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ABSTRACT. Suyunuo is a valuable glutinous rice variety cultivated 
mainly in the Lake Taihu area of China. Historically, Suyunuo was 
presented to emperors as a tribute, and, still today, enjoys a great 
reputation in China. This study aimed to develop a unique, specific 
molecular marker for the identification of Suyunuo rice. Polymerase 
chain reaction (PCR) amplification of inter-simple sequence repeat 
(ISSR) molecular markers was performed on Suyunuo and 11 other 
glutinous rice varieties that are mainly cultivated in the Yangtze River 
Delta region. A Suyunuo-specific band was detected in the PCR 
products generated from primer ISSR-807. A sequence characterized 
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amplified region (SCAR) primer pair targeting a Suyunuo-specific band 
was subsequently designed. The SCAR primers amplified a target band 
in all individuals of Suyunuo and in four glutinous indica varieties, 
whereas no bands were found in the seven glutinous japonica varieties. 
Subsequently, sequences amplified by the SCAR primer pair were 
analyzed to facilitate the design of Suyunuo allele-specific primers. 
The allele-specific primer pair produced target bands in all individuals 
of Suyunuo rice but no bands in individuals of any of the other 11 rice 
varieties. This study provides a theoretical guideline for rice germplasm 
identification and innovation of other valuable rice landraces.

Key words: Suyunuo rice; Allele-specific primers; ISSR-SCAR; 
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INTRODUCTION

Rice (Oryza sativa L.) is an annual grain that is one of the world’s staple crops, widely 
cultivated in subtropical areas. Many studies have been conducted to identify the diverse 
varieties of rice. In early studies, the identification and classification of rice varieties were 
mainly based on morphological characteristics, such as leaf shape, the number of leaf hairs, 
grain shape, grain length-to-width ratio, and physiological characteristics, such as serum 
and phenol reactions (Kato et al., 1928; Terao and Midusima, 1939; Matsuo, 1952; Cheng, 
1985). Later studies used biochemical and physical methods, including isozyme analysis, 
high-performance liquid chromatography, gas chromatography-mass spectrometry, and near-
infrared spectroscopy, to distinguish among rice varieties (Glaszmann, 1987; Huebner et al., 
1991; Wan and Ikehashi, 1997; Wu et al., 2012; Kong et al., 2013).

With the development of molecular biology techniques, DNA-based markers 
have been widely used in rice varietal identification, genetic-map construction, molecular 
breeding, and genetic diversity and relationship studies. For example, amplified fragment 
length polymorphisms, inter-simple sequence repeats (ISSRs), simple sequence repeats 
(SSRs), random amplified polymorphic DNAs, and other molecular markers have been used 
for fingerprinting varietal identification and to analyze genetic relationships among various 
Oryza species (Choudhury et al., 2001; Prashanth et al., 2002; Saini et al., 2004; Wu et al., 
2009; Pourabed et al., 2015). In recent years, the development of sequence tagged sites, single 
nucleotide polymorphisms, and chloroplast and mitochondrial DNA sequences have allowed 
the evaluation and identification of rice seed quality and genetic diversity analyses (McNally 
et al., 2009; Lin et al., 2012; Okoshi et al., 2016). However, few studies have focused on 
determining the uniqueness or specificity of individual rice varieties.

Suyunuo, a valuable aromatic rice variety, has a long history of cultivation in the Lake 
Taihu area (Jiangsu Province of China). Historically, Suyunuo has often been presented to 
emperors as a tribute, and, still today, it enjoys a great reputation among Chinese consumers 
(Jiang et al., 1986). Most studies have considered Suyunuo a japonica variety (Jiang et al., 
1986; Wang et al., 1990; He et al., 2006; Chen et al., 2008; Yan et al., 2011; Zhou et al., 
2012; Huan et al., 2014), but some have categorized it as an indica variety (Lu, 1986; Shi, 
1986; Yao and Wang, 1986). Based on its morphological characteristics, Suyunuo has many 
features consistent with japonica rice, such as a compact plant shape, glossy leaf surface, 
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low tiller to spike rate, and thick and dense glume pubescence (Jiang et al., 1986; Wang et 
al., 1990). However, other characteristics of Suyunuo, such as its tall plant height, light green 
leaf color, wide and long leaves, and especially its long grain shape, are consistent with indica 
rice (Lu, 1986; Shi, 1986; Yao and Wang, 1986). In addition to the classification based on 
morphological characteristics (Jiang et al., 1986; Lu, 1986; Shi, 1986; Yao and Wang, 1986; 
Wang et al., 1990), some studies have used molecular markers to help classify Suyunuo. For 
example, recent studies constructed DNA fingerprint maps of a collection of glutinous rice 
varieties including Suyunuo, based on SSR molecular markers (Zhu et al., 2012; Chen et al., 
2014). However, specific markers for the efficient identification of Suyunuo are still lacking. 
Here, we screened a specific molecular marker and developed an efficient method for the 
authentication of Suyunuo.

MATERIAL AND METHODS

Plant materials

Twelve glutinous rice varieties widely cultivated in the Chinese Provinces of Jiangsu 
and Zhejiang, including Suyunuo, were chosen for the present study (Table 1). Suyunuo and 
Yaxuenuo are local varieties, whereas the others are breeding varieties.

Table 1. Glutinous rice (Oryza sativa) varieties used.

Code Variety Locality/Breeding unit 
1 Taihunuo Suzhou Academy of Agricultural Sciences 
2 Zhenuo 5 Zhejiang Academy of Agricultural Sciences 
3 Shaonuo 9714 Shaoxing Academy of Agricultural Sciences 
4 Zhennuo 19 Zhenjiang Academy of Agricultural Sciences 
5 Jinlingxiangnuo Jiangsu Academy of Agricultural Sciences 
6 Zhendao 2 Zhenjiang Academy of Agricultural Sciences 
7 Guanglingxiangnuo Yangzhou University 
8 Yaxuenuo Changshu local variety 
9 Guizhaonuo Guangdong Academy of Agricultural Sciences 
10 Yangfunuo 4 Yangzhou Academy of Agricultural Sciences 
11 Yangxiannuo 32-2 Yangzhou Academy of Agricultural Sciences 
12 Suyunuo Suzhou local variety 

 Ten individuals were used for each variety.

Extraction of total genomic DNA

Genomic DNA was extracted from 10 individual seedlings randomly selected from 
each variety. After sowing, once seedlings grew to a height of 10 to 15 cm, 100 mg fresh 
leaves was collected for DNA extraction. Leaf samples were disrupted with a Tissue Lyser 
LT (Qiagen, Hilden, Germany) and DNA was extracted using an Easy Pure Plant Genomic 
DNA Kit (TransGen Biotechnology Co., Ltd., Beijing, China) following the manufacturer 
instructions. The concentration and purity of DNA samples were determined using a nucleic 
acid and protein detector (Eppendorf BioPhotometer D30, Hamburg, Germany). The DNA 
was adjusted to a concentration of 20 ng/µL and was stored at -20°C until further analysis.

Selection of ISSR primers

The ISSR primers used in the present study have been reported in previous studies 
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(Saini et al., 2004; Jeung et al., 2005) and were synthesized by Nanjing Ruizhen Biological 
Technology Co., Ltd. (Nanjing, China). Equal amounts of DNA from 10 individuals of each 
of the 12 glutinous rice varieties were mixed to generate DNA pools for each variety, which 
were then used as a polymerase chain reaction (PCR) template. The PCRs were performed 
on a thermal cycler (Biometra T1 Thermocycler, Göttingen, Germany). The optimized ISSR 
amplification conditions consisted of a total reaction volume of 20 µL, including 1.0 µL DNA 
template (20 ng/µL), 10.0 µL 2X reaction mix (containing 20 mM Tris-HCl, 100 mM KCl, 3 
mM MgCl2, 400 µM dNTPs, and bromophenol blue), 1.5 µL primers (10 mM), and 0.4 µL Taq 
DNA polymerase (2.5 U/µL); double-distilled water was added to produce a final volume of 
20 µL. The PCR amplification program was as follows: 94°C for 5 min; 40 cycles of 94°C for 
1 min, 50°-53°C (different primers had different annealing temperatures) for 1 min, and 72°C 
for 1.5 min; followed by 72°C for 10 min. The PCR products were analyzed by electrophoresis 
on a 2% agarose gel that was run at 80 V for 1.5 h, followed by 0.1% ethidium bromide (EB) 
staining and visualization under UV light. Band size was estimated from a DL2000 DNA 
ladder (Guangzhou Dongsheng Biotechnology Co., Ltd., Guangzhou, China).

Cloning and sequencing of ISSR-sequence characterized amplified region (SCAR)-
specific bands

The specific bands detected in the Suyunuo sample were extracted from the gel, and 
subcloned into a pMD19-T vector (TaKaRa Biotechnology Co., Ltd., Dalian, China) by TA 
cloning methods. The recombinant vectors were transformed into Escherichia coli DH5a 
competent cells (TaKaRa Biotechnology Co., Ltd.) following the manufacturer instructions. 
Single colonies were picked for a colony PCR test, and positive clones with the specified band 
were sequenced by Nanjing Ruizhen Biological Technology Co., Ltd. Based on the results of 
the DNA sequence analysis, a pair of specific primers was designed for the subsequent SCAR 
reaction using the Primer Premier v. 5.0 software.

Verification of ISSR-SCAR markers

The synthesized SCAR primers were used to verify 10 samples of each of the 12 
rice varieties. The reaction volume was 20 µL, and the components and final concentrations 
included 1.0 µL DNA template (20 ng/µL), 10.0 µL 2X reaction mix (containing 20 mM 
Tris-HCl, 100 mM KCl, 3 mM MgCl2, 400 µM dNTPs, and bromophenol blue), 1.0 µL each 
primer (10 mM), 0.4 µL Taq DNA polymerase (2.5 U/µL); double-distilled water was added to 
produce a final volume of 20 µL. The amplification program was performed as follows: 94°C 
for 5 min; 30 cycles at 94°C for 45 s, 55°C for 45 s, and 72°C for 1 min; and, finally, 72°C for 
10 min. The PCR products were analyzed by electrophoresis on a 1% agarose gel that was run 
at 80 V for 30 min and stained with EB. The products were visualized and photographed by a 
gel imaging system, as described above.

Design and verification of Suyunuo-specific molecular markers

Suyunuo and the other four rice varieties that resulted in an amplified target band 
generated by using the ISSR-SCAR primers were amplified by PCR and sequenced using the 
developed primer pair. The sequencing results were aligned, and a Suyunuo-specific primer 
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pair was designed to target the sites that differentiated Suyunuo from the other rice varieties. 
This primer pair was then used to verify specificity by evaluating 10 individual seedling 
samples from each of the 12 varieties. The PCR program and conditions were the same as that 
for ISSR-SCAR marker verification with the exception of an annealing temperature of 60°C.

RESULTS

When a collection of ISSR primers was used to perform PCR amplification 
on the DNA pools from 12 glutinous rice varieties, one primer, ISSR-807 
(5'-AGAGAGAGAGAGAGAGT-3'), was noted for its ability to specifically identify 
Suyunuo. One of the amplification products of ISSR-807, a band of about 1200 bp, was 
specific to Suyunuo (highlighted with an arrow in Figure 1). Cloning and sequencing of the 
Suyunuo-specific fragment amplified by ISSR-807 showed that the total fragment length was 
1154 bp. The resulting nucleotide sequence is shown in Figure 2. An SCAR primer pair was 
designed (underlined in Figure 2) (F1: 5'-AGAGAGTGAAGGGGAAGAGATA-3' and R1: 
5'-CCTCCGTATTAAAGTAAGTTCG-3'), which corresponded to the 11-32 and 897-918 nt 
regions of the Suyunuo-specific fragment sequence, respectively.

Figure 1. Agarose gel electrophoresis of PCR products obtained when using the primer ISSR-807 among 12 Oryza 
sativa L. varieties. Lanes 1-12 are Taihunuo, Zhenuo 5, Shaonuo 9714, Zhennuo 19, Jinlingxiangnuo, Zhendao 2, 
Guanglingxiangnuo, Yaxuenuo, Guizhaonuo, Yangfunuo 4, Yangxiannuo 32-2, and Suyunuo varieties, respectively. 
Lane M, DL2000 DNA ladder; the red arrow represents the Suyunuo-specific band.
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The designed SCAR primer pair was used to analyze DNA samples from 120 
individual seedlings, representing the 12 glutinous rice varieties. Our results showed that one 
distinct band of about 900 bp was amplified in all individuals of five rice varieties: Suyunuo, 
Yaxuenuo, Guizhaonuo, Yangfunuo 4, and Yangxiannuo 32-2. This specific band was not 
amplified in any individuals from the other seven rice varieties (Figure 3). These results 
suggest that the ISSR-SCAR marker can only distinguish Suyunuo from a subset of the other 
glutinous varieties and, thus, cannot be used specifically for the identification of Suyunuo.

Figure 2. Nucleotide sequence of the Suyunuo-specific fragment amplified when using primer ISSR-807. The 
underlined sequences were used to design SCAR primers.

Figure 3. Verification of the ISSR-SCAR by PCR of 10 individuals from each of the 12 Oryza sativa L. varieties. 
Panels a-l show the results of PCR in ten (lanes 1-10 in each figure) plants of each variety from Taihunuo, Zhenuo 5, 
Shaonuo 9714, Zhennuo 19, Jinlingxiangnuo, Zhendao 2, Guanglingxiangnuo, Yaxuenuo, Guizhaonuo, Yangfunuo 
4, Yangxiannuo 32-2, and Suyunuo, respectively. Lane M, DL2000 DNA ladder.
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The specific PCR fragments amplified in Suyunuo, Yaxuenuo, Guizhaonuo, Yangfunuo 
4, and Yangxiannuo 32-2 were sequenced. Our sequence alignment (Figure 4) showed that the 
nucleotide sequence of Suyunuo contained a unique 42 nt deletion at 214-255 bp. Further 
BLAST in the NCBI database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) revealed that the 42 nt 
deletion was not detected in the whole genome sequences of japonica or indica rice. Therefore, 
the sequence encompassing this deletion provided a unique target site for designing a Suyunuo-
specific primer. Consequently, a pair of allele-specific primers was designed for specific 
amplification of Suyunuo. Their sequences were: F2 (5'-AGTACAACGCTACTCACTTC-3') 
and R2 (5'-GGACGGGGAGAAGAAACTATCA-3'), with the forward primer (F2) located 
at the boundary of the deletion (as indicated in Figure 4). We then again evaluated the 120 
individual plants representing all 12 glutinous rice varieties with the second designed Suyunuo 
allele-specific primer. The results showed that one distinct band of about 500 bp was amplified 
in all 10 Suyunuo individuals but was not observed in any individuals of the other 11 varieties 
(Figure 5).

Figure 4. Alignment of amplified sequences from Yaxuenuo, Guizhaonuo, Yangfunuo 4, Yangxiannuo 32-2, and 
Suyunuo generated by using ISSR-SCAR primers. The designed allele-specific primer sequences are identified by 
red boxes.
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DISCUSSION

According to the previous studies (He et al., 2010; Yan et al., 2011) and the 
documentation in the National Rice Data Center (http://www.ricedata.cn/variety), among the 
glutinous rice varieties that we evaluated, Taihunuo, Zhenuo 5, Shaonuo 9714, Zhennuo 19, 
Jinlingxiangnuo, Zhendao 2, Guanglingxiangnuo, and Suyunuo can be classified as japonica 
varieties, whereas Yaxuenuo, Guizhaonuo, Yangfunuo 4, and Yangxiannuo 32-2 can be 
classified as indica varieties.

The SCAR marker, designed from our ISSR-807 amplification results, amplified 
the target band in all four indica varieties and Suyunuo, but did not produce a band in the 
seven japonica varieties, suggesting that this SCAR marker can correctly classify Chinese 
glutinous rice varieties to subspecies (japonica and indica). Suyunuo, which was thought to 
be a japonica type, showed PCR results consistent with indica varieties. One explanation for 
this is that, although Suyunuo has been considered to be a japonica variety in the majority of 
past studies (Jiang et al., 1986; Wang et al., 1990; He et al., 2006; Chen et al., 2008; Yan et al., 
2011; Zhou et al., 2012; Huan et al., 2014), it possesses many typical characteristics of indica 
rice, including plant shape, leaf shape and color, and grain shape. Consistent with our findings, 
a previous study by Zhu et al. (2012) investigating the genetic relationships based on SSRs 
also showed that Suyunuo is closely related to the indica variety Yangdao 6.

Figure 5. PCR verification of the Suyunuo-specific allele-specific primers. Panels a-l show the results of PCR in 
the ten (lanes 1-10 in each figure) plants of each variety from Taihunuo, Zhenuo 5, Shaonuo 9714, Zhennuo 19, 
Jinlingxiangnuo, Zhendao 2, Guanglingxiangnuo, Yaxuenuo, Guizhaonuo, Yangfunuo 4, Yangxiannuo 32-2, and 
Suyunuo, respectively. Lane M, DL2000 DNA ladder.
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The allele-specific PCR primers designed based on the PCR fragment sequence results 
of Suyunuo and the four indica varieties only amplified the target band in Suyunuo but no other 
variety, indicating that the designed allele-specific PCR primer pair is a promising candidate 
for distinguishing Suyunuo from other rice varieties. We further blasted the amplified Suyunuo 
sequence (Figure 4) against whole genome sequences of japonica and indica rice and found 
that the 42 nt deletion between 214 and 255 bp in Suyunuo was not detected in the genome 
sequences of either japonica or indica rice, indicating that this deletion may be characteristic 
of Suyunuo. This could be a natural mutation that occurred during the long-term cultivation 
and domestication of this variety.

In the present study, we developed an allele-specific PCR molecular marker for 
Suyunuo identification based on ISSR-SCAR markers. This marker could successfully 
distinguish Suyunuo from 11 other glutinous rice varieties planted in the Jiangsu and Zhejiang 
Provinces, and the identification efficiency was 100% for the 10 detected Suyunuo individuals. 
Compared to the traditional morphological, physical, chemical indicators, and non-specific 
molecular markers, this PCR-based identification technology presents the advantages of high 
accuracy, good reproducibility, stability, and reliability. Since only glutinous rice varieties that 
are popularly cultivated in the Yangtze River Delta region were included in this study, further 
research is needed to confirm the efficiency of the molecular marker when more rice varieties 
are included. However, the development of a candidate specific molecular marker for Suyunuo 
in this study provides a theoretical basis and guideline for rice germplasm identification and 
innovation of other valuable rice landraces.
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