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Abstract

T-DNA and transposable elements, e.g., Ds and Tosl7, are used to generate a large number of insertional
mutant lines in rice. Some carry the GUS or GFP reporter for gene trap or enhancer trap. These reporter
systems are valuable for identifying tissue- or organ-preferential genes. Activation tagging lines have also
been generated for screening mutants and isolating mutagenized genes. To utilize these resources more
efficiently, tagged lines have been produced for reverse genetic approaches. DNA pools of the T-DNA
tagged lines and TosI7 lines have been prepared for PCR screening of insertional mutants in a given gene.
Tag end sequences (TES) of the inserts have also been produced. TES databases are beneficial for analyzing

the function of a large number of rice genes.

Abbreviations: iPCR, inverse PCR; RT-PCR, reverse transcription-PCR; TAIL PCR, thermal asymmetric
interlaced PCR; T-DNA, transferred DNA; UTR, untranslated region

Introduction

Sequencing of the rice genome is nearly complete
(Goff et al., 2002; Sasaki et al., 2002; Yu et al.,
2002). Therefore, one of the most challenging
goals now is to examine the functioning of its large
number of genes. To facilitate such an evaluation,
several reverse genetic approaches have been
developed, including homologous recombination
(reviewed in Hanin and Paszkowski, 2003), anti-
sense or RNAi suppression (Chuang and
Meyerowitz, 2000), and insertional mutagenesis
(Feldmann, 1991; Jeon et al., 2000). Among these,
random insertional mutagenesis by transposons or
T-DNA has been most widely used for large-scale
analyses. This technique is not only efficient for
identifying knockout mutants, but can also be
employed for promoter trapping and activation
tagging. The recent establishment of a large
number of insertional mutants will accelerate these

reverse genetics approaches for studying gene
function in this model monocot species.

T-DNA tagging

In Arabidopsis, T-DNA has been broadly utilized
for generating insertional mutant pools and
studying gene function (Azpiroz-Leehan and
Feldmann, 1997; Bouche and Bouchez, 2001). For
example, the Arabidopsis knockout facility at the
University of Wisconsin has established a popu-
lation of 60 480 T-DNA-tagged lines (Krysan
et al., 1999). Recently, Over 225 000 independent
T-DNA insertional lines of Arabidopsis have been
created that represent almost the entire gene space
(Alonso et al., 2003). T-DNA insertion into plant
chromosomes is not biased toward a particular
gene group, thereby allowing near saturation
mutagenesis of the genome. Because Arabidopsis
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can be easily transformed for the generation of a
large quantity of transgenic plants, it is not too
difficult to establish a reasonable number of
knockout lines. However, applying this strategy
to other species has been complicated because
transformation efficiency is not high enough to
produce the many thousand requisite transgenic
plants.

An efficient means for rice transformation is via
the Agrobacterium-mediated cocultivation method
(Hiei et al., 1994; Lee et al., 1999). This technique
allows researchers to obtain a suitable T-DNA
tagging population. For example, An’s group has
generated approximately 100 000 fertile rice lines
tagged by T-DNA (Jeon et al., 2000; Jeong et al.,
2002), while work by Zhang and colleagues has
resulted in more than 30 000 T-DNA insertional
lines (Wu et al., 2003). Several other groups have
independently produced T-DNA insertional mu-
tant lines in this species (Yin and Wang, 2000;
Chen et al., 2003; Sallaud et al., 2003; Sha et al.,
2004). Because the average copy number of
T-DNA inserts per line is 1.4-2.0, more than
300 000 T-DNA tags have now been generated in
rice (Table 1). These populations are large enough
to find a knockout in a given gene at more than
90% probability, assuming that T-DNA is ran-
domly inserted into a chromosome. Nevertheless,
the number of tagging lines necessary for saturat-
ing all the rice genes may be smaller than the esti-
mated value because T-DNA insertions have been
found to occur preferentially in gene-rich regions
(Barakat et al., 2000; An et al., 2003; Chen et al.,
2003; Wu et al., 2003).

Table 1. Inventory of insertional mutants in rice.

Transposon tagging

Transposon tagging has been used to isolate
numerous genes (Sundaresan, 1996) since the
first successful cloning of the bronze locus in
maize by the Ac/Ds (Activator-Dissociation)
transposon system (Fedoroff ez al., 1983). Other
systems, such as En/Spm (Enhancer/Suppressor-
mutator) and Mu (Mutator), have also been
adopted for cloning several maize genes (Walbot,
1992, 2000).

The maize Ac/Ds system has also been utilized
for gene tagging in rice. Originally, the autono-
mous Ac element was cloned between a promoter
and the hygromycin phosphotransferase coding re-
gion. The construct was then introduced into rice
chromosomes by direct transformation. Transpo-
sition of the Ac¢ element was proven by the
recovery of hygromycin-resistant plants (Izawa
et al., 1991; Murai et al., 1991) and newly trans-
posed Ac insertions (Enoki et al., 1999). Molecular
analysis of this Ac¢ transmission to the progeny
revealed that their germinal transmission was de-
tected in some insertions but not in others, indi-
cating that some Ac does not transmit to the
progeny.

The non-autonomous Ds element was also
transposed in the presence of Ac transposase
(Shimamoto et al., 1993; Sugimoto et al., 1994).
Germinal transposition of Ds was observed at high
frequency when a transgenic plant containing the
Ds element was crossed with a transgenic plant
constitutively expressing Ac transposase (Fig-
ure 1A). The frequency of Ds transposition
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Figure 1. Schematic diagram of transposon tagging by AC/DS (A) and Tosl17 (B).

significantly declined in subsequent generations,
even in the presence of Ac transposase. However,
transposition could be recovered in certain lines
through protoplast regeneration (Kim et al.,
2002).

As shown in Table 1, Ac/Ds systems have been
used for large-scale generation of gene tagging via
the Agrobacterium-mediated gene delivery method
(Chin et al., 1999, Nakagawa et al., 2000;
Upadhyaya et al., 2002; Kolesnik et al., 2004).
The germinal transposition frequency of Ds is
high. Study of the transposition pattern in siblings
has revealed that 79% contain at least two differ-
ent insertions, suggesting late transposition during
rice development (Kolesnik ef al., 2004). More-
over, repetitive ratoon culturing causes new
transposition, at about 30% frequency, demon-
strating that this strategy can produce a large
mutant population (Chin et al., 1999).

Retrotransposon tagging

Retroelements are a major component of plant
genomes. At least 17% of the rice genome consists

of retroposons (McCarthy et al., 2002). These are
believed to be involved in gene duplication as well
as the regulation of gene expression in both plants
and animals (Nekrutenko and Li, 2001; Jordan
et al., 2003; Kashkush et al., 2003). Transposition
of some retroelements can be induced by stresses
caused by pathogen infection, cell culture, and
wounding (Hirochika et al., 1996; Takeda et al.,
1998).

One such element in rice is Tos!7 (Figure 1B).
Although its copy number is low (one to five,
depending on the cultivar), this can increase to up
to 30 copies during tissue culture (Hirochika et al.,
1996). More than 47 000 Tosl7 insertion lines
have been produced for generating insertional
mutants in rice (Hirochika, 2001; Miyao et al.,
2003).

A LINE-type retrotransposon, Karma, has
been identified from rice as an insertion in a mu-
tant allele of the FRIZZY PANICLE2 locus
(Komatsu et al., 2003a). Its transcription Karma is
activated in cultured cells upon DNA hypome-
thylation. Although the copy number of the ele-
ment does not increase in either cultured cells or
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the first generation of regenerated plants, it does
rise in the next generations. Therefore, Karma may
be used for producing insertional mutants in rice.

Activation tagging

Insertional mutagenesis usually generates recessive
loss-of-function mutations, making them unsuit-
able for functional analysis of redundant genes.
About two-thirds of the Arabidopsis genome is
duplicated in the form of large chromosomal seg-
ments (The Arabidopsis Genome Initiative, 2000).
In addition, about 4000 genes are tandemly
repeated as two or more copies. Many rice genes
are members of a multigene family (Goff et al.,
2002; Sasaki et al., 2002; Yu et al., 2002). There-
fore, unless multiple mutants are generated,
T-DNA tagging or transposon tagging proves
inefficient in studying these genes. It is estimated
that fewer than 10% of the genes tagged in Ara-
bidopsis and rice are likely to generate a visible
phenotypic change (Feldmann, 1991; Bouche and
Bouchez, 2001; Jeon and An, 2001). Thus, com-
plementing technologies are needed for studying
genes whose function cannot be resolved by
insertional mutagenesis.

Since activation tagging in plants was first pro-
posed for studying gene function (Walden et al.,
1994), it has been effectively applied in Arabidopsis
using T-DNA inserts (Kardailsky et al., 1999; Ito
and Meyerowitz, 2000; Lee et al., 2000; Weigel
et al., 2000) and transposon systems (Wilson et al.,
1996; Marsch-Martinez et al., 2002). These inserts
carry strong activator elements that enhance the
expression of genes adjacent to the insertion site.
For example, the cauliflower mosaic virus (CaMV)
35S enhancer or promoter sequences (Odell et al.,
1985) have been used as system activators. Their
primary function is to over-express tagged genes to
reveal dominant gain-of-function phenotypes
(Figure 2). In a number of cases, the enhancer acts
by quantitatively increasing the original expression
patterns, rather than by promoting ectopic or con-
stitutive overexpression (Neff et al., 1999; van der
Graaff et al., 2000). From the T-DNA activation-
tagging pools of Arabidopsis, Weigel et al., (2000)
have characterized over 30 dominant mutants with
various phenotypes. Analysis of a subset has shown
that the tagging vector causes over-expression of the
gene immediately adjacent to the inserted enhancer.

Development of activation tagging systems in
rice requires a strong enhancer element that func-
tions in this model monocot species. Jeong et al.
(2002) have demonstrated that the CaMV 35S
enhancer element efficiently increases expression of
nearby genes from either their 5 or 3’ ends. Based
on this, they have devised a binary vector that
carries the tetramerized 35S enhancers next to the
left T-DNA border. This vector has now been used
to generate activation-tagging pools for more than
50 000 individual transformants (Jeong et al.,
2002). Moreover, examination of randomly se-
lected tags in the intergenic regions has shown that
approximately 40% of the enhancer insertions in-
crease nearby gene expression, proving that acti-
vation tagging efficiency at the transcriptional level
is quite high. However, enhanced gene expression
does not always result in phenotypic alteration
because most activation taggings cause a quanti-
tative increase in endogenous expression without
changing tissue-specificity (Neff et al., 1999;
Weigel et al., 2000; Jeong et al., 2002). This differs
from ectopic expression by strong promoters such
as actin or ubiquitin promoters, which cause con-
stitutive over-expression in all tissues (McElroy
et al., 1990; Cornejo et al., 1993; LeClere and
Bartel, 2001). Nonetheless, the dominant mutation
frequency of an activation tagging population is
much higher than that of a tag population gener-
ated by a simple insertion vector, thereby indicat-
ing that the activation tagging strategy works in
rice. In fact, characterization of these dominant
mutants has resulted in the identification of a
number of genes tagged by the enhancer (Jeong
et al., unpublished data).

Entrapment tagging

Gene function can also be studied by elucidating its
expression pattern. Analysis of transcript levels by
RNA-gel blot or RT-PCR experiments provides
only gross-level information on where the gene is
expressed. Because RNA or antibody in-situ
experiments are tedious and time consuming, they
are unsuitable for large-scale analyses of many
genes. These difficulties can be overcome by
entrapment tagging. In this system, T-DNA or
transposons are engineered to carry a promoterless
reporter gene, such as f-glucuronidase (GUS) or
green fluorescent protein (GFP), next to the insert



(A)

T-DNA

b

C T +—

Enhancer

© % Reporr

v

Re porter

(D) Reporter

SD

'

-- Re porter

(E)

(B)

115

Result

Knock-out

Enhancer trap

e

Promoter trap

Gene trap

4XE

<H__ B>

Enhancer TATA |:I :l |:| |:|\ Nt

Activation tagging

l increase endogenous gene expression

e s o o £

1]

Figure 2. Schematic diagram of taggings. (A) Knock out. Simple T-DNA insertion in either exons (boxes) and introns (lines) can
disrupt expression of the tagged gene. (B) Enhancer trap. The minimal promoter (TATA) of a reporter gene is activated by an enhancer
element, resulting in expression of the reporter gene. (C) Promoter trap. The promoterless reporter gene can be expressed when
insertion occurs in an exon so as to result in a transcriptional fusion. (D) Gene trap. The promoterless reporter gene contains splice
acceptor (SA) sequences, which allow a transcriptional fusion between the tagged gene and the reporter gene by splicing from the splice
donor (SD) site to the SA sequence. Therefore, in this system, the reporter can be activated even when it is inserted into an intron. (E)
Activation tagging. Enhancer elements (4XE) of CaMV 35S promoter increase the expression of the gene near the insertion position.

border (Jefferson et al., 1987; Panget al., 1996; Ryu
et al., 2004). Inserting the reporter into a gene not
only destroys normal function but also activates
expression of the reporter gene (Figure 2). Thus,
expression of the tagged genes can be easily moni-
tored by simple enzyme assays.

The GUS gene has frequently been used for
entrapment tagging in plants because of the

accurate detection of its gene product and toler-
ance for the N-terminal translational fusions in its
enzyme activity. However, one problem is the
destructive nature of its assay staining and
destaining procedures (Jefferson et al., 1987).
Therefore, non-invasive and non-destructive
reporter genes, such as GFP or luciferase, are
useful for entrapment in plants. Tagging popula-
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tions with the GFP gene have been established for
Arabidopsis and rice (Haseloff ef al. 1997; Ryu
et al., 2004). With its rapid turnover and half-life
of 3 h, luciferase is well suited as a real-time
reporter for in-planta gene expression studies
(Thompson et al., 1991; Millar et al., 1992).
Recently, the enhancer trap system in tomato and
Arabidopsis has demonstrated the usefulness of the
reporter in random gene tagging experiments
(Meissner et al., 2000; Alvarado et al., 2004).

Entrapment systems can be divided into three
groups: enhancer trap, promoter trap, and gene
trap (Springer, 2000) (Figure 2). In the enhancer
trap system, the reporter gene is fused to a minimal
promoter, which is unable to drive reporter gene
expression but can be activated by an enhancer
element of the neighboring genes (Klimyuk et al.,
1995; Campisi et al., 1999).

Although enhancer trapping yields a higher
frequency of in-situ reporter gene activation, pro-
moter trapping and gene trapping have an addi-
tional feature that yields loss-of-function gene
mutations. In the promoter trap system, reporter-
gene expression can occur when the reporter is
inserted into an exon and forms a translational
fusion with the endogenous gene (Topping and
Lindsey, 1997). In contrast, gene trap constructs
have an intron with multiple splice donor and
acceptor sequences in front of a reporter gene
(Sundaresan et al., 1995). This allows splicing
from the donor sites in the disrupted gene to the
acceptor sites in the reporter gene, resulting in
fusion of the upstream exon sequences to the
reporter. Therefore, the reporter gene can be
expressed regardless of insert position (exon,
intron, or UTR).

This approach has been successfully applied to
genes that are difficult to identify by traditional
methods. These include regulatory sequences that
drive reporter gene expression in nematode feeding
structures (Barthels ef al., 1997), molecular
markers for embryogenesis (Topping and Lindsey,
1997), regulatory sequences that mediate guard
cell-specific expression (Plesch et al., 2000), en-
hancer trapped lines that show circadian-regulated
expression (Michael and McClung, 2003), or
senescence-associated expression (He et al., 2001).

Activation of the reporter gene in a promoter
trap vector can be as high as 30% (Sundaresan
et al., 1995). In rice, at least 5% of the T-DNAs
and 10% of the transposed Ds elements become

activated in various tissues, e.g., roots, leaves,
flowers, and seeds (Chin et al., 1999; Jeon et al.,
2000). If one includes reporter gene activation by
certain environmental conditions or by chemicals,
such as growth substances, total tagging efficiency
is higher. Some tags display tissue- or organ-spe-
cific reporter expression, while others exhibit
ubiquitous expression patterns.

An enhancer trap system has been developed
for rice (Greco et al., 2003; Wu et al., 2003).
Specifically, a modified enhancer system uses the
yeast transcription factor GAL4. There, the acti-
vator domain of GAL4 is replaced by the activa-
tion domain of Herpes simplex virus protein 16
(Triezenberg et al., 1988). This GAL4/VPI16
system has been applied to the construction of
enhancer trap lines in rice (Wu et al., 2003).

Forward screening

Insertional mutant lines are useful resources for
studying gene function. However, most knockout
mutations are recessive. Therefore, their pheno-
types are not visible in the primary transgenic lines
and can be detected only in the progeny genera-
tions. Because rice plants are relatively tall and
wide, compared with Arabidopsis, forward
screening of a mutant is more laborious and re-
quires extra space. In their analyses of T-DNA
tagging lines, Jeon ez al. (2000) have observed that
the most common mutants are dwarfing (7.0%)
and leaf-pigment alterations (9.5%). Develop-
mental mutants have also been observed in their
screening. Likewise, Wu et al. (2003) have
reported morphologically conspicuous mutations
in about 7.5% of their 2679 T-DNA tagging lines.

One must determine whether these phenotypes
are due to the insertion. Co-segregation of phe-
notypes with the insert DNA is a good indication
that the phenotype is caused by the insert. Ulti-
mately, the mutant phenotype must be confirmed
by another allele or complemented by the wild-
type gene. Tissue culturing is known to generate
mutations not associated with insertions (Phillips
et al., 1994; Kaeppler et al., 2000). Retrotranspo-
sons, such as Tos!7 or Karma, are activated during
tissue culture (Hirochika et al., 1996; Komatsu
et al., 2003b). Miniature inverted-repeat trans-
posable elements (MITEs) e.g., mPing or Pong,
can also act as mutagens (Jiang er al., 2003;



Kikuchi et al., 2003; Nakazaki et al., 2003). In
addition, small insertions, deletions, and base
substitutions may be induced in cultured cells
(Miyao et al., 2003). Therefore, a large portion of
mutants are generated in these populations
through a mechanism not associated with the
introduced inserts.

Nonetheless, insertional mutant populations
are good resources for studying gene function with
forward genetics. By analyzing chlorina mutants in
rice, Jung et al. (2003) have isolated T-DNA and
Tosl7 insertions into the magnesium chelatase
gene. In addition, the study of pale green mutants
has revealed T-DNA insertions in the chlorophyll a
oxygenase gene (Lee et al., unpublished). Agrawal
et al. (2001) have screened for viviparous mutants
and identified Tos!7 insertions in the rice zeaxan-
thin epoxidase gene (OsABAI) and in a novel
OsTATC gene. Finally, the screening of brittle
culm mutants has led to the identification of Tos/7
insertions in the cellulose synthase gene (Tanaka
et al., 2003).

DNA pool screening

Insertional mutant collections are more beneficial
when used with reverse genetics approaches. With
the near completion of rice genome sequencing,
researchers are now identifying a large number of
genes based on their sequence homology. Gener-
ally, groupings of related genes are formed, in
which the functions of only one or a few have been
elucidated. Reverse genetics approaches are excel-
lent methods for studying a group of genes rela-
tively quickly. In these approaches, mutants in a
target gene are first collected, then their phenotypes
are investigated. Double or multiple mutants may
be generated as necessary for further assessment.
Insertional mutants in a given gene can be
isolated via PCR-based screening (Krysan et al.,
1999; Sato et al., 1999). Using a gene-specific
primer and a primer located near the end of the
insert, a DNA fragment flanking the insert ele-
ment can be amplified and its sequence then
determined. This strategy has already been suc-
cessfully applied with Arabidopsis, petunia, and
maize (Koes efal., 1995; Mena et al., 1996;
Krysan et al., 1999; Parinov and Sundaresan,
2000). For example, 17 insertions in 63 genes
involved in signal transduction and ion transport,
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47 insertions in 36 members of the R2R3 MYB
gene family, and 22 mutations in 70 P450 genes
have been isolated from Arabidopsis (Winkler
et al., 1998; Krysan et al., 1999; Meissner et al.,
1999). Screening of individual lines requires great
effort, so DNA pools of a large number of lines
are commonly used for this reverse genetics ap-
proach. In Arabidopsis, pools of 1000-5000 lines
have been efficiently utilized for identifying
insertional mutations (Winkler ez al., 1998; Kry-
san et al., 1999; Meissner et al., 1999; Rios et al.,
2002). Because the rice genome is about four
times larger than that of Arabidopsis, a pool of
1000 lines should be sufficient for PCR-based
screening of its knockout mutations (Lee ef al.,
2003).

Rice has a higher amount of GC than does
Arabidopsis (Carels and Bernardi, 2000; Yu et al.,
2002). In addition, rice shows a much higher GC
value at the 5 end, which gradually decreases at
the 3’ end to a value slightly higher than that in
Arabidopsis (Yu et al., 2002). Because these high-
GC regions are difficult to amplify under normal
PCR conditions, including betaine in the buffer
and adjusting the annealing temperature can
improve PCR efficiency in those regions (Hengen,
1997; Henke et al., 1997; Lee et al., 2003).

Enoki et al. (1999) and Hirochika (2001) have
reported PCR-based reverse genetics screenings of
the Ac and Tosl7 insertion lines in rice. Of 14
randomly selected genes, two knockouts have
been identified from Ac pools made from 6000
individuals (Enoki ef al., 1999). One knockout
mutant in OSHI5 has also been isolated from 47
DNA pools that average 550 individuals each
(Sato et al., 1999). Three independent phyto-
chrome-A mutants have been found from Tosl7
pools (Takano et al., 2001). Finally, attempts to
obtain knockout mutants in 12 MADS box genes
from 21 049 T-DNA tagged individuals has re-
sulted in the identification of five insertions in
four genes (Lee et al, 2003). A DNA pool
screening service for T-DNA insertional lines in
rice is now available to the scientific community
(Lee et al., 2003).

Tag end sequence (TES) database

Tag end sequences (TES) that flank insert elements
have been obtained by TAIL PCR, iPCR, or
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adaptor-ligation PCR (Ochman et al., 1988;
Triglia et al., 1988; Rosenthal and Jones, 1990; Liu
and Whittier, 1995; Siebert et al., 1995). When
numerous flanking sequences are generated, they
are catalogued into databases (Parinov et al.,
1999; Tissier et al., 1999; Parinov and Sundaresan,
2000). Although large-scale application of this
alternative strategy requires considerable effort,
once established, these databases can be easily
shared with other scientists, facilitating the distri-
bution of mutant materials and analysis of gene
function. Because sequencing of their entire
genomes is nearly complete, flanking-sequence
databases for rice and Arabidopsis will become
powerful tools for systemically analyzing the
functions of a large number of genes in those
species (Parinov and Sundaresan, 2000; Walbot,
1992, 2000; Kumar and Hirochika, 2001; Pan
et al., 2003). Databases of Ds transposon insertion
site sequences and T-DNA insertion sites have
already been established for Arabidopsis (Parinov
et al., 1999; Tissier et al., 1999; Ortega et al., 2002;
Sessions et al., 2002). In maize, the DNAs adjacent
to transposed Ac elements have also been isolated
and sequenced (Cowperthwaite et al., 2002).

In rice, a TES database has been derived from
the Tos17 insertional mutant lines (Hirochika, 2001;
Yamazaki et al., 2001; Miyao et al., 2003).
Hirochika’s group has analyzed more than 20 000
TES from 4316 mutant lines (tos.nais.affrc.go.jp).
TES databases for T-DNA insertional lines have
also been created. An et al. (2003) has reported the
establishment of a database of 3793 TES
(www.postech.ac.kr/life/pfg/risd), while Chen et al.
(2003) has described one with 1009 TES (www.ge-
nomics.zju.edu.cn/ricetdna). TES analyses reveal
the distribution of insert elements in plant chro-
mosomes. For example, most transposition events
occur in a tightly linked site, as reported with
Arabidopsis (Sundaresan, 1996; Machida et al.,
1997). In that species, the physical map positions of
356 Ds insertions show significant preference for
transposition to areas adjacent to the nucleolus
organizer regions (Parinov et al., 1999). Therefore,
a short-range and highly preferential transposition
system can be effectively utilized for targeted
mutagenesis of closely linked genes.

For any given gene, Ds transposes equally into
exons and introns, indicating no preference toward
the 5’ end for genes in Arabidopsis, maize, or rice
(Parinov et al., 1999; Cowperthwaite et al., 2002;

Kolesnik ez al., 2004). Analysis of 2057 Ds flank-
ing sequences in rice has demonstrated that Ds
insertions are distributed randomly throughout
that genome (Kolesnik ez al., 2004). However, a
bias exists toward Chromosomes 4 and 7, which
have twice as many insertions as expected. One Ds
hot spot can be found within a 40-kbp region on
Chromosome 7. Moreover, analysis of 200 Ds tags
on Chromosome 1 has revealed that 72% of the
insertions are located in a genic region. Miyao
et al. (2003) have investigated more than 20 000
unique insertion points in the Tosl7 tagged sites
and report that insertion events are three times
more frequent in genic regions than in intergenic
regions. Consistent with this, Tos/7 prefers gene-
dense regions over centromeric heterochromatin
regions. Although insertion target sites are dis-
tributed throughout the rice chromosomes, they
tend to cluster. This phenomenon may reduce the
efficiency of genome-wide gene disruption by
Tosl7.

Analysis of TES has demonstrated that the
frequency of T-DNA insertion into genic regions is
greater than the expected probability given ran-
dom insertion (An et al., 2003; Chen et al., 2003).
Frequencies are also higher at the beginning and
end of the coding regions, as well as upstream near
the start ATG codon. The overall GC content at
the insertion sites is close to that measured for the
entire rice genome. Functional classification of
1846 tagged genes has shown a distribution similar
to that observed for all genes in the rice chromo-
somes. This indicates that T-DNA insertion is not
biased toward a particular functional group (An
et al., 2003). At the chromosomal level, insertions
are not evenly distributed; frequencies are higher
at the ends and lower near the centromere. At
certain sites, the frequency is greater than in the
surrounding regions, proving that T-DNA inser-
tion is not a random event.

Prospects

The number of insertional mutants accumulated
thus far by the scientific community is large en-
ough to saturate almost all the genes in japonica
rice (Hirochika et al., 2004). Because nearly all
mutants have been generated in japonica varieties,
it will be valuable to develop methods for tagging
indica varieties. The improvement of transforma-



tion efficiency is a critical factor when generating a
large number of transgenic plants. The Ds system
has an advantage over T-DNA tagging because a
smaller initial number of plants are needed. A
method that utilizes an endogenous transposon
means that a large number of inserts can be gen-
erated without going through the transformation
procedure. Tosl7 or the MITE element mPING,
apparently active in cultured indica cells, presents
one possibility for generating insertional mutant
populations in that way.

The generation of TES databases is also
urgently needed for efficient utilization of this
insertional mutant resource. DNA pools are useful
for identifying the alleles of a given gene. Such re-
verse genetics materials are valuable to functional
genomic analyses of a large number of genes in rice.
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