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PLANTS HAVING ENHANCED TOLERANCE TO INSECT PESTS AND RELATED
CONSTRUCTS AND METHODS INVOLVING INSECT TOLERANCE GENES

FlELD

Thisdisclosure relates to the field of plant breeding and genetics and, in particular,
refates to recombinant DNA constructs useful for conferring tolerance o insect pests, and

methods for control of insect infestation in plants.

BACKGROUND

Numerous insect species are serious pests to common agricultural crops such as cormn,
soybean, pea, colton, rice and similar food and fiber crops. Pests’ infestation can cause a
huge financial loss annually either in crop loss or in purchasing expensive pesticides 1o
keep check on pests. During the last centuries, the primary method of conirolling such
pests has been through the application of synthelic chemical inseclicidal compounds.
However, the widespread use of chemical compounds poses many problems with regard to
the environment because of the non-selectivity of the compounds and the development of
insect resistance 1o the chemicals.

Advances in biotechnology in the last decades have presented new opporiunities for
pest control through genelic engineering. In particular, advances in plant genelics coupled
with the identification of insect growth factors and naturally-occcurring plant defensive
compounds or agenis offer the opportunity to create transgenic crop plants capable of
producing such defensive agents and thereby protect the plants against insect attack.

Certain species of microorganisms of the genus Baciflus are known 10 possess
pesticidal activity against a range of insect pests including Lepidoptera, Diptera, Coleoptera,
Hemiptera and others. Bacillus thuringiensis (B} and Baciflus popifliae are among the most
successiul biocontrol agents discoverad 1o date. Insect pathogenicity has also been
atiributed to strains of B. flarvae, B. lentimorbus, B. sphaericus and B. cereus. Microbial
insecticides, particularly those obtained from Bacillus strains, have played an importani role

in agriculture as allernatives io chemical pest control.



WO 2016/000647 PCT/CN2015/083237

Transgenic plants that are resistant o specific insect pesis have been produced using
genes encoding Bacillus thuringiensis (Bl) endotoxins or plant protease inhibitors (Pls). For
example, corn and cotion plants have been genetically engineered to produce pesticidal
proteins isolated from strains of Bf. These genetically engineered crops are now widely
used in agriculture and have provided the farmer with an environmentally friendly and
commercially attractive aliernalive to traditional insect control methods. Generally speaking,
the use of biopesticides presents a lower risk of pollution and environmental hazards and
biopesticides provide greater target specificity than traditional broad spectrum chemical
insecticides. In addition, biopesticides often cost less 1o produce and thus improve
economic vield for a wide variety of crops.

While biopesticides have proven o be very successiul commercially, these genetically
engineered, insect-resistant crop planis provide resistance 1o only a narrow range of the
economically important insect pests. In some cases, insects can develop resistance 1o
different insecticidal compounds, which raises the need {o identify alternative biological
control agents for pest control. Accordingly, there remains a need for new pesticidal
proteins with different ranges of insecticidal activity against insect pests, e.¢., insecticidal
proteins which are active against a variety of insecis in the order Lepidoptera and the order
Coleoptera including but not limited 1o insect pests that have developed resistance (o

existing insecticides.

SUMMARY

in one aspect, the present disclosure includes an isolated polynuclectide enhancing
insect tolerance of a plant through over-expression, comprising: (a) a polynucleotide with
nucleotide sequence of at least 85% sequence identity to SEQIDNG: 7,10, 13 or 16; (b) a
polynucleotide with nuclectide sequence of at least 85% sequence identity to SEQ 1D NO: §,
11, 14 or 17; (¢} a polynuclectide encoding a polypeptide with amino acid sequence of at
least 90% sequence identity to SEQ ID NO: 8, 12, 15 or 18; or (d} the full complement of
the nucleotide sequence of {a)}, (b} or (¢}). The nucleotide sequence comprises SEQ 1D NO:
7, SEQ ID NO: 8, SEQ 1D NO: 10, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 14, SEQ
ID NO: 16 or SEQ ID NO: 17. The amino acid sequence of the polypeptide comprises SEQG
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D NO: 9, SEQID NO: 12, SEQ ID NO: 15 or SEQ 1D NO: 18.

in another aspect, the present disclosure includes a recombinant DNA construct
comprising the isolated polynucleotide operably linked to at least one regulatory sequence,
wherein the polynuclectide comprises (a) a polynucleotide with nucleotide sequence of at
least 85% sequence identity to SEQ ID NO: 7, 8, 10, 11, 13, 14, 16 or 17; (b) a
polynucieotide encoding a polypeptide with amino acid sequence of at least 90% sequence
identity to SEQ ID NO: 9, 12, 15 or 18; or (¢} the full complement of the nuclectide
seguence of (a) or (b); the at least one regulatory sequence is a promoter functional in a
plant.

in another aspect, the present disclosure includes a plant or seed comprising a
recombinant DNA construct comprising the polynucleotide operably linked to at least one
regulatory sequence, wherein the polynucleotide comprises (a) a polynuclaectide with
nuclectide sequence of at least 85% sequence identitylo SEQ D NO: 7, 8, 10, 11, 13, 14,
16or 17; {b) a polynuclectide encoding a polypeptide with amino acid sequence of at least
90% sequence identityto SEQ 1D NO: 9, 12, 15- or 18; or (¢) the full complement of the
nuclectide sequence of (a) or (b).

in another aspect, the present disclosure includes a plant comprising in its genome a
recombinant DNA construct comprising a polynuclectide operably linked to al least one
regulatory element, wherein the polynucleotide comprises {a) a polynuclectide with
nuclectide sequence of at least 85% sequence identity to SEQ ID NO: 7, 8, 10, 11, 13, 14,
16 or 17; (b} a polynuclesctide encoding a polypeptide with amino acid sequence of at least
90% sequence identity to SEQ ID NO: 9, 12, 15 or 18; or (¢} the full complement of the
nucleotide sequence of (&) or (b); the said plant exhibits increased tolerance 1o an insect
pest when compared to a control plant.

in another aspect, the present disclosure includes any of the plants of the disclosure,
wherein the plant is selected from the group consisting of rice, maize, soybean, sunflower,
sorghum, canola, wheal, alfalia, cotton, barley, millet, sugar cane and switchgrass.

in another aspect, the present disclosure includes increased insect pest tolerance,
wherein the insect toleranceis created or enhanced against any species of the orders

selected from the group consistingo! orders Coleoptera, Diptera, Hymenopters,
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Lepidoptera, Mallophaga, Homoptera, Hemiptera Orthroptera, Thysanoptera, Dermaptera,
isoptera, Anoplura, Siphonaptera, Trichoptera, elc., particularly Lepidoptera and
Coleoptera.

in another aspect, methods are provided for increasing tolerance in a plant to an insect
pest, comprising: (8) introducing into a regenerable plant cell a recombinant BNA construct
comprising a polynucleotide operably linked 1o at least one regulatory sequence, wherein
the polynucleotide encodes a polypeptide having an amino acid sequence of at least 50%
sequence identity compared to SEQ 1D NO: 8, 12, 15 or 18; (b} regenerating a transgenic
plant from the regenerable plant cell afier step (8), wherein the transgenic plant comprises
in its genome the recombinant DNA construct; and (¢) obtaining a progeny plant derived
from the transgenic plant of step (b), wherein the said progeny plant comprises in ifs
genome the recombinant DNA construct and exhibits increased tolerance o an insect pest
when compared to a control plant not comprising the recombinant DNA construct.

in ancther aspect, methods are provided for evaluating tolerance in a plant to an insect
pest, comprising: (&) introducing inio a regenerable plant cell 8 recombinant BNA construct
comprising a polynucleotide operably linked to at least one regulatory sequence, wherein
the polynuclectide encodes a polypeptide having an amino acid sequence of at least 50%
sequence identity when compared to SEQ 1D NO: 9, 12, 15 or 18; (b} regenerating a
transgenic plant from the regenerable plant cell after step {a), wherein the transgenic plant
comprises in its genome the recombinant DNA construct; {c) obtaining a progeny plant
derived from the transgenic plant, wherein the progeny plant comprises in its genome the
recombinant DNA construct; and {d) evaluating the progeny plant for tolerance to an insect
pest compared [0 a control plant not comprising the recombinant DNA construct.

in another aspect, the present disclosure concerns a recombinant DNA construct
comprising any of the isclated polynucleotides of the present disclosure operably linked io
at least one regulatory sequence, and a cell, a plant, and a seed comprising the
recombinant BNA construct. The cell may be eukaryotic, €.¢., a yeasi, insect or plant cell,

or prokaryotic, e.g., a bacterium.

BRIEF DESCRIPTION OF THE
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DRAWINGS AND SEQUENGCE LISTINGS

The disclosure can be more fully understood from the following detailed description
and the accompanying drawings and Sequence Listing which form a part of this application.

FIG. 1shows the activated expression levels of OsKUNT genes in different tissues of
line AHB7515 plants as revealed by real-time RT-PCR analyses. ZH11 is wild type of
Zhonghua 11.The numbers on the top of the columns are the fold-changes compared to
Zhonghua 11 leaves.

FIG. 2 shows the relative expression levels of OsCOAZE transgene in leaves of
different transgenic rice lines by real-time PCR analyses. The base expression level in
ZH11-TC is set at 1.00, the numbers on the top of the columns are fold-changes compared
to ZH11-TC rice. ZH11-TC is tissue cultured Zhonghua 11.

FIG. 3 shows the relative expression levels of OsROMT?7 transgene in leaves of
different transgenic rice lines by real-time PCR analyses. The base expression level in
ZH11-TC is set at 1.00, the numbers on the top of the columns are fold-changes compared
to ZH11-TC rice.

FIG. 4 shows the relative expression levels of Os/TPZ transgene in leaves of different
transgenic rice lines by real-time PCR analyses. The base expression level in ZH11-TC is
set at 1.00, the numbers on the top of the columns are fold-changes compared to ZH11-TC
rice.

FIG. 5 shows the relative expression levels of OsKUNT iransgene in leaves of different
transgenic rice lines by real-time PCR analyses. The base expression level in ZH11-TC is
set at 1.00, the numbers on the top of the columns are fold-changes compared to ZH11-TC

rice.

Table 1.SEQ ID NOs for nuclectide and amino acid sequences provided in the
sequence listing

Table 2.5coring Scales for Asian corn borer and Oriental armyworm assays

Table 3. Asian corn borer assay of AMHG8151 seedlings under laboralory screening
condition

Table 4. Asian comn borer assay of AHG68231 seedlings under laboratory
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screeningcondition

Table 5. Asian corn borer assay of AHE7515 seedlings under laboratory screening
condition

Table 6. Oriental armyworm assay of ATlLsseedlings under laboratory screening
condition

Table 7. Rice stem borer assay of ATLsseadiings under laboratory screening condition

Table 8. Rice insect tolerance gene names, Gene ks (from TIGR) and Construct IDs

Table 9. Primers for cloning insect tolerance genes

Table 10. PCR reaction mixture

Table 11. PCR cycle conditions for cloning insect tolerance genes

Table 12. Asian comn borer assay of OsCOAZBtransgenic rice under laboratory
screening condition at line level (15 experiment)

Table 13.Asian corn borer assay of OsCOAZ6ransgenic rice under laboratory screen
condition at line level (2™ experiment)

Table14.Asian comn borer assay of OsCOAZ6ransgenic rice under laboralory screen
condition at line level (3™ experiment)

Table 15.Armworm assay of OsCOAZ6lransgenic rice under laboralory screen
condition at iine level

Table 16.Rice stem borer assay of OsCOAZ6ransgenic rice under greenhouse screen
condition at line levelTable 17. Asian comn borer assay of OsROMTT Airansgenicrice under
laboratory screening condition at line level (1% experiment)

Table 18. Asian cormn borer assay of OsROMTT transgenicrice under laboratory
screening condition at line level (2™ experiment)

Table 19. Asian com borer assay of OsROMT1iransgenicrice under laboratory
screening condition at line level (3™ experiment)

Table 20.Armworm assay of OsROMTT Aransgenic rice under laboratory screen
condition al iine level

Table 21. Rice stem borer assay of OsROMTT transgenic rice under greenhouse
screen condition at line level

Table 22. Asian corn borer assay ofOs/TPZtransgenic rice under laboratory screening

-ES'I

condition at line level (17 experiment)
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Table 23.Asian corn borer assay of OsfTPZiransgenic rice under laboratory screen
condition at line level (2™ experiment)

Table 24.Asian corn borer assay of Os/TPZlransgenic rice under laboratory screen
condition at line level (3" experiment)

Table 25.Armworm assay of Os/TP2ransgenic rice under laboratory screen condition
at line level

Table 286.Rice stem borer assay of Os/TP2ransgenic rice under greenhouse screen
condition at iine level

Table 27. Asian comn borer assay of OsKUNT transgenic rice under laboratory
screening condition at line level (1% experiment)

Table 28.Asian corn borer assay of UsKUNTiransgenic rice under laboratory screen
condition at line level (2™ experiment)

Table 29.Asian corn borer assay of OsKUNfiransgenic rice under laboralory screen
condition at line level (3" experiment)

Table 30.Armworm assay of QOsKUNT transgenic rice under laboratory screen
condition at line level (19 experiment)

Table 31 Armworm assay of OsKUNT transgenic rice under laboratory screen
condition at line level (2™ experiment)

Table 32.Rice stem borer assay of OsKUNT transgenic rice plants under laboratory
screen condition at line level (1% experiment)

Table 33.Rice stem borer assay of OsKUNT transgenic rice plants under laboratory

screen condition at line level (2" experiment)

Table 1. SEQ 1D NOs for nucleotide and amino acid sequences provided in the sequence
listing

SEQ D NO: SEQ D NO:

_ lone Desianati
Source species Clone Designation (Nucleotide) | (Amino Acid)

T-DNA flanking sequence in

) 1 n/a
AHBB151 {left LB)

Oryza safiva

5 sativa T-DNA flanking sequence in 5 v
474 V. Ve
4 AHBE151 (right LB)

T-DNA flanking seguence in
AHB8231 (LB)

Oryza sativa
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COryza saliva T-DNA:izﬁg?;?Sg;;nce n 4 n/a
Oryza safiva T_DNA;E:E;??BSf:;?HCE n 5 n/a
Agtificial sequence DP0158 vector 6 va
Oryza saliva OsCOA26 7.8 g
Oryza sativa OsROMTI7 10, 11 12
Oryza safiva OsiTP2 13,14 15
Oryza saliva QsKUNT 16, 17 18
Artificial Primers 19- 36 n/a

The sequence descriptions and Sequence Listing attached hereto comply with the
rules governing nucleotide and/or amino acid sequence disclosures in patent applications
as set forth in 37 C.F.R. §1.821-1.825. The Sequence Lisling contains the one letter code
for nucleotide sequence characters and the three lefter codes for amino acids as delined in
conformity with the UPAC-IUBMB standards described in Nucleic Acids Res.
13:3021-3030 (1985) and in the Biochemical J. 219 (2):345-373 (1984) which are herein
incorporated by reference. The symbols and formal used for nucleotide and amino acid
sequence data comply with the rules set forth in 37 C.F.R. §1.822.

SEQ 1D NO: 1 is the nuclectide sequence of flanking sequence of the inserted T-DNA
at the left left-border (LB} in AH68151 line.

SEQ 1D NQO: 2 is the nuclectide sequence of flanking sequence of the inserled T-DNA
at the right left-border (RB) in AHB8151 line.

SEQ 1D NO: 3 is the nucleotide sequence of flanking sequence of the inserted T-DNA
at the left border in AHB8231 line.

SEQ 1D NO: 4 is the nuclectide sequence of flanking sequence of the inserted T-DNA
at the left border in AHE7515 line.

SEQ 1D NQO: 5 is the nuclectide sequence of flanking sequence of the inserled T-DNA
at the right border in AHE7515 line.

SEQ D NO: 6 is thenucleotide sequence of vector DP0158.

SEQ D NO: 7is the nuclectide sequence of gDNA of OsCOA26gene.

SEQ 1D NO: 8is the nucleotide sequence of CDS of OsCUOAZ6 gene.

SEQ 1D NO: Sis the amino acid sequence of OsCOAZ8,

8
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SEQ 1D NO: 10is the nucleotide sequence of cDNA of OsROMT 71 7gene.

SEQ D NO: 11is the nuclectide sequence of CDS of OsROMTT7 gene.

SEQ D NO: 12is the amino acid sequence of OsROMT17.

SEQ 1D NO: 13is the nucleotide sequence of gDNA of OsiTF2gene.

SEQ 1D NO: 14is the nuclectide sequence of CDS of OsiTFZ gene.

SEQ ID NO: 15is the amino acid sequence of OsiTP2.

SEQ D NO: 18is the nuclectide sequence of cDNA of OsKUNT gene.

SEQ D NO: 17is the nucleotide sequence of CDS of OsKUNT gene.

SEQ ID NO: 18is the amino acid sequence of OskKUN1.

SEQ ID NO: 19is forward primer for cloning gDNA ofOsCOAZS gene.

SEQ ID NO: 20is reverse primer for cloning gDNA of OsCOA26 gene.

SEQ D NCG: 21is forward primer for cloning cDNA of OsROMT17gene.

SEQ D NO: 22is reverse primer for cloning cDNA of OsROMT17 gene.

SEQ 1D NO: 23is forward primer for cloning gDNA of OsiTFP2gene.

SEQ 1D NO: 24is reverse primer for cloning gDNA of OsiTPZgene,

SEQ ID NO: 25 is forward primer for cloning ¢cDNA of OsKUNT gene.

SEQ ID NO: 26 is reverse primer for cloning cDNA of OsKUNT gene.

SEQ D NO: 27 is forward primer for real-time RT-PCR analysis of OsKUNT gene.
SEQ D NO: 28 is reverse primer forreal-time RT-PCR analysis of OsKUNT gene.
SEQ ID NO: 28 is forward primer for real-lime RT-PCR analysis of OsCOAZ6gene.
SEQ 1D NO: 30 is reverse primer forreal-time RT-PCR analysis of OsCOAZ6gene
SEQ ID NO: 31 is forward primer for real-time RT-PCR analysis of OsHOMTT 7gene.
SEQ D NQG: 32 is reverse primer forreal-time RT-PCR analysis of OsROMTT 7gene.
SEQ D NO: 33 is forward primer for real-time RT-PCR analysis of Os!{TPZgens.
SEQ 1D NO: 34 is reverse primer forreal-time RT-PCR analysis of OsiTPZgene.
SEQ 1D NO: 35 is forward primer for real-lime RT-PCR analysis of OsKUNgene.
SEQ 1D NO: 36 is reverse primer forreal-time RT-PCR analysis of OsKUNTgene.

DETAILED DESCRIPTION

The disclosure of each reference set forth herein is hereby incorporated by reference
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in ifs entirety.

As used herein and in the appended claims, the singular forms “a”, "an”, and “the”
include plural reference unless the context clearly dictates otherwise. Thus, for example,
reference to “a plant” includes a plurality of such plants; reference (o “a cell” includes one or
more cells and equivalents theredisclosureo! known to those skilled in the art, and so forth.

As used herein:

The term "OsCOAZ26” is a Caffeoyl-Coenzyme A 3-O-Methyltransferase(CCOAOMT)
and refers 10 a rice polypeptide that confers increased tolerance 1o an insect pest and is
encoded by the rice gene locus LOC_0s08g38920.1. "COAZ6 polypeptide” refers herein o
the OsCOAZ8E polypeptide and its homologs from other organisms.

The OsCOA28 polypeptide (SEQ ID NO: 9) is encoded by the coding sequence (CDS)
(SEQ 1D NO: 8 or nucleolide sequence (SEQ ID NO: 7) at rice gene locus
LOC _Os08g38920.1. This polypeptide is annotated as “caffeoyl-CoA O-methyliransierase,
putative, expressed” in TIGR (the internet atplantbiclogymsu.edw/index.shimi), and in NCB!
{on the worldwebat nebinim.nih.gov), however does not have any prior assigned function.

The term “OsROMT17(Caffeoyl-CoA 3-O-MethyltransferaseROMT17)” refers to a rice
polypeptide that confers increased tolerance to an insect pest and is enceded by the rice
polypeptide and its homologs from other organisms.

The OsROMT17 polypeptide (SEQ ID NO: 12) is encoded by the coding sequence
(CDS) (SEQ 1D NO: 11) or nuclectide sequence (SEQ ID NO: 10) at rice gene
locusLOC_0Os08¢g38810.2. This polypeptide is  annotated as  “caffeoyl-CoA
O-methyltransferase, putative, expressed” in TIGR, however does not have any prior
assigned function.

The term “OsiTP2 (insect tolerance polypeptide)” refers to a rice polypeptide that
confers increased tolerance o an insect pest and is encoded by the rice gene locus
LOC_0s01gh3940.1. “ITP2 polypeptide” refers herein o the OsiTP2 polypeptide and its
homologs from other organisms.

The OsITP2 polypeptide (SEQ 1D NO: 15) is encoded by the coding sequence (CDS)
(SEQ ID NO: 14)or nuclectide sequence (SEQ ID NO: 13) at rice gene locus

10
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LOC _0Os01g53940.1. This polypeptide is annotated as “expressed protein” in TIGR, and
“hypothetical protein” in NCBI, however no conserved domain detected.

The term “OsKUNT1 (Kunitz-type trypsin inhibitor precursor)” refers o a rice polypeptide
that confers increased tolerance 1o an insect pest and is encoded by the rice gene locus
LOC_0s049g44470.1. “KUN1 polypeptide” refers herein {o the OsKUN1 polypeptide and its
homologs from other organisms.

The OsKUN1 polypeptide (SEQ 1D NO: 18) is encoded by the coding sequence (CDS)
(SEQ 1D NO: 17) or nuclectide sequence (SEQ D NO: 16) at rice gene locus LOC_
0s04g44470.1. This polypeplide is annotaied as "KUN1-Kuniiz-type trypsin inhibitor
pracursor, expressed” in TIGR.

The term “insect toleranceprotein” is used herein to refer 1o a polypeptide that inhibits
the growth of, stunts the growth of, and/or killsone or more insect pests, including, but not
limited to, members of the Lepidoptera, Diptera, Hemiptera and Coleoptera orders.

The terms “monocot” and “monocotyledonous plant” are used interchangeably herein.
A monocot of the currentdisclosure includes the Gramineas.

The terms “dicot” and “dicotyledonous plant” are used interchangeably herein. A dicot
of the current disclosure includes the following families: Brassicaceae, Leguminosaeg, and
Solanaceae.

The terms “full complement” and “full-length complement” are used inferchangeably
herein, and refer to g complement of a given nucleotide sequence, wherein the
complament and the nucleotide sequence consist of the same number of nucleotides and
are 100% complementary.

An "Expressed Sequence Tag” ("EST”) is a DNA sequence derived from a cDNA library
and therefore is a sequence which has been transcribed. An EST is typically obtained by a
single sequencing pass of a cDNA insert. The sequence of an entire cDNA insert is termed
the “Full-lnsert Sequence” ("FIS™). A “Contig” sequence is a sequence assembled from two
or more sequences that can be selected from, but not limited to, the group consisting of an
EST, FIS and PCR sequence. A sequence encoding an entire or functional protein is
termed a “Complete Gene Sequence” {(“CGE”Y and can be derived from an FIS or a contig.

“Transgenic” refers {o any cell, cell line, callus, tissue, plant part or plant, the genome

11
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of which has been aliered by the presence of a heterologous nucleic acid, such as a
recombinant DNA construct, including those initial transgenic events as well as those
created by sexual crosses or asexual propagation from the initial transgenic event. The
term “transgenic” as used herein does not encompass the alteration of the genome
(chromosomal or extra-chromosomal) by conventional plant breeding methods or by
naturally occurring events such as random cross-fertilization, non-recombinant viral
infection, non-recombinant baclerial transformation, non-recombinant transposition, or
spontaneous mutation.

A “control” or “control plant” or “control plant cell” provides a reference point for
measuring changes in phenotype of a subject plant or plant cell which was genetically
altered by, such as transformation, and has been affected as {0 a gene of interest. A subject
plant or plant cell may be descendad from a plant or cell so aliered and will comprise the
alteration.

A control plant or plant cell may comprise, for example: {a) a wild-type plant or cell, i.e.,
of the same genotype as the starting material for the genetic alteration which resulted in the
subject plant or cell; (D) a plant or plant cell of the same genotype as the starting material
but which has been transtormed with a null construct (i.e., with a construct which has no
known effect on the trait of interest, such as a construct comprising a marker gene); (¢) a
plant or plant cell which is a non-transformed segregant among progeny of a subject plant
or plant cell; (d) a plant or plant cell genetically identical {o the subject plant or plant celf but
which is not exposed (o a condition or stimulus that would induce expression of the gene of
interest; or {e} the subject plant or plant cell itself, under conditions in which the gene of
interest is not expressed.

in this disclosure, ZH11-TCand empty vector plants indicate control plants. ZH11-TC
represenis rice planis generated from fissue cultured Zhonghua 11, and empty vecior
represents plants transformed with empty vector BP0158.

“‘Genome” as it applies to plant cells encompasses not only chromosomal BNA {ound
within the nucleus, but organelle DNA found within subcellular components (e.q.,
mitochondrial, plastid) of the cell.

“Plant” includes reference to whole plants, plant organs, plant lissues, seeds and plant
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cells and progeny of same. Plant cells include, withoul limitalion, cells from seeds,
suspension cultures, embryos, meristematic regions, callus tissue, leaves, roots, shoots,
gametophytes, sporophyies, pollen, and microspores.

“Progeny” comprises any subsequent generation of a plant.

“Transgenic plant” includes reference to a plant which comprises within its genome a
heterologous polynuclectide. The heterologous polynucleotide can be stably infegraled
within the genome such that the polynucleotide is passed on to successive generalions.
The heterologous polynuclectide may be integrated into the genome alone or as part of a
recombinant DNA construct. A Ty plant is directly recovered from the transformation and
regeneration process. Progeny of Ty plants are referred to as T+ (first progeny generation),
T2 (second progeny generation), efc.

“Heterclogous” with respect {0 sequence means a sequence that originales from a
foreign species, or, if from the same species, is substantially modified from its native form in
composition and/or genomic locus by deliberate human intervention.

“Polynuclectide”, “nucleic acid sequence”, “nuclectide seguence”, or “nucleic acid
fragment” are used interchangeably and is a polymer of RNA or DNA that is single- or
double-stranded, optionally containing synthetic, non-natural or altered nucleotide bases.
Nucleotides (usually found in their 5-monophosphale form) are referred to by their single
letter designation as follows: “A” for adenyiate or deoxyadenyiate (for RNA or DNA,
respectively), “C” for cytidylale or deoxycytidylaie, *G” for guanylate or deoxyguanylate, “U”
for uridylate, “T" for deoxythymidylate, “R” for purines (A or G}, “Y” for pyrimidines (C or T,
“KiiorGorT, “H for Aor C or T, *I” for inosine, and “N” for any nucleotide.

“Polypeptide”, ‘“peptide”, “amino acid sequence” and ‘protein” are used
interchangeably herein 1o refer 1o a polymer of amino acid residues. The terms apply 1o
aming acid polymers in which one or more amino acid residue is an ariificial chemical
analogue of a corresponding naturally occurring amino acid, as well as to naturally
occurring amino acid polymers. The terms "polypeptide”, “peptide”, “amino acid sequence”,
and “protein” are also inclusive of medifications including, but not imited to, glycosylation,
lipid attachment, sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation

and ADP-ribosylation.
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“‘Messenger BNA (mRNA)” refers to the BRNA thatl is without introns and that can be
transiated into protein by the cell.

“‘cDNA” refers to a DNA that is complementary {0 and synthesized from an mRNA
template using the enzyme reverse transcriptase. The ¢DNA can be single-stranded or
converted into the double-stranded form using the Klenow fragment of DNA polymerase |

“Malure” protein refers {0 a post-transiationally processed polypeplide; i.e., one from
which any pre- or pro-peptides present in the primary iransiation product hasbeen
removed.

“Precursor” protein refers o the primary product of transiation of mRNA,; i.e., with pre-
and/or pro-peptides still present. Pre- and pro-peptides may be and are not limited 1o
intracellular localization signals.

“Isclated” refers 1o malerials, such as nucleic acid molecules and/or proteins, which
are substantially free or otherwise removed from components that normally accompany or
interact with the materials in a naturally occurring environment. Isolated polynucleotides
may be purified from g host cell in which they naturally occur. Conventional nucleic acid
purification methods known 1o skilled artisans may be used o obtain isclated
polynucleotides. The term alsc embraces recombinant polynucleotides and chemically
synthesized polynucleotides.

“Hecombinant” refers to an artificial combination of two otherwise separated segments
of sequence, e.g., by chemical synthesis or by the manipulation of isclated segments of
nucleic acids by genetic engineering technigues. “Recombinant” also includes reference 1o
a cell or vector, that has been modified by the introduction of a heterologous nucleic acid or
a cell derived from a cell so modified, but does not encompass the alieration of the cell or
vector by naturally occurring  evenits  (e.g., spontanecus mutation, natural
transformation/iransduction/transposition) such as those occurring without deliberale
human inlervention.

“Norn-genomic nucleic acid sequence’or "non-genomic nucleic acid molecule” or
‘non-genomic polynuclectide” refers {o a nucleic acid molecule that has one or more
change in the nucleic acid sequence compared 10 a native or genomic nucleic acid

seguence. In some embodiments the change to a native or genomic nucleic acid molecule
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includes but is not limited to: changes in the nucleic acid sequence due to the degeneracy
of the genetic code; codon optimization of the nucleic acid sequence for expression in
plants; changes in the nucleic acid sequence to introduce at least one amino acid
substitution, insertion, deletion and/or addition compared o the native or genomic
sequence; removal of one or more intron associated with the genomic nucieic acid
sequence; insertion of one or more heterologous inlrons; deletion of one or more upstream
or downstream regulatory regions associated with the genomic nucleic acid sequence;
insertion of one or more heterclogous upstream or downstream regulatory regions; deletion
of the 5" and/or 3’ uniransiated region associated with the genomic nucleic acid sequence;
insertion of a heterclogous 5 and/or 3 untranslated region; and modification of a
polyadenylation site. In some embodiments the non-genomic nucleic acid molecule is a
cDNA.  In some embodiments the non-genomic nucleic acid molecule is a synthetic
nucleic acid sequence,

“Hecombinant DNA construct” refers to a combination of nucleic acid fragments that
are not normally found together in nature. Accordingly, a recombinant DNA construct may
comprise regulatory sequences and coding sequences that are derived from different
sources, or requlatory sequences and coding sequences derived from the same source,
but arranged in a manner different than that normally found in nature.

The terms “entry clone” and “entry vector” are used interchangeably herein.

“Hegulatory sequences” and “regulatory elements” are used interchangeably and refer
to nuclectide sequences located upstream (5 non-coding sequences), within, or
downstream (3’ non-coding sequences) of a coding sequence, and which influence the
transcription, RNA processing or stabilily, or translation of the associated coding sequence.
Regulatory sequences may include, but are not limited to, promoters, translation leader
sequences, inirons, and polyadenylation recognition sequences.

“Promoter” refers {0 a nucleic acid fragment capable of controlling transcriplion of
another nucleic acid fragment.

“Promoter functional in a plant” is a promoter capable of conirolling transcription in
plant celis whether or not its origin is from a plant cell.

“Tissue-specific promoter” and “lissue-preferred promoter” are used interchangeably
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and refer 1o a promoter that is expressed predominantly but not necessarily exclusively in
one tissue or organ, but that may also be expressed in one specific cell.

“‘Developmentally reguiated promoter” refers 1o a promoier whose aclivity is
determined by developmental events.

“‘Operably linked” refers 1o the association of nucleic acid fragmenis in a single
fragment so that the function of one is reguiated by the cther. For example, a promoler is
operably linked with a nucleic acid fragment when it is capable of regulaling the
transcription of that nucleic acid fragment.

“BExpression” refers {o the production of a funclional product. For example, expression
of a nucleic acid fragment may refer to transcription of the nucleic acid fragment (e.g.,
transcription resulting in mRNA or functional RNA) and/or translation of mENA info a
precursor or maiure protein.

“Phenotype” means the detectable characteristics of a cell or organism.

“introduced” in the context of inserting a nucleic acid fragment (e.g., a recombinant
DNA construct) into a cell, means “iransfection” or “transformation” or “transduction” and
includes reference to the incorporation of a nucleic acid fragment into a eukaryotic or
prokaryotic cell where the nucleic acid fragment may be incorporated into the genome of
the cell (e.g., chromosome, plasmid, plastid or mitochondrial DNA), converted into an
autonomous replicon, or transiently expressed {e.g., transfected mRNA),

A “transtormed cell” is any cell into which a nucleic acid fragment (e.g., a recombinant
DNA construct) has been introduced.

“Transtormation” as used herein refers to both stable transformation and fransient
transformation.

“Stable transformation” refers to the introduction of a nucleic acid fragment into a
genome of a host organism resulting in genetically stable inheritance. Once slably
transformed, the nucleic acid fragment is stably integrated in the genome of the host
organism and any subsequent generation.

“Transient transformation” refers 1o the introduction of a nucleic acid fragment inio the
nucleus, or DNA-containing organelle, of a host organism resulling in gene expression

without genetically stable inheritance.
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“Allele” is one of several alternative forms of a gene occupying a given locus on a
chromosome. When the alleles present at a given locus on a pair of homologous
chromosomes in a diploid plant are the same that plant is homozygous ai that locus. If the
alleles present at a given focus on a pair of homologous chromosomes in a diploid plant
ditfer that plant is heterozygous at that locus. f a transgene is present on one of a pair of
homologous chromosomes in a diploid plant that plant is hemizygous at that locus.

A “chioroplast transit peptide” is an amino acid sequence which is translated in
conjunction with a protein and directs the protein to the chioroplast or other plastid types
present in the cell in which the protein is made. “Chloroplast transit sequence” refers to a
nuclectide sequence that encodes a chloroplast transit peptide. A “signal peptide” is an
amino acid seguence which is translated in conjunction with a protein and directs the
protein to the secrelory system (Chrispeels (1991) Ann. Rev. Plant Phys. Plant Mol. Biol,
42:21-53). If the protein is 1o be directed {0 a vacucle, a vacuolar targeting signal {supra)
can further be added, or if to the endoplasmic reticulum, an endoplasmic reticulum
retention signal {supra) may be added. if the protein is 10 be directed to the nucleus, any
signal peptide present should be removed and instead a nuclear localization signal
included (Raikhel (1992) Plant Phys. 100:1627-1632). A “mitochondrial signal peplide”™is an
amino acid sequence which direcis a precursor protein into the mitochondria (Zhang and
Glaser (2002) Trends Plant Sci 7:14-21).

Sequence alignments and percent identity calculations may be determined using a
variety of comparison methods designed to detect homologous seguences including, but
not limited to, the MEGALIGN® program of the LASERGENE® biocinformatics computing
suite (DNASTAR® Inc., Madison, WI). Unless stated ctherwise, multiple alignment of the
sequences provided herein were performed using the Clustal V method of alignment
{(Higgins and Sharp, CABIOS. 5:151-153 (1989)) with the default parameters (GAP
PENALTY=10, GAP LENGTH PENALTY=10). Default parameters for pairwise alignments
and calculation of percent identity of protein sequences using the Clustal V method are
KTUPLE=1, GAP PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5. For nuclsic
acids these parameters are KTUPLE=2, GAP PENALTY=5, WINDOW=4 and DIAGONALS

SAVED=4. After glignment of the sequences, using the Clustal V program, it is possible 1o
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obtain “percent identity” and “divergence” values by viewing the “sequence disiances” table
on the same program; unless stated otherwise, percent identities and divergences provided
and claimed herein were calculated in this manner,

Standard recombinant DNA and molecular cloning techniques used herein are well
known in the art and are described more fully in Sambrook, J., Fritsch, E.F. and Maniatis, T.
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press: Cold
Spring Harbor, 1989 (hereinafter “Sambrook”).

Turning now {o the embodiments:

Embodiments include isolated polynuclectides and polypeptides, recombinant DNA
constructs useful for conlerring insect tolerance, compositions (such as plants or
seedsjcomprising these recombinant DNA constructs, and methods utilizing these
racombinant DNA constructs.

Isglated Polvnucieotides and Polvpentides

The present disclosureincludes the foliowing isolated polynucieotides and
polypeptides:

in some embodiments, polynuclectides are provided encoding COAZ6 polypeptides,
ROMT17 polypeptides, ITP2 polypeptides or KUNT polypeptides.

In some embodiments, isolated polynuclectidesare provided comprising: (i} a nucleic
acid seguence encoding a polypeptide having an amino acid sequence of at least 50%,
51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 58%, 60%, 61%, 62%, 63%, 64%, 85%, 66%,
87%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 83%, 80%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%,
99%, or 100% sequence identity, when compared to SEQ 1D NQO: 9,12, 15 or18; or (i) a full
complement of the nucleic acid sequence of (i), wherein the full complement and the
nucleic acid sequence of (i) consist of the same number of nucleotides and are 100%
complementary. Any of the foregoing isolated polynuclectides may be utilized in any
recombinant DNA constructs of the present disclosure.

in some embodiments, isolated polypeplidesare provided having an amino acid
sequence of at least 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 87%, 88%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%,
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78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity, based on the Clustal V
method of alignment, when compared to SEQ 1D NO: 9, 12, 15 ori18. The
polypeptidesarsinsect tolerance polypeplideCOA26, ROMT17, ITP2 or KUNT.

In some embodiments,isolated polynuclectide are provided comprising (i) a nucleic
acid sequence of at least 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%,
81%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity, when compared 1o
SEQ ID NO: 7, 8, 10, 11, 13, 14, 16 or 17; or {ii} a full complement of the nucleic acid
sequence of (i). Any of the foregoing isolated polynucieotides may be utilized in any
recombinant DNA constructs of the present disclosure. The isolated polynuclectide
preferably encodes an insect tolerance protein. Over-expression of this polypeptide
increases planttolerance o an insect pest.

Recombinant DNA Constructs

In one aspect, the present disclosureincludes recombinant DNA constructs.

in one embodiment, a recombinant DNA construct comprises a polynucieotide
operably linked 1o at least one regulatory sequence (e.g., a promaoter functional in a plant),
wherein the polynucleotide comprises (i} a nucleic acid seguence encoding an amino acid
sequence of at least 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
82%, 83%, 64%, 85%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, B4%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence idenlity, when compared 1o SEQ ID
NG: 8, 12, 15 or18; or {ii) a full complement of the nucleic acid sequence of (i)

in another embodiment, a recombinant DNA construct comprises a polynucleolide
operably linked to al least one regulatory sequence (e.g., a promoler functional in a plant),
wherein said polynucleotide comprises (i) a nucleic acid sequence of at least 50%, 51%,
52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 83%, 64%, 65%, 66%, 67%,
88%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
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or 100% sequence identity, based on the Clustal V method of alignment, when compared to
SEQ ID NO: 7, 8, 10, 11, 13, 14, 16 orl17; or (i) a full complement of the nucleic acid
sequence of (i).

in another embodiment, a recombinant DNA construct comprises a polynucleolide
operably linked 1o at least one regulatory sequence (e.g., a promotler functional in a plant),
wherein said polynucleotide encodes a COA26, ROMT17, ITP2 or KUN1 protein. This
polypeptide provide tolerance 1o an insact pest activity, and may be from, for example,
Oryza sativa,Oryza australiensis, Oryza barthii, Oryza glaberrima{African rice), Oryza
latifolia, Oryza longistaminata, Oryza meridionalis, Oryza officinalis, Oryza punctata, Oryza
rufipogon (brownbeard or red rice), Oryza nivara (Indian wild rice), Arabidopsis thaliana,
Zea mays, Glycine max, Glycine tabacina, Glycine soja or Glycine tomentelia.

it is understood, as those skiled in the art will appreciate, that the
disclosureencompasses more than the specific exemplary sequences. Alterations in a
nucleic acid fragment which result in the production of a chemically equivalent amino acid
at a given site, bul do not affect the functional properties of the encoded polypeptide, are
well known in the art. For example, a codon for the amino acid alanine, a hydrophobic
amino acid, may be substituted by a codon encoding ancther less hydrophobic residue,
such as glycine, or a more hydrophobic residue, such as valine, leucing, or isoleucine.
Similarly, changes which result in substitution of one negatively charged residue for another,
such as aspartic acid for glutamic acid, or one positively charged residue for ancther, such
as lysine for arginine, can also be expected to produce a funclionally equivalent product.
Nucleotide changes which resull in alteration of the N-terminal and C-terminal portions of
the polypeptide molecule would also not be expected o alter the activity of the polypeptide.
Each of the proposed modifications is well within the routine skill in the art, as is
determination of retention of biclogical activity of the encoded products.

“Suppression DNA consiruct” is a recombinant DNA construct which when transformed
or stably integrated into the genome of the plant, results in “silencing” of a target gene in the
plant. The target gene may be endogenous or fransgenic to the plant. “Silencing”, as used
herein with respect {0 the target gene, refers generally 1o the suppression of levels of

mBRNA or protein/enzyme expressed by the target gene, and/or the level of the enzyme
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activity or protein functionality. The terms “suppression”, “suppressing” and “silencing”,
used interchangeably herein, includes lowering, reducing, declining, decreasing, inhibiling,
eliminating or preventing. “Silencing” or “gene silencing” does not specify mechanism and
is inclusive, and not limited {o, anti-sense, cosuppression, viral-suppression, hairpin
suppression, stem-loop suppression, RNAi-based approaches, and small RNA-based
approaches.

A suppression DNA construct may comprise a region derived from a target gene of
interest and may comprise all or part of the nucleic acid sequence of the sense strand (or
antisense strand) of the target gene of interest. Depending upon the approach to be utilized,
the region may be 100% identical or less than 100% identical (e.g., at least 50%, 51%, 52%,
53%, 54%, 55%, 56%, 57%, 58%, 53%, 60%, 61%, 82%, 83%, 64%, 65%, 66%, 67%, 68%,
89%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical) to all or part of the sense strand (or antisense strand) of the gene of interest.

Suppression DNA constructs are well-known in the arl, are readily consiructed once
the target gene of interest is selected, and include, without limitation, cosuppression
consiructs, antisense constructs, viral-suppression consiructs, hairpin  suppression
constructs, stem-loop suppression consiructs, double-stranded RNA-producing constructs,
and more generally, BNAI (RNA interference) constructs and small RNA constructs such as
siBNA (short interfering RNA) constructs and miRNA (microRNA) constructs.

“Antisense inhibition” refers to the production of antisense RNA transcripts capable of
suppressing the expression of the target gene or gene product. “Antisense RNA” refers to
an RNA transcript that is complementary to all or part of a target primary transcript or mRBNA
and that blocks the expression of a target isolated nucleic acid fragment (U.S. Patent
MNo. 5,107,065). The complementarity of an antisense BNA may be with any part of the
specific gene transcript, e, at the 5 non-coding sequence, 3'non-coding sequence,
introns, or the coding sequence.

“Cosuppression” refers o the production of sense RBNA transcripts capable of
suppressing the expression of the larget gene or gene product. “Sense” RNA refers 1o RNA

transcript that includes the mRNA and can be transiated into protein within a cell or in vitro.
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Cosuppression constructs in planis have been previously designed by focusing on
over-expression of a nucleic acid sequence having homology to a native mRNA, in the
sense orientation, which resulis in the reduction of all HNA having homology to the
over-expressed sequence (see Vaucheret et al, Plant J 16:851-659 (1998); and Gura,
Nature 404:804-808 (2000)).

Another variation describes the use of plant viral sequences 1o direct the suppression
of proximal mRNA encoding sequences (PCT Publication No. WO 98/36083 published on
August 20, 1998).

RNA interference (RNAI) refers 1o the process of sequence-specific post-transcriptional
gene silencing in animals mediated by short interfering RNAs (siRNAs) (Fire et al., Nature
391:806 (1998)). The corresponding process in plants is commonly referred o as
posi-transcriptional gene silencing (PTGS) or RNA silencing and is also referred io as
guelling in fungl. The process of post-transcriptional gene silencing is thought o be an
evolutionarity-conserved celiular defense mechanism used to prevent the expression of
foreign genes and is commonly shared by diverse flora and phyla (Fire et al., Trends Genet.
15:358 (1999)).

Small RNAs play an important role in controlling gene expression. Regulation of many
developmental processes, including flowering, is conlrolled by small RNAs. It is now
possible to engineer changes in gene expression of plant genes by using transgenic
constructs which produce small HNAs in the plant.

Small RNAs appear to function by base-pairing to complementary RNA or DNA target
sequences. When bound to BNA, small RNAs trigger either BNA cleavage or translational
inhibition of the targel sequence. When bound 1o DNA target sequences, it is thought that
small RNAs can mediate DNA methylation of the target sequence. The consequence of
these evenis, regardiess of the specific mechanism, is that gene expression is inhibited.

MicroRNAs (miRNAs) are noncoding RNAs of about 19 to about 24 nucleotides (nt) in
length that have been identified in both animals and plants (Lagos-Quintana et al., Science
294:853-858 (2001), Lagos-Quintana et al, Curr. Biol 12:735-738 (2002); Lau et al.,
Science 294:858-862 (2001); Lee and Ambros, Science 294:862-864 (2001); Liave et al,,
Piant Cell 14:1605-1619 (2002); Mourelatos et al., Genes. Dev. 16:720-728 (2002); Park et
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al.,, Curr. Biol. 12:1484-1495 (2002); Reinhart et al., Genes. Dev. 16:1616-1826 (2002)).
They are processed from longer precursor transcripts that range in size from approximately
70 1o 200 ni, and these precursor transcripts have the ability to form stable hairpin
structures.

MicroRNAs (miRNAs) appear 1o regulate target genes by binding o complementary
sequences located in the transcripts produced by these genes. It seems likely that miRNAs
can enter at least two pathways of largel gene regulation: (1) translational inhibition; and (2}
RNA cleavage. MicroRNAs entering the RNA cleavage pathway are analogous to the 21-25
nt shorl interfering RNAs (siBNAs) generated during RNA interference (RNAI) in animals
and postiranscriptional gene silencing (PTGS) in plants, and likely are incorporated into an
HNA-induced silencing complex (RISC) that is similar or identical to that seen for RNAL

Regulatory Sequences:

A recombinant DNA construct of the present disclosuremay comprise at least one
regulatory sequence.

A regulatory sequence may be a promoter or enhancer.

A number of promoters can be used in recombinant DNA constructs of the present
disclosure. The promoters can be selected based on the desired ouicome, and may include
constitutive, tissue-specific, inducible, or other promoters for expression in the host
organism.

Promoters that cause a gene io be expressed in most cell types at most times are
commonly referred to as "constitutive promoters”.

High level, constitutive expression of the candidate gene under control of the 355 or
UBI promoter may {(or may not} have pleictropic effects, although candidate gene efficacy
may be estimated when driven by a constitutive promoter. Use of tissue-specific and/or
stress-specific promoters may eliminate undesirable effects, bul retain the ability to
enhance insect tolerance. This type of effect has been observed in Arabidopsis for drought
and cold tolerance (Kasuga et al., Nalure Biotechnol. 17:287-91 {1999)).

Suitable constifulive promoters for use in a plant host cell include, for example, the
core promoter of the Rsyn7 promoter and cother constitutive promoters disclosed in WO

99/43838 and U.5. Patent No. 6,072,050; the core CaMV 355 promoter (Odell et &l

23



WO 2016/000647 PCT/CN2015/083237

Nature 313:810-812 (1985)); rice actin (McElroy et al.,, Plant Cell 2:163-171 (1990});
ubiquitin {Christensen et al., Plant Mol Biol 12:619-632 (1989) and Christensen et al,,
Piant Mol. Biol 18:675-689 (1992)); pEMU (Last et al., Theor. Appl. Genef. 81:581-588
(1991)); MAS (Velten et al., EMBO J. 3:2723-2730 (1984)); ALS promaoter (.S, Pateni No.
5,659,026), and the like. Other constitutive promoters include, for example, those
discussed in U.S. Patent Nos. 5,608,149; 5,608,144, 5,604,121, 5,569,597; 5,466,785;
5,399,680; 5,268,463; 5,608,142; and 6,177,611.

in choosing a promoter to use in the methods of the disclosure, it may be desirable to
use a tissue-specific or developmentally regulated promoter.

A tissue-specific or developmentally regulated promoter is a DNA seguence which
regulates the expression of a DNA sequence selectively in the celisflissues of a plant
critical to tassel development, seed set, or both, and limits the expression of such a DNA
seqguence 1o the period of tassel development or seed maluration in the plant. Any
identifiable promoter may be used in the methods of the present disclosurewhich causes
the desired temporal and spatial expression.

Promoters which are seed or embryo-specific and may be useful in the
disclosureinclude soybean Kunitz trypsin inhibitor (Kti3, Jofuku and Goldberg, Plant Cell
1:1079-1093 (1989)), patatin {potalo tubers) (Rocha-Sosa, M., et al., EMBO J 8:23-29
(1989)), convicilin, vicilin, and legumin (pea cotyledons) (Rerie, W.G., et al., Mol Gen.
Genet. 259:149-157 (1991); Newbigin, E.J., et al., Planfa 180:461-470 (1990); Higgins,
TV, et al., Plant. Mol Biol 11:683-695 (1988)), zein (maize endosperm) (Schemthaner,
J.P, et al, EMBO J. 7:1249-1255 (1988)), phaseolin (bean cotyledon) (Segupta-Gopalan,
C., et al., Proc. Natl. Acad. Sci. U.S.A. 82:3320-3324 (1995)), phytohemagglutinin (bean
cotyledon) (Voelker, T. et al,, EMBO J. 8:3571-3577 (1987)), B-conglycinin and glycinin
(soybean cotyledon) (Chen, Z-L, et al, EMBO J. 7:297-302 (1988)), glutelin (rice
endosperm), hordein (bardey endosperm) (Marris, C., et al., Plant Mol Biol 10:359-366
(1988)), glutenin and gliadin (wheat endosperm) (Colot, V., et al., EMBO J. 6:3559-3564
(1987)), and sporamin {(sweet potato tuberous root) (Hattori, T., et al., Plant Mol Biol
14:595-604 (1990)). Promolers of seed-specific genes operably linked to heterologous

coding regions in chimeric gene constructions maintain their temporal and spatial
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expression pattern in transgenic plants. Such examples include Arabidopsis thaliana 2S5
seed storage protein gene promoter to express enkephalin peptides in Arabidopsis and
Brassica napus seeds (Vanderkerckhove et al., Bio/Technology 7:L.828-932 {1889)), bean
lectin and bean beta-phaseolin promoters o express luciferase (Riggs et al., Plant Sci
63:47-57 (1988})), and wheal glutenin promoters {0 express chioramphenicol acetyl
iransferase (Colot et al., EMBO J. 6:3559- 3564 (1987)).

inducible promoters selectively express an operably linked DNA sequence in response
to the presence of an endogenous or exogenous stimulus, for example by chemical
compounds (chemical inducers) or in response o environmental, hormonal, chemical,
and/or developmental signals. Inducible or regulated promoters include, for example,
promoters regulated by light, heat, stress, flooding or drought, phyitohormones, wounding,
or chemicals such as ethanol, jasmonate, salicylic acid, or safeners.

Promoters for use in the current disclosureinclude the following: 1) the stress-inducible
RD29A promoter (Kasuga et al., Naiture Biotechnol 17:287-81 (1999)); 2) the barley
promoter, B22E; expression of B22E is specific to the pedicel in developing maize kernels
{(“Primary Structure of a Novel Barley Gene Differentially Expressed in Immature Aleurone
Layers”, Klemsdal el al., Mol Gen. Genet. 228(1/2):8-16 (1981)); and 3) maize promoler,
Zag?2 (“ldentification and molecular characterization of ZAG1, the maize homolog of the
Arabidopsis floral homeotic gene AGAMOUS”, Schmidt et al., Plant Cell 5(7):728-737
(1993); “Structural characterization, chromosomal localization and phylogenetic evaluation
of two pairs of AGAMOUS-like MADS-box genes from maize”, Theissen et al, Gene
156(2):155-166 (1995); NCBI GenBank Accession No. X80206)). Zag2 transcripts can be
detected five days prior 1o pollination to seven to eight days after pollination (*"DAP”), and
diracts expression in the carpel of developing female inflorescences and Cimi which is
specific 1o the nucleus of developing maize kernels. Ciml transcript is detected four to five
days before pollination {o six to eight DAP. Other useful promoters include any promoter
which can be derived from a gene whose expression is maternally associated with
developing female florets.

For the expression of a polynuclectide in developing seed lissue, promoters of

particular interest include seed-preferred promoters, particularly early kernel/embryo
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promoters and late kernel/lembryo promoters. Kernel development post-pollination is
divided into approximately three primary phases. The lag phase of kernel growth occurs
from about 0 to 10-12 DAP. During this phase the kernel is not growing significantly in mass,
but rather important events are being carried out that will determine kernel vitality {e.g.,
number of cells established). The linear grain fill stage begins at ahout 10-12 DAP and
continues to about 40 DAP. During this stage of kernel developmeni, the kernel altains
almost all of its final mass, and various siorage products (i.e., starch, protein, oil) are
produced. Finally, the maturation phase occurs from about 40 DAP to harvest. During this
phase of kernel development the kernel becomes quiescent and begins to dry down in
preparation for a long period of dormancy prior o germination. As defined herein "early
kernel/embryo promoters” are promoters that drive expression principally in developing
saed during the lag phase of development (i.e., from about 0 o about 12 DAP). "Lale
kernel/embryo promoters”, as delined herein, drive expression principally in developing
seed from about 12 DAP through maturation. There may be some overlap in the window of
expression. The choice of the promoter will depend on the ABA-associated sequence
utiized and the phenotype desired.

Early kernel/fembryo promoters include, for example, Cim7 that is active 5 DAP in
particular tissues (WO 00/11177), which is herein incorporated by reference. Other early
kernel/embryo promoters include the seed-preferred promoters end? which is active 7-10
DAP, and end?2, which is active 9-14 DAP in the whole kernel and active 10 DAP in the
endosperm and pericarp(WO 00/12733), herein incorporated by reference. Additional early
kernel/embryo promoters that find use in cerfain methods of the present disclosure include
the seed-preferred promoter fip2 (U.S. Pal. No. 5,525,718); maize Zm40 promoter (U.S.
Pat.No. 86,403,862); maize nuctc(ll.S. Pat.No. 6,407,315); maize ckx7-2 promoter (J.5.
Pai.No. 6,921,815 and US Patent Application Publication Number 2006/0037103); maize
fect promoter (U.S. Pat.No. 7,122,658); maize ESR promoter (LS. Pat.No. 7,276,596);
maize ZAFP promoter (U.S. Patent Application Publication Numbers 20040025206 and
20070136891); maize promoter eep! (U.S. Palent Application Publication Number
20070169226); and maize promoter ADF4 (LS. Palent Application No. 60/963,878, filed 7

Aug. 2007). Additional promoters for regulating the expression of the nuclectide
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sequences of the preseni disciosurein planis are stalk-specific promolers. Such
stalk-specific promoters include the alfalfa S2A promoter (GenBank Accession No.
EF030816; Abrahams et al, Plant Mol Biol 27:513-528 (1995)) and S2B promoter
{GenBank Accession No. EF030817) and the like, herein incorporated by reference.

Promoters may be derived in their entirety from a native gene, or be composed of
different elemenis derived from different promoters found in nature, or even comprise
synthetic DNA segments.

Promoters for use in the current disclosuremay include: RIP2, mLIP15, ZmCORT1,
Rab17, CaMV 355, RD2%A, B22E, Zag2, SAM synthetase, ubiguitin, CaMV 195, nos, Adh,
sucrose synthase, R-allele, the vascular tissue preferred promoters S2A (Genbank
accession number EF030816) and S2B (GenBank Accession No. EF030817), and the
constitutive promoter GOS2 from ZJea mays.Other promoters include root preferred
promoters, such as the maize NAS2 promoter, the maize Cyclo promoter (US Publication
No. 2006/0158439, published July 13, 2008), the maize ROOTMET2 promoter (WO
2005/063998, published July 14, 2005), the CRIBIO promoter (WO 2006/055487,
published May 26, 2008}, the CRWAQS1 promoter (WO 2005/035770, published April 21,
2005) and the maize ZRP2.47 promoter (NCBI Accession No. U38790; NCBI G No.
1063664).

Hecombinant DNA construcisof the present disclosuremay also include other
regulatory sequences including, but not imited to, translation leader sequences, introns,
and polyadenylation recognition sequences. In another embodiment of the present
disclosure, a recombinant DNA construct of the present disclosurefurther comprises an
enhancer or silencer.

An intron sequence can be added 1o the 5 untranslated region, the protein-coding
region or the 3’ untranslated region to increase the amount of the mature message that
accumulales in the cytosol. Inclusion of a spliceable intron in the transcription unit in both
plant and animal expression constructs has been shown 10 increase gene expression at
both the mRNA and protein levels up to 1000-fold (Buchman and Berg, Mol Cell Biol.
8:4395-4405 (1988); Callis et al., Genes Dev. 1:1183-1200 (1987)).

An enhancer or enhancer element refers to a cis-acting transcriptional regulatory
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element, a.k.a. cis-element, which confers an aspect of the overall expression pattern, but
fs usually insufficient alone to drive transcription, of an operably linked polynucleotide
seguence. An isolated enhancer element may be fused 1o a promoter to produce a chimeric
promotercis-element, which confers an aspect of the overall modulation of gene expression.
Enhancers are known in the art and include the SV40 enhancer region, the CaMV 355
enhancer element, and the like. Some enhancers are also known to aller normal regulatory
element expression patterns, for example, by causing a regulatory element to be expressed
constitutively when without the enhancer, the same regulatory element is expressed only in
one specific lissue or a few specific tissues. Duplicaling the upstream region of the
CaMV 3585 promoter has been shown [0 increase expression by approximately tenfold (Kay,
H. et al., {1987) Science 236: 1298-1302).

Enhancers for use in the current disclosure may include CaMV 358 (Benfey, et al.,
{1990 EMBO J. 2:1685-96); 4xB3 P-CaMV.358 Enhancer Domain -- four tandem copies of
the B3 domain (208 to 155) as described in U.S. Pat. No. 5,097,025; 4xAS-1 P-CaMV.355
EnhancerDomain- four tandem copies of the "activalion sequence” (83 1o 62} as described
in U.S. Pat. No. 5,097,025; 2xB1-B2 P-CaMV.355 Enhancer Domain -- two tandem copies
of the B1-B2 domain (148 1o 90) as described in U.S. Pal. No. 5,097,025; 2xA1-BS3
P-CaMV.358 Enhancer Domain -- two tandem copies of the A1-B3 domain (208 {o 46) as
described in U.S. Pat. No. 5,097,025; 2xB1-B5 P-CaMV.355 Enhancer Domain - two
tandem copies of the B1-B5 domain (343 to 90) as described in U.S. Pat. No. 5,097,025;
the omega enhancer or the omega prime enhancer {Gallie, et al., (1888} Molecular Biclogy
of BRNA ed. Cech (Liss, New York) 237-256 and Gallie, et al.,, {1987) Gene 60:217-25), the
enhancers of U.S. Pat.No. 7,803,992, the sugarcane bacilliform viral (SCBV)} enhancer
element (W0O2013130813).

Any plant can be selected for the identification of regulatory sequences and genes (o
be used in recombinant DNA constructs of the present disclosure. Examples of suitable
plant targets for the isolation of genes and regulatory sequences would include but are not
imited to glfalfa, apple, apricot, Arabidopsis, ariichoke, arugula, asparagus, avocado,
banana, barley, beans, beet, blackberry, blueberry, broccoli, brussels sprouts, cabbage,

canola, cantaloupe, carrot, cassava, castorbean, cauliflower, celery, cherry, chicory, cilaniro,
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citrus, clementines, clover, coconut, coffee, corn, cotton, cranberry, cucumber, Douglas fir,
eggplant, endive, escarole, sucalyptus, fennel, figs, garlic, gourd, grape, grapefruit, honey
dew, iicama, kiwitruit, letiuce, leeks, lemon, lime, Loblolly pine, linseed, maize, mango,
melon, mushroom, nectaring, nut, oal, oif palm, oil seed rape, okra, olive, onion, orange, an
ornamental plant, palm, papaya, parsley, parsnip, pea, peach, peanut, pear, pepper,
persimmaon, pine, pingapple, plantain, plum, pomegranate, poplar, potato, pumpkin, quince,
radiata pine, radicchio, radish, rapeseed, raspberry, rice, rye, sorghum, Southern pine,
soybean, spinach, squash, strawberry, sugarbeet, sugarcane, suntlower, sweet potato,
sweeigum, tangerineg, tea, tobacco, tomato, iriticale, turf, turnip, a vine, watermelon, wheat,
yams, and zucchini.

Compositions

A composition of the present disclosureis a plant comprising in its genome any of the
recombinant DNA constructsof the present disclosure(such as any of the constructs
discussed above). Compositions also include any progeny of the plant, and any seed
chitained from the plant or its progeny, wherein the progeny or seed comprises within ifs
genome the recombinant DNA construct. Progeny includes subsequent generations
obtained by self-poliinalion or out-crossing of a plant. Progeny also includes hybrids and
inbreds.

in hybrid seed propagated crops, mature transgenic plants can be self-poliinated 1o
produce a homozygous inbred plant. The inbred plant produces seed containing the newly
introduced recombinant DNA construct. These seeds can be grown 1o produce plants that
would exhibit an allered agronomic characteristic, or used in a breeding program to
produce hybrid seed, which can be grown (o produce plants that would exhibit such an
altered agronomic characteristic. The seeds may be maize seeds, or rice seeds.

The plant may be a mongocotyledonous or dicotvledonous plant, for example, a maize
or soybean plant, such as a maize hybrid plant or a maize inbred plant. The plant may also
be sunflower, sorghum, canola, wheat, alialfa, cotton, rice, barley or millet.

The recombinant DNA construct is stably integrated into the genome of the planti.

Embodiments include but are not limited 1o the following:

1. A transgenic plant (for example, a rice, maize or soybean plant) comprising in its
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genome a recombinant DNA construct comprising a polynuclectide operably linked to at
least one heterclogous regulatory sequence, wherein said polynuciectide encodes a
polypeptide having an amino acid sequence of at least 50%, 51%, 52%, 53%, 54%, 55%,
56%, 57%, 58%, 59%, 60%, 61%, 82%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
72%, 73%, T4%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity, when compared to SEQ 1D NO: 9, 12, 15 or 18; and wherein said transgenic plant
exhibits increased tiolerance to an insect pesiwhen compared to a conirol plant not
comprising said recombinant DNA construct.

2. The transgenic plant of embodiment 1, wherein the polynuclectide encodes a
COAZe, ROMT17, ITP2 or KUN1polypeptide (for example from Oryza sativa, Oryza
australiensis, Oryza barthii, Oryza glaberrima (Alrican rice), Oryza lalifolia, Oryza
longisiaminata, QOryza meridionalis, COryza officinalis, Oryza punclata, Oryza
rufipogon{brownbeard or red rice), Oryza nivara (Indian wild rice), Arabidopsis thaliana,
Cicer arietinum, Solanum tuberosum, Brassica oleracea, Zea mays, Glycine max, Glycine
tabacina, Glycine soja or Glycine fomeniella.

3. The transgenic plant of any one of embodiments 1 to 2, wherein the transgenic
plant further comprises at least one polynuclectide encoding an insecticidal polypeptide.

4. The transgenic plant of any one of embodiments 1 1o 2, wherein the transgenic
plant further comprises at least one recombinant polynucleotide encoding a polypeptide of
interest.

5. Any progeny of the above plants in embodiments 1-4, any seeds of the above
plants in embodiments 1-4, any seeds of progeny of the above plants in embodiments 1-4,
and cells from any of the above plants in embodiments 1-4and progeny thereof.

in any of the foregoing embodiments 1-Bor any other embodiments of the present
disclosure, the recombinant DNA construct may comprises at least one heterclogous
promoter functional in a plant as a regulatory sequence.

By “insecticidal protein” is used herein 1o refer {0 a polypeptide thai has toxic activity
against one or more insect pests, including, but not limited to, members of the Lepidopters,

Diptera, Hemiptera and Coleoptera orders or the Nemaltoda phylum or a protein that has
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homology o such a prolein. Pesticidal proteins have been isolated from organisms
including, for example, Bacillus sp., Pseudomonas sp., Photorhabdus sp., Xenorhabdus sp.,
Clostridium bifermenians and FPaenibaciflus popiffiae. Pesticidal proteins include but are not
imited to: insecticidal proteins from Pseudomonas sp. such as PSEEN3174 (Monalysin;
(2011} FPLoS Pathogens 7:1-13);, from Pseudomonasprotegens strain CHAQ and Pi-5
{previously fluorescens) (Pechy-Tarr, (2008) Environmental Microbiology 10:2368-2386;
GenBank Accession No. EU400157); from Pseudomonas Taiwanensis (Liu, et al, (2010) J.
Agric. Food Chem., 58:12343-12349) and from Pseudomonas pseudoalcligenes (Zhang, ef
al., (2008) Annals of Microbiology 59:45-50 and Li, ef al, (2007) Plant Cell Tiss. Organ
Cuit89:158-168); insecticidal proteins from Photorhabdus sp. and Xenorhabdus sp.
{Hinchliffe, et al.,, (2010} The Open Toxicology Journal, 3:101-118 and Morgan, et al., (2001)
Applied and Envir.Micro. 67:2062-2069); US Palent Number 6,048,838, and US Patent
Number 6,379,946; a PIP-1 polypeptide of US publication number US2014008054; an
AfiP-1A and/or AfIP-1B polypeptide of US Serial Number 13/800233; a PHi-4 polypeptide
of US Serial Number 13/839702; and S-endotoxins including, but not limited to, the Cry1,
Cry2, Cry3, Cry4, Cry5, Cry8, Cry7, Cry8, Cryg, Cry10, Crytt, Cry12, Cry13, Cry14, Cry15,
Cry16, Cry17, Cry18, Cry19, Cry20, Cry21, Cry22, Cry23, Cry24, Cry25, Cry26, Cry27, Cry
28, Cry 29, Cry 30, Cry31, Cry32, Cry33, Cry34, Cry35,Cry36, Cry37, Cry38, Cry39, Cry40,
Cryd1, Cryd2, Cryv43, Cryd4, Crydbs, Cry 46, Cryd7, Cry49, Cry 51, Crys5, Cry56, Cry57,
Cryh8, Cry59, Cry80, Cry61, Cry62, Cry63, Cry64, Cry6s, Cry6s, Cry67, Cry68, Cry6o,
Cry70, Cry71 and Cry72 classes of d-endotoxin genes and the B. thuringiensis cytolytic
cytl and cvi2 genes. Members of these classes of B. thuringiensis insecticidal proteins
include, but are not Iimited 1o CrytAal (Accession # AAAZ22353); Cry1Aa2 (Accession #
Accession # AAAZ2552); Cry1Aad (Accession # BAAD0257); CrytAad (Accession #
CAA31886); CryltAab (Accession # BAAD4468); CrytAab (Accession # AAABBZ265);
Cry1Aa7 (Accession # AAD46139); Cry1Aa8 (Accession # 126149); Cry1Aa8 (Accession #
BAA77213); Cry1Aal0 (Accession # AADSS382); Cry1Aall (Accession # CAA70856);
CrytAal2 (Accession # AAPB0146); Cry1Aal3 (Accession # AAM44305); CrylAat4
(Accession # AAP40639); CrytAalh (Accession # AAYB6993); CrytAals {Accession #
HQ439776); Cry1Aal7 (Accession # HQ438788); Cry1Aal8 {Accession # HQ438790);
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Cryt1Aal9 (Accession # HQ685121); Cry1Aa20 (Accession # JF340156); CryiAa2i
{Accession # JNB51496); Cry1Aa22 (Accession # KC158223); CrytAbt (Accession #
AAAZ2330); Cry1Ab2 (Accession # AAAZ2613); Cry1Ab3 (Accession # AAAZ22561);
Cry1Ab4 (Accession # BAADQOO71Y, CrytAbS (Accession # CAA28405); Cry1AbS
(Accession # AAAZ2420); Cryl1Ab7 (Accession # CAA31620); Cry1Ab8 (Accession #
AAARZ2551Y; Cry1AbY9 (Accession # CAA38701); Cry1Abi0 (Accession # A29125);
CrytAb11 (Accession # 112419); CrytAb12 (Accession # AACB4003); Cry1Abi3
{(Accession # AAN76494); Cry1Ab14 (Accession # AAG16877); Cry1Ab15 (Accession #
AAD13302); CrytAb16 (Accession # AAKSE5546); Cry1Ab17 (Accession # AAT46415);
Cry1Ab18 (Accession # AAQBE259); CrytAb1S (Accession # AAW31761); CrylAb20
(Accession # ABB72460); Cry1Ab21 (Accession # ABS18384); Cry1Ab22 (Accession #
ABWE7320); Cry1ADb23 (Accession # HQ439777); Cry1Ab24 (Accession # HQ439778);
Cry1Ab25 (Accession # HQE85122);, Cry1Ab26 (Accession # HQ847729); Cryl1Ab27
(Accession # JN135249); Cry1Ab28 (Accession # JN135250); Cry1Ab29 (Accession #
JN135251); Cry1AR30 (Accession # JN135252); Cry1Ab31 (Accession # JN135253);
Cry1Ab32 (Accession # JN135254); Cry1Ab33 (Accession # AASS3798); CrylAb34
{(Accession # KC156668); Cry1Ab-like (Accession # AAK14336); Cry1Ab-like (Accession #
AAK14337); Cry1Ab-like {Accession # AAK14338); Cry1Ab-like (Accession # ABG8BE858);
Cry1Act (Accession # AAA22331); CrylAcZ (Accession # AAA22338); CrylAc3
{(Accession # CAA38088); CrylAcd (Accession # AAAT3077); CrytAch (Accession #
AAAZ2339); Cryl1AcE {Accession # AAABB268);, CrylAc’ (Accession # AAB46989);
CrytAc8 (Accession # AAC44841); Cry1AcY (Accession # AAB49768); Cry1AciD
{Accession # CAADBSE05 ); CrylActt (Accession # CAAT0270); Cry1Act2 (Accession #
{12418); CrylAc13 (Accession # AAD38701);, CrylAct4 (Accession # AAQQDGB07Y;
CrytAci1s (Accession # AAND7788); Cry1Aci6 (Accession # AAUB7037); CrylAci?
(Accession # AAX18704); Cryl1Act8 (Accession # AAY8E8347); Cry1ActS (Accession #
ABD37053); Cry1Ac20 (Accession # ABBS8S046 ); Cry1Ac2t (Accession # AAYBE992 );
CrytAc22 (Accession # ABZ01836); Cry1Ac23 {Accession # CAQ30431); CrylAc24
{Accession # ABLO1535); Cry1Ac25 (Accession # FJ513324); CrylAc26 (Accession #
FJ617448); Cry1Ac27 (Accession # FJB617447); Cry1Ac28 (Accession # ACMS0319);
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Cry1Ac29 (Accession # DQ438941); Cry1Ac30 (Accession # GQ227507); Cry1Ac3i
{Accession # GU446674); Cry1Ac32 (Accession # HM0E1081); Cry1Ac33 {Accession #
GA866913); Cry1Ac34 (Accession # HQ230364); Cryl1Ac35 (Accession # JF340157);
Cry1Ac36 (Accession # JN387137); CrytAc3? (Accession # JQ317685); Cry1Adi
(Accession # AAAZ2340); CrylAd2 (Accession # CAAD1880); CrylAel (Accession #
AAA22410); CrytAfl (Accession # AABB2749); CrytAgl {(Accession # AAD4G137);
CrytAh1 (Accession # AAQ14326); Cry1Ah2 (Accession # ABB76664); Cry1AhS
(Accession # HQ439779); Cry1Ail (Accession # AAD39719); CrylAi2 (Accession #
HQ439780); CrytA-like (Accession # AAK14339); Cryi1Bal (Accession # CAAZ298098);
Cry1Ba2 ({(Accession # CAAB5003); Cry1Ba3 (Accession # AAKB3251);, Cry1Bad
(Accession # AAKS1084); Cry1Bab (Accession # ABO20894); Cry1Bab6 (Accession #
ABLB0921); Cryi1Ba? (Accession # HQ439781); Cry1Bb1 {Accession # AAA22344);
Cry1Bb2 (Accession # HQ439782); Cry1Bcl (Accession # CAABB568); Cry1Bdi
(Accession # AAD10292); Cry1Bd2 (Accession # AAMS3496); CryiBetl (Accession #
AAC32850); Cryi1Be2 (Accession # AAQSB2387); Cry1Bel3 (Accession # ACVIE720);
Cry1Bed (Accession # HMO70026); Cry1BH1 (Accession # CACS0778); Cry1Bi2 (Accession
# AAQSB2380); CryiBgt (Accession # AAD38720); CrviBh1 (Accession # HQ588331);
Cry1Bi1 {Accession # KC156700); Cry1Cat (Accession # CAA30396);, Cryt1Ca?2
(Accession # CAA31951); Cry1Cal (Accession # AAA22343); Cry1Cad (Accession #
CAA01886); Cry1Cab (Accession # CAABB457); Cry1Cab [1] (Accession # AAF37224 );
Cry1Ca7 {(Accession # AAGH0438); Cry1Ca8 {Accession # AAMO0264);, Cry1Cal
{Accession # AAL79362); Cry1Catll (Accession # AAN16482); Cry1Call {Accession #
AAXE53004); Cry1Cal2 (Accession # HMO70027); Cry1Calld (Accession # HQ412621);
Cry1Cal4 {Accession # JNB51493); Cry1Cb1 {Accession # M87880); Cry1Cb2 {Accession
# AAG35409); Cry1Ch3 (Accession # ACD50894 ); Cry1Ch-like (Accession # AAXE3801);
Cry1Dal {Accession # CAA38099); Cry1Da2 (Accession # 176415); Cry1Da3 {Accession #
HQ438784); Cry1Dbt (Accession # CAAB0234 ); Cry1Db2 (Accession # AAK48837 );
Cry1Dct {(Accession # ABK35074); CrytEatl (Accession # CAA37933); Cryika2
{Accession # CAAZ9609); Cry1Eal (Accession # AAAR22345);, CryiEad (Accession #
AADD4732); CrytEab (Accession # A15535); Cryl1Eab (Accession # AALS0330); Crylka?
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{(Accession # AAWT2936); Cry1Ea8 (Accession # ABX11258); Cry1Ead (Accession #
HQ432785); Cry1Ea10 (Accession # ADRQ00388), CrylEaltl (Accession # JOB652456);
Cry1Eb1 (Accession # AAA22346); CrytFal (Accession # AAA22348);, CrylFaZ
(Accession # AAAZ2347); Cry1Fal (Accession # HMO70028); CrytFad (Accession #
HM439638); Cry1Fbt (Accession # CAABQZ35); CryiFb2 (Accession # BAA25298);
CrytFb3 (Accession # AAF21767); CryiFb4 (Accession # AAC10641); CryiFb5s
{Accession # AAO13295); Cry1FbE (Accession # ACD50892); Cry1Fb7 (Accession #
ACD5B0893); Cry1Gal (Accession # CAAB0233); Cry1Ga2 (Accession # CAA70506);
Cry1Gb1 {(Accession # AAD10291); CrytGb2 {(Accession # AAQ13756); CryiGet
(Accession # AAQS2381); CrylHal (Accession # CAAB0236); CryiHb1 (Accession #
AAATI694); CryiHbe (Accession # HQ439786); Cry1H-like (Accession # AAF01213);
Crytlal {(Accession # CAA44633); Crytia2 {(Accession # AAAZ2354); Cry1ia3 (Accession #
AALC38999); Cryliad (Accession # AABODS58); Cry1lab (Accession # CAAT0124); Crytlag
(Accession # AACZ286810); Crytla7 (Accession # AAM73516); Cry1la8 (Accession #
AAKBE742); Cry1lag (Accession # AAQQ8616); Cry1lal0 (Accession # AAPBE782);
Crytlatt (Accession # CACBH864 ) Crylial2 (Accession # AAVSE3380); Cryllall
{(Accession # ABF83202); Cry1latd (Accession # ACGE3871); Cryllals (Accession #
FJB17445);, Cryllalé (Accession # FJ617448); Cryllal7 (Accession # GU989199);
Crytlat8 (Accession # ADK23801); Cry1lal9 (Accession # HQ4398787); Crytia20
(Accession # JQ228426); Crytla21 (Accession # JQ228424); Crylla22 (Accession #
JQ228427); Crylla23 {(Accession # JQ228428); Crylla24 (Accession # JQ228429);
Crytla2b5 (Accession # JQ228430); Crylla26 (Accession # JQ228431); Crytla27
{Accession # JQ228432); Crytla28 (Accession # JQ228433); Crylia29 (Accession #
JQ228434); Cry11a30 (Accession # JQ317688); Crylla31 (Accession # JX844038);
Cry1la32 {Accession # JX844039); Cry11a33 (Accession # JX844040); Cry1ib1 (Accession
# AARAB2114); Crylib2 {Accession # ABWS8B019);, Cry1ib3 (Accession # ACD75515);
Cry1ibd (Accession # HM051227); Cry11b5 (Accession # HM070028); Cry1ib8 (Accession
# ADK38579); Crylib7 (Accession # JN571740); Cry1lb8 (Accession # JNB75714);
Cry1ih@ (Accession # JNB75715); Crytib10 (Accession # JNB75718); Crytib11 (Accession
# JQ228423); Cryllct (Accession # AACB2933); Crylic2 (Accession # AAE71691);
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Crytld1  {Accession # AAD44366); Cry1ld2 (Accession # JQ228422); Cryilel (Accession
# AAG43526); Crylle2 (Accession # HM439836); Crylled {(Accession # KC156647);
Crytled {Accession # KC156681); Crytl1 (Accession # AAQS2382); Crytigt {Accession #
KC156701); Crytllike (Accession # AAC31094); Crytl-like (Accession # ABGB8859);
Crytdal (Accession # AAAZ2341); Crytda2 (Accession # HMO70030); Cry1Ja3 (Accession
# JQ228425); Cryldbt (Accession # AAASBS53); Cryldel (Accession # AAC31092);
Crytdc2 (Accession # AAQSB2372); Crytddt (Accession # CACB0779); CrylKal
(Accession # AABO0376); Cry1Ka2 (Accession # HQ439783); Cryilal (Accession #
AASB0191); Cryila2 (Accession # HMO70031); CryiMal (Accession # FJ8B4067);
CryiMa2 {(Accession # KC156659); CryiNal (Accession # KC156648); CryiNbi
(Accession # KC156678); Cryt-like (Accession # AAC31091); Cry2Aal (Accession #
AAAR2335); Cry2Aa2 (Accession # AAAB3S16); Cry2Aal (Accession # D86064); Cry2Aad
{Accession # AACQD4867); Cry2Aas (Accession # CAA10671); Cry2Aat (Accession #
CAA10672); Cry2Aa7 (Accession # CAAT0670); Cry2Aa8 (Accession # AAD13734);
Cry2Aa2 (Accession # AAD13750 ), Cry2Aal10 (Accession # AAQQ4263); Cry2Aati
(Accession # AAQSB2384); Cry2Aai?2 (Accession # ABIB3671); Cry2Aal3 (Accession #
ABLO1536); Cry2hatd (Accession # ACFO04838); Cry2Aalh (Accession # JN426947);
Cry2Ab1 (Accession # AAA22342);, Cry2Ab2 (Accession # CAA39075); Cry2Ab3
(Accession # AAG36762); Cry2Abd (Accession # AAD13296 ); Cry2Ab5S (Accession #
AAQD4609); Cry2Ab6 (Accession # AAPS9457); Cry2Ab7 (Accession # AAZBE347);
Cry2Ab8 (Accession # ABCS95996); Cry2AbS (Accession # ABC74968); Cry2Ab10
(Accession # EF157306); Crv2Ab11 (Accession # CAMB4575); Cry2Ab12 (Accession #
ABMR21764); Cry2Ab13 (Accession # ACG76120); Cry2Abi14 (Accession # ACG76121);
Cry2Ab15 (Accession # HMO37128); Cry2Ab16 {Accession # GQ866914); Cry2Abl7
{(Accession # HQ439789); Cry2Abi8 (Accession # JN135255); Cry2Ab19 (Accession #
JN1352586); Cry2Ab20 (Accession # JN135257); Cry2Ab21 (Accession # JN135258);
Cry2Ab22 (Accession # JN135259); Cry2Ab23 (Accession # JN135280); Cry2Ab24
{(Accession # JN135261); Cry2Ab25 (Accession # JN415485); Cry2Ab26 (Accession #
JNA426946); Cry2Ab27 (Accession # JN415764); Cry2Ab28 (Accession # JNB51494);
Cry2Act (Accession # CAA40536); Cry2Ac2 {Accession # AAG35410); Cry2Ac3
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{(Accession # AAQSE2385); Cry2Acd (Accession # ABCS5987); Cry2Ach (Accession #
ABC74969); Cry2Act (Accession # ABC74793); Cry2Ac? (Accession # CAL18690);
Cry2Ac8 (Accession # CAM08325); Cry2Ac8 (Accession # CAMO09328); Cry2Aci(
(Accession # ABN15104); Cry2Act! (Accession # CAMB3895); Cry2Act12 {(Accession #
CAMB3896); Cry2Adt (Accession # AAF09583); Cry2Ade2 (Accession # ABCB6927);
Cry2Ad3 (Accession # CAK28504); Cry2Ad4 (Accession # CAMG2331); Cry2Ads
{Accession # CAQ787398 ), Cry2Aet (Accession # AAQDB2362); Cry2Al1 (Accession #
ABO30519); Cry2Ai2 (Accession # GQB866815); Cry2Ag1 (Accession # ACHS1610);
Cry2Aht1 (Accession # EUQ39453); Cry2Ah2 (Accession # ACLB0665); Cry2Ah3
(Accession # GUO73380); Cry2Ah4 (Accession # KC156702); Cry2Ai1 (Accession #
FJ788388); Cry2Aj (Accession # ); Cry2Ak1 (Accession # KC156660); Cry2Bai
{Accession # KC156658); Cry3Aatl (Accession # AAA22336); Cry3Aa2 (Accession #
AAAR2541), Cry3Aal (Accession # CAABB482); Cry3Aad (Accession # AAAR2542);
Cry3Aa5 (Accession # AAALS0255); Cry3Aab (Accession # AAL43266); Cry3Aa7
(Accession # CAB41411); Cry3Aa8 (Accession # AAST9487); Cry3Aad (Accession #
AAWO0E659); Cry3Aall (Accession # AAUZ29411); Cry3Aall (Accession # AAWSE2872);
Cry3Aai2 (Accession # ABY49136 ); Cry3Bat {Accession # CAA34983); Cry3Ba2
(Accession # CAAQ00645); Cry3Bal (Accession # JQB387327); Cry3Bb1 (Accession #
AAAZ2334); Cry3Bbe (Accession # AAA74198); Cry3BDb3 (Accession # 115475); Cry3Cat
(Accession # CAA42469); CrydAal (Accession # CAABB485); Cryd4Aa2 (Accession #
BAACC179); CrydAal (Accession # CAD30148); CrydAad (Accession # AFBI18317);
CrydA-like {Accession # AAY96321); CrydBal (Accession # CAA30312); Cry4Ba2
{Accession # CAA30114); Cry4Bal (Accession # AAA22337); Cry4Bad (Accession #
BAAQOC178), Cry4Ba5 {Accession # CAD30095); Cry4Ba-like {Accession # ABC47686);
CrydCal {Accession # EUB46202); CrydCb1 (Accession # FJ403208); CrydCh2
(Accession # FJB97622); Cry4Cel (Accession # FJ403207); Cry5Aat (Accession #
AAABTE94); CryBADb1 {Accession # AAABTE23); CryBAcT (Accassion # 134543); Cry5Adt
(Accession # ABQB2087); Cry5Bal (Accession # AAAB8598); CrybBa2 (Accession #
ABWE8931); CrybBal (Accession # AFJ04417); Cry5Cat {(Accession # HM461869);
Cry5Ca2 (Accession # ZP_04123426); CrybDal {Accession # HM461870); Cry5Da?2
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{(Accession # ZP_04123980); CryBEat (Accession # HM485580); CrybEa2 (Accession #
ZP_(4124038); Cry6Aatl {(Accession # AAAZ2357); CryBAa? (Accession # AAM4G6849);
Cry6Aal3 (Accession # ABH03377); Cry6Bal (Accession # AAA22358); Cry7Aail
{(Accession # AAA22351); Cry7Ab1 (Accession # AAAZ21120); Cry7Ab2 (Accession #
AAAZT121), Cry7Ab3 (Accession # ABX24522); Cry7Ab4 (Accession # EU3B0678);
Cry7ADbS5 (Accession # ABX79555); Cry7Ab6 (Accession # ACI44005); Cry7Ab7 (Accession
# ADB8O216); Cry7Ab8 (Accession # GU145299); Cry7AbY (Accession # ADDO2572);
Cry7Bal (Accession # ABB70817); Cry7Bb1 {(Accession # KC156653); Cry7Cal
{(Accession # ABRE7863); Cry7Ch1 {(Accession # KUC156688); Cry7Dal (Accession #
ACQE9547); Cry7Da2 (Accession # HMS72238); Cry7Dal3 (Accession # KC156679);
Cry7Eal (Accession # HMO035086); Cry7Ea2 (Accession # HM132124); Cry7Ea3
{Accession # EEM19403); Cry7Fatl (Accession # HMO035088); Cry7Fa2 (Accession #
EEM18080), Cry7Fb1 (Accession # HM572235); Cry7Fb2 (Accession # K(C156682);
Cry7Gal {(Accession # HM572237); Cry7Ga2 {(Accession # KCO156668); Cry7Gbi
(Accession # KC156650); Cry7Gel {Accession # KC156654); Cry7Gd1 (Accession #
KC156697); Cry7Hatl {(Accession # KC156651); Cry7ial (Accession # KC156665);
Cry7Jat (Accession # KUC156671); Cry7Kal {Accession # KC156680); Cry7Kbi
{Accession # BAMO93086); Cry7Lal (Accession # BAMSS307); Cry8Aal (Accession #
AAAZT1I17), CryBAb1 (Accession # EU044830); CryBAct {Accession # K(C156862);
Cry8Ad1 (Accession # KC156684); Cry8Bat (Accession # AAAZ21118); Cry8Bbi
(Accession # CADS7542); Cry8Bcl (Accession # CADS7543); Cry8Cal (Accession #
AAAZ1119); Cry8Ca2 (Accession # AARS8783); Cry8Cal3 {Accession # EUB25349);
Cry8Cad (Accession # ADB54826); Cry8Dal (Accession # BAC07228); Cry8Da2
{Accession # BD133574); Cry8Da3 (Accession # BD133575); Cry8Db1 {Accession #
BAFO3483); Cry8Eat (Accession # AAQT3470); CryBEaZ (Accession # EUD47597);
Cry8Ea3 (Accession # K(C855216); CryBFat (Accession # AAT48680);, Cry8Fa2
(Accession # HQ174208); Cry8Fal3 (Accession # AFH78109); CryBGal (Accession #
AAT46073); Cry8Ga2 (Accession # ABC42043); Cry8Ga3 (Accession # FJ198072);
Cry8Hat (Accession # AAWS1032); Cry8lal (Accession # EU381044); Cry8la2 (Accession
# GUO73381); CryBla3 (Accession # HM044664); CryBlad (Accession # K{C156674);
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Cry8ib1 (Accession # GU325772); Cry8ib2 (Accession # KC156677); Cry8Jat (Accession
# EUG25348); Cry8Kal (Accession # FJ422558); Cry8Ka2 (Accession # ACNS7262);
Cry8Kb1 (Accession # HM123758);, CryBKb2 (Accession # KC156675); Cry8Lail
(Accession # GU325771); Cry8Matl (Accession # HM044665); Cry8Ma2 {(Accession #
EEMB8551); Cry8Mal (Accession # HMZ210574); CryBNatl (Accession # HME40939);
Cry8Patl (Accession # HQ388415); Cry8Qat (Accession # HQ441166); Cry8Qa2
{Accession # K(C152468); Cry8Ratl {Accession # AFP87548); Cry85al (Accession #
JG740588); Cry8Tal (Accession # KC156673); Cry8-like (Accession # FJ770571);
Cry8-like {(Accession # ABS53003); CryBAat {(Accession # CAA41122); Cry8BAaZ
(Accession # CAA41425); Cry9Aald {(Accession # GQ249293); CrySAad (Accession #
(GQ249294); CrySAab (Accession # JX174110); CryQAa like (Accession # AAQS2376);
Cry9Batl (Accession # CAAB2927); Cry9Ba2 (Accession # GQU299522); Cry9Bbi
{Accession # AAV28716); Cry8Cal (Accession # CAAB5764); Cry8Ca2 (Accession #
AAQB2375); CryBDal (Accession # BAA19948); Cry8Da2 (Accession # AABS7923);
Cry9Dal3 (Accession # GQ249293); CryoDad (Accession # GQ249297); CryobDbi
(Accession # AAX78439); Cry8Dc1 (Accession # KC156683); Cry@Eal (Accession #
BAA34908); Cry9Ea2 (Accession # AADO12908); CryBEa3 (Accession # ABM21765);
Cry9Ead (Accession # ACESB8267); Cry9Eab (Accession # ACF(04743); Cry9Eas
(Accession # ACGB3872 ); Cry8ka7 (Accession # FJ380927); Cry9Ea8 (Accession #
GQ249292); Cry9Eag (Accession # JNE51485); CrySEb1 {Accession # CACH0780);
Cry9EDb2 {(Accession # GQ249298); Cry9Eb3 (Accession # KC156648); Cry9Ect
(Accession # AACG3366); CrySkdt (Accession # AAX78440); CrySEel (Accession #
GQ249296); Cry9Ee2 (Accession # KC156664); Cry9Fal (Accession # KC156692);
Cry9Gal (Accession # KC156689), Cry9-like (Accession # AACB3366); Cryl10Aal
(Accession # AAA22614); Cry10Aa2 (Accession # E00614); Cry10Aa3 (Accession #
CAD30098); Cry10Aad (Accession # AFB18318); Cry10A-like {Accession # DQ187578);
Cry11Aal (Accession # AAAZ2352); Cryl11Aa2 (Accession # AAAZ2611); Cry11Aal
{(Accession # CAD30081); Cry11Aad (Accession # AFB18319); Cry11Aa-like (Accession #
DQ166531); Cry11Bal (Accession # CAABOS04); Cry11Bb1 (Accession # AACS7162);
Cry11Bb2 (Accession # HMO0B8615); Cryi2Aal (Accession # AAA22355); Cryi3Aai
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(Accession # AAAZ22356); Cry14Aal (Accession # AAAZ21516); Cry14Ab1 (Accession #
KC156652); Cry15Aal (Accession # AAA22333); Cryi6Aal (Accession # CAAG3860);
Cry17Aat (Accession # CAAB7841); Cryi18Aal (Accession # CAAB7506); Cry18Bai
(Accession # AAFBS667); Cry18Cal (Accession # AAF89668); Cry19Aal (Accession #
CAAB8875); Cry18Bal (Accession # BAA32397); Cry18Cal (Accession # AFM37572);
Cry20Aat (Accession # AAB93476); Cry20Batl (Accession # ACS83601); Cry20Ba2
{Accession # KC156694); Cry20-like {Accession # GQ144333); Cry21Aatl {Accession #
132932); Cry21Aa2 (Accession # 166477); Cry21Bal (Accession # BAC06484); Cry21Cat
(Accession # JFB21577); Cry21Ca2 (Accession # KC156687); Cry21Dat (Accession #
JF521578); Cry22Aa1 (Accession # 134547); Cry22Aa2 (Accession # CAD43579);
Cry22Aa3 (Accession # ACDS3211); Cry22Ab1 (Accession # AAKS0456); Cry22Ab2
{Accession # CADA43577); Cry22Bat (Accession # CADA43578); Cry22Bb1 {Accession #
KC156672); Cry23Aal (Accession # AAF76375); Cry24Aatl (Accession # AACE1891);
Cry24Bat (Accession # BAD32657); Cry24Cal {(Accession # CAJ43600); Cry2bAat
(Accession # AACB1892); Cry26Aal (Accession # AAD25075); Cry27Aal (Accession #
BAAB2796); Cry28Aal (Accession # AAD24189); Cry28Aa2 (Accession # AAGQ0235);
Cry29Aat (Accession # CAC8B0985); Cry30Aatl (Accession # CAC80986); Cry30Bai
{Accession # BADO00S2); Cry30Cat {(Accession # BADG7157); Cry30Ca2 {Accession #
ACU24781); Cry30Dal {(Accession # EF085955); Cry30Db1 (Accession # BAEBDOSS);
Cry30Eat (Accession # ACCSH5445); Cry30ka2 (Accession # FJ499389); Cry30Fat
(Accession # ACIZ2625 ), Cry30Gat (Accession # ACGE0020); Cry30Ga2 (Accession #
HQE38217); Cry31Aat (Accession # BAB11757); Cry31Aa2 (Accession # AALB7458);
Cry31Aa3 (Accession # BAE79808); Cry31Aad (Accession # BAF32571); Cry31Aab
{Accession # BAF32572); Cry31Aab (Accession # BAl44026); Cry31Ab1 (Accession #
BAE79809); Cry31Ab2 (Accession # BAF32570); Cry31Act (Accession # BAF34368);
Cry31Ac2 (Accession # AB731600); Cry31Ad1 (Accession # BAI4022); Cry32Aal
(Accession # AAG36711); Cry32Aa2 (Accession # GU0B3848); Cry32Ab1 {Accession #
GU063850); Cry32Bat (Accession # BAB78601); Cry32Cat (Accession # BAB78602);
Cry32Ch1 (Accession # KC156708); Cry32Dal (Accession # BAB78603); Cry32Eai
(Accession # GU324274); Cry32Ea2 (Accession # KC156686); Cry32Eb1 (Accession #
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KC156663); Cry32Fatl {Accession # KC156656); Cry32Gal (Accession # KC156657);
Cry32Hal (Accession # KC156661); Cry32Hbt (Accession # KC158666); Cry3zial
(Accession # KC156667); Cry32Jdal (Accession # KU156685); Cry32Katl (Accession #
KC156688); Cry32Lal (Accession # KC156689); Cry32Mal (Accession # KC156690);
Cry32Mbt (Accession # KC158704); Cry32Nat (Accession # KC158691); Cry320ai
{(Accession # KC156703); Cry32Pat {Accession # KC1567058); Cry32Qat {Accession #
KC156706); Cry32Ral {(Accession # KC156707); Cry325a1 (Accession # KC156709);
Cry32Tatl (Accession # KC156710); Cry32Uatl (Accession # K{C156655); Cry33Aai
{(Accession # AAL26871); Cry34Aal (Accession # AAGS0341); Cry34Aa2 {Accession #
AAKB4560); Cry34Aal3 (Accession # AAT29032); Cry34Aad (Accession # AAT29030);
Cry34Ab1 (Accession # AAG41671); Cry34Act (Accession # AAGS0118); Cry34Ac2
(Accession # AAKB4562); Cry34Ac3 (Accession # AAT29029); Cry34Bal (Accession #
AAKB4565), Cry34Ba2 (Accession # AATZ29033); Cry34Bal3 (Accession # AAT29031);
Cry35Aat (Accession # AAGSE0342); Cry35Aa2 (Accession # AAKE4581); Cry35Aa3
(Accession # AAT29028); Cry35Aad (Accession # AAT29025); Cry35Ab1 (Accession #
AAG41672); Cry35Ab2 (Accession # AAKB4563); Cry3bAb3 (Accession # AY536891);
Cry35Act {Accession # AAGS0117); Cry35Bat (Accession # AAKB4566); Cry35Ba2
{Accession # AAT29027); Cry35Bal (Accession # AAT29026); Cry36Aal (Accession #
AAKB4558); Cry37Aal (Accession # AAF76376 ); Cry38Aal (Accession # AAKB4559);
Cry39Aat (Accession # BAB72018); Cry40Aatl (Accession # BAB72018); Cry40Bai
(Accession # BACT7648); Cry40Cal (Accession # EU381045); Cry40Datl {(Accession #
ACF15199); Cry41Aal (Accession # BAD35157); Cryd1Ab1 (Accession # BAD35163);
Cry41Batl {Accession # HM461871); Cry41Ba2 (Accession # ZP_04099652); Cryd42Aa1
{Accession # BAD351686); Cry43Aal (Accession # BAD15301); Cry43Aa2 (Accession #
BADO5474 ; Cry43Bai (Accession # BAD15303); Cryd3Cat (Accession # KC156676);
Cry43Ch1 (Accession # KC156695); Cryd43Cct (Accession # KC1566968); Cry43-like
(Accession # BAD15305); Crydd4Aa (Accession # BADO8532); CrydbAa (Accession #
BAD22577); Cryd46Aa (Accession # BAC79010); Cryd46Aa2 (Accession # BAGE8906);
CrydBAL (Accession # BAD35170); Cryd47Aa (Accession # AAY24695); Cry48Aa
(Accession # CAJ18351); Cry48Aa2 (Accession # CAJBG545); Cry48Aa3 (Accession #
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CAJB6546 ); Cry48Ab (Accession # CAJ86548); Cryd8Ab2 (Accession # CAJBE549);
Cryd9Aa (Accession # CAHS56541); Cry48Aa2 (Accession # CAJ86541);, Cry49Aa3
(Accession # CAJBB543); Cry40Aad (Accession # CAJBG544); Cry48Ab1 (Accession #
CAJBE542); Cry50Aal (Accession # BAES6999); Cry50Bat (Accession # (GU446675);
Cryb0Ba2 (Accession # GUA446676); Cryb1Aal (Accession # ABI14444); Cryb51Aa2
{(Accession # GUL70697); Cry52Aal (Accession # EF613489); Cry52Bai (Accession #
FJ3g1760);, CrybB3Aatl (Accession # EF633476); Cry53Ab1 (Accession # FJ361759);
Cry54Aat (Accession # ACAB2194); Cryb4Aa2 (Accession # (GQ140349); Cryb4Bai
{(Accession # GU446677); Cryb5Aat (Accession # ABWS88932); Cryb4Ab1 (Accession #
JQ218808); Cryb5Aa2 (Accession # AAE33526); Cry56Aal (Accession # ACUB7499);
Cryb6Aa2 (Accession # (GQ483512); CrybBAal3 (Accession # JX025567); Cry57Aai
{Accession # ANC87261); Cryb8Aat (Accession # ANCE7260); Cry59Bal {Accession #
JN790647); Cry59Aal (Accession # ACR43758); Cry60Aal1 (Accession # ACU24782);
Cry60Aa2 (Accession # EAOSB7254); Cry60Aa3 (Accession # EEMO9278); Cry60Bai
(Accession # GU8B10818); Cry60Ba2 (Accession # EAQOL7253); Cry60Ba3 {Accession #
EEMS2279); Cry61Aal (Accession # HMO35087); CryB1Aa2 {(Accession # HM132125);
Cry61Aal3 {(Accession # EEM19308); Cry62Aal (Accession # HMO0O54509); Cry63Aai
(Accession # BAI44028); CryB4Aal {Accession # BAJO5397); CryB85Aatl (Accession #
HM461868); Cry65Aa2 (Accession # ZP_04123838); Cry66Aat (Accession # HM485581);
Cry66Aa2 (Accession # ZP_04009945); Cry67Aat (Accession # HM485582); Cry67Aa2
(Accession # ZP_04148882); CryB88Aal {Accession # HQ113114); CryB8Aal (Accession #
HQ401006); Cry6%Aa2 (Accession # JO821388); Cry69Ab1 (Accession # JN208857);
Cry70Aatl (Accession # JNB646781); Cry70Batl {Accession # ADQOS51070); Cry70Bb1
{Accession # EELE7276); Cry71Aal (Accession # JX025588); Cry72Aal (Accession #
JX025569); Cyt1Aa (GenBank Accession Number X03182); Cyt1Ab {(GenBank Accession
Number X98793); Cyt1B (GenBank Accession Number U37196); Cyi2A (GenBank
Accession Number 214147}, and Cyi2B (GenBank Accession Number U52043).

Examples of S-endotoxing also include but are not limited to Cry1A proteins of US
Patent Numbers 5,880,275 and 7,858,849, a DIG-3 or DIG-11 toxin (N-terminal deletion of

a-helix 1 and/or a-helix 2 variants of cry proteins such as Cry1A, Cry3A) of US Patent
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Numbers 8,504,604, 8.304,605 and 8,476,226; Cry1B of US Patent Application Serial
Number 10/525,318; Cry1C of US Patent Number 6,033,874; Cry1F of US Patent Numbaers
5,188,960 and 6,218,188; Cry1A/F chimeras of US Patent Numbers 7,070,982; 6,962,705
and 6,713,063); a Cry2 protein such as Cry2ADb protein of US Patent Number 7,064,249); a
Cry3A protein including but not limited o an engineered hybrid insecticidal protein (eHIP)
crealed by fusing unique combinagtions of variable regions and conserved blocks of at least
two different Cry proteins (US Palent Application Publication Number 2010/0017914); a
Cryd protein; a Cry5 protein; a Cry6 protein; Cry8 proteins of US Patent Numbers
7,329,736, 7,448,552, 7,803,943, 7,476,781, 7,105,332, 7,378,499 and 7,462,760; a Cry9
protein such as such as members of the Cry8A, CryaB, Cry8C, CrydD, CrySE and CrySF
families; a Cry15 protein of Naimov, et al., (2008) Applied and Environmental Microbiclogy,
74:7145-7151; a Cry22, a Cry34Ab1 protein of US Patent Numbers 6,127,180, 6,624,145
and 8,340,583; a CryET33 and oryET34 protein of US Patent Numbers 8,248,535,
6,326,351, 6,399,330, 6,949,628, 7,385,107 and 7.504,229; a CryET33 and CryET34
homologs of US Palent Publication Number 2006/0191034, 2012/0278954, and PCT
Publication Number WO 2012/139004; a Cry35Ab1 protein of US Patent Numbers
6,083,499, 6,548,291 and 6,340,593, a Cry46 protein, a Cry 51 protein, a Cry binary toxin;
a TIC901 or relaled toxin; TIC807 of US Palent Application Publication Number
2008/0295207; ET29, ET37, TIC809, TIC810, TIC812, TiC127, TiC128 of PCT US
2008/033867; AXMI-027, AXMI-036, and AXMI-038 of US Patent Number 8,238,757;
AXMI-031, AXMI-039, AXMI-040, AXMI-049 of US Patent Number 7,923,802; AXMI-018,
AXMI-020 and AXMI-021 of WO 2006/083891; AXMI-010 of WO 2005/038032; AXMI-003
of WO 2005/021585; AXMI-008 of US Patent Application Publication Number
2004/0250311; AXMI-006 of US Patent Application Publication Number 2004/0216186;
AXMI-007 of US Patent Application Publication Number 2004/0210965; AXMI-008 of US
Patent Application Number 2004/0210964; AXMI-014 of US Patent Application Publication
Number 2004/0197917;, AXMI-004 of US Paient Application Publication Number
2004/0197916; AXMI-028 and AXMI-029 of WO 2006/119457; AXMI-007, AXMI-008,
AXMI-0080ri2, AXMI-009, AXMI-014 and AXMI-004 of WO 2004/074462; AXMI-150 of US
Patent Number 8,084,416; AXMI-205 of US Patent Application Publication Number

42



WO 2016/000647 PCT/CN2015/083237

2011/0023184; AXMI-011, AXMI-012, AXMI-013, AXMI-015, AXMI-019, AXMI-044,
AXMI-037, AXMI-043, AXMI-033, AXMI-034, AXMI-022, AXMI-023, AXMI-041, AXMI-063
and AXMI-064 of US Patent Application Publication Number 2011/0263488; AXMI-R1 and
related proteins of US Patent Application Publication Number 2010/0197582; AXMI221Z,
AXMI222z, AXKMIZ232z, AXMIZ24z and AXMI225z of WO 2011/103248; AXMIZ18, AXMIZ19,
AXMIZ20, AXMIZZ26, AXMIZ27, AXMIZ28, AXMIZ28, AXMIZ30 and AXMIZ31 of WO
2011/103247; AXMI-115, AXMI-113, AXMIE-005, AXMI-163 and AXMI-184 of US Patent
Number 8,334,431; AXMI-001, AXMI-002, AXMI-030, AXMI-035 and AXMI-045 of US
Paient Application Publication Number 2010/0298211; AXMI-066 and AXMI-076 of US
Patent Application Publication Number 2009/0144852; AXMI128, AXMIT130, AXMI131,
AXMIT33, AXMIT40, AXMIT41, AXMIT42, AXMI143, AXMI144, AXMI146, AXMI148,
AXMIT49, AXMIE2, AXMIIE3, AXMITE4, AXMITES, AXMI1E6, AXMITE7, AXMI15S,
AXMITE2, AXMIIE5, AXMI166, AXMI167, AXMIT168, AXMI169, AXMI170, AXMI171,
AXMIT72, AXMIT73, AXMIT74, AXMIT75, AXMIT76, AXMIT77, AXMIT78, AXMI179,
AXMIB0, AXMIST, AXMIT82, AXMIT85, AXMI186, AXMIT87, AXMI188, AXMI189 of US
Patent Number 8,318,900; AXMIO79, AXMIO80, AXMIO8T, AXMIO82, AXMIOg1, AXMIN92,
AXMIOSE, AXMIOS7, AXMIOQ8, AXMID99, AXMIT00, AXMITO1, AXMIT02, AXMIT0S,
AXMIT04, AXMI07, AXMI108, AXMIT09, AXMUIIO, AXMITTY, AXMH12, AXMI114,
AXMITIE, AXMITIZ, AXMITIS, AXMI19, AXMIN20, AXMI121, AXMI122, AXMI123,
AXMIT124, AXMIT257, AXMIN268, AXMIN27, AXMI129, AXMI164, AXMIT5T, AXMI16T,
AXMITE3, AXMIT32, AXMIT138, AXMI137 of US Patent Application Publication Number
2010/0005543, AXMIZ32, AXMIZ33 and AXMIZ49 of US Patent Application Publication
Number 201400062281, cry proteins such as Cry1A and Cry3A having modified proteoiytic
sites of US Patent Number 8,312,019; a Cry1Ac, Cry2Aa and Cry1Ca toxin protein from
Bacillus thuringiensis strain VBTS 2528 of US Patent Application Publication Number
2011/0064710. Other Cry proteins are well known 1o one skilled in the art (see, Crickmore,
et al., "Bacillus thuringiensis toxin nomenclature™ 2011}, at
lifesci.sussex.ac.uk/home/Neil_Crickimore/BY which can be accessed on the world-wide
web using the "www" prefix). The insecticidal activity of Cry proteins is well known (o one

skilled in the art (for review, see, van Frannkenhuyzen, (2009) J. Invert. Path.101:1-16).
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The use of Cry proteins as transgenic plant traits is well known to one skilled in the art and
Cry-transgenic  plants  including but not limited 1o plants expressing CrytAc,
Cry1Ac+Cry2Ab, CrytAb, CrytA105, CryitF, CryiFa2, Cryl1F+CrytAc, Cry2Ab, Cry3A,
mCry3A, Cry3Bb1, Cry34Ab1, Cry35Ab1, Vip3A, Cry9c and CBRBt have received
regulatory approval (see, Sanahuja, (2011) Plant Biotech Journal 9:283-300 and the CERA.
(2010} GM Crop Database Center for Environmental Risk Assessment (CERA), ILSI
Hesearch Foundation, Washingion D.C. al
cera-gme.org/index.php?action=gm_crop_database which can be accessed on the
world-wide web using the “www” prefix). More than one pesticidal proteins well known o
one skilled in the art can also be expressed in plants such as Vip3Ab & CrytFa
(US2012/0317682); Cry1BE & CrylF (US2012/0311748); CryiCA & Cry1AB
(US2012/0311745); CrytF & CrCa (US2012/0317681);, CryiDA & CryiBE
(US2012/0331590); Cry1DA & CrytFa (US2012/0331589); CrytAB & Cry1BE
(US2012/0324606); CryiFa & Cry2Aa and Cryll & CrylE (US2012/0324605);
Cry34Ab/35Ab  and CryBAa (US20130167269); Cry34Ab/NCry35Ab & Cry3Aa
(US20130167268); and Cry3A and CrylAb or Vip3Aa (US20130116170). Pesticidal
proteins also include insecticidal lipases including lipid acyl hydrolases of US Patent
Number 7,491,869, and cholesterol oxidases such as from Sireplomyces (Purcell et al
(1993} Biochem Biophys Res Commun 15:1406-1413). Pesticidal proteins also include VIP
{(vegetative insecticidal proteins) toxing of US Patent Numbers 5,877,012, 6,107,279
8,137,033, 7,244,820, 7,615,686, and 8,237,020 and the like. Other VIP proteins are well
known to one skilled in the art (see, lifesci.sussex.ac.uk/home/Neil_Crickmore/Bt/vip.himi
which can be accessed on the world-wide web using the "www" prefix). Pesticidal proteins
also include toxin complex {(TC) proteins, obtainable from organisms such as Xenorhabdus,
FPhotorhabdus and Faenibaciflus {see, US Paitent Numbers 7,491,698 and 8,084,418).
Some TC proteins have “stand alone” insecticidal activilty and other TC proteins enhance
the activity of the stand-alone toxins produced by the same given organism. The toxicity of
a “stand-alone” TC protein (from Phoforhabdus, Xenorhabdus or Paenibaciflus, for example)
can be enhanced by one or more TC protein “potentiators” derived from a source organism

of a different genus. There are three main types of TC proteins. As referred 1o herein, Class

44



WO 2016/000647 PCT/CN2015/083237

A proteins ("Protein A7) are stand-alone toxins. Class B proteins (“Protein B”) and Class C
proteins ("Protein C”) enhance the toxicity of Class A proteins. Examples of Class A
proteins are TecbA, TedA, XptAl and XptA2. Examples of Class B proteins are TeaC, TedB,
XpiB1Xb and XptC1Wi. Examples of Class C proteins are TecC, XptC1Xb and XpiB1Wi.
Pesticidal proteins also include spider, snake and scorpion venom proteins. Exampies of
spider venom peptides include but are not limited to lycotoxin-1 peptides and mutanis
thereof (US Patent Number 8,334,366).

The examples below describe some representative protocols and techniques for
simulating plant insect feeding conditions and/or evaluating plants under such conditions.

1. Progeny of a transformed plant which is hemizygous with respect to a recombinant
DNA construct, such that the progeny are segregating into plants either comprising or not
comprising the recombinant DNA construct: the progeny comprising the recombinant DNA
construct would be typically measured relative to the progeny not comprising the
recombinant DNA construct{i.e., the progeny not comprising the recombinant DNA
constructis the control or reference plant).

2. Introgression of a recombinant DNA construct info an inbred line, such as in maize,
or info a variety, such as in soybean: the introgressed line would typically be measured
refative to the parent inbred or variety line (i.e., the parent inbred or variety line is the conlrol
or reterence plant).

3. Two hybrid lines, where the first hybrid line is produced from two parent inbred lines,
and the second hybrid line is produced from the same two parent inbred lines except that
one of the parent inbred lines contains a recombinant DNA construct: the second hybrid line
would typically be measured relative to the first hybrid line (i.e., the first hybrid line is the
control or reference plant).

4. A plant comprising a recombinant DNA consiruct: the plant may be assessed or
measured relative 1o a conitrol plant not comprising the recombinant DNA construct but
otherwise having a comparable genelic background {o the plant {e.g., sharing at least 80%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identily of nuclear
genetic material compared to the plant comprising the recombinant DNA construct. There

are many laboratory-based techniques available for the analysis, comparison and
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characterization of plant genetic backgrounds; among these are Isozyme Electrophoresis,
Restriction Fragment Length Polymorphisms (RFLPs), Randomly Amplified Polymorphic
DNAs (RAPDs), Arbitrarily Primed Polymerase Chain Heaction (AP-PCR), DNA
Amplification Fingerprinting (DAF), Sequence Characterized Amplified Regions (SCARs),
Amplified Fragment Length Polymorphisms (AFLP®s), and Simple Sequence Hepeats
(SSRs) which are also referred to as Microsatellites.

Furthermore, one of ordinary skill in the art would readily recognize that a suitable
conirol or reference plant to be utilized when assessing or measuring an agronomic
characteristic or phenotype of a transgenic plant would not include a plant that had been
previously selected, via mulagenesis or transformation, for the desired agronomic
characteristic or phenotype.

“Pest” includes butl is not limited {0, insects, fungi, bacteria, nematodes, mites, ticks
and the like. Insect pests include insects selected from the orders Coleoptera, Diptera,
Hymenoptera, Lepidoptera, Mallophaga, Homoptera, Hemiptera Orthroptera, Thysanoptera,
Dermaptera, Isoptera, Anoplura, Siphonaptera, Trichoplera, etc., particularly Lepidoptera
and Coleoptera.

Those skilled in the art will recognize that not all compounds are equally effeciive
against all pests. Compounds of the embodiments display actlivity against insect pests,
which may include economically important agronomic, forest, greenhouse, nursery
ornamentals, food and fiber, public and animal health, domestic and commercial structure,
household and stored product pests.

Larvae of the order Lepidoptera include, but are not limited to,armyworms, cutworms,
loopers and helicthines in the family Noctuidae including Spodoplera frugiperda JE Smith
{(fall armyworm); S. exigua Hibner (beet armyworm); S. litura Fabricius (tohacco culworm,
cluster calerpillar); Mamesira configurata Walker (bertha armyworm), M. brassicae
Linnaeus (cabbage moth); Agrotis ipsifon Hulnagel (black cutworm); A. orthogonia Mortison
(western cutworm); A. sublerranea Fabricius {(granulate cutworm); Alabama argiflacea
Hibner (cotion leaf worm); Trichopiusia ni HUbner {(cabbage looper); Pseudoplusia
includens Walker {soybean looper); Anticarsia gemmalalis Hibner (velvetbean caterpillar);

Hypena scabra Fabricius (green cloverworm), Heliothis virescens Fabricius
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{fobaccobudworm); FPseudalefia unipuncta Haworth (armyworm); Athefis mindara Barmnes
and Mcdunnough {rough skinned cutworm); Euxoa messoria Harris {darksided cutworm);
Earias insulana Boisduval (spiny bollworm); £, wvittella Fabricius (spotied bollworm);
Helicoverpa armigera Hibner (American bollworm); H. zea Boddie (corn earworm or cotton
bollworm}; Melanchra picla Harris (zebra caterpillar);, Egira (Xylomyges) curialis Grote
{citrus cutworm); Mythimna separate (OrientalArmyworm); borers, casebearers, webworms,
coneworms, grass moths from the family Crambidae includingOsirinia furnacalis (Asian
Corn Borer) and Osirinia nubilalis {European Corn Borer), and skeletonizers from the family
Pyralidae Ostrinia nubifalis Hibner (European corn borer); Amyelois transitella Walker
{(naval orangeworm), Anagasia kuehniella Zeller (Mediterranean flour moth); Cadra cautelia
Walker {almond moth); Chilo suppressalis Walker (rice stem borer); C. partefius, (sorghum
borer);Corcyra cephalonica Stainton (rice moth); Crambus caliginoselfus Clemens (com
root webworm); C. feferrelius Zincken (bluegrass webworm); Cnaphalocrocis medinalis
Guenée {rice leaf roller); Desmia funeralis Hibner (grape lealiclder); Diaphania hyalinata
Linnaeus (melon worm); O nifidalis Stoll (pickleworm); Dialrasa grandiosefla Dyar
(southwestern corn borer), D. saccharalis Fabricius (surgarcane borer); Eoreuma loftini
Dyar (Mexican rice borer); Ephestia elutella Hibner (lobacco (cacao) moth); Gafleria
mellonella Linnaeus (greater wax moth);, Herpelogramma licarsisalis Walker (sod
webworm);, Homoeosoma electelfum Hulst (suniflower moth); Elasmopalpus lignoselius
Zeller {lesser cornsialk borer); Achroia grisella Fabricius (lesser wax moth); Loxostege
sticticalis Linnaeus {(beet webwormy); Orthaga thyrisalis Walker (tea tree web moth); Maruca
testulalis Geyer (bean pod borer); Plodia interpunctella Hibner (Indian meal moth);
Scirpophaga incerlulas Walker (yellow stem borer); Udea rubigalis Guenée (celery leaftier);
and leafrollers, budworms, seed worms and fruit worms in the family Tortricidae Acleris
gloverana Walsingham (Western blackheaded budworm); A. variana Fernald (Eastern
blackheaded budworm);, Archips argyrospila Walker (fruit tree leal roller); A rosana
Linnaeus (European leaf roller); and other Archips species, Adoxophyes orana Fischer von
Rosslerstamm (summer fruit toririx moth); Cochylfis hospes Walsingham (banded sunflower
maothy; Cydia latiferreana Walsingham (filbertworm); C. pomonelia Linnasus (coding moth);

Piatynota flavedana Clemens (variegated leafroller); F. sfultana Walsingham {omnivorous
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leafroller); Lobesia botrana Denis & Schiffermiiller (European grape vine moth); Spilonota
ocelffana Denis & Schiffermiller (eyespotted bud moth); Endopiza viteana Clemens (grape
berry moth); Eupcecilia ambiguella Hibner {(vine moth); Bonagotfa salubricola Meyrick
(Brazilian apple leafroller); Grapholita molesia Busck (oriental fruit moth); Suleima
helianthana Riley (sunflower bud moth); Argyrotaenia spp.; Choristoneura spp..

Selecied other agronomic pests in the order Lepidopiera include, but are not limited (o,
Alsophila pometaria Harvs (fall cankerworm); Anarsia lineatella Zeller {peach twig borer);
Anisota senatoria J.E. Smith (orange striped cakworm); Antheraea pernyi Guérin-Méneville
{Chinese Oak Tussah Moth); Bombyx mori Linnaeus (Silkworm); Bucculalrix thurberiella
Busck (cotton leaf perforator);, Colias eurytheme Boisduval (alfalfa caterpillar);, Dalana
integerrima  Grote &  Robinson  (walnut  caterpillar);  Dendrolimus  sibiricus
Tschelwerikov(Siberian silk moth), Ennomos subsignaria Hibner (elm spanworm); Erannis
tiliaria Harvis (linden looper); Euproctis chrysorrhoea Linnasus (browntail moth);, Harrisina
americana Guérin-Méneville (grapeleat skeletonizer); Hemileuca oliviae Cockrell (range
caterpillary; Hyphantria cunea Drury (fall webworm), Kefferia lycopersicelfa Walsingham
{tomato pinworm); Lambdina fiscellaria fiscellaria Hulst (Eastern hemlock looper); L
fiscellarialugubrosa Hulst (Western hemlock looper); Leucoma salicis Linnaeus (satin moth);
Lymantria dispar Linnaeus (gypsy moth);Manduca quinquemaculataHaworth (five spotied
hawk moth, tomato hornworm); M. sexia Haworth (fomato hornworm, tobacco hornworm;
Operophtera brumata Linnaeus(winter moth); Paleacriia vernata Peck (spring cankerworm);
Papilic cresphontes Cramer (giant swallowtail orange dog); Phryganidia californica
Packard (California oakworm); Phyllocnistis  citrefla  Stainton  (citrus  leafminer);
FPhyllonorycter blancardelfa Fabricius (spolted tentiform lealminer), Fleris brassicae
Linnaeus {(large white butterfly); P. rapae Linnaeus (small white butterfly); P. napi Linnasus
{green veined white butterfly); Platyplilia carduidactyla Riley (artichoke plume moth);
Plutella xylostella Linnaeus (diamondback moth); Pectinophora gossypiefla Saunders (pink
bollworm}; Pontia protodice Boisduval and Leconte (Southern cabbageworm),; Sabulodes
aegrotata Guenée (omnivorous looper); Schizura concinna J.E. Smith (red humped

caterpillar); Sitotroga cerealefla Olivier (Angoumois grain moth), Thaumefopoea

pityocampa Schiffermuller(pine processionary caterpillar); Tineola bisselliefla Hummel
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(webbing clothesmoth); Tufa absoluta Meyrick (tomato leaiminer); Yponomeuta padella
Linnasus (ermine moth); Heliothis subflexa Guenée; Malacosoma spp. and Orgyia spp.

Of interest are larvae and adults of the order Coleoptera including weevils from the
families Anthribidae, Bruchidae and Curculionidaes (including, but not limited to:
Anthonomus grandis Boheman (boll weevil); Lissorhopirus oryzophifus Kuschel {rice waler
weevil), Sifophilus granarius Linnaeus (granary weevil); S. oryzae Linnaeus (rice weevil);
Hypera punctata Fabricius {clover leaf weevil); Cylindrocopturus adspersus LeConte
(sunflower stem weevil); Smicronyx fulvus LeConte {red sunflower seed weevil); S.
sordidus LeConte (gray sunfliower seed weevil); Sphenophorus maidis Chittenden (maize
billbug)); fliea beetles, cucumber beetles, rootworms, leaf beetles, potaio beetles and
leafminers in the family Chrysomelidae (including, but not limited to: Leptinotarsa
decemliineata Say (Colorado potalo beetle); Diabrotica virgiferavirgifera LeConte (weslem
corn roctworm); D, barberi Smith and Lawrence (northern corn roolworm);, O
undecimpunciata howardi Barber (southern corn rootworm); Chaetocnema pulicaria
Melsheimer (cormn flea beetle); Phylloirela cruciferae Goeze (Crucifer flea beetle);
FPhyllotreta siriolata (stripped flea beetle); Colaspis brunnea Fabricius (grape colaspis);
Quiema melanopus Linnaeus (cereal leaf beetle); Zygogramma exclamationis Fabricius
{(sunflower beetle)); beetles from the family Coccinellidae (including, but not limited to:
Epifachna varivestis Mulsant (Mexican bean beetle)); chafers and other beetles from the
family Scarabaeidae (including, but not limited to: Popiflia japonica Newman (Japanese
beetle}; Cyclocephala borealis Arrow (northern masked chaler, white grub),C. immaculala
Olivier (southern masked chafer, white grub); Rhizotrogus majalis Razoumowsky
{European chaler); Phyllophaga crinifa Burmeister (white grub); Ligyrus gibbosus De Geer
{caurot beetle}}; carpet beetles from the family Dermestidae; wireworms from the family
Elateridae, Eleodes spp., Melanotus spp.; Conoderus spp.; Limonius spp.; Agriotes spp.;
Ctenicera spp.; Aeolus spp.; bark beetles from the family Scolytidae and beetles from the
family Tenebrionidae.

Adults and immatures of the order Diptera are of interesi, including leafminers
Agromyza parvicornis Loew {(corn blotch leafminer); midges {including, bul not limited io:

Contarinia sorghicofa Coquillett (sorghum midge); Mayetiola destructor Say (Hessian fly);
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Sitodinlosis mosellana Géhin (wheat midge); Neolasioptera murtfeldiiana Fell, (sunflower
seed midge)); fruit flies (Tephritidae), Oscinella frit Linnasus (fruit flies); maggots (including,
but not limited to: Delia platura Meigen (seedcorn maggot); D. coarctata Fallen {(wheat bulb
fly) and other Delia spp., Meromyza americana Fich (wheat stem maggot); Musca
domestica Linnaeus (house flies);, Fannia canicularis Linnaeus, F femoralis Stein {lesser
house flies); Stomoxys calcitrans Linnaeus (stable flies)); face flies, horn flies, blow flies,
Chrysomya spp.; Phormia spp. and other muscoid fly pests, horse flies Tabanus spp.; bot
flies Gasirophilus spp.; Qestrus spp.; catlle grubs Hypoderma spp.; deer flies Chrysops
spp.; Melophagusovinus Linnaeus (keds) and other Brachycera, mosquitoes Aedes spp.;
Anopheles spp.; Culex spp.; black flies Prosimulium spp.; Simulivm spp.; biting midges,
sand ilies, sciarids, and other Nematocera.

included as insects of interest are adults and nymphs of the orders Hemiplera and
Homoptera such as, but not limited to, adelgids from the family Adelgidae, plant bugs from
the tamily Miridae, cicadas from the family Cicadidae, leathoppers, Empoasca spp.; from
the family Cicadellidae, planthoppers from the families Cixiidae, Flalidae, Fulgoroidea,
issidae and Delphacidae, treehoppers from the family Membracidae, psylilids from the
family Psyllidae, whiteflies from the family Aleyrodidae, aphids from the family Aphididae,
phylloxera from the family Phylloxeridae, mealybugs from the family Pseudococcidae,
scales from the families Asterolecanidae, Coccidae, Dactylopiidae, Diaspididae,
Eriococcidae Ortheziidae, Phoenicococcidae and Margarodidag, lace bugs from the family
Tingidae, stink bugs from the family Pentatomidae, cinch bugs, Blissus spp.; and other
seed bugs from the family Lygaeidae, spittlebugs from the family Cercopidae squash bugs
from the family Coreidae and red bugs and cotton slainers from the family Pyrrhocoridae.

Agronomically important members from the order Homoptera further include, but are
not limited 1o: Acyrthisiphon pisum Harris (pea aphid); Aphis craccivora Koch (cowpea
aphid); A. fabae Scopoli (black bean aphid); A. gossypif Glover (colton aphid, melon aphid);
A. maidiradicis Forbes {(corn root aphid); A. pomi De Geer (apple aphid); A, spiraecola
Patch (spirea aphid); Aulacorthum solani Kaltenbach (foxglove aphid); Chaelosiphon
fragaefolii Cockerell (strawberry aphid); Diuraphis noxia Kurdjumov/Mordvilke (Russian

wheat aphid);, Dysaphis plantaginea Paaserini (rosy apple aphid); Eriosoma lanigerum
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Hausmann (woolly apple aphid); Brevicoryne brassicae Linnaeus {cabbage aphid);
Hyalopterus pruni Geoffroy (mealy plum aphid); Lipaphis erysimi Kaltenbach (tumip aphid);
Metopolophium dirrhodum Walker (cereal aphid);, Macrosiphum euphorbiae Thomas
{potato aphid); Myzus persicae Sulzer (peach-potato aphid, green peach aphid); Nasonovia
ribisnigri Mosley (lettuce aphid); Pemphigus spp. {rool aphids and gall aphids);
Rhopalosiphum maidis Filch (comn leal aphid); H. padi Linnaeus (bird cherry-cat aphid);
Schizaphis graminum Rondani (greenbug); Sipha flava Forbes (yellow sugarcane aphid);
Sitobion avenae Fabricius (English grain aphid); Therioaphis maculala Buckion (spotted
alfalfa aphid}; Toxoptera aurantii Boyer de Fonscolombe {(black citrus aphid) and 7. citricida
Kirkaldy {(brown citrus aphid};, Adelges spp. (adelgids); Phylloxera devastalrix Pergande
{pecan phylioxera); Bemisia tabaci Gennadius (tobacco whitefly, sweetpotato whitefly); B.
argentifolii Bellows & Perring (silverleaf whitefly); Dialeurodes citri Ashmead (citrus whitefly};
Trialeurodes abutiloneus (bandedwinged whitefly) and 7. vaporariorum Westwood
(greenhouse whitefly); Empoasca fabae Harris (potato leafthopper); Laodeiphax striatelius
Fallen (smaller brown planthopper};, Macrolesies quadrilineatus Forbes (aster leathopper);
Nephotettix cinficeps Uhler (green leathopper); N. nigropictus Stal (rice leafthopper);
Nilaparvata lugens Stal (brown planthopper); Peregrinus maidis Ashmead (comn
planthopper); Sogatella furcifera Horvath (white-backed planthopper); Sogatodes orizicola
Muir (rice delphacid); Typhlocyba pomaria McAtee (white apple leathopper); Erythroneoura
spp. (grape leathoppers); Magicicada septendecim Linnaeus (pericdical cicada); fcerva
purchasi Maskell (cottony cushion scale); Quadraspidiotus perniciosus Comstock (San
Jose scale); Planococcus citri Risso (citrus mealybug);, Pseudococcus spp. (other
mealybug complex); Cacopsyfla pyricola Foerster {pear psylia); Trioza diospyri Ashmead
{persimmon psyla).

Agronomically important species of interest from the order Hemiplera include, but are
not limited to: Acrosternum hilare Say (green slink bug); Anasa tristis De Geer (squash
bug), Blissus leucopterus feucopterus Say (chinch bug), Corythuca gossypii Fabricius
{cotton lace bug);, Cyriopeltis modesta Distant (tomato bug); Dysdercus suturellus
Herrich-Schaffer (cotton stainer);, Euschislus servus Say (brown stink bug); £

variolariusPalisot de Beauvois (one-spotted stink bug); Graptostethus spp. (complex of
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seed bugs); Leploglossus corculus Say (leal-footed pine seed bug); Lygus lineolaris Palisot
de Beauvois (tarnished plant bug); L. Hesperus Knight (Western tarnished plant bug); L.
pratensis Linnaeus (common meadow bug); L. rugufipennis Poppius{European tarnished
plant bug); Lygocoris pabufinus Linnaesus (common green capsid);, Nezara viridula
Linnaeus (southern green slink bug); Oebalus pugnax Fabricius (rice stink bug);
Oncopelius fasciatus Dallas (large milkweed bug); Pseudatomoscelis seriatus Reuter
{cotton fleahopper).

Furthermore, embodiments may be effective against Hemiptera such, Calocoris
norvegicus Gmelin (strawberry buq); Orthops campestris Linnaeus; Plesiocoris rugicollis
Fallen (apple capsid); Cyriopellis modestus Distant (fomato bug); Cyriopellis notalus
Distant  (suckfly); Spanagonicus albofasciatus Reuter (whitemarked fleghopper);
Diaphnocoris chiorionis Say (honeylocust plant bug); Labopidicola alfi Knight (onion plant
bug); Pseudatomoscelis seriatus Reuter (cotton fleahopper); Adelphocoris rapidus Say
(rapid plant bug); Poecilocapsus lineatus Fabricius (four-lined plant bug); Nysius ericae
Schilling(false chinch bug); Nysius raphanus Howard (false chinch bug); Nezara viridula
Linnaeus(Southern green stink bug), Eurygaster spp.; Coreidae spp.; Fyrrhocoridae spp.;
Tinidae spp.; Blostomalidae spp.; Reduviidae spp. and Cimicidae spp.

Also included are adulis and larvae of the order Acari (mites) such as Aceria tosichella
Keiter (wheat curl mite); Petrobia latens Muller {brown wheatl mite}; spider mites and red
mites in the family Tetranychidae, Panonychus ulmi Koch (European red mite); Telranychus
urficae Koch (two spotted spider mite); (Tmedanieli McGregor (McDaniel mite); 7
cinnabarinus Boisduval {carmine spider mite); 7. turkestani Ugarov & Nikolski (strawberry
spider mite); flal mites in the family Tenuipalpidae, Brevipalpus lewisi McGregor {citrus flal
mite); rust and bud mites in the family Eriophyidae and other foliar feeding mites and mites
imporiant in human and animal health, i.e., dust mites in the family Epidermoptidae, follicle
mites in the family Demodicidae, grain mites in the family Glycyphagidae, ticks in the order
Ixodidae. Ixodes scapularis Say (deer tick); I holocyclus Neumann (Australian paralysis
tick); Dermacentor variabilis Say (American dog tick); Amblyomma americanum Linnaeus
{lone star tick) and scab and itch mites in the families’ Psoroptidae, Pyemotidae and

Sarcoptidae.
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insect pests of the order Thysanura are of interest, such as Lepisma saccharina
Linnaeus (silverlish); Thermobia domestica Packard (firebrat).

Additional arthropod pests covered include: spiders in the order Araneae such as
Loxosceles reclusa Gerisch and Mulaik (brown recluse spider) and the lafrodecius
magctans Fabricius (black widow spider) and centipedes in the order Scutigeromorpha such
as Scutigera coleoptrata Linnaeus (house centipede).

insect pest of interest include the superfamily of stink bugs and other related insects
including but not limited to species belonging to the family Penfatomidae (Nezara viridula,
Halyomorpha halys, Piezodorus guildini, Euschistus servus, Acrosternum  hilare,
Euschistus heros, Euschistus tristigmus, Acrosternum hilare, Dichelops furcalus, Dichelops
melacanthus, and Bagrada hilaris (Bagrada Bug)), the family Plataspidae {Megacopia
cribraria - Bean plataspidiandthe family Cydnidag(Scaptocoris castanea - Root stink bug)
and Lepidoptera species including but not limited to: diamond-back moth, e.g., Helicoverpa
zea Boddie; soybean looper, e.g., Fseudopiusia includens Walker and velvet bean
caterpillar e.q., Anticarsia gemmatalis Hibner.

Nemaitodes include parasitic nematodes such as root-knot, cyst and lesion nematodes,
including Heterodera spp., Meloidogyne spp. and Globodera spp.; particularly members of
the cyst nematodes, including, but notl limited io, Heterodera glycines {(soybean cyst
nematode); Heterodera schachtii {beet cyst nematode); Heferodera avenae {cereal cyst
nematode) and Globodera rostochiensis and Globodera pailida (potato cyst nemaltodes).
Lesion nematodes include Pratylenchus spp.

Methods for measuring pesticidal activity are well known in the art. See, for example,
Czapla and Lang, (1990) J. Econ. Entomol 83:2480-2485; Andrews, et al,, {1988) Biochem.
J. 252:199-206; Marrone, et al, (1985) J. of Economic Enfomology 78:280-293 and US
Patent Number 5,743,477, all of which are herein incorporated by reference in their entirety.
Generally, the protein is mixed and used in feeding assays. See, for example Marrone, et
al., (1985) J of Economic Entomology 78:290-293. Such assays can include contacling
plants with one or more pesis and determining the plant’'s ability to survive and/or cause the
death of the pests.

As used herein, the term "pesticidal activity” is used to refer to activity of an organism
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or a subsiance (such as, for example, a protein), whether toxic or inhibitory, that can be
measured by, but is not limited to, pest mortality, pest weight loss, pest repellency, pest
growth stunting, and other behavioral and physical changes of a pest after feeding and
exposure for an appropriate length of time. In this manner, pesticidal aclivity impacts at
least one measurable parameater of pest fitness. Similarly, "insecticidal activity” may be
used 1o refer to "pesticidal activity” when the pestis an insect pest. "Stunting” is intended to
mean greater than 50% inhibition of growth as determined by weight. General procedures
for moniloring insecticidal activity include addition of the experimental compound or
organism to the diet source in an enclosed container. Assays for assessing insecticidal
activity are well known in the art. See, e.g., U.&. Pal.Nos. 6,570,005 and 6,338,144, hereain
incorporated by reference in their entirety. The optimal developmental stage for testing for
insecticidal activity is larvae or immature forms of an insect of inferest. The insects may be
reared in total darkness at about 20~ 30°C and about 30% ~ 70% relative humidity.
Bicassays may be performed as described in Czapla and Lang (1990} J. Econ. Entomol.
83(6):2480-2485. Methods of rearing insect larvae and performing bivassays are well
known to one of ordinary skill in the art.

Toxic and inhibitory effects of insecticidal proteins include, but are not limited 1o,
stunting of larval growth, killing eggs or larvae, reducing either aduli or juvenile feeding on
transgenic plants relative to that observed on wild-type, and inducing avoidance behavior in
an insect as it relates to feeding, nesting, or breeding as described herein, insect resistance
can be conferred o an organism by introducing a nucleotide sequence encoding an
insecticidal protein or applying an inseclicidal substance, which includes, but is not limited
{0, an insecticidal protein, to an organism (&.¢., a plant or plant part thereof). As used herein,
"controlling a pest population” or "controls a pest” refers toany effect on a pest that resulis
in limiting the damage that the pest causes. Conirolling apest includes, but is not limited to,
killing the pest, inhibiting development of the pest, alieringfertility or growth of the pest in
such a manner that the pest provides less damage to theplant, decreasing the number of
offspring produced, producing less fit pests, producing pesismore susceptible o predator
attack or deterring the pests from eating the plant.

Methods
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Methods include but are not limited to methods for increasing tolerance in a plant to an
insect pest, methods for evalualing insect resistance, methods for controlling an insect
population, methods for killing an insect population, methods for controlling an insect
population resistance (o an insecticidal polypeptide, and methods for producing seed. The
plant may be a monocotyledonous or dicotyledonous plant, for example, a rice, maize,
Arabidopsis, soybean plant. The plant may also be sunflower, sorghum, canola, wheat,
alfalfa, cotton, barley or millel. The seed may be a rice, maize, Arabidopsis or soybean
seed, for example a maize hybrid seed or maize inbred seed.

Methods include but are not limited to the following:

A method for transforming a cell comprising transforming a cell with any of the
isolated polynucleotides of the present disclosure. The cell fransformed by this method
is also included. In particular embodiments, the cell is eukaryotic cell, e.g., a yeast,
insect or plant cell, or prokaryotic, e.g., a bacterium.

A method for producing a transgenic plant comprising transforming a plant cell with any
of the isolated polynucleotides or recombinant DNA constructs of the present disclosureand
regenerating a transgenic plant from the transformed plant cell. The disclosureis also
directed to the transgenic plant produced by this method, and transgenic seed obtained
from this transgenic plant.

A method for isolating a polypeptide of the disclosure from a cell or culture medium of
the cell, wherein the cell comprises a recombinant DNA construct comprising a
polynucleotide of the disclosure operably linked to at least one regulatory sequence, and
wherein the transformed host cell is grown under conditions that are suitable for expression
of the recombinant DNA construct.

A method of altering the level of expression of a polypeptide of the disclosure in a host
cell comprising: (a) transforming a host cell with a recombinant DNA construct of the
present disclosure; and (b} growing the transformed host cell under conditions that are
suitable for expression of the recombinant DNA construct wherein expression of the
recombinant DNA construct resulis in production of altered levels of the polypeptide of the
disclosure in the transformed host cell.

A method of incregsing tolerance in a plant to an insect pest comprising: {a) introducing
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into a regenerable plant cell 3 recombinani DNA construct comprising a polynucleotide
operably linked to at least one regulatory sequence (for example, a promoter functional in a
plant), wherein the polynuclectide encodes a polypeptide having an amino acid seguence
of at least 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
84%, 85%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity, when compared to SEQ ID NO: 9, 12, 15
or18; and (b) regenerating a transgenic plant from the regenerable plant cell atier step (8},
wherein the iransgenic plant comprises in ifs genome the recombinant DNA construct and
exhibits increased tolerance to an insect pest when compared to a control plant not
comprising the recombinant DNA construct. The method may further comprise {c) obtaining
a progeny plant derived from the transgenic plant, wherein said progeny plant comprises in
its genome the recombinant DNA construct and exhibits increased tolerance 1o an insect
pest when compared to a control plant not comprising the recombinant DNA construct.

A method of increasing tolerance in a plant {0 an insect pest, comprising: (a)
introducing into a regenerable plant cell a DNA construct comprising at least one
heterologous regulatory element as 1o operably iink the requlatory element 1o a nucleic acid
sequence encoding a COA26, ROMT17, ITP2 or KUN1 polypeptide in the plant genome;
and (b) regenerating a transgenic plant from the regenerable plant cell after siep (a),
wherein the fransgenic plant comprises in ifs genome the DNA construct, has increased
expression of the COAZ26, ROMT17, 1TP2 or KUN1T polypeptide, and exhibils increased
tolerance 10 an insect pest when compared o a control plant not comprising the DNA
construct. The method may further comprise () obtaining a progeny plant derived from the
transgenic plant, wherein said progeny plant comprises in its genome the DNA construct,
has increased expression of the COA26, ROMT17, ITP2 or KUN1 polypeptide and exhibits
increased {olerance 1o an insect pest compared o a control plant not comprising the DNA
construct.

in some embodiments methods are provided for controlling an insect pest comprising
over-expressing in a plant a COA26, ROMT17, ITP2 or KUN1 polypeptide. In some

embodiments the method for controlling an insect pest comprises transforming a plant or
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plant cell with the DNA constructs of the present disclosure.

in some embodiments methods are provided for killing an insect pest comprising over
expressing in a plant a COA26, ROMT17, ITP2 or KUN1 polypeptide. In some
embodiments the method for killing an insect pest comprises transforming a plant or plant
cell with the DNA constructs of the present disclosure.

A method of evaluating tolerance 1o an insect pest in a plant, comprising (a) introducing
into a regenerable plant cell a recombinant DNA construct comprising a polynuclectide
operably linked to at least one regulatory sequence (for example, a promoter functional in a
plant), wherein the polynuclectide encodes a polypeptide having an amino acid sequence
of at least 50%, 51%, 52%, 53%, 54%. 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
84%, 85%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
98%, 97%, 88%, 99%, or 100% sequence identitywhen compared to SEQ ID NO: 9,12, 15
or18; (b) regeneraling a transgenic plant from the regenerable plant cell after step (a),
wherein the transgenic plant comprises in its genome the recombinant DNA construct; and
(c) evalualing the transgenic plant for insect tolerancecompared to a control plant not
comprising the recombinant DNA construct. The method may further comprise (d) obtaining
a progeny plant derived from the transgenic plant, wherein the progeny plant comprises in
its genome the recombinant DNA construct; and (e) evaluating the progeny plant for insect
tolerance compared to a control plant not comprising the recombinant DNA consiruct.

As used herein, "conirolling a pest population” or "controls a pest” refers toany effect
on a pest that results in limiting the damage that the pest causes. Conirolling apest includes,
but is not limited to, killing the pest, inhibiting development of the pest, alleringfertility or
growth of the pest in such a manner that the pest provides less damage to theplant,
decreasing the number of offspring produced, producing less fit pests, producing
pestsmore susceptible to predator attack or deterring the pests from eating the plant.

A method of producing seed comprising any of the preceding methods, and further
comprising obiaining seeds from said progeny plant, wherein said seeds comprise in their
genome said recombinant DNA construct.

in some embodiments the disclosure provides seeds that comprise in their genome the
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recombinant DNA construct of the disclosure.

Seed Treatment

To protect and to enhance vield production and trait technologies, seed treatment
options can provide additional crop plan flexibility and cost effective control against insects,
weeds and diseases. Seed malerial can be treated with one or more of the insecticidal
proteins or polypeptides disclosed herein. For e.g., such seed treatments can be gpplied on
saeds thal contain a transgenic trait including transgenic corn, soy, brassica, cotton or rice.
Combinations of one or more of the insecticidal proteins or polypeptides disclosed herein
and other conventional seed treatments are contemplated. Seed material can be ireated,
typically surface treated, with a composition comprising combinations of chemical or
biclogical herbicides, herbicide safeners, insecticides, fungicides, germination inhibitors
and enhancers, nutrients, plant growth regulators and activators, bactericides, nemaiocides,
avicides and/or molluscicides. These compounds are typically formulated together with
further carriers, surfactants or application-promoting adjuvants customarily employed in the
ari of formulation.  The coatings may be applied by impregnating propagation material with
a liguid formulation or by coating with a combined wet or dry formulation.  Examples of the
various types of compounds that may be used as seed ireatments are provided in The
Pesticide Manual: A World Compendium, C.D.S. Tomiin Ed., and Published by the British
Crop Production Council, which is hereby incorporated by reference.

Some seed treatments that may be used on crop seed include, but are not limited to,
one or more of abscisic acid, acibenzolar-S-methyl, avermectin, amitrol, azaconazole,
azospirilum, azadirachtin, azoxystrobin, Bacillus spp. (including one or more of cereus,
firmus, megaterium, pumilis, sphaericus, subtiis and/or thuringiensis species),
bradyrhizobium spp. (including one or more of betae, canariense, elkanii, iriomotense,
japonicum, liaonigense, pachyrhizi and/or yuanmingense), captan, carboxin, chitosan,
clothianidin, copper, cyazypyr, difencconazole, etidiazole, fipronil, fludioxonil, fluoxastrobin,
fluquinconazole, flurazole, fluxolenim, harpin protein, imazalil, imidacloprid, ipconazole,
isoflavenoids, lipo-chilooligosaccharide, mancozeb, manganese, maneb, meifenoxam,
metalaxyl, metconazole, myclchutanil, PCNB, penfiufen, penicilium, penthiopyrad,

permethrine, picoxystrobin, prothioconazole, pyraclosirobin, rynaxypyr, S-metolachior,
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saponin, sedaxane, TOMTB, tebuconazole, thiabendazole, thiamethoxam, thiocarb, thiram,
tolclofos-methyl, triadimenol, trichoderma, trifloxystrobin, triticonazole and/or zinc. PONB
seed coal refers to EPA Registration Number 00203500419, containing quintozen and
terrazole. TCMTB refers 1o 2-(thiocyanomethyithio) benzothiazole.

Seed varieties and seeds with specific transgenic trails may be tested {o determine
which seed treatment options and application rales may complement such varielies and
fransgenic traits in order 10 enhance vield. For example, a variety with good yield polential
but head smut susceptibility may benefil from the use of a seed freatment that provides
protection against head smut, a variely with good yield potential but cyst nemalode
susceptibility may benefit from the use of a seed treatment that provides protection against
cyst nematode, and so on. Likewise, g variety encompassing a transgenic trait conferring
iolerance (o an insect pest may benefil from the second mode of action conferred by the
seed treatment, a variety encompassing a transgenic trait conferring herbicide resistance
may benefit from a seed treatment with a safener that enhances the plants resistance 1o
that herbicide, etc. Further, the good rool establishment and early emergence that resulls
from the proper use of a seed treatment may result in more efficient nitrogen use, a better
ability to withstand drought and an overall increase in yield potential of g variety or varieties
containing a certain trait when combined with a seed treatment.

in any of the preceding methods or any other embodiments of methods of the present
disclosure, the step of determining an alieralion of an ggronomic characteristic in a
transgenic plant, if applicable, may comprise determining whether the transgenic plant
exhibits an alteration of at least one agronomic characteristic when compared, under
varying environmenial conditions, 1o a control plant not comprising the recombinant DNA
construct.

in any of the preceding methods or any other embodiments of methods of the present
disclosure, the step of determining an alteration of an agronomic characteristic in a progeny
plant, if applicable, may comprise determining whether the progeny plant exhibils an
alteration of at least one ggronomic characteristic when compared, under varying
environmental conditions, to a control plant not comprising the recombinant DNA construct.

in any of the preceding methods or any other embodiments of methods of the present
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disclosure, in said introducing siep said regenerable plant cell may comprises a callus celi,
an embryogenic callus cell, a gametic cell, a meristematic cell, or a cell of an immature
embryo. The regenerable plant cells may derive from an inbred maize plant.

in any of the preceding methods or any other embodimenis of mathods of the present
disclosure, said regenerating step may comprise: (i) culiuring said transformed plant celis in
a media comprising an embryogenic promoting hormone uniil callus organization is
observed; (it} transferring said transformed plant celis of step (i} to a first media which
includes a tissue organization promoting hormone; and (i} subculturing said transformed
plant cells after siep (i) onto a second media, o allow for shoot elongation, root
development or both.

in any of the preceding methods or any other embodiments of methods of the present
disclosure, alternatives exist for introducing into a regenerable plant cell a recombinant
DNA construct comprising a polynucleotide operably linked 1o at least one regulatory
sequence. For example, one may iniroduce into a regenerable plant cell a regulatory
sequence (such as one or more enhancers, optionally as part of a transposable element),
and then screen for an event in which the regulatory sequence is operably linked o an
endogenous gene encoding a polypeptide of the instant disclosure.

The introduction of recombinant DNA constructs of the present disclosure into plants
may be carried out by any suitable technigue, including but not imited to direct DNA uptake,
chemical treatmeni, electroporation, microinjection, cell fusion, infection, vector mediated
DNA transfer, bombardment, or Agrobacterium mediated transformation. Technigues for
plant transformation and regeneration have been described in international Patent
Publication WO 2009/006278, the contents of which are herein incorporaled by reference.

in addition, methods o modify or alter the host endogenous genomic BNA are
available. This includes aliering the host native DNA sequence or a pre-existing transgenic
sequence including regulatory elements, coding and non-coding sequences. These
methods are also usetul in targeting nucleic acids to pre-engineered target recognition
sequences in the genome. As an example, the genetically modified cell or plant described
herein, is generaied using “custom” engineerad endonucleases such as meganucleases

produced to modify plant genomes {e.g., WO 20098/114321; Gao et al. {2010} Plant Journal
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1:176-187). Ancther site-directed engineering is through the use of zinc finger domain
recognition coupled with the restriction properties of restriction enzyme (e.g., Umoy, et al.
(2010) Nat Rev Genet. 11(8):636-46; Shukla, et al. (2003) Nalure 4598 (7245):437-41). A
transcription activaior-like {TAL) effector-DNA modifying enzyme {TALE or TALEN) is also
used to engineer changses in plant genome. See e.g., US20110145940, Cermak et al.,,
{2011) Nucleic Acids Res. 39(12) and Boch et al., (2009}, Science 326(5959): 1509-12.
Site-specific modification of plant genomes can also be performed using the bacterial type
I CRISPR (clustered reqularly interspaced short palindromic repeats)/Cas
(CRISPR-associated) system.  See e.g., Belhaj et al,, {(2013), Plant Methods 9: 39; The
CRISPR/Cas system allows targeted cleavage of genomic DNA guided by a customizable
small noncoding RNA.

The developmaent or regeneration of plants containing the foreign, exogenous isolated
nucleic acid fragment that encodes a protein of interest is well known in the art. The
regenerated plants are self-pollinated o provide homozygous transgenic plants. Gtherwise,
pollen obtained from the regenerated plants is crossed to seed-grown plants of
agronomically important lines. Conversely, pollen from plants of these important lines is
used o pollinale regenerated planis. A transgenic plant of the present disclosure containing
a desired polypeptide is cultivaied using methods well known 10 one skilled in the art.

Stacking of trails in transgenic plant

Transgenic plants may comprise a stack of one or more insecticidal or insect
tolerancepolynuclectides disclosed herein with one or more additional polynucleotides
resulting in the production or suppression of multiple polypeptide sequences. Transgenic
plants comprising stacks of polynucleotide sequences can be oblained by either or both of
traditional breeding methods or through genetic engineering methods. These methods
include, but are not limited 1o, breeding individual lines each comprising a polynucleotide of
interest, transforming a transgenic plant comprising a gene disclosed herein with a
subsequent gene and cotransformation of genes into a single plant cell. As used herein, the
term "stacked" includes having the multiple iraits present in the same plant (i.e., both traits
are incorporated into the nuclear genome, one trait is incorporated into the nuclear genome

and one trait is incorporated into the genome of a plastid or both traits are incorporated into
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the genome of a plastid). In one non-limiting example, "stacked trails" comprise a molecular
stack where the sequences are physically adjacent 1o each cther. A trait, as used herein,
refers to the phenotype derived from a particular sequence or groups of seguences.
Co-transformation of genes can be carried oul using single transformation vectors
comprising multiple genes or genes carried separately on multiple vectors. if the sequences
are stacked by genetically iransforming the plants, the polynucleotide sequences of interest
can be combined al any time and in any order. The traits can be infroduced simullansously
in a co-transformation protocol with the polynuclectides of interest provided by any
combination of transformation cassettes. For example, if two sequences will be introduced,
the two sequences can be contained in separate transformation cassetles (frans) or
contained on the same transformation cassetie (cis). Expression of the sequences can be
driven by the same promoter or by different promoters. In certain cases, it may be desirable
o introduce a transformation cassetle that will suppress the expression of the
polynuclectide of interest. This may be combined with any combination of other
suppraession casseties or overexpression casselles {0 generate the desired combination of
traits in the plant. it is further recognized that polynucleotide sequences can be stacked at a
desired genomic location using a site-specific recombination system. See, for example, WO
1909/25821, WO 1999/25854, WO 1999/25840, WO 1999/25855 and WO 1999/25853, ali

of which are herein incorporaied by reference.

EXAMPLES

The present disclosureis further iHlusirated in the following examples, in which paris
and percentages are by weight and degrees are Celsius, unless otherwise stated. It should
be understood that these examples, while indicating embodiments of the disclosure, are
given by way of illustration only. From the gbove discussion and these examples, one
skilled in the art can asceriain the essential characteristics of this disclosure, and without
departing from the spirit and scope thereof, can make various changes and modifications of
the disclosureto adapt it o various usages and conditions. Furthermore, various
maodifications of the disclosure in addition 1o those shown and described herein will be

apparent 1o those skilled in the art from the foregoing description. Such modifications are
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also intended o fall within the scope of the appended claims.

EXAMPLE 1

Creation of a Rice Population with an Activation-Tagaing Construct

A binary construct that contains four multimerized enhancers elements derived from
the Cauliflower Mosaic Virus 355 (CaMV 358) promoter was used, and the rice activation
tagging population was developed from Zhonghualtl (Orvza sativa L) which was
transformed by Agrobacteria-mediated transformation method as described by Lin and
Zhang ({(2005) Plant Cell Rep. 23:540-547).Zhonghuall was cultivaied by the Institute of
Crop Sciences, Chinese Academy of Agriculiural Sciences. The first baich of seeds used in
this research was provided by Beijing Weiming Kaituo Agriculture Biotech Co.,Ltd.Calii
induced from embryos was transformed with Agrobacteria with the veclor. The fransgenic
lines generated were developed and the Iransgenic seeds were harvested to form the rice
activation tagging popuiation.

EXAMPLE 2

Seedling Screens to Identity Lines with Enhanced Tolerance o Asian Corn Borer{Osirinia

furnacalis) insect under LaboratoryConditions

Asian corn borer (ACB) (Ostrinia furnacalis (Guenée)) is an important insect pest for
maize in Asia. This insect is distributed from China to Australia and the Solomon lIslands. in
northern parts of ifs range, the moths have one or a few generations per vear, but in the
tropics, generations are continuous and overlapping. The caterpillars can cause severe
yield losses in comn, both by damage to the kernels and by feeding on the tassels, leaves,
and stalks. Survival and growth of the calerpillar is highest on the reproductive parts of the
plant. Other economic plants attacked include bell pepper, ginger and sorghum. Recently,
the Asian corn borer appears 1o have become an important pest of cotion. A number of wild
grasses are also used as hosis(D. M. Nafusa & I H. Schreinera. 2012, Review of the
biology and conirol of the Asian corn borer, Ostrinia furnacalis (Lep: Pyralidae). Tropical
Fest Management. 37: 41-56).

ACB insect was used to identify rice ATLs which can inhibil larva development. Asian
corn borer populations were obtained from the Institule of Plant Protection of Chinese
Academy of Agriculiural Sciences. This population was reared for more than 10
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generations at 25-27 °C, 60-80% relative humidily, under pholo-period of 16L: 8D. The
larvae were fed with artificial diet {Zhou Darong, Ye Zhihua, Wang Zhenying, 19985),and the
eggs were haiched in incubator at 27 °C. The newly hatched larvae were used in assays.
The T seeds which showed red color under green fluorescent light (fransgenic seeds)
wereused for insect toleranceassays except as otherwise specifically noted. One hundred
fiftyseeds of each activalion tagged line (ATL)weresterilized by 800 ppm carbendazol for 8
h at 32 °C and washed 3-5 times, then placed on a layer of wet gauze in petri dash (12
x12cm). The germinated seeds were cultured in distilled water at 28 °C for 10 days and the

seedlings which were 8-10cm in height were used 1o feed ACB larvae.
Screening Method:

The 32-well plates 4 x 4 x 2 om for each well}{Pitman, N.J.
USA-809-582-2392)wereused andone-third volumeoft 1% agar solution was filled in each
well to keep humidity. The 32-well plaie could be divided into 8 blocks with each block of 4
wells for one rice ATL seedlings. Twenty rice seedlings without seeds and roots were
inserted into the agar, sixACB neonate larvaswere inoculated into the well with a brush,
then special lids (Pitman, N.J. USA-809-582-2392)werecovered the well. The tissue
cultured ZH11 (ZH11-TC)were used as control, and the control seedlings wererandomly
placed in the blocks. The plales were placed in a chamber with temperature at 27.5 °C and
60%relative humidity,and rotated 90 degree each day from the second day. The insect
larvae development was measured visually 5 days later, and the folerant values were
calculated.

The threelargest larvae in each well were selected, compared with the larvae in the
well with ZH11-TC seedlings, and then a tolerantvalue was obtained according to Table 2. |
the larvae in the control well developed to third instar, then the larval development was
considered as normal and the tolerantvalue is 0;it the larvae developed to second instar, it
was smaller compared o the normal developed larvae and the tolerant value ist;and if the
larvaedeveloped to first instar, it is very smaller and the tolerant value is2.

Larvae growth inhibitory ratewas used as a parameter for ACB insect tolerance assay,
which is the percentage of the inhibited number over the slatistics number of larvae,
wherein the inhibited number of larvae is the sum of the tolerant value of 12 test insecis
from four wells in one repeat and the statistics number of larvae is the sum of the number of
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all the observed insects and number of farvae at 1% instar. Then the raw data wereanalyzed

by Chi-square, the lines with P<0.01 wereconsiderad as ACB tolerance positive lines.
Table 2.Scoring Scales for Asian corn borer and Oriental armyworm assays

Tolerantvalue instars of larvae Size of larvae
0 3% instar Normal
1 2" instar Smaller
2 1% instar Severe smaller

The ACB tolerant lines from the primary screenswill be re-screened in two continued
screens (2" and 3" round of screens) with two repeats to confirm the insect tolerance. The

ATLs which passed the 3" screens were considered as ACB tolerant lines.

Screening resulls:

1) AHB68151 seedlings

After ACB neonate larvasinoculatingseedlings for 5 days in the screens, the seedlings
of ZH11-TC were significantly damaged by ACB insects, while AHE8151seedling were less
damaged, and the insects fed with AH68151 was smaller thanthat fed withZH11-TC
control. As shown in Table 3, 8of the 12 observed larvae with AHB8151 seedlings developed
to 2" instar, whereas all of the 12 observed insects with ZH11-TC seedlings grew normally
into 3 instar.Thelarvae growth inhibitory rate of AH68151 was 66.67%, which was
significantly greater than that of ZH11-TC seediings (0.00%). These results show that
AHB8151 seedlings inhibited the development of ACB larvae. In the second screen, the
larvae growth inhibitory rates of AHE8151 in two repeats were 83.33% and 33.33%,
respectively, whereas the larvae growth inhibitory rates of ZH11-TC controls both were
0.00%.The larvae growth inhibitory rales of AHG8151 were significantly greater than
ZH11-TC. The two repeats of AHB8151 in the 3™ screening displayed the same trend.
These results consistently demonstrate that {eeding ACB with AHE8151 seedlings can

praventthe ACB larvae from developing intcadults.

Table 3.Asian corn borer assay of AHG68151 seedlings under laboratory screening condition

Sereenin Number of  Number of Nu?;i;»;r of Larvae growth
Line ID "9 jarvaeat 1 larvae at 2™ inhibitory rate Pvalue  P<0.01
round instar instar observed (Yo}
larvae e
AHB8151 e ¢ 8 12 66.67 0.0005 Y
FH11-TC ) 0 0 12 0.00
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AHBE151 -y { 10 i2 83.33 0.0000 Y
ZH11-TC ¢ 0 12 0.00

AHBS8151 2.0 O 4 12 33.33 0.0285
ZH11-TC 0 4 12 0.00

AHB8151 -y 0 7 12 58.33 0.0017 A%
ZH11-TC 0 4 12 0.00

AHB8151 y 0 8 g 88.89 0.0000 %
A 0 0 12 0.00

2y AHG8231 seediings

After ACB neonale larvae inoculating seedlings for 5 days in the screens, the seedlings
of ZH11-TC were significantly damaged by ACB insects, while AHE8231 seedling were less
damaged, and the insects fed with AHB8231 was smaller than that fed with ZH11-TC
conirol. Table 4 shows the three rounds screening results for AHB8231 seedlings. in the
first screening,eight insects in AHE8231 seedlings’ wells developed into 2™ instar, while all
observed 12 insects fed with ZH11-TC seedlings normally grew into 3™ instar. Thelarvae
growth inhibitory rate of AHB8231 (66.67%) was significantly greater than that of ZH11-TC
seedlings (0.00%). These results indicated AHB8231 seediings inhibited the development
of ACE larvae. Therefore, it was further screened. In the second screening, the larvae
growth inhibitory rates of AHG8231 in two repeais were 66.67% and 44.44%, respectively,
which were significantly greaier than that of their corresponding ZH11-TC controls. The
larvae growth inhibitory rates of AHE8231 seedlings were also significantly greater than that
ot their corresponding ZH11-TC controls in two repeats of 3™ round screening, respectively.
These resulls clearly and consistently demonsirate that AHE8231 seedling can inhibil the

development of ACB insect and AHB8231 was an ACE tolerantline.

Table 4. Asian com borer assay of AHB8231 seedlings under {aboratory screening condilion

Sereening Numberot  Number of Nm’:;?a?gr of Larvae growth

Ling 1D o larvae at jarvae at inhibitory raie  Avalue  FP=0.01

round 15 inatar 5 jnatar observed (9

larvae e

AHBB231 e 0 8 12 66.67 0.0005 Y
ZH11-TC 0 0 12 0.00
AHB8231 -y 0 8 12 66.67 0.0005 Y
ZH11-TC 0 0 12 0.00
AHBB231 pndp 0 4 9 44.44 0.0103
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ZH11-TC 0 3 12 0.00

AHBS231 -y 0 12 12 100.00 0.0000 ¥

ZH11-TC 0 0 12 0.00

AHBB231 0 7 g 77.78 0.0002 ¥
3.3

ZH11-TC 0 0 12 0.00

3} AHG7515 seedlings
Adter ACB neonate larvae inoculating seedlings for 5 days in the screens, the seedlings

of ZH11-TC were significantly damaged by ACB insects, while AHE7515 seedling were less
damaged, and the insects fed with AHG7515 was smaller than that fed with ZH11-TC
conirol. As shown in Table 5, in the first screening, after inoculating ACB neonate larvae on
AHB7515 seedlings, 9 insects developed to 2™ instar, whereas all observed 12 insects fed
by ZH11-TC seedlings normally developed to 3 instar. The larvae growth inhibitory rate of
AHB7515 seedling{75%) was significantly greater than that of ZH11-TC seedlings (0.00%).
These resulls indicate thalAHE7515 seedlings inhibited the development of ACBlarvae.
One repeat was carried out in the second screening;the larvae growth inhibitory rate of
AHB7515 seedlings wash8.33%,which wasalso significantly greater than ZH11-TC control.
The two repeats of AH67515 seedlings in the 3" screening displayed the same trend.
These resuits consistently demonstrate that AHE7515 seedling can inhibit the development

of ACB insect and AHB7515 was an ACBE insect tolerance line.

Table 5. Asian corn borer assay of AHE67515 seedlings under laboratory screening condition

Sereenin Number ol  Number ¢f Nuﬁ?g of Larvae growth
Line D 9 larvae at larvae at ; inhibitory rate  Pvalue  P<0.01
round 1% instar o ingtar  ODServed (%)
larvas ’
AHB7515 g 0 9 12 75.00 0.0001 Y
-1
ZH11-TC 0 0 12 (.00
AHB7515 .y 0 7 12 58.33 0.0017 Y
ZH11-TC 0 0 12 (.00
AHB7515 8] 2 6 33.33 0.0339
391
ZH11-TC 0 0 12 (.00
AHB7515 4 0 g 12 75.00 0.0001 Y
3.z
ZH11-TC 8] 0 12 0.00
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EXAMPLE 3

Cross-validation of ACB Tolerance ATLs with Oriental Armyworm/Myihimna separatalunder

LaboratoryConditions

Criental armyworm (OAW) was used in cross-validations of insecticidal activity.
OAWbelongs to Lepidoptera Noctuidae, and is a polyphagous insect pest.The eggs of
OAW wereobtained from the Institute of Plant Protection of Chinese Academy of
Agriculiural Sciences and halched in an incubator at 27°C. The neonate larvaswere used in
this cross validation assay.

Rice ATL plants were cultured as described in Example 2, and the experiments design
was similar as to ACB insect assay described in Example 2. Fivedays later, all the survived
larvae were visually measuredand given tolerant values according 1o Table 2.

Larvae growth inhibiiory ratewas used as a parameter for this insect tolerance assay,
which is the percentage of the inhibited number over the statistics number of larvae,
wherein the inhibited number is the sum of the tolerance value of all observediest insecis
from four wells in one repeat and the statistics number of larvae is the sum of the number of
all the observed insects and number of larvae at 1%instar.

The raw data were analyzed by Chi-square, the lines with P<0.01 wereconsidered as
OAW tolerantpositive lines.

Screening resulis:

Table 6 shows the OAW screening results of AHG68151, AHGE8231,and AHB7515. For

AH68151 seedlings, only 1 larva of all observed 21 larvae in four wells developed to 3™
instar, 15 larvae developed to 2" instar, and 5 larvae developed to 1% instar; while 18
larvae in the ZH11-TC control wells grew to 3™ instar and 3 larvae grew to 2™ instar. The
larvae growth inhibitory rate of AHB8151 seediings was 86.15%, which was significantly
greater than that of ZH11-TC conirol (14.29%). Fourlarvae of 21 observed larvae fed with
AHB8231 seedling developed to 3" instar, 14 larvae developed to 2™ instar and 3 larvae
developed to 1% instar. The larvae growth inhibitory rate of AHB8231 seedlings was 83.33%
and was significantly greater than its ZH11-TC control. AHB7515 seedlings also exhibiied
greater larvae growth inhibitory rale (61.90%) than its ZH11-TC control. After QAW

neonate larvae inoculating seediings for 5 days in the screens, the seedlings of ZH11-TC

68



WO 2016/000647 PCT/CN2015/083237

were significanily damaged by OAW insects, while the seedlings of AHE8151, AHB8231
and AHB7515 were less damaged, and the insects fed with the transgenic seediings was
smaller than that fed with ZH11-TC control. These resulls demonstrate that all of these
three ATLs also inhibit the development of OAW larvae and were OAW insect {olerant

positive lines.

Table 6. Oriental armyworm assay of ATLsseedlings under laboratory screening condition

Number of Number of Nm,;?;r of Larvae growth
Line ID larvae at 1% larvae at 2™ cbs&;rve d inhibitory rate Pvalue  Ps0.01
instar instar i (%)
arvae

AHB8151 5 t5 21 96.15 0.0000 Y
ZH11-TC 0 3 21 14.29
AHB8231 3 14 21 83.33 0.0000 Y
ZH11-TC 0 3 21 14.28
AHB7515 1 11 20 61.90 0.0015 Y
ZH11-TC 0 3 21 14.29

EXAMPLE 4

Cross-validation of ACE Tolerance Positive ATLswith Rice Stem Bore(Chilo

suppressalisiunderLaboratorvScreening Condilions

Hicestermn borer(RCB) belongs to Lepidoptera Pyralidasand it is a very importart rice
pest.They infest planis from the seedling slage to maturity. Although worldwide in
distribution, rice stem borers are patticularly destructive in Asig, the Middle East, and the
Mediterranean regions.

The eggs of RSB wereobtained from the Institute of Plant Protection of Chinese
Academy of Agriculiural Sciences and hatched in an incubator at 27°C.The neonate
larvaewere used in this cross validalion assay.

ATLs seedlingswere cultured in greenhouse. Two types of lamps wereprovided as light
source, i.e. sodium lamp and metal halide lamp, with the ratio of 1:1. Lamps provide the 186
h/8 h period of day/nighi, and were placed approximately 1.5m above the seedbed. The
light intensity 30 cm above the seedbed is measured as 10,000-20,000 Ix in sunny day,
while 6,000-10,0000< in cloudy day, the relative humidity ranges from 30% 1o 80%, and the

temperature ranges from 20 to 35°C. The tillered seediings cultured with modified 1RRI
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nutrient solution for 40-d were used in this assay.
Screening method:

Two main stems of ATLs or ZH11-TC rice plants cultured for 40-d were cut into 7-8 cm,
and inserted into agar in an 100 mL triangular flask, and then 10RSB neonate larvaewere
inoculatedon the top of main stems with a brush in each triangular flask. The triangular
flasks were placed in chamber with temperatureat 27.5 °C and 70%relative humidity. The
ZH11-TC main stems were used as control, andsix repeals were designed in the
experiments.

Mortality rale and larvae growth inhibitory rate were measured 7 day after inoculation.
The maortality rate is the percentage of number of died larvae over the number of inoculated
larvae, and the larvae growth inhibitory rate is the percentage of the sum of number of died
larvae, number of larvae at 1 instar and number of larvae at 2" instar over the number of
inoculated larvae.

The raw data were analyzed by Chi-square, the lines with P<0.01 are considered as

RSB toleranceposilive lines.
Screening resulls:
1) AHB8151 stems

Of gll the 60 RSB larvae fed with the AHB8151 stems, 21 larvae died, 13 larvae

1% instar, and 26 larvae grew into 2™ instar; while 8 larvae fed with ZH11-TC

grewinto
controls died, 5 larvae grew into 2" instar, and 47 larvae grew into 3" instar. The mortality
rate and larvae growth inhibitory rate of AHGB8151 main stems were 35% and 100%,
respectively. The mortality rate and larvae growth inhibitory rate of ZH11-TCcontrolswere
13.33% and 21.67%, respectively. These resulls clearly show thatAHE8151 can signiticantly
inhibit the growth and developmentof RSB larvae.
2} AHB8231 stems

ForAHB8231 stems fed RSB larvae, 24 larvae died and 4 larvae developed to 2™ instar;
whereas15 larvae fed with ZH11-TC controls died, and 2 larvae developed to 2™ instar. The
mortality rate and larvae growth inhibitory rate of AHG8231 main stems were greater than
that of ZH11-TC main stems, indicating that AHE8231 seedlings can inhibit the growth of
RSB larvae. The inhibitory effect of AHE8231 is significantly less than AHB8151 and

AHB7515 (Table 7).

70



WO 2016/000647 PCT/CN2015/083237

3) AHE7515 stems

Two repeats were performed withAHEB7515 seediings, 49 of all 60 inoculated RSB
larvae died and 5 larvae developed to 2" instar, the mortality rate and larvae growth
inhibitory rate were 81.67% and 90.00%, respectively, in the first repeat. In the second
repeat, the mortality rate and the inhibilory rate were 48.67% and 96.67%. The mortality
rate and the inhibitory rate were significantly greater than that of their corresponding
ZH11-TC controls. These results clearly demonstrate that AHE7515 seedlings inhibit the

development of RSB larvae, and AHB7515 was a RSB insect tolerance positive line.

Table 7. Rice stem borer assay of ATLs seedlings under laboratory screening condition
Number Number

Number of of Number Mortalit Larvae growth
Ling 1D cidead larvae larvae of total ra;te (0/%/ inhibitory rate Pvalue  P<0.01

larvae  at 1% at 2™ larvae \ 7o (%)

instar instar

AHB8151 21 13 26 &0 35 00 100.00 0.0000 v
ZH11-TC 8 0 5 60 13.33 21.67
AHBB231 24 0 4 60 40.00 46.67 0.2246
ZH11-TC 15 0 2 60 25.00 28.33
AHB7515 49 0 5 60 81.67 90.00 0.0008 Y
ZH11-TC 15 0 2 60 25.00 28.33
AHB7515 28 i1 19 60 48.67 96.67 0.0000 g
ZH11-TC 8 0 5 60 13.33 21.67

AHE8151, AHB8231and AHEY7515seedlings all showed significant inhibitory impact on
the growth and development of ACB, OAW and RSB insects, indicating the potential broad
spectrum of insecticidal aclivities.

In light of these results, the gene(s) which coniributed to the enhanced insect tolerance

of Line AHB8151, AHEB8231 ,and AHE7515, respectively, were isolated.

EXAMPLE 5

iderntification of Aclivation-Tagged Genes

Genes flanking the T-DNA insertion locus in the insect tolerant lineAHE8151, AHB8231,
AHB7515were identified using one, or both, of the foliowing two standard procedures: (1)
Plasmid Rescue (Friedrich J. Behringer and June | Medford. (1992), Plant Molecutar

Biology Reporter Vol. 10, 2:190-188); and {2) Inverse PCR (M. J. McPherson and Philip
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Quirke. (1981), PCH: a practical approach, 137-146). For lines with complex multimerized
T-DNA inserts, plasmid rescue and inverse PCR may both prove insufficient to identify
candidate genes. In these cases, other procedures, includingTAIL PCR {Liu et al. {1995},
Plant J. 8457-463) can be employed.

A successiul sequencing resull is one where a single DNA fragment contains a T-DNA
border seguence and flanking genomic sequence. Once a tag of genomic sequence
flanking a T-DNA insert is obtained, candidate genes are identified by alignment to publicly
available rice genome sequence. Specifically, the annotated gene nearest the 358
enhancer elements/T-DNA RB are candidates for genes that are activated.

To verify that an identified gene is truly near a T-DNA and to rule out the possibility that
the DNA fragment is a chimeric cloning artifact, a diagnostic PCR on genomic DNAis done
with one oligo in the T-DNA and one oligo specific for the local genomic DNA. Genomic
DNA samples that give a PCR product are interpreted as representing a T-DNA insertion.
This analysis also verities g situation in which more than one insertion event occurs in the
same line, e.g., if muliiple differing genomic fragmenis are identified in Plasmid Hescue
and/or inverse-PCH analyses.

Genomic DNA was isolated from leaf tissues of the AHE8151, AHE8231and AHE7515
lines using CTAB method (Murray, M.G. and W.F. Thompson. (1980) Nucleic Acids Res.8:
4321-4328).

The flanking sequences of T-DNA insertion locus wereobtainedby molecular
technology.

The tandem T-DNAs were inseried beiween 24620468-24620511bp in chromosome 8
of AHB8151 (MSU7.0 http://rice.plantbiclogy. msu.eduw/index.shimi), and there were 75 bp
deletionat the left Lefi-Border (LB} and 344 bp deletionat right LB of the T-DNA. The
nuclectide sequences of lefi LB and right LB Hlanking sequence of T-DNA in AHB8151 were
shown as SEQ ID NO: 1 and 2.

For the AHG8231 line, the LB of T-DNA was inserted at 31008857 bp in chromosome 1.
The nucleolide sequences of LB flanking sequence of T-DNA in AH68231 were shown as
SEQ 1D NO: 3.

For the AHBY515 line, the T-DNA was inserted between 26314055-26314087 bp in
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chromosome 4. The nucleotide sequences of LB and RB flanking sequences of T-DNA in
AHB7515 were shown as SEQ ID NO: 4 and 5.

The expression levels of somegenes in ATL lines of AHB8151, AHB8231and AHB7515
were identified by real-time RT-PCR analyses. Leal, stem and root samples are collected
from ATLs rice plants at 4-leaf-stage, and the total RNA was extracted using RNAiso Plus
kit (TakKaRa) according to manufaciurer’s instruction separately. The cDNA were prepared
by RevertAid™ First Strand ¢DNA Synthesis Kit (Fermenias) and from 500 ng [otal RNA.
The real-time RT-PCR (SYBR Premix Ex Taq™, TaKaRa) was conducted using 7,500 Fast
real-time RT-PCR equipment and according to the manual (AB). EF-1a gene is used gs an
internal control to show that the amplification and loading of samples from the ATL line and
ZH-TC plants are similar. Gene expression is normalized based on the EF-1a mRNA levels.

The primers for real-time RT-PCR for the OsKUNT gene are listed below:
RP-23-F1.5-GCATCCGCTTCAACGCC -3 (SEQ ID NO: 27}
RP-23-R1:5-GTCCTGGCACGAGTCCCTG -3 (SEQ 1D NO: 28)

As shown in FIG 1, the OsKUNT gene was significantly activated in AHB7515 plants
(leaf, stem and sheath) compared to the wild-type ZH11plants.

The genes showed in Table 8 were up-regulaied compared 1o that of ZH11-TC or
wild-type ZH11 control respectively. So, these genes were cloned and validaled as o iis
functions in insect tolerance and other agronomic trait improvement.

Table 8. Rice insect tolerance gene names, Gene IDs{from TIGR) and Construct 1Ds

Atls Gene name Gene D Construct 1D
OsCOAZE LOC Os08g38920.1 DP0372
AHBB151
OsHOMT17 LOC_0s08¢38910.2 DP0388
AHB8231 OsiTP2 LOC Os1g53940.1 DPO378
AHE7515 OsKUNT LOC Os04044470.1 DP1251
EXAMPLE 6

Insect ToleranceGenes Cloning and Over-expression Yecior Construction

Based on the sequence information of gene {Dsshown in Table 8, primers were
designed for cloning rice insect tolerance genes. The primers and the expected-lengths of
the ampilified genes are shown in Table 9.

For OsROMT17 (DP0399) and OsKUNT(DP1251), cDNA was clonedfrom pooled
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cDNA from leaf, stem and root tissues of Zhonghua 11 plant as the template. For OsCOAZ8
(DP0372), and OsiTP2 (DPO378), their gDNAs were cloned, and amplified using genomic
DNA of Zhonghua 11 as the template. The PCR reaction mixtures and PCR procedures are
shown in Table 10 and Table 11,

Table 9. Primers for cloning insect tolerance genes

Length of
. SEQID | Gene amplified
Primer Sequence NO: name fragment
{bp)
3633 5-TACGCTGAGOCTCATGTAAGAGGTCCAGATAGC .
g TAGAGAGG-3' Oggg’“ 1163
gc-3934 | 5-ACGGCTGAGGGTACGACAAGATCAACACAACAG 20
gc-3928 | 5-TGCGCTGAGGCATCCCTCGTGTATATAGAGCTT 5 .
CsROM 971
gc-3928 | 5-ACGGCTGAGGCCAAATCCAGCCCCACTTCAGTC 99 717
00-3988 5-TGCGCTGAGGCTAATAGTGGTGAAACAAGGAGA 23
GOAGAGC-3 OsiTP2 1725
5-ACGGCTGAGGCATCCTCATGATTCACGGCGTAA
ge-3888 24
AATTG-3
gc-8653 | 5-TGCGCTGAGGCACTCCCCTCGTTTCGTCGTGCA o5
' OsKUN 664
gc-8654 | 5-ACGGCTGAGGCCTCGTTTACTCTGGTGGGCTTG 28 1

Table 10. PCR reaction mixture

Reaction mix 50 ul
Template 1wl
TOYOBO KOD-FX (1.0 U/ub) 1l
2xPCR buffer for KOD-FX 25 ub

2 mM dNTPs (0.4 mM each) 10 Ul
Primer-F/R (10 uM) 2 ub each
ddH.0 g ul

Table 11. PCR cycle conditions for cloning insect tolerance genes

84°C 3 min
g8 10 s
58°C 30 s x30

68°C (1 Kb/min) min
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68°C 5 min

The PCR amplified products were extracted after the agarose gel electrophoresis
using a column kit and then ligated with TA cloning vectors. The sequences and orientation
in these constructs were confirmed by sequencing. These genes were cloned into plant
binary construct DP0158 (pCAMBIA1T300-DsRed) (SEQ 1D NO: 8). Thegenerated
over-expression vectors are listed in Table 8. The cloned nucleotide sequence in construct
of DPO372 and coding sequence of OsCOAZ26 are provided as SEQ 1D NO: 7 and 8, the
encoded amino acid sequence of OsCOAZ6 is SEQ D NO: 9; the cloned nuclectide
sequence in construct of DP0389 and coding sequence of OsROTMI7 are provided as
SEQ D NO: 10and 11, the encoded amino acid sequence of OsROMT17 is SEQ 1D NO: 12;
the cloned nucleotide sequence in construct of DP0378 and coding sequence of OsiTP2
are provided as SEQ ID NO: 13and 14, the encoded amino acid sequence of OslTP2 is
SEQ 1D NO: 15; and the cloned nucleotide sequence in construct of DP1251and coding
sequence of OsKUNT are provided as SEQ 1D NO: 16and 17, the encoded amino acid
sequence of OsKUNT is SEQ 1D NO: 18,

Example 7

Transformation to Get the Transgenic Bice Lines

All of the over-expression vectors and empty vectors (DP0O158) were transformed into
Zhonghuatl (Oryza sativa L.) by Agrobacteria-mediated method as described by Lin and
Zhang ((2008) Plant Cell Rep. 23:540-547). The transgenic seedlings {Ty) generaled in
transformation laboratory were transplanted in the field to get T seeds. The Ty and T2
seedswere stored at cold room {4°C).The over-expression vectors contain DsRED and
HYG genes. Tiand T2 seeds which showed red color under green fluorescent light were
transgenic seeds and were used inthe following insect tolerant assays.lransgene

expression analysis in ransgenic rice plants:

Transgene expression levels in the transgenic rice plants are analyzed by a standard
real-ime RT-PCR procedure, such as the QuantiTect® Reverse Transcription Kit from
Qiagen® and Real-Time RT-PCR(SYBR"Premix Ex Tag'”, TaKaRa). EFta gene is used as
an internal control to show that the amplification and loading of samples from the transgenic
rice and conirol planiare similar. The expression level is normalized based on the EF1g
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mRBNA levels.

OsCOA26 transgene expression levels in the DP0372 rice plants were detected using
the following primers. As shown in Fig 2, the expression level in ZH11-TC rice is set at 1.00,
the lransgene expression level in DPC158 rice is similar (o that of ZH11-TC, and OsCOAZ6
over-expressed in all the ten lines.

DP0O372-F1:  5-CTTCTCCGTGCTACTCAAG-3(SEQ ID NO: 29)

DPO372-R1:  5-CGAACCCGACCATGTAGTC-3'(SEQ ID NO: 30)

As shown in Fig 3, the expression level of OsROMT17genein ZH11-TC rice is set at
1.00, the transgene expression level in DP0158 rice is similar to that of ZH11-TC, and
OsROMT17 over-expressed in all the ten lines.

DP03989-F1: 5-GGCCTACGACAACACGCTCTGG-3(SEQ ID NO: 31)

DP0399-R1: 5-GGATGTCCTGGTCGAACTCCTCC-B'(SEQ ID NO: 32)

As shown in Fig 4. OsiTPZ over-expressed in the tested lines, while the expression
tevels of Os{TPZ were very low in the both controls of ZH11-TC and DP0158 seediings.

DP0378-F3: 5-CAACAAAGTTAGAGAGGCAAAGAG-F(SEQ ID NO: 33)

DPO378-R4: 5-GTAATTTGCACAAAGAAGTCATTG-3'(SEQ ID NO: 34)

As shown in Fig 5. OsKUNTover-expressed in the tested lines, while the expression
levels of OsKUNTY were not detected in the both controls of ZH11-TC and DP0158
seedlings.

DP1251-F1: 5- CTACTACGTCCTCCCGGCTAG-3'(SEQ 1D NO: 35)

DP1251-R1: 5- CACCGCCGTACTTCTCCAC-3'(SEQ 1D NQ: 36)

Example 8
ACRB Assay of OsCOAZ6-Transgenic Rice Plants under LaboratorvConditions

in order to investigate whether OsCOAZGransgenic rice can recapitulate the insect
tolerance trait of AHE8151 line, the OsCOAZ6ransgenic rice wasfirst tested against ACB
insect. The ACE insect was reared as described in Example 2.

T, plants generated with the construct were tested in the assays for three times with
sixor four repeats.The seedlings of ZH11-TC and DP0158 were used as controls. More
than tenlines transgenic rice were testedand 450 seeds of each line were water cultured for

10 days as described in Example 2. This recapitulation assay usedrandomized block
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design. Seedlings of each line were inserted in two wells of the 32-well-plate, and ZH11-TC
and DP0158 seedlings were inserted in sixdifferentwells in the same plaie.

Larvae growth inhibitoryrate was used as a parameter for ACB insect tolerance assay,
which is the percentage of the inhibited larvae number over the sialistics number of larvae,
wherein the inhibited larvae number is the sum of the olerancevalue of test insects from 12
or eightwells and the statistics number of larvaeis the sum of the number of all the observed
insects and number of larvae at 1% instar.

Randomized block design was used, and 10-19 fransgenic lines from a construct were
tested in one experimental unit to evaluate the transgene function by SAS PROC GLIMMIX
considering construct, line and environment effects. if the larvae growth inhibitory rates of
the transgenic rice plants at both construct and line levels were significantly greater than
conirols (P<0.05), the gene was considered having ACB tolerant function.

ACB screening resulis:

1} Results of the first validation experiment

After ACB neonate larvae inoculating seedlings for 5 days in the assays, the seedlings
of ZH11-TC and DP0158 were significantly damaged by ACB insects, while the
OsCOAZ6transgenic seedlings were less damaged, and the insecis fed with the
QOsCOAZ8Bransgenic seedlings was smaller than that fed with ZH11-TC and DP0158
conirols.

SixteenOsCOAZ6ransgenic lines were placed on two separated plates, and repeated
for 6 times. A total of 1152 ACE neonate larvae were inoculated on OsCOAZBransgenic
rice seedlings. Five days afler inoculation, 974 larvae were found, 28 larvae developed into
1% instar, and 345 larvae developed to 2" instar.Only nine larvae of all the observed 373
larvae in ZH11-TC seedlings’ wells developed to 1% instar and 82 larvae developed to 2™
instar. Similar resulls were obtained with DP0158 seedlings, 9 larvae of all observed 387
larvae inoculatedon the DP0158 seedling developed to 1% instar, and 79 larvae developed
to 2" instar. The average larvae growth inhibitoryrates of OsCOAZ6transgenic rice,
ZH11-TC and DP0O158 were 41.43%, 26.19% and 24.68%, respeclively. The average
larvae growth inhibitory rate of OsCOAZ6transgenic rice was significantly grealer than that

of ZH11-TC (Fvalue=0.0000) and DPO0O158 (Pvalue=0.0000}) conirols. These resuits
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showthat over-expression of OsCOAZ6In rice significantlvincreased ACB insect tolerance
of transgenic rice at construct level.

Further analysis at transgenic line level is displayed in Table 12. The 16 lines of
OsCOAZ6ransgenic rice were placed on two different plales, and the DP0158 and
ZH11-TC seedlings on the same plate were used as their controls. Nine transgenic lines
were placed on the first plate, and the other 7 lines were placed on the other plate. Seven of
Slines exhibited greater larvae growth inhibitoryrates than ZH11-TC seedlings and all of the
8 lines exhibited greater larvae growth inhibitory rates than DP0158 seedlings in the first
plate. All of the 7lines had greater larvae growth inhibitory rates than ZH11-TC seedlings
and 5 of the 7 lines had greater larvae growth inhibitoryrates than DP0O158 seedlings in the
second plates. These results further indicate OsCOAZEplays a role in increasing ACB

insect tolerancein rice compared (o controls at line level.

Table 12. Asian comn borer assay of OsCOAZ6transgenic riceunder laboratory screening
condition at line level (1% experiment)

Number of  Numiber of  UMRSTOl ) e growth ~ CK=ZH11-TC CK=DP0158
Line 1D larvae at 1% larvae at total inhibitory rate P P

nstar 2 instar  Oeerved (%) value  FPS008 - P<0.05
DPo372.01 4 15 €8 31.84 0.4543 3.0201 Y
DPO372.05 5 18 64 33.33 0.2961 0.0104 Y
DP0372.08 1 26 65 42.42 0.0197 Y {.0002 Y
DPO372.10 3 10 50 53.33 00003 Y 00000 Y
DPOg72.17 a 14 57 33.33 0.2945 0.0117 Y
DP0372.21 0 13 56 23.21 (.6664 {.3296
DPg372.24 5 32 62 62.69 0.0000 Y {.0000 Y
DP0372.25 4 g 57 27.87 0.9609 0.1227
DPO372.27 0 16 63 25,40 0.7948 0.2170
ZH11-TC 8 39 182 2713
DP0158 5 Pl 199 18.63
DP0372.31 1 19 81 33.87 01917 (.6239
DP0372.36 5 30 51 57.14 0.0000 Y 00005 Y
DPO372.37 2 55 68 37.14 0.0643 0.3132
DP0372.39 3 90 a5 94.44 0.0000 Y 00000 Y
DP0372.40 ’ 31 65 50.00 0.0005 Y 00063 Y
DPO372.41 0 19 &7 28.36 0.6208 0.7381
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DP0372.42 1 17 86 28.36 0.6403 0.7173
ZH11-TC 3 43 161 25.26
DP0158 4 51 188 30.73

2} Results of the second validation experiment
Ten OsCOA2Z6ransgenic lines which showed higher larvae growth inhibitory rates in

the first validation experiment were selected and tested in this second experiment. The ten
lines were placed on one 32-wellplate, and repeated for 6 times. A tolal of 720 ACB neonate
larvae were inoculated on OsCOAZ6ransgenic rice seedlings. Five days after inoculation,
600 larvae were found, 20 larvae developed into 1% instar, and 135 larvae developed to 2™
instar.Only 4 larvae of all the observed 197 larvae in ZH11-TC seedilings’ wells developed 1o
1% instar and 30 larvae developed to 2" instar. Similar results were obtained with DP0158
seedlings, 3 larvae of all observed 180 larvae inoculated on the DP0O158 seedling
developed to 1 instar, and35 larvae developed to 2™ instar. The average larvae growth
inhibitory rates of OsCOAZ6ransgenic rice, ZH11-TC and DPO158 were 28.23%, 18.91%
and 21.24%, respectively. The average larvae growth inhibitory rate of OsCOAZ6transgenic
rice was significantly greater than that of ZH11-TC (P value=0.0139) and greater than that
of DP0O158 (Pvalue=0.0703) controls. These resulls show that over-expression of
OsCOAZBIn riceincreased ACB insect tolerance of transgenic rice at construct level.

Further analysis al transgenic line level is displayed in Table 13. Seven of the ten
transgenic lines exhibited greater larvae growth inhibitory rates than ZH11-TC and DP0158
seedlings. The larvae growth inhibitory rate of line DP0372.39 is 65.31%, is greatest. The
result was same {o that in the first validation experiment. These resulis further indicate
OsCOA2Z6plays a role in increasing ACB insect tolerance in rice compared to controls al
line level.

Table 13.Asian corn borer assay of OsCOAZ6Iransgenic rice under laboratory screen
condition at line level (2™ experiment)

Number  Number  Number Larvae CK=ZH11-TC CK=DPO158
Ling ID oflarvae  oflarvae of total growth
. at 1% at 2" chserved inhibitory Pvaiue P<0.05 Pvalue 240.05
instar instar larvae rate (%)
DP0372.01 1 13 61 2419 0.3825 (.6446
DPOE72.05 2 13 48 34.00 0.0321 Y 0.0794
DP0372.08 5 10 64 28.99 0.0868 0.20086
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DP0372.10 3 17 66 33.33 0.0163 Y 0.0481 Y
DPoa72.17 3 10 66 23.19 0.4632 (.7579
DP0372.24 2 9 66 19.12 0.9706 0.7113
DP0372.38 2 12 57 2712 0.1888 0.3657
DpPoa72.37 0 12 59 20.34 0.8071 {1.8830
DP0372.39 2 28 47 65.31 0.000¢ Y 0.0000 Y
DP0372.40 0 11 66 16.67 0.680¢ 0.4325
ZH11-TC 4 30 197 18.91
DPO158 3 35 190 21.24

3) Results of the third validation experiment
The same ten lines were further tested in this third experiment. The ten lines were

placed on one 32-wellplate, and repeated for 4 times. Five days after inoculation, 388
larvae were found, 19 larvae developed into 1% instar, and 123 larvae developed to 2™
instar.Only one larva of all the observed 120 larvae in ZH11-TC seedlings’ welis developed
to 1* instar and 24 larvae developed io 2" instar. Five larvae of all observed 121 larvae
inoculated on the DP0158 seedling developed to 1 instar, and 27 larvae developed to 2™
instar. The average larvae growth inhibitory rates of OsCOAZGransgenic rice, ZH11-TC
and DP0O158 were 39.56%, 21.49% and 29.37%, respectively. The average larvae growth
inhibitory rate of OsCOAZ8ransgenic rice was significantly greater than that of ZH11-TC (P
value=0.0010) and greater than that of DP0158 (F value=0.0536) controls.

Further analysis at transgenic line level is displayed in Table 14. Nine of ten lines had
greater larvae growth inhibitory rates than that of ZH11-TC and DP 0158 seedlings, and six
lines had significantly grealer larvae growth inhibitory rale than that of ZH11-TC. The larvae
growth inhibitory rates of live lines were more than 40%.

The line of DP0O372.39 had the grealest larvae growth inhibitory rate in three
experiments and the line DP0372.24 show less larvae growth inhibitory rale in two
experiments. These results clearly demonstrate thatOsCOA26 transgenic rice inhibited the
development of ACB insect, the transgenic rice oblained enhanced ACB insect tolerance at

seedling stage, and OsCOA268plays a role in increasing ACE insect iolerance in plants.

Table14.Asian corn borer assay of OsCOAZ6ransgenic rice under laboratory screen
condition at line level (3™ experiment)

Line iD Number Numberof  Number Larvae CK=ZH11-TC CK=DP0158
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oflarvae  larvae al of total growth
at 1% 2"Yinstar  observed  inhibitory  Pvalue  P<0.05 Puvalue  Ps0.05
instar larvag rate (%)
DP0372.01 3 14 42 44.44 0.0059 Y (0.0737
DP0372.05 3 8 35 36.84 0.0661 (.3882
DP0372.08 4 1 43 40.43 0.0178 Y (0.1748
DP0372.10 2 12 39 39.02 0.0339 Y (3.2558
DPO372.47 2 16 41 46.51 (0.0044 Y 0.0640
DP0372.24 0 8 39 20.51 0.8876 (.2861
DP0372.36 0 12 34 35.29 0.1083 (3.5085
DP0372.37 1 16 42 41.86 0.0129 Y 01126
DP0372.38 3 15 31 61.76 0.0000 Y 0.0015 Y
DP0372.40 1 11 42 30.23 0.2551 (0.9148
ZH11-TC 1 24 120 21.49
DP0158 5 27 121 29.37
EXAMPLE O

CAW Assay of OsCOAZ6Transgenic Rice Plants under Laboratory Conditions
OAW assay of OsCOAZ6ransgenic rice were performed as described in Example 3.

Larvae growth inhibitory ratewas used as a parameter for this insect tolerance gssay, which
is the percentage of the inhibited number over the sialistics number of larvae, wherein the
inhibited number is the sum of the olerance value of all observed test insecis fromeight or
twelvewelis and the statistics number of larvae is the sum of the number of all the observed
insects and number of larvae at 1% instar.

OAW screening resulls:

Ten transgenic lines which were tested in the ACB assay were used in this assay.
These ten rice lines were placed in one 32-well plate with four repeats. Five days after
larvae inoculation, 11 larvae of 312 larvae found in the OsCOAZ6Glransgenic rice well
developed to 1% instar, and 90 larvae developed to 2" instar. The QAW larvae inhibitory
rate was 34.67%. While, 8 of the 99 larvae in the ZH11-TC wells developed o 1% instar, and
10 larvae developed to 2™ instar. The larvae growth inhibitory rate of ZH11-TC seedlings
was 24.30%. 5 of 108 larvae in the DP0158 seedling well developed to 1% instar, and 18
larvae developed to 2™ instar. The larvae growth inhibitory rate was 24.78%. The QAW

larvae growth inhibitory rate of OsCOAZ6ransgenic rice was greater than ZH11-TC {(Pvalue
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=0.0657) and DP0158 (P value=0.0736) controls.

Analysis at line level was displayed in Table 15. Nine of ten lines had greater CAW
larvae growth inhibitory rates than that of both ZH11-TC and DP0158 controls. The line
DP0372.39 which showed grealest ACB larvae growth inhibitory rale also had greatest
OAW larvae growth inhibitory rate in the ten lesied lines. These resulis indicated that
OsCOAZ6ransgenic rice inhibit the development of OAW larvae and had enhanced OAW

insect tolerance at seedling stage.

Table 15.Armworm assay of OsCOAZ6ransgenic rice under laboratory screen condition

atline level
Number  Number  Number Larvas CK=ZH11-TC CK=DPO158
Ling ID ot E?‘r";?e of iai'\igle ot total . grp\yth
at 1’ at 2 observed  inhibitory Pyalue FP<005 Pvalue P<0.05
instar instar larvae rate (%)
DP0372.01 0 7 32 21.88 0.7786 0.7363
DP0372.05 1 7 26 33.33 .3466 (.3717
DP0372.08 1 6 31 25.00 0.9358 0.9797
DP0372.10 0 10 33 30.30 0.4845 0.5284
DPo372.17 1 11 38 33.33 0.2824 {1.3063
DPO372.24 0 12 33 36.36 0.1825 0.1985
DP3372.36 3 4 25 35.71 0.2331 0.2518
DP0372.37 1 8 25 33.33 0.3276 {1.3524
DP0372.39 2 15 30 50.38 0.0008 Y 0.0009 Y
DP0372.40 2 10 35 37.84 0.1225 0.1342
ZH11-TC 8 18 G9 24.30
DP0158 5 18 108 24.78
EXAMPLE 10

RSB Assav of OsCOAZ8Transgenic Rice Plants under Greenhouse Conditions

RSB assay was performed (o investigate whether OsCOA26has RSB iolerance

function. The eggs of RSB wereobtained from the Institute of Plant Protection of Chinese

Academy of Agricultural Sciences and haiched in an incubator at 27°C.

Three OsCOAZ6ransgenic lines which showed better ACB and QAW insect tolerance

were tested, and were cultured in greenhouse. Two types of lamps are provided as light
source, Le. sodium lamp and metal halide lamp, the ratio is 1:1. Lamps provide the 16 h/8 h
pericd of day/night, and are placed approximately 1.5 m above the seedbed. The light
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intensity 30 cm above the seedbed is meagsured as 10,000-20,000 Ix in sunny day, while
6,000-10,000 Ix in cloudy day, the relative humidily ranges from 30% to 90%, and the
temperature ranges from 20 to 35 °C. The tillered seedlings cultured with [RRI nutrient

solution for 40-d were used in this assay.
Screening method:

Twelve plants of each line were tested. When cultured for 40-d, the tillers except the
main tiller were removed, one neonate RSB larva was inoculated on the new leaf of one
rice plant, and then the plate was covered by a yarn net cage to avoid the moth entering in
the greenhouse. Each line wasrepeated for four times. After cultured for 40-d at 30~35°C in
greenhouse, the withered hearl rate and mortality rale were calculaled using one way
ANOVA. When the Pvalues 0.05, the transgenic planis will be considered as RSB tolerant.

Rice plants with withered heart are considered as plants damaged by RSB.

The withered heart rale is percentage of number of damaged plants with withered
heart over the number of total plants. The mortality rate is percentage of the number of

dead plants over the number of total plants.
Screening resulls:
DP0372.08, DP0372.10 and DP0372.39 were selected and tested After fed with RSB

for 40-d, 13 DPO372.08 rice plants, nine DP0372.10 rice plants and 15 DP0372.39 rice
plants survived, while only three DP0J158rice plants survived. As shown in Table 16, the
withered heart rate and morality rate of DP0372.39 rice planis were significantly lower than
that of DP0O158control and the morality rate of DP0372.08 and DP0O372.10rice plants
significantly lower than that of DP0158 control. These resulis indicate that

OsCOAZ6ransgenic rice plants had improved tolerance against RSB insect.

Table 16.Rice stem borer assay of OsCOAZ6lransgenic rice under greenhouse screen
condition at line level

Number of

Number of  plant with Number of  Withered

Mortality

Line iD total plant withered sur‘:’avai heait rate FPvalue olants (%) Pvalue
plant {%e)
heart
DP0372.08 48 47 13 g97.92 (0.3559 73.92 0.0036
DP0372.10 48 47 g 97.92 0.3559 81.25 0.1763
DP0372.39 48 43 15 85.58 0.0025 68.75 0.0300
DP0158 48 48 3 100.00 93.75

in summary, OsCOAZS transgenic rice planis inhibited the development of ACB and
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OAW insect larvae, and obtained ACB and OAW insect tolerance at seediing stage; and
OsCOAZBransgenic rice plants exhibited improved tolerance against RSB insect. These
results showed OsCOAZ6 transgenic rice had significant inhibitory impact on the growth
and development of ACB, OAW and RSB insects, indicaling that OsCOA26 plays

insecticidalactivities in the potential broad spectrum.

EXAMPLE 11
ACE Assay of OsHOMT{ 7Transgenic Rice Planis under Laboratory Conditions

in order o investigate whether OsROMT 1 fransgenic rice can recapitulate the insect
tolerance trait of AHB8151 ling, theOsROMTT Aransgenic rice was tested against ACB
insect. The method is described in Example 8.

ACH screening resulis:

1} Resulis of first validation experiment

After ACB neonate larvae inoculating seedlings for 5 days in the assays, the seedlings
of ZH11-TC and DP0158 were significantly damaged by ACB insects, while the
OsROMT1 transgenic seedlings were less damaged, and the insecls fed with the
OsROMT! Aransgenic seedlings was smaller than that fed with ZH11-TC and DP0158
conirols.

TenOsROMTT ransgenic lines were placed on one 32-well plate withS repeats. A
total of 486 ACB neonate larvae were found in OsROMT 1 Airansgenic seedlings wells,
wherein 12 larvae developed to 1% instar and 198 larvae developed to 2" instar, the
average larvae growth inhibitory rate was 44.58%,; while 184 larvae were found in ZH11-TC
seedling wells, 4 larvae developed to 1% instar and 35 larvae developed to 2™ instar; and 5
larvae of all observed 200 larvae inoculated on the DP0158 seedling developed to 1% instar,
and 30 larvae developed to 2™ instar, the other 165 larvae normally developed to 3" instar.
The average larvae growth inhibitory rates of ZH11-TC seedlings and DP0158seedling
were 22.87% and 19.51%, respectively. The average larvae growth inhibitory rate of
CsROMTT Aransgenic rice was significantly greater than that of ZH11-TC(Pvalue=0.0000)
and DP0158 (Fvalue=0.0000) conirols. These results demonstrate that over-expression of
OsROMT17 increased ACE insect tolerances of transgenic rice at construct level.

Further analysis at transgenic line level is displayed in Table 17. The larvae growth

84



WO 2016/000647 PCT/CN2015/083237

inhibitory rates of 8 lines were more than 35%, significantly greater than that of ZH11-TC
and DP0158seediings. One line (BP0399.50) had slightly greater larvae growth inhibitory
rates compared to ZH11-TC and DP0158 seedlings. These results consistently
demonstrale that OsROMT1Aransgenic rice showed inhibitory impact on ACB larval
growth and OsROMT17 plays a role in increasing ACB insect tolerance of transgenic rice

seedlings at consiruct and line levels.

Table 17. Asian com borer assay of OsROMT 1 Ziransgenicrice under laboralory screening
condition at line level (1% experiment)

Number of  Number of Nur:nb'er of | awae growth ~ CK=ZH11-TC CK =DP0158

Line iD larvae at  larvae at total inhibitory raie
1S instar 2™ instar O?ngeed (%) Pvalue Ps0.05 Pvalue  Ps0.05

DP0399.01. 1 19 28 72.41 0.0000 Y 0.0000 Y
DP0399.06 0] 28 40 70.00 (.0066 Y {.6000 Y
DP0288.07 1 19 40 51.22 {.0007 Y 3.0001 Y
DP0399.08 1 10 64 18.46 0.4609 0.8521
DP0399.13 0 25 66 37.88 0.0221 Y 0.0040 Y
DPo2es.26 3 18 60 38.10 (3.0224 Y (.0041 Y
DP0399.30 1 22 34 £68.57 0.0000 Y 0.0000 Y
DP0399.43 3 23 63 43.94 {.6020 Y $.00038 Y
DP0389.50 2 15 65 28.36 8.3729 (3.1341
DP0399.51 g 19 26 73.08 0.0000 Y 0.0000 Y
ZH11-TC 4 35 184 22.87
DPO158 5 30 200 19.51

2) Results of second validalion experiment

The same tenOsROMTT fransgenic lines were placed on one 32-well plate withé
repeats. A total of 464 ACB neonate larvae were found in OsROMT 1 Airansgenic seedlings
wells, wherein 4 larvae developed to 1% instar and 118 larvae developed to 2™ instar, the
average larvae growth inhibitory rale was 26.92%:; while 175 larvae were found in ZH11-TC
seedling wells, 5 larvae developed to 1% instar and 29 larvae developed to 2™ instar; and
25 larvae of all observed 187 larvae inoculated on the DP0158 seedling developed to 2™
instar. The average larvae growth inhibitory rates of ZH11-TC seedlings and DP0158
saedling were 21.67% and 13.837%, respectively. The average larvae growth inhibitory rate

of OsROMT1/ransgenic rice was significantly greater than that of DP0158 (F
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value=0.0003) and grealer than that of ZH11-TC (Pvalue=0.1215) conirols. These resulis
demonstrate that over-expression of OsROMTT7 increased ACE insect iolerances of
transgenic rice seedlings at construct level.

Further analysis atl transgenic line level is displayed in Table 18, Eight of ten lines had
greater larvae growth inhibitory rates than that of both ZH11-TC and DP0158 controls, five
lines had significantly greater larvae growth inhibilory rates than thal of DP0158
conirols. These results demonstrate that OsROMTT Aransgenic rice showed inhibitory
impact on ACB larval growth and OsROMTT7 plays a role in increasing ACB insect

tolerance of transgenic rice seedlings at construct and line levels.

Table 18. Asian corn borer assay of OsROMT 1 Aransgenicrice under laboratory screening
condition at line level (2" experiment)

Number Number of Number Larvae CK=ZH11-TC CK=DPO158

Line ID oflarvae e - Oftotl o growth
2 Ear 2% instar 0?5@2’? ‘?a?}jsi}?f{ Pvalue Ps0.05 Pvalue P<0.05

DP0399.01 0 12 25 48.00  0.0081 Y 0.0002 Y
DP0399.08 0 12 48 2500  0.6156 0.0558
DP0399.07 0 12 49 2449 06713 0.0651
DP0399.09 0 10 63 15.87  0.3302 0.6261
DP0399.13 3 10 41 3636  0.0483 y 0.0010 Y
DP0399.26 0 11 42 26.19  0.5218 0.0465 Y
DP0399.30 0 10 ag 2632  0.5212 0.0520
DP0399.49 0 12 42 2857  0.3368 0.0209 Y
DP0399.50 0 12 61 1967  0.7480 0.2375
DP0399.51 1 17 55 33.93  0.0674 0.0012 Y
ZH11-TC 5 29 175 21.67
DPO158 0 25 187 13.37

3) Results of third validation experiment

The same ten lines were tested with three repeats. A total of 278 ACE neonate larvas

were found in OsROMT1 Ziransgenic seedlings wells, wherein 10 larvae developed 1o 1%
instar and 87 larvae developed io 2™ instar, the average larvae growth inhibitory rate was
37.15%; while 94 larvae were found in ZH11-TC seedling wells, 5 larvae developed to 1%

instar and 27 larvae developed to 2™ instar; and 3 larvae of all observed 91 larvae
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inoculated on the DP0158 seedling developed to 1% instar, and 26 larvae developed to
2"instar. The average larvae growth inhibitory rates of ZH11-TC seedlings and DP0158
seedling were 37.37% and 34.04%, respectively. The average larvae growth inhibitory rale
of OsROMTTAransgenic rice was greater than that of ZH11-TC (Pvalue=0.8525) and
DP0158 (Pvalue=0.7045) controls.

Further analysis al fransgenic line level is displayed in Table 19. Six of ten lines had
greater larvae growth inhibitory rates than both of ZH11-TC and DP0158 controls.

in summary, these results demonstrate thalOsROMTTZransgenic rice showed
inhibitory impact on ACB larval growth and OsROMT17 plays a role in increasing ACB

insect tolerance of transgenic rice seedlings.

Table 19. Asian corn borer assay of OsROMT T Aransgenicrice under laboratory screening
condition at line level (3" experiment)

Number  Number  Number Larvae CK=ZH11-TC OK=DPo158

Line ID of Ear\.ﬁe of iar\r/lgte of total ' gr_owth

at 1 ate”  obseved IO pyaye  P20.05  Pvalue  P<0.05

instar instar larvas rate (%)
DP0392.01 1 1 8 33.33 0.8118 (.9660
DP0399.06 1 7 30 29.03 0.4044 0.5103
DP0399.07 G 16 34 47.06 0.3285 3.1908
DP0399.09 1 3 33 14.71 0.0247 0.0471
DP03938.13 2 i1 25 55.58 0.1022 0.0551
DP0399.2¢6 G 7 26 26.92 0.3308 {3.4988
DP0399.30 2 10 34 38.89 0.8734 £.6089
DP0399.48 1 i1 25 50.00 0.2534 0.1501
DP03998.50 0 13 34 38.24 0.9293 .6640
DP0399.51 2 8 29 38.71 0.8943 £.6405
ZH11-TC 5 27 94 37.37
DPGo158 3 26 g1 34.04

EXAMPLE 12
OAW Assav of OsHOMT 1 7Transgenic Rice Plants under Laboraiory Conditions

QAW assay of OsROMT17 transgenic rice was performed as described in Example 9.
The screening results as below.

Ten same OsROMTT Airansgenic rice lines ested in ACB assay were tesied in OAW
assay. Thease ten lines were placed on the one 32-well plate with four repeats. Five days
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afier co-culture, 403 larvae were found in the OsHOMT 1 Zivansgenic rice wells, wherein 69
OAW larvae developed to 2" instar, while 15 of the 139 larvae in the ZH11-TC well
developed to 2" instar, and 8 of 139 larvae in the DP0158 well developed to 2" instar. The
average OAW larvae growth inhibitory rales of OsROMT 1 Ziransgenic rice, ZH11-TC and
DPO188were 17.12%, 10.79% and 5.76%. The OAW larvae growth inhibitory rate of
OsROMTT Aransgenic rice was significantly greater than that of DP0158 control (P value
=0.007).

Analysis at line level was shown in Table 20. Six lines had significant greater larvas
growth inhibitory rates than that of DP0158 conirol. Two lines DP0399.01 and DP0399.51
had greater inhibitory rates than both controls. These resulls demonsirate that
OsROMTI Aransgenic rice had improved OAW folerance than ZH11-TC and DP0158

conirols at seedling stage.

Table 20.Armworm assay of QsROMT1 7transgenic rice under laboratory screen condition

at fine level
Number  Number  Number Larvae CK=ZH11-TC CK=DPO158
Line 1D of Ear@e of ia’r\r/’dae ot total . grp\{yth
at 1 at 2 observed inhibitory Pyalue FP<005 Pvalue P<0.05
instar instar larvae rate (%)
DP0399.01 0 10 23 43.48 0.0045 Y 0.0003 Y
DP0399.06 0 3 48 5.25 0.3724 {1.8955
DP0399.07 0 g 45 20.00 0.1258 0.0099 Y
DP0393.08 0 3 44 6.82 0.42386 0.8217
DP03998.13 0 a3 40 15.00 0.5465 {1.0888
DP0398.26 0 8 41 19.51 0.1802 0.0167 Y
DP03998.30 0 3 31 $.68 0.65941 0.5602
DP0399.48 0 8 45 17.78 0.2353 (.02314 Y
DP0399.50 0 9 48 18.75 0.1522 0.0124 Y
DP0399.51 0 10 38 26.32 0.0331 Y 0.0021 Y
ZH11-TC G 15 138 10.79
DP0158 0 8 139 576
EXAMPLE 13

RSB Assay of OsROMT1 7Transgenic Bice Planis under Greenhouse Conditions

RSBassay of OsROMT7 transgenic rice was performed as described in Example 10.
The screening results as below.
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Three lines {(DP0399.01, DP0398.13 and DP0399.51) shown better ACB and OAW
tolerance were tested. After fed RSB for 40-d, six DP0389.01 rice plants, 20 DP0399.13rice
plants and six DP0399.51 rice plants survived; while three DP0158 rice planis survived.
The withered heart rate and morality rate of DP(0399.13 were significantly lower than that of
DPQ158 rice. These results demonstraled that, OsROMT7Zransgenic rice oblained

improved RSB tolerance.

Table 21.Rice stem borer assay of OsROMT1 Aransgenic rice under greenhouse screen
condition at line level

Number MNumber of Number of Withered Mortality rate

Lines 1D of total iziar_rts with ) survival heartl rate FPvalue (%) FPvalue
plants _ withered heart plant (%) '

DP0399.01 48 46 6 895.8 8.5370 87.5 $.3867

DP03989.13 48 38 20 79.2 0.0069 58.3 0.0145

DP0398.51 48 43 6 89.6 (0.1135 87.5 (0.4772

DP0158 48 47 3 87.9 893.8

OsROMT17 transgenic rice plantsshowed inhibitory impact on ACB and QAW larval
growth and OsROMT17 plays a role in increasing ACB and OAW insect tolerance of
transgenic rice seedlings; and OsROMT717transgenic rice plants exhibited improved
iolerance against RSB insect. These results showed OsHOMTT7 transgenic rice had
significant inhibitory impact on the growth and development of ACB, OAW and RSB insects,

indicating that OsROMT17 plays insecticidalactivities in the potential broad spectrum.

Example 14

ACB Assay of OsiTPZTransqenic Rice plants under Laboratory conditions

OsiTRP2transgenic rice was tesied against ACB larvae as described in Example 8.

Screening resulis:

1} Results of first validation experiment
After ACB neonate larvae inoculating seedlings for 5 days in the assays, the seedlings
of ZH11-TC and DP0158 were significantly damaged by ACB insects, while the
OsiTPZransgenic seedlings were less damaged, and the insecis fed with the
OsiTPZ2iransgenic seedlings was smaller than that fed with ZH11-TC and DP0J158 controls.
SixteenOsiTP2transgenic lines were tested against ACB and were placed on two

different plates.A fotal of 991 ACB neonate larvae were observed after 5 days
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1% instar and 351 larvae

inoculatingwith OsiTPZlransgenic rice plants, 5 larvae grew to
grew to 2™instar; while 400 larvae were observed in the ZH11-TC wells, 3 larvae grew to 1°
instar and 69 larvae grew to 2" instar; and 409 larvae were observed in DP0158 seedlings’
wells, 7 larvae grew to 1% instar, and 62 larvae grew to 2™ instar. The average larvae
growth inhibitoryrates of OsiTFPZ2ransgenic rice, ZH11-TC seedlings and DP0158seedling
were 36.24%, 18.61% and 18.27%, respectively. The average larvae growth inhibitory rate
of OsiTP2transgenic rice was significantly greater than that of ZH11-TC (Fvalue=0.0000)
and DP0158 Fvalue=0.0000) controls at construct level. These results indicate that
OsfTP2transgenic rice exhibitedenhanced {olerance against ACB insect at consiruct level.
Further analysis at transgenic line level is displayed in Table 22. The 16 lines of
CsiTPZiransgenic rice were placed on two different plates, and the DP0158 and ZH11-TC
saedlings on the same plate were used as conirol, respectively. Tentransgenic lines were
placed on the first plate, and the other 6 lines were placed on the second plate. 15 of all 16
lines exhibited greater larvae growth inhibitory rates than that of their responding ZH11-TC
and DPO158 controls. 6 lines on the first plate and 3 lines on the second plated had
significantly greater inhibitory rates than both controls. These results consistently further
demonsirate that over-expression OsiTPZenhanced tolerance against ACB insect in
fransgenic rice plantsat line level, and OsITP2 plays a role in increasing ACEB insect

tolerance.

Table 22. Asian corn borer assay of Os/TFPZiransgenic rice under laboratory screening
condition at line level (1% experiment)

Number  Number  Number of Larvae growth K =ZH11-TC CK= DPO158
of larvae  of larvae total

Hne b a1 at2®  observed Eﬁhibifgr)y U pave P05 T ps0.os
instar instar larvae "~ value
DP03783.05 g 42 62 67.74 (.0000 Y {3.0000 Y
DPO378.07 1 26 €0 45.90 0.0005 Y 3.0002 Y
P0378.08 0] 18 63 28.57 0.2754 0.2071
DP0378.10 g 28 &8 41,18 0.0022 Y {0.0012 Y
DP3378.11 0 29 58 50.00 0.0002 Y 3.0000 Y
DP0378.18 0 28 60 45.67 0.0004 Y 0.0002 Y
DP0373.18 g 26 49 53.06 (.0002 Y {3.0000 Y
DP3738.21 0 12 €2 16.35 0.7432 (5.8619
DP0378.25 0] 19 59 32.20 0.1050 0.0735
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DP0378.27 0 14 64 21.88 0.9643 0.8365
ZH1t-TC { 43 199 21.61

pPo158 3 37 205 20.67

DP0378.28 1 11 64 20.00 0.4605 (.4578
PP0378.29 0 26 62 41.54 0.0000 Y $.0000 Y
DP0378.31 1 12 71 19.44 0.4637 0.4608
DP0378.32 { 12 66 18.18 0.5535 {.8510
PP0378.35 1 20 63 34.38 0.0018 Y 6.0017 Y
DP0378.40 1 28 60 45.18 0.0000 Y 0.0000 Y
ZA11-TC 3 26 201 15.69

pP0158 4 25 204 15.87

2) Results of second validation experiment

TenQOsiTP2lransgenic lines which showed better ACB tolerance in the first experiment
were placed on one plate and with © repeats. A total of 612 ACB neonate larvae were
observed in the wells inserted with Os/TPZlransgenic rice plants 5 days after inoculation.
21larvae grew to 1% instar and 253 larvae grew to 2™ instar, and the average ACB larvae
growth inhibitory rate was 46.60%,; whereas 3 larvae of all the observed 197 larvas fed with
ZH11-TC grew to 1% instar and 51 larvae grew to 2™ instar; and 6 larvae of all observed 205

1% instar, and 49 larvae grew to 2™

larvae inoculated with the DP0158 seedling grew (o
instar. The average larvae growth inhibitoryrales of ZH11-TC seedling and DP0158
seedlings were 28.50% and 28.91%, respectively. The OsfTPZiransgenic rice exhibited
significantly greater average larvae growth inhibitory rate than ZH11-TC (Pvalue=0.0000)
and DP0158 (Fvalue=0.0000) controls at construct level. These results demonstrale that
over-expression of OsiTPZincreased tolerance against ACB insect in transgenic rice
seedlings at construct level.

Table 23 shows further analysis at transgenic line lavel. All of the ten transgenic lines
exhibited greater larvae growth inhibitory rates than both of ZH11-TC and DP0158 controls.
The larvae growth inhibitory rates of sixlines were significantly greater than that of ZH11-TC

and DP0158 controls. These resulls consistently demonstrate over-expression OsiTP2

enhanced tolerance against ACE insect in transgenic rice plants.

Table 23.Asian corn borer assay of OsiTPZiransgenic rice under laboratory screen
condition at line level (2" experiment)

91



WO 2016/000647 PCT/CN2015/083237
Number  Number  Number Larvas CK=ZH11-TC CK=DP0158
Line 1D of Ear\,;?e of i;rzge of *-:oltai : grgyythﬂ
att at2 observed  inhibitory  puaiie  P<005  Pyalue  P<0.05
instar instar larvae rate (%)
DP0GE78.05 & 21 54 55.00 0.0002 Y (.0003 Y
DP0378.07 0 32 62 51.614 (0.0012 Y 0.0016 Y
DP0378.10 2 24 61 44 .44 0.0265 Y 0.0337 Y
BP0378.11 1 28 62 43.21 0.0037 Y (.0048 Y
DP0378.15 1 23 61 40.32 {1.0884 0.1082
DP0378.18 3 36 64 62.69 0.0000 Y 0.0000 Y
DP0378.25 2 20 65 35.82 0.2631 0.3103
DP0378.29 1 23 63 39.06 (3.1333 0.1614
DP0378.35 ¢ 20 57 35.00 0.3885 0.4482
DP0378.40 5 25 63 51.47 0.0008 Y 0.0011 Y
ZH11-TC 3 51 197 28.50
DPO158 6 49 205 28.91

3) Results of third validation experiment

Ten transgenic lines were further tested in the third experiment with four repeats. Five

days after inoculation, 382 larvae were found in the Os/TPZ2transgenic rice wells, wherein
27 larvae grew to 1% instar and 142 larvae grew to 2" instar. The larvae growth inhibitory
rate was 47.92%. While, 4 larvae of all the 112 larvae fed with ZH11-TC seedlings grew to
1% instar, and 27 grew to 2" instar; 4 larvae of all the 116 larvae fed with DP0158 seedlings
grew to 1% instar and 26 larvae grew to 2™ instar. The larvae growth inhibitory rates were
30.17% (P value=0.0014) and 28.33% (F value=0.0003), which were significantly lower
than that of Os{TP2transgenic rice.

Table 24 shows the analysis at line level. The larvae growth inhibitory rates of eight
lines were more than 40%, and five lines had significantly greater inhibifory rales than that
of ZH11-TC and DPO0O158 controls. The resulls in this experiment demonsirale thal
OsiTPZ2transgenic rice had improved ACBE larvae tolerance.

in  summary, these three validation experimenis consistentlyshow  that
OsfTP2transgenic rice exhibited greater ACB larvae growth inhibitory rate than both
controls, and the lines DP0378.05 and DP0378.18 exhibited better ACB insect tolerance.

These resulls clearly demonsirale over-expressionUsiTPZ2 enhanced tolerance against
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ACB insect and OsITP2 plays a role in increasing ACB insect tolerance.

Table 24.Asian corn borer assay of OsiTPZric;e plants under laboratory screen condition at
line tevel (3" experiment)

Number  Number  Number of Larvae CK=ZH11-TC CK=DPO158
Line 1D of Ear@e of ia’r\r/’dae total . grgwth
at 17 at 2 observed hibItorY  puane  P<0.05  Pvalue  P<0.05
instar instar larvae rate (%)
DP0378.05 4 14 37 53.66 (.0031 Y 0.0044 Y
DP0378.07 G 15 38 39.47 0.2466 31.1506
DP0378.10 1 17 36 51.35 0.0259 Y 0.0127 Y
DP0378.11 3 i1 34 45.95 (.0868 0.0469 Y
DP0378.48 2 18 41 51.16 0.0180 Y {3.0083 Y
DP0378.18 4 23 38 73.81 (.0000 Y 0.0000 Y
DP(378.25 6 7 37 4419 0.083¢6 0.0435 Y
DP0378.28 3 11 37 42.50 0.1992 0.1162
DP0378.35 4 13 40 47.73 0.0475 Y 0.0234 Y
DP0378.40 0 i3 44 28.55 0.9140 0.8553
ZH11-TC 4 27 112 30.17
DP0158 4 26 116 28.33
EXAMPLE 15

QAW Assay of OsITP2Transgenic Rice Plants under Laboratory Conditions

OAW assay of OsiTPZ2iransgenic rice was performed as described in Example 9. The
screening resulls as below.

The same ten lines tesied in the ACB assay were used and placed in one 32-well plate
with four repeats. Five days later after inoculation of OAW neonate larvae, 409 larvae were
found in the OsiTPZiransgenic rice well, one larva grew to 1% instar and 135 larvae grew o
2" instar. The larvae growth inhibitory rate was 33.41%. Whereas, 25 larvae of 123 larvae
in the ZH11-TC seedling wells grew to 2™ instar, and 18 larvae of the 114 larvae in DP0158
seeding wells grew to 2™ instar. The QAW larvae growth inhibitory rate of
OsfTP2ransgenic rice was significantly greater than that of ZH11-TC (20.33%, P
value=0.0097) and DP0158 (15.79%, F value =0.0010).These results indicale that
OsiTPZransgenic rice exhibited OAW larvae tolerance at construct level.

Analysis at line level shows that four lines had the larvae growth inhibitory rates more

than 40%, which were significantly greater than that of ZH11-TC and DP0158 conirols.
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These results further confirm that over-expression OsiTFPZ2 enhanced tolerance against
QAW insect in transgenic rice plants, and OsiTP2 plays a role in increasing OAW insect

tolerance.

Table 25 Armworm assay of OsiTPZransgenic rice under laboratory screen condition at

fine level
Number  Number  Number Larvas CK=ZH11-TC CK=DPO158
Line 1D of E?ﬁ'\i’;dﬁ of iar‘igae of total _ grp\{vth
at i’ atz”  observed inhbitory  pyae  P<0.05  Pvaiue  Ps0.05
instar instar larvas rate (%)
DP0378.08 1 14 37 42.11 0.0113 Y 0.0021 Y
DP0378.07 0 10 45 22.22 0.7899 0.3444
DP0378.10 0 8 42 19.05 (.8588 0.6308
DP0378.11 G 16 39 41.03 0.0144 Y 0.0027 Y
DP0378.15 0 20 31 84,52 {.0000 Y 0.0000 Y
DP3378.18 0 g 42 2143 0.8794 0.4147
DP0378.28 G 22 42 52.38 6.0004 Y 0.0000 Y
DP0378.29 0 10 46 2174 0.8409 0.3764
DP(378.35 0 11 42 26.19 (3.4319 0.1480
DP0378.40 0 15 43 34.88 0.0635 0.0137 Y
ZH11-TC 0 25 123 20.33
DPG158 0 18 114 15.79
EXAMPLE 16

RSB Assay of OsiTP2Transgenic Rice Plants under Greenhouse Conditions

OAW assay of Os/TP2 transgenic rice was performed as described in Example 10.
The screening resulis as below.

Three lines (DP0378.05, DPO378.11 and DP0378.18) shown better ACB and OAW
tolerance were tested in this assay. After fed REB for 40-d, eightDP0378.05 rice plants,
tenDP0378.11 rice planis and threeDP0378.18 rice plants survived; while only one DP(158
rice plant survived. The morality rate of DP0378.05 and DPO0O378.11 were significantly lower
than that of DP0158 rice. These results demonstrated that, OsROMT 1 7iransgenic rice

exhibited improved RSB lolerance.

Table 26.Rice stem borer assay of OsiTPZransgenic rice under greenhouse scraen
condition at line level

Number  Numberofplant  Number of Withered
Lines of total with withered survival heart rate Pvalue
plants heart plant {%e)

Mortality

rate(%) Pvalue
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DP0378.05 36 30 8 83.33 0.85583 77.78 0.0352
DPo378.11 36 28 10 77.78 {.8790 72.22 (3.1145
DP0378.18 36 36 3 100.00 0.1836 91.67 0.1161
DPO158 36 29 1 80.56 §7.22

in summary, OsiTPF2 transgenic rice plants inhibited the development of ACB and
QAW insect larvae, and obtained ACB and OAW insect tolerance at seedling stage; and
OsiTPZ2iransgenic rice plants exhibited improved tolerance against RSB insect. These
resulis showed Os/TP2 transgenic rice had significant inhibitory impact on the growth and
development of ACB, OAW and RSB insects, indicaling that OsiTP2 plays

insecticidalactivities in the potential broad spectrum.

EXAMPLE 17
ACB Assav of OsiKUNTTransqenic Rice Plants under Laboratory Conditions

in order fo investigate whetherOsKUNT fransgenic rice can recapitulate the insect
tolerance trait of AHB7515 rice, the OsKUNTiransgenic rice was tested against ACB
insect. The method is described in Example 8.

ACB screening resulis:

1} Results of the first validation experiment

T, OsKUNTiransgenic riceplants were first tesied in the assays.

After ACB neonate larvae inoculating seedlings for 5 days, the seedlings of ZH11-TC
and DP0158 were significantly damaged by ACB insects, while the OsKUNTtransgenic
seedlings were less damaged, and the insects fed with the OsKUNTtransgenic seedlings
was smaller than that fed with ZH11-TC and DP0158 controls.

TenOsKUN firansgenic lines were placed on one plates, and repeated for three times.
A total of 360 ACB neonale larvae were inoculaled on OsKUNTiransgenic rice seedlings.
Five days after co-culture, 246 larvae were found, and 94 larvae developed to 2™ instar. 29
larvae of all the observed 91 larvae in ZH11-TC seedlings’ wells developed to 2™ instar.
One larva of all observed 88 larvae inoculated on the DP0158 seedling developed to 1%
instar, and 20 larvae developed to 2™ instar. The average larvae growth inhibitory rates of
OsKUNTiransgenic rice, ZH11-TC and DP0158 were 38.21%, 31.87%and 24.72%,

respectively. The average larvae growth inhibitory rate of OsKUNTiransgenic rice was
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greater than ZH11-TC conirol (P value=0.1810) and significantlygreater than DP0158
(Pvalue=0.0164) control.

Further analysis atf transgenic line level is displayed in Table 27. Eightlines exhibited
grealer larvae growth inhibitory rates than ZH11-TC seedlings and BP0158 seedlings, and
three lines exhibited significantly greater larvae growth inhibitory rates than DP0O158
seedlings. These results indicale over-expression of OsKUNTin rice increased ACB insect
tolerance of transgenic rice, and OsKUNT plays a role in increasing ACE insect tolerance in

rice compared {o controls at construct and line level.

Table 27. Asian corn borer assay of OsKUNTiransgenic rice under faboratory screening
condition at line level (1% experiment)

Number Number of Number of Larvae CK=ZH11-TC CK=DPo158

Line {D of iarvstae larvae at fotal _growth

atf o ingrgy  ODSSIVed inhibilory  pyaie  Pe005 Pyaiue PS0.05

instar farvae rate (%)
DP1251.12 G 11 22 50.060 (.1248 0.0306 Y
DP1251.15 0 9 26 34.62 0.7937 0.3271
DP1251.18 0 8 17 47.06 (3.2383 0.0767
bP1251.22 g 8 25 32.00 (1.8801 0.4718
DP1251.23 0 10 23 43.48 0.3048 0.0801
DPi1251.24 0 8 15 60.00 0.0504 0.0136 Y
BP1251.29 g 9 19 47.37 (.2100 0.0619
DP1251.30 0 15 29 51.72 0.0654 0.0123 Y
DP1251.32 0 8 43 20.93 0.2021 0.6339
DP1251.37 g & 27 2222 (1.3454 0.7924
ZH11-TC 0 29 g1 31.87
DPG158 1 20 88 2472

2) Results of the second validation experiment
TwelveTOsKUNTiransgenic lines were tested in this second experiment. These

twelve lines were placed on one 32-well plate, and repeated for six times. Five days afier
inoculation, 666 larvae were found, 10 larvae developed to 1% instar, and 297 larvae
developed to 2" instar. Only one larva of all the observed 96 larvae in ZH11-TC seedlings’
wells developed to 1% instar and 29 larvae developed to 2" instar. Two larvae of all
observed 101 larvae inoculated on the DPO158 seedling developed to 1% instar, and 38

larvae developed to 2™ instar. The average larvae growth inhibitory rates of
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OsKUNTtransgenic rice, ZH11-TC seedliing and DP0158 seedlings were 46.88%,
31.96%and 40.78%, respeclively. The average larvae growth inhibitory rate of
OsKUNTiransgenic rice was significantly greater than ZH11-TC (P value=0.0093) and
greater than DP0158 (P value=0.2650) controls.

Further analysis at transgenic line level is displayed in Table 28. Ten of the twelve
transgenic lines exhibiled greaier larvae growth inhibitory rates than both ZH11-TC and
DP3158 seedlings. Fivelinesshowed larvae growth inhibitory ratesmore than 50%, which
were significantly greater than ZH11-TC seedlings. These resulls further indicate
over-expression of OsKUNTIn riceincreased ACB insect tolerance of iransgenic rice,
andOsKUN1 plays a role in increasing ACE insect tolerance in rice compared to controls at

line level.

Table 28.Asian corn borer assay of OsKUN ftransgenic rice under laboralory screen
condition at line level (2™ experiment)

Number  Number  Number of Larvae CK=ZH11-TC CK=DP0158

Line ID of iaa_"v;?e of iar\égle total _ gr_owih

at 1 at2 observed IOy pyale  P20.05  Palue  PS0.05

instar instar larvae raie (%)
DP1251.02 g 20 57 35.08 0.7938 0.4115
DP1251.03 2 27 54 55.36 (3.0068 Y 0.0834
DP1251.04 G 25 54 46.30 {3.1059 0.5647
DP1251.05 1 18 52 37.74 0.4526 0.71189
DP1251.07 1 25 62 42.86 (3.1848 0.8232
BP1251.08 1 29 58 52.54 (3.0120 Y 0.1327
DP1251.09 2 21 53 45.45 0.0826 0.4843
DP1251.10 0 30 57 52.63 3.0125 Y 0.1338
BP1281.11 G 23 56 41.07 {1.2509 0.9358
DP1251.12 3 28 59 54.84 0.0082 Y 0.1030
DP1251.14 0 25 54 46.30 (3.0872 0.5005
DP1251.15 0 26 50 52.00 0.0290 Y 0.2302
ZH11-TC 1 29 86 31.96
DP0158 2 38 101 40.78

3) Hesults of the third validation experiment
Twelve transgenic lines were further tested in the third experiment with six repeats.

Five days after inoculation, 697 larvae were found in the OsKUNT transgenic rice wells,
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nd

wherein three larvae grew to 1% instar and 352 larvae grew to 2™ instar. The larvae growth
inhibitory rate was 51.36%. While, 43 larvae of all the 130 larvae fed with ZH11-TC
seedlings grew to 2" instar; 36 larvae of all the 123 larvae fed with DP0158 seedlings grew
to 2™ instar. The larvae growth inhibitory rates were 33.08% (P value=0.0003) and 29.27%
(7 value=0.0000), which were significantly lower than that of OsKUNT transgenic rice.

Table 29 shows the analysis at the line level. The larvae growth inhibitory rates of
fivelines were more than 50%, and were significantly grealer than ZH11-TC and
DPO158conirol; the larvae growth inhibitory rates of other five lines were more than 45%,
and were significantly greater than DP0158 control. The resulis in this experiment
demonstrate that OsKUNT transgenic rice had improved ACB larvas tolerance.

in summary, these three validation experiments consistently show that OsKUNT
transgenic rice exhibited greater ACB larvae growth inhibitory rate than both controls, and
the transgenic lines DP1251.03, DP1251. 08 and DP1251.12 exhibited belter ACE insect
tolerance in two experiments. These results clearly demonstrate over-expression OsKUNT

enhanced tolerance against ACB insect and OsKUNT plays a role in increasing ACB insect

tolerance.

Table 29.Asian corn borer assay of OsKUN firansgenic rice under laboratory screen
condition at line level (3" experiment)

Number Number  Number of Larvas CK=ZH11-TC CK=DP0158
Line ID of larvae  of larvae total _ grp\{vth
at ?St at 2™ observed  Inhibifory  pyane  P005  Pvalue  P<0.05
insiar instar larvae rate (%)
DP1251.02 a o7 57 4737 00629 0.0180 y
DP1251.03 5 a5 55 6364 0.0003 ¥ 0.0000 v
DP1251.04 3 o5 50 5400 00152 v 0.0038 v
DP1251.05 a o6 55 4727  0.0746 0.0221 v
DP1251.07 5 55 58 4340 01993 0.0698
DP1251.08 0 a5 57 6140  0.0009 v 0.0002
DP1251.09 1 o7 61 4754 00737 0.0208 v
DP1251.10 0 57 64 57 81 0.0017 v 0.0003 ¥
DP1251.11 3 o4 aa 4107 03295 0.1259
DP1251.12. g 35 58 60.34 0.001 v 0.0002 v
DP1251.14 0 56 55 4727  0.0643 0.0187 ¥
DP1251.15 0 20 64 sg8s 00688 0.0190 v
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ZH11-TC 0 43 130 33.08
DPO158 0 36 123 29,97

EXAMPLE 18
OAW Assay of OsKUNTTransgenic Bice Plants under Laboratory Conditions

OAW assay of OsKUNT transgenic rice was performed as described in Example 8.
The screening resulis as below.

1} Resulis of the firsi validation experiments

Twelve transgenic lines which were tested in the ACB assay were used in this assay.
These twelve rice lines were placed in one 32-well plaie with four repeats. Five days afier
larvae inoculation, three larvae of 492 larvae found in the OsKUNTIransgenic rice well
developed to 1% instar, and 211 larvae developed to 2" instar. The OAW larvae inhibitory
rate was 43.84%. While, 18 of the 83 larvae in the ZH11-TC wells developed to 2" instar,the
larvae growth inhibitory rate of ZH11-TC seedlings was 21.69%. 27 of the 74 larvae in the
DP0158 seedling well developed to 2" instar. The larvae growth inhibitory rate was 36.49%.
The OAW larvae growth inhibitory rate of OsKUNTiransgenic rice was significantly greater
than ZH11-TC (F value =0.0007) conirol and greater than DP0158 (P value=0.2768)
conirol.

Analysis at line level was displayed in Table 30.Ten lines showed greater OAW larvae
growth inhibitory rates than both ZH11-TC and DPO158 controls, eight lines showed
significantly greater larvae growth inhibitory rates than ZH11-TC, and two lines showed
significantly greaier larvaegrowth inhibitory rates than DP0158 seedlings. Thease results
indicated that over-expression of OsKUNT gene in rice plants had inhibition impact on OAW

larval growth, and OsKUNTiransgenic rice had enhanced OAW tolerance at seedling stage.

Table 30. Armworm assay of OsKUN Tiransgenic rice under laboratory screen condition at
line level (1% experiment)

Number  Number  Number Larvae CK=ZH11-TC CK=DPO158

Line 1D oflarvae  of larvae of total growth

at 1 at2™  observed inhbitoy  puaye P05 Pyalue  P<0.05

instar instar larvae rate (%)
DP1251.02 P 25 47 5818 (.0001 Y 0.0185 Y
DP1251.03 1 19 35 58.33 0.0004 Y (.0351 Y
DP1251.04 0 16 42 3810 0.0595 0.8757
DP1251.05 ¢ 18 48 40.00 0.0352 Y 0.7222
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DP1251.07 0 17 42 40.48 0.0348 Y 0.6944
DP1251.08 ¢ 17 40 42.50 0.0224 Y {1.5438
DP1251.09 { 24 43 55.81 0.0005 Y 0.0503
DP1251.10 0 15 38 35.47 0.0471 Y 0.7527
DP1251.11 ¢ 16 42 38.10 0.0588 {1.8701
DP1251.12 { 11 39 28.21 0.3941 0.4135
DP1251.14 0 11 39 28.21 0.4291 0.3768
DP1251.15 ¢ 22 40 55.00 0.0008 Y {1.0668
ZH11-TC ¢ 18 83 21.69
DPO158 0 27 74 36.49

2) Hesulis of the secondvalidation experiments

Twelve transgenic lines were {ested again. These twelve rice lines were placed in one
32-well plate with six repeats. Five days after larvae inoculation, nine larvae of 767 larvae
found in the OsKUN firansgenic rice wells developed to 1% instar, and 379 larvae developed
to 2™ instar. The OAW larvae inhibitory rate was 51.16%.Whereas, three larvae of the 136
larvae in the ZH11-TC wells developed to 1% instar, and 58 larvae developed to 2™
instar,the larvae growth inhibitory rate of ZH11-TC seedlings was 46.04%. 53 of 127 larvae
in the DP0158 seedling well developed to 2™ instar. The larvae growth inhibitory rate was
41.73%. The OAW larvae growth inhibitory rate of OsKUNTiransgenic rice was greater than
ZH11-TC (P value =0.2580) conlrol and significantly greater than DP0158 {F value=0.0460)
control.

Analysis at line level was displayed in Table 31. Ten lines showed greater OAW larvae
growth inhibitory rates than both ZH11-TC and DPO158 conirols, one line showed
significantly greater larvae growth inhibitory rates than ZH11-TC, and three lines showed
signiticantly greater larvae growth inhibitory rates than DP0158 seedlings. Two lines
(DP1251.03 and DP1251.09) showed better CAW larvae tolerance in the two experiments.
These resuits indicated that OsKUN Ttransgenic rice had enhanced folerance against OAW

larvae al seedling stage.

Table 31 . Armworm assay of OsKUN?transgenic rice under laboratory screen condition
atline level (2" experiment)

Number of Number  Number Larvae CK=ZH11-TC CK=DP0158
; of larvae of toial growth
Line iD larvae at ; N bserved . ui"'b‘
1% instar at observe MDY puaie  P<O05 Pvalue  P<0.05

instar larvae rate (%)

100



WO 2016/000647 PCT/CN2015/083237
DP1251.02 2 29 63 50.77 0.4777 0.1389
DP1251.03 G 34 6t 55.74 0.2114 3.0727
DP1251.04 { 26 66 38.38 0.4006 0.8115
DP1251.05 G 23 64 35.94 0.1851 0.4634
DP1251.07 G 32 67 47.75 0.7586 {1.3682
DP1251.08 { 33 64 51.56 0.4911 (.207
DP1251.09 3 37 67 61.43 0.0391 Y 0.0085
DP1251.10 6 36 61 58.02 0.0787 {1.0229
DP1251.11 1 38 68 57.97 0.101 0.0286
DP1251.12 G 25 54 46.30 0.88957 0.4532
DP1251.14 2 32 66 52.94 0.337 (.1246
DP1251.15 1 34 66 53.73 0.3231 0.1188
ZH11-TC 3 58 136 46.04
DP0o158 0 53 127 41.73

EXAMPLE 19

RSB Assay of OsKUNTTransgenic Rice Plants under Greenhouse Conditions

1} First validation experiment for testing OsKUNT transgenic rice against RSB

To investigate the folerance against RSB, T1OsKUNTY transgenic rice planis which
were waler-cultured for 14 days were used in the RSB assay.

The screening method is similar to the ACB and OAW screening methods. Two leaves
about 4 cm were placed in one well of the 32-well plate, and five RSB larvae were
inoculated on the leaves in one well, they were co-cultured for four days. The scoringscale
in Table 2 was used.

Screening resulfs:

Nine OsKUNT transgenic rice lines were tested, and placed on one 32-well plate with
four repeats. After co-cultured for four days, 891 of the 313 RSBlarvae in the
OsKUNTiransgenic seedlings wells developed to 2™ instar, the average larvae growth
inhibitory rate was 29.07%,; whereas, 14 of the 76 larvae in ZH11-TC seediing
wellsdeveloped to 2" instar; and 15 larvae of all observed 77 larvae inoculated on the
DP0158 seedling developed to 2™ instar. The RSB larvae growth inhibitory rates of
ZH11-TC seediings and DP0158 seedling were 18.42% and 19.48%, respectively. The

RSBlarvae growth inhibitory rate of OsKUNTransgenic rice was greater than that of
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ZH11-TC (P value=0.1278) and DP0158 (£ value=0.1788) controls.

Further analysis at transgenic line level is displayed in Table 32. Seven lines exhibited
greater RSB larvae growth inhibitory rates than ZH11-TC and DP0158 controls; and the
RSB larvae growth inhibitory rates of three lines were more than 35%, significantly grealer
than that of ZH11-TC and/or DP0O158 seedlings. These resulls demonstrate that
OsKUNTtransgenic rice showed inhibitory impact on RSB larval growth and OsKUN7Y plays
a role in increasing RSB insect olerance of transgenic rice seedlings at construct and line

levels.

Table 32.Rice stem borer assay of OsKUNT fransgenic rice planis under faboratory screen
condition at line level (1% experiment)

Nurmber of Number  Number of Larvae CK=ZH11-TC CK=DP0158
; _ of larvae total growth
Line 1D larvae at oind b d i
1instar & observed  Inhibilory  puae  P<0.05  Pvalue  Ps<0.05
instar larvaeg rate (%)
DP1251.12 ¢ 20 36 55.56 0.0004 Y {3.0006 Y
DP1251.19 ¢ 8 34 23.53 0.5512 {1.6445
DP1251.22 { 4 26 15.38 0.6635 0.5818
DP1251.23 ¢ 10 37 27.03 0.2977 {1.3652
DP1251.24 ¢ 13 36 36.11 0.0427 Y (1.0569
DP1251.29 G 14 36 38.89 0.0242 Y 0.0328 Y
DP1251.30 O g 36 25.00 0.4040 {3.4846
DP1251.32 ¢ 5 35 14.2%9 0.5834 1.4994
DP1251.37 { 8 37 21.62 0.6983 0.8029
ZH11-TC ¢ 14 78 18.42
DP0158 ¢ 18 77 19.48

2} Second validation experiment for {esting OsKUNT transgenic rice against RSB

The second OAW assay of OsKUNT transgenic rice was performed as described in
Example 10. The screening results as below,

Fivelines shown better ACB and OAW tolerance were tested in this assay. After fed
RSB for 24-d, the withered heart rale was oblained. As shown in Table 33, DP0O158
seedlings exhibited greater withered heart rate than these five OsKUNT transgenic rice line.
The withered heartratescf DP1251.03 and DP1251.12 were signiticantly lower than that of
DP0158 rice. These results demonstrated thatOsKUNTiransgenic rice exhibited improved

RSB tolerance.
Table 33.Rice stem borer assay of OsKUNfrice plants at Ty generation under greenhouse
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screen condition at fine level (2™ experiment)
Number of Number of plant with  Withered heart

Line 10 total plants withered heart rate (%) Pvalue P=0.05
DP1251.03 96 27 28.13 0.0444 Y
DP1251.05 86 32 33.33 0.2071

DP1251.08 1213] 32 33.33 {.1558

DP1251.12 96 27 28,13 0.0409 Y
DP1251.15 86 27 2813 0.0628

DP0158 96 44 4583

Two fransgenic lines DP1251.12 and DP1251.24 showed better tolerance against ACB
and RSB larvae at Ty generation. Many OsKUNT transgenic lines showed inhibition impact
on ACB, OAW and RSB insect larvae at T: generation. These results showed OsKUNT
fransgenic rice had significant inhibitory impact on the growth and development of ACB,
OAW and RSB insects, indicating that OsKUN1 plays inseclicidalactivities in the polential

broad spectrum.
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CLAIMS

What is claimed is:

1.

An isolated polynuclectide comprising: (a) a polynuclectide with nucleotide sequence of
at least 85% sequence identity to SEQ ID NO: 7, 10, 13 or 186; (b) a polynucleotide with
nuclectide sequence of at least 85% sequence identity 1o SEQ 1D NO: 8, 11, 14 ort17; (¢}
a polynucleoctide encoding a polypeptide with amino acid sequence of at least 80%
sequence identily to SEQ 1D NO: 8, 12, 15 or18; or (d} the full complement of the
nucleotide sequence of (a), (b) or (¢}, wherein over-expression of the polynucleotide in a

plant increases tolerance 1o an insect pest.

. The isolaled polynuclectide of claim1 comprises the nucleotide sequence of SEQ 1D NO:

7, SEQ ID NO: 8, SEQ ID NO: 10, SEQ 1D NO: 11, SEQ ID NO: 13, SEQ ID NQO: 14,
SEQID NG: 16 or SEQ 1D NO: 17,

The isclated polynuclectide of claim 1, wherein the isolated polynuclectide encoded
polypeptide comprises the amino acid sequence comprisaes SEQ ID NO: g, SEQ 1D NO:
12, SEQ ID NO: 15 orSEQ 1D NO: 18.

The isolated polynuclectide of any one ofclaims 1 to 3, wherein the polynucleoctide is
from Oryza sativa, Oryza australiensis, Oryza barthii, Oryza glaberrima, Oryza latifolia,
Oryza longistaminata, Oryza meridionalis, Orvza officinalis, Oryza punciata, Oryza
rufipogon, Oryza nivara, Arabidopsis thaliana, Cicer arietinum, Solanum tuberosum,
Brassica oleracea,Zea mays, Glycine max, Glycine tabacina, Glycine soja or Glycine
fomentella.

A recombinant vector comprising the polynuclectide of any one of claims 1 1o 4.

A recombinant DNA construct comprising the isolated polynuclectide of any one of
claims 1 1o 4 operably linked (o at least one heterclogous regulalory sequence.

A recombinant DNA consiruct comprising an isolated polynucleotide, encoding a
COAZ6 polypeptide, ROMT17 polypeptide, ITP2 polypeptideand KUNT1 polypeptide,
operably linked to al least one heterologous regulatory sequence.

A transgenic plant, plant cell or seed comprising a recombinant DNA construct,
wherein the recombinant DNA construct comprises the polynuciectide of any one of
claims 1 to 4operably linked o at least one heterclogous regulatory sequeance.

A transgenic plant or plant cell comprising in ifs genome a recombinant DNA
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construct comprising polynucleotide of any one of claims 1 io 4 operably linked o al
least one heterologous regulatory element, wherein said plant exhibiis increased
toleranceto an insect pest when compared 1o a control plant.

10. The transgenic plant or plant cell of claim 8, wherein the insect pest is a
Lepidopteran.

11.  The transgenic plant or plant cell of claim 10, wherein the insect pest is Asian Comn
Borer (Ostrinia furnacalis), Rice Stem Borer (Chilo suppressalis), and Oriental
Armyworm (Mythimna separata).

12.  The plant of claim 7 to 11, wherein said plant is selected from the group consisting of
rice, maize, soybean, sunflower, sorghum, cancla, wheat, alfalfa, cotton, barley, millet,
sugar cane and switchgrass.

13. A method of increasing tolerance in a plant o an insect pest comprising
overexpressing at least one polynucieoctide encoding an insect tolerance polypeptide
selected from a COAZ26 polypeptide, ROMT17 polypeptide, 1TP2 polypeptideand KUN1
polypeptide.

14,  The method of claim 13, wherein the polynucleotide comprises: {8) a polynucleotide
with a nucleotide seguence of af least 85% sequence identity to SEQ ID NO: 7, 10, 13
or 16; (b} a polynucleolide with a nucleotide sequence of at least 85% sequence identity
to SEQ ID NO: 8, 11,14 or17; and {c) a polynuciectide encoding a polypeptide with
amino acid sequence of at least 90% sequence identity to SEQ 1D NO: g, 12, 15 or 18.

15. The method of claim 13 or 14, wherein the plant comprises the DNA construct of
claim 7.

16. A method of increasing tolerance in a plant 1o an insect pest, comprising:

(a} introducing into a regenerable plant cell a recombinant DNA construct comprising a
polynucleotide operably linked 1o at least one reguiatory sequence, wherein the
polynucieotide encodes a polypeptide having an amino acid sequence of at least 50%
sequence identity compared to SEQ ID NO: 9,12, 15 0r18;

(b} regenerating a transgenic plant from the regenerable plani cell after siep (a),
wherein the transgenic plant comprises in its genome the recombinant DNA construct;

and
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(c) obtaining a progeny plant derived from the transgenic plant of step (b}, wherein said
progeny plant comprises in its genome the recombinant BNA construct and exhibits
increased folerance to an insect pest when compared to a control plant not comprising
the recombinant DNA construct.

17. A method of evaluating tolerance in a plant to an insect pest, comprising:
(a} introducing into a regenerable plant cell g recombinant DNA consiruct comprising a
polynucleotide operably linked to at least one regulaiory sequence, whergin the
polynucleotide encodes a polypeptide having an amino acid sequence of at least 50%
sequence identity when compared to SEQ 1D NO: 8, 12, 15 or18;
(b} regenerating a transgenic plant from the regenerable plant cell after step (a),
wherein the transgenic plant comprises in its genome the recombinant DNA construct;
(¢} oblaining a progeny plant derived from the transgenic plant, wherein the progeny
plant comprises in its genome the recombinant BNA construct; and
(d} evaluating the progeny plant for tolerance to an insect pest compared to a control

plant not comprising the recombinant DNA consiruct.
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