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Abstract The black pepper, Piper nigrum L., which

originated in Índia, is the World’s most important com-

mercial spice. Brazil has a germplasm collection of this

species preserved at the Brazilian Agricultural Research

Corporation (Embrapa—Eastern Amazonia) where efforts

are being made to generation information on the patterns of

genetic variation and develop strategies for conservation

and management of black pepper. Molecular markers of the

SSR type are powerful tools for the description of material

preserved in genetic resources banks, due to characteristics

such as high levels of polymorphism, codominance and

Mendelian segregation. Given this, we developed nine

microsatellite markers from an enriched library of Piper

nigrum L. Twenty varieties clonal from the Brazilian

germplasm collection were analyzed, and observed and

expected heterozygosity values ranged over 0.11–1.00 and

0.47–0.87, respectively. The nine microsatellite loci char-

acterized here will contribute to studies of genetic diversity

and conservation of Piper nigrum L.

Keywords Microsatellites � Piper � Spices �
Genetic diversity

The genus Piper, the largest of the Piperaceae family, has its

species distributed through all continents of both Old and

New world with several forms of growth, from herbs, small

trees, even lianas, forming about 2,000 species. About four

hundred (400) of them are found in Brazil, including 300 in

the Amazon region alone (Jaramillo and Manos 2001;

Quijano-Abril et al. 2006). The family includes several

economically important species like black pepper, Piper

nigrum L., a tropical woody perennial, the spice most

consumed worldwide (Albuquerque et al. 2001). The specie

is an autogamous plant with a small percentage of cross

pollination, vegetative propagation, despite its fertile seeds

(Nair et al. 1993; Johnson et al. 2005). There are more than

75 black pepper cultivars in Índia of natural and cultivated

occurrences and morphological characteristics of the

accessions in the collection are being recorded systemati-

cally (Nambiar et al. 1978; Johnson et al. 2005).

Informative molecular markers, with a high degree of

polymorphism, codominants, and Mendelian inheritance—

all characteristics presented by microsatellites—are

important for the evaluation of the variability existing in

germplasm collections, providing a better focus for con-

servation efforts, and generating guidelines for the devel-

opment of cultivar improvement programs (Souza 2001).

The evaluation of genetic variability in germplasm depends

on neutral and polymorphic markers regarding environ-

mental effect, and the SSR which is characterized for

occurring, most of the time, in extragenic locations thus

enabling this effect. The isolation and characterization of

microsatellites from an enriched library for Piper nigrum

L. are described in the present study.

Genomic DNA was isolated from the leaves of a spec-

imen of the Singapore cultivar using the CTAB (Cetyl-

trimethyl Ammonium Bromide) method developed by

Doyle and Doyle (1990). An enriched library was
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constructed using the method described by Billotte et al.

(1999). The genomic DNA was digested with RSA I, the

fragments were linked to adaptors and enriched with the

biotinylated probes (CT)8 and (GT)8. The selected frag-

ments were then amplified by Polymerase Chain Reaction

(PCR), and the product cloned in a pGEM T-Easy vector

(Promega) before being transformed in competent E. coli

(XL1-blue), using the expression of the b-galactosidase

gene for the identification of positive clones, which were

grown and stored in 2YT HMFM culture medium with

ampicillin. Following plasmidial extraction and PCR, 192

clones were sequenced in an ABI PRISM 377 using the

primers T7 and SP6. Repetitive regions were identified

using the Simple Sequence Repeat Identification Tool

(Temnykh et al. 2001) and 57 clones were positive for

microsatellites. The sequences were edited and aligned

using the SeqMan (DNAstar Inc.) program. Thirty-six of

the clones containing microsatellites in appropriate regions

were used to design the primers in the regions that flank the

repetitions using the programs Primer Select (DNAStar)

and Primer3 Plus (Rozen and Skaletsky 2000).

For analysis of genetic variability of the microsatellites,

20 varieties clonal of Piper nigrum L. were obtained from the

germplasm collection of the Brazilian Agricultural Research

Corporation (Embrapa—Eastern Amazonia). Amplification

by PCR was conducted in a final reaction volume of 25 ll

containing 1X PCR Buffer, 1.5 mM MgCl2, 0.15 mM of

each dNTP (Fermentas), 0.2 lM of each primer, 1 U of Taq

DNA polymerase (Invitrogen) and 20 ng of genomic DNA.

A PTC-200 (MJ Research) model thermocycler was used to

conduct a protocol that consisted of an initial cycle of 1 min

at 94�C for denaturation, 30 cycles of 1 min at 94�C for

denaturation, 1 min at 58�C, 1 min at 72�C and a final period

of extension at 72�C for 5 min. The products of the ampli-

fication were separated in polyacrylamide denaturing gel and

colored with silver nitrate, as described by Creste and Tul-

mann Neto (2001). Allele size was estimated using a 10 bp

Ladder (Invitrogen).

The number of alleles, observed and expected hetero-

zygosity, and the test for Hardy–Weinberg equilibrium

(HWE) were calculated using the program Tool for Genetic

Population Analysis—TFPGA (Miller 1997). The number

of alleles per locus varied from 3 to 10, with a mean of 5.8

(Table 1). Whereas mean expected heterozygosity was

0.721, that observed was only 0.624. The presence of null

alleles was tested for using the program Micro-checker

2.2.3 (Van Oosterhout et al. 2004).

Linkage disequilibrium (tested using PopGene, version

1.32—Yeh et al. 1998) was not detected at any of the loci.

The nine microsatellites were also tested for in four distinct

species of the genus Piper—P. attenuatum Buch.-Ham., P.

hispidinervium C. DC., P. tuberculatum Jacq. and P. co-

lubrinum Link. under the following PCR conditions: an

initial cycle of 1 min at 94�C for denaturation, 30 cycles of

1 min at 94�C for denaturation, 1 min at 53�C, 1 min at

72�C, and a final extension of 5 min at 72�C. The results

are shown in Table 2. The microsatellites developed and

identified in this study will support the characterization of

the Piper nigrum L. germplasm available in Brazil.
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