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Isolation and characterization of 16 polymorphic microsatellite markers from
Mangiferaindica L. (Anacardiaceae)
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Abstract
Sixteen polymorphic microsatellite loci for mango (Mangifera indica L.), an

important commercial fruit tree in East Asia, were developed to evaluate the genetic
diversity and identification of cultivars. The 16 polymorphic microsatellite markers
were isolated from mango using a magnetic bead-enrichment method and
polymor phisms wer e identified in 22 mango cultivars. The number of alleles ranged
from 2 to 8, with an expected heterozygosity ranging from 0.304 to 0.826. The
polymor phism infor mation content (PIC) ranged from 0.253 to 0.756 (aver age = 0.543).
These polymorphic loci should be useful and convenient for further studies of the
genetic diversity and identification of cultivarsin mango.

INTRODUCTION

Mango belongs to the genus Mangifera of the family Anacardiaceae. The genus
Mangifera includes severa fruit trees. We are commonly known as mangos belonging to the
species Mangifera indica L. (Singh, 1968). The plant originatesin tropical Asia, including the
north-eastern region of India, the western region of Myanmar, and Bangladesh (Mukherjee,
1972). Mango is a popular commercia fruit tree and has been cultivated in India for more
than 4,000 yr (Mukherjee, 1972).

Usualy, mango cultivars have obtained through open pollination and seedlings
selection. Commercialized mango cultivars have been propagated and cultivated all over the
world (Ravishankar et al., 2000). In general, mango cultivars belong to two distinct groups, i.e.
polyembryonic types and monoembryonic types (Mukherjee, 1949). Traditionally,
morphological and agronomical characters have been employed as criteria for mango cultivars
identification (Mukherjee, 1948; Singh, 1968). Recently, DNA markers have been widely
used for genetic relationship and cultivar identification. In Mango, severa types of DNA
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markers has been applied for the cultivar identification, such as amplified fragment length
polymorphism (AFLP) (Kashkush et al., 2001), random amplified polymorphic DNA (RAPD)
(Adato et al., 1995; Schnell et al., 1995; Ravishankar et al., 2000), inter-simple sequence
repeat (ISSR) (Eiadthong et al., 1999). Recently, Viruel et al. (2005), Schnell et al. (2005),
and Ravishankar et al. (2011) have developed 16, 15, and 30 microsatellite markers for
mango, respectively.

In the study, we have developed an additional set of 16 microsatellite loci and tested
these using 22 mango cultivarg/lines.

MATERALSAND METHODS
Plant materials

22 mango samples were collected and cultivated at KDARES, Taiwan and farmers’
field (Table 1).

Methods

Mango samples were collected and cultivated at Kaohsiung District Agricultural
Improvement and Research Station (KDARES), Ping-Tung County, Taiwan. Variety
Tsar-Swain was chosen for further SSR loci isolation. Genomic DNA was extracted from
adult leaf powder using the CTAB procedure (Murray and Thompson, 1980).

Microsatellite loci were isolated following the method of Liao et al. (2009), modified
from the method proposed by Zane et al. (2002). Genomic DNA was digested using the
restriction enzyme Msel (Promega, USA) and DNA fragments from 400 to 1,000 bp were
isolated from agarose gels using the MinElute Gel Extraction Kit (Qiagen). The purified
partiadl genomic library was ligated to adaptors (complementary oligo A:
5-TACTCAGGACTCAT-3 and 5 phosphorylated oligo
B:5’-GACGATGAGTCCTGAG-3’). The partial genomic library was enriched using 15
cycles of prehybridization polymerase chain reaction (PCR) using adaptor specific primers
(5-GATGAGTCCTGAGTAAN-3’, hereafter referred to as Msel-N). The enriched partial
genomic library was denatured and hybridized to two different biotinylated probes [B-(AG);s,
B-(AC)1s5] at 68°C for 1 h for enrichment. The DNA hybridized to probes was incubated and
captured using Streptavidin MagneSphere Paramagnetic Particles (Promega, USA). The
enriched DNA fragments were then used as templates for 25 cycles of PCR amplification
using Msel-N. Purified PCR products were cloned directly into the pGEM-T Easy Vector
System (Promega, USA).

Plasmids containing the PCR product were isolated using an akaline lysis protocol
(Birnboim and Doly, 1979), screened using PCR [primer pairs: (AG)10 or (AC)10 and SP6 or
T7), and purified with a QiaGen kit (Qiagen, Germany)]. The selected plasmids were
subsequently sequenced in both directions using an ABI BigDye3.1 Terminator Cycle
Sequencing Kit (Applied Biosystems, USA) with the ABI PRISM 3700 DNA Automated
Sequencer.
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RESULTSAND DISCUSSION

We confirmed 58 microsatellite loci from 171 selected sequences using Tandem Repeats
Finder version 4 (Benson, 1999). Microsatellite primer pairs were designed based on the
flanking sequences of microsatellite loci using FastPCR software version 5.4 (Kaendar,
2009). We then synthesized 30 primer pairs and screened them using a gradient PCR protocol
with a Labnet MultiGeneTM 96-well Gradient Therma Cycler to find the best annealing
temperature. The thermocycling profiles were: initial denaturation at 94°C for 5 min, followed
by 30 cycles of 40 s denaturation at 94°C, 1 min annealing at 50~63°C, 1 min extension at
72°C, and afinal extension for 10 min at 72°C. PCR products were separated on 1% agarose
gels to evauate the optimal annealing temperature (Table 2). To screen for polymorphismsin
Indian jujube, 21 samples were examined using the designed primers. PCR was performed
using the GeneAmp PCR System 9700 (Applied Biosystems, Singapore) and products were
separated using 10% polyacrylamide gel electrophoresis. In total, 16 polymorphic
microsatellite loci were obtained.

The degree of polymorphism—including the number of alleles (Na), the number of
effective alleles (Ne), and the expected heterozygosity (He)—and polymorphism information
content (PIC) were computed using GenAIEX version 6 (Peakall and Smouse, 2006). Results
for the polymorphisms are summarized in Table 3. The number of alleles per locus ranged
from 2 to 8. As shown in Table 2, Ne, Hg, and PIC ranged from 1.423 to 5.177 (average =
2.719), 0.304 to 0.826 (average = 0.614), and 0.253 to 0.756 (average = 0.543), respectively.
In final, we conclude that all microsatellite loci reported in the study have the potential to be
used to estimate gene diversity and cultivar identification of mango.
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Tables
Tablel. Mango cultivars used in this study.

No. Cultivars Voucher

1 Tsar-Swain C. C. Tsai 3001
2 Haden C. C. Tsai 3002
3 Jin-Mi C. C. Tsai 3003
4 Tainung No. 1 C. C. Tsa 3004
5 Jin-Huang C. C. Tsai 3005
6 Irwin C. C. Tsai 3006
7 Keitt C. C. Tsai 3007
8 Red Keitt C. C. Tsai 3008
9 Sensation C. C. Tsa 3009
10 Yu-Un No. 6 C. C.Tsai 3010
11 Jin-Xing C.C.Tsa 3011
12 Shan-Lin No. 1 C.C. Tsa 3012
13 Kaohsiung No. 3 C.C. Tsai 3013
14 Line 8302-1 C.C.Tsa 3014
15 unknown C. C. Tsa 3015
16 unknown C.C. Tsa 3016
17 unknown C.C. Tsa 3017
18 ChokAnan C.C. Tsai 3018
19 Line 8302-2 C. C. Tsai 3019
20 Line 8302-3 C. C. Tsai 3020
21 Line 8302-4 C.C. Tsa 3021
22 Tsar-Swain C. C. Tsa 3022

Voucher specimens were deposited at the herbarium of National Museum of
Natural Science, Taiwan (TNM)
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Table 2. Characteristics of 16 microsatellite loci isolated from Mango (Ta, optimized annealing

temperature)
SSR Locus Primers  (5°—3’) Alle(lti)c )size Repeat Motif Ta('C)
Y

Mango-2 F: ATACCCGCAAGAGAGTATGC 165-179 (CNs 58
R: CAAGACTTCAACTTTGTGTCAG

Mango-13 F: TTCTGGCAATGAAATACTACG 143-177 (AT)#(GT)15(TA)#(GA)1. 58
R: ATCTACACTCACGGCAGAAG

Mango-103  F: AGAGTGGTGATGGGAGCGTA 146-160 (AG)1s 58
R: GTCGGATCTGCTAAAACCCG

Mango-154  F: AGTAAACCAGTTTGACGTCC 164-184 (CNe 58
R: TGTTTAGCAGCTCAGTCCTC

Mango-160  F: AATGCCAAAACTCTAGAGTC 251-259 (GA)n 58
R: TCAAAACCCACTCATACGAC

Mango-175  F: ACTCAAATCAGCTTTAGGTC 189-205 (TC)14 58
R: AGCGTAAATAGAAGAGAGCAG

Mango-182  F: AAGTGCACAAGCATGTGCTG 139-163 (GA)13 58
R: TGTTGATATGCGTCCTCAAC

Mango-195  F: ACGGGATAAGCATCAGAGTCG 214-238 (GGAGAA) 13 58
R: TTCTCCTCGACCTACTGCT

Mango-221  F: TGCCATGTACCATATTGCTG 187-207 (CA)s5 58
R: TTCAACCACAATAATCTGCC

Mango-265  F: ACTAGCAATCAGCATGAACC 129-133 (TO)17 58
R: TTGTCCTCCTATTTTATCCG

Mango-267  F: ACTGGTATTGCGGTTTTGAG 211-225 (TGA) 1 58
R: AGGAGGGTGGTTCTAATAGC

Mango-325 F:. TGTACTTCTGTTTGCTTTTG 171-193 (CTN)ss 58
R: AGTATCCTCTTGAACATAGG

Mango-326  F: AGAGGTAGGCCATCGATTCC 144-146 (CNs 58
R: ATACTGTACGCTACCTCCTC

Mango-336  F: TTGCAGAGTAATTACGGCAG 161-169 (TC)5(TG)s 58
R: GTCTTGAGTAAACACAATGC

Mango-343  F: AGGAGTTCAGTTGTGGACAG 148-180 (AG)14 58
R: TTTTGGACCACCTCATCTCG

Mango-364  F: CAAGCAATCAGTCAGTAAGC 172-196 (TC)zs 58

R: CTTTTGAGTGGCAAGTACTC
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Table 3. Genetic diversity of mango
SSR Locus Na Ne He PIC

Mango-2 4 2890 0.669  0.591
Mango-13 7 5177 0826 0.756
Mango-103 6 2338 0586  0.503
Mango-154 8 2.727 0.648 0.581
Mango-160 4 3470 0.728  0.666
Mango-175 4 2300 0578 0.482
Mango-182 5 3102 0.693 0.667
Mango-195 2 1423 0304 0.253
Mango-221 4 3000 0.682 0.613
Mango-265 3 2498 0.604 0.519
Mango-267 2 1996 0511 0.375
Mango-325 4 2839 0663 0.563
Mango-326 4 1940 0496  0.437
Mango-336 3 2469 0609 0535
Mango-343 5 2004 0513 0.469

Mango-364 6 3338 0717 0.672

Na number of aleles, N. number of effective alleles, He
expected heterozygosity, PIC polymorphism information
content
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Figure 1. Mango-160 SSR locus analysis of polymorphism in 22 mango

cultivarg/lines. M: DNA marker. Lanes 1~22 represent different cultivars (M1~M22,
seeTable 1).
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