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The E8 gene is related to ethylene biosynthesis in plants. To explore the effect of the expression pattern of the E8
gene on different E8 promoters, the molecular evolution of E8 promoters was investigated. A total of 16 E8 promoters
were cloned from 16 accessions of seven tomato species, and were further analysed. The results from 19 E8 promoters
including three previously cloned E8 promoters (X13437, DQ317599 and AF515784) showed that the size of the E8
promoters varied from 2101 bp (LA2150) to 2256 bp (LA2192); their sequences shared 69.9% homology and the average
A/T content was 74.9%. Slide-window analysis divided E8 promoters into three regions – A, B and C – and the sequence
identity in these regions was 72.5%, 41.2% and 70.8%, respectively. By searching the cis-elements of E8 promoters in
the PLACE database, mutant nucleotides were found in some functional elements, and deletions or insertions were also
found in regions responsible for ethylene biosysnthesis (–1702 to –1274) and the negative effect region (–1253 to –936).
Our results indicate that the size of the functional region for ethylene biosynthesis in the E8 promoter could be shortened
from 429 bp to 113 bp (–1612 to –1500). The results of molecular evolution analysis showed that the 19 E8 promoters
could be classiﬁed into four clade groups, which is basically consistent with evolution of the tomato genome. Southern
blot analysis results showed that the copy number of E8 promoters in tomato and some other wild species changed from
1 to 4. Taken together, our study provides important information for further elucidating the E8 gene expression pattern in
tomato, analysing functional elements in the E8 promoter and reconstructing the potent E8 promoter.
[Zhao L, Lu L, Zhang L, Wang A, Wang N, Liang Z, Lu X and Tang K 2009 Molecular evolution of the E8 promoter in tomato and some of its
relative wild species; J. Biosci. 34 71–83]

1.

Introduction

The E8 is an ethylene biosynthesis-related gene which was
ﬁrst cloned by Lincoln and his colleagues from tomato
(Solanum lycopersicum cv. VFNT Cherry) (Broglie et al
1986; Holdsworth et al 1987; Lincoln et al 1987, 1988;

McGarvey et al 1992). Transcription of the E8 gene
is induced by ethylene and activated to express at the
beginning of fruit ripening. Expression of the E8 gene is
spatially and temporally regulated in mature tomato fruit
(Deikman and Fischer 1988). The E8 protein is a member
of the dioxygenase family found in plants and is related
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to l-aminocyclopropane 1-carboxylic oxidase (ACO) that
catalyses the last step in the ethylene biosynthesis pathway
(Penarrubia et al 1992; Prescott 1993), and the E8 amino
acid sequence shares 34% identity over 295 residues with
ACO (Deikman et al 1992).
Both E8 and ACO are homologous to a family of enzymes
known as 2-oxoglutarate-dependent dioxygenases (Prescott
1993). Moreover, antisense and co-suppressed expression of
the E8 gene showed that E8 signiﬁcantly inhibited ethylene
biosynthesis in ripening tomato fruits (Penarrubia et al 1992;
Kneissl and Deikman 1996).
Ethylene is an important plant hormone that controls
plant growth and development, and plays an important role
in fruit ripening, ﬂower senescence, shoot and root growth,
as well as leaf abscission. Furthermore, ethylene is also
involved in plants’ response to wounding, pathogen attack
and environmental stress (Deikman et al 1992; Kneissl and
Deikman 1996). Fruit ripening in tomatoes is especially
controlled by an increase in ethylene production (Hamilton
et al 1990; Oeller et al 1991; Penarrubia et al 1992). Being
a fruit ripening-related protein, E8 can directly or indirectly
affect tomato fruit development processes via participation
in the ethylene biosynthesis pathway (Deikman et al 1992).
So far, the E8 gene has been extensively studied by many
scientists (Lincoln et al 1987; Deikman and Fischer 1988;
Deikman et al 1992; Penarrubia et al 1992; Prescott 1993;
Kneissl and Deikman 1996; Deikman et al 1998).
To understand the expression pattern of the E8 gene,
some researchers focused on studying the E8 promoter
of the E8 gene 5'-ﬂanking region because the promoter
includes several cis-acting elements which regulate E8
gene expression (Deikman and Fischer 1988; Deikman et
al 1992, 1998). The E8 promoter, a 2181 bp 5'-ﬂanking
DNA fragment of the E8 gene, was originally cloned from
a genomic library of tomato (S. lycopersicum cv. VFNT
Cherry) by Deikman and Fischer (1988). It is required for
ethylene response and developmentally regulated E8 gene
expression at the transcriptional level (Deikman and Fischer
1988). A series of deleted mutations of the E8 promoter
revealed that the cis-acting element responsive to ethylene
was located between –2181 and –1088 in the 5'-ﬂanking
fragment of the E8 gene. However, two other regions, –1088
to –863 and –409 to –263, are unable to confer ethylene
responsiveness in unripe fruit but were sufﬁcient for E8 gene
expression during ripening (Deikman et al 1992).
Further studies showed that the element responsive
to ethylene was located between –1528 and –1100 at the
5'-ﬂanking fragment of the E8 gene, but this 429 bp DNA
fragment is not involved in high-level expression of the E8
gene during tomato fruit ripening (Deikman et al 1998).
The results imply that the E8 promoter including several
independent cis-acting elements are involved in ethyleneresponsive expression or may accept ethylene-independent
J. Biosci. 34(1), March 2009

fruit-ripening signals (Deikman et al 1992, 1998; Kneissl
and Deikman 1996).
Recently, the E8 promoter was widely used for
improving fruit quality of tomato or expressing recombinant
pharmaceutical proteins in transgenic tomato (Giovannoni et
al 1989; Good et al 1994; Sandhu et al 2000; Lewinsohn et
al 2001; Mehta et al 2002; Garza et al 2004; He et al 2007;
Jiang et al 2007; Ramírez et al 2007). However, the lower
expression level of the foreign genes is one of bottlenecks to
the application of the E8 promoter.
To further elucidate the expression pattern of genes
driven by the E8 promoter to use it effectively, it is necessary
to understand the structure of the E8 promoter in detail. First
of all, seeking the differences among the DNA sequences
through tracing evolutionary footprints of E8 promoters
from different genotypes may be helpful in understanding
the structures and functions of E8 promoters. Up to now, E8
promoters have been cloned only from tomato and cherry
tomato (S. lycopersicum var. cerasiforme) (Deikman and
Fischer 1988; Zhou et al 2003). Therefore, 16 E8 promoters
were cloned from seven species of tomato and molecular
evolution of the cloned E8 promoters was investigated in
this study, which may provide important information for E8
promoter applications.
2.
2.1

Materials and methods

Plant materials and growth conditions

The seeds of 16 accessions of seven tomato species were
used in this study (table 1). Zaofen No. 2 (S. lycopersicum)
was kindly provided by Professor J F Li of the Tomato
Research Institute of Northeast Agriculture University
(Harbin, China); Red cherry tomato (S. lycopersicum
var.cerasiforme) was preserved by the Fudan-SJTUNottingham Plant Biotechnology R&D Center, and the
other 14 accessions were kindly provided by Professor
R T Chetelat of the TGRC (C M Rick Tomato Genetics
Resource Center, UC Davis, USA). The seeds of LA1406
Table 1. Tomato accessions used in this study
Species

Accessions

Solanum peruvianum

LA0441and LA2150

S. neorickii

LA2192 and LA2113

S. pimpinellifolium

LA0397 and LA2718

S. cheesmaniae

LA1406

S. chmielewskii

LA1330, LA2681, LA1325 and
LA1306

S. lycopersicum var.
cerasiforme

LA1227, LA1338, LA2080 and Red
cherry

S. lycopersicum

Zaofen No. 2
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(S. cheesmaniae) were soaked in 2.7% sodium hypochlorite
for 30 min. After bleaching, the seeds were rinsed
thoroughly in tap water, and then the seeds of LA1406 as
well as the other accessions were sown directly (i.e. without
redesiccation) in the soil. Tomato plants were grown under
standard greenhouse conditions.
2.2

DNA isolation

Young leaves of tomato at the 8–10-leaf stage were collected
for DNA isolation, and genomic DNA was extracted by
the cetyltrimethyl ammonium bromide (CTAB) method
according to Murray and Thompson (1980).
2.3

Oligonucleotide primers

According to the DNA sequences of the E8 promoter and
E8 gene of tomato (GenBank accession number: X13437.1;
Deikman and Fischer 1988; Deikman et al 1992), the
oligonucleotide primers used for ampliﬁcation of the E8
promoter were designed as follows: E8F1 (5′-ccaagcttctgcag
atttttgacatccctaatgatattgttcacg-3′) and E8R1 (5′-cccccggggg
atcccttcttttgcactgtgaatgattag-3′).
2.4

PCR ampliﬁcation of the E8 promoter

The concentration of tomato genomic DNA was adjusted to
20 ng/μl for the PCR template. PCR was performed using
ExTaq DNA polymerase (Takara, Japan). An aliquot of 25 μl
of PCR mixture contained 2 μl of template, 2.5 μl of 10×PCR
buffer (100 mM Tris-HCl buffer, 500 mM KCl, gelatin
0.01%), 1.5 μl of 25 mM/l MgCl2, 1.5 μl of 2.5 mM/l dNTPs
(Takara, Japan), 1 μl of PCR primers (E8F1 and E8R1, 10
μM/l), 0.3 μl of ExTaq DNA polymerase (5 units/μl) and 15.2
μl of sterilized ddH2O. The program was initiated with a hot
start at 94°C for 3 min, and followed by 35 cycles (94°C for
45 s, 54°C for 45 s, 72°C for 2.5 min) and ﬁnally 72°C for
8 min. PCR products were electrophoresed on 1.0% (w/v)
agarose gel with ethidium bromide (EB) in 1×TAE buffer
and photos were taken under ultraviolet (UV) light.
2.5

E8 promoter cloning and sequencing

PCR products were puriﬁed by using a gel extraction kit
(Watson Biotechnologies, Inc, Shanghai, China), cloned
into pGEM-T Easy (Promega, Madison, WI, USA) and
sequenced on ABI Sequencers 3700 (Foster City, CA, USA).
Two clones of E8 promoters from each tomato accession
were sequenced initially with ﬂanking SP6 and T7 primers,
and subsequently sequenced completely by primer walking.
Sequences were assembled with the software DNAMAN
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version 6.0. To analyse the differences in the cis elements
of E8 promoters among various accessions, a 2215 bp DNA
sequence of the E8 promoter from LA0441 was submitted
to the PLACE version 30.0 database, and a total of 629 cisacting elements were found using the software Signal Scan
program, as well as those of the other 18 accessions. The E8
promoter of LA0441 was then compared with those of the
other 18 accessions by alignment, especially in corresponding
cis elements, and the differences in cis elements or functional
regulation regions of 19 E8 promoters were analysed.
2.6

Phylogenetic analysis

The sequences of 16 E8 promoters and 3 other E8 promoters
from GenBank (X13437, DQ317599 and AF515784) were
aligned using the online tool CLUSTAL X (Thompson et al
1997). The similarity analysis among these sequences was
performed using the software Jalview version 2.3 (Clamp
et al 2004). Based on the E8 promoter DNA sequences, a
phylogenetic tree was drawn using the software MEGA
version 4.0 by the neighbour-joining distance method
(Tamura et al 2007). The sequences were analysed with
the sliding window method. A minimum 100 bp length of
window size was deﬁned and 1 character of the moving step
length was adopted using the software Vector NTI Suite
8.0.
2.7

Random ampliﬁcation polymorphism DNA analysis

Tomato genomic DNA (20 ng/μl) was used as a template for
random ampliﬁcation polymorphism DNA (RAPD) analysis.
A total of 60 decamer oligonucleotides were purchased from
Shanghai Sangon Biological Engineering Technology and
Services Co., Ltd, China. These primers were screened
according to the bulked segregant analysis (BSA) method.
Finally, 49 primers were selected for the RAPD analysis (S1,
S3, S4, S6, S7, S8, S9, S10, S11, S12, S14, S15, S17, S18,
S19, S1001, S1002, S1003, S1005, S1007, S1009, S1010,
S1011, S1012, S1013, S1014, S1015, S1016, S1017, S1018,
S1020, S2001, S2002, S2003, S2004, S2005, S2006, S2007,
S2009, S2010, S2011, S2012, S2013, S2014, S1015, S2016,
S1018, S1019 and S1020).
RAPD analysis was executed by the same program
as that used for E8 promoter ampliﬁcation except that a
single primer and a shorter extension time were used (2
min). PCR products were electrophoresed on 1.4% (w/v)
agarose gel with EB in 1×TAE buffer. Pictures were taken
with the UVP system (Trans-illuminator White/UV, UVP,
Inc., USA). Polymorphisms at all loci were conﬁrmed by
three repeated experiments, the polymorphic RAPD band
was scored as 1 for the presence and 0 for the absence of the
band, respectively.
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Based on the RAPD markers, genetic similarity (Gsij)
between every two accessions from 16 accessions was
estimated according to similarity using the function of
sequential agglomerative hierarchical and nested clustering
(SAHN) of the software Qualitative Data (SIMQUAL) of
the NTSYS-pc package version 2.0t. Cluster analysis was
performed according to the unweighted pair-group method
and arithmetic average (UPGMA) linkage algorithm, and
a phylogenetic tree was drawn using the function of Tree
Display.
2.8

Southern blot analysis

Tomato genomic DNA (30 μg) was digested with BamHI,
fractionated on 1% agarose gel and transferred onto a
Hybond N+ membrane (Amersham Pharmacia, Uppsala,
Sweden). The 540 bp DNA fragment of the E8 promoter was
ampliﬁed from LA1338 (S. lycopersicum var. cerasiforme)
by primers F1 (5′-CGAAATCGGCCCTTATTCAA-3′) and
R1 (5′-CAACTTGACAACTACAT TTCTT-3′), cloned into
pGEM-T Easy and sequenced. The sequence of 540 bp is a
high homologous region (–1070 to –531) in E8 promoters
and used as a probe for Southern blot analysis. Probe
labelling (ﬂuorescein), hybridization and detection were
performed using the Gene Images random prime labelling

module and CDP-Star detection module kit according to
the manufacturer’s instructions (Amersham Pharmacia).
Hybridization was executed at 62°C for 12 h, the membrane
washed under high-stringency conditions (twice at 62°C
for 15 min in 1×SSC and once each in 0.5×SSC and 0.1%
SDS, respectively). Hybridized signals were visualized by
exposure to Fuji X-ray ﬁlm at room temperature (about
25°C) for 2–3 h.
3.
3.1

Results

Scanning of sequence features of the E8 promoter

E8 promoters from 16 accessions were obtained by PCR
with the primer pair E8F1 and E8R1. Sequence results
indicated that the length of the ampliﬁed E8 promoters
starting from the transcript starting site varied from 2101
bp (LA2150) to 2256 bp (LA2192) (cloned E8 promoter
sequences were not submitted yet). The nucleotide of the
promoter was numbered taking the transcription start site
(A) as +1 and the base upstream to it was numbered as
–1 onwards. The transcription start site (A) located 35 bp
upstream of the start codon (ATG) of the E8 gene in all the
ampliﬁed E8 promoters of the 16 accessions was the same
as those of X13437, DQ317599 and AF515784 (Deikman

Figure 1. Comparison of E8 promoters from 19 accessions using sliding-window analysis by the Vector NTI Suite 8.0 (size of the window
is 100 bp). The similarity axis is the percentage of sequence identity. The position axis indicates the nucleotide site of aligned E8 promoters,
and the site –1 is designated as the ﬁrst nucleotide upstream of the transcript start site. The 19 sequences of the E8 promoter include 16 E8
promoters cloned from 16 accessions of seven tomato species and three E8 promoters from Genbank (X13437, DQ317599 and AF515784).
The regions A, B and C at the top of the illustration were located at –2348 to –1171, –1170 to –978 and –977 to –1, respectively. The
subregions a, b and c on the illustration were located respectively at –1543 to –1365, –836 to –693 and –551 to –354. Valleys indicate four
regions (a, B, b and c) of increased sequence divergence and high diversiﬁcation.
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96.90

86.08

86.51

86.59

87.01

86.66

99.54

97.62

99.59

87.46

88.57

87.31

86.63

97.58

LA0379

LA0441

LA1227

LA1306

LA1325

LA1330

LA1338

LA1406

LA2080

LA2113

LA2150

LA2192

LA2681

LA2718

97.90

86.91

87.59

88.86

87.74

99.86

97.93

99.86

86.95

87.30

86.88

86.80

86.36

97.21

99.68

99.95

99.63

Zaofen
No. 2

97.57

86.56

87.24

88.50

87.39

99.49

97.60

99.49

86.59

86.94

86.52

86.44

86.01

96.88

99.31

99.58

Zhongshu
No. 5

97.85

86.87

87.55

88.82

87.70

99.82

97.89

99.82

86.91

87.26

86.84

86.76

86.36

97.17

99.63

Red
cherry

97.58

86.63

87.31

88.57

87.46

99.59

97.62

99.54

86.66

87.01

86.59

86.51

86.08

96.90

Cherry

97.45

87.09

88.18

88.99

88.34

97.17

96.76

97.21

86.40

87.30

87.05

86.97

86.36

LA0379

*The numbers of accessions are as in table 1 and in Materials and methods.

99.63

100

Cherry

99.31

Zhongshu
No. 5

Red cherry

99.68

Zaofen
No. 2

Jingfeng
No. 1

86.96

89.65

90.73

85..91

90.72

86.31

86.01

86.36

88.62

89.82

89.66

89.57

LA0441

87.52

99.15

95.42

82.44

95.41

86.79

86.42

86.79

97.82

99.33

99.73

LA1227

87.33

99.15

95.42

82.52

95.50

86.88

86.51

86.88

97.82

99.42

LA1306

87.57

99.46

95.63

82.75

95.75

87.29

86.79

87.29

98.04

LA1325

Table 2. Sequence identity of E8 promoters in 19 tomato accessions calculated by Jalview version 2.3 (per cent identity)*

87.40

97.86

94.49

82.20

94.40

86.94

86.53

86.94

LA1330

97.90

86.91

87.59

88.86

87.74

99.82

97.93

LA1338

97.76

86.49

86.57

88.59

86.72

97.89

LA1406

97.85

86.91

87.59

88.81

87.74

LA2080

87.67

95.49

99.47

83.69

LA2113

89.66

82.50

83.50

LA2150

87.52

95.50

LA2192

87.32

LA2681
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and Fischer 1992). Nineteen sequences of E8 promoters
including X13437, DQ317599 and AF515784 were aligned
using the software CLUSTAL X program, and the length of
sequence alignment was 2348 bp (see supplement ﬁle). E8
promoters are rich in A/T content, and the content of A/T and
G/C were 74.9% and 25.1%, respectively. The nucleotide
sequence identity of pair-wise alignments from 19 E8
promoters varied from 82.2% (LA2150–LA1130) to 100%
(Cherry-Jingfeng No. 1), and the average value was 91.33%

(table 2). However, the sequence identity based on all the
19 E8 promoters was only 69.9%. Through sliding-window
analysis, the E8 promoter may be divided into three main
regions, A, B and C (away from transcript start site) using
the software Vector NTI Suite 8.0 based on the sequence
identity (ﬁgure 1).
Region A (from –2438 to –1171) is a relatively conserved
region, and the sequence identity is 72.5%. However, the
subregion ‘a’ (from –1543 to –1365) in region A, whose

Figure 2. Cis-acting elements and functional regions in the E8 promoter (length of sequence alignment of all 19 E8 promoters is 2348
bp). The 19 sequences of the E8 promoter were compared, and the accession numbers were placed at the right side of the illustration. The
regions A, B and C of the illustration were indicated as –2348 to –1171, –1170 to –978 and –977 to –1. The bottom scale of the illustration
indicates nucleotide positions of aligned sequences, and site -–1 is the ﬁrst nucleotide upstream of the transcript start site. The black lines
indicate E8 promoter sequences from every accession of tomato.
TATA box 2 (TATAAAT) (–32 to –26, –242 to –236);
CAAT box (CAAT)(–496 to –493, –1171 to –1168), CCAAT box (CCAAT)(–
497 to –493, –1172 to –1168); ARF (TGt/cCTC) (–131 to –126);
distB GCCACTTGTC (–506 to –497); ERE (AWTTCAAA)(–89
to –82);
TGTc/tACA (–2037 to –2031); (CA)n CAAACAC (–1777 to –1771);
Ta/gAAATAT (–1608 to –1601, –1544 to
–1537); Negative effect region (–1253 to –936); Region for response to ethylene (–1702 to –1274)
J. Biosci. 34(1), March 2009
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sequence identity is only 26.3%, is variable. The obvious
characteristic in region A is a 119 bp nucleotide deletion in
LA2150 (ﬁgure 1), and it is also the longest deletion in all the
19 E8 promoters (ﬁgure 1). Region B (from –1170 to –978),
whose sequence identity is 41.2%, is highly variable among
the 19 E8 promoters. A 92 bp deletion from –1120 to –1029
was found in region B of 11 accessions (Jingfeng No. 1,
Cherry, LA0397, LA1338, LA1406, LA2080, LA2150, LA
2718, Red cherry, Zaofen No. 2 and Zhongshu No. 5), but
not in the other 8 accessions (ﬁgure 1). Region C is from
–977 to –1 and the sequence identity is 70.8%. Region C
includes two highly variable subregions ‘b’ and ‘c’ located at
–863 to –693 and –551 to –354, and the sequence identities
are 62.5% and 61.6%, respectively (ﬁgure 1).
3.2

Cis-acting elements and functional regions in the
E8 promoter

To search and verify the cis-acting elements in the E8
promoters, all the 19 E8 promoters were submitted to the
PLACE version 30.0 database to search for cis-elements
(Prestridge 1991; Higo et al 1999; http://www.dna.affrc.go.jp/
htdocs/PLACE/). Through alignment of the 19 E8 promoters,
the consensus sequences of promoters in eukaryotic genes
such as TATA box, CAAT box and CCAAT box were also
found in all the 19 E8 promoter sequences (Shirsat et al
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1989; Rieping and Schofﬂ 1992; Grace et al 2004; Wenkel
et al 2006) (ﬁgure 2).
The number of TATA boxes, CAAT box1 and CCAAT
box1 were 11, 12 and 5 in the E8 promoter, respectively.
The 11 TATA boxes include 2 TATA box2 (TATAAAT), 1
TATA box3 (TATTAAT), 7 TATA box5 (TTATTT) and 1
TATABOXOSPAL (TATTTAA). The TATA box2 close to
the transcript start site and located from –32 to –26 was
found in the E8 promoter of 11 accessions including Cherry,
Jingfeng No. 1, Red cherry, Zaofen No. 2, Zhongshu No. 5,
LA 0397, LA1338, LA1406, LA 2080, LA 2510, LA 2718,
but not in that of the other 8 accessions. Another TATA box2
located from –242 to –236 was found in all 19 E8 promoters
(ﬁgure 2, table 3). A TATA box 5 located from –46 to –41
was detected in 12 E8 promoters including LA 0441 and
11 other accessions mentioned in TATA box 2 (from –32 to
–26).
Some cis-elements, which are related to development and
ripening of fruit, were also found in the E8 promoters.
The ethylene-responsive element (ERE) is related
to ethylene response and senescence in plants, and the
consensus sequence of the ERE is an 8 bp ATTTCAAA
motif (Itzhaki et al 1994; Tapia et al 2005). The motif
ATTTCAAA was located from –89 to –82 and no mutation
occurred in the E8 promoter (ﬁgure 2).
An enhancer element of the TGTCACA motif was ﬁrst
found in Cucumis melo L., and is necessary for fruit-speciﬁc

Table 3. Some cis-acting elements in the E8 promoter (length of sequence alignment of all 19 E8 promoters is 2348 bp)
Functional element motif Location at E8 promoter

Consensus sequences

Activity

Reference

TATA box

–32 to –26, –332 to –236 TATAAAT

Transcription initiation

Zhu et al 1995; Grace et
al 2004

CAAT box

–496 to –493, –1171 to
–1168

CAAT

Transcriptional
activation

Shirsat et al 1989

CCAAT box

–497 to –493, –1172 to
–1168

CCAAT

Transcriptional
activation, CTP-binding
site

Morgan et al 1987;
Rieping et al 1992;
Wenkel et al 2006

TGTCACA

–2037 to –2031

TGTc/tACA

Fruit-speciﬁc expression, Yamagata et al 2002
enhancer element

Ethylene-responsive
element (ERE)

–89 to –82

ATTTCAAA

Senescence and
ethylene-responsive

Itzhaki et al 1994; Tapia
et al 2005

TAAAATAT

–1608 to –1601, –1544
to –1537

Ta/gAAATAT

Ethylene biosynthesis

Matarasso et al 2005

Auxin response factor
(ARF)-binding site

–131 to –126

TGt/cCTC

Primary/early auxin
response

Ulmasov et al 1999;
Nemhauser et al 2004;
Goda et al 2004; Hagen
et al 2002

distB

–506 to –497

GCCACTTGTC

Seed-speciﬁc
expression and ABA
responsiveness

Ezcurra et al 1999

(CA)n

–1777 to –1771

CNAACAC

Embryo and endospermspeciﬁc transcription

Ellerstrom et al 1996
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expression of the cucumisin gene (Yamagata et al 2002).
This motif was found in all the 19 E8 promoters and located
from –2037 to –1190. However, the site mutant between C
and T existed at the TGTCACA motif, and the nucleotide
sequence of the motif was converted to TGTtACA in 7
accessions including Red cherry, Zaofen No. 2, LA 2080,
LA1338, LA1406, LA2718, LA0397 (ﬁgure 2). It is
unknown whether this motif is responsible for fruit-speciﬁc
expression in tomato.
An 8 bp motif of TAAAATAT is the Cys protease-binding
site in tomato, and plays an important role in ethylene
biosynthesis of tomato (Matarasso et al 2005). The E8
promoter includes two copies of the motif TAAAATAT and
they were located from –1608 to –1601 and –1544 to –1537,
respectively. A transition mutation was found between A
and G in the motif TAAAATAT and the sequence changed
to TgAAATAT from –1608 to –1601 in LA2681, LA1325,
LA1306 and LA 1227, and from –1544 to –1537 in LA2150
(ﬁgure 2).
The 6 bp motif TGTCTC is an auxin response factor
(ARF)-binding site, which was found in the promoters of the
primary/early auxin response gene of Arabidopsis thaliana
(Ulmasov et al 1999; Hagen and Guilfoyle 2002; Goda et
al 2004; Nemhauser et al 2004). The motif TGTCTC was
located from –131 to –126 in the E8 promoters, but changed
to TGcCTC in LA 2178 because of a transition mutation
between T and C (ﬁgure 2).
The distal portion of B-box (dist B) element is responsible
for seed-speciﬁc expression and abscisic acid (ABA)
response in the napA gene of Brassica napus (Ezcurra
et al 1999, 2000). The consensus sequence of dist B is
GCCACTTGTC, and located from –506 to –497 in the E8
promoter (ﬁgure 2).
The (CA)n element is responsible for embryo- and
endosperm-speciﬁc transcription in the napA gene of
Brassica napus (Ellerstrom et al 1996). Its consensus
sequence is CAAACAC, and was also found in the E8
promoter of tomato and located from –1777 to –1771 (ﬁgure
2).
A 429 bp DNA fragment located from –1702 to –1274 is
a functional region and includes an element for response to
ethylene in the E8 promoter (Deikman et al 1992, 1998), and
the deletions of long DNA fragments were found in both LA
0441 and LA2150. The deletions included two regions of 48
bp (–1660 to –1613) and 43 bp (–1327 to –1285) in LA 0441,
and 121 bp (–1499 to –1379) in LA 2150. Furthermore, this
429 bp region included two copies of TAAAATAT motifs
which were related to ethylene biosynthesis, but not located
in the deleted regions in LA 0441 and LA 2150 (ﬁgure 2).
The 318 bp DNA fragment (–1253 to –936) of the E8
promoter was a negative regulation region of E8 gene
expression, which included the binding site of E4/E8binding protein (Deikman et al 1998). The most obvious
J. Biosci. 34(1), March 2009

feature is the deletion of 92 bp DNA fragments in the 318 bp
region in the 11 accessions including Cherry, Jingfeng No.
1, LA0397, LA1338, LA1406, LA2080, LA2150, LA 2718,
Red cherry, Zaofen No. 2 and Zhongshu No. 5, but not in the
others. Whether the deletion of the 92 bp fragment affects
the functions of the E8 promoter remains unknown.
3.3

Molecular evolution of the E8 promoter and
tomato genome

To determine whether molecular evolution of the E8
promoter is consistent with evolution of the tomato genome,
phylogenetic analysis of E8 promoters and tomato genome
evolution revealed by RAPD analysis was performed in this
study.
The phylogenetic tree was reconstructed based on
alignment of the 19 E8 promoter sequences to examine
the molecular evolution of E8 promoters by neighbourjoining algorithms using MEGA version 4 (ﬁgure 3). The
phylogenetic tree showed that the 19 accessions were

Figure 3. Evolutionary relationship of 19 tomato accessions
based on the E8 promoters by the neighbour-joining method in
MEGA version 4.0. This tree includes 19 accessions of seven
tomato species analysed for the E8 promoter; Zhongshu No. 5,
Jingfeng No. 1 and Cherry were extracted from GenBank (X13437,
DQ317599 and AF515784). Branches corresponding to partitions
reproduced in less than 50% bootstrap replicates are collapsed. The
percentage of replicate trees in which the associated accessions
clustered together in the bootstrap test (1000 replicates) is shown
next to the branches. The evolutionary distances were computed
using the maximum composite likelihood method.

Molecular evolution of the E8 promoter
divided into four groups with a sequence divergence of
0.01. LA2150 and LA0441 were classiﬁed into individual
groups, which implied a distinct difference between the E8
promoters of LA2150 and LA0441. Genetically, they were
also far away from the other 17 tomato accessions. However,
it is very interesting that both LA2150 and LA0441 belong
to S. peruvianum in traditional taxonomy. The third group
consists of 10 tomato accessions from four species including
S. pimpinellifolium (LA0397 and LA2718), S. cheesmaniae
(LA1406), S. lycopersicum var. cerasiforme (Cherry,
LA1338, LA2080 and Red cherry) and S. lycopersicum
(Jingfeng No. 1, Zaofen No. 2 and Zhongshu No. 5). The
other 7 accessions of three species including S. neorickii
(LA2113 and LA2192), S. chmielewskii (LA1306, LA1325,
LA1330 and LA2681) and S. lycopersicum var. cerasiforme
(LA1227) formed the fourth group. Obviously, the results
of phylogenetic evolution showed that differences exist in
the molecular evolution of E8 promoters among different
accessions in tomato (ﬁgure 3).
RAPD analysis results showed that 469 totally clear
and stable bands were observed after screening with 49
decamer oligonucleotide primers. Based on RAPD data, the
phylogenic tree of 16 tomato accessions was obtained using
the software NTSYS-pc package version 2.0, and these
can also be classiﬁed into four groups when the genetic
similar coefﬁcient was taken as 0.72 (ﬁgure 4). The ﬁrst
group included 4 accessions of S. peruvianum (LA0441
and LA2150) and S. neorickii (LA2192 and LA2113). Four

Figure 4. Tomato genomic DNA phylogeny of 16 tomato
accessions based on the random ampliﬁcation polymorphism
DNA (RAPD) analysis by the unweighted pair-group method and
arithmetic average (UPGMA) in the NTSYS-pc package version
2.0t. This tree includes 16 accessions of seven tomato species
analysed for genomic DNA by RAPD. The numbers on the right
side of the illustration indicate accessions of tomato.
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accessions of S. chmielewskii (LA1330, LA2681, LA1325
and LA1306) formed a separate group. The third group
was consistent with 3 accessions of S. pimpinellifolium
(LA0397 and LA2718) and S. cheesmaniae (LA1406). Five
accessions of S. lycopersicum var. cerasiforme (LA1227,
LA1338, LA2080 and Red cherry) and S. lycopersicum
(Zaofen No. 2) fell into the fourth group, but LA1227 was
away from the other 4 accessions of S. lycopersicum var.
cerasiforme (ﬁgure 4).
By comparing the phylogenetic results of E8 promoter
and RAPD analysis, we found that molecular evolution of the
E8 promoter is basically consistent with the tomato genome,
except for LA1227 of S. lycopersicum var. cerasiforme, and
LA0441 and LA2150 of S. peruvianum. The evolutionary
inconsistency between the E8 promoter and tomato genome
may be due to differences in geographical distribution or
environmental selection stress.
3.4

Southern blot analysis of E8 promoters in different
tomato accessions

To examine the copy number of the E8 promoter in the
tomato genome, Southern blot analysis was performed
according to the manufacturer’s instructions using a 540
bp DNA probe from LA1338. The results showed that the
copy number of E8 promoters was different among the 16
tomato accessions, and varied from 1 (S. chmielewskii) to
4 (S. peruvianum) (ﬁgure 5). Taken together, our results
showed that the differences in E8 promoter were not only
in fragment size and cis-acting elements, but also on copy
number in different tomato accessions.

Figure 5. Southern blot analysis. Genomic DNA of 16 accessions
from tomato and some of its wild species were digested with
BamHI, followed by hybridization with the ﬂuorescein-labelled
540 bp DNA fragment cloned from LA1338. The numbers at the
top of the illustration indicate accessions of tomato.
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4.

Discussion

Promoter is one of the most important elements for
endogenous or exogenous gene expression in eukaryotes
(Fluhr et al 1986; Kaulen et al 1986; Stougaard et al 1987).
Since the E8 promoter was ﬁrst cloned from cherry tomato
(Deikman et al 1988), the structure of the E8 promoter was
comparatively thoroughly analysed and used for driving
exogenous gene expression in tomato (Deikman et al 1992,
1998; Jiang et al 2007; Ramírez et al 2007). However, the
expression level was too low to meet the requirement for
further investigation (Gomord et al 2004; Giritch et al 2006;
Nykiforuk et al 2006; Jiang et al 2007). Two questions
emerged: (i) Do differences in molecular evolution exist
among E8 promoters of different tomato accessions/species?
(ii) What is the relationship between evolution and function
of the E8 promoter, if differences exist?
4.1

Features of the E8 promoter sequence

The size of the E8 promoters changed from 2101 bp
(LA2150) to 2256 bp (LA2192) among the 19 E8 promoters,
and the sequence identity was 69.9% (see table 2). Based
on the sequence identity, the E8 promoter could be divided
into three main regions – A, B and C (ﬁgure 1). These
results implied that differences in the molecular evolution
of the E8 promoter were present both in DNA fragment
length and sequence identity, even in some subregions. The
differences in size and sequence identity among different E8
promoters are due to deletions/insertions of DNA fragments
or mutations of nucleotide acids. Although the reasons for
the occurrence of deletions/insertions and mutations of
nucleotide acids during molecular evolution of E8 promoters
are unknown, our results provide important information for
characterizing the structure and functions of E8 promoters.
4.2 Cis-acting elements and functional regions
Some consensus sequences of TATA box, CAAT box and
CCAAT box in eukaryotic promoters and some functional
elements such as the TGTCACA motif, ERE, TAAAATAT
motif, ARF, distB and (CA)n were found in the E8 promoter
(ﬁgure 2). These motifs may confer some speciﬁc functions
on the E8 promoter. Nucleotide mutations were also found
in some motifs such as TATA box, ARF, TGTCACA and
TAAAATAT (ﬁgure 2).
As a recognition site of RNA polymerase, TATA box
regulates transcription initiation (Zhu et al 1995; Grace et
al 2004). The TATA box2 (–32 to –26) existed only in the
E8 promoters of 11 accessions, not in the other 8 accessions,
because of the change of A to T (T/aATAAAT) (ﬁgure 2).
How the mutation between A and T affects RNA polymerase
J. Biosci. 34(1), March 2009

recognition or transcription initiation in the E8 promoter
is unclear. The motifs TGTCACA and TGTCTC are fruitspeciﬁc expression elements in Cucumis melo (Yamagata et
al 2002) and the ARF-binding site in A. thaliana (Ulmasov
et al 1999; Hagen and Guilfoyle 2002; Goda et al 2004;
Nemhauser et al 2004), respectively, whereas mutations of
TGTc/tACA and TGt/cCTC were found in E8 promoters of
tomato. The relationship between the mutation and function
of the E8 promoter remains unknown and requires further
research.
The motif ATTTCAAA of 8 bp ERE is an element
related to ethylene responsiveness and senescence (Itzhaki
et al 1994; Tapia et al 2005). No mutation was found in this
motif of the tomato E8 promoter. This implies that ERE is a
relatively conserved motif in plants.
The 429 bp region (–1702 to –1274) of the E8 promoter
in the tomato is responsible for ethylene response in both
unripe and ripe tomato fruits (Deikman et al 1992, 1998).
ERE was not found in this 429 bp region, but two copies of
the 8 bp motif TAAAATAT, which is involved in ethylene
biosynthesis, were found (Matarasso et al 2005) (ﬁgure 2).
The results showed that the E8 promoter of tomato includes
some elements of ethylene response and biosynthesis. We
can also conclude that several different pathways could
exist in the mechanism of E8 gene expression involved in
ethylene response.
Deletions of long DNA fragments in this 429 bp region
of the E8 promoter were found only in S. peruvianum (LA
0441 and LA 2150), and this implied that the E8 promoter of
S. peruvianum distinctly differed from other tomato species
during molecular evolution.
On the other hand, a 113 bp region (–1612 to –1500) in
the 429 bp region (–1702 to –1274) is highly conserved, and
the sequence identity is 91.2%. Furthermore, two copies of
TAAAATAT motifs related to ethylene biosynthesis were
found in this 113 bp region, but not in deleted regions in LA
0441 and LA 2150 (ﬁgure 2). These results also implied that
the elements or functional regions for ethylene biosynthesis
or ethylene response were highly conserved in the E8
promoter of tomato, and the region for ethylene biosynthesis
might be shortened from 429 bp to 113 bp (–1612 to –1500)
( Deikman et al 1998). However, this assumption needs to be
conﬁrmed by further experiments.
A 318 bp (–1253 to –936) negative effect region of the
tomato E8 promoter includes the binding site for E4/E8binding protein (Deikman et al 1998). The obvious feature
of this 318 bp region is a 92 bp DNA sequence insertion in
the E8 promoters of 8 accessions, which included LA044,
LA1227, LA1306, LA 1325, LA1330, LA2113, LA2192 and
LA2681. The 92 bp DNA sequence insertion was not found
in LA2150, despite the fact that this accession belongs to S.
peruvianum as LA0441. The functions and complications
of E8 promoters from S. peruvianum need to be further
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conﬁrmed. We also found an A/T-rich region at the upstream
sequence of the insertion region from –1253 to –1121 with
an A/T content of 78%.
4.3 Molecular evolution and copy number of the
E8 promoter
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investigation of molecular evolution would facilitate the
understanding of E8 gene expression patterns, and provide
helpful information for E8 promoter applications. Our
results provide some crucial insights into the application
of the E8 promoter as a fruit-speciﬁc promoter and for
improving foreign protein expression in tomato.
Acknowledgments

Differences in molecular evolution among E8 promoters
were found in terms of DNA fragment size, sequence
identity, nucleotide mutations in cis-acting elements and
deletions or insertions in some of the functional regions.
These differences were further conﬁrmed by analysis of
phylogenic evolution (ﬁgure 3).
With the exception of LA1227, LA0441 and LA2150,
the phylogenic tree based on the E8 promoter sequences is
consistent with genomic DNA phylogeny using the RAPD
method (ﬁgures 3 and 4). Our results were supported by
previous studies on tomato phylogeny (Hiroaki et al 2000;
Kochieva et al 2002; Zhao et al 2006).
By the traditional taxonomy method, LA1227 and
LA0441 or LA2150 should have fallen into S. lycopersicum
var. cerasiforme and S. peruvianum, respectively. However,
the phylogenetic results of LA1227 and LA0441 or LA2150
based on the E8 promoter sequences were different from
traditional taxonomy (ﬁgure 2). This conﬂict could be
related to the complications of composition or high variety
in the E8 promoter in some of the tomato species such as S.
peruvianum and S. lycopersicum var. cerasiforme.
The copy number of the E8 promoter in the tomato genome
was conﬁrmed by Southern blot analysis and the result
showed that the number varied from 1 (S. chmielewskii) to 4
(S. peruvianum). The difference in E8 promoter copy number
was seen mainly among different tomato species (ﬁgure 5).
The results further showed that a difference in molecular
evolution of E8 promoters occurs also during the formation
of the tomato species. It may be related to evolutional
differences in the tomato species or environmental selection
from geography. It is not reported how the copy number of the
E8 promoter affects the growth and development processes of
tomato, especially during fruit development.
Our results prove that a difference in molecular evolution
of E8 promoters is assuredly present at different levels such
as length of DNA sequences, deletions/inserts in functional
regions, nucleotide mutations in acting elements, and even
the copy number. However, many questions about the
relationship between these differences and the functions of
the E8 promoter still remain to be elucidated.
Recently, the E8 promoter was used to drive the expression
of foreign genes to improve fruit quality and produce some
recombinant pharmaceutical proteins in tomato (Sandhu et
al 2000; Lewinsohn et al 2001; Mehta et al 2002; Garza
et al 2004; Jiang et al 2007; Ramírez et al 2007). Full
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