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Abstract   The rust fungus, Melampsora hypericorum,
is a biological control agent for the weed tutsan (Hy-
pericum androsaemum).  Rust infection occurs read-
ily on some tutsan populations but not others.  Rea-
sons why this was occurring were investigated.
Urediniospores were the only spore type found and
these had a distinct, compact ornamentation on the
spore surface, where a conical projection was supported
by a broader warty base.  Four rust isolates from Vic-
toria were all genetically different by RAPD-PCR.  All
tutsan populations tested (two from New South Wales
and four from Victoria) were genetically different by
RAPD-PCR.   In a cross-inoculation trial in controlled
conditions with all four rust isolates and five tutsan
provenances, Myrtleford tutsan plants were most sus-
ceptible to infection and the Nursery rust isolate the
most virulent.  Infection of plants only occurred when
the temperature was at 20°C, not 15 - 25°C.  The lack
of infection in some tutsan populations is probably due
to variations in rust virulence and tutsan susceptibil-
ity, with these probably being genetically determined.

INTRODUCTION

Biological control of weeds by fungi has potential ben-
efits as part of an integrated control program.  An in-
troduced rust fungus, Melampsora hypericorum (de
Candolle) Winter attacked the weed Hypericum
androsaemum L. in 1991 in the Otway Ranges in south-
western Victoria (McLaren et al. 1997).  Tutsan was
once a very common and invasive weed there, yet now
it is extremely difficult to find (McLaren et al. 1997).
Since then attempts to use the rust as a biological con-
trol agent have had mixed results with some
populations of plants not readily infected in the field
where the rust was deliberately introduced.  The cause
of this was sought in this study.  The infection process
of the rust and genetic differences in the tutsan
populations and rust isolates were investigated.

MATERIALS AND METHODS

Pathogenicity of the rust   Tutsan plants were grown
from seed or cuttings.  Common Hypericum species
(e.g. Hypericum calycinum L.) were obtained from
cuttings, tube seedlings or established plants in 250
mm pots.  Two concentrations of spore suspension (1
× 106 and 1 × 103 spores mL-1) of Tarra-Bulga rust
were applied to various tutsan populations and other
Hypericum species. In each case the spore suspension
was made by shaking rust-infected leaves or spores
collected with a cyclonic spore collector for 6 hours
with 0.1% Tween® 20.  Spore concentration was quan-
tified on a haemocytometer.  The spore suspension was
applied to wet the foliage thoroughly.  Control plant
leaves were treated with Tween® 20 at 0.1% (v/v).
Plants were covered with plastic freezer bags for 48 -
72 hours to simulate dew periods.  Plants were ran-
domly distributed and kept in natural daylight condi-
tions at 15 - 25°C.  Healesville and Myrtleford plants
were inoculated with four Victorian rust isolates (KTRI,
Morwell River, Tarra-Bulga and Nursery rust (infect-
ing cultivated H. calycinum)) with a 1 × 105 spores
mL-1 spore suspension.  Plants were kept at 20°C with
natural daylight hours.  Infection was recorded weekly.

Genetic analysis of Hypericum androsaemum
Young plant material was collected from six
populations of tutsan grown as stock plants from seed
or in situ populations.  DNA was isolated by the
DNeasy Plant Mini Kit (Qiagen).  RAPD-PCR reac-
tions consisted of 2.5 µL 10x reaction buffer; 2.5 µL
25 mM MgCl

2
; 200 µM of each dNTP; 1 µL bovine

serum albumin (BSA) (1 µg/1 mL); 1 µL  Tween® 20;
0.4 µM of primer (Operon Kit A); 1 U of Amplitaq
Gold; 1.5 µL (7 ng) plant DNA; and autoclaved Milli-
Q®  water in a final volume of 25 µL.  A negative con-
trol without DNA was included.  Reactions were over-
laid with 35 µL of paraffin oil and subjected to: 10
min denaturation at 94°C; 40 cycles of: 5 s denatura-
tion at 94°C, 35 s annealing at 30°C and 1.5 min ex-
tension at 72°C; followed by 10 min extension at 72°C.
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Genetic profiling of Melampsora hypericorum
DNA was extracted, using a modified technique (Hirata
and Takamatsu 1996), from rust isolates obtained at
various sites.  Approximately five uredinia were taken
from the plant surface or several hundred spores col-
lected with a cyclonic spore collector.  These were
added to 50 µL of 5% Chelex® 100 Resin in a 1.5 mL
microcentrifuge tube, vortexed, incubated at 94°C for
30 min, vortexed for 3 min and centrifuged at 21,910
g.  RAPD-PCR reactions consisted of: 2.5 µL 10x re-
action buffer; 2.5 µL 25 mM MgCl

2
; 200 µM of each

dNTP; 0.2 µL BSA (1 µg/1 mL); 0.6 µL Tween® 20;
0.5 µM of primer (Operon Kit M); 1 U of Amplitaq
Gold; 3 µL of one-tenth diluted DNA template; and
autoclaved Milli-Q® water to a final volume of 25 µL.
A negative control without DNA was included.  Reac-
tions were overlaid with 35 µL of paraffin oil and sub-
jected to: 1 cycle of 8 min denaturation at 94°C, 2 min
annealing at 37°C and 2.5 min extension at 72°C; 35
cycles of: 1 min denaturation at 94°C, 2 min annealing
at 37°C and 2.5 min extension at 72°C; followed by 1
cycle of: 1 min denaturation at 94°C, 2 min annealing
at 37°C and a final extension of 10 min at 72°C.

Disease cycle   Specimens of M. hypericorum infect-
ing tutsan plants from an unknown source were col-
lected from stock plants at the Keith Turnbull Research
Institute (KTRI), Frankston.  Further specimens were
collected from H. calycinum plants infected with a rust
fungus.  Infected leaves were cut into squares approxi-
mately 25 mm2 and placed in 4% glutaraldehyde in
0.05 M phosphate buffer, pH 7.0, at 4ºC overnight.
After a series of rinses, specimens were transferred to
1% osmium tetroxide (in the same buffer) for 2 hours.
Specimens were rinsed three times in distilled water,
dehydrated through an ethanol series, infiltrated with
resin and baked for 48 h at 70ºC.  Sections were stained
with uranyl acetate followed by lead citrate and viewed
on a JEOL 100CX Transmission Electron Microscope
(TEM).  Plant material viewed on a JEOL JSM-35CF
Scanning Electron Microscope (SEM) was prepared
as TEM until dehydration, except samples were not
refixed in 1% osmium tetroxide.  Plant material was
critical point dried and sputter-coated with gold prior
to viewing.  For light microscopy, sections were stained
with toluidine blue.

RESULTS

Rust pathogenicity   At 20ºC, only Myrtleford plants
became infected (Table 1).  Control plants were not
infected.  All rust isolates infected the plants but var-
ied in frequency and severity of infection (Table 1).
There was no effect of propagating material (seed or
cutting) on the severity of infection.  The Nursery iso-
late infected plants most severely and the KTRI iso-
late the least.  The Tarra-Bulga isolate had intermedi-
ate symptoms, as did the Morwell River isolate, which
caused infection on a low proportion of plants.  The
frequency of infection for the KTRI, Nursery and Tarra-
Bulga isolates was twice that of the Morwell River iso-
late.  The KTRI isolate was much slower to infect the
plants.  At 15-25ºC there was no infection, although
62% of plants inoculated with 1 × 106 spores mL-1

showed severe wilting and leaf death.

RAPD-PCR of tutsan   Tutsan populations differed
genetically.  OPA-02 highlighted similarities between
the populations and it amplified six products of the
same size in all tutsan populations (data not shown).
OPA-02 also amplified two products (1,510 and 1,360
bp) for all tutsan populations except Cox’s River and
a product of 700 bp was only amplified for the Cox’s
River, Healesville, Kinglake and Myrtleford
populations.  OPA-07 amplified four products in all
populations with unique products for the Tarra-Bulga
and Myrtleford populations (1,200 bp) and the
Kinglake population (1,180 bp).  OPA-08 resulted in
two products (1,120 and 760 bp) in all populations
except Myrtleford, which gave a unique product of 900
bp.  The OPA-10 primer amplified a product at 620 bp
in all populations except Tarra-Bulga.

Genetic profiling of M. hypericorum   The rust iso-
lates differed genetically in Victoria.  OPM-01 ampli-
fied four products for all samples (960, 760, 600 and
420 bp), with unique products at 900 bp for the Nurs-
ery isolate and at 700 bp for the Tarra-Bulga isolate
(data not shown).  With OPM-02, unique products were
formed for all isolates.  OPM-06 amplified a product
of 1,240 bp for all isolates except the Tarra-Bulga rust
isolate.  OPM-06 reaction, without the Morwell River
isolate, amplified three common products (1,140, 900
and 460 bp) but also unique products of 400 bp (KTRI
and Nursery isolates) and 780 bp (KTRI and Tarra-
Bulga isolates).  The Nursery isolate was most differ-
ent from all others.
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Disease cycle   The rust infection had golden pustules
(uredinia) containing urediniospores on the abaxial
surface of the leaf.  Uredinia were 0.2–0.3 mm wide ×
0.2–0.4 mm long containing urediniospores 6.3–10 µm
wide × 10.7–12.6 µm long.  The ornamentation was
distinctly echinulate, with a conical projection sup-
ported on a broader warty base on H. androsaemum
and H. calycinum.  Infection was by urediniospores
that germinated on the host plant surface, penetrating
the host via the stomata by an infection peg developed
from an appressorium and germ tube.  Inside the host
mesophyll tissue the infection peg produced infection
hyphae.  They each produced a haustorial mother cell
and a haustorial body.  Each haustorial body had a neck
and was enclosed by an extrahaustorial matrix around
the haustorial wall, enclosing the membrane.  Plant
cells, particularly the mesophyll cells, were extensively
damaged.  No other spore type was found.

DISCUSSION

Variation in pathogenicity   The variation in infec-
tion timing and severity suggest that tutsan varies in
susceptibility. Pathogenicity trials at 20ºC emulated the
results in the field, in that Myrtleford plants (field popu-
lation infected) were susceptible to rust infection but
Healesville plants (field population uninfected) were
not.  This suggests that differences in field infection
are due to intrinsic resistance of the population rather
than environmental factors, although these too may play
a part.  The lack of infection at 15–25ºC suggests that

infection occurs over a very narrow range of tempera-
ture, not always encountered in the field, and so envi-
ronment may play a subsidiary role in field suscepti-
bility.

The variation between isolates in infection severity and
timing suggests that the rust also varies in virulence.
The Nursery isolate affected the plants most severely,
suggesting it has the greatest virulence, followed by
the Tarra-Bulga isolate and the Morwell River isolate.
The KTRI isolate was much less virulent, as it took
longer to infect (6 weeks) and the severity of disease
was low.  Although this isolate is derived from the origi-
nal rust found in the Otway Ranges in 1991, it has
been cultured on host plants at 22ºC in continuous light
since then. Virulence of fungal pathogens kept for long
periods of time may decrease (Agrios 1988) and this
may have occurred under these conditions.

Genetic variation in tutsan   RAPD-PCR analysis
showed that all tutsan populations were different, sug-
gesting that there has been more than one introduction
of tutsan.  Genetic differences between populations may
represent resistance or susceptibility genes, although
breeding trials would be required to confirm this.  For
example, the Myrtleford and Tarra-Bulga populations
were similar to each other and different from other
populations, as they shared unique products.  The other
four populations were similar in also sharing unique
products as occurred with OPA-07 and OPA-10 prim-
ers.  The Myrtleford and Tarra-Bulga populations are

Table 1.  Tutsan plants infected with the rust isolates in the cross-inoculation trial.

Plant provenance Rust isolate % infected plants Severity of infection
(n=10)

Week 2 Week 3

Myrtleford Morwell River 30 1 2.3

KTRI 80 0.1 1

Nursery 70 1.4 2.3

Tarra-Bulga 70 1.1 1.7

Healesville Morwell River 0 0 0

KTRI 0 0 0

Nursery 0 0 0

Tarra-Bulga 0 0 0

Severity: 1 = only one leaf infected; 1-4 pustules formed per leaf.

2 = more than one leaf infected; >4 pustules formed per leaf; less than half the leaf infected.

3 = more than one leaf infected; numerous pustules per leaf; >half less infected on more than 2 leaves.

0 = No Infection.
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highly susceptible to rust infection in the field, whereas
the other populations have not been infected in the
field, even though infected rust plants have been in-
troduced to the populations.  Further study may show
a correlation between lack of infection by the rust and
a molecular marker for resistance to infection in the
plant that could be used to predict in which populations
it is worthwhile to introduce the rust successfully as a
biological control agent.

Genetic variation in rust   All rust isolates were dif-
ferent by RAPD-PCR analysis, suggesting more than
one introduction of the rust.  Introductions may be as
spores on overseas travellers or wind currents, prob-
ably across the Tasman Sea from the closest infection
source, in New Zealand, where it is not regarded as a
biological control agent (Baker 1955; McKenzie 1998).
Alternatively, the rust may have mutated since arrival,
a change often associated with a change in ornamenta-
tion of the spores (Littlefield and Heath 1979).  The
Nursery isolate was genetically different from the other
three.  Different genetic profiles for isolates could rep-
resent different virulences for each isolate, since viru-
lence has a genetic basis (Agrios 1988).  Molecular
markers for virulence in rust have been shown previ-
ously by Lefévre et al. (1998). The differences in viru-
lence among the isolates had no direct correspondence
with their genetic variation, but further study might
produce molecular markers specifying high virulence
in an isolate that could be used as a successful biologi-
cal control agent.  Until then, inoculation of tutsan
should use a mixture of isolates available to maximise
the likelihood of including a virulent isolate for the
tutsan population being treated.

Disease cycle   For repeated infection of tutsan and H.
calycinum in Australia, only urediniospores are re-
quired, as they had the ability to complete the disease
cycle from infection to sporulation on a plant.  The
ornamentation on the rust is unique among
Melampsora species so far described, in that the sur-
face sculpturing was uniformly echinulate, with coni-
cal projections supported on a broader warty base.
Urediniospore ornamentation of other Melampsora
species has also been described as echinulate (Spiers
and Hopcroft 1996) but it is echinulate to spinate.
Urediniospore appearance is taxonomically important
as it delimits rust species (Cummins and Hiratsuka
1983) and this suggests that the rust on tutsan and H.
calycinum belong to one species, M. hypericorum.
Furthermore, it suggests that the differences in genet-
ics and virulence in the rust did not arise through

mutation, since mutants would be expected to display
differences in ornamentation (Littlefield and Heath
1979).  The distinct ornamentation of this species will
allow rapid identification of urediniospores of M.
hypericorum, particularly with the aid of SEM.

In future inoculations of tutsan in the field, a mixture
of the most virulent rust isolates should be used to in-
fect apparently resistant tutsan populations.  Thus, with
several rust isolates, any genetic resistance to infec-
tion in tutsan populations can be overcome, enabling
M. hypericorum to be an effective biological control
agent.
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