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Sixty-eight strains belonging to two species of Oryza were characterized by using Wx microsatellite,
(CT), repeats that are closely linked to the rice Waxy gene. These strains included high-, intermediate- and
low-amylose strains as well as glutinous rice. The polymerase chain reaction (PCR) was used to amplify a
DNA fragment including the beginning of exon 1 and the beginning of the intron 1 of the Waxy gene. The
amplified DNAs were sequenced an ABI Model 377 automatic sequencer.

Ten Wx microsatellite classes were identified. The popular Thai jasmine rice, KDML105, contained
the (CT),, repeats in the wx locus. Moreover, the (CT),, repeat is the predominant class of the strains tested,
whereas the (CT),, class associated with high-amylose strains. In addition, a unique microsatellite class,
(CT),,, was detected in some traditional glutinous strains and glutinous wild rice collected from the north-
eastern region.

The restriction pattern of polymerase chain reaction-amplified Waxy DNA digested with Accl was
also characterized. Polymorphism was observed between rice strains with low amylose and intermediate
and high amylose content.
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The rice waxy locus encodes granule-bound
starch synthase (GBSS), a key enzyme in amylose
synthesis of plants (Nelson and Pan, 1995; Preiss,
1991). In cereals GBSS is expressed in endosperm,
pollen and embryosac. Previously, the use of
microsatellite DNA sequences in rice has been
reported by Wu and Tanksley (1993). In rice
breeding program, polymorphisms of microsatellite
markers associated with genes affecting desired
phenotypic traits have a practical value for rice
breeders (Tanksley et al., 1989). Previously, a
polymorphic microsatellite was identified in the
rice wx locus (Bligh et al., 1995), located 55 bp
upstream of the 5' splice site of the first intron. In
a screen of 13 commercial rice strains, four diffe-
rent classes designated as CT repeats, (CT) : n=10,
13, 18 and 20 were identified. They suggested that
this marker has potential for use in selective rice
breeding for starch quality. Moreover, Ayres et al.

(1997) determined the relation between the Wx
microsatellite polymorphism and the amylose con-
tent in the 92 US rice strains. They demonstrated
that the Wx microsatellite is polymorphic enough
to distinguish most rice strains in different amy-
lose classes, and the inheritance of the CT repeats
can be traced through a cross-section of the US
rice pedigree. In almost all cases, the Wx micro-
satellite show the expected simple pattern of in-
heritance, which can be traced back to the original
introductions of foreign germplasm. Recently,
Bergman et al. (2001) have demonstrated that the
CT repeats classes with n=10 or 11, 14 or 20 and
17 or 18 were categorized as high-amylose, inter-
mediate-amylose, and low-amylose types, respec-
tively.

The rice Wx locus is characterized by two
functional alleles, which are defined on the basis
of the amount of Wx protein that accumulates in
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the mature seeds (Sano, 1984). The allele Wx“ that
controls the production of higher amounts of Wx
protein is widely distributed in cultivated rice (O.
sativa Indica) and their wild progenitors. The other
allele, Wx*, produces levels of Wx protein about
10-fold lower than that of Wx?, and is mainly dis-
tributed in O. sativa Japonica (Sano, 1984). The
evolutionary relationships of the species in the
genus Oryza indicated that Wx* in Japonica type
has evolved from Wx“ of O. rufipogon (Sano, 1984;
Sano et al., 1991). Moreover, Wx“ alleles from both
wild rice and cultivated species had the sequence
of AGGTATA at the 5' splice junction of the first
intron. On the other hand, Wx" alleles had the
sequence AGTTATA at the 5' splice junction. This
single nucleotide substitution could be assayed by
Accl digestion of the amplified fragments (Ayres
et al., 1997). Interestingly, Ayres et al. (1997)
demonstrated that the polymorphism in this
sequence correlated with variation in apparent
amylose content. All of the strains with 18% or
less amylose had the sequence AGTTATA at the
putative leader intron 5' splice site, while all
strains with a higher proportion of amylose had
AGGTATA.

Genetic analysis has enabled the rice Waxy
gene in Thai rice strains to be characterized
(Prathepha and Muosri, 2002). This report aimed
to shed some light on gene pool of Thai rice germ
plasm by investigating and accumulating data on
the Waxy microsatellite, (CT) , located in the rice
Waxy gene, as well as determining the relation-
ships between this feature and amylose content in
their seeds.
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Materials and methods

Plant materials: Rice strains (Oryza sativa
and O. nivara) used in this study are listed in
Table 1. These strains represent low-amylose, inter-
mediate-amylose, and high-amylose strains. Seed
samples for each strain were cut to divide into half-
seed with- or without-embryo part. The latter part
of each strain was used to determine amylose
content using the method of Juliano (1971). In
this study, type of endosperm of each strain was
examined. The waxy endosperm (glutinous rice
strain) with amylose starch (1-9%) stains red or
brown with iodine, whereas nonwaxy endosperm
(nonglutinous) with amylose starch (>10%) stains
purple-blue to blue. According to Juliano (1971),
the amylose content for nonglutinous rice strains
obtained from this investigation were classified
as low (<19%); intermediate (20-25%); and high
(>25%).

Total DNA isolation

The half-seeds with embryo were placed in
petri dishes containing filter paper moistened with
distilled water. For DNA isolation, rice strains were
grown in a greenhouse and leaves of 4-week-old
seedlings were harvested. Rice genomic DNA
was extracted from fresh leaves using the CTAB
method of Doyle and Doyle (1987). The synthetic
primers used for both amplification and sequenc-
ing were designed from the published nucleotide
sequence of the Waxy gene that is available from
GenBank under accession number AF031162
(Figure 1). The primer pair (F-primer: 5°’ACCATT

BECENECCETRORETTCTIIG TCTATCTCAR GACACAAATA ACTGCAGTCT CTCTCTCTCT
CTCTCTCTET CTCTCTCTCT CTCTCTCTGE TTCACTTOTC TGOTTGPETT GTTCTGTTGT
TCATCAGGAR GARCATCTEC ARGGTATACA TATATGTTTA TAATTCTITS TTTOCCCTCT
TATTCAGATC GATCRCATGC ATCTITTCATT GCTCGTTTTT
HEGOTRATTT CTGTAAGGTG TTGGGCTGGA AATTAATTAA TTAATTAATT GACTTGOCAR
GATUCATATA TATGTCCTGA TATTARATCT TOGTTCGTTA TSTTTSGTTA GGOTGATCAR
TGTTATTCTA GAGTCTAGRG ARACACRCCC AGGGSTTITC CARCTAGOTC CRACARGATGE

CC LR ARG EEACT CTEATAE

TTATTTTATE TTAGATCATT

AGATC TTGTETTCAR CTCTOGTTAR

Figure 1. Nucleotide sequence of the rice Waxy gene (5' to 3'). It starts at base 1 and runs
through base 540. The shaded sequence segments in the sequence are the position
of primer pairs. The microsatellite DNA, (CT) , is underlined.
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Table 1. Waxy microsatellite classes and apparent amylose content of 68 rice strains.
Also shown is whether amylose content classes were detected by Accl digestion.

Variety/strain (C1), Amylose (%) Accl* Locality
KDML105 (1) (z1eanszd 105) 17 13.72 - Nakhon Phanom
KDML105 (2) 17 14.11 - Roi Et
KDML105 (3) 17 14.11 - Yasothon
KDML105 (4) 17 12.98 - Maha Sarakham
RDI5 (nv 15) 17 16.48 - Pathum Thani
Chainaht 60 (Fau1n 60) 8 17.21 - Pathum Thani
Mali (breeding line 10) (&) 17 15.63 - Suphan Buri
Mali Hawm (3z@vow) 17 17.04 - Suphan Buri
Mali Daeng (8z8ua4) 17 15.35 - Kalasin

Jow Dam1/2 (1511 50%) 17 16.19 - Suphan Buri
Jow Dam1/4 (13761 25%) 17 14.45 - Suphan Buri
Jaw Haw (13180) 17 17.5 - Chiang Rai
Khao Pong Krai (1) (17lilsle¥) 17 14.67 - Chiang Mai
Khao Pong Krai (2) (17lilsle¥) 17 4.31% - Chiang Mai
PSL60-1 (Awmlan 60-1) 17 17.8 - Phitsanulok
PSL60-2 (Awalan 60-2) 1 30.78 + Phitsanulok
Ang Jerng Jahn (89139321%) 17 15.57 - Phetchaburi
Khao Hawm (21vaw) 17 13.38 - Suphan Buri
Khao’ Dam 1/2 (41261 50%) 17 14.17 - Suphan Buri
Khao’ Dam 90% (1121 90%) 17 17.21 - Suphan Buri
Khao’ Rai Kaset (417151nua3) 17 9.77% - Mukdahan
Hao’ Kaen Du (F1aunug) 17 8.65% - Mukdahan

U Kam (g@n) 18 6.51* - Mukdahan
Pong’ Aew (TTo3uan) 18 8.7 - Mukdahan
RD6 (N2 6) 11 5.95% - Maha Sarakham
Kam Poon (fin1ju) 17 9.44% - Mukdahan
Kam Nai (Anlu) 17 8.94 - Kalasin

Kai Ngaw (ln%a) . 17 8.67* - Sakon Nakhon
Khao’ Kam no.1 (411f1) 17 9.21* - Mukdahan
Khao’ Kam no.2 (41211) 17 9.44* - Roi Et

E-Pon (8lwu) 17 7.6% - Mukdahan
Ma Yom (azein) 18 7.8% - Mukdahan

Khi Tom (%@N) 18 8.48* - Maha Sarakham
Jow Daeng (+:31404) 11 28.19 + Roi Et

Mali Tawng (nz8nav) 11 28.75 + Pathum Thani
Bawng Kasat (uasnsa3d) 17 26.16 + Surin

Niang Mow (1ib2191u7) 17 25.93 + Surin

Khao’ Nak (412%1n) 19 22.05 + Buri Ram
Leuang Pratew (1#i@a919212) 11 30.33 + Phetchburi

Jek Chuey (13niae) 11 27.51 + Phetchburi
Khaw Kaw (217n8) 19 26.22 + Saraburi
Leuang Lao Khan (1waasianainy) 19 28.36 + Kanchanaburi
Bal Khao Seu (wuatnna) 14 13.99 - Chiang Rai

* +: Restriction enzyne Accl can cleave the PCR products

(to be continued)
* . Waxy endosperm
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Table 1. (continued)

Variety/strain (CT), Amylose (%) Accl* Locality

Bal La Mi (Lmamﬁ) 17 15.13 - “Hilltribe, Chiang Rai”
Bal Cha Plau (suazsian) 17 3.39% - “Hilltribe, Chiang Rai”
Biaw Ku (Lﬁmfj) . 9 3.62% - “Hilltribe, Chiang Rai”
Biaw Mai Yan Rai (1en1ssuls) 17 16.51 - “Hilltribe, Chiang Rai”
Yim (84) 11 3.74% - “Hilltribe, Chiang Rai”
Jow Ne (Lﬁm‘ﬁ) 9 16.49 - “Hilltribe, Chiang Rai”
Hua Nah (#2u1) 17 24.92 + Songkhla

Tam Me Rai (d11ln9) 4 27.65 + Songkhla

Leb Nog Pattani (\8unnilaait) 17 23.7 + Pattani

Chaw Lung (72g%) 12 23.76 + Phatthalung

Dawk Kam (aanén) 12 4.42% - Laos

Traditional waxy rice @wileniuthuan) 14 4.19% - Laos

O. nivara no.1 (4171l) 17 12.98 - Nakhon Phanom

0. nivara no.2 17 13.72 - Nakhon Phanom

0. nivara no.3 17 10.45 - Mukdahan

0. nivara no.4 12 25.03 + Mukdahan

0. nivara no.5 12 22.27 + Mukdahan

0. nivara no.6 10 22.11 + Kalasin

O. nivara no.7 10 24.84 + Kalasin

0. nivara no.8 9 21.94 + Sakon Nakhon

0. nivara no.9 18 3.62% - Maha Sarakham

0. nivara no.10 10 22.5 + Kalasin

O. nivara no.11 9 22.45 + Sakon Nakhon

0. nivara no.12 11 23.45 + Mukdahan

0. nivara no.13 18 4.56%* - Kalasin

* + : Restriction enzyne Accl can cleave the PCR products
* 1 Waxy endosperm

CCTTCAGTTCTTTGTCT 3'; R-primer: 5’TAG
CATGTATGAGACTACTTGTAA 3') used for
PCR flanks the beginning of exon 1 and the
beginning of the intron 1.

PCR amplification

For the microsatellite assay, PCR reactions
consisted of 40 pl containing 1 microgram of total
rice DNA was used as a template, 10 pmol each of
primer pairs, 1.5 mM MgCl,, 0.1 mM dNTPs, and
0.5 units Tag polymerase (Promega). Thirty-five
cycles of amplification were carried out under
the following conditions: denature 1 min at 94°C,
1 min 60°C, and 1.5 min at 72°C; and a final ex-
tension of 5 min at 72°C was done following the
final cycle. PCR products were loaded onto 2%

agarose gels using 0.5x TBE buffer and separated
for 45 min at 75 volts, stained with ethidium
bromide, and photographed under UV light using
GDS 8000 Gel Documentation System (UVP Inc.,
California, USA). Molecular weights were esti-
mated using a 100 bp ladder (FMC). This PCR
reaction yielded a single fragment of about 250
bp in length for all examined strains as could be
detected by ethidium bromide staining.

Sequence analysis

For sequence analysis, the PCR products
were purified by gel electrophoresis (2% Seakem
agarose) and purified PCR product was sequenced
directly using the Taq Dye Terminator Cycle
Sequencing kit (Applied Biosystem). The PCR
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Figure 2. Example of agarose gel electrophoresis of amplified band by PCR using a primer
pairs (F-primer: ’ACCATTCCTTCAGTTCTTTGTCT 3'; R-primer: 5’
TAGCATGTATGAGA-CTACTTGTAA 3'.M=100bp ladder used as MW marker.

products were analyzed on an ABI 737A auto-
sequencer.

To determine if intermediate- and high-
amylose strains could be differentiated from low-
amylose strains by AFLP analysis, PCR products
were digested by Accl as described by Ayres et al.
(1997).

Results and Discussion

Sixty-eight strains of rice were tested using
primers flanking the first intron of the Waxy gene.
The amplified products were approximately 250
bp in length (Figure 2). According to the Rice Re-
search Institute, Thailand, the non-glutinous rice
represents ‘low’(<19%), ‘intermediate’ (20-25%)
and ‘high’ (>25%) amylose strains. The strains
were classified into four groups, waxy endosperm
(or glutinous rice), low-, intermediate- and high-
amylose strains with frequency distribution of 20,
25, 12 and 10, respectively (Table 1). Ten classes
of Wx microsatellites, containing (CT)_ repeats
were detected, ranging from n=4 to 19 (Table 2).
An example of the CT repeats in some strains is
shown in Figure 3.

The (CT),, and (CT),, repeats were not
found in the Thai rice germplasm, while these
classes have been reported in US rice (Bligh et al.,
1995; Ayres et al., 1997). The (CT),, class is pro-
minent in the Thai gene pool, 36 of the strains
tested contained this class. Also, the popular Thai
jasmine rice (KDML105) contained this micro-
satellite class.

The (CT),, class was found only in tradi-
tional glutinous rice strains both cultivated rice (O.
sativa Indica) and wild rice (O. nivara). In con-
trast, all strains of non-glutinous rice with high
amylose content (>25%) contained the (CT), class.
Similar results have also been reported in US rice
samples (Aryes et al., 1997).

Restriction patterns of polymerase chain
reaction-amplified Waxy DNA digested with Acc/
were characterized. Polymorphism was observed
between rice strains with low amylose (<19%) and
intermediate and high amylose content (Figure 4).
Thus, rice strains with low amylose content could
be differentiated from rice strains with intermediate
and high amylose content by using this rapid
procedure.

Table 2. Summary of microsatellite classes of the
Wx locus among 68 rice strains used in
this study.

Microsatellite class Number of rice strains

(CT),
(CT),
(CT),
(CT),,
(CT),,
(CT),,

N A0 WERA = —

~~
@)
—
N
W R




% UaUASUNS . m3na euguvvvelulasuammalan

i 25 atfun 1 w.a.-n.n. 2546 7 i dszinm
084 RD1S/waxy-F s o
RGTCTCICTCTCI CIC TOTCTCIC T CICTCTCT CTAC T Lans 3
30 46 50 60

GTCTCT CTCTCIC e TCI CTC PC TCTCTCTCTCINTECT
|I ! 30 40 30 Bl

——
——

Lk 1

ABI10O LEUNG PT/waxy-F Mods! M
Version 3.2 Lans 10 ‘.flrli;na; TR E
AR INACTEAGTCT CICTCTCTCT CICICTOTOTGOT ABit0a VEKNRp'F
05 30 s 50 Varsion 3.2 Lena 11

AR ACTECAG TCTCTCTCT CICT OIS IO TOT TG OT TR
[ 20 a0 40 50

:M(M‘WM f\MM; .MMMMM I LMA.."M

Figure 3. An example of Waxy microsatellite,CT repeats, in some strains obtained from ABI
373A autosequencer.
A: KDML105,(CT)

B: Leuang Pratew, (CT),; C: RD15,(CT),.; Jek Chuey, (CT),,.

17°

M C 3-17% 25-30%
v V.- -~ iy -~ -

bp

250 —

Figure 4. An example of PCR products (250 bp) digested with Accl with representatives of
glutinous rice and low-amylose strains (lane 3-9) and Intermediate- and high-
amylose strains (lane 10-14). M=DNA marker. C=negative control.

The traditional Thai rice strains Leuang  with high-amylose content, while Chainaht 60 and
Pratew (LPT), Mali Tawng and Jek Chuey have RD15 varieties have Thai-based genetic back-
Thai genetic background and represent strains ground with low-amylose content. These strains
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could be differentiated by using the (CT), classes.
In the Thai strains, therefore, the Wx microsatellite
classes are polymorphic enough to distinguish
most rice strains in different amylose classes.

The Wx microsatellite class with n=18 was
found only in traditional glutinous strains and
glutinous wild rice (O. nivara) collected from
northeastern region, but not in rice strains from
other regions, such as some strains of traditional
glutinous rice obtained from hilltribe people in
mountainous regions in northern Thailand and
Laos which use glutinous rice strains in their local
diet. However, a possible reason for the observed
differences in the Wx microsatellite among glu-
tinous rice strains is that sampling may have been
inadequate. In addition, the pedigrees of the rice
strains analyzed in this study are not known.
However, the differences may reflect a real dis-
tinction between the rice genome domesticated
by hilltribe people and farmers in northeastern
Thailand. The strains used in this study also showed
a difference in frequency distribution of the Wx
microsatellite between different regions. Rice
domestication and evolution studies can provide
valuable information about genetic diversity. The
domestication pattern of rice in Thailand should
be further investigated using molecular evidence.
Therefore an extensive survey of domesticated
rice germ plasm for the diversity of the Wx micro-
satellite in Thailand will be useful. Also, the
answers may explain the history of rice domestic-
ation and the evolutionary context of rice strains
in Thailand and neighboring countries in the
mainland of Southeast Asia, which has been
recognized as a center of rice diversity.
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