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Abstract: Simple sequence repeat (SSR) markers are characterized by high 

polymorphism, good reproducibility and co-dominance etc. They can be easily 

applied to develop efficient, simple and practical molecular markers. In the present 

study, bioinformatics methods were applied to identify high-throughput perfect SSRs 

of cultivar Passiflora genome. A total of 13104 perfect SSRs were obtained. SSR core 

sequence structure is mainly 2-4 bases, the maximum numbers are TA, AT, TC and 

AG. The maximum numbers of repetitions were up to 20 times. A total of 12934 pairs 

of SSR markers were developed by using bioinformatics software, and 20 pairs of 

markers were selected for amplification specificity assessment of MTX and WJ10, 

and the polymorphism rate was as high as 60%. The large-scale development of the 

SSR markers of Passiflora cultivar has paved a foundation for the efficient utilization 

of the germplasm resources of passion fruit, genetic improvement of the varieties and 

molecular breeding. 

 

Introduction 

Passiflora, also known as passion fruit or egg fruit, is an important tropical and 

subtropical fruit tree. Cultivated species of Passiflora possesses high nutritional, 

medicinal and ornamental values. Thus, Passiflora is of importance and economic 

significance. There are about 520 species of passiflora in the world (Araya et al., 
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2017), while their morphological and agronomic traits etc. are more abundant, their 

genetic diversity is lower (Cerqueira-silva et al., 2014). In molecular biology studies, 

early detection of RAPD markers (Fajardo et al., 1998; Crochemore et al., 2003) 

identified the cultivar Passiflora with low DNA polymorphism. In the recent years, 

AFLP (Segura et al., 2002; Ortiz et al., 2012) and ISSR  (Sousa et al., 2015; Santos 

et al., 2011)and other molecular markers have been utilized to detect DNA 

polymorphisms of Passiflora. Although these markers can detect DNA 

polymorphisms in Passiflora, RAPDs have poor reproducibility. The operation 

procedures of AFLP are complex and have high requirements for technic skills of the 

experimenters and for experimental equipment. Although ISSR is simple, its reaction 

conditions are difficult to grasp, and most of them are the explicit markers. SSR 

markers have the characteristics of high polymorphism, good repeatability, and 

co-dominance with low requirement for DNA detection. However, to date, the 

numbers of effective SSR primers developed and validated by researchers are still 

limited (Costa et al., 2017; Cazé et al., 2012; Cerqueira-silva et al., 2012; Araya et al., 

2017; Martin et al., 2005; Padua et al., 2005), and these SSR primers are still not able 

to satisfy the requirement for genetic research and development of passionflower. 

Therefore, using sequencing data of Passiflora genome and bioinformatics methods to 

identify and develop more SSR markers is of importance, theoretical significance and 

application value for accelerating the research process of genetic diversity and 

marker-assisted selection breeding ofpassion fruit . 

1 Materials and Methods 

1.1 Plant materials 

The genomic sequencing data of the cultivar Passiflora were uploaded from the 

Beltsville Agricultural Research Center to the NCBI Assembly: 

(https://www.ncbi.nlm.nih.gov/assembly/GCA_002156105.1/#/st;).Passiflora 

cultivars were planted in Germplasm Farm of Biotechnology Research Institute Guangxi 

Academy of Agricultural Sciences. 

1.2 Extraction of DNA  
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Passiflora leaves were taken, cleaned with alcohol and stored in the -80oC refrigerator. 

The genomic DNA was extracted from Passiflora leaves according to the cetyl 

trimethyl ammonium bromide (CTAB) (Murray et al., 1980) method with appropriate 

simplification. 

1.3. Bioinformatics Analysis Software 

The main bioinformatics software SSR Search, developed and supplied by Beijing 

Novogene Technology Co., Ltd., was mainly used for the identification of SSRs; perl 

language script: extracting 100 bp for each flanking sequence of SSR; Primer 3: After 

being filtered, the SSRs were designed with primers, and one SSR-labeled primer 

design was performed each time. 

 

2 Results  

2.1 Identification of the genome-wide perfect SSR of cultivar passion fruit 

We analyzed the 165.6 Mb data representing the genome of cultivar Passiflora and 

achieved an assembly level of Scaffold. The specific parameters were set as follows: 

(1) The minimum length of SSR repeat units was 2 bp; (2) The maximum length of 

the SSR repeat unit was 6 bp; (3) The minimum length of the SSR sequence was 12 

bp; (4) The length of the SSR upstream and downstream sequences was 100bp. and (5) 

the minimum distance between the two SSRs was 12bp. Finally, we identified a total 

of 13104 SSRs and 2-6 core sequence numbers (Figure 1). The core sequences of 

most SSRs were 2-4 bases. The core sequences were mainly TA, AT, TC and AG. The 

highest number of repetitions was CT, which was 20 times; the least number of 

repetitions was TAT, which was 4 times (Figure 2). 

 

Figure 1 Complete SSR type and quantity statistics 

 

Figure 2 Total number of motif repeats for complete SSR 

 

2.2 Design of –genome-wide perfect SSR markers for cultivar genus Passiflora 
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Perl script ssr_filter.pl (in house) was used to filter the detected SSRs. The parameters 

were set to: -d 12 -len 100 means: (1) -d 12: The minimum distance between the two 

SSRs was 12 bp; (2) -len 500: The length of the upstream SSR primer was 500 bp 

between upstream and downstream. The identified 500bp flanking sequences from the 

SSR of the cultivar genome were extracted. Then, the primers were designed by using 

the primer design software Primer 3 and one SSR-labeled primer design were 

performed each time. The primer3 input file was used. Primers were designed based 

on following principles: (1) The optimal length of the primer was 24 bp; (2) The 

minimum length of the primer was 20 bp; (3) The longest primer length was 28 bp; (4) 

the optimal annealing temperature for primers was 55; (5) The lowest primer 

annealing temperature was 53; (6) The highest primer annealing temperature was 58 

and (7) The maximum difference in the annealing temperature of a pair of primers 

was 1. Finally, we designed a total of 12934 pairs of SSR primers (supplementary 

Table 1). 

2.3 The Development of genome-wide perfect SSR markers for vultivated genus 

Passiflora 

We selected 20 pairs of SSR primers from 12934 pairs of primers (Table 1), and 

performed specific amplification to evaluate the DNA of Passion fruit and Passiflora 

chinensis, and found 12 pairs of SSR primers in the West. The polymorphisms in the 

DNA of the passionflower and Huangguo Passiflora (Figure 2), the polymorphism 

rate reached as high as 60%. 

 

Fig. 3 12 pairs of SSR markers in polymorphisms of genusPassiflora MTX and 

WJ10 

 

3 Conclusions 

On May 22, 2017, scientists from Brazil and the United States jointly used Illumina 

GAII sequencing technology, for the first time, to perform whole genome sequencing 

of cultivar Passiflora CGPA1. The results were uploaded to NCBI, and raw data of 
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14.11Gb was obtained, and 165,656,733 bp cultivars were assembled. These genomic 

sequence information and results provide us with an opportunity for high-throughput 

identification of SSRs and for the development of SSR markers. This study was the 

first to use the sequencing results of the cultivar Passiflora genome. High-throughput 

identification of complete SSRs in the Passiflora genome and development of a 

large-scale cultivar S. Passiflora using SSR markers led to the establishment of an 

efficient cultivar Passionflower. The SSR marker system is a rich number of 

molecular markers for passion fruit, and provides a technical reserve for the 

construction of high-density genetic linkage maps of cultivar Passiflora and fine 

positioning of key peanut genes in the next step, paving the foundation for subsequent 

molecular breeding of passionflower basis. 
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Table 1 The 20 pairs of primers sequences for cultivated passion fruit 

引物 

Primers 

重复基序 

Repeat motif 

引物序列(5'-3') 

Primer sequence (5'-3') 

退火温度(℃) 

Tm (�) 

产物大小(bp) 

Product size (bp) 

PeRM10001 (CCATAC)5 F: GCATGGACTTGATTTGTATATTCT 

R: GAGAACAATGATGTCACTTTCATA 

56.0 107 

PeRM10002 (TA)10 F: ACATGTCTATGTTGTTTGAAAAAT 

R: TGTAAATTTTGAGATGAAGAAGAG 

54.8 146 

PeRM10003 (GT)15 F: AAAGCTTGCTATGCTAGAACTC 

R: TAAACTATTGCAACTTGAACGTAT 

55.2 160 

PeRM10004 (GAA)6 F: CATTAGTAGCAGCAGAAGTAACAG 

R: GTTCTTCTGTAGATGGTAGTTCG 

55.0 135 

PeRM10005 (TG)11 F: TAGTGACATAACTGAAAACGCTAT 

R: GAGTTACCGCTGAAGTTTTCTA 

55.6 98 

PeRM10006 (TCT)5 F: TCATTAACATCGTAAACAAAGATT 

R: AATTCGACAAGATTTACTGATACA 

54.9 149 

PeRM10007 (ATG)10 F: GTAGTAGGAGAATATTTGAGGGAA 

R: CTATTTTGTGATCCAAGGAAGT 

55.1 106 

PeRM10008 (CTTCT)6 F: GTCACTATCATCCCATAAAAATTC 

R: AGGTAAAATTAATATGATAAGCGAA 

55.0 123 

PeRM10009 (ATGTCG)4 F: GATTGATTTGTGGATGGATACT 

R: CACTTGTTTCACTCGTACAATAAT 

55.3 135 

PeRM10010 (AC)7 F: GACGACAAGGATAACAATATCTAA 

R: TAACTGCACTGTTACAGGTATCTT 

55.1 101 

PeRM10011 (GCATAG)4 F: ATGGAGAAGACTTCAGAGTCAC 

R: AGAGATATTTTTCACTCACTGGAT 

55.3 109 

PeRM10012 (AG)15 F: CTCCATATCAGATTAAGTAACCAC 

R: CTCAAATAAAAACAAACCTGTTAC 

54.3 151 

PeRM10013 (TCT)6 F: ATTCCTACTTATCGATCAAGATTC 

R: AGTGAATTAAGTATATGGACATGC 

54.4 124 

PeRM10014 (GA)11 F: CATTTATAAAGGAATTGACAAGAA 

R: CTGAGTTAATGCTGTGATTAAGAT 

54.7 140 
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PeRM10015 (ATT)9 F: TCATTGATATATTGTGTGAAATACC 

R: ATAATGCAAGAAGAGTTTAACCA 

55.1 149 

PeRM10016 (AAC)7 F: AATTTTCTTGGCTTAAAACACTAC 

R: TTGACTTCACTGCTATGGTATTAG 

55.5 149 

PeRM10017 (TA)12 F: AAGACACTGATAGTTCTCTGAGG 

R: CAAATTATGATAAGAAACTTGGAA 

54.7 146 

PeRM10018 (CACT)7 F: ACAGAAAAGAAAGATAAAGCAAAT 

R: TTCAGTATCCAACTGAACACAC 

55.2 160 

PeRM10019 (AG)11 F: TGGTAGTCAATCAGAAAACTAAGA 

R: GAGTTGTTAGGTCTCCTCAACTTA 

56.0 142 

PeRM10020 (CTTTC)6 F: AACAGGGTATACTGTAAATCATTG 

R: GTTTATTCCTTTCTCTTCTAGTGC 

55.0 132 
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