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TECHNICAL NOTE

Isolation and characterization of microsatellite markers
for Primulina tabacum, a critically endangered perennial herb
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Abstract Primulina tabacum is a rare and endangered
perennial herb with highly restricted limestone distribution
in southern China. To enrich our scientific conservation for
this species, we developed ten microsatellite markers using
repetitive DNA enriched libraries. The number of alleles
per microsatellite locus varied from two to six. The
expected (Hg) and observed (Hp) heterozygosities varied
from 0.4059 to 0.7294 and from 0.1364 to 0.5217,
respectively. These markers will be employed in future
studies of genetic structure in P. tabacum.
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Primulina tabacum Hance is a calciphilous perennial herb
belonging to the family Gesneriaceae. It has a very
restricted limestone distribution in northern Guangdong
and southern Hunan, China. Because of recent climate
change and increasing anthropogenic disturbances, the
population size of P. tabacum has drastically decreased
during the last three decades. It was listed among the ‘first
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class protected key wild plants of China’ in 1999 (Peng and
Cheng 2002). It grows with other calciphilous and shade-
tolerant plants, including bryophytes, around the entrances
to karst caves, at about 300 m altitude (Flora of China
Editorial Committee 1990). P. tabacum grow slowly, with
maximum growth not exceeding 30 g year~' (Ren et al.
2003). P. tabacum is insect pollinated (Ni et al. 2005) and
seed is dispersed by wind (Li SJ, personal communication).

To enrich our scientific understanding of climate change
and anthropogenic disturbances on genetic health of its
species, we report here the isolation of ten microsatellite
loci which will facilitate the study of mating system, gene
flow and genetic structure in P. tabacum.

Genomic DNA was extracted from one dry leaf tissue by
using CTAB method (Doyle 1991). Approximately 250 ng
of the total genomic DNA was digested by a restriction
enzyme Msel (NEB) and the resulting fragments ligated
with Msel adaptor (5-TACTCAGGACTCAT-3'/5'-GACG
ATGAGTCCTGAG-3') with T4 ligase (NEB) overnight at
16°C. The digestion-ligation mixture was subsequently
diluted 10 times, and 2 pl was used for PCR amplification
using adaptor-specific primers (5-GATGAGTCCTGAGT
AAN-3/, i.e., Msel-N). PCR products hybridized to a 5’
biotin-labelled oligonucleotide probe (GA);s and (AC);s,
respectively. Subsequent probe-bound DNA fragments
were enriched for GA or AC repeats using streptavidin-
coated magnetic beads (NEB). Enriched fragments were
recovered with PCR amplification using Msel-N as primer.
PCR products were size-selected (300-700 bp) using an
agarose gel DNA Fragment Recovery Kit Ver. 2.0 (Takara).
Purified DNA fragments were then ligated into the pGEM-
T plasmid vector (Promega), and transformed into the
Escherichia coli DH5o competent cells (Takara). The
PCR-based method described by Lunt et al. (1999) was
used to screen the recombinant clones. Identified positive
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Table 1 Details of microsatellite loci in Primulina tabacum includ-
ing locus name, forward and reverse primer sequences, repeat motif,
annealing temperature (7,), numbers of alleles (A), observed/expected

heterozygosities (Ho/Hg), fixation index (Fis) by Weir and Cocker-
ham’s (1984), GenBank accession number

Locus Primer sequences (5'-3') Repeat motif T.°C) A Hp Hg Fis GenBank accession
number

Pta0l F:GCAGGAAACAGCATCCAAGA  (TC);s 64 4 03182 0.6607 0.5243%+ FJ236471
R:TCTGCATTGGGAGGATCACTA

Pta02 F:GCTCTCTCACAATTATGCCTT  (AT)s(GD)y» 56 4 01364 0.6501 0.7941%* FJ236472
R:GAGCTTGTCTTCCGATCC

Pta03 F:CCGATTCAATATCTATGCAAA  (CT)3(AC)g 52 302174 04435 05154  FJ236473
R:GGTCTGGAATATGTGTGCGT

Pta04 F:CCATAAATGAACCCTAAACCC  (GA)g 62 5 03333 0.7294 0.5491%% FJ236474
R:CTCTCGGCGGAGCAACCACTA

Pta05 F:CGTCCAACGTAACAGTCATAA  (AG)s 64 302609 05643 0.5433*%  FJ236475
R:CGAAACGTGCGAAAGAC

Pta06 F:CAGTGCTCAGCCTCGTTCTCA  (CT);AT(CT)s(CA)s 60 2 03636 04059 0.1064  FI236476
R:TGTTATCTCTTCCGTCATGC CC(CAN(TG),

Pta07 F:CACAGATCGCTTCGACA (GT),GC(GT),AC(GT); 56 303636 05539 03488  FJ236477
R:AACAAAGGTTGAAACGAAAAG  (GOW(GT)(AT)s

Pta08 F:GGGCAATAGAGTCATTC (TO)17 54 6 03810 0.6678 0.4356* FIJ236478
R:CATGAGTGCAAGAGTGATTGA

Pta09 F:CATTCATTTGCACGCACTTTC  (GAGAGT)s(GA)s 64 4 04762 05203 0.0868  FI236479
R:ATTGATGGGCTTGCTGATCTG

Ptal0 F:GGCAATGGCACTAAGGGA (GT)7(GA),C(AG),, 64 6 05217 0.7014 02605  FI236480

R:TGGCACCCAACCAAGTAACTG

*#P < 0.05 after Bonferroni correction
*#%P < (.01 after Bonferroni correction

clones were sequenced by United Gene Holdings, LTD
(Shanghai, China) with M13R or M13F as primer. Primers
were designed using OLIGO 6.54 software (MBI) for 20 of
the sequences contain microsatellite repeats.

Polymorphisms of these microsatellite loci were assessed
by 23 P. tabacum individuals collected from Guangdong
Province, China. PCR amplification were performed in 10 pl
reaction mixtures, consisting of approximately 5 ng of
template DNA, 50 mM KCI, 20 mM Tris—HCI (pH 8.0),
1.5 mM MgCl,, 0.5 pM of each primer, 0.6 mM of each
dNTP, and 0.5 U of Tag DNA polymerase (Takara). The
reaction mixture was subjected to PCR amplification in a
PTC-100 (MJ) using a PCR program, 4 min at 94°C, fol-
lowed by 35 cycles of 94°C for 30 s, 52°C—64°C (depending
on locus) annealing temperature for 30 s, and 72°C for 45 s,
followed by 10 min at 72°C. PCR products were then
resolved on 4% denaturing polyacrylamide gels and visu-
alized by silver staining.

Observed heterozygosity (Hp), the unbiased expected
heterozygosity (Hg) and fixation index (Fis) were calcu-
lated using GDA 1.1 (Lewis and Zaykin 2001). Deviations
from Hardy—Weinberg equilibrium (HWE) for each locus
and genotypic linkage disequilibrium (LD) between all
pairs of loci were tested using FSTAT 2.9.3 (Goudet 1995).
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The number of alleles per locus varied from two to six.
The expected (Hg) and observed (Hp) heterozygosities
varied from 0.4059 to 0.7294 and from 0.1364 to 0.5217,
respectively (Table 1). Five loci, Pta0Ol, Pta02, Pta04,
Pta05 and Pra08, deviated significantly from Hardy—
Weinberg equilibrium after Bonferroni correction due to a
deficit of heterozygosity. Linkage disequilibrium was only
found between Pta04 and PraQ7 after Bonferroni correc-
tion (P < 0.05). All these markers will enrich our scientific
in situ and ex situ conservation for this species.
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