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FULL LENGTH TRANSCRIPT (FLT) 
PROMOTER FROM FIGWORT MOSAIC 
CAULIMOVIRUS (FMV) AND USE TO 
EXPRESS CHIMERIC GENES IN PLANT 

CELLS 

TECHNICAL FIELD 

The present invention relates to the isolation, modi?cation 
and use of Wild type and modi?ed viral FLt promoters of 
FMV in the expression of chimeric genes in plant cells. The 
FLt promoter from FMV is modi?ed With duplicated 
enhancer domains. The FLt promoter With its single or 
double enhancer domains is linked to heterologous coding 
sequences to form chimeric gene constructs. These genes 
have been shoWn to be expressed Well in plant cells. The FLt 
promoter With its double enhancer domain gives increased 
expression of genes compared to the FLt promoter With a 
single enhancer domain. This invention also includes plant 
cells, plant tissue, differentiated plants Which express the 
chimeric genes of the invention. 

BACKGROUND ART 

Avirus is a group of submicroscopic infective agents With 
double or single stranded DNA or RNA as core genetic 
material surrounded by a protein (and lipid in some case) 
shell called ‘capsid’ or ‘coat’. It has no semipermeable 
membrane and it can multiply only in living cells using host 
cellular components. The short segment of the virus genetic 
material (FLt promoter) used in this invention can not infect 
plants or other organisms to cause disease. It is useful With 
selected foreign genes to obtain expression of these genes in 
other plants to confer useful properties to those transgenic 
plants. 
Promoters from caulimoviruses 

The folloWing is a description of caulimoviruses also 
called plant pararetroviruses. Caulimoviruses derived their 
name from cauli?oWer mosaic virus (CaMV), the type 
member of the group (for revieWs see Shepherd, 1989; 
Covey and Hull, 1992). More than a doZen types of cauli 
moviruses have been described to date. All have small 
circular DNA molecules as their genetic material. The 
genomes of CaMV (Gardner, et al., 1981) and four other 
members of this group, namely carnation etched ring virus 
(CERV), (Hull, et al., 1986), ?gWort mosaic virus (FMV), 
(Richins, et al., 1987) soybean chlorotic mottle virus 
(SoCMV), (HasegaWa, 1989), and peanut chlorotic streak 
virus (PClSV) (Richins, 1993; Richins, et al., 1995) have 
been fully sequenced. CaMV is a circular double stranded 
DNA virus With a genome siZe of approximately 8 kb. It is 
organiZed into seven open reading frames (genes) and tWo 
intergenic regions. 

In the case of CaMV, the polypeptides corresponding to 
the six genes (I to VI) have been detected in infected cells 
and their functions have been identi?ed. The cell-to-cell 
movement function (Thomas, et al., 1993; Ducasse et al., 
1995), aphid-transmission factor (Daubert et al., 1983; 
Woolson, et al., 1983), minor capsid protein (Giband, et al., 
1986), major capsid protein (Daubert, et al., 1982), reverse 
transcriptase (Takatsui, et al., 1992), and inclusion body 
protein (Odell and HoWell, 1980) are associated With ORFs 
I to VI respectively. The gene VII protein Was not detected 
in vivo (Wurch, et al., 1991). Its function is not clearly 
established. HoWever a sequence located With this ORF of 
FMV is involved in translation of viral genes (GoWda, et al., 
1991). 
The viral genome is replicated through reverse transcrip 
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(Bonneville and Hohn, 1993) by a virus encoded reverse 
transcriptase. TWo major viral transcripts, knoWn as 355 
RNA and 19S RNA are synthesiZed exclusively from the 
minus strand DNA by the host RNA polymerase II (Odell, 
et al., 1981; HoWell and Hull, 1978). The large intergenic 
region (L-IR) Which resides betWeen gene VI and VII, 
contains the promoter (35$) for the full length transcript 
Which spans the entire viral genome (Dixon and Hohn, 1984; 
Scholthof, et al., 1992). The 355 RNA serve as template for 
minus strand DNA synthesis by viral gene V encoded 
reverse transcriptase (Gordon, et al., 1988). The small inter 
genic region (S-IR) residing betWeen gene V and gene VI 
contains a promoter (195) Which transcribes gene VI only 
(Odell and HoWell, 1980). The PClSV is apparently lacking 
the S-IR sequence, hoWever both FMV (Scholthof, et al., 
1992) and PClSV (Richins, 1993) have also been shoWn to 
have similar transcripts to the 19S and 35S RNA found in 
CAMV infected plant cells. 
The CaMV 35S promoter, Which spans about 941 base 

pair (bp) upstream from the transcription start site, has been 
shoWn to be active in various monocot and dicot cells. The 
cis-regulatory elements that are involved in directing tran 
scription initiation reside Within this region. The CaMV 35S 
promoter has a modular construction that includes an 
enhancer (Lam, 1994, and references there in) similar to 
those of other promoters like that of SV40 in mammalian 
systems (Ondek, et al., 1987; Schirm, et al., 1987; 
Fromental, et al., 1988). The 5‘ deletion analysis of 
CaMV35S promoter, studied in transformed tobacco calli or 
a protoplasts transient assay system, indicates that a pro 
moter fragment of 343 bp upstream from the transcription 
start site is suf?cient for high promoter activity (Odell, et al., 
1985, OW, et al., 1987). 
The high CaMV35S promoter activity is the result of 

synergistic and combinatorial effects of enhancer elements 
residing in the —343 to —46 region upstream of the TATA 
element promoter (—46 to +8) (Fang, et al., 1989, Benfey, et 
al., 1989, Benfey and Chua, 1990, Benfey, et al., 1990a and 
Benfey et al., 1990b). 
US. Pat. No. 5,378,619 to Rogers discloses a full length 

transcript promoter from the ?gWort mosaic virus. US. Pat. 
No. 4,940,835 to ShaW discloses the cauli?oWer mosaic 
virus 35S promoter. The latter patent claims chimeric plant 
genes containing the cauli?oWer mosaic virus promoter 
sequence. The patent does not disclose a double full length 
transcript promoter from the ?gWort mosaic virus in a 
transgenic plant and its expression advantages. 

Several protein binding sequence motifs have been iden 
ti?ed in the enhancer region of the 35S promoter (Lam, et 
al., 1989; Lam and Chua, 1989; Prat, et al., 1989; BoucheZ, 
et al., 1989, YanagisaWa and IZui, 1992). Identical or similar 
sequence motifs are also present in promoters of other 
caulimoviruses (BoucheZ, et al., 1989; Sanger, et al., 1990; 
Cooke and Penon, 1990; Richins, et al., 1993). TWo nuclear 
binding protein factors, knoWn as Activating Sequence 
Factor-1 and —2 (ASP-1 and ASP-2) from tobacco have been 
Well characteriZed. ASF-l binds to the activating sequence 
as-1 (—82 to —62) region of 35S promoter. TWo TGACG 
motifs Within this site are essential for DNA-protein inter 
action (Lam, et al., 1989). The as-1 motif is also found in full 
length transcript promoters from other caulimovirus includ 
ing FMV (Sanger, et al., 1990, and present studies), PClSV 
(Richins, 1993) and MMV (Shepherd group, unpublished 
observation). 

Single or multiple copies of enhancer sequences from the 
CaMV 35S promoter can increase homo- and heterologous 
promoter activity in an orientation-independent manner 
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