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Abstract
�e success of the breeding strategies needs to exploit a new genetic diversity of various diverse sources. �e diverse 
set (350) of improved varieties, landraces and promising lines, is collected by the Genebank of Cuu Long Delta 
Rice Research Institute (CLRRI). Our research provides for breeder the necessary characteristics of rice varieties 
such as days to mature, yield, yield components, aroma, and amylose content. Using the molecular marker-based 
PCR analysis of 350 diverse accessions, are linked to the speci�ed traits of amylose AC and aroma. Two markers 
of Waxy gene consist of the (CT)n repeat (RM190) and A/C SNP of exon 6 are tightly associated with amylose 
content. �e results of RM190 showed that 262 accessions with low AC content, 137 accessions high AC, 1 accession 
heterozygosity. SNP_exon6 is closely related to the intermediate amylose content (140 accessions). 276 rice varieties 
for BADH2 non-aromatic, 74 fragrant varieties (71 score 1, 3 strong aroma). Multivariate analysis was done by PCA 
and cluster analysis, found large diversity and variable in the gene pool. �ese results should have priority for the 
plant breeder to explore the genetic variation of the amylose content, aroma trait and the other traits. 
Keywords: Amylose content, aroma, MAS, rice

INTRODUCTION
Rice (Oryza sativa L.) is stable food for more than half 
of world’s population and one of the important crops 
in Vietnam. Over the past years, Vietnamese rice has 
achieved great success in production not only to meet 
domestic consumption demand but also Vietnam 
as the second largest rice exporter in the world 
(Anacleto et al., 2015). Rice production in Vietnam 
is also facing many challenges such as climate change, 
biotic and abiotic stresses. On the other hand, the 
structure of rice production in the Mekong River 
Delta region still focuses on the development of 
short-day duration, high yield, while grain quality 
is ignored. However, the low-grain-quality varieties 
(IR50404, OM2517, OM2514, etc.) occupied a large 
producing area. �e farmers o�en ignored grain 
quality, recently the improve living standards in many 
Asian countries so consumers demand high-quality 
rice varieties increasing. High-quality rice will a�ect 
the major impact on market value and consumer 
acceptance consumers can now a�ord to pay more for 
better quality rice (Unnevehr et al., 1992). 
�e quality of rice is determined by many factors, 
but most important ones are nutritional and cooking 
values such as amylose and aroma. AC (Amylose 
content) is the most important of eating and 
cooking quality because of its good index of water 
absorption and texture character of rice. According 
to Vietnamese standard (2017) and IRRI standard 
(2002), the varieties have AC greater than 25%, the 
cooked rice is dry, separate, less tender and become 

hard upon cooling, whereas AC (<20%) are so�, 
glossy tender. Amylose is synthesized by granule-
bound starch synthase I (GBSSI) which is encoded by 
the Waxy (Wx) locus which located in chromosome 6
(Umemoto et al., 2002) is major genes controlling 
AC in rice endosperm. �e (CT)n polymorphism of 
RM190 of a Waxy gene (Ayres et al., 1997) identi�ed 
seven microsatellite alleles with (CT)n repeats can 
explain 82.9% of the AC variation in the 89 non-
waxy rice cultivars. SNP (G/T) intron1 results in two 
function alleles Wxa and Wxb, which can identify 
only low amylose from high and intermediate. �e 
polymorphism of SNP_exon6 (A/C polymorphism) 
only was found an intermediate group from high 
amylose (Chen et al., 2008; Mikami et al., 2008). 
Aroma in milled and cooked rice is also an important 
trait of eating quality because more appealing to 
consumers. 2-acetyl-1-pyrroline (2AP) plays the 
most important volatile compounds which �nd in 
rice fragrant (Lorieux et al., 1996; Fitzgerald et al., 
2008). �e sensory methods are evaluated sometimes 
lead to incorrect because aroma scores depend 
on the of evaluators. �e developments of PCR-
based markers for fragrance have focused by many 
researchers based single recessive allele at a locus on 
chromosome 8 (Lorieux et al., 1996; Chen et al., 2006, 
Amarawathi et al., 2008). Varieties of genetically 
distinct varieties are good sources of raw materials 
for producing improved rice varieties in the future. 
�us, determining the genotype and the relationship 
between genotypes is extremely important. �e 



4

Vietnam Academy of Agricultural Sciences (VAAS)

development of biotechnology techniques provides 
an e�ective tool for assessing genetic variation at 
both genotypic and phenotypic levels. Molecular 
identi�cation is a powerful tool in evaluating genetic 
variants, explaining genetic relationships within and 
between species, supporting the evaluation of plant 
genetic resources in general and rice. Today, the 
diversity of di�erent DNA molecular indicators (SSRs, 
SNPs, STSs, etc.) is an e�ective tool that helps to exploit 
a large number of loci across the plant genome such as 
polymorphisms. High expression of large numbers of 
alleles should be very appropriate for the analysis and 
evaluation of the original source material.
�e amylose content and aroma in cooked rice are 
important parameters which can adapt the marker 
prices and consumer acceptance. Almost researches 
focus only small size germplasms but in this paper, 
we focus 350 high-quality rice accession which 
contains 127 OM rice (CLRRI), 46 accessions from 
Can �o University, 125 accessions from import 
(IRRI), and the other accessions from the collection 
in Genebank of CLRRI (Figure 1). �e objective 
of this study rice germplasm was characterized 

by phenotyping agronomy traits and aroma and 
amylose content. Using molecular tightly linkage 
AC and aroma have been evaluated. Altogether, 
these results give opportunities for the application 
of marker-assisted selection (MAS) strategies in 
rice breeding, in particular for selection of desirable 
rice end-use quality characteristics using molecular 
genetics tools. �is paper is useful for plant breeders 
in an oriented new breeding program for aroma and 
amylose content.

MATERIALS AND METHODS

Materials
A total of 350 elite varieties from mini core germplasm 
of Genebank of Cuu Long Delta rice research Insitute 
(CLRRI) were grown in CLRRI’s experimental rice, 
Spring-Winter 2017. �e cultivation management 
followed by Vietnamese standard procedure 
(2017). Evaluation of agronomy traits, grain quality 
parameters (focus only aroma and amylose content), 
and DNA molecular markers screening were done 
following in Figure 1.

Figure 1. An overview of the progress of the evaluation of high-quality rice germplasm

Methods

�e yield and agronomic traits experiment were 
conducted for genotyping and phenotyping of 350 
elite rice varieties 
In the Spring-Winter season, the rice accessions 
were grown in the Randomized complete Block 
design (RCBD) with 3 replications. Each entry 
was transplanted in one-meter square area and the 

within-plant distance was 20 ˟  10 cm. �e parameters 
agronomic traits yield and yield components were 
recorded according to the Standard Evaluation 
System for Rice (SES) (IRRI 2002). 

Amylose content analysis
Amylose content of mini-core of germplasm was 
conducted using the standard iodine colorimetric 
method following SES of IRRI (2002). 100 mg of 
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rice �our were weighted with three replications and 
transferred to �ash and 1 ml ethanol (95%) and 9 ml 
NaOH 1 N were added. �e �ash was shaken gently 
and stand overnight in room temperature room. �e 
�owing day, 90 ml of deionized water were added and 
shaken 10 - 15 seconds. 1 ml of acid acetic 1 M and 
2 ml Iodine solution, �nal volume 100 ml with water 
and let stand for 20 minutes. �e apparent amylose 
content was measured by using spectrophotometer at 
absorbance 620 nm (A620). �e amylose content was 
calculated by the standard curve based on standard 
amylose content (Mutters and �ompson, 2009). 
Local checked varieties well-known amylose content, 
OM5199 (28 - 30%), Khao Dawk Mali 105 (16 - 18%), 
IR64 (24%) also were checked. �e amylose content 
was dived into 5 groups: waxy (0 - 5%), very low (5.1 
- 12%), low (12.1 - 20%), intermediate (20.1 - 25%), 
high (> 25.1%). 

Sensory test for aroma
Rice aroma detection method has followed the 
procedure of Wanchana et al. (2003), with slight 
modi�cations. One gram of each milled rice accessions 
was added 5 ml of deionized water. �e tubes were 
incubated at 55oC for 30 minutes and cooled in room 
temperature for 5 minutes. �e lids of each tube were 
opened one by one and samples were sni�ed. Aroma 
scores were evaluated by 3 well-trained panelists. 
Jasmine85 (score 2-strongly scented), OM3536 (score 
1-slightly scented), IR64 (score 0 - non-scented) were 
used as reference varieties. 

DNA extraction
100 mg leaf of mini-core rice germplasm (14 - 21 days) 
were used for DNA extraction as described by (Doyle 
and Doyle, 1990) with slight modi�cations (Tran et 
al., 2018). DNA quality and quantity were tested by 
agarose gel electrophoresis and spectrophotometer 
(NanoDrop One 1000™, �ermo Fisher Scienti�c 
Inc., Wilmington, USA). 

Polymerase chain reaction (PCR)
�e simple sequence repeat (SSR) marker RM190, 
SNP-Wx-Ex6, and BADH2 were ampli�ed by using 
the set of primers. �e PCR reaction was performed 
in 10 µl volumes containing PCR bu�er, 0.21 mM 
dNTPs, 0.1 µM each of speci�c primers, and 1U of 
Taq Polymerase (Home-made by the Central lab 
of CLRRI), and last 50 ng DNA. PCR reaction was 

ampli�ed in a Mastercycle (Eppendorf, Germany) 
with thermal pro�le 94oC for 5 min, 35 cycles of 
(94oC, 45s), 45 s annealing temperature, 55 - 62oC, 
for extension 72oC, 1 min and end cycle 4oC. �e 
product of PCR was separated on 2.5% agarose gel 
and the size was determined by 50 bp DNA ladder 
(New England BioLabs). 

Data analysis
Descriptive statistical analysis of traits and Principal 
Component Analysis (PCA) is performed using 
version 3.4.5 of R so�ware. PCA is generally estimated 
from the correlation matrix and eigenvalues (greater 
than 1 was selected) and eigenvector was calculated 
by this so�ware. �e genetic dissimilarities 
between germplasms and polymorphic bands were 
constructed the binary matrix. �e clusters analysis 
was carried out by UPGMA method and dendrogram 
were generated by R so�ware. 

Time and location of study
�e research was conducted in the experimental �eld, 
central lab, grain quality lab of Cuu Long Delta Rice 
Research Institute from March to December 2017. 

RESULTS AND DISCUSSIONS

Variation of agronomic traits and amylose content, 
the aroma in 350 high-quality rice accession
Evaluation of genetic resources conserved was a 
regular work of the CLRRI because it was of great 
contributes signi�cance in the breeding program. �e 
results of the study have provided basic information 
that supports the new breeding program selection. 
�e present results supply wide range data of mini-
core for aroma and amylose content of large rice 
germplasm accessions. �e mini-core germplasms 
consists of 127 varieties/promising lines from CLRRI 
(OM), 46 varieties from Can �o University (MTL), 
125 accessions from IRRI and 46 varieties from other 
sources (Figure 2). Rice germplasms support for plant 
breeding in goals of rice breeding.

Figure 2. An overview of the original evaluation 
of high-quality rice germplasms
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Table 1. Descriptive statistic of agronomic traits, amylose content and aroma of 350 germplasms

Traits1 Minimum Maximum Mean SD CV
DM (days) 91 137 104.5 7.59 7.27
PL (cm) 21 32.1 25.4 1.61 6.33
PN 168 462 316.7 50.4 15.9
TS 74 294.8 139.8 28.8 20.6
SFP (%) 28.7 99.4 62.5 10.2 16.4
P1000 (g) 17.6 33.7 27.5 2.82 10.2
YIELD (ton/ha) 1.07 8.5 4.57 1.25 27.4
AC (%) 6.9 30.4 22.7 3.80 17.5
AROMA (Scale) 0 2 0.22 0.44 19.7

Notes: 1 DM: Days to mature; PL: panicle length; PN: number of panicles per square meter; TS: total of seed; 
SFP: spikelet fertility percentage; P1000: 1000 grain weight; YIELD: grain yield; ARO: aroma; AC: amylose content; 
CV: coe�cient of variation; SD: standard deviation. 

Table 1 and �gure 3 presented the means and 
frequency distribution of 350 germplasm with 9 
traits. Almost days to mature of accessions were 
A2 group (106 - 120 days). 7 varieties (IR11A208, 
OM130, OM443, OM435, IR50404, and OM10424) 

were short days (less than 95 days which source for 
selection short day program. �e di�erence in the 
panicle length was signi�cant among accessions. �e 
average panicle length was 25.4 cm and range from 21 
(OM429) to 31.1 cm (HTM1). �e �gure also showed 

Figure 3. Histograms showed of the distribution of 350 elite of the di�erent traits 
Notes: DM = days to mature; PL = panicle length; P = panicle number/m2; TS = total of seed number; FP = fertile of seed 
percentage; P1000 = 1000 grains weight; YIELD = yield of grain; AC = amylose content; ARO = Aroma.
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that 12 accessions were group short, 100 were long 
panicle length and the rest is medium. �e average 
number of tillers per square of all accessions was 316.7 
with the maximum numbers of tiller per plant were 
observed 462 (MTL868) and minimum 168 (PD211). 
�e di�erences among accessions for the total seed 
were signi�cant with the means standard deviation 
(139.8 + 28.8). �e spikelet fertility of all elite rice 
ranged from 28.7% to 99.4 with averaged 62.5%. �e 
yield of rice was averaged 4.57 and smallest 1.07 ton 
highest 8.5 in a dry season. �e signi�cant di�erence 
was recognizing and exhibited a continuous variation 
with a normal curve in frequency distribution in traits 
(Panicle length, Panicle number per square, Spikelet 
fertility percentage, yield, and amylose content). 
�e AC ranged from 6.9 to 30.4 with means of 22.5% 
while aroma varied from 0 to 2 with means of 0.67% 
(Table 1). �e amylose content was divided into 4 
groups with very low amylose (OM85, Nep Be TG, 
SUB21-1), low AC (70 accessions), intermediate (183 
accessions) and amylose greater than 25% (94 varieties 
has). 350 accessions rice had an average aroma 
sensory scores 0.9 (Table 1, Figure 3). More than 277 
acc non-scented, 70 germplasm are slightly-scented, 

3 varieties strong scented (MTL772, MTL777, LH8) 
base on smelling method. �e frequency distribution 
of each trait was shown in �gure 2. �e normal 
distribution of panicle length, panicle per square, 
fertile seed percentage, yield, and amylose indicated 
quantitative inheritance of traits.

Cluster analysis and principal component analysis
Genetic diversity is an important goal in any breeding 
program. Ward’s hierarchical cluster analyses on 
days to mature, panicle length, panicle number/m2, 
fertile of seed percentage,1000 grains weight, yield 
of grain, aroma, amylose content �e dendrogram 
displayed the 4 groups of 350 germplasm. �e genetic 
distance ranged from 0.49 to 10 as shown in Figure 
4. Group I, II, III, IV have number the acc 92, 203, 
49, 6 respectively. Group III contained 49 genotypes 
almost high yield and yield components, a total of 71 
aromatic genotypes were clustered forming di�erent 
subgroups I, II, III (name of varieties in Table 2) 
whereas group 4 contains only 6 genotypes (TBR45, 
CB08514, OM130, OM9601, �ien uu, Nep Huong). 
Each variety of group IV used to cross a variety of 
group I and III in order to improve yield and amylose. 

Figure 4. Cluster dendrogram of the 350 genotypes of rice generated using Unweighted Pair 
Group Method with Arithmetic Mean (UPGMA) based on the phenotype traits

Notes: Group I red color (92 acc), group II black color (202 acc), and group III yellow color (49 acc), blue (6 acc). Number 
is code of each accession.
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Table 2. Grouping of 350 rice genotypes into di�erent clusters by 9 traits

Group n Cluster members
I 92 �e others (�e code number is red in �g4)

II 203

OM6599, OM6609, OM6612, OM6613, OM6614, OM6617, OM6618, OM6619, OM6677, 
OM6L, OM72L, SUB17-3, SUB19-3, SUB21-2, SUB213, SUB22, SUB10-2, SUB21-1, TLR344, 
TLR349, TLR351, TLR351-1, TLR3512, TLR352, TLR353, TLR355, TLR356, TLR357, 
TLR358, TLR359, TLR360, TLR361, TLR362, TLR363, TLR364, TLR365, TLR366, TLR367, 
TLR368, TLR369, TLR371, TLR372, TLR405, TLR405-1, TLR407, TLR408, TLR409, TLR410, 
TLR411, TLR413, TLR414, TLR415, TLR446, TLR449, TLR450, TLR453, TLR454, TLR455, 
TV2, TLR422, TLR439, TLR440, TLR436, TLR438, TLR433, TLR441, TLR426, TLR432, 
TLR379, TLR418, TLR420, TLR429, TLR423, OM10834, TLR641, TLR424, OM10093, 
TLR419, TLR430, TLR428, TLR417, TLR425, TLR434, TLR427, OM95L, OM7L, OM8105, 
OM96L, AGPPS107, AGPPS109, AGPPS110, AGPPS112, AGPPS114, AGPPS115, AGPPS131, 
AGPPS134, AGPPS136, AGPPS137, BL92, BL96, DH18, DTM1-1-2-2, DTM1-4-2-5-8, 
DTM4-2-3-3, GKG12, GKG5, GR1, GSR36, HMT11-2, HTM8, LH9, MTL480, MTL739, 
MTL758, MTL763 MTL783, MTL789, MTL799, MTL800, MTL803, MTL806 MTL809 
MTL810, MTL848, MTL851, MTL863, MTL864, MTL865, MTL867, MTL868, MTL870, 
MTL872, MTL873, MTL875, MTL876, MTL878, MTL880, MTL881, MTL882, MTL883, 
MTL884, MTL885, MTL886, MTL887, MTL888, Nep Be TG, NV13, OM27L, OM36L, 
TC2, TLR375, TLR378, TLR397, TLR421, TLR437, TLR467, TN1, Bengal, IR42, WC4643, 
IR11C173, IR72046-B-R-3-2-1, IR70865-B-P-6-2IR11C169, IR11C134, IR11C130, IR10C112, 
IR72593-B-3-2-3-3-2B-1, IR11C115, IR65199-4B-19-1-1, IR11C138, IR11C170, IR6844-
2B-4-2-3-2, IR11C149, IR11C114, BP10622F-BB8-15-BB8, CT16658-5-2-3SR-2-1-MMP, 
CT18148-6-9-5-1-3-4-MMP, CT19558-2-17-4P-3-1-1-M, IR08N210, IR09A220, IR09L120, 
IR09N522, OM85, IR10A136, IR10A239, IR10A314, IR10N118, IR30A288, PK3445-3-2, 
XIANGZAOXIAN9, IR06M150, IR10N108, IR72, IR123, OM10115, OM10097-2, Bac thom, 
GKG36, IRBB3, IRBB13, OM426, OM429 (code number is black in Fig4)

III 49

OM70L, SUB14-2, SUB14-3, SUB15-2, SUB17-2, SUB19-2 TLR354, TLR370, TLR401, 
TLR412, TLR477, TLR416, TLR435, SUB14-1, AGPPS105, DPL3, DTM17-1, GKG4, 
GKG9, GR11, GSR63, HD20, HMT1, HTM1, LH8, MTL749, MTL752, MTL772, MTL777, 
MTL866, MTL874, MTL879, MTL889, NV1, TBR36, Bala, Dular, IET1444, WIN1, IR11C120, 
IR11C127, IR11C128, BR6902-14-4-2-5, IR10A235, OM11722, Nep chiu han, GKG35, O476, 
X39 (Code number is yellow)

IV 6 TBR45, CB08514, OM130, OM9601, �ien uu, Nep Huong (Code number is blue)

Table 3. Eigenvalue, % variance explained, and cumulative eigenvalue value of rice germplasm

1Traits Principle
component Eigenvalue Variance explained

(%)
Cumulative

(%)
AMY PC1 1.34 20 20
ARO PC2 1.22 17 37
DM PC3 1.12 14 51

YIELD PC4 1.0 11 62
PL PC5 0.94 9 71
PN PC6 0.82 9 80
TS PC7 0.85 8 88
FP PC8 0.76 6 94

P1000 PC9 0.63 6 100
Notes: 1 DM = days to mature, PL = panicle length, P = panicle number/m2, TS = total of seed number, FP = fertile of 
seed percentage, P1000 = 1000 grain weight, YIELD = yield of grain, AMY = amylose content, ARO = aroma.
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PCA is a powerful tool in order to multiple analyses 
which can explain maximum variability out of the 
total variability (Anderson et al., 1972). Number 
components were equal to the total number of 
variables (9) consisted of agronomic traits, yield and 
yield components, aroma, and AC. All 9 components 
explain the full variation in the data (1.0). �e data 
in table 5 shown that PC1 20%, while PC2, PC3, PC4 
exhibited 17%, 14%, 11% variability. �e components 
from 1 to 4 have eigenvalues above 1 and explain 62% 
of the variation. �e 1st components could explain 
the 20% of variable data and the 2nd components 
explain only 17%, and 3rd is 14 (Table 3). �e rotated 
component matrix focused in PC1, PC2 and PC4 
account for yield and yield component such as panicles 
number, 1000 grain weight, panicle length and Fertile 
of seed percentage. �e PC2 and PC3 dominated for 
aroma and AC (Table 4). �ese results will be greater 
for the breeding program which combines parents 
improve yield with an aroma, and AC. 

Table 4. �e component matrix of 4 principle 
component analyses

PC1 PC2 PC3 PC4
AMY 0.50 0.48
ARO 0.33 -0.32
DM -0.56
YIELD 0.42 -0.30
PL 0.62 -0.36
PN 0.43 0.33
TS -0.63
FP 0.31 0.60
P1000 -0.41 0.53

Evaluation of aroma by combine phenotype and 
genotype of germplasm
�e quality of rice is one of the most important 
characteristics because it strongly in�uences market 
prices and consumer’s decision. Grain quality is 
determined by a variety of factors such as grain shape, 
nutritional value, cooking and eating characterizing 
and especially aroma. �e demand for aromatic rice 
has increased signi�cantly in recent years. Consumers 
are willing to pay higher prices for high-quality (AC) 
and aromatic rice. �e analysis of this trait depends 
too much on the environment, the method of smelling 
and tasking cooked grain, iodine solution are still not 
accurate. However, DNA markers are only associated 
with the aromatic gene, amylose content and allow 
the prediction of the aromatic status of any sample, 

any stage with 100% accuracy. �e improving aroma 
of rice by traditional methods spend time and costs. 
Whereas, the selection of the seed by the molecular 
marker associated with the target trait shortens the 
breeding time and may result in three generations of 
selective MASs that allow genotyping to be una�ected 
by environmental factors. At present, there are many 
molecular indicators in rice that have been used to 
distinguish aromatic/non-aromatic compounds. In 
aromatic rice at the betaine aldehyde dehydrogenase 
gene 2 (BADH2) on chromosome 8, 8 pairs of 
nucleotides on the seventh exon were removed, 
while the non-aromatic rice did not lose this region 
(Bradbury et al., 2005a).
Based on this trait Bradbury et al. (2005a) designed 
four ESP, EAP, INSP and IFAP primers, in which the 
ESP-EAP primer ampli�es a DNA fragment of about 
577 bp for both aromatic and non-aromatic varieties. 
Especially, the ESP-IFAP primer will identify the 
aromatic gene if the 257-bp PCR product and the 
INSP-EAP primer will identify the aromatic rice 
when the PCR product is 355 bp. In addition, if two 
257 bp and 355 bp products are present in the PCR 
product, the rice variety will carry the heterozygote 
gene. �e �gure 1 and �gure 5 represent the results 
of aroma which evaluated by smelling method. 
�ree accessions give strongly fragrant, 71 varieties 
give moderate aroma (scores 1) and the 276 varieties 
non aroma. In this paper we used marker developed 
by previous researcher for screening aroma namely 
ESP, EAP, INSP and IFAP. 
�e PCR results had shown that 70 homozygous 
aromatic, 262 homozygous non aromatic, 18 
heterozygous aromatic. Again, the results had 
shown the e�ciency of this marker 100% accuracy 
to detect this aroma allele. �e results also the 
fragrance of rice was associated with the presence 
of a gene (fgr) on chromosome 8 of rice encoding 
nonfunctional BADH2 (Brabudy, 2005a). �ere are 
three conventional methods to detect the aroma in 
rice such as leave/grain was dip with KOH or deioned 
water and smelling by trainer panels. �is is method 
need large amount of sample, time consumer. Gas 
chromatography method is precise but is expensive. 
Recently, DNA molecular markers are available to 
support direct selection in rice breeding. Our results 
con�rmed again the reported of Brabudy, an allele 
speci�c PCR marker ESP+IFAP+INSP+EAP located 
on chromosome number 8, useful for aroma rice 
breeding program. 
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Figure 5. Discrimination of fragrant and non-fragrant allele in panel using ESP, EAP, INSP and IFAP primers
Notes: Fragrant variety (Bac �om 7, MTL777, LH8, Jasmine85 “check strong aroma” 577+257 bp fragment); 
non-fragrant variety (OM2517” check non aroma alleles 577+355bp, OM429, TLR424, NV1, OM36L, OM6677). 

Evaluation of AC by combine phenotype and genotype 
of germplasm
AC of 350 germplasm has diversity, 3 varieties 
had AC lower than 10% which identi�ed very low 
group (OM85, Nep Be TG, SUB21-1). 70 varieties 
of germplasm had AC (12.1 - 20%) low group, 183 
individuals with AC from 21.1 - 25%, 94 entries has 
AC greater than 25% (Table 1 and Figure 2). 

AC variation can explain as combine both speci�c 
primers (SNP-Wx-Ex6, Zhou et al., 2018) and RM190. 
It is the 1st reported to apply this marker to identify the 
intermediate AC group. Amylose content distribution 
of mini-core with two alleles of SNP Wx-Ex6 CC/CA 
is 23.7%. Correlation analysis between phenotype 
(AC) and genotype (SNP Wx-Ex6 explained 76.5% 
of total AC variation). �is marker also useful for 
screening rice population (Data not shown).

Figure 6. Demonstrated Amylose content distribution of three types alleles of SNP-Wx-Ex6 (AA/CC/CA) 
based on PCR with confronting two-pair primers target SNP loci

RM190 associated with the expression of granule-
associated starch enzymes, and is responsible for the 
amylose content of rice grains (Ayres et al., 1997), 
associated with AC using QTL linkage mapping. 350 
rice varieties were used to evaluate by RM190, the 
ampli�ed PCR generated two distinct alleles (234 
varieties carrying “B”, 115 varieties carrying allele “A”, 
1 variety carrying both “A and B”. Both alleles give 
the ampli�cation product between 120-140 base pairs 
(bp). Except for varieties SUB19-2 for both A and B 
alleles, all other rice varieties have an allele, either A 
or B (An allele - amplify a shorter DNA fragment than 

120 bp, B allele ampli�ed long DNA fragment more 
than 140 bp). All low amylose (AC) rice cultivars were 
investigated to show the presence of the ‘B’ allele. All 
rice varieties had intermediate AC fall into grouped 
allele “A”’ and “B”. So we need to combine the RM190 
and SNP-Wx-Ex6 for discriminate the AC content. 
�e cooking of rice is determined by the amount 
of amylose present in the endosperm; amylose 
accounts for about 16 - 30% of the rice starch and 
is a determinant of the cooking quality of the rice. 
�e Waxy genes regulate 5499 bp of rice, including 
14 exons and 13 introns (Wang et al., 1995). �ese 
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markers RM190, SNP-Wx-Ex6 and BADH2 play 
an important role in determining AC and aroma, 
assisting plant breeders in MAS una�ected by the 
environment. 

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
Besides yield and yield components, aroma and AC 
are the most important traits of aromatic rice grain 
quality. Using 350 diverse rice sets were phenotype 
for 9 traits and its component traits. As a result, a 
wide variation was observed for all the measured 
traits. �e cluster analysis divided into 4 groups. 
�e PCA has explained almost the variable of this 
set come from yield, yield component and AC. �e 
conventional method of fragrance identi�cation and 
AC are expensive, time-consuming and required 
a large amount of sample, time to harvest seed for 
analysis. Recently, molecular markers that tightly 
linked to the aroma and AC available to facilitate 
direct selection in a rice breeding program. Molecular 
markers RM190, SNP-Wx-Ex6, and speci�c marker 
BADH2 which discriminated the aromatic and non-
aromatic, low/intermediate/high AC. High levels of 
diversity among 350 rice accessions will support the 
plant breeder to set up the objective of plant breeding. 

Recommendations
�is elite rice germplasm used to be for plant 
breeder focus their breeding program for not only 
grain quality, aroma but also for yield and yield 
components. Furthermore, 3 genotypes have strong 
aroma by sensory and DNA markers will apply for 
aroma breeding program.
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CHARACTERIZATION OF WINGED BEAN 
BASED ON MOLECULAR MARKERS

Tran Quang Dieu1, Dodake S. S.2, Nguyen Xuan �ang*1

Abstract
Twenty winged bean genotypes received from All India Co-ordinated Research Network on Potential Crop, 
Department of Agricultural Botany, MPKV, Rahuri, MS, India were sown and used for assessment of molecular 
polymorphism, diversity analysis by 11 ISSR primers. All primers successfully ampli�ed polymorphism regions, 
as among 124 bands position, 76 polymorphic regions (61.3%) were ampli�ed. Accordingly, highest and lowest 
similarities among genotypes were measured as 98% and 72% respectively. �e results based on UPGMA method 
also categorized all genotypes into four main groups. �e genetic distance based on the ISSR markers indicated the 
close relationship and narrow genetic background between winged bean accessions.
Keywords: Winged bean, characterization, molecular marker, polymorphism
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INTRODUCTION
Winged bean or Goa bean [Psophocarpus 
tetragonolobus (L.) DC.] is a tropical legume found 
growing abundantly in hot, humid equatorial 
countries like India, Burma, Sri Lanka, �ailand and 
the Philippines. It has the high protein content in the 
seeds and therefore considered as a versatile legume 
and grown as a grain legume, green vegetable, tuber-
crop or a forage and cover-crop.
Knowledge of genetic diversity within and among 
genotypes of any crop is fundamental to estimate the 
potential of genetic gain in breeding programs and 
for e�ective conservation and sustainable utilization 
of available genetic resources (Sakiyama, 2000). �e 
presence of genetic diversity is crucial for improving 
the quality of any plant species. An understanding 
of the magnitude and pattern of genetic diversity in 
crop/forestry plants has important implications in 
breeding programs and for conservation of genetic 
resources (Charu et al., 2013). 

Molecular marker tools provide valuable data on 
diversity through their ability to detect variation at 
the DNA level. Molecular markers have emerged as a 
fascinating technology for evaluating genetic diversity 
(Naik et al., 2017; Wong et al., 2017), vegetable 
(leaves and pods); genetic structure variation and 
�ngerprinting (Shanjani et al., 2009). 
Several DNA based molecular markers are now 
currently used in diversity study of plants. Amongst 
them inter simple sequence repeat (ISSR) markers are 
commonly used to characterize the genetic diversity 
of crop plants and can be immensely helpful in 
identifying the potential elite genotypes. �e utility 
of this marker as a potential tool for documenting 
the genetic variations in several legume crops like 
Chickpea (Collard et al., 2003); Groundnut (Mondal 
et al., 2009)115 were found Arac his h ypogaea L.;
Cluster bean (Pathak et al., 2010); Mung bean and 
Black gram (Tantasawat et al., 2010) cluster III 
containing 4 Thai cultivated blackgram varieties, 
and cluster II containing a mungbean wild relative 


