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ABSTRACT. Most plant expressed sequence tag-simple sequence
repeats (EST-SSRs) are not polymorphic, and it is important to learn
the characteristics of highly polymorphic EST-SSRs. In this study, 357
compound and 5557 non-compound EST-SSRs, identified from the
transcriptome of the Chinese bayberry (Myrica rubra ‘Biqi’), were
divided into 11 types based on their characteristics. Polymorphisms in
all 11 EST-SSR types were investigated in 10 cultivars. The percentages
of polymorphic loci ranged from 12.9 to 87.5%, with 2-ntL having
the highest, followed by 3-ntL, Compound B, and Compound A. The
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number of alleles and the polymorphic information content of 2-ntL
and Compound B were the highest, followed by 2-ntM and Compound
A. Therefore, we recommend that 2-ntL, Compound B, and Compound
A EST-SSRs should be preferentially selected for the screening of
polymorphic EST-SSRs in the Chinese bayberry. Our results should
facilitate genetic and breeding studies of this species, and provide a
reference for similar study in other plant species.

Key words: Chinese bayberry; Myrica rubra; EST-SSR; Polymorphism;
RNA-Seq

INTRODUCTION

RNA sequencing (RNA-Seq) has been widely used to develop expressed sequence
tag-simple sequence repeats (EST-SSRs), and can generate thousands of EST-SSRs in a plant
(Zalapa et al., 2012). However, only about 10 to 30% of plant EST-SSRs are polymorphic
(Yi et al., 2006; Dutta et al., 2011), and it is usually laborious and time-consuming to screen
polymorphic EST-SSRs out (Lu et al., 2014). It has been reported that the possibility of an
EST-SSR being polymorphic is directly related to its repeat number and inversely related to
its motif size (Yi et al., 2006). However, the characteristics of highly polymorphic EST-SSRs,
including various compound EST-SSRs derived from the transcriptome of an individual plant,
have not been fully documented.

The Chinese bayberry (Myrica rubra Sieb. et Zucc.) is a subtropical perennial plant
belonging to the family Myricaceae and an economically important fruit crop in China (Chen
et al., 2004; Zhu et al., 2013). Recently, RNA-Seq of the Biqi cultivar was conducted, and
some genetic features, including codon usage, have been characterized (Feng et al., 2012,
2013). In this study, EST-SSRs from the Chinese bayberry transcriptome were characterized
and divided into 11 types; those that were highly polymorphic were then identified.

METHODS AND RESULTS

By using MISA (http://pgre.ipk-gatersleben.de/misa/), 6883 di- and hexa-nucleotide
EST-SSR loci have been identified from all 41,239 UniGenes assembled de novo from the
Chinese bayberry transcriptome (Feng et al., 2012) (Table 1). Among them, two to five EST-
SSR loci located in a UniGene with less than 100 bases between adjacent loci were defined
as compound EST-SSRs. Based on their characteristics, 5557 non-compound EST-SSRs were
classified into six types, and 357 compound EST-SSRs with all their motifs in either two
or three nucleotides were divided into five types (Table 2). From each type of EST-SSR, a
minimum of 20 EST-SSRs with known flanking sequences longer than 40 bp were selected to
investigate their polymorphisms in 10 Chinese bayberry cultivars, as reported in our previous
study (Zhang et al., 2012). From 5914 EST-SSRs, 412 were selected for polymorphism analy-
sis and 109 polymorphic EST-SSRs, including 35 compound and 74 non-compound EST-
SSRs, were screened out (Table 2).

The polymorphic rate, indicated by the percentage of polymorphic loci (PPL) of dif-
ferent types of EST-SSR, ranged from 12.9 to 87.5%, with 2-ntL having the highest followed
by 3-ntL, Compound B, and Compound A (Table 2). The PPL of these four types was
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over 70%, which was much higher than the mean PPL of all the EST-SSRs derived from
the transcriptome, which was 29.4% (Table 2). This result indicates that the efficiency of
screening polymorphic EST-SSRs in these four types could be at least 1.98-fold higher
than that from randomly screening all EST-SSRs. The number of alleles (N,), polymor-
phic information content (PIC), the number of genotypes, expected heterozygosity, and
observed heterozygosity were used to evaluate the polymorphic level of a polymorphic
SSR, and we found that the mean N, and PIC values of 2-ntL and Compound B were
both higher than those of the other types of EST-SSR, followed by 2-ntM and Compound
A (Table 2). The polymorphic levels of di-nucleotide EST-SSRs were generally higher
than those of EST-SSRs with larger motifs (including 3-ntL) (Table 2). The numbers of
polymorphisms in the compound EST-SSRs were slightly lower than those in the non-
compound EST-SSRs (Table 2). These results are consistent with what has previously
been reported: that SSR polymorphisms are closely associated with their forms, motif
sizes, repeat numbers, and repeat lengths (Temnykh et al., 2001; Buschiazzo and Gem-
mell, 2006; Yi et al., 2006; Kelkar et al., 2008; Cavagnaro et al., 2010).

Table 1. Constitutions of 6883 EST-SSR loci derived from the transcriptome of Chinese bayberry.

Motif Number of repeats Total (Percentage)
5 6 7 8 9 10 11 12 13 >13
AG/CT 1092 390 269 232 201 134 136 141 115 38 2748 (39.9%)
Other 2-nt* 214 31 21 11 4 6 4 4 1 3 299 (4.3%)
Total 1306 421 290 243 205 140 140 145 116 41 3047 (44.3%)
4 5 6 7 8 9 >9
AAG/CTT 465 147 61 37 21 17 3 751 (10.9%)
AGC/CTG 234 61 28 7 3 1 334 (4.9%)
AGG/CCT 240 80 30 11 3 3 367 (5.3%)
ACC/GGT 192 63 22 9 6 2 294 (4.3%)
ATC/ATG 188 40 19 5 252 (3.7%)
Other 3-nt 248 64 20 7 4 4 347 (5.0%)
Total 1567 455 180 76 37 27 3 2345 (34.1%)
3 4 5 6 7
4-nt 724 91 13 4 1 833 (12.1%)
5-nt 175 17 5 1 198 (2.9%)
6-nt 375 75 7 3 460 (6.7%)
Total 1359 183 25 8 1 1491 (21.7%)
“Nucleotide.
CONCLUSIONS

For the Chinese bayberry, 2-ntL, Compound B, and Compound A EST-SSRs
should be preferentially selected for the screening of polymorphic EST-SSRs, due to their
high polymorphic rates and levels. After selecting specific EST-SSRs from the different
types, the efficiency of screening polymorphic EST-SSRs in Chinese bayberry should
be significantly increased. The results of the present study should facilitate genetic and
breeding studies on the Chinese bayberry, and provide a reference for similar study on
other plant species.
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