,K,M =5 pum.
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Fig. 5-5. Conidial morphology of Candelabrum brocchiatum group. A, B, D-I. C. brocchiatum. A.
C. brocchiatum produced on the surface of a submerged decaying twig. B, D—I. Conidium. D-G
showing conidial development by dichotomously or trichotomously branching. C. C.
microsporum. C. Conidium. J-O. Candelabrum sp. J-O. Conidium. J-M showing conidial
development by dichotomously or trichotomously branching. I, N showing the matured conidial
tips are ornamented with minute tubercles. A, B, D, E, G, | from NBRC 109730; C from NBRC
108099; F, H from NBRC 109744; J-O from NBRC 109748. (A. Dissecting micrograph. B, C, O.
Nomarski micrographs. D—N. Scanning electron micrographs.) Bars: B =50 um; C, O = 20 um,;
D-G,JM =10 um; H, I, N=5 um.
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Fig. 5-6. Conidia of Candelabrum japonense (Anamorphic state of Hyaloscypha sp. NBRC
108595). A. The fungus growing on the agar disc formed conidia (arrowheads) on the water
surface, that seemed to be induced by submerging mycelium into water. B-F. Conidium. D-F
showing conidial development. F. Conidia with four-leaved clover-shaped basal plate. The
detachment point of conidium from the conidiogenous cell (arrows). (A. Dissecting micrograph.

B. Nomarski micrograph. C—F. Scanning electron micrographs.) Bars: B, D-F = 10 um; C =5 pum.
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