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SHADE REGULATORY REGIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This Application claims priority under 35 U.S.C. 119(e) to U.S. Provisional

Application No. 60/776,307, filed February 24, 2006, incorporated herein by reference in

its entirety.

BACKGROUND

1. TechnicalField

This document relates to methods and materials involved in regulating gene

expression in eukaryotic organisms (e.g., plants).

2. Incorporation-By-Reference & Text

The material in the accompanying sequence listing is hereby incorporated by

reference into this application. The accompanying file containing the sequence listing,

was created on February 23, 2007 and is 287 KB. The file can be accessed using

Microsoft Word on a computer that uses Windows OS.

3. Background Information

An essential element for genetic engineering of plants is the ability to express

genes using various regulatory regions. The expression pattern of a transgene, conferred

by a regulatory region is critical for the timing, location, and conditions under which a

transgene is expressed, as well as the intensity with which the transgene is expressed in a

transgenic plant. Plants grown under dense canopies or at high density perceive a

decrease in the ratio of red to far-red incoming light, and respond to it by growing faster

and taller (Cerdan and Chory, 2003). Densely planted crops tend to place energy into

stem and petiole elongation to lift the leaves into the sunlight rather than putting energy

into storage or reproductive structures. This negatively affects yields by reducing the

amount of harvestable products such as seeds, fruits and tubers. In addition, tall spindly

plants tend to be less wind resistant and lodge more easily, further reducing crop yield.



There is continuing need for suitable regulatory regions that can improve agricultural and

forest plant growth potential.

SUMMARY

This document provides material and methods involving regulatory regions

having the ability to direct transcription in eukaryotic organisms (e.g., plants). For

example, this document provides regulatory regions having the ability to direct

transcription in vascular cells of plant roots. Also provided herein are nucleic acid

constructs, plant cells, and plants containing such regulatory regions, and methods of

using such regulatory regions to express polynucleotides in plants and to alter the

phenotype of plant cells. Regulatory regions that direct transcription in plant roots can be

used, for example, to modulate (e.g., increase or decrease) uptake of nutrients and water.

In one aspect, the invention features an isolated nucleic acid comprising a

regulatory region having 90 percent or greater sequence identity to the polynucleotide

sequence set forth in SEQ ID NO:1. The regulatory region directs transcription of an

operably linked heterologous polynucleotide under far red light conditions. The nucleic

acid can have a sequence identity of 95 percent or greater, or 98 percent or greater to

SEQ ID NO:1. In another aspect, a nucleic acid construct can comprise the regulatory

region operably linked to a heterologous polynucleotide. The heterologous

polynucleotide can have a nucleotide sequence encoding a polypeptide. The polypeptide

can be a zinc finger (B-box type) polypeptide. The polypeptide can comprise an amino

acid sequence having 80% or greater sequence identity to an amino acid sequence

selected from the group consisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ

ID NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID

NO:19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID

NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID

NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID

NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID

NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID



NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID

NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID

NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID

NO:99, SEQ ID NO:101, SEQ ID NO:103, SEQ ID NO:105, SEQ ID NO:107, SEQ ID

NO:109, SEQ ID NOrlll, SEQ ID NO:113, SEQ ID NO:115, SEQ ID NO:117, and SEQ

ID NO: 119. The heterologous polynucleotide can be in antisense orientation relative to

the regulatory region. The heterologous polynucleotide can be transcribed into an

interfering RNA.

The invention also features a transgenic plant or plant cell transformed with a

nucleic acid construct comprising a regulatory region having 90 percent or greater

sequence identity to the polynucleotide sequence set forth in SEQ ID NO:1, operably

linked to a heterologous polynucleotide.

The invention also features a method of producing a transgenic plant. The

method comprises introducing into a plant cell an isolated polynucleotide comprising a

nucleic acid construct comprising a regulatory region having 90 percent or greater

sequence identity to the polynucleotide sequence set forth in SEQ ID NO:1, operably

linked to a heterologous polynucleotide; and growing a plant from the plant cell.

In another aspect, an isolated nucleic acid is featured. The isolated nucleic acid

can comprise a nucleotide sequence having 95% or greater sequence identity to a

nucleotide sequence selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4,

SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID

NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ ID

NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID NO:52, SEQ ID NO:54, SEQ ID

NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID NO:62, SEQ ID NO:64, SEQ ID

NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:72, SEQ ID NO:74, SEQ ID

NO:76, and SEQ ID NO:78, or a nucleotide sequence encoding a polypeptide having

80% or greater sequence identity to an amino acid sequence selected from the group

consisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID

NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID

NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID

NO:31, SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID NO:59, SEQ ID



NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:69, SEQ ID

NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, and SEQ ID NO:79.

Unless otherwise defined, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this

invention pertains. Although methods and materials similar or equivalent to those

described herein can be used to practice the invention, suitable methods and materials are

described below. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. In case of conflict, the

present specification, including definitions, will control. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting.

The details of one or more embodiments of the invention are set forth in the

accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF THE DRAWINGS

Figure 1 is an ethidium bromide stained gel showing the amount of reverse

transcriptase-mediated polymerase chain reaction (RT-PCR) product from genes in

Arabidopsis thaliana T2 seedlings at 1 hr, 24 hrs, 48 hrs and 72 hrs after transfer to far

red and white light conditions. AUX/IAA29 = endogenous AUX/IAA29 gene; HAPl =

PRO924::HAP1-VP16 construct; ATHB-2 = endogenous ATHB-2 gene; Tubulin =

endogenous tubulin gene. T2#l = T seedlings of PR0924 event -01; T2#3 = T2

seedlings of PR0924 event -03; T2#5 = T2 seedlings of PR0924 event -05; Col =

untransformed CoI-O seedlings. W = white light conditions; FR = far red light

conditions.

Figure 2 is an ethidium bromide stained gel showing the amount of reverse

transcriptase-mediated polymerase chain reaction (RT-PCR) product from genes in

Arabidopsis thaliana T3 seedlings at 10 min, 30 min, 1 hr, 4 hrs, 24 hrs, 48 hrs and 72 hrs

after transfer to far red and white light conditions. AUX/IAA29 = endogenous

AUX/IAA29 gene; HAPl = PRO924::HAP1-VP16 construct; ATHB-2 = endogenous

ATHB-2 gene; Tubulin = endogenous tubulin gene. T3#l = T3 seedlings of PR0924



event -01-01; T3#3 = T3 seedlings of PR0924 event -03-03; Col = untransformed CoI-O

seedlings. W = white light conditions; FR = far red light conditions.

DETAILED DESCRIPTION

The invention features isolated nucleic acids comprising regulatory regions. The

terms "nucleic acid" and "polynucleotide" are used interchangeably herein, and refer to

both RNA and DNA, including cDNA, genomic DNA, synthetic DNA, and DNA or

RNA containing nucleic acid analogs. Polynucleotides can have any three-dimensional

structure. A nucleic acid can be double-stranded or single- stranded, i.e., a sense strand or

an antisense strand. Non-limiting examples of polynucleotides include genes, gene

fragments, exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA,

siRNA, micro-RNA, ribozymes, cDNA, recombinant polynucleotides, branched

polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA of any

sequence, nucleic acid probes, and primers, as well as nucleic acid analogs.

An isolated nucleic acid can be, for example, a naturally-occurring DNA

molecule, provided one of the nucleic acid sequences normally found immediately

flanking that DNA molecule in a naturally-occurring genome is removed or absent.

Thus, an isolated nucleic acid includes, without limitation, a DNA molecule that exists as

a separate molecule, independent of other sequences, e.g., a chemically synthesized

nucleic acid, or a cDNA or genomic DNA fragment produced by the polymerase chain

reaction (PCR) or restriction endonuclease treatment. An isolated nucleic acid also refers

to a DNA molecule that is incorporated into a vector, an autonomously replicating

plasmid, or a virus, or transformed into the genome of a prokaryote or eukaryote. In

addition, an isolated nucleic acid can include an engineered nucleic acid such as a DNA

molecule that is part of a hybrid or fusion nucleic acid. A nucleic acid existing among

hundreds to millions of other nucleic acids within, for example, cDNA libraries or

genomic libraries, or gel slices containing a genomic DNA restriction digest, is not to be

considered an isolated nucleic acid.

Regulatory Regions

A regulatory region described herein is a nucleic acid that can direct transcription



when the regulatory region is operably linked 5' to a heterologous nucleic acid. As used

herein, "heterologous nucleic acid" refers to a nucleic acid other than the naturally

occurring sequence to which the regulatory region was operably linked. With regard to

one regulatory region provided herein, PR0924 (SEQ ID NO:1), a heterologous nucleic

acid is a nucleic acid other than the AUX/IAA29 coding sequence from Arabidopsis .

The term "operably linked" refers to positioning of a regulatory region and a

transcribable sequence in a nucleic acid so as to allow or facilitate transcription of the

transcribable sequence. For example, a regulatory region is operably linked to a coding

sequence when RNA polymerase is able to transcribe the coding sequence into mRNA,

which then can be translated into a protein encoded by the coding sequence.

Regulatory regions can include, without limitation, promoter sequences, enhancer

sequences, response elements, protein recognition sites, inducible elements, promoter

control elements, protein binding sequences, 5' and 3' untranslated regions (UTRs),

transcriptional start sites, termination sequences, polyadenylation sequences, and introns.

A CAAT box is a conserved nucleotide sequence involved in initiation of

transcription. A CAAT box functions as a recognition and binding site for regulatory

proteins called transcription factors.

A TATA box is another conserved nucleotide sequence involved in transcription

initiation. A TATA box seems to be important in determining accurately the position at

which transcription is initiated.

The nucleic acid sequence set forth in SEQ ID NO:1 is an example of a regulatory

region provided herein. However, a regulatory region can have a nucleotide sequence

that deviates from that set forth in SEQ ID NO:1, while retaining the ability to direct

expression of an operably linked nucleic acid. For example, a regulatory region having

90% or greater {e.g., 91% or greater, 92% or greater, 93% or greater, 94% or greater,

95% or greater, 96% or greater, 97% or greater, 98% or greater, or 99% or greater)

sequence identity to the nucleotide sequence set forth in SEQ ID NO:1 can direct

expression of an operably linked nucleic acid. The nucleic acid sequences set forth in

SEQ ID NOs: 120- 124 are additional examples of regulatory regions provided herein.

As used herein, the term "percent sequence identity" refers to the degree of

identity between any given query sequence, e.g., SEQ ID NO:1, and a subject sequence.



A subject sequence typically has a length that is from 80 percent to 200 percent of the

length of the query sequence, e.g., 82, 85, 87, 89, 90, 93, 95, 97, 99, 100, 105, 110, 115,

120, 130, 140, 150, 160, 170, 180, 190, or 200 percent of the length of the query

sequence. A percent identity for any subject nucleic acid or polypeptide relative to a

query nucleic acid or polypeptide can be determined as follows. A query sequence (e.g.,

a nucleic acid sequence or an amino acid sequence) is aligned to one or more subject

sequences using the computer program ClustalW (version 1.83, default parameters),

which allows alignments of nucleic acid or polypeptide sequences to be carried out across

their entire length (global alignment). Chenna et al., Nucleic Acids Res., 31(13):3497-

500 (2003).

ClustalW calculates the best match between a query and one or more subject sequences,

and aligns them so that identities, similarities and differences can be determined. Gaps of one

or more residues can be inserted into a query sequence, a subject sequence, or both, to

maximize sequence alignments. For fast pairwise alignment of nucleic acid sequences, the

following default parameters are used: word size: 2; window size: 4; scoring method:

percentage; number of top diagonals: 4; and gap penalty: 5 . For alignments of multiple nucleic

acid sequences, the following parameters are used: gap opening penalty: 10.0; gap extension

penalty: 5.0; and weight transitions: yes. For fast pairwise alignment of protein sequences, the

following parameters are used: word size: 1; window size: 5; scoring method: percentage;

number of top diagonals: 5; gap penalty: 3 . For alignments of multiple protein sequences, the

following parameters are used: weight matrix: blosum; gap opening penalty: 10.0; gap

extension penalty: 0.05; hydrophilic gaps: on; hydrophilic residues: GIy, Pro, Ser, Asn, Asp,

GIn, GIu, Arg, and Lys; residue-specific gap penalties: on. The ClustalW output is a sequence

alignment that reflects the relationship between sequences. ClustalW can be run, for example,

at the Baylor College of Medicine Search Launcher site (searchlauncher.bcm.tmc.edu/multi-

align/multi-align.html) and at the European Bioinformatics Institute site on the World Wide

Web (ebi.ac.uk/clustalw).

To determine percent identity of a subject nucleic acid or amino acid sequence to

a query sequence, the sequences are aligned using ClustalW, the number of identical

matches in the alignment is divided by the length of the query sequence, and the result is

multiplied by 100. It is noted that the percent identity value can be rounded to the nearest



tenth. For example, 78.11, 78.12, 78.13, and 78.14 are rounded down to 78.1, while

78.15, 78.16, 78.17, 78.18, and 78.19 are rounded up to 78.2.

A regulatory region featured herein can be made by cloning 5' flanking sequences

of an Arabidopsis AUX/IAA29 gene. Alternatively, a regulatory region can be made by

chemical synthesis and/or PCR technology. PCR refers to a technique in which target

nucleic acids are amplified. Generally, sequence information from the ends of the region

of interest or beyond is employed to design oligonucleotide primers that are identical or

similar in sequence to opposite strands of the template to be amplified. PCR can be used

to amplify specific sequences from DNA as well as RNA, including sequences from total

genomic DNA or total cellular RNA. Primers are typically 14 to 40 nucleotides in

length, but can range from 10 nucleotides to hundreds of nucleotides in length. PCR is

described, for example, in PCR Primer: A Laboratory Manual, Ed. by Dieffenbach and

Dveksler, Cold Spring Harbor Laboratory Press, 1995. Nucleic acids also can be

amplified by ligase chain reaction, strand displacement amplification, self-sustained

sequence replication, or nucleic acid sequence-based amplification. See for example,

Lewis, Genetic Engineering News, 12(9): 1 (1992); Guatelli et al., Proc. Natl. Acad. Sci.

USA, 87:1874-1878 (1990); and Weiss, Science, 254:1292 (1991). Various lengths of a

regulatory region described herein can be made by similar techniques. A regulatory

region also can be made by ligating together fragments of various regulatory regions.

Methods for ligation of nucleic acid fragments, including PCR fragments, are known to

those of ordinary skill in the art. PCR strategies also are available by which site-specific

nucleotide sequence modifications can be introduced into a template nucleic acid.

The ability of a regulatory region to direct expression of an operably linked

nucleic acid can be assayed using methods known to one having ordinary skill in the art.

In particular, regulatory regions of varying lengths and regulatory regions comprising

combinations of various regulatory regions ligated together can be operably linked to a

reporter nucleic acid and used to transiently or stably transform a cell, e.g., a plant cell.

Suitable reporter nucleic acids include β-glucuronidase (GUS), green fluorescent protein

(GFP), yellow fluorescent protein (YFP), and luciferase (LUC). Expression of the gene

product encoded by the reporter nucleic acid can be monitored in such transformed cells

using standard techniques.



When a heterologous nucleic acid is operably linked to an environment-

responsive regulatory region and transformed into a plant, transcription occurs only or

predominantly those environmental conditions to which the regulatory region is

responsive. A regulatory region disclosed herein drives expression preferentially under

far red light conditions at 22° C . Far red light conditions refers to a ratio of the fluence at

633 nm to the fluence at 740 nm (red/far red) of less than 1, e.g., less than 0.9, less than

0.8, less than 0.7, less than 0.6, less than 0.5, less than 0.4, less than 0.3, less than 0.2,

less than 0.1, or less than 0.05. The expression profile of a regulatory region can be

determined by continuous exposure to light at an intensity of about 8 lux with the

following fluence rates: Blue45o = 0.005 µmol/m 2/s, Red633 = 7 µmol/m 2/s, Far Red74o = 69

µmol/m 2/s. The photon flux from 400 to 700 nm, defined as Photo synthetic Photon Flux

Density (PPFD), is about 5 µmol/m 2/s. The ratio of the fluence at 633 nm to the fluence

at 740 nm (red/far red) under these conditions is about 0.1.

Far red light conditions are a useful system for simulating shade. The ratio of

red:far-red light perceived by plant phytochromes is important in determining whether

plants display shade avoidance phenotypes. Typically, a red/far-red ratio of < 1 results in

shade avoidance responses. Phytochrome responses can further be subdivided into

different classes based on the radiation energy of light that is required to obtain the

response. These include the low fluence responses (LFRs), the very low fluence

responses (VLFRs), and the high irradiance response (HIRs). LFRs are the classic

phytochrome responses such as seed germination, that are red/far-red (R/FR) reversible.

VLFRs are not reversible and are sensitive to a broad spectrum of light between 300 and

780 nm. HIRs require prolonged or high frequency intermittent illumination and usually

are dependent on fluence rate of light. The physiological results of far-red HIR are a

reduction in hypocotyl elongation and open and expanded cotyledons with a reduced

ability to green.

Nucleic acid constructs

Nucleic acid constructs containing nucleic acids such as those described herein

also are provided. A nucleic acid construct can be a vector. A vector is a replicon, such

as a plasmid, phage, or cosmid, into which another DNA segment may be inserted so as



to bring about the replication of the inserted segment. Generally, a vector is capable of

replication when associated with the proper control elements. Suitable vector backbones

include, for example, those routinely used in the art such as plasmids, viruses, artificial

chromosomes, BACs, YACs, or PACs. The term "vector" includes cloning,

transformation, and expression vectors, as well as viral vectors and integrating vectors.

An expression vector is a vector that includes one or more regulatory regions. Suitable

expression vectors include, without limitation, plasmids and viral vectors derived from,

for example, bacteriophage, baculoviruses, and retroviruses. Numerous vectors and

expression systems are commercially available from such corporations as Novagen

(Madison, WI), Clontech (Palo Alto, CA), Stratagene (La Jolla, CA), and Invitrogen/Life

Technologies (Carlsbad, CA).

A nucleic acid construct includes a regulatory region as disclosed herein. A

construct also includes a heterologous nucleic acid operably linked to the regulatory

region, in which case the construct can be introduced into an organism and used to direct

expression of the operably linked nucleic acid. If a heterologous nucleic acid includes a

polypeptide coding sequence, the coding sequence can be operably linked to the

regulatory region in the sense or antisense orientation. The regulatory region can be

operably linked from approximately 1 to 150 nucleotides upstream of the ATG

translation start codon of a heterologous nucleic acid in the sense orientation. For

example, the regulatory region can be operably linked 1 nucleotide, 2 nucleotides, 3

nucleotides, 4 nucleotides, 5 nucleotides, 6 nucleotides, 7 nucleotides, 8 nucleotides, 9

nucleotides, 10 nucleotides, 11 nucleotides, 12 nucleotides, 13 nucleotides, 14

nucleotides, 15 nucleotides, 16 nucleotides, 17 nucleotides, 18 nucleotides, 19

nucleotides, 20 nucleotides, 25 nucleotides, 30 nucleotides, 35 nucleotides, 40

nucleotides, 45 nucleotides, 50 nucleotides, 55 nucleotides, 60 nucleotides, 65

nucleotides, 70 nucleotides, 75 nucleotides, 80 nucleotides, 85 nucleotides, 90

nucleotides, 95 nucleotides, 100 nucleotides, 110 nucleotides, 120 nucleotides, 130

nucleotides, 140 nucleotides, or 150 nucleotides upstream of the ATG translation start

codon of a heterologous nucleic acid in the sense orientation. In some cases, the

regulatory region can be operably linked from approximately 151 to 500 nucleotides

upstream of the ATG translation start codon of a heterologous nucleic acid in the sense



orientation. In some cases, the regulatory region can be operably linked from

approximately 501 to 1125 nucleotides upstream of the ATG translation start codon of a

heterologous nucleic acid in the sense orientation.

In some embodiments, a heterologous nucleic acid is transcribed and translated

into a polypeptide. Suitable polypeptides include, without limitation, screenable and

selectable markers such as green fluorescent protein, yellow fluorescent protein,

luciferase, β-glucuronidase, or neomycin phosphotransferase II. Suitable polypeptides

also include polypeptides that affect response to shade conditions in plants. In some

embodiments, a heterologous nucleic acid encodes a polypeptide involved in inhibition of

cell elongation, e.g., an MSBPl polypeptide (At5g52240) or an HFRl polypeptide

(Atlg02340). See, e.g., Yang et al., Plant Cell 17:116-131 (2005), and Yang et al., Plant

Physiol. 133:1630-1642 (2003). Suitable polypeptides also include polypeptides whose

expression is induced by exposure to light, such as those set forth in SEQ ID NOS:3, 5, 7,

9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55,

57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101,

103, 105, 107, 109, 111, 113, 115, 117, and 119. Examples of nucleic acids that encode

suitable polypeptides include those sequences set forth in SEQ ID NOS:2, 4, 6, 8, 10, 12,

14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,

62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104,

106, 108, 110, 112, 114, 116, and 118.

A nucleic acid construct may include a heterologous nucleic acid that is

transcribed into an RNA useful for inhibiting expression of a gene. Suitable constructs

from which such an RNA can be transcribed include antisense constructs. Antisense

nucleic acid constructs can include a regulatory region of the invention operably linked,

in antisense orientation, to a nucleic acid molecule that is heterologous to the regulatory

element. Thus, for example, a transcription product can anneal to the sense coding

sequence of an endogenous polypeptide. A transcription product can also be

unpolyadenylated, lack a 5' cap structure, or contain an unsplicable intron. Constructs

containing operably linked nucleic acid molecules in sense orientation also can be used to

inhibit the expression of a gene. Methods of co-suppression using a full-length cDNA

sequence as well as a partial cDNA sequence are known in the art. See e.g., U.S. Patent



No. 5,231,020.

Alternatively, a heterologous nucleic acid can be transcribed into a ribozyme.

See U.S. Patent No. 6,423,885. Heterologous nucleic acid molecules can encode

ribozymes designed to cleave particular mRNA transcripts, thus preventing expression of

a polypeptide. Hammerhead ribozymes are useful for destroying particular mRNAs,

although various ribozymes that cleave mRNA at site-specific recognition sequences can

be used. Hammerhead ribozymes cleave mRNAs at locations dictated by flanking

regions that form complementary base pairs with the target mRNA. The sole requirement

is that the target RNA contain a 5'-UG-3' nucleotide sequence. The construction and

production of hammerhead ribozymes is known in the art. See for example, U.S. Patent

No. 5,254,678. Hammerhead ribozyme sequences can be embedded in a stable RNA

such as a transfer RNA (tRNA) to increase cleavage efficiency in vivo. Perriman et al.,

Proc. Natl. Acad. Sci. USA, 92(13):6175-6179 (1995); de Feyter and Gaudron, Methods

in Molecular Biology, Vol. 74, Chapter 43, "Expressing Ribozymes in Plants," Edited by

Turner, P.C, Humana Press Inc., Totowa, NJ. RNA endoribonucleases which have been

described, such as the one that occurs naturally in Tetrahymena thermophila, can be

useful. See, for example, U.S. Patent No. 4,987,071 and 6,423,885.

PTGS, e.g., RNAi, can also be used to inhibit the expression of a gene. For

example, a construct can be prepared that includes a sequence that is transcribed into an

RNA that can anneal to itself, e.g., a double stranded RNA having a stem-loop structure.

In some embodiments, one strand of the stem portion of a double stranded RNA

comprises a sequence that is similar or identical to the sense coding sequence of a

polypeptide, and that is from about 10 nucleotides to about 2,500 nucleotides in length.

The length of the sequence that is similar or identical to the sense coding sequence can be

from 10 nucleotides to 500 nucleotides, from 15 nucleotides to 300 nucleotides, from 20

nucleotides to 100 nucleotides, or from 25 nucleotides to 100 nucleotides. The other

strand of the stem portion of a double stranded RNA comprises a sequence that is similar

or identical to the antisense strand of the coding sequence of the polypeptide, and can

have a length that is shorter, the same as, or longer than the corresponding length of the

sense sequence. In some cases, one strand of the stem portion of a double stranded RNA

comprises a sequence that is similar or identical to the 3' or 5' untranslated region of an



mRNA encoding a polypeptide, and the other strand of the stem portion of the double

stranded RNA comprises a sequence that is similar or identical to the sequence that is

complementary to the 3' or 5' untranslated region, respectively, of the mRNA encoding

the polypeptide. In other embodiments, one strand of the stem portion of a double

stranded RNA comprises a sequence that is similar or identical to the sequence of an

intron in the pre-mRNA encoding a polypeptide, and the other strand of the stem portion

comprises a sequence that is similar or identical to the sequence that is complementary to

the sequence of the intron in the pre-mRNA. The loop portion of a double stranded RNA

can be from 3 nucleotides to 5,000 nucleotides, e.g., from 3 nucleotides to 25 nucleotides,

from 15 nucleotides to 1,000 nucleotides, from 20 nucleotides to 500 nucleotides, or from

25 nucleotides to 200 nucleotides. The loop portion of the RNA can include an intron. A

double stranded RNA can have zero, one, two, three, four, five, six, seven, eight, nine,

ten, or more stem-loop structures. A construct including a sequence that is operably

linked to a regulatory region and a transcription termination sequence, and that is

transcribed into an RNA that can form a double stranded RNA, is transformed into plants

as described herein. Methods for using RNAi to inhibit the expression of a gene are

known to those of skill in the art. See, e.g., U.S. Patents 5,034,323; 6,326,527;

6,452,067; 6,573,099; 6,753,139; and 6,777,588. See also WO 97/01952; WO 98/53083;

WO 99/32619; WO 98/36083; and U.S. Patent Publications 20030175965, 20030175783,

20040214330, and 20030180945.

If desired, a nucleic acid construct further can include a 3' untranslated region (3'

UTR), which can increase stability of a transcribed sequence by providing for the

addition of multiple adenylate ribonucleotides at the 3' end of the transcribed mRNA

sequence. A 3' UTR can be, for example, the nopaline synthase (NOS) 3' UTR. A

nucleic acid construct also can contain inducible elements, intron sequences, enhancer

sequences, insulator sequences, or targeting sequences other than those present in a

regulatory region described herein. Regulatory regions and other nucleic acids can be

incorporated into a nucleic acid construct using methods known in the art.

A nucleic acid construct may contain more than one regulatory region. In some

embodiments, each regulatory region is operably linked to a heterologous nucleic acid.

For example, a nucleic acid construct may contain two regulatory regions, each operably



linked to a different heterologous nucleic acid. The two regulatory regions can be the

same or different, and one or both of the regulatory regions in such a construct can be a

regulatory region described herein.

Transgenic Plants and Cells

Nucleic acids provided herein can be used to transform plant cells and generate

transgenic plants. Thus, transgenic plants and plant cells containing the nucleic acids

described herein also are provided, as are methods for making such transgenic plants and

plant cells. A plant or plant cell can be transformed by having the construct integrated

into its genome, i.e., can be stably transformed. Stably transformed cells typically retain

the introduced nucleic acid sequence with each cell division. A plant or plant cell also

can be transiently transformed such that the construct is not integrated into its genome.

Transiently transformed cells typically lose some or all of the introduced nucleic acid

construct with each cell division, such that the introduced nucleic acid cannot be detected

in daughter cells after sufficient number of cell divisions. Both transiently transformed

and stably transformed transgenic plants and plant cells can be useful in the methods

described herein.

Transgenic plant cells used in the methods described herein can constitute part or

all of a whole plant. Such plants can be grown in a manner suitable for the species under

consideration, either in a growth chamber, a greenhouse, or in a field. Transgenic plants

can be bred as desired for a particular purpose, e.g., to introduce a recombinant nucleic

acid into other lines, to transfer a recombinant nucleic acid to other species, or for further

selection of other desirable traits. Alternatively, transgenic plants can be propagated

vegetatively for those species amenable to such techniques.

As used herein, a transgenic plant also refers to progeny of an initial transgenic

plant. Progeny include descendants of a particular plant or plant line. Progeny of an

instant plant include seeds formed on F1, F , F , F , F5, F6, and subsequent generation

plants, or seeds formed on BC1, BC , BC , and subsequent generation plants, or seeds

formed on F1BC1, F1BC2, F1BC3, and subsequent generation plants. The designation F1



refers to the progeny of a cross between two parents that are genetically distinct. The

designations F , F , F , F5, and F refer to subsequent generations of self- or sib-

pollinated progeny of an F1 plant. Seeds produced by a transgenic plant can be grown

and then selfed (or outcrossed and selfed) to obtain plants and seeds homozygous for the

nucleic acid construct.

Transgenic plant cells can be grown in suspension culture, or tissue or organ

culture. Solid and/or liquid tissue culture techniques can be used. When using solid

medium, transgenic plant cells can be placed directly onto the medium or can be placed

onto a filter film that is then placed in contact with the medium. When using liquid

medium, transgenic plant cells can be placed onto a floatation device, e.g., a porous

membrane that contacts the liquid medium. Solid medium typically is made from liquid

medium by adding agar. For example, a solid medium can be Murashige and Skoog

(MS) medium containing agar and a suitable concentration of an auxin, e.g., 2,4-

dichlorophenoxyacetic acid (2,4-D), and a suitable concentration of a cytokinin, e.g.,

kinetin.

Techniques for transforming a wide variety of higher plant species are known in

the art. The polynucleotides and/or recombinant vectors described herein can be

introduced into the genome of a plant host using any of a number of known methods,

including electroporation, microinjection, and biolistic methods. Alternatively,

polynucleotides or vectors can be combined with suitable T-DNA flanking regions and

introduced into a conventional Agrob αcterium tumefαciens host vector. Such

Agrob αcterium tumefαciens -mediated transformation techniques, including disarming and

use of binary vectors, are well known in the art. Other gene transfer and transformation

techniques include protoplast transformation through calcium or PEG, electroporation-

mediated uptake of naked DNA, electroporation of plant tissues, viral vector-mediated

transformation, and microprojectile bombardment {see, e.g., U.S. Patents 5,538,880;

5,204,253; 5,591,616; and 6,329,571). If a cell or tissue culture is used as the recipient

tissue for transformation, plants can be regenerated from transformed cultures using

techniques known to those skilled in the art.

The polynucleotides and vectors described herein can be used to transform a

number of monocotyledonous and dicotyledonous plants and plant cell systems,



including dicots such as alfalfa, amaranth, apple, beans (including kidney beans, lima

beans, green beans), broccoli, cabbage, carrot, castor bean, cherry, chick peas, chicory,

clover, cocoa, coffee, cotton, cottonseed, crambe, eucalyptus, flax, grape, grapefruit,

lemon, lentils, lettuce, linseed, mango, melon (e.g., watermelon, cantaloupe), mustard,

orange, peach, peanut, pear, peas, pepper, plum, poplar, potato, rapeseed (high erucic

acid and canola), safflower, sesame, soybean, spinach, strawberry, sugarbeet, sunflower,

tea, tomato, as well as monocots such as banana, barley, date palm, field corn, garlic,

millet, oat, oil palm, onion, pineapple, popcorn, rice, rye, sorghum, sudangrass,

sugarcane, sweet corn, switchgrass, turf grasses, and wheat. Gymnosperms such as fir,

pine and spruce can also be suitable.

Thus, the methods and compositions described herein can be used with

dicotyledonous plants belonging, for example, to the orders Apiales, Arecales,

Aristochiales, Asterales, Batales, Campanulales, Capparales, Caryophyllales,

Casuarinales, Celastrales, Cornales, Curcubitales, Diapensales, Dilleniales, Dipsacales,

Ebenales, Ericales, Eucomiales, Euphorbiales, Fabales, Fagales, Gentianales,

Geraniales, Haloragales, Hamamelidales, Illiciales, Juglandales, Lamiales, Laurales,

Lecythidales, Leitneriales, Linales, Magniolales, Malvales, Myricales, Myrtales,

Nymphaeales, Papaverales, Piperales, Plantaginales, Plumbaginales, Podostemales,

Polemoniales, Polygalales, Polygonales, Primulales, Proteales, Rqfflesiales,

Ranunculales, Rhamnales, Rosales, Rubiales, Salicales, Santales, Sapindales,

Sarraceniaceae, Scrophulariales, Solanales, Trochodendrales, Theales, Umbellales,

Urticales, and Violates. The methods and compositions described herein also can be

utilized with monocotyledonous plants such as those belonging to the orders Alismatales,

Arales, Arecales, Bromeliales, Commelinales, Cyclanthales, Cyperales, Eriocaulales,

Hydrocharitales, Juncales, Liliales, Najadales, Orchidales, Pandanales, Poales,

Restionales, Triuridales, Typhales, Zingiberales, and with plants belonging to

Gymnospermae, e.g., Cycadales, Ginkgoales, Gnetales, and Pinales.

The methods and compositions can be used over a broad range of plant species,

including species from the dicot genera Alseodaphne, Amaranthus, Anacardium,

Angophora, Apium, Arabidopsis, Arachis, Atropa, Azadirachta, Beilschmiedia, Beta,

Bixa, Brassica, Calendula, Camellia, Canarium, Cannabis, Capsicum, Carthamus,



Catharanthus, Cicer, Cichorium, Cinnamomum, Citrus, Citrullus, Cocculus, Cocos,

Cojfea, Corylus, Corymbia, Crambe, Croton, Cucumis, Cucurbita, Cuphea, Daucus,

Dianthus, Dioscorea, Duguetia, Eschscholzia, Eucalyptus, Euphoria, Ficus, Fragaria,

Glaucium, Glycine, Glycyrrhiza, Gossypium, Helianthus, Hevea, Hyoscyamus, Jatropha,

Juglans, Lactuca, Landolphia, Lens, Linum, Litsea, Lupinus, Lycopersicon, Majorana,

Malus, Mangifera, Manihot, Medicago, Mentha, Micropus, Nicotiana, Ocimum, Olea,

Papaver, Parthenium, Persea, Petunia, Phaseolus, Pistacia, Pisum, Populus, Prunus,

Pyrus, Raphanus, Ricinus, Rosa, Rosmarinus, Rubus, Salix, Salvia, Senecio, Sesamum,

Sinapis, Sinomenium, Simmondsia, Solanum, Spinacia, Stephania, Tagetes, Theobroma,

Thymus, Trifolium, Trigonella, Vaccinium, Vicia, Vigna, Vinca, Vitis; and the monocot

genera Agrostis, Allium, Ananas, Andropogon, Asparagus, Avena, Cocos, Curcuma,

Cynodon, Elaeis, Eragrostis, Festuca, Festulolium, Heterocallis, Hordeum, Lemna,

Lolium, Musa, Oryza, Panicum, Pennisetum, Phleum, Phoenix, Poa, Saccharum, Secale,

Sorghum, Triticosecale, Triticum, Zoysia and Zea; and the gymnosperm genera Abies,

Cunninghamia, Picea, Pinus and Pseudotsuga.

A particularly suitable group of species with which to practice the invention

include plants from the genera Brassica, Triticum, Glycine, Zea, Oryza, and Populus.

A transformed cell, callus, tissue, or plant can be identified and isolated by

selecting or screening the engineered plant material for particular traits or activities, e.g.,

those encoded by marker genes or antibiotic resistance genes. Such screening and

selection methodologies are well known to those having ordinary skill in the art. In

addition, physical and biochemical methods can be used to identify transformants. These

include Southern analysis or PCR amplification for detection of a polynucleotide;

Northern blots, Sl RNase protection, primer-extension, quantitative PCR, or reverse

transcriptase PCR (RT-PCR) amplification for detecting RNA transcripts; enzymatic

assays for detecting enzyme or ribozyme activity of polypeptides and polynucleotides;

and protein gel electrophoresis, Western blots, immunoprecipitation, and enzyme-linked

immunoassays to detect polypeptides. Other techniques such as in situ hybridization,

enzyme staining, and immuno staining also can be used to detect the presence or

expression of polypeptides and/or polynucleotides. Methods for performing all of the

referenced techniques are well known.



A regulatory region disclosed herein can be used to express any of a number of

heterologous nucleic acids of interest in a plant. For example, a regulatory region

disclosed herein can be used to express a polypeptide or an interfering RNA. In some

cases, a regulatory region disclosed herein can be used to express a zinc finger (B-box

type) polypeptide, such as that encoded by locus At3g21890, under shade conditions in a

plant. In some cases, a regulatory region disclosed herein can be used to express under

shade conditions in a plant an interfering RNA that inhibits expression of an AXRl

polypeptide (At2g32410) or a C22-α hydroxylase P450 polypeptide such as that encoded

by locus At3g50660. Expression of such a polypeptide or interfering RNA can affect the

phenotype of a plant, e.g., a transgenic plant, when expressed in the plant, e.g., at the

appropriate time(s), in the appropriate tissue(s), or at the appropriate expression levels.

Thus, transgenic plants (or plant cells) can have an altered phenotype as compared to a

corresponding control plant (or plant cell) that either lacks the transgene or does not

express the transgene. A corresponding control plant can be a corresponding wild-type

plant, a corresponding plant that is not transgenic but otherwise is of the same genetic

background as the transgenic plant of interest, or a corresponding plant of the same

genetic background in which expression of the transgene is suppressed, inhibited, or not

induced, e.g., where expression is under the control of an inducible promoter. A plant

can be said "not to express" a transgene when the plant exhibits less than 10%, e.g., less

than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.01%, or 0.001%, of the

amount of the polypeptide, mRNA encoding the polypeptide, or transcript of the

transgene exhibited by the plant of interest. Expression can be evaluated using methods

including, for example, quantitative PCR, RT-PCR, Northern blots, Sl RNase protection,

primer extensions, Western blots, protein gel electrophoresis, immunoprecipitation,

enzyme-linked immunoassays, microarray technology, and mass spectrometry. It should

be noted that if a transgene is expressed under the control of a tissue-preferential or

broadly expressing promoter, expression can be evaluated in a selected tissue or in the

entire plant. Similarly, if a transgene is expressed at a particular time, e.g., at a particular

time during development or upon induction, expression can be evaluated selectively

during a desired time period.

Use of a regulatory region provided herein to regulate transcription of a sucrose



transporter polypeptide such as SUC5 (Atlg71890) in a plant can maintain development

and maturation of fruit under shade conditions, compared to a corresponding control

plant. See, Baud, et al., Plant J . 43:824-836 (2005). Such a trait can increase plant

survival and seedling establishment of high density plant populations in crops even when

plants are near mature growth stages. In some embodiments, use of the methods and

compositions described herein to express a light harvesting complex, e.g., a CAB

(At3g54890); a CAB2 (Atlg29920); an LHCA5 (Atlg45474); an LHCB2 (At2g05100);

or an LHCB5 (At4gl0340) polypeptide under shade conditions in a plant can preserve

plastid ultrastructure present at the onset of darkness, compared to a corresponding

control plant. See, Breitholtz, et al., Photosynth Res. 84:217-223 (2005).

Seeds of transgenic plants describe herein can be conditioned and bagged in

packaging material by means known in the art to form an article of manufacture.

Packaging material such as paper and cloth are well known in the art. Such a bag of seed

preferably has a package label accompanying the bag, e.g., a tag or label secured to the

packaging material, a label printed on the packaging material, or a label inserted within

the bag. The package label may indicate the seed contained therein incorporates

transgenes that provide improved response to shade conditions.

The invention will be further described in the following examples, which do not

limit the scope of the invention described in the claims.

EXAMPLES

The following symbols are used in the Examples: ϊo Arabidopsis—T1: first

generation transformant; T2: second generation, progeny of self-pollinated T1 plants; T3:

third generation, progeny of self-pollinated T2 plants; for rice—T0: first generation; T1:

second generation, progeny of self-pollinated Toplants; T2: third generation, progeny of

self-pollinated T1 plants. Independent transformations are referred to as events.

Example 1 - PRO924::HAP1-VP16 Two Component Expression Vector

A 5' region from the AUX/IAA29 gene of Arabidopsis thaliana ecotype

Columbia was amplified using PCR. The AUX/IAA29 gene (locus tag -At4g32280) is

reported to encode a transcription factor. See, Riechmann, et al., Science 290:2105



(2000). The resulting 3000 base pair fragment was designated PR0924 (SEQ ID NO:1).

PR0924 was cloned into a binary vector, pNewBin4-HAPl-GFP, such that it was

operably linked to a synthetic HAP1-VP16 coding sequence. See, U.S. Patent

Publication No. 20050223422. The HAP1-VP16 coding sequence comprised a DNA

binding domain of a yeast HAPl zinc finger transcription factor polypeptide fused to a

transcriptional activation domain of a herpes simplex virus VP16 polypeptide. The

pNewBin4-HAPl-GFP binary vector construct also contained a HAPl upstream

activation sequence operably linked to a GFP coding sequence optimized for expression

in plants. See e.g., U.S. Patent Publication 20050132432. GFP is expressed in response

to expression of the HAP1-VP16 polypeptide. The binary vector construct also contained

a phosphinothricin acetyltransferase gene that confers Finale™ resistance to transformed

plants.

Wild-type Arabidopsis thaliana ecotype Columbia (Col-0) plants were transformed

with the binary vector containing the PRO924::HAP1-VP16 construct essentially as

described in Bechtold et al., CR. Acad. Sci. Paris, 316:1194-1199 (1993) and

transformation events were identified based on Finale resistance. Plants from six

independent events, designated PR0924-01 through PR0924-06, were chosen for further

study. T1 plants from the six independent events were grown, allowed to self-pollinate, and

the resulting T2 seeds harvested. Untransformed wild-type Arabidopsis thaliana ecotype

Columbia (Col-0) plants were used as controls. The in planta nucleotide sequence of

PR0924 in mature T plants was confirmed by DNA sequencing in both directions.

Example 2 - Analysis of GFP Fluorescence in PR0924 Plants

T2 seeds from each event described in Example 1 were plated on sterile 0.5% sucrose,

IX MS agar media and stratified at 4° C for 3-4 days in the dark. Stratified seeds were then

placed into Conviron® growth chambers and grown for 7 days under the following conditions:

22° C, 16 hr white light, 8 hr dark cycle at a PPFD of 70 µmol/m2/s and a ratio of red/far

red light of 10.66.

Half of the plates were then transferred to a growth chamber and grown at 22° C

under continuous white light as described above. The remaining plates were transferred

to a growth chamber grown at 22° C under SNAP-LITE™ far red light boxes (Quantum



Devices, SLl 515-670-735) for continuous exposure to far red light at ~8 lux with the

following fluence rates: Blue45o = 0.005 µmol/m 2/s, Red633 = 7 µmol/m 2/s, Far Red74o= 69

µmol/m 2/s. The PAR400-700 was 5 µmol/m 2/s and the ratio of red/far red light was 0.1.

Plates containing control seedlings were transferred and grown under the same conditions

(continuous white or far red light). Plants from the PR0924 and control populations were

removed from the chambers at 1 hr, 4 hr, 24, 48, or 72 hr, and GFP expression was

measured by confocal microscopy and fluorescence scanning using a Typhoon® imaging

system. The images were then visually examined to evaluate GFP fluorescence under far

red conditions relative to GFP fluorescence under white light conditions. If fluorescence

under far red conditions was greater than that observed under white light conditions, it

was concluded that GFP expression had been induced.

The results are shown in Table 1. These results indicated that, at 24, 48 and 72

hours after transfer, plants from the PR0924-01 and -03 events showed increased GFP

fluorescence under far red light conditions when compared to the GFP fluorescence of

PR0924 events under white light conditions. At 72 hours after transfer, GFP

fluorescence in cotyledons, hypocotyls, petioles, and developing true leaves could be

readily observed in PR0924-01 and -03 seedlings.

Plants from events -05 and -06 also showed an increase in GFP fluorescence

under far red light conditions relative to the corresponding -05 and -06 plants under white

light conditions, although to a lesser extent than the increase observed with plants of the -

0 1 and -03 events.

Seedlings from the PR0924-02 and -04 events showed a low level of GFP

fluorescence in both white and far red light conditions. Seedlings from PR0924-02 and -

04 events also showed greater GFP fluorescence at 72 hours under far red light relative to

white light, but the increase was less than that observed for PR0924-01 and -03 seedlings.

No GFP fluorescence was observed in untransformed CoI-O plants at any time

point under either white or far red light conditions.

GFP fluorescence was also analyzed as described above in T3 seedlings of events

-01 and -03. The results are shown in Table 2 . The results showed that there was

increased GFP expression under far red light conditions at 24, 48, and 72 hours after

transfer, compared to expression under white light conditions. GFP fluorescence was



observed in the cotyledons, hypocotyls, petioles and developing true leaves of T

seedlings at 24, 48, and 72 hours after transfer. No GFP fluorescence was observed in

untransformed CoI-O plants or in seedlings from a T3 segregant that lacked the

PRO924::HAP1-VP16 construct.

Table 1.

Table 2.

*Denotes segregant lacking the PRO924::HAP1-VP16 construct

Example 3 - Analysis of PRO924::HAP1-VP16 Transcription

RT-PCR analysis was carried out to evaluate the amount of HAPl -VP 16

transcript and the amount of endogenous AUX/IAA29 transcript present after transfer to

far-red or to white light conditions. PR0924-01, -03 and -05 seedlings were analysed at

1, 24, 48 and 72 hours after transfer as described in Example 2 . Untransformed CoI-O



seedlings were used as control seedlings. The amount of endogenous ATHB-2 and

tubulin transcripts was also measured. Expression of ATHB-2 is known to be induced by

far red light. Carabelli, et al., Proc. Natl. Acad. ScL USA 93: 3530-3535 (1996).

Expression of tubulin is not affected by differences in light spectrum.

The results, shown in Figure 1, indicate that HAP1-VP16, AUX/IAA29 and

ATHB-2 transcripts can be detected as early as 1 hour after transfer to far red light

conditions. These results suggest that transcription driven by the PR0924 regulatory

region is induced within one hour after exposure to far red light conditions.

Transcription of the PR0924::HAP-VP16 transgene was also analyzed in T

seedlings of PR0924-01-07 and PR0924-03-03 lines as described above. As shown in

Figure 2, HAP1-VP16, AUX/IAA29, and ATHB-2 transcripts were detected as early as

30 minutes after transfer to far red light conditions. These results suggest that

transcription driven by the PR0924 regulatory region is induced within 30 minutes after

exposure to far red light conditions.

In a second set of experiments, transcription of the PR0924::HAP-VP16 transgene

was analyzed in T3 seedlings of PR0924-01-07 and PR0924-03-03 lines under 8 hours of

far red light conditions or low light conditions followed by 2 hours of white light

exposure. The results shown in Table 3, confirm that transcription driven by the PR0924

regulatory region is induced by far red light conditions, and indicate that transcription

driven by the PR0924 regulatory region returns to basal levels by 2 hours after white light

exposure. Table 4 shows that transcription driven by the PR0924 regulatory region is

also induced by exposure to low light conditions. These results suggest that transcription

driven by the PR0924 regulatory region is induced by far red light conditions and low

light conditions, and return to basal levels within 2 hours upon exposure to white light

conditions.

Table 3.



*HAP-VP16 detected in non-transgenic control plants is an artifact of qRT-PCR, and results after >33
cycles of qRT-PCR.
** Denotes segregant lacking the PRO924::HAP1-VP16 construct

Table 4.

*HAP-VP16 detected in non-transgenic control plants is an artifact of qRT-PCR, and results after >33
cycles of qRT-PCR.
** Denotes segregant lacking the PRO924::HAP1-VP16 construct

Example 4 . Analysis of PRO924::HAP1-VP16 Transcription Under Tobacco

Natural Shade Canopy

Transcription of the PR0924::HAP-VP16 transgene was analyzed in T3 seedlings

of PR0924-01-07 and PR0924-03-03 lines under 8 hours of natural shade canopy created



by leaves of tobacco plants, followed by 2 hours of non-canopy exposure under standard

greenhouse lighting conditions. Seedlings were planted as in Example 3 but were grown

in standard greenhouse conditions where the non-canopy lighting is PAR -250

µmol/m2/s, R:FR = 4.2, under a 16 hour light/ 8 hour dark cycle. For the tobacco natural

canopy induction conditions, the lighting conditions were PAR = 2.1-5.6 µmol/m2/s,

R:FR <0.3. The results shown in Table 5, confirm that transcription driven by the

PR0924 regulatory region is induced by natural canopy conditions between 30 minutes

and 4 hours, that transcription levels are still elevated at 8 hours. The results also indicate

that transcription driven by the PR0924 regulatory region returns to basal levels by 1-2

hours after non canopy exposure. A similar trend is seen for the endogenous gene,

AUXIAA29, or At4g32280, with recovery to basal levels occurring after 30 minutes.

Table 5.

: Denotes segregant lacking the PRO924::HAP1-VP16 construct



Example 4 - Analysis of GFP Fluorescence in PT0672 Plants

A portion of SEQ ID NO:1, designated PT0672, was cloned into the pNewBin4-

HAPl-GFP binary vector, such that it was operably linked to the HAPl -VP 16 coding

sequence. The PT0672 fragment consisted of nucleotides 2001 to 3000 of SEQ ID NO:1.

The vector was transformed into Arabidopsis thaliana ecotype WS-2 as described in

Example 1. T seedlings were grown, transferred to far red or white light conditions, and

analysed for GFP fluorescence as described in Example 2 . High GFP expression was

observed throughout the root vasculature and hypocotyl. However, no induction of GFP

expression under far red light conditions was observed. See, U.S. Publication No.

US2005/0266559.

Example 5 - Analysis of GFP Fluorescence and PRO924::HAP1-VP16

Transcription in Rice Plants

Wild-type Oryza sativa subspecies japonica (Kitaake cultivar) calli were

transformed with the binary vector containing the PRO924::HAP1-VP16 construct

described in Example 1 using techniques similar to those described in U.S. Patent

6,329,571. Transformation events were selected based on Finale™ resistance. Plants

were regenerated from Finale™ -resistant calli. Plants from two events were chosen for

further study. T0 plants were grown, allowed to self-pollinate, and the resulting T1 seeds

harvested. Non-transgenic segregate plants were used as controls. The in planta nucleotide

sequence of PR0924 in mature T plants was confirmed by DNA sequencing in both

directions, and is shown in SEQ ID NO:1.

Ten to twenty T2 seeds for each condition (continuous white and far red light) were

sown in tubes of sterile 0.15% sucrose, 0.5X MS agar media and grown for 2, 6, or 12 days in

Conviron® growth chambers under the following conditions: 22° C, 16 hr white light, 8 hr

dark cycle at a PPFD of 70 µmol/m 2/s and a ratio of red/far red light of 10.66.

Half of the plants were allowed continued growth at 22° C under continuous white

light as described above. The remaining plates were transferred to a growth chamber

grown at 22° C under SNAP-LITE™ far red light boxes for continuous exposure to far

red light at ~8 lux with the following fluence rates: Blue45o = 0 µW/cm , Red o= 65

µW/cm 2, Far Red 730 = 525 µW/cm 2. The PAR 400-700 was 1.2 µmol/m 2/s and the ratio of



red/far red light was 0.12. Tubes containing control seedlings were transferred and

grown under the same conditions (continuous white or far red light). Plants from the

PR0924 and control populations were removed from the chambers at 12 or 14 days, and

GFP expression was analyzed as described in Example 2 .

The results are shown in Table 6 . These results indicate that plants from the rice

PR0924 events showed GFP fluorescence induction under far red light conditions. GFP

fluorescence was primarily observed in the collar region between the leaf sheath and leaf

blade, as well as the leaf vasculature. Some GFP fluorescence was also observed in the

leaf blade. Non-transgenic segregate controls did not express GFP when grown in either

white light or far red conditions.

Table 6.

RT-PCR analysis was carried out in T plants from one event to evaluate the

amount of HAPl -VP16 transcript present after transfer to far-red or to white light

conditions as described in Example 3 . Expression of HAP was 24.82-fold higher in

homozygous transgenic PR0924 plants exposed to 12 days of continuous far red light

than in control plants exposed to continuous white light.

OTHER EMBODIMENTS

It is to be understood that while the invention has been described in conjunction

with the detailed description thereof, the foregoing description is intended to illustrate

and not limit the scope of the invention, which is defined by the scope of the appended

claims. Other aspects, advantages, and modifications are within the scope of the

following claims.



WHAT IS CLAIMED IS:

1. An isolated nucleic acid comprising a regulatory region having 90 percent or

greater sequence identity to the polynucleotide sequence set forth in SEQ ID NO:1,

wherein said regulatory region directs transcription of an operably linked heterologous

polynucleotide under light conditions in which the red/far red ratio is less than 1.

2 . The nucleic acid of claim 1, wherein said sequence identity is 95 percent or

greater.

3 . The nucleic acid of claim 1, wherein said sequence identity is 98 percent or

greater.

4 . A nucleic acid construct comprising the nucleic acid of claim 1 operably linked to

a heterologous polynucleotide.

5 . The nucleic acid construct of claim 4, wherein said heterologous polynucleotide

comprises a nucleotide sequence encoding a polypeptide.

6 . The nucleic acid construct of claim 5, wherein said polypeptide is a zinc finger

(B-box type) polypeptide.

7 . The nucleic acid construct of claim 5, wherein said polypeptide comprises an

amino acid sequence having 80% or greater sequence identity to an amino acid sequence

selected from the group consisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ

ID NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID

NO:19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID

NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID

NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID

NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID

NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID



NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID

NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID

NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID

NO:99, SEQ ID NO:101, SEQ ID NO:103, SEQ ID NO:105, SEQ ID NO:107, SEQ ID

NO:109, SEQ ID NOrlll, SEQ ID NO:113, SEQ ID NO:115, SEQ ID NO:117, and SEQ

ID NO:119.

8. The nucleic acid construct of claim 4, wherein said heterologous polynucleotide is

in an antisense orientation relative to said regulatory region.

9 . The nucleic acid construct of claim 4, wherein said heterologous polynucleotide is

transcribed into an interfering RNA.

10. A transgenic plant or plant cell transformed with the nucleic acid of any of claims

4-8.

11. A method of producing a transgenic plant, said method comprising (a) introducing

into a plant cell an isolated polynucleotide comprising the nucleic acid of any of claims

4-8; and (b) growing a plant from said plant cell.

12. An isolated nucleic acid comprising a nucleotide sequence having 95% or greater

sequence identity to a nucleotide sequence selected from the group consisting of SEQ ID

NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO: 10, SEQ ID NO: 12,

SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:22, SEQ

ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID NO:52, SEQ ID

NO:54, SEQ ID NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID NO:62, SEQ ID

NO:64, SEQ ID NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:72, SEQ ID

NO:74, SEQ ID NO:76, and SEQ ID NO:78.

13. An isolated nucleic acid comprising a nucleotide sequence encoding a polypeptide

having 80% or greater sequence identity to an amino acid sequence selected from the



group consisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID

NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID

NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID

NO:31, SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID NO:59, SEQ ID

NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:69, SEQ ID

NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, and SEQ ID NO:79.
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