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Abstract
A collection of 1373 unique ﬂanking sequence tags (FSTs), generated from Ac/Ds and Ac transposon lines
for reverse genetics studies, were produced in japonica and indica rice, respectively. The Ds and Ac FSTs
together with the original T-DNAs were assigned a position in the rice genome sequence represented as
assembled pseudomolecules, and found to be distributed evenly over the entire rice genome with a distinct
bias for predicted gene-rich regions. The bias of the Ds and Ac transposon inserts for genes was exempliﬁed
by the presence of 59% of the inserts in genes annotated on the rice chromosomes and 41% present in genes
transcribed as disclosed by their homology to cDNA clones. In a screen for inserts in a set of 75 well
annotated transcription factors, including homeobox-containing genes, we found six Ac/Ds inserts. This
high frequency of Ds and Ac inserts in genes suggests that saturated knockout mutagenesis in rice using this
strategy will be eﬃcient and possible with a lower number of inserts than expected. These FSTs and the
corresponding plant lines are publicly available through OrygenesDB database and from the EU consortium members.

Introduction
The accurate sequencing of the monocot model
plant rice genome has been completed by the end
of 2004. The International Rice Genome Sequencing Project (IRGSP) has undertaken this project in

an effort to complete the sequencing of all the
chromosomes of the cultivar Nipponbare (Oryza
sativa L. ssp. Japonica) (http://rgp.dna.aﬀrc.go.jp/
IRGSP). The present size of the rice genome is
approximately 370 Mb of non-overlapping
sequence and estimations of the total number of
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rice genes vary greatly from 32 000 to 62 000,
depending on the quality of the draft sequences
and the gene annotation tools (Delseny, 2003).
However, the number of predicted rice genes
without any homology to genes in the databases
seems unusually high, and this makes the release of
a fully assembled and precise rice genome sequence
only the ﬁrst step for systematic functional genomic analysis.
High-throughput reverse genetics strategies
need to be developed for the functional analysis
of genes discovered by genome sequencing. Insertional mutagenesis using T-DNA or transposons is
one of the tools for functional analysis that can
provide a phenotype as clue to the gene function,
but needs collaborative investment to elucidate all
gene functions. In several organisms such as
Drosophila, Caenorhabiditis and even Arabidopsis,
saturation insertional mutagenesis has been used
to create a library of insertion mutants ﬁrst and
subsequently select insertions in genes of interest
using PCR-based screens (Pereira, 2000). However, with larger genomes saturation mutagenesis
is more difﬁcult to achieve, and it is not cost
effective to screen for inserts in a gene-for-gene
manner. An alternative strategy is to sequence
DNA ﬂanking insertion sequences and catalog
these in relation to annotated genes in the genome
sequence. Several initiatives to generate large rice
insertional mutant collections have been initiated
(Hirochika et al., 2004) and the databases of
insertion ﬂanking sequences are now becoming
available in the public domain (An et al., 2003;
Miyao et al., 2003; Kolesnik et al., 2004; Sallaud
et al., 2004).
Our multinational European Consortium was
formed in 1997 with the aim of developing
heterologous transposon mutagenesis strategies
for functional genomics in rice (Greco et al.,
2001a, b). Enhancer trap gene detection constructs
using the two-component Ac/Ds transposon system were introduced into japonica rice and a
collection of starter lines were identiﬁed (Greco
et al., 2003). In general the Ac/Ds system revealed
high mobility in rice, although inactivation of Ds
was observed in later generations. The high
frequency of T1 progeny plants bearing independent insertions allowed the effective use of the twocomponent Ac/Ds lines for gene tagging, despite
the reduced mobility of Ds in later generations. As
the diversity in the T2 insertion pool appeared to

be related to the initial number of different T0
regenerants and therefore T1 families propagated,
a large population of early generation plants was
produced to generate large numbers of independent stabilized insertions. The T2 and T3 lines
generated thus provide a collection of stable
insertions that can directly be used for reverse
genetics screening.
Constructs employing the autonomous Ac
transposon introduced into japonica and indica
did not lose mobility and showed continuous
transposition (Greco et al., 2001b; Kohli et al.,
2001), supporting its further use in the establishment of a tagging system for knockout mutagenesis. In addition, dedifferentiation-mediated
increase in transposition frequency showed the
effectiveness of Ac as a valuable tool for functional
genomics in rice by dramatically reducing the
number of plants required to achieve saturation
insertional mutagenesis in the rice genome (Kohli
et al., 2004).
Here we report the current status of the
isolation and identiﬁcation of insertion sites from
selected Ac/Ds and Ac lines. Thus far, 6641 Ac/Ds
enhancer trap and 250 Ac insertion lines were used
in a high-throughput TAIL-PCR analysis for the
isolation of Ds enhancer trap (Ds-ET) and Ac
ﬂanking sequence tags (FSTs). After ﬁltering the
raw sequence data in an automated BLASTN
pipeline to remove transposon and vector
sequences, the resulting Ds-ET and Ac FSTs were
together with the original T-DNA construct
assigned a position on the currently available
most accurate rice genome sequence, represented
in the TIGR pseudomolecules (Yuan et al., 2003).
The Ac and Ds-ET FST sequences are available
in the public database and searchable interface
OrygenesDB at http://orygenesdb.cirad.fr, and the
corresponding mutant lines are available from the
consortium participants. The OrygenesDB interface is a dedicated platform for rice reverse
functional genomics searchable by Keyword, Blast
and PFAM domains.

Materials and methods
Generation of Ac insertion lines
Particle bombardment-mediated transformation
of indica rice (Oryza sativa L. indica Pusa
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Basmati and Bengal) was carried out as described
by Sudhakar et al. (1998). Primary and secondary
selection of the putative transgenic calli was
carried out on medium containing hygromycin
as a selective agent. Calli were transferred to
fresh medium after 15–18 days and monitored for
GFP activity by looking for bright-green sectors
while calli were still enclosed in the Petri plates to
avoid contamination. The transformation construct and further details pertaining to transgenic
plant recovery are as described in Kohli et al.
(2001).
A few select lines that had exhibited Ac copy
number ampliﬁcation in the primary regenerants
were re-introduced into culture by inducing callus
from seed derived from T0 plants. Following callus
induction and establishment of unique cell lines
from each individual seed (Kohli et al., 2004),
plants were regenerated using standard methodology. Multiple regenerated plants from the same
callus line were shown to have distinct and unique
integration patterns for Ac in Southern blots
conﬁrming that de-diﬀerentiation activates further
the Ac transposon.
Generation of Ac/Ds enhancer trap insertion lines
The Ac/Ds enhancer trap construct (ET2) was
introduced into Oryza sativa ssp. japonica cv.
Nipponbare as described previously by Greco
et al. (2003). Transposition analyses revealed a
strong decrease for Ac/Ds activity in the T2
generation of T1 active families. Therefore, the
T2 progeny from transpositionally active T1 families were considered as stabilized lines and used in
this study to isolate Ds enhancer trap (Ds-ET)
FSTs. In addition, from a subset of six T1 families,
generated from 4T0 primary transformants, and
the T3 generation of the most active T2 plants was
also used to isolate Ds-ET FSTs. From 21 families
that had shown to be active in T1 and T2
generation we propagated all available T1 seeds
to generate additional T2 insertional mutants for
future analyses.
To select for the presence of Ds, either young
greenhouse grown seedlings were sprayed at day 8
with 2 ml l)1freshly prepared solution of Finale
SL 14 (Aventis, 150 g l)1 glufosinate ammonium)
or leaves were painted with a freshly prepared
dilution of Kontour (KB, 60 g l)1 ammonium
glufosinate).

Generation of T-DNA and transposon ﬂanking
sequence tags
Leaf samples collected from young developing
greenhouse grown plants were collected in 96 tuberacks and dry-ground using a Mixer Mill MM300
(Retsch, Germany) with 4 mm stainless steel
beads. Genomic DNA extraction was performed
either with Qiagen DNA extraction kit according
to manufacturers’ instructions or according to
Pereira and Aarts (1998).
ET2 T-DNA ﬂanking sequence tags (FSTs) were
ampliﬁed using the adapter-anchor PCR method
according to Balzergue et al. (2001) modiﬁed by
Sallaud et al. (2003). Each DNA sample was
digested separately with DraI, SspI, EcoRV, NaeI
and Ecl136 restriction enzymes and ligated to
asymmetric adapters. All enzymatic reactions
(digestion–ligation, PCR1 and PCR2) were performed with a Qiagen Robot 3000 in a 96-well plate
format. Primers in PCR1 were ET2 T-DNA left
border primer CWLB3 (5¢-CTTGATTTGGGTGATGGTTCACGTAGTG) or right border primer GFP1b (5¢-GCGATCACATGGTCCTGCTG
GAGTTC) followed in PCR2 for the left border by
CWLB2 (5¢-GTTTTTCGCCCTTTGACGTTG
GAGTCCA) and for the right border by GFP1c
(5¢-GGATCACTCTCGGCATGGACGAGCTG
TA). PCR2 products were rearranged into 96-well
plates and directly sequenced by GenomeExpress
(France) using for the left border CWLBSEQ (5¢CACTCAACCCTATCTCGGG CTATTC) and
for the right border TnosRBSEQ (5¢-ATCCTG
TTGCCGGTCTTGCGATGATT) primers.
For the isolation of the Ds-ET and Ac FSTs
we used a three-step TAIL-PCR (Tsugeki et al.,
1996) with nested 3¢ or 5¢ Ds transposon primers
and six arbitrary degenerate primers as reported
in Liu and Whittier (1995) and Tsugeki et al.
(1996). An automated 96-channel pipettor, the
MultimekTM 96 (Beckman Coulter) and the
Biomek 2000 (Beckman Coulter) were used to
automate TAIL-PCR and dilution steps. All
tertiary TAIL products were picked from 1.8%
agarose gels and the re-PCR products were
directly sequenced with the Ds3-3 primer (Kohli
et al., 2004). 5¢Ac derived FSTs were cloned into
pGEMT-easy vector, putative position clones
were further identiﬁed using the third step of
TAIL-PCR and sequenced by the TaKaRa
sequence company (Dalian, China).
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Characterization of ET2 T-DNA and Ac/Ds
insertion sites
All raw ET2 T-DNA, Ds-ET and Ac FST
sequence data were screened for binary vector
sequences including Ds or Ac 3¢-end sequence by
similarity searches (BLASTN) with the ET2 construct sequence as a reference in a pipeline screen
using a Perl ad-hoc program (Brunaud et al.,
2002). Ds-ET and Ac FSTs from which the 3¢ Ds
or 5¢ Ac sequence was removed and with a
minimum size of 50 bp were together with the
ET2 T-DNA FSTs anchored to the rice genome
according to the method described by Sallaud
et al. (2004). For this assignment we used the
TIGR pseudomolecules of the rice genome (ftp://
ftp.tigr.org/pub/data/Eukaryotic_Projects/o_sativa/
annotation_dbs/pseudomolecules/version_2.0/all_
chrs/all.con) and the annotated TIGR rice
pseudomolecules (Yuan et al., 2003) (ftp://ftp.tigr.
org/pub/data/Eukaryotic_Projects/o_sativa/annotation_dbs/pseudomolecules/version_2.0/all_ch rs/
all.con). Furthermore, a similarity search was
performed on the KOME Full Length (FL) cDNA
database (Kikuchi et al., 2003) (ftp://cdna01.
dna.affrc.go.jp/pub/data/current/ine_full_sequence_
db.gz) to identify inserts in expressed genes.

Results
Generation of the Ac/Ds transposon system
populations
To develop an insertional mutagenesis system with
maize transposons, we tested a number of Ac/Ds
and Ac transposon constructs by transformation
into japonica (Greco et al., 2003) and indica (Kohli
et al., 2004) rice cultivars. The transformants were
analyzed for transpositional activity and other
parameters (e.g., copy number) useful for generating a large mutant population.
A core collection of 58 Ac/Ds enhancer trap
(ET2) Nipponbare T0 rice genotypes (from 26
independent T0 calli), exhibited active Ds-ET
transposition, assessed by the diversity of insertional sites revealed by Southern blot analysis. In
the T1 generation 82% of these lines retained
activity (51% of the T1 plants), while in T2
generation the transposition rate decreased
considerably and only 13% of the T2 progeny

plants still displayed new transpositions (Greco
et al., 2003). The inactive T2 plants were considered as a source of stabilized Ds-ET insertions to
generate a population of T2 enhancer trap lines for
reverse genetics experiments.
On screening 36 T2 families, comprising 1268
plants originating from 18 T0 lines, for Basta
herbicide resistance, only 10 T2 families (from 9 T0
lines) showed the expected segregation of 75–
100% resistant plants (data not shown). The other
26 T2 families showed reduced frequencies of
Basta resistant plants ranging from 70 to 0% in
a family of T2 plants. This indicated silencing of
the BAR gene in the T2 generation for 72% of the
T2 families. Therefore, Basta selection was not
used further to select for the presence of Ds in the
T2 and T3 generations.
Successive generations that were planted and
were available for further analysis are shown on
the left in Figure 1. The total population of Ac/Ds
enhancer trap genotypes advanced comprised of
1421 T1 plants generating over 200 000 T2 seed.
From these characterized lines, 9958 T2 plants
(from 333 T1 lines) and 1354 T3 plants (from 104
T2 lines), were grown and DNA extracted for
further molecular analysis.
Over 3000 Ac plants were regenerated from cell
lines that were established by culturing T1 seedderived from two primary transformants. This
culturing and de-differentiation of the cell lines
followed by regeneration resulted in the production of independent Ac plants showing high levels
of new Ac insertion sites, as described by Kohli
et al. (2004).

Isolation of ET2 and Ac/Ds transposon ﬂanking
sequence tags
The 58 T0 primary transformants which form the
starting generation of our collection of rice Ds-ET
insertional mutants were derived from 26 independent transformed calli. We adapted a WALKPCR strategy to amplify FSTs from both Left
Border and Right Border sequences of the integrated T-DNA using DNA samples from both T0
and T1 plants derived from the 26 original calli.
Using this strategy we were able to isolate 18
informative FSTs for 14 ET2 T0 lines which were
anchored to the rice genome. For the 12 remaining
lines we did not succeed in the isolation of ET2
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Figure 1. Generation of Ac/Ds enhancer trap lines. Flow diagram showing the selection of plants in each generation that comprises
the transposon population on the left panel. The right panel describes the number of plants used for TAIL-PCR reactions and the
background of these selected plants.

T-DNA FSTs due to the presence of binary vector
or T-DNA tandem repeats.
To generate the collection of Ds-ET and Ac
FSTs we ﬁrst identiﬁed the most eﬀective primer
combination in TAIL-PCR. For this we tested a
series of six AD primers in combination with three
nested Ds 3¢ primers on a representative set of
Ds-ET samples (data not shown). From these
analyses we concluded that the AD2 primer (Liu
and Whittier, 1995) and the AD5 primer (Tsugeki
et al., 1996) yielded at least one TAIL product for
most Ac/Ds plants. Therefore, we ﬁrst used primer
AD5 and subsequently primer AD2 to isolate the
Ac and Ds-ET FSTs. In optimizing the TAIL-PCR
procedure for the Ac lines also Ds 5¢ nested
primers were used in combination with the AD2
and AD5 degenerate primers.
As outlined in Figure 2, we analyzed 6641 DsET plant DNA samples for TAIL-PCR reactions
(their origin is shown on the right in Figure 1).
These comprise 1020 T3 plants (from 64 T2, 41 T1,
20 T0, 12 T0 calli), 4991 T2 plants (from 130 T1, 49
T0, 21 T0 calli) and 630 T1 plants (from 6 T0, 4 T0
calli). In addition, about 250 Ac plants were
subjected to TAIL-PCR using both 3¢ and 5¢ Ac
nested primers. Up till now we sequenced 5879
putative Ds-ET FSTs and 386 putative Ac-FSTs.
BLASTN homology analyses with all putative
FSTs using an automated ad-hoc pipeline data
analysis system resulted in the identiﬁcation of

2738 good-quality Ds-ET FSTs and 154 Ac FSTs
of at least 50 bp in size. A rather large number of
1437 Ds-ET FSTs (24.4%) and 232 Ac FSTs
(60%) were removed from the dataset given their
match to the Ac/Ds element (derived from
re-integration into the Ds element) or to poorquality sequence derived from presence of multiple
PCR products (double peaks). Furthermore, 89
Ds-ET sequences (1.5%) were removed because
they showed complete homology with the T-DNA
binary vector sequence and 1166 sequences Ds-ET
FSTs (19.8%) were shorter than 50 bp and these
were not used for further mapping analyses to the
rice pseudomolecules.
Genome location of ET2, Ac and Ds-ET insertions
A BLASTN homology search was conducted with
the 18 ET2 informative T-DNA FSTs isolated
from 14 T0 primary transformants enabling their
anchoring to one unambiguous genomic location
of the rice genome (Table 1). The 18 annotated
ET2 T-DNAs are located on 10 of the 12 rice
chromosomes.
A BLASTN homology search with the complete set of 2738 good-quality Ds-ET FSTs
resulted in the anchoring of 2417 of these FSTs
to the rice pseudomolecules. By this mapping of all
Ds-ET FSTs we determined that 1316 Ds-ET FSTs
(54.4%) were non-redundant unique FSTs. The
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Figure 2. Summary of Ds-ET and Ac FSTs. Flow diagram showing the number of plants generating the FSTs that were positioned
on the rice chromosome pseudomolecules.

redundancy in the dataset derives from FSTs
isolated two or more times from a single plant or
FSTs from related family members within or
between generations. The remaining set of 321
FSTs without homology to the 12 pseudomolecules, were used in a BLASTN search to the yet
unanchored japonica BAC clones and to BGI
(Beijing Genome Institute) indica shotgun rice
sequences (http://btn.genomics.org.cn:8080/rice/
download.php), and 212 of these were found to
match rice genomic DNA. It is thus expected that
with the completion of the Nipponbare rice
sequence, also these FSTs will be positioned on
the rice genome.
For the indica Ac lines we conducted a pilot
project (250 plants) and were able to anchor 154
Ac-derived sequences to the O. sativa japonica rice
genomes which represent a non-redundant set of
57 Ac FSTs. Of these, 56 Ac FSTs found a match
in a BLASTN search to the BGI (Beijing Genome
Institute) indica shotgun rice sequences.
The distribution of the 1316 Ds-ET and 57 Ac
non-redundant FSTs on the 12 japonica rice
chromosomes is summarized in Table 1 and
Figure 3. Chromosome 1, 2, 3, 4 and 11 contain
each 11–12% of the Ds-ET and Ac FSTs, while 9
and 12 contain each only about 4% of the Ds-ET
and Ac FSTs. The other chromosomes contain
numbers varying from 5 to 8% of the total set of

1373 Ds-ET and Ac FSTs. The overall average
density in the rice genome obtained is 3.76 insertions per Mb. Figure 4 shows for three families
(callus lines 013, 102 and 288) the distribution of
all isolated FSTs for the individual analyzed T2
and T3 generation plants of these three families.
For all three families a number of insertions are
clustered in approximately 1 Mb area around the
ET2 T-DNA insertion site showing clearly linked
transposition in these areas. In addition, for all
three families several T2 and T3 generation insertions are distributed over most of the other
chromosomes. On chromosome 11 also a clustering of family-related inserts is found, however, for
this family from callus 373 the primary ET2
T-DNA insertion was located on chromosome 1.
From the total set of 1373 Ds-ET and Ac FSTs
assigned to the annotated pseudomolecules, 814
(59%) were found in annotated genes. Of these 566
FSTs had also a match in the KOME Full Length
cDNA database revealing that 41% of the Ac/Ds
FSTs are integrated in rice expressed genes.
Searching EU-OSTID for inserts in transcription
factors
Although the accurate genome sequencing of
Nipponbare is close to completion, the annotation
of its gene content remains problematic. Many
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Table 1. Distribution of Ac, Ds and T-DNA Ds launching pads on the rice chromosomes.
Chromosome

Size in Mb

T-DNA

Ds inserts

Ac inserts

Ds + Ac/Mb

1
2
3
4
5
6
7
8
9
10
11
12

42.92
35.44
36.12
34.96
28.90
30.04
29.61
28.27
21.00
22.70
27.84
27.11

2
2
3

149
159
150
149
85
112
97
86
47
69
154
59

14
7
6
7
3
3
4
5
4
3
1
0

3.80
4.68
4.32
4.46
3.04
3.83
3.41
3.22
2.43
3.17
5.57
2.18

3
1
2
2
1
1
1

genomic sequences are not yet annotated and
frequent errors occur in the predicted intron–exon
patterns of annotated genes. As a consequence
BLAST searches with FSTs can give incorrect hits
or insertions in coding sequences can be missed.
For a more precise evaluation of the complexity of
our FST collection, a search was undertaken with
a set of 75 largely known transcription factor
genes. This set consisted of 45 homeobox genes,
including the complete homeodomain-leucine zipper (HD-Zip) families I, II and III (Meijer et al.,
2000; Ouwerkerk et al., unpublished results) and
all 12 KNOX (Knotted1-like homeobox) genes
(Postma-Haarsma et al., 1999; Sentoku et al.,
1999; Ito et al., 2002). In addition, a total of 12
auxin-reponse factors [ARF class (Sato et al.,
2001)], eight genes of the TB1 CYC PCF or TCP
class (Cubas et al., 1999), ﬁve Myb genes (Suzuki
et al., 1997) and ﬁve bZip genes (Onodera et al.,
2001) were also used. Ds-ET inserts were found in
six of these 75 analyzed genes. OsARF7b (ARF
class), HOS66 (KNOX class II) and Oskn4 (a
hitherto un-described member of KNOX class I,
closely related to OSH43, Ouwerkerk et al.,
unpublished) contained the Ds-ET insert in an
exon and Oshox29 (HD-Zip III, Ouwerkerk et al.,
unpublished) contained the insert in an intron
(Figure 5). Furthermore, Ds inserts were found in
Oshox14 (HD-Zip family I) and OsARF1 (ARF
class). Current experiments focus on the identiﬁcation of homozygous lines which will allow the
functional characterization of the corresponding
genes.
To compare our Ds-ET insertion collection to
other insertion types we searched for insertions in
the same set of 75 transcription factor genes

in three other insertion mutant collections present
in OrygenesDB. These are the Tos17 collection
(Miyao et al., 2003) with 18 024 sequences, the
French Genoplante T-DNA collection of 7481
FSTs (Sallaud et al., 2004), and another collection
of 1072 Ds inserts (Kim et al., 2004). In addition
to the EU-OSTID Ds collection, 7, 15 and 8
insertions were found in the T-DNA, Tos17 and
other Ds collections (Table 2). In the cumulative
FST database (OrygenesDB), 36 different insertional mutants were identiﬁed for 25 of the 75
analyzed genes. Especially, insertions in the
KNOX and ARF classes are well represented.
From both groups 12 genes were analyzed resulting in eight and 12 alleles, corresponding to ﬁve
and seven different genes, respectively. Moreover,
for eight genes, multiple alleles are available from
all four collections which will facilitate validation
of possible mutant phenotypes.

Discussion
The genome sequence of rice provides us with a
large number of genes whose functions are
unknown. Predictions of genes based on homology
alone, do not provide information on their exact
biological role and function in planta. This can be
achieved experimentally using high-throughput
reverse genetics methods, primarily to provide a
phenotypic function to these genes. The method of
choice is to generate stable mutations in every gene
and systematically identify their knockout function(s). While many mutants would not display a
mutant phenotype, probably due to redundancy,
the generation of double and multiple mutants of
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Figure 3. Distribution of 1316 Ds-ET and 57 Ac unique insertion sites physically mapped on the 12 rice chromosome based upon
the reconstructed pseudomolecules derived from Nipponbare genome sequencing. The x-axis represents the size of the rice
chromosomes in Mb while the y-axis shows the number of FSTs (blue bars) in a 200 Kb interval as blue bars. The position of the
centromere is indicated as a red square.

the redundant genes would most likely produce a
mutant phenotype. The most cost-eﬀective way to
catalog insertion mutants is by sequencing the
ﬂanking DNA and using the FSTs to position the
insertion mutants on the rice genome sequence.
These sequence-indexed mutants would provide a
permanent resource in the continuous eﬀorts for
genome functional analysis.

Our current database of 1373 FSTs from
Ds-ET and Ac insertional mutants, reﬂects an
initial eﬀort on characterization from our transposon collection. This contributes to the growing
international rice insertional mutant collections
(Hirochika et al., 2004) including endogenous
Tos17 inserts (Miyao et al., 2003), T-DNA lines
(An et. al., 2003; Sallaud et al., 2004) and
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Figure 4. Genomic distribution of Ds-ET insertions from T2 and T3 generations (see color codes) in the 12 rice pseudomolecules
derived from three ET T0 lines. The position of the original T-DNAs deﬁned as Launching pad is indicated by the corresponding
number of the T0 line, a single copy for lines 102 and 288 and two copies for line 013. The numbers of analyzed T2 and T3
generations are for family 013, respectively 218 and 12 plants, for family 102, respectively 16 and 13 plants and for family 288,
respectively 105 and 47 plants.

heterologous Ac/Ds inserts (Kolesnik et al., 2004).
This diversity of inserts is essential to avoid the
bias due to insertional speciﬁcity of each insertion

Figure 5. Schematic representation of the genomic organization in exons (boxes) and introns (horizontal lines) of the
transcription factor genes OsARF7b (Chr. 8), HOS66 (Chr.
3), Oskn4 (Chr. 3) and Oshox29 (Chr. 1) and the presence of
the Ds inserts (triangles) in these genes (ﬁrst exon is on the
left). The genomic structure for OsARF7b is correctly annotated in Genbank Accession AP005509. Nucleotide sequence
data and genomic structures reported for HOS66, Oskn4 and
Oshox29 are deposited in the Third Party Annotation Section
of the DDBJ/EMBL/GenBank databases under the Accession
Numbers TPA: BK005187–BK005189, respectively. Ds inserts
are between coordinates 52239–52240, 5331–5332, 5150–5151
and 4268–4269 of the Genbank sequences of OsARF7b,
HOS66, Oskn4 and Oshox29, respectively. The scale bar
represents 1 kb.

element. In contrast to the generation of Tos17
and T-DNA inserts, both of which have to go
through a regeneration phase that induces somaclonal variation, the generation of Ds transposon
lines in advanced generations can avoid this
problem of unwanted background mutations that
are segregated out.
The availability of the rice genome sequences
assembled in the form of pseudomolecules
enables the exact positioning of the transposon
insert FSTs on the 12 rice chromosomes. The
insertions are fairly well distributed over all
chromosomes (Figure 3) and peaks of insertions
represent clustering of inserts isolated from
related families that are derived from the same
parental callus line(s). For three families (013, 102
and 288) the Ds-ET insertion distribution in the
T2 and T3 generation is visualized in detail in
relation to the ET2 T-DNA launching pad
(Figure 4). For all three families the existence of
high frequency of linked insertion around the
original ET2 T-DNA insertion site is clear
(approximately 1 Mb around the position of the
original T-DNA), a feature observed earlier for
Ac/Ds in rice (Greco et al., 2001b). This feature
can be used to saturate with Ac/Ds insertions
speciﬁc to chromosomal regions of interest using
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Table 2. Overview of T-DNA, Tos17 and Ds insertions in a group of 75 genomic sequences corresponding to six diﬀerent
transcription factor (TF) classes from rice.
TF

Gene number

Mutant genes

Mutant alleles

T-DNA

Tos17

Ds total

EU-OSTID

HD-ZIP
KNOX
ARF
TCP
Myb
bZip
Total

33
12
12
8
5
5
75

9
5
7
1
2
1
25

11
8
12
1
3
1
36

4
1
2
0
0
0
7

3
3
6
0
2
1
15

4
4
4
1
1
0
14

2
2
2
0
0
0
6

speciﬁc starting lines. In addition, for all three
families of Ds-ET lines analyzed in detail Ds
insertions could be identiﬁed in most of the other
rice chromosomes, showing that a few founder
lines, in this population 26 original transformed
calli, are suﬃcient to reach a good coverage for
the whole rice genome.
The bias of Ac/Ds transposon insertions in
coding regions of genes is illustrated by the fact
that 59% of the transposon inserts can be found
in the coding region of annotated genes and
41% in expressed genes. The insertional bias in
genes clearly suggests that Ac/Ds transposon
lines represent an eﬀective tool for generating
knockout mutations in genic regions, and a
much lower number of plants than what is
predicted for random insertion distribution may
be necessary to saturate the rice genome with
mutations.
Experimental veriﬁcation of gene insertional
speciﬁcity was also demonstrated by a screen for
insertions in a set of well-annotated transcription
factor genes under investigation. In our collection
of 1373 FSTs we found inserts in six out of 75
genes this translates to an 8% chance of obtaining
an insert in a given gene. In contrast, the Tos17
collection yielded only 15 inserts (representing 11
diﬀerent genes) in a collection of 18 024 FSTs,
extrapolating to a 20% chance of obtaining an
insert in a speciﬁc gene of interest. Although the
Tos17 collection is 13 times larger, the chance of
ﬁnding a gene from our database of 75 transcription factor genes is only 2.5 times more. This
diﬀerence is likely due to the insertional preference
of Tos17 for stress-related and tissue-culture
induced genes and relatively poor insertion in
other classes of genes. The cumulative 27 950
FSTs in OrygenesDB revealed insertion mutants
for 33% of the 75 transcription factor genes with

multiple insertion alleles totaling to 36 mutant
alleles.
The main conclusion is that with the insertion
mutant collections that are in development at this
moment, including EU-OSTID, it is already possible to ﬁnd mutations in genes-of-interest with a
chance of 33%, and with multiple alleles for many
of these genes. Together with the observation of
Ac/Ds insertional speciﬁcity of about 60% in
genes, the total number of insertional mutants
required for genome saturation is much less than
would be predicted based on random genome
coverage.
This database (http://orygenesdb.cirad.fr) and
collection of Ds-ET and Ac transposon lines are a
valuable contribution to the growing international
eﬀorts (Hirochika et al., 2004) to make available
functional genomics resources to the scientiﬁc
community that would be valuable for rice as well
as other cereals.
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