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ABSTRACT. Cultivated clones of Hevea brasiliensis have a narrow 
genetic base. In order to broaden the genetic base, it is first necessary to 
investigate the genetic diversity of wild populations. Expressed sequence 
tag-simple sequence repeat (EST-SSR) markers were developed to 
investigate the genetic diversity of Hevea populations. Four hundred 
and thirty microsatellites were identified and 148 primers were designed 
to amplify the loci. Twenty-nine primer pairs were synthesized and 
evaluated for their ability to detect genetic polymorphisms among 
40 wild accessions of H. brasiliensis. Twenty-one of the 29 loci were 
polymorphic. The number of alleles per locus in the 40 accessions 
ranged from 2 to 7. HO and HE at each locus ranged from 0.0000 to 
0.9000 and from 0.0000 to 0.8704, respectively. All 21 loci could 
amplify in H. brasiliensis, H. pauciflora, H. nitida, H. spruceana, and 
H. camargoana. The EST-SSR primers developed herein can be used in 
genetic diversity and structure studies in H. brasiliensis.
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INTRODUCTION

Hevea brasiliensis (rubber tree), the main source of natural rubber, is indigenous to 
the Amazon basin of South America. Today, the rubber tree is extensively cultivated in South-
east Asia, where it comprises more than 90% of the world’s natural rubber production (Pri-
yadarshan and Gonçalves, 2003). The cultivated clones of Southeast Asia and China were all 
derived from 22 seedlings surviving from seeds collected by Henry Wickham in 1876, which 
showed little genetic variation (Tan, 1987).

Expressed sequence tag-derived simple sequence repeat (EST-SSR) markers are pow-
erful tools for many purposes, such as genetic diversity, linkage map, and marker-assisted 
selection, and can be used across a number of related species. EST-SSRs are developed from 
ESTs. Because mRNA expressions differ among different tissues or developmental phases, 
several different EST-SSRs can be identified. Although EST-SSR markers have been devel-
oped for rubber tree (Feng et al., 2009; Triwitayakorn et al., 2011; Li et al., 2012), novel SSR 
markers are still needed for rubber tree research. Rubber trees show little genetic variation 
(Tan, 1987), and therefore, a lot of SSR markers that are distributed throughout the rubber tree 
genome are needed to accurately analyze genetic structure, construct a high-density genetic 
map, or identify linkage markers, which can then facilitate the establishment of rubber tree 
improvement and conservation programs.

MATERIAL AND METHODS

Forty wild H. brasiliensis accessions (Table 1), originating from the Brazilian States 
of Acre (AC), Rondônia (RO), and Mato Grosso (MT), and four related species (H. pauci-
flora, H. nitida, H. spruceana, and H. camargoana) were selected from the State Rubber Tree 
Germplasm Repository of China. Hevea ESTs were obtained via the ENTREZ search tool of 
the EST database of the National Center for Biotechnology Information (NCBI; http://www.
ncbi.nlm.nih.gov/dbEST/). The EST-trimmer software (http://pgrc.ipk-gatersleben.de/misa/
download/est_trimmer.pl) was used to remove poly-A or poly-T stretches of the 5'- or 3'-end 
until there were no (T)6 or (A)6 within the range of 50 bp. ESTs were clustered and assembled 
into unigenes, including contigs and singletons, using the CAP3 software (Huang and Madan, 
1999). After pre-treatment, the SSRIT program (Temnykh et al., 2001) was used to search for 
di-, tri-, tetra-, penta-, and hexa-nucleotide motifs in rubber unigenes, with a minimum number 
of five repeats. Primers were designed to amplify these repeats using the Primer Premier 6.1 
program (PREMIER Biosoft International, Palo Alto, CA, USA) if the microsatellite repeat 
sequences were longer than 20 bp.

Genomic DNA was extracted from leaf tissues using the protocol described by An and 
Huang (2005). Polymerase chain reactions (PCR) were carried out with a Mastercycler ther-
mocycler (Eppendorf AG, Hamburg, Germany) in a 10-mL volume containing 20 ng template 
DNA, 0.2 mM of each primer, and 1X PCR MasterMix (TianGen Biotech, Beijing, China). 
PCR conditions were as follows: 94°C for 5 min followed by 35 cycles of 94°C for 1 min, 45 
s at the annealing temperature of each primer pair (Table 1), and 72°C for 1 min, with a final 
extension for 7 min at 72°C. The products were electrophoresed on 6% sequencing polyacryl-
amide gels (BioRad Sequi-Gen GT, USA), and bands were visualized by silver nitrate staining 
(An et al., 2009).
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No. Accession ID Origin Longitude (W) Latitude (S) No. Accession ID Origin Longitude (W) Latitude (S)

  1 AC/S/10 37/93 AC 68° 39' 09° 04' 21 RO/C/8 24/10 RO 62° 51' 08° 02'
  2 AC/X/21 64/221 AC 68° 29' 10° 38' 22 RO/C/8 24/293 RO 62° 51' 08° 02'
  3 AC/F/5 21/197 AC 70° 21' 08° 10' 23 RO/PB/2 3/82 RO 63° 34' 11° 30'
  4 AC/S/12 42/494 AC 68° 39' 09° 04' 24 RO/JP/3 22/189 RO 61° 56' 10° 53'
  5 AC/X/21 64/177 AC 68° 29' 10° 38' 25 RO/PB/2 3/267 RO 63° 34' 11° 30'
  6 AC/AB/15-54/418 AC 69° 34' 10° 56' 26 RO/C/8 24/97 RO 62° 51' 08° 02'
  7 AC/F/5 21/108 AC 70° 21' 08° 10' 27 RO/PB/2 3/184 RO 63° 34' 11° 30'
  8 AC/F/5 21/203 AC 70° 21' 08° 10' 28 MT/IT/18 31/125 MT 56° 55' 12° 40'
  9 AC/T/1 5/8 AC 70° 45' 08° 08' 29 MT/IT/16-34/5 MT 56° 55' 12° 40'
10 AC/T/2 4/67 AC 70° 45' 08° 08' 30 MT/C/2 10/54 MT 56° 55' 12° 40'
11 AC/T/1 5/130 AC 70° 45' 08° 08' 31 MT/C/2 10/8 MT 56° 55' 12° 40'
12 AC/F/5 21/220 AC 70° 21' 08° 10' 32 MT/C/9 15/33 MT 56° 55' 12° 40'
13 AC/F/5 21/100 AC 70° 21' 08° 10' 33 MT/C/4 7/153 MT 56° 55' 12° 40'
14 AC/T/2 4/85 AC 70° 45' 08° 08' 34 MT/C/2 10/155 MT 56° 55' 12° 40'
15 RO/CM/10-44/738 RO 64° 13' 12° 24' 35 MT/C/11 9/10 MT 56° 55' 12° 40'
16 RO/CM/10/44/683 RO 64° 13' 12° 24' 36 MT/C/11 9/1 MT 56° 55' 12° 40'
17 RO/J/5-33/38 RO 62° 28' 10° 25' 37 MT/C/2 10/3 MT 56° 55' 12° 40'
18 RO/OP/4 20/125 RO 62° 15' 10° 42' 38 MT/C/11 9/66 MT 56° 55' 12° 40'
19 RO/C/9 23/238 RO 62° 51' 08° 02' 39 MT/C/11 9/70 MT 56° 55' 12° 40'
20 RO/C/8 24/272 RO 62° 51' 08° 02' 40 MT/C/11 9/67 MT 56° 55' 12° 40'

Table 1. Origins of Hevea brasiliensis wild accessions used in this study.

AC = Acre; RO = Rondônia; MT = Mato Grosso.

The genetic statistics based on three populations were calculated using POPGENE 
(Yeh and Boyle, 1997), including the number of alleles, observed (HO), and expected (H

e
) 

heterozygosities.

RESULTS AND DISCUSSION

In total, 430 SSRs were identified from 3090 unigenes, with 66 unigenes containing 
more than one SSR and 287 unigenes containing only one SSR. The frequency of EST-SSRs 
observed in the H. brasiliensis transcriptome was 11.42%. A total of 148 primer sets were 
designed. To evaluate the efficiency of primer design and utilization, 29 of the 148 primers 
were randomly selected and synthesized from the Sangon Company (Shanghai, China), and 
the genetic diversity of 40 wild accessions were investigated. Among the 29 primer pairs, 8 
failed to amplify, and the remaining 21 yielded polymorphism in 40 accessions (Table 2). 
HO and HE at each locus ranged from 0.0000 to 0.9000 and from 0.0000 to 0.8704, respec-
tively (Table 3). The 21 EST sequences containing SSR loci were blasted against the GenBank 
non-redundant database using BLASTx (Altschul et al., 1997). Fifteen of the EST sequences 
showed significant similarities to known genes (Table 2).

The number of alleles per locus in the 40 wild accessions ranged from 2 to 7, with an 
average of 3.43, which exceeded the average of 3.12 alleles reported by Feng et al. (2009), but 
was below the average of 3.85 alleles reported by Triwitayakorn et al. (2011). To test the cross-
species transferability, 21 primer pairs were used for amplification in five Hevea species: H. 
brasiliensis, H. pauciflora, H. nitida, H. spruceana, and H. camargoana. The expected PCR 
products of 21 primer pairs were obtained from all five species (Figure 1).

The primers developed in this study are powerful and suitable for evaluating the ge-
netic diversity and structure of rubber tree populations. These newly developed EST-SSRs are 
an additional resource for the genetic characterization of H. brasiliensis.
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Figure 1. PCR amplification patterns showing polymorphism and transferability of EST-SSRs. A. Primer HESR030 
amplification pattern in 5 species. B. Primer HESR045 amplification pattern in 5 species. C. Primer HESR050 
amplification pattern in 5 species. Lane M = a pUC19 DNA/MspI (HpaII) marker.

Locus          AC (N = 14)            RO (N = 13)            MT (N = 13)

 NA HO HE NA HO HE NA HO HE

HESR020 2 0.2143 0.3042 2 0.4615 0.3692 2 0.5000 0.4524
HESR023 2 0.0000 0.2540 2 0.1538 0.5169 2 0.0000 0.2540
HESR026 4 0.4286 0.4683 4 0.6154 0.5169 4 0.5000 0.5476
HESR029 7 0.6429 0.8333 6 0.6154 0.8369 7 0.7857 0.8704
HESR030 3 0.7857 0.6032 3 0.3846 0.5415 3 0.5714 0.5397
HESR031 2 0.1429 0.1376 2 0.2308 0.2123 2 0.2857 0.2540
HESR032 6 0.7500 0.7572 6 0.9000 0.8474 4 0.9000 0.7737
HESR033 3 0.1429 0.3704 4 0.3846 0.5446 3 0.4286 0.5185
HESR034 4 0.6000 0.7842 4 0.6250 0.7917 4 0.7778 0.7647
HESR041 3 0.5000 0.4153 1 0.0000 0.0000 2 0.4286 0.3492
HESR042 2 0.2857 0.2540 2 0.3077 0.2708 2 0.0714 0.0714
HESR043 4 0.5714 0.5476 4 0.6923 0.6277 4 0.5714 0.5899
HESR045 2 0.6429 0.4947 2 0.6154 0.5169 2 0.4286 0.5079
HESR046 4 0.7143 0.7434 3 0.6923 0.5138 2 0.6429 0.4524
HESR048 4 0.4286 0.6667 2 0.2308 0.5200 4 0.7857 0.6958
HESR049 3 0.3571 0.4206 2 0.2308 0.2123 1 0.0000 0.0000
HESR050 3 0.2143 0.4550 2 0.0000 0.3692 1 0.0000 0.0000
HESR051 3 0.4286 0.6376 3 0.0769 0.6923 3 0.1429 0.6640
HESR053 2 0.3571 0.4524 3 0.1538 0.5815 3 0.2143 0.3148
HESR054 3 0.0714 0.3148 2 0.0000 0.3692 2 0.0714 0.1984
HESR055 2 0.2143 0.3889 2 0.3077 0.2708 2 0.1429 0.2540

Table 3. Results of initial primer screening in three populations of Hevea brasiliensis.

NA = number of alleles; HE = expected heterozygosity; HO = observed heterozygosity; N = individuals of population; 
AC = Acre; RO = Rondônia; MT = Mato Grosso.
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