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Abstract Enhancers are known to be capable of overriding
the specificity of nearby promoters in a distance-dependent
manner, which is problematic when multiple promoters
coexist in a single transgene unit. In an attempt to deter-
mine whether enhancer activation function is inversely
related to its distance from the target promoter, we inserted
1-, 2-, and 4-kb bacteriophage λ fragments, respectively,
between the cauliflower mosaic virus 35S enhancer and a
flower-specific AGAMOUS second intron-derived promoter
(AGIP) fused to the β-glucuronidase (GUS) coding region.
In the absence of an insert sequence, the 35S enhancer
activates AGIP-driven GUS expression in vegetative tissues
of transgenic Arabidopsis thaliana lines. Moreover, neither
the 2-kb nor the 4-kb λ fragment was able to block GUS
expression in transgenic leaves, implying that the 35S
enhancer can override a distance barrier of at least 4 kb in
our system. Unexpectedly, insertion of the 1-kb λ insert into
the same site resulted in diminished GUS expression in
transgenic leaves. Our data indicate that this fragment
functions as a true enhancer-blocking insulator that could
potentially be utilized to minimize enhancer–promoter
interference between multiple transcriptional units within
a plasmid vector during plant transformation experiments.
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Introduction

Transgenic plant technology is an important tool for both
basic plant biological research and the improvement of
agronomic traits in a wide variety of crop species through
the stable expression of foreign genes (Lanfranco 2003).
Often, this necessitates the use of tissue-, organ-, or
developmental stage-specific and strong constitutive pro-
moters (Li et al. 2001; Liu and Liu 2008; Savidge et al.
1995) to drive transgene expression exclusively in targeted
tissues. Until recently, the majority of transgenic research has
been directed towards the improvement of a single trait (for
example virus resistance, herbicide resistance) despite the
fact that crops in field conditions must cope with diverse
biotic and abiotic challenges and, thus, often require a
comprehensive approach to enhance the performance of
multiple traits. This demands the use of a transformation
vector with the ability to harbor multiple transcriptional gene
units, a feat that has been demonstrated to be feasible with
the introduction of six transcriptional cassettes into plants
using a single pPZP-based vector (Goderis et al. 2002).

Unfortunately, the presence of multiple promoter and
enhancer elements within a single vector might, due to the
inherent orientation-independent nature of enhancers, pro-
voke enhancer–promoter or promoter–promoter interference,
thereby altering the specificity and strength of discrete
promoters in transgenic plants. This crosstalk phenomenon
is commonly observed in transgenic plant-bearing vectors in
which the enhancer derived from the constitutive 35S
promoter (Odell et al. 1988) is inserted near plant-derived
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promoters, resulting in a drastic augmentation of their tran-
scriptional activity in nontargeted tissues. For example, the
35S enhancer has been shown to activate the root-specific
LRP1 (Smith and Fedoroff 1995), vascular tissue-specific
AAP2 (Hirner et al. 1998), carpel-specific AGL5 (Savidge et
al. 1995), tapetum-specific TA29 (Koltunow et al. 1990), and
embryogenesis-specific PAB5 (Belostotsky and Meagher
1996) promoters in leaf, stem, and root tissues (Jagannath
et al. 2001; Yoo et al. 2005; Zheng et al. 2007), resulting in
an expression pattern that is indistinguishable from that of
the 35S promoter (Benfey et al. 1989, 1990). Since the 35S
promoter is used to drive the expression of the selectable
marker gene in a broad range of plant transformation vectors,
including pPZP, pCAMBIA, and pINDEX1 family vectors
(Hajdukiewicz et al. 1994; Ouwerkerk et al. 2001), its strong
enhancer function has the potential to be an enormous
hindrance to transgenic research when precisely controlled
expression of the transgene is essential.

While a number of elements have been identified in animals
that are able to impede interactions between an enhancer and
promoter when situated between them (Chung et al. 1993),
very few such enhancer-blocking insulators have been
described in plants. Recently, we developed an enhancer-
blocking assay system and used it to successfully identify the
first true enhancer-blocking insulator in plants (Hily et al.
2009). In this study, we used the same system to investigate
the relationship between insulation function and the length of
inserted DNA fragments. We found that a specific 1 kb
EcoRI/SalI fragment of bacteriophage λ origin, but not a 2 kb
HindIII or 4 kb NcoI fragment, respectively, functions as an
enhancer-blocking insulator when inserted between the 35S
promoter and flower-specific AGIP (Hily et al. 2009; Liu and
Liu 2008) fused to the GUS gene in transgenic Arabidopsis
lines, consequently permitting the proper tissue-specific
expression of the transgene. Since insulators are often able
to function in a broad range of species (Chung et al. 1993;
Namciu et al. 1998), the 1-kb λ fragment has a potential use
in the future of transgenic research.

Materials and Methods

Generation of Stable Transgenic Lines

Figure 1a includes a schematic diagram of the transforma-
tion vectors utilized in this study. All vectors were generated
using standard protocols and are present in a pBIN19 (Bevan
1984) background. The construction of vectors JM79, JM69,
and JM85, which incorporates a 3,967-bp NcoI fragment of
bacteriophage λ (GenBank accession number J02459;
nucleotides 23901–27868) between head-to-head 35S::green
fluorescent protein (GFP) and AGIP::GUS cassettes, has
been described previously (Hily et al. 2009). To generate the
JM86 and JM87 constructs, bacteriophage λ was initially

digested with HindIII to generate a 2,027-bp fragment
(nucleotides 23130–25157) or EcoRI and SalI to produce a
998-bp fragment (nucleotides 31747–32745; Fig. 1b), which
were isolated and cloned into pAUX3131 (Goderis et al.
2002). The resulting plasmids were digested with I-SceI, and
the λ fragments were inserted into the pPZP-RSC1 multiple
cloning site (Hajdukiewicz et al. 1994) between the 35S
enhancer and AGIP of JM69 to yield JM86 (2,027-bp
spacer) and JM87 (998-bp spacer). The presence of the
desired insert sequence between enhancer and promoter in
each of the final vectors was confirmed by sequencing.

Each vector was introduced into A. thaliana ecotype
C10, and the presence of the λ inserts was confirmed in a
selection of JM85, JM86, and JM87 lines by polymerase
chain reaction (PCR) analysis and sequencing according to
Hily et al. (2009). While the exact number of transgene
copies in each line was not determined, it has been found
previously that the floral dip method utilized for transfor-
mation in this study (Clough and Bent 1998) results in the
introduction of a single T-DNA insert in over 50% of
transgenic lines, with an average of 1.5 inserts per line
(Rosso et al. 2003). In each case, only those lines with a
normal phenotype were chosen for further analysis.

PCR Analysis of Transgenic Plants

To ascertain that no significant rearrangements or deletions had
occurred within 35S promoter, GUS, and AGIP sequences in
plant-bearing constructs with a functional insulator, PCR tests
were conducted on DNA from three independent lines of
JM69, JM86, and JM87, respectively, as well as an untrans-
formed control. Genomic DNA was extracted from young
leaves of various transgenic lines as described by Kobayashi
et al. (1998). PCR analyses were performed using approxi-
mately 100 ng template and GoTaq DNA Polymerase
(Promega, Madison, WI) according to the manufacturer's
instructions. Primers PZPR1 and eGFPR2 were utilized to
amplify the entire 35S promoter sequence; AGI-IIF11 and
pBINF1 were employed to amplify the entire GUS sequence;
and PZPF2 and GUSR1 were utilized to amplify the entire
AGIP. Primer sequences have been described elsewhere (Hily
et al. 2009). The amplification regime consisted of 94°C for
5 min, 30 cycles of 94°C for 45 s, 55°C for 1 min, and 72°C
for either 1.5 min (for the 35S promoter-specific product),
2.5 min (for the GUS-specific product), or 3.5 min (for the
AGIP-specific product), followed by a single iteration of
72°C for 7 min.

Histochemical Staining and Fluorometric Assays
of GUS Activity

Histochemical assays of GUS activity were carried out
using leaf and floral tissues from transgenic T1 lines

70 Plant Mol Biol Rep (2010) 28:69–76



carrying each construct, respectively, as well as an untrans-
formed control. Each sample was incubated in 1 mM 5-
bromo-4-chloro-3-indolyl-β-D-glucuronide (X-gluc; in
100 mM phosphate buffer, pH7.0, 10 mM EDTA, 0.5 mM
potassium ferrocyanide, and 0.1% Triton X-100) at 37°C for
24–48 h depending on the tissue analyzed and subsequently
depigmented in 70% ethanol.

Fluorometric assays of GUS activity were executed as
described by Hily et al. (2009). Leaf tissue from 15
independent T1 JM69, JM79, and JM87 lines, respectively,
as well as an untransformed control, was analyzed in
duplicate. GUS activities were calculated as the mean value
of pmol MU generated per minute per mg protein, and
statistical analyses were conducted using the Mann–Whitney
test for nonparametric data.

Quantitative Real-Time RT-PCR

Total RNA was isolated from leaf tissues of three inde-
pendent lines transformed with JM69, JM79, and JM87,
respectively, as well as an untransformed control, using the

RNeasy Plant Mini kit according to the manufacturer's
instructions (Qiagen, Valencia, CA). Contaminating DNA
was removed using the DNA-free system (Ambion, Austin,
TX). For each line, 500 ng of RNA was reverse transcribed
with the Superscript VILO cDNA synthesis kit (Invitrogen,
San Diego, CA), and cDNA products were utilized for
quantitative real-time PCR assays with GUS-specific and
actin2-specific primers according to Hily et al. (2009).
Assays including no template or template from reverse
transcription reactions lacking reverse transcriptase were
included in each trial. All GUS expression data were
normalized to that of actin, and each assay was performed
twice in triplicate.

GFP Detection

A Typhoon Trio fluorescence scanner with the control v5.0
software (Amersham Bioscience, Piscataway, NJ) was used
to scan shoot apices from JM69, JM79, and JM87 lines, as
well as an untransformed control, for visualization of
fluorescence emitted from either GFP or chlorophyll as

Fig. 1 Schematic representation of transformation constructs. a
Plasmid constructs. Construct JM79 is a control plasmid for GUS
expression driven by the AGIP. Two transcriptional fusion units, 35S::
GFP and AGIP::GUS, are present in a head-to-head orientation in
JM69. The JM85, JM86, and JM87 constructs are derivatives of JM69
with a 4-kb NcoI, 2-kb HindIII, or 1-kb EcoRI/SalI fragment of the
bacteriophage λ genome inserted between the 35S promoter and AGIP.
The direction of transcription in each case is indicated by an arrow. T1
nopaline synthase transcriptional terminator; T2 procyclin-associated
gene 7 transcriptional terminator; 35S cauliflower mosaic virus 35S
promoter; GUS β-glucuronidase coding sequence; GFP enhanced green

fluorescent protein coding sequence; AGIP carpel- and stamen-specific
promoter derived from the second intron of the Arabidopsis AGAMOUS
gene; λ lambda phage spacer sequence. All constructs shown are in a
pBIN19 background. b Schematic diagram of the 1-kb EcoRI/SalI λ
fragment. Restriction sites (EcoRI and SalI) utilized to clone the
fragment and the lengths of each partial coding sequence are indicated.
The direction of transcription that would occur within the λ genome, as
well as the lengths of the resulting endogenous transcripts, is also
shown. Regions of the transcripts contained within the 1-kb region are
denoted by a solid line while missing sequences are depicted by dashed
lines. Exo exonuclease-encoding gene; Bet beta protein-encoding gene
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described by Hily and Liu (2009). Blue light (488 nm, blue,
PMT 300V) was used for excitation in both cases. A
520-nm emission filter (BP 40) was used to scan for green
fluorescence emitted from GFP while a 670-nm filter (BP
30) was used to scan for red fluorescence emitted from
chlorophyll. The resulting images were overlaid for the
simultaneous visualization of both GFP and chlorophyll
fluorescence.

Bioinformatic Sequence Analyses

Analyses of the λ spacer sequences were conducted using
various computational programs and databases available
online. Specifically, prediction of CTCF binding sites was
carried out using the CTCFBSDB database (http://insulatordb.
utmem.edu; Bao et al. 2008); the presence of matrix
attachment region (MAR) motifs was investigated with
MARSCAN (http://mobyle.pasteur.fr/cgi-bin/MobylePortal/
portal.py?form=marscan) and MAR-Wiz (www.futuresoft.
org/MAR-Wiz; Singh et al. 1997); a search for palindromic
sequences was conducted using CRISPRFinder (http://crispr.
u-psud.fr/Server/CRISPRfinder.php; Grissa et al. 2007) and
PALINDROME (http://mobyle.pasteur.fr/cgi-bin/Mobyle
Portal/portal.py?form=palindrome); and a search for inverted
and tandem repeat sequences was carried out using
EINVERTED (http://mobyle.pasteur.fr/cgi-bin/MobylePortal/
portal.py?form=einverted), REPFIND (http://zlab.bu.edu/
mfrith/cgi-bin/repfind.cgi), ETANDEM (http://mobyle.
pasteur. fr/cgi-bin/MobylePortal/portal.py?form=etandem),
and TANDEM REPEATS FINDER (http://tandem.bu.edu/
trf/trf.html; Benson 1999). Promoter prediction was carried
out using the Promoter Scan program (www.bimas.cit.nih.
gov/molbio/proscan; Prestridge 1995).

Results

The 1-kb λ EcoRI/SalI Fragment, But Not 2-kb HindIII
or 4-kb NcoI Fragments, Represses 35S Enhancer-Mediated
Activation of AGIP-Driven GUS Expression
in Vegetative Tissues

To gain insight into the relationship between 35S enhancer
activation function and the distance to its target promoter,

we inserted three bacteriophage λ DNA fragments between
the enhancer and AGIP in JM69 to create JM85, JM86, and
JM87 (Fig. 1a, b), respectively. The selection of λ DNA
fragments as spacer sequences was based on the assumption
that the λ genome is free of DNA-binding motifs that might
be recognized by plant regulatory factors.

Histochemical staining of leaf tissue from 15 indepen-
dent T1 lines containing each construct, respectively
(Fig. 2), demonstrated that unlike JM79-transformed plants
(harboring the flower-specific AGIP::GUS cassette), in
which only 13.3% of leaves tested exhibited weak GUS
activity, 93.3% of JM69 lines (harboring AGIP::GUS and
35S::GFP cassettes in a head-to-head orientation) and
100% of JM85 and JM86 lines (harboring a 4-kb NcoI or
2-kb HindIII λ insert, respectively, between 35S promoter
and AGIP) displayed GUS activity in the leaves. These
results confirm our previous findings that the 35S enhancer
overrides AGIP-specific expression patterns when present
within the same construct (Hily et al. 2009) and are
consistent with earlier reports in which the 35S enhancer
was found to activate tissue-specific promoters in non-
targeted plant tissues (Yoo et al. 2005; Zheng et al. 2007).
Interestingly, only one of the 15 JM87-transformed lines
tested (harboring the 1-kb λ insert between 35S promoter
and AGIP) exhibited weak GUS staining in the leaves,
resembling JM79 lines.

In accordance with the histochemical data, fluorometric
assays (Fig. 3a) of leaf tissue from 15 independent lines of
JM87, JM69, and JM79 revealed that the mean GUS
activity in the leaves of JM87-transformed plants (84±
19 pmol MU/min/mg protein) was reduced to less than 1%
of JM69-transformed plants (8905±3818 pmol MU/min/mg
protein), a difference that is significant even at the 1% level
as determined by the Mann–Whitney test for nonparametric
data. No significant divergence was observed between the
GUS activities of JM87 plants and those bearing the JM79
construct (75±28 pmol MU/min/mg protein). Quantitative
real-time RT-PCR assays displayed a similar pattern in that
both JM79 and JM87 leaves exhibited a substantial
reduction in the mean normalized levels of GUS mRNA
as compared to lines bearing the JM69 vector (Fig. 3b).
Taken together, these results indicate that the 1-kb λ EcoRI/
SalI fragment is able to prevent 35S enhancer-induced GUS
transcription in nontarget tissues.

Fig. 2 Histochemical GUS
staining in the leaves of trans-
genic lines. Images display the
leaves of representative lines
transformed with each construct
or the untransformed control
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The 1-kb λ EcoRI/SalI Fragment Does Not Silence the 35S
Promoter or AGIP

It is possible that the lack of GUS expression in JM87 lines
may have resulted from a 1-kb λ EcoRI/SalI fragment-
induced destabilization of surrounding transgene sequence,
which could cause the deletion or truncation of 35S enhancer,
AGIP, or GUS coding regions in transgenic plants. To
address this possibility, we tested three independent JM86,
JM87, and JM69 lines, respectively, by PCR to analyze the
integrity of the 35S enhancer, GUS coding region, and AGIP
(Fig. 4a). In each case, fragments of identical size were
amplified for the 35S enhancer, GUS coding region, and
AGIP, respectively, indicating that transgene deletion or
truncation had not taken place in any of the plants analyzed.

To rule out the alternative possibility that the obstruction
of GUS transcription in JM87 leaves is due to silencing of
AGIP and/or 35S promoter activity by the λ EcoRI/SalI

fragment, rather than its enhancer-blocking function, we
subjected floral tissue to histochemical GUS assays
(Fig. 4b) and GFP fluorescence analyses (Fig. 4c) to
determine whether these two promoters maintain their
inherent activities in JM87 lines. While JM87 plants
displayed diminished GUS expression in leaf tissue, they
retained the same flower-specific GUS expression as
control JM79 lines (Fig. 4b). Furthermore, we confirmed
that both JM69 and JM87 lines exhibited GFP fluorescence
(Fig. 4c). Evidently, the activities of the 35S promoter and
AGIP were not hampered by the 1-kb λ fragment in JM87
lines, suggesting that the insert fragment does not function
by silencing nearby regulatory elements but instead acts as
a true enhancer-blocking insulator.

The λ EcoRI/SalI Fragment Does Not Contain
Any Predicted Structural, Insulator, or MAR Elements

Although we have provided evidence that a 1-kb λ EcoRI/
SalI fragment is able to block interference by the 35S

Fig. 4 The 1-kb λ EcoRI/SalI fragment functions as a true enhancer-
blocking insulator in transgenic plants. a Amplification of 35S, GUS,
and AGIP fragments from leaf genomic DNA samples from three
independent lines containing JM69, JM86, and JM87 transgenes,
respectively. b Histochemical GUS staining of floral tissue from
JM69, JM79, and JM87 lines, as well as an untransformed control.
The flower-specific GUS staining pattern seen in JM87 lines is
reminiscent of JM79 lines, confirming that the λ insert sequence does
not interfere with expression from the AGIP. c GFP fluorescence in
shoot apices was detected in those lines containing the 35S::eGFP
cassette (JM69 and JM87), indicating that the λ fragment does not
interfere with expression from the 35S promoter. Representative lines
are shown in each case. Wt wild type; M DNA marker

Fig. 3 Analyses of GUS activity in the leaves of transgenic lines. a
Each block represents the mean GUS activity in pmol MU generated
per minute per mg protein from three leaves of 15 independent T1

lines containing each construct, respectively, or the untransformed
control. Bars indicate standard errors. b Five hundred nanograms total
RNA from the leaves of three lines bearing each construct,
respectively, or the untransformed control was assayed for levels of
GUS transcript and the internal control, actin2. Each block represents
the mean normalized value of GUS mRNA for each construct. Bars
indicate standard errors
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enhancer, the mechanism by which it functions is unknown.
The 1-kb λ sequence utilized in this study consists of two
partial coding regions: the first encodes an exonuclease
(Exo) that is truncated by 400 bp at its 3′ terminus and the
second encodes the single-stranded binding protein, beta
(Bet), which is truncated by 65 bp at its 5′ end (Fig. 1b).
While unlikely, even if partial Exo and Bet transcripts were
generated by a nearby plant promoter, they would not be
expected to yield functional products or cause the specific
repression of GUS expression in JM87 leaves. Instead, the
λ EcoRI/SalI fragment may contain unique sequence motifs
that are recognized or interpreted as insulation signals in
plants. To search for putative sequences that might be
recognized as insulation signals in plants, we performed
thorough bioinformatic analyses of the 1-kb EcoRI/SalI λ
fragment using a variety of computational programs and
databases. We first investigated the possibility of similari-
ties between the λ EcoRI/SalI fragment and sequences in
the CTCFBSDB database. Our results indicated that the λ
sequence exhibits sequence identity with at least 65 CTCF
binding sites ranging from 14 to 19 nt. However, further
analyses with various other DNA fragments derived from
the λ phage revealed comparable frequencies of CTCF
binding sites. Therefore, whether the predicted CTCF
binding sites in this λ fragment are truly functional or
simply false positives remains to be elucidated. We also
searched for MAR motifs, palindromes, inverted and
tandem repeats, as well as predicted promoter elements,
but no such sequences could be identified in the 1-kb λ
fragment.

Discussion

We have analyzed the ability of various bacteriophage λ
fragments to block enhancer-mediated activation of a target
promoter in Arabidopsis by analyzing GUS activity in the
leaves of stable transformants containing transgenes with a
1-kb λ EcoRI/SalI (comprising partial coding regions of the
exonuclease-encoding gene, Exo, and the single-stranded
DNA binding protein-encoding gene, Bet), 2-kb HindIII,
and 4-kb NcoI fragment, respectively, inserted between a
35S enhancer and AGIP::GUS cassette (Fig. 1). In the
absence of any intervening sequence, the 35S enhancer
interfered with the stamen- and carpel-specific activity of
the AGIP, resulting in GUS expression within vegetative
tissues. These findings are consistent with earlier reports,
which found that the 35S enhancer can effectively activate
tissue-specific promoters in nontargeted tissues in plants
(Hily et al. 2009; Yoo et al. 2005, Zheng et al. 2007). While
the insertion of 2- and 4-kb λ spacer fragments did not
result in the inhibition of enhancer-mediated activation of
the AGIP in leaf tissues, unexpectedly, the 1-kb λ sequence

effectively blocked interactions between the 35S enhancer
and AGIP (Figs. 2 and 3).

While it is possible that the 1-kb λ fragment had an
effect on GUS expression by destabilizing the introduced
transgene or by silencing the nearby 35S promoter or AGIP,
our analyses suggest otherwise. This was made apparent by
the fact that no transgene deletions or rearrangements were
evident in any of the lines analyzed (Fig. 4a), and both the
flower-specific activity of the AGIP and ubiquitous func-
tion of the 35S promoter in insulated lines were not
compromised (Fig. 4b, c). Thus, our results support the
conclusion that the 1-kb λ fragment functions as a true
enhancer-blocking insulator.

Whereas knowledge concerning enhancer-blocking insu-
lators is accumulating in animal systems (for example
Chung et al. 1993; Geyer et al. 1986; Hebbes et al. 1994;
Kellum and Schedl 1991; 1992), very little is known about
the function of these elements in plants. It has been
suggested that the 35S enhancer is only able to act at a
relatively close range and that virtually any sequence could
be used as an insulator as long as the length was sufficient
to block enhancer–promoter interactions (Jagannath et al.
2001; van der Geest and Hall 1997). However, we have
found that the 35S enhancer can override a length barrier of
at least 4 kb in our assay system (Figs. 2 and 3), indicating
that the capacity of the 1-kb λ EcoRI/SalI fragment to
inhibit enhancer–promoter communication is not simply be
the result of its length. Therefore, it is tempting to surmise
that this sequence, like the recently identified TBS fragment
(Hily et al. 2009), possesses as of yet unidentified
properties that prevent interactions between an enhancer
and promoter when situated between them.

It is feasible that these “properties” may include regions
that provide a steric effect through modifications to higher
order chromatin conformation, which inhibit direct contact
between enhancer and promoter, or sequences that enable
the physical obstruction or attenuation of a signal sent from
the 35S enhancer to the AGIP. Such sequences could very
well be sequence elements that have been found previously
in animal enhancer-blocking insulators, such as MAR
regions (Dunn et al. 2003; Nabirochkin et al. 1998; Stief
et al. 1989) or promoter sequences (Kellum and Schedl
1992). Alternatively, the EcoRI/SalI fragment might
possess palindromic sequences or repeat structures that
could pose a structural hindrance on enhancer–promoter
interactions. However, our bioinformatic analyses failed to
identify any such characteristic sequence motifs within this
fragment.

It is also possible that the presence of unanticipated
protein-binding sites within the 1-kb λ sequence are involved
in its ability to impede enhancer–promoter crosstalk, since
interactions between the highly conserved zinc-finger
protein, CTCF, and a 20-nt consensus sequence is essential
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for the function of many enhancer-blocking insulators in
metazoans (Kim et al. 2007). As of yet, no functional
equivalents of CTCF binding sites have been identified in
plants. However, a number of plant zinc-finger gene
families collectively share some degree of identity at the
amino acid level with the zinc-finger domains of vertebrate
CTCF proteins, suggesting that a CTCF-dependent insula-
tor system might also exist in plants. Despite the fact that
we were able to identify numerous putative CTCF binding
sites in the 1-kb λ EcoRI/SalI fragment, the presence of a
similar number of predicted sites within other λ DNA
fragments suggests that they are probably not functional.

Further detailed molecular analyses should provide
insight concerning the mechanism driving the enhancer-
blocking insulator function of the 1-kb λ EcoRI/SalI
fragment in plants. Nonetheless, regardless of the manner
in which this 1-kb λ fragment functions, our study has
identified an effective enhancer-blocking insulator that, like
the recently characterized petunia TBS fragment (Hily et al.
2009), may provide a novel means for minimizing
enhancer–promoter crosstalk during plant transformation
experiments with composite vectors.
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