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ABSTRACT
Within the 5' and 3' non-coding regions of the T-cyt gene from the oc-

topine T-DNA of Agrobacterium tumefaciens sequences required for expression
of this gene in plant cells were identified by deletion mutagenesis. The
results show that 184 bp of the 5' non-coding region and 270 bp of the 3'
non-coding region are sufficient for wild-type expression. Within the 5'
non-coding region two essential expression signals were identified:(C.) an
activator element located between -185 and -129 with respect to the ATG
start codon and (2.) one out of two TATA boxes. Deletions of the activator
element or the two TATA boxes resulted in nonfunctional genes. Deletion of
the upstream TATA box and both putative CAAT boxes did not significantly
affect expression. Within the 3' non-coding region, the polyadenylation box
most distal to the stop codon was not essential for expression, but sequen-
ces more upstream, including a second polyadenylation box were found to be
required for wild-type expression.

INTRODUCTION

In the 5' non-coding region of animal genes several consensus sequences

have been identified, which have a function in transcription: the TATA box

(1, 2) , the CAAT box (3) and a variety of other upstream elements (4). In

the 3' non-coding region the polyadenylation box (3) and another sequence

element (PyGTGTTPyPy) located downstream from this box (5) are required for

3' processing of the mRNA.

Most plant genes that have been transcript mapped contain a sequence,

similar to the TATA box at the expected position, about 30 bp upstream from

the cap site. It has been demonstrated that the TATA box of the nopaline

synthase gene (nos gene) (6) and the "780" gene (7) of Agrobacterium tume-

faciens T-DNA are required for expression of these genes in plant cells.

All plant promoters examined sofar (6-12) contain additional elements re-

quired for maximum expression levels.

Here we present data concerning plant expression signals in the 5' and 3'
non-coding regions of the octopine-type cytokinin gene (T-cyt gene), one of

the T-DNA onc-genes of Agrobacterium tumefaciens (13). After infection of
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plants by this soil microbe the T-DNA is transferred to the plant genome

and its genes, including the onc-genes, are expressed leading to the

development of a tumor (crown gall). The T-DNA genes, although of bacter-

ial origin have putative plant expression signals (14'). The T-cyt gene

codes for an enzyme, isopentenyltransferase, catalyzing the first step in

cytokinin biosynthesis (15). The effects of deletions in the non-coding

regions of the T-cyt gene on its expression in plant cells were determined

by studying their influence on both the tumorous response and the

transcript level via Northern blot hybridization.

MATERIALS AND METHODS

Bacterial strains and plasmids

Bacterial strains are listed in Table 1 and plasmids in Table 2.

Microbiological methods

Bacteria were grown in LC-medium (26) at 290C (Agrobacterium) or 370C (E.

coli). Selection was done on LC-medium plates solidified with 1.8 % Difco

agar containing antibiotics at the following concentrations (mg/l):
rifampicin 20, carbenicillin 100 (5 for Agrobacterium Ach5-chromosomal

background), kanamycin 50, streptomycin 50, tetracyclin 10 (2 for Agrobac-

terium). Conjugations were performed on membrane filters as described by

Hooykaas et al. (26).

Recombinant DNA techniques
Plasmid DNA was isolated by the procedure of Birnboim and Doly (27) for

small scale isolations and by the procedure of Clewell and Helinski (28)
for large scale isolations. Restriction enzyme digestions, gel electropho-

Table 1. Bacterial strains

E.coli Characteristics References
JM 101 A(lac,pro), Sup E, thi, 16

{F' traD36, proAB, lacIq,
zbM15}

MH-1 lacX74, araD 139, gal U, 17
galK, strA, hsr, hsm .

KMBL 1224 strr A(proXIII, lacXIII), P. van der Putte, dept.
thi2O9, Su II , Sup E, of Molecular Genetics,

L.eiden.
A. tumefaciens
LBA 288 rif'
LBA 4210 pAL 228, pTiAch5 with Tn 904 19

in T-cyt gene.
LBA 1900 pAL 1900, pAL 969 with substi- this work

tution of T-cyt gene by part
of pBR 322.
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Table 2. Plasmids

Plasmids Characteristics References
pUC 8/9 Ap' 20
pBR 322 Apr Tcr 21
pAGS 113 Tcr, artificial T-DNA 22
pRK 2013 Kmr 23
pAL 969 Kmr, R772::pTiAch5 cointegrate 24
pRAL 3910 Apr, Emr, ocs 25
MOGEN 8 Aprr NPT II B. Dekker (MOGEN BV

Leiden)

resis, ligations and transformations were done essentially according to

Maniatis et al. (29). Enzymes were purchased from Anglian Biotechnology

and Boehringer Mannheim.

Construction of deletions in the 5' and 3' non-coding regions

A 1349 bp RsaI fragment, located between positions 8487 and 9837 on the

nucleotide sequence map of the octopine TL-DNA (142) was used for the

studies reported here. This fragment contains the 720 bp coding region of

the T-cyt gene, 283 bp of the region upstream from the translational start

codon and 346 bp of the region downstream from the translational stop

codon. The sequence information on this DNA fragment was found to be

sufficient for wild-type expression of the T-cyt gene in plant cells.

-283 -201
ACA AGTAAAACGT GGAAAAACGT CATAGA3TGG CATGATTATA TTCCTCTGCA TTGCCAAM ATTCAGCM1T AlT1GACTTA

-200 Tr5 -101
GGTGTGCCTT CG1TN3ATGAC AAATTGCTTM GCCATGCCCC ACATGTTCAAAAGCC IG GGATACGGTA A3CCAGTG

-100 asMM* T -1
CACTCAATA ATGAA1TCA GAG_ GCCT CTGATAACAC TAGMGTAr CATATACG CAAAMAM

+1 721 800
ATG----------TAT TAGGTTACGC CAGCCCTGCG TCGCACCTGT CTTCATCTGG ATAAGATGTT CGTAATTGTTrGGcT1G TCCTGTTGTG

801 9O
GCAGGGCGGC AAATACTTCC GACAATCCAT CGTGTCTTCA AACMTATGC TGGTGAACAA GTCTTAGM61 CCACGAAAT ATTATGTrAA ATMTAAAAT

9o0 o____ 0 1000
TTCGATGTAT AATGTGGCTA TAATTGTAAA AATAAACTAT CGTAAGTGTG jCGTG1TA1IGT ATAA1TIGTC TAAATGmA ATATATATCA TAGAcGCAA

1001 0 0 1066
TA4ATATTAA ATATAGCGCT MATGAAAT ATAAATACAT CATTACAAGT TGMATATr TCGGGT

Fig.1. Nucleotide sequence of non-coding regions of the T-cyt gene.
The 5'non-coding region 1-283bp/-lbp) and 3'non-coding region (721-1066)
present on the RsaI fragment in pRAL 3401 are shown. Putative expression
signals are indicated: TATA boxes are boxed, CAAT boxes are underlined with
broken lines, homology to enhancer core sequence of SV40 is overlined,
polyadenylation boxes are underlined with solid lines and homology to the
PyGTGTTPyPy consensus sequence is boxed with broken lines. The 5'ends of
mRNA, as determined by primer extension (de Pater et al., accompanying
paper), are indicated with solid dots; 3'ends of mRNA, as determined by
S1-nuclease mapping (35), are indicated with open dots. The position of Tn5
in a mutant, which shows wild-type expression (35), is shown.
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-283 -73/-67 -42/-33 1
pRAL yI,

Rsa I a A ATG
3403 *-227 -91/-83 -77/-69

3404 -185

3406 -140
3407 X-107

3408 -56

3409 -13

3410 .+7

3411 53
3423 (3404+3420) -193, i-185

3424 (3406+3421) -214 1-140

3425 (3406+3420) -193c -140

3426 (3406+3419) -165 -140

3427 (3406+3457) -158c 4140

3428 (3407+3419 ) -165r -107

3429 (3407+3418) -129 -107

3431 (3408+3417) -1131c j `jI-56

3436 (3409+3418 ) -1291 =-13

polylinker sequence: GACGGATCCCCTCGACGGATCCCC
Bam Hi Bam HI

Fig.2. 5' deletion mutants of the T-cyt gene.
The upper line represents the 5' non-coding region of the T-cyt gene. Con-
sensus sequences are indicated (T TATA box, A CAAT Box). The numbers refer
to their positions with respect to the ATG start codon. Open bars repre-
sent Bal 31 deletions. The plasmids used for construction of pRAL
3423-3436 are given in parenthesis. Deleted sequences in pRAL 3423-3436
are replaced by a 24 bp sequence, derived from the polylinker of pUC 8/9.
This sequence is shown at the bottom of the figure.

Nucleotide sequences of the non-coding regions and putative expression
signals are given in Fig. 1.

The RsaI fragment was subcloned in the SmaI site of pUC 8, in the

orientation in which the 5' non-coding region faced to the HindIII site

(pRAL 3401). Bal 31 deletions in the 5' non-coding region were made after

digestion of pRAL 3401 with HindIII. Klenow4blunt/EcoRI fragments,

containing the T-cyt gene, were cloned in SmaI-EcoRI digested pUC 8.
Internal 5' deletions were constructed as follows. The BamHI fragment

of pRAL 3401, containing the 5' non-coding region and part of the coding
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721 931/936 999/1004 1066
pRAL I v

A
v I

TAG eRsaI
3479 951/958 1015c-

3480 990,

3481 941r

3482 787X

3483 758

Fig.3. 3' deletion mutant. of the T-cyt gene.
The upper line represents the 3' non-coding region of the T-cyt gene. The
locations of consensus sequences are shown ( * polyadenylation box, A
PyGTGTTPyPy). Open bars represent Bal 31 deletions.

region, was cloned in the BamHI site of pUC 8 (pRAL 3412). After digestion

with EcoRI Bal 31 deletions were made, starting in the coding region and

ending in the 5' non-coding region. Klenow4blunt/HindIII fragments,

containing the 5' end of the T-cyt gene, were cloned in HindII-HindIII

digested pUC 9. HindIII-SmaI fragments of the resulting plasmids were

cloned in the 5' deletion mutants between the HindIII-SalI(Klenow*blunt)

sites. All 5' deletions are shown in Fig. 2. As a result of the cloning

strategy the 24 bp polylinker fragment shown in Fig. 2 is present at the

site of the 5' internal deletions.

The construction of 3' deletions was performed in a similar way as the

construction of the 5'deletions. pRAL 3401 was digested with EcoRI followed

by Bal 31 treatment. Klenow4blunt/HindIII fragments were cloned in

SmaI-HindIII digested pUC 9. The resulting 3' deletion mutants are shown

in Fig. 3.

Bal 31 deletions and double stranded DNA sequencing

Fifty micrograms of linearized plasmid DNA were incubated with 2.5 units

Bal 31 (Biolabs) in 200 j.l of 20 mM Tris/HCl pH=8.0, 12 mM MgCl2, 12 mM

CaCl2, 300 mM NaCl, 1 mM EDTA at 300C. After 3_12 minutes, samples were

taken and the reaction was stopped by adding 1 volume of 50 mM EDTA pH.8.o

of 00C followed by phenol/chloroform extraction. After alcohol precipitat-

ion, blunt ends were generated by incubation with DNA polymerase I (Klenow
fragment). The lengths of the deletions were estimated by gel electropho-

resis and samples with proper deletions were used for recloning. The

precise lengths of the deletions were determined by dideoxy sequencing as

follows. Half a microgram of pUC 8/9 derived plasmid was digested with BglI

to decrease the length of the DNA (two recognition sites in pUC 8/9).

Twenty ng M13-primer (15-mer, Biolabs) or T-cyt-primer (17-mer,
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5'-CCTGTGGCAAGTTGGACC-3') were annealed to the plasmid DNA by heating at

1000C for 3 min in 12 yl of 7 mM Tris/HCl pH=7.6, 7 mM MgCl2, 50 mM

6-mercaptoethanol, 0.1 mM EDTA (reaction buffer) followed by direct

transfer to 0°C. Seven pmoles a32P-dCTP (+ 3000 Ci/mmol) and 2 units DNA

polymerase I (Klenow fragment) were added to the mixture. Three pl of

annealed plasmid/primer were added to 2 pl of A, T, G or C mix. A-mix:

0.01 mM dATP, 0.12 mM ddATP, 0.1 mM dGTP, 0.1 mM dTTP, in reaction buffer;

G-mix:0.01 mM dGTP, 0.12 mM ddGTP, 0.1 mM dATP, 0.1 mM dTTP in reaction

buffer; T-mix: 0.01 mM dTTP, 0.12 mM ddTTP, 0.1 mM dATP, 0.1 mM dGTP in

reaction buffer; C-mix: 2.5 pM dCTP, 0.12 mM ddCTP, 0.1 mM dGTP, 0.1 mM

dTTP, 0.1 mM dATP in reaction buffer. After 15 min. at roomtemperature

1 pl of dNTP-chase was added (0.25 mM of each dNTP) and the reaction was

continued for 15 minutes. Subsequently the volume was reduced by evapora-

tion. Four pl loading buffer was added (96 % formamide, 0.3 % xylene

cyanol, 0.3 % bromophenol blue) and 1-2 pl volumes were analysed on a 6 %

sequencing gel.

Tumor induction

Stems of tomato (cv. Moneymaker), Kalanchoe daigremontiana, Nicotiana

glauca and axenic tobacco plants (cv. Petit Havanna, SR1) were wounded and

infected with a sterile injection needle that had been dipped in a colony

of the strains to be tested. Agrobacterium strains LBA 4210 and LBA 1900

which lack an active T-cyt gene do not induce tumors on tomato and induce

small tumors with many roots on Kalanchoe daigremontiana, undifferentiated

tumors on Nicotiana glauca and tumors carrying few roots on tobacco.

Complementation of these strains in trans or in cis with an active T-cyt

gene results in tumors with some roots on Kalanchoe daigremontiana and

undifferentiated tumors on tomato, Nicotiana glauca and tobacco. Tomato

and Kalanchoe daigremontiana were used for determination of phenotypic

T-cyt gene expression (tumorous respons) as the difference between an

active and inactive T-cyt gene is most clear here. Nicotiana glauca and

tobacco were used for transcript analysis as tumors are obtained indepen-

dent of T-cyt gene expression.

Isolation of total RNA

Undifferentiated tumors from Nicotiana glauca were directly used for RNA

isolation. Tumors from axenic tobacco plants were subcultured for three

weeks on LS medium containing 100 pg/ml cefotaxim (Calbiochem, Hoechst) and

100 pg/ml kanamycin (Sigma) before RNA isolation. This resulted in the
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disappearence of the roots originally present on the non-complemented

tumors. RNA isolations were done according to van Slogteren et al. (30).

Northern Blot Hybridization

Fifty micrograms of total RNA were glyoxylated for 30 min. at 600c in

1.0 M deionized glyoxal, 10 mM Na-phosphate pH=6.5, 1 mM EDTA, 5 % Fycoll

400, 0.01 % bromophenolblue. Glyoxylated RNA was electrophoresed on 1.5 %

agarose gels in 10 mM Na-phosphate pHz6.5, 1 mM EDTA with constant buffer

recirculation. Subsequently RNA was transferred from gels to GeneScreen

membranes (New England Nuclear) according to Southern (31) with 50 mM

Na-phosphate pH=6.5, 5mM EDTA as blotting buffer. After baking for 2-4

hours at 800C the blots were treated with 0.1 M NaOH for 30 sec. to remove

glyoxal from the RNA and neutralized in 50 mM Na-phosphate pH=6.5, 5 mM

EDTA for 30 minutes. The blots were impregnated with 50 % deionized

formamide, 5xSSPE (1xSSPE=0.18 M NaCl, 10 mM Na-phosphate pH=6,5, 1 mM

EDTA), 5 % SDS at 42°C. (50pl/cm2). After 4-16 hours the nick translated,

denatured probe (2-6x108 cpm/pg) (32) was added to this mixture. After

hybridization for 48-65 hours at 420C, the blots were washed 2-3 times with

O.1xSSPE, 0.1 % SDS for 15 min. at 650C(C 1 ml/cm2). Transcripts were

visualized by exposing the blots 2-20 days to Fuji RX films, using Kyokko

intensifying screens. Autoradiograms were scanned on a LKB laser

densitometer.

RESULTS

Introduction of T-cyt genes into plant cells

Two methods were used for the introduction of wild-type and mutant T-cyt

genes into plant cells: (1) cointegration with a R772::Ti plasmid derivati-

ve and (2) a binary vector system (33). For application of the first

method a R772::Ti plasmid (pAL 969) derivative was made (pAL 1900), in

which the RsaI fragment containing the T-cyt gene was replaced in several

steps by the PstI-EcoRI fragment of pBR 322 containing the tetracyclin

resistance gene, the origin of replication and part of the ampicillin

resistance gene. Cointegrates were made by single cross-over between the

pUC 8 part of the T-cyt gene plasmids and the pBR 322 fragment present in

pAL 1900, via a triparental conjugation with E. coli strain KMBL 1224

(strr). Subsequently cointegrates were transferred to a Ti plasmid cured

Agrobacterium strain (LBA 288) resulting in LBA 1901-1930 (Table 3). In

all cases the structures of cointegrates were verified by Southern blot

hybridization (results not shown). In the cointegrates 1 to 4 tandemly
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Table 3. Complementation with mutated T-cyt genes introduced into LBA 4210
and LBA 1900.

pAGS 113 LBA 4210 LBA 1900 LBA 1900
deriva- binary binary cointegrates
tives

pRAL pRAL LBA K T LBA K T LBA # K T
3401 3108 4608 + + 1901 3 + +
3403 3109 4609 + + 1935 + 1903 2 + +
3404 3111 4611 + + 1936 + + 1904 2 + +
3406 3112 4612 - - 1937 - - 1906 2 - -
3407 3113 4613 - 1938 - 1907 3 -
3408 3114 4614 - 1939 - 1908 1 -
3409 3115 4615 - 1909 2 -
3410 3116 4616 - 1910 2 -
3411 3117 4617 -

3423 3119 4619 + 1912 3 + +
3424 3120 4620 1945 - - 1913 1 - -
3425 3121 4621 - - 1946 - - 1914 2 - -
3426 3122 4622 - - 1947 - - 1915 2 - -
3427 3123 4623 - - 1925 2 - -
3428 3124 4624 - - 1949 - - 1916 3 - -
3429 3125 4625 + + 1917 2 + +
3431 3127 4627 + + 1952 + + 1919 1 + +
3436 3132 4632 - - 1957 - - 1924 3 - -
3479 3133 4633 + 1926 3 +
3480 3134 4634 + 1927 4 + +
3481 3135 4635 + 1928 3 + +
3482 1929 2 - -
3483 3136 4636 - 1930 2 - _

Plasmids containing mutated T-cyt genes (pRAL 3401-3483) were cloned in
pAGS 113. The resulting plasmids (pRAL 3108-3136) were conjugatively trans-
ferred to LBA 4210, resulting in LBA 4608-4636, and to LBA 1900, resulting
in LBA 1935-1957. Cointegrates between T-cyt gene plasmids (pRAL 3401-3483)
and pAL 1900 were made. The number of T-cyt gene plasmids in the cointegra-
tes is indicated (#). Agrobacteria were used for stem infection of Kalan-
choe daigremontiana (K) and tomato (T), and expression of T-cyt genes was
determined by analysing the phenotypes of the tumors. +: wild-type ex-
pression, +: attenuated expression, -: no expression.

arranged copies of T-cyt gene plasmids were present (Table 3).
For application of the second method, T-cyt gene plasmids were linearized

with AccI and cloned in the ClaI site of the wide host range plant vector

pAGS 113 (22) with the 5' non-coding region of the T-cyt gene closest to

the NPT II gene. Using pRK 2013 as a helper plasmid, pAGS 113 derivatives

(pRAL 3108-3136, Table 3) were conjugatively transferred to Agrobacterium

strains containing a Ti plasmid with an inactivated T-cyt gene, i.e. LBA

4210 (Tn 904 in T-cyt gene) resulting in LBA 4608-4636, or LBA 1900 (T-cyt
gene replaced by pBR 322 sequences) resulting in LBA 1935-1957. The

plasmids were shown to be present in the agrobacteria by small scale
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plasmid isolation, restriction enzyme digestion and Southern blot

hydridization (results not shown).

Phenotypic expression of 5' deletion mutants

Kalanchoe daigremontiana and tomato were used for complementation studies

with mutated T-cyt genes introduced into Agrobacterium T-cyt gene mutants

LBA 4210 and LBA 1900. Introduction of the wild-type T-cyt gene into these

strains resulted in wild-type tumors. The results obtained after infection

with T-cyt gene deletion mutants (Fig. 2) are summarized in Table 3. A 184

bp fragment of the 5' non-coding region was sufficient for wild-type

expression (pRAL 3404). Further reduction of the 5' non-coding region

resulted in inactivation of the gene (pRAL 3406-3411). Internal deletions

extending into a -184 bp/-130 bp region with respect to the ATG start codon

resulted in inactive genes (pRAL 3424-3428). These observations suggest

that an activator element is situated between positions -185 and -129.

When the two TATA boxes were deleted (pRAL 3436) no phenotypic expression

was detected, independent of the presence of the activator element.

Deletion of one TATA box and both putative CAAT boxes (pRAL 3431) did not

affect expression. This indicated that the CAAT boxes did not have much,

if any, influence on expression and that at least one TATA box was required

for expression.

Phenotypic expression of 3' deletion mutants

The expression of 3' deletion mutants (Fig. 3) was analysed analogous to

the 5' deletion mutants (Table 3). The results show that 270 bp of the 3'

non-coding region were sufficient for wild-type expression (pRAL 3479,

3480). This means that the most distal polyadenylation box is not essen-

tial. Deletion of a region also including sequences between the two poly-

adenylation boxes reduced the expression (pRAL 3481). Further deletion of

the 3' non-coding region, including the second putative polyadenylation

box, abolished phenotypic expression completely (pRAL 3482, 3483).

Transcript analysis of 5'deletion mutants

In order to investigate transcriptional activity of 5' deletion mutants,

Nicotiana glauca and axenic tobacco plants were infected with LBA 1900,

1935-1938, 1949 and 1957 (Table 3). For each bacterial strain 36 indepen-

dent tumors were harvested and pooled in order to reduce any variation in

promoter activity of the introduced genes due to different integration

sites, methylation etc. Total RNA preparations extracted from pooled

Nicotiana glauca tumors, coded CNG 1900-1957, according to the Agrobacter-
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A. 1 2 3 4 5 6 7 8

B. 1 2 3 4 5 6 7 8

C. 100 207.1 5,7 54 2.4 6.3

Fig.4. Transcript analysis of 5' deletion mutants.
RNAs from N. glauca tumors, induced by 5' deletion mutants, were hybridized
to (A) a T-cyt gene probe (pRAL 3403) and (B) an NPT II gene probe (MOGEN
8). Lane 1: untransformed N.glauca stem tissue, lane 2: CNG 1900, lane 3:
CNG 1935 (pRAL 3403), lane 4: CNG 1936 (pRAL 3404), lane 5: CNG 1937 (pRAL
3406), lane 6: CNG 1938 (pRAL 3407), lane 7: CNG 1949 (pRAL 3428), lane 8:
CNG 1957 (pRAL 3436). (C) T-cyt transcript levels, relative to NPT II
transcript levels, as determined by densitometric scanning are given as a
percentage of the relative level found in CNG 1935.

ium strains that were used to induce the tumors, were analysed by Northern

blot hybridization. Northern blots were hybridized with a T-cyt gene probe

(pRAL 3403) and, after removal of this probe, with an NPT II gene probe

(MOGEN 8) (Fig. 4). The NPT II gene in pAGS 113 fused to the nos promoter

for constitutive expression in plant cells was used as a reference gene.

No RNA homologous to the T-cyt or NPT II probe was detected in nontrans-

formed stem tissue of N. glauca or in CNG 1900 tissue, which contained

only the T-DNA of pAL 1900. (Fig. 4A, B, lanes 1 and 2). Two bands were

visible in the other tissues after hybridization with the NPT II probe

(Fig. 4B). This is due to the presence of two nos-promoter fragments

placed in tandem upstream from the NPT II gene. The level of NPT II

transcripts was approximately similar in all RNA preparations, indicating

that sufficient tumors had been pooled. In CNG 1935 (pRAL 3403) and 1936
(pRAL 3404) tissues a band, corresponding to transcripts of the T-cyt gene,

was seen after hybridization with pRAL 3403 (Fig. 4A, lanes 3 and 4). CNG

1935 and 1936 contained T-cyt genes with small deletions in the promoter

region leaving the activator element intact. In CNG 1937 (pRAL 3406), 1938
(pRAL 3407) and 1949 (pRAL 3428), containing T-cyt genes with deletions
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A 1 2 3

B. 1 2 3

C. too 245 55

Fig.5. Transcript analysis of 3' deletion mutants.
RNAs from N. glauca tumors, induced by 3' deletion mutants were hybridized
to (A) a T-cyt gene probe (pRAL 31403 ) and (B) an ocs gene probe (pRAL
3910). Lane 1: CNG 1927 (pRAL 31480), lane 2: CNG 1928 (pRAL 34181 ), lane 3:
CNG 1929 (pRAL 31482). (C ) T-cyt transcript levels relative to ocs
transcript levels, as determined by densitometric scanning are given as a
percentage of the relative level found in CNG 1927, corrected for the
number of T-cyt genes in the cointegrates.

extending into the activator element, T-cyt transcripts were detected, but

only at very low levels (Fig. 14A, lanes 5-7). In the case that the

activator region was present but both TATA boxes were deleted, the promoter

activity was also strongly reduced (CNG 1957 (pRAL 31436) ; Fig. 14A, lane

8). Similar results were obtained with tobacco tumors (results not shown).

In order to compare T-cyt transcript levels relative to NPT II transcript

levels (RTL), the autoradiograms were scanned on a densitometer. The RTL

in CNG 1935 was taken as 100 % . The RTL's are listed in Fig. 41C. The RTL

in CNG 1936 was 2-fold higher than the RTL in CNG 1935. The RTL's of

activator deletion mutants (CNG 1937, 1938 and 19149 ) and the deletion

mutant eliminating both TATA boxes (CNG 1957) were decreased approximately

20-fold.

Transcript analysis of 3 ' deletion mutants

N. glauca plants were infected with LBA 1927-1929. These strains contain

cointegrates of pAL 1900 and pRAL 31480-31482. The copy number of the T-cyt

gene plasmids in the cointegrates is respectively 14, 3 and 2, which has

been accounted in the determination of transcript levels. For each Strain

20 independent tumors were harvested, pooled and the extracted RNAs (CNG

8277



Nucleic Acids Research

1927-1929) were analysed by Northern blot hybridization. The octopine

synthase gene (ocs) present on the T-DNA of pAL 1900 was used as a referen-

ce gene. Hybridization with an ocs probe (pRAL 3910) resulted in a band

which varies only slightly in intensity when the three lanes in Fig. 5B are

compared, indicating that sufficient tumors had been pooled. In CNG 1927

(pRAL 3480), which harbored a gene with a deletion of the distal polyadeny-

lation box, T-cyt transcripts were clearly detectable after hybridization
with a T-cyt gene probe (Fig. 5A, lane 1). Deletion of a fragment

including the region between the polyadenylation boxes (CNG 1928, pRAL

3481) caused reduction of the T-cyt transcript level (Fig. 5A, lane 2).

After deletion of a large part of the 3' non-coding region, including both

polyadenylation boxes (CNG 1929, pRAL 3481), T-cyt transcripts were hardly

detectable (Fig. 5A, lane 3). The T-cyt transcript levels relative to the

ocs transcript levels (RTL) were determined by scanning of the autoradio-

grams. The RTL's, corrected for the number of T-cyt gene copies in the

cointegrates, are given in Fig. 5C. The RTL in CNG 1927 was taken as 100 %.
In CNG 1928 the RTL was reduced to 24.5 %. A very low level of T-cyt trans-

cript (5.5 %) was detected in CNG 1929.

DISCUSSION

Sequence elements required for expression in plant cells were identified

in the 5' and 3' non-coding regions of the T-cyt gene by making deletions

in these regions and determination of their effects on gene expression. Two

methods were used for the introduction of mutated T-cyt genes into plant

cells: (1) cointegration with a R772::Ti plasmid derivative and (2) a

binary vector system. Similar results were obtained using these two methods

for phenotypic complementation studies on plants and the results on

transcriptional activity were consistent with the phenotypic data.

We have identified two different essential expression signals in the 5'
non-coding region (1) an activator element and (2) one out of two TATA

boxes. Si mapping experiments have demonstrated that each of the two TATA

boxes are functional in the wild-type gene (34, 35). Apparently, one TATA

box is sufficient for wild-type phenotypic expression. The requirement of

a TATA box for plant gene expression has been demonstrated also for other

genes (6, 7). The two putative CAAT boxes in the T-cyt gene were found not

to be essential for expression. A region upstream from the CAAT boxes

however was absolutely required for expression. This activator is situated
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between -129 bp (pRAL 3429) and -185 bp (pRAL 3404) and is probably

situated downstream from -161 bp, since a Tn5 insertion at this site does

not inactivate the gene (35). A 2-fold increase of the T-cyt transcript

level in CNG 1936, relative to the NPT II transcript level, was observed.

Since there is as much as 2-fold variation in reference NPT II transcript

levels in different RNA preparations, we are hesitant to conclude that a

2-fold variation is significant. However, it can as yet not be excluded

that sequences within the -185 bp/-226 bp region have some influence on

T-cyt gene expression.

All plants genes examined sofar (6-12) contain activator elements in the

5' non-coding region. Several activators contain the consensus core

sequence of animal enhancers TGTGGTTAG (36). We found homology with this

consensus core sequence also in the activator region of the T-cyt gene

(Fig. 1). Up to 240 bp of the 5' non-coding regions of both the octopine

and nopaline type T-cyt genes show greater than 88 % homology (37).

Interestingly, the largest conserved sequence (52 bp) falls within the

activator region we have identified.

The polyadenylation box distal to the stop codon is not required for

wild-type phenotypic expression. The region downstream from the proximal

polyadenylation box however has an essential function in 3' processing of

the mRNA, as the four sites for polyadenylation of T-cyt mRNA are all

within this region (35) (Fig. 1). Deletions of this region reduced

phenotypic T-cyt expression in complementation studies indeed. The size of

T-cyt transcripts was not affected but a 4-fold reduction of relative T-cyt

transcript level was observed. The region between the polyadenylation

boxes shows homology to a sequence (PyGTGTTPyPy) of which the significance

in animal gene expression has been demonstrated (5). The polyadenylation

box proximal to the stop codon and perhaps other sequences deleted in pRAL

3482 are required for 3' processing or stability of mRNA.

Identification of cis-acting elements involved in transcription of the

T-cyt gene further attributes to the knowledge of plant gene expression.

The mechanisms by which these cis-acting elements conduct gene expression
have yet to be established.
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