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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 FCA gene of
Arapidopsis thaliana, and homologues from other species,
and manipulation and use of these genes in plants.

Efficient flowering in plants is important,
particularly when the intended product is the flower or
the seed produced therefrom. Cne aspect of this is the
timing ¢f flowering: advancing or retarding the onset of
flowering can be useful to farmers and seed producers. An
understapding 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 preducticn are numerous,
essentially 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, cats and rye in more
temperate climates. Important seed products are oil seed
rape, sugar beet, maize, sunflower, soybean and sorghum.
Many crops which are harvested for their rcots 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. In
horticulture, control of the timing of flowering is

impertant. Horticultural plants whose flowering may be

PCT/GBY6/01332
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2
controlled include lettuce, endive and vegetable
brassicas including cabbage, broccoli and cauliflower,
and carnatiocns 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 te study flowering and its contrel.

One of the genes required for rapid floral induction
is the FCA gene (Koornneef et al 1%91). Plants carrying
mutations of this gene flower much later than wild-type
under long photopericds and short photoperiods. There is
a considerable range in flowering time within different
mutant fca alleles. The most extreme (fca-1) flowers
under long photoperiods with up to 40 leaves whereas fca-
3, fca-4 flower with ~20 rosette leaves compared to 9 for
wild-type Landsberg erecta). The late flowering of all
the fca mutants can be overcome to early flowering in
both long and short photoperiods if imbibed seeds, or
plants of different developmental ages, are given 3-8
weeks at 4°C - a vernalization treatment (Chandler and
Dean 1994).

We have cloned and sequenced the FCA gene cof
Arabidopsis thaliana, a homologue from Brassica and
mutant segquences.

According to a first aspect of the present invention

there is provided a nucleic acid molecule comprising a

for
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3
nuclectide sequence encoding a polypeptide with FCA
function. Those skilled in the art will appreciate that
vrFcA function" refers to the ability te influence the
timing of ﬁlowering phenotypically like the FCA-gene of
Arabidopsis thaliana, especially the ability to

complement an fca mutation in Arabidopsis thaliana.

Nucleic acid according to the invention may encede a

polypeptide comprising the amino acid sequence shown in
Figure 2, or an allele, variant, derivative or mutant
thereof. Particular variants include those wherein the
amine acid residues up-stream of the third methionine
and/er up-stream of the second methionine in the amino
acid sequence of Figure 2 are not inciuded. Variants,
mutants and derivatives of nucleic acid encoding such
shorter polypeptide are of course provided by various
embodiments of the present inventien.

Nucleic acid according to the present invention may
have the sequence of an FCA gene of Arabidopsis thaliana,
or be a mutant, variant {(or derivative} or allele of the
sequence provided. Preferred mutants, variants 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 promote
flowering as discussed herein. Promotion of flowering
may advance, hasten or quicken flowering. Other
preferred mutants, variants and alleles encode a protein
which delays flowering compared to wild-type or a gene

with the sequence provided. Changes to a gequence, to
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produce a mutant or variant, may be by one or more of
insertion, deletion or substitution of one or more
nucleotides in the nucleic acid, leading to the
insertion, deletiocn or substitution of one or more amino
acids. Of course, changes to the nucleic acid which make
no difference to the encoded aminc acid sequence are
included. Particular variante, mutants, alleles and
variants are discussed further below.

A preferred nucleic acid seguence covering the
region encoding the FCA gene is shown in Figure 1 and the
predicted amine acid sequence encoding the FCA ORF is
shown in Figure 2. Nucleic acid may be subject to
alteration by way of subsitution of nucleotides and/or a
combination of addition, insertion and/or substitution of
one or more nucleotides with or without altering the
enceded amino acids sequence (by virtue of the degeneracy
of the genetic code).

Nucleic acid according to the present invention may
comprise an intron, such as an intron shown in Figure 1,
for instance intron 3 f(as in various embediments e.g. as
illustrated herein), whether or not the encoded amino
acid sequence is altered. For example, the variant FCA
0y, whose nucleic acid sequence is shown in Figure 3,
comprises intron 3 of the sequence of Figure 1, such that
translation of the sequence results in a different amine
acid sequence from that of Figure 2 {intron 3 of Figure 1
contains a stop codon at 3026-3028 that is potentially

ugsed in transcripts).

A3
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The present invention also provides a vector which
comprises nucleic acid with any one of the provided
sequences, preferably a vector from which polypeptide
encoded by the nucleic acid sequence can be expressed.
The vector is preferably suitable for transformation into
a plant cell. The invention further encompasses a host
cell transformed with such a vector, especially a plant
cell. Thus, a host cell, such as a plant cell, comprising
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 rucleotide sequence per haploid
genome. This, for example, enables increased expression
of the gene product compared with endogenous levels, as
discussed below.

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

Nucleic acid molecules and vectors according to the
present invention may be provided isclated 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 the seguence encoding a polypeptide
able to influence flowering, eg in Arabidopsis thaliana

nucleic acid other than the FCA sequence. Nucleic acid

PCT/GBY6/01332
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according to the present invention may comprise cDNA,
RNA, genomic DNA and may be wholly or partially
synthetic. The term “isclate” may encompass all these
possibilities.

The present invention alsc 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 in suitable host cells, e.g. E. coli
{see Example 7). Those skilled in the art are well able
to construct vectors and design protocols for expression
and recovery of products of recombinant gene expressioen.
Suitable vectors can be chosen or constructed, containing
one or more appropriate regulatory sequences, including
promoter sequences, terminator fragments, polyadenylation
sequences, enhancer sequences, marker genes and other
seguences as appropriate. For further details see, for
example, Molecular Cloning: a Laboratory Manual: 2nd
edition, Sambrook et al, 1989, Cold Spring Harbor
Laboratory Press. Transformation procedures depend on the
host used, but are well known. Many known techniques and
protocols for manipulation of nuecleic acid, for example
in preparation of nucleic acid constructs, mutagenesis,
gsequencing, introduction of DNA into cells and gene
expression, and analysis of proteins, are described in
detail in Short Protocols in Molecular Biology, Second

Edition, Ausubel et al. eds., John Wiley & Sons, 1892.




190

15

20

25

WO 96/38560 PCT/GB96/01332

7
The disclosures of Sambrook et al. and Ausubel et al. are
incorporated herein by reference.

Purified FCA protein, or a fragment, mutant 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, as exemplified in Example 7.
Antibodies and polypeptides comprising antigen-binding
fragments of antibodies may be used in identifying
homelegues from other species as discussed further below.

Methods of producing antibodies include immunising a
mammal {eg human, mouse, rat, rabbit, horse, gocat, 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 meonoclonal.

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, eg using
lambda bacteriophage or filamentous bacteriophage which
display functicnal immuncglobulin binding domains on

their surfaces; for instance see W092/01047.
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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
present invention provides a method of identifying or
isolating a polypeptide with FCA functien (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 tc bind an
FCA polypeptide or fragment, variant or variant thereof
or preferably has binding specificity for such a
polypeptide, such as having the amino acid sequence shown
in Figure 2 or Figure 8b. Specific binding wembers such
as antibodies and polypeptides comprising antigen binding
domains of antibodies that bind and are preferably
specific for a FCA polypeptide or mutant, variant or
derivative thereof represent further aspescts of the
present invention, as do their use and methods which
employ them.

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

A polypeptide found to bind the antibody may be
isclated and then may be subject to amino acid
sequencing. Any suitable technigue may be used to

sequence the polypeptide either wholly or partially (for
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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 oligonuclectides (e.g. a degenerate
pool of oligonucleotides) for use as probes or primers in

hybridisation to candidate nucleic acid, or by searching

computer sequence databases, as discussed further below.

The present invention further encompasses a plant
comprising a plant cell comprising nucleic acid according
to the present invention e.g. as a result of intreduction
of the nucleic acid into the cell or an ancestor thereof,
and selfed or hybrid progeny and any descendent cf such
a plant, also any part or propagule of such a plant,

progeny or descendant, including seed.

The FCA gene encodes a large protein (796 amino
acids shown in Figure 2) with homology to a class of
proteins identified as RNA-binding proteins (Burd and
Dreyfuss 1994). These proteins contain 80 amino acid, RNA
recognition motifs (RRMs) and have a modular structure-
they can contain several RNA binding domains and
auxiliary domains rich in amino acids such as glycine,
glutamine and proline. The RRM proteins can be divided
into subfamilies based on homolegy within and around the
RRM domains. The FCA protein is most homologous to a
subfamily of RNA-binding proteins (cluster 1028.16;
identified using the BEAUTY database search, Worley et
al., 1995) exemplified by the Drosophila elav gene

(Robincw et al., 1988). Other members of this family
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include the Drosophila sexlethal protein; the human
nervou; system proteins HuD, HuC, Hel-N1, and Hel-N2: and
the Xenopus proteins elrh, elrB, elrC, elrDd and etr-1.
FCA has two RNA-binding domains while most of the members
5 ofelav gene family have three RNA-binding domains. The
first two RNA-binding domains of elav <family (and the
spacing between the domains) is similar to the RNA-
binding domains in the FCA protein. In commen with the
FCA protein the elav has a region with high glutamine
19 content. There is alsoc a 20 amino acid region near the ¢
terminus of the FCA protein which shows strong homology
to ORFs from two genes of unknown function from yeast and
C. elegans.
The FCA transcript is alrernatively spliced. Five
15 forms of the transcript are generated in cells. One,
nerein called FCA transcript f is ~ 2kb and represents
premature termination and polyadenvylation within intron
3. FCA e, and o has 12 of 20 introns spliced out but
intron 3 (2kb) remaining. FCA «, 15 the same as o except
20 at intron 13 where different 5' and 3° exon/intron
juncticns are used. FCA o, uses the 5' exon/intron
junction at 7055 bp (genomic seguence Fig.l) and 37
exon/intron junction at 7377 bp. FCA o, uses the §f
excn/intron junction at 713C bp {genomic sequence Fig.l)
25 and 3’ exon/intron junction at 7295 bp. FCA Lranscripts v,
and y, both have intron 3 removed and y, and vy use the

same junctions around intron 13 as «, and oy,

AMENDED SHEET
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respectively. Only ¢, encodes both RNA-binding domains and
the conserved C-terminal domain (Figure 10).

RNA-binding proteins have been shown to be involved
in several facets of post-transcriptiocnal regulation. The
RNP motif forms a 8 sheet RNA binding surface engaging
the RNA as an open platform for interaction with either
other RNA molecules oxr other proteins. One of the most
well characterized genes encoding an RNP motif-containing
protein ig the Drosophila SEX-LETHAL gene (Bell et al
1988) . The SEX-LETHAL protein is involved in altering the
splicing of its own and other transcripts within the
pathway that determines sex in Drosophila. Only the
alternatively spliced product gives an active protein.
Thus this gene product is responsible for determining and
maintaining the female state. Other RNA-binding proteins
have been shown to function by localizing specific
transcripts in the nucleus or preventing translation of
specific transcripts. Six independently isolated fca
mutants have been described, and we have identified the
sequence changes causing a reducticn in FCA activity in
three cases. The fca-1 mutation converted a C nucleotide
at position 6861 {Figure 1) into a T. Thus a glutamine
codon (CAA) is changed into a stop codon (TAR). The fca-3
mutation converted a G nucleotide at position 5271 ingo
an A. The effect of this mutation is to alter the 3’
splice junction of intron 7 such that a new 3’ splice
junction is used 28 nuclectides into exon 8. The fca-4

mutation is the result of a rearrangement (an inversion

PCT/GB96/01332
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taking the 3° end of the gene 250kb away) with the break-
point at positien 4570 (within intron 4).

2 further aspect of the present invention provides a
method of identifying and c¢loning FCA homologues from
plant species other than Arabidopsis thaliana which
method employs a nuclectide sequence derived from that
shown in Figure 1. Nucleic acid libraries may be screened
using technicues well known to those skilled in the art
and homologous seqguences thereby identified then tested.
The provision of sequence information for the FCA gene of
Arabidopsis thaliana enables the obtention of homologoug
sequences f{rom Arabidopsis and other plant species, In
Southern hybridization experiments a probe containing the
FCA gene of Arabidopsis thaliana hybridises to DNA
extracted from Brassica rapa, Brassica napus and Brassica
oleraceae. In contrast to most Arabidopsis genes, which
are normally present on the B. napus gencme in 6 copies,
the FCA gene is present twice, on only one pair of
chromosomes. An FCA howmologue from Brassica napus has
been isclated and sequenced and shows 86.1% average
nucleotide sequence homology within the exons, 65.8%
within introns and 78% identity at the amino acid level
(87% similarity). This Brassica gene fully complements a
mutation in the Arabidopsis FCA gene and can thus be
considered ag a fully functional homologue., Homologues
have alsc been detected by Southern blot analysis from
Antirrhinum, tobacco, sugarbeet, tomato, pea, wheat,

maize, rice, rye, Lolium and oats.




1c

15

20

25

WO 96/38560 PCT/GB96/01332

13

The Brassica FCA homolecgue whose nucleotide sequence
is given in Figure 8a, including the coding sequence, and
whose amino acid segquence encoded by the sequence of
Figure 8a is shown in Figure 8b, represents and-provides
further aspects of the present invention in accordance
with those disclosed for the Arabidopsis FCA gene. For
example, mutants, alleles and variants are included, e.g.
having at least 80% identity with the sequence of Figure
8k, though high levels of amino acid identity may be
limited to functionally significant domains or regions as
discussed.

The present invention also extends to nucleic acid
encoding an FCA homologue obtained using a nuclectide
sequence derived from that shown in Figure 1, or the
amino acid sequence shown in Figure 2. Preferably, the
nucleotide sequence and/or amino acid sequence shares
homology with the sequence encoded by the nucleotide
sequence of Figure 1, preferably at least about 50%, or
at least about 60%, or at least about 70%, or at least
about 75%, or at least about 78%, or at least about 80%
homology, most preferably at least about 90% homelogy,
from species other than Arabidopsis thaliana and the
encoded polypeptide shares a phenotype with the
Arabidopsis thaliana FCA gene, preferably the ability to
influence timing of flowering. These may promote or
delay flowering compared with Arabidopsis thaliana FCA

and mutants, variants or alleles may promote or delay
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flowering compared with wild-type. “Homology” may be
used to refer to identity.

In certain embodiments, an allele, variant,
derivative, mutant or homologue of the specific "sequence
may show little overall homology, say about 20%, or about
25%, or about 30%, or about 35%, or about 40% or about
45%, with the specific sequence. However, in
functionally significant domains or regions the amino
acid homology may be much higher. Comparisen of the
amino acid sequences of the FCA polypeptides of the
Arabidopsis thaliana and Brassic napus genes, as in
Figure 9, reveals domains and regions with functional
significance, i.e. a role in influencing a flowering
characteristic of a plant, such as timing of flowering.
Deletion mutagenesis, for example, may be used to test
the function of a region of the polypeptide and its role
in or necessity for influence of flowering timing.

The nucleotide sequence information provided herein,
or any part thereof, 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 FCA function or the
ability to complement a mutant phenotype, which phenotype
is delayed flowering, where the delay can be reversed by
a vernalization treatment.

Vernalization is well known in the art and
appropriate conditions are at the disposal of skilled

artisans. Plants may be vernalized at the seed stage,

4
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immediately after sowing. It may be carried out for 8
weeks, in an 8 hour photoperiod (e.g flucrescent light,
PAR 9.5mmol m 25!, R/FR ratic 3.9} at a temperature of
50C +/-10C.

5 In public sequence databases we recently identified
gseveral Arabidopsis c¢DNA clone sequences that were
cbtained in random sequencing programmes and share
homology with FCA within both the RRM domains and in the
C-terminal regions. BLAST and FASTA searches of databases

10 have identified 23 Arabidopsis expressed sequence tags
(ESTs) identified. These clcnes have been obtained and
used in low stringency hybridization experiments with
different regions of the FCA gene (central and 3'). Eight
clones show gocd homology to the 3/ part of the FCA gene,

15 two clones show good homology to the central part and one
clone shows gocd homology to both (42 A 4 - another RNA-
binding protein). Similarly, among randomly sequenced
rice cDNAs we have identified 10 rice ESTs. These
hybridise to FCA genomic and cDNA clones under low

20 stringency conditions. Five clones show good
hybridization to FCA, particularly C1480.

By sequencing homologues, studying their expressiecn
patterns and examining the effect of altering their
expression, genes carrying out a similar function to FCA

25 in regulating flowering time are obtainable. Of course,
mutants, variants and alleles of these sequences are

included within the scope of the present inventien in the
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same terms as discussed above for the Arabkidopsis
thaliana FCA gene.

The high level of homology between the FCA genes of
Arabidopsis thaliapa and Brassica napus, as disclosed
herein, may also be exploited in the identification of
further homeclogues, for example using oligonucleotides
(e.g. a degenerate pool) designed on the basis of
sequence conservation.

According to a further aspect, the present inventicn
provides a method of identifying or a method of cloning a
FCA homologue from a species other than Arabidepsis
thaliana, the method employing a nucleotide sequence
derived from that shown in Figure 1 or that shown in
Figure 8a. For instance, such a method may employ an
oligonucleotide or oligonucleotides which comprises or
comprise a sequence or sequences that are conserved
between the seguences of Figures 1 and 8a to search for
homologues. 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 nucleig¢ 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 cbtainable from an organism known to contain or
suspected of containing such nucleic acid. Successful

hybridisation may be identified and target/candidate
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nucleic acid isolated for further investigation and/or
use.

Hybridisation may invclve 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 metheds invelving amplification of nucleic acid,
using routine procedures. See for instance "PCR
protocols; A Guide to Methods ana Applications", Eds.
Innis et al, 1990, Academic Press, New York.

Preferred amino acid segquences suitable for use in
the design of probes or PCR primers are seguences
conserved (completely, substantially or partly) between
at least two FCA polypeptides able to influence a
flowering characteristic, such as timing of flowering,
e.g. with the amino acid segquences of Figures 2 and 8b

herein.
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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 appropriate, codon usage of the organism from the
candidate nucleic acid ig derived.

Preferably an cligonuclectide in accordance with the
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 nuclectides in length (e.g. 18, 21 or
24).

Assessment of whether or not such a PCR product
corresponds to resistance genes 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. It may
be analysed by transformation to assess function on
introduction into a plant of interest.

Generally, nucleic acid according to the invention
may comprise a nucleotide sequence encoding a polypeptide
able to complement a mutant phenctype which is delayed in
flowering, where that delay can be corrected by a
vernalization treatment. Also the present invention
provides nucleic acid comprising a nucleotide seguence
which is a mutant or variant of a wild-type gene encoding
a polypeptide with ability to influence the timing of
flowering, the mutant or variant phenctype being delayed
in flowering with the timing of flowering being corrected

by vernalization. These are distinguished from the (O

.
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gene reported by Putterill et al 1985, Putterill et al
1953 and the LD gene reported by Lee ‘et al 19%4. LD shows
gimilar characteristics to the FCA gene in that a
mutation in the gene confers late flowering that is
corrected by a vernalization treatment, but LD requires a
second gene product to influence flowering time in the
Arabidopsis thaliana Landsberg erecta ecotype (Lee et al
1994, Koornneef et al 1994). Thus in many plant species
manipulation of the LD gene alone may not influence
flowering time. The action of FCA is opposite in action
to that of phytochromeB, in that mutations in PHYB (hy3)
confer early flowering and intreoducticn of an intact PHYB
gene into hy2? mutants restores normal flowering time
(Wester] et al 1994). LD and CO are excluded from the
ambit of the present invention. FCA and mutants,
variants and alleles thereof may not complement an LD
mutation. LD and mutants, variants and alleles thereof
may not complement an FCA mutation.

The FCA amino acid segquence is totally different
from those of CO and LD.

The action of FCA can also be distinguished from
ectopic expression of meristem identity or MADS box genes
that alter flowering time {Weigel and Nilsson 1995, Chung
et al 1994, Mandel and Yancfsky 1985, Mizukama and Ma
1992) . Apart from an early flowering phenotype, ectopic
or overexpression of meristem identity or MADS box genes

produces many additional perturbaticns to both the
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vegetative and floral phenotype of the plant (eg. short
stature, reduced apical dominance, sterile flowers).

Also according to the invention there is provided a
plant cell having incorporated into its gencme & sequence
of nuclectides where different introns have been removed.
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 gencme tc introduce the
sequence of nucleotides into the genome.

- Plants which comprise a plant cell accerding to the
invention are also provided, along with any part or
propagule thereof, seed, selfed or hybrid progeny and
descendants and any part or propagate thereof.

The invention further provides a method of
influencing the flowering characteristics of a plant
comprising expression of a heterologous FCA gene seguence
(or mutant, allele, variant or homologue thereof, as
discussed) within cells of the plant. The term
"heterologous” indicates that the gene/sequence of
nuclectides in question have been introduced into said
cells of the plant or an ancestor thereof, using genetic
engineering, ie by human intervention. The gene may be on
an extra-genomic vector or incorporated, preferably
stably, into the genome. The heterclogous gene may
replace an endogenous equivalent gene, ie one which

normally performs the same or a similar function in
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control of flowering, or the inserted sequence may be
additional to the endogenous gene. An advantage of
introduction of a heterologous gene is the ability to
place expression of the gene under the control of a
promoter of choice, in order to be able to influence gene
expression, and therefore flowering, according to
preference. Furthermore, mutants and variants of the
wild-type gene, eg with higher or lower activity than
wild-type, may be used in place of the endogenous gene.

The principal flowering characteristic which may be
altered using the present invention is the timing of
flowering. Under-expression-of the gene product of the
FCA gene leads to delayed flowering (as indicated by the
feca mutant phenotype and Example 3, antisense
experiments) that can be covercome to early flowering by a
vernalization treatment; over-expression may lead to
earlier flowering (Examples 2, 4 and 5). This degree of
control is useful to ensure synchronous flowering of male
and female parent lineg in hybrid production, for
example. Another use is to advance or retard the
flowering in accordance with the dictates of the climate
80 as to extend or reduce the growing seascn. This may
involve use of anti-sense or sense regulation.

The nucleic acid according to the invention, such as
a FCA gene or homologue, may be placed under the control
of an externally inducible gene promcter thus placing the
timing of flowering under the control of the user. This

is advantageous in that flower production, and subsequent
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events such as seed set, may be timed to meet market
demands, for example, in cut flowers or decorative
flowering pot plants. Delaving flowering in pot plants
is advantageous to lengthen the period available for
transport of the product from the producer te 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 FCA gene or
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 contrel of expression of the gene. The invention
also provides plants transformed with said gene construct
and methods comprising introducticn 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 understoed 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. Scme inducible prowoters cause little or
undetectable levels of expression {(or no expression) in

the absence of the appropriate stimulus. Cther inducible
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promoters cause detectable constitutive expression in the
absence of the stimulus. Whatever the level of expression
is 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 increages upon application of the
relevant stimulus by an amount effective to alter a
phenotypic characteristic, Thus an inducible {or
tswitchable") 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 zerc). Upon application of the stimulus,
expression is increased {or switched on) to a level which
brings about the desired phenotype.

Suitable promoters include the Cauliflower Mosaic
Virus 358 (CaMVv 35$8) gene promoter that is expressed at a
high level in virtually all plant tissues (Benfey et al,
19902 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 root
and shoot (Medford, 1952; Medford et al, 1991) and the
Arabidopsis thaliana LEAFY promoter that is expressed
very early in flower development (Weigel et al, 1992).

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
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which contains effective regulatory elements which will
drive transcription. There must be available a method of
transporting the construct into the cell. Once the
construct is within the cell membrane, integration inte
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.

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 technelogy, such as a disarmed Ti-plasmid vector
carried by Agrobacterium expleiting 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), electroporation (EP 290395, WO 8706614) or other
forms of direct DNA uptake (DE 4005152, WO 9012096, US
4684611) . Agrobacterium transformation is widely used by
those skilled in the art to transform dicotyledonous
species. Although Agrobacterium has been reported to be
able to transform foreign DNA into some monocctyledonous
species (WO 92/14828), microprojectile bombardment,
electroporation and direct DNA uptake are preferred where
Agrobacterium is inefficient or ineffective.

Alternatively, a combination of different technigues may

PCTIGBY6/01332
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be employed to enhance the efficiency of the
transformation process, eg bombardment with Agrobacterium
coated microparticles (EP-A-486234) or microprojectile
bombardment to induce wounding followed by co-cultivation
5 with Agrobacterium (EP-A-486233).

The particular choice of a transformation technology
will be determined by its efficiency te transform certain
plant species as well as the experience and preference of
the person practising the invention with a particular

10 methodology of choice. It will be apparent to the sgkilled
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.

In the present invention, over-expression may be

15 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

20 sequence of nucleic acid according to the 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'.

25 The use of anti-sense genes or partial gene
sequences to down-regulate gene expression is now well-
established. Double-stranded DNA is placed under the

control of a promoter in a "reverse orientation" such
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that transcription of the "anti-sense" strand of the DNA
yields RNA which is complementary to normal mRNA
transcribed from the "sense" strand of the target gene.
The complementary anti-sense RNA sequence is thought then
to bind with mRNA to form a duplex, inhibiting
translation of the endogenous mRNA from the target gene
into protein. Whether or not this is the actual mode of
action is still uncertain. However, it is established
fact that the technigque works. See, for example,
Rothstein et al, 1587; Smith et al, 1988; Zhang et al,
1992, English et al 1936. The complete sequence
corresponding to the coding sequence in reverse
orientation need not be used. For example fragments of
gufficient length may be used. It is a routine matter
for the person skilled in the art to screen fragments of
various sizes and from varicus parts of the coding
sequence to optimise the level of anti-sense inhibition.
It may be advantagecus to include the initiating
methionine ATG codon, and perhaps one or more nucleotides
upstream of the initiating codon. A suitable fragment
may have about 14-23 nucleotides, e.g. about 1%, 16 or
17.

Inti-gense regulation may itself be regulated by
employing an inducible promcter in an appropriate
construct.

Thug, the present invention also provides a method
of influencing a flowering characteristic of a plant, the

method comprising causing or allowing anti-sense
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transcription from nucleie acid according to the
invention within cells of the plant.

When additional copies of the target gene are
inserted in sense, that is the same, orientatior 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 cccurs, particularly
down-regulation, is not well-understood. However, this
technique is also well-reported in scientific and patent
literature and is used routinely for gene control. See,
for example, van der Krol, 1990; Napoli et al, 1390;
Zhang et al, 1992.

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 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.

Modified version of FCA may be used in influencing a
flowering characteristic of a plant. For example a

mutant identified herein as fca-l1, fca-3 or fca-4 may be
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employed. The sequence changes resulting in these

mutants and the resulting phenotypes are discussed above.

Promotion of FCA activity to cause early flowering

Mutations that reduce FCA activity cause late
flowering under both long and short day conditions,
indicating FCA involvement in promoting flowering
constitutively. Double mutant experiments have alsoc
indicated that FCA function may be regquired both upstream
and downstream of the gene products involved in
conferring inflorescence/floral meristem identity eg.
LEAFY, APETALAl and TERMINAL FLOWER. Thus FCA function
may be involved in the ability of meristems to respond to
LEAFY, APETALAI and TERMINAL FLOWER gene products.

The fully gpliced FCA transcript is present at very
low abundance in all conditions so far analysed. Although
the fca mutation is recessive transgenic fca plants
homozygous for an intrecduced wild-type FCA gene flowered
slightly earlier than plants carry one copy (Example 2),
suggesting that under some conditions the level of the
FCA transcript is limiting to flowering time. This
indicates that flowering may be manipulated by using
foreign promoters to alter the expression of the gene. In
addition, the majority of the transcript is present in a
form that cannot make active protein. Thus alternative
splicing may be a specific control mechanism to maintain
relatively low levels of the FCA protein. Alteration of

this splicing pattern, for example by intreducing an FCA
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gene lacking introms into plants, may give much higher
levels of the FCA protein which in turn would give

accelerated flowering.

Causing early flowering under non-inductive or inductive
conditions

Wild-type Arabidopsis plants flower extremely
quickly under inductive conditions and the FCA gene is
-expressed prior to Ilowering, although at a low level.
The level of the FCA product may be increased by
introduction of promoter, eg CaMV35S or meri 5, fusions.
In addition, introduction of an FCA gene lacking introns
may increase the level of FCA protein and cause early

flowering in all conditioms.

Inhibition of FCA activity to cause late flowering

fca mutations cause late flowering of Arabidopsis.
Transgenic approaches may be used to reduce FCA activity
and thereby delay or prevent flowering in a range of
plant species. A variety of strategies may be employed.
This late flowering can then be overcome, if so desired,
by giving the imbibed seed or plants of different ages, a

vernalization treatment.

Expression of sense or anti-sense RNAs
In several cases the activity of endogenous plant
genes has been reduced by the expression of homologeous

antisense RNA from a transgene, as discussed ahove.
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Similarly, the expression of sense transcripts from a
transgene may reduce the activity of the corresponding
endogenous copy ©f the gene, as digcussed above.
Expression of an antisense transcript from the FCA gene
has been shown reduce activity of the endogencus gene and

cause late flowering (Example 3).

Expression of modified versions of the FCA protein

RNA binding proteins have a modular structure in
which amino acid sequences required for binding different
RNA molecules are separate domains of the protein (Burd
and Dreyfuss 1994). This permits the construction of
truncated or fusion proteins that display only ome of the
functions of the RNA binding protein. In the case of FCA,
modification of the gene in vitrc and expression of
modified versions of the protein may lead to dominant
inhibition of the endogenous, intact protein and thershy
delay flowering. This may be accomplished in various

ways, including the following:

Expression of a truncated FCA protein.

Some multi-RNP motif proteins can bind different RNA
sequences simultanecusly. Ul A for example, binds to Ul
small nuclear RNA through its first RNA-binding domain
and to pre-mRNA seguences through its second, thus
controlling splicing (Burd and Dreyfuss 1994} . Expression
of an FCA protein with only one of these RNP motifs may

dominantly block FCA action, by preventing binding of the
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full size FCA protein. Also expression of a mutant FCA
protein not encoding the C terminal seguences may prevent
the correct alignment of the binding of the RNA molecule

and so again block wild-type FCA binding.

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

10 arc. All documents mentioned in this text are

incorporated herein by reference.

In the Figures:
Figure ! shows a nucleotide sequence according to

one embodiment of the invention, being the sequence of

-
U

the genomic recion encoding FCA obtained from Arabidopsis
thaliana. Introns are shown in small letters, exons in
capltals. Features: v({(1118)- transcription star:;
5{1532-1534, 1568-70, 1601-1603) - putative transliation
20 start ATG; rf{2753) - Poly A site of [(-transcript;
2z {7056-7377) - alternative splicing arcund intron 13;
_ (8771-73) - :translaticn stop TAAR; [{9256) - Poly A
site. Addit:onal translational stop codon at 3026-3028
within intron 3.
25 Figure 2 shows the predicted amineo acid seguence
derived from the nucleotide segquence encoding the FCA

ORI,

AMENDED SHEET
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_Figure 3 shows the nucleotide sequence of the FCA g
gene, including 5’ and 3° flanking sequences. The
seguence within the ORF is that of one of the abundant
transcripts, that is ;2 introns have been spliced out but
5 intron 3 remains. The position of termination of the
other abundant transcript is indicated. Primer sequences
are given in Table 2. Restriction sites: Sall - 352;
HindIII - 776; XbaI - 1157; HindIII - 3125; BglII - 3177;
Clal - 3293; BamHI - 3549; HindIII - 4728; Spel - 5003.
10 Other impertant landmarks: 1293-poly A tail added afrer
this nucleotide in cDNA clone 77B or FCA transcript a;
897-5' splice site of introm 3: 2973 3’ splice site of
intron 3.
Figure 4 compares the FCA RRM motifs with those from
15 the Drosophila SEX-LETHAL and TRA-Z genes. Alsc shown
are the C-terminal amino acids with homology to yeast and
C. elegans proteins.
Figure 5 shows the recombination analysis to
position the FCA gene.
20 Figure 6 shows the ceomplementaticn analysis to
localize the FCA gene.
Figure 7 shows the complexity and position of the
FCA gene on the complementing cosmids.
Figure 8 shows the nucleotide sequence of the
25 Brassica napus FCA homologue and encoded polypeptide:
Figure 8a - Brassica FCA nucleotide sequence including
coding sequence; Figure 8b - polypeptide amino acid

sequence enceded by coding sequence of Figure 8a.
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Figure 9 shows an alignment of the Arabidopsis and
Brassica FCA amino acid sequences. Topline is
Arabidopsis; bottom line is Brassica.
Figure 10 shows the different transcripts produced

from the FCA gene. open reading frame; * conserved

region in C. elegans and yeast ESTs; R1, R2 RNA-binding

domainsg 1 and 2.

EXAMPLE 1 - CLONING AND ANALYSIS OF THE FCA GENE
Identification of a 300kb genomic region carrying the FCA
gene of Aribidopsis thaliana.

The fca mutation had been mapped relative to visible
markers to 29cM on chromosome 4. In order to map the
locus relative to molecular markers as a starting point
for cloning by chromosome walking, the segregaticn
pattern of RFLP markers mapping to the top half of
chromcsome 4 was analysed in 171 late (homozygous
recessive class) flowering individuals from the F2 of a
crogs between the late flowering mutant fca-1 (in a
Landsberg erecta background) and the polymorphic early
flowering ecotype Columbia. This analysis positioned the
FCA locus in a 5.2c¢M interval between markers m326 and
m226.

These markers were then used as the starting points
for the chromosome walk. YAC clones containing these RFLP
markers were identified by colony hybridization
experiments. In the initial experiments , the YAC

libraries used were the EG, EW and ABI libraries but as
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another became available (yUP-Mayl1%92) they were
incorporated into the analysis. Positively hybridizing
YAC clcnes were confirmed using Southern blot analysis.
They were sized using PFGE and Southern blot analysis and
then end-probes were generated using either inverse PCR
or left-end rescue for use in chromosome walking
experiments. In the majority of cases, each step in the
walk was covered by two independent YAC clones to aveid
false linkages generated by chimaeric YAC clones. These
constituted a significant fraction of the EG, EW and yUP
libraries and complicated the assembly of the YAC contig.
The result of the generation and analysis of &5 end-
procbes was a YAC contig covering the m326-m226 interval
that included 57 YAC clones.

Polymorphisms between Landsberg erecta and Columbia
were determined for the left end-probe of EGSD2, right
end-probe of YAC clone yUP13C7, right end-probe of YAC
clene yUP3F7 and right end-pxobe of YAC clone EW20B3.
Analysis of the segregation pattern of these markers cn
pooled progeny of recombinants with cross-over points
mapping in the m326-m226 interval defined the regiom
carrying the FCA gene to between the polymorphisms
identified by yUP3F7RE and m226. This interval was
sovered by two overlapping YAC clones EW20B3 and
ABI10C10.

In order to further define the position of the FCA
gene, more probes were required that mapped within the

two overlapping YAC clones. This was achieved by using
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end-probes from YAC clones ABI3CZ, ABI6C3, a random Sau3l
fragment from YAC clone EW20B3 (W5) and two cosmids cAtA2
and g19247. Restriction maps for SmaI, Miul and Pacl were
constructed and used to position the probes within the
YAC clones.

Additional recembinants, where the cross-over point
mapped close to the FCA locus, were generated by
gselecting individual plants that were arabincse resistant
and had an early/intermediate flowering from the F2
generation of a cross between fca (in Landsberg erecta)
and aral (in Columbia). Progeny of these were checked to
confirm that they were homozygous for the arabinose
resistance allele and heterozygous for the fca mutation.
Three of these individuals (A2/7. A1l/8 and A4/7) were
analysed with the RFLP markers 3F7RE, W5, cAtA2, 19247,
3C4LE, 6C3LE and 226. This defined the north end of the
genomic region carrying the FCA gene as within the
cosmids cAtA2 and 19247. This information is summarized

in Fig.s5.

Complementation analysis tc define the FCA gene.

The two YAC clones EW20B2 and ABI10C10 were gel-
purified and hybridized to filters carrying 25500 cosmid
clones that contained 15-20kb ¢f Arabidopsis thallana
Landsberg erecta genomic DNA. This cosmid library was
constructed in a new vector (04541) by cloning a 1.6kb
BglIl fragment from pHC7S carrying the lambda cos

fragment into in the vector pSLJ1711. The resulting
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highly stable cosmid cloning vehicle carries
Agrobacterium border sequences for transfer of DNA inteo
plant chromosomes, a 35S8-NPTII plant selectable marker,
lacz-laci sequences for the blue/white insert gelection
in E.coli ané a polylinker with 7 cloning sites.

Positively hybridizing colonies were analysed by
hybridizing each clone to Southern blots carrying all the
cosmid clones digested with a HindIII, EcoRI and BamHI.
This generated a restriction map for the insert of each
cosmid and indicated which clones carried overlapping
inserts. The cosmids were also run alongside plant DNA
and hybridized with the cosmid to confirm that the cosmid
ingert was colinear with the plant DNA. The two cosmid
clones, cAtA2 and cAtBl, mapping te this interval were
isolated from a different cosmid library (Olszewski and
Ausubel 1988). The rasult of this analysis was a cosmid
contig covering the 200kb interval in which the FCA locus
had been defined.

Six mutant fea alleles were available, two of which
had been generated by FN irradiation and one by X-ray
irradiation. Irradiation-induced mutations are frequently
associated with genomic rearrangements or deletions. In
case this would further refine the location of the FCA
gene, the genomic region covered by the YAC clones EW20B3
and ABI10C10 was examined in all six alleles. The two YAC
clones were hybridized to PFGE Southern blots carrying
DNA frem the different alleles digested with Smal and

MluI. A ~50kb Mlul fragment was found to be slightly

(k]
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esmaller in the fea-4 allele. Further analysis by

hybridization of cesmid clones, corresponding to the

region showing the difference, indicated that part of the

alteration had occurrad in a 1.9kb BamHI fragment carried
5 in cosmide cAtA2? and 19247. This focused cur efforts in

the first complementation experiments to cosmid clones at

the north end of the contig.

Eleven cosmid clones shown in Fig 6, starting with
those at the left end, were intrcduced intoc the

10 Arabidopsis fea-1 mutant using the root explant
transformation procedure [Valvekens et al 1988). Seed
were collected from self-fertilized kanamycin resistant
individuals and analysed with respect to their kanamycin
segregation and flowering time. The number of

15 transformants showing complementation to early flowering
for each cosmid is shown in Figure 6. The four ccsmids
that resulted in complementation mapped to the end of the
genomic region where the inversion in the fea-4 allele
mapped.

20
Tdentification of the FCA gene.

The complete genomic segquence of Columbia allele
corresponding to the genomic region within the
complementing cosmid clones was obtained through the

25 efforts of the Arabidopsis sequencing initiative centred
within this department (G. Murphy pers. comm.) . The
majority of the genomic region contained in the

complementing cosmids is carried on three BamHI
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restriction fragments, 4, 1.9 and 2kb. These were
isolated and hybridized either separately ox pooled to
1x10% phage clones of the PRL-2 cDNA library. This
library had been made from pocled RNA samples and was
made available by Tom Newman (Michigan). Four clones
hybridizing to the 2kb BamHI fragment and 3 to the ¢ and
1.9kb fragments were isolated and characterized. They
identified two cDNA clones with insert sizes ~1700bp and
1350bp. Analysis of the sizes of the transcripts
hybridizing to these two cDNA clones showed that one {in
fca-4) was reduced in size relative to the other alleles
and wild-type and so this cDNA clone was assigned te the
FCA gene. The other clone showed no differences and was
termed 77B

The transcript size of the putative FCA gene was
»>3kb indicating that the cDNA clone was not full length.
The ¢DNA clone was seguenced and found to encede an
insert of 1811bp. Primers were designed from the genomic
sequence (marked BamX primer on Figure 3) and the 5° end
of the cDNA sequence ({marked IanRTl and IanRT2 on Figure
3). First strand cDNA was made using the IanRT2 primer to
prime RNA isolated from wild-type seedlings (2 leaf
stage) . This was used with primers BamX and IanRT2 to PCR
amplify a fragment detected as a faint band on an
ethidium bromide stained gel. The PCR product was diluted
1/300 and reamplified using primers BamX and IanRT1. The
product from this reacticn was end-filled using T4 DNA

polymerase and cloned into the ECORV site of the general
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c¢loning vector Bluescript KSII (Stratagene). The product
was sequenced and found to be colinear with the genomic
sequence and extend the sequence of the cDNA clone by
735bp.

The sequence was compared to all available seguences
using BlastX, BlastN and TBlastN. Significant homologies
were detected in the TBlastN search to a class of
proteins previously defined as RNA binding proteins. The
characreristic of these proteins is the presence of one
or more RRM motifs made up of conserved amino acids
covering an B0 amine acid region (shown in Fig. 4). The
positioning of sub-motifs RNP2 and RNP1 and individual
conserved amino acids is always malntained within the
whole RRM motif. Translation of the sequence of the FCA
cDNA clone extended in the RT-PCR experiments showed the
presence of multiple translation stop codons in the 5°
region of the sequence. The first methionine residue
downstream of the last translation stop codon and in
frame with the rest of the FCA protein was lccated in the
middle of the RRM motif, splitting RNP2 and RNPL. The
strong homology of the RRM motif to other RNA binding
proteins suggested that this MET residue was not the
beginning of the FCA protein. In addition, the
transcripts of a large number of RNA-binding proteins are
alternatively spliced to yield active and inactive
products. The splicing is then regulated, often in an
autoregulatory fashion, te control the production of the

active protein. These facts suggested that the FCA

M i
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transcript generated in the RT-PCR experiments contained
an intron, just upstream of the RRM motif.

In order tc test this hypothesis, several primers
were designed from the genomic sequence for use-in
further RT-PCR experiments. First strand cDNA was made
from RNA isclated from seedlings (4 leaf stage}, primed
with random hexamers (Boehringer}. Primers lying within
the sequence 5’ to the FCA cDNA up to the 3’ end of the
778 cDNA (the other cDNA clone hybridizing to the
complementing cosmid clones), together with IanRT1 gave
amplification products of the expected size from the
genomic sequence but did not yield smaller products as
would be expected from a transcript im which an
intervening intron had been spliced out. A primer lying
within the 778 cDNA clone marked as cDNAII-BamHI (in
Fig.3) was then used in conjunction with the IanRT1
primer. No band was visible on an ethidium bromide
stained agarose gel after 30 cycles of amplification. The
PCR reaction was then diluted 1/300 and re-amplified
using primers cDNAII-1 and RevEx4 (shown in Figure 3).
The PCR product was digested with Sall and BglIT
restriction enzymes and cloned into Sall and Bamfl
digested BluescriptXSII plasmid. Sequence analysis of the
760bp product and comparison tc the genomic sequence
revealed that a 2kb intron had been spliced cut to join
the ORF within the 77B cDNA to that carrying the RRM

motif in the FCA gene. This splicing revealed the

PCT/GB96/01332
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presence of a second intact RRM motif interrupted by
intren 3.
Direct compariscon of the FCA sequence with that of
LUMINIDEPENDENS and CO, the other flowering time genes
cloned from Arabidopsis (Lee et al, 1994, Putterill et al

1995), detected ne significant hcmoleogy.

Mutations in the fca mutant alleles.

cDNA was made from RNA isolated from the mutant
alleles. This was amplified using ¢DNAII-BamHI and cDNA-
3'a: BamX and IanRT1; fca5’-1 and fca3’-a (positions
indicated on Fig 3). The resulting PCR fragments were
clened and sequenced and compared to the sequence of the
wild-type Landsberg erecta transcript. The fca-1 mutation
converted a C nucleotide at position 6861 inteo a T. Thus
a glutamine coden (CAR) is changed into a stop codon
(TRA). The fca-3 mutation converted a G nucleotide at
position 5271 into an A. The effect of this mutation is
to alter the 3’ splice juncticn of intron 7 such that a
new 3’ splice junction is used 28 nucleotides into exon
8. The fca-4 mutation is the result of a rearrangement

with the break-point at positicn 4570 {within intron 4).

EXAMPLE 2 - ISOLATION AND SEQUENCE ANALYSIS OF THE
BRASSICA NAPUS HOMOLOGUE.

A Brassica napus genomic library constructed from
Sau3A partially digested DNA cloned into lambda

DASHRII/BamHI vector (Stratagene) was cbtained. The
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library was screened using the 1811bp FCA cDNA clone. A
clone carrying a 12kb insert was isolated which
hybridized to the FCA cDNA clcne and the 77B cDNA clone.
The lambda clone was digested with Sall which released
the full length 12kb Brassica insert and this was c¢loned
intc Bluescript KSII. Restriction fragments of this clone
{(a combination of EcoRI, SacI and BamHI) were subcloned
into BluescriptKSII and segquenced.

The 12kb Brassica fragment was also subcloned into
the Xhol restriction site of the Agrobacterium binary
vector pSLJ1714 {(Jones et al 1992), for transformation
into the fca mutant. When introduced into the fca-4
mutation, using root explant transformation, progeny of
the transformant segregated early flowering plants. These
flowered with a mean of 8.3 leaves compared to wild-type
Landsberg erecta grown alongside with 9.1 leaves and feca-
4 with 24.1 leaves. Thus the Brassica FCA gene fully

complements the fca-4 mutation.

Expression of FCA mRNA

PolyA mRNA was isolated from a range of
developmental stages: 2 leaf, 4 leaf, 6 leaf and 10 leaf,
roots and inflorescences, fractionated on Nerthern blots
and hybridized with the 1811bp FCA cDNA clone. The
combined FCA transcript ¥ was present at approximately
the same amount in all tissues examined except for the
inflorescences where expression was slightly lower. The

prematurely polyadenylated transcript § was detected
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using 77B cDNA clone as a probe. The f# transcript was
~20-fold more abundant than v, , . Transcripts ¢,
containing intron 3 were not detected on a northern blot
and could only be found using RT-PCR.

FCR expression has also been analysed using RNase
protection assays. Using a probe (725 bp to 1047 bp from
vs construct) the ¥, ., ; transcripts were detected at
similar levels in a range of developmental stages in both
long and short day photoperiods, and at lower levels in
rogsettes and inflorences of mature plants. The £
transcript was at a higher level in these tissues

consistent with the northern blot analysis.

METHODS FOR EXAMPLES 1 AND 2
Growth conditions and measurement of flowering time
Flowering time was measured under defined conditions
by growing plants in Sanyo Gallenkamp Controlled
Environment rooms at 20°C. Short 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 (BAR) of 113.7 pmoles photons m-2s-1 and
a red:far red light ratio 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 82.9

PCT/GBY96/01332
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umoles photons m-2 s-1 and a red:far red ratio of 1.49.
The 8 hour extension produced PAR of 14.27 pmoles m-2 s-1
and a red:far-red ratic of 0.66.
The flowering times of large populations of plants

were measured in both greenhouse and cabinet conditions.

Flowering time was measured by counting the number of
leaves, excluding the cotyledons, in the rosette and on i
the inflorescence. Leaf numbers are shown with the
standard error at 95% confidence limits. The number of
days from sowing to the appearance of the flower bud was

also recorded, but is not shown. The close correlation

between leaf number and flowering time was previously
demonstrated for Landsberg erecta and fca alleles

(Koorneef et al, 1991).

Cosmid and RFLP markers.
DNA of lambda clones m210, m326, m580, m226 were
obtained from Elliot Meyerowitz (Caltech, Pasadena).
Total DNA was used as radiolabelled probe to YAC library E
colony filters and plant genomic DNA blots. Cosmids !
gl0086, g4546, g4108, gl9247 were obtained from Brian 7
Hauge and Howard Goodman (MGH, Boston), cultured in the
presence of 30 mg/l kanamycin, and maintained as glycerol
stocks at - 70°C. Total cosmid DNA was used as
radiclabelled probe to YAC library colony filters and
plant genomic DNA blots. Cosmid clones cAtA2 and cATBl
were obtained from Chris Cobbett (University of

Melbourne} and cultured in the presence of 10mg/l
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tetracycline. Cosmid pCITd23 was provided by Elliot
Meyerowitz (Caltech, Pasadena), cultured in the presence
of 100 pg/ml streptomycin/spectinomyein and maintained as
a glycerol stock at - 70° C. pCIT30 vector sequences
share homology to pYAC4 derived vectors, and therefore
YAC library colony filters were hybridised with insert
DNA extracted from the cosmid. Total DNA of pCITd23 was

used as radiolabelled probe to plant genomic DNA blots.

YAC libraries.

The EG and ABI libraries were obtained from Chris
Somerville (Michigan State University). The EW library
was obtained from Jeff Dangl (Max Delbruck Laboratory,
Cologne) and the yUP library from Joe Ecker {University
of Pennsylvania). Master copies of the libraries were
stored at -70°C {as described by Schmidt et al. Aust. J.
Plant Physiel. 19: 341-351 (1892)). The working stocks
were maintained on selective Kiwibrew agar at 4°C.
Kiwibrew is a selective, complete minimal medium minus
uracil, and containing 11% Casamino acids. Working stocks
of the libraries were replated using a 96-prong

replicator every 3 months.

Yeast colony filters.

Hybond-N (Amersham) filters (8em x llcm) containing
arrays of yeast colony DNA from 8-24 library plates were
produced and processed (as described by Coulson et al.

Nature 335:184-186 (1988) and modified (as described by

PCT/GBY6/01332
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Schmidt and Dean Genome Analysis, vol.4: 71-38 (1992)).
Hybridisation and washing conditions were according to
the manufacturer’s instructions. Radiolabelled probe DNA

was prepared by random-hexamer labelling.

Yeast chromosome preparation and fractionation by pulsed
field gel electrophoresis (PFGE).

Five millilitres of Kiwibrew was inoculated with a
single yeast coleny and cultured at 30°C for 24 h. Yeast
spheroplasts were generated by incubation with 2.5mg/ml
Névozym {Novo Biolabs) for 1 h at room temperature. Then
1 M sorbiteol was added to bring the final volume of
spheroplasts to 50 pl. Eighty microlitres of molten LMP
agarose (1% InCert agarose, FMC) in 1 M sorbitol was
added to the spheroplasts, the mixture was vortexed
briefly and pipetted into plug moulds. Plugs were placed
into 1.5ml Eppendorf tubes and then incubated in 1 ml of
1 mg/ml Proteinase K (Boehringsr Mannheim) in 100 mMEDTA,
pH 8, 1% Sarkosyl for 4 h at 50°C. The solution was
replaced and the plugs incubated overnight. The plugs
were washed three times for 30 min each with TE and twice
for 30 min with 0.5 x TVBE. PFGE was carried out using
the Pulsaphor system (LKB). One-third of a plug was
loaded onto a 1% agarose gel and electrophoreged in 0.5 x
TBE at 170 V,20 g pulse time, for 36 h at 4°C. DNA markers
were concatemers of lambda DNA prepared as described by
Bancroft and Wolk, Nucleic A Res. 16:7405-7418 (1988).

DNA was visualised by staining with ethidium bromide.
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Yeast genomic DNA for regtriction enzyme digestion and
inverse polymerase chain rection (IPCR).

Yeast genomic DNA was prepared essentlally as
described by Heard et al. (1989) except that yeast
spheroplasts were prepared as above. Finally, the DNA was
extracted twice with phenol/chloroform, once with
chloroform and ethanol precipitated. The yield from a Sml

culture was about 10pg DNA.

Iscolation of YAC left-end probes by plasmid rescue.
Plasmid rescue of YAC left-end fragments from EG,
ARI and EW YACs was carried out as described by Schmidt
et al. (1992). IPCR was used to generate left and right
end fragments using the protocol and primers describked in

Schmidt et al (1992).

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 and/or baked at 80°C for 2 h.
Radiolaballed DNA was prepared by random hexamer

labelling.

RFLP analysis.
Two to three micrograms of plant genomic DNA was
prepared from the parental plants used in the crosses and

cleaved in a 300 pl volume. The digested DNA was ethanol




10

15

20

25

‘WO 96/38560 PCT/GBY6/01332

48
precipitated and separated on 0.7% agarose gels and
blotted onto Hybond-N filters., Radiclabelled cesmid,
lambda or YAC end prchbe DNA was hybridised to the filters

to identify RFLPg.

RNA extracticns

RNA was extracted using a method described by Dean
et al (1985)
polyA RNA was isolated using the polyAtract® mRNA

isoplation system (Promega).

DNA extractions
Arabidopsis DNA was performed by a CTAB extraction

method described by Dean et al (19292).

Isolation of ¢DNA 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 c¢DNA synthesis, 10 ug of RNA in a volume
of 10 pl was heated to 65°C for 3 minutes, and then
quickly cooled on ice. 10 pl of reaction mix was made
containing 1 pul of RNAsin, 1 pl of standard dTl7-adapter
primer (1 pg/pl; Frohman et al, 1988), 4ul of 5x reverse
transcriptase buffer (250mM TrisHCl pH8.3, 375mM KCI,
15mM MgCl2), 2pl DTT (100mM), 1xl dNTP (zOomM}, 1pl
reverse transcriptase (200 units, M-MLV Gibco). This

reaction mix was then added to the RNA creating a final
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volume of 20ul. The mixture was incubated at 42°C for 2
hours and then diluted to 200 pl with water.

10pl of the diluted first strand synthesis reactien
was added to S0ul of PCR mix containing 4ul 2.5mM dNTP,
1041 10xPCR buffer (Boehringer plus Mg), 1pl of a
100ng/pl solution of each of the primers, 73.7ul of water
and 0.3gl of S units/pl Tag polymerase (Boehringer or
Cetus Amplitaq). The reaction was performed at 94°C for 1
minute, 34 c¢ycles of 55°C for 1 minute, 72°C for 2 minutes

and then finally at 72°C for 10 minutes.

DNA sequencing

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

States Biochemical Corporatiom).

Screening the Landsberg erecta cosmid library and the
PRL-2Z cDNA library.

26000 clones arrayed in microtitre plates were
screened by gridding offsets from 16 microtitre plates
onto LB-tet (10pg/ml) plates and then taking colony lifts
onto Hybond N filters. 1x106 plagques of the CD4-71-PRL2
library (supplied by the Arabidopsis Biological Resource
Center at Ohio State University) were screened by plating
20 plates of 50000 plagues and then taking plague lifts

onto Hybond N filters.
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Transformation of Arabidopsis

The cosmids containing DNA from the vicinity of Fca
were mobilised into Agrobacterium tumefaciens C58C1, and
the T-DNA introduced into Arabidopsis plants as
degeribed by Valvekens et al, 1988. Roots of plants grown
in vitre were isolated and grown cn 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 rcots dried and placed
onto shoot inducing medium (Valvekens et al, 1988)
containing vancomycin to kill the Agrobacterium and
kanamycin to select for transfecrmed plant cells. After
approximately & 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 3 - PLANTS HOMOZYGOUS FOR THE T-DNA INSERTION
CARRYING FCA FLOWER EARLIER THAN HETEROZYGOTES.
Two transformants of each of the four cosmid clones

that complemented the fca mutant phenctype were selfed
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and seed of late and early flowering individuals were
collected and plated on kanamycin-containing medium. All
the late flowering progeny were kanamycin sensitive
whilst progeny from the early flowering individuals were
either homozygous or heterozygous for kanamycin
resigtance. This demonstrates that the kanamycin marker
on the T-DNA carrying the reglon containing the FCA gene
completely co-segregated with the early flowering
phenotype. Thus, complementation to early flowering was
due to sequences within the insert of the cosmid. LN was
counted for the early flowering individuals either

homozygous or heterczygous for the T-DNA insert.

TABLE 1
cosmid K/K K/-
CL58I16 10.2 (9) 13 (4)
9.7 (4) 10.4 {10)
CL44B23 ' 9,5 (2} | 11.8 (&)
12 (2) 11.1 (&)
chtAl 14.2 (5) 15 (3)
9.6 (3) 10.8 (5)

cAtA2 9.1 {(7) 9.3 (3)
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12.5 (3) 14.4 (7)

Analysis of flewering time (as measured by total LN)
in transformants showing complementation of the feca
mutant phenotype. For each cosmid two independent
transformants were analysed. The leaf number was counted
on F2 individuals (the number of which is shown in the
bracket) which were then selfed and progeny sown on
kanamycin-containing medium to establish whether the
plant was homozygous (X/K) or heterozygous (K/-) for the
T-DNA insert.

The results, shown in Table 1 above, indicate that
the homozygotes flowered significantly earlier than the
heterozygotes in all 8 transformants analysed. Thus

increasing the FCA gene dosage and therefore most likely

the amount of gene product causes earlier flowering.

EXAMPLE 4 - ANTISENSE EXPERIMENTS.

A 1184bp BamiI (bp3547, Fig 3) /HindIIT (bpd4731l Fig
3} restriction fragment from the FCA cDNA clone was
subcloned into the BamHI/HindIII restriction sites of
pBluescriptKSII. The insert was released with the enzymes
BamHI and Xhol and subcloned into an Agrobacterium binary
vector pSLJ6562 (J.Jones, Sainsbury Laboratory). The
resulting plasmid contains the CaMV 355 promoter
transcribing the FCA cDNA fragment to produce antisense
RNA, terminated with 3‘ seguences from the nopaline
synthase gene. This plasmid also carries LB and RB

Agrobacterium sequences for delivery inteo plant cells and
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and a nosS’-kan-ocs3’ fugion to allow kanamycin selection
for transformants. The construct was introduced into
Arabidopsis thaliana ecotype Landsberg erecta using the
root explant transformation procedure of Valvekens et al
(1988) .

Selfed seed from five transformants were collected,
sown on kanamycin-containing medium and and 10 kanamycin
resistant individuals transplanted to soil. Three of the
transformants segregated for a single T-DNA insertion,
the other had two or more. Flowering time, assayed as
rosette leaf number was measured. Progeny from four of
the five transformants were late flowering, producing 12
rogette leaves, compared to 4 for the fifth transformant.
Grown alongside, in these particular conditions, non-
transformed Landsberg erecta and feca-1 plants flowered
with ~4¢ and 11 rosette leaves respectively. Thus the
antisense construct (as a single locus) effectively
reproduced the late flowering phenotype of the fea-1

mutation.

EXAMPLE 5 - CONSTRUCTION OF PROMOTER FUSIONS TO THE FCA
OPEN READING FRAME.

A genomic SalI-Xhol fragment carrying the whole FCA
gene plus 64 bp upstream of the putative start of
translation and 500 bp downstream of the site of
polyadenylation was cloned into the Xhol site of the
Agrobacterium binary vector pSLJ 6562 (described above).

This resulted in a vector carrying a ncs-kan fusion for
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transformant selection and a fusion where the 358
promoter is driving the FCA genomic region (21 exons, 20
introns). Tranformants have been made using this
construct.

This construct when introduced into fca-4 plants
corrected the late flowering phenotype causing the plants
to flower with 6.4 leaves under a long-day photoperiod.
This was similar to wild-type Landsberg erecta which

flowered with 6.2 leaves when grown alongside.

EXAMPLE 6 - CONSTRUCTICN OF AN FCA GENE LACKING INTRONS -
TRANSCRIPTS y, AND ¥g.

The v, construct was created by cloning together
seven fragments:

i. an EcoRI (a site present to the insert junction
in the multiple cloning site of the vector) - Sall
fragment from the cosmid CL43B23. This fragment contains
the 5’ promeoter and untranslated region of FCA and the 5’
region of the ORF.

ii. a 425 bp Sall-HindIII restriction fragment from
cDNA clcone 77B.

iii, the region of the spliced transcript covering
the 5’ splice site of intron 3 was generated using RT-PCR
with primers cDNAII-BamHI and IanRT1l. The product was
reamplified using cDNAIL-1 and RevEx4, digested with Sall
and BglII and cloned into pBluescriptKSII digested with

Sall and BamHI. A 270 bp HindIII fragment from this
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plasmid was then used in the reconstruction of the fully
spliced transcript.

iv. a region of the spliced transcript was amplified
using RT-PCR and primers BamX and IanRTl. This was
digested with HindIII and BglII and the 32 bp fragment
used in the reconstruction of the fully spliced
transcript.

v. a region of the spliced transcript was amplified
using RT-PCR and primers BamX and Rev404 (position
indicated on Fig.3). A 256 bp ClaI - BamHI fragment was
released and gel-purified for use in the reconstruction
of the fully spliced transcript.

vi. a Clal-Spel fragment was excised from the FCA
cDNA clone (the 1811 bp clone isolated from the PRL-2
library)

vii. a SpeI-Xhol fragment, carrying the last ~-140bp
of 3’ untranslated region plus ~500 bp of 3’ genomic
sequence, wag isolated from the FCA gencmic clone.

The seven fragments used to censtruct the FCA gene
lacking introns were assembled in two parts, 5' region
and then 3’ region, which were then combined.

A, 5' region. Fragment iv was cloned into
pBluescriptKSII as a HindIII/Clal insert. Fragment ii was
then cloned into this as an EcoRI/HindIII fragment (the
EcoRI gite coming from the multi-cloning site in the cDNA
cloning vector). Fragment iii was then clened into the
HindIII site between fragments ii and iv, the correct

crientaticon being determined using an asymmetrically
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positioned Rsal site. Fragment i was then c¢loned into the
EcoRI/Sall sites.

B. 3’ region, Fragment vii was cloned into the
Spel/Xhol sites present in fragment vi (the Xhol- site
coming from the multiple cloning site in the vector).
Fragment v was then clened into the BamHI site, the
correct orientation being determined using an
asymmetrically positioned Clal site.

The 3’ region containing fragments v, vi and vii was
then cloned inteo the plasmid containing the 5 fragments
as a Clal/xhol fragment.

The v, construct was generated by replacing the EcoNI *
fragment (1503 bp to 2521 bp of spliced transcript) with
an EcoNI fragment from a clone derived from RT-PCR from
Ler RNA that contained the alternatively spliced form
encoding the full length protein.

The resulting constructs were released from the
vector using EcoRI and Xhol and cloned inteo the
EcoRI/Xhol sites of the Agrobacterium binary vecteor
pSLJ1714 (Jones et al 1992) . Transformants carrying this
construct have been generated.

Construct vy, when intreduced into Landsberg erecta
caused it to flower with 5.6 leaves under a leng-day
photoperiod. Thig was slightly earlier than wild-type
Landsberg erecta which flowered with 6.2 leaves when
grown alongside. When grown under short-day photoperiod
1/4 of the progeny from the tranformant flowered early

(with an average of 8.7 leaves). This is significantly
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earlier than wild-type Landsberg erecta which flowers

with 23.5 leaves under these conditicns.

EXAMPLE 7 - EXPRESSION IN E.COLI.

The 7, construct, described in Example 6, was
digested with Sall and KpnI and clomed into the XhoI-KpnI
sites of the E. coli expression vector pRSETC (Invitrogen
Corp.). The resulting vector has the FCA c¢DNA cloned in
frame with a polyhistidine metal binding domain, which
enables the recombinant protein to be purified away from
native E.coli proteins using a metal affinity resin
{ProBond ™ Ni2*, Invitrogen Corp.). The FCA protein did
not bind well to the affinity columns and so was
separated from the E.coli proteinsg by excision from an
SDS-polyacrylamide gel. Protein was extracted from the
gel slice and used to inject rabbits. A booster jab was
given and then two bleeds taken. The antibodies produced
detect the FCA protein dot blotted onto nylon membrane at

»1/10,000 dilution.

EXAMPLE 8 - PRIMERS DESIGNED TO AMPLIFY GENES CONTAINING
RRM DOMAINS WITH HIGH HOMOLOGY TQ FCA.

Based on the homology between etr-1, an EST derived
from a human brain mRNA {dbest H1995); the Drosophila
sexlethal protein; the human nervous system proteins HuD,
HuC, Hel-N1, and Hel-N2; and the Xenopus proteins elrh,
elrB, elrcC, elrD a set of degenerate PCR primers were

designed containing two regions of very high homclogy.
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Amino acid F v G s L N K

OLIGO 1 57 TTT GTG GGG AGG CTG AAC AAG c ar
c A A TCA T A T A
T T T T
o4 C C &

Amino acid R G c F v K b4

OLIGO 1 3 TCC GAC GCC GAA GCA GTT TAT 5

a A A A A c

T T T

C ¢ c
EXAMPLE 9 - CONSTRUCTICON OF FCA DERIVATIVES TO GENERATE
DOMINANT NEGATIVE MUTATIONS AND TO ANALYSE THE EXPRESSION
AND SPLICING PATTERN OF THE FCA GENE.

A construct expressing the second open reading frame
of transcript ¢ under the control of the FCA promoter,
was constructed by deleting the first open reading frame
(from 450 bp to 1206 bp). This was done using oligo
mutagenesis to introduce a Sphl site at the two
pesitions, digesting and religating the vector.

To examine FCA expression FCA promoter-GUS fusion
constructs have been made. FCA promoter + exons 1-4 of
PCcA fused to the B-glucuronidase (GUS) gene have been
constructed to monitor the splicing within intron 3. The
entire FCA spliced ¢DNA (yg) with GUS fused in frame at

the C-terminus has been made to monitor FCA protein

localization within the cell.
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EXAMPLE 10 - IDENTIFICATION OF FCA HOMOLOGUES WITHIN THE
ARABIDOPSIS GENOME.
A four genome equivalent Landsberg erecta cosmid
5 library was screened using low stringency conditions
(400C overnight, 1% SD3, S x 88C, 0.5% milk powder } with
the complete FCA genomic c¢lone. The filters were washed 2
x 20 min at 45°C in 2 x 8SC, 0.5% SDS. After exposure they
were then rewashed 2 x 20 min, 50°C in 2 x SS8C, 0.5% SDS.
10 61 cosmid clones were picked, plus two negative contxol
cosmids, Five of these were additional FCA clenes,
leaving 56 putative FCA homologues. Minipreps were
prepared from 10 ml o/n cultures ¢of cosmids, digested
with EcoRI, run on 0.8% gels with positive and negative
15 controls on each gel and Scuthern blotted. The blots were
hybridised separately to 77B and FCA ¢DNA (originally
called 61A) (Fig. 7) using the conditions described above
and then washed at 45°C only.
0f the putative homologues:-
20 {a) - 2 cosmids hybridized only to 77B
{b} - 11 cosmids hybridized only teo 61A
(c} - 31 cosmids hybridized to both cDNAs
(d) - 13 cosmids difficult to score or showed no
detectable hybridized
25
(a) 2 cosmids appear not to be related
(k) - 49 C 22 and 67 I 3 share common EcoRI

fragments
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{¢) -~ 39 G 10, 46 H 15, 56 F 2 and 52 A 8 share

common EcoRI fragments,

- 39 @ 10 and 56 F 2 share additional frag

- 4 H 4 and 45 X 24 share two frags

- at least nine other pairs of cosmids may have

at least one EcoRI fragment in common.

Table 2
Primers Sequence bp start
Figure 3
CDNATI-BamHI | 5 CAGGATCCTTCATCATCTTCGATACTCG 37 |25
cDNATI-1 5/ QTCCCTCAGATTCACGCTTC 3¢ 228
cDNAITI-3'a 5 CACTTTTCAAACACATC 37 1167
¢DNAII-3‘b 5 GTTCTCTGTACATTAACTC 3 1213
BamX 5’ ATTGAGATTCTTACATACTG 3’ 2568
RevExX1A 5’ TAAGACATGTCTGACAG 3/ 2838
RevEx1B 5/ GTGATCTGATTGTGCAG 3’ 3030
RevEx4 5/ TAGACATCTTCCACATG 3 3145
IanRT1 5/ CAATGGCTGATTGCAACCTCTC 3320
IanRT2 5 TCTTTGGCTCAGCABACCG 37 3348
Rev4 (4 5’ CAATGTGGCAGAARGATG 3’ 3673
fca-3'a S' AGGCCATTGTTTGGCAGCTC 4941
fca-3'b S* CCCAGCTAAGTTACTACTAG 37 5003
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Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise", and
variations such as "comprises" and “comprising”, will be
understood te imply the inclusion of a stated integer or step or

5 group of integers or steps but not the exclusion of any other

integer or step or group of integers or steps.
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CLAIMS:
1. A nucleic acid isclate comprising a nucleotide
gequenice coding for a polypeptide comprising the amino

acid sequence shown in Figure 2.

2. Nucleic acid according to claim 1 wherein the coding
sequence comprises a seqguence shown as an exon in Figure

1.

3. Nucleic acid according te claim 2 wherein the coding
sequence comprises the sequences shown as exons in

Figure 1.

4., Nucleic acid according to claim 1 wherein the coding
sequence is a mutant, allele or variant of the coding

sequence of Figure 1.

5. Nucleic acid accecrding te any of claims 1 te 3

comprising an intron.

6. Nucleic acid according to claim 5 comprising an

intren as shown in Figure 1.

7. Nuclei¢ acid according to claim é wherein said

intron is intron 3 of Figure 1.

8. A nucleic acid isclate comprising a nucleotide

sequence coding for a polypeptide comprising an amino
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acid sequence mutant, allele or variant of the FCA amino
acid sequence of the species Arabidopsis thaliana shown
in Figure 2, by way of insertion, deletion, addition or

substitution of one or more amino acids, or a homologue

5 from another species, wherein production by expression
from said nucleic acid of the encoded polypeptide in a
transgenic plant influences a flowering characteristic

of said plant.

9. Nucleic acid according to claim 8 wherein said

10 flowering characteristic is the timing of flowering.

10. Nucleic acid according to claim 9 wherein said
mutant, allele or variant has the ability to advance

flowering in a plant.

15
11. Nucleic acid according to claim 9 wherein said
mutant, allele or variant has the ability to delay
flowering in a plant.

20 12. Nucleic acid according to any of claims § to 11
comprising an intron.
13. Nucleic acid according to claim 12 comprising an
intron as shown in Figure 1.

25

14. Nucleic acid according to claim 13 wherein said

intron is intron 3 of Figure 1.

ANERUED SHEET
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18. Nucleic acid according to claim 14 comprising the

nutleotide sequence of FCA ¢, i.e. that of Figure 3.

16. Nucleic acid according to claim 8 that has the
nucleotide sequence of FCA @,, i.e. intron 3 of Figure 1
and all the exons of Figure 1 except for the exon
nuclectides indicated in Figure 1 to be within the

alternative intron splicing sites around intron 13.

17. Nucleie acid according to claim 8 that has the
nucleotide sequence of FCA v,, i.e. all the exons of
Figure 1 except for the exon nuclectides indicated in
Figure 1 to be within the alternative intron splicing

sites around intron 13.

18. Nucleic acid according to claim 8 that has the
nucleotide sequence of FCA 7y, ie allagpe exons of Figure
1 including the exon nucleotides indicated in Figure 1
to be within the alternative intron splicing sites

around intron 13.

19. Nucleic acid according to claim 8 wherein said

species other than Arabidopsis thaliana is a Brassica.
20. Nucleic acid according to claim 19 wherein said

homologue comprises the amino acid sequence shown in

Figure 8b.

puactnts st
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21. Nucleic acid according to claim 20 comprising the

coding sequence shown in Figure B8a.

22. Nucleic acid according to claim 20 wherein the
coding sequence is a mutant, allele or wvariant of the

coding sequence of Figure 8a.

23. A nucleic acid isclate comprising a nucleotide
sequence coding for a polypeptide comprising an amino
acid sequence mutant, allele or variant of the amino
acid sequence enceded by the nucleic acid of claim 20,
by way of insertion, deletion, addition or substitution
of one or more amino acids, which mutant, allele or
variant has at least 80% amino acid identity with the
sequence of Figure 8b and ability to influence a

flowering characteristic of a plant.

24. Nucleic acid according to any of claims 1 to 23
further comprising a regulatory sequence for expressicn

of said polypeptide.

25. Nucleic acid according to claim 24 comprising an

inducible promoter.

26. Use of a nucleic acid isclate comprising a
nuclectide sequence complementary to the coding sequence
of any one of claimeg 1 to 23, or a fragment of said

coding sequence for influencing a flowering

ety GPER
pdECEY S
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characteristic of a plant.

27. Use according to claim 26 wherein the nucleic acid

isolate comprises an inducible promoter.

28. A nucleic acid isolate comprising a nucleotide
sequence complementary to a coding sequence of any of
claims 1 to 23 or a fragment of said coding sequence,
wherein said nucleic acid is DNA and said nucleotide
sequence is under control of a requlatory sequence for

anti-sense transcription.

29. Nucleic acid according te claim 28 comprising an

inducikle promoter.

30. A nucleic acid vector suitable for transformation
of a plant cell and comprising nucleic acid according to

any one of claims 1 to 25, and 28.

31. A host cell containing heterologous nucleic acid

according to claim 30.

32. A hest cell accerding to claim 31 which is

bacterial.

33. A host cell according to claim 31 which is a plant

cell.
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32. A plant cell according to elaim 33 having said

heterclogous nucleic acid within its genome.

35. A plant cell according to claim 34 having more than

one said nucleotide sequence per haploid genome.

36, A plant comprising a plant cell according tc any of

c¢laims 33 to 35.

37. Selfed or hybrid progeny or a descendant of a plant
according to claim 35, or any part or propagule of such
a plant, progeny or descendant, such as seed, comprising

a plant cell according to any one of claims 34 to 36.

38. A method of influencing a flowering characteristic
of a plant, the method comprising causing or allowing
expression of the polypeptide encoded by heterologous
nucleic acid according to any of c¢laims 1 to 25 within

cells of the plant.

39, A method of influencing a flowering characteristic
of a plant, the method comprising causing or allowing
transcription from heterclogous nucleic acid according

to any of claims 1 to 25 within cells of the plant.
40. A method of influencing a flewering characteristic

of a plant, the method comprising causing or allowing

anti-sense transcription from nucleic acid according to

i,
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any of claims 28 to 92 within cells of the plant.

41. Use of nucleic acid according to any of claims 1 to 25 in

the production of a transgenic plant.

47. Use of nucleic acid according to any of claims 28 to 29 in

the production of a transgenic plant.

43. B nucleic acid according to any one of claims 1 to 25 or 28

10 to 30 a use according to claim 26 or 27 or 41 or 42 or a host

cell according to any one of claims 31 to 33 or a plant cell
according to any one of claims 34 to 36 or a selfed or hybrid
progeny or descendant plant according to claim 37 or a method

according to any one of claims 38 to 40 substantially as

15 hereinbefore described with reference to the Figures and/or

Examples.

DATED this 22nd day of June, 1299

20 PLANT BIOSCIENCE LTD

by its Patent Attorneys
DAVIES COLLISON CAVE
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Figure 1}

1 gatctaggtg
S1 c¢ggagaaaat
101 ataatggtca
151 catagatgcg
201 ttatctttgg
251 aagttggatg
301 tgtatctetgt
351 tgttttaact
40L ttégttttag
451 tgagataata
501 agagattaca
551 caaaccatta
601 ttgattattg
651 taaatattca
701  atatcctcta
751 tttatattat
801 atgtactata
851 ggattggact
901 tttgttaacy
951 ataaatatat
1001 ctcaataaag
1051 ctattaccgt
1101 tcaaaatttc
1151  CTTCGATACT
1201 TAGGGCTCCT
1251 ACGICAAGCT
1301 GAGGATICCT
1351  CTCAGAMTCA
1401 GTCGTCGTGG

aaattaatct
atgcttcact
tatgaatgta
gttggaagaa
aattcagcga
gtgaagcecat
tgtbtttgge
ttctectetta
ttctttattt
agatcataga
ctttacactt
aaaacctgtt
actcatgaat
ttrgattatt
aattcatata
tgatcaceca
tcaaaatgtt
taagaatgtg
aaaactcatct
tgatggccca
tctaccggtc
aactagaccyg
gagcaacgga
CCTTTCTTCT
AGTCCTTIGA
GGACAGACKC
RCCATARCCH
CCCTITCGARG

MAGCAGCCCT

1/26

gaagtttaga
caactttttt
aacgtgtttt
ttgcatttgg
gcggtgaaga
atttttgett
aaaaaaaaaa
ttttgtgtat
ataggteatt
ttaaataaca
atatatagtyg
aaacgattaa
ctagtgactc
ttaggtaaaa
gtgatgcaag
acacatgatt
tctgaageat
agagttacct
ggaacaattyg
agtagctgta
caaatttcaa
cttetteocret
attgatcteca
CTCTTTGGTT
TTTCTTCGAC
CGAAGGGATC
CCGAGCCCAT
AGGATGATGA

AGCAMTTATC

PCTIGB96/01332

aatagattth
ttggtgcectat
gggatgatgt
actgcaaaaa
tgtattgtca
Ctgggtaatt
Etgaaataat

tttecatcaa

taattattag-

atattgtatt
gtaagakitce
cttgactcaa
atgatgaagyg
ggtagttcag
tattttgeat
taataaacgc
atagttgaca
gaaatgtcaa
tatccceett
ttttecgtta
ctgaatcacec
tttacattceg
tcttcaatca
TCATACAGAT
TGGAATCGTA
GCCATGAGAG
CCCAGAGGTC
TGATTTICGS

GAATTGGAAY

SUBSTITUTE SHEET (RULE 26)

cttggaactt
atgaacaaag
fatctkgtte
ctgatggect
agaaaatggg
ttttagtaca
aaaaaacatt
tgatagattt
attaatctitee
Ctgtgatatat
Cttttgettt
gacaaagcca
agacgaacag
acctagtcat
tacttagaac
catgaaatge
tgagaatttt
tttttbbecc
ttggcagtat
tcagccaaga
ggtccaacca
gacaaaaaaa
MATTCATCAT
CCCARATTTC
ATTCCCCACT
TGGCOCGCTALC
CrTCTCGTCC
CGCCACCGTC

TCCGGGCGGA
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1451
1501
1551
‘1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
© 2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701
2751
2801
2851

2901

2/26

GGAGGAGGTA ATGGTGGTCGE ACGCTGGGAA

TGATGGTCCC
GAGTAGATTT
rrgseeTrTe
TGTGGGAGGA
CCGCGAAGTA
ARAGCAATGG
GCAGCCTCTT
GCTTTACTGG
atttattect
gaatcaatga
ttgttgaagg
ccatgtatgt
ctggttaatt
TTTTTGTTGG
tcbtggaaat
attttttekg
ATGGARATGT
CAGCAAGgEa
ctttttaaaa
gtctecatcat
tatgettgee
acctgtgcta
ctacttgbgt
tattgagggt
ctgttgecout
tcézattgaa
tltgltglatgg
alaaggacat

glLcaaagatt

GGAGATGGAG

GTTTCCEGCA

TAAGCCTRIG] GGTCCTCACE

CCTACGATGA
GAAGGGACAC
TCCTCCTTCA
AGTCTGATTA
TCCGGTCAGA
MAACTGgtaag
gtagtctgtt
Ctagagtatt
tttttcakgyg
gataatcaaa
tgatttgcag
ATCTGTACCA
cattgtbtatc
ttggttitca
TCTGGAGGTT
tgtcaatctce
titcaggtet
Lggcctccaa
agcgtettat
agaaagggltt
gtatltctaga
gtttiagagt
Latagtgyga
attcatitie
Ltecllbgacagyg
gagglicaaa

LggecglLoLt

TGETTTTCGET
GGTCAATTGT
GAGAGTCCAG
TTCTGTAAGA
AAAGAGGGTA
catgagttca
aaggttcectg
gaaaggtagt
gatcgactet
actatatgcece
ATCTCTCTGA
AGGACAGCTA
tatatactca
tattgtaghT
GCTCTGATCA
cattttatta
ccectgaaaag
ttgtttgcaa
ctgtgttcga
tatgtactta
actttagatg
tggagltaat
attggttata
Llracectte
algaatglay
agatgygurLitc

Lclaattita

PCT/GBY6/01332

GATGACACTC CTAAGGATT
GATAATGET CCCCCAGATA
ATGGTGGAAG TTTTCGGCOT
CCAATGGGETC CTAACGRTGE
TGGAGCTCGG TATAACTATC
ACAGGAGGAG ATTTATCEGT
CCGACTACAC CGCCGETCCA
TCCTATCTCA GACCATGGCA.
ctcttctkte téctatgtat
agtgtctett atttttgtgg
atggttgtt; tottactgta
agaggatcét Ctegatttte
atcttcatgt gtatecettat
TCCTAGCAGT ACAGTCAAGC
CAGRAGAAGA Agtgagttaa
ttactgagaa ccttttctaa
CCGTCCCTAT TTCGARCAGE
AGGACRAGAG AACTGGACAG
ggaaatagtc gtgaattata
gcbgatggga agcaacceca
caattttcgg gecttattget
ttctgtcaca gaagaaggcet
tgttgggcaa atagatttceg
Lglitgaaaa gtgtagaatl
gtacagagaa Clgaaklbttg
Aagaacatcge tatttiecte

ctcltagalygg attgaagatyg

Legattigee actoetgelLg

tcatgttgga ggutlggegt

SUBSTITUTE SHEET (RULE 26)
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2951
3001
3051
3101
3151
3201
3251
3301
3351
3401
3451
3501
3551
3601
3651
3701
3751
3801
3851
3901
3851
4001
4051
4101
4151
* 4201
4251
4301
4351
4491

4451

cttcattttc Litcatatca
atggcattce Lklhtaccttl
totectttic tttegtegat
ttecactectbe tttgaatgge
ctctcaattt cttggatgge
ggtgaatgaa tgatttgttt
cccacgtcte tatbccttgg
tcatagatga atgaatattt
ccecttgeagt getgatcgat
tttbttttgt atgetceoctt
tgcaactgtt attttattat
tebgtetcta tittgteagt
tttgtacgtyg catagttatt
atttctataa ctgctacacc
tgtggtgaca taaacacttt
caactcttte ttcagecttg
atatggaagg aacctgattg
aatacagcat gttgacttca
caggggeeta attatgtatt
agattttttt ccaatgagtt
aagtchtcaa abtgettgatg
ttttgattat ccgctactca
cgtbactttg gacctatagt
tgtittctaga tttbckttceca
cctittgteltg aaaggceccctc
gtgttcaaltl LEittaalLatlt
ttaatttatt ctctccaaca
cagacatgtc ttatgatitt
atcttgttac Lagtacaatl
acagatagct Laagtatcag

ANGCAACTTC GAAAGATGCG

3726

attlacgggt
ttggatgagt
ggcctgagga
ctgaaatghty
ttgtgatgty
agtagteete
atggcttgtyg
tgttgagtay
atttatgtgg
ttegetaate
tgaatttcect
gbtgaagaaat
Cataaattct
tttgtggatyg
tLgatcgeggt
tgaaatatta
tittagttte
ctctecttgee
acatgaagca
atctigecca
tatggtgacy
tcaattattyg
tatgttttat
aatggatecct
ctgtagatat
tgtttrtgee
actttacatc
ccltactgaac
Lgatggtaga
Lcrttaatge

GATAGAGCCH

PCT/GB96/01332

gtgctgtcia tlyggtlaatg
gatgctggaa tgaatgegte
actatgatgg ctatatttet-
tgctttecltgt atggtegtee
atataccatc lLctcgtcata
atgtatgtat ttkgrtatgtt
atgtgatata ccatctcteyg
ctcttatgte tgtatggtgg
aagaaatgtt tgatgataga
aagcctbbgt gcttgcaagy
gttctactac tccatttagt
actagacgat gaatggtgtg
tgactttcea agaagttatt
gcagaacaaa tgeatctgat
tgaatgtact agattceata
ftatgttagyg tggtgcaaac
ttagaatagt ttctgakgtt
cttgatcaat cagcatcagg
atcgtattet tt;c;gaatt
taacktgtagt tctttatttg
aaaatgtgta tatgttkbtgg
agattcttac atactgaatce
gttgcltaatt aacttgtaca
gecltbtggacaa akgecagooac
gttatcltgca gatactgact
abaltcicra (ttgaagaca
aataltltaag tggaggctgt
tlalgugouy tgagtagtac
aqgadaaaqrt gaacccltgaa
AgGCTCTTST TTTGTAMNAT

TCAGAGUACT GCACAATCAG

SUBSTITUTE SHEET (RULE 26)




WO 96/38560

Figure 1 Continued

4501
4551
4601
4651
4701
4751
4801
4851
4901
4951
5001
5051
5101
5151
5201
5251
5301
5351
5401
5451
5501
5551
5601
5651
5701
5751
5801
5851
5901

5951

ATCACTCTTC
gaaactatag
TCGTCCIGTT
atcaacttce
tagcecaagac
gtgggaaatyg
ttcttbgect
TAGAGTTTAR
GAAGTTGAGG
gécagattaa
cectgttace
agtcttacca
gettggacat
gtttgactgt
cagltcaact
tttattgtta
ATGTCTATCT
aatttgtact
gtgaaactgt
GCRARGAGAC
ATGAGAGtaa
ccctttggac
AATCAGCCAT
CGAGTCAAGY
Ltatcaagta
cttgtggaga
clLccagttat
agrreergte
CTCGTTIUICA

attatgctca

CITGGGgtaat
gttgtttcac
CAAGTTCGAT
acacagagta
catacgctge
atatgaactt
tactatcaag
GCTTTTTGTT
AGgtatgttt
cggaacagygy
tgagttgata
aagggtgagt
tectacttact
cataatagat
tatgtgtttc
ttgctttaac
CATGCGGGAT
agattctata
gtttttecact
GGCAATGGCA
gctgtgaatc
ctgttttgtt
TGATTGTTCG
Laatgececttg
aaltlgtatalt
atctitlgga
tactggaatyg
rccagGGAAA
AGCTTCAGGA

ttagglaact

4/26
taccctgagyg
cttttataat
ATGCTGACGG
tctaatgbgg
ataagttcag
tatggatgtt
tgatatagtt
GGTTCACTAA
cgtatcttac
aagagttcta
attttaaatg
gtctagaaaa
gtgtaatcte
aaaattaata
aatttctecat
agATCTTTTT
GAATATAGAC
aattatttgt
ttgtagGATG
GCTATCGATG
acataagtat
tactggecte
CTTTGCTGAG
ggtactatat
acclbicattc
catggtggag
tgaagcattg
TGGCACCTCC
CCAMGgLaac

atatatgrtg

PCT/GRY6/01332

ctttctetta tcaagaacag
tttgttgatlt cccagGGAne
GGAGAGAGAA CGCATAGgta
ctgtcattgt ctagbgtica
attacaaaaa ttaagaaaat
gatcetttbte tttcectgtt
ctettcttet gaagGCACCC
ACAAGCARAGC CACTGAARAR
Lttttgaagt tgttacttat
aacttggata ttattgtgtc
actctttgat aaattttgtt
tetgtgtcaa tematgcaage
Ctcttecaat tgatccaact
aatgtgaacyg gctaccttec
gtaatctbtt zacaaactgt
ACAATTTGGT CATCTGGAAG
AGAGTCGTGy takgttttgt
tgtgtgatga tgtbgagatyg
TGGGTTTGTT AAATATTCAR
GTCTCAACGG AACTTATACC
ctcagtttct ctcattatea
tatcctttece ccagGGTTGC
CCRAAGAGGC CTAAACCTGG
ttitgattaat cctaatacte
tttgtltcbgt crgagttata
agttgggaac cctgtteetl
ctltictagat atcctlaagt
TCTTGGACTT GOTTCAGEGC
tggtgtgasaa ggagalcaltg

actlacceeyg gtetcoctcat

SUBSﬂTUTESHEET(RULEZG)
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Figure 1 Continued

6001 ctctattrgt tagGCCTACC
6051 AGCCACACAA ATCCTTGGCG
6101 TAGTAACACT GGGATCCGTG
6151 gtcaagcaac attgccttca
6201 atatcatctt aaatctgcac
6251 tgtattgtgc gagacaaata
6301 gggcttatga caggtgaaaa
6351 catataatgc aacaaacacg
6401 tttgcagbttt gtcagttackt
6451 ccghgatgbg agetttittta
6501 CGTTARGETCG TTATGGTGTT
€551 GTTTCATCTT CTGCCACATT
6601 ttaagcaaatb ctgaaaatgt
65651 tctatbtccat agCABAATCG
6701 ARAACCTCTT CACAGTCCAC
6751 CTARTTTCCC TGGGGCCCAG
6801 AGCCAGTTGC CTACCTCTCA
6851 ARCTGCTCCT CAAACTCCTT
6901 CTTCTGCAAC TGTTCAATTT
6951 AAGATGCAARC ATCCTCCTTC
7001 TCAGAGTCTA CAAGCAACAT
7051 TGCAGCAGCA GGTGCAGTCT
7101 TCACAGANTG GCCUCGAGCTGG
7151 tlgcatclbgc ccagacgggt
7201 aaaattaltt ccltgatagac
725)  tattctccce tuitctaaltg
7301 TGGATCTGCHA NITTCCAMGAG
735).  GCTATGCTGCN AnCAGCTGCA
7401 AARTGUACCT GOACCGAGCA
7451 CANTGGTCTA ACGGGTGAAA

7501 atatllcglt glgaguLurca

5/26

PCT/GBY6/01332

TCTAACTTTG GTGACTCTAG TCCCCATGTA

TCCAGCTACT TCACGAAACG TAGGCCCACC

GTGCCGETAG TGACTTTCCC CCTARACCAG

aatcaggtga gaacaggtty atgatcafgt

attcatataa gtaagcgeat agagtitgea

aaaagaaagt
gaagcatgaa
atgtbgtgttg
gaggcaakttt
aatgtaacat
CCTCCCCTTA
GCRRCAGgta
tgtgatgatt
GGCAGCTIGGC
AGGGTCICCC
GCACCCTTGC
GCTGCCACCA

TGAACATTAA

. CCCCCTCETT

TGAGCTAGCT
TCCAATCGTC
ATGCAGCARC
TAARCARCAG
Lcttcagctyg
atccoghttt
Ltcctctegg
TGGCTAGCAC

cerGenalran

TACCTCGCCT

GCAAGgLUgag

acttcatata ctgcacacat

gttctgacct ttcaacttct

ctcaaatgat atggccttaa

tetttkttgaa
tctatatbgh
ACCCTCTCCC
ckttagetat
aacktggatt
CAGCATATAR
TCTCCCCCTC
AGAATCCTTA
CRAGCARRAACA
TCTACGGCC2
CCCAGCAGCH
CAGCTCTTGT
TCAGCAAGCH
CAAACCARAAR
gtatgaatat
ctattgtgte
kltatcclica
ctgcrtette
CACTGGTTCG
CTCAGNGCGT
GNTOG A1)

asacqlggtt

gaeglatice tectgglita

SUBSTITUTE SHEET (RULE 26)

taatttctag
tagGGETEGCC
AGTCCCTGGA
atttttccaa
ttecaatbgtt
CACCATTAAA
CGTCCGCAAA
TGCTTATAGC
TCAGTCGTGC
ACAACTSTGT
ACCG?TACAA
CGCAGCAAAC
ADPTTCTCAGC
TTTACCACTC
agtcbcecteay
gtittaactt
Lgtgttttag
atcagTGGGC
ACACC;&TGA
ACGTICTGTC
ANTRTTATTA
cclbetltaat

tlgtgctatl
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7551
7601
7651
770L
7751
7801
7851
7901
79351
8001
8051
8101
8151
8201
“8251
8301
8351
8401
8451
8501
8551
8601
8esSl
8701
8751
8301
8851
6901
83851

9001

gataatcctt
catatbtatgt
ATAGTGTTCG
AACTATACAG
AACAAGTTCA
TCTTCACTGY
tcacatggtt
tatccaactc
ctgtttactt
gtggtagaag
ttgecageat
tteetttet
AGgtacatat
tcagttacaa
aataacaaaa
tttettteet
TCAGgtatat
tttgaattta
aaaaagaaac
ggeagagett
CACATATACC
CaGgtagtta
ttegtecttt
Ctaattctct
CARGRACTCA
ctectetcle
gtitctltag
RCATGAGACG

DBACTARTTAG

acacatbgtat
atataattca
AMCGAGAGCA
CAGTCCCAGA
GCAGCAATAT
ttggtibtcgt
tctaatttge
caggggccag
attcttcecatt
gagattgacc
tttgaaatac
aaaatgcagT
ctgaatctgt
cattgacttc
acttcatctyg
ggaaaatgca
atctcatgttt
atcaczgaac
atcagtgalba
attttctate
CGTGGGAGCT
tggltttttat
ggtattcaga
Ltacaatcat
TCTGGAAGAA
Ltgtatueie
ttgaaglhtac
AGGAGCTAAN

TCAAGEAGAG

6/26
attttatatc
ctbettgecag®
ACAGABACAG
CCCAATTACA
CAGGGCCAGC
tttcatgetg

atattracte

ccataatact.

tcaagatttg
accttaaagt
agataacaasa
ATCCATCATT
ggacttattt
ctctgatgcg
attcgtatat
gTTTCCTATG
gtat{aacaa
ataatgagtt
tgacttcctt
ctgtttggat
GCTTCARATGA
cagtgattca
Lgttektitt
atcteteer
TAMAGCTTCA

Lccatacega
clctgitgttg
CTATCTCAGT

GAAMRGCAGT

CIGATTTTTT TAGTTAACCC CTICAGTTAT

tgaagtcclht
GGGAAANRCC
CAACAACATC
GCCGTTGCAG
AATTACAGCA
gttacattca
tbgttcattt
caggtgtata
attcttgata
aaaattcagt
tctctaacgt
GCCAGTAGGT
ttcat tgaac
tagtbttigt
tctctggttag
TCAGGAATTG
tttceceatac
ctbggaktta
cctbggttaa
tgtectagGaT
ATGATATATC
gaacttctet
cgtbgaaace
cececagAGCCa
Gglttcatatc
aacacattcc
atcgatactc
AGCTAGATAG
ARTGGTAGTS

PATAGATAGG

SUBSTITUTE SHEET (RULE 26)

PCT/GBYI6/01332

cagtacgtge
TGAGGARLTG
AAGAGAAGCC
CAACAACCAC
GCCGTTTTAT
aatattttbg
ggagttgcag
tctgtttaat

tgctaatert
agecatggtt
gaatgcctat
CAAALTAGCC
tgattgattc
aacatatcag
aaaatctttl
GTCAGAATGC
cttctgtace
atgtcatttt
aaaktggtita
TATGCTCGGA
ARGAACTCCA
ctgttcataa
gritttetece
TCAATCTCCC
LacceortLet
aatgtatglyg
tacttcagGr
AMNLUTCTGG
TCCTTAGICT

CGRTICGTAGA




.

WO 96/38560

Figure 1 Continued

9051
9101
9151
9201
9251
9301
9351
9401
94531
9501
9551
9601
9651
9701

3751

CCATCTGCAT
TTAAGAGCTG
GTCTCATGTT
ATCCAGATTA
TAGATAgEtc
taattgteat
tatgtgttcg
ggacttcttt
getLttattt
ctaccacegg
daagaaaacc
ctgggtettyg
gagaggaggt
gtcaagetga

gecagtgacte

TCTATCTTIT
CCAAACAATG
GTGTTACTAG
GGAGTCATAT
atcacttata
ttbcagagat
ctettctaat
aatttttata
ttagttaatc
gtatccctec

gactgatetyg

aaccgctaaa .

ttacatagta
gtgataccta

gag

7/286

CTCTARTCAG
GCCTGTTGTA
TAGTAACTTA
ATAATTATAT
atgagactag
ctatcaattt
gattacgtaa
tagataatta
attctacaat
cattttaacc
ttgegtaggt
gcctggtety
ctggttgtea

cactgggeca

PCT/GB96/01332

ATATCTCCTC
ACATAGCTAG
GCTGGGTAAA
AMATAGAATA
atcttagcaa
gtagtttect
aatcagagtc
gatatcatte
tckbectaat
atagcegttct
ctcaacaatc
atggaagcaa
aatgttgatg

aacagtcgag

SUBSTITUTE SHEET (RULE 26)

CTTTICCADT
CGCAAGTTAT
CCAAACTTTG
TGTACATTCA
aatcecaacktc
gatcttcata
Ctacgtaggt
aataagtcegg
cbegetatta
taaaatcete
gceettgtec
teccteacee
gagtcaccaa

cataactgtt




WO 96/38560

Figure 2

L
51
101
151
201
251
301
351
401
451
501
551
601
651

701

MNGPEDRVDF
GARYNYPAKY
PISDHGSFTG
LIKDKRTEQ0
GERERIGTLE
RGCGFVEYSS
DMAPEVGLGS
NTGIRGAGSD
OQENRAAGQE
LETSOLEROQ
QHPPSELAQL
NGRAGKQQWE
TSEDGFAYYY
LQPLQQOEQD
FPMSGILGQONA

KEMGPHEGGS
PPSESEDRRR
TDVSDRSSTV
QGCCFVEYAT
FELFVGSLNK
KETAMAALDG
GPRFQASGPR
FSPKEGQATL
LTPLEKPLHS
NISRATAPOT
LSQQTQSLOA
GSAYPRVAST
NGLTGESKWE
VQOQYQGQQL

QDYARTHIPV

8/26

FREMGEAYDD
FIGKAMESDY
KLFVGSVPRT
SKDBDRATRA
QATEKEVEET
LNGTYTMRGC
PTSNEGDSSG
PSNQGGPLGG
PQGLPLPLRE
PLNINLRPTT
TFQSSQQRIS
TESTEYSYVQ
KPEEMTVFER
QOPFYSSLYP

GAASMNDTSR

PCT/GB96/01332

GFREMGPNGG VGGEGTRSTY
SVRPTTPEV) QPLSGORRGY
ATEEETRPYF EQHGNVLEVA
LENQITLEGS TGPVOVRYAD
FLOFGHVEDV YLMRDEYRQS
NOPLIVREAE PKRPEEGESR
DVSHTNPWRE ATSRNVGERS
YGVPPLNPLE VPGVSSSATL
ETNFRGGQAP [ONPYAYSSQ
VSSATVQF PR RSQOQPLOKY
QLOOQVQSMY QPNONLPLSD
TAAPAVSQOSV GSUECTWIEN
EQOKQQQHQE KPTIQQSQTO
TPGASHNTQY PSLPVGQNSQ

TQOSROSPQE LMWEIKT

SUBSTITUTE SHEET (RULE 28)
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51
1oL
151
201
251
301
351
401
4531
501
551
601
651
701
751
801
851
801
951
1001
1051
1101
1151
1201
1251

1301

ARATTGATCT
CTCTCTTTGG
GATTTCTTCG
ACCGAAGGGA
CACCGAGCCC
BGAGGATGAT
CTAGCBATTA
CGACGCTGGE
AGGTTTCCGG
TGGGTCCTCA.
GATGGTTTIC
ACGGTCAATT
CAGAGAGTCC
TATTCTGTAR
GAARRGAGGG
TCTCTGATCG
ACAGCTACAG
TCTGGAGGTT
TGTCARTCTC
TTTCAGGICT
TGGCCTCCAR
AGCGICTTAT
AGARAGGGTT
GTATTCTACHA
GTTTTAGAGT
TATAGTGGGA

AATTCATTLT

CATCTTCART
TTTCATACRG
ACTGGARTCG
TCGCCATGRAG
ATCCCAGAGE
GATGATTTTC
TCGAATTGGA
AAGATGACRC
CAGATGARTG
CCATGGTGGA
GTCCAATGGG
GTTGGAGCTC
AGACAGGAGG
GACCGACTAC
TATCCTATCT
TAGCRGTACA
AAGARAGABDAT
GCTCTGATCA
CATTTTATTA
CCCTGARAAG
TTETTTGCAA
CTCTGTTCGA
TATGTACTTA
ACTTTARGRIG
TCGAGTTART
ATTGG I ITATA

CrerThCTCTT

/286

CABRATTCATC
ATCCCRAATT
CAATTCCCCA
AGTGGCGGCT
TCCATCTCGT
GCCGCCACCE
ATTGGGGGCG
TCCTARGGAT
GTCCCCCAGA
AGTTTTCGGC
TCCTARCGGT
GGTATAACTA
AGATTTATCG
ACCGCCGGTC
CAGACCATGG
GTCAAGCTTT
CCGTCCCTAT
RGGACARGAG
GGRAATAGTC
GCTGATGGGA
CARTTTTCGG
TTCTGTCACA
TGTTGGGCAR
TGTTTCAANA
GTACAGAGRA
AGANACNTCGC

CCTCTAGATG

ATCTTCGATA
TCTAGGGCTC
CTACGTCARG
ACGAGGATIC
CCCTCAGATT
TCCTCGICGT
GAGGAGGAGG
TTTGATGGTC
TAGAGTAGAT
CTATGGGGTT
GGTGTGGGRAG
TCCCGECGRAG
GTBAAGCAAT
CAGCAGCCTC
CAGCTTTACT
TTGTTGGATC
TTCGRACAGC
ARCTGGACAG
GTGARTTATA
AGCARCCCCA
GCTTATTGCT
GRAGAAGGCT
ATRGATTTCG
GTGTAGANRTT
CTGAMTTTTG
TATTTTCCTC

GATTGRAGAT

SUBSTITUTE SHEET (RULE 26)

PCT/GBY6/01332

CTCGTTTCTT
CTAGTCCTTT
CTGGRCAGAC
CTACCATAAC
CACGCTTCGA
GGAAGCAGCC
TARTGGTGGT
CCGGAGATGG
TTTARGCCTA
TGCCTACGAT
GAGAAGGGAC
TATCCTCCTT
GGAGTCTGAT
TTTCCGGTCA
GGAACTGATG
TGTACCAAGG
ATGGBAATGT
CAGCARGGTA
CTTTTTAARA
GTCTCATCAT
TATGCTTGCC
MCCTGTGCTA
CUACTTGTGT
TALTTGRGGGT
CTGITGCCTT
TCCCTATTGA

GTTGTGTATG
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1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
" 2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701

2751

GTCTTGACAG
TGAGGTTCAR
TTGECCGTCT
CTTTCATATC
CTTTTACCTT
CTTTTGTTGR
CTTTGAATGG
TCTTGGATGS
ATGATTTGIT
CTATTCCTTG
ABTGRATATT
TGCTGATCGA
TATGCTCCCT
TATTTTATTA
ATTTTGTCAG
GCATAGTTAT
ACTGCTRACAC
ATARRCACTT
CTTCAGCCTT
GAACCTGATT
TGTTGACTTC
AATTATGTAT
TCCARTGAGT
AATGCTTGHAT
TCCGCTACTC
GGACCTATAG
e C
GAMNGGCCCT

TUTTTRATAT

GATGAATGTA
AAGATGGTTT
TTCTAATTTT
ARTTTATGGG
TTTGGATGAG
TGGCCTGAGG
CCTGARAATGT
CTTGIGATGT
TAGTAGTTCT
GATGGCTITGT
TTGTTGAGTA
TATTTATGTG
TTTCGCTAAT
TTGAATTTCC
TGTGAMGAAN
TTATAAATTC
CTTTGTGGAT
TTGATCGCGG
GTGARAATATT
GTTTTAGTTT
ACTCTCTTGC
TACATGAAGC
TATCTTGCCC
GTATGETGAC
NECANTTATT
TTATGTTT TN
MANTGGATCC
CTTGTAGATA

TTGTTTTTGC

10/26

TTTTTTTAAG
CTTGATTTGC
ATCATGITGG
TGTGCIGTCTE
TGATGCTGGA
AACTATGAIG

GTGCTTTCTG
GATATACCAT
TATGTATGTA

GATGTGATAT

GCTCTTATIGT

GAAGABATGT
CAAGCCTTIG
TGTTCTACTA
TACTAGACGA
TTGACTTTCC
GGCAGRACAA
TTGAATGTAC
ATTATGTTAG
CTTAGAATAG
CCTTGATCAR
ARTCGTATTC
AEARCTGTAG
GAMARTGTGT
GAGATTCTTA
TGTTGCTANT
TGCTTGGACA
TGTTATCTGC

caTarreTce

PCT/GB96/01332

TTGGTAGTTT GATAAGGACS
CACTCCTGCT GGTCARMAGAT
AGGTTTGGCG TCTTCATETT
ATTGGTTART GATGGCATTC
ATGALTGCGT TTCTCCTTTT
GCTATATTTC TTTCCACTCT
TATGGTCGTC CCTCTCAATT
CTCTCGTCAT AGGTGAATGA
TTTTGTATGT TCCCACGTCT
ACCATCTCTC GTCATAGATG
CTGTATGETG. GCCCTTGCRG
TTGATGATAG ATTTTTTTIG
TGCTTGCARG GTGCARCTGT
CECCATTTAG TTCTGTCTCT
TGAATGGTGT GTTTGTACGT
AAGRAGTTAT TATTTCTATA
ATGCATCTGA TTGTGGTGAC
TAGATTCCAT ACRACTCTTT
GTGGTGCAAA CATATGGAAG
TTTCTGATGT TAATACAGCR
TCAGCATCAG GCAGGGGCCT
TTTTCTGAAT TAGATTTTTT
TTCTTTATTT GARAGTCTTCA
ATATGTTTTG GTTTTGATTA
CRTACTGANT CCGTTACTTT
TARCTTGTAC RTGTTTICTRG
ANTCCAGCCN CCCTTTGTCT
MEGNTACTGAC TGTGTTCART

ATTTGAAGAC ATTAATTTAT

SUBSTITUTE SHEET (RULE 286)
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2801
2851
2901
2951
3001
3051
3101
3151
3201
3251
3301
3351
- 3401
3451
3501
3551
3601
3651
3701
3751
3801
3851
3901
3951

1001

1101

1L91

TCTCTCCRAC
CTTATGATTT
CTAGTACAAT
TTARGTATCA
CGABAGATGC
CCTGGGGGAR
ACGCATAGGC
AAGCCACTGA
GRAGATGTICT
GTTTGTTAAA
TCABCGGAAC
TTTGCTGAGC
TCCTGTTGGA
CTACCTCTAR
TGGCGTCCAG
CCGTGGTIGCC
CTTCARATCH
CCTCTCCCAG
TCGGGCAGCT
CACAGGGTCT
CAGGCACCCT
TCAGCTGCCA
CLIGAACAT
TLTrCCCCCLe
TTCTGAGCTA

CMITCCANTC

AACTTTACATY
TCCTACTGARA
TILGATGGTAG
GTCTTTAATG
GGATAGAGCC
CTGGICCTGT
ACCCTAGAGT
AARAGAAGTT
ATCTCATGCG
TATTCRAGCA
TTATACCATG
CABAGAGGCC
CTTGGTTCAG
CTTTGGTGAC
CTACTTCACG
GGTAGTGACT
GGGTGGCCCG
TCCCTGGAGT
GGCCAGCATA
CCCTCTCCCC
TGCAGRATCC
CCACAGCADLN
TANTCTACGG
GLTCCCAGCA
GCUCAGCHCT

GTCITCAGCHRA

TCTATGCAGC AACCAMACCA

TGGTAMACAN

CARTATTTAA
CTTATGTGCT
ARGGAAAAGT
CAGGCIGTTG
ATCAGAGCAC
TCAAGTTCGA
TTAAGCTTTT
GAGGAGATCT
GGATGARTAT
AAGAGACGGC
AGAGGTTGCR
TAAACCTGGC
GGCCTCGTTIT
TCTAGTGGGG
AARCGTAGGC
TTTCCCCTAN
TTAGGTGGTT
TTCATCTTCT
TARCACCATT
CTCCGTCCGG
TTATGCTTAT
ACATCAGTCG
CCAACAACTG
GCAMCCECTA
TGTCGCAGC A
GCANTTTCTC

ANNTTTACCA

GTGGAGGCTG

PCT/GB%6/01332

TCAGRCATGT

TTGAGTAGTA -CATCTTGTTA

TGAMACCCTGA
TITTTGTAAAR
TGCACRATCA
TATGCIGACG
TGTTGGTTCH
TTETACARTT
AGACAGAGTC
BATGGCRGCT
ATCAGCCATT
GAGTCARGGG
TCAAGCTTCA
ATGTAAGCCA
CCACCTAGTA
ACCAGGTCAR
ATGGTGTTCC
GCCACATTGC
BARRARACCT
RARCTAATTT
AGCAGCCAGT
TGCANCIGCT
TETCITCTGC
CARAAGATOC
NACTCAGRGY
AGCTGCAGCA

CLCICAChGA

CAGTGGGCTG GATCUGCANT TCCANGAGTG

SUBSTITUTE SHEET (RULE 26)

ARCAGATAGC

TATGCAACTT

GATCACTCTT
GGGAGAGAGE
CTEAACRAGC
TGGTCATGTG
GTGGATGTGE
ATCGATGGTC
GATTGITCGG
ACATGGCACC
GGACCAAGGC
CACAARTCCT
ACACTGGGAT
GCAACATTGC
TCCCCTTARG
ARCAGGAARR
CTTCACAGTC
CCCTGGGGGC
TGCCTACCTC
CCTCAARCTC
ARCTGTTCAN
ARCATCCTCC
CLACAAGC AR
CCAGGTGCAS
ATGGCCGAGT

GCTAGCACCA
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£201
4251
4301
4351
4401
4451
4501
4551,
4601
4651
4701
4751
T 4801
4851
4901
4951
5001
5051

5101

CTGGTTCGAC
CAGAGCGTAG
TGGATTTAARD,
ARCCTGAGGA
CATCAAGAGA
GCAGCRACAR
AGCAGCCGETT
ACTCAGTATC
AGGARTTGGT
GAGCTGCTTC
CCCCARGAAC
GCTAAACTAT
GGAGAGGAAR
TARCCCCTTC
TCTTTTICTCT
ACARATGGCCT
TACTAGTAGT

TCATATATAR
ARRRAARDAA

ACCAGTGAGC
GTTCTGTCAAR
TATTATTACA
AATGATAGTG
AGCCARCTAT
CCACAACAAG
TTATTCTTCA
CATCATTGCC
CAGBATGCTC
AATGAATGAT
TCATGTGGAL
CTCAGTAGCT
AGCAGCAATG
AGTTATAATR
AATCAGATAT
GTTGTAACAT
BACTTAGCTG
TTATATRAAT

AAR

12/26

TATGTGCAAR
ATGTACCTGG
ATGGTCTARC
TTCGARCGAG
ACRGCAGTCC
TTCAGCAGCR
CTGTATCCAR
AGTTGGTCAR
AGGRTTATGC
ATATCAAGEA
GAATARAACT
AGATAGARAT
GTAGTGICCT
GATAGGCGAT
CTCCICCTITT
BAACTAGCGCA
GGTAARCCAA

AGAATATGTA

CAGCTGCACC
ACCGAGCATA
GGGTGAAAGC
AGCAACAGAA
CAGACCCRAT
ATATCAGGGC
CTICCAGGGGC
AATAGCCAGT
TCGGACACAT
CTCRACAGHG
TGAGGTACAT
TTCTGGARCT
TAGTCTCTGA
CGTAGACCAT
TTCATTTTAR
AGTTATGTCT
ACTTTGATCC

CATTCATAGA

SUBSTITUTE SHEET (RULE 26)

PCT/GB96/01332

TGCAGTARGT
CCTCGCCTGA
AAGTGGGAAR
ACAGCAACAHL
TACAGCCGTT
CAGCAATTAC
CAGCCATAAT
TTCCTATGTC
ATACCCGTGG
CCGTCAATCT
GAGACGAGGR
AATTAGTCARA
TTITTTTAGT
CTGCATTCTA
GAGCTGCChA
CATGTTGTGT
AGATTAGGHEG

TAARARADAR
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Fig.5.

Recombination events defining the position of fca
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Fig.6.
COMPLEMENTING COSMIDS IN FCA REGION
226
19247 3C4L 6C3L 21C6L
- - = RFLP markers
| W20B3 -

I

]
| ABI10C10 | YACs
|
I

l:cusEez [_____]CL46l1 -
| cAtA2
[ dcLisF7 [_____1clLzsCi7
Cl44B23 [ Jcl3ayte2 [ |Cosmid
CL56K7| contig
CL58I16 " 1CL59F17

4 Complementation =

Break point :
e [ INo complementation

Cosmid No. transformants complementing No. transformants generated

cAtB1 5 5
cAtA2 3 4
CL44B23 7 8
CL58l16 6 11
CL13E22 0 4
CL46i1 0 1
CL32J12 0 4
CL18F7 0 4
CL59F17 0 2
CL26C17 0 2
CL56K7 0 4
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51
101
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201
251
301
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401
451
501
551
601
651
701
751
80L
851
901
851
1001
1051
1101
1151
1201
1251
1301

1351

GTTARCGGAT
GCGAGCATAA
AAARCCAGCA
CATCARAGTA
TATTCTGTTA
ATATCTTTAT
AGATAGCARC
ABTTTTATTA
AATTTTCACT
GAGTATTGYTT
ARATCAATAA
AGAAAAMTTA
ATARAATTCA
TALTAAATTA
TAAARCCTAA
TAATATAARA
TTTAARTCAA
ATAGTGTCGT
AGTCTTGGAG
GGAGTTGCCE
TAGATGGACA
CTGGACTTGE
TCARCGGCCC
GGTTIGCTAT

GGTCTTTCAR

CACACAGTAT
TTTTCTCATC
TGATAAGTTA
TTTATATATG
AATTTTTTAA
ATAAATGTTT
AADATATATA
TATTATTTAA
GATTAAATAR
TTAATAACAC
CCTAGCTARRL
ACTAAATTTT
TTTTTAATAT
GTGACTTAGC
TAARAACATG
TATGATTGAT
ACATARGTCT
AGGAATTATC
GATAGCTCAA
TAACGGACAC
TCTCAAGTTG
CTTTGTCTTA
ATATACACGC
GGGCAATGCA

TCGACTATGA

AGATGGCCTG CTTCGACTCG
AATTTTCTGA AATTICTATY

ACGAATAGCC TAGCAMAAGG

17/26

AATATAARAC
AATACTTATT
TTATTTATGT
TCAAATATTT
AACACTCATA
TTTAACTTTT
TAGAATTAAC
GAATCAATTA
AATTCGTTIT
ATTAGCGAAC
AGTCTAAAAC
AATATAAART
ATATAAGATT
TAAAARATARRA
ACARATAAGC
TCTTTAATAC
GCCETATCGG
TATTTCCATT
CGTATAGGCG
AACTGTTCCT
ATGCATCCTG
ATGGATGGTG
ACCAAATCAC
AGAGATACTG
ACAACTGGTT
GAGCTCGACG
GCTTATATTC

TCTCGATCAC

PCT/GBY6/61332

TAGETGTTTT GOCCGCACAT
AGTTTATATC TTATTAATCT
TTTCAGATAG TTAAATCAAA
TATCAARAAT ATATACTTAT
TCTTAGAAAT AGTTTAGAAA
ATAATARAMA TATTGTTTIC
TTATTTTTAA ATTPTTTGAT
TTTATATTAR TATAACATAT
TAATTATATA AATTCATTAA
ATCAGCTAGA AATTAATAAT
CTAATABAAT ATGACAAMTA
ATAAATTTAN TATTACTAAA
CTTAAGGGTA TTTTTTAAAT
TAATARATCA ATGATTTAGE
AAATTTACTA ARATTATTGA
AARATTAAAA TAAGAGTTTT
TGTTAAMARA ARAATCATTA
AGCGAATARA ATTGAAGCAG
AGATTATGGA GATTGATATG
CTGCARAGAA ACGCTCOTAC
GATRANTGAM AGAAACATAT
ACTTCCCAAT ACTGTTTGTA
CACTGCAAGC GGAACOTGAR
AAGTTTGGAC GCAGAGTGAT
ATACTCATTC ANBAGGAGGH
ARNTACAAGT TGTATCAALG
CTAGATCTT AADATTCCGT

CCGCATCACG ATCAGCTTTT
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1401
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1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
T 2051
2101
2151
2201
2251
2301
2351
2401
2431
2501
2551
2601
2651
2701
2751

2801

GTAACCCTTT GCACCAGTGG

GAGAATARGT CGAAACAAGC
GTCGAAAGTA AAACTGAATA
TTTATGTGGA TGTCTATATG
AATATATAAT TTAAARAAAC
TTACACCARA AAAAAATATA
GTGTAGTGGT AAGATTCAARA
TTAGATTITT TATTCCATAT
TAAACAATTG ACATAATAGT
AGARACCTACT ATTAGTTARA
ATGAGATTTA ACTTACARAT
ATAACATGTA GATTGAIGTG
TTAACCGCTC CACCGGTCGA
ACCGCTCAAA TCGCARAGTA
GATCTCTCCT CCAATTCACA
GACTTGARTT GCATTTCCAT
AGGCACCGAG GGGATCGCCA
ACCACCGAGC TCACCTAGAG

TGTCACGTTT CGGCGAGGAT
GGAAACAGCC TAGCAATTAT
GACGCTGGGA AGATGACGGC
GAGTAGAATT TCAGCCTATG
ATGAGTCGCG ACGGAGGATYT
ATCGGAMGT CCAGNYGCAG
CAACGGGGCC 1TCCTACTCT
CCTCTIICTG GTUAGAAAAG
TACTGGAMCT GG UARGCTTG
AGTTARCAGY GGUICATTTT

ADACTANATT ACCTTTACTG

18/26

PCT/GBI6/01332

CTAGCCCACA GCTAGCATGA GGGTGCAAARN

TAGCATGAGG
TCCAMATGARC
GGACAANCARD
CATTTAAACA
AAGACCAACT
AAMATTAACT
TTACAGTAAR
ACABAATATG
TTAAGTACAG
TCATTACGAG
CACACALARR,
ACCATAATCC
CGTTTCGCTT
AATCCAATTT
CCGAATTTCC
CGAGAGTGCC
GTCCCCCTCT
GACGAAGGTT
CAGTTGGATG
CACGATCGTA
GGTTATGGCT
TTGGCCTAAC
GGGGATATTC
GTGAGATTGA
MGGTCGTCCT
GGCTCACTCT
ATACTTGTAT

GATCATTCGT

GTGCCAAAMA AGAGAATAAD
ARANTTATCA GAARTCCATA
TTTTTTTAGA TCAATCCTAR
ARCCATCAMA ATTTTGAATA
ATATTATATT CATGTATAAT
TACTTTACAG TAAGGGAAAA
AMCATAACAT TTTATAAAAC
ABAMAARAAT CABAATACTA
TCAAGTCAAC TAGTATGTGA
ACARTAGCAC ATTTAGAAGA
ABAACCAACG GGTACAMATG
AGACCGGTTT TGCTATTTAA
ACTTCCAGCA AACCACCATT
CTCTAGGGTT TGATTTCTIC
CCABATTCGT CAAGCTGGAT
TTACGACGAT TCCTACCGTA
ACTCTCAGAT TCACCCTCCA
TCAGCCGCCG TCGTOGCCGT
GGACAGAGGA GGTGGCGATC
TTTCACAGAG AGGCGTGGGA
TCGACGGAGE TTTTCCGCCG
GTGCCAGTGA ATTTTCCGCC
CGGCGGCAGG GGATTTICAMT
CTTCACCGCC GATCCAGCAG
CTCTCGGAGC AGAGTAGCTT
ACTGTAATCG AGTTGTTTAG
GTGATARTCA GGCTATTTCC

ITTGCAGATT TACTGATAGT
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2851 AGCAGTATGG TGAAGCTTTT

2901
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3601
3651
3701
3751
3801
3851
3901

3951

4001
4051
4101
4151

4201

AGAAGAAGTG
ATATGCACTT
CATAAGCCGT
CGRACAACKC
ACAGGACAGC
GATTTATGCT
AA)CCCCAG‘I‘C
TTTGCTTATG
GGCTGCCTET
AATAGTTTTT
AGTGTAGCAG
TTCAACAGAT
GTTGTITTTCT
GATGAATGAA
TTGGTAGTCT
GCTAGTCAAT
TETTTCTTTA
TTGATGATGA
ATGGATCTTT
ATGTTCTCTT
TTCTCACTTT

TGTATGGTAA

TGTCTANTGA
GCLLGELTIC
FLTTTAGTGG

CAMAGTICTG

AGTTCATCTT
TCTTGAGGCA
TCTTGTTTAT
GGTABATGTT
AGCAAGGTAT
TCTAAATTTT
TCATCATTGG
CTAGCGAGCG
TTAGTTTACT
GCGACTTCTG
ACTTTATCAT
GTTTTACTGT
CCTTTCCTAT
AATGGTGTAT
TACARCGTTC
ATTTGGCAGT
GTTTCTTTAA
AATTATTTTT
CCTTTTTTETC
CGCTTTTTTT
CATTGATGAN

CGCTARCACT

TATTTTTTTT
AGTTTTTAGT
TCTTATICTA

TCTTTATGAT

GATGTATTAT TTAATAATTC

19/2¢6

TCTTGGCTCT
TTTCTTATTT
ATCTAAACCA
CATTTTGGTT
CTTGAGGTTG
GTTTATCTCC
TCAGGTCTCC
CCTCCATTAG
TCTTATCTGT
AAGARAGCGGT
TCCATCCTAG
GTTTTAGAGT
TGCCTTTTAG
TGAATTCAGT
ATGCTCTTGA
ATARALTGGT
TTCTTAGTGA
TATCAACTTT
TACCATTTTC
TTATTGTGGA
GAATGGCCTG
TCACTGTTTC

GCTGATCTAC

CTATGTACCT
GGTCTTATTC
TATATTGAGA
GCAAGTGTGA

GGGACTTTCC

PCTiGBY96/01332

GTACCAAGGA CAGCTACAGA
TCCTAATTTC TTCTCAATAT
CGAAGCTCGT AGACTCTGTT
TTCATAGGTC CGTCCCTTTT
CTTTTATCAA GGACAAGAGA
ATTTTACTAG GAACAGTCGT
TGAAMAAGGCT GATGGGAACG
TTTTCAACAA TTITCCGECT
GTTGCTTTGG CRCAGARGAA
TTTTGTATTG ACCTTGGTAA
AACCTTAGTT GTGTTTGAAC
TGGAGTTAAT GTACATAAAA
TTECCACTGS TTTAARAGAAC
ATCTCTTTAC TCTTCCTTIC
CTGGATCAAT GTATTTTTAC
TTGATTGATAE AACCACCCCT
TTATATCATG TTGGATGTIT
GGATGTACCG TCTCTATTCS
GATGCTTGAT GCCTTAATGA
TGGCCGAGGA ACTATAATGA
GGATGTGGAC TICTTGTATG
GTTGAGTAGC TCTATTGTTC

ATTATGTGGA AGAGATCATA

TTCACCAACC AAGCTCARRA
TAETATAGAGC TTGGTTTCAG
TITGCTCTTGA AAAATTCCAT
AGAATTACTA GATGATGAGT

AAGAAGTTAT TGTACGGIGA
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4251
4301
4351
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4601
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4751
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4851
4901
4951
5001
5051
5101
5151
5201
5251
5301
5351
5400
5451
5501
5551
5601

5651

(CARATCTACT

CATARAAGCT TTTACTCATC
GACACATTCC TTGGTTTGAA
ACGATTATTA TAATTTCTTA
TTGCTTCGAT CAGCATCAGG
GCAAGTGTCA TTCTICTCTA
GGTTETGGTT ATGTCTCTCA
ANTGTGTGGT GTATGTTGTA
GCTCTAGTTT TAATTATATC
TAACTTGTAA TTTTATCTAA
CGTAATATAT ATTTTATTIG
TTARAGGCAT ATGCTTTATT
ACAGTARTGT
TPTTCCTACT GAARCTTATG
TCTAAAGAAA CTATTTACTA
TGGRACCTTG AACAGAAGCT
TTTGTARAAT ATGCAACTTC
GCACARATCAG ATCACTCTTC
ATCRAGGACA GGAARATACA
CCCAGGGARC TGGCCTTGTT
CGCATAGGTA ATCAACTTTC
GTCTGGTATA CATAGGGTGA
ATTGAGATAA TGTGGGAAAC
TTCTGTGETC CTTGCCTCAC
TTCTGAAGET GCGGTAGAGT
AARGCCACTGA AAMCGAGGTT
MATGGRAAGTA NTTYACTTATG
TTTAGATATT ACAGTATCCC
ATATGACART ‘MTAGTAGTCC

TGTCAACTAT TCGAGCGCTT

20/26

CCGTTATCAC
ATGTTACATG
GAAATACGTC
CATGAGCCGEC
TATGCAACTA
GAACTGTAAT
TGGTGTATGG
ATTTGTTACT
TTTTTTTTTG
CAAATACCGA
TGAAGCACAT
AAGTCGAGGC
TCGCTTTCAAT
GTATCTCTTG
TATGTAGCAG
TGAAGATGCG
CTGGGGTAAC
GGTTAACTCT
CAAGTTCGAT
GCGCCATATT
CCATACGCTG
TATATGAATC
TCTCAAGTAT
TTAAGCTTELT
GAGGAGGTAT
TCTGATTTAC
CTGTCGCCTT
TCTTGGAMGG

ACACATTTTA

PCT/GB96/01332

GGTTTGACTG TAGTAGATTT
GTGCTAAGAT ATGGAMGECH
TTAGCTTTCA CTCGCTCTCA
CTTAGTATGT ATTTAATGAA
TTACCAATGA ATTCACGTIG
TCTTTTTGTG AATGTCGTCA

TGACGAAART GUGATGTATG

TAGCAGTGAT TGAGAACTCT

CAGTGATTGG ATTCTITTTG
CTGTGTTCTT TTTARATAGT
TAGTTTATTA TTCTCTCCAT
TGTCAGGACA TGTCTTATGA
GTGGTCGTGS CTTGTACATT
ATCTTTGATG GAGCGACAAG
TCTTTARTGC AGGCTGTTGT
GATAGGGCCA TTAGAGCATT
TACCATTGAT GCCTTCTCTT
ATCTTTACAR TTTGCTGATT
ATCCTGATGG GGAGAGAGAA
ATCTGAATCT GGCCTTCATT
TACAAATTCA AATTACGAGA
TTAAGGAAGT GGATCCTTTT
TAACTGATTG AATTTACTTC
TETTGGTTCC TTAMCAAGC
GTCTCATATC CTAQTTTTTG
AAAGAGGGAA GCOTTCTAAA
AGCTGGTAAT TTTAGTGATT
GTCACCGGCT TGAAATTTTG

CTAACTGAGT GATCTCTTCT
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5751
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5901
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-6351
6401
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© 6501

6551
6601
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6751
6801
6851
6901
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7051

7101

TTCAAATGGA
TCGCTCTCAG
ACTTTGTCCT
GAGGATGTCT
TGGTARCTGC
AAACTGTTTT
AAAGAGACGG
GAGAGTARGC
CTCTAGACCT
TCAGCCATTG
AGTCAAGGTA
TATCAAAAAR
TATGAGRATC
TTCTCCAGTT
CTAGTTTCTG
GCCTCGTTTT
TITGTTTTTGT
ATCTTCATTT
TGAGCCACAC
CCTGGTARCA
AGGTCAAGCC
GTATATTATC
TAAGGTTTTA
CACATATATG
TCCAGCTLTY
ATATGGCTET
A TAALTICTA
GGGAGGTCCA

TCTCATCCTC

CTGACTGAGT
CTTTCTTTTC
GTIGTTIGCTT
ATCTCATGCG
CACTAGACTC
TGACACTCAT
CCATGGCAGC
TGTGAAATCA
GTTTTGTTTA
ATTGTICGGT
TTECCTTGGR
ATTGTGTCTA
TTTIGGEGCA
ATTACTTGAA
TTTCCAGGGA
CAAGCTTCAG
CATCARATTAR
GTTAGGCCTA
ARATCCTTGG
CTGGGATCCG
ACATERCCTT
TTATATGTAC
CATGTATTGT
AGCGTATGGA
CA'TATGATGC
GATPTGCATT
CTTCTGATGT
TTGGGTGGTT

TGCCRCATCG

21/26

GATCTCTTCT
TCAGTAAATA
TAACAGCTCT
TGATGAATAT
TATAACTCGT
TTAGGATGCG
TATCGATGGT
CATGAGTATC
CTGECCTCTT
TTECTGATCC
GACTATATTT
CTGTCATTGT
TGGGTGGAGG
TGCGATGAAT
AGTGGCACAT
GACCAAGCETG
TTATATATTT
CATCTARCCT
dGTCCTATGA
TGGTACCGGA
CAAATCAGGET
ACACCCAATC
GTGAGTAGGA
CTCTTGARAR
AGCAMACTIG
TICTCAGTTT
TAGCTTTATT
ATGTTCTICC

CANCAGGTAC

PCT/GB96/01332

TCCAARTGGA TGTAACTYTT
TGATGAAGAT GTGAACGGOT
TTTTGCAATT TGETCEOGTE
AGACAGAGTC GTGGTATGTC
TTGATGETCT TCATATGGETC
GGTTTGTTAA ATATTCAAGC
CTCAATGGAA CTTATACCAT
TCACTTICTC TCATTATCCC
TCCCTTCTCC AGGETTGCAR
ARAGAGGCCT ARACCGGGCG
TGAATTCATT ATAARTGCTAR
TTGTTCTATT GACTTACATT
AGRGCTGCGA ACCTTATICC
TTCTTTCTAT ATATCCTTAZ
CCTGTTGGAC TTTGTICAGG
ACTGGGGTGA AAGGAGATCG
TGACTAALCG TGGTCTCCTT
TGETGACCTT AGTGTCEGATG
ATTCACCRAA CATGéGGCCA
ACTGACTTGG CTCCTAGECC
AAGAACAGCT TGATGATCAT
ACACATAAMG TAATCGGGCA
CGAACATAAT TTATATGCTG
GAAGCATGAN GTTCCGACCT
ATGTGTTTTG CATTGAAATG
CTAAGGAGTT TTTT%CTTCA
TGTCGCATTC TATAATGTTA
TGCCATTAAS CCTCTACCAG

TTCAGCTGAA TTTTTCCAAT
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8101
8151
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8301
8351
3401
8451
8501

8551

AAAGARAATC TGAMAAATGTT

TTCCATAGCA AAACCGGGGA
CCTCTTCACA GTCCACAGGA
TGGGGCCCARA GCATCCTIGC
CTACTTCTCA GCTGCGGCCA
CARGCTCCTT TGAACATCARA
TGATCRATTG CGCCCTCGTG
ATCCICCTTC TGAGCTAGTT
CA;GCAACCT TCCAATCATC
GETGCAGTCC ATGCAGCAAC
GCCATGGTAR ACAGCAGGTA
TCCAGTTCCT CAGCTGTTTT
GTCTAAGTAT TCAATCCTTC
TETTTTTCTC GCTTGCTTCT
AGTTGTTAGC ACCACTGCTT
CACCTGCAGC ARCTCAGAGT
CATACCTCGC CTGATGGATT
AAGCAAGGTG AGAARCGTGG
TCAGGAGGAT TCCTTGTATT
ATATGTATAG ATTTCATATT
TTGACTTTTG CAGTGGGAAA
AGCAACAGCA GCCAACTATA
CTTTATTCCC AGCCGATGCA
TCAGGGCCAN TATGTACAGC
TTTTCTTGCT GCTTACATCC
ANTNTGTRTT CT I TCCN DT
GCCAGANTGC TCAGCTGTAT

TTCAGANTTT GATCATTIGAG

22/26

GTGTTGATCA
GCTGGCCAGC
TGTGCCCCTT
AGAATCCTTA
CAACAAAACG
CCTACGGECCA
CTCAGCAGCC
CAGCTCTTGT
TCAGCAAGCA
CAAACCAAAR
CAAACATAGT
TCTTGTIITA
ATATATTTTA
CTATCAGTGG
CTACACCAGT
GTTGTTTCTC
TAAGTATTAT
TTCCTCTTTA
TGCTGTGCTA
TGAAGTTCAT
ALCCTGAGGR
AMTCAGCCCC
GCAACAMCCA
MGCCTATTTA
ATATACTTTT
TGGAGTTGC A
NIYTAGTTAR

TTACCARTCT

PCT/GBY%6/01332

GTTAATTTCA ACTGTTTCTA
ATATGTCACC ATTACAAAAR
CGACCACAAA CTAATTICCC
TGGTTATAGC AGCCAGTTGC
TCACTCCTGC AACAGCTCOOT
ACACCTGTAT CTTCTGCAAC
ACCGCCACAR AAGATGCAAC
CACAACAGAC TCAGACTCTA
TTTTCTCAAC TGCAGGAGCA
ATTACCAGGC TCACAGACTG
TCCCTGTTGC ATCTGTCCAG
ACTTACRATT ATTTCCTGAT
GTAGTCCCTC TTTTTTATTR
GCTGGATCTG CRATTCCGAC
TAGCTATATG CAMACAGCTG
GCAARTGTAA CTGGACCGRAG
TACAACGGTC AAACCGGTGA
GTTATGTTCT CITGTGAGTT
TTTATTATCC TTGAACATGT
CAATACGTGT CGTAATATAA
AATGGTATTG TTCGAACGTC
AGACCCAATC ACAGCAGGCT
CAACAGGTTC ACCAGCAATH
TTCTTCAGTG GTTGGTTCTS
CTCACATGGT CTCTAACTTC
GTATCCANCT CCAGGGGTCA
ATTATTTGCT TATCTTTCAT

AGTGGGTATA AGGAGACTGGG

CCACTTTATG CAATARACCA TGGTTTTACA AGCGTTTTGA ATATACAGAT
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8601
8651
8701
8751
8801
8851
83901
8851,
9001

ACARACATCT
TCAATGCAGT
TATTTGAACC
CATTTCATAA
GRARRCGATA
ATGCAGTTTC
ATCATGCATC
GTCAGATTCC

GTTAAGGCAG

AAATTTGATC
ATCCGCCGCC
TTATTTCACG
ATGTGAAGAT
TGCATATATT
CTATGTCAGG
ATATCTTCTG
AGTAGAAACA

AGCTCATGTIT

23/26

ATTTCARAAT
ATTGGGAGTT
TGGGACTAAT
TTGATGAGTG
CTCTAGTTGA
CACCGETCaA
ATTAACTTCA
AARTCGATAT

CTAATGIGTT

TTGATCATCG
AGTCAAMATA
TGAAATTCGA
GTCGTTTTGG
ATATTTCTTT
AATGCTCAGG
AATTTAATCA
GACTGTATIG

AAAATTTTCT

SUBSTITUTE SHEET (RULE 26)
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AGTTCCCTTT
GCCAGGTACH
TTTTGATATG
TAGCGTTTTA
TTTCTGGRAC
TACATATTAT
GAAAACATAC
GTTGGAAATG

AGGAATTT
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101
151
201
251
301
351
401
451
502
551
601
651

MGYGFDGGFP
SVRLTSPPIQ
ATEEEVRPFS
LENQITLPGG
FLOFGRVEDV
NQPLIVREFAD
DVSHTNEWRP
YVVPAINPLD
GAQASLONPY
DQLRPRAQQE
VQSMOQPNOK
TQSVVSRKCN
INQPQTQSQQ

AQYPPPLGVS

PMSRDGGFWP
QPLSGOKRGR
NNTVNVLEVA
TGLVQVRYAD
YLMRDEYRQS
PKRPKPGESK
MNSPNMGPPG
VSSSATSQQ0
GYSSQLPTSQ
PPOKMQHPPS
LPGSQTGHGK
WIEHTSPDGF
ALYSQPMQQQ

ONSQFPMSGT

24/26

NVPVNFPPSE
PLSEQSSFTG
FIKDKRTGQQ
GERERIGAVE
RGCGFVKYSS
EVAHPVGLCS
NTGIRGTGSD
NRGAGQHMSP
LRPQONVTPA
ELVQLLSQQT
QOWAGSAIPT
KYYYNGQTGE
PQOVIIQQYQG
GONAQ

SPDAGEYSGE
TGLLIVAVMV
QGCCFVEYAT
FKLEVGSLNK
KETAMARTDG
GPRFQASGPK
LAPRPGOATL
LOKPLHSPOD
TAPQAPLNIN
QTLOATFQOSS
VVSTTASTPV
SKWEKPEEMV

QYVQOPIYSS
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Figure 9

MGFAYDDGFRPP-’[G PNGGVGG EéTRS IVGARYNYPAKYPPSES PDBRRFIG 61
fleezbalioflaazt!e s oozttt H
MGYGFDGGFPPMSRDGGE . . - - . . . o - - - WPNVPVNFPPSESPDAGGYSG 39

62 ... .I(AMES‘IIDYSVRPT‘I‘PP‘:’QQPLSGQKRGYPISDHGSF‘i‘GTDVSDRSST 107
e AR R R R RN R R EEE R N R .
40 GRGFQSTGPAYSVRLTSPPIQQPLSGOKRGRPLSEQSSFTGTGLLIVAVY 8%

108 VKLEVGSVPRTATEEEIRPYFEQHGNVLEVALIKDKRTGOOOGCCEVKYA 157
FURREELLEI DRI o .Il[v|l|:1l||||”||||ll||[1
90 VELFVGSVDRTATEEEVRPFSNNTVNVLEVAFIKDKRTGOOOGCCEVKYA 139

158 TSKDADRAIRALHNQITLPGGTGEVQVRYADGERERIGTLEFKLEVGSIN 207
Pladeb CRPEELERYEOLR Ot TPt ettt
140 TSEDADRATRALHNQITLPGGTGLVOVRYADGERERIGAVEFKLFVGSLN 189

208 KQATEKEVEE-II FLQFGHVEI-)VYLMRD EYRQSRGCGFVKYSSKETAMAAID 257

R N R R N R AR A R R RN R RE AR
190 KOATENEVEELFLQFGRVEDVYLMRDEYRQSRGCGFVKYSSKETAMARID 239

258 GLNGTYTMRGCNQPLIVRFAEPKRPKPGESRDMAPDVGLGSGPREQASGE 307
I R e
240 GLNGTYTMRGCNQPLIVRFADPKRPKPGESKEVAHPVGLCSGPRFQASGD 289

308 RPTSNFGDSSGDVSHTNPWR PATSRNVGEPSNTGIRGAGSDESPKPGOAT 357
R N R e N N R AN R YRR
290 KPTSNLGDLSVDVSHTNPWR PMNS PNMGPPGNTGIRGTGSDLAPRPGOAT 339

358 LPSNOGGPLGGYGYEPLNEL PYPGVSS S ATLOOENRAAGOH I TPLKKELE 407
N e I R RN TR
340 LPSNQGGPLGGYVVPAINPLP. . .VSSSATSQQQNRGAGQ[{MSPLQKPLH i8a

408 SPQGLPLPLRPETNFEGGQAPLQNPYAYSSQLPTSOLEPOONISRATAPQ 457
R N N N R R L Y
387 SPQD. .VPLRPQTNFPGAQASLONPYGYSSQLPTSOLRPQONVTEATARY 434

458 TPLNINLRP'-I‘WSSAT\/QF{?PRSQQQPLQI-CMQHPPSELAC'QLLSQQTQSLé 507
B R R A e e N AR R RN
435 APLNINLRPTPVSSATDQLRPRAQOPPPQKMOHPPSELVQLLSQQTQTLY 484

508 A‘I‘FQSSQQAiSQLQQQVQSMQQPNQNLPLSQNGRAGKQQ(;JAGSAIFRVAé 557
RN R NN N N N S I I A S AN N
485 ATFQSSQQAFSQLOEQVQSMQQ PNOKLPGSQTGH . GKQQWAGSAT PIVYS 537

558 ’1"1‘(;.%"1‘1,’\/SYVQ’I‘!\M’AVSQ.’S\/(;S\/KC‘LW'['EH"FSPDG!-‘K\'YYNGL’L‘GESK\».J 607
N N e N e R A AR A R
534 TTASTPYSYMOTAAPAATOSVVSRKCNWTEHTSPRGEKYYYNGOTGESKW 583

GOD EK P]:',EM]'.Vl-'!:::REOQKQQQI!Q]E[’\P'l‘IQQSQ'!‘Q. o ,[.@I.’IJQ(_)QL’QQUQ(.) 651
Pyt aclitell EEE RN PLabririne
S04 EKPEEMVLFERQQQ. .. . . . . OPTINQPETQSOOALY SOLMOQQPOOVHY 626

G52 QYQOGQQLOUPTYSSLYPTPGASHNTQY . PSL PVGONSOFPMSGIGONAQ 699

R RN N e N e e N RN S NN
627 QYQGOYVQQPIYSSVYCTPGVSONAQY PPPLGYSQNSQFPMSGTGQNAQ 675
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Fig.10.
FCA gene ,
R1 R2 Gin rich

*

. *Intron 3 ‘Intron 11
FCA transcripts

+ intron 11

Rt R2
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