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CHLOROPLAST AND MITOCHONDRIAL MICROSATELLITES FOR
MILLETTIA PINNATA (FABACEAE) AND CROSS-AMPLIFICATION
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Premise of the study: Chloroplast and mitochondrial microsatellites were identified to study the population genetics of Millettia
pinnata (Fabaceae).

Methods and Results: Based on publicly available plastid genome sequence data of M. pinnata, 42 primer pairs were developed,
of which 17 displayed polymorphisms across 89 individuals from four populations. For chloroplast loci, two to six alleles were
recovered and the unbiased haploid diversity per locus ranged from 0.391 to 0.857. For mitochondrial loci, two to four alleles
were recovered and the unbiased haploid diversity ranged from 0.264 to 0.740. Sixteen of the 17 screened markers could be suc-
cessfully amplified in the related species M. pulchra.

Conclusions: The 17 microsatellite markers developed here exhibited variation in M. pinnata and 16 presented transferability in
the related species M. pulchra, suggesting that these markers will be valuable for genetic studies across M. pinnata and its related

species.

Key words:
microsatellite.

Millettia pinnata (L.) Panigrahi (syn. Pongamia pinnata (L.)
Pierre; Fabaceae) is an arboreal legume of the subfamily Papil-
ionoideae and, more specifically, of the tribe Milletticae. Ac-
cording to Scott et al. (2008), this species is widely distributed in
the Indian subcontinent and Southeast Asia, extending to Polyne-
sia and northern Australia. Historically, this plant has been used
as a source of traditional medicine, animal fodder, green ma-
nure, timber, fish poison, and fuel in India and neighboring re-
gions (Satyavati et al., 1987). Seeds of M. pinnata contain oils
that are inedible but useful for biodiesel, and thus it has received
increasing attention as a sustainable biofuel crop in the past
decade.
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Population genetic studies on M. pinnata have used molecular
biological methods including amplified fragment length poly-
morphisms (AFLPs), three endonuclease (TE)-AFLP (Sharma
et al., 2011), inter-simple sequence repeats (ISSRs) (Sahoo et al.,
2010; Sharma et al., 2014), and the chloroplast trnK/matK and
the internal transcribed spacer (ITS) region of nuclear ribosomal
DNA (Hu et al., 2000, 2002; Arpiwi et al., 2013). Huang et al.
(2016) developed nuclear simple sequence repeat (SSR) mark-
ers for M. pinnata; however, there is still a lack of plastid (chlo-
roplast and mitochondrial) SSR markers capable of detecting
high levels of polymorphism in this species. The uniparentally
inherited characteristics of chloroplast and mitochondria can
supply information on phylogenetic relationships between indi-
viduals because their lineages are not disturbed by recombination
(Soranzo et al., 1999). In general, for the maternally inherited
chloroplast, the higher sequence variations of SSR loci are dis-
tributed throughout the noncoding regions and the flanking re-
gions are conserved (Powell et al., 1995), which makes it possible
to monitor the population structure affected by pollen flow and
seed-mediated gene flow (Provan et al., 2001). The search for
mitochondrial SSR (mtSSR) loci might also be informative, al-
though preliminary studies on plant mitochondrial microsatel-
lites have shown little intraspecific variability (Soranzo et al.,
1999). Therefore, plastid SSR markers can be effective for ana-
lyzing genetic diversity, population structure, paternity inheritance,
and germplasm resource identification (Provan et al., 2001).
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In this study, we developed a set of novel SSRs based on pub-
licly available chloroplast and mitochondrial genome sequence
data of M. pinnata to assess the genetic variation and population
genetic structure of this species. Furthermore, we tested the
transferability of these markers in the related species M. pulchra
(Benth.) Kurz.

METHODS AND RESULTS

In this study, the complete chloroplast and mitochondrial genome sequence
data of M. pinnata were downloaded from the National Center for Biotechnology
Information (NCBI) GenBank database (GenBank accession no. JN673818.2 and
JN872550.1, respectively). The SSR loci distributed throughout the M. pinnata
chloroplast and mitochondrial genomes were screened using MISA software
(Thiel et al., 2003). The SSR motifs contained one to five nucleotides with
the minimum number of repeats as follows: 10 for mononucleotides, five for
dinucleotides, four for trinucleotides, and three for tetranucleotides and penta-
nucleotides. A total of 97 repeat motifs were identified in the chloroplast and
mitochondrial genomes, among which the most frequent types were mononucle-
otides (69 [71.1%]) and dinucleotides (17 [17.5%]), while tri- (5 [5.1%]) and
tetranucleotide (6 [6.2%]) motifs were rare. Forty-two loci were selected at ran-
dom to design primers using Primer3 (Rozen and Skaletsky, 1999), with the
optimum conditions set at length of 22 bp (20-26 bp), temperature of 55-60°C,
and product size range of 100-500 bp.

Wang et al.—Millettia pinnata microsatellites

Eighty-nine individuals of M. pinnata from four natural populations (Ap-
pendix 1) were used to evaluate polymorphism of the target microsatellite loci.
Genomic DNA from silica-dried leaves was isolated using the advanced cetyltri-
methylammonium bromide (CTAB) method (Doyle, 1991). PCR amplifications
were performed in a final volume of 15 pL, containing 30 ng of genomic DNA,
1x PCR buffer (10 mM Tris-HCI [pH 8.4] and 1.5 mM MgCl,; TransGen
Biotech Co., Beijing, China), 0.2 mM dNTPs (Bocai Biotech Co., Shanghai,
China), 0.5 uM of each primer (BGI Sequencing Co., Beijing, China), and
0.5 units EasyTag DNA polymerase (TransGen Biotech Co.). PCR reactions
were conducted in a Bio-Rad PTC-200 thermal cycler (Bio-Rad Laboratories,
Hercules, California, USA) under the following conditions: initial denaturation
at 94°C for 4 min; followed by 35 cycles of 94°C for 1 min, 45 s at the specific
annealing temperature for each primer pair (Table 1), and 72°C for 60 s; and a
final extension of 10 min at 72°C. PCR products were detected using 1.0%
agarose gel electrophoresis to test the utility of the primers. Finally, among the
42 selected primer pairs, 40 were successfully amplified but products from only
17 primer pairs exhibited clear SSR polymorphisms. Six individuals from the
related species M. pulchra were used to evaluate the transferability of these poly-
morphic markers applying the 17 screened primers. With the Quant-iT PicoGreen
dsDNA Reagent and Kit (including the 35-400-bp Range DNA Ladder;
Invitrogen, Carlsbad, California, USA), the Fragment Analyzer Automated
CE System (Advanced Analytical Technologies [AATI], Ames, Iowa, USA) was
applied to perform SSR genotyping. Raw data were exported, and the number
of alleles and allele sizes per locus were called using PROSize software
(version 2.0, AATI). All sequences of cpSSR and mtSSR loci were deposited in
GenBank, and their accession numbers are presented in Table 1. Because it
would be difficult to score the mononucleotide microsatellites consistently, we

TasLe 1. Characteristics of 17 novel microsatellite markers developed in Millettia pinnata.

Locus Primer sequences (5-3") Repeat motif T, (°C) ES (bp) Position? GenBank accession no.

POSSRB38P F: TTAAGGAGGCCCCTAATGAAAT (D)yg---(A) o 55 258 trnG-psal 1GS KY 189098
R: TTTTAGATACGGGCAGTAGGGA

POSSRB548> F: ATTAATCGGGGATACACGACAG (T)yg---(A)3 55 191 yef3 CDS KY 189099
R: ATTCCGACAACTTCAGGAGAAA

POSSR22° F: ATTGCAGGTTAACCCCCTTC (AT), 55 190 rpl20 intron KY 189089
R: AAAATCGGCGGAGAAGTTTT

POSSR30° F: TCGTCGGTAAATTCAACGGT (AT), 55 360 trnD intron KY189092
R: AGGGGATCCCTCTTGTTTTT

POSSR44° F: GAATTTGTTTCTTCGTCTTTACAAAA (AT), 55 173 trnH intron KY189093
R: GTGGATCAAGGCAGTGGATT

POSSR81® F: GCTCCGTTCCATGTCTCATT (TA)g 55 275 yefl intron KY 189096
R: TGAAAAATCATCGCAAACCTC

POSSRB253° F: AATTAGGCTCGATCAACTGGAA (M), 56 242 yef2-yef15 1GS KY411953
R: CTGTTCCTATCTAACGGAACGC

POSSRB426" F: ATTCAGTATCCTGCCACGAAAT (Ao 56 175 vef2-yef15 1GS KY411954
R: CGACCTTGCATTTTTCTACCTC

POSSRS6P F: CTGTTCCTATCTAACGGAACGC (A, 56 242 vef2-yef15 1GS KY411955
R: AATTAGGCTCGATCAACTGGAA

POSSRS89" F: TTCGTGATTCCTTGGTAAATCC (A)g 56 203 atpF CDS KY411956
R: AGGCCATTTTATCGACATGAGT

POSSRS217° F: GATTACGATAAATTGGATCGGC M)y, 56 168 rps7 intron KY411957
R: ATCTTTCGAGATCCACCCTACA

POSSRS225Y F: TTTCTTCCAACATAACAACCCC (T);s 56 152 rps18 intron KY411958
R: AAAGCGAGTCGACCACTAGAAC

POSSRB218¢ F: CGTTCCTTTTCTCTTGGACATC (TATTA)s 55 168 atp9 intron KY 189090
R: TGCATGGGTCTTCCTTTCTTAT

POSSRB310¢ F: GAGTTTGAATTGACCCGGTTAG (CT)e 55 242 trnD-trnl 1GS KY189091
R: CTAGGCAGCTATCGGAAAGAAA

POSSR53¢ F: AGGCTGCTAGGAAGGAGGAC (TA), 55 175 cemC-rps3 1GS KY 189094
R: GGCACCATTTCAGAGAGGAG

POSSR61¢ F: CGGTGAAGTACCCCCTTACA (GA), 55 242 nadl-atpl 1GS KY 189095
R: GCTTCGGTGTAAGCACCAGT

POSSR95¢ F: GTATGTACCCCGATTCGCAC (CAAA); 55 203 Rrn26-mtB 1GS KY189097
R: GTCTAGGCTGATTTGGCAGG

Note: A = number of alleles; CDS = coding sequence; ES = expected band size; IGS = intergenic spacer; 7, = annealing temperature.
2Position of each SSR is according to the NCBI sequence information of M. pinnata (GenBank accession no. JN673818.2 for the complete chloroplast

genome and JN872550.1 for the complete mitochondrial genome).
bLoci located in the chloroplast.
¢Loci located in the mitochondria.
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conducted direct sequencing of the PCR products using the BigDye Terminator
v3.1 Cycle Sequencing Kit and ABI PRISM 3730 sequencer (Applied Biosystems,
‘Waltham, Massachusetts, USA) with both forward and reverse primers, to verify
the allelic variants tested in this study. Sequences were visualized and analyzed
with the DNASTAR software package (DNASTAR, Madison, Wisconsin, USA).

The 17 selected primers exhibited high polymorphisms across 89 individuals
of four M. pinnata populations. For each of these loci, the number of alleles per
population, the number of effective alleles per population, Shannon’s informa-
tion index, and the unbiased haploid diversity (h,,;,) of each microsatellite locus
were calculated using GenAlEx version 6.5 (Peakall and Smouse, 2012). Among
chloroplast loci, the number of alleles per locus per population varied from two
to six, while A, ranged from 0.391 to 0.857. For mitochondrial loci, two to four
alleles per locus per population were detected and h,,;, ranged from 0.264 to
0.740 (Table 2). Subsequently, 16 of the 17 developed markers were success-
fully amplified in the related species M. pulchra, demonstrating their transfer-
ability (Table 2).

CONCLUSIONS

The 17 polymorphic SSR markers developed here proved
useful in the evaluation of the genetic diversity of M. pinnata,
and 16 showed high transferability within the related species
M. pulchra. This set of novel polymorphic SSR markers will serve
as a very useful tool for the genetic diversity analysis, clonal
identification, and germplasm conservation of M. pinnata and its
related species.

LITERATURE CITED

ArriwL, N. L., G. YaN, E. L. BARBOUR, AND J. A. PLumMER. 2013. Genetic
diversity, seed traits and salinity tolerance of Millettia pinnata (L.)
Panigrahi, a biodiesel tree. Genetic Resources and Crop Evolution 60:
677-692.

Dovtg, J. J. 1991. DNA protocols for plants. /n G. M. Hewitt, A. W. B.
Johnston, and J. P. W. Young [eds.], Molecular techniques in taxonomy,
283-293. Springer-Verlag, Berlin, Germany.

Hu, J. M., M. LaviNn, M. F. WoiciecHowskl, AND M. J. SANDERSON. 2000.
Phylogenetic systematics of the tribe Millettieae (Leguminosae) based
on chloroplast frnK/matK sequences and its implications for evolution-
ary patterns in Papilionoideae. American Journal of Botany 87: 418-430.

Hu, J. M., M. Lavin, M. F. WojciecHowsKl, AND M. J. SANDERSON. 2002.
Phylogenetic analysis of nuclear ribosomal ITS/5.8S sequences in
the tribe Millettieae (Fabaceae): Poecilanthe-Cyclolobium, the core
Millettieae, and the Callerya group. Systematic Botany 27: 722-733.

Wang et al.—Millettia pinnata microsatellites

Huang, J. Z., X. H. Guo, X. H. HAao, W. K. ZHANG, S. Y. CHEN, R. F. Huang,
P. M. GRESSHOFF, AND Y. Z. ZHENG. 2016. De novo sequencing and
characterization of seed transcriptome of the tree legume Millettia
pinnata for gene discovery and SSR marker development. Molecular
Breeding 36: 75.

PeakaLL, R., aND P. E. Smousk. 2012.  GenAIEx 6.5: Genetic analysis in
Excel. Population genetic software for teaching and research—An up-
date. Bioinformatics (Oxford, England) 28: 2537-2539.

PoweLL, W., M. MorGANTE, C. ANDRE, J. W. McNicoL, G. C. MACHRAY,
J. J. DovLE, S. V. TINGEY, AND J. A. RaraLskl. 1995. Hypervariable
microsatellites provide a general source of polymorphic DNA markers
for the chloroplast genome. Current Biology 5: 1023—-1029.

Provan, J., W. PoweLL, aNnp P. M. HorLrLingsworTH. 2001.  Chloroplast
microsatellites: New tools for studies in plant ecology and evolution.
Trends in Ecology & Evolution 16: 142—147.

Rozen, S., aND H. SKALETSKY. 1999. Primer3 on the WWW for general
users and for biologist programmers. /n S. Misener and S. A. Krawetz
[eds.], Methods in molecular biology, vol. 132: Bioinformatics:
Methods and protocols, 365-386. Humana Press, Totowa, New Jersey,
USA.

SaHoo, D. P., S. AparanTa, AND G. R. Rout. 2010. Inter and intra-popula-
tion variability of Pongamia pinnata: A bioenergy legume tree. Plant
Systematics and Evolution 285: 121-125.

Satyavaty, G. V., A. K. Gupta, anp N. Tanpon. 1987. Medicinal plants of
India, vol. 2, p. 490. India Council of Medicinal Research, New Delhi,
India.

Scorrt, P. T., L. PreGeLs, N. CHEN, J. S. HADLER, M. A. DIORDIEVIC,
AND P. M. GressHoOFF. 2008. Pongamia pinnata: An untapped re-
source for the biofuels industry of the future. BioEnergy Research
1:2-11.

SHARMA, S. S., M. S. Nkai, P. SinHA, K. KUMAR, AND S. B. TripaTHI. 2011.
Assessment of genetic diversity of biodiesel species Pongamia pin-
nata accessions using AFLP and Three Endonuclease-AFLP. Plant
Molecular Biology Reporter 29: 12—18.

SHArRMA, S. S., M. A. IsLam, M. S. Nkici, anp S. B. TripaTH. 2014.
Isolation and characterization of a first set of nine polymorphic mi-
crosatellite loci in Pongamia pinnata (Fabaceae). Journal of Genetics
93: e70-e74.

Soranzo, N., J. PRovaN, AND W. PowELL. 1999. An example of microsatel-
lite length variation in the mitochondrial genome of conifers. Genome
42: 158-161.

THIEL, T., W. MIcHALEK, R. K. VARSHNEY, AND A. GRANER. 2003. Exploiting
EST databases for the development and characterization of gene-
derived SSR-markers in barley (Hordeum vulgare L.). Theoretical and
Applied Genetics 106: 411-422.

Appenpix 1. Sampling information for the populations of Millettia pinnata and M. pulchra used in this study.

Species Population code Collection locality Geographic coordinates N Voucher no.?

Millettia pinnata (L.) Panigrahi POPH Perhentian Islands, Malaysia 5°54’34.12”N, 102°44’42.43"E 26 Liu20150926
POLS Laem Son, Thailand 6°5621.10”N, 99°42'43.64"E 25 Huang20160701
POCN Chilaw, Sri Lanka 7°33’43.16"N, 79°48’5.96"E 14 Liu20161001
PONS Tainan, Taiwan, China 23°11.2"N, 120°7'1.20"E 24 He20121208

Millettia pulchra (Benth.) Kurz MVSD Heishiding, Guangdong, China 23°27°43.91”N, 111°54'32.37"E 6 Shi20161210

Note: N = number of individuals sampled.

2All voucher specimens are deposited at the herbarium of Sun Yat-sen University (SYS), Guangzhou, China.
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