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(57) Abstract: Transgenic plant species engineered to inhibit aflatoxin production in Aspergillus species, methods of producing
such transgenic plant species that can inhibit aflatoxin production, and compositions for such transgenic plant production. The trans -
genic plants harbor an RNAI cassette expressing dsRNA for an enzyme, such as aflC, that is required for aflatoxin biosynthesis. The

O dsRNA may include at least one, at least two, at least three, or more than three sections of the target enzyme gene.
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TRANSGENIC PLANT SPECIES ENGINEERED TO INHIBIT BIOSYNTHESIS OF
ASPERGILLUS AFLATOXIN

CROSS REFERENCE
{6001} This applicalion claims priority to US., Provisional Patent Application No.
62/169,153, filed June 1, 2015, the specification{s) of which is/are incorparated herein in

their entirety by reference.

FIELD OF THE INVENTION

[80021 The present invention relates to aflatoxins, which are secondary metlabolites
produced by certain species of Aspergiius {e.g.. A flavus, A, parasiticus), more
particularly to fransgenic plant species, such as maize and peanuts, that express RNAI
against a gene required for the biosynthesis of aflatoxin.

BACKGROUND OF THE INVENTION

160031 Aflatoxin is a toxic secondary compound produced by a fungal source and can
be responsible for massive agricultural losses worldwide. i is estimated that 25% of the
world's crops are contaminated with some sort of mycofoxin, aflatoxin being chief
among them. Worldwide there is a net loss of 16 million fons of maize due 1o aflatoxin
confamination. Aflatoxin contamination in crops, and subsequently livestock, threatens
greater agricultural development, food security and human health. The fungus
Aspergifius produces aflatoxins that are toxic and carcinogenic to livestock animals and
humans. When aflatoxin-contaminated foodifeed is ingested i can result in
hepatotoxicity, lver cancer, kwashiorkor and Reye'’s syndrome. Due o its high foxicity
over 100 countries restrict the level of aflatoxin in food and feed. The US Department of
Agriculture regulates the allowable level of aflatoxin in maize for livestock feed and
human consumption. Maize destined for human food and dairy cattle feed has the
tightest limit of 20 paris per billion (ppb). To put this number into perspective, 1 ppb is
equivalent fo a single drop of water in a 21,700 gallon (82,135 fiter) swimming poot or
from a tme perspective, 1 secin 31.7 yrs.

{8004  The present invention features fransgenic plant species engineered fo inhibit the
bicsynthesis of Aspergilfus aflatoxin, methods of producing said transgenic plant
species, and compositions used for the production of said transgenic plant species. The
transgenic plant species express RNAI against an Aspergiflus gene required for the
biosynthesis of aflatoxin. For example, the present invention features transgenic maize
{or peanut plants) comprising a cassette engineered to express RNAI against a gene
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{e.g., afiC) required for Aspergifius aflatoxin blogsynthesis. Inventors have produced nine
transgenic lines of maize (cullivar B73 hybrd) by Agrobaclerium-mediated
transformation and have confirmed by molecular means the insertion of both the bar
selectable marker gene, conferring the added bialaphos herbicide resistance frait, and
the RNAI gflatoxin suppression cassette. To date, two lines have been bred fo
homozygosity. Resulis from preliminary on-plant cob Aspergillus infections, with
subsequent foxin guantification, indicates this RNAI sirategy is effective to reduce
aftatoxin by at least 80% in developing transgenic maize kernels.

{8005} The strategies may be effective to suppress aflatoxin in any appropriate affected
crop system {e.g., the promoter used in the RNAI construct/casselte may be changed to
express in the target tissue of the target crop). The present invention is not timited to
maize and peanut planis. For example, in some embodiments, the plant is cotton, cobra,
soybean, sorghum, millet, rice, elc.

SUMMARY OF THE INVENTION

[a0B6}  The present invention features fransgenic plant species engineered {o inhibit the
biosynthesis of Aspergiffus aflatoxin, methods of producing sald transgenic plant
species, and compositions used for the production of said transgenic plant species. For
example, the present invention features a transgenic plant species {e.g., maize species,
peanut species, elc.) engineered to inhibit biosynthesis of Aspergiffus aflatoxin, e.g., to
inhibit biosynthesis of a polyketide synthase (e.g., afiC). The major aflaloxins that
contaminate agricultural commodities, e.g., B1 (AFB,), B2 (AFB;), G1 (AFG,), and G2
{AFG;), and their chemical structures, are known to one of ordinary skilt in the art. A
detalled exemplary biosynthetic pathway can be found in Yu et al,, 2004, Appl Environ

Microbiol 70(3):1253-1262).

[6007} The present invention features an RNAI cassetle, wherein the casselle
comprises a dsRNA template and a selectable marker {e.g., bialaphos resistance (bar)
gene) under control of a plant-specific promoter {e.g., endosperm, glycinin, elc.). The
dsRNA template comprises a sequence for at least one section {at least two sections, at
least three sections, more than three sections, efc.) of a gene encoding an enzyme
{e.g., afiC) required for Aspergiflus aflatoxin biosynthesis. The present invention is not
limited to the aforementioned promoters or selectable markers. The present invention is
not limited {o maize and peanut plants.

{6008} In some embodiments, one or more of the sections of the gene {encoding the
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enzyme, e.g., aflC) used in the cassette are from 50 to 400 bp in length. Ih some
embodiments, one or more of the sections of the gene are from 100 to 300 bp in length.
in some embodiments, one or more of the sections of the gene are from 150 to 250 bp
in length {e.g., from 190-210 bp, e.g., 200 bp, etc.). In some embodiments, the
sequence for fargeting a section of the gene is at least 90% homologous to its target
sequence. In some embodiments, the sequence for targeting a section of the gene is at
least 85% homologous to its targset sequence. In some embodiments, the sequence for
targeting a section of the gene is at least 88% homologous to its target sequence. In
some embodiments, the sequence for targeting a section of the gene is af least 90%
homologous to its target sequence. In some embodiments, the sequence for targeting a
section of the gene is at least 95% homologous to its fargel sequence. In some
embodiments, the sequence for targeting a section of the gene is at least 99%
homologous to its farget sequence. In some embodiments, the RNAI cassette is within a
host {e.g., Agrobacterium).

{80097 The present invention also features an RNAI complex comprising at least a
section of an MRNA of an enzyme required for Aspergilius aflatoxin blosynthesis {e.g.,
afiC), e.g., a farget mRNA sequence of the enzyme; and a siRNA direcied to the target
mRNA sequence of the mRBNA for the enzyme required for Aspergilus aflatoxin
biosynthesis {e.g., aflC}, wherein the siRNA is hybridized to the target mRNA sequence.
In some embodiments, the enzyme required for Aspergiffus aflatoxin blosynthesis is
afliC. In some embodiments, the siRNA is from 20 to 25 bp in length. In some
embodiments, the siRNA is at least 80% homologous {o its target mRNA sequence. in
some embodiments, the siRNA is at least 99% homologous fo ifs target mRNA

sequence.

{8018 The present invention also features an RNAI complex comprising RISC and a
siRNA directed to a target mRNA sequence of an mRNA for an enzyme required for
Aspergiflus aflatoxin biosynthesis. In some embodiments, the enzyme required for
Aspergiffus aflatoxin biosynthesis is aflC. In some embodiments, the siRNA is from 20 to
25 bp in tength. In some embodiments, the siRNA is at least 80% homologous to its
target mMRNA sequence. In some embodiments, the siRNA is at least 99% homologous

to its target mRNA sequence.

{8011} The present invention also features a method of producing a fransgenic plant
species. For example, in some embodimeants, the method comprises infroducing to a



WO 2016/196654 PCT/US2016/035300

plant species an RNAI casselte according {0 the present invention. The RNAI cassetie
may be within a host {e.g., Agrobactenium), wherein the host is capable of infroducing

the RNAI cassette into the plant species {2.g., via infection}.

{86121 In some embodiments, the method comprises infroducing to a host an RNAI
casselte according o the present invention, and transferring the RNAI cassette from the
host to a plant species. In some embodiments, the RNAI casselte is introduced into the
host via eleclroporation. The present invention is not limited to these methods. For
example, in some embaodiments, fransgenic planis can also be produced by particle
bombardment {e.g., biolistics).

{6013} The present invention also features an RNAI cassetie comprising a dsRNA
template and a selectable marker both operatively finked {o a plant-specific promoter,
wherein the dsRNA tempilate encodes at least two sections (e.g., two, at least three,
three, more than three, etc.) of a gene of a polyketide synthase of Aspergiffus aflatoxin
biosynthesis (e.g., alfC), wherein the dsRNA template is adapted to produce RNAi fo
inhibit synthesis of the polyketide synthase of Aspergiffus aflatoxin biosynthesis. In some
embodiments, the dsRNA template comprises SEQ 1D NO: 2. In some embodiments,
the sections of the gene of the polyketide synthase span at least 75% of a length of the
gene of the polyketide synthase, at least 30% a length of the gene of the polyketide
synthase, at least 95% of the gene, etc. In some embodiments, the sections of the gene
of the polyketide synthase are from 100 to 300 bp in length. in some embodiments, the
plant-specific promoter comprises an endosperm promoter or a glycinin promoter. n
some embodiments, the selectable marker comprises a bialaphos resistance (bar) gene.
in some embodiments, the cassetle is within a host, e.g., Agrobacterium.

{6014} The present invention also features a transgenic plant {e.g., maize, peanut, etc.)
engineered {o inhibit synthesis of Aspergilfus aflaioxin, wherein the transgenic plant
expresses an RNAI cassette according to the present invention. The daRNA template is
expressed in the transgenic plant thereby producing RNAI adapted to inhibit synthesis of
the polyketide synthase. The present invention also features a kit comprising an RNAI
cassette according to the present invention. The present invention also features a host
{e.g., Agrobacterium)} comprising an RNA} cassstte according to the present invention.
The present invention also features a method of producing a fransgenic plant
engineered to inhibit synthesis of Aspergilus aflatoxin. in some embodiments, the
method comprises infroducing to a plant a host comprising an RNAI cassetie according
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to the present invention, wherein said host infroduceas the RNAI casselle into the plant,
wherein the RNAI cassetle is expressed in the plant thereby producing RNAI adapled to
inhibit synthesis of the polyketide synthase of Aspergiffus aflatoxin biosynthesis.

(6015}  Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included in any such
combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skill in the arl. Additional
advantages and aspects of the present invention are apparent in the foliowing detailed
description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{6016} FiG. 1A shows an example of an RNAI casselte to farget suppression of the
Aspergillus polyketide synthase [aflC {pksA}, 2109 amino acids] gene by targeling three
sections simultaneously in a single cassette. The funclion of the polykstide synthase is
imperative to the production of aflatoxins. Since the aflC gene is over 7 kb in length, a
single RNAJ cassefie was formead that targels three segments of the gene in areas that
have displayed no homology to the host plants or downstream consumers. In some
embodiments, the sequence of the target gene is placed in inverted tandem repeats o
praoduce a hairpin RNA. The RNAI casselte shown in FIG. 1A was placed under a
promoter, e.g., the endosperm specific promoter for maize transformation, the glycinin
seed specific promoler for peanut transformation, elc. Note: 1 = section 1, 2 = section 2,
3 = section 3). in some embodiments, section 1 is a 5 region of the gene, e.g., afiC
gene. In some embodiments, section 2 is a middie region of the gene, e.g., aflC gene. In
some embodiments, section 3 is a 3 region of the gene, e.g., aflC gene. I some
embodimenis, the casselie comprises 1 section. In some embodiments, the casselle
comprises 2 sections. In some embodiments, the cassette comprises 3 sections. In
some embodiments, the cassette comprises more than 3 sections.

[117] FIG. 1B and FIG. 1C show additional examples of RNAI cassettes. The present
invention is not limited to the casseties of FIG. 1B and FIG. 1C.

{80181 FIG. 2 shows prebiminary aflatoxin assays on RNAI afil transgenic maize
kernels from line #5 (RNAIP aflC line #5, homozygous), line #20 (RNAI aflC #20,
heterozygous), and nontransgenic control (B73 cultivar). Kernels deemed highly infscted
and medium-low infected with Aspergilius were subjected o aflatoxin TLC analysis. The
graphs show aflatoxin levels detected in ppb. Both RNAI aflC lines show much reduced

levels of aflatoxin {80% in high infected kernels and nondetectable levels in medium-low
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infection kemels).

{8019} FIG. 3 shows RT-PCR analysis of total RNA isolated from developing kernels.
c¢DNA produced from RNA isolated from 2 plants of 3 transgenic RNAIAFL lines (4, 5,
20} and a null plant were used to amplify a 168 bp segment of the inserted RNAIAFL
cassetle (top) and amplify a 280 bp endogenous maize gene (GAP; glyceraldehyde 3
phosphate dehydrogenasel{lanes 1-7 ¢cDNA from transgenics; lane 8 genomic DNA
from AFLline 4a). The presence of the RNAI cassette amplicon indicates its expression
in the lines tested and not in the nult control. Control amplification indicates cDNA was
amplified in transgenic cDNA samples, not genomic DNA as indicated by the amplicon
size difference.

{60201 FiG. 4 shows a graphical representation of fog 2 ppb toxin levels detected in
tested fransgenic RNAIAFL lines {see Example 2) with ANOVA with post-hoc Tukey
HSD performed at 95% confidence levels statlistical analysis. Means displaying different
letters are significantly different {p <0.001}. Values are represented as an average of 3

or 4 replicates + standard error.

TERMS

[8021] Unless otherwise explained, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art fo which a
disclosed invention belongs. The singular terms "a” "an.” and “the” include plural
referents unless context clearly indicates otherwise. Similarly, the word “or” is intended
fo include “and” unless the context clearly indicates otherwise. “Comprising” means
“including.” Hence "comprising A or B" means “including A” or “including B” or "including
Aand B

{6022} Suitable methods and materials for the practice andfor testing of embodiments
of the disclosure are described below. Such methods and materials are illustrative only
and are nof intended 1o be limiting. Other metheds and materials similar or equivalent to
those described herein can be used. For example, conventional methods well known in
the art {o which the disclosure pertaing are described in varicus general and more
specific references, including, for example, Sambrook et al, Molecular Cloning: A
Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, 1889, Sambrook af
al., Molecuiar Cloning: A Laboratory Manual, 3d ed., Cold Spring Harbor Press, 2001;
Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing Associates,
1982 {and Supplements fo 2000); Ausubel et al., Short Protocols in Molecular Biology: A
Compendium of Methods from Current Protocols in Molecular Biology, 4th ed., Wiley &
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Sons, 1989; Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, 1980, and Harlow and Lane, Using Antibodies: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, 1899, the disclosures of which are incorporated in
their entirety by reference herein.

160231 All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. Although methods and materials
similar or equivalent {o those described herein can be used {o practice or test the
disclosed technology, suitable methods and materials are described below. The
materials, methods, and examples are iflustrative only and nof intended to be limiting.

{6024} Complementary: As used herein, "complementary” is a term that may be used
to indicate a sufficient degree of complementarily such that stable and specific binding
oceurs between a compound of the invention and a target RNA molecule. Specific
binding requires a sufficient degree of complementarity 1o avoid non-specific binding of
the oligomeric compound to non-farget sequences under conditions in which specific
binding is desired, e.g., under physiclogical conditions in the case of in vivo assays, or
in the case of in vitro assays, under conditions in which the assays are performed. The
non-target sequences may differ by a cerain number of nuclectides. In some
embodiments, an RNAI compound is "complementary” 1o a target, e.g., a target mRNA,
stuch that the RNAI compound silences production of protein encoded by the target
mRNA.

160257 RNAI: The term “RNA interference” (RNAI} was coined after the discovery that
injection of dsRNA info the nematlode C. slegans leads to specific silencing of genes
highly homologous in sequence 1o the delivered dsRNA (Fire et al., 1988). RNAI is
closely linked to the postdranscriptional gene-silencing (PTGS) mechanism of co-
suppression in plants and guelling in fungi {(Catalanotto et al., 2000; Cogoni and Macing,
1989; Dalmay et al., 2000, Ketlling and Plasterk, 2000; Mourrain et al., 2000; Smardon
et al., 2000} and some components of the RNAI machinery are also necessary for post-
franscriptional silencing by co-suppression {Catalanotio et al., 2000; Demburg et al.,
2000; Ketlling and Plasterk, 2000}, The topic has been reviewed extensively, see Bass,
2000; Bosher and Labouesse, 2000; Fire, 1989, Plasterk and. Ketting, 2000; Sharp,
1999; Sien and Kooter, 2000, see also the entire issue of Plant Molscular Biclogy, vol.
43, issue 2/3, (2000} in plants, in addition to PTGS, introduced transgenes can alsp
lead to transcriptional gene silencing via RNA-directed DNA methyiation of cytosines
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{see references in Wassenegger, 2000). Genomic targets as short as 30 bp are
methylated in plants in an RNA-directed manner (Pelissier, 2000). DsRNA triggers the
specific degradation of homologous RNAs only within the region of identity with the
dsRNA {Zamore et al,, 2000). The dsRNA is processed to 21-23 nt RNA fragments
{Zamore et al., 2000). RNA molecules of similar size also accumulate in plant tissue that
exhibits PTGS (Hamilton and Baulcombe, 1899},

{80261 VectoriConstruct: Any nucleic acid that acts as a carrier for other {e.g., foreign)
nucleic acld sequences thal are not native to the vector. When introduced into an
appropriate host cell, a vector may replicate itself (and, thereby, the foreign nucleic acid
sequence) or express at least a portion of the foreign nucleic acid seguence. in one
context, a vector is a linear or circular nucleic acid into which a nucleic acid sequence of
interest is infroduced (for example, cloned} for the purpose of replication {e.g.,
production) andfor manipulation using standard recombinant nucleic acid techniques
{e.g., restriction digestion). A vector can include nucleic acid sequences thatl permit if {o
replicate in a host cell, such as an origin of replication. A vector can also include one or
more selectable marker genes and other genetic elements known in the art. Common
vectors include, for example, plasmids, cosmids, phage, phagemids, artificial
chromosomes {e.g., BAC, PAC, HAC, YAQ), and hybrids that incorporate features of
more than one of these types of vectors. Typically, a veclor includes one or more
unique restriction sites {and in some cases a mulli-cloning site) fo facilitate insertion of a

farget nucleic acid seguence.

DESCRIPTION OF PREFERRED EMBODIMENTS

{8027} There are at least 16 structurally refated Aspergilfus aflatoxins that have been
characterized. For example, B1 {(AFB4), B2 (AFBy), G1 {AFG,), and G2 (AFG,) are the
major aflatoxins that contaminate agricultural commodities.

160287 The present invention fealures fransgenic plant species engineered to inhibi
aflatoxin production in Aspergillus by expressing RNAI against a gene reguired for
aflatoxin biosynthesis. The present invention also features methods of producing said
fransgenic plant species, as well as compositions {2.g., lools, compounds, molecules,
{e.g., RNAI cassetltes, efc.), elc.} for the production of said transgenic plant species. For
example, the present invention features fransgenic maize plants or peanut plants
comprising an RNAI construct, wherein the RNAI constructed is engineered {o express
RNAi against an Aspergiius aflaloxin biosynthesis gene, eg., afiC. In some
embodiments, the RNAI construct comprises an endosperm-specific RNAI suppression
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[6036] Table 2 below shows a synthetic sequence engineered for the RNAI construct.
The sequence comprises the three sections of the gene targeted for RNAI {see Table 1).
Slashes {/) are used for clarity to show the separation of the sections of the target gene
{e.g., the sequence in Table 2 comprises three sections of the target gene). In some
embodiments, the sections of the target gene are connecled together without additional
{e.g., linking) nuclectides. In some embodiments, the sections of the target gene are
separated by one or more linking nucleotides.

Table 2: Synthetic RNAI sequence {SEQ ID NO: 2)
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{6031} The present invention is not limited to the example shown in Table 2 (SEQ ID
NO: 2} {or the examples shown in Table 4 (SEQ ID NQO: 6-8)). For example, other
nuclectides in the gene may be targeted (for example, as long as they don't have
significant homology 1o sequences in the expressing plant or possible consumers). For
example, while SEQ {D NQO: 2 comprises three seclions corresponding o nucleotides
3041-3250, 4444-4631, and 5842-6141 of SEQ ID NO: 1, the sections of the target gene
may be selected from cother nucleotides of SEQ 1D NO: 1. In some embodiments, a
section comprises a sequence {(befween 100 to 300 nucleotides) starting from any
nucleotide, e.g., nucleotide 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 20, 30, 40, 50, 80, 70, 80, 90,
100, 110, 120, 130, 140, 150, 160, 170, 180, 180, 200, 300, 400, 500, 600, 700, 800,
Q00, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 3000, 4000,
5000, 8000, etc., e.g., a nucleotide selected from nucleotides 1-500, 500-1000, 1000-
1500, 1500-2000, 2000-2500, 2500-3000, 3000-3500, 3500-4000, 4000-4500, 4500-
5000, 5000-5500, 5500-6000, 6000-6584, efc. In some embodiments, the combination
of sections used for the template span 25% of the gene seguence. In some
embodiments, the combination of sections used for the template span 30% of the gene
sequence. In some embodiments, the combination of sections used for the template
span 40% of the gene sequence. In some embodiments, the combination of sections
used for the template span 50% of the gene seguence. in some embuodiments, the
combination of sections used for the template span more than 50% of the gene
seguence. In some embodiments, the combination of sections used for the template
span at least 75% of the gene sequence. In some embodiments, the combination of
sections used for the template span at least 80% of the gene sequence. In some
embodiments, the combination of sections used for the template span at least 80% of
the gene sequence. In some embodiments, the combination of sections used for the
template span at least 85% of the gene sequence. In some embodiments, a section
comprises SEQ ID NO: 3, eg., nuclectides 12-214 of SEQ 1D NO: 2. In some
embodiments, a section comprises SEQ 1D NO: 4, e.g., nucleotides 215-412 of SEQ 1D
NO: 2. In some embodiments, a section comprises SEQ 1D NQ: §, e.g., nucleotides 413-
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612 of SEQ 1D NG: 2.

Table 3
SEQ D
NO: Beguencs
3
4
tecorasguoastgysscaaciicoouysyge
gttogotacceagooggmigehagionygas
5 .
coecacactttacogetgtgguugatgty
gogooeggatgoncaagutbeg

{6032} Table 4 shows non-limiting examples of alternative synthetic RNAI sequences,
e.g., alternative sequences of sections used for the RNAT construct, wherein the RNAI
sequences are at least 80% homologous o the targel sequences, e.g., at least 30%
homalogous to SEQ 1D NO: 3. The nucleotides in bold represent the differences from
the actual farget nucleic acid sequence {e.q., afiC). The present invention is not limited
to the examples shown in Table 3; the examples are for the purposes of describing
sequences that have at least 80% homology to the fargel sequence {e.g., aflC). Note
that the sequences below only comprise one section of the afiC gene. As previously
discussed, in some ambodiments, the RNAI ssgusnce may comprise two or more
sections of the target gene. In some embodiments, the RNAI sequence may comprise
three or more sections of the gene.

Table 4
%
Exampla Ssquenca of Symhaﬁc RNAI Homelogy
1 glhaagogygceqgyaaehtoth
{SEQID | agsgeguegehacton a2
NO: 8}
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tgagetggectgaatbaatboeooigasgagaeagtiocantauda
tanggugagaytiotttoggecasaganytoggtt thattggtoaa
2 agagoggagetactocaggage (\ti;gaf:aacc;scgqgtcv:: tgraatgolygy
(SEQID | . A 95
. Tehasd scaggateatgacty
NO: 7} .
3
(SEQID 98
NO: 8}

160331 The dsRNA of the invention may optionally comprise a single stranded
overhang at either or both ends. in some embodiments, the double-stranded structure
may be formed by a single self- complementary RNA strand (e.g., forming a hairpin
toop) or two complementary RNA strands. RNA duplex formation may be initiated either
inside or outside the cell. When the dsRNA of the invention forms a hairpin oop, it may
optionally comprise an intron and/or a nucleotide spacer, which is a stretch of
nuclectides between the complementary RNA strands, o stabilize the hairpin sequence
in celis. The RNA may be infroduced in an amount that allows delivery of at least one
copy per cell. Higher doses of double-stranded material may yield more effective
inhibition

{80341  As used hersin, the term "nucleic acid construct” means a nucleic acid molecule
capable of transporting another nucleic acid to which i is linked. One type of nucleic
acid construct is a vector, which can be a transformation vector or an expression vector,
Another type of nucleic acld construct of this invention is a "plasmid,” which refers fo a
circular double stranded nucleic acid loop into which additional nucleic acid segments
can be ligated. Another type of nucleic acid construct is a viral vector, wherein additional
niscleic acid segments can be ligated into a viral genome. Cerain vectors are capable of
autonomous replication in a plant cell into which they are introduced. Other vectors are
integrated into the genome of a plant cell upon introduction into the plant cell, and are
then replicated along with the plant cell genome. Moreover, certain vectors can direct
the exprassion of genes or coding sequences to which they are operatively linked. Such
vectors are referred to herein as “expression vectors." In some embodiments of this
invention, an expression vector can be a viral vector {e.g., potato virus X; tobacco rattle

virus, Geminivirus).
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[8033]  An expression vectar of the invention can comprise a nucleic acid of the
invention in a form suitable for expression of the nucleic acid in a plant cell, which
means that the expression vector includes one or more regulatory sequences, selected
on the basis of the plant cells {0 be used for expression, which is operatively linked to
the nucleic acid sequence to be expressed. With respect to an exprassion vector,
“operatively linked" is intended to mean that the nuclectide sequence of interest is linked
{o the requiatory sequence(s) in a manner which allows for expression of the nucleotide
sequence {e.9., in a plant celt when the vector is introduced into the plant celt). The term
"regulatory sequence” is intended to include promoters, enhancers, and other
expression conirel elements {e.g., polyadenylation signals) as are well known in the art.
Regulatory sequences include those that direct constitutive expression of a nucleotide
sequence in many types of host cells and those that direct expression of the nucleotide
sequence only in certain host cells or under certain conditions. It will be appreciated by
those skilled in the art that the design of the expression vector can depend on such
factors as the choice of the host cell to be transformed, the level of expression of dsRNA
desired, etc. The expression vectors of the invention can be introduced into plant cells to
thereby produce dsRNA molecules encoded by nucleic acids as described herein.

{8036} In some embodiments, the expression vector can comprise a regulatory
sequence operably linked 1o a nucleotide segquence that is a template for one or both
strands of the claimed dsRNA molecules. In one embodiment, the nucleic acid molecule
further comprises a promoter flanking either end of the nuclelc acid molecule, wherein
the promoters drive expression of each individual DNA strand, thereby generating two
RNAs that hybridize and form the dsRNA, In another embodiment, the nucleic acid
molecule comprises a nucleotide sequence that is transcribed into both strands of the
dsRNA on one transcription unit, wherein the sense strand is franscribed from the 5 end
of the transcription unit and the antisense strand is transcribed from the 3' end, wherein
the two strands are separated, e.g., by about 3 fo about 500 basepairs, and wherein
after transcription, the RNA transcript folds on itself 1o form a hairpin. In accordance with
the invention, the spacer region in the hairpin transcript can be any nucleic acid
fragment.

{6037}  In some embodiments of this invention, the infroduced nucleic acid molecule
may be mainiained in the plant cell stably i it is incorporated into a non-chromosamal
autonomous replicon or integrated into the plant chromosomes. Alternatively, the

introduced nucieic acid molecule may be present on an extra~-chromosomal non-
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replicating vector and be transiently expressad or transiently active. Whether present in
an extra-chromosomal non-replicating vector or a vector that is infegrated into a
chromosome, the nucleic acid molecule can be present in a plant expression cassetie. A
plant expression cassetle can contain regulatory sequences that drive ge e exprassion
in plant cells that are operably linked so that each sequence can fulfill its function, Yor
example, termination of transcription by polyadenylation signals. In some embodiments,
polyvadenyiation signals can be those originating from Agrobacterium tumefaciens {-DNA
such as the gene known as octopine synthase of the Ti-plasmid pTIACHS (Gielen et al.
EMBO J, 3:835 (1984)) or functional equivalents thereof, but also all other terminators
functionally active in plants are suitable. A plant expression cassette of this invention
can also contain other operably linked sequences like transiational enhancers such as
the overdrive-sequence containing the 5-untranslated leader sequence from tobacco
mosaic virus enhancing the polypeptide per RNA ratio (Gallie et al, Nucl, Acids
Research 15:8683-8711 (1987)}.

{80381 A nucleic acid molecule of this invention can be introduced into a cell by any
method known to those of skill in the arl. In some embodiments of the present invention,
transformation of a plant cell of this invention can comprise nuclear {ransformation. In
other embodiments, fransformation of a plant cell of this invention can comprises plastid

transformation {e.g., chloroplast transformation).

160391 Procedures for fransforming plants are well known and routine in the art and are
described throughout the literature. Non-limiting examples of methods for transformation
of plants include fransformation via bacterial-mediated nucleic acid delivery {e.g., via
Agrobacteria}, viralkmediated nucleic acid dslivery, silicon carbide or nucleic acid
whisker- mediated nucleic acid delivery, liposome mediated nucleic acid dslivery,
microinjection, microparticle bombardment, calcium-phosphate-nediated
fransformation, cyclodextrin- mediated transformation, electroporation, nanoparticle-
mediated transformation, sonication, infiltration, PEG-mediated nucleic acid uptake, as
well as any other electrical, chemical, physical {mechanical} and/or biological
mechanism that results in the introduction of nuclelc acid into the plant cell, including
any combination thereof. General guides to various plant transformation methods known
in the art include Miki et al. ("Procedures for Introducing Foreign DNA info Plants” in
Metheds in Plant Molecular Biology and Bictechnology, Glid . B. R. and Thompson, J. E,
Eds. (CRC Press, Inc., Boca Raton, 1993), pages 67-88) and Rakowoczy-Trojanowska
{Cell. Mol. Biol. Lett. 7:849-858 (2002)).
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{80407 Thus, in some embodiments, the introducing inte a plant, plant part andfor plant
cell is via bacterial-mediated transformation, particle bombardment transformation,
calcium- phosphate-mediated transformation, cyclodextrin-mediated transformation,
electroporation, liposome-mediated fransformation, nanoparticle-mediated
transformation, polymer-mediated transformation, virus-mediated nucleic acid delivery,
whisker-mediated nucleic acid delivery, microinjection, sonication, infiltration,
poivethylenagiycol-mediated fransformation, any other electrical, chemical, physical
andfor biological mechaniam that resulls in the introduction of nucleic acid into the plant,

plant part andior cell thereof, or any combination thereof,

{6041} Agrobacterium-mediated transformation is a commonly used method for
transforming plants, in particular, dicot plants, because of its high efficiency of
fransformation and because of its broad ulility with many different species.
Agrobacterium-mediated transformation typically involves transfer of the binary vector
carrying the foreign DNA of interest to an appropriate Agrobacterium strain that may
depend on the complement of vir genes carned by the host Agrobacterium strain either
on a co-resident Ti plasmid or chromosomally (Uknes et al. (1883) Plant Cell 5:158-
169). The transfer of the recombinant binary vecior to Agrobacterium can be
accomplished by a triparental mating procedure using Escherichia coli carrying the
recombinant binary vector, a helper E. coli strain that carries a plasmid that is able to
mobilize the recombinant binary vector to the target Agrobacterium strain. Alternatively,
the recombinant binary vector can be transferred o Agrobacterium by nucteic acid
fransformation (Hofgen & Willmitzer (1988} Nucleic Acids Res. 16:9877).

{6042} Transformation of a plant by recombinant Agrobacterium usually involves co-
cultivation of the Agrobacterium with explants from the plant and follows methods well
known in the art. Transformed tissue is regenerated on selection medium carrving an
antibiotic or herbicide resistance marker between the binary plasmid T-DNA borders.

160431 Ancther methad for transforming plants, plant parts and plant cells involves
propelling inert or biclogically active particles at plant tissues and cells. See, 8.g., US
Patent Nos. 4,945,050; 5,036,008 and 5,100,792, Generally, this method involves
propelling inert or biologically active particles at the plant cells under conditions effective
to penetrate the outer surface of the cell and afford incorporation within the interior
thereof. When inert particles are ulilized, the vector can be introduced into the cell by
coating the particles with the vector containing the nucleic acid of this invention.
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Alternatively, a cell or cells can be surrounded by the vegclor so that the vector is carried
into the cell by the wake of the partticle. Biologically active particles {e.g., dried yeast
ceils, dried bacterium or a bacteriophage, each containing one or more nucleic acids
sought to be infroduced) also can be propelied into plant tissue.

16044} Thus, in particular embodiments of the present invention, a plant cell can be
transformed by any method known in the art and as described hersin and intact plants
can be regenerated from these fransformed cells using any of a variety of known
tachniques. Plant regeneration from plant cells, plant tissue culture andfor cultured
protoplasts is described, for example, in Evans et al. {Handbook of Plant Cell Cultures,
Vol. 1, MacMillan Publishing Co. New York {(1983)); and Vasii I. R. (ed.) {Cell Culture
and Somatic Cell Genetics of Plants, Acad. Press, Orlando, Vol. 1 {1884), and Vol i
{1986)). Meathods of selecling for transformed transgenic plants, plant cells and/or plant
tissue culture are routineg in the ait and can be employed in the methods of the invention
provided herein.

{00437 Likewise, the genetic properties engineered into the fransgenic seeds and
plants, plant parts, and/or plant cells of the present invention described above can be
passed on by sexual reproduction or vegetative growth and therefore can be maintained
and propagated in progeny plants. Generally, maintenance and propagation make use
of known agricultural methods developed {o fit specific purposes such as harvesting,

sowing or tilling.

{80461  In some embodiments, a nucleotide seguence therefore can be introduced into
the plant, plant part and/or plant cell in any number of ways that are well known in the
art. The methods of the invention do not depend on a particular method for introducing
one or more nucleotide sequences into a plant, only that they gain access to the interior
of at least ane cell of the plant.

{8047} In some embodiments, the present invention provides a crop comprising a

plurality of any transgenic plant of this invention, planted together in an agricultural field.

{60487 Example 1 describes the production of ransgenic plants of the present
invention, €.g., aflatoxin-free transgenic peanuts/maize (e.4., production of Aspergilus
resistant aflatoxin-free transgenic peanut/maize by co-expressing, individually and

together, the cell-penetrating antifungal plant defensing RNAI suppression cassetite
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directed against an aflatoxin biosynthesis gene). The present invention is not limited to
the methods, systems, and components described herein.

[6049] Transgenic maize plants can be {ransformed and regenerated expressing an
endosperm-specific RNAI suppression cassette targeted to the polyketide synthase
aflatoxin biosynthesis gene {RNAI aflC). Transgenic peanut plants can be transformed
and regenerated expressing a seed-specific RNAI suppression cassetie fargeted to the
polyketide synthase aflatoxin biosynthesis gene {RNA/ afiC). The resultant transgenic
plants (e.g., maize kernels, peanut seeds) can be analyzed for Aspergifius resistance

and aflatoxin production compared to nontransgenic tissue.

[0050) RNAI aflC fransgenic maize and peanut plants have been regenerated: Aflatoxin
biosynthesis has been proposed o involve at least 23 enzymatic reactions (see FIG. 2).
Many of the aflatoxin pathway genes and their corresponding enzymes have been
characterized. Sterigmatocystin is the ulimate precursor of all aflatoxin biosynthesis so
impeding its production would preciude production of aflatoxins. The first dedicated step
in the production of sterigmatocystin is the formation of polyketide from acetate, and
three enzymes catalyze this: two fatty acid synthases and a polyketide synthase. The
polyketide synthase afiC (pksA) is a unigue enzyme in this pathway and therefore is a
candidate to {argel by RNAI technology. The afiC polykelide synthase gene has been
cloned {Genbank 247108, 142788, L42766) from both A.flavus and A.parasiticus and it
is a large, over 7 kb, gene encoding for a 2109 amino acid protein. Of the 24 putative

A flavus polykelide synthases only affC (pksA) has been experimentally characterized.

[80311  The present invention extended recent scientific findings that small non-cading
RNA molecules (siRNA) are able o pass between plants and their fungal pathogens.
RNAI cassettes were produced that target a pivotal step in the aflatoxin biosynthesis
pathway of Aspergillus and this cassetle was expressed in stably transformed maize
and peanut plants in relevant tissue. i was targeted to suppress the aflC polvketide
synthase gene as i is an early step in the pathway to all aflatoxin compounds and it is
very large and specific in sequence o the fungal pathogen; that is, there is no significant
homaology o the Aspergillus afiC gene in the maize or peganut genome or any possible
consumer genome {e.g., humans, cattle, pigs, elc.}). Since the gene is 7 Kb and in some
embodiments, the expression is completely suppressed {not just a truncated version
that may still partially function), three 200 bp sections of the polyketide affiC gene were
suppressed simultaneously (see FIG. 1A). Without wishing fo fimit the present invention
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o any theory or mechanism, it is believed that the use of three sections of the gene for
suppression would ensure its complete silencing. The sequences chosen fo use in the
RNAI polyketide synthase construct do not have any homology to sequences within the
host plant genomes or downsiream consumers (as the intention is to specifically
suppress the production of the Aspergiffus polyketide synthase gene and o cause no
gene regulation disruption in the crops or consumers). FIG. 1B shows a detalled
schematic of a cassetlte of the present invention. The present invention is not limited {o
the components or configurations shown in FIG. 1B.

{8052} Two plant expression cassetles were constructed using the RNAI polyketide
synthase: for maize the RNAI was placed under the 1.1 kb zein endosperm-specific
promoter in a vecior with bialaphos resistance; for peanut, the RNAI was placed under
the 1kb glycinin cotyledonary-specific promoter in a vector with kanamycin resistance.
Maize transgenic plants were obtained via Agrobacterium transformation of a B73 hybrid
line. There were nine independently produced lines in the T2 generation. Two lines have
been confirmed {o be homozygous.

[8053]  As peanut transformation is not as sstablished as maize transformation, it took
nearly a year {o produce PCR-positive transgenic peanut plantlsts via Agrobacterdum-
mediated transformation. The regeneration of roots from positive peanut culfures was
problematic. It was surprisingly discovered that regeneration could be successful when
using a step involving activated charcoal to absorb residual hormones used in the shoot-
induction media steps. The present invention is not limited to these methods. For
example, in some embodiments, grafting of transgenic shoots to nontransgenic peanut
roots may be employed, e.4g., to overcome the rooting problem.

[0054}] RNAI aflC maize kernels display noteworthy reduction in aflatoxin post
Aspergilius infection compared o nontransgenic control, Two lines {of transgenic RNA}
affC maize lines in the T2 generation) have progressed {0 homozygosity.

180551 To simulate an infection of aflatoxin-producing Aspergiilus in maize growing in a
field, preliminary testing has been performed on developing kernels on cobs on plants
growing in a contained greenhouse. The procedure involves inoculating ~10,000 spares
in 10 mb suspension of A flavus AF13 {a known high producing aflatoxin isolate) into
both RNAI &fiC lines and nontransgenic control using a cork borer. The protocol is
outlined as Atehnkeng et al., 2008 Food Additives and Contamiinants Part A 25:1264.
Fertitized cobs from two RNAI afiC lines {line #5 homozygote; line #20 segregating) and
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nontransgenic B73 cultivar all at R2 development (10 days after pollination} were
infected. The infection was allowed 1o proceed for 1 wk. Kernels around the point of
infection were harvested and assayed as above for aflatoxin load by TLC. Kernels were
grouped from each infected cob by the following categories: damaged {physically
damaged by injection), highly infected (extensive fungal growth), medium-low infected
{less fungal growth)}, no infection (no visual fungal growth), Kemnels from the groupings
weare collectively weighed and used as starting material for the extraction and analysis of
aflatoxin. FiG. 2 shows preliminary resuls of the aflatoxin TLC readings.

{8036} The aflatoxin TLC analysis shows a reduction in aflatoxin accumulated in
Aspergifius-infected RNAI afiC maize kemels compared to control nontransgenic
kermnels. In both the visual grouping of highly infected kermels and medium-low infected
kernels, the RNAT afiC lines tested had ~80% reduction and non-detectable toxin levels,
respectively. A number of kemels from each category were pooled, weighed before
aflatoxin extraction and detection. The pooling of the kernels aids in the reduction of the
variation seen in fungal infection within individual kernels. The limit of detect for this TLC
fluarescence method is 20 ppb. Maize kernels infected in this manner typically produce
30,000 ppb aflatoxin and a comparable aflatoxin level in the nontrangenic maize highly
infected kernels was seen, giving credibility that the assay was conducted correctly.

EXAMPLE 2

160571 Example 2 describes examples of RNAI cassette production and production of
fransgenic plants. The present invention is not limited {o the methods, systems, and
components described herein.

{80381 An RNAI cassette consisting of 3 head-to-tail sections of the Aspergifius afiC
gene was constructed to ensure the fungal transcript was fully targeted and degraded by
suppression. The RNAI cassette was expressed in a kernel-specific manner in
fransgenic maize {see FIG. 1C). A 1.1 kb gamma-zein endosperm-specific promoter
was used o direct expression of the RNAI cassetie targeting suppression of the fungal
poivketide synthase gene in a vecior having bialaphos resistance as a plant selectable
marker. Maize transgenic plants were obtained via Agrobacterium-mediated
transformation of a B73 hybrid line. Transgenic maize lines were grown to the T3
homozygous generation by repeated rounds of regeneration and molecular analysis.
Plants were screened by genomic PCR for the presence of the selectable marker gene
as well as leaf painting assays {3 mgfmi glufosinate ammonium) to determine the
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expression of the bialaphos resistant selectable marker. Exprassion of the RNaAI
cassetle was determined by RT-PCR analysis of cDNA produced from total RNA
extracted from 10-12 day post pollination kemnels {see FIG. 3). Shown is the presence of
a 189 bp amplicon in the RNAIAFL transgenic samples tested (lines 4, §, 20) and not in
segregating null control kernels indicating expression of the inserted RNAI cassetie in
the transgenic lines tested. An internal maize gene, GAP, was amplified as a control,
Genomic DNA ampiification using the GAP primers will produce a 591bp amplicon {lane
8} which ¢cDNA amplification will produce a 280 bp amplicon. The 280bp amplicon
present in the transgenic samples indicates that there was no contaminating genomic
DNA present in the samples 1o indicate the expression of the inserted RNAIAFL
casselie.

180591 Transgenic RNAI expressing lines were infected with tdn-producing
Aspergiflus strain and subseguent toxin detection and quantification to assess if the
inserted RNAI cassetie was successful and capable of suppression of aflatoxin
production. Kernals from the RNAIAFL transgenic maize plants display non-detectable
levels of aflatoxin post Aspergiffus infection compared 1o non-transgenic null controls
{see FIG, 4). To simulate an infection of aflatoxin-producing Aspergiflus in maize, a
pathogen challenge was performed on developing kernels on cobs on planis growing in
a contained greenhouse. The procedure involves inoculating ~10,000 spores in 10 mbL
suspension of A flavus AF13 (a high producing aflatoxin isolate) into two RNAIAFL lines
{4, 20) and segregating null controls using a cork borer. Briefly, ferlilized cobs from
plants from two homozygous RNAIAFL lines and three null B73 hybrid controls alt at R2
development {10 days after pollination) were infected. The infection was allowed to
proceed for 1 month. Kernels around the point of infection were harvested (~5-6
kernelsfinfection), combined and assayed for aflatoxin load by TLC. FIG. 4 shows the
results of the aflatoxin TLC readings {graphic log 2 scale} (raw data notf shown). The
lowest fimit of detection for this TLC fluorescence method is ~90 ppb. Three different
plants of RNAIAFL4 were infected and assayed along with 2 plants of RNAIAFL20 and 3
segregating nontransgenic plants of the same cultivar (nulls), RNAIAFL4, for example,
had 3 planis (AFL-4a, b, ¢} having 3-4 infections each (FIG. 4). Although there is
considerable variability from plant-to-plant in the extent of fungal growth, the resulls
consistently show null plants displaying toxin loads of hundreds-thousands ppb while no
toxin can be detected in any of the RNAIAFL transgenic lines. Gene expression analysis

of DNA isolated from infected material testing both a fungal gene (the suppression
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targeted polvketide synthase gene) and majze gene {glyceraldehyde-3-phosphate
dehydrogenase) quantified via real time PCR shows that comparable fungal tissue,
indicative of fungal growth, is present in transgenic maize kernels with no toxin detected
{FIG. 4). The results of the aflatoxin assays indicate that RNAI suppression cassetltes
expressed in crop plants is effective to eliminate aflafoxin production in infected maize.

160607  Construction of RNAI polyketide synthase (aflC) Cassetle

{8061} Synthetic DNA was produced {o incorporate 3 tandem sections of the polyketide
synthase {afiC) mRNA from Aspergifius parasitus that would constitute the arnms of the
RNAI silencing cassette. A 606 bp chimeric synthetic fragment homologous to the afiC
gene consisted of 5 restriction enzyme sites Xbal and Xhol followed by a 208bp from
nuclectide regions 3041-3250, 197 bp from regions 4444-4641, 00 bp from regions
5942-6142 {(numbering according to Genbank accession 142768}, with 3’ Hindill and
Spei restriction sites. Both the synthetic DNA and plasmid containing a constructed
intron, pkan-intron? were double digested with Xhol/Spel and ligated. After confirmation
of the first arm of the synthetic DNA adjacent to the infron was confirmed by digests, the
second arm was placed inverted by the double digest of Xbal/Hindlll. Confirmation of
both arms around the intron were confirmed by digestion and referred {o as phairpinaflC.
The 1.1 kb g zein promaoter from maize (kindly provided by K. Wang, lowa Siate
University), was moved into the pMONS39 vector by double digest of Psti/EcoRL.

The pzein/MONS99 plasmid was then digested with Xbal while the phalrpinafiC digested
with Notl, both blunted by T4 DNA polymerase. The blunt-end ligation of the liberated
1.8 kb phairpin placed the RNAI cassette between the g zein promoter and NOS
terminator. Insertion of the cassette and its correct orientation in reference to the
regulatory elements was confirmed by sequencing using independently a g zein
promoter primer {(SGATCCCATCAAGCTTATCGATACT', SEQ ID NO: 8) or NOS
terminator primer (5'CCAAATGTTTGAACGATCGGG 3, SEQ 1D NO: 10). The gene
expression cassetle zeinhairpinaflC was then placed by NOT1 digest and T4 DNA
polymerase blunt end into 8mal digested pTF101.1, an Agrobacterium binary vector
harboring bar resisiance {phosphinothricin acetyltransferase) under the enhanced 358
CaMV promoter {(Gateway). The resullant cassette is hereby referred to as RNAIAFL
{see FIG. 1C). All enzymes were used as according to manufacturer’s instructions

and purchased from New England Biolabs.

160621 Transgenic maize production
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{6063} Maize (Zea mays Hill hybrid A188 and B73 background) was transformed with
pRNAIAFL construct via Agrobacterium-mediated transformation2 by the lowa State
Plant Transformation Facility (hitp:/agron-www.agron.iastate.edu/ptf/). Nine bialophos
resistant ines were received as plantlets and regenerated and screened by both
molecular polymerase chain reaction to detect the zeinnRNAIAFL construct with the
genomic DNA (data not shown)} and by leaf painting assays. The tips of young maize
piantlets, 1.5 inch adaxial tip surface of fully expanded leaf of 8-10 days old seediings,
were sprayed with a glufosinate ammonium (3 mgimi; Oakwood Products) with the
sprayed area marked with pen. Glufosinate resistance was scored visually 7 days after
painting. Plantlets expressing the Bar gene displayed good resistance with no
observable marks in the sprayed area after 7 days while segregating null plantlets
displayed necrosis of the painied area as soon as 1-2 days after application. Three lines
were grown o homozygosity by repetitive self-pollination and giufosinate leaf painting
assays.

{6064} RNAIAFL Expression in Transgenic Maize

{6065} For expression analysis of RNAIAFL transcript, three homozygous transgenic
lines, AFL4, AFLS and AFL20 and a non-transgenic {(null) were used. Kernels of stage
13-15 DAP were harvested and flash frozen in liquid nitrogen. RNA was extracted with
TRizol LS Reagent (Ambion-Thermo Fisher Scientific) from 6 kernels ground {o fine
powder using mortar and pestle and ~100 mg for each preparation. For each transgenic
and non-transgenic lines two biological replicates were performead. DNase treatment
was performed on ~25 ug total RNA in 50! total volume using 0.1 volume 10X TURBO
DNase Buffer and 1 pl (2 U ) TURBO DNase as suggested for TURBO DNA-free Kit
{Ambion- Thermo Fisher Scientific) and incubated 37°C for 20—-30 min. The RNA
samples were then incubated with 5§ pl of DNase inactivation Reagent and incubated
for 5 min at room temperature. Upon Centrifugation the DNA-free tofal RNA were used
for reverse transcription. For reverse transcription RevertAid First Strand cDNA
Synthesis Kit {Thermo Scientific) was used. For this ~ 1 pyg DNA free RNA was mixed
with 1 gl random primers and 9 gl 2M Betaine monohydrate (Fluka - Sigma-Aldrich} and
heat denatured RNA was used for 1st strand synthesis using components as suggested
at 250C for 5 min, 450C for 1 hr foliowed by heat inactivation at 720C for Smin. The 5
pl volume from 0.1 X diluted cDNA was used for PCR analysis using 0.4 mM each

of forward primer gRTZRSeg1 (5-GTAGCTTTCGACAGCCAGCAT-3, SEQ D NO: 11)
corresponding fo segment 1 of Right arm and, and reverse primer NosSeq
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(5’ CCAAATGTTTCAACGATCGGG-3, SEQ 1D NO: 12) corresponding to NOS
terminator sequences. The reaction mixiure included 1X PCR buffer, 0.2 mM each
dNTPs, and 2.5 U of Tag DNA polymerase (NEB} and, 50% volume of 2M Betaine. As
an internal control, oligonucleotides ZmGARP_EX8 &'
S{TCTGGATCGTCTCGGTTGTTGA)3 (SEQ ID NO: 13) ZmGAP_EX10_ ¥
S{CTTCGAACATGTGGCGGATCAG)S (SEQ 1D NO: 14), corresponding to
housekeeping gene GADPH {Genbank X155986.1) were used with expected amplicon
sizes of 591 and 280 with genomic DNA and cDNA, respectively. The PCR cycles were
set as 940C for 2 min followed 34 cycle of 940C for 30 sec, 530C for 30 sec and 7200
for 1 min. The ampilified products were separated on 1% agarose gel {Sigma, USA)
mixed with 0.8 pgimi ethidium bromide (Sigma, USA) along with GeneRuler 1kb plus
DNA ladder.

[8066]  Various modifications of the invention, in addition to those described herein, will
be apparent {o those skilled in the art from the foregoing description. Such modifications
are also intended to fall within the scope of the appended claims. Each reference cited

in the present application is incorporated herein by reference in its entirety.

{6067} Although there has been shown and described the preferred embodiment of the
present invention, it will be readily apparent to those skilled in the art that modifications
may be made thereto which do not exceed the scope of the appended claims.
Therefore, the scope of the invention is only to be limited by the following claims.
Reference numbers recited in the claims are exemplary and for ease of review by the
patent office only, and are not imiting in any way. In some embodiments, the figures
presented in this patent application are drawn {0 scale, including the angles, ratios of
dimensions, etc. In some embodiments, the figures are representative only and the
claims are not limited by the dimensions of the figures. In some embodiments,
descriptions of the inventions described herein using the phrase “comprising” includes
embodiments that could be described as “consisting of’, and as such the written
description requirement for claiming one or more embadiments of the present invention

using the phrase “consisting of" is met.
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WHAT IS CLAIMED IS

1.

An interfering ribonucleic acid (RNAI) cassete comprising a double-stranded
ribonucleic acld (dsRNA} template and a selectable marker both operatively
finked to a plant-specific promoter, the dsRNA template encodes at least two
sections of a gene of a polyketide synthase of Agpergifius aflatoxin biosynthesis,
wherein the dsRNA {emplate is adapted {o produce RNAI to inhibit synthesis of
the polyketide synthase of Aspergifius aflaloxin biosynthesis.

2. The RNAI cassette of claim 1, wherein the polyketide synthase is afiC.

The RNAI cassetie of claim 1, wherein the dsRNA template encodes three
sections of the gene of the polyketide synthase.

The RNAI cassetie of claim 3, wharein the three sections are SEQ D NO: 3, SEQ
1D NO: 4, and SEQ 1D NO: 5.

The RNAI cassette of claim 1, wherein the dsRNA template comprises SEQ D
NG: 2.

The RNAI cassette of claim 1, wherein the sections of the gene of the polyketide
synthase span at least 75% of a length of the gene of the polyketide synthase.
The RNAI cassetie of claim 1, wherein the sections of the gene of the polyketide
synthase span at least 90% a length of the gene of the polyketide synthase.

. The RNAI cassetie of claim 1, whersin the sections of the gene of the polyketide

synthase are from 100 to 300 bp in length.
The RNAI cassette of claim 1, wherein the plant-specific promoter comprises an

endosperm promoter or a glycinin promoter.

10.The RNAI cassette of claim 1, wherein the selectable marker comprises a

bialaphos resistance {bar} gene.

11.The RNAI cassetie of claim 1, wherein the cassetie is within a host.

12.The RNAI cassette of claim 11, wherein the host is Agrobacterium.

13.A kit comprising an interfering ribonucleic acid {RNAI) casselie comprising a

double-stranded ribonuclelc acid (dsRNA) template and a selectable marker both
operatively linked to a plant-specific promoter, the dsRNA template encodes at
least two sections of a gene of a polyketide synthase of Aspergifius aflatoxin
biosynthesis, wherein the dsRNA template is adapted to produce RNAI to inhibit

synthesis of the polyketide synthase of Aspergifius aflatoxin biosynthesis.

14, A host comprising an interfering ribonucleic acid {RNAI) cassette, the RNAI

casseite comprises a double-stranded ribonucieic acid {dsRNA) template and a
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selectable marker both operatively linked to a plant-specific promoter, the dsRNA
template encodes gt least two sections of a gene of a polyketide synthase of
Aspergillus aflatoxin biosynthesis.

15.The host of claim 14, wherein the hostis Agrobacterium.

16.A method of producing a transgenic plant engineered to inhibit synthesis of
Aspergillus aflatoxin, said method comprising introducing to a plant a host
comprising an interfering ribonucleic acid (RNAI) cassstie, the RNAI casselte
camprising a double-stranded dbonucteic acid {(dsRNA} temiplate and a
selectable marker both operatively linked to a plant-specific promoter, the dsRNA
template encodes at least two sections of a gene of a polyketide synthase of
Aspergillus aflatoxin biosynthesis; wherein said host introduces the RNA
cassette into the plant, wherein the RNAI cassetle is expressed in the plant
thereby producing RNAI adapted to inhibit synthesis of the polyketide synthase of
Aspergiflus aftatoxin blosynthesis.

17.The method of claim 16, wherein the host is Agrobacterium.

18.A transgenic plant engineered {0 inhibit synthesis of Aspergiffus aflatoxin, the
fransgenic plani expresses an interfering ribonucleic acid (RNAI) cassetie, the
RNAI cassette comprising a double-stranded ribonucleic acid {(dsRNA} template
and a selectable marker both operatively linked to a plant-specific promoter, the
dsRNA template encodes at least two sections of a gene of a polyketide synthase
of Aspergillus aflatoxin biosynthesis, wherein the dsRNA template is sxpressed in
the transgenic plant thereby producing RNAI adapted 1o inhibit synthesis of the
polyketide synthase.

18.The transgenic plant of claim 18, wherein the polyketide synthase is afiC.

20.The transgenic plant of claim 18, wherein the daRNA template encodes three
sections of the gene of the polyketide synthase.

21.The fransgenic plant of ¢laim 18, wherein the three sections are SEQ 1D NO: 3,
SEQ ID NQ: 4, and SEQ 1D NO: 5.

NO: 2,

23.The transgenic plant of claim 18, wherein the sections of the gene of the
polyketide synthase span at least 75% of a length of the gene of the polyketide
synthase.

24. The fransgenic plant of claim 18, wherein the sections of the gene of the
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polyketide synthase span at least 80% a length of the gene of the polyketide
synthase.

25.The transgenic plant of claim 18, wherein the sections of the gene of the
palyketide synthase are from 100 to 300 bp in length.

26.The transgenic plant of claim 18, wherein the plant-specific promoter comprises
an endosperm promoter or a glycinin promoter.

27 .The fransgenic plant of claim 18, wherein the selectable marker comprises a
bialaphos resistance (bar) gene.

28.The transgenic plant of claim 18, wherein the plant is a maize species or a peanut

species.
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