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BACKGROUND OF THE INVENTION

1. Field of the Inveniion

The present invention relates to pelynuacleotides that induce or promote

regeneration of plants.

2. Description of the Related Art

A bibliography follows at the end of the Detailed Description of the Invention.
The listed references are all incorporated herein by reference.

Organogenesis and embryogenesis are two pathways leading to plant regeneration
in a plant tissue culture. Traditionally, these two pathways are achieved through the
mampulation of the contents and ratios of hormones in a planbcell—cultu}”e medium as
well as environmental conditions of a plant cell culture. Today, it is well known that
these hormones and environmental cues activate specific proteins that play pivotal roles
in the initiation of organogenesis or embryogenesis. This understanding opens a new
door to novel methods for manipulation of plant regeneration through a direct control of

gene expression. For example, over-expression of Arabidopsis £SR] and ESR2, which
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are transcriptional factors belonging to AP2 family, induces shoot regeneration in a plant-
cell-cultere medium that does not contain any cytokinins (Banno et al., 2001; US Pat.
6,441,276; 6,407,312). Likewise, genes involved in cylokinin production, such as ipt,
can be over-expressed to substitute for a cylokinin in a cu]tur;: medium (Ooms et al.,
1983, Smigocki ané Owens, 1988; Ebinuma et al., 1997). Similarly, genes involved in
transduction of cylokinm signals, such as cytokinin activated histidine kinase (CKI1) and
two-component transcription activators (ARR1 and ARR2), can promote shoot
regeneration in Arabidopsis (Kakimoto, 1996; Sakai et al., 2001; Hwang and Sheen,
2001; Imamurz et al., 2003). |

(ene transformation is an important tool of molecular bioiogy as well as crop
tmprovement. Although currently many plants can be transformed using methods such as
Agrobactertum-mediated T-DNA conjugation and particle gun bombardment, the
efficiency of those methods varies, and there is a need to improve transformation
efficiency of important crops, such as cotton, maize and soybean. Improved
transformation efficiency is especially important to perform a large-scale analysis of gene
functions in these crops. Improved transformation efficiency can be achieved by a higher
rate of successful transformation, easier selection of successful transformants, shorter
time for such a selection, or lesser use of antibiotics or herbicides for such a selection,
and will generate economical, industrial or academic benefits.

Cotton is an economically important crop but is one of the most difficul plants to
transform. It usnally takes about 1.5 years to produce transgenic seeds. No cotton gene
has so far been reported to improve plant regeneration or transformation although some

Arabidopsis genes have been reported to improve transformation efficiency of root
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explants of Arabidopsis (Banno et al., 2001; US Pat. 6,441,276, 6,407,312). Therefore,
there i3 a need for such all cotton gene.

Although currently antibiotics or herbicide resistance markers are almost
exclusively used for selection of plant transformants (Yoder and Goldsbrough, 1994),
they generally have negative effects on proliferation and differentiation and sometimes
retard differentiation of adventitious shoots during the transformation process (Ebinuma
et al., 1997). Further, they pose environmental or health risks (Bryant and Leathér, 1992;
Gressel, 1992; Flavell et al., 1992). The availability of new selection markers also
facilitates stacking of multiple transgenic traits. Consequently, there have been
considerable efforts to develop alternative selection systems for plant transformants. US
Pat, 6,441,276 and 6,407,312 disclose methods of selecting transformants using ESR
genes,

Arabidopsis Wuschel was first described as a mutant defective in shoot apical
meristern initiation and maintenance (Endrizzi et al., 1996; Laux et al., 1996; Mayer et
al.,, 1998). The phenotype was atiributed to mutation of a single gene (us) that encodes
a homeodomain (“HD”) protein, a probable transcriptional factor (Mayer et al., 1998).
Interestingly, although Arabidopsis contains at least 14 genes that are predicted to encode
a highly similar HD domain at the N-terminus and a highty divergent sequence af the C-
terminus to Wus gene, none of them could substitute for Wus in the Wuschel mutant.
This indicates that these genes have different functions. Recently it was demonstrated
that the mRNAs of these genes have unigue expression profiles (Haecker et al., 2004).
Except for Wus and Prs, the functions of these genes have not yet been defimed.

Althongh over-expression of the Arabidopsis us induces shoot or somatic embrye
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formation in Arabidopsis and rice (Zuo: et al., 2002; Kamiya et al., 2003), not every HD
domain protein has this property. The Arabidopsis PRS, for example, was required for
flower development and its over-expression induces cell proliferation rather than shoot
regeneration {(Matsumoto and Okada, 2001). Another HD domain protein, Atlgd46480,
was not able to induce shoot regeneration in a cytokinin-free medium (Table 1). APCT
publication WO 01/23575 A2 discloses several putative Wuschel homologues from maize
and soybéFm. It was also shown that over-expression of Wuschel also induced shoot
regeneration both in Arabidopsis and rice (Zuo et al., 2002; Kamiya et al., 2003),

Transcription factors generally consist of at least two modules that are often
exchangeable between different members or classes. This type of chimeric
transcriptional factors has been well documented in the literature. For example, VXE
transcriptional factor is a fusion protein of a viral activation domain VP16, an E.coli
LexA DNA binding domain and a human estrogen receptor regulatory domain (Zou and
Chua, 2000). Surprisingly, a fusion protein containing the HD domain of GhCIR1 and
the VP16 activation domain did not promote shoot regeneration (Table 5). This indicates
that the HD domain alone is not sufficient for the shoot regeneration enhancing functioﬁ
of certain HD domain proteins. Phylogenic analysis showed that none of the three
polynucleotides described in this disclosure, i.e., SEQ ID NOs: 1, 3 and 5, are closely
reiated to Wuschel {(Fig. 3).

Development of efficient and simple transformation technigues has made great
contribution to rapid advance in molecular genetics in Arabidopsis. Currently, both in
planta (flora dip) and root explant methods allow a large number of genes to be mutated

or transforimed (Clough and Bent, 1998; Valvekens et al., 1988). For example, Banno



and Chua (2001) have identified an Arabidopsis gene by functional screening of an
Arabidopsis ¢cDNA library using Arabidopsis root explants. On the other hand, we
identified a non-Arabidopsis (GhCIR]) gene by direct functional screening using

Arabidopsis root explants (Example 2).

SUMMARY OF THE INVENTION

In 2 first aspect, there 1s provided an isoléted polynucleotide comprising

a. SEQ IDNOs:57orl50ra compiément thereof;

b, a pélynucleotide of at least 65% identity to SEQ ID NOs: 57 or 15; or
a compiement thereof, wherein the polypeptide encoded by the
polynucleotide of at least 65% identity to SEQ ID NOs: 57 or 15; or 2
complement thereof promotes plant regeneration, induces plant
regeneration in the absence of one or more exogenous hormones, or
increases plant transformation efﬁcienﬁy;

c. a polynucleotide encoding SEQ ID NOs: 2 or 16; or a complement
thereof;

d. apolynucleotide encoding z polypeptide comprising a signature

sequence:



(X PHRWNPT(KEQRIMLVYEDNKQ)QILMVYEKNSTQRYMILV)L
(DEKQSTYXADEHNST)LFY WHEQKRYADEKRQS)G(ILMV)
RTP(AST)(AST)DQIQ(EKQR)I(AST)(AGST)
(DEKQR)L(AEQKRSTHASFWY)YG
(EQHKTY)IE(AGST)KNVFY WFQNHKAR(DEQKR)RQK(EKQR)YEQKR) (=
108 DEKQRNSTACIGVLMNQP)L(EPQKR)LFP(MILV (X7,
wherein

X represents any amino acids,

the numbers following the X represent the range of the size of the domain
represented by X,

amino acids in each bracket represent alternatives for the respective single amino
acid position fepresented by each bracket,

the polypeptide comprises a nuclear localizing signal (NLS) with the proviso that
the nuclear localizing signal (NLS) does not change the specified amino acids, and

AtCIR1 and AtCIR2 is excluded from the polypeptide comprising the signature
sequence.

In a second aspect, there is provided a vector which comprises the polynucleotide
as defined above.

In a third aspect, there is provided a binary vector system comprising the vector as
defined above.

In a fourth aspect, there 1s provided a bacterial cell comprising the vector as

defined above.



In a fifth aspect, there is provided a plant cell comprising the vector as defined
above.
In a sixth aspect, there is provided an isolated polypeptide comprising
a. SEQIDNOs:2or16;
b. a polypeptide of at least 65% identity to SEQ ID NOs: 2 or 16,
wherein the polypeptide of at least 65% identity to SEQ ID NOs: 2 or
16 promotes piant regexllefation, induces plant regeneration in the
.absence of one or more exogenous hormones or in a trace amount of
them, or inc;rpases plant transformation efﬁcienc:,lr;

. asignature polypeptide:
(}i‘3'-’—3)RWNPT(KEQRIMLV)(EDNKQ}Q(ILMV)(EKNSTQR)(MILV)L
(DEKQST)(‘ADEI—D\EST)L(FYW)(EQKR)(ADEKRQS)G(ILMV)
RTP(ASTHAST)DQIQ(EKQR)I(ASTYAGST)

(DEKQR)L(AEQKRSTYASFWY)YG
(EQPH(TY)IS(AGST)KNVFYWFQNHKAR(DEQKR)RQK(EKQR)(EQKR) (X*
Y DEKQR)(STACIGVLMNQP)L(EPQKR)LFP(MILV)(X %),

X represents any amino acids,

'~ the numbers following the X represent the range of the size of the domain

represented by X, )

amino acids in each bracket represent alternatives for the respective single amino
acid positién represented by each bracket,

the polypeptide comprises a nuclear localizing signal-.(NLS) with the proviso that

the nuclear localizing signal (NLS) does not change the specified amino acids, and
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ALCIR1 and AtCIR2 is excluded from the polypeptide comprising the signature

sequence. -

In a seventh aspect, there is provided a method of selecting a plant cell
transformant comprising the steps of i
A. transforming plant cells with vectors, wherein said vector comprises
1 a.po_‘lynucleoﬁde encoding 2 polypeptide that enables a transformant to
r_cgcﬁara’te in 2 medium deficient of one or more hormén::s, wherein the’
§ol?§éptide-is
&. apolypcptidé of at'least 65%c identity to SEQ ID NOs: 2 or 16; or
b.. a.sig,nature pol.@epﬁde:
(X BRWNPT(KBEQRIMLV)(EDNKQ)QILMV)YEEKNSTQR)MILV)L
(DEKQST)(ADBEMST)L(FYVD(EQKR)(ADEKRQ SYG(ILMYV) |
R’ﬁ’ (ASTHAS T)DQ.IQ(EKQR)I(AST)(AGST)
(DERQR)L(AEQKRST)(ASEWY)YG |
(EQI—H{TY)E(AGST)WQNHM@EQKR)RQK(EKQR} BOKR) (%
”’1)(DEKQR)(STACIGVLWQP)L(EPQKR)LFP(MLV)(X“‘”),
" X rcﬁresents any amﬁno acids,
the numbers foﬂowing the X represent the range of the size of the domain
represented by X,
amino acids in each bracket represent alternatives for the respective single amino
acid position represented by each bracket, and
the polypeptide comprises a nucl,t’:az‘ locah'z'mg signal (NLS) with the proviso that

the muclear localizing signal (NLS) does not change the specified amino acids, and

-5¢ -



i & prbmotcr thét 1s active in a plant and operably linked to said isolated
ﬁolynﬁéicotide,, : |
B. culturing said piant cells in 2 plant-cell-culture medium that is deficient of one or more
hormones, _and
C. ée ecting regenerating plant cells.
In an eighth aspect, there is provided a method of improving plant transformation
efficiency comprising the steps of
A. transforming plant cells with vectors, wherein said vector comprises:
ia polj}nuclaotidé eﬁcod_ing a polypeptide that enables a n‘énsfonnant to
regcnérate in 2 medium that is deficient of one or more hormones or increases
fegénaration rate in a regular plant-cell cnture médium, wherein said polypeptide is
2. 2 polyp@ﬁde of a£ least 65%% identity to SEQ ID NOs: 2 or 16; or
b. 2 signature po_lj,rpcptidef - |
(X’*?"B)RWT(KBQRMV)(EDNKQ)Q(&MV)@MSTQR)(MILV)L .
(DEKQST)(ADEI—H‘JST)L(FWT)(EQKR)(ADEKRQS)G(H_,MV)
RTP(AST)(AST)DQIQERQR)MASTHAGST)
(DEKQR)LABQKRST)ASFWY)YG
(BQEKTY)B(AGST)KNVFY WFQNHEAR (DEQKR)RQK(EKQR)(EQKR) O
1m)(DEKQR)(STACIGWWQP)L@PQKR)LW(MILV)(X“‘N),
X represents any amino acids, |
the numbe:rsfoﬂowi_hg the X represent the range of the size of the domain

‘represented by X,
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amiﬁc acids in each bracket represent alternatives for the résPGCﬁﬁe single amino
acid position represented by each bracket, and

the polypepﬁﬁe comprises a nuciear locaiizing stgnal (NLS) with the proviso that
the nuciear iocalizing si;gnai (NLS) does not change the specified amind acids, and

i a pmﬁaoter that is active in a plant arud operably linked to said isolated

polymucleotide, |

| B. cuitm*ing szid plant cellsin a planvcelbcul:‘ture med.{um, which is optionally
supplemented with cytokining, and eptionally supplemented vﬁ_th herbicides, antibiotics
or both, and |

C. selecting regenerating plant cells..
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One embodiment of the disclosure relates to novel genes, such as GhCIR] from cotton
(Gossypium hirsutum), AtCIRI and AtCIR2 from 4rabidopsis thaliana, and a synthetic
chimeric genes such as SEQ ID NO: 15.

Another embodiment of the disclosure relates to homologues of the novel genes.

Another embodiment of the disclosure.reiates to the novel polypeptides encoded by the
novel genes.

Another embodiment of the disclosure relates to the homologues, especially,
polypeptides containing a signature sequence.

Another embodiment of the disclosure relates to the homologues of the novel genes
encoding the polypeptides containing a signature sequence,

Another embodiment of the disclosure relates o transformed cells with the novel genes
ot the homologues of the novel genes the polypeptides containing a signature sequence.

Another embodiment of the disclosure relates to inducing or promoting regeneration of
plants, such as Arabidopsis and cotton, using the novel genes.

Another embodiment of the disclosure relates to a method for functional identification of

a gene that induces or promotes plant regeneration.
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Another embodiment of the disclosure relates to selection or screening of transformants
using the novel genes or their homologues as a selection marker.
Another embodiment of the disclosure relates to improving regeneration or

transformation efficiency of plants using the novel genes or their homologues.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 shows the gene organization in T-DNA region of pSK36. Promoters are
shown as empty boxes. i’rotein coding regions are shown as dark arrows. Gene
‘transcriptional terminators are shown as gray boxes. Cotton cDNAs are directionally
mserted between Ascl and Norl sites so that the expression of the inserted ¢cDNAs is
under the regulation of CaMV 358 promoter (P35S). NPTI and NPTII are kanamycin
resistance markers for bacteria and plants. Pros and Thos are the promoter and
terminator of the Agrobacterium nopaline synthase gene. LB and RB are the left and
right borders. |

Fig. 2 shows the sequence alignment of Wuschelwrelated HD domain proteins.
Sequences were aligned with the Clustral V method using DNAStar™-MegA lign™
Program set to default parameters (Gap penalty=10; gap length penalty=0.2; delayed
divergent sequences=30%; DNA transit weight=0.5). The HD domain and the
hexapeptide are marked with line and dotted line, respectively. AIWOX2 (AY251392)
(SEQ ID NO: 17), At1g46480 (NM_103605) (SEQ ID NO: 8), At3g11260(NM_111961)
(SEQ ID NO: 6}, and PRS (BAB79446) (SEQ ID NO:18) are Arabidpsis proteins
deduced from mRNA sequences. Wus (NP_565429) (SEQ ID NO:19), LeWUS

(CAD61961) (SEQ ID NO: 21), and PhWUS (AAM90847) (SEQ ID NO: 20) are the
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Arabidopsis Wuschel and its homologues of tomato and Petunia, respectively.
PO529E05.28 (BAB8B4412) (SEQID NO: 22) is a rice protein expressed specifically in
the root quiescent centre. Genebank accession numbers are shown in the parenthesis.
Seq.ID3, Seq.ID5, Seq.ID7, Seq.ID9, Seq.ID13, Seq.ID15, Seq.ID17, Seq.ID19,
Seq.ID21 and Seq.ID23 (SEQ ID NOs: 23-32) are polypeptide sequences predicted from
the polymucleotide sequences disclosed in PCT publication WO 01/23575 A2 as sequence
identification numbers 3, 5, 7,9, 13, 15, 17, 19, 21 and 23 there.

Fig. 3 shows the evolutionary relationship of Wuschel-related HD domain
protemns. The amino acid sequences of nineteen GhCIR I-related HD domain proteins
were aligned by the Clustal V method using DNAStar™-MegAlign™ Program. The
sequence identity and divergence output is shown in A and phylogenic tree is shown in B.

Fig. 4 shows the morphology of Arabidopsis root regenerants. Arabidopsis root
explants were co-cultured with AGL1 carrying pSK36-GhCIR1 (A), pSK36-AtCIR1 (B),
pSK36-AtCIR2 (C) and control vector pSK36 (D). The regenerants were photographed
using a dissecting microscope (Nikon™ SMZ 800™) after cu'lturing for three weeks at
22°C m SR medium. The white arrows in panel A and B ﬁoim somatic embryos. The
black arrow in panel C points a typical regenerant derived from pSK36-AtCIR2.

Fig. 5 shows cotion somatic embryos derived from transformation of pSK36-
GhCIR1. A cotton (Coker 312) pro-embryogenic suspension culture was co-cultured
with AGL1 carrying pSK36-GhCIR1(Panel A} or empty vector pSK36 (Panel B). The
transformed cells were allowed to develop somatic embryos for three months under
kanamyein selection in hormone-free medium and then photographed using a dissecting

microscope. The black arrow in panel A points fo a non-separated somatic embryo-like
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structure and the long white arrows point to normal globular stage somatic embryos. The
short white arrow points to an over-sized globular somatic embryo.

Fig. 6 shows the gene organization of T-DNA region in pX6-GFP and its
derivatives. Promoters are shown as empty boxes. Protein coding regions are shown as
solid black arrows. Gene transcriptional terminators are shown in gray boxes. CRE
recombinase 1s under control of CaMV 35S8-LexA hybrid promoter, which is inducible by
estrogen (e.g., estradiol) ‘tﬁat activates the VXE transcriptional activator. P35S::GhCIR?
and P355::AtCIR2 gene cassettés were inserted into the Apal site to create pX6-GhCIR1
and pX6-AtCIR2, respectively. Pgl0-90 is a synthetic promoter that drives the
constitutive expression of VXE. LB and RB are the left and right borders.

Fig. 7 shows the use of GhCIR! and AtCIR2 as transformation selection markers.
Arabidopsis root explants were co-cultured with AGLI carrving pX6-GFP (A), pX6-
GhCIR1(B and C) or pX6-AtCIR2 (1)) for 3 days. Plantlets were regenerated from SR
medium supplemented with 50ml/ml kanamyein (A); RImedium supplemented with
50meg/1 kanamycin (B); or kanamycin-free Rl medium (C and D). The plates were
incubated at 22°C for 31 days.

Fig. 8 shows the chemically-induced excistion of transformation selection marker.
Arabidopsis root explants were co-cultured with AGL1 carrying pX6-GhCIR1 for 3 days
and plated in kanamycin-free RI medivm. The plates were incubated at 22°C for 3 weeks.
Green calli were transferred to RI medium with 10puM estradiol and incubated for 2
weels. The shoots generated were photographed using a dissecting microscope (Nikon™
SMZ800™) with a florescent attachment. Panel A shows GFP florescence in the upper

part of the shoot. Panel B shows a bright-field picture of the shoot.
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Fig. 9 shows the gene organization of the T-DNA region in pER10-EGFP-HH,
Panel A shows the T-DNA region of pER10-EGFP-HH. Promoters are shown as empty
boxes. Protein coding regions are shown as solid black arrows. Gene transcriptional
terminators are shown as gray boxes. LB and RB define the leff and right borders. Panel
B shows detailed information on the double-HA-hexahistidine (HH) tag. The double HA
tag 15 dotted-underlined and the Pacl site that can be used for gene fusion is undertined

(DNA sequence: SEQ ID NO: 62, polypeptide sequence: SEQ ID NO: 63).

DETAILED DESCRIPTION OF THE INVENTION

A “gene” as used in this application means a segment of DNA, encoding a
polypeptide or an RNA molecule. A gene can include regions preceding and following
the coding DNA, which regions control or regulate the expression of the encoded
polypeptide. A gene can include one or more introns.

“Isolated™ as used in this a]-pplication means that a molecule is separated from its
naturally cccurring environment. Isolated as used in this application does not necessarily
mean a molecule is contained n isolation from all other molecules of the same or
different kind, or disconnected to any other molecules; therefore, an isolated molecule
may still be covalently bonded to a heterogeneous molecule to form a so-called fusion
protein or an artificially created vector for cloning or expression and the fusion protein or
artificially created vector still can he an isolated molecule of a different kind. In the
context of an isolated nucleotide, “isolated” means that the nucleotide is separated at least
from its naturally occurring macromolecular strubture, for example, chromosome.

“Plant™ as used in this application means only biological organisms classified in

Plantae kindom, and cells generated or derived from such organisms, Preferred plants in
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this application are crops and Arabidopsis. More preferred plants in this application are
cotton, rice, corn and Arabidopsis. Most preferred plants in this application are cotion
and Arabidopsis.

“Non-supportive of plant regeneration” as used in this application means that
there is no substantial plant regeneration from plant explants, and includes no plant
regeneration from plant explants.

“Conservatively substituted homologue” as used in this application means that a
protein in which one or more residues are substituted by amino acids with similar
chemical or biophysical properties, e.g., iydrophobicity, ionic charges, side-chain
struchre.

“Transformation” or “transforming a cell” as used in this application broadly
means any kind of transfer or introduction of a polynucleotide or gene to a cell, including
conjugation, transformation, transfection and transduction. Preferred methods include
transferring a polynucleotide or gene to a cell by Agarobacterinm-mediated T-DNA
conjugation or particle bombardment.

“Identity” or “percent identity” or “% identity” as used in this application means
the identity calculated by Clustral V method using DNAStar™-MegAlign™ Program.

“Over-expression” as used in this application means that expression of a
polynucleotide or gene occurs more than it would naturaily occur in a system such as a
cell, tissue or organisi, including ectopic expression. The over-expression means,
preferably at least 25%, more preferably at least 50% and the most preferably at least

100% more expression than the natural expression level.
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A nuclear Jocalizing signal (NLS) is a short amino acid sequence which acts like a
'tag' on the exposed surface of a protein. This sequence is used to confine the protein to
the cell nucleus and to direct a newly synthesized protein into the nucleus via its
recognition by cytosolic nuclear transport receptors. This signal often comprises
positively charged amino acid, e.g., Iysines or arginines. A protein can be directed to the
nucleus by this NL.S. An example of NLS is Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val.
Additional examples and sequence characteristics of nuclear localization signals can be
found in numerous publications, e.g., Cokol et al., 2000, Tinland ef al., 1992, which are
mcorporated by reference. Additional examples can also be found in NLSdb, which is a
database of nuclear localization signals (NLSs) and of nuclear proteins targeted to the
nucleus by NLS motifs, produced by Rajesh Nair and Phil Carter with Columbia
University, New York. As of October 28, 2005, NLSdb contains 308 signals.

By functional screening of approximately 100,000 Gossypium hirsutiom ¢cDNAsS,
four candidate genes have been identified based on the ability to form either a large green
callus or complete plantlet in a eytokinin-free medivm. PCR amplification and
sequencing of one of the candidate genes revealed that the T-DNA contained a cDNA of
1034 nucleotides (SEQ 1D NO: 1) encoding an open reading frame of 244 amino acids
(SEQ ID NO: 2). Re-cloning of the cDNA into pSK36 confirmed 1ts cytokinin
independent regeneration phenotype. As expected, multiple shoots were induced in a
single calius and the plants were sterite or had low fertility. To overcome this problem,
the gene was placed under control of the VXE inducible promoter in pER10 (Zou et 2],

2002). When inducer estradiol was present in the 2ip-free medium, abundant shoots were
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generated. The gene was therefore named GRCIRI (Gossypium hirsutum Cytokinin
Independent Regeneration).

A BLAST search of the predicted protein showed that it shared a substantial
homology to a group of proteins containing a N-terminal homeodomain (HD), a motif of
approximately 60 amino acids, known to modulate DNA sequence recognition of
transcription factors (Gehring et al., 1994). 1t is most similar to an Arabidopsis BD
domain protein encoded by the putative gene AtSg59340 (GeneBank accession NO.
NP_200742.1}, with the homology extending beyond the HD domain (Fig. 2). Using
default parameters for NCBI Blast search and sequence alignment, the two polypeptide
sequences shared 44% identity over the entire open reading frame. It has been reported
that the gene containg a 436 nucleotide intron (underlined in SEQ ID NO: 3 in Figure 12}
and the predicted protein sequence is shown in SEQ ID NO: 4. The mRNA is expressed
in the apical part of zygotic embryos. Mutations in the gene cause only pariial defects in
embryo development (Haecker et al, 2004). However, there has been no information on
its over-expression phenotype.

The HD domains of over a dozen more genes in the Arabidopsis genome share
high homology with GhCIR 1. Over-expression of the putative GhCIR/ homologue
{A15g59340; Genebank accession no. NP_200742) by the estrogen inducible VXE
promoter or CaMV 358 promoter, as GhCIR1 did, induced an abundant regeneration of
shoots in a cytokinin-free medium and significantly enhanced the production of shoots in
anormal medivm. A sumtlar effect was observed with At3g11260 as well. On the other
hand, At1g46480 {GeneBank No, NP_175145.2) was unable to induce shoot regeneration

in a cytokinin-free medium and showed negligible effect to promote shoot regeneration in
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medium cdntaining 10 pM 2ip (Table 1 and Table 2). We designated the two
Arabidopsis genes, At5£59340 and At3g11260, as 4:CIRI(drabidopsis thaliana _
Cytokinin [ndependent Regeneration 1) and ArCIR2, respectively.

Although GRCIR1, AtCIRI and A4tCIR2 were all able to induce shoot regeneration
in a cytokinin-free medium, plantlets induced by A¢CIR2 were distinctively different from
those by GhRCIRI and AtCIRI. Both GRCIRI and A:CIR] predominantly induced
formation of spiky dark-green calli, which may develop into plantlets later. Microscopic
examination of the cﬁili regenerated from cytokinin-free medium revealed the spikes
resembled somatic embryos. This was supported by the appearance of the root and
cotyledon-like structures emerging from the opposite side of the spike (Fig. 4).
Furthermore, no trichomes were observed in the putative cotyledons. In contrast, shoots
regenerated by over-expressing ArCIR2 in a cytokinin-free medium showed little
difference to those transformed with pSK36 vector in a cytokinin-containing regeneration
medium. Trichomes were seen in the first two leaves, indicating that they were true
leaves and shoots were regenerated via the organogenesis pathway (Fig. 4).

To see if GRCIRY has a similar function in cotton as was found in Arabidopsis, we
transformed a cotton suspension culiure that is poorly embryogenic with pSK36-GhCIR 1.
In non-transformed cells or cells transformed with pSK36, globular somatic embryos may
multiply or start to elongate after reaching certain size in & cyvtokinin-free medivm. On
the other hand, when the transformed cells with pSK36-GhCIR1 were regenerated via
somatic embryogenic pathway in a cytokinin-free medium, no nommal somatic embryos
were obtained, but those cells regenerated into embryo-like clusters in which individual

embryos failed to separate or globular stage embryos that were much larger than usual
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(Fig. 5A). These embryos usually died at a later stage. Nevertheless, over-expression of
GhCIR 1 resuited in about 2-fold more kanamycin resistant somatic embryos coinpared to
the control vector alone (Table 3). This result confirmed that over-expression of GhCIR]
promote.s cytokinin-independent piant regeneration across different plant species.

As over-expression of GhCIRI, AtCIR! or AtCIR2 was able to induce shoot
regeneration in a cytokinin-free medium, which is normally non-supportive of
regeneration of Arabidopsis root explants, the three genes can be used as a selection
marker, and even replace antibiotic or herbicide resistance genes. Inducible promoters
can be used to overcome problems associated with plant abnormality resulting from over-
expression of 1"egc~>nerati.on—enhzmcimg genes. Alternatively, these regeneration enhancing
genes can be removed using inducible excision systems, for example, estrogen-inducible
gene excision system based on VXE inducible expression system and Cre-mediated site-
specific recombination (Zuo et al.,, 2001). In this vector (pX6-GIP), activation of Cre
recombinase by estrogen leads to the deletion of the DNA region between the LoxP sites
(Fig. 6). The successiul excision of the region can be confirmed by the expression of the
GFP due to fusion of thé GFP ORF with GJ70-90 promoter.

We cloned P35S::GhCIR] and P358::4tCIR2 gene cassettes into the pXG—GFPA
vector (Fig. 6). Over-expression of GACIRI or AtCIRZ gene in arabidopsis root explants
induced an abundant regeneration of shoots in a medium free of plant-aciive antibiotics
such as kananyycin (Fig. 7). When the early-stage somatic embryos or shoots were
transferred to a medium containing estradiol, green, florescent and normal looking shoots
were produced (Fig. 8). This indicates that the geﬁe cassettes between the GFP ORF and

the G10-90 promoter have been successfully excised. The dramatic drop in shoot
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regeneration from root explants in RI+ medium also indicates thati excision is a highly
efficient process (Table 4).

The two putatively separate domains of GhCIR1 were independently over-
expressed. Although the HD domains of Wuschel-related proteins are highly conserved,
this domiain alone did not show the cytokinin-<independent regeneration or enhancement
of regeneration efficiency phenotypes. Moreover, the fusion protein of the HD domain
and an activation domain such as VP16 did not have the transcription activator function
{Example §; Tables 5 and 6). On the other hand, fusion of GhCIR1 HD domain with the
putative activation domain of AtCIR2 fully re-constituted a protein with cytokinin-
independent regeneration and transformation enhancing functions (Example 10, Table 7).
Therefore, the entire coding sequenée of GhCIR1, AtCIR] or AtCIR2 is preferred for
cytolanin-independent inducement of regeneration, or promotion of regeneration

efficiency phenotypes.

Media Compesition

G medium: 1x MS salts, 3% sucrose. 0.8% Agar, pH 5.7

B35 medium: 1x B5 salis, 1 X B5 vitamins, 3% sucrose, 0.57 gL MES, pH 5.7

F1 medium: 1x BS salts, 2% glucose, 0.5 g/l MES, 0.5 mg/L 2,4-D, 0.05 mg/L Kinetin,
0.2% Phytagel, pH 5.7,

F2 mediom: F1, 20 mg/l. Acetosyringone.

SR medium: 1x MS salts, 1% sucrose, 0.5 g/ MES, 2 mg/L 2ip, 0.15mg/L IAA, 200
mg/L Cefotaxim, 35 mg/L kanamycin, 0.2‘.’/6 Phytagel, pH 5.7

SR+ medium: SR medium, 10 uM estradiol.
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SR’ medium: identical to SR except phytagel is replaced with 0.6 % Jower melting agrose.
RI medium: 1X MS salts, 1% sucrose, 0.5 g/L MES, 0.15mg/L IAA, 200 mg/L
Cefotaxim, 35 mg/L kanamycin, 0.2% Phytagel, pH 5.7

R+ mediom: RI plus 10 pM esiradiol.

W solution: sterile water + 400mg/L Cefotaxim.

Example 1: Construction of a normalized cDNA library.

Total RNA was extracted from a pool of different cotton tissues which included
somatic embryos, pro-embryogenic suspension cultures, roots, cotyledons, shoot tips and
auxiliary shoot buds. Poly(A)+ RNA was isolated by PolyA-Tract™ mRNA purification
system (Promoge™, UAS) and ¢cDNA was synthesized with GeneRacer™ kit
(Invitrogen™, USA). Approximately 0.75ug polyA-+ RNA was ligated with
GeneRacer™ RNA oligo
(CGACUGGAGCACGAGGACACUGACAUGGACUGAAGGAGUAGAAA [SEQ D
NO: 33]) and the mRNA was converted to single stranded cDNA using GeneRacer™
oligo dT primer (GCTGT.CAACGATACGCTACGTMCGGCATGACAGTG(T)18
[SEQ ID NO: 341). Afier RNaseH digestion, single-stranded GDNA was subtracted once
with 1pg biotinylated polyA+ mRNA (labelled with Ambion™ BrighStar™ psoralen-
biotin labelling kit) from fully expanded leaves. Hybridized RNA/CDNA was removed
with Streptavidin-magnetic beads (PromegaTM,'USA) and the cDINA was recovered by
isopropanol precipitation. A fraction of the cDNA was amplified with GR5-2
(TTTTGGCGCGCCGGACACTGACTTGGACTGAAGGAGTAGA [SEQ ID NO: 35)

and GR3-IN (TTTTTATTGCGGCCGCGCTACGTAACGGCATGACAGTG [SEQ ID
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NO: 361) primers and labeled with psoralen-biotin. The subtracted cDNA was further
normalized with approximately 50ng psoralen-biotin labeled double-siranded cDNA.
After hybridization, biotinylated cDNA was removed by Streptavidin-magnetic bead and
the remaining cDNA was recovered by ethanol precipitaﬁon. The cDNA. was amplified
by Pfu ultra DNA polymerase (Stratagen™, USA) using primers GR5-2 and GR3-2N,
digested with Ascl and NorI and ligated to info similarly digested pSK36 (Fig, 1; Kojima
etal, 1999). The cDNA library was amplified in X110 and transferred to Agrobacterium

tumefaciens strain AGL1 by slectroporation.

Example 2: Fonctional screening of ¢cDNA libraries

Root transformation and cDNA library screening were carried ount esgentially as
described by Bamno et al., 2001, Approximately 100,000 transformation events were
screened and four candidate calli were identified. One of the calli initially had a dark
green appearance but later developed into shoots. DNA was extracted from the plantlets
and.cDNA inserts were recovered by amplification with Pfiz DNA polymerase using
primers GR5-2 and GR3-2P (TTTTTAATTAAGCTACGTAACGGCATGACAGTG
[SEQ ID NO: 37D. A PCR product of approximately 1.1 Kb was generated and cloned
between the Ascl and Pacl sites in pSK36 and pER 10 (see Zou et al, 2002), respectively
creating pSK36-GhCIR1 and pER10-GhCIR1. Subsequent DNA sequencing and
BLAST search proved GhCIR1 is a novel gene. SEQ ID NOs: 1 and 2 show the cDNA
and predicted protein sequences of GhCIR1. SEQ ID.No. 57 shows the protein encoding

region (ORF) of GhCIR1
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Example 3. Cloning of Arabidopsis At5g59340, At3g11260 and Atlg46480,

At5g59340 (SEQ ID NO: 3) was amplified from genomic DNA using primers
593400 (AAGGCGCGCCATGGAAAACGAAGTAAACGCAG [SEQ ID NO: 38]) and
59340L (CGTTAATTAATTACAACCCATTACCATTACTATC [SEQ ID NO: 39]).
The PCR products were digested with Ascl and Pacl and cloned into the corresponding
sites in pSK36 or pER10. Its predicted protein sequence is shown in SEQ ID NO: 4. The
Arabidopsis Af3g11260 (SEQ ID NO: 5) and Atl1g46480 (SEQ ID NO: 7) genes were
amplified by RT-PCR of total RNA extracted from young seedlings (Columbia-O) using
primers 112600 {AAGGCGCGCCAGTTGAGGACTTTACATCTGAACA [SEQ ID
NO: 407) and 11260L (AATTAATTAACCATGCATTGGAAAATATCT [SEQ ID NO:
4173; and 464300 (AGGCGCGCCAAAATGAAGGTTCATGAGTITTTCGAATG [SEQ
D NO: 42]) and 46480L (AGTTAATTAATCATCTCCCTTCAGGATGGAGAGG
[SEQ ID NO: 43]). The cDNA was cloned in pSK36 and pER10 between the Ascl and
Pacl sites (Fig. 1). The DNA sequences of the clones were verified by DNA sequencing.

The predicted protein sequences are shown in SEQ ID NOQOs: 6 and 8.

Example 4: Effects of transient expression of GhCIR1, At5g59340, At3g11260 and
' Atlpg46480.

Root explants were transformed with pER10-GhCIR 1, pER10-AtCIR I, pER10-
AtCIR2 or pER10-AtESR3 by Agrobacterium mediated transformation. For comparison,
pER10-ESR1 was also included in the experiment. The number of shoots regenerated in
SR or RI medium that were with or without 10uM estradiol were counted 3-4 weeks after

co-culture. The resulis are summarized in Table 1. Except pER10 and pER10-
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Atdg46480, shoots were observed m all constructs in R1 medinm containing inducer
estradiol (RI+ mdenun). No shoots were seen m RI medium lacking estradiol
irrespective of the constructs used. For cylokinin-independant regeneration, A1CIR2 is as
efficient as ESR1, followed by GhCIR1 and AtCiRi. However, hormone and inducer
contents can be individually optimized for the best regeneration result. In a normal
regeneration medium supplemented with 10uM estradiol (SR1+), the expression of
GhCIRI, At5¢59340 or At3gl1260 causes a significant increase in the nwmber of shoots
regencrated, compared with the control vector pER10. Each of GECIR and A13g11260
produced approximately 15 times more shoots than pER10 vector alone. This was about
37%-62% better than ESRI. The effect of Atl gd6480 was wealk under the condition used.
As Ar5g59340 and Ar3gl]260 were able to induce shoot regeneration in the absence of
cytokinins, we named them AtCIR1 (Arabidopsis thaliana Cytokinin Independent
Regeneration 1 and AtCIR2 (4rabidopsis thaliana Cytokinin [ﬁdependeni‘ Regeneration

1), respectively.

Table 1. Effects on genes on plant regeneration in Arabidopsis root explants

Constructs RI SR R+ SR+
pER10 0 125+15 0 87+17
pER10-GhCIR1 G | 127£12 ] 6541 13044190
pER10-At5g59340 0 | 116£10 36+4 43874
pERI10-At3p11260 0 | 122x2 | 112413 | 1537x375
pER10-Atl 46480 0 | 125214 1£1 155+16
pERITG-ESR1 0 11092121 11048 95073

Note: RI+: RI medium plus 10uM 17p-estradiol (Sigma™, USA); SR+: SR medium plus

10pM 17B-estradiol. The number of shoots was counted on the 21st day (SR and SR+
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mediz) and 30" day (RI and RI+ media). The numbers in the table are the total number

of shoots per gram of root explants, averaged from three independent transformation

experiments.

Example 5. Effects of constitutive expression of GACIRI, At5g59340 (AtCIR]),
At3gl1260 (AtCIR2) in Arabidopsis.

AGL1 carrying constructs pSK36-GhCIR 1, pSK36-AtCIR1 and pSK36-ARCIR?
were used to infect Arabidopsis root explants, which were plated on RI or SR medinm.
Sigpificantly more rapid and efficient green callus regeneration was obvious from the 7-
10" day in SR medium. Unlike in pER10, an abundant number of shoots was also
observed in RI medium. GhCIR1 and AtCIR2 were of a similar strength but AtCIR1 was
significantly weaker than GhCIR1 and AtCIR2 (Table 2). While the regenerants derived
from the AtCIRZ construct showed a similar morphology 1o those detived from the
vector-only control, the shoots derived from the GhCIR1 or AtCIR]1 construct mostly
appeared as big clusters. Microscopic examination of the calli revealed that the shoot
clusters mainly comprised germinated somatic embryos because developing roots were
observed at one end and trichome-less cotyledon-like structures were observed at the

other end even when cytokinn (2ip) was added in the medium (Fig. 4).

Table 2

pSK36 0 | 1423
pSK36-GhCIR1 | 541 | 2650
pSK36- Atsg59340 | 224 | 2200
pSK36-At3g11260 | 762 | 2690
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Note: The numbers in the table are the total nwmber of shoots and dark—green calli per

gram toot explants on the 21% day (SR medium) or 30" day (RI medium).

Example 6: Effect of constitutive expression of GHCIR! in cotton suspension cultures

pSK36-GhCIR1 was transformed to a cotton suspension cell culture $4 by
Agrobacterium mediated transformation (Ji and Cai, 2004). The transformed celis were
selected and regenerated in a hormone-free MS medium with 100mg/l kanamycin and
300mg/t Cefotaxim. Although many somatic embryos died during the regeneration
process, a substantial increase in the mumber of somatic embryos was observed (Table 3).

Embryos developed abnormally when GhCIR1 was constitutively over-expressed (Fig. 5).

Tahle 3
Construct Embryo No.
pSK36 14
pSK36-GhCIR1-a 24
pSK36-GhCIRI-b 30

Note: Approximately 0.2g suspension-cultured cells were divided to 100 sectors after co-
cultare. The numbers in the table are the total number of the sectors that produced
somatic embryos. Only viable embryos at or after globular stages were counted. pSK36-

GhCIR1-a and pSK36-GhCIR1-b were two experiments of the same condition.

Example 7: GhCIR] as a silent re-usesble selection marker
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To transfer the P355:-GACIRI and P355::AtCIR2 to excision vector pX6-GFP,
pSk36-GhCIR1 and pSK36-AtCIR2 were digested with Spel and the restriction site was
polished with T4 DNA polymerase. The gene cassettes plus portion of the nptif gene
were released by Sacll digestion and Ligated with Sacll-Apal digested pX6-GFP vector
(the Apal site was polished by T4 DNA polymerase). The resultant constructs were
named pX6-GhCIR1 and pX6-AtCIR2, respectively. Both were introduced to
Agrobacterium strain AGL.1.

Although no transformants were observed in explants infected with pX6-GFP as a
conirol in the RI medium without kanamycin, a large number of shoots were seen in
those infected with pX6-GhCIR1 and pX6-AtCIR2. The lack of kanamycin had no

significant effect on transfonmation efficiency. The results are summarized in Table 4.

Table 4
RI RI-Kan’ RIKan+ SR
pXo-GFP 0 0 0 142422
pX6-GhCIR1 126444 11612 1544 14304212
pX6-AtCIRZ 374454 33044 343 23494125

Note: RI-Kan"is the same as RI except RI contains no kanamycin, RI-Kan™+ is the same
as RI-Kan- except RI-Kan™+ contains 10uM 173-estradiol. The numbers in the table are

the total number of shoots per gram of root explants, averaged from three independent

transformation experiments.

Example 8: Effect of over-expression of fruncated GhCIR1
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The ED and the putative activation domains of GhCIR1 were separately cloned
into pER10-EGFP-HH (Ji LH, unpublished datz), which contains 2X HA-6X histidine
epitope tag at the C-terminus (Fig. 9). A protein of interest can be tagged by cloning in-

| frame of the coding region at the unique Pacl site. The HD domain was amplified by
primers GR5-2 and GhCIRINL (GGTTAATTAATTGAGCTCGATGATGATGGT
[SEQ ID NO: 44]), and the C-terminal part was amplified by primers GhCIR1CU
(AAGGCGCGCCAAAATGCCTGTTITTCATCCTCCTCC [SEQ ID NO: 457) and
GhCIRIT (CCTTAATTAAGAAGAAATCAATGAAACGATGTTC [SEQ ID NO: 46}).
The entire ORF was amplified by GR5-2 and GhCIR1T. All amplified fragments were
digested with Asel and Pacl, and cloned into the corresponding sites in pER10-EGEP-HE.
The new constructs were named pER10-GhCIR1HH (the entire ORF), pER10-
GhCIRINHH (N-terminal) and pER10-GhCIR1CHH (C-terminal), respectively.

A Pacl digested PCR fragment encoding the VP16 domain was amplified from
pER10 using primers VP16U (CCTTAATTAACGCCCCCCCGACCGATGTCAGCCT
[SEQ ID NO: 47]) and VP16L (TTTTAATTAACCCACCGTACTCGTCAATTCCAA
[SEQ ID NO: 48]). That digested PCR fragment was then inserted at the Pacl site of
pER10-GhCIRIN, creating pERI0-GHCIRINVHH. The VP16 fragment was also
inserted into the Pacl site of pER10-GhCIRTHH, creating pER10-GhCIR1VHH.

pER10-GhCIR1HH efficiently induced shoot regeneration in RI medium as
pER10-GICIR] does although a smali drop in regeneration efficiency was observed. In
contrast, no shoots were seen in root explants co-culiured with pER10-GhCIRINHHE or
pER10-GhCIR1CHH. (Table 5). Morgover, addition of a VP16 activation domain to the

HD domain (SEQ ID NOs: 9 and 10} did not restore the original function of GhCIR 1.
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This suggests that the HD domain alone is insufficient for the observed functions of

GhCIRI, AtCIR1 and AtCIRZ.

Table 5
RI SR Ri+ SR+
pERI0 0 | 769464 0 635+114
pER10-GhCIR1 0 | 800&70 | 372451 | 2884£148
pER10-GhCIR1HH O | 749481 | 187&17 | 2289100
pER10-GhCIR1VHH 0 {77752 0 97216 | 1439497
pER10-GhCIRINHH 0 | 710458 0 68472
pERIO-GRCIRINVHH | 0 | 728454 { 635496
pERI10-GhCIR1CHH 0 | 820456 0 583+58

Note: RI+: RI medium plus 10pM estradiol; SR+: SR medium plus 10 pM esiradiol. The
number of shoots was counted on the 21st day (SR and SR+ media) and 30" day (RI and
RI+ media). The numbers in the table are the total mumber of shoots per gram of root

explants, averaged from three independent transformation experiments.

As GhCIR1 contains a basic peptide KRRGRP (SEQ ID NO: 59) (aa 138-143)
that 18 similar {6 the N-terminal NLS (RKGK) (SEQ ID NO: 64) of Agrobacterium virD2
{Tinland et al., 1992), it is likely that the removal of the C-terminal part of GhCIR1
affects the nuclear targeting of GhCIRIN and GhCIRIN-VP16. To confirm this
possibility, we created 2 second construct expressing a fusion protein comprising the
GhCIRIN (amino acids 1-96), the VP16 activation domain and the estrogen regulatory
domain that contains a nuclear localization signal (GhCIRIN-VE: SEQ ID NO: 12). This
construct, pSK36-GhCIRIN-VE, was made in pSK36 and expected to simulate pER10-
GhCIRI if the fusion protein was functional. Resulis in Table 6 support our previous

data in Table 5 as no shoot regeneration was observed in RI+ medium with this construct.
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Table 6
RI! SR | RJI+| SR+
pSK36 ¢ 112081 0 | 1008
pSEK36-GhCIRIN-VE | 0 | 13491 0 | 1221
pSE36-GhCIRIN 0 {12351 0 | 1028

Note: The numbers in the table are the total number of shoots regenerated from 1 gram of

root explants.

Example 9. Root transformatior method

Root transformation was performed according to Banno et al (2001). Arabidopsis

thaliana Wasstlewskija (WS) seeds were stentized and sown on G medinm and grown for

7 days at 22 °C under 16 hours day/night lighting cycles. Root culiures were prepared by

transferring 7-day-old seedlings to B5 liquid mednnm and culturing for 15 days with

shaking at 100 rpm. White portions of roots were excised as short explants and incubated

in a callus-inducing medium (F1 medium) for 2-3 days and co-cultured in ¥2 medium

with Agrobacterinm strains for 2 days at 24°C under constant lighting. After thorough

washing in W solution, the root explants were suspended in SR” medium and plated on

selection medium (RI, R+, SR or SR+). The plates were sealed with Micropore™ tape

(3M™) and incubated at 22°C with 16 hours lighting cycles.

Example 10. Vital roles of the Non-HD domains of GhCIR] and AtCIR2

.25
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To demonstrate the importance of the non-HD domain of the encoded
polypeptides disclosed herein, we created chimeric constructs of GRCIRI and ArCIR2.
pER10-GhCIRINZHH (encoding aa 1-147 of GhCIR1) was made Inserting Ascl-Pacl
digested PCR product of primers GR5-2 and GhCIRINZL |
(GATTAATTAAAGTTTTACCAATAGGCCTGC) (SEQ ID NO: 49) into the
corresponding sites of pER10-GhCIR1HH. GhCIRINIC2 (Fig. 22 and 23} is a fasion of
HD-domain of GhCIRI (aa 1-93) and the C-terminal domain (C2 fragment) of AtCIR2
{aa 107-192) and was made by inserting a Pacl-digested PCR product of primers
A‘thl 126002 (TTTTAATTAATCCATCAACTAGAGATGTTTTTG) (SEQ ID NO:
50) and At3gl1260L (AATTAATTAACCATGCATTGGAAAATATCT) (éEQ D NO:
41} into the Pacl site of pER10-GhCIRINTHH. Similarty, pER10-GhCIR1N2CZ {Fig. 24
and 25) was made by inserting the C2 fragment into the Pacl site of pER10-
GhCIRIN2HH. The ORF of GhCIRIN2C2 (SEQ ID. 58) 15 .shown. in Fig. 28. pFR10-
GhCIRIN1C2 and pER10-GHCIRIN2HH were similar to the empty vector pER10 in
inducing cytokimn-independent shoot regeneration or improving transformation
efficiency in the presence of cytokinin, 1.e., pER10-GhCIRINI1C2 or pER10-
GhCIRIN2HH did not show any activity in inducing cytokinin-independent shoot
regeneration or improving fransformation efficiency in the presence of cytokinin. pER10-
GhCIRINZC2, however, not only mmproved transformation efficiency in the presence of
2ip (cytokinin) but also induced shoot regeneration in the absence of 2ip (cytokinin)
(Table 7). An interesting difference between pER10-GhCIRINIC2 and pER10-
GhCIRIN2C2 {compare SEQ 1D NOs:14 and 16) is a short motif KRRGRP (SEQ ID

NO: 59) resembling the monopartite nuclear localization signal (Tinland et al., 1992).
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Therefore, this motif may serve as a nuclear targeting signal in GhCIR1 and

GhCIRINZC2,

The C-termmind of GhCIR1, AtCIR1 and AtCIR2 all contain a conserved
hexapeptide with a consensus sequence of TLXLFP (SEQ ID'NO: 65) near the C-terminal
ends. This peptide is not found in other proteins except Wuschel-related HD-domain
proteins. We noticed the presence of a threonine residue in the peptide. To see if
phosphorylation of this residue has any effect on the fimetion of Wuschel-related proteins,
threonine 188 (T of GhCIR1 was mutated by site-directed mutagenesis to encode either
aspartic acid (D) that mimics phosphorylation, or alanine (A) that is resistant to
phosphorylation. Primer pairs GR5-2 (SEQ ID NO: 35)/GhCIR1T188AU (SEQ ID NO:
51y and GhCIR1T188AL (SEQ ID NO:52)yGR3-2P (SEQ ID NO: 37) were used for
amplification of 5° and 3° parts of GhCIR1T188A, respectively, which were joined by
PCR using primer pair GR-5-2/GR3-2P and cloned in pER10-EGFP-HH. pER10-
GhCIR1T188D was similarly made using primers GhCIR1T188DU (SEQ ID NO: 53)

and GhCIR1T188DL (SEQ ID NO: 54).

Strikingty, mutant GhCIR1 T'®D totally lost its function to enhance
transformation in the presence of 21p or induce shoot regeneration in the absence of 2ip
while GhCIR: T'® A was only marginally weakened compared to the wild-type GhCIR1
{Table 7). These findings snggest that a non-phosphorylated TEXLEP (SEQ ID NO: 65)
motif is vital for functions of the Wuschel-related proteins. Therefore, the threonine |

residue in this hexapeptide may be substituted by non-negatively charged amine acids,
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and substitution by a negatively charged amino acid, L.e., aspartic acid (D) or glutamic
acid (E)) 18 not favored. Preferably the non-negatively charged amino acids are neutral
amino acids, e.g., alanine, cysteine, methionine, isoleucine, leucine, valine, proline;
glycine, phenylalanine and tryptophan. More preferably the non-negatively charged
amino acids are phosphorylation-resistant amino acids with simple side chains, e.g.
alanine, giycine, methionine, valine, isoleucine, leucine. The most preferred non-
negatively charged armino acid is alanine.

As GhCIR1 loses its cytokinin-independent shoot regeneration activity by the

phosphorylation of T'5

, it can be Inferred that over-expression of theonine/serine
phosphatase will have a similar effect as over-expression of GhCIR1. An example of
such phosphatases is one encoded by the arabidopsis Poltergeist (Pol) gene (Yu et al,
2003). Preferably, phosphatase mutants with deleted negative regulation domain are to be
over-expressed.

A detailed examination of sequence alignment of Wuschel-related proteins (Fig.
2) revealed that the TLxLEP (SEQ ID NO: 65) motifis followed by only 3 aminoe acids in
Atlg46480 compared to 48 amino acids in GhCIR 1, 55 amino acids in AtCIR1 and 54
amino acids in AICIRZ. To see if the lack of significant sequence extension accounted
for the virfual lack of the cyiokinin-independent shoot regeneration function of
At1gA6480, the C-terminal 45 amino acids of GhCIR1 was deleted by PCR using primers
GRS5-2 and GhCIRIA4SL (TTAATTAAAACACCAGTCGGGTGCAATG) (SEQ ID
NO: 55). Indeed, this construct, pER10-GhCIR1A43HH, contained only negligible

activity in promoting shoot regeneration or cytokinin-independent shoot regeneration

(Table 7). In addition, we noticed that a glutamic acid is conserved in GhCIR1, AtCIR1
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and AtCIR2 in deleted region. However, converting this residue to alanine, which was
achieved by one-step PCR using primers GR5-2 and GhCIR1E236AL

(TTTTAATTAAGAAGAAATCAATGAAACGATGTGCCCCAGAA) (SEQ ID NO:
56), did not change the acti*;fity of GhCIR1 (Table 7, pER10-GhCIR1E236AHH). This
result indicates that the size of this highly degenerate region is vifal for both cytokinin-

independent shoot regeneration and transformation enhancing activities.

Table 7

Constriict RI SR R+ SR+

pER10 0 417483 0 293451
pER10-GhCIR 1HH ¢ 507274  354+45 19052615
pER10-GRCIRINIHH ¢ 463=85 0 327415
pER10-GhCIRINIVHH 0 417%201 0 220+50
pER10-GRCIRINICZ 0 447124 O 410440
pER1O-GHCIRINZHH 0 37046 0 297107
pERI10-GhCIRINZVHH 0 395265 0 273485
pERIO-GRCIRIN2C2Z 0 57050  130£20 1727%196
pERIO-GHCIRICHH 0 493x183 0 245£55
pER10-GhCIRIT*AHH 0 407£125 21776 2040£478
pER10-GhCIR1 T'®*DHH 0 523182 0 3174100

pERI1O-GHCIR1D43HH © 537£86 T=6 563+76
pER10-GhCIR1E236AHHO 490£95 40041 2075x400

Note: RI+: RI medinm plus 10pM estradiol; SR+: SR medivme plus 10 pM estradiol. The
number of shoots was counted on the 21st day (SR and SR+ media) and 30™ day (RI and
RI+ media). The numbers in the table are the total number of shoots per gram of root

explants, averaged from three independent transformation experiments.

Exampie 11: Signature Sequence of Cytokinin-Independent Regeneration Proteins

From analysis of Fig.2 and data presented in Table I, 2, 5 and 7, we concluded

that functional proteins contained & C-terminal extension of about 50-60 residues (50 aa
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in GhCIR1, 57 aa in AICIR1 and 52 aa in AtCIR2) whereas non-functional proteins had
less than 12 aa in the C-termmal extension (12 aa in PRS, S aa in At} g46480 and
GhCIR1A45C). We also have found-thgt GhCIR], AtCIR1 and AtCIR?2, which have
cytokinin-independent shoot fegeneraﬁc;n activity, share common elements including 1) a
homeodomain near the N-terminus, 2} a nuclear localization signal (NLS), 3) a
hexapeptide TLxLFP (SEQ ID NO: 65) that may be subjected to negative regulation by
phosphorylation near the C-terminus and 4) a C-terminal extension to the TExLFP (SEQ
ID NO: 65) hexapeptide. These findings can be extrapolated into a signature sequence. A
NLS seguence is not shown at any speciﬁc position in the signature seqeunce since it can
be located anywhere in a protein as long as it does not disrupt the homeodomain near the
N-terminus and the hexapeptide TLxLFP (SEQ ID NO: 65) near the C-terminus and is
preferably exposed on the surface of the folded protein so as to be recognized by the
cellular nuclear importing machinery.

A signature sequence for a protein that is able to enhance plant transformation
and cytokinin-independent regeneration is defined as follows:
(XPPHRWNPTEVYDE)QULYS TKHMILYL(ETHSND)LEF YW KRYQEA)G(IL)
RTP(STYADDQIQQK)ISTHGSTHRE}L(KRSHAF) Y GEKHDIE(GS)KNVFYWFQN
HEKAR(QE)RQK(QR)(KR)(X* ' YWEK)(STACIGVLMNQP)L(PO)LFP(LV)

XM7Y (SBQ ID NO: 60)
wherein
X represents any amino acids and the numbers following the X represent the

range of the size of the domain represented by X,
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amino acids in a bracket represent alternatives for that position, for example,
RWNPT(KV) (SEQ ID NO: 66) means that RWNPTK (SEQ ID NO: 67) or RWNPTV
(SEQ ID NO: 68), and the protein comprises an NLS with the proviso that the NLS does
not change the specified amino acids, excluding prior art sequences such as AtCIR2 and
AtCIR1.

Tt is well known that a protein sequence could have been evolved considerably
without changing its function. Various mathematical matrices have been made to define
the weight of amino acid similarity. Today the most commonly used mairix for sequence
alignment and homology search, ¢.g., BLAST search, is the BLOSUM series of matrices
(Henikoff and Henikoff, 1992). Among them, BLOSUM 62 is often the default matrix for
BLAST search. This mathematical model may be used for in silico evolution of the
signature sequence that was described above. By substituting the less conserved positions
with conserved residues that weigh at least one in the BLOSUM 62 substitution table, the
signature sequence for a protein that is able to enhance plant transformation and
cytokinin-independent regeneration may be expanded as follows.

(X PHRWNPTEEQRIMLY Y EDNKQ)QUILMVY(ERNSTQRYMILV)L
(DEKQSTHADEHNST)L(FYW)(BQKRYADEKRQS)G(ILMYV)
RTP(ASTHAST)DOQIQEKQR)I(ASTHAGST)
(DEKQRIL(AEQKRST)ASFWY)YG

(EQHKTY)IE(AGST)KNVFYWEQNHK AR(DEQKR)RQK(EKQR)(EQKR) (X*
191y DEKQR)(STACIGVLMNQP)L(EPQRR)LFP(MILV)(X">") (SEQ ID NO: 61),

wherein
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X represents any amino acids and the numbers following the X represent the
range of the size of the domain represented by X,

amino acids in a bracket represent alternatives for that position, for example,
RWNPT(KV) (SEQ ID NO: 66) means that RWNPTK (SEQ ID'NO: 67) or RWNPTV
(SEQ ID NO: 68), and
the protein comprises an NLS with the proviso that the NLS does not change the
spef;i_ﬁed amino acids, excluding prior art sequences such as AtCIR2. It is also well
known that a polypeptide, e.g., B-galactosidase (LacZ), green florescent protein (GFP), -
glucuronidase (GUS), etc, may be inserted into a protein to form a fusion protein without
substantial changes in the protein’s activity, Therefore, insertion of one or more of
heterogeneous sequences i the signature sequence and/or addition to the signature
sequence at the X domains is also contemplated with the proviso that such insertion does

not change the specified amino acids.

Example 12: Effect of constitutive expression of GhCIRI and ArCIR2 in cotton root

explants

To further demonsirate that GhCIR1 enhances transformation efficiency in cotton,
pX6-GhCIR1 was used to fransform cotion root explants. Surface sterilized cotton seeds
(Coker 312) were gemunated in half-strength, sugar-free MS medivm. Root explants of
about 1 cm in length were pre-culfured for 3 days at 28°C in MS medium supplemented
with 0.1mg/l kenetin and 0.1 mg/l 2,4-D. Agrobacterium culture (AGL1) harboring pX6-
GhCIR1 or pEX6-GFP was washed and adjusted to about .3 ODggp units in MS medjum

supplemenied 0.1mg/] kenetin, 0.1mg/l 2,4-D and 100pM acetosyringon. Pre-cultured
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root explants were soaked in the AGL1 suspensions for about 10 minutes. After briefly
blotted dry in filter paper, the root explants were culttured at 28°C on solid MS medium
supplemented with 1 mg/l zeatin riboside, 0.01mg/l NAA, 100mg/! kanamycin and 300
mg/l Cefotaxime. The number of kanamycin resistant calli at the end of the second month
are scored and summarized in Table 8. In two independent experiments, over-expression
of GhCIR1 lead to 2.3-fold and 4-fold more transformed calli, respectively. Furthermore,

pX6-GhCIRT calli were 2-3 fimes larger than the empty vector.

Table B.

Experiment 1 |
construction | Kan'Calli | Total Explants | Transformation efficiency
536 13 465 3
pX6-CIR1 44 642 7

Experiment 2

construction
pX6 9 416 2
pX6-CIRT 54 695 8

Note: Transformation efficiency is calculated as the percentage of kanamyein resistant

calli over total number of explants used for co-cultured with Agrobacterium strains.

Thusg, one aspect of the present invention relates to an isolated polynucleotide
comprising SEQ ID NO: 1. Another aspect of the present invention relates to an isolated
polynucleotide comprising SEQ ID NO: 15. Another aspect of the present invention
re_lates to an isolated polynucieotide comprising a poiy_mloleotide of at least 65% identity
to SEQ ID NO: 1 wherein the polypeptide encoded by the polynucleotide promotes plant
regeneration, induces plant regeneration in the absence of exogenous hormones, or

increases plant transformation efficiency. Another aspect of the present invention relates
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{0 an isolated polynucleotide comprising a pelynucleotide of at least 65% identity to SEQ
1D NO: 15 wherein the polypeptide encoded by the polynucleotide promotes plant
regeneration, induces plant regeneration in the absence of one or more exogenous
kormones, or increases plant iransformation efficiency. Another aspect of the present
invention relates to an isolated polynucleotide comprising a polynucleotide encoding
SEQ ID NO: 2. Another aspect of the present invention relates to an isolated
polynucleotide comprising a polynucleotide encoding SEQ 1D NO: 16. Another aspect
of the present invention relates to an isolated polynucleotide comprising a polynucleotide
encoding a polypeptide that promotes plant regeneration, induces plant regeneration in
the absence of one or more exogenous hormones, or increases plant transformation
efficiency. The polypeptide preferably contains a signatures sequence:
(X *HRWNPT(KEQRIMLY Y EDNKQ)QULM VY EKNSTORYMIL V)L
(DEKQSTHADEHNSTIL{FY W) EQER)(ADEKRQS)YG(ILMV)
RTP(ASTHASTDQIQ(EKQR)KAST)(AGST)
(DEKQR)LIAEQKRSTHASFWY)YG
(EQHK TY)IE(AGST)KNVEY WFQNHK AR(DEQKR)ROQK(EKQR)(EQKR) (X™"
PYOBKOR)(STACIGVLMNQP)L(EPQRR)LEP(MILVI(X ") (SEQ ID NO: 61),
wherein

X represents any amino acids and the numbers following the X represent the
range of the size of the domain represented by X,

amino acids in a bracket represent alternatives for that position, for example,
RWNPT(KV) (SEQ ID NO: 66) means that RWNPTK (SEQ ID NO: 67) or RWNPTV

(SEQ ID NO: 68), and
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the protein comprises an NLS with the proviso that the NLS does not change the
specified amino acids and the protein exciudes prior art sequences such as AtCIR2, A
preferred signature sequénce 18
(x’ 3'23)RWN"PT(I<;V)(DE)Q{ii)(ST-K)(MlL)L(Ej_:}(SNDjL(FY)(KR)(QHA)G(IL)
RTP(ST)(AT)DQIQQQK)I(ST)(GST)(R_E)L(KRS)(AF WY GEHTHE(GS)KNVFYWFQN
HK AR(QE)ROK(QR) KR ER)S TACIGVLMNQP)L(PQ)LFP (LV)
(X (SEQ ID NO: 60),
wherein

X represents any amino acids and the numbers following the X represent the
range of the size of the dmﬁain Tépresented by X,

amino acids in -a-brgéke{ represent alternatives for that position, for example,
RWNPT(KV) (SEQ ID'NO: ‘66}111@;1_133}11&’[ RWNPTK (SEQ ID N(:’)?'sﬂ or RWNPTV
(SEQ ID NO: 68), and the profeifn éomﬁzises an NLS with the proviso that the NLS does
not change the specified amino acids and the protein excludes prior art sequences such as
AtCIRZ. FPurther, insertion of one or more of heterogeneous sequences sﬁch as reporter
enzymes, .g., beta-galactosidase (LacZ), green florescent protein (GFP), beta-
glucurenidase {(GUS), ete, in the signature sequénce and/or addition to the signature
sequence at the X domains is also contemplated with the proviso that such insertion does

not change the specified amino acids.

The isolated polynucieotides may comprise an operably linked proimoter active in
aplant. The promoter may be an inducible or constifutive promoter. The isolated
polynucleotides may comprise other regulatory regions such as an enhancer, or a

repressor binding site.” The isolated polynucleotides may comprise fusion partners for
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various purposes such as over expression, increased stability, targeting to a specific type
of cells or infraceliular compartments, or tagging for easier identification or purification.
The isolated polynucleotide may be a gene. The isolated polynuoléotide may be a vector,
or Wheﬁ the isolated polynucieotide is a gene, the polynucleo’tidé may be incorporated
into a vector. The vector cari be a plasmid. The isolated polynucleotide may be an
expression vector, or when it is & gene, it can be incorporated into an expression vector so
that the polypeptide encoded by the isolated polynucleotide can be produced in a cell,
preferably bacterial cell, plant cell, or both. The present invention also relates to a cell
that has been transformed (transformed in a broad sense, including transformation,
transduction, transfection and conjugation) with the 1solated polynucleotide or when the
isolated polynucleotide is a gene, the gene or a vector incorporating the gene. The
transformed cells may further comprise a second vector. The first and second vector may
comprise a binary vector system.

Another aspect of the present invention relates to an isolated polypeptide
comprising SEQ ID NO: 2. Another aspect of the present invention relates 1o an isolated
polyp.eptide comprising SEQ 1D NO: 16. Another aspect of the present invention relates
i0 an isolated polypeptide of at least 65% identity to SEQ ID NO: 2, wherein said
polypeptide prométes plant regeneration, induces plant regeneration m the absence of
exogenous hormones, or increases plant transformation efficiency. Another aspect of the
present invention relates to an isolated polypeptide of at least 65% identity to SEQ D
NO: 16, wherein said polypeptide promotes plant regeneration, induces plant
regeneration int the absence of exogenous hormones, or increases plant transformation

efficiency. Another aspect of the present invention relates to an isolated polypeptide that
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promotes plant regeneration, induces plant regeneration in the absence of exogenous
hormones, or increases plant transformation efficiency. The polypeptide preferably
contains a signatures seéuence:

(XP P RWNPT(KEQRIMLV)(EDNKQ)QULMVBKNSTQR)MILV)L
(DBREKOQST{ADEHNSTILFYWHEQKRYADEKRQSYG(ILMV)
RTP(ASTHAST)DQIQ(EKQR){ASTYHAGST)
(DEKQR)L{AEQKRSTHASFWY)YG

(BQHKTY)IB(AGSTIKNVFY WFQNHEAR(DEQEKR)RQK(FEKORNEQKR) (X e

10 HEK QRS TACIGVEMNQP)L(EPQER)LFPMIL V(X ¥} (SEQ ID NO: 61),

wherein

X represents any amino acids and the numbers following the X represent the
range of the size of the domain represented by X,

amino acids in a bracket represent alternatives for that position, for example,
RWNPT(KV) (SEQ 1D NO: .66) means that RWNPTK (SEQ ID NO: 67) or RWNPTV
(SEQ D NO: 68), and

the protein comprises an NLS with the provisc that the NLS does not change the |
specified amino acids and the protein excludes prior art sequences such as AtCIR2. A
more preferred signature sequence is
X PYRWNP TV YDE)QIL)(STRYMIL)LETHSNDLEY KRN QEA)G(L)
RTP(STHAT)DQIQ(QR)ISTHGSTHRE)L(KRSHAF) Y GKHDIE(GS)KNVEY WFQN
HKAR(QE)RQK(QR)(KR)(X”"“1)(E1<)(sTACIGVLWQP)L(PQ}LFP(LV)

X+ (SEQ 1D NO: 60),
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wherein

X represents any amino acids and the numbers following the X represent the
range of the size of the domain represented by X,
amino acids in a bracket represent alternatives for that position, for example,
RWNPT(KV) (SEQ ID NO: 66) means that RWNPTK (SEQ ID NO: 67) or RWNPTV
(SEQ ID NO: 68), and the protein comprises aﬁ NLS with the proviso that the NLS does
not charige the specified amino acids and the protein excludes prior art sequences such as
AtCIR2. Further, insertion of one or more of heterogeneous sequ'ences such as reporter
enzymes, e.g.; beta-galactosidase (LacZ), green florescent protein (GFP), beta-
glucuronidase (GUS), eic, in the signature sequence and/or addition to the signature
sequence at the X-domains is also contemplated with the proviso that such insertion does
not change the specified amino acids.

Another aspect of the present invention relates to a method of selecting a
polynucleotide that enhances plant regeneration from non-Arabidopsis mRNAs
comprising the steps of constmctiﬁg-a cDNA library from cells, wherein the cDNAs in
said cDNA library can be optionaily normalized and are regulated by a plant-active
promoter; transforming Arabidopsis explants with vectors comprising said normalized
cDNA library, culturing said Arabidopsis explanis in a plant-cell-culture medium that is
non-supportive of plant regeneration with conventional vectors, wherein said plant-cell-
culture medium can be free of one or more piant hormones or with only frace amount of
them; selecﬁng Arabidopsis explants regenerating in said plant-cell-culture medium;
identifying the nucleotide sequence of the polynucieotide that was transferred from said

¢DNA library to said Arabidopsis explants regenerating in said plant-cell-culture medium
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and makes said Arabidopsis explants regenerate in said plant-cell-culture médium by
sequencing a PCR product amplified from said Arabidopsis explants regenerating in said
plant-cell-culture medivm using a primer from a group consisting of SEQ ID NOs. 35, 37,
38,39, 40, 41, 42 and 43; and isolating a polynucleotide of said nucleotide sequence from
z cell, or synthesizing a polynucleotide of said nucleotide sequence.

Another aspect of the present invention relates to a method of selecting a plant
cell transformant éomprising the steps of transforming plant cells with vectors, wherein
said vector comprises the isolated polynucleotide described above, and a promoter that is
active in a plant and operably linked to said isolated polynucleotide; culturing said plant
cells in a plant-cell-culture medium that is non-supportive of plant regeneration with
conventional vectors; and selecting regenerating plant cells. The vector may further
comprise a polynucleotide of interest.

Another aspect of the present Invention relates to. a method of improving plant
transformation efficiency comprising the steps of transforming plant cells with vectors,
wherein said vector comprises the isolated polynucleotide described above, and a
promoter that is active in a plant and operably linked fo said isolated polynucieotide;
culturing said plant cells in a plant-cell-culture medium that is optionally cytokinin-free;
and selecting regenerating plant celis.

Another aspect of the present invention relates a method for improving plant
regeneration or transformation efficiency by over-expression of a theonine/serine
phosphatase in vectors, wherein said vector comprises the isolated theonine/serine
phosphatase gene or unregulated mutants of the genes, and a promoter that is active in a

plant and operably linked to said isolated genes; culturing said piant cells in a plant-cell-
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culture medium that is optionally free of cytokinins; and selecting regenerating plant cells.
The serine/threonine phosphatase is preferably the one encoded by arabidopsis Poltergeist
(Pol) gene (Yu et al, 2003). The serine/threonine phosphatase polypeptide can be one
sharing at least 65% identity with the arabidopsis Poltergeist. Preferably, phosphatase
mutants with deleted negative regulation domain are to be over-expressed.

It will be appreciated that the polynucleotides of the present invention may be
used to induce plant regeneration in the absence of one or more exogenous hormones as
well as promote plant regeneration, or increase plant transformation efficiency using 2
normal regeneration or transformation methods.

The transformation of a cell, including a cell comprnising explants, with the
isolated polynucleotide of the present invention (in other words, the incorporation or
transfer of the isolated polynucleotide of the present into a cell) can be achieved by a
method well known one skilled in the art. Especially for a plant cell, such a
transformation can be achieved by Agrobacterinm-mediated T-DNA conjugation or
particle gun bombardment.

A wide variety of plant cells can be used. to practice the present invention.
Particularly preferred are Arabidopsis and cotion; however, tice, corn (e.g. maize), beans
(e.g. soybeans), wheat, barley, sugarbeet, oil paim, sunflower and others can also be used.
A wide variety of plant cells can be used to practice the present invention. Preferred are
explants from various origins, and especially, root explants are preferred in selecting a
polynucleotide that enhances plant regeneration.

A wide variety of promoters can be used to practice the present invention. For a

vector to transfer the isolated polynucleotide between two different hosts, two separaie
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promoters, respectively active only in one of the two hosts, can be used. The promoter
can be a chemically inducible promoter, or a constitutive promoter. The isolated
polynucleotide and promoter may be chemically excisable.

The plant-cell-culture medium used to practice the present invention may be free
of any antibiotics or herbicides, or any plant hormones.

The invention also contemplates a complement sequence of any of the nucleic
acid sequences disclosed above; the use of the complement sequences in producing the
nucleic acid sequences disclosed above in a biological system; and the use of the
complement sequences in probing nucleic acid sequences related to the sequences
disclosed above,

Therefore, the invention can be embodied i the following ways.

1. An isolaied.polynuclcotide comprising

a. SEQID NOs: 57 or 15; or a complement thereof;

b. apolynucleotide of at least 65% identity to SEQ ID NOs: 57 or 15; or
a complemen‘i thereof, wherein the polypeptide encoded by the
polyﬁucleotide of at least 65% identity to SEQ ID NOs: 57 or 15501 a
complement thereof promotes plant regeneration, induces plant
regeneration in the absence of one or more exogenous hormones, or
increases plant transformation efficiency;,

¢. apolynucleotide encoding SEQ 1D NOs: 2 or 16; or a complement
thereof;

d. a polynucleotide encoding a polypeptide comprising a signature

sequence:
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(X P RWNPTKEQRIMLV Y EDNKQ)QULMY YEXNSTQRYMILVIL
(DEKQSTYADEHNST)L(FY WY EQKR) ADEKRQSYG(ILMV)
RTPASTHAST)DQIQEKQRYIASTHAGST)
(DEKQRIL(AEQKRSTYASFWY)YG
(BOHKTY)E(AGSTIKNVEY WFQNHK AR(DEQKR)RQK(EKQRWBOKR) (X*
]m)(DEKQR)(STAC;EGVLWQP)L(EPQKR}LFP(MILV)(XI3“57) (SEQ ID NO: 61),
wherein "

X represents any amino acids,

the mambers following the X represent the range of the size of the domain
represented by X,

_ amino acids in each bracket represent altematives for the respeciive single amino

acid position represented by each bracket,

the polypeptide comprises an NLS with the proviso that the NLS does not change
the specified amino acids, and

AtCIR 1 and AtCIR2 are excluded from the polypeptide comprising the signature
sequence.

2. The isolated polynucleotide of item 1, further comprising an operably linked

promoter, wherein said promoter 1s aciive 1n a plant.

3. The isolated polynucleotide of item 1, wherein said isolated polynucleotide 1s a

gene.

4. The isolated polynucieotide of item 2, wherein said promoter is a constitutive

promoter.
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5. The isolated polynucleotide of item 2, wherein said promoter is an inducible

promoter.

6. A vector which comprises the polynucleotids of item 1.

7. The vector of item 6, wherein said vector is a plasn’ﬁd.

8. The vector of ifem 6, further comprising & promoter, wherein said promoter 18

operably linked fo said polynucleotide. |

6, The vector of item 8§, _wherein said promoter is active in a plant cell.

10. A binary vecior system comprising the vecior of item 9.

11. A bacterial cell comprising the vector of 7.

12. A plant cell comprising the vector of 9.

13. The isolated polynucleotide of item 1, wherein the signature sequence is
(X P PRWNPTEVYDE)QILYSTK)MIL)LET ) SNDYLFYYKRYQEAYG(IL)
RTP(ST)(A’I‘)DQIQ(QI{)I(ST)(GST)(RE)L(KRS)(AF)YG(KHT)EE(GS)KNVFYWFQN
HEAR(QE)RQK(QRYKR)(X* ') (BERYSTACIGVLMNQP)LEQLFP(LV)
(X'*5%) (SEQ ID NO: 60). )

14, The nucicotide of item 1, wherein the polypeptide comprises an additional

sequence in the signature sequence at the X domains.

15. An isolated polypeptide comprising

a. SEQID NOs: 2 or 16;
b. apolypeptide of at least 65% identity to SEQ ID NOs: 2 or 16,
wherein the polypeptide of at least 65% identity to SEQ ID NOs: 2 or

16 promotes plant regeneration, induces plant regeneration in the
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absence of one or more exogenous hormones or in a trace amount of
.them, or increases plant transformation efficiency;
¢. asignature polypeptide:

(X' PHRWNPT(KEQRIMLVYEDNEQYQUILMVYEENSTQRYMIL V)L
(DEKQSTY(ADEHNST)L(FYW) (EQKR)(ADEKRQS)G(ILMW
RTPASTHASTDOIQ(EKQRM(ASTHAGST)
(DEKOR)L(AEQKRST)(ASEWY)YG
(EQHKTY)B(AGSTIKNVFY WFQNHK AR(DEQKR)RQK(EKQR)(BQRR) (X*-
ONYDEKORYSTACIGVLMNQP)L(EPQKR)LFP(MILV)(X ) (SEQ ID NO: 61),

X represents any amino acids,

the numbers following the X represent the range of the size of the domain
represented by X,

amino acids in each bracket represent alternatives for the respective single amino
acid position represented by each bracket,

the polypeptide comprises an NLS with the proviso that the NLS does not change
the specified amino acids, and

AICIR] and AtCIR2 are excluded from the polypeptide comprising the signature
sequence.

16. The isolated polypeptide of item 15, wherein the signature sequence is
preferably
(X PHRWNPT(KV)(DE)QULYSTKYMIL)LETHSND)LEFY KRN QEA)G(IL)
RTP(STYATDQIQORISTHGST)REYLERSYAF)YGERHTHE(GS)KNVFYWFQN

HKAR(QBE)ROQE(QRYEKR) (X Y ERNSTACIGVLMNQP)L(PQILEP(LY)
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(XY (SEQ ID NO: 60).
17.The isolated polypeptide of item 16, wherein the isolated polypeptide
comprises an additional sequence in the signature sequence at the X domains.
18. A method of selecting a polynuclectide from speciés other than Ambia’opsis,.
comprising the steps of
a. constructing a cDNA Hbrary from cells, Whe%ein the cDNAs in said
¢IDNA Ybrary can be expressed m a plant cell,
‘b. transforming Arabidopsis explants with vectors in said cDNA library,
c. culturing said Arabidopsis explants in a plant-cell-culture medium that
is non-supportive of regeneration with conventional vectors,
d. selecting Arabidopsis explants regenerating n said plant-ceil-culture
mediumn,
fl i(ientifying the nucleotide sequence of the polynucleotide that was
transferred from s&id_cDNA library to said Arabidopsis explants
regenerating in said plant-cell-culture medivm and enables said
Arabidopsis explants to regenerate in said plant-cell-culiure medivm, and
g. 1solating a polynucteotide of said nucleotide sequence from a cell, or
synthesizing a polynucleotide of said nucleotide sequence.
19. The method of item 18, wherein Arabidopsis explants are transformed with
said vectors in said cDNA hibrary by Agarobacterium-mediated T-DNA
comjugation.
20. The method of item 18, wherein Arabidopsis explants are fransformed with

said vectors in said cDNA library by particle gun bombardment
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21. The method of item 18, wherein said plant-cell-cutture medium does not
contain no cytokinins or trace amount of cytokinins.
22. The method of item 18, wherein said plant-celi-culture medium does not
contain 2ip.
23. The method of item 18, wherein said Arabidopsis explants afe Arabidopsis root
explants.
24. A method of selecting a plant cell transformant comprising the steps of
a. transforming plant cells with vectors, wherein said vector comprises
1. apolynucieotide encoding a polypeptide that enables a
transformant to regenerate in 2 medinm deficient of one or
more hormones, and
ii. apromoter that is active in a plant and operably licked to said
isolated polynueleotide,
b. culturing said plant cells in a plant-cell-culture medium that is
deficient of one or more hormones, and
c. selecting regenerating plant celis.
25 The method of item 24, wherein the polypeptide that enables & transformant to
regenerate in said medium is |
| a. a polypeptide of at least 65% identity to SEQ ID NOs: 2 or 16; or
b. a signature polypeptide:
(X' PHRWNPT(XEQRIMLV)(EDNKQ)Q(ILM V)Y EKNSTQRYMILV)L
(DEKQSTHADEHNST) LY WHEQRR)(ADEKRQS)G(ILMYV)

RTP(AST)(ASTDQIQEKQRYKAST)(AGST)
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(DEKQRYLIAEQKRSTWASFWY)YYG
(BQHKTY)E(AGST)KNVFYWFQNHKARDEQKR)ROK(EKQRNEQKR) (X*
OYDEKQRYSTACIGVLMNQP)L(EPQRR)LFP(MILVYX " (SEQ ID NO: 61),

X represents any amino a.éids, | '

the numbers following the X represent the range cf the size of the domain
represenied by X,

amino acids in each bracket represent alternatives for the respective single aminc
acid position represented by each bracket, and

the polypeptide comprises an NLS with the proviso that the NLS does not change
the specified amino acids.

26. The method of item 24, wherein said vector further comprises a polynucleotide

of interest. |

27. The method of item 24, wherein said promoter is a chemically inducible

promoter.

28. The method of item 24, wherein said promoter is a constitutive promoter.

29. The method of item 24, wherein said isolated polynucleotide and promoter are

cheinically exicisable.

30. The method of item 24, wherein gaid plant-cell-culture medium does not

contain any antibiotics or herbicides.

31. The method of item 24, wherein said plant-cell-culture medium does not

contain one or more hormones.

32. A method of improving plant transformation efficiency comprising the steps of

a. transforming plant cells with vectors, wherein said vector comprises:
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1. a polynucleotide encoding a polypeptide that enables a2
{ransformant o regenerate in a medivm that is deficient of one or
more hormones or increases regeneration rate in a regular plant-
celi-cuture medivmn, and |
. a profnéter that is active in a plant and operably linked to said
1solated polynucleotide,

b. culturing said plant cells in a plant-cell-culture medium, which is

optionally suppiem'ented with cytokining, and optionally supplemented

with herbicides, antibiotics or both, and,

c. selecting regenerating plant cells.

33. The method of item 32, wherein said polypeptide is
a. apolypepﬁde of at least 65% identity to SEQ ID NOs: 2 or 16; or

b. a signature polypeptide:

i e AR T rroLer

(X RWNPTIREQRIMEV Y EDNK QYR ILM VA EENS TORYMIL V)L
(DERQST)ADEHNST)L(EFY W)(BEQKR)ADEKRQS)G(ILMY)
RTP(ASTHASTIDQIQ(EKQRM(ASTHAGST)
(DEKQR)L{AEQKRST)(ASEWY)YG
(EQHKTY)IE(AGSTIKNVEY WEQNHEKAR(DEQKR)R QK (EK QR)(EQKR) (X**
1‘“)(DE{{QR)(STACIGVLWQP)L(EPQI{R)LFP(MILV)(X‘ N (SEQ ID NO: 61),
X represents any amino acids,
the numbers following the X represent the range of the size of the domain

represented by X,
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amino acids in each bracket represent alternatives for the respective single amino

acid position represented by each bracket, and

the polypeptide comprises an NLS with the proviso that the NLS does not change

the specified amino acids.

34,

36.

37.

38.

39.

490.

41,

42.

The method of item 32, wherein the polypeptide that enables a transformant to
regenerate in a medium that is deficient of one or more hormones or increases
regeneration rate in a regular plant-cell-culture medium is a serine or threonine

phosphatase.

. The method of item 32, wherein said plant is cotton, maize, soybeans, rice,

wheat, barley, sugarbeet, and oil palm.

The method of item 32, wherein said promoter is a chemically inducible
promoter.

The method of item 32, wherein said promoter is a constitutive promoter.
The method of item 32, wherein said isolated polynucleotide and promoter are
chemically exicisable.

The method of item 32, wherein said plant-cell-culture medium contains
antibiotics or herbicides.

The method of item 32, wherein said regular plant-cell-culture medium
contains cytokinin.

The method of item 32, wherein said transformed cells are regenerated via
somatic embryogenesis.

The method of ifem 32, wherein said transformed cells are regenerated via

OrZanogenesis.
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43, The isolated polynucieotide of items 1, wherein the polypeptide encoded by
said polynucleotides reéited by d promotes plant regeneration, mmduces plant
regeneration in the absence of one or more exogenous hormones or in the trace
amount of them, or increases plant fransformation efficiency.

44, The isolated polypeptide of item 15, wherein the polypeptide recited by ¢
above promotes plant regeneration, induces plant regeneration in the absence
of one or more exogenous hormones or in the trace amount of them, or
increases plant transformation efficiency.

45. A method of improving plant transformation efficiency comprising the steps of

a. transforming plant cells with vectors, wherein said vector comprises:
L iﬁe isolated polynucleotide encoding a serine/threonine -
phosphatase, and
ii. a promoter that is active in a plant and operably linked fo said
isolated polynucleotide,

b. culturing said plant cells in a plant-cell-culture medium, which is
optionally supplemented with cytokinins, and optionally supplemented
with herbicides, antibiotics or both, and,

c. selecting regenerating plant cells.

46. The method of item 435, wherein said theonine/serine phosphatase is the
arabidopsis Poltergeist.

47. The method of item 45, wherein said theonine/serine phosphatase shares at

least 65% identity to the arabidopsis Poltergeist.
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48. The methods of item 46 or 47, wherein said phosphatase is preferably a mutant

deleted in negative regulation domain.

The above items are not meant to be an exhaustive list of possible claims. For
example, a polypeptide of at least 65% identity to SEQ ID NOs: 2 and 16 having the
signature sequence is also contemplated. Further, the Markush group style representation
of possible alternatives in a bracket is meant to represent indivicual species covered by
the formulatioﬁ, and should not be narrowly construed as if the alteratives in a bracket

are meant to be a range.
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Claims
We claim:
1. An isolated polynucleotide comprising
| a. SEQ ID NOs: 57 or 15; or a complement thereof;
b. apoiynucleotide of at least 65% identity to S.EQ ID NQOs: 57 or 15; or
a complement thereof, wherein the polypeptide encoded by the
polynucieotide of at least 65% identity to SEQ ID NOs: 57 or 15; ora
complement thereof promotes plant regeneration, induces plant
regeneration in the absence of one or more exogenous hormones, or
increases piant transformation efficiency;
¢. apolynucleotide encoding SEQ ID NOs: 2 or 16; or a complement -
thereof;
d. apolynucleotide encoding a polypeptide comprising a signature
sequence:
KPR WNPT(KEQRIMLVYEDNKQYQULMV)EKNSTQR)(MILV)L
(DEKQSTHADEHNSTL(FY WYEQKRNADEKRQS)G(IEMV)
RTPASTYASTDQIQ(EKQRI(ASTYAGST)
(DEKQRIL(AEQKRSTHASFWY)YG
(EQHKTY)HIE(AGST)KNVFY WFQNHKAR(DEQKR)RQK(EKQRYEQKR) (x>
Ly DEKQRNSTACIGVLMNQP)L(EPQKR)LFP(MILV)(X ),
wherein

X represents any amino acids,
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the numbers following the X represent the range of the size of the domain

represented by X,

amino acids in each bracket represent alternatives for the respective single amino

acid position represented by each bracket,

the polypeptide comprises a nuclear localizing signal (NLS) with the proviso that

the nuclear localizing signal (NLS) does not change the specified amino acids, and

AtCIR1 and AtCIR2 is excluded from the polypeptide comprising the signature

sequence.

2. The isolated polynucleotide of clairﬁ 1, further comprising an operably linked
promoter, wherein said promoter is active in a plant.

3. The 1solated polynucleotide of claim 1, wheréin said isolated polynucleotide is a
gene.

4. The isolated polynucleotide of claim 2, wherein said promoter is a constitutive
promoter.

5. The isolated polynucleotide of claim 2, wherein said promoter is an inducible
promoter.

6. A vector which comprises the poiynucieotide of claim 1,

7. The vector of claim 6, wherein said vector is a plasmid.

8. The vector of claim 6, further comprising a promoter, wherein said promoter is
operably linked to said polynucleotide.

9. The vector of claim 8, wherein said promoter is active in a plant cell.

10. A binary vector system comprising the vector of claim 9.

1. A bacterial cell comprising the vector of claim 7.
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12. A plant cell comprising the vector of claim 9.
13. The isolated polynucleotide of claim 1, wherein the signature sequence is
(x" '23)RWNPT(KV)(DE)Q(IL)(STK)(MIL)L(ET)(SND)L(FY)(KR)(QEA)G(IL)
RTP(STHAT)DQIQQRH(STHGSTHRE)L(IKRSYAF)Y G(KHTIE(GS)KNVFY WFQN
HKAR(QE)RQK (QRYKR)(X* ') EKNSTACIGVLMNQP)L(PQ)LFP(LV)
(X7,
14. The nucleotide of claim 1, wherein the polypeptide comprises an additional
sequence in the signature sequence at the X domains.
13. An isolated polypeptide comprising
a. SEQIDNOs:2orl6;
b. apolypeptide of at least 65% identity to SEQ ID NOs: 2 or 16,
wherein the polypeptide of at least 65% identity to SEQ ID NOs: 2 or
16 promotes plant regeneration, induces plant regeneration in the
absence of one or more exogenous hormones or in a trace amount of
them, or incréases plant transforfnation efficiency;
¢. asignature polypeptide:
(X PRWNPT(KEQRIMLVYEDNKQ)QULMVYEKNSTQR)(MILV)L
(DEKQSTYADEHNSTIL(FY WHEQKR)YADEKRQS)G(ILMV)
RTP(ASTYXAST)DQIQEKQRIKASTHAGST)
(DEKQRYL(AEQKRSTYASFWY)YG
(EQHKTY)IE(AGST)KNVFYWFQNHKAR(DEQKR)RQK(EKQR)(EQKR) (X
YDEKQR)STACIGVLMNQP)L(EPQKR)LFP(MILV)(X'**),

X represents any amino acids,
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the numbers following the X represent the range of the size of the domain
represented by X, |

amino acids in each bracket represent alternatives for the respective single amino
acid bosition represented by each bracket,

the polypeptide comprises a nuclear localizing signal (NLS) with the proviso that
the nuclear localizing signal (NLS) does not change the specified amino acids, and

AtCIR1 and AtCIR2 is excluded from the polypeptide comprising the signature
sequence.

16. The isolated polypeptide of claim 15, wherein the signature sequence is
preferably
(XPPYRWNPT(K V)(DE)QULYSTKIMIL)LET)SND)L(FY )Y KR QEA)G(IL)
RTP(ST)(AT)DQIQ(QK)I(ST)(GST)(RE)L(KRS)(AF)YG(KHT)IE(GS)KNVFYWFQN
HEKAR(QE)RQK(QRYKRYX* ) EK)STACIGVLMNQP)L(PQ)LFP(LV)
(X157, '

17. The isolated polypeptide of claim 16, wherein the isolated polypeptide

comprises an additional sequence in the signature sequence at the X domains.
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18. A method of selecting 2 plant cell transformant comprising the steps of
A. transforming plant cells with vectors, wherein said vector comprises

i. a polynucleotide encoding a-poiypéptide that enables a transfoﬁnant 10

regcﬁerate na mediuﬁ deficient of one or more horménés, wherein the’

polypeptide is

& a polypeptide of at least 65% identity to. SEQ ID NOs: 2 or 16; or
b. a signature poiyi)eptide:

(X ) RWNPT(REQRIMLV)(EDNKQ)QULMV)(EKNSTQRY(MILV)L
(DEKQS.T')(ADEHNST)L(FYVJ)(EQKR)(ADEKRQ.S)G(ILI\W)
RT?(AST)(AST)DQIQ{EKQR)I(AST)(AGST)
(DEKQR)L(ABQKRSTY(ASEWY)YG |
(EQHKTY)IB(AGST)IQ\IVFYWFQNHKARG)EQKR)RQK(EKQR)(EQK_R) x>
DEKQR)(STACIGVLMNQP)L(EPQKR)LFP(MILV)(X ),

X represents any amino acids,
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the sumbers following the X represent the range of the size of the domain
represented by X,
amino acids in each bracket represent alternatives for the respsctive single amino

acid position represented by each bracket, and
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the polypeptide comprises a nuciear localizing signal (NLS) with the proviso that
the nuciear lbcalizing signal (NLS) does not change the specified amino acids, and
H.a prémoter that 15 active in a plant anid operably linked to said isolated
ﬁolynué?eoﬁde, o
B. cﬁltuﬁng'said élant cells in aplant—call-—czilmre medmm that 1s deficient of one or more
hormones, and
C. selecting regenerating plant cells.
19. The method of claim 18, wherein said vector further comprises a
-poiynucleotide of interest.
20. The method of claim 18, wherein said promoter is a chemicélly mducible
‘proz.noter.
21. The method of claim 18, wherein said promoter is a constitutive promoter.
22. The method of claim 18, wherein said isolated polynucleotide and promoter are
chemically exicisable.
23. The method of claim 18, Whgrcin said piant—ccll—cultuz‘é medium does not
contain any antibiotics or herbicides.
24, The method of claim 18, wherein sajd plant-cell-culture medium does not

contain one or mO}"C hormones.
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25. A method of imprbving, plant transformation efficiency compﬁsing the steps of
A. transforming plant cells with vectors, wherein said vector comprises:
i. a polynucleotide encoding a polypeptide that enables a transformant to
. re:gcnérate in 2 medium that is deficierst of one or more hormones or increases
regeneration rate in a regular plant-cell cuture médiqm, wherein said polypeptide is
a2 poiypeptide of at least 65% identity to SEQ ID NOs: 2 or 16, or
b. a signature polypcptide{ | | |
(Xl3'23)RWPT(KEQRMV)(EDNKQ)Q(ILW)(EKNSTQR}(MILV)L
(DERQSTYADEHENST)L(FY WY EQKR)ADEKRQS)G(ILMV)
RTP(AST)(AST)DQIQ(EKQR)E(AST)(AGS T)
| (DEKQR)L(ABQKRSTYASFWY)YG
(BQHKTY)IE(AGST)KNVFY WFQNHEAR (DEQKR)RQK(EKQR)(BQKR) (X*
1‘”)(DEKQR)(STACIGVLWQP)L(EPQKR)LFP(MLV)(X”"S”’),
X represents any amino acids,
the numbérs following the X represent the range of the size of the domain
repres ent:d by X, |
amino acids in each bracket represent alternatives for the respective single amino

acid position represented by each bracket, and
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the polypeptide comprises a nuclear localizing signal (NLS) with the proviso that
the nuclear localizing si;gnal (NLS) does not c_:hange the specified amino acids, and

ii. 2 promoter that is active in a plant anid operably linked to said i.solat‘ed
polynucleotide,
B. cuituring said plant cells in 5p1ant~ce11-cu1ﬁ1re medj.um, which is optionally
supplemented with cytokinins, and optionally supplemented ‘wirth herbicides, antibiotiﬁ:s
or both, and
C. selecting regenerating plant cells.

26. The method of clajm 25, whereir the polypeptide that enables a transformant to

regenerate in 2 medinm that is deficient of one or more hormones or increases
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regeneration rate in a regular plant-cell-culture medium is a serine or threonine

phosphatase.

27. The method of claim 25, wherein said plant is cotton, maize, soybeans, rice,
wheat, barley, sugarbeet, and oil palm.

28. The method of claim 25, wherein said promoter is 2 chemically inducible
promoter.

29. The method of claim 235, wherein said promoter is a constitutive promoter.

30. The method of cldim 25, wherein said isolated polynucieotide and promoter are

chemically exicisable.
31. The method of claim 25, wherein said plant-celi-culture medium contains
| antibiotics or herbicides. ~ ™~
32. The method of claim 25, whérein said regular plant-celi-culture rﬁedium
| contains cytokinin. |
33, The method of r_:laim 25, wherein said transformed cells are regenerated via
somati.c embryogenesis.
34. The method of claim 25, wherein said transformed cells afe regencrated via
organogenesis. |
35. The isolafed polynucleotide of claim 1, wherein the polypeptide encoded by
said signature sequence promotes plant regeneration, induces plant
regeneration in the absence of one or more exogenous hormones or in the trace
amount of them, or increases plant transformation efficiency.
36. The isolated polypeptide of claim 15, wherein the sicnature polypeptide

promotes plant regeneration, induces plant regeneration in the absence
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of one or more exogenous hormones or in the trace amount of them, or

mcreases plant ransformation efficiency.
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<110>
<120>
<130>
<160> 68
<170>
<z216> 1
<Z11l>

<212>
<Z213>

DNA
<400> 1

ggegcgeoyy
caccctectt
tcaaaatcca
ggtggrggag
ttgtacaage
ctcaaageoht
getegteaaa
catcatcatc
ggtccatatt
ccecaaggtte
ggaaagtctc
actgaéaact
acattgecat
tcatcaccas
catgaaagta
ttgggggogtlyg
tttatggaat
<210>» 2

<21li> 244
<Z2i2>- PRT

Unknown,

1010

Draft

2577-166

acactgactt
attttrotte
aatcaaaccc
ggaattcacy
aaggygataag
atggeaccat
ggoagaaaca
gagctcaacc
ttgtaccaca
ttctecectag
tatitttacaa
tatacactgg
tgtttccatt
ctggttcaac
ataatgaagg

ggggadgaas

taatggcoat

2577-166.8725

1/52

SEQUENCE LISTING

PatentIn version 3.3

Gossypium hirsutum

ggactgaagt
tttttasacce
teattttcott
gtggaacccy
aaccccaagt
tgaaggcaaa
aaagcaagad
tgtttttcat
agctgatcat
tagatcaatt
cggaaatgct
agcattcaac
gcacccgact
ttecatgtygag
ttctggggaa
tggazataaa

ttgagtattt

agtagaaaaz
aaactocccaa
tatctgcaaa
acgaaggagco
gctgatcaga
aacgtgttct
agtbttggett
cctectectt
caccatcatc
aaaagaagayg
tatgatcata
aatggcggcy
ggtgtittecog
acgacgatat
catcgtttca
aatcaagggt

gaaaazaaaa

ttecoccatgee
aaccctactc
tggaaggtgg
aaataagecat
tacagcaaat
attggttcca
atatcaaccy
gcaccaatgt
taggottitta
gecaggectat
ceatggttee
gogocactaa
aagagacgtt
ctgetggtgg
ttgatttett
tttgattcaa

dgaaaaaaan

PCT/US2006/004777

Novel Plant Homecodeomain Protein-encoding Genes and Thelir Uses

satcgectata

caataatcaa
cggeggegygc
gettgaaage
aaccagtagg
aaatcataza
ttacattcac
tgtttgtget
cecteagtgt
tggltaaaact
atcacctgat
teatcacgay
aatggcttca
tgttgataac
ctgaaagtga

agaacatiga

50

126

180

300

360

420

480

540

600

780

840

900

8690
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2577-166.5T725
<213> Gossypium hirsutum

<400> 2

Mat Glu Gly Gly Gly Gly Gly Gly Gly Gly Gly Asn Ser Arg Trp Asn

Prc Thr Lys Giu Gln Ile Ser Met Leu Glu Ser Leu Tyr Lys Gin Gly
, 20 25 30

Ile Arg Thr Pro Ser Ala Asp Gln Ile Gln Gln Ile Thr Ser Arg Leu
35 40 45

Lys Ala Tyr Gly Thr Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gin
50 55 50

Asn His Lys Ala Arg Gln Arg Gin Lys Gln Lys Gln Glu Asn Leu Rla
65 70 75 80

Tyr Ile Asn Arg Tyr Ile His His His His Arg Ala Gln Pro Val Phe
85 90 95

His Pro Pro Pro Cys Thr Asn Val Val Cys Ala Gly Pro Tyr Phe Val
100 105 1190

Pro Gln Ala Asp His His His His Leu Gly Phe Tyr Pro Gin Cys Pro
115 120 125

Lys Val Leu Leu Pro Ser Arg Ser ITle Lys hrg Arg Gly Rrg Pro Ile
130 i3s3 140

Gly Lys Thr Gly Lys Ser Leu Phe Tyr Asn Gly Asn Ala Tyr Asp His
145 150 155 160

Thr Met Val Pro Ser Pro Asp Thr Glu Asn Leu Tyr Thr Gly Ala Phe
165 170 175

Asn Asn Gly Gly Gly Ala Thr Asn His His Glu Thr Leu Pro Leu FPhe
180 185 180

v
w
[in

Pro Leu His Pro Gly Val Ser Gluo Glu Thr Leu Met Ala Sexr ber
185 200 205
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2577-166.8T25

3/52

PCT/AUS2006/004777

Ser Pro Thr Gly Ser Thr Ser Cys Glu Thr Thr Ile Ser Ala Gly Gly

210

Val
225

2
-
@

<Z210> 3
<211>
<212>
<213>

DNA
<400> 3

ggcogcgaecat
cgaaagatca
ccgatcagat
acgtctitia
gecatggetta
getcaaacgyg
ttctatttta
acgtittctt
aaagaactta
atttatcget
tgcgaaagga
tggattagca
ataaaatctt
aagtygatcat
caatgtgaty
actttcagac
atttgacaga
cagtggacgg

tggtatggga

1236

215

230

Asp Phe Phe

ggaaaacgaa
gatcacgcta
tcagcagatc
ctggttcecag
cttcaatcge
cacgtagttc
taatcttaaa
teogtattaa
caaaaacatyg
gagaticaasa
ttatatcata
ggttttatgt
ttttttggtt
catatgaate
attccaagtg
ataagaacaa
tittgcectee
aaaacactcee

agttccagtt

Arabidopsis thaliana

gtaaacygcag
ctggaaaatce
accggtaggce
aaccataagg
ctecctecaca
ttatoctttt
zaaattgtag
agaaatgaaa
tcattaaata
tttgtttttt
tgggactatt
ttgtttttic
atgaagtgyg
aacatggaag
gtggctacga
cagcagocac
gtgataacty
ctettittes

tgececttygg

235

gaacagcaag
tttacaagga
ttcgtgegta
ctaggcaacyg
aaaccteccececg
ctettactta
tccatacgtt
atazaagogta
catatataas
saaattttaa
ttgagatgtt
atttttatca
ttgtgtcagt
tgtatacaca
gaaacggaca
aagaatgcca

tatgeeggt
tctteagecot

tagtgatict

220

cagttcaaga
aggaatacga
cggecatate
ccaaaageag
tttettictac
tcegtateta
ataggttctt
tgzattacat
tatataatcco
cataaaaaca
tatcagcaaa
atataalttygg
ccgtactatt
aacgatctte
gtcacacaac
atttcteooyga
gaggacatta
ttgaatgcaa

coggtggatt

Zsp Asn His Glu Ber Asn Asn Glu Gly Ser Gly Glu His Arg Phe

240

tggaaﬁccaa
actccgageg
gaaggtaaaa
aaacaggage
ccecectectt
atcttegacy
tttgttgacy
ctggactatyg
agttttggcc
tataatogga
ttatgtacte
gtattactaa
tacagecaagoe
ttcacagaaa
atcagaaaca
gttcactcag
acgtcaatte
gtaatgctga

gttctagcga

240

300

360

420

480

540

600

660

720

780

840

800

260

1020

1G80

1140
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tggageoggoe cgagageage cgtttattga tttcotttict ggtggttcta cttcotacteg 1200

tttecgatagt aatggtaaty ggttgtaatt aattaa 1236
<210> 4

<211> 260

<212> PRT

<213> BArabidopsis thaliana

<400> 4

Met Glu Asn Glu Val Asn Ala Gly Thr Ala Ser Ser Ser Arg Trp Asn
1 : 5 10 15

Pro Thr Lys Asp Gin Ile Thr Leuw Leu Glu Asn Leu Tyr Lys Glu Gly
20 25 . 30

Ile Arg Thr Prc Ser Ala Asp Gln Ile Gln Gln Ile Thr Gly Arg Leu
35 40 45

Arg Ala Tyr Gly His Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln
5G 55 G0

Asn His Lys Ala Rry Gln Arg Gln Lys Gln Lys Gln Glu Arg Met zla
65 70 75 80

Tyr Phe Asn Arg Leu Leu His Lys Thr Ser Ar¢g Phe Phe Tyr Pro Pro
85 30 85

Pro Cys Ser Asn Val Gly Cys Val Ser Pro Tyr Tyr Leu Gln Gin Ala
100 105 110

Ser Asp His His Met Asn Gln His Gly Ser Val Tyr Thr Asn Asp Leu
118 120 125 :

Leu His Arg Asn Asn Val Met Ile Pro Ser Gly Gly Tyr Glu Lys Arg
130 135 140

Thr Val Thr Gln His GIn Lys Gln Leu Ser Asp Ile Arg Thr Thr Ala
145 150 155 1560

Ala Thr Arg Met Pro Ile Ser Pro Ser Ser Leu Arg Phe Asp Arg Phe
165 170 175
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Aka Leu Arg Asp Asn Cys Tyr Ala Gly Glu Asp Ile Asn Val Asn Ser
180 185 150
Ser Gly Arg Lys Thr Leu Pro Leu Phe Pro Leu Gln Pro Lew Asn Ala
195 200 205
Ser Asn Ala Asp Gly Met Gly Ser Ser Ser Phe Ala Leu Gly Ser Asp
S 210 215 220
Ser Pro Val Asp Cys Ser Ser Asp Gly Ala Gly Arg Glu Gln Pro Phe
225 ) 230 235 ' 240
Ile Asp Phe Phe Ser Gly Gly Ser Thr Ser Thr Arg Phe Asp Ser Asn
245 250 255
Gly Asn Gly Leu
260
<210> 5
<Z211> 7¢8
<21Z2> DNA
<Z213> Arabidopsis thaliana
<400> 5
ggcgogeeag ttgaggactt tacatctgaa catgteotttce tocgtgaaag gtogaagett 50
acgtggeaac astaacgyag gaacggggac gaagtgcegygy agatggaate caacggtgga 120
gcagtigaag atattgactyg atctgtittcyg ageocggtett agaactccaa caactgatca i80
gattcagaay atctctacgg agcotcagttt ctacggeaag atagagagea agaatgittt 240
ctattggttt cagaatcata aggctaggga gaggeagaaa cgtegtaaaa tcetocattga 300
ttttgatcat catcatcatc aaccatcaac tagagatgtt titgasataa gcgaagaaga 360
ttgtcaagay gaagageaagg tgatagagac attacaactc titceggtga attcattitga 420
agactccaac tceaaggtgy acaazatgay agctagagge aatasccagt acocgtgaata 480
tattcgagayg accaccacga cgtegttttc tcocatactea tcatgtggag ctgaaatgga 540
acatccaccy ccattagatc ttegattaag ctttcetttaa gtcattgace acaataacaa 600
aagaaaaaaa acagatgcett tagectitaa aatgttgtiy tattttgaat tatgacatat G660
tatceogatge atggtttatg agatatittc caatgcatgg ttaattaa 708

<210> &
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<211> 182
<212>» PRT
<213> Arabidopsis thaliana
<400> &

Met Ser Phe Ser Val Lys Gly Arg Ser Leu Arg Gly Asn Bsn Asn Gly

Gly Thr Gly Thr Lys Cys Gly Arg Trp Asn Pro Thr Val Glu Gln Leu

Lys Ile Leu Thr Asp Leu Phe Arg Ala Gly Leu Arg Thr Pro Thr Thr
35 49 45

Asp Gln Ile Gln Lys Ile Ser Thr Glu Leu Sexr Phe Tyr Gly Lys Ile
50 55 &0

Glu Ber Lys Asn Val Phe Tyr Trp Phe Gln Asn His Lys Ala Arg Glu
&5 70 75 80

Arg Gln Lys Arg Arg Lys Ile Ser Ile Asp Phe Asp His His His His

Gin Prc Ser Thr Arg Asp Val Phe Glu Tle
100 105

Uz
m
2

Glu Glu Asp Cys Gln
110

Glu Glu Glu Lys Val Jle Glu Thr Leu Gln Leu Phe Pro Val Asn Ser
115 120 125

Phe Glu Asp Ser Asn Ser Lys Val Asp Lys Met Arg Ala Arg Glv Asn
130 135 1490

Asn Gln Tyr Brg Glu Tyr Ile Arg Glu Thr Thr Thr Thr Ser Phe Ser
145 150 155 1606

Pro Tyr Ser Ser Cys Gly Ala Glu Met Glu His Pro Pro Pro Leu Asp
165 170 175

Leu Arg Leu Ser Phe Leu
180

<210> 7
<z21i> 775
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2577-166.8T25

152

PCTAIS2006/004777

<212> DNA
<213> Arabidopsis thaliana
<400> 7
ggcgegecaa aatgaagdgtt catgagititt cgaatgggtt ttettcateyg tgggatcaac 60
atgactcgac atcatceett agectaaget geaaacgoct cegtoetete gecectaage 120
toctoceggeag cocteoctee ectectictt cttoctcecocgg cgteacttea gecacttttg 180
accttaaaza cttcattaga ccecgatcasa ccggtocgac aaaatttgaa cacaaacgag 240
acccteoetca tcaattggag acgeacocgy gagggacaag gtggaacceyg actcaagaac 300
agatagggaet acitgagatg ttogtacaaag gtggaatgcg tactcocctaat gotcaacaga 360
ttgagcatat cacattgcaa cteggtaagt acgggaaaat cgaagggaaa aatgtgtict 420
attggticca gaaccacaaa ¢Cccgcogags gacagaagoa gaagaggaac aacctcatca 480
gectaagtig ccaaageagce ttceacgacca ctggtgtett taatceogagt gtaactatga 540
agacaagaac atcatcgtca ctagacatta tgagagaaco astggtggag aaggaggagth &00
tagtyggaaga gaatgagtac aagaggacat gtaggagctg gguatttgag aacttggaga 660
tagagaacag gagaaacaaa aatagtagta ctatggcaac tacttttaat aaaatcattig 720
acaatgtaac cctogagett tttcctcectoe atcotgaagy gagatgatta attza 775
<210> 8
<211i> 251
<21Z> PRT
<2313> Arabidopsis thaliana
<400> 8
Met Lys Val His Glu Phe Ser Asn Gly Phe Ser Ser Ser Trp Asp Gln
1 5 10 15
His Asp Ser Thr Ser Ser Leu Ser Leu Ser Cys Lys Arg Leu Arg Pro
20 25 30
Leu Ala Pro Lys Leu Ser Gly Ser Pro Pro Ser Pro Pro Ser Ser Ser
35 4G 45
Ser Gly Val Thr Ser Ala Thr Phe Asp Leu Lys ARsn Phe Ile Arg Pro
50 55 60
Asp Gln Thr Gly Pro Thr Lys Phe Glu His Lys Arg Asp Pro Pro His
65 70 75 80
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Gin Leu Giu Thr His Pro Gly Gly Thr Arg Trp Asn Pro Thr Gln Glu
85 80 55

Gln Ile Gly Ile Leu Glu Met Leu Tyr Lys Gly Gly Met Arg Thr Pro
100 105 l1i¢

Asn Ala Gln Gln Ile Glu His Ile Thr Leu Gln Leu Gly Lys Tyr Gly
115 120 125

Lys Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln Asn His Lys Ala
130 135 140

Arg Glu Arg Gln Lys Gln Lys Arg Asn Asn Leu Ile Ser Leu Ser Cys
145 150 155 160

Gln Ser Ser Phe Thr Thr Thr Gly Val Phe Asn Pro Ser Val Thr Met
165 170 175

Lys Thr Arg Thr Ser Ser Ser Leu Asp Ile Met Arg Glu Pro Met Val
180 185 190

Glu Lys Glu Glu Leu Val Glu Glu Bsn Glu Tyr Lys Arg Thr Cys Arg
195 200 20

[S3RL

Ser Trp Gly Phe Glu Asn Lew Glu Ile Glu Asn Arg Arg Asn Lys Asn
210 215 220

Ser Ser Thr Met Ala Thr Thxr Phe Asn Lys Ile Ile Asp Asn Val Thr
225 230 235 240

Leu Glu Leu Phe Pro Leu His Pro Glu Gly Arg
245 250

<210> &

<211> 689

<212> DNA

<213>» Artificial

<220>
<Z23> Synthetic Construct, Chimera of GhCIRI HD domain and VP16
activation domain

<400> 9
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ggcgegeegyg acactgactt ggactgaagg agtagaszaaa ttoccatgec aatcgotata 60
caccchtcott atttittttte tttttaaace aaactcocas aacoctactce caataatcaa 120
tcaazatcca aatcaaacce tcattttett tatctgoaaa tygaaggtgg cggcggogygce 180
‘ggtggtggag ggaattcacg gtggaacceg acgaaggage aszataagest geotlgaaage 240
ttgtacaage aagggataag aaccccaagt gcotgatcaga tacagceaaat aaccagtagyg 300
ctecaaagett atggecaccat tgaaggcaaa aacgtgttet attggttcca aaatcatasa 360
gctcgtcaaa ggcagaaaca aaagcoaagag aattiggctt atatcaaceg ttacattcac 420
catcatcatc gageteaatt aattaacgec ceoccegacog atgtcageot gggggacgag 480
cteceacttag acggegagya cgtggegatg gegoatgooy acgegotaga cgatitogat 540
ctggacatgt tgggggacgg ggattceceg ggtcoccgggat ttaccccoca cgactcogeco 500
ccoctacggey ctetggatat ggcegactteo gagtttgage agatgtttac cgatgeocctt 660
ggaattgacg agtacggtgyg gttaattaa 688
<210> 10
<211> 179
<212> PRY
<213> Artificial
<220>
<Z23> Synthetic Construct, Chimera of ShCIR1 HD domain and VP1§
activation domain
<400> 10
Met Glu Gly Gly Gly Gly Gly Gly Gly Gly Gly Asn Ser Arg Trp ZAsn
1 5 10 15
Pro Thr Lys Glu Gln Ile Ser Met Leu Glu Ser Leu Tyr Lys Gln Gly
20 25 30
Ile Arg Thr Pro Ser Ala Asp Gln Ile Gln Gln Ile Thr Ser Arg Leu
35 40 45
Lys Ala Tyr Gly Thr Iie Glu Gly Lys Asn Val Phe Tyr Trp Phe Gin
50 55 60
Asn His Lys Ala Arg Gln Arg Gln Lys Gln Lys Glm-Glu Asn Leu Ala
65 70 75 80



WO 2007/0094762

PCT/US2006/0864777
10/52

Z2577-166.8T25

Tyr Ile Asn Arg Tyr Ile His His His His Arg Ala Gln Leu Ile Asn
85 20 95
Ala Pro Pro Thr Asp Val Ser Leu Gly Asp Glu Leu His Leu Asp Gly
100 105 110
Glu Asp Val Ala Met Ala His Ala Asp Ala Leu Asp Asp Phe Asp Leu
115 1z¢ 125
Asp Met Leu Gly Asp Gly Asp Ser Pro Gly Pro Gly Phe Thr Pro His
130 135 140
Asp Ser Ala Pro Tyr Gly Ala Leu Asp Met Ala Asp Phe Glu Phe Glu
145 150 155 ' 160
Gln Met Phe Thr Asp Ala Leu Gly Ile Asp Glu Tyr Gly Gly Leu Ile
165 170 175
<210> 11
<211> 1652
<212> DHNA
<Z13> Artificial
220>
<223> BSynthetic Construct, Chimera of GhCOIR1 BED domain, VP16 activaltion
domain, estrogen regulatory domain and putative nuclear
localization signal
<400> 11
gcgoegocgga cactgactty gactgasgga gtagaaasat tcccatgeeca atcgetatac 60
accctectta ttittittict titttaaacca aactcccaza acoctacteoc aatzatcaat 120
caaaatccaa atcazaccet cattitcettt atctgeaaat gyaaggtuge ggoggcggoyg 180
gtggtggagy gaattcacgg tggaacccga cgaaggagca aataagratyg cttgaaagcet 240
tgtacaagea agggataaga accccaagtyg ctgatcagat acagcaaata accagtaggc 300
tcaaagctta tggeaccatt gaaggcaaaa acgtgttcta ttggttccaa aatcataaag 360
ctcgtcaaay gcagaaacaa aagcaagaga atttggectta tatcaacegt tacattecace 420
atcatcatcy agetcaatta attazacgcce cocccgaccga tgtcageoctg ggggacgagce 480
tecacttaga cggegaggac gtggegatygyg cgoatgecga cgrogctagac gabttegate 540
tggacatgtt gggugacggy gattceccogy gtecgggatt taccccccac gactcecgoeco 600
cctacggege tetggatatyg gecgactteg agtttgagea gatgtttace gatgeccettyg 660
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gaattgacga
caagcacget
accagatggt
ctaccagace
agctggttca
atgatcaggt
ggogehocat
accagggaaa
cteggtitosy
tgettaatte
accatatcca
caggcctgac
acatcaggcea
tggtgeceot
ctagecotgg
ctactteate
ccacagtctg
<210>
<Zil>

<212>
213>

1z
490
PRT

<220>
<223>

gtacggtggg
catgatcaasa
cagtygccttyg
cttcagtgaa
catgatcaac
ccacoctteta
ggageaccca
atgtogtagag
catgatgaat
tggagtgtac
cocgagtoectyg
cctgecageag
catgagtaac
ctatgaccty
aggggecatecc
gcattecttg

agagcteccac

Artificial

Synthetic Construct,

2577-166.8725

gatccgtety
cgctctaaga
ttggatgctg
gecttegatyga
tgggcgaaga
gaatgtgecet
gtgaagctac
ggcatggtygg
ctgcagggag
acatttctgh
gacaagatca
cagcacragco
aaaggcatgyg
ctgctggaga
gtggaggaga
caaaagtatt

tagttttttt

11/52

ctggagacat
agaacagect
agcococcocat
tgggcttach
ggutgcecagg
ggctagagatl
tgtttgectec
agatcttega
aggagttigt
ccagcacect
cagacaciti
ggctggocca
agcatctgta
tgctggacge
cggaccaaag
acatcacgyg

ty

gagagctgcao
ggecttgtee
actctattee
gaccaacctyg
ctttgtggat
cctgatgatt
taacttgctc
catgctgoty
gtgcctecaaa
gaaghtctoty
gatccacctyg
gcetectecte
cagcatgaag
ccaccgects
ccactiggec

ggaggcagag

Chimera of GhCIR1 HD domain,

PCT/USZO06/004 777

aaccttitggce
ctgacggcog
gagtatgatc
geagacaggyg
ttgaccctoe
ggtctegtcot
ttggacagga
gotacatecat
tctattattt
gaagagaagy
atggeccaagg
atccteteeo
tgcaagaacy
catgcgeeca
éctgcgggct

ggtttceoctyg

domain, estrogen regulatory domain and putative nuclear
localization signal

<400> 12

Met Glu Gly Gly Gly Gly Gly Gily Gly Gly Gly Asn Ser Arg Trp Asn

1

5

10

15

Pro Thr Lys Glu Glao Ile Ser Met Leu Glu Ser Leu Tyr Lys Gln Gly

20

25

30

720

780

840

900

960

10290

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1652

VPle actlivation
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Ile Arg Thr Pro Ser Ala Asp Gln Ile Gln Gln Ile Thr Ser, Arg Leu
35 40 45

Lys Ala Tyr Gly Thr Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln
50 55 60

Asn His Lys Ala Arg Gin Arg Gln Lys Gln Lys Gin Glu Asn Leu Ala
65 70 75 80

Tyr Ile Asn Arg Tyr Ile His His His His Arg Ala Gln Leu Ile Asn
85 a0 95

Ala Pro Pro Thr Asp Val Ser Leu Gly Asp Glu Leu His Leu Asp Gly
100 105 110

)]
}‘...!
o

Asp Val Ala Met Ala His Ala Asp Ala Leu Asp Asp Phe Asp Leu
115 1249 1z5

Asp Met Leu Gly Asp Gly Asp Ser Pro Gly Pro Gly Phe Thr Pro His
130 135 140 '

Asp Ser Ala Pro Tyr Gly Ala Leu Asp Met Ala Asp Phe Glu Phe Glu
145 150 155 160

Gln Met Phe Thr Asp Ala Leu Gly Ile Asp Glu Tyr Gly Gly Asp Pro
165 170 175

Ser Ala Gly Asp Met Arg Ala Ala Asn Leu Trp Pro Ser Pro Leu Met
180 185 180

Ile Lys Arg Ser Lys Lys Asn Ser Leu Ala Leu Ser Leu Thr Ala Asp
195 200 205

Gln Met Val Ser Ala Leu Leu Asp Ala Glu Pro Pro Ile Len Tyr Ser
210 215 : 220

Glu Tyr Asp Pro Thr Arg Pro Phe Ser Glu Ala Ser Met Met Gly Leu
225 230 235 240

Leu Thr Asn Leu Ala Asp Arg Glu Leu Val His Met Ile Asn Trp Als
245 250 255
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Lys Arg Val Pro ¢ly Phe Val Asp Teu Thr Leu Eis Asp Gln Val His
260 265 270

Leuv Teu Glu Cys Ala Trp Leu Glu Ile Leu Met Ile Gly Leu Val Trp
275 280 285

‘Arg Ser Met Glu His Pre val Lys Leu Leu Phe Ala Pro Asn Leu Leu
290 295 300

Leu Asp Arg Asn Gln Gly Lys Cys Val Glu Gly Met Val Glu Ile Phe
305 310 315 320

Asp Met Leu Leu Ala Thr Ser Zer ARrg Phe Arg Metr Met Asn Leu GLn
325 330 335

Gly Glu Glu Phe Val Cys Leu Lys Ser Ile Ile Leu Leu Asn Ser Gly
340 345 350

Val Tyr Thr Phe Leu Ser Ser Thr Leu Lys Ser Leu Glu Giu Lys Asp
355 260 365

His Ile His Arg Val Leu Asp Ile Thr Asp Thr Leu Ile His Leu
370 375 - 380

i
<
9]

Met Ala Lys Ala Gly Leu Thr Leu Gln Gln Gln His Gln Arg Leu Ala
385 380 3585 400

Gln Leu Leu Leu Ile Leu Ser His Tle Arg His Met Ser Asn Lys Gly
405 410 415

Met Glu His Leu Tyr Ser Met Lys Cys Lys Asn Val Val Pro Leu Tyr
420 425 430

Asp Leu Leuv Leu Glu Met Leu Asp Ala His Arg Leu His Ala Pro Thr
435 440 445

e}

Ser Arg Gly Gly Ala Ser Val Glu Glu Thr Asp Gln Ser His Leu Ala
450 455 460

Thr Ala Gly Ser Thr Ser Ser His Ser Leu Gln Lys Tyr Tyr Ile Thr
465 470 475 480
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Gly Glu Ala Glu Gly Phe Pro Ala Thr Vval

13
839
DNA

<210>
<211>
<212>
<213>

<220>
<223>

485

Artificial

Synthetic Construct,

490

C-terminal domailn of ALCIR2

<400> 13
Ttttyggegeg

tatacaccct
tecaatcaaaa
cggcggtggt
aagcttgtac
taggctcaaa
taaagctcgt
tcaccatcat
cgaagaagat
tteattigaa
ccgtgaatat
tgaaatyggaa
caataacaaa
atgacatatt
<210> 14

<Z11> 181
<212> PRT
<213>

<220>
<Z223»

C-terminal

<400> 14

1

ccggacactg
cettatlbtit

tccaaatcaa

ggagggaatt
aagcaaggga
gcettatggea
caaaggcaga
catégagctc
tgtcaagagg
gactccaact
attcgagaga
catccacegce
agaaazaaaa

atcegatgea

Artificial

acttggacty
tttcttttta
acccteattlt
cacggtggaa
taagaaccce
cceattgaagg
aacaaaagca
aattaattaa
aagagaagg:t
ccaaggtgga
ccaccacgac
cattagatct
cagatgcttt

tggtttatga

aaggagtaga
aaccaaactao
tctttatctg
cccgacgaaqg
aagtgctgat
caaaaacgtg
agagaatttg
tccatcaact
gatagagaca
caazatgaga
gtogttttct
tcgattaage
agcetttaaa

gatattttcc

10

Chimera of Hb-domain of GhCIRI

aaaattcccoa
ccaaaacccet
caaatggaag
gagcasataa
cagatacagce
tictattggt
gettatatcea
agagatgiit
ttacaactct
gctagaggca
ccatacteat
tttetttaag
atgttgttgt

aatgcatggt

PCTUS2006/004777

tgccaatege
actecaataa
Ftggegycay
gcatgecttga
azataaccag
tcecaaaatca
accgttacat
ttgaaataag
ttcoggtgas
ataaccagta
catgtggagc
tecattgacca
attttgaétt

taattaatt

Syathetic Construct, Chimera of HD-domain of GhCIRL and the
doemain of BtCIRZ

Met Glu Giy Gly Gly Gly Gly Gly Gly Gly Gly Asn Ser BArg Trp Asn
5

15

and the

60

120

180

240

300

360

420

480

540

600

6560

T20

780

839
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Fro Thr Lys Glu Gln Ile Ser Met Leu Glu Ser Leu Tyr Lys Gln Gly
: 20 25 30

Iie Arg Thr Pro Ser Ala Asp Gln Ile Gln Gln Ile Thr Ssr Arg Leu
35 40 45

Lys Ala Tyr Gly Thr Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln
50 55 &0

Asn His Lys Ala Arg Gln Arg Gin Lys Gln Lys Gln Glu Asn Leu Rla
65 70 75 B0

Tyr -Ile Asn Arg Tyr Ile Eis His His His Arg Ala Gln Leu Tle Asn
85 90 95

Pro Ser Thr Arg Asp Val Phe Glu Ile Ser Glu Glu Asp Cys Gln Glu
100 105

[
[
o

Glu Glu Lys Val Ile Glu Thr Leu &In Leuw Phe Pro Val Asn Ser Phe
115 120 125

Glu Asp Ser Asn Ser Lys Val Asp Lys Met Arg Ala Arg Gly Asn Asn
130 135 140

Gln Tyr Arg Glu Tyr Ile Arg Glu Thr Thr Thr Thr Ser Phe Ser Pro
145 150 155 160

Tyr Ser Ser Cys Gly Ala Glu Met Glu His Pro Pro Pro Leu Asp Leu
165 170 175

1

Arg Leu Ser Phe Leu

180
<218> 15
<Z11> 1901
<212> DHNA

<213> Artificial

<220>

<223» Synthetic Construct, Chimera of HD~domain of GhCIR1 and the
C~terminal domain of AtCIR2

<400> 1%
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tittggegcy
tatacaccct
tcaaﬁcaaaa
cggeggtggt
aagcttgtac
taggctcaaa
taaagctcogt
tcaccatecat
tgctggtcca
gtgtocccaag
aactttaatt
ggaagagaay
cteccaagagtg
gaccaccacy
geocattagat
aacagatgech
catggtttat
<210>
<211i>

<212>
<213>

ié
235
PRT

<220
<223»

ccggacactyg

ccttattttt

teccaaatcaa

ggagggaatt
aagcaaggga
gcttatggea
caaaggcaga
catcgagetce
tattttgtac
gttecttecteco
aatccatcaa
gtgatagaga
gacaaaatga
acgtcogtttt
cttecgattaa
ttagcecottta

gagatatitt

Artificial

Chimera of ED-domain

ALCIRZ

<400> 16
1

Pro Thr

35

Met Glu Gly Gly Gly Gly Gly
5

Lys Glu Gln Ile Ser

20

Thr Pro Ser Ala Asp

2577-166.3T25

acttggacty
tttettttta
ac;ctcattt
cacggtggaa
taagaacccc
ccattgaagg
aacaaaagca
aacctgtttt
cacaagctga
ctagtagatc
ctagagatgt
cattacaact
gagctagagyg
cteecatacte
getttettta
aaatgttgtt

ccaatgecatyg

Gly

Met

Gln
40

16/52

aaggagtaga
aaccaaactc
tectttatctyg
Cccgaégaag
aagtgctgat
caaaaacgtyg
agagaatttyg
tcatccteet
tcatcaccat
aattaaaaga
tittgaaata
ctttecggtyg
caataaccag
atcatgtgga
agtcaﬁtgac
gtattﬁtgaa

gttaattaat

Gly Gly Gly Asn

10

I.eu Glu Ser
25

ITle Gl 8ln Ile

aaaattccea
ccaaaaccct
caaatggaag
gagcaaataa
cagatacago
ttctattggt
gcttatatca
ccttgeacca
catctagget
agaggcagge
agcgaagaag
gattcattty
taccgtgaat
geigaaatgy
cacaataaca
ttatgacatsa

£

Leu
30

45

PCT/US2Z006/004777

tgccaatege
actccaataa
gtggcggegy
geatgettga
aaataaccag
tccaaaatcs
accgttacat
atgttgtttg
tttaccctca
ctattggtaa
attgtcaaga
aagactccaa
atattcgaga
aacatccacc
aaagaazaaa

tatcegatg

of GhCIR1l and the C-terminal domain of

Ser Arg Trp Asn

15

Tyr Lys Gln Gly

Thr Ser Arg Leu

&0

120

240
300
360
420
480
540G
500 -
660
720
780
840
300
960

1001
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Lys Ala Tyr Gly Thr Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln
507 55 60

Asn His Lys Ala Arg Gln Arg Gln Lys Gln Lys Gln Glu Asn Leu Ala
65 70 75 80

Tyr Ile Asn Arg Tyr Ile His His His His Arg Ala Gln Pro Val DPhe
85 S0 95

His Pro Pro Pro Cys Thr Asn Val val Cys Rla Gly Pro Tyr Phe Val
100 1405 110

[
]

Pro Gln Rla Asp His His H His Leu Gly Phe Tyr Pro Gln Cys Pro
115 120 125

Lys Val Leu Leu Pro Ser Arg Ser Ile Lys Arg Arg Gly Arg Pro Ile
130 135 140

Gly Lys Thr Leu Ile Asn Pro Ser Thr Arg Asp Val Phe Gilu Ile Ser
145 150 135 160

Glu Glu Asp Cys Gln Glu Glu Glu Lys Vel Ile Glu Thr Leu Sin Leu
' 165 170 175

Phe Pro vVal Asn Ser Phe Glu Asp Ser Asn Ser Lys Val Asp Lys Met
180 185 180

Arg Ala Arg Gly Asn Asn Gln Tyr Arg Glu Tyr Ile Arg Glu Thr Thr
185 200 205

Thr Thr Ser Phe Ser Pro Tyr Ser Ser Cys Gly Ala Glu Met Glu His
210 215 220

Pro Pro Pro Leu Asp Leu Arg Leu Ser Phe Leu

225 230 235
<210> 17

<21i> 260

<212> PRT

<213> Arabidopsis thaliana

<400> 17



WO 2007/094762 PCT/US2606/084777
18/52

2577-166.5725

Met Glu Asn Glu Val Asn Ala Gly Thr Ala Ser Sexr Ser Arg Trp Asn
1 5 10 15

8]

Pro Thr Lys Asp Gin Ile Thr Leu Leu Glu Asn Leu Tyr Lys Glu Gly

Ile Arg Thr Pro Ser Ala Asp Gln Ils Gln Gln Ile Thr Gly Arg Leu
35 40 45

Arg Ala Tyr Gly His Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln
50 55 60

Asn His Lys Alas Arg Gln Arg Gln Lys Gln Lys Gln Glu Arg Met Ala
65 70 75 _ 80

Tyr Phe Asn Arg Leu Leu His Lys Thr Ser Arg Phe Phe Tyr Pro Pro
85 90 95

Pro Cys Ser Asn Val Gly Cys Val Ser Pro Tyr Tyr Leu Gln Gln Ala
100 105 110

Ser Asp His His Met Asn Gln His Gly Ser val Tyr Thr Asn Asp Leu
115 120 - A25

Leu His Arg Asn Asn Val Met Ile Pro Ser Gly Gly Tyr Glu Lys Arg
130 135 140

Thr Val Thr Gln His Gln Lys Gln Leu Ser Asp Ile g Thr Thr Ala
145 150 155 160

=
e
o
>
ry
Q

Ala Thr Arg Met Pro Ile Ser Pro Ser Ser Leu Arg Phe Asp Arg Phe
165 170 175

Ala Leu Arg Asp His Cys Tyr 2la Gly Glu Asp Ile Asn Val Asn Ser
180 185 190

Ser Gly Arg Lys Thr Leu Pro Leu Phe Pro Leu G8ln Pro Leu Asn Ala
195 200 205

Ser Asn Ala Asp Gly Met Gly Ser Ser Ser Phe Ala Leu Gily Ser Asp
210 215 220
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2577-166.8T25

Ser Pro Val Asp Cys Ser Ser Asp Gly Rla Gly Rrg Giu Gln Pro Phe
225 230 235 240

Ile Asp Phe Phe Ser Gly Gly Ser Thr Ser Thr Arg Phe Asp Ser Asn
245 250 255

Gly Asn Gly Leu

260
<210> 18
<Z11l> 244
<212> PRT

<213> Arabidopsis thaliana
<400> 18

Met Ser Pro Val Ala Ser Thr Arg Trp Cys Pro Thr Pro Glu Gln Leu
1 5 i0 15

Met Ile Leu Glu Glu Met Tyr Arg Ser Gly Ile Arg Thr Pro Asn Ala
20 25 30

Val Gin Ile Gln Gln Ile Thr Ala His Leu Ala Phe Tyr Gly Arg Ile
35 40 45

Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln Asn His Lys Ala Arg Asp
50 55 60

Arg Gln Lys Leu Arg Lys Lys Leu Ala Lys Gla Leu His Gln Gln Gln

His Gln Leu Gln Leu Gln Leu Gln Gln Ile Lys Pro Lys Pro Ile Ser
85 o0 95

Ser Met Ile Ser Gln Fro Val Asn Lys Asn Ile Ile Asp His His BAsn
100 1065 110

Pro Tyr His His His His His Asn His His His Asn His His Arg Pro
115 120 125

Tyr Asp His Met Ser Phe Asp Cys Cys Ser His Pro Ser Pro Met Cys
130 135 : 140
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Leu Pro His Gln Gly Thr Gly Val Gly Glu ala Pro Ser Lys Val Met
145 150 155 160

Asn Glu Tyr Tyr Cys Thr Lys Ser Gly Ala Glu Glu Ile Leu Met Gln
165 170 175

Lys Ser Ile Thr Gly Pro Asn Ser Ser Tyr Gly Arg Asp Trp Met Met
180 "185 _ 150

Met Met Asp Met Gly Pro Arg Pro Ser Tyr Pro Ser Ser Ser Ser Ser
125 200 205

Pro Ile Ser Cys Cys Asn Met Mei Met Ser Ser Pro Lys Ile Pro Leu
210 215 220

Lys Thr Leu Glu Leu Phe Pro Ile Ser Ser Ile Asn Zer Lys Gln Asp
225 230 235 240

Ser Thr Lys Leu

<210> 19
<211l> 2082
<212> PRT

<213> RArabidopsis thaliana

<400> " 18

Met Glu Pro Pro Gln His Gln His His His His Gln Ala Asp Gln Glu
1 5 106 ib

Ser Gly Asn Asn Asn Asn Asn Lys Ser Gly Ser Gly Gly Tyr Thr Cys
20 Z5 30

Arg Gln Thr Ser Thr Arg Trp Thr Pro Thr Thr Glu Gin Ile Lys Ile
35 40 45

Leu Lys Glu Leu Tyr Tyr Asn Asn Ala Ile Arg Ser Pro Thr Ala Asp
50 55 60

Gln Ile Gln Lys Ile Thr Ala Arg Leu Arg Gln Phe Gly Lys Ile Giu
65 70 75 8o

Gly Lys Asn Val Phe Tyr Trp Phe Gin Asn His Lys Ala Arg Glu Arg
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2577-166.8TZ5
85 S0 "85

Gin Lys Lys Axg Phe Asn Gly Thr Asn Met Thr Thr Pro Ser Ser Ser
100 105 110

Pro Asn Ser Val Met Met ARla Ala Asn Asp His Tyr'His Pro Leu Leu
115 120 125

His His His His Gly Val Pro Met Gln Arg Pro Ala Asn Ser Val Asn
120 135 140

Val Lys Leu Asn Gln Asp His His Leu Tyr His His Asn Lys Pro Tyr
145 150 155 160

Pro Ber Phe Asn Asn Gly Asn Leu Asn His Ala Ser Ser Gly Thr Glu
165 170 175

Cys Gly Val Val Asn Ala Ser Asn Gly Tyr Melt Ser Ser Eis Val Tyr
180 185 190

Gly Ser Met Glu Gln Asp Cys Sexr Met Asn Tyr Asn Asn Val Gly Gly
1585 200 205

"Gly Trp Ala Asn Met Asp His His Tyr 2er Ser Ala Pro Tyr Asn Phe
210 215 220

Phe Asp Arg Ala Lys Pro Leu Phe Gly Leu Glu Gly His Gln Glu Glu
225 230 235 240

Glu Glu Cys Gly Gly Asp Ala Tyx Leu Glu His Arg Arg Thr Leu Pro
245 250 255

Leu Phe Pro Met His Gly Glu Asp His Ile Asn Gly Gly Ser Gly Ala
- 260 265 270

Ile Trp Lys Tyr Gly Gln Ser Glu Val Arg Pro Cys Ala Ser Leu Glu
275 280 285

Leu Arg Leu Asn
290

<210> 290



WO-2007/094762 PCT/US2006/004777
2252

2577-166.

9]
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[
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<211> 307
<Z212> PRT
<213> Petunia
<400> 20

Met Glu Thr Ala Gln His Gin Gin Asn Asn Gln Gln His Tyr Leu His

Gln His Leu Sexr Ile Gly Gln Gly Thr Asn Ile Glu Asp Gly Ser Asn
20 25 30

Lys Rsn Asn Ser Ser Asn Phe Met Cys RArg Gln Rsn Ser Thr Arg Trp
35 40 ‘ 45

Thz Pro Thr Thr Asp Gln Ile Arg Ile Leu Lys Asp Leu Tyr Tyr Asn
5¢ 55 60

Asn Gly Val Arg Ser Pro Thr Ala Glu Gln Ile Gin Arg Ile Ser Ala
€5 70 75 80

Lys Leu Arg Gln Tyr Gly Lys Ils Glu Gly Lys Zsn Val Phe Tyr Trp
85 90 95

Phe Gln Asn His Lys Ala Arg Glu Arg 6ln Lys Lys Arg Leu
100 105 110

ool
fd
0]

Ala

Ala Ala Thr Thr Asp Asn Thr Asn Leu Pro Met Gln Met Gln Phe Gln
115 ' 120 125

Arg Gly Val Trp Arg Ser Ser Ala Asp Asp Pro Ile His His Lys Tvr
130 135 140

Thr Asn Pro Gly Val His Cys Pro Ser Ala Ser Ser His Gly Val Leu
145 150 155 160

Ala Val Gly Gln Asn Gly Asn His Gly Tyr Gly Ala Leu Ala Met Glu
165 170 175

Lys Ser Phe Arg Asp Cys Ser Ile Ser Pro Gly Ser Ser Met Ser His
1840 185 150

His His His Gln Asn Phe Ala Trp RAla Gly Val Asp Pro Tyr Ser Ser
185 260 205
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Asn Glu

fot
j

Thr Thr Thr Tyr Fro Phe Leu Glu Lys Thr Lys His Phe Glt
210 215 220

Thr Leu Glu Ala Asp Glu Glu Gln Gln Glu Glu Asp Gln Glu Asn Tyr
225 230 235 240

Tyr Tyr Gln Arg Thr Thr Ser Ala Ile Glu Thr Leu Pro Leu Phe Pro
245 250 255

Met His Glu Glu Asn Ile Ser Ser Phe Cys Asn Leu Lys His Gln Glu
260 265 27¢

Ser Ser Gly Gly Phe Tyr Thr Glu Trp Tyr Arg Ala Asp Asp Asn Leu
275 280 285

Ala Ala Ala Arg Ala Ser Leu Glu Leu Ser Leu Asn Ser Phe Tle Gly
290 295 300 '

Asn Ser Ser

205

<210> 21
<211> 272
<2312> PRT

<213> Tomato

<440> 21

Met Glu His Gln His Asn Ile Glu Asp Gly Gly Lys Asn Ser Asn Asn
1 5 10 15

Ser Phe Leu Cys Arg Gln Ser Ser Ser Arg Trp Thr Pro Thr Ser Asp
20 25 30

Gln Ile Arg Ile Leu Lys Asp Leu Tyr Tyr Asn Asn Gly Val Arg Ser
35 40 45

Pro Thr Riaz Glu Gln Ile &ln Arg Ile Ser Ala Lys Leu Arg Gln Tyr
50 55 &0

Gly Lys Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln Asn His Lys
65 70 ' 75 80
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2577-166.8T25

Ala Arg Glu Arg Gln Lys Lys Arg Lew Ile Ala Ala Rla Ser Ala Thr
g5 30 95

Asp Asn Asn Asn Ile Ser Ser Met Gln Met Ile Pro His Leu Trp Arg
100 105 110

Ser Pro Asp Asp His His Lys Tyr Asn Thr Ala Thr Thr Asn Pro Gly
115 120 125

Val Gln Cys Pro Ser Pro Ser Ser His Gly Val Leu Pro Val Val Gin
130 135 140

Thr Gly Bsn Tyr Gly Tyr Gly Thr Leu Ala Met Glu Lys Ser Phe Arg
145 156G 155 160

Glu Cys Ser Ile Ser Pro Pro Gly Gly Ser Tyr His Gln Asn Leu Thr
165 170 175

Trp Val Gly Val Asp Pro Tyr Asn Asn Met Ser Thr Thr Ser Pro Ala
isgo 185 180

Thr Tyr Pro Phe Leu Gilu DLys Ser Asn Asn Lys His Tyr Glu Glu Thr
195 200 205

Leu Asp Glu Glu Gln Gilu Glu Glu Asn Tyr Gln Arg Gly Asn Ser Ala
210 215 220

Leu Glu Thr Leu Ser Leu Phe Pro Met His Glu Glu Asn Ile Ile Ser
225 230 235 2490

Asn Phe Cys Ile Lys His His Glu Sexr Ser Gly Gly Trp Tyr His Ser
245 : 250 255

Asp Asn Asn Asn Leu Ala Ala Leu Glu Leu Thr Leu Asn Ser Phe Pro

260 2€5 270
<210> 2
<211» 2060
<212> PRT

<213> rice

<AQ00> 22
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2577-166.38T25
Met Glu Ala Leu Ser Gly Arg Val Gly val Lys Cys Gly Axrg Trp Asn
1 5 1¢ 15

Pro Thr Rla Glu Gln Val Lys Val Leu Thr Glu Leu Phe Arg Ala Gly
20 - 25 30

Leu Arg Thr Pro Ser Thr Glu Gln Ile Gln Arg Ile Ser Thr His Leu

Ser Ala Phe Gly Lys Val Glu Ser Lvs Asn Val Phe Tyr Trp Phe Gln
50 55 60

Asn His Lys Ala Arg Glu Arg His His His Lys Lys Arg Arg Arg Gly
65 70 75 80

Ala Ser Ser Pro Asp Ser Gly Ser Asn Asp Asp Rsp Gly Arg Ala Ala

Ala His Glu Gly Asp Ala Asp Leu Val Leu Gln Pro Pro Glu Ser Lys
100 105 110

Arg Glu Ala Ary Ser Tyr Gly His His His Arg Leu Met Thr Cys Tyr
115 120 125

Val Arg Asp Val Val Glu Thr Glu Ala Met Trp Glu Arg Pro Thr Arg
130 135 140

Glu val Glu Thr Leu Glu Leu Phe Pro Leu Lys Ser Tyr Asp Leu Glu
145 150 155 160

Val Asp Lys Val Arg Tyr Val Axg Gly Gly Gly Gly Glu Gin Cys hrg
165 170 178

Glu Ile Ser Phe Phe Asp Val Ala Ala Gly Arg Asp Pro Pro Leu Glu
180 185" : 190

Leu Arg Leu Cys Ser Phe Gly Leu

195 200
<210> 23
<211> 220
<212> PRT

<213> Iea May
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2577-166.3725
<400> 23
Met Glu ala Leu Ser Gly Arg Val Gly Val Lys Cys Gly Arg Trp Asn
1 5 10 15

Pro Thr Ala Glu Gln Val Lys Val Leu Thr Glu Leu Phe Arg Ala Gly
20 25 30

Leu Arg Thr Pre Ser Thr Glu Gln Ile Gln Arg Ile Ser Thr His Leu
35 : 40 - 45

Ser Ala Phe Gly Lys Val Glu Ser Lys Asn Val Phe Tyr Trp Phe Gln
50 55 50

Asn His Lys Ala Arg Glu Arg His His His Lys Lys Arg Arg Arg Gly
65 740 75 80

Ala Ser Ser Ser Ser Pro Asp Ser Gly Ser Gly Arg Gly Ser Asn Asn
: 85 80 55

Glu Glu Asp Gly Arg Gly Ala Ala Ser Gln Ser His Asp Ale Asp ARla
100 105 110

Asp Ala Asp teu Val Leu Gln Pro Pro Glu Ser Lys Arg Glu Ala Arg
115 12¢ 125

Ser Tyr Gly His His His Arg Leu Val Thr Cys Tyr Val Arg Asp Val
130 135 1406

Val Glu Gln Gln Glu Ala Ser Pro Ser Trp Glu Arg Pro Thr Arg Glu
145 150 158 160

Val Glu Thr Let Slu Leu Phe Pro Leu Lys Ser Tyr Gly Asp Leu Glu
165 174 175

Ala Rla Glu Lys Val Arg Ser Tyr Val Arg Gly Ile Ala Ala Thr Ser
180 185 180

Glu Gln Cys Arg Glu Leu Ser Phe Phe Asp Val Ser Ala Gly Arg Asp
185 200 205

Pro Pro Leu Glu Leu Arg Leu Cys 3er Phe Gly Pro
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2577-166.8725

210 215 220
AY
<210> 24
<211> 240
<212> PRT

<213> Zea May

<400> 24

Met Ala Ala Asn Rla Gly Gly Gly Gly Ala Gly Gly Gly Ser Gly Ser
1 5 10 15

Gly Ser Val Ala Ala Pro Ala Val Cys Arg Pro Ser Gly Ser Arg Trp
20 25 30

Thr Pro Thr Pro Glu Gin Ile Arg Met Leu Lys Glu Leu Tyr Tyr Gly
35 40 48

Cys Gly Ile Rrg 2er Pro Ser Ser Glu Gln Ile Gln Arg Ile Thr Ala
50 55 &0 :

Met Leu Arg Gln His Gly Lys Ile Glu Gly Lys Asn Val Phe Tyr Trp
65 70 75 80

Phe Gln Asn His Lys Ala Arg Glu Arg Gln Lys Arg Arg Leu Thr Ser
g5 a0 a5

Leu &sp Val Asn Val Pro Ala Ala Gly Ala Ala Asp Ala Thr Thr Ser
100 105 110

Gln Leu Gly Val Leu Ser Leu Ser Ser Pro Pro Pro Ser Gly Ala Ala
115 120 125

Pro Pro Ser Pro Thr Leu Gly Leu Tyr Ala Ala Gly Asn Gly Gly Gly
130 135 140

4]

Ser Ala Val Leu Leu Asp Thr Ser Ser Asp Trp Gly Ser Ser Gly Ala
145 150 155 160

Ala Met Ala Thr Glu Thr Cys Phe Leu Gln Val Gly Ala Val Val Arg
165 170 175

Ser Phe Leu Gly His Cys Ala Gln Phe His Val Arg Thr Tyr Glu Leu
180 185 19¢
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2577-166.8T25

Ile Ala Ala Ser Phe His Pro Pro Val Tyr Ile Thr Val Arg Tyr Gly
195 200 . 205

Gly Ala Arg Pro Gln Asp Tyr Met Gly Val Thr Asp Thr Gly Ser Ser
210 215 220 :

Ser Gln Trp Pro Arg Phe Ser Ser Ser Asp Thr Tle Met Ala Ala Als

225 230 235 240
<210> 25

<211> 237

<212> PRT

<Z13> YZea May

<400> 25

Met Ala Ala Asn Ala Gly Gly Gly Gly Ala Gly Gly Gly Ser Gly Ser
1 5 16 15

Gly Ser Val Ala Ala Pro Ala Val Cys Arg Pro Ser Gly Ser Arg Trp
20 25 30

Thr Pro Thr Pro Glu Gln Ile Arg Met Leu Lys Glu Leu Tyr Tyr Gly
35 40 45 :

Cys Gly Ile Arg Ser Pro Ser Ser Glu Gln Ile Gln Arg Ile Thr Ala

Met Leu Arg Gln His Gly Lys Ile Glu Gly Lys Asn Val Phe Tyr Trp
65 70 : 75 80

Phe Gln Asn His Lys Ala Arg Glu Arg Gln Lys Arg Arg Leu Thr Ser
‘ B85 90 85

Leu Asp Val Asn Val Pro Ala Ala Gly Ala Ala Bsp Ala Thr Thr Ser
100 105 116

Gln Leu Gly Val Leu Ser Leu Ser Ser Pro Pro Pro Ser Gly Ala Ala
115 120 125

Pro Pro Ser Pro Thr Leu Gly Phe Tyr Ala Ala Gly Asn Gly Gly Gly
130 ‘ 135 ‘ 140
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2577-166.5T25

Ser Ala Val Leu Leu Asp Thr Ser Ser Asp Trp Gly Ser Ser Gly Ala
145 150 155 160

Ala Met Rla Thr Glu Thr Cys Phe Leu Gln Val Gly Ala Val val Arg
185 170 175

Ser Phe Leu Gly His Cys Ala Gln Phe His val Arg Thr Tvr Glu Leu
184 185 180

fle Ala Ala Ser Phe His Pro Pro val Tyr Ile Thr val Arg Tyr Gly
195 2040 205

Gly Als Arg Pro Gln Asp Tyr Met Gly Val Thr Asp Thr Gly Ser Ser
210 215 220

Ser Gln Trp Pro Arg Phe Ala Ser Ser Asp Thr Ile Met

225 230 Z35
<210> 26

<Z211l> 253

<212> PRT

<213> 2Zea May

<400> 26

Met Glu Gly Gly Leu Ser Pro Glu Arg His Ala Ala Ala Glu Pro Val
1 5 10 15

Arg Ser Arg Trp Thr Pro Lys Pro Glu Gln Ile Leu Tle Leu Glu Ser
20 25 30

Iie Phe Asn Ser Gly Met Val Asn Pro Pro Lys Asp Glu Thr Val Arg
35 40 45

Ile Arg Lys Leu Leu Glu Arg Phe Gly Ala Val Gly Asp Ala Asn Val
50 55 60

Phe Tyr Trp Phe Glan Asn Arg Arg Ser Arg Ser Arg Arg Rrg Gln Aryg
65 70 15 80

Gln Leu Gin Ala Glin Ala Ala Ala Ser Ser Ser Ser Jer Gly Ser Pro
85 80 95
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25T1-166.3T25
Pro Thr Ser Gly Lesu Ala Pro Gly His 2la Thr Ala Ser Ser Thr Ala
100 108 110

Gly Met Phe Ala His Gly Ala Thr Tyr Gly Ser Ser Ala Ser Ala Ser
115 120 125

Trp Pro Pro Pro Pro Ser Cys Glu Gly Met Met Gly Asp Leu Asp Tyr
130 135 140

.Gly Gly Gly Asp Asp Leu Phe Ala Ile Ser Arg Gln Met Gily Tyr Rla
145 150 155 160

ser Gly Gly Gly Sex Gly Ser Ala Ser Ser Ala Ala Val Ala His His
165 170 175

Glu Gin Gln Gln Gin Leu Tyr Tyr Ser Pro Cye Gln Pro Ala Ser Met
' i80 185 - 180

Thr Val Phe Ile Asn Gly Val Ala Thr Glu Val Pro rqg Gly
185 200 205

h
[
o]
=
-
O

Asp Leu Arg Ser Met Phe Gly Gln Asp Val Met Leu Val His Ser Thr
210 215 220

Ala Gly Leu Leu Pro Val Asn Glu Tyr Giy Val Leu Thr Gln Ser Leu
225 230 235 240

Gln Met Gly Glu Ser Tyr Phe Leu Val Thr Arg Gly Tyr

245 250
<210> 27
<211> 227
<212Z> PRT

<213> Zea May
<400> 27

Met RAla Ser Ala Asp Ala Trp Ala Thr Lys Glu Gln Val Ala Val Teu
1 5 10

[
o

Glu Gly Leu Tyr Glu His Gly Leu Arg Thr Pro Ser Ala Glu Gln Ile
20 25 30

Gln Gln Ile Thr Gly Arg Leu Arg Glu His Gly Ala Ile Glu Gly Lys
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2571-166.87T25
35 40 45

Asn Val Phe Tyr Trp Phe Gln Asn His Lys Rla Arg Gln Arg Gln Arg
50 55 60

Gln Lys Gln Asp Ser Phe Ala Tyr Phe Ser Arg Leu Leu Arg Arg Pro
65 70 75 B8O

Pro Pro Leu Pro Val Leu Ser Mst Pro Pro Ala Pro Pro Tyr His His
85 90 85

Ala Arg Val Pro Ala Pro Pro Bla Ile Pro Met Pro Met Ala Pro Pro
I00 105 1140

Pro Pro Ala Ala Cys Asn Asp Asn Gly Gly Ala Arg Val Ile Tyr Arg
115 120 125

Asn Pro Phe Tyr Val Ala Ala Pro Gln Ala Pro Pro Ala Asn Ala Ala
130 135 140

Tyr Tyr Tyr Pro Glan Pro Gln &ln Gln Gin Gln Gln Glp Val Thr Val
145 150 155 160

Met Tyr Gln Tyr Pro Arg Met Glu Val Ala Gly Gln Asp Lys Met Met
165 170 175

Thr Arg Ala Ala Ala His Gln Gln Gln Gln His Asn Gly Ala Gly Gln
180 185 190

Gln Pro Gly Arg Ala Gly His Pro Ser Arg Glu Thr Leu Gln Leu Phe
195 200 205

Pro Pro Pro Rla His Leu Arg Rla Ala Ala Arg Gln Gly Ala Arg Arg
210 215 220

Gln Arg Gln

225

<210> 28

<211> 134
<212> PRT

<213> Zea May
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2577-166.8725
<400> 28

Met Glu Ser Ser His Ser Thr Ala Glu Asp Glu Ser Gly Trp Lys Gly
1 5 10 15

s

[%]
1]
[a

Ser Ser Gly BAla His ser Val Ser Arg Trp Ser Pro Thr Lys Glu
20 25

Gln Ile Asp Met Leu Glu Asn Phe Tyr Lys Gln Giy Ile Arg Thr Pro

Ser Thr Glu Gln Ile Gln Gln Ile Thr Ser Arg Leu Arg Ala Tyr Gly
50 55 60

Tyr Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln Asn His Lys Ala
65 70 75 80

Arg Gln Arg Gln Lys Leu Lys Gln Lys Gln Gln Ser Ile Ala Tyr Cys
85 S0 S5

bt
fot
6]

Asn Cys Phe Leu His Rla Ser His Pro Cys Gin Asn Val Val Cys
100 105 114

Val His Ile Val Cys Lys Arg Val Bsp Ser Bla Phe Ile Leu Thr Asn
115 120 125

Gl Arg Cys Leu Glan Val

130
<210> 29
<211> 225
<212> PRT

<213> Zea May

<400> 29

Met Glu Ser His Ser Thr Ala Glu Asp Glu Ser Gly Trp Lys Gly Ser
1 5 10 15

Ser Gly Ala His Ser Ser Val Ser Arg Trp Ser Pro Thr Lys Glu Gln
20 25 30

Ile Asp Met Glu Thr Leu Glu Asn Phe Tyr Lys Gln Gly Ile Arg Thr
35 40 ] 45
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2577-166.ST25
Pro Ser Thr Glu Gln Ile Gln Gln Ile Thr Ser Arg Leuw ARrg hAla Tyr
50 55 60 '

Gly Tyr Ile Glu Gly Lys Asn Val Phe Tyr Trp Phe Gln Asn His Lys

Ala Arg Gin Arg Gln Lys Leu Lyes Gln Lys Gln Gln Ser Ile Alas Tyr
85 G0 95

[
ot
0]

Cys Asn Cys Phe Leu His Ala Ser His Pro Cys &ln Asn Val Val
100 105 110

Cys Ala Pro Tyr Cys Leu Gln Lys Ser Gly Phe Ser Fhe TYr Pro His
115 1z0 125

Gln Pro Lys Val Leu Ala Ser Val Gly Ile Ser Ser Arg Ile Gilu Thr
130 135 140

Gly Ser Phe Gly Met Glu Thr Leu Arg Ile Cys Bsp Gly Met Glu Thr
145 150 155 160

Gin Ser Glu His Pro Asp Tyr Asn Tyr Ser Thr Ser Asn Arg Glu Ala
165 170 175

Leu Thr Leu Phe Pro Leu His Pro Thr Gly Ile Leu Glu Glu Lys Thr
180 185 180

Thr His His Ser Val Asp Val Thr Asp Lys Ser Phe Val Ser Ile Ala
185 200 205

Val Asp Glu Asn Gly His Leu Gly Asn Gln Pro Cys Phe Bsn Phe Gln

210 215 220
Tyr
225
<210> 30
<Z211> 21z
<212>» PRT

<213>» Glycin Max

<400> 30
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2577-166.3T25
Met Glu Ser His Ser Ser Asp Ala Glu Ala Glu Asn Val Arg Thr His
1 5 10 15

Ser Ser Val Ser Arg Trp Ser Pro Thr Lys Glu Gln Ile Asp Met Leu
20 25 30

Glu Asn Leu Tyr Lys Gln Gly Ile Arg Thr Pro Ser Thr Glu Gln Ile
35 40 45

Gln Gln Ile Thr Ser Arg Leu Arg Ala Tyr Gly His Tle Glu Gly Lys
350 55 50

Asn Val Phe Tyr Trp Phe Gln Rsn His Lys Ala Arg Gln Arg Gln Lys
65 70 75 g0

Leu Met Lys Gln Gln Thr Ile Ala Tyr Ser Asn Arg Phe LeuIArg Ala
85 =1t 95

Ser His Pro Ile Cys Gln Rsn Val Ala Cys Ala Pro Cys Leu Gln
100 105 110

H
~
L

Arg Ser Gly Phe Ser Phe Tyr Pro Gln Gln Ser Lys Val Leu Ala Ser
115 120 125

Gly Gly Ile Ser Ser Thr Gly Pro Leu Gly Met Gin Arg Met Phe Asp
130 135 140

Gly Met Gln Ser Ser Glu His Pro Asp Cys Asn Arg Glu Val Leu Thr
145 150 155 160

Leu Phe Pro Leu His Pro Thr Gly Ile Leu Lys Glu Lys Thr Thr His
165 170 17%

Gin Val Pro Ser Leu Ala Ser Thr Ser Val val Ala Val Asp Glu Asp
180 iBg5s 190

Gly His Leu Gly Asn Gln Pro Phe Phe Asn Phe Phe Thr Thr Glu Pro
195 200 205

Arg Ser Arg Glu
210
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2577-166.8T258

<210>» 31
<Z211l> 236
<212> PBRT

<Z13> @Glycine Max

<220>

<221> misc _feature

222> (162)..(162)

<223> ¥sa can be any naturally occurring amino acid

<400> 31
¥det Leu Lys Leu Ser Met Lys Val His Gln Phe Ala Arg Gly Phe Trp
1 5 ' 10 .15

Glu His Glu Pro Ser Leu Thr Leun Gly Cys Lys Arg Leu Arg Pro Leu
20 25 30

Ala Pro Lys Leu Ser Asn Thr Asp Thr Ile Ser Pro Pro His His Pro
35 . 40 : 45

Val Thr Thr Phe Asp Leu Lys Ser Phe Tle Lys Pro Glu Ser Ala Ser
50 55 50

Arg Lys Leu Gly Ile Gly Ser Ser Asp Asp Asn Thr Asn Lys Arg Asp
65 70 75 80

Pro Ser Ser Pro Gln Gly Gln Ala Glu Thr His Tle Pro Gly Giy Thr
8% 20 85

1
et
o}

Arg Try Asn Pro Thr ©ln Glu Gln Ile Gly Leu @¢lu Met Leu Tyr
100 105 1310

Arg Gly Gly Met Arg Thr Pro Asn Ala Gln Gln Ile Glu Gln Ifle Thr
115 _ 129 125

Ala Gln Leu Ser Lys Tyr Gly Lys Ile Glu Gly Lys Asn Val Phe Tyr
130 135 140

Trp Phe Gln Asn His Lys Ala Arg Glu Arg Gln Lys Gln Lys Arg Asn
145 150 158 160

Asn Xaa Gly Leu Ala His Ser Pro Arg Thr Thr Leu Thr Thr Ser Pro
185 170 175
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Pro Phe 3er Cys Cys Val Ile Thr Thr Met Asp Thr Thr Lys Arg Gly
180 185 190

Glu Val Val Glu Arg Glu Glu Glu Asp Ser Pro Leu Lys Lys Cys Arg
185 200 205

Ser Ala Phe Glu Tyr Leu Glu Asp Gln Arg CGlu Glu Glu His Arg

215 220

RS
=t Py
(s he]

Thr Leu Glu Leu Phe Pro Leu His Pro Glu Gly Arg

225 230 235
<210> 32

<211> 222

<Z1l2> PRT

<213>» Glycine Max

<400> 32

Met Met Lys Val His Gln Phe Thr Arg Gly Leu Ile Trp Glu His Glu
1 5 10 15

Pro Phe Leu Thr Leu Gly Cys Lys Arg Leu Arg Pro Leu Ala Pro Lys
20 25 30

Leu Pro Asn Thr Lys Thr Ile Thr Thr Pro Phe &sp Leu Lys Ser Phe
35 40 45

Ile Arg Pro Glu Ser Gly Pro Arg Lys Pro Val Ser Ser Asp Asp Thr

Lys Lys Asp Pro Pro Ser Pro Gln Gly Gln Ile Glu Thr His Pro Gly
65 70 75 80

Gly Thr Arg Trp Asn Pro Thr Gln Glu Gln Tle Gly Ile Leu Glu Met
85 50 95

Leu Tyr Lys Gly Gly Mst Arg Thr Pro Asn Ala Gln Gln Tle Glu Gin
100 105 110

Ile Thr Val Gln Leu Gly Lys Tyr Gly Lys Ile Glu Gly Lys Asn Val
115 120 125
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2577-166.8T25 ' :
FPhe Tyr Trp Phe Gln Rsn His Lys Als Arg Glu Axrg Gln Lys Gln Lys
130 135 140

Arg Ser Ser Leu Ala Ser Ser His Ser Prc Arg Thr Pro Thr Ile His
145 150 155 160

Ser Val Val Thx Leu Glu Thr Thr Arg Gly Glu Val Val Glu Arg Asp
165 170 175

His Glu Glu Asp Ser Pro Tyr Lys Lys Lys Cys Arg Arg Trp Val Phe
180 185 19¢

Asp Cys Leu Glu Glu Gin Asn Met Ser Ser Pro Cys Glu Gln Glu Glu
195 200 205

His Arg Thr Leu Glu Leu Phe Pro Leu His Pro Giu Gly Arg

210 ' 215 220
<210> 33
<2Z211> 44
<Z212> DNA

<213> Artificial

<220>
<223> B8Synthetlc Construct, GeneRacer RNA oligo

<220>
<221> misc_feature
<222>  (5)..(5)

<223> n = u

<220>

<221> misc_featurs
<22Z2> {21)..(21)
<223> n = u

<Z20>

<221> misc_feature
222> (26)..(286)
<223> n o= u

<220>
<221> misc feature
<222>  (31)..(31)

<Z223> n = u

<220>
<Z221> misc feature
<222>  (39)..(39)



WO 20071094762
<223>» n = u
<400> 33

cgacnggage acgaggacac Ngacanggac ngaaggagna gaaa

<210>
<211>
<212>
<Z13>

<Z20>
<223>

<400>

34

54

DNA
Artificial

Synthetic Construct,

34

38/52

2577-166.8T25

GeneRacer oligo dT primer

PCT/US2006/004777

gctgtcaacyg atacgctacyg taacggcatg acagtgtttlt ttotottttt titt

<210>
<Z21i>
<Z212>
<213>

<Z220>
223>

<400>

tittggcegeg ccggacacty acttggactg aaggagtaga

<210>
<211>
<212>
<213>

<220>
<Z223>

<400>

35

40

DNA
Artificial

PCR primer GRS-

35

36

38

DNA
Artificial

PCR primer GR3-

36

2

2N

tttttattge ggcegegoeta cgtaacggea tgacaghtyg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

37

33

DNA
Artificial

PCR primer GR3-

37

2P

tttttaatta agctacotaa cggoatgaca gtg

<210>
<211>

38
32

44

54

40

38

33



WO 2007/094762

<212>
<Z213>

<220>
<Z223>

<400>

39/52

2577-166.8T25%
DNA
Artificial
PCR primer 593400

38

aaggcgegee atggaaaacy aagtaaacyc ag

<210>
<2il>
<212>
<213>

<220>
<223>

<400>

39

34

DNA
Artificial

PCR primexr 598340L

39

cgttaattaa ttacaacceca ttaccattac tatc

<210>
<211>
<212>
<213>

<220>
<2Z3>

<400>

40

34

DONA
Artificial

PCR primer 112600

40

aaggcgegee agttgaggac tttacatcetg aaca

<210
<211>
<212>
<Z213>»

<220>
<Z23>

<400>

41

30

DNA
Artificial

BCR primer 11260L

41

aattaattaa ccatgcattg gaasaatatct

<Z210>
<Z11i>
<212>
<213>

<220>
<223>

<400>

42

37

DNA
Artificial

PCR primer 464800

42

aggcgcgeca aaatgaaggt teatgagtit tcgaatg

PCT/US2606/004777

32

34

34

30

37



WO 2007/094762

<210>
<21l>
<212>
<21 3>

<220>
<223>

<400>

40/52

2577-166.8T25

43

34

DNA
Artificial

PCR primer 46430L

43

agttaattaa tcatctcocot tcaggatgga gagy

<210>
<211>
<212>
<213>

<220>
<223>

<400>

44

30

DNA
Artificial

CR primer GhCIRLNL

44

ggtizattaa ttgagctcega tgatgatgot

<210>
<211i>
<21Z>»
<213>

<220>
<223>

<43G0>

aaggcgcgee aaaatgectg tittteateo tectec

<2i0>
<211>
<212>
<213>

<220>
<223>

<400>

45

36

DNA
Ariificial

PCR primer GhCIRICU

45

46

34

DNA
Artificial

PCR primer GhCIRLT

46

ccttaattaa gaagaaatca atgaaacgat gttc

<210>
<211i>
<212>
<213>

<220>

47

34

DNA
Artificial

PCTUS2006/084777

34

30



WO 2007/094762
41/52

2577-166.3T25
<223> PCR primer VPL&U

<400> 47
ccttaattaa cgooocoooy accgatghca godt

<210> 48
<Z2i1> 33
<212> DNA

<213» Artificial

220>
<ZZ3> PCR primer VPL6L

<400> 48
ttttaattaa cccaccgtac tegteaatte caa

<210> 49
<211> 30
<Z1Z> DNAa

<213> Artificial

<220>
<223> PCR primer GhCIRINZL

<400> 49
gattaattaa agttttacca ataggceoctge

<210> 50
<21i> 33
<212> DNA

<213> Artificiasl

<220>
<223> PCR primer At3gll260u2

<400> 50
ttttaattaa tccatcaact agagatgtti tig

<210> 51
<211> 26
<Z212> DNA

<213> Artificial

<220>
<223> PCR primer GhCIRLTIZ8AU

<400> 51
tcatcacgag goctitgeocat tgttte

<210> 52
<211l> 26

PCT/AISZO06/604777

33

30

33

28



WO 2007/094762

<212>
<213>

<220>
<223>

<400>

2577-166.8T25

DNA
Artificial

PCR primer GhCIR1ITLB8AL

52

gazacaatygy caaggcctcy tgatga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

53

27

DNA
Artificial

PCR primer GhCIR1T188DU

53 :

tcatcacgag gatttgccat tgtticce

<21G>
o <2EL>
<212>
<213>

<220>
<223>

400>

54 .
27

-DNA

Artificial

PCR primer GhCIRIT1885DL

54

ggaaacaaty gcaaatccte gltgatga

<210>
<211>
<212>
<213>

<220>
<ZZ23>

<4G0>

55

28

DNA
Arvificial

PCR primer GhCIRldeltaC4s

35

taatteaaa caccagtcgg gtgcaatg

<210>
<211
<212>
<213>

<220
<223>

<400>

ttttaattaa gamgsaatca atgaaacygat gtgccccaga a

56

43

DNA
Artificial

PCR primer GhCIRIEZ36A

56

42752

PCTAIS2006/004777

26

27

27

28

41



WO 2007/494762

57
735
DNA

<Z210>
<211i>
<212>
<213>

<400> 57
atggaaggtyg

caaataagca
atacagcaaa
tattggttce
tatatcaacc
tgcaccaatg
ctaggetttt
ggcaggecta
accatggttc
ggcgeccacta
gaagagacgt
totgotyggty
attgatttct
<210>
<211z

<212>
<213>

58
708
DNE

<400> 58

atggaaggty
caaataagca
atacagcaaa
tattggttce
tatatcaace
tgcaccaatyg
ctaggetttt

ggcaggecta

gcggeyggcgy
tgcttgaaag
taaccagtag
zaaatcataa
gttacattca
ttgtttgtgce
accctcagtyg
ttggtaaaac
catcacctga
atcatcacga
taatggcttc
gtgttgataa

tctga

geggeggegy
tgcttgaaag
taaccagtag
aaaatcataa
gttacatteca
ttgtttgtge
acccteagtyg

ttggtaaaac

2577-166.8T25

Gessypium hirsutum

cggtaggtgga
cttgtacaag
geteaaaget
agctegteaa
ccatcatceat
tggtcecatat
tceceocaaggtt
tggaaagtct
tactgaazaac
gacattgcca
atcatcacca

ccatgaaagt

Gossypium hirsutum

cggtggtyga
cttgtacaag
gctcaaaget
agctcgtcaa
cecatcatcat
tggtccatat
tcecaaggtt

tttaattaat

43/52

gggaattcac
caagggatad
tatggcacca
aggcagaaac
cgagetcaac
tttgtaccac
ctteteccta
ctatittaca
ttatacactyg
ttgtttecat
actggttcaa

aataatgaay

gggaaticac
caagggataa
tatggeacca
aggcagaaac
cgagclicaac
tttgtaceac
ctteteoeceta

ccatcaacta

ggtggaacco
gaaccccaag
ttgaaggcaa
aaaagcaaga
ctgtitttca
aagectgatca
gtagatcaat
acggaaatgce
gagcattcaa
tgcaccegac
cttcatgtga

gttctgggga

ggtggaacec
gaaccccaaqy
ttgaaggcaa
aaaagcaaga
ctgttittca
aagctgatca
grtagatcaat

gagatgtttt

PCT/US2006/004777

gacgaaggay
tgctgatcag
aaacgtgttc
gaattitggct
tecetectoot
tecaccatcat
taazagaaga
ttatgatcat
caatggcgge
tggtgtttec
gacgacgata

acatcgtttc

gacgaaggag
tgctgatcag
aasacgigtic
gaatttgget
teeteootect
tcaccatcat
taazagaaga

tgaaataagc

60

120

180

240

300

360

420

480

540

600

560

720

735

60

120

180

240

300

380

420

480



WO 2007/0%4762

gaagaagatt gtcaagagga
tcatttgaag actccaactc
cgtgaatata ttecgagagac

gazatggaac atccaccegoc

<2%10> 5%
<211> &
<212> PRT

44/52

2577-166.8T25
agagaaggtg atagagacat tacaactcett
éaaggtggac aaaatgagag ctagaggcaa
caccacgacyg tcgttttctc catactcatc

attagatctt cgattaaget ttctttaa

<213> Gossypium hirsutum

<400> 59

Lys Arg Arg Giy Arg Pro
1 5

<210> 60

<211> 73

<212> PRT

<213> Artificial

<220>

<223> BSynthetic Construct, signature seguence

<220
<2Z21> MISC FEATURE
<222>  {(1)y. . (1)

PCT/US2006/064777

tceggtgaat
taaccagtac

atgtggaget

<223» X = a polypeptide chain of any number of amino acid residues
between 13 and 23 residues

<220>

<Z221> MISC FEATURE
222> {7Yy.. (T
<223> ¥ =K or V

<220>

<221> MISC_FEATURE
<222» (8).. (8}
<223> X = D or E

<220

<221> MISC FEATURE
L222>  (1Q)..{10}
<223> X =1 or L
<220>

<221> MISC_FEATURE
<222»  (11)..{11)
<223>» X =58, T or K

600

660

708



WO 2007/094762

<220>
<221>
<222>
<Z223>

<220>
<2Z21>
<Z22>
<223>

<220>
<221
LR22>
<223>

<220>
<Z21>
<222>
<Z2Z3>

<220>
<221>
<222>
<223>

<220>
<221>
<Z22>
<223>

<220>
<ZZ21>
<2Z2Z>
<223>

<220>
<221>
<222>
<223>

<220>
<221i>
<222>
<ZZ23>

<220>
<z21>
<2Z22>
<223>

<220>
<Z2Z1l>
<222>
<223>

<220>

MISC FEATURE
(12 .. {12;

X =

M,

I cr L

MISC FEATURE
{(14)..(14)
E or

X o=

m
i

MISC FEATURE

{15
¥ o=

)

S,

{15}
N or D

SC_FEATURE

MI
(17) .17}
P

For ¥

MIGC FEATURE
(L8 .. (18)
K or R

o=

MEISC FEATURE
(18)..(19)
X =0,

E cr A

misc feature

{21

)

(2L
Xdaa can be any naturally coccurring amino acid

MISC FEATURE
(257 ..(25)
X =3 or T

MISC FEATURE
(26) ..(26)
A or T

¥ =

MISC FEATURE

(31)..1(31)
X =0 or X
MISC FEATURE
(33)..(33)
X =5 or T

43/52

2577-166.5T25

PCT/US2006/084777



LZ221>
<222>
<223>

<220>
<221>
C22E>
<Z223>

<220>
<221>
K222
<223>

<220>
<221>
222>
<Z223>

<220>
<221>
<2225
<223>

220>
<221>
<222
L223>

<220>
221>
222>
<223>

<220>
<221>
<2Z2>
<Z223>

<220>
<221>
222>
<Z223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

WO 2007/094762 PCT/US2066/004777
46/52 :

2577~166.8T25

MISC FEATURE
{(34Y..(34)
X=0G, 3 ¢0xr T
MISC FEATURE
(35)..(35)

X = R or E

MISC FEATURE
(37)..{37)
X =K, Ror S

MISC FEATURE
{38)..(38}
XK= A or F

MISC FEATURE
(43)..(41)
X =K, Hor T

MISC FEATURE
(4d) .. (44)
X = G or S
MISC FEATURE
(583 ..(58)
X =0 cr B

MISC FBATURE
(62} ..(62)
X = Q or R

misc_feature
(63)..(63)
¥aa can be any naturally occurring amino acid

MISC FEATURE

(64) .. (64)

% = a polypeptids chain of any number of amino acid residues
between 2% and 101 residues '

MISC FEATURE
(65) .. (65)
X =K or K



WO 2607/694762

<z21>
<222
<223>

<220>

<221

>

L222>
<223>

<220>
<2Z1>
222>
<223>

<220>
<Z221>
<222>
<223>

<400>

Xaa
1

Xaa

Tyzr

Xaa
65

Arg

Xaa

Xaa

Xaa

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221
<222
<223>

MISC FEATURE
. (66)

(66)

X = 5,

MISC_FEATURE
(68)..(68)

X =

P or Q

misc_featurs
(123 .- (72
Xaa can be any naturally occurring aminc

MISC
(73}
¥ o=

FEATURE

(73}
a polypeptide chain of any number of

T, &, C

I

G,

2577-166.53725

\Z

47/52

L, M, N, Q or F

between 13 and 57 residues

&0

Trp

Xaa

Xaa

35

FPhe

Leu

61
73
PRT

Asn

Gly

20

Leu

Gln

Xaa

Pro

Xaa

Xaa

Asn

Leu

Thr

Arg

Xaa

His

Phe
70

Xaa

Thr

Tyx

Lys

35

Pro

Artificial seguence

Synthetic Construct,

MISC FEATURE

(L.,

a polypeptide chain of any number of amino acid residues

X =

(1)

Xaa

Pro

Gly

40

Ala

Xaa

Gln Xaa Xaa
1¢

Xaa Xaa Asp
25

Xaa Ile Glu

Arg Xaa Arg

Xag

Gln

Gln
&0

PCT/US2006/004777

acid

amino acid residues

Leun

Ile

Lys

45

Lys

Xaa Xaa Leu
15

Gln Xaa Ile
30

Asn Val Phe

Xaa Xaa Xaa

expanded signature seguence

between 13 and 23 residues



WO 2007/094762

<220>
<221
222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222
<223>

<Z20>
<221>
<Z22>
<Z223>

<220>
<Z221>
<222>
<Z2Z3»

<220>

<22L>
222>
C223>

<220>
<221>
222>
<223>

220>
<Z221>
<222
<Z2Z23>

<220>
<221>
222>
<223>

<220
<R21>
222>
<223>

<220>
<221
<222>
<223>

M
(7
X

K,

(7}

B,

48/52

25717-166.8T25

I5C_FEATURE
V.o

Q, R, I, M, L oxr Vv

MISC_ FEATURE
(8. (8)
X = E,

D,

N, Kor ¢

MI3ZC FERATURE

{1903

X

I
=

REEROD]

L,

M or V

MISC FEATURE

{11)

. (11

x =B, K

N, 5, T, Q¢ or R

MISC FEATURE

(1) .12

X =M, I, L ocx V

MISC FEATURE
(14)y..(14)

X =D, B, K, O, Sor T

MISC_FEATURE

(15)

L {15)

X =2A, D, B, H N, Sor T

MISC FEATURE

(17)

- (17)

X =3, D

B, K, R, ¢ or B

MISC FEATURE

(18) .. (18)

X =K,

K or R

MISC FEATUREHE

(18)..(13;

X =24, D,

E,.K, R, Q or §

MISC FEATURE

(21)..(21)

X

I,

Ly

Mor V

PCT/US2006/004777



WO 2007/094762

<220>
<221>
<222>
<223>

<220>
<221
222>
<223>

<Z20>
<221>
<222>
<223>

<220>
<R2L>
<222>
<223>

<220>
221>
<222>
<Z23>

<220>
<221>
222>
<RZ23>

<220
<Z21>
L222>
<223>

<220
<221
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<Z223>

<Z220>
<221>
<2Z22>
<223>

<220>

MIZC FEATURE

(25) ..
X = &,

{26)
S or T

MISC FEATURE

(31)..

®x = g,

(31}
K, 0 or R

MISC FEATURE

(33) ..
X = A,

{33) .
S or T

MISC FEATURE

{34y
X = R,

(34)
G S or 7T

MISC FEATURE

(35)..

X = D,

(35}
E, K, Qor R

MISC FEATURE

(37)..
H = A,

(37}
E.’ Q,r Kf R; 5 or

MISC FEATURE

[38) ..

X = A,

(38)
S, ¥, Wor ¥

Q, H, K, T or ¥

MISC FEATURE

(447 .
X = A,

(44)
G, S oxr T

MISC FEATURE

(58) ..
¥ = D,

{58)
E, Q, K or R

MISC FEATURE

(62} ..
X o= E,

{63)
K, Q or R

49/52

2577-166.8T25

T

PCTAUS2006/004777
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<221>
<222>
<223

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>.
<Z21>
<222>
<Z223>

<220>
<221>
<222>
<Z223>

<220>
<2Z1>
222>
<2Z3>
<400>
Xaa Arg
1

Xaa Xaa

Xaa Xaa

Tyr Trp
50

Xaa Xaa
65

P 210>
<211>
<212>

50/52

2577-166.8T25
MISC_FEATURE
(64)..(64)
X = a polypeptide chain of any number of aminc acid residues
between 29 and 101 residues

MISC FEATURE
(65)..(65)
X =D, E, K, Q or R

MISC FEATURE
(€6} ..{66)
X=5, T, A, C, I, G, V, L, M, N, Q or P

MISC FEATURE
{72 ..(72)
X =M I, L or Vv

MISC FEATURE

(73)..073)

X = a polypeptide chain of any number o¢f amino acid residues
between 13 and 57 residues

61

3
s g
(&

Trp Asn Pro Xaa Xaa Gln Xaa Xaa Xaa Leu Xaa Xaa Leu
5 16 1

Xaa Gly Xaa Arg Thr Pro Xaa Xaa Asp Gin Ile Gln Xaa Ile
20 25 . 30
Xaa Leu Xaa Xaza Tyr Gly Xaa Ile Glu ¥Xaa Lys Asn Val Phe
35 49 45
Phe Gin Asn His Lys Ala Arg Xaa Arg Gln Lys Xaa Xaa Xaa
55 G0
Leu Xaa Leu Phe Pro Xaa Xaa
70
62
58

DA
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<213>

<220>
<Z2Z23>

<400>

2577-166.38T25

Artificial

Synthetic Construct

62

51/52

PCTUS2006/004777

ctgtacaagt taattaacta ccectatgat gtacctgact atgeatacce ttatgatgta

ccagactaty ctcaccatceca ccaccatcac tgactagtc

<210>
<21il>
<Z212>
<213>

<220>
<223>

<400>

Leu Tyr Lys Leu Ile Asn Tyr Pro Tyr

1

Pro Tyr Asp Val Pro Asp Tyr Rla His

<210>
<211>
<2125
<2313>

<400>

63

3G

PRT
Artificial

Synthetic Construct

63

|

3

20 25

64

4

PRT

Agrobacterium tumefaciens

64

Arg Lys Gly Lys

1

<210C>
<211>
<Z212>
<213>

<220>
<221>
<Z222>
<223>

<400>

65

&

FRT

Gossyplum hirsutum

MISC FEATURE
(3)..(3)
¥ = any amino acids

65

Thr Leu Xaa Leu Phe Pro

1

5

His His His His

Asp Val Pro Asp Tyr BAla Tyr
10

15

His

30

&0

99
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2577-166.8T25

<210> 66
<Z21il> &
<Z12> PRT

<Z213> Artificial

<220>
<Z223> @Gynthetic Construct, signature seguence

<220>
<2Z1l> misc feature
<222>  (6)..(6)

<223> Xaa can be any naturally occurring aminc acid

<400> 66

Arg Trp Asn Pro Thr Xaa
1 5

<210> 67

<211> 6

<212> PRT

<213> Artificisl

<2Z06>

<223> Synthetic Construct, signature seguence
<400> &7

Arg Trp Asn Pro Thr Lys

1 5

<Z210> 68

<21il> &

<212> PRT

<213> Artificial

<220>
<Z223> Synthetic Construct, signature seguence

<4(0> 68

Arg Trp Asn Pro Thr Val
1 5



