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This invention relates to cells of a selff-compatible hybrid plant, the parents of which are a homozygous self-incompatible female

parent, and a homozygous male parent, and the nuclear genome of which contains a vector comprising a DNA sequence which, when
expressed in a plant cell, imparts self-incompatibility to the plant, and a promoter capable of directing the expression of the DNA sequence
in the cell. The invention includes the vector, a plant comprising the cells, a plant transformed with the vector, the seed of such plants, and
a method for conferring the self-compatible phenotype on progeny of the self-incompatible female parent and self-compatible male parent.
The invention comprises an improved self-pollination control system for hybrid seed production or breeding which, by using a knockout
transgene to eliminate the self-incompatibility phenotype in hybrids, can result in increased yields.
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PRODUCTION OF SELF-COMPATIBLE BRASSICA HYBRIDS

USING A SELF-INCOMPATIBLE POLLINATION CONTROL SYSTEM

Field of invention

This invention relates to cells of a self-compatible hybrid plant , the parents of
which are a homozygous self-incompatible female parent and a homozygous male
parent. The nuclear genome of the male parent contains a vector comprising a DNA
sequence which, when expressed in a plant cell, imparts self-incompatibility to the
plant and a promoter capable of directing the expression of the DNA sequence in
the cell. The invention includes the vector, a piant comprising the celis, a plant
transformed with the vector, the seed of such plants, and a method for conferring the
seif-compatible phenotype on progeny of the self-incompatible female parent and
self-compatible male parent. The invention comprises an improved self-
iIncompatibility pollination control system for hybrid seed production or breeding

which, by using a knockout transgene to eliminate the self-incompatibility phenotype
In hybrids, can result in increased yields.

Background of the Invention

Canola

Seed from Brassica plants is an increasingly important crop. As a source of

vegetable oil, it presently ranks behind only soybeans and palm in commercial
importance and it is comparable with sunflowers. The oil is used both as a salad oil
and as a cooking oil.

In its original form, Brassica oil, known as rapeseed oil, was harmful to humans
due to its relatively high level of erucic acid. Erucic acid is commonly present in native
cultivars in concentrations of 30 to 50 percent by wéight based upon the total fatty acid
content. This problem was overcome when plant scientists identified a germplasm
source of low erucic acid rapeseed oil (Stefansson, 1983).

In addition, plant scientists have attempted to improve the fatty acid profile for
rapeseed oil (Robbelen, 1984; Ratledge et al., 1984; Robbelen et al., 1975; and
Rakow et al., 1973). These references are representative of those attempts.

Particularly attractive to plant scientists were so-called "double-low" varieties:

those low in erucic acid in the oil and low in glucosinolates in the solid meal remaining
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after olil extraction (i.e., an erucic acid content of less than 2 percent by weight based
upon the total fatty acid content, and a glucosinolate content of less than
30_pmol/gram of the oil-free meal). These higher quality forms of rape, first
developed through plant breeding in Canada, are known as canola.

Plant Breeding

The goal of plant breeding is to combine in a single variety or hybrid various
desirable traits of the parental lines. For field crops, these traits may include
resistance to diseases and insects, tolerance to heat and drought, reducing the time to
crop maturity, greater yield, and better agronomic quality. With mechanical harvesting
of many crops, uniformity of plant characteristics such as germination and stand
establishment, growth rate, maturity, and size, is important.

Field crops are bred through techniques that take advantage of the plant's
method of pollination. A plant is self-pollinating if pollen from one flower is transferred
to the same or another flower of the same plant. A plant is cross-pollinating if the
pollen comes from a flower on a different plant.

Plants that have been self-pollinated and selected for many generations
become homozygous at almost all gene loci and produce a uniform population of true
breeding progeny. A cross between two homozygous lines produces a uniform
population of hybrid plants that may be heterozygous for many gene loci. A cross of
two plants each heterozygous at a number of gene loci will produce a population of
hybrid plants that differ genetically and will not be uniform.

The development of hybrids requires the development of homozygous inbred
lines, the crossing of these lines and the evaluation of the crosses. Pedigree breeding
and recurrent selection are two of the breeding methods used to develop inbred lines
from populations. Breeding programs combine‘ desirable traits from two or more
Inbred lines or various broad-based sources into breeding pools from which new
inbred lines are developed by selfing and selection of desired phenotypes. The new
inbreds are crossed with other inbred lines and the hybrids from these crosses are
evaluated to determine which have commercial potential.

Pedigree breeding starts with the crossing of two genotypes, each of which may
have one or more desirable characteristics that is lacking in the other or which

complement the other. If the two original parents do not provide all of the desired
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characteristics, other sources can be included in the breeding population. In the
pedigree method, superior plants are selfed and selected in successive generations.
In the succeeding generations the heterozygous condition gives way to homogeneous
lines as a result of self-pollination and selection. Typically in the pedigree method of
breeding five or more generations of selfing and selection is practiced.

A hybrid variety is the cross of two inbred lines, each of which may have one or
more desirable characteristics lacked by the other or which complement the other.
The hybrid progeny of the first generation is designated F,. In the development of
hybrids, only the F, hybrid plants are sought. The F, hybrid is more vigorous than its
inbred parents. This hybrid vigor, or heterosis. can be manifested in many ways,
Including increased vegetative growth and increased vield.

The development of a hybrid variety involves three steps: (1) the selection of
superior plants from various germplasm pools; (2) the selfing of the superior plants for
several generations to produce a series of inbred lines. which although different from
each other, each breed true and are highly uniform; and (3) crossing the selected
Inbred lines with unrelated inbred lines to produce the hybrid progeny (F,). During the
inbreeding process the vigor of the lines decreases. Vigor is restored when two
unrelated inbred lines are crossed to produce the hybrid progeny (F,). An important
consequence of the homozygosity and homogeneity of the inbred lines is that the
hybrid between any two inbreds will always be the same. Once the inbreds that give
the best hybrid have been identified, the hybrid seed can be reproduced Indefinitely as
long as the homogeneity of the inbred parents is maintained.

A single cross hybrid is produced when two inbred lines are crossed to produce
the F1 progeny. A double cross hybrid, is produced from four inbred lines crossed in
pairs (A x B and C x D) and then the two F, hybrids are crossed again (A x B) x (C x
D). Much of the hybrid vigor exhibited by F, hybrids is lost in the next generation (F.,).
Consequently, seed from hybrid varieties is not used for planting stock. Likewise, it is
very important in the production of hybrid seed to avoid self-pollination of the inbreds
and the production and sale of inbred seed to end users.

Hybrid production among self-pollinated crops can be difficult because of the
close association of the male and female reproductive organs. In addition to the

physical difficulty in effecting hybrid production in a self-pollinating crop, the amount of
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heterosis exhibited In a hybrid is often too low to justify the additional expense required
to produce hybrid seed. A reliable form of male sterility offers the opportunity for
improved hybrid plant breeding and increased yields.
Male Sterility and Hybrids

In developing improved new Brassica varieties, breeders use self-incompatible
(Sl), cytoplasmic male sterile (CMS) and nuclear male sterile (NMS) Brassica plants as
the female parent. In using these plants, breeders are attempting to improve the
efficiency of seed production and the quality of the F, hybrids and to reduce the
breeding costs. When hybridisation is conducted without using SI, CMS or NMS
plants, it Is more difficult to obtain and isolate the desired traits in the progeny (F.
generation) because the parents are capable of undergoing both cross-pollination and
self-pollination. If one of the parents is an SI, CMS or NMS plant that is incapable of
producing polien, only cross poliination will occur. By eliminating the pollen of one
parental variety in a cross, a plant breeder is assured of obtaining hybrid seed of

uniform quality, provided that the parents are of uniform quality and the breeder
conducts a single cross.

S| and Hybrids

As Indicated above, there are a variety of mechanisms that promote out-
crossing in plants, one of these being self-incompatibility (Sl). In self-incompatible
species, self-poilen is rejected, thus ensuring that most fertilization involves pollen
produced by a different plant. In Brassica species, self-incompatibility is of the
sporophytic type in which the polien parent determines the phenotype of the polien.

In Sl pollination control systems in Brassica, the stigma papillae cells must be
able to differentiate between self-pollen and pollen derived from parents carrying

different alleles associated with the expression of the Sl phenotype. Once this

recognition event occurs, it sets in motion a train of physiological events that prevents
the germination of self- polien, while allowing the germination and subsequent
fertilization by pollen from a plant carrying different alleles associated with the

expression of the Sl phenotype. This event happens when both types of polien are
present on the stigma surface (see WW094/09139, for example).
Sl Alleles

There are a large number of self-incompatible alleles that have been identified
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genetically. In S| plants, pollen derived from a plant that carries the same allele as
that present in the stigma are rejected (deNattancourt, 1977). These alleles are
generally co-dominant with each other and selféincompatibility IS dominant over self-
compatibility (Ockenden, 1974).

Sl in Brassica is controlled by a single dominant genetic locus called the S-
locus (Bateman, 1955). The sporophytic nature of this iIncompatibility system results in
the pollen phenotype being derived from the genotype of the diploid pollen parent and

not from the haploid pollen genotype. Several genes from the S-locus have been
Isolated and characterized (see W094/09139. for example). Recent efforts have

focused on transforming self-compatible Brassica lines with these genes to produce a
self-incompatibility phenotype.

Brassica napus is an amphidiploid plant which is normally self-compatible while
its presumptive progenitors, Brassica oleracea and Brassica rapa, are diploid self-
Incompatible species. Self-incompatible alieles can be transferred into Brassica napus
from the progenitor species via Inter-specific crosses (Goring et al, 1992a; 1992b)
creating self-incompatible lines. These are then repeatedly back-crossed to the
Brassica napus parent (Goring et al, 1992a 1992b).

The recognition of self-pollen and its subsequent rejection is a very rapid
process. For strong S-alleles, like the 910 allele, very little of the polien will even
hydrate thus preventing subsequent germination. The polien that does germinate
forms tubes which grow for a short distance and never penetrate the stigma surface.
Given the sporophytic nature of Brassica SI. it has been postulated that some factor is
produced in the tapetum or in the microspores of the parental plant, that this factor is
present on the outer surface of the pollen exine and is recognized by something on
the stigma surface which prevents the normal. pollen germination and fertilization
process from occurring (Goring and Rothstein, 1992).

There have been two genes that have been found to be associated with the
self-incompatible phenotype. The first to be discovered codes for the S-locus
glycoprotein (SLG) which is expressed primarily in stigma pappillae cells although
some transcript is detected in anther tissue (Sato et al, 1991). The sequence of the
SLG genes from different S-loci vary considerably (80-90% similarity), which is
reasonable for a protein that might be involved in self-recognition. The second gene
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codes for a protein called the S-Receptor Kinase (SRK) (Stein et al, 1991). This is a
protein with a receptor-like domain very similar in sequence to the SLG, a trans-
membrane domain and a kinase domain that has been shown to have serine-
threonine kinase activity (Goring and Rothstein, 1992). The receptor portion has some
similarity In sequence to iImmunoglobulin-like receptor domains in animal cells (Glavin
et al, 1994) and shows a similar sequence heterogeneity between genes derived form
different alleles as that seen for the SLG. This gene is also expressed in the stigma
papillae cells (Stein et al, 1991; Goring and Rothstein, 1992).

Ways in Which S| Works

Based on experimental observations and on what is known about receptor-

kinase ligand interactions in mammalian cells, it is possible that the SRK protein forms
a receptor complex in the stigma pappilae cells which recognizes an allele specific
ligand present on the pollen surface. The SLG is either involved in bringing the ligand
into contact with the SRK or serve as part of the receptor complex. The polien ligand
might be a protein coded for by a separate linked gene and be recognized only by the
receptor complex coded for by the same allele. Alternatively, the ligand could be the
SLG itself activated in the polien by the binding of another molecule.

Involvement of the SLG and SRK in the S| response has been supported by
their linkage to the S-locus and also on the analysis of plants selected for self-
compatibility, with these turning out to not express either the SLG (Nasrallah, 1992) or
SRK (Nasrallah et al, 1994) at normal levels. In addition, self-compatible Brassica
napus has an S-allele with a SRK gene having a 1 bp deletion which would code for a
truncated protein product (Goring et al, 1993). However, in each of these cases, it
cannot be definitively demonstrated that changes in other genes were not involved in
the change in phenotype. Finally, when a wild;type SLG gene from B. campestris
was transformed into a self-incompatible B. oleracea line, this was reported to disrupt
the self-incompatible phenotype (Toriyama et al, 1992).

S| Pollination Control Systems

A variety of traditional techniques have been used to attempt to overcome self-
incompatibility of hybrids produced using Sl poliination control systems. These are
micropropagation, variation of levels of carbon dioxide and other chemical treatments

and bud pollination (see, for example, US Patent 3,043 282 (Pearse); US Patent
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4,499,687, (Lawrence et al.)).. However, these traditional techniques cannot be used

on a field scale. Extensive field production of the hybrids using the Sl line as female )

parent is impractical due to the production costs.

For example, Canadian patent application 2,143,781 of Yamashita et al.,
published on September 11, 1995, claims a hybrid breeding method for crop plants in
the family Brassicaceae in which an F, seed is produced by crossing the female
parent of a self-incompatible male sterile line with a male parent. In one embodiment
the male parent possesses a fertility restoring gene. The fertility restoring gene (IM-B)
Is for MS-N1-derived cytoplasm with male sterility (CMS) and was derived from a

winter variety (IM line). This was then crossed with a spring double-low line (62We).

This restorer is derived from traditional breeding techniques rather than from a
construct containing a transgene.

Recent research efforts have been made to Isolate genes for S| and to
Introduce them, via known procedures, into elite seed rape lines. In these efforts,
persons have isolated cDNA associated with the self-incompatibility phenotype in

plants and to confer the phenotype on self-compatible plants. Efforts have not

focussed on using molecular methods to confer a self-compatible phenotype on
progeny of a self-incompatible plant.

For example, WO 9409139 of Pioneer Hi-Bred International, inc. and the
University of Guelph claims an isolated cDNA encoding for the S-locus receptor
kinase-910 protein or a kinase active fragment. The sequence is useful for screening

the progeny for the SI phenotype or to confer the S phenotype on a self-compatible

plant. The invention is directed towards determining the presence of the self-
Incompatibility phenotype rather than eliminating the self-incompatibility phenotype in
hybrids. |

WO 9318149 of Pioneer Hi-Bred International, Inc. and the University of Guelph
claims isolated cDNAs of the self-incompatibility loci of Brassica napus ssp. rapifera
and Brassica campestris: methods for identifying, amplifying or detecting these
sequences or for conferring the SI phenotype on a self-compatible plant. Again, the

invention is directed towards determining the presence of the self-incompatibility
phenotype rather than eliminating the self-incompatibility phenotype in hybrids.

Canadian patent application 2,071,473 of Ciba-Geigy AG relates to an isolated
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DNA molecule encoding an SRK polypeptide having an S-locus binding domain, a
transmembrane domain and a protein kinase domain, a method of isolating and
identifying an SRK gene. Again, this invention does not attempt to improve Sl
pollination control systems.

Toriyama et al., 1992 reported that the introduction of an SLG gene into a self-
incompatible hybrid perturbed the self-incompatibility phenotype of stigma and polien
and resulted in the production of a seif-compatible phenotype. While this construct
involved the use of a transgene to knock out incompatibility, (1) it did not extend to use
of transgenes other than SLG (such as SRK), (2) it did not involve use of a vector
comprising a mutant or antisense DNA sequence, and (3) it was not directed to
eliminating the seif-incompatibility phenotype in hybrids for breeding purposes. It
simply involve the transformation by Agrobacterium of a wild-type SLG gene from a B.
campestns plant into a self-incompatible B. oleracea plant, which was left to pollinate
over night and the objective of the work was simply to find some evidence that pollen-
stigma interaction of incompatibility is influenced by the expression of the SLG gene.
Need for Improved Sl Pollination Control System

In S| Pollination control systems, production of F, hybrids includes crossing an
S| Brassica female parent, with a pollen producing male Brassica parent. As
Indicated above, In an Sl pollination control system, the pollen phenotype is derived
from the genotype of the diploid pollen parent and not from the haploid poilen
genotype. Thus, a hybrid produced from a homozygous Si female parent and a
homozygous self-compatible male parent is heterozygous for Sl.

There are a number of difficulties in relying upon a hybrid line that is
heterozygous for Sl. These difficulties are that: (1) heterozygous Sl alleles do not
provide sufficient pollination control, (2) Brassica hapus IS a self-pollinating species, so
under poor polilination conditions (such as prolonged cool, wet weather) there may be
inadequate pollen movement from the male fertiie plants to the F, hybrid plants,
resulting in poor seed set and yield, and (3) the F, hybrid plants are more vigorous
than inbred plants, which may be used to pollinate self-incompatible hybrids, so the
former may outcompete the latter, resulting in too little polien being available for

optimal seed set and yield on the F, plants. This leads to a considerable decrease in

vield.
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Efforts to date have focused on either (1) attempting to overcome self-

iIncompatibility of hybrids using traditional techniques or (2) attempting to confer and .
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strengthen self-incompatibility phenotypic expression using molecular methods. No
attempts have been made to address the need of conterring a self-compatibility

phenotype in hybrid progeny of self-incompatible plants. Thus, there is a need to
develop an Si pollination control system which addresses this need.

To date, no breeder has commercialized an S| pollination control system in

Brassica in which the female parent is homozygous self-incompatible, the male parent
Is homozygous self-compatible and the hybrid has a self-compatible phenotype.
Breeders could use the improved Sl pollination control system to produce Brassica
hybrids which have self-compatible phenotypes and are self pollinating. This would
benefit farmers, who could then plant Brassica hybrids which, following self-poliination.
would yield seed having desirable characteristics. This would also simplify breeding
programs and, by allowing self-pollination, would increase yields. Such an improved
S| pollination control system would also be useful in producing self-compatible hybrids
of species other than Brassica which use an SRK transgene to knockout self-
iIncompatibility.
It is an object of the present invention to provide a method for producing self-
compatible hybrids by cross-breeding homozygous self-compatible male parent plants
with homozygous self-incompatible female parent plants into which has been
transformed a vector comprising a promoter and a DNA sequence which imparts a
phenotype for self-compatibility. This invention relates to such a method in species of
plants which use an SRK gene to knock out their self-incompatibility, including plants
of the genera Brassica. It also discloses cells and seeds of the self-compatible hybrid
plants produced, the plants comprising the cells. the vectors transformed into the self-
incompatible parent plant and the plants transformed with such vectors.

These and other objects and advantages of the invention will be apparent to

those skilled in the art from a reading of the following description and appended
claims.

Summary of the Invention
Brief Description of the Drawings

The invention will now be described in relation to the figures in which:
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F1G. 1 illustrates the regulatory regions used to construct A10-mutant SRK and
SLR1-mutant SRK as described in Example 1

FIG. 2 illustrates an analysis of the expression of the 910 SRK, 910-SLG and
A10 SLG transcripts in the A10-mutant SRK self-compatible line.

FIG. 3 illustrates the expression of the A14 allele that is present in the T2 line
and is also decreased.

FIG. 4 illustrates an analysis of the 910 SRK , 910 and A10 SLG transcripts -in
the SLR1-mutant SRK self-compatible line.

FIG. S illustrates the A10-antisense SRK, the SLR1-antisense SRK and the
TA39-antisense chimeric genes as described in Example 7.

F1G. 6A-C present the nucleotide sequence and predicted amino acid sequence
of the mutant SRK-810 gene. The underlined sections represent the signal peptide
and transmembrane domain. Conserved cysteine residues are marked by a dash
above the amino acid residue. Potential N-glycosylation sites are represented by
bold-italic type. FIG. 6C shows the mutant SRK-910 gene with additional untranslated

nucleotides.

Description of Preferred Embodiments

In mammalian cells considerable work has been done on tyrosine receptor
kinases (Ulrich and Schesinger, 1990). In these cases, the binding of the specific
ligand leads to the dimerization of the receptor kinase and thus stimulates kinase
activity which in turn leads to the change in phenotype through a variety of signal
transduction processes. In a number of cases, the expression of a mutant receptor
kinase turned out to be a dominant-negative mutation due to the formation of inactive
dimers between the mutant and wild-—typ_e proteins. Previously, we had shown that a
mutation in the kinase domain of the SRK prevented kinase activity when the kinase
domain of the SRK was' expressed in bacteria (Goring and Rothstein, 1992) and we
therefore made a single base-pair mutation at this site in the 910-SRK and
transformed this mutant gene into the W1 line which carries this allele. Two SC
transgenic lines were found in which only the stigma side of the S| phenotype waé
affected and in which this phenotype segregated genetically with the transgene. This
work strongly supports the importance of the SRK for the stigma side of the SI
phenotype.

-10 -
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The following Examples are presented as specific illustrations of the present
invention. It should be understood, however, that the invention is not limited to the
specific details set forth in the Examples.

Example 1: Self-Incompatible Lines

Brassica napus is an amphidiploid plant which is normally self-compatible while
Its presumptive progenitors, Brassica oleracea and Brassica rapa, are diploid self-
Incompatible species. Self-incompatible alleles can be transferred Into Brassica napus
from the progenitor species via inter-specific crosses (Goring et al 1992a; 1992b)
creating self-incompatible lines. These were then repeatedly back-crossed to the
Brassica napus parent (Goring et al, 1992a: 1992b). The two self-incompatible lines
used In this study are called (1) W1 which carries the 910 allele, and (2) T2 which
carries the A14 allele.  Other than the region involved in self-incompatibility, these
ines are virtually isogenic pairs with the original self-compatible lines used as the
recurrent parent (for these lines W1 is similar to Westar and T2 is similar to Topas.
Example 2: The chimeric mutant SRK genes and plant transformation

The kinase coding region of the 910 SRK gene was modified so that the codon
at position 557 coded for an alanine instead of a lysine. This substitution had earlier
been shown to prevent kinase activity completely when it was expressed in E. coli
(Goring and Rothstein, 1992). The mutated 910-SRK was then reconstructed so that
the only difference between the wild-type and mutant versions was this one base pair
substitution. Our assumption was that this mutant version would be able to be
assembled into a receptor complex, but that the deficiency in kinase activity would
prevent it from functioning.

Two regulatory regions were used to express the mutant 910-SRK as shown in
Figure 1. The first utilized the promoter from the SLG A10 gene which is expressed at
very high levels in stigma tissue, which we called the “A10-mutant SRK” (Goring et al,
1992b). The promoter for this gene was isolated using standard molecular techniques
(Sambrook et al, 1989) and includes 1.7 kb of the region upstream of the transcription
initiation site. The second was the promoter from the SLR1 gene which is also
expressed at high levels in stigma tissue, which we called the “SLR1-mutant SRK”
(Frankiin et al, 1996) and had been shown to work well in transgenic plants. We were
attempting to determine whether expressing the mutant 910-SRK at high levels would
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have a greater chance of altering phenotype.

These chimeric genes were transformed into the self-incompatible cultivar W1
(similar to Westar and which carries the 910 allele) and the resulting transformants
were analyzed for their abiiity to set self seed. Of the 50 transformants that were
transformed with the A10-mutant SRK construct, only one showed a heritable increase

In the production of self seed. Of the 15 SLR1-mutant SRK transformed lines tested,
two of these showed an iIncrease in the amount of self-seed although only one of
these did so in a consistent fashion in the progeny. Therefore, one line transformed
with each of the two constructs was studied further. Twenty-five self-progeny of each
of the transformed lines were analyzed and in every case where the transgene was
present (62/78 for the A10 mutant SRK line), the progeny set seif seed while in every
case where the transgene was absent the plants were Sl. Therefore, the change in
phenotype to SC segregated with the transgene.

It is expected that other constructs targeting other alleles associated with the self-

incompatibility phenotype could be developed and transformed into self-incompatible

cultivars, using the same techniques described in the previous examples and using
techniques known to those skilled in the art. It is also expected that these techniques
could be used for genera other than Brassica.
Example 3: Phenotype of the lines transformed with the mutant SRK gene |
The transformed lines were analyzed for their ability to set self-seed, the level
of fertiity when cross-pollinated with the W1 line and the ability of the polien to
germinate and form pollen tubes. The A10-mutant SRK transformed line had virtually
the same level of seed set as the SC line Westar when it was self-pollinated (Table 1).
Seed pods were uniformly full for this line and with regard to self-fertilization, it was
virtually indistinguishable from an SC line. Wheh reciprocal crosses were done with
the W1 line, pollen from W1 was able to fertilize the transgenic iine. However, polien
from the transgenic line was rejected by the W1 line with virtually no seed set (see
Table 1). An analysis of pollen germination and tube growth corresponded exactly
with the seed set results with self-pollen and polien from W1 both being able to
germinate and their pollen tubes growing normally. In contrast, pollen from the
transgenic line would not germinate on W1 stigmas. Therefore, only the stigma side of

the Sl phenotype was affected by the transgene, with no noticeable change in the
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pollen phenotype.

The SLR1-mutant SRK transformed line did not show a complete restoration of
self-fertility. The seed pods on any individual plant were quite variable and the
average seed set, while much higher than for the SI W1 line. was lower than for the
SC Westar line (Table 1). Therefore, in this case there was only a partial breakdown
In the S| phenotype. Crosses between this line and W41 again demonstrated that only

the stigma phenotype was affected with seed only being formed when the W1 polien

was used to fertilize the transgenic line with the reciprocal cross giving no seed set
(Table 1). In this case, when either self pollen or W1 pollen was germinated on
stigmas from the transgenic line, only a small percentage of pollen would germinate
and form pollen tubes. This supports the notion that this line is intermediate in
phenotype between SC and Sl lines in the stigma, with the pollen phenotype not being
affected at all.

Example 4: The expression of the SLG and SRK genes in the A10-mutant SRK
line

In order to determine the mechanism by which the A10-mutant 910 SRK
transgene was affecting phenotype, the levels of the 910 SRK and 910-SLG
transcripts were analyzed using RT-PCR and RNA biot analyses respectively (Figure 3
and 4). Itis clear from these results that the 910 mutant SRK transgene is working via
co-suppression with both the SLG and SRK transcripts being virtually completely
absent. The receptor portion of the 910-SRK gene I1s 90% similar in sequence to the
910-SLG coding region and this is clearly sufficient to get the co-suppression effect.

In Brassica napus there is also the non-functional A-10 allele present in the b
genome (Goring et al, 1992a) (the 910-aliele was originally derived from B. rapa and is
thus in the ¢ genome). The level of A10-SLG trahscript was also analyzed using RNA
blot hybridization with the results shown in Figure 5. It is clear that this transcript was

also present at very low levels. The 910-SRK is 85% similar in DNA sequence to the

A10-SLG coding region. Therefore, the transgene co-suppresses the expression of

the 910 SLG and SRK, as well as the A10 SLG which is present at the S-locus in the
other genome of B. napus.

Example 5: Transfer of the A10-mutant SRK transgene into a line with a
different functional S-allele

The Brassica napus line carries the A14 S-allele (Goring et al, 1992a).

-13 -
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Progeny from the original transgenic line carrying the A10-mutant SRK chimeric gene
was used as a pollen donor in a cross with T2. Progeny from this cross would be
expected to have the transgene, the 910 S-allele present in the W1 line and the A14
S-allele found in T2 all present in a heterozygous state. This indeed turned out to be
the case when these were analyzed for their presence by PCR and by their
segregation into the subsequent generation. As shown in Table 1, these plants set
self seed at a high rate similar to the SC line Topas and much higher than is seen for
the T2 line where virtually no self-seed was set. The expression of the A14 SLG was
analyzed and it was present at very low levels, as was the 910-SLG in these plants
(Figure 3). The A14 SLG is 83% similar in its coding sequence to the 910-SRK.
Therefore, not only can the A10-mutant SRK prevent the functioning of the 910 S-
allele, but can also prevent the phenotypic expression of a different allele.

Example 6: Effect of the SLR1-mutant SRK transgene on expression of the
SLG and SRK genes

The expression of the 910-SLG and 910-SRK was analyzed in the line carrying
the SLR1-mutant transgene which set self seed. In this case, there was no significant
decrease in the expression of these genes (see Figure 4). The mutant SRK transgene
iIs expressed In this case (see Figure 5). Therefore, in this case, co-suppression is
clearly not the mechanism involved in the breakdown of the S| phenotype. Instead,
the expression of the transgene and presumably the production of the mutant 910

SRK protein must be having an effect. Thus, the kinase mutant transgene can work

either by suppressing expression of the wild-type gene or through expression of the
mutant SRK.

Example 7: Construction of an SRK antisense gene
A 1.6 kb portion of the 910-SRK cDNA clone between a Sall site at position 1123 and
a Hindlll site at the end of the gene (Goring and Rothstein, 1992) was cloned next to

the regulatory regions in an orientation that would lead to the production of antisense
RNA (see Figure 5). The A10-SLG, the SLR1 and the TA39 promoters were used for

this purpose. These chimeric genes were transformed into the W1 line and self-
compatible lines were selected as described in Example 2.
Materials and Methods

Identifying Alleles VWhich Confer S| Phenotype - The procedures for identifying

and cloning a self-incompatibility gene are the same as those set out in Goring et al,
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1992b; Goring and Rothstein, 1992.

Constructs - Once it has been confirmed that the desired sequence to include in
the clone, clones are constructed in accordance with standard molecular techniques
(Sambrook et al, 1989). The 910-SRK mutant gene construct was made in the
following fashion. The mutation in the kinase portion of the gene changing codon 557
from a lysine to an alanine codon is described in Goring and Rothstein, 1992. This
portion of the mutated SRK cDNA was joined together with the rest of the SRK cDNA
to make a clone that is identical to the wild-type 910 SRK cDNA except for that it
codes for an alanine instead of a lysine at codon 557. This mutated 910 SRK was then
placed adjacent to the A10 SLG and SLR1 promoters in the correct orientation for the
expression of the 910 mutant SRK.

The antisense genes were constructed by inserting a Sall-Hindlll fragment from
the 910-SRK cDNA clone (nucleotides 1123-2755- Goring and Rothstein, 1992)
adjacent to the A10 SLG, the SLR1 and the TA39 promoters. The orientation of this
fragment relative to the promoters was such that antisense RNA would be made once
these chimeric genes were transformed into plants.

Transformation - Several methods are known in the art for transferring cloned
DNA into plants. These include the use of the Agrobacterium tumefaciens system
(Bevan et al, 1994), electroporation-facilitated DNA , treatment of protoplasts with

‘polyethylene glycol and bombardment of celis with DNA laden microprojectiles. Each

of these techniques has advantages and disadvantages. For Brassica transformation.
Agrobacterium-mediated transformation is normally used (Moloney et al, 1989). In
each of the techniques, DNA from a plasmid is genetically engineered such that it
contains not only the gene of interest, but also selectable and screenable marker
genes. A selectable marker gene is used to select only those cells that have
Integrated copies of the plasmid (the construction is such that the gene of interest and
the selectable and screenable genes are transferred as a unit). The screenable gene
provides another check for the successful culturing of only those cells carrying the
genes of interest. A commonly used selectable marker gene Is neomycin
phosphotransferase 1l (NPT 1l). This gene conveys resistance to kanamycin, a
compound that can be added directly to the growth media on which the cells grow.

Plant cells are normally susceptible to kanamycin and, as a result, die. The presence
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of the NPT Il gene overcomes the effects of the kanamycin and each cell with this
gene remains viable. Another selectable marker gene which can be employed in the
practice of this invention is the gene which confers resistance to the herbicide
glufosinate (Basta). A screenable gene commonly used is the R-glucuronidase gene
(GUS). The presence of this gene is characterized using a histochemical reaction in
which a sample of putatively transformed cells is treated with a GUS assay solution.
After an appropriate incubation, the cells containing the GUS gene turn blue.
Preferably the plasmid will contain both selectable and screenable marker genes.

The plasmid containing one or more of these genes is introduced into plant cells
by any of the previously mentioned techniques. If the marker gene is a selectable
gene, only those cells that have Incorporated the DNA package survive under
selection with the appropriate phytotoxic agent. Once the appropriate cells are
identified and propagated, plants are regenerated. Progeny from the transformed
plants must be tested to insure that the DNA package has been successfully
integrated into the plant genome.

The gene engineered in the foregoing manner is introduced into the plant
through known transformation techniques. The appropriate plant types are selected.
In normal plant biotechnology, once the desired genotype is identified following
transformation and regeneration, the plants are selfed to recover that genotype.

Generating Inbred Plants Using Construct - The construct containing the
transgene can be introduced into Brassica inbred lines by repeated backcrosses of the
Brassica plant. For instance, the resulting seed may be planted in accordance with
conventiona! Brassica-growing procedures and following self-pollination Brassica seed
are formed thereon. Again, the resulting seed may be planted and following self-
pollination, next generation Brassica seed are formed thereon. The Initial
development of the line (the first couple of generations of the Brassica seed)
preferably is carried out in a greenhouse in which the pollination is carefully controlled
and monitored. This way, the desirable characteristics of the Brassica seed for
subsequent use in field trials can be verified. In subsequent generations, planting of
the Brassica seed preferably is carried out in field trials. Additional Brassica seed
which are formed as a result of such self-pollination in the present or a subsequent

generation are harvested and are subjected to analysis for the desired trait, using
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techniques known to those skilled in the art.

Generating Hybrid Plants Using Construct - This invention enables a plant
breeder to incorporate the desirable qualities of a female self-incompatibie parent and
a male self-compatible parent into a commercially desirable Brassica hybrid variety.
Brassica plants may be regenerated from the parents of this invention using known
techniques. For instance, the resulting seed may be planted in accordance with
conventional Brassica-growing procedures and following cross-pollination Brassica
seed are formed on the female parent. The planting of the Brassica seed may be
carried out in a greenhouse or in field trials. Additional Brassica seed which are
formed as a result of such cross-pollination in the present generation are harvested
and are subjected to analysis for the desired trait. Brassica napus, Brassica
campestris, and Brassica juncea are Brassica species which could be used in this
Invention using known techniques.

The hybrid may be a single-cross hybrid, a double-cross hybrid, a three-way
cross hybrid, a composite hybrid, a blended hybrid, a fully restored hybrid and any

other hybrid or synthetic variety that is known to those skilled in the art, using this
Invention.

Generating Plants from Plant Parts - Brassica plants may be regenerated from
the plant parts of the Brassica plant of this invention using known techniques. For

Instance, the resulting seed may be planted in accordance with conventional Brassica-
growing procedures and following self-pollination Brassica seed are formed thereon.

Alternatively, doubled haploid plantlets may be extracted to immediately form
homozygous plants.

Breeding Techniques - It has been found that the combination of desired traits
described herein, once established, can be transferred into other plants within the

same Brassica napus, Brassica campestris, or Brassica Juncea species by
conventional plant breeding techniques involving cross-pollination and selection of the
progeny.

Also, once established the desired traits can be transferred between the napus,
campestns, and juncea species using the same conventional plant breeding
techniques involving pollen transfer and selection. The transfer of traits between

Brassica species, such as napus and campestris by standard plant breeding
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techniques is already well documented in the technical literature. (See, for instance,
Tsunada et al., 1980).

Stand _of Plants -The improved Brassica plant of the present invention is
capable of production in the field under conventional Brassica growing conditions that
are commonly utilized during seed production on a commercial scale. Such seed of
Brassica exhibits satisfactory agronomic characteristics and is capable upon self-
poliination of forming seed and meal providing satisfactory agronomic characteristics.
For the purposes of the present invention, "satisfactory agronomic characteristics" is
defined as the ability to yield an seed harvest under standard field growing conditions

meet the standards required for registration of canola varieties (suitable for

commercial use).

All publications, patents and patent applications, including the priority

application U.S. Serial No. 60/037,719 are herein incorporated by reference in their

entirety to the same extent as if each individual publication, patent or patent
application was specifically and individually indicated to be incorporated by reference
In its entirety.

The present invention has been described in detail and with particular reference

to the preferred embodiments; however, it will be understood by one having ordinary

skill in the art that changes can be made thereto without departing from the spirit and

scope thereof.
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We claim:

1. A cell of a self-compatible hybrid plant, the parents of which are a self-incompatible
female parent and a male parent, and the nuclear genome of which contains, stably
integrated therein, a vector, comprising

a) DNA sequence which, when expressed in a cell of the plant, imparts phenotype

for self-compatibility to the plant, and which is selected from a group consisting

of
) a mutant of a DNA sequence which imparts self-incompatibi'lity to the
plant,
i) a DNA sequence which expresses an RNA sequence which is

antisense to an RNA sequence encoding a protein or polypeptide
which imparts self-incompatibility to the plant, and
) a DNA sequence which is antisense to a DNA sequence which
imparts self-incompatibility to the plant.
b) a promoter capable of directing the expression of the DNA sequence in the cell.
2. The cell of claim 1, wherein the plant is from the genera Brassica.
The cell of claim 2, wherein the species of plant is selected from a group consisting of
Brassica napus, Brassica campestris and Brassica juncea.
4.  The cell of claim 1, wherein the species of the plant is not from the genera Brassica
but has a S-receptor kinase transgene to knock out self-incompatibility.
5. The cell of claim 1, wherein the cell is selected from a group consisting of a stigma
cell and a pollen cell.
6. The cell of claim 1, wherein the promoter is selected from a group consisting of an
A10 promoter, an SLR1 promoter and a TA39 promoter.
7. A cell of a self-incompatible plant, the nuclear genome of which contains, stably
integrated therein, a vector, comprising
a) a mutant DNA sequence which, when expressed in a cell of the progeny of the
plant, imparts a phenotype for self-compatibility to the plant, and

b) a promoter capable of directing the expression of the DNA sequence in the cell.

23
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8. A vector, comprising .
a) a mutant DNA sequence which, when expressed in a cell of the progeny of a
plant, imparts a phenotype for self-compatibility to the plant, and

b) a promoter capable of directing the expression of the DNA sequence in the cell.

9. Aplant, comprising the cell of any of claims 1-6.
10. A plant transformed with the vector of claim 8.
11.  The plant of any of claims 9-10, comprising a Brassica plant.

12. The plant of claim 11, wherein the Brassica plant is selected from a group consisting

of a hybrid and an inbred.

13. A DNA sequence selected from a group consisting of

a) a mutant of a DNA sequence which imparts self-incompatibility to the plant,

b) a DNA sequence which expresses an RNA sequence which is antisense to an
RNA sequence encoding a protein or polypeptide which imparts self-
iIncompatibility to the plant, and

c) a DNA sequence which is antisense to a DNA sequence which imparts self-
incompatibility to the plant.

14. Seed of the plants of any of claims 9-12.

15. A method of breeding plants by conferring a self-compatible phenotype on progeny of
a homozygous self-incompatible plant and a homozygous self-compatible plant,
comprising transforming the vector of claim 8 into a self-incompatible plant, plant
tissue or plant protoplast and expressing a phenotype for self-compatibility in the
progeny.

16. The method of claim 15, wherein the self-incompatible plant is of the genus Brassica.
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17.

18,

19.

20.
21.

22.

23.
24.
295.
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A method for producing self-compatible hybrid Brassica seed from a nomozygous

self-compatible male parent Brassica plant and a homozygous self-incompatible

female parent Brassica plant, comprising

a) transforming the native nuclear genome of a homozygous self-incompatible

female parent Brassica plant with the vector of claim 8:

b) crossing the self-incompatible female plant with the male parent to produce self-

compatible hybrid seed ; and
c) harvesting the self-compatible hybrid seed.
The method of claim 17, comprising an additional step of iInbreeding the self-

iIncompatible female parent Brassica plant before crossing the self-incompatible plant

with the male parent.
A method of producing hybrid seed, comprising the steps of planting, in cross
pollinating juxtaposition, a first seed from a homozygous self-compatible male parent

line and a second seed from a homozygous self-incompatible female line having the

vector of claim 8;

a) growing the seed to mature plants;

b) cross pollinating the self-incompatible female plant with pollen from the self-
compatible male plant to produce self-compatible hybrid seed: and

c) harvesting the self-compatible hybrid seed.

A part of a plant of any of claims 9-12.

The plant part of claim 20, wherein the part is selected from a group consisting of

nucleic acid sequences, tissue, cells, pollen, ovules, roots, leaves, seed

microspores, vegetative parts, whether mature or embryonic.

The plant part of claim 21, wherein the nucleic acid sequences are selected from a
group consisting of RNA, mRNA, DNA, cDNA.

The use of a Brassica plant of claim 11 for the breeding of a Brassica line.
The use of a Brassica plant of claim 12 for the breeding of a Brassica line.
The use of claim 23 or 24, wherein the breeding is selected from a group consisting
of isolation and transformation, conventional breeding, pedigree breeding, crossing,

self-pollination, haploidy, single seed descent and backcrossing.
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| AACAATATAA TAACAAAAAA AAAATAGAGA GATGAAAGGA GTAAGAAAAA CUTACGATAG TTYCTTACALT TTATCCITCT TGCTCUTCTT TTTCGTCATG TTTCTATITTC ATCCIGCLCT
TTGTTATATT ATTGUVTTTT TTTTATCTICT CTACTITCCT CATTCTTITT GGATGCTATC AAGAATGTGA AATAGGAAGA ACGAGCAGAA AAAGCAGTAC AAAGATAAAG TAGRALLGGA

s t« (& T L S ST €35t T 1§ N8 & T (¥ S P G W ¥ F £ L 6 F F RTT € 35 30
121 TTCGATCCAT ATCAACACTT TGTCGTETAC AGAATCTCTT ACAATCTCAA ACAACAGAAC ACTTGTIGTCT LCAGGTAATG TCTTCGAGCT CLGCTTCTYTT AGAACCACET CAAGTTICTCG
AMGLTAGGTA TAGTTLTGAA ACAGLAGATG TCTTAGAGAA TGTTAGAGTT TGTTGTCTTG TGAALACAGA GGTCCATTAC AGAAGCTCGA GCCGAAGAAA TCTTGGTGGA GITCAAGAGT

v v L 6 T ¥ Y x N L P Y ¢ T Y VY ¥YY AEK R ON P LS DS U G T LEK I SN m o L Y
241 TTGGTATCTC GGGATATGAT ACAAGAATTT GCCCTATAAA ACCTATGTTT GGGTTGLAAA CAGAGATAAC CLTCTCTCCG ATTCCATTGE TACGCTCAAA ATCTCCAACA TGAACCTTGT
AMCCATAGAG CCCTATACCA TGTTCTTAAA CGGOATATTT TGGATACAAA CCCAACGLTTT GTCTCTATTG GGAGAGAGGL TAAGRTAALL ATGCGAGTTT TAGAGGTIGT ACTTGGAACA

L L o0 ® S ¥ £ S Y V¥ S T N (T ® 6 8 R S P Y ¥ A E L L EN G®F v [ 2 Y S 20N
361 CCTCLTCGAC CACTCTAATA AATCTGTTTG GTCGACGAAT CTCACTAGAG GAAATGAGAS ATCTCCGGTG GTGGLAGAGE TTCTGGAGAA CGGAAACTTC GTCATTCGAT ACTCCAATAA
GGAGRAGCTG GTGAGATTAT TTAGACAAAC CAGCTGCTTA GACTGATCTC CTTTACTCTC TAGAGGCCAC CACCGTCTCG AAGACCTCTT GCLTTTGAAG CAGTAAGCTA TGAGRTTATT

n % A 5 &G F L YOQS fFO0OF P T O T LLP E£ENK LGY O RKXKX GL N R F L T A V¥ TR
481 CAACAACGLCA AGTGGATTCT TGTGGLAAAG TTTCGATTTC CCTACAGATA CTYTTGCTTCC AGAGATGAAA CTAGGCTACG ACCGCAAAAA AGGRCTGAAC AGATTCCTTA CAGCATERGAG
GTTGTTIGLLT TCACLTAARA ACACLLTTTC AAAGLTAAAG GGATATCTAT GAAACGAAGG TCTCTALTTT GATCCGAIGE TGGCGTTTTT TCCLGACTTG TCTAAGGAAT STCBTACCIC

» $ 0 0P S S5 6 CI SYQ LOT ORGEN P EF Y LL XN GY ABGY RSGE P ¥ s
§01 AAATTCAGAT GATCLLTCAA GLLGGGAAAT CTCGTACCAA CTAGACACTC AAAGAGGAAT GCCTGARTTT TATCTATTGA AAAACGGLGT ACGAGRCTAC CGGAGTRGTC CATGRAATES
TTTAAGTCTA CTAGRRAGTT CGLLLLTTTA GAGCATGGTT GATCTGTGAG TTTCTCCTTA CGGACTCAAA ATAGATAACT TTTTGLCGCA TGCTCCGATG GCCTCACCAS GTACCTTACL

vy R fF N &6 [ P E D Q@ x L S YR Y T N FT O % S € E£E A A YT F RNT DEKS [ Y $ 1
721 AGTCLGATTT AATGGLATAC CAGAGRALCA AAAGTTGAGT TACATGGTGT ACAACTICAC AGATAATAGT GAGGAGGCTG CTTATACATT TCGAATGACC GACAAGAGCA TCTACTCSAG
TCAGGCTAAA TTACLETATG GTCTCCTLAT TTTCAALTCA ATGTACCACA TGTTGAAGTGE TCTATTAICA CTCLTCLGAC GAATATGTAA AGCTTACTGE CTGTTCTCEST AGATEABLTC

Lt 1t S ®O0 [ Y LA R LT fFT pPp T $ ¥ € ¥l FYT SPEE PECC DYTY KT C &
841 ATTGATAATA AGTAACGATE AGTATTTGGE GUGACTAACG TTCACTCCGA CATCATGGEA ATGGAACTTG TTCTGGACTT CACCAGAGRA GCLCGGAGTGL GATGTGTACA AGACTTETGS
TAACTATTAT TCATTGLTAC TCATAAALLG CGCTGATTGE AAGTGAGGCT GTARTACCCT TACCTTGAAC AAGACCTGAA GTGGTCTCCT CGGCCTCACG CTACACATGT TCTRAACACS

s YA Y CO ¥ R TS P VYL X €I Q6 F X 2 FX¥ nmnaao ¥ ELR Y VYA §6C T RZRT
361 GTCTTATGLT TACTGTGALG TGAACACATC ACCAGTGTGT AACTGTATCC AAGETTTCAA GCCCTTCAAT ATRCAGCAGT GGGAACTGAG AGTCTGGRCA GETGERTRTA TAAGGAGRAC
CABAATACGA ATGALALTGL ACTTGTSTAG TGGTCACACA TTGACATAGS TTCCAAAGTT CGGGRAASTTA TACRTCGTCA CCCTTGACTC TCAGACCCGT CCACCTACAT ATTCCTCCTG

R L 5 C® &6 0 6 FT R N ¢ ¥ mtt L P2 T TN A T Y0 R ST & R CXEK RCL S
1081 GLGGRLTTAGE TGLAATGRAS ATGGTTTTAL CAGGATGAAA AATATGAAGT TGCCAGAAAL TACGATGGET ATTGTCGACC GTAGTATTGE TCGGAAAGAA TGTAMRAAGA GRTGLCTTAG
CGCLGAATCG ACLTTACLTC TACCAAMMATG GTCCTACTTT TTATACTICA ACGGTCTTTG ATGCTACCGA TAACAGCTGG CGTCATAACC AGCCTTTCIT ACATTCTTCT CCACSRAATC

8 C N C T A F AR A 01 R ® ¢ 6 $S 4 CVY [ ¥wT GCL €01 r Y TF DO G GO0 LY
1201 CGATTGTAAT TGTALLGLGT TTGLAAATGE GGATATCCGG AATGETGGST CGSRTYGTET GATTTGGACA GGAGAGCTTG AGGATATCLG GAATTACTTT GATGACSSTE AABATCTTTA
GCTAACATTA ACATGGLGLA AACETTTALG CCTATAGGRIC TTACCACCCA GLCCAACACA CTAAACCTGT CCTCTCGAAC TCCTATAGEL CTTAATGAAA CTACTGLCAS TTCTARAAAT

Yy R Lt A A A D LVYC X ® X A NG KT A ¢t TV €Y C v LLL mw [t ® FCL ¥ KRCK
1321 TGTCAGATTG GCTIRCLOLTE ATCTCGTTAA AAAGAGAAAC GCGAATGGGA AAACCATAGC GTTEATTGTT GRAGTTTGTE TTCTGCTTCT TATGATCATE TTCTGCCTCT SAAAMAGRAA
ACARTCTAAL CGACBGCEAC TASAGCAATT TTTCICTTTGE CGCTTACCEY TTTGRTATCS CAACTAACAA CCTCAMACAC AAGACRAAGA ATACTAGTAC AAGACGRARA CCTTTTCCIT

g K * AXT T ATS t e R QR Q0L LN®NRN ¢gN [ (SSXx oL PIL C BT
1441 ACAAMAGLEA SCAAMAALAA CTGLAACATE TATTGTAAAT CGACAGAGAA ACCAAGATTT GCTAATBAAC CGBATRATAC TATCAAGCAA GAGACASTTG CCTATARARA ACHAAACTEA
TETTTTCGEY COTTTTTRTT GACETTETAG ATAACATTTA GCIGTCTLTT TGSTTCTAAA CQATTACTTE CCCTACTATE ATAGTTCGTIT CTCTETCAAC GRATATCILT TETTTTSALT

ELE LPL 1T ELE A TYTVY T AT £ FS R CNH XLBG Q6668 F 61 v YT& " LLO
1981 GGAATTGGAA CTTCCATTGA TAGAGTTGGA AGCTGTTGTC AAAGCCACCS AAAATTTCTC CAATTGTAAC AAACTCGGAC AAGSTGSTTT CGETATTGTT TACAAGGSTA GATTACTTRA
CCTTAACCTT GAAGGTAACT ATCTCAACCT TCGACAACAG TTTCGGTGGE TTTTAMGAG GTTAACATTG TTTGAGCCTG TTCCACCAAA GCCATAACAA ATGTTCCCAT CTAATRAACT

¢ Q€ [ A Y ARLS TS vy Q0 TGEEF WNE YRL I ARL O%! 2LtV R I LG
1681 TGGGCAAGAA ATTGLRGTA CAAGGCTATC AAAMAACGTCG GTTCAAGGSA CTGSTGAGTT TATGAATGAS GTGAGATTGA TCGCEAGGCT TCAGCATATA AACCTTEICC SAATTCTTGE
ACCCGTTCTT TAACRLCATE ¢ITCCGATAG TTTTTGLAGE CAAGTTCCCT GACCACTCAA ATACTTACTC CACTCTAACT AGCGCTCCGA AGTCGTATAT TTGRAACAGS CTTAMGAACC

c ¢! € AD €K MWL YYE Y LE HNLSL ODSY LFG& ncres STL A YK DRFO
1801 CTGTTGCATT GAGGCAGACE AGAAGATGLT GGTATATGAG TATTTAGAAA ATTTAAGCCT CGATTCTTAT CTCTTCGGAA ATAAACGAAG CTCTACETTA AATTGEAAGS ACARATTCAA
GACAACGTAA CTCCGTCTGE TCTTCTACGA CCATATACTC ATAAATCTTT TAAATTCGGA GCTAAGAATA GAGAAGCCTT TATTTGETTC GAGATECAAT TTAMLTTLC TETCTAAGTT

{ T » 6 ¥ A R G L L YLH Q0SS RFRT! I wao owk vsSri LLD xB8BN8 TP
1921 CATTACCAAT GGTGTTELTC GARGACTTTT ATATCTTCAT CAAGACTCAC GETTTASGAT AATCCACAGA GATATGAAAG TAASTAACAT TTTGCTTGAT AAAAATATEA CACCAMGAT
GTAATGGTTA CCACAACGAG CTCCTGAAAA TATAGAAGTA GTTCTGAGTG CCAAMMTCCTA TTAGGTGTCT CTATACTTTC ATTCATTGTA AAACGAACTA TTTTTATACT GISETTICTA

$ 0 F M A R I FA ROCE TEA NTREX YVYSG TYG YRSP £ YA NOS ¥V F ST
2041 CTCGGATTTT GGRATGGLCA GAATCTTTGL AAGGRACGAG ACTGAAGCTA ACACAAGGAA GGTGGTCGGA ACTTACSGCT ACATETCTCT GGAGTACGCA ATGRATERES TATTTTCSGA
GABCCTAAAA CCCTACCSGT CTTAGAAALG TTCCCTGLTC TGACTTCGAT TGTGTTCLTT CCACCAGCCT TGAATGLCGA TGTACAGAGS CCTCATECET TACCTACCLL ATAARAGLCT

<

x $0 v FS F &Y ! Y LE I ¥*3$S 6EKER N RGF YNL N B EN N LL SYV ¥3 0 ¥
2161 AAAATCAGAT GTTTTCAGTT TTGRAGTCAT TGTTCTIGAA ATTGTTAGTG GAAAAAGGAA CAGASGATTC TACAACTIGA ACCACGAAAA CAATCTTCTA AGCTATGTAT GRASTUACTS
TTTTAGTCTA CAAAAGTCAA AACCTCAGTA ACAAGAACTT TAACAATCAC CTTTTTCCTT GTCTCCTAAG ATGTTGAACT TGGTGCTTTY GTTAGAAGAT TCGATACATA CCTTAGTRAC

res R AL EL YO ?»Y ([ vyoOoOS (LSSt PAT Fap x¢gvYt kct ai@é L L CY
2281 GACGGAGGGA AGAGLGLTAG AAATTGTTGA TCCAGTCATC GTAGATTCAT TGTCATCATT ACCAGCAACE TTTCAACCAA AAGAAGTTCT AAAATGCATA CAMITESTC TCTTRTETGT.
CTGCCTCCCT TCTCRCGATC TTTAACAACT AGGTCAGTAG CATCTAAGTA ACAGTAGTAA TGGTCGTTGE AAAGTTGGTT TTCTTCAAGA TTTTACGTAT GTTTAACCAS ARAACACACA

O ER AEHW RPT N SSY VUM LGSE ATE [ 2 PTP?P &vs LGSR 5 PYCE
2401 TCAAGAACGT GCAGAGCATA GACCAACGAT GTCGTCCGTG GTTTGGATGC TTGRAAGTGA AGCAACAGAS ATTCCTCAGE CTACACCGLC AGRTTATTCC crcsamc# m:m
AGTTCTTGCA CGTCTCGTAT CTGETTGCTA CAGCAGGCAC CAAACCTACG AACCTTCACT TCGTTGTCTC TAAGGAGTCG GATGTGGCGG TCCAATAAGE GAGCCTTCTT CAGRMTACT

nkP? 35§ S5 R K CO 00CE¢CE SYT ¥YRQY T CS O0OL1 0 A RSO

2921 AAATAATCCT TCATCAAGTA GACATTGCGA CGACGACGAA TCCTGGACGG TGAACCAGTA CACCTGCTCA GACATCGATG CCCGGTASTA CGAAATCLGT ‘rc% %I#H:
TTTATTAGGA AGTAGTTCAT CTGTAACGET GCTGCTGCTT AGRACCTGCL ACTTGSTCAT GTGRACGAST CTGTAGCTAC GGRCCATCAT GCTTTAGECA ACTCTTY

2641 ACTATTGGGG TGACCSGATA TTATAAGTGA AAGAAAATAA AATTTCAATA GTTAAGTTTG TTATTTGATA ACCAAATCTT GTTATTTCCT GGTGGTGTTG TCATATICGT TITTCTGMAT
TGATAACCCE ACTGGCCTAT AATATTCALT TTCTTTTATT TTAAAGTTAT CAATTEAAAC AATAAACTAT TGGTTTAGAA CAATAAAGGA CCACCACAAC AGTATAAGCA AAMMEGACTTA

2761 GAATGTTAAA GTTATTATIC
CTTACAATTT CAATAATAMG
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