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ISOLATION AND SEQUENCING OF A 28 kD GLUTELIN-2 GENE FROM MAIZE.
COMMON ELEMENTS IN THE 5' FLANKING REGIONS AMONG ZEIN AND GLUTELIN

GENES
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Four 28 kD glutelin-2 genomic clones were selected from a partial EcoRI lambda sep 6 lac 5 maize genomic
library. The complete nucleotide sequence of a 1.9 kilo base pairs (kb) EcoRI-HindIII fragment containing the
coding region of a glutelin-2 gene, as well as its 5’ and 3’ flanking regions, was worked out. Themostrelevant character-
istics of the gene are: (a) it has no introns; (b) putative TATA and CAAT boxes are found at positions —104 and
—141, respectively; (¢) three polyadenilation signals are present in the 3’ region at position +743, +797 and
+910. In comparison with the best fitting zein gene, more than 50% homology can be detected in long stretches
of both 5’ and 3' flanking regions, as well as in the signal peptide coding region. A number of common short con-
served nucleotide sequences are found in glutelin-2 and zein genes upstream the CAAT box. The possibility for
these sequences to be signals for the coordinated expression of these genes is discussed.
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Introduction

The best studied storage proteins of maize
are zeins. They are located in vesicles called
protein bodies, which are derived from the
rough endoplasmic reticulum of endosperm
cells [1,2]. During the last years, great ad-
vances have taken place in the study of cDNA
and genomic DNA clones obtained for high
molecular weight zeins [3—15].

Our laboratory has demonstrated that
another maize storage protein, the 28 kD
glutelin-2, is accumulated in the perifery of
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protein bodies and that the process of bio-
synthesis of 28 kD glutelin-2 and zeins occurs
in a parallel way {16]. In maize endosperm,
glutelin-2 fraction accounts for about 15% of
the total protein and shows little heterogenity
(about 6 components) as determined by two-
dimensional gel electrophoresis and immuno-
detection (M. Torrent et al.,, manuscript in
preparation).

In a previous work [17], a cDNA coding
for the 28 kD glutelin-2 protein from maize
endosperm was cloned and the complete amino
acid sequence of the derived protein was
worked out. Several domains in the protein
sequence can be defined in terms of character-
istic sequences (a repeated region formed by
eight units of Pro-Pro-Pro-Val-His-Leu, an
alternating Pro-X stretch, a Cys rich domain
and a C-terminal region rich in Gln). Such
motives are drastically different in comparison
with those present in high molecular weight
zeins,
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In maize endosperm, zeins and glutelins,
the two major groups of storage proteins,
accumulate during the maturation process of
the seed. Although the amino acid composi-
tion and the structure of these two groups of
proteins have revealed to be very different,
they show a coordinated timing of synthesis
during the seed maturation [16].

The amino acid sequence of zeins shows no
homology with the major storage proteins
found in other cereals, thus suggesting that
zeins have evolved independently [18,19].
Nevertheless, the homologies found between
glutelin-2 and gliadin or hordein {17] indicate
that glutelin-2 may have the same evolutionary
origin as the major storage proteins of wheat
and barley.

In this paper, we report the isolation and
sequencing of a 28 kD gene from maize and
an analysis of its flanking regions, The com-
parison with data obtained for zein genomic
clones [8,9,11,14,20] may give some clues to
the general functioning of the gene flanking
regions of the maize storage proteins taken as
a whole family.

Methods

Materials

Restriction enzymes were from Amersham,
Boehringer and New England Biolabs. T4
DNA ligase was from New England Nuclear.
DNA polymerase 1 was for Boehringer.
Nitrocellulose was from Schleicher and Schull.
Hybridization primer from sequencing was
from New England Biolabs. *?P-dATP and *?P-
dCTP (400 Ci/mmol) were from Amersham.

Maize DNA isolation

Kernels of inbred line W64 A (21 days after
pollination) were frozen in liquid nitrogen,
ground to a fine powder and thawed in 300 mM
NaCl, 100 mM EDTA (pH 8.0), 1% SDS and
100 pg/ml proteinase K. After incubation at
50°C for 4 h the solution was clarified by cen-
trifugation at 1500 X g, at room temperature
for 10 min. The supernatant was extracted
twice with an equal volume of phenol/chloro-

form and the DNA precipitated by the addition
of two volumes of ethanol. The DNA was dis-
solved in 10 mM Tris, 1 mM EDTA (pH 8.0)
and purified on cesium chloride/ethidium
bromide gradients by centrifugation at
43 000 X rev./min in a 50 Ti rotor at 20°C for
60 h. The DNA band was removed from the
gradient, the ethidium bromide extracted with
isopropanol and the DNA precipitated with
ethanol [21].

Construction of a maize genomic library

An EcoR] partial genomic library was con-
structed using lambda sep 6 lac 5 (described
in [22]) as a vector. Maize DNA, prepared as
described above, was partially digested with
FEcoRI and sedimented through a 10—40%
sucrose gradient according to the method de-
scribed by Maniatis et al, [22]. Fractions con-
taining fragments in the 12-—20 kb range were
pooled and the DNA recovered by precipita-
tion with ethanol. The arms of lambda sep 6
lac 5 were obtained by digestion with EcoRI,
annealing at 42°C and centrifugation on a
10—40% sucrose gradient as described by
Maniatis et al. [22]. The DNA was ligated at
a concentration of 130 ug/ml vector DNA and
50 ug/ml insert DNA, The ligated recombinant
phages were packaged in vitro according to
protocol II of Maniatis et al. [22].

Selection of clones containing the glutelin-2
gene

The phages from the library (approx.
200 000) were plated out on a recA derivative
of E. coli LE392. Nitrocellulose blots were
prepared according to the procedure of Benton
and Davis [23] and hybridized against cDNA
probe pME119 corresponding to a glutelin-2
mRNA [17] labelled with *’P by nick transla-
tion. After autoradiography, positive plaques
were purified by replating and hybridization.

Filter hybridization

Filters were prehybridized in 6 X SSC, 2 X
Denhardt, and 100 ug/ml denatured salmon
sperm DNA at 68°C for 4—6 h. Hybridization
with the labelled probe (2-3 X 10® cpm/ug



DNA) was carried out under the same condi-
tions but containing 50 pg/ml of salmon sperm
DNA, at 68°C for 20 h. Filters were washed
out in 6 X SSC, 2 X Denhardt at 68°C for 30
min; 2 X SSC, 0.1% SDS at 45°C for 90 min
and 0.1 X SSC, 0.1% SDS at 45°C for 90 min.

DNA techniques

Subcloning of specific fragments into plas-
mids pUC18 and pUC19 or into the replicative
form of phages M13mpl8 and M13mpl9
[24] was performed as described by Maniatis
et al. [22]. Phage and plasmid DNA were pre-
pared according to standard procedures de-
scribed basically by Maniatis et al. [22].

DNA sequence analysis

DNA sequencing was performed by the
dideoxy chain termination method described
by Sanger et al. [25], using a synthetic dode-
cadeoxy-nucleotide as a primer. Sequencing
reaction products were electrophoresed on
6% polyacrilamide-urea gels.

S1 nuclease mapping

S1 nuclease mapping analysis was performed
basically as described by Maniatis et al. [22].
A 652 bp Haelll-Haelll fragment spanning
the 5' end of the glutelin-2 gene (see Fig. 1)
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was used. Total RNA (200 ug) (obtained from
kernels 20 days after pollination) was mixed
with 0.2 ug of the purified DNA fragment and
coprecipitated with ethanol. After centrifuga-
tion, the pellet was washed with 70% ethanol
and resuspended in 30 ul of hybridization
solution (80% formamide, 0.4 M NaCl, 1 mM
EDTA and 20 mM PIPES, pH 6.4). After
heating at 85°C for 15 min, hybrids were
allowed to form at 65°C for 3 h. The hybrid-
ization mixture was added of 300 ul of a solu-
tion containing 280 mM NaCl, 50 mM sodium
acetate (pH 4.6), 4.5 mM ZnSO,, 20 ug/ml
calf thymus DNA, and 200 units nuclease S1/
ml, and incubated at 37°C for 45 min. The
reaction was stopped by the addition of 50 ul
of a solution containing 4 M ammonium ace-
tate and 100 mM EDTA and extracted once
with phenol-chloroform. After addition of
20 pg tRNA (calf liver) nucleic acids were
precipitated with isopropanol. The pellet ob-
tained after centrifugation was washed with
70% ethanol and resuspended in 40 ul of TE
(pH 8.0). The protected fragment wasdetected
after gel electrophoresis (2% agarose), blotting
to a nylon membrane (Zeta-Probe, BioRad)
and hybridization to a *?P-labelled homologous
probe. pBR322 digested with Hinf I was used
as a marker.
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Fig. 1. Restriction enzyme maps of the genomic fragment cloned in lambda ZG1 phage and the 1.9 kb EcoRI-
HindIII fragment containing the glutelin-2 gene. Sequencing strategy is also indicated.
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Results

Identification of glutelin-2 genomic clones

cDNA clone pME119 corresponding to
glutelin-2 [17] was used as a probe to screen
a partial EcoRI, lambda sep 6 lac 5 maize
genomic library (see Methods). After repeated
re-screenings, 4 positive clones, out of 200 000,
were selected.

The inserted DNA from the 4 recombinant
phages was analyzed by restriction endonu-
clease mapping showing the same restriction
pattern after digestion with EcoRI, BamHI
and HindIIl. One of these phages, coded as
7ZG1, was used for further studies.

Figure 1 (upper part) shows the restriction
map of the insert of 12 kb of genomic DNA
cloned in phage lambda ZG1. A 6 kb EcoRI
fragment containing sequences homologous
to the cDNA clone pME119 was subcloned
into plasmid pUC18 and analyzed in more
detail. By Southern blot analysis, the gene
was located in a 1.9 kb HindIII-EcoRI frag-
ment and the sense of transcription determined
using a 5’ fragment from the cDNA clone as
a probe. The 1.9 kb HindIll-EcoRI fragment
was subcloned into plasmid pUC18 and a fine
restriction map was established.

Nucleotide sequence of the glutelin-2 gene

Figure 1 also shows the restriction map of
the 1.9 kb EcoRI-Hindlll fragment and the
sequencing strategy. Suitable restriction frag-
ments were subcloned into phages M13mp18
and M13mpl9 and sequenced by the dideoxy
chain termination method of Sanger et al.
[25]. The complete nucleotide sequence of
the glutelin-2 gene and its 5' and 3’ flanking
regions is represented in Fig. 2. Some parts of
the nucleotide sequence were obtained from a
single strand. In these cases the sequencing
determinations were performed at least twice
and no apparent ambiguity in the reading was
observed.

By comparison with the sequence of the
cDNA clone pME119, no introns were found
in the genomic clone. Furthermore, the
sequence of the cDNA and the genomic clones

ATTCGTTGTATCCTTAACAACTCACAGAACATCAACCAAAATTGCACGTCAAGGG w4 !
TATTGGGTAAGAAACAATCAAACAAATCCTCTCTGTGTGCAAAGAAACACGGTGAGTCAT -5
GCCGAGATCATACTCATCTGATATACATGCTTACAGCTCACAAGACATTACAAACAACTC -4
ATATTGCATTACAAAGATCGTTTCATGAAAAATAAAATAGGCCGGAACAGGACAAAAATC -35)
CTTGACGTGTAAAGTAAATTTACAACAAAAAAAAAGCCATATGTCAAGCTAAATCTAATT —32;
CGTTTTACGTAGATCAACAACCTGTAGAAGGCAACAAAACTGAGCCACGCAGAAGTACAG -2¢7
AATGATTCCAGATGAACCATCGACGTGCTACGTAAAGAGAGTGACGAGTCATATACATTT - /4!
GGCAAGAAACCATGAAGCTGCCTACAGCCGTCTCGGTGGCATAAGAACACAAGAAATTGT -~ x
GTTAATTAATCAAAGCTATAAATAACGCTCGCATGCCTGTGCACTTCTCCATCACCACCA -6
CTGGGTCTTCAGACCATTAGCTTTATCTACTCCAGAGCGCAGAAGAACCCGATCGACACE -1
ATGAGGGTGTYGCTCGTTGCCCTCGCTCTCCTGGCTCTCGGTGCGAGCGCCACCTCCACG i
St SewhewdaldT el vus aleule lafeudlad’ H A

St draba wd aSerdlathrierThr

CATACAAGCGGCGGCTGCGGCTGCCAGCCACCGLCGLCGGTTCATCTACCGCCGLCGGTG +/0
Figohrderalycaopsd atyuG{nirorpePeaproValiisleuProProProval
CATCTGCCACCTCCGGTTCACCTGCCACCTCCGGTGCATCTCCCACCGLCOGTCCACCTG + /7
e lvd e ol N E el cudrobroroval isheuFProProProVal it siex

CCGLCGCCGGTCCACCTGCCACCGCCOGTCCATGTGCCOCCGCCGGTTCATCTGLLGCLG i
FroProProvallislewProfProProValiisVal ProProProVallisleuProPro

CCACCATGCCACTACCCTACTCAACCGCCCCGGCCTCAGCCTCATCCCCAGCCACACCCA +300

ProFreCysidisTyrere ThriinProProArgProGinProdisProGlnProiisFro

TGCCCGTGCCAACAGCCGCATCCAAGCCCGTGCCAGCTGCAGGGAACCTGCGGLGTTGEL «36¢
Cys ProCysGinGlnProlisProSerfroCyscinleuGinGly ThrlysGlyValGly

c
AGCACCCCGATCCTGGGCCAGTGCGTCGAGTTTCTGAGGCATCAGTGCAGCCCGACGGLG +427
SerThrProlleleuGlycinCysValcluPheleudrghisGinCysSerProThrala

ACGCCCTACTGCTCGCCTCAGTGCCAGTCGTTGCGGCAGCAGTGTTGCCAGCAGCTCAGG #4489
ThrfroTyrCysSerProGinCysCinSerLeuArgGinGinCysCysGinGlnleudrg

CAGGTGGAGCCGCAGCACCGGTACCAGGCGATCTTCGGLTTGETCCTCCAGTCCATCCTG +540
GinValoluProGinHisArgTyrGinAlallePheClyleuvallieuGlnSerlleleu

A
CAGCAGCAGCCGCAAAGCGGCCAGGTCGLGIGGLTGTTEGCGGCGCAGATAGCGCAGCAA +600
L'jZnGlnGluF‘m)GfﬂSerGly[}lnVaZAlaElyLeuLeuAZaAlaGlnIleAlaClnGln

CTGACGGCGATGTGCGGCCTGCAGCAGCCGACTCCATGCCCCTACGCTGCTGCCGGLGGT +660
feuThrAlaMetCysGlyleuGInGlrProThrProCysProTyrdlaAlaAlaGlyGly

GTCCCCCACTGAAGAAACTATGTGCTGTAGTATAGCCGCTGGCTAGCTAGCTAGTTGAGT +720
ValProlis

CATTTAGCGGCGATGATTGAGTAATAATGTGTCACGCATCACCATGGGTGGCAGTGTCAG +780
TGTGAGCAATGACCTGAATGAACAATTGAAATGAAAAGAAAAAAGTATTGTTCCAAATTA <840
AACGTTTTAACCTTTTAATAGGTTTATACAACAATTTATATGTGTGTTTTCTATATATAT +900
CTAGATTTGTTATCATCCATTTGGATATAGACAAAAAAAAATTATAAGAACTAAAACGAA 262
TACTAATTTGAAATAAAGGGGGTATATATTGGGATAATGTCCATGAGATCCCTCGTAATA »102¢
TCACTGACATCACACGTGTGCAGTATCACTGATACATGTATTCACATTTGTTCTGCGTAG +1080
GCATACCTAACAATTTTGATCGACTATCAGAAAGT CAACGAAAGTGAGT CGACTCAAAAA +1140
AAAATGGGTTGTGGATGAGGCGT TAGGCCCACCTTATGGCAGAAAGATATCCACAATTGC +1200
TGGTTTATATATACGTTCGCTGCTATGTCCTTCGCCTCCCTTAGTTAAAGACTTGAAGCT +1260

Fig. 2. Nucleotide sequence of the 28 kD glutelin-
2 gene. CAAT and TATA boxes, as well as polyadenil-
ation signals, are underlined. Dots indicate the start
and the end of the cDNA clone pME119. The differ-
ent bases between the genomic clone and the ¢cDNA
clone are indicated. Other putative regulatory seq-
uences discussed in the text are also underlined.

can be perfectly aligned with the only excep-
tion of 3 nucleotides at postions +31, +393
and +582 (Fig. 2). These nucleotide substitu-
tions are silent since they do not change the
amino acid coded by the corresponding triplet.
The complete homology spans also to the un-
translated regions of the transcript represented
in the cDNA clone.

Several sequences related to the putative
control elements discussed by Breathnach and
Chambon [26] are found in the 5 flanking
region. A typical TATA box (TATAAAT) is
found at position —104. Thirty-seven bases
further upstream from the TATA box,
at position —141, there is the sequence
CATAAGA that resembles the CAAT or
AGGA box consensus sequences described for
other plant genes [27]. The transcription start
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CAAT box TATA boz
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Fig. 3. Comparison of the 5’ flanking sequences of the 23 kD zein gene (PML1) and the 28 kD glutelin-2 gene.
Nucleotides are numbered from the ATG initiation codon (boxed) and presented as negative values. Dots indicate

gaps introduced to emphasize homology.

point has been located around nucleotide —70
by S1 mapping analysis (see Methods).

As it has been described in the correspond-
ing ¢cDNA clone [17], three conventional
polyadenilation signals are found in the 3
region of the genomic clone: AATAAT
(+743), AATGAA (+797) and AATGAA
(+810). Like other plant genes, the glutelin-
2 gene does not have conventional poly-
adenilation signals, although the AATGAA
sequence has also been described as poly-
adenilation signals in pea and soybean [28,29].

Comparison of glutelin-2 and zein genes
Comparing the nucleotide sequence of the
glutelin-2 gene with that of zein genes reported
by other authors, homologies can be observed
both at the 5’ and 3’ flanking regions but not
at the coding region (with the only exception
of sequences coding for the signal peptide).
Figure 3 shows the alignment of the region

10 20 30 40

ZA1:

80 90 100 110

extending from the ATG initiation codon to
the CAAT box of the glutelin-2 and the zein
gene pML1 [20]. In this region the homology
between both genes is 52%. No further clear
homology is found upstream from this region.

A higher level of homology (54%) is also
observed in the region coding for the signal
peptide, increasing the level of homology to
62% when the zones coding for the hydro-
phobic part of the signal peptide are compared
(not shown).

At the 3’ end of the gene a level of homol-
ogy similar to that described for the 5  region
is found (Fig. 4). The region of homology
spans over more than 200 bases downstream
from the stop codon.

Discussion

The results presented above clearly suggest
that the cloned glutelin-2 gene corresponds to

60 70

G2: TG GAAACTATGTGCTGTAGTATAGC.CGCTGéCTAGCTAGC%AGTTGAGTCATTTAGCGGCGATGATTGAGT
* * - LA R 2] SRS & - %* B = ‘e = > 4 * % - "e ww
TAGATTACATATGAAATGTACTTGATAATGGTGCCCTCATACCGGCATGTGT, . TTC . CTAGAAATAATC, .\,

130 140

AATAATGTG%CACGCATCACCATGGGTGGCAGTGTCAGTéTGAGCAATGACCTGAATGAACAATTGAAATGAAA
LA X2 L2l L X "“nE » . " & L » * AEN » ERAREN -
AATATATTGATTGAGATTTATCTGGATATATTTTTGAACTATGTCTACTATATAAATAA, .. TTGAAAGCATC

150 160 170 180 180

200 210

AGAAAAAAGTATTGTTCCAAATTAAACGTTTTAACCTTTTAATAGGTTTATACAACAATTTATATGTGT
- " . » - - *w nen e » ERBEN » -n % - - ...
ATATCGTAATTATAAACTC.ATGGTTGGTTAATACATGATAATACAATATTAACTCACATCCAATGTGA

Fig. 4. Comparison of the 3' flanking sequences of a 23 kD zein gene (ZA1) and the 28 kD glutelin-2 gene.
Nucleotides are numbered from the terminator colon (boxed) and presented as positive values. Dots indicate
gaps introduced to emphasize homology. Putative polyadenilation signals are marked.
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a functional gene. On one hand the coding
region contains the information for a protein
giving the same amino acid sequence than that
deduced from a previously isolated cDNA
clone [17]. The fact that the cDNA and the
genomic clones were obtained from different
maize varieties (the cDNA was from the double
hybrid inbred line E10 and the genomic clone
from the inbred line W64A) indicates that
glutelin-2 proteins do not show the high poly-
morfism found in zein proteins [30,31}. On
the other hand, the gene contains consensus
sequences at the 5 flanking region that can
act as promoters (TATA and CAAT boxes)
and polyadenilation sequences at the 3’ region.

The coordinated expression of glutelin-2
and zein genes in maize endosperm, two struc-
turally unrelated genes, prompted us to study
the 5 and 3’ untranslated regions of both
groups of genes in order to find possible
common regulatory elements. The compara-
tive studies of the nucleotide sequence of the
flanking regions of the glutelin-2 gene reported
in this paper and some of the zein sequences
described by other authors, clearly indicate
homologies at both the 5’ and 3’ ends of the
genes.

The comparison of the nucleotide sequence
of the regions covering the 140 bases up-
stream from the ATG initiation codon of the
glutelin-2 gene and the pML1 zein gene [20]
shows that the level of homology increases
to 60% when the sequences between nucleo-
tides —65 to —140 are compared (Fig. 3). It is
interesting to point out that this region of
maximal homology includes the transcription
start point, the TATA box and the CAAT box.
When the —1 to —140 region of the glutelin-2
gene is compared to other zein genes, like
ZA1l [11] and ZG99 [9], a long gap of 36
bases has to be introduced in the correspond-
ing zein gene to obtain the same level of
homology than that found for the pML1 gene
(data not shown). Nevertheless, the same gap
has also to be introduced to match the se-
quences of pML1 and ZG99 genes.

It is interesting to point out that the hom-
ology between glutelin-2 and zein genes at the

5 end extends also over the translated region
corresponding to the signal peptide. The con-
servation of this part of the protein can be
related to the fact that both type of proteins,
although being structurally different, have to
be transported into the same cell vesicles. At
present we do not know if the differences
found in the hydrophilic part of the signal
peptide may be responsible for the differen-
tial deposition of glutelin-2 and zeins into the
protein bodies [16].

Similar levels of homology to those in the
5’ region are found when the 3’ ends of the
genes are compared. The region of homology
clearly extends over more than 200 bases
downstream the stop codon. Interestingly the
putative polyadenilation signals are placed in
similar positions (Fig. 4).

There are increasing evidences suggesting
that the transcriptional regulation of co-
ordinately induced genes can be mediated
through the interaction of specific factors
with short repeated sequences located in the
5 region [32]. In the specific cases of the
Drosophila heat shock genes [33} and four
genes involved in amino acid synthesis in yeast
[34], short conserved sequences at the 5’
region have been shown to be required for the
coordinated induction of the corresponding
sets of genes. For the heat shock genes of
Drosophila a defined protein factor that is
able to bind to specific 5 sequences has been
described [35]. Up to now a number of such
conserved sequences has also been reported
upstream of some coordinately regulated
plant genes [36--39].

Since in maize endosperm zein and glutelin
genes show a coordinated timing of expression,
we searched for such conserved sequences in
the 5’ region. The sequence GTGTAAAG
located at position —354 in the glutelin-2
gene is also found in a similar position in all
zein genes sequenced so far: —342 in PML1
[20], —319 in Z7 [15], —328 in ZG99 [9]
and Z4 [7] and —326 in ZE19 and ZE25
[14]. It is relevant to point out that the same
conserved sequence, similar to the core se-
quence of the SV40 enhancer: GTGGAAAG



[40], is found in other storage protein genes
as also reported by Kreis et al. [19] and
Forde et al. [39]. The fact that this
sequence is present in similar positions in
gliadin, hordein, zein and glutelin genes sug-
gests that it can be of relevance in the expres-
sion of these genes during the seed maturation
process.

Another set of short conserved sequences
has been found in zeins and glutelins but not
in other cereal storage protein genes. The two
glutelin-2 sequences CAACAAA (position -
and ATGTCAA (position —320) are also
present in the 19 kD zein genes (at position
~211 and —193 in ZG99; —210 and —~192 in
Z4, ZE19 and ZE25). It is worth to point out
that in all cases the two 7 bases conserved
sequences are separated by an 11 bases spacer
of non conserved sequence. We call this
arrangement the 7-11-7 sequence. In addition,
for the 23 kD zein genes a slightly modified
version of the 7-11-7 sequence is found
(GATGAAA at —211 and ATGTCGA at—193
for the Z4 gene). The fact that these conserved
sequences seem to be specific of maize storage
protein genes, suggests that they may have a
role in their coordinated induction during the
kernel maturation. Nevertheless, until a func-
tional analysis of these sequences could be
made, it will not be possible to make definite
statements about their importance in regulat-
ing gene expression.
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