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INTRODUCTION

With 191 species described, the genus Lysimachia L. (Primu-
laceae) is one of the most speciose within Myrsinoideae (Hao 
et al. 2004). Whereas its paraphyletic status is suggested 
(Anderberg et al. 2007), several well-supported clades may 
serve as a basis for an assignment of species to new generic 
entities. This is for instance the case of a clade composed 
of the Moneywort L. nummularia L. and the Dotted Looses-
trife L. punctata L. (referred to as group B by Anderberg et 
al. 2007), which shows unresolved relationships to the other 
Lysimachia clades. 

Although not included in the phylogenetic analysis by 
Anderberg et al. (2007), the Whorled Loosestrife L. verti-
cillata (Green) Hand.-Mazz. is expected to stand within the 
same group as L. punctata (Huxley et al. 1992), consider-
ing its strong similarity. Many ecological and morphological 
details provided by Leblebici (1978) and McAllister (1999) 
support this hypothesis: in the wild, the two species occupy 
similar wet habitats and only differ on subtle morphological 
traits such as petiole length, colour of petal base and inflo-
rescence characters. McAllister (1999) however pointed out 
differences in sexual characters of naturalized populations in 
the British Isles: L. punctata is self-incompatible, in contrast 
to L. verticillata. Leblebici (1978) further emphasized their 

non-overlapping native ranges: the Dotted Loosestrife occurs 
in eastern Europe and western Turkey, while the Whorled 
Loosestrife is found in northern and eastern Turkey, Cauca-
sus, the Crimea and Northern Iran. 

As emphasised by McAllister (1999), there was clearly 
confusion in the literature about the Dotted and the Whorled 
Loosestrifes. The Plant List (2013) currently accepts the 
names Lysimachia punctata L. and L. verticillata (Greene) 
Hand.-Mazz. for these two morphologically similar taxa. 
Among mentions found for the Whorled Loosestrife, only 
Huxley et al. (1992) used L. verticillata (sic), as Leblebici 
(1978) or McAllister (1999) used L. verticillaris Spreng. In-
terestingly, Ferguson (1972) earlier regarded L. verticillaris 
Spreng. as synonymous with L. punctata, as does the Plant 
List nowadays.

Lysimachia punctata, L. verticillata and L. vulgaris 
L., another species with a large Eurasiatic distribution, are 
widely cultivated and known as being naturalized in most of 
central and northern Europe (for the two first) and in North 
America (all of them). While cultivars of L. vulgaris are 
commonly named Garden Loosestrife, cultivars of L. punc-
tata and L. verticillata are indifferently grouped under the 
generic Yellow Loosestrife or Garden Yellow Loosestrife, 
adding to the species confusion described above.
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This study was motivated because similarities observed 
between the Dotted Loosestrife and the Whorled Loosestrife 
have not been genetically investigated so far. Here, we exam-
ine whether the two Loosestrifes L. punctata and L. verticil-
lata are genetically differentiated, using AFLP genome fin-
gerprinting. We compare their genotypes in their native areas 
as well as in naturalized populations from Northern Europe. 

MATERIAL AND METHODS

In order to examine the genetic status of L. punctata and 
L.  verticillata, we collected individuals across their native 
areas in mountainous regions surrounding the Black Sea, as 
well as from naturalized sites in northern Europe (fig. 1; see 
electronic appendix 1 for abbreviations). Eleven wild popu-
lations (with population codes in parentheses; three to five 
individuals per population) were sampled in Bulgaria (VIT, 
BEK), Greece (KON, KRA), Turkey (ERF, ILG, YUC), 
Georgia (BAK, TKI) and the Crimea (KRS, PER). Samples 
from two naturalized populations were collected in Norway 
(NOR) and Scotland (BAR). Our sampling was guided by 
the occurrence data of both species obtained from Turkish 
herbaria and the Turkish Plants Data Service (TÜBİVES), 
as well as from GBIF (see electronic appendix 1 and fig. 1). 
In order to scale the extent of genetic divergence between 
the two taxa, we included in the analysis L. vulgaris samples 
from 25 populations from Turkey to Poland (where L. vul-
garis is sympatric both with L. punctata and L. verticillata, 

see fig. 1) as an outgroup, this species clustering in another 
clade in all phylogenies published so far (Hao et al. 2004, 
Manns & Anderberg 2005, Anderberg et al. 2007).

One leaf per plant was cut and dried in silica-gel fol-
lowing Chase & Hills (1991). DNA was extracted with the 
DNeasy Plant Kit (Qiagen, Hilden, Germany). AFLP analysis 
was performed following Triponez et al. (2015), with the two 
primer combinations EcoRI-ACA/MseI-CTA and EcoRI-
ATA/MseI-CAC. The final binary matrix was analyzed by 
principal coordinate analysis (PCoA) relying on the Jaccard 
similarity coefficient using the software Ginkgo 1.7.0 (De 
Caceres et al. 2007). Using GenAlEx 6.5 (Peakall & Smouse 
2012), we estimated among species divergences and over-
all average heterozygosities per species using Nei’s genetic 
diversity index, as well as further performed an Analysis of 
Molecular Variance (AMOVA) considering both the species 
and population (38 in total) levels.

RESULTS AND DISCUSSION

Raw genetic data are provided as an electronic complement 
in electronic appendix 2. AFLP analysis yielded 239 poly-
morphic loci (122 and 117 for primer pairs EcoRI-ACA/
MseI-CTA and EcoRI-ATA/MseI-CAC, respectively), after 
removing those showing less than 95% of reproducibility. 
Lysimachia punctata (N = 24), L. verticillata (N = 28), and 
L. vulgaris (N = 115) show similar levels of diversity, with 

Figure 1 – Sampling, and occurrences from botanical databases, of Lysimachia punctata and L. verticillata across their native area (main 
map), also showing the location of the naturalized samples collected (smaller map). L. vulgaris populations sampled and used for scaling the 
extent of genetic divergence between taxa are also shown on maps. The limit between West Asiatic and East Mediterranean/Circumboreal 
floristic regions is represented by a blue-dotted line.
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respectively 149, 146 and 147 polymorphic loci, and overall 
average heterozygosities of 0.184, 0.153 and 0.123, respec-
tively. The extent of allele sharing among species is given as 
electronic appendix 3. 

The genetic analysis confirms the species status of 
L. punctata and L. verticillata. The PCoA analysis of AFLP 
fingerprinting results (fig. 2) indeed reveals a strong genetic 
divergence among L. punctata individuals from southern 
Balkans (Greek and Bulgarian populations, in orange on fig. 
1 and fig. 2), L. verticillata samples from northern, eastern 
and southern regions around the Black Sea (Crimean, Geor-
gian and Turkish populations, in yellow in fig. 1 and fig. 2), 
as well as sympatric L. vulgaris individuals. Divergence 
among the three taxa is confirmed by Nei’s genetic distances 
(0.09 between L. verticillata and L. punctata, 0.181 between 
L. punctata and L. vulgaris and 0.215 between L. verticillata 
and L. vulgaris). Because expected Nei’s genetic distance 
between closely related plant species can be as low as 0.09 
(Nosrati et al. 2015), we argue that the divergence observed 
between L. punctata and L. verticillata is compatible with 
the interspecific level, although – because a Nei’s genetic 
distances of 0.09 is at the lower bound of the distance values 
expected for the inter-specific level – we cannot rule out that 
L. verticillata and L. punctata could produce viable hybrids 
in the area where both species are sympatric, i.e., in west-
ern Turkey (given that our genetic sampling did not cover 
this part of the species’ distribution, further analyses should 
include samples from therein in order to clarify whether or 
not L. verticillata and L. punctata are able to hybridize). This 

result is further confirmed by the AMOVA analysis, show-
ing 56% of genetic variance explained among species, 12% 
among populations and 32% within populations. The rela-
tively high variance at the population level could be due to 
hybrids found in several locations (see below, as well as 
fig.1). 

From a biogeographic perspective, the split between 
L. punctata and L. verticillata may roughly match the bound-
ary between the West Asiatic and East Mediterranean floris-
tic regions (Manafzadeh et al. 2014), although L. verticillata 
is also marginally present northwards of the boundary along 
the southern coast of the Black Sea and in Crimea. Nonethe-
less, such a vicariant pattern between closely related species 
in the Anatolian Peninsula is also found in other biological 
groups, such as, for instance, the green lizards Lacerta pam-
phylica and L. trilineata (Ahmadzadeh et al. 2013), or the 
annelids Spermophorodilus antiquus and S. vignai (Omodeo 
& Rota 1999). 

Our results thus confirm Leblebici’s (1978) view of the 
species status of these two vicariant taxa, with L. punctata 
growing in south-eastern Europe and western Turkey, and 
L. verticillata (despite Leblebici wrongly names it L. verti-
cillaris) being found in northern and eastern Anatolia, Cau-
casus or Crimea. Ranges of the two species do not clearly 
overlap as shown by our survey of Turkish herbarium speci-
mens (see electronic appendix 1 and fig. 1). Still, a contact 
zone might exist in north-western Anatolia. Additional sam-
pling of populations in appropriate habitats between Bursa 
and Ankara could detect such a contact zone. Finally, molec-

Figure 2 – Principal coordinate analysis (PCoA) plot of all analyzed samples, based on Jaccard similarity coefficient among genotypes. The 
two first axes explain 21% and 5% respectively of the total variance. Each point represents one individual, according to its morphological 
determination (green dots for L. vulgaris, yellow squares for Lysimachia verticillata and red diamonds for L. punctata).
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ular dating based on DNA sequences rather than genotypes 
would be useful in order to define the spatio-temporal pro-
cesses involved in the divergence between L. punctata and 
L. verticillata. 

Last but not least, our study addresses interesting ques-
tions regarding hybridization (natural or artificial) between 
the three species. First, we detected no natural hybrids be-
tween L. punctata and L. verticillata. Only further genetic 
analysis of populations sampled in the contact zone could 
however exclude the chance of such a crossing to occur 
naturally. Second, some wild individuals intermediate be-
tween L. punctata, or L. verticillata, and the widely spread 
L. vulgaris may suggest possible natural hybridization. This 
could take place via cross-pollination mediated by shared oli-
golectic pollinators such as the oil-collecting bees Macropis 
(Hymenoptera: Melittidae) or by more generalist bee pollina-
tors such as Lasioglossum (Hymenoptera: Halictidae), both 
observed pollinating these Lysimachia (Bassin et al. 2011, 
Triponez et al. 2015). Finally, we note that individuals of the 
Garden Loosestrife sampled in naturalized populations from 
Northern Europe (in UK and Norway, originally identified as 
L. punctata) are located halfway between the wild L. punc-
tata and L. verticillata (see fig. 2: BAR, NOR). This typi-
cal hybrid position might suggest a recent history of artificial 
crossings between these two species, and even further intro-
gression (natural or artificial) to such cultivars from L. vul-
garis.

SUPPLEMENTARY DATA

Supplementary data are available at Plant Ecology and Evo-
lution, Supplementary Data Site (http://www.ingentaconnect.
com/content/botbel/plecevo/supp-data), and consist of the 
following: (1) localities analyzed in this study, with popu-
lation code (for samples analyzed genetically), geographical 
coordinates, country and source of information for each ob-
servation (pdf); (2) raw genetic data of AFLP fingerprinting 
results (Excel spreadsheet); and (3) number of loci shared 
among species (over 239 polymorphic loci) (pdf).
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