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FUNGAL RUST-INDUCIBLE PROMOTER

{0001} The present invention relates {0 a promoter that is induced by fungal rust. More
specifically, the promoter of the invention is induced by the pathogen Phakopsora pachyrhizi,

i.e. the Asian Soybean Rust.

Background
[0002] Plant pathogens, including fungi, bacteria, viruses, are responsible for many diseases
on cultivated crops, which can lead 1o significant crop losses usually considered 1o be between

20 t0 40% of expecied yields.

[0003] Rusts are plant diseases caused by fungal basidiomycete pathogens of the order
Pucciniales. They are considered one of the most harmiful plant pathogens in agriculture. They
constitute a group of devastating plant pathogens causing enormous losses on cereal and
legume corops worldwide (Brown and Howvmeller, 2002, Science 297. 537-541). Their
importance was highlighted in 2012, when Puccinia spp. infecting cereals were nominated third
among the top ten fungal pathogens (Dean ef al, 2012, Mol Plant Path. 13; 414-430).
Examples of economically important rust diseases include those caused by fungi of the species
Puccinia graminis on wheat, Puccinia striiformis on wheat, Uromyees phaseoli and Uromyces

appendiculatus on bean, or Phakopsora pachyrhizi on soybean.

[0004] Asian Soybean Rust is the disease caused 10 soybean crops (Glvcine max) by the
fungus Phakopsora pachyrhizi. This disease has dramatically expanded over the last years in
many geographies where soybean crops are cultivated, and is causing severe losses on these
crops (Hartman et al., 2011, Food Security 3: 5-17).

[0005] Many genes have been identified to be induced in soybean plants after infection by
Phakopsora pachyrhizi (Tremblay ef al, 2010, Plant Science 178: 183-183; Tremblay ef &/,
2011, Sequencing 2011: 1-14).

[0008] Among the genes induced in planis after infection by any fungus, chilinase genes are
known (Punja ef al,, 1993, J. Nemaiology 24(4); 526-540). Chitinases are indeed considered to
be part of the plant defense arsenal against fungi, in particular as enzymes having the capacity

{0 degrade chitin, i.e. the main component of fungi’'s cell wall.

[0007] Plants usually have many genes encoding different isoforms of chitinases, which have
been grouped in four main classes, namely Class | chitinases 1o Class 1V chitinases (Punja ef

al, 1993, J. Nemaiology 24(4). 526-540). Some of these chilinases are expressed
1
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constitutively in the plants, and some have their expression induced by various factors, The
induced chitinases have been shown {0 become expressed afier infection by various pathogens
(viruses, bacteria, fungi). Plant genes encoding chifinases have alsc been shown o be induced
by the substrate of chitinases, chitin, i.e. the main component of fungal cell walls. These genes
have also been shown 1o be induced by several phytohormones known 1o be involved in plant
defense reactions, like for example ethyiene, salicylic acid or jasmonic acid. Because of these
various sources of induction, induction of plant chitinases is usually considered o be non-
speacific (Punja ef g/, 1993, J. Nematology 24{4): 526-540).

0008} Among many other genes, chitinases have also been shown 1o be induced in soybean
during infection by Phakopsora pachyrhizi. In particular, Tremblay ef al have reporied that
several genes encoeding chitinase proteins are up-regulated during infection, including a Class
iV chitinase, and these authors further emphasized from other studies that these genes are
also induced following jasmonic acid synthesis (Tremblay ef &/, 2010, Plant Science 179: 183
193).

Description of the invention
0009] The present inventors have identified a promoter of a soybean chitinase gene that is
surprisingly induced by fungal rusts, more specifically by the Asian Soybean Rust, Phakopsora

pachyrhizi.

[0010] Contrary to all known plant chitinase genes, the promoter of the chitinase gene
according to the invention is neither induced by chitin, or by the usual phvichormones known to
be involved in plant defense. It is alsc not induced by wounding, and aiso appears not to be
induced by some cther fungi. The promoter according io the invention seems {0 be specifically

induced by fungal rusts, more specifically by the Asian Soybean Rust, Phakopsora pachyrizi.

[0011] In one aspect, the invention provides an isolated nucleic acid comprising fungal rust-
inducible promoter activily selected from the group consisting of (a) a nucleic acid comprising a
nucieotide sequence of SEQ 1D NO: 1 or a functional fragment thereof, (b) a nucleic acid
comprising a nuclectide sequence having at least about 95% sequence identity 1o SEQ D NO:
1 or a functional fragment thereof, and {¢) the nucleic acid of a funclional promoter hybridizing
under stringent conditions 1o the nucleotide sequence of SEQ D NO: 1, or a functional

fragment thereof.

(00121 SEQ 1D NO: 1 represents the ca. 3,5 kbp long sequence of the promoter upstream of
the translation start of a gene encoding a chitinase enzyme in the soybean plant, Glycine max.

2
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SEQ ID NO: 1 is a preferred promoter fragment in this invention. However, alternative
functional fragments may be used. Such functional fragment would preferably be longer than 1
kbp, longer than 2 Kbp, or longer than 3 kbp conseculive nucleotides upstream of the
franscription start site and promote transcription of an operably linked nucleic acid preferentially
in a fungal rust-inducible manner. A promoter fragment according to the invention may thus
comprise a nucleotide sequence of SEQ 1D No: 1 from the nucleotide at position 3400 o the
nucieotide at position 3454, Alternatively, a promoter fragment according to the invention may
thus comprise a nucleotide sequence of SEQ D No: 1 from the nuclectide at position 3300 to
the nucleotide at position 3484, Yet another promoter fragment according 1o the invention may
thus comprise a nucleotide sequence of SEQ D No: 1 from the nuclectide at position 3200 to
the nuclectide at position 3454, Still ancther promoter fragment according 1o the invention may
thus comprise a nucleotide sequence of SEQ D No: 1 from the nuclectide at position 3100 to
the nucleotide at position 3454, Yet another promoter fragment according o the invention may
thus comprise a nucleotide sequence of SEQ D No: 1 from the nuclectide at position 3000 to
the nucleotide at position 3454, Another promoter fragment according to the invention may thus
comprise a nucleciide sequence of SEQ 1D No: 1 from the nucleotide at position 2500 to the
nucieotide at position 3454, Yet another promoter fragment according to the invention may thus
comprise a nucleciide sequence of SEQ 1D No: 1 from the nucleotide at position 2000 to the
nucieotide at position 3454, Still another promoter fragment according to the invention may thus
comprise a nucieotide sequence of SEQ D No: 1 from the nucleotide at position 1500 to the
nucleotide at position 3454, Yet another promoter fragment according to the invention may thus
comprise a nucieotide sequence of SEQ D No: 1 from the nucleotide at position 1000 to the
nuclieotide at position 3454, A further promoter fragment according to the invention may thus
comprise a nucleotide sequence of SEQ ID No: 1 from the nucleotide at position 500 to the

nucleotide at position 3454,

[0013] The nucleic acid comprising the fungal rust-inducible promoter aclivity according to the

invention may also be comprised in a larger DNA molecule.

[0014] According to the invention, the promoter nudcleic acid has fungal rust-inducible activity.
"Fungal rust-inducible promoter activity" means that the promoter activity is at least 2 times, or
at least 5 times, or at least 10 times, or at least 20 times or even at least 100 times higher when
the plant or plant part is subjected to infection by a fungal rust than in control condition. In other
words, in fungal rust-inducible promoter aclivity, transcription of the nucleic acid operably linked
{0 the promoter of the invention is at least 2 times, or at least 5 times, or at least 10 times, or at
ieast 20 times or even at least 100 times higher when the plant or plant part is subjected to a

fungal rust infection than in control condition. In other words, the fungal rust-inducible promoter
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controls expression of the nucleic acid operably linked to #.

[0015] According to a preferred embodiment, the promoter nucleic acid according to the
invention also has fungal rust-specific promoter activity. “Fungal rust-specific promoter activity”
means that the activity of the promoter is specifically induced by a fungal rust, and by no other

elements or groups of fungl.

0016] According to another embodiment, the fungal rust-inducible activity of the promoter
nucteic acid according to the invention is g local inducibility at the point of infection. Preferably,
this local inducibility has no systemic effect, i.e. does not spread within the plant beyond the

point of infection by the fungal rust.

[0017] The “fungal rust” capable of inducing, preferably specifically, the promoter according 1o
the invention is preferably the fungus Phakopsora pachyrhizi,

[0018] As used herein, "promoter” or “functional promoter” means a region of DNA sequence
that is essential for the initiation of transcription of DNA, resulting in the generation of an RNA
molecule that is complementary to the transcribed DNA; this region may also be referred to as
a "5 regulatory region”. Promoters are usually located upstream of the coding sequence o be
franscribed and have regions that act as binding sites for RNA polymerase Il and other profeins
such as transcription factors (trans-acting protein factors that regulate transcription) to initiate
franscription of an operably linked gene. Promoters may themselves contain sub-elements (i.e.
promoter molifs) such as cis-elements or enhancer domains that regulate the transcription of
aperably linked genes. The promoters of this invention may be altered to contain "enhanocer
DNA" 1o assist in elevating gene expression. As is known in the anl, certain DNA elements can
be used o enhance the transcription of DNA. These enhancers often are found 5' {0 the stari of
transcription in a promoter that functions in eukaryotic cells, but can ofien be inserted upstream
(&% or downstream (39 to the coding sequence. In some instances, these 5' enhancer DNA
elements are introns. Among the introns that are useful as enhancer DNA are the &' introns
from the rice actin 1 gene {(see US5641878), the rice actin 2 gene, the maize alcohol
dehydrogenase gene, the maize heat shock protein 70 gene {(see US5583874), the maize
shrunken 1 gene, the light sensilive 1 gene of Solanum tuberosum, the Arabidopsis histone 4
infron and the heat shock protein 70 gene of Pefunia hybrida (see US5858122). A preferred
enhancer element according to the invention is the transcription activator of the tobacco etch
virus (TEV) described by Carrington & Freed (1880, J. Virol 84(4):1590-7). Thus, as
contemplated herein, a promoter or promoter region includes variations of promuoters derived by
inserting or deleting regulatory regions, subjecting the promoter {0 random or site-directed

mutagenesis, etc. The activity or strength of a promoter may be measured in tferms of the
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amounis of RNA it produces, or the amount of protein accumulation in a cell or tissue, relative

{0 a promoter whose transcriptional activity has been previously assessed.

0019] A “functional fragment” of a promoter according to the invention shall at least have both
the functionality of a promoter, and the functionality of being spedifically induced by a fungal
rust. Promoter aclivity for a functional promoter fragment under fungal rust infection may be
determined by those skilled in the art, for example using analysis of RNA accumulation
produced from the nucleic acid which is operably linked to the promoter as described herein,
whereby the nucleic acid which is operably linked to the promoter can be the nucleic acid which
is naturaily linked to the promoter, i.e. the endogenous gene of which expression is controlied

by the promuoter.

[0020] The RNA accumulation, or levels of RNA, such as mRNA, can be measured either at a
single time point or at mutltiple time points and as such the Told increase can be an average fold
increase or an exirapolated value derived from experimenially measured values. As it is a
comparison of levels, any method that measures mRNA levels can be used. in a preferred

aspect, the tissue or organs compared are leaf tissues.

[0021] The fungal rust-inducible expression capacity of the identified or generated fragment of
the promoter can also be conveniently fested by operably linking such DNA molecules {0
another DNA molecule encoding an easily scorable marker, such as e.g. a beta-glucuronidase
(GUS) gene, introducing such a recombinant gene inte a plant and analyzing the expression
patiern of the marker in the plant, e.q. the leaves, as compared with the expression pattern of
the marker in a8 conirol plant. Other candidates for a marker {or a reporter gene) are
chicramphenicol acety! transferase (CAT) and proteins with fluorescent properties, such as
green fluorescent protein (GFP) from Aequora victoria. To define a minimal promoter region, a
DNA segment representing the promoter region is removed from the 5 ' region of the gene of
interest and operably linked to the coding sequence of a marker (reporier) gene by recombinant
DNA techniques well known 1o the art. The reporter gene is linked downstream of the promoter,
s¢ that transcripts initiating at the promoter proceed through the reporter gene. Reporter genes
generally encode proteins, which are easily measured, including, bul not limited to,
chiocramphenicol acetyl transferase (CAT), beta- glucuronidase (GUS), green fluorescent
protein {GFP), beta-galactosidase (beta-GAL), and luciferase. The expression cassetie
containing the reporter gene under the control of the promoter can be introduced into an
appropriate cell type by transfection technigues well known to the arl. To assay for the reporter
profein, cell lysates are prepared and appropriate assays, which are well known in the art, for
the reporter protein are performed. The level of enzyme activily corresponds to the amount of
enzyme that was made, which in furn reveals the level of expression and the fungal rust-
)
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specific functionality from the promoter or promoier fragment of inferest. This level of
expression can aiso be compared {0 other promotlers to determing the relative strength of the
promoter under study. Once aclivity and functionality is confirmed, additional muiational and/or
deletion analyses may be emploved {0 determine the minimal region and/or seguences
required to initiale transcription. Thus, sequences can be deleted at the 5 end of the promoter
region and/or at the 3 ' end of the promoter region, and nucleotide substitutions infroduced.
These constructs are then again intreduced in cells and thelr activity and/or functionality
determined.

0022] |t will herein further be clear that equivalent, i.e. orthologous, fungal rust-inducible
promoters can be isolated from other plants than Glyeine max, that are also known o be hosts
of the pathogen Phakopscra pachyrhizi, such as for example other plants of the Fabaceae
family, like e.g. Cajanus cajan, Lupinus sp., Phaseolus vulgaris or Vigna unguiculaia. To this
end, orthologous promoler fragments may be isolated from other plants using SEQ 1D NO: 1 or
a functional fragment having at least 800 consecutive nucleotides thereof as a probe and
identifying nucleotide sequences from these other plants which hybridize under the herein
described hybridization conditions. By way of example, a promoter of the invention may be
used to screen a genomic library of a crop or plant of interest to isolate corresponding promoter
sequences according to techniques well known in the art. Thus, a promoter sequence of the
invention may be used as a probe for hybridization with a genomic library under medium to high
stringency conditions. As an alternative, equivalent promoters can be isolated using the coding
sequences of the genes controlled by the promoters of SEQ D NO: 1, L.e. chilinases, to screen
a genomic library {(e.g. by hybridization or in sifico) of a crop of interest. When sufficient identity
between the coding sequences is obtained (for example, higher than 95%> identity), promoter

regions can be isclated upstream of the orthologous genes.

[0023] Suitable to the invention are nucleic acids comprising fungal rust-inducible promoter
activity which comprise a nucleotide sequence having at least 85%, at lsast 98% or at least
899% sequence identity io the herein described promoters and promoter regions or functional
fragments thereof and are aiso referred {0 as variants. The term “variant” with respect 1o the
iranscription regulating nucleotide sequence SEQ ID NO: 1 of the invention is intended to mean
subsiantially identical sequences. Naturally occurring allelic variants such as these can be
identified with the use of well-known molecular biology techniques, as, for example, wilh
polymerase chain reaction (PCR) and hybridization technigues as herein outlined before.
Variant nucleotide seguences also include synthetically derived nucleotide sequences, such as
those generated, for example, by using site-directed mutagenesis of SEQ D NO: 1. Generally,

nucleotide sequence variants of the invention will have generally at least 95%, e, 96%, 97%,
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88% or 98% nucleotide sequence identity o SEQ ID NO:1 or a funclional fragment thereof.
Derivatives of the DNA molecules disciosed herein may include, but are not limited to, deletions
of sequence, single or multiple point muiations, alterations at a particular restriction enzyme
site, addition of functional elements, or other means of molecular modification which may
enhance, or otherwise alter promoter expression. Technigues for obtaining such derivatives are
well-known in the art (see, for example, J. F. Sambrook, D. W. Russell, and N. Irwin (2000)
Molecular Cloning: A Laboratory Manual, 3™ edition Volumes 1, 2, and 3. Cold Spring Harbor
Laboratory Press). For example, one of ordinary skill in the art may delimit the functional
elements within the promoters disclosed herein and delete any non-essential elements.
Functional elements may be maodified or combined o increase the utility or expression of the
sequences of the invention for any particular application. Those of skill in the art are familiar
with the standard resource materials that describe specific conditions and procedures for the
construction, manipulation, and isolation of macromolecules (e.g., DNA molecules, plasmids,
etc.}), as well as the generation of recombinant organisms and the screening and isolation of

DNA molecules.

[0024] In accordance with the present invention, the term "seguence identity” is 1o be
understood as the number of nucleotides of a polynucieoctide that are identical to the
nucieotides of another polynucleotide, expressed as a percentage of the iotal number of
nucleotides of a considered length of such polvnuclectides. Sequence identity is preferably
determined by comparing the sequences of the polynucleotides of the present invention with
other polynuclectides using appropriate sequence alignment computer programs based on
global or local alignment algorithms.

if the polynucleotides that are compared have different lengths, the percentage of sequence
identity is 1o be determined in such a way that the number of respectively nuclectides of the
shorier sequence that are in common with the longer sequence, determines the length over
which the percentage of sequence identity is determined. These computer programs usually
use the Needleman and Wunsch global alignment algorithm o align two sequences over their
entire iength, maximizing the number of maiches and minimizing the number of gaps.
Generally, the default parameters are used, with a gap creation penally = 10 and gap extension
penalty = 0.5 (both for nucieotide and protein alignments). Preferably, identity is determined by
means of the computer program Clustalw, which is well known and available to the public
{(Thompson et al., 1894, Nucleic Acids Research 22, 4673-4880). ClustalW is made publicly
available on hitp//www.ebi ac.uk/ftools/clustaiWa/index himl.

Preferably, Version 2.1 of the ClustalW computer program is used io determine the identity

between the nuclectide sequence of the nucdleic acid molecules according to the invention, for

example, and the nucleotide sequence of other nucleic acid molecules. In doing s0, the
7
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following parameters must be set: KTUPLE=2, TOPDIAGS=4, PAIRGAP=5, DNAMATRIXIUB,
GAPOPEN=10, GAPEXT=5, MAXDIV=40, TRANSITIONS: unweighted.

0025] According to the present invention, the termn ‘hybridizing under siringent conditions’
refers to conditions under which a polynucieotide hybridizes (usually designed as a probe) o
another one with a detectably greater degree than o other polynuclectides {e.g., at least 2-fold
over background). Stringent conditions are sequence-dependent and differ according to
circumstances. By controlling the stringency of the hybridization and/or washing conditions,
polynucleotides that are 100% identical in sequence {0 a polynuclectide probe can be identified
{(homologous probing). Alternatively, stringency conditions can be adjusted to allow some
mismatching in sequences so that polynuciectides with lower degrees of sequence identity are
detected (heterologous probing). Generally, a poiynuciestide probe is less than about 1000

nucieotides in length, preferably less than 500 nucleotides in length.

[0028] Generally, stringent conditions are selected to be about 5T lower than the thermal
melting point (Tm) for the specific sequences at a defined ionic strength and pH. The Tm is the
temperature (under defined ionic strength and pH) at which 50% of the target sequence
hybridizes to a perfectly matching probe. Typically stringent conditions will be chosen in which
the salt concentration is about 0.0Z2 molar at pH 7 and the temperature is at ieast 60T,
Lowering the sall concentration and/or increasing the femperature increases stringency.
Stringent conditions for RNA-DNA hybridizations (Northern blots using a probe of e.g. 100 nt)
are for example those which include at least one wash in 0.2 X 8SC at 63T for 20 min, or
eguivalent conditions. Siringent conditions for DNA-DNA hybridization (Southern biots using a
probe of e.g. 100 nt) are for example those which include at least one wash {usually 2y n 0.2 X
SSC at a temperature of at least 50T, usually about 55C, for 20 min, or eguivalent conditions.
See also Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual, Second Edition,
Cold Spring Harbor Laboratory Press, and Sambrook and Russell (2001) Molecular Cloning: A
Laboratory Manual, Third Edition, Cold Spring Harbor Laboraiory Press, NY; and in Volumes 1
and 2 of Ausubel et al. (1884} Current Protocols in Molecular Biology, Current Protocols, USA.

[0027] A "functional fragment” of a nucleic acid comprising fungal rust-inducible promoter
activity denotes a nucleic acid comprising a stretch of the nucleic acid sequences of SEQ 1D
NO: 1, or of the nucleic acid having at least 95% sequence identity to SEQ 1D NO: 1, which is
at least 50 bp and still exerts the desired function, Le. which has fungal rusi-inducible promater
activity. Assays for determining fungal rust-inducible promoter aclivity are provided herein.
Preferably, a funciional fragment of the fungal rusi-inducible promoter coniains the conserved

promoter motifs, such as, for example, conserved promoter molifs as described in DoQOP

8
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(doop.abc.hu, databases of Orthologous Promoters, Barta E. et al. (2005) Nucleic Acids
Research Vol 33, D86-D80). A functional fragment may be a fragment of al least about 50 pb,
at least about 100 bp, at least about 200 bp, at least about 300 bp, at least about 400 bp, at
ieast about 500 bp from the transcription start site or at least about 1000 bp, at least about
1500 bp, at lfeast about 2000 bp, at least about 2500 bp, at least about 3000 bp from the

translation start site.

[0028] A functional fragment according to the invention can also be a combination of functional
fragment, Le. a functional fragment can comprise two or more fragmenis of the promoter
nucieic acid according 1o the invention. For example, a functional fragment can comprise,
alternatively consists of, operably linked, one fragment of the promoter nucleic acid according
{0 the invention having the transcription activation functionality, and one other fragment of the

promoter nucleic acid according 1o the invention having the fungal rust induction functionality.

[0029] The promoters according to the invention can further be used to create hybiid
promoters, i.e. promoters containing (parts of) one or more of the promoters(s) of the current
invention and (paris of) other promoter which can be newly identified or known in the art. Such

hybrid promoters may have optimized tissue specificity or expression level.

10030} A further embaodiment provides a recombinant gene comprising the nucleic acid having
fungal rust-induced promoter activity described above, operably linked to a heterologous
nucleic acid sequence encoding an expression product of interest, and optionally & transcription
termination and polyadenylation seguence, preferably a transcription termination and

polyadenylation region functional in plant cells.

[0031] The term “recombinant gene” refers to any arificial gene that contains: a) DNA
sequences, including regulatory and coding sequences that are not found together in nalure, or
b} sequences encoding parts of proteins not naturally adjoined, or ¢} parts of promolers that are
not naturally adjoined. Accordingly, a recombinant gene may comprise regulatory sequences
and coding sequences that are derived from different sources, or comprise regulatory
sequences, and coding sequences derived from the same source, but arranged in a manner

differant from thal found in nature.

[0032] The term "heterclogous” refers {o the relationship between two or more nucleic acid
sequences that are derived from different sources. For example, a promoter is heterologous
with respect {0 an operably linked DNA region, such as a coding sequence if such a
combination is not normally found in nature. In addition, a particular sequence may be

"heterclogous” with respect to a cell or organism into which it is inserted {i.e. does not naturally

9
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occur in that particular cell or organism). For example, the recombinant gene disclosed herein

is a heterologous nucleic acid.

(0033] The term "operably linked" means that genetic elements of the recombinant gene are
linked to one another in such a way that their function is coordinated and allows the expression
of the coding sequence. By way of example, a promoter is functionally linked {0 a coding
sequence when it is capable of ensuring the expression of said coding sequence, je. iis
transcription into a RNA molecule, whether an mRNA (then coding for a protein) or any other
type of RNA {e.g. & dsRNA}. The construction of a recombinant gene according to the invention
and the assembly of its various elements can be carried out using technigues well kKnown to
those skilled in the arl, in particular those described in Sambrock et all (2001, Molecular
Cloning. A Laboratory Manual, Third Edition, Cold Spring Harbor Laboratory Press, NY).

"Functionally linked” is an equivalent term.

[0034] The term "expression product” refers to a product of transcription. Said expression
product can be the transcribed RNA. |t is understiocod that the RNA which is produced is a
biologically active RNA. Said expression product can also be a peptide, a polvpeptide, or a
protein, when said biclogically active RNA is an mRNA and said protein is produced by

fransiation of said mMRNA.

[0035] As an example, the promoter according to the invention can be used io drive the
expression of an expression product imparting cell death, like e.g. the combined use of the
barnase and barstar enzymes. Preferably, the promoter according 1o the invention is used {0
drive the expression of the barnase enzyme in plants fransformed with a second recombinant

gene comprising a constitutive promoter operably linked to the barstar protein.

[0036] Alternatively, the heterclogous nucleic acid, operably linked to the promoters of the
invention, may also code for an RNA capable of modulating the expression of a gene. Said
RNA capable of modulating the expression of a gene can be an RNA which reduces expression
of a gene. Said RNA can reduce the expression of a gene for example through the mechanism

of RNA-mediated gene silencing.

[0037] Said RNA capable of modulating the expression of a gene can be a silencing RNA
down-regulating expression of a targsi gene. As used herein, "silencing RNA" or "silencing
RNA molecule” refers 1o any RNA molecule, which upon introduction into a plant cell, reduces
the expression of a target gene. Such silencing RNA may e.g. be so-called "antisense RNA",
whereby the RNA molecule comprises a sequence of at least 20 consecutive nucleotides

having 95% sequence identity io the complement of the sequence of the target nucleic acid,
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preferably the coding seguence of the larget gene. However, antisense RNA may also be
directed to regulatory sequences of fargel genes, including the promoter sequences and
franscription termination and polyadenylation signals. Silencing RNA further includes so-called
"sense RNA" whereby the RNA molecule comprises a sequence of at least 20 consecutive
nucleotides having 95% sequence identily to the sequence of the target nucleic acid. Other
silencing RNA may be "unpolyadenylated RNA™ comprising at least 20 consecutive nuclectides
having 85%> sequence identity 1o the complement of the sequence of the targel nucleic acid,
such as described in WO01/12824 or USB423885 (both documents herein incorporated by
reference). Yet anocther iype of silencing RNA is an RNA molecule as described in
WOQ03/076619 (herein incorporated by reference) comprising at least 20 consecutive
nucieotides having 95%> seguence identity to the sequence of the target nucleic acid or the
complement thergof, and further comprising a largely-double stranded region as described in
WO03/076619 (including largely double stranded regions comprising a nuclear localization
signal from a vircid of the Polato spindle tuber viroid-type or comprising CUG trinucieotide
repeats). Siencing RNA may also be double stranded RNA comprising a sense and antisense
strand as herein defined, wherein the sense and antisense strand are capable of base-pairing
with each other to form a double stranded RNA region (preferably the said at least 20
conseculive nucleotides of the sense and antisense RNA are complementary 10 each other).
The sense and antisense region may also be present within one RNA molecule such that a
hairpin RNA (hpRNA) can be formed when the sense and antisense region form a double
stranded RNA region. hpRNA is well-known within the art (see e.g WO89/53080, herein
incorporated by reference). The hpRNA may be classified as long hpRNA, having long, sense
and antisense regions which can be largely complementary, but need not be entirely
complementary (ypically larger than about 200 bp, ranging between 200-1000 bp). hpRNA can
alsc be rather small ranging in size from about 30 {0 about 42 bp, but not much longer than 84
bp {see WO04/073390, herein incorporated by reference). Silencing RNA may also be artificial
micro-RNA molecules as described e.g. in WO2005/052170, WO2005/047505 or US
2005/0144867, or ia-siRNAs as described in WO2006/074400 (all documents incorporated
herein by reference). Said RNA capable of modulating the expression of a gene can also be an
RNA ribozyme.

[0038] Said RNA capable of modulating the expression of a gene can modulate, preferably
down-regulate, the expression of other genes (i.e. target genes), e.g. present within a pathogen

that infects the transgenic plant.

[00338] The nucleic acid sequence hetergiogous o the promoters according o the invention

may generally be any nucleic acid sequence effecting increased, altered (e.q. in a different
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organ) or reduced level of transcription of a gene for which such expression modulation is

desired. The nucleic acid sequence can for example encode a protein of interest,

i0040] A “transcription termination and polyadenviation region” as used herein is a sequence
that controls the cleavage of the nascent RNA, whereafter a polv(A) tail is added at the
resulting RNA 3" end, functional in plant cells. Transcription termination and polyadenylation

signals functional in plant cells include, but are not imited to, 3'nos, 3’358, 3'his and 3'g7.

[0041] Any of the promoters and heterologous nucleic acid sequences described above may
be provided in a recombinant vector. A recombinant vector typically comprises, ina 5 o 3
orientation: a promoter to direct the transcription of a nucleic acid sequence and a nucleic acid
sequence. The recombinant vector may further comprise a 3' transcriptional terminator, a 3
polyadenylation signal, other untranslated nucleic acid sequences, transit and targeting nucleic
acid sequences, selectable markers, enhancers, and operators, as desired. The wording "5
UTR" refers to the untranslated region of DNA upstream, or &' of the coding region of a gene
and "3 UTR" refers {0 the untranslated region of DNA downstream, or 3' of the coding region of
a gene. Means for preparing recombinant vectors are well known in the ant. Methods for making
recombinant vectors particularly suited {o plant transformation are described in US4971908,
US4840835, US4769061 and US4757011. Typical vectors useful for expression of nucleic
acids in higher plants are well known in the art and include vectors derived from the tumor-

inducing {Th plasmid of Agrobacterium fumefaciens.

[0042] The recombinant vector may also contain one or more additional nucleic acid
sequences. These additional nucleic acid sequences may generally be any sequences suitable
for use in a recombinant vector. Such nucleic acid seguences include, without limitation, any of
the nucleic acid sequences, and modified forms thereof, described above. The additional
structural nucleic acid sequences may aiso be operably linked to any of the above described
promoters. The one or more structural nucleic acid sequences may each be operably linked {0
separate promoters. Allernatively, the structural nucleic acid sequences may be operably linked

{0 a single promoter (i.e. a single cperon).

[0043] Yet other embodiments provide a host cell, such as an £ cofi cell, an Agrobacierium
cell, a yeast cell, or a plant cell, comprising the isolated nucleic acid according {0 the invention,

or the recombinant genes according o the invention,

i0044] Other nucleic acid sequences may also be introduced into the host cell along with the

promoter and structural nucleic acid sequence, e. g. also in connection with the vector of the
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invention. These other sequences may include 3' transcriptional terminators, 3' polyadenviation
signals, other untransiated nucleic acid sequences, transit or targeting sequences, seleciable
markers, enhancers, and operators. Preferred nucieic acid sequences of the present invention,
including recombinant vectors, structural nucleic acid sequences, promoters, and other

regulatory elements, are described above.

i0045] In further embodiments, a plant is provided comprising any of the nucleic acids or
recombinant genes according to the invention. A further embodiment provides plant paris and
seads oblainable from the plant according to the invention. These plant parls and seeds
comprise the recombinant genes described above. In ancther embodiment, the plants, plant
parts or seeds according to the invention are cotion, soybean or wheat plants, plant paris or
seeds,

[0046] The plant cell or plant comprising any of the recombinant gene according io the
invention can be a plant cell or a plant comprising a recombinant gene of which sither the
promoter, or the heterclogous nucleic acid sequence operably linked 1o said promoter, are
heterologous with respect 1o the plant cell. Such plant celis or plants may be transgenic plant in
which the recombinant gene is introduced via transformation. Allernatively, the plant cell of
plant may comprise the promoter according to the invention derived from the same species
aperably linked {0 a nucleic acid which is also derived from the same species, i.e. neither the
promoter nor the operably linked nucleic acid is heterclogous with respect to the plant cell, but
the promoter is operably linked to a nucleic acid to which it is not linked in nalure. A
recombinant gene can be introduced in the plant or plant cell via transformation, such that both
the promoter and the operably linked nucleotide are at a position in the genome in which they
do not occur naturally. Alternatively, the promoter according to the invention can be integrated
in a targeted manner in the genome of the plant or plant cell upstream of an endogenous
nucleic acid encoding an expression product of interest, i.e. to modulate the expression pattern
of an endogenous gene. The promoter that is integrated in a targeled manner upsiream of an
endogenous nucieic acid can be integrated in cells of a plant species from which it is originally
derived, or in cells of a helerclogous plant species. Alternatively, a heterciogous nucleic acid
can be integrated in a targeted manner in the genome of the plant or plant cell downsiream of
the promoter according o the invention, such that said hetersicgous nucleic acid is expressed
upon fungal rust infection. Said heterologous nucleic acid is a nucleic acid which is
heterologous with respect to the promoter, ie. the combination of the promoter with said
heterologous nucleic acid is not normally found in nature. Said heterologous nucleic acid may
be a nucleic acid which is heterologous to said plant species in which it is inserted, bul it may

also naturally occur in said plant species at a different location in the plant genome. Said
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promoter or said heterclogous nucleic acid can be integrated in a targeted manner in the plant
genome via targeted seguence insertion, using, for example, the methods as described in
WO2005/049842.

10047] "Plants” encompasses "monoecotyledonous plants” and "dicotyledonous plants®,

0048] "Monocotyledonous plants”, also known as "monocol plants” or "mongcots” are well
kinown in the art and are plants of which the seed typically has one cotyledon. Examples of
monocotyledons plants are grasses, such as meadow grass (blue grass, Poa), forage grass
such as festuca, lolium, temperate grass, such as Agrostis, and cereals, 2.g., wheat, oats, rye,

barley, rice, sorghum, and maize {com}.

[0048] "Dicotyledonous planis”, also known as "dicot plants” or "dicols” are well known in the
art and are planis of which the seed typically has two cotyledons. Examples of families of
dicotyledonous plants are Brassicaceae, Solanaceae, Fabaceae, Malvacsae. A preferred

dicotyledonous plant is soybean (Glycine max).

[0050] "Plant parts” as used herein are parts of the plant, which can be celis, tissues or organs,

such as seeds, severed parts such as rools, leaves, flowers, polien, fibers etc.

[0051] The plants or seeds of the planis according {o the invention may be further treated with
a chemical compound, such as a chemical compound selected from the following lists:
Herbicides: Diuron, Fluometuron, MSMA, Oxyfluorfen, Prometryn, Trifluralin, Carfentrazone,
Clethodim, Fluazifop-butyl, Glyphosate, Norflurazon, Pendimethalin, Pyrithicbac-sodium,
Trifloxysulfuron, Tepraloxydim, Glufosinate, Flumioxazin, Thidiazuron; cotion insedticides such
as Acephate, Aldicarb, Chiorpyrifos, Cypermethrin, Dellamethrin, Abamectin, Acetamiprid,
Emamectin Benzoate, Imidacloprid, indoxacarh, Lambda-Cyhalothrin, Spincsad, Thiodicarh,
Gamma-Cyhalothrin, Spiromesifen, Pyridalyl, Fionicamid, Flubendiamide, Triflumuron,
Rynaxypyr, Beta-Cyfuthrin, Spircletramat, Clothianidin, Thiamethoxam, Thiacloprid,
Dinetofuran, Flubendiamide, Cyazypyr, Spinosad, Spinctoram, gamma Cyhalothrin, 4-[[(-
Chiogyridin-3-yhmethyl](2,2-diffuorethylyaminclfuran-2(5H)-on, Thiodicarb, Avermedctin,
Flonicamid, Pyridalyl, Spiromesifen, Sulfoxaflor, and cotton fungicides such as Azoxystrobin,
Bixafen, Boscalid, Carbendazim, Chiorothalonil, Copper, Cyproconazole, Difenoconazole,
Dimoxystrobin, Epoxiconazole, Fenamidone, Fluazinam, Fluopyram, Fluoxastrobin,
Fluxapyroxad, lprodione, Isopyrazam, Isotianl, Mancozeb, Maneb, Metominaostrobin,
Penthiopyrad, Picoxystrobin, Propineb, Prothicconazole, Pyraclostrobin, Quintozene,
Tebuconazole, Tetfraconazole, Thiophanate-methyl, Trifloxystrobin, Clopyralid, Diclofop,
Ethametsulfuron, Fluazifop, Metazachlor, Quinmerac, Quizalofop. Fungicides / PGRs:
14
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Azoxystrobin, N-[8-(dichloromethylene)- 1 2,3 4-etrahydro- 1 4-methanonaphthalen-5 ~yi}-3 -
(diftuoromethyl)- 1 -methyl 1 H-pyrazole-4-carboxamide (Benzovindiflupyr, Benzodiflupyn),
Bixafen, Boscalid, Carbendazim, Carboxin, Chiormequat-chioride, Coniothryrium miniians,
Cyproconazole, Cyprodinil, Difenoconazole, Dimethomorph, Dimoxysirobin, Epoxiconazole,
Famoxadone, Fluazinam, Fludioxonil, Fluopicolide, Fluopyram, Fluoxastrobin, Fluquinconazole,
Flusilazole, Fluthianil, Flutrisfol, Fluxapyroxad, tprodione, Isopyrazam, Mefenoxam, Mepiquat-
chioride, Metalaxyl, Metconazole, Metominostrobin, Paclobutrazole, Penflufen, Penthiopyrad,
Picoxystrobin, Prochloraz, Prothioconazole, Pyraclostrobin, Sedaxane, Tebuconazole,
Tetraconazole, Thiophanate-methyl, Thiram, Triadimenol, Trifloxystrobin, Bacillus firmus,
Bacillus firmus strain 1-1582, Bacillus subililis, Bacilius subtilis strain GBO03, Bacillus subtilis
strain QST 713, Bacillus pumulis, Bacillus, pumulis strain GB34. Insecticides: Acetamiprid,
Aldicarb,  Azadirachtin, Carbofuran, Chiorantraniliprole  (Rynaxypyr),  Clothianidin,
Cyantraniliprole  (Cyazypyn, (beta-)Cyiluthrin, gamma-Cyhalothrin, lambda-Cyhalothrin,
Cypermethrin, Deltamethrin, Dimesthoate, Dinetofuran, Ethiprole, Flonicamid, Flubendiamide,
Fluensuifone, Fluopyram,Flupyradifurone, tau-Fluvalinate, Imicyafos, imidacioprid,
Metaflumizone, Mesthiocarb, Pymetrozing, Pyrifluguinazon, Spineloram,  Spinosad,
Spirotetramate, Sulfoxaflor, Thiacloprid, Thiamethoxam, (3-chioropyridin-2-yh-N-[4-cyano-2-
methvi-6-(methylcarbamoyhplienvil-3 - { [5 -{rifluoromethy-2H-tetrazol-2-ylimetlivly -~ 1 H-
pyrazole-5 -carboxamide, 1 -(3 ~chicropyridin-2-yh-N-[4-cyano-2-methyl-6-
{methylcarbamovyplienyl]-3-{[5-(rifluoromethyl)- 1 H-tetrazol- 1 ~vlimethyl} - 1 H-pyrazole-5 -
carboxamide, 1 -~ [2-fluoro-4-methyl-&8 - (2 2 2Z-trifluorethyDsulfinyllphen  (E)-N-{(6~
chioropyridin-3-yhmethyil-N'-cyano-N-(2, 2-difluoroethyhetlianimidamide, Bagillus firmus,
Bacillus firmus strain 1-1582, Bacillus subtilis, Bacilius subtilis strain GB(O3, Bacillus subtilis
strain QST 713, Metarhizium anisopliae F52.

[0052] VWhenever reference to a "plant” or "planis” according to the invention is made, it is
undersicod that also plant paris {(cells, tissues or organs, seed pods, seeds, severed parts such
as roots, leaves, flowers, pollen, etc), progeny of the planis which retain the distinguishing
characteristics of the parents, such as seed c¢blained by selfing or crossing, e.g. hybrid seed
{obtained by crossing two inbred parental lines), hybrid plants and plant parts derived there

from are encompassed herein, unless otherwise indicated.

[0053] In some embodiments, the plant cells of the invention as well as plant cells generated

according to the methods of the invention, may be non-propagating celis.

i0054] The obtained planis according to the invention can be used in a conventional breeding

scheme to produce more plants with the same characteristics or o introduce the same
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characteristic in other varieties of the same or related plant species, or in hybrid plants. The
obtained plants can further be used for creating propagating material. Planis according to the
invention can further be used to produce gametes, seeds (including crushed seeds and seed
cakes), seed oil, fibers, yarn, embryos, either zygotic or somatic, progeny or hybrids of plants
obtained by methods of the invention. Seeds obtained from the plants according fo the

invention are also encompassed by the invention.

[0058] "Creating propagating material®, as used herein, relates to any means know inthe art to
produce further plants, plant parts or seeds and includes inter alia vegetative reproduction
methods {(e.g. air or ground layering, division, (bud) grafiing, micropropagation, stolons or
runners, storage organs such as bulbs, corms, tubers and rhizomes, siriking or cutting, twin-
scaling), sexual reproduction (crossing with ancther plant) and asexual reproduction {e.q.

apomixis, somatic hybridization}.

[0056] Yet other embodiments provide a method of producing a transgenic plant comprising
the steps of (a) introducing or providing any of the recombinant genes according io the
invention to a plant celi o create transgenic celis; and (b) regenerating transgenic plants from

said transgenic cell.

[0057] "introducing” in connection with the present application relates to the placing of genetic
information in a plant cell or plant by artificial means. This can be effecied by any method
known in the art for infroducing RNA or DNA into plant cells, protoplasts, calli, roots, tubers,
seeds, stems, leaves, seedlings, embryos, pollen and microspores, other plant lissues, or
whole plants. "introducing” alse comprises stably integrating inte the plant's genome.
introducing the recombinant gene can be performed by transformation or by crossing with a

plant obtained by transformation or its descendant (also referred to as "introgression”).

00581 The term "providing” may refer to introduction of an exogenous DNA molecuie 1o
a plant cell by transformation, optionally followed by regeneration of a plant from the
transformed plant cell. The term may also refer to introduction of the recombinant DNA
molecule by crossing of a fransgenic plant comprising the recombinant DNA molecule
with another plant and selecting progeny plants which have inherited the recombinant
DNA molecule or fransgene. Yet another alternative meaning of providing refers o
introduction of the recombinant DNA molecule by techniques such as protoplast fusion,

optionally followed by regeneration of a plant from the fused protoplasis.

[005%9] The recombinant gene may be introduced into a plant cell by methods well-known in the

art.
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[00680] The term "transformation” herein refers {0 the introduction {(or transfer) of nucleic acid
inio a recipient host such as a plant or any plant parts or tissues including plant cells,
profoplasts, calli, roots, tubers, seeds, stems, leaves, fibers, seediings, embryos and pollen.

Plants containing the transformed nucleic acid sequence are referred to as "fransgenic planis”,

10081} Transformed, transgenic and recombinant refer 1o a host organism such as g plant into
which a heterclogous nucleic acid molecule (2.g. an expression cassette or a recombinant
vacton has been infroduced. The nucleic acid can be stably integrated into the genome of the

plant,

[0082] As used herein, the phrase "ransgenic plant” refers 1o a plant having a nucleic acid
stably integrated into a genome of the plant, for example, the nuclear or plastid genomes. In
other words, plants containing transformed nucleic acid sequence are referred {0 as "ransgenic
plants” and includes plants directly obtained from transformation and their descendants {Tx
generations). Transgenic and recombinant refer to a host organism such as a plant into which a
heterologous nucleic acid molecule (e.g. the promoter, the recombinant gene or the vector as
described herein) has been introduced. The nucleic acid can be stably integrated into the

genome of the plant.

[0083] To obtain the celis or plants according to the invention, those skilled in the ard can use

one of the numerous known methods of transformation.

[0064] One of these methods consists in bringing the cells or tissues of the host organisms o
be fransformed into contact with polyethylene glycol (PEG) and the vectors of the invention
{Chang and Cohen, 1979, Mol Gen. Genet. 168; 111-115; Mercenier and Chassy, 19488,
Bicchimie 78: 503-517). Electroporation is ancther method, which consisis in subjecting the
cells or tissues 1o be transformed and the vedctors of the invention 1o an electric field (Andreason
and Evans, 1988, Biotechniques 6: 850-660; Shigekawa and Dower, 1988, Aust. J. Bictechnol
3. 58-82). Another method consists in directly injecting the vectors into the cells or the tissuss
by microinjection (Gordon and Ruddie, 1985, Gene 33: 121-138). Advantagsously, the “biolistic”
method may be used. it consists in bombarding cells or tissues with particles onto which the
veciors of the invention are adsorbed (Bruce ef af., 1888, Proc. Natl. Acad. Sci. USA 88 9692-
89686; Klein ef al, 1982, Biotechnology 10: 2886-291; US 4,845,050). Preferably, the
fransformation of plant cells or tissues can be carried out using bacieria of the Agrobacterium
genus, preferably by infection of the cells or tissues of said plants with A. tumefaciens (Knopi,
1979, Subcell. Biochem. 6: 143-173; Shaw et al., 1983, Gene 23: 315-330) or A rhizogenes
(Bevan and Chilton, 1982, Annu. Rev. Genet. 16: 357-384; Tepfer and Casse-Delbart, 1987,
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Microbiol. Sci. 4: 24-28). Preferably, the ftransformation of plant cells or tissues with
Agrobacterium tumefaciens is carried out according to the protocol described by Hiel ef al,
(1994, Plant J. 8: 271-282). Those skilled in the art will choose the appropriate method

according to the nature of the host organisms 1o be fransformed.

0085] The recombinant DNA molecules according to the invention may be introduced info
plants in a stable manner or in a transient manner using methods well known in the art. The
recombinant genes may be introduced into plants, or may be generated inside the plant cell as
described e.g. in EP 1338850,

[0086] Further provided are methods of effecting fungal rust-inducible expression of a nucieic
acid, comprising introducing a recombinant gene according to the invention that comprise a
promoter having fungal rust- inducible promaoter activity into the genome of a plant, or providing
the plani according o the inveniion. Also provided is a8 method for altering biotic or abiotic
siress tolerance, root architecture, nutrient use efficiency, nematode resisiance or vield of a
plant, comprising introducing the recombinant gene according o the invention into the genome

of a plant, or providing the plant according to the invention.

[0067] Also provided is the use of the isolated nucleic acid according to the invention io
regulate expression of an operably linked nucleic acid in a plant, and the use of the isolated
nucleic acid according to the invention, or the recombinant gene comprising the nucleic acid
having fungal rust-inducible promoler activity to alter biotic or abiotic stress tolerance, root
architecture, nutrient use efficiency, or vield in a plant. In a further embodiment, said plant is a
colton, a sovbean or a wheat plant. Also provided is the use of the isclated nucleic acid
according io the invention to identify other nucleic acids comprising root-preferential, siress-

inducible or stress-induced root-preferential promoter activity,

[0088] Yet another embodiment provides a method of producing food, feed, or an industrial
product comprising (a) obtaining the plant or a part thereof, according 1o the invention; and (b}
preparing the food, feed or industrial product from the plant or part thersof. In ancther
embodiment, said food or feed is ¢il, meal, ground or crushed seeds, soybean flakes, grain,
starch, flour or protein, or said industrial product is biofuel, fiber, indusirial chemicals, a
pharmaceutical or a nuiraceutical. Such food, feed or indusirial products contain the root-

preferential, stress-inducible and stress-induced root-preferential promoter described herein.

[0069] The present invention provides a method o increase lint yield and a method 1o increase
seed vield. In a further embuodiment the increase vield compared to a control plant is at least

5%.
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[0070] "Control plant” as used herein refers to a plant genetically resembling the tested plant

but not cairying the recombinant gene, such as wild type planis or null segregant plants.

(0071] The transformed plant cells and planis obtained by the methods described herein may
be further used in breeding procedures well known in the arl, such as crossing, selfing, and
backcrossing. Breeding programs may involve crossing 1o generate an Fi {first filial) generation,
followed by several generations of selfing (generating F2, F3, etc.). The breeding program may
also involve backcrossing (BC) steps, whereby the offspring is backeorossed to one of the

parental ines, termed the recurrent parent.

10072] Accordingly, also disclosed herein is a method for producing plants comprising the
recombinant gene disclosed herein comprising the siep of crossing the plant disclosed herein

with another plant or with itself and selecting for offspring comprising said recombinant gene.

[0073] The transformed plant celis and plants obtained by the methods disclosed herein may
also be further used in subsequent transformation procedures, e. ¢ to infroduce a further

recombinant gene.

[0074] "Isolated nucleic acid”, used interchangeably with "isolated DNA" as used herein refers
{0 a nucleic acid not gccurring in its natural genomic context, irrespective of is length and
sequence. isolated DNA can, for example, refer 1o DNA which is physically separated from the
genomic context, such as a fragment of genomic DNA. Isolated DNA can also be an artificially
produced DNA, such as a chemically synthesized DNA, or such as DNA produced via
amplification reactions, such as polymerase chain reaction (PCR) well known in the arl.
isolated DNA can further refer io DNA present in a context of DNA in which it does not ocour
naturally. For example, isolated DNA can refer 1o g piece of DNA present in a plasmid. Further,
the isolated DNA can refer to a piece of DNA present in another chromosomal context than the
context in which it occurs naturally, such as for example at ancther position in the genome than
the natural position, in the genome of another species than the species in which it occurs

naturally, or in an artificial chromosome.

[0075] The phrases "DNA", "DNA seqguence,” "nucleic acid sequence,” "nucleic acid molecule”
"nuclectide sequence” and "nucleic acid” refer to a physical structure comprising an orderly
arrangement of nucleotides. The DNA sequence or nucleotide sequence may be coniained
within a larger nucleotide molecule, vector, or the like. In addition, the orderly arrangement of
nucleic acids in these sequences may be depicted in the form of a seguence listing, figure,

table, electronic medium, or the like.
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[0078] As used herein "comprising” is to be interpreted as specifying the presence of the stated
features, integers, steps or components as referred to, but does not preclude the presence or
addition of one or more features, infegers, steps or components, or groups thereof. Thus, e.g.,
a nucleic acid or profein comprising a sequence of nuclectides or amino acids, may comprise
more nuclectides or aming acids than the actually cited ones, Le., be embedded in a larger
nucleic acid or protein. A recombinant gene comprising a nucleic acid which is functionally or
structurally defined, may comprise additional DNA reglons elc. However, in coniexd with the

present disclosure, the term "comprising” also includes "consisting of.

[0077] The sequence listing contained in the file named "BCS174006_8T25.04", which is 5.53
Kilobytes (size as measured in Microsoft Windows®), contains 7 sequences SEQ ID NG 1
through SEQ D NO: 7 is filed herswith by elecironic submission and is incorporated by
reference herein.

Sequence listing:

SEQ ID NO: 1 : Nucleotide sequence of the promoter of Glycine max inducible by Phakopsora
pachyrhizi

SEQ ID NO: 2 : Forward primer sequence for PCR amplification of transcripts of the gene under
control of the promoter of SEQ 1D NO:1 in Glyeine max

SEQ 1D NO: 3 : Reverse primer sequence for PCR amplification of transcripts of the gene under
control of the promoter of SEQ 1D NO:1 in Glyeine max

SEQ ID NO: 4 : Forward primer sequence for PCR amplification of transcripts of the gene
coding for the actin protein in Giyeine max

SEQ ID NO: 5 : Reverse primer sequence for PCR ampilification of franscripts of the gene
coding for the actin protein in Giyeine max

SEQ iD NO: 6 : Forward primer sequence for PCR amplification of transcripts of the gene
coding for the metalloprotease enzyme in Glycine max

SEQ ID NO: 7 : Reverse primer sequence for PCR ampilification of transcripts of the gene
coding for the metalloprotease enzyme in Glycine max

Brief description of the drawings:

Figure 1. Accumulation of chitinase gene transcript in soybean leaf during P. pachyrhizi

infection. Transcript abundance (via gRT-PCR) from individual leaves of soybean afier P
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pachyrhizi inoculation at 0, 8, 24, 48 and 72 hour post infection {hpi). The chiiinase gene level is
compared o reference mRNA levels and then normalized by mock treatment at each
measurement time. Mock and P. pachyrhizi inoculations are realized on the same leaf. Bars
indicate standard error of 4 biological replicates. Stars represent a significant difference
compared {o Ohpi, using Student’s t-lest (* for p< 0,056, ** for p< 0,01).

Figure 2: Induction of chitinase gene promoter during P pachyrhizi infection. Relative
fluorescence intensity quantification of WT and Promoter-GFP {event 133 and 129} leaves on
pathogen (+) or mock (-} inoculation areas. Observation at 24 hours post treatment. Mean
values of 8 incculations (3 inoculations on 3 plants by events). Bars indicate standard error of
the @ replicates.

Figure 3: Induction of chitinase gene promoter during P. pachyrhizi infection. Relative
fiuorescence intensity quantification of WT and Promoter-GFP (events 133 and 129} leaves on
on pathogen () or mock (-} inoculated areas. Observations at 24, 48 and 72 hours post

treatment. Mean values of 2 inoculations.
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The various aspecis of the invention will be understood more fully by means of

the experimental examples below,

All the methods or operations described below are given by way of example and correspond o
a choice, made among the various methods available for achieving the same resull. This
choice has no effect on the guality of the result, and, consequently, any appropriate method
can be used by those skilled in the art {o achieve the same result. In particular, and unless
otherwise specified in the examples, all the recombinant DNA techniques employed are carried
out according to the standard protocols described in Sambrook and Russel (2001, Molecular
cloning: A laboratory manual, Third edition, Cold Spring Harbor Laboratory Press, NY) in
Ausubel ef al. (1994, Current Protocols in Molecular Biology, Current protocols, USA, Volumes
1 and 2}, and in Brown {1998, Molecular Biology LabFax, Second edition, Academic Press,
UK. Standard materials and methods for plant molecular biclogy are described in Croy R.D.D.
{1993, Plant Molecular Biology LabFax, BIOS Scientific FPublications Lid (UK) and Blackwell
Scientific Publications (UK})). Standard materials and methods for PCR (Polymerase Chain
Reaction) are also described in Dieffenbach and Dveksler (1995, PCR Primer: A laboratory
manual, Cold Spring Harbor Laboratory Press, NY) and in McPherson ef af. (2000, PCR -

Basics: From background to bench, First edition, Springer Verlag, Germany).

Examples

Exampie 1: Transcript levels of the chitinase gene in sovbean after Phakopsora

pachyrhizi infection

in order to measure transcript levels of the chilinase gene in sovbean leaves, gPCR was used.
Total RNA was extracted from soybean leaves by using the RNeasy® Plant Mini Kii (QIAGEN)
and was tregted with TURBO DNA-free™ Kit {Invitrogen). 1ug of RNA was used to synthetize
cDNA with ThermoScript™ RT-PCR System kit (invitrogen). The cDNA was diluted with 98uL of
RNAse free water {0 g final volume of 100ul. Syl of diluted ¢DNA were used in a 20yl reaction
containing 10pL of SsocAdvanced™ Universal SYBR® Grenn Supermix (BOI-RAD), 1ul of
primer forward, 1l of primer reverse and 3ul of RNAse free water. gRT-PCR was performed
using the LightCycler 480. Primers used to follow the expression of the chitinase gene are listed
in Table 1. The thermocycling conditions werg as follows: denaturation at 85T for 10 minutes
and for amplification 45 cycles of 10 seconds at 85T, 10 ssconds at 80T and 10 seconds at

70T, After the final cycle, the dissociation curve analysis was carried out to verify that the
ampilification occurred specifically and that no primer dimer product has been generated during
the amplification process. The actin and metalioprotease genes (primer sequences in table 1)
were used as endogenous reference genes 1o normalize the calculation using the Comparative
Ct value method. The level of franscript abundance relative o the reference gene (lermed ACYH
was determined according to the function ACt =Ct {est geng) - Gl {reference gene). Then the
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function AACt was first determined using the equation AACt = ACt {reatment) -ACt (conirol)
{where control represented mock-treated planis). The ratio of reaiment/control was calculated
by the equation 2*"(-AACt). All calculations have been realized with LightCycler® 4808W15

software.

Table 1. Primers sequences for gRT-PCR

Gene Frimer name Primer seguence Amphoon length
. GuACTIN F COETEGTTCTATCTIGEGCATC )
Avctin S 142ph
GmdCTIN R GEUTTTCOCTTCAATAANICOTA
e’ m}‘* ATGAATGACGRTICCUATITA
Metalloprotease . 11dph
Greons? ¥ GOCATTAAGGLAGCTCALTCT
G HIT F GAGATTAACGETGUATIAGG
Predicted chitinass 330ph
GuUHIT R 1 ATTSACAUGAGUCTGAACAGTACT

“from Hirschburger ef ai, 2015

Transcript levels were analyzed at Ch, 8h, 24h, 48h and 72h post-infection by P. pachyrhizi. The
results are reported in Figure 1, showing significant increases in the levels of transcription of the
gene from &h up to 72h posi-infection, thereby demonstrating the induction of the promoter of

this gene following infection by P. pachyrfizi.

Example 2: Promoter activity after treatment with various elements

21, Construction of a reporter gene for monitoring the promoter activity

A DNA fragment of 3 454 bp upstream of the chitinase gene coding sequence, considered to
comprise the pulative promoter, was synthetized with addition of Aatll and Plmil restriction
enzyme sites respectively at the 5 and 3’ end of the sequence. The putative promoter was
cloned, using the restriction enzyme siles, 1o drive the expression of g GFP (Green-Fluorescent
Protein) coding sequence in a vector also containing the gene coding for the HPPD enzyme (4-
Hydroxyphenyipyruvate dioxygenase) under the control of g p353 promoter {(used as selectable
marker for plant transformation). The new vector oblained was named pBay00457. One positive
clone was then sequenced from left border (LB) to right border (RB), and the T-DNA transferred

10 the plant via Agrobacterium tumefaciens transformation.

2.2. Soybean treatment and pathogens incculation
For the phytochormone assays, two leaves of wild-lype (WT), positive control or T1 planis

transformed with the vector pBay00457 (containing 2 copies of the transgene) were harvested
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and placed on Watman filter with cotion around the petiole. One leaf was spread with chemicals
inducer of phytophormone pathway (+) and one leaf was mock treated (-).

For Jasmonate (JA) pathway activation, the leaves were sprayed with EC4% and methyl JA
analogue (coronating) at 3ppm (+), or EC4% only ().

For Salicylate (SA) pathway activation, the leaves were freated with 2.5mM of SA in Ethanol
10% (), or Ethanol 10% only ().

For Ethylene (ET) pathway activation, the leaves were treated with the ethylene precursor (1-
aminocyciopropane-1-carboxylic acid: ACC) at 20mM (+) or Hz0 ().

Wounding was realized by cutting 3 leaf discs (0.3cm of diameter) on a leave of WT plant, and
on a leave of transformed “promoter-GFP” plant.

inoculations of P, pachyrhizi were realised via agar plugs (0.5 om diameter). Crvo-conserved
spores were first rehydrated 24h before infection. 2mi of a solution at 1mg of spores/mi was
equally spread on a plate of agar 3%, allowing a concentration of 800 spores/plug. Plugs were
put on cut leaves which were incubated at 24C, hum idity 80% and 24h in the dark, followad by
a photoperiod 12/12. Plugs were removed 24h post inoculation

inoculations of Sclerotinia sclerotiorum were realized with an agar plug of & days old fungus
mycelium. Leaves were placed at 24T, saturated hum idity and photoperiod 12/12. Plugs were
removed 48 hours post inoculation.

Mock and pathogen inoculations were realized on the same leaf, with 3 mock inoculations on

the lefi side and 3 inoculations with the fungus on the right side of the leaf.

2.3. GFP observations

The expression of green fluorescence rapporteur gene, GFP, under the control of the promoter
according o the invention was measured in two soybean transformation events (events 133 and
128). Expression of the GFP was visualized with a macroscope camera LEICA Z18APO
eguipped with a GFP filler, lens 11X, magnification 6.85X, exposure time 1s, gain 3.
Fluorescence quantification was performed with MetaMorph sofiware.
For leaves infected by P. pachyrhizi, flucrescence observations were done at §, 24, 48, and 72
hours post infection.
For leaves infected by 5. sclerofiorum, flucrescence observations were done at G, 48, and 72
hours post infection.
For leaves either wounded or treated with the phytohormones, fluorescence observations were
done at 0, 48, and 72 hours respectively post-wounding and post-ireatment.
A T2 homozygous soybean plant containing the GFP under the conirol of a promoter known to
be responsive to biolic and abiotic stress {construct pBay00174, containing the promoter
PDF1.2 from Arabidopsis, described in Manners ef al. 1998, Plant Mol Biol. 38: 1071-1080),
was used as positive control. Resulls are shown in Table 2.
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Table 2. Expression profile of Promoter-GFP construct

Abiotic Phyichormones
Biotic stress ) )
siress pathway induction
Construct Event
Fhakopsora | Sclerotinia
. ) Wounding | JA ET SA
pachyrhizi selerctiorum
129 + - + 0 - . -
pBayQ0457
133 + nd + M - - -
& WT - - - - - -
Positive ) .
pBayOO1 74 + + + @ + + . &
control

& absence of consiruct;

- no difference in GFP fluorescence observed after treatment;
+  GFP fluorescence increase after treatment;

nd : noi determined

M local response at the site of wounding enly, no propagation

@ local and propagated response

&) the promoter used for the positive cantrol (FDF1.2) is known not 16 be responsive 10 SA

The results shown in Table 2 demonsirate that the promoter according to the invention is
specifically induced by infection of the soybean plant with Phakopsora pachyrhizi, whereas it is
not induced by the fungus Scferofinia sclerofiorum. These resulis also demonsirate that this
promoter is not induced by most of the elements known 1o induce a defense response in plants,
in particular a treatment with the phyichormones jasmonic acid, salicylic acid and ethylene.
Finally, when it comes to the response to wounding, the results show that the promoter is
activated locally at the point of wounding only.

These experimenis demonstrate the apparent specificity of this promoier to infection by P

pachyrhizi.
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2.4, Promoter expression over time after infaction by B pachvrhizi

The expression of GFP under the control of the promoter according to the invention was
measured in two soybean fransformation events (evenis 133 and 129y at 24 h, 48 hand 72 h
post-infection by P. pachyrhizi. The resulis are reporied in Figures 2 and 3.

The results demonstrate the rapid induction of the promoter activity 24 h after infection by P
pachyrhizi (Figures 2 and 3), and its continuous activity over time at 48 h and 72 h post-infection

{Figure 3}.

Example 3: ldentification of orthologous promoters

The fungal rustinducible promoter according to the invention can be used o identify
orthologous promoters, L.e. promolers having a substantially identical nucleic acid seguence and
the same fungal rust-inducible functionality.

This can, for example, be done, in sifico, by looking into genomic databases for nucleic acid
sequences having a substantially identical nucleic acid sequence in other plant species. For
example, fungal rusis are known to infect many plant species, and therefore similar promoters
with similar functionalities can be identified in such other species.

Also, the Asian Soybean Rusi, Phakopsara pachyrhizi, is known 1o infect other host plants than
the soybean Glvcine max, like e.q. Cajanus cajan, Lupinus sp., Phaseolus vulgaris or Vigna

unguiculata, in which similar promoters with similar functionalilies can also be identified.
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Claims
1. An isolated nucleic acid having fungal rust-induced promoter activity selected from
the group consisting of:

a) a nucleic acid compiising a nuclectide sequence of SEQ ID NG 1 or a
functional fragment thereof;

b} a nucleic acid comprising a nucleolide seguence having at least 95%
sequence identity to SEQ 1D NO: 1, or a functional fragment thereof, and

¢} the nucleic acid of a functional promoter capable of hybridizing under stringent
conditions to the nuclectide seguence of SEQ 1D NO: 1, or a functional fragment

thereof.

2. A recombinant gene comprising the nucleic acid according to claim 1, operably linked
{0 a heterologous nucleic acid encoding an expression product of interest, and

optionally a transcription termination and polyadenylation seqguence functional in plants.
3. The recombinant gene according o claim 2, wherein the expression product of
interest is a protein, or an RNA molecule capable of modulating the expression of a
gene.

4. A host cell, comprising the recombinant gene according to claim 2 or 3.

5. The host cell of claim 4, which is a plant cell.

6. A plant, comprising the recombinant gene of claim 2 or 3.

7. Plant parts and seeds obtainable from the plant according o claim 8, which comprise

the recombinant gene according to claim 2 or claim 3.

& The plant or plant cell or plant part or seed according to any one of claims 510 7,

which is a soybean plant or plant cell or plant part or seed.

9. Method of producing a transgenic plant comprising the steps of.
a} introducing or providing the recombinant gene accordingtoclaim2or3to a
plant cell to create transgenic plant cells; and
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b) regenerating fransgenic plants from said transgenic cell.
10. Method of effecting fungal rust-inducible expression of a nucleic acid, comprising
introducing the recombinant gene according to claim 2 or 3 into the genome of a plant,

or providing the plant according o claim 6.

11. Use of the isolated nucieic acid according to claim 1 to regulate expression of an
operably linked nucleic acid in a plant.

12. Use of the isolated nucleic acid according to claim 1, or the recombinant gene

according to claim 2 or 3 {o increase resistance to fungal infection in a plant.

13. Use of the isolated nucleic acid according to claim 1 to identify other nucleic acids
comprising fungal rust-inducible promoter activity.
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