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Abstract Tobacco retrotransposon Ttol, one of a few active retrotransposons of plants, has been shown to be activated by
plant tissue culture (protoplast), wounding stress and methyl jasmonate. Low-energy ion beam, a kind of mutagen, can
induce many kinds of botanical mutants. The relation between the retrotransposon Ttol and stress of the ion implantation
was interested to many researchers focused on idea that whether Ttol was activated by implantation of the low-energy ion
beam or not. Here, quantitative real-time PCR were used to investigate whether the implantation of ion beam increased the
copy number of the Ttol in tobacco genomic or not, clustering according to the banding pattern generated by IRAP with
primers to retrotransposon Ttol was used to investigate the genetic polymorphism between the tobacco population implanted
by the ion. The results showed that the copy number of Ttol in some treated individuals was creased 10 folds in the second
euphylla and more 2 folds in petal. Analysis of the clustering UPGMA method showed that radiation of the ion caused great
dissimilarity (dissimilarity coefficient >0.6) between partial treated samples and the controls. The great genetic dissimilarity
based on the retrotransposon Ttol and the increased copy number of the Ttol implied that Ttol was also activated by the
exposure to the implantation of ion. The transposition of Ttol takes place in both the somatic cell and the apical meristem
cell, and then, the increased copy number can be transferred from the apical meristem cell of the plantule to the differential
organs (here petal is showed). These findings are discussed in the role of the transpositional Ttol played in response to the
implantation of the low-energy ion beam. [Life Science Journal 2010;7(3):141-147]. (ISSN: 1097-8135).
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Introduce molecular markers as AFLPs, they also bring additional
information, showing a great potential use in genome
assessments for fingerprinting, mapping and diversity
studies (Sonia C. et al. 2007, Andrew J F.1999)

Ttol is 5.5 kb long and has features typical of
retrotransposons in tobacco (Nicotiana tabacum L), it is
the first demonstration of activation of a plant
retrotransposon by tissue culture. The copy number of
Ttol increased 10-fold in established protoplast formation
cell lines; it also increased in plants regenerated from
tissue cultures and in transgenic plants (Hirohiko H et al.
1993). Functional analysis of the Ttol showed that it
involved in re-activation by tissue culture, wounding, and
treatment with elicitors. Ttol has been implicated in the
expression of phenylpropanoid synthetic genes in
response to defense-related stresses (Kazuhiko S et
al.2000).

The mutagenic effect of low-energy ion beam
implantation on cereal seeds, such as Oryza sativa,
Triticum aestivum and soybean, has been substantiated by
many studies in the past three decades. Many attractive
biological effects occurred when the seeds of crops had
been radiated by ion beam (Review, Feng HY et al. 2007).
Up to now the exact mutagenic mechanism of the

Transposable elements (TEs), being DNA fragments
which can be transposed within chromosomes in cells
(Feschotte C et al. 2002). Retrotransposons are ubiquitous
in plant genomes (Kubis SE et al. 1998; (Kumar A and
Bennetzen JL. 1999). Many retrotransposons are
integrated in either a transcriptionally or transpositionally
incompetent  state.  However, some  quiescent
retrotransposons can be activated by wounding, oxidative
stress and pathogen infection, and even in plant tissue
culture (Feschotte C et al. 2002; Vicient CM et al. 2001;
Meyers BC et al. 2001; Grandbastien MA. 1998).
Retrotransposon populations are highly heterogeneous,
showing great differences in copy number and genomic
localization even between closely related species (Carlos
MV et al. 1999), Hence several marker systems based
upon  retrotransposons  have  been  developed.
Inter-Retrotransposon Amplified Polymorphism (IRAP)
and Retrotransposon-Microsatellite Amplified
Polymorphism (REMAP), two excellent marker systems
based upon the copy numbers and the location of the
retrotransposons, can be used to detect any insertion
event, which require neither restriction enzyme digestion
nor ligation to generate the marker bands. The methods . - )
can distinguish between barley varieties and produce low-energy ion beam implantation on cereals has not
“fingerprint patterns for species across the genus been fully understood, especially the mechanism of the

(Kalendar R et al. 1999). IRAP and REMAP Markers deleted and inserted DNA of the chromosomes in cell
derived from Tosl7, a copia-like endogenous after implantation of the ion. _Radlallzatlon of the_ ion
retrotransposon of rice, were used to identify genetic bea}m_ can affect the transcrlpthnal an_d transpositional
similarity among 51 rice cultivars (Castelo J S B et al. activity of the retrotransposon Wis2-1A in wheat (Ya HY

2007). The IRAP and REMAP techniques can be used et al. 2007). Here we address the idea whether the

separately or combined for a more complete genome implantation of ~low-energy ion beam re-activates
survey, and they are excellent sources of polymorphic transpositional acitivty of Ttol in tobacco or not. To test

markers. IRAP/REMAP proved to be as reliable the idea, IRAP and gPCR (Quantitative real-time PCR)

141


mailto:yahuiyuan@yahoo.com.cn

Life Science Journal, Vol 7, No 3, 2010 September

http://www.sciencepub.net

were used to investigate genetic polymorphism (insertion
event) and the copy number of the Ttol in genome
exposure to the implantation of the ion respectively
because the copy number and the genetic polymorphism
are related to the transposition of the retrotransposons.

Seeds from individual plant parent

Tobacco is the self-pollinated plant, the seeds from
one individual plant parent, which had the heredity
homogeneity, were implanted by low-energy N*ion beam
in there dosages. The following is the testing strategy.

Seeds are exposure to vacuum and radiated by implantation of
the low-energy N* ion beam in three dosages under the vacuum.

Treated seeds and the controls planted in plant nursery

!

DNA pool mixed with the equal DNA from the second euphylla of three individuals

Investigate the insertion events and the copy number of the
l Ttol in the second euphylla by IRAP and gPCR

DNA extracted from the petals of the above tested individuals

petal were tested

l Genetic polymorphism and the copy number of the Ttol in

Investigate genetic polymorphism (insertion event) and the copy number of the Ttol in genome
exposure to the implantation of the ion and vacuum, probe genetic polymorphism of Ttol that caused
by N* ion beam and vacuum, test the idea whether the implantation of low-energy ion beam
re-activates transpositional acitivty of Ttol in tobacco or not, discuss the role of the transpositional
Ttol played in response to the implantation of the low-energy ion beam and exposure to the vacuum.

Materials and methods
Plant materials

Tobacco (Nicotiana tabacum L.) seeds, from
selfing-line individual parent which was a cultivated
variety in Henan province, were obtained from the Henan
key lab of ion-beam bioengineering.

Implantation of the low-energy N* ion beam and
investigation of the germination percentage

The tobacco seeds were implanted by low-energy (40
Kev) N ion beam (generated by a machine: UIL.0.512,
TNV. Russia, under a vacuum of 3x10° Pa ) in four
dosages:0x10*'N*/cm? under the vacuum (3x107 Pa) for
88min, 1x10* N*/cm? 2x10% N*/cm? 3x10' N*/cm?
Three replications were done each doses, one hundred
seeds were implanted each replication. The germination
percentage was investigated when the seedlings had two
euphyllaes as the following equation: Germination
percentage=Number of the seedlings/100 seedsx100%

Extraction of the DNA

Total genomic DNA of tobacco (N. tabacum) was
extracted, as described previously (Malone G et al. 2006),
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from the second euphylla of three individuals and the
petals (from individual). The DNA was tested by agarose
gel electrophoresis under UV light and qualified by
comparing with a Low DNA Mass Ladder (Invitrogen) on
0.8% agarose gel after ethidium bromide staining.

Quantitative real-time PCR and the relative copy
number of the Ttol

The genomic DNA were diluted 100 folds to obtain a
uniform concentration of 20 nguL™
Quantitative real-time PCR (qPCR) was performed as
described in the SYBR Permix Ex TaqTM Reagent
(Takara Code No DRR041S) Manual. The final volume of
reaction mixture was set at 25 pL containing 2 uL DNA
and 0.4mol/L forward and reverse primer. Real-time PCR
were carried out in the ABI 7500 real-time PCR System
(Application Biosystems, Foster, USA) with the following
cycling conditions: 95 °C for 1 min, 95 °C 105,56 °C 20 s
and 72 °C 10 s for 40 cycles. 18s rDNA of the tobacco was
used as the reference gene. The primers used as the gPCR
are the following: TotlF
5-GATGCAATGAGTGGTAGGTGAGATGAG-3"; TotlR
5°-CTATATCTCTCTCCCTCTCAAACTCTTTC-3;
NT18SF 5°-GGATAACCGTAGTAATTCTA
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GAGCTAATACGT-3" NT18SR
5 AAAGTTGATAGGGCAGAAATTTGAATGATGCGT 3.

The relative copy number of the Ttol in genome was
computed by the 2-A ACt method

IRAP with the primers to Ttol

The amplification reaction was performed according to the
protocol described by Kalendar et al (1999). One LTR
primers  (pTtol  5-TCCGCTGTGCAGTAGTGTTTA
GTG-3") from Ttol was obtained according to the
described sequences in NCBI (Accession D83003). IRAP
amplifications were performed in a final volume of 25 pL
containing 50 ng DNA, 1U Taq DNA polymerase
(Invitrogen), and 25 pmol of IRAP primer and other
container. Amplification was performed in a thermal
cycler model 480 (Perkin Elmer, Pomona, CA, USA)
device in 0.2-mL microtubs. The amplification program
consisted of initial denaturation at 94°C for 5 min,
followed by 40 cycles composed of 94°C for 30 s, 60°C
for 30 s, and 72°C for 120 s for denaturation, annealing,

and extension, respectively. After amplification, a final
extension step was performed at 72°C for 8 min. The
amplification product was separated in polyacrylamide gel
and silver-stained, as described by Briard et al (2000).

Clustering

Clustering was performed by the software UPGMA
clustering method with the software NTSYSpc2.1
(Numerical Taxonomy and Multivariate Analysis System)
according the banding pattern generated by IRAP
amplification with primers to Ttol, which the DNA
template was from the petals.

Results
Germination percentage

The germination percentage was investigated when
the seedlings had two euphyllaes. The details was listed in
the table 1.

Table 1. Germination percentage of the seeds implanted by low-energy ion beam in different dosages

1x10" 2x10" 3x10"
Samples Controls Vacuum | (N*/em?) (N*/em?) | (N*/cm?)
Germination percentage * e ek
(MeanSTD) 70.33+2.52 | 78.0+2.0 | 82.33+1.53 2+1.0 0.67+0.58

*and ** account for the significant level P<0.05 and P<0.01 respectively, STD: Standard Error.

Under the implantation of the dosage: 3x10"" N*/cm?,
only two seeds germinated, but these two seedlings were
not survived after three euphyllaes, it suggested that this
dose is damaged seriously to the embryo in tobacco seed.
Under the implantation of the dosage: 1x10%" N*/cm? and
exposure to the vacuum, the germination percentage was
higher significantly than the controls, it suggested
small-dose implantation of ion promote the germination
capacity of the tobacco seeds.

New insertion events implied by the Banding pattern of
IRAP

Total genomic mixed DNA pools from the second
euphylla were used as the template of the IRAP, which
each DNA pool was extracted from mixtures of isometric
three individual euphylla. Banding pattern (Figl and Fig2),
generated by IRAP amplification with primers to
retrotransposon Ttol, showed that two DNA pools
amplified the polymorphism bands. One is the DNA pool
is exposure to the vacuum (Figl line 14), which had two
diversity bands (indicated by arrowheads).The other is the
sample treated with the dosage: 1x10"" N*/cm? (Fig2 line
13), which had two diversity bands (indicated by
arrowheads). Among these 24 DNA pools representing 72
individuals (24x3) treated by vacuum and N* ion, only
two DNA pools did amplified the polymorphism bands, it
suggested that the insertion events have a low occurrence
ratio under the vacuum and N ion implantation. There
was no band polymorphism observed in the samples
treated with 2x10"" N*/cm? because of few survivals.
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Relative copy number of Ttol in the second euphylla of
the treated tobaccos

Copy number of the Ttol in the second euphylla cell
were determined by relative qPCR, 18s rDNA in tobacco
was used as the reference gene. The copy number of the
Ttol was increased about 10 folds in two samples (Tabe2
showing partial results), one (Vac8 as the following) is
exposure to vacuum (Va8 in Figl), one (lon9 as the
following) is implanted by the 1x10%" N*/em? (Fig2 in 1-9).
These do not necessarily mean that the copy number was
increased 10-fold in all individuals of the DNA pool,
because the DNA was isolated from mixtures of three
individuals. Most of the samples have isometric copy
number to the controls. The mean of the copy number in
the samples under the vacuum except the Vac8, is
1.15+0.22 folds, which score is from 0.88-1.29 folds. But
the mean of the copy number in the samples under the
vacuum including the Vac8, is 2.04+2.83 folds. The mean
of the copy number in the samples implanted by
implantation of the 1x10Y N*/cm? expect the lon9, is
1.17+0.30 folds, which score is from 0.80-1.49 fold. But
the mean of the copy number in samples exposure to
implantation of the 1x10"" N*/cm? including the lon9, is
1.80+2.38 folds. Here, a note is that the copy number
could be regard as variance distinctly when the value of 2°

2CT\vas necessarily beyond 2.0 or less than 1/2.
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Figurel. Banding pattern generated by IRAP with primers to retrotransposon Ttol. Lanes from the 1-6 are the controls,
including 18 individuals; Lanes from 7-15 are the samples is exposure to the vacuum, including 27 individuals; Lanes from
16-17 are the samples implanted by the ion beam with dosage: 2x10*" N*/cm?, including 6 individuals; lane 18 are the 100
bp ladder DNA marker. Marker sizes in bp are indicated on the right axis. W: the control; Va:vacuum; 2: 2x10* N*/cm?

WIW2W3 W4 1-11-21-31-41-51-6 I-7 1-8 1-9 1-101-111-121-13M

1kb
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200bp
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Figure 2. Banding pattern generated by IRAP with primers to retrotransposon Ttol. Lanes from the 1-5 are the controls,
including 12 individuals; Lanes from6-18 are the samples treated by the ion beam with dosage: 1x10*" N*/cm?, including 39
individuals; lane 19 are the 100 bp ladder DNA marker. Marker sizes in bp are indicated on the right axis. W: WT or the
control; I(ion): 1x10" N*/cm?

Table2 Cycle threshold (CT) and relative copy number of Ttol in five samples
Samples Average CT of 18 IDNA Average CT of AACT 222°T  (Relative  copy

Ttol number)
Control  14.48+0.23 14.24+0.34
Vac3 14.58+ 0.13 14.12+ 0.03 -0.22 1.16
Vac8 18.47+ 0.42 14.90+ 0.13 -3.33 10.06
lonl 15.64+0.61 14.28+ 0.01 -0.12 1.09
lon9 17.53+ 0.03 14.35+ 0.04 -3.31 9.92
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Cycle threshold (CT) and relative copy number of Ttol of five individuals were listed in this table, including the two
samples which relative copy number were increased about 10 folds and two samples which relative copy number were
isometric to the controls. The rows of the CT were expressed as Mean+STD

Relative copy number of Ttol in the petal cell

To test the idea that whether the relative copy number of Ttol were increased in the petal of the individuals isolated
from the samples Vac8 and Ion9, which the copy number of the Ttol was increased 10 folds in the second euphylla. Genomic
DNAs of 27 individuals, isolated from the above DNA pools:Vac8 and lon9 , other six DNA pools selected randomly and
one DNA pool of the controls, were to be amplified with IRAP protocol. The results (details not shown) showed that the
mean of the relative copy number of Ttol in petal is 1.28+0.48 folds, and the score of it is 2.32~ 0.70 folds. However, the
relative copy number of Ttol in petal cell of the Vac8-3, lon9-1, Ion9-3 are increased distinctly beyond 2.0 folds (Talbe3
listed only the relative copy number of Ttol in the six tobacco individuals isolated from Vac8 and lon9), that in other
samples are increased slightly (1.57~0.70 folds)

Table3 CT and relative copy number of Ttol of the six individual petal cells which increased 10 fold in euphylla
Samples Average CT of 185 DNA  Average CT of AACT 2 * * T (Relative copy

Ttol number)

Control  14.74+0.52 17.06+£0.14 - -

Vac8-1 15.13+ 0.05 17.46x 0.01 0.02 0.99
Vac8-2 14.72+ 0.41 17.54+ 0.37 0.50 0.70
Vac8-3* 15.96+0.87 17.15+0.23 -1.13 2.19
lon9-1*  16.94+0.11 18.07+0.09 -1.20 2.29
lon9-2 14.52+0.23 16.69+0.36 -0.15 111
lon9-3*  15.68+0.07 16.78+0.26 -1.21 2.32

CT and relative copy number of Ttol of six individuals were listed in this table, including the two DNA pools which
relative copy number of Ttol were increased about 10 fold. The rows of the CT were expressed as MeantSTD, Vac8-1,
Vac8-2, Vac8-3 were isolated from the DNA pool: Vac8, 1on9-1, lon9-2, 1on9-3 were isolated from the DNA pool: 1on9

UPGMA clustering analysis based on profile of IRAP with primers to Ttol in petals

The DNAs from petal of twelve individuals were amplified with IRAP protocol. UPGMA  (Unweighted Pair Group
Method with Arithmetic Mean) clustering analysis (Fig.3) was performed by the software NTSYSpc 2.1 according to the
banding pattern (data not shown) generated by IRAP with primers to retrotransposon Ttol in petals. Coefficient =0.77 is
considered as the demarcation of the independent groups in general. The results (Fig.3) showed that the population is
classified into two groups. lon9-3 (Relative copy number of Ttol increased 2.3 folds in petals) comprised an independent
group for its average dissimilarity coefficient against the controls is 1.0>0.77. The rest of the eleven individuals comprised a
group that is isometric to the controls, but the average dissimilarity coefficients of the Vac8-3 (Relative copy number
increased 2.19 folds in petal) and lon9-1(Relative copy number increased 2.29 folds in petal) against that of controls are 0.7
and 0.6 respectively, being closed to 0.77

WTL
WT3
Tonl-1
Ton9-2
Tonl-3

WT2
Tonl-2
4{ Vac8-1
Ton9-1
4{ Vac8-2

Vac8-3

Ton9-3

— — T ——
10 08 04 03 0.1
Coefficient

Figure 3.The clustering of the twelve individuals based on the IRAP marker analysis using the UPGMA clustering method.
Coefficient is represented the average dissimilarity between individuals. WT: the controls, lonl-1, lon1-2, lon-3 are the
samples which Ttol relative copy number in genome is isometric to the controls. Vac8-1, Vac 8-2, Vac 8-3 are isolated from
the DNA pool Vac8 that Ttol relative copy number in genome is creased to 10 folds in the second euphylla and 2.19 folds in
petals. lon9-1, lon9-2, 1on9-3 are isolated from the DNA pool lon9 that Ttol relative copy number in genome is creased to
10 folds in the second euphylla and 2.32 fold in petals.
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Discussion

The implantation of ion activated the transposition of
the Ttol in a lower frequency

Transposable elements constitute a very large
proportion of eukaryotic genomes. The activation strategy
of retrotransposons offers the potential for explosive
increases in copy number and leads to a concomitant
genome size increase (Casacuberta JM et al. 2003).The
tobacco retrotransposon Ttol, one of a few active
retrotransposons of plants, has been shown to be activated
by wounding stress, exogenous supply of methyl
jasmonate (Shin T et al. 1998). The copy number of Ttol
increased 10 folds in established tissue culture cell lines;
it also increased in plants regenerated from tissue cultures
and in transgenic plants (Hirohiko H et al. 1993). The
relative copy number of the Ttol in tobacco treated by
vacuum and implantation of ion beam increased about 10
folds (Table2) in the second euphylla from plantlet and
increased 2 folds (Table3) in petal cell from the apical
meristem. On the other hand, low-energy ion beam and
vacuum caused the genetic polymorphism of the Ttol in
tobacco detected by IRAP (Figl and Fig2) that can be
used to detect any insertion event. Furthermore, the
analysis of the UPGMA clustering method based on the
IRAP of the Ttol from the petal showed that three
tobacco individuals under the vacuum and implantation
of ion had serious dissimilarity to the controls. These
results indicate that Ttol is activated by the implantation
of ion and vacuum.

Although the transposition of the Ttol was detected
in euphyllas and petals (Incidence is 3/72=0.04), this does
not necessarily mean that the transposition of Ttol
happened in all individuals treated with the implantation
of the ion beam. The fact is that the insertion events of the
Ttol occurred in a low occurrence ratio under the vacuum
and low-energy ion implantation. Many retrotransposons
within the genome are integrated in either a
transcriptionally or transpositionally incompetent state
(Vicient CM et al. 2002). Developmental or physiological
factors may be required for the strong response to Ttol
transcription to wounding stimuli. Experiments with
transgenic tobacco plants carrying the
Ttol-LTR:-glucuronidase  fusion gene (LTR:GUS)
revealed that Ttol actually contains cis-regulatory regions
in response to wounding and methyl jasmonate (Shin T et
al. 1998). These findings suggest that the transpositional
activation of the Ttol is induced by suitable signals that
we knew little. We think that there were few tobacco
seeds having the suitable physiological state for the
re-activation of the Ttol induced by vacuum and radiation
of the ion. The transposition occurred only in the
sensitive cell to the radiation, so it is not strange that
transposition of the Ttol take place in the few tobacco
individual under the vacuum and implantation of ion.

Transposition of the retrotransposons Ttol is
possibly related to the repair of the DNA damage
damaged by the low-energy ion

The transposons altered gene expression in ways that
allowed the cells to respond to stress (Hirotaka EHL et al.
2007). LINE-1 elements are retrotransposons that
comprise 17% of the human genome. The relationship
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between stress and transposition was recently exemplified
by the response of LINE-1 retrotransposons to telomere
damage in CHO (Chinese hamster ovary) cells (Morrish
TA et al. 2007). When telomere function is disrupted by a
deficiency in DNA-dependent protein kinase, 30% of
LINE-1 transposition events integrate into telomere
sequences. These results indicate that LINE-1
transposition is capable of repairing telomere specific
DNA damage (Morrish TA et al. 2003). Retroelements
can repair the genomic double-strand breaks by
homologous recombination in the plant genome (Ralph S
and holger P. 2002). These reports indicate that the
transposition of the retrotransposons is related to the
repair of the damage to the DNA molecules. Low-energy
ions can reach the nuclei and cause damage to the DNA
molecules, and then induce mutations when the DNA
repair fails (Ya HY et al. 2007). Up to this investigation,
we consider that the transposition of the retrotransposons
Ttol is related to the repair of the DNA damage caused
by the vacuum and the implantation of the ion.

At last, the conclusion is that Ttol is re-activated by
the implantation of the ion. It implied that Ttol play
important roles in response to the radiation of the ion.
These results are helpful to fully understand mechanism
of the deleted and inserted DNA of the chromosomes in
cell after implantation of the ion.
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