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ABSTRACT - Cooking properties of rice are influenced mainly by the amount and structure of amylose and 

amylopectin in the rice grain starch that constitutes the bulk of endosperm. Almost all the genes controlling starch 

biosynthesis in rice have been sequenced and characterised. Based on the location of various polymorphic regions in 

these genes/alleles, different PCR based diagnostic tests were developed to identify various allelic combinations in a range 

of rice lines. Implementation of these simple and robust genetic markers in the rice breeding program will play an 

important role in accurately predicting the cooking quality traits of crossbreds. 
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INTRODUCTION 

ice grain contains mainly starch (90%) that is comprised of 

amylose and amylopectin. Amylose, a linear polymer of glucose is 

synthesised by the granule bound starch synthase (GBSS) coded by the 

Waxy (Wx) gene and controls the texture and appearance of cooked 

rice. Expression of the Wx gene is mainly influenced by splicing 

efficiency of its first intron and to some extent by CT repeats in 

the upstream region [1]. In addition, the activity of GBSS is 

affected by a single nucleotide polymorphism (SNP) in exon 6 and 10 

that alters the pasting properties of a rice line [2]. Amylopectin, 

the other major component of starch, is synthesised by different 

isoforms of the starch synthase (SS) and a number of branching (SBE) 

and de-branching enzymes (SDBE) that function coordinately to 

produce a highly branched structure unique to a rice line. Among the 

various SS enzymes, SSIIa has been shown to play a major role in 

defining the structure of amylopectin and influence the 

gelatinisation temperature (GT) of a rice cultivar [3] - [4]. A 

number of SNPs in the SSIIa gene reported recently have been shown 

to affect the active site of the SSIIa enzyme thus influencing its 

function [4] - [6].  

The main objectives of this study were to design, evaluate and 

implement simple gene-specific “Perfect” markers to predict the 

grain cooking quality features of rice crossbreds. 
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Material and Methods 

Material 
Rice seed of different lines used in this study were provided by breeders at the Yanco Institute, 

Australia.  

Methodology 

Isolation of nuclear-DNA from young seedlings (2-3 weeks old) was 

performed using standard Phenol extraction method and RNase treated 

DNA was utilized for PCR reactions.  

Based on the available rice genomic sequences and location of 

various SNPs in the key starch biosynthetic enzyme genes [1] - [8], 

allele-specific primers were designed for single and/or multiplex 

PCR reactions.  

 

PCR amplifications and analysis 

Amplification of the Waxy gene segment carrying the first intron (to 

identify the Wx
a
 and Wx

b
 type alleles with G/T polymorphism) was 

carried out with two flanking primers and a set of allele-specific 

primers facing opposite direction [9]. The PCR products were then 

analysed on 2% agarose gels. Similarly, SNPs in the exon 6 and 10 

were detected using allele specific primers [9]. For analysis of CT 

repeat numbers in the upstream region of the Waxy gene, again gene 

specific primers [1] were utilised and the PCR products were 

analysed on a 5% superfine agarose gel. For detection of various 

allelic-combinations in the SSIIa gene of different rice lines, 

multiplex PCR was performed with three different sets of primers 

designed on the basis of the published sequences [4] – [6]. The PCR 

products were analysed on a 2% agarose gel.  

 

III. RESULTS AND DISCUSSION 
Detection of polymorphism in the Waxy gene  

Analysis of different rice lines with multiplex PCR with allele specific primers (Fig. 1) showed that 

three lines (Arlesienne, Dans-alpha B, and Doongara) contained the Wxa type allele (showing a 

310bp band) while the remaining four lines harboured the Wxb type allele (showing a 195bp band). 

This single-step multiplex PCR test is a lot more efficient and cost effective as compared to the two 

step analysis used in the past, where PCR products are first cleaved with a restriction enzyme before 

resolving on agarose gel [1], [2], [7] and [8]. The Wxa allele is normally present in the indica type rice 

cultivars and has higher expression levels due to efficient splicing of its first intron. Consequently the 

amount and activity of GBSS-I enzyme is also higher thus resulting in more amylose synthesis (24-

30%). In contrast, Wxb allele, with a G to T mutation at the intron splice junction, shows poor splicing 

thus resulting in reduced expression/activity of the GBSS-I enzyme and a lower amylose (14-20%). 

The amylose content (AC) of standard indica, japonica, and various crossbred lines correlated well 



with the type of Wx allele present (data not shown). Thus, by knowing the type of Wx allele present, 

one can easily predict if the cooked rice grains from a crossbred will have a firm or a soft texture. 

Analysis of CT repeats in the Wx gene of different lines showed that the CT number is not well 

correlated to amylose, as a number of crossbreds with same CT repeats had different levels of AC in 

their grain (data not shown). Although a previous study [1] reported a good relation between the AC 

and CT repeats in non-waxy lines, recent reports also indicate that AC can not be predicted reliably 

from the CT repeat numbers [7] – [8]. PCR tests for detection of SNPs in the polymorphic exons of 

the Wx gene showed that Australian cultivars (cv) harbour nucleotide C (instead of A found in cv 

Rexmont and Jodon) and C (instead of T in cv Rexmont) in the exon 6 and 10, respectively (data not 

shown).  

 

 

Fig. 1. Analysis of the rice Wx gene (Wxa or Wxb type) by a multiplex PCR to predict AC of a rice line. 

 

Analysis of the SSIIa alleles and gelatinisation temperature 

In the SSIIa gene of rice, a number of SNPs have been identified in 

different genotypes that differ in their GT. Among them, so far only 

SNP3 and SNP4 have been shown to play a major role in controlling 

the GT of a rice cultivar [5] – [6]. As shown in Figure 2, a 

multiplex PCR with three different primer sets can detect various 

combinations of SNP3 and SNP4 of the SSIIa gene. In addition to a 

common band of 385bp in all the lines, there are four allele-

specific bands; 110 (GC) or 310bp (TT) for SNP4, and 180 (A) or 

240bp (G) for SNP3 (Fig. 2). A combination of 310 (TT) and 240bp (G) 

band would mean the rice line will have a low GT of ~66
o
C (Low GT 

class), a combination of 240 (G) and 110bp (GC) band would mean high 

GT of ~80
o
C (High GT class), and a combination of 180 (A) and 110bp 

(GC) band would mean the GT will be ~69
o
C (Medium GT class). The 

actual GT value of the rice line, measured by Differential Scanning 

Calorimeter, is shown on top of each lane (Fig.2) 

 

 

Fig. 2. Analysis of the SSIIa SNP3 and SNP4 combinations by a multiplex PCR to predict GT of a rice 

line. 

 

This multiplex PCR, to predict GT, has been tested with a range of 

crossbreds from the Yanco rice breeding program (data not shown). 

Conclusion 

Use of these perfect DNA markers showed that the analysis of the 

Waxy gene type (Wx
a
 and Wx

b
) can reliably predict the amylose class 

of a rice line. Analysis of the two key SNPs in the SSIIa gene can 



predict the GT of rice crossbreds, which could be grouped into three 

classes. These simple, cost-effective perfect DNA markers are 

currently being implemented in the rice breeding program in 

Australia. 
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