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Applications
in Plant Sciences

Genetic disturbances caused by invasive species reduce bio-
diversity in native populations (Byrne et al., 2011). Invasive, 
nonnative species are strictly regulated by species name to pre-
vent their introduction into the native range. However, regula-
tion is difficult when nonnative plants belong to the same 
species as native plants. In Japan, seeds used to vegetate road-
sides after maintenance projects are usually imported from 
China, South Korea, and Taiwan (Uemachi et al., 2013) due to 
the lower cost of seed collection and transportation. In many 
cases, plants of the same species differ genetically between re-
gions. Therefore, imported plants can cause genetic disturbance 
of native populations (McKay et al., 2005; Shimono et al., 
2013), which may result in outbreeding depression between na-
tive and transplanted populations via secondary contact be-
tween these populations (Rhymer and Simberloff, 1996; Ewel 
et al., 1999; Allendorf et al., 2001).

Indigofera L. (Fabaceae) is a large pantropical genus  
containing 750 species. Among these, I. pseudotinctoria 
Matsum. is an economically important species distributed in  
China, Korea, and Japan (Satake et al., 1982) and used as a 
cover crop. The artificial migration of this species from 

China to Japan may affect native biodiversity. Therefore,  
it is important to develop a set of markers to study genetic 
disturbance in native populations caused by transplanted 
populations.

In this study, we designed microsatellite markers for  
I. pseudotinctoria and developed 14 microsatellite primers using 
454 next-generation sequencing to identify appropriate trans-
planting zones based on genetic differentiation between nonnative 
and native I. pseudotinctoria populations.

METHODS AND RESULTS

Three populations were evaluated in this study: two native and one trans-
planted. The native populations were collected from Tokyo (n = 38) and 
Saitama Prefecture (n = 39), while the imported population was transplanted 
into an area in Mie Prefecture (n = 17). Individuals of the Mie population were 
imported from unspecified locations in China. Furthermore, we collected an 
additional seven species and two forms of the genus Indigofera: I. bungeana 
Walp., I. tinctoria L., I. gerardiana Graham ex Baker, I. decora Lindl., I. decora 
f. alba (Sarg.) Honda (for each taxon, n = 1), I. kirilowii Maxim. ex Palibin, 
I. pseudotinctoria f. albiflora Okuyama, I. trifoliata L., and I. suffruticosa Mill. 
(for each taxon, n = 2) (Appendix 1).

Total genomic DNA was extracted from leaf tissue using a DNeasy Plant 
Mini Kit (QIAGEN, Venlo, The Netherlands) and the cetyltrimethylammonium 
bromide method (CTAB) (Porebski et al., 1997). DNA was subjected to shot-
gun sequencing using a Roche 454 Genome Sequencer Junior with the GS FLX 
Titanium Rapid Library Preparation Kit (454 Life Sciences, a Roche Company, 
Basel, Switzerland) according to the manufacturer’s instructions. One sample 
of I. pseudotinctoria used in shotgun sequencing was obtained from the sample 
native to Nagano Prefecture.

DNA library sequencing resulted in 15,243 reads of 32–662 bp. We found 
572 contigs of 60–660 bp using CLC Genomics Workbench ver sion 5.5  
(QIAGEN). Microsatellite motifs were found in 533 reads using MSATCOM-
MANDER (Faircloth, 2008). Many microsatellite motifs had repeats that were 

1 Manuscript received 27 September 2015; revision accepted 9 December 
2015.

The authors would like to thank Prof. Noriaki Murakami (Systematic 
Botany Laboratory, Tokyo Metropolitan University), Dr. Kyouko Sugai 
(University of the Ryukyus), and Dr. Takaya Iwasaki (Graduate School of 
Kyoto University) for laboratory analysis. This research was funded by the 
ESPEC Foundation for Global Environment Research and Technology. We 
would like to thank Editage (www.editage.jp) for English language editing.

3 Author for correspondence: uehara@faculty.chiba-u.jp

doi:10.3732/apps.1500110

Primer Note

Development anD characterization of 14 
microsatellite markers for IndIgofera pseudotInctorIa 

(fabaceae)1

tomoko otao2, tatsuaki kobayashi2, aNd koichi uehara2,3

2Graduate School of Horticulture, Chiba University, Matsudo, Chiba 271-8510, Japan

•	 Premise of the study: Microsatellite markers can be used to evaluate population structure and genetic diversity in native popula-
tions of Indigofera pseudotinctoria (Fabaceae) and assess genetic disturbance caused by nonnative plants of the same species.

•	 Methods and Results: We developed 14 markers for I. pseudotinctoria using next-generation sequencing and applied them to 
test two native populations, totaling 77 individuals, and a transplanted population, imported from a foreign country, of 17 indi-
viduals. The mean number of alleles was 3.310, observed heterozygosity was 0.242, and expected heterozygosity was 0.346. 
The fixation index in the transplanted population was 0.469, which was higher than in the native populations (0.154 and 0.158). 
In addition, the transplanted population contains one allele that is not shared by the native population.

•	 Conclusions: Microsatellite markers can be useful for evaluating genetic diversity within and between populations and for 
studying population genetics in I. pseudotinctoria and related species.

Key words: 454 next-generation sequencing; Fabaceae; Indigofera pseudotinctoria; invasive species; microsatellites.
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either too long or too short or comprised single base pair repeats. Primer3  
(Koressaar and Remm, 2007; Untergasser et al., 2012) was used to design 
primers for 63 loci, of which 25 were polymorphic. Eleven loci were ex-
cluded because of weak PCR amplification or difficulty in identifying the 
peaks. Therefore, a total of 14 microsatellite loci were selected, and the 
fragments were amplified by touchdown PCR using a QIAGEN Multiplex 
PCR Kit with fluorescent primer pairs for each microsatellite (Table 1). The 
14 loci include AAJSO, ACUJQ, AN24U, AUHSL, AZQ4M, A7G7T, A913S, 
BSN57, BTPFL, BP01Y, B0L6E, AQ11D, A2T7M, and AHK5H. The num-
ber of microsatellite motifs was detected by resequencing the I. pseudotinctoria 
sample from Nagano Prefecture. Fluorescent primer pairs were labeled us-
ing Dye Set G5 (Applied Biosystems by Thermo Fisher Scientific, Waltham, 
Massachusetts, USA). Primer combinations used in a multiplex PCR are 
given in Table 1. PCR was conducted in 10-μL reactions containing 20 ng/μL 
genomic DNA, 5 μM each primer, and 5 μL QIAGEN Multiplex PCR Master 
Mix. The following touchdown PCR profile was used for all multiplex PCR 
reactions: initial denaturation for 15 min at 94°C; followed by three cycles of  
3 s at 94°C, 90 s at 65°C (54°C), and 1 min at 72°C; three cycles of 3 s at 
94°C, 90 s at 62°C (51°C), and 1 min at 72°C; 30 cycles of 3 s at 94°C, 90 s 
at 59°C (48°C), and 1 min at 72°C; and final elongation for 30 min at 60°C. 
PCR products were analyzed using an ABI Prism 3130 sequencer and visu-
alized with GeneMapper (Applied Biosystems, Grand Island, New York, 
USA). The size standard was GeneScan 600 LIZ Size Standard (Applied 
Biosystems). The significance of linkage disequilibrium (LD) was calcu-
lated with CERVUS 3.03 (Kalinowski et al., 2007); the number of alleles 
(A), allelic richness (AR), and fixation index (FIS) were determined with 
FSTAT 2.9.3 (Goudet, 2001); and observed heterozygosity (Ho), expected 
heterozygosity (He), and Hardy–Weinberg equilibrium (HWE) were ana-
lyzed with GenAlEx 6.5 (Peakall and Smouse, 2012). The allele-sharing 
distance (ASD) matrix was calculated using Excel Microsatellite Toolkit 
3.3.1 (Park, 2001).

No LD was observed in any of the studied populations. The mean number 
of alleles across populations was 3.310, Ho was 0.000–0.718 (mean 0.242), 
and He was 0.000–0.820 (mean 0.346). The Mie population showed higher He 
(e.g., 0.78 for the B0L6E locus) than Ho (e.g., 0.06 for the B0L6E locus) 
(Table 2).

The Mie population also deviated from HWE because the seeds from this 
population did not result from natural breeding but originated from different 
locations in China and were translocated to the Mie Prefecture. The mean num-
ber of alleles per population was 2.142 for the Tokyo population, 3.071 for the 
Saitama population, and 4.714 for the Mie population. The mean FIS was 0.154 
for the Tokyo population, 0.158 for the Saitama population, and 0.469 for the 
Mie population, as analyzed by FSTAT (Goudet, 2001).

A and FIS were low in the Tokyo and Saitama populations (Table 2). 
Higher levels of polymorphism were found in the Mie population (2–7, mean 
4.714) than in the Saitama (1–3, mean 2.07) or Tokyo populations (1–5.80, 
mean 2.74) (Table 2). The ASD matrix was calculated from the number of 
shared alleles among individual pairwise allele-sharing distances; the resulting 
values were 0.429–0.893, 0.071–0.464, and 0.071–0.429 for the Tokyo–
Saitama, Mie–Saitama, and Mie–Tokyo populations, respectively. Indigofera 
pseudotinctoria and I. pseudotinctoria f. albiflora were amplified using 14 markers, 
whereas I. trifoliata, I. decora f. alba, and I. kirilowii were amplified using 
10 markers and I. tinctoria, I. gerardiana, and I. decora were amplified using 
nine markers (Table 3).

CONCLUSIONS

Population assessment with 14 microsatellite markers re-
vealed that the nonnative population was highly polymorphic, 
included alleles different from those in native populations, and 
the difference was not due to neutral variation. Our results indi-
cate that the transplanted and native populations did not share 
the few same alleles and that the Mie population had few unique 
alleles. To compare the origin of Chinese and Japanese popula-
tions, natural populations of China should be analyzed. Overall, 
microsatellite markers developed in this study could be used to 
discriminate native from nonnative I. pseudotinctoria individuals 
in Japan and determine genetic disturbance in native populations 
caused by imported plants.
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table 3. Cross-amplification and polymorphism analysis of 14 microsatellite markers developed for Indigofera pseudotinctoria in nine species of Indigofera.a

Locus
I. bungeana  

(N = 1)
I. decora  
(N = 1)

I. decora  
f. alba (N = 1)

I. gerardiana  
(N = 1)

I. kirilowii  
(N = 1)

I. pseudotinctoria  
f. albiflora (N = 2)

I. suffruticosa  
(N = 2)

I. tinctoria  
(N = 1)

I. trifoliata  
(N = 2)

AAJSO — — ++ + ++ + — — —
ACUJQ — ++ — ++ — + — ba —
AN24U — ++ + — + + ba ba —
AUHSL — — ++ — ++ + — — —
AZQ4M ba — — — — + ba ba +
A7G7T — — + + + + + + +
A913S ++ + + + + + + + +
BSN57 + + ++ — + + + + +
BTPFL + — — — — + + ++ +
BP01Y + + — + + ++ — + +
B0L6E + + + + + + + + +
A2T7M + + + + + + + + +
AHK5H + + + + + + — ++ +
AQ11D + + + + + + + + +

Note: — = no amplification product; + = single band; ++ = two bands; ba = stuttered amplification; N = number of individuals sampled.
a The expected single band in three populations of nine Indigofera spp.
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