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Molecular markers for a Trichoderma harzianum biological control
agent: introduction of the hygromycin B resistance gene
and the p-glucuronidase gene by transformation
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Abstract A biocontrol isolate of Trichoderma
harzianum was transformed with plasmids
conferring hygromycin B (HYG) resistance (pAN7—
1) and P-glucuronidase (GUS) activity (pNOM 102).
Of 20 HYG-resistant transformants (pAN7-l), 16
had single integrations of vector, in four of which
vector DNA had integrated at the same site in each
transformant, possibly in tandem. Two transformants
had DNA integrations at two independent loci and
in the remaining two transformants, vector had
either integrated at two sites, or had integrated at a
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single site in tandem. Following single spore
isolation, five transformants were mitotically stable
after five rounds of sporulation and indistinguishable
from the wild type. Growth rates were variable. Co-
transformation of T. harzianum with both plasmids
resulted in 50% of transformants exhibiting GUS
activity. Of 13 transformants, only two (XTH3.9.3
and XTH3.24.1) retained GUS activity following
single spore isolation. These two transformants were
mitotically stable and morphologically
indistinguishable from the wild type. The growth
rate of XTH3.9.3 was not significantly different
from that of the wild type, whereas that of XTH3.24.1
was significantly lower. Biocontrol ability of
XTH1.14 (HYG-resistant) and XTH3.9.3 (GUS-
positive/HYG resistant) transformants was
indistinguishable from that of the wild type,
indicating the feasibility of using transformants to
analyse biocontrol agent fitness and mechanisms of
biocontrol.
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INTRODUCTION

Many isolates of Trichoderma have been identified
which are effective biological control agents (BC As)
of fungal plant pathogens (Chet 1987). Their
antagonistic behaviour has been attributed to
mycoparasitism which relies on the production of
chitinases, p(l—3)glucanases, and proteases (Elad
et al. 1983), and antibiosis through the action of both
volatile and non-volatile antimicrobial compounds
(Dennis & Webster 1971 a,b). However, the potential
of Trichoderma BCAs has rarely been realised,
failing to deliver sustainable control in large-scale
glasshouse or field trials. The failure of a potential
BCA isolate during such a trial is not usually
accounted for, probably because of a lack of
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information on the fitness and survival of the BCA
inoculum. To understand the dynamics of a BCA
population in an interactive biological environment
and its fluctuations over time, the particular isolate
of interest has to be monitored carefully and its
interactions with other soil, phylloplane, or
fructoplane microflora analysed. Monitoring
requires the unambiguous differentiation of the
BCA isolate from resident mycoflora. Assignment
of a Trichoderma isolate to an infrageneric taxon is
difficult since it relies on differentiation between
confusing morphological traits. It can, therefore, be
highly subjective and until recently, species
aggregates, ratherthan species, have been delineated
within the genus (Rifai 1969). Bissett (1984;
1991a,b) re-evaluated infrageneric relationships
with the introduction of sections (analogous to the
aggregates of Rifai 1969) and species within the
sections. The identification of any isolate still
remains difficult especially for the inexperienced
taxonomist, and tracing a single isolate within a
complex ecosystem is impossible. Therefore, a
reliable method of isolate differentiation is required.
The identification of markers inherent to the genome
of the fungus (Bowen et al. 1996) or the introduction
of molecular markers by transformation would
enable reliable isolate differentiation.

Transformation of the members of different
species aggregates of Trichoderma has been well
documented. For example, Penttila et al. (1987)
transformed the cellulolytic fungus T. reesei E.
Simmons and several groups have transformed
biological control isolates of T. harzianum Rifai, T
hamatum (Bon.) Bain, and T. viride Pers. ex. S.F.
Gray (Goldman et al. 1990; Herrera-Estrella et al.
1990; Sivan et al. 1992; Ulhoa et al. 1992).

T. harzianum isolate Ml057 was chosen as a
model with which to assess the suitability of using
transformation to differentiate a BCA. Ml057 is an
isolate which is an active biological control agent of
Armillaria novae-zealandiae (Stevenson)
Boesewinkel and A. limonea (Stevenson)
Boesewinkel, when used within a bulked biological
control formulation containing several BCAs (Hill
1991). Armillaria causes damaging disease on both
kiwifruit (Actinidia deliciosa (A. Chev) C.F. Liang
et A.R. Ferguson var. deliciosa) and Pinus radiata
D. Don in New Zealand. Following in vitro studies
of antagonism by individual isolates, initial field
experiments (Hill 1991; Cutler & Hill 1994)
indicated that the bulked BCA formulation was
effective against Armillaria in kiwifruit orchards
and P. radiata plantations. A number of formulations

were tested for use in kiwifruit orchards including
applications of gels and pastes to infected vines and
shelter trees, application to the soil and injection of
suspensions directly into infected plants. Treatment
of A radiata involved immersion of seedlings in a
slurry of Trichoderma and an anti-dessicant gel.
Initial results indicated prevention of infection in
kiwifruit (Cutler & Hill 1994) and P. radiata (Hill
1991). The ability to monitor the establishment and
persistence of the BCAs from the bulked
formulation, once inoculated in the field, would
enable the future use of those antagonistic isolates
most suited to survival in the appropriate niche.
This in turn would enable optimisation of control.
Marking will therefore enable questions regarding
the survival of the BCA and the effectiveness of
delivery strategy to be answered.

MATERIALS AND METHODS

Fungal isolates
T. harzianum, isolate M1057, was obtained from Dr
Robert Hill, The Horticulture and Food Research
Institute of New Zealand Ltd, Ruakura, New
Zealand. T. harzianum wild type and transformants
were cultured on potato dextrose agar (PDA; Difco
Laboratories, Detroit, MI, United States) at 25°C
under a 12 h light/dark regime, the light provided by
a TLD 18W/08 "blue/black" and a TL 20 W 33 RS
fluorescent tube (Philips New Zealand Ltd,
Auckland, New Zealand). The minimum inhibi-
tory concentration of hygromycin (HYG) on the
mycelium and conidia of the wild type isolate was
found to be 200 ug/ml and no P-glucuronidase
(GUS) activity was exhibited by the wild type
fungus (Bowen unpubl. data). Sclerotium rolfsii
Saccardo, International Collection of Micro-
organisms from Plants (ICMP) 11614 (isolated
from Allium ascalonicum Linnaeus at Pukekohe,
New Zealand, 1993), was cultured on PDA at 37°C
in the dark.

Bacterial strains and plasmids
The plasmids pAN7-l (Punt et al. 1987) and
pNOM102 (Roberts et al. 1989) were used during
transformations. pAN7—1 carries the gene for HYG
resistance (hygromycin B phosphotransferase) as
selectable marker and pNOM102 carries the gene
for GUS. Plasmid amplification and preparation,
using the Escherichia coli strain DH5a (Life
Technologies Inc., Gaithersburg, MD, United States)
followed routine protocols (Sambrook et al. 1989).


