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QUANTITATIVE ANALYSIS ON AMYLOSE CONTENT BY DNA MARKERS

THROUGH BACKCROSS POPULATIONS OF RICE (Oryza sativa L.)

Nguyen Thi Lang and Bui Chi Buu
ABSTRACT

Amylose content is one of the important traits of grain quality properties of rice.
Recently, a polymorphic microsatellite sequence closely linked to the Wx gene was
reported. For this purpose, the genotype of Hoa lai and Khao Dawk Mali 105 with
low amylose content (16.8% and 19.2%, respectively) was crossed with genotype
IR64 with medium amylose content (20-25%), and 120 BC,F, were developed.
These BC showed normal distribution for amylose content. The parental genotypes
were analyzed with 20 SSR primers in chromosome 6. One primer pair for the
locus wxF-R showed association with amylose content. This was further confirmed
through selective genotyping. The co- segregation data on the molecular marker
(wxF-R) and amylose content on 120 BC,F, were analyzed by means of a single
marker linear regression approach. Significant regression suggested linkage
between wx and a QTL for amylose content. The results showed that this marker
linked to QTLs accounted for the R® value of 0.179. This suggested that the wx
linked to QTLs contributed to 17.9% of the total in AC content among the BC,F,
(IR64 / Hoa Lai). The R’ value of 0.197 suggested that the wx linked to QTLs
contributed to 19.7% of the phenotype variation in AC content among the BC>F,
(IR64 / Khao Dawk Mali 105. This marker might be useful in marker-assisted

breeding to improve rice genotype with intermediate and low amylose.
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INTRODUCTION

Amylose content (AC), an important
determinant of rice starch quality would be
attracted by rice breeders. The starch is the
major component of rice endosperm and
consists of amylose and amylosepectin. The
amylose is a relatively less- branched a (1,4)
— linked glucose polymer. Starch synthase,
which proceduces the (1,4) linkage, is
essential for synthesizing linear glucose
polymers while the branching enzyme
generates the 1,6 linkage in amylopectin.

The improvement in amylose content in rice
has been a major concern of plant breeders.
The ratio of amylose to total starch, measured
as amylose content, varies from cultivar to
cultivar, it means 18-32% in indica rice and
10-22% in japonica. The high amylose levels
are usually associated with dry, fluffy, and
separate cooked rice grain (Juliano 1985).
Therefore, improvement of rice starch quality,
especially reduction of the amylose level in
high yielding rice with poor quality is

extremely important for breeding quality rice.
The amylose content is usually higher in
endosperm starch in indica rice than that of
japonica rice has been explained by the
presence of two types of waxy alleles, wx" and
Wx® (Sano 1984). Wang et al. (1995) reported
that AC in rice endosperm was related to the
post-transcriptional regulation of the Wx gene.
Genetic studies with rice revealed that a major
gene and QTLs were detected for AC in
chromosome 6 and 5 (He et al. 1999) and the
major gene in chromosome 6 explained 91.1%
of the total variation, it should be an allele of
wx (Wx) and QTL qAC-5 explained 11.8% of
the total variation, the interval of RG573-
C624, a chimeric antisense construct, which
contained a 756-bp antisense waxy (Wx) gene
DNA fragment from rice and the gus A
coding sequence, both fused to the 3.1-kb rice
wx promoter, was efficiently introduced into
several elite rice cultivars (Liu et al. 2003).
However, identification of the gene remained
to be discovered. Microsatellite polymor-
phisms in three genes, the wx gene encoding
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granule-bound starch synthase I, the SBE
gene encoding starch branching enzyme I and
the SSS gene encoding soluble starch synthase
I were studies for 56 accessions of waxy rice
(Bao et al. 2002). This microsatellite might be
useful in marker-assisted breeding to improve
rice grain quality.

In the present study, the establishment of two
BC populations, and its molecular linked map,
were use to analyze and identify amylose
content polymorphism. Parents and progenies
were surveyed by available markers
including: wx to be most promising of all the
above classes of marker therefore used them
extensively for study of polymorphism
between the parents and subsequently BC,F,
representing intermediate, high and low
amylose. Marker was identified that showed
an association with amylose. Subsequent
analysis identified a QTL for amylose, which
was assigned in chromosome 6.

MATERIALS AND METHODS
Plant material

Three rice varieties express different
amyloses as IR64 (intermediate: 24.5%), Hoa
Lai (low: 16.9%), Khao dawk mali 105 (low:
19.2%). Two BC,F, populations of IR64 /
Hoa Lai and IR 64/ Khao dawk mali 105
were used this experiment.

For the evaluation of amylose content in
endosperm, all 150 BC,F, lines and the
parents were grown in the field in 2002 and
2003. After anthesis, all lines were covered to
pre-harvest. Grain samples were milled.
Amylose content per 100mg of starch
granules was colorimetrically determined as
described by Miura et al. (1994.)

DNA Extraction for PCR Analysis

DNA suitable for PCR analysis was prepared
using a simplified miniscale procedure (Lang
2001). A piece of young rice leaf (2cm) was
collected and placed in a labeled 1.5 ml
centrifuge tube in ice. The leaf was ground
using a polished glass rod in a well of a Spot
Test Plate (Thomas Scientific) after adding
400 pl of extraction buffer (50 mM Tris-HCI
pH 8.0, 25mM EDTA, 300mM NacCl and 1%
SDS). Grinding was done until the buffer
turned green which is an indication of cell
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breakage and release of chloroplasts and cell
contents. Another 400 pl of the extraction
buffer was added and mixed into the well by
pipetting. Around 400 pl of the lysate was
transferred to the original tube of the leaf
sample. The lysate was deproteinized using
400 pl of chloroform. The aqueous super-
natant was transferred to a new 1.5 ml tube
and DNA precipitated using absolute ethanol.
DNA was air-dried and resuspended in 50 ul
of TE buffer (10mM Tris-HCI pH 8.0, ImM
EDTA pH 8.0). An aliquot of 1 pl is sufficient
for PCR analysis.

Microsatellite analysis

The primers used for amplifying are
microsatellites wxF-R. Each 25ul
amplification reaction consisted of 10mM of
Tris-HCL (pH=8.0), 10xPCR buffer (10mM
Tris pH 8.4, 50mM KCI, 1.8mM MgCl, and
0.01 mg/ml gelatin) and 1 unit of Tag DNA
polymerase in a total volume of 20 pOmM of
PCR buffer 0.ImM of dNTPs, 200nM of
primers, 0.5 units of Tag polymerase, and
20ng of genomic DNA. All DNA
amplifications were performed on a PTC 100
thermal cycler under the following conditions:
5min at 94°C, followed by lminute at 94°C,
60 s at 55°C and 60S at 72°C for 35 cycles and
7 min at 72°C for final extension. An aliquot
of 10 ul of the PCR product was routinely
taken for gel electrophoresis to determine if
amplification was successful. When the
primers detected an amplicon length
polymorphism, the samples were readily
scored. The PCR products or the DNA
fragments produced by restriction digestion
were resolved electrophoretically on 1.2%
agarose gel in 1 X TBE buffer.

The amplification products were mixed with
an equal volume of formamide dye (98%
formamide, 10mM of EDTA pH 8.0, 0.1%
bromophenol blue and xylene cyanol). After
being denatured at 94°C for 3 min and
immediately chilled on ice, Sul of the sample
was run for through a 5% polyacrylamide gel
for 2 hours using due by silver staining

Amplification products were obtained using
wx primers, developed by Blight et al. 1995,
and Ayres et al. 1997, having the following
sequences:
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wxF 5’-TTTGTCTATCTCAAGACAC-3’ from IR64 / Khao dawk Mali 105. Amylose
1 ) 0,
wiR 5°-TTGCAGATGTTCTTCCTGATG-3®  content Va.rled 19.2% and 16'.9/0 for Khao
Dawk mali 105 and Hoa Lai, respectively.
QTL analysis Amylose of IR64 was noticed as 24.5 %.

Single marker QTL analysis using linear The BC,F, of IR64 / Hoa Lai offered a range
regression was applied with the model by of amylose from 17.5% to 25.0%. A
Tinker (1996). Marker allele with present frequency distribution curve was set up based
band was coded 1 and absent band coded 0 on the data, with ng = 1.20%*, P=<0.01,

for conducting regression analysis heritability value of 0.758 (figure 1)

Analysis of variance (ANOVA) was The BC,F, of IR64 / Khao Dawk Mali 105
performed with the SAS program version 6.04  offered a range of amylose from 18.0% to
(SAS OHIO US) 24.0%. A frequency distribution curve was set

RESULTS & DISCUSSION up based on the data, with og® = 0.81%*
P=<0.01, heritability value of 0.746 (figure 2)

Frequency distribution of amylose content in
One hundred twenty BC,F, were developed BC,F, showing a good fit to the normal
from IR64 / Hoa Lai and 118 individual plants  {istribution

Amylose content in BC,F,

BC,F,
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Figure 1 Frequency distribution of amylose content in BC,F, of IR64 / Hoa Lai
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Figure 2: Frequency distribution of amylose content in BC,F, of IR64 / Khao Dawk Mali 105
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Microsatellite markers survey in parents

Three SSR markers, which are being
successfully employed in marker-assisted
selection for genotypes containing amylose
different contents. Two markers detected
waxy gene in IR64 / Hoa Lai. Then one
marker wx detected the gene in both two
BC,F, populations.

This is confirmed an association between the
wx marker and amylose content. To further
confirm this association, we carried out
selective genotyping of individual BC,F, to
the two populations (figure 3). The result
revealed that out of the 52 BC,F, belonging to
similar amylose content in IR64. Sixty eight
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individuals of BC,F, offered the same content
in Khao Dawk Mali 105.

For BC,F, of IR 64/ Hoa lai, wx marker was
also used to survey. The result revealed that
out of 54 belonging to high amylose pool, 7
offered similar content of IR64, 6 offered low
amylose pool, 4 expressed a profile similar to
Hoa Lai. This is confirmed an associatiation
between the wx marker and amylose content.
Subsequently, all 112 BC,F, were genotyped
using the above SSR primers, and data on
segregation of the marker were recorded to
conduct QTL analysis.

M12345678910111213141516171819202122232425M
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Figure 3: Polymorphism in PCR — amplified microsatellite marker in IR 64 / Hoa lai BC
population. Lane 1:IR 64, lane 2: HoalL ai, lanes 3-25: individuals of BC,F, with Primer wxF-R

QTL analysis and gene effects
IR64 / Hoa lai

Polymorphism of marker and marker
segregation obtained 12% in the parents IR64
and Hoa lai at locus wx. The expected
segregation ratio would be 40% homozyotes
and 60% heterozygotes in BC,F, population.
Resulting in an allele frequency of 12.0% for
IR64, 28.58% for Hoa lai, and 60% for both
parents. Hoa lai was possible as elite parent
due to skewed allele frequencies at 34
(22.6%) of marker loci. Skewing toward the
adapted elite parent could be explained by
selection in the BC; and BC, during
population developed but skewing toward
Hoa lai was not expected.

IR64 / Khao Dawk Mali 105

Polymorphism of marker and marker
segregation obtained 95% in the parents IR64
and Khao dawk Mali 105 at locus wx. Three
SSRs were used to evaluate the BC,F,. The
expected segregation ratio would be 98%
homozyotes, 2% heterozygotes. Resulting in
an allele frequency was observed as 47.6% in
IR64, 51.58% in Khao dawk Mali 105.

From amylose content (AC) data of BC,F,
with normal distribution (figure 1), the data on
genotypes of these BC,F, at the locus wx,
helped us analyze QTLs by using single
marker linear regression approach. The
regression of amylose content conferring to
wx marker was highly significant indicating a
linkage between molecular marker and QTL
for amylose content (table 1). The R* value of
0.179 suggested that the wx linked to QTL
contributed to 17.9% of the total in AC
content among the BC2F2 (IR64/ Hoa Lai)
and. The R2 value of 0.197 suggested that the
wx linked QTL contributed to 19.7% of the
total in AC content among the BC,F, (IR64 /
Khao Dawk Mali 105). These results that
marker wxF-R may either be tightly linked to
a QTL with a small effect or closely linked to
a QTL with a large effect (Melchinger 1998).
This is the same result by He et al. (1999), a
major gene and a QTL were detected for AC
in chromosome 6 and 5. The major gene in
chromosome 6 that explained 91.1% of the
total variation should be an allele of wx. The
QTL: qAC-5, explained 11.8% of the total
variation.
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Table 1: Regression analysis of amylose content on wxF-R marker for IR 64 / Hoa Lai

Source Degree of Mean squares F value P value
freedom

Regression 1 5749135 527.488 0.0000

Residual 148 1.089909

Total 149

Table 2: Regression analysis of amylose content on wxF-R marker for IR 64/ Khao Dawk Mali

105
Source Degree of | Mean squares F value P value
freedom
Regression 1 770.0013 oAk 0.0000
Residual 149 0.13414
Total 150

One locus involved in associated to amylose
content was identified in these populations.
One QTL was identified by wx, with R>=
17.8% and 19.7% for IR64 / Hoa Lai and
IR64 / Khao dawk Mali 105, respectively.

This experiment achieved a considerable
enhancement of an available detection of
amylose content in BC,F, population. Plant
breeders for effective selection can apply the
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SUMMARY IN VIETNAMESE

Phén tich di truyén s lwong tinh trang amylose bing d4u chuin phan tir trén quan thé
hoi giao cua cay lia (Oryza sativa L.)

Nguyén thi Lang, Bui chi Biru

Ham luong amylose 1a mdt trong nhiing tinh trang quan trong nhit quyét dinh dén phim chét
com mém hay ctng. Gan day, nguoi ta rt quan tdm dén mot microsatellite marker (SSR) lién
két rat chit voi gen Wx (waxy). Kiéu gen ciia Hoa Lai va Khao Dawk Mali thudc dang amylose
thip (16,8% va 19,2%, theo thir ty). Chung dwoc chon 1am b me dé lai véi IR64 (gidng cd
amylose trung binh: 20-25%). Sir dung 120 c4 thé BC,F, ciia t6 hop IR64 / Hoa Lai, IR64 /
KDML. Dang phén b chuin dugc ghi nhan trong kiéu hinh amylose ctia ca hai quan thé BC.
Str dung 20 SSR primer trén nhidm sic thé sé 6 dé xem xét da hinh trong bé me va con lai. Co
mot cdp mdi dinh vi tai locus wxF-R két hop rat cht voi tinh trang amylose. S liéu ghi nhan
thong qua két qiia phan tich QTL theo ANOVA v&i marker don, mé hinh tuyén tinh cho thay:

17,9% bién thién kiéu hinh tinh trang amylose dugc giai thich boi QTL trén nhiém séc thé sb 6.

Locus wx lién két v6i QTLs trong quan thé hdi giao BC,F, (IR64 / Hoa Lai) co gid tri R’ 1a
0,179 va trong quin the hoi giao IR64 / Khao Dawk Mali 14 0,197. Day la két qua rat tét cho
phép cac nha chon glong mg dung marker nay dé chon loc kiéu gen c6 ham lwong amylose
trung binh nhu mong muon.
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