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Mycological Characteristics of Ophiostoma quercus, a Sap-staining Fungus Isolated
from Japanese Black Pine in Korea
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ABSTRACT: One of the sapstain fungal species isolated from the stained sapwood of a Japanese black pine in
Korea was characterized. The fungal species is tolerant to cycloheximide and has Petosum-like synnema and Sporo-
thrix type synanamorph which are found in the anamorphs of the Ophiostoma piceae complex group. But the spe-
cies could not form perithecia on MEA. Based on cultural and morphological properties and analysis of the S
tubulin gene sequence, the fungal species was identified as Ophiostoma quercus. Here, we report mycological char-
acteristics of the anamorphic stage of Ophiostoma quercus isolated in Korea.

KEYWORDS : Japanese Black Pine, Ophiostoma piceae complex, O. quercus, [tubulin gene

AN G FEYAFS 283 Ophiostoma d-F
T ARE & o AddFE(Ascomycota), ZHt7d
(Pyrenomycete), “d7dAdZt++5(Ophiostomatales), 2.3
Q 2~ Enrl3}(Ophiostomataceae), 23] L 2=~Ewr}S:(Ophios-
toma)?l &30}, OphiostomasS 7373 A2} (perithecia;
long necked fruiting body)® ¥4 Z A7 4 (Synnema)<]
Fed 5Ao] A& #FFROlth ol F 0. piceae
complexZ5°l & 2 Gzt vl FrAkeked
Tol A & #/FFY el ol 7k A
TR BA A S (synnema)S ZHE Pesotum™F A}
ol Sporothrix, ¥-AYAHEAE (macronematousyS 2=
Leptographium ‘5 g /3t €] FEl (anamorph)e} T
Eo] xR (ascospore)®] B, Z7], 18]35 2Pt
A, Aelst Hol, MBl AN ostiolar hyphae)®] -
s f7dAIte] FEl (telemorph)oll l3 ©]Fo] X th(Hunt
1956; Upadhyay 1981; Wingfield et al., 1993). O.

piceae complex L5l &3l= £ A oF 13F0] <

L

pu

Sl= =0
ol S =vw

A Aed o2 JHHoRE Fio] vl oY ITS
rDNA®} Atubulin gene 5= WHATFOEA FE3IAL
[e)}
S

olE #HE A AAZFeR gy BEa Yo WE
Aol FEA e o2 WS of7]e}7] wjiol] HAf

WA e Yuzon Luid Aok WA7e BAlel
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FPE 7HAE "olrmg] 7] wiiEel dEAMgel EA17F =
=238k #4Fo|th(De Beer et al., 2003; Chung et al.,
2006). EA A o] g FE LS (blue stainyS THE
wEZA o]l =9 42X (resin ducts)e} ALY 22 MER
Hzd FFo] @Akl o) op7|Ent. HAlL WM F
Abe] Mol EAlsls Wepdat MAlte] FHlse &

L
pu

A3t 2Rl EASH: BA9) gl os) dojrith, W
Be BAlo) WY F rhwd =56 Qe YA,

BAAs T Theahe wet
WALS Qoith AEHe] PR ARk AHT 7
2 Fo BAH o MAFe] MAA o5 27 A}
ololA] WAlo] WAl ®r}, Wale] Rejr} WeiAm &
ol A9 d& "ojx=g]A ®Eth(Braiser, 1979, 1991;
Braiser and Mehortra, 1995; Harrington, 1993; Lagerberg
et al., 1927).

°|& O. piceae complex L #i% Yiv S0
ME 5 =3RS doFItk(Seifert, 1993). ©1E
Agele WiFeEe WSy S EE (bark
beetles)’} €A A TH(Wood and Bright, 1992). =3v}
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89E dosle FRE 23 AR =aol Pkl
el $olES el Wtk 2 F kY B Yeln

OZE= 0. ulmi®t O. novo-ulmi, O. himal-ulmiZ7} )T
(Braiser, 1979, 1990). ©]& &< =FW5F "= (Dutch
elm disease)®] AHJNARE /3 Hr], ofAJo} dFo
A st & sl E FUTE ©= 0. piceae complex
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Il &she 4y BAAAAEC] FEHE TR RER
- 5238 9n|E 7RI S-S B (Braiser, 1979;
Wilhelm ef al., 2003). ZZ2]3L O. piceae omplex 1w %
Aol F2 WS 7= FO2 0. piceae, O.
quercus, O. floccosum, O. canum, O. catonianum, O.
setosum, O. subalpinum, O. ssiori, O. breviusculum, O.
arduennense 5°] GTA Ut}(Seifert and Grylls, 1990;
Schirp et al., 1999; Chung et al., 2006; Carlier et al.,
2006).

FEYEl M = R EAf el 3
Foll tigh ¥ B A, o] WASH] f18k O.
quercus WMo FF(albino strain)S ©]-&3+ AYETHH
Ao et A= o] FoJ XL th(Lee and Oh, 2000;
Cho et al., 2008). 12U} o}&71A] o] oA E2&
Ophiostoma w7-2] #3841 573l gt Bi7} HF-st
o} 2 AFelAE 20052 20063 Atolol] $-zue} s
o Z2RE Eojgk WA PRl 0. quercus ool Hl
ato] WA, Feiy 54 A AR S EES
Ao #3814 54 Baskaat gtk

HAlg Qo)

al
=

=13k
oH

Wi

= ¥ Hjek

#59] B2E 9814 200533 2006 8 Alelel] )
oto] HEH 3|E(Pinus thunbergii)® &7]25F H4
T HaagduE gt vdeAol gol s &
A7 7P} AgE oz ZA H(chipe® ¥4
ok v E 2 33 SRFNA 1 Hole
70% ethanololA] 13, 90% ethanolellAl 132k %12]
oA BHS Azt W A e o
dS Asls= A cycloheximide(A.G. Scientific)
200 mg/l FE=2 EFFAIZ] 2% malt extract agar(BD
Sciences, USAY7} B7] A EZ A0 < & 25°C uj%¥
71014 15797 vl F= ATh wi g oA o] e
Abe] &8 F3te] A2 MEA HiA|o] 7o ZA He
475 AUtk E2HTE 10 o3 vl & 89 =
A et dgste] 22 fE g ZAsk . 24
H 22 Al S s]4ste] MEAY] T
i 2 & Fojdk #52] #AFE T A Bl HE
slo 2 A A ¥R} 5 A TH(Braiser, 1981).
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HIHE] SA EAL U cycloheximide MEHA ZA}
e Aol wikA 5A4& dotrr] fE cyclo-
heximide(200 mg/l)7} X8 2% MEA vjx]olA] A uj
% " +< 2% MEA(BD Sciences, USA), 2% OMEA
(Oxoid, England), PDA(BD Sciences, USA) wlj x|l Z}z}
ATt 20°CelM 77F v 5 =te] Feok aAY
e A v, e ] 4 A% A

o

ol

A exE dolry] M E 2% MEA wiX|ol] HE3}ke]
7} 7} 10°C, 15°C, 20°C, 25°C, 30°ColA] kst 1Y

vtk AR RS BEEAT. cycloheximide ©f thHk
A 2A= 24 7 0.05%, 0.1%, 0.5%7F =1A cyclo-
heximide 3HIAS H7lske] #|Z3F 2% OMEAR|A] 9
HE 5 25°Coll A wiFsheA] Ak A AEsislnt.

SEfSHY 2

Bal® #35(DKM 0511, DKM 0512, DKM 0513)<
2% Oxoid MEA©°! 3l 25°Co A 7~8L 7} vl 31+
A 2 e E dEEelth FEldES 1R AvF (Karl
Zeiss, Axioskop 40, Germany)3} 3|5F-&W]7(Olympus
SZ51, Japan)s ©]-&ate] #F i} /7 AT A
FAARLE, BAZA, BAZAEE ol BAAZAE P
RoF S ARl o] 59 A5 S5k 28
FAPAE W7 (SEM, Hitachi 4300, Japan)g ©]-8-3}o]
FAEAA L] Wt FAAMY, B EAL] vAMARE

R L

EXMESE WHE 0|88 HARo|

Genomic DNAS| £=. DNA F=& 2% MEA°|
S AF3k] 25°C & AHIAA 7Y S ulY T FAE

== 2~

o452 22 100 ws At Hd¥ 33 SHFF
N R dtd A& 3HBioRad, USAYS 28 2% MEA
(Difco, USA) wix| 9ol =ate] 25°ColA] 3 <t vl
kAt vl F FAF 03 ¢S HHE 2 ml cryogenic
vial FEol| &ZE-S ¥ TES buffer(50 mM Tris-HCI[pH
8.5], 50 mM EDTA, 3% sodium dodecyl sulfate) 200 g/
g A7t slo] #4148 TRAAG RRE #AHE =Yg
olgate] Qg oA 2% FF S 283k 7] &
ATkt oA 287 24 SHATHKIm e al., 1999). L8]
3 F3E FA] 3 mM sodium acetate(pH 5.2) 150 ul
£ #7ketar, 20°CellA 1087 B & Wgdiite]”]
(Sigma, Germany)el| 4] 13,000X g2 10%-7F A28 TF
= AT FHsle] 1.5 ml FEA &7 % %] phenol :
chlorform : isoamylalchol(25 : 24 : 1; Amresco, USA)E
H7¥ete] 2 AL vA] WRLA R 72 SEXE dAEY
st AAEeE AFdS Fsk] oA Al FERE &
713 59| isopropanol(Sigma, USA)S H7lsle] 42
X 5% &< Asivh. AgE FEE o A
&to] DNAS Azt 38 DNAE 70% ethanol
750 ple A7¥etd TS A% Mol § 4°C WAl
E2]7]91A4 13000X g2 5E7F 941%-2]3 o2 ethanol
= HEAUA 2ol AxAIZAY. dx" ¥ DNA
o 50 g/ TE buffer(10 mM Tris[pH 8.0], 1 mM EDTA)
& #7Fste] DNAE -83lgt §- UV-VIS spectrophotometer
(BIOmate)S ©]-83to] DNAYS A3l PCR H4
ol ARSI
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Fig. 1. Colony features of the isolate DKM 0511 grown for 7 days at 20°C on 2% MEA (A), 2% OMEA (B), and PDA (C).

PCRZ O0|Z8t Atubulin FHXIS] S=Z1 HIIMA
=4

PCR 5H8-2 Gene Amp-950 cycler(ABI, USA)E ©]-8-3}
o} =883}tk PCRY--S- $18+ primer= Ophiostomatoid
Fgolet Aol Soldoz HAs= TI0 forward
primer(5-ACGATAGGTTCACCTCCAGAC-3)¢}  BTI2
reverse primer(5-GTTGTCAATGCAGAAGGTCTC-3)%
A3 THO’Donnel et al., 1997; Schroeder et al.,
2001). PCR WF&-E-2] A2 10X reaction buffer 2.5 u,
10 mM dNTPs 0.5 g4, 5X Band doctor 2.5 g, 20 pmol
primer Z} 1 ul, template DNA 1 gl(fungal genomic
DNA 100 ng/gd), 3%+ B SF 17 ud, 2.5U EF-Taq
polymerase 0.5 l(Solgent, Korea)S H7Fsle] F 25 i)
=S Ve F RRSSlith vhe e 27 ¥4
(initial denaturation) 94°CollA] 5% A6, WA
(denaturation) 94°CollA] 134, 7€ ¥ Z}(annealing) 56°C
oA 40%, S (extension)y 72°ColA 18 302E 303
HHEESHQITE, 283l mpRE e R 72°Col|lA] 5% B4t 5%
S 4°ColA] BAsIGATh S35E PCR FHAHES 1%
agarose gel’dollx 719522 BR1819 Gel extraction
kit ©]83te] PCR WHEAHES AAISFTH(Solgent,
Daejeon, Korea). FA|E 2He2 pCR2.1-TOPO vector
(Invitrogen, USA)°ll cloningd ¥ Macrogen*H(Seoul,
Korea)oll @714 A4S o=l A7IME 42
ABI PRISM 3700 DNA Sequencer(ABI, USA)S ©]-&-3}
3 BigDyeTM terminator -2 ARg-3te] 41T
A4E  9714¥ES NCBI GenBank database(http://
blast.ncbi.nlm.nih.gov/Blast.cgi)o] 55 <HZ 474
Q7ML F5dS vkt

zn 3 o

B AgolA B2l 7 HA F5(DKMO0511, DKMO0512,
DKMO513)el] et w2 54, dejd 54, fda 4
7IME Fx2 EAS AR A AR FYe FEE u
Elfjo] o]F9] & #3F<¢] DKMO0511S EFFZ 3]

7 2APE 542 obelsh 2ol AlAIsHct,

HHFSA I cycloheximide X{&H

20°CollA 7U7F wiF ¥ 2% MEA, 2% OMEA, PDA
Hj2] Aol A e #Fe] FEsH 548 A
ZHTFE 2% MEAZIAE AF Ho] £t 248
FAAES Wo] wHERITtH(Fig. 1A). olo wel 2%
OMEA A el A= 28] BeFe] 43S veEr 433t
As B2 T AT 28 BAEAH L] FA
7ol Holx| edth(Fig. 1B). PDA HiA] Aollxe] o
AA] FAZAAE Ao IR Yok}, kAR
olalA sleklel FE e FAE o] 9EE RS
Z 8 3 QAATKFig. 10). Awrdo g ujx] W Yol
Jo]A = 2% OMEAS} PDA ET} 2% MEACIA #A17}
=

-

& ¥ (I ob o rlr

SstA At As Sl & Aok A2 A
= B X274 (synnema)yS Aol Wl Ophiosto-
matoiddl] &3t #FE FHEAUCH AFES S AR
2= 797 2 tE =04 wSAI7IHA FAR
A dolg st 7F 2rolAe] S BH 10°C
ANAHE Smm 15°ColAE 25 mm, 20°ColAE 30 mm,

40

[l [ [
on =] on
T T T

Colony Diameters(mm)
]
o

15
10 t
5 L
0 +
10 15 20 25 30
Temperature (C)

Fig. 2. Mycelial growth of the isolate DKM 0511 grown for 7
days on 2% MEA at different temperatures.
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25°CoIAE 35 mme] A EATHFig. 2). 2 A3} o]
w3 A AFLEE 25°CE YERgTh 18y 30°C
o= ] o] dojubA] o Lol ke 5A4S
BAok olyet AW AL 7|&d Iz djiiEe
Ophiostomatoid 72 A5 vl SAFSIT}. Ophisto-
matoid ©F% Ceratocystis 9| &38= dF+= cyclo-
heximideZ 718 wjR| oA A2hA] Fales EAIS AY
3 QJtH(Harrington et al., 2001). ¥ Aol E2|E
T+ cycloheximideZ} 200 pl/ml =2 Z7Hel v A] ol A

B HQL 3 0.5% F7F vl 22 AL = 9
Atk ooz E o B Apdx EEE AF=
Ceratocystis %9l 431= o] ofd Aoz x|}
oo W} Ophiostoma?:dl &3h= #7FY 7FsA0] Sl
olof th&t A S Fefd 543-& AT

SEfEtY SM 2 Atubulin FHXAF FIIMYE 2o
Ophiostoma &°l &3l= ool Ugt 43 +< 3
Bghd 54E 2ARSH] 918t o] ERtel HETRI

Fig. 3. Anamorphic stages of Ophiostoma quercus shown by the isolate DKM 0511. A, mononematous synnema after lactophenol
blue staining (scale bar =50 gm); B, white conidial mass on individual synnema (scale bar =50 um); C, Pesotum-like
synnema (scale bar =50 zm); D-E, arrows indicate apex of conidiogeneous cells with denticles (scale bar=20 um and
5 pm); F-H, conidiophores and conidia of Sporothrix synanamorph (scale bar =20 zm, 10 gm, and 10 gm); I, arrows
indicate morphogenesis of Sporothrix anamorph in the middle of conidiophores (scale bar=35 zm); J, arrows indicate
sympodial and annellidic conidiogeneous cells with synnematous conidiophores (scale bar= 10 gm); K~L, Petosum-like

synnema and conidia (scale bar =100 g#m and 10 zm).
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Kirk(2001) 5°] 7]&e &) #2d3) Seifert(1993)2F  FAMU Sporothrix] BEIE A= A= A=A
Okada(1998) 12]3 Jacobs®} Wingfield(2001)7} 718k (Fig. 3I). IAE A TS 53 (Cylidrical)d} =
Ophiostoma®] £33 FdAIHe] £/ T3S st 2+ (Obovoid) o] EA8A tHFig. 3G, L). 84
AT 2 A3 & Aol Eed 4 /FE FH Pesotum®| Zb= EAAPEEL] mA A Pzl A XA
Ophiostoma 72| FAANZ G Pesorum®] Foj &5 olF= zF 7t BAZAA AN EAEAe] Jefd
SH4 54 YR EA (mononematous synnema)rt S #EI A XA NN B EALe] FEjg el

5}
o5& ZA o] BHA E A7 (macronematous synnema) 7 Fs(sympodial)?] ¥ (annellidic) EHFOE o] F0)A]
E #HE3IAOH (Fig. 3A, C), alFAn7E-S F3l sk = 2& FRIsSIth(Fig. 31, K). A At Fe
< He T2 A9 o7 2ES 7 2AEA Yo (Telemorph)®] 5721 A} &2} (perithecium)® - T2 3f
=

£ I35 tH(Fig. 3B). L8] Ophiostoma w72 T A BTt o)A A& AE EgiE & o EaE

2 F9A FElQl Sporothrix®] E5E BESIGATE. 2 ANPH SR 0. piceae complex 2] F3A 54
A o] " (synanamorph) Sporothrix®] 574%1 A £ S AV S & T AU
2173 (conidiophore)] & ol A ZA}9} 22 denticle- O. piceae complex 79l &38l= FOoZ2E 135 AL

like 725 FAste AS FARAANNE #2S S8t 7 GEA don ol tig R I £R/H ARE
R8I TH(Fig. 3E~H). 5olatAl Aol 2k F-2olx & 4 de 84 FE7F NCBI GenBankol] 5550

Ophiostoma piceae (AY789150)

66 ‘ Ophiostoma piceze (AY789151)

66 \whiostoma piceae (AY789152)

— Ophiostoma breviusculum (AB200428)

LOp}nbsmma subalpinum (AB200430)

Ophiostoma quercus (AY789156)

This study (DKM0511)

76 Ophiostoma quercus  (AY789157)

Ophiostoma minus (AY542509)

76 Ophiostoma floccosum (AY789142)

Ophiostoma floccosum  (AY789141)

Ophiostoma floccosum (DQ868378)

100 lOprbsﬁama ips (F]012142)

|0phf'osmma ips (AY789145)
Ophiostoma galeiforme (AY744564)

100 Ophiostoma radiaticola (AY744562)

Ophiostoma cainii (AY744565)

Ceratocystis coerulescens (AY140945)

—— 10 changes

Fig. 4. Phylogenetic relationships of the fungal isolate DKM 0511 to other Ophiostoma species. Phylogram based on the analysis
of partial nucleotide sequence of the Atubulin gene was generated from the neighbor-joining analysis. Numbers at nodes
represent percentage of bootstrap resampling based on 1000 replicates. Ceratocystis coerulescens was used as an outgroup.
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Table 1. Morphological and physiological characteristics of Ophiostoma piceae, O. quercus and the isolate DKM 0511

Characters 0. piceae”

Colony color

Perithecia length (min-average-max zm)
Genus name of anamorph

Color of synnema stipe

Synnema length (xm)
Shape of conidia on synnema

600-1015-1600

Dark brown
470-1200 (-1500)

Conidia size (um) 2.5~6 x 1~2.5
Optimum growth temp. (°C) 22
Maximum growth temp. (°C) <32

Sexual behavior heterothallic
Synnema conidial mass White

Host Various

whitish, ageing pale brownish

Pesotum/Sporothrix

Cylidrical to Obovoid

0. quercus” present isolate

light to golden brown light to golden brown
1100-1515-1900 ND
Pesotum/Sporothrix Pesotum/Sporothrix
Dark brown Dark brown

(130)350-500(600)
Cylidrical to Obovoid
(4.6-)2.6 x 1.7(-2.7)

(127)354-510(598)
Cylidrical to Obovoid
(4.5-)2.5 x 1.5(-2.5)

25 25

>32 >32
heterothallic heterothallic
White White

Oak and hardwood Japanese black pine

“*Data from Harrington et al. (2001). ND: No detection.

Jerh B Aol Z2lE o] B A4S ER A
=319}, olol w2t O. piceae complex d-F2l EFoll
7P A8 85w 3R] ftubulin A 671
Ag B8 A5k th DKMO0511, DKMO0512, DKMO0513
= 3N FFE9] genomic DNA9 th3dle] PCRE 35}
o FZ¥ DNA Wi=5 FRYsto] d748s #4%
Az} 3N 45 BT 842 bpe] H7)e] AR AT F71A
2 FEE 7HAA AU o]e] w2t DKMO511 #F2
FE Aozl H7IMEAHEE GenBank DNA database’s
oA BlastN Z2IHE o]&at] F5d& Ad 475
Gt A3 O, piceae complex ol 43l= 1359 47
ZNA Ophiostoma quercus2] Btubulin A} G714 <L
E(Accession number: AY789156, AY789157)3 99~
100% 75745 B3t olol wket 2 A4 DKMO51,
DKMO0512, DKM0513 #F25E o] Atubulin A2}
9] 97| ¥<S NCBI GenBankol] 5=3ItHDKMO0511:
Accession number FJ573040, DKMO0512: Accession number
FJ573041, DKMO0513: Accession number FJ573042). ©]
AIZ EE PAUP* 4.0 =213 (Swofford, 2003)%
o] &3ty thE Ophiostoma FTE2] Btubulin FHAH 7]
MER HaE Fall AsEAS At 2 A3 &
2% DKMO511E 0. quercus 9+ A AS+42 A
£ o|F= Zo=E YEsth(Fig. 4).

O. quercuss= O. piceae complex?] &3l= FO=2 0.
piceae® = FEIA SR o] wjg- o228} Braiser?}
Kirk(1993)°l €]3l sibling species® ¥-F% 3. Braiser
9} Stephens(1993)°l <J3] %ol w2 AAH|w A7}t
o] Fo]% 1 Harrington(2001)0l] ¢Jste] 2 Fejz EA4
o] ZkA8] vl G Ent k. olel what 2 AFeA &
2lE 9] Jeld 528 Harrington(2001)°] Azlg O.
piceae$t O. quercus®] FEIEAF H]ste] Table 19
A BT Ao FeE W] AR FEA
EAL ®IH 0. quercus?] FAAHol Y= FE|E
=43} 79l ARSIAT.

HAAFFNM = Eel= oL Aok(Schirp et al., 1999). & A
TollA AREE O. gquercus®= $-2]vb2}t 3% (Japanease
black pine)ollA] = AIL o] o] Aol A e
2|8 B3 (Lee and Oh, 2000)7} vk, =ule] A=
e JAdTFol g o] WA 7t orle <l
ATk 2y obF] Hu] 9] EAlshs Rae ¢l
ofel tigk AP} gujEofof & Zolt}. BEo] =
22l 0. quercus®] AL AW #8H 50| o}
2 g FRoBE 14 W E Fat AhdE ¥
d e F de e S84S5 Ad 2l (mating type)

o) W2 A% WaEolof & Zolth.

2

)

oA S E7wA FolollA EEE WAHRF
Z 8k Fof tiste] 1 54 ARSI Cycloheximide
ol A&/d?1 Ophiostoma piceae complex LFolA] Ho
A= TN Petosum®] Y EA 7 B TR FAAITH
Sporothrix®] FENE AL ASATH 2} At =
F APd7HE G A HsldT). o] #Re Wi FEEA,
Fe)H 54 282 pubulin F82 G7IME 2S5

d

8tod Ophiostoma quercus® 3= AT B AFM=
Sl A BE2E 0. quercuse] 48 EAS Ho=

B 73574} 3},

o] =2 20059 HF(LSAA AL )] A ho= g
e EA ] AP whol FfE AU (R05-2004-
000-12579-0).
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