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Abstract Silene nutans (Caryophyllaceae) is a rare,
vulnerable plant species that exhibits gynodioecy, con-
taining both female and hermaphroditic individuals in
natural populations. We developed and characterized 24
novel polymorphic microsatellite markers from next-
generation sequencing to gain insights into the mating
system and population-genetic structure of this species.
In 36 individuals from three populations, the number of
alleles and expected heterozygosity ranged from 5 to 30
and from 0.156 to 0.903 respectively. Departures from
panmixia were found for 58.33 % of the loci with a
mean multilocus F,; estimate of 0.232, which is
expected in a self-compatible species exhibiting a
mixed-mating system. Cross-species amplification was
examined among eight additional Silene species and
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was successful for 7-19 loci, depending on the taxa.
Overall, these newly developed microsatellite markers
exhibited a high level of polymorphism, which will
facilitate paternity analyses and fine- and large-scale
population-genetic studies.
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Silene nutans (Caryophyllaceae) is a long-lived perennial
rosette plant growing in dry, open grass communities of
hillsides. It is described as gynomonoecious—gynodioe-
cious, with female, gynomonoecious, and hermaphroditic
individuals found in natural populations (Dufay et al.
2010). This species is self-compatible, classified as rare
and vulnerable, and is included in the regional Red list
of endangered species from northern France. A mixed-
mating system may differentially impact the reproduc-
tive success of sexual phenotypes if inbreeding depres-
sion or pollen limitation occurs (Frankham et al. 2010).
To analyse the population structure and mating system
of this species, we therefore isolated and characterised
for polymorphism 24 microsatellite markers and tested
them for cross-amplification in eight additional Silene
species that display a wide-range of reproductive
systems.

Total genomic DNA from S. nutans was isolated using
the NucleoSpin 96 plant II kit (Macherey-Nagel, Duren,
Germany) following the manufacturer’s protocol and sent
to GenoScreen, Lille, France (www.genoscreen.fr). By
coupling multiplex microsatellite enrichment and next-
generation sequencing, 1 ng was used for the develop-
ment of microsatellite libraries through 454 GS-FLX
Titanium pyrosequencing of enriched DNA libraries as
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= described in Malausa et al. (2011). Briefly, total DNA
S N ® o e NS %® was mechanically fragmented and enriched for TG, TC,
§ é é é é’ é é é AAC, AAG, AGG, ACG, ACAT and ACTC repeat
S| 2 v v v, v v 2 motifs. Enriched fragments were subsequently ampli-

. . fied. PCR products were purified, quantified and GsFLX

3 - % _ i{\ o % librairies were then carried out following manufac-

& 8 & &8 £ 4 g turer’s protocols and sequenced on a GsFLX PTP.

i < T < < < < < Of 74,387 randomly fragmented sequences, 438

“ < ~ N ~ < © sequences likely to contain suitable markers including

< g § E § % E i microsa(litellite motif longer than five repeats were then
returned.

. g % 5 E*_ § % q Forward primers of the selected loci were labelled with
T e e < < e < 6-FAM, PET, NED, or VIC fluorescent dye (Applied bio-
</t & *© £ *® T = system). PCR reactions were performed separately for each

locus in 10 pl volume containing 20 ng of genomic DNA,

e | Y 3 5 = O 5 3 I1x multiplex PCR master mix (QIAGEN Hilden, Ger-
Al 2 & & > = Z many), and 0.1 uM of forward and reverse primer. The
8 PCR cycling program had an initial denaturation of 95 °C
g for 15 min; 32 cycles of 94 °C for 30 s, annealing tem-
9 perature (see Table 1) for 1 min, and 72 °C for 1 min 15 s;
ﬁ and a final extension at 60 °C for 30 min. For five markers
g - - - - ° ° ° (B09, HO7, GO1, EO8 and D10 loci, see Table 1), we used a

touchdown PCR-cycling program according to the condi-

Qg)b tions described in Godé et al. (2012). The PCR amplicons
i were subsequently electrophoresed and sized using an ABI
7| o o) — o~ 0 < o PRISM 3130 Sequencer (Applied Biosystems) and the
% f § 3 E ﬁ i @ software GeneMapper version 4.0, respectively.

P 2 2 o 5 = @ We tested the polymorphism of isolated suitable
microsatellite markers on individuals coming from three
2w 0 - 0 . 0 0 populations of S. nut.am.“ .located in Germany (N
49.228-E 7.016, n = 9 individuals; N 48.971-E 12.018,
-“g . n = 9 individuals, respectively) and southern France (N
g = = o o= o 42.802-E 0.453, n =18 individuals). Overall, 24

g % § g” L::é g % g markers were pglymorphic, and had §asily 1.readable

=2 N < < < c = e chromatograms with no stutter peaks. Primer pairs were
8 & successfully combined into six multip%ex ranging from

8 S é 5 three’to .ﬁve .markers (T.able 1). Basw parameters'of

< 2 P < O £ genetic diversity were estimated using FSTAT,‘ version

g 8 U E L9 < 8 g < 3 2.9.3 (Goudet 1995). The number of alleles varied from

E é 8 é ESE E (<_E) © § = E E 5 to 30 among loci (mean = 5.458), for a total of 323

:E E E g § § E 5 E %:) 5 % é = alleles observed. The mean observed (Ho) and mean

~ 5 = % 5 8 > % é g O < j:: 3 § expected heterozygosity (He) values ranged from 0.156
N E g § £ F E S:) = ::z 5 e % = (:) S to 0.903 and from 0.346 to 0.920, respectively. As
18 5 2 p 5838 = % 2 > = = z expected for a species thought to exhibit a mixed-
§ {5 g S :E 5 > S 5 2 é % 5 é o | mating system, the fixation index F,; was significant for

% 3 é % > 2 ::E > 3 2 6 o E 8 5 x 14 out 24 markers, with estimates ranging from —0.016
% 2 = < 5 < 2 5 (<':j 6 2 > :tt » :E g to 0.821 for a mean multilocus value of 0.232

2 E %:) E § 8 6 5 fc 8 3 8 8 é » B A (£0.050). Out of 276 comparisons and after Bonferroni
ElR| R e R EE R =& correction, no linkage disequilibrium was observed for
§ 2 *m g any pairs of loci. Cross-species amplification was
—~| & S % further examined among eight Silene species and
2 @ N ~ e ~ Ne) NS S vV 2 _ . .

E g g § § ;) g} g § :~ aﬁ :vTa;blzuzc;essful at 7-19 loci depending on the taxa
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Table 2 Results of cross-

. Aty Locus Species Silene  Silene  Silene Silene Silene  Silene Silene Silene
species amphﬁcat.l(.)n O_f 24 name acaulis italica  latifolia  noctiflora  otites  paradoxa  vulgaris  scouleri
microsatellite loci in Clght (4) (16) (8) (1) (6) (8) (8) (2)
additional Silene species: no
amplification (-); successful B09 + (6) _ _ _ +@ 4G _ _

I ctnerved mumber o alles 177 1 A B B
GO01 + (6) +(10) - - +©6 +@ - -
E08 - +3) - - - +@ - -
DIo +@ +© +@ - - + () - + (1)
SILI9 + (6) +an - - +@1 +@ - -
SIL24 +@ +06 +© + @D +©9 - +3) -
SIL36 + (3) + () - - +@  + @) - -
SILA42 + (1) - - + (1) - - - -
SIL16 +@ +@ +©® +@ +©6 +@ +(2) +(2)
SIL31 + @ + (3) + (1) + (@ +@ +0 + @) + @
SIL35 +(2) +(14) - - +@1 4+ + (D) + (D)
SIL37 + + 2 +(2) +(2) +@ + @ + @D + @
SIL15 - - - - - - - -
SILOS +@O  +@ +@D - +@2 +03 - -
SILO3 +(2) + 10 + a1y  + (@ +@® +@ + 4) + (1)
SILIS + (1) - - - - - - -
SIL29 - - N - - - + (6) -
SILOI + @) + @) - + @ +@ + @ + @) + (D
SILOS + () + 3) - + (D) - - + () -
SILA41 +3 +@ - - +O6) +@© - -
SIL26 - + () - - - - - -

The number of tested SIL27 + (1) + (3) - - - + (1) - -

individuals is indicated next to SIL30 _ + ) _ _ + 2  +(6 _ _

the species’ name
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