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Abstract We have developed a transiently-expressed
transposase (TET)-mediated Dissociation (Ds) inser-
tional mutagenesis system for generating stable insertion
lines in rice which will allow localized mutagenesis of a
chromosomal region. In this system, a Ds containing
T-DNA construct was used to produce Ds launch pad
lines. Callus tissues, from single-copy Ds/T-DNA lines,
were then transiently infected with Agrobacterium har-
bouring an immobile Ac (iAc) construct, also containing
a green fluorescent protein gene (sgfpS65T) as the visual
marker. We have regenerated stable Ds insertion lines at
a frequency of 9–13% using selection for Ds excision
and GFP counter selection against iAc and nearly half of
them were unique insertion lines. Double transformants
(iAc/Ds) were also obtained and their progeny yielded
�10% stable insertion lines following excision and
visual marker screening with 50% redundancy. In
general, more than 50% of the Ds reinsertions were
within 1 cM of the launch pad. We have produced a
large number of single-copy Ds/T-DNA launch pads
distributed over the rice chromosomes and have further
refined the Ds/T-DNA construct to enrich for ‘‘clean’’
single-copy T-DNA insertions. The availability of single
copy ‘‘clean’’ Ds/T-DNA launch pads will facilitate

chromosomal region-directed insertion mutagenesis.
This system provides an opportunity for distribution of
gene tagging tasks among collaborating laboratories on
the basis of chromosomal locations.

Introduction

Following the completion of the genome sequences of
Arabidopsis (The Arabidopsis Genome Initiative 2000)
and rice (Goff et al. 2002; Yu et al. 2002; International
Rice Genome Sequencing Project 2005), the interna-
tional focus now is to identify the specific functions of
the predicted �30,000 plant genes. Significant advances
have been made in rice, a model for cereals including the
complete physical map of the japonica rice cv. Nippon-
bare (Chen et al. 2002), 200,000 publicly available rice
expressed sequence tags (ESTs) and �28,000 full-length
cDNAs (Kikuchi et al. 2003). Various bioinformatics,
gene mining and gene prediction tools are being devel-
oped to improve the sequence annotations. Genome-
wide techniques such as microarrays are helping to
group genes involved in specific pathways, develop-
mental stages or tissues. Nevertheless, assigning a
function to each plant gene is a slow, tedious and often
difficult process.

One way of determining gene function is to isolate
mutants for each gene and study the effects of those
mutations on the plant. Site directed mutagenesis using
homologous recombination in plants is still at its in-
fancy (Hanin et al. 2001; Terada et al. 2002). Specific
gene expression knockouts by RNA interference
(RNAi) or virus-induced gene silencing (VIGS) can be
used (for reviews see Wesley et al. 2001; Lu et al. 2003).
Another way of producing mutants is random insertion
mutagenesis. Retrotransposons (Tos17), T-DNA, iAc/
Ds and En/I are being used as insertion mutagens (for a
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review see Hirochika et al. 2004). Nearly 50,000 Tos17
insertion lines, each containing �10 copies of Tos17
have been generated (Hirochika 2001; Hirochika et al.
2004). However, only 3% of visible mutants could be
traced back to a Tos17 insertion suggesting difficulties
in using this method for forward genetics. A sizable
population of T-DNA insertion lines have been gen-
erated (An et al. 2003, 2005; Chen et al. 2003; Sallaud
et al. 2004). Although these resources will be useful for
reverse genetics, there are limitations in obtaining
T-DNA insertions into smaller genes such as single
exon genes which may account for up to 40% of the
genes in rice (http://www.btn.genomics.org.cn:8080/
rice/annotation.php).

The two-component iAc/Ds (Chin et al. 1999) or En/
I (Greco et al. 2004) system provides an advantage over
T-DNA system. The transposon-based insertion muta-
gens can be remobilized to produce new insertion lines
in order to target genes in a specific chromosomal re-
gion, e.g. corresponding to a mapped quantitative trait
loci (QTL). The iAc/Ds-based gene and enhancer trap
systems work in rice yielding 5–10% unique stable
insertion lines (Chin et al. 1999; Nakagawa et al. 2000;
Greco et al. 2001, 2004; Upadhyaya et al. 2002, 2003;
Ito et al. 2004; Kim et al. 2004; Kolesnik et al. 2004).
The Ds re-insertions linked to the original location of
Ds within the T-DNA (the Ds launch pad) varied from
36 to 67% with the majority being within 1 cM of the
Ds launch pad (Upadhyaya et al. 2002, unpublished;
Kim et al. 2004).

Most of the T-DNA and transposon (Ds or I) con-
structs used as insertional mutagens have been modified
to act as gene traps, thus, in addition to producing gene
knockouts, they provide gene expression data as mea-
sured by the trap reporter activity. Gene trapping effi-
ciencies of �6% have been reported for these constructs
(see Hirochika et al. 2004). The efficiency of T-DNA
gene trapping depends on the frequency of ‘‘clean’’
T-DNA insertions, i.e. insertions devoid of direct or
inverted T-DNA repeats or of the incorporation of
vector backbone (VB) sequences derived from outside
the T-DNA borders (Sallaud et al. 2004; Upadhyaya
et al. unpublished). A ‘‘clean’’ Ds containing T-DNA is
also essential for satisfactory mobilization of Ds.

Here we report a novel method of producing stable
Ds insertion lines using a transiently-expressed trans-
posase (TET) system. We have developed constructs
suited for high efficiency insertional mutagenesis in
general, and the TET system in particular. By super-
infecting callus tissue from single-copy Ds/T-DNA
lines, having both Ds excision and reinsertion markers,
with Agrobacterium harbouring iAc constructs con-
taining a visual marker sgfpS65T, we have been able to
regenerate stable Ds insertion lines at a frequency of
�5%, in addition to iAc/Ds double transformants.
Application of mapped single-copy Ds/T-DNA launch
pads, produced using these constructs, in efficient
chromosomal region-directed insertion mutagenesis is
discussed.

Materials and methods

Construction of gene trap Ds and iAc vectors

The various cloning intermediates involved in the con-
struction of different gene trap Ds/T-DNA constructs
(Fig. 1) can be obtained upon request from the authors.
Sources of various components of these constructs are
binary VB, T-DNA borders and selectable marker
constructs—part of pCAMBIA1300 (http://www.cam-
bia.org/main/r_et_camvec.htm) or pWBVec8 (Wang
et al. 1998) or pMNDRBBin1 (Lu et al. 2001); Ds3 and
GPA1 intron—pSK200 (Kumar and Narayanan 1997);
bla and ColE Ori—pSP72 (Promega Corporation,
Madison, USA); Ds5—a 378 bp end region of Ds5¢ from
pEU334BN (Eamens et al. 2004); sgfpS65—kindly sup-
plied by J. Sheen (Chiu et al. 1996); Barnase—PCR
amplified from pMT416 (Hartley 1988) as described
previously (Eamens et al. 2004), CaMV35S P-hph(i)-
nosT—from pWBVec8 (Wang et al. 1998).

The constructs pUR224NA (GenBank Acc. No.
DQ225746) and pUR224NB (GenBank Acc. No.
DQ225747) essentially have the Ds gene trap cassette
from pSK200 [unidirectional gene trap Ds with GPA1
intron-triple splice acceptor-uidA as trap reporter, bla
and pBR322 ori as the flanking sequence tag (FST)
recovery cassette, and 2¢ promoter-nptII-ocsT as Ds
tracer] inserted between the CaMV35S promoter and
bar-ocsT cassette (placed after T-DNA right border) so
that bar gene can serve as Ds excision marker. In
pUR224NA, the CaMV35S promoter is upstream of the
Ds3¢ end which harbours gene trap reporter and in
pUR224NB it is upstream of the Ds5¢ end. Both con-
structs have CaMV35S P-hph(i)-nosT selectable marker
gene cassette placed before the T-DNA left border.

The constructs pNU393A1 (GenBank Acc. No.
DQ225748) and pNU393B2 (GenBank Acc. No.
DQ225749) have bidirectional gene trap Ds cassette
(Ds3¢-GPA1-SA-uidA-nosT and Ds5¢-GPA1-SA-eyfp-
nosT), also containing FST recovery cassette and
CaMV35S P-bar-ocsT as the transformation selection
marker and Ds reinsertion marker. The Ds cassette
(D5¢–Ds3¢ orientation) is placed between the CaMV35S
promoter and hph(i)-tmlT cassette so that hph gene can
serve as Ds excision marker. In pNU393A1, the entire
construct is oriented as LB-promoter-DsG-excision
marker-RB where as in pNU393B2 it is oriented as RB-
promoter-DsG-excision marker-LB. The second pBR322
origin of replication was removed from both binary
vector constructs to increase the efficiency of FST
recovery by plasmid rescue. The HindIII restriction en-
zyme (RE) recognition site adjacent to the LB in
pNU393B2 was found to be absent due to a 4 bp dele-
tion (possibly happened during the end-filling step of
cloning).

The latest construct pNU435 (GenBank Acc. No.
DQ225750) has the promoter-DsG-excision marker
cassette of pNU393A1. A specially designed cassette,
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maize ubiquitin promoter-first exon-modified intron
(with LB repeat sequences incorporated)-intron inter-
rupted barnase-nosT was placed to serve as VB counter
selector and dormant gene activator. A promoterless
intron interrupted barnase-nosT cassette was placed next
to RB (before the promoter-DsG-excision marker cas-
sette) to serve as T-DNA direct repeat (RB–LB–RB–LB)
counter selector and T-DNA gene trap counter selector.
This construct also does not have any pBR322 ori in the
VB.

The Ubi1P-sgfpS65T-nosT cassette from pSK200 was
excised as SpeI/PmeI fragment, end-filled and ligated
with pSK300 linearized with PmeI (just inside RB bor-
der) in direct orientation to produce pKU352NA
(GenBank Acc. No. DQ225751). pCAMBIA1300 was
digested with XhoI/EcoRI, end-filled and the vector part
was self-ligated. A SacI/SacII fragment from the
resulting plasmid (LB region) was used to replace a
SacI/SacII fragment (containing iAc-CaMV35SP-hph-
CamV35S T-LB) of pKU352NA. The iAc fragment
(SacI fragment) was then incorporated to the resulting
plasmid to produce pNU400 (GenBank Acc. No.
DQ225752), which is another version of transposase
construct having only egfpS65T as visual marker with-
out any selectable marker.

Standard procedures were used for restriction endo-
nuclease digestion, restriction fragment elution and
purification, end-filling, ligation and bacterial transfor-
mation. E. coli strains DH5a (Hanahan 1983) or XL
Blue MRF’ (Stratagene, La Jolla, California, USA) were
used. Where required, the insert orientation following
cloning was determined by sequencing or restriction
endonuclease analysis.

Transformation

The steps involved in the callus induction from mature
seeds of rice cv. Nipponbare, Agrobacterium-mediated
transformation of embryogenic calli and subsequent
regeneration of transformant lines have all been previ-
ously described (Upadhyaya et al. 2000). pUR224NA
and pUR224NB transformant calli were selected with
hygromycin (conferred by the CaMV35S promoter-dri-
ven hph chimeric gene), whereas pNU393A1 and
pNU393B2 transformants were selected with Basta
(conferred by CaMV35S promoter-driven bar gene). In
both the cases T-DNA copy number was determined by
Southern blot hybridization of appropriately digested
DNA with radioactively labelled hph probe as described
previously (Upadhyaya et al. 2002). Regenerants were
grown under controlled greenhouse conditions of
25±3�C and natural light conditions.

Transiently-expressed transposase system

Calli containing single-copy Ds/T-DNA were selected
based on Southern blot and FST rescued (plasmid rescue

or TAIL PCR). A portion of the primary transgenic
callus tissues were used to regenerate plants and produce
seeds for subsequent use. Introduction of the iAc con-
structs was achieved by super transformation as de-
scribed previously (Upadhyaya et al. 2002). A transient
GFP expression gave a measure of number of host cells
infected with Agrobacterium which could also express
transposase transiently. Subsequent selection pressure
for Ds and its excision allowed proliferation of callus
cells with transposed Ds. The bar gene was used as Ds
excision marker for lines derived from the use of
pNR224NA or pNR224NB and pKU352NA. Hygro-
mycin resistance gene (hph) was used as excision marker
and bar as reinsertion marker for lines derived from the
use of pNU393A1 or pNU393B1 and pNU400. In both
the cases GFP served as a visual marker for iAc to
separate putative stable insertion lines (GFP�) from
possible double transformants (GFP+).

Transgene analysis

Genomic DNA was extracted from Ds/T-DNA trans-
formants using the PureGene (Gentra Systems Inc.,
Minneapolis, MN, USA) total nucleic acid isolation kit
according to the manufacturer’s instructions. Following
the initial selection and separation based on hygromycin
and/or Basta selection and GFP visualization, respective
transgenes were confirmed by PCR (see supplementary
Table 1 for primer list) and/or Southern blot hybrid-
ization.

Analysis of reporter gene expression

Segments of callus, leaf and root tips of regenerated
plantlets and root, leaf, spikelet, mature seed and ger-
minating T1 seed samples of primary transformants were
used to screen for reporter gene expression. Screening
for sGFPS65T and eYFP expressions was conducted as
described previously (Upadhyaya et al. 2002) using
special emission and barrier filters (Kurup et al. 2005).
Leica MZ FLIII microscope with GFP2 (480/40 nm
excision filter and 510 nm barrier filter) and YFP (510/
20 nm excision filter and 560/40 nm barrier filter) was
used to visualize GFP and YFP expressions. Screening
for GUS expression using 5-bromo-4-chloro-3-indolyl-
b-D-glucuronide (X-gluc) was done according to Jeffer-
son et al. (1987).

Recovery and analysis of rice Ds/T-DNA flanking
sequences

The recovery of sequences flanking Ds/T-DNA gene
trap insertions was carried out using the built-in plasmid
rescue system by digesting 5 lg of genomic DNA with
10 u of appropriate restriction endonucleases (supple-
mentary Table 2) according to Upadhyaya et al. (2002).
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Rescued plasmids showing the correct construct-derived
‘‘footprint’’ following cleavage with restriction endonu-
clease (ApaLI) were sequenced using the appropriate
primers and reagents from the ABI Prism BigDye ter-
mination cycle sequencing kit (Applied Biosystems,

Foster City, CA, USA) according to the manufacturer’s
instructions. Programs from the University of Wisconsin
Genetics Computer Group (GCG) were used for initial
flanking sequence analysis (Devereux et al. 1984). All
sequences were BLAST searched against publicly
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available sequences from GenBank (http://
www.ncbi.nlm.nih.gov/), China Rice GD (http://
www.btn.genomics.org.cn:8080/rice/) or the Rice Gen-
ome Whole Annotated Database (http://www.tigr-
blast.tigr.org/euk-blast/index.cgi?project=osa1) at The
Institute for Genome Research (TIGR) to map the FSTs
in the rice genome.

TAIL PCR was performed to rescue the RB flanking
sequences of some pUR224NA/NB transformants and
all pNU393A1/B2 transformants according to previ-
ously reported protocol (Liu et al. 1995) with minor
modifications. The primers used in the primary, sec-
ondary and tertiary PCR reactions were RB-TAIL1 (5¢-
GCTGATAGTGACCTTAGGCGAC-3¢), RB-TAIL2
(5¢-CGTTGCGGTTCTGTCAGTTCC-3¢) and RBnest5
(5¢-ATCAGATTGTCGTTTCCCGC-3¢). They were
used with one of the two arbitrary degenerate primers
AD2 (5¢-STTGNTASTNCTNTGC-3¢) and AD5 (5¢-
RCAGNTGWTNGTNCTG-3¢), respectively. The sec-
ondary and tertiary PCR reactions were loaded on 1%
agarose gel side by side. Specific bands with expected
size difference were excised from the gel and eluted using
UltraCleanTM 15 agarose gel DNA purification kit

(Cambio, Cambridge, UK) according to the manufac-
ture’s instructions. The purified PCR products were then
re-amplified using the primer combinations used in the
tertiary PCR before sequencing.

Availability of the materials reported in this paper

Flanking sequence tag information on the single-copy
LPs reported in this paper has been submitted to NCBI
(GenBank Acc. Nos. DU711663–DU711806). A regu-
larly updated list of mapped single-copy LPs will be
posted at our project website http://www.pi.csiro.au/
fgrttpub. These lines will be available for distribution
under a normal biological material transfer agreement
with CSIRO Plant Industry. Our wish is that people
receiving one or more of these lines will keep the im-
ported stock for at least 10 years and will provide the
lines to others in their home country upon request from
CSIRO Plant Industry.

Results

Constructs for production of Ds launch pads and iAc

Three Ds/T-DNA constructs and two iAc constructs
developed in this study are shown in Fig. 1.

Ds/T-DNA construct with bar excision marker

A CaMV35S promoter driven bar gene cassette (Lu et al.
2001) was used in constructs pUR224NA and
pUR224NB (Fig. 1a) as the Ds excision marker by
placing the gene trap Ds (DsG) cassette between the
promoter and the bar gene. The preferred orientation of
the unidirectional DsG cassette is as in pUR224NB
where the Ds 5¢ end is facing the CaMV35S promoter,
thus avoiding cis-activation of the gene trap reporter
uidA. The gene trap Ds cassette in these constructs was
from pSK200 (Kumar and Narayanan 1997; Upadhyaya
et al. 2002) which has nptII as the Ds reinsertion marker.

Fig. 1 Salient features of constructs developed during this study. a
Constructs pUR224NA (GENBANK. Acc. No. DQ225746) and
pUR224NB (Acc. No. DQ225747) have a unidirectional gene trap
Ds (DsG) with GPA1 intron-triple splice acceptor (SA)-uidA as trap
reporter, bla and pBR322 ori as the flanking sequence tag (FST)
recovery cassette, and 2¢ promoter-nptII-nosT as Ds tracer, inserted
between the CaMV35S promoter and bar-nosT cassette. Here the
bar serves as the Ds excision marker. These constructs have a
CaMV35 promoter driven, intron interrupted hygromycin phos-
photransferase gene [hph(i)] as the selectable marker for transfor-
mation. Orientations of different components in these constructs
indicated; b constructs pNU393A1 (Acc. No. DQ225748) and
pNU393B2 (Acc. No. DQ225749) have bidirectional gene trap Ds
cassette (Ds3¢-GPA1-SA-uidA-nosT and Ds5¢-GPA1-SA-eyfp-
nosT), also containing FST recovery cassette and CaMV35S
P-bar-ocsT as the transformation selection marker and Ds
reinsertion marker. The Ds cassette (D5¢–Ds3¢ orientation) is
placed between the CaMV35S promoter and hph(i)-nosT cassette
so that hph gene can serve as Ds excision marker. Orientations of
the entire cassette within the T-DNA border sequences of these two
constructs are shown; c pNU435 (Acc. No. DQ225750) has the
promoter-DsG-excision marker cassette of pNU393A1. A specially
designed cassette, maize ubiquitin promoter-first exon-modified
intron (with LB repeat sequences incorporated)-intron interrupted
barnase [bn(i)]-nosT, to serve as vector backbone counter selector
as well as dormant gene activator, and (b) a promoterless intron
interrupted barnase-nosT cassette placed next to RB before the
promoter-DsG-excision marker cassette to serve as T-DNA direct
repeat (RB–LB–RB–LB) counter selector and T-DNA gene trap
counter selector. This construct also does not have any pBR322 ori
in the vector backbone; d iAc constructs pKU352NA (Acc. No.
DQ225751) has the Ubi1 P(I)-X-iAc-T and CaMV35S P-hph-
CaMV35S T cassettes from the construct pSK300 (Kumar and
Narayanan 1997) and a Ubi1P-sgfpS65T-nosT cassette from
pSK200 (Kumar and Narayanan 1997); e iAc constructs pKU400D
(Acc. No. DQ225752) has the Ubi1 P(I)-X-iAc-T cassette from the
construct pSK300 (Kumar and Narayanan 1997) and a Ubi1P-
sgfpS65T-nosT cassette from pSK200 (Kumar and Narayanan
1997). The positions of recognition sites for SalI (Sa), AflII (Af),

b

Table 1 Resources produced so far using the two new Ds/T-DNA
constructs suited for targeted localized insertional mutagenesis in
rice cv. Nipponbare

Construct pUR224NA/NB pNU393A1/B2

Ds/T-DNA lines
(Ds launch pads)

106 656

Single copy launch pads 24 263
Mapped launch pads 10 64
Mutagenic linesa 1,009 868
Screening stock (g) 6,240 >2,639
Putative stable
insertion (PSI) lines

3,400 3,500

aMutagenic lines are either a by-product of the TET system or
produced by crossing with a single locus iAc lines (TT196-1-2 and
TT196-9-2)
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The hygromycin resistance gene cassette [CaMV35S P-
hph(i)-nosT] as a transformation marker (Lu et al. 2001)
was placed near the LB end. The positioning of this
selectable marker at the LB end was to avoid selection of
transformants with truncated T-DNAs (An et al. 2003;
Eamens et al. 2004; Sallaud et al. 2004).

Bidirectional gene trap Ds/T-DNA construct with hph
excision marker

The constructs pNU393A1 and pNU393B2 (Fig. 1b)
have a previously proven (Upadhyaya et al. 2002; Ea-
mens et al. 2004) bidirectional gene trap Ds cassette
(Ds3¢-GPA1-SA-uidA-nosT and Ds5¢-GPA1-SA-eyfp-
nosT). It also contains CaMV35S P-bar-ocsT cassette
(Lu et al. 2001) as the transformation selection marker
and Ds reinsertion marker, and the FST recovery cas-
sette (plasmid rescue system). A previously tested
CaMV35S promoter driven intron-interrupted hph-tmlT
gene cassette (Wang et al. 1998) was used as the Ds
excision marker by placing the DsG cassette (Ds5¢–Ds3¢
orientation) between the promoter and the hph(i) gene
cassette. Constructs (pNU393A1 and pNU393B2) with
either orientation of the entire cassette (promoter-DsG-
excision marker) within the T-DNA borders were used
in this study. The second pBR322 origin of replication
sequence was removed from both the binary vector
constructs to increase the efficiency of FST recovery by
plasmid rescue (Upadhyaya et al. 2002; Eamens et al.
2004).

Further improvement of Ds/T-DNA construct design

Further construct improvements were made to increase
the frequency of selecting single-copy clean T-DNA
insertion lines. In the construct pNU435 (Fig. 1c), a
maize ubiquitin promoter (with its own first exon and
the intron and LB sequence incorporated in the intronic
region) driven, intron-interrupted barnase serves as a VB
counter selector as transformed cell lines with VB-con-
taining T-DNA inserts will be eliminated by the activity
of barnase gene. Moreover, with a clean T-DNA insert
the ubiquitin promoter near the LB has the potential to
act as a dormant gene activator.

A second copy of promoterless intron interrupted
barnase-nosT [bn(i)-nosT] cassette placed within the
T-DNA next to RB of the construct pNU435 (before the
promoter-DsG-excision marker cassette) has the poten-
tial to serve as T-DNA direct repeat (RB–LB–RB–LB)
counter selector and as a T-DNA gene trap counter
selector. A T-DNA direct repeat transgene will have the
strong ubiquitin promoter upstream of the RB side copy
of the barnase gene and the resulting cell lines will be
eliminated by the barnase gene activity. Insertion of this
Ds/T-DNA within a gene with high constitutive
expression has the potential to form an active gene-
barnase fusion thus counter selection of such gene traps.
pNU435 does not contain pBR322 ori in the VB.

iAc constructs

Two versions of iAc constructs were produced and used
in this study (Fig. 1d, e). A maize ubiquitin promoter
driven (also containing the first exon and intron and the
X) iAc (Kumar and Narayanan 1997; Upadhyaya et al.
2002) was used in these constructs. In the construct
pKU352NA, a Ubi1P-sgfpS65T-nosT cassette is present
to serve as a visual marker for iAc as we and others have
shown that this expression cassette works very well in
rice (Upadhyaya et al. 2002; Kolesnik et al. 2004).
Consequently, this can be used effectively as a counter
selector for iAc in the TET system of generating stable
insertion lines. Another version of the iAc construct
(pNU400) was made by removing the selectable marker
gene cassette (CaMV35S P-hph-CaMV35S T) to make it
compatible with the pNU393A1, pNU393B2 and
pNU435 Ds/T-DNA constructs which have hph as
excision marker.

Production and mapping of Ds/T-DNA launch pads
in rice

A large number of selectable marker resistant callus lines
were produced with different Ds/T-DNA constructs
(Table 1). We produced 106 lines using the Ds/T-DNA
constructs with bar as Ds excision marker and nptII as
Ds reinsertion (tracer) marker (pUR224NA/NB), and
656 lines using the Ds/T-DNA constructs with hph as the
Ds excision marker and bar as Ds reinsertion marker
(pNU393A1/B2).

Southern blot hybridization of Ds/T-DNA lines (see
examples in Fig. 2a) indicated that 24 out of 106 lines
from pUR224NA/NB and 263 out of 656 lines from
pNU393A1/B2 were single-copy lines, respectively (Ta-
ble 1) which accounted for 23 and 40% of the total
number of lines generated, consistent with previous
reports (Jeon et al. 2000; Upadhyaya et al. 2002; An
et al. 2003, 2005; Kim et al. 2003; Eamens et al. 2004;
Ryu et al. 2004; Sallaud et al. 2004). We have obtained
T-DNA FSTs from 13 and 88 lines, respectively, from
these two sets of lines. FST rescue seemed to work better
with pNU393A1/B2 lines than that with pUR224NA/
NB lines, presumably because of the absence of a second
pBR322 ori in the VB of constructs pNU393A1/B2 as
when two copies of ori one of them tends to become
inactive by forced mutation (Upadhyaya et al. 2002;
Eamens et al. 2004). A complete list of mapped single-
copy Ds/T-DNA launch pads is presented in Table 2.
The chromosomal locations of these launch pads are
graphically represented in Fig. 3. We have launch pads
evenly distributed in chromosome 1, the short arm of
chromosome 3 and the long arms of chromosomes 4, 5
and 10. We are yet to obtain launch pads in short arms
of chromosomes 2, 9 and 10. T-DNA insertion prefer-
ence for chromosomes 1, 2, 3 and 6 and avoidance of
chromosomes 9, 10 and 12 has been reported (An et al.
2005). We are obtaining FST information for the
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Table 2 Mapped single-copy Ds/T-DNA launch pads suitable for targeted regional Ds insertion mutagenesis using transiently-expressed
transposase system

FST name Line GenBank Acc. No. Mapping BAC/PAC
clone Acc. No.

Chromosome cM

ZHU1450 TT214-1-1 DU711709 AP002526 1 9.5
RS751 TT209-24-1 DU711688 AP003052 1 28.9
RS600 TT209-32-1 DU711736 AP003052 1 28.9
RS730 TT205-4-1 DU711742 AP003103 1 52.7
CRS872 TT202-1-11 DU711722 AP003535 1 63.9
CRS856 TT197-8-3 DU711668 AP003444 1 72.8
ZHU1275 TT219-3-2 DU711800 AP003342 1 87.1
RS1020 TT300-29-2 DU711673 AP003330 1 98
RS994 TT300-29-1 DU711770 AP003330 1 98
RS773 TT212-5-2 DU711744 AP003328 1 101.8
RS985 TT219-21-4 DU711769 AP002819 1 102.3
ZHU1646 TT49-49-1a DU711716 AP002839 1 103.7
CRS865 TT49-162-1a DU711670 AP003725 1 106.2
ZHU1414 TT209-42-1 DU711805 AP003410 1 123.2
RS860 TT301-21-1 DU711696 AP003076 1 129
RS880 TT296-1-1 DU711764 AP003076 1 129
RS967 TT328-28-1 DU711759 AP003290 1 136.6
RS908 TT209-41-1 DU711768 AP003299 1 136.6
ZHU2004 TT49-101-1a DU711717 AP003241 1 143.2
ZHU1281 TT273-14-1 DU711801 AP003415 1 144.5
RS914 TT240-2-4 DU711698 AP003611 1 146.4
ZHU1237 TT139-13-1 DU711796 AP003431 1 151
ZHU1634 TT49-44-1a DU711712 AP007203 2 105.8
ZHU2010 TT49-124-1a DU711718 AP007203 2 105.8
CRS863 TT293-5-1 DU711669 AP005798 2 71.3
RS896 TT302-5-1 DU711766 AP005825 2 122.8
RS833 TT293-5-1 DU711694 AP004098 2 126.4
ZHU1459 TT332-37-2 DU711710 AP005303 2 151.6
RS559 TT162-38-1 DU711682 AP004026 2 156.3
RS309 TT139-4-1 DU711677 AC105733 3 1.1
rs345 TT74-3-1a DU711719 AC105733 3 1.1
RS978 TT139-23-1 DU711774 AC107225 3 16.8
RS352 TT74-105-1a DU711678 AC107225 3 16.8
RS378 TT139-26-1 DU711681 AC107225 3 16.8
RS816 TT300-67-1 DU711748 AC126223 3 18.4
RS754 TT253-10-2 DU711743 AC125471 3 21.5
CRS833 TT202-2-1 DU711667 AC125471 3 21.5
CRS808 TT140-1-1 DU711666 AC125471 3 21.5
CRS869 TT202-2-6 DU711671 AC125471 3 21.5
RS879 TT300-50-1 DU711763 AC105928 3 27.9
RS614 TT209-27-1 DU711738 AC136136 3 36.9
ZHU1301 TT329-5-1 DU711707 AC125495 3 40.3
ZHU1304 TT332-17-1 DU711803 AC118668 3 47.7
RS897 TT300-61-2 DU711767 AC117988 3 136.5
RS783 TT203-26-2 DU711690 AC120506 3 161.7
RS731 TT205-12-1 DU711685 BX569685 4 19.6
RS965 TT328-18-1 DU711758 AL606989 4 16.7
RS980 TT216-14-2 DU711775 AL606989 4 16.7
CRS526 TT203-6-1 DU711664 AL606994 4 18.3
ZHU1319 TT219-13-2 DU711754 AL662999 4 23.3
ZHU1641 TT49-160-1a DU711714 AL606458 4 62.6
ZHU1642 TT49-162-1a DU711715 AL606458 4 62.6
CRS873 TT202-1-10 DU711773 AL606998 4 64.5
CRS530 TT205-4-1 DU711665 AL731579 4 99.3
CC472 TT49-73-1a DU711663 AL607004 4 99.3
ZHU1232 TT139-42-2 DU711702 AL607004 4 99.3
RS806 TT301-20-2 DU711692 AL606454 4 111.3
RS1024 TT301-21-1 DU711675 AL606454 4 111.3
RS360 TT140-1-1 DU711728 AL606999 4 120.3
RS780 TT293-10-1 DU711746 AL606651 4 129.1
RS346 TT74-88-1a DU711725 AC152969 5 NA
RS906 TT203-29-1a DU711697 AC136222 5 70.5
RS894 TT297-13-1 DU711765 AC136222 5 70.5
RS729 TT203-33-3 DU711684 AC135429 5 80.7
CRS822 TT218-14-7 DU711721 AC117265 5 94.5
ZHU1259 TT214-65-5 DU711799 AC117265 5 94.5
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remainder of the single-copy lines and the updated list
will be posted at http://www.pi.csiro.au/fgrttpub.

For producing mutagenic lines by crossing we have
several single-copy iAc lines (Fig. 2b) with the construct
pNU400 which has gfp as a visual maker but no selec-
tion marker.

Ds transposition mediated by transiently-expressed
transposase

Ds transposition by TET was demonstrated by intro-
duction of iAc into single-copy Ds/T-DNA (pUR224NA
or pUR224NB) callus lines. For the first set of experi-
ments the selection for Ds excision was delayed until
10–12 days following standard co-cultivation and
washing but in later experiments selection was applied
3–5 days after co-cultivation. It was important to
maintain hygromycin selection throughout. Results of
the first 13 super-transformation sessions with nine dif-
ferent Ds/T-DNA lines are summarized in Table 3. The

number of putative stable insertion (PSI) lines (GFP�,
hygR and BialaphosR) and the putative double trans-
formant (GFP+, HygR) regenerants varied from session
to session. In total, out of 230 lines generated (982
plants) 64 lines yielded one or more PSI lines (89 plants),
the remainder were iAc/Ds double transformants.

Subsequently, we used single-copy Ds/T-DNA T0 or
T1 callus lines of the constructs pNU393A1 and
pNU393B2 for the TET system of generating PSIs as
they have a Ds excision marker (hph) better suited for
selection at the callus stage and have a Ds reinsertion
marker (bar) better suited for selection at the seedling
stage. An overall strategy for generating PSI lines from
these launch pads either by the TET system or by double
transformant progeny screening is presented in Fig. 4.
Among the 1,013 plants generated so far with the TET
system 132 were PSIs and the rest were double trans-
formants giving a PSI frequency of �13% (data not
shown). The maximum expected redundancy is 50% as
no more than two PSI plants were retained per inde-
pendent callus line.

Table 2 (Contd.)

FST name Line GenBank Acc. No. Mapping BAC/PAC
clone Acc. No.

Chromosome cM

RS1021 TT300-48-1 DU711674 AC108500 5 94.5
RS996 TT300-48-1 DU711771 AC108500 5 94.5
RS779 TT293-11-1 DU711745 AC136492 5 111
RS875 TT217-41-1 DU711761 AC104709 5 112.4
RS998 TT301-11-2 DU711772 AC120988 5 117.9
ZHU1270 TT216-13-3 DU711704 AC137608 5 120.6
RS1028 TT318-24-1 DU711676 AP004993 6 51
ZHU1252 TT203-5-2 DU711703 AP004810 6 70.9
RS972 TT203-26-1 DU711700 AP004810 6 70.9
ZHU1130 TT332-24-1 DU711750 AP005453 6 100.8
ZHU1295 TT326-17-1 DU711802 AP004797 6 110.6
RS343 TT74-1-1a DU711724 AP004324 6 117
RS953 TT293-2-1 DU711699 AP004377 7 NA
RS987 TT293-2-1 DU711701 AP004377 7 NA
ZHU1324 TT273-14-2 DU711755 AP004382 7 46.5
RS952 TT209-14-2 DU711757 AP005786 7 75.6
ZHU1254 TT203-22-1 DU711798 AP005786 7 75.6
RS749 TT209-5-1 DU711687 AP005542 8 20.2
ZHU1305 TT332-51-1 DU711804 AP005531 8 38.8
ZHU1448 TT209-11-2 DU711708 AP004703 8 80.7
ZHU1632 TT49-36-1a DU711711 AP003914 8 114.4
RS633 TT219-35-1 DU711739 AP006057 9 NA
RS810 TT300-3-2 DU711693 AP005575 9 60.8
RS877 TT300-3-2 DU711762 AP005575 9 60.8
RS598 TT209-27-1 DU711735 AE016959 10 NA
RS872 TT203-11-2 DU711760 AE016959 10 NA
ZHU1271 TT217-32-1 DU711705 AE016959 10 NA
ZHU1250 TT203-1-2 DU711797 AE016959 10 NA
ZHU1288 TT318-28-1 DU711706 BX000497 11 1.4
RS822 TT205-10-1 DU711749 AC128643 11 19
RS599 TT209-27-1 DU711683 AC125783 11 111.8
RS752 TT217-35-1 DU711689 AC112658 11 117
RS747 TT205-2-2 DU711686 BX569688 12 NA
RS725 TT203-9-2 DU711740 BX000503 12 0
ZHU1420 TT330-15-1 DU711806 AL844880 12 95.1

NA not available
aThese are produced using pUR224 series constructs while others are produced using pNU393 series constructs. Future updates will be
published at http://www.pi.csiro.au/fgrttpub
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Identification of PSIs in the progeny of double
transformants

All the iAc/Ds double transformants obtained by super
transformation of pUR224NA/NB lines were grown to
maturity and DtT1 seeds collected for further screening
for PSI. We have optimized the screening strategy as
follows: (a) GFP scoring with germinating seeds and
separate mutagenic (iAc+) and non-mutagenic (iAc�)
seeds, (b) hygromycin spraying of seedlings to separate
LP+ (hygR) and LP� (hygs) plants, (c) Basta spray to
hygR seedlings to select PSIs linked to LP (eliminating
intact Ds/T-DNA which could be escapes from DtT0

selection or empty LPs) and (d) PCR analyses of hygS

seedlings for transposed Ds. We have collected 6,000 g
of seeds from about 1,000 mutagenic lines and identified
�3,400 PSIs (Table 1) among �30,000 seeds screened.

We are now concentrating on the T1 progeny of
double transformants (DtT1) derived from the super
transformation of proven single-copy pNU393A1/B2
construct lines. A total of 868 DtT0 plants have yielded
2,639 g of seeds. We have identified �3,500 PSI lines
from among �30,000 DtT1 seeds screened by the strat-
egy outlined in Fig. 4. We have observed considerable
variability in DtT1 populations derived from different
DtT0 lines with respect to level of somatic transposition
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Industry
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(as measured by the frequency of GUS spots and sectors
in shoot and roots) and frequency of PSIs (Table 4 and
Fig. 5). We did find a few lines with no GFP expression
(iAc�) in the progeny (presumably chimeric primary
transformants) and a few lines showing all GFP+

progeny (presumably due to multi-copy iAc). We are yet
to look at the efficacy of the bidirectional gene trap
feature incorporated in these constructs. Although it was
technically challenging to distinguish sGFP and eYFP
when both are expressing, we have managed to

Table 3 Putative stable
insertion lines and double
transformant lines produced in
selected transiently-expressed
transposase experiments

aSingle-copy Ds/T-DNA
(pUR224 series) lines were
super transformed with
Agrobacterium harbouring iAc
construct pKU352 also
containing the visual marker
sgfpS65T

Experiment Ds/T-DNA LP linesa Number of lines
(plants) generated

Double transformant
lines (plants)

PSI lines
(plants)

TT65 TT49-73-1 36 (104) 31 (83) 10 (17)
TT75 TT49-34-1 2 (13) 2 (10) 0 (0)
TT76 TT49-73-1 73 (396) 66 (308) 13 (28)
TT77 TT49-54-1 8 (117) 7 (76) 0 (0)
TT78 TT49-150-1 5 (13) 5 (11) 1 (1)
TT79 TT49-162-1 6 (14) 6 (13) 4 (4)
TT80 TT49-73-1 16 (47) 13 (37) 9 (12)
TT81 TT49-49-1 16 (69) 14 (56) 0 (0)
TT82 TT49-101-1 19 (107) 18 (83) 0 (0)
TT87 TT49-73-1 35 (62) 25 (41) 26 (26)
TT89 TT49-150-1 4 (12) 3 (8) 0 (0)
TT90 TT49-151-1 8 (24) 7 (18) 1 (1)
TT107 TT74-41-1 2 (4) 2 (2) 0 (0)
Total 9 230 (982) 199 (746) 64 (89)

Launch pad mapped, single copy T-DNA/Ds (with hph as Ds excision marker and bar as Ds reinsertion marker)
callus lines from primary transformants or heterozygous T1 seeds (Bialaphos resistant)

Co-cultivation with Agrobacterium harboring iAc binary vector, also containing gfp as visual marker gene  

Ds excision (HygR) & reinsertion marker (BialaphosR) selection 

Regeneration GFP-, BialaphosR, HygR

GFP+, BialaphosR, HygR Confirmation as PSI lines by PCR

FST rescue, progeny analysis, phenotyping etc.Double Transformants (DtT0 mutagenic lines)

Segregation analysis (DtT1)

GFP+, BialaphosR GFP-, BialaphosR, HygR GFP-, BialaphosR, HygSGFP+/ GFP-, Bialaphoss

eliminated

Confirmation as  PSI lines 
un-linked from LP by PCR

Confirmation as  PSI lines 
linked to LP by PCR

Segregation analysis (DtT2)

Fig. 4 Strategy for generating PSI lines using Ds/T-DNA launch pads either by the TET system (shaded) or by double transformant
progeny screening (not shaded)
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distinguish sGFP and eYFP in few double transfor-
mants with suitable emission and barrier filter especially
when GFP expression was low to medium.

Transposition behaviour of Ds from selected
Ds/T-DNA launch pads

Transposition behaviour of Ds from three launch pad-
s—a pSK200 construct derived launch pad in chromo-
some 7, a pUR224NA construct derived launch pad in
chromosome 4 and a pNU393B2 derived launch pad in
chromosome 5—is presented in Table 5. Ds insertions
into the same chromosome as the launch pad varied
from 40 to 56%. The pNU393B2 construct derived
launch pad in chromosome 5 yielded the highest rate of
intra-chromosomal transposition and >70% of such
transpositions were within 1 cM region flanking the LP.
Another set of analyses with nine different launch pads
derived from the construct pNU393B2 showed that
linked transpositions could be as high as 95%, as out of
179 germinated PSIs 169 were linked to the launch pad
(Table 4). We followed a secondary transposition from a

PSI mapping to a chromosome 5 BAC clone (GenBank
Acc. No. AC108500) linked to the LP which is repre-
sented in Fig. 6. Eleven of the 17 lines had the re-
transposed Ds in the same chromosome (Chr 5) with
four mapping to the same BAC as the original PSI.

Discussion

A novel TET system of producing stable Ds insertion
lines was developed using constructs specially designed
for efficient screening of Ds transposants linked to the
initial Ds/T-DNA launch pads. We have produced large
number of Ds/T-DNA launch pads and show that these
launch pads can be used in efficient chromosomal re-
gion-directed insertion mutagenesis in rice.

It is well-established fact that the two-element iAc/Ds
system works very well in rice (Chin et al. 1999; Nak-
agawa et al. 2000; Greco et al. 2001, 2004; Upadhyaya
et al. 2002, 2003; Kim et al. 2004; Kolesnik et al. 2004).
We and others have previously shown that the Ds
transpositions linked to the original launch pad varies
from 36 to 67% (Upadhyaya et al. 2002; Kim et al. 2004)

Fig. 5 GUS expression patterns in selected mutagenic (double transformants) lines and PSI lines derived from the super transformation of
pNU393B2 lines with iAc
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which is consistent with reports both from maize—the
original source of Ds and other heterologous systems.
Most of the previously used Ds insertion mutagens have
been the modified forms with a unidirectional gene trap
facility, which provide additional gene expression data
as measured by the trap reporter activity (see Hirochika
et al. 2004). One way of increasing gene trapping effi-
ciency is by having bidirectional gene traps (Eamens
et al. 2004; Ryu et al. 2004). The two Ds/T-DNA con-
structs (pNU393A1/B2 and pNU435) described in this
paper have this bidirectional gene trap facility.

Ds excision markers were incorporated in all the three
Ds/T-DNA constructs to increase the screening effi-
ciency for stable insertion lines in a TET system and in
the progeny of mutagenic (iAc/Ds) lines. Excision
markers in combination with Ds reinsertion markers are
particularly useful for selection of Ds insertions linked to
the Ds/T-DNA launch pad. Although the constructs
pUR224NA/NB had 2¢ promoter driven nptII as Ds
reinsertion marker we later found out that this nptII
expression cassette is not functional in rice (Upadhyaya
et al. 2002) and we had to rely on nptII gene specific
PCR while developing the TET system to detect the
presence of DsG. The newer constructs pNU393A1/B2

and pNU435 have a previously tested CaMV35S pro-
moter-driven intron-interrupted hph gene cassette as the
excision marker. Again the choice was based on our
experience that this cassette works well as a selectable
marker in rice transformation using embryogenic calli as
the target tissue (Upadhyaya et al. 2000). We found it
particularly advantageous for selecting callus lines with
Ds excision using the TET system.

Although the bar gene is not an ideal selectable
marker at the callus stage of selection (at least in our
hands) it is an excellent selectable marker at the plant
stage and is the preferred positive selection marker for
Ds tagging in rice (Chin et al. 1999; Kim et al. 2004;
Kolesnik et al. 2004). A single spray of Basta can elim-
inate Ds null segregants, in this instance, lines without
DsG reinsertion, thus increasing the screening efficiency.
Constructs pNU393A1/B2 and pNU435 have a proven
CaMV35 promoter driven bar as Ds reinsertion marker.

The efficacy of T-DNA gene trapping depends on the
frequency of ‘‘clean’’ T-DNA insertions without any
T-DNA repeats and VB sequences. T-DNA repeats and
VB sequences are present in 30–60% of the existing
insertion lines (Jeon et al. 2000; Upadhyaya et al. 2002;
Kim et al. 2003; Eamens et al. 2004; Sallaud et al. 2004)

Table 5 Transposition behaviour of Ds in rice

Ds launch pad Distribution of transposed Ds (in PSI lines from specified
T-DNA/Ds launch pad) on 12 rice chromosomes

% on the
LP Chr

% within 1 cM
(on LP Chr)

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

TT2-10-1 (Chr 7, 99.6 cM ) 7 5 7 1 3 5 42 9 2 4 2 2 47 19
TT49-73-1 (Chr 4, 99.3 cM) 11 9 25 63 4 6 9 11 5 6 4 3 40 32
TT139-14-1 (Chr 5, 0 cM) 1 0 3 1 14 0 1 2 1 1 0 1 56 71

AC
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A
C

108876
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AC
121361

AC
137623

AC
087552
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\\\\\\\\\\ \\

1.95 Mbp
(20.1 cM)

16.02 Mbp
(60.7 cM)

22.38 Mbp
(94.5 cM)

20.30 Mbp
(80.4 cM)

20.54 Mbp
(80.7 cM)

Chr. 5

Chr. 3

Chr. 10

AC
111016

22.26 Mbp
(92.00 cM)
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105770

Chr.9

AC
137611
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147462

21.36 Mbp
(88.5 cM)

22.61 Mbp
(94.5 cM)
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Fig. 6 Mapping of Ds in new PSI lines derived from a mutagenic
line having a transposed Ds (tDs) linked to the original LP
(indicated by dotted line). FST sequences rescued from different PSI
lines were used to identify corresponding BAC clones by BLAST
searching the National Centre for Biotechnology Information
(NCBI) nucleotide sequence database (http://www.ncbi.nlm.nih.-

gov/BLAST/) and the relative positions of the BAC clones were
obtained from The Institute of Genomic Research (TIGR) BAC/
PAC clone table available at http://www.tigr.org/tdb/e2k1/osa1/
irgsp.shtml. GenBank accession numbers are presented along with
their relative positions (physical in Mb and genetic in cM) in the
TIGR chromosome 5 pseudomolecule (version 3)
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and are prone to post-integration rearrangements and
gross deletions. Furthermore, rescuing the FST from
these lines is very difficult or in some cases impossible. In
our bidirectional gene trap constructs (Eamens et al.
2004) we did utilize an intron-interrupted barnase gene
as a counter selector for VB containing lines (Hanson
et al. 1999). Although we saw a reduction in the number
of VB containing Ds/T-DNA lines, �27% lines still
contained direct or inverted repeats of T-DNA. We have
therefore further refined the construct design (pNU435)
by placing two copies of intron-interrupted barn-
ase—one in the VB immediately after ubiquitin pro-
moter-LB sequence and the other immediately after the
RB repeat sequence. This configuration has the capacity
to counter-select transformants with either VB or direct
repeat T-DNA concatermerized inserts. One additional
advantage with pNU345 construct design is a potential
to counter select Ds/T-DNA insertions in gene with high
constitutive expression as explained before. We could
not incorporate a counter selector for inverted repeat
T-DNA insertions, a common feature in T-DNA inte-
gration. This could, however, be addressed by a novel
binary vector design where direct and inverted RB–LB
integrations will produce a hairpin RNA targeting the
selectable marker gene hph (Chen et al. 2005).

During the process of Agrobacterium-mediated
transformation single stranded T-DNA is chaperoned
into the nucleus of the infected cell (Tzfira et al. 2003,
2004). Although the molecular mechanisms of T-DNA
integration leading to stable transgenic events are yet to
be fully unravelled, two models have been proposed:
single-strand gap repair or double-strand break repair
(Tinland 1996; Tzfira et al. 2004). From a close scrutiny
of junctions of a large number of T-DNAs in our
insertion lines we believe that a double-strand break
repair via synthesis dependent strand annealing (SDSA)
mechanism is one of the main pathways for T-DNA
integration (Zhu et al. unpublished). Integration of
T-DNA is most likely to be through a double stranded
T-DNA intermediate (Tzfira et al. 2004).

Transient expression of introduced foreign DNA in
target plant cells is a well-known phenomenon which
occurs before any stable integration through illegitimate
recombination or its breakdown by the plant surveil-
lance system. A burst of transient expression of genes
carried by the introduced T-DNA can be visualized by
reporter gene expression within 48–72 h of co-cultiva-
tion (Yoshioka et al. 1996; Upadhyaya et al. unpub-
lished). Using a Ds-interrupted uidA gene construct
(excision reporter construct) transposase activity in sta-
bly transformed Ac transgenic lines has been measured
(Takumi et al. 1999; Koprek et al. 2000). Excision of a
Ds-like maize transposable element (Ac delta) by tran-
sient expression of transposase has been demonstrated in
Petunia protoplasts (Houba-Herin et al. 1990).
Encouraged by the above findings, we have developed a
system where a TET is used to produce stable insertion
lines in rice. For the TET system to work efficiently, it is
essential to have single-copy Ds/T-DNA lines which are

equivalent to a heterozygous line. It is also important to
select Ds/T-DNA lines with no gene trap reporter gene
expression. None of the single-copy Ds/T-DNA lines
showed any GUS activity in this study.

The main advantage of the TET system is that PSIs
can be produced as primary transformants. In contrast,
with the iAc/Ds crossing system the first available
screening population is F2. Selection for Ds excision
(hygromycin or PPT depending on the construct used) is
applied after callus co-cultivation with Agrobacterium
harbouring iAc which also contains GFP as a visual
marker. In theory, any resulting excision marker resis-
tant and GFP� (subsequently confirmed by iAc specific
PCR) callus lines would be PSIs (unless resulting callus
lines are chimeric). We have confirmed the authenticity
of these PSIs by FST rescue and later by segregation
analyses. A previous work in tomato on the use of hph
gene as a Ds excision marker (Rudenko et al. 1994) did
show phenotypic excision despite intact structure of the
T-DNA (Ds in its original LP) when the selection pres-
sure was low (30 mg/l). We have pre-tested several single
copy Ds/T-DNA lines (containing hph as excision mar-
ker) for hygromycin resistance. Although 30 mg/l hy-
gromycin B was not enough to kill rice calli 50 mg/l was
good enough to suppress the callus growth efficiently. In
tomato also a higher level of hygromycin (80 mg/l) was
good enough to suppress any false positive results.

One disadvantage of the TET system is the tissue
culture induced somaclonal variation which has been a
major drawback with T-DNA insertional mutagenesis
(An et al. 2005). We are addressing this by keeping the
tissue culture phase to the bare minimum.

As with the screening for PSIs in the progeny of any
double transformant lines (originated from single copy
Ds/T-DNA lines), the main advantage here is easy sorting
of PSIs linked to the original LP (GFP� and iAc PCR�,
Ds tracer/reinsertion markerR and excision markerR) and
PSIs unlinked from the original LP (GFP� and iAc
PCR�, Ds tracer/reinsertion markerR and excision mar-
kerS). It should however be noted that if there were to be
no retranspositions in any line one would get just a single
linked PSI from that line (only thing happened is iAc
segregation). In our latest constructs, the excision marker
is hph. Hygromycin selection works very well with calli
but hygromycin application does not kill the seedlings but
can easily be scored for resistance and sensitivity. Because
of this, any unlinked PSIs also can be easily identified.
Again, if there were to be no retransposition one would
get a single PSI from a line. For all these things final
confirmation would be obtaining unique FSTs.

In our hand, use of GFP as a tracer for iAc is working
very well with �90% accuracy as confirmed by iAc
specific PCR. Although any GFP silenced (or undetec-
tably expressing) plants will initially be considered as
PSIs, subsequent iAc specific PCR eliminates them. This
holds good in screening the progeny plants of double
transformants or crosses between iAc (with GFP) and
Ds/T-DNA lines. Only problem in using both yfp (one of
the gene trap reporter) and gfp (iAc visual reporter) is
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distinguishing YFP expression from GFP expression.
Although special filters can be used to differentiate these
two it is very difficult to show the YFP expression
superimposed in GFP background by photography
(although with careful observation we can distinguish
them by eye). For a large-scale use it would be better to
use some other visual reporters such as DsRed.

Our strategy is to produce sizable numbers of single-
copy Ds/T-DNA launch pads distributed all over the
chromosomes so that subsequent localized or targeted
insertional mutagenesis can be achieved by selecting Ds
transposants linked to the original launch pad. Although
published data indicate a great variability in the trans-
position behaviour of Ds in rice (Chin et al. 1999; Up-
adhyaya et al. 2002; Kolesnik et al. 2004), it is generally
accepted that Ds tends to transpose to locations close to
its original position (launch pad) in plant species tested
so far (Muskett et al. 2003). Our study with PSI lines
derived from three launch pads (one of each construct)
also showed frequency of intra-chromosomal insertion
ranging from 40 to 56%. Our pNU393B2 construct
derived launch pads seemed to yield higher proportion
of linked insertions (Table 4). These launch pads are in
different chromosomes (Chr 3, Chr 4, Chr 5, Chr 6 and
Chr 11) and our intention now is to use such mapped
launch pads in trait targeted insertional mutagenesis.

In conclusion, we have produced a set of Ds and iAc
constructs with features suited for targeted localized
insertion mutagenesis, and using these constructs, we are
producing a large number of mapped single-copy
Ds/T-DNA launch pads. Using the callus tissue from
some of these single-copy Ds/T-DNA launch pads we
have shown that a TET can be used to produce stable
insertion lines. The availability of a large number of such
clean Ds/T-DNA launch pads located throughout the
rice genome will facilitate chromosomal region-directed
high throughput insertion mutagenesis. A similar
approach has been reported for Arabidopsis (Muskett
et al. 2003). Saturation insertional mutagenesis of the
whole rice genome is a huge task and requires serious
collaborations among rice researchers. Chromosomal
region-wise distribution of gene tagging task among
collaborating laboratories is feasible with suchDs launch
pads.
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