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The transformation of the photo-thermo sensitive genic male-sterile line 261S of

rice via an expression vector containing the anti-Waxy gene
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Transgenic photo-thermo sensitive genic male sterility Oryza sativa L. cv. “261S” plants with the anti-Waxy
gene were successfully obtained using an Agrobacterium tumefaciens-mediated co-transformation method.
Marker-free homozygous transgenic lines with the anti-Waxy gene were obtained. The setting seed rates of
the transgenic plants via self-pollination or via crossing with the restorer line WX99075 rice and the 1000-
grain weight of the transgenic plants and the F, hybrid seeds obtained by crossing the transgenic or non-
transgenic plants with the restorer line WX99075 rice, and the number of panicles of the transgenic plants
and yields of the F, hybrid rice, were analysed. Quality indexes of the transgenic plants and of the F, hybrid
seeds were analysed. Our researches results indicate that hybrid female and hybrid descendant edibility could
be improved via the introduction of the anti-Waxy gene, but the grain yields of the reserve seeds via self-
pollination of the transgenic photo-thermo sensitive genic sterile lines and of the hybrid rice were not affected.
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Introduction

Amylose content (AC) is one of the most important indexes
that affect rice edibility. Many investigations have attempted
to improve grain edibility by introducing the anti- Waxy gene
into rice. In 1993, Shimada et al.’s research was the first to
demonstrate that an anti-Waxy gene could reduce amylose
content in the grains (Shimada ez al. 1993). In 2000, Terada
et al’s report demonstrated that an integrated anti-Waxy
gene caused a reduction in amylose synthesis, not only in the
endosperms but also in the pollen grains of transgenic rice
(Terada et al. 2000).

Recently, research to improve rice edibility has been of
great interest in China. An expression vector p13W, plasmid
with the anti-Waxy-gus fusion gene under the Waxy gene
promoter has been constructed by the National Laboratory
of Plant Molecular Genetics at the Institute of Plant Physiol-
ogy & Ecology of the Chinese Academy of Science (Liu e?
al. 2003) and have been used to transform the leading con-
ventional rice cultivars and the major parents to produce
hybrid rice in China for improving the grain edibility (Chen
etal. 2002, Li et al. 2007, 2008, 2009, Liu et al. 2003, Liu et
al. 2006, Shen et al. 2004a, Wang et al. 2003, Yin ef al.
2001). Because the T-DNA region of the p13W, vector
contains not only the anti- Waxy-gus fusion gene but also the
hygromycin phosphotransferase gene (4pf), which is driven
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by the CaM V35S promoter, these DNA sequences exist in
transgenic rice.

The public’s concerns about the biosafety of transgenic
crops have been raised in recent years as more commercial
products of transgenic crops become available. Another ex-
pression vector p13Wg plasmid without /p? gene coding se-
quence and the gus reporter gene in the T-DNA has also
been constructed by the National Laboratory of Plant Molec-
ular Genetics at the Institute of Plant Physiology & Ecology
of the Chinese Academy of Science (Shen ef al. 2003) and
been used in improving rice edibility (Cheng ef al. 2010,
Ding et al. 2009, Li et al. 2005, Shen et al. 2004b, Wu et al.
2008); however, the 35S promoter driving expression of the
hpt gene has been not eliminated from p13Wj, and therefore,
the progeny contain the p35S promoter sequence.

The most important aspect of the safety of transgenic
plants is that the expression vectors are safe. The 35S
promoter is widely used in transgenic crop plants. Although
it is has not been determined whether transgenic plants with
the 35S promoter are a risk to human health, there are now
two different views on 35S promoter hazards (Ho et al.
1999, Josef ef al. 2003). In order to establish a complete risk
assessment for the environmental release of transgenic
plants and to rapidly apply transgenic plants to food produc-
tion, it is preferable to remove any superfluous DNA se-
quences that are not the target genes or their essential pro-
moters. In order to demonstrate the safety of these sequences
from the source species, it is especially important that there
are not any disputed DNA sequences, such as in the T-DNA
of the expression vectors. Thus, our lab has constructed the
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new expression vector p13AWY-1, with the anti-Waxy gene,
which is driven by the Waxy gene promoter (Yang et al.
2009). This vector does not contain any drug resistance se-
lection marker genes or the 35S promoter.

Hybrid rice “Minyou Xiangjing”, whose female and male
parents are photo-thermo sensitive genic male sterile rice
cv. 2618 and recovery line WX99075 respectively, has been
applied widely in agriculture of the Yangtse Delta, China.
“Minyou Xiangjing” is a high-yield rice variety and its
grains have fragrance, but it contains a high level of amylose
content in the grains (Cao et al. 2004). In this research, the
expression vector pI3AWY-1 was used to transform the
PTGMS 2618 rice plants by an Agrobacterium tumefaciens-
mediated co-transformation method for improving PTGMS
2618 rice and “Minyou Xiangjing” hybrid rice edibility and
characteristics of the transgenic rice progeny were analysed.

Materials and Methods

Plasmid vectors

Two kinds of plasmids, pl13AWY-1 (Fig.1A) and
pCAMBIA1301 (Fig. 1B), were also used in this study. Be-
tween the left and right border of the T-DNA of p13AWY-1,
there is a 1288 bp Waxy gene promoter, the 1116 bp first in-
tron of the Waxy gene, the 756 bp anti-Waxy gene and the
35S terminator. pPCAMBIA1301 contains the /pt gene and
the gus reporter gene, which are guided by the 35S promoter
in the T-DNA region. The two vectors were introduced into
the Agrobacterium tumefaciens strain EHA105, respective-
ly, for use in the rice co-transformation.
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Fig.1. The structure of the T-DNA region in the binary vectors of
p13AWY-1 (A) and pPCAMBIA1301 (B). Waxy-pro and Intl: the pro-
moter (1288 bp) and first intron (1116 bp) of the Waxy gene from rice
cv. 232; Anti-Wx: an antisense DNA fragment (756 bp) of the Waxy
gene from rice cv. 232; hpt: the hygromycin phosphotransferase gene;
gus: the B-glucuronidase (GUS) gene; 35S-pro and 35S-ter: the 35S
promoter and terminator of CaMV; Nos-ter: the terminator of the nos
synthase gene; LB and RB: the left and right border of the T-DNA;
Xh: Xhol; B: BamHI,; E: EcoRI; Bs: BstXI; Sa: Sacl; K: Kpnl; S: Smal;
X: Xbal; Sal: Sacl; P: Pstl and H: HindIIl. The arrows show the sizes
and locations of the PCR products.

Obtaining the transgenic rice

The male-sterile rice 261S (Oryza sativa L. japonica cv.
261S) was used as the acceptor in this study. The calli de-
rived from the mature embryos of the rice seeds were used as
the explant in this study. The co-transformation method fol-
lowed that described by Li ez al. (2005). Two separate stains
of A. tumefaciens, which contained pl13AWY-1 and
pCAMBIA1301 mixed at a ratio of 9 : 1, were used to trans-
form the calli. The media and protocols of the induction of
the calli, the transforming, the selection of the hygromycin
and the regeneration of the transgenic rice followed that de-
scribed by Li et al. (2008).

Fig. 2 is the scheme for the development of plant materi-
als used in this study.

PCR testing of transgenic plants

According to the DNA sequence of pCAMBIA1301, gus
gene-specific primers were designed, wherein the primer
sequences were S5'GGAATCCATCGCAGCGTAATG3'
(GUS1) and 5’GCCGACAGCAGCAGTTTCATC3' (GUS2).
According to the DNA sequence of pCAMBIA1301, hpt
gene-specific primers were designed, wherein the primer se-
quences were S'TGACATTGGGGAGTTTAGCG 3' (Z16)
and 5'TGACATTGGGGAGTTTAGCG 3’ (Z17). Accord-
ing to the DNA sequence of p13AWY-1, specific primers
that were homologous to the DNA sequence of the anti-
Waxy gene of rice, between the 35S terminator and the left
border of the T-DNA were designed. The primer sequences
were 5'CTCTCGGAGAGGTTCAGCTC3' (YWS5) and
5'CTTAATAACACATTGCGGACG 3’ (YWf). The PCR
parameters consisted of 30 cycles of 94°C for 40's, 53.5°C
for 40 s and 72°C for 45 s after 5 min at 94°C for an initial
denaturalization and then an extension step at 72°C for
10 min.
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Fig.2. Scheme for the development of plant materials used in this
study.
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Southern blot testing of the co-transformed plants

According to the DNA sequence of p13AWY-1, specific
primers that were homologous to the DNA sequences of the
promoter of the Waxy gene were designed. The primer
sequences were 5S’AGCTTATTACAGCCGTGGGAGA3'
(P13W4c) and 5'TAGCGGCTGCTTGTACGTGCT3’
(P13W4i). Using pI3AWY-1 as a template, a 540 bp frag-
ment was amplified. This PCR product was used as the
probe in a Southern blot. The total DNA of the co-
transformed plants was digested using Kpnl. The procedures
for the Southern blot followed the protocol of the Amersham
ECL labelling kit.

GUS staining of transgenic plants and the obtaining of
marker-free progeny and homozygous transgenic plants

The expression of GUS was assayed according to the
method of Jefferson (1987). The GUS-negative seeds that
contained embryos were germinated on 1/2 MS medium and
were then transplanted to experimental fields. The T, plants,
which contained the target gene, were selected by the prim-
ers YWS5 and YWT. The seeds of the T, plants were separate-
ly harvested from each plant. The T, and T; plants were also
tested for the target gene by PCR and homozygous T, seeds
from the T; plants containing the anti-Waxy gene were ob-
tained.

Analyses of agronomic traits, the rate of setting seeds by
self-pollination and the 1000-grain weight

Heading date of the transgenic and non-transgenic rice
plants were recorded. When the seeds of the T4 plants were
harvested in the experimental fields, five plants from the
sections that contained homozygous transgenic rice and non-
transgenic 261S separately were randomly selected. The
number of filled grains per panicle, the number of unfilled
grains per panicle, the rate of setting seeds by the self-
pollination of the five plants were calculated, and number of
panicles of the homozygous transgenic and non-transgenic
261S were measured. The 1000-grain weights were also
analysed. The resulting data were then statistically analysed
(Tong1986).

Analysis of the rate of setting seeds by cross pollination
The seedlings of the transgenic plants, the non-transgenic
261S and the recovery line WX99075 were planted in the
experimental fields following the protocol of seed setting by
conventional cross-pollination. In the flowering period, we
simulated natural conditions, wherein we used bamboo to
beat the male parents so that pollen was spread every day at
noon so as to set the seeds of the transgenic rice and control
plants by cross-pollination. When the seeds were ripe, five
plants from the sections of the homozygous transgenic rice
and non-transgenic 2618 separately were randomly selected.
The number of filled grains per panicle, the number of
unfilled grains per panicle and the rate of setting seeds via
the cross-pollination of each plant were calculated. The
resulting data were then statistically analysed (Tong 1986).

Obtaining the F, hybrid seeds and analysis of the 1000-
grain weight of rice

F, hybrid seeds, which were obtained by separately cross-
ing the transgenic plants and the non-transgenic 261S with
the recovery line WX99075, were planted. During the grow-
ing period, the anti-Waxy genes of the F; plants were as-
sayed by PCR. The F, seeds were harvested when the seeds
were ripe and the 1000-grain weights were also analysed.
The resulting data were statistically analysed (Tong 1986).

Determination of the amylose content of rice

Approximately 30—50 mature seeds at the top of each pre-
determined plant’s panicles were dehulled and floured. The
brown rice powder was sifted through a sieve with 100 tiny
holes and dried overnight at 60°C. The amylose contents of
the brown rice were measured by the colourisation method
of Juliano (1971). The resulting data were statistically ana-
lysed (Tong 1986).

Results and Analyses

Cultivating the transgenic rice plants and PCR analysis of
the transgenic plants

Seedlings were obtained from calli that had been infected
by Agrobacterium after the process of co-culture, two
rounds of hygromycin selection, pre-differentiation, differ-
entiation and rooting. In this study, the seedlings were ob-
tained from a total of 58 resistant calli and 45 transgenic
plants that regenerated from the resistant calli survived.
There was data recorded during the co-transformation exper-
iments in the Table 1.

A PCR analysis was performed by a pair of specific prim-
ers, GUSI and GUS2, for the gus gene in the T, generation
of the transgenic plants and the pPCAMBIA1301 vector and
261S genomic DNA were used as the templates for the pos-
itive control and negative control, respectively. The results
indicate that products of about 560 bp were amplified from
the genomic DNA of all of the transgenic plants and the pos-
itive control, whereas no band was detected in the negative
control (Fig. 3).

The second pair of primers, YW5 and YWT, was used to
identify whether the lines carried the anti-Waxy gene in the
Ty generation of the 45 transgenic plants. The results indi-
cate that a set of products of about 650 bp was amplified
from 12 of 45 transgenic plants, whereas the negative con-
trol produced no products (Fig. 4). PCR analysis indicated
that 12 co-transformed plants were obtained, giving a co-
transformation rate of 26.67%.

Southern blot analysis of transgenic plants

The T, generation of eight co-transformed transgenic
plants were identified by Southern blot, wherein a fragment
in the promoter of the Waxy gene served as the probe, where-
as the p13AWY-1 vector and the non-transgenic rice served
as the positive and negative controls, respectively. The re-
sults of the Southern blot indicate that there was one same
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Table 1. Data statistic of transgenic rice plants

Mature embryo data . . Survival calli data after two rounds No of calli Differentiation rate ~ No. of survival
. Calli data infected . )
inoculated of hygromycin selection regenerated (%) regenerated plants
1409 1284 324 84 25.93 45
1000 Table2. The segregation of plants with the anti-Waxy gene in the
750 GUS-negative T, grains
500
e o P e e
bp 1 23456 7 8 91011 12 13141516 £
. ) ) . 1110 28/10 3:1 0.035 0.70-0.95
Fig.3. PCR testing of some of the T, transgenic plants with the T- 1712 26/6 31 0.667 0.70-0.95
DNA of pCAMBIA]30l.. 1: Marker DNA; 2: pCAMBIA1301; 3: 14 20/4 3.1 0.889 0.70-0.95
Wild type; 4-16: Transgenic plants. 116 28/6 3.1 0.980 0.30-0.50
1136 24/7 3:1 0.097 0.70-0.95
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Fig.4. PCR testing of the T, co-transformed plants with the T-DNA
of pI3AWY-1. 1: Marker DNA; 2: p13AWY-1; 3: Wild type; 4-13:
Co-transformed plants.
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Fig.5. Southern blot testing of some of the transgenic plants with the
T-DNA of pl3AWY-1. 1: pI3AWY-1; 2: Wild type; 3—10: Co-
transformed plants (3: JJ10; 4: JJ8; 5: JJ12; 6: JJ14; 7: JJ16; 8: JJ19; 9:
D2; and 10: D4). The arrow shows the hybridization bands produced
by the probe with the internal Waxy gene promoter in the rice genomic
DNA.

hybridization band produced by the probe with the internal
Waxy gene promoter in the rice genomic DNA and that more
than one copy of the exogenetic gene may have integrated
into the genome of the transgenic individuals. Transgenic
plants JJ8, JJ12, JJ14, JJ16 and D4 contained a single copy
of the anti-Waxy gene, whereas JJ19 contained two copies.
Furthermore, both JJ10 and D2 had three copies (Fig. 5).

GUS staining assay and the selection of marker-free,
homozygous transgenic lines

The seeds were harvested from the seven T, co-
transformation plants (JJ8, JJ10, JJ12, JJ14, JJ16, JJ19 and
JJ36) and analysed by GUS staining of the brown rice in the
T, seeds. Those that contained the resistance gene and the
reporter gene were quickly removed from the T, seeds by the
GUS assay. The negative seeds of the seven transformants
were plated on 1/2 MS medium and then developed into T,
plants.

PCR amplification of the total DNA from the T, genera-
tion of seven transgenic plants via the use of YW5 and YWt
primers in combination with pI3AWY-1 and the genomic
DNA of non-transgenic rice 261S, which were used as tem-
plates for the positive and negative controls, respectively,
was carried out. The result indicated that the T, generation
of these seven transgenic plants yielded a product of about
650 bp, which was amplified from JJ10, JJ12, JJ14, JJ16 and
JJ36 and agreed with the product that was found in the posi-
tive control. For the progeny of the T, plants in these lines,
the ratio of those with exogenous genes to those without
exogenous genes followed the Mendelian Law of 3:1
(Table 2). According to the results, it was speculated that a
single copy of the anti-Waxy gene was integrated into the
genome of each transgenic plant, including JJ10, JJ12, JJ14,
JJ16 and JJ36. No PCR product was amplified from JJ§ or
JJ19, most likely because the T-DNAs of both vectors,
p13AWY-1 and pCAMBIA1301, were integrated into the
same chromosome.

A PCR analysis was carried out to determine whether the
hpt and gus genes existed in the genomes of the T, genera-
tion using two pairs of primers, specifically Z16 and Z17
and GUSI1 and GUS2, which could be used to amplify the
hpt gene and the gus gene, respectively. In the five plants
that contained anti-Waxy genes, the pPCAMBIA1301 vector
and the non-transgenic plants were used as positive and neg-
ative controls, respectively. The results of the PCR analysis
indicate that products could only be amplified from
pCAMBIA1301 and not from the five transgenic plants and
non-transgenic plants (data not shown). This indicates that
the genomes of the transgenic plants did not contain the /pt
or gus genes.

Seeds were selected from five plants of each line of the T,
generation that contained the anti-Waxy gene, which were
conformed by PCR analysis and then put into a group. A
PCR analysis was performed to identify the genotypes of the
T, plants via the use of YW5 and YWf primers. The T; seeds
were selected from the T, plants that contained the anti-
Waxy gene and were planted in the field. Likewise, PCR
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Table3. Rate of setting seeds by self-pollination, 1000-grain and pan-
icles number of the transgenic rice and wild type rice

Table4. The rate of setting seeds and 1000-grain weight of transgenic
rice and wild type rice by cross fertilization

Transgenic Rate of setting seeds 1000-grain Number of
linesand by self-pollination ~ weight £ standard panicles + standard
wild type  +standard error (%) error (g) error

1110 29.03+1.29a 2522+044 a 13.0£0.99a

JJ12 29.28+137a 2490+0.19 a 125+0.73 a

JJ16 28.84+1.57a 25.01+031a 11.5£1.01a

Wild type 28.86+t1.32a 25.17+£024 a 11.5£0.54 a

Note: Values that are followed by different small letters (or capital let-
ters) in the same column are significantly different at the 0.05 (or 0.01)
probability level, respectively.

analyses were carried out to identify the steady and heredi-
tary transgenic homozygous progeny.

Analyses of agronomic traits, the rate of setting seed by self-
pollinating and the 1000-grain weight

The heading dates of the transgenic rice and non-
transgenic plants were also from September 1 to 8 when they
were transplanted on June 20. There were few differences in
traits, such as plant height and plant type, between the genet-
ically modified rice and the non-transgenic plants. Several
characteristics, including the number of filled and unfilled
seeds per plant, the self-pollinating seed setting rate, the
1000-grain weights and number of panicles, were analysed
by separately selecting five individuals from the three ho-
mozygous lines (JJ10, JJ12, JJ16) and the non-transgenic
261S. The results of the statistical analyses indicate that
there was no significant difference between the transgenic
plants and non-transgenic 261S for the self-pollinating seed
setting rate or the 1000-grain weights or number of panicles
(P>0.05) (Table 3). This finding demonstrates that the anti-
Waxy gene that integrated into 261S had no adverse effect on
the characteristics of the self-pollinating seed setting rate,
the grain weight and number of panicles of the acceptor.

Analyses of setting seeds rate and 1000-grain weight of
seeds by cross fertilization

The three homozygous transgenic lines (JJ10, JJ12, JJ16)
and the 261S control were crossed with the restorer line
WX99075, respectively, to produce hybrid seeds in the field.
The results of the statistical analysis indicate that there was
no significant difference (P> 0.05) in the outcrossing rate
among the transgenic plants and the 261S that had been
crossed with the WX99075 restorer line (Table 4), which in-
dicates that the integration of the anti-Waxy gene into 261S
had no adverse effect on the outcrossing rate of the acceptor.

The hybrid F; seeds were harvested and were planted in
the second year. The 1000-grain weights of the 4 kinds of F,
seeds harvested from the 4 kinds of F; hybrid plants were
analysed. The results of the statistical analysis indicate that
there was no significant difference in the grain weight of the
F, seeds among the 4 kinds of hybrid rice (Table 4), which
indicates that the use of the male-sterile line that contained

Transgenic ~ Rate of setting seeds by 1000-grain weight of the
lines and  cross fertilization + standard ~ four kinds of hybrid rice

wild type error (%) F, seeds + standard error (g)
JI10 12.42+0.57 a 2791£0.34a
112 12.55+0.50 a 27.73+£0.56 a
Jie 1284+£045a 28.21£0.52a
Wild type 1251£041a 28.24+0.33a

Note: Values that are followed by different small letters (or capital let-
ters) in the same column are significantly different at the 0.05 (or 0.01)
probability level, respectively.

Table5. Amylose contents in T; and T4 transgenic brown rice

Transgenic lines Mean of AC in T, brown Mean of AC in T, brown

and wild type rice * standard error (%) rice * standard error (%)
18 13.12+£0.27 aA

JJ10 2.61+£0.30dD 11.15+0.11 dC
12 11.67£0.27 bB 12.69£0.15 bB
4 11.90£0.15 cC
JI16 12.64+0.28 bB 12.92£0.06 bB
JI19 8.94+0.37¢

1136 14.17+0.20 aA
Wild type 13.44+0.05 aA 14.37+0.08 aA

Note: Values that are followed by different small letters (or capital let-
ters) in the same column are significantly different at the 0.05 (or 0.01)
probability level, respectively.

the anti-Waxy gene as the female parent did not impact the
grain weight of the hybrid rice.

Analysis of the amylose content in brown rice in the T; and
T, generations of transgenic rice

The analysis of the amylose content was carried out in the
T, generation of five high yield co-transformants. Fifty
mature seeds were selected from the top of the panicle of the
transgenic rice. Each transgenic line was analysed three
times per plant. The results suggested that there was no ob-
vious difference in terms of amylose content between trans-
genic plant JJ§ and the control. The amylose contents in JJ12
and JJ16 slightly decreased by 13.17 and 5.95%, respective-
ly, which reached the significance level (P <0.05) in com-
parison to the control, whereas in JJ10 and JJ19, it signifi-
cantly decreased (P<0.01) by 80.65 and 33.48%,
respectively (Table 5).

The T, seeds were selected from the individual T; plants
of the JJ10, JJ12 and JJ16 homozygous lines and also from
T; plants of the JJ14 and JJ36 lines, which contained anti-
Waxy genes according to PCR analysis. Thirty mature seeds
were selected from the top of the panicle from the transgenic
rice to assay the amylose content. Each transgenic line un-
derwent five plants replicates. The results suggest that the
amylose content of the T4 seeds of transgenic lines JJ10,
JJ12, JJ14 and JJ16 decreased by different amounts; how-
ever, each reached the significance level (P <0.05) or
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Table 6. ASV, GC and AC in the F, grains of JJ12 x WX99075 and
261S x WX99075

Different Mean Mean Mean
.e e. ASV tstandard GC *standard ~ AC + standard
combinations
error (degree) error (mm) error (%)
JJ12 x WX99075 7.0+0 75+0A 15.96+0.19b
261S x WX99075 7.0£0 61+1B 17.68+0 a

Note: Values that are followed by different small letters (or capital let-
ters) in the same column are significantly different at the 0.05 (or 0.01)
probability level, respectively.

extremely significance level (P <0.01) when compared to
the control, except for the seeds of plant JJ36 T4. Moreover,
the amylose content of the JJ10 T, seeds was the most se-
verely decreased of the five investigated transgenic lines,
wherein the content was 11.15%, which is a decrease of ap-
proximately 22.42% in comparison to the control (Table 5).

Analysis of the yield and grain quality index of F, hybrid
rice that contain the anti-Waxy gene

The actual yield of the hybrid rice JJ10 x WX99075 and
JJ12 x WX99075 and the control rice 261S x WX99075 was
assayed and the actual yield of the three combinations were
8779.5, 8994 and 8566.5 kg/ha, respectively. The combina-
tions of the control 261S x WX99075 and JJ12 x WX99075,
for which the yields were much higher, were sent to The
Quality Supervision, Inspection and Testing Centre For Rice
and Rice Products, Ministry of Agriculture of China in order
to test the grain quality indexes. Each combination was ana-
lysed two times. The results indicate that the alkali spreading
value (ASV) of the two grains were almost the same, the
amylose content of JJ12 x WX99075 was reduced by up to
9.60% and the gel consistency (GC) was increased by
l4mm in comparison to the control 261S x WX99075
(Table 6).

Discussion

The amylose contents of hybrid rice grains are related to the
amylose contents of the male and female parent grains
(Chen et al. 2002, Li et al. 1994, Liao et al. 2003). Huang et
al. have suggested that one of two parents for producing
hybrid rice ought to have lower amylose contents when
breeding elite soft rice (1990). The new photo-thermo sensi-
tive genic male sterile lines of rice with lower amylose con-
tents have successfully bred in this research, which will not
only improve hybrid rice edibility of “Minyou Xiangjing”
and also enlarge the selection scope of male parents for
crossing with the sterile lines and provide new resources of
sterile lines for breeding elite soft rice. Our previous report
has discussed that the GC in the grains would distinctly
increase with reductions in AC if the anti-Waxy gene were
introduced into conventional rice (Li et al. 2009), however,
the present research result further shows that it is also effec-

tive for the anti-Waxy gene to increase the GC in the hybrid
F, grains that are produced by cross-breeding WX99075 rice
with a parent that contains the anti- Waxy gene.

Although there have been some reports about improving
the edibility of hybrid rice parents via the use of the anti-
Waxy gene, these reports have primarily described the func-
tion of the anti-Waxy gene as a means to reduce the amylose
contents of the hybrid rice parent grains (Chen ez al. 2002, Li
et al. 2008, Liu et al. 2003, Liu et al. 2006, Shen et al.
2004a) or the hybrid rice progeny grains (Li et al. 2008).
These reports did not research the other characteristics of the
transgenic hybrid rice parents.

The Waxy gene is responsible for the synthesis of amy-
lase in the endosperm and pollen (Okagaki et al. 1988).
Terada et al. (2000) suggest that the integrated anti-Waxy
gene causes a reduction in amylase synthesis in the pollen
grains of transgenic rice (Terada et al. 2000). Whether the
pollen grain of rice is normal might affect the rate of setting
seeds, and the rate of setting seeds is of great concern to the
grain yield. The setting of seeds via self-pollination and
cross fertilization is also critically important to the photo-
thermo sensitive genic male sterile line when it is applied to
two-line hybrid rice production. Our research suggests that
the integrated anti- Waxy gene does not influence the rates of
setting rice seeds. The grain weight and number of panicles
are also ones of the major indices that affect rice yield. Our
research on the 1000-grain weight and number of panicles
suggests that the grain yields of the transgenic sterile line via
self-pollination and the hybrid rice F, seeds that are pro-
duced by crossing between the transgenic sterile line and the
restorer line are not reduced by the integration of the anti-
Waxy gene.

The degree of amylose content reduction in transgenic
grains with two anti-Waxy gene copies has been shown to be
more distinct than that of those with one anti-Waxy gene
copy (Li et al. 2009, Yin et al. 2007). These prior results
were similar to the results of our research. Furthermore, the
degree of amylose content reduction in transgenic JJ10 T,
grains with three anti- Waxy gene copies was even more dis-
tinct. Although the transgenic line JJ10 contains three copies
of the anti-Waxy gene as seen in the Southern blot analysis
of the T, plant, it is estimated that there is only one anti-
Waxy gene copy in the JJ10 GUS-negative T, plants accord-
ing to an analysis of the segregation ratio of the anti-Waxy
gene by PCR. It is inferred that the other two anti-Waxy gene
copies are likely integrated into the same chromosome that
contains the T-DNA of the plasmid pCAMBIA1301.
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