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Abstract In present study, nineteen simple sequence repeat (SSR) loci were isolated and characterized from male and female
flower-specific expression genes, which derived from a transcriptional sequencing database of female and male flowers in
chestnut. Among these pairs of SSR primers, five pairs showed good polymorphism and productive stability by PCR analysis.
Seventeen chestnut cultivars were used to perform SSR-PCR experiments and the PCR products were determined with capillary
electrophoresis (CE) method. The results showed that seventeen cultivars were divided into three groups. The first group included
six cultivars such as ‘Chaoduanzhi 1°, ‘Chaoduanzhi 2°, ‘Yimeng Duanzhi’ and ‘Yanhong’, which belongs to northern chestnut
varieties. The second group contained ten cultivars, which were mainly southern chestnut varieties composing of some local
varieties of Hubei province. The last group contained only one cultivar ‘Jinliwang’, which was separately different relationship
from other cultivars in the first and second groups. Taken together, these results indicated that the SSR markers exhibited good
repeatability and high polymorphism. Our study provided novel insights into analyzing genetic diversity and developing specific
molecular marker assisted with male and female flower of chestnut.

Keywords Chestnut; Transcriptional sequencing; SSR; Capillary electrophoresis

The main commercially cultivated species of Castanea in the world are Chinese chestnut (Castanea mollissima),
Japanese chestnut (C. crenta), American chestnut (C. dentata) and European chestnut (C. sativa). China is the
origin center of chestnut plants, and has the largest yield of edible chestnut in the world. According to FAO
statistics in 2018, the total edible chestnut output in the world was 2.354x109 kg, of which Chinese chestnut
output was 1.96x109 kg, accounting for 83.5% of the world's output (http://www.fao.org/faostat/zh/# data/QC).
Chestnut has unique flavor and rich nutrition. It is a healthy food with low fat and sulfur, rich in starch, crude
protein and minerals. Many countries and regions have the traditional habit of consuming chestnut, and the
demand of chestnut at home and abroad is large. China has plenty of chestnut germplasm resources and also
many local varieties. And the formation and distribution of Chinese chestnut are obviously regional, which can
be briefly divided into two types: northern type and southern type. With the development of chestnut industry,
the ability to explore and create new germplasm of chestnut is increasing, and the introduction and selection of
local chestnut are frequent. Thus it is difficult to identify varieties by using the appearance and morphological
characteristics, actually in practice there are problems such as mixed varieties, homonymous foreign matters,
heteronymy and homonymy (Cheng et al., 2012). Therefore, it is necessary to study the diversity of chestnut
resources and identify varieties, which is benefit for the selection and comprehensive development of new
varieties of chestnut.

Simple sequence repeat (SSR) molecular markers exist widely in the genome, with low cost, good stability,
high polymorphism, co-dominant inheritance and other advantages (Hokanson et al., 1998). Researchers have
developed many SSR markers by constructing gene library or using Fagaceae genome database (http://
www.fagaceae.org) and public EST database (Ai et al., 2007; Xiang et al., 2010; Santos et al., 2015). SSR
markers were widely used to study the genetic diversity of Chinese chestnut, European chestnut, Japanese
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chestnut and American chestnut (Marinoni et al., 2003; Tian et al., 2009; Jiang et al., 2015; Liu et al., 2016).
However, the SSR markers were mainly from European chestnut, and there lacks SSR markers from Chinese
chestnut, especially the SSR markers related to target genes. In theoretical research and breeding practice,
molecular markers related to target traits or target genes are more valuable and precious.

With the reduction of high-throughput sequencing cost, combining transcriptome sequencing with
bioinformatics analysis could quickly identify SSR loci and efficiently develop SSR markers, which had been
successfully applied in many plants (Yan et al., 2015; Rao et al., 2016; Zhao et al., 2019). In this study, based
on RNA-sequence database of male and female flowers of Chinese chestnut, SSR loci were identified in the
genes specifically expressed in male or female flowers. Then these SSR loci were screened and verified by PCR
and capillary electrophoresis, and SSR markers with good repeatability and polymorphism were developed.
This research could provide more high-quality molecular markers, and facilitate development of specific
molecular markers linked with male and female flowers of chestnut, which had important meanings for the
study of diversity of chestnut resources and the analysis of differentiation and development of male and female
flowers of chestnut.

1 Results and Analysis

1.1 DNA quality analysis

The DNA was checked by spectrophotometer, with OD260/0D280 was in the range of 1.8~2.0, OD260/0D230
was about 2.0; then the DNA were detected by electrophoresis on 1% agarose gel (Figure 1). It showed that the
main DNA bands were bright and clear, no dispersion bands which meant there was no proteins or RNAs in the
DNA sample. These results indicated that the DNA was good and could be used for SSR-PCR amplification in
the next step.

bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Figure 1 The results of DNA by agarose gel electrophoresis
Note: M: DL5000 DNA Marker; lane 1~17: 17 DNA samples

1.2 SSR primer screening

To evaluate and screen the 19 SSR primers (Table 1), PCR was conducted using 8 chestnut DNA samples. The
results showed nine primers could get clear bands, among them five primers had polymorphic bands, and S3,
S10, S15 showed high polymorphism (Figure 2). Each pair of primers could detect 2-7 gene loci within the 600
bp fragment range, which indicated that these primers could be used for subsequent genetic analysis.

1.3 Capillary electrophoresis analysis

The PCR products of 3 pairs of polymorphic primers (S3, S10, S15) in 17 samples were detected by PCR
QIAxcel automatic capillary electrophoresis detection platform (PCR-QIAxcel). QIAxcel ScreenGel 1.4
software was used to analyze the amplified fragment size from 15 bp to 600 bp. The results showed 27
polymorphic alleles were detected in the 17 samples, each pair of primers could detect 9 alleles on average. The
capillary electrophoresis pattern of primer S15 was shown in Figure 3. Among them, the abscissa was the
length of the fragment and the ordinate was the fluorescence intensity (RFU). The higher of the RFU presented
the higher concentration of the PCR product. It was shown that the peak value of amplified signal was the same
as that on agarose gel, and the size of the band was basically the same as expected, indicating that the primers
had good stability and reproducibility. According to the electrophoretic analysis, primer S15 detected 7
polymorphic loci in the 17 chestnut samples (such as 125 bp, 187 bp, 241 bp, 317 bp, 388 bp, 463 bp, 508 bp;
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with an error+3 bp). In addition, there were no significant specific peaks, which demonstrated that the SSR
primers had high repeatability and polymorphism under current PCR reaction conditions.

Table 1 SSR primers related specific genes between female & male flowers of chestnut

Primer No. Primer sequence (5'-3") Repeat type Optimal annealing Temperature (°C)

S1 F GATTGCTGGCGATCGTTATT Perfect 51.2
R ACTTGTGAACCCAAAGCACC (TA)o

S2 F TTGATTCCCTGAGGATGGAG Perfect 51.2
R GGTTGTTGCAAAGCCATTCT (TGA)s

S3 F GTGGGAACAAGAAGAAGCCA Perfect 49.2
R AAGTCATTTTGCATGGAGCA (AGA)s

S4 F GAACACGATCAAGAAGTTCCG Perfect 52.5
R TCTCTCTGTGGCTGTTGTGG (AGA)s

S5 F GGCAATGAGCTTGAGCTTAGA Perfect 52.5
R TTGATTACATCAGTACATCTCCTTCC (AT)s

S6 F CTCATGCATGCAAGCACTTT Perfect 51.2
R TGCATTGTGTTACCTTCCCA (TTA)s

S7 F TGACAGAAATGGCGGATAAA Perfect 49.2
R CACAGGTGGCTCTCAAGTCA (AAG)s

S8 F CCCAATGAACAAATTCTGGG Perfect 51.2
R GCTGTGGCATCATCATCATC (GAT)s

S9 F CGAATGCGAGATTGGATGTA Perfect 51.2
R CGTTGATCAATTTACGTGCC (ATG)s

S10 F CCAAGGAGGTTTGCAAGGTA Perfect 52.5
R GGGTGTAGATGGTGGTGGTC (AGCC)¢

S11 F CAAAACCTCCACAATTCTCACC Perfect 52.5
R CTCAACCCCACCCCTTTATT (TCT)s

S12 F TTGATGAGTTCAGGCTGGTG Perfect 52.5
R CACTCAACTCACCCCCTCAC (GA),

S13 F CACGGAGTACGTGTGTTGCT Perfect 54.3
R GAGGAGTTCGAGCTCACCAT (CGG)s

S14 F AGTGGAGATGGTGCTCAAGG Perfect 52.5
R GCTGCTGAGAATTGCTTTCC (GGO)s

S15 F GATGATGAGAGCTTGGCCTC Perfect 52.5
R AAGAAGAAGATGCAGACCGC (CCQ)s

S16 F CCACCAATCAGTTCCTCCAG Perfect 52.5
R GCAACATCACCGTCAATGAG (GCC)¢

S17 F CGTCAGGTTGAAGTCGAACA Perfect 52.5
R CACTCCTTGCACTAGCCCAT (TGO)s

S18 F ACAACAGCCACCAACTCCTC Perfect 54.3
R CGTTCAGCTCCTCGTAGTCC (CGG),

S19 F TAGACTGTAGGATGGCCACG Perfect 54.3
R GACCGTTCATGGTCTTCCAG (CTC)s

1.4 Genetic analysis of 17 chestnut varieties

According to the results of capillary electrophoresis, the phylogenetic tree of 17 varieties was constructed
(Figure 4). The results showed that the genetic diversity coefficients of 17 varieties were ranged from 0.48 to
0.93, and these varieties could be divided into three groups with the coefficient of 0.74 as threshold. Among
them, the first group consisted of six varieties such as ‘Chaoduanzhi 1°, ‘Chaoduanzhi 2’, ‘Yimeng Duan- zhi’
and ‘Yanhong’, which were mainly northern Chinese chestnut varieties. The second group contained 10
varieties, which were mainly local varieties in Hubei Province, among them ‘Yaozili’ and ‘Xuanhuahong’
represented Hubei Dawu variety, while ‘Jinyou 1°, ‘Jinyou 2’ and ‘Luotian Hongli’ were mainly from Luotian,
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Hubei Province. The third group contained only one variety ‘Jinliwang’, which was far away from the other two
groups.

bp M S1 S2 S3 S10 S15

Figure 2 Profile of different primers amplification in 8 samples of Castanea mollissima

Note: M: DL5000 DNA Marker; S1, S2, S3, S10 and S15 were the primers’name; The 8 lanes for each primer pair showed the
DNA samples of Chaoduanzhi 2, Luotian Hongli, Yaozili, Hongguang Youli, Jinyou 2, Jinliwang, Yanhong and Jiuyuehan
respectively from left to right
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Figure 4 Phylogenetic tree of 17 chestnut varieties based on SSR analysis

2 Discussion

Chestnut is the largest cultivated species in the genus Castanea. It is widely distributed in China and has been
cultivated for a long time. Previous studies on agronomic traits or molecular markers of chestnut suggested that
both natural and local populations had high genetic polymorphisms (Wang et al., 2006; Jiang et al., 2014). And
previous researchers used DNA markers such as RAPD, AFLP, ISSR and SSR to analyze genetic variation or
identify varieties of Chinese chestnut (Ai et al., 2006; Wang et al., 2007; Cheng et al., 2012; He et al, 2014).
SSR marker was the most widely used as its high repeatability, stability and reliability. As the capillary
electrophoresis was easy, efficient, accurate and sensitive method to detect the PCR results, combining
SSR-PCR with capillary electrophoresis has been successfully used for chestnut SSR genetic analysis (Liu et al.,
2016).

The SSR markers developed in this study were from Chinese chestnut. To test these markers, randomly 17
Chinese chestnut variety were analyzed. And the phylogenetic tree of these varieties were consistent with their
distribution, origination and variety characteristics reported previously, which objectively reflected the genetic
relationship of these varieties. For example, the first group mainly contained Northern Chinese chestnut
varieties, among which three short branch varieties were from Shandong Province, and they were closely
related and clustered together; while ‘Jinliwang’was derived from Japanese chestnut, although it had been
domesticated for a long time in China, it still retained obvious characteristics of Japanese chestnut, such as its
leaves are lanceolate (Xu et al., 2010), so it had a distinct clustering relationship with other 16 Chinese chestnut
varieties. These results indicated that the SSR primers developed in this study had good polymorphism and
reliability, and could be used for genetic analysis of germplasms from genus Castanea including chestnut.

In addition, it was worth noting that the SSR markers developed herein were based on the genes specifically
expressed in male and female flowers of Chinese chestnut compared with previous studies. Theoretically, these
markers were closely linked with the genes involved in the differentiation and development of male and female
flowers of Chinese chestnut, and these SSR markers could be regarded as traits-related markers. Actually, in
practice the yield and quality of chestnut were seriously affected by the shortage of female flowers and overload
of male flowers. However, the research on the genetic and molecular level of the differentiation and
development of male and female flowers in chestnut was very lacking (Qiu et al., 2016). So based on our study
herein, the next step was to analyze and verify the SSR markers in the male and female flowers, and to screen
SSR markers closely linked to the specific genes of male and female flowers of chestnut. Expected SSR
markers could be applied in the molecular marker assisted breeding program, and benefit for the breeding of
‘multiple female and less male’varieties of chestnut in the future.

3 Materials and Methods
3.1 Materials and sampling
The 17 chestnut varieties (Table 2) used in this study were planted in Chestnut Resource Nursery of Institute of
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fruit and Tea, Hubei Academy of Agricultural Sciences. The trees were grafted for about 10 years, with
seedling chestnut (C. mollissima) as rootstock. And for each variety, at least 3 healthy trees were used for
sampling. The leaf samples of peripheral, inner, upper and lower parts of the tree were randomly collected and
stored in ice box temporarily. After being brought back to the laboratory, the leaves were washed with clear
water, and then frozen rapidly with liquid nitrogen and stored at -80°C for use.

Table 2 Name and source of chestnut cultivars

No. Name of cultivar Source No. Name of cultivar Source

1 Chaoduanzhi 1 Taian, Shandong 10 Yaozili Dawu, Hubei

2 Chaoduanzhi 2 Taian, Shandong 11 Xuanhuahong Dawu, Hubei

3 Chuizhi 2 Linyi, Shandong 12 Hongguang Youli Luotian, Hubei

4 Boke Youli Luotian, Hubei 13 Jinyou 2 Wuhan, Hubei

5 Jiangshan 2 Dawu, Hubei 14 Jinliwang Wauhan, Hubei

6 Jinyou 1 Wauhan, Hubei 15 Yanhong Changping, Beijing
7 Luotian Hongli Luotian, Hubei 16 Jiuyuehan Luotian, Hubei

8 Daguo Zhongchi Luotian, Hubei 17 Yimeng Duanzhi Junan, Shandong

9 Youxuan Chushuhong Yixing, Jiangsu

3.2 DNA extraction and quality evaluation

The genomic DNA of leaf samples were extracted by CTAB method (Doyle and Doyle, 1987), and each sample
was repeated three times. DNA was dissolved in double distilled water and detected with NanoDrop 1000
ultra-micro spectrophotometer (Thermo Fisher Scientifific Inc., Wilmington, DE, USA) to check the DNA
concentration and absorbance value. The integrity and quality of DNA were analyzed using electrophoresis on
1% agarose gel. The qualified DNA was diluted to about 50 ng/ul with double distilled water and stored at
-20°C for use.

3.3 Screening of SSR loci related to male and female flowers specifically expressed genes

Based on the RNA-sequencing database of female and male flowers of chestnut generated previously in our lab,
differential expressed genes between male and female flowers were identified according to the criteria of false
discovery rate<0.01 and fold changes>2 (Qiu et al., 2016). In this study, rpkm (reads per kilobase per million
mapped reads) value was used to screen male and female flower specifically expressed genes (SEGs), for
example, rpkm=0 in male flowers, rpkm>0 in female flowers, the gene was selected as candidate gene of female
flower specific expression. With this method, a total of 239 genes were identified, including 59 female flower
SEGs and 180 male flower SEGs. According to the unique sequences of these SEGs, microsatellite (MISA)
software was used to identify and locate simple sequence repeats (SSR) sites (Thiel et al., 2003), and primer 3
software was used to design SSR primers (Table 1). The primer DNA was synthesized by Tianyihuiyuan
Biotechnology Co., Ltd. (Wuhan) and purified by PAGE method.

3.4 SSR primers amplification and screening

Among the 17 chestnut DNA samples, 8 samples were randomly selected ('Chaoduanzhi 2', 'Luotian Hongli',
'"Yaozili', 'Hongguang Youli', Jinyou 2', Jinliwang', 'Yanhong' and 'Jiuyuehan') and 19 pairs of SSR primers
(Table 1) were used for PCR analysis. PCR was performed using 25 pL reaction mix containing 200 ng
template DNA, 2xes-Taq master mix (premixed es-Taq polymerase, 3 mmol/L MgCl,, 400 umol/L. dNTPs)
(Kangweishiji, Beijing) 12.5 uL, 1 pL forward primer (10 um) and 1 pL reverse primer (10 pm). Then the PCR
reaction mix were incubated at 94°C for 3 min, 94°C for 30 s, annealing for 30 s, 72°C for 1 min, 35 cycles, and
72°C for 5 min. The PCR products and DL5000 (DNA marker) were analyzed using electrophoresis on 2.5%
agarose gel containing Gelred solution (Biotium). After electrophoresis under 130 V for 50 min, the pictures
were taken by gel imaging system (Bio-Rad).

3.5 Capillary electrophoresis analysis

Furthermore, SSR primers with high polymorphism were selected to amplify the 17 samples of chestnut DNA.

The PCR program was the same as above, with only the annealing Temperature was different (Table 1). The

PCR products were analyzed by automatic capillary electrophoresis Qiaxcel Advanced (Qiagen, Germany).
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Qiaxcel® DNA high resolution kit OM800, QX alignment marker (15/600 bp) and QX DNA Size Marker
(25~500 bp) were purchased from Qiagen, and the results were analyzed with Qiaxcel ScreenGel software
(Qiagen, Germany). According to the PCR-QIAxcel amplification results, the capillary electrophoresis data
were transformed into‘1,0’matrix. The genetic similarity coefficient of 17 samples was calculated by NTSY S-
pc 2.10 software. And the phylogenetic tree was constructed by UPGMA clustering method with default
parameters.
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