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(57) ABSTRACT 

Novel DNA constructs are provided which may be used as 
molecular probes or inserted into a plant host to provide for 
modification of transcription of a DNA sequence of interest 
in cotton fiber, particularly in very early fiber development. 
The DNA constructs comprise a cotton fiber transcriptional 
initiation regulatory region associated with a gene which is 
expressed in cotton fiber. 
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COTTON FIBERTRANSCRIPTIONAL FACTORS 

TECHNICAL FIELD 

0001. This invention relates to methods of using in vitro 
constructed DNA transcription or expression cassettes 
capable of directing fiber-tissue transcription of a DNA 
Sequence of interest in plants to produce fiber cells having an 
altered phenotype, and to methods of providing for or 
modifying various characteristics of cotton fiber. The inven 
tion is exemplified by methods of using cotton fiber pro 
moters for altering the a phenotype of cotton fiber, and 
cotton fibers produced by the method. 

BACKGROUND 

0002. In general, genetic engineering techniques have 
been directed to modifying the phenotype of individual 
prokaryotic and eukaryotic cells, especially in culture. Plant 
cells have proven more intransigent than other eukaryotic 
cells, due not only to a lack of Suitable vector Systems but 
also as a result of the different goals involved. For many 
applications, it is desirable to be able to control gene 
expression at a particular Stage in the growth of a plant or in 
a particular plant part. For this purpose, regulatory 
Sequences are required which afford the desired initiation of 
transcription in the appropriate cell types and/or at the 
appropriate time in the plant's development without having 
Serious detrimental effects on plant development and pro 
ductivity. It is therefore of interest to be able to isolate 
Sequences which can be used to provide the desired regu 
lation of transcription in a plant cell during the growing 
cycle of the host plant. 
0003. One aspect of this interest is the ability to change 
the phenotype of particular cell types, Such as differentiated 
epidermal cells that originate in fiber tissue, i.e. cotton fiber 
cells, So as to provide for altered or improved aspects of the 
mature cell type. Cotton is a plant of great commercial 
Significance. In addition to the use of cotton fiber in the 
production of textiles, other uses of cotton include food 
preparation with cotton Seed oil and animal feed derived 
from cotton Seed huskS. 

0004. Despite the importance of cotton as a crop, the 
breeding and genetic engineering of cotton fiber phenotypes 
has taken place at a relatively slow rate because of the 
absence of reliable promoters for use in Selectively effecting 
changes in the phenotype of the fiber. In order to effect the 
desired phenotypic changes, transcription initiation regions 
capable of initiating transcription in fiber cells during devel 
opment are desired. Thus, an important goal of cotton 
bioengineering research is the acquisition of a reliable 
promoter which would permit expression of a protein Selec 
tively in cotton fiber to affect Such qualities as fiber Strength, 
length or color. 

RELEVANT LITERATURE 

0005 Cotton fiber-specific promoters are discussed in 
PCT publications WO 94/12014 and WO95/08914, and 
John and Crow, Proc. Natl. Acad. Sci. USA, 89:5769-5773, 
1992. cDNA clones that are preferentially expressed in 
cotton fiber have been isolated. One of the clones isolated 
corresponds to mRNA and protein that are highest during the 
late primary cell wall and early Secondary cell wall Synthesis 
Stages. John and Crow, Supra. 
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0006 U.S. Pat. No. 5,175,095 describes tomato transcrip 
tional factors which can be used to direct the transcliption of 
DNA in ovary tissue. The factors are expressed immediately 
prior to anthesis and through flowering. 
0007. A class of fruit-specific promoters expressed at or 
during anthesis through fruit development, at least until the 
beginning of ripening, is discussed in European Application 
88.906296.4, the disclosure of which is hereby incorporated 
by reference. cDNA clones from tomato displaying differ 
ential expression during fruit development have been iso 
lated and characterized (Mansson et al., Mol. Gen. Genet. 
(1985) 200:356-361: Slater et al., Plant Mol. Biol. (1985) 
5:137-147). These studies have focused primarily on 
mRNAS which accumulate during fruit ripening. One of the 
proteins encoded-by the ripening-specific cDNAS has been 
identified as polygalacturonase (Slater et al., Plant Mol. 
Biol. (1985) 5:137-147). 
0008. A cl)NA clone which encodes tomato polygalac 
turonase has been sequenced (Grierson et al., Nucleic Acids 
Research (1986) 14:8395-8603). Improvements in aspects 
of tomato fruit Storage and handling through transcriptional 
manipulation of expression of the polygalacturonase gene 
have been reported (Sheehy et al., Proc. Natl. Acad. Sci. 
USA (1988) 85:8805-8809; Smith et al., Nature (1988)334: 
724-726). 
0009. Mature plastid mRNA for psbA (one of the com 
ponents of photosystem II) reaches its highest level late in 
fruit development, whereas after the onset of ripening, 
plastid mRNAS for other components of photosystem I and 
II decline to nondetectable levels in chromoplasts (Piechulla 
et al., Plant Molec. Biol. (1986) 7:367-376). Recently, 
cDNA clones representing genes apparently involved in 
tomato pollen (McCormick et al., Tomato Biotechnology 
(1987) Alan R. Liss, Inc., NY) and pistill (Gasser et al., Plant 
Cell (1989), 1:15-24) interactions have also been isolated 
and characterized. 

0010. Other studies have focused on genes inducibly 
regulated, e.g. genes encoding Serine proteinase inhibitors, 
which are expressed in response to wounding in tomato 
(Graham et al., J. Biol. Chem. (1985) 260:6555-6560: Gra 
ham et al., J. Biol. Chem. (1985) 260:6561-6554) and on 
mRNAs correlated with ethylene synthesis in ripening fruit 
and leaves after wounding (Smith et al., Planta (1986) 168: 
94-100). Accumulation of a metallocarboxypeptidase inhibi 
tor protein has been reported in leaves of wounded potato 
plants (Graham et al., Biochem & BioPhys. Res Comm. 
(1981) 101: 1164-1170). 
0011 Genes which are expressed preferentially in plant 
Seed tissues, Such as in embryos or Seed coats, have also 
been reported. See, for example, European Patent Applica 
tion 87306739.1 (published as 0255 378 on Feb. 3, 1988) 
and Kridlet al. (Seed Science Research (1991) 1:209-219). 
0012. In animals, the ras Superfamily is subdivided into 
the subfamilies ras which is involved in controlling cell 
growth and division, rab/YPT members which control secre 
tory processes, and rho which is involved in control of 
cytoskeletal organization (Bourne et al., (1991) Nature 349: 
117-127), and number of homologous genes have now been 
identified in plants (for a review, see Terryn et al., (1993) 
Plant Mol. Biol. 22: 143-152). None have been found for the 
important ras Subfamily, all but one of the genes identified 
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have been members of the rab/YPT1 subfamily, and there is 
only one recent report of the cloning of a rho gene in pea 
(Yang and Watson(1993) Proc. Natl. Acad. Sci. USA 90: 
8732-8736). 
0013 Little work has been done to characterize the 
functions of these genes in plants, although one recent report 
has shown that a Small G protein from Arabidopsis can 
functionally complement a mutant form in yeast involved in 
vesicle trafficking, Suggesting a similar function for the plant 
gene (Bednarek et al., (1994) Plant Physiol 104:591-596). 
0.014. In animals, two members of the rho subfamily, 
called Rac and Rho, have been shown to be involved in the 
regulation of actin organization (for a review, see Down 
ward, (1992) Nature 359:273-274). 
0.015 Rac1 has been shown to mediate growth factor 
induced membrane ruffling by influencing microfilament 
alignment on the plasma membrane (Ridley et al., (1992) 
Cell 70: 401-410), whereas RhoA regulates the formation of 
actin stress fibers associated with focal adhesions (Ridley 
and Hall, (1992) Cell 70: 389-399). 
0016. In yeast, the CDC42 gene codes for a rho-type 
protein which also regulates actin organization involved in 
the establishment of cell polarity required for the localized 
deposition of chitin in the bud scar (Adams et al., (1990) J 
Cell Biol 111: 131-143. 

0017 Disruption of gene function, either by temperature 
shifts with a CDC42-temperature-sensitive mutant in yeast 
(Adams et al., 1990), or by micro-injection into fibroblasts 
of mutant Rac or Rho proteins exibiting a dominant negative 
phenotype (Ridley et al., 1992; Ridley and Hall, 1992), leads 
to disorganization of the actin network. 
0.018. In plants, control of cytoskeletal organization is 
poorly understood in Spite of its importance for the regula 
tion of patterns of cell division, expansion, and Subsequent 
deposition of secondary cell wall polymers. The cotton fiber 
represents an excellent System for Studying cytoskeletal 
organization. Cotton fibers are single cells in which cell 
elongation and Secondary wall deposition can be Studied as 
distinct events. These fibers develop synchronously within 
the boll following anthesis, and each fiber cell elongates for 
about 3 weeks, depositing a thin primary wall (Meinert and 
Delmer, (1984) Plant Physiol. 59: 1088-1097; Basra and 
Malik, (1984) Int Rev of Cytol 89: 65-113). At the time of 
transition to Secondary wall cellulose Synthesis, the fiber 
cells undergo a Synchronous shift in the pattern of cortical 
microtubule and cell wall microfibril alignments, events 
which may be regulated upstream by the organization of 
actin (Seagull, (1990) Protoplasma 159: 44-59; and (1992) 
In: Proceedings of the Cotton Fiber Cellulose Conference, 
National Cotton Council of America, Memphis RN, pp 
171-192. 

0.019 Agrobacterium-mediated cotton transformation is 
described in Umbeck, U.S. Pat. Nos. 5,004,863 and 5,159, 
135 and cotton transformation by particle bombardment is 
reported in WO92/15675, published Sep. 17, 1992. Trans 
formation of Brassica has been described by Radke et al. 
(Theor. Appl. Genet. (1988) 75;685-694; Plant Cell Reports 
(1992) 11:499-505. 

SUMMARY OF THE INVENTION 

0020 Novel DNA constructs and methods for their use 
are described which are capable of directing transcription of 
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a gene of interest in cotton fiber, particularly early in fiber 
development and during Secondary cell wall development. 
The novel constructs include a vector comprising a tran 
Scriptional and translational initiation region obtainable 
from a gene expressed in cotton fiber and methods of using 
constructs including the Vector for altering fiber phenotype. 
0021. Two promoters are provided from genes involved 
in the regulation of cotton fiber development. One, Rac13, 
is from a protein in cotton which codes for an animal Rac 
protein homolog. Rac13, shows highly-enhanced expression 
during fiber development. This pattern of expression corre 
lates well with the timing, of reorganization of the cytosk 
eleton, Suggesting that the Rac13 cotton gene may, like its 
animal counterpart, be involved in the Signal transduction 
pathway for cytoskeletal organization. 
0022. The other is a promoter from a cotton protein 
which is unrelated to published proteins, designated 4-4. 4-4 
mRNA accumulates in fiber cells at day 17 post anthesis and 
continues to fiber maturity at days 35 post anthesis. 
0023 The methods of the present invention include trans 
fecting a host plant cell of interest with a transcription or 
expression cassette comprising a cotton fiber promoter and 
generating a plant which is grown to produce fiber having 
the desired phenotype. Constructs and methods of the Sub 
ject invention thus find use in modulation of endogenous 
fiber products, as well as production of exogenous products 
and in modifying the phenotype of fiber and fiber products. 
The constructs also find use as molecular probes. In par 
ticular, constructs and methods for use in gene expression in 
cotton embryo tissues are considered herein. By these meth 
ods, novel cotton plants and cotton plant parts, Such as 
modified cotton fibers, may be obtained. 
0024. Also provided in the instant application are con 
Structs and methods of use relating to modification of color 
phenotype in fiber tissues. Such constructs contain 
Sequences for expression of genes involved in the produc 
tion of colored compounds, Such as anthocyanins, melanin 
or indigo, and also may contain Sequences which provide for 
targeting of the gene products to particular locations in the 
plant cell, Such as plastid organelles, or vacuoles. Plastid 
targeting is of particular interest for expression of genes 
involved in aromatic amino acid biosynthesis pathways, 
while vacuolar targeting is of particular interest where the 
precursors required in Synthesis of the pigment are present 
in vacuoles. Production of melanin, for example, may be 
enhanced by vacuolar targeting in plant tissues which accu 
mulate tyrosine in vacuoles. Transcriptional initiation 
regions for expression of color-related genes will be Selected 
on the basis of the tissue for which color modification is 
desired. 

DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 shows the DNA sequence encoding the 
structural protein from cDNA 4-4. 
0026 FIG. 2 shows the sequence to the promoter con 
struct pCON5606 made using genomic DNA from 4-4-6 
genomic clone. 
0027 FIG. 3 shows the sequence to the 4-4 promoter 
construct pCON5610. 
0028 FIG. 4 shows the cDNA sequence encoding the 
Rac13 gene expressed in cotton fiber. 
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0029 FIG. 5 shows the sequence the promoter region 
from the rac13 gene. 
0030 FIG. 6 shows a restriction map for pCGN4735. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0031. In accordance with the subject invention, novel 
constructs and methods for their use are described which 
may be used as molecular probes or inserted into a plant host 
to provide for transcription of a nucleotide Sequence of 
interest in fiber cells as compared with other plant cells, 
generally preferentially in fiber cells to produce cells and 
plant parts having an altered phenotype. Of particular inter 
est is the period of at least one to three days prior to anthesis 
through flower Senescence. One promoter was derived from 
the characterization of two distinct rac cDNA clones isolated 
from a cotton fiber cDNA library which code for homologs 
of animal Rac proteins. Using gene-specific probes, it was 
determined that amphidiploid cotton contains two genes that 
code for each of the two rac proteins, designated Rac13 and 
Rac9 respectively. The gene for Rac13 shows highly-en 
hanced expression in developing cotton fibers, with maximal 
expression occuring at the time of transition between pri 
mary and Secondary wall Synthesis. This is also the time at 
which reorganization of the cytoskeleton occurs, and thus 
the pattern of expression of Rac13 is consistent with its 
possible role, analogous to animal Rac, in the Signal trans 
duction pathway for cytoskeletal organization. 
0.032 The constructs may include Several forms, depend 
ing upon the intended use of the construct. Thus, the 
constructs include vectors, transcriptional cassettes, expres 
Sion cassettes and plasmids. The transcriptional and trans 
lational initiation region (also sometimes referred to as a 
“promoter,”), preferably comprises a transcriptional initia 
tion regulatory region and a translational initiation regula 
tory region of untranslated 5' Sequences, “ribosome binding 
sites,” responsible for binding mRNA to ribosomes and 
translational initiation. It is preferred that all of the tran 
Scriptional and translational functional elements of the ini 
tiation control region are derived from or obtainable from 
the same gene. In Some embodiments, the promoter will be 
modified by the addition of Sequences, Such as enhancers, or 
deletions of nonessential and/or undesired Sequences. By 
“obtainable” is intended a promoter having a DNA sequence 
sufficiently similar to that of a native promoter to provide for 
the desired Specificity of transcription of a DNA sequence of 
interest. It includes natural and Synthetic Sequences as well 
as Sequences which may be a combination of Synthetic and 
natural Sequences. 
0033. The vectors will comprise a nucleotide sequence 
comprising the transcriptional initiation regulatory regions 
of this invention associated. A transcriptional cassette for 
transcription of a nucleotide Sequence of interest in cotton 
fiber will include in the direction of transcription, the cotton 
fiber transcriptional initiation region, a DNA sequence of 
interest, and a transcriptional termination region functional 
in the plant cell. When the cassette provides for the tran 
Scription and translation of a DNA sequence of interest it is 
considered an expression cassette. One or more introns may 
be also be present. 
0034. Other sequences may also be present, including 
those encoding transit peptides and Secretory leader 
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Sequences as desired. The regulatory regions are capable of 
directing transcription in fiber cells from anthesis through 
flowering but direct little or no expression after the initial 
changes which occur at the time Surrounding pollination 
and/or fertilization; transcription from these regulatory 
regions is not detectable at about three weeks after anthesis. 
Further, fiber-tissue transcription initiation regions of this 
invention are typically not readily detectable in other plant 
tissues. Transcription initiation regions from cotton fiber that 
are not fiber Specific may find Special application. Especially 
preferred are transcription initiation regions which are not 
found at Stages of fiber development other than pre-anthesis 
through flowering. Transcription initiation regions capable 
of initiating transcription in other plant tissues and/or at 
other Stages of fiber development, in addition to the fore 
going, are acceptable insofar as Such regions provide a 
Significant expression level in cotton fiber at the defined 
periods of interest and do not negatively interfere with the 
plant as a whole, and, in particular, do not interfere with the 
development of fiber and/or fiber-related parts. Also of 
interest are cotton fiber promoters and/or promoter elements 
which are capable of directing transcription in Specific 
cotton fiberS Such as Outer pericarp tissue, inner core tissues, 
integuments, and the like. 
0035) The term “fiber” as used herein refers to the mature 
organ formed as the result of the development of the fiber 
wall of a flower and any other closely associated parts. See 
Weirer, T. E., 1, ed., Botany A Introduction to Plant Biology 
(6th ed.) (John Wiley & Sons, 1982); Tootill & Backmore, 
The Facts on File Dictionary of Botany (Market Home 
Books Ltd., 1984). By “modified fiber” is meant fiber having 
a detectably different phenotype from a nontransformed 
plant of the same Species, for example, one not having the 
transcriptional cassette in question in its genome. The term 
“anthesis” refers herein to the period associated with flower 
opening and flowering. The term “flower Senescence” refers 
herein to the period associated with flower death, including 
the loss of the (flower) petals, etc. Abercrombie, M., et al., 
A Dictionary of Biology (6th ed) (Penguin Books, 1973). 
Unopened flowers, or buds, are considered “pre-anthesis.” 
Anthesis begins with the opening of the flower petals, which 
represents asexually receptive portion of the reproductive 
cycle of the plant. Typically, flowering lasts approximately 
one week in the tested UCB82 tomato variety. In a plant like 
cotton, flowering lasts approximately two weeks and the 
fiber develops from the seed coat tissue. It is preferred that 
the transcriptional initiation regions of this invention do not 
initiate transcription for a significant time or to a significant 
degree prior to plant flower budding. Ideally, the level of 
transcription will be high for at least approximately one to 
three days and encompass the onset of anthesis (“pre 
anthesis”). 
0036 Cotton fiber is a differentiated single epidermal cell 
of the outer integument of the ovule. It has four distinct 
growth phases; initiation, elongation (primary cell wall 
Synthesis), Secondary cell wall Synthesis, and maturation. 
Initiation of fiber development appears to be triggered by 
hormones. The primary cell wall is laid down during the 
elongation phase, lasting up to 25 days postanthesis (DPA). 
Synthesis of the Secondary wall commences prior to the 
cessation of the elongation phase and continues to approxi 
mately 40 DPA, forming a wall of almost pure cellulose. In 
addition to cotton fiber promoters, transcriptional initiation 
regions from genes expressed preferentially in Seed tissues, 
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and in particular Seed coat tissues, are also of interest for 
applications where modification of cotton fiber cells is 
considered. 

0037 Downstream from, and under the regulatory con 
trol of, the cotton fiber transcriptional/translational initiation 
control region is a nucleotide Sequence of interest which 
provides for modification of the phenotype of fiber. The 
nucleotide Sequence may be any open reading frame encod 
ing a polypeptide of interest, for example, an enzyme, or a 
Sequence complementary to a genomic Sequence, where the 
genomic Sequence may be an open reading frame, an intron, 
a noncoding leader Sequence, or any other Sequence where 
the complementary Sequence inhibits transcription, messen 
ger RNA processing, for example, Splicing, or translation. 
The nucleotide Sequences of this invention may be Synthetic, 
naturally derived, or combinations thereof. Depending upon 
the nature of the DNA sequence of interest, it may be 
desirable to Synthesize the Sequence with plant preferred 
codons. The plant preferred codons may be determined from 
the codons of highest frequency in the proteins expressed in 
the largest amount in the particular plant Species of interest. 
Phenotypic modification can be achieved by modulating 
production either of an endogenous transcription or trans 
lation product, for example as to the amount, relative 
distribution, or the like, or an exogenous transcription or 
translation product, for example to provide for a novel 
function or products in a transgenic host cell or tissue. Of 
particular interest are DNA sequences encoding expression 
products associated with the development of plant fiber, 
including genes involved in metabolism of cytokinins, aux 
ins, ethylene, abscissic acid, and the like. Methods and 
compositions for modulating cytokinin expression are 
described in U.S. Pat. No. 5,177.307, which disclosure is 
hereby incorporated by reference. Alternatively, various 
genes, from Sources including other eukaryotic or prokary 
otic cells, including bacteria, Such as those from Agrobac 
terium tumefaciens T-DNA auxin and cytokinin biosynthetic 
gene products, for example, and mammals, for example 
interferons, may be used. 
0.038. Other phenotypic modifications include modifica 
tion of the color of plant parts developing from fiber 
integuments and/or core tissue, for example Seed coat hairs, 
Such as cotton fibers. Of interest are genes involved in 
production of melanin and genes involved in the production 
of indigo. Melanins are dark brown pigments found in 
animals, plants and microorganisms, any of which may 
Serve as a Source for Sequences for insertion into the 
constructs of the present invention. Specific examples 
include the tyrosinase gene which can be cloned from 
Streptomyces antibioticus. The ORF438 encoded protein in 
S. antibioticus also is necessary for melanin production, and 
may provide a copper donor function. In addition, a tyrosi 
nase gene can be isolated from any organism which makes 
melanin. The gene can be isolated from human hair, mel 
anocytes or melanomas, cuttle fish and red roosters, among 
others. See, for example, EP Application No. 89118346.9 
which discloses a proceSS for producing melanins, their 
precursors and derivatives in microorganisms. Also, See, 
Bernan et al. Gene (1985) 37: 101-110; and della-Cioppa et 
al. Bio/Technology (1990) 8:634-638. 
0.039 Indigo may be obtained by use of genes encoding 
a mono-oxygenase Such as Xylene oxygenase which oxidizes 
toluene and Xylene to (methyl) benzyl alcohol and also 
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transforms indole to indigo. Cloning of the Xylene oxyge 
nase gene and the nucleotide and amino acid Sequences are 
described in unexamined Japanese Patent Application 
Kokai:2-119777, published May 7, 1990. A dioxygenase 
Such as naphthalene dioxygenase which also converts indole 
to indigo finds use; the naphthalene dioxygenase gene nahA 
is described in Science (1983) 222: 167. For cloning, 
nucleotide Sequence in characterization of genes encoding 
naphthalene dioxygenase of Pseudomonasputida. See, Kur 
kela et al. Gene (1988) 73:355-362. A tryptophanase gene 
Sequence can be used in conjunction with an oxygenase to 
increase the amount of indole available for conversion to 
indigo. Sources of tryptophanase gene Sequences include E. 
coli (see, for example, Deeley et al. (1982) J. Bacteriol. 151 
:942-951). 
0040 AS demonstrated in the copending application to 
McBride et al., entitled “Use of Ovary Tissue Transcrip 
tional Factors', Ser. No. 08/480,178, filed on Jun. 7, 1995, 
the teachings of which are incorporated herein by reference, 
expression of ORF438 and tyrosinase genes from Strepto 
myces in transgenic tobacco plants using a 4-4 and rac 
promoter, and targeting the gene products to plastids by the 
action of transit peptides resulted in phenotypic modification 
of ovary derived and meristem derived tissues, including 
modification of color in meristematic regions and basal 
flower buds. A similar set of experiments in which no plastid 
targeting Sequences were used in conjunction with the 
ORF438 and tyrosinase genes, no alteration of phenotype 
was observed. Presumably, the plants were not able to 
produce melanin due to deficiency of the required Substrates 
in the plant cell cytosol. 
0041 Plastid targeting Sequences (transit peptides) are 
available from a number of plant nuclear-encoded plastid 
proteins, such as the small subunit (SSU) of ribulose bis 
phosphate carboxylase, plant fatty acid biosynthesis related 
genes including acyl carrier protein (ACP), Stearoyl-ACP 
desaturase, B-ketoacyl-ACP synthase and acyl-ACP 
thioesterase, or LHCPII genes. The encoding Sequence for a 
transit peptide which provides for transport to plastids may 
include all or a portion of the encoding Sequence for a 
particular transit peptide, and may also contain portions of 
the mature protein encoding Sequence associated with a 
particular transit peptide. There are numerous, examples in 
the art of transit peptides which may be used to deliver a 
target protein into a plastid organelle. The particular transit 
peptide encoding Sequence used in the instant invention is 
not critical, as long as delivery to the plastid is obtained. 
0042. As an alternative to using transit peptides to target 
pigment Synthesis proteins to plastid organelles, the desired 
constructs may be used to transform the plastid genome 
directly. In this instance, promoters capable of providing for 
transcription of genes in plant plastids are desired. Of 
particular interest is the use of a T7 promoter to provide for 
high levels of transcription. Since plastids do not contain an 
appropriate polymerase for transcription from the T7 pro 
moter, T7 polymerase may be expressed from a nuclear 
construct and targeted to plastids using transit peptides as 
described above. (See McBride et al. (1994) Proc. Nat. 
Acad. Sci. 91:7301-7305; see also copending U.S. patent 
application entitled “Controlled Expression of Transgenic 
Constructs in Plant Plastids', Ser. No. 08/472,719 filed Jun. 
6, 1995, and copending U.S. patent application Ser. No. 
08/167,638, filed Dec. 14, 1993 and PCT/US94/14574 filed 
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Dec. 12, 1994.) Tissue specific or developmentally regulated 
promoters may be useful for expression of the T7 poly 
merase in order to limit expression to the appropriate tissue 
or Stage of development. For example, for flower color 
modification, the T7 polymerase may be expressed from a 
petal Specific promoter to limit effects to the desired tissue. 

0.043 Targeting of melanin synthesis genes to vacuoles is 
also of interest in plant tissueS which accumulate the 
tyrosine Substrate involved in melanin Synthesis in vacuoles. 
The protein Signal for targeting to vacuoles may be provided 
from a plant gene which is normally transported across the 
rough endoplasmic reticulum, Such as the 32 amino acid 
N-terminal region of the metallocarboxypeptidase inhibitor 
gene from tomato (Martineau et al. (1991) Mol. Gen. Genet. 
228:281-286). In addition to the Signal Sequence, vacuolar 
targeting constructs also encode a vacuolar localization 
signal (VLS) positioned at the carboxy terminus of the 
encoded protein. Appropriate Signal Sequences and VLS 
regions may be obtained from various other plant genes and 
may be Similarly used in the constructs of this invention. 
Numerous vacuolar targetting peptides are known to the art, 
as are reviewed in Chrispeels et al., Cell (1992) 68:613-616. 
0044) Thus, it is recognized that constructs of the instant 
invention which provide Sequences encoding genes involved 
in color production and Sequences which provide for target 
ing of the gene products to appropriate cellular locations 
have broad application to modification of color in various 
plant tissues. Plant transcriptional initiation regions for use 
with these color modification constructs will depend upon 
the particular plant tissue to be modified. For cotton fiber 
modification the 4-4 and rac33 cotton fiber promoters may 
find use. 

0.045 Also of interest are genes involved in production of 
colored pigments in plant tissues. The Maize All gene which 
encodes a dihydroflavonol reductase, an enzyme of the 
anthocyanin pigmentation pathway is one Such gene. In cells 
that express the All gene, dihydrokempferol is converted to 
2-8 alkylleucopelargonidin, which may be further metabo 
lized to pelargonidin pigment by endogenous plant enzymes. 
Other anthocyanin or flavonoid type pigments may also be 
of interest for modification of cotton cell fibers, and have 
been Suggested for use in plant flowers (for a review of plant 
flower color, see van Tunen et al., Plant Biotechnology 
Series, Volume 2 (1990) Developmental Regulation of Plant 
Gene Expression, D. Grierson ed.). Anthocyanin is produced 
by a progression of Steps from cellular phenylalanine pools. 
The Ranc C1 genes are maize regulatory proteins which are 
active by positively affecting upstream Steps in the antho 
cyanin biosynthesis from these pools. The R gene is 
described in Perot and Cone (1989) Nucl. Acids Res., 
17:8003, and the C1 gene is described in Paz-Ares et al 
(1987) EMBO, 6:3553-3558. Lloyd et al. (1992) Science, 
258:1773-1775 discussed both genes. 
0.046 Although cotton fibers in commercially grown 
varieties are primarily white in color, other naturally occur 
ring cotton varieties have brown or reddish-brown fibers. 
Also a cotton line containing green colored fiberS has been 
identified. The existence of these colored cotton lines Sug 
gests that the precursors required for the anthocyanin pig 
ment pathways are present in cotton fibers cells, thus allow 
ing further color phenotype modifications. Thus, the maize 
R and C1 genes could be used in enhancing the levels of of 
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anthocyanin produced in fiber cells. As the R and C1 
proteins are proteins with a positive control at the regulatory 
level on anthocyanin pigment precursor biosynthesis, these 
proteins are expressed in the nucleus, and not targetted to 
plastids or vacuoles. 

0047 For some applications, it is of interest to modify 
other aspects of Structures developing from the fiber integu 
ment and related Structures. For example, it is of interest to 
modify various aspects of cotton fibers, Such as Strength or 
texture of a fiber. Thus, the appropriate gene may be inserted 
in the constructs of the invention, including genes for PHB 
biosynthesis (see, Peoples et al. J. Biol. Chem. (1989) 264: 
15298-15303 and Ibid. 15293-15397; Saxena, Plant 
Molecular Biology (1990) 15:673-683, which discloses 
cloning and Sequencing of the cellulose Synthase catalytic 
subunit gene; and Bowen et al. PNAS (1992) 89:519–523 
which discloses chitin Synthase genes of Saccharomyces 
cerevisiae and Candida albicans. Various constructs and 
methods are disclosed for the use of hormones to effect 
changes to fiber quality in copending US patent application 
entitled “Cotton Modification Using Ovary-Tissue Tran 
scriptional factors”, Ser. No. 08/397,652 filed Feb. 2, 1995, 
the teachings of which are incorporated herein by reference. 

0048 Transcriptional cassettes may be used when the 
transcription of an anti-Sense Sequence is desired. When the 
expression of a polypeptide is desired, expression cassettes 
providing for transcription and translation of the DNA 
Sequence of interest will be used. Various changes are of 
interest; these changes may include modulation (increase or 
decrease) of formation of particular Saccharides, hormones, 
enzymes, or other biological parameters. These also include 
modifying the composition of the final fiber or fiber, that is 
changing the ratio and/or amounts of water, Solids, fiber or 
Sugars. Other phenotypic properties of interest for modifi 
cation include response to StreSS, organisms, herbicides, 
brushing, growth regulators, and the like. These results can 
be achieved by providing for reduction of expression of one 
or more endogenous products, particularly an enzyme or 
cofactor, either by producing a transcription product which 
is complementary (anti-sense) to the transcription product of 
a native gene, So as to inhibit the maturation and/or expres 
Sion of the transcription product, or by providing for expres 
Sion of a gene, either endogenous or exogenous, to be 
asSociated with the development of a plant fiber. 

0049. The termination region which is employed in the 
expression cassette will be primarily one of convenience, 
Since the termination regions appear to be relatively inter 
changeable. The termination region may be native with the 
transcriptional initiation region, may be native with the 
DNA sequence of interest, may be derived from another 
Source. The termination region may be naturally occurring, 
or wholly or partially Synthetic. Convenient termination 
regions are available from the Ti-plasmid of A. tumefaciens, 
Such as the octopine Synthase and nopaline Synthase termi 
nation regions. In Some embodiments, it may be desired to 
use the 3' termination region native to the cotton fiber 
transcription initiation region used in a particular construct. 

0050 AS described herein, in some instances additional 
nucleotide Sequences will be present in the constructs to 
provide for targeting of a particular gene product to specific 
cellular locations. For example, where coding Sequences for 
Synthesis of aromatic colored pigments are used in a con 
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Struct, particularly coding Sequences for enzymes which 
have as their Substrates aromatic compounds Such tyrosine 
and indole, it is preferable to include Sequences which 
provide for delivery of the enzyme into plastids, Such as an 
SSU transit peptide Sequence. Also, for Synthesis of pig 
ments derived from tyrosine, Such as melanin, targeting to 
the vacuole may provide for enhanced color modifications. 
0051. For melanin production, the tyrosinase and 
ORF438 genes from Streptomyces antibioticus (Berman et 
al. (1985) 37:101-110) are provided in cotton fiber cells for 
expression from a 4-4 and Rac13 promoter. In Streptomyces, 
the ORF438 and tyrosinase proteins are expressed from the 
Same promoter region. For expression from constructs in a 
transgenic plant genome, the coding regions may be pro 
Vided under the regulatory control of Separate promoter 
regions. The promoter regions may be the same or different 
for the two genes. Alternatively, coordinate expression of the 
two genes from a single plant promoter may be desired. 
Constructs for expression of the tyrosinase and ORF438 
gene products from 4-4 and rac promoter regions are 
described in detail in the following examples. Additional 
promoters may also be desired, for example plant viral 
promoters, such as CaMV 35S, can be used for constitutive 
expression of one of the desired gene products, with the 
other gene product being expressed in cotton fiber tissues 
from the 4-4 and rac promoter. In addition, the use of other 
plant promoters for expression of genes in cotton fiberS is 
also considered, Such as the Brassica Seed promoters and the 
E6 gene promoter discussed above. Similarly, other consti 
tutive promoters may also be useful in certain applications, 
for example the mas, Mac or DoubleMac, promoters 
described in U.S. Pat. No. 5,106,739 and by Comai et al., 
Plant Mol. Biol. (1990) 15:373-381). When plants compris 
ing multiple gene constructs are desired, for example plants 
expressing the melanin genes, ORF438 and tyrosinase, the 
plants may be obtained by co-transformation with both 
constructs, or by transformation with individual constructs 
followed by plant breeding methods to obtain plants 
expressing both of the desired genes. 

0.052 Color constructs which may find use in the meth 
ods of the instant application are described in copending 
U.S. patent application to McBride et al., Supra. Constructs 
for melanin and indigo expression are described therein, as 
well as results showing melanin expression in plant cells. 
0.053 A variety of techniques are available and known to 
those skilled in the art for introduction of constructs into a 
plant cell host. These techniques include transfection with 
DNA employing A. tumefaciens or A. rhizogenes as the 
transfecting agent, protoplast fusion, injection, electropora 
tion, particle acceleration, etc. For transformation with 
Agrobacterium, plasmids can be prepared in E. coli which 
contain DNA homologous with the Ti-plasmid, particularly 
T-DNA. The plasmid may or may not be capable of repli 
cation in Agrobacterium, that is, it may or may not have a 
broad spectrum prokaryotic replication System Such as does, 
for example, pRK290, depending in part upon whether the 
transcription cassette is to be integrated into the Ti-plasmid 
or to be retained on an independent plasmid. The Agrobac 
terium host will contain a plasmid having the Vir genes 
necessary for transfer of the T-DNA to the plant cell and may 
or may not have the complete TDNA. At least the right 
border and frequently both the right and left borders of the 
T-DNA of the Ti- or Ri-plasmids will be joined as flanking 
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regions to the transcription construct. The use of T-DNA for 
transformation of plant cells has received extensive Study 
and is amply described in EPA Serial No. 120,516, Hoe 
kema, In: The Binary Plant Vector System Offset-drukkerij 
Kanters B. V., Alblasserdam, 1985, Chapter V, Knauf, et al., 
Genetic Analysis of Host Range Expression by Agrobacte 
rium, In: Molecular Genetics of the Bacteria-Plant Interac 
tion, Puhler, A. ed., Springer-Verlag, N.Y., 1983, p. 245, and 
An, et al., EMBO J. (1985) 4:277-284. 
0054 For infection, particle acceleration and electropo 
ration, a disarmed Ti-plasmid lacking particularly the tumor 
genes found in the T-DNA region) may be introduced into 
the plant cell. By means of a helper plasmid, the construct 
may be transferred to the A. tumefacienS and the resulting 
transfected organism used for transfecting a plant cell; 
explants may be cultivated with transformed A. tumefacienS 
or A. rhizogenes to allow for transfer of the transcription 
cassette to the plant cells. Alternatively, to enhance integra 
tion into the plant genome, terminal repeats of transposons 
may be used as borders in conjunction with a transposase. In 
this situation, expression of the transposase should be induc 
ible, So that once the transcription construct is integrated into 
the genome, it should be relatively stably integrated. Trans 
genic plant cells are then placed in an appropriate Selective 
medium for Selection of transgenic cells which are then 
grown to callus, shoots grown and plantlets generated from 
the shoot by growing in rooting medium. 
0055 To confirm the presence of the transgenes in trans 
genic cells and plants, a Southern blot analysis can be 
performed using methods known to those skilled in the art. 
Expression products of the transgenes can be detected in any 
of a variety of ways, depending upon the nature of the 
product, and include immune assay, enzyme assay or visual 
inspection, for example to detect pigment formation in the 
appropriate plant part or cells. Once transgenic plants have 
been obtained, they may be grown to produce fiber having 
the desired phenotype. The fiber or fiber parts, Such as cotton 
fibers may be harvested, and/or the seed collected. The seed 
may serve as a Source for growing additional plants having 
the desired characteristics. The terms transgenic plants and 
transgenic cells include plants and cells derived from either 
transgenic plants or transgenic cells. 
0056. The various sequences provided herein may be 
used as molecular probes for the isolation of other Sequences 
which may be useful in the present invention, for example, 
to obtain related transcriptional initiation regions from the 
Same or different plant Sources. Related transcriptional ini 
tiation regions obtainable from the Sequences provided in 
this invention will show at least about 60% homology, and 
more preferred regions will demonstrate an even greater 
percentage of homology with the probes. Of particular 
importance is the ability to obtain related transcription 
initiation control regions having the timing and tissue 
parameters described herein. For example, using the probe 
4-4 and rac, at least 7 additional clones, have been identified, 
but not further characterized. Thus, by employing the tech 
niques described in this application, and other techniques 
known in the art (Such as Maniatis, et al., Molecular 
Cloning, A Laboratory Manual (Cold Spring Harbor, N.Y.) 
1982), other transcription initiation regions capable of 
directing cotton fiber transcription as described in this 
invention may be determined. The constructs can also be 
used in conjunction with plant regeneration Systems to 
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obtain plant cells and plants, the constructs may also be used 
to modify the phenotype of a fiber and fibers produced 
thereby. 

0057 Various varieties and lines of cotton may find use 
in the described methods. Cultivated cotton Species include 
Gossypium hirsutum and G. babadense (extra-long stable, or 
Pima cotton), which evolved in the New World, and the Old 
World crops G. herbaceum and G. arboreum. 
0.058. The following examples are offered by way of 
illustration and not by limitation. 

EXPERIMENTAL 

EXAMPLE 1. 

cDNA Libraries 

0059 Tissue Preparation for cDNA Synthesis 
0060 Leaf and root tissue were isolated from 8 inch tall 
greenhouse grown Seedlings and immediately frozen in 
liquid nitrogen. Flowers were collected at the rapidly 
expanding 3 day preanthesis Stage and also frozen. Seed was 
collected from 21 day postanthesis locules which had been 
removed from the boll and frozen entire in liquid nitrogen. 
Once frozen, the fiber was removed from the seed and the 
denuded seed used for RNA isolation. All fibers were 
removed from the Seed under liquid nitrogen and the fiber 
was ground to a powder prior to RNA isolation. Fibers were 
from bolls which had been tagged at anthesis. 
0061 DNA and RNA Manipulations 
0062) The IZapII cDNA library used for screening was 
prepared from cDNA derived from poly-A" mRNA isolated 
from fibers of Gossypium hirsutum cultivar Acala SJ-2. The 
fibers were isolated from bolls harvested at approximately 
21 dpa using field-grown plants in Israel. 

0063) Total RNA was isolated from 21 dpa seeds (G. 
hirsutum cv Coker 130 from which the fiber had been 
removed) using the method of Hughes and Galau (1988) 
Plant Mol Biol Reporter, 6:253–257.) All other RNAs were 
prepared according to Hall et al. (1978), Proc Natl Acad Sci 
USA 75: 3196-3200), with the following modifications. 
After the second 2M LiCl wash, the pellet was dissolved in 
/10 original volume of 10 mM Tris pH7.5 and brought to 35 
mM potassium acetate pH6.5 and /3 volume EtOH was 
added slowly. The mixture was placed on ice for 15 minutes 
and then centrifuged at 20,000xg for 15 minutes at 4 C. The 
potassium acetate concentration was brought to 0.2M, 2% 
volumes EtOH added and the RNA placed at -20° C. for 
Several hours. The precipitate was centrifuged at 12,000xg 
for 30 minutes at 4 C. and the pellet was resuspended in 
diethylpyrocarbonate-treated water. Poly-A" RNA was pre 
pared from total mRNA utilizing an oligo(dT)-cellulose kit 
(Becton Dickenson) and following the manufacturer's pro 
tocol. 

0.064 Cotton genomic DNA was prepared as follows. 
Four grams of young cotton leaf tissue (cV Coker 130) was 
ground to a powder in N and placed in an Oak Ridge tube 
with 0.4 g polyvinylpyrolidone and 20 mls extraction buffer 
(200 mM Ches/NaOH ph9.1, 200 mM NaCl, 100 
mMEDTA/NaOH pH9.0, 2% SDS, 0.5% Na deoxycholate, 
2% Nonidet NP-40, 20 mM B-mercaptoethanol) was added 
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to Sample, gently mixed and incubated at 65 C. in a shaking 
water bath for 10 minutes. 7.0 mls of 5M potassium acetate 
pH6.5 was added and carefully mixed. Incubation was 
carried out on ice for 30 minutes with gentle mixing every 
5 minutes. The Sample was centrifuged for 20 minutes at 
21,000xg and the Supernatant was filtered through Miracloth 
into another tube and centrifuged as before. The Supernatant 
was again filtered through Miracloth into 15 mls of room 
temperature isopropanol in an Oak Ridge tube. After gentle 
mixing, the Sample was incubated at room temperature for 
10-60 minutes until the DNA precipitated. The DNA was 
Spooled and allowed to air dry before being resuspended in 
4 mls of TE on ice for 1 hour. CsCl was added to 0.97 g/ml 
final concentration and 300 ul 10mg/ml ethidium bromide 
was also added before filling VT80 quick Seal tubes. The 
Sample was centrifuged overnight at 225,000xg overnight. 
The DNA was extracted with water Saturated butanol and 
enough water was added to bring the Volume to 4 mls before 
adding 2 volumes EtOH. The DNA was spooled, air dried 
and resuspended in 200 ul sterile water. 
0065 Northern and Southern Analysis For Northerns, 10 
ug of total RNA was isolated from various tissues, Separated 
by electrophoresis in 1.2% agarose-formaldehyde gels and 
transfered onto Nytran Plus membranes (Schleicher and 
Schuell). Hybridization conditions consisted of a solution 
containing 50% formamide(v/v), 5xSSC, 0.1% SDS, 5 mM 
EDTA, 10x Denhardts solution, 25 mM sodium phosphate 
pH6.5 and 250 ug/ml carrier DNA. Washes were performed 
in 2XSSC, 0.1% SDS at 42 C. 3 times for 30 minutes each 
time. 

0066 Cotton genomic DNA (12 ug) was digested with 
various restriction endonucleases, electrophoresed in 0.9% 
agarose gels and blotted onto Nytran Plus membranes. 
Hybridization and filter washing conditions for both the 3' 
specific and full-length cDNA insert probes were as 
described for Northern analysis. 
0067 Probes derived from 3'-untranslated regions were 
Synthesized via oligonucleotide primers from the Rac13 
cDNA, corresponding to bases 600-619 and 843-864 (FIG. 
4). Each set of primers was used in a polymerase chain 
reaction to Synthesize copies of 3'-Specific DNA sequences. 
These Sequences were used as templates in the generation of 
single-stranded, 'P-labeled probes off the antisense strand 
in a polymerase chain reaction. The full-length cDNA inserts 
for Rac13 were used as templates for double stranded, 
random primed probes using the Prime-It kit (Stratagene). 

EXAMPLE 2 

Isolation of cDNA Clones from Cotton 

0068 cDNA to the 4-4 clone was isolated from the cotton 
fiber library described above, and shown to express in fiber 
but not other tissues. This Sequence was not related to any 
known protein. Only 400 kb of encoding Sequence was 
present in this clone, So the library was rescreened using the 
cDNA to obtain full-length clones. The full-length encoding 
sequence is provided in FIG. 1. 
0069. Another clone was sequenced which showed high 
homology to animal Rac proteins. This clone, designated 
Rac13, was not quite full-length, and the library was re 
screened using this initial Rac13 DNA segment as probe. Of 
approximately 130,000 primary plaques Screened, 56 
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Screened positive; of these, 14 clones were isolated and 
Sequenced. Of these 14 clones, 12 showed identical 
Sequence homology to the original Rac13 clone and one of 
these cDNA clones encoded a full length Rac13. One other 
partial-length cDNA clone, designated Rac9, was clearly 
related, but distinct in DNA and amino acid Sequence from 
Rac13. Re-screening of 150,000 plaques resulted in the 
isolation of 36 positive clones of which only two clones 
corresponded to the Rac9 Sequence (both full-length clones), 
the remainder being Rac13. These results Suggest that cotton 
contains genes for at least two distinct Rac proteins. Based 
upon the frequency of clone isolation, Rac13 is relatively 
highly-expressed and Rac9 leSS So in cotton fibers at 21 days 
post-anthesis (dpa), the age at which polyA mRNA was 
isolated for library construction. 

0070 FIG. 4 shows the DNA and deduced amino acid 
Sequences for Rac13 full length. Comparisons of the 
deduced amino acid Sequence of Rac13 with other Small 
G-proteins showed that the cotton Rac proteins are very 
closely related to the Rho1 protein Sequence deduced from 
a cDNA clone isolated recently from pea (Yang and Watson, 
Supra). After the pea Rho1, mammalian Rac proteins show 
the highest homology with the cotton Rac proteins. Other 
proteins of the rho subfamily, such as the yeast CDC42 and 
human RhoA, are also clearly related to the cotton Rac 
genes. By contrast, the other Small G-proteins of the Rab/ 
YPT subfamily isolated from plants such as the example 
shown of the tobacco RAB5 protein, as well as the human 
Ras proteins, are least homologous to the cotton Rac pro 
teins of all the Small G-proteins compared. The cotton and 
pea proteins, as well as the mammalian RacS, all have p's 
above 9, whereas those of other rho and ras proteins are in 
the range of 5.0-6.5. 

EXAMPLE 3 

Expression of Cotton Fiber Genes in Developing 
Fibers 

0071 Expression of the Rac13 and 4-4 genes was 
assessed using mRNA prepared from various cotton tissues 
and from fibers at different stages of development. Blots 
were hybridized with probes derived from 3'-untranslated 
regions of either the Rac13 or 4-4 genes. The gene for Rac13 
exhibits highly-enhanced expression in fibers, Virtually no 
detectable mRNA is present in leaves, roots, or flower parts, 
even under conditions of extended development time. Rac13 
expression is detected in Seeds at an age that corresponds to 
the highest expression levels observed in fiber tissue derived 
from Seeds of this same age. The pattern of Rac13 expres 
Sion in fiberS is very dependent upon the developmental 
Stage. Expression is very low during the Stage of primary 
wall synthesis (0-14 dpa, see Meinert and Delmer, 1977), 
reaches a maximum during the transition to Secondary wall 
Synthesis (about 15-18 dpa), and declining during the Stage 
of maximal secondary wall cellulose synthesis (about 24-28 
dpa). 4-4 mRNA is begins to accumulate in fiber cells only 
at day 17 post anthesis and continues through fiber maturity 
at day 35 post anthesis. Levels peak at day 21 and remain 
high throughout fiber maturation to 35 days post anthesis. 
4-4 mRNA is not detected in other cotton tissues, and is not 
detected in fiber tissue before onset at 17 days post anthesis. 
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EXAMPLE 4 

Genomic DNA 

0072 cDNA for both the 4-4 and Rac13 was used to 
probe for genomic clones. For both, full length genomic 
DNA was obtained from a library made using the lambda 
dash 2 vector from Stratagene TM, which was used to con 
struct a genomic DNA library from cotton variety Coker 130 
(Gossypium hirsutum cv. coker 130), using DNA obtained 
from germinating Seedlings. 

EXAMPLE 5 

Preparation of 4-4 Promoter Constructs 

0073 PCGN5606 
0074 The pCON5606 promoter construct comprises the 
4-4 cotton fiber expression cassette in a first version, version 
I (FIG. 2). The sequences from nt1 to 65 and nt 5,494 to 
5,547 correspond to fragments of the pBluescripti 
polylinker where this cassette is cloned. Unique restriction 
enzyme SiteS present in these regions flanking the cassette 
allow the cloning of the fiber expression cassette into binary 
vectors including the PCGN 5138 and 1547 series. 
0075) The sequences from nt57 to 5,494 are contained in 
a lambda phage clone of a cotton Coker 130 genomic library. 
This clone is described in my notebook as lambda genomic 
clone 4-4(6). P462003 page 18 and following. 
0076. The region from nt 65 to nt 4,163 corresponds to 
the 5' flanking region of the 4-4(6) gene. At nt 4,163 there 
is a Nicol restriction site Sequence that corresponds to the 
first codon of the 4-4 (6)ORF. 
0077. The region from nucleotide 4,163 to 4,502 corre 
sponds to part of the 4-4 (6)ORF. The sequence from nt 
4,502 to 4,555 is a synthetic polylinker oligonucleotide that 
contains unique target Sites for the restriction enzymes 
EcoRI, SmaI, SalI, Nhe and Bg1 II. This fragment from 
int4,163 to 4,555 is a stuffer fragment and is left in place to 
facilitate the monitoring of cloning manipulations. 
0078. The genes to be expressed in cotton fiber cells 
using this cassette can be cloned between the Nicol restric 
tion site and any of the polylinker Sites. This operation will 
replace the Stuffer fragment with the gene of interest. The 
region from nt 4,555 to 5,494 corresponds to the 940 
nucleotides downstream of the Stop codon and constitute the 
3' flanking region of the 4-4 (6) gene. There is a unique AScI 
restriction enzyme site at nt 5483. 
0079 pCGN5610 
0080. The pCON5610 construct is a second version of a 
4-4 cotton fiber expression cassette, version II, which is a 
modified version of pCGN5606. The two versions of the 4-4 
cotton fiber expression cassette are designed to allow the 
cloning of tandem arrays of two fiber cassettes in one binary 
plasmid. The differences with respect to pCGN5606 are very 
minor and described below. 

0081. The Xbal restriction site in the region of nt 1 to 65 
has been deleted by Standard cloning manipulations. The 
polylinker region is in the reverse orientation of pCGN5606. 
There is a unique Xbal restriction enzyme site at nt5484. The 
sequences from nt1 to 57 and nt 5,494 to 5,518 of 
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pCGN56 10 correspond to fragments of the pBluescripti 
polylinker where this cassette is cloned. Unique restriction 
enzyme SiteS present in these regions allow the cloning of 
the fiber expression cassette into binary vectors of the pCON 
5138 and 1547 series. 

0082 The sequences from nt57 to 5,494 are contained a 
lambda phage clone of a Coker 130 genomic library. This 
clone is described in my notebook as lambda genomic clone 
4-4-(6). The region from nt 57 to nt 4,155 corresponds to the 
5' flanking region. At nt 4,155 there is a NcoI restriction site 
sequence that corresponds to the first codon of the 4-4 ORF. 
The region from nucleotide 4,156 to 4,500 corresponds to 
part of the 4-4 ORF. This fragment from nt 4,156 to 4,550 
is a Stuffer fragment and is left in place to facilitate the 
monitoring of cloning manipulations. The Sequence from nt 
4,500 to 4,550 is a synthetic polylinker oligonucleotide 
containing unique target Sites for the restriction enzymes 
Bg1II, NheI, SalI, SmaI and EcoRI. 
0.083. The genes to be expressed in cotton fiber cells 
using this cassette can be cloned between the Nicol restric 
tion site and any of the polylinker Sites. This operation will 
replace the Stuffer fragment with the gene of interest. The 
region from nt 4,550 to 5,494 corresponds to the 940 
nucleotides downstream of the Stop codon and constitute the 
3' flanking region of the 4-4 (6) gene. 

EXAMPLE 6 

Preparation of Rac13 Promoter Constructs 

0084 Genomic Clone 
0085. From a genomic clone designated 15-1, mapping 
was done with restriction endonucleases. The largest frag 
ment with the Rac13 coding region was identified. Theis was 
a Pst fragment, and when subcloned in the Bluescript'TM KS+ 
vector (BSKS+; Stratagene) was named pCON4722. The 
insert had a length of 9.2 kb. 
0086) The region of the Pst fragment with the Rac13 
coding Sequence was identified. DNA sequence was deter 
mined for approximately 1.7 kb 5’ of the start codon and 
approximately 1.2 kb 3' of the stop codon. The entire Rac 
coding region (exons and introns) was conveniently flanked 
by Nde 1 sites. 
0087 pCGN4722 was digested with Xbal, and a 2.7 kb 
fragment was removed. Religation gave pCON4730, which 
was then digested with Nde1, dropping out a 1.7 kb fragment 
containing the entire Rac coding region. Religation yielded 
pCGN4731. 
0088 A polylinker region was created using overlapping 
synthetic oligonucleotides which were PCR'ed using prim 
ers homologous to the 5' and 3' ends of the resynthesized 
Section. The resulting product was digested with EcooR1 
and Hind III and ligated into BSKS-- at eht EcoR1 and Hind 
III sites. The resulting plasmid was designated pCGN4733. 
0089 pCGN4731 and pCON4633 were digested with 
Ndel and the Nde1 fragment containing the synthesized 
polylinker region from pCGN4733 was dropped in the Nde 1 
site of 4731, giveing pCGN4734. This last plasmid was 
digested with Sal and Xba, ans so was pCGN5133. 
pCGN5133 was the 9.2 kbpst fragment in BSKS+ where the 
polylinker Sites flanking the insert were altered to different 
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sites for ease of manipulation. The fragment from 4734 was 
then placed into the equivalent site of pCGN5143, giving 
pCGN4735. 
0090. A sequence for approximately 3 kb of the promoter 
construct pCON4735 is provided in FIG. 5. The resynthe 
sized Sequence falls between the Nde 1 sites located at bases 
1706 and 1898 of the sequences. Thus, the sequence in FIG. 
5 includes approximately 1.7 kb 5’ to the Nde 1 site 5' to the 
resynthesized polylinker region. There is a roughly 2.5 kb 
Sequence 5' from this Sequence which is not provided in 
FIG. 5, relative to the total 9.2 kb insert. The sequence of 
FIG. 5 also includes approximately 1.1 kb 3' to the 3' Nde1 
site. Approximately 3 kb which is most 3' in the Rac13 insert 
is not provided in FIG. 5. A map for pCGN4735 is provided 
in FIG. 6. 

EXAMPLE 7 

Constructs for Pigment Synthesis Genes 
0091 Constructs which contain encoding sequences for 
plant or bacterial genes involved in biosynthesis of pig 
mented compounds, as well as Sequences for directing 
transport of the encoded proteins into plastids or vacuoles 
are described in copending U.S. patent application to 
McBride et al., entitled “Use of Ovary Tissue Transcrip 
tional Factors', Ser. No. 08/480,178 filed on Jun. 7, 1995, 
the teachings of which are incorporated herein by reference. 
The targetting Sequences are manipulated to be present on an 
NcoI/EcoRI fragment and may easily introduced into the 4-4 
and rac transcriptional initiation regions for providing tran 
Scription in cotton fibers. 

EXAMPLE 8 

Cotton Transformation 

0092 Explant Preparation 
0093 Coker 315 seeds are surface disinfected by placing 
in 50% Clorox (2.5% sodium hypochlorite solution) for 20 
minutes and rinsing 3 times in Sterile distilled water. Fol 
lowing Surface Sterilization, Seeds are germinated in 25x150 
sterile tubes containing 25 mls /2xMS salts: %xB5 vitamins: 
1.5% glucose: 0.3% gelrite. Seedlings are germinated in the 
dark at 28 C. for 7 days. On the seventh day seedlings are 
placed in the light at 28+2 C. 
0094 Cocultivation and Plant Regeneration 
0.095 Single colonies of A. Lumefaciens strain 2760 
containing binary plasmids pCGN2917 and pCON2926 are 
transferred to 5 ml of MG/L broth and grown overnight at 
30° C. Bacteria cultures are diluted to 1x10 cells/ml with 
MG/L just prior to cocultivation. Hypocotyls are excised 
from eight day old Seedlings, cut into 0.5-0.7 cm Sections 
and placed onto tobacco feeder plates (Horsch et al. 1985). 
Feeder plates are prepared one day before use by plating 1.0 
ml tobacco Suspension culture onto a petri plate containing 
Callus Initiation Medium CIM without antibiotics (MS salts: 
B5 vitamins: 3% glucose: 0.1 mg/L 2,4-D: 0.1 mg/L kinetin: 
0.3% gelrite, pH adjusted to 5.8 prior to autoclaving). A 
sterile filter paper disc (Whatman #1) was placed on top of 
the feeder cells prior to use. After all Sections are prepared, 
each Section was dipped into an A. tumefacienS culture, 
blotted on Sterile paper towels and returned to the tobacco 
feeder plates. 
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0096. Following two days of cocultivation on the feeder 
plates, hypocotyl Sections are placed on fresh Callus Initia 
tion Medium containing 75 mg/L kanamycin and 500 mg/L 
carbenicillin. Tissue was incubated at 28+2 C., 30 uB 16:8 
light:dark period for 4 weeks. At four weeks the entire 
explant was transferred to fresh callus initiation medium 
containing antibiotics. After two weeks on the Second pass, 
the callus was removed from the explants and Split between 
Callus Initiation Medium and Regeneration Medium (MS 
salts: 40 mM KNO: 10 mM NHCl:B5 vitamins:3% glu 
cose:0.3% gelrite:400 mg/L carb:75 mg/L kanamycin). 
0097 Embryogenic callus was identified 2-6 months fol 
lowing initiation and was Subcultured onto fresh regenera 
tion medium. Embryos are Selected for germination, placed 
in static liquid Embryo Pulsing Medium (Stewart and Hsu 
medium: 0.01 mg/l NAA: 0.01 mg/L kinetin: 0.2 mg/L GA3) 
and incubated overnight at 30° C. The embryos are blotted 
on paper towels and placed into Magenta boxes containing 
40 mls of Stewart and Hsu medium Solidified with Gelrite. 
Germinating embryos are maintained at 28.2° C. 50 uB 
ms' 16:8 photoperiod. Rooted plantlets are transferred to 
Soil and established in the greenhouse. 
0.098 Cotton growth conditions in growth chambers are 
as follows: 16 hour photoperiod, temperature of approxi 
mately 80-85, light intensity of approximately 500 uEin 
Steins. Cotton growth conditions in greenhouses are as 
follows: 14-16 hour photoperiod with light intensity of at 
least 400 82 Einsteins, day temperature 90-95 F., night 
temperature 70-75 F., relative humidity to approximately 
80%. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 18 

<210> SEQ ID NO 1 
&2 11s LENGTH 96.7 
&212> TYPE DNA 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 1 
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0099) Plant Analysis 

0100 Flowers from greenhouse grown Tl plants are 
tagged at anthesis in the greenhouse. Squares (cotton flower 
buds), flowers, bols etc. are harvested from these plants at 
various Stages of development and assayed for enzyme 
activity. GUS fluorometric and histochemical assays are 
performed on hand cut Sections as described in co-pending 
application filed for Martineau et al., Supra. For fiber color 
characteristics, plants are visually inspected, or northern or 
western analysis can be performed, if necessary. 

0101 AS shown by the above results, expression of a 
gene of interest can be obtained in cells derived from fiber 
cells, including tomato fiber and cotton fibers, and expres 
Sion of genes involved in Synthesis of pigments combined 
with appropriate targeting Sequences results in modification 
of color phenotype in the Selected plant tissue. 

0102 All publications and patent applications cited in 
this specification are herein incorporated by reference as if 
each individual publication or patent application are spe 
cifically and individually indicated to be incorporated by 
reference. 

0.103 Although the foregoing invention has been 
described in Some detail, by way of illustration and example 
for purposes of clarity and understanding, it will be readily 
apparent to those of ordinary skill in the art that certain 
changes and modifications may be made thereto, without 
departing from the Spirit or Scope of the appended claims. 

citttctattt ggittaac cat ggctdataac tittcgtoatc ctittctitcct tttccaactt 60 

ttact catta citgtc.tcact aatgatcggt agcc acaccg to tcgt cago ggctcqacat 120 

ttattocaca cacaaacaac ct catcagag cit gccacaat togcttcaaa atacgaaaag 18O 

cac galagagt citgaatacaa acago caaaa tatcatgaag agtacc caaa acatgagaag 240 

cctgaaatgt acaag gagga aaaacaaaaa cc citgcaaac at catgaaga gtaccacgag 3OO 

to acgcgaat cqaaggagca cqaagagtac gataaagaala aacco gattt coccaaatgg 360 

gaaaag.ccta aa gag cacga gaalacac gala gtcgaat atc cqaaaatacc cgagtacaag 420 

gacaaacaag at gagaataa gaaacataaa gatgaagagt gccaggagtic acac gaatcg 480 

aaagag cacg aagagtacga gaaagaaaaa ccc.gattitcc ccaaatggga aaag.cctaaa 540 

ggg cacgaga aa cataaagc cqaat atcc g aaaatacct g agtgcaagga aaaactagat 600 

gaggataagg aa cataaa.ca toagttcc.ca aag catgaaa aagaag agga gaagaaac ct 660 

gagaaaggca tagtaccct g agtgggittaa aatgcctgaa togc.cgaagt coatgtttac 720 



US 2003/0106089 A1 Jun. 5, 2003 
11 
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toagtctggc ticgagcacta agc cittaa.gc catatgacac toggtgcatgt gcc atcatca 78O 

tgcagtaatt to atgggata ttgtaattat attgttaata aaaaagatgg to agtgggaa 840 

atgtgtgttgt gcattcatcc atgagcaatig citgaatctot ttgcatgcat agagattctg 9 OO 

aatggittata gtttatgtta tatcgtttgttctagtgaaa ttaattittga atgttgtatg 96.O 

taatgtt 967 

<210> SEQ ID NO 2 
&2 11s LENGTH 967 
&212> TYPE DNA 
<213> ORGANISM: Gossypium Hirsutum 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) ... (966) 

<400 SEQUENCE: 2 

citt tot att tag tita acc atg got cat aac titt cqt cat cot ttc titc 48 
Leu Ser Ile Trp Leu Thr Met Ala His Asn Phe Arg His Pro Phe Phe 

1 5 10 15 

citt ttc caa citt tta citc att act gtc. tca cita atg atc ggit agc cac 96 
Leu Phe Gln Leu Lleu Leu Ile Thr Val Ser Leu Met Ile Gly Ser His 

2O 25 30 

acc gtc. tcg to a gcg gct c ga cat tta titc. cac aca caa aca acc to a 144 
Thr Val Ser Ser Ala Ala Arg His Leu Phe His Thr Gln Thr Thr Ser 

35 40 45 

to a gag citg cca caa ttg gct tca aaa tac gala aag cac gala gag tot 192 
Ser Glu Leu Pro Gln Leu Ala Ser Lys Tyr Glu Lys His Glu Glu Ser 

5 O 55 60 

gaa tac aaa cag cca aaa tat cat gala gag tac cca aaa cat gag aag 240 
Glu Tyr Lys Glin Pro Lys Tyr His Glu Glu Tyr Pro Lys His Glu Lys 
65 70 75 8O 

cct gala atg tac aag gag gala aaa caa aaa coc toc aaa cat cat gala 288 
Pro Glu Met Tyr Lys Glu Glu Lys Gln Lys Pro Cys Lys His His Glu 

85 90 95 

gag tac cac gag to a cqc gaa tog aag gag cac gaa gag tac gat aaa. 336 
Glu Tyr His Glu Ser Arg Glu Ser Lys Glu. His Glu Glu Tyr Asp Lys 

100 105 110 

gala aaa ccc gat titc ccc aaa togg gala aag colt aaa gag cac gag aaa. 384 
Glu Lys Pro Asp Phe Pro Lys Trp Glu Lys Pro Lys Glu His Glu Lys 

115 120 125 

cac gala gtc. gala tat cog aaa at a coc gag tac aag gac aaa caa gat 432 
His Glu Val Glu Tyr Pro Lys Ile Pro Glu Tyr Lys Asp Lys Glin Asp 

130 135 1 4 0 

gag aat aag aaa cat aaa gat gala gag togc cag gag to a cac gala tog 480 
Glu Asn Lys Lys His Lys Asp Glu Glu Cys Glin Glu Ser His Glu Ser 
145 15 O 155 160 

aaa gag cac gala gag tac gag aaa gala aaa coc gat titc ccc aaa togg 528 
Lys Glu His Glu Glu Tyr Glu Lys Glu Lys Pro Asp Phe Pro Llys Trp 

1.65 170 175 

gala aag cot aaa gogg cac gag aaa cat aaa gCo gaa tat cog aaa ata 576 
Glu Lys Pro Lys Gly His Glu Lys His Lys Ala Glu Tyr Pro Lys Ile 

18O 185 190 

cct gag togc aag gala aaa cita gat gag gat aag gaa cat aaa cat gag 624 
Pro Glu Cys Lys Glu Lys Lieu. Asp Glu Asp Lys Glu His Lys His Glu 

195 200 2O5 

titc cca aag cat gala aaa gaa gag gag aag aaa cct gag aaa ggc at a 672 
Phe Pro Llys His Glu Lys Glu Glu Glu Lys Llys Pro Glu Lys Gly Ile 

210 215 220 
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gta coc toga gt g g g t taa aat gcc toga at g gCC gaa gtc cat gtt tac 720 
Wall Pro Val Gly Asn Ala Met Ala Glu Val His Val Tyr 
225 230 235 240 

to a gtc. tog ctic gag cac taa gCC tita agc cat atg aca citg gtg cat 768 
Ser Val Trp Leu Glu His Ala Leu Ser His Met Thr Leu Val His 

245 250 255 

gtg coa to a to a tigc agit aat titc at g g g a tat tigt aat tat att gtt 816 
Val Pro Ser Ser Cys Ser Asn Phe Met Gly Tyr Cys Asn Tyr Ile Val 

260 265 27 O 

aat aaa aaa gat ggit gag tog gala at g togt gtg togc att cat coa toga 864 
Asn Lys Lys Asp Gly Glu Trp Glu Met Cys Val Cys Ile His Pro 

275 280 285 

gca at g citg aat citc titt gca toc at a gag att citg aat ggit tat agt 912 
Ala Met Lieu. Asn Lieu Phe Ala Cys Ile Glu Ile Lieu. Asn Gly Tyr Ser 

29 O 295 3OO 

tta tot tat atc gtt tdt tot agt gaa att aat titt gaa tot tagt atg 96.O 
Leu Cys Tyr Ile Val Cys Ser Ser Glu Ile Asn Phe Glu Cys Cys Met 
305 310 315 320 

taa tot t 967 
Cys 

<210> SEQ ID NO 3 
<211& LENGTH 226 
&212> TYPE PRT 
<213> ORGANISM: Gossypium Hirsutum 

<400s. SEQUENCE: 3 

Leu Ser Ile Trp Leu Thr Met Ala His Asn Phe Arg His Pro Phe Phe 
1 5 10 15 

Leu Phe Gln Leu Lleu Leu Ile Thr Val Ser Leu Met Ile Gly Ser His 
2O 25 30 

Thr Val Ser Ser Ala Ala Arg His Leu Phe His Thr Gln Thr Thr Ser 
35 40 45 

Ser Glu Lieu Pro Glin Leu Ala Ser Lys Tyr Glu Lys His Glu Glu Ser 
5 O 55 60 

Glu Tyr Lys Glin Pro Lys Tyr His Glu Glu Tyr Pro Lys His Glu Lys 
65 70 75 8O 

Pro Glu Met Tyr Lys Glu Glu Lys Gln Lys Pro Cys Lys His His Glu 
85 90 95 

Glu Tyr His Glu Ser Arg Glu Ser Lys Glu. His Glu Glu Tyr Asp Lys 
100 105 110 

Glu Lys Pro Asp Phe Pro Lys Trp Glu Lys Pro Lys Glu His Glu Lys 
115 120 125 

His Glu Val Glu Tyr Pro Lys Ile Pro Glu Tyr Lys Asp Lys Glin Asp 
130 135 1 4 0 

Glu Asn Lys Lys His Lys Asp Glu Glu Cys Glin Glu Ser His Glu Ser 
145 15 O 155 160 

Lys Glu His Glu Glu Tyr Glu Lys Glu Lys Pro Asp Phe Pro Llys Trp 
1.65 170 175 

Glu Lys Pro Lys Gly His Glu Lys His Lys Ala Glu Tyr Pro Lys Ile 
18O 185 190 

Pro Glu Cys Lys Glu Lys Lieu. Asp Glu Asp Lys Glu His Lys His Glu 
195 200 2O5 

Phe Pro Llys His Glu Lys Glu Glu Glu Lys Llys Pro Glu Lys Gly Ile 
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210 215 220 

Wall Pro 
225 

<210> SEQ ID NO 4 
&2 11s LENGTH 13 
&212> TYPE PRT 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 4 

Met Ala Glu Val His Val Tyr Ser Val Trp Leu Glu His 
1 5 10 

<210 SEQ ID NO 5 
<211& LENGTH: 40 
&212> TYPE PRT 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 5 

Ala Leu Ser His Met Thr Leu Val His Val Pro Ser Ser Cys Ser Asn 
1 5 10 15 

Phe Met Gly Tyr Cys Asn Tyr Ile Val Asn Lys Lys Asp Gly Glu Trp 
2O 25 30 

Glu Met Cys Val Cys Ile His Pro 
35 40 

<210> SEQ ID NO 6 
&2 11s LENGTH 32 
&212> TYPE PRT 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 6 

Ala Met Lieu. Asn Lieu Phe Ala Cys Ile Glu Ile Lieu. Asn Gly Tyr Ser 
1 5 10 15 

Leu Cys Tyr Ile Val Cys Ser Ser Glu Ile Asn Phe Glu Cys Cys Met 
2O 25 30 

<210 SEQ ID NO 7 
&2 11s LENGTH 5547 
&212> TYPE DNA 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 7 

actaaaggga acaaaagctg gag citccacc gcggtgg.cgg cc.gctictaga act agtggat 60 

ccc.ccgtgga citaaacaaaa catgggaaga tittgctotaa aaaaataaaa gaagcttact 120 

caataa.cact ttgttgaattg tatacaaaag acticaatgaa aaacaataac tocaatacact 18O 

ttttittcact gatttacatc ctittatatag gotgaaacta caacaactitt agctaaaaaa 240 

ataggataac ctaatagoaa aatcacaatc agatattaaa ccatoattitt agctaac cat 3OO 

ttaacaactt tattgaaact aatttgaata tittcatctgc tigatatgccc aagattittag 360 

gccactalacc gatttggtgg togaactittaa catgtcatgc atttgtaact gtttgaaa.ca 420 

agttttittgc attattittac tatatgaact gtttgattag gttgagttac acactgagct 480 

tgtaagctica citcaaattitt totaatttct aaggtgatca gcaaact tag gaccggg.cgg 540 

cgitacgagag citcggattga ttittctagtt aataaataag acgattitatgtttittaaact 600 

attatgg act ttittgg acta totaactgtt tagg actitta tttttgttitt ttatttgctt 660 
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tttittggatt tagtaattat tatttittaaa citgcaaaatt atatgtttitt acaaactaag 720 

toacagttitt caaaatticca taacttagaa tttittc.gctg caaaataaag taatcattta 78O 

agtgttttitt citgitaataaa ataaataaat aattittaacg agtatttitcc taaaaattgg 840 

aaattgattt accaaaatta gtatgtcaaa acacatgttt atatgttaca ggg.cgatat c 9 OO 

gtotaggcaa ataa.catcta gg.cggggttt gagtgttac agggc gagt g g g c to attitt 96.O 

gagtaagtat agittagg gcc gagttittaga ttgcatatto aaggtoaaag attttgtaaa O20 

cittcgatgaatgatatgtat gattgtc.cga ttaacgaaat atgttitttitt cittttgttgttg O8O 

tgttittatct cqtgttgataa gtatatagta tattittatto caattctitat g g catgttgac 14 O 

attgttggcta ttctaattaa attgatttgt tattattgaa atctgatgcatctgttctac 200 

aaag catgga atctoatgcc tactgctttctgttaaagat acgattgcaa gtttalacatg 260 

cittactattt to attttgtc. cittgcatgct atgtcacatt acatggggitt g g gatgatat 320 

ggtaag gagg aagttittgac agtttaatga tittgcactat citggtggttt aaccacatat 38O 

ttgttatggc atcttgacto cqgttatggt ggcto gaccg cccatat citg ttctggaaat 4 40 

ttatctgttga citctggtggc attgtctaca attatttgtt gotgtgttitt goatggacga 5 OO 

gtogtgggga actictatttg gtgttgttgcg gagttgggta ggaaattitt c gaaaaaaatt 560 

tgcattgttgt ttittctgaaa aatattgcat taacataatc atgcattcto aattittggto 62O 

aattgaacgt tataaaattic totatgatat cotgatctgt ttattacatt atatgtgttt 680 

atgcttgagt taagttcaaac attgagattc atagotcacc caattattta atcatttcag 740 

gcaatctgca gacittagg at tdgatggcgt to aggagctt goattggttt totca catca 800 

tattittatta aataattatt aattaaaatt tatgg actitt togg actgtct g actaattitt 860 

cagaattitta ttittggittitt g g gttttgtt gaattittitta gataattatt ttaaatatto 920 

tgcataattt ttctgttatt tdaaaaggat gttcgaattt tttittcaaaa ttgaaacgtt 98O 

taagaattitt tactactgca aattcagaat aagtgaattt gttttittaga aagattaaat 20 40 

aagttagt at tacgatttitt agtttgattt gotggaaagt aatgitatgtt tittgaacata 2100 

attatttgac aataattaag titttctaggg aataaacgga aatatottct tctttitttgt 216 O 

aaaattacta atgcaagaac aaacaacgtt ttggggagca aataatctag citttalagtag 2220 

toagtgtaac totcaaaatc togtoataac ttctaggctg agtttgctgt gctacagtag 228O 

taagtctata gaaacttacc togacaaaacg acatgacgtc. agggtogaat citacaactitt 234. O 

toctittittct tcaattaaca tatggttgat tcaagttccg atctataata atttattacg 24 OO 

atttatcaat ttcaattacc titatatoatc ctattataaa tataagttcag titcaattcag 2460 

tttitcgaaag titcccaaaaa ttittgaattt tattaaattt attcc ctaaa accgaaatag 252O 

ttatatottt caaatttaag tittcatttitt caatcc.gatt toaattitcat cottttataa 258O 

citctotatta totataatta cataaattitc aaattaattt togaaatattt acactittagt 264 O 

ccctaagttcaaaactataa attitt cactt tagaaattaa toatttittca catctaag.ca 27 OO 

toaaatttaa ccaaatgaca caaattitcat gattagttag atcaagcttt tdagtcttca 276 O. 

aaacataaaa attacaaaaa aaaaacaaac ttaaaatcat ttatcaattt gaacaacaaa 282O 

gcttggcc.ga atgctaagag cittaaaaatg gcttcttttgtttctttittg ttgcaaacgg 2880 

tggagagaag agggaaatga agattgacca tatttittitta ttatgttitta acatataata 2.940 
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ttaataattit aatcataatt atactittggit gaatgtgaca gtggggagat acgtaaagta 3OOO 

ttittaa.catt atactttittg caa.gcagttg gctggtotac cca agagtga toaaagtttg 3060 

agct gcctitc aatgagccaa tttittgcc.ca taatggataa aggcaatttgtttagttcaa 312 O 

citgcto acag aataatgtta aaatgaaatt aaaataaggt ggcctgg to a cacacacaaa 318O 

aaaaaactaa tattggttgg ttgaattitta tattacggaa totaatatta tattittaaaa 324 O 

taaaattatgttatttagat tcttaatatt ttggag catt coatactata attitcgtaac 33OO 

ataatattaa aatatagitaa tataaagtgt aattaactitt aaattacaag cataatatta 3360 

aattittgaat caattaattt ttatttctat tattittaatt aatttagtct atttitttcaa 342O 

aataaaattit aaatctaaat aaaaataatt tttccittaat gttgaaacaa citcatgttat 3480 

acttcaaaat tataagtatt atatttacct tdatgattta tittattagta tattaattct 354. O 

gattataatt atggtgggat acaatc.gctt tocactaaat attittaacta tdatttataa 3600 

atttatttca acatcgtata tttacittatt aatacataat ttatcataat tittatggaaa 3660 

ttgagaccala gaalacattaa gagaacaa at totataacaa agacaattta gaaaaaaatg 372 O 

tacttittagg taattittaag tactcittaac caaacacaaa aattcaaatc aaatgaacta 378 O. 

aataagataa tataacatac ggaacatctt acttgtaatc ttacattcc cataattittat 384 O 

tatgaaaaat aatcttatat tactcgaact aaatgttgtc. acaaattatt atctaaataa 39 OO 

agaaaaacac ttaatttitta taacatttitt toatatattt gaaagattat attttgtata 396 O 

tttacgitaaa aatatttgac atagattgag caccittctta acataatccc accataagttc 4020 

aagtatgtag atgagaaatt got acaaaca acgtggggcc aaatc.ccacc aaaccatcto 408 O 

to attctotc ctataaaagg cittgctacac atagacaaca atccacacac aaatacacgt 414 O 

tottttctitt citatttgatt aaccatggct catago attc gtcaccottt ctitccttittc 4200 

caacttittac toataagtgt citcactagtg accggtagcc acactgtttc ggcagcggct 4260 

cgacgttt at to gagacaca agcaacctica toaga.gctoc cacaattggc titcaaaatac 4320 

gaaag.cacga gag totgaat acgaaaagcc agaatacaaa cagocaaagt atcac galaga 4.380 

gtactcaaaa citt gagaagc citgaaatgca aaaggaggaa aaacaaaaac cct gcaaaca 4 440 

gcatgaagag taccacgagt cacac gaatc aaaggagcaa aaagagtacg agaaagaaaa 4500 

totcgacgaa titc.ccc.cggg cqtcgacggc tag.cgaagat citt.cggg.ccc gtcgagc citt 45 60 

gaat catatg acactggtgc atgtgccatc atcatgcagt aattt catgg tatat cqtaa 462O 

tatatagitta ataaaaaaga tigg to attgg gaaatgtgtg totgcattoc to catgcact 4680 

aatggtgaat citctttgcat acatagaaat totaaatggit tatagttitat gttatagtgt 474. O 

atgttgtagt gaaattaatt ttaaatgttg tatctaatgt taacatcact tdgcttgatt 4800 

tatgttatgt tatgtattitt actittaatga tattgcatgt attgttaatt taacattgct 4860 

tgatcattat acticttctac tattaattat aaatgg cact gttttgttta aacttitttac 4920 

aagttalagac atgtataaat atatgacaat ataattacag gttittagttcaatgttagct 4.980 

atcttagtat gttattgatg atcttaatta catttaaaca aattic cactt aaaattittaa 5040 

taaataataa caaataatta ttgtaatata atacattaaa tdcaacaaaa aatgaaataa 51OO 

ataaaataaa atagoaaata attgttataa tattgtaata taatatgtac catattotta 5 160 

actgaaatag g g totaacct ataatcccita aaattitcagt ttaaatattt ttatacctac 5220 
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catattatta gaactcittitt taaatatatt aaaattittaa ttataccaat ttaattaaac 528 O 

tattaattat cittalactaala atctaaaatt titatttalacc tattaataaa titcc taatta 5340 

tottatctaa tittaaaactic taattatcct aatttaattit aaatticittaa titatic titaat 5 400 

ttgtaaccitc citccacccag citagatgctg gaccc gaatc cqggagatta catcggc cat 546 O 

tgagatgg.cg tdatcagggit ttggc.gc.gcc ggtacccaat togcc ctata gtgagttcgt. 552O 

attacgc.gcg citcactg.cgt coggittt 5547 

<210 SEQ ID NO 8 
&2 11s LENGTH 5547 
&212> TYPE DNA 
<213> ORGANISM: Gossypium Hirsutum 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (4164) . . (4502) 

<400 SEQUENCE: 8 

actaaaggga acaaaagctg gag citccacc gcggtgg.cgg cc.gctictaga act agtggat 60 

ccc.ccgtgga citaaacaaaa catgggaaga tittgctotaa aaaaataaaa gaagcttact 120 

caataa.cact ttgttgaattg tatacaaaag acticaatgaa aaacaataac tocaatacact 18O 

ttttittcact gatttacatc ctittatatag gotgaaacta caacaactitt agctaaaaaa 240 

ataggataac ctaatagoaa aatcacaatc agatattaaa ccatoattitt agctaac cat 3OO 

ttaacaactt tattgaaact aatttgaata tittcatctgc tigatatgccc aagattittag 360 

gccactalacc gatttggtgg togaactittaa catgtcatgc atttgtaact gtttgaaa.ca 420 

agttttittgc attattittac tatatgaact gtttgattag gttgagttac acactgagct 480 

tgtaagctica citcaaattitt totaatttct aaggtgatca gcaaact tag gaccggg.cgg 540 

cgitacgagag citcggattga ttittctagtt aataaataag acgattitatgtttittaaact 600 

attatgg act ttittgg acta totaactgtt tagg actitta tttttgttitt ttatttgctt 660 

tttittggatt tagtaattat tatttittaaa citgcaaaatt atatgtttitt acaaactaag 720 

toacagttitt caaaatticca taacttagaa tttittc.gctg caaaataaag taatcattta 78O 

agtgttttitt citgitaataaa ataaataaat aattittaacg agtatttitcc taaaaattgg 840 

aaattgattt accaaaatta gtatgtcaaa acacatgttt atatgttaca ggg.cgatat c 9 OO 

gtotaggcaa ataa.catcta gg.cggggttt gagtgttac agggc gagt g g g c to attitt 96.O 

gagtaagtat agittagg gcc gagttittaga ttgcatatto aaggtoaaag attttgtaaa O20 

cittcgatgaatgatatgtat gattgtc.cga ttaacgaaat atgttitttitt cittttgttgttg O8O 

tgttittatct cqtgttgataa gtatatagta tattittatto caattctitat g g catgttgac 14 O 

attgttggcta ttctaattaa attgatttgt tattattgaa atctgatgcatctgttctac 200 

aaag catgga atctoatgcc tactgctttctgttaaagat acgattgcaa gtttalacatg 260 

cittactattt to attttgtc. cittgcatgct atgtcacatt acatggggitt g g gatgatat 320 

ggtaag gagg aagttittgac agtttaatga tittgcactat citggtggttt aaccacatat 38O 

ttgttatggc atcttgacto cqgttatggt ggcto gaccg cccatat citg ttctggaaat 4 40 

ttatctgttga citctggtggc attgtctaca attatttgtt gotgtgttitt goatggacga 5 OO 

gtogtgggga actictatttg gtgttgttgcg gagttgggta ggaaattitt c gaaaaaaatt 560 
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tgcattgttgt ttittctgaaa aatattgcat taacataatc atgcattcto aattittggto 1620 

aattgaacgt tataaaattic totatgatat cotgatctgt ttattacatt atatgtgttt 1680 

atgcttgagt taagttcaaac attgagattc atagotcacc caattattta atcatttcag 1740 

gcaatctgca gacittagg at tdgatggcgt to aggagctt goattggttt totca catca 1800 

tattittatta aataattatt aattaaaatt tatgg actitt togg actgtct g actaattitt 1860 

cagaattitta ttittggittitt g g gttttgtt gaattittitta gataattatt ttaaatatto 1920 

tgcataattt ttctgttatt tdaaaaggat gttcgaattt tttittcaaaa ttgaaacgtt 1980 

taagaattitt tactactgca aattcagaat aagtgaattt gttttittaga aagattaaat 20 40 

aagttagt at tacgatttitt agtttgattt gotggaaagt aatgitatgtt tittgaacata 2100 

attatttgac aataattaag titttctaggg aataaacgga aatatottct tctttitttgt 216 O 

aaaattacta atgcaagaac aaacaacgtt ttggggagca aataatctag citttalagtag 2220 

toagtgtaac totcaaaatc togtoataac ttctaggctg agtttgctgt gctacagtag 228O 

taagtctata gaaacttacc togacaaaacg acatgacgtc. agggtogaat citacaactitt 234. O 

toctittittct tcaattaaca tatggttgat tcaagttccg atctataata atttattacg 24 OO 

atttatcaat ttcaattacc titatatoatc ctattataaa tataagttcag titcaattcag 2460 

tttitcgaaag titcccaaaaa ttittgaattt tattaaattt attcc ctaaa accgaaatag 252O 

ttatatottt caaatttaag tittcatttitt caatcc.gatt toaattitcat cottttataa 258O 

citctotatta totataatta cataaattitc aaattaattt tdaaatattt acactittagt 2640 

ccctaagttcaaaactataa attitt cactt tagaaattaa toatttittca catctaag.ca 27 OO 

toaaatttaa ccaaatgaca caaattitcat gattagttag atcaagcttt tdagtcttca 276 O. 

aaacataaaa attacaaaaa aaaaacaaac ttaaaatcat ttatcaattt gaacaacaaa 282O 

gcttggcc.ga atgctaagag cittaaaaatg gcttcttttgtttctttittg ttgcaaacgg 2880 

tggagagaag agggaaatga agattgacca tatttittitta ttatgttitta acatataata 2.940 

ttaataattit aatcataatt atactittggit gaatgtgaca gtggggagat acgtaaagta 3OOO 

ttittaa.catt atactttittg caa.gcagttg gctggtotac cca agagtga toaaagtttg 3060 

agct gcctitc aatgagccaa tttittgcc.ca taatggataa aggcaatttgtttagttcaa 312 O 

citgcto acag aataatgtta aaatgaaatt aaaataaggt ggcctgg to a cacacacaaa 318O 

aaaaaactaa tattggttgg ttgaattitta tattacggaa totaatatta tattittaaaa 324 O 

taaaattatgttatttagat tcttaatatt ttggag catt coatactata attitcgtaac 33OO 

ataatattaa aatatagitaa tataaagtgt aattaactitt aaattacaag cataatatta 3360 

aattittgaat caattaattt ttatttctat tattittaatt aatttagtct atttitttcaa 342O 

aataaaattit aaatctaaat aaaaataatt tttccittaat gttgaaacaa citcatgttat 3480 

acttcaaaat tataagtatt atatttacct tdatgattta tittattagta tattaattct 354. O 

gattataatt atggtgggat acaatc.gctt tocactaaat attittaacta tdatttataa 3600 

atttatttca acatcgtata tttacittatt aatacataat ttatcataat tittatggaaa 3660 

ttgagaccala gaalacattaa gagaacaa at totataacaa agacaattta gaaaaaaatg 372 O 

tacttittagg taattittaag tactcittaac caaacacaaa aattcaaatc aaatgaacta 378 O. 

aataagataa tataacatac ggaacatctt acttgtaatc ttacattcc cataattittat 384 O 
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tatgaaaaat aatcttatat tactcgaact aaatgttgtc. acaaattatt atctaaataa 39 OO 

agaaaaacac ttaatttitta taacatttitt toatatattt gaaagattat attttgtata 396 O 

tttacgitaaa aatatttgac atagattgag caccittctta acataatccc accataagttc 4020 

aagtatgtag atgagaaatt got acaaaca acgtggggcc aaatc.ccacc aaaccatcto 408 O 

to attctotc ctataaaagg cittgctacac atagacaaca atccacacac aaatacacgt 414 O 

tottttctitt citatttgatt aac cat ggc to a tag cat tcg to a coc titt citt 4193 
His Gly Ser His Ser Ser Pro Phe Leu 

1 5 10 

cct ttt coa act titt act cat aag tagt citc act agt gac cqg tag coa 4241 
Pro Phe Pro Thr Phe Thr His Lys Cys Leu Thir Ser Asp Arg Pro 

15 2O 25 

cac tot titc ggc agc ggc ticg acg titt att cqa gac aca agc aac citc 4289 
His Cys Phe Gly Ser Gly Ser Thr Phe Ile Arg Asp Thr Ser Asn Leu 

30 35 40 

atc aga gct coc aca att goc titc aaa at a cqa aag cac gag agt citg 4337 
Ile Arg Ala Pro Thir Ile Gly Phe Lys Ile Arg Lys His Glu Ser Lieu 

45 5 O 55 

aat acg aaa agc cag aat aca aac agc caa agt atc acg aag agt act 4.385 
Asn Thr Lys Ser Glin Asn Thr Asn Ser Glin Ser Ile Thr Lys Ser Thr 

60 65 70 

caa aac titg aga agc citg aaa toc aaa agg agg aaa aac aaa aac cot 4 433 
Glin Asn Lieu Arg Ser Lieu Lys Cys Lys Arg Arg Lys Asn Lys Asn Pro 
75 8O 85 90 

gca aac agc atg aag agt acc acg agt cac acg aat caa agg agc aaa 4 481 
Ala Asn Ser Met Lys Ser Thr Thr Ser His Thr Asn Glin Arg Ser Lys 

95 100 105 

aag agt acg aga aag aaa atc. tcgacgaatt coccc.ggg.cg togacggcta 4532 
Lys Ser Thr Arg Lys Lys Ile 

110 

gcqaagat.ct tcgggc.ccgt. c gagccttga atcatatgac actggtgcat gtgccatcat 4592 

catgcagtaa titt catggta tatcgtaata tatagittaat aaaaaagatg gtgattggga 4652 

aatgttgttgtg togcattcc to catgcactaa togtgaatct citttgcatac atagaaattic 4712 

taaatggitta tagtttatgt tatagtgitat gttgtag toga aattaattitt aaatgttgta 4772 

totaatgtta acatcacttg gcttgattta tottatgtta totattttac tittaatgata 4832 

ttgcatgitat tigittaattta acattgcttg atcattatac tottctacta ttaattataa 4892 

atgg cactgt tttgtttaaa citttittacaa gttaagacat gtataaatat atgacaatat 4952 

aattacaggt tittagttcaa tottagotat cittagtatgt tattgatgat cittaattaca 5 O12 

tittaaacaaa titccacttaa aattittaata aataataaca aataattatt gtaatataat 5 OF2 

acattaaatg caacaaaaaa toaaataaat aaaataaaat agcaaataat tdttataata 5132 

ttgtaatata atatgtacca tattottaac tdaaataggg totaaccitat aatccctaaa 5.192 

atttcagttt aaatatttitt atacctacca tattattaga actictttitta aatatattaa 5252 

aattittaatt attaccalattit aattaalacta ttaattatct talactaaaat citaaaattitt 5312 

atttalaccita ttaataaatt coctaattatc titatictaatt taaaacticta attatcc taa 5372 

tittaatttaa attcttaatt atcttaattt gtaacctcct coacccagot agatgctgga 5.432 

ccc.gaatcc g g gagattaca toggc cattg agatggcgtg atcagggittt gocgc.gc.cgg 5492 

taccca attc gcc ctatagt gagttcgitat tacgc.gc.gct cactg.cgtoc ggttt 5547 
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<210 SEQ ID NO 9 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 9 

His Ser Ser Pro Phe Leu Pro Phe Pro Thr Phe Thr His Lys Cys Leu 
1 5 10 15 

Thir Ser Asp Arg 
2O 

<210> SEQ ID NO 10 
&2 11s LENGTH 88 
&212> TYPE PRT 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 10 

Pro His Cys Phe Gly Ser Gly Ser Thr Phe Ile Arg Asp Thr Ser Asn 
1 5 10 15 

Lieu. Ile Arg Ala Pro Thr Ile Gly Phe Lys Ile Arg Lys His Glu Ser 
2O 25 30 

Leu Asn Thr Lys Ser Glin Asn Thr Asn Ser Glin Ser Ile Thr Lys Ser 
35 40 45 

Thr Glin Asn Lieu Arg Ser Lieu Lys Cys Lys Arg Arg Lys Asn Lys Asn 
5 O 55 60 

Pro Ala Asn Ser Met Lys Ser Thr Thr Ser His Thr Asn Glin Arg Ser 
65 70 75 8O 

Lys Lys Ser Thr Arg Lys Lys Ile 
85 

<210> SEQ ID NO 11 
&2 11s LENGTH 55.18 
&212> TYPE DNA 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 11 

actaaaggga acaaaagctg gag citccacc gcggtgg.cgg cc.gctictagg atcc.ccc.gtg 60 

gactaaacaa alacatgggaa gatttgctgt aaaaaaataa aagaagctta citcaataa.ca 120 

citttgttgaat tigtatacaaa agacitcaatgaaaaacaata acticaataca cittitttittca 18O 

citgatttaca toctittatat aggctgaaac tacaacaact ttagctaaaa aaataggata 240 

acctaatago aaaatcacaa toagatatta aaccatgatt ttagcta acc atttaacaac 3OO 

tittattgaaa citaatttgaa tatttcatct gctgatatgc ccaagattitt aggccactaa 360 

cc.gatttggit ggtgaactitt aacatgtcat gcatttgtaa citgtttgaaa caagttttitt 420 

gcattattitt actatatgaa citgtttgatt aggttgagtt acacact gag cittgtaagct 480 

cactcaaatt tttctaattt cita aggtgat cagcaaactt agg accgggc gg.cgitacgag 540 

agctcggatt gattittctag ttaataaata agacg attta tatttittaaa citattatgga 600 

citttittggac tatgtaactg. tittgggacitt tattitttgtt ttittatttgc tittttittgga 660 

tittagtaatt attatttitta aactgcaaaa ttatatgttt ttacaaacta agtcacagtt 720 

ttcaaaattic cataacttag aatttittc.gc tigcaaaataa agtaatcatt taagttgttitt 78O 

ttctgtaata aaataaataa ataattittaa cq agtattitt cotaaaaatt ggaaattgat 840 
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ttaccaaaat tag tatgtca aaacacatgt ttatatgtta caggg.cgata togtotaggc 9 OO 

aaataa.catc tagg.cggggt ttggagtgtt acagggc gag toggctoatt ttgagtaagt 96.O 

atagittaggg cc.gagttitta gattgcatat tdaaggtoaa agattttgta aactt.cgatg O20 

aatgatatgt atgattgtcc gattaacgaa atatgtttitt ttcttttgttg tatgtttitat O8O 

citcgtgttgat aagtatatag tatgttitt at to caattctt atggcatctg acattgttggc 14 O 

tattotaatt aaattgattt gttattattg aaatctgatg catctgttct acaaag catg 200 

gaatctoatg cctactgctt totgttaaag atacgattgc aagtttaaca tacttacitat 260 

tittgattittg to cittgcato citatgtcaca ttacatgggg ttgggatgat atggtaagga 320 

ggaagttittg acagtttaat gatttgcact atctggtggit ttalaccacat atttgttatg 38O 

gcatcttgac togc ggittatg gtggctogac cqc coat atc togttctggala atttatctgt 4 40 

gacitctggtg gcattgtcta caattatttgttggtgtgtt ttggatggac gag togtggg 5 OO 

gaactctatt toggtgttgttg cqgagttggg taggaaattt togaaaaaaa tittgcattgt 560 

gtttittctga aaaatattgc attaacataa totatgcattc. tcaattittgg toaattgaac 62O 

gttataaaat tctotatgat atcct gatct gtttattaca ttatatgtgt titatgcttga 680 

gttaagttcaa acattgag at tdatagotca cccaattatt taatcatttc aggcaatctg 740 

cagacittagg attggatggc gttcaggagc titggattggit tittct cacat catatttitat 800 

taaataatta ttaattaaaa tittatgg act tittgg actot citg actaatt ttcagaattit 860 

tattittggitt ttgggittttgttgaatttitt tagataatta ttittaaatat totgcataat 92.0 

ttittctgtta tittgaaaagg atgttcgaat tttittittcaa aattgaaacg tittaagaatt 98O 

tttactactg caaattcaga ataagtgaat ttgttttitta gaaagattaa ataagttagt 20 40 

attacgattt ttagtttgat ttggtggaaa gtaatgitatgtttittgaaca taattatttg 2100 

acaataatta agttittctag g gaataaacg gaaatatott cittcttttitt gtaaaattac 216 O 

taatgcaaga acaaacaacg ttittggggag caaataatct agctttalagt agt cagtgta 2220 

actcitcaaaa totggtoata acttctaggc tigagtttgct gtgctacagt agtaagttcta 228O 

tagaaactta cct gacaaaa cqacatgacg to agggtoga atctacaact titt cotttitt 234. O 

cittcaattaa catatggttg attcaagttc cqatctataa taatttatta cq atttatca 24 OO 

atttcaatta cottatatoa toctattata aatataagttc agttcaattic agitttitcgaa 2460 

agttcc caaa aattittgaat tittattaaat ttattoccita aaaccgaaat agittatatot 252O 

ttcaaattta agtttcattt ttcaatccga tittcaattitc atccttittat aactotcitat 258O 

tatctataat tacataaatt toaaattaat tittgaaatat ttacactitta gtc.cctaagt 264 O 

toaaaactat aaattittcac tittagaaatt aatcatttitt cacatctaag catcaaattit 27 OO 

aaccaaatga cacaaattitc atgattagtt agatcaagct tittgagtctt caaaacataa 276 O. 

aaattacaaa aaaaaaacaa acttaaaatc atttatcaat ttgaacaa.ca aagcttggcc 282O 

gaatgctaag agcttaaaaa togcttcttt totttcttitt tottgcaaac ggtggagaga 2880 

agagggaaat gaagattgac catatttittt tattatgttt taacatataa tattaataat 2.940 

ttaatcataa ttatactittg gtgaatgtga cagtggggag atacgtaaag tattittaa.ca 3OOO 

titat acttitt to caag cagt toggctggtot accoaa.gagt gatcaaagtt to agctgcct 3060 

tdaatgagcc aatttittgcc cataatggat aaaggcaatt totttagttcaactgct cac 312 O 
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agaataatgt taaaatgaaa ttaaaataag gtggcctggit cacacacaca aaaaaaaact 318O 

aatgttggitt g gttgaattt tatattacgg aatgtaatat tatattittaa aataaaatta 324 O 

tgttatttag attcttaata ttittggag cattccatacta taattitcgta acataatatt 33OO 

aaaatatagt aatataaagt gtaattaact ttaaattaca agcataatat taaattittga 3360 

atcaattaat ttittatttct attattittaa ttaatttagt citatttitttcaaaataaaat 342O 

ttaaatctaa ataaaaataa tttittccitta atgttgaaac aactcatgtt atacttcaaa 3480 

attataagta ttatatttac cittgatgatt tatttattag tatattaatt citgattataa 354. O 

titatggtggg atacaatc.gc tittccactaa atattittaac tatgattitat aaatttattt 3600 

caacatcgta tatttactta ttaatacata atttatcata attittatgga aattgag acc 3660 

aagaaacatt aagagaacaa attctataac aaaga caatt tagaaaaaaa totacttitta 372 O 

ggtaattitta agtact citta accaaacaca aaaattcaaa toaaatgaac taaataagat 378 O. 

aatataacat acggaacatc titacttgtaa tottacattc ccataattitt attatgaaaa 384 O 

ataatctitat attacticgaa citaaatgttg toacaaatta ttatctaaat aaagaaaaac 39 OO 

acttaattitt tataacattt titt catatat ttgaaagatt atattttgta tatttacgta 396 O 

aaaatatttg acatagattg agcaccittct taacataatc ccaccataag tdaagtatgt 4020 

agatgagaaa ttggtacaaa caacgtgggg ccaaatcc.ca ccaaaccatc. tct cattct c 408 O 

toctataaaa ggcttgctac acatagacaa caatccacac acaaatacac gttcttittct 414 O 

ttctatttga ttaaccatgg citcatagoat tog to accot ttctitcc titt tocaacttitt 4200 

actcataagt gtc.tcactag to accggtag ccacactgtt toggcagogg citcgacgttt 4260 

attc gaga.ca caa.gcaacct catcagagct cocacaattg gcttcaaaat acgaaaag.ca 4320 

cgaagagtct gaatacgaaa agccagaata caaac agcca aagtatcacg aagagtactic 4.380 

aaaacttgag aagcctgaaa togcaaaagga ggaaaaacaa aaa.ccct goa aac agcatca 4 440 

agagtaccac gag to acacg aatcaaagga gcaaaaagag tacgagaaag aaaatctoga 4500 

cgggcc.cgaa gatctt.cgct agcc.gtogac goccggggga attcg to gag ccttgaatca 45 60 

tatgacgctg gtgcatctgc catcatcatg cagtaattitc atggtatat c gtaatatata 462O 

gttaataaaa aagatggtga ttgggaaatg totgttgtgca titcct coat g cactaatggit 4680 

gaatctottt gcatacatag aaattctaaa taggittatagt titatgttata gtgitatgttg 474. O 

tagtgaaakt aattittaaat gttgttatcta atgttaacat cacttggctt gattitatgtt 4800 

atgttatgta ttttactitta atgatattgc atgitattgtt aatttaacat tigcttgatca 4860 

ttatactcitt citactattaa ttataaatgg cactgttttgtttaaactitt ttacaagtta 4920 

agacatgitat aaatatatga caatataatt acaagttitta gttcaatgtt agctatotta 4.980 

gtatgttatt gatgatctta attacattta aacaaattcc acttaaaatt ttaataaata 5040 

ataacaaata attattgtaa tataatacat taaatgcaac aaaaaatgaa ataaataaaa 51OO 

taaaatagoa aataattgtt ataatattgt aatataatat gtaccatatt cittaactgaa 5 160 

atagggtota accitataatc cctaaaattt cagtttaaat atttittatac citgccatatt 5220 

attagaactc tttittaaata tattaaaatt ttaattatac caatttaatt taaactatta 528 O 

attatcttaa citaaaatcta aaattittatt talaccitatta attalaatticci taattatctt 5340 

atctaattta aaactctaat tatcctaatt tdatttaaat tcttgattat cittaatttgt 5 400 
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aaccitcctico accoagctag atgctggacc cqaatcc.ggg agattacatc ggcattgaga 546 O 

tggccitagta gtgatcaggg ttittctagag gtacccalatt cqc cotatag tagt cqt 5518 

<210> SEQ ID NO 12 
&2 11s LENGTH 910 
&212> TYPE DNA 

<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 12 

aaaaaacaat gag cactgca agatttatca agtgttgtcac ggtoggtgat ggagctgtgg 60 

ggaaaacttig tatgctcatt toatatacca gcaatactitt cocaacggat tatgttccaa 120 

cagtatttga taactittagt gccaatgtgg togtggatgg cago acagtg aaccttggcc 18O 

tatggg acac toccgggcaa gaagattata ataggctaag gCC actoagt tatagaggag 240 

citgatgtgtt tttgttggcc titttctotta taag caaggc cagittatgaa aacatctaca 3OO 

aaaagtggat cocagagcta agacattatg citcataatgt accagttgttg cittgttggaa 360 

ccaaactaga tittgc.gagat gacaa.gcagt to citcattga to accotgga gcaa.caccala 420 

tatcaa.catc. tcagggagaa galactaaaga agatgatagg agcagttact tatatagaat 480 

gcagotccaa aaccoa acag aatgttgaagg citgttitt.cga tigctocaata aaagtag citt 540 

tgaggccacc aaaaccaaag agaaag.ccitt gcaaaaggag alacatgtgct titcctittgaa 600 

tattggat.ca ttattacagt caaaaacagt taacaaaagc tigttgcagat aaa.cactgaa 660 

totgctatag tttgtttittg gtttacatat gttccacgtg aaactatgaa goatctotaa 720 

gaaaaccoaa actatoatat caaccoatcg atcaatgaat cqatttcaat tittc.gcagta 78O 

taagttccitt ttaatcctitt citttittacitt cattttataa cqaattctat ggataatgtt 840 

ccctacaaac atgtcattac aatgtttaat tataaattcc attcttctat tttactaaaa 9 OO 

aaaaaaaaaa. 910 

<210> SEQ ID NO 13 
&2 11s LENGTH 910 
&212> TYPE DNA 
<213> ORGANISM: Gossypium Hirsutum 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (9) . . (596) 

<400 SEQUENCE: 13 

aaaaaa.ca atg agc act gca aga titt atc aag togt gtc acg gtc. g.gt gat 5 O 
Met Ser Thr Ala Arg Phe Ile Lys Cys Val Thr Val Gly Asp 

1 5 10 

gga gCt gt g g g g aaa act tot at g citc att to a tat acc agc aat act 98 
Gly Ala Val Gly Lys Thr Cys Met Leu Ile Ser Tyr Thr Ser Asn Thr 
15 2O 25 30 

titc cca acg gat tat gtt coa aca gta titt gat aac titt agit gcc aat 146 
Phe Pro Thr Asp Tyr Val Pro Thr Val Phe Asp Asn Phe Ser Ala Asn 

35 40 45 

gtg gtg gtg gat ggc agc aca gtgaac citt ggc cita togg gac act gcc 194 
Val Val Val Asp Gly Ser Thr Val Asn Leu Gly Leu Trp Asp Thr Ala 

50 55 60 

ggg caa gaa gat tat aat agg cita agg cca citg agt tat aga gga gCt 242 
Gly Glin Glu Asp Tyr Asn Arg Lieu Arg Pro Leu Ser Tyr Arg Gly Ala 

65 70 75 

gat gtg ttt ttg ttg gcc titt tot citt ata agc aag gCC agt tat gala 29 O 
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Asp Val Phe Lieu Lleu Ala Phe Ser Lieu. Ile Ser Lys Ala Ser Tyr Glu 
8O 85 90 

aac atc tac aaa aag togg atc cca gag cita aga cat tat gct cat aat 338 
Asn. Ile Tyr Lys Lys Trp Ile Pro Glu Lieu Arg His Tyr Ala His Asn 
95 1 OO 105 110 

gta coca gtt gtg citt gtt goa acc aaa cita gat ttg cqa gat gac aag 386 
Val Pro Val Val Lieu Val Gly Thr Lys Lieu. Asp Leu Arg Asp Asp Lys 

115 120 125 

cag titc citc att gat cac cct gga gca aca coa ata toa aca tot cag 434 
Gln Phe Leu Ile Asp His Pro Gly Ala Thr Pro Ile Ser Thr Ser Glin 

130 135 14 O 

gga gaa gaa cita aag aag atg at a gga gCa gtt act tat at a gaa to c 482 
Gly Glu Glu Lieu Lys Lys Met Ile Gly Ala Val Thr Tyr Ile Glu Cys 

145 15 O 155 

agc toc aaa acc caa cag aat gtg aag gCt gtt titc gat gct gca ata 530 
Ser Ser Lys Thr Glin Glin Asn. Wall Lys Ala Val Phe Asp Ala Ala Ile 

160 1.65 170 

aaa gta gct ttg agg cca cca aaa coa aag aga aag cct toc aaa agg 578 
Lys Wall Ala Lieu Arg Pro Pro Llys Pro Lys Arg Lys Pro Cys Lys Arg 
175 18O 185 190 

aga aca tot got titc citt togaatattgg atcattatta cagtcaaaaa 626 
Arg Thr Cys Ala Phe Lieu 

195 

cagttaacaa aagctgttgc agataaacac taatctgct atagitttgtt tittggtttac 686 

atatgttcca cqtgaaacta toaag catct citaagaaaac coaaactato attatcaacco 746 

atcg atcaat gaatcg attt caattittc.gc agtataagtt cottttaatc ctittctttitt 806 

actitcattitt ataacgaatt citatggataa tagttccctac aaacatgtca ttacaatgtt 866 

taattataaa titccattctt citattt tact aaaaaaaaaa aaaa. 910 

<210> SEQ ID NO 14 
&2 11s LENGTH 196 
&212> TYPE PRT 
<213> ORGANISM: Gossypium Hirsutum 

<400 SEQUENCE: 14 

Met Ser Thr Ala Arg Phe Ile Lys Cys Val Thr Val Gly Asp Gly Ala 
1 5 10 15 

Val Gly Lys Thr Cys Met Leu Ile Ser Tyr Thr Ser Asn Thr Phe Pro 
2O 25 30 

Thr Asp Tyr Val Pro Thr Val Phe Asp Asin Phe Ser Ala Asn Val Val 
35 40 45 

Val Asp Gly Ser Thr Val Asn Lieu Gly Lieu Trp Asp Thr Ala Gly Glin 
5 O 55 60 

Glu Asp Tyr Asn Arg Lieu Arg Pro Leu Ser Tyr Arg Gly Ala Asp Wal 
65 70 75 8O 

Phe Lieu Lieu Ala Phe Ser Lieu. Ile Ser Lys Ala Ser Tyr Glu Asn. Ile 
85 90 95 

Tyr Lys Lys Trp Ile Pro Glu Lieu Arg His Tyr Ala His Asn Val Pro 
100 105 110 

Val Val Lieu Val Gly. Thir Lys Lieu. Asp Leu Arg Asp Asp Lys Glin Phe 
115 120 125 

Leu Ile Asp His Pro Gly Ala Thr Pro Ile Ser Thr Ser Glin Gly Glu 
130 135 1 4 0 
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Glu Leu Lys Lys Met Ile Gly Ala Val Thr Tyr Ile Glu Cys Ser Ser 
145 15 O 155 160 

Lys Thr Glin Glin Asn. Wall Lys Ala Val Phe Asp Ala Ala Ile Llys Val 
1.65 170 175 

Ala Lieu Arg Pro Pro Llys Pro Lys Arg Llys Pro Cys Lys Arg Arg Thr 
18O 185 190 

Cys Ala Phe Lieu 
195 

<210 SEQ ID NO 15 
&2 11s LENGTH 3O45 
&212> TYPE DNA 
<213> ORGANISM: Gossypium hirsutum 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (30) . . (30) 
<223> OTHER INFORMATION: n at position 30 is unknown 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (355) . . (355) 
<223> OTHER INFORMATION: n at position 355 is unknown 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (3009).. (3009) 
<223> OTHER INFORMATION: n at position 3009 is unknown 

<400 SEQUENCE: 15 

ttggatgaga accaatttitt aatagtaaan cctaaccaat ttittaataat aaagctgact 

cctagtacaa gagcttittat to attcttct attittgctitt cotctaggct togcaatcga 

gaattittctt gtgttacaat ataataaata catcgtagaa ataaattitta ttcaaattga 

agtcttaacc atctittaata tttgtagatg taatttaaat gaaagataaa tacatattot 

tgga catgta ttittcatctt aatgtttgttg gctittggtga taggtgtatt gatgtacgat 

gtottttaaa toacat atca cattttgagt ttgtatgatg ataagttcgac ataancgaaa 

tatggtgttga tottcactitt tdaactittga taagttcacca aactittaaca aagtttgatt 

gtgtacatat atatatatat cittcaaattt tataataaaa attgttgttta aataatttac 

agittatatta tttittittatc. tctaattitta tttgtc.gc.ca aatttittagt tdatattitta 

acataaaaaa aattgtacac atttacaagc ccatatacaa ataattatat aaatattoat 

taaaaaatat atttaaatat aggatataaa tataactatt ttagaattat tctactittaa 

gata acatag gttaaatgta taattaataa gqttagttta ttgtaaagat gagtatatat 

gtogtaaaca taatcactaa coatttittat taacttcttg gttittgaagit tocaaaaaga 

aaatggaagg gaaatttgag agtaagttca totttatatt atacataatg aagttgatgt 

tittcttctitt ttaatattitt tatacaaaat atttaaataa aataattaag gattgaatga 

aaaatataat gaaagttcgtt ttactaatag toatattgcattttgtc.gca totacttaaa 

taatagataa attaattgttg gtacattaga toaaagaaca aactagattt tdtcc cattc 

tattgttaaa agctggtocg tttacattaa aataaggtac atgttacat g c cacgtataa 

citatctggitt attctato aa toacgctaat ttittaacagt agaaatgaat gtaatttitta 

aatagaaagg gtcaaattgt tatttgatct aacacgtagg gattaattta cittatttitcc 

taaagaaata agtaaaatat aatttgaatc ttaatacaaa aactittcatg atacttittat 

catattittac titataattta atattgttgag agtaacaaar ttaaaaaaca tagaaacacc 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

1020 

1080 

1140 

1200 

1260 

1320 
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aaaagttagt tatggtgttga citcatataca cagittaaaat ttgaataaat titttittctitc 38O 

gtoattaatt coatcatggg tttitttittitt totagittaag coataattat caaaataatc 4 40 

atcattaatc citatcaatac cocgc.cctgc citcccitccct caatacttaa accoaactaa 5 OO 

cacccagdac caaacgcact ttaatagoca cctatttcta gccatgtcct td cacttaaa 560 

gaaaagtaaa got aacct gc aatcattcca tatcgaggcc toaacagata aagttggttg 62O 

atgg gtttgc accaagttgt taaaaccogg cccitcaactt coctitttctt titcatccitcc 680 

ccactccaca coctocaatt ttcttcatat g gttctatta taagttctitt ataatcacag 740 

aatcaagata agticcitcago: aaacaaaaaa ccatggctot cqagcaagat citggacitagt 800 

cagagctotg aatattggat cattattaca gtcaaaaa.ca gttaacaaaa gotgttgcag 860 

ataaacactgaatctgctat agtttgttitt taggitttacat atgttccacg tdaaactatg 920 

aag catctot aagaaaacco aaactatoat atcaaccoat cqatcaatga atcgattitca 98O 

atttitc.gcag tataagttcc ttittaatcct ttcttitttac titcatttitat aac gaattct 20 40 

atggataatg titccctacaa acatgtcatt acaatgttta attataaatt coattcttct 2100 

atttitactaa gatattagta acttcaaact gctgatttitt actaattitat tatttataaa 216 O 

ttgttagaat gattatttitt caataattta acaacaatat ttaatattat tattattatt 2220 

atttctdaat ttittattaaa caaaaacata aatttittgac aaattaaaat aaatgaatta 228O 

atttctdaat tttitcgtgca act attacaa aaatccttca tagtoctaat cittaatttga 234. O 

tgcagaggtg ataataatct taatttgatg cagaggtaat aatggg.ccgg gtttgagctg 2400 

gactitaag.ca toatattgac gtactittata tttittccaaa ttcaaccoag citcgaaatat 2460 

gagtctaaaa ttttgtccaa tittaatccaa goccattitta agttcgtcca tattatttitt 252O 

taatttaaaa aatttatato attittattitt aatatttaat tattittatat attittittatt 258O 

tattgaaaat ttittatatag tdatcttaac attatgttaa tatttatatt agagtagitat 264 O 

tatatatatt tagtataggit ttattttgtt aataaactta aaaatggg to ttgttgggcta 27 OO 

gactitgg acc ttaaatgcto aaactcaaac ttaattcata ttittaaacag gottaatatt 276 O. 

tittatttaca citgtttcaaa tttittcgggit gaaatatott cq agtctaga ttaataacac 282O 

cacaggtota atttgatgct caatgaaaat gaaatcatat tigagcttaat taatattoca 2880 

ttcttctttg citgaaaggac caa.gcaattic gagttacatt aaggittaaag agtatgg gat 2.940 

cc.gc.caaacc td.ccccaatg totcttcaac catccaaaaa cittgagtcag tatcacatac 3OOO 

atgtaccgnt atttatttat ttattgaaat tigg cattatt tottg 3O45 

<210> SEQ ID NO 16 
&2 11s LENGTH 1871 
&212> TYPE DNA 

<213> ORGANISM: Gossypium hirsutum 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (182). . (182) 
<223> OTHER INFORMATION: n at position 182 is unknown 

<400 SEQUENCE: 16 

ggg cattcca cacgaccatg tdtcc cctat titccagg cat tittgagacitt cacctaaact 60 

totagagttg tittcaaatta gcc.cctattt gttcttaaat cattttagga tottgtaaac 120 

togtatttag gactaaatgt gitaatttata ctittaattat gattgattaa ttgattgatt 18O 
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ting tagtaat gcc.cgtgacc ctaatcc.gtt agcigaag agg ggittaggggit taggggttitt 240 

attattattt tittagatatt gtataactct tattittattt ttaattttgt tactatttca 3OO 

aagg catttgtttgtagtgt tatttcgagt aggttittato ggtgaacaac ccttgaccgc 360 

caaatcaatc acaagagttcaacatttitat ttattittgaa atgitattaaa aatcgittaat 420 

citatatatto go.cccatt at toggattaaa tatto acaag ggtttaga.cc gttcat gagac 480 

agattagttt tat cittactg atggtoacat cacaatagta attcaactta atacgagagg 540 

alaccattgat to acgcaatt got catc.gca cittagttgaa aagctagggg togc galagcta 600 

cc.gtacgctg gattatgatt galacaccitct aagtcagaat cogaattaga aacaatgcac 660 

gtgtcc gttg cct gattgcc aacco caata acacgtgttg taggitttaac catgtttatg 720 

aaagataagg tttitttittitt tataagcaag caactatagg ggtttact tcc gtgcgcaaa 78O 

tttittaggitt accitattittg ggagggggga titatgattoa agtgaaagaa agttggcaca 840 

cacacaatca gtacatctgt tittgacagag acacagocta aaaa.ca.gcag caaacaa.gc.c 9 OO 

taaaggaatc accoaaaaac aacaaccalaa agtacagagg aaaacaaaag aatcc citgtt 96.O 

accaccaa.gc tigaaaaaaag aaaataaaac toaacttittg gcaataaaaa cccitcct acc O20 

citcaaccoct aaccacgcaa caatcagdaa tactccaag.c aaccatttitc cittacaagtt O8O 

tgtttittctt gtgattaatc catatggcta gctccatgtc. ccttaagctt gcatgtctg.c 14 O 

tagtgttgtg catggtgg to ggtgcacccc tdgctica agg ggacgta acc cqtgctgatg 200 

gcgtag toac cctitccacgc tigcct tcctt tattgatagg gaatggtaat ggtgctgatg 260 

citgatgttga t gcc.ccagot togctg.cgaca togtoagggg totcittgagc ticgctgctot 320 

gtggtggtgt ttaggaac cq atctagottgaaatcgg gtt cqgatacggg toggagtttca 38O 

aattggtgtg titatggaatc cca acttaat cqtgtttagg ggtgg gatcc aattgttgttga 4 40 

tacattacag agcatggttg tdgattgttt totcatatgt tittgattgac ttgcttgata 5 OO 

cattggatga titcgataagg to accggttt acctgggitat coaac catca toc gattact 560 

ttittaataat tatttgtttc ttctittatgttgttctgtctt tttgtttctt gatctataac 62O 

attatatttg cccaaattitt cqcatttitcc atatgtagct tatatatgta tatatatatt 680 

caataaagta tattgattta gcagatgatt tatgtatata tittaaatcaa atcaaacatt 740 

aatgatcatt cactag cqtc ttaatcttga aaaattcatc aacggittatc ctittgcagoa 800 

tatataaaaa aaattgccaa cccitatgctt ttacaccitaa ttcaagg gat aacataagttc 860 

gattaaaacg a 871 

<210 SEQ ID NO 17 
&2 11s LENGTH 1871 
&212> TYPE DNA 

<213> ORGANISM: Gossypium Hirsutum 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1104) . . ( 1331) 

<400 SEQUENCE: 17 

ggg cattcca cacgaccatg tdtcc cctat titccagg cat tittgagacitt cacctaaact 60 

totagagttg tittcaaatta gcc.cctattt gttcttaaat cattttagga tottgtaaac 120 

togtatttag gactaaatgt gitaatttata ctittaattat gattgattaa ttgattgatt 18O 

ting tagtaat gcc.cgtgacc ctaatcc.gtt agcigaag agg ggittaggggit taggggttitt 240 
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attattattt tittagatatt gtataactct tattittattt ttaattttgt tactatttca 3OO 

aagg catttgtttgtagtgt tatttcgagt aggttittato ggtgaacaac ccttgaccgc 360 

caaatcaatc acaagagttcaacatttitat ttattittgaa atgitattaaa aatcgittaat 420 

citatatatto go.cccatt at toggattaaa tatto acaag ggtttaga.cc gttcat gagac 480 

agattagttt tat cittactg atggtoacat cacaatagta attcaactta atacgagagg 540 

alaccattgat to acgcaatt got catc.gca cittagttgaa aagctagggg togc galagcta 600 

cc.gtacgctg gattatgatt galacaccitct aagtcagaat cogaattaga aacaatgcac 660 

gtgtcc gttg cct gattgcc aacco caata acacgtgttg taggitttaac catgtttatg 720 

aaagataagg tttitttittitt tataagcaag caactatagg ggtttact tcc gtgcgcaaa 78O 

tttittaggitt accitattittg ggagggggga titatgattoa agtgaaagaa agttggcaca 840 

cacacaatca gtacatctgt tittgacagag acacagocta aaaa.ca.gcag caaacaa.gc.c 9 OO 

taaaggaatc accoaaaaac aacaaccalaa agtacagagg aaaacaaaag aatcc citgtt 96.O 

accaccaa.gc tigaaaaaaag aaaataaaac toaacttittg gcaataaaaa cccitcct acc O20 

citcaaccoct aaccacgcaa caatcagdaa tactccaag.c aaccatttitc cittacaagtt O8O 

tgtttittctt gtgattaatc cat atg got agc toc atg toc citt aag citt goa 133 
Met Ala Ser Ser Met Ser Lieu Lys Lieu Ala 

1 5 10 

tgt citg cita gtg ttg tdc atg gtg gtg ggit gca ccc ctd gct caa ggg 181 
Cys Leu Leu Val Leu Cys Met Val Val Gly Ala Pro Leu Ala Glin Gly 

15 2O 25 

gac gta acc cgt gct gat ggc gta gtc acc citt coa cqc toc citt cot 229 
Asp Val Thr Arg Ala Asp Gly Val Val Thr Lieu Pro Arg Cys Lieu Pro 

30 35 40 

tta ttg at a ggg aat ggit aat ggit gct gat got gat gtt gat gcc cca 277 
Leu Lieu. Ile Gly Asn Gly Asn Gly Ala Asp Ala Asp Wall Asp Ala Pro 

45 5 O 55 

gct toc toc gac atc gtc agg ggit citc titg agc ticg citg ctic tot ggit 325 
Ala Cys Cys Asp Ile Val Arg Gly Lieu Lleu Ser Ser Lieu Lieu. Cys Gly 

60 65 70 

ggit gtt taggaaccqa totagottga aatcgg gttc ggatacgggt ggagtttcaa 38 
Gly Val 
75 

attggtgttgt tatggaatcc caacttaatc gtgtttaggg gtgggat.cca attgttgttgat 44 

acattacaga gcatggttgt ggattgttitt citcatatgtt ttgattgact tacttgatac 50 

attggatgat to gataaggt gaccggttta cct gggitatc caac catcat cog attacitt 56 

tittaataatt atttgtttct tctittatgtt gtctgtcttt ttgtttcttg atctataaca 62 

ttatatttgc ccaaattittc gcatttitcca tatgtagctt atatatgtat atatatatto 68 

aataaagtat attgatttag cagatgattt gtgtatatat ttaaatcaaa toaaacatta 74 

atgatcattc actagogtct taatcttgaa aaattcatca acggittatcc tittgcagoat 8O 

atataaaaaa aattgccaac cctatoctitt tacaccitaat tdaagggata acatalagtog 86 

attaaaacga 87 

<210> SEQ ID NO 18 
&2 11s LENGTH 76 
&212> TYPE PRT 
<213> ORGANISM: Gossypium Hirsutum 
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<400 SEQUENCE: 18 

Met Ala Ser Ser Met Ser Lieu Lys Lieu Ala Cys Lieu Lieu 
1 5 10 

Met Val Val Gly Ala Pro Leu Ala Glin Gly Asp Val Thr 
2O 25 

Gly Val Val Thr Leu Pro Arg Cys Leu Pro Leu Leu Ile 
35 40 45 

Asn Gly Ala Asp Ala Asp Val Asp Ala Pro Ala Cys Cys 
5 O 55 60 

Arg Gly Lieu Lleu Ser Ser Lieu Lieu. Cys Gly Gly Val 
65 70 75 

1. A DNA sequence comprising as operably joined com 
ponents in the direction of transcription, a cotton fiber 
transcriptional factor and an open reading frame encoding a 
protein of interest, wherein Said transcriptional factor is 
Selected from the 4-4 and the rac promoter Sequences. 

2. The DNA Sequence according to claim 1, further 
comprising a transport Signal encoding Sequence from a 
plant nuclear-encoded gene. 

3. The DNA sequence according to claim 2, wherein Said 
transport Signal encoding Sequence comprises a plastid 
transit peptid. 

4. The DNA sequence according to claim 1, wherein said 
transport Signal encoding Sequence encodes a Signal peptide 
which provides for transport acroSS the rough endoplasmic 
reticulum. 

5. The DNA sequence according to claim 4, wherein said 
Sequence further comprises, 3' to Said open reading frame, a 
vacuolar localization Signal. 

6. The DNA sequence of claim 1 wherein said pigment is 
melanin or indigo. 

7. The DNA sequence of claim 6 wherein said open 
reading frame is from a bacterial gene. 

8. The DNA sequence of claim 7 wherein said bacterial 
gene is Selected from the group consisting of ORF438, tyr A, 
anthocyanin R gene, anthocyanin C1 gene, pig, and tna. 

9. A DNA construct comprising a promoter for transcrip 
tion in a plant cell operably joined to Said DNA sequence of 
claim 1. 

10. The DNA construct of claim 9 wherein said plant cell 
is a cotton fiber cell. 

11. The DNA construct of claim 10 wherein said promoter 
is a tomato 4-4 and rac promoter. 

13. A plant cell comprising a DNA construct of claim 9. 
14. A plant comprising a cell of claim 13. 
15. A method of modifying fiber phenotype in a cotton 

plant, Said method comprising: 

transforming a plant cell with DNA comprising a con 
Struct for expression of a protein in a pigment biosyn 
thesis pathway, wherein Said construct comprises as 
operably joined components: 

a transcriptional initiation region functional in cells of 
Said plant tissue, 

Wall Lieu. Cys 
15 

Arg Ala Asp 

Gly Asn Gly 

Asp Ile Val 

an open reading frame encoding a protein of interest, and 
a transcriptional termination region functional in cells 
of Said plant tissue, 
wherein Said plant tissue comprises a Substrate of Said 

protein; and 
growing Said plant cell to produce a plant comprising 

Said tissue, wherein Said protein reacts with Said 
Substrate to produce Said pigment. 

16. The method of claim 15 further comprising a transport 
Signal encoding Sequence from a plant nuclear-encoded 
gene. 

17. The method of claim 15 wherein said transport signal 
encoding Sequence encodes a signal peptide which provides 
for transport across the rough endoplasmic reticulum. 

18. The method of claim 16 wherein said DNA comprises 
constructs for expression of two proteins in a pigment 
biosynthesis pathway, wherein each of Said constructs com 
prises components i) through iv), and wherein said two 
proteins are not encoded by the same gene. 

19. The method of claim 17 wherein said DNA comprises 
constructs for expression of two proteins in a pigment 
biosynthesis pathway, wherein each of Said constructs com 
prises components i) through iv), and wherein said two 
proteins are not encoded by the same gene. 

20. The method of claim 18 or 19 wherein said pigment 
is melanin and Said proteins are encoded by tyra and 
ORF438. 

21. The method of claim 18 wherein said pigment is 
indigo and Said proteins are tima and pig. 

22. The method of claim 18 wherein said pigment is 
anythocyanin and Said constructs comprise the anthocyanin 
R and C1 regulatory genes. 

23. The method of claim 15 wherein plant tissue is a 
cotton burr. 

25. A recombinant DNA construct comprising the cotton 
tissue transcriptional Sequence shown in FIG. 2. 

26. A recombinant DNA construct comprising the cotton 
tissue transcriptional sequence shown in FIG. 5. 

27. An isolated DNA encoding sequence of FIG. 1. 
28. An isolated DNA encoding sequence of FIG. 4. 
29. The method of claim 15 wherein said protein of 

interest is involved in the Synthesis of a plant hormone. 

k k k k k 


