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Abstract Homology in the promoter region leads to
transcriptional gene silencing (TGS). This could be circum-
vented by designing synthetic promoters which are func-
tionally similar but divergent in their sequence. In the
present study, we asked whether such synthetic promoters
can escape trans-inactivation when challenged with a
silenced copy of the wild-type prototype. We tested the
activity of two synthetic cauliflower mosaic virus 35S
(35S) domain A promoters, 2mA and 3mA, with only 35%
and 41% sequence identity with the wild type 35S (wtA) in
the presence of silencing locus 271 of Nicotiana tabacum
that inactivates any 35S promoter driven transgene through
TGS. Based on comparison of β-glucuronidase (gus)
activity under the transcriptional control of wtA, 2mA,
and 3mA in the presence and absence of the silencing
locus, we demonstrate that the inactivation of the 2mA and
3mA promoters is significantly delayed in comparison to
that of wtA although microhomology at the transcription
factor binding sites eventually leads to the silencing of
these synthetic promoters. We further postulate that it is
possible to design functional synthetic promoters that can
escape gene silencing in the background of silencing locus
if the cis-elements are smaller and do not contain
methylation prone CG and CNG.
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Introduction

Homology dependent gene silencing (HDGS) in transgenic
plants occurs when multiple copies of a transgene or a
transgene with homology to an endogenous plant gene are
present in the plant nucleus. Different types of silencing
phenomena occur in plants depending on the region of
homology, their arrangements, orientations, relative posi-
tions of the interacting homologous sequences, and the
degree of somatic and germinal heritability. On the one
hand, homology in the promoter region has been known to
cause repression of transcription, which has been termed
transcriptional gene silencing (TGS), and on the other hand,
homology in the coding region causes mRNA degradation
and is called as posttranscriptional gene silencing (PTGS).
It has recently been demonstrated that HDGS is mediated
by double-stranded RNA (dsRNA) and that both TGS and
PTGS result in the methylation of homologous sequences at
the target loci. The two pathways although distinct are
mechanistically related (Sijen et al. 2001). TGS has been
further classified into cis and trans-inactivation. Cis-
inactivation occurs due to homology in intra-allelic repeats,
closely linked on the same DNA molecule. This is caused
by the insertion of multiple and rearranged copies of a
transgene at a single locus or in the presence of closely
linked copies of transgene that results in methylation
through RNA-directed DNA methylation or heterochroma-
tinization that suppresses transcription from promoters.
These cis-inactivated loci, in many cases, can suppress
another copy of the homologous sequence if brought into
its background (in trans). Such loci have also been called
“silencing loci”. Trans-inactivation requires interaction of
the silencing locus with the target sequence, caused by
ectopic DNA–DNA pairing between the loci. This results in
a transfer of the silenced state from one locus to another,
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either by transfer of repressive chromatin states to targets or
by de novo methylation of the target sequence. At the same
time, reciprocal ectopic interaction of genes causes cosup-
pression of both the genes. In cosuppression or PTGS,
silencing occurs at the RNA level. Once initiated against
the RNA of a given transgene, PTGS leads to the
suppression or degradation of homologous RNA from
either the endogenous gene or the transgene, through the
production of dsRNA. These phenomena have been
extensively reviewed (Matzke and Matzke 1995; Meyer
and Saedler 1996; Depicker and van Montagu 1997; Stam
et al. 1997; Vaucheret et al. 1998; Wassenegger and
Pélissier 1998; Fagard and Vaucheret 2000; Iyer et al.
2000; Vaucheret et al. 2001; Matzke et al. 2002; Vaucheret
2006 and Voinnet 2008).

Irrespective of the nature of interaction, homology
among sequences is the key factor that initiates silencing.
Silencing can be avoided by developing gene constructs
that have minimum homology to each other or to
endogenous genes. Homology can be easily reduced in
coding regions by using codon degeneracy, in which coding
regions can be modified for their DNA sequence without
altering the amino acid sequence (Kumpatla et al. 1998).
Synthetic binary vectors can also be developed where the
region between the T-DNA borders has been modified to
reduce/remove any sequence homology with the other
available binary vectors (Arumugam et al. 2007).

To circumvent TGS due to homology in the promoter
region, one can either use diverse promoters isolated from
different plant and viral genomes or design synthetic
promoters. The cauliflower mosaic virus (CaMV) 35S (35S)
promoter is the most extensively used promoter to express
transgenes in plants. However, only few of these promoters
have expression level comparable to the 35S promoter.
Although several other viral promoters have been identified
to date (Medberry et al. 1992; Bhattacharyya-Pakrasi et al.
1993; Verdaguer et al. 1996; Maiti et al. 1997; Tzafir et al.
1998; Dey and Maiti 1999; Holmberg et al. 2002; Stavolone
et al. 2003; Xie et al. 2003), 35S still remains the promoter
of choice. These promoters could be used to drive expression
of different genes in transgenic cassettes.

The challenge, however, lies in designing synthetic
promoters, which would be functionally homologous but
divergent in their sequence. Most of the synthetic promoters
designed till date are either hybrids of two existing
promoters (Comai et al. 1990; Ni et al. 1995) or are
functional add-ons to a basal promoter (Rushton et al.
2002) rather than being de novo synthesized promoters.
The only de novo construction of a complete synthetic
promoter has been reported by Sawant et al. (2001). In an
earlier study (Bhullar et al. 2003), we showed that synthetic
promoters can be designed either by placing the known cis-
elements in a divergent DNA sequence or by “domain

swapping” wherein domains of a promoter can be
exchanged with functionally equivalent domains from a
heterologous promoter. We evaluated the first strategy using
two domain A synthetic 35S promoters, Mod2A1T and
Mod3A1T. Both the promoters were found to express at
par with the 35S (Bhullar et al. 2003).

In the present study, we have tested whether synthetic
promoters with limited sequence homology can escape
silencing when placed in the background of a strong silencing
loci (SL) for 35S, the “271 locus” (Vaucheret 1993). This
locus consists of multiple copies of the tobacco nitrite
reductase (NIR) sequence in antisense orientation (RIN)
driven by the 35S promoter and the bacterial neomycin
phosphotransferase (npt) sequence driven by CaMV 19S
promoter. The 271 locus has been shown to elicit TGS and
PTGS by producing aberrant small double-stranded RNAs
corresponding to 19S, 35S promoter, and NIR sequences
(Mourrain et al. 2007). It has been called the universal
silencer of 19S or 35S. Vaucheret (1993) also reported that
90-bp homology is enough to trigger inactivation. Since in
the Mod2A1T and Mod3A1T promoters developed in the
earlier study (Bhullar et al. 2003), domain B (−91 to −343) is
the same as that of the wild-type 35S promoter, we have
used three truncated promoters corresponding to the domain
A of wild-type 35S, Mod2A1T and Mod3A1T (hitherto
called as wtA, 2mA, and 3mA, respectively) to test their
activity in the presence (SL; 271.5.8) and absence of the
silencing loci (nonsilencing locus (NSL) 271.5.9). We
demonstrate that in the background of the silencing locus,
inactivation of the 2mA and 3mA is significantly delayed
when compared to that of wtA, although microhomology at
the transcription factor binding sites eventually leads to the
silencing of these synthetic promoters.

Materials and Methods

Assembly of Synthetic Promoters

The synthetic domain A promoters were synthesized as
described previously (Bhullar et al. 2003). Briefly, the
promoters were assembled using recursive PCR, followed
by subsequent cloning in pPCR-Script Amp SK(+) and then
sequenced to confirm the fidelity of the sequence. To create
truncated promoters 35S, Mod2A1T and Mod3A1T
(Bhullar et al. 2003), domain A (−90 to +1) region was
removed as EcoRV–NcoI fragment and cloned in a modified
pMCS5 (MoBiTec, Gottingen, Germany), named ΔpMCS5 as
EcoRV–NcoI fragment. ΔpMCS5 was created by deleting the
region between MluI–EcoRI restriction sites. The domain A
promoters were then removed as a EcoRV–NcoI fragment and
cloned upstream to the β-glucuronidase (gus) reporter gene
with a 35S poly(A) signal in pPCR-Script Amp SK(+)
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(Stratagene, La Jolla, CA, USA). All clonings followed
standard protocols as described in Sambrook et al. (1989).
The promoter-gus expression cassette thus developed was
cloned as SacI–SalI fragment in binary vector pPZP200
(Hajdukiewicz et al. 1994) containing a nopaline synthase
promoter (Pnos)-driven neomycin phosphotransferase (nptII)
gene, as a selection marker for plant transformation.

Development of Transgenics and Crosses

Binary vectors were mobilized into the disarmed Agro-
bacterium strain GV2260 by electroporation. Agrobacte-
rium sp.-mediated transformation of leaf disk in tobacco
(Nicotiana tabacum cv. Xanthi) explants was carried out
following the protocol of Svab et al. (1995). The tobacco
transformants were selected on kanamycin (100 mg/l). With
each construct, several independent transgenic lines were
developed. Ten to 12 independent T0 transgenic lines were
grown in a green house (16:8 h day/night cycle, 28±2°C,
relative humidity 70%) along with the tobacco transgenic
homozygous lines 271.5.8 (SL) and 271.5.9, which is an
isogenic line without the transgene integration (NSL). Since in
the lines containing SL loci the nitrate reductase activity is
blocked, these lines were grown in medium B supplemented
with 10 mM KCl and 10 mM ammonium succinate
(Vaucheret 1993) and were watered with the nutrient of Coϊc
and Lesaint (Vaucheret et al. 1992). Further, the SL lines
become kanamycin sensitive, as the 19S gets inactivated
(Mourrain et al. 2007).

The T0 transgenic lines carrying the promoter constructs
(wtA, 2mA, and 3mA) were selfed, as well as crossed to
both SL and NSL lines. Seeds were collected from growth-
chamber grown plants. The seeds were surface-sterilized
with 70% alcohol followed by five to six washings with
water and were germinated on medium B, supplemented
with 10 mM KCl and 10 mM ammonium succinate
(Vaucheret 1993) in the presence of kanamycin (100 mg/l).

Enzyme Assays for Estimation of Promoter Strength

The total protein present in the seedlings/tissues was extracted
in the GUS extraction buffer (Jefferson 1987). Protein
concentration was estimated following Bradford (1976).
Fluorometric GUS assays using 4-methyl umbelliferyl β-D-
glucuronide substrate were performed according to Jefferson
(1987) on 15-day-old seedlings, 30-day-old seedlings, and
on the root tissues of 3-month-old plantlets. The product
released (methylumbelliferone, MU) was estimated with
DyNA Quant 200 Fluorometer (Hoefer Pharmacia Biotech,
San Francisco, CA, USA). GUS activity was expressed as
picomoles MU per minute per milligram protein. The fold
inactivation was calculated as the ratio of the promoter
activity in the background of NSL to that of SL.

GUS Staining

For histochemical GUS staining, the samples were stained
overnight in a GUS staining solution containing 0.5 mg/ml
5-bromo-4-chloro-3-indolyl-β-D-glucuronic acid (X-Gluc)
in 50 mM sodium phosphate (pH 7.0) at 37°C.

Genomic DNA Isolation and Southern Analysis

Plant Genomic DNAwas isolated using cetyltrimethylammo-
nium bromide protocol described by Rogers and Bendich
(1994). About 10 μg of each DNA sample was digested with
KpnI (New England Biolabs), electrophoresed on a 0.8%
agarose gel, and blotted on nylon membrane (Hybond N+,
Amersham Pharmacia Biotech). Blots were probed with the
coding sequence of nptII gene to ascertain the presence of
silencing locus. Probes were labeled with α-[32P]-dCTP
using the Megaprime DNA Labelling System (Amersham
Pharmacia Biotech). Hybridization and washing conditions
were based on standard procedures as prescribed by
Sambrook et al. (1989).

Statistical Analysis of Data

The data on the GUS activity obtained in transgenic lines in
the background of SL and NSL with different constructs
was analyzed using students’ unpaired T test. p values<
0.05 were accepted as significantly different.

Results

Experimental Design, Development of Transgenics,
and Crosses with SL and NSL

A truncated 35S promoter containing only domain A of
the wild-type 35S promoter (wtA) or synthetic promoters
2mA and 3mA has been used to study the activity of
these promoters in the presence of the silencing locus
271.5.8 (SL). The domain A (−90 to +1) of 2mA and
3mA promoters shows 65% and 59% divergence in its
sequence in regions flanking the identified cis-elements
from that of the 35S (Bhullar et al. 2003; Fig. 1). Although
domain A is known to drive much lower expression levels
than a full-length promoter, the activity can be quantified,
especially in the root tissue, as this domain is largely
responsible for expression in roots (Benfey et al. 1990).
The present study deals with the expression of these
synthetic promoters in the presence of the silencing locus
271.5.8 (SL).

To test the activity of these promoters, they were
cloned upstream to the gus gene. The binary vector
developed also contained a Pnos driven nptII gene
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that served as a selection marker for plant transformation
as well as a reference gene to monitor silencing.

Ten to 12 independent tobacco transgenic lines for each
construct were generated and transferred to the soil in the
green house, along with homozygous SL and NSL lines.
The T0 transgenic lines were selfed as well as crossed to
both SL and NSL lines. The seeds from these crosses were
harvested, and the promoter activity analyzed at various
stages of seedling development viz., GUS analysis by
histochemical staining in 7-day-old seedlings, quantifica-
tion of GUS activity in 15- and 30-day-old seedlings and
roots of 3-month-old plantlets. The effect of SL on domain
A was analyzed by comparing the activity of the promoters
in the background of SL to that of the background of NSL.

Segregation Analysis of T1 Seeds

Selfed seeds of approximately ten independent lines for
each of the constructs were used for segregation analysis.
Seeds resistant and sensitive to kanamycin were scored
after 30 days of germination. The results are summarized in
Table 1. Based on chi-square analysis, it was observed that
in most of the transgenic lines, except for those developed
with 3mA, the integration of transgene at single locus
occurred at a higher frequency. However, in case of 3mA,
only one line had insertion at a single locus.

Expression of the gus Gene in the Presence (SL) and
Absence (NSL) of Silencing Loci

In order to study the effect of silencing loci on the domain A
promoter in 7-day-old seedlings, ∼50 F1 seedlings obtained
from crosses with SL and NSL lines were tested for GUS
expression by histochemical staining (Fig. 2). The percent-
age of lines exhibiting GUS staining was calculated. These
have been represented in Fig. 3.

Of the six lines tested in case of wtA, progeny from four
of the lines (1.9, 2.5, 1.15, and 1.11) did not show GUS
expression in any of the seedlings from crosses with SL.
This shows that SL trans-inactivates the wild-type domain
A of 35S promoter in wtA constructs as reported by

Vaucheret (1993). In the case of 2mA, three out of the five
lines tested escaped trans-inactivation. In the two lines
showing trans-inactivation, the percentage of seedlings
showing GUS expression was found to be more than that
observed with wtA construct. This indicated a lesser extent
of trans-inactivation in case of lines with 2mA construct. In
3mA, five of the seven lines escaped trans-inactivation,
while in two lines, 1.20 and 1.17, there was ∼40%
reduction in seedlings expressing the gus gene.

The activity of wild-type and synthetic domain A promoters
was analyzed in 15-day-old kanamycin (KanR) seedlings.
Approximately ten kanamycin resistant F1 seedlings from
crosses with NSL and SL lines were used for quantifying the
activity of the GUS protein in three independent experiments
with internal replicates. The results obtained are summarized
in Table 2. The results are presented as the GUS activity
calculated as the mean of three independent experiments,
along with standard error in transgenic lines crossed with
NSL as well as SL. Fold inactivation that reflects the drop in
promoter activity in the background of SL as compared to
that of NSL was also calculated.

In the case of wtA, the GUS activity in transgenic lines
crossed with NSL and SL showed that in six out of the seven
plants tested, the fold inactivation varied from 2.02 to 5.92.
Lines showing at least 2-fold inactivation have been taken as
suppressed, which is also reflected in their p values which
range from 0 to 0.024 in these lines, indicating that these
means are significantly different. Only one line, wtA 2.9, had
p value of 0.051 that did not get silenced. Thus, in case of
wtA, the domain A gets trans-inactivated in the presence of
SL, but not in its absence, i.e., in NSL.

Out of the six lines tested in case of transgenics with 2mA
promoter, two of the lines (1.21 and 1.29) demonstrated a
significant drop in promoter activity in the background of SL,
although the fold inactivation in the case of line 1.29 was 1.5-
fold. Similarly, four of the six transgenic lines with 3mA
promoter were observed to be active even in the presence of
the silencing locus.

In the 30-day-old seedlings, line 2.9 containing the wtA
promoter was also observed to be silenced. The fold
inactivation for other transgenic lines with wtA was also

Fig. 1 Sequence comparison of the domain A (−90 to +1) of the 35S
promoter (wtA) with that of the 2mA and 3mA promoters. The
pentameric repeat of the as-1 element and TATA box are indicated in
bold italics. The 35S promoter in the regions flanking the identified

cis-elements shows a similarity of 35% and 41%, with that of 2mA
and 3mA promoters, respectively. The region which is identical
among the three promoters has been underlined
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relatively higher as compared to inactivation observed in
the 15-day-old seedlings (Table 3). Further, all these lines
showed greater than 10-fold fall in activity in the roots of 3-
month-old plantlets, suggesting that trans-inactivation had
set in. Interestingly, of the progenies obtained from crosses
with SL, three lines each with 2mA and 3mA construct still
escaped trans-inactivation in 30-day-old seedlings. Of these
six lines, four of the lines (viz., 2mA 1.4, 2mA 1.9, 2mA
1.48, and 3mA 1.20) retained activity even in the roots of
3-month-old plantlets. The GUS activity of the lines which
escaped trans-inactivation is summarized in Table 4.

The presence of the silencing locus in the F1 progenies that
escaped trans-inactivation was confirmed by Southern blot
analysis (Fig. 4). The genomic DNA was digested with
restriction enzyme KpnI and hybridized with a NcoI
fragment of the nptII gene. The hybridization pattern as
observed in the SL parental line was also observed in the F1

progenies obtained from crosses between SL and wtA 2.9,
2mA 1.9 and 3mA 1.20.

Effect of SL Line on the nptII Gene

F1 progenies obtained from crosses between the different
synthetic promoter containing lines and SL or NSL were
germinated in the presence of kanamycin. The percentage of
KanR progenies obtained from crosses with the SL line was
observed to be similar to those obtained from crosses with
the NSL line in each case (Fig. 5). This indicated that the
nptII gene driven by the Pnos present in the cassette was not
silenced.

Discussion

Homology between promoter sequences can lead to
homology-based gene silencing. Silencing loci like 271
loci in tobacco are known to trans-inactivate 35S promoter
when brought in its genetic background (Mourrain et al.
2007). In this study, we investigated the possibility of
circumventing silencing by reducing the similarity between
the sequence of the target promoter and the inactivated
promoter at the silencing locus. Using the 271 line
developed by Vaucheret (1993) which inactivates 35S
promoter-driven genes through TGS, we have demonstrated
that synthetic domain A promoters 2mA and 3mA can
escape trans-inactivation up to the seedling stage, and there
is a significant delay in the induction of silencing.

In a previous study, we had developed synthetic 35S
promoters by placing the identified cis-elements of the
domain A in a variant DNA stretch. These synthetic
promoters were shown to be functionally equivalent to the
wild-type 35S promoter (Bhullar et al. 2003). The activity
of the domain A of the wild-type 35S promoter (wtA) and
the two synthetic promoters (2mA and 3mA) was analyzed
against the background of a general silencer for the 35S
promoter, i.e., line 271 (SL line 271.5.8). The activity of
these promoters in the background of NSL (line 271.5.9)
was used as a control.

Based on the expression of gus gene in F1 progenies
obtained from crosses between lines containing
the target promoter constructs viz., wtA, 2mA, and
3mA, and the NSL line, it was observed that these

Construct Line no. Total no. of seeds KanR KanS Chi-squareb

wtA 1.9a 80 57 23 0.60a

1.11 80 78 2 21.60

1.15a 80 61 19 0.07a

2.5a 75 56 19 0a

2.9a 80 54 26 2.40a

2.14 39 23 16 5.34

2mA 1.4a 76 60 16 0.63a

1.9 80 69 11 5.40

1.16a 84 66 18 0.57a

1.21a 68 49 22 1.36a

1.24 80 71 9 8.07

1.48a 82 56 26 1.97a

3mA 1.9 79 74 5 14.69

1.11 77 76 1 23.07

1.14 78 75 3 18.62

1.17 77 45 32 18.56

1.19 79 75 4 16.75

1.20a 79 52 27 3.55a

1.27 80 80 0 26.67

Table 1 Segregation analysis
based on KanR/KanS selfed
seedlings (T1) of wtA, 2mA, and
3mA

a Fits a 3:1 ratio of KanR /KanS ,
indicating integration at a single
locus
b Chi-square test was performed at
95% confidence limit (p<0.05) to
determine the goodness of fit
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promoters were functionally equivalent as reported in our
earlier study (Bhullar et al. 2003). However, in the presence
of the silencing locus, the wild-type 35S domain A
promoter was found to be trans-inactivated even at the
15-day-old seedling stage in all lines, except one, i.e.,
wtA2.9. In all these cases, there was greater than 2-fold

inactivation. The fold inactivation progressively increased
in all the events including wtA2.9 in the 30-day-old
seedlings as well as in the roots of 3-month-old plantlets.
On the other hand, ∼67% of the transgenic lines with the
synthetic 35S promoter constructs escaped trans-inactiva-
tion at the 15-day-old seedling stage. All these lines showed

Fig. 2 Histochemical GUS
staining observed in 7-day-old
F1 seedlings of representative
wtA, 2mA, and 3mA,
containing lines crossed with
homozygous lines with (SL) or
without (NSL) silencing locus
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Table 2 GUS activity observed in KanR 15-day-old F1 seedlings from crosses between SL/NSL and transgenic lines with various promoter
constructs

Construct Transgenic
line

X NSL (A) (mean ± SE; pmol
MU/min/mg protein)

X SL (B) (mean ± SE; pmol
MU/min/mg protein)

Fold
inactivationb

(A/B)

Unpaired
Student’s T test

p
value

wtA 1.9a 1,233.7±356.1 212.8±61.4 5.79 17.4 0.000

1.11 682.4±197.0 190.1±54.9 3.59 3.56 0.024

1.15a 2,518.7±727.1 549.6±158.7 4.58 9.62 0.001

2.5a 641.9±185.3 108.4±31.3 5.92 7.44 0.002

2.9a 17,122.2±4,942.9 11,908.4±3,437.8 1.44 2.75 0.051

2.14 546.8±157.9 270.3±78.0 2.02 4.19 0.014

2.16 300.7±86.8 140.0±40.4 2.14 6.17 0.004

2mA 1.4a 396.5±114.5 240.6±69.5 1.65 2.73 0.052

1.9 1,088.4±314.2 906.9±261.8 1.20 0.915 0.412

1.21a 432.2±124.8 174.9±50.5 2.47 6.45 0.003

1.24 576.7±166.5 806.4±232.8 0.72 −2.37 0.077

1.29 4,566.0±1,318.1 2,999.1±865.8 1.52 7.26 0.002

1.48a 376.1±108.6 279.2±80.6 1.35 1.49 0.210

3mA 1.9 979.2±282.7 714.4±206.2 1.37 2.45 0.070

1.14 6,012.5±1,735.7 5,909.5±1,706.0 1.02 0.115 0.914

1.17 6,011.2±1,735.3 1,087.1±313.8 5.53 14.0 0.000

1.19 2,187.0±631.3 1,977.6±570.9 1.11 0.837 0.450

1.20a 617.1±178.2 488.1±140.9 1.26 1.50 0.209

2.2 1,707.4±492.9 392.0±113.2 4.36 15.7 0.000

a Lines having integration at single locus
b Folds of inactivation reflect the drop in promoter activity in the background of SL as compared to that of NSL. Lines showing at least 2-fold inactivation
have been taken as suppressed. This is also reflected in the p value of these lines. Lines that are not getting inactivated are marked in bold

Fig. 3 Percentage of F1

progenies obtained from crosses
between independent lines of
wtA, 2mA, and 3mA and SL
or NSL plants, exhibiting GUS
expression
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less than 2-fold inactivation. Although the transgene
inactivation progressed in the older seedlings as well as in
the roots, four of the lines escaped trans-inactivation,
showing similar expression of the promoter driven gus
gene in the background of SL line as that in the NSL line.

In all the lines studied, the nptII gene did not get trans-
inactivated by the silencing loci which is in concurrence
with the observation made by Vaucheret (1993) and
Mourrain et al. (2007) that the silencing occurs because of
the homology between promoters in the case of 271 line.
Although the nptII gene is silenced in the 271 loci, it is not
able to trans-inactivate the same in domain A constructs

since in the silencing locus, the gene is under the control of
19S and in the latter it is under control of the Pnos.

The expression of the lines which escaped silencing in
the roots of 3-month-old plantlets could not be studied in
the older mature plants as in the silencing line 271, the
endogenous nitrite reductase gene is inactivated and has to
be nutritionally supplemented for its growth (Vaucheret et
al. 1992). In our study, we observed that even after the
necessary nutritional supplementation, the 271.5.8 line (SL)
showed retarded growth in comparison to that of its near-
isogenic line without the silencing loci (NSL, 271.5.9 line).
This was also reflected in the F1 generation from crosses

Construct Transgenic lines Fold inactivation

30-day-old seedlings Roots of 3-month-old plantlets

wtA 1.9a 5.30 25.85

1.11 2.00 80.22

1.15a 4.45 188.73

2.5a 8.67 27.90

2.9a 10.75 170.42

2.14 3.12 21.38

2.16 nd 10.83

2mA 1.4a 1.24 1.56

1.9 0.75 1.19

1.21a 4.92 62.03

1.24 1.43 30.44

1.29 22.46 6.36

1.48a nd 0.34

3mA 1.9 2.36 34.02

1.14 1.08 15.49

1.17 3.15 3.94

1.19 0.79 4.44

1.20a 0.57 1.35

2.2 nd 48.64

Table 3 Fold inactivation of
GUS activity observed in
F1 generation from crosses
between SL/NSL and
independent transgenic lines
with various promoter
constructs

a Lines having integration at single
locus

Table 4 GUS activity and fold inactivation observed in F1 generation from crosses between SL/NSL and independent transgenic lines that
escaped trans-inactivation with synthetic promoter constructs

Construct Transgenic line X NSL (pmol MU/min/mg protein) X SL (pmol MU/min/mg protein) Fold inactivation

30-day-old seedlings

2mA 1.4 1,880 1,510 1.24

1.9 2,160 2,870 0.75

3mA 1.20a 1,930 3,380 0.57

Roots

2mA 1.4 13,491 8,667 1.56

1.9 10,357 8,680 1.19

1.48a 2,014 5,933 0.34

3mA 1.20a 17,846 13,232 1.35

a Lines having integration at single locus
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with the SL locus. Although the seedlings grew well up to
1 month, at a later stage, their growth was retarded. This
was also reflected in the difference observed in the
chlorophyll content between F1 lines generated from
crosses with SL and NSL (data not shown). These reflected
variations in the physiology of the two lines and as
promoter activity is significantly influenced by the physi-
ology of the cell, activity of the promoters could not be
compared in older plants.

Our observations in the early stages of development
clearly demonstrate that there is a significant delay in the
progression of trans-inactivation of the synthetic promoters.
The onset of transgene silencing is possibly due to the
microhomology between the wild-type 35S promoter and
the synthetic promoters at the transcription factor binding
sites (Fig. 1). Although it has been previously shown that
90 bp of homology in the promoter sequence is enough for
trans-inactivation (Vaucheret 1993), this study shows that
even a smaller region (∼30 bp) can result in trans-
inactivation although the progress is substantially delayed.
In a previous study, Thierry and Vaucheret (1996) had
demonstrated that Figwort mosaic virus 34S promoter does
not get silenced (up to after 5 months of growth) in the
presence of the 271 locus. The 34S promoter shares 63%
overall identity with the domain A of the CaMV 35S but
with never more than six contiguous identical nucleotides.
In the synthetic promoters designed in the present study, we
were unable to reduce the stretch of identity as changing the
seven intervening bases between the TGACG repeats in the
as-1 element led to a significant drop in promoter activity

Fig. 4 Southern blot analysis to demonstrate the presence of silencing
locus in representative wtA, 2mA, and 3mA lines crossed with
silencing line (SL). a Restriction map of plasmid pRiN in the genome
of Silencing locus (Vaucheret 1993). b Ten micrograms of genomic
DNA of SL and isogenic line NSL without the silencing locus, as well
as representative wtA, 2mA, and 3mA lines crossed with SL and NSL
line digested with BamHI and KpnI and probed with the NcoI
fragment of the nptII gene. Except for lane 2 that contains DNA
digested with BamHI, in all other lanes, digestion has been carried out
with KpnI. Lane 1 NSL, lane 2 SL digested with BamHI, lane 3 SL
digested with KpnI, lane 4 wtA 2.9×SL, lane 5 wtA 2.9×NSL, lane 6
2mA 1.9×SL, lane 7 2mA 1.9×NSL, lane 8 3mA 1.20×SL, lane 9
3mA 1.20×NSL

Fig. 5 Percentage of F1 proge-
nies of independent lines of
wtA, 2mA, and 3mA, crossed
with SL or NSL plants, showing
resistance to kanamycin (KanR).
F1 seeds were germinated on
kanamycin (100 mg/L) and
scored after 1 month for resis-
tance to kanamycin
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(Bhullar et al. 2003). Interestingly, the as-1 element in the
34S promoter has a sequence which is not identical to that
in the 35S promoter. It would be interesting to check the
functionality of the as-1 element present in the 34S
promoter in the context of the synthetic promoter. If found
to be functionally equivalent, such a promoter could
possibly escape silencing in the background of 271 locus.

It has been demonstrated (Mourrain et al. 2007) that the
mode of silencing brought about by the “271 transgene
silencing locus” is via small double-stranded RNA
corresponding to the 35S promoter. The production of
aberrant RNAs that share homology with promoter sequen-
ces triggers TGS in trans. Mourrain et al. (2007) hypothe-
sized that an endogenous promoter positioned at one end of
the transgene sequence at 271 locus led to the accumulation
of aberrant RNA that were converted into dsRNA, which
when processed into siRNAs trigger silencing and methyl-
ation of homologous sequences in cis and trans. On
comparison with the wild-type promoter, the synthetic
promoters have a smaller target region for the siRNAs to
act. There is thus a delay in the onset of silencing. However,
as the targets are the cis-elements, the methylation at these
sites would eventually lead to its silencing. While designing
these synthetic promoters, methylation-prone CG and CNG
were removed, but the cis-element in subdomain A, as-1
element, is a pentameric direct repeat TGACG, which
contains two methylation prone CG dinucleotides. It has
been also demonstrated earlier in a report by Diéguez et al.
(1998) that cytosine methylation is not a prerequisite for the
initiation of transcriptional gene silencing but is required for
its maintenance. Keeping this in mind, it is possible that if
the cis-elements are smaller and do not contain methylation
prone CG and CNG, synthetic promoters could escape gene
silencing.
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