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(57) ABSTRACT 

The present invention provides molecular constructs and 
methods for use thereof, including constructs including 
heterologous miRNA recognition sites, constructs for gene 
Suppression including a gene Suppression element embed 
ded within an intron flanked on one or on both sides by 
non-protein-coding sequence, constructs containing engi 
neered miRNA or miRNA precursors, and constructs for 
Suppression of production of mature microRNA in a cell. 
Also provided are transgenic plant cells, plants, and seeds 
containing Such constructs, and methods for their use. The 
invention further provides transgenic plant cells, plants, and 
seeds containing recombinant DNA for the ligand-controlled 
expression of a target sequence, which may be endogenous 
or exogenous. Also disclosed are novel miRNAS and 
miRNA precursors from crop plants including maize and 
Soy. 



Patent Application Publication Sep. 7, 2006 Sheet 1 of 30 US 2006/0200878A1 

FIGURE 1. 
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FIGURE 2 
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FIGURE 3 
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FIGURE 6 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 12 

>MRT3847. 253879C. 2 Glycine max miRNA (fold-back portion of SEQ ID NO. 38) 
94 acaggaucgucCugagaccaaaugag cagouga 126 

. | | | | | | | | | | | | | | | | | | | | | 
185 uguuccc.gcugga cucuugucua cucgucgacu 153 

>MRT3847. 268725C Gm-MIR408 (fold-back portion of SEQ ID NO. 39) 
282 ga caaag caggggaacagg ca gag catg 309 

| | | | | | | | | | | | | | | | | | | | | | | 
405 ctgtctcgg teccttctocgtcacgtac 378 
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FIGURE 13 
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>ZM4 683. C4 Segment 6065. 64 46: Segment { 304 . . 176} 
/ZM BACS/LIB 4683/edit dir/LIB4683. fasta.scree. ace. 5 from 339 to 26663 
(SEO ID NO. 43) 
GTTAAGGGGTCTGTTGTCTGGTTCAAGGTCGCCACAGCAGGCAAATAAAGCCCATTTCGC 
GCTTAGCATGCACCATGCATGATGGGTGTACCTGTTGGTGATCTCGGACCAGGCTTCAAT 
CCCTTTAAC 

>ZM4133. Cl Segment 5776 6156: Segment { 261.. 176} 
/projects/gsc/BACS/LIB4133/edit dir/LIB4133. fasta. Screen. ace. 6 (whole 
contig) (SEQ ID NO. 44) 
GTCGAGGGGAATGACGTCCGGTCCGAACGAGCCACGGCTGCTGCTGCGCCGCCGCGGGCT 
TCGGACCAGGCTTCATTCCCCGTGAC 
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FIGURE 14 
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FIGURE 16 
- - - - - - - a r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
ACACGCTGAcaagctGACTCTAGCagatcc totagaaccatct tocacac 50 

acticaagccacactattggagaacacacagggacaacacaccataagATC 100 

CAAGGGAGGCCTCCGCCGCCGCCGGTAGAAGTGATCAACcATGgccTTCT 150 
M A F F 6 

TCAAcCGGGTgATcACCCTcACgGTgCCq.TCgTCAGACGTGGTCAACTAC 200 
N R W L T L T W P S S D W. W. N. Y 22 

TCgGAgATcTAccAGGT gGCTCCTCAGTATGTcAACCAgQCcCTGACccT 250 
S E I Y Q V A P O Y V N Q. A. L T L 39 

GGCCAAGTAcTTcCAgQGCGCCATcGACGGcAGCACCCTgAGGTTCGAcT 300 
A K Y F. Q G A I D G S T L R F D F 56 

TCGAgAAgGCGTTACAgATcGCCAACGACATcCCGCAgQCcGCgGTgGTc 350 
E K. A. L. Q I A N D I P O A A V V 72 

AACACCCTgAACCAGACCGTCCAGCAGGGGACCGTCCAGGTCAGCGTcAT 400 
N T L, N, O T V O O G T W O W S W M 89 

GATCGAcAAGATccTGGACATCATGAAgAATGTCCTGTCCATCGTGATAG 450 
I D K I W D I M K N W L S I W D 106 

AcAACAAGAAGTTTTGGGATCAGGTCACGGCTGCCAT CACCAAcACCTTC 5 OO 
N K K F W D C V T A A I T N T F 122 

ACGAAcCTGAACagcCAgQAgTCgGAGgccTGGATCTTCTATTAcAAgGA 550 
T N L N S O E S E A W I F Y Y K E 139 

gGACGCCCACAAGACGTCCTAcTAtTAcAACATCCTCTTCGCCATCCAGG 600 
D A H K T S Y Y Y N I L. F A I C D 156 

ACGAAGAGACGGGtcGcGTGATGGCcACgcTGCCCATCGCCTTCGACATC 650 
E E T G G W M A T L P I A F D I 172 

AGTGTgGACATCGAGAAgGAgAAgGTCCTGTTCGTgACCATCAAGGAcAC 700 
S W D E K E K V L. F W T I K D T 189 

TGAGAATTACGCCGT CACCGTCAAGGCGATCAACGTGGTcCAGGCACTCC 750 
E N Y A V T V K A I N V V Q A L Q 206 

AgTCTAGCAGGGATTCTAAGGTGGTTGATGCGTTCAAATCGCCaCGGCAC 800 
S S R D S K V V D A F K S P R H 222 

TTACCCCGGAAGAGGCATAAGATTTGCTCTAACTCGtgatgAATgTACGT 850 
L. P R K R H K I C S N S miRNA164 

GCCCTGCTTCCCATCTGCATGCGTTTGGACGTATGCTCATTCAGGTTGG 9:00 

AGCCAATTTGGTTGATGTGTGTGCGAGTTCTTGCGAGTCTGATGAGACAT 950 

CTCTGT 956 
a a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

US 2006/0200878A1 

SEO ID NO. 221 
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FIGURE 17 
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FIGURE 18 
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FIGURE 19 
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gCugcucauuugglucacu (SEQD NO. 250) 
AGUCGACGAGUAAACCAGAGU (SEQID NO. 234) 
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FIGURE 21 
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FIGURE 22 
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FIGURE 23 
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FIGURE 24 
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FIGURE 25 
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FIGURE 26 
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FIGURE 28 
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FIGURE 30 
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RECOMBINANT DNA CONSTRUCTS AND 
METHODS FOR CONTROLLING GENE 

EXPRESSION 

0001. This application claims the benefit of priority of 
U.S. Provisional. Patent Applications 60/638.256, which 
was filed on 21 Dec. 2004, 60/639,094, which was filed on 
24 Dec. 2004, 60/701,124, which was filed on 19 Jul. 2005, 
60/711,834, which was filed on 26 Aug. 2005, 60/720,005, 
which was filed on 24 Sep. 2005, 60/726,106, which was 
filed on 13 Oct. 2005, and 60/736,525, which was filed on 
14 November 2005, all of which are incorporated by refer 
ence in their entirety herein. The sequence listings contained 
in the files “53429A.ST25.txt” (file size of 15 kilobytes 
recorded on 21 Dec. 2004, and filed with provisional appli 
cation 60/638.256 on 21 Dec. 2004), “38 
21 (53709)B.ST25.txt” (file size of 4 kilobytes, recorded on 
23 Dec. 2004, and filed with provisional application 60/639, 
094 on 24 Dec. 2004), “38-15(53429)Brpt” (file size of 7 
kilobytes, recorded on 19 Jul. 2005, filed with provisional 
application 60/701,124 on 19 Jul. 2005), “38 
15(54068)Arpt” (file size of 6 kilobytes, recorded on 26 
Aug. 2005, filed with provisional application 60/711,834 on 
26 Aug. 2005), “38-21 (54.176)Arpt” (file size of 29 kilo 
bytes, recorded on 23 Sep. 2005, and filed with provisional. 
60/720,005 on 24 Sep. 2005), “38-21 (54232)Arpt” (file size 
of 61 kilobytes, recorded on 12 Oct. 2005, and filed with 
provisional application 60/726,106 on 13 Oct. 2005) are 
incorporated by reference in their entirety herein. The 
sequence listing contained in the file named 38 
15(53429)C.ST25.txt”, which is 97 kilobytes (measured in 
MS-Windows) and located in computer readable form on a 
compact disk created on 15 Dec. 2005, is filed herewith and 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention discloses molecular con 
structs and methods for the control of gene expression, for 
example, gene Suppression in plants or in plant pests or 
pathogens or Suppressing expression of a target RNA in a 
specific cell. Also disclosed are transgenic eukaryotes, 
including transgenic plant cells, plants, and seeds, whose 
genome includes molecular constructs for controlling 
expression of an endogenous or an exogenous gene. 

BACKGROUND OF THE INVENTION 

0003) Nucleic acid aptamers include DNA or RNA 
sequences that can recognize and specifically bind, often 
with high affinity, a particular molecule or ligand. See, for 
example, reports describing in vitro aptamer selection by 
Tuerk and Gold (1990) Science, 249:505-510, Ellington and 
Szostak (1990) Nature, 346:818-822, and Ellington and 
Szostak (1992) Nature, 355:850-852, as well as Jenison et 
al. (1994) Science, 263: 1425-1429, which demonstrated the 
ability of an RNA aptamer to distinguish between theophyl 
line and caffeine (which differ by a single methyl group) by 
four orders of magnitude. Similar to antibodies that bind 
specific antigens or receptors that bind specific molecules, 
aptamers are useful alone, to bind to a specific ligand (see, 
for example, Shi et al. (1999) Proc. Natl. Acad. Sci. USA, 
96:10033-10038, which describes a multivalent RNA 
aptamer effective as a protein antagonist), and in combina 
tion, e.g., as a molecular “escort” for delivery of an agent 
to a specific location, cell, or tissue (see, for example, Hicke 

Sep. 7, 2006 

and Stephens (2000).J. Clin. Investigation, 106:923-928) or 
as part of a riboswitch. Riboswitches are complex folded 
RNA sequences including an aptamer domain for a specific 
ligand. Naturally occurring riboswitches have been found 
mainly in bacteria, and more recently in fungi (Kubodera et 
al. (2003) FEBS Lett., 555:516-520) and plants (Sudarsan et 
al. (2003) RNA, 9:644-647, which is incorporated by refer 
ence). Many riboswitches contain conserved domains within 
species (Barrick et al., (2004) Proc. Natl. Acad. Sci. USA, 
101:6421-6426, which is incorporated by reference). 
Riboswitches that act in a “cis' fashion (i. e., that control 
expression of an operably linked sequence) are known to 
occur in the non-coding regions of mRNAS in prokaryotes, 
where they control gene expression by harnessing allosteric 
structural changes caused by ligand binding. For a review of 
“cis' riboswitches, see Mandal and Breaker (2004a) Nature 
Rev. Mol. Cell Biol., 5:451-463, which is incorporated by 
reference. Riboswitches that act in a “trans' fashion (i.e., 
that control expression of a sequence not operably linked to 
the riboswitch) have also been designed, see, for example, 
Bayer and Smolke (2005) Nature Biotechnol., 23:337-343, 
which is incorporated by reference. 
0004 Most known naturally occurring riboswitches are 
“off switches, wherein the default state is “on” (i. e., the 
gene under the riboswitch's control is expressed), and ligand 
binding turns the gene “off”. In prokaryotes, these 
riboswitches have been found mainly in the 5' untranslated 
region (5' UTR) of mRNAs encoding biosynthesis genes; in 
eukaryotes, riboswitches have been found in the 3' untrans 
lated region (3' UTR) or within introns (Sudarsan et al. 
(2003) RNA, 9:644-647: Templeton and Moorhead (2004) 
Plant Cell, 16:2252-2257). When an increased concentration 
of a particular metabolite or ligand is “sensed' by the 
riboswitch (bound by the aptamer domain), the riboswitch 
“Switches off gene expression through transcription termi 
nation and/or translation attenuation; see, for example, FIG. 
2 in Mandal and Breaker (2004a) Nature Rev. Mol. Cell 
Biol., 5:451-463 and FIG. 4 in Sudarsan et al. (2003) RNA, 
9:644-647. 

0005. At least two types of “on” riboswitches have been 
reported, wherein the default state is “off” and ligand 
binding turns the gene “on”. Expression of ydhL, encoding 
a purine exporter, is turned on by adenine binding to the 
ydhL aptamer; see Mandal and Breaker (2004b) Nature 
Struct. Mol Biol., 11:29-35). Similarly lysine “on” 
riboswitches have been proposed to activate the expression 
of lysine exporter or degradation genes; see Rodionov et al. 
(2003) Nucleic Acids Res., 31:6748-6757. There are also 
lysine “off riboswitches that control the expression of 
lysine biosynthesis genes; see Sudarsan et al. (2003) Genes 
Dev., 17:2688-2697. 

0006 A typical riboswitch is composed of an aptamer 
domain that remains largely conserved, and a regulatory 
domain that can vary more widely during evolution. In a 
non-limiting example, the coenzyme-B2 riboswitch con 
trols gene expression by two main mechanisms, as dictated 
by the architecture of the regulatory domain (see FIG. 2 in 
Mandal and Breaker (2004a) Nature Rev. Mol. Cell Biol., 
5:451-463). If the regulatory domain contains a “terminator 
stem’, the binding of coenzyme-B to its aptamer triggers 
transcriptional termination. If the expression platform con 
tains an “anti-ribosome binding site stem’, the binding of 
coenzyme-B, to its aptamer triggers translational attenua 
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tion. In some instances, it is believed that transcription and 
translation can be controlled simultaneously. 

0007. The present invention provides a novel transgenic 
plant having in its genome recombinant DNA that tran 
scribes to at least one RNAaptamer to which a ligand binds, 
and can further include at least one regulatory RNA domain 
capable of regulating the target sequence. Depending on the 
design of the recombinant DNA, the regulatory RNA can act 
“in trans' or “in cis' in the transgenic plants to control 
expression of an endogenous or of an exogenous target 
sequence, and the ligand can be exogenous or endogenous. 
Transgenic plants of the invention are preferably stably 
transgenic plants in which a desired trait, or an altered trait, 
is achieved in the transgenic plant (or in a seed or progeny 
plant of the transgenic plant) according to whether or not the 
ligand is bound to the aptamer and the resulting expression 
(or Suppression) of the target sequence. 

0008 Current methods to suppress a gene include, for 
example, the use of antisense, co-suppression and RNA 
interference. Anti-sense gene Suppression in plants is 
described by Shewmaker et al. in U.S. Pat. Nos. 5,107,065, 
5453,566, and 5,759,829. Gene suppression in bacteria 
using DNA which is complementary to mRNA encoding the 
gene to be suppressed is disclosed by Inouye et al. in U.S. 
Pat. Nos. 5,190,931, 5,208,149, and 5,272,065. RNA inter 
ference or double-stranded RNA-mediated gene suppression 
has been described by, e.g., Redenbaugh et al. in “Safety 
Assessment of Genetically Engineered Fruits and Veg 
etables”, CRC Press, 1992: Chuang et al. (2000) PNAS, 
97:4985-4990; Wesley et al. (2001) Plant J., 27:581-590. 
0009. The efficiency of anti-sense gene suppression is 
typically low. Redenbaugh et al. in “Safety Assessment of 
Genetically Engineered Fruits and Vegetables. CRC Press, 
1992, report a transformation efficiency ranging from 1% to 
20% (page 113) for tomato transformed with a construct 
designed for anti-sense Suppression of the polygalacturonase 
gene. Chuang et al. reported in PNAS, (2000) 97:4985-4990 
that anti-sense constructs, sense constructs, and constructs 
where anti-sense and sense DNA are driven by separate 
promoters had either no, or weak, genetic interference 
effects as compared to potent and specific genetic interfer 
ence effects from dsRNA constructs (see FIG. 1 and Table 
1, PNAS, (2000) 97:4985-4990). See also Wesley et al. who 
report in The Plant Journal, (2001) 27:581-590, e.g., at 
Table 1, the comparative efficiency of hairpin RNA, sense 
constructs, and anti-sense constructs at Silencing a range of 
genes in a range of plant species with a clear indication that 
the efficiency for anti-sense constructs is typically about an 
order of magnitude lower than the efficiency for hairpin 
RNA. 

0010) Matzke et al. in Chapter 3 (“Regulation of the 
Genome by double-stranded RNA') of “RNAi A Guide to 
Gene Silencing, edited by Hannon, Cold Spring Harbor 
Laboratory Press, 2003, discuss the use of polyadenylation 
signals in promoter inverted repeat constructs. At page 58, 
they state that “the issue of whether to put polyadenylation 
signals in promoter inverted repeat constructs is unsettled 
because the nature of the RNA triggering RdDM RNA 
directed DNA methylation is unresolved. Depending on 
whether short RNA or dsRNA is involved in RdDM, the 
decision to include a polyadenylation site might differ 
depending on the experimental system used. If dsRNA is 
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involved in RdDM, then a polyadenylation signal is not 
required because dsRNA forms rapidly by intramolecular 
folding when the entire inverted repeat is transcribed. 
Indeed, nonpolyadenylated dsRNAs might be retained in the 
nucleus and induce RdDM more efficiently than polyade 
nylated dsRNAs. Matzke et al. continue: “If short RNAs 
guide homologous DNA methylation, then the situation in 
plants and mammals differ. In plants, which probably pos 
sess a nuclear form of Dicer, non-polyadenylated dsRNAs 
would still be optimal because they should feed preferen 
tially into a nuclear pathway for dsRNA processing.” 
0011 Carmichael et al. in U.S. Pat. Nos. 5,908,779 and 
6,265,167 disclose methods and constructs for expressing 
and accumulating anti-sense RNA in the nucleus using a 
construct that comprises a promoter, anti-sense sequences, 
and sequences encoding a cis-or trans-ribozyme. The cis 
ribozyme is incorporated into the anti-sense construct in 
order to generate 3' ends independently of the polyadeny 
lation machinery and thereby inhibit transport of the RNA 
molecule to the cytoplasm. Carmichael demonstrated the use 
of the construct in mouse NIH 3T3 cells. 

0012 Various other nucleic acid constructs and methods 
for gene Suppression have been described in recent publi 
cations. Shewmaker et al. (U.S. Pat. No. 5,107.565) disclose 
constructs for gene silencing that can contain two or more 
repetitive anti-sense sequence in tandem for modulating one 
or more genes. Resistance to a virus was achieved in a 
transgenic plant by use of a transgene containing a direct 
repeat of the virus's movement protein (Sijen et al. (1996) 
Plant Cell, 8:2277-2294). Another report demonstrated that 
nucleic acid constructs containing a promoter, a terminator, 
and direct or interrupted tandem repeats of either sense or 
anti-sense sequences, could induce gene silencing in plants 
(Ma and Mitra (2002) Plant J., 31:37-49. The expression of 
1-aminocyclopropane-1-carboxylic acid (ACC) oxidase was 
downregulated in transgenic tomatoes containing a nucleic 
acid construct including a direct repeat of the ACC oxidase 
5' untranslated region sequence in the anti-sense orientation 
(Hamilton et al. (1998) Plant J., 15:737-346). Waterhouse 
and Wang (U.S. Patent Application Publication 2003/ 
0165894) disclose a method for reducing phenotypic expres 
sion using nucleic acid constructs that transcribe to aberrant 
RNAs including unpolyadenylated RNAs. Clemente et al. 
disclose nucleic acid constructs including sense or anti-sense 
sequences lacking a normal. 3' untranslated region and 
optionally including a ribozyme, that transcribe to unpoly 
adenylated RNA. All of the patents cited in this paragraph 
are incorporated by reference in their entirety herein. 
0013 DNA is either coding (protein-coding) DNA or 
non-coding DNA. Non-coding DNA includes many kinds of 
non-translatable (non-protein-coding) sequence, including 5' 
untranslated regions, promoters, enhancers, or other non 
coding transcriptional regions, 3' untranslated regions, ter 
minators, and introns. The term “intron’ is generally applied 
to segments of DNA (or the RNA transcribed from such 
segments) that are located between exons (protein-encoding 
segments of the DNA), wherein, during maturation of the 
messenger RNA, the introns present are enzymatically 
“spliced out' or removed from the RNA strand by a cleav 
age/ligation process that occurs in the nucleus in eukaryotes. 
Lin et al. (2003) Biochem. Biophys. Res. Comm., 310:754 
760, and Lin et al. U.S. Patent Application Publications 
2004/0106566 and 2004/0253604, which are incorporated 
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by reference in their entirety herein, disclose methods for 
inducing gene silencing using nucleic acid constructs con 
taining a gene silencing molecule (sense or anti-sense or 
both) within an intron flanked by multiple protein-coding 
exons, wherein, upon splicing and removal of the intron, the 
protein-coding exons are linked to form a mature mRNA 
encoding a protein with desired function and the gene 
silencing molecule is released. 

0014) However, apart from introns found between pro 
tein-encoding exons, there are other non-coding DNA 
sequences that can be spliced out of a maturing messenger 
RNA. One example of these are spliceable sequences that 
that have the ability to enhance expression in plants (in some 
cases, especially in monocots) of the downstream coding 
sequence; these spliceable sequences are naturally located in 
the 5' untranslated region of some plant genes, as well as in 
Some viral genes (e.g., the tobacco mosaic virus 5' leader 
sequence or 'a' leader described as enhancing expression in 
plant genes by Gallie and Walbot (1992) Nucleic Acids Res., 
20:4631-4638). These spliceable sequences or “expression 
enhancing introns' can be artificially inserted in the 5' 
untranslated region of a plant gene between the promoter but 
before any protein-coding exons. For example, it was 
reported that inserting a maize alcohol dehydrogenase (Zm 
Adh1) or Bronze-1 expression-enhancing intron 3' to a 
promoter (e. g., Adh1, cauliflower mosaic virus 35S, or 
nopaline synthase promoters) but 5' to a protein-coding 
sequence (e. g., chloramphenicol acetyltransferase, 
luciferase, or neomycin phosphotransferase II) greatly 
stimulated expression of the protein (Callis et al. (1987) 
Genes Dev., 1:1 183-1200). The Adh1 intron greatly stimu 
lated expression of a reporter gene (Mascarenkas et al. 
(1990) Plant Mol. Biol., 15:913-920). Cis-acting elements 
that increase transcription of a downstream coding sequence 
in transformed plant cells were reported to occur in the 5' 
untranslated region of the rice actin 1 (OS-Act1) gene (Wang 
et al. (1992) Mol. Cell Biol., 12:3399-3406). The rice Act 1 
gene was further characterized to contain a 5' expression 
enhancing intron that is located upstream of the first protein 
coding exon and that is essential for efficient expression of 
coding sequence under the control of the Act 1 promoter 
(McElroy et al. (1990) Plant Cell, 2:163–171). The 
Shrunken-1 (Sh-1) intron was reported to give about 10 
times higher expression than constructs containing the 
Adh-1 intron (Vasil et al. (1989) Plant Physiol., 91: 1575 
1579). The maize sucrose synthase intron, when placed 
between a promoter and the firs protein-coding exon, also 
increases expression of the encoded protein, and splicing of 
the intron is required for this enhanced expression to occur 
(Clancy and Hannah (2002) Plant Physiol., 130:918-929). 
Expression-enhancing introns have also been characterized 
for heat shock protein 18 (hsp18) (Silva et al. (1987).J. Cell 
Biol., 105:245) and the 82 kilodalton heat shock protein 
(hsp82) (Semrau et al. (1989) J. Cell Biol., 109, p. 39A, and 
Mettler et al. (May 1990) N.A.T.O. Advanced Studies Insti 
tute on Molecular Biology, Elmer, Bavaria). U.S. Pat. Nos. 
5,593.874 and 5,859,347 describe improved recombinant 
plant genes including a chimeric plant gene with an expres 
sion-enhancing intron derived from the 70 kilodalton maize 
heat shock protein (hsp70) in the non-translated leader 
positioned 3' from the gene promoter and 5' from the first 
protein-coding exon. All of the patents and publications 
cited in this paragraph are incorporated by reference herein. 
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0015 The present inventors have found that, unexpect 
edly, introns can be utilized to deliver a gene Suppression 
element in the absence of any protein-coding exons (coding 
sequence). In the present invention, an intron, such as an 
expression-enhancing intron (preferred in certain embodi 
ments), is interrupted by embedding within the intron a gene 
Suppression element, wherein, upon transcription, the gene 
Suppression element is excised from the intron to function in 
Suppressing a target gene. Thus, no protein-coding exons are 
required to provide the gene Suppressing function of the 
recombinant DNA constructs disclosed herein. 

0016 MicroRNAs (miRNAs) are non-protein coding 
RNAs, generally of between about 19 to about 25 nucle 
otides (commonly about 20-24 nucleotides in plants), that 
guide cleavage in trans of target transcripts, negatively 
regulating the expression of genes involved in various 
regulation and development pathways (Bartel (2004) Cell, 
116:281-297). In some cases, miRNAs serve to guide in 
phase processing of siRNA primary transcripts (see Allen et 
al. (2005) Cell, 121:207-221, which is incorporated herein 
by reference). 
0017 Some microRNA genes (MIR genes) have been 
identified and made publicly available in a database (miR 
Base', available on line at microma.sanger.ac.uk/se 
quences). Additional. MIR genes and mature miRNAs are 
also described in U.S. Patent Application Publications 2005/ 
0120415 and 2005/144669A1, which is incorporated by 
reference herein. MIR genes have been reported to occur in 
inter-genic regions, both isolated and in clusters in the 
genome, but can also be located entirely or partially within 
introns of other genes (both protein-coding and non-protein 
coding). For a recent review of miRNA biogenesis, see Kim 
(2005) Nature Rev. Mol. Cell Biol. 6:376-385. Transcription 
of MIR genes can be, at least in Some cases, under promo 
tional control of a MIR gene's own promoter. MIR gene 
transcription is probably generally mediated by RNA poly 
merase II (see, e.g., Aukerman and Sakai (2003) Plant Cell, 
15:2730-2741; Parizotto et al. (2004) Genes Dev., 18:2237 
2242), and therefore could be amenable to gene silencing 
approaches that have been used in other polymerase II 
transcribed genes. The primary transcript (which can be 
polycistronic) termed a “pri-miRNA, a miRNA precursor 
molecule that can be quite large (several kilobases) and 
contains one or more local double-stranded or “hairpin' 
regions as well as the usual. 5'cap' and polyadenylated tail 
of an mRNA. See, for example, FIG. 1 in Kim (2005) 
Nature Rev. Mol. Cell Biol. 6:376-385. 

0018. In animal cells, this pri-miRNA is believed to be 
“cropped by the nuclear RNase III Drosha to produce a 
shorter miRNA precursor molecule known as a “pre 
miRNA'. Following nuclear processing by Drosha, pre 
miRNAs are exported to the nucleus where the enzyme 
Dicer generates the short, mature miRNAs. See, for 
example, Lee et al. (2002) EMBO Journal, 21:4663-4670; 
Reinhartet al. (2002) Genes & Dev., 16:161611626; Lund et 
al. (2004) Science, 303:95-98; and Millar and Waterhouse 
(2005) Funct. Integr Genomics, 5:129-135, which are incor 
porated by reference herein. In contrast, in plant cells, 
microRNA precursor molecules are believed to be largely 
processed in the nucleus. Whereas in animals both miRNAs 
and siRNAs are believed to result from activity of the same 
DICER enzyme, in plants miRNAs and siRNAs are formed 
by distinct DICER-like (DCL) enzymes, and in Arabidopsis 
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a nuclear DCL enzyme is believed to be required for mature 
miRNA formation (Xie et al. (2004) PLoS Biol. 2:642-652, 
which is incorporated by reference herein). Additional 
reviews on microRNA biogenesis and function are found, 
for example, in Bartel (2004) Cell, 116:281-297: Murchison 
and Hannon (2004) Curr: Opin. Cell Biol., 16:223-229; and 
Dugas and Bartel (2004) Curr. Opin. Plant Biol. 7:512-520. 
MicroRNAs can thus be described in terms of RNA (e.g., 
RNA sequence of a mature miRNA or a miRNA precursor 
RNA molecule), or in terms of DNA (e.g., DNA sequence 
corresponding to a mature miRNA RNA sequence or DNA 
sequence encoding a MIR gene or fragment of a MIR gene 
or a miRNA precursor). 
0.019 MIR gene families appear to be substantial, esti 
mated to account for 1% of at least some genomes and 
capable of influencing or regulating expression of about a 
third of all genes (see, for example, Tomari et al. (2005) 
Curr. Biol., 15:R61-64; G. Tang (2005) Trends Biochem. 
Sci., 30:106-14: Kim (2005) Nature Rev. Mol. Cell Biol., 
6:376-385). Because miRNAs are important regulatory ele 
ments in eukaryotes, including animals and plants, trans 
genic Suppression of miRNAS could, for example, lead to 
the understanding of important biological processes or allow 
the manipulation of certain pathways useful, for example, in 
biotechnological applications. For example, miRNAS are 
involved in regulation of cellular differentiation, prolifera 
tion and apoptosis, and are probably involved in the pathol 
ogy of at least some diseases, including cancer, where 
miRNAs may function variously as oncogenes or as tumor 
suppressors. See, for example, O'Donnell et al. (2005) 
Nature, 435:839-843; Caietal. (2005) Proc. Natl. Acad. Sci. 
USA, 102:5570-5575; Morris and McManus (2005) Sci. 
STKE, pe41 (available online at Stke. Sciencemag.org/cgi/ 
reprint/sigtrans;2005/297/pe41.pdf). MicroRNA (MIR) 
genes have identifying characteristics, including conserva 
tion among plant species, a stable foldback structure, and 
processing of a specific miRNA/miRNA duplex by Dicer 
like enzymes (Ambros et al. (2003) RNA, 9:277-279). These 
characteristics have been used to identify miRNAs and their 
corresponding genes in plants (Xie et al. (2005) Plant 
Physiol., 138:2145-2154; Jones-Rhoades and Bartel (2004) 
Mol. Cell, 14:787-799; Reinhart et al. (2002) Genes Dev, 
16:1616-1626; Sunkar and Zhu (2004) Plant Cell, 16:2001 
2019). Publicly available microRNA genes are catalogued at 
miRBase (Griffiths-Jones et al. (2003) Nucleic Acids Res., 
31:439-441). 
0020. MiRNAs have been found to be expressed in very 
specific cell types in Arabidopsis (see, for example, Kidner 
and Martienssen (2004) Nature, 428:81-84, Millar and 
Gubler (2005) Plant Cell, 17:705-721). Suppression can be 
limited to a side, edge, or other division between cell types, 
and is believed to be required for proper cell type patterning 
and specification (see, for example, Palatnik et al. (2003) 
Nature, 425:257-263). Suppression of a GFP reporter gene 
containing an endogenous miR171 recognition site was 
found to limit expression to specific cells in transgenic 
Arabidopsis (Parizotto et al. (2004) Genes Dev., 18:2237 
2242). Recognition sites of miRNAs have been validated in 
all regions of an mRNA, including the 5' untranslated 
region, coding region, and 3' untranslated region, indicating 
that the position of the miRNA target site relative to the 
coding sequence may not necessarily affect Suppression 
(see, for example, Jones-Rhoades and Bartel (2004). Mol. 
Cell, 14:787-799, Rhoades et al. (2002) Cell, 110:513-520, 
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Allen et al. (2004) Nat. Genet., 36:1282-1290, Sunkar and 
Zhu (2004) Plant Cell, 16:2001-2019). 
0021. The invention provides novel recombinant DNA 
constructs and methods for use thereof for Suppression of 
production of mature miRNA in a cell, where the constructs 
are designed to target at least one miRNA precursor or at 
least one promoter of a miRNA precursor. Using constructs 
of the invention, Suppression of production of mature 
miRNA can occur in the nucleus or in the cytoplasm or in 
both. In plants, microRNA precursor molecules are believed 
to be largely processed in the nucleus. Thus, in many 
preferred embodiments of the recombinant DNA construct 
of the invention, particularly (but not limited to) embodi 
ments where the Suppression occurs in a plant cell, Suppres 
sion preferably occurs wholly or substantially in the nucleus. 
Another potential advantage of the invention is that miRNA 
precursors (especially pri-miRNAS, and to a lesser extent 
pre-miRNAs) offer Substantially larger target sequences than 
does a mature miRNA. 

0022. In a preferred embodiment, the constructs and 
methods of the invention are designed to target nuclear 
localized miRNA precursors (such as pri-miRNAs and pre 
miRNA) prior to their export from the nucleus; such 
embodiments provide an advantage over conventional gene 
Suppression constructs (e. g., containing inverted repeats) 
that typically result in accumulation of dsRNA in the cyto 
plasm. In Such embodiments, recombinant DNA constructs 
of the invention include a gene suppression element 
designed to remain in the nucleus after transcription, for 
example, a gene Suppression element that is transcribed to 
RNA lacking functional nuclear export signals. Such 
embodiments are particularly preferred for use, e. g., in 
plants, where processing of miRNA is believed to occur 
largely in the nucleus. In one preferred embodiment of the 
invention, the recombinant DNA construct includes a Sup 
pression element (e. g., one or more inverted repeats, 
anti-sense sequence, tandem repeats, or other Suppression 
elements) embedded within a spliceable intron. The result 
ing Suppression transcript remains in the nucleus, preferably 
resulting in the nuclear degradation of the target pri-miRNA 
or pre-miRNA, or alternatively, resulting in transcriptional 
silencing of a target MIR gene promoter, which, in turn, 
reduces the accumulation of the mature miRNA. 

0023. In other embodiments, recombinant DNA con 
structs of the invention include a suppression element tran 
scribable to RNA that is exported from the nucleus to the 
cytoplasm, where, for example, the transcribed and exported 
RNA targets a cytoplasmic pre-miRNA. Such embodiments 
are particularly useful where miRNA processing at least 
partly occurs in the cytoplasm, e.g., in animal cells. In Such 
embodiments, the Suppression element is preferably tran 
scribed to RNA including functional nuclear export signals. 

0024. In multicellular eukaryotes, including plants, 
microRNAs (miRNAS) regulate endogenous genes by a 
post-transcriptional cleavage mechanism in a cell-type spe 
cific manner. The invention further provides a recombinant 
DNA construct, and methods for the use thereof, wherein the 
construct includes transcribable DNA that transcribes to 
RNA including (a) at least one exogenous miRNA recogni 
tion site recognizable by a mature miRNA expressed in a 
specific cell, and (b) target RNA to be suppressed in the 
specific cell, whereby said target RNA is expressed in cells 
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other than said specific cell. These constructs are useful for 
Suppressing expression of a target RNA in a specific cell of 
a multicellular eukaryote (but allowing expression in other 
cells), including transcribing in the multicellular eukaryote 
a recombinant DNA construct including a promoter operably 
linked to DNA that transcribes to RNA including: (a) at least 
one exogenous miRNA recognition site recognizable by a 
mature miRNA expressed in a specific cell, and (b) target 
RNA to be suppressed in the specific cell, wherein the 
mature miRNA guides cleavage of target RNA in the specific 
cell, whereby expression of the target RNA is suppressed in 
the specific cell relative to its expression in cells lacking 
expression of the mature miRNA. 
0.025 The present invention further provides novel 
mature miRNA sequences and MIR gene sequences from 
crop plants, including maize and Soybean. The mature 
miRNAS processed from these genes belong to canonical 
families conserved across distantly related plant species. 
These MIR genes and their encoded mature miRNAs are 
useful, e.g., for modifying developmental pathways, e.g., 
by affecting cell differentiation or morphogenesis (see, for 
example, Palatnik et al. (2003) Nature, 425:257-263; Mal 
lory et al. (2004) Curr. Biol., 14:1035-1046), to serve as 
sequence sources for engineered (non-naturally occurring) 
miRNAS that are designed to target sequences other than the 
transcripts targetted by the naturally occurring miRNA 
sequence (see, for example, Parizotto et al. (2004) Genes 
Dev., 18:2237-2242, and U.S. Patent Application Publica 
tions 2004/3411 A1, 2005/0120415, which are incorporated 
by reference herein), and to stabilize dsRNA. AMIR gene 
itself (or its native 5' or 3' untranslated regions, or its native 
promoter or other elements involved in its transcription) is 
useful as a target sequence for gene Suppression (e.g., by 
methods of the present invention), where Suppression of the 
miRNA encoded by the MIR gene is desired. Promoters of 
MIR genes can have very specific expression patterns (e.g., 
cell-specific, tissue-specific, or temporally specific), and 
thus are useful in recombinant constructs to induce Such 
specific transcription of a DNA sequence to which they are 
operably linked. 

SUMMARY OF THE INVENTION 

0026. The present invention discloses a transgenic plant 
cell, as well as transgenic plants and transgenic seed of Such 
plants, having in its genome recombinant DNA for the 
ligand-controlled expression of a target sequence. One 
aspect of this invention provides a transgenic plant cell 
having in its genome recombinant DNA including transcrib 
able DNA including DNA that transcribes to an RNA 
aptamer capable of binding to a ligand. In some embodi 
ments of the invention, the recombinant DNA further 
includes at least one T-DNA border. In many embodiments, 
the transcribable DNA further includes DNA that transcribes 
to regulatory RNA capable of regulating expression of a 
target sequence, wherein the regulation of the target 
sequence is dependent on the conformation of the regulatory 
RNA, and the conformation of the regulatory RNA is 
allosterically affected by the binding state of the RNA 
aptamer. 

0027. Another aspect of the invention provides a method 
of reducing damage to a plant by an invertebrate pest or by 
a bacterial, fungal, or viral pathogen of said plant, including 
transcribing in the plant a recombinant DNA construct 
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including transcribable DNA including DNA that transcribes 
to an RNA aptamer capable of binding to a ligand, wherein 
the ligand comprises at least part of a molecule endogenous 
to the pest or pathogen, and whereby binding of the RNA 
aptamer to the ligand reduces damage to the plant by the pest 
or pathogen, relative to damage in the absence of transcrip 
tion of the recombinant DNA construct. In particularly 
preferred embodiments, the pest or pathogen is an inverte 
brate pest of the plant, and the ligand includes at least part 
of a molecule of the digestive tract lining of the invertebrate 
pest. 

0028. Another aspect of the invention provides a recom 
binant DNA construct including: (a) transcribable DNA 
including DNA that transcribes to an RNA aptamer capable 
of binding to a ligand; and (b) DNA sequence that tran 
scribes to double-stranded RNA flanking said transcribable 
DNA. In some embodiments, the recombinant DNA con 
struct further includes DNA that transcribes to regulatory 
RNA capable of regulating expression of a target sequence, 
wherein the regulation is dependent on the conformation of 
the regulatory RNA, and the conformation of the regulatory 
RNA is allosterically affected by the binding state of the 
RNA aptamer. 
0029. The present invention discloses recombinant DNA 
constructs for Suppression of at least one target gene, as well 
as methods for their use. In one aspect, the present invention 
provides a recombinant DNA construct for plant transfor 
mation including a first gene Suppression element for Sup 
pressing at least one first target gene, wherein the gene 
Suppression element is embedded in an intron, and wherein 
the intron is located adjacent to at least one element selected 
from the group consisting of a promoter element and a 
terminator element. The construct can optionally include at 
least one T-DNA border, a second gene Suppression element, 
a gene expression element, or both. The invention further 
provides transgenic plant cells and transgenic plants and 
seeds derived therefrom, containing Such a recombinant 
DNA construct, and a method for effecting gene Suppression 
by expressing such a recombinant DNA construct in a 
transgenic plant. 
0030. In another aspect, the present invention provides a 
transgenic Seed having in its genome a recombinant DNA 
construct for Suppressing at least one first target gene, 
including DNA capable of initiating transcription in a plant 
and operably linked to a first transcribable heterologous 
DNA, wherein said first transcribable heterologous DNA is 
embedded in an intron. The invention further provides a 
transgenic plant grown from the transgenic seed, and meth 
ods for gene Suppression or for concurrent gene Suppression 
and gene expression, that include growing Such transgenic 
plants. A potential advantage of the use of constructs of this 
invention is avoidance of unintentional systemic spreading 
of gene Suppression. 

0031. Another aspect of the invention discloses recom 
binant DNA constructs and methods for suppression of 
production of mature microRNA in a cell, for example, by 
targetting for Suppression a miRNA precursor or a promoter 
of a miRNA gene 
0032. In one aspect, the present invention provides a 
recombinant DNA construct for Suppressing production of 
mature microRNA (miRNA) in a cell, including a promoter 
element operably linked to a suppression element for Sup 
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pression of at least one target microRNA precursor. The 
recombinant DNA constructs include at least one Suppres 
sion element for Suppression of at least one target microRNA 
precursor. The Suppression element Suppresses at least one 
target sequence selected from a target sequence of the at 
least one target microRNA precursor, or a target sequence of 
a promoter of the at least one target microRNA precursor, or 
both. 

0033. In another aspect, the present invention provides a 
transgenic plant having in its genome the recombinant DNA 
construct of the invention (i. e., a recombinant DNA con 
struct for Suppressing production of mature microRNA 
(miRNA) in a cell, including a promoter element operably 
linked to a Suppression element for Suppression of at least 
one target microRNA precursor), as well as seed and prog 
eny of Such transgenic plants. 
0034. In still another aspect, the present invention pro 
vides a method to Suppress expression of a target sequence 
in a plant cell, including transcribing in a plant cell a 
recombinant DNA construct including a transcribable engi 
neered miRNA precursor, derived from the fold-back struc 
ture of a maize or soybean MIR sequence or their comple 
ments, designed to Suppress a target sequence, whereby 
expression of the target sequence is Suppressed relative to its 
expression in the absence of transcription of the recombinant 
DNA construct. 

0035) In a further aspect, the present invention provides 
a recombinant DNA construct including a promoter operably 
linked to DNA that transcribes to RNA including (a) at least 
one exogenous miRNA recognition site recognizable by a 
mature miRNA expressed in a specific cell, and (b) target 
RNA to be suppressed in the specific cell, whereby said 
target RNA is expressed in cells other than said specific cell. 
0036). In yet another aspect, the present invention pro 
vides methods for Suppressing expression of a target RNA in 
a specific cell of a multicellular eukaryote, including tran 
scribing in the multicellular eukaryote a recombinant DNA 
construct including a promoter operably linked to DNA that 
transcribes to RNA including: (a) at least one exogenous 
miRNA recognition site recognizable by a mature miRNA 
expressed in a specific cell, and (b) target RNA to be 
suppressed in the specific cell, wherein the mature miRNA 
guides cleavage of target RNA in the specific cell, whereby 
expression of the target RNA is Suppressed in the specific 
cell relative to its expression in cells lacking expression of 
the mature miRNA. 

0037 Other specific embodiments of the invention are 
disclosed in the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038 FIG. 1 schematically illustrates DNA vectors as 
described in Example 1. Legend: pale grey regions labelled 
“e35X-Hsp70’: a chimeric promoter element including an 
enhanced CaMV35S promoter linked to an enhancer ele 
ment (an intron from heat shock protein 70 of Zea mays, 
Pe35S-Hsp70 intron); medium grey regions labeled “LUC': 
DNA coding for firefly luciferase; dark grey regions labeled 
“3' nos’: a 3'UTR DNA from Agrobacterium tumefaciens 
nopaline synthase gene. Vectors are conventionally depicted 
as transcribing from left (5') to right (3'). Arrows indicate 
orientation of the luciferase segments as sense (arrowhead to 
right) or anti-sense (arrowhead to left). 
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0.039 FIG. 2 schematically illustrates DNA vectors as 
described in Example 2. Legend: pale grey regions labelled 
“e35s’: a chimeric promoter including an enhanced 
CaMV35S promoter linked to an enhancer element (an 
intron from heat shock protein 70 of Zea mays, Pe35S 
Hsp70 intron); medium grey regions labeled “GUS: DNA 
coding for beta-glucuronidase; medium grey regions labeled 
“LUC': DNA coding for firefly luciferase; darkgrey regions 
labeled “3' nos’: a 3'UTR DNA from Agrobacterium tume 
faciens nopaline synthase gene. Vectors are conventionally 
depicted as transcribing from left (5') to right (3'). Arrows 
indicate orientation of the luciferase segments as sense 
(arrowhead to right) or anti-sense (arrowhead to left). 
0040 FIG.3 depicts results of the experiments described 
in Example 2. X-axis indicates the vectors (see FIG. 2) used. 
Y-axis values are given as the logarithm of the ratio of 
logarithm of the ratio of firefly luciferase to Renilla 
luciferase, “log(Fluc/Rluc)''': error bars are 95% confidence 
intervals. 

0041 FIG. 4 is a schematic map of a plasmid including 
an enhanced anti-sense construct as described in Example 3. 

0042 FIG. 5A is a schematic map of a vector including 
an enhanced anti-sense construct and described in Example 
4. The plasmid includes an aroA gene as an herbicidal 
selectable marker, and a recombinant DNA construct for 
enhanced anti-sense gene Suppression, consisting of a seed 
specific maize L3 oleosin promoter operably linked to 
transcribable DNA consisting of about 300 base pairs of a 
maize lysine ketoglutarate reductase (LKR) gene (LKR 
region of the lysine ketoglutarate reductase/saccharopine 
dehydrogenase gene. LKR/SDH) in an anti-sense orienta 
tion, wherein a functional polyadenylation site is absent in 
this transcribable DNA, and left T-DNA border (LB) and 
right T-DNA border (RB) elements. FIG. 5B depicts a 
recombinant DNA construct of the present invention for 
gene Suppression and described in Example 4, including left 
T-DNA border (LB) and right T-DNA border (RB) elements, 
and a promoter element operably linked to an intron (maize 
heat shock protein 70 intron, I-Zm-hsp70) within which is 
embedded a first gene Suppression element for Suppressing 
at least one first target gene (in this example, maize lysine 
ketoglutarate reductase/saccharopine dehydrogenase gene 
(LKR/SDH)). The first gene suppression element can 
include any gene Suppression element as described above 
under the heading “Gene Suppression Elements' wherein 
the intron is located adjacent to the promoter element. In the 
specific, non-limiting embodiment depicted in FIG. 5B, the 
promoter element is an endosperm-specific maize B32 pro 
moter (nucleotides 848 through 1259 of GenBank accession 
number X70153, see also Hartings et al. (1990) Plant Mol. 
Biol., 14:1031-1040, which is incorporated herein by refer 
ence), although other promoter elements could be used. This 
specific embodiment also includes an aroA gene as an 
herbicidal selectable marker; other selectable marker or 
reporter genes can be used. As shown in the lower part of 
FIG. 5B, the intron-embedded gene suppression element 
(“GSE) can include any one or more gene Suppression 
elements as described under “Gene Suppression Elements’. 

0043 FIG. 6A is a schematic map of a vector including 
an enhanced anti-sense construct as described in Example 5. 
The vector includes an aroA gene as an herbicidal selectable 
marker and a recombinant DNA construct for enhanced 
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anti-sense gene Suppression, consisting of a TUB-1 root 
specific promoter from Arabidopsis thaliana operably 
linked to transcribable DNA consisting of anti-sense ori 
ented DNA of a nematode major sperm protein (msp) of a 
Soybean cyst nematode, wherein a functional polyadenyla 
tion site is absent in this transcribable DNA. The plasmid 
also includes left T-DNA border (LB) and right T-DNA 
border (RB) elements. FIG. 6B is a schematic map of a 
recombinant DNA construct of the present invention as 
described in Example 5, which includes an aroA gene as an 
herbicidal selectable marker and a recombinant DNA con 
struct of the present invention for gene Suppression, includ 
ing left T-DNA border (LB) and right T-DNA border (RB) 
elements, and a TUB-1 root specific promoter from Arabi 
dopsis thaliana operably linked to an intron (maize alcohol 
dehydrogenase intron, I-Zm-adh1) within which is embed 
ded a first transcribable heterologous DNA that includes an 
anti-sense DNA segment that is anti-sense to the target gene, 
nematode major sperm protein of a soybean cyst nematode, 
wherein a functional polyadenylation site is absent in this 
transcribable heterologous DNA. 
0044 FIG. 7A depicts a gene suppression element useful 
in a recombinant DNA construct of the invention, including 
intron-embedded tandem repeats for enhancing nuclear 
localized gene silencing as described in Example 6. Such an 
element can be combined with at least one T-DNA border in 
the construct for Agrobacterium-mediated transformation of 
a plant cell. The constructs optionally include a gene expres 
sion element, which can be upstream (5') or downstream (3') 
of the intron. In a variation of this embodiment (not shown), 
the intron-embedded tandem repeats are located 3' to the 
terminator. FIG. 7B shows another vector useful for 
nuclear-localized gene silencing by tandem repeats, wherein 
the vector includes tandem repeats transcribed from con 
structs lacking a functional terminator. In a variation of this 
embodiment (not shown), the tandem repeats are located 3' 
to the terminator. FIG. 7C shows yet another vector useful 
for nuclear-localized gene silencing by tandem repeats, 
wherein the vector includes tandem repeats under transcrip 
tional control of two opposing promoters. 
0045 FIG. 8A schematically depicts non-limiting 
recombinant DNA constructs of the invention as described 
in Example 8. For use in Agrobacterium-mediated transfor 
mation of plant cells, at least one T-DNA border is generally 
included in each construct (not shown). These constructs 
include a promoter element (“pro”), an intron flanked on one 
or on both sides by non-protein-coding DNA, an optional 
terminator element (“ter”), at least one first gene Suppression 
element (“GSE' or “GSE1) for suppressing at least one first 
target gene, and can optionally include at least one second 
gene Suppression element (“GSE2) for Suppressing at least 
one second target gene, at least one gene expression element 
(“GEE) for expressing at least one gene of interest, or both. 
In embodiments containing a gene expression element, the 
gene expression element can be located adjacent to (outside 
of) the intron. In one variation of this embodiment (not 
shown), the gene Suppression element (embedded in an 
intron flanked on one or on both sides by non-protein-coding 
DNA) is located 3' to the terminator. In other constructs of 
the invention (not shown), a gene Suppression element (not 
intron-embedded) is located 3' to the terminator (see 
Example 22). FIG. 8B schematically depicts examples of 
recombinant DNA constructs distinct from those of the 
present invention. These constructs can contain a gene 
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Suppression element that is located adjacent to an intron or 
between two discrete introns (that is to say, not embedded 
within a single intron), or can include a gene expression 
element including a gene Suppression element embedded 
within an intron which is flanked on both sides by protein 
coding DNA (e. g., protein-coding exons that make up a 
gene expression element). 
0046 FIG. 9 depicts various non-limiting examples of 
gene Suppression elements and transcribable exogenous 
DNAs useful in the recombinant DNA constructs of the 
invention. Where drawn as a single strand (FIGS. 9A 
through 9E), these are conventionally depicted in 5' to 3' 
(left to right) transcriptional direction, where the arrows 
indicate anti-sense sequence (arrowhead pointing to the 
left), or sense sequence (arrowhead pointing to the right). 
Where drawn as double-stranded (anti-parallel) transcripts 
(FIGS. 9F and 9G), the 5' and 3' transcriptional direction 
ality is as shown. Solid lines, dashed lines, and dotted lines 
indicate sequences that target different target genes. 
0047 These gene suppression elements and transcribable 
exogenous DNAs can include: DNA that includes at least 
one anti-sense DNA segment that is anti-sense to at least one 
segment of the at least one first target gene, or DNA that 
includes multiple copies of at least one anti-sense DNA 
segment that is anti-sense to at least one segment of the at 
least one first target gene (FIG. 9A); DNA that includes at 
least one sense DNA segment that is at least one segment of 
the at least one first target gene, or DNA that includes 
multiple copies of at least one sense DNA segment that is at 
least one segment of the at least one first target gene (FIG. 
9B); DNA that transcribes to RNA for suppressing the at 
least one first target gene by forming double-stranded RNA 
and includes at least one anti-sense DNA segment that is 
anti-sense to at least one segment of the at least one target 
gene and at least one sense DNA segment that is at least one 
segment of the at least one first target gene (FIG. 9C); DNA 
that transcribes to RNA for suppressing the at least one first 
target gene by forming a single double-stranded RNA and 
includes multiple serial anti-sense DNA segments that are 
anti-sense to at least one segment of the at least one first 
target gene and multiple serial sense DNA segments that are 
at least one segment of the at least one first target gene (FIG. 
9D); DNA that transcribes to RNA for suppressing the at 
least one first target gene by forming multiple double strands 
of RNA and includes multiple anti-sense DNA segments that 
are anti-sense to at least one segment of the at least one first 
target gene and multiple sense DNA segments that are at 
least one segment of the at least one first target gene, and 
wherein said multiple anti-sense DNA segments and the 
multiple sense DNA segments are arranged in a series of 
inverted repeats (FIG. 9E); and DNA that includes nucle 
otides derived from a miRNA (see also FIG. 5B), or DNA 
that includes nucleotides of a siRNA (FIG. 9F). FIG. 9F 
depicts various non-limiting arrangements of double 
stranded RNA (dsRNA) that can be transcribed from 
embodiments of the gene Suppression elements and tran 
scribable exogenous DNAs useful in the recombinant DNA 
constructs of the invention. When such dsRNA is formed, it 
can Suppress one or more target genes, and can form a single 
double-stranded RNA or multiple double strands of RNA, or 
a single dsRNA “stem” or multiple “stems’. Where multiple 
dsRNA “stems are formed, they can be arranged in “ham 
merheads” or "cloverleaf arrangements. Spacer DNA is 
optional and can include sequence that transcribes to an 
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RNA (e.g., a large loop of antisense sequence of the target 
gene or an aptamer) that assumes a secondary structure or 
three-dimensional configuration that confers on the tran 
Script a desired characteristic, such as increased stability, 
increased half-life in vivo, or cell or tissue specificity. 
0.048 FIG. 10A depicts a non-limiting gene suppression 
element (“GSE) useful in recombinant DNA constructs of 
the invention, as described in Example 10. FIG. 10B depicts 
a representation of the type of RNA double hairpin molecule 
that it would be expected to produce. In this example, 
orientations of the sequences are anti-sense followed by 
sense for sequence 1, then sense followed by anti-sense for 
sequence 2 (FIG. 10A). Analogous recombinant DNA con 
structs could be designed to provide RNA molecules con 
taining more than 2 double-stranded “stems, as shown in 
FIG. 10C, which depicts an RNA molecule containing 3 
“Stems’. 

0049 FIG. 11 depicts fold-back structures of maize and 
soy MIR sequences, as described in detail in Example 14. 
Nucleotides corresponding to the mature miRNA are indi 
cated by bold font, Watson-Crick base-pairing by a vertical 
line, and base-pairing mismatches by a dot. 
0050 FIG. 12 depicts fold-back structures of maize and 
soy MIR sequences, as described in detail in Example 15. 
Nucleotides corresponding to the mature miRNA are indi 
cated by bold font, Watson-Crick base-pairing by a vertical 
line, and base-pairing mismatches by a dot. 

0051 FIG. 13 depicts a miR166 consensus fold-back 
structure (Griffiths-Jones (2004) Nucleic Acids Res., 32. 
Database Issue, D109-D111, which is incorporated by ref 
erence herein) with the nucleotides corresponding to the 
mature miRNA indicated by the shaded nucleotides, as 
described in Example 16. 
0.052 FIG. 14 depicts expression levels of the indicated 
mature miRNAs in various tissues from maize, as described 
in detail in Example 17. 
0053 FIG. 15 depicts a non-limiting example of tran 
scribable DNA sequence including an exogenous miRNA 
recognition site, chloroplast-targeted TIC809 with a 
miRNA162 recognition site (in bold text) located in the 3' 
untranslated region (SEQID NO. 220), as described in detail 
in Example 18. The translated amino acid sequence is also 
shown. 

0054 FIG. 16 depicts a non-limiting example of tran 
scribable DNA sequence including an exogenous miRNA 
recognition site, non-chloroplast-targeted TIC809 with a 
miRNA164 recognition site (in bold text) located in the 3' 
untranslated region (SEQID NO.221), as described in detail 
in Example 18. The translated amino acid sequence is also 
shown. 

0.055 FIG. 17 depicts the strong and specific endosperm 
expression of the miR167g microRNA (SEQ ID NO. 4) 
cloned from maize endosperm, as described in detail in 
Example 19. Northern blots of RNA from maize (LH59) 
tissues probed with an end-labeled mature miR167 22-mer 
LNA probe specific for SEQID NO.4 (FIG. 17A) or with a 
~400 bp miR167g gene-specific probe (FIG. 17B). Tran 
scription profiling of maize tissues corroborated the North 
ern blot results (FIG. 17C); the transcript corresponding to 
miR167g was abundantly and specifically expressed in 
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endosperm tissue (abundances are categorized as follows: 
>5000, high abundance, 97" percentile; 700-5000, moderate 
abundance, 20" percentile; 400-700, average abundance; 
200-400, low abundance: <200, not detected). Selected 
abbreviations: “DAP’’ or “DA', days after pollination: 
“WK’, whole kernel, “endo’, endosperm. 
0056 FIG. 18 depicts a partial annotation map, including 
locations of the miR167a and miR167g genes and mature 
miRNAs, and promoter elements (e.g., TATA boxes), of the 
genomic cluster within which was identified the miR167g 
promoter sequences as described in detail in Example 19. 
Abbreviations: “PBF, prolamin box binding factor; “ARF' 
auxin-responsive (auxin binding) factor; “NIT2, activator 
of nitrogen-related genes: “LYS14, element that binds to 
UASLYS, an upstream activating element conferring Lys14 
and adipate semialdehyde-dependent activation and appar 
ent repression: “GLN3, element that binds the nitrogen 
upstream activation sequence of glutamine synthetase. 

0057 FIG. 19 depicts Northern blots from a transient 
expression assay in Nicotiana benthamiana. Small RNA 
blots were hybridized to probes specific for the mature 
miRNAs predicted to be processed from miR164e (SEQ ID 
NO.228) (FIG. 19A) and from an miRNA engineered to 
target Colorado potato beetle vacuolar ATPase (SEQ ID 
NO.229) (FIG. 19B), as described in detail in Example 20. 
Results show that the predicted mature miRNAs were pro 
cessed efficiently in vivo. 

0.058 FIG. 20 depicts results described in detail in 
Example 21. FIG. 20A depicts the fold-back structure of 
SEQ ID NO.236, the predicted miRNA precursor for SEQ 
ID NO. 234; the mature miRNA is located at bases 106-126, 
the corresponding miRNA* at bases 156-175, and another 
abundant miRNA was also found to be located at bases 
100-120 in the stem of the fold-back structure. “Count 
refers to the number of occurrences of a small RNA in the 
filtered set of 381,633 putative miRNA sequences that was 
analyzed. FIG. 20B depicts a transcription profile in soy 
tissues for the miRNA precursor SEQID NO.236. FIG.20C 
depicts a transcription profile in Soy tissues for a predicted 
target, polyphenol oxidase (SEQ ID NO.250) for the mature 
miRNA (SEQ ID NO. 234). 
0059 FIG. 21 depicts results described in detail in 
Example 21. FIG. 21A depicts the fold-back structure of 
SEQ ID NO.239, the predicted miRNA precursor for SEQ 
ID NO. 237; the mature miRNA is located at bases 163-183, 
and the miRNA at bases 18-63. “Count refers to the 
number of occurrences of a small RNA in the filtered set of 
381,633 putative miRNA sequences that was analyzed. FIG. 
21B depicts a transcription profile in soy tissues for a 
predicted target, polyphenol oxidase (SEQ ID NO. 251) for 
the mature miRNA (SEQ ID NO. 237). 
0060 FIG. 22 depicts results described in detail in 
Example 21. FIG. 22A depicts the fold-back structure of 
SEQ ID NO. 242, the predicted miRNA precursor for SEQ 
ID NO. 240; the mature miRNA is located at bases 87-107, 
and the miRNA at bases 150-169. “Count refers to the 
number of occurrences of a small RNA in the filtered set of 
381,633 putative miRNA sequences that was analyzed. 

0061 FIG. 23 depicts results described in detail in 
Example 21. FIG. 23A depicts the fold-back structure of 
SEQ ID NO. 245, the predicted miRNA precursor for SEQ 
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ID NO. 243; the mature miRNA is located at bases 61-81, 
and the miRNA at bases 109-129. “Count refers to the 
number of occurrences of a small RNA in the filtered set of 
381,633 putative miRNA sequences that was analyzed. 
0062 FIG. 24 depicts results described in detail in 
Example 21. FIG. 24A (top) depicts the fold-back structure 
of SEQID NO. 248, one of the predicted miRNA precursors 
for SEQID NO. 246; the mature miRNA is located at bases 
157-178, and the miRNA* at bases 72-93. FIG. 24A (bot 
tom) depicts the fold-back structure of SEQ ID NO. 249, 
another predicted miRNA precursors for SEQ ID NO. 246; 
the mature miRNA is located at bases 123-144, and the 
miRNA at bases 58-79. “Count refers to the number of 
occurrences of a small RNA in the filtered set of 381,633 
putative miRNA sequences that was analyzed. FIG. 24B 
(top) depicts a transcription profile in Soy tissues for the 
miRNA precursor SEQ ID NO. 248. FIG. 24B (bottom) 
depicts a transcription profile in soy tissues for the miRNA 
precursor SEQ ID NO. 249. 
0063 FIG. 25 depicts various embodiments of recombi 
nant DNA constructs including a gene Suppression element 
3' to a terminator, as described in detail in Example 22. 
0064 FIG. 26 depicts constructs and results described in 
detail in Example 22. FIG. 26A depicts a recombinant DNA 
construct (pMON100552) for suppressing a target gene 
(luciferase), containing a gene Suppression element 3' to a 
terminator. FIG. 26A depicts a control construct 
(pMON100553). Y-axis values are given as the logarithm of 
the ratio of logarithm of the ratio of firefly luciferase to 
Renilla luciferase, “log(Fluc/Rluc)”; error bars are 95% 
confidence intervals. 

0065 FIG. 27 schematically depicts non-limiting 
embodiments of the recombinant DNA useful in making 
transgenic plants of the invention. The transcribable DNA 
includes DNA that transcribes to at least one RNA aptamer 
domain, and can further include DNA that transcribes to an 
RNA regulatory domain (which can act “in cis' or “in 
trans'). Useful promoters include any promoter capable of 
transcribing the transcribable DNA in a transgenic plant of 
the invention, e.g., a pol II promoter or a pol III promoter. 
Various embodiments can include introns, double-stranded 
RNA-forming regions, and/or microRNA recognition sites. 
Some embodiments can further include one or more separate 
gene expression elements or gene Suppression elements 
(shown here as a gene of interest, “GOI, which can be 
positioned upstream or downstream of the transcribable 
DNA). 
0.066 FIG. 28 depicts non-limiting embodiments of 
recombinant DNA useful in making transgenic plants of the 
invention, as described in Example 24. Abbreviations: “TS'. 
target sequence; “Ter', terminator, a gene expression ele 
ment represented by a non-limiting gene of interest 'dapA. 
cordap A: “TS.", a gene suppression element. FIG. 24F 
depicts one mechanism for an “on” riboswitch acting in cis. 
“RB', right T-DNA border element: “LB', left T-DNA 
border element. 

0067 FIG. 29, top panel, depicts different systems of 
controlling expression of a target sequence (in this non 
limiting example, of green fluorescent protein, “GFP) as 
described in Example 28. The bottom panel depicts a 
non-limiting example of a riboswitch autoinduced by its 
own ligand (lysine), as described in Example 28. 
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0068 FIG. 30 depicts a non-limiting example of a 
riboswitch in a binary vector useful in making a transgenic 
plant of the invention, as described in Example 29. “RB', 
right T-DNA border element: “LB', left T-DNA border 
element: "Nos Ter', Nos terminator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0069. Unless defined otherwise, all technical and scien 
tific terms used have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Generally, the nomenclature used and the 
manufacture or laboratory procedures described below are 
well known and commonly employed in the art. Conven 
tional methods are used for these procedures, such as those 
provided in the art and various general references. Unless 
otherwise stated, nucleic acid sequences in the text of this 
specification are given, when read from left to right, in the 
5' to 3' direction. Where a term is provided in the singular, 
the inventors also contemplate aspects of the invention 
described by the plural of that term. The nomenclature used 
and the laboratory procedures described below are those 
well known and commonly employed in the art. Where there 
are discrepancies in terms and definitions used in references 
that are incorporated by reference, the terms used in this 
application shall have the definitions given. Other technical 
terms used have their ordinary meaning in the art that they 
are used, as exemplified by a variety of technical dictionar 
ies. The inventors do not intend to be limited to a mechanism 
or mode of action. Reference thereto is provided for illus 
trative purposes only. 
I. Selective Expression of a Target Sequence in Transgenic 
Plant Cells, Plants, and Seeds 
0070 The present invention provides a transgenic plant 
cell having in its genome recombinant DNA including 
transcribable DNA including DNA that transcribes to an 
RNA aptamer capable of binding to a ligand. In some 
embodiments of the invention, for example, in transgenic 
plant cells made transgenic by Agrobacterium-mediated 
transformation, the recombinant DNA further includes at 
least one T-DNA border. In many embodiments, the tran 
scribable DNA further includes DNA that transcribes to 
regulatory RNA capable of regulating expression of a target 
sequence, wherein the regulation of the target sequence is 
dependent on the conformation of the regulatory RNA, and 
the conformation of the regulatory RNA is allosterically 
affected by the binding state of the RNA aptamer. 
0071. Further provided by the invention is a transgenic 
plant including a regenerated plant prepared from a trans 
genic plant cell having in its genome recombinant DNA 
including transcribable DNA including DNA that transcribes 
to an RNA aptamer capable of binding to a ligand, or a 
progeny plant (which may be a hybrid progeny plant) of the 
regenerated plant. Such transgenic plants may be plants of 
any developmental stage, including seed, and include trans 
genic plants grown from Such seed. Also claimed are plant 
tissues regenerated from the transgenic plant cell of the 
invention. 

0072. In preferred embodiments, the transgenic plant cell 
or plant having in its genome recombinant DNA including 
transcribable DNA including DNA that transcribes to an 
RNAaptamer capable of binding to a ligand has at least one 
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altered trait, relative to a plant lacking the recombinant 
DNA, as described in detail under the heading “Making and 
Using Transgenic Plant Cells and Plants”. In these embodi 
ments, the altered trait is typically obtained by providing the 
ligand to at least Some cells or tissues of the transgenic plant. 
In one preferred embodiment, the altered trait is provided by 
contacting the transgenic plant with an exogenous ligand 
that binds to the aptamer. In some of these embodiments, the 
exogenous ligand is physically applied to the plant (e.g., a 
synthetic or natural ligand applied to the plant as a foliar 
spray or root Solution), or applied (e.g., as a coating or soak) 
to transgenic seed of the transgenic plant. For example, the 
altered trait may be obtained by contacting the transgenic 
plant with an herbicide (e.g., glyphosate or dicamba) that 
binds to an aptamer specific for the herbicide, thus turning 
“on” or “off the regulatory RNA. In other embodiments, the 
ligand is an exogenous ligand produced by or found in a pest 
or pathogen of the transgenic plant, or a ligand (e.g., an 
allelochemical) produced by adjacent plants of the same or 
different species as the transgenic plant. In another preferred 
embodiment, the altered trait is obtained through the binding 
of an endogenous ligand to the aptamer. In Such embodi 
ments, the ligand is endogenous to the transgenic plant, e.g., 
a ligand produced constitutively, or in a specific cell or 
tissue, or under biotic or abiotic stress, or at a particular 
developmental or seasonal time. In a non-limiting example, 
the altered trait is obtained during a period of stress (biotic 
or abiotic), wherein a ligand, such as a stress-responsive 
molecule or hormone (e. g., Salicylic acid, jasmonic acid, 
ethylene, glutathione, ascorbate, auxins, cytokinins), is 
endogenously produced by the transgenic plant, and binds to 
anaptamer specific for the stress-responsive molecule. In yet 
another example, the altered trait may be obtained in 
response to a pest or pathogen of the transgenic plant, 
wherein the aptamer is specific for a ligand produced by the 
plant in response to the pest or pathogen. 

0073 Transcribable DNA: The transcribable DNA 
includes DNA that transcribes to an RNAaptamer capable of 
binding to a ligand. By “transcribable' is meant that the 
DNA is capable of being transcribed to RNA. Thus, in 
preferred embodiments, the recombinant DNA further 
includes a promoter operably linked to the transcribable 
DNA. Promoters of use in the invention are preferably 
promoters functional in a plant cells, as described under the 
heading “Promoter Elements”. Suitable promoters can be 
constitutive or non-constitutive promoters. In various 
embodiments, the promoter element can include a promoter 
selected from the group consisting of a constitutive pro 
moter, a spatially specific promoter, a temporally specific 
promoter, a developmentally specific promoter, and an 
inducible promoter. In one embodiment of the invention, the 
promoter is a pol II promoter. In another embodiment, the 
promoter is a pol III promoter (see, for example, Eckstein 
(2005) Trends Biochem. Sci., 30:445-452). 

0074. In many preferred embodiments, the transcribable 
DNA further includes DNA that transcribes to regulatory 
RNA capable of regulating expression of a target sequence, 
wherein the regulation is dependent on the conformation of 
the regulatory RNA, and the conformation of the regulatory 
RNA is allosterically affected by the binding state of the 
RNA aptamer, that is to say, the conformation of the regu 
latory RNA is allosterically influenced by the conformation 
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of the RNAaptamer, which in turn is determined by whether 
the RNA aptamer is occupied or unoccupied by the specific 
ligand. 

0075). In some embodiments, the transcribable DNA is 
optionally flanked on one or both sides by a ribozyme (e.g., 
a self-cleaving ribozyme or a hairpin ribozyme) (see, e.g., 
FIG. 27A). See, for example, Esteban et al. (1997).J. Biol. 
Chem., 272:13629-13639, which describes the effects of 
conformation on hairpin ribozyme kinetics and provides 
guidelines for hairpin ribozyme sequence modification, and 
Najafi-Shoushtariet al. (2004) Nucleic Acids Res., 32:3212 
3219, which describes conformationally controlled hairpin 
ribozymes. In other embodiments, the transcribable DNA is 
optionally embedded within a spliceable intron (see, e.g., 
FIG. 27C). Introns suitable for use in the invention are 
preferably introns that are spliceable in planta; plant-sourced 
introns are especially preferred. Non-limiting examples of 
especially preferred plant introns include a rice actin1 intron 
(I-OS-Act1), a maize heat shock protein intron (I-Zm 
hsp70), and a maize alcohol dehydrogenase intron (I-Zm 
adh1). Embodiments where the transcribable DNA is 
flanked by intron splicing sites can further include additional 
sequence to allow cleavage of the transcript, e.g., DNA that 
transcribes to RNA including at least one microRNA rec 
ognition site or DNA that transcribes to RNA capable of 
forming double-stranded RNA (dsRNA) (see, e. g., FIG. 
27D). In other embodiments, the transcribable DNA 
includes DNA that transcribes to RNA sequence that can be 
processed in an RNAi pathway (i. e., to produce Small 
interfering RNAS or microRNAs, see, for example, Xie et al. 
(2004) PLoS Biol. 2:642-652; Bartel (2004) Cell, 116:281 
297; Murchison and Hannon (2004) Curr. Opin. Cell Biol., 
16:223-229; and Dugas and Bartel (2004) Curr: Opin. Plant 
Biol., 7:512-520, which are incorporated by reference ). In 
non-limiting examples, the transcribable DNA is optionally 
flanked by DNA that transcribes to RNA including at least 
one microRNA recognition site (see, e.g., FIG. 27E). In 
these embodiments, the miRNA recognition site is prefer 
ably a miRNA recognition site recognized by a miRNA 
endogenous to the plant in which transcription occurs. In a 
non-limiting example, the transcribable DNA is flanked on 
both sides by a miRNA recognition site that is recognized by 
a mature miRNA that is expressed in an inducible or a 
spatially or temporally specific manner. In yet other embodi 
ments, the transcribable DNA is optionally flanked on one or 
both sides by DNA that transcribes to RNA capable of 
forming double-stranded RNA (dsRNA) (see, e. g., FIG. 
27E), for example, by forming an inverted repeat where the 
transcribable DNA is located in the middle “spacer” or 
“loop' region, or by forming separate dsRNA regions on one 
or both sides of the transcribable DNA, which may be 
processed to small interfering RNAS or to mature microR 
NAs. In certain embodiments, the transcribable DNA can 
further include at least one gene expression (or Suppression) 
element for the expression of any gene or genes or interest 
(including coding or non-coding sequence), as described 
under the heading “Gene Expression Elements' (see, e.g., 
FIG. 27C and FIG. 1D, where a gene expression element is 
represented by a gene of interest, “GOI’, and FIG. 28C and 
FIG. 28D, where a gene expression element is represented 
by a specific gene of interest, cordap.A., “dapA', and FIG. 
28E, where a gene Suppression element is represented by 
“TS). sup 
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0.076 RNA Aptamers: Nucleic acid aptamers are nucleic 
acid molecules that bind to a ligand through binding mecha 
nism that is not primarily based on Watson-Crick base 
pairing (in contrast, for example, to the base-pairing that 
occurs between complementary, anti-parallel nucleic acid 
Strands to form a double-stranded nucleic acid structure). 
See, for example, Ellington and Szostak (1990) Nature, 
346:818-822. A nucleic acid aptamer generally includes a 
primary nucleotide sequence that allows the aptamer to form 
a secondary structure (e. g., by forming stem-loop struc 
tures) that allows the aptamer to bind to its ligand. Binding 
of the aptamer to its ligand is preferably specific, allowing 
the aptamer to distinguish between two or more molecules 
that are structurally similar (see, for example, Bayer and 
Smolke (2005) Nature Biotechnol., 23:337-343). Aptamers 
useful in the invention can, however, be monovalent (bind 
ing a single ligand) or multivalent (binding more than one 
individual ligand, e. g., binding one unit of two or more 
different ligands). See, for example, Di Giusto and King 
(2004) J. Biol. Chem., 279:46483-46489, describing the 
design and construction of multivalent, circular DNAaptam 
ers, which is incorporated by reference. 
0.077 Aptamers useful in the invention can include DNA, 
RNA, nucleic acid analogues (e.g., peptide nucleic acids), 
locked nucleic acids, chemically modified nucleic acids, or 
combinations thereof. See, for example, Schmidt et al. 
(2004) Nucleic Acids Res., 32:5757-5765, who describe 
locked nucleic acid aptamers. In one preferred embodiment 
of the invention, the aptamer is an RNA aptamer. In a 
particularly preferred embodiment, the aptamer is produced 
by transcription in planta. Examples of aptamers can be 
found, for example, in the public Aptamer Database, avail 
able on line at aptamericmb.utexas.edu (Lee et al. (2004) 
Nucleic Acids Res., 32(1):D95-100). 
0078 Aptamers can be designed for a given ligand by 
various procedures known in the art, including in vitro 
selection or directed evolution techniques. See, for example, 
“SELEX (“systematic evolution of ligands by exponential 
enrichment'), as described in Tuerk and Gold (1990) Sci 
ence, 249:505-510, Ellington and Szostak (1990) Nature, 
346:818-822, Ellington and Szostak (1992) Nature, 
355:850-852, selection of bifunctional. RNA aptamers by 
chimeric SELEX, as described by Burke and Willis (1998), 
RNA, 4:1165-1175, selection using ligands bound to mag 
netic particles as described by Murphy et al. (2003) Nucleic 
Acids Res., 31:e 110, an automated SELEX technique 
described by Eulberg et al. (2005) Nucleic Acids Res., 
33(4):e45, and a SELEX-type technique for obtaining 
aptamers raised against recombinant molecules expressed 
on cell surfaces, as descried by Ohuchi et al. (2005) Nucleic 
Acid Symposium Series, 49:351–352 Selection can begin 
with a random pool of RNAs, from a partially structured 
pool of RNAs (see, for example, Davis and Szostak (2002) 
Proc. Natl. Acad. Sci. USA, 99: 11616-11621), or from a 
pool of degenerate RNAS (see, for example, Geiger et al. 
(1996) Nucleic Acids Res., 24: 1029-1036). Secondary struc 
ture models, folding, and hybridization behavior for a given 
RNA sequence can be predicted using algorithms, e.g., as 
described by Zuker (2003) Nucleic Acids Res., 31: 3406 
3415. Thus, aptamers for a given ligand can be designed de 
novo using Suitable selection. One non-limiting example of 
aptamer design and selection is described in detail in Weill 
et al. (2004) Nucleic Acids Res., 32:5045-5058, which 
describes isolation of various ATP-binding aptamers and 
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secondary selection of aptamers that bind cordycepin (3' 
deoxyadenosine). Another non-limiting example of aptamer 
design is given in Huang and Szostak (2003) RNA, 9:1456 
1463, which describes the in vitro evolution of novel aptam 
ers with new specificities and new secondary structures from 
a starting aptamer. All citations in this paragraph are spe 
cifically incorporated by reference. 
0079 Ligands useful in the invention can include amino 
acids or their biosynthetic or catabolic intermediates, pep 
tides, proteins, glycoproteins, lipoproteins, carbohydrates, 
fatty acids and other lipids, Steroids, terpenoids, hormones, 
nucleic acids, aromatics, alkaloids, natural products or syn 
thetic compounds (e.g., dyes, pharmaceuticals, antibiotics, 
herbicides), inorganic ions, and metals, in short, any mol 
ecule (or part of a molecule) that can be recognized and be 
bound by a nucleic acid secondary structure by a mechanism 
not primarily based on Watson-Crick base pairing. In this 
way, the recognition and binding of ligand and aptamer is 
analogous to that of antigen and antibody, or of biological 
effector and receptor. Ligands can include single molecules 
(or part of a molecule), or a combination of two or more 
molecules (or parts of a molecule), and can include one or 
more macromolecular complexes (e. g., polymers, lipid 
bilayers, liposomes, cellular membranes or other cellular 
structures, or cell surfaces). See, for example, Plummer et al. 
(2005) Nucleic Acids Res., 33:5602-5610, which describes 
selection of aptamers that bind to a composite Small mol 
ecule-protein surface; Zhuang et al. (2002) J. Biol. Chem., 
277:13863-13872, which describes the association of insect 
mid-gut receptor proteins with lipid rafts, which affects the 
binding of Bacillus thuringiensis insecticidal endotoxins: 
and Homann and Goringer (1999) Nucleic Acids Res., 
27:2006-2014, which describes aptamers that bind to live 
trypanosomes; these citations are incorporated by reference. 
0080) Non-limiting examples of specific ligands include 
vitamins such as coenzyme B and thiamine pyrophos 
phate, flavin mononucleotide, guanine, adenosine, S-adeno 
Sylmethionine, S-adenosylhomocysteine, coenzyme A, 
lysine, tyrosine, dopamine, glucosamine-6-phosphate, caf 
feine, theophylline, antibiotics Such as chloramphenicol and 
neomycin, herbicides such as glyphosate and dicamba, pro 
teins including viral or phage coat proteins and invertebrate 
epidermal or digestive tract Surface proteins, and RNAS 
including viral. RNA, transfer-RNAs (t-RNAs), ribosomal. 
RNA (rRNA), and RNA polymerases such as RNA-depen 
dent RNA polymerase (RdRP). One class of RNA aptamers 
useful in the invention are “thermoswitches' that do not bind 
a ligand but are thermally responsive, that is to say, the 
aptamer's conformation is determined by temperature. See, 
for example, Box 3 in Mandal and Breaker (2004) Nature 
Rev. Mol. Cell Biol., 5:451-463, which is incorporated by 
reference. 

0081. An aptamer can be described by its binding state, 
that is, whether the aptamer is bound (or unbound) to its 
respective ligand. The binding site (or three-dimensional 
binding domain or domains) of an aptamer can be described 
as occupied-or unoccupied by the ligand. Similarly, a popu 
lation of a given aptamer can be described by the fraction of 
the population that is bound or unbound to the ligand. The 
affinity of an aptamer for its ligand can be described in terms 
of the rate of association (binding) of the aptamer with the 
ligand and the rate of dissociation of the ligand from the 
aptamer, e.g., by the equilibrium association constant (K) or 
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by its reciprocal, the affinity constant (K) as is well known 
in the art. These rates can be determined by methods similar 
to those commonly used for determining binding kinetics of 
ligands and receptors or antigens and antibodies, such as, but 
not limited to, equilibrium assays, competition assays, Sur 
face plasmon resonance, and predictive models. The affinity 
of an aptamer for its ligand can be selected, e.g., during in 
vitro evolution of the aptamer, or further modified by 
changes to the aptamer's primary sequence, where Such 
changes can be guided by calculations of binding energy or 
by algorithms, e.g., as described by Zuker (2003) Nucleic 
Acids Res., 31:3406-3415 or Bayer and Smolke (2005) 
Nature Biotechnol., 23:337-343. 

0082 The binding state of an aptamer preferably at least 
partially determines the secondary structure (e.g., the for 
mation of double-stranded or single stranded regions) and 
the three-dimensional conformation of the aptamer. In 
embodiments where the transcribable DNA further includes 
DNA that transcribes to regulatory RNA capable of regu 
lating expression of a target sequence, the binding state of 
the aptamer allosterically affects the conformation of the 
regulatory RNA and thus the ability of the regulatory RNA 
to regulate expression of the target sequence. 

0083. In one preferred embodiments, the aptamer (tran 
scribed RNA) is flanked by DNA that transcribes to RNA 
capable of forming double-stranded RNA (dsRNA) (FIG. 
27E). In some of these embodiments, the dsRNA is pro 
cessed by an RNAi (siRNA or miRNA) mechanism, 
whereby the aptamer is cleaved from the rest of the tran 
script. In other, particularly preferred embodiments, the two 
transcribed RNA regions flanking the aptamer form at least 
partially double-stranded RNA “stem’ between themselves, 
wherein the aptamer serves as a “spacer” or “loop” in a 
stem-loop structure. Such an arrangement is expected to 
enhance the stability or half-life of the transcript in a manner 
analogous to that observed for DNA (see, for example, Di 
Giusto and King (2004) J. Biol. Chem., 279:46483-46489, 
which is incorporated by reference). Transgenic plants hav 
ing in their genome DNA that transcribes to such aptamers 
having enhanced Stability are particularly desirable, e. g., 
where the aptamer functions to inhibit or kill a pathogen or 
pest of the transgenic plant. 

0084 Target Sequence: The regulatory RNA is capable of 
regulating expression of a target sequence, wherein the 
regulation of the target sequence is dependent on the con 
formation of the regulatory RNA, and the conformation of 
the regulatory RNA is allosterically affected by the binding 
state of the RNA aptamer. Any target sequence may be 
chosen, including one or more target sequences selected 
from a gene native to the transgenic plant of the invention, 
a transgene in the transgenic plant, and a gene native to a 
pest or pathogen of the transgenic plant. The target sequence 
can include a sequence that expresses a gene of interest (e. 
g., an RNA encoding a protein), or a sequence that Sup 
presses a gene of interest (e.g., an RNA that is processed to 
an siRNA or miRNA that in turn suppresses the gene of 
interest). 
0085. The regulatory RNA can regulate the transcription 
and/or translation of any target nucleic acid sequence or 
sequences of interest. In some embodiments, the recombi 
nant DNA further includes a second gene regulatory element 
for regulating (i. e., Suppressing or expressing) at least one 
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second target sequence that is in addition to the target 
sequence regulated by the regulatory RNA. Whether a first 
target sequence or a second target sequence, the target 
sequence can include a single sequence or part of a single 
sequence that is targetted for regulation, or can include, for 
example, multiple consecutive segments of a target 
sequence, multiple non-consecutive segments of a target 
sequence, multiple alleles of a target sequence, or multiple 
target sequences from one or more species. 
0086) The target sequence can be translatable (coding) 
sequence, or can be non-coding sequence (Such as non 
coding regulatory sequence), or both. The target sequence 
can include at least one eukaryotic target sequence, at least 
one non-eukaryotic target sequence, or both. A target 
sequence can include any sequence from any species 
(including, but not limited to, non-eukaryotes such as bac 
teria, and viruses; fungi, plants, including monocots and 
dicots, such as crop plants, ornamental plants, and non 
domesticated or wild plants; invertebrates such as arthro 
pods, annelids, nematodes, and molluscs; and vertebrates 
Such as amphibians, fish, birds, domestic or wild mammals, 
and even humans. Suitable target sequences are further 
described as “target genes' under the heading “Target 
Genes. 

0087. Non-limiting examples of a target sequence 
include non-translatable (non-coding) sequence, such as, but 
not limited to, 5' untranslated regions, promoters, enhancers, 
or other non-coding transcriptional regions, 3' untranslated 
regions, terminators, and introns. Target sequences can also 
include genes encoding microRNAS, Small interfering 
RNAs, RNA components of ribosomes or ribozymes, small 
nucleolar RNAs, and other non-coding RNAs (see, for 
example, non-coding RNA sequences provided publicly at 
rfam.wustl.edu: Erdmann et al. (2001) Nucleic Acids Res., 
29:189-193; Gottesman (2005) Trends Genet., 21:399-404; 
Griffiths-Jones et al. (2005) Nucleic Acids Res., 33:121-124, 
which are incorporated by reference ). One specific example 
of a target sequence includes a microRNA recognition site 
(that is, the site on an RNA strand to which a mature miRNA 
binds and induces cleavage). Another specific example of a 
target sequence includes a microRNA precursor sequence, 
that is, the primary transcript encoding a microRNA, or the 
RNA intermediates processed from this primary transcript 
(e.g., a nuclear-limited pri-miRNA or a pre-miRNA which 
can be exported from the nucleus into the cytoplasm). See, 
for example, Lee et al. (2002) EMBO Journal, 21:4663 
4670; Reinhart et al. (2002) Genes & Dev., 16:161611626; 
Lund et al. (2004) Science, 303:95-98; and Millar and 
Waterhouse (2005) Funct. Integr Genomics, 5:129-135, 
which are incorporated by reference. Target microRNA 
precursor DNA sequences can be native to the transgenic 
plant of the invention, or can be native to a pest or pathogen 
of the transgenic plant. Target sequences can also include 
translatable (coding) sequence for genes encoding transcrip 
tion factors and genes encoding enzymes involved in the 
biosynthesis or catabolism of molecules of interest (Such as, 
but not limited to, amino acids, fatty acids and other lipids, 
Sugars and other carbohydrates, biological polymers, and 
secondary metabolites including alkaloids, terpenoids, 
polyketides, non-ribosomal peptides, and secondary 
metabolites of mixed biosynthetic origin). A target sequence 
can be a native gene targetted for expression control (e.g., 
Suppression), with or without concurrent expression (or 
Suppression) of an exogenous transgene, for example, by 
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including a gene expression (or Suppression) element in the 
same or in a separate recombinant DNA construct. For 
example, it can be desirable to replace a native gene with an 
exogenous transgene homologue. 

0088 One preferred embodiment of the invention pro 
vides transgenic plant cells (or transgenic plants, progeny 
plants, or seeds derived from the transgenic plant cells) 
having in their genome a recombinant DNA including 
transcribable DNA including DNA that transcribes to an 
RNAaptamer capable of binding to a ligand, for Suppressing 
a plant pest or pathogen (e.g., viruses, bacteria, fungi, and 
invertebrates Such as insects, nematodes, and molluscs). 
0089 Examples of such embodiments include transgenic 
plant cells (or transgenic plants, progeny plants, or seeds 
derived from the transgenic plant cells) having in their 
genome a recombinant DNA including transcribable DNA 
including DNA that transcribes to one or more RNA aptam 
ers that bind to one or more ligands involved in a pest or 
pathogen's ability to recognize, invade, or feed on a plant, 
or in the pest or pathogen's ability to recruit additional 
individuals of its species, or in the pest or pathogen's ability 
to grow, metamorphose, or reproduce. Non-limiting 
examples of ligands suitable for this approach include the 
insect mid-gut brush border receptor proteins that are rec 
ognized by Bacillus thuringiensis insecticidal endotoxins. 
See, for example, Knight et al. (1995) J. Biol. Chem., 
270: 17765-17770, and Gill et al. (1995) J. Biol. Chem. 
270:27277-27282, which describe the isolation, identifica 
tion, and cloning of examples of Such receptor proteins; 
Gomez et al. (2001).J. Biol. Chem., 276:28906-28912, and 
Daniel et al. (2002) Appl. Env, Microbiol. 68:2106-2112, 
which describe techniques for identifying binding epitopes 
of Such receptor proteins and for studying their binding 
affinities; Jurat-Fuentes and Adang (2001) Appl. Env, Micro 
biol., 67:323-329, and Jurat-Fuentes et al. (2001), Appl. Env. 
Microbiol., 67:872-879, which describe endotoxin-receptor 
binding assays involving either membrane blots or Surface 
plasmon resonance measured binding of brush border mem 
brane vesicles to endotoxin; all of these are incorporated by 
reference. Other examples of suitable ligands to which RNA 
aptamers of the invention bind include steroid receptors, 
Such as estrogen receptors, androgen receptors, retinoid 
receptors, and ecdysone receptors (see, for example, Saez, et 
al. (2000) Proc. Natl. Acad. Sci. USA, 97:14512-14517. 
Where ligands are receptor molecules or receptor com 
plexes, RNA aptamers of the invention can optionally act as 
antagonists or as agonists. 
0090. One aspect of the invention provides transgenic 
plants wherein the target sequence is selected to provide 
resistance to a plant pest or pathogen, for example, resis 
tance to a nematode Such as soybean cyst nematode or root 
knot nematode or to a pest insect. Thus, target sequences (i. 
e., “target genes”) of interest can also include endogenous 
genes of plant pests and pathogens as described in detail 
under “Target Genes'. Pests and pathogens of interest 
include invertebrates (including nematodes, molluscs, and 
insects), fungi, bacteria, mollicute, and viruses, as described 
in detail under “Target Genes'. Thus, a target sequence need 
not be endogenous to the plant in which the recombinant 
DNA is transcribed. It is envisioned that recombinant DNA 
of the invention can be transcribed in a plant and used to 
control expression of a target sequence endogenous to a 
pathogen or pest that may infest the plant. 
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0091 Regulatory RNA: In many embodiments, the tran 
scribable DNA further includes DNA that transcribes to 
regulatory RNA capable of regulating expression of a target 
sequence, wherein the regulation of the target sequence is 
dependent on the conformation of the regulatory RNA, and 
the conformation of the regulatory RNA is allosterically 
affected by the binding state of the RNA aptamer. Such 
combinations of an aptamer with a regulator RNA domain 
are commonly known as riboswitches. The regulatory RNA 
is typically downstream of the aptamer but the two domains 
may overlap; see, e. g., Najafi-Shoushtari and Famulok 
(2005) RNA, 111:1514-1520, which is incorporated by ref. 
erence and describes a hairpin ribozyme that includes an 
aptamer domain and is competitively regulated by flavin 
mononucleotide and an oligonucleotide complementary to 
the aptamer domain. In some embodiments, the regulatory 
RNA is operably linked to the target sequence, and acts “in 
cis'. In other embodiments, the regulatory RNA is not 
operably linked to the target sequence, and acts “in trans'. 

0092. In riboswitch embodiments including an aptamer 
and a regulatory RNA, the riboswitch regulates expression 
of the target sequence by any suitable mechanism. One 
non-limiting mechanism is transcriptional regulation by the 
ligand-dependent formation of an intrinsic terminator stem 
(an extended stem-loop structure typically followed by a run 
of 6 or more U residues) that causes RNA polymerase to 
abort transcription, e. g., before a complete mRNA is 
formed. In "off riboswitches, in the absence of sufficient 
ligand, the unbound aptamer domain permits formation of 
an “antiterminator stem, which prevents formation of the 
intrinsic terminator stem and thus allows transcription to 
proceed; thus, the default state of the riboswitch is “on” (i. 
e., transcription normally proceeds) and the ligand must be 
added to turn the riboswitch off. In “on” riboswitches that 
use this mechanism, the aptamer domain must be in the 
bound (ligand-occupied) conformation to permit formation 
of the “antiterminator stem” and allow transcription. 
Another mechanism is translation regulation, where ligand 
binding causes structural changes in full-length mRNAS and 
thereby permits (or prevents) ribosomes from binding to the 
ribosomal binding site (RBS); the formation of an “anti 
anti-RBS stem and an “anti-RBS stem is also mutually 
exclusive. In “on” riboswitches that use this mechanism, 
absence of the ligand allows formation of an anti-anti-RBS, 
and thus a structurally unencumbered RBS to which the 
ribosome can bind. A combination of both transcriptional 
and translational regulation is also possible. For a detailed 
discussion of regulation mechanisms, see Mandal and 
Breaker (2004) Nature Rev. Mol. Cell Biol., 5:451-463, 
which is incorporated by reference. 

0093. In some embodiments, the regulatory RNA 
includes a ribozyme, e. g., a self-cleaving ribozyme, a 
hammerhead ribozyme, or a hairpin ribozyme. Certain 
embodiments of the regulatory RNA include RNA sequence 
that is complementary or Substantially complementary to the 
target sequence. One non-limiting example is where the 
regulatory RNA includes an anti-sense segment that is 
complementary or Substantially complementary to the target 
sequence. See, for example, Bayer and Smolke (2005) 
Nature Biotechnol., 23:337-343, where the regulatory RNA 
includes both an anti-sense segment complementary to the 
target sequence, and a sense segment complementary to the 
anti-sense segment, wherein the anti-sense segment and 
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sense segment are capable of hybridizing to each other to 
form an intramolecular double-stranded RNA. 

0094. In embodiments where regulation of a target 
sequence involves Watson-Crick base-pairing of the regu 
latory RNA to the target sequence (e. g., in trans-acting 
embodiments, see, e.g., Bayer and Smolke (2005) Nature 
Biotechnol., 23:337-343), the target sequence of interest can 
be more specifically targetted by designing the regulatory 
RNA to include regions substantially non-identical to a 
non-target sequence sequence. Non-target sequences can 
include any gene for which the expression is preferably not 
modified, either in a plant transcribing the recombinant 
DNA construct or in organisms that may come into contact 
with RNA transcribed from the recombinant DNA construct. 
A non-target sequence can include any sequence from any 
species (including, but not limited to, non-eukaryotes Such 
as bacteria, and viruses; fungi, plants, including monocots 
and dicots, such as crop plants, ornamental plants, and 
non-domesticated or wild plants; invertebrates Such as 
arthropods, annelids, nematodes, and molluscs; and verte 
brates Such as amphibians, fish, birds, domestic or wild 
mammals, and even humans). 
0.095. In one embodiment of the invention, the target 
sequence is a gene endogenous to a given species, such as 
a given plant (Such as, but not limited to, agriculturally or 
commercially important plants, including monocots and 
dicots), and the non-target sequence can be, for example, a 
gene of a non-target species, Such as another plant species or 
a gene of a virus, fungus, bacterium, invertebrate, or verte 
brate, even a human. One non-limiting example is where it 
is desirable to design either the aptamer, or the regulatory 
RNA, or both, in order to modify the expression of a target 
sequence that is a gene endogenous to a single species (e.g., 
Western corn rootworm, Diabrotica virgifera virgifera 
LeConte) but to not modify the expression of a non-target 
sequence such as genes from related, even closely related, 
species (e.g., Northern corn rootworm, Diabrotica barberi 
Smith and Lawrence, or Southern corn rootworm, 
Diabrotica undecimpunctata). 

0096. In other embodiments (e.g., where it is desirable to 
modify the expression of a target sequence across multiple 
species), it may be desirable to design the aptamer, or the 
regulatory RNA, or both, to modify the expression of a 
target sequence common to the multiple species in which the 
expression of the target sequence is to be modified. Thus, the 
aptamer, or the regulatory RNA, or both, can be selected to 
be specific for one taxon (e.g., specific to a genus, family, 
or even a larger taxon Such as a phylum, e.g., arthropoda) 
but not for other taxa (for example, plants or vertebrates or 
mammals). In one non-limiting example of this embodi 
ment, a regulatory RNA can be selected so as to target 
pathogenic fungi (e.g., a Fusarium spp.) but not target any 
gene sequence from beneficial fungi (e. g., beneficial soil 
mycorrhizal fungi). 

0097. In another non-limiting example of this embodi 
ment, the aptamer, or the regulatory RNA, or both, to 
regulate gene expression in corn rootworm can be selected 
to be specific to all members of the genus Diabrotica. For 
example, a regulatory RNA including a Diabrotica-targetted 
Suppression element (e.g., anti-sense RNA, double-stranded 
RNA, microRNA, or tandem RNA repeats) can be selected 
So as to not target any gene sequence from beneficial 
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coleopterans (for example, predatory coccinellid beetles, 
commonly known as ladybugs or ladybirds) or other ben 
eficial insect species. 
0098. The required degree of specificity of a regulatory 
RNA that includes a gene Suppression element (e.g., anti 
sense RNA, double-stranded RNA, microRNA, or tandem 
RNA repeats) for Suppression of a target sequence depends 
on various factors. For example, where the gene Suppression 
element includes double-stranded RNA (dsRNA), factors 
can include the size of the smaller dsRNA fragments that are 
expected to be produced by the action of Dicer, and the 
relative importance of decreasing the dsRNA’s potential to 
Suppress non-target sequences. For example, where the 
dsRNA fragments are expected to be 21 base pairs in size, 
one particularly preferred embodiment can be to include in 
the regulatory RNA a sequence capable of forming dsRNA 
and encoding regions Substantially non-identical to a non 
target sequence, such as regions within which every con 
tiguous fragment including at least 21 nucleotides matches 
fewer than 21 (e. g., fewer than 21, or fewer than 20, or 
fewer than 19, or fewer than 18, or fewer than 17) out of 21 
contiguous nucleotides of a non-target sequence. In another 
embodiment, regions Substantially non-identical to a non 
target sequence include regions within which every contigu 
ous fragment including at least 19 nucleotides matches 
fewer than 19 (e. g., fewer than 19, or fewer than 18, or 
fewer than 17, or fewer than 16) out of 19 contiguous 
nucleotides of a non-target sequence. 

0099. In some embodiments, it may be desirable to 
design the aptamer, the regulatory RNA, or both, to include 
regions predicted to not generate undesirable polypeptides, 
for example, by Screening the aptamer, the regulatory RNA, 
or both, for sequences that may encode known undesirable 
polypeptides or close homologues of these. Undesirable 
polypeptides include, but are not limited to, polypeptides 
homologous to known allergenic polypeptides and polypep 
tides homologous to known polypeptide toxins. Publicly 
available sequences encoding Such undesirable potentially 
allergenic peptides are available, for example, the Food 
Allergy Research and Resource Program (FARRP) allergen 
database (available at allergenonline.com) or the Biotech 
nology Information for Food Safety Databases (available at 
www.iit.edu/~sgendel/fa.htm) (see also, for example, Gen 
del (1998) Adv. Food Nutr. Res., 42:63-92, which is incor 
porated by reference). Undesirable sequences can also 
include, for example, those polypeptide sequences annotated 
as known toxins or as potential or known allergens and 
contained in publicly available databases such as GenBank, 
EMBL, SwissProt, and others, which are searchable by the 
Entrez system (www.ncbi.nih.gov/Entrez). Non-limiting 
examples of undesirable, potentially allergenic peptide 
sequences include glycinin from soybean, oleosin and 
agglutinin from peanut, glutenins from wheat, casein, lac 
talbumin, and lactoglobulin from bovine milk, and tro 
pomyosin from various shellfish (allergenonline.com). Non 
limiting examples of undesirable, potentially toxic peptides 
include tetanus toxintetA from Clostridium tetani, diarrheal 
toxins from Staphylococcus aureus, and venoms such as 
conotoxins from Conus spp. and neurotoxins from arthro 
pods and reptiles (www.ncbi.nih.gov/EntreZ). 
0100. In one non-limiting example, a proposed aptamer, 
regulatory RNA, or both, can be screened to eliminate those 
transcribable sequences encoding polypeptides with perfect 
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homology to a known allergen or toxin over 8 contiguous 
amino acids, or with at least 35% identity over at least 80 
amino acids; such screens can be performed on any and all 
possible reading frames in both directions, on potential open 
reading frames that begin with ATG, or on all possible 
reading frames, regardless of whether they start with an ATG 
or not. When a "hit' or match is made, that is, when a 
sequence that encodes a potential polypeptide with perfect 
homology to a known allergen or toxin over 8 contiguous 
amino acids (or at least about 35% identity over at least 
about 80 amino acids), is identified, the DNA sequences 
corresponding to the hit can be avoided, eliminated, or 
modified when selecting sequences to be used in the 
aptamer, the regulatory RNA, or both. 
0101 Avoiding, elimination of, or modification of an 
undesired sequence can be achieved by any of a number of 
methods known to those skilled in the art. In some cases, the 
result can be novel sequences that are believed to not exist 
naturally. For example, avoiding certain sequences can be 
accomplished by joining together "clean’ sequences into 
novel chimeric sequences to be used in a gene Suppression 
element. 

0102) Where the regulatory RNA includes double 
Stranded RNA (dsRNA) for silencing a target gene, appli 
cants recognize that in some dsRNA-mediated gene silenc 
ing, it is possible for imperfectly matching dsRNA 
sequences to be effective at gene silencing. For example, it 
has been shown that mismatches near the center of a miRNA 
complementary site has stronger effects on the miRNAs 
gene silencing than do more distally located mismatches. 
See, for example, FIG. 4 in Mallory et al. (2004) EMBOJ, 
23:3356-3364, which is incorporated by reference. In 
another example, it has been reported that, both the position 
of a mismatched base pair and the identity of the nucleotides 
forming the mismatch influence the ability of a given siRNA 
to silence a target sequence, and that adenine-cytosine 
mismatches, in addition to the G:U wobble base pair, were 
well tolerated (see Du et al. (2005) Nucleic Acids Res., 
33:1671-1677, which is incorporated by reference). Thus, a 
regulatory RNA that includes double-stranded RNA need 
not always have 100% sequence identity with the intended 
target sequence, but generally would preferably have Sub 
stantial sequence identity with the intended target sequence, 
such as about 95%, about 90%, about 85%, or about 80% 
sequence identity with the intended target sequence. One 
skilled in the art would be capable of judging the importance 
given to screening for regions predicted to be more highly 
specific to the first target sequence or predicted to not 
generate undesirable polypeptides, relative to the impor 
tance given to other criteria, Such as, but not limited to, the 
percent sequence identity with the intended first target 
sequence or the predicted gene silencing efficiency of a 
given sequence. For example, it may be desirable for a given 
regulatory RNA that includes double-stranded RNA for gene 
silencing to be active across several species, and therefore 
one skilled in the art can determine that it is more important 
to include in the regulatory RNA regions specific to the 
several species of interest, but less important to screen for 
regions predicted to have higher gene silencing efficiency or 
for regions predicted to generate undesirable polypeptides. 
0103) In many embodiments, the transgenic plant cell has 
in its genome recombinant DNA including transcribable 
DNA including (a) DNA that transcribes to an RNA aptamer 
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capable of binding to a ligand, and (b) DNA that transcribes 
to regulatory RNA capable of regulating expression of a 
target sequence, wherein the regulation is dependent on the 
conformation of the regulatory RNA, and the conformation 
of said regulatory RNA is allosterically affected by the 
binding state of said RNA aptamer. In these embodiments, 
binding of the aptamer to its ligand results in a specific 
change in the expression of the target sequence, which may 
be an increase or a decrease in expression, depending on the 
design of the recombinant DNA. 
0104. In one embodiment, binding of the ligand to the 
RNA aptamer results in an increase of expression of the 
target sequence relative to expression in the absence of the 
binding. In another embodiment, binding of the ligand to the 
RNAaptamer results in a decrease of expression of the target 
sequence relative to expression in the absence of the bind 
1ng. 

0105 Some embodiments are characterized by “autoin 
ducibility”. In one such embodiment, binding of the ligand 
to the RNA aptamer results in an increase of expression of 
the target sequence relative to expression in the absence of 
the binding, wherein the increase of expression results in a 
level of the ligand sufficient to maintain the increase of 
expression. In another embodiment, binding of the ligand to 
the RNA aptamer results in a decrease of expression of the 
target sequence relative to expression in the absence of the 
binding, the decrease of expression resulting in a level of the 
ligand Sufficient to maintain the increase of expression. 
0106 Thus, another aspect of the invention is a method 
of modifying expression of a gene of interest in a plant cell, 
including transcribing in a transgenic plant cell of the 
invention, or a plant, progeny plant, or seed or other plant 
tissue derived from Such a transgenic plant cell, recombinant 
or heterologous DNA that transcribes to (a) an RNAaptamer 
capable of binding to a ligand, and (b) regulatory RNA 
capable of regulating expression of a target sequence, 
wherein the regulation is dependent on the conformation of 
the regulatory RNA, and wherein the conformation of the 
regulatory RNA is allosterically affected by the binding state 
of the RNA aptamer, whereby expression of the gene of 
interest is modified relative to its expression in the absence 
of transcription of the recombinant DNA construct. 
0.107 Method of Reducing Invertebrate Pest Damage to 
a Plant: The present invention also provides a method of 
reducing damage to a plant by a pest or pathogen of the 
plant, including transcribing in the planta recombinant DNA 
construct including transcribable DNA including DNA that 
transcribes to an RNA aptamer capable of binding to a 
ligand, wherein the ligand includes at least part of a mol 
ecule endogenous to the pest or pathogen, and whereby 
binding of the RNA aptamer to the ligand reduces damage 
to the plant by the pest or pathogen, relative to damage in the 
absence of transcription of the recombinant DNA construct. 
The ligand can include at least part of any molecule that is 
part of a pests anatomy (e.g., a coat or Surface protein or 
macromolecular structure), or is produced or secreted by the 
pest or pathogen (e.g., an enzyme secreted by a pathogen in 
invasion of a plant cell) 
0108. In particularly preferred embodiments, the pest or 
pathogen is an invertebrate pest of the transgenic plant, and 
the ligand includes at least part of a molecule of the digestive 
tract lining of the invertebrate pest, e. g., insect mid-gut 
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brush border receptor proteins that are recognized by Bacil 
lus thuringiensis insecticidal endotoxins (see discussion 
above under the heading “RNA Aptamers'). Invertebrate 
pests of interest are listed above under the heading “Target 
Sequences'. 

0109 The invention also contemplates and claims an 
analogous method for improving resistance in a transgenic 
plant to bacterial, fungal, or viral pathogens. The method 
reduces damage to a transgenic plant by a bacterial, fungal, 
or viral pathogen of the plant, including the step of tran 
scribing in the plant a recombinant DNA construct including 
transcribable DNA including DNA that transcribes to an 
RNA aptamer capable of binding to a ligand, wherein the 
ligand includes at least part of a molecule endogenous to the 
bacterial, fungal, or viral pathogen, and whereby binding of 
the RNA aptamer to the ligand reduces damage to the plant 
by the bacterial, fungal, or viral pathogen, relative to damage 
in the absence of transcription of the recombinant DNA 
construct. Bacterial, fungal, and viral pathogens of interest 
are provided under the heading “Target Genes”. 

0110 Recombinant DNA Constructs: The present inven 
tion further provides a recombinant DNA construct includ 
ing: (a) transcribable DNA including DNA that transcribes 
to an RNA aptamer capable of binding to a ligand; and (b) 
DNA sequence that transcribes to double-stranded RNA 
flanking said transcribable DNA. In some embodiments, the 
recombinant DNA construct further includes DNA that 
transcribes to regulatory RNA capable of regulating expres 
sion of a target sequence, wherein the regulation is depen 
dent on the conformation of the regulatory RNA, and the 
conformation of the regulatory RNA is allosterically affected 
by the binding state of the RNA aptamer. The transcribable 
DNA is DNA that is capable of being transcribed in a 
eukaryotic cell, preferably an animal cell or a plant cell. 

0111. The double-stranded RNA (dsRNA) is preferably 
RNA that is capable of being processed through an RNAi 
pathway (i. e., to produce small interfering RNAS or 
microRNAs, see, for example, Xie et al. (2004) PLoS Biol., 
2:642-652; Bartel (2004) Cell, 116:281-297; Murchison and 
Hannon (2004) Curr. Opin. Cell Biol., 16:223-229; and 
Dugas and Bartel (2004) Curr. Opin. Plant Biol. 7:512-520, 
which are incorporated by reference). The RNAi pathway 
can be that found in animals or that found in plants. See, e. 
g., Lee et al. (2002) EMBOJournal, 21:4663-4670; Reinhart 
et al. (2002) Genes & Dev., 16:161611626; Lund et al. 
(2004) Science, 303:95-98; and Millar and Waterhouse 
(2005) Funct. Integr Genomics, 5:129-135, which are incor 
porated by reference. Whereas in animals both miRNAs and 
siRNAs are believed to result from activity of the same 
DICER enzyme, in plants miRNAs and siRNAs are formed 
by distinct DICER-like (DCL) enzymes, and in Arabidopsis 
a nuclear DCL enzyme is believed to be required for mature 
miRNA formation (Xie et al. (2004) PLoS Biol. 2:642-652, 
which is incorporated by reference). 

0112 In non-limiting examples, the transcribable DNA is 
optionally flanked on one or both sides by DNA that 
transcribes to RNA capable of forming double-stranded 
RNA (dsRNA) (for example, by forming an inverted repeat 
where the transcribable DNA is located in the middle 
'spacer region, or by forming separate dsRNA regions on 
one or both sides of the transcribable DNA, which may be 
processed to small interfering RNAs, to microRNA precur 
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sors such as pre-miRNAs, or to mature microRNAs). In yet 
other embodiments, the transcribable DNA is optionally 
flanked by DNA that transcribes to RNA including at least 
one microRNA recognition site. In these embodiments, the 
miRNA recognition site is preferably a miRNA recognition 
site recognized by a miRNA endogenous to the plant in 
which transcription occurs. In a non-limiting example, the 
transcribable DNA is flanked on both sides by a miRNA 
recognition site that is recognized by a mature miRNA that 
is expressed in an inducible or a spatially or temporally 
specific manner. The transcribable DNA can further include 
at least one gene expression element. 
0113. The invention further provides a transgenic eukary 
otic cell including in its genome a recombinant DNA con 
struct including: (a) transcribable DNA including DNA that 
transcribes to an RNA aptamer capable of binding to a 
ligand; and (b) DNA sequence that transcribes to double 
stranded RNA flanking said transcribable DNA. Such cells 
may be animal cells or plant cells. Also provided is a 
transgenic plant having in its genome a recombinant DNA 
construct including: (a) transcribable DNA including DNA 
that transcribes to an RNA aptamer capable of binding to a 
ligand; and (b) DNA sequence that transcribes to double 
stranded RNA flanking said transcribable DNA Methods for 
preparing and using the recombinant DNA constructs, and 
for making transgenic cells and transgenic plants, are 
described under the headings "Making and Using Recom 
binant DNA Constructs” and “Making and Using Transgenic 
Plant Cells and Transgenic Plants”. 
II. Recombinant DNA Constructs Containing Introns and 
Gene Suppression Elements 
0114. The present invention provides a recombinant 
DNA construct for plant transformation including a pro 
moter operably linked to a first gene Suppression element for 
Suppressing at least one first target gene, wherein said first 
gene Suppression element is embedded in an intron flanked 
on one or on both sides by non-protein-coding DNA. In 
some embodiments, the recombinant DNA construct con 
sists entirely of non-protein-coding DNA (e.g., a promoter, 
a gene Suppression element that is embedded in an intron 
and that transcribes to a non-coding RNA, and an optional 
terminator). Thus, the invention includes the use of an intron 
to deliver a gene Suppression element in the absence of any 
protein-coding exons. 

0.115. In some embodiments, the intron is located adja 
cent to at least one element selected from the group con 
sisting of the promoter and a terminator, that is to say, 
directly contiguous (or essentially directly, with no substan 
tial intervening sequence) with the promoter or with a 
terminator or with both. In one specific embodiment, the 
intron is directly (or essentially directly) 3' to the promoter. 
The intron can also optionally be directly (or essentially 
directly) 5' to a terminator, if a terminator is present in the 
recombinant DNA construct. Where the intron is adjacent to 
a terminator element, any intervening sequence preferably 
does not include a self-splicing ribozyme. In one preferred 
embodiment, the intron containing the gene Suppression 
element is flanked directly (on the 5' end) by the promoter 
element, and (on the 3' end) by the terminator element if one 
is present. 

0.116) The inventors have unexpectedly found that tran 
Scription can continue downstream of a terminator at least 
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Sufficiently to allow transcription of a gene Suppression 
element located 3' to the terminator (downstream of a 
polyadenylation sequence). Thus another aspect of the 
invention is a recombinant DNA construct including a 
promoter, a terminator, transcribable sequence (which can 
include coding or non-coding sequence or both, and can 
include, e.g., a gene expression element, a gene Suppression 
element, an aptamer, or a riboswitch) between the promoter 
and the terminator, and at least one gene Suppression ele 
ment that is 3' to the terminator. In various embodiments, at 
least one gene Suppression element (Such as any one or more 
of those described under “Gene Suppression Elements'), 
whether embedded in an intron or not, is located down 
stream of a terminator and Sufficiently proximate to the 
terminator to permit transcription of the gene Suppression 
element. In a specific embodiment, the intron is located 
downstream of a terminator and Sufficiently proximate to the 
terminator to permit transcription of the intron. In one 
preferred but non-limiting embodiment, the intron is directly 
(or essentially directly) 3' to a terminator. Introns can affect 
the expression of adjacent sequences (e.g., depending on the 
intron’s splicing efficiency), and thus one advantage of 
placing a gene Suppression element (or intron containing a 
gene Suppression element) 3' to a terminator includes allow 
ing expression of a sequence between the promoter and the 
terminator, wherein the expression is not influenced by in the 
manner that it may be if the gene Suppression element (or 
intron containing a gene Suppression element) was also 
located between the promoter and the terminator. Another 
advantage includes the likelihood that a gene Suppression 
element 3' to a terminator will be processed as an aberrant 
transcript (e.g., converted to double-stranded RNA in an 
RNA-dependent RNA polymerase manner even in the 
absence of inverted repeat sequences), which can increase 
the efficiency of gene Suppression (see Examples 1, 2, and 
3, which illustrate that lack of sequences necessary for 
polyadenylation enhanced the efficiency of a gene Suppres 
sion element). Yet another advantage is that this approach 
reduces the need for multiple promoter elements, especially 
useful when stacking multiple genetic constructs to be 
expressed in a single cell. 
0117 The recombinant DNA construct contains one or 
more first gene Suppression element for Suppressing at least 
one first target gene and embedded in an intron flanked on 
one or on both sides by non-protein-coding DNA. Suitable 
gene Suppression elements are described under the heading 
“Gene Suppression Elements’. Where the recombinant 
DNA construct contains more than one first gene Suppres 
sion element, each of these first gene Suppression elements 
can include one or more elements as described herein. The 
first target gene can include a single gene or part of a single 
gene that is targetted for Suppression, or can include, for 
example, multiple consecutive segments of a first target 
gene, multiple non-consecutive segments of a first target 
gene, multiple alleles of a first target gene, or multiple first 
target genes from one or more species. Suitable first target 
genes are described under the heading “Target Genes”. 
0118 Introns of use in the recombinant DNA construct 
are described under the heading “Introns'. The intron is 
located adjacent to at least one element selected from the 
group consisting of a promoter element and a terminator 
element, as described under the headings “Promoter Ele 
ments' and “Terminator Elements' respectively. Preferably, 
upon transcription of the recombinant DNA construct, the 
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first gene Suppression element is spliced out of the intron. In 
some embodiments, the recombinant DNA construct is 
designed so that the RNA transcribed from the first gene 
Suppression element, when spliced out of the intron, lacks at 
least one of a functional polyadenylation signal or a func 
tional polyadenylation site (or any other element that facili 
tates transport of a transcribed RNA into the cytoplasm), or 
lacks a 3' untranslated region; the resulting transcribed RNA 
(and gene suppression by the transcribed RNA) is preferably 
localized in the nucleus. In other embodiments, the recom 
binant DNA construct is designed so that the RNA tran 
scribed from the first gene Suppression element, when 
spliced out of the intron, is transported out of the nucleus for 
gene Suppression in the cytoplasm. 

0119). In various embodiments of the invention, the 
recombinant DNA constructs are optionally characterized by 
any one or more of the following. The recombinant DNA 
construct can further include at least one of: (a) at least one 
T-DNA border region, as described under “T-DNA DNA 
Borders”; (b) spacer DNA, as described under “spacer 
DNA”; (c) a gene expression element for expressing at least 
one gene of interest, wherein the gene expression element is 
located adjacent to the intron; (d) a gene expression element 
for expressing at least one gene of interest, wherein said 
gene expression element is located adjacent to said first gene 
Suppression element and within said intron; and (e) a second 
gene Suppression element for Suppressing at least one sec 
ond target gene, wherein the second gene Suppression ele 
ment is located outside of (e. g., adjacent to) the intron. 
These further aspects are described in more detail below. 

0.120. In some embodiments, the recombinant DNA con 
struct further includes a gene expression element for 
expressing at least one gene of interest, wherein the gene 
expression element is located adjacent to the intron. The 
gene of interest can include a single gene or multiple genes. 
Gene expression elements are further described under the 
heading “Gene Expression Elements’. 

0.121. In yet other embodiments, the recombinant DNA 
construct further includes a second gene Suppression ele 
ment for Suppressing at least one second target gene, 
wherein the second gene Suppression element is located 
outside of, e. g., adjacent to, the intron. The at least one 
second target gene can include a single gene or part of a 
single gene that is targetted for Suppression, or can include, 
for example, multiple consecutive segments of a second 
target gene, multiple non-consecutive segments of a second 
target gene, multiple alleles of a second target gene, or 
multiple second target genes from one or more species. 
Suitable second target genes are described under the heading 
“Target Genes”. 

0.122 Gene Suppression Elements: The gene suppression 
element can be transcribable DNA of any suitable length, 
and will generally include at least about 19 to about 27 
nucleotides (for example 19, 20, 21, 22, 23, or 24 nucle 
otides) for every target gene that the recombinant DNA 
construct is intended to suppress. In many embodiments the 
gene Suppression element includes more than 23 nucleotides 
(for example, more than about 30, about 50, about 100, 
about 200, about 300, about 500, about 1000, about 1500, 
about 2000, about 3000, about 4000, or about 5000 nucle 
otides) for every target gene that the recombinant DNA 
construct is intended to Suppress. 
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0123 Suitable gene suppression elements useful in the 
recombinant DNA constructs of the invention include at 
least one element (and, in some embodiments, multiple 
elements) selected from the group consisting of 

0124 (a) DNA that includes at least one anti-sense DNA 
segment that is anti-sense to at least one segment of the at 
least one first target gene; 

0125 (b) DNA that includes multiple copies of at least 
one anti-sense DNA segment that is anti-sense to at least 
one segment of the at least one first target gene; 

0126 (c) DNA that includes at least one sense DNA 
segment that is at least one segment of the at least one first 
target gene, 

0127 (d) DNA that includes multiple copies of at least 
one sense DNA segment that is at least one segment of the 
at least one first target gene; 

0128 (e) DNA that transcribes to RNA for suppressing 
the at least one first target gene by forming double 
stranded RNA and includes at least one anti-sense DNA 
segment that is anti-sense to at least one segment of the at 
least one target gene and at least one sense DNA segment 
that is at least one segment of the at least one first target 
gene. 

0129 (f) DNA that transcribes to RNA for suppressing 
the at least one first target gene by forming a single 
double-stranded RNA and includes multiple serial anti 
sense DNA segments that are anti-sense to at least one 
segment of the at least one first target gene and multiple 
serial sense DNA segments that are at least one segment 
of the at least one first target gene; 

0130 (g) DNA that transcribes to RNA for suppressing 
the at least one first target gene by forming multiple 
double strands of RNA and includes multiple anti-sense 
DNA segments that are anti-sense to at least one segment 
of the at least one first target gene and multiple sense DNA 
segments that are at least one segment of the at least one 
first target gene, and wherein said multiple anti-sense 
DNA segments and the multiple sense DNA segments are 
arranged in a series of inverted repeats; 

0131 (h) DNA that includes nucleotides derived from a 
miRNA, preferably a plant miRNA; 

0132) (i) DNA that includes nucleotides of a siRNA; 
0.133 () DNA that transcribes to an RNA aptamer 
capable of binding to a ligand; and 

0134) (k) DNA that transcribes to an RNA aptamer 
capable of binding to a ligand, and DNA that transcribes 
to regulatory RNA capable of regulating expression of the 
first target gene, wherein the regulation is dependent on 
the conformation of the regulatory RNA, and the confor 
mation of the regulatory RNA is allosterically affected by 
the binding state of the RNA aptamer. 

0135) Any of these gene suppression elements, whether 
transcribing to a single double-stranded RNA or to multiple 
double-stranded RNAS, can be designed to Suppress more 
than one target gene, including, for example, more than one 
allele of a target gene, multiple target genes (or multiple 
segments of at least one target gene) from a single species, 
or target genes from different species. 
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0.136 Anti-Sense DNA Segments: In one embodiment, 
the at least one anti-sense DNA segment that is anti-sense to 
at least one segment of the at least one first target gene 
includes DNA sequence that is anti-sense or complementary 
to at least a segment of the at least one first target gene, and 
can include multiple anti-sense DNA segments, that is, 
multiple copies of at least one anti-sense DNA segment that 
is anti-sense to at least one segment of the at least one first 
target gene. Multiple anti-sense DNA segments can include 
DNA sequence that is anti-sense or complementary to mul 
tiple segments of the at least one first target gene, or to 
multiple copies of a segment of the at least one first target 
gene, or to segments of multiple first target genes, or to any 
combination of these. Multiple anti-sense DNA segments 
can be fused into a chimera, e.g., including DNA sequences 
that are anti-sense to multiple segments of one or more first 
target genes and fused together. 
0.137 The anti-sense DNA sequence that is anti-sense or 
complementary to (that is, can form Watson-Crick base 
pairs with) at least a segment of the at least one first target 
gene has preferably at least about 80%, or at least about 
85%, or at least about 90%, or at least about 95% comple 
mentarity to at least a segment of the at least one first target 
gene. In one preferred embodiment, the DNA sequence that 
is anti-sense or complementary to at least a segment of the 
at least one first target gene has between about 95% to about 
100% complementarity to at least a segment of the at least 
one first target gene. Where the at least one anti-sense DNA 
segment includes multiple anti-sense DNA segments, the 
degree of complementarity can be, but need not be, identical 
for all of the multiple anti-sense DNA segments. 
0.138. Sense DNA Segments: In another embodiment, the 
at least one sense DNA segment that is at least one segment 
of the at least one first target gene includes DNA sequence 
that corresponds to (that is, has a sequence that is identical 
or Substantially identical to) at least a segment of the at least 
one first target gene, and can include multiple sense DNA 
segments, that is, multiple copies of at least one sense DNA 
segment that corresponds to (that is, has the nucleotide 
sequence of) at least one segment of the at least one first 
target gene. Multiple sense DNA segments can include DNA 
sequence that is or that corresponds to multiple segments of 
the at least one first target gene, or to multiple copies of a 
segment of the at least one first target gene, or to segments 
of multiple first target genes, or to any combination of these. 
Multiple sense DNA segments can be fused into a chimera, 
that is, can include DNA sequences corresponding to mul 
tiple segments of one or more first target genes and fused 
together. 
0.139. The sense DNA sequence that corresponds to at 
least a segment of the target gene has preferably at least 
about 80%, or at least about 85%, or at least about 90%, or 
at least about 95% sequence identity to at least a segment of 
the target gene. In one preferred embodiment, the DNA 
sequence that corresponds to at least a segment of the target 
gene has between about 95% to about 100% sequence 
identity to at least a segment of the target gene. Where the 
at least one sense DNA segment includes multiple sense 
DNA segments, the degree of sequence identity can be, but 
need not be, identical for all of the multiple sense DNA 
Segments. 
0140 Multiple Copies: Where the gene suppression ele 
ment includes multiple copies of anti-sense or multiple 
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copies of sense DNA sequence, these multiple copies can be 
arranged serially in tandem repeats. In some embodiments, 
these multiple copies can be arranged serially end-to-end, 
that is, in directly connected tandem repeats. In some 
embodiments, these multiple copies can be arranged serially 
in interrupted tandem repeats, where one or more spacer 
DNA segment can be located adjacent to one or more of the 
multiple copies. Tandem repeats, whether directly connected 
or interrupted or a combination of both, can include multiple 
copies of a single anti-sense or multiple copies of a single 
sense DNA sequence in a serial arrangement or can include 
multiple copies of more than one anti-sense DNA sequence 
or of more than one sense DNA sequence in a serial 
arrangement. 

0141 Double-stranded RNA: In those embodiments 
wherein the gene Suppression element includes either at least 
one anti-sense DNA segment that is anti-sense to at least one 
segment of the at least one target gene or at least one sense 
DNA segment that is at least one segment of the at least one 
target gene, RNA transcribed from either the at least one 
anti-sense or at least one sense DNA may become double 
stranded by the action of an RNA-dependent RNA poly 
merase. See, for example, U.S. Pat. No. 5.283,184, which is 
incorporated by reference herein. 
0142. In yet other embodiments, the gene suppression 
element can include DNA that transcribes to RNA for 
Suppressing the at least one first target gene by forming 
double-stranded RNA and includes at least one anti-sense 
DNA segment that is anti-sense to at least one segment of the 
at least one target gene (as described above under the 
heading “Anti-sense DNA Segments”) and at least one sense 
DNA segment that is at least one segment of the at least one 
first target gene (as described above under the heading 
“Sense DNA Segments'). Such a gene suppression element 
can further include spacer DNA segments. Each at least one 
anti-sense DNA segment is complementary to at least part of 
a sense DNA segment in order to permit formation of 
double-stranded RNA by intramolecular hybridization of the 
at least one anti-sense DNA segment and the at least one 
sense DNA segment. Such complementarity between an 
anti-sense DNA segment and a sense DNA segment can be, 
but need not be, 100% complementarity; in some embodi 
ments, this complementarity can be preferably at least about 
80%, or at least about 85%, or at least about 90%, or at least 
about 95% complementarity. 

0143. The double-stranded RNA can be in the form of a 
single dsRNAstem’ (region of base-pairing between sense 
and anti-sense strands), or can have multiple dsRNA 
'stems’. In one embodiment, the gene Suppression element 
can include DNA that transcribes to RNA for suppressing 
the at least one first target gene by forming essentially a 
single double-stranded RNA and includes multiple serial 
anti-sense DNA segments that are anti-sense to at least one 
segment of the at least one first target gene and multiple 
serial sense DNA segments that are at least one segment of 
the at least one first target gene; the multiple serial anti-sense 
and multiple serial sense segments can form a single double 
stranded RNA “stem” or multiple “stems’ in a serial 
arrangement (with or without non-base paired spacer DNA 
separating the multiple 'stems). In another embodiment, 
the gene suppression element includes DNA that transcribes 
to RNA for Suppressing the at least one first target gene by 
forming multiple dsRNA “stems of RNA and includes 
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multiple anti-sense DNA segments that are anti-sense to at 
least one segment of the at least one first target gene and 
multiple sense DNA segments that are at least one segment 
of the at least one first target gene, and wherein said multiple 
anti-sense DNA segments and the multiple sense DNA 
segments are arranged in a series of dsRNA-"stems” (Such 
as, but not limited to “inverted repeats”). Such multiple 
dsRNA “stems’ can further be arranged in series or clusters 
to form tandem inverted repeats, or structures resembling 
“hammerhead' or "cloverleaf shapes. Any of these gene 
Suppression elements can further include spacer DNA seg 
ments found within a dsRNA “stem (for example, as a 
spacer between multiple anti-sense or sense DNA segments 
or as a spacer between a base-pairing anti-sense DNA 
segment and a sense DNA segment) or outside of a double 
Stranded RNA “stem' (for example, as a loop region sepa 
rating a pair of inverted repeats). In cases where base-pairing 
anti-sense and sense DNA segment are of unequal length, 
the longer segment can act as a spacer. FIGS. 5B and 9 
depict illustrations of possible embodiments of these gene 
Suppression constructs. 
0.144 miRNAs. In a further embodiment, the gene Sup 
pression element can include DNA that includes nucleotides 
derived from a miRNA (microRNA), that is, a DNA 
sequence that corresponds to a miRNA native to a virus or 
a eukaryote of interest (including plants and animals, espe 
cially invertebrates), or a DNA sequence derived from such 
a native miRNA but modified to include nucleotide 
sequences that do not correspond to the native miRNA. 
While miRNAs have not to date been reported in fungi, 
fungal miRNAs, should they exist, are also suitable for use 
in the invention. A particularly preferred embodiment 
includes a gene Suppression element containing DNA that 
includes nucleotides derived from a viral or plant miRNA. 
0145. In a non-limiting example, the nucleotides derived 
from a miRNA can include DNA that includes nucleotides 
corresponding to the loop region of a native miRNA and 
nucleotides that are selected from a target gene sequence. In 
another non-limiting example, the nucleotides derived from 
a miRNA can include DNA derived from a miRNA precur 
sor sequence, such as a native pri-miRNA or pre-miRNA 
sequence, or nucleotides corresponding to the regions of a 
native miRNA and nucleotides that are selected from a target 
gene sequence number Such that the overall structure (e.g., 
the placement of mismatches in the stem structure of the 
pre-miRNA) is preserved to permit the pre-miRNA to be 
processed into a mature miRNA. In yet another embodi 
ment, the gene Suppression element can include DNA that 
includes nucleotides derived from a miRNA and capable of 
inducing or guiding in-phase cleavage of an endogenous 
transcript into trans-acting siRNAs, as described by Allen et 
al. (2005) Cell, 121:207-221, which is incorporated by 
reference in its entirety herein. Thus, the DNA that includes 
nucleotides derived from a miRNA can include sequence 
naturally occurring in a miRNA or a miRNA precursor 
molecule, synthetic sequence, or both. 
0146 siRNAs. In yet another embodiment, the gene 
Suppression element can include DNA that includes nucle 
otides of a small interfering RNA (siRNA). The siRNA can 
be one or more native siRNAs (such as siRNAs isolated 
from a non-transgenic eukaryote or from a transgenic 
eukaryote), or can be one or more DNA sequences predicted 
to have siRNA activity (such as by use of predictive tools 
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known in the art, see, for example, Reynolds et al. (2004) 
Nature Biotechnol., 22:326-330, which is incorporated by 
reference in its entirety herein). Multiple native or predicted 
siRNA sequences can be joined in a chimeric siRNA 
sequence for gene Suppression. Such a DNA that includes 
nucleotides of a siRNA preferably includes at least 19 
nucleotides, and in some embodiments preferably includes 
at least 21, at least 22, at least 23, or at least 24 nucleotides. 
In other embodiments, the DNA that includes nucleotides of 
a siRNA can contain Substantially more than 21 nucleotides, 
for example, more than about 50, about 100, about 300, 
about 500, about 1000, about 3000, or about 5000 nucle 
otides or greater. 
0147 Introns: As used herein, “intron’ or “intron 
sequence’ generally means non-coding DNA sequence from 
a natural gene, which retains in the recombinant DNA 
constructs of this invention its native capability to be excised 
from pre-mRNA transcripts, e.g., native intron sequences 
found with associated protein coding RNA regions, wherein 
the native introns are spliced, allowing exons to be 
assembled into mature mRNAs before the RNA leaves the 
nucleus. Such an excisable intron has a 5' splice site and a 
3' splice site. Introns can be self-splicing or non-self-splicing 
(that is, requiring enzymes or a spliceosome for splicing to 
occur) and can be selected for different splicing efficiency. 
0148 Introns suitable for use in constructs of the inven 
tion can be viral introns (e.g., Yamada et al. (1994) Nucleic 
Acids Res., 22:2532-2537), eukaryotic introns (including 
animal, fungal, and plant introns), archeal or bacterial 
introns (e.g., Belfort et al. (1995) J. Bacteriol., 177:3897 
3903), or any naturally occurring or artificial. (e.g., Yoshi 
matsu and Nagawa (1989) Science, 244: 1346-1348) DNA 
sequences with intron-like functionality in the plant in which 
the recombinant DNA construct of the invention is to be 
transcribed. While essentially any intron can be used in the 
practice of this invention as a host for embedded DNA, 
particularly preferred are introns that are introns that 
enhance expression in a plant or introns that are derived 
from a 5' untranslated leader sequence. Where a recombinant 
DNA construct of the invention is used to transform a plant, 
plant-sourced introns can be especially preferred. Examples 
of especially preferred plant introns include a rice actin 1 
intron (I-OS-Act 1) (Wang et al. (1992) Mol. Cell Biol., 
12:3399-3406; McElroy et al. (1990) Plant Cell, 2:163-171), 
a maize heat shock protein intron (I-Zm-hsp7o) (U.S. Pat. 
Nos. 5,593.874 and 5,859,347), and a maize alcohol dehy 
drogenase intron (I-Zm-adh 1) (Callis et al. (1987) Genes 
Dev., 1:1 183-1200). Other examples of introns suitable for 
use in the invention include the tobacco mosaic virus 5' 
leader sequence or “omega’ leader (Gallie and Walbot 
(1992) Nucleic Acids Res., 20:4631-4638), the Shrunken-1 
(Sh-1) intron (Vasil et al. (1989) Plant Physiol., 91.1575 
1579), the maize sucrose synthase intron (Clancy and Han 
nah (2002) Plant Physiol., 130:918-929), the heat shock 
protein 18 (hsp18) intron (Silva et al. (1987) J. Cell Biol., 
105:245), and the 82 kilodalton heat shock protein (hsp82) 
intron (Semrau et al. (1989) J. Cell Biol., 109, p. 39A, and 
Mettler et al. (May 1990) N.A.T.O. Advanced Studies Insti 
tute on Molecular Biology, Elmer, Bavaria). 
0149 Promoter Elements: Where the recombinant DNA 
construct is to be transcribed in an animal cell, the promoter 
element is functional in an animal. Where the recombinant 
DNA construct is to be transcribed in an plant cell, the 
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promoter element is functional in a plant. Preferred promoter 
elements include promoters that have promoter activity in a 
plant transformed with the recombinant DNA constructs of 
the invention. Suitable promoters can be constitutive or 
non-constitutive promoters. In various embodiments, the 
promoter element can include a promoter selected from the 
group consisting of a constitutive promoter, a spatially 
specific promoter, a temporally specific promoter, a devel 
opmentally specific promoter, and an inducible promoter. 
0150. Non-constitutive promoters suitable for use with 
the recombinant DNA constructs of the invention include 
spatially specific promoters, temporally specific promoters, 
and inducible promoters. Where transcription of the con 
struct is to occur in a plant cell, spatially specific promoters 
can include organelle-, cell-, tissue-, or organ-specific pro 
moters functional in a plant (e. g., a plastid-specific, a 
root-specific, a pollen-specific, or a seed-specific promoter 
for Suppressing expression of the first target RNA in plastids, 
roots, pollen, or seeds, respectively). In many cases a 
seed-specific, embryo-specific, aleurone-specific, or 
endosperm-specific promoter is especially useful. Where 
transcription of the construct is to occur in an animal cell, 
spatially specific promoters include promoters that have 
enhanced activity in a particular animal cell or tissue (e.g., 
enhanced or specific promoter activity in nervous tissue, 
liver, muscle, eye, blood, marrow, breast, prostate, gonads, 
or other tissues). Temporally specific promoters can include 
promoters that tend to promote expression during certain 
developmental stages in an animal or plants growth or 
reproductive cycle, or during different times of day or night, 
or at different seasons in a year. Inducible promoters include 
promoters induced by chemicals (e.g., exogenous or syn 
thetic chemicals as well as endogenous pheromones and 
other signaling molecules) or by environmental conditions 
Such as, but not limited to, biotic or abiotic stress (e.g., 
water deficit or drought, heat, cold, high or low nutrient or 
salt levels, high or low light levels, or pest or pathogen 
infection). An expression-specific promoter can also include 
promoters that are generally constitutively expressed but at 
differing degrees or “strengths' of expression, including 
promoters commonly regarded as 'strong promoters' or as 
“weak promoters’. 
0151. In one particularly preferred embodiment, the pro 
moter element includes a promoter element functional in a 
plant transformed with a recombinant DNA construct of the 
invention. Non-limiting specific examples include an opa 
line synthase promoter isolated from T-DNA of Agrobacte 
rium, and a cauliflower mosaic virus 35S promoter, among 
others, as well as enhanced promoter elements or chimeric 
promoter elements, e. g., an enhanced cauliflower mosaic 
virus (CaMV) 35S promoter linked to an enhancer element 
(an intron from heat shock protein 70 of Zea mays). Many 
expression-specific promoters functional in plants and use 
ful in the method of the invention are known in the art. For 
example, U.S. Pat. No. 5,837,848; 6,437.217 and 6,426,446 
disclose root specific promoters; U.S. Pat. No. 6,433.252 
discloses a maize L3 oleosin promoter: U.S. Patent Appli 
cation Publication 2004/0216189 discloses a promoter for a 
plant nuclear gene encoding a plastid-localized aldolase; 
U.S. Pat. 6,084,089 discloses cold-inducible promoters; U.S. 
Pat. No. 6,140,078 discloses salt inducible promoters: U.S. 
Pat. No. 6,294.714 discloses light-inducible promoters; U.S. 
Pat. No. 6.252,138 discloses pathogen-inducible promoters: 
and U.S. Patent Application Publication 2004/0123347 al. 
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discloses water deficit-inducible promoters. All of the 
above-described patents and patent publications disclosing 
promoters and their use, especially in recombinant DNA 
constructs functional in plants, are incorporated herein by 
reference. 

0152 The promoter element can include nucleic acid 
sequences that are not naturally occurring promoters or 
promoter elements or homologues thereof but that can 
regulate expression of a gene. Examples of Such 'gene 
independent regulatory sequences include naturally occur 
ring or artificially designed RNA sequences that include a 
ligand-binding region or aptamer and a regulatory region 
(which can be cis-acting). See, for example, Isaacs et al. 
(2004) Nat. Biotechnol., 22:841-847, Bayer and Smolke 
(2005) Nature Biotechnol., 23:337-343, Mandal and Breaker 
(2004) Nature Rev. Mol. Cell Biol., 5:451-463, Davidson 
and Ellington (2005) Trends Biotechnol., 23:109-112, Win 
kler et al. (2002) Nature, 419:952-956, Sudarsan et al. 
(2003) RNA, 9:644-647, and Mandal and Breaker (2004) 
Nature Struct. Mol. Biol., 11:29-35, all of which are incor 
porated by reference herein. Such “riboregulators' could be 
selected or designed for specific spatial or temporal speci 
ficity, for example, to regulate translation of the exogenous 
gene only in the presence (or absence) of a given concen 
tration of the appropriate ligand. 

0153 Terminator Elements: In some embodiments, the 
recombinant DNA construct includes both a promoter ele 
ment and a functional terminator element. Where it is 
functional, the terminator element includes a functional 
polyadenylation signal and polyadenylation site, allowing 
RNA transcribed from the recombinant DNA construct to be 
polyadenylated and processed for transport into the cyto 
plasm. 

0154) In other embodiments, a functional terminator ele 
ment is absent. In some embodiments where a functional 
terminator element is absent, at least one of a functional 
polyadenylation signal and a functional polyadenylation site 
is absent. In other embodiments, a 3' untranslated region is 
absent. In these cases, the recombinant DNA construct is 
transcribed as unpolyadenylated RNA and is preferably not 
transported into the cytoplasm. 

0155 T-DNA Borders: T-DNA borders refer to the DNA 
sequences or regions of DNA that define the start and end of 
an Agrobacterium T-DNA (tumor DNA) and function in cis 
for transfer of T-DNA into a plant genome by Agrobacte 
rium-mediated transformation (see, e. g., Hooykaas and 
Schilperoort (1992) Plant Mol. Biol., 19:15-38). In one 
preferred embodiment of the recombinant DNA construct of 
the invention, the intron in which is embedded the gene 
suppression element is located between a pair of T-DNA 
borders, which can be a set of left and right T-DNA borders, 
a set of two left T-DNA borders, or a set of two right T-DNA 
borders. In another embodiment, the recombinant DNA 
construct includes a single T-DNA border and an intron 
embedded gene Suppression element. 
0156 Spacer DNA: Spacer DNA segments can include 
virtually any DNA (such as, but not limited to, translatable 
DNA sequence encoding a gene of interest, translatable 
DNA sequence encoding a marker or reporter gene; tran 
scribable DNA derived from an intron, which upon tran 
scription can be excised from the resulting transcribed RNA; 
transcribable DNA sequence encoding RNA that forms a 
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structure Such as a loop or stem or an aptamer capable of 
binding to a specific ligand; spliceable DNA such as introns 
and self-splicing ribozymes; transcribable DNA encoding a 
sequence for detection by nucleic acid hybridization, ampli 
fication, or sequencing; and a combination of these). Spacer 
DNA can be found, for example, between parts of a gene 
Suppression element, or between different gene Suppression 
elements. In some embodiments, spacer DNA is itself sense 
or anti-sense sequence of the target gene. In some preferred 
embodiments, the RNA transcribed from the spacer DNA (e. 
g., a large loop of antisense sequence of the target gene or 
an aptamer) assumes a secondary structure or three-dimen 
sional configuration that confers on the transcript a desired 
characteristic, Such as increased Stability, increased half-life 
in vivo, or cell or tissue specificity. 

0157 Target Genes: The recombinant DNA construct can 
be designed to suppress any first target gene. In some 
embodiments, the construct further includes a second gene 
Suppression element for Suppressing at least one second 
target gene, wherein the second gene Suppression element is 
located adjacent to the intron. Whether a first or a second 
target gene, the target gene can include a single gene or part 
of a single gene that is targetted for Suppression, or can 
include, e. g., multiple consecutive segments of a target 
gene, multiple non-consecutive segments of a target gene, 
multiple alleles of a target gene, or multiple target genes 
from one or more species. 

0158. The target gene can be translatable (coding) 
sequence, or can be non-coding sequence (Such as non 
coding regulatory sequence), or both, and can include at 
least one gene selected from the group consisting of a 
eukaryotic target gene, a non-eukaryotic target gene, a 
microRNA precursor DNA sequence, and a microRNA 
promoter. The target gene can be native (endogenous) to the 
cell (e. g., a cell of a plant or animal) in which the 
recombinant DNA construct of the invention is transcribed, 
or can be native to a pest or pathogen of the plant or animal 
in which the construct is transcribed. The target gene can be 
an exogenous gene. Such as a transgene in a plant. 

0159. The target gene can include a single gene or part of 
a single gene that is targetted for Suppression, or can include, 
for example, multiple consecutive segments of a target gene, 
multiple non-consecutive segments of a target gene, mul 
tiple alleles of a target gene, or multiple target genes from 
one or more species. A target gene sequence can include any 
sequence from any species (including, but not limited to, 
non-eukaryotes such as bacteria, and viruses; fungi, plants, 
including monocots and dicots, such as crop plants, orna 
mental plants, and non-domesticated or wild plants; inver 
tebrates such as arthropods, annelids, nematodes, and mol 
luscs; and vertebrates such as amphibians, fish, birds, 
domestic or wild mammals, and even humans. 

0.160) Non-limiting examples of a target gene include 
non-translatable (non-coding) sequence, such as, but not 
limited to, 5' untranslated regions, promoters, enhancers, or 
other non-coding transcriptional regions, 3' untranslated 
regions, terminators, and introns. Target genes can also 
include genes encoding microRNAS, Small interfering 
RNAs, RNA components of ribosomes or ribozymes, small 
nucleolar RNAs, and other non-coding RNAs (see, for 
example, non-coding RNA sequences provided publicly at 
rfam.wustl.edu: Erdmann et al. (2001) Nucleic Acids Res., 
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29:189-193; Gottesman (2005) Trends Genet., 21:399-404; 
Griffiths-Jones et al. (2005) Nucleic Acids Res., 33:121 
124, which are incorporated by reference herein). One 
specific example of a target gene includes a microRNA 
precursor DNA sequence, that is, the primary DNA tran 
script encoding a microRNA, or the RNA intermediates 
processed from this primary transcript (e. g., a nuclear 
limited pri-miRNA or a pre-miRNA which can be exported 
from the nucleus into the cytoplasm), or a microRNA 
promoter. See, for example, Lee et al. (2002) EMBO Jour 
nal, 21:4663-4670; Reinhart et al. (2002) Genes & Dev, 
16:161611626; Lund et al. (2004) Science, 303:95-98; and 
Millar and Waterhouse (2005) Funct. Integr Genomics, 
5:129-135, which are incorporated by reference herein. In 
one non-limiting embodiment, the target gene includes 
nucleotides of a loop region of at least one target microRNA 
precursor. In plants, microRNA precursor molecules (e.g., 
primary miRNA transcripts) are believed to be largely 
processed in the nucleus, and thus recombinant DNA con 
structs of the invention that are transcribed to non-polyade 
nylated Suppression transcripts are expected to suppress 
these and other nuclear-localized target genes in plants more 
effectively than conventional gene Suppression constructs 
that result in, e.g., double-stranded RNA molecules local 
ized in the cytoplasm. Target microRNA precursor DNA 
sequences can be native to the transgenic plant in which the 
recombinant DNA construct of the invention is transcribed, 
or can be native to a pest or pathogen of the transgenic plant. 
Target genes can also include translatable (coding) sequence 
for genes encoding transcription factors and genes encoding 
enzymes involved in the biosynthesis or catabolism of 
molecules of interest (Such as, but not limited to, amino 
acids, fatty acids and other lipids, Sugars and other carbo 
hydrates, biological polymers, and secondary metabolites 
including alkaloids, terpenoids, polyketides, non-ribosomal 
peptides, and secondary metabolites of mixed biosynthetic 
origin). A target gene can be a native gene targetted for 
Suppression, with or without concurrent expression of an 
exogenous transgene, for example, by including a gene 
expression element in the same or in a separate recombinant 
DNA construct. For example, it can be desirable to replace 
a native gene with an exogenous transgene homologue. 

0161 It can be useful to provide transgenic plants having 
in their genome a DNA construct for Suppressing a gene 
which is exogenous to the host plant but endogenous to a 
plant pest or pathogen (e. g., viruses, bacteria, fungi, and 
invertebrates Such as insects, nematodes, and molluscs). 
Thus, one aspect of the invention provides recombinant 
DNA constructs wherein the target gene is selected to 
provide resistance to a plant pest or pathogen, for example, 
resistance to a nematode such as soybean cyst nematode or 
root knot nematode or to a pest insect. Thus, target genes of 
interest can also include endogenous genes of plant pests 
and pathogens. Pest invertebrates include, but are not limited 
to, pest nematodes (e.g., cyst nematodes Heterodera spp. 
especially soybean cyst nematode Heterodera glycines, root 
knot nematodes Meloidogyne spp., lance nematodes 
Hoplolaimus spp., Stunt nematodes Tilenchorhynchus spp., 
spiral nematodes Helicotylenchus spp., lesion nematodes 
Pratylenchus spp., ring nematodes Criconema spp., and 
foliar nematodes Aphelenchus spp. or Aphelenchoides spp.), 
pest molluscs (slugs and Snails), and pest insects (e.g., corn 
rootworms, Lygus spp., aphids, corn borers, cutworms, 
armyworms, leafhoppers, Japanese beetles, grasshoppers, 
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and other pest coelepterans, dipterans, and lepidopterans). 
Plant pathogens of interest include fungi (e.g., the fungi that 
cause powdery mildew, rust, leaf spot and blight, damping 
off root rot, crown rot, cotton boll rot, stem canker, twig 
canker, vascular wilt, Smut, or mold, including, but not 
limited to, Fusarium spp., Phakospora spp., Rhizoctonia 
spp., Aspergillits spp., Gibberella spp., Pyricularia spp., 
Alternaria spp., and Phytophthora spp.), bacteria (e.g., the 
bacteria that cause leaf spotting, fireblight, crown gall, and 
bacterial wilt), mollicutes (e.g., the mycoplasmas that cause 
yellows disease and Spiroplasmas such as Spiroplasma 
kinkelii, which causes corn stunt), and viruses (e. g., the 
viruses that cause mosaics, vein banding, flecking, spotting, 
or abnormal growth). See also G. N. Agrios, “Plant Pathol 
ogy” (Fourth Edition), Academic Press, San Diego, 1997, 
635 pp., which is incorporated by reference herein, for 
descriptions of fungi, bacteria, mollicutes (including myco 
plasmas and spiroplasmas), viruses, nematodes, parasitic 
higher plants, and flagellate protozoans, all of which are 
plant pests or pathogens of interest. See also the continually 
updated compilation of plant pests and pathogens and the 
diseases caused by Such on the American Phytopathological. 
Society’s “Common Names of Plant Diseases, compiled by 
the Committee on Standardization of Common Names for 
Plant Diseases of The American Phytopathological Society, 
1978-2005, available online at www.apsnet.org/online/com 
mon/top.asp, which is incorporated by reference herein. 
0162 Non-limiting examples of fungal plant pathogens 
of particular interest include Phakospora pachirhizi (Asian 
soy rust), Puccinia sorghi (corn common rust), Puccinia 
polysora (corn Southern rust), Fusarium oxysporum and 
other Fusarium spp., Alternaria spp., Penicillium spp., 
Pythium aphanidermatum and other Pythium spp., Rhizoc 
tonia Solani, Exserohilum turcicum (Northern corn leaf 
blight), Bipolaris maydis (Southern corn leaf blight), Usti 
lago maydis (corn Smut), Fusarium graminearum (Gibber 
ella zeae), Fusarium verticilliodes (Gibberella monilifor 
mis), F. proliferatum (G. fijikuroi var. intermedia), F. 
subglitimans (G. subglutinans), Diplodia maydis, Sporiso 
rium holci-sorghi, Colletotrichum graminicola, Seto 
sphaeria turcica, Aureobasidium zeae, Phytophthora 
infestans, Phytophthora sojae, Sclerotinia Sclerotiorum, and 
the numerous fungal species provided in Tables 4 and 5 of 
U.S. Pat. No. 6,194.636, which is incorporated in its entirety 
by reference herein. 
0.163 Non-limiting examples of bacterial pathogens 
include Pseudomonas avenae, Pseudomonas andropogonis, 
Erwinia Stewartii, Pseudomonas Syringae pv. Syringae, and 
the numerous bacterial species listed in Table 3 of U.S. Pat. 
No. 6,194.636, which is incorporated in its entirety by 
reference herein. 

0.164 Non-limiting examples of viral plant pathogens of 
particular interest include maize dwarf mosaic virus 
(MDMV), sugarcane mosaic virus (SCMV, formerly 
MDMV strain B), wheat streak mosaic virus (WSMV), 
maize chlorotic dwarf virus (MCDV), barley yellow dwarf 
virus (BYDV), banana bunchy top virus (BBTV), and the 
numerous viruses listed in Table 2 of U.S. Pat. No. 6,194, 
636, which is incorporated in its entirety by reference herein. 
0.165. Non-limiting examples of invertebrate pests 
include pests capable of infesting the root systems of crop 
plants, e.g., northern corn rootworm (Diabrotica barberi), 
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Southern corn rootworm (Diabrotica undecimpunctata), 
Western corn rootworm (Diabrotica virgifera), corn root 
aphid (Anuraphis maidiradicis), black cutworm (Agrotis 
ipsilon), glassy cutworm (Cry modes devastator), dingy cut 
worm (Feltia ducens), claybacked cutworm (Agrotis gladi 
aria), wireworm (Melanotus spp., Aeolus melillus), wheat 
wireworm (Aeolus mancus), sand wireworm (Horistonotus 
uhlerii), maize billbug (Sphenophorus maidis), timothy bill 
bug (Sphenophorus zeae), bluegrass billbug (Sphenophorus 
parvulus), Southern corn billbug (Sphenophorus callosus), 
white grubs (Phyllophaga spp.), seedcorn maggot (Delia 
platura), grape colaspis (Colaspis brunnea), Seedcorn beetle 
(Stenolophus lecontei), and slender seedcorn beetle (Clivinia 
impressifions), as well as the parasitic nematodes listed in 
Table 6 of U.S. Pat. No. 6,194.636, which is incorporated in 
its entirety by reference herein. 
0166 Target genes from pests can include invertebrate 
genes for major sperm protein, alpha tubulin, beta tubulin, 
vacuolar ATPase, glyceraldehyde-3-phosphate dehydroge 
nase, RNA polymerase II, chitin synthase, cytochromes, 
miRNAs, miRNA precursor molecules, miRNA promoters, 
as well as other genes such as those disclosed in Table II of 
United States Patent Application Publication 2004/0098761 
A1, which is incorporated by reference herein. Target genes 
from pathogens can include genes for viral translation 
initiation factors, viral replicases, miRNAs, miRNA precur 
Sor molecules, fungal tubulin, fungal vacuolar ATPase, 
fungal chitin synthase, enzymes involved in fungal cell wall 
biosynthesis, cutinases, melanin biosynthetic enzymes, 
polygalacturonases, pectinases, pectin lyases, cellulases, 
proteases, and other genes involved in invasion and repli 
cation of the pathogen in the infected plant. Thus, a target 
gene need not be endogenous to the plant in which the 
recombinant DNA construct is transcribed. A recombinant 
DNA construct of the invention can be transcribed in a plant 
and used to suppress a gene of a pathogen or pest that may 
infest the plant. 
0167 Specific, non-limiting examples of suitable target 
genes also include amino acid catabolic genes (such as, but 
not limited to, the maize LKR/SDH gene encoding lysine 
ketoglutarate reductase (LKR) and saccharopine dehydro 
genase (SDH), and its homologues), maize Zein genes, genes 
involved in fatty acid synthesis (e.g., plant microsomal fatty 
acid desaturases and plant acyl-ACP thioesterases, such as, 
but not limited to, those disclosed in U.S. Pat. Nos. 6,426, 
448, 6.372,965, and 6,872,872), genes involved in multi 
step biosynthesis pathways, where it may be of interest to 
regulate the level of one or more intermediates, such as 
genes encoding enzymes for polyhydroxyalkanoate biosyn 
thesis (see, for example, U.S. Pat. No. 5,750,848); and genes 
encoding cell-cycle control proteins, such as proteins with 
cyclin-dependent kinase (CDK) inhibitor-like activity (see, 
for example, genes disclosed in International Patent Appli 
cation Publication Number WO 05007829A2). Target genes 
can include genes encoding undesirable proteins (e. g., 
allergens or toxins) or the enzymes for the biosynthesis of 
undesirable compounds (e. g., undesirable flavor or odor 
components). Thus, one embodiment of the invention is a 
transgenic plant or tissue of Such a plant that is improved by 
the Suppression of allergenic proteins or toxins, e. g., a 
peanut, soybean, or wheat kernel with decreased allergenic 
ity. Target genes can include genes involved in fruit ripen 
ing, such as polygalacturonase. Target genes can include 
genes where expression is preferably limited to a particular 
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cell or tissue or developmental stage, or where expression is 
preferably transient, that is to say, where constitutive or 
general Suppression, or Suppression that spreads through 
many tissues, is not necessarily desired. Thus, other 
examples of Suitable target genes include genes encoding 
proteins that, when expressed in transgenic plants, make the 
transgenic plants resistant to pests or pathogens (see, for 
example, genes for cholesterol oxidase as disclosed in U.S. 
Pat. No. 5,763,245); genes where expression is pest- or 
pathogen-induced; and genes which can induce or restore 
fertility (see, for example, the barstar/bamase genes 
described in U.S. Pat. No. 6,759,575); all the publications 
and patents cited in this paragraph are incorporated by 
reference in their entirety herein. 

0.168. The recombinant DNA constructs of the invention 
can be designed to be more specifically suppress the target 
gene, by designing the gene Suppression element or ele 
ments to include regions Substantially non-identical to a 
non-target gene sequence. Non-target genes can include any 
gene not intended to be silenced or Suppressed, either in a 
plant transcribing the recombinant DNA construct or in 
organisms that may come into contact with RNA transcribed 
from the recombinant DNA construct. A non-target gene 
sequence can include any sequence from any species 
(including, but not limited to, non-eukaryotes such as bac 
teria, and viruses; fungi, plants, including monocots and 
dicots, such as crop plants, ornamental plants, and non 
domesticated or wild plants; invertebrates such as arthro 
pods, annelids, nematodes, and molluscs; and vertebrates 
Such as amphibians, fish, birds, domestic or wild mammals, 
and even humans). 
0169. In one embodiment, the target gene is a gene 
endogenous to a given species, such as a given plant (Such 
as, but not limited to, agriculturally or commercially impor 
tant plants, including monocots and dicots), and the non 
target gene can be, e.g., a gene of a non-target species. Such 
as another plant species or a gene of a virus, fungus, 
bacterium, invertebrate, or vertebrate, even a human. One 
non-limiting example is where the gene Suppression element 
is designed to Suppress a target gene that is a gene endog 
enous to a single species (e. g., Western corn rootworm, 
Diabrotica virgifera virgifera LeConte) but to not suppress 
a non-target gene Such as genes from related, even closely 
related, species (e.g., Northern corn rootworm, Diabrotica 
barberi Smith and Lawrence, or Southern corn rootworm, 
Diabrotica undecimpunctata). 

0170 In other embodiments (e.g., where it is desirable to 
Suppress a target gene across multiple species), it may be 
desirable to design the gene Suppression element to suppress 
a target gene sequence common to the multiple species in 
which the target gene is to be silenced. Thus, a gene 
Suppression element can be selected to be specific for one 
taxon (for example, specific to a genus, family, or even a 
larger taxon Such as a phylum, e.g., arthropoda) but not for 
other taxa (e.g., plants or vertebrates or mammals). In one 
non-limiting example of this embodiment, a gene Suppres 
sion element for gene silencing can be selected so as to target 
pathogenic fungi (e.g., a Fusarium spp.) but not target any 
gene sequence from beneficial fungi. 

0171 In another non-limiting example of this embodi 
ment, a gene Suppression element for gene silencing in corn 
rootworm can be selected to be specific to all members of the 
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genus Diabrotica. In a further example of this embodiment, 
Such a Diabrotica-targetted gene Suppression element can be 
selected so as to not target any gene sequence from benefi 
cial coleopterans (for example, predatory coccinellid 
beetles, commonly known as ladybugs or ladybirds) or other 
beneficial insect species. 
0172 The required degree of specificity of a gene Sup 
pression element for Suppression of a target gene depends on 
various factors. For example, where the gene Suppression 
element contains DNA that transcribes to RNA for suppress 
ing a target gene by forming double-stranded RNA 
(dsRNA), factors can include the size of the smaller dsRNA 
fragments that are expected to be produced by the action of 
Dicer, and the relative importance of decreasing the dsR 
NA's potential to Suppress non-target genes. For example, 
where the dsRNA fragments are expected to be 21 base pairs 
in size, one particularly preferred embodiment can be to 
include in the gene Suppression element DNA that tran 
scribes to dsRNA and that encodes regions substantially 
non-identical to a non-target gene sequence. Such as regions 
within which every contiguous fragment including at least 
21 nucleotides matches fewer than 21 (e.g., fewer than 21, 
or fewer than 20, or fewer than 19, or fewer than 18, or fewer 
than 17) out of 21 contiguous nucleotides of a non-target 
gene sequence. In another embodiment, regions Substan 
tially non-identical to a non-target gene sequence include 
regions within which every contiguous fragment including 
at least 19 nucleotides matches fewer than 19 (e.g., fewer 
than 19, or fewer than 18, or fewer than 17, or fewer than 16) 
out of 19 contiguous nucleotides of a non-target gene 
Sequence. 

0173. In some embodiments, it may be desirable to 
design the gene Suppression element to include regions 
predicted to not generate undesirable polypeptides, for 
example, by Screening the gene Suppression element for 
sequences that may encode known undesirable polypeptides 
or close homologues of these. Undesirable polypeptides 
include, but are not limited to, polypeptides homologous to 
known allergenic polypeptides and polypeptides homolo 
gous to known polypeptide toxins. Publicly available 
sequences encoding Such undesirable potentially allergenic 
peptides are available, for example, the Food Allergy 
Research and Resource Program (FARRP) allergen database 
(available at allergenonline.com) or the Biotechnology 
Information for Food Safety Databases (available at www.i- 
it.edu/~sgendel/fa.htm) (see also, for example, Gendel 
(1998) Adv. Food Nutr. Res., 42:63-92, which is incorpo 
rated by reference herein). Undesirable sequences can also 
include, for example, those polypeptide sequences annotated 
as known toxins or as potential or known allergens and 
contained in publicly available databases such as GenBank, 
EMBL, SwissProt, and others, which are searchable by the 
Entrez system (www.ncbi.nih.gov/Entrez). Non-limiting 
examples of undesirable, potentially allergenic peptide 
sequences include glycinin from soybean, oleosin and 
agglutinin from peanut, glutenins from wheat, casein, lac 
talbumin, and lactoglobulin from bovine milk, and tro 
pomyosin from various shellfish (allergenonline.com). Non 
limiting examples of undesirable, potentially toxic peptides 
include tetanus toxintetA from Clostridium tetani, diarrheal 
toxins from Staphylococcus aureus, and venoms such as 
conotoxins from Conus spp. and neurotoxins from arthro 
pods and reptiles (www.ncbi.nih.gov/EntreZ). 
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0.174. In one non-limiting example, a gene suppression 
element is screened to eliminate those transcribable 
sequences encoding polypeptides with perfect homology to 
a known allergen or toxin over 8 contiguous amino acids, or 
with at least 35% identity over at least 80 amino acids; such 
screens can be performed on any and all possible reading 
frames in both directions, on potential open reading frames 
that begin with ATG, or on all possible reading frames, 
regardless of whether they start with an ATG or not. When 
a "hit' or match is made, that is, when a sequence that 
encodes a potential polypeptide with perfect homology to a 
known allergen or toxin over 8 contiguous amino acids (or 
at least about 35% identity over at least about 80 amino 
acids), is identified, the DNA sequences corresponding to 
the hit can be avoided, eliminated, or modified when select 
ing sequences to be used in a gene Suppression element. 

0.175. Avoiding, elimination of, or modification of, an 
undesired sequence can be achieved by any of a number of 
methods known to those skilled in the art. In some cases, the 
result can be novel sequences that are believed to not exist 
naturally. For example, avoiding certain sequences can be 
accomplished by joining together "clean’ sequences into 
novel chimeric sequences to be used in a gene Suppression 
element. 

0176). Where the gene suppression element contains DNA 
that transcribes to RNA for Suppressing a target gene by 
forming double-stranded RNA (dsRNA), applicants recog 
nize that in some dsRNA-mediated gene silencing, it is 
possible for imperfectly matching dsRNA sequences to be 
effective at gene silencing. For example, it has been shown 
that mismatches near the center of a miRNA complementary 
site has stronger effects on the miRNAs gene silencing than 
do more distally located mismatches. See, for example, FIG. 
4 in Mallory et al. (2004) EMBO.J., 23:3356-3364, which is 
incorporated by reference herein. In another example, it has 
been reported that, both the position of a mismatched base 
pair and the identity of the nucleotides forming the mis 
match influence the ability of a given siRNA to silence a 
target gene, and that adenine-cytosine mismatches, in addi 
tion to the G:U wobble base pair, were well tolerated (see Du 
et al. (2005) Nucleic Acids Res., 33:1671-1677, which is 
incorporated by reference herein). Thus, the DNA that 
transcribes to RNA for Suppressing a target gene by forming 
double-stranded RNA need not always have 100% sequence 
identity with the intended target gene, but generally would 
preferably have substantial sequence identity with the 
intended target gene, such as about 95%, about 90%, about 
85%, or about 80% sequence identity with the intended 
target gene. One skilled in the art would be capable of 
judging the importance given to screening for regions pre 
dicted to be more highly specific to the first target gene or 
predicted to not generate undesirable polypeptides, relative 
to the importance given to other criteria, Such as, but not 
limited to, the percent sequence identity with the intended 
first target gene or the predicted gene silencing efficiency of 
a given sequence. For example, it may be desirable for a 
given DNA sequence for dsRNA-mediated gene silencing to 
be active across several species, and therefore one skilled in 
the art can determine that it is more important to include in 
the gene Suppression element regions specific to the several 
species of interest, but less important to screen for regions 
predicted to have higher gene silencing efficiency or for 
regions predicted to generate undesirable polypeptides. 
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0177 Gene Expression Element: The recombinant DNA 
constructs of the invention can further include a gene 
expression element. Any gene or genes of interest can be 
expressed by the gene expression element, including coding 
or non-coding sequence or both, and can include naturally 
occurring sequences or artificial or chimeric sequences or 
both. Where the gene expression element encodes a protein, 
Such constructs preferably include a functional terminator 
element to permit transcription and translation of the gene 
expression element. 
0178. In some embodiments, the recombinant DNA con 
struct further includes a gene expression element for 
expressing at least one gene of interest, wherein the gene 
expression element is located adjacent to the intron. In other 
embodiments, the recombinant DNA construct further 
includes a gene expression element for expressing at least 
one gene of interest, wherein the gene expression element is 
located adjacent to the first gene Suppression element and 
within the intron; in Such cases, the gene expression element 
can be operably linked to a functional terminator element 
that is itself also within the intron. The gene of interest to be 
expressed by the gene expression element can include at 
least one gene selected from the group consisting of a 
eukaryotic target gene, a non-eukaryotic target gene, and a 
microRNA precursor DNA sequence. The gene of interest 
can include a single gene or multiple genes (such as multiple 
copies of a single gene, multiple alleles of a single gene, or 
multiple genes including genes from multiple species). In 
one embodiment, the gene expression element can include 
self-hydrolyzing peptide sequences, e.g., located between 
multiple sequences coding for one or more polypeptides 
(see, for example, the 2A and “2A-like' self-cleaving 
sequences from various species, including viruses, trypano 
somes, and bacteria, disclosed by Donnelly et al. (2001), J. 
Gen. Virol.., 82:1027-1041, which is incorporated herein by 
reference). In another embodiment, the gene expression 
element can include ribosomal. 'skip' sequences, e. g., 
located between multiple sequences coding for one or more 
polypeptides (see, for example, the aphthovirus foot-and 
mouth disease virus (FMDV) 2A ribosomal. 'skip 
sequences disclosed by Donnelly et al. (2001), J. Gen. Virol., 
82:1013-1025, which is incorporated herein by reference). 
0179 A gene of interest can include any coding or 
non-coding sequence from any species (including, but not 
limited to, non-eukaryotes Such as bacteria, and viruses; 
fungi, plants, including monocots and dicots, such as crop 
plants, ornamental plants, and non-domesticated or wild 
plants; invertebrates such as arthropods, annelids, nema 
todes, and molluscs; and vertebrates such as amphibians, 
fish, birds, and mammals. Non-limiting examples of a non 
coding sequence to be expressed by a gene expression 
element include, but not limited to, 5' untranslated regions, 
promoters, enhancers, or other non-coding transcriptional 
regions, 3' untranslated regions, terminators, intron, microR 
NAs, microRNA precursor DNA sequences, small interfer 
ing RNAs, RNA components of ribosomes or ribozymes, 
small nucleolar RNAs, and other non-coding RNAs. Non 
limiting examples of a gene of interest further include, but 
are not limited to, translatable (coding) sequence, such as 
genes encoding transcription factors and genes encoding 
enzymes involved in the biosynthesis or catabolism of 
molecules of interest (such as amino acids, fatty acids and 
other lipids, Sugars and other carbohydrates, biological 
polymers, and secondary metabolites including alkaloids, 
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terpenoids, polyketides, non-ribosomal peptides, and sec 
ondary metabolites of mixed biosynthetic origin). A gene of 
interest can be a gene native to the plant in which the 
recombinant DNA construct of the invention is to be tran 
scribed, or can be a non-native gene. A gene of interest can 
be a marker gene, for example, a selectable marker gene 
encoding antibiotic, antifungal, or herbicide resistance, or a 
marker gene encoding an easily detectable trait (e. g., 
phytoene synthase or other genes imparting a particular 
pigment to the plant), or a gene encoding a detectable 
molecule. Such as a fluorescent protein, luciferase, or a 
unique polypeptide or nucleic acid “tag” detectable by 
protein or nucleic acid detection methods, respectively). 
Selectable markers are genes of interest of particular utility 
in identifying Successful processing of constructs of the 
invention. 

0180. In some embodiments of the invention, the recom 
binant DNA constructs are designed to suppress at least one 
endogenous gene and to simultaneously express at least one 
exogenous gene. In one non-limiting example, the recom 
binant DNA construct includes a gene Suppression element 
for Suppressing a endogenous (maize) lysine ketoglutarate 
reductase/saccharopine dehydrogenase (LKR/SDH) gene 
and a gene expression element for expressing an exogenous 
(bacterial) dihydrodipicolinic acid synthase protein, where 
the construct is transcribed in a maize (Zea mays) plant. Such 
a construct would be especially useful for providing maize 
with enhanced levels of lysine. In another non-limiting 
example, the recombinant DNA construct includes a gene 
Suppression element for Suppressing at least one endogenous 
(maize) Zein gene and a gene expression element for 
expressing an exogenous or modified Zein protein, where the 
construct is transcribed in a maize (Zea mays) plant; such a 
construct would be especially useful for providing maize 
with modified Zein content, e.g., Zeins with modified amino 
acid composition. 

0181 Second Gene Suppression Element: In some 
embodiments, the recombinant DNA construct further 
includes a second gene Suppression element for Suppressing 
at least one second target gene, wherein the second gene 
Suppression element is located adjacent to the intron. The 
second gene Suppression element can include any element as 
described above under “Gene Suppression Elements'. In 
these embodiments, where the construct includes a func 
tional terminator element, the construct can be designed so 
that the first gene Suppression element, which is embedded 
in the intron, preferably causes nuclear Suppression of the 
first target gene, whereas the second gene Suppression 
element preferably causes extra-nuclear or cytoplasmic Sup 
pression of the second target gene. The second target gene 
can be any gene or genes as described above under the 
heading “Target Genes', and can include coding or non 
coding sequence or both. The second target gene or genes 
can be endogenous or exogenous to the plant in which the 
recombinant DNA construct is transcribed, and can include 
multiple target genes. 

0182 Methods of Gene Suppression and Methods for 
Screening for Traits: The present invention provides a 
method of effecting gene Suppression, including (a) provid 
ing a transgenic plant comprising a regenerated plant pre 
pared from a transgenic plant cell containing a recombinant 
DNA construct for plant transformination including a pro 
moter operably linked to a first gene Suppression element for 
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Suppressing at least one first target gene, wherein said first 
gene Suppression element is embedded in an intron flanked 
on one or on both sides by non-protein-coding DNA, or a 
progeny plant of said regenerated plant; and (b) transcribing 
said recombinant DNA construct in said transgenic plant; 
wherein said transcribing produces RNA that is capable of 
Suppressing said at least one first target gene in said trans 
genic plant, whereby said at least one first target gene is 
Suppressed relative to its expression in the absence of 
transcription of said recombinant DNA construct. 
0183 In some embodiments, the at least one first target 
gene is at least one gene selected from the group consisting 
of a gene native to said transgenic plant, a transgene in said 
transgenic plant, a gene native to a viral, a bacterial, a 
fungal, or an invertebrate pest or pathogen of said transgenic 
seed or of said transgenic plant, a microRNA precursor 
sequence, and a microRNA promoter. The at least one first 
target gene can be multiple target genes. In other embodi 
ments, the gene Suppression is nuclear Suppression of a 
microRNA precursor sequence or a microRNA promoter. 
Gene suppression by the method of the invention can be 
spatially specific, temporally specific, developmentally spe 
cific, or inducible gene Suppression. In another embodiment 
of the method, the recombinant DNA construct further 
includes a gene expression element for expressing at least 
one gene of interest, wherein the gene expression element is 
located outside of (e.g., adjacent to) the intron, and wherein 
the gene Suppression is effected with concurrent expression 
of the at least one gene of interest in the transgenic plant. 
0184 In one preferred embodiment of the method, the 
resulting gene Suppression is non-systemic Suppression of a 
gene native to the transgenic plant or a transgene in the 
transgenic plant, for example, to provide non-systemic, 
tissue-specific Suppression of at least one target gene in the 
transgenic plant, which can be useful, for example, for 
limiting gene Suppression to specific tissue, such as in seeds 
or roots in plants, wherein the target gene can be native to 
the transgenic plant in which the construct is transcribed or 
native to a pest or pathogen of said plant. In Such embodi 
ments, it is preferred that the transcribable heterologous 
DNA is transcribed to RNA that remains in the nucleus, for 
example, to a messenger RNA (mRNA) that lacks process 
ing signals such as polyadenylation for transport of the 
mRNA to the cytoplasm. In one particular example of this 
embodiment, the gene Suppression is non-systemic, nuclear 
suppression of a microRNA precursor DNA sequence or of 
a microRNA promoter. The method can employ the recom 
binant DNA constructs of this invention to modify the lipid, 
protein, carbohydrate, or amino acid composition or content 
of plant seeds by non-systemically suppressing enzymes in 
biosynthetic pathways for Such components. In a non 
limiting specific example, transgenic maize having recom 
binant DNA for Suppressing lysine ketoglutarate reductase 
(LKR/SDH) can be produced using a recombinant DNA 
construct of this invention consisting of an endosperm 
specific or a seed-specific promoter operably linked to, an 
intron containing, for example, tandem copies of anti-sense 
oriented DNA from the maize endogenous gene encoding 
LKR/SDH. Suppression of LKR/SDH is non-systemic 
(depending on the promoter, limited to the endosperm or to 
the seed), and seed from Such a transgenic maize plant with 
the recombinant DNA construct will have increased lysine 
as compared to seed of Substantially equivalent genotype but 
without the recombinant DNA. 
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0185. The present invention further provides a method of 
concurrently effecting gene Suppression of at least one target 
gene and gene expression of at least one gene of interest, 
including growing a transgenic plant from a transgenic seed 
having in its genome a recombinant DNA construct for 
Suppressing at least one first target gene, including DNA 
capable of initiating transcription in a plant and operably 
linked to a first transcribable heterologous DNA, wherein 
the first transcribable heterologous DNA is embedded in an 
intron, and wherein the recombinant DNA construct further 
includes a gene expression element for expressing the at 
least one gene of interest, the gene expression element being 
located adjacent to the intron, and wherein, when the recom 
binant DNA construct is transcribed in the transgenic plant, 
transcribed RNA that is capable of suppressing the at least 
one first target gene and transcribed RNA encoding the at 
least one gene of interest are produced, whereby the at least 
one first target gene is Suppressed relative to its expression 
in the absence of transcription of the recombinant DNA 
construct and the at least one gene of interest is expressed. 
The transcribed RNA that is capable of suppressing the at 
least one first target gene is transcribed from the intron 
embedded first transcribable heterologous DNA. The tran 
scribed RNA encoding the at least one gene of interest is 
transcribed from the gene expression element. Where the 
transcribed RNA encoding the at least one gene of interest 
includes coding region for a protein to be expressed, it is 
preferably transcribed as RNA capable of transport into the 
cytoplasm for translation. The intron-embedded first tran 
scribable heterologous DNA can be designed to Suppress a 
single or multiple target genes. The gene expression element 
can be designed to express a single or multiple target genes. 
Optionally, the recombinant DNA construct can include a 
second transcribable heterologous DNA for suppression at 
least one second target gene, wherein the second transcrib 
able heterologous DNA is transcribed into RNA capable of 
transport into the cytoplasm; in Such embodiments of the 
method, the at least one first target gene is preferably 
Suppressed by nuclear Suppression, and the at least one 
second target gene is preferably suppressed by cytoplasmic 
Suppression. 

0186. In one embodiment of the method, transgenic 
plants are produced that have a modified nutritional content, 
or that produce seed having a modified nutritional content. 
In particularly preferred embodiment, the method is useful 
for providing transgenic maize producing seed with 
enhanced levels of lysine, tryptophan, methionine, oil, or a 
combination of any of these. In one non-limiting example, 
the method makes use of a recombinant DNA construct that 
includes (a) a gene Suppression element (embedded in an 
intron flanked on one or both sides by non-protein-coding 
DNA) for Suppressing a endogenous (maize) lysine keto 
glutarate reductase/saccharopine dehydrogenase (LKR/ 
SDH) gene, and, optionally, (b) a gene expression element 
for expressing an exogenous (e. g., a bacterial) dihydrodi 
picolinic acid synthase protein, where the construct is tran 
scribed in a maize (Zea mays) plant. This method preferably 
provides transgenic maize producing seed with enhanced 
levels of lysine (free or protein-bound or both). In another 
non-limiting example of the method, the recombinant DNA 
construct includes a gene Suppression element (embedded in 
an intron flanked on one or both sides by non-protein-coding 
DNA) for Suppressing at least one endogenous (maize) Zein 
synthesis gene (e.g., an alpha-Zein, Such as a 19-kiloDalton 
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alpha-Zein or a 22-kiloDalton alpha-Zein, or a gene encoding 
any one or more of the alpha-, beta-, gamma-, and delta 
Zeins) and optionally for Suppressing an endogenous (maize) 
lysine catabolic enzyme gene (lysine ketoglutarate reduc 
tase/saccharopine dehydrogenase or LKR/SDH), and a gene 
expression element for expressing an exogenous lysine 
synthesis gene sequence encoding enzymes for synthesis of 
lysine or its precursors (e. g., aspartate kinase (AK) and 
dihydrodipicolinic acid synthase (DHDPS), and homo 
logues of these genes). This method preferably provides 
transgenic maize producing seed with enhanced levels of 
lysine (free or protein-bound or both), and more preferably 
provides transgenic maize producing seed with enhanced 
levels of two or more of lysine, tryptophan, and oil. Also 
preferred are methods using similar recombinant DNA con 
structs to transform maize, where, for example, the gene 
expression element is used to express other biosynthetic 
genes of interest, Such as asparagine synthase or a modified 
Zein or other storage protein, wherein the resulting trans 
genic maize produces seed containing modified free amino 
acid or protein content, preferably with enhanced levels of 
lysine, tryptophan, methionine, oil, or a combination of 
these. 

0187. The present invention further provides a method of 
concurrently effecting gene Suppression of at least one target 
gene and gene expression of at least one gene of interest, 
including: (a) providing a transgenic plant comprising a 
regenerated plant prepared from a transgenic plant cell 
containing a recombinant DNA construct for plant transfor 
mation including a promoter operably linked to a first gene 
Suppression element for Suppressing at least one first target 
gene, wherein the first gene Suppression element is embed 
ded in an intron flanked on one or on both sides by 
non-protein-coding DNA, or a progeny plant of the regen 
erated plant, wherein the recombinant DNA construct fur 
ther includes a gene expression element for expressing the at 
least one gene of interest and the gene expression element is 
located adjacent to the intron; and (b) transcribing the 
recombinant DNA construct in the transgenic plant, wherein, 
when the recombinant DNA construct is transcribed in the 
transgenic plant, transcribed RNA that is capable of Sup 
pressing the at least one first target gene and transcribed 
RNA encoding the at least one gene of interest are produced, 
whereby the at least one first target gene is Suppressed 
relative to its expression in the absence of transcription of 
the recombinant DNA construct and the at least one gene of 
interest is concurrently expressed. 
0188 The present invention also provides a method of 
screening for traits in a transgenic plant resulting from 
Suppression of an endogenous gene, wherein the method 
includes: (a) providing a transgenic plant includes a regen 
erated plant prepared from a transgenic plant cell containing 
a recombinant DNA construct for plant transformation 
including a promoter operably linked to a first gene Sup 
pression element for Suppressing at least one first target 
gene, wherein the first gene Suppression element is embed 
ded in an intron flanked on one or on both sides by 
non-protein-coding DNA, or a progeny plant of the regen 
erated plant; (b) transcribing the recombinant DNA con 
struct in said transgenic plant; and (c) analyzing the trans 
genic plant for the traits. The method can optionally further 
include Screening for transcription of the gene Suppression 
element. In some embodiments of the method wherein the 
recombinant DNA construct further includes at least one 
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gene expression element, the screening can optionally fur 
ther include detection of expression of a gene encoded by the 
gene expression element. 
0189 The methods of the invention make use of proce 
dures to introduce the recombinant DNA constructs into a 
transgenic plant cell, and the production of transgenic plants 
or progeny plants from Such cells. Such procedures are 
described under the heading "Making and Using Transgenic 
Plant Cells and Plants'. Detecting or measuring the gene 
Suppression (or concurrent gene expression) obtained by 
transcription of the construct can be achieved by any Suit 
able methods, including protein detection methods (e. g., 
western blots, ELISAs, and other immunochemical meth 
ods), measurements of enzymatic activity, or nucleic acid 
detection methods (e. g., Southern blots, northern blots, 
PCR, RT-PCR, fluorescent in situ hybridization.). Such 
methods are well known to those of ordinary skill in the art 
as evidenced by the numerous handbooks available; see, for 
example, Joseph Sambrook and David W. Russell, “Molecu 
lar Cloning: A Laboratory Manual (third edition), Cold 
Spring Harbor Laboratory Press, NY, 2001; Frederick M. 
Ausubel et al. (editors) “Short Protocols in Molecular Biol 
ogy' (fifth edition), John Wiley and Sons, 2002; John M. 
Walker (editor) “Protein Protocols Handbook” (second edi 
tion), Humana Press, 2002; and Leandro Peña (editor) 
“Transgenic Plants: Methods and Protocols”, Humana Press, 
2004, which are incorporated by reference herein. 
0190. Other suitable methods for detecting or measuring 
gene suppression (or concurrent gene expression) include 
measurement of any other trait that is a direct or proxy 
indication of gene Suppression (or concurrent gene expres 
sion) in the plant in which the construct is transcribed, 
relative to one in which the construct is not transcribed, e.g., 
gross or microscopic morphological traits, growth rates, 
yield, reproductive or recruitment rates, resistance to pests 
or pathogens, or resistance to biotic or abiotic stress (e.g., 
water deficit stress, salt stress, nutrient stress, heat or cold 
stress). Such methods can use direct measurements of a 
phenotypic trait or proxy assays (e.g., plant part assays Such 
as leaf or root assays to determine tolerance of abiotic 
stress). 
III. Recombinant DNA Constructs for Suppressing Produc 
tion of Mature miRNA and Methods of Use Thereof 

0191 Another aspect of the invention provides a recom 
binant DNA construct for Suppressing production of mature 
microRNA in a cell, including a promoter element operably 
linked to a gene Suppression element for Suppression of at 
least one target sequence selected from the at least one target 
microRNA precursor or a promoter of the at least one target 
microRNA precursor or both. In one non-limiting embodi 
ment, the target sequence includes nucleotides of a loop 
region of at least one target microRNA precursor (that is, at 
least some nucleotides in any single-stranded region forming 
a loop-like or gap-like domain in a stem-loop RNA structure 
of a pri-miRNA or a pre-miRNA). Target microRNA pre 
cursor DNA sequences can be native (endogenous) to the 
cell (e. g., a cell of a plant or animal) in which the 
recombinant DNA construct of the invention is transcribed, 
or can be native to a pest or pathogen of the plant or animal 
in which the recombinant DNA construct of the invention is 
transcribed. 

0.192 Using constructs of the invention, suppression of 
production of mature miRNA can occur in the nucleus or in 
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the cytoplasm or in both. In many preferred embodiments, 
particularly (but not limited to) embodiments where the 
Suppression occurs in a plant cell, Suppression preferably 
occurs wholly or Substantially in the nucleus, and the gene 
suppression element is preferably transcribed to RNA lack 
ing functional nuclear export signals. In these embodiments, 
the RNA transcribed from Such a gene Suppression element 
preferably remains in the nucleus and results in enhanced 
nuclear Suppression of production of mature miRNA. Such 
a gene Suppression element is preferably characterized by at 
least one of the following: (a) at least one of a functional 
polyadenylation signal and a functional polyadenylation site 
is absent; (b) a 3' untranslated region is absent; (c) a 
self-splicing ribozyme is located adjacent to and 3' to the 
Suppression element; and/or (d) the Suppression element is 
embedded in an intron, preferably an intron flanked on one 
or on both sides by non-protein-coding DNA. 

0193 The recombinant DNA construct for suppressing 
production of mature microRNA in a cell includes at least 
one gene Suppression element selected from the group 
consisting of: (a)DNA that includes at least one anti-sense 
DNA segment that is anti-sense to at least one segment of the 
at least one target sequence; (b) DNA that includes multiple 
copies of at least one anti-sense DNA segment that is 
anti-sense to at least one segment of the at least one target 
sequence; (c) DNA that includes at least one sense DNA 
segment that is at least one segment of the at least one target 
sequence; (d) DNA that includes multiple copies of at least 
one sense DNA segment that is at least one segment of the 
at least one target sequence; (e) DNA that transcribes to 
RNA for Suppressing the at least one first target sequence by 
forming double-stranded RNA and includes at least one 
anti-sense DNA segment that is anti-sense to at least one 
segment of the at least one target sequence and at least one 
sense DNA segment that is at least one segment of the at 
least one target sequence: (f)DNA that transcribes to RNA 
for Suppressing the at least one first target sequence by 
forming a single double-stranded RNA and includes mul 
tiple serial anti-sense DNA segments that are anti-sense to at 
least one segment of the at least one target sequence and 
multiple serial sense DNA segments that are at least one 
segment of the at least one target sequence; (g) DNA that 
transcribes to RNA for suppressing the at least one first 
target sequence by forming multiple double strands of RNA 
and includes multiple anti-sense DNA segments that are 
anti-sense to at least one segment of the at least one target 
sequence and multiple sense DNA segments that are at least 
one segment of the at least one target sequence, and wherein 
the multiple anti-sense DNA segments and the multiple 
sense DNA segments are arranged in a series of inverted 
repeats: (h) DNA that includes nucleotides derived from a 
miRNA (which can be an animal, plant, or viral miRNA and 
is preferably a viral or an animal miRNA where the construct 
is to be transcribed in an animal cell, and preferably a viral 
or a plant miRNA where the construct is to be transcribed in 
a plant cell); and (i) DNA that includes nucleotides of a 
siRNA: (i) DNA that transcribes to an RNAaptamer capable 
of binding to a ligand; and (k) DNA that transcribes to an 
RNA aptamer capable of binding to a ligand, and DNA that 
transcribes to regulatory RNA capable of regulating expres 
sion of the first target gene, wherein the regulation is 
dependent on the conformation of the regulatory RNA, and 
the conformation of the regulatory RNA is allosterically 
affected by the binding state of the RNA aptamer. In some 
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embodiments, the gene Suppression element Suppresses mul 
tiple target microRNA precursors or multiple microRNA 
promoters or a combination of both. In some embodiments, 
the target sequence includes nucleotides of a loop region of 
the at least one target microRNA precursor. 
0194 Where the recombinant DNA construct is to be 
transcribed in an animal cell, the promoter includes a 
promoter element functional in an animal, and the at least 
one target microRNA precursor is endogenous to the animal 
or a eukaryotic pest or pathogen of the animal. Where the 
recombinant DNA construct is to be transcribed in a plant 
cell, the promoter element is functional in a plant, and the at 
least one target microRNA precursor is endogenous to the 
plant or to a eukaryotic pest or eukaryotic pathogen of the 
plant. In various embodiments, the recombinant DNA con 
struct includes a promoter element which can be selected 
from the group consisting of a constitutive promoter, a 
spatially specific promoter, a temporally specific promoter, 
a developmentally specific promoter, and an inducible pro 
moter. 

0.195. In various embodiments, the recombinant DNA 
construct for Suppressing production of mature microRNA 
in a cell optionally includes at least one of: (a) at least one 
T-DNA border; (b) spacer DNA; (c) a gene expression 
element for expressing at least one gene of interest; and (d) 
a second gene Suppression element for Suppressing at least 
one second target gene, wherein the second gene Suppres 
sion element is located adjacent to the intron. In various 
embodiments, the recombinant DNA construct is further 
characterized by any of the following conditions: (a) the 
terminator element includes a functional polyadenylation 
signal and polyadenylation site; or (b) at least one of a 
functional polyadenylation signal and a functional polyade 
nylation site is absent in the terminator element; or (c) a 3 
untranslated region is absent. 
0196. The invention further provides a method of effect 
ing Suppression of mature microRNA production in a 
eukaryotic cell, including transcribing in a eukaryotic cell a 
recombinant DNA construct for Suppressing production of 
mature microRNA in a cell, including a promoter element 
operably linked to a gene Suppression element for Suppres 
sion of at least one target sequence selected from the at least 
one target microRNA precursor or a promoter of the at least 
one target microRNA precursor or both, whereby mature 
microRNA production is suppressed relative to its produc 
tion in the absence of transcription of the recombinant DNA 
construct. In one preferred embodiment of the method, the 
Suppression is nuclear Suppression, and the Suppression 
element is transcribed in the cell to RNA lacking functional 
nuclear export signals. The Suppression element Suppresses 
at least one target sequence selected from at least one target 
microRNA precursor molecule or a promoter of the at least 
one microRNA precursor molecule, or both. The method can 
include transcription of the recombinant DNA construct in a 
cell of an animal, wherein the at least one target microRNA 
precursor is endogenous to the animal or a eukaryotic or 
viral pest or pathogen of the animal. The method can include 
transcription of the recombinant DNA construct in a cell of 
a plant, wherein the at least one target microRNA precursor 
is endogenous to the plant or a eukaryotic or viral pest or 
pathogen of the plant. In various embodiments, the recom 
binant DNA construct further includes a gene expression 
element for expressing at least one gene of interest, wherein 
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the suppression of mature microRNA production is effected 
with concurrent expression of the at least one gene of 
interest in the cell. 

0197). In preferred embodiments, the mature miRNA to 
be suppressed is a plant miRNA in a plant cell. Suppression 
can be of a consensus sequence of multiple mature miRNAS 
or multiple miRNA precursors, or of a miRNA promoter that 
promotes transcription of multiple miRNAS, or of a consen 
sus sequence of multiple miRNA promoters. In preferred 
embodiments, the mature miRNA is a miRNA of a crop 
plant, such as, but not limited to, a miRNA of any of the 
plant species enumerated under the heading “Transgenic 
Plants”. Especially preferred are methods where the mature 
miRNA to be Suppressed is a maize or soybean mature 
microRNA. In preferred embodiments, the target microRNA 
precursor molecule is derived from the fold-back structure 
of a crop plant mature miRNA, such as a maize or soybean 
MIR sequence selected from the MIR sequences identified 
in Tables 3, 4, 5, 6, 9, and 10, and their complements. In 
specifically claimed embodiments, the target microRNA 
precursor molecule is derived from the fold-back structure 
of a maize or soybean MIR sequence selected from the 
group consisting of SEQ ID NO. 6, 7, 8, 9, 10, 12, 14, 16, 
18, 20, 22, 24, 28, 30, 32, 34, 38, 39, 43, 44, 227, 228, 236, 
239, 242, 245, 248, and 249, and their complements. 

0198 Promoters and other elements useful in the recom 
binant DNA constructs for Suppressing production of mature 
microRNA in a cell are described in detail under the head 
ings “Gene Suppression Elements”, “Promoter Elements', 
“Introns”, “Terminator Elements”, “T-DNA Borders', 
“Spacer DNA, and “Gene Expression Elements, and else 
where in this disclosure. Techniques for making and using 
recombinant DNA constructs of the invention, for making 
transgenic plant cells and transgenic plants, seeds, and 
progeny plants, and for assaying the effects of transcribing 
the recombinant DNA constructs, are described in detail 
under the headings “Making and Using Recombinant DNA 
Constructs”, “Making and Using Transgenic Plant Cells and 
Transgenic Plants', and elsewhere in this disclosure. 
IV. Engineered Heterologous miRNA for Controlling Gene 
Expression 

0199 Engineered miRNAs and trans-acting siRNAs (ta 
siRNAs) are useful for gene suppression with increased 
specificity. The invention provides a recombinant DNA 
construct including a transcribable engineered miRNA pre 
cursor designed to suppress a target sequence, wherein the 
transcribable engineered miRNA precursor is derived from 
the fold-back structure of a MIR gene, preferably a maize or 
Soybean MIR sequence selected from the group consisting 
of the MIR sequences identified in Tables 3, 4, 5, 6, 9, and 
10, and their complements. In specifically claimed embodi 
ments, the transcribable engineered miRNA precursor is 
derived from the fold-back structure of a maize or soybean 
MIR sequence selected from the group consisting of SEQID 
NO. 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 22, 24, 28, 30, 32, 34, 
38, 39, 43, 44, 227, 228, 236, 239, 242, 245, 248, and 249, 
and their complements. These miRNA precursors are also 
useful for directing in-phase production of siRNAs (e.g., 
heterologous sequence designed to be processed in a trans 
acting siRNA Suppression mechanism in planta). The inven 
tion further provides a method to suppress expression of a 
target sequence in a plant cell, including transcribing in a 
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plant cell a recombinant DNA construct including a tran 
scribable engineered miRNA precursor designed to suppress 
a target sequence, wherein the transcribable engineered 
miRNA precursor is derived from the fold-back structure of 
a MIR gene, preferably a maize or soybean MIR sequence 
selected from the group consisting of the MIR sequences 
identified in Tables 2, 3, and 4, and their complements, 
whereby expression of the target sequence is Suppressed 
relative to its expression in the absence of transcription of 
the recombinant DNA construct. In specifically claimed 
embodiments, the transcribable engineered miRNA precur 
sor is derived from the fold-back structure of a maize or 
Soybean MIR sequence selected from the group consisting 
of SEQID NO. 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 22, 24, 28, 
30, 32, 34, 38, 39, 43,44, 227, 228, 236,239, 242, 245, 248, 
and 249, and their complements. 
0200. The mature miRNAs produced, or predicted to be 
produced, from these miRNA precursors may be engineered 
for use in Suppression of a target gene, e.g., in transcrip 
tional suppression by the miRNA, or to direct in-phase 
production of siRNAS in a trans-acting siRNA Suppression 
mechanism (see Allen et al. (2005) Cell, 121:207-221. 
Vaucheret (2005) Science STKE, 2005:pe43, and Yoshikawa 
et al. (2005) Genes Dev., 19:2164-2175, all of which are 
incorporated by reference herein). Plant miRNAs generally 
have near-perfect complementarity to their target sequences 
(see, for example, Llave et al. (2002) Science, 297:2053 
2056, Rhoades et al. (2002) Cell, 110:513-520, Jones 
Rhoades and Bartel (2004) Mol. Cell, 14:787-799, all of 
which are incorporated by reference herein). Thus, the 
mature miRNAS can be engineered to serve as sequences 
useful for gene Suppression of a target sequence, by replac 
ing nucleotides of the mature miRNA sequence with nucle 
otides of the sequence that is targetted for Suppression; see, 
for example, methods disclosed by Parizotto et al. (2004) 
Genes Dev., 18:2237-2242 and especially U.S. Patent Appli 
cation Publications 2004/0053411 A1, 2004/0268441 A1, 
2005/014.4669, and 2005/0037988 all of which are incorpo 
rated by reference herein. When engineering a novel miRNA 
to target a specific sequence, one strategy is to select within 
the target sequence a region with sequence that is as similar 
as possible to the native miRNA sequence. Alternatively, the 
native miRNA sequence can be replaced with a region of the 
target sequence, preferably a region that meets structural and 
thermodynamic criteria believed to be important for miRNA 
function (see, for example, U.S. Patent Application Publi 
cation 2005/0037988). Sequences are preferably engineered 
Such that the number and placement of mismatches in the 
stem structure of the fold-back region or pre-miRNA is 
preserved. Thus, an engineered miRNA or engineered 
miRNA precursor can be derived from any of the mature 
miRNA sequences, or their corresponding miRNA precur 
sors (including the fold-back portions of the corresponding 
MIR genes) disclosed herein. The engineered miRNA pre 
cursor can be cloned and expressed (transiently or stably) in 
a plant cell or tissue or intact plant. 
0201 Promoters and other elements useful in the recom 
binant DNA constructs including a transcribable engineered 
miRNA precursor designed to Suppress a target sequence are 
described in detail under the headings “Gene Suppression 
Elements”, “Promoter Elements”, “Introns”, “Terminator 
Elements”, “T-DNA Borders”, “Spacer DNA', and “Gene 
Expression Elements', and elsewhere in this disclosure. 
Techniques for making and using recombinant DNA con 
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structs of the invention, for making transgenic plant cells 
containing the recombinant DNA constructs and transgenic 
plants, seeds, and progeny plants derived therefrom, and for 
assaying the effects of transcribing the recombinant DNA 
constructs, are described in detail under the headings “Mak 
ing and Using Recombinant DNA Constructs”, “Making and 
Using Transgenic Plant Cells and Transgenic Plants', and 
elsewhere in this disclosure. 

V. Recombinant DNA Constructs Including Exogenous 
miRNA Recognition Sites and Methods for Use Thereof 
0202 One aspect of the invention provides a recombinant 
DNA construct including transcribable DNA that transcribes 
to RNA including (a) at least one exogenous miRNA rec 
ognition site recognizable by a mature miRNA expressed in 
a specific cell of a multicellular eukaryote, and (b) target 
RNA to be suppressed in the specific cell, whereby said 
target RNA is expressed in cells other than said specific cell. 
The multicellular eukaryote can be any multicellular eukary 
ote (e.g., plant, animal, or fungus), and is preferably a plant 
or an animal. The constructs are prepared by methods known 
in the art, for example, as disclosed below under the heading 
“Making and Using Recombinant DNA Constructs of the 
Invention'. 

0203 Generally, the recombinant DNA construct 
includes a promoter operably linked to the transcribable 
DNA. Suitable promoters include any promoter that is 
capable of transcribing DNA in the cell where transcription 
is desired, and are generally promoters functional in a 
eukaryotic cell, e.g., the promoters listed below under the 
heading “Promoter Elements’. Where the specific cell is an 
animal cell, the promoter is a promoter functional in the 
animal cell. Where the specific cell is a plant cell, the 
promoter is a promoter functional in the plant cell. In one 
embodiment of the invention, the promoter is preferably a 
constitutive promoter or a promoter that allows expression 
in cells not limited to the specific cell in which expression 
of the target RNA is to be suppressed. The recombinant 
DNA construct can optionally include a terminator, e.g., a 
functional terminator that allows polyadenylation of the 
transcript. 
0204 Mature miRNA: By mature miRNA is meant the 
small RNA processed from a miRNA precursor (e. g., 
pri-miRNA or pre-miRNA), that is capable of recognizing 
and binding to a specific sequence (miRNA recognition 
site') within an RNA transcript, and guiding the cleavage of 
that transcript. In one preferred, non-limiting embodiment of 
the invention, the mature miRNA is a crop plant miRNA, 
such as a maize miRNA or a soy miRNA. Non-limiting 
examples of specific miRNAs are provided in the Examples. 
0205 Target RNA: The target RNA is any RNA of 
interest, and can include at least one of non-coding RNA, a 
Suppression element; and a gene expression element, or any 
combination of these. Non-coding RNA can include RNA 
that functions as a Suppression element (such as those 
described under the heading “Gene Suppression Elements”) 
as well as RNA with a secondary structure conferring upon 
it a desired function, e.g., RNA ribozymes or RNAaptamers 
that can bind a specific ligand. The target RNA can include 
a gene expression element (described under the heading 
“Gene Expression Elements') and can include coding or 
non-coding sequence from any species. 
0206 miRNA Recognition Site: The at least one miRNA 
recognition site is exogenous, that is, occurring in other than 
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a naturally occurring or native context. One or more (iden 
tical or different) exogenous miRNA recognition sites can be 
variously located in the recombinant DNA construct: (a) in 
the 5' untranslated region of the target RNA, or (b) in the 3' 
untranslated region of the target RNA, or (c) within the 
target RNA. Inclusion of the exogenous miRNA recognition 
site within a coding region may be constrained by the 
requirements of the amino acid sequence, but is possible if 
the inclusion does not produce translated polypeptides with 
undesirable characteristics (e. g., loss or decrease of func 
tion). Any miRNA recognition site may be used in carrying 
out the invention; particularly preferred are any of the 
miRNA recognition sites provided in Tables 8, 11, and 12, 
and specifically claimed are the miRNA recognition sites 
having SEQ ID NOS. 64-219 and 250-346. 
0207. In one non-limiting embodiment, it may be desir 
able to express the target RNA under a non-specific (e.g., a 
'strong constitutive promoter) throughout most cells, but 
not in specific cells, of a multicellular eukaryote Such as a 
plant. Thus, the at least one exogenous miRNA recognition 
site is generally chosen according to knowledge of spatial or 
temporal expression of the corresponding mature miRNA 
that recognizes and binds to the miRNA recognition site. 
0208 Cleavage of a target RNA transcript and the sub 
sequent Suppression of the target RNA is dependent on base 
pairing between the mature miRNA and its cognate miRNA 
recognition site. Thus, the at least one exogenous miRNA 
recognition site is designed to have sufficient sequence 
complementarity to the mature miRNA to allow recognition 
and binding by the mature miRNA. In plants, sequence 
complementarity of a miRNA and its recognition site is 
typically high, e.g., perfect complementarity between 19, 
20, or 21 out of 21 nucleotides (in the case of a mature 
miRNA that is 21 nucleotides in length), that is, comple 
mentarity of about 90% or greater. A similar degree of 
complementarity is preferable for recognition sites for plant 
miRNAs of any length (e. g., 20, 21, 22, 23, and 24 
nucleotides). The sequence requirements for mature miRNA 
binding to a recognition site, and methods for predicting 
miRNA binding to a given sequence, are discussed, for 
example, in Llave et al. (2002) Science, 297:2053-2056, 
Rhoades et al. (2002) Cell, 110:513-520, Jones-Rhoades and 
Bartel (2004) Mol. Cell, 14:787-799, Schwab et al. (2005) 
Developmental. Cell, 8:517-527, and Xie et al. (2005) Plant 
Physiol., 138:2145-2154, all of which are incorporated by 
reference herein. When designing a miRNA recognition site 
as well as its exact location in or adjacent to a target RNA, 
it is also preferable to avoid sequences that have undesirable 
characteristics, such sequences encoding undesirable 
polypeptides, as described under the heading “Target 
Genes. When designing target RNA as a transgene to be 
expressed, the unintentional introduction of an exogenous 
miRNA recognition site is preferably avoided where sup 
pression by a mature miRNA is not desired. 
0209. One preferred aspect of the invention includes a 
transgenic plant cell or a transgenic plant containing in its 
genome the recombinant DNA construct including at least 
one exogenous miRNA recognition site and target RNA. 
Suitable transgenic plants include a regenerated plant pre 
pared from a transgenic plant cell having in its genome the 
recombinant DNA construct including at least one exog 
enous miRNA recognition site and target RNA, or a progeny 
plant of Such a regenerated plant; progeny plants include 
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plants of any developmental stage (including seeds) and 
include hybrid progeny plants. One preferred embodiment is 
a transgenic crop plant wherein the mature miRNA that 
recognizes the exogenous miRNA recognition site is a maize 
or soybean miRNA (e. g., a miRNA derived from the 
fold-back structure of a maize or soybean MIR sequence 
selected from the MIR sequences identified in Tables 3, 4, 5, 
6, 9, and 10, and their complements, or more specifically, a 
MIR sequence selected from SEQID NO. 6, 7, 8, 9, 10, 12, 
14, 16, 18, 20, 22, 24, 28, 30, 32, 34,38, 39, 43, 44, 227, 228, 
236, 239, 242, 245, 248, and 249, and their complements). 

0210. These constructs are useful in methods, as dis 
closed and claimed herein, for Suppressing expression of a 
target RNA in a specific cell of a multicellular eukaryote, 
including transcribing in the multicellular eukaryote a 
recombinant DNA construct including a promoter operably 
linked to DNA that transcribes to RNA including: (a) at least 
one exogenous miRNA recognition site recognizable by a 
mature miRNA expressed in a specific cell, and (b) target 
RNA to be suppressed in the specific cell, wherein the 
mature miRNA guides cleavage of target RNA in the specific 
cell, whereby expression of the target RNA is suppressed in 
the specific cell relative to its expression in cells lacking 
expression of the mature miRNA. Suitable multicellular 
eukaryotes include plants (e. g., mosses, ferns, monocots, 
and dicots) and animals (including mammals and other 
vertebrates). Where the multicellular eukaryote is a plant, 
the mature miRNA is preferably a plant mature miRNA; in 
some embodiments, the mature miRNA is preferably a 
mature miRNA from a crop plant such as, but not limited to, 
maize or soy (e. g., a miRNA derived from the fold-back 
structure of a maize or soybean MIR sequence selected from 
the MIR sequences identified in Tables 3, 4, 5, 6, 9, and 10, 
and their complements, or more specifically, a MIR 
sequence selected from SEQ ID NO. 6, 7, 8, 9, 10, 12, 14, 
16, 18, 20, 22, 24, 28, 30, 32, 34, 38, 39, 43, 44, 227, 228, 
236, 239, 242, 245, 248, and 249, and their complements). 

0211. In some embodiments, the recombinant DNA con 
struct further includes a gene expression element for 
expressing at least one gene of interest (as described in detail 
below under “Gene Expression Element'), wherein the 
expression of the target RNA is suppressed with concurrent 
expression of the at least one gene of interest in the specific 
cell. In other embodiments, the target RNA includes a gene 
Suppression element embedded in an intron, preferably an 
intron flanked on one or on both sides by non-protein-coding 
DNA, as described under "II. Recombinant DNA Constructs 
Containing Introns and Gene Suppression Elements'. 

0212 Promoters and other elements useful in the recom 
binant DNA constructs including at least one exogenous 
miRNA recognition site and target RNA are described in 
detail under the headings “Gene Suppression Elements', 
“Promoter Elements”, “Introns”, “Terminator Elements', 
“T-DNA Borders”, “Spacer DNA', and “Gene Expression 
Elements', and elsewhere in this disclosure. Techniques for 
making and using recombinant DNA constructs of the 
invention, for making transgenic plant cells containing the 
recombinant DNA constructs and transgenic plants, seeds, 
and progeny plants derived therefrom, and for assaying the 
effects of transcribing the recombinant DNA constructs, are 
described in detail under the headings “Making and Using 
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Recombinant DNA Constructs”, “Making and Using Trans 
genic Plant Cells and Transgenic Plants', and elsewhere in 
this disclosure. 

0213 Making and Using Recombinant DNA Constructs: 
The recombinant DNA constructs of the present invention 
can be made by any method suitable to the intended appli 
cation, taking into account, for example, the type of expres 
sion desired and convenience of use in the plant in which the 
construct is to be transcribed. General methods for making 
and using DNA constructs and vectors are well known in the 
art and described in detail in, for example, handbooks and 
laboratory manuals including Sambrook and Russell, 
“Molecular Cloning: A Laboratory Manual” (third edition), 
Cold Spring Harbor Laboratory Press, NY, 2001, which is 
incorporated herein by reference. An example of useful 
technology for building DNA constructs and vectors for 
transformation is disclosed in US Patent Application Publi 
cation 2004/0115642 A1, incorporated herein by reference. 
DNA constructs can also be built using the GATEWAYTM 
cloning technology (available from Invitrogen Life Tech 
nologies, Carlsbad, Calif.), which uses the site-specific 
recombinase LR cloning reaction of the Integrase/att system 
from bacteriophage lambda vector construction, instead of 
restriction endonucleases and ligases. The LR cloning reac 
tion is disclosed in U.S. Pat. Nos. 5,888,732 and 6,277,608, 
and in U.S. Patent Application Publications 2001/283529, 
2001/282319 and 2002/0007051, all of which are incorpo 
rated herein by reference. The GATEWAYTM Cloning Tech 
nology Instruction Manual, which is also supplied by Invit 
rogen, provides concise directions for routine cloning of any 
desired DNA into a vector comprising operable plant expres 
sion elements. Another alternative vector fabrication method 
employs ligation-independent cloning as disclosed by 
Aslandis et al. (1990) Nucleic Acids Res., 18:6069-6074 and 
Rashtchian et al. (1992) Biochem., 206:91-97, where a DNA 
fragment with single-stranded 5' and 3' ends is ligated into 
a desired vector which can then be amplified in vivo. 

0214. In certain embodiments, the DNA sequence of the 
recombinant DNA construct includes sequence that has been 
codon-optimized for the plant in which the recombinant 
DNA construct is to be expressed. For example, a recom 
binant DNA construct to be expressed in a plant can have all 
or parts of its sequence (e. g., the first gene Suppression 
element or the gene expression element) codon-optimized 
for expression in a plant. See, e.g., U.S. Pat. No. 5,500,365; 
De Amicis and Marchetti (2000) Nutcleic Acid Res., 
28:3339-3346, which are incorporated by reference herein. 

0215. In certain embodiments, the DNA sequence of the 
recombinant DNA construct includes sequence that has been 
codon-optimized for the cell (e. g., an animal, plant, or 
fungal cell) in which the construct is to be expressed. For 
example, a construct to be expressed in a plant cell can have 
all or parts of its sequence (e.g., the first gene Suppression 
element or the gene expression element) codon-optimized 
for expression in a plant. See, for example, U.S. Pat. No. 
5,500,365; De Amicis and Marchetti (2000) Nucleic Acid 
Res., 28:3339-3346, which are incorporated by reference 
herein. 

0216 Making and Using Transgenic Plant Cells and 
Transgenic Plants: The invention provides and claims a 
transgenic plant cell having in its genome any of the 
recombinant DNA constructs presently disclosed. The trans 
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genic plant cell can be an isolated plant cell (e.g., individual 
plant cells or cells grown in or on an artificial culture 
medium), or can be a plant cell in undifferentiated tissue (e. 
g., callus or any aggregation of plant cells). The transgenic 
plant cell can be a plant cell in at least one differentiated 
tissue selected from the group consisting of leaf (e. g., 
petiole and blade), root, stem (e.g., tuber, rhizome, stolon, 
bulb, and corn) stalk (e. g., xylem, phloem), wood, seed, 
fruit (e.g., nut, grain, fleshy fruits), and flower (e.g., stamen, 
filament, anther, pollen, carpel, pistil, ovary, ovules). The 
invention further provides a transgenic plant having in its 
genome any of the recombinant DNA constructs presently 
disclosed, including a regenerated plant prepared from the 
transgenic plant cells claimed herein, or a progeny plant 
(which can be a hybrid progeny plant) of the regenerated 
plant, or seed of Such a transgenic plant. Also provided is a 
transgenic seed having in its genome any of the recombinant 
DNA constructs presently disclosed, and a transgenic plant 
grown from Such transgenic seed. 
0217. The transgenic plant cell or plant of the invention 
can be any suitable plant cell or plant of interest. Stably 
transformed transgenic plants are particularly preferred. In 
many preferred embodiments, the transgenic plant is a fertile 
transgenic plant from which seed can be harvested, and thus 
the invention further claims seed of Such transgenic plants, 
wherein the seed is preferably also transgenic, that is, 
preferably contains the recombinant construct of the inven 
tion. 

0218. Where a recombinant DNA construct is used to 
produce a transgenic plant cell or transgenic plant of the 
invention, thee transformation can include any of the well 
known and demonstrated methods and compositions. Suit 
able methods for plant transformation include virtually any 
method by which DNA can be introduced into a cell, such 
as by direct delivery of DNA (e. g., by PEG-mediated 
transformation of protoplasts, by electroporation, by agita 
tion with silicon carbide fibers, and by acceleration of DNA 
coated particles), by Agrobacterium-mediated transforma 
tion, by viral or other vectors, etc. One preferred method of 
plant transformation is microprojectile bombardment, for 
example, as illustrated in U.S. Pat. No. 5,015,580 (soy), U.S. 
Pat. No. 5,550,318 (maize), U.S. Pat. No. 5,538,880 (maize), 
U.S. Pat. No. 6,153,812 (wheat), U.S. Pat. No. 6,160,208 
(maize), U.S. Pat. No. 6.288,312 (rice) and U.S. Pat. No. 
6,399,861 (maize), and U.S. Pat. No. 6,403,865 (maize), all 
of which are incorporated by reference. 
0219. Another preferred method of plant transformation 

is Agrobacterium-mediated transformation. In one preferred 
embodiment of the invention, the transgenic plant cell of the 
invention is obtained by transformation by means of Agro 
bacterium containing a binary Ti plasmid system, wherein 
the Agrobacterium carries a first Ti plasmid and a second, 
chimeric plasmid containing at least one T-DNA border of a 
wild-type Ti plasmid, a promoter functional in the trans 
formed plant cell and operably linked to a gene Suppression 
construct of the invention. See, for example, U.S. Pat. No. 
5,159,135; De Framond (1983) Biotechnology, 1:262-269; 
and Hoekema et al., (1983) Nature, 303:179, which are 
incorporated by reference. In such a binary system, the 
smaller plasmid, containing the T-DNA border or borders, 
can be conveniently constructed and manipulated in a Suit 
able alternative host, such as E. coli, and then transferred 
into Agrobacterium. 
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0220 Detailed procedures for Agrobacterium-mediated 
transformation of plants, especially crop plants, include, for 
example, procedures disclosed in U.S. Pat. Nos. 5,004,863, 
5,159,135, and 5.518,908 (cotton); U.S. Pat. Nos. 5.416,011, 
5,569,834, 5,824,877 and 6,384.301 (soy); U.S. Pat. No. 
5,591,616 (maize): U.S. Pat. No. 5,981,840 (maize): U.S. 
Pat. No. 5,463,174 (brassicas), all of which are incorporated 
by reference. Similar methods have been reported for, 
among others, peanut (Cheng et al. (1996) Plant Cell Rep., 
15: 653); asparagus (Bytebier et al. (1987) Proc. Natl. Acad. 
Sci. U.S.A., 84:5345); barley (Wan and Lemaux (1994) Plant 
Physiol., 104:37); rice (Toriyama et al. (1988) Bio/Technol 
ogy, 6:10;Zhang et al. (1988) Plant Cell Rep., 7:379; wheat 
(Vasil et al. (1992) Bio/Technology, 10:667: Becker et al. 
(1994) Plant J., 5:299), and alfalfa (Masoud et al. (1996) 
Transgen. Res., 5:313). See also U.S. Patent Application 
Publication 2003/0167537 A1, incorporated by reference, 
for a description of vectors, transformation methods, and 
production of transformed Arabidopsis thaliana plants 
where transcription factors are constitutively expressed by a 
CaMV35S promoter. Transgenic plant cells and transgenic 
plants can also be obtained by transformation with other 
vectors, such as, but not limited to, viral vectors (e. g., 
tobacco etch potyvirus (TEV), barley stripe mosaic virus 
(BSMV), and the viruses referenced in Edwardson and 
Christie, “The Potyvirus Group: Monograph No. 16, 1991, 
Agric. Exp. Station, Univ. of Florida, which is incorporated 
by reference), plasmids, cosmids, YACs (yeast artificial 
chromosomes), BACs (bacterial artificial chromosomes) or 
any other Suitable cloning vector, when used with an appro 
priate transformation protocol, e.g., bacterial infection (e.g., 
with Agrobacterium as described above), binary bacterial 
artificial chromosome constructs, direct delivery of DNA (e. 
g., via PEG-mediated transformation, desiccation/inhibi 
tion-mediated DNA uptake, electroporation, agitation with 
silicon carbide fibers, and microprojectile bombardment). It 
would be clear to one of skill in the art that various 
transformation methodologies can be used and modified for 
production of stable transgenic plants from any number of 
plant species of interest. All of the above-described patents 
and publications disclosing materials and methods for plant 
transformation are incorporated by reference in their 
entirety. 

0221 Transformation methods to provide transgenic 
plant cells and transgenic plants containing stably integrated 
recombinant DNA are preferably practiced in tissue culture 
on media and in a controlled environment. “Media' refers to 
the numerous nutrient mixtures that are used to grow cells in 
vitro, that is, outside of the intact living organism. Recipient 
cell targets include, but are not limited to, meristem cells, 
callus, immature embryos or parts of embryos, and gametic 
cells Such as microspores, pollen, sperm, and egg cells. It is 
contemplated that any cell from which a fertile plant can be 
regenerated can be useful as a recipient cell for practice of 
the invention. Callus can be initiated from various tissue 
Sources, including, but not limited to, immature embryos or 
parts of embryos, seedling apical meristems, microspores, 
and the like. Those cells which are capable of proliferating 
as callus can serve as recipient cells for genetic transforma 
tion. Practical transformation methods and materials for 
making transgenic plants of this invention (e. g., various 
media and recipient target cells, transfonmation of immature 
embryos, and Subsequent regeneration of fertile transgenic 
plants) are disclosed, for example, in U.S. Pat. Nos. 6, 194, 
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636 and 6.232,526 and U.S. Application Publication 2004/ 
0216189, which are incorporated by reference. 
0222. In general transformation practice, DNA is intro 
duced into only a small percentage of target cells in any one 
transfonmation experiment. Marker genes are generally used 
to provide an efficient system for identification of those cells 
that are stably transformed by receiving and integrating a 
transgenic DNA construct into their genomes. Preferred 
marker genes provide selective markers which confer resis 
tance to a selective agent, such as an antibiotic or herbicide. 
Any of the antibiotics or herbicides to which a plant cell may 
be resistant can be a useful agent for selection. Potentially 
transformed cells are exposed to the selective agent. In the 
population of surviving cells will be those cells where, 
generally, the resistance-conferring gene is integrated and 
expressed at sufficient levels to permit cell survival. Cells 
can be tested further to confirm stable integration of the 
recombinant DNA. Commonly used selective marker genes 
include those conferring resistance to antibiotics such as 
kanamycin or paromomycin (nptII), hygromycin B (aph IV) 
and gentamycin (aac3 and aacC4) or resistance to herbicides 
such as glufosinate (bar or pat) and glyphosate (EPSPS). 
Examples of useful selective marker genes and selection 
agents are illustrated in U.S. Pat. Nos. 5,550,318, 5,633,435, 
5,780,708, and 6,118,047, all of which are incorporated by 
reference. Screenable markers or reporters, such as markers 
that provide an ability to visually identify transformants can 
also be employed. Non-limiting examples of useful screen 
able markers include, for example, a gene expressing a 
protein that produces a detectable color by acting on a 
chromogenic Substrate (e. g., beta-glucuronidase (GUS) 
(uidA) or luciferase (luc)) or that itself is detectable, such as 
green fluorescent protein (GFP) (gfp) or an immunogenic 
molecule. Those of skill in the art will recognize that many 
other useful markers or reporters are available for use. 
0223 Detecting or measuring the resulting change in 
expression of the target gene (or concurrent expression of a 
gene of interest) obtained by transcription of the recombi 
nant construct in the transgenic plant of the invention can be 
achieved by any Suitable methods, including protein detec 
tion methods (e. g., western blots, ELISAs, and other 
immunochemical methods), measurements of enzymatic 
activity, or nucleic acid detection methods (e.g., Southern 
blots, northern blots, PCR, RT-PCR, fluorescent in situ 
hybridization). Such methods are well known to those of 
ordinary skill in the art as evidenced by the numerous 
handbooks available; see, for example, Joseph Sambrook 
and David W. Russell, “Molecular Cloning: A Laboratory 
Manual” (third edition), Cold Spring Harbor Laboratory 
Press, NY, 2001; Frederick M. Ausubeletal. (editors) “Short 
Protocols in Molecular Biology' (fifth edition), John Wiley 
and Sons, 2002; John M. Walker (editor) “Protein Protocols 
Handbook” (second edition), Humana Press, 2002; and 
Leandro Pefie a (editor) “Transgenic Plants: Methods and 
Protocols”, Humana Press, 2004, which are incorporated by 
reference. 

0224. Other suitable methods for detecting or measuring 
the resulting change in expression of the target gene (or 
concurrent expression of a gene of interest) obtained by 
transcription of the recombinant DNA in the transgenic plant 
of the invention include measurement of any other trait that 
is a direct or proxy indication of expression of the target 
gene (or concurrent expression of a gene of interest) in the 
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transgenic plant in which the recombinant DNA is tran 
scribed, relative to one in which the recombinant DNA is not 
transcribed, e.g., gross or microscopic morphological traits, 
growth rates, yield, reproductive or recruitment rates, resis 
tance to pests or pathogens, or resistance to biotic or abiotic 
stress (e.g., water deficit stress, salt stress, nutrient stress, 
heat or cold stress). Such methods can use direct measure 
ments of a phenotypic trait or proxy assays (e.g., in plants, 
these assays include plant part assays such as leaf or root 
assays to determine tolerance of abiotic stress). 

0225. The recombinant DNA constructs of the invention 
can be stacked with other recombinant DNA for imparting 
additional traits (e. g., in the case of transformed plants, 
traits including herbicide resistance, pest resistance, cold 
germination tolerance, water deficit tolerance, and the like) 
for example, by expressing or Suppressing other genes. 
Constructs for coordinated decrease and increase of gene 
expression are disclosed in U.S. Patent Application Publi 
cation 2004/0126845 A1, incorporated by reference. 

0226 Seeds of transgenic, fertile plants can be harvested 
and used to grow progeny generations, including hybrid 
generations, of transgenic plants of this invention that 
include the recombinant DNA construct in their genome. 
Thus, in addition to direct transformation of a plant with a 
recombinant DNA construct, transgenic plants of the inven 
tion can be prepared by crossing a first plant having the 
recombinant DNA with a second plant lacking the construct. 
For example, the recombinant DNA can be introduced into 
a plant line that is amenable to transformation to produce a 
transgenic plant, which can be crossed with a second plant 
line to introgress the recombinant DNA into the resulting 
progeny. A transgenic plant of the invention with one 
recombinant DNA (effecting change in expression of a target 
gene) can be crossed with a plant line having other recom 
binant DNA that confers one or more additional trait(s) 
(such as, but not limited to, herbicide resistance, pest or 
disease resistance, environmental stress resistance, modified 
nutrient content, and yield improvement) to produce prog 
eny plants having recombinant DNA that confers both the 
desired target sequence expression behavior and the addi 
tional trait(s). 
0227 Typically, in such breeding for combining traits the 
transgenic plant donating the additional trait is a male line 
and the transgenic plant carrying the base traits is the female 
line. The progeny of this cross segregate such that some of 
the plant will carry the DNA for both parental traits and 
some will carry DNA for one parental trait; such plants can 
be identified by markers associated with parental recombi 
nant DNA Progeny plants carrying DNA for both parental 
traits can be crossed back into the female parent line 
multiple times, e.g., usually 6 to 8 generations, to produce 
a progeny plant with Substantially the same genotype as one 
original transgenic parental line but for the recombinant 
DNA of the other transgenic parental line. 

0228. Yet another aspect of the invention is a transgenic 
plant grown from the transgenic seed of the invention. This 
invention contemplates transgenic plants grown directly 
from transgenic seed containing the recombinant DNA as 
well as progeny generations of plants, including inbred or 
hybrid plant lines, made by crossing a transgenic plant 
grown directly from transgenic seed to a second plant not 
grown from the same transgenic Seed. 
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0229 Crossing can include, for example, the following 
steps: 

0230 (a) plant seeds of the first parent plant (e. g., 
non-transgenic or a transgenic) and a second parent plant 
that is transgenic according to the invention; 

0231 (b) grow the seeds of the first and second parent 
plants into plants that bear flowers; 

0232 (c) pollinate a flower from the first parent with 
pollen from the second parent; and 

0233 (d) harvest seeds produced on the parent plant 
bearing the fertilized flower. 

0234. It is often desirable to introgress recombinant DNA 
into elite varieties, e. g., by backcrossing, to transfer a 
specific desirable trait from one source to an inbred or other 
plant that lacks that trait. This can be accomplished, for 
example, by first crossing a superior inbred (“A”) (recurrent 
parent) to a donor inbred (“B”) (non-recurrent parent), 
which carries the appropriate gene(s) for the trait in ques 
tion, for example, a construct prepared in accordance with 
the current invention. The progeny of this cross first are 
selected in the resultant progeny for the desired trait to be 
transferred from the non-recurrent parent “B”, and then the 
selected progeny are mated back to the Superior recurrent 
parent “A”. After five or more backcross generations with 
selection for the desired trait, the progeny are hemizygous 
for loci controlling the characteristic being transferred, but 
are like the Superior parent for most or almost all other 
genes. The last backcross generation would be selfed to give 
progeny which are pure breeding for the gene(s) being 
transferred, i. e., one or more transformation events. 
0235. Through a series of breeding manipulations, a 
selected DNA construct can be moved from one line into an 
entirely different line without the need for further recombi 
nant manipulation. One can thus produce inbred plants 
which are true breeding for one or more DNA constructs. By 
crossing different inbred plants, one can produce a large 
number of different hybrids with different combinations of 
DNA constructs. In this way, plants can be produced which 
have the desirable agronomic properties frequently associ 
ated with hybrids (“hybrid vigor”), as well as the desirable 
characteristics imparted by one or more DNA constructs. 
0236 Genetic markers can be used to assist in the intro 
gression of one or more DNA constructs of the invention 
from one genetic background into another. Marker assisted 
selection offers advantages relative to conventional breeding 
in that it can be used to avoid errors caused by phenotypic 
variations. Further, genetic markers can provide data regard 
ing the relative degree of elite germplasm in the individual 
progeny of a particular cross. For example, when a plant 
with a desired trait which otherwise has a non-agronomi 
cally desirable genetic background is crossed to an elite 
parent, genetic markers can be used to select progeny which 
not only possess the trait of interest, but also have a 
relatively large proportion of the desired germplasm. In this 
way, the number of generations required to introgress one or 
more traits into a particular genetic background is mini 
mized. The usefulness of marker assisted selection in breed 
ing transgenic plants of the current invention, as well as 
types of useful molecular markers, such as but not limited to 
SSRs and SNPs, are discussed in PCT Application Publica 
tion WO 02/062129 and U.S. Patent Application Publica 
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tions Numbers 2002/0133852, 2003/0049612, and 2003/ 
0005491, each of which is incorporated by reference in their 
entirety. 
0237). In certain transgenic plant cells and transgenic 
plants of the invention, it may be desirable to concurrently 
express (or Suppress) a gene of interest while also regulating 
expression of a target gene. Thus, in some embodiments, the 
transgenic plant contains recombinant DNA further includ 
ing a gene expression (or Suppression) element for express 
ing at least one gene of interest, and regulation of expression 
of a target gene is preferably effected with concurrent 
expression (or Suppression) of the at least one gene of 
interest in the transgenic plant. 
0238. Thus, as described herein, the transgenic plant cells 
or transgenic plants of the invention can be obtained by use 
of any appropriate transient or stable, integrative or non 
intergrative transformation method known in the art or 
presently disclosed. The recombinant DNA constructs can 
be transcribed in any plant cell or tissue or in a whole plant 
of any developmental stage. Transgenic plants can be 
derived from any monocot or dicot plant, such as, but not 
limited to, plants of commercial or agricultural interest, Such 
as crop plants (especially crop plants used for human food 
or animal feed), wood- or pulp-producing trees, vegetable 
plants, fruit plants, and ornamental plants. Non-limiting 
examples of plants of interest include grain crop plants (such 
as wheat, oat, barley, maize, rye, triticale, rice, millet, 
Sorghum, quinoa, amaranth, and buckwheat); forage crop 
plants (such as forage grasses and forage dicots including 
alfalfa, Vetch, clover, and the like); oilseed crop plants (such 
as cotton, safflower, Sunflower, soybean, canola, rapeseed, 
flax, peanuts, and oil palm); tree nuts (such as walnut, 
cashew, hazelnut, pecan, almond, and the like); Sugarcane, 
coconut, date palm, olive, Sugarbeet, tea, and coffee; wood 
or pulp-producing trees; vegetable crop plants such as 
legumes (for example, beans, peas, lentils, alfalfa, peanut), 
lettuce, asparagus, artichoke, celery, carrot, radish, the bras 
sicas (for example, cabbages, kales, mustards, and other 
leafy brassicas, broccoli, cauliflower, Brussels sprouts, tur 
nip, kohlrabi), edible cucurbits (for example, cucumbers, 
melons, Summer squashes, winter squashes), edible alliums 
(for example, onions, garlic, leeks, shallots, chives), edible 
members of the Solanaceae (for example, tomatoes, egg 
plants, potatoes, peppers, groundcherries), and edible mem 
bers of the Chenopodiaceae (for example, beet, chard, 
spinach, quinoa, amaranth); fruit crop plants such as apple, 
pear, citrus fruits (for example, orange, lime, lemon, grape 
fruit, and others), Stone fruits (for example, apricot, peach, 
plum, nectarine), banana, pineapple, grape, kiwifruit, 
papaya, avocado, and berries; and ornamental plants includ 
ing ornamental flowering plants, ornamental trees and 
shrubs, ornamental groundcovers, and ornamental grasses. 
Preferred dicot plants include, but are not limited to, canola, 
cotton, potato, quinoa, amaranth, buckwheat, safflower, Soy 
bean, Sugarbeet, and Sunflower, more preferably soybean, 
canola, and cotton. Preferred monocots include, but are not 
limited to, wheat, oat, barley, maize, rye, triticale, rice, 
ornamental and forage grasses, Sorghum, millet, and Sugar 
cane, more preferably maize, wheat, and rice. 
0239). The ultimate goal in plant transformation is to 
produce plants which are useful to man. In this respect, 
transgenic plants of the invention can be used for virtually 
any purpose deemed of value to the grower or to the 
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consumer. For example, one may wish to harvest the trans 
genic plant itself, or harvest transgenic seed of the transgenic 
plant for planting purposes, or products can be made from 
the transgenic plant or its seed such as oil, starch, ethanol or 
other fermentation products, animal feed or human food, 
pharmaceuticals, and various industrial products. For 
example, maize is used extensively in the food and feed 
industries, as well as in industrial applications. Further 
discussion of the uses of maize can be found, for example, 
in U.S. Pat. Nos. 6,194.636, 6,207,879, 6,232,526, 6,426, 
446, 6,429,357, 6,433,252, 6,437,217, and 6,583,338 and 
PCT Publications WO95/06128 and WO 02/057471, each 
of which is incorporated by reference in its entirety. 
0240 Thus, in preferred embodiments, a transgenic plant 
of the invention has at least one altered trait, relative to a 
plant lacking said recombinant DNA construct, selected 
from the group of traits consisting of: 

0241 (a) improved abiotic stress tolerance; 
0242 (b) improved biotic stress tolerance: 
0243 (c) improved resistance to a pest or pathogen of the 
plant; 

0244 (d) modified primary metabolite composition; 
0245 (e) modified secondary metabolite composition: 

0246 (f) modified trace element, carotenoid, or vitamin 
composition; 

0247 (g) improved yield; 

0248 (h) improved ability to use nitrogen or other nutri 
ents: 

0249 (i) modified agronomic characteristics: 
0250 () modified growth or reproductive characteristics: 
and 

0251 (k) improved harvest, storage, or processing qual 

0252) The invention further provides a method of pro 
viding at least one altered plant tissue, including: (a) pro 
viding a transgenic plant including a regenerated plant 
prepared from a transgenic plant cell having in its genome 
any of the recombinant DNA constructs presently disclosed, 
or a progeny plant of the regenerated plant; and (b) tran 
scribing the recombinant DNA construct in at least one 
tissue of the transgenic plant, whereby an altered trait in the 
at least one tissue results, relative to tissue wherein the 
recombinant DNA construct is not transcribed, the altered 
trait being selected from: 

0253 (i) improved abiotic stress tolerance: 

0254 (ii) improved biotic stress tolerance: 
0255 (iii) improved resistance to a pest or pathogen of 
the plant; 

0256 (iv) modified primary metabolite composition; 

0257 (v) modified secondary metabolite composition; 

0258 (vi) modified trace element, carotenoid, or vitamin 
composition; 
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0259 (vii) improved yield; 
0260 (viii) improved ability to use nitrogen or other 
nutrients; 

0261 (ix) modified agronomic characteristics; 
0262 (x) modified growth or reproductive characteris 
tics; and 

0263 (xi) improved harvest, storage, or processing qual 
ity. 

In preferred embodiments of the method of providing at 
least one altered plant tissue, the transgenic plant from 
which Such tissue is obtained is a crop plant as described 
herein. 

0264. In particularly preferred embodiments, the trans 
genic plant is characterized by: improved tolerance of abi 
otic stress (e.g., tolerance of water deficit or drought, heat, 
cold, non-optimal nutrient or salt levels, non-optimal light 
levels) or of biotic stress (e. g., crowding, allelopathy, or 
wounding); by improved resistance to a pest or pathogen (e. 
g., insect, nematode, fungal, bacterial, or viral pest or 
pathogen) of the plant; by a modified primary metabolite (e. 
g., fatty acid, oil, amino acid, protein, Sugar, or carbohy 
drate) composition; a modified secondary metabolite (e.g., 
alkaloids, terpenoids, polyketides, non-ribosomal peptides, 
and secondary metabolites of mixed biosynthetic origin) 
composition; a modified trace element (e. g., iron, Zinc), 
carotenoid (e. g., beta-carotene, lycopene, lutein, Zeaxan 
thin, or other carotenoids and Xanthophylls), or vitamin (e. 
g., tocopherols) composition; improved yield (e. g., 
improved yield under non-stress conditions or improved 
yield under biotic or abiotic stress); improved ability to use 
nitrogen or other nutrients; modified agronomic character 
istics (e.g., delayed ripening; delayed senescence; earlier or 
later maturity; improved shade tolerance; improved resis 
tance to root or stalk lodging; improved resistance to 'green 
Snap' of stems; modified photoperiod response); modified 
growth or reproductive characteristics (e. g., intentional 
dwarfing; intentional male sterility, useful, e.g., in improved 
hybridization procedures; improved vegetative growth rate; 
improved germination; improved male or female fertility); 
improved harvest, storage, or processing quality (e. g., 
improved resistance to pests during storage, improved resis 
tance to breakage, improved appeal to consumers); or any 
combination of these traits. 

0265. In one preferred embodiment, transgenic seed, or 
seed produced by the transgenic plant, has modified primary 
metabolite (e.g., fatty acid, oil, amino acid, protein, Sugar, 
or carbohydrate) composition, a modified secondary 
metabolite (e. g., alkaloids, terpenoids, polyketides, non 
ribosomal peptides, and secondary metabolites of mixed 
biosynthetic origin) composition, a modified trace element 
(e.g., iron, Zinc), carotenoid (e.g., beta-carotene, lycopene, 
lutein, Zeaxanthin, or other carotenoids and Xanthophylls), 
or vitamin (e.g., tocopherols, ) composition, an improved 
harvest, storage, or processing quality, or a combination of 
these. For example, it can be desirable to modify the amino 
acid (e.g., lysine, methionine, tryptophan, or total protein), 
oil (e.g., fatty acid composition or total oil), carbohydrate 
(e.g., simple Sugars or starches), trace element, carotenoid, 
or vitamin content of seeds of crop plants (e. g., canola, 
cotton, safflower, soybean, Sugarbeet, Sunflower, wheat, 
maize, or rice), preferably in combination with improved 
seed harvest, storage, or processing quality, and thus provide 
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improved seed for use in animal feeds or human foods. In 
another instance, it can be desirable to change levels of 
native components of the transgenic plant or seed of a 
transgenic plant, for example, to decrease levels of proteins 
with low levels of lysine, methionine, or tryptophan, or to 
increase the levels of a desired amino acid or fatty acid, or 
to decrease levels of an allergenic protein or glycoprotein (e. 
g., peanut allergens including ara h 1, wheat allergens 
including gliadins and glutenins, soy allergens including 
P34 allergen, globulins, glycinins, and conglycinins) or of a 
toxic metabolite (e. g., cyanogenic glycosides in cassava, 
Solanum alkaloids in members of the Solanaceae). 

EXAMPLES 

Example 1 

0266 This example illustrates the construction and use of 
vectors designed for double-stranded RNAi suppression or 
for anti-sense Suppression of a luciferase gene. The gene 
Suppression experiments used were similar to a dual 
luciferase assay described by Horstmann et al. (2004) BMC 
Biotechnol., 4:13, which is incorporated by reference herein. 
A prior art vector, “vector 1A, designed for double-stranded 
RNAi Suppression of a luciferase gene was constructed as 
depicted in FIG. 1A with an RNAi transcription unit with a 
polyadenylation site including (a) a chimeric promoter 
including an enhanced CaMV35S promoter linked to an 
enhancer element (an intron from heat shock protein 70 of 
Zea mays, Pe35S-Hsp intron), (b) an inverted repeat of DNA 
coding for firefly luciferase (LUC) with anti-sense oriented 
DNA followed by a sense oriented DNA, and (c) a 3'UTR 
DNA from Agrobacterium tumefaciens nopaline synthase 
gene (3"NOS) which provides a polyadenylation (polyA) 
site. Elements of the plasmid comprising the RNAi tran 
scription unit had a DNA sequence of SEQ ID NO. 1. See 
Table 1 for a description of the elements within SEQID NO. 
1. 

TABLE 1. 

Nucleotide position 
Element in SEQ ID NO. 1 

CaMV e35S promoter 1–614 
Hsp70 intron 645-1448 
Firefly luciferase anti-sense 14.SS-1025 
Firefly luciferase sense 2O82-2SO2 
3' UTR from nopaline synthase 2515 2767 

0267 Aprior art vector, “vector 1B, designed for anti 
sense Suppression of a luciferase gene and containing a 
polyA site was constructed as depicted in FIG. 1B with an 
anti-sense transcription unit including (a) the CaMV e35S 
Hsp70 intron chimeric promoter as described in Table 1, (b) 
the firefly luciferase anti-sense sequence described in Table 
2, and (c) the 3' UTR from nopaline synthase as described 
in Table 1. 

0268 A novel vector, “vector 1C, designed for double 
Stranded RNAi Suppression of a luciferase gene was con 
structed as depicted in FIG. 1C with an RNAi transcription 
unit without a polyadenylation site and including (a) the 
CaMV e35S-Hsp70 intron chimeric promoter as described 
in Table 1, and (b) an inverted repeat of DNA coding for 
firefly luciferase, including the firefly luciferase anti-sense 
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and firefly luciferase sense sequences described in Table 1. 
The RNAi transcription unit did not have 3'UTR DNA 
sequence providing a functional polyadenylation site. 

0269. Another novel vector, “vector 1D, designed for 
anti-sense Suppression of a luciferase gene and without a 
functiona polyadenylation site was constructed as depicted 
in FIG. 1D with an anti-sense transcription unit without 
polyadenylation site and including (a) the CaMV e35S-Hsp 
70 intron chimeric promoter and (b) the firefly luciferase 
anti-sense sequence described in Table 1. The RNAi tran 
scription unit did not have 3'UTR DNA sequence providing 
a functional polyadenylation site. 

0270 Maize protoplasts were prepared as previously 
described by Sheen (1990) Plant Cell, 2:1027-1038, which 
is incorporated by reference herein. Each of the four vectors 
1A through 1D was electroporated together with reporter 
vectors for firefly luciferase and Renilla luciferase into three 
separate volumes of maize protoplasts. Two sets of firefly 
luciferase Suppression experiments were performed to con 
firm the enhanced ability for gene suppression exhibited by 
the constructs without a functional polyadenylation site 
(vectors 1C and 1D) relative to the anti-sense construct with 
a functional polyadenylation site (vector 1B). The relative 
level of suppression of the target gene, firefly luciferase, was 
indicated by the ratio of firefly luciferase to Renilla 
luciferase “flUC/rLUC, and the results of the two experi 
ments are given in Table 2. 

TABLE 2 

Average fiLUCI rUC 

First Second 
Vector Description of Construct experiment experiment 

1A RNAi with polyA site 1862 2387 
1B anti-sense with polyA site 6089 13988 
1C RNAi without polyA site 362O 5879 
1D anti-sense without polyA site 2238 4762 

Example 2 

0271 This example further illustrates the construction 
and use of vectors designed for double-stranded RNAi 
Suppression or for anti-sense Suppression of a luciferase 
gene. The gene Suppression experiments used were similar 
to a dual luciferase assay described by Horstmann et al. 
(2004) BMC Biotechnol., 4:13. The vectors illustrated in 
FIG. 2 were constructed. Vector 2A (FIG. 2A), a control 
vector not encoding anti-sense or double-stranded RNA for 
the target gene (firefly luciferase), consisted of (a) the CaMV 
e35S-Hsp70 intron chimeric promoter as described in 
Example 1 and Table 1, (b) an inverted repeat of DNA 
coding for beta-glucuronidase (GUS) (uidA) with anti-sense 
oriented DNA followed by a sense oriented DNA, and (c) a 
3'UTR DNA from Agrobacterium tumefaciens nopaline syn 
thase gene (3"NOS) as described in Example 1 and Table 1, 
which provides a polyadenylation (polyA) site. Vector 2B 
(FIG. 2B), a prior art vector designed for double-stranded 
RNAi Suppression of a luciferase gene, consisted of (a) the 
CaMV e35S-Hsp70 intron chimeric promoter as described 
in Example 1 and Table 1, (b) an inverted repeat of DNA 
coding for firefly luciferase (LUC) with anti-sense oriented 
DNA followed by a sense oriented DNA, as described in 
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Example 1 and Table 1, and (c) a 3'UTR DNA from 
Agrobacterium tumefaciens nopaline synthase gene (3"NOS) 
as described in Example 1 and Table 1, which provides a 
polyadenylation (polyA) site. Vector 2C (FIG. 2C), a novel 
vector, consisted of (a) the CaMV e35S-Hsp70 intron 
chimeric promoter as described in Example 1 and Table 1, 
(b) the firefly luciferase anti-sense sequence, as described in 
Example 1 and Table 1, (c) spacer DNA consisting of a 
3'UTR DNA from Agrobacterium tumefaciens nopaline syn 
thase gene (3"NOS) as described in Example 1 and Table 1, 
and (d) the firefly luciferase sense sequence, as described in 
Example 1 and Table 1. Vector 2D (FIG. 2D), a novel vector, 
consisted of (a) the CaMV e35S-Hsp70 intron chimeric 
promoter as described in Example 1 and Table 1, (b) a first 
copy of the firefly luciferase anti-sense sequence, as 
described in Example 1 and Table 1, (c) spacer DNA 
consisting of a 3'UTR DNA from Agrobacterium tumefa 
ciens nopaline synthase gene (3NOS) as described in 
Example 1 and Table 1, and (d) a second copy of the firefly 
luciferase anti-sense sequence. Vector 2E (FIG. 2E), a prior 
art vector designed for anti-sense RNA Suppression of a 
luciferase gene, consisted of (a) the CaMV e35S-Hsp70 
intron chimeric promoter as described in Example 1 and 
Table 1, (b) the firefly luciferase anti-sense sequence, as 
described in Example 1 and Table 1, and (c) a 3'UTR DNA 
from Agrobacterium tumefaciens nopaline synthase gene (3 
"NOS) as described in Example 1 and Table 1, which 
provides a polyadenylation (polyA) site. 

0272 Each of the four vectors was electroporated 
together with reporter vectors for firefly luciferase and 
Renilla luciferase into three separate volumes of maize 
protoplasts prepared as previously described by Sheen 
(1990) Plant Cell, 2:1027-1038. Firefly luciferase suppres 
sion experiments were performed, and the relative level of 
Suppression of the target gene, firefly luciferase, was indi 
cated by the logarithm of the ratio of firefly luciferase to 
Renilla luciferase, “log(Fluc/Rluc), as depicted in FIG. 3. 

Example 3 

0273. This example describes transformation of a crop 
plant (maize) with an enhanced anti-sense construct. A 
plasmid for binary vector Agrobacterium-mediated transfor 
mation of maize is constructed including the elements 
shown in FIG. 4. Specifically, the plasmid includes an inptlI 
gene as an antibiotic selectable marker and a recombinant 
DNA construct for enhanced anti-sense gene Suppression, 
consisting of a CaMV35S promoter operably linked to 
transcribable DNA consisting of about 300 base pairs of a 
green fluorescent protein (gfp) gene in an anti-sense orien 
tation, wherein a functional polyadenylation site is absent in 
this transcribable DNA. The plasmid also includes left 
T-DNA border (LB) and right T-DNA border (RB) elements. 
A control plasmid for RNAi suppression of green fluorescent 
protein (GFP) is constructed by adding to the enhanced 
anti-sense construct shown in FIG. 4 a repeat of the gfp 
DNA in the sense orientation followed by a 3' NOS element 
including a functional polyadenylation site. Maize callus for 
transformation is selected from a transgenic maize line 
expressing GFP. Both the plasmid with the enhanced anti 
sense construct and the control plasmid with the RNAi 
construct are inserted into maize callus by Agrobacterium 
mediated transformation. Events are selected as being resis 
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tant to kanamycin. The efficiency of Suppression with 
enhanced anti-sense constructs is Substantially the same as 
with the RNAi constructs. 

Example 4 
0274 This example illustrates the use of a recombinant 
DNA construct for non-systemic Suppression of a target 
gene in specific tissue of a transgenic plant. Specifically, this 
example describes transformation of a crop plant (maize) 
with an enhanced anti-sense construct. A plasmid for binary 
vector Agrobacterium-mediated transformation of corn is 
constructed including the elements shown in FIG. 5A. 
Specifically, the plasmid includes an aroA gene as an her 
bicidal selectable marker and a recombinant DNA construct 
for enhanced anti-sense gene Suppression, consisting of a 
seed-specific maize L3 oleosin promoter (as disclosed in 
U.S. Pat. No. 6,433,252, incorporated herein by reference) 
operably linked to transcribable DNA consisting of about 
300 base pairs of the LKR domain of a maize lysine 
ketoglutarate reductase/saccharopine dehydrogenase gene 
(LKR/SDH) in an anti-sense orientation, wherein a func 
tional polyadenylation site is absent in this transcribable 
DNA. The plasmid also includes left T-DNA border (LB) 
and right T-DNA border (RB) elements. The plasmid with 
the enhanced anti-sense construct is inserted into maize 
callus by Agrobacterium-mediated transformation. Events 
are selected as being resistance to glyphosate herbicide and 
grown into transgenic maize plants to produce F1 seed. 
Mature seeds from each event are analyzed to determine 
success of transformation and suppression of LKR/SDH. 
The mature transgenic seeds are dissected to extract protein 
for Western analysis. Seed from transgenic maize plants 
shows reduction in LKR/SDH and increased lysine as com 
pared to wild type. 
0275. In a further development of this approach, a recom 
binant DNA construct of the present invention is constructed 
as follows. A plasmid for binary vector Agrobacterium 
mediated transformation of corn is constructed as shown in 
FIG. 5B, which includes a recombinant DNA construct of 
the present invention for gene Suppression, including left 
and right T-DNA borders containing between them a pro 
moter element operably linked to an intron (maize heat 
shock protein 70 intron, I-Zm-hsp70) within which is 
embedded a first gene Suppression element for Suppressing 
at least one first target gene (in this non-limiting example, 
the at least one first target gene includes coding sequence 
from the LKR domain, coding sequence from the SDH 
domain, or non-coding sequence of the maize lysine keto 
glutarate reductase/saccharopine dehydrogenase gene 
(LKR/SDH), or any combination of these). The first gene 
Suppression element can include any gene Suppression ele 
ment as described above under the heading “Gene Suppres 
sion Elements' wherein the intron is located adjacent to the 
promoter element. In the specific, non-limiting embodiment 
depicted in FIG. 5B, the promoter element is an endosperm 
specific maize B32 promoter (nucleotides 848 through 1259 
of GenBank accession number X70153, see also Hartings et 
al. (1990) Plant Mol. Biol., 14:1031-1040, which is incor 
porated herein by reference), although other promoter ele 
ments could be used. This specific embodiment also includes 
an aroA gene as an herbicidal selectable marker; other 
selectable marker or reporter genes can be used, e. g., a 
selectable marker conferring glyphosate resistance, epsps 
cp4 (5-enolpyruvylshikimate-3-phosphate synthase from 
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Agrobacterium tumefaciens strain CP4). The intron-embed 
ded gene Suppression element includes any one or more 
gene Suppression elements, including, for example, single or 
multiple copies of sense or anti-sense, tandem or interrupted 
repeats, single or multiple sense/anti-sense pairs able to 
form dsRNA for gene Suppression, gene Suppression 
sequences derived from an miRNA, sequences including 
siRNAs, or combinations of any of these. The construct 
optionally includes a gene expression element (e.g., tran 
scribable or translatable DNA outside of the intron), a 
second gene Suppression element, or both. 
0276. In one non-limiting example, the gene Suppression 
element includes an about 300 base-pair anti-sense DNA 
segment that is anti-sense to the target gene, maize lysine 
ketoglutarate reductase/saccharopine dehydrogenase gene 
(LKR/SDH), wherein a functional polyadenylation site is 
absent in this transcribable heterologous DNA. The plasmid 
also includes left T-DNA border (LB) and right T-DNA 
border (RB) elements. The plasmid with the intron-embed 
ded transcribable heterologous DNA is inserted into maize 
callus by Agrobacterium-mediated transformation. Events 
are selected as being resistance to glyphosate herbicide and 
grown into transgenic maize plants to produce F1 seed. 
Mature seeds from each event are analyzed to determine 
success of transformation and suppression of LKR/SDH. 
The mature transgenic seeds are dissected to extract protein 
for Western analysis. Seed from transgenic maize plants 
shows endosperm-specific reduction in LKR/SDH and 
increased lysine as compared to wild type. 

Example 5 

0277. This example illustrates use of recombinant DNA 
constructs for pest control in plants producing by means of 
gene Suppression in a specific tissue of a transgenic plant. 
Specifically, this example describes transformation of a crop 
plant (soybean) with an enhanced anti-sense construct. A 
plasmid for binary vector Agrobacterium-mediated transfor 
mation of soybean is constructed including the elements 
shown in FIG. 6. Specifically, the plasmid includes an aroA 
gene as an herbicidal selectable marker and a recombinant 
DNA construct for enhanced anti-sense gene Suppression, 
consisting of a TUB-1 root specific promoter from Arabi 
dopsis thaliana (disclosed in FIG. 1 of U.S. Patent Appli 
cation Publication 2004/078841 A1, incorporated by refer 
ence herein) operably linked to transcribable DNA 
consisting of anti-sense oriented DNA of a nematode major 
sperm protein (msp) of a soybean cyst nematode (disclosed 
as SEQ ID NO:5 in U.S. Patent Application Publication 
2004/0098761 A1, incorporated herein by reference), 
wherein a functional polyadenylation site is absent in this 
transcribable DNA. The plasmid also includes left T-DNA 
border (LB) and right T-DNA border (RB) elements. The 
plasmid with the enhanced anti-sense construct is inserted 
into soybean callus by Agrobacterium-mediated transforma 
tion. Events are selected as being resistance to glyphosate 
herbicide. Reduction in soybean cyst nematode infestation 
as compared to wild type is observed. 
0278 In a further development of this approach, a recom 
binant DNA construct of the present invention is constructed 
as follows. A plasmid for binary vector Agrobacterium 
mediated transformation of corn is constructed, which 
includes an aroA gene as an herbicidal selectable marker and 
a recombinant DNA construct of the present invention for 
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gene Suppression, consisting of a TUB-1 root specific pro 
moter from Arabidopsis thaliana (disclosed in FIG. 1 of 
U.S. Patent Application Publication 2004/078841 A1, incor 
porated by reference herein) operably linked to an intron 
(maize alcohol dehydrogenase intron, I-Zm-adh1) within 
which is embedded a first gene Suppression element for 
Suppression of an endogenous gene of a crop plant pest 
(soybean cyst nematode); in this specific, non-limiting 
example, the gene Suppression element is transcribable 
heterologous DNA that includes an anti-sense DNA segment 
that is anti-sense to the target gene, nematode major sperm 
protein of a soybean cyst nematode (disclosed as SEQ ID 
NO:5 in U.S. Patent Application Publication 2004/0098761 
A1, incorporated herein by reference), wherein the resulting 
transcribed RNA is unpolyadenylated. As a selectable 
marker, the plasmid alternatively uses a gene conferring 
glyphosate resistance, epsps-cp4 (5-enolpyruvylshikimate 
3-phosphate phosphate synthase from Agrobacterium tume 
faciens strain CP4). Other promoters, first transcribable 
heterologous DNAs, or introns can be substituted; the con 
struct optionally includes a gene expression element, a 
second transcribable heterologous DNA for Suppressing a 
second target gene, or both. The plasmid optionally contains 
a transcribable or translatable gene expression element out 
side of the intron. The plasmid also includes left T-DNA 
border (LB) and right T-DNA border (RB) elements. The 
plasmid with the enhanced anti-sense construct is inserted 
into Soybean callus by Agrobacterium-mediated transforma 
tion. Events are selected as being resistance to glyphosate 
herbicide. Reduction in soybean cyst nematode infestation 
as compared to wild type is observed. 

Example 6 
0279. This example illustrates a recombinant DNA con 
struct of the invention, specifically, a construct including a 
gene Suppression element that contains intron-embedded 
tandem repeats. More specifically, this illustrates a construct 
including a Suppression element that contains intron-embed 
ded tandem repeats for Suppression of at least one target 
microRNA precursor. The tandem repeats are designed to 
Suppress at least one target sequence selected from said at 
least one target microRNA precursor or a promoter of said 
at least one target microRNA precursor or both. This 
example also describes methods for testing recombinant 
DNA constructs for their ability to silence a target gene, and 
optionally for their ability to concurrently express a gene of 
interest. 

0280 Gene silencing by tandem repeats may operate 
through a nuclear-localized heterochromatin-associated 
RNAi pathway. See, for example, Sijen et al. (1996) Plant 
Cell, 8:2277-2294, Ma and Mitra (2002) Plant J., 31:37-49, 
Zilberman et al. (2003) Science, 299:716-719, and Martiens 
sen (2003) Nat. Genet., 35:213-214, which are incorporated 
by reference herein. The present invention provides recom 
binant DNA constructs for enhanced nuclear-localized gene 
silencing (e. g., Suppression of production of mature 
microRNA). Non-limiting examples of such constructs are 
constructs with one or more Suppression elements including 
tandem repeats, where the tandem repeats are embedded in 
an intron; such constructs can optionally include a gene 
expression element (FIG. 7A), which can be upstream (5'. 
not shown) or downstream (3', as shown) of the intron. Two 
other approaches for enhancing nuclear-localized gene 
silencing by tandem repeats are tandem repeats that are 
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transcribed but not processed for transport into the cyto 
plasm, e.g., transcribed from constructs lacking a functional 
terminator, as shown in FIG. 7B, and tandem repeats under 
transcriptional control of two opposing promoters, as shown 
in FIG. 7C. By embedding tandem repeats in an intron (e. 
g., FIG. 7A), transgenic transcripts splice out the tandem 
repeat containing intron in the nucleus. By removing or 
omitting a functional terminator of a transgene cassette (e. 
g., FIG. 7B), the resulting RNA transcripts containing 
tandem repeats are without a polyA signal and more likely 
to accumulate in the nucleus. In a construct where tandem 
repeats are flanked by opposing or convergent promoters (e. 
g., FIG. 7C), one promoter will transcribe the sense strand, 
and the other will transcribe the antisense strand; these two 
complementary strands can form a dsRNA. The purpose for 
this is to provide the initial. dsRNA substrate for a Dicer or 
a Dicer-like enzyme. Thus, for example, Dicer produces 
siRNAs, and RDR2-dependent amplification of dsRNA and 
siRNAs, facilitated by the tandem repeat configuration, 
maintains the silencing pathway for these sequences. 
0281. In the non-limiting examples shown in FIG. 7, 
there are two copies in the tandem repeat. Also encompassed 
by the invention are embodiments with the copy number of 
the tandem repeat ranging from 2 to about 100, as well as 
embodiments with tandem or interrupted repeats of one or 
more sequences (in non-limiting examples, these could 
include, e.g., AABB, AABAA, AABAABAA, AABAABB. 
ABBBBAAAAABBB, AABBAA, and other arrangements, 
where A and B represent discrete sequences, each of which 
can be repeated). The size of each repeat is preferably at 
least about 19, or at least about 21, or at least about 50, at 
least about 100, at least about 200, or at least about 500 
nucleotides in length. Preferably, at least two of the repeats 
are in the tandem repeat orientation. Unique or non-repeated 
sequences, including repeats of a second sequence, can 
optionally occur as “spacers' between some or all of the 
repeated units. Such spacers are preferably at least about 4. 
at least about 10, or at least about 20 nucleotides in length. 
Having unique sequences between facilitate assembly and/ 
or verification of the tandem repeats. The repeats can be 
arranged in either the sense or antisense orientation, or, for 
example, where there are repeats of more than one sequence, 
each sequence can independently be in an arrangement of 
tandem sense repeats or tandem anti-sense repeats. 

Example 7 
0282. This example describes non-limiting methods for 
testing any of the recombinant DNA constructs of the 
invention for their ability to silence a target gene, and 
optionally for their ability to concurrently express a gene of 
interest. Constructs can be designed and tested in transient 
assays by various means known to one skilled in the art, for 
example, protoplast transient transformation and Agrobac 
terium infiltration assays. For example, constructs can be 
designed where the target gene is a gene easily assayed for 
Suppression (e. g., green fluorescent protein or GFP. 
luciferase or luc, or other reporter or marker genes com 
monly used). Such transient assays can generally be used to 
test any recombinant DNA constructs, e. g., constructs 
containing intron-embedded gene Suppression elements 
(including gene Suppression elements other than tandem 
repeats) for their ability to Suppress a target gene. 
0283. In one non-limiting example, experiments to assay 
for gene Suppression of a target gene (the reporter gene, 
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luciferase) are carried out with a maize protoplast model 
system. Maize protoplasts are prepared as previously 
described by Sheen (1990) Plant Cell, 2:1027-1038, which 
is incorporated by reference herein. Polyethylene glycol 
(PEG)-mediated transformations (see, for example, Arm 
strong et al. (1990), Plant Cell Rep., 9:335-339, which is 
incorporated by reference herein) are performed in deep well 
(2 milliliters/well) 96-well plates. Separate vectors contain 
ing either firefly luciferase or Renilla luciferase are 
employed as reporters. The firefly luciferase reporter vector 
includes a chimeric promoter including a chimeric promoter 
including an enhanced cauliflower mosaic virus (CaMV) 
35S promoter linked to an enhancer element (an intron from 
heat shock protein 70 of Zea mays), the coding sequence of 
the firefly luciferase gene luc, and a 3"untranslated region (3 
UTR) DNA from Agrobacterium tumefaciens nopaline syn 
thase gene (3"NOS) which provides a polyadenylation 
(polyA) site. The Renilla luciferase reporter vector includes 
the same chimeric promoter, the coding sequence of the 
Renilla luciferase gene luc, and the same 3"NOS UTR 
terminator. Generally, 1.3 micrograms firefly luciferase 
reporter vector DNA, 0.6 micrograms Renilla luciferase 
reporter vector DNA, and additional plasmid (puC18) DNA 
are added to each well in order to maintain the total amount 
of RNA plus DNA constant at 12.5 micrograms per well. To 
each well is added 160 microliters (2x10 protoplasts per 
milliliter) of maize protoplasts. Protoplasts are made trans 
formation-competent by treatment with a solution contain 
ing 4 grams PEG 4000, 2 milliliters water, 3 milliliters 0.8 
molar mannitol, and 1 milliliter Ca(NO). The protoplasts 
are co-transformed with the test recombinant DNA con 
structs of the invention, where the target gene is firefly 
luciferase, together with the reporter vectors for firefly 
luciferase and Renilla luciferase, into 4 separate volumes of 
maize protoplasts; the test constructs can be delivered in a 
vector. The relative level of Suppression of the target gene, 
firefly luciferase, is indicated by the intensity of firefly 
luciferase emission (“Fluc') normalized to Renilla 
luciferase emission (Rluc). A negative control test vector is, 
for example, one similar to the test vectors containing the 
gene Suppression elements but containing a gene Suppres 
sion element targetting a non-relevant gene Such as beta 
glucuronidase (GUS) (uidA). A positive control test vector 
is, for example, one similar to the test vector but containing, 
for example, the full-length firefly luc gene. The relative 
level of Suppression of the target gene, firefly luciferase, is 
given as the logarithm of the ratio of firefly luciferase 
emission to Renilla luciferase emission, “log(Fluc/Rluc). 
0284 Transient assays such as the one described in the 
preceding paragraph can be designed to optionally simulta 
neously assay for expression of a gene of interest. For 
example, a model gene of interest can include GFP. The 
experiments are carried out as in the preceding paragraph, 
where the test recombinant DNA constructs can contain both 
a first gene Suppression element for Suppressing the target 
gene and a gene expression element for expressing a gene of 
interest such as GFP. The expression of GFP can be simul 
taneously monitored by spectrophotometry as is the firefly 
and Renilla luciferase emission. 

Example 8 
0285) This example describes various non-limiting 
embodiments of recombinant DNA constructs of the inven 
tion and useful in making transgenic eukaryotes (including 
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transgenic plant cells, plants, and seeds) of the invention. 
One non-limiting application of these constructs is, for 
example, Suppression of at least one target miRNA precursor 
or miRNA promoter, or non-systemic gene Suppression of a 
gene endogenous to a plant or to a pest or pathogen of the 
plant. 
0286 FIG. 8A schematically depicts non-limiting 
examples of recombinant DNA constructs of the invention 
for Suppression of at least one target gene. These constructs 
include at least one first gene suppression element (“GSE’ 
or “GSE1') for Suppressing at least one first target gene, 
wherein the first gene Suppression element is embedded in 
an intron flanked on one or on both sides by non-protein 
coding DNA. These constructs utilize an intron (in many 
embodiments, an intron derived from a 5' untranslated 
region or an expression-enhancing intron is preferred) to 
deliver a gene Suppression element without requiring the 
presence of any protein-coding exons (coding sequence). 
The constructs can optionally include at least one second 
gene Suppression element (“GSE2) for Suppressing at least 
one second target gene, at least one gene expression element 
(“GEE) for expressing at least one gene of interest (which 
can be coding or non-coding sequence or both), or both. In 
embodiments containing an optional gene expression ele 
ment, the gene expression element can be located outside of 
(e. g., adjacent to) the intron. In some embodiments, the 
intron containing the first gene Suppression element is 3' to 
a terminator. 

0287 To more clearly differentiate recombinant DNA 
constructs of the invention (containing at least one gene 
Suppression element embedded within a single intron 
flanked on one or on both sides by non-protein-coding 
DNA) from the prior art, FIG. 8B schematically depicts 
examples of prior art recombinant DNA constructs. These 
constructs can contain a gene Suppression element that is 
located adjacent to an intron flanked by protein-coding 
sequence, or between two discrete introns (wherein the gene 
suppression element is not embedded in either of the two 
discrete introns), or can include a gene expression element 
including a gene Suppression element embedded within an 
intron which is flanked by multiple exons (e. g., exons 
including the coding sequence of a protein). 

Example 9 

0288 This example describes various non-limiting 
embodiments of gene Suppression constructs of the inven 
tion. FIG. 9 depicts various non-limiting examples of gene 
Suppression elements and transcribable exogenous DNAS 
useful in the recombinant DNA constructs of the invention. 
Where drawn as a single strand (FIGS. 9A through 9E), 
these are conventionally depicted in 5' to 3' (left to right) 
transcriptional direction; the arrows indicate anti-sense 
sequence (arrowhead pointing to the left), or sense sequence 
(arrowhead pointing to the right). These gene Suppression 
elements and transcribable exogenous DNAS can include: 
DNA that includes at least one anti-sense DNA segment that 
is anti-sense to at least one segment of the at least one first 
target gene, or DNA that includes multiple copies of at least 
one anti-sense DNA segment that is anti-sense to at least one 
segment of the at least one first target gene (FIG. 9A); DNA 
that includes at least one sense DNA segment that is at least 
one segment of the at least one first target gene, or DNA that 
includes multiple copies of at least one sense DNA segment 
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that is at least one segment of the at least one first target gene 
(FIG. 9B); DNA that transcribes to RNA for suppressing the 
at least one first target gene by forming double-stranded 
RNA and includes at least one anti-sense DNA segment that 
is anti-sense to at least one segment of the at least one target 
gene and at least one sense DNA segment that is at least one 
segment of the at least one first target gene (FIG. 9C); DNA 
that transcribes to RNA for suppressing the at least one first 
target gene by forming a single double-stranded RNA and 
includes multiple serial anti-sense DNA segments that are 
anti-sense to at least one segment of the at least one first 
target gene and multiple serial sense DNA segments that are 
at least one segment of the at least one first target gene (FIG. 
9D); DNA that transcribes to RNA for suppressing the at 
least one first target gene by forming multiple double strands 
of RNA and includes multiple anti-sense DNA segments that 
are anti-sense to at least one segment of the at least one first 
target gene and multiple sense DNA segments that are at 
least one segment of the at least one first target gene, and 
wherein said multiple anti-sense DNA segments and the 
multiple sense DNA segments are arranged in a series of 
inverted repeats (FIG. 9E); and DNA that includes nucle 
otides derived from a miRNA, or DNA that includes nucle 
otides of a siRNA (FIG.9F). 
0289 FIG.9F depicts various non-limiting arrangements 
of double-stranded RNA that can be transcribed from 
embodiments of the gene Suppression elements and tran 
scribable exogenous DNAs useful in the recombinant DNA 
constructs of the invention. When such double-stranded 
RNA is formed, it can Suppress one or more target genes, and 
can form a single double-stranded RNA or multiple double 
strands of RNA, or a single double-stranded RNA “stem” or 
multiple “stems’. Where multiple double-stranded RNA 
“stems are formed, they can be arranged in “hammerheads' 
or "cloverleaf arrangements. 

Example 10 

0290 This example describes various non-limiting 
embodiments of recombinant DNA constructs of the inven 
tion and useful in making transgenic eukaryotes (including 
transgenic plant cells, plants, and seeds) of the invention. 
More specifically, this example describes embodiments of 
gene Suppression constructs that transcribe to RNA capable 
of forming multiple double-stranded “stems’” and suppress 
one or more target genes. 

0291 To form a double “hairpin' molecule or a double 
stranded RNA structure resembling a “hammerhead', a 
recombinant DNA construct is designed to include a single 
Stranded, contiguous DNA sequence including two non 
identical pairs of self-complementary sequences is used, 
wherein the DNA can transcribe to RNA also including two 
non-identical pairs of self-complementary sequences that 
can form two separate double-stranded RNA “stems’. Each 
member of a non-identical pair of self-complementary 
sequences preferably includes at least about 19 to about 27 
nucleotides (for example 19, 20.21, 22, 23, or 24 nucle 
otides) for every target gene that the recombinant DNA 
construct is intended to Suppress; in many embodiments the 
pair of self-complementary sequence can be larger than at 
least about 19 to about 27 base pairs (for example, more than 
about 30, about 50, about 100, about 200, about 300, about 
500, about 1000, about 1500, about 2000, about 3000, about 
4000, or about 5000 base pairs) for every target gene that the 
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recombinant DNA construct is intended to suppress. Each 
non-identical pair of self-complementary sequences can be 
separated by spacer DNA, for example, additional nucle 
otides that can form a loop connecting the two strands of 
RNA forming a double-stranded hairpin, or that can separate 
adjacent double-stranded RNA “stems'. Spacer DNA can 
include nucleotides that are located at the distal end of one 
or both members of the pair the self-complementary 
sequences, for example, where inclusion of these nucle 
otides as “spacer” sequence facilitates the formation of the 
double-stranded RNA structures, or facilitates the assembly 
and maintenance of these sequences in plasmids. Spacer 
DNA can include sequence encoding an aptamer. The non 
identical pair of self-complementary sequences can include 
sequence derived from a single segment of a single target 
gene, multiple copies of a single segment of a single target 
gene, multiple segments of a single target gene, segments of 
multiple target genes, or any combination of these, with or 
without spacer DNA. Multiple “hairpins' can be formed in 
an analogous fashion by including more than two non 
identical pairs of self-complementary sequences that can 
form two separate double-stranded RNA “stems’. 
0292 A specific, non-limiting example of this configu 
ration of sequences is shown in FIG. 10, which depicts a 
gene suppression element (“GSE’, FIG. 10A) useful in 
recombinant DNA constructs of the invention, and a repre 
sentation of the type of RNA double hairpin molecule that it 
would be expected to produce (FIG. 10B). The double 
hairpin molecule is depicted with a 3' untranslated region 
including a polyadenylated tail; however, embodiments of 
the invention also include analogous constructs that produce 
a double hairpin molecule lacking a polyadenylated tail or a 
3' untranslated region. In this example, orientations of the 
sequences are anti-sense followed by sense for sequence 1, 
then sense followed by anti-sense for sequence 2 (FIG. 
10A). This arrangement may be convenient, e.g., when both 
sequence 1 and 2 are derived from the same target gene, in 
which cases the sense sequences can represent sequences 
that are contiguous in the native target gene. However, any 
order of sense and anti-sense sequences can be used in the 
recombinant DNA construct, as long as the transcribed RNA 
is capable of forming two separate double-stranded RNA 
“stems”. Analogous recombinant DNA constructs could be 
designed to provide RNA molecules containing more than 2 
double-stranded “stems', as shown in FIG. 10C, which 
depicts an RNA molecule containing 3 “stems’. 

Example 11 

0293. This example describes a non-limiting embodiment 
of the recombinant DNA construct of the invention, and 
methods for its use. More particularly, this example 
describes a recombinant DNA construct containing a gene 
suppression construct that transcribes to RNA capable of 
forming multiple double-stranded “stems’” and that Sup 
presses a first target gene, wherein the recombinant DNA 
construct can be transcribed in a transgenic plant, and the 
first target gene is a gene native to a pest or pathogen of the 
transgenic plant. 
0294. In this non-limiting example, an RNA molecule 
that is capable of generating a double hairpin structure is 
designed to be transcribed from a recombinant DNA con 
struct containing a gene Suppression element similar to that 
shown in FIG. 10A. In this specific example, the gene 
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Suppression element ("GSE) contains a first sense sequence 
and second sense sequence (as depicted in FIG. 10A), which 
are contiguous sequences from SEQ ID NO. 2 (a 872 
nucleotide segment of the cDNA sequence of the corn root 
worm vacuolar ATPase gene). However, this method can be 
used for noncontiguous sequences, including sequences 
from different genes. The complete gene Suppression ele 
ment given as SEQ ID NO. 3 contains DNA sequences of 
SEQID NO. 2 arranged as follows: the reverse complement 
of the DNA segment starting at nucleotide 1 and ending at 
nucleotide 300 of SEQ ID NO. 2, followed by the DNA 
segment starting at nucleotide 100 and ending at nucleotide 
600 of SEQ ID NO.2, followed by the reverse complement 
of the DNA segment staring at nucleotide 300 and ending at 
nucleotide 500 of SEQ ID NO. 2. This gene suppression 
element (SEQID NO.3) is embedded in a suitable intron (as 
described above under the heading “Introns') that is oper 
ably linked to a suitable promoter element (as described 
above under the heading “Promoter Elements'). Where it is 
desirable to transcribe RNA that is transported out of the 
nucleus, a terminator element can be included either embed 
ded in the intron containing the GSE and operably linked to 
(5' to) the gene suppression element, or outside of and 5' to 
the intron containing the GSE. 

Example 12 

0295) This example describes a non-limiting embodiment 
of the recombinant DNA construct of the invention, and 
methods for its use. More particularly, this example 
describes a recombinant DNA construct containing a gene 
Suppression construct that Suppresses a miRNA precursor 
molecule, e.g., a pri-miRNA. 
0296. The primary transcript of a miRNA gene (MIR 
gene), termed a pri-miRNA, is believed to be hundreds to 
thousands nucleotides in length and largely processed in the 
nucleus to a smaller (generally less than 100 nucleotides) 
stem-loop structure, which is then exported to the cytoplasm 
for further processing into a mature miRNA. By embedding 
a gene Suppression element for Suppressing a miRNA pre 
cursor molecule (for example, DNA that transcribes to RNA 
for Suppressing a pri-miRNA by forming double-stranded 
RNA, preferably double-stranded RNA that lacks polyade 
nylation) into a spliceable intron, the resulting double 
stranded RNA is expected to remain in the nucleus due to the 
absence of cis-acting nuclear export signals, resulting in 
suppression of the miRNA that is more efficient than that 
achieved by constructs that produce cytoplasmic dsRNA. 
Another potential advantage of this approach is that the 
miRNA precursors offer larger target sequences for Suppres 
sion than does a mature miRNA. Alternatively, an intron 
embedded gene Suppression element can be designed to 
target the promoter sequences of the miRNA precursor, 
resulting in transcriptional gene silencing. See, for example, 
Matzke and Birchler (2005) Nat. Rev. Genet., 6:24-35, 
Matzke et al. (2004), Biochim. Biophys. Acta, 1677: 129-141, 
and Papp et al. (2003) Plant Physiol., 132:1382-1390, all of 
which are incorporated by reference herein. 
0297. One general, non-limiting design for a recombinant 
DNA construct includes a Suppression element for Suppress 
ing production of a mature miRNA and preferably designed 
to target the pri-miRNA sequence of a targeted MIR gene, 
wherein the gene Suppression element is embedded in an 
intron (e. g., a heat shock 70, actin 1, or alcohol dehydro 
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genase intron) flanked on one or on both sides by non 
protein-coding DNA, which is fused to a reporter gene (e.g., 
beta-glucuronidase GUS, or green fluorescent protein GFP) 
and driven by a constitutive (e.g., 35S) or tissue specific (e. 
g., B32) promoter. Such a construct generally resembles that 
shown in FIG. 7A, where the reporter gene can be upstream 
or downstream of the intron. The recombinant DNA con 
struct can be transformed into Arabidopsis by standard 
techniques. Expression of the optional reporter gene con 
firms the proper processing of the intron in the transgenic 
Arabidopsis in which the construct is transcribed. 
0298. In a non-limiting specific example of this approach, 
a recombinant DNA construct of the invention is designed to 
suppress a specific allele, MIR164c, of the Arabidopsis 
thaliana microRNA gene MIR164. Loss-of-function of this 
allele, eep 1, caused by T-DNA insertion, has been shown to 
increase the number of petals of early flowers in Arabidopsis 
(see Baker et al. (2005) Curr. Biol., 15:303-315, which is 
incorporated by reference herein). One specific, non-limit 
ing construct includes a heat shock 70 intron, within which 
is embedded a suppression element including DNA that 
transcribes to a sense/anti-sense double-stranded RNA for 
suppressing the pri-miRNA of MIR164c sequence, fused to 
GFP and driven by a 35S promoter. GFP expression con 
firms transcription and proper splicing of the construct in 
Arabidopsis plants transformed with the construct. The 
“early extra petal phenotype of eep 1 is used to score for the 
miRNA164c suppression. 
0299. In another non-limiting, specific example of this 
approach, a recombinant DNA construct of the invention is 
designed to Suppress the Arabidopsis thaliana microRNA 
gene MIR172, which regulates the mRNA of a floral 
homeotic gene, APETALA2 (X. Chen (2004) Science, 
303:2022-2025). Elevated miRNA172 accumulation results 
in floral organ identity defects similar to those in loss-of 
function apetala2 mutants. On the other hand, the expression 
of mutant APETALA2 mRNA resistant to miRNA172 
causes different floral patterning defects. One specific, non 
limiting construct includes a heat shock 70 intron, within 
which is embedded a Suppression element (for example, 
DNA that transcribes to a sense/anti-sense double-stranded 
RNA for suppressing the pri-miRNA of MR162 sequence), 
fused to GFP and driven by a 35S promoter. GFP expression 
confirms transcription and proper splicing of the construct in 
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Arabidopsis plants transformed with the construct. The 
floral patterning defect phenotype is used to score for the 
miRNA172 suppression. 

Example 13 
0300 This example describes a non-limiting embodiment 
of a recombinant DNA construct of the invention, and 
methods for its use. More particularly, this example 
describes identifying a MIR gene in maize and, further, 
making and using a recombinant DNA construct containing 
a gene Suppression element that Suppresses production of the 
mature miRNA transcribed from the identified MIR gene in 

a1ZC. 

0301 A single small RNA was isolated and cloned using 
procedures based on published protocols (Llave et al. (2002) 
Plant Cell, 14:1605-1619, and Lau et al. (2001) Science, 
294:858-862). Low molecular weight RNA was isolated 
from developing maize endosperm. Adaptors were ligated 
followed by RT-PCR for conversion of RNA to DNA. 
Additional. PCR amplification followed by TA cloning and 
sequencing led to the identification of a highly abundant 
22-mer in maize endosperm corresponding to the DNA 
sequence TGAAGCTGCCAGCATGATCTGG (SEQ ID 
NO. 4). Sequence alignment analysis showed that the iso 
lated 22-mer sequence is homologous to a rice sequence 
annotated as “Oiyza sativa precursor microRNA 167g gene, 
complete sequence” (GenBank accession number 
AY551238, gi:45593912) and having the sequence, GAA 
GATATTAGTTCTTGCTGGTGTGAGAG 
GCTGAAGCTGCCAGCATGATCTGGTC 
CATGAGTTGCACT 
GCTGAATATATTGAATTCAGCCAG 
GAGCTGCTACTGCAGTTCTGATCTC 
GATCTGCATTCGTTGTTCTGA GCTATGTATG 
GATTTGATCGGTTTGAAGGCATCCATGTCTTTAATTT 
CATCGATCAGATCATGTTGCAGC TTCACTCTCT 
CACTACCAGCAAAACCATCTCA (SEQ ID NO. 5, with 
the homologous nucleotides indicated by bold, underlined 
text). A proprietary maize genomic DNA sequence database 
was searched for sequences containing 22-mer segments 
identical to SEQ ID NO. 4 or to its complement. The 
sequences thus identified included overlapping SEQID NO. 
6, SEQ ID NO. 7, and SEQID NO. 8, as given in Table 3, 
with the location of the 22-mer indicated by underlined text. 

TABLE 3 

Sequence 

GTTTTGGCTTGTTCACCCCTCATGGCACAGCTGTTACTCCGAAGCTTG 
CGCTTTTGTATTCGTTGTTGCATTGCAACCATCCCCGCCGAAGGTGAGCC 
GAAGGTAATCTTGGGTATTCTACCTGCAACACTTATTAATTCAAGCTACA 
AAACAGTTGTCGAGTTAGTTTTTTTTTTACCTTCGAAAAGAAGACTTCCG 
GCAATGCACAACTTCCCATCTGCATTATCGTGAGCAGGATTGTAGGCACA 
CAGTGATGACGAAGACAGAGACAGCAATATACACAACCGAACCAAGAGAG 
AAGCAAAGGCATAATAATAAAAAAAGAGAGAGGAAACTAGATCGACAAGG 
CCATTATTATCACGGATAATTAATCAACGTCGTCAACGGCGGAAATAAGC 
TAGCTTGACTGGTGGTCTCTGGCGAGTGCAGCATGGATATGAATTGCAGG 
AGGGTGAGCTAGCTAGGGTTTTCGATGTGCGGCCACCAGCAGATGAAACT 
ACAGCATGACCTGGTCCTGGGCTCATTAATTACCCTCTCTCTCTCTCCC 
TTCCCCTCTCATCTTGGATTCGTCGATCCATATATGACAGTCAGGGACGG 
GGGAGAGAGAGAGAGTGACAGGGGCCGGTAGTAGTATAGATTACATCCAT 
TTTACATATACCACCACCATCATAACCAGATCATGCTGGCAGCTTCACCA 
ACTCGTGGTGCACCACTACATACCCTCTCGTCTGATCCAAACGGAGGAAG 

GAGGAAGAA 
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TABLE 3-continued 

SEQ ID NO. Sequence 

7 TGGCTTGTTCACCCCTCATGTGCACAGCTGTTACTCCGAAGCTTGCGC 
TTTTGTATTCGTTGTTGCATTGCAACCATCCCCGCCGAAGGTGAGCCGAA 
GGTAATCTTGGGTATTCTACCTGCAACACTTATTAATTCAAGCTACAAAA 
CAGTTGTCGAGTTAGTTTTTTTTTTACCTTCGAAAAGAAGACTTCCGGCA 
ATGCACAACTTCCCATCTGCATTATCGTGAGCAGGATTGTAGGCACACAG 
TGATGACGAAGACAGAGACAGCAATATACACAACCGAACCAAGAGAGAAG 
CAAAGGCATAATAATAAAAAAAGAGAGAGGAAACTAGATCGACAAGGCCA 
TTATTATCACGGATAATTAATCAACGTCGTCAACGGCGGAAATAAGCTAG 
CTTGACTGGTGGTCTCTGGCGAGTGCAGCATGGATATGAATTG-CAGGAGG 
GTGAGCTAGCTAGGGTTTTCGATGTGCGGCCACCAGCAGATGAAACTACA 
GCATGACCTGGTCCTGGGCTCATTAAYFACCCTCTCTCTCTCTCCCTTC 
CCCTCTCATCTTGGATTCGTCGATCCATATATGACAGTCAGGGACGGGGG 
AGAGAGAGAGAGTGACAGGGGCCGGTAGTAGTATAGATTACATCCATCTT 
ACATATACCACCACCATCATAACCAGATCATGCTGGCAGCTTCACCAACT 
CGTGGTGCACCACTACATACCCTCTCGTCTGATCCAAACGGAGGAAGGAG 
GAAGAAGAGCTAGCTATCCGAGAGAGAGGGAGAGGGTAGAGAGATGGAGA 
GAGCGAGGAATGAATTGAAGAACCGAGGGATAGCTATAGCTATATATATA 
TGGGGATGGGGAGGCCAACGTCTCGCTCACTCGC 

TATTCTACCTGCAACACTTATTAATTCAAGCTACAAAACAGTTGTCGAGT 
TAGTTTTTTTTTTACCTTCGAAAAGAAGACTTCCGGCAATGCACAACTTC 
CCATCTGCATTATCGTGAGCAGGATTGTAGGCACACAGTGATGACGAAGA 
CAGAGACAGCAATATACACAACCGAACCAAGAGAGAAGCAAAGGCATAAT 
AATAAAAAAAGAGAGAGGAAACTAGATCGACAAGGCCATTATTATCACGG 
ATAATTAATCAACGTCGTCAACGGCGGAAATAAGCTAGCTTGACTGGTGG 
TCTCTGGCGAGTGCAGCATGGATATGAATTGCAGGAGGGTGAGCTAGCTA 
GGGTTTTCGATGTGCGGCCACCAGCAGATGAAACTACAGCATGACCTGGT 
CCTGGTGCTCATTAATTACCCTCTCTCTCTCTCCCTTCCCCTCTCATCTT 
GGATTCGTCGATCCATATATGACAGTCAGGGACGGGGGAGAGAGAGAGAG 
TGACAGGGGCCGGTAGTAGTATAGATTACATCCATCTTACATATACCACC 
ACCATCATAACCAGATCATGCTGGCAGCTTCACCAACTCGTGGTGCACCA 
CTACATACCCTCTCGTCTGATCCAAACGGAGGAAGGAGGAAGAAGAGCTA 
GCTATCCGAGAGAGAGGGAGAGGGTAGAGAGATGGAGAGAGCGAGGAATG 
AATTGAAGAACCGAGGGATAGCTATAGCTATATATATATGGGATGGGGA 
GGCCAACGTCCGCTCACTCGCAGCGTATTGATGCCCTTTTTTATTG 
TTGCATTTCGATCCATTTTCTTTTGTCCTGCGCTTTTTTCGTACGATGTT 
TGTTGCAAGGATAAGCCTTTCGG 
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0302) These three sequences (SEQ ID NO. 6, SEQ ID 
NO. 7, and SEQ ID NO. 8) overlapped to give a single 
contiguous sequence SEQ ID NO. 9, GTTTTGGCTTGT 
TCACCCCTCATGTGCACATGCTGT 
TACTCCGAAGCTTGCGCTTTTGTATTCGTTGTTGC 
ATTGCAACCATCCCCGCCGAAGGTGAGC 
CGAAGGTAATCTTGGGTATTCTACCTG 
CAACACTTATTAATT CAAGCTACAAAACAGTTGTC 
GAGTTAGTTTTTTTTTTACCTTCGAAAAGAAG ACTT 
CCGGCAATGCACAA CTTCCCATCTGCATTATCGT 
GAGCAGGATTGTAGGCACACAGTGAT 
GACGAAGACAGAGACAGCAATAT ACACAAC 
CGAACCAAGAGAGAAGCAAAGGCATAATAATAAAA 
AAAGAGAGAGGAAACTAGATCGACA AGGCCAT 
TATTATCACGGATAATTAAT 
CAACGTCGTCAACGGCG 
GAAATAAGCTAGCTTGACTGGTGGT 
CTCTGGCGAGTGCAGCATGGATATGAAT 
TGCAGGAGGGT 
GAGCTAGCTAGGGTTTTCGATGTGCGGCCA CCAG 
CAGATGAAACTACAGCATGACCTGGTCCTGGTGCT 
CATFAATTACCCTCTCTCTCTCTCCCTTCCC CTCT 
CATCTTGGATFCGTCGATCCATATATGA 
CAGTCAGGGACGGGG 
GAGAGAGAGAGAGTGACAGGG 
GCCGGTAGTAGTATAGATTACATC 
CATCTTACATATACCACCACCATCAT. 
AACCAGATCATGCTGGCA GCTTCACCAACTCGTG 

GTGCACCACTACATACCCTCTCGTCTGATCCAAACG 
GAGGAAGGAGGAAGAA GAGCTAGCTATC 
CGAGAGAGAGGGAGAGGGTAGAGAGATG 
GAGAGAGCGAGGAATGAATTGAAGAAC CGAGG 
GATAGCTATAGCTATATATATATGGGGATGGGGAGGC 
CAACGTCTCGCT 
CACTCGCAGCGTATT TTGATGCCCTTTTTTATTTGT 
TGCATTTCGATCCATTTTCTTTTGTCCT 
GCGCTTTTTTCGTACGATGTTTGT TGCAAG 
GATAAGCCTTTCGG (with the location of the 22-mer 
indicated by bold, underlined text). This was identified as a 
maize MIR 167 sequence which transcribes to a pri-miRNA. 
Recombinant DNA constructs of the invention, containing 
one or more Suppression elements for Suppressing the iden 
tified MIR67 pri-miRNA (or a pre-miRNA) are designed 
and transformed into maize plants by procedures such as 
those described above under the heading “Recombinant 
DNA Constructs for Suppressing Production of Mature 
miRNA and Methods of Use Thereof and elsewhere in this 
disclosure (e. g., by Agrobacterium-mediated transforma 
tion). One non-limiting Suppression element is an inverted 
repeat containing one or more sense and anti-sense pairs of 
SEQ ID NO. 4, embedded in an intron. Suppression of 
production of the mature miRNA corresponding to the 
identified MIR gene is detected by analysis of low molecular 
weight RNA from resulting transgenic maize endosperm and 
other tissues (e.g., embryo, leaf root, flower) for example, 
by using a labelled oligoprobe corresponding to the 22-mer 
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(SEQ ID NO. 4 or its complement). Transgenic suppression 
of production of the mature miRNA encoded by a MIR 167 
gene, is useful, for example, for identifying related genetic 
elements or to manipulate the pathways that are controlled 
by MIR 167, e.g., by identifying target genes Suppressed by 
a mature miRNA encoded by a MIR 167 gene. Thus, the 
transgenic tissues are also analyzed for morphological and 
compositional changes (such as, but not limited to, changes 
in primary metabolite, secondary metabolite, trace element, 
carotenoid, or vitamin composition or modified responses to 
biotic or abiotic stress, or modified yield) to assess the 
function of the maize MIR167. 

Example 14 
0303. This example describes novel mature miRNAs and 
MIR genes identified in crop plants (maize and soy). Novel 
MIR sequences were identified in proprietary expressed 
sequence tag (EST) sequence databases from crop plants. 
The criteria that were used for identifying MIR genes 
included a conserved miRNA sequence of at least 19 nucle 
otides, a stable predicted fold-back structure encompassing 
the miRNA in one arm, and the absence of a significant open 
reading frame (ORF). Seven MIR sequences were identified 
in maize (Zea mays): SEQID NO.10 (Zm-MIR164e, includ 
ing the DNA sequence SEQID NO.11 corresponding to the 
conserved mature miRNA miR164e), SEQ ID NO. 12 
(Zm-MIR319-like, including the DNA sequence SEQ ID 
NO. 13 corresponding to the conserved mature miRNA 
miR319-like), SEQID NO. 14 (Zm-MIR393b, including the 
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DNA sequence SEQ ID NO. 15 corresponding to the con 
served mature miRNA miR393b), SEQ ID NO. 16 (Zm 
MIR399g, including the DNA sequence SEQ ID NO.17 
corresponding to the conserved mature miRNA miR399g), 
SEQ ID NO. 18 (Zm-MIR408b, including the DNA 
sequence SEQ ID NO.19 corresponding to the conserved 
mature miRNA miR408b), SEQ ID NO. 20 (Zm-MIR398, 
including the DNA sequence SEQID NO. 21 corresponding 
to the conserved mature miRNA miR398), and SEQID NO. 
22 (Zm-MIR397, including the DNA sequence SEQID NO. 
23 corresponding to the conserved mature miRNA miR397). 
Six MIR sequences were identified in soybean (Glycine 
max): SEQ ID NO. 24 (Gm-MIR393a, including the DNA 
sequence SEQ ID NO. 25 corresponding to the conserved 
mature miRNA miR393a), SEQID NO. 26 (Gm-MIR393b, 
including the DNA sequence SEQID NO.27 corresponding 
to the conserved mature miRNA miR393b), SEQID NO. 28 
(Gm-MIR399, including the DNA sequence SEQID NO. 29 
corresponding to the conserved mature miRNA miR399), 
SEQ ID NO. 30 (Gm-MIR164a, including the DNA 
sequence SEQ ID NO.31 corresponding to the conserved 
mature miRNA miR164a), SEQID NO. 32 (Gm-MIR164b, 
including the DNA sequence SEQID NO. 33 corresponding 
to the conserved mature miRNA miR164b), and SEQ ID 
NO. 34 (Gm-MIR164c, including the DNA sequence SEQ 
ID NO. 35 corresponding to the conserved mature miRNA 
miR164c). The novel MIR sequences are given in Table 4. 
with the location of nucleotides corresponding to the mature 
miRNA indicated by underlined text. 

TABLE 4 

10 GTATGTTCTCCGCTCACTCCCCCACCACTCTCATCCATCTCCAAGCTACACACA 

TATAAAAAAAAAAGAGTAGAGAAGGACCGCCGTTAGAGCACTTGATGCATGCGTA 

CGTCGATCCGGCGGACCGATCTGCTTTTGCTTGTGTGCTTGGTGAGAAGGTCCCTGT 

TGGAGAAGCAGGGCACGTGCAGAGACACGCCGGAGCACGGCCGCCGCCGATCTA 

CCGACCTCCCACACCTGCCTTGTGGTGTGGGGGTGGAGGTCNNNNNNCGNAGCGAG 

AGCTGNCGNTGNTGNTTNGAGCTGNTNGCTCCTCCTGCNCGGCTCCCCTTCTGCA 

CCACGGCCTTCTCACCACCCTCCTCCCGCGGCGGCGGCGGCGGCGGACCGCCCTTGC 

CGCGATCAATAATGAAACCAAAAGCCGACAGTGTTTGAGCAGGAAACACAAAAGG 

CGGATATCCCACTGNTAGCACTTCTGCGTTGATCATGGTCATCTGGAACAAAATAA 

TACTTGGGGACTTTACAGCGAGTGCAGCATGCTTAAGCTAGTTC 

12 TTCGGTCCAAGTAGTGGTGGTCATAATATGCTCCAAATAAAAGAAAGGTGGAGGAG 

CATCTCACAGACGACACAGCTGCTATGCTAGCACACGTCGAATCAATAGCTAGTTG 

CATGCAAAGTTCCAAAGCAAATAAACAGTGAGATCGAAAGACGTTTCGCTGTTGCA 

CGACACGACGAATCGATCGAACGAAAGTGTGTTTTTATGATTTGCACAGATTCTCGTT 

TATATATAATCCTAGCTAGCTAATCTAGAACGTACAGTGCACACCATCTTCTTCCAC 

AGATCACAGAAAGACAGCAGAAACCTGCATGGATCGGATCCGGTCCTGTCCTGTAA 

GATCTACACACATGCAAAGCAAATCAATTTCTTCCTTTTCTTTTCTTCAGAAACTGGG 

ATAACTTTTTGGAAGAGATCGAACAGTATATAGATTCAGGGAGCAGATCAAGGATT 

ATATATATAGCTAGTATGTGTACATATCAAAAGGGCAAGAAAAGTACAAAAAAGCA 

TCGGATCTCCATTATATATATACAACAGCTATATAACAACCACAGAAGAACAGTAAG 

CACGCACATGGTAAAATTAAAATAGCGTGGCAGCTGCTATGGATGTATGCATCAGAT 

GCCTAATATATATGCAAGATAATAATTAATAAGCAGCTCAAGCAAAGACAGATCAA 

GAGTTCGAGACAGCAGGTTGGAAAATAAAATACAGATCATATGAAGTAAAACCTTG 

ACTTGAGATACGAATGATGAAGCTGCATGGGTAAAGTAAACAAGGAAAGGATCGGA 

GGGAGCACCCTTCAGTCCAAGCAAAGACGGTGCGAGATCGAAGCTTTTACCTCCCGC 

TTCATTCACTCACGCGAAGCTCGTTTCCATGGCCGTTTGCTTGGCATGTGGGTGAA 

TGAGTCGGCAGCTAATCCGACCCTAGCACCGCCCCTGAGGGACIGAAGGACGC 

CCCCATCCGGCCGGCGACCATCGATCACAACCATGACGCCGCGCCCGGCGGCA 

AATATATTAACAAGAAATGAAATCAAAAGAGAGAGGAAGAACAAACATGATGCGC 

AGCTGCGCTAGCTAGTGCTTGATCTGTCTGACCACCTCATGGCGCGCAGTGTTTAGT 

TTTCTCCCTGGATCTTGCGAAGAAGGCGATGGATTTTCGATGGTTGCAAGGAGGAG 

CGACCGACAAAGGGTTTATATAATATGTAGACGGC 
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0304) The fold-back structure of the pri-miRNA was 
identified in each of these crop plant MIR sequences using 
the program EINVERTED (Rice et al. (2000) Trends Genet., 
16:276-277), and the results depicted in FIG. 11, which 
shows the fold-back portion of the sequences, with the 
nucleotide positions indicated by numbers. The fold-back 
portion of the MIR sequences is included in the pre-miRNA 
precursors processed from these MIR genes. 
0305) The MIR sequences, the complete MIR genes 
which include these, and the miRNA precursors (i. e. 
pri-miRNAs and pre-miRNAs) processed from these, are 
useful as target sequences for gene Suppression (e.g., for 
nuclear suppression of the production of mature miRNAs 
encoded by these MIR genes) and as a source of primer or 
probe sequences (e.g., for primer sequences for cloning and 
sequencing the promoters of these MIR genes). The fold 
back portion of the sequences has been proposed to be 
sufficient for miRNA processing (Parizotto et al. (2004) 
Genes Dev., 18:2237-2242), and thus in many embodiments 
the region of the sequence that contains the fold-back 
portion is preferably targetted for Suppression, or, alterna 
tively, serves as the source of a sequence for Suppressing a 
target gene. 

0306 The mature miRNAs produced from these miRNA 
precursors may be engineered for use in Suppression of a 
target gene, e. g., in transcriptional Suppression by the 
miRNA, or to direct in-phase production of siRNAs in a 
trans-acting siRNA suppression mechanism (see Allen et al. 
(2005) Cell, 121:207-221, Vaucheret (2005) Science STKE, 
2005:pe43, and Yoshikawa et al. (2005) Genes Dev, 
19:2164-2175, all of which are incorporated by reference 
herein). Plant miRNAs generally have near-perfect comple 
mentarity to their target sequences (see, for example, Llave 
et al. (2002) Science, 297:2053-2056, Rhoades et al. (2002) 
Cell, 110:513-520, Jones-Rhoades and Bartel (2004) Mol. 
Cell, 14:787-799, all of which are incorporated by reference 
herein). Thus, the mature miRNAs can be engineered to 
serve as sequences useful for gene Suppression of a target 
sequence, by replacing nucleotides of the mature miRNA 
sequence with nucleotides of the sequence that is targetted 
for Suppression; see, e.g., methods disclosed by Parizotto et 
al. (2004) Genes Dev., 18:2237-2242 and especially U.S. 
Patent Application Publications 2004/0053411 A1, 2004/ 
0268441A1, 2005/014.4669, and 2005/0037988 all of which 
are incorporated by reference herein. When engineering a 
novel miRNA to target a specific sequence, one strategy is 
to select within the target sequence a region with sequence 
that is as similar as possible to the native miRNA sequence. 
Alternatively, the native miRNA sequence can be replaced 
with a region of the target sequence, preferably a region that 
meets structural and thermodynamic criteria believed to be 
important for miRNA function (see, e. g., U.S. Patent 
Application Publication 2005/0037988). Sequences are 
preferably engineered such that the number and placement 
of mismatches in the stem structure of the fold-back region 
or pre-miRNA is preserved. Thus, an engineered miRNA or 
engineered miRNA precursor can be derived from any of the 
mature miRNA sequences, or their corresponding miRNA 
precursors (including the fold-back portions of the corre 
sponding MIR genes) disclosed herein. 
0307 An engineered miRNA precursor based on a 
mature miRNA (e. g., a mature miRNA corresponding to 
SEQ ID NO. 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 
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or 35), preferably including the fold-back portion (e. g. as 
depicted in FIG. 11) of the corresponding MIR sequences 
(e.g., SEQID NO. 10, 12, 14, 16, 18, 22, 24, 26, 28, 30, or 
34), is cloned and used to evaluate engineered miRNAs in 
transient plant (e. g., tobacco, maize, Soy, potato, and 
Arabidopsis) assays. Successful constructs are moved to 
stable transformation into a plant of interest, including 
maize, soybean, or potato. The sequence targetted for Sup 
pression can be endogenous or exogenous to the plant cell in 
which the engineered miRNA construct is expressed. 
0308. In a non-limiting example, engineered miRNA 
sequences based on the fold-back portion of SEQID NO. 10, 
12, 14, 16, 18, 22, 24, 26, 28, 30, or 34 are engineered to 
target green fluorescent protein (GFP), with nucleotides of 
the native sequence replaced with nucleotides to match a 
targetted portion of the GFP sequence, while maintaining the 
position and number of mismatches in the stem portion of 
the fold-back structure, by altering as needed the opposite 
strand of the stem of the fold-back structure or pre-miRNA. 
The engineered miRNA sequence is placed in an expression 
cassette including a Suitable promoter (e. g., e35S) and 
terminator (e. g., Nos 3' transcriptional terminator). As a 
control, a similar gene cassette that expresses the native 
(non-engineered fold-back portion of SEQ ID NO. 10, 12. 
14, 16, 18, 22, 24, 26, 28, 30, or 34) is used. A third cassette 
is designed to express the target sequence (GFP) and used 
for co-transformation with either of the miRNA cassettes. 
These three cassettes are inserted into binary vectors for use 
in Agrobacterium-mediated transformation. Constructs are 
tested for their ability to suppress the expression of GFP in 
a transient co-transformation experiment in which leaves are 
transformed in planta on wild-type maize, soybean, potato, 
Arabidopsis, or Nicotiana spp. plants. After four days, leaf 
punches corresponding to the regions infiltrated with Agro 
bacterium containing the plasmids are assayed for GFP 
fluorescence, which is normalized to total protein content. 
Constructs that express a miRNA that has been engineered 
to suppress the GFP gene have lower GFP expressed than the 
unengineered control. 

Example 15 

0309 This example describes identifying novel mature 
miRNAS and the corresponding MIR sequences in Soy. A 
single Small RNA was isolated and cloned using procedures 
based on published protocols (Llave et al. (2002) Plant Cell, 
14:1605-1619, and Lau et al. (2001) Science, 294:858-862). 
In summary, low molecular weight RNA was isolated from 
Soy (Glycine max) leaf tissue. Adaptors were ligated fol 
lowed by RT-PCR for conversion of RNA to DNA Addi 
tional. PCR amplification followed by TA cloning and 
sequencing led to the identification of novel mature miRNA 
21-mers corresponding to the DNA sequence TGAGAC 
CAAATGAGCAGCTGA (SEQ ID NO. 36) or ATGCACT 
GCCTCTTCCCTGGC (SEQ ID NO. 37). 
0310. A soy cDNA contig sequence database was 
searched for sequences containing 21-mer segments identi 
cal to SEQ ID NO. 36 or SEQ ID NO. 37 or to their 
respective complements. The sequences thus identified 
included SEQID NO. 38 (including the DNA sequence SEQ 
ID NO. 36 corresponding to a non-conserved mature 
miRNA) and SEQ ID NO. 39 (Gm-MIR408, including the 
DNA sequence SEQ ID NO. 37 corresponding to the con 
served mature miRNA miR408). The novel MIR sequences 
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are given in Table 5, with the location of nucleotides 
corresponding to the mature miRNA indicated by underlined 
text. 

TABLE 5 

SEQ ID NO. Sequence 
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mays) genomic datasets were searched for novel microRNA 
precursor sequences, starting with all pre-miRNA sequences 
known at the time (April 2004) using blastn and a very 

38 

39 

AAAATTCATTACATTGATAAAACACAATTCAAAAGATCAATGTTCCACTTCATGCAAA. 
GACATTTCCAAAATATGTGTAGGTAGAGGGGTTTTACAGGATCGTCCGAGACCAAA 
GAGCAGCGACCACATGATGCAGCTATGTTTGCTATTCAGCTGCTCATCTGTTCTCA 

GGTCGCCCTTGTTGGACTGTCCAACTCCTACTGATTGCGGATGCACTTGCCACAAATGA 
AAATCAAAGCGAGGGGAAAAGAATGTAGAGTGTGACTACGATTGGATGCATGTGATT 
TAGGTAATTAAGTTACATGATTGTCTAATTGTGTTTATGGAATTGTATATTTTCAGAGC 
AGGCACCTGTAACTAATTATAGGTACCATACCTTAAAATAAGTCCAACTAAGTCCATG 
TCTGTGATTTTTTAGTGTCACAAATCACAATCCAGCCATTGGTTTTTTAATTTTTCAT 
TGTCTGTTGTTTAACTAACTCTAGCTTTTTAGCGCTTCAAGTACAGATTCCTCAAAGT 
GGAAAATGTTCTTTGAAGTCAATAAAAAGAGCTTTGATGATCATCTGCATTGTCTAAG 
TTGGATAAACTAATTAGAGAGAACTTTTGAACTTTGTCTACCAAATATCTGTCAGTGT 
CATCTGTCAGTTCTGCAAGCTGAAGTGTTGAATCCACGAGGTGCTTGTTGCAAAGTTG 
TGATATTAAAAGACATCTACGAAGAAGTTCAAGCAAAACTCTTTTTGGC 

CCGTGGTGGGCGAAGGGAATTAACGCCTATCGCGTGGCGAGAGAAGGAGCAGAACG 
GCAGGGGGGGGCCGGCTCCGGGGGGGCGCCCCGGTACGCACCGCGCTCTCCGAGTCC 
CTGGGGTCCCCCCCCCAGAACATCCTAATCGAAAAATTCAAGAGTGCATTTTGTGCGT 
AATGTAGTTAATTAGACAAATTTCTAATGTGAGAATCTTTCTGAGAATGAGATGTTGC 
TAAATATTTCGGATGTTGTCGACAAGGATGAGGTAATAATAGTTAGAGACAGGACAA 
AGCAGGGGAACAGGCAGAGCATGGATGGAGCTATCAACACAATATTGTCAAGAAAC 
TGAGAGTGAGAGGAGAAATATGTTGTGGTTCTGCTCAGCACGCCCCCCGG 

CTCTGTCTCCATTTCTCCTTCCCTTATTTATTTTTTGATTTATTGAGTATGATCTGTTTT 
CAAATGTGTTCATAGGTTCAACTTATTAAGGTACGAACATACTCTGGGCATTGAAAAC 
TGGTTTGACTCTTGAACAATTCCGCACCACAATCTTTCTTGAATCCAGGCTCACGC 
ACGATCACTATAAGGTCCCACATTCTTAGTGGCCTAATCGTTGGAAAATGCTACTTTG 
GCACTACTTGATGAATTGATGGCTGGGATTTTTTTCCCCTTGCTTGTAGAATCCTCTC 
AATTTATGTAACCATCGTGTACTCATTTACATGTCATCATTTTTGAATGAGATGTGATA 
TACATAGAGCAAAAAAAAAAAAAAAATTGTATGACCTCATTTTCTGTGTTTATTTCTC 
CCATCAAATCATTTTCTAAATCCAAAATTCTCTCTTTTTTCTTAGTTGTAGAAGTT 
ATTGTTTACTCGACTCCTCGCCTCACATCCCTCTCACCCCTCTCCCCACTACTGCCCCG 
CCAGCGTCACCGAGCTCTCCTTTGGGCCGGT 

0311. The fold-back structure of the pri-miRNA was 
identified in these MIR sequences using the program EIN 
VERTED (Rice et al. (2000) Trends Genet., 16:276-277), 
and the results shown in FIG. 12, with nucleotide positions 
indicated by numbers in the fold-back portion of the 
sequences. The fold-back portion of the MIR sequences is 
included in the pre-miRNA precursors processed from these 
MIR genes. 
0312. A family of related miRNAs was cloned from the 
soy leaf tissue, including the abundant miRNA described 
above and corresponding to the DNA sequence TGAGAC 
CAAATGAGCAGCTGA (SEQ ID NO. 36), and in lower 
abundances mature miRNA 2 1-mers corresponding to the 
DNA sequence TGAGATCAAATGAGCAGCTGA (SEQ 
ID NO. 40), TGAGACCAAATGAGCAGCTGT (SEQ ID 
NO. 41), and TGAGACCAAATGACCAGCTGA (SEQ ID 
NO. 42), respectively, each of which differs from SEQ ID 
NO. 36 at only one nucleotide position. 
0313 The MIR sequences, the complete MIR genes 
which include these, and the miRNA precursors (i. e. 
pri-miRNAs and pre-miRNAs) processed from these, the 
mature miRNAs transcribed from these, and miRNA recog 
nition sites of the mature miRNAs have various utilities as 
described above in Examples 12, 13, and 14 and elsewhere 
in this disclosure. 

Example 16 
0314. This example describes identifying novel MIR 
sequences in maize. Public and proprietary maize (Zea 

permissive cutoff (e <=10,000). Hits matching a minimum 
length criteria were extracted and tested (cmsearch) against 
all known miRNA covariance models (Rfam v5.1). 
Sequences showing significant similarity (>15 bits) to Rfam 
models were folded (mfold) and putative miRNAs identi 
fied. Two microRNA precursors in the miR166 family were 
thus identified, and are listed in Table 6. These novel MIR 
sequences contained the consensus fold-back structure indi 
cated by the shaded nucleotides depicted in FIG. 13 (Grif 
fiths-Jones (2004) Nucleic Acids Res., 32, Database Issue, 
D109-D 111, which is incorporated by reference herein). 

TABLE 6 

MIR gene Sequence 

SEQ ID NO. 43 GTTAAGGGGTCTGTTGTCTGGTTCAAGGTCGCCACAG 
CAGGCAAATAAAGCCCATTTCGCGCTTAGCATGCACC 
ATGCATGATGGGTGTACCTGTTGGTGATCTCGGACCA 
GGCTTCAATCCCTTAAC 

SEQ ID NO. 44 GTCGAGGGGAATGACGTCCGGTCCGAACGAGCCACGG 
CTGCTGCTGCGCCGCCGCGGGCTTCGGACCAGGCTTC 
ATTCCCCGTGAC 

0315. The MIR sequences, the complete MIR genes 
which include these, the miRNA precursors (i. e., pri 
miRNAs and pre-miRNAs) processed from these, and the 
mature miRNAs transcribed from these, and miRNA recog 
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nition sites of the mature miRNAs have various utilities as 
described above in Examples 12, 13, and 14 and elsewhere 
in this disclosure. 

Example 17 
0316. This non-limiting example describes the distribu 
tion of miRNAs in specific cells or tissues of a multicellular 
eukaryote (a plant). Knowledge of the spatial or temporal 
distribution of a given miRNAs expression is useful, e.g., 
in designing recombinant constructs to be expressed in a 
spatially or temporally specific manner. This example dis 
closes mature miRNA expression patterns in maize and 
provides sequences of recognition sites for these miRNAS 
that are suitable for inclusion in recombinant DNA con 
structs useful in maize and other plants. 
0317 Total RNA was isolated from LH244 maize plants 
using Trizol (Invitrogen, Carlsbad, Calif.). Seven develop 
mental stages were used, including roots and shoot mer 
istems from germinatings, juvenile (V1 to V2) and adult 
leaves (V7 to V8), stalk internode, tassel before shedding, 
and immature (approximately 1") ears. Five micrograms 
total. RNA was resolved on 17% PAGE-Urea as described 
by Allen et al. (2004) Nat. Genet., 36:1282-1290, which is 
incorporated by reference herein. Blots were probed with 
DNA oligonucleotides that were antisense to the small RNA 
sequence and end-labelled with gamma P-ATP using 
Optikinase (USB). The probes used, and their respective 
sequences, are given in Table 7. 

TABLE 7 

SEQ ID NO. Sequence miRNA 

45 GTGCTCACTCTCTTCTGTCA miR156 

46 TAGAGCTCCCTTCAATCCAAA miR159 

47 TGGCATCCAGGGAGCCAGGCA miR160 

48 CTGGATGCAGAGGTTTATCGA miR162 

49 TGCACGTGCCCTGCTTCTCCA miR164 

5 O GGGGAATGAAGCCTGGTCCGA miR166 

51 TAGATCATGCTGGCAGCTTCA miR167 

52 TTCCCGACCTGCACCAAGCGA miR168 

53 TCGGCAAGTCATCCTTGGCTG miR169 

54 GATATTGGCGCGGCTCAATCA miR171 

55 CTGCAGCATCATCAAGATTCT miR172 

56 GGCGCTATCCCTCCTGAGCTT miR390 

57 GATCAATGCGATCCCTTTGGA miR393 

58 TGGGGTCCTTACAAGGTCAAGA TAS3 5' D7 (+) 

59 GGAGGTGGACAGAATGCCAA miR394 

60 GAGTTCCCCCAAACACTTCAC miR395 

61 CATCAACGCTGCGCTCAATGA miR397 

62 CGGGGGCGACCTGAGAACACA miR398 

63 AGCCAGGGAAGAGGCAGTGCA miR408 

0318. The results are shown in FIG. 14. Individual 
mature miRNAs were expressed at differing levels in spe 
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cific cells or tissues. For example, Zm-miR390 was not 
expressed, or expressed only at low levels, in root and adult 
leaf. 

Example 18 

0319. This example describes recombinant DNA con 
structs of the invention, useful for Suppressing expression of 
a target RNA in a specific cell of or derived from a 
multicellular eukaryote such as a plant cell or an animal cell, 
and methods for their use. The constructs include a promoter 
operably linked to DNA that transcribes to RNA including at 
least one exogenous miRNA recognition site recognizable 
by a mature miRNA expressed in a specific cell of a 
multicellular eukaryote, and target RNA to be suppressed in 
the specific cell, wherein said target RNA is to be expressed 
in cells of the multicellular eukaryote other than the specific 
cell. 

0320 Strong constitutive promoters that are expressed in 
nearly all plant cells have been identified (e.g., CaMC 35S, 
OSAct), but strong spatially specific (cell- or tissue-specific) 
and temporally specific promoters have been less well 
characterized. To limit target RNA or transgene expression 
to a specific cell or tissue type in the absence of a strong cell 
or tissue-specific promoter, it may be desirable to suppress 
in selected cells or tissues the expression of a transcript 
under the control of a constitutive promoter. The invention 
provides methods that use recognition sequences of endog 
enous miRNAS to Suppress expression of a constitutively 
expressed target RNA in specific cells. 

0321 Methods of the invention allow spatially or tem 
porally specific post-transcriptional control of expression of 
a target RNA wherein transcription is driven by a non 
specific (e. g., constitutive) promoter. The methods of the 
invention allow, for example, the restricted expression of a 
gene transcribed by a constitutive promoter or a promoter 
with expression beyond the desired cell or tissue type(s). 
Restricted expression may be spatially or temporally 
restricted, e.g., restricted to specific tissues or cell types or 
files, or to specific developmental, reproductive, growth, or 
seasonal stages. Where a miRNA is expressed under par 
ticular conditions (e.g., under biotic stress Such as crowd 
ing, allelopathic interactions or pest or pathogen infestation, 
or abiotic stress such as heat or cold stress, drought stress, 
nutrient stress, heavy metal or salt stress), the corresponding 
miRNA recognition site can be used for conditionally spe 
cific Suppression, i. e., to Suppress a target RNA under the 
particular condition. 

0322 For example, Zm-miR162 is poorly expressed in 
maize roots (see Example 17 and FIG. 14), therefore, 
designing an expression construct to include an exogenous 
miRNA162 recognition site adjacent to, or within, a consti 
tutively expressed target RNA, may limit target RNA tran 
Script accumulation in all cells of a maize plant with the 
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exception of roots. This method has utility for all gene 
expression applications in multicellular eukaryotes (plants 
and animals), where restricted expression is desired in cells 
wherein the given mature miRNA is expressed. 
0323 In multicellular eukaryotes, including plants, 
microRNAs (miRNAS) regulate endogenous genes by a 
post-transcriptional cleavage mechanism, which can spa 
tially or temporally specific. The present invention provides 
methods by which the addition of a miRNA recognition site 
to a constitutively expressed transgene could be used to limit 
expression of the transgene to cells lacking, or distant to 
those expressing, the complementary mature miRNA either 
spatially or temporally (including conditionally). Manipula 
tion of these miRNA recognition sites in new transcripts 
introduced into transgenic plant cells and transgenic plants 
derived from these cells, is useful for altering expression 
patterns for the new transgene. 

0324. In an alternative approach, an existing (native or 
endogenous) miRNA recognition site is mutated (e.g., by 
chemical mutagenesis) sufficiently to reduce or prevent 
cleavage (see Mallory et al. (2004) Curr: Biol., 14:1035 
1046, incorporated by reference herein). In this way a target 
RNA sequence with desirable effects, e.g., increased leaf or 
seed size, can be expressed at levels higher than when the 
native or endogeous miRNA recognition site was present. 
One embodiment is to replace a native gene with an engi 
neered homologue, wherein a native miRNA has been 
mutated or even deleted, that is less susceptible to cleavage 
by a given miRNA. 

0325 One embodiment of the method is the introduction 
of at least one exogenous miRNA recognition site (typically 
a 21 nucleotide sequence) into the 5' or into the 3' untrans 
lated regions of a target RNA, or within the target RNA. 
Where the target RNA includes coding sequence, the at least 
one exogenous miRNA recognition site can be introduced 
into the coding region of the target RNA. This results in the 
reduced expression of the target RNA in tissues or cell types 
that express the corresponding mature miRNA. By including 
a recognition site corresponding to a mature miRNA in a 
target RNA transcript, it is possible to modulate the target 
RNA's expression in such a way that even under the control 
of a constitutive promoter, the target RNA is expressed only 
in selected cells or tissues or during selected temporal 
periods. This allows both the high levels of expression 
obtainable with strong constitutive promoters, and spatial or 
temporal limiting of Such expression. 

0326. Any miRNA recognition site may be used, prefer 
ably where the expression of the corresponding mature 
miRNA has been determined to suit the desired expression 
or suppression of the target RNA. Numerous miRNA rec 
ognition sequences are known. See, for example, Jones 
Rhoades and Bartel (2004). Mol. Cell, 14:787-799, Rhoades 
et al. (2002) Cell, 110:513-520, Allen et al. (2004) Nat. 
Genet., 36:1282-1290, which are incorporated by reference 
herein). Also see the ASRP database online (Gustafson et al. 
(2005) Nucleic Acids Res., 33:D6379-D640). Non-limiting 
examples of miRNA recognition sites useful in constructs 
and methods of the invention include those provided in 
Table 8, which gives the recognition site sequences for the 
indicated miRNA family and indicates the distribution 
among "all plants' (i. e., lower plants, monocots, and 
dicots), monocots and/or dicots. The plant species from 
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which the miRNA was identified and the abbreviations used 
were: Arabidopsis thaliana (At), Glycine max (Gm), Gos 
sypium hiusutum (Gh), Hordeum vulgare (HV), Lycopersi 
cum esculentum (Le), Lotus corniculatiis var. japonicus 
(synonymous with “Lotus japonicus) (L), Medicago trun 
catula (Mt), Mesembryanthemum crystallinum (Mc), Oryza 
sativa (OS), Pennisetum glaucum (Pg), Phaseolus vulgaris 
(PV), Populus tremula (Pt), Saccharum officinarum (So), 
Sorghum bicolor (Sb). Theobroma cacao (Tc), Triticum 
aestivum (Ta), Vitis vinifera (VV), and Zea mays (Zm). 

TABLE 8 

miRNA Recognition 
Recognition Site 

SEQ ID NO. Site Sequence 

miR156 family recognition sequence-all plants 

64 At 1g27370 GUGCUCUCUCUCUUCUGUCA 
65 At 1g 53160 CUGCUCUCUCUCUUCUGUCA 
66 At2g33810 UUGCUUACUCUCUUCUGUCA 
67 At3g 15270 CCGCUCUCUCUCUUCUGUCA 

miR159 family recognition sequence-all plants 

68 At5g O6100 UGGAGCUCCCUUCAUUCCAAU 
69 At2g26960 UCGAGUUCCCUUCAUUCCAAU 
70 At 4g 26930 AUGAGCUCUCUUCAA.ACCAAA. 
71. At2g26950 UGGAGCUCCCUUCAUUCCAAG 
72 At2g 32460 UAGAGCUUCCUUCAA.ACCAAA. 
73 At3g 60460 UGGAGCUCCAUUCGAUCCAAA. 
74 At5g 55020 AGCAGCUCCCUUCAAACCAAA 
75 PvMYB CAGAGCUCCCUUCACUCCAAU 
76 WvMYB UGGAGCUCCCUUCACUCCAAU 
77 HvMYB33 UGGAGCUCCCUUCACUCCAAG 
78 OSMYB33 UGGAGCUCCCUUUAAUCCAAU 

miR160 family target sequences-all plants 

79 At 1g 77850 UGGCAUGCAGGGAGCCAGGCA 
8O At2g28350 AGGAAUACAGGGAGCCAGGCA 
81 At 4.g30080 GGGUUUACAGGGAGCCAGGCA 
82 OsARF AGGCAUACAGGGAGCCAGGCA 
83 LjARF AAGCAUACAGGGAGCCAGGCA 

miR161 family target sequences-Arabidopsis 

84 At5g 41170 ACCUGAUGUAAUCACUUUCAA. 
85 At 1g06580 CCCGGAUGUAAUCACUUUCAG 
86 At 1g 63150 UUGUUACUUUCAAUGCAUUGA 
87 At5g 16640 CCCUGAUGUAUUUACUUUCAA. 
88 At 1ge 2590 UAGUCACGUUCAAUGCAUUGA 
89 At 1g 62670 CCCUGAUGUAUUCACUUUCAG 
9 O At 1g 62860 CCCUGAUGUUGUUACUUUCAG 
91 At 1g 62910 UAGUCACUUUCAGCGCAUUGA 
92 At 1g 62930 UCCAAAUGUAGUCACUUUCAG 
93 At 1g 63080 UCCAAAUGUAGUCACUUUCAA. 
94 At 1g 63130 UCCAAAUGUAGUCACUUUCAG 
95 At 1g 63400 UCCAAAUGUAGUCACUUUCAA. 
96 At 1g 63230 UUGUAACUUUCAGUGCAUUGA 
97 At 1g 63330 UAGUCACGUUCAAUGCAUUGA 
98 At 1g 63630 UUGUUACUUUCAGUGCAUUGA 
99 At 1g 64580 CCCUGAUGUUGUCACUUUCAC 

100 At2g 41720 UUGUUACUUACAAUGCAUUGA 
101 At 1ge 3070 UAGUCUUUUUCAA.CGCAUUGA 

miR162 family target sequences-monocots and dicots 

102 At 1g010 40 CUGGAUGCAGAGGUA 
UUAUCGA 

103 PtDCL1 CUGGAUGCAGAGGUCU 
UAUCGA 

104 OsDCL1 CUGGAUGCAGAGGU 
UUUAUCGA 
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TABLE 8-continued 

miRNA Recognition 
Recognition Site 

SEQ ID NO. Site Sequence 

84 TaF2UBC UAGGGCAAAUCUCCUUUGGCG 
85 TaF2UBC CUGGGCAAAUCUCCUUUGGCG 
86 TaF2UBC UUCGGCAAAUCUCCUUUGGCA 

miR403 family target sequences-dicots 

87 At 1g31280 GGAGUUUGUGCGUGAAUC 
UAAU 

miR390 family target sequences- all plants 

88 At3g 17185 CUUGUCUAUCCCUC 
CUGAGCUA. 

89 SbTAS3 UAUGUCUAUCCCUU 
CUGAGCUG 

9 O SoTAS3 UAUGUCUAUCCCUU 
CUGAGCUA. 

91 ZITAS3 UAUGUCUAUCCCUU 
CUGAGCUG 

92 OsTAS3 UCGGUCUAUCCCUC 
CUGAGCUG 

93 PgTAS3 UUAGUCUAUCCCUC 
CUGAGCUA. 

94 WWTAS3 AUUGCCUAUCCCUC 
CUGAGCUG 

95 TcTAS3 CCUUGCUAUCCCUC 
CUGAGCUG 

96 LeASR CUUGUCUAUCCCUC 
CUGAGCUG 

97 ZITAS3 CCCUUCUAUCCCUC 
CUGAGCUA 

98 PtTAS3 CUUGUCUAUCCCUC 
CUGAGCUA. 

99 OsTAS3 CCCUUCUAUCCCUC 
CUGAGCUA. 

200 TaTAS3 CCCUUCUAUCCCUC 
CUGAGCUA. 

201 HwTAS3 CCUUUGUAUCCCUC 
CUGAGCUA. 

2O2 PtTAS3 CCUGUCUAUCCCUC 
CUGAGCUA. 

2O3 McTAS3 UGUGUCUAUCCCUC 
CUGAGCUA. 

miR447 family target sequences-Arabidopsis 

204 At5g 6O760 UGACAAACAUCUCGUCCCCAA 
2O5 At3g 45090 UGACAAACAUCUCGUUCCUAA 

miR408 family target sequences-monocots and dicots 

2O6 At2g 02850 CCAAGGGAAGAGGCAGUGCAU 
2O7 At2g30210 ACCAGUGAAGAGGCUGUGCAG 
208 At2g 47020 GCCAGGGAAGAGGCAGUGCAU 
209 At5g 05.390 GCCGGUGAAGAGGCUGUGCAA 
210 At5g 07130 GCCGGUGAAGAGGCUGUGCAG 

TAS3 ta-siRNA target sequences-monocots and dicots 

211 At2g33860a AGGGUCUUGCAAGGUCAAGAA 
212 At5g 60450a AAGGUCUUGCAAGGUCAAGAA 
213 OsARF3-like GAGGUCUUGCAAGGUCAAGAA 
214 OsARF2-like ACGGUCUUGCAAGGUCAAGAA 

TAS1/TAS2 target sequences-Arabidopsis thaliana 

215 Atg12770 AGAACUAGAGAAAGCAUUGGA 
216 Atg12770 AGAGUAAGAUGGAGCUUGAUA. 
217 Atlg63130 AGAUGGUGGAAAUGGGAUAUC 
218 At 1g 63230 UUGUUGAUCGUAUGGUAGAAG 
219 At 1g 62930 GGUAUUCGAGUAUCUGCAAAA 

0327 Thus, a transgenic plant expressing a recombinant 
DNA construct that, under the a constitutive promoter (e.g., 
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a 35S promoter) transcribes to RNA containing a Zm 
miR390 recognition site and a target RNA would be 
expected to show Suppression of the target RNA expression 
in root and adult leaf, relative to expression in other tissues. 
0328. In another example, Zm-miR172 was expressed at 
high levels in Stalk, and not expressed or expressed only at 
low levels, in other tissues. A transgenic plant expressing a 
construct that, under the control of a strong constitutive 
promoter (e.g., a CaMV 35S promoter) transcribes to RNA 
containing a Zm-miR172 recognition site and a target RNA 
would be expected to express that target RNA at higher 
levels in tissues other than stalk (where expression of the 
target RNA would be suppressed). 

0329. To illustrate use of the constructs and methods of 
the invention to control expression of a gene of interest, a 
reporter gene is used as the gene of interest itself, or as a 
Surrogate for the gene of interest. For example, where 
expression of a reporter gene (e. g., green fluorescent 
protein, GFP) is desired in maize stalk and immature ear 
tissue, a miR 156 target site is included in a GFP expression 
cassette and expressed in a stably transgenic maize plant 
under the control of the CaMV 35S promoter. In other 
tissues (e. g., roots, leaves, and tassel), GFP expression is 
Suppressed. The Suppression phenotype may be limited to 
very specific cell types within the Suppressed tissues, with 
neighboring cells showing expression or a gradient of 
expression of GFP adjacent to those cells expressing the 
mature miR156. 

0330. In another example, a strong constitutive promoter 
is used to drive expression of a Bacillus thuringiensis 
insecticidal protein or protein fragment (“Bt), where a 
recognition site for a miRNA not expressed in pollen is 
included in the construct, resulting in strong expression in 
tissues of the plant except for the pollen. 
0331 One specific, non-limiting example of the method 

is the inclusion of the recognition site for a miRNA that is 
not expressed in roots to a recombinant DNA construct 
including a target RNA of which expression is desired only 
in the roots. A strong constitutive promoter (e.g., enhanced 
35S) can still be used, but the target RNA’s expression is 
now restricted to the cells that that do not express the 
corresponding mature miRNA. A specific example of this 
approach is the inclusion of a maize miRNA162, maize 
miRNA164, or maize miRNA390 recognition site in a 
recombinant DNA construct for the expression of a Bacillus 
thuringiensis insecticidal protein or protein fragment (“Bt. 
see, for example, the Bacillus thuringiensis insecticidal 
sequences and methods of use thereof disclosed in U.S. Pat. 
No. 6,953,835 and in U.S. Provisional Patent Application 
No. 60/713,111, filed on 31 Aug. 2005, which are incorpo 
rated by reference herein) as the target RNA, e. g., in a 
construct including the expression cassette e35S/Bt/hsp17. 
These miRNAs (e.g., miRNA162, miRNA164, or 
miRNA390) are not substantially expressed in maize roots 
but are expressed in most other tissues. Including one or 
more of these recognition sites within the expression cas 
sette reduces the expression of transcripts in most tissues 
other than root, but maintains high Bt target RNA expression 
levels in roots, such as is desirable for control of pests such 
as corn rootworm. In one embodiment, combinations of 
different miRNA recognition sites are included in the con 
struct in order to achieve the desired expression pattern. 
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0332. Non-limiting specific examples of transcribable 
DNA sequence including an exogenous miRNA recognition 
site are depicted in FIG. 15 and FIG. 16. FIG. 15 depicts 
chloroplast-targeted TIC809 with a miRNA162 recognition 
site (in bold text) located in the 3' untranslated region (SEQ 
ID NO. 220). FIG. 16 depicts non-targeted TIC809 with a 
miRNA164 recognition site (in bold text) located in the 3' 
untranslated region (SEQ ID NO. 221). 

Example 19 

0333. This example describes a crop plant miRNA gene 
with tissue-specific expression, and identification of the miR 
gene promoter. More particularly, this example describes 
identification of a maize miR167 promoter sequence with 
endosperm-specific expression. A member of the miR167 
family (SEQ ID NO. 4) was found to represent about a 
quarter of the small RNA population cloned from develop 
ing maize endosperm as described in Example 13. To 
determine whether a single miR167 gene family member is 
responsible for the observed strong endosperm expression, 
several miR167 genes were analyzed by RT-PCR. Nine Zea 
mays miR167 stem-loop sequences were found in the public 
miRNA registry (miRBase', available on line at microrna 
..sanger.ac.uk/sequences), listed as miR167a through 
miR167i. Tissue-specific RT-PCR was performed for several 
of the Z. may’s miR167 sequences using gene-specific prim 
ers for first strand cDNA synthesis followed by PCR with 
gene-specific primer pairs. Expression of miR167g was 
strong and tissue-specific for endosperm (15, 20 days after 
pollination). 
0334) To determine whether miR167g is abundantly 
expressed in endosperm, Northern blots of maize (LH59) 
were prepared. The blot was probed with an end-labeled 
mature miR167 22-mer LNA probe (FIG. 17A), stripped, 
and re-probed with a ~400bp miR167g gene-specific probe 
(FIG. 17B). The strong endosperm signal observed indi 
cated that miR167g is largely responsible for endosperm 
enhanced expression. Transcription profiling of maize tis 
sues corroborated the Northern blot results (FIG. 17C); the 
transcript corresponding to miR167g was abundantly and 
specifically expressed in endosperm tissue. 
0335) A GenBank publicly available 804 base pair cDNA 
sequence (annotated as “ZM BFb0071 I20.rZM BFb Zea 
mays clNA 5", mRNA sequence') and having the accession 
number DR827873.1 (GI:71446823) is incorporated hereby 
reference. This sequence includes a segment corresponding 
to the mature miR167g (SEQ ID NO. 4). Using the public 
sequence, bioinformatic analysis was performed on propri 
etary maize genomic sequence. A 4.75 kilobase genomic 
cluster including sequence from maize inbred line B73 was 
identified as containing predicted gene sequences for 
miR167a and miR167g. A 486 base pair region between the 
two miR167 genes was identified as having homology to an 
expressed sequence tag (EST) sequence. Promoter motifs 
were identified in the upstream sequences of both (miR167a 
and miR167g) predicted transcripts. A region of 1682 base 
pairs (SEQID NO.222) between the predicted miR167a and 
miR167g transcripts, and a smaller region of 674 base pairs 
(SEQ ID NO.223) between the EST and the predicted 
miR167g transcript was identified as miR167g promoter 
sequences. Subsets of these sequences (e.g., at least about 
50, about 100, about 150, about 200, about 250, or about 300 
nucleotides of SEQ ID NO.222 or SEQ ID NO.223, or 
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fragments of at least about 50, about 100, about 150, and 
about 200 contiguous nucleotides having at least 85%, at 
least 90%, or at least 95% identity to a segment of SEQ ID 
NO.222 or SEQ ID NO.223) are also useful as promoters: 
their promoter effects are demonstrable by procedures well 
known in the art (e.g., to drive expression of a reporter gene 
Such as luciferase or green fluorescent protein). The anno 
tation map, including locations of the miR167a and 
miR167g genes and mature miRNAS, and promoter ele 
ments (e.g., TATA boxes), of this genomic cluster is shown 
in FIG. 18. The annotation map also shows the location of 
auxin-responsive factor (ARF) motifs or auxin response 
elements with the sequence TGTCTC (SEQ ID NO.224), 
which indicates that auxin may regulate expression of 
miR167g. Mature miR167 miRNAs are complementary to 
ARF6 and ARF8 (which encode activating ARFs) and have 
been proposed to regulate auxin homeostasis; see, for 
example, Rhoades et al. (2002) Cell, 110:513-520, Bartel 
and Bartel (2003) Plant Physiol., 132:709–717, Ulmasov et 
al. (1999) Proc. Natl. Acad. Sci. USA, 96:5844-5849, and 
Mallory et al. (2005) Plant Cell, 17:1360-1375, all of which 
are incorporated by reference herein. 
0336. In addition to the miR167g promoter sequences 
(SEQ ID NO.222 and SEQ ID NO.223) identified from 
maize inbred line B73, two additional miR167g promoter 
sequences (SEQ ID NO.225 and SEQ ID NO.226) were 
amplified from the maize inbred line LH244. The 3' ends of 
SEQ ID NO.225 and SEQ ID NO.226 were determined 
experimentally by 5 RACE (rapid amplification of cDNA 
ends, Invitrogen Corporation, Carlsbad, Calif.) of miR167g. 
The 5' end of the 768 base pairs sequence (SEQID NO.225) 
corresponds to the end of a GenBank publicly available 481 
base pair cDNA sequence (annotated as “QCG17c03.yg 
QCG Zea mays cDNA clone QCG17c03, mRNA sequence') 
and having the accession number CF035345.1 
(GI:3293.0533). The 5' end of the 407 base pairs sequence 
(SEQ ID NO.226) corresponds to the end of a GenBank 
publicly available 746 base pair cDNA sequence (annotated 
as “MEST991 AO6.T7-1 UGA-ZmSAM-XZ2 Zea mays 
cDNA, mRNA sequence') and having the accession number 
DN214085.1 (GI:60347 112). 
0337 The miR167g promoter sequences, miR167g gene, 
mature miR167g microRNA, and miR167g recognition site 
described herein have various utilities as described in 
Examples 12, 13, 14, and 18, and elsewhere in this disclo 
Sure. In particular, a miR167g promoter is useful as an 
endosperm-specific promoter, and can be used, for example 
to replace the maize B32 promoter used in the recombinant 
DNA construct described in Example 4 (also see FIG. 5B). 
In another utility, the miR167g sequence or mature miR167g 
(or a precursor thereof) is engineered to suppress a target 
gene, especially where Suppression is to be endosperm 
specific. The miR167g recognition site is useful, e. g., in 
constructs for gene expression where the gene is to be 
expressed in tissues other than endosperm. 

Example 20 

0338. This example describes a recombinant DNA con 
struct including a transcribable engineered miRNA precur 
Sor designed to Suppress a target sequence, wherein the 
transcribable engineered miRNA precursor is derived from 
the fold-back structure of a MIR gene, preferably a maize or 
soybean MIR sequence. 
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0339 MicroRNA genes were cloned essentially as 
described in Example 15 from maize. These included a 
ZmMIR 159a sequence (SEQ ID NO. 227) and a 
ZmMIR164e (SEQID NO. 228): the sequences are provided 
in Table 9, with the location of nucleotides corresponding to 
the mature miRNA indicated by underlined text. 

TABLE 9 

Zea mays 
MIR sequence 

MIR159a 

Sep. 7, 2006 

vectors mixed to a final optical density (600 nanometers) of 
0.5. AGFP expression vector was used to equalize all mixes 
to the same optical density. Agrobacterium mixes were 
infiltrated into N. benthamiana using a syringe applied with 
slight pressure to the bottom surface of two to three leaves 
per plant leaf. Inoculated leaves were harvested 48 hours 

GCATCGCTGTTCTTTATTTCTATACATACAATAACTACAC 

(SEQ ID No. 227) COGTTATTTGCTTCTCTATTCTGTCCGAGTACTTTACGGTGTTC 
CGCACATAGATCTCGGGCCGGCGGTTTTGCGCTTTCGCTTGC 
GTTTCTTGGCCCTGCTGGTGTTTGACCGGACCGAACGGGGGCA 
GATCGATGCTTTGGGTTTGAAGCGGAGCTCCTATCATTCCAATGA 
AGGGTCGTCCGAAGGGCTGGTTCCGCGCTCGTTCATGGTTCCC 
ACTATCCTATCTCATCATGTGTATATATGTATTCCATGGGGGAGGGT 
TTCTCTCGTCTTTGAGATAGGCTTGTGGTTTGCATGACCGAGGAGC 
TGCACCGCCCCCTTGCTGGCCGCTCGGAGAAGGGAGCCTG 
CATCCTGATCCACCCCTCCATTTTTTTTTGCTTGTTGTGTCCTTCC 
TGGGACCTGAGATCTGAGGCTCGTGGTGGCTCACTG 

MIR164 e CCTTGTATGTTCTCCGCTCACTCCCCCATTCCACTCTCATCCATCTCTC 

(SEQ ID NO. 228) AAGCTACACACATATAAAAAAAAAAGAGTAGAGAAGGACCGCCGT 
TAGAGCACTTGATGCATGCGTACGTCGATCCGGCGGACCGATCTGC 
TTTTGCTTGTGTGCTTGGTGAGAAGGTCCCTGTGGAGAAGCAGGGC 
ACGGCAGAGACACGCCGGAGCACGGGGGCCGCCGATCTACCGAC 
CTCCCACACCTGCCTTGTGGTGTGGGGGTGGAGGTCGTCGGTGGAA 
GCGATAGCTGTCGTTGTTGCTTCGATGTTGTTAGCTCCTCCTGCACG 
GCTCCCCTTCTCCACCACGGCCTTCTCACCACCCCCCCCCCGGC 

GGCGGCGGCGGCGGACCGCCCTTGCCGCGATCAATAATGAAACCA. 
AAAGCCGACAGTATTTGAGCAGGAAATACAAGAGGCGGATATCCCAC 
TGCTAGCACTTCTGCGTTGATCATG-tTCATCTGGAACAAAATAATACT 
CGGCGACTTTACAGCGAGTGCAGCATG 

0340 An engineered miRNA, “MIR 159a-CPB.miR1”, 
based on cloned SEQID NO. 227, was designed to target a 
vacuolar ATPase sequence from Colorado potato beetle and 
had the sequence GCATCTGCTGFCTTTTATTTCTATA 
CATACATATATACTATCACCGGT 
TATTTGCTTCTCTATTCTGTCCGA GTACTTTACGGT 
GTTCCGCACATAGATCTCGTGGCCGGCGGTTTTGCG 
CTTTCGCTTGCGTTTCTTGGCCC TGCTGGTGT 
TGACCGGACCGAACGGGGGCAGATCGAT 
GCTTTGGGTTTGGAAGatacGtggCaAaacTagg AAT 
GAAGGGTCGTTCCGAAGGGCTGGTYC 
CGCTGCTCGTTCATGGTTCCCACTATC 
CTATCTCATCATGTGTA TATATGTATTCCATGGGG 
GAGGGTTTCTCTCGTCTTTGAGATAGGCTTGTGGTT 
GCATGACCGAGGAGC TGCACCGCCCCCTTGCTG 
GCCGCTCTTTCCTGGTTCTGCCACGTAT 
CATCCTGATCCACCCCTCCATTTT TTTTTGCTFGT 
TGTGTCCTTCCTGGGACCTGAGATCTGAGGCTCGT 
GGTGGCTCACTG (SEQ ID NO. 229, where the nucle 
otides corresponding to the engineered mature miRNA are 
indicated by bold underlined text, and the nucleotides 
included in the complementary strand of the miRNA hairpin 
are indicated by lower-case text). A recombinant DNA 
construct containing this engineered miRNA (SEQ ID NO. 
229), was made and expressed in tobacco (N. benthamiana) 
using a transient in planta expression assay as in Llave et al. 
(2002) Plant Cell, 14:1605-1619 and Palatnik et al. (2003) 
Nature, 425:257-263, which are incorporated by reference 
herein. Briefly, Agrobacterium tumefaciens containing a 
binary expression vector was grown to late log phase, VIR 
genes induced, and all desired combinations of expression 

after infiltration. All assays were performed in triplicate, 
with a single plant per replicate. The predicted mature 
engineered miRNA processed from the precursor sequence 
SEQID NO. 229 has the sequence UUUCCUGGUUCUGC 
CACGUAU (SEQID NO. 230), which has a Reynolds score 
of 4 (where values range from -1 to 10 and a higher score 
is predictive of efficacy; see Reynolds et al. (2004) Nature 
Biotechnol., 22:326-330, which is incorporated by reference 
in its entirety herein), a functional asymmetry score of -1.1 
(where a negative value predicts incorporation into the RISC 
complex, see Khvorova et al. (2003) Cell, 115:209-216, 
which is incorporated by reference herein), and was 
observed to be efficiently processed (FIG. 19B). 
0341 This approach is useful with other plant mature 
miRNA and miRNA precursor sequences, which can be 
engineered to silence various target genes of the plant or of 
a pest or pathogen of the plant. Thus, another engineered 
miRNA, “MIR 159a-CRW.miR1, also based on cloned SEQ 
ID NO. 227, is designed to target a vacuolar ATPase 
sequence from corn rootworm and had the sequence 
GCATCTGCTGTTCTTTATTFCTATA 
CATACATATATACTATCACCGGT 
TATTTGCTTCTCTATTCTGTCCGA GTACTTTACGGT 
GTTTCCGCACATAGATCTCGTGGCCGGCGGTTTTGC 
GCTTTCGCTTGCGTTTCTTGGCCC TGCTGGT 
GTTTGACCGGACCGAACGGGGGCAGATC 
GATGCTTTGGGTTTGAAGTCTCTGGCAGTAACTG 
ACAATGAAGGGTCGTTCCGAAGGGCTG 
GTTCCGCTGCTCGTTCATGGTFCCCAC 
TATCCTATCTCATCAT GTGTATATATGTATYC 
CATGGGGGAGGGTTTCTCTCGTCTTTGAGATAGGCT 
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TGTGGTTTGCATGACCGA GGAGCTGCACCGC 
CCCCTTGCTGGCCGCTCTTTGTC 
CGTTTCTGCCAGAGACATCCTGATCCACCCCTC 
CATTTTTTTTTGCTTGTTGTGTCCTTC 
CTGGGACCTGAGATCTGAGGCTCGTG 

GTGGCTCACTG (SEQ ID NO. 231, where the nucleotides 
corresponding to the engineered mature miRNA are indi 
cated by bold underlined text). The Western corn rootworm 
(Diabrotica virgifera) vacuolar ATPase sequence selected for 
suppression has the sequence AGAAGCCTGGCAATTTC 
CAAGGTGATTTTGTCCGTTTCTGCCA 
GAGATGCTTTACCTACCAGCTGCACAA TTTCG 
GCTAGATCATCTTCTTCCTGAAGAATTTCCTTAACTT 
TGGTFCTAAGAGGAATAAACTCTTGGAA 
GTTTTTGTCATAAAAGTCGTCCAAT 
GCTCTTAAATATTTGGAATATGATC 
CAAGCCAGTCTACTGAAGGG AAGTGCTTACGT 
TGGGCAAG (SEQ ID NO. 232). The predicted mature 
engineered miRNA processed from the precursor sequence 
SEQ ID NO. 229 has the sequence UUUGUCCGUUU 
CUGCCAGAGA (SEQID NO. 233), which has a Reynolds 
score of 6 and a functional asymmetry score of -3.2. This 
gene Suppression element is tested in Agrobacterium-medi 
ated transient assays in tobacco for expression of the engi 
neered miRNA, and then stably transformed into maize to 
test for efficacy in controlling corn rootworm. These engi 
neered miRNAs or miRNA precursors can be included in 
various recombinant DNA constructs of the invention, e.g., 
in a construct including the engineered miRNA or miRNA 
precursor embedded within an intron flanked on one or on 
both sides by non-protein-coding DNA, or in combination 
with a miRNA recognition site, or with an aptamer. 
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cloned 21-int small RNA, and possible miRNA* (strand 
corresponding to the miRNA) at a lower abundance, (2) 
containment of the miRNA/miRNA duplex wholly within 
a short, imperfect foldback structure, (3) derivation of the 
miRNA from an RNA Pol II non-protein-coding transcript, 
and (4) presence of a complementary target site in a coding 
gene; see Ambros et al. (2003) RNA, 9: 277-279, which is 
incorporated by reference herein. 

0343 Small RNAs were extracted from adaptor-contain 
ing raw sequences and their Strands were determined. This 
sequence set was filtered to remove Small RNA sequences 
that were virus, tRNA, rRNA, chloroplast and mitochondria 
RNAs, and transgene, resulting in a filtered set of 381,633 
putative miRNA sequences. Small RNAs not originating 
from the above Sources and not homologous to known 
miRNAs were mapped to reference soybean cINA 
sequences. For the mapped cDNA sequences with low 
protein-coding content, a cDNA sequence fragment of about 
250 nucleotides, containing the putative miRNA, was folded 
using RNA Folder. The foldback structure was examined to 
check if the small RNA was located in the stem, and if an 
extensively (but not perfectly) complementary small RNA 
with lower abundance was located in the opposite side of the 
stem. The potential targets of the small RNA are predicted 
based on rules modified from Jones-Rhoades and Bartel 
(2004) Mol. Cell, 14:787-799, and Zhang (2005) Nucleic 
Acids Res., 33:W701-704, which are incorporated by refer 
ence herein. Table 10 lists the five novel non-conserved 
miRNAs cloned from soy leaf tissue, and for each the 
corresponding miRNA* and precursor pri-miRNA(s); abun 
dance ("abund') is given as the number of times the 
sequence occurred in a total of 381,633 sequences. 

TABLE 10 

miRNA 

miRNA miRNA precursor 

SEQ SEQ 
ID ID SEQ ID 

NO. sequence abund NO. sequence abund NO 

234 UGAGACCAAAUGAGCAGCUGA 94123 235 GCUGCUCAUCUGUUCUCAGG 26 236 

237 UAGAAGCUCCCCAUGUUCUCA 7259 238 GAGCAUGGGUAACUUCUAU 24 239 

24 OUGUUGCGGGUAUCUUUGCCUC 4127 241 GGCGUAGAUCCCCACAACAG 9 242 

243 UGCGAGUGUCUUCGCCUCUGA 3778 244 GGAGGCGUAGAUACUCACACC 70 245 

246 UUGCCGAUUCCACCCAUUCCUA 3733 247 GCUGCUCAUCUGUUCUCAGG 93 248,249 

Example 21 

0342 Current criteria for miRNA identification have 
emphasized phylogenetic conservation of miRNAS across 
species, and thus few non-conserved or species-specific 
miRNAs in plants have been characterized in plants. This 
example describes identifying five novel non-conserved 
miRNAs and the corresponding MIR sequences from a 
size-fractionized cDNA library constructed from soybean 
leaves. Criteria for miRNA identification included: (1) a 

0344) For each novel soy miRNA, the fold-back structure 
of the miRNA precursor sequences) was predicted by an 
algorithm (“RNAFolder', based on RNAfold, publicly 
available at www.tbi.univie.ac.at/-ivo/RNA/ 

RNAfold.html), and the miRNA precursor transcription pro 
file obtained when available, as listed in Table 11. Examples 
of predicted targets (recognition sites) in Soybean and their 
expression pattern identified were identified for two of the 
miRNAs (SEQ ID NO. 234 and SEQ ID NO. 237). 
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TABLE 11 TABLE 11-continued 

miRNA predicted predicted 
miRNA miRNA miRNA precursor G. max target target miRNA predicted predicted 
SEQ ID pre- precursor transcription (recognition expression 
NO. cursor fold-back profile site) sequence pattern miRNA miRNA miRNA precursor G. max target target 

SEQ ID pre- precursor transcription (recognition expression 
234 236 See See polyphenol See 

FIG. 20A FIG. 20B oxidase FIG. 20O NO. cursor fold-back profile site) sequence pattern 

(SEQ ID 
NO. 250) 246 248, See See 

237 239 See polyphenol See 
FIG. 21A oxidase FIG. 21B 249 FIG. 24A FIG. 24B 

(SEQ ID 
NO. 251) 

240 242 See 
FIG. 22 0345. In addition, target (recognition site) sequences for 

243 245 Fic, 23 each novel soy miRNA were identified from in-house 
(“MRTC) soy databases, as listed in Table 12. 

TABLE 12 

Glycine max 
target Location of 

(recognition target 
target (recognition 

site) SEQ ID (recognition site) 
NO MRTC designation site) sequence score mismatch 

miRNA sequence (3" -> 5") 
miRNA SEQ ID NO. 234 AGUCGACGAGUAAACCAGAGU 

252 MRT3847. 253879C.2 153-173 lucagoug cucaucuguucuca 2.5 2 
253 MRT3847 54392C.5 402-422 CC agclug Cucaululugglucaciu 2.5 3 
254 MRT3847. 41382C. 3 118-138 lucagoucuucuuuugglucucu 2.5 4 
255 MRT3847 .31984 OC. 1 4 08-428 lucagouaculgauclugglucuca 3 3 
256 MRT38473261.46C. 1 117-137 lucagouguuccuuuguu cucu 3 4 
257 MRT3847 395.43C.. 6 768-788 lucagouguuccuuuguu cucu 3 4 
258 MRT3847. 253942C. 4 1837-1857 guagcuucucacuugglucuula 3 5 
259 MRT3847. 260486C. 4 124-144 uulag Cug Cullculu.cggu Cucu 3 5 
260 MRT3847. 210520C.2 357-377 uulagaugduluguuugglucuuu 3 6 

miRNA sequence (3" -> 5") 
miRNA SEQ ID NO. 237 ACUCUUGUACCCCUCGAAGAU 

261 MRT3847 303349C. 1 435-455 ugagaac aluggggagcCucula 1.5 1 
262 MRT3847 14593C.. 6 1133-1153 agaggacauggggagaulucua 2 3 
263 MRT3847. 241913C. 3 1111-1131 agagga cauggggaggulucua 2 3 
264 MRT3847. 32.439C. 4 1142-1162 ugagaacaugg gaaucuucua 2.5 2 
265 MRT3847 1871.97C.5 689-09 aaagaac auggggagcCucula 2.5 3 
266 MRT3847 33448C.5 1047-1067 ugagaacaugggggauuucua 2.5 3 
267 MRT3847 39693C.. 6 305-325 ugugaagguggggagcuucuu 2.5 4 
268 MRT3847 50 432C.5 89-109 ggagaac augCagagcuucug 2.5 4 
269 MRT3847 954.17C. 1 308-328 ugagaaacuggggagcuuuuc 2.5 4 
270 MRT3847 115705C.2 82-101 ugagaac-luggugagcuuclug. 3 3 
271 MRT3847 182667C. 1 143-162 ugaguac-luggggagcuucuc 3 3 
272 MRT3847 184995C. 1 16-36 ugaga.gcaugg guaiacuucula 3 3 
273 MRT3847. 253437C. 4 141-160 ugag cac-luggggagcuucuc 3 3 
274 MRT3847. 29339.5C2 294-313 ugag cac-luggggagcuucuc 3 3 
275 MRT3847 635 12C. 6 321-340 ugag cac-luggggagcuucuc 3 3 
276 MRT3847 64829C.. 6 1087-1107 ugagaacaugg gaacuuucua 3 3 
277 MRT3847 8047 OC. 3 15-35 ugaga.gcaugg guaiacuucula 3 3 
278 MRT3847 1364 44C.5 312-332 ugagaac Cugguaagculu.clug. 3 4 
279 MRT3847. 231576C. 1 360-380 ugagaac aucgaaagcuucuu 3 4 
280 MRT3847. 263317C. 1 90-110 ugaggacaaggggagcuuaug 3 4 
281 MRT3847 .304409C. 1 217-237 Cuaaaac auggggagcuucuu 3 4 
282 MRT384 7 247682C. 3 1287-1307 ugaggaaauagggaguuucug 3 5 
283 MRT38472510 48C.2 280-300 ugagalacaulagugaguuuuuu 3 5 
284 MRT384 7 27 O705C.2 575-595 uaggaucguggggagcuucuc 3 5 
285 MRT3847. 304509C.2 592-612 uaggaucguggggagcuucuc 3 5 
286 MRT3847 62576C. 4 540-560 uaggaucguggggagcuucuc 3 5 
287 MRT3847 6715.3C. 3 661-681 gaugaauauggggaguuucula 3 5 
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TABLE 12-continued 

Glycine max 
target 

(recognition 
Location of 

target 
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target (recognition 
site) SEQ ID (recognition site) 

NO MRTC designation site) sequence score mismatch 

342 MRT3847. 3025.11C... 2 35-56 guugaaluggguggalaulug- 3 5 

343 MRT3847 .3126.20C.1 4 6-67 Sagaauggguggaauug- 3 5 

344 MRT3847. 20416C.2 69-700 Eggaauugggggaauug- 3 6 

345 MRT384 7 29.7209C. 1 289-310 3.jaguggggggaaucg- 3 6 

346 MRT3847 6639C. 4 195-216 Gaauggguggucuug- 3 6 
guala 

Example 22 coupled. In one non-limiting example, the coordinated 
0346) This example describes a recombinant DNA con 
struct of the invention, including a promoter, a terminator, 
transcribable sequence between the promoter and the termi 
nator, and at least one gene Suppression element that is 3' to 
the terminator. More specifically, this example demonstrates 
that a gene Suppression element 3' to a terminator was 
transcribed and silenced a target gene in a plant cell. 
0347 Most expression cassettes include both a promoter 
and a terminator (i. e., a genetic element containing 
sequences necessary for polyadenylation of the primary 
transcript), between which is contained the sequence(s) to be 
expressed in a cell. Nonetheless, it is likely that the primary 
transcript extends beyond the terminator element. In plants, 
it is believed that transcription continues some distance 
beyond the polyadenylation signal and site. In one of the few 
studies to examine transcription termination in plants, tran 
Scripts terminated downstream of the polyA site by as much 
as 300 bp; no single transcriptional termination sites were 
found, but rather a series of potential termination sites that 
corresponded with T-rich sequences; see Hasegawa et al. 
(2003) Plant J., 33:1063-1072. It is believed that polyade 
nylation pathway genes are conserved from animals to 
plants; see Yao et al. (2002) J. Exp. Bot., 53:2277-2278. 
Plant mRNAS analogous sequences are found in positions 
similar to those of animal. AAUAAA and U-rich sequences, 
Suggesting an equivalent regulatory mechanisms in plants; 
see Graber et al. (1999) Proc. Natl. Acad. Sci. USA, 
96.14055-14060. In yeast and animals, transcripts have been 
shown to extend over 1 kilobase downstream of the poly 
adenylation signal and site; see Proudfoot (2004) Curr: 
Opin. Cell Biol., 16:272-278. The 3' end of a mature RNA 
transcript is formed by cleavage and polyadenylation at the 
polyA site. Although the primary transcript extends well 
beyond the polyA site, most current models for transcrip 
tional termination invoke a coupling between polyadenyla 
tion and termination; see Proudfoot (2004) Curr: Opin. Cell 
Biol., 16:272-278. For example, some evidence indicates 
that the presence of PoliI “pause sites’ downstream of the 
polyadenylation site. Removal of Such pause sites is 
expected to allow transcription to extend even further down 
stream of the polyadenylation site. Thus, a single RNA 
transcript can be used to both express a gene (with sequence 
upstream of the terminator) and Suppress a gene (with RNA 
downstream of the terminator), and furthermore allows the 
expression and Suppression to be temporally and spatially 

expression of a bacterial cordap A gene and Suppression of 
the endogenous LKR-SDH gene has been shown to result in 
elevation of lysine levels in the maize kernel. Another 
example is the expression in a transgenic plant of a gene 
encoding a Bacillus thuringiensis insecticidal protein and 
the production of dsRNA targetting an essential corn root 
worm (CRW) gene, the combination of which provides 
enhanced control of CRW. 

0348 Various non-limiting embodiments are depicted in 
FIG. 25, where gene suppression elements can be any of 
those disclosed herein, e.g., the gene Suppression elements 
depicted in FIG. 8, as well as aptamers or riboswitches. In 
one embodiment, an inverted repeat of at least 21 base pairs 
is positioned 3' to a terminator, e.g., downstream of a typical 
gene expression cassette that includes a promoter, a 
sequence to be expressed, and a terminator. In other embodi 
ments, tandem repeats of anti-sense or sense sequence of the 
target gene are used as the gene Suppression element. In 
Some embodiments, the gene Suppression element is embed 
ded in an intron directly or substantially directly 3' to the 
terminator. The downstream sequence can contain a gene 
Suppression element designed to be processed by a trans 
acting siRNA mechanism, e.g., sequences corresponding to 
a target gene fused to a miRNA target sequence, Such that 
miRNA-triggered dsRNA production occurs resulting in 
silencing of a target gene. A second terminator can be 
included as shown in FIG. 26A, or can be omitted, as the 
absence of a polyadenylation signal downstream of a gene 
Suppression element does not reduce Suppression efficiency 
(see Example 1) and can enhance it. Where two terminators 
are included, it is preferable that the two terminators be 
unrelated to reduce the possibility of recombination between 
them. 

0349 The constructs depicted in FIG. 26A (suppression 
construct) and FIG. 26B (control construct) were tested in 
a maize protoplast assay as described in Examples 1 and 2. 
Firefly luciferase suppression experiments were performed, 
and the target gene, firefly luciferase, was suppressed by an 
inverted repeat 3' to the terminator, as indicated by the 
logarithm of the ratio of firefly luciferase to Renilla 
luciferase, “log(Fluc/Rluc), as depicted in FIG. 26C. 

Example 23 
0350. This non-limiting example illustrates the trans 
genic plants of the invention, which have in their genome 
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recombinant DNA including transcribable DNA including 
DNA that transcribes to an RNA aptamer capable of binding 
to a ligand. One application of the invention is to provide a 
ligand-activated, herbicide-resistant system for gene identity 
preservation (gene lock') as well as to maintain herbicide 
resistant volunteer control. 

0351. In one embodiment, the DNA sequence encoding 
an “on” riboswitch is inserted into an expression cassette 
containing as the target sequence “CP4, a selectable marker 
conferring glyphosate resistance, epSps-cp4 (5-enolpyru 
Vylshikimate-3-phosphate synthase from Agrobacterium 
tumefaciens strain CP4), to conditionally express CP4 in 
transgenic plants. See the construct depicted in FIG. 28A, 
where CP4 is the target sequence (“TS”), and FIG. 28F, 
which depicts a non-limiting example of a CP4 expression 
cassette useful for Agrobacterium-mediated transformation 
of maize and other crop plants, and the expected “ligand 
A-controlled CP4 expression. Transgenic plants harboring 
the riboswitch-controlled CP4 cassette express CP4 only in 
the presence of the ligand, which is applied (e.g., by a foliar 
spray) to the plant by means of a proprietary glyphosate 
formulation containing the ligand. Upon application, the 
formulated glyphosate herbicide activates CP4 transcription/ 
translation and renders the transgenic plant resistant to 
glyphosate. Transgenic plants are susceptible to generic 
glyphosate formulations that do not contain the ligand. 
Similarly, this approach can be applied to any other herbi 
cide-resistance gene/herbicide combinations, for example, 
dicamba-degrading-oxygenase/dicamba, or antibiotic-resis 
tance gene/antibiotic combination. 

0352 Ligand-activated herbicide resistance riboswitches 
allow formulation of crop-specific herbicides, by using a 
riboswitch that binds to a different ligand for selected plant 
species. For example, where an adenine-binding riboswitch 
is used for Soybeans and a lysine-binding riboswitch is used 
for corn, a lysine-containing glyphosate formulation will 
control non-transgenic weeds as well as glyphosate-resistant 
Soybean Volunteers (e.g., from a previous crop). 

0353. In another embodiment, an autoinduced riboswitch 
is used to treat seeds. If the residual herbicide lasts longer 
than the ligand in plant tissues after the ligand-containing 
herbicide formulation is applied, it could cause crop damage 
due to the shut down of the herbicide resistance gene. One 
approach to prevent this is to choose a ligand that is an 
endogenously produced metabolite and to include a mecha 
nism for the ligand’s production with the riboswitch. This 
makes it possible to engineer an autoinduced riboswitch to 
maintain expression of the herbicide resistance gene. Using 
alysine-autoinduced riboswitch for glyphosate resistance as 
an example (FIG. 28C), the addition of a second gene, 
Corynebacterium DHDPS or cordap.A (“dapA) (see U.S. 
Pat. Nos. 6,459,019 and 5,773,691 and U.S. Patent Appli 
cation Publication No. 2003/0056242, which are incorpo 
rated by reference), maintains a persistent lysine level Suf 
ficient to maintain expression of both CP4 and dap A. This 
autoinduced system also allows the ligand to be applied by 
seed treatment as an alternative to including the ligand in the 
glyphosate formulation. Untreated seeds are viable but 
require treatment with the appropriate ligand prior to plant 
ing in order for the resulting plants to be resistant to the 
herbicide. 
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Example 24 

0354) This non-limiting example further illustrates the 
transgenic plants of the invention. One embodiment of the 
invention is to use an herbicide such as glyphosate as a 
chemical hybridization agent. This embodiment entails 
transgenic plants having lower CP4 expression in male 
tissues relative to the rest of plants, whereby, when the 
transgenic plants are exposed to glyphosate, male sterility 
ensues. One approach is to combine a transcriptional control 
riboswitch with tissue specific control of expression of that 
riboswitch. An example is depicted in FIG. 28E, where 
“Promoter1' is a constitutive promoter driving expression of 
the target gene (“TS) CP4, and “Promoter 2 is a male 
specific promoter driving lysine-induced, riboswitch con 
trolled expression of a gene Suppression construct for Sup 
pressing CP4 ("TS"). Application of lysine and 
glyphosate (e.g. as a spray) results in male sterility. Alter 
natively, using the construct shown in FIG. 28D, where 
“Promoter 1 is constitutive, “Promoter 2 is male-specific, 
and the target gene (“TS) is CP4, initial lysine application 
reduces overall CP4 expression, but CP4 expression is 
enhanced in male tissues, thereby causing male tissues to be 
more susceptible to glyphosate. 

Example 25 

0355 This non-limiting example further illustrates the 
transgenic plants of the invention. One embodiment of the 
invention is induced expression of a trait gene under the 
control of a constitutive promoter. The insertion of a 
riboswitch allows the trait genes, though under the control of 
a constitutive promoter, to be expressed only upon selected 
conditions. This makes it possible to avoid yield penalty (e. 
g., loss of yield due to non-selective expression of the trait 
gene), transgene silencing, or other concerns caused by 
constitutive expression of the transgenes. Non-limiting 
examples of Such riboswitches include a glyphosate “on” 
riboswitch for CP4 expression, a salicylic acid “on” 
riboswitch for disease resistance genes, a jasmonic acid “on” 
riboswitch for insect resistance genes, an ascorbate “on” 
riboswitch for oxidative stress tolerance genes, and a proline 
or glycine betaine or mannitol riboswitch for drought toler 
ance genes. 

Example 26 

0356. This example further illustrates the transgenic 
plants of the invention. One embodiment is chemically 
inducible or suppressible male sterility or fertility for 
hybridization. Preferred examples use a riboswitch contain 
ing an aptamer that binds a ligand that is an already 
registered Substance, e. g., an approved herbicide. In a 
non-limiting example, a transgenic plant harboring a male 
sterility gene under the control of a male-specific promoter 
and a glyphosate “off riboswitch is male-sterile unless 
glyphosate is applied. In contrast, a transgenic plant harbor 
ing a male sterility gene under the control of a male-specific 
promoter and a glyphosate “on” riboswitch is male-sterile 
only when glyphosate is applied. 

Example 27 

0357 This non-limiting example further illustrates the 
transgenic plants of the invention. One embodiment of the 
invention includes artificial riboswitches that are engineered 
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in vitro to permit expression (or Suppression) of a target 
sequence under inducible conditions or in response to biotic 
or abiotic stress. Such riboswitches use novel aptamers 
designed for a specific ligand by means well known in the 
art. See, for example, the detailed discussion above under 
the heading "Aptamers’. Especially useful riboswitches are 
designed to be triggered by registered agricultural chemicals 
(e.g., glyphosate, dicamba), disease-induced compounds (e. 
g., salicylic acid), invertebrate pest-induced or wounding 
induced compounds (e. g., jasmonic acid), water stress 
induced compounds (e.g., proline, glycine betaine, manni 
tol) and oxidative stress-induced compounds (e. g., 
ascorbate). 

Example 28 
0358. This non-limiting example further illustrates the 
transgenic plants of the invention. Riboswitches useful in 
transgenic plants of the invention are designed to function at 
a given concentration of the ligand. One embodiment is a 
lysine riboswitch engineered to function in a transgenic 
plant. 
0359 Naturally occurring bacterial lysine riboswitches 
exist as both “on” and “off riboswitches, and have a K-1 
millimolar (128 ppm) in vitro (see Sudarsan et al. (2003) 
Genes Dev., 17:2688-2697, which provides individual and 
consensus sequences of prokaryotic lysine-responsive 
riboswitches, and is incorporated by reference). However, 
maize tissues generally have a lysine content of less than 50 
ppm, which is thus a concentration useful as the default State 
for novel lysine riboswitches. Using bacterial lysine 
riboswitches as an example, a series of constructs (FIG. 28) 
is transformed into maize callus, producing transgenic maize 
callus lines or transgenic maize plants useful for studying 
riboswitch efficacy in plants and plant cells. In some 
embodiments, a non-lysine-feedback-inhibited lysine bio 
synthetic gene, cordap.A, is co-expressed in order to obtain 
autoinducible control of gene expression. As shown in FIG. 
28A and FIG. 28B, transcribable DNA fragments of ~150 
base pairs, encoding lysine “on” (or “off”) riboswitches, are 
inserted between the promoter and the target sequence 
(“TS), in this example a green fluorescent protein (GFP) 
reporter gene. Other reporter genes or marker genes, as well 
as any gene of interest, can be used as the target sequence. 
The callus lines transformed with these constructs display a 
lysine inducible (or lysine-suppressible) GFP expression 
phenotype (FIG. 29, top panel, A and B). In some embodi 
ments, a second cassette containing cordap A (“dapA) under 
the control of a lysine “on” riboswitch, is added (FIG. 28C 
and FIG. 28D); these callus lines or transgenic plants 
become autoinducible or autosupressible (FIG. 29, top 
panel, C and D). FIG. 29, lower panel, schematically depicts 
an expression cassette, useful in Agrobacterium-mediated 
transformation of maize and other plants, containing a lysine 
“on” riboswitch, whereby binding of lysine to the aptamer of 
the riboswitch induces expression of CP4 (for glyphosate 
resistance) as well as expression of Corynebacterium 
DHDPS or cordap A (“DHDPS). The resulting endogenous 
synthesis of additional lysine maintains expression of the 
transgenes. 

Example 29 

0360 This example further illustrates the transgenic 
plants of the invention. One preferred embodiment is a 
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transgenic plant including in its genome transcribable DNA 
that transcribes to a “trans'-acting riboswitch, i. e., a 
riboswitch that affects expression of a target sequence to 
which it is not operably linked. 

0361. In some embodiments, the “trans’ riboswitch is 
flanked by ribozymes (e. g., self-splicing or hammerhead 
ribozymes) and is transcribed under the control of a pol II 
promoter (FIG. 27A); see, for example, Bayer and Smolke 
(2005) Nature Biotechnol., 23:337-343, which is incorpo 
rated by reference. In other embodiments, the “trans’ 
riboswitch is transcribed under the control of a pol III 
promoter (FIG. 27B), whereby transcription is terminated at 
a poly-T region. In other embodiments, the “trans' 
riboswitch is flanked by intron-splicing junctions (FIG. 
27C), whereby the riboswitch is spliced out after transcrip 
tion; such embodiments can optionally include DNA that 
transcribes to a microRNA recognition site or DNA that 
transcribes to RNA capable of forming double-stranded 
RNA (dsRNA) (FIG. 27D). Embodiments containing 
intron-embedded transcribable DNA can optionally include 
one or more gene expression (or Suppression) elements 
(“GOI in FIG. 27C and FIG. 27D). Alternatively, the 
transcribed riboswitch can be flanked by double-stranded 
RNA that can be cleaved through an RNAi (siRNA or 
miRNA) processing mechanism (FIG. 27E). In yet other 
embodiments, the “trans' riboswitch is flanked by DNA that 
transcribes to a microRNA recognition site (FIG. 27E), 
whereby cleavage of the transcribed riboswitch occurs after 
binding of the corresponding mature miRNA to the miRNA 
recognition site. These approaches enable the creation of 
noncoding riboregulators with defined 5' and 3' ends that are 
free of potentially interfering flanking sequences. In still 
other embodiments, the “trans’ riboswitch is flanked by 
DNA that transcribes to RNA capable of forming double 
stranded RNA (dsRNA) (FIG. 27E). In some of these cases, 
the dsRNA is processed by an RNAi (siRNA or miRNA) 
mechanism, whereby the transcribed riboswitch is cleaved 
from the rest of the transcript. In other cases, the two 
transcribed RNA regions flanking the “trans’ riboswitch 
form at least partially double-stranded RNA “stem’ between 
themselves, wherein the “trans' riboswitch serves as a 
“spacer” or “loop” in a stem-loop structure. 

0362. In one example, the transgenic plant has in its 
genome an expression cassette using pol II promoters to 
express a “trans' riboswitch flanked by self-cleaving ham 
merhead ribozyme sequences, resulting in a riboswitch with 
defined 5' and 3' ends, free of potentially interfering flanking 
sequences (FIG. 27A; also see Bayer and Smolke (2005) 
Nature Biotechnol., 23:337-343). An alternative approach 
uses expression cassettes under the control of pol III pro 
moters to produce non-coding RNAs with minimal. 5' and 3 
flanking sequences. RNA polymerase II transcribes struc 
tural or catalytic RNAs that are usually shorter than 400 
nucleotides in length, and recognizes a simple run of T 
residues as a termination signal; it has been used to tran 
scribe siRNA duplexes (Lu et al. (2004) Nucleic Acids Res., 
32:e 171, which is incorporated by reference). Riboregula 
tors expressed by Pol III are expected to generate transcripts 
with relatively defined 5' and 3' ends (FIG.27B). It has been 
used to transcribe siRNA duplexes. Alternatively, a “trans’ 
riboswitch is fused to the minimal sequences required for 
splicing, and endogenous intron splicing mechanisms are 
used to release the riboregulator (FIG. 27C). This intron 



US 2006/0200878 A1 

embedded configuration provides the advantage of allowing 
concurrent expression of a gene of interest (GOI). 
0363. One specific application of “trans' riboswitch is 
their use in generating transgenic plants with inducible male 
sterility or fertility. Hybrid plant varieties have a significant 
yield advantage over their inbred counterparts, but can be 
more costly to produce. Reversible male sterility/fertility is 
one of the most cost-effective ways to produce hybrids. In 
this application, “trans' riboswitches are designed to target 
endogenous genes required for male development. Suppres 
sion of any of these genes results in male sterility. “Trans' 
riboswitches driven by male-specific pol II promoters (FIG. 
27A) can be used to control the expression of any target 
sequence or gene that leads to cell death (apoptosis) or 
growth arrest. Alternatively trans"riboswitches transcribed 
under the control of pol III promoters (FIG. 27B), which are 
constitutive, are designed to be male specific to avoid 
undesirable phenotypes. In an inducible male fertility sys 
tem, the “trans’ riboswitch used is an “off switch (where 
the riboswitch is bound to its target sequence by default and 
is released from the target sequence when bound by ligand), 
Supply of the ligand (by endogenous biosynthesis or exog 
enous application, e.g., by spraying) restores fertility. In an 
inducible male sterility system, the “trans' riboswitch used 
is an “on” switch, and binding of the ligand results in the 
“trans' riboswitch binding to its target sequence and induc 
ing male sterility. 
0364 Another specific application of “trans' 
riboswitches is their use in generating transgenic plants 
displaying “gene lock'. Seeds containing an “off”“trans' 
riboswitch designed to target endogenous genes required for 
germination will not be able to germinate. When under the 
control of a pol II promoter (FIG. 1A), any gene functioning 
in cell death or growth arrest can be targetted. Alternatively 
Pol III driven “trans' riboswitches (FIG. 1B) would have to 
target genes that are specific to germination to avoid unde 
sirable phenotypes. The germination restoration could be 
seed treatment and illegally copied seeds without seed 
treatment would not be able to germinated. 
0365 “Trans' riboswitches, similarly to the “cis' 
riboswitches described in Examples 23 through 2, are useful 
in regulating transgenes. In a specific example, a transgenic 
plant including a “trans' riboswitch designed to regulate the 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 345 

<210> SEQ ID NO 1 
&2 11s LENGTH 267 
&212> TYPE DNA 

<213> ORGANISM: Artificial sequence 
&22O > FEATURE 

<223> OTHER INFORMATION: Synthetic construct 

<400 SEQUENCE: 1 
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glyphosate-resistance transgene CP4 as the target sequence 
is particularly useful in “trans’ riboswitch-controlled appli 
cations parallel to that described in Example 23 (glyphosate 
as a ligand for ligand-activated herbicide resistance, or for 
control of herbicide resistant volunteers) and Example 24 
(glyphosate as a chemical hybridization agent). To illustrate 
this approach, CP4 expression is Suppressed in stably trans 
formed maize callus. A modified transcribable DNA encod 
ing an “off”“trans’ riboswitch with theophylline as its ligand 
(Bayer and Smolke (2005) Nature Biotechnol., 23:337-343) 
is designed to target CP4 as a target sequence. Transcription 
of the theophylline riboswitch can be driven either by a pol 
II promoter (e.g., FIG. 27A) or by pol III promoter (e.g., 
FIG. 27B). The transcribable DNA is inserted into a binary 
vector (FIG. 30) and co-transformed into maize callus under 
nptIII selection, generating stably transformed maize callus 
lines. CP4 expression is assayed in the transformed cells, 
where CP4 expression is observed to be suppressed in 
transformed cells that are treated with theophylline. 

0366 Similarly, a “trans' riboswitch is used to control 
expression of an endogenous target sequence (lysine keto 
glutarate reductase/saccharopine dehydrogenase gene. LKR/ 
SDH) in stably transformed maize plants. A modified tran 
scribable DNA encoding an “off”“trans' riboswitch with 
theophylline as its ligand (Bayer and Smolke (2005) Nature 
Biotechnol., 23:337-343) is designed to target at least one 
region of the LKR/SDH sequence, and co-transformed into 
maize callus. LKR/SDH expression is assayed in the result 
ing transformed cells, where LKR/SDH expression is 
observed to be suppressed in transformed cells that are 
treated with theophylline. 

0367 All of the materials and methods disclosed and 
claimed herein can be made and used without undue experi 
mentation as instructed by the above disclosure. Although 
the materials and methods of this invention have been 
described in terms of preferred embodiments and illustrative 
examples, it will be apparent to those of skill in the art that 
variations can be applied to the materials and methods 
described herein without departing from the concept, spirit 
and scope of the invention. All Such similar Substitutes and 
modifications apparent to those skilled in the art are deemed 
to be within the spirit, scope and concept of the invention as 
defined by the appended claims. 

ggtoc gatgt gagacittittcaacaaagggit aatato.cgga aaccitccitcg gatticcattg 60 

cccagotatic totcactitta ttgttgaagat agtggaaaag galaggtggct cotacaaatg 120 

ccatcattgc gataaaggaa aggccatcgt togaagatgcc totgcc.gaca gtggtoccaa 18O 
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-continued 

taatgaattic citctggat.ct actgg gttac cita agggtgt gggat.ccaat toccgatcgt. 252O 

toaaac attt goaataaag titt cittaaga ttgaatcctg ttgcc.ggtot togc gatgatt 258O 

atcatata at ttctgttgaa ttacgittaag catgtaataa tta acatgta atgcatgacg 264 O 

ttatttatga gatgggttitt tatgattaga gttc.cc.gcaat tatacattta atacgcgata 27 OO 

gaaaacaaaa tatago.gc.gc aaactaggat aaattatc.gc gcgcggtgtc atctatotta 276 O. 

citagatc 2767 

<210> SEQ ID NO 2 
&2 11s LENGTH 872 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic construct 

<400 SEQUENCE: 2 

gcaagtatgg cct gtacgto: aag caaggcc agt cagtgaa aaattacct g c caac catcc 60 

totgcttaca ggacagogtg tacttgatgc tictttitcc.ca totgtacagg gtggtactac 120 

tgcc attocc ggagctitt.cg gttgtggaaa aactgtaatt to acaatcto titt coaaata 18O 

titccaactict gatgtc.atta totacgtogg ttgcggagaa agaggtaacg aaatgtctga 240 

agtattgaga gattitc.cctg aattgactgt tdaaattgac ggg cacact g aatct attat 3OO 

gaaacgtacc gcattggtog cca acacatc talacatgcct gtagctgctic gtgaagcttic 360 

tatctatact g g tattactic tittctgaata cittcc.gtgat atgggittaca acgitatctat 420 

gatggctgac togacatcac gttggg.ccga agctttgaga gaaattitcag gttcgtttggc 480 

tgaaatgcct gcc gattcc.g. gttatcc.ggc titact taggit gcc.cgtttgg cittcc ttcta 540 

cgaacgtgct g g togc gtta aatgtttagg taatccagac agaga aggat cogtttcaat 600 

tgtaggagcc gitatcaccitc. citggtggtga tittcticagat cotgttacca citgctactct 660 

tgg tattgta Caggtgttct ggggtttgga caagaaactt gcc caacgta agc actt.ccc 720 

ttcagtag ac togcttggat catattocaa atatttalaga gcattggacg acttittatga 78O 

caaaaact to caagagttta titcct cittag aaccaaagtt aaggaaattic titcagga aga 840 

agatgatcta gcc gaaattg tdcagotggit ag 872 

<210> SEQ ID NO 3 
&2 11s LENGTH 1033 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic construct 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1003) . . (1003) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1005) . . (1005) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 3 

ataatagatt cagtgtgc.cc gtcaattitca acagt caatt cagggaaatc. tct caatact 60 

totag acattt cqttacct cit ttcto cqcaa cc.gacgtaga taatgacatc agagttggaa 120 

tatttggaaa gagattgttga aattacagtt titt.ccacaac cqaaagctoc gggaatggca 18O 
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-continued 

ccaccaccat catalaccaga totatoctogc agcttcacca acticgtggtg caccactaca 720 

taccct citcg totgatccaa acggaggaag gaggaagaa 7.59 

<210> SEQ ID NO 6 
&2 11s LENGTH 884 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 6 

ttggcttgtt caccoctoat gtgcacatgc tigttacticcg aagcttgcgc titttgtatto 60 

gttgttgcat togcaac catc ccc.gc.cgaag gtgagcc gaa gotaatctt g g g tatto tac 120 

citgcaacact tattaattica agctacaaaa cagttgtcga gttagtttitt tttittacctt 18O 

cgaaaagaag actitcc.ggca atgcacaact tcc catctgc attatcgtga gcaggattgt 240 

agg cacacag tdatgacgaa gacagagaca gcaatataca caa.ccgalacc aagagagaag 3OO 

caaagg cata ataataaaaa aagagagagg aaactagatc gacaaggcca ttattatcac 360 

ggataattaa toaacgtcgt caacggcgga aataagctag cittgactggt ggtotctggc 420 

gagtgcagoa toggatatgaa ttgcaggagg gtgagctago tagggittitt c gatgtgcggc 480 

caccagoaga tigaaactaca gcatgacct g g to citggtgc ticattaatta coctotcitct 540 

citct coctitc cccitct catc ttggattcgt cqatccatat atgacagtca gggacggggg 600 

agagagagag agtgacaggg gcc.gg tagta gtatagatta catcCatctt acatatacca 660 

ccaccatcat aaccagat.ca togctggcago ttcacca act c gtggtgcac cactacatac 720 

ccitctogtot gatccaaacg gaggaaggag gaagaagagc tagctato.cg agaga gaggg 78O 

agagggtaga gagatggaga gag.cgaggaa taattgaag aaccgaggga tagctatagc 840 

tatatatata togggatggg gaggccaacg. tct cqct cac togc 884. 

<210 SEQ ID NO 7 
&2 11s LENGTH 872 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 7 

tattotacct gcaacactta ttaattcaag citacaaaaca gttgtcgagt tagtttittitt 60 

tttacctt.cg aaaagaagac titc.cggcaat gcaca acttic ccatctgcat tatcgtgagc 120 

aggattgtag goacacagtg atgacgaaga cagagacago: aatatacaca accgalaccala 18O 

gag agaag.ca aaggcataat aataaaaaaa gagagaggaa act agat.cga caaggcc att 240 

attatcacgg ataattaatc aacgtcgtca acggcggaaa taagctagot to actggtogg 3OO 

totctggcga gtgcagoatg gatatgaatt gcaggagggit gagctagota gggttitt.cga 360 

tgtgcggcca ccagoagatgaaactacago atgacctggit cotggtgctic attaattacc 420 

citctdtctdt citccctitccc citcto atctt ggattcgtog atccatatat gacagtcagg 480 

gacgggggag agagagagag togacaggggc cqgtag tagt atagattaca to catcttac 540 

atataccacc accatcataa ccagatcatg citggcagott cacca acto g togtgcacca 600 

citacataccc totcgtctga tocaaacgga ggaaggagga agaagagcta gctatoc gag 660 

agagagggag agggtagaga gatggagaga gcdaggaatgaattgaagaa CC gagggata 720 

gctatagota tatatatatg g gatggggag gocaacgtot cqc to actog cagog tattt 78O 
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-continued 

tgatgcccitt ttittatttgttgcatttcga to cattttct tttgtc.ctgc gctttitttcg 840 

tacgatgttt gttgcaagga taagc citt to gg 872 

<210 SEQ ID NO 8 
&2 11s LENGTH 988 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 8 

gttittggctt gttcaccoct catgttgcaca tactgttact cog aagcttg cgcttttgta 60 

titcgttgttg cattgcaa.cc atc.ccc.gc.cg aaggtgagcc galaggtaatc ttggg tatto 120 

tacctgcaac acttattaat tcaagctaca aaacagttgt cq agittagtt tttitttittac 18O 

cittcgaaaag aag actitc.cg goaatgcaca actitcc catc to cattatcg tdagcaggat 240 

tgtagg caca cagtgatgac galagacagag acago: aatat acaca accga accalaga gag 3OO 

aa.gcaaaggc ataataataa aaaaagagag aggaalactag atcgacaagg ccatt attat 360 

cacggata at taatcaacgt. c gtcaacggc ggaaataagc tagcttgact ggtggtotct 420 

ggcgagtgca gcatggatat gaattgcagg agggtgagct agctagg gtt titc gatgttgc 480 

ggccaccago agatgaaact acago atgac citggtoctogg togcto attaa ttaccct citc 540 

totcitctocc titccccitcto atcttggatt cqtcg atcca tatatgacag tdagg gacgg 600 

gggagagaga gagagtgaca gggg.ccggta gtagtataga ttacatc.cat cittacatata 660 

ccaccaccat catalaccaga totatoctogc agcttcacca acticgtggtg caccactaca 720 

taccct citcg totgatccaa acggaggaag gaggaagaag agctagotat cog agagaga 78O 

gggagagggit agagagatgg agaga.gc.gag gaatgaattg aagaaccgag ggatagotat 840 

agctatatat atatggggat ggggaggcca acgtotcgct cactc.gcago gtattittgat 9 OO 

gcc.cittttitt atttgttgca tttcg atcca ttittcttttgtc.ctg.cgctt tttitcgtacg 96.O 

atgtttgttg caaggataag cotttcgg 988 

<210 SEQ ID NO 9 
&2 11s LENGTH 548 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (265) . . (270) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (273) . . (273) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (285) . . (285) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (288) ... (288) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (291) . . (291) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (294) . . (294) 
<223> OTHER INFORMATION: n is a c, g, or t 



US 2006/0200878 A1 Sep. 7, 2006 
68 

-continued 

EATURE 
EY: misc feature 
ON: (297) . . (297) 
INFORMATION: n is a c, g, or t 

RE 
EY 
ON 
IN 

EY 
ON 

: 
NAM misc feature 

(305) . . (305) 
ORMATION: n is a c, g, or t 

misc feature 
(307) . . (307) 

ORMATION: n is a c, g, or t 

E Y 
O N 

N AMO 
C 

misc feature 
(319) . . (319) 

ORMATION: n is a c, g, or t i 
EA i. 

E Y N AM 
O N O C 

misc feature 
(463) . . (463) 

ORMATION: n is a c, g, or t O T R IN 

<400 SEQUENCE: 9 

gtatgttcto cqctcactcc cccattccac totcatccat citctdaagct acacacatat 60 

aaaaaaaaaa gagtag agaa gaccgc.cgt tagag cactt gatgcatc.cg tacgtcgatc 120 

cggcgg accg atctgcttitt gcttgttgttgc titggtgagaa gotcc citgtt goagaag cag 18O 

ggcacgtgca gagacacgcc ggagcacggc cqc.cgcc gat citacc gacct cocacaccitg 240 

ccittgtggtg togggggtgga ggtonnnnnn cgnagc.gaga gct gncgnt g intontting at 3OO 

gctgntingct cotcctg.cnc gtgctcccct tctocaccac ggccttcto a ccaccctcct 360 

ccc.ccggcgg cqgcgg.cggc ggaccgc.cct tcc.gc.gatc aataatgaaa ccaaaag.ccg. 420 

acagtgtttg agcaggaaac acaaaaggcg gatat cocac tontagc act tctg.cgttga 480 

to atggtoat citggaacaaa ataatacttg g g g actttac agc gagtgca gcatgcttaa 540 

gctagttc 548 

<210> SEQ ID NO 10 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 10 

tggagaa.gca ggg cacgtgc ag 22 

<210> SEQ ID NO 11 
&2 11s LENGTH 1219 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 11 

titcggtocaa gtagtggtgg toataatatg citccaaataa aagaaaggtg gaggagcatc 60 

to acagacga cacagotgct atgctago ac acgtogaatc aatagottagt to catgcaaa 120 

gttccaaag.c aaataaacag tdagatcgaa agacgtttcg citgttgcacg acacgacgaa 18O 

to gatcgaac gaaagttgttgt titt tatgatt coacagattc. tcgtttatat ataatcc tag 240 

citagctaatc tagaacgtac agtgcacacc atcttctitcc acagatcaca gaaagacago 3OO 

agaalacct gc atggat.cgga toc ggtoc to tcc totalaga totacacaca togcaaagcaa. 360 

atcaatttct tccttittctt ttcttcagaa actgggataa citttittggaa gagatcgaac 420 

agtatataga titcagg gagc agatcaagga ttatatatat agctagtatg totacatato 480 
























































































































