
MICROSATELLITE LETTERS

Isolation and characterization of 16 microsatellite loci
in the endemic Viola cheiranthifolia Humb. & Bonpl. (Violaceae)
and their transferability to Viola palmensis Web & Berthel.
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Abstract Sixteen nuclear microsatellite markers (SSR)

were developed for Viola cheiranthifolia Humb. & Bonpl.

(Violaceae), endemic to Tenerife Island (Canary Islands),

and tested on the closely related Viola palmensis Web &

Berthel., endemic to La Palma Island. All loci showed

polymorphism and fifteen of them could be transferred to V.

palmensis. They had an average of 5 and 3 alleles per locus in

V. cheiranthifolia and V. palmensis, respectively. This set of

markers will be useful for studying the population genetics of

both species, helping to their conservation and management.

Keywords Viola cheiranthifolia � Viola palmensis �
Microsatellites � Canary Islands � Genetic diversity �
Conservation

The genus Viola (Violaceae) includes eight species in the

Canary Islands, but only five belong to section Melanium

(V. arvensis Murray, V. cheiranthifolia Humb. & Bonpl., V.

kitaibeliana Schult. in Roem. & Schult., V. palmensis

Webb & Berthel., and V. tricolor L.) Within this group, V.

cheiranthifolia and V. palmensis are insular endemic spe-

cies. Viola cheiranthifolia is endemic to Tenerife, growing

in Teide National Park at 3,600 m a.s.l. V. palmensis is

endemic to La Palma Island and is also found at high

altitudes (1,800–2,400 m a.s.l). Both species are included

as ‘‘vulnerable’’ by the Spanish Red List of Vascular Flora

(Moreno et al. 2008).

Here, we describe the development of 16 microsatellite

markers in V. cheiranthifolia, and their cross amplification

on the related species V. palmensis, indicating their effec-

tiveness in identifying patterns of genetic diversity.

Genomic DNA for the development of markers and

subsequent surveys were extracted from leaf tissue using

Dellaporta et al. (1983) protocol.

Microsatellite loci were developed by Savannah River

Ecology Laboratory (University of Georgia) using a 454

sequencing. Extracted DNA was serially enriched twice for

microsatellites using 3 probe mixes. 67 primers pairs were

initially chosen, of which 16 amplified consistently and

were used for initial screening. 33 natural individuals of

Montaña Blanca population of V. cheiranthifolia and 32 of

Pico de la Cruz population of V. palmensis were tested.

Eight samples of each species of the genus in the archi-

pelago and V. paradoxa section Melanium (Madeira) were

included for cross amplification testing.

Each 25 lL PCR reaction contained approximately

20 ng of DNA, 10 pmol of each primer, as well as PCR

Master Mix (Reddy-Mix, ABgene, Surrey, UK) that

included 0.625 units of Taq DNA polymerase, 75 mM

Tris–HCl, 20 mM (NH4)2SO4, 0.01 % Tween 20, and

0.2 mM of each dNTP. MgCl2 concentrations are shown

(Table 1). Forward primers were colour-labelled at the 50-
end with 6-FAM, PET, NED, VIC or TAMRA.
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In general, amplifications were carried out using the

following thermal cycling conditions: 3 min denaturation

at 95 �C, 35 cycles of 30 s denaturation at 95 �C, 30 s

annealing at 60 �C (except Viodi-10 at 62.5 �C), and

72 �C for 1.5 min; followed by 5 min elongation at 72 �C.

The products were detected with an ABI 3130XL, and

fragment sizes were determined using GENEMAPPER 4.0

(Applied Biosystems, Inc.). We identified allele peak

profiles at each locus and assigned a genotype to each

individual.

The sixteen tested primer pairs amplified and were

polymorphic in V. cheiranthifolia and fifteen could be

transferred to V. palmensis. 10 of the markers also

amplified in the other species belonging to section

Melanium, not showing transferability to the section

Viola.

Linkage disequilibrium and deviation from Hardy–

Weinberg equilibrium were calculated using GENEPOP

version 4.2 (Rousset 2008). Basic genetic diversity indi-

ces, mean number of alleles (A), and the observed (Ho),

unbiased expected (He) heterozygosities for each locus

were estimated with CERVUS version 3.0.3 (Kalinowski

et al. 2007). Estimation of null alleles was carried out

with MICROCHECKER 2.2.3 (Van Oosterhout et al. 2004;

Table 1).

The sixteen microsatellites were polymorphic for V.

cheiranthifolia with an average of 5 alleles per locus,

the number of alleles ranging from 2 to 16. The

expected heterozygosity (He) ranged from 0.194 (VIOtri-

6) to 0.870 (VIOtet-8) with a mean value of 0.524

(Table 1). Fifteen loci could be transferred to V. palm-

ensis succesfully, having an allele range from 2 to 10

with a mean of 3.07 alleles/locus, and expected hetero-

zygosity (He) from 0.034 (Viotri-8) to 0.791 (Viotet-8)

with a mean of 0.355. None of the loci showed to be

linked after Bonferroni correction neither in V. chei-

ranthifolia nor V. palmensis. But four loci in V. chei-

ranthifolia and three in V. palmensis deviated from

Hardy–Weinberg equilibrium after Bonferroni correction

(Table 1) Markers with high frequency of null alleles are

also indicated in Table 1.

Altogether, these are the first microsatellite markers

developed for any Viola spp. in the Canary Islands. They

are highly informative and can be useful for population

genetics, evolutionary and conservation studies of the

target species and others within the genus Viola section

Melanium.
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