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Abstract

The nuclear genome of soybean (Glycine max L.) contains a family of four ruf genes coding for the chloroplast trans-
lation elongation factor EF-Tu. Genomic and cDNA sequencing reveal that the four tuf genes belong to two sub-
families (type A and type B). Tuf genes A1/A2 are highly expressed in green organs (leaves and stems) while fuf genes
B1/B2 are poorly expressed in leaves and stems. Both types of genes are about equally expressed in roots albeit at a
low level. The 5’ flanking regions of tufAl and B1 are tested for promoter activities (GUS) in transformed green tobac-
co. The rufAl promoter is much stronger than the Bl promoter. Promoter deletion studies with fufAl-derived con-

structs allowed identification of a DNA segment essential for gene transcription.
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1. Introduction

We have recently identified and sequenced a
soybean nuclear tuf gene (tufA) coding for the
chloroplast translation elongation factor EF-Tu
[1]. Southern hybridization data suggested that the
nuclear genome contains a 4-member tuf gene
family and preliminary Northern sexperiments
showed that rufA mRNA concentration strongly
increases upon illumination.
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N. sylvestris has two tuf genes [2] per haploid
genome and it was proposed [3] that these two
genes were organ specifically expressed. One of the
genes accounts for 75% of the ruf mRNAs in leaves
while the other one seems to be preferentially ex-
pressed in roots. It was argued that differences in
promoter structure may account for this finding.
Two tuf genes were also found in N. tabacum [4].
A single tuf gene was found in A. thaliana [5] but
several tuf genes seem to exist in other Brassica
species [6].

In view of these results it was of interest to study
the soybean ruf gene family in more detail. A sec-
ond tuf gene (tufB1) was completely sequenced and
transcripts of all four types of ruf genes were



characterized by partial cDNA sequencing. Tran-
scription of the four genes was studied under light
and dark conditions and in different plant organs.
To identify putative regulatory elements within the
tuf genes a series of deletion mutants were
prepared, containing progressively shorter
sequences of the fuf promoters fused to the GUS
reporter gene. GUS activities in transgenic tobac-
co were compared and results indicated that the
tufAl promoter is much stronger than the tufBl
counterpart confirming the in situ transcription
studies.

2. Materials and methods
2.1. Plant material

Soybean (Glycine max L., cv. Ceresia [7] seedl-
ings were grown in a phytotron at 25°C, with a 16
h light/8 h dark photoperiod and 70% relative hu-
midity. Leaves were harvested during the light
period after about 2 weeks of growth, immediately
frozen in liquid nitrogen and stored at —80°C until
use.

2.2. Isolation of DNA and RNA

Total DNA from soybean leaves (cv. Ceresia)
was isolated following a procedure of Shure {8].
For RNA extractions, all solutions except those
containing amines (Tris) were treated with diethyl
pyrocarbonate (DEPC) according to Sambrook et
al. [9]. Total soybean RNA was prepared accord-
ing to Dean et al. [10] and as reported [1]. All
RNA samples used in RT-PCR experiments were
treated with 0.2 U/ug of RNase free DNase 1
(Boehringer Mannheim) for 1 h at 37°C in 50 mM
Tris—HCI pH 7.4, 10 mM MgCl,, 100 mM DTT,
extracted twice with phenol/chloroform (1:1),
precipitated with ethanol and resuspended in the
appropriate buffer. '

2.3. Cloning and sequencing of genomic tufB1

From preliminary Southern hybridization
experiments it was known that a B type tuf gene
was located on an EcoRI fragment of about 7 kb
length. We constructed a partial genomic EcoR1 li-

brary, i.e. 50 ug of total DNA were digested with
EcoRI (Boehringer), separated on a 0.6% agarose
gel and fragments between 6 and 8 kb were electro-
eluted. A sample of 600 ng of the purified
fragments were ligated to 1 ug of EcoRI Agt 10
arms for 20 h at 14°C in a reaction containing 50
mM Tris—-HCI pH 7.5, 10 mM MgCl,, | mM
DTT, 1 mM ATP and 1 U of T4-DNA ligase
(Gibco-BRL). In vitro packaging reaction was
done using the Promega Packagene Lambda A
Packaging System according to the manufacturer’s
instructions. Library screening at high stringency
was carried out following standard protocols [9]
using E. coli C600 hfl as host strain [11]. As probe,
we used a 379 bp Kpnl-Xbal tuf cDNA (B2) frag-
ment [1]. A positive clone was isolated and
purified. The 7 kb tuf insert was then subcloned
into the phagemid pBluescriptll KS* (Strata-
gene). Sequencing followed standard protocols.

2.4. ¢cDNA cloning and sequencing

A soybean (Glycine max. cv. Williams) seedling
Agt 11 cDNA library purchased from Clontech
was screened at high stringency using standard
protocols [9]. The same cDNAB2 fragment as
above was used as the probe for genomic cloning.
Positive clones were purified and the correspon-
ding inserts were subcloned into the phagemid
pBluescript II SK* (Stratagene) and sequenced.

2.5. Gene expression

To determine relative transcript concentrations
of the four tuf genes in different tissues and under
light and dark conditions, we used an RT-PCR ap-
proach [12]. The reaction was carried out on total
soybean RNA using a common RT-Tuf (5’
GGAATGAGGTTTGCTATTAG 3’) labeled
primer and two unlabeled RT-Tuf A (5’
AAAGCAAAGTACAGAAGCTG 3'’) and RT-
Tuf B (5 AAAACTCAATTGCACAAGCC 3)
primers designed to produce amplified fragments
with small size differences. These primers have the
same size and GC content. One ug of DNase I-
treated total RNA was mixed with 100 pmol of
RT-Tuf A and RT-Tuf B primers in a volume of
11.5 ul, heated to 95°C for 3 min and cooled on ice.



First strand synthesis was carried out in a volume
of 25 ul containing the RNA/primer mix, 1 x RT-
buffer (50 mM Tris—HCI pH 8.3, 75 mM KCl, 3
mM MgCl,), | mM dNTPs, 10 mM DTT, and 200
U of reverse transcriptase (SuperScript™ II
RNase H™, Gibco-BRL) for 90 min at 45°C. The
reaction was made up to 100 ul containing
1 x PCR-buffer (10 mM Tris—HCI pH 9, 50 mM
KCl, 1.5 mM MgCl,, 0.1% Triton-X 100, 0.01%
gelatin), an additional 0.2 mM dNTPs, 1 uM RT-
Tuf A, 1 uM RT-Tuf B, 1 gM of labeled RT-Tuf
primer and 0.5 U of Super Taq DNA polymerase
(P.H. Stehelin & Cie AG, Basel). The PCR condi-
tions were 4 min of denaturation at 94°C, followed
by 30 cycles of 1 min denaturation at 94°C, 1 min
hybridization at 55°C, and 1 min elongation at
72°C. In order to determine the relative amount of
each transcript [13], 1 ul of RT-PCR products was
analyzed on a sequencing gel after different PCR
cycles alongside a DNA sequence ladder and
autoradiographed. The relative intensity of the
amplification signals was estimated on a bioimag-
ing system (Bio Image® System, Millipore).

2.6. Antisense RN A probes and ribonuclease protec-
tion analysis

Radioactive antisense RNA probes were syn-
thesized using 500 ng of proteinase K-treated lin-
ear DNA templates (Fig. 1), 1 X transcription
buffer (40 mM Tris—HCI pH 8, 50 mM NaCl, 8
mM MgCl,, 2 mM spermidine), 0.6 mM rNTP(-
rATP), 15 mM DTT, 10 U of RNase inhibitor
(RNasin, Promega), 50 uCi of [a-32P] rATP 3000
Ci/mmol (Amersham) and 5 U of T7 RNA poly-
merase (Stratagene) during 40 min at 37°C and in
a volume of 25 ul. Samples were treated with 40 U
RNase free DNase I to eliminate DNA template,
extracted twice with phenol/chloroform (1:1),
precipitated with ethanol and resuspended in 20 gl
of water. Fifty ug of total soybean RNA d#luted in
30 ul of hybridization buffer (40 mM Pipes pH 6.4,
400 mM NaCl and 1 mM EDTA) were mixed with
1 ul of antisense probe, covered with mineral oil,
denatured for 10 min at 85°C and hybridized over-
night at 65°C. The mix was cooled to room tem-
perature, and 300 ul of digestion buffer (10 mM
Tris—HCI pH 7.4, 300 mM NaCl, 5 mM EDTA)
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Fig. 1. Templates for synthesis of antisense RNA probes used
for transcription start site analysis. (A) pPromAl is a
pBluescript 11 SK* based construct containing 592 bp of the
tufAl 5’ region (positions =521 to +71). It was linearized with
Sspl and used as template. (B) pPromB1 contains 1230 bp of
tufB1 (positions —1156 to +74). It was linearized with Dral or
with BamHI; both fragments were used as templates. Pp; = T7
promoter. Each RNA probe contains parts of the vector (55
nucleotides, white boxes) and /Bl RNA contains some
coding sequences (11 nucleotides, black).

containing 40 ug/ml of RNase A (Sigma) and 60
U/ml of RNase T1 (Gibco-BRL) were added. The
reaction was incubated for 1 h at 30°C, treated
with 200 ug of proteinase K and 0.6% SDS during
30 min at 37°C, extracted with phenol/chloroform
(1:1) and precipitated by adding 20 ug of yeast
tRNA and ethanol. Protected hybrids were
resuspended in 80% formamide, 10 mM EDTA
and analyzed on a sequencing gel alongside a
DNA sequence ladder.

2.7. Transgenic tobacco

Vectors containing promoter deletions (Fig. 2)
were conjugated to A. tumefaciens LBA-4404 [14]
by triparental mating with the helper plasmid
pRK-2013 [15]. Introduction of the plasmids was
confirmed by Southern blot hybridization (data
not shown). We transformed tobacco (N. tabacum)
by the leaf disk method [16]. Leaf disks of 5—7 mm
diameter from sterile leaves of tobacco were
cocultivated with the transformed A. tumefaciens
LBA-4404 for 2 days on MS-medium [17] contain-
ing 1 ug/ml BAP (benzyl-amino-purine) and 0.1
pg/ml NAA (a-naphthaleneacetic acid). Leaf disks
were transferred to the same medium as above,
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Fig. 2. Constructs for in vivo promoter activity studies in the
binary vector pLP-100 (pROK-1 derived; Jefferson et al. [19])
carrying the npt II kanamycin resistance gene driven by
nopaline synthase promoter (P,,,) and terminator (nos,). (A)
Five progressive deletions of tufAl 5’ flanking regions were
fused to E. coli B-glucuronidase (GUS) coding sequence as
follows: positions —2800 (approx.) to +71 (pPHNAY1), positions
-2200 (approx.) to +71 (pENALl), positions =521 to +71
(pPXbNA1), positions —226 to +71 (pXhNAI, Exolll/Xhol-
generated), positions —80 to +71 (pANAL). (B) tu/Bl con-
structs: positions —1156 to +63 (pSNB1), positions —968 to +63
(pPKNBI), positions —483 to +63 (pBNBI), positions —327 to
+63 (pDNBI1), positions —67 to +63 (pSpNBI). The constructs
were introduced in pLP-100. Only the T-DNA regions are
presented here. We used the following restriction sites: A, Alul;
B, BamHI; D, Dral; E, EcoRI; H, HindIll; K, Kpnl; S, Sacl;
Sp, Spel; Xb, Xbal.

supplemented with 100 ug/ml cefotaxif and 100
pug/ml kanamycin. As soon as regenerated plantlets
appeared, they were placed on a rooting medium
(MS supplemented with 100 ug/ml cefotaxim and
50 ug/ml kanamycin). Plants were finally transfer-
red to soil. T-DNA integrity, copy number and or-
ganization was determined by Southern blotting
(data not shown).

2.8. Assays of GUS activity

Each independent tufAl-derived transformant
was selfed to obtain F1 seeds. Sterile seeds were
grown up for 3 weeks on MS-medium containing
100 pg/ml kanamycin. Seedlings were frozen in lig-
uid nitrogen and stored at —80°C. GUS activities
were measured in whole extracts of 100 Fl1
plantlets following the procedure of Jefferson
[18,19]). The fluorogenic reaction was performed in
extraction buffer containing 1 mM MUG (4-
methylumbelliferyl glucuronide) and 20 ul of ex-
tracts in a final volume of 2 ml. Protein concentra-
tions were determined by the dye-binding
procedure of Bradford [20] with a kit supplied by
BioRad Laboratories.

3. Results
3.1. Evidence for two tuf gene subfamilies

Previous Southern hybridization data using two
different tuf cDNA probes indicated that most
likely two types of ruf genes exist on the soybean
nuclear genome. We arbitrarily called the first se-
quenced gene fufAl (accession number X66062;
[1]). A second tuf gene (tufB1) was retrieved from
a cloned 7.2 kb genomic EcoRI fragment from
which 3079 bp were sequenced containing the en-
tire coding part and adjacent regions (accession
number X89058). To characterize additional genes
we screened a soybean seedling Lambda gtll
c¢DNA library using cDNA B2 fragment [1] as
probe. Positive clones were partially sequenced
and four distinct fuf related transcripts were iden-
tified. Sequence alignment revealed that these
clones could be subdivided into two closely related
subfamilies confirming our previous results [1]. In
Fig. 3 we aligned the four partial gene sequences
covering about 52% of the C-terminal coding part
and the entire 3’ terminal non-translated region.
Two of the four cDNA sequences are identical
with either the genomic rufAl or tufB1 sequence
while the other two belong to either the A or B
subfamily. Sequence identities are 92-94%
between members of a subfamily but only about
78% between the subfamilies. However, the
regions between stop codon and poly(A) start
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Fig. 3. Comparison of four partial soybean tuf gene sequences.
Asterisks mark nucleotide sequence identity. The first decoded
amino acid corresponds to position 161 of the mature EF-Tu.
Conserved amino acids are given (one letter code). Stop codons
are in bold letters. Positions (boxes) and polarity (arrows) of
the primers used in the RT-PCR experiments are given.
Poly(A) sites are shown and putative polyadenylation motifs
are underlined.

show a very pronounced sequence divergence be-
tween the subfamilies. Multiple poly(A) start sites
were identified and putative polyadenylation
signals are marked.

Amino acids which are conserved in all four fuf
genes are given in the bottom line. Amino acid
sequence identity is about 92% between EF-Tu
(Al) and EF-Tu (B1).

3.2. Expression of tufA and rufB genes

The tufA and /B genes have distinct 3’ ter-
minal sequences allowing monitoring of the rela-
tive steady state concentration of the tuf mRNAs
under strictly comparable conditions [12]. The
analytical protocol allowed us to discriminate be-
tween the two tufB genes (amplified Bl and B2
fragments are 173 and 179 bp, respectively, see
Fig. 3) but not between the two mfA genes
(amplified fragments Al and A2 are both 139 bp).
In Fig. 4 the results from dark and light grown
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Fig. 4. Tuf gene transcription in dark and light grown whole soybean seedlings. Relative concentrations of RT-PCR products were
analyzed after 19 or 22 PCR cycles, starting RNA concentrations were (in ng): lanes (a) 200, (b) 100, (c) 40, (d) 20. Arrows mark
transcripts: (A) is tufA1/A2 and (B1) (B2) are ruf/B1, B2. Sequence ladder corresponds to the sequence of the tufA1 gene using RT-Tuf
A primer. Negative controls without reverse transcription prior to PCR amplification do not produce any detectable signals (data

not shown).

seedlings are given. TufA and B genes are weakly
expressed in the dark but after illumination fufA
mRNA concentration sharply increases. These re-
sults confirm previous Northern experiments
which suggested that light leads to a higher steady
state concentration of fufA mRNA [1]. We did not
test whether this increase was due to a higher tran-
scription rate or higher transcript stability.

A similar RT-PCR experiment is shbwn in Fig.
5 using, respectively, total RNA extracts from
leaves, stems and roots. (1) After 20 PCR cycles
there is no signal in the root sample but bands are
detected in the stem and leaf samples. (2) TufA
mRNA predominates in leaf and stem tissues but
tufB1/B2 mRNA: s slightly prevail in root tissue. (3)
Tuf gene mRNA concentration is about 20 times

lower in roots than in stems and leaves. The rela-
tive tuf mRNA concentrations as calculated from
the scanned autoradiographs are summarized in
Table 1.

3.3. Transcription start sites

Transcription start sites were determined by
ribonuclease protection assays (Fig. 6). According
to the length of the largest protected fragments
(strongest bands, arrows) mfA and B mRNAs
start, respectively, 71 and 64 positions upstream of
the start codon. The observed mapping patterns of
tufA and B are identical irrespective of growth
conditions (T, 16) and probe length (tu/B). In line
with the previous in situ transcription results, the
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tufA bands are much stronger than those of tufB.
The tufA lanes show in addition to the top three
strong bands (71, 69, 68 nucleotides) two strong
bands in the range of 62, 60 nucleotides. Two
relatively strong bands are seen in all four B lanes.
Small variation in fragment length can be due to
microheterogeneity of start sites and/or experi-
mental artefacts. Both, the multiple longer (cluster
of faint bands) and the more abundant shorter
tufA fragments could be due to sequence heteroge-
neity between members of the subfamilies leading
to mismatched zones (note that the 5’ flanking
regions of A2 and B2 were not sequenced). Cor-
responding shorter and longer relatwely faint
bands exist also in the B lanes.

3.4. Search for active promoter regions
The transcription studies reveal that the genes of

the two tuf subfamilies are differentially expressed
which can be due to differences in promoter struc-

ture. Indeed, the upstream regions of rufAl and
tufB1 (positions —1 to —500) have only 39% se-
quence similarity. We tested promoter strength in
constructs with partially deleted promoter regions
from the tufAl and Bl genes using transformed
tobacco plants and GUS as a reporter gene.

The tufA1 constructs were tested in transformed
F1 tobacco plants and in transformed calli
(ENA1) while the fufB1 constructs were only
tested in tobacco plants derived from transformed
calli. We show in Fig. 7 the results obtained with
7-9 independent tufA1l derived transformants. (1)
Highest average GUS-activity is obtained with
construct ENA1 with an insert of 2.2 kb; longer
(HNAL1) and shorter (XbNA1, XhNA1) promoter
segments are less active in the average. (2) Activi-
ties vary considerably between individual trans-
formants. (3) Activity is lost in all those
transformants carrying the construct ANA1 which
has an 80 bp insert. This suggests that the sequence
from position —80 to —227 (Fig. 8) carries one
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(several) cis-element(s) essential for promoter ac-
tivity.

We tested this and some other upstream
fragments for factor binding capacity (gel shift
experiments) using bean nuclear extracts (Ph.D.
thesis of F.M, 1995)!. The —80 to —227 region
definitely interacted with nuclear proteins (data
not shown), however, cross-competition experi-
ments using sub-fragments of this region did not
yield results allowing to closer delimit factor bind-
ing domains.

IF. Maurer, Structure et Fonction d’uine Famille de génes
nucledirs codant pour le facteur d’elongation EF-Tu
chloroplastique chez le soja (glycine max.). Thése de doctorat,
Université de Neuchitel, Faculté des Sciences (1995).

The promoter activity tests with rufB1 con-
structs (transformed calli) were less clear (not
shown) and can be summarized as follows: (1)
plants transformed with the constructs SNB1 (1.1
kb insert) or KNBI1 (0.95 kb insert) showed
definite, but low GUS-activity. However, GUS-

Table 1

Relative steady state concentrations (%) of tuf mRNA
A tufB1 tufB2

Leaves 80 12 8

Stems 75 15 10

Roots 45 35 20
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Fig. 7. GUS-activities (nmol MU/mg protein/min) in extracts of
transgenic tobacco carrying fufA1 derived promoters. Hundred
light grown seedlings (F1) of each independent transformant
were pooled and assayed.

activities of these constructs were much lower than
those of control samples containing the ENAI
construct (transformed calli). (2) Plants containing
the constructs BNB1, DNBI1 and SpNB1 did not
yield a clear result, i.e. GUS activity was in any
case very low prohibiting an evaluation compar-
able to the one given in Fig. 7 for the rufAl gene.
The conclusion is that the zu/B1 upstream region
(up to 1.1 kb) displays much weaker promoter
activity in transformed tobacco than the cor-
responding tufAl segment. This result correlates
positively with the in situ transcription data.

4. Discussion
4.1. Tuf gene structure

We have shown by Southern experiments [1]
using two different soybean cDNA probes, coding
both for the C-terminal part of EF-Tu (about 500
bp), that the nuclear genome contains four tuf
genes. The cDNA sequencing studies of this report
allowed grouping of the four genes into two sub-
families A1, A2 and BI1, B2. Only two of the four
genes were isolated and sequenced: the tufA1l gene
was isolated from a 6 kb HindIII fragment [1] and
tufB1 from a 7.2 kb EcoRI fragment. The two
fragments did not overlap (restriction site analysis)

GMTUFA1l 210  CAAA--TATAAATATCA-ATATATAGCAACAAARAGTAAA- - - - AAGTAAACAA-ATGAA
GMTUFBl 719  TAA-GTAAGCTGC-TCATATTGTTGAGGTTGATGGTTGAAA - - AGCGTATGTGCCTCAAG
NSTUFA 168  TTAAATTATTTATTTCAAAATTAAACATGTAAACATCAAATC---AATGTATAACATTAA
NSTUFB 1094  CATTGTTGCAGATTTGGCATGTACAACCATGAGGGGCGGAGCTAGAATATTCCGAGCGGG

GMTUFAL AATATTAAAAGCAAAATTAAAAAGAAGAACAARAAGCAAA-GCCTAAA- -~ ~TTAACAMA
DNBI
GNTUFB1 GTTCTCCGTGGG 5ATTTGCTAAGTAAGCTGCTCATGACTT T TTTC~~ATTT T3 13 T
NSTUFA C---ACCAAATAG3GGCCAATAAACTT 7 T TAATATCCAATTGGTT - AAACACTGGATAAA
NSTUFB TTCGGOCARATC TAGAACGACTAGAATTCCOA- ACCCATAAGCTTGANATCCTIOCTA - -
GMTUFAL ATG- - - ===~ AATAAATA--CTAARATTTACCAAARAAAAAARCACATTTTA-ACTAGT
GMTUFBL G--ammm GATTAAARGTATAATT TAATCTTTTT TATATTAAAGGACATAACGAATTAAT
NSTUFA TTGTTTCCCATGGTAAA -ACACTAAAACTTACTCAAAACATATAGAATTCTT - - -ATAAA
NSTUFB -TGCCTGTGATAATCATTAAATTAAACACTACCGGGAGAARAAGAAGGCTTTGGAACAAA
XnNAL
GMTUFAL T-TGACTCCTCTCCAATTGACATAAAAAGACTT IGTGTT TGTGATACCETAGGAGAGAAT
GMTUFBL TATAACACATGATTGATTGCCTTAAAATTACTGTATTT: 71111 TGARATACAATTAATT
NSTUFA T-TAACGTAAACCARATAATTAAARAATCGATCTTCATATTGCAGAA - -ARACATGGATT
NSTUFB A-AGATT. TTATTTATT TATGTGAAGTTAAAAGAARAGGCAGGGTAA - - AMATTTAGACT
GMTUFAL 11T7IC TAATA C G G
GMTTFBL GAATTGTGTCARANTCATATARTGA-AATACAATCCGAAAGAAARAARAATA - ~CTAAAT
NSTUFA TTATATATGTAGTTT TAAARAAAGAA TTCCCTGCCCCTAAT
NSTUFS ATTITCTTAC- GTOTCACATTITOGGAACAGAATTCACAGAAR- - TCCCATACCCCTAAT
GMTUFAL TAGTGAGAGARAGA A
GMTUFEL TTAT-TTAACCAAAATTGARARAGCTAGACACACACTATTTAACACTCTCTTT T TTAT-C
NSTUFA TCCCA-AGAGGARAGTTGTTGCOGCAGCGTAGTGTTATCCAAATAGGTAGAARTGGATAG
NSTUFE CCCCACAGTTGCAAGTTGCAGCC - CAGTG TS TCATC - ~CTAGGGAGGTARGTAT - - -TAG
LIEY .
ANAT
GMTUFAL AGAAAACAGGATAGAGCTGATATGACGCCATCTTTTATCTATCCACACATTCACCAACAT
SpNB1
GMTUFBL ACAATCTCTCATTAGTTAAATTT - TATTAARCTAGTGAAGTTGAAGGCAGAAAAGGATAA
1
NSTUFA AAAAATCCCCCCAAAATGAGTATATGAGCGGCCCT-ATTT TTTCCTTCCAAGGGATATAA
NSTUFB ATAAAACCCCACA- ===~ TATATGTGAGGCCCT -CTTTATTCCTACCAAGGATARCAT
1
GMTUEAL CACCAATAGATAACACAACAATACACAATTTiTACATTAC- ~TCAATACACTACACTAAC
1
GMTUFEL AACTTA. TGTT T TGTCCACCGCATTCCCAAACCCTTGAACAL
NSTUFA CACTA-TTATCCCCTTCTCCTCATTTT TCTTTCAAATCCCAATTCTCACTCGCTCTATCS
NSTUFB CATTA-TCCTTCTCTCCTCTTCTTCCTTCTTTCAA -CCACAATTCTCACTCCCCTCTTEC
. 2y P .
GMTUFAL ATAATCCTCTTCACTCTTCTCTTICTATCCAAAATTCTCCACCAGCCA 710
GMTUFBL TATCCTCTTCTCAGTCTCATACACCARACCAAAAACCTCACTTTCCAA 1219
NSTUFA TTAACTCTCTT- -~ - - TTCTCTC-CCAACTTCAATCTC - ---CGGCCA 668
NSTUFB GTCTCTCTTCTCCAACTTCAATC - CCATTTTCAGGCARARAGCTGTCA 1594

Fig. 8. Sequence alignment (CUSTALYV) of 500 positions
upstream of the start codon of the soybean (G. max) and tobac-
co (N. sylvestris) tuf genes. Top and bottom numbers corre-
spond to sequences deposited in the database under accession
numbers: X66062 (GMTUFAIl); X89058 (GMTUFBI),
D11469 (NSTUFA); D11470 (NSTUFB). Fragments fused to
GUS reporter gene (Fig. 2) are indicated with the first base in
bold. Transcription start sites are marked by vertical arrows;
two start sites (a,b) are shown for NSTUFB [3]. The XhNA1-
ANALI fragment is underlined. The first position of the start
codon is in bold; asterisks mark common sequences.

and none of these fragments contained additional
tuf gene sequences meaning that the fuf genes are
at leagt 6—7 kb apart. Soybean is an amphidiploid
plant (2n = 40) originating from two progenitors
each contributing an equal number of chromo-
somes [21]. It is very likely that the two pro-
genitors already had two ruf genes (A and B type)
as seen for example in N. sylvestris [3]. Duplica-
tion of each type of fuf gene may have occurred
after fusion of the progenitors.

The export of tuf genes to and successful inte-
gration into the nuclear genome occurred relative-
ly late, most likely about 400-450 million years



ago within the charophycean lineage before the
emergence of land plants [5]. The soybean EF-Tus
have still a high amino acid sequence identity with
algal [22,23] chloroplast encoded EF-Tus
(70-80%), a very high sequence identity with
higher plant EF-Tus (range of 90%) but only 52%
with the functionally analogous cytosolic soybean
EF-la [24].

The tuf cDNA analysis allowed the identifica-
tion of several poly(A) start sites. Poly(A) start
sites vary from gene to gene and multiple start sites
were found in a single gene (e.g. rufB2, Fig. 3).
Flexibility of plant polyadenylation is well-
documented, (e.g. [25,26]) but the mechanisms of
cleavage-polyadenylation site recognition and pos-
sible impact on mRNA stability are not
understood in detail. Particularly, plants lack con-
served cis elements near the cleavage site and near-
upstream elements are poorly defined [27,28]. We
underlined in Fig. 3 putative polyadenylation
signals near the sequenced poly(A) tracts.

4.2. Transcription of tuf genes

Sugita et al. [3] reported that the ru/B mRNAs
of N. sylvestris have three distinct transcription
start sites which are located, respectively, 219, 169
and 72 bases upstream of the start codon while a
single start site was found in case of tufA (position
—118). In soybean the untranslated leaders, as
calculated from the longest protected bands, are
about 71 (A1) and 64 (B1) nucleotides long. The
cluster of major fragments varying in length from
71 down to 60 nucleotides (zufA) can be the result
of minor start site differences, however, we can not
exclude that the smaller and larger protected
fragments are due to hybrid mismatches, i.e. the 5*
flanking regions of fufA1 and A2 may have slightly
diverged.

The soybean tufA genes correspond to the
tobacco (N. sylvestris) tufB gene with respect to
gene activity (high activity in leaves) while the sub-
family B rather behaves like the tobacco A gene
(the gene nomenclature is not yet cleared). To
trace possible phylogenetic relationships between
functionally similar soybean and N. sylvestris tuf
gene 5’ flanking regions we aligned and compared
(Fig. 8) the sequences (position —1 to -500

10

upstream of the start codon) from soybean and
tobacco using the program ALIGN (CUSTALYV).
Neither the alignment nor an analysis by the
neighbour-joining method [29] did yield a
statistically significant grouping. As a corollary of
this study we found that the transcribed 5’ flank-
ing region of the N. tabacum tuf gene [4] matches
perfectly that of the tufA but not of the B gene of
N. sylvestris.

Our data as well as those from N. sylvestris show
that the two types of tuf genes yield the same gene
product (EF-Tu, 92-94% sequence identity, all
functional domains intact) but the genes respond
differently to light and are differentially expressed
in leaves, stems and roots. EF-Tu is an essential
factor for chloroplast protein synthesis and one
would expect an increase in the steady state con-
centration of 7uf mRNAs in green tissues. The in
situ experiments show that the sharp increase is
mainly due to the #fA mRNAs (80% of tuf
mRNA). The question arises whether the fufA
promoter contains light responsive and/or leaf spe-
cific cis elements not seen in the tufB 5’ flanking
region. We searched for light responsive elements
[30] upstream of the transcription start sites of
both the soybean fufAl and the functionally
analogous N. sylvestris tufB gene, but we could not
detect any significant common domains indicative
for light responsive elements.

According to the GUS-tests with transformed
tobacco, deletion of the DNA segment XhNAl-
ANALI results in complete loss of promoter activ-
ity, suggesting that this segment contains essential
target sequences for transcription factors, while
the sequences further upstream enhance the aver-
age transcription activity. We searched for an
XhNal-ANA-like segment within the 5 flanking
regions of the other three tuf genes listed in Fig. 8,
however without success.
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