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Summary
Starfruit (Damasonium minus) is one the 
most important weeds of rice in Australia 
and has developed resistance to the main 
herbicide (bensulfuron-methyl) used for 
its control. A fungal pathogen, Rhynchos-
porium alismatis, is being investigated 
as a biocontrol agent for the integrated 
management of this weed. The genetic 
variability of populations of a weed may 
influence the success of this approach 
to its control. The variability of star-
fruit populations was compared at the 
molecular level using simple sequence 
repeats (SSRs). Forty-seven individual 
starfruit plants originating from seeds 
harvested from 18 locations across the 
rice-growing areas were used. The small 
patterns of variability between samples 
did not always relate to their geographic 
locations. As little variability was found 
it could be expected that the disease 
caused by the biocontrol agent would be 
the same across different weed popula-
tions. The agronomy, rather than genetic 
variability, of the weed may be the cause 
of its variable response to herbicides 
across rice-growing regions.

Introduction
Damasonium minus (R.Br.) Buch. (starfruit) 
is a plant species native to Australia. It 
is the most important broadleaf aquatic 
weed in the Australian rice crop in 
southern New South Wales and northern 
Victoria (McIntyre et al. 1991). Since its in-
troduction in 1986, the herbicide Londax® 
(a.i. bensulfuron-methyl) has become the 
main, if not the only, means of controlling 
starfruit. This almost exclusive depend-
ence on Londax is likely to have contrib-
uted to the development of herbicide 
resistant populations of starfruit (Graham 
et al. 1996). 

As part of a strategy to minimize her-
bicide resistance, research is underway to 
develop a biological control agent based 
on the fungal pathogen Rhynchosporium  
alismatis (Oudem.) J.J.Davis, (synonym 
Spermosporina alismatis (Oudem.) U.Braun) 
for integrated management of starfruit. 
The fungus causes disease in adult and 
juvenile stages of starfruit and other Al-
ismataceae weeds of rice (Jahromi et al. 
1998).

Biological control using plant patho-
gens should be viewed in the context of 
the disease triangle. One of the principal 
factors in the epidemiology of biological 
weed control is the genetic diversity of the 
target species over a geographic area (Te-
Beest et al. 1992). In a genetically diverse 
weed population, there may be biotypes 
resistant to the pathogen. Although the 
host variability is a very important factor 
in the classical strategy, it may also be a 
constraint to the success of a bioherbicide 
(Auld and Morin 1995).

Nissen et al. (1995) highlighted the need 
to determine the genetic diversity of weed 
species in biological control using DNA-
based marker techniques. Most of such 
techniques are based on the polymerase 
chain reaction (PCR). 

There are several PCR-based tech-
niques. One such method involves the use 
of simple sequence repeat primers (SSRs). 
Simple sequence repeats are repetitive 
DNA sequences, consisting of tandemly 
repeating mono-, di-, tri- or penta- 
nucleotide units that are arranged 
throughout the genomes of a significant 
portion of higher eukaryotic species (Pow-
ell et al. 1996). Powell et al. (1996) describe 
SSRs as an easy and effective method to 
detect polymorphism between closely 
related plant individuals and it can be 
used to detect variation in the gene pools 
of plants. 

Charters et al. (1996) successfully used 
SSR primers for PCR analysis of several 
cultivars of Brassica napus L. They found 
that this method showed greater vari-
ability between the cultivars than other 
methods such as restriction fragment 
length polymorphism (RFLP) and the 
PCR-based randomly amplified polymor-
phic DNA (RAPD). Another advantage of 
SSRs is the repeatability of the results, due 
to the longer length of the primers, 17–20 
bases, compared to RAPD primers (10–12 
bases). Charters et al. (1996) consider the 
speed in the analysis (PCR, product reso-
lution and band detection) as a further 
advantage of SSRs.

Studies on the biology of starfuit did 
not indicate phenotypic variation between 
plants from different populations (Graham 
1999). The objective of this study was to 
determine the genetic variability between 

different starfruit population samples 
throughout the major rice growing areas 
of Australia using SSRs. In this study the 
boundaries of irrigation areas are consid-
ered as populations boundaries.

Materials and methods
Plant materials
During the 1997–98 growing season, 
starfruit seeds were harvested from 
plants at 18 sites on rice farms located in 
the Murrumbidgee (MIA), Coleambally 
(CIA) and Murray Valley (MVIA) irriga-
tion areas (Table 1) of New South Wales, 
Australia (Figure 1). At each site (i.e. rice 
paddock) two small areas were selected at 
random and plants at each of these areas 
within one metre radius were harvested. 
Seed were soaked in 200 mg L-1 ethephon 
(Ethrle®) solution for five days to induce 
germination and transplanted into 10 cm 
diameter pots placed in 45 × 30 × 23 cm 
plastic boxes which were then gradually 
filled with water. At least five pots, each 
with three germinating seeds from each 
seed lot, were grown in a glasshouse 
chamber. Plants were later thinned to one 
plant per pot. As the MVIA is by far the 
largest irrigation area, a greater number of 
sites from this region were sampled. In ad-
dition to starfruit, water-plantain (Alisma 
plantago-aquatica L., another aquatic plants 
that is a member of the Alismataceae) were 
grown for DNA extraction.

Floating leaves from the healthiest 
plants were harvested, washed in 10 g L-1 
sodium hypochlorite to remove algae and 
rinsed with distilled water. Leaves were 
then immediately freeze-dried . 

DNA extraction
DNA from freeze-dried samples were ex-
tracted using Qiagen® DNeasy Plant Mini 
Kit following manufacturers instructions. 
In total, 48 leaf samples (47 starfruit and 
one water-plantain) were processed for 
DNA extraction and there were two or 
three samples assayed per starfruit col-
lection site (Table 1). The DNA stock solu-
tions were stored at -20°C until used.

DNA quantification and standardization
DNA-grade agarose (Progen®), 1% w/
v, was rehydrated in Tris-acetate (TAE) 
working solution consisting of fifty times 
(50 ×) dilution of the stock solution [Tris 
acetate stock solution L-1: 4.84 g Trizma 
base, 1.142 mL glacial acetic acid, 2 mL 
0.5M EDTA pH 8.0; 0.5M EDTA (186.1 g 
disodium ethylenediaminetetra-acetate 
2H2O in 800 mL of H2O and 20 g of NaOH 
pellets and autoclave)], with 3 µL 100 mL-1 
of ethidium bromide stock solution (1 g 
ethidium bromide and 100 mL H2O). Gels 
were loaded with 5 µL of the DNA sam-
ple and 800 ng µL-1 of λ DNA, each with 
2 µL of loading dye (0.25% bromophenol 
and 40% sucrose). Electrophoresis was 
conducted at 100 V for 90 minutes. Gels 
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were viewed on a UV light box using a 
digital camera (ISIS®) and concentrations 
of the DNA were determined using image 
processing software (ImagePro®) based on 
the brightness of the bands compared to 
the marker (λ phage). DNA were diluted 
with TE buffer (10mM Tris, Cl (pH 8) and 
1mM EDTA (pH 8)) to approximately the 
same concentration.

PCR amplification
Initial screening of 52 primers (UBC SSR 
primers set 100/9) was performed on six 
DNA samples (1(1), 17(1), 19(1), 23(1), 
26(2), 30(1)). The primers were selected 
on the basis of their sequence and melting 
temperatures (Tm) which were 50, 52, 53 
or 55°C. 

PCR reaction mixtures (25 µL) contained 
one unit (0.2 µL) of Taq DNA (Promega® 5 
µL-1); 2 µL of MgCl2 (Promega 25mM); 2.5 
µL PCR Buffer (Promega); 2.5 µL of dNTPs 
(2mM each); 2.5 µL of DNA (10 ng µL-1); 3 
µL of a single SSR primer (0.3µM) and 12.3 
µL of sterile distilled water. 

PCR amplification was performed us-
ing a thermal sequencer (FTS-960; Thermal 
Sequencer Corbet Research) programmed 
with 37 cycles consisting of: 1) one cycle: 
initial denaturing of 2 min at 94°C; 2) 35 
cycles: denaturing for 1 min at 94°C, an-
nealing for 2 min at Tm-5°C, extension for 
3 minutes at 72°C; 3) for one cycle: final 
extension for 5 min at 72°C.

Electrophoresis of PCR products was 
performed as described earlier at 100 
V for 3 h The Marker used was SPP1 
(GeneWorks®). Gels were 
viewed on an UV light box. Of 
52 primers tested, ten showed 
clear well-differentiated bands 
Primers were 811 [(GA)8C], 
818 [(CA)8G], 830 [(TG)8G], 834 
[(AG)8YT], 835 [(AG)8YC], 840 
[(GA)8YT], 843 [(CT)8RA]2, 850 
[(GT)8YC], 852 [(TG)8RA], 853 
[(TC)8RT]; the primers were 
tested in all 48 samples (Y = C,T; 
R = A,G).

Data analysis
Only bright polymorphic bands 
that were easily identifiable 
and clearly different between 
samples were scored. The 
banding profiles were scored 
and compiled as a rectangular 
binary matrix (1 or 0 for pres-
ence or absence respectively) on 
a spreadsheet. Similarity matrix 
was obtained using Similarity 
for Qualitative (nominal) data 
(SIMQUAL) and cluster analysis 
was performed by sequential, 
agglomerative, hierarchical and 
nested clustering as referred to 
by Sneath and Sokal (1973). 
Data analysis was performed 
using NTSYS-pc version 2.02j 

Seed lot
No.

Location Latitude Longitude No. of 
DNA

samples

ID code of DNA 
samples

1 MVIA 35 29’ 11.7’’ S 144 36’ 37.2’’ E 3 1(1), 1(2), 1(3)

4 MVIA 35 20’ 58.3’’ S 144 13’ 32.7’’ E 3 4(1), 4(2), 4(3)

8 MVIA 35 23’ 1.8” S 144 13’ 57.4” E 3 8(1), 8(2), 8(3)

10 MVIA 35 19’ 08.7”S 144 12’ 11.7” E 2 10(1), 10(2)

15 MVIA 35 47’ 45.9” S 144 36’ 45.9” E 2 15(1), 15(2)

17 MVIA 34 45’ 12.9” S 146 00’ 20.75” E 2 17(1), 17(2)

19 CIA 34 51’ 50.6” S 145 50’ 4.0” E 3 19(1), 19(2), 19(3)

20 CIA 34 51 42.5” S 145 51’ 52.3” E 3 20(1), 20(2), 20(3)

21 CIA 34 54 17.2” S 145 55’ 06.7” E 3 21(1), 21(2), 21(3)

22 MIA 34 35 40.3” S 146 09’ 33.5” E 2 22(1), 22(2)

23 MIA 34 33’ 38.6” S 146 15’ 53.9” E 3 23(1), 23(2), 23(3)

25 MIA 34 31’ 18.9” S 146 18’ 02.5”  E 2 25(1), 25(2)

26 MIA 34 30’ 40.4” S 146 15’ 47.6” E 3 26(1), 26(2), 26(3)

27 MIA 34 37’ 16.3” S 146 24’ 54.4” E 3 27(1), 27(2), 27(3)

30 MVIA 35 40’ 56.4” S 145 40’ 19.3” E 3 30(1), 30(2), 30(3)

31 MVIA 35 42’ 24.25”S 145 47’ 13.1”E 3 31(1), 31(2), 31(3)

33 MVIA 35 41’ 53.3”S 145 38’ 46’E 3 33(1), 33(2), 33(3)

34 MVIA 35 34’ 54.2”S 145 11’ 56.1”E 3 34(1), 34(2), 34(3)

Table 1. Coordinates of the collection site of the starfruit seed lots and the 
ID code of the DNA samples extracted from glasshouse grown plants.

Figure 1. The geographic locations of the sites where starfruit seeds were harvested. 
The sites are located in the major irrigation areas were rice is grown. Seed lots were 
identified using the site number as shown in Table 1.
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Primer No. Sequence Tm (°C) Annealing 
temperature 

Tm-5°C)

No. of 
polymorphic 

bands

811 (GA)8C 52 47 1

818 (CA)8G 52 47 1

835 (AG)8YC1 55 50 1

852 (TC)8RA2 53 48 2

853 (TC)8RT2 53 48 3
1 Y = C, T.
2 R = A, G.

Table 2. Simple sequence repeat primers that showed polymorphism 
between the populations of starfruit.

(Applied Biostatistic Inc., Exeter Software, 
Setauket, New York, USA).

Results
All ten primers produced different band-
ing profiles between samples of starfruit 
and water-plantain. Only five primers 
(Table 2) produced polymorphic bands 
between starfruit DNA samples. The 
dendrogram generated by NTSYS as the 
result of banding profiles produced by 
these primers (Figures 2 and 3) showed 
little variability between the DNA sam-
ples extracted from plants originating 
from the same seed lot. There was some 
exception in plants from seed lot numbers 
15, 19 and 30 (Figure 2). There was not a 
clear pattern between the relationship of 
samples and their geographic location. 
The major difference between the starfruit 
samples was at 0.725, meaning that they 
share 72.5% similarity in banding pat-
terns. Water-plantain was separated from 
all starfruit samples by a correlation coef-
ficient of 0.25.

Discussion 
There is a general agreement that the suc-
cess of biological control may be limited 
by high levels of genetic diversity occur-
ring in target weed species (Nissen et al. 
1995, Auld and Morin 1995, TeBeest et al. 
1992). 

The pattern of variability between 
starfruit population shown in the den-
drogram (Figure 2) did not always relate 
to the geographic origin of the samples. 
This may be explained by the fact that 
the Australian rice crop is reduced to a 
relatively small area where farmers buy 
seed from the same source, may use the 
same contractors for farm operations and 
share machinery and equipment. These 
circumstances may move starfruit seeds 
from one site (farm or irrigation area) to 
another and, hence, may result in the mix-
ing of the weed population 

Previous studies on the biology of 
starfruit plants did not show phenotypic 
differences between starfruit plants from 
six locations of MIA, CIA, MVIA (Graham 
1999). Charters et al. (1996) found that 
oilseed rape plants (B. napus) of the same 
cultivars that do not show phenotypic 
variation, contained substantial levels of 
genetic variability indicated by SSRs. They 
suggest that such intra-cultivar variability 
may take place during the breeding proc-
ess (e.g. intercrossing).

However, the results of our study sug-
gest that the variation among sampled 
starfruit plants grown from the same seed 
lot is likely to be small. The very small 
variability between plants originating 
from seeds at the same site may imply 
that intercrossing between plants is not 
common. The level of outcrossing may be 
the subject of future research.

Figure 2. Dendrogram comparing 48 starfruit samples and water plantain 
based on banding profiles generated using SSR primers 853, 852, 811, 818, 
and 835.
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 Simple sequence repeats are powerful 
tools to detect variation between closely 
related individuals and they reveal more 
polymorphism compared to some other 
assay methods (Powell et al. 1996). Never-
theless, from the ten primers tested on all 
starfruit samples, only eight polymorphic 
bands were found from five primers. Cur-
rent screening using SSRs of the genetic 
variability of different populations of A. 
lanceolatum With., (an aquatic rice weed of 
the Alismataceae family) another poten-
tial target of R. alismatis, has shown three 
times more polymorphism than has been 
found in the case of starfruit (R. Raman 
personal communication).

The genetic variability of the host may 
be a constraint to a mycoherbicide (Auld 
and Morin 1995). There is strong evidence 
to suggest that the genetic variability 
between starfruit plants from different 
geographical locations is low and may not 
pose a problem to the success of R. alis-
matis as a mycoherbicide. It has been ob-
served however, that starfruit populations 
from different areas produce different re-
sponses to chemical herbicides. Indeed, a 
number of herbicide resistant populations 
of starfruit have been reported (Graham et 
al. 1996). This variable response to chemi-
cal herbicides may be due to the different 
management approaches rather than a 
large genetic variability of starfruit plants. 
In addition, it is not expected that plants 
develop resistance to a disease with the 
same speed as they do to chemical herbi-
cides. According to Burge (1988), genetic 
variation in weeds necessary to cause  
resistance to a pathogen needs to be far 
more extensive than what is required to 
develop resistance to a chemical herbicide, 
due to the specificity of the chemicals to 
their site of action in the plant. 
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