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A promoter activated by the MYB47 and MYB9S proteins and the expression system

containing it

The subject of the invention is a promoter activated by the MYB47 and MYBOS5 proteins
and an expression system containing it, which can be used in plant biotechnology.

Since humans selected and developed agricultural crops to exhibit high yield and good
taste, agricultural crops became weaker than wild plants in the resistance against pests and
diseases. It is a big problem how we can control plant pests to sustain sufficient food availability.
Therefore, it is still desirable to increase the toolkit of available plant resistances.

Brassicaceae plant species and their close relative have developed unique endoplasmic
reticulum (ER)-derived structures, namely ER bodies (also known as dilated cisternae or
fusiform bodies) (Iversen, 1970; Ridge et al., 1999; Matsushima et al., 2003). ER bodies are
subdomains of the ER that accumulate B-glucosidases (BGLUs), which possess an ER retention
signal (Bonnett Jr and Newcomb, 1965; Matsushima et al., 2003).

Rosette leaves accumulate ER bodies in some larger epidermal cells (Nakazaki et al.,
2019b; Nakazaki et al., 2019a). However, wounding of rosette leaves triggers the accumulation
of ER bodies in the whole leaf epidermis via the perception of the wounding hormone jasmonate
(JA) after leaf-wounding (Matsushima et al., 2002; Matsushima et al., 2003). Involvement of
JA and wounding in ER-body formation further suggests an association of ER bodies with plant
defense (Yamada et al., 2011; Nakano et al., 2014). The formation of JA-inducible ER bodies
involves the induction of 784/ and BGLUI8 (Ogasawara et al., 2009; Stefanik et al., 2020).

MYB transcription factors comprise a large family of proteins that harbor a conserved
DNA-binding domain and function in various biological processes (Martin and Paz-Ares, 1997,
Jin and Martin, 1999; Stracke et al,, 2001; Dubos et al., 2010). Most land plant MYB
transcription factors are separated into subclades conserved across various species (Stracke et
al., 2001; Millard et al., 2019; Jiang and Rao, 2020). However, some MYB transcription factors
are unique to specific lineages and form lineage-specific subclades. In Arabidopsis, MYB47/95
clade is lineage-specific (Jiang and Rao, 2020).

The invention aims to provide new tools that can be used in plant biotechnology.
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Surprisingly, the problem defined above is solved in the present invention.

The invention relates to a promoter activated the MYB47 and MYBOS5 proteins and an
expression system containing it, as defined in the appended claims.

Inventors report that MYB47 and MYBOS regulate TSA1 and BGLU18 expression and
JA-inducible ER-body formation in Arabidopsis. Both MYB47 and MYBO95 recognized a DNA
motif in the TSA1 promoter in vitro, and activated TSA1 gene promoter in vivo. Subject
invention can be very useful for the agricultural industry, by increasing the “toolkit” for
production of pest resistant plants.

Comparison of the promoter sequences of 754/ homologs in the Brassicaceae family
revealed two conserved motifs, box1 (CACGTTTA) and box2 (GTTAGTT), in the region
proximal to the start codon (Stefanik et al., 2020). Therefore, we examined whether MYB47
and MYBO95 bind to box1 and box2 to regulate 754 / expression in Arabidopsis. Inventors found
that both transcription factors bound to box2, but not to box1, in vifro. This binding specificity
could be predicted since the sequence of box2 is the same as that of the MYB DNA-binding
site (Myb1 element) found in the promoters of defense related genes in tobacco and tomato
(Pontier et al., 2001; Chakravarthy et al., 2003). In contrast to the in vifro assays, inventors
found that both box1 and box2 elements are essential for the 784/ promoter activation by
MYB47 and MYBO95 in vivo. This finding indicates that box1 may have some role in the
regulation of 7S4/ by MYB47 and MYBOS5. It suggests that MYB47 and MYB95 undergo
post-translational modifications or associated with additional factor(s) to shift their DNA-
binding specificity for the activation of the 754 / promoter in plant cells. Together, these results
demonstrate that 754/ is a direct target of MYB47 and MYB95. BGLU18 is a component of
the JA-inducible ER bodies (Ogasawara et al., 2009), implying that MYB47 and MYB95

directly regulate the BGLUI8 gene.

This description is further explained in the accompanying figures.
Figure 1. MYB47 and MYBO95 activate the 754 / promoter.
(A) The affinity-purified GST-tagged fusion proteins were subjected to SDS-PAGE, followed

by Coomassie staining.
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(B) Arabidopsis 7541 promoter harbors conserved sequences (box1 and box2), in addition to
the initiator sequence (Inr). The sequences of box1 and box2 in the competitor oligonucleotides
(pTSA1, pTSAl-ml1, pTSA1-m2, and pTSA1-m1/m2) are shown. Lowercase letters denote
mutated nucleotides.

(C) Binding of MYB47 to the 754/ promoter in vitro. Partially purified GST-MYB47 fusion
protein (Supplemental Figure S3) and a biotinylated-pTSA1 probe were used.

(D) Binding of MYBO5 to the 754/ promoter in vitro. Partially purified GST-MYB9S5 fusion

protein (Supplemental Figure S3) and a biotinylated-pTSA1 probe were used.

Figure 2. Activation of the 754/ promoter by MYB47 and MYBOS in Nicotiana benthamiana
leaves.

(A) Agrobacterium harboring the effector construct was co-infiltrated into N. benthamiana
leaves along with Agrobacterium harboring the reporter construct. Images show the GUS
staining of N. benthamiana leaves. Scale bar = 0.5 cm.

(B) Activation of the 754/ promoter by MYB47 and MYBOS5 in planta. The chart shows -
glucuronidase/luciferase (GUS/LUC) activity ratios measured 3 d after the agroinfiltration of
N. benthamiana leaves with the effector, reporter and Prom35S:LUC constructs. Error bars
represent SE (1 = 6). Different lowercase letters indicate significant differences (p < 0.05;

Tukey’s test).

Figure 3. Nuclear localization of MYB47 and MYBO5.

(A) Immunoblot analysis of GFP-MYB47 and GFP-MYBO5 fusion proteins extracted from
Nicotiana benthamiana leaves. Proteins were extracted from leaves infiltrated with
Agrobacterium harboring the indicated constructs and subjected to immunoblot analysis with
anti-GFP antibody. The arrowhead indicates the GFP-MYB47 or GFP-MYBO95 fusion protein.
Coomassie staining shows the amount of protein loaded in each lane.

(B) Confocal laser scanning microscope image showing the GFP signal in N. benthamiana
leaves agroinfiltrated with the indicated constructs. Scale bar = 50 um.

METHODS
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Plant Materials and Growth Conditions
Agroinfiltration experiments were conducted using Nicotiana benthamiana plants. N.
benthamiana seeds were germinated in a greenhouse at 22°C under 16-h light/8-h dark

photoperiod.

Plasmid Construction

The Gateway binary vector pGWB406 (a gift from T. Nakagawa) was used for constructing
Prom355:GFP-MYB47 and Prom35S:GFP-MYB95. The CDSs of MYB47 and MYB95 were
transferred from the respective entry vectors into the pGWB406 destination vector with LR
clonase, thus generating the pGWB406/MYB47 and pGWB406/MYB95 vectors, respectively.
Similarly, the Gateway binary vector pGWB561 (a gift from T. Nakagawa) was used for
constructing Prom35S8:tagREFP-MYC2, Prom35S:tagRFP-MYC3, and Prom35S:tagRFP-
MYC4. The CDSs of MY(C2, MYC3, and MYC4 were transferred from the respective entry
vectors into the pGWBS561 destination vector to generate pGWB561/MYC2, pGWB561/MY(3,
and pGWB561/MYC4 vectors, respectively.

The 7SA1 promoter sequence (~635 bp) was amplified from the genomic DNA of
Arabidopsis ecotype Col-0 by PCR using pTSA1HindIIIF
(AGACAAGCTTGTCTGTCCATGGATTGATAT) and pTSA1BamHIR
(ACAGGGATCCAGCTTGAAGAAGCATCAC) primers. The PCR product was cloned into
the pBI121 binary vector using the HindIll and BamHI restriction endonucleases to generate
the pBl121/PromTSAI:GUS construct. Two mutated versions of the 754/ promoter were
generated by overlap extension PCR using pTSA1HindIIIF/mbox-pTSA1-R (mbox1-pTSA1-

R GAATGAAATCTTTCCCCAAGTTAGTTACAACGGTTT; mbox2-pTSAI-R,

GAATGAAATCCACGTTTAACCCCTTTACAACGGTTT;, mboxImbox2-pTSAI1-R,
AAACCGTTGTAAAGGGGTTGGGGAAAGATTTCATTC) and pTSAlIBamHIR/mbox-
pTSA1-F (mbox1-pTSAl-F, GAATGAAATCTTTCCCCAAGTTAGTTACAACGGTTT,;
mbox2-pTSAI-F, GAATGAAATCCACGTTTAACCCCTTTACAACGGTTT; mboxlmbox
2-pTSA1-F, GAATGAAATCTTTCCCCAACCCCTTTACAACGGTTT) primer pairs. PCR

products of the two reactions were pooled and subjected to another round of PCR using the
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pTSATHindIIIF/pTSA1BamHIR primer pair. The mutated versions of the 754 / promoter were
cloned into the pBI121 vector using the HindIll and BamHI enzymes to generate pBl/21/m1-
PromTSA1:GUS, pBI121/m2-Prom1SA1:GUS, and pBl121/m1/m2-Prom1SA1:GUS plasmids.

Recombinant Protein Production

The recombinant GST-MYB47 and GST-MYBO9S5 fusion proteins were produced in F. coli
Rosetta 2 (DE3) cells (Merck) using the ZYP-5052 auto-induction medium, which contains
terrific broth (TB) supplemented with 1 M MgSQO4, 50x 5052 (0.5% [w/v] glycerol, 0.05%
[w/v] glucose, and 0.2% [w/v] lactose), 20x NPS (0.5 M (NH4)2SO0s, 1 M K;HPO4, and 1 M
NaH;POys) (Studier, 2005). Cells harboring the pDEST15/MYB47 or pDEST15/MYB95 plasmid
were precultured in TB medium and then transferred to the induction medium. To produce
GST-MYBA47, cells were cultured at 30°C. To produce GST-MYB47, cells were first cultured
at 37°C for 4-5 h (to obtain ODsoo >1.0) and then at 30°C overnight. Then, the cells were

harvested and stored at -80°C.

Agroinfiltration

Agrobacterium tumefaciens strains EHA105 and GV3101(pMP90RK) were precultured in
lysogeny broth (LB) medium and then transferred to an induction broth medium (1 g/LL NH4Cl,
0.3 g/. MgSO4-7H,0, 0.15 g/LL KCI, 10 mg/L CaCls, 2.5 mg/L FeSO4-7H,0, 2 mM sodium
phosphate [pH 7.2], 20% [w/v] glucose, 20 mM MES-KOH buffer [pH 5.5], and 100 pM
acetosyringone) supplemented with appropriate antibiotics (Winans et al, 1988).
Agroinfiltration of N. benthamiana leaves was performed as described previously (Sarkar et al,
2021). Briefly, Agrobacterium cells were resuspended in the infiltration medium (0.5% [w/v]
glucose, 10 mM MES-KOH [pH 5.5], 10 mM MgCl,, and 200 uM acetosyringone) (ODgoo =
1.0). Agrobacterium cells carrying the p19 silencing suppressor (a gift from W. Strzatka) were
resuspended in the infiltration medium (ODsoo = 0.5). Equal volumes of these Agrobacterium
cell suspensions were mixed and infiltrated into the leaves of 4-5-week-old N. benthamiana
plants.

Recombinant GST-fusion Protein Purification
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L. coli cells expressing the GST-MYB47 and GST-MYB95 fusion proteins were suspended in
the extraction buffer (CelLytic B buffer [Merck] containing 0.1% [w/v] lysozyme, 0.01% [w/V]
DNase I, and 1 mM PMSF), incubated on ice for 30 min, and lysed by sonication. Subsequently,
the lysate was mixed with an equal volume of 1x phosphate buffered-saline (PBS) containing
0.1% (v/v) Triton X-100 at 4°C for 30 min, and the insoluble bacterial debris was removed by
centrifugation. Then, DTT was added to the supernatant at a final concentration of 1 mM, and
the soluble fractions were incubated with glutathione-sepharose 4B beads (GE Healthcare) at
4°C for 1.5 h with gentle rotation. The beads were transferred to a column and subsequently
washed three times with 10% volume of PBS containing 0.1% (v/v) Triton X-100. The GST-
MYB fusion proteins were eluted with a buffer containing 50 mM Tris-HCl (pH 8.0), 200 mM
NaCl, and 20 uM glutathione. The eluant containing GST-MYB47 was subjected to
ultrafiltration with Amicon Ultra Centrifugal Filter Unit Ultracel (3K MWCO, Merck) by
exchanging the buffer with the dialysis buffer (1x PBS, 1 mM DTT, 5% [v/v] glycerol). The
eluant containing GST-MYBO95 was subjected to dialysis with the dialysis buffer at 4°C, and

then concentrated by ultrafiltration.

EMSA

The EMSAs were performed as described previously (Sarkar et al., 2021). Briefly, a 36-bp
biotinylated double-stranded DNA probe and competitor DNAs were generated by annealing a
50-uM mixture of two complementary oligonucleotides (pTSAI1-F,
GAATGAAATCCACGTTTAAGTTAGTTACAACGGTTT; pTSAI-R,
AAACCGTTGTAACTAACTTAAACGTGGATTTCATTC) in 10 mM Tris-HCI (pH 8.0), 50
mM NaCl, and 1 mM EDTA by heating to 95°C for 5 min and then slowly cooling to room
temperature. The purified GST, GST-MYB47, or GST-MYB9S5 protein (500 ng) was incubated
with the DNA probe in the binding buffer (10 mM Tris-HCI [pH7.5], 50 mM KCI, 1 mM DTT,
2.5% [v/v] glycerol, 5 mM MgCl,, 0.1% [w/v] IGEPAL CA-630, and 0.05 pg/uL poly(dI-dC))
on ice. Competitor oligonucleotides (20-fold excess relative to the probe) were added to the
binding reaction, and incubated at room temperature for 20 min. Following the addition of the

pTSA1 probe at a final concentration of 5 uM, the mixture was further incubated at room
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temperature for 30 min, and the DNA—protein complexes were separated by PAGE on 5% (w/v)
acrylamide/bis-acrylamide gel in 0.5x Tris/borate/EDTA (TBE) buffer. Samples were
electrophoretically transferred from the gel on to a nylon membrane (Hybond-N~, Merck). The
membrane was blocked with 3% (w/v) skim milk, and biotinylated DNA probe was detected
with  Avidin-HRP conjugate (Thermo-Fisher) by enhanced chemical luminescence

(SuperSignal West Femto, Thermo-Fisher).

Promoter-reporter transactivation assay

Agrobacterium cells harboring the effector construct (Prom35S:GIP, Prom35S8:GIFP-MYB47,
or Prom35S:GFP-MYBY95), reporter construct (PromTSA1:GUS, mI-PromTSA1:GUS, m2-
PromTSA1:GUS, or m1/m2-PromTSA1:GUS), and luciferase gene construct (Prom35S:LUC)
were co-inoculated into the leaves of N. benthamiana plants. After 3 d, the inoculated leaves
were harvested and homogenized in pre-cooled CCRL buffer (Promega). The samples were
centrifuged twice for 15 min each at 10,000 rpm and 4°C. GUS activity was determined as
described previously (Jefferson et al., 1987), with minor modifications. Aliquots of each
supernatant (25 pL) were incubated with 75 pL of 10 mM 4-methylumbelliferyl-3-D-
glucuronide, 0.1% (w/v) sodium lauryl sarcosine, and 10 mM B-mercaptoethanol in the CCRL
buffer at 37°C for O min (control) or 30 min. The reactions were terminated with 180 uL of 0.2
M Na,COs. The amount of the product (7-hydroxy-4-methylcoumarin) was measured using a
microplate reader (Infinite 200, Tecan, Switzerland), at excitation and emission wavelengths of
355 and 460 nm, respectively. Aliquots of the above supernatants were also used to determine
LUC activity using a LUC assay system kit (Promega). Protein concentration in each sample
was measured with the Bradford method.

The GUS staining procedure was performed as described previously (Jefferson et al.,
1987), with minor modifications. Briefly, leaves were cut into small pieces and vacuum-
infiltrated in the GUS staining buffer (100 mM sodium phosphate [pH 7.0], 1 mM 5-bromo-4-
chloro-3-indolyl-B-D-glucuronide, 0.5 mM potassium ferrocyanide, 0.5 mM potassium

ferricyanide, and 10 mM EDTA) for 5 min. The leaf samples were incubated in the GUS
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staining buffer at 37°C for 16 h. The stained leaf tissues were then rinsed with ethanol and water

to remove chlorophyll.

Example 1

Because 754 1 expression was downregulated in the myb+47 myb95 double knockout mutant, we
examined the role of each MYB protein in the activation of the 754/ promoter using two
approaches. First, we examined the binding of MYB47 and MYBO9S to the 7SA4 / promoter using
electrophoretic mobility shift assays (EMSAs). Glutathione S-transferase (GST) fusions of
MYB47 and MYBO95 were separately expressed in FLscherichia coli (Figure 1A), and the
purified recombinant proteins were subjected to EMSA. The 784/ promoter region containing
two cis-elements, box1 (CACGTTTA) and box2 (GTTAGTT), which are conserved among the
Brassicaceae plant species (Stefanik et al., 2020), was used as the biotinylated DNA probe
(hereafter referred to as pTSA1) (Figure 1B). Both MYB47 and MYBO95 bound to the DNA
probe in a box2-dependent manner; the addition of unlabeled pTSA1 or unlabeled pTSAI
containing a mutated box1 (pTSA1-m1), but not mutated box2 (pTSA1-m2), reduced the signal
of probe—protein complexes (Figures 1C and 1D). Sequence of pTSA1 has been depicted as
Seq. Id. No. 1.

Example 2

Next, a promoter-reporter assay was conducted to examine the effect of MYB47 and MYB95
on the activity of the 7SA/ promoter. The B-glucuronidase (GUS) activity was induced in
Nicotiana benthamiana leaves when co-inoculated with Agrobacterium harboring the
Prom358:GFP-MYB47 (Seq. 1d. No. 2) or Prom35S:GFP-MYB95 (Seq. Id. No. 3)construct
and Agrobacterium harboring the PromTSA1:GUS construct (Seq. Id. No. 4). (Figure 2A and
2B). To determine the subcellular localization of MYB47 and MYBOS5 proteins, we transiently
expressed the GF'P-MYB47 and GFP-MYB95 fusions in the epidermal cells of N. benthamiana
leaves (Figure 3A). Confocal microscopy analysis revealed strong GFP signal in the nucleus,
in addition to weak signal in the cytosol (Figure 3B). These results indicate that MYB47 and

MYB9S5 localize to the nucleus, consistent with their function as transcription factors.
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Consistent with the results of in vifro EMSAs, mutation in box2 (m2-PromTSA1:GUS)
drastically reduced the 754 / promoter activity in promoter-reporter assays, despite the presence
of MYB47 or MYBO95 (Figure 2A and 2B). Unexpectedly, mutation in boxl (mI-
PromTSA1:GUS) also reduced MYB47- and MYBO95-dependent activation of the 754/
promoter (Figure 2A and 2B). Moreover, mutations in both box1 and box2 elements (m1/m2-
PromTSA 1:GUS) completely abolished the 754 / promoter activity (Figure 2A and 2B). These
findings indicate that MYB47 and MYBO9S5 activate the 754/ promoter in box1- and box2-
dependent manner in vivo.

The following elements have been used in the described embodiments:

The coding sequence for the MYB47 and MYBO95 protein cDNA is shown in Seq. Id. No. 5 and
6.

It encodes the MYB47 and MYBOS protein, the amino acid sequence of which is shown as Seq.
Id. No. 7 and 8.

The coding sequence for the GFP-MYB47 and GFP-MYBOS fusion proteins are shown in Seq.
Id. No. 9 and 10.

It encodes GFP-MYB47 and GFP-MYBO95 fusions whose amino acid sequence is shown as
Seq. Id. No. 11 and 12.

TSAT promoter sequence shown in Seq. Id. No. 13.
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Sequence listing

Seq. Id. No. 1
pTSAl
GAATGAAATCCACGTTTAAGTTAGTTACAACGGTTT

Seq. Id. No. 2

Prom35S:GFP-MYB47
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGG
CGACGTGAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCA
AGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTG
ACCACCTTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGA
CTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACG
ACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATC
GAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAA
CTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACT
TCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAAC
ACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGC
CCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCACGGCATGGACGAGCTGTACATCACAAGTTTGTACAAAAAAGCAGGCTCC
GCGGCCGCCCCCTTCACCATGGGGAGGACGACATGGTTCGACGTCGACGGGATGAAGAAAGG
AGAGTGGACGGCAGAGGAAGACCAGAAGCTCGGCGCTTACATCAACGAGCATGGCGTTTGTG
ATTGGCGTTCCCTCCCCAAAAGAGCTGGTTTGCAGAGATGTGGAAAGAGCTGCAGATTAAGG
TGGCTTAACTATCTAAAGCCTGGGATTAGAAGAGGCAAATTCACTCCTCAAGAAGAAGAAGA
AATCATCCAACTTCATGCTGTTCTCGGAAACAGGTGGGCAGCCATGGCGAAGAAGATGCAGA
ATCGAACAGACAATGATATCAAGAACCATTGGAACTCTTGTCTCAAGAAAAGACTTTCGAGA
AAGGGAATCGACCCTATGACCCACGAGCCCATCATCAAACACCTCACCGTCAATACCACTAA
CGCAGATTGTGGTAACTCTTCCACCACGACGTCCCCGTCGACGACGGAAAGCTCTCCTTCCT
CCGGCTCGTCTCGTCTTCTTAACAAACTCGCCGCAGGTATCTCATCTAGACAACATAGTCTC
GATAGGATCAAGTACATCTTGTCGAATTCAATAATCGAAAGCAGTGATCAAGCAAAAGAGGA
AGAAGAAAAAGAAGAAGAAGAAGAAGAAAGAGATTCAATGATGGGTCAGAAGATTGACGGTA
GTGAAGGAGAAGATATTCAGATTTGGGGCGAGGAGGAAGTTAGGCGTTTAATGGAGATTGAT
GCAATGGATATGTACGAGATGACTTCGTACGACGCTGTCATGTACGAGAGTAGTCACATACT
TGATCATCTCTTTTGA

Seq. Id. No. 3

Prom35S:GFP-MYB95
TGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAGCTATCT
GTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCATTGCGAT
AAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACC
CACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGAT
GTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCC
TCTATATAAGGAAGTTCATTTCATTTGGAGAGAACACGGGGGACTCTAGAGGATCCATGGETG
AGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGT
GAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGA
CCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACC
TTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTT
CAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCA
ACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTG
AAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAA
CAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGA
TCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCC
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ATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAG
CAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGA
TCACTCACGGCATGGACGAGCTGTACATCACAAGTTTGTACAAAAAAGCAGGCTCCGCGGCC
GCCCCCTTCACCATGGGGAGGACGACGTGGTTCGACGTTGACGGGTTGAGGAAAGGAGAGTG
GACGGCGGAGGAAGACCGGAAGCTCGTGGTTTACATCAACGAACACGGTCTAGGCGAGTGGG
GTTCACTGCCTAAGAGAGCCGGTCTACAAAGATGTGGAAAGAGTTGTAGATTAAGATGGCTG
AATTATTTGAGGCCTGGGATTAAAAGAGGCAAGTTCACTCCTCAGGAAGAAGAAGAAATCAT
CAAATACCATGCTCTTCTTGGAAACAGGTGGGCAGCAATAGCTAAGCAAATGCCAAACAGAA
CAGATAATGACATAAAGAACCATTGGAACTCATGCCTTAAGAAAAGACTTGCTAAAAAAGGA
ATCGATCCAATGACCCATGAGCCAACAACAACAACAAGCCTCACCGTCGATGTCACCTCCTC
ATCAACTACGTCGTCTCCTACACCGAGCCCTACTTCTTCTTCTTTTTCCTCCTGTTCCTCTA
CTGGCTCTGCACGTTTCCTTAACAAGCTCGCTGCTGGAATCTCGTCAAGAAAACACGGACTA
GAGAGTATCAAGACAGTGATATTGGCAGAACAACCAAGAGAAGCCGTTGATGAAGAGAAGAT
GATGACAATTAACATGAAAGAGAAGGAATTGATTAGTTGTTACATGGAGATTGATGAGACGA
TGAGTATTGATGAACTACCTTGTGATGACTCGACGTCTGGCTTCGTGGCTTTTGACGACTAC
TCATTAATCGACCCATACAGAGACGGTGTGTACGTATCTGATTTCTACGATGAGACTGAACA
CCTTGACCTGTTCCTTCTTTGA

Seq. Id. No. 4

PromTSAl :GUS
AAGCTTgtctgtccatggattgatatccaaattcatgactagacagaattaacgcaaaaaat
cgaaattccacaatattgacaaaatgaaatataaagtcattaatttttttagagttgtgagt
ttgtttttttacgtaataatagttttaaaaaatttaatttacataatagaaaactaataaaa
gtatttttactatgtcaaaaaatataagaaaacaaaccaacgtaacacataaaaaaatgaga
tgttcaaaaacgaatttgtacgagcttgaccacttaactattgagcaatctgatttgggaat
ggaaggcataaccaaaaaaaaaagagatgtgtttttaaaaaaattgactttattaaaataaa
tatttctatcttagttattccatcaatagttttttttttgttttttttectattteccatgat
attattattttcaataaaattataaaatgtcacatttactaatattaattatattatttcac
atctagctgtttaacttttgctacacacaaaatgagttatctagaagaagagccacgagata
aaagaatgaaatccacgtttaagttagttacaacggttttattttataagcgtatccatage
tatgtgatgcttcttcaagctGGATCCCCGGGTGGTCAGTCCCTTATGTTACGTCCTGTAGA
AACCCCAACCCGTGAAATCAAAAAACTCGACGGCCTGTGGGCATTCAGTCTGGATCGCGAAA
ACTGTGGAATTGATCAGCGTTGGTGGGAAAGCGCGTTACAAGAAAGCCGGGCAATTGCTGTG
CCAGGCAGTTTTAACGATCAGTTCGCCGATGCAGATATTCGTAATTATGCGGGCAACGTCTG
GTATCAGCGCGAAGTCTTTATACCGAAAGGTTGGGCAGGCCAGCGTATCGTGCTGCGTTTCG
ATGCGGTCACTCATTACGGCAAAGTGTGGGTCAATAATCAGGAAGTGATGGAGCATCAGGGC
GGCTATACGCCATTTGAAGCCGATGTCACGCCGTATGTTATTGCCGGGAAAAGTGTACGTAT
CACCGTTTGTGTGAACAACGAACTGAACTGGCAGACTATCCCGCCGGGAATGGTGATTACCG
ACGAAAACGGCAAGAAAAAGCAGTCTTACTTCCATGATTTCTTTAACTATGCCGGAATCCAT
CGCAGCGTAATGCTCTACACCACGCCGAACACCTGGGTGGACGATATCACCGTGGTGACGCA
TGTCGCGCAAGACTGTAACCACGCGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGTCA
GCGTTGAACTGCGTGATGCGGATCAACAGGTGGTTGCAACTGGACAAGGCACTAGCGGGACT
TTGCAAGTGGTGAATCCGCACCTCTGGCAACCGGGTGAAGGTTATCTCTATGAACTGTGCGT
CACAGCCAAAAGCCAGACAGAGTGTGATATCTACCCGCTTCGCGTCGGCATCCGGTCAGTGG
CAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTTTACTGGCTTTGGTCGT
CATGAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGATGGTGCACGACCACGC
ATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCATTACCCTTACGCTGAAGAGA
TGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATTGATGAAACTGCTGCTGTCGGCTTT
AACCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACAAGCCGAAAGAACTGTACAGCGAAGA
GGCAGTCAACGGGGAAACTCAGCAAGCGCACTTACAGGCGATTAAAGAGCTGATAGCGCGTG
ACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCAACGAACCGGATACCCGTCCGCAA
GGTGCACGGGAATATTTCGCGCCACTGGCGGAAGCAACGCGTAAACTCGACCCGACGLCGTCC
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GATCACCTGCGTCAATGTAATGTTCTGCGACGCTCACACCGATACCATCAGCGATCTCTTTG
ATGTGCTGTGCCTGAACCGTTATTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCA
GAGAAGGTACTGGAAAAAGAACTTCTGGCCTGGCAGGAGAAACTGCATCAGCCGATTATCAT
CACCGAATACGGCGTGGATACGTTAGCCGGGCTGCACTCAATGTACACCGACATGTGGAGTG
AAGAGTATCAGTGTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTC
GTCGGTGAACAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGG
CGGTAACAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGC
AAAAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAATGA

Seq. Id. No. 5

MYB47_ cDNA
ATGGGGAGGACGACATGGTTCGACGTCGACGGGATGAAGAAAGGAGAGTGGACGGCAGAGGA
AGACCAGAAGCTCGGCGCTTACATCAACGAGCATGGCGTTTGTGATTGGCGTTCCCTCCCCA
AAAGAGCTGGTTTGCAGAGATGTGGAAAGAGCTGCAGATTAAGGTGGCTTAACTATCTAAAG
CCTGGGATTAGAAGAGGCAAATTCACTCCTCAAGAAGAAGAAGAAATCATCCAACTTCATGC
TGTTCTCGGAAACAGGTGGGCAGCCATGGCGAAGAAGATGCAGAATCGAACAGACAATGATA
TCAAGAACCATTGGAACTCTTGTCTCAAGAAAAGACTTTCGAGAAAGGGAATCGACCCTATG
ACCCACGAGCCCATCATCAAACACCTCACCGTCAATACCACTAACGCAGATTGTGGTAACTC
TTCCACCACGACGTCCCCGTCGACGACGGAAAGCTCTCCTTCCTCCGGCTCGTCTCGTCTTC
TTAACAAACTCGCCGCAGGTATCTCATCTAGACAACATAGTCTCGATAGGATCAAGTACATC
TTGTCGAATTCAATAATCGAAAGCAGTGATCAAGCAAAAGAGGAAGAAGAAAANAGAAGAAGA
AGAAGAAGAAAGAGATTCAATGATGGGTCAGAAGATTGACGGTAGTGAAGGAGAAGATATTC
AGATTTGGGGCGAGGAGGAAGTTAGGCGTTTAATGGAGATTGATGCAATGGATATGTACGAG
ATGACTTCGTACGACGCTGTCATGTACGAGAGTAGTCACATACTTGATCATCTCTTTTGA

Seq. Id. No. 6

MYB95 cDNA
ATGGGGAGGACGACGTGGTTCGACGTTGACGGGTTGAGGAAAGGAGAGTGGACGGCGGAGGA
AGACCGGAAGCTCGTGGTTTACATCAACGAACACGGTCTAGGCGAGTGGGGTTCACTGCCTA
AGAGAGCCGGTCTACAAAGATGTGGAAAGAGTTGTAGATTAAGATGGCTGAATTATTTGAGG
CCTGGGATTAAAAGAGGCAAGTTCACTCCTCAGGAAGAAGAAGAAATCATCAAATACCATGC
TCTTCTTGGAAACAGGTGGGCAGCAATAGCTAAGCAAATGCCAAACAGAACAGATAATGACA
TAAAGAACCATTGGAACTCATGCCTTAAGAAAAGACTTGCTAAAAAAGGAATCGATCCAATG
ACCCATGAGCCAACAACAACAACAAGCCTCACCGTCGATGTCACCTCCTCATCAACTACGTC
GTCTCCTACACCGAGCCCTACTTCTTCTTCTTTTTCCTCCTGTTCCTCTACTGGCTCTGCAC
GTTTCCTTAACAAGCTCGCTGCTGGAATCTCGTCAAGAAAACACGGACTAGAGAGTATCAAG
ACAGTGATATTGGCAGAACAACCAAGAGAAGCCGTTGATGAAGAGAAGATGATGACAATTAA
CATGAAAGAGAAGGAATTGATTAGTTGTTACATGGAGATTGATGAGACGATGAGTATTGATG
AACTACCTTGTGATGACTCGACGTCTGGCTTCGTGGCTTTTGACGACTACTCATTAATCGAC
CCATACAGAGACGGTGTGTACGTATCTGATTTCTACGATGAGACTGAACACCTTGACCTGTT
CCTTCTTTGA

Seq. Id. No. 7

MYB47 protein
MGRTTWFDVDGMKKGEWTAEEDQKLGAYINEHGVCDWRSLPKRAGLORCGKSCRLRWLNYLK
PGIRRGKFTPQEEEEIIQLHAVLGNRWAAMAKKMONRTDNDIKNHWNSCLKKRLSRKGIDPM
THEPIIKHLTVNTTNADCGNSSTTTSPSTTESSPSSGSSRLLNKLAAGISSROHSLDRIKYI
LSNSITESSDQAKEEEEKEEEEEERDSMMGOKIDGSEGEDIQIWGEEEVRRLMEIDAMDMYE
MTSYDAVMYESSHILDHLF*

Seq. Id. No. 8
MYB95 protein
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MGRTTWFDVDGLRKGEWTAEEDRKLVVYINEHGLGEWGSLPKRAGLORCGKSCRLRWLNYLR
PGIKRGKFTPQEEEEIIKYHALLGNRWAATIAKOMPNRTDNDIKNHWNSCLKKRLAKKGIDPM
THEPTTTTSLTVDVTSSSTTSSPTPSPTSSSFSSCSSTGSARFLNKLAAGISSRKHGLESIK
TVILAEQPREAVDEEKMMT INMKEKELISCYMEIDETMSIDELPCDDSTSGFVAFDDYSLID
PYRDGVYVSDFYDETEHLDLFLL*

Seq. Id. No. 9

GFP-MYB47 cDNA
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGG
CGACGTGAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCA
AGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTG
ACCACCTTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGA
CTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACG
ACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATC
GAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAA
CTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACT
TCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAAC
ACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGC
CCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCACGGCATGGACGAGCTGTACATCACAAGTTTGTACAAAAAAGCAGGCTCC
GCGGCCGCCCCCTTCACCATGGGGAGGACGACATGGTTCGACGTCGACGGGATGAAGAAAGG
AGAGTGGACGGCAGAGGAAGACCAGAAGCTCGGCGCTTACATCAACGAGCATGGCGTTTGTG
ATTGGCGTTCCCTCCCCAAAAGAGCTGGTTTGCAGAGATGTGGAAAGAGCTGCAGATTAAGG
TGGCTTAACTATCTAAAGCCTGGGATTAGAAGAGGCAAATTCACTCCTCAAGAAGAAGAAGA
AATCATCCAACTTCATGCTGTTCTCGGAAACAGGTGGGCAGCCATGGCGAAGAAGATGCAGA
ATCGAACAGACAATGATATCAAGAACCATTGGAACTCTTGTCTCAAGAAAAGACTTTCGAGA
AAGGGAATCGACCCTATGACCCACGAGCCCATCATCAAACACCTCACCGTCAATACCACTAA
CGCAGATTGTGGTAACTCTTCCACCACGACGTCCCCGTCGACGACGGAAAGCTCTCCTTCCT
CCGGCTCGTCTCGTCTTCTTAACAAACTCGCCGCAGGTATCTCATCTAGACAACATAGTCTC
GATAGGATCAAGTACATCTTGTCGAATTCAATAATCGAAAGCAGTGATCAAGCAAAAGAGGA
AGAAGAAAAAGAAGAAGAAGAAGAAGAAAGAGATTCAATGATGGGTCAGAAGATTGACGGTA
GTGAAGGAGAAGATATTCAGATTTGGGGCGAGGAGGAAGTTAGGCGTTTAATGGAGATTGAT
GCAATGGATATGTACGAGATGACTTCGTACGACGCTGTCATGTACGAGAGTAGTCACATACT
TGATCATCTCTTTTGA

Seq. Id. No. 10

GFP-MYB95 cDNA

ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGG
CGACGTGAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCA
AGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTG
ACCACCTTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGA
CTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACG
ACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATC
GAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAA
CTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACT
TCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAAC
ACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGC
CCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCACGGCATGGACGAGCTGTACATCACAAGTTTGTACAAAAAAGCAGGCTCC
GCGGCCGCCCCCTTCACCATGGGGAGGACGACGTGGTTCGACGTTGACGGGTTGAGGAAAGG
AGAGTGGACGGCGGAGGAAGACCGGAAGCTCGTGGTTTACATCAACGAACACGGTCTAGGCG
AGTGGGGTTCACTGCCTAAGAGAGCCGGTCTACAAAGATGTGGAAAGAGTTGTAGATTAAGA
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TGGCTGAATTATTTGAGGCCTGGGATTAAAAGAGGCAAGTTCACTCCTCAGGAAGAAGAAGA
AATCATCAAATACCATGCTCTTCTTGGAAACAGGTGGGCAGCAATAGCTAAGCAAATGCCAA
ACAGAACAGATAATGACATAAAGAACCATTGGAACTCATGCCTTAAGAAAAGACTTGCTAAA
AAAGGAATCGATCCAATGACCCATGAGCCAACAACAACAACAAGCCTCACCGTCGATGTCAC
CTCCTCATCAACTACGTCGTCTCCTACACCGAGCCCTACTTCTTCTTCTTTTTCCTCCTGTT
CCTCTACTGGCTCTGCACGTTTCCTTAACAAGCTCGCTGCTGGAATCTCGTCAAGAAAACAC
GGACTAGAGAGTATCAAGACAGTGATATTGGCAGAACAACCAAGAGAAGCCGTTGATGAAGA
GAAGATGATGACAATTAACATGAAAGAGAAGGAATTGATTAGTTGTTACATGGAGATTGATG
AGACGATGAGTATTGATGAACTACCTTGTGATGACTCGACGTCTGGCTTCGTGGCTTTTGAC
GACTACTCATTAATCGACCCATACAGAGACGGTGTGTACGTATCTGATTTCTACGATGAGAC
TGAACACCTTGACCTGTTCCTTCTTTGA

Seq. Id. No. 11

GFP-MYB47_ protein
MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLV
TTFTYGVQCFSRYPDHMKOHDFFKSAMPEGYVQERT IFFKDDGNYKTRAEVKFEGDTLVNRI
ELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKOQRKNGIKVNFKIRHNIEDGSVQLADHYQOQON
TPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYITSLYKKAGS
AAAPFTMGRTTWFDVDGMKKGEWTAEEDQKLGAYINEHGVCDWRSLPKRAGLORCGKSCRLR
WLNYLKPGIRRGKFTPQEEEEI IQLHAVLGNRWAAMAKKMONRTDNDIKNHWNSCLKKRLSR
KGIDPMTHEPIIKHLTVNTTNADCGNSSTTTSPSTTESSPSSGSSRLLNKLAAGISSRQOHSL
DRIKYILSNSIIESSDOQAKEEEEKEEEEEERDSMMGOKIDGSEGEDIQIWGEEEVRRLMEID
AMDMYEMTSYDAVMYESSHILDHLF *

Seq. Id. No. 12

GFP-MYB95 protein
MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLV
TTFTYGVQCFSRYPDHMKOHDFFKSAMPEGYVQERT IFFKDDGNYKTRAEVKFEGDTLVNRI
ELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKOQRKNGIKVNFKIRHNIEDGSVQLADHYQOQON
TPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYITSLYKKAGS
AAAPFTMGRTTWFDVDGLRKGEWTAEEDRKLVVYINEHGLGEWGSLPKRAGLORCGKSCRLR
WLNYLRPGIKRGKFTPQEEEEIIKYHALLGNRWAATAKQMPNRTDNDIKNHWNSCLKKRLAK
KGIDPMTHEPTTTTSLTVDVTSSSTTSSPTPSPTSSSFSSCSSTGSARFLNKLAAGISSRKH
GLESIKTVILAEQPREAVDEEKMMTINMKEKELISCYMEIDETMSIDELPCDDSTSGFVAFD
DYSLIDPYRDGVYVSDFYDETEHLDLFLL*

Seq. Id. No. 13

TSAl promoter
Gtctgtccatggattgatatccaaattcatgactagacagaattaacgcaaaaaatcgaaat
tccacaatattgacaaaatgaaatataaagtcattaatttttttagagttgtgagtttgttt
ttttacgtaataatagttttaaaaaatttaatttacataatagaaaactaataaaagtattt
ttactatgtcaaaaaatataagaaaacaaaccaacgtaacacataaaaaaatgagatgttca
aaaacgaatttgtacgagcttgaccacttaactattgagcaatctgatttgggaatggaagg
cataaccaaaaaaaaaagagatgtgtttttaaaaaaattgactttattaaaataaatatttc
tatcttagttattccatcaatagttttttttttgttttttttecctattteccatgatattatt
attttcaataaaattataaaatgtcacatttactaatattaattatattatttcacatctag
ctgtttaacttttgctacacacaaaatgagttatctagaagaagagccacgagataaaagaa
tgaaatcCACGTTTAaGTTAGTTacaacggttttattttataagcgtateccatagectatgtyg
atgcttcttcaagct

(underlined are boxl and box2, respectively.)



