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e Premise of the study: Microsatellite primers were developed for a Chinese traditional herb, Panax notoginseng, to investigate
its genetic diversity and cultivar breeding.

e Methods and Results: Twelve polymorphic microsatellite loci were isolated from the microsatellite-enriched genomic library
of P. notoginseng. The polymorphisms were assessed in two populations and an assemplage containing individuals from the
whole distribution area. The number of alleles per locus ranged from three to 12, wj ‘ Q
expected heterozygosity values ranged from 0.0411 to 0.8472 and from 0.0804 t

e Conclusions: These new microsatellite markers will be useful for investigatio

ginseng as well as assist in cultivar breeding.
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METHODS AND RESULTS

The microsatellite-enriched library was constructed following the procedures
described by Chen et al. (2008), Tian et al. (2008), and Wang et al. (2008). Ge-
nomic DNA was extracted from dried leaves of a single individual of P. notogin-
seng (voucher: Maguan, Yunnan, Shiliang Zhou 2005828, PE) according to
Doyle and Doyle (1987) and purified with the Wizard DNA Clean-Up System
(Promega, Madison, Wisconsin, USA). Microsatellite enrichment was com-
pleted following Glenn and Schable (2005) with some modifications. The DNA
was digested with Rsal (New England Biolabs, Ipswich, Massachusetts, USA)
and ligated to a double-strand SuperSNX-24 linker (forward 5-GTTT-
AAGGCCTAGCTAGCAGAATC, reverse 5-pGATTCTGCTAGCTAGGCCT-
TAAACAAA). For the purpose of enrichment, the resulting DNA was denatured
and hybridized with a mixture (1 UM each) of single-stranded biotinylated mic-
rosatellite probes (AG),,, (AT),,, (CG)},, (GT)p, (ACG)jy, (ACT)),, (CCA)g,
(AACT)g, (AAGT)g, and (AGAT)y. The fragments hybridized to the probes were
captured by streptavidin-coated paramagnetic beads (M-290 Streptavidin, Dynal
Biotech ASA, Oslo, Norway), and then collected with a magnetic particle col-
lecting unit (Dynal MPC-S, Dynal Biotech ASA). The enriched DNA was am-
plified by PCR, using the SuperSNX-24 linker forward strand as a primer, and
enriched again. The resulting samples from the second enrichment were ampli-
fied again, purified, and ligated onto pGEM-T easy vector (Promega) and trans-
formed into competent cells of Escherichia coli using the Topl0 cloning kit
(TransGen Biotech, Beijing, China). Of 228 positive colonies screened, 132
(58%) of different insert sizes were sequenced. Sequences from both strands
were assembled and edited with Sequencher v. 4.6 (Gene Codes Corporation,
Ann Arbor, Michigan, USA). Of these sequenced colonies, 52 (39%) fragments
contained SSR motifs that were identified using SSRHunter 1.3 (Qian Li, Nan-
jing Agricultural University, Nanjing, China). Of these, only 29 unique se-
quences were suitable for designing SSR primers using Primer Premier 5.0
(PREMIER Biosoft International, Palo Alto, California, USA) under the follow-
ing criteria: (1) guanine-cytosine content between 40% and 60%; (2) melting
temperature (7},) between 52°C and 62°C; (3) not more than 2°C in annealing
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TaBLE 1. The characteristics of 12 polymorphic microsatellite loci of Panax notoginseng.

GenBank
Locus Repeat motif Primer sequence (5'-3") T, (°C) Size range (bp) Accession No.
noto01 (GT)(TA)5(TG),, F: TGGCATGGGACAACAATGAAG 56 295-315 JF262618
R: TCGCAAGAGATACTGGAGCTG
noto02 (CAC), F: AACATTTTGCGGCAGTTGCAA 58 209-216 JF262619
R: GCTAGTGGTCAAGTGGGCCA
noto03 (TC),, F: TCTTTAATTCCCTTTCGTTGG 58 230-236 JF262620
R: GTAGGTTAGTAAGGAGGTGGG
noto04 (TC)6(CA)yg F: CTTCCATTCTTATATCCATTC 58 150-170 JF262621
R: GCTGATCGAATCAAACGG
noto05 (CT)eN 5(CT), F: TGGATGAGAACCTCACCAGC 58 203-213 JF262622
R: TTAATCACCCATTCATTCGCT
noto06 (TG)g F: CACAATCCCAACCATCACAGA 58 315-335 JF262623
R: AATCGCCCTCGTGAGTAGAAA
noto07 (GCC), F: TTCAGAAATTACCACCAAGC 58 127-133 JF262624
R: CACATCAACTCCCTCCTICTT
noto08 (CA), F: GTGTAGTCTTTGCCTCTGTCA 58 191-197 JF262625
R: AGTGAGTCCCAAGTTTTCTAG
noto09 (TC),o(CA)o(CT)s F: GCCTGATTGTGAGAATGTTAG 58 160-180 JF262626
R: TTGGGAAAGAAAGGAAAGGTA
notol10 (TGG)sN77(TGG)s F: TGCTATGGGTGGGGTGTTGAG 190-202 JF262627
R: ATCAACCACCTCCAACCGTCG
notol1 (TG)g F: GTGACTCCATGTTGTCTGAGC 83-89 JF262628
R: TCTATATCCTTCACGAGCACTG
notol2 (AC),(AT)5(AC)s F: GAGGAATAAAAGAGCCCAAAA 286-292 JF262629
R: GCAATTAAATCCACCAATAAC
T, = annealing temperature (°C).
temperature (7,) between primer pairs; (4) primer size between 18 and 2 ifornia, USA). PCR amplification failures were rerun under the
length, and (5) amplicon size between 80 and 350 bp in length. The prip4 ns, and the unique alleles were confirmed by repeating the screen-
with the highest score given by Primer Premier was chosen. ents. Microsatellite loci were scored using GeneMapper version 4.0
Primer pairs were initially screened for amplification success us#§ tw; £d Biosystems). The resulting genotype data were analyzed using POP-

5-10 ng of DNA template, 150 uM of dNTPs, 1.5 mM of Mg@¥, 1. b us (A) and the observed (H,) and expected (H,) heterozygosity values.
primer, 10x PCR buffer (Tiangen Biotech Ltd., Beijing, ¢ Twelve polymorphic markers (Table 1) were amplified consistently over
DNA polymerase (Tiangen Biotech Ltd.). The PCR pro two populations and the assemblage. In the Qiubei population, the number of
followed by 35 cycles of 94°C for 30 s, 30 s at anng ‘/ gt alleles per locus varied from one to six with an average of 3.4, and the observed
and expected heterozygosity per locus ranged from 0 to 0.8750 and from 0 to
tions, 23 of the 29 primer pairs were successfi / i j i 0.7571, respectively (Table 2). In the Maguan population, the number of alleles
img per locus varied from one to eight with an average of 3.1, and the observed and
pulat expected heterozygosity per locus ranged from 0 to 0.8276 and from O to
pPS, the other in 0.7532, respectively (Table 2). Although one locus in Qiubei and two loci in

Maguan County (23°0'30"N, 104°23'34"E) Cs les, and a further Maguan are monomorphic, all 12 loci are polymorphic across the two popula-
assemblage containing 20 samples from the wh tions and the assemblage (Table 2). With all samples considered together, the

Forward primers of the 23 loci were labeled W orescent dye (6-FAM). number of alleles per locus ranged from three to 12 alleles and the observed and
Amplifications were carried out under the same PCR ¢onditions given above. The expected heterozygosity per locus ranged from 0.0411 to 0.8472 and from

PCR products were resolved by an ABI3730x] DNA Analyzer (Applied Biosystems, 0.0804 to 0.7653, respectively (Table 2).

TaBLE 2. Characterization of 12 primers from two populations of Panax notoginseng (Qiubei and Maguan) and an assemblage.

Qiubei (N =24) Maguan (N = 29) Assemblage (N =20) Total sample (N = 73)

Locus A H, H, A H, H, A H, H, A H, H,

notoO1 6 0.8750 0.7571 5 0.8276 0.7532 7 0.8421 0.7852 7 0.8472 0.7653
noto02 4 0.1250 0.1977 2 0 0.0678 3 0.0526 0.1522 4 0.0556 0.1333
noto03 6 0.5417 0.5727 8 0.5517 0.7084 6 0.8889 0.7016 12 0.6338 0.6790
noto04 5 0.5000 0.6055 6 0.6897 0.6195 7 0.5000 0.6128 9 0.5753 0.6320
noto05 4 0.4167 0.4016 4 0.4138 0.3938 6 0.8000 0.7513 7 0.5202 0.5198
noto06 2 0 0.2234 2 0 0.2904 8 0.9000 0.8128 8 0.2466 0.5699
noto07 3 0.0417 0.1959 2 0.0345 0.0345 2 0.0588 0.1658 3 0.0429 0.1226
noto08 2 0 0.0816 1 0 0 4 0.7000 0.6756 4 0.1918 0.3113
noto09 3 0.0417 0.1215 2 0.0345 0.0345 3 0.0500 0.0987 4 0.0411 0.0804
notol0 2 0 0.0816 1 0 0 4 0.2000 0.2333 5 0.0584 0.0935
notol 1 3 0.0833 0.0824 2 0.0690 0.0678 3 0.6000 0.4974 4 0.2192 0.2221
notol2 1 0 0 2 0.0345 0.0345 2 0.2000 0.1846 3 0.0685 0.0670
Mean 34 0.2188 0.2767 3.1 0.2213 0.2504 4.6 0.4827 0.4726 5.8 0.2914 0.3497

A = number of alleles; H, = expected heterozygosity; H, = observed heterozygosity; N = number of samples.
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CONCLUSIONS

The newly developed microsatellite loci showed high levels
of polymorphism in P. notoginseng. These markers provide a
good resource to assess the genetic diversity in sangi and would
be useful in molecular marker—assisted selection of unique
forms, as well as in genetic evaluations of pure lines.
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