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NOVEL PPETAC? GENE AND METHOD TO MANIPULATE TREE
ARCHITECTURE

CROSS-REFERENCE TO RELATED APPLICATION

[00061] This present application claims priority under 35 US.C. §11%ey 10 US,
Provisional Serial No.: 61/808,269, which was filed on April 4, 2013, and is hereby
incorporated by reference.

FIELD OF THE INVENTION

[6062) This invention relates to 2 novel gene that controls the branching angle of a tree.
Disclosed is the gene, PpeTAC], and a method to control wee architecture via either silencing
FpeT4('] or overexpressing Fpel4Ci.

BACKGROUND OF INVENTION

[0003) The spatial patierning or architecture of any given tree is ultimately a consequence
of mumerous developmental. genetic, and environmental factors {Barthéldmy D. and Caraglio
Y., 2007, Ann Bor 99, 375-407). Over the last 40 years, the study of tree architechure has
intensified as it is a critical parameter for both the management and aexthetics of owr
agriculiure, forests. and residential landscapes. Two features that prominently contribute to
ireg architectural differences include the pattern of branching and the angle of branch growth
{(Tomlinson, P.B.. 1978, London: Cambridge University Press, 197-202). Combined, these
factors control the mumber of branches produced, their spacing, and their directional
orienfations.

[60064) Branch growth angle is not uniform and subject fo substantial variation within any
given ree. Yet in a broad sense. branch angle has been used to classify trees into
architectiiral types that are influenced by various fropisins. These include pillar or cohunnar
forms that have narrow branch angles, spreading types with wide branch angles, and weseping

in which shoots grow downwards. Unlike the apical shoot, axillary shoots are not subject o
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strict gravitropic or phototropic control, allowing thent to zrow in a variety of directions
trrespective of the gravity and light vectors. Most familiar tree canopy shapes display a
phenomenon whereby shoots closer to the apical meristem grow more vertical while those
lower in the canopy tend to grow more horizontally.

0005 Qptimizing tree architecture to maximize productivity and siinplify management
is a chief goal of numerous free crop indusiries. Thus tree architectire has been long studied
with regard to horticuliural practices associated with orchard and plantation forestry
management. Tree growth responses (o various fypes of pruning. hormone treatmients,
fertilizer applications, and effects of rootstock-scion interactions are well established.
Aschitectural tree fypes suited for high density production systems andfor improved
mechanization offer great promise for improving tree-bazed agricultural systems. In this
regard, vertical or columnar tree forms are being investigated due to their erect axillary
branch angles and reduced canopy diameter (Kelsey, D.F. and Brown, S.K., 1992, Fruit Var.
J 46, 83-87; Scorza et al, 1989, J Am. Sec. Hortic. Sci. 114, 93-100). Considering the
importance of canopy spatial patierning fo the evolution and niche explottation of land plants,
little is known of the genes underlying the genetic basis of these waits.

[8006] Peach trees with exireme vertical branching resulting in a fastigiated tree shape
have been developed for use i bigh density production systems {Miller and Scorza, 2010,.7
dmer. Pomelogical Soc. 64, 199-217). This traif was initially referred to as “broomy™ (b1}
{Yamazaki ef al., 1987, New broomy flowering peach cultivars Terutebeni, Tenemomo. and
Teruteshiro. Bullerin of the Kanagawn Horticudnral Experiment Station, No. 34) and was
later designated “pitlar” inasnmich as it was shown to be incompletely dominant as
heterozygzous individuals have infermediate branch angles referved to as “upright™ {Scorza et
al., 1989 .7 dm. Sec. Hortic. Sci. 114, 98-100G; Tworkoski and Scorza, 2001, J dser Hord

Sci. 126, 785-790; and Scorza et al,, 2002, J Amer. Soc. Hort Sci. 127(2), 234-261).

8]
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Axillary shoots in vertical trees tend fo grow vertically regardless of their canopy position.
Given the growing need to control canopy special patterns in trees, especially frees planted in
nursery and orchards settings, there is a need to develop breeding and identification
techniques to identify the genes responsible for different growth habits in tree varieties.
BRIEF SUMMARY OF THE INVENTION

00067 Disclosed herein is an isolated polynuclestide sequence comprising
polvnucientide sequence SEQ. ID. NOu: 1, wherein the polynuclentide sequence expression
results in a plant having a borizonial phenotype characterized by axillary shoots having an
increased horizontal orientation. It another emtbodiment of the iirvention, disclosed is a kit
for the detection of a horizontal phenotype for a plant or germplasm, the kit comprising a
reagent for the detection for the presence of SEQ. ID. NG 1.

[0008) Disclosed herein is an isolated polynuclestide sequence comprising
polynuclectide sequence having 99% homelogy with SEQ. ID. NO.: }, wherein the
polynuciectide sequence expression results in a plant having a horizontal phenotype
characterized by axillary shoots having an tnereased horizontal orientation.

[o009] Also disclosed is a method for controlling plant horizontal orientation. the method
compristag overexpressing SEQ. ID. NCQ.: 1 in germplasm or plant wherein the
overexpression of SEQ. ID. NO.: 1 result in & horizontal phenotype characterized by axillary
shoots having an increased horizontal orientation. In one embodiment of the invention, the
germplasm or plant being controlled is a Prupus cultivar. In another embodiment of the
invention, the germplasm or plant being controlied is Prisu persica. In yet another
embodiment of the invention. the gerimplasm or plant being controlled is Prusnes domestica.
In another embodiment of the invention is a transgenic Prumus cell or tissue prepared
according to the disclosed method for controlling plant horizontal ortentation. In another

embodiment of the invention is a Prunuys plant generated from the disclosed transgenic
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FPrunus cell or tissue prepared according to the disclosed method for controlling plant
horizontal orientation. In yvet another embodiment of the lnvention is transgenic seed
produced by the Prusus plant prepared according to the disclosed method for controlling
plant horizontal orientation.

0016 Also disclosed is a method for controlling plant horizontal orientation, the method
comprising overexpressing a sequence having 99% homology with SEQ. ID. NO. 1
germplasm or plant wherein the overexpression of the seguence resulis in a horizontal
phenotype characterized by axillary shoots having an increased horizontal orientation. In one
embodiment of the invention. the germplasm or plant being controlled is a Prumus cultivar.
In another embodiment of the invention is a ransgenic Prusnsy cell or tissue prepared
according to the disclosed method for controlling plant horizontal ortentation. In another
embodiment of the invention is a Prumus plant generated from the disclosed transgenic
Prumus cell or tissne prepared according o the disclosed method for controlling plant
borizontal arientation. In vet another embodiment of the mavention is transgenic seed
produced by the Pranus plant prepared according to the disclosed method for controlling
plant horizontal orientation.

[B011] Also disclosed iz a method for controlling plant branch vertical orientation, the
method comprising silencing the expression of SEQ. ID. NG 1 in germplasm or plant,
wherein the silencing of SEQ. ID. NO.: | result in a vertical phenotype characterized by
axillary shoots having an increased vertical orfentationn. In one embodiment of the invention,
the sermiplasm or plard being controlled is a Prunus cultivar. In another embodiment of the
invention, the germplasin or plant being conwolled is Prunus persica. In yet another
embodiment of the invention. the gerimplasm or plant being controlled is Prusnes domestica.
In another embodiment of the invention is a ransgenic Prusnsy cell or tissue prepared

according to the disclosed method for controlling plant vertical orientation. In another
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embodiment of the invention is a Prumus plant generated from the disclosed transgenic
Preorus cell or tissue prepared according to the disclosed method for controlling plant vertical
crientation. In vet another embodiment of the invention is ransgenic seed produced by the
Frigmes plant prepared according to the disclosed method for controlling plant vertical
orientation.

foa12) Also disclosed is a method for controlling plant branch vertical orientation, the
method comprising silencing the expression of a sequence having 99% homology with SEQ.
ID. NO.: | in germplasm or plant, wherein the silencing of the sequence resulis in a vertical
phenotype characterized by axillary shoots having an increased vertical orientation. In one
smbodiment of the invention, the germplaso: or plant being controlled is a Prusns cultivar,
In another embodiment of the invention is a ransgenic Prusnsr cell or tissue prepared
according to the disclosed method for controlling plant vertical orientation. In another
embodiment of the invention is a Prumus plant generated from the disclosed transgenic
Frunus cell or tissue prepared according to the disclozed method for controlling plant vertical
ortentation. In vet another embodiment of the invention is transgenic seed produced by the
Presus plant prepared according o the disclosed method for controlling plant vertical
orientation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013) The present invention together with the disclosed embodiments may best be
understood from the following detailed description of the drawings, wherein:

[6014] FIG. 1A, 1B, and 1C depict two vear old Prusns persica trees from an F2
segregating population standard. upright. and vertical phenotypes, respectively.

[0015] FIG. 2 is a general schematic 1o identify the polymorphism responsible for the

vettical trait from peach tree populations.

LA
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[6016] FIG. 3 depicts the SNP/DIP pnome frequency map for the peach vertical trait.
SHPs/DIPs unique o pillar (ie. not present in the peach reference genome of the cultivar
‘Lovell” or the standard pnome of “True Gold") are shown in green while those unigue 1o
standard (ie. not found in peach reference genome "Lovell” or the "Halian pillar’ pnoime} are
in red. Dashed line represents a wendhine. A 2Mb region (blue bar} was identified with the
highest SNP frequencies. Genetic linkage map showing the HRM marker positions {blue} on
scaifold 2 and the resulting calculated M diztances {rad). Region delineated from the
frequency map is indicated by shaded bar, SNPs within the mapped region are indicated by
circles while DIPs are indicated with triangles.

{8017 FIG. 4A depicts the expression of PpeTACH in anatomical tissues collectad from
the standard growth habit peach cultivar ‘True Gold™. Tissues fypes are Iabeled. Y-axis
represents relative expression values derived from gPCR resulis after normalization and
standardization. Expression was highest in axillary flower and vegetative buds as well as
axillary branch attachment sites.

[6018] FIG. 4B depicis flower pedicel angles from standard (top left) and vertical
{bottomn left) trees. Quantitative differences in axillary floral bud emergence angles from
vertical, upright. and standard trees are shown on right. Ervor bars represent standard
deviation of three biological replicates derived from three independent trees.

[0019) FIG. 4C is a graph depicting gPCR results for PpeTAC! expression i branch
attachment sites from verticle. upright, and standard trees. Wo franscript was detected in
either “Ttaltan Pillar™ or “NJ Pillar” samples. Error bars represent standard deviation of three
hiological replicates.

[0020] FIG. 4D is depiction of nmutations in PpTACT are associated with the vertical

phenatype.
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[6021] FIG. 5 is a phylogenstic tree of various IGT family members identified in diverse
plant species. Tree was constructed using the UPGMA algorithm from an aminoe acid
multiple alignment generated mwing CLC Genomics Workbench (CLC Bio. Netherlands).
T4C] and LAZYT clades are indicated on vight.  Plant classifications are color coded
according to the legend.

[0022) FIG. 6 is a depiction of the expression of T4C7 and L4777 in dissected 4 week
old wild-tvpe Arabidopsis {Tol-0) plants and 4 month old peach saplings {cv. True Gold}.
Short black lines indicate cut points where sections of each individual plant were dissected
and flash frozen. Arabidopsis inage is a redravn representation of an individual plant
whereas the peach image is Jertved fron: an actual picture of the plant that was dissected.
Expression values obtained for sach segment via gPCR are color coded according to an
expression scale (bottom}. RNA could not be recovered from a small sumber of samples
which are highlighted with dashed lines.

[6023] FIG. 7 is a depiction of four transgenic plum lines having PpeTAC! silenced.
The wild tvpe depicted is a Bluebyrd pluin line.

fo024) FIG. 8 is a measurement of the average branch angle for four transgenic plum
lines. The wild type depicted is a Bluebvrd plam line.

[#025] FIG. 9 is graph depicting RT-quantitative PCR on four transgenic phun line.

.
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BRIEF DESCRIPTION OF THE SEQUENCES

[8025] SEQ. ID. NO. L
atgaaggicticascigegticataaggegoticalcaangegtcgtcasspatgeptficctzgoaatgigaaaaagagtieaacigga
aaccaatgacaaggacacacaagoatticicaaacaagiiggeotigitaaigtggategectigatgetiggarooalogocatifianct
ataggraccitigetitegaccerctiagaacecictacceaccaagacgaataftiogiictzeagagc gaagaagacsaliagezasag
ccatggatiticacacagtggtaatzatpatzatgatgatgalgalgaacattatgatcatagigiigaagatgasgaacizgaacectifaa
tgtitacaacatigaacacageittgaggatalisggicaaattligatgccatigticagaaaccagetgatgteatecigacestigaty
gteteccictiactceattigaggegtocagtzaaatoagtactaaaccigatcagagtgctaatzateagageaagaataagaaasgic

agagaatiacactggcigactighiceaggctgatgticcigatgitggteaacigaagetigacictggeaaggtccagocagaaatgg
agaaaaaaatgaatpcoagaacaaggagipsoctageattigecaagaaacicatocctcgegicaaagatgaticaagicoaatoaa
aaatatgcaacgactgatgaggageatgitgaagaggaagaliccatocageigageiigaagicaagaticacaaaicagatggocag
aageagoccagtecggiagagcicatolocaatgicgaaaatzatgottatgastcggifctitgoticeaaticaaggigeccotigat
geactga is the cDINA sequence of FpeTAC!

[6027) SEQ. ID. NO. 2: TGAACCACTTGTGCTTCTGCGA 1va 57 — 37 primer used in
expression analvsis of PpeT4C 1.

fo028] SEQ. ID.NO. 3 ATTCAAACAGCAGUCACAACGG isa 57 — 37 primer used
in expression analysis of PpeT4CLL

[8029] SEQ. IDX NO. 4: GGAAATGUAAATAGGAATTGG 158 3° — 37 primer used in
expression analysis of PpeT4CH

00306 SEQ. ID. NO. 5: CTCTCTCTICTGTGGATTAAA 1s 8 57 — 37 primer used in
expression analvsis of PpeT4C 1.

[0031) SEQ. ID.NO. 6 CTCACATGGCCATAGGGATAGT 183 5 — 37 primer used in
expression analysis of PpeT4C].

[132] SEQ. ID. NO. 7: TGAAAGACGTACGUCAAGCCAA 18 a 3" — 37 primer used

in expression analysis of PpeT4CLL
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[8033] SEQ. ID.NO. 8: AGAGCGAAGAAGACGATCAGGA 1sa 3" — 37 primer usad
in expression analysis of PpeZ 401,

[0034] SEQ. ID. NO. 9 CAGCTGGTTTICTGAACAATGEGC is 3 87 — 37 primer used in
expression analysis of PpeTdC1

0035 SEQ. ID. NO. 10 AAGCACACGTTICCACTCTGT isa § — 37 primer used in
expression analysis of PpeT4CL

[8036] SEQ.ID. NO. 11: GGCAATAGTTGTGTGAGGTGAGGT 1sa 3 — 3" primer
used in expression analysis of PpeT4C1.

[0037] SEQ. ID.NO. 12: ACAGCTAAGCTCCTACTTCAACCC isa 8" — 37 primer
used in expression analysis of FpeZACT.

[8038] SEQ. IDX NO, 13 AGAGAGTGGUTTTGUTTIGGT T s a 3" — 37 primer used
in expression analysis of PpeTACT.

[0039) SEQ. ID. NO. 14 TCTTCCATCTAAGCTGCCACAT s a 37 — 37 primer used
in expression analysis of PpeT 41

[8040] SEQ. ID. NO. 15 GCAGTGAATTGAAGAAATAATCGTCG ka3 — &7
primer used in expression analysis of PpeT4C].

[B041] SEQ. I NO. 16 GAATTCAATTGUTCACAAAATATGAAG8a Y — ¥
primer used in expression analvsis of full length PpeT4C].

[8042] SEQ. ID. NO. 17 GGATCCTTAATTCAGTGCACACAA s a & — 37 primer
used in expression analysis of PpeTACT.

[8043] SEQ.ID. NO. 18 TITGCCAAGAAACTCATCCCTCGC 1sa 3" — 37 primey
used in expression analysis of PpeT 41

[0044] SEQ. ID. NO. 19 GCTGCTTCTGGCCATCTGATTTGT isa §° — 37 primer

used in expression analysis of FpeZACT.
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[6045] SEQ. ID. NO. 20: AATTGCTCACAAAATATGAAG is a forward primer usad o
detect SEQ. ID. NO. 1.

fo046] SEQ. ID. NO. 2UTTAATTCAGTGCACACAA is a reverse primer usad to detect
SEQ.ID.NO. L.

joad7] SEQ. ID.NQ. 22: TGGGTTTGCTGGGAATGTGA is a forward primer used fo
assemble a PpeTACH silencing construct in a plum species.

[0048] SEQ. ID. NO. 23: CAGCTGGTTTCTGAACAATGGC is a reverse primer used
o assemble 2 PpeTACT silencing construct in a phun species.

[6049] SEQ. ID.NO. 24:
TGGGTTTGUTGGGAATGTGAAAAAGAGTGAACTGGAAATCAATGACAAGGACAC
ACAAGCATTTICTCAAACAAGTTGGCUTTGTTAATGTGGATGGGCTTGATGGTTGG
AGGGATGGUATTTITAACTATAGGCACCTTTIGGTTICGACCTUCCTAAAACCCTICTA
CCCACCAAAACGAATATTTCGTTCTGGAGAGCGAAGAAGACGATCAGGAAAGCC
ATGGATTTTCACACAGTGGTAATGATCGATGATGATGATGATCGATGAACATTATGA
TCATAGTGTTGAAGATGAAGAACTGAACCCTTITAATGTTTACAACATTTGAACAC
AGCTTTGAGGATATTGGGTCAAATTTTGATGUCCATTGTTCAGAAACCAGRCTG s a
PpeTACH silencing construct.

[1050] SEQ. ID.NO: 25 GAATTCAATTCGCTCACAAAATATGAAG is a primner
used to amplify full length PpeTACT.

[0051] SEQ. ID. NO: 26: CCTTGTGTGCACTGAATTAAGGATCC is a reverse priner
used to amplify full length PpeTACL.

DETAILED DESCRIPTION OF THE INVENTION

[o052] Disclosed here is an isolated polynucleotide sequence comprising polynucleotide

sequenice SEQ. IDL NO.: 1, and referred to as PpeZ4C!, wherein the polynucleotide sequence

14
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expression resuifs in a free having a spreading phenotype characterized by axillary shoots
having sn increased horizontal orientation.

Diefinitions

[8033] Unless otherwise defined, all technical and scientific termys used hergin have the
same meaning as conunonly understood by one of ordinary skill in the art to which the
presently disclosed subject mater pertains. For clarity of the present specification, certain
definitions are presented hevein below.

[6054] As used herein, the term “shoot” refers to the aerial portion of a plant that includes
the stem, leaves, axillary meristems, and apical meristenss.

[BD35] As used berein, the term “axillary shoot™ refers to etther a shoot originating from
the axil of leaf or from an axillary bud.

jofs6] The term “gene” refers to 8 DNA sequence involved in producing a polypeptide or
precursor thereof. The polypeptide can be encoded by a full-length coding sequence or by
any portion of the coding sequence, such as exon sequences.

[6057) The term “oligonuclectide™ refers to a molecule comprising a plurality of
deoxvribomucleotides or ribonucleotides. Oligonucleotide may be generated in any manner,
including chemical synthesis, DNA replication, reverse transcripiion, polvmerase chain
reaction, of a4 combination thereof. The present invention embuodies atilizing the
oligonucleotide in the form of dsRNA as means of interfering with a critical developmental
or reproductive process that leads to contrel. Inasmuch as mononuclectides are synthesized
o construct oligopuclectides in a manner such that the 5 phosphiate of one mononuclectide
pentose ring is aftached w the 3' oxygen of ifs neighbor in one direction via a phosphodiester
linkage. an end of an oligonucleotide is referred to as the 5 end™ if is 5 phosphate is not
linked to the 3' oxvgen of a mononucleotide pentose ring and as the 3 end” if its 3" oxygen is

not finked o a &' phosphate of a subsequent mononucieotide pentose ring.  As used herein, a

i1
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pucleic acid sequence, even if internal to a larger oligonuclentide, also mayv be said to have 5
and 3" ends.

[O058] When two different, non-overlapping oligonucleotides anneal w different regions
of the sapwe linear complementary nucleic acid sequence, and the 3" end of one
oligonucleotide points towards the 5' end of the other, the former may be called the
“upsiream” oligonucleotide and the lader the “downstream” oligonucleotide.

[6059] The term “primer” refers to an oligonucleotide, which is capable of acting as a
point of inttiation of synthesis when placed under conditions in which primer extension is
initiated. An oligonucleotide “primer” may occar naturally, as in a purified restriction digest
or may be produced synthetically.

[B060] A primer is selected to be “substantially complementary™ to a strand of specific
sequence of the template. A primer must be sufficiently complementary to hybridize with a
template strand for primer elongstion to occur. A primer sequence need not reflect the exact
sequence of the template. For example, a non-complementary sucleotide fragment may be
attached to the 5’ end of the primer, with the remainder of the primer sequence being
substantially complementary to the strand. Noun-complementary bases or longer sequences
can be interspersed into the primer, provided that the primer sequence 18 sufficiently
complementary with the sequence of the teniplate to hybridize and thereby form a termplate
primer complex for synthesis of the extension product of the primer.

fooel) The term “double swanded RNA" or “dsRNA™ refers to two substantially
complementary strands of ribonucleic acid. “Identity,” as used hevein. is the relationship
hetween two or more polvaucleotide sequences, as defermined by comparing the sequences.
Identity also means the degree of sequence relatedness between polvnucleotide sequences, as
determined by the match between strings of such sequences. Identity can be readily

calculated {see, 2.z, Computation Molecnlor Binlogy, Lesk, A M., eds.. Oxford University
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Press, Wew York (19983, and Riocamputing: Inforsiatics and Genome Prajects, Spith, D.
W., ed.. Academic Press, New York {1993), both of which are incorporated by reference
herem). While there exist a mumber of methods fo measure identity between two
polynucieotide sequences, the term is well known to skillad artisans {see, e.g., Sequence
Analysis in Molecular Biology, von Heinje. G., Acadeniic Press {1987}); and Seguence
Analysis Priwer, Gribskov., M. and Devereux, T, eds., M Stockton Press, New York {1991 1),
Methods conunonty employed to determine identity between seqguences include, for example,
those disclosed in Carillo. H., and Lipman, D, SL4M T dpplied Aarh. {198E) 45:1073.
“Substantially identical” as used herein, means there is a very high degree of homology
(preferably 100% sequence identity) between the inlibitory dsRNA and the corresponding
part of the target gene. However, dsRNA having greater than 90% or 85% seguence identity
may be used in the present mvention, and thus sequence variations that might be expected
due  genefic mutation, strain polymorphism, or evolutionary divergence can be tolerated.
Although 100% identity is preferred. the &&RNA may coniain single or multiple base paiy
random mismatches between the RNA and the target gene, provided that the mismaiches
occur af a distance of at least three nucleotides from the fusion site.

[#062] As used berein, “target gene” refers {o a section of 8 DNA strand of a double-
stranded DNA that is complementary to a section of a DNA strand, including all transcribed
regions. that serves as a matrix for ranscription. The target gene is therefore nsually the
sense strand.

[6063] The term “conyplementary BNA strand” refers to the strand of the dsRNA, which
is complementary to an mRNA iranscript that is formed during expression of the target gene,
o its processing products. “dsRNA™ refers to a ribonnicleic acid molecule having a duplex

striucture comprising two complementary and anti-parallel nucleic acid strands. Not all

2
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puclectides of a dsRNA must exhibit Watson-Crick base pairs. The maximum munber of
hase pairs is the munber of mucleotides in the shortest strand of the dsRNA.

[0064] As used herein, the term “recombinant DNA construct” refer to any agent such as
a plasmid, cosmid. virus, BAC (bacterial artificial chromosome), autonomously replicating
sequence, phage, or linear or circular single-stranded or double-stranded DNA or RNA
nuclectide sequence, derived from any source. capable of genomic infegration OF AUIOROMOUS
replication, conprising a DNA moleculs m which one or more DNA sequences have been
linked in a functionally operative manner using well-known recombinant DNA techniques.
[0065] A nucleic acid sequence can be inseried into a vector by a variety of procedures.
In general, the sequence is ligated to the desired position in a vector following digestion of
the msert and the vector with appropriate restriction endonucleases. Alternatively, blunt ends
in botlh the insert and the vector may be ligated. A variety of cloning techniques are known
in the art, e.g., as described in Sambrook, T. et al., Molecular Cloning, A Labhovatory Manual,
Cold Spring Harbor Press, Plainview, NUY, {1989) and Ausubel, F. M. et al., Carrent
Protocels in Molecuiar Biology, John Wiley & Sons, New York, N.Y. {1958%). Such
procedures and others are deemed o be within the scope of those skilled in the art.

[B066] The vector can be in the form of a plasmid, a viral particle, or a phage.

Preferably, ax disclosed herein the vector is a bacterial vector. Other vectors include
chromosomal, non-chromosomal and synthetic DNA sequences. pET-30a and derivatives of
pET-30; bacterial plasmids, phage DNA, baculovirus. yveast plasmids, vectors derived from
combinations of plasmids and phage DNA, viral DNA such as vaccinia, adenovires, fowl pox
virus, and pseudorabies. A variety of cloning and expression vectors for use with prokaryotic
and eukarvotic hosts are described by, e.g., Sambrook, T. et al., Molecular Cloning: 4

Laboratory Manual, Cold Spring Harbor Press, Plainview, N.Y, {1989).
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[6067) “Small inferfering RNA™ or “siRIWNA™ refers to a short double-strand of
ribonuicleic acid, approximately 18 w 30 nucleotides i length. The term “RNA interference”
or “RNA1" refers to a cellular mechanisin for the destruction of targeted ribonucleic acid
molecules. Under endogenous conditions, RNA mechanism operates when dsRNA is
cleaved to siRNA via an enzyme, DICER. The siRNA is processed o a single sirand of anti-
sense ribonucleic acid and coupled with a protein complex named RISC. The antisense RNA
then targets a complementary gene construct, such as messenger RNA that is cleaved by
ribonuclease. While the examples infiw discloses constructing dsRNA constructs via
enzyinatic techiiques with the enzyme RNA polymerase, if is contemplated that siRNA can
be comstructed via RNA oligonucleotide synthesis such as those disclosed in Bearinge, S.,
Methods Enzymel., 2000, Vol 317:3 and incorporated herein by reference.

[o06R) As used herein, “knock-down” is defined as the act of binding an oligonucleotide
with a complementary nucleotide sequence of a gene as such that the expression of the gene
or mRNA franscript decreases. In an emtbodiment, knock-down of a PpeT4CT genein a
fransgenic plant confers control of branching for said transgenic plant.

[0069] dsBNA containing a micleotide sequence comnplementary to PpeTACT gene. As
disclosed herein, 100% sequence identity between the RNA and the target gene is not
required &3 practice the present invention. Thus, the invention has the advaniage of being
able to tolerate sequence variations that niight be expected due to genetic nuitation, strain
polymorphism, or evolutionary divergence. RNA sequences with insertions, deletions, and
single point muiations relative to the target sequence may also be effective for plant
resistance 1o RNNA viruses. Thus. sequence identity mav be optimized by sequence
comparison and alignment algorithms known in the art. Thus, the determination of percent
identity between any fwo sequences cait be accomplished using a mathematical algorithm.

Non-Himiting examples of such matheniatical algorithns are the algorithm of Myers and
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Miller {1988 CABIOS 4: 11-17), the local homology algorithm of Sniuith et ol (1981, Adv.
Appl. Math. 2: 482, the homology alignnmient algorithin of Needleman and Wunsch (1970, 1.
Mol. Biol. 48: 443-453); the search-for-sinularity-method of Pearson and Lipman {1988,
Proc. Natl. Acad. Sci. 85: 2444-2448; the algorithie of Karlin and Altschal {1994, Proc. Natl.
Acad. Sci. USA 87: 2264), modified as in Karlin and Altschul (1993, Proc. Natl. Acad. Sci.
USA D0: 5873-5877).

[6070] Computer implementations of these mathematical algorithms can be utilized for
comparizon of sequences to determine sequence identity. Such implementations inclade, but
are not Hmited to: CLUSTAL in the PC/Gene program {available from Intelligenetics,
Mountain View, Calif }; the ALIGN program {Version 2.0) and GAP, BESTFIT, BLAST,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Version 8§ {available
from Genetics Computer Group {GUG), 575 Science Drive, Madison, Wis., USA)Y Mualiiple
Aligniment took, CLC Genomics Workbench, Version 6.1 {available from CLC Bio, 10
Rogers Street #1901, Cambridge, MA). Alignments psing these programs can be performed
using the default parameters.

[o071) Greater than 90%; sequence identity, or even 100% sequence identity, hetween the
inbibitory RNA and the portion of the eularvotic translation initiation factor target gene 18
preferred. Alternatively, the duplex region of the RNA 1nay be defined functionally as a
nuclectide sequence that is capable of hybridizing with a portion of the target zene transcript
under swingent conditions {e.g., 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 507 C
bybridization for 12-16 howrs; followed by washing). The length of the substantially
identical double-siranded nucleotide sequences may be at least about 18, 19, 21, 22,23, or 24
bases. In a preferred embodiment, the length of the double-stranded nucleotide sequence is

approximately from about 21 to about 24 puclectides in length for plants.
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[6072] The dsRWA construct disclosed herein may optinnally conprise a single stranded
overhang at either or both ends. The double-stranded strmctire may be formed by a single
self~complementary RNA strand (i.e. forming a hatrpin loop} or two complementary RNA
strands. RNA duplex formation may be initisted either inside or outside the cell, When the
dsRNA of the invention forms & hairpin loop. it may optionally comiprise an intron, as sef
forth in U.S. 2003/0180945A1 or a nucleotide spacer, which is a stretch of sequence between
the complementary RNA strands fo stabilize the hairpin transgene in cells. Methods for
making various dsRNA molecules are set forth, for example, I8 WG 99/53030 and in U.S.
Pat. No.56,.506.559. The RNA may be introduced in an amount that allows delivery of at least
one copy per cell.

[8073] While the examples provided wherein describe dsRNA constructs that target the
branching angle of a plum and peach tree, if is contemplated that when read in conjunction
with the teaching disclosed herein. the construction of other dsRNA constructs targeting
PpeTACY in a plurality of trees and culitivars such as Prunus domesitac {European plum),
Prunus persica {peach), Prupus armieniaca {apricod), Prunus salicina {Japanese plum), Prunus
mne {Chinese plum). Pruous amygdalus, (almond), Prunus avinm (sweet cherry), and
Prunus cerasus {sour cherry).

Agrobacterfum-mediated Transtormation

[0074) Agrobacterinm-mediated gene transfer exploits the natural ability of
Agrobacterium to transfer DNA into plant chromoscines. As is well known in the art,
Agrobacreriye iy a pland pathogen that can transfer a set of genes into plant cells. In some
embodiments of the presently disclosed subject matter, immiature Prismus cells can be
rransforimed nsing derebacterium fumefaciens.

[8075] Thase skilled in the art will appreciate that the disclosed methods apply equally

well to dgrobacterfuim rhizogenss. Transformation using Agrebacteriion rhizegenes has
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developed analogously o that of dgrebacterinng tumefaciens and has been successfully
utilized fo transform plants, including but not limited to, alfalfa, Solarivmr migrum L, and
poplar. See, for example, Hoovkaas, Plant Mol Riof {1989) 13: 327: Smith et al. Crop
Seience (1995% 35: 301 (1995); Chilton, Proc. Nod dcad Sci. US4 {1993} 90: 3119;
Mollony et al. Monograph Theor. Appl. Genet NT{1993}) 191 14R; Ishida et al. Nature
Biotechnol (1990} 14: 745 (199¢); and Komari e al. The Planut Jowrnal (1996} 100163
{1996}, the disclosures of which are incorporated herein by reference.

[6076] For Agrobacterium-niediated gene transfer, wounding of the explant tissue can be
used to facilifate gene fransfer. Accordingly, in some embodiments, 2 wound can be ¢reated
in the explant tissug. The dgrobncreriuni-mediated transformation process of the presently
disclosed subject matter can comprise several steps. The basic steps can include, but are not
limited to, an infection step and a co-cultivation step. In some embodiments, these steps are
followed by a selection step. and in some embodiments, by a selection and a regeneration
step, as discussed in detail herein below.

[6077) In the infection step, plant cells to be transformed are exposed to dgrebacieriam.
In some embodiments, the cells are brought into contact with the Agrobacterium n a liguid
mediun. Alternatively, in some embodiments, the cells are brought ints contact with the
Agrobacterfion it a solid medivm. In some emmbodiments, the dgrobnctesdin: can be
maodified to contain a gene or nucleic acid of interest, wherein the nucleic acid can be inserted
into a genetic constuct, which can comprise a plasmid or other suitable vector.

[6078] A number of vectors suitable for stable transfection of plant cells or for the
establishment of transgenic plants have been described m. e.g.. Pouwels et al. 1985, Supp.
1987, Claning Fectors: 4 Laborvatery Mavunal, Weissbach and Weissbach. 1989, Merhods for
Flant Molecular Biology, Academic Press, New York; and Flevin ef ol 1990, Plant

Molecular Biology Manual, Kluwer Academic Publishers, Boston. Tvpically. plant

[
[ar ]
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expression vectors include, for examiple, one or more cloned plant senes under the
rranscriptional control of 5 and 3 regulatory sequences and a dominant selectable marker.
Such plant expression vectors also can contain a promoter regulatory region {e.g.. &
regulatory region controlling inducible or constitutive, environmentaliv- or developmentaily
regulated, or cell- or tissue-specific expression), a wanscription initiation start site, a
ribosome binding site, an RNA processing signal, a transcription termination sife, and/or a
polyadenylation signal.

[6079] The term “promoter” refers to a nuclestide sequence capable of controlling the
expression of a coding sequence or fanctional RNA. In general, a coding sequence is located
F to a promoter sequence. The promoter sequence consists of proximal and more distal
upsiream elements, the latter elements often referred 0 as enhancers. Accordingly. an
“enhancer” is a nucleotide sequence that can stimulate promoter activity and may be an
innate element of the promoter or a heterclogous element inserted to enhance the level or
tissug-specificity of a promoter. Promoters may be derived in their entivety from a native
gene, or be composed of different elements derived from different promoters found in nature,
or even comprise syathetic nucleotide segments. It is undersiood by those skilled in the ast
that different promoters may divect the expression of a gene in different tissues or cell types,
or at diffevent stages of development, or in response to different envirommental conditions.
The tissue specificity of a promoter, for example, is exemplified by the promoter sequence
which specifically induces gene expression in plant tissues including vegetative buds, stems,
vascular tissues, apical meristems, lateral nreristems, roots, root meristems, fruit and flower
buds. Promoters that cause a nucleic seid fragment to be expressed in most cell tvpes at most
times are commonly referred to as “constitutive promoters™. New promoters of various types
useful in plant cells are constantly being discovered; numerous exaniples may be found in the

compilation by Okannwro and Goldberg, 1989, Biochemisiry of Flants 13:1-82. It is firther
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recognized that since in most cases the exact boundaries of regulatory sequences have ot
been completely defined. nucleic acid fragments of different lengths may have identical
promeoter acfivity.

[£086] As used berein, the term “horizontal orientation” refers to the overall branch
orientation of a plant.

[0081) As used herein. the term “vertical orientation” in reference 1o a plant refers 1o the
branch orientation of a plant. To the extent that a plant or tree is referenced to have a “pillar™
ortentation in the art, as used herein, said plant or tree is referred to having a “vertical
orientation”.

[8082] In an enbodument of the invention, targeted cleavage events can be used, for
example. to induce targeted mulagenesis, induce targeted deletions of cellular DNA
sequences, and facilitate targeted recombination and integration at a predetermined
chromosomal ppTAC or ppeTAC locus. Technigues of nucleotide edifing can he found for
example, Urnov et al. {2010) Nature 435{7042}:646-51; Tnited States Patent Publications
200302324 10; 20050208489; 20050026157; 20030064474; 20060188987, 20090263900;
20000117617; 20100047805, 20110207221 20110301073; 2011089775; 20110239315,
20110145940; and International Publication WD 2007/014273, the disclosures of which are
incorporated by referenice in their entiveties for all purposes. Cleavage can ocour thvough the
use of specific nucleases such as engineered zinc finger nucleases (ZFN}, transcription-
activator lile effector nucleases {TALENS), or using the CRISPR/Cas system with an
engineered ctRNAAracr RNA {"single guide RNA") to guide specific cleavage. U.S. Patent
Publication No. 20080182332 describes the use of non-canonical zine finger nucleases
{ZFNs) for targeted modification of plant genomes; U.S. Patent Publication No.
20090205083 describes ZFN-niediated targeted modification of a plant EPSPS locus; U.S.

Patent Publication No. 20100199389 describes targeted modification of a plant Zp15 locus
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and U.S. Patent Publication No. 20110167321 describes targeted modification of plant genes
inwvolved in fatty acid bosynthesis. In addition, Moehle et al. {2007} Proc. Natl. Acad, Sci.
USA 1049):3055-3060 describes using designed ZFNs for targeted gene addition at a
specified locus. UK. Patent Publication 201 10041 195 describes methods of making
homozygous diploid orgasisms.

jo083] For example, a ppTAC or ppeTAC-specific DNA recognition and cleavage
protein may be, for example and without limitation. a ZFN; a T4LEN; RNA-guided CRISPR-
{"asY, a recombinase (2.z., Cre. Hin, RecA, Tre, and FLP recombinases}: a meganuclease, and
an engineered protein derived from any of the foregoing or their equivalents. Cleavage may
also be effected using the CRISPR/Cas system with an engineered crRNA/tracy RNA {single
zuide RNA} to guide specific cleavage.

[0084) The following Examples have been included to illustrate representative and
exemplary modes of the presently disclosed subject matter. In hight of the present disclosure
and the general level of skill in the art, those of skill will appreciate that the following
Examples are intended to be exemplary only and that numerous changes, modifications, and
alterations can be emploved without departing from the spirit and scope of the presently
disclosed subject matier.

EXAMPLE 1: SEQUENCE-BASED MAPPING OF Br using pnomes

[0085] To identify the polymorphism responsible for the vertical trait from peach tree
populations. A strategy for simultanecus genetic mapping and candidate gene identification
using next-generation sequencing of pooled gepomes, dubbed “pnomes” was mtilized. The
pnomes strategy is based on sequencing a population(s} of segregating individuals pooled by
a specific wait(s). In theory, the linkage of individaal polymorphisms 1o a trait of interest
should be measurable by caleulating the abundance of each polymiorphism within a given

pnome assembled against a reference genome. Tighily binked polymorphisms should ocour at
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bigh frequency in the poome containing the frait while those same polymeorphisms shouid be
rare or absent in the pnome lacking the trailt, and vice versa. Consequently, when graphed by
nucleotide position, the data should produce a bell-shaped curve delineating the location of
the trait. A schematic describing the pnome strategy is depicted in FHG. 2. To test the
efficacy of the pnomes strategy. DNA was extracted from 27 standard stature trees and 56
vertical individuals derived from an F2 segregating population.

Peach Tree Populations

[0086] Two sources of & were used in this study. “Ttalian Pillar” was obtained as pollen
from the Institufo Sperimentale per 1a Frutticolnwa, Forli, Italy. “New Jersey Pillar”
represented a different souree of the & gene and was obtained frop Japan through Rutgers
University {Scorza, R., Bassi. . and Liverand, A., 2002, J 4mer. Soc. Hort. Sci. 127(2}, 254-
261, While both sources of br expressed the vertical growth habit they differed in flower and
fruit characteristics (&fy. For pooine mapping, an F2 peach (Prou persica) population of
over 200 individuals segregating for the vertical trait was used. This was derived from
selfing an F1 mndividual which was a progenv of an ¥0 cross between the vertical cultivar
‘Crimson Rocket” and the doubled haploid variety "True Gold® that has a standard
architecture. *Crimson Rocket” was derived from “Ttalian Pillar” germplasm
(hitp://ddr.nal usda povbitstrean/ 1 D11 371 2668/ /IND44038654 . pdfy. The trees were
phenotyped and leaf tissue was collected from select 4 year old trees in which the vertical and
standard phenotypes were most apparent. Fine mapping was performed asing trees from
several different segregating populations in which the vertical trait was derived from ‘Ttalian
Pillar”. From these, 157 vertical trees were chosen based oo their having a clear vertical
phenotype. Standard and upright individuals were not used for fine mapping due to the

inability to accurately phepotyvpe them.
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[6087) These DNAs were subssquently combined into two pools {standard and vertical}
for pnome sequencing. Genomic DNA was extracted from liguid nitrogen treated ground leaf
samples with the E.Z. N.A ™ High Performance {(HP) DNA Kif (Omega Bio-Tek Inc.
httpdfwrww omegabiotek.com). Modifications to the Frozen Specimens protocol were the
addition of 2% PVP-40 {w/v) to Buffer CPL and the optional addition of 2-mercaptoethancl.
The fluorescent dye, PicoGreen was used o obtain a more specific double stranded DNA
meastrement wtilizing the Quant-iT PicoGreen kit {Molecular Probes, Inc., Fugene, OR).
The reactions were set up according to the manufacturer’s directions with each 160 ul
reaction containing 40-400 ng of leaf DNA as deterinined by Nanodrop spectrophotometer
readings. A second set of reactions was set up with 0.1X leal DNA. Standard curves were
run simultaneously that ranged from 0 to 230 ng of lambda DNA included i the ki, All
reactions were run in duplicate in a 96 well microtiter plate. The reactions were allowed to
proceed for 5 min in the dark and were then read utilizing a Cytofluor 4000/TR {Applied
Biosystems, Inc., Foster City, CA). Standard curves were constructed from the lambda DNA
readings and the lealf DNA concentrations were obtained from the curves. The readings
ranged from 18% to 72% of the Nanodrop readings. Those Resulting DNA samples were
combined in equal molar ratios to generate the vertical and standard pools for ppome
sequencing.

[0O8R) The two DNA pools were sequenced via Hhunia 100 bp paired-end reads o an
estimated coverage of 2X and 1.6X (relative to the muumber of genomes in each pnoimne),
respectively. Wext, the vertical and standard reads were separately assembled against the
peach genowne {Sosinski et al., in preparation; sequence available at

hitpe//www rosaceae. org/peach/genome] using CLC Genomics Workbench Software (CLC
Bio, Aarhus, Denmark). Defanlt parameters were used and non-specific reads were excluded

from mapping. SNPs and DIPs were identified from each pnonze assenibly using the
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respective CLC tools. Default parameters for SNP/DIP significance were changed as
follows: minimum coverage and paired coverage set to 20, maxinuun coverage set to 500,
RN variani count required set to 20, maximum expected variations set to 2. SNF/DIP
frequency is autonwtically caleulated by the software basad on the number of high quality
reads in which each polvmorphism occurs relative to the total number of high quality reads
that span that nucleotide position. To compare the vertical vs. standard SNP/DIP datasets,
they were each filtered to remove invariant SNPs/DiPs, unlinked SNPs/DIPs, and artifacts
arising fron assembly ervars. Filtering was pertormed as follows: 1) SNPy/DIPs with the
same variant allele {relative to the reference} occurring at a frequency >75% in both the
vertical and standard pnoines were removed. These largely represen non-segregating
polymorphisios that only occur relative to Lovell genome. 2) SNP/DIPs with a variant
frequency below 75% were removed from each dataset fo eliminate anlinked polymorphisms.
3} The remaining SNPs and DIPs were mamally verified by inspection of the comresponding
sequence asseniblies to eluminate artifacts arising from assembiy differences.

[6089] To create an allele frequency map, the frequency of all SNPyDIPs in the pnome
from which they were absent or at low abundance was calculated. Next, the inverse
frequencies from the opposing pnoine were calculated. The datasets were filtered again
hased on the frequency scores of the inverse ppome {removed if less than 75%). The two
frequencies were then averaged to get a single frequency value. This additional step captures
segregation data for all SNPs/DIPs in both puomes providing a more robust frequency
estimate. The resulting average SNP/DIP frequencies were graphed by reference nucleotide
position 1o generate the allele frequency map. After mapping, a low threshold SNP/DIP
search was done within the mapped region to identify those that may have been missed
during the initial, more stringent searches. The low stringency search parameters used were:

minionn coverage and paived coverage set to 10, maxtumuni coverage set {o 500, mintimum
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variant cout required sef to 10, maxinyem expected variations set to 2. This additional step
cnly captured 3 polymorphisms which had been excluded by the initial more stringent

searches in Table 1.

TABLE 1

SEIGEF SNP A T 25 32 78.1% B0.0% 79.1%

BBAGIS SNE C G 25 33 75.8% BO.5%% TR.2%
2482935 SNE G A 45 55 78.3% 7EE%N T.8%
2432355  SNP T v 48 61 TR 24.8% ¥1.8%
2503017 SNE a A 28 348 76.5% 23.7% 73.8%
2GIBDH4 GNP A & 38 50 Fa.o% TR.B% FFA%N
FIEHAID g - A (33 78 F8.1% TR.2% TEEN
ZEERIR GNP ¥ T 42 35 76.4% 730% 75.7%
IOI2ETR NP T C 47 52 75.8% 73.8% FENE

Vallsad

333011 SHP T < S& 71 E] a1k TR.4% FER
OIGEIT NP A C 48 52 FTAY% ¥4.4% 20.9%
JOG288G NP T C 38 35 87.7% 781N 23.7%
JOEGIME  SNE T G 3 37 B81.1% BE.8% R4.3%
JOEFIEE SNE A 3 35 75.8% BO.0% TR.5%
INA5301 SNE a A 33 44 75.0% 21.8% 78.4%
IREIDD GNP < & 33 44 Fa.o% R1.8% FEA%N
IR5H1Y SHP &= A 3% 45 FrE% 71.5% FERG
OIS NP < G 35 35 76.9% ¥2.8% 79.9%
FIOI2IGR NP G A 33 432 78.6% 7rR% FE.I%
JO0SEITE SN T A 21 27 77.8% TE.EN TR.2%
3100549 SN G L 43 55 78.2% 7o.0%% T6.5%
3144488  INP T L 318 44 BG.4%% 77.6% g2.0%
3184743 GNP &= T XS 48 FLI% R1.8% 7EE%N
3184750 GNP < T ] 45 FE% R4.3% B1.8%
147135 GNP T G 38 £ 75.6% ¥2.5% 79.1%
F147G72 28 < - 38 35 87.7% 75.3% 21.6%
3IS0ETY  SNPE G A 53 Gl 77.5% 7E.7%N T7.3%
31B66D% SNE G A 44 58 B81.5% 75.6% TR.E%
3166636  INF T A 44 54 81.5% 75.6% 78.8%
3166638  INP B, a 43 53 81.1% 75.6% 78.4%
316248 GNP T A 38 47 0L9% T65.5% FETN
FIGTA2R ENMP < A 33 432 83.3% ¥5.4% 24.4%
1804358 ENMP T G 25 32 78.1% LA 77.6%
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IIBGLIS SKE T < 21 27 F2.B% 78.4% F81%
3241551  SNR & 3 25 30 83.3% 78.5% 73.9%
3248377 SRP T & 49 54 F&.E% 80.0% FEAWN
3248714 ENP T A 56 72 778 75.3% 78.9%
J25770S SNP T A 48 a2 F7 A% FrER 77.5%
3ZEFRES  SNP c A 43 €5 75.4% 75.3% 75.4%
3ZEEIR&  SNP cC T 72 L 75.80% EER 76.5%
3273318 SNR T < 4% &4 7E.8% 75.0% 75.8%
3273337 SNR 3 < S8 73 73.5% 77.6% 78.5%
2930603 SRP 3 T X 42 g1.0% 73.4% B0.2%
3311512  SRP T < A 52 F&.9% 75.3% T4
Lewgs2
3311843 SNR C A 36 4% He 87.8% 20.6% 94.2%
LeutRs
3311861  SNP c G 33 30 e 87.5% 81.8% 88.7%
3313743 SNR T < &5 98 75.0% 75.7% 75.4%
3313857 SNR & T S7 7% 7&.0% 75.5% 75.8%
33138361 SRP T A S8 77 F5.3% 76.5% 75.7%
3356885 SRP A & 28 37 IR 84.2% BO.0%
I364358 SNP A T 23 25 73.3% 75.0% FRI%
401321 SNP T A 41 5% 80.4% FEAN 78.8%
3401936 SNP c G 43 5% 78.4% F7A% 7.8%
406322 SNP A ) 24 32 75.40% F7.3% 765.2%
3243267 SNE 3 A 27 35 75.0% 78.0% 75.5%
3651242 SRP T < S8 75 F&.3% 75.3% 75.7%
IG2660  SRP T < a2 42 F&.2% 7R.4% F7.3%
452665 SNP T G 33 A3 75.7% 7% 78.2%
F484550 SNP T C 48 57 88.7% 75.0% 7a.4%
34E4781  SNP A G 37 37 78.7% FE.9% 7.8%
3BOORIT SN T ) 32 35 32.1% 75.3% TRI%
3E01121 SKE & T 36 45 7a.3% 20.0% 72.2%
IGOISIE SRP & A A& 51 Fa.a% 75.3% 75.2%
IG22235 SRP T & ElY 40 FE% 76.3% 75.7%
JG25503 SNP T G 58 &6 75.8% §2.4% 75.1%
3525511 SMP T C 54 70 F7.1% §2.0% 75.6%
3BIOSFT SN A T 3B S50 75.40% FEAWN T.2%
37B147S SNP T ) 48 &2 77.4% F7.8% T.6%
I7FIATF SNE C T 43 &2 FAA% 78.2% FFA%N
I7LIL46  SNR 3 < S4 &5 81.8% 78.0% 78.9%
ITG3IINT SRP A T XS 44 FrE% TB% F7.3%
3767330 SMP c T 45 80 88.0% 75.8% 7a.4%
3773383 SNP T G 52 85 88.0% 75.9% 78.0%
37FRXES SNP T ) 32 3% 78.0% FE8WN 7R.4%
JBOE842  SNP G ) 2B 35 77.8% FETHN 7R.3%
IR0BE4S SNE T < 28 35 T8 78.3% 78.1%
IR0BE4E  SNR 3 A 28 35 T8 75.6% 87N
VL3458 SRP T < X 43 g23.9% S1.8% 82.4%
3RIH3I5E SRP [ T a2 3% g2.1% S1.8% 82.0%
IT2G4EE SNP G A 47 568 75.0% F7A3% 78.2%
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3230036 INP B, I &3 7 81.8% 79.6% ¥0.7%
3EL53 SNE S, a 73 Riny 75.0% 76.6% 75.8%
3IBG3IHE2 SHp < T &3 B4 Fa.o% R2.3% FE.S%N
FIHTRERS NP A G 53 oy 80.3% ¥3.0% 24.7%
A0TFI2R BNP T G 58 a5 76.8% 7R0% 75.7%
4007130 SNE G T 87 B3 75.3% FFEN 5%
4007142 SNE C A o4 88 78.2% T6.2%
AD07380  SNP T a 44 56 TR.EH 7rI% RN
AROTESS SNE a A 45 56 B4 78.8% 73.8%
2016538 GNP T < 41 53 FFAY 75.5% 7E.5%%
2021171 SHP < A 3% 45 FrE% 73.1% FE.S%N
0253134 GNP G A 58 85 85.5% 730% 20.2%
4043562 Bip Ad - 25 33 75.8% B4.6% B0.2%
4043577 SNE C T 42 3R 87.5% B4.6% B.1%
4D43557 SNE N A 32 47 83.0% 24.6% ¥3.8%
443604 SNE a A 35 43 81.4% R8.0% ¥4.7%
2043541 SHP < T 3% 45 FrE% T7.3% 77.6%
4043558 GNP &= 2 r 35 FLI% 65.7% 7E.9%
£043G81 GNP T C 21 ry 80.8% ¥1.5% 21.2%
AD4ATOE SNE G T 20 25 B3.0% BE. 9% R4.5%
4843751 3NE C T 21 27 77.8% B2.4% B0.1%
443761 SNE N T 25 32 78.1% 21.8% B0.0%
AD43785  SNP B, a 3B 43 83.7% 21.5% ¥2.6%
A0THOH4 GNP T < A% 58 FIE% T7.3% FERS
075551 SHP A & A8 64 Fa.o% BO.B% FE.O%%
4130378 ENMP A G 28 ¥ 75.7% RN 76.9%
4133447 28 ¥ - 2z 5 75.9% 78.8% 7r.3%
4133448 SNE A T 23 30 78.7% 7EE%N TRI%
4133286  SNP a A 34 45 7S.EH 75.0% 75.3%
4235724 SNE T L 28 25 BO.0% 24.8% 92.4%
4235523 SNP &= A 41 45 g3.7% BOLD% B1.9%
4235533 GNP A < 43 52 g3.7% 75.3% TE%N
£23GU52 ENMP < G 36 £ 80.0% 75.5% 7rE%
4308533 ENMP A G 63 a1 80.7% S0.8% 20.5%
4309601 3N® T A 51 L 73.2% B1.6% BOL.4%
A30ARUS SNE G T 53 5 B3.0% B3.3% 81.7%
4320813 SNE B, a 33 42 TR.EH 20.6% 73.8%
4333834 SNE N A 3G 40 75.0% 23.6% 78.8%
4323835 GNP &= T aa 44 Fa.o% R2.6% TEEN
43247358 ENMP T C 26 31 83.9% 76.3% 20.4%
4328281 ENMP T C 67 a5 75.3% 75.4% 75.4%
4342933 SNE T G 4 57 B3.7% 7EI%N 73.4%
A342XIE SNE T L 45 5% B3.4% BO.8% BO.5%
43506581 SNE a A 3G 40 75.0% R0.0% L%
4352413 SNE a A 42 53 72.2% 79.4% 73.3%
4361117 g - A it 24 g3.3% R7.5% B5.4%
4363385 GNP < T a1 g 76.4% 78.3% A%
4373534 28 A - it 17 82.8% SR.0% 25.2%

]
]
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43FHIL4S SNP T L 23 22 TR.3H 25.7% ¥2.5%
4387505  SNP S, a 4% 63 Fo.a% 79.5% L%
4327583 GNP < T £ 45 fg4.4% 7.5% B0
£40GGR8 GNP < G 23 e 85.7% 81N 21.7%
4406388 GNP T < 43 3¥ 78.9% S0.4% 79.7%
A40FRES SNE A L 53 T 77.5% BO.0% TR.B%
4408433 SNE T L 33 51 78.5% 7RO T5.8%
AR0ETOE SNE N T 7 73 TR.IM FER 7rER
4333444 SNE N T 34 44 F2.3% 75.9% 78.6%
236507 GNP T < 7 38 Fa.o% T5.6% 7oA
GSIG
4587254 SNE B, L [ 0 A T&. T 76.2% 78.5%
4543478 SNP B, a 78 REV5 F7.2% 76.2% 78.8%
A7I4BEE GNP T < A& 61 FoA% T65.5% 7E.0%%
735285 GNP T < & 43 g3.7% R1.8% B2.8%
473IE28R ENMP A C 36 43 83.7% ¥1.4% 23.6%
4737120 ENP G C 43 3¥ It 75.4% 78.6% 76.0%
477EGHEY  3NE T A 52 a7 77.5% 7o.9% T6.8%
ABI0496  SNE G A 31 30 77.5% FFA%N 71.5%
43310515  SNP T L 40 Si 78.4%% 76.7% 7rE%D
ARIBEZ3 GNP &= 2 A4 52 78.9% B5.7% B1.8%
4310558 GNP A & 42 56 F8.6% T65.5% 77.6%
4E2RI4AR ENMP < G 38 32 75.0% 730% 75.0%
AEXRG54 NP G A 73 23 76.8% 78.5% 76.7%
4836416  3N® A G 43 58 73.56% 7E.9% TR.3%
4£BEE11G  SNE T G 71 24 75.5% 7o.A%% 75.5%
4258127 SNE N A Sd 0 3utr F7.1% FER LA
4355055 GNP A < A% 58 Fa.3% BOL.4% FEA%N
4355073 GNP A < a7 58 81.0% 83.7% B2.4%
4355348 NP < G 52 a0 86.7% B0.0% 23.4%
£3G7532 GNP G A 3z A 80.0% ¥1.5% 20.8%
ABFEIA SNE G A 3 38 78.8% B1.5% B0.2%
ATBFSSR B3NP G A 31 37 B3.8% FFEN BO.B%
4974736 SNP T L 48 &0 BO.0% R0.0% B0.0%
4974745 SNP N T 4% G2 72.0% FET% 78.3%
474783 GNP A & A% &0 Fa.o% TR.D% 7E.5%%
£37RRTH NP A G 43 3¥ 75.4% 730% 75.2%
SORORIGS NP ¥ T 53 in 78.6% 76.2% A%
S008I NP A L 52 G3 B82.5% BO.A% 81.5%
SOYIEXR SNE G T 55 74 75.7% 7EI%N T7.4%
10431 SNE B, T 50 66 75.8% 23.8% 73.3%
IG508 SNE T L 57 73 77.0% 79.6% 78.3%
SQI0521 SHP < T &7 74 FrO% T5% FER
SQ13825 SWP T < A8 s¥4 FFAY T5.6% 7E.5%%
SOi8II2 SNMP < A 6t a1 78.0% 78.1% 77.6%
S020476 NP G T 44 53 75.5% 7o.0%% 75.3%
SO2AAIS SNE G A 3B 35 77.5% FE.O%% T.8%
MIBHIZ INF B, L (33 2 TR A% 77.3%
48131 SNE T L 58 75 77.3% 76.7% FIA%
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SR53437 SKE T < S0 &3 72.4% 75.5% L%
SR53651  SKR C T 43 &1 80.3% 20.8% Y087
SOGO338 SRP A & 42 58 FREN TR.3% FE.S%N
5060333 ENP T c 44 57 F7E% 78.3% FrE%
SOFIRR0 SMP T C 27 35 F7.1% 94.0% 20.6%
SO7IS48 SNP G A 31 33 75.6% FETN TE%
SOFR0UE  SNP G T 55 78 3 75.7% EER: T6.8%
SDEGLZI SKE T < 23 38 7&.3% 75.0% 757N
SOEGL30  SNE & a 28 37 TSR 20.8% 78.3%
5383681 SRP & < 42 56 FE% 75.3% 7o.0%%
5351512 SRP & A 25 32 FEI% T.8% FE.O%%
5352812 SMP C. T 51 a4 73.7% 75.4% 77.6%
5366886  SNP c T 43 5% 78.4% F7.3% 77.8%
5367133 SNP c T 43 &3 75.5% FE.9% 76.8%
5367136  SNR C T 4% 6% 7S.4% 78.6% FEO%N
536856 SNR 3 A s3 &8 75.0% 75.8% 75.4%
SHA3BR SRP T < ] 50 F&.% T71% F5.6%
Asnd2?
S4FAXES SNP T A 55 72 tys 77.8% BO.0% TR.B%
ProgA3s
5472324 SNP A T 45 82 Ser F7 A% FES%N F7.5%
5477812 SNP G A 33 35 77.8% 8.7 T7.3%
SAFENTO SNP c T 30 35 B85.7% 84.0% R4.5%
S47BZ46 DIP - < i 24 75.0% 75.8% FFAR
5378365 SRP T < 2% 3€ F&.3% 7R.1% F7AN
S378368  SRP T < 28 37 IR 7R.1% FE.9%
5480372  SMP C. A 55 3z 75.4% $32.3% 79.9%
5481213 SMP T C a6 48 75.0% S0.0% F7.5%
5481032 SNP c T 35 2R 75.40% BO.0% 71.5%
SAGARTT  SNP T A 35 35 33.0% 86.5% 83.3%
3452884 SNE T A 37 47 TR 88.2% 93.5%
S393333 SRP [ A 21 3€ FE% T65.5% 7oE%N
S574833  SRP T < 29 52 FE% 82.6% FE8WN
5575762 SMP T C 24 3z 75.0% 75.0% 75.0%
5575768 SNP C. T 22 25 75.9% 75.0% 75.5%
5578396  SNP A ) 33 3% 33.5% BO.0% 80.3%
S5E2440 SN T A 41 58 75.8% FE.9% 75.4%
SSAZ441 SNR T A 42 S5 75.0% 78.9% 75.0%
STAZ444 SNR T A 42 S5 75.0% 78.5% 75.8%
STI3BB?  SRP < T 27 33 g1.8% R5.2% B3.5%
5715276 SMP C. A 53 87 It 73.1% 75.4% 7r.3%
571828 SMP A G 25 33 75.8% 78.3% 1%
5725846  SNP c T 52 &3 31.2% 7RO 7R.1%
5725850 SNP A ) 48 &0 33.0% 7RO 77.5%
S74Z143  SNR C a 22 23 7S.% 23.2% 72ER
STFEZIE SNR C T S4 71 7e.1% 78.7% F7a%
STIBAT4 SRP A & 92 116 g1.0% BOLD% BO.5%%
5838883 SRP & A S8 55 FELE% T7.3% 7E.6%
5841862  SMP A G 27 as 75.0% 72.4% FRI%

29
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SAREESS SNR C T 0 37 81.1% 75.0% F81%
SAGAZ58  SNR a A 431 52 Fa.B% 78.8% 78.8%
SREB24T  SRP T & ElY 40 Fo.0% TR.3% 78.7%
10637320 ENP T G 43 49 83.7% FEA%N a0A%
1G752012 0 ShP A G 24 31 F7 A% S0.4% 78.9%
X I0FEERTFL SNE C G 43 SR 77.5% 7AW FR5%
ID7EILSE SNE cC T 23 3R 75.3% EER TEIH
IQFEZIES SNP 3 A 45 52 7&.3% 20.6% 78.5%
IQFEZIZ0  SNP T < 42 54 T8 77.8% F7a%
3 10782283 SRP T < 43 55 FE% TR.56% FEAWN
. 107R4535 GNP T < 42 56 FE% T71% F5.1%
10801148 SNP G A 45 S8 F7.68% 75.9% 77.2%
10801173 SNP c T 43 53 75.5% 7RO 75.3%
IDBIIFSS  SNP G ) 25 32 31.2% B0.8% SL.0%
IQROITE0  SNP T < 28 33 Fa.B% 75.6% 72.2%
INROITES  SNP C T 27 3% TN 78.8% 78.0%
3 Asnily
RN 10817289  SNe A G 45 &1 Asp 75.4% BO.0% TIIH
IDBYIFSAR  SNP G ) 44 52 B34.5% B1.0% 82.8%
IQRITS55  SNP 3 A 431 S BO.4% 20.5% 90.5%
: I0RIT567  SRP A T 42 55 Fa.a% 76.3% FE.AW
10817712 SRP < T 28 32 FE% 82.2% TR
10g18518 SNP T C 28 35 88.0% H2.7% a8.4%
10g1833% SNP T C 24 3% F7 A% 75.5% FRO%
IDBOERXY SNP T G 34 3R 32.5% 7N 84.3%
IDB20U6S  SNP c G 22 28 78.5% 81.4% 80.0%
IQRZ1IZ3  SNP & a 35 45 T8 75.2% 75.5%
: 10821253 SRP & A 2% 35 g23.9% 7R.8% B0.9%
10821253 SRP [ T 2% 35 S0.6% 73.2% Fach: o
10821267 SNP G A fEis) 3a 78.9% 75.8% 77.8%
10821432 SNP G A fEis) 35 75.9% §7.0% a2.0%
IDB2ISOR SNE G A 37 35 75.5% 8%.8% 82.7%
10846491 SNP c T 23 3R 75.3% F7.6% TB%
IQASE554 NP & < 24 30 BO.0% FRI% 78.5%
IQASE564 NP & a 21 27 T8 FrE% FFA%N
10858821 SRP [ A ElY 3€ FE.9% TB% FEL
10E58R7F  SNP G T 27 as 75.0% 78.8% 78.9%
10gE0892  SNP T C 27 35 F7.1% S1.5% 75.4%
. 1DBB22T6  SNE c T 35 37 75.5% F79% 77.3%
1IDBEAG4G  SNE G A 32 35 32.1% BO.6% 81.4%
IQRGE5387  SNP T 28 34 82.4% 75.6% 72.0%
3 Ser3iL
NN 10867613 SNE c T 3B S50 er 75.40% 7AW TIIH
IDBEE42S SNP T ) 33 23 75.7% F7.8% 77.3%
IQRGETII  SNF & a 31 33 73.5% a2A% S1.0%
IQRGETST  SNP C A 24 32 75.0% 28.7% 90.9%
3 10863758 SRP A & 28 32 FE% 86.7% B0.9%
. 10REBEVD SNP & A 28 37 IR 32.1% 83.9%
10gE8393 SNP C. T 33 A3 75.7% 95.7% 28.7%
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SNE T 34 44 77.3% 29.1% ¥3.2%
‘ SNE G T 34 43 79.1% 23.2% ¥1.2%
3 10868552 g T - 22 Fad Fa9% R4.2% BO.1%%
10EGR558 SNP T A 23 0 76.7% $8.4% 21.6%
1086823 SNP A G 31 By 77.5% 7R0% 76.2%
10869825 SNE T £ 31 Ly 77.5% 7E.7%N Ti%
10869838 SNE G T 23 37 78.4% BOLE 73.5%
IRAR3EIZ SNE B, a 25 33 75.8% 26.2% E1.0%
IRARA5TI SNE T A 22 22 75.8% 91.9% ¥3.3%
108R4581  SNP < T 22 28 7o 9% 37.1% BE.5%%
I0RRA7ES GNP A & rad 37 FEA% HL3% B4.4%
10884340 SNP T C 3z A 80.0% 78.3% 79.5%
1DBERUAG  SNE A G 27 34 73.4% 7E.6% TR.D%
1DBE518Y  SNE T L 31 31 75.6% B2.2% 73.3%
IRAR5263 SNE N A 28 37 757 78.1% 76.3%
IRARTS50  SNE T A 33 44 75.0% 26.4% B0.7%
10888372 SNP &= 2 42 58 Fa.o% 87.7% B1.4%
10838415  SNP T & 41 52 FE.E% 73.37% FEAN
1080334 SNP G A 26 34 76.5% 730% 75.8%
108910108 SNE T L 30 3R 78.8% BO.6% 73.8%
108591015 SNE C T 27 35 75.0% BO.6% T.8%
IRA5I14Z SNE T L 34 44 77.3% 23.0% S0.2%
IRAGI26L SNE N T 21 286 BB 78.2% 73.8%
10852844  SNP T < 43 51 84.3% R4.8% B4.6%
10833173 SNP & T 42 45 48N 81.2% B3.5%
2 10E33E0 SNP A C 3z £33 78.0% B0.7% 79.4%
{ Val4a2d
. 10853835 SNP < T 59 74 te FaT% TB% FEA%N
10853843 SNP < & @l Bl F7a.5% T6.3% 7E.A%%
10830 SNP G T 53 85 76.8% 78.3% 7%
11385528 5NP < T 62 a2 75.6% LA 76.4%
12066240  SNE C A 34 35 75.6% 87.9% R1.8%
12776159 SNE G A 30 35 B5.7% 7E.5%% 81.1%
13141873 SNE T 51 &0 85.0% 21.8% ¥3.4%
133/7722 SNE a T pitsd 126 BO.2% #VALUES S0.2%
13367727 SHP A < pitsy i3z F7a.5% R4.3% BO.A%
13763233 NP A C 58 72 80.6% 73.5% 20.1%
13772158 SNP G A 6t a2 78.0% ¥3.3% R0.7%
137024 SNE T L 44 53 B3.0% 77.6% BO.3%
13796412 SNE A L 23 37 78.4% 7o.0%% 65.7%
13757328  SNE T A 28 32 81.2% 26.4% ¥3.8%
132815018  SNE B, T 41 Si BO.4%H 75.0% L%
13815433  SNP T < 42 56 F8.6% T5% 7EI%N
13817350  SNP T < A& 54 85.2% T.8% B1.5%
1328168 NP G A 49 A5 81.6% B0.0% 20.8%
SNE G A 51 L 73.2% 7o.4% T7.3%
SNE G T 54 Loy B1.B% BE.2% R4.3%
SNE N a (33 &2 88.4% 78.6% ¥3.5%
SNE B, a 37 45 BO.4%H 76.2% 78.3%

(%%
o
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13384027 SNE G 33 41 BO.5% 76.3% _IN
13288564 SNE T A 38 45 B2.6% 20.8% ¥1.7%
13866345  SNP =i T 42 5% fileRen) 35.8% BE.4%
1IEFE7IR NP ¥ A 33 AR 76.1% ¥11% 78.6%
13EFERIR SNP G A a4 33 83.0% ¥4.7% 23.3%
13877901 SNE C T 52 @3 75.6% TE% TE%
13877Fa18 SNE G A 54 T2 75.0% TEA%N TEN
138F78338  SNF T C G F 73 23.8% FER ¥4.5%
13381346  SNF T L 53 61 8&.8% 76.2% ¥1.6%
13835101 SHP A T et 28 85.7% KL% BF 9%
13856415  SNP &= T @ 185 87.6% 75.8% B1.8%
13305434 SNP T C 73 32 78.3% 7rR% 78.6%
1380928% SNE A G B0 jiid) B3.0% 7o.0%% 71.5%
139313903 SNE G A 35 35 77.8% 7o.9% T6.8%
138312583 SNE B, L 40 42 B1.8% 78.8% S0.2%
13233653 SNE a A 50 &0 83.3% FE.0% B0.7%
13333825  SNP < T 42 58 Fa.o% 75.8% 7R.5%%
132338154  SNP T < 59 71 g3.1% R1.0% B2.1%
13340330 SNP G A 36 A 30.0% B0.0% 25.0%
13846846  SNE C T 54 0 77.1% B2.6% 73.8%
13950208 SNE G A 43 57 75.6% 7o.0%% 75.2%
13851363 SNE N T (33 i 72.2% 75.0% LA
13953146  SNE B, L 52 &7 FAEHR 26.0% ¥1.8%
139543585  SNP &= 2 A8 55 87.3% BOL.4% B3.9%
13357732 g - T 3% 44 7. % Ti% TEA%N
13S5R436 SNP G T 62 ia 78.5% ¥3.0% 21.2%
13S58574 NP ¥ G 53 58 80.9% ¥4.8% 23.3%
13859778 SNE A G 53 G3 B4.1% TEA%N 81.2%
13255736  SNF T L 52 &8 FE.5% R0.0% 78.3%
13858873 SNE T L 4% &0 81.7% 79.2% B0.5%
13363473 SNP A & 28 37 Fa % BOLD% FERS
13363872 SHP < T S 42 81.0% TR.B% BO.0%
13365454 SNP G T 43 a0 75.0% ¥8.3% 23.0%
13365465 SNP A G 48 ad 75.0% H1.3% 23.1%
1386563 SNE C G 73 o 83.8% B0 R2.5%
135E0eNS Bip T - 32 35 B82.1% HI%
139806822 SNE a A 37 44 84.1% ¥3.5%
13980826  SNF N T 37 44 84.1% ¥3.5%
13280844 GNP T A 3% 44 87.5% B3.2%
13580304 SNP A G 33 35 83.7% 27.0%
13380321 SMP A G 42 £ 83.3% 26.1%
1391111 SNE A L 45 51 BB.2% 83.7%
138E1146  SNE C T 47 55 85.5% R2.4%
13981153 SNE a A 48 S7 84.2% ¥3.0%
13981165  SNF N A 45 55 81.8% ¥2.3%
13582544 WP T & XS 48 FLI% TE.EN
13582301 SNP A G 5% a3 85.7% 24.5%
1382348 SNP T C 42 32 80.8% ¥3.7% 25.2%

5]
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13883018 SNE I st 3% 44 To.O% A3.9% 7%
13283036 SNE G A 35 4G TE.3H A3.8% FO.0%
133R3155 NP < A A& 44 #1.8% 80.0% BO.9%
IFHEA2RS e TT - iy 23 F7.3% 75.2% 76.8%
IS8T EMP T A X 25 24 5% 78.31% A1.3%
13884153 SNE T i 37 3R T2.1% BO.A% TR.B%
13REA593 ShE A G 71 B3 T9.8% FEAM 72.0%
13284520 SNE G A Gl 2 Ta.d% A0.3% 78.4%
13284665 SNE & o 82 2 B2.8% Ad.1% F3.5%
TRBRAGHE NP L2 A 81 TE 82.7% 85.2% B4.0%%
133RGEB3 NP < T 7 B3 87.7% FR.A% B3.1%
IFHEEIN0 EMP T A 58 (2] 24.1% F6.0% A5.1%
13TERFES SNE A G 53 a5 T8.7% B4.9% 82.3%
13TEGERD SNE c G 5{3 &5 75.3% BO.2% TR.6%
13286268 SNE £ T 45 7 FER: 0 75.4% 732%
13886278 SNE & A 3 45 TR AL.0% 737%
13BRBIET NP < T A3 41 80.5% TE.3% FEA%
13386423 NP A, G S8 74 FE.A% 88.4% BLA%
IFHEE7IR EMP T A X 43 76.7% 54.0% A 1%
13TER8LG SNE A i 38 353 T7.5% 86.5% 82.1%
13TEFSAR SNE G 8 B3 B3 B85.2% B3.6% 88.4%
13287547 SNE T i 75 o7 BE.2% A3.3% 54.8%
13887568 SNE G A G ¥i B85.2% 75.7% g2.5%
1RBRVE4D NP A, G 7& BE g&.4% TE.0% BL.F%
133R3031 NP A, G & 32 §1.2% 75.0% FEA%
IFHIRAIS EMP T T 26 az 21.7% 73.0% 78.1%
IFHERIF2 EMP G A 50 ia 75.5% FEER 7%
13888353 SNE T i B3 K& T8.7% F7E%% TR.6%
13288418 SNE G T 168 133 B1.2% 76.0% 785.6%
13288454 SNE £ T 168 133 B1.2% 78.4% 738%
13BRBEI2 NP T < 41 114 FoE% 75.8% 77T
13383737 NP L2 A a3 114 #1.6% TE.E% TR
IFHIRRIT EMP T < 5t A4 76.7% 73.8% 76.0%
IFHIRIV2 EMP A G 5% (2] F5.48% 73.7% 75.6%
13TEEIED SNE A G 53 KLY T5.5% FB.4%% F15%
13TE90R4L SNE G 8 53 g1 36.3% BL.F% 88.1%
13283037 SNE T A 52 50 B&.TH A0.6% F3.7%
fes3te
13TEGHT SNE A i B3 74 Y 85.1%: FEA% 81.7%
133%0e69 SNE G 8 44 55 B3.0% 77.8% TR.E®
13854205 SNE G A 53 S5 21.3% 768.2% F3.7%
14883258 SNE G A 48 52 B1.4% 75.0% 78.2%
15355821 NP L2 A S Bl 82.0% 85.1% B3.6%
16226480 NP T < 3 B3 #1.5% 31.8% 86.73%
TETEYC
inser TCTCTC
17054070 ton e — TCICTC 28 az intran 87.5% 95.7% 21.6%
17143457 EMP L T 24 28 85.7% 7% AG.6%
17454131 233 &Y - 24 25 32.8% B2.8%
17456673 SNE T i 38 13 32.7% Q0.2%% 31.5%

93]
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. 17456688 SNE T i 32 37 BE&.5% 3.6% E8.6%
17356630 SNE £ T 3% 38 B&.8% 30.6% E8.7%
17356583 NP < T 2 3% #7.2% 30.6% BE.9%%
17458708 e T - X a3 82.1% H0.6% Af.4%
17458710 EMP T A 27 a4 T34 H0.G% A5.0%
X 17456713 SNE T & 2B 34 B2.6% Q0.6 86.5%
17457834 ShE c T 53 G 32.8% 2R 8R.4%
17358415 SNE & A 3 41 R2.7H 25.5% 91.2%
17458128 SNE £ T 48 S0 R2.0% 95.0% F3.5%
3 17IE047D NP L2 A A& 44 g1.8% 37.0% BE.A%
: 17360658 NP A, G B 143 35 85.7% 32.5% BE.1%
17460735 EMP A G 27 41 36. 2% F3.0% 21.6%
17450919 233 8 34 3R 38.53% B7.9% BR.I%
17450958 SNE T i 31 gl 36.1% B7. 2% 86.7%
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[0090] Structural variation analysis was performed using the CLC Genonics Workbench
tool. A SMD region (1 7Mb-22Mb) from both the vertical and standard poome assemblies
was extracted and used for the inpuwt. Default parameters were wsed and interchromosomal
variation was excluded. The resuits were compared and filtered as described above.

joast] Next, the pnomes were separately assembled against the peach genome {(Verde et
al., 2013, Nat Genet., doi: 10.1{138/ng 25806} and subjected to pnome-wide Single Nucleotide
Polymorphism {SNF} and Deletion Insertion Polynrorphism (DIP) searches using CLC
Genomics Workbench sofiware {CLC Big, Aarhus, Denmark). Approximately 300,000 SNPs
and 356,000 DIPs were ilentified from both pnomes and filtered to identify linked
polymorphisios.  After filtering, a total of 487 SNPs and 23 DIPs remained and all were
located on scaffold 2 {Table 1). The resulting average SNP/DIP frequencies were graphed by
reference nucleotide position to reveal the physical location of the br gene responsible for the
vertical trait {FIG. 3}, The apparent unequal distribution of polvmorphisms across scaffold 2
resulted m tight clusters of SNPs/DIPs unique to either the standard or the vertical pnonies.
Still, the collective results showed a bell-shaped curve with a peak near the distal end of
scaffold 2, position 20.0 Mb. A linkage cluster was also identified on the proximal end of

scaffold 2, however, this region was excluded from fimther analysis as it showed a relatively
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lower level of linkage. Polymorphisms in the mapped region were vare with only 15
SHPs/DIPs identified within a 2Mb interval. The defined position was consistent with
previous vertical mapping stdies which had positioned the tait on the distal half of scaffold
2 {Chaparo, 31X, et al., 1994, Theor dppl Genet, 87, B03-815; Sosinski B., et al., 2000,
Theor. dppf Gener. 101, 421428 Sajer, O.. et al., 2011, Plant Breeding. 131:186-192).
[0092) To confirm and further narrow the interval, seven HRM (High Resolution
Melting} SNP marlers spanning the region from 17.4 Mb to 23.1 Mb were designed from the
poome polymarphism data and tested on all 83 F2 individuals (56 vertical, 27 standard).
Primers were designed from the pnome sequence to have an annealing temperature of 60°C.
These are presented in Table 2. The HRM technique was performed in asinglenm on a
LightCycler 480® {Roche Applied Science, www roche-applied-science.com} in a reaction
mix contaiing 2.5 ng of genomic DNA, 2 oM of each primer, and mM MgClh in the
LightCvycler 480 High Resclution Melting Master Mix with PCR-grade water adjusted to a
total volume of 10ul. The reaction conditions included an activation step at 95°C for 10 min
followedd by 50 cycles of 95°C for 155, 60°C for 15s, and 72°C for 15 s. Before the HRM
step, the products were heated to 850C for 1 min and cooled to 40°C for 1 min. HRM was
carried out over the range from 65°C fo 85°C, rising at 1°C per second with 25 acquisitions
per degree. All reactions were perfornied in 384-well microtiter plates. Individuals were
scored based on their meliing cwrve profiles relative to parental homozyvgous and
heterozygous controls.

[60953] The resultz confirmed the accuracy of the allele frequency graph as the
identification of recombinant individuals narrowed the cansative polymorphism between
positions 19.349 and 20.128 Mb (FIG. 3). Within the mapped interval, only two vertical
SNPs remained, located at positions 19.526 Mb and 19.566 Mb, neither of which fell within

or near annotated genes or predicted open reading frames. Based on the results, we
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bypothesized that the causative polyniorphisai could be a larper structural anomaly not
revealed by the SNP or DIP searches. To assess this, we utilized the CLC Genomics
Workbench- Svuctural Variation Detection tool 1o identify potential insertions, deletions, or
rearrangements within a 5 Mb segment spanning the mapped mterval {17.000 Mb and 22.000
Mb). A rotal of 95 putative swuctural polymorphisins were identified and filtered using the
same method described for SNPs/DIPs. Ninety of the identfied structural variations were
found to be assembly artifacts arising from homopolymer or short repetitive regions. After
filtering, 5 pulative insertion events remained; 3 enriched i the standard prome and 2 within
the vertical pnome. Ouly one of the events specific o the vertical poome fell within the
mapped interval. It consisted of a putative insertion element that could be ascertained by the
presence of unalizned flanking sequences on both ends of stacked reads. This insertion event
had the highest vertical puome frequency of all identified polyvmorphisms.

[0094) The putative inserfion was located at position 19,659,067 bp and fell within the
3rd exon of the predicted gene Pral70032, apnotated as encoding an unkunown protein. The
insertion stie in Ppali 0682 was marked by a short micleotide repeat {(GAT x 7) within exon 3
that encodes a contignous stretch of aspartic acid residues. Marker P19.659, that was
designed to flank the insertion, confirmed that the element was present in all 56 vertical
individuals and in none of the 27 standards. This marker along with HRM markers at
positions P19.652 and P20.128 were tested on an additional 157 vertical individuals derived
from several segregating populations with similar pedigrees to confinm the location. No
recombinants were found for either the P19.652 or P19.659 markers. In contrast, 3
recoimbinanis were identified for the P20.128 marker. Collectively, the pnome and marker
mapping data excluded all but two SNP polymorphisms neither of which fell within or near
zene sequences. indicating that the insertion event within Ppa@l3082 was highly likely to be

the causative polymorphism for the vertical tait.
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[6095] Ppat10082 was found to encode a predicted protein of 302 amino acids which
was confirmed by the amplification of an approximately 900 bp band using RT-PCR and
subsequent sequencing of the PCR product. Translation of the gene in vertical containing the
insertion element in vertical resulis in a premature stop codon at amino acid position 102.
Translation inttiation from the 37 end of the msertion element leads o stop codons in all three
reading frames prior to the reswmption of the Ppa0l8082 coding sequence. BLAST analysis
of Ppa0l0082 indicated that it is present in diverse plant species and occurs most offen as a
single or low copy gene. Due to the similarities between T.4CT and Ppa@10082 the peach
crthologue was named PpeTACT and indentified as SEQ. 1D NO: |

EXAMPLE 2: PpeTAC? gene expression

[#096] To determine the expression pattern of PreTAC!, qPCR studies were performed
using a set of tissne samples collected from both vegetative and reproductive tissues of the
standard growth habit doubled haploid cultivar *True Gold” at various stages of growth and
development (FIGS. 4A-C)

[6057] RNA extraction and gPCR was performed as previously described by Dardick et
al., 2010, . BMC Biol. 9. 8-13 and incorporated herein by reference. Briefly, each reaction
was tun in triplicate using 50 ng of RNA in a 15 u reaction volume using the Superscript 1§
Platinpum SYBR Green gRT-PCR Kit (nwvitrogen, bitp:/fwww.invitrogen.com}. The reactions
were performed on a 7900DNA Sequence detector {Applied BRiosystems,
www.appliedbiosystems.com). Quantification was performed using a relative curve derived
fron a standard RNA run in parallel. A primer set designed to amplify 2685 ribosonial RNA
was run on all samples and used to normalize the data. A dissociation curve was run to verify
that a single desired amplified product was obtained from each reaction. Primers used for

FpeT4('} qPCR and for amplification of full length transcript are presented in Table 2.

93]
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[0058] Significant expression was observed i axillary tissues including vegetative buds,
branch nodes, apical meristems, voung finit and flower buds. The high expression level of
PpeTACT in flower buds is consistent with the nearly plagiotropic growth of the flower
pedicels inn standard trees compared to the narrow growth angles in the vertical oustants where
the flower pedicels grew nearly parallel with stems (FIG. 4B). Interestingly, PpeTACIT
shows a relative high level of expression in attaclument sites of actively growing branches
where ifs role in the contral of vertical branching orientation versus horizontal branching
ortentation may be required. In contrast, very low relafive expression levels of PpeTAC!
were observed in matire or dormant tissues suggesting it is specific to actively growing
tissues {FIG. 4A). Collectively, these data indicate that PpeTACT is spectically expressed
within or near actively prowing axillary vegetative and reproductive tissues.

[0099) To assess the spatial expression patterns of TAC!, the primary shoot and all
lateral shoots of five week old manwe Arabidopsis plants and 12 week old peach seedlings
were Jissected info terminal, central, and basal sections and subject to gPCR analyses (FIG.
6}. Results showed that TACY expression patterns are sinilar in both peach and Arabidopsis
as expression was predominately in the apical shoots and the upper sections of the main stem
and as well as in the upper laterals. In contrast, lower lateral shoots and the basal sections of
the main trunk showed little or no expression. TAC! expression was most prevalent in and
near the apical meristems

[00100]  Totest whether PpeTACT gene expression is altered in vertical cultivars,
franscript levels were measured via gPCR. RNAs were extiracted from branch attachment
sites collected from one vear old field grown shoots of vertical. upright, and standard stature
trees. Ppel4{7] transcript could not be detected in either ‘New Jersey Pillar” or “Italian
Pillar’. Sipularly, transcript levels in the heterozygous upright trees were reduced relative to

standard controls (FIG. 4C).
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[60181]  The lack of expression in "N Pillar’ prompied us to assess whether this cultivar
possessed the same insertion element found in “Ttalian Pillar™. Previous mapping studies had
positioned the “N7T Pillar’ trait {o the same region {Sosinski B., et al., 2000, Theor

Appl Gener. 101, 421-428). The results of mapping studies were confirnied through
hybridization tests for allelism which indicated that the same locus was responsible for the
vertical irait in “NJ Pillar” and “Tialian Pillar” {Sosinski B.. et al., 2000, Theor. dppl Gener.
101, 421-4258).

[e0102] A 3kD genomic fragment of Ppe7 47 was PCR amplified and sequenced from
‘BT Pillar’. Surprisingly, the insertion element present in “Ttalian Pillar” was not found.
Instead, PpeTACT in "NI Pillar” contained fowr novel SNPs within the 3% and 4™ introns
(FIG. 4D). While none of the SNPs showed obvious deleterious impacts, one SNP was
located at a position near the predicted infron 3 donor splice site and could potentially lead to
franscript instability.

Example 3: Transformation of Plum species

Silencing of PpeTAC] in plum.

[00103]  PpeTACH specific primer sequences [5- TGGGTTTGCOTGGGAATGETGA -3
(SEQ. ID. NiD. 223 and [Rev 3'- CAGCTGGTTTCTGAACAATGGT -3' (SEQ. ID. ND.
233 were used to PCR amplify a 300 base pair cDNA fragmemnt from peach genomic DNA.
The resuliing fragment was cloned into the pENTR-D TOPO {Invitrogen} vector per
manufacnwer’s specifications and sequenced for verification. An RNAI silencing vector was
created using Gateway recombination technology (fnvitrogen). PpeTACE 300 pENTR-D
TOPO was recombined with pHellsgate 8 {Commonwealth Scientific and Indusfrial Research
Organisation (CSIRO), Australia) to create PpeTACI-HG. This construct contains an
inverted repeat of the 308bp PpTAC fragment separated by an Arabidopsiy thaliana

pviuvate delivdrogenase kinase {PDK) intron. This arrangement is driven by a 358 promoter
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and is trapscriptionally ternunated by an octopine synthase (OCS) terminator. Expression of
the resulfing hairpin induces RNAI silencing and results in suppression of the native Prusmns
TACT gene.

[#0164] Phuan transformation was performed as previously reported in Petri et al., 2008,
Mol Breeding 22: 5815391 2008 and incorporated herein by reference. Using Agrobacteriim
mediated ransformation of plum hypocotyl shices. fowr independent transgenic phun lines
were obiaiped, two of which exhihited phenotypes identical to the peach pillar phenotype
{FIG. 7). Such vertical growth babit is not known to occur in Prisnss domestion germplasm.
Over-expression of PpeTACY in plum.

[80165] PpeTACH specific primer sequences {For 5" —
GAATTCAATTCGCTCACAAAATATGAAG -3 (SEQ. ID. ND. 253 and (Rev 57 —
CCTTGTGTGCACTGAATTAAGGATCC -3 (SEQ. TD. NO. 26)] were used to PCR
amplify the full length PpeTACT coding sequence from peach RNA purified from apical
shoots. The resulting fragment was cloned into a modified pBIN-ARS vector behind the
Cauliflower Mosaic Virus 358 promoter. The resulting construct {calied PpeTAC1-OF) was
rransforimed inte dgrobacierium tumefaciens for sabsequent phum transformation.

[#0166] Phun transformation was performed as previously reported (Petri et al., 2008}
using Agrobacterivm mediated transformation of phum hypocotyl slices. Two independent
fransgenic plum lines were obtained, both of which exhibited wide angle lateral shoot growth
{FIG. 7.

Branch angle measurements.

[00107}  To confirm that PpTAC! silencing and over-expression alters lateral branch
angles in plum, measurements of vegetatively propagated transgenic lines were taken on 1
vear old preenhouse grown trees. Branch angles were quantified using a compass with 9¢°

representing branches growing at right angles and 0" representing absolute vertical growth.
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Mean branch growth angles in 2 PpeTAC-HG lipes, 2 PpeTAC-OX Hnes, and 2 control lines
are shown in FIG. 8. Lower case letters designate statstically sigaificant groups (P-value
<0.05} derived from pairwise T-tests and ANOVA. Collectively the resuldts confirm that
sifencing of PpeTAC produces a more uprizht tree form (branch angle <22%) while over-
expression of PpeTAC! leads to wider branch angles (branch angle »350%.

Gene Expression

[60188] To confirm silencing or overexpression of PpeTAC! 1 transgenic plums, real-
fitpe quantitative polvinerase chain reaction (gPCR) was performed on phum transgenic and
controd lines (FIG. 9). Total RNA was extracted from apical shoots of 1 year old, greenhouse
zrown plants using the S Total RNA Extraction Kit (Omega Biotech, Notcross (3A} per
manufactorer’s instructions. gPCR from total RNA was performed using the CYBR Green
{Ome —Step qPCR Kit (Invitrogen, Carlsbad CA) and min in an ABI 7900HT Sequence
Detection System. Fach reaction was run in wiplicate nsing 50ng of RNA. Tluee
independent vegetativelv propagated plants fromn each line {PpeTACT HG2, PpeTACT HGS,
PpeTACT OFL, and PpeTACT OE2) were tested. Quantification was performed using a
relative curve derived from a serially diluted standard RNA run in parallel. A dissociation
curve was run to verify that a single desired amplified product was obtained from each
reaction. The PpeTAC! primers used (For 3" “TTTGCCAAGAAACTCATCCCTCGC
{SEQ. ID. NO. 18) and Rev & —-GCTGCTTCTGGCCATCTGATTTGT (SEQ. ID. NO. 193}
were designed to amplify both the PpeTAC! transgene and the native plum TACT gene.
FIG. 9 shows the normalized relative gene expression value for each transgenic line. The
results confirm that TAC] gene expression is repressed in the transgenic lines containing the
RNAL hatrpin {PpeTACT HG2 and PpeTACT HGH) and that PpeTAL] is over expressed in
fransgentc plum lines containing Ppe TAC!T under the control of a 358 promoter (PpeTAC]

OE1 and PpeTACT OE2).
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[00109]  While the invention has been describad with reference to details of the ithustrated
embodiment, these details are not intended o limit the scope of the invention as defined in
the appended claims. The emnbodiment of the invention in which exclusive property or

privilege is claimed is defined as follows:
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CLAIMS:

i. A method for contolling plant horizontal onientation, the method comprising:
overexpressing SEQ. ID. N2 1 or a sequence having 99% homolegy with SEQL ID. NG
in germplasm or plant wherein the overexpression of the sequence results in 2 horizontal

phenotype characterized by axillary shoots having an increased horizontal orientation.

2. The method of claim | wherein the germplasm or plant is a Preons coltivar,

3 The methed of claim 2 wherein the germplasm or plant 18 Prunus persica.

4. The method of claim 2 wherein the germplasm or plant is Pruwus domestica.

3. A method for controlling plant branch vertical orientation, the method comprising

silencing the expression of SEQ. ID.NO.: 1 or a sequenice having 99% homology with SEQ.
ID. NO.: 1 in germiplasm or plant, wherein the silencing of nuclestide sequence results in a

vertical phenotype characterized by axillary shoots having an increased vertical orientation.

6. The method of claim % wherein the germplasm or plant is 5 Prawus cultivar,

7. The method of claim 6 wherein the germplasm or plant is Preones persica.

&. The method of claim 6 wherein the germplasm or plant is Prusues domrestica.

3. A transgenic Prisns cell or tissue preparad according to the method of claim 2.
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10.

it

is.

A Prumus plant generated from the transgenic Prunus cell or tissue of claim 8.

A transgenic seed produced by the Prones plant of claim 10,

A transgenic Prunus cell or tissue prepared aceording to the method of claim 6.

A Frunus plant generated fror the transgenic Prignis cell or tissue of clatm 12,

A transgentic seed produced by the Prus plant of claim 13,

A kit for the detection of horizomtal phenatype for a plant or germaplasm, the kit

comprising a reagent for the detection the presence of the SEQ. ID.NO: 1
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