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Comparing Genetic Characteristics of Retrotransposon TOS17 During
Different Tissue Culture Processes in the Rice Cultivars Nipponbare and
Shishoubaimao

LI Kuan*, WANG Chuang*, YING Shan and SHOU Hui-xia

State Key Laboratory of Plant Physiology and Biochemistry, College of Life Sciences, Zhejiang University, Hangzhou 310058, P.R.China

Abstract

As a retrotransposon, TOS17 was a useful tool for rice genetic and functional genomic research.  To ascertain the
feasibility of constructing a TOS17 insertion mutation library in the rice cultivar Shishoubaimao, the genetic and expression
characteristics of TOS17 were analyzed.  We made solid and suspension tissue cultures and confirmed the copy numbers
of TOS17 at different time points in both tissue culture processes by real-time quantitative PCR (RT-qPCR).  Three primary
copies of TOS17 were detected in naturally grown Shishoubaimao.  TOS17 was activated by tissue culture, and the copy
numbers of TOS17 increased along with a prolonged tissue culture time in both the Nipponbare and the Shishoubaimao
cultivars.  Therefore, Shishoubaimao is a potential candidate for constructing a TOS17 insertion mutant library.  Compared
with Nipponbare, TOS17 was more active in Shishoubaimao during tissue culture.  Higher copy numbers of TOS17 were
obtained with the suspension tissue culture process than with the solid tissue culture process over the same time courses.
We concluded that 3-4 months of suspension tissue culture time is suitable for constructing a TOS17 insertion mutant
library in Shishoubaimao.

Key words: Shishoubaimao, tissue culture, TOS17, copy number, insertion mutant library

INTRODUCTION

Rice is the most important cereal crop, feeding more
than half of the world’s population.  The entire ge-
nomic sequence of rice was determined via a world-
wide collaborative effort, and the next great challenge
is the functional characterisation of its genes (Miyao
et al. 2007; International Rice Genome Sequencing
Project 2005).  Mutational analysis through gene dis-
ruption is one of the most efficient methods for identi-
fying gene function.  Other tools for functional analy-
sis of the rice genome, such as T-DNA and transposon
insertion lines, have been created and are publicly avail-
able (Miyao et al. 2003;  Zhang et al. 2006; Hsing et al.
2007; Piffanelli et al. 2007; Larmande et al. 2008).
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Retrotransposons are a class of mobile genetic ele-
ments that propagate via reverse transcription of RNA
intermediates (Gao et al. 2007).  In 1996, Hirochika
et al. (1996) isolated twenty rice retrotransposons
(TOS1-TOS20) using conserved domains of reverse
transcriptase.  Copy numbers of the retrotransposons
TOS10, TOS17 and TOS19, which were inactive in the
normal growth of plants, increased during tissue culture.
As one of the most active retrotransposons, copies of
TOS17 accumulated with extended tissue culture time
(Hirochika et al. 1996).  Recent research revealed that
transposition of TOS17 was controlled by methylation
modification (Ding et al. 2007; Liu M et al. 2004).  Fur-
ther analysis found that the copy number of TOS17 was
extremely low, ranging from one to four depending on
the cultivar (Cheng et al. 2006; Liu M et al. 2004).  At
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the same time, the target site-specificity of TOS17 is low
and spread throughout the chromosomes.  The TOS17
retrotransposon preferentially integrates into low-copy-
number sequences that often are gene-rich regions
(Cheng et al. 2006; Miyao et al. 2003).  With these
features, TOS17 insertion lines have great advantages
for the functional analysis of rice genes (Hirochika 2001).

Although many advances have been made in rice ge-
netic research, the most widely used cultivar,
Nipponbare, has a long life cycle compared with
Arabidopsis that often delays the progress of research.
The japonica cultivar Shishoubaimao, which was first
grown in China in the 1950s, has an extremely short
life cycle (Guo et al. 2004).  When grown in a
greenhouse, Shishoubaimao flowers in 45 days and ma-
tures in 70-80 days.  As a japonica variety, Shishoubaimao
is easy to grow in tissue culture and to transform (Liu
Z L et al. 2004).  Therefore, Shishoubaimao is suitable
for rice genetic research.  In this study, we investi-
gated the characteristics of TOS17 in Shishoubaimao
with Nipponbare as the control.  Through measure-
ment of the changes in TOS17 copy numbers under
different conditions, we optimised a method for pro-
ducing a TOS17  insert ion mutant  l ibrary in
Shishoubaimao.

MATERIALS AND METHODS

Plant materials and tissue culture

Two japonica varieties, Nipponbare and Shishoubaimao,
were used in this study.  Callus induction was per-
formed as described previously (Herve and Kayano
2006).  One-month-old cultured calli were transformed
to N6 solid medium and cultured for a total of 2, 3
and 4 months.  In parallel, other one-month-old cul-
tured calli were transformed to R2S liquid medium
and cultured for a total of 1, 2 and 3 months.  R0

plants were regenerated from the different cultured
calli as described by Nishimura et al. (2006).  Four
independent natural growth plants of Shishoubaimao
and Nipponbare were selected for Southern blot
analysis.  Another transgenic plant was selected from
our T-DNA insertion mutant library, which obtained
by an Agrobacterium-mediated transformation as de-
scribed by Cheng et al. (2003).

Southern blot analysis

Genomic DNA was extracted using the CTAB method
(Murray and Thompson 1980).  DNA samples of 5 mg
each were digested with the restriction enzyme EcoR I
and separated on 0.8% (w/v) agarose gel.  After
electrophoresis, the digested DNA was transferred to a
Hybond N+ nylon membrane (Amersham Pharmacy
Biotech, USA) and hybridised with a 32P-dCTP-labeled
TOS17 gene probe.  The blot was washed at 65°C un-
der stringent conditions.  The hybridised membrane was
exposed to a phospho-rimaging screen and was
screened using a Typhoon-8600 (Amersham Biosciences,
USA).  The TOS17 probe was made by PCR amplifica-
tion using the primers listed in Table 1.  The PCR prod-
uct of TOS17 used for probe was inserted in the T-vector,
which was used as plasmid control in Southern blot.

Semiquantitative reverse transcription PCR (RT-
PCR)

Total RNA of calli and plant tissue was isolated using
the Trizol  D0410 reagent ,  according to the
manufacturer’s instructions (Invitrogen, USA).  The
first-strand cDNA was synthesised from 3 g of the
total RNA using moloney murine leukemia virus (M-
MLV) reverse transcriptase (Promega, Madison, USA).
Semiquantitative RT-PCR was performed using the
primers listed in Table 1.  The PCR products were
loaded on 1.2% agarose gels and imaged by a CCD
camera.  The gene expression levels were compared
by the band density after normalisation of initial varia-
tion in the sample concentration by the density of the
housekeeping gene ACTIN (GenBank accession no.
X63830).

Real-time quantitative PCR (RT-qPCR)

RT-qPCR was performed using the LightCycler480
Probes Master Kit on the LightCycler480 machine (Roche
Diagnostics, Basel, Switzerland), following the
manufacturer’s instructions.  The amplification program
for RT-qPCR was performed as follows: one cycle of 5
min at 95°C followed by 45 cycles of 10 s at 95°C, 20 s
at 65°C, 1 s at 72°C.  Triplicate quantitative assays were
performed on each DNA sample.  To generate standard
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curves for the TOS17 and sucrose phosphate synthase
(SPS) genes, genomic DNA were serially diluted to final
concentrations of 500, 100, 20, 4, and 0.8 ng L-1 and
subjected to RT-qPCR assay in triplicate.  The gene-
specific primers and the corresponding UPL (Universal
Probe Library) probe were designed using the online
analysis center from the Roche Web site (http://www.
universalprobelibrary.com) and given in Table 1.

Statistical analysis of data

Statistical significances were analyzed using SAS pro-
gram (SAS Institute Inc. Cary, NC).

RESULTS

Copy numbers of TOS17 in Nipponbare and
Shishoubaimao

To study the activity of TOS17 in Shishoubaimao, we
first investigated the original copy number of TOS17.
A 666-bp fragment of TOS17 that has been used as a
probe for Southern blots by others (Zhu et al. 2004)

was amplified by PCR and purified.  Southern blotting
revealed that two copies of TOS17 were present in
Nipponbare, which is in accordance with previous re-
ports (Cheng et al. 2006; Hirochika et al. 1996).  We
found that Shishoubaimao has three copies of TOS17,
two of which correspond to the copies in Nipponbare
and one additional copy (Fig.1).  To exclude inaccurate
results, we used a plasmid containing TOS17 and a
transgenic plant of the Nipponbare background as
controls.  The results indicated that a single band was
found in the plasmid and three TOS17 copies were dis-
covered in the transgenic plant (Fig.1).  The increased
TOS17 copy number in the transgenic plant must be due
to transposition of TOS17 during tissue culture process.

TOS17 is activated during tissue culture and re-
silenced in regenerated plants

Although there were two TOS17 copies in Nipponbare,
only the TOS17 located on chromosome 7 (TOS17chr.7)
was activated by tissue culture, whereas the other copy
(TOS17chr.10) remained unaffected (Cheng et al. 2006).
In the rice cultivar Moritawase, neither copy of TOS17
was affected by tissue culture (Cheng et al. 2006).  To

Fig. 1  Southern blot of TOS17.  Lane 1, plasmid control; lanes 2-
5, independent natural growth Shishoubaimao plants; lanes 6-9,
independent natural growth Nipponbare plants; lane 10, blank
control; lane 11, transgenic plant control in the Nipponbare
background with nearly two months tissue culture before
regeneration.

investigate the activity of TOS17 in Shishoubaimao, we
checked the expression of TOS17 in different tissue
culture processes.  As expected, TOS17 was activated
during the callus culture period, and decreased expres-
sion in differentiating callus and was finally re-silenced
in regenerated plants of Nipponbare (Fig.2).  The ex-
pression pattern of TOS17 in Shishoubaimao was very
similar to that in Nipponbare (Fig.2).  Therefore, TOS17
can be used in Shishoubaimao for constructing an in-
sertion mutant library.  A much weaker band was de-
tected in regenerated plants that may be due to the con-
stant expression of TOS17chr.10 (Fig.2).

Gene
TOS17

ACTIN

TOS17

SPS

               Purpose
Southern blot and RT-PCR

RT-PCR

RT-qPCR

RT-qPCR

Orientation
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

     Sequence (5´  3´)
gctacccgttcttggactat
ctgaaatcggagcactgaca
tcagcaactgggatgatatggag
gccgttgtggtgaatgagtaac
gataaaagatcagtaagcctgcact
aaatccgtgtcccagttgaa
ggcaatttctcgtaaattcaggt
tccccgacgatcagatacat

UPL number
-
-
-
-
119

57

Table 1  Primers used for RT-PCR and RT-qPCR
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TOS17.  The correlation coefficients of the standard
curves were 0.9901 (TOS17) and 0.9927 (SPS) (Fig.3).
The reaction efficiencies for TOS17 and SPS were
0.9164 and 0.9389, both of which were above 0.90 and
very similar (Fig.3).  According the criteria proposed by
other researches, our standard curve was applicable to
the estimation of copy numbers (Yang et al. 2005).

Our study confirmed that TOS17 was activated by
prolonged culture time (Hirochika et al. 1996).  The
copies of TOS17 were significantly increased in both
solid and suspension tissue culture after 2 and 3 months,
respectively (Table 2).  Although the number of copies
of TOS17 increased during solid and suspension tissue
culture, a greater increase was obtained in suspension
tissue culture over the same culture time.  Similar num-
bers of transposed copies were observed in suspension
tissue cultures performed for 1, 2 or 3 months as in
solid cultures performed for 2, 3 or 4 months, respec-
tively (Table 2).  These differences in the two tissue
culture methods were independent of the rice cultivar.
This phenomenon can be explained by the faster growth
of calli in suspension tissue culture than in solid culture.

Table 2  Copy numbers of TOS17 in regenerated plants from different tissue conditions

Copy numbers of TOS17
Nipponbare Shishoubaimao

Solid culture
time (mon)

Suspension culture
time (mon)

Solid culture
time (mon)

Suspension culture
time (mon)

2 3 4 1 2 3 2 3 4 1 2 3
1 2 3 3 2 5 5 3 5 6 4 6 5
2 2 3 3 3 2 6 3 4 5 3 4 6
3 2 3 3 3 5 5 3 5 5 3 5 7
4 2 3 4 4 3 4 4 6 5 3 5 6
5 3 2 5 3 4 4 4 4 5 4 4 7
6 2 3 5 4 4 3 3 6 6 3 7 7
Average 2.16 a 2.83 ab 3.83 cd 3.17 bc 3.83 cd 4.50 de 3.33 bc 5.00 e 5.33 e 3.33 bc 5.17 e 6.33 f
New copy 0.16 0.83 1.83 1.17 1.83 2.5 0.33 2 2.33 0.33 2.17 3.33

Different letters are significantly different at P < 0.05 (LSD test).

Fig. 2  The expression levels of TOS17 in different tissue culture
stages.  RNA was extracted from different samples of Nipponbare
and Shishoubaimao. 1, 2, 7, and 8, 5-wk-old calli; 3, 4, 9, and 10,
calli after two weeks of differentiation; 5, 6, 11, and 12, leaves
from regenerated plants.  The rice ACTIN gene was used as an
internal control.

The transposition of TOS17 in Nipponbare and
Shishoubaimao

We used qPCR to study the copy numbers of TOS17
during tissue culture in this research.  The endogenous
SPS gene was employed as an internal standard as previ-
ously described (Ding et al. 2004).  Standard curves
were prepared for TOS17 and the SPS gene, and they
were compared with the experimentally determined lev-
els in each sample to calculate the copy numbers of

Fig. 3  RT-qPCR standard curves of TOS17 (A) and SPS (B).

Regenerated
plants
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On average, Shishoubaimao had more newly transposed
copies than Nipponbare under the same tissue culture
conditions (Table 2).  We speculate that the additional
TOS17 copy in the genome of Shishoubaimao may trans-
pose during tissue culture.

DISCUSSION

Many insertion mutant libraries have recently been es-
tablished in rice using T-DNA (Zhang et al. 2006; Hsing
et al. 2007; Larmande et al. 2008; Piffanelli et al. 2007).
However, transgenic plants with selected markers, such
as antibiotic or herbicide resistance, may not be distrib-
uted widely because of environmental concern.  Use of
endogenous insertion mutagens avoids this problem
(Hirochika 2001).  The rice retrotransposon TOS17 has
previously been used in Nipponbare for making an in-
sertion mutant library (Miyao et al. 2003).  The long
life cycle of Nipponbare, which is over 100 days, is
problematic for rice genetic research.  In contrast,
Shishoubaimao matures in 70 days after germination
when grown in a greenhouse (Guo et al. 2004).
Therefore, Shishoubaimao is more suitable for rice ge-
netic research.  In this study, we compared the charac-
teristics of TOS17 in Nipponbare and Shishoubaimao.
The similar genetic characteristics of TOS17 were ob-
served between Shishoubaimao and Nipponbare.  The
results suggested that Shishoubaimao is a suitable rice
cultivar for constructing a TOS17 insertion mutant
library.

To further explore the conditions for constructing a
TOS17 insertion mutant library in Shishoubaimao, we
measured the variation of TOS17 copy numbers under
different culture conditions.  More newly transposed
TOS17 can be obtained by suspension tissue culture than
by solid culture over the same culture time (Table 2).
To make an insertion mutant library, a prolonged tissue
culture period is needed for more transposition of
TOS17, which will lead to more gene mutation.
However, prolonged culture leads to a reduction of the
heterogeneity of mutation, possibly as a result of the
selection of specific cell types (Hirochika et al. 1996).
In this scenario, the suspension tissue culture is better
for constructing an insertion mutant library because a
similar number of TOS17 copies can be produced by
this method in a shorter tissue culture time.  A 5-month

suspension tissue culture period has been adopted for
the production of TOS17 mutant lines in Nipponbare
with nearly 10 TOS17 copies on average (Miyao et al.
2003).  Here, we observed that Shishoubaimao accu-
mulated more TOS17 copies than Nipponbare under
the same culture conditions (Table 2).  Considering the
difference between Shishoubaimao and Nipponbare,
more than 10 copies of TOS17 will be got in a 5-month
suspension tissue culture period for Shishoubaimao.  A
3-month  suspension t i ssue  cul ture  t ime in
Shishoubaimao led to 6.33 TOS17 copies with 3.33
newly transposed copies on average.  Because the
TOS17 has low target site specificity and preference
to insert in genes (Miyao et al. 2003), 3.33 copies in-
sertion is almost enough to construct mutant library.
Therefore, we suggested a 3- to 4-month suspension
tissue culture period for producing a TOS17 insertion
mutant library in Shishoubaimao.

In this research, we employed RT-qPCR to deter-
mine the copy numbers of TOS17 in regenerated
seedlings.  More and more publications have employed
this method in place of Southern blot, which is labour-
intensive and requires larger DNA samples (Shou et al.
2004; Yang et al. 2005).  A critical point for RT-qPCR
is the reaction efficiency of a gene, which should be
above 0.90.  Here, we showed that the reaction effi-
ciencies of the TOS17 and SPS genes were 0.9164
and 0.9389, suggesting the two genes are suitable for
RT-qPCR.  Meanwhile, the standard curves of TOS17
and SPS exhibit good correlation coefficients, indicat-
ing that our method was applicable to the estimation of
TOS17 copy numbers.

CONCLUSION

By Southern blotting, we detected three TOS17 copies
in Shishoubaimao, and a TOS17 expression pattern simi-
lar to that of Nipponbare was observed.  This indicates
that TOS17 can be used for constructing an insertion
mutant library in Shishoubaimao by tissue culture.
Furthermore, we proposed that a 3- to 4-month sus-
pension tissue culture period may be the optimal con-
dition for producing a TOS17 insertion mutant library.
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