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(57) Abstract

A flowering characteristic of a plant, particularly the timing of flowering, is controlled by expression of the Late Elongated Hypocotyl
(LHY) gene of Arabidopsis thaliana or a mutant, variant, allele, derivative or homologue thereof. Over-expression may be used to delay
flowering in a transgenic plant. The promoter of the gene regulates transcription in accordance with the circadian rhythm and may be used
to control expression of genes whose products are only required or desirable at certain times of the day.
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1
GENETIC CONTROL OF FLOWERING

This invention relates to the genetic control of
flowering in plants and the cloning and expression of genes
involved therein. More particularly, the invention relates
to the cloning and expression of the Late Elongated
Hypocotyl (LHY) gene of Arabidopsis thaliana, and homologues
from other species, and manipulation and use of the gene in
plants.

Efficient flowering in plants is important,
particularly when the intended product is the flower or the
seed produced therefrom. One aspect of this is the timing
of flowering: advancing or retarding the onset of flowering
can be useful to farmers and seed producers. An
understanding of the genetic mechanisms which influence
flowering provides a means for altering the flowering
characteristics of the target plant. Species for which
flowering is important to crop production are numerous, all
crops which are grown from seed, with important examples
being the cereals, rice and maize, probably the most
agronomically important in warmer climatic zones, and wheat,
barley, ocats and rye in more temperate climates. Important
seed products are oil seed rape and canola, sugar beet,
maize, sunflower, soybean and sorghum. Many crops which are
harvested for their roots or leaves are, of course, grown
annually from seed and the production of seed of any kind is
very dependent upon the ability of the plant to flower, to
be pollinated and to set seed. Delaying flowering is

important in increasing the yield of plants from which the
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roots or leaves are harvested. In horticulture, control of
the timing of flowering is important. Horticultural plants
whose flowering may be controlled include lettuce, endive,
spinach and vegetable brassicas including cabbage, broccoli
and cauliflower, and carnations and geraniums.

Arabidopsis thaliana is a facultative long day plant,
flowering early under long days and late under short days.
Because it has a small, well-characterized genome, is
relatively easily transformed and regenerated and has a
rapid growing cycle, Arabidopsis is an ideal model plant in
which to study flowering and its control.

We have discovered that one of the genes required for
this response to photoperiod is the Late Elongated Hypocotyl
or LHY gene. We have found that plants carrying dominant
gain of function mutations of the LHY gene flower later than
their wild-types under long days but earlier than their
wild-types under short days. We have now cloned and
sequenced the LHY gene, which is provided herein, and
demonstrated that the mutation causes the gene to be
transcribed at higher levels than the wild-type gene. This
suggests that increased expression of LHY delays flowering
under long days.

According to a first aspect of the present invention
there is provided a nucleic acid molecule comprising a
nucleotide sequence encoding a polypeptide with LHY
function. Those skilled in the art will appreciate that
"LHY function" may be used to refer to the ability to

influence the timing of flowering phenotypically like the
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LHY gene of Arabidopsis thaliana (the timing being
substantially unaffected by vernalisation). LHY mutants
exhibit delayed flowering under long days, the timing of
flowering being substantially unaffected by vernalisation.
Also provided is a nucleotide sequence comprising the S’
non-coding region of a gene encoding a polypeptide with
LHY function, preferably including substantially the whole
promoter region of the gene, which gene may have the
sequence of a LHY gene of Arabidopsis thaliana.

Further aspects based on the promoter region are
disclosed below. However, discussion of mutation and
manipulation of nucleic acid according to the invention
encoding a LHY gene product (e.g. to make mutants etc.,
transform cells and plants and so on) applies mutatis
mutandis to promoter nucleic acid according to the present
invention.

Nucleic acid according to the present invention may
have the sequence of a LHY gene of Arabidopsis thaliana,
including coding and/or non-coding regions, or be a mutant,
variant, derivative or allele of the sequence provided.
Preferred mutants, variants, derivatives and alleles are
those which encode a protein which retains a functional
characteristic of the protein encoded by the wild-type gene,
especially the ability to repress or delay flowering, for
example by means of the regulation of other genes, as
discussed herein.

A mutant, variant, derivative or allele in accordance

with the present invention may have the ability to affect a
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physical characteristic of a plant, particularly a flowering
characteristic. In various embodiments a mutant, wvariant,
derivative or allele represses flowering compared with wild-
type on expression in a plant, €.9. compared with the effect
obtained using a gene sequence encoding the polypeptide of
Figure 1. "Repression" of flowering delays, retards,
inhibits or slows it down. 1In other embodiments, a mutant,
variant, derivative or allele promotes flowering compared
with wild-type on expression in a plant, e.g. compared with
the effect obtained uswng a gene sequence encoding the
polypeptide of Figure 1. ‘"Promotion" of flowering advances,
accelerates or brings it forward in time. Comparison of
effect on flowering or other characteristic may be performed
in Arabidopsis thaliana, although nucleic acid according to
the present invention may be used in the production of a
wide variety of plants and for influencing a characteristic
thereof.

As discussed further below, over-expression of nucleic
acid according to the present invention may delay flowering
while under expression may promote flowering in a transgenic
plant.

Changes toc a Seéguence, to produce a mutant, variant or
derivative, may be by one or more of addition, insertion,
deletion or substitution of one or more nucleotides in the
nucleic acid, leading to the addition, insertion, deletion
Or substitution of one or more amino acids in the encoded
polypeptide. Of course, changes to the nucleic acid which

make no difference to the encoded amino acid sequence are
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included, including changes to the non-coding regions such
as the promoter or to binding sites for factors influencing
regulation of gene expression.

A preferred nucleic acid sequence for a LHY gene is
shown in Figure 1, along with the predicted amino acid
sequence of a polypeptide which has LHY function. Preferred
nucleic acid according to the present invention encodes the
amino acid sequence encoded by the sequence of nucleotides
shown in Figure 1.

A mutant, allele, variant or derivative amino acid
sequence in accordance with the present invention may
include within the sequence shown in Figure 1, a single
amino acid change with respect to the sequence shown in
Figure 1, or 2, 3, 4, 5, 6, 7, 8, or 9 changes, about 10,
15, 20, 30, 40 or 50 changes, or greater tnan about 50, 60,
70, 80 or 90 changes. In addition to one or more changes
within the amino acid sequence shown in Figure 1, a mutant,
allele, variant or derivative amino acid sequence may
include additional amino acids at the C-terminus and/or N-
terminus.

A sequence related to a sequence specifically disclosed
herein shares homology with that sequence. Homology may be
at the nucleotide sequence and/or amino acid sequence level.
Preferably, the nucleic acid and/or amino acid sequence
shares homology with the coding sequence or the sequence
encoded by the nucleotide sequence of Figure 1, preferably
at least about 50%, or 60%, or 70%, or 80% homology, most

preferably at least about 90%, 95%, 96%, 97%, 98% or 99%
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As is well-understood, homology at the amino acid level
is generally in terms of amino acid similarity or identity.

Similarity allows for "conservative variation", i.e.

Ssubstitution of one hydrophobic residue such as isoleucine,

valine, leucine or methionine for another, or the
substitution of one polar residue for another, such as
arginine for lysine, glutamic for aspartic acid, or

glutamine for asparagine. Similarity may be as defined and

determined by the TBLASTN program, of Altschul et al. (1990)

J. Mol. Biol. 215: 403-10, which is in standard use in the
art, or, and this may be preferred, the standard program
BestFit, which is part of the Wisconsin Package, Version 8,
September 1994, (Genetics Computer Group, 575 Science Drive,
Madison, Wisconsin, USA, Wisconsin 53711). BestFit makes an
optimal alignment of the best segment of similarity between
two sequences. Optimal alignments are found by inserting
gaps to maximize the number of matches using the local
homology algorithm of Smith and Waterman

Homology may be over the full-length of the relevant
sequence shown herein, or may more preferably be over a
contiguous sequence of about or greater than about 20, 25,
30, 33, 40, 50, 67, 133, 167, 200, 233, 267, 300, 333, 400,
450, 500, 550, 600 or more amino acids or codons, compared
with the relevant amino acid Sequence or nucleotide sequence
as the case may be.

Also provided by an aspect of the present invention is

nucleic acid including or consisting essentially of a
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sequence of nucleotides complementary to a nucleotide
sequence hybridisable with any encoding sequence provided
herein. Another way of looking at this would be for nucleic
acid according to this aspect to be hybridisable with a
nucleotide sequence complementary to any encoding sequence
provided herein. Of course, DNA is generally double-
stranded and blotting technigues such as Southern
hybridisation are often performed following separation of
the strands without a distinction being drawn between which
of the strands is hybridising. Preferably the hybridisable
nucleic acid or its complement encode a product able to
influence a physical characteristic of a plant, particularly
a flowering characteristic such as the timing of flowering.
Preferred conditions for hybridisation are familiar to those
skilled in the art, but are generally stringent enough for
there to be positive hybridisation between the sequences of
interest to the exclusion of other sequences.

The nucleic acid, which may contain for example DNA
encoding the amino acid sequence of Figure 1, as genomic or
cDNA, may be in the form of a recombinant and preferably
replicable vector, for example a plasmid, cosmid, phage or
Agrobacterium binary vector. The nucleic acid may be underxr
the control of an appropriate promoter or other regulatory
elements for expression in a host cell such as a microbial,
e.g. bacterial, or plant cell. In the case of genomic DNA,
this may contain its own promoter or other regulatory
elements and in the case of c¢DNA this may be under the

control of an appropriate promoter or other regulatory
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elements for expression in the host cell.

A vector including nucleic acid according to the
present invention need not include a promoter or other
regulatory sequence, particularly if the vector is to be
used to introduce the nucleic acid into cells for
recombination into the genome.

Those skilled in the art are well able to construct
vectors and design protocols for recombinant gene
expression. Suitable vectors can be chosen or constructed,
containing appropriate regulatory sequences, including
promoter sequences, terminator fragments, polyadenylation
sequences, enhancer sequences, marker genes and other
sequences as appropriate. For further details see, for
example, Molecular Cloning: a Laboratory Manual: 2nd
edition, Sambrook et al, 1989, Cold Spring Harbor Laboratory
Press. Many known techniques and protocols for manipulation
of nucleic acid, for example in preparation of nucleic acid
constructs, mutagenesis, Sequencing, introductiocm of DNA
into cells and gene expression, and analysis of proteins,
are described in detail in Current Protocols in Molecular
Biology, Second Edition, Ausubel et al. eds., John Wiley &
Sons, 1992. The disclosures of Sambrook et al. and Ausubel
et al. are incorporated herein by reference. Specific
procedures and vectors previously used with wide success
upon plants are described by Bevan (Nucl. Acids Res. 12,

8711-8721 (1984)) and Guerineau and Mullineaux (1993) (Plant
transformation and expression vectors. In: Plant Molecular

Biology Labfax (Croy RRD ed) Oxford, BIOS Scientific
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Selectable genetic markers may be used consisting of
chimaeric genes that confer selectable phenotypes such as
resistance to antibiotics such as kanamycin, hygromycin,
phosphinotricin, chlorsulfuron, methotrexate, gentamycin,

spectinomycin, imidazolinones and glyphosate.

Nucleic acid molecules and vectors according to the
present invention may be provided isolated and/or purified
from their natural environment, in substantially pure or
homogeneous form, or free or substantially free of nucleic
acid or genes of the species of interest or origin other
than thé sequence encoding a polypeptide with the required
function. Nucleic acid according to the present invention
may include cDNA, RNA, genomic DNA and may be wholly or
partially synthetic. The term “isolate” encompasses all
these possibilities. Where a DNA sequence is specified,
e.g. with reference to a figure, unless context requires
otherwise the RNA equivalent, with U substituted for T where

it occurs, is encompassed.

The present invention also encompasses the expression
product of any of the nucleic acid sequences disclosed and
methods of making the expression product by expression from
encoding nucleic acid therefore under suitable conditions,
which may be in suitable host cells. Following expression,
the product may be isolated from the expression system and

may be used as desired, for instance in formulation of a
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composition including at least one additional component .

Purified LHY protein, or a fragment, mutant, derivative
or variant thereof, e.g. produced recombinantly by
expression from encoding nucleic acid therefor, may be used
to raise antibodies employing techniques which are standard
in the art. Antibodies and polypeptides comprising antigen-
binding fragments of antibodies may be used in identifying
homologues from other species as discussed further below.

Methods of producing antibodies include immunising a
mammal (e.g. human, mouse, rat, rabbit, horse, goat, sheep
or monkey) with the protein or a fragment thereof.
Antibodies may be obtained from immunised animals using any
of a variety of techniques known in the art, and might be
screened, preferably using binding of antibody to antigen of
interest. For instance, Western blotting techniques or
immunoprecipitation may be used (Armitage et al, 1992,
Nature 357: 80-82). Antibodies may be polyclonal or
monoclonal .

As an alternative or supplement to immunising a
mammal, antibodies with appropriate binding specificity may
be obtained from a recombinantly produced library of
expressed immunoglobulin variable domains, e.g. using lambda
bacteriophage or filamentous bacteriophage which display
functional immunoglobulin binding domains on their surfaces;
for instance see W092/01047.

Antibodies raised to a polypeptide or peptide can be
used in the identification and/or isolation of homologous

polypeptides, and then the encoding genes. Thus, the
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present invention provides a method of identifying or
isolating a polypeptide with LHY function (in accordance
with embodiments disclosed herein), comprising screening
candidate polypeptides with a polypeptide comprising the
antigen-binding domain of an antibody (for example whole
antibody or a fragment thereof) which is able to bind an LHY
polypeptide or fragment, variant or derivative thereof or
preferably has binding specificity for such a polypeptide.
Specific binding members such as antibodies and polypeptides
comprising antigen binding domains of antibodies that bind
and are preferably specific for a LHY polypeptide or mutant,
variant or derivative thereof represent further aspects of
the present invention, as do their use and methods which
employ them.

Candidate polypeptideg for screening may for instance
be the products of an expression library created using
nucleic acid derived from an plant of interest, or may be
the product of a purification process from a natural source.

A polypeptide found to bind the antibody may be
isolated and then may be subject to amino acid sequencing.
Any suitable technique may be used to sequence the
polypeptide either wholly or partially (for instance a
fragment of the polypeptide may be sequenced). Amino acid
sequence information may be used in obtaining nucleic acid
encoding the polypeptide, for instance by designing one or
more oligonucleotides (e.g. a degenerate pool of
oligonucleotides) for use as probes or primers in

hybridization to candidate nucleic acid, or by searching
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computer sequence databases, as discussed further below.

A further aspect of the present invention provides a
method of identifying and cloning LHY homologues from plant
species other than Arabidopsis thaliana which method employs
a nucleotide sequence derived from that shown in Figure 1.
Sequences derived from these may themselves be used in
identifying and in cloning other Sequences. The nucleotide
sequence information provided herein, or any part thereof,
particularly in relation to the myb domain, may be used in a
data-base search to find homologous sequences, expression
products of which can be tested for ability to influence a
flowering characteristic. These may have LHY function or
the ability to repress flowering (especially under long
days), preferably the timing of flowering being
substantially unaffected by vernalisation, as disclosed
herein. Alternatively, nucleic acid libraries may be
screened using techniques well known to those skilled in the
art and homologous sequences thereby identified then tested.
Thus, a method of obtaining nucleic acid whose expression is
able to influence a flowering characteristic of a plant is
provided, comprising hybridisation of an oligonucleotide or
a nucleic acid molecule comprising such an oligonucleotide
to target/candidate nucleic acid. Target or candidate
nucleic acid may, for example, comprise a genomic or cDNA
library obtainable from an organism known to contain or
suspected of containing such nucleic acid. Successful
hybridisation may be identified and target/candidate nucleic

acid isolated for further investigation and/or use.
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Hybridisation may involve probing nucleic acid and
identifying positive hybridisation under suitably stringent
conditions (in accordance with known techniques) and/or use
of oligonucleotides as primers in a method of nucleic acid
amplification, such as PCR. For probing, preferred
conditions are those which are stringent enough for there to
be a simple pattern with a small number of hybridisations
identified as positive which can be investigated further.
It is well known in the art to increase stringency of
hybridisation gradually until only a few positive clones
remain.

As an alternative to probing, though still employing
nucleic'acid hybridisation, oligonucleotides designed to
amplify DNA sequences may be used in PCR reactions or other
methods involving amplification of nucleic acid, using
routine procedures. See for instance "PCR protocols; A
Guide to Methods and Applications", Eds. Innis et al, 1990,
Academic Press, New York.

Preferred amino acid sequences suitable for use in the
design of probes or PCR primers are sequences conserved
(completely, substantially or partly) between at least two
LHY polypeptides able to influence a flowering
characteristic, such as timing of flowering. Other
preferred primers are designed to amplify a region including
a myb domain.

On the basis of amino acid sequence information
oligonucleotide probes or primers may be designed, taking

into account the degeneracy of the genetic code, and, where
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appropriate, codon usage of the organism from the candidate
nucleic acid is derived.

Preferably an oligonucleotide in accordance with the
present invention, e.g. for use in nucleic acid
amplification, has about 10 or fewer codons (e.g. 6, 7 or
8), i.e. is about 30 or fewer nucleotides in length (e.g.
18, 21 or 24). Possible primers for amplifying a LHY wild-
type or mutant gene include: 5’ -ATGGATACTAATACATCT-3 ' and
5’ -CTAGATTTAAAGATATTA-3' . For amplifying the promoter, the
primers LP1 and LP2 may be used (see below) .

Assessment of whether or not a PCR product corresponds
to a gene involved in the control of flowering may be
conducted in various ways. A PCR band from such a reaction
might contain a complex mix of products. Individual
products may be cloned and each one individually screened.
They may be analysed by transformation to assess function on
introduction into a plant of interest.

The present invention also extends £o nucleic acid
encoding a LHY homologue obtained using a nucleotide
sequence derived from that shown in Figure 1, and uses
thereof. No genes showing significant homology to LHY were
identified in public databases, except for Expressed
Sequence Tags (ESTs) of unknown function. However, a region
of LHY (between amino acids 18 and 78) showed weak homology
to several DNA binding proteins that contained a MYB domain
(Frampton et al, 1989) careful analysis of this portion of
the sequence of LHY demonstrated that this also probably

contains a MYB domain. 1In particular, it is predicted to
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contain three alpha helices as discussed in Example 1
(Figure 8). Unlike most MYB proteins, LHY contains a single
MYB repeat, although other proteins containing a single MYB
repeat were previously reported (Baranowski et al. 1994).

The provision of sequence information for the LHY gene
of Arabidopsis thaliana enables the obtention of homologous
sequences from other plant species. In particular, those
skilled in the art may isolate LHY analogues from related,
commercially important Brassica species (e.g. Brassica
nigra, Brassica napus and Brassica oleraceae), as has been
done for other flowering time genes isolated from
Arabidopsis (e.g. CO; WO 96/14414).

Thus, included within the scope of the present
invention are nucleic acid molecules which encode amino acid
sequences which are homologues of LHY of Arabidopsis
thaliana. Homology may be at the nucleic acid sequence or
amino acid sequence level. Prefexably, the nucleic acid or
amino acid sequence shares homology with a sequence of
Figure 1, preferably at least about 50%, or at least about
60% or at least about 70% or at least about 80% homology,
most preferably at least about 90% homology from species
other than Arabidopsis thaliana and the encoded polypeptide
shares a phenotype with the Arabidopsis thaliana LHY gene,
preferably the ability to influence timing of flowering.
These may promote or delay flowering compared with
Arabidopsis thaliana LHY and mutants, variants or alleles
may promote or delay flowering compared with wild-type.

“Homology” may be used to refer to identity.
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LHY gene homologues may also be identified from
economically important monocotyledonous crop plants such as
rice and maize. Although genes encoding the same protein in
monocotyledonous and dicotyledonous plants show relatively
little homology at the nucleotide level, amino acid
sequences are conserved. In public sequence databases we
recently identified several Arabidopsis cDNA clone sequences
that were obtained in random sequencing programmes and share
homology with LHY in regions of the protein that are known
to be important for its activity. Similarly, a randomly
sequenced rice cDNA showing Strong homology to LHY was
identified by homology, and should provide access to the LHY
gene in economically important cereal plants. By sequencing
each of these clones, studying their expression patterns and
examining the effect of altering their expression, genes
carrying out a similar function to LHY in regulating
flowering time are obtainable. Of course, mutants,
derivatives and alleles of these sequences are included in
the scope of the present invention in the same terms as
discussed above for the LHY gene.

In certain embodiments, nucleic acid according to the
present invention encodes a polypeptide which has homology
with all or part of the amino acid sequence shown in Figure
1, in the terms discussed already above (e.g. for length),
which homology is greater over the length of the relevant
part (i.e. fragment) than the homology shared between a
respective part of the amino acid sequence of Figure 1 an

EST sequence such as shown in Figure , and may be greater
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than about 5% greater, more preferably greater than about
10% greater, more preferably greater than about 20% greater,
and more preferably greater than about 30% greater. Thus,
to exemplify with reference to one embodiment, nucleic acid
encoding an amino acid mutant, variant or derivative of the
amino acid sequence shown in Figure 1 may be provided
wherein the encoded amino acid sequence includes a
contiguous sequence of about 100 amino acids which has
greater homology with a contiguous sequence of 100 amino
acids within the amino acid sequence of Figure 1 than any
contiguous sequence of 100 amino acids within an EST
sequence such as shown in Figure 9, preferably greater than
about 5% greater homology, and so on.

Similarly, nucleic acid according to certain
embodiments of the present invention may have homology with
all or part of the nucleotide sequence shown in Figure 1, in
the terms discussed already above (e.g. for length), which
homology is greater over the length of the relevant part
(i.e. fragment) than the homology shared between a
respective part of the nucleotide sequence of Figure 1 and
the encoding nucleotide sequence for an EST sequence such as
shown in Figure 9 (accession numbers for which are given
below) and may be greater than about 5% greater, more
preferably greater than about 10% greater, more preferably
greater than about 20% greater, and more preferably greater
than about 30% greater. Thus, to exemplify with reference
to one embodiment, nucleic acid may be provided in

accordance with the present invention wherein the nucleotide
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sequence includes a contiguous sequence of about 300
nucleotides (or 100 codons) which has greater homology with
a contiguous sequence of 300 nucleotides within the
nucleotide sequence of Figure 1 than any contiguous sequence
of 100 nucleotides within the coding nucleotide sequence for
an EST sequence such as shown in Figure 9 (accession numbers
for which are given below), preferably greater than about 5%
greater homology, and so on.

Nucleic acid according to the present invention may
include a nucleic acid sequence encoding a polypeptide which
when expressed (e.g. at a high level) delays flowering, the
timing of flowering being substantially unaffected by
vernalisation. The delayed flowering may be under long
days. The delay in flowering caused by LHY is a consequence
of active over-expression of the gene and is therefore
distinguished from that previously described for CO and LD
in which loss of function results in delayed flowering.
Expression of the LHY gene product, e.g. from the CaMv3iss
promoter, causes late flowering, whilst over-expression of
the products of other genes identified in late flowering
mutants, such as CO, causes early flowering. The effect of
expression fo the LHY gene may arise from the product
actively repressing flowering under long days, or disrupting
the functioning of a process required for early flowering,
such as disruption of the circadian clock.

Vernalisation is low-temperature (e.g. from around -1°C
to around 6°C, usually just above 0°C) treatment of plant

(seedlings) or seed for a period of usually a few weeks or
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months, probably between about 30 days and about 60 days.
It is a treatment required by some plant species before they
will break bud or flower, simulating the effect of winter
cold.

- Also according to the present invention there is
provided a plant cell having incorporated into its genome a
heterologous sequence of nucleotides as provided by the
present invention, under operative control of a regulatory
sequence for control of expression. A further aspect of the
present invention provides a method of making such a plant
cell involving introduction of a vector comprising the
sequence of nucleotides into a plant cell and causing or
allowing recombination between the vector and the plant cell
genome to introduce the sequence of nucleotides into the
genome. A plant may be regenerated from one or more

transformed plant cells.

When introducing a chosen gene construct into a cell,
certain considerations must be taken into account, well
known to those skilled in the art. The nucleic acid to be
inserted should be assembled within a construct which
contains effective regulatory elements which will drive
transcription. There must be available a method of
transporting the comnstruct into the cell. Once the construct
is within the cell membrane, integration into the endogenous
chromosomal material either will or will not occur. Finally,
as far as plants are concerned the target cell type must be

such that cells can be regenerated into whole plants.
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Plants transformed with the DNA segment containing the
sequence may be produced by standard techniques which are
already known for the genetic manipulation of plants. DNA
can be transformed into plant cells using any suitable
technology, such as a disarmed Ti-plasmid vector carried by
Agrobacterium exploiting its natural gene transfer ability
(EP-A-270355, EP-A-0116718, NAR 12(22) 8711 - 87215 1984),
particle or microprojectile bombardment (us 5100792, EP-A-
444882, EP-A-434616) microinjection (WO 92/09696, WO
94/00583, EP 331083, EP 175966, Green et al. (1987) Plant
Tissue and Cell Culture, Academic Press), electroporation
(EP 290395, W@ 8706614 Gelvin Debeyser - see attached) other
forms of direct DNA uptake (DE 4005152, WO 9012096, US
4684611), liposome mediated DNA uptake (e.g. Freeman et al.
Plant Cell Physiol. 29: 1353 (1984)), or the vortexing
method (e.g. Kindle, PNAS U.S.A. 87- 1228 (1990d) Physical
methods for the transformation of plant cells are reviewed
in Oard, 1991, Biotech. Adv. 9. 1-11.

Agrobacterium transformation is widely used by those
skilled in the art to transform dicotyledonous species.
Recently, there has been substantial progress towards the
routine production of stable, fertile transgenic plants in
almost all economically relevant monocot plants (Toriyama,
et al. (1988) Bio/Technology 6, 1072-1074; Zhang, et al.
(1988) Plant Cell Rep. 7, 379-384; Zhang, et al. (1988)
Theor Appl Genet 76, 835-840; Shimamoto, et al. (1989)
Nature 338, 274-276; Datta, et al. (1990) Bio/Technology 8,

736-740; Christou, et al. (1991) Bio/Technology 9, 957-962;
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Peng, et al. (1991) International Rice Research Institute,
Manila, Philippines 563-574; Cao, et al. (1992) Plant Cell
Rep. 11, 585-591; Li, et al. (1993) Plant Cell Rep. 12, 250-
255; Rathore, et al. (1993) Plant Molecular Biology 21, 871-
884; Fromm, et al. (1990) Bio/Technology 8, 833-839; Gordon-
Kamm, et al. (1990) Plant Cell 2, 603-618; D’'Halluin, et al.
(1992) Plant Cell 4, 1495-1505; Walters, et al. (1992) Plant
Molecular Biology 18, 189-200; Koziel, et al. (1993)
Biotechnology 11, 194-200; Vasil, I. K. (1994) Plant
Molecular Biology 25, 925-937; Weeks, et al. (1993) Plant
Physiology 102, 1077-1084; Somers, et al. (1992)
Bio/Technology 10, 1589-1594; W092/14828). 1In particular,
Agrobacterium mediated transformation is now emerging also
as an highly efficient alternative transformation method in
monocots (Hiei et al. (1994) The Plant Journal 6, 271-282).

The generation of fertile transgenic plants has been
achieved in the cereals rice, maize, wheat, oat, and barley
(reviewed in Shimamoto, K. (1994) Current Opinion in
Biotechnology 5, 158-162.; Vasil, et al. (1992)
Bio/Technology 10, 667-674; Vain et al., 1995, Biotechnology
Advances 13 (4): 653-671; Vasil, 1996, Nature Biotechnology
14 page 702).

Microprojectile bombardment, electroporation and direct
DNA uptake are preferred where Agrobacterium is inefficient
or ineffective. Alternatively, a combination of different
techniques may be employed to enhance the efficiency of the
transformation process, eg bombardment with Agrobacterium

coated microparticles (EP-A-486234) or microprojectile
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bombardment to induce wounding followed by co-cultivation
with Agrobacterium (EP-A-486233).

Following transformation, a plant may be regenerated,
e.g. from single cells, callus tissue or leaf discs, as is
standard in the art. Almost any plant can be entirely
regenerated from cells, tissues and organs of the plant.
Available techniques are reviewd in Vasil et al., cell
Culture and Somatic Cell Genetics of Plants, Vol I, II and
III, Laboratory Procedures and Their Applications, Academic
Press, 1984, and Weissbach and Weissbach, Methods for Plant
Molecular Biology, Academic Press, 1989.

The particular choice of a transformation technology
will be determined by its efficiency to transform certain
plant species as well as the experience and preference of
the person practising the invention with a particular
methodology of choice. It will be apparent to the skilled
person that the particular choice of a transformation system
to introduce nucleic acid into plant cells is not essential
to or a limitation of the invention, nor is the choice of

technique for plant regeneration.

A LHY gene and a modified version thereof (allele,
mutant, variant or derivative thereof), and other nucleic
acid provided herein, including species homologues, may be
used to affect a physical characteristic, such as a
flowering characteristic which may include timing of

flowering, in plants. For this purpose nucleic acid such as

a vector as described herein may be used for the production
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of a transgenic plant. Such a plant may possess an altered

.flowering phenotype, particular in terms of timing of

flowering, compared with wild-type (that is to say a plant
that is wild-type for LHY or the relevant homologue

thereof) .

The invention further encompasses a host cell
transformed with nucleic acid or a vector according to the
present invention, especially a plant or a microbial cell.
Thus, a host cell, such as a plant cell, including
heterologous nucleic acid according to the present invention
is provided. Within the cell, the nucleic acid may be
incorporated within the chromosome. There may be more than
one heterologous nucleotide sequence per haploid genome.

Also according to the invention there is provided a
plant cell having incorporated into its genome nucleic acid,
particularly heterologous nucleic acid, as provided by the
present invention, under operative control of a regulatory
sequence for control of expression. The coding sequence may
be operably linked to one or more regulatory sequences which
may be heterologous or foreign to the gene, such as not
naturally associated with the gene for its expression. The
nucleic acid according to the invention may be placed under
the control of an externally inducible gene promoter to
place expression under the control of the user.

A suitable inducible promoter is the GST-I1I-27 gene
promoter which has been shown to be induced by certain

chemical compounds which can be applied to growing plants.
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The promoter is functional in both monocotyledons and
dicotyledons. It can therefore be used to control gene
expression in a variety of genetically modified plants,
including field crops such as canola, sunflower, tobacco,
sugarbeet, cotton; cereals such as wheat, barley, rice,
maize, sorghum; fruit such as tomatoes, mangoes, peaches,
apples, pears, strawberries, bananas, and melons; and
vegetables such as carrot, lettuce, cabbage and onion. The
GST-II-27 promoter is also suitable for use. in a variety of
tissues, including roots, leaves, stems and reproductive
tissues.

‘Other suitable promoters include the Cauliflower Mosaic
Virus 35S (CaMV 35S8) gene promoter that is expressed at a
high level in virtually all plant tissues (Benfey et al,
1990a and 1990b); the cauliflower meri 5 promoter that is
expressed in the vegetative apical meristem as well as
several well localised positions in the plant body, eg inner
phloem, flower primordia, branching points in roct and shoot
(Medford, 1992; Medford et al, 1991) and the Arabidopsis
thaliana LEAFY promoter that is expressed very early in
flower development (Weigel et al, 1992) .

Placing nucleic acid according to the present
invention, such as a LHY gene or homologue, under the
control of an externally inducible gene promoter thus
placing the timing of flowering under the control of the
user is advantageous in that, for example, flower
production, and subsequent events such as seed set, may be

timed to meet market demands, for example, in cut flowers or
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decorative flowering pot plants. Delaying flowering in pot
plants is advantageous to lengthen the period available for
transport of the product from the producer to the point of
sale and lengthening of the flowering period is an obvious
advantage to the purchaser.

In a further aspect the present invention provides a
gene construct comprising an inducible promoter operatively
linked to a nucleotide sequence provided by the present
invention, such as the LHY gene of Arabidopsis thaliana, a
homologue from another plant species, e.g. a Brassica such
as Brassica napus, or any mutant, variant or allele thereof.
As discussed, this enables control of expression of the
gene. The present invention also provides plants
transformed with said gene construct and methods comprising
introduction of such a construct into a plant cell and/or
induction of expression of a construct within a plant cell,
by application of a suitable stimulus, an effective
exogenous inducer.

The term "inducible" as applied to a promoter is well
understood by those skilled in the art. In essence,
expression under the control of an inducible promoter is
"switched on" or increased in response to an applied
stimulus. The nature of the stimulus varies between
promoters. Some inducible promoters cause little or
undetectable levels of expression (or no expression) in the
absence of the appropriate stimulus. Other inducible
promoters cause detectable constitutive expression in the

absence of the stimulus. Whatever the level of expression is
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in the absence of the stimulus, expression from any
inducible promoter is increased in the presence of the
correct stimulus. The preferable situation is where the
level of expression increases upon application of the
relevant stimulus by an amount effective to alter a
phenotypic characteristic. Thus an inducible (or
"switchable") promoter may be used which causes a basic
level of expression in the absence of the stimulus which
level is too low to bring about a desired phenotype (and may
in fact be zero). Upon application of the stimulus,
expression is increased (or switched on) to a level which

brings about the desired phenotype.

The term "heterologous" may be used to indicate that
the gene/sequence of nucleotides in question have been
introduced into said cells of the plant or an ancestor
thereof, using genetic engineering, ie by human
intervention. A transgenic plant cell, i.e. transgenic for
the nucleic acid in question, may be provided. The
transgene may be on an extra-genomic vector or incorporated,
preferably stably, into the genome. A heterologous gene may
replace an endogenous equivalent gene, ie one which normally
performs the same or a similar function, or the inserted
sequence may be additional to the endogenous gene or other
sequence. An advantage of introduction of a heterologous
gene is the ability to place expression of a sequence under
the control of a promoter of choice, in order to be able to

influence expression according to preference. Furthermore,
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mutants, variants and derivatives of the wild-type gene,
e.g. with higher or lower activity than wild-type, may be
used in place of the endogenous gene. Nucleic acid
heterologous, or exogenous or foreign, to a plant cell may
be non-naturally occuring in cells of that type, variety or
species. Thus, nucleic acid may include a coding sequence
of or derived from a particular type of plant cell or
species or variety of plant, placed within the context of a
plant cell of a different type or species or variety of
plant. A further possibility is for a nucleic acid sequence
to be placed within a cell in which it or a homologue is
found naturally, but wherein the nucleic acid sequence is
linked and/or adjacent to nucleic acid which does not occur
naturally within the cell, or cells of that type or species
or variety of plant, such as operably linked to one or more
regulatory sequences, such as a promoter sequence, for
control of expression. A sequence within a plant or other
host cell may be identifiably heterologous, exogenous or
foreign.

Plants which include a plant cell according to the
invention are also provided, along with any part or
propagule thereof, seed, selfed or hybrid progeny and
descendants. A plant according to the present invention may
be one which does not breed true in one or more properties.
Plant varieties may be excluded, particularly registrable
plant varieties according to Plant Breeders’ Rights. It is
noted that a plant need not be considered a “plant variety”

simply because it contains stably within its genome a
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transgene, introduced into a cell of the plant or an
ancestor thereof.

In addition to a plant, the present invention provides
any clone of such a plant, seed, selfed or hybrid progeny
and descendants, and any part of any of these, such as
cuttings, seed. The invention provides any plant propagule,
that is any part which may be used in reproduction or
propagation, sexual or asexual, including cuttings, seed and
so on. Also encompassed by the invention is a plant which
is a sexually or asexually propagated off-spring, clone or
descendant of such a plant, or any part or propagule of said

plant, off-spring, clone or descendant.

The invention further provides a method of influencing
or affecting a physical e.g. flowering characteristic such
as the timing of flowering of a plant, including causing or
allowing expression of a heterologous nucleic acid sequence
as discussed within cells of the plant.

The invention further provides a method of including
expression from nucleic acid encoding the amino acid
sequence of Figure 1, or a mutant, variant, allele or
derivative of the sequence, within cells of a plant (thereby
producing the encoded polypeptide), following an earlier
step of introduction of the nucleic acid into a cell of the
plant or an ancestor thereof. Such a method may influence
or affect a flowering characteristic of the plant, such as
the timing of flowering. This may be used in combination

with any other gene, such as transgenes involved in
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flowering or other phenotypic trait or desirable property.

The principal flowering characteristic which may be
altered using the present invention is the timing of
flowering. (Other physical characteristics of plants may be
affected by means of expression from nucleic acid according
to the present invention.) Over-expression of the gene
product of the LHY gene leads to delayed flowering,
particularly under long days (as suggested by the LHY mutant
phenotype) ; under-expression may lead to precocious
flowering. This degree of control is useful to ensure
synchronous flowering of male and female parent lines in
hybrid production, for example. Another use is to advance or
retard the flowering in accordance with the dictates of the
climate so as to extend or reduce the growing season. This

may involve use of anti-sense or sense regulation.

In the present invention, over-expression may be
achieved by introduction of the nucleotide sequence in a
sense orientation. Thus, the present invention provides a
method of influencing a flowering characteristic of a plant,
the method comprising causing or allowing expression of the
polypeptide encoded by the nucleotide sequence of nucleic
acid according to the present invention from that nucleic
acid within cells of the plant.

Under-expression of the gene product polypeptide may be
achieved using anti-sense technology or "sense regulation"

("co-suppression") .
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In using anti-sense genes or partial gene sequences to
down-regulate gene expression, a nucleotide sequence is
placed under the control of a promoter in a "reverse
orientation" such that transcription yields RNA which is
complementary .to normal mRNA Lranscribed from the "sensge"
strand of the target gene. See, for example, Rothstein et
al, 1987; Smith et al, (1988) Nature 334, 724-726; Zhang et
al, (1992) The Plant Cell 4, 1575-1588, English et al.,
(1996) The Plant Cell 8, 179-188. Antisense technology is
also reviewed in Bourque, (1995), Plant Science 105, 125-
149, and Flavell, (1994) PNAS USA 91, 3490-3496¢.

An alternative is to use a copy of all or part of the
target gene inserted in sense, that is the same, orientation
as the target gene, to achieve reduction in expression of
the target gene by Co-suppression. See, for example, van
der Krol et al., (1990) The Plant Cell 2, 291-299; Napoli et
al., (1990) The Plant Cell 2, 279-289; Zhang et al., (1992)
The Plant Cell 4, 1575-1588, and US-A-5,231,020.

The complete sequence corresponding to the coding
sequence (in reverse orientation for anti-sense) need not be
used. For example fragments of sufficient length may be
used. It is a routine matter for the person skilled in the
art to screen fragments of various sizes and from various
parts of the coding sequence to optimise the level of anti-
sense inhibition. It may be advantageous to include the
initiating methionine ATG codon, and perhaps one or more
nucleotides upstream of the initiating codon. A further

possibility is to target a conserved sequence of a gene,
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e.g. a sequence that is characteristic of one or more genes,
such as a regulatory sequence.

The sequence employed may be about 500 nucleotides or
less, possibly about 400 nucleotides, about 300 nucleotides,
about 200 nucleotides, or about 100 nucleotides. It may be
possible to use oligonucleotides of much shorter lengths,
14-23 nucleotides, although longer fragments, and generally
even longer than about 500 nucleotides are preferable where
possible, such as longer than about 600 nucleotides, than
about 700 nucleotides, than about 800 nucleotides, than
about 1000 nucleotides or more.

It may be preferable that there is complete sequence
identity in the sequence used for down-regulation of
expression of a target sequence, and the target sequence,
though total complementarity or similarity of sequence is
not essential. One or more nucleotides may differ in the
sequence used from the target gene. Thus, a sequence
employed in a down-regulation of gene expression in
accordance with the present invention may be a wild-type
sequence (e.g. gene) selected from those available, or a
mutant, derivative, variant or allele, by way of insertion,
addition, deletion or substitution of one or more
nucleotides, of such a sequence. The sequence need not
include an open reading frame or specify an RNA that would
be translatable. It may be preferred for there to be
sufficient homology for the respective anti-sense and sense
RNA molecules to hybridise. There may be down regulation of

gene expression even where there is about 5%, 10%, 15% or



WO 97/49811 PCT/GB97/01676

10

15

20

25

32
20% or more mismatch between the sequence used and the
target gene.

Generally, the transcribed nucleic acid may represent a
fragment of an LHY gene, such as including a nucleotide
sequence shown in Figure 1, or the complement thereof, or
may be a mutant, derivative, variant or allele thereof, in
similar terms as discussed above in relation to alterations
being made to an LHY coding sequence and the homology of the
altered sequence. The homology may be sufficient for the
transcribed anti-sense RNA to hybridise with nucleic acid
within cells of the plant, though irrespective of whether
hybridisation takes place the desired effect is down-
regulation of gene expression.

Thus, the present invention also provides a method of
influencing a flowering characteristic of a plant, the
method including causing or allowing anti-sense
transcription from heterologous nucleic acid according to
the invention within cells of the plant.

The present invention further provides the use of the
nucleotide sequence of Figure 1 or a fragment, mutant,
derivative, allele, variant or homologue thereof for down-
regulation of gene expression, particularly down-regulation
of expression of an LHY gene or homologue thereof,
preferably in order to influence a physical characteristic
of a plant, especially a flowering characteristic such as
the timing of flowering.

Anti-sense regulation may itself be regulated by

employing an inducible promoter in an appropriate construct.
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Wwhen additional copies of the target gene are inserted
in sense, that is the same, orientation as the target gene,
a range of phenotypes is produced which includes individuals
where over-expression occurs and some where under-expression
of protein from the target gene occurs. When the inserted
gene is only part of the endogenous gene the number of
under-expressing individuals in the transgenic population
increases. The mechanism by which sense regulation occurs,
particularly down-regulation, is not well-understood.
However, this technique is well-reported in scientific and
patent literature and is used routinely for gene control.
See, for example, van der Krol, 1990;Napoli et al, 1990;
Zhang et al, 1992.

Again, fragments, mutants and so on may be used in
similar terms as described above for use in anti-sense
regulation.

Thus, the present invention also provides a method of
influencing a flowering characteristic of a plant, the
method comprising causing or allowing expression from
nucleic acid according to the invention within cells of the
plant. This may be used to suppress activity of a
polypeptide with ability to influence a flowering
characteristic. Here the activity of the polypeptide is
preferably suppressed as a result of under-expression within

the plant cells.

Late flowering caused by increased expression of the LHY

gene
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As described in Example 1, the lhy mutation causes late
flowering under inductive long-day conditions and is caused
by increased expression of the gene from a caMv 358 promoter
carried by a Ds transposon. This can -therefore be considered
as a transcriptional fusion, that was formed in vivo via
transposition, between the CaMV 359 promoter and the LHY
gene. This phenomenon was reported previously for a
different gene (Wilson et al, 1996). An in vitro constructed
fusion between the CaMv 355 promoter and the LHY gene, such
that the LHY gene product is over expressed would be
predicted to have the same effect. Example 2 demonstrates
that introduction of the in vivo fusion between the CaMV 355
promoter and LHY into wild-type plants delays flowering
under long days. This Suggests that fusions between foreign

promoters and the LHY gene could be used to delay flowering.

Causing early flowering by reducing the activity of LHY

The observation that increased expression of the LHY
gene delays flowering Suggests that the normal function of
LHY might be to delay flowering, and that increasing the
expression of the gene further enhances this effect. In this
case, inactivating the LHY gene might be expected to cause
early flowering. This could be done by classical chemical
Or radiation mutagenesis, by introducing constructs that
express antisense copies of the LHY mRNA, by sense strand
inactivation such as Co-suppression or by expressing

modified versions of the LHY protein.
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The LHY promoter for which the sequence is given in
Figure 10 may be used in a number of ways, particularly when
operably linked to a heterologous, exogenous or foreign
transgene or fragment thereof. 1In essence the promoter may
be used to regulate expression of any sequence of interest,
its usefulness arising from its regulation in a circadian
oscillatory manner.

For instance, a construct including the promoter (and
any suitable mutant, variant, allele or derivative thereof,
by way of addition, insertion, substitution and/or deletion
of one or more nucleotides) may be used to control
expression of a coding sequence or a sequence, either anti-
sense or sense, for regulation particularly down-regulation
of expression of a gene.

Thus genes may be expressed or down-regulated in the
early morning but not at times of the day when they, or
their down-regulation as the case may be, are not needed.
This allows for energy reserves of a transgenic plant to be
conserved. Furthermore, it allows for expression or down-
regulation of genes in a manner which may avoid adverse side
effects on a transgenic plant which effects may arise if the
gene or down-regulation is constitutive.

An example of this is using a promoter according to the
present invention to drive transcription of a sequence for
down-regulation of the Mlo gene (Buschges, et al, 1997,
CELL, 88, 695-705). Down-regulation of this barley gene or
the equivalent homologue in other species provides broad

spectrum mildew disease resistance. However, some alleles
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of mlo have associated negative effect on plant performance
because they have a high level of localised necrotic
response. Down-regulating mlo in an oscillatory manner may
provide the desirable pathogen resistance without the
undesirable side effect.

Other genes which may advantageously be expressed in a
circadian rhythmic fashion using a promoter in accordance
with the present invention include genes responsible for
diverting metabolic resources into sink storage pathways
€.g. starch, oil or other storage protein synthesis needed
to be on or off during the day or night as appropriate,
genes for improving night-time photorespiratory activity
which are not needed during the day, gene used to modify
photosynthesis during the day but not needed during the
night, genes for protecting a plant from photinhibitory
conditions, typically high light levels and low temperatures
that occur often at dawn, and genes for modifying
pigmentation, e.gq. chlorophyll, anthocyanins, to achieve a
cosmetically valuable change to the pigmentation pattern
(e.g. stripey ornamentals).

Thus, according to a further aspect, the present
invention provides a nucleic acid molecule encoding a LHY
gene promoter.

In another aspect, the present invention provides a
nucleic acid molecule eéncoding a promoter, the promoter
including the promoter sequence of nucleotides shown in
Figure 10. Instead of using the full length promoter

Seéquence, one or more fragments of the sequence shown in
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Figure 10 may be used sufficient to promote gene expression
in a plant in a circadian rhythymic fashion. The promoter
may include or consist essentially of a sequence of up to
about 1740 nucleotides 5’ to coding sequence of the LHY gene
in the Arabidopsis thaliana chromosome, or an equivalent
sequence in another species. As noted, a fragment of this
may be used, such as about 1700 nucleotides, 1600
nucleotides, 1500 nucleotides, 1400 nucleotides, 1360
nucleotides, 1200 nucleotides, 1100 nucleotides, 1000
nucleotides, 900 nucleotides, 800 nucleotides, 700
nucleotides, 600 nucleotides or 500 nucleotides,
particularly a fragment within the sequence upstream from
nucleotide 1059 in Figure 10. The untranslated leader
sequence at nucleotides 1059 to 1735 in Figure 10 may be
omitted. Of course, mutants, alleles, variants, derivatives
and homologues may be employed in accordance with the
present invention, as discussed.

Any of the sequences disclosed in the figures herein
for a coding sequence according to the present invention may
be used to construct a probe for use in identification and
isolation of a promoter from a genomic library containing a
genomic LHY gene (including homologues) . Techniques and
conditions for such probing are well known in the art and
are discussed elsewhere herein. To find minimal elements or
motifs responsible for temporal regulation, restriction
enzyme or nucleases may be used to digest a nucleic acid
molecule, followed by an appropriate assay (for example

using a reporter gene such as luciferase) to determine the



WO 97/49811 PCT/GB97/01676

10

15

20

25

38
Sequence required. A preferred embodiment of the present
invention provides a nucleic acid isolate with the minimal
nucleotide sequence shown in Figure 10 required for
circadian rhythmic promoter activity.

As noted, the promoter may include one or more sequence
motifs or elements conferring circadian rhythmic regulatory |
control of expression. Other regulatory sequences may be
included, for instance as identified by mutation or digest
assay in an appropriate expression system or by sequence
comparison with available information, e.g. using a computer
to search on-line databases.

By "promoter" is meant a sequence of nucleotides from
which transcription may be initiated of DNA operably linked
downstream (i.e. in the 3’ direction on the sense strand of
double-stranded DNA) .

"Operably linked" means joined as part of the same
nucleic acid molecule, suitably positioned and oriented for
transcription to be initiated from the promoter. DNA
operably linked to a promoter is "under transcriptional
initiation regulation" of the promoter.

The present invention extends to a promoter which has a
nucleotide sequence which is allele, mutant, variant or
derivative, by way of nucleotide addition, insertion,
substitution or deletion of a promoter sequence as provided
herein. Preferred levels of sequence homology with a
provided sequence may be analogous to those set out above
for encoding nucleic acid and polypeptides according to the

present invention. Systematic or random mutagenesis of



WO 97/49811 PCT/GB97/01676

10

15

20

25

39
nucleic acid to make an alteration to the nucleotide
sequence may be performed using any technique known to those
skilled in the art. One or more alterations to a promoter
sequence according to the present invention may increase or
decrease promoter activity, or increase or decrease the
magnitude of the effect of a substance able to modulate the
promoter activity.

"Promoter activity" is used to refer to ability to
initiate transcription. The level of promoter activity is
quantifiable for instance by assessment of the amount of
mRNA produced by transcription from the promoter or by
assessment of the amount of protein product produced by
translation of mRNA produced by transcription from the
promoter. The amount of a specific mRNA present in an
expression system may be determined for example using
specific oligonucleotides which are able to hybridise with
the mRNA and which are labelled or may be used in a specific
amplification reaction such as the polymerase chain
reaction. Use of a reporter gene facilitates determination
of promoter activity by reference to protein production.

Further provided by the present invention is a nucleic
acid construct including a promoter region as provided or a
fragment, mutant, allele, derivative or variant thereof able
to promoter transcription, operably linked to a heterologous
gene, e.g. a coding sequence. A "heterologous" or
"exogenous" gene is generally not a modified form of LHY.
The gene may be transcribed into mRNA which may be

translated into a peptide or polypeptide product which may
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be detected and preferably quantitated following expression.
A gene whose encoded product may be assayed following
expression is termed a "reporter gene", i.e. a gene which
"reports" on promoter activity.

The reporter gene preferably encodes an enzyme which
catalyses a reaction which produces a detectable signal,
preferably a visually detectable signal, such as a coloured
product. The presence and/or amount of gene product
resulting from expression from the reporter gene may be
determined using a molecule able to bind the product, such
as an antibody or fragment thereof. The binding molecule
may be labelled directly or indirectly using any standard
technique.

Those skilled in the art are well aware of a multitude
of possible reporter genes and assay techniques which may be
used to determine gene activity. Examples of reporter genes
commonly used in plants include the firefly luciferase gene
{(Millar, et al, 1992, The Plant Cell 4, 1075-1087) and the
E.coli uidA gene (Jefferson, et al, 1987, EMBO J.6, 3901-
3907) . Any suitable reporter/assay may be used and it
should be appreciated that no particular choice is essential
to or a limitation of the Present invention.

A promoter construct may be introduced into a cell
using any technique previously described, €.9. to produce a
stable cell line containing the construct integrated into
the genome or for transient expression. Cells and plants
etc. containing a promoter or construct and other methods

and uses involving such as promoter or construct in
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accordance with the present invention are provided as
aspects of the invention in the same terms as discussed

above for other nucleic acid according to the invention.

Aspects and embodiments of the present invention will
now be illustrated, by way of example, with reference to thé
accompanying figures. Further aspects and embodiments will
be apparent to those skilled in the art. All documents

mentioned in this text are incorporated herein by reference.

In the Figures:

Figure 1 shows a nucleotide sequence according to one
embodiment of the invention, being the sequence of the LHY
ORF, obtained from Arabidopsis thaliana, with the predicted
amino acid sequence shown below the coding region of said
nucleotide sequence. The region underlined shows sequence
which has been deleted in lhy mutants. The position of the
insertion is indicateéd with a triangle.

Figure 2: A graph showing the hypocotyl lengths of lhy
mutant seedlings (2-4 leaves) and wild type grown on soil
under different day lengths. Hypocotyl length in mm is
shown for seedlings grown in the dark and under days of
length 10, 16 and 24 hours light. Shaded bars are for lhy
mutant seedlings; unshaded are for wild type.

Figure 3: The sequence of IPCR fragments flanking the
Ds 1in the lhy mutant. Figure 3A: IPCR fragment. derived
from the 3’ end of Ds. Figure 3B: IPCR fragment derived

from the 5’ end of Ds.
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Figure 4: A restriction enzyme map of the wild type LHY
genomic locus and the deletion present in the lhy mutant.

Figure 5: The T-DNA constructs that were used in the
complementation experiments and contain genomic DNA from the
region surrounding the LHY gene.

Figure 6A: Homology of the first 80 amino acids of LHY
to the first alpha helix in the TEA domain of the peptides
TEC1 and TEF1.

Figure 6B: The homology of LHY to the myb domains in
YCS3 and BAS1.

Figure 7: The consensus sequence for a myb domain
described in Frampton et al. (1989) with the corresponding
LHY sequence underneath. Hash symbols represent hydrophobic
residues and dollar symbols represent charged amino acids.

Figure 8: The predicted alpha helices of the potential
myb domain in LHY. H indicates that the residue is likely to
to be part of an alpha helix, and L indicates that the
residue is likely to be part of a loop. The probability of
forming a helix is shown below (Prob. H: 0 = a very low
probability; 9 + a very high probability). The structure
was predicted using the software Predict Protein (estimated
to be greater than 70% accurate) (Rost et al. (1996))

Figure 9: Two ESTs identified in the database which
have homology to the LHY gene.

Figure 10 shows the genomic sequence of the promoter
and untranslated leader of the LHY gene. The ATG start codon
(bases 1736-1738) of the LHY open reading frame is

underlined. The longest LHY cDNA obtained starts at
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position 1059 (in bold and double underlined), indicating
that the first 1059 bases include promoter sequence while
that from 1059 to the ATG start codon encode the
untranslated leader. There are sequences present in the
genomic sequence of the untranslated leader and absent from
the c¢DNA, which are introns that are spliced from the mRNA.
The likely sequences of these introns are marked with
italics in Figure 10 (1228-1398; 1434-1592). The sequence
GGATCC (16-21) denotes the BamHI site used to clone the

promoter.

Figure 11 shows the nucleotide sequence of EST 162I3T7,

Accession no. R30439.

EXAMPLE 1 - cloning and analysis of a LHY gene
Lambda and cDNA libraries

A Lambda gt library containing Arabidopsis genomic DNA
was obtained from Dr. N. Harberd (Whitelam et al.1993). A
cosmid library containing Arabidopsis thaliana genomic
fragments in a plant transformable vector (T-DNA vector
04541) was obtained from Dr. C. Lister. 3 cDNA libraries

were obtained from the Arabidopsis stock centre in Koln.

Identification of lhy in a transposon mutagenesis screen.

The lhy mutant was identified in a two component Ac/Ds
transposon mutagenesis screen, as described by Long et al.
{(1993). It incorporated a modified stable Ac element

containing a CaMV 35S promotor driven transposase gene.
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This stable Ac was used to mobilise a modified ps element.
The modified Ds contained a hygromycin resistance gene to
allow easy identification of pPlants containing the Ds, and a
CaMV 35S promotor reading out of the transposon at the
S'end. It has been shown that insertion of the Ds element
into the proximity of a native gene can cause overexpression
of that gene by the production of a gene fusion between the
CaMV 35S promoter and the native gene (Wilson et al. 1996).

The mutagenesis Strategy is can be summarised as
follows: Plants homozygous for the Ds (marked by hygromycin
resistance) were crossed with plants homozygous for the
stable Ac containing transposase source (marked by 8-
glucoronidase gene. The F1 heterozygous plants were then
allowed to self fertilise. 1In this generation the Ds may
excise from the Streptomycin gene in the T-DNA due to the
presence of the transposase source in the Ac. Occasionally
it will reinsert somewhere in the genome and disrupt a
native gene. F2 plants were selected for seedlings which
contained an excised and reinserted, i.e. transposed, Ds, by
selecting hygromycin and Streptomyin resistant seedlings.
Such plants were selfed and the F3 plants were screened for
mutations. This was a Segregating population of plants
ccontaining Ds and Ac. If the Ds has inserted into a gene
then the progeny will also segregate with a mutant
phenotype.

lhy mutants were identified in the F3 generation as

Late flowering plants.
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Description of the lhy mutant phenotype

When lhy mutants are grown under long days they flower
later than wild type. As well as flowering late lhy mutants
show other pleiotropic effects; their growth rate is reduced
compared to wild type, lhy seedlings have an overall
etiolated appearance, and if grown in darkness for three
days have an exaggerated apical hook (similar to those of
ethylene over expression mutants eg. etol van der Straeten
et al.1993).

When grown under long day conditions l1hy mutants flower
with more vegetative leaves and later than wild type, as
shown in Table 1. This is a completely dominant effect,
with heterozygous plants flowering with exactly the same
leaf number and at the same time as the homozygous plants.
Under short day conditions 1lhy flowers slightly earlier than
wild type making its response like that of other day neutral
flowering time mutants eg. co (Koorneef et al.1991). However
lhy produces leaves at a slower rate than wild type under
both long and short days, so in terms of days to flower the
lhy mutant flowers considerably later than wild-type under
long days and at a similar time to wild-type under short
days (Table 1). When the lhy mutant was grown under
continuous light it flowered later than wild type.

lhy and wild type were vernalised for eight weeks at
49C and then moved to long day conditions to determine
whether the flowering time of lhy was reverted to that of
wild type. lhy flowered with an average of 9.96 leaves

showing that although flowering occurs earlier than non
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vernalised plants, the effect of the mutation is not
corrected by vernalisation (wild-type plants flower with an
average of 6.52 leaves).

The rate of leaf development of lhy mutants and wild
type was measured under long and short day lengths. Leaf
counts were conducted every three days and the number of
leaves over 3 mm in length were recorded. The rate of leaf
development of wild type plants was constant under long and
short days but that of the lhy mutant was much slower, than
wild type under both conditions (Table 2). However when the
plants were grown under continuous light the rate of leaf
development in the lhy mutant increased to that of wild
type.

The hypocotyl length of lhy and wt plants grown on
soil, in different light conditions, was measured when the
plants were at the two to four leaf stage. These were
compared to plants grown in the dark on minimal MS media
(Figure 2). 1In wild type the hypocotyl length decreased
noticably when plants were exposed to light. With lhy the
hypocotyl does not elogate as much as wild type in dark
conditions, but when lhy is grown under short days it has an
elongated hypocotyl compared to wild type. This elongation
seems to be dependant on the amount of light the seedlings
receives because under continuous light the hypocotyl
lengths of the mutant was similar to that of wild type.

The lhy mutant shows defective regulation of processes
that are regulated by the endogenous circadian clock. In

Arabidopsis rhythmic leaf movements and rhythmic expression
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of the CAB2 or CCR2 genes are often used to monitor the
function of the circadian clock. We have shown that in lhy
mutants leaf movements and the expression of the CAB2 and
CCR2 genes are arrythmic, suggesting that in the lhy mutant
the functioning of the circadian clock has been disrupted.
The late flowering of the lhy mutant under long days may

also be a consequence of disruption of clock function.

Cloning of of the lhy gene

To isolate the 1lhy gene, fragments of DNA adjacent to
the Ds were obtained using Inverse PCR (IPCR). Primers
specific for sequence at the termini of the Ds were used to
amplify fragments by PCR. Pieces of DNA containing Ds
sequence and small regions of the flanking genomic sequence
were isolated. A second round of PCR was then performed
with a second set of primers that were predicted to anneal
to the PCR product to check that the correct fragment had
been amplified. A fragment estimated to be 700 bp long was
isolated 5’ to the Ds, using BstYl to digest mutant genomic
DNA and the primers D74 and B34 for the initail
amplification. Primers E4 and D73 were used for the second
round. A fragment 200 bp long was isolated 3’ to the Ds, by
digesting genomic DNA with Sau3A and using the primers B39
and B38 for the initial PCR and then the primers D71 and DL4
for the second round. The IPCR fragments were than
sequenced as seen in Figure 3, and it was shown to contain

the predicted Ds sequence.
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Isolation of larger fragments of DNA in the vicinity of the
Ds. |

A lambda phage gt library made from wild-type genomic
DNA was probed using the IPCR fragment 5’ to the Ds. a
lambda clone containing an 11kb insert which strongly
hybridised to the fragment S5’ to the Ds was isolated.
However when the IPCR fragment 3’ to the Ds was used as a
probe no hybridisation occurred. From this, and southern
analysis of mutant and wild type DNA, it was concluded that
a 7-8 kb deletion had occurred adjacent to the Ds. A
genomic clone spanning this deletion was isolated from a
cosmid library of wild-type DNA, and the region spanning the

deletion was mapped with restriction enzymes (Figure 4).

Identifying genes in the region surrounding the Ds.

Three cDNAs were identified as hybridising to the
region of the Ds and the deletion. In the mutant, the DNA
encoding one of them had been totally deleted, the 3’ end of
a second was deleted and a small region of the 5’ end of the
third was deleted. It was concluded that the third cDNA was
the most promising candidate for the LHY gene because only a
small region of it had been deleted in the mutant and the Ds
element was located at the 5’ end of the gene in the

orientation such that the CaMVv 35S promoter within the

‘transposon could transcribe the gene.

To identify which genes were causing the phenotype a
complementation experiment was undertaken by introducing 3

constructs into wild type plants and one into the lhy
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mutant, to determine which of the candidate genes was the
cause of the lhy mutation. Construct A contained DNA from
wild-type plants that spanned the deletion and was obtained
from a cosmid library. The other three constructs were
obtained from DNA from the lhy mutant. Construct B
contained the Ds and a region 5’ to the insertion, Construcg
C contained the Ds and a region 3’ to the insertion and
construct D spanned the Ds and regions on both sides of the
element (see figure 5). It was found that when constructs B
and D were introduced into wild type plants a lhy mutant

phenotype was recreated. See Example 2.

Gene structure

The transformation results showed that a genomic region
approximately 4 kb 5’ to the Ds together with the adjacent
Ds element is sufficient to cause the 1hy mutant phenotype.
This indicated that the cDNA encoded by this region, which
hybridised to fragments 5’ to the Ds, encoded the 1hy gene.
Also, as the mutation is dominant, it suggested that the lhy
gene might be overexpressed in the mutant from the CaMV 35S
promoter located at the 5’ end of the Ds. The candidate
CcDNA was sequenced and a predicted 645 amino acid protein
was identified (Figure 1).

When the predicted LHY protein was compared to known
protein sequences in the Swissprot database by a fasta
homology search, the first 80 amino acids showed homology to
the first alpha helix of the TEA domain of TECI and TEF1

around the region of the first alpha helix and weak homology
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to a number of myb DNA binding proteins (Figure 6). The
yeast myb proteins YCS3 (Accession no. P25357), showed 14/41
identity and 24/41 similarity to the myb domain in LHY and
the first myb domain in BAS1l, (Accesion no. P22035) showed
12/38 identity and 21/38 similarity to the myb domain in
LHY.

A classical myb domain consists of three myb repeats,
each myb repeat contains three alpha helices which are
defined by evenly spaced tryptophan residues. The first
helix is thought to be involved in a protein-protein
interaction, with the second and third showing a helix-turn-
helix DNA binding motif. Not all myb proteins have this
classical structure, some only have one or two myb repeats.
Also the third tryptophan in the third alpha helix is not
always conservered. At the amino acid level myb domains are
not strongly conserved, it is the overall nature of the
sequence which is important (Frampton et al. 1989), they
should have correctly spaced hydrophobic amino acids and
three alpha helicies.

The predicted LHY protein only contains a single myb
repeat (amino acid residues 18-78) which has the first two
tryptophan residues with the correct spacing as can be seen
in Figure 7 (from Frampton et al 1989) but the third
tryptophan is absent. The amino acid sequence in this
predicted myb domain was analysed with a structure
prediction package (predict protein) available on the
Internet at the EMBL-Heidelberg web site. For these 60

amino acids there was the highest prediction of three alpha
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helicies (Figure 8), supporting the presence of a single myb
domain in LHY. The presence of a myb domain suggests that
LHY functions by binding to DNA, and might therefore

regulate the expression of other genes.

Comparison of lhy to other sequences in the databases.

The predicted protein encoded by the LHY gene was
compared to other sequences in the Gen-bank Expressed
Sequence Tags (EST) database using the Tfasta software
10 available on the Wisconsin software package. This program
translates all the sequences in the databases into possible
proteins (using all six open reading frames) and comparing
them to the sequence in question. One EST showed 100%
homology to the 3’ end of the LHY transcript (EST clone
15 162I3T7, Accession no. R30439). This is probably a
truncated c¢DNA of the LHY gene. Its sequence is shown in
Figure 11. It is only 447bp. A second showed significant
homology (54% identity, 93% similarity) to the predicted myb
DNA binding region in lhy. (EST 157C23T7, Accession no.

20 T88489) The complete sequence of this second EST has not
been elucidated yet so it is unknown whether it has homology
to LHY in other parts of the gene (see Figure 9A).

LHY also showed homology (34% identity, 93% homology)
to a rice EST. EST 0SS15442A (Accesion no. D48887) showed
25 two regions of strong homology to the 3’ end of the gene,

indicating it might be a truncated cDNA. (Figure 9B)

Expression of the lhy gene
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RNA from lhy and wild type plants was blotted, onto
nitrocellulose and probed with the LHY gene. The levels of
transcript in Ihy was at a much higher level than wild type.
To test whether this expression was due to a gene fusion
between the gene and the CcaMv 358 promoter, RT-PCR was
conducted on a sample of RNA from lhy using primers specifié
for the 5' end of the Ds and the LHY transcript. A fragment
of DNA was produced which corresponded to the cDNA sequence.
This was confirmed by Southern analysis using the LHY gene

as a probe.

Native LHY expression.

The 1lhy mutant showed a daylength insensitive
phenotype, and therefore there was a-possibility that LHY
expression is controlled by daylength. RNA was extracted
from plants which had been grown under long days (16 hours
light) and short days (10 hours light) and harvested every
two hours from the beginning of the light period for twenty
four hours and then the plants were put into total darkness
for a further 48 hours. This analysis demonstrated that the
LHY transcript is likely to be circadian rhythm controlled,
increasing in the night to a peak when the lights come on
and then decreasing slowly. This cycling continues in the
absence of light indicating that the gene is circadian
rhythm controlled.

The transcript levels were compared for long and short
day grown plants and were found to be higher and lasted for

longer under short day conditions than under long days.
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However the transcript levels in wild type never reached the
levels of that in lhy. It remains to be tested whether the
late flowering in lhy is due to higher expression of LHY or
having the transcript present for a longer period.

To determine when LHY 1s first expressed
developmentally, seeds were sown in MS minimal media under
LD conditions and harvested at 2 hours after the light came
on, once a day for eight days. It was found that with the
germinating seeds the transcript was detectable after two
days, indicating that it is first expressed early in
seedling development. Three batches of seeds were also
germinated in total darkness for two weeks and the first lot
harvested immediately, the second lot after 2 hours light,
and the third lot after 24 hours of a Long day cycle. No
transcript was detected in the first two samples and faint
expression was detected in the third sample, indicating the

presence of light is needed to switch the transcript on.

Location of LHY in the genome

The location of LHY was demonstrated by showing that
the CAPS markers (Konieczny and Ausubel, 1993) PVV4 and NCC1l
are genetically linked to the mutation. LHY was mapped 1.8
cM from the marker PVV4. No mutation affecting flowering

time was previously mapped to this position.

METHODS
Growth conditions and measurement of flowering time

Flowering time was measured under defined conditions by



WO 97/49811 PCT/GB97/01676

10

15

20

25

54
growing plants in Sanyo Gallenkamp Controlled Environment
rooms at 20°C. Sshort days comprised a photoperiod of 10
hours lit with 400 Watt metal halide power star lamps
supplemented with 100 watt tungsten halide lamps. This
provided a level of photosynthetically active radiation
(PAR) of 113.7 umoles photons m-2g-l and a red:far red light
ration of 2.41. A similar cabinet and lamps were used. for
the long day. The photoperiod was for 10 hours under the
same conditions used for short days and extended for a
further 8 hours using only the tungsten halide lamps. In
this cabinet the combination of lamps used for the 10 hour
period provided a PAR of 92.9 pmoles photons m™2 s°! and a
red:far red ratio of 1.49. The 8 hour extension produced
PAR of 14.27 umoles m™2 g-! and a red:far-red ratio of 0.66.

The flowering times of large populations of plants were
measured in the greenhouse. 1In the summer the plants were
simply grown in sunlight. In winter supplementary light was
provided so that the minumum daylength was 16 hours.

To measure flowering time, seeds were placed at 4°C on
wet filter paper for 4 days to break dormancy and were then
sown on soil. Germinating seedlings were usually covered
with cling film or propagator lids for the first 1-2 weeks
to prevent dehydration. Flowering time was measured by
counting the number of leaves, excluding the cotyledons, in
the rosette at the time the flower bud was visible. Leaf
numbers are shown with the standard error at 95% confidence
limits. The number of days from sowing tc the appearance of

the flower bud was also recorded, but is not shown.
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Plant material
The standard wild-type genotype used was Arabidopsis

thaliana Landsberg erecta.

Isolation of plant genomic DNA.

Plant genomic DNA was isolated from glasshouse grown
plants essentially as described by Tai and Tanksley, Plant
Mol. Biol. Rep. 8: 297-303 (1991), except that the tissue
was ground in liquid nitrogen and the RNase step omitted.
Large-scale (2.5-5 g leaves) and miniprep (3-4 leaves) DNA

was prepared using this method.

Gel blotting and hybridisation conditions.

Gel transfer to Hybond-N, hybridisation and washing
conditions were according to the manufacturer’s
instructions, except that DNA was fixed to the filters by UV
Stratalinker treatment (1200 uJ x 100; Stratagene) and/or |
baked at 80° for 2 h. Radiolabelled  DNA was prepared by

random hexamer labelling.

Inverse polymerase chain reaction (IPCR)

IPCR was used to isolate DNA adjacent to the Ds. The
DNA from the lhy mutant was cleaved using the restriction
enzymés Bst Y1 for the 5’ -end and Sau 3A for the 3' end and
then treated as described in Long et al. (1993) The Primers
used to amplify the DNA at the 5’ end of the Ds were the

same as those described in Wilson et al. 1996 (D74 and B34
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for the first round and E4 and D73 in the second round) For
the 3’ end primers B38 (5’~GATATACCGGTAACGAAAACGAACGG) and
B39 (5’ -TTCGTTTCCGTCCCGCAAGTTAAATA) were used in the first
round and primers D71 (5’-CGTTACCGACCGTTTTTCATCCCTA) and D75
(5’ -ACGAACGGGATAAATACGGTAATC) were used in the second

round.

RNA extractions

RNA was extracted using a method which is a modified
version of that described by Stiekma et al {1988) .
Approximately 5 g of tissue frozen in liquid nitrogen was
ground in a coffee grinder and extracted with a mixture of
15 ml of phenol and 15 ml of exXtraction buffer (50 mM Tris
PH8, 1 mM EDTA, 1% SDS). The mixture was shaken,
centrifuged and 25 ml of the aqueous layer recovered. This
was then shaken vigorously with a mixture of 0.7 ml 4M
sodium chloride, 10 ml phenol and 10 ml of chloroform. The
aqueous layer was recovered after centrifugaticn and
extracted with 25 ml of chloroform. The RNA was then
precipitated from 25 ml of the agueous layer by the addition
of 2 ml of 10 M LiCL, and the precipitate recovered by
centrifugation. The pellet was dissolved in 2 ml DEPC water
and the RNA precipitated by the addition of 0.2 ml of 4M
sodium chloride and 4 ml of ethanol. After centrifugation
the pellet was dissolved in 0.5 ml of DEPC water and the RNA

concentration determined.

DNA extractions
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Arabidopsis DNA was performed by a CTAB extraction

method described by Dean et al (1992).

Isolation of cDNA by RT-PCR

Total RNA was isolated from whole seedlings at the 2-3
leaf stage growing under long days in the greenhouse. For
first strand cDNA synthesis, 10 ug of RNA in a volume of 10
ul was heated to 65°C for 3 minutes, and then quickly cooled
on ice. 10 ul of reaction mix was made containing 1 ul of
RNAsin, 1 ul of standard dT,,-adapter primer (1 ug/ul;
Frohman et al, 1988), 4ul of 5x reverse transcriptase buffer
(250mM TrisHCl pH8.3, 375mM KCl, 15mM MgCl,), 2ul DTT
(100mM), 1ul ANTP (20mM), lul reverse transcriptase (200
units, M-MLV Gibco). This reaction mix was then added to
the RNA creating a final volume of 20ul. The mixture was
incubated at 42°C for 2 hours and then diluted to 200 ul
with water.

10ul of the diluted first strand synthesis reaction was
added to 90ul of PCR mix containing 4ul 2.5mM dNTP, 10ul
10xPCR buffer (Boehringer plus Mg), 1ul of a 100ng/ul
solution of each of the primers, 73.7ul of water and 0.3ul
of 5 units/ul Taq polymerase (Boehringer or Cetus Amplitaq).
The primers used D73 (5" -GTTAGTTTTATCCCGATCGATTTCGA) and
CaRIC7F (5'-ACCGCTTTGATTGAGAAGCTG). The reaction was
performed at 94%C for 1 minute, 34 cycles of 55°C for 1
minute, 72°C for 2 minutes and then finally at 72°C for 10
minutes.

20 ul of the reaction was separated through an agarose
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gel, and the presence of a fragment of the expected size was
demonstrated after staining with ethidium bromide. The DNA
was transferred to a filter, and the fragment of interest
was shown to hybridise to a short DNA fragment derived from

the LHY gene.

DNA sequencing

The Sanger method was used to sequence fragments of
interest inserted in a Bluescript plasmid vector. Reactions
were performed using a Sequenase kit (United States

Biochemical Corporation) .

Screening phage and cosmid libraries

A lysate of the cosmid library (Olszewski and Ausubel,
1988) was used to infect E. coli DH5 alpha, and twenty
thousand colonies were screened with the probes described in
the text. Three cDNA libraries were screened to try to
identify a CO cDNA. The number of plaques screened were
5x10° from the "aerial parts" library (supplied by EC
Arabidopsis Stock Center, MPI, Cologne), 3x10° plaques of a
library made from plants growing in sterile beakers
(supplied by the EC Arabidopsis Stock Center) and 1x10°
plaques of the CD4-71-PRL2 library (supplied by the
Arabidopsis Biological Resource Center at Ohio State

University) .

Transformation of Arabidopsis

The cosmids containing DNA from the vicinity of LHY
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were mobilised into Agrobacterium tumefaciens C58Cl, and the
T-DNA introduced into Arabidopsis plants as described by
Valvekens et al, 1988. Roots of plants grown in vitro were
isolated and grown on callus-inducing medium (Valvekens et
al, 1988) for 2 days. The roots were then cut into short
segments and co-cultivated with Agrobacterium tumefaciens
carrying the plasmid of interest. The root explants were
dried on blotting paper and placed onto callus-inducing
medium for 2-3 days. The Agrobacterium were washed off, the
roots dried and placed onto shoot inducing medium (Valvekens
et al, 1988) containing vancomycin to kill the Agrobacterium
and kanamycin to select for transformed plant cells. After
approximately 6 weeks green calli on the roots start to
produce shoots. These .are removed and placed in petri
dishes or magenta pots containing germination medium
(Valvekens et al, 1988). These plants produce seeds in the
magenta pots. These are then sown on germination medium
containing kanamycin to identify transformed seedlings

containing the transgene (Valvekens et al, 1988).

EXAMPLE 2
Delaying flowering of wild-type plants by introducing a copy
of the LHY gene fused to the CaMV 35S promoter

As described in Example 1, introducing constructs B or
D (Figure 5) into wild-type plants was sufficient to cause
the lhy mutant phenotype. This was used to identify the LHY
gene, because it indicated that the gene must be located on

the region of overlap bertween the two cosmids. Sequence and
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transcript analysis demonstrated that LHY was the only gene
located in this interval, and that it was over-expressed in
the mutant. Introduction of a fusion of the CaMV 358
promoter to the LHY gene into wild-type plants is therefore
sufficient tc delay flowering, and this fusion causes the
mutant phenotype even in the presence of two copies of the
wild-type gene.

The lhy mutation has other effects on plant growth and
development, as well as delaying flowering time. For
example, it causes a reduction in chlorophyll content and an
elongated hypocotyl. The use of promoters other than the
CaMV35S promoter to drive over-expression of LHY, or
regulation of the timing of over-expression of LHY mAY allow
the separation of the repression of flowering from the cther
pleiotropic effects. For example the meris (Medford et al,
1991) or shootmeristemless (Long et al, 1996) promoters
could be used to drive LHY expression specifically in the
shoot meristem. Assuming that LHY encodes a transcription
factor, a protein fusion between the LHY gene and a steroid
binding site, such as that of the rat glucorticoid receptor
(Lloyd et al, 1994), and expression of the fusion from the
CaMV 35S promoter would LHY activity to be regulated. This
would allow over-expression of the gene to be activated at
certain times in development, and therefore repression of
flowering to be initiated later in development. This might,
for example, enable flowering to be delayed without the
effects of the mutation on hypocotyl elongation.

The genomic sequence of the promoter and untranslated
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leader of the LHY gene is shown in Figure 10.

The ATG start codon (bases 1740-1742) of the LHY open
reading frame is underlined. The longest LHY cDNA that has
been obtained starts at position 1079 (in bold and
underlined); indicating that the the first 1079 bases
probably encode promoter sequence while that from 1079 to
the ATG start codon encode the untranslated leader. The
region shown in italics from position 1225 to 1370 is
present in the genomic sequence but not the c¢DNA and
represents an intron within the untranslated leader
sequence.

The promoter and untranslated leader were cloned by
using PCR to amplify the region from a plasmid carrying a
larger fragment of the LHY gene. A proof reading polymerase
was used to reduce the error rate during amplification. The
primers used were LP1 (CATCAACGTAGGGATCCGTGAAATAT) which
anneals at the 5’ end of the promoter region from bases 5 to
30 in the sequence shown in Figure 10. The bases underlined
(16-21) represent the BamHI site that was subsequently used
to clone the amplified fragment, and those bases double
underlined were errors introduced into the LP1l primer to
introduce the BamHI site. The second primer used was LP2
(GGACTAGTAACAGGACCGGTTGCAGCTATTC) which anneals immediately
upstream of the ATG and introduces a Spel site. A fragment
of the expected size was amplified with these primers and
inserted into Bluescript vector cleaved with Spel and BamHI.
The DNA sequence of the cloned fragment was then determined

and found to be that expected.
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The promoter may be used to drive gene expression in a
circadian-regulated manner similar to that shown by the LHY
gene. For instance, it may be used to drive expression of
firefly luciferase. The vector VIPllomeFFLuc which was
previously described by Anderson et al (1994) and Anderson
and Kay (1995) may be used for this. The vector contains
BamHI and HindIII sites upstream of the luciferase gene.
Bluescript plasmid carrying the LHY promoter fragment
described above is cleaved with Spel and partially filled in
with Klenow polymerase to make it compatible with a
partially filled in HindIII site. The plasmid is then
cleaved with BamHI. The vector is cleaved with HindIII,
partially filled in and cleaved with BamHI. This enables
insertion of the LHY promoter fragment into the vector such
that it drives luciferase expression. This construct is
introduced into Agrobacterium, and. these bacteria used to
introduce the T-DNA into Arabidopsis by selection of
kanamycin resistance. In the transgenic plants expression
of luciferase may be used to show the promoter fragment
driving circadian rhythm-regulated gene eXpression as has
been shown previously for the promoter of the CAB2 gene of
Arabidopsis (Millar et al, 1992).

The promoter may be used to drive other gene products
in this way. This enables gene products of interest to be
expressed around dawn. This is an advantage if plant growth
and development is disrupted by the gene product when it is
constantly expressed, for example because it is harmful to

the cell during extended eéxposure to light or darkness. It
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also enables the gene product to interact with gene products
present at the same time during the circadian cycle, and not
to interact with those present at different times during the

cycle.
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TABLES

Flowering times and growth rates of lhy mutant and wild-type
plants. Flowering times are shown as leaf numbers at
flowering, and were measured in two experiments
independently. The Table describing Experiment 2 illustrates
that the mutation is dominant; plants heterozygous for the
lhy mutation flower at the same time as those that are
homozygous for the mutation. Growth rate is shown as number
of leaves formed each day, and is significantly slower for

lhy than for wild-type plants grown under short days.
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Table 1. Flowering time of lhy mutants under long and short days.

A. Number of rosette and cauline leaves formed by lhy mutants under long and short days.

Genotype

and Daylength

No. rosette leaves

No. cauline leaves

Total no. leaves

(SD)

lhy (LD) 12.0 (+/-0.5) 5.0 (#/-0.3) 17.0 (+/-0.7)
lhy (SD) 14.6 (+/-0.4) 4.3 (+/-0.2) 18.9 (+/-0.4)
Landsberg erecta 4.6 (+/-0.2) 2.8 (+/-0.1) 7.4 (+/-0.2)
(LD)

Landsberg erecta 27.4 (+/-0.5) 9.7 (+/-0.3) 37.0 (+/-0.5)

B. Flowering time of lhy mutants.

Genotype Time to flowering Total no. leaves at
and Daylength (Days) flowering

lhy (LD) 33.2 (+/-1.8) 13.5 (+/-1.9)

lhy (SD) 36.8 (+/-1.7) 11.2 (+/-1.2)
Landsberg erecta (LD) 20.1 (+/-1.5) 6.6 (+/-0.7)
Landsberg erecta (SD) 35.6 (+/-1.7) 19.6 (+/-2.2)
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Table 2.

Rate of leaf formation of /Ay and wild type.

lhy wt

Conditions __ [Rate Ives/day] LR [Rate lves/day] LR

Long days 0.85 0.997

Short days 0.52 0.995 1.05 0.999
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CLAIMS:
1. An isolated polynucleotide encoding a polypeptide which

includes the amino acid sequence shown in Figure 1.

2. A polynucleotide according to claim 1 wherein the
coding sequence is the coding sequence sequence shown in

Figure 1.

3. A polynuclectide according to claim 1 wherein the
coding sequence is a mutant, allele, variant or derivative
of the coding sequence shown in Figure 1, by way of
addition, deletion, substitution and/or insertion of one or

more nucleotides.

4. An isolated polynucleotide which on expression in a
transgenic plant influences a flowering characteristic of
the plant, the polynucleotide encoding a polypeptide which
includes an amino acid sequence which is a mutant, allele,
variant or derivative of the Arabidopsis thaliana LHY
sequence shown in Figure 1, or is a homologue of another
species or a mutant, allele, variant or derivative thereof,
the amino acid sequence differing from that shown in Figure
1 by way of addition, substitution, deletion and/or
insertion of one or more amino acids, and having 60%

homology with the sequence of Figure 1.

5. A polynucleotide according to claim 4 wherein said

flowering characteristic is the timing of flowering.
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6. A polynucleotide according to claim 5 wherein said
mutant, allele, variant or derivative has the ability to

advance flowering in a plant.

7. A polynucleotide according to claim 5 wherein said
mutant, allele, variant or derivative has the ability to

delay flowering in a plant.

8. An isolated polynucleotide encoding a polypeptide
including a single myb domain and which on expression in a

transgenic plant influences flowering time.

9. A polynucleotide according to any preceding claim

operably linked to a regulatory sequence for expression.

10. An isolated polynucleotide which has a nucleotide
sequence complementary to at least about 300 nucleotides of

the sequence of any of claims 1 to 8.

11. A polynucleotide according to claim 10 operably linked
to a regulatory sequence for transcription of said

nucleotide sequence complementary to a said coding sequence.

12. A polynucleotide according to claim 11 wherein the

regulatory sequence includes an inducible promoter.

13. An isolated polynucleotide encoding a promoter which,

when operably linked to a nucleotide sequence in a plant,
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regulates transcription of the operably linked nucleotide
sequence under circadian rhythmic control, the promoter
including the promoter sequence shown in Figure 10 or a

fragment thereof.

14. An isolated polynucleotide encoding a promoter which,
when operably linked to a nucleotide sequence in a plant,
regulates transcription of the operably linked nucleotide
sequence under circadian rhythmic control, the promoter
including a nucleotide Sequence mutant, allele, variant or
derivative of the Arabidopsis thaliana LHY promoter sequence
shown in Figure 10, or is a homologue of another species or
a mutant, allele, variant or derivative thereof, the
nucleotide sequence of the promoter differing from that
shown in Figure 10 by way of addition, substitution,
deletion and/or insertion of one or more nucleotides, and
having 60% homology with a sequence of about 500 nucleotides
within the sequence of Figure 10 and upstream from

nucleotide 1059 therein.

15. An isolated polynucleotide according to claim 13 or
claim 14 wherein the promoter is operably linked to a

nucleotide sequence for transcription thereof.

16. An isolated polynucleotide according to claim 15
wherein the operably linked nucleotide sequence encodes a

peptide or polypeptide.
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17. An isolated polynucleotide according to claim 15
wherein the operably linked nucleotide sequence is
complementary to a coding or non-coding sequence of a gene
of interest, for anti-sense regulation of the expression of

the gene.
18. A nucleic acid vector suitable for transformation of a
host cell and including a polynucleotide according to any

preceding claim.

19. A nucleic acid vector according to claim 18 wherein

said host cell is a microbial cell.

20. A nucleic acid vector according to claim 18 wherein

said host cell is a plant cell.

21. A host cell containing a heterologous polynucleotide or

nucleic acid vector according to any preceding claim.

22. A cell according to claim 21 which is microbial.

23. A cell according to claim 22 which is a plant cell.

24. A cell according to claim 23 having said heterologous

polynucleotide incorporated within its genome.

25. A cell according to claim 24 having more than one said

polynucleotide per haploid genome.
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26. A cell according to any of claims 23 to 25 which is

comprised in a plant.

27. A plant including a cell according to any of claims 23

to 25.

28. A plant which is a sexually or asexually propagated
off-spring, clone or descendant of a plant according to
claim 27, or any part or propagule of said plant, off-

spring, clone or descendant.

29. A part or propagule of a plant according to claim 28.
30. A plant according to claim 27 which does not breed
true.

31. A method of producing a plant, the method including
incorporating a heterologous polynucleotide according to any
of claims 1 to 9 into a plant cell and regenerating a plant

from said plant cell.

32. A method of producing a plant, the method including
incorporating a heterologous polynucleotide according to any
of claims 10 to 12 into a plant cell and regenerating a

plant from said plant cell.

33. A method of producing a plant, the method including

incorporating a heterologous polynucleotide according to any
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of claims 13 to 17 into a plant cell and regenerating a

plant from said plant cell.

34. A method according to any of claims 31 to 33 including
sexually or asexually propagating or growing off-spring or a

descendant of said plant.

35. A method of influencing a flowering characteristic of a
plant, the method including causing or allowing expression
of a product encoded by a heterologous polynucleotide

according to any of claims 1 to 9 within cells of the plant.

36. A method of influencing a flowering characteristic of a
plant, the method including causing or allowing expression
from a polynucleotide according to any of claims 10 to 12

within cells of the plant.

37. A method of influencing a flowering characteristic of a
plant, the method including causing or allowing expression
from a polynucleotide according to any of claims 13 to 17

within cells of the plant.

38. Use of a polynucleotide according to any of claims 1 to

9 for influencing a flowering characteristic of a plant.

39. Use of a polynucleotide according to any of claims 10

to 12 for influencing a flowering characteristic of a plant.



WO 97/49811 PCT/GB97/01676

10

15

74
40. Use of a polynucleotide accoding to any of claims 10 to
12 for down-regulation of expression of a gene encoding a
polypepide encoded by a polynucleotide according to any of

claims 1 to 9.

41, Use of a polynucleotide according to claim 13 or claim
14 for controlling transcription of an operably linked

seqguence in a plant.

42. Use of a polynucleotide according to any of claims 1 to
9 in the production of a transgenic plant.
43, Use of a polynucleotide according to any of claims 10

to 12 in the production of a transgenic plant.

44 . Use of a polynucleotide according to any of claims 13

to 17 in the production of a transgenic plant.
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CAGTTATCTTCTICCTICTICTCTCTGTTTTTTAAATTTATTTTTAGAGAATTTTTTTTG
(Deleted in lhy )
TTTTGCTTCCGATTIGATTATTTCCGGGAACGATGACTTC TCCGGGGAGTTCCCGGTGAG

ATGATAAGTCAGATTGCATACTTGTLETCCTCCATGGCTACTCTCAAGGGTTTTGGCTGCG
Position of the Ds.
GTGGATTCGTTTGGTTTCTCTAGAATCTAAAGAGGTTATCACAACGGCTTTGCAATTTGA

AAACTTTCATGTTTGGGGAGATCAAAGATGGTTTCTTTTTTATACTTTACTTGTTAGAGA

GGATTTGAAGCAGCGAATAGCTGCAACCGGTCCTGTTATGGATACTAATACATCTGGAGA
M D TN T S G E
AGAATTATTAGCTAAGGCAAGAAAGCCATATACAATAACAAAGCAGCGAGAGCGATGGAC
E L L A K A R K P Y T I T K QR E R W T
TGAGGATGAGCATGAGAGGTTTCTAGAAGCCTTGAGGCTTTATGGAAGAGCTTGGCAACG
E D E H ER F L E AL RTIL Y G R A W Q R
AATTGAAGAACATATTGGGACAAAGACTGCTGTTCAGATCAGAAGTCATGCACAAAAGTT
I E EH I G T K T™AV Q I R S H A Q K F
CTTCACAAAGTTGGAGAAAGAGGCTGAAGTTAAAGGCATCCCTGTTTGCCAAGCTTTGGA
F T K L E K E A E V K G I P V C Q A L D
CATAGAAATTCCGCCTCCTCGTCCTAAACGAAAACCCAATACTCCTTATCCTCGAAAACC
I E I p P P R P K RK P NTT P Y P R K P
TCGGAACAACGGTACATCTTCCTCTCAAGTATCATCAGCAAAAGATGCAAAACTTGTTTC
G N N G T S § 8 Q V. s s A K D A K L VvV s
ATCGGCCTCTTCTTCACAGTTGAATCAGGCGTTCTTGGATTTGGAAAAAATGCCGTTCTC
S A S §$ S Q L N Q A F L DL E KM P F S
TGAGAABRACATCAACTGGAAAAGAAAATCAAGATGAGAATTGCTCGGGTGTTTCTACTGT
E K T s T GG K ENOQDENZCGCSG V s TV
GAACAAGTATCCCTTACCAACGAAACAGGTAAGTGGCGACATTGAAACAAGTAAGACCTC
N XK ¥ p L P T K Q V5 GG D I E T S K T 8§
AACTGTGGACAACGCGGTTCAAGATGTTCCCAAGAAGAACAAAGACAAAGATGGTAACGA
T V. b N AV Q DV P K KN K D K D G N D
TGGTACTACTGTGCACAGCATGCAAAACTACCCTTGGCATTTCCACGCAGATATTGTGAA
G T TV H S M 0 N Y P W HVF HA D I V N
CGGGAATATAGCAAAATGCCCTCAAAATCATCCCTCAGGTATGGTATCTCAAGACTTCAT
G N I A K C P Q N H P S G M V s Q D F M
GTTTCATCCTATGAGAGAAGAAACTCACGGGCACGCAAATCTTCAAGCTACAACAGCATC
F H P M R E E THGHANULQ A T T A S
TGCTACTACTACAGCTTCTCATCAAGCGTTTCCAGCTTGTCATTCACAGGATGATTACCG
AT T T A S H Q A F P A C H S Q0 D D Y R
TTCGTTTCTCCAGATATCATCTACTTTCTCCAATCTTATTATGTCAACTCTCCTACAGAA
S F L QI & S T F s NILTIMSTUL L Q N
TCCTGCAGCTCATGCTGCAGCTACATTCGCTGCTTCGCTCTGGCCTTATGCGAGTGTCGG
P A A H A A A T F A A S V W P Y A S V G
GAATTCTGGTGATTCATCAACCCCAATGAGCTCTTCTCCTCCAAGTATAACTGCCATTGC
N 8§ G D § S5 T P M § § § P P S I T & I A
CGCTGCTACAGTAGCTGCTGCAACTGCTTGGTGGGCTTCTCATGGACTTCTTCCTGTATG
A A T V A A A T AW W A S HG L L P VvV C
CGCTCCAGCTCCAATAACATGTGTTCCATTCTCAACTGTTGCAGTTCCAACTCCAGCAAT
A P A P I T C V P F § T V A V P T P A M
GACTGAAATGGATACCGTTGAAAATACTCANCCGTTTGAGAAACAAARACACAGCTCTGCA
T EM D T V E N T O P F E K O N T a L Q
AGATCAAACCTTGGCTTCGAAATCTCCAGCTTCATCATCTGATGATTCAGATGAGACTGG
D ¢ * L A S K & P A 8 8§ & D D S D E T G

psY
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Figure 1 (Continued)
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AGTAACCAAGCTAAATGCCGACTCAAAAACCAATGATGATAAAATTGAGGAGGTTGTTGT
v T K L NA DS K TNDD K I E E V V V

TACTGCCGCTGTGCATGACTCAAACACTGCCCAGAAGAAAAATCTTGTGGACCGCTCATC
T A A V H D S N T A Q K K N L V D R § S
GTGCTGGCTCAARAATACACCTTCAGGGAGTGACGCAGAAACTGATGCATTAGATAAAATGGA
C G S N T P S G S D A E TD AL D KME
GAAAGATAAAGAGGATGTGAAGGAGACAGATGAGAATCAGCCAGATGTTATTGAGTTAAA
K D K E DV K ETDENQQ P DV I E L N
TAACCGTAAGATTAAAATGAGAGACAACAACAGCAACAACAATGCAACTACTGATTCGTG
N R K I KM RDWNWNSNNWNW AT T D S W
GAAGGAAGTCTCCGAAGAGGGTCGTATAGCGTTTCAGGCTCTCTTTGCAAGAGAAAGATT
K E V S E E G R I A F Q A L F A R E R L
GCCTCAAAGCTTTTCGCCTCCTCAAGTGGCAGAGAATGTGAATAGAARACAAAGTGACAC
P 0 §$ F S P P Q V A E NV NIRI K Q s DT
GTCAATGCCATTGGCTCCTAATTTCAAAAGCCAGGATTCTTGTGCTGCAGACCAAGAAGG
s M P L A P N F K S ¢ DS C a A D Q E G
AGTAGTAATGATCGGTGTTGGAACATGCAAGAGTCTTAAAACGAGACAGACAGGATTTAA
vV v M I GV G T CCI K S L K TR QO TG F K
GCCATACAAGAGATGTTCAATGGAAGTGAAAGAGAGCCAAGTTGGGAACATAAACAATCA
P ¥Y K R C sSs M E V K E S Q VG NI NN Q
AAGTGATGAAAAAGTCTGCAAAAGGCTTCGATTGGAAGGAGAAGCTTCTACATGACAGAC

S D E KV C K RULIRILEGE A S T
TTGGAGGTAAAAAAAAAACATCCACATTTTTATCAATATCTTTAAATCTAGTGTTAGTAG

TTTGCTTCTCCAATCTTTATGAAAGAGACTTTTAATTTTCCTTCCGAACATTTCTTTGGT
CATGTCAGGTTCTGTACCATATTACCCCATGTCTTGTCTCTTGTCTCTGTTTGTGTATGC
TACTTGTGGTCTATATGTCATCTGCTACTACTGTTAATTAACCATTAAGCAATGGATTTG

TCTTTA 2526
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Figure 6A

LHY - TITKQRERWTEDEHERFLEALRLYGRAWQRIEEHIGTKTAVQIRSHAQKFFTKLE
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| P 1
TEF1 - WSPDIEQSFQEALAIY
o helix of TEA domain
Figure 6B

LHY - TITKQRERWTEDEHERFLEALRLYGRAWQRIEEHIGTKTAVQIRSHAQKFFTKLE
| F SR IR N B IR | I T BN I R EEEN
YCS3 - WsVrEsqlFpElLkefGsqWslISEk1GTKsttnvRnyyQr

LHY - TITKQRERWTEDEHERFLEALRLYGRAWQRIEEHIGTKTAVQIRSHAQKFFTKLE
(I ERE I I Pl - B I | I

BAS1 R1- WTgeEdEqlLkAyeehGphWlsIsmdIpgrTedQcakryievligpgs
e - N EE S T P

R2- WTleEdlnliskvkayGtkWrkIssemefrpsltcRnrwrKiitmvv



WO 97/49811 PCT/GB97/01676
WIS TN IOALSL

g /12

Figure 7

myb o1 myb o2 myb O3
hhhHHHHHHHHE hhHHHHHHHH hhhHHHHHHHHH

#.k..WTseEd..#..##...G..sw..IA..L.gth.q#..rw...lnps

T I O R A

LY - TITKQRERWTEDEHERFLEALRLYG RAWQRIEEHIGTKTAVQIRSHAQKFFTKLE

Figure 8

LHY - TITKQRERWTEDEHERFLEALRLYGRAWQRIEEHIGTKTAVQIRSHAQKFFTKLEKA
predicted HHHHHHHHHHHHHHH HHHHHHHHH LLLL HHHHHHHHHHH |
Prob. H 002368999999999999985899988977400012548999999999832
Prob. L 887531000000000000014100000012599873110000000000167



PCT/GB97/01676

WO 97/49811

9712

x<m>mUmmwmxmwﬁmmm&qdemqumeGMQMQQBQ

x>m2m0&&%m&h@&0%9&dm MUBODUHS>>OMOQ4¢

>%ﬂUx>m<mMmAMB@&MO<$MMHO><BMBGHmmmHm03<mowqmq<MAwmmmmamBSMW%OMEHBM&M&@M@AQmmOmBZHQZI AHT

s E ISR

>36quommowmmﬂ%1mex90>mom<mﬂme - ISd FOIY¥

LSYIOITETINOANIASONNINOADST - AHT

(1)
QMOQHH4<ZMZAQ>B>EB>MOMMMMMmemwm>0mmmmm@mdmmmm&q40m IS3 @01y

R ._”"““""“.. _____________ ___
||||| Umoamzmzmmqmzmaamommz\émm-->@mmmmm0mqmmm¢mq¢om§mo - AHT
(v¥9)

SR R A |[::¢]

BmHmdq&wzxo>xdmwxdmmmMHOH>me0mmomH&xZOmDmqOJ@MdmmamWGMBZWMMmmBHBN@MM>&MM&<MD¢MBB<H 1S3 sTsdoprgqeiy

6 2unB1y



WO 97/49811

10/12

FIGURE 10
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CAAACATCAACGTAGGGATCCGTGAAATATTTAAATCCGGTTTGTTTGGTTATTTTGGAA

TAATTTCGGTTATTTCAATTAGATTCGGGTAbllebllLllLbhlLAGTAACAAAAACT

GGTCTATTGTTTTTTGGTTAACCTAGAACCGAACCGAACTAACCAAAGTTCTCGGTAACC

TTTTGTAGTGGCTTCCTGACCGATGAGGCCGTCAACTTCAAAAAATATTGCAACTAAGCT

CTGCTCCAAAATTAGAGTATCTATAACTATGTTAAACGCTTCTGCTTTAAGCAAAACACA

GTTGTAAGCTGGAATCTAAAAAAATGAGTGTAATGATGTTTGCTGAATTCCATAAATAAA

TACTACATGCTTCGGTTAAGACTTAAGAGTAATTAATGTTCCTTAATTTCTACAAATGTT

ATATAAGCAAGTTGACCAAAGTTCTCGATGATAATTTGTTGAAATTTTGTATAGGCATTG

CATGATATTATATGAAAAGATGAAGATTTTTATACAGACGCAAGTTCCCCGAGCAGTCCA

AGCTTGTCGGGTTTAATTCAACTATGTTAATACGCAAATTTATATAGAATAGGCGTAAAA

GTGAGGCCCATACAATGTCTTATTACAAGCCCAGATCCAGCATAGCCAATACGTAGCAGT

ACACCATCACAGCTGGCACCGTACCCACTTGTTTAGTCGTCCAAGTTTGTACCAATAATC

GTTTACACGTAAGCAATTGTGGACCACCACACTCACTTTT ACCTACGTGAGCTTCACATT

GAAGCTTCTGGCTCGTAGAGAAGCAACTTGAGATATACCAAAAAGTGCAGTAGACAGCCA

CTACAATATCACCACGTGTCGATCTGCGATGACTTCTGTTTTTCCATTTATACCCTTGGT

GCTGTTCCAGCCTCAAATAACTTTTCAATTAAAATTTTTCCAAAAATTAGGGGCAAAAAT

TCTTGTGCCTGAGATTGCTTCTGGCTTCTCTTCTTCTICL TCCAGTCTTCTTCAGCCTAA

AACAGTCTTCCTTCTTCTTCTTCTTCLIICT TCTTCTTTCAGTTATCTTCTTCCTTCITICT

CTCTGTTTTTTAAATTTATTTTTAGAGA1llLlelLbllllbLllLLbAllleTTATT

TCCGGGAACGATGACTTCTCCGGGGAGTTCCCGGTGAGATGATAAGTCAGATTGCATACT
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