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Transformation of Mutualistic Fungal
Acremonium Endophyte

Ahmad Yunus, Yuki ichinose, Tomonori Shiraishi
and Tetsuji Yamada
(Department of Biological Function and Genetic Resources Science)

Conditions have been developed for transforming protoplasts of the Acremonium
endophyte by PEG 4000 and electroporation. Transformation by PEG exhibited a
higher number of transformants than by electroporation. Integration of iaaM gene

into the genome was examined by PCR and Southern blot hybridization analysis. PCR

product showed that transformants banded at around 1.7 kb corresponding to the

size of iaaM gene. Hybridization of the digests of genomic DNA with iaaM gene as

DNA probe showed that the number of hybridized band signals was different

between transformant and non-transformant. These results might indicate that

PEG is an effective method for the transformation of Acremonium endophyte and

that there are repeated copies of the iaaM homologous sequences in the genome of

Acremonium.
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Introduction

Acremonium endophytes are asexual
filamentous fungi which form symbiotic associa-
tions with many cool season grass species'?.
They are strictly mutualistic, conferring consid-
erable benefits upon their grass hosts. These
include protection from drought, plant path-
ogens, and insect and mammalian herbivores, as
well as increased production of seeds and
biomass®*?. The endophytes are found in the re-
productive and vegetative tissues of the host
grasses. In natural associations they are not
known to cause disease or produce external
structures, and are transmitted within the seed of
their hosts?.

The Acremonium endophytes can be regarded
as, in some sense, analogous to the cellular or-
ganelles of many eukaryotes. Because of their
maternal line transmission in seed, the endo-

phytes are heritable components of the grass-

Acremonium sp., endophyte, transformation, iaaM gene, hph gene

fungus symbiota'®. However, unlike mitochon-
dria and plastids, they are not required for cellu-
lar functions of the plant. The endophytes con-
tribute biosynthetic capacity manifested, in part,
by the production of several classes of protective
metabolites'”. The effects of these metabolites
and of other benefits e.g., drought tolerance® that
are attributable to the endophytes can result in
ecological interdependence. Endophytes are
required for the ecological fitness of the grass
hosts and provide a dramatic enhancement of
competitiveness over plants that have had the

endophyte removed®,
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DNA, deoxyribonucleic acid; |AA, indole-3-acetic
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tryptophan; iaaM, gene encodes tryptophan 2-
monooxygenase; PEG, polyethylene glycol; HmB,
hygromycin B
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The endophytes are thought to have evolved
from Epichioe spp. (Ascomycetes), the causative
agents of ‘choke’ disease in grasses, and share
many similarities with them®'. Epichloe spp.
normally grow within the plant as an endophyte
but upon flowering inflorescence choke often
occurs. Choke is the result of a mycelial growth
on host leaf sheaths and inflorescences which
prevents seed production on affected tillers. The
sexual cycle of Epichive is completed upon the
stromata, at which stage ascospores are ejected
from mature perithecia and these are thought to
reinfect susceptible grasses'®,

A wide variety of microorganisms that live in
close association with plants either as parasites
or as symbionts have developed the capacity to
alter host physiological processes to their own
advantage. One example is that microbial path-
ogens use phytohormone to alter physiological
conditions in the host. Other examples are the
production of indoleacetic acid (IAA) and cyto-
kinin by Pseudomonas syringae pv. savastanoi,
Agrobacterium tumefaciens, and Agrobacterium
rizhogenes that cause plant neoplastic dis-
eases™ 519,

The production of IAA itself is widespread in
the plant kingdom, including bacteria and fungi,
although the amount of IAA production and its
biosynthetic pathway vary from one organism to
another. Most microorganisms carry the TAA
biosynthetic pathway from tryptophan (Trp)
through indole~3-pyruvic acid (IPA) and indole-
3~acetaldehyde (IAAld) as intermediates!®.

Pseudomonas syringae pv. savastanoi, a causal
agent of olive and oleander knot, produces
indole-3-acetic acid (IAA) from L-tryptophan
(IAM) as an
intermediate®'®, The so-called olive knot tumor,

(Trp) via indole-3-acetamide
is thought to result from abnormal plant cell
multiplication at the infection site as a host
response to the large amount of IAA produced by
this pathogen. The genes involved in IAA

biosynthesis in this pathogen are izeM, which
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encodes tryptophan monooxygenase, and iaaf ,
which encodes indoleacetamide hydrolase®. jaaM
and ieaH form an operon, with ieaM promoter
proximal. These genes are located on the plas-
mid, plAA, in oleander isolates of P. syringae pv.
savastanoi, but on the chromosome or the mega-
plasmid in olive isolates*'®, These observations
suggest that the genes for enzymes of the IAM
pathway in plant-associated bacteria have a com-
mon origin and have been widely distributed by
the horizontal transfer of inaM and iacH genes.
It has been speculated that IAA production in
these plant-associated microorganisms might
facilitate interaction with the host. This study
was designed to develop this concept in fungi,
too, The demonstration that Acremonium can he
transformed and that the marker genes
introduced were stably maintained®, opens the
way for using these fungi as a vehicle for
introducing ieaM gene into grasses. The ability
to transform Acremonium endophyte and the
development of efficient methods for introducing
the fungus back into the plant®, offers an alterna-
tive surrogate method to transform grasses. Once
the endophyte is established in the grass, the
taaM gene introduced will be maternally trans-
mitted as a consequence of invasion by fungal
hyphae of the ovule of the developing seed. Here
we present the methods of transformation of
Acremonium to introduce iaaM gene into the

Acremonium genome.,
Materials and Methods

Fungal strains

Acremonium strain TF 91006 and TF 91019 are
an isolate from Tall Fescue, Ti 91093 and Ti
92093 are an isolate from Timothi, strain no. 2 is
an isolate from Poa trivialis L.
Plasmids

pANS-1, pAN7-1, pDH25 and pTET40. These
plasmids were transformed into Escherichia coli
strain XLI Blue by standard procedures. Plasmid
DNA was isolated by the standard method as
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described® and purified by equilibrium centri-

fugation in CsCl-ethidium bromide gradient.
Growth of bacteria and fungi

Acremonium sp. was maintained on 2.4 9
potato dextrose agar (PDA) containing 20 xg/ml
chloramphenicol. Cultures were grown at 22 °C in
either liquid PD medium, or on solid PD medium.

FE. coli cultures were grown in LB medium sup-

plemented where necessary with ampicillin to
50 ug/ml
Enzymes

Restriction enzymes, alkaline phosphatase,
DNA ligation kit and DNA labelling kit were
obtained from Takara (Japan). Novozyme 234
was obtained from Novo Nordisk (Denmark).
Hybridization membranes were obtained from
Amersham (UK). Primers for amplifying iaaM
fragment and #Zph fragment were obtained from
Sawady (Japan).
Preparation of Acremonium Protoplast

Protoplasts were prepared using a modifica-
tion of the method as described'®. Fungal cul-
tures were grown in PD broth at 22 °C with gentle
shaking for 5-6 days, using ground fungal
mycelium from a plate culture as inoculum. The
mycelium was harvested by filtering through
sterile sintered glass funnel and washed with
sterile distilled water. Mycelium from a 100 ml
culture was resuspended in 15 ml of filter steril-
ized osmotic medium containing 10 mg/ml of
Novozyme 234. This mixture was shaken at
80 rpm for 6-7 hours at 30 °C until the culture
cleared and then transferred to centrifuge tubes
and overlaid with ST buffer (1 M Sorbitol; 100
mM Tris-HCI. Protoplasts were banded at the
interface of the two solutions by centrifugation at
750 X g for 5 minutes, Protoplast layers were
carefully removed to a new tube. The protoplasts
were washed once with 5 ml of STC buffer 1 M
Sorbitol; 50 mM Tris-HCI; 50 mM CaCl,. 2H,0)
by shaking gently and centrifuged at 100 X g for
5 minutes to remove hyphal debris. Supernatant
was collected and centrifuged at 750 X g for
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5 minutes or until protoplasts should form a
pellet in the bottom. Supernatant was discarded
and then the protoplasts were resuspended in 5 ml
of STC buffer and centrifuged at 750 X g for 5
minutes. The protoplasts were resuspended in 0.5
ml of STC buffer. The concentration of proto-
plasts obtained in these experiments was 1.8 X
107/ml.
Subcloning of iaqeM gene and hph gene into the
plasmid pANS§-1

To direct the expression of P savastanoi-iaaM
gene in Acremonium endophyte, a DNA fragment
of ieaM was inserted into the Neol site upstream
from phleomycin sequences in pANS8-1, a fungal
expression plasmid vector. This plasmid was
designated pAY1 as shown in Fig. 1. Further-
more, the hygromycin B phosphotransferase gene
(hph) under the control of an Aspergillus nidulans
trpC gene promoter and f#pC gene terminator
from pDH25 was inserted into the Xbal site
downstream from #7pC terminator in pAY1. This
plasmid was designated pAY?2 as shown in Fig. 2.

Fig. 1 Map of plasmid vector pAY1.

Restriction site for Ncol is shown. iaaM gene is
fused to the Aspergillus nidulans glyceraldehyde—
3-phosphate dehidrogenase promoter fragment
(Pgpd) and an A. nidulans trpC terminator
(TtrpC). iaaM gene was subcloned at Ncol site
upstream from the phleomycin in pAN8-1. Ap
indicates ampicillin resistance gene and phleo

indicates phleomycin resistance gene.
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Transformation of Acremonium protoplast by
40 9% PEG 4000

Transformation of Acremonium protoplast
was prepared using a modification of the proce-
dure as described'. 20 ul of a 40 9% polyethylene
glycol (PEG 4000) in a solution (50 mM CaCl,, 1 M
sorbitel, 50 mM Tris-HCI pHS8), 2 1 spermidine
(50 mM), 5 wl heparin (5 mg/ml) and 10 zg of
DNA (2 ug/ul in H,0) was added into 80 ul of
protoplasts in STC buffer. In the case of co-
transformation, pAY1 (20 ug) and pAN7-1 (2 ug)
were used. The solution was mixed gently and
incubated on ice for 30 minutes, then 900 ul of
40 % PEG was added and incubated at room
temperature for 15-20 minutes. 100 gl aliquots of
this mixture were put into 5 ml of molten 0.8 %
regeneration medium (at 50 °C) and overlaid onto
regeneration medium plate. The plate was in-
cubated at 25 °C overnight, then overlaid with
molten 0.8 9% agar containing an appropriate
amount of Hygromycin (200 rg/ml). Plate was
inverted and incubated in the dark at 22 “C for
4-7 days.

Xbal

Ptrpc TirpC

pAY2

TtrpC 10.6 kb

Xbal

Fig. 2 Map of plasmid vector PAY2,

Restriction sites for Ncol and Xbal are shown.
hph gene is fused to the Aspergillus nidulans trpC
gene promoter (PtrpC) and trpC terminator
(TtrpC). hph gene and its promoter and ter-
minator were subcloned at Xbal site down-
stream from the TtrpC. hph indicates
Hygromycin B resistance gene and amp indi-
cates ampicillin resistance gene.
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Transformation of Acremonium protoplast by
electroporation

We prepared Acremonium protoplasts using a
modification of the method as described'®, Proto-
plasts were washed free of media by centrifuga-
tion at 750 X g for 3 minutes, then resuspended in
100 pl sterile distilled water. Into the solution,
10 ug pAY1 with 2 ug pAN7-1 were added, and
another plasmid, pAY?2 (5 ug) was also used in
the separate electroporation. Before electropora-
tion, this mixture was incubated on ice for
5 minutes. The electroporation machine used was
a Bio-Rad Gene Pulser with a 5 Q resistor in
series with the sample chamber, 100 x4l of proto-
plasts were mixed with these plasmids and then
electroporated once at voltage 2.0 kV, capacitan-
ce 25 4 FD and resistance 400 Q. After electropor-
ation, all of the aliquots were put into 5 ml of
molten 0.8 94 regeneration medium and overlaid
onto regeneration medium plate. The plate was
incubated at 25 ‘C overnight and then overlaid
with 0.8 % agar containing HmB (200 xg/ml).
Plate was incubated at 22 °C for 4-7 days.
Preparation of Acremonium genomic DNA and
Southern blot hybridization

Genomic DNA was prepared from freeze-dried
mycellium (60 mg) of each strain by the mini-
preparation procedure as described'?, except the
mycelium was first ground to a powder in liquid
nitrogen. Ground lyophilized mycellium (40-60
mg dry) was put into a 1.5 ml microcentrifuge
tube to one-third up the conical portion. To the
microcentrifuge tube 700 ul of lysis buffer
(50 mM Tris-HCI pH 7.2; 50 mM EDTA; 3 %
SDS; and 1 9% Z2-mercaptoethanol) was added
and vortexed so the mixture was homogenous;
the mixture was incubated at 65 ‘C for 1 hour.
The mixture was centrifuged at 10,000 rpm for
15 minutes at room temperature. 500 to 600 w1 of
aqueous phase containing the DNA was removed
to a new tube and 700 1 of chloroform: TE (10
mM Tris-HCI pH 8.0 and 1 mM EDTA)-saturat-
ed phenol (1:1, v:v) was added, and vortexed
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briefly. The mixture was centrifuged at 10,000
rpm for 15 minutes at room temperature. Aque-
ous phase containing the DNA was removed to a
new tube and 50 gl of 3 M sodium acetate was
added, followed by 2x volumes of isopropanol,
and vortexed. After the centrifugation of the
mixture at 10,000 rpm for 15 minutes at room
temperature, the supernatant was discarded, and
the pellet was rinsed once with 70 9% ethanol.
Tubes were inverted to dry them and placed in a
vacuum oven at 37 "C for 10 minutes or until dry.
Pellet was then resuspended in 100 xl of TE. To
avoid the presence of excess polysaccharide in
the preparations, very young cultures of the fun-
gus were used for DNA preparations.

Genomic DNA (15 pg) was digested overnight
with FecoR1 restriction enzyme (5-10 U per ug of
DNA). The DNA fragments were separated by
electrophoresis on 0.8 9% agarose gel. After
electrophoresis, the agarose gel was depurinated
in 0.25 M HCI with gentle shaking until the dyes
changed colour. Agarose gel was rinsed with
distilled water and soaked in denaturation buffer
(1.5 M NaOH; 0.5 M NaCl) so to completely
cover the gel, and left for 20 minutes at room
temperature with shaking. Gel was rinsed with
distilled water and placed on top of the wet
Hyhond N* membrane, the wet 3MM papers then
placed on top of the gel. Buffer (0.4 N NaOH) was
drawn from a reservoir and passed through the
gel into a stack of paper towels. DNA was trans-
ferred from the gel by the moving stream of
buffer, and was deposited on a nylon membrane.
After 4 hours, the 3MM papers above the gel
were removed, then the membrane was rinsed
with distilled water and placed on a paper towel
to dry for 10 minutes at room temperature. The
membrane was covered with kitchen wrap, then
put in a vacuum oven at 80 °C for 30 minutes to
1 hour. Pre-hybhridization (2-4 h) and hybridiza-
tion (16-20 h) with **P-labelled izaM gene probe
were carried out in the aqueous hybridization
buffer according to the manufacturer’s instruc-
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tions.
Results and Discussion

Transformation of Acremonium endophyte

To examine the plasmid vector which could be
integrated into the Acremontum genome, trans-
formation was performed using pAN7-1, pANS§-1
and pDH25. Transformation of Acremonium
protoplasts strain no. 2 with pDH25 and pAN7-1
gave 100-190 and 90-190 transformants, respec-
tively, while pAN8~1 gave 40-60 transformants
after 2 weeks incubation (Table 1). To determine
the integration of these plasmids into the genome
of transformant, hygromycin B resistance gene
(hph) from genomic DNA of transformant was
amplified by PCR with appropriate primers. The
result of the PCR showed that transformants
have a signal of about 560 bp, corresponding to
the size of the /Zph gene, indicating that these
plasmids (pAN7-1 and pDH25) had integrated
into the genome of these transformants (Fig. 3).
Transformation of Acremonium protoplast by 40
% PEG 4000

Transformation of Acremonium protoplast of
strain TF 91006 and TF 91019 with pAY1 (10 ug)
gave 4 and 200 transformants, respectively, while
strain T1 91093 and no. 2 gave no transformant on
the selection medium containing phleomycin. For
co-transformation with pAY1l (20 ug) and
pANT7-1 (2 pg), strain TF 91006 and TF 91019
gave 6 and 200 transformants, respectively. How-
ever, strain Ti 91093 and no. 2 gave no transfor-

Table 1 Plasmid transformation of Acremonium proto-
plast
Transformant
Plasmids
Plate pDH?25 pANT-1 pANS-1
1 100 190 50
2 180 90 60
3 190 45

—:plate was contaminated.
Transformation by PEG 4000
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mant on the selection medium (Table 2). No
transformant was observed on plates for strain
Ti 91093 and strain no. 2, probably due to inade-
quate conditions of protoplasting. On the other
hand, transformation of strain Ti 91093, Ti 92093
and TF 91006 with pAY?2 (5 xg) gave 107, 12 and
96 transformants, respectively (Table 3).
Transformation of Acremonium protoplast by
electroporation

To establish electroporation procedure, we
investigated the best conditions for capacitance,
resistance and electric field strength. The opti-
mal condition of electroporation for Acremonium

1234567

Fig. 3 Amplification of hph gene from the Acremonium
genome. Non transformant (lanse 1-3 and 5-6)
showed no band at 560bp, while transformants
(lane 4 and 7) generated a single band at 560
bp, the size of hph gene when amplified by appro-
priate primers.

Table 2 Transformation of Acremonium by PEG 4000

Transformant
Strain Transformation  co-transformation
TF 91006 4 6
TF 91019 200 200
Ti 91093 0 0
Strainno. 2 0 0

Transformation: using (only) one plasmid (pAY1)
co-transformation: using two plasmids (pAY1 and pAN
7-1)
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protoplast was as follows; resistance 400 Q,
capacitance 25 uFD and electric field strength
2 kV/em. For this condition, about 60 9% of
Acremonium protoplast could regenerate on the
regeneration medium after subjection to
electroporation. Different types of plasmids such
as pAY1, pAY?2 and pAN7-1 were electroporated
into Acremonium. Electroporation with pAY?2
(5 ug) into strain TF 91006, T1 91093 and Ti 92093
gave. 37, 3 and 3 transformants, respectively
(Table 3). Co-transformation by eletroporation of
Acremonium protoplast with pAY1 (10 xg) and
pANT7-1 (2 ug) into strain TF 91006, Ti 91093 and
no. 2 gave 6-8, 20-23 and 0-2 transformants,
respectively, whereas strain TF 91019 gave 46
and 200 transformants (Table 4).

To determine the integration of JaaM gene into
the genome, the DNA fragment of ieaM gene was
amplified by PCR. The size of PCR products of
most transformants was around 1.7 kb, indicating
that the ieaM gene had integrated into the
Acremonium genome (Fig. 4), On the other hand,

non-transformant also has a band at around

Table 3 Transformation of Acremonium protoplast

using pAY2
Transformant
Strain PEG 4000 Electroporation
TF 91006 96 37
TF 91019 107 3
Ti 91093 12 3

Table 4 Co-transformation of Acremonium by electro-

poration
Transformant
Strain Electroporation I  Electroporation 11
TF 91006 6 8
TF 91019 46 200
Ti 91093 20 23
Strain no. 2 2 0

Two electroporations were done for each of the strain of
Acremonium, protoplasts were plated onto regeneration
medium over night and then overlaid with molten 0.8 %
containing 200 gg/ml HmB.
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1.7 kb. Non-transformant of Acremonium might
naturally contain iaaM gene.
Molecular analysis of transformant

To confirm the integration of ieaM gene into
the genome and to determine the copy number of
integrated iaaM gene in the transformants, DNA
from 8 representative transformants were digest-
ed with EecoR]1, an enzyme that does not cut taaM
sequence. Then Southern blot hybridization anal-
ysis was performed with a probe of **P-labelled
waaM . Hybridizing signals concomitant with both
the size and number of fragments among these
transformants were observed, but there were
some differences between non-transformants and
transformants. The results for the FcoR1 digests
are shown in Fig. 5. Transformant of a strain TF
91006 lane 2 (transformation by PEG), lane 3
(co-transformation by PEG) and lane 4 (co-
transformation by electroporation) showed three
hybridization signals with equal intensity corre-
sponding to fragments of about 4 kb, 6 kb and 9
kb in size, indicating that integration of iazaM
gene had occurred into at least three sites in the
genome, or they might be intrinsically hybridiz-
ing bands. Non-transformant of a strain TF 91006
showed four hybridization signals of about 4 kb,
5 kb, 9 kb and 21 kb; it is possible that repeated
copies of ‘aaM gene were found in the genome.
Transformant of a strain TF 91019 (lane 6 and 7,
transformation by PEG) and lane 8 (transforma-

1.7 kb

Fig. 4 Amplification of iaaM gene from the Acremonium
genome. Most transformants generated a band
at around 1.7kb, the size of iaaM gene. Lane 1
is iaaM gene, lane 2 shows ampification of iaaM
gene from the genome of non-transformant, lane
3-13 show amplifications of iaaM gene from the
genomes of transformants.

Transformation of Acremonium 105

tion by electroporation) showed four hybridizing
signals of about 4 kb, 6 kb, 9 kb and 22 kb,
suggesting that iaaM gene has integrated at four
sites in this transformant, whereas non-transfor-
mant of a strain TF 91019 had two hybhridization
signals corresponding to fragments of 22 kb and
7 kb in size, indicating the presence of iaal gene
at two sites in the genome. The results here
indicate that the iaaM gene which has integrated
in the transformants also derived from these
transformations.

12345678

Fig. 5 Hybridization of iaaM to genomic DNA digests of
transformants and non-transformants. Auto-
radiograph of a Southern blot of EcoRl digests
of genomic DNA hybridized with *¥P-labelled
iaaM gene. L.ane 1, non-transformant of a strain
TF 910086; lane 2, transformant of a strain TF
91006 (transformation by PEG 4000); lane 5,
transformant of strain TF 91006 (co-
transformation by PEG 4000); lane 4, trans-
formant of strain TF 81006 (co-transfor-
mation by electroporation); lane 6, non-trans-
formant of a strain TF 91019; lanes 7 and 8,
transformant of a strain TF 21019 (transfor-
mation by PEG 4000); lane 8, transformant of
strain TF 910189 (co-transformation by elec-
troporation).



106 Yunus et al.

Acknowledgements

We thank Dr. Richard Oliver (School of Biological

Sciences, University of East Anglia, UK) for provision of

plasmid vector pAN7-1 and pANS8-1 and Dr. Yasuo Itoh

(Faculty of Science, Shinshu University) for typing the

transformation procedures. We are much indebted to Dr.

Takashi Tsuge (Faculty of Agriculture, Nagoya Univer-

sity) for providing a plasmid vector, pDH25. This work

was supported in part by a grant for "Frontier Research

for

the Creation of New Industries” provided by the

Japanese Ministry of Agriculture, Forestry and Fisheries.

[az]
—r

o
——t

73

References

Arachevaleta, M., W.C. Bacon, C.8. Hoveland and D.
E. Radcliffe : Effect of the tall fescue endophyte on
plant response to environmental stress. Agronomy J.,
81, 83-90 (1989}

Clay, K. : Fungal endophytes of grasses. Annu. Rev.
Ecol. Syst., 21, 275-297 (1990

Comai, L. and T. Kosuge : Cloning and characteriza-
tion of daadd, a virulence determinant of Pseudomonas
savastanoi. J. Bacteriol., 148, 40-46 (1982)

Comai, L. and T. Kosuge : Metabolic regulation in
plant pathogen interactions from the perspective of
the pathogen. In : Asada, Y. et al. (eds) Plant Infec-
and DBiochemica Basis.
Springer-Verlag, New York, pp 175-186 (1982)
Latch, G.C.M. and M.J. Christensen : Artificial infec-
tion of grasses with endophytes. Ann. Appl. Biol., 107,
17-24 (1985)

Murray, F.R., G.CM. Latch and D.B. Scott : 1992.
Surrogate transformation of

tion, The Physiological

perennial ryegrass,
modified

1-9

Lolium  perenne, using genetically
Acremonium endophyte. Mol. Gen. Genet., 233,
(1992)

Rice, J.S., B.W. Pinkerton, W.C. Stringer and D.J.
Undersander
affected by fungal endophyte. Crop Sci., 30, 1303-1305
{1990)

Sambrook, J., EF, Fritsch and T. Maniatis : Molecu-

Seed production in tall fescue as

lar Cloning. A Laboratory Manual, 2nd ed. Cold
Spring Harbor Laboratory Press, Cold Spring Har-
bor, NY, pp 21-100 (1989)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Sci. Rep. Fac. Agr. Ckayama Univ. Vol. 87
Schardl, C.L., .S, Liu, J.F. White Jr., R.A. Finkel, Z.
Q. An and M.R. Siegel : Molecular phylogenetic rela-
tionships of non pathogenic grass mycosymbionts and
clavicipitaceous plant pathogens. Plant Syst. Evol,,
178, 27-41 (1991)

Scott, D.B. and C.L. Schard! : Fungal symbionts of
grasses : Evolutionary insights and agricultural poten-
tial. Trends Microbiol., 1, 196-200 (1993)

Siegel, M.R., G.C.M. Latch, L..P. Bush, F.F. Fannin, D.
D. Rowan, B.A. Tapper, C.W. Bacon and M.C. John-
Alkaloid
accumulation and aphid response. J. Chem. Ecol., 186,
3301-3315 (1990)

Siegel, M.R. and C.L. Schard! ;: Fungal endophytes of

son : Fungal endophyte-infected grasses :

grasses : detrimental and beneficial associations. In :
Andrew, J. H. and S. S. Hirano (eds) Microbial Ecol-
ogy of Leaves, Springer Verlag, Berlin, pp 198-22]
(1991)

Southern, EM. :
among DNA fragments separated by gel electrophor-
esis. J. Mol. Biol. 98, 503-517 (1975

Vollmer, S.J. and C. Yanofsky : Efficient cloning of

Detection of specific sequences

genes of Newrospora crassa. Proc. Natl. Acad. Sci.
USA., 83, 4869-4873 (1986)

Yamada, T., T. Nishino, T. Shiraishi, T. Gaffney and
F. Roberto : The role of indoleacetic acid biosynthetic
Patil, S.8. et al. (eds)
Molecular strategies of pathogens and host plants,

genes in tumorigenicity. In :

Springer-Verlag, New York, pp 83-94 (1991)
Yamada, T., P.D. Lee and T. Kosuge :

sequence elements of Pseudomonas savastanoi: nu-

Insertion

cleotide sequence and homology with Agrobacteriim
tumefaciens transfer DNA. Proc. Natl. Acad. Sci.
USA., 83, 8263-8267 (1986)

Yamada, T. : The Role of Auxin in Plant-Disease
Development. Annu. Rev. Phytopathol,, 81, 253-273
(1993)

Yelton, M.M., J.E. Hamer and W.E, Timberlake :
Transformation of Aspergillus nidulans by using a
trpC plasmid. Proc. Natl. Acad. Sci. USA,, 81, 1470-
1474 {1984)

Yoder, O.C. : Cochliobolus helevostrophus, cause of
southern corn leaf blight. Department of Plant Pathol-
ogy, Cornell University, Ithaca, New York, USA, pp
93-112 (1988)



February 1998 Transformation of Acremonium 107

HABE POLESYL TV F7 74 b OB

TP A—FX-—i BH -BHE K- UH AR
(=4hHksE - BIEABERRS)

TV E=TLLY P77 4 FDIHEROFNEZHH L, T7vE=TA2y F7574 b6 70 b
TTANEWBL, PEG 4000 v 7 Fa v — g » BV A A7z, FORE, PEG TF
T2 s, v 7ol —r a3 VI A38A L0 L4 CoREER AR>S Lz, PCRIBITIC L - €
iaaM WHURT-D 7 ) LADBAFMEL L 72 & 25, B ERo PCR YT daaM MET- O 4 XISy
FTAHEHIL. Tk DX FEE - Tz, —H, faaM BHET-% 7 a—7k Uiz 7oy MMl B vt
IR IR & JEI R R A D IZ I N4 7)) 74 XL W BUS BB 5 Z W L L e o 22, Lo
mwm,”ﬁv%‘ﬁAle 74 P OIHERIC I PEG iR Th b L, T2V E=T252 F

7A MDY LCE daaM BRIV AL 2 E DT A 2 2RIEL T B,





