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Abstract: Weedy rice (Oryza sativa f. spontanea) is an important resowrce for breeding and evolutionary
studies. The present study was carried out to identify the genotype of weedy rice strains responsible for
variation of pericarp color by sequencing exon 6 of the Re gene. Haplotype analysis revealed that rice strains
with light red- and red-pericarp lacked the 14 bp deletion i the Re gene, while rice strains with white-, brown
and light green-pericarp contained the 14 bp deletion. A single nucleotide polymorphism (C—A SNP) in exon
6 of the Re gene was not found in all the weedy rice strains examined. This indicates that white pericarp allele
m weedy rice gene pools of today might have originated by gene flow from locally grown modern rice varieties
with white pericap into established gene pools of wild rice.
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INTRODUCTION

Weedy rice (Oryza sativa L. f. spontanea Roshev) is
commonly found in the rice fields of Thailand
(Maneechote, 2004; Prathepha, 2009). Weedy rice has
direct consequences on farmers income because it
reduces the yield and lowers the commodity value of rice
(Olofsdotter et al., 2000). Genomic studies can be applied
Such
mnformation coupled with advances mn molecular biology
increases ow understanding of weeds and the
development of novel approaches to weed management
(Weller et al., 2001).

The Re locus, located on exon 6, encodes a bHLH
protein, which effects a change from red pigmentation to
white in the rice bran layer (Sweeney et al., 2006,
Furukawa et al., 2007). Studies showed that rice varieties
with white pericarp contamns the 14 bp deletion in the
Re gene, this deletion was found in none of those with
red pericarp. Recently, Brooks et al. (2008) reported that
anovel dommant allele (Re-g) was found n cultivated rice
variety (cv. Wells) that arose from natural mutation.

Morphotypes from weedy rice samples collected in
Northeastern Thailand were identified based on the seed
morphological traits (awn color, apiculus color, lemma and

to 1improve understanding of weed science.

palea color and pericarp color). The samples showed
combinations of morphelogical variation and diversity of
the pericarp color.
red, light-red,

(Prathepha, 2009).

The weedy rice accessions showed
white and a light-green pericarp

Proper identification of mutation (s) that cause the
variation of pigment in the weedy rice grains would
required comparative studies of the mutations in
cultivated and wild rice. Currently, little attention is paid
to the development of such information. In this study, the
frequency and distribution of the 14 bp deletion and/or a
SNP (C—A) in the Rc gene that has shown to cause white
pericarp in rice were determined in weedy rice samples.
Thus, a set of diverse weedy rice accessions based on
pericarp color were sequenced the exon 6 of the Re gene.

MATERIALS AND METHODS

Plant material: The pericarp 1s derived from the maternal
tissue, hence its color is dependent on the maternal
genotype. DNA samples from flag leaves of each weedy
rice plant (maternal plant) that produced progeny seeds of
a particular pericarp color were extracted and sequenced
to determine the association between pericarp color and
the InDel (the 14 bp deletion) and SNP (C—A mutation).
These mutations occurred in exon 6 of the Re gene
(Sweeney et al., 2007). Two hundred and fifteen weedy
rice plants were collected from the North-eastern region of
Thailand in 2007 and studied by Prathepha (2009).
Among these, mine groups representative of different
pericarp color (Fig. 1) were selected for mvestigation of
the DNA sequence of exon 6 of the Rc gene.

DNA extraction, amplification and sequencing: Total
DNA was extracted from fresh leaves, following the CTAB
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method as described by Dowle and Doyle (1987, The
Polymerase Chain Reaction (PCR) amplificaticn of the
target DA fragmert containing exon & was performed
using primer pairs Re3s2l: 5'-ceatttcecttctgtoacag 37,
ReexTRL: 5 saaggtaccasagategeaz 3" by Furukawa ef .
(2007, The reacti ot mixhre contained 10 pimal each of the
primmer pairs, 0.1 mm of each MTF, 1.5 mm MzCl and
0.5 units of Tag polymerase (Promega, MMadison, W
U34) in a fina wolume of 20 pL. The amplification
conditions were 3 min a 94°C followed by 35 cycles of
94°C for 1 min, 60°C for 1 min and 72°C for 1.5 min. A find
extension step at T2°C for 5 min was performed after the
3% cycles. The PCR products were resolved wsing 2.0%
agarose gl electrophoresis. The amplified DA
fragments correspotuding to the expected size (~428kg
were ot from the gel and purified with a porifi cation kit
according to the mamfactirer’s marial (Pharmacia
Eiotech, Freiturg G ermary’). The purified PCR products
of amplified fragments were sequenced directly using
Bighye terminator reactions and  the amplification
primer ofn an automated sequencer (ABT 310, Applied
EBiogystems, Foster City, Ca&, US4) DNA  secquence
aligranert of all rice strains examined within the exon
6 reglon was compated to the published sequence for the
wildrice O rafipogon (DO2047 37 which lacked the 1 d bp
deletion ard the cultivar Jefferson (DOZ04736) which
cartied the 14 by delet on and the coultivar H75 (DO204735)
which produced trown  peticarp. DNA sequence
aligrum ert was performed with Seqhlan [T (DHAITAR®,
Iadi scy, W)

RESULT S AND DISCU S50

hiost rice strains have white pericarp, but rice can
alzo produce grains with brown and porple pericarp. To
detetmine the association of the 14 bp deletion and the
C—+A3WP inthe coding region of exon d of the Fe gene
with pericarp colorin a set of 32 strains of cultivated and
weedy tice by sequencing exon & of the Re locus. The
thatertial plarts were selected to represent the range of
peticarp color of progeny grains (white, light red red,
brown and lght greem (Fig 1), Rice with white, light
greer atd browrn peticarp contained an ddentical 14 bp
deleticts it the Re gene, this deletion was not found in
atiy of those with red and light red pericarp (Fig. 24 h).
The results of this study agree with the reports of eatlier
studies that showed that white- and ot grained rice
cotitained the 14 bp deletion (Fuukawa of al, 2007,
Sweetiey ef ., 20071, Futhermore, the 14 bp del etion was
alzo found in weedy tice strains with light green pesicarp.
It iz mzgested that these weedy tice strains which had
light green, tWwown and white pericarp, a 14 by deletion

would have altered the reading frame of the Reo gene
resdting in a light green, brown or white pericarp.
Theoretically, if a rice strain lacks the 14 bp deletion, the
ted pigrent in rice grain (proanthocyard din) would be
syrthesized.

It has been reported that some @5 and aromatic rice
varieties, whichlacked pigmernt (or white pericarg, did not
cottained the 14 bp deletion, these rice varieties showed
a singde mucleotide polymorphism (C—+& 3HF) in the
coding region of exon 6, which (SHF) causes the lack of
pigment it these rice grains (Sweeney f 4, 2007). Al
32 strains of cultivated and weedy rice used in this study
did not express the 3WP, suzgesting that the SHE is not
predictive of white, teown and light green pericarp for
weedy rice strains, Sweerey ef al. (2007) sugzested that
the 14 bp deletion conferring white pericarpin rice
ocowred once inthe Jepomica gene pool and was widely
introgressed into Mefca and ars landraces. Based onthis
proposition, it could be deduced that weedy rice strains
with white rice pericarp arose by gene flow. The flow
being from landraces and modern tice varieties with white
pericap, comimot in this area into established gene podls
of wildrice The flow resulted in weedy rice with a white-
pericarp allele that is maintaned in weedy rice gene pool
till today.

Remarkably, the seed progeny produced by oa
maternal plant (code Spontanea 200 showed white and
ted peticarp graine. As prevously reported  either the
14 by deletion or a SHP (T —+A&) in exond of the Re gene
cauges white pericarp of rice (Sweeney ef al. 2007). The
DA sequence of exon é of the Beloos of the m dernal
plant showed alacked of the 14 bp deletiot, Thizimplied
that the maternal plant would have been a redpericarp
tice, producing a progery seed with white pericarp.
Howewet, seed progeny with red-peticarp, prodoced by
the maternal plat, might hawve resdted from cross
pollination by redpericatrp tice. Bince, the pericarp isa

RN

L]

Fig 1: Beed morphology atd pericarp color of the tine
tepresertative groups of weedyrice
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Fig 2: Comparison of the DA sequetices of exoné of red and white tice peticarps. Rice strain with red pericarp, (a) lack
the 14 by deletion (57-ACGCGAALAGTCGG-37) while rice strain with white pericarp, (H) contains the 14 bp
deletion whichis indicated by arvowrs. The SHP (TAC - TAM isnot ohaerved inthe DNA sequenices. The TAC
secuetice is shown in a cirele

maternal ismue, the pericarp colot iz dependent on the acting as pollen donor. This is strongy supported by the
maternal genotype (Bweeney of al, 2008). Hence, seed  analyais of the 2-seed progersy rice plant, produced by a
progery produced bey the white-pericarp maternal plard  light green pericany moaternat plavt (code SP-HY B-RD 157,
catt have both white and redpericarp. The redpericarp When the grain No.o 2 was delndled, progeny Moo 2
geed resulted from hybridization with a red-rice plant showed white pericarp, tut the F, plart growen from this
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Table 1: Pericarp color and DNA sequences and SNP (C—A), of exon 6 of Re gene and chloroplast subtype of 32 accessions of cultivated and weedy rice

(Oryza sativa f. spontanea) used in this study

Code of matemal plant/grain pericarp color of progeny

14-base pair deletion* and C/A-SNP

Chloroplast subtype of matemal plant®*

Oryza sativa
cv. KDML 105/white Carried/C 8C8A
cv. RD 15Avhite Carried/C 8C8A
Oryza sativa f. spontanea
SPUD-1/red
SPUD-2/green
SPUD-3/green
SPUD-4/green
SPUD-5/green
SPUD-6/green
SP-Pluak SungAwhite
Spontea I /white
Spontanea 24/white
Spontanea 22 white
Spontanea 20/white or red
Spontanea 19/red
Spontanea 18/brown
Spontanea 17/white
Spontanea 3/white
Spontanea 4/white
SP-82-7Awhite
SP-52-6/white
NB-2'brown
NB-3/white
NB-8ed or light red
NB-9white
SP-HYB-RD15 (one panicle firom matermnal parent plant)/light green
SP-HYB-RD15-1 (plant grown from seed No. 1)
SP-HYB-RD15-2 (plant grown fiom seed No. 2)
SP-HYB-RD15-3 (plant grown from seed No. 3)
SP-HYB-RD15-4 (plant grown fiom seed No. 4)
SP-HYB-RD15-5 (plant grown from seed No. 5)
SP-HYB-RD15-6 (plant grown fiom seed No. &)
SP-HYB-RD15-7 (plant grown from seed No. 7)

Lacked/C 6C8A
Carried’C 6C8A
Carried/C 6C8A
Carried’C 6C8A
Carried/C 6C8A
Carried’C 6C8A
Carried/C N
Carried/C ND
Carried/C ND
Carried/C ND
Lacked/C ND
Lacked/C ND
Carried/C 6C8A
Carried/C ND
Carried/C 6C8A
Carried/C ND
Carried/C 6C8A
Carried/C ND
Carried/C TCTA
Carried’C 6C8A
Lacked/C 6C8A
Carried’C 6C8A
Carried/C 8C8A
Carried’C 6C7A
Lacked/C ND
Carried/C ND
Carried/C ND
Carried/C ND
Carried/C ND
Carried/C ND

* 14-bp (5°-acgcgaaaagtcgg-3), ** Results according to Prathepha (2009), *#* Not Detected

seed showed a DNA sequence characteristic of
red-pericarp rice (Table 1). Thus, outcrossmg had
occurred between the red- and white-rice pericarp. In
additior, evidence on gene flow among weedy rice has
been reported from the same rice field which the weedy
rice  samples

(Prathepha, 2009).

The results from the previous studies provided
molecular evidence of natural hybridization, showing that
the pattern of gene flow 1s mostly from the cultivated rice
to its wild relative, O. rufipogor (Prathepha, 2009). The
weedy rice strain showed the chloroplast subtype, 6C8A
which was characteristic of wild rice (Table 1). A possible
explanation for the origin of the weedy rice stramn is
hereby proposed that weedy rice originated from a
hybridization event, where a wild relative served as the
maternal parent, while a cultivated rice was the parental
pollen donor.

In summary, observations from this study serves as
additional data providing an understanding of pericarp
diversity and DNA sequence polymorphism of weedy
rice. In addition, this study used the 14 bp nucleotide
polymorphism within the Re locus to detect gene flow

used n this study were collected

between rice strains of red and white pericarp and/or wild
and cultivated rice.
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