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Title: PVY RESISTANCE

(57) Abstract: The present invention concerns new compositions and methods for conferring resistance to Potato virus Y (PVY) in
plants by expressing nucleotide sequences that share homology to sequences in both PVY and Solanum. One aspect of the present
invention is an isolated polynucleotide comprising multiple plant DNA sequences, wherein each plant DNA sequence shares se-
quence homology to a corresponding DNA sequence from the genome(s) of at least one strain of Potato Virus Y. In one embodi-
ment, the isolated polynucleotide comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10 plant DNA sequences. In one embodiment,
each plant DNA sequence of the polynucleotide shares at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%,, at least 99%, or more, sequence homology with a PVY DNA sequence, in one embodiment, the plant DNA se-
quences are potato plant DNA sequences, in one embodiment, each plant DNA sequence of the polynucleotide shares at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or more, sequence homology to potato, and is selected from the
group consisting of Ranger Russet, Russet Burbank, Atlantic, Phureja and Shepody.
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the mlernatnonal application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

D on paper

m in electronic form

b. (time)
N/
M in the international application as filed
|—__| together with the international application in electronic form
[:l subsequently to this Aﬁthority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished. .

3. Additional comments:

Specifically, SEQ 1D NOs: 60 and 61 were searched.
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‘Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international Search can be carried out, specifically:

3. g Claims Nos.: 37-40, 46, 53-65
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see extra sheet

I D As alt required additional search fees were timely paid by the applicant, this international search report covers all searchable’
claims.

2. D As all scarchable claims could be searched without effort Justlfymg additional fees this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1'11' 14-22, 31, 33, 35, 41-45, and 47-52 to the extent that they read onASEQ ID NOs: 60 and 61

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. :

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT | International application No.
PCT/US2013/047329

Continuation of Box lll, Lack of Unity

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-36, 41-45, and 47-52 are drawn to an isolated polynucleotide and an expression vector comprising a promoter,
comprising one or more plant DNA sequences, wherein each plant DNA sequence shares sequence homology to a corresponding DNA
sequence from the genomes of at least one strain of Potato Virus Y and methods comprising.the same. )

The first invention of Group I+ is restricted to isolated polynucleotides, expression vectors, and methods comprising the same,

- comprising one or more plant DNA sequences, wherein the plant DNA sequences are selected to be SEQ ID NOs:60 and 61. Itis
believed that claims 1-11, 14-22, 31, 33, 35, 41-45, and 47-52 read on this first named invention and thus these claims will be searched
without fee to the extent that they read on SEQ ID NOs: 60 and 61.

Applicant is invited to elect additional plant DNA sequences with specified SEQ 1D NO for each isolated polynucleotide, vector, or
method to be searched in a specific combination by paying additional fee for each set of election. An exemplary election would be
isolated polynucleotides, expression vectors, and methods comprising the same, comprising one or more plant DNA sequences, wherein
the plant DNA sequences are selected to be SEQ ID NOs:62 and 63..Additional plant DNA sequences will be searched upon the
payment of additional fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further
indicate, if applicable, the claims which read on the first named invention if different than what was indicated above for this group.

Failure to clearly identify how any paid additional invention fees are to be applied to the “+" group(s) will result in only the first claimed
invention to be searched/examined. :

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons: '

The Groups i+ formulas do not share a significant structural element conferring resistance to Potato Virus Y, requiring the selection of
alternatives for the plant DNA sequences “having at least 90% identity to SEQ ID NO: 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, or 71" or
“having at least 90% identity to any one of SEQ ID NOs: 72-103." )

The Groups I+ share the technical features of an isolated polynucleotide comprising one or more plant DNA sequences, wherein each
plant DNA sequence shares sequence homology to a corresponding DNA sequence from the genomes of at least one strain of Potato
Virus Y; an expression vector comprising a promoter operably linked to a polynucleotide comprising multiple plant DNA sequences,
wherein each plant DNA sequence shares sequence homology to a corresponding DNA sequence from the genome(s) of at least one
strain of Potato Virus Y; and a method for conferring full or partial resistance in a plant to at least one strain of Potato Virus Y infection,
comprising expressing in a plant a polynucleotide that comprises multiple plant DNA sequences, wherein each plant DNA sequence
shares sequence homology, in the sense or antisense orientation, to a corresponding DNA sequence from the genome(s) of at least one
strain of Potato Virus Y, wherein the plant is fully or partially resistant to PVY infection compared to a plant of the same species that
does not express.the polynucleotide. However, these shared technical features do not represent a contribution over the prior art.

/
Specifically, “Bacterially Expressed Double-Stranded RNAs against Hot-Spot Sequences of Tobacco Mosaic Virus or Potato Virus Y
Genome Have Different Ability to Protect Tobacco from Viral Infection” to Sun et al. discloses an isolated polynucleotide (hairpin RNAs
(hpRNAs), Abstract) comprising one or more plant DNA sequences, wherein each plant DNA sequence shares sequence homology to a
corresponding DNA sequence from the genomes of at least one strain of Potato Virus Y (posttranscriptional gene siléncing (PTGS)
mediated by double-stranded RNA (dsRNA) and induced by small interference RNA (siRNA), Pg. 1902, first partial paragraph;
posttranscriptional gene silencing, also known as RNA interference, involves degradation of homologous mRNA sequences in
organisms. In plants, posttranscriptional gene silencing is part of a defense mechanism against virus infection, Abstract; hpRNA against
the PVY Nib, Pg. 1908, partial paragraph); an expression vector (we constructed seven hpRNA vectors against ...the PVY HC-Pro gene,
Pg. 1905, first paragraph) comprising a promoter operably linked to a polynucleotide comprising multiple plant DNA sequences (the
different vectors were designed to produce the hpRNAs containing TMV or PVY cDNA sequences under the control of the T7 promoter,
Pg. 1907, first paragraph), wherein each plant DNA sequence shares sequence homology to a corresponding DNA sequence from the
genome(s) of at least one strain of Potato Virus Y (we constructed seven hpRNA vectors against ...the PVY HC-Pro gene, Pg. 1905, first
paragraph; posttranscriptional gene silencing (PTGS) mediated by double-stranded RNA (dsRNA) and induced by small interference
RNA (siRNA), Pg. 1902, first partial paragraph; posttranscriptional gene silencing, also known as RNA interference, involves degradation
of homologous mRNA sequences in organisms. In plants, posttranscriptional gene silencing is part of a defense mechanism against
virus infection, Abstract); and a method for conferring full or partial resistance in a plant to at least one strain of Potato Virus Y infection
(method for the control of plant viruses, Pg. 1902, first partial paragraph constructs against different hot-spot sequences of Tobacco
mosaic virus (TMV) or Potato virus Y (PVY) genome, Abstract; we constructed seven hpRNA vectors against ...the PVY HC-Pro gene,
Pg. 1905, first paragraph), comprising expressing in a plant a polynucleotide that comprises multiple plant DNA sequences (we
constructed seven hpRNA vectors against ...the PVY HC-Pro gene, Pg. 1905, first paragraph; expressed dsRNAs, Pg. 1906, second full
paragraph), wherein each plant DNA sequence shares sequence homology, in the sense or antisense orientation, to a corresponding
DNA sequence from the genome(s) of at least one strain of Potato Virus Y (posttranscriptional gene silencing (PTGS) mediated by
double-stranded RNA (dsRNA) and induced by smali interference RNA (siRNA), Pg. 1902, first partial paragraph; posttranscriptional
gene silencing, also known as RNA interference, involves degradation of homologous mRNA sequences in organisms. In plants,
posttranscriptional gene silencing is part of a defense mechanism against virus infection, Abstract), wherein the plant is fully or partially
resistant to PVY infection compared to a plant of the same species that does not express the polynucleotide (the PVY NIb hot-spot
sequences had stronger resistance. The hpRNA technology is a useful and effective strategy for protecting plants against virus infection,
Pg. 1902, first full paragraph). o

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.
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