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Abstract 

fl-conglycinin is one of the major seed storage proteins in soybean. It is composed of three subunits, 
namely ~, ~' and/3. The expression of ~-conglycinin is highly regulated, being restricted to the embryo 
during the mid-maturation phase of embryogeny. Two series of constructs were made with the ~' sub- 
unit promoter and the GUS reporter gene to investigate the cis-acfing dements involved in the regulated 
expression of this promoter. The activity of each construct was tested in transgenic tobacco plants. 

In the first series of constructs, we checked if the 'legumin box', a sequence found in most legume seed 
storage protein genes as well as in other seed-specific genes, is involved in the regulated expression of 
the ~' subunit of the fl-conglycinin gene in tobacco. To this end, both copies of the ct' subunit promoter 
legumin boxes were mutagenized in vitro. The transcriptional activity of the single mutants and the double 
mutant were compared with that of the wild-type promoter. Our results show that the legumin boxes 
act together to increase transcription of the fl-conglycinin ~' subunit gene by about a factor of ten. This 
is the first demonstration of a function for the legumin box in transcriptional regulation. 

In the second series of experiments, we wished to determine if the 3' part of the promoter (the CCAAT 
and TATAA region) contains important regulatory elements. We found that this small fragment ( -82  
to + 13 bp) can confer by itself a low level of seed-specific gene expression. Chimaeric promoters con- 
structed from parts of the ~' subunit promoter and of the constitutive CaMV 35S promoter were also 
analysed. These constructs also revealed the importance of the CCAAT and TATAA region of the ct' 
subunit promoter in seed-specific gene expression. 

Introduction 

The seed storage proteins constitute the majority 
of the proteins of a mature seed and are usually 
represented by a limited number of different poly- 

peptides. In soybean (Glycine max), fl-conglycinin 
is one of the two major seed storage proteins and 
is composed of three subunits, ct, ~' and ft. The 
genes encoding these subunits are expressed only 
in seeds (embryonic axis and cotyledons) and only 
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during the mid-maturation stage, making them an 
attractive model for the study of seed-specific gene 
expression. 

Genes encoding the 0~' and fl subunits of fl- 
conglycinin have been cloned and expressed in 
transgenic petunia and tobacco plants [7, 25]. In 
all cases, correctly regulated expression of these 
genes was observed, indicating that transgenic 
plants can be used to investigate the regulatory 
elements involved in gene expression during soy- 
bean embryogenesis. 

A deletion series of the e' subunit promoter 
analyzed in transgenic tobacco plants has re- 
vealed that the first 257 bp upstream of the tran- 
scription start site are sufficient to give a level of 
regulated expression almost equal to that of the 
complete promoter [9]. In addition, the -257 to 
-82 bp fragment was shown to possess a seed- 
specific enhancer activity when inserted into the 
constitutive 35S promoter of cauliflower mosaic 
virus (CaMV) [10]. 

In vitro studies have revealed the presence of 
several proteins binding to the promoters of the 
0~' and the p subunit genes of fl-conglycinin 
[1, 19]. In the e' promoter, two of these factors 
(SEF 3 and SEF 4) have binding sites in the frag- 
ment that was shown to give full promoter activity 
in transgenic tobacco. A third factor (SEF 1) 
binds to two AT-rich sequences located in a more 
distal region of the c¢' subunit promoter (around 
-660 and -780bp)  whereas the other factor 

identified so far (SEF 2) binds to almost any pro- 
moter fragment with little or no sequence speci- 
ficity. 

The next step in the analysis of the ~' subunit 
promoter is to determine the in vivo function of 
the cis-acting elements thought to be involved in 
seed-specific gene expression. To do so, we have 
decided to follow two different approaches. In the 
first one, specific mutations were introduced into 
one or both of the 'legumin boxes' in order to 
verify their role in seed-specific gene expression. 
This sequence has been found in the promoters of 
most legume seed storage protein genes, as well 
as other seed-specific genes [2, 6, 11, 14, 15], and 
this conservation has led to the hypothesis that it 
might be involved in regulated gene expression in 

seeds. In the second approach, we wanted to ad- 
dress the possible role of the 3' part of the pro- 
moter ( - 8 2  to + 13; including the CCAAT and 
TATAA boxes and one copy of the legumin box) 
by testing its activity in transgenic tobacco. In 
addition, parts of the CaMV 35S promoter were 
used to construct chimaeric promoters to further 
assess the role of the different parts of the ~' 
subunit promoter in seed-specific gene expression. 
The 3' part of this promoter has not been exten- 
sively studied since the discovery of a seed- 
specific enhancer in the region just upstream of it 
[10]. 

Our results show that the legumin box plays an 
important role in 3-conglycinin transcription: mu- 
tation of both copies of these boxes in the ~' 
promoter results in a significant tenfold reduction 
in transcription of the GUS reporter gene. We 
also show that the small 3' part of the ~' subunit 
promoter contains sufficient information to direct 
a very low level of seed-specific gene expression. 

Materials and methods 

Origin of the clones 

The 35S promoter fragments were isolated from 
the pBI121 vector (Clontech). The ~' promoter 
fragments were isolated from the Gmg 17.1 clone 
[29]. 

In vitro mutagenesis 

In vitro mutagenesis was carried out according to 
the procedure of Lewis and Thompson [20] using 
the Altered Sites kit from Promega. The ~'C6 
promoter fragment ( -257 to + 13) was first sub- 
cloned as a Barn HI-Xmn I fragment into the vec- 
tor pSELECT-1 (Promega) cut with Bam HI and 
Sma I. The mutagenesis reaction was performed 
with oligonucleotide X to create a Xho I site in the 
5' legumin box (mutant X) and with oligonucle- 
otide B to create a Bgl II site in the 3' legumin box 
(mutant B). A double mutant (mutant XB) was 
obtained by the simultaneous use of oligonucle- 
otides X and B (see Fig. 1B): 



oligo X: 5'-ACCCCAAAAGCCCTCGAGAACAACACGTACTC-3' 
Xho I 

oligo B: 5'-TGGCCAAATGTTCAGATCTGTTAACAAGACCTA-3' 
Bgl II 
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The mutant and wild-type promoters were then 
excised from pSELECT-1 by a Hind lII and 
Eco RI digestion (the Eco RI site was blunted) 
and inserted in front of the GUS reporter gene in 
the vector pBI101 (Clontech) cut with Hind III 
and Sma I. 

Chimaeric promoter constructs 

The different fragments isolated from the fl- 
conglycinin a' subunit promoter and from the 
35S promoter were assembled in pUC19 accord- 
hag to standard molecular biology procedures 
[28]. These constructs were then excised from 
pUC19 by aHind III-Xba I digestion and inserted 
in front of the GUS reporter gene of pBI101 
(Clontech) cut with these same enzymes (see 
Fig. 1C). 

1.25 mM. The reaction was carried out at 37 °C 
and 200 ~tl aliquots (40/d for plants giving a high 
activity) were removed at 5, 20 and 35 min and 
added to 2 ml of stop buffer. The relative fluores- 
cence was determined (excitation 355 nm; emis- 
sion 455 nm) using 0 to 1.0 ~tM methylumbeUi- 
ferone (MU) as a standard. The activity in leaves 
was determined from a disc (diameter 6 mm) 
taken from a young leaf and ground in 500 #1 of 
extraction buffer. 50/~1 of this extract was used in 
a 650 #1 reaction and 200 #1 aliquots were re- 
moved at 5, 20 and 35 min. Protein concentra- 
tions in these extracts were determined by the 
method of Bradford (Bio-Rad kit). Determina- 
tion of GUS activity in the roots was done in the 
same conditions as for leaves using about 5 #g of 
protein. For some assays, larger amounts of ma- 
terials and longer reaction times were used to 
increase the sensitivity (see Results). 

Plant transformation 

The different constructs in pBI101 were mobi- 
lized from the Escherichia coli strain DH5~ to 
Agrobacterium tumefaciens LBA 4404 by a tripa- 
rental mating procedure using an E. coli strain 
carrying the plasmid pRK2013 as a helper [21]. 
For tobacco (Nicotiana benthamiana) transforma- 
tion and regeneration, the standard leaf disc pro- 
tocol was used [16]. 

Determination of GUS activity 

Determination of GU S activity was performed as 
described by Jefferson [17]. For the standard 
assay, 50 seeds were ground in 1.25 ml of extrac- 
tion buffer and 50 #1 of this extract was added to 
650 ~1 of extraction buffer containing MUG at 

Histochemical localization of GUS 

The localization of GUS activity was performed 
as described [ 17] with minor modifications. Ma- 
ture seeds were deposited in dense layers in 
monocyanoacrylate adhesive (Krazy Glue) and 
sectioned using a Vibratome. Sections of 100 to 
200/zm were fixed in 0.3~ formaldehyde, 3 M 
mannitol, 10 mM MES pH 5.6 for 45 min. The 
fixation solution was then replaced by a 50 mM 
sodium phosphate buffer (pH 7.0) containing 
50/~g/ml of the substrate 5-bromo-4-chloro-3- 
indolyl glucuronide (X-gluc). Reactions were 
carried out for periods ranging from 12 h to 6 
days at 37 °C after which the embyos were 
placed in glycerol and examined under the micro- 
scope. 
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Results 

Constructs and in vivo mutagenesis 

Figure 1A is a schematic representation of the ~' 
subunit promoter showing the position of the 
CCAAT, TATAA and legumin boxes as well as 
the predicted transcription start site [12]. The 
binding sites for the previously described proteins 
SEF 1, SEF 3 and SEF 4 [19] are also indicated 
in Fig. 1A. The -257 to + 13 fragment of the ~' 
subunit promoter was used as the starting mate- 
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Fig. 1. Maps of the different constructs used int his work. 
A. ~' promoter fragment showing the position of the CCAAT 
and TATAA boxes as well as the legumin boxes and the 
binding sites for the D N A  binding proteins previously identi- 
fied (SEF 1, SEF 3 and SEF 4) [19]. B. Maps of the legumin 
box mutant constructs in pBI101" the sequences of both wild- 
type legumin boxes are shown (construct N). For the mutant 
promoters (constructs X, B and XB), the nucleotides that were 
changed are indicated by asterisks. C. Maps of the chimaeric 
promoter constructs in pBI101. 

rial for the in vitro mutagenesis of the legumin 
boxes. Mutations were introduced into each of 
the legumin boxes to create construct X (muta- 
tion of the 5' legumin box) and construct B (mu- 
tation of the 3' legumin box) or in both legumin 
boxes, creating construct XB. Figure 1B shows 
that, in each case, 4 bp were substituted, creating 
new restriction enzyme cutting sites and thus fa- 
cilitating identification of the mutants. This num- 
ber of changes also insures that the legumin box 
consensus sequence is completely lost. More spe- 
cifically, these mutations destroy the alternating 
purine-pyrimidine sequence typical of this ele- 
ment. The wild-type fragment (construct N) was 
used as a control in these experiments. 

The 3' part of  the ~' subunit promoter ( -82 to 
+ 13) was fused to the GUS reporter gene to test 
its promoter activity (construct SX). It was also 
fused to the -941 to -90 fragment of the 35S 
promoter to generate a chimaeric promoter (con- 
struct 35SX). The intact 35S promoter (-941 to 
+ 8; construct 35S) was used as a control. Fi- 
nally, the upstream part of the ~' promoter ( -828 
to -82) was fused to the 3' part of  the 35S pro- 
moter ( - 9 0  to + 8; construct C835). All these 
constructs are represented schematically in 
Fig. 1C. 

The legumin box mutant and chimaeric pro- 
moter constructs were then fused to the GUS 
reporter gene in the vector pBI101 in order to 
test their transcriptional activity in transgenic 
plants. 

Tobacco transformation 

All the constructs described in the previous sec- 
tion were introduced into tobacco (N. benthami- 
ana) by A. tumefaciens-mediated transformation 
[ 16]. Usually, 10 to 20 independent transformants 
were regenerated for each construct. The SX con- 
struct was expected to give very low, if any, GUS 
activity. For this reason, transformation was con- 
firmed by allowing each of the regenerated plants 
to self-fertilize and examining the frequency of 
kanamycin resistance among the progeny (data 
not shown). 



Transcriptional activities of the legumin box mutants 

For this series of constructs, GUS activities were 
first measured in seeds collected at different times 
during embryogenesis (12, 16, 20 and 24 days 
after anthesis and dry seeds) for at least five plants 
transformed with each construct (results not 
shown). In all cases, GUS activity was first de- 
tected at 20 days and was shown to be stronger 
at 24 days and even slightly stronger in mature 
seeds. Since the kinetics of GUS accumulation 
were exactly the same for all four constructs, GU S 
activities in dry seeds could be considered as an 
accurate reflection of the relative transcriptional 
activities of the four promoters during embryo- 
genesis. So, all the subsequent work and com- 
parisons were carried out with dry seeds. 

As expected, important plant-to-plant varia- 
tions were observed for a given construct because 
of the so-called 'position effect' [26]. Figure 2 
shows the distribution of GUS activities in dry 
seeds for all the plants transformed with the four 
constructs. The average activities are shown in 
Table 1 and indicate that mutation of each legu- 
min box reduced transcription about twofold 
whereas mutations of both boxes produced a 
more pronounced effect. Since the reduction in 
the average GUS activity observed for the dou- 
ble mutant is about sevenfold (Table 1), it is likely 
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Fig. 2. GUS activities in dry seeds from individual tobacco 
plants transformed with the legumin box mutant constructs. 
Each point represents the GUS activity (expressed in pmol of 
MU formed per seed per minute) for an independently trans- 
formed plant. 
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Table I. Average and median GUS activities in dry seeds for 
the legumin box mutant constructs. 

Construct Number GUS activity P* 
of plants (pmol MU formed 

per seed per minute) 

Average Median 

N 19 218 183 - 
X 23 142 92 0.056 
B 24 98 96 0.005 
XB 17 33 19 0 

* Probability that the lower median activity of this construct 
compared to the N construct is only accidental. 

that both copies of the legumin box do not act 
independently from each other. 

The differences in the transcriptional activities 
between the mutant and the wild-type promoters 
look convincing, especially in the case of the dou- 
ble mutant. However, the important plant-to- 
plant variations prompted us to perform statisti- 
cal tests to confirm that these differences were not 
only accidental. In a case like this, where the 
different values do not follow a normal distribu- 
tion (see Fig. 2), the median values are used in- 
stead of the averages for statistical comparisons. 
The 'median test' [24] indicates the probability 
that a difference between the two sets of data is 
only accidental. Table 1 shows that the lower 
transcription activities (about twofold) in the sin- 
gle mutant constructs is very likely to be caused 
by the mutations. In the case of the double mu- 
tant, the almost tenfold decrease in median GUS 
activity has to be attributed to the mutations 
themselves rather than to chance. Another sta- 
tistical test, the Mann-Whitney test [24], uses the 
ranks to compare sets of non-parametric values. 
The results of this test perfectly agree with those 
obtained with the median test (not shown). 
Therefore, our results indicate that each copy of 
the legumin box increases transcription of the fl- 
conglycinin e' subunit gene but that two copies of 
this element are required to obtain full promoter 
activity in transgenic tobacco plants. 

We next wanted to verify if the legumin boxes 
are acting as negative regulatory elements in or- 
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gans other than seeds, preventing/~-conglycinin 
expression in these organs. GUS activities were 
measured in leaves of all the transformed plants 
as well as in leaves of untransformed tobacco 
plants. We were unable to detect activity in any 
case, even by increasing the sensitivity of the assay 
by a factor of around 250 (by increasing the 
amount of material used in the assay as well as 
the reaction times). Since the inactivation of both 
legumin boxes does not result in unregulated ex- 
pression of the oc' subunit promoter, it is likely 
that these D N A  sequences do not act as negative 
regulatory elements. 

Histological localization of  GUS activity in seeds 
expressing the legumin box mutants 

The in vitro determinations of GUS activity have 
shown that expression of the different legumin 
box mutant promoters is still restricted to seeds. 
In order to determine whether mutations in the 
legumin boxes would change the specificity of ex- 
pression in the seed itself, we performed histo- 
chemical localization of GUS activity [17]. Ma- 
ture seeds obtained by self-fertilization of plants 
transformed with each of the four constructs were 
sectioned and treated with the histological stain 
for GUS, X-gluc. As shown in Fig. 3B, the wild- 
type ~' subunit promoter generated a uniform 
pattern of staining in th e embryo, indicating ex- 

pression in the cotyledons and in the embryonic 
axis. A very light blue coloration was also ob- 
served in the endosperm (data not shown). This 
corresponds to the pattern already observed for 
the expression of this same promoter in trans- 
genie tobacco [22]. As a control, seeds coming 
from untransformed plants were stained in the 
same conditions. No GUS expression could be 
detected in any part of these seeds (Fig. 3A). 

With the double mutant promoter driving the 
GUS reporter gene (construct XB), a uniform 
blue staining of the embryo and a very weak stain- 
ing of the endosperm were also observed 
(Fig. 3C). This pattern was undistinguishable 
from the pattern obtained with the wild-type pro- 
moter (Fig. 3B). As expected, the single mutant 
promoter constructs (constructs X and B) also 
displayed the same pattern of GUS activity (data 
not shown). Therefore, mutations of the legumin 
boxes do not alter the specific localization of the 
~' subunit promoter transcription in the seeds of 
transgenic tobacco plants. 

Transcriptional activities of  the chimaeric promoter 
constructs 

GUS activities were measured in different organs 
(young leaves, roots and dry seeds) for all the 
tobacco plants transformed with the chimaeric 
promoter constructs and the average and median 

Table 2, Average and median GUS activities in different organs for the chimaeric promoter constructs. 

Construct Number GUS activity in roots 
of plants (pmol MU formed 

per 100 #g protein 
per minute) 

GUS activity in leaves 
(pmol MU formed 
per 10 #g protein 
per minute) 

GUS activity in dry seeds 
(pmol MU formed per seed 
per minute) 

Median Average Median Average Median Average 

S X  5 0 a 0 0 b 0 b 0 .085 b 0 .14  b 

35S 10 22 35 24 39 1.2 15 
35SX 19 50 60 29 49 29 36 
C835 13 0 0 0 0 28 47 

a In this table, 0 means: no significant activity above background (untransformed tobacco) using the standard assay, unless 
otherwise noted; assays done in duplicate. 

b Values obtained by a more sensitive assay (see Results); 10 untransformed tobacco plants and 10 plants transformed with the 
vector pBI101 were used as controls; all assays done in triplicate. 
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Fig. 3. Histochemical localization of GUS activity in embryos for some of the legumin box mutant  constructs and some of the 
chimaeric promoter constructs. A. Untransformed N. benthamiana. B. Construct N. C. Construct XB. D. Construct 35S. E. Con- 
struet 35SX. F. Uncharacteristic expression pattern observed in a few seeds transformed with construct SX. 

activities are given in Table 2. As with the legu- 
min box mutant constructs, important plant-to- 
plant variations in the level of GUS expression 
were observed (data not shown). Because of that, 
the median values were also used for statistical 
analyses and are represented graphically in Fig. 4. 
In this case also, no differences were observed 

between the kinetics of GUS accumulation for 
the different constructs and the activity in dry 
seeds was shown to correctly reflect the level of 
expression during embryogenesis and was thus 
used for comparisons. 

The 35S construct was used as a control for 
these experiments and, as expected, expression 
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Fig. 4. Histogram showing the median GUS activities in three 
different organs for the chimaeric promoter constructs. Activ- 
ities are expressed in pmol MU formed per seed per minute 
(seeds), pmol MU formed per 10yg protein per minute 
(leaves), or pmol MU formed per 100 #g protein per minute 
(roots). 

from the CaMV 35S promoter was detected in all 
tissues tested (see Table 2). On the other hand, no 
expression could be detected from the SX con- 
struct in any organ under our standard assay con- 
ditions. To determine whether this small part of 
the ~' promoter can direct a low level of seed- 
specific gene expression, more sensitive assays 
were performed by increasing the amount of ma- 
terial and the reaction times. This represented an 
overall increase in sensitivity by a factor of about 
200. In this manner, reproducible GUS activities 
were detected in all five tobacco plants trans- 
formed with the SX construct (Table 2). To make 
sure that this activity was significant, measure- 
ments were done in the same conditions with 
several samples of seeds coming from 10 untrans- 
formed plants and with seeds from i0 different 
plants transformed with pBI101 (vector contain- 
ing the GUS reporter gene without a promoter). 
In all these control experiments, GUS activities 
were at least 20 times lower than in the SX plants 
(results not shown). This clearly indicates that 
GUS transcription in the SX plants is under the 
control of the small ~' subunit promoter frag- 
ment. To determine whether the small 3' part of 
the ~' subunit promoter retains its specificity, 
more sensitive GUS assays were also performed 

in leaves of the SX plants as well as of untrans- 
formed tobaccos and plants transformed with 
pBI101. Increasing the sensitivity by the same 
factor as for the assays in seeds did not reveal any 
GUS activity above background in leaves of any 
of the SX plants. 

In an attempt to increase the level of regulated 
expression from the 3' part of  the ~' subunit pro- 
moter, we added in front of it the upstream part 
(-941 to -90) of the constitutive CaMV 35S 
promoter (construct 35SX). This approach has 
previously been utilized to reactivate promoters 
that had been deleted to the point where they 
could no longer give rise to detectable transcrip- 
tion. In several cases, these chimaeric promoters 
displayed the regulated expression typical of their 
corresponding intact promoter: the soybean 
leghaemoglobin lbc3 gene [33], the maize Adh-1 
gene [ 13], the photosynthetic gene ST-LS1 [32] 
and the potato proteinase inhibitor II gene [ 18]. 
This indicated that these small promoter frag- 
ments contained all the necessary regulatory ele- 
ments but needed strong enhancers to be func- 
tional. 

On the other hand, a construct comprising the 
35S upstream region and the 3' part of the 
Phaseolus vulgaris seed storage protein phaseolin 
gene gave high transcriptional activity in mature 
seeds, leaves and roots [8]. Like the 35S- 
phaseolin chimaeric promoter construct, the 
35SX construct was found to be expressed in all 
organs tested and, in all three cases, its level of 
expression was higher than the 35S construct 
(Table 2). In the case of seeds, the very low me- 
dian activity of the 35S construct is explained by 
the fact that several plants gave values barely 
above background. However, these same plants 
gave good activities in roots and leaves. The rea- 
son for the behaviour of these plants is unknown. 
Overall, the 35SX promoter was nevertheless 
much more efficient than the 35S promoter in 
seeds. 

The other chimaeric promoter construct (con- 
struct C835) comprising the upstream part of the 
0( subunit promoter and the 3' part of  the 35S 
promoter gave the highest activity in seeds and no 
activity in leaves, which was expected since nei- 



ther the ~' subunit promoter nor the 3' part of the 
35S promoter are expressed in this organ in to- 
bacco [4, 9]. No activity above background was 
detected in roots of  any of the plants transformed 
with the C835 construct, indicating a transcrip- 
tional activity at least 50- to 100-fold lower than 
the 35S construct. This was unexpected since it 
was shown by Benfey et al. [5] that the 3' part of 
the 35S promoter can by itself direct a measur- 
able level of transcription in roots. It is interest- 
ing to point out that a chimaeric promoter com- 
prising the upstream part of a phaseolin promoter 
and the -90 to + 8 fragment of the 35S promoter 
did not yield any transcription activity in seeds of 
transgenic tobacco plants either [8]. 

Histochemical localization of GUS activity in plants 
expressing the chimaeric promoter constructs 

In addition to determining the total GUS activ- 
ity in seeds, we wished to determine whether the 
location of this transcriptional activity was ex- 
actly the same in seeds expressing the different 
chimaeric promoter constructs. To this end, dry 
seeds from several plants for each construct were 
cut and stained with X-gluc as described by Jef- 
ferson [17]. Fig. 3D and 3E show typical results 
obtained with the 35S and the 35SX constructs, 
respectively: for both these constructs, a uniform 
blue staining pattern was observed in the em- 
bryos. A very slight blue coloration was also ob- 
served in the endosperm (not shown). The same 
results were also obtained with the C835 con- 
struct (not shown). For the SX construct, pro- 
longed incubations with X-gluc (up to 6 days) 
allowed us to localize GUS activity even though 
the activity was much weaker than with the other 
constructs (see Table 2). Most of the seeds ex- 
pressing GUS under the control of this small part 
of the ct' subunit promoter exhibited exactly the 
same expression patterns as we observed with a 
longer fragment of this same promoter (con- 
structN, Fig. 3B) or with the 35S promoter 
(Fig. 3D) and both chimaeric promoters (con- 
struct 35SX, Fig. 3E; construct C835, not 
shown). A few of the seeds coming from plants 
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transformed with the SX construct exhibited a 
slightly different staining pattern (Fig. 3F). In 
these seeds, there seemed to be more GUS ac- 
tivity in the radicle and in the tips of the cotyle- 
dons than in the rest of the embryo. Since this 
staining pattern was only observed in very few of 
the SX seeds (among about 100 seeds which were 
observed), it probably does not represent a char- 
acteristic of this short promoter fragment al- 
though this possibility can not be completely ruled 
out at this time. 

Discussion 

Role of the legumin box 

Our results clearly show that the legumin box is 
involved in the transcription of the ~' subunit 
gene of soybean fl-conglycinin. The importance of 
this element in seed storage protein expression 
has been suggested many times because of its 
conservation in many legume seed storage protein 
genes as well as in other seed-specific genes [2, 6, 
11, 14, 15]. However, this is, to our knowledge, 
the first demonstration of a transcriptional func- 
tion for this conserved element. 

From our results, we can conclude that the 
legumin boxes are cis-acting elements which spe- 
cifically increase the transcription of the fl- 
conglycinin ~' subunit gene in tobacco embryos 
by a factor of about ten. The absence of legumin 
boxes in most non-seed genes [ 11 ] in addition to 
the fact that the ~' subunit gene is specifically 
expressed in seeds make it very unlikely that this 
element constitutes a general enhancer of tran- 
scription. However, we cannot formally conclude 
from our results that the legumin box is a seed- 
specific enhancer. Other constructs will be needed 
to conclusively answer this question. 

We can also conclude from our results that the 
legumin boxes do not act as negative regulatory 
elements since a promoter lacking both intact 
copies of this sequence (construct XB) still shows 
the same exact pattern of regulated expression as 
the wild-type promoter (construct N). This also 
means that the legumin boxes are not the sole 
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determinant of  the ~' subunit gene seed-specific 
expression. 

The legumin box was also suggested to be in- 
volved in Phaseolus vulgaris phytohaemagglutin- 
in L gene expression [27]. Analysis of a promoter 
deletion series showed that the region between 
-345 and -125 enhances the level of transcrip- 
tion by a factor of about 25 in transgenic tobacco 
plants. This region comprises the 63 bp fragment 
(containing a copy of the legumin box) that was 
shown to be lacking in the weakly expressed phy- 
tohaemagglutinin lec2-P allele [34]. However, 
other DNA sequences are contained in this frag- 
ment, making it impossible to conclude that the 
legumin box itself was responsible for the increase 
in transcription. 

Two other studies have addressed the role of 
the legumin box in seed storage protein gene ex- 
pression. In both cases, the legumin box was 
shown to have no effect on the transcription level 
of  deleted legumin gene promoters. In the first of 
these studies, a construct was made by adding an 
oligonucleotide corresponding to the legumin box 
of the Pisum sativum legA gene to a construct 
containing the first 102 bp of the 5' flanking se- 
quence of this gene. Both constructs were intro- 
duced into tobacco plants [31]. Neither of these 
two constructs gave a measurable transcriptional 
activity in seeds whereas it was shown previously 
that 549 bp of 5' flanking sequence of this same 
promoter would direct a good level of  seed- 
specific transcription [ 30 ]. From this, the authors 
concluded that the pea legA legumin box is unable 
to activate transcription of the legA gene in to- 
bacco. In the second study, different deletions of 
the Ficiafaba legumin gene LeB4 were made and 
their activities were compared in transgenic to- 
bacco plants [3]. It was found that a deletion 
mutant containing only the first 0.2 kb of the LeB4 
promoter gave less than 10~o of the activity of the 
complete promoter. A slightly shorter deletion, 
destroying the only legumin box present in this 
promoter, did not reduce further the transcrip- 
tional activity. 

Two reasons can explain the differences be- 
tween the results obtained with the legA and the 
LeB4 genes and our results with the ~' subunit of 

fl-conglycinin. Firstly, all our constructs con- 
tained exactly the same promoter fragment, in 
which some specific point mutations were intro- 
duced. Secondly, and more importantly, we used 
a promoter fragment which was shown to give a 
transcription level almost equal to the complete 
promoter [9]. In experiments dealing with pro- 
moters giving no expression or levels of expres- 
sion much lower than the corresponding intact 
promoters, the only conclusion that can be drawn 
from a lack of activation is that the element under 
study is not active by itself, but it cannot be con- 
cluded that this element is inactive in the intact 
promoter. 

Interactions between cis-acting elements are 
mediated by trans-acting factors binding to them. 
In soybean, several proteins (SEF 1, SEF 2 and 
SEF 3) have been shown to bind to specific se- 
quences of the fl-conglycinin ~' subunit promoter 
but none of them to the legumin box [ 1, 19 ]. Gel 
retardation assays performed with protein ex- 
tracts from pea also failed to detect a factor bind- 
ing to the legA promoter legumin box [23, 31]. 
However, it is still premature to conclude that 
there is no specific legumin box binding factor. 

Chimaeric promoter constructs 

The chimaeric promoter constructs were made in 
order to determine if the 3' part of  the ~' subunit 
promoter can direct by itself a low level of  regu- 
lated transcription and also to check for the pres- 
ence of negative regulatory elements. Because the 
35S promoter is the best characterized 'constitu- 
tive' plant promoter [4], it was chosen as a con- 
trol for these experiments as well as the source of 
some fragments for the construction of the chi- 
maeric promoters. It is already known that, in the 
seed, the complete 35 S promoter will direct a high 
level ofgene expression in the embryonic axis and 
in the cotyledons and low expression in the en- 
dosperm [5]. 

In our 35S transformed plants, GUS expres- 
sion was indeed detected in the embryonic axis 
and the cotyledons, with only a very weak activity 
in the endosperm. In several of these plants, there 



was in fact a very low activity in the seeds whereas 
activities in leaves and roots matched those of the 
other plants transformed with the same construct. 
For the moment, we cannot explain the behaviour 
of these plants. 

Role of the upstream part of the fl-conglycinin pro- 
moter 
The C835 construct gave a significantly higher 
activity than the 35S construct in seeds. It can be 
argued that some of the enhancers present in the 
5' part of the ~' promoter are seed-specific and 
thus confer a better activity than the enhancers 
present in the 35S promoter. The lack of C835 
expression in leaves can easily be explained by the 
fact that this chimaeric promoter does not include 
any element able to give rise to transcription in 
this organ. On the other hand, because of the 
presence of the 3' part of the 35S promoter in this 
construct ( -90 to + 8), some expression was ex- 
pected to be detected in the roots. A previous 
study has shown that this part of the 35S pro- 
moter (called the A domain) gives about 10~o of 
the activity of the complete 35S promoter in roots 
[5]. In our case, the activity of the C835 construct 
was not detectable by our standard assay mean- 
ing that it was at least 50- to 100-fold lower than 
the activity of the 35S construct. Possibly, there 
is a negative regulatory element in the upstream 
part of the ~' subunit promoter (between -828 
and -82) preventing expression from this pro- 
moter in organs other than seeds. Alternatively, 
the difference between our results and those ob- 
tained by Benfey et al. [5] could be attributed to 
the fact that the constructs and vectors involved 
were not exactly the same. Other constructs will 
have to be analysed to confirm the presence of 
this regulatory element. 

Role of the 3' part of the fl-conglycinin promoter 
Although very weak compared with the other 
constructs, a reproducible GUS activity could be 
detected in all five plants transformed with the 
SX construct. This very weak activity cannot be 
attributed to a background activity in tobacco 
because the activity in the SX plants was signif- 
icantly stronger than in untransformed tobacco 

947 

plants and also than in plants transformed with 
the pBI101 vector. Also, this activity cannot be 
attributed to read-through transcription from the 
NPTII  gene just upstream of the GUS gene in 
PBI101 because there was no detectable GUS 
activity in leaves of plants transformed with the 
SX construct or with pBI101, even when using a 
very sensitive assay. Since NPTII  expression is 
under the control of the NOS promoter, this gene 
is normally transcribed in leaves and any read- 
through transcription would also be observed in 
this organ. The lack of expression of the SX con- 
structs in leaves and roots also indicates that this 
small promoter fragment still retains its specific- 
ity and can still confer correct developmental reg- 
ulation of transcription. 

In a previous study, it was found that the prox- 
imal 159 bp of the ~' subunit promoter were re- 
quired to obtain any detectable activity of a 
marker gene (chloramphenicol acetyl transferase, 
in this case); no activity could be detected from 
the proximal 69 bp of this promoter [9]. In this 
work, we show a weak but reproducible tran- 
scription from the proximal 77 bp of the same 
promoter. However, we had to use a much more 
sensitive assay with this construct than with the 
other ones to detect any activity. In the previous 
work [9] the same conditions were used for all the 
assays in all the plants, which explains that no 
activity could be detected with the short promoter 
fragment. 

The role of the 3' part of the ~' subunit pro- 
moter was further evidenced by the results ob- 
tained with the chimaeric promoter comprising 
the upstream part of the 35S promoter and the 3' 
part of the ~' subunit promoter (construct 35SX). 
This construct gave a significantly stronger activ- 
ity than the 35S construct in seeds. This can eas- 
ily be explained by the presence in the 3' part of 
the ~' subunit promoter of seed-specific cis-acting 
elements (the legumin box, for example) which 
work better in this organ than the elements present 
in the equivalent part of the 35S promoter. On the 
other hand, 35SX construct expression was not 
restricted to seeds so it seems that there is no 
negative regulatory element in the 3' part of the 
ct' promoter or, at least, none that is strong enough 
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to prevent expression from the very strong 35S 
enhancers. 

The expression levels conferred by the SX and 
the 35SX constructs reveal that the 3' part of the 
promoter of the fl-conglycinin a' subunit gene is 
involved in seed-specific gene expression. This 
result is especially interesting since most of the 
studies with this promoter have concentrated so 
far on its upstream part, and especially on the 
-257 to -82 region [1, 10]. Our results indicate 
that seed-specific regulatory elements can now be 
looked for in a very short DNA fragment (90 bp). 
Apart from the ubiquitous CCAAT and TATAA 
boxes, the only putative regulatory element iden- 
tiffed in this fragment is the legumin box. It is 
worth pointing out that this region contains no 
binding site for any of the previously character- 
ized fl-conglycinin promoter DNA-binding pro- 
teins (SEF 1, SEF 3 and SEF 4) [19]. So, neither 
a single SEF factor nor a combination of SEF 
factors constitutes the sole determinant of seed- 
specific gene expression. On the other hand, we 
have also shown that a longer promoter fragment 
(-257 to + 13) lacking both intact copies of the 
legumin box but containing binding sites for 
SEF 3 and SEF 4 is still correctly regulated. This 
means that the legumin box is not the sole deter- 
minant of seed specificity either. The analysis of 
other mutants will be needed to determine 
whether there is one yet unidentified element me- 
diating seed-specific gene expression or many reg- 
ulatory elements can independently give rise to 
regulated gene expression during embryogenesis. 
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Note added in proof 

During the time this paper was in the review pro- 
cess, the results of two other studies describing 
the function of the legumin box have been pub- 
lished. In one of these, 6 bp from the core CAT- 
GCAT motif were deleted in a 2.4 kb Viciafaba 
LeB4 legumin promoter fused to the GUS re- 
porter gene (B/iumlein et al. The Plant J 2: 233- 
239, 1992). In the other, 0.4 and2.3 kb Gy2 gly- 
cinin promoters containing a 7 bp deletion in one 
of the two legumin boxes were also introduced in 
front of the GUS gene (Lelievre et al. Plant Phys- 
iol 98: 387-391, 1992). In both cases, the deletion 
drastically reduced the reporter gene expression 
in transgenic tobacco plants (by a factor of at 
least ten). The much more pronounced effect that 
these two groups observed by the mutagenesis of 
one legumin box as compared with our results 
could be explained by the fact that we studied 
substitution mutations whereas they used dele- 
tions, in which the spacing between the different 
promoter elements is not kept intact. This spac- 
ing could be critical for the optimal activity of the 
promoter. 
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