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Abstract

A full-length transcript (FLt) promoter fragment was isolated from a genomic clone of mirabilis mosaic virus
(MMV), a double-stranded DNA plant pararetrovirus belonging to the caulimovirus family. The boundaries
required for maximal promoter expression were defined lan8 3 deletion analysis of the MMV promoter frag-
ments coupled to a GUS reporter gene. The expression patterns of these chimeric gene constructs were evaluated
both in transgeniblicotiana tabacunev. Samsun NN plants and in protoplast transient expression experiments. A
360 bp FLt promoter fragment (sequeneB97 to+63 from the transcription start site) was found sufficient for
strong promoter activity. The transcription start site (TSS) of the MMV FLt promoter was determined by primer
extension analysis using total RNA isolated from transgenic plants containing a MMV proniAdusion gene.
Analysis of the 5and 3 deletion constructs showed that an upstream region (sequetw® to—193 from the
transcription start site) is required for the MMV FLt promoter activity along with the as-1, TATA box regions. In
addition, a 31 bp sequenc¢-83 to+63 from the transcription start site) located downstream of a TATA box is
also essential for the maximum expression of the MMV FLt promoter. Analysis of transcripts (mMRNA) from these
chimeric constructs also indicated that the MMV FLt promoter fragme@8( to+63 from the transcription start

site) has the highest promoter activity. In a comparative analysis the MMV FLt promoter showed much greater
activity than the CaMV 35S promoter.

Introduction different than that of other members of this genus
(Richins and Shepherd, 1983).
Mirabilis mosaic virus (MMV), a member of the The genomes of several caulimoviruses includ-

caulimovirus family, has a circular double-stranded ing cauliflower mosaic virus (CaMV) (Gardnet al.,,
DNA genome of about 8 kb with four single-stranded 1981), carnation etched ring virus (CERV) (Hull
discontinuities in the DNA, one in the-strand and et al, 1986), figwort mosaic virus (FMV) (Richins
three in the complementary strand (Richins and Shep- et al,, 1987), soybean chlorotic mottle virus (SoCMV)
herd, 1983). It infectdMirabilis plant species (fam-  (Hasegawat al, 1989), peanut chlorotic streak virus
ily Nyctaginaceae) generally found in warm parts of (PCISV) (Richins, 1993), cassava vein mosaic virus
North America. The MMV was characterized as a (CVMV) (Calvertet al,, 1995), strawberry vein band-
member of this genus of plant pararetroviruses baseding virus (SVBV) (Petrzik, 1996), petunia vein clear-
upon morphology of its virions and inclusion bodies ing virus (PVCV) (Richert-Poggler and Shepherd,
(Bruntand Kitajima, 1973). MMV is serologicallydis- 1997), and MMV (Maiti, unpublished) have been
tinct from cauliflower mosaic virus, the type member fully sequenced. The caulimovirus genome generally
of the genus (Brunt and Kitajima, 1973). The restric- contains two transcriptional promoters, one for the
tion enzyme map of the MMV genome is also quite full-length transcript and the other for a subgenomic
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transcript; these are equivalent to the CaMV 35S ficient for strong constitutive promoter activity. The
and 19S transcripts respectively (Odetlal, 1981, strength of the MMV FLt promoter is greater than that
Hasegawat al., 1989; Drieseret al,, 1993). of the CaMV 35S promoter.

A number of transcriptional promoters have
been derived from the genomes of pararetroviruses,
for example rice tungro bacilliform virus (RTBV)
(Bhattacharyya-Pakrast al, 1993); commelina yel-
low mottle virus (CYMV) (Medberryet al, 1992),
CaMV (Odell et al., 1985; Lawtonet al, 1987),
soybean chlorotic mottle virus (SoyCMV) (Hasegawa
et al,, 1989), figwort mosaic virus (FMV, strain DxS)
(Gowda et al, 1989; Maiti et al, 1997), FMV
strain M3 (Sangeet al, 1990), cassava vein mosaic
virus (CVMV) (Verdagueret al, 1996), and peanut
chlorotic streak virus (PCISV) (Maiti and Shepherd,
1998). The CaMV 35S promoter has been well char-
acterized (Odelet al,, 1985; Owet al,, 1987; Benfey
and Chua, 1989, 1990; Fared al, 1989; Benfey
et al, 1990a, 1990b; Lam, 1994) and it has been
widely used in chimeric gene constructs for heterol-
ogous gene expression in transgenic plants (Holtorf
et al, 1995; Wilminket al, 1995; Mitsuhareet al,

1996). The 35S promoter from CaMV is also active in - The plasmid pMMV-B10, a full-length genomic clone
bacteria (Assaad and Singer, 1990), in yeast (Pobjeckyof MMV (Richins and Shepherd, 1983) has been
etal, 1990), in HeLa cells (Zahret al. 1989), and in  fully sequenced (Maiti, 1996, unpublished data). A
Xenopuoocytes (Ballagt al,, 1989). 590 bp segment (coordinates 6621 to 7210 of the
The transcriptional activity of the CaMV 35S pro- MMV genome) was selected for MMV promoter dele-
moter is the result of the synergistic and combinatorial tjon analysis. A series of promoter fragments included
effects of the enhancesis-elements residing in the  in constructing the plant transformation vector with
upstream region of a TATA box (Fargf al, 1989;  the MMV FLt promoter were designed to study the
Benfey and Chua, 1990; Benfey al, 1990a, 1990b)  influence of the upstream and downstream repeat se-
similar to other promoters such as SV40 in mam- quences with respect to the TATA box. The defined
malian systems (Schiret al, 1987; Fromentat al, MMV FLt promoter sequence, of length as indicated
1988; Ondelet al, 1988). Detailed deletion analysis (see Figure 3A), was amplified by PCR using appro-
of the different elements of the CaMV 35S promoter priately designed oligonucleotides to tailBcoRl at
established that domains A+90 to —46 relative to  the B-end andHindlll sites at the 3end positions. The
transcription start site) and domain B-343 to—90) plasmid pMMV-B10, a genomic DNA clone of MMV
are essential for developmental and tissue-specific pro-(Richins and Shepherd, 1983), was used as template
moter activity (Benfey and Chua, 1989; Faegal., for PCR reaction. PCR amplification was carried out
1989). for 30 cycles under the following standard conditions;
In the present study we report on the identifica- denaturation (92C for 1 min), annealing (55C for

Materials and methods

Plants and enzymes

Tobacco plantsNicotiana tabacuntv. Samsun NN)
were used for plant transformation. For screening
transformants, transgenic tobacco seedspi®geny)
were germinated on agar medium in the presence of
kanamycin (20Qug/ml). Restriction enzymes, DNA
modifying enzymes, and RNA isolation kits were pur-
chased from commercial sources and used according
to the manufacturers’ specifications. Nitrocellulose
and Nytran membranes were obtained from Schleicher
& Schuell, USA.

Isolation of MMV FLt promoter fragments and
construction of plant expression vectors

tion and characterization of the full-length transcript
(FLt) promoter from mirabilis mosaic virus (MMV),

a newly described caulimovirus. The optimal bound-
aries required for maximal promoter activity were

1 min), synthesis (72C for 2 min) using recom-
binant Tag DNA polymerase (Gibco-BRL). Each of
these appropriately sized PCR-generated MMV pro-
moter fragments 1 to 16 was restricted wicdRl

defined by 5 and 3-end deletion analysis of the  andHindlll; the restricted fragment was gel-purified
promoter/leader region of the full-length transcript and cloned into the corresponding sites of pUC119 for
promoter of MMV both in transgenic tobacco plants DNA sequencing. Before use, all PCR products cloned
and in protoplast transient expression experiments. A into pUC119 were sequenced by the dideoxy chain
360 bp MMV FLt promoter fragment (sequene@97  terminator method (Sanget al, 1997) using syn-

to +63 from the transcription start site) was found suf- thetic primers_ Subsequenﬂy the promoter fragmentg
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were isolated after restriction from pUC119 plasmids. lowed by ligation). The resulting plasmid was named
Each of these promoter fragments was gel-purified and pUCPMA. The GUS reporter gene from pBSGUS as
cloned into the plant expression vector pKYLX 71 Xhd and Sst fragment was inserted into the corre-

(Schardlet al, 1987) at its uniqu&caRl andHindlll
sites that flank the promoter. The following deletion
plasmids were developed (thé &d 3 ends of the
promoter fragments are given in parenthesis): pKM1
(—457 to +133), pKM2 (-418 to +133), pKM3
(—378 to +133), pKM4 (=340 to +133), pKM5
(—297 to +133), pKM6 (—248 to +133), pKM7
(—193 t0+133), pKM8 (133 to+133), pKM9 (78

to +133), pKM10 297 to —38), pKM11 (457

to +63), pKM12 (-297 to +63), pKM13 (-248

to +63), pKM14 (-193 to+63), pKM15 (297 to
+2) and pKM16 (297 to+33). These plant expres-
sion vectors have multiple cloning sites (MCS}): 5
HindllI- BarrHI-Xhd-Sst-Xbal-3') with the following
unique sites:Hindlll, Xhd, Sst and Xba. The re-
porter GUS gene was tailored by PCR to include
just the coding sequence with the initiation and ter-
mination codons, flanked by Xhd site at the 5
end and &Sst site at the 3end. The PCR-isolated

sponding sites of pUCPMA to generate the plasmid
pUCPMAGUS. The MMV FLt promoter fragments
were cloned into the uniguecoRl andHindlll sites of
transient expression vector pUCPMAGUS that flanks
the promoter. The resulting PUC-based deletion plas-
mids (corresponding constructs 1 to 16 in Figure 3A)
were designated as pPM1GUS, pPM2GUS, and so
forth.

DNA sequencing

The nucleotide sequence of PCR products cloned
into puUC119 (MMV FLt promoter fragments) or into
pBS(KS+) (GUS gene) was determined from both
direction by the dideoxy chain terminator method
(Sangeret al., 1990). Automated DNA sequencing
was performed with an Applied Biosystem ABI Prism
310 Genetic Analyzer (Perkin Elmer) with ABI Prism
Dye terminator cycle sequencing ready reaction kit

fragment for the GUS reporter gene was digested containing AmpliTag DNA polymerase. Primer ex-

with Xhd and Sst, gel-purified and cloned into the
corresponding sites of the pBS(K$ the result-

tension was carried out by PCR (denaturation 8t©@6
for 30 s; annealing at 50C for 30 s; extension at

ing plasmid was named pBSGUS. The GUS gene in 60 °C for 4 min; 26 cycles using 5 nmol template
pBSGUS was fully sequenced before use. The GUS DNA and 50 pmol specific primer in 20l of reaction

gene from pBSGUS aXhd-Sst fragment was in-

volume. Excess terminators were removed by 95%

serted into the above-mentioned pKYLX-based plant €thanol precipitation. Pellet containing the purified ex-
expression vectors and the resulting deletion plasmids tension product was dried under vacuum and finally
(constructs 1 to 16 in Figure 3A) were designated Suspended in 2l of template suppression reagent

as pKM1GUS, pKM2GUS, pKM3GUS, pKM4GUS,
pKM5GUS, pKM6GUS, pKM7GUS, pKM8GUS,
pKMIGUS, pKM10GUS, pKM11GUS, pKM12GUS,
pKM13GUS, pKM14GUS, pKM15GUS and pKM16-
GUS. TheXhd-GUS-Sst fragment from pBSGUS
was inserted into the corresponding sites of pKYLX71
(Schardl et al, 1987). The resulting plasmid
pKYLX71GUS contains the GUS gene directed by the
CaMV 35S promoter.

Construction of plasmids for transient expression in
protoplasts

The fragment 5EcoR1-CaMV 35S.2 promoter-
Hindlll- BarrHI-Xhd-Pst-Sst-Xbd rbcS 3 termina-
tor-Clal-3" was isolated from pKYLX7135S.2
(Schardlet al, 1987) and cloned into thEcaRl and
Acd sites of the pUC118H (a modified pUC119
in which the uniqueHindlll site was destroyed by
digesting withHindlll, end-filled with Klenow fol-

(P/N 401674, Perkin Elmer), vortexed, heat-denatured
at 95°C for 2 min before loading.

Protoplast isolation and electroporation

Isolation of protoplast from established tobacco cell
suspension cultures (Xanthi ‘Brad’) and electropora-
tion of protoplasts with supercoiled DNA containing
GUS gene were done essentially as described earlier
(Maiti et al, 1998). The tobacco cell suspension cul-
ture was obtained from Dr S. Gowda, University of
Florida, CREC, FL. Electroporation was performed
by using the GenePulser Il Apparatus (BioRad) with
the Capacitance Extender Il (Model 165-2107). An
aliquot of 800ul containing 2x 10° protoplasts in

an electroporation cuvette (0.4 cm electrode gap) was
electroporated (200 V used for charging 96B ca-
pacitance for 40 ms) with ag of supercoiled plasmid
DNA containing GUS gene. After 20 h, 2 1C°
protoplasts were harvested for each GUS assay.
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Plant transformation and analysis of transgenic
plants

MMV FLt promoter constructs were introduced into
Agrobacterium tumefacienstrain C58C1:pGV3850
by triparental mating and tobaccdiotiana tabacum

cv. Samsun NN) was transformed with the engineered
Agrobacteriumas described earlier (Maitet al,

Stratagen) at auto-setting. The membrane was prehy-
bridized for 2 h at 42C in a solution containing 6
SSC (Ix SSCis 0.15 M NacCl, 0.015 M sodium cit-
rate), 1% SDS, & Denhardt’s solution, 100 ng/ml
salmon sperm DNA and 10% dextran sulfate. Hy-
bridization was carried out under the same conditions
using 32P-labeled GUS probe for 20 h. After hy-
bridization the membrane was washed four times at

1993). Regenerated kanamycin-resistant plants weregs°C for 30 min each with 0.5 SSC, 0.1% SDS and

transferred to soil and grown in greenhouse condi-
tions. On average, eight to twelve independent trans-
genic plants lines were generated for each construct.

Fluorometric GUS assay and histochemical
localization ofB-glucuronidase activity

Fluorometric assays to measure GUS activity of plant
tissue extract and histochemical analysis of GUS ac-
tivity in plant organs from primary transformants and
whole seedlings (Rl progeny) were performed essen-
tially according to the published procedure (Jefferson
et al, 1987) as described earlier (Madi al, 1997).
Protein in plant extract was estimated according to the
published method (Bradford, 1976) using BSA as a
standard.

RNA isolation, RNA dot blot and northern analysis

Total RNA was prepared from transgenic tobacco
(Nicotiana tabacuncv. Samsun NN) seedlings (R1
progeny) and untransformed control seedlings by ex-
tracting with guanidine thiocyanate solution (Chom-
czynski and Sacchi, 1987) using an Ambion RNA
isolation kit (RNAqueous). The clarified lysate (super-
natant) was diluted with ethanol and allowed to pass
through a filter cartridge to enable RNA to bind to the
glass filter fiber (Boomet al, 1990). The filter was
washed three times with wash buffer (Ambion Kit,
catalog No. 1911) and bound total RNA was eluted
by warm (65°C) TE. Total RNA was purified by LiCl
precipitation before analysis. For northern blot analy-
sis, total RNA (10ug) was separated on 1.2% dena-
turing agarose gel containing 2.2 M formaldehyde in
MOPS buffer (20 mM MOPS, 8 mM sodium acetate,
1 mM EDTA pH 8.0). After electrophoresis the gel
was rinsed with water and6SSC. RNA from the gel
was transferred onto Nytran membrane (Schleicher &
Schuell) by vacuum filtration using a vacuum-blotting
apparatus (Stratagene). The GUS probe was made us
ing the random priming kit (Stratagene). RNA on the
membrane was fixed by UV cross-linker (Statalinker,

0.2x SSC, 0.1% SDS, and finally exposed to X-ray
film for autoradiography.

RNA dot blot

The RNA (10 ng) sample isolated from leaves of
transgenic tobacco developed for each construct was
denatured with 50% deionized formamide and 2.2 M
formaldehyde at 53C for one hour, chilled on ice.
Denatured RNA samples were diluted to 500,
and transferred onto nitrocellulose membrane using
a BRL hybrid-dot manifold. After RNA transfer the
membrane was baked at 8C for 2 h under vac-
uum. The RNA blot was prehybridized, hybridized
with 32P-labeled GUS-probe, washed, and detected
by autoradiography as described above for northern
analysis.

Determination of transcriptional start site by primer
extension analysis

A 36 nucleotide long primer with the sequence 5
TTTCGCGATCCAGACTGAATGCCCACAGGCCG
TCGA-3 which is complementary to a region 36 nu-
cleotides downstream of the ATG start codon in the
uidAgene was used for primer extension. The oligonu-
cleotide was 5end-labeled with 6 U of T polynu-
cleotide kinase (BRL) and 1Q.Ci of [y-32P]-ATP
(3000 «Ci/mmol). End-labeled primer was annealed
with 50 ug of total RNA for 18 h at 42C. The primer
extension reaction was carried out at 42 for 1 h
with 20 U of Superscript reverse transcriptase (Gibco-
BRL). The extension product was separated on a 7.5%
polyacrylamide gel containing 7 M urea. The reaction
was carried out according to the published procedure
(Sambrooket al, 1989). Sequencing reactions were
carried out according to Sanget al. (1977) using
Sequenase Version 2, USB. Sequencing reactions and
the primer extended product was run side by side on
the same sequencing gel.
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-457 —418
3a 1 _3b
TGGAGATTCA GAAAAATCTC CATCAACAAA TAATCCAAGT AAGGATTAAT GGATTGATCA -398
-378 2a la b -340
{ {

ACATCCTTAC CGCTATGGGT AAGATTGATG AAAAGTCAAA AACAAAAATC AA'I'I‘ATGC_A_E -338
2b 4a 297 4b

6 TJa ___6b  _Tb {

ACCAGCATGT GTTGATCACC AGCTATTGTG GGACACCAAT TICGTCCACA GACATCAACA -278

5a 5b 8a % 9b
248
10a l 10b
TCTTATCGTC CTTTGAAGAT AAGATAATAA TGTTGAAGAT AAGAGTGGGA GCCACCACTA -218
8b 1la 11b -193 lic
{ 14a
AAACATTGCT TTGTCAAAAG CTAAAAAAGA TGATGCCCGA CAGCCACTTG TGTGAAGCAT - 158
4133 12a, 12b (as-2) 13a
! ___14b
GTGAAGCCGG TCCCTCCACT AAGAAAATTA GTGAAGCATC TTCCAGTGGT CCCTCCACTC - 98
13b 15a -7ls 13c 15b
ACAGCTCAAT CAGTGAGCAA CAGGACGAAG GAAATGACGT AAGCCATGAC GTCTAATCCC - 38
as-1 as-1 T
TSS (+1) -38
d 20a
ACAAGAATTT CCTTATATAA GGAACACAAA TCAGAAGGAA GAGATCAATC GAAATCAAAA +23
18 T 19a
+2
206 o 20c
TCGGAATCGA AATCAAAATC GGAATCGAAA TCTCTCATCT CTCTCTACCT TCTCTCTAAA  +83
19 T T
+33 +63

AAACACTTAG ATGTGTGAGT AATCACCCAC TTGGGGTTGT AATATGTAG% AGTAAATAAG +143

+133

GGAACCTTAG GGTATACCAT TGTTGTAATA TTATTTTCAG TATCAATAAA ATAATCTTTC +203
polyA signal

AGTTTATCTT ATATTCATTT GTGTGACACC GTATTCCCAT AAAACCGATC CTAATCTICTCC + 263

Figure 1. The DNA sequence of the MMV FLt promoter in theté 3 direction. The tentative regulatory elements: the TATA box (TATATAA),

the CAT box (CAAT), the poly(A) signal (AATAAA) are shown in bold; all the repeat sequence domains incladibhgandas2 motifs

(designated domains: 1a, 1b; 2a, 2b; 3a, 3b; 4a, 4b; 5a, 5b; 6a , 6b; 7a, 7b; 8a, 8b; 9a, 9b; 10a, 10b; 11a, 11b, 11c; 12a, 12b; 13a, 13b, 13c; 14
a, 14b; 15a, 15b; 16; 17; 18; 19a, 19b; 20a, 20b & 20c) are underlined or overlined. The end points far tthe 3 deletion plasmids are

indicated above or below the sequence respectively. The transcription start site (TSS) is indigated as

Results and discussion box. In caulimoviruses both subgenomic and prege-
nomic (full-length) transcripts share the sanieBds
Structure analysis of the MMV FLt promoter using the same poly(A) signal. A pentanucleotide

repeat sequence motif (TGACG) shown as a transcrip-
Mirabilis mosaic virus (MMV) has a double-stranded tional enhancer element as found in agl motif
circular DNA genome of 8 kb (Richins and Shep- (Lam, 1994) s located 2341 5 of the TATA box. An
herd, 1983). The DNA sequence of a portion of the oyerlapping GATG repeat sequence, a core sequence
MMV genome had been earlier determined (R Kor- for the enhancer elemeat-2 motif (Lam, 1994), ocC-
melink and R.J. Shepherd 1987, unpublished data). curs at 159-166 5 of the TATA box. Additionally
The sequence of the MMV FLt promoter in the large there are several repetitive sequences (shown in Fig-
intergenic region is shown in Figure 1. ure 1, underlined or overlined) upstream of the TATA

This MMV promoter sequence contains sev- hox, and a direct repeat of 18 bp 263 3 of the

eral putative regulatory domains found in other TATA box as well as a 10 nucleotide repeat-4p 3
caulimovirus promoters: the TATA box sequence of the TATA box. These repeat sequence domains are

TATATAA, a CAAT sequence 63 bp upstream of the ot found in other caulimoviruses but they may have
TATA box, and a poly(A) signal consisting of an  some regulatory function.

AATAAA sequence 204 bp downstream of the TATA
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Figure 3A) were amplified by PCR and cloned into
plant expression vector as described in Materials and
methods. The resulting plasmids contain the defined
promoter sequences 1 to 16 as described in Figure 3A.
The upstream and downstream deletion end points of
the promoter fragment in each plasmid are indicated in
VT AGAGAABGAAGACTAA LS parenthesis (Fi_gure 3A).. The variou; construpts with a
S.GATCT CTT CCT T CTGATTT- 3 reporter gene inserted into the multiple cloning clus-
Figure 2. Determination of the MMV FLt promoter transcription ters (GUS genein this Case) were tESte.d In transgenic
start site (TSS) by primer extension analysis of GUS transcript plants (R) and R progeny) and also in protoplast

isolated from transgenic tobacco. Primer extension reaction was transient expression assay.

carried out as described in Materials and methods. Primer exten- At least 10 to 12 independent primary transgenic
sion products were subjected to electrophoresis alongside Sequencgghacco (\Iicotiana tabacunev. Samsun NN) lines ((R
reaction of GUS gene construct (lanes G, A, T and C) performed .

with the same labeled primer. The minus strand DNA sequence prernY) were generated with each of thes_e constructs
read on the gel is shown, and the transcription start sit¢ i{Gthe 1 to 16, and construct pKYLX71GUS (Figure 3A).
corresponding plus strand DNA is indicated by an arrow. Seeds were collected from self-fertilized independent
lines. Segregation analysis of the marker gene (Kan
was performed. Individual transgenic tobacco lines
showing expected segregation ratio (Régan® =

3:1) for the marker Kah gene were further ana-

The transcription start site (TSS) of the MMV FLt lyzed. Eightto ten independentlines for each construct
promoter was determined by primer extension analy- showed the expected segregation re}tio. The expression
sis with total RNA isolated from transgenic tobacco ©f the GUS reporter gene in seedlings; (Brogeny/
seedlings (R progeny) developed with the construct second generation) with these constructs (Figure 3A)
pKM12GUS (Figure 2). A major extension product Was examined by fluorometric assay of tissue extracts
was detected and mapped to a guanidine residue lo-(Figure 3B) and in protoplast transient expression
cated 24 nucleotides downstream of the TATA box (Figure 3C). Histochemical GUS staining (Figure 4)
and most likely it represents thé &nd of MMV FLt examined the tissue distribution of GUS activity in
transcript. The location of TSS reported for other Seedlings (R progeny/second generation) developed
caulimoviruses including CaMV 35S (Guilest al, with these constructs. _ o

1982), FMV34S (Sanfacon, 1994), FMVFLt (Maiti T_he MMV FLt promoterdele_tlon analysis in trans-
et al, 1997), PCISV FLt (Richins, 1993) is at 32, 37, 9enic pl_ants (Flgure_3B) and in protoplast transient
45 and 29 nucleotides downstream of the respective €xPression assay (Figure 3C) showed overall a very
TATA box respectively. Sequence comparison of the similar profile. However the GUS activity in protoplast
TATA box in the TSS region of the MMV promoter ~ assay is about 200 to 800 times less than in stably
with that of CaMV, PCISV, FMV showed limited transformed transgenic lines {fprogeny). Analysis

LY
_— N )

Determination of the transcriptional start site of the
MMV FLt promoter

sequence homology. of transgenic lines (Rprogeny) and transient expres-
sion assay showed more GUS activity with construct
Expression analysis of the MMV FLt promoter 12 which contains the promoter fragment (cqordinate
deletion constructs in transgenic plants and in —29710+63from TSS, Figure 1). In transgenic plants
protoplast transient expression experiments the 5-deletion analysis of MMV FLt promoter frag-

ments 1 to 9 (Figure 3A) gave 54%, 47%, 36%, 42%,
A deletion analysis scheme is shown in Figure 3A. The 47%, 37%, 7.5%, 2.2%, and 4%, respectively, of
series of 5 and 3-end-deleted promoter fragments full activity (compared with construct 12 giving the
were included in constructing the plant transformation highest activity, Figure 3B). Similarly in protoplast
vector with the MMV FLt promoter in order to de- transient expression experiments thal8letion frag-
fine the boundaries required for maximal expression ments 1 to 9 showed 23%, 22%, 21%, 20%, 24%,
from the promoter/leader region and also to study the 14.5%, 11%, 13.6%, and 21.8% of full activity respec-
influence of the upstream and downstream repeat se-tively (compared with construct 12 giving the highest
guences with respect to the TATA box. The defined activity, Figure 3C).
MMV promoter fragments 1 to 16 (as indicated in
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Figure 3. A. A schematic map of the GUS constructs (numbers 1 to 16) developed dod=3 deletion analysis of MMV FLt promoter. The
coordinates of the relative deletion fragment are indicated in parenthesis. At the bottom, the relative positions of the TATA box and the CAAT
box, transcription starts site-() and direct repeat sequences (denoted in Figure 1, numbered in circle) are shown. B. MMV FLt promoter
deletion analysis in transgenic plants expressing the GUS reporter gene. Expression analysiscb8%nd deletion constructs (1 to 16) of

the MMV FLt promoter in transgenibl. tabacumcv. Samsun NN (R progeny, 24-day-old seedlings) was conducted. Tharkd 3-deletion

end points for each construct are as indicated in A. The MMV promoter activity was monitored in 24-day old seedliggsdifdtion, Kaﬁ)

grown aseptically on an MS-agar medium in the presence of kanamycin (200 mg/ml) and 3% sucrose. Soluble protein exgafrtent5

whole seedlings were used for GUS assay. The data are means of four independent experiments for each construct (1 to 16); eight to ten
independent lines for each construct were assayed. The average GUS activity is presented for each chimeric construct in the histogram with the
standard deviation from the mean indicated by an error bar. Error bars show the 95% confidence intervals on the means. The statistical (one-way
analysis of variance, ANOVA) analysis showeR salue of<0.0001, considered extremely significant. ¢, untransformed control, tissue extract

from wild-type N. tabacurmcv. Samsun NN. 35S, GUS gene directed by the CaMV 35S promoter. C. MMV FLt promoter deletion analysis in
protoplast transient expression experiments. The average GUS activity from three independent experiments is presented for each construct in
the histogram with the standard deviation from the mean indicated by an error bar. Error bars show the 95% confidence intervals on the means.
The statistical ANOVA analysis showedPavalue <0.0001, considered extremely significant.

Construct 10, which is devoid of the TATA box,
showed very little or no GUS activity indicating the
importance of a TATA element in the MMV promoter
sequence. A 360 bp MMV FLt promoter/leader frag-
ment, sequence 297 to+63 from TSS (in construct
12), was found to be sufficient for maximal GUS
expression in transgenic tobacco. The MMV FLt pro-
moter with a longer upstream sequencdb7 to+63,

pression analysis performed by fluorometric assay of
total tissue extract (Figure 3B) and also by histochem-
ical GUS staining of transgenic tobacco seedlings
(Figure 4). The tissue-specific expression of GUS in
different parts of plants developed for these deletion
constructs was not quantitatively evaluated. The north-
ern analysis of total RNA isolated from transgenic

tobacco seedlings ¢Rprogeny/ second generation),

construct 1) is about 54% less active than the promoter developed with construct 12, showed the expected size

fragment (297 to+63, construct 12).

The strength of the MMV FLt promoter with
a GUS reporter gene was evaluated by hybridiza-
tion analysis of total RNA. Total RNA was prepared
from independent transformed tobacco seedlings (R
progeny) developed for each construct 1 to 16. To-
tal RNA was hybridized with a?P-labeled DNA
fragment containing the GUS coding sequence (Fig-
ure 5A). The transcript level was maximal with con-
struct 12 and was in good agreement with the GUS ex-

(2100 nt) of GUS transcript (Figure 5B).

The deletion plasmids containing MMV FLt pro-
moter fragments 11 and 13 showed 62% and 88%
of full activity respectively in transgenic plants (Fig-
ure 3B); and the corresponding values in protoplast
transient assay were 57% and 70% of full activity
(Figure 3C; compare with construct 12). In MMV FLt
promoter deletion analysis in transgenic plants, the 5
deletion plasmid pKM14GUS (construct 14, promoter
coordinate—193 to 4+-63) containing as-1' domains
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Figure 4. Histochemical analysis of GUS expression in tobacco seedlings (trandgetdabacumcv. Samsun NN, R progeny, 24-day old

seedlings) from the best expressing independent line representing each construct (1 to 16) containing the GUS gene driven by the designated
MMV FLt promoter fragment. These data were derived from pools of transformed lines in each construct. The upstream and downstream
deletion end points for each construct are as indicated in Figure 3A. 1 to 16. Histochemical localization of GUS activity in transgenic tobacco
seedlings (magnificatiox 8.6) representing each construct 1 to 16. GUS staining was most intense with construct 12 followed by constructs

13 and 11. Construct 10, devoid of TATA box, showed no GUS activity and construct 8, devoid of upstream segid8de {193), showed

very little GUS activity. 17. Untransformed control, wild-type tabacuncv. Samsun NN 24-day old seedling (magnificatio8.6): no GUS

activity was detected.

1%

tif is able to confer root-specific expression in the
1 1 CaMV 35S promoter (Lanet al,, 1989). However the

MMV FLt deletion constructs 8 and 9 containing puta-
tive as-1 domain showed no appreciable GUS staining

1 ' -—GUS in root tips of seedlings (Figure 4). More studies will

R
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be needed to fully evaluate the function ag-1 do-
main in the MMV FLt promoter. Thisas1 domain
plays a more complex role in the regulation of the
promoter activity by acting synergistically with other
_ cis elements (Fangt al, 1989; Lamet al, 1989). It
) — _ is also reported as a salicylic acid-responsive element
Figure 5. A. RNA-dot hybridization analysis of total RNA (10g) .
isolated from 24-day old seedlings developed for each construct (1 (an etal, 1994)'
to 16). Total RNA was isolated from the best GUS-expressing inde- The promoter fragment-193 to +133 in con-
pendent line. B. Northern analysis of total RNA isolated from un- struct 7 confers much less promoter activity than
transformed Samsun NN (_Iane 1) and transgenic tobacco seedlings construct 6 with promoter coordinate48 to+133
(Ry progeny) developed with construct 12 (lane 2). Total RNA was . .
hybridized with32P-labeled GUS coding sequence. and construct 5 with promoter coordinate297 to
+133 (Figure 3B). This implies that the upstream se-
guence—297 to—193 is essential for promoter activ-
and TATA box sequence, and thedeletion plasmid ity and two repeat sequences in this region (TTGAA-
pKM16GUS (construct 16, promoter coordinat297 GATAAGA, Nos. 10a and 10b in Figure 1) at positions
to +33) showed about 13% and 11% of full activ- —265 to —254 and—245 to —234 may be important
ity, respectively (compare with plasmid pKM12GUS, for promoter activity. More studies including internal
construct 12, giving the highest activity, Figure 3B). deletion mapping will be required to fully analyze the
The 8-deletion plasmid pKM14GUS (construct 14) importance of these sequences.
containing as1’ domains and TATA box sequence The MMV FLt promoter gives better activity with
showed less activity suggesting dependence on addi-a longer leader sequence, extending-463 com-
tional upstream sequence elements. These results opared with+2 and+33 (compare constructs 15 and
MMV FLt promoter deletion analysis suggest that a 16 respectively with construct 12, Figure 4 and Fig-
TATA-upstream sequence (coordinat@97 to—193, ure 5A). Increases in GUS transcript level and also
in Figure 1) and a TATA-downstream sequence (coor- in GUS activity suggest that the geader of MMV
dinate+2 to +63, in Figure 1) may be involved in  FLt promoter have some sequence important for initi-
regulating function of the full-length transcript pro- ation of transcription and concurrent translation. The
moter. Several direct repeat sequences (8a & 8b; 9a & MMV leader sequence may enhance transcription. It
9b; 10a & 10b; 11a & 11b; as denoted in Figure 1) are has been shown that the untranslated viral leader se-
present in the TATA-upstream sequence (coordinate quences from CaMV and tobacco mosaic virus (TMV)
—29710-193, in Figure 1). (Day Dowsoret al., 1993) stimulate the expression of
A 19 bp motif having strong homology with the  a downstream reporter gene by enhancing translation.
activation sequence lagl) of the CaMV 35S pro-  The untranslated leader sequence of FMV (Metitil.,
moter (Lamet al, 1989) was identified in the MMV 1997) also stimulates the expression of a downstream
promoter at coordinate-64 to —46 relative to TSS.  gene; it needs to be evaluated whether it is due to
This motif is also found in FMV (Sanget al., 1990) enhanced transcription or translation.
and CVMV (Verdagueet al, 1996). Thisas1 mo-
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Two 18-nucleotide direct repeat sequences (Nos. Kentucky State THRI grants 5-41086 and 5-41132.
19a and 19b in Figure 1) and three 10-nucleotide re- We thank Dr Thomas Pirone and two anonymous re-
peat sequences (Nos. 20a, 20b and 20c in Figure 1)viewers for critical reading and valuable comments in
are located in the TATA-downstream sequence, coor- improving the manuscript, Ms Ruth Babbit for assist-
dinates+2 to+63 (in Figure 1) of the MMV FLt pro- ing in color photography and Dr Pulak Tripathi for
moter. These repeat sequence domains may have soméelping in primer extension analysis, Dr S. Gowda for
regulatory functions. As the construct pKM15GUS making Xanthi suspension culture available to us, and

(construct 15, promoter coordinate297 to +2)
showed much less activity than the pKM12GUS (con-
struct 12, promoter coordinate297 to +63), this
indicates that the repeat sequences AATCGAAAT-
CAAAA at positions+10 to+23 and+28 to+44 are

Mr Willy Witt for technical assistance.
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work will be needed to fully define thes elements of
the MMV FLt promoter.

The comparative analysis of CaMV 35S-promoter
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a strong constitutive promoter able to direct foreign

gene expression in transgenic plants. There is limited
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and those of CaMV and other caulimovirus promot-
ers although they are functionally analogous, which
may imply differences in the mechanisms of promoter
regulation. Analysis of the MMV promoter sequence

shows the presence of several motifs that resemble
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in transcriptional regulation. The presence of such
motifs in the MMV promoter sequence could explain
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deletion fragments in transgenic plants. We are inter-
ested in studying the regulatory region of the MMV
FLt promoter and also interacting nuclear factors in-
volved in tissue-specific and constitutive expression
of genes in plants. The CaMV 35S promoter is com-
posed of several discrete organ-spediifikelements

in the upstream region of the promoter (Lam, 1994).
The molecular analysis of the functional interactions
between specificis elements and cognateans fac-

tor will be essential in developing more active ‘super
promoter’ and modified tissue-specific promoter.
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