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Fine Mapping and Candidate Gene Analysis of the
Floury Endosperm Gene, FLO(a), in Rice

Yongli Qiao, Song-l Lee, Rihua Piao, Wenzhu Jiang, Tae-Ho Ham, Joong-Hyoun Chin‘, Zhongze Piaoz,

Longzhi Han®, Si-Yong Kang®, and Hee-Jong Koh*

In addition to its role as an energy source for plants, ani-
mals and humans, starch is also an environmentally
friendly alternative to fossil fuels. In rice, the eating and
cooking quality of the grain is determined by its starch
properties. The floury endosperm of rice has been ex-
plored as an agronomical trait in breeding and genetics
studies. In the present study, we characterized a floury
endosperm mutant, flo(a), derived from treatment of Oryza
sativa ssp. japonica cultivar Hwacheong with MNU. The
innermost endosperm of the flo(a) mutant exhibited floury
characteristics while the outer layer of the endosperm
appeared normal. Starch granules in the flo(a) mutant
formed a loosely-packed crystalline structure and X-ray
diffraction revealed that the overall crystallinity of the
starch was decreased compared to wild-type. The FLO(a)
gene was isolated via a map-based cloning approach and
predicted to encode the tetratricopeptide repeat domain-
containing protein, OsTPR. Three mutant alleles contain a
nucleotide substitution that generated one stop codon or
one splice site, respectively, which presumably disrupts
the interaction of the functionally conserved TPR motifs.
Taken together, our map-based cloning approach pin-
pointed an OSTPR as a strong candidate of FLO(a), and the
proteins that contain TPR motifs might play a significant
role in rice starch biosynthetic pathways.

INTRODUCTION

Cereal crops accumulate starch in the seed endosperm as an
energy reserve, and these grains comprise the primary carbo-
hydrate component in the diets of humans and livestock. In
addition, starch has numerous important industrial applications.
The current paradigm of starch biosynthesis in higher plants
begins with the synthesis of amylopectin, the major component
of starch, which is produced by the action of ADP glucose py-
rophosphorylase (AGPase), soluble starch synthases (SS),
starch-branching enzymes (BE), and starch-debranching en-

zymes (DBE) (Smith et al., 1997). There is also evidence that
disproportionating enzyme (Ball and Morell, 2003; Colleoni et
al., 1999) and a-glucan phosphorylase (Dauvillee et al., 2006;
Schupp and Ziegler, 2004) are involved in this process. In rice,
starch comprises ~90% of the dry weight of the grains and
provides up to 80% of the calories. Starch properties determine
various aspects of rice quality, particularly with regard to eating
and cooking quality (Bao et al., 2004; Hannah et al., 2008).

The endosperm, in which large quantities of starch are de-
posited during grain filling, nourishes the embryo during the
early stages of development. Endosperm starch consists of a
linear fraction (amylose) and a branched fraction (amylopectin).
Based on the appearance and physiochemical characteristics
of the endosperm, mutant strains have been identified and
categorized as amylase extender (ae), brittle (bt), dull (du),
floury (flo), glutinous (glu), shrunken (sh), sugary 1 (sut), and
white-core (wc) varieties (Kaushik and Khush, 1991; Nelson
and Pan, 1995; Satoh and Omura, 1981). These mutant strains
provide valuable genetic material for elucidating the metabolic
processes related to starch storage during grain filling (Nelson
and Pan, 1995). They also facilitate the identification of genes
that encode starch biosynthetic enzymes (Hunter et al., 2002).
Some of these mutations can produce traits that make the
grains attractive for use in the food industry. For example,
opaque endosperms with poorly packed, compound starch
granules in the central cells of the endosperm are useful in the
production of rice wine (Hoshikawa, 1989).

Because of its economical importance, some of the genes
responsible for maize opaque endosperm mutants have been
identified. These include waxy (wx), which encodes granule-
bound starch synthase | (GBSSI) (Klosgen et al., 1986; Shure
et al.,, 1983), amylase extender (ae), which encodes starch-
branching enzyme llb (Fisher et al., 1993; Stinard et al., 1993),
shrunken1 (sh1), which encodes sucrose synthase1, shrunken2
(sh2) and brittle2 (bt2), which encode the large and small sub-
units of ADP-glucose pyrophosphorylase, respectively (Bae et
al., 1990; Bhave et al., 1990), brittle1 (bt1), which encodes an
adenylate translocator (Cao and Shannon, 1997; Shannon et
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al., 1996; Sullivan et al., 1991), sugary1 (sut), which encodes a
starch-debranching enzyme (James et al., 1995), and dull1 (du1),
which encodes a starch synthase (Gao et al., 1998).

Many studies also have been performed in order to charac-
terize and isolate the genes that control abnormal endosperm
mutants in rice. For example, Du1 encodes a member of the
pre-mRNA processing (Prp1) family and functions as a regula-
tor of starch biosynthesis by facilitating the splicing of Wxb and
the expression of other genes involved in the rice starch biosyn-
thetic pathway (Zeng et al., 2007). Du3 encodes the rice ho-
molog of the cap-binding protein 20 kD subunit (CBP20), a
component of the heterodimeric nuclear cap-binding complex
(CBC) that plays a role in pre-mRNA splicing, RNA nuclear
export, and nonsense-mediated decay (Isshiki et al., 2008).
PHO1 plays a crucial role in starch biosynthesis in rice en-
dosperm, and the phosphorylase mutant (Pho1) exhibited small
starch granules that resulted in the accumulation of a modified
amylopectin structure (Satoh et al., 2008). OGR1 encodes a
pentatricopeptide repeat-DYW protein and is essential for RNA
editing in mitochondria (Kim et al., 2009). Furthermore, the loci
of six floury endosperm mutants (flo(a), flo1-flo5) were identified
on chromosomes 4, 5, 4, 4, 3, and 8, respectively, by morpho-
logical marker and T-DNA tagging pool analysis (http:/www.
gramene.org/). The flo(a) locus was linked with one morpho-
logical marker, lg (liguleless), on chromosome 4 (Kim et al.,
1993). The flo1 mutant is known to generate a floury-white
endosperm that contains round and loosely packed starch
granules (Satoh and Omura, 1981). The flo2 mutant possesses
an endosperm that has high lysine content and an increased
level of histidine (Kumamaru et al., 1997). The flo3 strain is a
floury endosperm mutant with a low level of 16-kDa globulin,
the primary allergen in rice (Nishio and lida, 1993). Recently,
flo4 and flo5, two T-DNA insertion mutants with an abnormal
endosperm consisting of loosely packed starch granules, were
characterized. The flo4 strain appears to harbor a mutation in
the gene that encodes pyruvate orthophosphate dikinase
(PPDK) (Kang et al., 2005). The flo5 mutant expresses a defec-
tive starch synthase Ill (SSIll) gene that plays an important role
in generating long starch chains and coordinating the activity of
other SS isoforms during starch synthesis in the endosperm
(Ryoo et al., 2007).

Some of the physicochemical properties of the flo(a) mutant
have been reported (Kim et al., 1993). The flo(a) mutant con-
tains a much lower amylose content, crude protein content, gel
consistency, viscosity, grain hardness and density than wild-
type strains. The flo(a) mutant also produced a larger volume of
steamed rice-cakes, a greater degree of Brix decrease and an
increased amount of alcohol compared with the wild-type. Cur-
rently, our understanding of starch biosynthesis in the flo(a)
endosperm mutant is incomplete. In this study, we further char-
acterized the phenotype of the floury endosperm mutant and
isolated the FLO(a) gene using map-based cloning strategy.

MATERIALS AND METHODS

Plant materials and phenotypic evaluation

The flo(a) mutant was induced by N-methyl-N-nitrosourea
(MNU) treatment of rice japonica cultivar (cv.) Hwacheong (an
elite Korean japonica cultivar) and maintained at the Rice Gene
Bank of the Department of Plant Science, Seoul National Uni-
versity, Seoul, Korea. The parental plants and their Fy, F>
progenies were grown by conventional methods at the Experi-
mental Farm of Seoul National University. To detect the floury
endosperm phenotype, all seeds of F; or F» plants were husked
and observed on an illuminator or by visual inspection. In addi-

tion, we used another two independent flo(a) mutants, which
were induced separately through chemical mutagenesis and
had the same phenotype, for allelism test and sequence analy-
sis of the flo(a) gene.

Preparation of starch from rice endosperm

The whole dried seeds of flo(a) mutants were dehulled, and
9.1% of the outer seed layer was removed using a rice polisher
(Kett, Japan). The polished rice was powdered in a mortar and
filtered through 150 um mesh. The filtrated powder (~1.0 g)
was then suspended in 10 ml of methanol and boiled for 10 min.
The homogenate was centrifuged at 2,500 x g for 10 min at
20°C, and the precipitate was washed twice with 5 ml of 90%
(v/v) methanol. The dried precipitate was resuspended in 15 ml
of distilled water and stirred gently for 20 min at room tempera-
ture. The suspension was centrifuged at 600 x g for 20 min at
20°C. The precipitate was dissolved in 15 ml of water and centri-
fuged. The precipitate was washed again with 15 ml of distilled
water and stirred again for 20 min at room temperature, and then
centrifuged. The resulting precipitate, defined as starch, was
washed with methanol and dried under reduced pressure. The
starch preparation was used for scanning electron microscopy
(SEM) observation and X-ray diffraction analysis.

Scanning electron microscopy analysis

Scanning electron microscope (SEM) analysis was carried out
according to the methods described by Ryoo et al. (2007).
Starch samples were coated with gold and the mounted speci-
mens were observed through a Stereoscan Leica Model 440
Scanning Electron Microscope (Leica Cambridge, UK; http://
www.leica-microsystems.com) at an accelerating voltage of 10-
20 kV.

X-ray diffraction of starch

The X-ray diffraction patterns produced by the starches were
analyzed as described by Kubo et al. (2005). The insoluble
glucans isolated using the above method were equilibrated in a
100% relative humidity chamber for 24 h at room temperature.
The X-ray diffraction patterns of the starches were obtained
with copper, nickel foil-filtered, Ko radiation using a RINT2000
x-ray diffractometer (Rigaku, Japan) at 40 kV and 40 mA. The
scanning region of the two-theta angle (26) ranged from 4.0 to
40.0° with a scan speed of 1 deg/min.

DNA extraction and PCR analysis

Total rice genomic DNA was extracted from the fresh leaf tis-
sue of the field-grown F, and parental plants using a previously
described procedure (Causse et al., 1994). PCR conditions
mainly adhered to the method previously described by Qiao et
al. (2008), with the exception of the annealing temperature of
primers.

Mapping

The F, mapping population was obtained from a cross between
flo(a) and Milyang23 (M.23), which produced a total of 1571 F»
plants. For the initial mapping of the flo(a) gene, we performed
recessive class analysis (RCA) (Zhang et al., 1994) using STS
markers designed by the Crop Molecular Breeding Lab, Seoul
National University (unpublished). Linkage analysis was con-
ducted using MAPMAKER version 3.0 software (Lander et al.,
1987). Map distances were estimated by the Kosambi equation
(Kosambi, 1944). For construction of the physical map of the
flo(a) locus region, new STS markers were developed by de-
signing primers based on differences in the DNA sequences of
indica and japonica rice, which are available at http://www.ncbi.



Table 1. The PCR-based molecular markers designed and utilized for fine mapping.
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Reverse primer sequence

5-ATCAACTCGCCTGCTGTTCT-3'
5'-GCAAGAAACGGAAACGAAAC-3'

5-AAGTATACCTTGGCTTCAAGTGG-3'

5'-GAATTCTGAAGGGGTTGTGG-3
5-GCGTAGGAGCGTTTTTAAGG-3
5-TAGCTCATATTGGCGTGGTG-3
5-GCGTATCGATCTGGGTTAGC-3
5-TATTCACATGCTTGCTCATC-3
5-TCCTTTCGAGGGAGGAATTT-3
5'-TACTCGCCCTGCATGAGC-3'
5-CGCCGTCAGAGAGGTAAAAG-3'

Marker Marker type Size (bp) Forward primer sequence
S04107 STS 211 5-TGTTCAGACCTGGGTCACTTT-3'
P07 STS 257 5-CCTGACCAAAAATGGGCTAA-3
S04109 STS 167 5-GGCTGAAGCATTTGGAGAAG-3
P05 STS 289 5-TCTCCAGATTTTCCTTCGTGA-3'
P12 STS 231 5-ATCGAGGGACGACGTTGTAG-3
P14 STS 239 5-TATCCGCAGCAATGCTTTAG-3
P18 STS 159 5-GGTCGAATGGTGGTGATAGG-3'
RM8217 SSR 178 5'- ACTAGCGATGTCTGAGTTGAC-3
P22 STS 183 5-AGCCCAACATATGGCAGAAG-3
RM1153 SSR 126 5-ACCAACGCCAAAAGCTACTG-3
P02 STS 284 5-GGATGGTGAGGTGAGGTGTT-3
S04114 STS 169 5'-TGCATGCAAAATCTATCTACGTG-3'

5-AGTCCGTTTCGCATGTGTTT-3

nim.nih.gov/ (for indica) and at http://www.rgp.dna.affrc.go.jp/
(for japonica). Primer sequences and the amplified lengths of
the DNA markers used in this study are listed in Table 1. These
STS markers were anchored on corresponding bacterial artifi-
cial chromosome (BAC) or P1-derived artificial chromosome
(PAC) clones of the Nipponbare cultivar, released by the
IRGSP through the software tool, BLAST (http://www.ncbi.nlm.
nih.gov/BLAST)/). Finally, these BAC or PAC clones were as-
sembled into a contig by alignment analysis using Pairwise
BLAST (http://www.ncbi.nim.nih.gov/blast/bl2seq/bl2.html).

Analysis of candidate genes

Based on the physical map of the flo(a) gene, corresponding
BAC or PAC sequences of the Nipponbare cv. in the flo(a)
gene region were downloaded from the TIGR database
(http://www.tigr.org). Open reading frames (ORFs) and poten-
tial exon/intron boundaries were predicted for the sequences
described above using Rice GAAS (Rice Genome Automated
Annotation System; http://ricegaas.dna.affrc.go.jp/rgadb/). The
ORF sequence of each predicted gene was used to search for
its full length cDNA and EST (expressed sequence tag) in
KOME (http://cdna01.dna.affrc.go.jp/cDNA/) and Genbank. The
translated amino acid sequences of candidate genes were ana-
lyzed through BLAST (http:/www.ncbi.nim.nih.gov/blast/Blast.
cgi) for functional prediction. The full-length genomic DNA se-
quence of candidate genes was divided into several segments
in order to design specific PCR primers that were used to am-
plify genomic DNA from Hwacheong and flo(a) mutants. PCR
products were purified using a PCR puirification kit for TA clon-
ing (INtRON Biotechnology, INC., Korea). Purified PCR product
was introduced into the pGEM-T Easy Vector (Promega, USA),
and transformed into E. coli strain DH5a. The recombinant
plasmid was sequenced with an ABI Prism 3730 XL DNA Ana-
lyzer (PE Applied Biosystems, USA), and sequence alignment
was performed with the BLAST network service (National Cen-
ter for Biotechnology Information, NCBI).

dCAPS analysis

For dCAPS analysis of the flo(a) allele, primers based on two
base mismatches in the 5’ direction from the SNP of interest
(mismatched forward, 5-CGGCGGCAAAGGCGACAAGAGG-
ATT-3'; reverse, 5'-CAGCAGCAGCGAATTCAATGTTCGC-3)
were designed using the dCAPS Finder 2.0 program (http:/
helix.wustl.edu/dcaps/dcaps.html). These primers produced a
179-bp PCR amplicon with an Msel site in the wild-type allele of

flo(a). PCR amplicons were detected after digestion with Msel,
and separated on horizontal 3% agarose gels that were then
visualized and photographed under UV light.

RESULTS

Phenotypic characteristics of the flo(a) mutant

The flo(a) mutants did not exhibit a visibly abnormal phenotype
during the vegetative stage of plant growth and development
compared to wild-type plants. The mature kernel phenotype
was similar to that of wild-type rice cv. Hwacheong (Figs. 1A
and 1D). Husked rice grains of the flo(a) mutant exhibited an
opaque endosperm phenotype, which resulted in an easily
broken endosperm and floury appearance, whereas visual
inspection of the wild-type cultivar revealed a normal transpar-
ent endosperm (Figs. 1B and 1E). Cross section of mature
mutant rice grains further revealed that it is the inner part of the
endosperm that is floury, whereas the exterior portion maintains
a normal appearance (Figs. 1C and 1F).

In addition, we examined the effects of FLO(a) mutations on
grain shape and yield traits (Table 2). The grain size of brown
rice of the flo(a) mutant was marginally smaller than that of the
wild-type (95.4% in grain length; 96.0% in grain width). The
panicle number per plant in the flo(a) strain was also slightly
less than that of the wild-type (94.6%). The 1000-grain weight
in flo(a) rice was significantly lighter than that of the wild-type
(81.9%); however, the grain number per panicle was distinctly
increased in flo(a) compared to the wild-type (112.4%). The
grain yield of the mutant was lower than that of the wild-type.
With respect to agronomic traits, such as plant architecture and
heading date, no major differences were observed.

The flo(a) mutation alters the morphological properties of
starch granules in rice endosperm
SEM observation of cross sections of polished rice grains re-
vealed that the flo(a) mutant had a loosely packed endosperm
(Figs. 2A and 2C), probably due to an abnormal starch granule
morphology. In contrast, the wild-type endosperm was found to
be occupied by densely packed starch granules (Figs. 2B and
2D). Starch granules in the wild-type cultivars were found to
form an irregular polyhedron-shape with sharp edges, while
starch granules in the flo(a) mutant were slightly larger than
those of wild-type and exhibited both size variation and an ir-
regular spherical shape (Figs. 2E and 2F).

Starch is a semi-crystalline biopolymer containing both
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Table 2. Comparison of grain and yield traits in wild-type and flo(a)

Gene in Rice

) 1000-Grain No. of panicles/ No. of grains/ Grain yield
Length (mm) Width (mm) weight (g) plant panicle (9/10 plants)
Wild-type 479+0.18 2.75+0.25 184+0.8 10.6 +0.97 1354 +7.88 353.9+3.58
flo(a) 460+0.13 2.64+0.16 148+1.1 11.2+0.78 150.2+5.68 3245+2.42

amorphous and crystalline regions that exist in two primary
different crystal structures, A-type and B-type. It has been
shown that the endosperm starch in rice grains exhibits an A-
type crystal pattern (Ryoo et al., 2007). We performed X-ray
diffraction analysis using endosperm starch from both wild-type
and flo(a) mutant plants and confirmed that all strains exhibited
a typical A-type crystal pattern (Fig. 3). The starch granules in
the flo(a) mutant, however, showed a lower peak intensity than
those from their respective wild-type counterpart, Hwacheong
(Fig. ). Thus, X-ray diffraction analysis demonstrated that the
loss of FLO(a) gene function results in impaired starch crystal
structure and a lower amount of crystallization, but no change
in the crystal type.

Fine mapping of the FLO(a) gene

The genetic locus defined by the flo(a) mutant was previously
linked with a single morphological marker, Ig (liguleless) on
chromosome 4 (Kim et al., 1993). To more precisely map the
FLO(a) gene using a map-based cloning approach, we gener-
ated an F, population of 1571 individuals derived from a cross
between flo(a) and M.23, in which 371 segregants expressed
the flo(a) mutant phenotype and 1200 segregants exhibited the
wild-type phenotype. Genetic analysis of 40 flo(a) mutant seg-
regants initially placed the FLO(a) gene on the genome seg-
ment between the two STS markers, S04107 and S04114 (Fig.
4A). However, no recombinant was detected by the STS
marker S04109, indicating that this marker had co-segregated
with the mutated flo(a). To further define the position of the
FLO(a) gene, we utilized 12 PCR-based molecular markers
within this region (Table 1) and performed PCR using the re-
maining plants from the F, population. Finally, the flo(a) locus
was delimited to an ~81 kb region defined by markers P18 and
P22 and covered by two bacterial artificial chromosome (BAC)

Fig. 1. Morphology of the grain and seed en-
dosperm in the flo(a) mutant and wild-type
plants. (A, D) Grains from flo(a) (A) and wild-
type (D) plants at full maturation. (B, E) De-
husked seeds from flo(a) (B) and wild-type (E)
plants. (C, F) Longitudinal and horizontal sec-
tions of polished seed endosperms of flo(a)
mutants (C) and wild-type (F). The floury inner
region of the endosperm is evident in the flo(a)
mutant.

clones, AL606454 and AL606445 (Fig. 4B). No recombinant
was identified for RM8217 in the F» mapping population (Fig.
5A), indicating that this marker were tightly co-segregated with
the FLO(a) gene.

The tetratricopeptide repeat (TRP) domain containing
protein is a candidate FLO(a) gene

Based on the data obtained from fine mapping and available
rice genome annotation databases (http://www.tigr.org, http://
www.gramene.org), a total of 15 putative open reading frames
(ORFs) were identified in this 81 kb genomic region. To deter-
mine which one carried the flo(a) mutation, the genomic DNA
sequences from 15 hypothetical genes were amplified by
PCR and sequenced. Comparison of the sequences of Hwa-
cheong wild-type and the flo(a) mutant revealed that the flo(a)
allele carried a single nucleotide substitution in nucleotide 73
(AAG to TAG) in the 1st exon of Os04g55230. This substitution
converted lysine into a stop codon and disrupted protein ex-
pression. This point mutation was also confirmed through direct
sequencing of the RT-PCR products (Figs. 4C and 4D). Further,
we performed genome sequencing of other putative ORFs.
Because no other differences were detected in the DNA se-
guences of any other ORF regions, Os04g55230 was strongly
implicated as a candidate for FLO(a) (Fig. 4C). The gene con-
sists of 23 exons and 22 introns. The complementary DNA for
this gene is 5163 bp long, and the deduced protein sequence is
comprised of 1720 amino acids, including three TPR motifs that
function in protein-protein interactions (Blatch and Lassle,
1999).

To examine whether the A-to-T mutation in the 1st exon of
FLO(a) was present as a natural variant in other cultivars, we
performed dCAPS analysis of 22 typical indica and japonica
rice cultivars. All 22 strains revealed digested fragments that
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Fig. 2. Scanning electron microscope analysis of cut endosperms
and purified starch granules of the flo(a) mutant and wild-type con-
trol. The cutting planes of seed endosperms of the flo(a) mutant (A,
C) and wild-type (B, D). The flo(a) mutant endosperms are loosely
packed with irregularly shaped starch granules compared to wild-
type. Starch granules in the flo(a) mutant (E) vary in size and are
rounder compared to the wild-type strain (F). Bars represent 500
pum (top), 10 um (middle) or 5 um (bottom)

correspond to the wild type allele (Fig. 5B; Table 3). In addition,
the genotypes associated with this dCAPS marker co-
segregated with the matching phenotypes in the F. population
(Fig. 5C).

To further confirm that the FLO(a) gene is causally related to
the floury endosperm, the complementation test of alleles were
performed by crossing among three floury endosperm mutants,

Table 3. Rice varieties used in dCAPS analysis

i /Wild-type

flo(a)

Relative intensi

4 8 12 16 20 24 28 32 36 40

Diffraction angle (20)

Fig. 3. X-ray diffraction patterns of purified starch granules from the
mature endosperm of the flo(a) mutant and its wild-type cultivar,
Hwacheong. The relative crystallinity of the flo(a) starch is de-
creased compared to wild-type.

flo(a), flo(a)-2, and flo(a)-3. All of Fy plants from three crosses
exhibited “floury endosperm” phenotype, which indicated that
the phenotype of three mutants is controlled by the same gene.
Furthermore, we determined point mutations in another two
alleles of the flo(a) mutants by sequence analysis (Figs. 4E and
4F). The flo(a)-2 allele carried a single nucleotide polymorphism
(SNP) that generated a premature stop codon at nucleotide
2490 (TGG to TGA) in the 14™ exon of Os04g55230. The
flo(a)-3 allele occurred an altered splicing site between the 14"
exon and 14" intron (GT to AT) (Figs. 4C-4F). These results
strongly suggest that FLO(a) gene encodes the tetratricopep-
tide repeat domain-containing protein, OsTPR.

DISCUSSION

The floury trait in the flo(a) mutant was limited to the inner part
of the endosperm while the outer parts maintained a normal
appearance. Although floury seeds tend to be easily broken
during the polishing process, the taste of cooked rice harvested
from the flo(a) mutant was not noticeably inferior to that of the

No. Variety Origin Amino acid* No. Variety Origin Amino acid
1 flo(a) mutant Stop codon 13 Gopumbyeo Korea Lys
2 Hwacheongbyeo Korea Lys 14 Milyang 23 Korea Lys
3 Dongjinbyeo Korea Lys 15 Dasanbyeo Korea Lys
4 Nipponbare Japan Lys 16 Habataki Japan Lys
5 Hapcheon 1 Korea Lys 17 Cheongcheongbyeo Korea Lys
6 CP-SLO Philippines Lys 18 IR 36 Philippines Lys
7 llpumbyeo Korea Lys 19 Tadukan Philippines Lys
8 Hwacheongbyeo Korea Lys 20 Chinsurah Boro Il India Lys
9 Koshihikari Japan Lys 21 IR 64 Philippines Lys
10 Shennong 27 China Lys 22 Diantun 502 China Lys
11 Kunmingxiaobaigu China Lys 23 Nampungbyeo Korea Lys
12 Dianxi 1 China Lys

*The amino acid at the 25™ position of the FLO(a) protein
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altered splicing site (flo(a)-3) (closed
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original cultivar, ‘Hwacheong’, and the estimated yield of rice
from flo(a) plants was almost the same. In addition, fermenta-
tion of rice grains from flo(a) mutants produced a high yield of
alcohol, which is both advantageous for the rice wine industry
and represents a potential environmentally friendly alternative
to petroleum-based fuels (Hannah and James, 2008; Hoshi-
kawa, 1989; Kim et al., 1993). Therefore, the cloning and mo-
lecular characterization of the flo(a) mutant will facilitate further
study of starch characteristics and allow for the development of
rice strains that produce grains with ideal starch structure and
storage capacity.

To date, three rice floury endosperm mutants, flo2, flo3 and
flo(a), have been identified on chromosome 4. In addition to ex-
hibiting a floury endosperm phenotype, they showed their own
distinguishing characteristics (Kawasaki et al., 1996; Kumamaru
et al., 1997; Kim et al., 1993; Nishio and lida, 1993). Because
there is no detailed information about the chromosomal position
and allelic relationship of the three loci, it is unknown whether
these three phenotypes are generated by the tight linkage of
three genes or by the pleiotropism of a single mutated gene.

It was previously reported that the flo(a) locus was controlled
by single recessive gene and linked with a specific morphologi-

cal marker, Ig (liguleless), on chromosome 4 (Kim et al., 1993).
Due to its economical importance, the flo(a) was developed as
a cultivar Sunong 9 that has been widely utilized in agricultural
production for improvement of the breeding process. To clone
the FLO(a) gene, the key step was construction of a physical
map that encompassed the target gene. In this study, the
FLO(a) gene was mapped to within an ~81 kb interval brack-
eted by P18 and P22. A total of 15 ORFs were predicted by
analysis of this region using a rice genome automated annota-
tion system. Mapping and sequencing results revealed that a
single A to T substitution in the first exon of the TPR repeat
motif is most likely responsible for the floury endosperm pheno-
type. This was further confirmed by RT-PCR and dCAPS
marker analysis of F, individuals and typical rice cultivars.

In the present study, the FLO(a) gene was predicted to en-
code a novel regulated factor, the tetratricopeptide repeat do-
main containing protein (OsTPR), which contains three TPR
motifs in the region from amino acids 933 to 1050. The 34-
amino acid TPR motif has been identified in all organisms stud-
ied and is present in proteins that are involved in a variety of
cellular processes. Typically, TPR motifs are arranged in tan-
dem repeats of 3 to 16, although individual TPRs can be dis-
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persed throughout the protein. Alignment of TPR motifs reveals
a consensus sequence defined by a pattern of small and large
amino acids that form a helical secondary structure (Blatch and
Lassle, 1999; D’Andrea and Regan, 2003). The basic function
of TPR domains is to mediate protein-protein interactions that
affect a wide variety of cellular functions, such as proper folding
of proteins and mRNA stability, processing, and translation
(Fedoroff, 2002; Gounalaki et al., 2000; Prodromou et al., 1999;
Yang et al., 2005). Recently, proteins containing TPR motifs in
Arabidopsis were implicated in abiotic stress responses, ethyl-
ene biosynthesis, cytokinin responses and regulation of hor-
mones such as gibberellins and abscisic acid (Greenboim-
Wainberg et al., 2005; Rosado et al., 2006; Tseng et al., 2001;
Wang et al., 2004). In rice, the Prp1 protein, which contains 19
TPR motifs, was found to be involved in the splicing of Wx® pre-
mRNAs and regulation of the expression of starch biosynthesis
genes (Zeng et al., 2007). However, the biochemical properties
and the specific interacting partners of more than 87 additional
TPR-containing proteins identified by Rice GAAS remain elu-
sive. It is probable that the early transcription terminator gener-
ated by a single nucleotide substitution in the flo(a) mutant may
affect its interaction with other proteins, leading to functional
deficiency.

The flo(a) mutant displays loosely packed starch granules, as
well as other physicochemical traits that distinguish it from the
wild-type (Kim et al., 1993). These characteristics suggest that
the FLO(a) gene is involved in starch synthesis. Because there
is no other report of starch synthesis regulation by TPR-
containing proteins, these findings are crucial for elucidating the
factors that determine seed endosperm quality and the molecu-
lar function of this novel regulator in the rice starch synthesis
pathway. Currently, functional studies of the FLO(a) gene are in
progress, including analysis of the expression patterns of starch
synthesis enzymes, identification of protein-protein interactions
and evaluation of the mechanisms that produce floury en-
dosperm related characteristics.

ACKNOWLEDGMENT

This study was supported by the Technology Development
Program for Agriculture and Forestry, Ministry for Agriculture,
Forestry and Fisheries, Republic of Korea.

REFERENCES

Bae, J.M., Giroux, M., and Hannah, L.C. (1990). Cloning and char-
acterization of the brittle-2 gene of maize. Maydica 35, 317-322.

Ball, S.G., and Morell, M.K. (2003). From bacterial glycogen to
starch, understanding the biogenesis of the plant starch granule.
Annu. Rev. Plant Biol. 54, 207-233.

Bao, J., Kong, X., Xie, J., and Xu, L. (2004). Analysis of genotypic

Heterozygotes

—————— —— — — ——— —— — — — — — — — —

Heterozygotes

——m e - .=

Fig. 5. Examples of co-segregation and point
mutation using SSR and dCAPS markers. (A)
Marker RM8217 did not detect any recombi-
nation and co-segregated with the floury
phenotype in the F, population. (B) Confirma-
tion of the splice variation in flo(a) mutants by
analysis of PCR amplicon size in flo(a) mutant
and 22 normal rice cultivars. Lane 1, flo(a)
mutant; lanes 2-23, normal rice varieties (see
Table 3). (C) Co-segregation of the splicing-
error mutation with the flo(a) mutant pheno-
type was analyzed by size comparison of
PCR amplicons from the F, population. P1,
M.23; P2, flo(a) mutant; M, molecular marker.

and environmental effects on rice starch. 1. Apparent amylase
content, pasting viscosity, and gel texture. J. Agric. Food Chem.
52,6010-6016.

Bhave, M.R., Lawrence, S., Barton, C., and Hannah, L.C. (1990).
Identification and molecular characterization of shrunken-2
cDNA clones of maize. Plant Cell 2, 581-588.

Blatch, G.L., and Lassle, M. (1999). The tetratricopeptide repeat, a
structural motif mediating protein-protein interactions. Bioessays
21,932-939.

Cao, H., and Shannon, J.C. (1997). BT1, a possible adenylate
translocator, is developmentally expressed in maize endosperm
but not detected in starchy tissues from several other species.
Physiol. Plant 700, 400-406.

Causse, M.A,, Fulto, T.M., Cho, Y.G., Ahn, S.N., Chuncongse, J.,
Wu, K., Xiao, J., Yu, Z,, Ronald, P.C., Harrington, S.E., et al.
(1994). Saturated molecular map of the rice genome based on
an interspecific backcross population. Genetics 138, 1251-1274.

Colleoni, C., Dauvillee, D., Mouille, G., Morell, M., Samuel, M.,
Slomiany, M.C., Lienard, L., Wattebled, F., d'Hulst, C., and Ball,
S. (1999). Biochemical characterization of the Chlamydomonas
reinhardtii a-1,4 glucanotransferase supports a direct function in
amylopectin biosynthesis. Plant Physiol. 720, 1005-1014.

D’Andrea, L., and Regan, L. (2003) .TPR proteins, the versatile
helix. Trends Biochem. Sci. 28, 655-661.

Dauvillee, D., Chochois, V., Setup, M., Haebel, S., Eckermann, N.,
Ritte, G., Ral, J.P., Colleni, C., Hicks, G., Wattebled, F., et al.
(2006). Plastidial phosphorylase is required for normal starch
synthesis in Chlamydomonas reinhardtii. Plant J. 48, 274-285.

Fedoroff, N.V. (2002). RNA-binding proteins in plants, the tip of an
iceberg? Curr. Opin. Plant Biol. 5, 452-459.

Fisher, D.K., Boyer, C.D., and Hannah, L.C. (1993). Starch branch-
ing enzyme Il from maize endosperm. Plant Physiol. 102, 1045-
1046.

Gao, M., Wanat, J., Stinard, P.S., James, M.G., and Myers, A.M.
(1998). Characterization of dull1, a maize gene coding for a
novel starch synthase. Plant Cell 10, 399-412.

Gounalaki, N., Tzamarias, D., and Vlassi, M. (2000). Identification of
residues in the TPR domain of Ssn6 responsible for interaction
with the Tup1 protein. FEBS Lett. 473, 37—41.

Hannah, L.C., and James, M. (2008). The complexities of starch
biosynthesis in cereal endosperms. Curr. Opin. Biotechnol. 19,
160-165.

Hoshikawa, K. (1989). The growing rice plant, an anatomical mono-
graph, (Tokyo, Japan: Nobunkyo).

Hunter, B.G., Beatty, M.K., Singletary, G.W., Hamaker, B.R., Dilkes,
B.P., Larkins, B.A., and Jung, R. (2002). Maize opaque en-
dosperm mutations create extensive changes in patterns of
gene expression. Plant Cell 14, 2591-2612.

Isshiki, M., Matsuda, Y., Takasaki, A., Wong, H.L., Satoh, H., and
Shimamoto, K. (2008).Du3, a mRNA cap-binding protein gene,
regulates amylase content in Japonica rice seeds. Plant Bio-
technol. J. 25, 483-487.

James, M.G., Robertson, D.S., and Myers, A.M. (1995). Characteri-
zation of the maize gene sugary1, a determinant of starch com-
position in kernels. Plant Cell 7, 417-429.

Kang, H.G., Park, S., Matsuoka, M., and An, G. (2005). White-core
endosperm floury endosperm-4 in rice is generated by knockout
mutations in the C-type pyruvate orthophosphate dikinase gene



174 Floury Endosperm Gene in Rice

(OsPPDKB). Plant J 42,901-911.

Kaushik, R.P., and Khush, G.S. (1991). Genetic analysis of en-
dosperm mutants in rice Ovyza sativa L. Theor. Appl. Genet. 83,
146-152.

Kawasaki, T., Mizuno, K., Shimada, H., Satoh, H., Kishimoto, N.,
Okumura, S., Ichikawa, N., and Baba, T. (1996). Coordinated
regulation of the genes participating in starch biosynthesis by
the rice floury-2 locus. Plant Physiol. 1710, 89-96.

Kim, K.H., Koh, H.J., Lee, J.H., Park, S.Z., and Heu, M.H. (1993).
Diversity of rice quality for processing: Physicochemical charac-
teristics and inheritance of floury endosperm mutants. Korean J.
Crop Sci. 38, 264-274.

Kim, S.R., Yang, J.l., Moon, S.O., Ryu, C.H., An, K.S., Kim, K.M.,
Yim, J., and An, G.H. (2009). Rice OGR1 encodes a pentatrico-
peptide repeat-DYW protein and is essential for RNA editing in
mitochondria. Plant J. 59, 738-749

Klosgen, R.B., Gierl, A., Schwarz-Sommer, Z., and Saedler, H.
(1986). Molecular analysis of the Waxy locus of Zea mays. Mol.
Gen. Genet. 203, 237-244.

Kosambi, D.D. (1944). The estimation of map distances from re-
combination values. Ann. Eugen. 12, 172-175.

Kubo, A., Rahman, S., Utsumi, Y., Li, Z., Mukai, Y., Yamamoto, M.,
Ugaki, M., Harada, K., Satoh, H., Konik-Rose, C., et al. (2005).
Complementation of sugary-1 phenotype in rice endosperm with
the wheat Isoamylase1 gene supports a direct role for Isoamy-
lase1 in amylopectin biosynthesis. Plant Physiol. 137, 43-56.

Kumamaru, T., Sato, H., and Satoh, H. (1997). High-lysine mutants
of rice, Oryza sativa L. Plant Breed. 116, 245-249.

Lander, E.S., Green, P., Abrahamson, J., Barlow, A., Daly, M.J.,
Lincoln, S.E., and Newburg, L. (1987). MAPMAKER, an interac-
tive computer package for constructing primary genetic linkage
maps of experimental and natural populations. Genomics 1,
174-181.

Nelson, O.E., and Pan, D. (1995). Starch synthesis in maize endo-
sperms. Annu. Rev. Plant Physiol. Plant Mol. Biol. 46, 475-496.

Nishio, T., and lida, S. (1993). Mutant having a low content of 16-
kDa allergenic protein in rice (Oryza sativa L.). Theor. Appl.
Genet. 86, 317-321.

Prodromou, C., Siligardi, G., O'Brien, R., Woolfson, D., Regan, L.,
Panaretou, B., Ladbury, J., Piper, P., and Pearl, L. (1999).
Regulation of Hsp90 ATPase activity by tetratricopeptide repeat
domain co-chaperones. EMBO J. 18, 754-762.

Qiao, Y.L., Jiang, W.Z., Rahman, L., Chu, S.H., Piao, R.H., Han,
L.Z., and Koh, H.J. (2008). Comparison of molecular linkage
maps and QTLs for morphological traits in two reciprocal back-
cross populations of rice. Mol. Cells 25, 417-427.

Rosado, A., Schapire, A.L., Bressan, R.A., Harfouche, A.L., Hase-
gawa, P.M., Valpuesta, V., and Botella, M.A. (2006). The Arabi-
dopsis tetratricopeptide repeat-containing protein TTL1 is re-
quired for osmotic stress responses and abscisic acid sensitivity.
Plant Physiol. 742, 1113-1126.

Ryoo, N.Y., Yu, C., Park, C.S., Baik, M.Y., Park, |.M., Cho, M.H.,

Bhoo, S.H., An, G.H., Hahn, T.R., and Jeon, J.S. (2007).
Knockout of a starch synthase gene OsSSllla/Flo5 causes
white-core floury endosperm in rice (Oryza sativa L.). Plant Cell
Rep. 26, 1083-1095.

Satoh, H., and Omura, T. (1981). New endosperm mutations in-
duced by chemical mutagen in rice, Oryza sativa L. Jpn. J.
Breed. 31, 316-326.

Satoh, H., Shibahara, K., Tokunaga, T., Nishi, A., Tasaki, M.,
Hwang, S.K., Okita, T.W., Kaneko, N., Fujita, N., Yoshida, M., et
al. (2008). Mutation of the plastidial a-glucan phosphorylase
gene in rice affects the synthesis and structure of starch in the
endosperm. Plant Cell 20, 1833-1849.

Schupp, N., and Ziegler, P. (2004). The relation of starch phos-
phorylases to starch metabolism in wheat. Plant Cell Physiol. 45,
1471-1484.

Shannon, J.C., Pien, F.M., and Liu, K.C. (1996). Nucleotides and
nucleotide sugars in developing maize (Zea mays L.) endo-
sperms. Synthesis of ADP-glucose in brittle-1. Plant Physiol.
110, 835-843.

Shure, M., Wessler, S., and Fedoroff, N. (1983). Molecular identifi-
cation and isolation of the Waxy locus in maize. Cell 35, 225-
233.

Smith, A.M., Denyer, K., and Martin, C. (1997). The synthesis of the
starch granule. Annu. Rev. Plant Physiol. Plant Mol. Biol. 48, 67-
87.

Stinard, P.S., Robertson, D.S., and Schnable, P.S. (1993). Genetic
isolation, cloning, and analysis of a Mutator-induced, dominant
antimorph of the maize amylose extender1 locus. Plant Cell 5,
1555-1566.

Sullivan, T.D., Strelow, L.I., llingworth, C.A., Phillips, R.L., and
Nelson, O.E.J. (1991). Analysis of maize Brittle-1 alleles and a
defective suppressor-mutator-induced mutable allele. Plant Cell
3, 1337-1348.

Tseng, T.S., Swain, S.M., and Olszewski, N.E. (2001). Ectopic
expression of the tetratricopeptide repeat domain of SPINDLY
causes defects in gibberellins response. Plant Physiol. 126,
1250-1258.

Wang, K.L., Yoshida, H., Lurin, C., and Ecker, J.R. (2004). Regula-
tion of ethylene gas biosynthesis by the Arabidopsis ETO1 pro-
tein. Nature 428, 945-950.

Yang, J., Roe, S.M., Cliff, M.J., Wiliams, M.A,. Ladbury, J.E.,
Cohen, P.T., and Barford, D. (2005). Molecular basis for TPR
domain-mediated regulation of protein phosphatase 5. EMBO J.
24,1-10.

Zeng, D.L., Yan, M.X., Wang, Y.H., Liu, X.F., Qian, Q., and Li, J.Y.
(2007). Dut, encoding a novel Prp1 protein, regulates starch
biosynthesis through affecting the splicing of Wxb pre-mRNAs in
rice (Oryza sativa L.). Plant Mol. Biol. 65, 501-509.

Zhang, Q.F., Shen, B.Z,, Dai, X.K., Mei, M.H., Maroof, M.A.S., and
Li, Z.B. (1994). Using bulked extremes and recessive class to
map genes for photoperiod-sensitive genic male sterility in rice.
Proc. Natl. Acad. Sci. USA 91, 8675-8679.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


