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ABSTRACT. Thirty-four microsatellite markers (SSRs) were identified
in EST and BAC clones from Musa acuminata burmannicoides var.
Calcutta 4 and validated in 22 Musa genotypes from the Banana
Germplasm Bank of Embrapa-CNPMF, which includes wild and
improved diploids. The number of alleles per locus ranged from 2 to
14. The markers were considered highly informative based on their
polymorphism information content values; more than 50% were above
0.5. These SSRs will be useful for banana breeding programs, for
studies of genetic diversity, germplasm characterization and selection,
development of saturated genetic linkage maps, and marker assisted
selection.
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INTRODUCTION

Bananas (Musa spp) are grown in more than 120 tropical and subtropical countries,
mainly by small farmers. In 2010, the total harvested area and fruit production were approxi-
mately 4.7 million hectares and 102 million tons, respectively (FAO, 2012). Such numbers
indicate the importance of bananas as a strong commodity, playing key economic and social
roles in many countries producing bananas worldwide.

Banana breeding programs are currently focused on the introgression of diverse traits
that range from disease resistance/tolerance to yield and fruit quality (Heslop-Harrison and
Shawarzacher, 2007). Molecular genetic studies are of fundamental importance for increas-
ing our knowledge base and resources for accelerated genetic improvement of the crop, by
allowing the analysis of genetic diversity, construction of genetic linkage maps, and quan-
titative trait locus mapping of markers for alleles linked to resistance to biotic and abiotic
stresses of particular importance. The availability of reliable and robust molecular markers
such as simple sequence repeat (SSRs) might contribute to the acceleration of Musa breeding
programs.

Although many Musa SSRs have been developed thus far by using a number of differ-
ent strategies (Jarret et al., 1994; Crouch et al., 1997; Lagoda et al., 1998; Creste et al., 2003,
2006; Wang et al., 2008; Miller et al., 2010), the number of SSR loci available for genetic
analysis is still limited, with many more validated and polymorphic SSRs required (Creste et
al., 2004; Wang et al., 2009).

MATERIAL AND METHODS

A total of 52 SSR primer pairs were developed in this study from Musa acumina-
ta expressed sequence tag and bacterial artificial chromosome clone consensus sequence
data available in the DATA Musa database (http://bioinformatics.cenargen.embrapa.br/
musagene/tiki-index.php?page=DATAMUSA) (Togawa et al., 2010). For this, sequences
were analyzed using an in-house bioinformatics pipeline that detects microsatellite loci
on the basis of a PERL script that scans for imperfect repeat SSRs using the scan-for-
matches program (Dsouza et al., 1997). A maximum of 5 primer sets per SSR locus were
designed using Primer3 (Rozen and Skaletsky, 2000). Optimization of polymerase chain
reaction (PCR) amplification conditions was performed using the Fast PCR professional
5.2 software (http://www.biocenter.helsinki.fi/bi/programs/fastpcr.htm).

Microsatellites were then optimized and validated using M. acuminata accessions
ranging from wild to improved diploids. For this, plantlets of 11 wild banana diploids (Bur-
manica, Calcutta-4, Microcarpa, Berlin, Lidi, Khai Nai On, Nyarma Yik, Jari Buaya, Raja
Uter, Sowmuk, and Tjau Lagada) and 11 improved diploids (017041-01, SH32-63, 042079-
06,013018-01, 003023-03, 013004-06,001016-01, 091079-03, F2P2, 003115-Plant-1, and
15-Plant-2) from the Musa germplasm bank maintained at Embrapa Cassava and Fruits
Research Centre (www.cnpmf.embrapa.br) were selected. These 22 diploids were chosen
on the basis of agronomical characteristics and disease resistance.

Genomic DNA was extracted from young leaves of the wild and improved banana
diploids by using the cetyltrimethylammonium bromide (CTAB) method proposed by Doyle
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and Doyle (1990). PCRs contained 30 ng DNA, 1.5 mM MgCl,, 100 uM each dNTPs,
0.2 uM each primer, and 0.75 U Taq polymerase in 10X buffer (Biosystems) in a final
reaction volume of 15 pL. Amplifications were carried out using a BIORAD MyCycler-
Thermal Cycler with the following amplification program: 94°C for 3 min, followed by
30 cycles of 94°C for 40 s, 55°C for 40 s (annealing temperature modified according
to the primer used), and 72°C for 1 min. A final polymerase extension step at 72°C for
4 min was also included, followed by a final incubation at 10°C. PCR optimization in-
cluded identification of the optimal MgCl, concentrations and annealing temperatures
by using 3 different protocols. Amplification products were electrophoresed on 6% de-
naturing polyacrylamide gels and silver stained according to the protocol described by
Creste et al. (2001). Allele size was estimated using a 50-bp ladder molecular size stan-
dard (Invitrogen).

RESULTS AND DISCUSSION

SSR markers combine several features of an ideal genetic marker, owing to their
abundance and widespread dispersal in genomes, hypervariability, co-dominant nature, ac-
cessibility, reliability, and ease of interpretation (Gaudeul et al., 2004). Therefore, assess-
ment of Musa genetic variability solely by using SSR markers continues to be widely used
(e.g., Amorim et al., 2008; Jesus et al., 2009).

Of the 52 primer pairs tested in this study, 1 was monomorphic (data not shown), 3
did not yield any PCR product, and 14 required adjustment in PCR conditions. Thirty-four
SSR primer combinations produced polymorphic DNA amplification products and were
validated as being useful markers for genetic studies in Musa spp (Table 1).

The number of alleles per primer varied from 2 to 14, with an average number
of 5.73. Markers CNPMF-1, -9, -15, -21, -24, -25, and -56 presented the lowest number
of alleles (2) and marker CNMPF-45 yielded the highest number of alleles (14). This
CNPMF-series of SSR markers was classified according to their repeat motifs. The mi-
crosatellites were compared with the NCBI public database (http://www.ncbi.nih.gov/
BLAST/) using the BLASTx-Swissprot option. A cut-off E-value of <10~ was used to
define similar orthologs and sequences that did not meet this requirement, which were
annotated as unknown. The Hardy-Weinberg equilibrium (HWE) and linkage disequi-
librium were accessed by the exact test, and the polymorphism information content
(PIC) was calculated using the POWERMARKER software package (Liu and Muse,
2005). The expected heterozygosity (/) and observed heterozygosity (H,) were de-
termined using the GENETIX software (Version 4.03) (Belkhir et al., 1999). H_ varied
among loci from 0.0868 to 0.8988, with an average of 0.6526, and H ranged from
0.0909 to 0.9474. Thirty-eight percent of the loci showed a significant deviation from
the HWE. The mean PIC values ranged from 0.083 to 0.8946, with ~70% showing a PIC
value above 0.5000.

These highly informative SSR markers might contribute to the acceleration of ba-
nana breeding programs worldwide, improving studies of genetic diversity and leading to
the development of saturated genetic linkage maps. This would ultimately enable marker-
assisted selection and improve selection efficiency.
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