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ABSTRACT. Oriental persimmon (Diospyros kaki Thunb.) (2n = 6x = 
90) is a major commercial and deciduous fruit tree that is believed to 
have originated in China. However, rare transcriptomic and genomic 
information on persimmon is available. Using Roche 454 sequencing 
technology, the transcriptome from RNA of the flowers of D. kaki 
was analyzed. A total of 1,250,893 reads were generated and 83,898 
unigenes were assembled. A total of 42,711 SSR loci were identified 
from 23,494 unigenes and 289 polymerase chain reaction primer pairs 
were designed. Of these 289 primers, 155 (53.6%) showed robust PCR 
amplification and 98 revealed polymorphism between 15 persimmon 
genotypes, indicating a polymorphic rate of 63.23% of the productive 
primers for characterization and genotyping of the genus Diospyros. 
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Transcriptome sequence data generated from next-generation 
sequencing technology to identify microsatellite loci appears to be rapid 
and cost-efficient, particularly for species with no genomic sequence 
information available.

Key words: Diospyros kaki Thunb.; Simple sequence repeats; 
Roche 454 sequencing

INTRODUCTION

Simple sequence repeats (SSRs), also called microsatellites, are considered the markers 
of choice for the study of plant populations because of their codominant nature, high level of 
polymorphism and reproducibility and because they are more informative than dominant marker 
data for the estimation of population structure and genetic diversity (Mariette et al., 2002). In 
general, SSRs are identified from genomic DNA, but their use is time-consuming and labor-
intensive (Thiel et al., 2003). During the last few years, next generation sequencing (NGS) meth-
ods have become widely available and cost-effective. NGS data can be screened for the presence 
of molecular markers such as microsatellites and single nucleotide polymorphisms (SNPs).

Diospyros kaki Thunb. is native to China with abundant genetic resources. But ge-
nomic information and EST sequences are lacking, and molecular research is relatively poor 
for persimmon, compared with other fruit trees such as apple, pear, peach, citrus, and grape. 
High-throughput sequencing technologies developed in recent years provide a convenient way 
for the establishment of a rapid and efficient molecular research platform to handle huge datas-
ets for molecular marker development. In an earlier study, we effectively obtained information 
on expressed sequence tags-simple sequence repeats (EST-SSRs) and targeted region amplified 
polymorphism (TRAP) using the 9467 D. kaki ESTs (Sablok et al., 2011; Luo et al., 2013), but 
the number of SSR markers was insufficient for genetic analysis of persimmon. In the present 
study, we focused on the identification and characterization of the microsatellite loci that will be 
able to delineate and infer genotyping in D. kaki, from transcriptome sequence data.

MATERIAL AND METHODS

Plant material and sample preparation

The flesh of ‘Luotian-tianshi’ (D. kaki Thunb.) treated with 5% ethanol for 3 days 
and control were used for transcriptome sequencing. Total RNA was extracted using TRIzol 
reagent (Invitrogen, USA) following manufacturer protocol. A total of 15 genotypes of Dio-
spyros spp were used for SSR marker validation and included 5 Chinese, 9 Japanese (D. kaki 
Thunb.) and 1 related species (Table 1). Genomic DNA isolation was standardized using fresh 
leaves by the improved CTAB method. All samples were collected from the Persimmon Re-
pository, Huazhong Agricultural University, Wuhan, China.

NGS 454 transcriptome sequencing and sequence assemblies

Approximately 1 µg RNA was used to generate double-stranded cDNA using the 
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SMARTTM cDNA Library Construction kit (Clontech, USA). Finally, approximately 5 µg 
cDNA were used to construct a 454 library. Roche GS-FLX 454 pyrosequencing was con-
ducted by the Oebiotech Company in Shanghai, China.

Code	 Genotype	 Scientific name	 Ploidy	 Astringent type*	 Origin

  1	 Luotian-tianshi	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 China
  2	 Damopan	 D. kaki Thunb.	 2n = 6x = 90	 PCA	 China
  3	 Fuping-jianshi	 D. kaki Thunb.	 2n = 6x = 90	 PCA	 China
  4	 Gongcheng-shuishi	 D. kaki Thunb.	 2n = 6x = 90	 PCA	 China
  5	 Eshi 1	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 China
  6	 Jirou	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 Japan
  7	 Maekawa-Jirou	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 Japan
  8	 Fuyuu	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 Japan
  9	 Youhou	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 Japan
10	 Matsumoto-wase	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 Japan
11	 Xiangxi-tianshi	 D. kaki Thunb.	 2n = 6x = 90	 PCNA	 Japan
12	 Nishimura-wase	 D. kaki Thunb.	 2n = 6x = 90	 PVNA	 Japan
13	 Yama-fuji	 D. kaki Thunb.	 2n = 6x = 90	 PVA	 Japan
14	 Hiratane-nashi	 D. kaki Thunb.	 2n = 9x = 135	 PVA	 Japan
15	 Date plum	 D. lotus L.	 2n = 2x = 30	 -	 China

*Persimmon can be classified into four types depending on the nature of the fruit’s astringency loss at maturity and 
the change in flesh color: PCNA = pollination constant non-astringent; PCA = pollination-constant astringent; PVA 
= pollination-variant astringent; PVNA = pollination-variant non-astringent.

Table 1. Fifteen genotypes of Diospyros used in EST-SSR mining based on trancriptome data.

A Perl program was written to remove vector sequences and polyA (T) tail from se-
quences, and the reads lower than 100 bp were removed before assembly. The high quality 
reads were then assembled with MIRA (Chevreux et al., 2004) to construct unique consensus 
sequences.

Identification of SSRs and design of SSR primers

All contigs or sequences longer than 100 bp were searched for microsatellites using 
the MISA software (MIcroSAtellite) (Thiel et al., 2003). The parameters defined for the iden-
tification of SSRs were ten minimal repeats for mono-, six minimal repeats for di-, and five 
minimal repeats for tri-, tetra-, penta-, and hexanucleotide. Primers were then designed using 
the PRIMER3 software (Rozen and Skaletsky, 2000).

Amplification of SSRs in persimmon

PCR amplification was conducted to validate the newly designed SSR primers. PCR 
amplifications were performed according to the protocol described in a previous report (Luo 
et al., 2013). PCR fragments were separated on 6% denaturing polyacrylamide gels followed 
by silver staining for visualization of the amplicons asper the protocol described by Bassam et 
al. (1991) with slight modification as per Charters et al. (1996).

Analysis of polymorphic loci

A total of 15 persimmon accessions were used to evaluate the degree of polymorphisms 
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in newly explored SSR markers. All the visible and clear polymorphic bands were scored in 
SSR profiles as 0 and 1 on the basis of the absence and presence of the band. Each polymorphic 
band at a particular position on the gel was considered to be a unique locus in the genome.

RESULTS

A total of 1,250,893 reads were generated from a run of Roche 454 GS-FLX se-
quencing at the Oebiotech Company of the persimmon transcriptome with a total length of 
392,758,416 bp. After trimming the adaptor sequences and removing those shorter than 100 
bp, the clean reads were assembled into 83,898 unigenes with an average size of 579 bp.

Of all unigenes (83,898) larger than 100 nucleotides, 8,743 unigenes contained one or 
more microsatellites, and a total of 42,711 SSR loci were identified (Table 2). The number of 
different repeat types is shown in Figure 1. Mononucleotide repeats (71.76%) and dinucleotide 
repeats (18.39%) comprised the two largest groups of repeat motifs. Less commonly found 
were trinucleotide repeats (8.78%), followed by tetranucleotide repeats (0.63%) and penta-
nucleotide repeats (0.23%), with hexanucleotide repeats being the least abundant at merely 
0.20%. Among the dinucleotide tandem repeats AG/GA was by far the most common, while 
GAA/TTC was the most abundant in the trinucleotide repeats.

	     No.	 Percentage (%)

Total number of unigenes examined	        83,898	
Total size of unigenes examined (bp)	 48,559,518	
Number of unigenes containing SSR	        23,494	 28.0
Total number of SSRs identified	         42,711	
Average number of SSRs per 1 kb	       0.9	
Number of unigenes containing 1 SSR	         14,751	 17.6
Number of unigenes containing more than 1 SSR	           8,743	 10.4

Table 2. SSR mining in transcriptome sequencing data.

Figure 1. Distribution of SSR type and number from persimmon transcriptome sequencing data.
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To verify the effectiveness of the 289 newly designed pairs of SSR primers, they were 
used to amplify genomic DNA of 15 persimmon genotypes (Figure 2). Of these SSR primers, 
155 showed robust PCR amplification and 98 of them revealed polymorphism between 15 per-
simmon genotypes, indicating a polymorphic rate of 63.23% of the primers for characteriza-
tion and genotyping of the genus Diospyros. One hundred and fifty-five primer pairs (53.63%) 
yielded successful amplification with products of expected sizes. Of those amplifiable loci, 98 
SSR markers (63.23%) were scorable and exhibited polymorphism between the persimmon 
genotypes examined (Table 3). For each of the polymorphic SSR markers, the sequences of 
the forward and reverse primers along with the expected PCR product sizes are listed in Table 
3. The sequence data for the microsatellite markers were deposited in GenBank (accession No. 
KC425354-KC425451). The number of alleles detected by the 98 SSR loci ranged from 2 to 15 
with an average of 6.11. The percentage of polymorphic bands ranged from 50.00 to 100.00% 
with an average of 91.38%. Furthermore, eleven SSR loci (DKES58, DKES71, DKES72, 
DKES76, DKES79, DKES80, DKES85, DKES86, DKES87, DKES89, and DKES96) could 
distinguish ‘Fuyuu’ from its bud sport, ‘Matsumoto-wase’, and ‘Maekawa-Jirou’ could be dif-
ferentiated by the SSR loci DKES24 and DKES79 from ‘Xiangxi-tianshi’, which is believed 
to be the bud sport from ‘Maekawa-Jirou’.

Figure 2. Representative examples of PCR products amplified using EST-SSR primer pairs and separated by 
electrophoresis on 6% denaturing polyacrylamide gels: Lanes 1-15 = DNA samples from persimmon genotype 
Luotian-tianshi, Damopan, Fuping-jianshi, Gongcheng-shuishi, Eshi 1, Jirou, Maekawa-Jirou, Fuyuu, Youhou, 
Matsumoto-wase, Xiangxi-tianshi, Nishimura-wase, Yama-fuji, Hiratane-nashi, and Date plum, respectively; lane 
M = pBR322 DNA/MspI marker. A. Primer DKES51; B. Primer DKES53; C. Primer DKES55.
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DISCUSSION

One major application of NGS in population genetics is the development of a large 
numbers of gene-based genetic markers such as SSRs and SNPs, of which a few are currently 
available in the public database for persimmon. SSR markers have been explored from NGS 
data for many plant species (Wang et al., 2010; Dutta et al., 2011; Zhu et al., 2012; Kaur et al., 
2012). In the present study, Roche 454 sequencing technology was applied to sequence the 
persimmon transcriptome. With a sequencing run, a total of 1,250,893 reads with a length of 
392,758,416 nucleotides were sequenced. To identify potential SSR loci, the unigenes were 
searched in silico using MISA. The average frequency of the transcriptomic-derived SSRs was 
one in 0.9 kb, which was clearly higher than that reported for the EST-SSRs in barley (one per 
6.3 kb) (Thiel et al., 2003), sweet potato (one per 7.99 kb) (Wang et al., 2010) and sesame (one 
per 6.55 kb) (Zhang et al., 2012a). Furthermore, it has been emphasized that the frequency of 
SSRs is correlated with many factors, such as SSR mining software, SSR finding criteria, data-
set size, and different materials (Varshney et al., 2005). Except for the mononucleotide repeat 
unit, dinucleotide repeat units were predominant, followed by tri-, tetra-, penta-, and hexa-
nucleotide repeat units, which was consistent with the theory reported by Kaur et al. (2012). 
However, trinucleotide repeat units were predominant in peanut (Zhang et al., 2012b), red pep-
per (Lu et al., 2012), field pea and faba bean (Kaur et al., 2012). AG/CT motifs were abundant 
among the dinucleotide EST-SSRs, while AAG/CTT motifs were predominant in trinucleotide 
EST-SSRs. The relative proportion of different SSR motif types in persimmon observed was 
similar to that for other plant species (Gao et al., 2003; Chen et al., 2006; Feng et al., 2009).

A subset of the putative SSRs was evaluated against 15 persimmon genotypes, and 
98 SSR loci exhibited repeat length polymorphism. The polymorphic rate of EST-SSR in the 
present study for persimmon was 63.23%, which was higher than that in sesame (11.59%) 
(Zhang et al., 2012a), pigeonpea (12.91%) (Dutta et al., 2011), faba bean (29.6%) (Kaur et al. 
2012), peanut (40.63%) (Zhang et al., 2012b), field pea (46.5%) (Kaur et al., 2012), and sweet 
potato (51.09%) (Wang et al., 2010).

In summary, Roche 454 sequencing was utilized to expedite the process of microsatel-
lite discovery in the present study. Ninety-eight polymorphic SSRs were added to the existing 
repertoire of molecular markers in persimmon. These markers characterized here will provide 
important resources for the identification, parentage analysis, and analysis of genetic diversity 
in persimmon.
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