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ABSTRACT

Late embryogenesis abundant (Lea) proteins accumulate 1n maturing seeds
after many of the storage compounds have been synthesized, and they are considered
relevant to maturation. We report here the molecular organization and expression of
Bnlea3-1, anovel Group 3 Lea gene from Brassica napus. BnlLea3-1 contains a
coding region of 798 bp, sharing 84.4% homology at the amino acid level with Lea76
of B. napus. Two tandem 1 1-mer repeats are truncated from the coding region of
BnlLea3-1, compared to the 13 conserved 11-mer repeats of Lea/6. Substitutions of
consensus residues are found at various positions within the 11-mer repeats. A 1561

bp 5’ flanking promoter fragment of Bulea3-1 fused to E. coli B-glucurondiase

(GUS) coding region conferred seed-specific GUS expression in stable transgenics of
B. napus, tobacco and 1n transiently-transformed pea. A -137 bp minimal promoter .
preceding the first transcription start site, identified through progressive deletions
from the upstream, was sufficient for basal GUS expression in the seeds and in leaves
treated with ABA. Deletion studies indicate the presence of enhancing elements
located between -137 bp to -742 bp and suppressing elements located between -742
and -1561 bp. Bnlea3-1 expression in seeds precedes that of Lea76. Unlike other
Group 3 Lea members including HVAland Dc3, Bnlea3-1 is active in seeds and
responsive weakly in vegetative tissues to ABA and methyl jasmonate (MeJA) but not
to stress treatments. Possible functions of Bnlea3-1 and another member of the Group

3 Lea tamily Bnlea3-2 in embryo development is discussed.
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TITLE

Promoters for molecular farming and/or early detection of transgenic plants.

BACKGROUND

Seed development occurs in three overlapping phases. Initially a
developmental pattern for embryo body plan and supporting tissue is established and
elaborated, followed by synthesis of nutrient reserves for future use in nursing a
germinating embryo to its autotrophic state, and finally preparation for the existence
of a seed as a dormant entity awaiting favourable conditions for its next life cycle
(Thomas 1993; Bewley and Black 1994; Goldberg et al., 1994; Wobus and Weber,
1999). Even after an embryo has attained its ability to potentially grow into a plant,
the so-called maturation phase continues and then culminates in metabolic
quiescence. This preparative phase includes progressive desiccation to retain in fully
mature seeds a water content of only 5 - 15% that 1s sufficient to maintain cellular
integrity but not to sustain normal biochemical activity. This phenomenon contrasts
so-called orthodox seeds (storable as dry seeds) from seeds that are recalcitrant to
storage (Farnsworth, 2001). Recalcitrant seeds do not dehydrate during their
development but instead proceed to germinate, and in fact do not survive 1t
dehydration 1s imposed. Vivipary, a variation in which embryos germinate prior to
dispersal from their parent, also lacks a dehydration phase. Some consider
embryogenesis-to-germination as a primitive feature into which desiccation has been
interposed subsequently. However, there is no clear-cut pattern and the ability to
desiccate 1s possibly an acquisition that occurred at multiple times 1n various taxa
(Pammenter and Berjak, 2000). The uncertainty of the evolutionary chronology of the
phenomenon aside, the ability of a seed to desiccate -- and the cellular events
pertinent to 1t -- can impact pre-harvest physiology and post-harvest characteristics
such as seed storage and vitality.

During seed maturation phase, proteins unrelated to major storage reserves

also accumulate and continue to do so long after the storage genes cease their
transcription. Initially found 1in wheat, and referred to as early methionine-labelled
protein gene (£m) (Grzelczak et al., 1982; Cuming, 1984), related late embryogenesis
abundant (LEA) proteins were recognized formally as a new group of proteins in
cotton seeds (Baker et al., 1988). These are also structurally related to some of the

proteins 1dentified independently as being associated with responses to abiotic stress
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factors such as cold, dehydration and salinity, and abscisic acid treatment In
vegetative parts and seed tissue ((Dure et al., 1989; Mundy et al., 1990; Bray, 1994
Close etal., 1993; Thomas, 1993; Dure, 1997). Following the discovery of LEA
proteins in other species, Dure et al (1989) employed predicted structural features of
the LEA proteins to classify them into three typical groups, and later into at least five
eroups (Bray, 1994; Moons et al., 1997; Cuming, 1999). All the groups have some
typical common features such as high overall hydrophilicity and general paucity of
Cys and Trp residues (Dure, 1997). Characteristically, Most of these proteins do not
coagulate on boiling and remain soluble hence the use of the term "boiling-stable” in
the literature.

Various groups of LEA proteins are also synonymously referred to with a "D-
numeral”, for example Group 1 as D19 family, which signifies the relationship to the
embryogenesis-associated cDNA clones of cotton seeds (Dure, 1997). Group 1 LEA
proteins have a 20-aa segment that 1s repeated 2 to 4 times in some species. The Em
protein of wheat 1s a classical member of this group (Grzelczak et al., 1952; Quatrano
et al. 1997). The group members are rich in Gly, are highly hydrated, and have
random coil conformation (McCubbin and Kay 1985). Group 2 LEA (D11 family),
the largest class, includes proteins that have been referred to under various names
such as dehydrins, COR and RAB, and shows a wide variation in polypeptide size (9
to 200 kDa) (Bray et al., 1994; Close, 1997; Thomashow, 1999). The biological
contexts in which these proteins were identified are quite diverse: dehydrating leaves,
ABA-treated vegetative tisssue, desiccating embryo, cold- or salinity-stressed tissues.
The Group 2 proteins have one to 11 copies of a Lys-rich 15-mer unit (K-domain),
and additionally either an Y-domain near the N-terminus or a poly-Ser domain or
both. These proteins are also largely amorphous. Group 3 LEA (D7) proteins are dealt
with after Group 4 (D113). The latter contains structurally bipartite proteins that have
a Lys- and Glu-rich helical region followed by a Gly-rich random coil of highly
variable length among different members (Ingram and Barterls, 1996).

The common feature of Group 3 Lea proteins is the presence of a 11-aa repeat

in the polypeptide (Dure et al., 1989). Members of this group include cotton D7
(Baker et al., 1988), barley HVA/ (Straub et al., 1994), carrot Dc¢3 (Seffens et al.,

1990) and Dc& (Dure, 1993a), and rapeseed LEA76 (Harada et al. 1989). The 11-mer
18 a motif in which all but Position 10 contain an aa of specific chemical

characternistic. Positions 1, 2, 4, 5 and 9 have mostly Ala, Thr, and to a lesser extent



10

15

20

25

30

CA 02422480 2003-03-14

Val, aa that have side chains terminating in methyl group, and Positions 3, 7 and 11
have polar aa Glu, Gln, or Asp, and Positions 6 and 8 have positively charge aa Lys or
Arg (Dure, 1993). The 11-mer repeats are predicted to result in an amphipathic
helices 1n which one face contains the methylated aa in hydrophobic stripe and the
other contains polar and charged aa; potential ionic bridges, for example, between Lys
of Position 8 and Glu of Position 11, are considered to stabilize the helix. The
remarkable positional conservation of hydrophobic, polar and charged aa does
indicates a functional constraint despite the taxnomic divergence of the species where
these proteins occur.

All LEA proteins have a common physiological context. Their production is
associated with intracellular desiccation caused by or associated with various
developmental (seed maturation), hormonal (ABA) and environmental conditions
(drought, salinity, cold). Although ABA is intimately associated with cellular
dehydration, ABA-induced LEA gene expression in vegetative tissues varies from
undetectable (Prieto-Dapena et al., 1999) to high (Straub et al., 1994).

Jasmonic acid (JA) 1s involved in various processes including wounding
response, senescence, pathogen attack, fruit removal and under déhydration
(Creelman and mullet, 1995). JA also interacts with ABA in modulating ABA-
inducible gene transcription (Hays et al., 1999). Recently, Swiatek et al (2002)
reported that JA and ABA regulated cell division progression differentially.

Cellular dehydration is countered with accumulation of compatible solutes
such as glycine betaine (Jain and Selvaraj, 1997; Nuccio et al., 1999) to a certain
extent, but extensive loss of bulk water and especially bound water can lead to
irreversible damages of oraganelles, membranes, proteins and enzymes. The
concomitant increase of 1on concentration would worsen the intracellular conditions.
The coincidental high-level accumulation of LEAs under developmental and

environmental dehydration, intracellular location, and the generally amorphous
structure and the very high water-carrying capacity of LEAs have favored a non-
enzymatic role for LEAs in safeguarding the cellular entities. These include
hydration, water substitution in hydrogen bonding to membrane polar heads, and
acquisition of a glassy state, and ion sequestration (Bartels et al., 1988: Lane 1991:
Close et al., 1993; Ried and Walker-Simmons, 1993; Dure, 1997: Thomashow, 1999).

Group 3 LEAS, because of their 11-aa modules of predicted helices, are considered to

prevent salt precipitation and deleterious crystal formation by trapping ions (Dure,
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1997). Interestingly, LEA3 proteins from pollen can stabilize glasses in vitro due to
the possible formation of tight hydrogen bonding network with sugars (Wolkers et al.,
2001). As evident from the foregoing, groups of unstructured proteins with lax
primary and higher order organization cannot be collectively understood by
paradigms since there is no paradigm per se for such proteins, but the examples do
provide a starting point. The accumulation of Group 3 LEA proteins correlates with
dehydration tolerance in wheat seedlings (Ried and Walker-Simmons, 1993) and cold
acclimation efficiency in rice (Takahashi et al., 1994) and in Chlorella (Joh et al.,
1995). Ectopic expression of the barley LEA3 (HVAL1) in rice (Xu et al., 1990),
tomato LE25 protein in yeast (Imai et al., 1996) result in enhanced drought and salt
tolerance in transgenic rice, salt and freezing tolerance in yeast, respectively. Brassica
napus (rapeseed; canola) is an economicaily important seed crop. The potential
importance of LEA3 in seed development is not known. With the exception of an
early report by Harada et al (1989) on LEA76 cDNA from a library of germinating
seeds (14 hr after imbibition), there is very little information. The organization of
LEA3 gene family or the promoter characteristics of its members have not been
determined. Here, we show that canola LEA3s (BnLEA3) belong to a small gene
family, and we present a model proposing that the ancestor of these arose by exon
shuffling. We further show that one of the BnLEA3 genes is highly seed-active,
weakly inducible by ABA, and not responsive to abiotic stress factors, and that a

version of 1ts promoter is usetul for molecular farming.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. (A) Deduced amino acid sequence of the coding region of the BnlLea3-1
gene from B. napus. The 11-mer repeats are boxed. (B) Kyte-Doolittle
hydrophilicity analysis with a 15-aa window that shows a large hydrophobic
C-terminal end in Bnlea3-1 and Bnlea3-3.

Figure 2. A comparison of coding region of Group 3 Lea genes from B. napus. Exon
position/length, intron position and length and perfect 11-mer repeats and
linker (L) repeats are indicated. The hydrophobic terminus are marked in gray.

Figure 3. Southern blot analysis of B. napus genomic DNA probed with a Bnlea3-3
fragment (938 bp). The nucleotide sequence of this probe has been deposited

in GenBank (accession number...). Twenty ug DNA from young leaves of B.
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napus was digested with BamHI, Dral, EcoR1, EcoRV, Hindlll and Xbal,
fractionated, blotted and hybridized as described in Materials and Methods.
Figure 4. Northern analysis of developing seeds (A) and non-seed tissues (B) for
expression of BnLea3-1-like genes. Total RNA (15 ug) 1solated from
developing seeds, siliques without seeds, seedlings (7d) or flowers (unopen)

were fractionated, blotted and hybridized as described in Materials and

Methods and Figure 4.

Figure 5. Northern blot analysis of approximately 15 ug total RNA from B. napus
aerial part of seedlings (7d) exposed to abiotic stress conditions and 50 uM
ABA for various periods of time (as indicated). Total RNA (15 ug) from the
treated tissues were fractionated, blotted and hybridized with PCR-amplified
BnlLEA3-1 probe (see Detailed Description).

Figure 6A. DNA sequence and deduced amino acid sequence of BnlLea3-1 gene
from isolated Brassica napus. The upstream promoter region is shown. Boxed
is the putative TATA box. Bold and underlined are putative cis-elements
repsponsible for seed-specific gene expression and a weak ABA-inducible
expression in seedlings. The italicized region represents the primers used in
the deletion studies.

Figure 6B. Promoter region of Bnlea3-1. The putative TATA box is boxed and
ABRE-like and other putative cis-acting elements are highlighted and
underlined. The first transcription start site 1s indicated at position “+1”. The
primer sites designated for subsequent deletion analysis of the promoter are
italicized and indicated by arrows.

Figure 7. GUS staining 1n stable transgenic B. napus and tobacco seeds and in
particle bombarded-pea seeds of indicated age in days after pollination (DAP)
and 1n seeds of indicated days after imbibition (DAI). Transgenic line 9714-22
(B. napus) and 9714-15(tobacco) were used here. GUS enzyme assay 1n
developing seeds and leaf tissue in the above transgenic lines and in mature

seeds of a transgenic line of each species with a GUS gene expressed under
the control of a duplicated caMV33S promoter (n=3).

Figure 8. Deletion analysis of BnLea3-1 promoter costructs with a GUS reporter in
mature seeds of transgenic tobacco. GUS activity measured in triplicate
samples. The segment of BnlLEA3-1 promoter, in bp from the transcription

start site (+1), 1s shown 1n the abscissa. The transgenic line numbers: -1561

(1
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(9714-15); -742 (9727-16); -5336 (9726-6); -301 (9724-7); -137 (9721-12);
promoterless (RD400).

Figure 9. Analysis of hormonal- and abiotic stress-induced GUS expression in
seedlings of B. napus transgenic line 9714-22 (see Detailed Description).
Panel A, fluorometric GUS enzyme assay of aerial parts of the seedlings
(20d); Panel B, roots only. Panel C, total RNA (15 ug) from whole seedlings
in each treatment was fractionated, blotted and hybridized with a PCR-
amplified GUS probe. The hybridization signal was measured in a
PhosphorImager SI'™ (Molecuiar Dynamics, Inc., Sunnyvale, CA) and the
signal 1n control (no stress or chemical treatment) was set at 1 in the relative
quantitation.

Figure 10. Pairwise similarity comparision between exons and introns in the
coding region of BnlLea3-1 and two Arabidopsis orthologs.

Figure 11. Promoter sequence of Bnlea3-2.

Figure 12. BnLEA3-2 promoter directed GUS expression was not detectable in the
leat (A), petiole (B, cross section), tloral bud (C), flower including carpel,
stamen, petal and sepal (D), young siliques including ovules (E), or silique
wall (F, cross section) . All bars = 2mm.

Figure 13. GUS expression was detected in embryo covering tissue at late stages
of seed development. No GUS activity was observed in 10 dap (days after
pollination) or 20 dap seed-coat (A and B); weak reaction was found in 30 dap
and strong reaction in 40dap and mature seed-coat (C, D and E); F, a close-up
view of mature seed-coat showing GUS activity localized in the endosperm
(aleurone). Bar=2mm (A to D), imm (E) and 0.1mm (F).

Figure 14. GUS expression was detected in embryo at late stages of
seed development. No GUS activity was observed in young seed coat (A) and

embryo (F) at 10 dap. At 20dap, reaction was limited in the procambium of the
radical (B and G). At 30 dap, reaction was observed in the tips of radical,
cotyledons (C) as well as procambium (H). At 40 dap, GUS reaction was in
the whole embryo although the strongest GUS activity was found in vascular
tissue as indicated by arrow-heads (D and I). In mature seed, reaction has
similar spatial distribution pattern as in 40dap seed (E and J). em: embryo; it:
integument; h: hypocotyls; cot: cotyledons; r: radicle; sc: seed coat: al:

aleurone; en: endosperm; bars= 1.0mm (A to 1), 0.1mm (J).

6
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Figure 15. Decreasing GUS expression during seed germination and at early

stages of seedling establishment.

Table 1. Homology comparison between first and second exon of Lea76 and other

LLEA3 proteins.

DETAILED DESCRIPTION

Currently there 1s substantial interest in altering seed development and
metabolism. However, the widely used cauliflower mosaic virus 35S promoter from
CaMYV virus 1s not very active in seeds. Many abundantly expressed genes including
seed storage proteins tend to be less active toward the later stages of seed development.
Theretore, we decided to 1solate seed-active promoters from B. napus and to functionally
test them in B. napus and heterologous systems such as tobacco.

In some plants such as cotton certain proteins known as LEA are accumulated
during late seed development. We decided to isolate candidate genes by screening a
genomic library of B. napus. The candidate genes could then be tested for expression and
usetul promoters could be characterized thereafter.

The regulatory sequences of candidate genes that are identified (as indicated
above) would be further characterised for their activity in B. napus and tobacco and pea.
The promoter-GUS chimerical constructs would be introduced either transiently
(bombardment) or through the Agrobacterium-mediated transformation technique. GUS
activity would be measured histochemically or by fluorometric analysis.

The 1solation and functional testing of the promoter that is strongly active in the
later stages of seed development and use of weak hormonal induction to predict its
potential seed-borne activity very early at the seedling stage.

The BnlLea3-1 promoter has been tested in stably transformed canola and
tobacco seeds and in bombarded pea seeds. It is active in all three.

There are two seed active promoters that have been isolated from Brassica
napus: Bnl.ea3-1 promoter (Fig. 6A & B) 1s most active in seeds from the time the
seeds start to accumulate seed storage proteins to near maturity. Thus foreign proteins
can be accumulated in mature seeds as shown by the example of GUS accumulation
(Fig. 7).

The above promoter is not active in vegetative parts and it is not induced by

environmental stress factors such as salinity, heat, cold, therefore the foreign protein
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will not be made elsewhere 1n the tissues tested. Thus, the protein would be confined
to seeds.

The above promoter 1s, however, induced by ABA and methyl jasmonate
(MeJA) 1n seedling tissue. Thus, among independent transgenic lines the ones that
would express the protein most highly in the seeds due to favourable position effects
may be identified very early in the life cycle of the transgenic by testing a small
explant material following ABA/MeJA treatment. This would cut down the upstream
operational cost of molecular farming

A shortened version of the promoter (0.75Kb) 1s approximately 5X more
active than the long version (1.6 kb) and thus enhanced production of the foreign
protein possible as demonstrated with GUS (Fig. 8).

In addition to Bnlea3-1 promoter, another promoter that i1s not induced by
ABA/MelA or stress factor has also been 1solated, and this promoter 1s also seed
specific and thus useful in producing foreign proteins. The Bnlea3-2 1s active in
developing seeds from 20 DAP (days after pollination) to maturity. Structurally 1t 1s
different from BnlLea3-1 promoter regarding the cis-elements involved in ABA
responsiveness. The BnLea3-2 promoter 1s 1.66kb in length (Fig.11). It is different
from Bnlea3-1 promoter, although a stretch near the proximal promoter region (1-
400 bp) is very similar to that of BnlLea3-1. Transgenic seed GUS activity driven by
BnLea3-2 promoter is as strong as Bnlea3-1.

The foreign proteins may be of intrinsic value as a "harvested material” or as a

protein that modifies the seed composition and or form.

Plant Material, Stress and ABA Treatments
Both WT and transgenics of Brassica napus (cv. Westar; hereafter canola) and
Nicotiana tabacum (cv. Xanthi; hereafter tobacco) were grown on Terra-lite Redi-

earth (W.R. Grace & Co., Ajax, Ontario) 1n a controlled environment chamber set at

20°C constant air temperature, and a 16-h day (220 4E m™ s PPFD) and 8-h night. A

solution (0.33 g L") prepared from a commercial 20-20-20 fertilizer (Plant Products
Co., Brampton, Ontario) was used to water the plants until harvesting. For stress and
ABA treatments, two B. napus homozygous lines, 9714-22 (BnLea3-1::GUS) and
9715-22 (BnLea3-2::GUS) were used. Ten sterilized seeds from each line were
germinated on 100 mL Murashige and Skoog (1962) basal medium (pH 6.5) solidified
with 0.7% agar (w/v) in individual Majenta GA7 boxes (Chicago, IL). These were
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placed in an incubator set at 20°C constant air temperature and 16-h day (50 yE m”s’

PPFD) and 8-h night. Germinated seedlings (7 d) were either kept 1n the same
incubator (Control) or given various treatments for 2 d. Cold-treated plants were kept
at 4°C while heat-treated plants were grown in a heated growth cabinet (37°C). Sterile
stock solutions (20 mL) were added to the media to give final concentrations of
following treatments: 150 mM Na(ll, 150 mM mannitol, 10% PEG (MW 3350), 50
UM () ABA (in final 1% acetone, Sigma), or 100 uM MeJA (in final 1% ethanol,

Aldrich). Shoots and roots were harvested, powdered in liquid nitrogen and stored at -
70°C until needed. Seedlings (20 d) of 9714-22 (BnLea3-1::GUS) and 9715-22
(BnlLea3-2::GUS) lines were subjected to various hormonal and stress treatments for

2d before shoots and roots were harvested separately for protein extraction and

subsequent fluorometric assay tor GUS activity.

General Molecular Techniques and Analysis of Nuclear Acids

Polymerase chain reaction (PCR), agarose gel electrophoresis, 1solation of
plasmid DNA, restriction digestion and ligation of DNA, transtformation of . coli
strains, DNA gel blot analyses, RNA gel blot analyses, were performed according to
published procedures (Sambrook et al., 1989).

Genomic DNA was 1solated from frozen young leaf tissues of canola and
tobacco wild type (WT) plants and transgenics using the cetyl-trimethyl-ammonium
bromide method (Rogers and Bendich, 1935). PCR-amplified Bnlea3-3 DNA
fragment (938 bp) was labeled with **P-dCTP using rediprime " 1I labeling system
(Amersham Pharmacia Biotech) and added to the prehybridization solution consisting
of 50% formamide, 5x SSC, 5x Denhardt’s solution, 1% SDS, 10% dextran sodium
sultate (MW=400,000 ~ 600,000) and 100g mL’ sonicated salmon sperm DNA at

42°C overnight. RNA was isolated with TRIzol (Life Technologies) according to the
supplier's instructions and northern hybridization was performed as described
previously (Huang et al., 2000). Membrane was washed under high stringency
conditions at 65°C with 0.1x SSC and 01.% SDS. Two GUS gene-specific primers
OL-2934 (5’-GGTGGGAAAGCGCGTTACAAG-3’) and OL-2935 (5°-
GTTTACGCOGTTGCTTCCGCCA-3") were used for RT-PCR reactions in this study.

Isolation of Group 3 LEA Genes from a Genomic Library
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A library of B. napus cv. Westar in A ZAP Express® Vector was used in these

screens. The sequence of pLEA76 (Harada et al., 1989) was the only sequence
available for B. napus Group 3 LEAs. PCR primers based on these (OL-1204
TTTTGAATTCCTAACCAACAAAGCTACAAAGCT and OL-1205
TTTTGGATCCATCACAAACACAAGGACACAACA) were used to amplify the
corresponding 938 bp genomic segment. This was cloned into pJH-1-11, the insert is
referred to here as BnLEA3-3. Sequence analysis showed that it was LEA76 within
the limits of the PCR amplicon, and it was subsequently used to identify three
strongly hybridizing and two weakly hybridizing clones. The latter were pursued to be
inclusive of all potential LEA clones, but were discounted later because of futile
sequencing of the inserts. The remaining three clones, BnLEA3-1, 3-2 and 3-4 were

characterized in this study.

DNA Sequencing and Sequence Analysis

DNA sequencing was done by the PBI DNA Technology Unit in an Applied
Biosystems Model 373A DNA Sequencer with a Tag DyeDeoxy Terminator Cycle
Sequencing Kit (Applied Biosystems). Overlapping sequence data from both strands

for each clone were assembled and analyzed using DN AStar software (Madison, WI).

Transcription Start Site Determination

5’-RACE was used to determine the transcription start site of the Bnlea3-1
promoter with the Marathon'” cDNA amplification kit (Clontech). The cDNAs were
synthesized from total RNA isolated from 40 DAP Westar seeds using BnLea3-1 gene
specific primer OL-2913 (5’-GGAATTCGCAGCTTGAGAGGTCTTGTC-3’; EcoRI

site underlined), amplified fragments were purified with the NucleoTrap purification

kit (Clontech), and cloned into Notl and EcoRl sites of pBluescript II SK
§Strate gene). The insert DNA in the plasmid was sequenced with OL-2913 and the 5'
adapter primer provided by the supplier.

Construction of BnlLea3-1, BnLea3-2, and BnLea3-4 Promoters and GUS Coding
Region Fusion Vectors

The full-length BnlLea3-Ipromoter and its 5’-truncated deletions, and
promoter fragments from BnlLea3-2 and BnLea3-4 were amplified from B. napus

(Westar) genomic DNA by PCR using a mixture of Taq and Pfu (1:1) and sequence

10
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verified. After restriction digestion by Sall and BamHI, the PCR-amplified DNA
fragments were inserted into the respective sites (Sal I at 5°and BamHI at 3”) of a
plant transtformation vector pJH9713, a derivative from the vector pRD400 (Datla et
al., 1992). The pJH9713 is obtained from the parental vector pPRD400 by inserting a
BamHI and EcoRI fragment containing the GUS-coding region and a Nos terminator
excised from another vector pHS744. Although, pJH9713 was used as a
transformation vector, someone skilled in the art will be able to practice the invention
by cloning these promoters into another plant transformation vector and by
transforming a plant species transiently or stably as described below by using
Bnlea3-1 promoter and promoter fragments as an example.

Oligos used to amplify BnlLea3-1 promoter and its deletion fragments,
as well as BnLea3-2 promoter are shown below:

A. BnLea3-1 Promoter and fragments

-1561bp  5-TTGATACATGGTTGAAGGA-3/5-TTTCTTTTCTTCAAAT-3
742bp  5-TTCCGGTGATGAGTTGCATGT-37/5'-
TTTCTTTTCTTCAAAT-3

-536 bp 5-TTCGCTGTAATGGTTGTATGG-3/5-TTTCTTTTCTTCAAAT-
. .

-301 bp 5-ATATTATAACATGCGGCGCCA-3/5-TTTCTTTTCTTCAAAT-
.

-137bp  5-TTAATCTCAACACACCACGCA-3/5-TTTCTTTTCTTCAAAT-
3

B. Bnlea3-2 promoter

-1200bp  5-TTTCTTTTCCTTCAAATG-3/5'-
ATAAGGAATATCAGCAATG-3’

The PCR conditions used for amplifying the promoters and fragments are as
follows:
95°C, 1 min, 1 cycle; 95°C, 1 min, 55°C, 1min, 72°C, 1min 30seconds, 25 cycles; and
72°C, 10 min, 1 cycle.

| ]
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Transient Assay of BnlLea3-1 Promoter Activity

The vector harboring the BnLea3-1::GUS fusion construct was introduced 1nto
pea seeds (Pisum sativum cv Green Feast) after removing the seed coat and into leaf
cells using a Bio-Rad helium-driven biolistic particle delivery system (Model PDS
1000). The DNA for bombardment was prepared according to Nehra et al. (1994)
using 1100 psi rupture disks (Bio-Rad). Bombarded materials were incubated 1n 0.8%
agar-solidified Petri dishes at room temperature overnight, and stained for GUS

activity (Jetterson, 1987).

Genetic Transformation of Plants

Agrobacterium tumefaciens GV3101 (pMP90) (Koncz and Schell, 1986)
derivatives carrying the above transformation vectors were used for genetic
transformation of N. fabacum (cv Xanthi) and B. napus (cv Westar) as described
before (Nair et al., 2000). Primary transgenics were selected for kanamycin resistance,
tested for GUS staining (Jetterson, 1987) where appropriate, tested by PCR for
transgene and by Southern blot hybridization to verity the GUS 1ntegration into the

genomes. Homozygous lines were obtained for Bnlea3-1::GUS (9714 lines) by

selfing.

Fluorometric B-glucuronidase (GUS) Assays and Histochemical Staining
Protein extraction and quantification for the fluorometric assay and
histochemical staining of GUS activity essentially followed Jefferson (1987). The

enzyme assays were replicated three times.

Protein Isolation and Immmunoblotting

Five hundred mg of ground tissues were extracted with 0.5-ml extraction
solution consisting of 50 mM NaPQO,, pH 7.0, 10 mM NaEDTA, 10 mM beta-

mercaptoethanol, and 0.1 % sodium lauryl sarcosine. Seed and leaf extracts

containing 20 (g proteins were used in immunoblot analysis according to Nair et al

(2000). GUS polyclonal antiserum (dilution 1/3500) raised in rabbits was used
(Molecular Probes, Inc., Eugene, OR).

There Are Four LEA3 Genes in Brassica napus
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A genomic library screen yielded three clones (Bnl.EA3-1, -2 and -4). These
along with the genomic counterpart of LEA76 (BnLEA3-3; described in Methods),
were sequenced (See Methods; GenBank accessit}n numbers ............... for all four
clones). Initial analyses showed that all of them were similar but polymorphic enough
to be regarded as representation of four independent genes of a family. The deduced
aa sequence characteristics (aa) of BnLEA3-1 provide a framework for subsequent
discussion of the familial characteristics. As shown in Fig 1, the predicted gene
product contains 268 aa, with eight 11-mer units followed by a 11-mer linker and
three 11-mer units. The 11-mer units generally follow the hallmark pattern of Group 3
LEA proteins: Positions 1, 2, 4, 5, 9 contain mostly Ala or Thr; Gln, Glu or Asp at
Positions 3, 7, and 11; and predominantly Lys or Arg at Position 6. The variations to
this pattern, if any, are also identified in Fig. 1. The deduced open reading frames of
the three other LEA3s from canola also contained the 11-mer units and the interposed
linker (Fig 2). The deduced polypeptides differed in their sizes: 161 aa in BnLEA3-2.
197 aa BnLEA3-4, and 280 aa in BnLLEA3-3 (Accessions, .............. e ———. :
................... , respectively). BnLEA3-2 and BnLEA3-4 conformed to the general
pattern of nearly end-to-end hydrophilicity of Group 3 LEAs (Fig 1B). Notably,
BnLLEA3-1 and BnlLEA3-3 deviated from this pattern and contained a long
hydrophobic stretch at their C-termini. The above analyses showed that all the four
LEA3s were independent, and additional evidence will be discussed later. Southern
blot analysis of B. napus cv Westar genomic DNA restricted with six different
enzymes showed that the genome, despite being amphidiploid, contained only few
bands hybridizing to BnLEA3-3 probe (Fig 3). Thus, it seemed likely that the clones
discussed above represented all LEA3 genes in canola, noting that the clones were
identified from a genomic library and therefore were independent of any expression

bias.

BnlLEA3 Proteins Are Organized According to An "18jX" Pattern

As shown in Fig 2A, BnLEA3 gene products are encoded by two exons, and
that the intron is in phase zero. In this pattern, Exon I encodes an 18-aa segment (18),
the intron junction (j) does not disrupt a codon, and Exon II encodes a segment of
variable length (X). We define this as “18jX” pattern. Accordingly, BhlLEA3-1 would
be referred to specifically as 18j250 and generically as 18)X. As shown in Fig 2A, the
patterns of BnLEA3-2(18j143), BnLEA3-3 (18j262), BnLEA3-4 ( 18)179) varied for
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the X portion and the larger ones were the ones to have a hydrophobic C terminus. In
each of these cases, while the intron length varied, the Phase —zero position was
retained. Considering that B. napus is an amphidiploid (Truco et al., 1996), the above
analyses suggest, but not prove, that BnlLEA3-1 and Bnl.LEA3-3 are counterparts and
so are the two smaller, completely hydrophilic ones. Thus, one member of each set

might have been derived from an ancestor of the diploid parents of the B. napus.

The 18jX Pattern Is Bipartite with a Rigid “18” Portion (Exon I) and a Plastic X
Portion (Exon 1)

The 18jX pattern seemed to suggest that the larger, C-terminal hydrophobic
ones were simple expansions of their shorter counterparts or the latter ones
contractions of the former. If that were the case, the aa sequence of X 1n the four
LLEAs would be nearly identical except for the additional segment in BnLEA3-1 and
BnlLEA3-3. Amino acid sequence identity scores revealed an interesting trend (Table
1). The 18 portion was highly conserved (100%) among all the four LEAs, but the X
portion varied substantially from 49 to 76% when the X of BnhLEA3-1 was compared
with that of the other three LEAs after trimming the right side overhang 1n the
sequences. Even a liberal approach of gapped analysis did not improve the 1dentity
score substantially. Thus, it was clear that Exon I was held constant whereas, in
relative terms, Exon II was highly variable. This pattern was consistent with the Exon
Shuffling theory....... Notable in this regard is the evidence for occurrence of 11-mer
units in alga (ref.) and animals (ref.). A model pertaining to these observations will

be presented in Discussion.

BnLEA3 Gene Expression Spans the Phases of Storage Reserve Accumulation,
Desiccation and Maturation in Seeds

Northern analysis with BnlLEA3-1 as a probe showed that Bnl.EA3-1-related
transcripts accumulated in developing B. napus seeds from approximately 24 days
after pollination (DAP) until maturity, and diminished in seed tissue collected 2 days
after imbibition (DAI) (Fig 4A). These transcripts were not detectable in empty
siliques (seeds removed; shown as pods in Fig 4B), seedlings or flower tissues.
Although BnlLLEA3 gene family is a small one and the hybridizations were performed
at high stringency, the possibility that the expression reported here is a sum for all the

members of gene family was not ruled out.
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BnlLEA3 Genes Are Not Responsive to Abiotic Stress Factors But Are Induced
by Abscisic Acid Treatment

Transcriptional induction by abiotic stress factors 1s one of the teatures of LEA
genes (Seffens et al., 1990; Shen and Ho, 1993; Delseny et al., 2001), but BnlLEA3-1
or any of its closely related paralogs were found not to be induced. B. napus seedlings
subjected to cold (4°C), heat (37°C), salinity (150 mM), or osmotic stress (150 mM
mannitol) did not show any BnLEA3-1 transcript at all (Fig. 5). This indicated that in
seedlings BnLEA3 genes were neither active nor inducible by the various abiotic

stress conditions. However, treatment of the seedlings with ABA (50 uM) resulted 1n

detectable steady-state levels of BnLEA3 -1. These results might also suggest that
none of the four LEA3 genes was active in vegetative tissue except when induced by

ABA, if the observed hybridization was due also to other LEA3 genes.

BnLEA3-1 Promoter Contains cis Elements Associated with Seed Expression
and ABA Induction

Since the promoter structure of any LEA3 genes from B. napus had not been
characterized, the upstream region of the BnLEA3-1 coding region was sequenced
and the putative cis elements (plus strand) present in seed storage proteins and ABA-
inducible genes highlighted and underlined (Fig. 6B). The transcription start site
(TSS) was determined using 5’-RACE. Trough searching the cis element database
(Higo et al., 1999), the promoter was found to be rich in several canonical sequences
present in seed storage protein genes: 10 CAAT boxes, 3 (CA)n elements
(CNAACAC), 26 E box elements (CANNTG), 1 napin motif (TACACAT), and 5RY
repeats (CATGCA). In addition, 2 ABRE motifs, 11 G-boxes (CACGTG/NACGTN,
perfect/impertect, and 9 DPBF elements (ACACNNG) were also identified. LEA
proteins are historically considered to be associated with embryo maturation and seed
desiccation that occur late 1n seed development. The occurrence of BnLEA3-1
expression in the preceding phase of seed development when storage protein genes

are most active might be orchestrated by the cis elements found in common with seed

storage protein genes.
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Bnl.EA3-1 Promoter is Predominantly Functional in Seeds, and Is Active in
Canola, Tobacco and Pea

A 1561-bp segment of the Bnlea3-1 promoter (Fig 6), retrieved by PCR, was
fused to the coding region of E. coli GUS gene-and the chimeric gene (hereafter
BnLEA3-1::GUS) was introduced into B. napus and tobacco by Agrobacterium
tumefaciens-mediated transformation. Twenty independent transgenic lines from B.
napus and 10 lines from tobacco showed GUS activity in developing seeds but not in
leat tissues. As shown for one line from each species (Line 9714-22 from canola and
9714-15 from tobacco), a strong GUS-mediated histochemical staining was observed
In developing and mature seeds of both canola and tobacco whereas only a weak
reaction was seen in imbibed seeds or seedlings (Fig. 7A). Particle bombardment of
the above gene construct into pea tissue resulted in GUS expression in seeds but not
leaves. Quantitative assay with canola and tobacco samples confirmed that the 1561-
nt promoter region of BnLEA3-1 conferred seed-specific expression. Furthermore, the
promoter was found to become active in both species in approximately the second
phase of the seed development regime and to remain so until seed maturity. This
agreed well with the northern results reported above. Notably, the promoter was much
more effective, especially in tobacco, than a duplicated CaM V35S promoter that has a
very high level constitutive activity (Datla et al., 1992); Furthermore, the BnLEA3-1
promoter activity remained high in mature canola seeds, ~ 70% of the maximum level
that was seen in 40-DAP seeds. In tobacco seeds, however, mature seeds contained
only ~ 20% of the 40-DAP level, but it was still 12-foid greater than the GUS level in
CaMV33S seeds. This suggests that BnLEA3-1 promoter is effective for producing

foreign proteins in seeds.

BnlLEA3-1 Promoter Region Contains Segments that Impact Expression
Positively or Negatively in Seeds

To examine the presence of possible enhancers and repressors in the promoter
region, tobacco was transformed with a series of GUS reporter constructs with nested
deletions (Fig. 8). A deletion that retained only 137 nt of the sequence upstream of the
TSS (shown as —137 in the abscissa in Fig 8) promoted a basal GUS activity at 30%
of the level seen with the parental construct containing 1561 nt. Interestingly, those
constructs with 742 nt, 536nt, or 301 nt showed greater levels of GUS activity than

the parental construct, and —742 construct gave the highest level of GUS activity (710
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7). In general, the increase 1n enzyme activity was supported by increased
production of GUS protein in the seeds (Fig 8, inset). The magnitude of expression
should be considered in light of the observation that mature seeds of tobacco retained
only ~ 20% of the maximal activity that was seen with younger seeds as shown
carlier, thus the level presented here might be an underestimate. These results are
likely due to the presence of a dominant silencer function in the sequences upstream
of —742 nt. The region downstream of —742 has several positive elements such as
ACGTGT (G-box) located at -167, -217, -236, -264, -660, and -682 bp; AACAC
located at -167, -183, -214, -657 bp; and CAGTTA located at -248 bp in the region.

BnlLea3-1 Promoter Is Responsive to Abscisic acid (ABA), and Methyl
Jasmonate (MeJA) but Not to Stress Conditions

Expression of BnLLEA3-1-like genes was not detectable in seedlings under
normal conditions or abiotic stress conditions, but was evident in ABA-treated
seedlings as shown above (Fig 5). To find out specifically if BnLEA3-1 expression
would respond to these conditions, a homozygous transgenic line of BnLLEA3-1::GUS
was tested tor GUS activity (Fig. 9). Cold (4OC), salinity (NaCl, 150 mM), osmotic
stress (mannitol, 150 mM; or 10% v/v polyethylene glycol, PEG) had no positive
etfect on the promoter activity in shoots or roots, whereas a negative effect on gene
expression was seen with PEG. Interestingly both MeJA and ABA enhanced gene
expression in roots, but in shoots there was a marginal reduction in GUS activity. This
indicated that the basal level of BnlLEA3-1 promoter in vegetative tissue under these
conditions was weak and that induction by the hormones was very moderate in
relation to the GUS activity levels seen in seeds.

Understanding gene functions that are associated with seed maturation is quite
important from fundamental and applied perspectives. We have characterized a gene
family specifying LEA proteins in B. napus, a major crop cultivated for its seeds.
LEA proteins occur widely in all higher plants, and the presence of a LEA-like
protein in an alga, point to an ancient function that has been adopted for seed-based
perpetuation of plants. There is tremendous structural diversity between and within
groups of LEA proteins, and the physiological and developmental contexts in which
they manifest also vary. A collective feature of these genes is their up- regulation by
abiotic stress conditions, endogenous conditions of a maturing seed and ABA

treatment. 5nL.EAS-1 differed in this respect. Its expression was responsive to
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developmental aspects of seeds but not to abiotic stress in vegetative tissues. Nor was
it as responsive to ABA as other Group 3 LEA genes such as are barley HVAI (Straub
et al., 1994) or wheat Group Lea gene (Ried and Walker-Simmons, 1993). Thus,
Bnl.EA3-1 expression is largely seed-specific. Indeed this property may be quite
useful in molecular farming applications. The full-length promoter was superior to
enhanced CaM V35S promoter in producing the test protein (GUS) in seeds, and the
identification of a shorter promoters that afforded even greater levels of transgene
expression would be particularly useful in this regard. The observation that the
promoter was functional in representatives of three different plant families shows that
the cis elements are recognized across the species and that the promoter may be used
in a wide range of plants. The weak ABA inducibility in vegetative tissue may be
exploited for early identification of potentially high-expressing transgenic lines
among those exhibiting a range of transgene expression later in maturing seeds.

Group 3 LEA genes from B. napus and orthologs from Arabidopsis are closely
related regarding the position of first exon and intron (Fig 10). Further analysis
reveals the rigidity of the first exon and intron exist among several Group 3 LEA
protewns including bafley HVAI1 and carrot Dc3 (Fig 3). The ngidity 1s better
described as 181X pattern where the intron 1s conserved after the first 18 or so aa
residues of the first exon, whereas the second exon 1s quite variable (X).

Analysis of 23 Group 3 Lea proteins from different species demonstrate that
the number of 11-mer repeats vary from 3 in Corylus avellana (accession number
CAC39110) to 18 in Glycine max (accession number S61426). Two to six 11-mer
repeats are truncated from BnLea3-1 and Arabidopsis orthologs, in comparison with
Lea76. Previously it has been reported that sequence variation among Group 1 Lea
members from barely is associated with the number of the repeated internal motifs
(Stacy et al., 1995). Although the amino acid (aa) consensus is largely conserved at
various positions in the 11-mer repeats, several substitutions of consensus aa restdues
were found throughout the coding region. For example, it is less conserved for the
residue K at the 6 position in BnLea3-1 with the second common residue Q having a
36% occurrence (Fig. 1A). Replacing the positively charged K with a polar,
uncharged Q may imply some implications for the structure-function relations of
BnlLea3s-1. The occurrence of T/A consensus at position 1 1n the 1 1-mer repeats of

BnlLea3s-1 1s unusually high, compared with the consensus in 205 repeats of 22 Group

3 Lea cDNAs. Bnlea3-1 and Bnlea3-3 differ from Bnl.ea3-2 and Bnl.ea3-4 as well
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as other Group 3 LEA proteins in that they contain a hydrophobic C-terminus (Fig
1B). Collectively, these data clearly show that Bnlea3-1 is a novel Group 3 Lea gene
regarding gene structure and expression transcription pattern.

Both BnlLea3s-1 and Dc3 promoters are highly seed specific. GUS activity of
seed to leaf ratio 1n transgenic plants carrying BnlLea3-1::GUS is 650 and in
Dc3::GUS is 796. Both BnlLea3-1 and Dc3 promoters are also inducible by ABA and
to a lesser extent, by MeJA. However, BnlLea3-1 promoter differs from Dc¢3 and
HVAI promoters in that the later two are highly responsive to ABA and osmotic stress
but the former 1s not.

Transcriptional regulation of gene expression is attributed to the cis-acting
elements in the upstream promoter region (Datla et al., 1997). Conserved cis-acting
elements such as the G-box (Mundy et al., 1990), ABRE (Shen and Ho, 1995), DRE
(Yamaguchi-Shinozaki and Shinozaki, 1994), L.TRE (Weretilnyk et al., 1993) and
other unique sequences (Kao et al., 1996) are found in the promoter region of ABA-
and stress-inducible genes. BnlLea3-1 promoter contains several conserved G-box like
motifs, ABRE elements and DPBF elements (Fig. 6B). These elements may interact
with certain transcription factors to modulate ABA-induced gene expression (Datla et
al., 1997). However, Bnl.ea3-1 promoter was only weakly inducible by the ABA
treatment, this may be due to the lacking of CE1 elements (TGCCACCGG) which are
required for high ABA responsiveness (Shen and Ho, 1995).

Both Bnl.ea3-1 and BnLea3-2 contains similar cis-elements conserved in other
seed storage protein genes including the (C/A)ATGCATG motif or RY element
(Dickinson et al., 1988) and the CACA sequence motif in many seed-expressed genes
such as lectins and trypsin inhibitors of legumes (Goldberg, 1986). Two CACA box-
like motifs (AACACA, TACAACA) reside within —170 bp upstream the first
transcription start site of Bnlea3-1 promoter. This (CA)n element (B-box) conserved
among of B. napus 2S promoters enhances embryo-specific transcription and
represses transcription in endosperm and leaf tissue by interacting with protein factors
present 1n the developing seeds (Rask et al., 1998).

Progressive deletions from the 5° upstream of the BnlLea3-1 promoter revealed
possible positive elements enhancing GUS transcription residing between -137 bp and
-742 bp of the promoter region while negative elements suppressing GUS
transcription are located between -742 bp and -1561 bp (Fig. 8). The proximal

promoter of sunflower helianthinin gene HaG-3 confers a seed-specific induction by
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ABA (Nunberg et al., 1994). In contrast, basal ABA-1nduced GUS expression was
found in leaves of the deletion line carrying the -137 bp segment, which comprises a
putative TATA box, a perfect (CA)n element, and a perfect G-box.

Although it 1s slightly activated 1n vegetative tissues by MeJA and ABA,
BnlLea3-1 promoter 1s not activated under osmotic stress or cold treatments. This 1s
an unusual observation not found for other Lea and Lea-like genes (Yamaguchi-
Shinozaki and Shinozaki, 1994). Recently Swiatek et al (2002) have reported that
ABA and jasmonic acid (JA) negatively regulate cell cycle progression at differential

levels. At 200 uM, ABA arrests cell cycle at G1-S phase transition while 100 uM JA

arrests cell cycle at both G1-S and G2-M stages in synchronized tobacco BY-2 cells.
Given that BnLea3-1 1s involved in MeJA and ABA signaling, it seems that it 1s
responsible for cell cycle arrest so the precocious germination can be prevented. On
the contrast, another Group 3 member BnLea3-2 whose promoter is active only In
seeds, but not in seedlings treated with ABA, MeJA or various stresses (Fig. 11).
Regarding ABA- or dehydration-induced expression, Bnlea3-2 promoter resembles
that of DCS8 gene (Hatzopoulos et al., 1990). Therefore, we speculate that BnlLea3-2
are likely involved 1n maintaining proper embryo development probably as 1on
sequestration proteins in maturing embryos (Dure 1993a, 1993b). Taken together, our
data indirectly supports the notion that Group 3 Lea proteins render diverse functions
to ensure proper embryo/seed development.

At least two distinct pathways are proposed for ABA-induced gene expression
(Liet al., 1999). One is the constitutive ABA signaling pathway in which some RAB
(responsive to ABA) and dehydrin genes are involved. Another is tissue-specific
signaling pathway involving Arabidopsis ABI3, maize C1, and sunflower HaG3 and
Ha ds10 (Prieto-Dapena et al., 1999) whose expression 1s up regulated by ABA only
in seeds. Like Dc3, apparently Bnlea3-1 1s involved 1n both the constitutive ABA-
signaling and the MeJA-signaling pathway. Little 1s known about the cross-talk
details of these signaling cascades. Unraveling the components of the signaling
cascades such as protein factors and interacting cis-elements in the promoter region of

Brnlea3-1 awaits further investigations.
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The BnLLEA3-2 (9715-22) promoter is specifically active in maturing seeds of

transgenic Brassica napus as assayed by the GUS reporter expression

Method:
The chimerical BaLEA3-2 (9715-22) promoter:GUS was constructed and

transformed into Brassica napus by the Agrobacterium-mediated approach. Detection
of GUS activity in the transgenic plants was carried out using 5-bromo-4-chloro-3-
indolyl glucuronide (X-GLUC) (Biosynthesis) as described by (Jefferson, 1987).
Vegetative tissues, flowers and seeds, dissected if necessary, were incubated 1n 100
mM sodium phosphate buffer (pH 7.0) with 10 mM EDTA, 0.1% Tnton X-100, 0.5
mM potassium ferricyanide, 0.5 mM potassium ferrocyanide, and with 1 mM X-
GLUC (dissolved in DMSO) at 37°C overnight. Samples were further cleared by
overnight incubation in 70% ethanol. The results were taken into digital photos.
Results:

1. No positive reaction was detected in vegetative tissue (such as leat, petiole),
floral buds, flowers including anthers, petals and sepals, young siliques
including ovules and silique wall (Figurel2).

2. GUS activity was detected 1n embryo tissue at later stages of seed
development. It started at 30 DAP (days after pollination) until to mature
seeds (Figure 13). Microphotograph shows that some activity was in the
endosperm (aleurone layer).

3. GUS expression was first detected in part of embryo at 20 DAP and then to
the whole embryo at the mature stage (Fig. 14). GUS reaction was not
detected in the young seed and young embryo. At 20DAP, the positive
reaction was limited in the procambium of both the radicle and the hypocotyl.

At 30DAP, the reaction could be observed in the epidermis of radical and the
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tips of the cotyledons as well as procambium. After 40 DAP, GUS activity
was seen in the whole embryo with the strongest activity in vascular tissue.
GUS expression continued in germinating seeds and young seedling (Fig. 15).
Obviously, the activity was reduced from stem, root to cotyledons. After 10

days, virtually no activity could be found 1n seedlings.
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WE CLAIM:

An isolated DNA sequence or a DNA fragment or homologues thereot which
selectively promotes gene expression in a plant seed, and under certain
conditions in vegetative tissues for early detection of gene expression.

An 1solated DNA sequence as shown in Figure 6 or a DNA fragment thereof
or a DNA sequence substantially homologous thereto for expressing another
DNA sequence 1n a seed.

An 1solated DNA sequence as shown in Figure 6 or a DNA fragment thereot
or a DNA sequence substantially homologous thereto for expressing another
DNA sequence in vegetative tissue under certain conditions for early detection
of the expressed DNA sequence.

A plant, seed, vector, or expression cassette containing an isolated DNA
sequence as shown in Figure 6 or a DNA fragment thereof or a DNA sequence
substantially homologous thereto.

An 1solated DNA sequence as shown in Figure 11 or a DNA fragment thereof
or a DNA sequence substantially homologous thereto for expressing another
DNA sequence 1n a seed.

An 1solated DNA sequence as shown 1n Figure 11 or a DNA fragment thereof
or a DNA sequence substantially homologous thereto for expressing another
DNA sequence 1n vegetative tissue under certain conditions for early detection
of the expressed DNA sequence.

A plant, seed, vector, or expression cassette containing an isolated DNA
sequence as shown in Figure 11 or a DNA fragment thereof or a DNA

sequence substantially homologous thereto.
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GTCATCGAATTCT Y TGT TAGAT TAAAATAT AL ATCTTAARATAAATTYCTCCATARATTCCTAT ARRATATATT -1825
TTCACnTGTTTTTTTTTAAAACTAGuAAGAGTfTGQA”C“TCAGF“C*AGTCTAGCTCCAGAGTTGGGATTT‘ -1753
TCACTACTTTTGTTAACAGTTCTTCTTAAGTATCAATATACCCATGTGTCATATTCTTCATT TETTCTCATG -1681
TTTATGTTTCAGTTCATATTCTTCATTTGTACCAATCCAGGTGAAGTAGAAGATATTATATTITGTTCGATTC ~1609
TCTAGCTTGTTTAARTTTACTAGCCGGLTACTCGTGCTGGTITCTGCT TTGATACATGGTTGAAGGACTCATC ~1537
TCTTTTTTACCGTTATCGTATATATCATAAGTAGTGCUCTCAATUTCGAATGTTACCAACGTTUGGTAATTTT ~1465
TCGTTTGCEGCGCCTCTATTTCTCACGTACCTGAT S 9PTATTTAT&TA&”TTATAG%&AAGC LTTGETATCC ~-13%3
CC@*TCCATTmAAC“¢GuTAAGmATTTTCAT“GuF*AFTTG“Ck”%CCTA”%ACAAGGCTAATMAAETA?AT ~1321
GTGGATGTGAATACATAGTTCAAACTAAACCTCGAAGTAGATCAGATCAATTCAATTCAAARALCTTTAGTA ' -1249
AGACGGAGACCGGGACTTCTCTICTCTCCTCTGTGACGATGAGTGTTGAAGCTTTTCGCCCGETGCTCTATCTT ~1177
GCTTTTGATTCTTGTTTTCTTGGGCTTTCGAATCUGGGAAGCIGTTTGCTCTTTACTTCTTACGCAGGCTTC -1105
CTAGTTCTGTTTCCGGGAGAAGGAGGCTTCCTTGGECTCCGTTTCTCGLCCGGCTTACCATTCOCGAGGTETO —-1033
AGGUTCCGAGCCTAGCGCCGTTCGEGCTTTGATTATCACCCCTTTCCTCAAGEGTGTCGATCTTCAGCTTTGLTCG -901
TGATTTATGTGCTCTTGETTTAGTTCCCTCTGARGAGATCTCGAATACATCGAATGTTTCTCTTCGATGET ~88Y
TTGACATCAAACAAGAGGAGGTGTGGGA?TAC?T?RATC»CQTCATEGGC’GCTTGGTGGCTC&GG&TGQGC -817
TCTCGAAGTGGTTCGATGGARAGCTCTCCGGAGRACGAGCTCAGCLETGGATCGTGGTCECGATGTCEEGTATG - 745
CT TTCCCETGATGAGTTGCATGTTCCCTCCGGLGATGCAGGCAGGAGAAGCGGTTTGGCGACACGTETGUCT ~073
CFCRGTTGAGGTCTV%ACACGTGGGCCG*TGTGCTG“CGTT1GGGALGGTCGCATCTTT”TTGLGCW?TGTT ~60 1
GGuCCGGGATTTTAGACGCTCCTT¢TGTTGGTW?TTTTTTTAPG“TTTAGCTCCA PCTTGGTCT TTCGECTGT -529
AATGGTTGTATGGGGTTTGGTTCTGTTGGACTCTTITTATAATARTAATARTAATAGATGGAAAAARAANAR —457
AADAAARAAACCTCGAAGTTGTCTGGATACTTCTATATTTTAACTTTCGAT TTCAGCGAACTGGTGACCAAG ~385
TGATGTTTGATTATTTGACAATGTCACGGARACATGCATGTAACAACCCGAT ACAAATGETCAAARCTTARCA -313
TAGCCATATTGATATTATAACATGCGGCGCCACACTTATGGTGTTGACACCTAGCAAGCATCTTCAGTTAAL ~243%
CATAACCTGTCGCAACTACACAGCATAACACGTACAAGATCGAGAAACCGCATACTRAACACTGLCAAACTA ~1069%
CAACACCCATACTCACTAATTTAATTAGCTT ITAATCTCAACACACCACGCAGCTATACACGTGETCTTCTAT ~97
beA&C&CGTGCCTTGL-CTCQﬁ}bCJACb%AGHCQCAC%pmAAﬁL TCTCGATGGTTTGGAGAGRTAATAL =23
‘?‘+
ACATTTTCTACACAGCAACARACACTTTAAGARARAGCTTTAACTTICATTTCATATTTGCTCATTTG GAAGA 48
AAAGAAAAATGGCGTCTAACCAACAGAGCTACAARGCTGGTGAAACCAGAGECRAGACTCAGgLactaataa 120
M A S N Q Q S Y K A G E T K G K T @ 18
tataatacgtctacatatctatatatgiatct tattctotttzcaagtitctaaagatgattLggtgiglaa 192
raacagGAGAAGACAGEATAAGUTAY IGGGAGCGATGAGGGACAACGGCTGACGGAAGGCAGGGACAAGACTTCC 264
E K T s O A M G A M R D K A E BE G R D & T =& 40
CAARCGGCCCARACAGCCCAACAARAGGUTCAGEAGACGCLUCAGGELAGLS XAAGRC&AGPCATCT”AnGFT‘ 33¢
g T A Q T A ¢ O XK A Q & T A @ a2 A K D K T & G A o4
G CQAPCGAVGCAGCAA}AGGCGCQTGAAACAACACAUCClACmAAHuACAnQRCCrCmCAgGCTGCCCAA. 408
A O T T ¢ Q K A H ¢ T T Q A T K D XK T S5 Q A& A ¢ 88
ACGACCCAGCAAAAGGCTCATGAGACGACCCALGCAGCARARGACAAGACATCTCAAGCTGCTAAGRTGLCC 483
T T O O K A H E T T Q A A X D K T S Q A A K T A5 112
CAAGAAAAGuCCC““GAGACGAAGGRCnnAACQGCXAGTTACATGTCPGACACAFGAGAAGCCPTAA&GCau 552
O £ K A H &8 T X D X T G 5 ¥ M s & T & & a 1 K () 136
AAGGCTCAAAACGT TGCTCAGTACACAAAGGAGACGGCTCAAGAAGCCGUTCAGTACACGAAACAGACGHLLUT 6l 4
K A ¢ N A A ¢ ¥ T X E T A ¢ E A A Q Y T K E T & 160
CAAGCCEGTAGAGACAAGACCGGTGGGTYCTTCGAGCCAGACAGETGAGCAACGTGAAGCAGATGECGATELGY 620
E;QGRDK?GGFLSQTGEQV‘(Qm&%’ic} 184
GO TGATGCGOTSARAACACACTTTTGEGATGGL TACGCACGAAGARGATLAGGAACATTATCCAGGLACA 7168
A A D A V K BE T F GG M A T £ E E D K B H Y 2 ¢ ¥ 208
ACTACGACCACTACTGGTACTACTCGGACCACTGATCCTACTCATCATACTTATCAGARGGAAGTGATGARTA g4
~ T T T T &G T T R T T D P T H H T Y Qg K E V¥V M 1 232
COAAGACAATTATGTAACGTGTCT TTTCTTTTGTTTICTATATTGTCTTGTITGCTCTTTTGACTTTTCAGTG 89172
7 R E L C N V &$ ¥ L L ¥ L ¥ C L VvV ®w S8 ¢ D ¥ & V 250
T GTTTGT TATC TCTETCETGTCC T TG TET T TG TGATTCC I TCATGCATCTTTTGTT ST ZACGETGATC 93 =
s L & ¥ I s 7 NV S - < L END 209
CTSGAGACTTC TAAT T TCCAGCCAATAACTTTAGATTTCGATCCCATTGCARCTTTTGTATCGTCCAATTTOT 1055
ATTCTTGT TTTAAATAAAMAGT”ﬂTWAA“TCC%TACCRTTATCC%CT””A”CTAATGUACMAQCTCA“AACC 1128
CGCGCCTTGCGCGGAATARAAT TATTAATTTTAATATTTAT AAGATAAGARGATATTAAATCTCTTTAGTGT 12C0
GOACATCGATTTGG T TTTAGGTTGGATTTTTTTAGAT T TARCTCTTTTAARATATAACAACTATTCGGAAGT 1272
TGTATTTAT TTTGG T T TG TTCGATTAAACTGATTTTCATTTTTCTTTCTTTICGGTGATAGATTIGCAGTTGEA 1344
aTA”AmATCGAT“1“TPCﬁAACTTTATC?TAnnAnAC*“GR”A*C“IACC”GATACAATCAGTTACmTT?hA 1416
TGOGATCATCCTTCCATT T TTTAAATAAATATATAATIAATATCCTTRAGCCAATTAAGTAAATTGAR 1484

Fig.6A DNA sequence and decduced aminc acid seguence or Bnkeal-2 geneg from isolatec
mr&SSl”a nacus. The upstream promoter region 1s Shown. Boxed is the putative
TMTH box. Bold and underliined ar2 putative cis-elements repsponsible for seed-
Specific gene expression and a weak ABA-inducible expression in seedlings. The
iralicized region represents the vrimers used in the deletion studles.
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GTCATGGAATTCTTTGTTAGAT TARRATATARATCTTARATARAT TGTCCATARATTCGTATAARATATATT >
TTCACATGTTTTTTTTTAAAACTAGGAAGAGT TTGGATCTTGAGCCCTAGTCTAGCT COAGAGT TCGGAT T T :i§M5
TCACTACTTTTGTTAAGAGT TCTTCT TAAGTATGARATATACCCATGTGTCATATTCTTCAT T TG TTCTCATG -1 51
PTTATGTTTCAGTTCATATT CTTCATT TG TACCARTCCAGGTGARGTAGAAGATATTATATTTGTTCGATT o
TCTAGCTTGTTTAAAT TTACTAGCCGGCTACTGGTGCTGGT T TG TG TTTGATACATGGT T GAAGGACT CATC _%609
TCTTTTTTACCGTTATCGTATATAT CATAAGTAGTGGCGTCARCTCGAATGTTACCAACGTTTGGT AR TTT :”Zgg
TCGTTTGCGGCECGT CTAT T TCTCACGTACCTGATAGAGTAT T TATATAAT T TAT AGA AL AGCAT TG TATCR ~f3a3
CCATTCGATTARACATGGTAAGTATTTTCATTGGCTAGTTGTCACACETATARCAACGOT AATTAATT AT AT 1321
GTGGATGTGARTACATAGT TCAAACTARACCT CGAAGT AGATGAGATCARTTCART TCARAARACTTTAGTA ~?§@9
AGACGGAGACCGEGACTTCTCTCTCTCCTCTGT GAGATGAG TG T T GAAGC T T T T CGCCCCGTEOT CT AT T T ~1177
TGCTTTTGATTCTTGT TTTCTTGGGCT T T GAAT CCGGGAAGCCET T TGCTCT TTAGT TOT TACGE ACCETTC ~?1é5
GCTAGTTCTGTTTCCGGGAGRAGGAGGCTTCCTTGGCTCCGT T TCTCGCCGGCT T ACCAT TCCCAGETOTCR 1033
AGGCTCCGAGCCTAGCGCCGTTGGCTTTGAT TATCACCCCT T T CCTCAAGGGTGTGACTTCAGCT TTGCTCR -961
TGATTTATGTGCTCT TGGT TTAGT TCCCTCTGAAGAGAT CTCGAATAGAT CGAA TG T TTCT CT TCOATGGTA ~-889
TTGACATCAAACAAGAGGAGGTGTGGGAT TACT TTAATCCCGTCATTGGCGGCTTGGTGECT CAGGATGACE -817
TCTCGAAGTGGTTCGATGGAAGCT CTCCGGAGAAGAGCTCAGCCGTGEATCGTGGTCGCOATGTCECGTATC ~745
GTTTCCGGTGATGAGTTGCATGTTCCCTCCGGCGAT GGAGGCAGGAGAAGEGGT T TEGCGACACETETG T ~673
CGCAGTTGAGGTCTCARACACETGEGCCETTGTGCTGTCGTTTGGGACGETGGCAT CTT T TTTOGGCT T TGTT ~601
GGGCCGGGATTTTAGACGCTCCT T T TG I TCGT T T T T T T T T TAGG T T T TAGGTCCR T CT GG TCT T TCGOTAT 529
AATGGTTGTATGGGGT TTGGTTCTGT TGGACTCT TT T TATAATAAT AAT AATAAT ACATGEARRARAAARARA -457
ARARRARARACCTCGRAGTTGTCTGGATACTTCTATAT T T T AAGT TTCOATT TCAGCO AR CTCATCACCAAL 385
TGATGTTTGATTATTTGACAATGTCACGGAAACATGCATGTAACAACCGATACARATGGTCAARACTTAACA ~313
TAGCCATATTGATATTATAACATGCGGCGCCACACT TATGE TG T TGACACGTAGC AAGCATCT TCAGTTAAC ~24]
CATAACGTGTCGCAACCACACAGGAT ARCACGTACAAGATCGAGARACCGCATACTARRCACTGOCARACTA 169
CRACACCCATACTCACTAATTTAATTAGCT TTTAATCTCAACACACCACGCAGCT AT ACECOTGTCTTCTAT ~g7
GCCAACACETGCCTTCTTCTCAAACCGACCAAGACECAC TA TAAATGTCT CCAT GG T TTGEAGAGACAATAC ~25
48

CATTTTCTACACAGCAACARACACIT TTAAGARAAAGCTTTAACTTTCATTTCATAT T TGCTCATTTGAAGA
AAAGRARAATG - ORF
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5. 3
TTTCCAATATGGATTITGGA AAAACCGGGGAAAATGTTATTAACCATTITTAACC
AAAAZTATATGGGCTAAACATATGGGGAATTAAACTTAACCGGAATGTAAGTGG
GGATGCCTCAACTATGGTCGTTTATCGGACAATAT2ACCCTTGGAGAACATATTA
TTTATTTIGTTTCATGGTCACGTTTCAATTCGATCATGTITTIGCATGGACTATTATT
AGTACTCGTCACAGTAAAAGCTGAAGATATeGTATAGAACAGTAGAACCCCAAA
AGAAATCGTATAGATCAAACTGTTACTTTCTCTAAAAAAAAATCCGTTAAAAAAA
TGATTTTGCATTTCAGAATCACTAAAAAGAAATCTTAAATCTAATTTAGATAAACG
GTAAATTGTGTGGTTTATAAGGAATATCAGCAATCGATAAAAAGTGAAAACAATAC
GGAATTTCTCAATTGTTGTGTATTTTATTGATI TAATATATATATATATATATATAT

ATAATTTTTTTITTITTITGAACTAT2AAACCATCGATTATGAGACAAATATTGTAA
TTTGAGTTTCGCACAAATAAAAGAGTACTCCTCTTAGTTTTICTCITATATATTITA
TTATTITCATCTACTTATAGATTATGCAAATGATTCTCAATGATAATGCTATAAAAT
GGTTGTAGATAAAGGATAAATAAGGGAGCGAAGAATCTGGAGTATATAAAATAGGS
AAAAATATATAAAACTTACTGCCTATTGGTALACATTTIGAGAAA TATGGGATCAT
TAAAGTTAAAGTTAAGCTGCAACTGTGGATTCTGAHTCATATGC2GaCTGTGaTTGA
TACGTTGTTGaAGTAA C’ECA%”TTGWW ITTCTCTGTTATATATAGTATCATAT

GTATTGCTGCCATTCAAAATTTACTAAATTGTTGTTAATTTTCTATATCATCGTCAT
CTGGCGCCATTCGAATTTTACTACA' EWA?@W@?@MQ TTTGTGCTAATATTT
TCAACGTGCATCAGTCIGGGTTGTATTTCATTGGCTAGTTGTCACACATCGAACAA
GGCTAATCATATGTGGAGGTGAGTACGTAGT T CAAGGACTAACCTCGAAGTTGOTC
GTTTTCGGGAATACTTTTATATTATCAATT TTGATTTCA2AACGCTAAAGAGTATTTT
AATGTACTATCTCTAAGTGATGTTITCATTGTITGACACGGTTACGGAACATGCACGT
AACGACCGATACACAATGAAGAACAAAAATTATGATAAGCCATATTGATAGTAATA
TATTATAACATGCGGTGAACGACACTTCTTGTGTCACCACG TTATCAAGCATCCTTTC
AATCAACCATGATGTTGTTCGCAACCACAGALGAACAACACGTTACAGGATTOGAAA
AACCCGCATACTAACACTTGCAAAGTTACAACACCCCCATACTCOCTAATTTAATTAG
TTTTAATCTCAGCATACCATGCAACTATACACGTATCTTCTGTGCTTACACGTGTCCCA
TTCTCCAACCGACCAAGACACACTACAAATGTCCCGATGGTTTGGAGAGACAAAACA
GAGTTTCTACACAGCAACAATCACTTITCGAGAAAAAGCTITAATTGTCGTTTCATATTTT
ACACATTTGAAGGAAAAGAAAA-3 -3 ORF

Fig. 11. Promoter sequence of BnlLea3-Z
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