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Summary  Solanum elaeagnifolium Cav. (silverleaf 
nightshade) is a native perennial of the Americas 
present in Australia as a Weed of National Signifi-
cance. Knowledge of the genetic diversity and origins 
of silverleaf nightshade in Australia may inform future 
programs that propose using geographic source spe-
cific biocontrols to mitigate the weed. 

Here we sequenced the trnS-trnG intergenic 
spacer in chloroplast DNA (cpDNA) from native and 
introduced populations of silverleaf nightshade to 
identify haplotypes representative of cpDNA lineages 
in the species distribution. We used network analysis 
to infer a genealogy among identified haplotypes and 
compared the array of haplotypes detected in Australia 
to those found elsewhere.

Eleven silverleaf nightshade haplotypes were 
identified and parsimoniously arranged as a shal-
low star-like genealogy. Two of five haplotypes in 
Australia were also in the United States of America, 
Mexico and South Africa. A third haplotype prevalent 
in Australia and South Africa was absent elsewhere but 
previously reported from Paraguay. Presence of two 
haplotypes unique to Australia indicated our sample 
was insufficient to identify all cpDNA diversity in the 
native distribution. Haplotype diversity in Australia 
was similar to that elsewhere and showed no signs of 
diminished genetic diversity expected if foundered 
by few colonisers.

We argue silverleaf nightshade in Australia origi-
nated from genetically diverse populations in North 
and South America. Silverleaf nightshade in Australia 
is likely at a late successional stage of colonisation, 
containing a variety of genetic backgrounds that 
may respond differently to various biocontrols. Our 
future work will explore additional genealogies to 
pinpoint geographic origins of silverleaf nightshade 
in Australia.
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INTRODUCTION
Solanum elaeagnifolium (silverleaf nightshade) is a 
native perennial of the Americas that has emerged 
as a noxious exotic weed affecting agriculture in 
Australia. Silverleaf nightshade in Australia was first 
observed at Bingara (New South Wales) in 1901, 
but subsequently spread to other states and is now 
recognised as a Weed of National Significance. The 
source origin(s) of silverleaf nightshade in Australia 
is unknown. Recent analyses using dominant genetic 
markers indicates at least two geographically overlap-
ping silverleaf nightshade gene pools may be present 
in Australia (Zhu et al. 2013) suggesting silverleaf 
nightshade entered Australia from either a single ge-
netically diverse source, or multiple sources of varied 
genetic background. 

More precise knowledge of the origins of an 
introduced weed can significantly inform future 
programs that propose using geographic source spe-
cific biocontrols to mitigate an exotic weed presence 
(Goolsby et al. 2006). Genealogical analyses of single 
and or multigene sequences at linked polymorphic 
chloroplast DNA (cpDNA) gene regions have proved 
useful for identifying both the diversity and origins 
of invasive species (Goolsby et al. 2006, Prentis et 
al. 2009). This approach has potential application 
for identifying the diversity and origins of invasive 
Solanum weeds (Zhang et al. 2013). 

In this study, we sequenced and identified nu-
cleotide polymorphisms present among silverleaf 
nightshade at a maternally inherited cpDNA intergenic 
spacer region. We used a parsimony network analysis 
to infer genealogical relationships among identified 
haplotypes in the native and introduced populations, 
and as a means to determine the likely genetic source 
origins of silverleaf nightshade present in Australia. 
We also identified the diversity of haplotype lineages 
present among silverleaf nightshade sampled from 
introduced populations in Australia and South Africa, 
and from the species native range in the Americas.
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MATERIALS AND METHODS
Silverleaf nightshade native to the Americas were 
sampled (N = 84) from multiple sites in the United 
States of America, Mexico and Argentina. Silverleaf 
nightshade introduced to Australia (N = 131) and South 
Africa (N = 20) were also sampled. The Australian 
sample included preserved material from taxonomi-
cally identified voucher specimens (N = 4) provided 
by the Australian National Herbarium. All silverleaf 
nightshade samples were catalogued with unique 
specimen identifiers for DNA analyses. DNA was ex-
tracted from <1 mg of leaf from each specimen using a 
Corbett Research 1820 X-tractor Gene robotic system 
and protocols reported in Gopurenko et al. (2013). 
Sample PCRs (15 µL) targeted amplification of the 
trnSGCU – trnGUCC intergenic spacer region present in 
cpDNA using primers previously reported by Hamilton 
(1999). Apart from primers used, all PCR and sequenc-
ing procedures followed that reported in Gopurenko 
et al. (2013). Bidirectional AB1 trace sequences were 
quality checked and assembled using Lasergene Seq-
Man Pro ver. 8.1.0(3) (DNASTAR Inc., Madison, Wis-
consin). CpDNA haplotypes present among silverleaf 
nightshade sequences were identified using FABOX 
ver. 1.35 (Villesen 2007). Summary sequence statis-

tics (uncorrected percent sequence distances) among 
cpDNA haplotypes were generated using MEGA 
version 5 (Tamura et al. 2011). Haplotype (h) and 
nucleotide (π) diversity (Nei 1987) at sample regions 
in the Americas (United States of America, Mexico 
and Argentina) and introduced populations (Australia 
and South Africa) were estimated using ARLEQUIN 
ver. 3.5.1.2 (Excoffier and Lisher 2010). Genealogical 
relationships among silverleaf nightshade haplotypes 
were estimated as a 95% parsimony network using 
TCS ver. 1.21 (Clement et al. 2000) assuming equal 
weighting among mutations and including indels as a 
‘fifth’ character in analysis. Ambiguous connections 
within the network were resolved by assuming criteria 
as per Pfenninger and Posada (2002).

RESULTS AND DISCUSSION
We identified 11 cpDNA haplotypes among the sam-
pled silverleaf nightshade, five of which were present 
in Australia (Figure 1). Closest matches at GenBank 
to all eleven haplotype sequences were exclusively to 
Solanum elaeagnifolium (>99% sequence similarity) 
confirming species identity of the samples. Levels of 
mutational polymorphism among the 11 haplotypes 
were minimal, with average and maximum sequence 

Figure 1.  Parsimony (95%) network of genealogical relationships among silverleaf nightshade chloroplast 
DNA haplotypes sampled from native and introduced regions. Lines connecting eleven haplotypes labelled 
C01–C11 represent single mutations; crossbars on connecting lines indicate additional mutations. The size of 
each haplotype is indicative of its relative frequency observed in this sample. Haplotypes are shaded as per 
their frequency of occurrence in native populations in the Americas (United States of America (USA), Mexico 
and Argentina) and introduced populations in Australia and South Africa. Sequence identical to haplotype C01 
observed in silverleaf nightshade from Paraguay (Levin et al. 2006) was obtained from GenBank accession 
AY998411. 
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differences among haplotypes observed as 0.428% 
and 0.774% respectively. The 95% parsimony network 
(Figure 1) joined all haplotypes as a shallow star-like 
network with the most recent common ancestral  
haplotype (C05) in the network observed in all 
populations except those in Argentina. All haplotypes 
observed in Argentina (C09; C10; C11) were unique 
to that country indicating some degree of isolation 
of the silverleaf nightshade populations in Argentina 
from the North American populations. In contrast, 
only a few low frequency haplotypes were unique to 
either Mexico or the United States of America; greater 
sampling effort is required to determine if these rare 
haplotypes have broader regional distribution in the 
Americas. 

The ancestral cpDNA haplotype (C05) and one 
derived haplotype (C02) prevalent among silverleaf 
nightshade in North America were also found among 
silverleaf nightshade in Australia and South Africa 
(Figure 1). Most silverleaf nightshade in Australia 
(79%) and many in South Africa (45%) have a derived 
haplotype (C01) that was previously reported (Levin 
et al. 2006) as present in Paraguay South America, 
but not detected among silverleaf nightshade samples 
from the Americas in the current study. Surprisingly 
we detected two derived haplotypes present among 
silverleaf nightshade in Australia (C03 and C04) that 
were not detected elsewhere indicating our sample of 
silverleaf nightshade from the Americas was insuf-
ficient to identify all diversity present in the species 
native distribution. 

Levels of haplotype diversity in Australia were 
high and similar to that observed in the native range 
in the Americas and at an introduced population in 
South Africa (Table 1). The high genetic diversity of 
silverleaf nightshade in the introduced populations 
present in Australia and South Africa suggests found-
ers to these countries were diverse and not affected by 

any prolonged population bottleneck events; although 
successive and frequent founder events from multiple 
source populations would also promote the high levels 
of diversity evidenced here.

We argue the assemblage of cpDNA lineages 
present in Australia and South Africa originated from 
silverleaf nightshade populations in North and South 
America. The high genetic diversity of the exotic popu-
lations relative to that seen in the native distribution 
provides some evidence the exotic populations exam-
ined here are at late stages of population succession, 
rather than early stages of colonisation. This is similar 
to that evidenced at the exotic and invasive weed, 
Echium plantagineum L., also established in Australia 
(Burdon and Brown 1986). If the cpDNA diversity 
observed among Australian silverleaf nightshade is 
also reflective of the species overall genomic diversity, 
then it is likely silverleaf nightshade in Australia may 
differ in response to various biocontrols, particularly 
if resistance to biocontrols is linked to a diverse array 
of segregated alleles that are geographically wide- 
spread. 

Our future work will expand sampling and explore 
nuclear genealogies integratively with the cpDNA 
work presented here in an attempt to pinpoint the 
geographic source origins of silverleaf nightshade in 
Australia.

ACKNOWLEDGMENTS
The work was supported by NRM Biosecurity South 
Australia and of Meat and Livestock Australia with 
funding awarded by PIRSA through Biosecurity SA. 
Overseas samples were kindly provided by Dr Franco 
Chiarini (Argentina), Dr Helmuth Zimmermann 
(South Africa), Dr Miguel Mellado (Mexico), Dr 
Joseph DiTomaso, Edwin Morris and Jill Schroeder 
(United States of America). The authors are also 
grateful to several state and local organisations across 
Australia for assistance in field sampling, and two 
anonymous reviewers for providing helpful comments 
on the manuscript. 

REFERENCES
Burdon, J.J. and Brown, A.H.D. (1986). Population 

genetics of Echium plantagineum L. – target 
weed for biological control. Australian Journal 
of Biological Science 39, 369-78.

Clement, M., Posada, D. and Crandall, K.A. (2000). 
TCS: a computer program to estimate gene gene-
alogies. Molecular Ecology 9, 1657-9.

Excoffier, L. and Lischer, H.E. (2010). Arlequin suite 
ver 3.5: a new series of programs to perform popu-
lation genetics analyses under Linux and Win-
dows. Molecular Ecology Resources 10, 564-7.

Table 1.  Genetic diversity at silverleaf nightshade 
populations native to the Americas and introduced to 
Australia and South Africa. Sample size (N), number 
of cpDNA haplotypes observed (NH); haplotype (h) 
and nucleotide diversity (π) statistics.
Population N NH h π

USA 30 3 0.393 0.0011

Mexico 25 4 0.230 0.0005

Argentina 29 3 0.136 0.0002

the Americas 84 8 0.611 0.0013

Australia 131 5 0.358 0.0013

South Africa 20 3 0.578 0.0011



395

Nineteenth Australasian Weeds Conference

Goolsby, J.A., De Barro, P.J., Makinson, J.R., Pem-
berton, R.W., Hartley, D.M. and Frohlich, D.R. 
(2006). Matching the origin of an invasive weed 
for selection of a herbivore haplotype for a bio-
logical control programme. Molecular Ecology 
15, 287-97.

Gopurenko, D., Fletcher, M.J., Löcker, H. and 
Mitchell, A. (2013). Morphological and DNA 
barcode species identifications of leafhoppers, 
planthoppers and treehoppers (Hemiptera: Auche-
norrhyncha) at Barrow Island. In ‘Records of the 
Western Australian Museum, Supplement 83: The 
Terrestrial Invertebrate Fauna of Barrow Island, 
Western Australia’, eds N.R. Gunawardene, J.D. 
Majer, C.K. Taylor and M.S. Harvey, pp. 253-85. 
(Western Australian Museum).

Hamilton, M.B. (1999). Four primer pairs for the 
amplification of chloroplast intergenic regions 
with intraspecific variation. Molecular Ecology 
8, 521-3.

Levin, R.A., Myers, N.R. and Bohs, L. (2006). 
Phylogenetic relationships among the ‘spiny 
solanums’ (Solanum subgenus Leptostemonum, 
Solanaceae). American Journal of Botany 93, 
157-69.

Nei, M. (1987). ‘Molecular evolutionary genetics.’ 
(Columbia University Press, New York).

Pfenninger, M. and Posada, D. (2002). Phylogeograph-
ic history of the land snail Candidula unifasciata 

(Helicellinae, Stylommatophora): fragmentation, 
corridor migration, and secondary contact. Evolu-
tion 56, 1776-88.

Prentis, P.J., Sigg, D.P., Raghu, S., Dhileepan, K., 
Pavasovic, A. and Lowe, A.J. (2009). Under-
standing invasion history: genetic structure and 
diversity of two globally invasive plants and 
implications for their management. Diversity and 
Distributions 15, 822-30.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., 
Nei, M. and Kumar, S. (2011). MEGA5: Molecular 
Evolutionary Genetics Analysis using maximum 
likelihood, evolutionary distance, and maximum 
parsimony methods. Molecular Biology and 
Evolution, 28, 2731-9.

Villesen, P. (2007). FaBox: an online toolbox for fasta 
sequences. Molecular Ecology Notes 7, 965-8.

Zhang, W., Fan, X., Zhu, S., Zhao, H. and Fu, L. 
(2013). Species-specific identification from in-
complete sampling: applying DNA barcodes to 
monitoring invasive Solanum plants. PLoS ONE 
8(2), e55927.

Zhu, X.C., Wu, H.W., Raman, H., Lemerle, D., 
Stanton, R. and Burrows, G.E. (2013). Genetic 
variation and structure of Solanum elaeagnifolium 
in Australia analysed by amplified fragment 
length polymorphism markers. Weed Research 
53, 337-43.


