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Short Communication
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Abstract

This study explored the possibility of using non-viral, plant-based gene sequences to create strong and constitutive
expression vectors. Replacement histone H3 genes are highly and constitutively expressed in all plants. Sequences
of the cloned alfalfa histone H3.2 gene MsH3g1 were tested. Constructs of the β-glucuronidase (GUS) reporter
gene were produced with H3.2 gene promoter and intron sequences. Their efficiency was compared with that of
the commonly used strong 35S cauliflower mosaic virus promoter in transgenic tobacco plants. Combination of the
H3.2 promoter and intron produced significantly higher GUS expression than the strong viral 35S promoter. Histo-
chemical GUS analysis revealed a constitutive pattern of expression. Thus, alfalfa replacement H3 gene sequences
can be used instead of viral promoters to drive heterologous gene expression in plants, avoiding perceived risks of
viral sequences.

Introduction

It has been argued and demonstrated that viral pro-
moters may confer unfavorable characteristics to
transgenic plants, including increased recombination
(Kohli et al., 1999) and silencing of transgenes (Al-
Kaff et al., 2000). Histone genes, existing in mul-
tiple copies per genome, have been selected through
evolution not to become subject to multi-copy gene
inactivation. In plants and animals, histone H3 vari-
ants exist that are expressed constitutively. They re-
place replication-dependent histone forms in termin-
ally differentiated tissues when chromatin is repaired
following nucleosome loss caused by gene transcrip-
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tion. Thus, they have been called replacement histones
(Marzluff, 1989). Replication-dependent histone H3 is
synthesized only in proliferating cells from intron-free
genes. In contrast, replacement H3 histones are pro-
duced abundantly in most differentiated tissues from
intron-bearing genes. In addition to introns within the
histone coding region, replacement H3 genes con-
tain an intron in the 5′ untranslated region (Marzluff,
1989). The alfalfa replacement histone H3.2 genes
represent the only known example with introns only
in the coding region (Waterborg & Robertson, 1996).
The synthesis rate of alfalfa H3.2 histone protein from
the three H3.2 genes is, on a per gene basis, many
times higher than replication-variant histone H3.1 pro-
tein synthesis during S phase (Kapros et al., 1995;
Robertson et al., 1996). Sequence elements that may
prevent chromatin repression have been identified in
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the gene promoter, 5′ untranslated region and in-
trons of plant H3.2 genes (Robertson et al., 1996;
Waterborg & Robertson, 1996). In this paper, we
demonstrate that these gene domains of one of the al-
falfa histone H3.2 genes confer high reporter gene ex-
pression in transgenic alfalfa cells and tobacco plants.
This identifies them as good alternatives to viral pro-
moters when high, constitutive transgene expression is
required.

Materials and methods

DNA manipulation and transformation

The binary vector pBI121 (Clontech), based on
pBIN19 (Bevan, 1984), is a GUS reporter construct
driven by the 35S CaMV promoter and nopaline syn-
thetase (NOS) terminator. The HindIII–SacI fragment
of pBI121 with the gusA coding sequence was re-
placed with the HindIII–SacI fragment of plasmid
pLP100, derived from pLP17 (Szabados et al., 1990),
where the ATG codon of the gusA gene overlaps
an NcoI site. The AccI–NcoI promoter fragment of
alfalfa clone MsH3g1, positions 1–482 (Robertson
et al., 1996), was inserted between the blunted
BamHI site of pBI121 and the NcoI site, creating
pHEX-N. The first intron in the coding region of
MsgH3g1, positions 555–668 (Robertson et al., 1996),
was amplified by a polymerase chain reaction with
primers 5′-CATAGGTAACCACCGTTCACCGCCG-
3′ and 5′-GCCTGAACCAAAAAATCGATGAAA-3′.
Inserted into the NcoI site between the H3.2 pro-
moter sequence and gusA coding sequence, plasmid
pHEX-110 was created for use in transient expression
analyses in alfalfa A2 cells, as described (Kapros et al.,
1993). For tobacco transformation, the expression
cassette was excised from the residual polylinker se-
quence as a HindIII–EcoRI fragment and inserted into
pBIN19 (Bevan, 1984), creating pBHEX-110. Control
plasmid pIDS21, used in transient expression studies,
was created by inserting the HindIII–EcoRI fragment
from pBI121 into corresponding sites of pUC18 (New
England Biolabs). All DNA cloning and manipula-
tion procedures were executed according to standard
protocols (Sambrook et al., 1989).

Binary vector constructs were introduced into the
Agrobacterium tumefaciens strain GV 2260 by the
freeze-thaw method (Holsters et al., 1978). Leaf discs
of Nicotiana tabacum cv SR1 were transformed as
described by Fisher and Guiltinan (1995). Regener-
ated shoots were rooted on hormone-free MS medium

containing 100 mg kanamycin and 500 mg augmentin
per liter.

GUS activity assays

For the fluorometric GUS assay, alfalfa A2 cells or to-
bacco plantlets and leaves (> 4 cm in length) were ho-
mogenized in GUS extraction buffer (50 mM NaHPO4
pH 7, 10 mM β-mercaptoethanol, 10 mM EDTA, 0.1%
sodium lauryl sarcosine and 0.1% Triton X-100). Pro-
tein concentrations were determined by the Bradford
assay as described (Kapros et al., 1993). Extracts con-
taining 20 µg protein were added to 200 µl GUS assay
buffer, 2 mM 4-methylumbelliferyl β-D-glucuronide
in extraction buffer. Reactions for 1–3 h at 37◦C were
terminated by adding 0.8 ml 0.2 M Na2CO3. Fluor-
escence of methylumbelliferone (MU) was measured
with a TKO 100 fluorometer [Hoefer], and expressed
in units of 1.0 nmol MU produced per min and per
mg of protein. Average values and standard deviation
errors were calculated, given the number of independ-
ent analyses as ‘n’. GUS activities from independent
transformants were analyzed by one-tailed Student’s
t-Test and plotted using Sigma Plot 2000 version 6.10
(SPSS Inc.). Histochemical GUS staining was carried
out as described (Kapros et al., 1993).

Results and discussion

In the present work, we have explored the possibility
of using sequences from a replacement variant alfalfa
histone H3.2 gene as an alternative to the cauliflower
mosaic viral 35S promoter to drive gene expression
in plants. Transfection of alfalfa A2 cells with the
35S-driven pIDS211 vector produced after 2–3 days
lower GUS activity (0.9 ± 0.3 Units, n = 6) than
pHEX-N (6.4 ± 4.5 Units, n = 6) where the gusA
gene was driven by the promoter of the alfalfa H3.2
gene MsH3g1. Insertion of the first intron of MsH3g1
(114 bp) between the transcriptional and translational
start sites in pHEX-110 appeared to increase GUS
activity to 29 ± 12 units (n = 6). However, sequence
differences between pIDS and pHEX vectors may
have skewed this preliminary result.

The H3.2 promoter-intron-gusA cassette of pHEX-
110 was transferred to a pBIN19 vector creating
pBHEX-110 to allow direct comparison in stable to-
bacco transformation with the strong 35S promoter
in the pBI121 GUS expression construct, containing
the viral nopaline synthase 3′ polyadenylation se-
quence. Southern analysis and histochemical staining
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of primary tobacco transformants revealed insertion of
one to four functional gusA transgenes per genome
from either construct (data not shown). Morpho-
genic abnormalities were not observed in these plants.
Self-pollination yielded seeds that germinated in the
presence of kanamycin, producing second-generation
transformants. Leaf extracts from nine independent
pBHEX-110 transformants and of seven independ-
ent pBI121 transformants were analyzed for GUS
activity levels as described in Materials and meth-
ods. As recognized for 35S-driven GUS activity, a
rather high variability of GUS activity between in-
dependent transformants was observed (Figure 1A,
coefficient of variation: 60%). pBHEX-110-driven
GUS activity showed variability of a similar mag-
nitude (coefficient of variation: 78%). Variation in
GUS activity levels (Figure 1B) was reflected in the
steady-state levels of GUS mRNA in northern analyses
(Figure 1C), relative to total RNA (Figure 1D). On av-
erage, pBHEX-110 GUS expression appeared stronger
than pBI121 activity (Figure 1A). Indeed, statistical
analysis confirms that the mean value of GUS activ-
ity from pBHEX-110 was significantly larger than
that of data from the 35S control pBI121 (α= 0.05;
P = 0.014).

Figure 1. Panel A.: GUS activity in leaves of second generation
tobacco plants, transformed by pBI121 or pBHEX-110 GUS expres-
sion constructs. GUS activity is expressed as n mol MU produced
per minute, per milligram protein extract. Average values and
standard deviation errors were calculated based on data obtained
from leaves of nine independent pBHEX-110 and seven pBI121
transformants. GUS activity levels in leaves of four independent
transformants (Panel B) are compared with gusA mRNA levels
(Panel C) in total RNA (Panel D), extracted from leaves of the same
transformants and analyzed by northern blotting.

Figure 2. Histochemical detection of GUS activity in second gener-
ation tobacco plantlets, transformed by pBI121 (A) or pBHEX-110
(B) constructs.

Histochemical GUS staining of tobacco plantlets
was carried out to study the spatial distribution of GUS
activity driven by the alfalfa H3.2 sequences. Strong
GUS activity was observed in all parts of plantlets
transformed with pBHEX-110. Figure 2B shows a rep-
resentative example. This is consistent with the gen-
eral, high, constitutive expression of the endogenous
histone H3.2 genes. It is quite similar to the distri-
bution of GUS activity, driven by the 35S promoter
(Figure 2A).

Transgene silencing is a major problem in plant
biotechnology (Al-Kaff et al., 1998). The high ex-
pression of endogenous histone H3.2 genes suggests
that the 12 histone H3.2 gene copies in tetraploid
alfalfa have likely been selected, like repetitive his-
tone genes in general, not to be subject to multi-
copy gene silencing. This intrinsic characteristic of
the H3.2 sequences is important in that it will in-
crease the efficiency of transformation when applied
to drive selection marker genes, and the long-term
stability of transgenes. It remains to be analyzed
whether the pBHEX-110 promoter can confer strong
constitutive gene expression in other plant species
than alfalfa and tobacco. The ubiquitous presence
and conserved function of replacement H3 genes in
monocots and dicots (Waterborg & Robertson, 1996)
suggests that it can, making it likely for pHEX-110
based expression cassettes to gain application in agro-
biotechnology.
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