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A Laptographium species was isolated from dead Pinus densiffora at six sites in Japan. The fungus is morphologically
most similar to L. fundbergii but could be distinguished from that species by its short stipes, primary branches of conidio-

phores. and conidia with a rounded to sub-truncate base.

In addition, the colony morphology, growth rate and tolerance

to the antibiotic cycloheximide of the Leptographium species and L. fundbergii differed markedly. Here we describe the

fungus as a new species, Lepfographium pini-densiflorae.

Key Words

The genus Leptographium was established by Lagerberg
and Melin {Lagerbarg et al., 19271 to accommodate the
type species L. fundbergd Lagerb, & Melin, which com-
monly occurs in Europe on blue-stained pine lumber.
Species of Leptographivm are characterized by having
robust dematiaceous conidiophores that terminate in a
conidicgenous apparatus comprised of a series of branch-
5. These branches give rise to conidiogenous cells
from which hyaline, single-celled conidia are produced in
slimy masses (Lagerberg et al., 1927; Kendrick, 1962).
The erect conidiophores above the substrate surface and
the slimy conidial masses make Leprographium species
ideally suited for transmission by insects,

Leptographivm has a complex taxonomic history,
which was summarised in two recent treatments (Harrin-
gton, 1988; Wingfield, 1993). Many species currently
treated in Leptographium were formerly accommaodated
in Verticicladiella 5. Hughes, a genus that had been
segregated from Leptographium based on sympodial as
opposed to percurrent conidial development {Hughes,
1953; Kendrick, 1962). Later, Wingfield {1985)
showed that species of Leptographium and Verticicladiel-
fa have identical patterns of conidial development, and
Verticicladielfa was consequently reduced to synonymy
with Laptographium,

Leptographium species are common anamorphs of
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Ophiostama species,  These fungi are best known as as-
sociates of bark beetles (Coleoptera: Scolytidas), the
majority of which infest Pinus species. (Harrington,
1988). Ophiostoma species and their Leptographium
anamorphs are unusual amongst the Ascomycetas hawv-
ing cellulpse and rhamnose in their cell walls (Rosinski
and Campana, 1964; Smith et al., 1967; Jewell, 1974;
Weijman and de Hoog, 18756}, Caorrelated with this
characteristic is the fact that they are also able to tolerate
very high concentrations of the antibiotic cycloheximide
in artificial media (Harrington, 1981).

The majority of Leptograpfium species have been
described from Europe and North America, and few spe-
cies are known from Asia. Wingfield (1993} thus sug-
gested that the |ack of collections from Asia was a seri-
ous encumbrance to our knowledge of this group of
fungi. Masuya et al. (1238} undertook a study of blue-
stain fungi on Japanese red pine (Pinus densifiora Sieb, &
Zuce,) infested with the ping shoot beetle Tomicus
piniperda L. This study led to the collection of an
unidentified Leptographivm species. This fungus has
subsaquently been coliected from P. densiffora at several
sites in Japan. The aim of this study was to fully charac-
terize the unidentified Leptographium species and to pro-
vide an appropriate name for it.

Materials and Methods

Isolations were made from the bark or sapwood of dead
P. densiflora trees at six sites in Japan from 1995 to
1997. Two small pieces of bark or sapwood were
placed in a Petri dish containing 1 o makt agar (malt ex-
tract, 10 g; agar, 15 g; distilled water, 1000 mL ) without
surface-sterilization and kept at 15°C in the dark, After 2
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Culture Mo.

CMW28 (PREMABEIE]
CMW30 (PREM4GE39)
CMW2388

CMW2408
(MAFF410548)
MAFFA10861 IMCCOT1)
MAFF410862 (MCC180)
MAFFA10B63 IMCC192)
MAFF410864 (MCC1583]
MAFF410865 (MCC184)
MAFF4 10866 (MCCZ06]
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Table 1. List of the cultures used in this study, thelr locality and hosts.
Identity Locality Hosat
Leptagraphium fundbeargif Wilgeboom, Eastern Transvaaal, South Africa Pinus taeds
L, fundhergl Gwavas, Morth Island, Mew Zealand P. sirobus
L. lundbergil Toronto, Ontario, Canada F. resingss
L. fundbergii Morioka, lwate, Japan F. densiflara
Leptographiom sp. Tsukuba, Ibaraki, Japan P densifiora
Leptographitm sp. Makajima, iIshikawa, Japan P, densiflora

Leptographium sp,
Leptographium sp.
Leptographium sp.
Leptographium sp.

Himeji, Hyogo, Japan
Ichinaseki, lwate, Japan
Masuho, Yamanashi, Japan
Motagl, Ssitama, Japan

P. densifiora
P, densifiora
P. densifiora
P. densaifiora

Culture collections are as follows: PREM, the National Collection of Fungi, Pretoria, South Africa; CAMW, Culture Collection of the Tree
Pathology Co-operative Programme, Forestry and Agricultural Biotechnology Institute, University of Pretoria, South Africa; MAFF,
Genetic Resources Center, Culture Collection of Mational Institute of Agrobiological Resources, Japan; MCC, Culture Collection of H.

Masuya.

ma, fungi that had grown on the plates were isolated by
picking up hyphae or conidial masses using a sterilized
tungsten needle and transferring these structures to Patr
dishes containing 2% malt agar imalt extract, 20 g: agar,
16 g; distilled water, 1000 mL). Petri dishes were incu-
bated at 15°C in dark for 2 wk,

All isolates usad in this study {Table 1) were incubat-
ad at 15°C in the dark, and after 2 wk, small pieces of
sterilized pine twig or bark were added to the plates to
stimulate sporulation. Conidiophoras and conidia that

Flg. 1.
A, Conidiophara. B, Conidia, Seale bars=50 #m in Fig,
14; B pnoin Fig. 18,

Leptographium pini-densiflorae.

were produced in cultures were mounted on glass slides
in 1% lacto-fuchsin and observed and measured using a
light micrascope.

Far scanning &lectron microscopy (SEM), agar disks
8 mm in diam were cut from the colonies and fixed in 3%
glutaraldehyde overnight. They were then dehydrated
in a graded ethanol series, passed through etha-
nol-ispamylacetate, and dried with a Hitachi critical paint
drier. The spacimens were examined using a Hitachi 5-
4200 scanning electron microscope.

The growth rates of isolates weare determined at 4,
10, 16, 20, 25, and 30°C. Agar disks 5mm in diam
were cut from actively growing colonies of each isolate
and placed at the center of plates containing 2% malt ex-
tract agar. Three replicate plates were prepared for each
isolate, In addition, cycloheximide tolerance of isolates
was glso examined at different concentrations (0, 0.05,
0.1, 0.5, 1.0, 2.5, and 5.0g/L). Coleny diam on each
plate was measured after 1 wk of incubation at 20°C,
and growth rates weare calculated as mmi/d.

Taxonomy

The unidentified Leptographium species was compared
with all accepted Leptographium species and found to be
maost similar to L. truncatum (M. J. Wingf. & Marasas)
M. J. Wingf, (Wingfield and Marasas, 1883)., Lep-
tographium truncatum has been collected from Japanese
red pine killed by the pine wood nematode Sursaphelen-
chus xylophilus (Steinar & Buhrer) in Japan (Kaneko and
Harrington, 19901, Recently, Strydom et al. {1997} ne-
atypified L, fundbergi and proposed that L. truncatum is
a synonym of L. fundbergli based on rDNA-ITSZ2 se-
quence data. In this study, we follow the taxonomy of
Strydom et al. [1987).

The unidantified Lepfographivm species was com-
pared with four cultures of L. fundbergii [Table 1). We
were thus able to distinguish the unidentified Lep-
tographium species from L. fundbergdf based on morpho-
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Figs. 2-8. Marphological characteristics of Leptographivm pini-densifioraa,
2. Colonies on MA grown for 2 wk at 20°C. 3. Mycelial strands. 4. Conidiophores in group.
phore farrows). B, Conidicgenous cells showing the appearance of sympodial development (arrow),
8. Hyaline, obleng to ellipsoid, sometimes clavate conidia with rounded apices and rounded 1o subtruncate bases.

5. Primary branches of conidio-
7. Rhizoids at the bases of

conidiophoras,
Scale bars=50 pmin Figs. 3, 5: B pm in Figs, 4, 6-8.
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Figs. 9-11. Scanning electron micrographs of conidiogenous
cells and conidia of L. pinf-densifioras.
9. Conidiogenous apparatug. 10. Conidiogenous calls
showing percurrent proliferation. 11. Conidia with sub-

truncate basas.
19,11,

Scale bars=10 pm in Fig. 9; 5 pm in Figs.

logical characteristics, growth rate, and cycloheximide
tolerance. This Leptographim species isolated from £
densiflora in Japan is, therefore, described below as a
rew species.

Leptographium  pini-densiflorae Masuya & M. J,
Wingfield, sp. nov. Figs. i-11
Coloniae in 2% agaro maltoso primo hyalinas, dein
pallide olivaceae, hyphis aeriis abundantibus formantes.
Mycelia recta vel curvata, in superficie medii radiatim
divaricatae vel in medium immersa, hyalina vel pallide
brunnea, interdum brunnea, verrucosa, 1.5-12 em diam
ax hyphis separatim vel plerumgue 312 subparallele rep-
tantibus composita, Hyphae aeriae hyalinae vel pallide
brunneae, interdum wverrucosae. Conidiophora macro-
nematosa, mononematosa, e latere hyphorum  sin-
gulariter vel saeps laxe aggregatim exorientia. Rhizoidea
basi conidiophororum evalventia, sed in hyphis aariis nul-
la. Stipites erectus, pallide brunnei vel atro-brunneai, 1—
G-saptati, 32-190 -320) ym longi, ad basim 3-10.5 lati.
Apparatus conidiogeni 22-80 #m longi masse conidica
exclusi, ex ramis 3-5 (plerumgue 3-4} seriatis con-
stantes; rami primarii usque quatuor sed plerumgue duo
inter se adjacentes, ramus centralis distinctus nullus, 6-
24 % 2-6.4 ym. Cellulae conidiogenae discretas, hyali-
naa, sursum attenuatas, 5.3-13 (-16.2) = 1.1-2.6 tm.
Conidiogenesis holoblastica, percurrens, per separa-
tionem retardatam ut in proliferatione sympodiali visa.
Conidia hyslina, oblonga vel ellipsoidea, interdum clava-
ta, apice rotundata, basi rotundata vel subtruncata, 2.6-
8.3 (=131 0.9-3.0 pm, circa apparatum conidiogenum
in massa hyalina mucilaginosa accumulata.
HOLOTYPUS: FPH (TFM =) 7389; colonia exsiccata
in cultura ex ligno Pini densiflorae, Tsukuba-shi, |baraki
Pref, Japonia, 27 Maiusg, 1936, a H. Masuya isolata.
Colonies at first hyaline becoming light olivaceous,
aarial hyphae abundant on 2% malt extract agar (Fig. 2).
Mycelia straight or curved, spreading radially on the
medium and immersed in the medium, hyaline to pale

._.
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Fig. 12, Mean growth rate {mmid+standard error) of Lep-
tographium  pini-densifiorae (MAFF410887, 410862,
4108683, 410864, 410885, 410886) and L. fundbergi
ICMW 28, 30, 2398, 2408) on malt extract agar a8t various
IE'ITIpE‘FHlIJI'ES.

O L undbergii. @ L, pinFdensiflorae.
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Table 2. Growth rates of Leptographium pini-densiflorae and L. lundbergii on malt extract agar supplemented with various concentra-

tions of cycloheximide.

Concentrations of cycloheximide (g/L)

Spacies e ——— = — —

0 0.08 0.1

L. pini-densiflorae
L. lundbergi®

6.4 (0.1 5.8(=0.2)

B.7120.2)
130122291 124 (£2.3) 126131

0.5 1 2.8 i

5.4(=0.2) 5.2 (=0.2) 4.8 1=0.2) 4.2 [=0.2)
1B (28 108(£2.2) B88(£22) 7520

sl MAFF410861, 410862, 410863, 410864, 410865, 410866,

bl CMWZ2E, 30, 2398, 2408.

o} Growth rates represant the means of three measurements of gach culture grown at 15°C, shawn in mm/d { =standard error),

brown, sometimes brown, verrucose, 1.5-12 pm diam,
occurring singly or aggregated in strands of 3-12 hyphae
(Fig. 3}; aerial hyphae hyaline 1o pale brown, someatimes
verrucose, Conidiophores macronamatous, monongma-
tous, arising laterally from hyphae, single but often also
in loosely arranged groups on the hyphae (Figs. 1A , 41,
with rhizoidal hyphae at the bases (Fig. 7], but not deve-
loped on aerial hyphae, Stipes erect, pale brown to dark
brown, 1-6-septate, 32-190 (-324) {x=86.3] xm long
and 3-10.5 (x=6.2) #m wide at base (Fig. 4). Conidio-
genous apparatus 22-80 (x=46.5) pm long lexcluding
conidial mass) consisting of three to five but mostly three
or four series of branches (Figs. 5, 9). Up to four prima-
ry branches present but mostly two adjacent to each
other without a distinct central branch, 6-24x 2-G6.4
(x=13= 4} pm, Conidiogenous cells discrete, hyaline,
tapering from base to apex, 5.3-13 (-16.2) % 1.1-2.6
(x=10=1.6) pm (Fig. B). Conidium development
replacament wall building with holoblastic ontogeny and
percurrent ontogeny, but with delayed separation giving
a false appearance of sympodial proliferation (Figs. 6,
10}. Conidia hyaline, oblong to ellipsoid, sometimes cla-
vate, with rounded apices and rounded to subtruncate
bases (Figs. 1B, 8, 11}, 2.6-8.3 (-13) 2 0.9-3.0 (x—=4.9
% 1.8) pm, accumulating around the conidiogenous
apparatus in a hyaline mucilaginous mass.

The growth rate of colonies on 2% malt extract agar
5.4~-7.2 (x=6.4) mm/d at 20°C. Growth reduced at tem-
peratures below 20°C and above 30°C, and no growth
occurred at 4°C. The fungus is tolerant to cyclohex-
imide, with growth at 20°C reduced by approximately
65% on 2% malt extract agar containing 5.0g/L eyclo-
heximide (Table 2).

HOLOTYPE: FPH (=TFM) 7389, dried culture of
MAFF410861 (JCM10479) from Tsukuba, Ibaraki Praf,,
Japan, on Finus densiffora infested by Tomicus piniper-
dfa, isolated by H. Masuya on 27 May 1926, from conidial
mass.

PARATYPE: FPH (TFM) 7390, dried culture of
MAFF410865 (JCM10480) from Masuho, Yamanashi
Pref., Japan, on Pinus densiffora infested by Tomicus
piniperda, isolated by H. Masuya on 15 May 1998, from
conidial mass,

ETYMOLOGY: pini-densiflorae=of Pinus densiflora
in Latin.

Of all accepted Leptographium species, L. pini-densi-
florae is morphologically most similar to L. lundbergii. It

can, however, be distinguished from the latter species
based on a number of morphological characteristics.
The most obvious of these is the fact that L. lundbergii
has conidia with distinctly truncate bases. This is in
contrast to the rounded to sub-truncate conidial bases in
L. pini-densifiorae. In addition, the mean length of the
conidiophores of L. pini-densiflorae (110 pm) is less than
that of L. fundbergii {180 pm).

The culture characteristics of L. pini-densifiorae are
very distinct from those of L, lundbergii. Cultures of L.
pini-densiflorse are light olivaceous, 12k (Rayner,
19701, whereas those of L. fundbergii are dark mouse-
grey, 167k (Rayner, 1970). Isolates of L. lundbergii
also grow on 2% malt extract agar more rapidly than do
those of L. pini-densifiorae (Table 2). In addition, the
farmer fungus has an optimum temperature for growth
between 20 and 25°C and is unable to grow at 35°C,
whereas the latter fungus displays optimum growth be-
tween 25 and 30%C and is also able to grow at 35°C
[Fig. 12}.

Many species of Leptographium are known 10 cause
blue-stain of the sapwood in lumber {(Gibbs, 1283, and
some cause root disease in standing trees (Harrington,
1988; Wingfield et al., 1988). In a preliminary inocula-
tion test, L. pini-densifforae showed no effect on the
health of five-year-old P, densiflora seedlings {our unpub-
lished datal, and we thus presume that the fungus is not
a primary pathogen. At this stage, we believe that the
fungus causes sap stain only, which is typical of many
Leptographium species.

Masuya et al. (1998} isolated L. pini-densiflorae from
the pine shoot beetle T, piniperda, although the frequen-
cy of isolation was low. [t is thus possible that this fun-
gus is an accidental associate of T. piniperda, rather than
being closely linked to the biology of the insect. Future
studies are planned to consider the vector relationships
of the fungus and its pathogenicity to healthy trees,
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