i+l

Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

CA 3004033 C 2020/08/18

anen 3 004 033

12 BREVET CANADIEN
CANADIAN PATENT
13 C

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

(22) Date de dépot/Filing Date: 2012/03/21

(41) Mise a la disp. pub./Open to Public Insp.: 2012/10/04
(45) Date de délivrance/lssue Date: 2020/08/18

(62) Demande originale/Original Application: 2 831 133
(30) Priorité/Priority: 2011/03/25 (US61/467,875)

(51) CLInt./Int.CI. C12N 15/113 (2010.01),
A01H 1/00 (2006.01), A0OTH 5/00 (2018.01),
A01H 5/10 (2018.01), C12N 15/82 (2006.01),
C12N 5/10 (2006.01)

(72) Inventeur/Inventor:
FLASINSKI, STANISLAW, US

(73) Propriétaire/Owner:
MONSANTO TECHNOLOGY LLC, US

(74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : ELEMENTS DE REGULATION DES PLANTES ET LEURS UTILISATIONS
(54) Title: PLANT REGULATORY ELEMENTS AND USES THEREOF

(57) Abrégé/Abstract:

Transgene Cassette Configuration 1

Promoter

or
chimeric 3
promoter Leader Intron Coding Region UTR

[A] [B] [€] [D] [E]

Transgene Cassette Configuration 2

Promoter
or
chimeric ¥
promoter Leader Intron Leader Coding Region UTR
IF] [6] H] U] 1 K]

Transgene Cassette Configuration 3

Promoter

or
chimeric Coding El
promoter Leader Reglon Intron Coding Region UTR

] L) [N} o] [Pl Q]

[ N

A DNA molecule comprising a DNA sequence selected from the group consisting of: a) a sequence with at least 85 percent
sequence identity to the full length of any of SEQ ID NOs: 157, 66, 67 and 158; b) a sequence comprising any of SEQ ID NOs:
157, 66, 67 and 158; and c¢) a fragment comprising at least 50 contiguous nucleotides of any of SEQ ID NOs: 157, 66, 67 and 158,
wherein the fragment has the gene-regulatory activity of any of SEQ ID NOs: 157, 66, 67 and 158; wherein said sequence is
operably linked to a heterologous transcribable polynucleotide molecule.
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ABSTRACT

A DNA molecule comprising a DNA sequence selected from the group consisting of: a) a
sequence with at least 85 percent sequence identity to the full length of any of SEQ ID NOs: 157,
66, 67 and 158; b) a sequence comprising any of SEQ ID NOs: 157, 66, 67 and 158; and ¢) a
fragment comprising at least 50 contiguous nucleotides of any of SEQ ID NOs: 157, 66, 67 and
158, wherein the fragment has the gene-regulatory activity of any of SEQ ID NOs: 157, 66, 67 and

158; wherein said sequence is operably linked to a heterologous transcribable polynucleotide

molecule.
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PLANT REGULATORY ELEMENTS AND USES THEREOF

This is a division of Canadian Serial No. 2,831,133 filed March 21, 2012.

FIELD OF THE INVENTION

[001] The invention relates to the field of plant molecular biology and plant genetic

engineering, and DNA molecules useful for modulating gene expression in plants.
BACKGROUND

[002] Regulatory elements are genetic elements that regulate gene activity by modulating the
~ transcription of an operably linked transcribable polynucleotide molecule. Such elements
include promoters, leaders, introns, and 3’ untrahslated regions and are useful in the field of

plant molecular biology and plant genetic engineering.
SUMMARY OF THE INVENTION

[003] The present invention provides novel gene regulatory elements for use in plants. The

present invention also provides DNA constructs comprising the regulatory elements.

[004] The present invention also provides plant cells, plants, and seeds comprising the
regulatory elements. The sequences may be provided operably linked to a transcribable

polynucleotide molecule.

[005] In one embodiment, the transcribable polynucleotide molecule may be heterologous
with respect to a regulatory sequence provided herein. A regulatory element sequence
provided by the invention thus may, in particular embodiments, be defined as operably linked
to a heterologous transcribable polynucleotide molecule. The present invention also provides

methods of making and using the regulatory elements, the DNA constructs comprising the
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regulatory elements, and the transgenic plant cells, plants, and seeds comprising the regulatory
elements operably linked to a transcribable polynucleotide molecule.

[006] Thus, in one aspect, the present invention provides a DNA molecule comprising a DNA
sequence selected from the group consisting of: a) a sequence with at least about 85 percent
sequence identity to any of SEQ ID NOs: 1-158 and 180-183; b) a sequence comprising any of
SEQ ID NOs: 1-158 and 180-183; and c) a fragment of any of SEQ ID NOs: 1-158 and 180-183,
wherein the fragment has gene-regulatory activity; wherein the sequence is operably linked to a
heterologous transcribable polynucleotide molecule. In specific embodiments, the DNA
molecule comprises at least about 90 percent, at least about 95 percent, at least about 98 percent,
or at least about 99 percent sequence identity to the DNA sequence of any of SEQ ID NOs: 1-
158 and 180-183. In certain embodiments of the DNA molecule, the DNA sequence comprises a
regulatory element. In some embodiments the regulatory element comprises a promoter. In
particular embodiments, the heterologous transcribable polynucleotide molecule comprises a
gene of agronomic interest, such as a gene capable of providing herbicide resistance in plants, or

a gene capable of providing plant pest resistance in plants.

[007] The invention also provides a transgenic plant cell comprising a heterologous DNA
construct provided by the invention, including a sequence of any of SEQ ID NOs: 1-158 and
180-183, or a fragment or variant thereof, wherein said sequence is operably linked to a
heterologous transcribable polynucleotide molecule. In certain embodiments, the transgenic

plant cell is a monocotyledonous plant cell. In other embodiments, the transgenic plant cell is a

dicotyledonous plant cell.

[008] Further provided by the invention is a transgenic plant, or part thereof, comprising a
DNA molecule as provided herein, including a DNA sequence selected from the group
consisting of: a) a sequence with at least 85 percent sequence identity to any of SEQ ID NOs: 1-
158 and 180-183; b) a sequence comprising any of SEQ ID NOs: 1-158 and 180-183; and ¢) a
fragment of any of SEQ ID NOs: 1-158 and 180-183, wherein the fragment has gene-regulatory
activity; wherein the sequence is operably linked to a heterologous transcribable polynucleotide
molecule. In specific embodiments, the transgenic plant may be a progeny plant of any
generation that comprises the DNA molecule, relative to a starting transgenic plant comprising
the DNA molecule. Still further provided is a transgenic seed comprising a DNA molecule

according to the invention.

15001322\v-1

CA 3004033 2018-05-04



[009] In yet another aspect, the invention provides a method of producing a commodity product
comprising obtaining a transgenic plant or part thereof according to the invention and producing
the commodity product therefrom. In one embodiment, a commodity product of the invention is
protein concentrate, protein isolate, grain, starch, seeds, meal, flour, biomass, or seed oil. In
another aspect, the invention provides a commodity produced using the above method. For
instance, in one embodiment the invention provides a commodity product comprising a DNA
molecule as provided herein, including a DNA sequence selected from the group consisting of:
a) a sequence with at least 85 percent sequence identity to any of SEQ ID NOs: 1-158 and 180-
183; b) a sequence comprising any of SEQ ID NOs: 1-158 and 180-183; and c) a fragment of any
of SEQ ID NOs: 1-158 and 180-183, wherein the fragment has gene-regulatory activity; wherein

the sequence is operably linked to a heterologous transcribable polynucleotide molecule.

[0010] In still yet another aspect, the invention provides a method of expressing a transcribable
polynucleotide molecule that comprises obtaining a transgenic plant according to the invention,
such as a plant comprising a DNA molecule as described herein, and cultivating plant, wherein a

transcribable polynucleotide in the DNA molecule is expressed.

[0011] Throughout this specification and the claims, unless the context requires otherwise, the
word “comprise” and its variations, such as “comprises” and “comprising,” will be understood to
imply the inclusion of a stated composition, step, and/or value, or group thereof, but not the

exclusion of any other composition, step, and/or value, or group thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0012] FIGS. 1a- 1h depict alignment of promoter size variants corresponding to promoter
elements isolated from the grass species Andropogon gerardii. In particular, Figs. 1a-1h show
alignment of the 2603 bp promoter sequence P-ANDge.Ubql-1:1:11 (SEQ ID NO: 2), found in
the transcriptional regulatory expression element group EXP-ANDge.Ubq1:1:9 (SEQ ID NO: 1),
with promoter sequences derived via deletion analysis of P~ANDge.Ubql-1:1:11. Deletion, for
instance of the 5’ end of P-ANDge.Ubql-1:1:11, produced the promoter P-~ANDge.Ubq1-1:1:9
(SEQ ID NO: 6), a 2114 bp sequence which is found within EXP-ANDge.Ubql:1:7 (SEQ ID
NO: 5). Other promoter sequences in Fig. 1 include P-ANDge.Ubql-1:1:10 (SEQ ID NO: 9), a
1644 bp sequence comprised within EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8); P-ANDge.Ubql-

1:1:12 (SEQ ID NO: 11), a 1472 bp sequence comprised within EXP-ANDge.Ubq1:1:10 (SEQ
3
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ID NO: 10); P-ANDge.Ubql-1:1:8 (SEQ ID NO: 13), a 1114 bp sequence comprised within
EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12); P-ANDge.Ubq1-1:1:13 (SEQ ID NO: 15), a 771 bp
sequence comprised within EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14); and P-ANDge.Ubql-
1:1:14 (SEQ ID NO: 17), a 482 bp sequence comprised within EXP-ANDge.Ubq1:1:12 (SEQ ID
NO: 16).

[0013] FIGS. 2a- 2g depict alignment of promoter variants isolated from the grass Saccharum
ravennae (Erianthus ravennae). In particular, FIGS. 2a- 2g show an alignment of the 2536 bp
promoter sequence P-ERIra.Ubql-1:1:10 (SEQ ID NO: 19) (found, for instance, within the
transcriptional regulatory expression element group EXP-ERIra.Ubql (SEQ ID NO: 18)) with
promoter sequences derived from deletion analysis of P-ERIra.Ubq1-1:1:10: a 2014 bp promoter
sequence P-ERIra.Ubql-1:1:9 (SEQ ID NO: 23); a 1525 bp promoter sequence P-ERIra.Ubql-
1:1:11 (SEQ ID NO: 26); a 1044 bp promoter sequence P-ERIra.Ubq1-1:1:8 (SEQ ID NO: 28); a
796 bp sequence P-ERIra.Ubq1-1:1:12 (SEQ ID NO: 30); and a 511 bp sequence P-ERIra.Ubql-
1:1:13 (SEQ ID NO: 32).

[0014] FIGS. 3a- 3¢ depict alignment of promoter size variants corresponding to promoter
elements isolated from the grass species Setaria viridis. In particular, FIGS. 3a-3c¢ show an
alignment of a 1493 bp promoter sequence, P-Sv.Ubql-1:1:1 (SEQ ID NO: 34) with promoters
derived from deletion analysis of the 5’ end of P-Sv.Ubql-1:1:1: a 1035 bp sized promoter P-

Sv.Ubql-1:1:2 (SEQ ID NO: 38); and a 681 bp promoter sequence P-Sv.Ubql-1:1:3 (SEQ ID
NO: 40).

[0015] FIGS. 4a- 4e depict alignment of transcriptional regulatory expression element group
variants derived from the grass Zea mays subsp. mexicana. In particular, FIGS. 4a- 4e compare a
2005 bp transcriptional regulatory expression element group termed EXP-Zm.UbgM1:1:2 (SEQ
ID NO: 49) with allelic variant EXP-Zm.UbgM1:1:5 (SEQ ID NO: 53), as well as with size
variants EXP-Zm.UbgM1:1:1 (SEQ ID NO: 41), which is 1922 bps in length, and EXP-
Zm.UbgM1:1:4 (SEQ ID NO: 45), which is 1971 bps in length.

[0016] FIGS. Sa- 5b depict alignment of promoter size variants isolated from the grass Sorghum
bicolor. In particular, FIGS. 5a- 5b shows alignment of the 791 bp sized promoter element, P-

Sb.Ubq6-1:1:2 (SEQ ID NO: 60) comprised within the transcriptional regulatory expression

15001322\V-1
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element group EXP-Sb.Ubq6 (SEQ ID NO: 59), with 855 bp promoter element P-Sb.Ubq6-1:1:1
(SEQ ID NO: 64) comprised within EXP-Sb.Ubq6:1:1 (SEQ ID NO: 63).

[0017] FIGS. 6a- 6¢ depict alignment of promoter size variants corresponding to promoter
elements isolated from the grass Setaria italica. In particular, FIGS. 6a- 6¢ show an alignment
of the 1492 bp promoter variant P-SETit.Ubql-1:1:1 (SEQ ID NO: 70) with 1492 bp promoter
variant P-SETit.Ubql-1:1:4 (SEQ ID NO: 74), 1034 bp promoter element P-SETit.Ubql-1:1:2
(SEQ ID NO: 76), and 680 bp promoter element P-SETit.Ubq1-1:1:3 (SEQ ID NO: 78).

[0018] FIGS. 7a- 7b depict alignment of promoter size variants and an enhancer element
corresponding to promoter elements isolated from the grass species Coix lachryma-jobi. In
particular, FIGS. 7a and 7b show an alignment of the 837 bp promoter variant, P-C1.Ubql-1:1:1
(SEQ ID NO: 80) found within transcriptional regulatory expression element group EXP-
ClLUbgl:1:1 (SEQ ID NO: 79), with an enhancer fragment derived from P-ClL.Ubql-1:1:1,
termed E-CL.Ubql:1:1 (SEQ ID NO: 89) that is 798 bp in length, as well as with three 5° end
deletion variants of P-Cl.Ubql-1:1:1: a 742 bp element P-Cl.Ubql-1:1:4 (SEQ ID NO: 84); a
401 bp element P-C1.Ubql-1:1:3 (SEQ ID NO: 86); and a 54 bp minimal promoter element P-
Cl.Ubq1-1:1:5 (SEQ ID NO: 88).

[0019] FIG. 8 depicts transgene cassette configurations of the present invention.

BRIEF DESCRIPTION OF THE SEQUENCES

{0020] SEQID NOS: 1,5, 8, 10, 12, 14, 16, 18, 22, 25, 27, 29, 31, 33, 37, 39, 41, 45, 49, 53, 55,
59, 63, 65, 69, 73, 75, 77, 79, 83, 85, 87, 90, 93, 95, 97, 98, 99, 100, 102, 104, 106, 108, 110,
112, 114, 115, 116, 117, 119, 121, 123, 124, 125, 126, 128, 130, 132, 133, 134, 136, 137, 139,
141, 143, 145, 147, 149, 151, 153, 155, 157, 180, 181 and 183 are sequences of transcriptional
regulatory expression element groups or EXP sequences comprising a promoter sequence

operably linked 5 to a leader sequence which is operably linked 5’ to an intron sequence.

{0021] SEQIDNOS:2,6,9, 11, 13, 15,17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 56, 60,
64, 66, 70, 74, 76, 78, 80, 84, 86, 88, 91, 96 and 135 are promoter sequences.

[0022] SEQID NOS: 3, 20, 35, 43, 47, 51, 57, 61, 67, 71 and 81 are leader sequences.

15001322\v-1
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[0023] SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105,
107, 109, 111, 113, 118, 120, 122, 127, 129, 131, 138, 140, 142, 144, 146, 148, 150, 152, 154,

156, 158 and 182 are intron sequences.

[0024] SEQ ID NO: 89 is the sequence of an enhancer.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The invention disclosed herein provides polynucleotide molecules having beneficial gene
regulatory activity from plant species. The design, construction, and use of these polynucleotide
molecules are provided by the invention. The nucleotide sequences of these polynucleotide
molecules are provided among SEQ ID NOs: 1-158 and 180-183. These polynucleotide
molecules are, for instance, capable of affecting the expression of an operably linked
transcribable polynucleotide molecule in plant tissues, and therefore selectively regulating gene
expression, or activity of an encoded gene product, in transgenic plants. The present invention
also provides methods of modifying, prodﬁcing, and using the same. The invention also
provides compositions, transformed host cells, transgenic plants, and seeds containing the

promoters and/or other disclosed nucleotide sequences, and methods for preparing and using the

same.

[0026] The following definitions and methods are provided to better define the present invention
and to guide those of ordinary skill in the art in the practice of the present invention. Unless

otherwise noted, terms are to be understood according to conventional usage by those of ordinary

skill in the relevant art.

DNA Molecules
[0027] As used herein, the term “DNA” or “DNA molecule” refers to a double-stranded DNA

molecule of genomic or synthetic origin, ie. a polymer of deoxyribonucleotide bases or a
polynucleotide molecule, read from the 5° (upstream) end to the 3" (downstream) end. As used
herein, the term “DNA sequence” refers to the nucleotide sequence of a DNA molecule. The
nomenclature used herein corresponds to that of by Title 37 of the United States Code of Federal

Regulations § 1.822, and set forth in the tables in WIPO Standard ST.25 (1998), Appendix 2,
Tables 1 and 3.

15001322\v-1
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[0028] As used herein, the term “isolated DNA molecule” refers to a DNA molecule at least
partially separated from other molecules normally associated with it in its native or natural state.
In one embodiment, the term “isolated” refers to a DNA molecule that is at least partially
separated from some of the nucleic acids which normally flank the DNA molecule in its native or
natural state. Thus, DNA molecules fused to regulatory or coding sequences with which they are
not normally associated, for example as the result of recombinant techniques, are considered
isolated herein. Such molecules are considered isolated when integrated into the chromosome of
a host cell or present in a nucleic acid solution with other DNA molecules, in that they are not in
their native state.

[0029] Any number of methods well known to those skilled in the art can be used to isolate and
manipulate a DNA molecule, or fragment thereof, disclosed in the present invention. For
example, PCR (polymerase chain reaction) technology can be used to amplify a particular
starting DNA molecule and/or to produce variants of the original molecule. DNA molecules, or
fragment thereof, can also be obtained by other techniques such as by directly synthesizing the
fragment by chemical means, as is commonly practiced by using an automated oligonucleotide
synthesizer.

[0030] As used herein, the term “sequence identity” refers to the extent to which two optimally
aligned polynucleotide sequences or two optimally aligned polypeptide sequences are identical.

An optimal sequence alignment is created by manually aligning two sequences, e.g. a reference
sequence and another sequence, to maximize the number of nucleotide matches in the sequence
alignment with appropriate internal nucleotide insertions, deletions, or gaps. As used herein, the
term “reference sequence” refers to a sequence provided as the polynucleotide sequences of SEQ
ID NOs: 1-158 and 180-183.

[0031] As used herein, the term “percent sequence identity” or “percent identity” or “% identity”
is the identity fraction times 100. The “identity fraction” for a sequence optimally aligned with a
reference sequence is the number of nucleotide matches in the optimal alignment, divided by the
total number of nucleotides in the reference sequence, e.g. the total number of nucleotides in the
full length of the entire reference sequence. Thus, one embodiment of the invention is a DNA
molecule comprising a sequence that when optimally aligned to a reference sequence, provided
herein as SEQ ID NOs: 1-158 and 180-183, has at least about 85 percent identity, at least about
90 percent identity, at least about 95 percent identity, at least about 96 percent identity, at least

7
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about 97 percent identity, at least about 98 percent identity, or at least about 99 percent identity
to the reference sequence. In particular embodiments such sequences may be defined as having
gene-regulatory activity.

Regulatory Elements

[0032] A regulatory element is a DNA molecule having gene regulatory activity, i.e. one that has
the ability to affect the transcription and/or translation of an operably linked transcribable
polynucleotide molecule. The term “gene regulatory activity” thus refers to the ability to affect
the expression pattern of an operably linked transcribable polynucleotide molecule by affecting
the transcription and/or translation of that operably linked transcribable polynucleotide molecule.
As used herein, a transcriptional regulatory expression element group or “EXP” sequence may be
comprised of expression elements, such as enhancers, promoters, leaders and introns, operably
linked. Thus a transcriptional regulatory expression element group may be comprised, for
instance, of a promoter operably linked 5" to a leader sequence, which is in turn operably linked
5’ to an intron sequence. The intron sequence may be comprised of a sequence beginning at the
point of the first intron/exon splice junction of the native sequence and further may be comprised
of a small leader fragment comprising the second intron/exon splice junction so as to provide for
proper intron/exon processing to facilitate transcription and proper processing of the resulting
transcript. Leaders and introns may positively affect transcription of an operably linked
transcribable polynucleotide molecule as well as translation of the resulting transcribed RNA.
The pre-processed RNA molecule comprises leaders and introns, which may affect the post-
transcriptional processing of the transcribed RNA and/or the export of the transcribed RNA
molecule from the cell nucleus into the cytoplasm. Following post-transcriptional processing of
the transcribed RNA molecule, the leader sequence may be retained as part of the final
messenger RNA and may positively affect the translation of the messenger RNA molecule.
[0033] Regulatory elements such as promoters, leaders, introns, and transcription termination
regions (or 3" UTRs) are DNA molecules that have gene regulatory activity and play an integral
part in the overall expression of genes in living cells. The term “regulatory element” refers to a
DNA molecule having gene regulatory activity, ie. one that has the ability to affect the
transcription and/or translation of an operably linked transcribable polynucleotide molecule.
[solated regulatory elements, such as promoters and leaders that function in plants are therefore

useful for modifying plant phenotypes through the methods of genetic engineering.

8
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[0034] Regulatory elements may be characterized by their expression pattern effects
(qualitatively and/or quantitatively), e.g. positive or negative effects and/or constitutive or other
effects such as by their temporal, spatial, developmental, tissue, environmental, physiological,
pathological, cell cycle, and/or chemically responsive expression pattern, and any combination
thereof, as well as by quantitative or qualitative indications. A promoter is useful as a regulatory
element for modulating the expression of an operably linked transcribable polynucleotide
molecule.

[0035] As used herein, a “gene expression pattern” is any pattern of transcription of an operably
linked DNA molecule into a transcribed RNA molecule. The transcribed RNA molecule may be
translated to produce a protein molecule or may provide an antisense or other regulatory RNA
molecule, such as a dSRNA, a tRNA, an rRNA, a miRNA, and the like.

[0036] As used herein, the term “protein expression” is any pattern of translation of a transcribed
RNA molecule into a protein molecule. Protein expression may be characterized by its temporal,
spatial, developmental, or morphological qualities as well as by quantitative or qualitative
indications.

[0037] As used herein, the term “promoter” refers generally to a DNA molecule that is involved
in recognition and binding of RNA polymerase II and other proteins (trans-acting transcription
factors) to initiate transcription. A promoter may be initially isolated from the 5 untranslated
region (5" UTR) of a genomic copy of a gene. Alternately, promoters may be synthetically
produced or manipulated DNA molecules. Promoters may also be chimeric, that is a promoter
produced through the fusion of two or more heterologous DNA molecules. Promoters useful in
practicing the present invention include SEQ ID NOS: 2, 6, 9, 11, 13, 15, 17, 19, 23, 26, 28, 30,
32, 34, 38, 40, 42, 46, 50, 56, 60, 64, 66, 70, 74, 76, 78, 80, 84, 86, 88, 91, 96 and 135, or
fragments or variants thereof. In specific embodiments of the invention, such molecules and any
variants or derivatives thereof as described herein, are further defined as comprising promoter
activity, i.e., are capable of acting as a promoter in a host cell, such as in a transgenic plant. In
still further specific embodiments, a fragment may be defined as exhibiting promoter activity
possessed by the starting promoter molecule from which it is derived, or a fragment may
comprise a “minimal promoter” which provides a basal level of transcription and is comprised of
a TATA box or equivalent sequence for recognition and binding of the RNA polymerase II

complex for initiation of transcription.
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[0038] In one embodiment, fragments are provided of a promoter sequence disclosed herein.
Promoter fragments may comprise promoter activity, as described above, and may be useful
alone or in combination with other promoters and promoter fragments, such as in constructing
chimeric promoters. In specific embodiments, fragments of a promoter are provided comprising
at least about 50, 95, 150, 250, 500, 750, or at least about 1000 contiguous nucleotides, or longer,
of a polynucleotide molecule having promoter activity disclosed herein.

[0039] Compositions derived from any of the promoters presented as SEQ ID NOS: 2, 6, 9, 11,
13, 15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 56, 60, 64, 66, 70, 74, 76, 18, 80, 84, 36,
88, 91, 96 and 135, such as internal or 5° deletions, for example, can be produced using methods
known in the art to improve or alter expression, including by removing elements that have either
positive or negative effects on expression; duplicating elements that have positive or negative
effects on expression; and/or duplicating or removing elements that have tissue or cell specific
effects on expression. Compositions derived from any of the promoters presented as SEQ ID
NOS: 2,6,9, 11, 13, 15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 56, 60, 64, 66, 70, 74,
76, 78, 80, 84, 86, 88, 91, 96 and 135 comprised of 3" deletions in which the TATA box element
or equivalent sequence thereof and downstream sequence is removed can be used, for example,
to make enhancer elements. Further deletions can be made to remove any elements that have
positive or negative; tissue specific; cell specific; or timing specific (such as, but not limited to,
circadian rhythms) effects on expression. Any of the promoters presented as SEQ ID NOS: 2, 6,
9,11, 13, 15,17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 56, 60, 64, 66, 70, 74, 76, 78, 80,
84, 86, 88, 91, 96 and 135 and fragments or enhancers derived there from can be used to make
chimeric transcriptional regulatory element compositions comprised of any of the promoters
presented as SEQ ID NOS: 2, 6,9, 11, 13, 15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50,
56, 60, 64, 66, 70, 74, 76, 78, 80, 84, 86, 88, 91, 96 and 135 and the fragments or enhancers
derived therefrom operably linked to other enhancers and promoters. The efficacy of the
modifications, duplications or deletions described herein on the desired expression aspects of a
particular transgene may be tested empirically in stable and transient plant assays, such as those
described in the working examples herein, so as to validate the results, which may vary
depending upon the changes made and the goal of the change in the starting molecule.

[0040] As used herein, the term “leader” refers to a DNA molecule isolated from the

untranslated 5° region (5" UTR) of a genomic copy of a gene and defined generally as a

10
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nucleotide segment between the transcription start site (TSS) and the protein coding sequence
start site. Alternately, leaders may be synthetically produced or manipulated DNA elements. A
leader can be used as a 5" regulatory element for modulating expression of an operably linked
transcribable polynucleotide molecule. Leader molecules may be used with a heterologous
promoter or with their native promoter. Promoter molecules of the present invention may thus
be operably linked to their native leader or may be operably linked to a heterologous leader.
Leaders useful in practicing the present invention include SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57,
61, 67, 71 and 81 or fragments or variants thereof. In specific embodiments, such sequences
may be provided defined as being capable of acting as a leader in a host cell, including, for
example, a transgenic plant cell. In one embodiment such sequences are decoded as comprising
leader activity.

[0041] The leader sequences (5" UTR) presented as SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57, 61,
67,71 and 81 may be comprised of regulatory elements or may adopt secondary structures that
can have an effect on transcription or translation of a transgene. The leader sequences presented
as SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57, 61, 67, 71 and 81 can be used in accordance with the
invention to make chimeric regulatory elements that affect transcription or translation of a
transgene. In addition, the leader sequences presented as SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57,
61, 67, 71 and 81 can be used to make chimeric leader sequences that affect transcription or
translation of a transgene.

[0042] The introduction of a foreign gene into a new plant host does not always result in a high
expression of the incoming gene. Furthermore, if dealing with complex traits, it is sometimes
necessary to modulate several genes with spatially or temporarily different expression pattern.
Introns can principally provide such modulation. However multiple use of the same intron in
one plant has shown to exhibit disadvantages. In those cases it is necessary to have a collection
of basic control elements for the construction of appropriate recombinant DNA elements. As the
available collection of introns known in the art with expression enhancing properties is limited,
alternatives are needed.

[0043] Compositions derived from any of the introns presented as SEQ ID NOS: 4, 7, 21, 24, 36,
44, 48, 52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127,
129, 131, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158 and 182 can be comprised of

internal deletions or duplications of cis regulatory elements; and/or alterations of the 5" and 3
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sequences comprising the intron/exon splice junctions can be used to improve expression or
specificity of expression when operably linked to a promoter + leader or chimeric promoter +
leader and coding sequence. Alterations of the 5 and 3" regions comprising the intron/exon
splice junction can also be made to reduce the potential for introduction of false start and stop
codons being produced in the resulting transcript after processing and splicing of the messenger
RNA. The introns can be tested empirically as described in the working examples to determine
the intron’s effect on expression of a transgene.

[0044] In accordance with the invention a promoter or promoter fragment may be analyzed for
the presence of known promoter elements, i.e. DNA sequence characteristics, such as a TATA-
box and other known transcription factor binding site motifs. Identification of such known
promoter elements may be used by one of skill in the art to design variants of the promoter
having a similar expression pattern to the original promoter.

[0045] As used herein, the term “enhancer” or “enhancer element” refers to a cis-acting
transcriptional regulatory element, a.k.a. cis-element, which confers an aspect of the overall
expression pattern, but is usually insufficient alone to drive transcription, of an operably linked
polynucleotide sequence. Unlike promoters, enhancer elements do not usually include a
transcription start site (TSS) or TATA box or equivalent sequence. A promoter may naturally
comprise one or more enhancer elements that affect the transcription of an operably linked
polynucleotide sequence. An isolated enhancer element may also be fused to a promoter to
produce a chimeric promoter cis-element, which confers an aspect of the overall modulation of
gene expression. A promoter or promoter fragment may comprise one or more enhancer
elements that effect the transcription of operably linked genes. Many promoter enhancer
elements are believed to bind DNA-binding proteins and/or affect DNA topology, producing
local conformations that selectively allow or restrict access of RNA polymerase to the DNA
template or that facilitate selective opening of the double helix at the site of transcriptional
initiation. An enhancer element may function to bind transcription factors that regulate
transcription. Some enhancer elements bind more than one transcription factor, and transcription
factors may interact with different affinities with more than one enhancer domain. Enhancer
elements can be identified by a number of techniques, including deletion analysis, i.e. deleting
one or more nucleotides from the 5" end or internal to a promoter; DNA binding protein analysis

using DNase I footprinting, methylation interference, electrophoresis mobility-shift assays, in
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vivo genomic footprinting by ligation-mediated PCR, and other conventional assays; or by DNA
sequence similarity analysis using known cis-element motifs or enhancer elements as a target
sequence or target motif with conventional DNA sequence comparison methods, such as
BLAST. The fine structure of an enhancer domain can be further studied by mutagenesis (or
substitution) of one or more nucleotides or by other conventional methods. Enhancer elements
can be obtained by chemical synthesis or by isolation from regulatory elements that include such
elements, and they can be synthesized with additional flanking nucleotides that contain useful
restriction enzyme sites to facilitate subsequence manipulation. Thus, the design, construction,
and use of enhancer elements according to the methods disclosed herein for modulating the
expression of operably linked transcribable polynucleotide molecules are encompassed by the
present invention.

[0046] In plants, the inclusion of some introns in gene constructs leads to increased mRNA and
protein accumulation relative to constructs lacking the intron.

[0047] This effect has been termed “intron mediated enhancement” (IME) of gene expression
(Mascarenhas et al., (1990) Plant Mol. Biol. 15:913-920). Introns known to stimulate expression
in plants have been identified in maize genes (e.g. tubAl, Adhl, Shi, Ubil (Jeon et al. (2000)
Plant Physiol. 123:1005-1014; Callis et al. (1987) Genes Dev. 1:1183-1200; Vasil et al. (1989)
Plant Physiol. 91:1575-1579; Christiansen et al. (1992) Plant Mol. Biol. 18:675-689) and in rice
genes (e.g. salt, tpi: McElroy et al., Plant Cell 2:163-171 (1990); Xu et al., Plant Physiol.
106:459-467 (1994)). Similarly, introns from dicotyledonous plant genes like those from petunia
(e.g. rbcS), potato (e.g. st-Is]) and from Arabidopsis thaliana (e.g. ubq3 and patl) have been
found to elevate gene expression rates (Dean et al. (1989) Plant Cell 1:201-208; Leon et al.
(1991) Plant Physiol. 95:968-972; Norris et al. (1993) Plant Mol Biol 21:895-906; Rose and Last
(1997) Plant J.11:455-464). It has been shown that deletions or mutations within the splice sites
of an intron reduce gene expression, indicating that splicing might be needed for IME
(Mascarenhas et al. (1990) Plant Mol Biol. 15:913-920; Clancy and Hannah (2002) Plant
Physiol. 130:918-929). However, that splicing per se is not required for a certain IME in
dicotyledonous plants has been shown by point mutations within the splice sites of the patl gene
from A. thaliana (Rose and Beliakoff (2000) Plant Physiol. 122:535-542).

[0048] Enhancement of gene expression by introns is not a general phenomenon because some

intron insertions into recombinant expression cassettes fail to enhance expression (e.g. introns
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from dicot genes (rbcS gene from pea, phaseolin gene from bean and the stls-I gene from
Solanum tuberosum) and introns from maize genes (adh! gene the ninth intron, Asp8I gene the
first intron)) (Chee et al. (1986) Gene 41:47-57;, Kuhlemeier et al. (1988) Mol Gen Genet
212:405-411; Mascarenhas et al. (1990) Plant Mol. Biol. 15:913-920; Sinibaldi and Mettler
(1992) In WE Cohn, K Moldave, eds, Progress in Nucleic Acid Research and Molecular
Biology, Vol 42. Academic Press, New York, pp 229-257; Vancanneyt et al. 1990 Mol. Gen.
Genet. 220:245-250). Therefore, not each intron can be employed in order to manipulate the
gene expression level of non-endogenous genes or endogenous genes in transgenic plants. What
characteristics or specific sequence features must be present in an intron sequence in order to
enhance the expression rate of a given gene is not known in the prior art and therefore from the
prior art it is not possible to predict whether a given plant intron, when used heterologously, will
cause enhancement of expression at the DNA level or at the transcript level (IME).

[0049] As used herein, the term “chimeric” refers to a single DNA molecule produced by fusing
a first DN A molecule to a second DNA molecule, where neither first nor second DNA molecule
would normally be found in that configuration, i.e. fused to the other. The chimeric DNA
molecule is thus a new DNA molecule not otherwise normally found in nature. As used herein,
the term “chimeric promoter” refers to a promoter produced through such manipulation of DNA
molecules. A chimeric promoter may combine two or more DNA fragments; an example would
be the fusion of a promoter to an enhancer element. Thus, the design, construction, and use of
chimeric promoters according to the methods disclosed herein for modulating the expression of
operably linked transcribable polynucleotide molecules are encompassed by the present
invention.

[0050] As used herein, the term “variant” refers to a second DNA molecule that is in
composition similar, but not identical to, a first DNA molecule and yet the second DNA
molecule still maintains the general functionality, i.e. same or similar expression pattern, of the
first DNA molecule. A variant may be a shorter or truncated version of the first DNA molecule
and/or an altered version of the sequence of the first DNA molecule, such as one with different
restriction enzyme sites and/or internal deletions, substitutions, and/or insertions. A “variant”
can aiso encompass a regulatory element having a nucieotide sequence comprising a substitution,
deletion and/or insertion of one or more nucleotides of a reference sequence, wherein the

derivative regulatory element has more or less or equivalent transcriptional or translational
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activity than the corresponding parent regulatory molecule. The regulatory element “variants”
will also encompass variants arising from mutations that naturally occur in bacterial and plant
cell transformation. In the present invention, a polynucleotide sequence provided as SEQ ID
NOs: 1-158 and 180-183 may be used to create variants that are in composition similar, but not
identical to, the polynucleotide sequence of the original regulatory element, while still
maintaining the general functionality, i.e. same or similar expression pattern, of the original
regulatory element. Production of such variants of the present invention is well within the
ordinary skill of the art in light of the disclosure and is encompassed within the scope of the
present invention. Chimeric regulatory element “variants” comprise the same constituent
elements as a reference sequence but the constituent elements comprising the chimeric regulatory
element may be operatively linked by various methods known in the art such as, restriction
enzyme digestion and ligation, ligation independent cloning, modular assembly of PCR products
during amplification, or direct chemical synthesis of the regulatory element as well as other
methods known in the art. The resulting chimeric regulatory element “variant” can be comprised
of the same, or variants of the same, constituent elements of the reference sequence but differ in
the sequence or sequences that comprise the linking sequence or sequences which allow the
constituent parts to be operatively linked. In the present invention, a polynucleotide sequence
provided as SEQ ID NOs: 1-158 and 180-183 provide a reference sequence wherein the
constituent elements that comprise the reference sequence may be joined by methods known in
the art and may comprise substitutions, deletions and/or insertions of one or more nucleotides or

mutations that naturally occur in bacterial and plant cell transformation.

Constructs
[0051] As used herein, the term “construct” means any recombinant polynucleotide molecule

such as a plasmid, cosmid, virus, autonomously replicating polynucleotide molecule, phage, or
linear or circular single-stranded or double-stranded DNA or RNA polynucleotide molecule,
derived from any source, capable of genomic integration or autonomous replication, comprising
a polynucleotide molecule where one or more polynucleotide molecule has been linked in a
functionally operative manner, i.e. operably linked. As used herein, the term “vector” means any
recombinant polynucleotide construct that may be used for the purpose of transformation, i.e. the
introduction of heterologous DNA into a host cell. The term includes an expression cassette

isolated from any of the aforementioned molecules.
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[0052] As used herein, the term “operably linked” refers to a first molecule joined to a second
molecule, wherein the molecules are so arranged that the first molecule affects the function of
the second molecule. The two molecules may or may not be part of a single contiguous
molecule and may or may not be adjacent. For example, a promoter is operably linked to a
transcribable polynucleotide molecule if the promoter modulates transcription of the
transcribable polynucleotide molecule of interest in a cell. A leader, for example, is operably
linked to coding sequence when it is capable of serving as a leader for the polypeptide encoded
by the coding sequence.

[0053] The constructs of the present invention may be provided, in one embodiment, as double
Ti plasmid border DNA constructs that have the right border (RB or AGRtu.RB) and left border
(LB or AGRtu.LB) regions of the Ti plasmid isolated from Agrobacterium tumefaciens
comprising a T-DNA, that along with transfer molecules provided by the A. fumefaciens cells,
permit the integration of the T-DNA into the genome of a plant cell (see, for example, US Patent
6,603,061). The constructs may also contain the plasmid backbone DNA segments that provide
replication function and antibiotic selection in bacterial cells, for example, an Escherichia coli
origin of replication such as ori322, a broad host range origin of replication such as oriV or
oriRi, and a coding region for a selectable marker such as Spec/Strp that encodes for Tn7
aminoglycoside adenyltransferase (aadd) conferring resistance to spectinomycin or
streptomycin, or a gentamicin (Gm, Gent) selectable marker gene. For plant transformation, the
host bacterial strain is often A. rtumefaciens ABI, C58, or LBA4404; however, other strains
known to those skilled in the art of plant transformation can function in the present invention.
[0054] Methods are known in the art for assembling and introducing constructs into a cell in
such a manner that the transcribable polynucleotide molecule is transcribed into a functional
mRNA molecule that is translated and expressed as a protein product. For the practice of the
present invention, conventional compositions and methods for preparing and using constructs
and host cells are well known to one skilled in the art, see, for example, Molecular Cloning: A
Laboratory Manual, 3 edition Volumes 1, 2, and 3 (2000) J. Sambrook, D.W. Russell, and N.
Irwin, Cold Spring Harbor Laboratory Press. Methods for making recombinant vectors
particularly suited to plant transformation inciude, without limitation, those described in U.S.
Patent No. 4,971,908; 4,940,835; 4,769,061; and 4,757,011 in their entirety. These types of

vectors have also been reviewed in the scientific literature (see, for example, Rodriguez, et al.,
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Vectors: A Survey of Molecular Cloning Vectors and Their Uses, Butterworths, Boston, (1988)
and Glick, et al., Methods in Plant Molecular Biology and Biotechnology, CRC Press, Boca
Raton, FL. (1993)). Typical vectors useful for expression of nucleic acids in higher plants are
well known in the art and include vectors derived from the tumor-inducing (Ti) plasmid of
Agrobacterium tumefaciens (Rogers, et al., Methods in Enzymology 153: 253-277 (1987)). Other
recombinant vectors useful for plant transformation, including the pCaMVCN transfer control
vector, have also been described in the scientific literature (see, for example, Fromm, et al.,
Proc. Natl. Acad. Sci. USA 82: 5824-5828 (1985)).
[0055] Various regulatory elements may be included in a construct including any of those
provided herein. Any such regulatory elements may be provided in combination with other
regulatory elements. Such combinations can be designed or modified to produce desirable
regulatory features. In one embodiment, constructs of the present invention comprise at least one
regulatory element operably linked to a transcribable polynucleotide molecule operably linked to
a3’ UTR.

[0056] Constructs of the present invention may include any promoter or leader provided herein
or known in the art. For example, a promoter of the present invention may be operably linked to
a heterologous non-translated 5” leader such as one derived from a heat shock protein gene (see,
for example, U.S. Patent No. 5,659,122 and 5,362,865). Alternatively, a leader of the present
invention may be operably linked to a heterologous promoter such as the Cauliflower Mosaic
Virus 358 transcript promoter (see, U.S. Patent No. 5,352,605).

[0057] As used herein, the term “intron” refers to a DNA molecule that may be isolated or
identified from the genomic copy of a gene and may be defined generally as a region spliced out
during mRNA processing prior to translation. Alternately, an intron may be a synthetically
produced or manipulated DNA element. An intron may contain enhancer elements that effect the
transcription of operably linked genes. An intron may be used as a regulatory element for
modulating expression of an operably linked transcribable polynucleotide molecule. A DNA
construct may comprise an intron, and the intron may or may not be heterologous with respect to
the transcribable polynucleotide molecule sequence. Examples of introns in the art include the
rice actin intron (U.S. Patent No. 5,641,876) and the corn HSP70 intron (U.S. Patent No.
5,859,347). Introns useful in practicing the present invention include SEQ ID NOS: 4, 7, 21, 24,
36, 44, 48, 52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122,
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127, 129, 131, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158 and 182. Further, when
modifying intron/exon boundary sequences, it may be preferable to avoid using the nucleotide
sequence AT or the nucleotide A just prior to the 5° end of the splice site (GT) and the nucleotide
G or the nucleotide sequence TG, respectively just after 3° end of the splice site (AG) to
eliminate the potential of unwanted start codons from being formed during processing of the
messenger RNA into the final transcript. The sequence around the 5 or 3" end splice junction
sites of the intron can thus be modified in this manner.

[0058] As used herein, the term “3” transcription termination molecule” or “3” UTR” refers to a
DNA molecule that is used during transcription to produce the 3" untranslated region (3" UTR)
of an mRNA molecule. The 3" untranslated region of an mRNA molecule may be generated by
specific cleavage and 3" polyadenylation, a.k.a. polyA tail. A 3" UTR may be operably linked to
and located downstream of a transcribable polynucleotide molecule and may include
polynucleotides that provide a polyadenylation signal and other regulatory signals capable of
affecting transcription, mRNA processing, or gene expression. PolyA tails are thought to
function in mRNA stability and in initiation of translation. Examples of 3 transcription
termination molecules in the art are the nopaline synthase 3" region (see, Fraley, et al., Proc.
Natl. Acad. Sci. USA, 80: 4803-4807 (1983)); wheat hsp17 3" region; pea rubisco small subunit
3’ region; cotton E6 3" region (U.S. Patent 6,096,950); 3" regions disclosed in WO0011200A2;
and the coixin 3" UTR (U.S. Patent No. 6,635,806).

[0059] 3" UTRs typically find beneficial use for the recombinant expression of specific genes.
In animal systems, a machinery of 3° UTRs has been well defined (e.g. Zhao et al., Microbiol
Mol Biol Rev 63:405-445 (1999); Proudfoot, Nature 322:562-565 (1986); Kim et al.,
Biotechnology Progress 19:1620-1622 (2003); Yonaha and Proudfoot, EMBO J. 19:3770-3777
(2000); Cramer et al., FEBS Letters 498:179-182 (2001); Kuerstem and Goodwin, Nature
Reviews Genetics 4:626-637 (2003)). Effective termination of RNA transcription is required to
prevent unwanted transcription of trait- unrelated (downstream) ‘sequences, which may interfere
with trait performance. Arrangement of multiple gene expression cassettes in local proximity to
one another (e.g. within one T- DNA) may cause suppression of gene expression of one or more
genes in said construct in comparison to independent insertions (Padidam and Cao,
BioTechniques 31:328-334 (2001). This may interfere with achieving adequate levels of

expression, for instance in cases were strong gene expression from all cassettes is desired.
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[0060] In plants, clearly defined polyadenylation signal sequences are not known. Hasegawa et
al., Plant J. 33:1063-1072, (2003)) were not able to identify conserved polyadenylation signal
sequences in both in vitro and in vivo systems in Nicotiana sylvestris and to determine the actual
length of the primary (non-polyadenylated) transcript. A weak 3" UTR has the potential to
generate read-through, which may affect the expression of the genes located in the neighboring
expression cassettes (Padidam and Cao, BioTechniques 31:328-334 (2001)). Appropriate control
of transcription termination can prevent read-through into sequences (e.g. other expression
cassettes) localized downstream and can further allow efficient recycling of RNA polymerase, to
improve gene expression. Efficient termination of transcription (release of RNA Polymerase II
from the DNA) is pre-requisite for re-initiation of transcription and thereby directly affects the
overall transcript level. Subsequent to transcription termination, the mature mRNA is released
from the site of synthesis and template to the cytoplasm. Eukaryotic mRNAs are accumulated as
poly(A) forms in vivo, so that it is difficult to detect transcriptional termination sites by
conventional methods. However, prediction of functional and efficient 3° UTRs by
bioinformatics methods is difficult in that there are no conserved sequences which would allow
easy prediction of an effective 3" UTR.

[0061] From a practical standpoint, it is typically beneficial that a 3° UTR used in a transgene
cassette possesses the following characteristics. The 3" UTR should be able to efficiently and
effectively terminate transcription of the transgene and prevent read-through of the transcript into
any neighboring DNA sequence which can be comprised of another transgene cassette as in the
case of multiple cassettes residing in one T-DNA, or the neighboring chromosomal DNA into
which the T-DNA has inserted. The 3" UTR should not cause a reduction in the transcriptional
activity imparted by the promoter, leader and introns that are used to drive expression of the
transgene. In plant biotechnology, the 3" UTR is often used for priming of amplification
reactions of reverse transcribed RNA extracted from the transformed plant and used to (1) assess
the transcriptional activity or expression of the transgene cassette once integrated into the plant
chromosome; (2) assess the copy number of insertions within the plant DNA; and (3) assess
zygosity of the resulting seed after breeding. The 3" UTR is also used in amplification reactions

of DNA extracted from the transformed plant to characterize the intactness of the inserted

cassette.
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[0062]) 3" UTRs useful in providing expression of a transgene in plants may be identified based
upon the expression of expressed sequence tags (ESTs) in cDNA libraries made from messenger
RNA isolated from seed, flower and other tissues derived from Big bluestem (4ndropogon
gerardii), Plume grass (Saccharum ravennae (Erianthus ravennae)), Green bristlegrass (Sefaria
viridis), Teosinte (Zea mays subsp. mexicana), Foxtail millet (Setaria italica), or Coix (Coix
lacryma-jobi). Libraries of ¢cDNA are made from tissues isolated from selected plant species
using methods known to those skilled in the art from flower tissue, seed, leaf and root. The
resulting ¢cDNAs are sequenced using various sequencing methods known in the art. The
resulting ESTs are assembled into clusters using bioinformatics software such as
clc_ref assemble complete version 2.01.37139 (CLC bio USA, Cambridge, Massachusetts
02142). Transcript abundance of each cluster is determined by counting the number of cDNA
reads for each cluster. The identified 3° UTRs may be comprised of sequence derived from
cDNA sequence as well as sequence derived from genomic DNA. The cDNA sequence is used
to design primers, which are then used with GenomeWalker'™ (Clontech Laboratories, Inc,
Mountain View, CA) libraries constructed following the manufacturer’s protocol to clone the 3°
region of the corresponding genomic DNA sequence to provide a longer termination sequence.
Analysis of relative transcript abundance either by direct counts or normalized counts of
observed sequence reads for each tissue library can be used to infer properties about patters of
expression. For example, some 3° UTRs may be found in transcripts seen in higher abundance in
root tissue as opposed to leaf. This is suggestive that the transcript is highly expressed in root
and that the properties of root expression may be attributable to the transcriptional regulation of
the promoter, the lead, the introns or the 3" UTR. Empirical testing of 3" UTRs identified by the
properties of expression within specific organs, tissues or cell types can result in the
identification of 3" UTRs that enhance expression in those specific organs, tissues or cell types.

[0063] Constructs and vectors may also include a transit peptide coding sequence that expresses
a linked peptide that is useful for targeting of a protein product, particularly to a chloroplast,
leucoplast, or other plastid organelle; mitochondria; peroxisome; vacuole; or an extracellular
location. For descriptions of the use of chloroplast transit peptides, see U.S. Patent No.
5,188,642 and U.S. Patent No. 5,728,925. Many chloroplast-localized proteins are expressed
from nuclear genes as precursors and are targeted to the chloroplast by a chloroplast transit

peptide (CTP). Examples of such isolated chloroplast proteins include, but are not limited to,
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those associated with the small subunit (SSU) of ribulose-1,5,-bisphosphate carboxylase,
ferredoxin, ferredoxin oxidoreductase, the light-harvesting complex protein I and protein II,
thioredoxin F, enolpyruvyl shikimate phosphate synthase (EPSPS), and transit peptides described
in U.S. Patent No. 7,193,133. It has been demonstrated in vivo and in vitro that non-chloroplast
proteins may be targeted to the chloroplast by use of protein fusions with a heterologous CTP
and that the CTP is sufficient to target a protein to the chloroplast. Incorporation of a suitable
chloroplast transit peptide such as the Arabidopsis thaliana EPSPS CTP (CTP2) (See, Klee et al.,
Mol. Gen. Genet. 210:437-442 (1987)) or the Petunia hybrida EPSPS CTP (CTP4) (See, della-
Cioppa et al., Proc. Natl. Acad. Sci. USA 83:6873-6877 (1986)) has been show to target
heterologous EPSPS protein sequences to chloroplasts in transgenic plants (See, U.S. Patent Nos.

5,627,061; 5,633,435; and 5,312,910 and EP 0218571; EP 189707; EP 508909; and EP 924299).

Transcribable polynucleotide molecules
[0064] As used herein, the term “transcribable polynucleotide molecule” refers to any DNA

molecule capable of being transcribed into a RNA molecule, including, but not limited to, those
having protein coding sequences and those producing RNA molecules having sequences useful
for gene suppression. A “transgene” refers to a transcribable polynucleotide molecule
heterologous to a host cell at least with respect to its location in the genome and/or a
transcribable polynucleotide molecule artificially incorporated into a host cell’s genome in the
current or any prior generation of the cell.

[0065] A promoter of the present invention may be operably linked to a transcribable
polynucleotide molecule that is heterologous with respect to the promoter molecule. As used
herein, the term “heterologous” refers to the combination of two or more polynucleotide
molecules when such a combination is not normally found in nature. For example, the two
molecules may be derived from different species and/or the two molecules may be derived from
different genes, e.g. different genes from the same species or the same genes from different
species. A promoter is thus heterologous with respect to an operably linked transcribable
polynucleotide molecule if such a combination is not normally found in nature, ie. that
transcribable polynucleotide molecule is not naturally occurring operably linked in combination
with that promoter molecule.

[0066] The transcribable polynucleotide molecule may generally be any DNA molecule for
which expression of a RNA transcript is desired. Such expression of an RNA transcript may
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result in translation of the resulting mRNA molecule and thus protein expression. Alternatively,
for example, a transcribable polynucleotide molecule may be designed to ultimately cause
decreased expression of a specific gene or protein. In one embodiment, this may be
accomplished by using a transcribable polynucleotide molecule that is oriented in the antisense
direction. One of ordinary skill in the art is familiar with using such antisense technology.
Briefly, as the antisense transcribable polynucleotide molecule is transcribed, the RNA product
hybridizes to and sequesters a complimentary RNA molecule inside the cell. This duplex RNA
molecule cannot be translated into a protein by the cell’s translational machinery and is degraded
in the cell. Any gene may be negatively regulated in this manner.

{00671 Thus, one embodiment of the invention is a regulatory element of the present invention,
such as those provided as SEQ ID NOs: 1-158 and 180-183, operably linked to a transcribable
polynucleotide molecule so as to modulate transcription of the transcribable polynucleotide
molecule at a desired level or in a desired pattern when the construct is integrated in the genome
of a plant cell. In one embodiment, the transcribable polynucleotide molecule comprises a
protein-coding region of a gene, and the promoter affects the transcription of an RNA molecule
that is translated and expressed as a protein product. In another embodiment, the transcribable
polynucleotide molecule comprises an antisense region of a gene, and the promoter affects the
transcription of an antisense RNA molecule, double stranded RNA or other similar inhibitory

RNA molecule in order to inhibit expression of a specific RNA molecule of interest in a target

host cell.

Genes of Agronomic Interest
[0068] Transcribable polynucleotide molecules may be genes of agronomic interest. As used

herein, the term “gene of agronomic interest” refers to a transcribable polynucleotide molecule
that when expressed in a particular plant tissue, cell, or cell type confers a desirable
characteristic, such as associated with plant morphology, physiology, growth, development,
yield, product, nutritional profile, disease or pest resistance, and/or environmental or chemical
tolerance. Genes of agronomic interest include, but are not limited to, those encoding a yield
protein, a stress resistance protein, a developmental control protein, a tissue differentiation
protein, a meristem protein, an environmentally responsive protein, a senescence protein, a
hormone responsive protein, an abscission protein, a source protein, a sink protein, a flower
control protein, a seed protein, an herbicide resistance protein, a disease resistance protein, a
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fatty acid biosynthetic enzyme, a tocopherol biosynthetic enzyme, an amino acid biosynthetic
enzyme, a pesticidal protein, or any other agent such as an antisense or RNAi molecule targeting
a particular gene for suppression. The product of a gene of agronomic interest may act within
the plant in order to cause an effect upon the plant physiology or metabolism or may be act as a
pesticidal agent in the diet of a pest that feeds on the plant.

[0069] In one embodiment of the invention, a promoter of the present invention is incorporated
into a construct such that the promoter is operably linked to a transcribable polynucleotide
molecule that is a gene of agronomic interest. The expression of the gene of agronomic interest
is desirable in order to confer an agronomically beneficial trait. A beneficial agronomic trait
may be, for example, but is not limited to, herbicide tolerance, insect control, modified yield,
fungal disease resistance, virus resistance, nematode resistance, bacterial disease resistance, plant
growth and development, starch production, modified oils production, high oil production,
modified fatty acid content, high protein production, fruit ripening, enhanced animal and human
nutrition, biopolymers, environmental stress resistance, pharmaceutical peptides and secretable
peptides, improved processing traits, improved digestibility, enzyme production, flavor, nitrogen
ﬁxation,. hybrid seed production, fiber production, and biofuel production. Examples of genes of
agronomic interest known in the art include those for herbicide resistance (U.S. Patent No.
6,803,501; 6,448,476; 6,248,876; 6,225,114; 6,107,549; 5,866,775; 5,804,425; 5,633,435; and
5,463,175), increased yield (U.S. Patent Nos. USRE38,446; 6,716,474; 6,663,906; 6,476,295;
6,441,277; 6,423,828; 6,399,330; 6,372,211; 6,235,971, 6,222,098; and 5,716,837), insect
control (U.S. Patent Nos. 6,809,078; 6,713,063; 6,686,452; 6,657,046; 6,645,497, 6,642,030,
6,639,054; 6,620,988; 6,593,293; 6,555,655; 6,538,109; 6,537,756; 6,521,442; 6,501,009;
6,468,523; 6,326,351; 6,313,378; 6,284,949; 6,281,016; 6,248,536; 6,242,241; 6,221,649;
6,177,615, 6,156,573; 6,153,814; 6,110,464; 6,093,695, 6,063,756; 6,063,597; 6,023,013;
5,959,091; 5,942,664; 5,942,658, 5,880,275; 5,763,245; and 5,763,241), fungal disease
resistance (U.S. Patent Nos. 6,653,280; 6,573,361; 6,506,962; 6,316,407; 6,215,048; 5,516,671,
5,773,696; 6,121,436; 6,316,407; and 6,506,962), virus resistance (U.S. Patent Nos. 6,617,496;
6,608,241; 6,015,940, 6,013,864; 5,850,023; and 5,304,730), nematode resistance (U.S. Patent
No. 6,228,992), bacterial disease resistance (U.S. Patent No. 5,516,671), plant growth and
development (U.S. Patent Nos. 6,723,897 and 6,518,488), starch production (U.S. Patent Nos.
6,538,181; 6,538,179; 6,538,178; 5,750,876; 6,476,295), modified oils production (U.S. Patent
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Nos. 6,444,876; 6,426,447; and 6,380,462), high oil production (U.S. Patent Nos. 6,495,739,
5,608,149; 6,483,008; and 6,476,295), modified fatty acid content (U.S. Patent Nos. 6,828,475;
6,822,141; 6,770,465; 6,706,950; 6,660,849; 6,596,538; 6,589,767; 6,537,750; 6,489,461; and
6,459,018), high protein production (U.S. Patent No. 6,380,466), fruit ripening (U.S. Patent No.
5,512,466), enhanced animal and human nutrition (U.S. Patent Nos. 6,723,837; 6,653,530;
6,5412,59; 5,985,605; and 6,171,640), biopolymers (U.S. Patent Nos. USRE37,543; 6,228,623;
and 5,958,745, and 6,946,588), environmental stress resistance (U.S. Patent No. 6,072,103),
pharmaceutical peptides and secretable peptides (U.S. Patent Nos. 6,812,379; 6,774,283,
6,140,075; and 6,080,560), improved processing traits (U.S. Patent No. 6,476,295), improved
digestibility (U.S. Patent No. 6,531,648) low raffinose (U.S. Patent No. 6,166,292), industrial
enzyme production (U.S. Patent No. 5,543,576), improved flavor (U.S. Patent No. 6,011,199),
nitrogen fixation (U.S. Patent No. 5,229,114), hybrid seed production (U.S. Patent No.
5,689,041), fiber production (U.S. Patent Nos. 6,576,818; 6,271,443; 5,981,834; and 5,869,720)
and biofuel production (U.S. Patent No. 5,998,700).

[0070] Alternatively, a gene of agronomic interest can affect the above mentioned plant
characteristic or phenotype by encoding a RNA molecule that causes the targeted modulation of
gene expression of an endogenous gene, for example via antisense (see e.g. US Patent
5,107,065); inhibitory RNA (“RNAi”, including modulation of gene expression via miRNA-,
siRNA-, trans-acting siRNA-, and phased sRNA-mediated mechanisms, e.g. as described in
published applications US 2006/0200878 and US 2008/0066206, and in US patent application
11/974,469); or cosuppression-mediated mechanisms. The RNA could also be a catalytic RNA
molecule (e.g. a ribozyme or a riboswitch; see e.g. US 2006/0200878) engineered to cleave a
desired endogenous mRNA product. Thus, any transcribable polynucleotide molecule that
encodes a transcribed RNA molecule that affects an agronomically important phenotype or
morphology change of interest may be useful for the practice of the present invention. Methods
are known in the art for constructing and introducing constructs into a cell in such a manner that
the transcribable polynucleotide molecule is transcribed into a molecule that is capable of
causing gene suppression. For example, posttranscriptional gene suppression using a construct
with an anti-sense oriented transcribable polynucleotide molecule to regulate gene expression in
plant cells is disclosed in U.S. Patent Nos. 5,107,065 and 5,759,829, and posttranscriptional gene

suppression using a construct with a sense-oriented transcribable polynucleotide molecule to
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regulate gene expression in plants is disclosed in U.S. Patent Nos. 5,283,184 and 5,231,020.
Expression of a transcribable polynucleotide in a plant cell can also be used to suppress plant
pests feeding on the plant cell, for example, compositions isolated from coleopteran pests (U.S.
Patent Publication No. US20070124836) and compositions isolated from nematode pests (U.S.
Patent Publication No. US20070250947). Plant pests include, but are not limited to arthropod
pests, nematode pests, and fungal or microbial pests. Exemplary transcribable polynucleotide
molecules for incorporation into constructs of the present invention include, for example, DNA
molecules or genes from a species other than the target species or genes that originate with or are
present in the same species, but are incorporated into recipient cells by genetic engineering
methods rather than classical reproduction or breeding techniques. The type of polynucleotide
molecule can include, but is not limited to, a polynucleotide molecule that is already present in
the plant cell, a polynucleotide molecule from another plant, a polynucleotide molecule from a
different organism, or a polynucleotide molecule generated externally, such as a polynucleotide
molecule containing an antisense message of a gene, or a polynucleotide molecule encoding an

artificial, synthetic, or otherwise modified version of a transgene.

Selectable Markers
[0071] As used herein the term “marker” refers to any transcribable polynucleotide molecule

whose expression, or lack thereof, can be screened for or scored in some way. Marker genes for
use in the practice of the present invention include, but are not limited to transcribable
polynucleotide molecules encoding B-glucuronidase (GUS described in U.S. Patent No.
5,599,670), green fluorescent protein and variants thereof (GFP described in U.S. Patent No.
5,491,084 and 6,146,826), proteins that confer antibiotic resistance, or proteins that confer
herbicide tolerance. Useful antibiotic resistance markers, including those encoding proteins
conferring resistance to kanamycin (nptll), hygromycin B (aph [V), streptomycin or
spectinomycin (aad, spec/strep) and gentamycin (a@ac3 and aacC4) are known in the art.
Herbicides for which transgenic plant tolerance has been demonstrated and the method of the
present invention can be applied, include, but are not limited to: amino-methyl-phosphonic acid,
glyphosate, glufosinate, sulfonylureas, imidazolinones, bromoxynil, dalapon, dicamba,
cyclohexanedione, protoporphyrinogen oxidase inhibitors, and isoxasflutole herbicides.
Transcribable polynucleotide molecules encoding proteins involved in herbicide tolerance are
known in the art, and include, but are not limited to, a transcribable polynucleotide molecule
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encoding 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS for glyphosate tolerance
described in U.S. Patent No. 5,627,061; 5,633,435; 6,040,497; and 5,094,945); a transcribable
polynucleotide molecule encoding a glyphosate oxidoreductase and a glyphosate-N-acetyl
transferase (GOX described in U.S. Patent No. 5,463,175; GAT described in U.S. Patent
publication No. 20030083480, and dicamba monooxygenase U.S. Patent publication No.
20030135879); a transcribable polynucleotide molecule encoding bromoxynil nitrilase (Bxn for
Bromoxynil tolerance described in U.S. Patent No. 4,810,648); a transcribable polynucleotide
molecule encoding phytoene desaturase (crtI) described in Misawa, et al., Plant Journal 4:333-
840 (1993) and Misawa, et al., Plant Journal 6:481-489 (1994) for norflurazon tolerance; a
transcribable polynucleotide molecule encoding acetohydroxyacid synthase (AHAS, aka ALS)
described in Sathasiivan, et al, Nucl. Acids Res. 18:2188-2193 (1990) for tolerance to
sulfonylurea herbicides; and the bar gene described in DeBlock, et al., EMBO Journal 6:2513-
2519 (1987) for glufosinate and bialaphos tolerance. The promoter molecules of the present
invention can express linked transcribable polynucleotide molecules that encode for
phosphinothricin  acetyltransferase,  glyphosate  resistant = EPSPS,  aminoglycoside
phosphotransferase, hydroxyphenyl pyruvate dehydrogenase, hygromycin phosphotransferase,
neomycin phosphotransferase, dalapon dehalogenase, bromoxynil resistant nitrilase, anthranilate
synthase, aryloxyalkanoate dioxygenases, acetyl CoA carboxylase, glyphosate oxidoreductase,
and glyphosate-N-acetyl transferase.

[0072] Included within the term “selectable markers” are also genes which encode a secretable
marker whose secretion can be detected as a means of identifying or selecting for transformed
cells. Examples include markers that encode a secretable antigen that can be identified by
antibody interaction, or even secretable enzymes which can be detected catalytically. Selectable
secreted marker proteins fall into a number of classes, including small, diffusible proteins which
are detectable, (e.g. by ELISA), small active enzymes which are detectable in extracellular
solution (e.g, alpha-amylase, beta-lactamase, phosphinothricin transferase), or proteins which are
inserted or trapped in the cell wall (such as proteins which include a leader sequence such as that
found in the expression unit of extension or tobacco pathogenesis related proteins also known as
tobacco PR-S). Other possible selectable marker genes will be apparent to those of skill in the

art and are encompassed by the present invention.
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Cell Transformation
[0073] The invention is also directed to a method of producing transformed cells and plants

which comprise a promoter operably linked to a transcribable polynucleotide molecule.

[0074] The term “transformation” refers to the introduction of nucleic acid into a recipient host.
As used herein, the term “host” refers to bacteria, fungi, or plant, including any cells, tissue,
organs, or progeny of the bacteria, fungi, or plant. Plant tissues and cells of particular interest
include protoplasts, calli, roots, tubers, seeds, stems, leaves, seedlings, embryos, and pollen.
[0075] As used herein, the term “transformed” refers to a cell, tissue, organ, or organism into
which a foreign polynucleotide molecule, such as a construct, has been introduced. The
introduced polynucleotide molecule may be integrated into the genomic DNA of the recipient
cell, tissue, organ, or organism such that the introduced polynucleotide molecule is inherited by
subsequent progeny. A “transgenic” or “transformed” cell or organism also includes progeny of
the cell or organism and progeny produced from a breeding program employing such a
transgenic organism as a parent in a cross and exhibiting an altered phenotype resulting from the
presence of a foreign polynucleotide molecule. The term “transgenic” refers to a bacteria, fungi,
or plant containing one or more heterologous polynucleic acid molecules.

[0076] There are many methods for introducing polynucleic acid molecules into plant cells. The
method generally comprises the steps of selecting a suitable host cell, transforming the host cell
with a recombinant vector, and obtaining the transformed host cell. Suitable methods include
bacterial infection (e.g. Agrobacterium), binary bacterial artificial chromosome vectors, direct
delivery of DNA (e.g. via PEG-mediated transformation, desiccation/inhibition-mediated DNA
uptake, electroporation, agitation with silicon carbide fibers, and acceleration of DNA coated
particles, etc. (reviewed in Potrykus, et al., Ann. Rev. Plant Physiol. Plant Mol. Biol. 42: 205
(1991)).

[0077] Technology for introduction of a DNA molecule into cells is well known to those of skill
in the art. Methods and materials for transforming plant cells by introducing a plant DNA
construct into a plant genome in the practice of this invention can include any of the well-known
and demonstrated methods. Any transformation methods may be utilized to transform a host cell
with one or more promoters and/or constructs of the present. Host cells may be any cell or

organism such as a plant cell, algae cell, algae, fungal cell, fungi, bacterial cell, or insect cell.
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Preferred hosts and transformed cells include cells from: plants, Aspergillus, yeasts, insects,
bacteria and algae.

[0078] Regenerated transgenic plants can be self-pollinated to provide homozygous transgenic
plants. Alternatively, pollen obtained from the regenerated transgenic plants may be crossed
with non-transgenic plants, preferably inbred lines of agronomically important species.
Descriptions of breeding methods that are commonly used for different traits and crops can be
found in one of several reference books, see, for example, Allard, Principles of Plant Breeding,
John Wiley & Sons, NY, U. of CA, Davis, CA, 50-98 (1960); Simmonds, Principles of crop
improvement, Longman, Inc., NY, 369-399 (1979); Sneep and Hendriksen, Plant breeding
perspectives, Wageningen (ed), Center for Agricultural Publishing and Documentation (1979);
Fehr, Soybeans: Improvement, Production and Uses, 2nd Edition, Monograph, 16:249 (1987);
Fehr, Principles of variety development, Theory and Technique, (Vol. 1) and Crop Species
Soybean (Vol 2), Iowa State Univ., Macmillan Pub. Co., NY, 360-376 (1987). Conversely,
pollen from non-transgenic plants may be used to pollinate the regenerated transgenic plants.
[0079] The transformed plants may be analyzed for the presence of the genes of interest and the
expression level and/or profile conferred by the regulatory elements of the present invention.
Those of skill in the art are aware of the numerous methods available for the analysis of
transformed plants. For example, methods for plant analysis include, but are not limited to
Southern blots or northern blots, PCR-based approaches, biochemical analyses, phenotypic
screening methods, field evaluations, and immunodiagnostic assays. The expression of a
transcribable polynucleotide molecule can be measured using TagMan® (Applied Biosystems,
Foster City, CA) reagents and methods as described by the manufacturer and PCR cycle times
determined using the TagMan® Testing Matrix. Alternatively, the Invader® (Third Wave
Technologies, Madison, WI) reagents and methods as described by the manufacturer can be used
transgene expression.

[0080] The seeds of the plants of this invention can be harvested from fertile transgenic plants
and be used to grow progeny generations of transformed plants of this invention including hybrid
plant lines comprising the construct of this invention and expressing a gene of agronomic
interest.

[0081] The present invention also provides for parts of the plants of the present invention. Plant

parts, without limitation, include leaves, stems, roots, tubers, seeds, endosperm, ovule, and
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pollen. The invention also includes and provides transformed plant cells which comprise a
nucleic acid molecule of the present invention.

[0082] The transgenic plant may pass along the transgenic polynucleotide molecule to its
progeny. Progeny includes any regenerable plant part or seed comprising the transgene derived
from an ancestor plant. The transgenic plant is preferably homozygous for the transformed
polynucleotide molecule and transmits that sequence to all offspring as a result of sexual
reproduction. Progeny may be grown from seeds produced by the transgenic plant. These
additional plants may then be self-pollinated to generate a true breeding line of plants. The
progeny from these plants are evaluated, among other things, for gene expression. The gene
expression may be detected by several common methods such as western blotting, northern

blotting, immuno-precipitation, and ELISA.

Commodity Products
[0083] The present invention provides a commodity product comprising DNA moleucles

according to the invention. As used herein, a “commodity product” refers to any composition or
product which is comprised of material derived from a plant, seed, plant cell or plant part
comprising a DNA molecule of the invention. Commodity products may be sold to consumers
and may be viable or nonviable. Nonviable commodity products include but are not limited to
nonviable seeds and grains; processed seeds, seed parts, and plant parts; dehydrated plant tissue,
frozen plant tissue, and processed plant tissue; seeds and plant parts processed for animal feed
for terrestrial and/or aquatic animals consumption, oil, meal, flour, flakes, bran, fiber, milk,
cheese, paper, cream, wine, and any other food for human consumption; and biomasses and fuel
products. Viable commodity products include but are not limited to seeds and plant cells. Plants
comprising a DNA moleucle according to the invention can thus be used to manufacture any
commodity product typically acquired from plants or parts thereof.

[0084] Having now generally described the invention, the same will be more readily understood
through reference to the following examples which are provided by way of illustration, and are
not intended to be limiting of the present invention, unless specified. It should be appreciated by
those of skill in the art that the techniques disclosed in the following examples represent
techniques discovered by the inventors to function well in the practice of the invention.
However, those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments that are disclosed and still obtain a like or
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similar result without departing from the spirit and scope of the invention, therefore all matter set

forth or shown in the accompanying drawings is to be interpreted as illustrative and not in a

limiting sense.

EXAMPLES

Example 1: Identification and Cloning of Regulatory Elements.

[0085] Novel ubiquitin transcriptional regulatory elements, or transcriptional regulatory
expression element group (EXP) sequences were identified and isolated from genomic DNA of
the monocot species Big bluestem (Andropogon gerardii), Plume Grass (Saccharum ravennae
(Erianthus ravennae)), Green bristlegrass (Setaria viridis), Teosinte (Zea mays subsp.
mexicana), Foxtail millet (Setaria italica), and Coix (Coix lacryma-jobi).

[0086] Ubiquitin 1 transcript sequences were identified from each of the above species. The 5°
untranslated region (5" UTR) of each of the Ubiquitin 1 transcripts was used to design primers to
amplify the corresponding transcriptional regulatory elements for the identified Ubiquitin gene,
which comprises a promoter, leader (5" UTR) and first intron operably linked. The primers were
used with GenomeWalker™ (Clontech Laboratories, Inc, Mountain View, CA) libraries
constructed following the manufacturer’s protocol to clone the 5° region of the corresponding
genomic DNA sequence. Ubiquitin transcriptional regulatory elements were also isolated from
the monocot Sorghum bicolor using public sequences that are homologs to the Ubiquitin 4, 6 and
7 genes of Zea mays.

[0087] Using the identified sequences, a bioinformatic analysis was conducted to identify
regulatory elements within the amplified DNA. Using the results of this analysis, regulatory
elements were defined within the DNA sequences and primers designed to amplify the
regulatory elements. The corresponding DNA molecule for each regulatory element was
amplified using standard polymerase chain reaction conditions with primers containing unique
restriction enzyme sites and genomic DNA isolated from A. gerardii, S. ravennae, S. viridis, Z.
mays subsp. mexicana, S. italica, C. lacryma-jobi, and S. bicolor. The resulting DNA fragments
were ligated into base plant expression vectors and sequenced. An analysis of the regulatory
clement TSS and intron/exon splice junctions was then done using transformed plant protoplasts.

Briefly, the protoplasts were transformed with the plant expression vectors comprising the
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cloned DNA fragments operably linked to a heterologous transcribable polynucleotide molecule
and the 5" RACE System for Rapid Amplification of ¢cDNA Ends, Version 2.0 (Invitrogen,
Carlsbad, California 92008) was used to confirm the regulatory element TSS and intron/exon
splice junctions by analyzing the sequence of the mRNA transcripts produced thereby.

[0088] Sequences of the identified transcriptional regulatory expression element groups
(“EXP’s”) are provided herein as SEQ ID NOS: 1, 5, 8, 10, 12, 14, 16, 18, 22, 25,27, 29, 31, 33,
37, 39, 41, 45, 49, 53, 55, 59, 63, 65, 69, 73, 75, 77, 79, 83, 85, 87, 90, 93, 95, 97, 98, 99, 100,
102, 104, 106, 108, 110, 112, 114, 115, 116, 117, 119, 121, 123, 124, 125, 126, 128, 130, 132,
133, 134, 136, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 180, 181 and 183, as listed
in Table 1 below. Promoter sequences are provided herein as SEQ ID NOS: 2, 6, 9, 11, 13, 15,
17,19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50, 56, 60, 64, 66, 70, 74, 76, 78, 80, 84, 86, 88, 91,
96 and 135. Leader sequences are provided herein as SEQ ID NOS: 3, 20, 35, 43, 47, 51, 57, 61,
67,71 and 81. Intron sequences are provided herein as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48,
52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129,
131, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158 and 182. An enhancer sequence is
provided as SEQ ID NO: 89.
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[0089] As shown in Table 1, for example, the transcriptional regulatory EXP sequence
designated EXP-ANDge.Ubq1:1:9 (SEQ ID NO: 1), with components isolated from A. gerardii,
comprises a promoter element, P-ANDge.Ubql-1:1:11 (SEQ ID NO: 2), operably linked 5" to a
leader element, L-ANDge.Ubq1-1:1:2 (SEQ ID NO: 3), operably linked 5" to an intron element,
[-ANDge.Ubq1-1:1:3 (SEQ ID NO: 4). Other EXP’s are linked similarly, as outlined in Table 1.
[0090] As shown in Table 1, the sequence listing and FIGS. 1-7, variants of promoter sequences
from the species 4. gerardii, E. ravennae, Z. mays subsp. mexicang, S. bicolor, C. lacryma-jobi,
S. italica, and S. viridis were engineered which comprise shorter promoter fragments of, for
instance, P-ANDge.Ubql-1:1:11 (SEQ ID NO:2), P-ERIra.Ubql-1:1:10 (SEQ ID NO:19) or
other respective promoters from other species, and for instance resulting in P-ANDge.Ubql-
1:1:9 (SEQ ID NO: 6), P-ERIra.Ubql1-1:1:9 (SEQ ID NO: 23), P-Cl.Ubql-1:1:10 (SEQ ID
NO: 96), P-SETit.Ubql-1:1:2 (SEQ ID NO: 76) and P-Sv.Ubql-1:1:2 (SEQ ID NO: 38), as
well as other promoter fragments. P-SETit.Ubql-1:1:4 (SEQ ID NO: 74) comprises a single
nucleotide change relative to P-SETit.Ubql-1:1:1 (SEQ ID NO: 70). Likewise, P-Sv.Ubql-1:1:3
(SEQ ID NO: 40) comprises a single nucleotide change relative to P-Sv.Ubql-1:1:4 (SEQ ID
NO: 135).

[0091] In some instances, variants of specific introns were created by altering the last 3°
nucleotides of each respective intron following the sequence 5'-AG-3" of the 3" intron splice

junction. These intron variants are shown in Table 2 below.

Table 2. 3° end sequence of intron variants.

Intron 3" end
nucleotides
immediately
SEQID following 3" splice
Annotation NO: site AG

[-Cl.Ubq1-1:1:7 92 GTG
I-Cl.Ubql-1:1:6 94 GTC
I-CL.Ubgl-1:1:8 101 GCG
[-Cl.Ubqgl-1:1:9 103 GAC
[-CL.Ubql-1:1:10 105 ACC
I-Cl.Ubq1-1:1:11 107 GGG
[-Cl.Ubql-1:1:12 109 GGT
I-CL.Ubql-1:1:13 111 CGT
I-CL.Ubql-1:1:14 113 TGT

43

15001322\v-1

CA 3004033 2018-05-04



Intron 3" end
nucleotides
immediately

SEQ ID following 3~ splice
Annotation NO: site AG
I-SETit.Ubqgl-1:1:2 118 GTG
I-SETit.Ubql-1:1:3 120 GGT
I-SETit.Ubql-1:1:4 122 ACC
I-SETit.Ubql-1:1:5 127 GGC
I-Sv.Ubql-1:1:2 129 GTG
[-Sv.Ubql-1:1:3 131 GGT
[-Zm.UbgM1-1:1:13 (Allele-1) 138 GTC
[-Zm.UbgM1-1:1:17 (Allele-1) 140 GGT
I-Zm.UbgM1-1:1:14 (Allele-2) 142 GTC
[-Zm.UbgM1-1:1:19 (Allele-2) 144 GGT
[-Zm.UbgM1-1:1:15 (Allele-3) 146 GTC
[-Zm.UbgM1-1:1:18 (Allele-3) 148 GGT
[-Sb.Ubq6-1:1:2 154 GTG
[-Sb.Ubg6-1:1:3 156 GGT
[-Zm.UbgM1-1:1:20 (Allele-3) 182 CGG

[0092] Also listed in Table 1 are three allelic variants isolated using the same primer sets
designed for amplification of genomic DNA from Z. mays subsp. mexicana. Allelic variants of
the EXP sequences are comprised of sequence that shares some identity within various regions of
other sequences, but insertions, deletions and nucleotide mismatches may also be apparent within
each promoter, leader and/or intron of each of the EXP sequences. The EXP sequence
designated EXP-Zm.UbgM1:1:1 (SEQ ID NO: 41) represents a first allele (Allele-1) of the Z.
mays subsp. mexicana Ubql gene transcriptional regulatory expression element group. The EXP
sequences designated EXP-Zm.UbgM1:1:6 (SEQ ID NO: 137) and EXP-Zm.UbgqM1:1:10
(SEQ ID NO: 139) represent a first allele (Allele-1), with the only difference between the two
EXPs occurring in the last 3" nucleotides of each respective intron following the sequence 5'-
AG-3" of the 3" intron splice junction. The EXP sequence designated EXP-Zm.UbgMI1:1:4
(SEQ ID NO: 45) represents a second allele (Allele-2) of the Z. mays subsp. mexicana Ubql
gene transcriptional regulatory expression element group. The EXP sequences designated EXP-
Zm.UbgM1:1:7 (SEQ ID NO: 141) and EXP-Zm.UbgM1:1:12 (SEQ ID NO: 143) represent a
second allele (Allele-2), with the only difference between the two EXPs occurring in the last 3’
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nucleotides of each respective intron following the sequence 5°-AG-3" of the 3" intron splice
junction. The EXP sequences EXP-Zm.UbqM1:1:2 (SEQ ID NO: 49) and EXP-Zm.UbgM1:1:5
(SEQ ID NO: 53) represents a third allel (Allele-3) of the Z. mays subsp. mexicana Ubql gene
transcriptional regulatory expression element group and comprise a single nucleotide difference
at position 1034 within their respective introns (G for I-Zm.UbgM1-1:1:11, SEQ ID NO: 52 and
T for I-Zm.UbgM1-1:1:12, SEQ ID NO: 54). The EXP sequences designated EXP-
Zm.UbgM1:1:8 (SEQ ID NO: 145), EXP-Zm.UbgM1:1:9 (SEQ ID NO: 147), EXP-
Zm.UbgM1:1:11 (SEQ ID NO: 149) and EXP-Zm.UbgM1:1:13 (SEQ ID NO: 181) also
represent a third allele (Allele-3). The intron of EXP-Zm.UbgM1:1:9, I-Zm.UbgM1-1:1:16

(SEQ ID NO: 148) comprises a thymine residue at position 1034, while the introns of EXP-
Zm.UbgM1:1:8, EXP-Zm.UbgM1:1:11 and EXP-Zm.UbgM1:1:13 (I-Zm.UbgM1-1:1:15, SEQ
ID NO: 146; I-Zm.UbgM1-1:1:18, SEQ ID NO: 11 and; I-Zm.UbgqM1-1:1:20, SEQ ID NO: 182)
each comprise a guanine residue at position 1034. In addition, the last 3, 3" end nucleotides of
EXP-Zm.UBqMI:l:S (SEQ ID NO: 145) and EXP-Zm.UbqM1:1:9 (SEQ ID NO: 147) differ

from those of EXP-Zm.UbgM1:1:11 (SEQ ID NO: 149) and EXP-Zm.UbgM1:1:13 (SEQ ID
NO: 181).

Example 2: Analysis of Regulatory Elements Driving GUS in Corn Protoplasts.
[0093] Corn leaf protoplasts were transformed with plant expression vectors containing an EXP
sequence driving expression of the B-glucuronidase (GUS) transgene and compared to GUS

expression in leaf protoplasts in which expression of GUS is driven by known constitutive

promoters.

[0094] Expression of a transgene driven by EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-
ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22) or EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27) was compared with expression from known constitutive
promoters. The foregoing EXP sequences were cloned into plant expression vectors as shown in
Table 3 below to yield vectors in which an EXP sequence is operably linked 5" to a B-
glucuronidase (GUS) reporter that contained a processable intron (referred to as GUS-2, SEQ ID
NO: 160) derived from the potato light-inducible tissue-specific ST-LSI gene (GenBank
Accession: X04753) or a contiguous GUS coding sequence (GUS-1, SEQ ID NOS: 159), which
was operably linked 5" to a 3" UTR derived from the 4. tumefaciens Nopaline synthase gene (T-
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AGRtu.nos-1:1:13, SEQ ID NO: 161) or the wheat Hsp17 gene (T-Ta.Hsp17-1:1:1, SEQ ID NO:
162).

Table 3. GUS plant expression plasmid construct and corresponding EXP sequence, GUS

coding sequence and 3" UTR used for transformation of corn leaf protoplasts. “SEQ ID
NO:” refers to given EXP sequence.

SEQ ID
Plasmid EXP sequence NO: GUS 3" UTR
EXP-CaMV.35S-
pMON19469 | enh+Zm.DnaK:1:1 170 | GUS-1 | T-AGRfu.nos-1:1:13
EXP-CaMV.358-
pMON65328 | enh+Ta.Lhcb1+0Os.Actl:1:1 163 GUS-2 | T-TaHspl7-1:1:1
pMON25455 | EXP-Os.Actl:1:9 179 | GUS-1 | T-AGRtu.nos-1:1:13
pMON122605 | EXP-Os.TubA-3:1:1 165 | GUS-1| T-AGRtu.nos-1:1:13
pMON136264 | EXP-ANDge.Ubql:1:7 5 GUS-1 { T-AGRtu.nos-1:1:13
' pMON136259 | EXP-ANDge.Ubql:1:6 12 GUS-1 | T-AGRtu.nos-1:1:13
MON136263 | EXP-ERIra.Ubq1:1:9 22 GUS-1 | T-AGRtu.nos-1:1:13
pMON136258 | EXP-ERIra.Ubql:1:8 27 GUS-1 | T-AGRtu.nos-1:1:13

[0095] Control plasmids (pMON19469, pMON65328, pMON25455 and pMON122605) used
for comparison were constructed as described above and contain a known EXP sequence: EXP-
CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170), EXP-CaMV.358-
enh+Ta.Lhcb1+0s.Actl:1:1(SEQ ID NO: 163), EXP-Os.Act1:1:9 (SEQ ID NO: 179), or EXP-
Os.TubA-3:1:1 (SEQ ID NO: 165), respectively, operably linked 5° to a GUS coding sequence
and 3" UTR. Three additional controls were provided to assess background GUS and luciferase
expression: a no DNA control, an empty vector which is not designed for transgene expression,
and an expression vector used to express green fluorescent protein (GFP).

[0096] Two plasmids, for use in co-transformation and normalization of data, were also
constructed using methods known in the art. Each plasmid contained a specific luciferase coding
sequence that was driven by a constitutive EXP sequence. The plant vector pMON19437
comprises a transgene cassette with a constitutive promoter operably linked 5" to an intron,
(EXP-CaMV.358-enh+Zm.DnaK:1:1, SEQ ID NO: 170), operably linked 5 to a firefly
(Photinus pyralis) luciferase coding sequence (LUCIFERASE:1:3, SEQ ID NO: 166), operably
linked 5° to a 3" UTR from the Agrobacterium tumefaciens nopaline synthase gene (T-
AGRtu.nos-1:1:13, SEQ ID NO: 161). The plant vector pMON63934 comprises a transgene
cassette with a constitutive EXP sequence (EXP-CaMV.35S-enh-Lhcbl, SEQ ID NO: 168),
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operably linked 5" to a sea pansy (Renilla reniformis) luciferase coding sequence (CR-
Ren.hRenilla Lucife-0:0:1, SEQ ID NO: 167), operably linked 5" to a 3° UTR from the
Agrobacterium tumefaciens nopaline synthase gene (T-AGRtu.nos-1:1:13, SEQ ID NO: 161).
[0097] Corn leaf protoplasts were transformed using a PEG-based transformation method, as is
well known in the art. Protoplast cells were transformed with pMON19437 plasmid DNA,
pMONG63934 plasmid DNA, and an equimolar quantity of one of the plasmids presented in Table
3 and incubated overnight in total darkness. Measurements of both GUS and luciferase were
conducted by placing aliquots of a lysed preparation of cells transformed as above into two
different small-well trays. One tray was used for GUS measurements, and a second tray was
used to perform a dual luciferase assay using the dual luciferase reporter assay system (Promega
Corp., Madison, WI; see for example, Promega Notes Magazine, No: 57, 1996, p.02). One or
two transformations for each EXP sequence were performed and the mean expression values for
each EXP sequence determined from several samples from each transformation experiment.
Sample measurements were made using four replicates of each EXP sequence construct
transformation, or alternatively, three replicates of each EXP sequence construct per one of two
transformation experiments. The mean GUS and luciferase expression levels are provided in
Table 4. In this table, the firefly luciferase values (e.g. from expression of pMON19437) are
provided in the column labeled “FLuc” and the Renilla luciferase values are provided as in the
column labeled “RLuc.”

Table 4. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.

SEQID
Plasmid EXP sequence NO: Gus RLuc | FLuc
EXP-CaMV.35S-
pMON19469 enh+Zm.DnaK:1:1 170 789147 | 298899 | 36568
EXP-CaMV.358S-
pMON65328 enh+Ta.Lhcb1+0s.Actl:1:1 163 508327 | 158227 | 17193
pMON25455 EXP-Os.Actl:1:9 179 460579 | 183955 | 53813
pMON122605 | EXP-Os.TubA-3:1:1 165 25082 25821 | 21004
pMON136264 | EXP-ANDge.Ubql:1:7 5 926083 | 101213 | 23704
pMON136259 | EXP-ANDge.Ubql:1:6 12 845274 | 193153 | 51479
pMON136263 | EXP-ERIra.Ubql:1:9 22 901985 | 132765 | 41313
pMON136258 | EXP-ERIra.Ubqgl:1:8 27 1011447 | 210635 | 66803
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[0098] To compare the relative activity of each EXP sequence, GUS values were expressed as a
ratio of GUS to luciferase activity and normalized with respect to the expression levels observed
for the EXP sequence EXP-Os.TubA-3:1:1 (SEQ ID NO: 165). Table 5 below shows the
GUS/RLuc ratios of expression normalized with respect to EXP-Os.TubA-3:1:1 expression in
corn protoplasts.

[0099] As can be seen in Table 5, GUS expression, driven by EXP-ANDge.Ubql:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22) or
EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27) was 4.51 to 9.42 fold higher than GUS expression
driven by EXP-Os.TubA-3:1:1 (SEQ ID NO: 165). GUS expression driven by EXP-
ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-
ERIra.Ubq1:1:9 (SEQ ID NO: 22) or EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27) was also higher
than that of EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170), EXP-CaMV.358-
enh+Ta.Lhcbl1+0s.Actl:1:1 (SEQ ID NO: 163), or EXP-Os.Act1:1:9 (SEQ ID NO: 179).

Table 5. GUS/RLuc fold expression as relative to EXP-Os.TubA-3:1:1 expression in corn
leaf protoplast cells.

Gus/RLuc
Normalized
SEQ with respect to
ID EXP-0Os.TubA-
Plasmid EXP sequence NO: | Gus/RLuc 3:1:1
pMON19469 EXP-CaMV.35S8-enh+Zm.DnaK:1:1 170 2.640000 2.72
EXP-CaMV.358-
pMONG65328 enh+Ta.Lhcb1+0s.Actl:1:1 163 3.210000 3.31
pMON25455 EXP-Os.Actl:1:9 179 | 2.500000 2.57
pMON122605 | EXP-Os.TubA-3:1:1 165 0.971000 1.00
pMONI136264 | EXP-ANDge.Ubql:1:7 5 9.150000 9.42
pMON136259 | EXP-ANDge.Ubql:1:6 12 4.380000 4.51
pMONI136263 | EXP-ERIra.Ubql:1:9 22 6.790000 6.99
pMONI136258 | EXP-ERIra.Ubql:1:8 27 4.800000 4.94

[00100] Table 6 below show GUS/FLuc ratios of expression normalized with respect to EXP-

Os.TubA-3:1:1 expression in corn protoplasts.
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Table 6. GUS/FLuc fold expression as relative to EXP-Os.TubA-3:1:1 expression in corn
leaf protoplast cells.

Normalized
with respect
SEQ to EXP-
ID Os.TubA-
Plasmid EXP sequence NO: | Gus/FLuc 3:1:1
pMON19469 EXP-CaMV.35S8-enh+Zm.DnaK:1:1 170 | 21.600000 18.15
EXP-CaMV.35S-

pMONG65328 enh+Ta.Lhcb1+0s.Actl:1:1 163 | 29.600000 24.87
pMON25455 EXP-Os.Actl:1:9 179 | 8.560000 7.19
pMON122605 | EXP-Os.TubA-3:1:1 165 1.190000 1.00
pMON136264 | EXP-ANDge.Ubql:1:7 5 39.100000 32.86
pMON136259 | EXP-ANDge.Ubql:1:6 12 16.400000 13.78
pMON136263 | EXP-ERIra.Ubql:1:9 22 | 21.800000 18.32
pMON136258 | EXP-ERIra.Ubql:1:8 27 15.100000 12.69

[00101] As can be seen in Table 6, GUS expression, driven by EXP-ANDge.Ubql:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22) or
EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27) demonstrated the same general trend when expressed as
ratio of GUS/FLuc values and is normalized with respect to EXP-Os.TubA-3:1:1 (SEQ ID NO:
165). Expression was 12.69 to 32.86 fold higher than GUS expression driven by EXP-Os.TubA-
3:1:1 (SEQ ID NO: 165). GUS expression driven by EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5),
EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22) or EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27) was also higher in certain comparisons than that of EXP-
CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170), EXP-CaMV.358-
enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO: 163), or EXP-Os.Actl:1:9 (SEQ ID NO: 179).

Example 3: Analysis of Regulatory Elements Driving GUS in Corn Protoplasts Using GUS
Transgene Cassette Amplicons.

[00102] Corn leaf protoplasts were transformed with DNA amplicons derived from plant
expression vectors containing an EXP sequence, driving expression of the B-glucuronidase
(GUS) transgene, and compared to leaf protoplast in which expression of GUS is driven by
known constitutive promoters in a series of experiments presented below.

[0100] In a first set of experiments, corn protoplast cells, derived from leaf tissue were

transformed as above with amplicons produced from amplification of GUS transgene cassettes
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comprising plant expression vectors to compare expression of a transgene (GUS) driven by one
of EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-
ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-SETit.Ubql:1:7 (SEQ ID NO: 123), EXP-
SETit.Ubql:1:6 (SEQ ID NO: 124), EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8
(SEQ IDNO: 132), EXP-Sv.Ubq1:1:10 (SEQ ID NO: 134), EXP-Zm.UbgM1:1:6 (SEQ ID NO:
137), EXP-Zm.UbgM1:1:7 (SEQ ID NO: 141), EXP-Sb.Ubg4:1:2 (SEQ ID NO: 151), EXP-
Sb.Ubg6:1:2 (SEQ ID NO: 153) and EXP-CLUbql:1:10 (SEQ ID NO: 98) with that of known
constitutive promoters. Each EXP sequence comprising the amplification template from which
the transgene cassette amplicon is produced was cloned using methods known in the art into a
plant expression vector shown in Table 7 below under the heading of “Amplicon Template.”
The resulting plant expression vectors comprise a transgene cassette comprised of a EXP
sequence, operably linked 5” to a coding sequence for B-glucuronidase (GUS) that either contains
a processable intron (“GUS-2” as discussed in Example 2 above), or a contiguous GUS coding
sequence (“GUS-1", as discussed above), operably linked 5" to a 3" UTR T-AGRtu.nos-1:1:13 or
T-Ta.Hspl7-1:1:1, as also noted above. Amplicons were produced using methods known to
those skilled in the art using the plasmid construct templates presented in Table 7 below.
Briefly, a 5” oligonucleotide primer was designed to anneal to the promoter sequence and a 3’
oligonucleotide primer, which anneals at the 3" end of the 3" UTR was used for amplification of
each transgene cassette. Successive 5 deletions were introduced into the promoter sequences
comprising the transgene cassettes, giving rise to different EXP sequences, by the use of
different oligonucleotide primers which were designed to anneal at different positions within the

promoter sequence comprising each amplicon template.
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Table 7. GUS plant expression amplicons and corresponding plasmid construct amplicon

templates, EXP sequence, GUS coding sequence and 3 UTR used for transformation of
corn leaf protoplasts.

Amplicon ID

Amplicon
Template

EXP sequence

SEQ
D
NO:

GUS
Coding
Sequence

3’ UTIR

PCR0145942

pMON25455

EXP-0s.Actl:1:9

179

GUS-1

T-
AGRtu.nos-
1:1:13

PCRO145941

MON33449

P-CAMV.35S-ENH-
1:1:102/L-CAMV.358-
1:1:2

169

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0145943

pMON65328

EXP-CaMV.35S-
enh+Ta.Lhcb1+0s.Actl:1:1

163

GUS-2

T-
Ta.Hspl7-
1:1:1

PCR0145944

pMON81552

EXP-CaMV.35S-
enh+7Zm.DnakK:1:1

170

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0145892

pMON136264

EXP-ANDge.Ubql:1:7

GUS-1

T-
AGRtu.nos-
1:1:13

PCRO145815

pMON 136264

EXP-ANDge.Ubql:1:10

10

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0145893

pMON136259

EXP-ANDge.Ubql:1:6

12

GUS-1

T-
AGRtu.nos-
1:1:13

PCRO0145817

pMON136264

EXP-ANDge.Ubgl:1:11

14

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0145819

pMON136264

EXP-ANDge.Ubql:1:12

16

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0145896

pMON136263

EXP-ERIra.Ubql:1:9

22

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0145820

pMON136263

EXP-ERIra.Ubql:1:10

25

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0O145897

pMON136258

EXP-ERIra.Ubql:1:8

27

GUS-1

T-
AGRtu.nos-
1:1:13

PCR0145821

pMON136263

EXP-ERIra.Ubql:1:11

29

GUS-1

T-
AGRtu.nos-
1:1:13
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SEQ GUS
Amplicon ID Coding
Amplicon ID Template EXP sequence NO: | Sequence | 3" UTR

T-
AGRtu.nos-
PCR0145822 | pMON136263 | EXP-ERIra.Ubql:1:12 31 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145900 | pMON140877 | EXP-SETit.Ubql:1:5 117 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145928 | pMON140877 | EXP-SETit.Ubql:1:7 123 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145905 | pMON140877 | EXP-SETit.Ubql:1:6 124 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145909 | pMON140878 | EXP-Sv.Ubgql:1:7 128 | GUS-1 1:1:13

T-
. AGRtu.nos-
PCR0145929 MON140878 | EXP-Sv.Ubql:1:8 132 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145911 MON140878 | EXP-Sv.Ubql:1:10 134 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145914 MON140881 | EXP-Zm.UbgM1:1:6 137 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145915 MON140882 | EXP-Zm.UbgqM1:1:7 141 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145921 | pMON140886 | EXP-Sb.Ubg4:1:2 151 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145920 | pMON140887 | EXP-Sb.Ubg6:1:2 153 | GUS-1 1:1:13

T-
AGRtu.nos-
PCR0145922 | pMON140889 | EXP-Cl.Ubql:1:10 98 | GUS-1 1:1:13

[0101] Plasmid constructs listed as amplicon templates in Table 7 served as templates for
amplification of transgene expression cassettes comprising the listed EXP sequences of Table 7.

Control plasmids used to generate GUS transgene amplicons for comparison were constructed as

52

15001322\v-1

CA 3004033 2018-05-04




previously described with known constitutive EXP sequences described in Example 2. Negative

controls for determination of GUS and luciferase background, a no DNA control, and a control

sample in which the two luciferase plasmids are used in transformation along with a plasmid

DNA that does not express a coding sequence were also used. Plasmids pMON19437 and

pMON63934, as discussed in Example 2, were also employed for co-transformation and

normalization of data.

[0102] Corn leaf protoplasts were transformed using a PEG-based transformation method as

described in Example 2, above. Table 8 below shows the average GUS and luciferase expression

values determined for each transgene cassette.

Table 8. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.
SEQ
ID

EXP sequence NO: GUS RLuc FLuc
EXP-Os.Actl:1:9 179 1540.3 | 105416.8 | 2671.8
P-CAMV.35S-ENH-1:1:102/L-CAMV.358-1:1:2 169 | 10426.3 | 344088.6 | 8604.1
EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 163 | 12530.8 | 137722.6 | 3067.1
EXP-CaMV.35S-enh+Zm.DnaK:1:1 170 1 61036.1 | 208125.3 | 5787.6
EXP-ANDge.Ubql:1:7 5 59447.4 | 84667.6 | 2578.4
EXP-ANDge.Ubgl:1:10 10 |1 40123.3 | 76753.8 | 2419.8
EXP-ANDge.Ubql:1:6 12 142621.0 | 121751.3 | 3974.8
EXP-ANDge.Ubql:1:11 14 144358.5| 87105.8. | 2687.1
EXP-ANDge.Ubql:1:12 16 |48219.0 | 107762.1 | 3279.6
EXP-ERIra.Ubql:1:9 22 131253.0 ) 171684.1 | 6476.1
EXP-ERIra.Ubql:1:10 25 7905.8 | 21235.6 | 462.4
EXP-ERIra.Ubql:1:8 27  139935.8 | 173766.6 | 5320.3
EXP-ERIra.Ubql:1:11 29 34141.3 | 111626.8 | 3377.6
EXP-ERIra.Ubql:1:12 31 11540.3 | 42362.1 | 1045.3
EXP-SETit.Ubql:1:5 117 1 20496.5 | 88695.8 | 2358.8
EXP-SETit.Ubql:1:7 123 | 75728.5 1 185223.8 | 4723.1
EXP-SETit.Ubql:1:6 124 | 44148.3 | 161216.3 | 4962.1
EXP-Sv.Ubql:1:7 128 | 15043.8 | 74670.6 | 1888.3
EXP-Sv.Ubql:1:8 132 131997.8 | 113787.1 | 3219.8
EXP-Sv.Ubql:1:10 134 | 38952.8 | 220208.6 | 7011.3
EXP-Zm.UbgM1:1:6 137 1305283 | 90113.1 | 2453.6
EXP-Zm.UbgM1:1:7 141 | 34986.3 | 105724.7 | 2553.8
EXP-Sb.Ubg4:1:2 151 9982.3 | 72593.8 | 2171.6 |
EXP-Sb.Ubg6:1:2 153 133689.0 | 114709.6 | 3879.6
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SEQ

ID
EXP sequence NO: GUS RLuc FLuc
EXP-ClL.Ubql:1:10 98 50622.3 | 107084.3 | 2621.3

[0103] To compare the relative activity of each EXP sequence GUS values were expressed as a

ratio of GUS to luciferase activity and normalized with respect to the expression levels observed
for EXP-Os.Actl:1:1 and EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1. Table 9 below shows
the GUS/RLuc ratios of expression normalized with respect to EXP-Os.Actl:1:1 and EXP-

CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 driven expression in corn protoplasts. Table 10 below

shows the GUS/FLuc ratios of expression normalized with respect to EXP-Os.Actl:1:1 and
EXP-CaMV.35S-enh+Ta.Lhcbl1+0s.Actl:1:1 driven expression in corn protoplasts.

Table 9. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
CaMV.35S8-enh+Ta.Lheb1+0s.Actl:1:1 (SEQ ID NO: 163) in corn protoplasts.

SEQ GUS/RLuc Relative to GUS/FLuc Relative to
ID EXP-CaMV.35S- EXP-CaMV.35S-
EXP sequence NO: | enh+Ta.Lhcb1+0s.Actl:1:1 | enh+Ta.Lhcb1+0s.Actl:1:1

EXP-Os.Actl:1:9 179 0.16 0.14
P-CAMV.35S-ENH-

1:1:102/L-CAMV.358-1:1:2 | 169 0.33 0.30
EXP-CaMV.35S-

enh+Ta.Lhcb1+0s.Actl:1:1 163 1.00 1.00
EXP-CaMV.358-

enh+Zm.DnaK:1:1 170 3.22 2.58
EXP-ANDge.Ubql:1:7 5 7.72 5.64
EXP-ANDge.Ubql:1:10 10 5.75 4.06
EXP-ANDge.Ubql:1:6 12 3.85 2.62
EXP-ANDge.Ubql:1:11 14 5.60 4.04
EXP-ANDge.Ubql:1:12 16 4,92 3.60
EXP-ERIra.Ubql:1:9 22 2.00 1.18
EXP-ERIra.Ubql:1:10 25 4.09 4.18
EXP-ERIra.Ubql:1:8 27 2.53 1.84
EXP-ERIra.Ubql:1:11 29 3.36 2.47
EXP-ERIra.Ubql:1:12 31 2.99 2.70
EXP-SETit.Ubql:1:5 117 2.54 2.13
EXP-SETit.Ubql:1:7 123 4.49 3.92
EXP-SETit.Ubql:1:6 124 3.01 2.18

54

15001322\V-1

CA 3004033 2018-05-04




SEQ GUS/RLuc Relative to GUS/FLuc Relative to
ID EXP-CaMV.35S- EXP-CaMV.35S-
EXP sequence NO: | enh+Ta.Lhcb1+0s.Actl:1:1 | enh+Ta.Lhcb1+0s.Actl:1:1
EXP-Sv.Ubqgl:1:7 128 2.21 1.95
EXP-Sv.Ubql:1:8 132 3.09 2.43
EXP-Sv.Ubq1:1:10 134 1.94 1.36
EXP-Zm.UbgM1:1:6 137 3.72 3.05
EXP-Zm.UbgM1:1:7 141 3.64 3.35
EXP-Sb.Ubg4:1:2 151 1.51 1.13
EXP-Sb.Ubq6:1:2 153 3.23 2.13
EXP-CL.Ubqg1:1:10 98 5.20 4.73

Table 10. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-

0Os.Act1:1:9 (SEQ ID NO: 179) in corn leaf protoplasts.
SEQ GUS/RLuc GUS/FLuc
ID | Relative to EXP- | Relative to EXP-
EXP sequence NO: Os.Actl:1:9 Os.Actl:1:9
EXP-0Os.Actl:1:9 , 179 1.00 1.00
P-CAMV.35S8-ENH-1:1:102/L-
CAMV.358-1:1:2 169 2.07 2.10
EXP-CaMV.35S-
enh+Ta.Lhcb1+0s.Actl:1:1 163 6.23 7.09
EXP-CaMV.35S-enh+7Zm.DnaK:1:1 170 20.07 18.29
EXP-ANDge.Ubql:1:7 5 48.05 39.99
EXP-ANDge.Ubql:1:10 10 35.78 28.76
EXP-ANDge.Ubql:1:6 12 23.96 18.60
EXP-ANDge.Ubql:1:11 14 34.85 28.64
EXP-ANDge.Ubql:1:12 16 30.62 25.50
EXP-ERIra.Ubql:1:9 22 12.46 8.37
EXP-ERIra.Ubql:1:10 25 25.48 29.66
EXP-ERIra.Ubg1:1:8 27 15.73 13.02
EXP-ERIra.Ubql:1:11 29 20.93 17.53
EXP-ERIra.Ubql:1:12 31 18.64 19.15
EXP-SETit.Ubql:1:5 117 15.82 15.07
EXP-SETit.Ubql:1:7 123 27.98 27.81
EXP-SETit.Ubql:1:6 124 18.74 15.43
EXP-Sv.Ubql:1:7 128 13.79 13.82
EXP-Sv.Ubq1:1:8 132 19.25 17.24

55

15001322\v-1

CA 3004033 2018-05-04




SEQ GUS/RLuc GUS/FLuc
ID | Relative to EXP- | Relative to EXP-

EXP sequence NO: Os.Actl:1:9 Os.Actl:1:9
EXP-Sv.Ubq1:1:10 134 12.11 9.64
EXP-Zm.UbgM1:1:6 137 23.19 21.58
EXP-Zm.UbgM1:1:7 141 22.65 23.76
EXP-Sb.Ubg4:1:2 151 941 7.97
EXP-Sb.Ubq6:1:2 153 20.10 15.06
EXP-CL.Ubq1:1:10 98 32.35 33.50

[0104] As can be seen in Tables 9 and 10, nearly all of the EXP sequences were capable of
driving GUS transgene expression in corn cells. Average GUS expression was higher for EXP-
ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-
ANDge.Ubgl:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubgl:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-SETit.Ubql:1:7 (SEQ ID NO: 123), EXP-
SETit.Ubq1:1:6 (SEQ ID NO: 124), EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8
(SEQ ID NO: 132), EXP-Sv.Ubql:1:10 (SEQ ID NO: 134), EXP-Zm.UbgM1:1:6 (SEQ ID NO:
137), EXP-Zm.UbgM1:1:7 (SEQ ID NO: 141), EXP-Sb.Ubqg4:1:2 (SEQ ID NO: 151), EXP-
Sb.Ubg6:1:2 (SEQ ID NO: 153) and EXP-CL.Ubq1:1:10 (SEQ ID NO: 98) when compared to
GUS expression driven by EXP-Os.Actl:1:1 or EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1.
[0105] In a second set of experiments, a GUS cassette amplicon comprising the EXP sequence
EXP-Zm.UbgM1:1:8 (SEQ ID NO: 145) was compared to the control amplicons, PCR0145942
(EXP-Os.Actl:1:9, SEQ ID NO: 179) and PCR0145944 (EXP-CaMV.35S-enh+Zm.DnaK:1:1,
SEQ ID NO: 170) with respect to GUS expression. GUS expression driven by the EXP
sequence EXP-Zm.UbqM1:1:8 was higher than that of the two controls. Table 11 below shows
the mean GUS and luciferase values determined for each amplicon. Table 12 below shows the
GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-Os.Act1:1:9 and
EXP-CaMV.358-enh+Zm.DnaK:1:1 driven expression in corn protoplasts.
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Table 11. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.

SEQ |
ID
Amplicon EXP sequence NO: | GUS | RLuc | FLuc
PCR0145942 | EXP-Os.Actl:1:9 179 | 1512.25 | 190461 | 11333.8
EXP-CaMV.35S-
PCR0145944 | enh+Zm.DnaK:1:1 170 | 41176.5 | 330837 | 13885.8
PCR0145916 | EXP-Zm.UbgqM1:1:8 145 | 79581.5 | 330756 | 15262.5

Table 12. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-
0Os.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)

in corn leaf protoplasts.

GUS/RLuc
relative to GUS/FLuc
GUS/RLuc | GUS/FLuc EXP- relative to EXP-
SEQ | relativeto | relative to CaMV.358- CaMV.358-
ID EXP- EXP- enh+Zm.DnaK | enh+Zm.DnaK:
EXP sequence NO: | Os.Actl:1:9 | Os.Actl:1:9 :1:1 1:1
EXP-Os.Actl:1:9 179 1.00 1.00 0.06 0.04
EXP-CaMV.35S-
enh+7Zm.DnaK:1:1 170 15.68 22.22 1.00 1.00
EXP-Zm.UbgM1:1:8 145 30.30 39.08 1.93 1.76

[0106] In a third set of experiments, amplicon GUS transgene cassettes were made as described

above and assayed for expression driven by the EXP sequences, EXP-ANDge.Ubq1:1:8 (SEQ ID
NO: 8), EXP-CL.Ubql:1:10 (SEQ ID NO: 98), EXP-C1.Ubql:1:13 (SEQ ID NO: 114), EXP-
Cl.Ubql:1:14 (SEQ ID NO: 115) and EXP-Cl.Ubql:1:15 (SEQ ID NO: 116). The amplicons
were comprised of an EXP sequence operably linked to the GUS-1 coding sequence which was
operably linked to the T-AGRtu.nos-1:1:13 3" UTR. Expression was compared to the controls
EXP-Os.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO:

170). Table 13 below shows the mean GUS and luciferase values determined for each amplicon.

Table 14 below shows the GUS/RLuc ratios of expression normalized with respect to EXP-
Os.Actl:1:9 and EXP-CaMV.35S-enh+Zm.DnaK:1:1 driven expression in corn protoplasts.
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Table 13. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.

Amplicon SEQ

ID EXP sequence ID NO: GUS RLuc
PCR0145942 | EXP-Os.Act]:1:9 179 9445.25 | 929755
PCR0145944 | EXP-CaMV.35S-enh+Zm.DnakK:1:1 170 78591.25 | 445127
PCR0146628 | EXP-ANDge.Ubql:1:8 8 192056.75 | 972642
PCR0145922 | EXP-C1.Ubql:1:10 98 175295.25 | 395563
PCR0145945 | EXP-CL.Ubql:1:13 114 173674.5 | 402966
PCR0145946 | EXP-Cl.Ubql:1:14 115 185987.5 | 390052
PCR0145947 | EXP-CL.Ubql:1:15 116 9435 320749

Table 14. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-

Os.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in corn leaf protoplasts.

GUS/RLuc GUS/RLuc
relative to relative to EXP-
SEQ ID EXP- CaMV.35S-
EXP sequence NO: Os.Actl:1:9 | enh+Zm.DnaK:1:1

EXP-Os.Actl:1:9 179 1.00 0.06
EXP-CaMV.35S-
enh+7Zm.DnaK:1:1 170 17.38 1.00
EXP-ANDge.Ubql:1:8 8 19.44 1.12
EXP-Cl.Ubq1:1:10 98 43.62 2.51
EXP-Cl.Ubql:1:13 114 42.43 2.44
EXP-Cl.Ubql:1:14 115 46.94 2.70
EXP-Cl.Ubql:1:15 116 2.90 0.17

[0107] As can be seen in Table 14 above, the EXP sequences EXP-ANDge.Ubq1:1:8 (SEQ ID
NO: 8), EXP-CL.Ubql:1:10 (SEQ ID NO: 98), EXP-CL.Ubql:1:13 (SEQ ID NO: 114), EXP-
ClLUbql:1:14 (SEQ ID NO: 115) and EXP-CL.Ubq1:1:15 (SEQ ID NO: 116) are capable of
driving transgene expression. Expression driven by EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8),
EXP-CLUbql:1:10 (SEQ ID NO: 98), EXP-CL.Ubql:1:13 (SEQ ID NO: 114) and EXP-
Cl.Ubql:1:14 (SEQ ID NO: 115) was higher than that of both controls. Expression driven by
EXP-CLUbql:1:15 (SEQ ID NO: 116) was lower than EXP-CaMV.35S-enh+7Zm.DnaK:1:1
(SEQ ID NO: 170) but higher than the control, EXP-Os.Act1:1:9 (SEQ ID NO: 179).
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[0108] In a fourth set of experiments, amplicon GUS transgene cassettes were made as described
above and assayed for expression driven by the EXP sequences, EXP-CL.Ubql:1:10 (SEQ ID
NO: 98), EXP-CLUbql:1:16 (SEQ ID NO: 93) and EXP-CLUbql:1:17 (SEQ ID NO: 97).
Expression was compared to the controls EXP-Os.Actl:1:9 (SEQ ID NO: 179) and EXP-
CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170). Table 15 below shows the mean GUS and
luciferase values determined for each amplicon. Table 16 below shows the GUS/RLuc and
GUS/FLuc ratios of expression normalized with respect to EXP-Os.Actl:1:9 and EXP-
CaMV.35S-enh+Zm.DnaK:1:1 driven expression in corn protoplasts.

Table 15. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.

SEQ
ID

Amplicon ID EXP sequence NO: GUS RLuc FLuc

PCR0145942 | EXP-Os.Actl:1:9 179 53335 | 171941.75 | 77817.88
EXP-CaMV.35S-

PCR0145944 | enh+Zm.DnaK:1:1 170 88517 | 177260.25 | 54207.38
PCR0145922 | EXP-Cl.Ubql:1:10 08 |130125.75| 194216 32055
pMON146750 | EXP-CLUbql:1:16 93 | 134101.75 | 182317.5 | 32434.5
pMON146751 | EXP-CLUbql:1:17 97 | 107122.5 | 151783.25 | 51354.38

Table 16. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-

0Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in corn leaf protoplasts.

GUS/RLue GUS/FLuc
relative to relative to
GUS/RLuc GUS/FLuc EXP- EXP-
SEQ relative to relative to CaMV.358- CaMV.35S-
ID EXP- EXP- enh+Zm.Dna | enh+Zm.Dna
Amplicon ID EXP sequence NO: Os.Actl:1:9 [ Os.Actl:1:9 K:1:1 K:1:1
PCR0145942 EXP-0Os.Actl:1:9 179 1.00 1.00 0.06 0.04
EXP-CaMV.35S-

PCR0145944 enh+Zm.DnaK:1:1 170 16.10 23.83 1.00 1.00
PCR0145922 EXP-Cl.Ubql:1:10 98 21.60 59.23 1.34 2.49
pMON146750 EXP-Cl.Ubql:1:16 93 23.71 60.32 1.47 2.53
pMON146751 EXP-CLUbql:1:17 97 22.75 30.43 1.41 1.28

[0109] As can be seen in Table 16, the EXP sequences EXP-CL.Ubql:1:10 (SEQ ID NO: 98),
EXP-CLUbql:1:16 (SEQ ID NO: 93) and EXP-CL.Ubql:1:17 (SEQ ID NO: 97) were able to
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drive transgene expression. Expression driven by each of the EXP sequences was higher than

that of both controls.

[0110] In a fifth set of experiments, amplicon GUS transgene cassettes were made as described
above assay expression driven by the EXP sequences, EXP-Zm.UbgM1:1:11 (SEQ ID NO: 149)
and EXP-CL.Ubql1:1:23 (SEQ ID NO: 108). Expression was compared to the controls EXP-
0s.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO:

163). Table 17 below shows the mean GUS and luciferase values determined for each amplicon.

Table 18 below shows the GUS/RLuc ratios of expression normalized with respect to EXP-
Os.Actl:1:9 and EXP-CaMV.35S-enh+Ta.Lhcb1+Os.Actl:1:1 driven expression in comn

protoplasts.
Table 17. Mean GUS and Luciferase activity in transformed corn leaf protoplast cells.
SEQ
ID
Template Amplicon EXP sequence NO: GUS RLuc
EXP-CaMV.358S-

pMONG65328 | PCR0145943 | enh+Ta.Lhcb1+0s.Actl:1:1 | 163 | 70352.00 | 79028.75
pMON25455 | PCR0145942 | EXP-Os.Actl:1:9 179 | 33155.25 | 92337.00
pMON131962 | pMON131962 | EXP-Zm.UbgM1:1:11 149 | 18814.75 | 33663.00
pMON132047 | pMON132047 | EXP-Cl.Ubql:1:23 108 | 15387.50 | 40995.50

Table 18. GUS/RLuc ratios of expression normalized with respect to EXP-Os.Actl:1:9
(SEQ ID NO: 179) and EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO: 163) in
corn leaf protoplasts.

GUS/RLuc | GUS/RLuc relative

SEQ relative to | to EXP-CaMV.358-

ID EXP- enh+Ta.Lhcb1+0s.

Amplicon EXP sequence NO: | Os.Actl:1:9 Actl:1:1
EXP-CaMV.35S8-

PCR0145943 enh+Ta.Lhcb1+0s.Actl:1:1 163 2.48 1.00
PCR0145942 EXP-Os.Actl:1:9 179 1.00 0.40
pMON131962 | EXP-Zm.UbgMI1:1:11 149 1.56 0.63
pMON132047 | EXP-Cl.Ubql:1:23 108 1.05 0.42
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[0111] As can be seen in Table 18 above, the EXP sequences, EXP-Zm.UbgM1:1:11 (SEQ ID
NO: 149) and EXP-C1.Ubq1:1:23 (SEQ ID NO: 108) were able to drive GUS expression in corn
leaf protoplasts. Expression was similar to that of the control, EXP-Os.Act1:1:9 (SEQ ID NO:
179) and lower than that of EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO: 163).

[0112] The efficacy of regulatory elements driving GUS expression from amplicons can be
similarly studied in sugarcane leaf protoplasts. For instance, sugarcane protoplasts may be
transformed with DNA amplicons derived from plant expression vectors containing an EXP
sequence, driving expression of the B-glucuronidase (GUS) transgene, and compared to leaf
protoplast in which expression of GUS is driven by known constitutive promoters. Likewise,

regulatory elements driving CP4 expression from amplicons in corn or wheat protoplasts may be

similarly studied.

Example 4: Analysis of Regulatory Elements Driving GUS in Wheat Protoplasts Using
GUS Transgene Cassette Amplicons.

[0113] Wheat leaf protoplasts were transformed with DNA amplicons derived from plant
expression vectors containing an EXP sequence, driving expression of the B-glucuronidase
(GUS) transgene, and compared to leaf protoplast in which expression of GUS was driven by
known constitutive promoters.

[0114] Wheat protoplast cells derived from leaf tissue were transformed using methods known in
the art with amplicons produced from amplification of GUS transgene cassettes comprising
plant expression vectors to compare expression of a transgene (GUS) driven by the EXP
sequences listed in Tables 10-11 with that of known constitutive promoters with methodology as
described in a previous example (Example 3), using the same GUS cassette amplicons as that
used for assay in Corn in Example 3 above. Control GUS cassette amplicons and Luciferase
plasmids used for wheat protoplast transformation were also the same as those presented in the
previous example and provided in Table 7 above in Example 3. Likewise, negative controls
were used for the determination of GUS and luciferase background, as described above. Wheat
leaf protoplasts were transformed using a PEG-based transformation method, as described in
Example 3 above. Table 19 lists mean GUS and LUC activity seen in transformed wheat leaf

protoplast cells, and Table 20 shows normalized GUS/RLuc ratios of expression in wheat

protoplasts.
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Table 19. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

SEQ
ID

EXP sequence NO: GUS RLuc | GUS/RLuc
EXP-Os.Actl:1:9 179 | 2976.33 | 53334.8 | 0.0558047
P-CAMV.35S-ENH-1:1:102/L-CAMV.358-
1:1:2 169 | 1431.33 | 55996.1 | 0.0255612
EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 163 129299.3 | 50717.4 | 0.5776973
EXP-CaMV.35S-enh+Zm.DnaK:1:1 170 | 34294.3 | 63307.9 | 0.5417066
EXP-ANDge.Ubql:1:7 5 68444.3 | 60329.1 | 1.1345158
EXP-ANDge.Ubql:1:10 10 | 60606.3 | 60659.4 | 0.9991245
EXP-ANDge.Ubql:1:6 12 33386.3 | 56712.1 | 0.5886984
EXP-ANDge.Ubql:1:11 14 | 43237.3 | 48263.4 | 0.8958609
EXP-ANDge.Ubql:1:12 16 | 51712.7 | 64702.8 | 0.7992341
EXP-ERIra.Ubql:1:9 22 ]20998.3 | 60273.4 | 0.3483845
EXP-ERIra.Ubqgl:1:10 25 17268.3 | 25465.4 | 0.6781084
EXP-ERIra.Ubql:1:8 27 34635.7 | 59467.1 | 0.5824341
EXP-ERIra.Ubql:1:11 29 28979 |[56153.8| 0.516065
EXP-ERIra.Ubql:1:12 31 41409.7 | 55152.4 | 0.7508221
EXP-SETit.Ubql:1:5 117 | 39427.7 | 57463.1 | 0.6861388
EXP-SETit.Ubql:1:7 123 | 108091 | 493304 | 2.191169
EXP-SETit.Ubql:1:6 124 58703 |46110.1 ] 1.2731047
EXP-Sv.Ubql:1:7 128 29330 |43367.1 | 0.676319
EXP-Sv.Ubqgl:1:8 132 53359 | 40076.4 | 1.3314306
EXP-Sv.Ubql:1:10 134 | 49122.7 | 53180.8 | 0.9236922
EXP-Zm.UbgM1:1:6 137 37268 | 54088.1 | 0.6890239
EXP-Zm.UbgM1:1:7 141 51408 | 47297.4 | 1.0869087
EXP-Sb.Ubg4:1:2 151 |35660.3 | 62591.1 | 0.5697347
EXP-Sb.Ubg6:1:2 153 27543 |57826.4 | 0.4763046
EXP-CL.Ubql:1:10 98 54493.3 | 41964.1 | 1.2985699

Table 20. GUS/RLuc ratios of expression normalized with respect to EXP-Os.Act1:1:9

(SEQ ID NO: 179) and EXP-CaMV.358-enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO: 163) in
wheat leaf protoplasts.

GUS/RLuc Relative
GUS/RLuc to EXP-CaMV.35S-
SEQID Relative to EXP- | enh+Ta.Lhcb1+0s.A

EXP sequence NO: Os.Actl:1:9 ctl:1:1
EXP-Os.Actl:1:9 179 1.00 0.10
P-CAMV.35S-ENH- 169 0.46 0.04
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1:1:102/L-CAMV.358-1:1:2

EXP-CaMV.358-

enh+Ta.Lhcb1+0s.Actl:1:1 163 10.35 1.00
EXP-CaMV.358-

enh+Zm.DnaK:1:1 170 9.71 0.94
EXP-ANDge.Ubql:1:7 5 20.33 1.96
EXP-ANDge.Ubql:1:10 10 17.90 1.73
EXP-ANDge.Ubql:1:6 12 10.55 1.02
EXP-ANDge.Ubgl:1:11 ‘ 14 16.05 1.55
EXP-ANDge.Ubgl:1:12 16 14.32 1.38
EXP-ERIra.Ubql:1:9 22 6.24 0.60
EXP-ERIra.Ubql:1:10 25 12.15 1.17
EXP-ERIra.Ubql:1:8 27 10.44 1.01
EXP-ERIra.Ubqgl:1:11 29 9.25 0.89
EXP-ERIra.Ubql:1:12 31 13.45 1.30
EXP-SETit.Ubql:1:5 117 12.30 1.19
EXP-SETit.Ubql:1:7 123 39.26 3.79
EXP-SETit.Ubql:1:6 124 22.81 2.20
EXP-Sv.Ubql:1:7 128 12.12 1.17
EXP-Sv.Ubql:1:8 132 23.86 2.30
EXP-Sv.Ubql:1:10 134 16.55 1.60
EXP-Zm.UbgM1:1:6 137 12.35 1.19
EXP-Zm.UbgM1:1:7 141 19.48 1.88
EXP-Sb.Ubg4:1:2 151 10.21 0.99
EXP-Sb.Ubg6:1:2 153 8.54 0.82
EXP-ClUbql:1:10 98 23.27 2.25

[0115] As can be seen in Table 20 above, nearly all of the EXP sequences were capable of
driving GUS transgene expression in wheat cells. GUS transgene expression driven by EXP-
ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-
ANDge.Ubgl:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubgl:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubgl:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-SETit.Ubql:1:7 (SEQ ID NO: 123), EXP-
SETit.Ubql:1:6 (SEQ ID NO: 124), EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8
(SEQ ID NO: 132), EXP-Sv.Ubql:1:10 (SEQ ID NO: 134), EXP-Zm.UbqM1:1:6 (SEQ IDNO:
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137), EXP-Zm.UbgM1:1:7 (SEQ ID NO: 141), EXP-Sb.Ubg4:1:2 (SEQ ID NO: 151), EXP-
Sb.Ubg6:1:2 (SEQ ID NO: 153) and EXP-CL.Ubql:1:10 (SEQ ID NO: 98) was much higher
than GUS expression driven by EXP-Os.Act1:1:9. GUS expression of the amplicons in wheat
leaf protoplast cells relative to EXP-CaMV.35S-enh+Ta.Lhcbl+0s.Actl:1:1 was slightly
different from the expression observed in corn protoplast cells. Each of EXP-ANDge.Ubql:1:7
(SEQ ID NO: 5), EXP-ANDge.Ubq1:1:10 (SEQ ID NO: 10), EXP-ANDge.Ubql:1:6 (SEQ ID
NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO:
16), EXP-ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-
SETit.Ubql:1:7 (SEQ ID NO: 123), EXP-SETit.Ubql:1:6 (SEQ ID NO: 124), EXP-
Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8 (SEQ ID NO: 132), EXP-Sv.Ubql:1:10
(SEQ ID NO: 134), EXP-Zm.UbgM1:1:6 (SEQ ID NO: 137), EXP-Zm.UbgM1:1:7 (SEQ ID
NO: 141) and EXP-CLUbql:1:10 (SEQ ID NO: 98) demonstrated higher levels of GUS
expression relative to EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1. The EXP sequences EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-Sb.Ubqg4:1:2
(SEQ ID NO: 151) and EXP-Sb.Ubqg6:1:2 (SEQ ID NO: 153) demonstrated lower levels of GUS
expression relative to EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1.

[0116] In a second set of experiments, amplicon GUS transgene cassettes were made as
described above and assayed for expression driven by the EXP sequences, EXP-
ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-CLUbql:1:10 (SEQ ID NO: 98), EXP-C1.Ubql:1:13
(SEQID NO: 114), EXP-C1.Ubq1:1:14 (SEQ ID NO: 115) and EXP-C1.Ubq1:1:15 (SEQ ID NO:
116). The amplicons were comprised of an EXP sequence operably linked to the GUS-1 coding
sequence which was operably linked to the T-AGRtuw.nos-1:1:13 3" UTR. Expression was
compared to the controls EXP-Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-
enh+Zm.DnaK:1:1 (SEQ ID NO: 170). Table 21 below shows the mean GUS and luciferase
values determined for each amplicon. Table 22 below shows the GUS/RLuc ratios of expression
normalized with respect to EXP-Os.Actl:1:9 and EXP-CaMV.35S-enh+Zm.DnaK:1:1 driven

expression in corn protoplasts.

Table 21. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

Amplicon SEQ ID
1D EXP sequence NO: GUS RLuc
PCR0145942 | EXP-Os.Actl:1:9 179 1234 | 176970.5
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PCR0145944 | EXP-CaMV.35S-enh+Zm.DnaK:1:1° 170 12883.5 | 119439

PCR0146628 | EXP-ANDge.Ubql:1:8 8 38353.3 | 171535.3
PCR0145922 | EXP-C1.Ubq1:1:10 98 34938 | 154245.8
PCR0145945 | EXP-CL.Ubq1:1:13 114 32121 | 122220.8
PCR0145946 | EXP-C1.Ubql:1:14 115 56814 |143318.3
PCR0145947 | EXP-CL.Ubql:1:15 116 1890.5 | 167178.5

Table 22. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-

Os.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in wheat leaf protoplasts.

GUS/RLuc
relative to EXP-
GUS/RLuc CaMV. 358-
SEQID | relative to EXP- | enh+Zm.DnaK:
EXP sequence NO: Os.Actl:1:9 1:1
EXP-Os.Actl:1:9 179 1.00 0.06
EXP-CaMV.35S-enh+Zm.DnaK:1:1 170 15.47 1.00
EXP-ANDge.Ubql:1:8 8 32.07 2.07
EXP-Cl.Ubql:1:10 98 32.48 2.10
EXP-Cl.Ubgl:1:13 114 37.69 2.44
EXP-Cl.Ubql:1:14 115 56.85 3.68
EXP-Cl.Ubql:1:15 116 1.62 0.10

[0117] As can be seen in Table 22 above, the EXP sequences EXP-ANDge.Ubql:1:8 (SEQ ID
NO: 8), EXP-CL.Ubql:1:10 (SEQ ID NO: 98), EXP-CL.Ubql:1:13 (SEQ ID NO: 114), EXP-
CLUbql:1:14 (SEQ ID NO: 115) and EXP-CL.Ubql:1:15 (SEQ ID NO: 116) are capable of
driving transgene expression. Expression driven by EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8),
EXP-Cl.Ubql:1:10 (SEQ ID NO: 98), EXP-CLUbql:1:13 (SEQ ID NO: 114) and EXP-
CL.Ubql:1:14 (SEQ ID NO: 115) was higher than that of both controls. Expression driven by
EXP-CLUbql:1:15 (SEQ ID NO: 116) was lower than EXP-CaMV.35S-enh+Zm.DnaK:1:1
(SEQ ID NO: 170) but higher than the control, EXP-Os.Act1:1:9 (SEQ ID NO: 179).

[0118] In a third set of experiments, amplicon GUS transgene cassettes were made as described
above to assay expression driven by the EXP sequences, EXP-C1.Ubq1:1:10 (SEQ ID NO: 98),
EXP-CLUbql:1:16 (SEQ ID NO: 93) and EXP-CL.Ubq1:1:17 (SEQ ID NO: 97). Expression was
compared to the controls EXP-Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-
enh+Zm.DnaK:1:1 (SEQ ID NO: 170). Table 23 below shows the mean GUS and luciferase

values determined for each amplicon. Table 24 below shows the GUS/RLuc and GUS/FLuc
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ratios of expression normalized with respect to EXP-Os.Actl:1:9 and EXP-CaMV.35S-

enh+Zm.DnaK:1:1 driven expression in corn protoplasts.

Table 23. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

SE
Amplicon ID EXP sequence ID N%: GUS RLuc FLuc
PCR0145942 | EXP-Os.Actl:1:9 179 478 | 46584.5 | 2709.75
PCR0145944 | EXP-CaMV.35S-enh+Zm.DnaK:1:1 170 8178.5 |43490.8 | 2927.25
PCR0145922 | EXP-CLUbql:1:10 98 22068.3 | 47662.3 | 1289
pMON146750 | EXP-CL.Ubql:1:16 93 34205 | 45064.5 | 1379.63
pMON146751 | EXP-CL.Ubgl:1:17 97 31758 |45739.3 | 2820.75

Table 24. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-

Os.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in wheat leaf protoplasts.

GUS/RLuc
GUS/RL relative to | GUS/FLuc
SE uc GUS/FLu EXP- relative to
Q relative | crelative | CaMV.358S EXP-
ID | to EXP- to EXP- - CaMV.358-
NO | Os.Actl: | Os.Actl:1 | enh+Zm.D | enh+Zm.Dn
Amplicon ID EXP sequence : 1:9 9 naK:1:1 aK:1:1
PCR0145942 EXP-0Os.Actl:1:9 179 1.00 1.00 0.05 0.06
EXP-CaMV.35S-
PCR0145944 enh+Zm.DnaK:1:1 170 18.33 15.84 1.00 1.00
PCR(145922 EXP-CL.Ubql:1:10 98 45.12 97.05 2.46 6.13
pMON146750 EXP-Cl.Ubql:1:16 93 73.97 140.55 4.04 8.87
pMON146751 EXP-CL.Ubql:1:17 97 67.67 63.82 3.69 4.03

[0119] As can be seen in Table 24 above, the EXP sequences EXP-C1.Ubq1:1:10 (SEQ ID NO:
98), EXP-CL.Ubq1:1:16 (SEQ ID NO: 93) and EXP-CLUbq1:1:17 (SEQ ID NO: 97) were able to

drive transgene expression. Expression driven by each of the EXP sequences was higher than

that of both controls.

[0120] In a fourth set of experiments, amplicon GUS transgene cassettes were made as described

above to assay expression driven by the EXP sequences, EXP-Zm.UbqM1:1:11 (SEQ ID NO:
149) and EXP-CL.Ubq1:1:23 (SEQ ID NO: 108). Expression was compared to the controls EXP-
Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Acti:1:1 (SEQ ID NO:

163). Table 25 below shows the mean GUS and luciferase values determined for each amplicon.

Table 26 below shows the GUS/RLuc ratios of expression normalized with respect to EXP-
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Os.Actl:1:9 and EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 driven expression in corn
protoplasts.

Table 25. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

SEQID
Template Amplicon ID EXP sequence NO: GUS RLue
EXP-CaMV.358-
pMON65328 | PCR0145943 | enh+Ta.Lhcbi+0s.Actl:1:1 163 67459.13 11682.00
pMON25455 | PCR0145%942 | EXP-Os.Actl:1:9 179 56618.33 16654.83
pMON131962 | pMON131962 | EXP-Zm.UbqM1:1:11 149 53862.13 10313.75
pMON132047 | pMON132047 | EXP-CL.Ubql:1:23 108 38869.38 12279.00

Table 26. GUS/RLuc ratios of expression normalized with respect to EXP-Os.Actl:1:9

(SEQ ID NO: 179) and EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO: 163) in
wheat leaf protoplasts.

GUS/RLuc
relative to | GUS/RLuc relative to EXP-
SEQID EXP- CaMV.358-
Amplicon ID EXP sequence NO: Os.Actl:1:9 [ enh+Ta.Lhcb1+0s.Actl:1:1
EXP-CaMV.35S-

PCR0145943 | enh+Ta.Lhcb14+0s.Actl:1:1 163 1.70 1.00
PCR0145942 | EXP-Os.Actl:1:9 179 1.00 0.59
pMON131962 | EXP-Zm.UbgM1:1:11 149 1.54 0.90
pMON132047 | EXP-Cl.Ubql:1:23 108 0.93 0.55

[0121] As can be seen in Table 26 above, the EXP sequences, EXP-Zm.UbqM1:1:11 (SEQ ID
NO: 149) and EXP-CL.Ubq1:1:23 (SEQ ID NO: 108) were able to drive GUS expression in
wheat leaf protoplasts. Expression was similar to that of the control, EXP-Os.Act1:1:9 (SEQ ID

NO: 179) and lower than that of EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO:
163).

67

15001322\v-1

CA 3004033 2018-05-04



Example 5: Analysis of Regulatory Elements Driving GUS in Sugarcane Protoplasts Using
GUS Transgene Cassette Amplicons.

[0122] Sugarcane leaf protoplasts were transformed with DNA amplicons derived from plant
expression vectors containing an EXP sequence, driving expression of the B-glucuronidase
(GUS) transgene, and compared to leaf protoplast in which expression of GUS was driven by
known constitutive promoters.

[0123] Sugarcane protoplast cells derived from leaf tissue were transformed using a PEG-based
transformation method, as described in Example 3 above with amplicons produced from
amplification of GUS transgene cassettes comprising plant expression vectors to compare
expression of a transgene (GUS) driven by one of EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5),
EXP-ANDge.Ubq1:1:10 (SEQ ID NO: 10), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-
ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-
ERIra.Ubq1l:1:12 (SEQ ID NO: 31), EXP-CL.Ubq1:1:10 (SEQ ID NO: 98), EXP-Cl.Ubql:1:13
(SEQ ID NO: 114), EXP-C1.Ubql:1:14 (SEQ ID NO: 115) and EXP-C1.Ubq1:1:15 (SEQ ID NO:
116) and presented in Table 27 below, with that of known constitutive promoters.

Table 27. GUS plant expression amplicons and corresponding plasmid construct amplicon

template and EXP sequence.
SEQ
Amplicon Amplicon D
1D Template EXP sequence NO:
PCR0145942 | pMON25455 EXP-Os.Actl:1:9 179
EXP-CaMV.358-
PCR0145944 | pMON81552 enh+Zm.DnaK:1:1 170
PCR0145892 | pMON136264 EXP-ANDge.Ubql:1:7 5
PCRO0145815 | pMON136264 EXP-ANDge.Ubql:1:10 10
PCR0145893 | pMON136259 EXP-ANDge.Ubql:1:6 12
PCRO0145817 | pMON136264 EXP-ANDge.Ubql:1:11 14
PCR0145819 | pMON136264 EXP-ANDge.Ubql:1:12 16
PCR0145896 | pMON136263 EXP-ERIra.Ubq1:1:9 22
PCR0145820 | pMON136263 EXP-ERIra.Ubq1:1:10 25
PCR0O145897 | pMON136258 EXP-ERIra.Ubq1:1:8 27
PCR0145821 | pMON136263 EXP-ERIra.Ubql:1:11 29
PCR0145822 | pMON136263 EXP-ERIra.Ubql:1:12 31
PCR0145922 | pMON140889 EXP-CLUbq1:1:10 08
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PCRO0145945 | pMON140889 EXP-Cl.Ubql:1:13 114
PCR0145946 | pMON140889 EXP-ClL.Ubql:1:14 115
PCR0145947 | pMON140889 EXP-CL.Ubql:1:15 116

[0124] Control GUS cassette amplicons and Luciferase plasmids used for sugarcane protoplast
transformation were also the same as those presented in Examples 2 through 4 and provided in
Table 7 above in Example 3. Likewise, negative controls were used for the determination of
GUS and luciferase background, as described above. Table 28 lists mean GUS and Luc activity
seen in transformed sugarcane leaf protoplast cells, and Table 29 shows normalized GUS/RLuc
ratios of expression in sugarcane leaf protoplasts.

Table 28. Mean GUS and Luciferase activity in transformed wheat leaf protoplast cells.

SEQ
ID

EXP sequence NO: GUS | RLuc | FLuc
EXP-Os.Actl:1:9 179 | 6667.5 | 3024.5 | 1129.25
EXP-CaMV.35S-
enh+Zm.DnaK:1:1 170 ) 14872.8 | 5171 | 2019.5
EXP-ANDge.Ubql:1:7 5 15225 | 4618.25 | 1775.75
EXP-ANDge.Ubq1:1:10 10 172753 | 4333 1678
EXP-ANDge.Ubql:1:6 12 17236 | 5633.25| 2240
EXP-ANDge.Ubql:1:11 14 | 22487.8 | 6898.25 | 2878
EXP-ANDge.Ubq1:1:12 16 122145.3 | 6240.25 | 2676.5
EXP-ERIra.Ubq1:1:9 22 16796.5 | 7759.75 | 3179
EXP-ERIra.Ubq1:1:10 25 16267.5 | 5632.75 | 2436.75
EXP-ERIra.Ubql:1:8 27 25351 | 9019.5 | 4313.5
EXP-ERIra.Ubql:1:11 29  116652.3 |3672.25| 1534
EXP-ERIra.Ubql:1:12 31 12654.5 | 3256.75 | 1261.5
EXP-CL.Ubql:1:10 98 |22383.8 | 7097.5 |3109.25
EXP-Cl.Ubgl:1:13 114 ] 14532.3 | 2786.5 | 1198.25
EXP-Cl.Ubgl:1:14 115 119244.5 | 3455.25 | 1475
EXP-Cl.Ubgl:1:15 116 | 6676.5 | 3870.25 | 1497.75
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Table 29. GUS/RLuc and GUS/FLuc ratios of expression normalized with respect to EXP-

Os.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170)
in sugarcane leaf protoplasts.

GUS/RLuc GUS/FLuc
GUS/RLu | GUS/FLu relative to relative to
crelative | crelative EXP- EXP-
SEQ | to EXP- to EXP- | CaMV.35S- CaMV.358-
ID | Os.Actl:1 | Os.Actl:1 | enh+Zm.Dna | enh+Zm.DnaK
EXP sequence NO: :9 9 K:1:1 :1:1
EXP-Os.Actl:1:9 179 1.00 1.00 0.77 0.80
EXP-CaMV.35S-
enh+Zm.DnaK:1:1 170 1.30 1.25 1.00 1.00
EXP-ANDge.Ubql:1:7 5 1.50 1.45 1.15 1.16
EXP-ANDge.Ubql:1:10 10 1.81 1.74 1.39 1.40
EXP-ANDge.Ubql:1:6 12 1.39 1.30 1.06 1.04
EXP-ANDge.Ubql:1:11 14 1.48 1.32 1.13 1.06
EXP-ANDge.Ubql:1:12 16 1.61 1.40 1.23 1.12
EXP-ERIra.Ubql:1:9 22 0.98 0.89 0.75 0.72
EXP-ERIra.Ubql:1:10 25 1.31 1.13 1.00 0.91
EXP-ERIra.Ubql:1:8 27 1.27 1.00 0.98 0.80
EXP-ERIra.Ubqgl:1:11 29 2.06 1.84 1.58 1.47
EXP-ERIra.Ubql:1:12 31 1.76 1.70 1.35 1.36
EXP-CLUbql:1:10 98 1.43 1.22 1.10 0.98
EXP-Cl.Ubql:1:13 114 2.37 2.05 1.81 1.65
EXP-ClL.Ubql:1:14 115 2.53 2.21 1.94 1.77
EXP-Cl.Ubql:1:15 116 0.78 0.75 0.60 0.61

[0125] As can be seen in Table 29 above, the EXP sequences EXP-ANDge.Ubql:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubq1:1:10 (SEQ ID NO: 10), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12),
EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubqi:1:10 (SEQ ID NO: 25), EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-
ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-C1.Ubg1:1:10 (SEQ ID NO: 98), EXP-C1.Ubg1:1:13
(SEQ ID NO: 114), EXP-CL.Ubq1:1:14 (SEQ ID NO: 115) and EXP-CL.Ubq1:1:15 (SEQ ID NO:
116) were all capable of driving transgene expression in sugarcane protoplasts. The EXP
sequences, EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubq1:1:10 (SEQ ID NO: 10),
EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-
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ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-CL.Ubq1:1:10
(SEQ ID NO: 98), EXP-CL.Ubq1:1:13 (SEQ ID NO: 114) and EXP-CL.Ubql:1:14 (SEQ ID NO:
115) expressed GUS higher than EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170) in this

experiment.

Example 6: Analysis of Regulatory Elements Driving CP4 in Corn Protoplasts.

[0126] This example illustrates the ability of EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-
Sv.Ubql:1:8 (SEQ ID NO: 132), EXP-Sv.Ubq1:1:9 (SEQ ID NO: 133), EXP-Zm.quM1:1:6
(SEQ ID NO: 137), EXP-Zm.UbqM1:1:8 (SEQ ID NO: 145), EXP-Zm.UbgM1:1:7 (SEQ ID
NO: 141), EXP-SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-SETit.Ubql:1:7 (SEQ ID NO: 123),
EXP-SETit.Ubql:1:6 (SEQ ID NO: 124), EXP-Sb.Ubg4:1:2 (SEQ ID NO: 151) and EXP-
Sb.Ubq6:1:2 (SEQ ID NO: 153) in driving expression of glyphosate tolerance gene CP4 in corn
protoplasts. These EXP sequences were cloned into plant binary transformation plasmid
constructs using methods known in the art. The resulting plant expression vectors contained a
right border region from A. tumefaciens, an ubiquitin EXP sequence operably linked 5" to a
plastid targeted glyphosate tolerant EPSPS coding sequence (CP4, US RE39247), operably
linked 5° to the T-AGRtu.nos-1:1:13 3" UTR and a left border region from A. tumefaciens (B-
AGRtu.left border). The resulting plasmid constructs were used to transform corn leaf
protoplasts cells using methods known in the art.

[0127] Plasmid constructs listed in Table 30, with EXP sequences as defined in Table 1, were
utilized. Three control plasmids (pMON30098, pMON42410, and pMON30167), with known
constitutive regulatory elements driving either CP4 or GFP, were constructed and used to
compare the relative CP4 expression levels driven by these EXP sequences with CP4 expression
driven by known constitutive expression elements. Two other plasmids (pMON19437 and
pMONG63934) were also used as described above to evaluate transformation efficiency and
viability. Each plasmid contains a specific luciferase coding sequence driven by a constitutive
EXP sequence.

[0128] Corn leaf protoplasts were transformed using a PEG-based transformation method, as
described in Example 2 above. Measurements of both CP4 and luciferase were conducted
similarly to Example 2 above. The average levels of CP4 protein expression expressed as part

per million (ppm) is shown in Table 30 below.
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Table 30. Average CP4 protein expression in corn leaf protoplasts.

SEQ| CP4 CP4
ID | Average | STDEV
Plasmid EXP sequence NO: | ppm ppm
No DNA No DNA 0 0
pMON30098 | GFP 0 0
EXP-CaMV.358-
pMON42410 | enh+Ta.Lhcbl1+0s.Actl:1:1 163 34.1 15.6
pMON30167 | EXP-Os.Actl:1:1 164 40.4 11.6
pMON129203 | EXP-Sv.Ubql:1:7 128 45.2 6.2
pMON129204 | EXP-Sv.Ubql:1:8 132 | 101.9 13.8
pMON129205 | EXP-Sv.Ubql:1:9 133 71.1 8.7
pMON129210 | EXP-Zm.UbgM1:1:6 137 | 137.1 14.8
pMON129211 | EXP-Zm.UbgM1:1:8 145 136.5 12.3
pMON129212 | EXP-Zm.UbgM1:1:7 141 170.2 18.1
pMON129200 | EXP-SETit.Ubql:1:5 117 44.3 9.5
pMON129201 | EXP-SETit.Ubql:1:7 123 | 105.1 8.4
pMON129202 | EXP-SETit.Ubql:1:6 124 | 1249 33.7
pMON129219 | EXP-Sb.Ubg4:1:2 151 14.3 1
pMON129218 | EXP-Sb.Ubqg6:1:2 153 75.7 8.9

[0129] As can be seen in Table 30, EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-Sv.Ubql:1:8
(SEQ ID NO: 132), EXP-Sv.Ubql:1:9 (SEQ ID NO: 133), EXP-Zm.UbqM1:1:6 (SEQ ID NO:
137), EXP-Zm.UbgM1:1:8 (SEQ ID NO: 145), EXP-Zm.UbqM1:1:7 (SEQ ID NO: 141), EXP-
SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-SETit.Ubql:1:7 (SEQ ID NO: 123), EXP-
SETit.Ubql:1:6 (SEQ ID NO: 124) and EXP-Sb.Ubq6:1:2 (SEQ ID NO: 153) drove expression
of the CP4 transgene at levels close to or higher than CP4 expression levels driven by EXP-
CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 and EXP-Os.Actl:1:1. The EXP sequence, EXP-
Sb.Ubg4:1:2 (SEQ ID NO: 151) demonstrated the ability to drive expression of CP4, but the
level of expression was lower than that of the constitutive controls.

{0130] Similar data to that above may also be obtained from plants stably transformed with
plasmid constructs described above, for instance, plants of progeny generation(s) Ry, R; or F; or
later. Likewise, expression from other plasmid constructs may be studied. For instance,

pMON141619, comprises the EXP sequence EXP-ANDge.Ubql:1:8, while pMON142862 is
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comprised of the EXP sequence EXP-ERIra.Ubql:1:8. These and other constructs may be

analyzed in this manner.

Example 7: Analysis of Regulatory Elements Driving CP4 in Corn Protoplasts using CP4
Transgene Cassette Amplicons.

[0131] This example illustrates the ability of EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-
ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-
ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
ClL.Ubql:1:10 (SEQ ID NO: 98), EXP-Cl.Ubql:1:13 (SEQ ID NO: 114), EXP-Cl.Ubql:1:14
(SEQ ID NO: 115), EXP-Cl.Ubgl:1:15 (SEQ ID NO: 116), EXP-CL.Ubql:1:16 (SEQ ID NO:
93) and EXP-Cl.Ubql:1:17 (SEQ ID NO: 97) in driving expression of glyphosate tolerance
gene CP4 in com protoplasts. These EXP sequences were cloned into plant binary
transformation plasmid constructs. The resulting plant expression vectors were used as
amplification templates to produce a transgene cassette amplicon comprised of an ubiquitin EXP
sequence operably linked 5° to a plastid targeted glyphosate tolerant EPSPS coding sequence
(CP4, US RE39247), operably linked 5" to the T-AGRtu.nos-1:1:13 3" UTR and a left border
region from A. tumefaciens. The resulting amplicons were used to transform corn leaf
protoplasts cells.

[0132] Corn leaf protoplasts were transformed using a PEG-based transformation method, as
described in Example 2 above. Measurements of both CP4 were conducted using an ELISA-
based assay. The average levels of CP4 protein expression expressed as part per million (ppm) is
shown in Tables 31 and 32 below.

[0133] In a first series of experiments, expression of CP4 driven by amplicons comprised of the
EXP sequences EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubql:1:8 (SEQ ID NO:
8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP;ANDge.qul:1:6 (SEQ ID NO: 12),
EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIraUbql:1:11 (SEQ ID NO: 29), EXP-
ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-CL.Ubql1:1:10 (SEQ ID NO: 98), EXP-CL.Ubql:1:13
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(SEQ ID NO: 114), EXP-CL.Ubql:1:14 (SEQ ID NO: 115) and EXP-Cl.Ubql:1:15 (SEQ ID
NO: 116) were assayed in transformed corn leaf protoplasts and compared to CP4 expression
levels driven by the constitutive controls, EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO:
170) and EXP-Os.Actl:1:1 (SEQ ID NO: 164). The average levels of CP4 protein expression

expressed as part per million (ppm) is shown in Tables 31 below.

Table 31. Average CP4 protein expression in corn leaf protoplasts.

CP4 CP4
ng/mg | ng/mg
total total
protein | protein
Amplicon Amplico SEQID | Averag | STDE
Template n ID EXP sequence NO: e \
no DNA 0.0 0.0
pMON30098 GFP (negative control) 0.0 0.0
EXP-CaMV.35S-
pMON19469 PCR24 | enh+Zm.DnaK:1:1 170 605.5 27.6
pMON30167 | PCR25 | EXP-Os.Actl:1:1 164 50.6 14.2
pMON140896 | PCR41 | EXP-ANDge.Ubql:1:7 5 459.0 60.9
pMON140917 | PCR42 | EXP-ANDge.Ubqgl:1:8 8 258.2 38.4
pMON140897 | PCR43 | EXP-ANDge.Ubql:1:10 10 324.8 21.6
pMON140898 | PCR44 | EXP-ANDge.Ubql:1:6 12 394.9 66.4
pMON140899 | PCR45 | EXP-ANDge.Ubql:1:11 14 508.7 89.6
pMON140900 | PCR46 | EXP-ANDge.Ubql:1:12 16 3293 14.5
pMON140904 | PCR50 | EXP-ERIra.Ubql:1:9 22 148.6 24.4
pMON140905 | PCR51 | EXP-ERIra.Ubql:1:10 25 215.8 22.6
pMON140906 | PCR52 | EXP-ERIra.Ubql:1:8 27 376.6 44.1
pMON140907 | PCR53 | EXP-ERIra.Ubql:1:11 29 459.9 104.7
pMON140908 | PCR54 | EXP-ERIra.Ubql:1:12 31 221.6 15.9
pMON140913 | PCR19 | EXP-CLUbql:1:10 98 287.8 50.9
pMON140914 | PCR20 | EXP-Cl.Ubql:1:13 114 585.8 47.9
pMON140915 | PCR21 | EXP-CLUbql:1:14 115 557.5 76.6
pMON140916 | PCR22 | EXP-Cl.Ubql:1:15 116 332 9.5

[0134] As can be seen in Table 31 above, the EXP sequences EXP-ANDge.Ubq1:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10),
EXP-ANDge.Ubgl:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-

ANDge.Ubql:1:12 (SEQ ID NO: 16),
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ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
Cl.Ubql:1:10 (SEQ ID NO: 98), EXP-CLUbql:1:13 (SEQ ID NO: 114), EXP-CL.Ubgl:1:14
(SEQ ID NO: 115) and EXP-ClLUbql:1:15 (SEQ ID NO: 116) were able to drive CP4
expression. All of the EXP sequences with the exception of one EXP-C1.Ubql:1:15 (SEQ ID
NO: 116) drove CP4 expression levels at a much higher level than the constitutive control, EXP-
Os.Actl:1:1 (SEQ ID NO: 164). Expression levels were lower than that of EXP-CaMV.35S-
enh+Zm.DnaK:1:1 (SEQ ID NO: 170).

[0135] In a second series of experiments, expression of CP4 driven by amplicons comprised of
the EXP sequences EXP-C1.Ubq1:1:10 (SEQ ID NO: 98), EXP-C1.Ubq1:1:16 (SEQ ID NO: 93)
and EXP-CLUbql:1:17 (SEQ ID NO: 97) were assayed in transformed corn leaf protoplasts and
compared to CP4 expression levels driven by the constitutive control, EXP-Os.Actl:1:1 (SEQ
ID NO: 164). The average levels of CP4 protein expression expressed as part per million (ppm)

is shown in Tables 32 below.

Table 32. Average CP4 protein expression in corn leaf protoplasts.

Maize Maize
Leaf Leaf
CP4 CP4
mg/total | mg/total
SEQ | protein | protein
Amplicon ID Avg | StdDev
Template Amplicon ID EXP sequence NO:
pMON30167 | PCR25 EXP-Os.Actl:1:1 164 12.2 1.69
pMON140913 | PCR19 EXP-CLUbq1:1:10 98 307.5 24.21
pMON142748 | pMON142748 | EXP-CL.Ubq1:1:16 93 245.95 30.14
pMON142749 | pMON142749 | EXP-CLUbql:1:17 97 302.85 25.32

[0136] As can be seen in Table 32 above, the EXP sequences EXP-CL.Ubq1:1:10 (SEQ ID NO:
98), EXP-CL.Ubq1:1:16 (SEQ ID NO: 93) and EXP-C1.Ubq1:1:17 (SEQ ID NO: 97) were able to
drive CP4 expression. Expression levels driven by all three EXP sequences were higher than

that of the constitutive control, EXP-Os.Actl:1:1 (SEQ ID NO: 164).
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Example 8: Analysis of Regulatory Elements Driving CP4 in Wheat Protoplasts.
[0137] This example illustrates the ability of EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-
Sv.Ubql:1:8 (SEQ ID NO: 132), EXP-Sv.Ubql:1:9 (SEQ ID NO: 133), EXP-Zm.UbgM1:1:6
(SEQ ID NO: 137), EXP-Zm.UbqM1:1:8 (SEQ ID NO: 145), EXP-Zm.UbgM1:1:7 (SEQ ID
NO: 141), EXP-SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-SETit.Ubql:1:7 (SEQ ID NO: 123),
EXP-SETit.Ubql:1:6 (SEQ ID NO: 124), EXP-Sb.Ubg4:1:2 (SEQ ID NO: 151) and EXP-
Sb.Ubq6:1:2 (SEQ ID NO: 153) to drive CP4 expression in wheat leaf protoplasts. These EXP
sequences were cloned into plant binary transformation plasmid constructs using methods known
in the art, and as described in Examples 2 and 5 above.

[0138] Three control plasmids (pMON30098, pMON42410, as previously described, and
pPMON43647 comprising a right border region from Agrobacterium tumefaciens with EXP-
Os.Act1+CaMV.358.2xA1-B3+0s.Actl:1:1 (SEQ ID NO: 138) operably linked 5° to a plastid
targeted glyphosate tolerance coding sequence (CP4, US RE39247), operably linked 5" to T-
AGRtu.nos-1:1:13, and a left border region (B-AGRtu.left border) with known constitutive
regulatory elements driving either CP4 or GFP were constructed as outlined in Example 5.
[0139] Wheat leaf protoplasts were transformed using a PEG-based transformation method as
described in the previous examples with the exception that 1.5 X 10° protoplast cells per assay
were used. Assays of luciferase and CP4 transgene expression were performed as described in
Example 6 above. The mean CP4 expression levels determined by CP4 ELISA are presented in
Table 34 below.

Table 34. Mean CP4 Protein Expression in Wheat Leaf Protoplast Cells.

SEQ CP4 CP4
ID Average | STDEV
Plasmid EXP sequence NO: ppm ppm
No DNA No DNA 0 0
pMON30098 | GFP 0 0
EXP-0s.Actl+CaMV.35S.2xAl-
pMON43647 | B3+0s.Actl:1:1 172 656.2 124.5
pMON42410 | EXP-CaMV.358-enh+Ta.Lhcb1+Os.Actl:1:1 163 438.3 78.9
pMON30167 | EXP-Os.Actl:1:1 164 583 107.4
pMON129203 | EXP-Sv.Ubql:1:7 128 156.9 25.1
pMON129204 | EXP-Sv.Ubql:1:8 132 39.5 7
pMON129205 | EXP-Sv.Ubql:1:9 133 154.5 56.5
pMON129210 | EXP-Zm.UbgM1:1:6 137 1500 0
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pMON129211 | EXP-Zm.UbgM1:1:8 145 199.7 64.9
pMON129212 | EXP-Zm.UbgM1:1:7 141 234.6 66.9
pMON129200 | EXP-SETit.Ubql:1:5 117 725.7 149.7
pMON129201 | EXP-SETit.Ubql:1:7 123 64.9 14.5
pMON129202 | EXP-SETit.Ubq1:1:6 124 122.9 48.7
pMON129219 | EXP-8b.Ubg4:1:2 151 113.1 32.8

[0140] The total amount of CP4 expression in wheat protoplasts driven by the EXP sequences
and the known constitutive EXP sequence EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1
demonstrated different levels of CP4 expression in wheat protoplasts when compared to corn
protoplasts.

[0141] Several EXP sequences drove CP4 expression at lower levels in wheat protoplasts than
the known constitutive EXP sequences EXP-Os.Act1+CaMV.35S.2xA1-B3+0s.Actl:1:1 and
EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1. Two EXP sequences, EXP-Zm.UbgM1:1:6 (SEQ
ID NO: 137), and EXP-SETit.Ubql:1:5 (SEQ ID NO: 117), provide higher levels of CP4
expression in wheat protoplasts than the known constitutive, EXP sequences in this assay. EXP-
Zm.UbgM1:1:2 drove expression of CP4 at the highest level, with expression levels being 2.2 to
3.4 fold higher than EXP-Os.Act1+CaMV.35S.2xA1-B3+0s.Actl:1:1 and EXP-CaMV.358S-
enh+Ta.Lhcb1+0s.Actl:1:1, respectively. All EXP sequences assayed demonstrated the

capacity to drive expression of CP4 in wheat cells.

Example 9: Analysis of Regulatory Elements Driving CP4 in Wheat Protoplasts using CP4
Transgene Cassette Amplicons.

[0142] This example illustrates the ability of EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-
ANDge.Ubgl:1:8 (SEQ ID NO: 8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-
ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIraUbql:1:8 (SEQ ID NO: 27), EXP-
FRIra.Ubgl:1:11 (SEQ 1D NO: 29), EXP-ERIra.Ubqgl:1:12 (SEQ ID NO: 31), EXP-
Cl.Ubq1:1:10 (SEQ ID NO: 98), EXP-CLUbql:1:13 (SEQ ID NO: 114), EXP-Cl.Ubql:1:14
(SEQ ID NO: 115), EXP-CL.Ubql:1:15 (SEQ ID NO: 116), EXP-Cl.Ubgt:1:16 (SEQ ID NO:
93) and EXP-CL.Ubql:1:17 (SEQ ID NO: 97) in driving expression of glyphosate tolerance

gene CP4 in wheat protoplasts. These EXP sequences were cloned into plant binary
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transformation plasmid constructs. The resulting plant expression vectors were used as
amplification templates to produce a transgene cassette amplicon comprised of an ubiquitin EXP
sequence operably linked 5° to a plastid targeted glyphosate tolerant EPSPS coding sequence
(CP4, US RE39247), operably linked 5° to the T-AGRtu.nos-1:1:13 3" UTR and a left border
region from A. tumefaciens. The resulting amplicons were used to transform corn leaf
protoplasts cells.

[0143] Wheat leaf protoplasts were transformed using a PEG-based transformation method, as
described in Example 2 above. Measurements of both CP4 were conducted using an ELISA-
based assay. The average levels of CP4 protein expression expressed as part per million (ppm) is
shown in Tables 35 and 36 below.

[0144] In a first series of experiments, expression of CP4 driven by amplicons comprised of the
EXP sequences EXP-ANDge.Ubq1:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubqi:1:8 (SEQ ID NO:
8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12),
EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-
ERIra.Ubq1:1:12 (SEQ ID NO: 31), EXP-C1.Ubq1:1:10 (SEQ ID NO: 98), EXP-C1.Ubgl:1:13
(SEQ ID NO: 114), EXP-Cl.Ubql:1:14 (SEQ ID NO: 115) and EXP-Cl.Ubql:1:15 (SEQ ID
NO: 116) were assayed in transformed wheat leaf protoplasts and compared to CP4 expression
levels driven by the constitutive controls, EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO:
170) and EXP-Os.Act1:1:1 (SEQ ID NO: 164). The average levels of CP4 protein expression

expressed as part per million (ppm) is shown in Tables 35 below.

Table 35. Average CP4 protein expression in wheat leaf protoplasts.

CP4 CP4
ng/mg | ng/mg
SEQ total total
Amplicon Amplicon ID protein | protein
Template ID EXP sequence NO: | Average | STDEV
no DNA 0.00 0.00
pMON30098 GFP (negative control) 0.00 0.00
EXP-CaMV.35S-
pMON19469 PCR24 enh+Zm.DnaK:1:1 170 76.11 18.65
pMON30167 PCR25 EXP-Os.Actl:1:1 164 3.83 0.73
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pMON140896 | PCR41 EXP-ANDge.Ubql:1:7 5 103.46 | 1631
pMON140917 | PCR42 EXP-ANDge.Ubql:1:8 8 6148 | 1.99
pMON140897 | PCR43 EXP-ANDge.Ubql:1:10 10 | 6265 | 4.58
pMON140898 | PCR44 EXP-ANDge.Ubgl:1:6 12 | 4874 | 3.09

pMON140899 | PCR45 EXP-ANDge.Ubql:1:11 14 | 5491 | 3.50
pMON140900 | PCR46 EXP-ANDge.Ubql:1:12 16 | 4281 | 597
pMON140904 | PCR50 EXP-ERIra.Ubql:1:9 2 | 3126 | 1.69
pMON140905 | PCR51 EXP-ERIra.Ubql:1:10 25 | 4982 | 5.96
pMON140906 | PCR52 EXP-ERIra.Ubql:1:8 27 | 3743 | 452
pMON140907 | PCR53 EXP-ERIra.Ubql:1:11 29 | 2717 | 0.96
pMON140908 | PCR54 EXP-ERIra.Ubql:1:12 31 1741 | 4.13
pMON140913 | PCR19 EXP-CL.Ubql:1:10 98 | 66.66 | 13.45
pMON140914 | PCR20 EXP-CLUbgql:1:13 114 | 7942 | 1074
pMON140915 | PCR21 EXP-CLUbql:1:14 115 | 7553 | 9.32
pMON140916 | PCR22 EXP-CLUbql:1:15 116 | 000 | 0.00

[0145] As can be seen in Table 31 above, the EXP sequences EXP-ANDge.Ubql:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10),
EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
Cl.Ubql:1:10 (SEQ ID NO: 98), EXP-CLUbql:1:13 (SEQ ID NO: 114), EXP-CLUbql:1:14
(SEQ ID NO: 115) and EXP-CLUbql:1:15 (SEQ ID NO: 116) were able to drive CP4
expression. All of the EXP sequences with the exception of one EXP-CL.Ubq1:1:15 (SEQ ID
NO: 116) drove CP4 expression levels at a much higher level than the constitutive control, EXP-
Os.Actl:1:1 (SEQ ID NO: 164). Expression levels were around the same level or lower than
that of EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO: 170) for most of the EXP sequences.
[0146] In a second series of experiments, expression of CP4 driven by amplicons comprised of
the EXP sequences EXP-CL.Ubql:1:10 (SEQ ID NO: 98), EXP-C1.Ubql:1:16 (SEQ ID NO: 93)
and EXP-CLUbql:1:17 (SEQ ID NO: 97) were assayed in transformed wheat leaf protoplasts
and compared to CP4 expression levels driven by the constitutive control, EXP-Os.Actl:1:!
(SEQ ID NO: 164). The average levels of CP4 protein expression expressed as part per million
(ppm) is shown in Tables 32 below.

79

15001322\v-1

CA 3004033 2018-05-04



Table 36. Average CP4 protein expression in wheat leaf protoplasts.

Maize | Maize
Leaf Leaf
CP4 CP4
SEQ | mg/total | mg/total
Amplicon ID | protein | protein
Template Amplicon ID EXP sequence NO: Avg StdDev
pMON30167 | PCR25 EXP-Os.Actl:1:1 164 15.84 2.12
' pMON140913 { PCR19 EXP-CLUbql:1:10 | 98 736.32 79.56
pMON142748 | pMON142748 | EXP-CL.Ubql:1:16 | 93 593.72 80.22
pMON142749 | pMON142749 | EXP-Cl.Ubql:1:17 | 97 763.95 86.94

[0147] As can be seen in Table 36 above, the EXP sequences EXP-C1.Ubql:1:10 (SEQ ID NO:
98), EXP-CL.Ubql:1:16 (SEQ ID NO: 93) and EXP-CL.Ubq1:1:17 (SEQ ID NO: 97) were able to
drive CP4 expression. Expression levels driven by all three EXP sequences were higher than

that of the constitutive control, EXP-Os.Actl:1:1 (SEQ ID NO: 164).

Example 10: Analysis of Regulatory Elements Driving CP4 in Sugarcane Protoplasts.
[0148] This example illustrates the ability of EXP-Sv.Ubql:1:7 (SEQ ID NO: 128), EXP-
Sv.Ubql:1:8 (SEQ ID NO: 132), EXP-Sv.Ubql:1:9 (SEQ ID NO: 133), EXP-
Zm.UbgM1:1:6 (SEQ ID NO: 137), EXP-Zm.UbgM1:1:8 (SEQ ID NO: 145), EXP-
Zm.UbgM1:1:7 (SEQ ID NO: 141), EXP-SETit.Ubql:1:5 (SEQ ID NO: 117), EXP-
SETit.Ubql:1:7 (SEQ ID NO: 123), EXP-SETit.Ubql:1:6 (SEQ ID NO: 124), EXP-
Sb.Ubg4:1:2 (SEQ ID NO: 151), EXP-Sb.Ubg6:1:2 (SEQ ID NO: 153) and EXP-
CLUbqgl:1:10 (SEQ ID NO: 98) in driving expression of CP4 in sugar cane leaf protoplasts.
The EXP sequences were cloned into plant binary transformation plasmid constructs. The
resulting vectors contained a right border region from Agrobacterium tumefaciens, an ubiquitin
EXP sequence operably linked 5 to a plastid targeted glyphosate tolerant EPSPS coding
sequence (CP4, US RE39247), operably linked 5° to the T-AGRtu.nos-1:1:13 (SEQ ID NO: 127)
or T-CaMV.358-1:1:1 (SEQ ID NO: 140) 3" UTR and a left border region from A. tumefaciens
(B-AGRtu.left border). The resulting plasmid constructs were used to transform sugarcane leaf

protoplasts cells using PEG transformation method.
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[0149] Plasmid constructs

pMON 129203,

pMON12904, pMON12905,

pMON 129210,

pMON129211, pMON129212, pMON129200, pMON129201, pMON129202, pMON129219,
and pMON129218 are as described in Table 12 above.
[0150] Three control plasmids (pMON30167 described above; pMON130803 also comprising
EXP-0Os.Actl:1:1 (SEQ ID NO: 164); and pMON132804 comprising EXP-P-CaMV.35S-enh-
1:1:13/L-CaMV.358-1:1:2/1-0s.Act1-1:1:19 (SEQ ID NO: 139), with known constitutive

regulatory elements driving CP4 were constructed and used to compare the relative CP4

expression levels driven by the ubiquitin EXP sequences listed in Table 37 below.

[0151] Sugarcane leaf protoplasts were transformed using a PEG-based transformation method.

The mean CP4 expression levels determined by CP4 ELISA are presented in Table 37 below.

Table 37. Mean CP4 Protein Expression in Sugarcane Leaf Protoplast Cells.

Experiment 1 Experiment 2
SEQ CP4 CP4 CPp4 CP4
Plasmid ID | Average | STDEV | Average | STDEV
Construct EXP sequence NO: ppm ppm ppm ppm
EXP-P-CaMV.35S-enh-
1:1:13/L-CaMV.358-1:1:2/I-
pMONI132804 | Os.Actl-1:1:19 173 | 557.97 | 194.05 | 283.63 95.8
pMON30167 | EXP-Os.Actl:1:1 164 57.15 20.99 18.36 5.41
pMON130803 | EXP-Os.Actl:1:1 164 34.26 1.61 16.57 3.71
pMON129203 | EXP-Sv.Ubql:1:7 128 89.2 32.46 56.86 9.55
pMON129204 | EXP-Sv.Ubql:1:8 132 87.2 45.87 98.46 12.93
pMON129205 | EXP-Sv.Ubql:1:9 133 | 263.57 70.14 72.53 9.25
pMON129210 | EXP-Zm.UbgM1:1:6 137 | 353.08 29.16 199.31 41.7
pMON129211 | EXP-Zm.UbgM1:1:8 145 | 748.18 15.1 411.24 17.12
pMON129212 | EXP-Zm.UbgM1:1:7 141 454.88 75.77 215.06 23.22
pMON129200 | EXP-SETit.Ubql:1:5 117 150.74 63.21 91.71 41.35
pMON129201 | EXP-SETit.Ubql:1:7 123 119.57 58.1 102.72 31.12
pMON129202 | EXP-SETit.Ubql:1:6 124 43.79 25.77 97.63 46.07
pMON129219 | EXP-Sb.Ubq4:1:2 151 95.63 38.69 '

pMON129218 | EXP-Sb.Ubq6:1:2 153 343.34 119.2 179.75 51.16
pMON129221 | EXP-Cl.Ubqgl:1:10 98 374.8 205.28 | 258.93 38.03

[0152] As can be seen in Table 37 above, the EXP sequences demonstrated the ability to drive

expression CP4 expression in sugarcane protoplasts. The levels of expression were similar to or

greater than that of CP4 expression driven by EXP-Os.Actl:1:1 (SEQ ID NO: 164). One EXP
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sequence, EXP-Zm.UbgM1:1:8 (SEQ ID NO: 145), demonstrated higher levels of expression
when compared to EXP-P-CaMV.35S-enh-1:1:13/L-CaMV.358-1:1:2/1-Os.Act1-1:1:19 (SEQ ID
NO: 139) in sugarcane protoplasts.

Example 11: Analysis of Regulatory Elements Driving CP4 in Sugarcane Protoplasts using
CP4 Transgene Cassette Amplicons.

[0153] This example illustrates the ability of EXP-ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-
ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-
ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-
ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-
ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-
ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31), EXP-
Cl.Ubql:1:10 (SEQ ID NO: 98), EXP-CLUbql:1:13 (SEQ ID NO: 114), EXP-Cl.Ubql:1:14
(SEQ ID NO: 115) and EXP-CLUbgql:1:15 (SEQ ID NO: 116) in driving expression of the
glyphosate tolerance gene CP4 in sugarcane protoplasts. These EXP sequences were cloned into
plant binary transformation plasmid constructs. The resulting plant expression vectors were used
as amplification templates to produce a transgene cassette amplicon comprised of an ubiquitin
EXP sequence operably linked 5" to a plastid targeted glyphosate tolerant EPSPS coding
sequence (CP4, US RE39247), operably linked 5" to the T-AGRtu.nos-1:1:13 3" UTR and a left
border region from A4. tumefaciens. The resulting amplicons were used to transform sugarcane
leaf protoplasts cells.

[0154] Sugarcane leaf protoplasts were transformed using a PEG-based transformation method,

as described in Example 2 above. Measurements of both CP4 were conducted using an ELISA-

based assay.

[0155] Expression of CP4 driven by amplicons comprised of the EXP sequences EXP-
ANDge.Ubql:1:7 (SEQ ID NO: 5), EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-
ANDge.Ubql:1:10 (SEQ ID NO: 10), EXP-ANDge.Ubgl:1:6 (SEQ ID NO: 12), EXP-
ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-ANDge.Ubql:1:12 (SEQ ID NO: 16), EXP-
ERIra.Ubql:1:9 (SEQ ID NO: 22), EXP-ERIra.Ubql:1:10 (SEQ ID NO: 25), EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27), EXP-ERIra.Ubql:1:11 (SEQ ID NO: 29), EXP-
ERIra.Ubq1:1:12 (SEQ ID NO: 31), EXP-CL.Ubq1:1:10 (SEQ ID NO: 98), EXP-Cl.Ubq1:1:13

(SEQ ID NO: 114), EXP-Cl.Ubql:1:14 (SEQ ID NO: 115) and EXP-Cl.Ubql:1:15 (SEQ ID
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NO: 116) were assayed in transformed wheat leaf protoplasts and compared to CP4 expression

levels driven by the constitutive controls, EXP-CaMV.35S-enh+Zm.DnaK:1:1 (SEQ ID NO:
170) and EXP-Os.Actl:1:1 (SEQ ID NO: 164). The average levels of CP4 protein expression

expressed as part per million (ppm) is shown in Table 38 below.

Table 38. Average CP4 protein expression in sugarcane leaf protoplasts.

CP4 CP4
ng/mg | ng/mg
SEQ total total
Amplicon | Amplicon ID protein | protein
Template ID EXP sequence NO: | Average | STDEV
EXP-CaMV.35S-
pMON19469 | PCR24 enh+Zm.DnaK:1:1 170 99.6 7.2
pMON30167 | PCR25 EXP-Os.Actl:1:1 164 0.0 0.0
pMON140896 | PCR41 EXP-ANDge.Ubql:1:7 5 21.9 3.3
pMON140917 | PCR42 EXP-ANDge.Ubql:1:8 8 154 1.9
pMON140897 | PCR43 EXP-ANDge.Ubql:1:10 10 20.7 22
pMON140898 | PCR44 EXP-ANDge.Ubql:1:6 12 21.8 2.8
pMON140899 | PCR45 EXP-ANDge.Ubql:1:11 14 36.9 7.2
pMON140900 | PCR46 EXP-ANDge.Ubql:1:12 16 51.7 5.6
pMON140904 | PCRS0 EXP-ERIra.Ubq1:1:9 22 103 1.1
pMON140905 | PCR51 EXP-ERIra.Ubql:1:10 25 253 4.7
pMON140906 | PCR52 EXP-ERIra.Ubql:1:8 27 29.9 4.6
pMON140907 | PCR53 EXP-ERIra.Ubql:1:11 29 44.0 7.1
pMON140908 | PCR54 EXP-ERIra.Ubql:1:12 31 37.0 54
pMON140913 | PCR19 EXP-Cl.Ubql:1:10 98 19.2 1.3
pMON140914 | PCR20 EXP-Cl.Ubql:1:13 114 20.5 2.1
pMON140915 | PCR21 EXP-Cl.Ubql:1:14 115 232 1.6
pMON140916 | PCR22 EXP-CLUbql:1:15 116 0.0 0.0

[0156] As can be seen in Table 38 above, the EXP sequences EXP-ANDge.Ubql:1:7 (SEQ ID
NO: 5), EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ANDge.Ubql:1:10 (SEQ ID NO: 10),
EXP-ANDge.Ubql:1:6 (SEQ ID NO: 12), EXP-ANDge.Ubql:1:11 (SEQ ID NO: 14), EXP-

ANDge.Ubql:1:12 (SEQ ID NO: 16),
ERIra.Ubql:1:10 (SEQ ID NO: 25),
ERIra.Ubql:1:11 (SEQ ID NO: 29),

EXP-ERIra.Ubql:1:9 (SEQ ID NO: 22),
EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27),
EXP-ERIra.Ubql:1:12 (SEQ ID NO: 31),

EXP-
EXP-
EXP-

CL.Ubql:1:10 (SEQ ID NO: 98), EXP-C1.Ubql:1:13 (SEQ ID NO: 114) and EXP-Cl.Ubql:1:14
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(SEQ ID NO: 115) were able to drive CP4 expression. EXP-CLUbq1:1:15 (SEQ ID NO: 116)

did not appear to express CP4 expression in this assay.

Example 12: Analysis of Regulatory Elements driving GUS in Transgenic Corn.
[0157] Corn plants were transformed with plant expression vectors containing a EXP sequences
driving expression of the B-glucuronidase (GUS) transgene, and the resulting plants were
analyzed for GUS protein expression. The ubiquitin EXP sequences were cloned into plant
binary transformation plasmid constructs using methods known in the art.

[0158] The resulting plant expression vectors contain a right border region from A. tumefaciens,
a first transgene cassette to assay the EXP sequence operably linked to a coding sequence for B-
glucuronidase (GUS) that possesses the processable intron GUS-2, described above, operably
linked 5" to the 3" UTR from the rice lipid transfer protein gene (T-Os.LTP-1:1:1, SEQ ID NO:
141); a second transgene selection cassette used for selection of transformed plant cells that
confers resistance to the herbicide glyphosate (driven by the rice Actin 1 promoter), and a left
border region from 4. tumefaciens. The resulting plasmids were used to transform corn plants.

Table 39 lists the plasmid designations, the EXP sequences and the SEQ ID NOs, which are also
described in Table 1.

Table 39. Binary plant transformation plasmids and the associated EXP sequences.

SEQ
ID
Plasmid Construct EXP sequence NO: Data
pMON142865 EXP-ANDge.Ubq1:1:8 8 Rpand R
pMON142864 EXP-ERIra.Ubql:1:8 27 Rpand Ry
pMON142729 EXP-ClL.Ubql:1:12 90 Ry
pMON142730 EXP-CLUbql:1:11 95 Ry
pMON132047 EXP-CL.Ubql:1:23 108 Ry
pMON132037 EXP-SETit.Ubql:1:10 119 | Rpand Fy
pMON131957 EXP-SETit.Ubql:1:11 125 F1
pMON131958 EXP-Sv.Ubql:1:11 130 | Ryand F,
pMON131959 EXP-Sv.Ubql:1:12 136 Ry
pMON131961 EXP-Zm.UbgM1:1:10 139 Ry
pMON131963 EXP-Zm.UbgM1:1:12 143 Ry
pMON131962 EXP-Zm.UbgM1:1:11 149 Ry
pMON132932 EXP-Sb.Ubq4:1:2 151 Ry
pMON132931 EXP-Sb.Ubq6:1:3 155 Ry
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| pPMON132974 EXP-Sb.Ubq7:1:2 | 157 | RyandF,

[0159] Plants were transformed using Agrobacterium-mediated transformations, for instance as
described in U.S. Patent Application Publication 20090138985.

[0160] Histochemical GUS analysis was used for qualitative expression analysis of transformed
plants. Whole tissue sections were incubated with GUS staining solution X-Gluc (5-bromo-4-
chloro-3-indolyl-b-glucuronide) (1 milligram/milliliter) for an appropriate length of time, rinsed,
and visually inspected for blue coloration. GUS activity was qualitatively determined by direct
visual inspection or inspection under a microscope using selected plant organs and tissues. The
Ry plants are inspected for expression in the roots and leaves as well as the anther, silk and
developing seed and embryo 21 days after pollination (21 DAP).

[0161] For quantitative analysis, total protein was extracted from selected tissues of transformed
corn plants. One microgram of total protein was used with the fluorogenic substrate 4-
methyleumbelliferyl-p-D-glucuronide (MUG) in a total reaction volume of 50 microliters. The
reaction product, 4-methlyumbelliferone (4-MU), is maximally fluorescent at high pH, where
the hydroxyl group is ionized. Addition of a basic solution of sodium carbonate simultaneously
stops the assay and adjusts the pH for quantifying the fluorescent product. Fluorescence was
measured with excitation at 365 nm, emission at 445 nm using a Fluoromax-3 (Horiba; Kyoto,
Japan) with Micromax Reader, with slit width set at excitation 2 nm and emission 3nm.

[0162] The average Ry GUS expression observed for each transformation is presented in Tables
40 and 41 below. The Ry GUS assay performed on transformants transformed with
pMON131957 (EXP-SETit.Ubql:1:11, SEQ ID NO:125) did not pass quality standards. These

transformants were assayed at F1 generation and are presented further below in this example.

Table 40. Average Ry GUS expression in root and leaf tissue.

SEQ
D V3 I V4 | VT | VI | V3 | V4 | V7 | VT
EXP sequence NO: | Root | Root | Root | Root | Leaf | Leaf | Leaf | Leaf

EXP-ANDge.Ubql:1:8 8 nd 255 | 199 70 nd | 638 | 168 | 130
EXP-ERIra.Ubql:1:8 27 nd 477 | 246 62 nd | 888 | 305 | 242
EXP-CLUbql:1:12 90 nd 27 147 52 nd 75 189 | 199
EXP-CLUbql:1:11 95 nd 28 77 50 nd | 101 | 177 | 223
EXP-ClL.Ubql:1:23 108 0 nd 75 34 | 201 | nd 194 | 200
EXP-SETit.Ubql:1:10 119 0 nd 29 57 58 nd 37 46
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SEQ
ID V3 V4 | VI | VT | V3 i V4 | VT | VT
EXP sequence NO: | Root | Root | Root | Root | Leaf | Leaf | Leaf | Leaf

EXP-Sv.Ubql:1:11 130 nd nd nd 9 20 nd 55 29
EXP-Sv.Ubqgl:1:12 136 63 nd 0 28 184 nd 27 16
EXP-Zm.UbgM1:1:10 139 0 nd 237 18 221 nd 272 | 272
EXP-Zm.UbgM1:1:12 143 0 nd 21 43 234 nd 231 196
EXP-Zm.UbgM1:1:11 149 124 nd 103 112 311 nd 369 | 297
EXP-Sb.Ubg4:1:2 151 125 nd 0 95 233 nd 150 88
EXP-Sb.Ubg6:1:3 155 154 nd 13 128 53 nd 39 55
EXP-Sb.Ubq7:1:2 157 37 nd 22 18 165 nd 89 177

Table 41. Average Ry GUS expression in corn reproductive organs (anther, silk) and
developing seed (embryo and endosperm).

SEQ
ID VT | VI/R1 | 21 DAP | 21 DAP
EXP sequence NO: | Anther | Silk | Embryo | Endosperm
EXP-ANDge.Ubql:1:8 8 247 256 24 54
EXP-ERIra.Ubql:1:8 27 246 237 36 61
EXP-Cl.Ubql:1:12 90 420 121 26 220
EXP-Cl.Ubqgl:1:11 95 326 227 41 221
EXP-C1.Ubq1:1:23 108 598 416 212 234
EXP-SETit.Ubql:1:10 119 132 85 50 63
EXP-Sv.Ubql:1:11 130 217 3 45 92
EXP-Sv.Ubql:1:12 136 120 21 49 112
EXP-Zm.UbgM1:1:10 139 261 506 403 376
EXP-Zm.UbgM1:1:12 143 775 362 253 247
EXP-Zm.UbgM1:1:11 149 551 452 234 302
EXP-Sh.Ubg4:1:2 151 213 0 25 79
EXP-Sb.Ubqg6:1:3 155 295 87 51 61
EXP-Sb.Ubq7:1:2 157 423 229 274 90

[0163] In Ry corn plants, GUS expression levels in the leaf and root differed amongst the
ubiquitin EXP sequences. While all of the EXP sequences demonstrated the ability to drive GUS
transgene expression in stably transformed plants, each EXP sequence demonstrated a unique
pattern of expression relative to the others. For exémple, high levels of GUS expression were
observed in early stages of root development (V4 and V7) for EXP-ANDge.Ubql:1:8 (SEQ ID

NO: 8) and EXP-ERIra.Ubq1:1:8 (SEQ ID NO: 27) and declined by VT stage. Root expression
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driven by EXP-Zm.UbgM1:1:10 (SEQ ID NO: 139) demonstrated no expression at V3 but was
high at V7 and then dropped by VT stage. Root expression driven by EXP-Zm.UbgM1:1:11
(SEQ ID NO: 149) was maintained to a similar level throughout development from stages V3,
V7 through VT. Root expression was observed to increase from early development (V3/V4) to
V7 stage and then drop from V7 to V8 stage in plants transformed with EXP-C1.Ubq1:1:12 (SEQ
ID NO: 90), EXP-CL.Ubql:1:11 (SEQ ID NO: 95) and EXP-CL.Ubq1:1:23 (SEQ ID NO: 108).
GUS expression levels showed dramatic differences in leaf tissue as well. The highest levels of
leaf expression were conferred in early development (V3/V4) with EXP-ANDge.Ubql:1:8 (SEQ
ID NO: 8) and EXP-ERIra.Ubq1:1:8 (SEQ ID NO: 27) which decline at V7 through VT stage.
GUS expression is retained from V3 through VT stage using EXP-Zm.UbgM1:1:10 (SEQ ID
NO: 139), EXP-Zm.UbgM1:1:11 (SEQ ID NO: 149), EXP-Zm.UbgM1:1:12 (SEQ ID NO: 143)
and EXP-C1.Ubq1:1:23 (SEQ ID NO: 108); and to a lower extent using EXP-SETit.Ubq1:1:10
(SEQ ID NO: 119) and EXP-Sb.Ubq6:1:3 (SEQ ID NO: 155). Expression in the leaf increased
from V3 to V7 to VT stage using EXP-CL.Ubql:1:12 (SEQ ID NO: 90), EXP-CLUbql:1:11
(SEQ ID NO: 95) and EXP-CL.Ubq1:1:23 (SEQ ID NO: 108) while expression declined from V3
to VT stage using EXP-Sv.Ubq1:1:12 (SEQ ID NO: 136) and EXP-Sb.Ubg4:1:2 (SEQ ID NO:
151).

[0164] Likewise, with respect to reproductive tissue (anther and silk) and developing seed
(21DAP embryo and endosperm) different patterns of expression were observed unique to each
EXP sequence. For example, High levels of expression were observed in anther and silk as well
as the developing seed using EXP-Zm.UbqM1:1:10 (SEQ ID NO: 139), EXP-Zm.UbgqM1:1:11
(SEQ ID NO: 149), EXP-Zm.UbgM1:1:12 (SEQ ID NO: 143) and EXP-C1.Ubq1:1:23 (SEQ ID
NO: 108). Expression was high in the anther and silk but low in the developing seed using EXP-
ANDge.Ubql1:1:8 (SEQ ID NO: 8) and EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27). Expression
driven by EXP-Sb.Ubq7:1:2 (SEQ ID NO: 157) was high in reproductive tissue and high in the
developing embryo but was lower in the developing endosperm. The EXP sequence, EXP-
Sb.Ubg4:1:2 (SEQ ID NO: 151) only demonstrated expression in the anther but not in the silk
and expressed much lower in the developing seed. EXP-Sv.Ubql:1:11 (SEQ ID NO: 130)
demonstrated a similar pattern as EXP-Sb.Ubg4:1:2 (SEQ ID NO: 151) with respect to
reproductive tissue and developing seed, but whereas EXP-Sb.Ubg4:1:2 (SEQ ID NO: 151)
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showed expression in root and leaf tissues, EXP-Sv.Ubql:1:11 (SEQ ID NO: 130) expressed
much lower in these same tissues.

[0165] Ry generation transformants, selected for single copy insertions were crossed with a non-
transgenic LH244 line (resulting in F;) or were self-pollinated (resulting in R;) in order to
produce an F; or R; population of seeds. In either case, heterozygous F; or R; plants were
selected for study. GUS expression levels were measured in selected tissues over the course of
development as previously described. The F; or R tissues used for this study included: imbibed
seed embryo, imbibed seed endosperm, root and coleoptide at 4 days after germination (DAG);
leaf and root at V3 stage; root and mature leaf at V8 stage; root, mature leaves, VT stage (at
tasseling, prior to reproduction) anther, pollen, leaf and senescing leaf; R1 cob, silk, root and
internode; kernel 12 days after pollination (DAP) and; embryo and endosperm 21 and 38 DAP.
Selected tissue samples were also analyzed for F; plants exposed to conditions of drought and
cold stress for transformants comprising pMON132037 (EXP-SETit.Ubql:1:10, SEQ ID NO:
119), pMON131957 (EXP-SETit.Ubql:1:11, SEQ ID NO: 125), pMONI131958 (EXP-
Sv.Ubql:1:11, SEQ ID NO: 130) and pMON132974 (EXP-Sb.Ubq7:1:2, SEQ ID NO: 157). V3
root and leaf tissue was sampled after cold and drought exposure.

[0166] Drought stress was induced in Fy, V3 plants transformed with pMON132037 (EXP-
SETit.Ubql:1:10, SEQ ID NO: 119), pMON131957 (EXP-SETit.Ubql:1:11, SEQ ID NO: 125),
pMON131958 (EXP-Sv.Ubql:1:11, SEQ ID NO: 130) and pMON132974 (EXP-Sb.Ubq7:1:2,
SEQ ID NO: 157) by withholding watering for 4 days allowing the water content to be reduced
by at least 50% of the original water content of the fully watered plant. The drought protocol was
comprised essentially of the following steps. V3 stage plants were deprived of water. As a comn
plant experiences drought, the shape of the leaf will change from the usual healthy and unfolded
appearance to a leaf demonstrating folding at the mid-rib vascular bundle and appearing V-
shaped when viewed from the leaf tip to the stem. This change in morphology usually began to
occur by about 2 days after the cessation of watering and was shown in earlier experiments to be
associated with water loss of around 50% as measured by weight of pots prior to cessation of
watering and weight of pots when the leaf curl morphology was observed in un-watered plants.
Plants were considered to be under drought conditions, when the leaves showed wilting as

evidenced by an inward curling (V-shape) of the leaf. This level of stress is considered to be a
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form of sub-lethal stress. Once each plant demonstrated drought induction as defined above, the
plant was destroyed to acquire both root and leaf samples.

[0167] In addition to drought, F; V3 stage plants transformed with pMON132037 (EXP-
SETit.Ubq1:1:10, SEQ ID NO: 119), pMON131957 (EXP-SETit.Ubql:1:11, SEQ ID NO: 125),
pMON131958 (EXP-Sv.Ubql:1:11, SEQ ID NO: 130) and pMON132974 (EXP-Sb.Ubq7:1:2,
SEQ ID NO: 157) were also exposed to conditions of cold to determine if the regulatory
elements demonstrated cold-induced expression of GUS. Whole plants were assayed for
induction of GUS expression under cold stress at V3 stage. V3 stage corn plants were exposed
to a temperature of 12°C in a growth chamber for 24 hours. Plants in the growth chamber were
grown under a white light fluence of 800 micro moles per meter squared per second with a light
cycle of ten hours of white light and fourteen hours of darkness. After cold exposure, leaf and
root tissues were sampled for quantitative GUS expression.

[0168] GUS expression was measured as described above. The average F; GUS expression

determined for each tissue sample is presented in Tables 42 and 43 below.

Table 42. Average F; GUS expression in plants transformed with pMON142864 and
pMON142865.

Organ pMON142864 pMON142865

V3 Leaf 86 74
V3 Root 41 52
V8 Leaf 109 123
V8 Root 241 252
VT Flower, anthers 168 208
VT Leaf 158 104
R1 Cob 171 224
Rl silk 314 274
R1 Root 721 308
R1 internode 428 364
R2 Seed-12DAP 109 72
R3 Seed-21DAP-Embryo 45 32
R3 Seed-21DAP-

Endosperm 175 196
RS Seed-38DAP-Embryo 163 58
R5 Seed-38DAP-

Endosperm 90 69
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Table 43.

pMON131957, pMON131958 and pMON132974.

Average F; GUS expression in plants transformed with pMON132037,

Organ pMON132037 | pMON131957 | pMON131958 | pMON132974
Imbibed Seed
Embryo 536 285 288 1190
Imbibed Seed
Endosperm 95 71 73 316
Coleoptile-4
DAG 218 60 143 136
Root-4 DAG 74 33 101 48
V3 Leaf 104 120 66 52
V3 Root 74 71 81 194
V3 Leaf-cold 73 15 72 N/A
V3 Root-cold 113 44 89 49
V3 Leaf-
drought 97 344 103 157
V3 Root-
drought 205 153 129 236
V8 Leaf 185 142 77 282
V8 Root 33 16 61 28
VT Flower-
anthers 968 625 619 888
VT Leaf 138 89 132 268
VT Leaf- '
senescing 121 100 156 345
VT Pollen 610 1119 332 4249
R1 Cob 291 70 168 127
R1ssilk 164 124 167 101
R1 Root 36 39 39 21
R1 internode 255 89 232 141
R2 Seed-
12DAP 138 170 165 169
R3 Seed-21
DAP-Embryo 94 97 489 389
R3 Seed-21
DAP-
Endosperm 57 118 52 217
R5 Seed-38
DAP-Embryo 600 147 377 527
R5 Seed-38
DAP-
Endosperm 58 36 57 106
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[0169] In F; corn plants, GUS expression levels in the various tissues sampled differed amongst
the ubiquitin EXP sequences. While all of the EXP sequences demonstrated the ability to drive
GUS transgene expression in stably transformed F; corn plants, each EXP sequence
demonstrated a unique pattern of expression relative to the others. For example, R1 root
expression is about twice that for EXP-ERIra.Ubq1:1:8 (SEQ ID NO: 27) than

[0170] EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8). GUS expression in the developing seed embryo
at 38 DAP is almost three fold higher for EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27) than EXP-
ANDge.Ubql1:1:8 (SEQ ID NO: 8). In contrast leaf and root expression at V3 and V8 stage is
about the same for EXP-ERIra.Ubq1:1:8 (SEQ ID NO: 27) than EXP-ANDge.Ubq1:1:8 (SEQ ID
NO: 8).

[0171] The Fy GUS expression in imbided seeds (embryo and endosperm tissues) was much
higher in plants transformed with EXP-Sb.Ubq7:1:2 (SEQ ID NO: 157) than in those
transformed with EXP-SETit.Ubq1:1:10 (SEQ ID NO: 119), EXP-SETit.Ubql:1:11 (SEQ ID
NO: 125) and EXP-Sv.Ubql:1:11 (SEQ ID NO: 130). Drought caused an increase in V3 root
expression in plants transformed with EXP-SETit.Ubql:1:10 (SEQ ID NO: 119), EXP-
SETit.Ubgl:1:11 (SEQ ID NO: 125), EXP-Sv.Ubql:1:11 (SEQ ID NO: 130) and EXP-
Sb.Ubq7:1:2 (SEQ ID NO: 157), but only increased leaf expression in plants transformed with
EXP-SETit.Ubql:1:11 (SEQ ID NO: 125), EXP-Sv.Ubql:1:11 (SEQ ID NO: 130) and EXP-
Sb.Ubq7:1:2 (SEQ ID NO: 157). The drought enhanced V3 expression was greatest using EXP-
SETit.Ubql:1:11 (SEQ ID NO: 125). Pollen expression was also much higher in plants
transformed with EXP-Sb.Ubq7:1:2 (SEQ ID NO: 157) than in those transformed with EXP-
SETit.Ubql:1:10 (SEQ ID NO: 119), EXP-SETit.Ubql:1:11 (SEQ ID NO: 125) and EXP-
Sv.Ubql:1:11 (SEQ ID NO: 130). Expression in the R1 internode was greatest with EXP-
SETit.Ubq1:1:10 (SEQ ID NO: 119) and EXP-Sv.Ubql:1:11 (SEQ ID NO: 130) and least in
plants transformed with EXP-SETit.Ubql:1:11 (SEQ ID NO: 125).

[0172] Each EXP sequence demonstrated the ability to drive transgene expression in stably
transformed corn plants. However, each EXP sequence had a pattern of expression for each
tissue that was unique and offers an opportunity to select the EXP sequence which will best
provide expression of a specific transgene depending upon the tissue expression strategy needed
to achieve the desired results. This example demonstrates EXP sequences isolated from

homologous genes do not necessarily behave equivalently in the transformed plant and that
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expression can only be determined through empirical investigation of the properties for each
EXP sequence and cannot be predicted based upon the gene homology from which the promoter

was derived.

Example 13: Analysis of Regulatory Elements driving CP4 in Transgenic Corn.
[0173] Corn plants were transformed with plant expression vectors containing EXP sequences
driving expression of the CP4 transgene, and the resulting plants were analyzed for CP4 protein
expression.
[0174] The EXP sequences EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ERIra.Ubql:1:8
(SEQ ID NO: 27), EXP-CL.Ubq1:1:10 (SEQ ID NO: 98), EXP-Sv.Ubql:1:9 (SEQ ID NO: 133)
and EXP-Zm.UbgM1:1:7 (SEQ ID NO: 141) were cloned into plant binary transformation
plasmid constructs. The resulting vectors contained a right border region from Agrobacterium
tumefaciens, an ubiquitin EXP sequence operably linked 5° to a plastid targeted glyphosate
tolerant EPSPS coding sequence (CP4, US RE39247), operably linked 5" to the T-AGRtu.nos-
1:1:13 (SEQ ID NO: 127) 3" UTR and a left border region from A. tumefaciens. Table 44 below
shows the plasmid constructs used to transform corn and the corresponding EXP sequences.

Table 44. CP4 plasmid constructs and corresponding EXP sequences used to transform
corn.

Plasmid SEQID
Construct EXP sequence NO: Data
pMON141619 | EXP-ANDge.Ubq1:1:8 8 Roand Fy |
pMON142862 | EXP-ERIra.Ubql:1:8 27 Rpand F;
pMON129221 | EXP-CL.Ubql:1:10 98 Rg and Fy
pMON129205 | EXP-Sv.Ubql:1:9 133 Ry and F,
pMON129212 | EXP-Zm.UbgM1:1.7 141 Ry
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[0175] The resulting plasmids were used to transform corn plants. Transformed plants were
selected for one or two copies of the inserted T-DNA and grown in the greenhouse. Selected
tissues were sampled from the R, transformed plants at specific stages of development and CP4
protein levels were measured in those tissues using an CP4 ELISA assay. The average CP4

expression observed for each transformation is presented in Tables 45 and 46 below and

graphically in figure 7.
Table 45. Average leaf and root CP4 expression in Ry transformed corn plants.
SEQ
ID V4 \'%i VT V4 \4 VT
EXP sequence NO: Leaf Leaf Leaf Root Root Root
EXP-ANDge.Ubql:1:8 8 2090 | 18.53 | 2549 | 11.50 | 26.54 | 17.20
EXP-ERIra.Ubql:1:8 27 19.92 | 16.60 | 25.58 9.92 26.31 | 13.33
EXP-CLUbql:1:10 98 10.70 | 12.49 | 17.42 7.56 13.95 6.68
EXP-Sv.Ubql:1:9 133 3.72 4.34 4.48 2.90 6.99 2.78
EXP-Zm.UbgM1:1:7 141 1342 | 21.89 | 38.78 9.56 16.69 | 11.15

Table 46. Average CP4 expression in reproductive tissue and developing seed in Ry
transformed corn plants.

SEQ
ID VT R1 R3 R3
EXP sequence NO: | Tassel | Silk | Embryo | Endosperm

EXP-ANDge.Ubql:1:8 8 24.14 5.55 7.29 4.91
EXP-ERIra.Ubql:1:8 27 19.20 | 10.27 12.60 4.70
EXP-Cl.Ubql:1:10 98 18.70 | 16.21 8.26 8.82
EXP-Sv.Ubql:1:9 133 7.10 4.72 3.13 1.74
EXP-Zm.UbgM1:1:7 141 67.25 | 11.21 7.85 10.69

[0176] As can be seen in Tables 45 and 46, each of the EXP sequences EXP-ANDge.Ubqgl:1:8
(SEQ ID NO: 8), EXP-ERIra.Ubq1:1:8 (SEQ ID NO: 27), EXP-C1.Ubq1:1:10 (SEQ ID NO: 98),
EXP-Sv.Ubql:1:9 (SEQ ID NO: 133) and EXP-Zm.UbgM1:1:7 (SEQ ID NO: 141) was able to
drive CP4 expression in all tissues sampled from the Rytransformed plants. Higher expression of
CP4 in the root and leaf of transformants comprising EXP-ANDge.Ubq1:1:8 (SEQ ID NO: 8)
and EXP-ERIra.Ubq1:1:8 (SEQ ID NO: 27) driving CP4 than EXP-C1.Ubq1:1:10 (SEQ ID NO:

93

15001322\v-1

CA 3004033 2018-05-04



98) driving CP4 may be related to the level of vegetative tolerance to glyphosate application as
observed for these populations of transformants (see Example 14 below).

[0177] Each EXP sequence exhibited a unique expression pattern with respect to the level of
expression for each tissue sampled. For example, while CP4 expression in leaf, root and tassel
were similar for the EXP sequences, EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8) and EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27), expression in silk using EXP-ANDge.Ubql:1:8 (SEQ ID
NO: 8) was half that of expression driven by ERIra.Ubql:1:8 (SEQ ID NO: 21). This might be
advantageous for expression of transgenes in which constitutive expression is desired but less
expression in silk tissue would be preferred. The EXP sequences demonstrate unique patterns of
CP4 constitutive expression in Ry transformed corn plants.

[0178] The Ry transformed corn plants were crossed with a non-transgenic LH244 variety to
produce F; seed. The resulting F; generation seed was analyzed for segregation of the transgene
cassette and plants heterozygous for the CP4 cassette were selected for analysis of CP4
expression. Seed was grown in the greenhouse and two groups of plants were produced, one
group was sprayed with glyphosate while the other was left unsprayed. Expression of CP4 was
analyzed in selected tissues using a standard ELISA based assay. The average CP4 expression is
shown in Tables 47 and 48 below.

Table 47. Average CP4 expression in F; transformed corn plants.

Organ pMON141619 pMON142862 pMON129221

V4 Leaf 11.50 13.51 7.68
V4 Root 12.48 12.60 10.29
V7 Leaf 16.59 20.21 12.01
V7 Root 11.00 13.62 8.15
VT Leaf 39.88 44.85 29.42
VT Root 17.43 21.83 13.43
VT Flower, anthers 52.74 55.72 53.62
R1 Silk 16.01 23.81 14.42
R3 Seed-21 DAP-Embryo 33.29 57.96 51.64
R3 Seed-21 DAP-

Endosperm 2.99 3.20 6.44

[0179] As can be seen in Table 47 above, CP4 expression in leaf and root was higher in F;

transformants transformed with pMON141619 (EXP-ANDge.Ubql:1:8, SEQ ID NO: 5) and
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pMON142862 (EXP-ERIra.Ubql:1:8, SEQ ID NO: 27) than in those transformed with
pMON129221 (EXP-CLUbql:1:10, SEQ ID NO: 98). Expression in the anther tissue was
similar for all three EXP sequences while expression in the silk was highest using EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27). Expression in the developing embryo (21 DAP) was highest
in transformants comprising EXP-ERIra.Ubql:1:8 (SEQ ID NO: 27) and EXP-CL.Ubql:1:10
(SEQ ID NO: 98) driving CP4. Expression in the developing endosperm was higher in
transformants comprising EXP-C1.Ubq1:1:10 (SEQ ID NO: 98) driving CP4.

Table 48. Average CP4 expression in F; transformed corn plants.

V4 Leaf 1.73
V4 Root 2.44
V7 Leaf 2.84
V7 Root 1.51
VT Leaf 3.29
VT Root 2.63
VT Flower, anthers 7.52
R1 Silk 1.99
R3 Seed-21 DAP-Embryo 3.40
R3 Seed-21 DAP-Endosperm 1.79

[0180] As can be seen in Tables 47-48 above, CP4 expression was lower in all tissues of F;
transformants transformed with pMON129205 (EXP-Sv.Ubql:1:9, SEQ ID NO: 133) than those
transformed with pMON141619 (EXP-ANDge.Ubqi:1:8, SEQ ID NO: 8), pMON142862 (EXP-
ERIra.Ubql:1:8, SEQ ID NO: 27) and pMON129221 (EXP-CL.Ubq1:1:10, SEQ ID NO: 98).

[0181] The unique patterns of expression conferred by each of the EXP sequences assayed
provide an opportunity to produce a transgenic plant in which expression can be fine-tuned to
make small adjustments in transgene expression for optimal performance or effectiveness. In
addition, empirical testing of these EXP sequences driving different transgene expression may
produce results in which one particular EXP sequence is most suitable for expression of a

specific transgene or class of transgenes while another EXP sequence is found to be best for a

different transgene or class of transgenes.

95

15001322\v-1

CA 3004033 2018-05-04



Example 14: Analysis of Vegetative Glyphosate Tolerance in Ry Transgenic Corn Plants.
[0182] Com plants were transformed with plant expression vectors containing EXP sequences
driving expression of the CP4 transgene, and the resulting plants were assessed for vegetative
and reproductive tolerance to glyphosate application.

[0183] F; transformed corn plants described in Example 13 above transformed with
pMON141619, pMON142862, pMON129221, pMON129205 and pMON129212 and comprised
of the EXP sequences EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ERIra.Ubq1:1:8 (SEQ ID
NO: 27), EXP-C1.Ubq1:1:10 (SEQ ID NO: 98), EXP-Sv.Ubq1:1:9 (SEQ ID NO: 133) and EXP-
Zm.UbgM1:1:7 (SEQ ID NO: 141), respectively driving CP4 were assessed for both vegetative
and reproductive tolerance when sprayed with glyphosate. Ten F; plants for each event were
divided into two groups, the first group consisting of five plants that received glyphosate spray
and V4 and V8 stage of development; and a second group of five plants that were left unsprayed
(i.e. control). Glyphosate was applied by broadcast foliar spray application using Roundup
WeatherMax® at an application rate of 1.5 a.e./acre (a.e. acid equivalent). After seven to ten
days, the leaves of each plant were assessed for damage. Vegetative tolerance (Veg Tol in Table
49) was assessed comparing the unsprayed and sprayed plants for each event and a damage
rating scale was used to provide a final rating for vegetative tolerance (T = tolerant, NT = not
tolerant). In addition seed set was assayed for all of the plants in each event. Seed set measures
between control plants and sprayed plants was compared and an assignment of reproductive
tolerance (Repro Tol in Table 49) was given for each event based upon the percent seed set of
sprayed plants relative to the controls (T = tolerant, NT = not tolerant). Table 49 below shows

the vegetative and reproductive tolerance ratings for each event sprayed at V4 and V8 stage. The

letter “T” denotes tolerant and “NT” denotes not tolerant.

Table 49. Leaf damage ratings of individual transformed corn events at V4 and V8 stage.

SEQ Veg | Veg
Plasmid ID Tol | Tol | Repro

Construct EXP sequence NO: | Event | V4 | V8 Tol
Eventl | T T NT

EXP Event2 | T T T

- AL~

pMON141619 ANDge.Ubql:1:8 8 |Event3 | T T NT
Eventd | T T NT

Event5| T T T
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SEQ Veg | Veg
Plasmid ID Tol | Tol | Repro
Construct EXP sequence NO: | Event | V4 | V8 Tol
Event6 | T T NT
Event7 | T T T
Event8 | T T T
Event9 | T T NT
Event1 | T T T
Event2 | T T NT
Event3 | T T T
Event4 | T T T
pMON142862 | EXP-ERIra.Ubql:1:8 | 27 | Event5| T T NT
Event6 | T T T
Event7| T T NT
Event8 | T T T
Event9 | T T T
Event1 | T T NT
Event2 | T T NT
Event3 | NT | NT T
pMON129221 | EXP-Cl.Ubql:1:10 98 | Event4 | NT | NT T
Event5 | T T NT
Event 6 | NT | NT T
Event7| T T T
Event1 | NT | NT ‘
Event2 | NT | NT NT
Event3 | T T NT
pMON129205 { EXP-Sv.Ubql:1:9 133 | Event4 | NT | NT
Event5 | NT | NT NT
Event6 | NT | NT NT
Event7 | NT | NT NT
Event1 | T T
Event2 | T T
Event3 | T T
Event4 | T T
EventS| T T
pMON129212 | EXP-Zm.UbgM1:1:7 | 141 Event6 | T T
Event7 | T T
Event8 | T T
Event9 | T T
Event T T
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SEQ Veg | Veg
Plasmid D Tol | Tol | Repro
Construct EXP sequence NO: | Event | V4 | V8 Tol
10

[0184] From Table 49 above, all transformed events assayed comprising CP4 transgene cassettes
comprising the EXP sequences EXP-ANDge.Ubql:1:8 (SEQ ID NO: 8), EXP-ERIra.Ubql:1:8
(SEQ ID NO: 27) and EXP-Zm.UbgM1:1:7 (SEQ ID NO: 141) demonstrated full vegetative
tolerance based upon damage ratings that did not exceed a score of ten. Four events of nine
comprising EXP-ANDge.Ubq1:1:8 (SEQ ID NO: 8) and six events of nine comprising EXP-
ERIra.Ubql:1:8 (SEQ ID NO: 27) were both vegetatively and reproductively tolerant to
glyphosate application. In contrast, events comprising EXP-CL.Ubql:1:10 (SEQ ID NO: 98)
were either vegetatively tolerant or reproductively tolerant but not both. Only one event
comprising EXP-Sv.Ubq1:1:9 (SEQ ID NO: 133) demonstrated vegetative tolerance and none of
the events tested were reproductive tolerant. All events comprising EXP-Zm.UbqM1:1:7 (SEQ

ID NO: 141) demonstrated vegetative tolerance but and assessment of reproductive tolerance is

still in progress.

Example 15: Analysis of Expression Using Different 3" End Intron/Exon Splice Junction
Sequences.
[0185] Corn and Wheat leaf protoplast cells were transformed with plant expression constructs
comprising EXP sequences driving GUS expression that comprise the same promoter and leader
but have different 3" end nucleotides following the intron/exon splice junction sequence, 5'-AG-
3" to see if expression is affected by the slight change in sequence. Expression was also
compared to that of two constitutive control plasmids.
[0186] Plant expression constructs are built comprising a GUS expression cassette. The
resulting vectors are comprised of the Coix lacryma-jobi ubiquitin promoter, P-Cl.Ubql-1:1:1
(SEQ ID NO: 80) operably linked 5" to the leader sequence, L-C1.Ubql-1:1:1 (SEQ ID NO: 81),
operably linked 5 to an intron element shown in Table 50 below which each comprise different
nucleotides at the very 3" end just after the intron/exon splice junction 5-AG-3" sequence,
operably linked 5 to a GUS coding sequence which is operably linked 5" to T-AGRtu.nos-
1:1:13 (SEQ ID NO: 127) 3" UTR. Table 50 below shows the plant expression constructs and

the corresponding 3" end sequence.
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Table 50. Plant expression constructs, introns and 3" end sequence following the
intron/exon splice junction sequence 5'-AG-3’.

Intron 3" end
nucleotides
SEQ immediately
Plasmid ID following 3”
construct EXP sequence NO: | Intron Variant splice site AG
I-Cl.Ubql-1:1:6
pMON140889 | EXP-C1.Ubql:1:10 98 (SEQ ID NO: 94) GTC
[-Cl.Ubql-1:1:7
pMON146795 | EXP-Cl.Ubql:1:18 99 (SEQ ID NO: 92) GTG
[-CL.Ubql-1:1:8
pMON146796 | EXP-C1.Ubql:1:19 100 | (SEQIDNO: 101) GCG
[-CL.Ubql-1:1:9
pMON146797 | EXP-C1.Ubq1:1:20 102 | (SEQIDNO: 103) GAC
I-CL.Ubql-1:1:10
pMON146798 | EXP-Cl.Ubql:1:21 104 | (SEQIDNO: 105) ACC
I-CL.Ubgl-1:1:11
pMON146799 | EXP-C1.Ubql:1:22 106 | (SEQIDNO: 107) GGG
I-CL.Ubql-1:1:12
pMON146800 | EXP-CL.Ubql1:1:23 108 | (SEQIDNO: 109) GGT
I-CL.Ubql1-1:1:13
pMON146801 | EXP-C1.Ubql:1:24 110 | (SEQIDNO: 111) CGT
[-CL.Ubql-1:1:14
pMON146802 | EXP-CL.Ubql:1:25 112 | (SEQIDNO: 113) TGT
Constitutive
pMON25455 | EXP-Os.Actl:1:9 179 Control
EXP-CaMV.35S-
enh+Ta.Lhcb1+0s.Actl:1: Constitutive
pMONG65328 |1 163 Control

[0187] Corn and Wheat protoplasts were transformed as previously described and assayed for

GUS and luciferase expression. Table 51 below shows the average GUS and RLuc values for

both corn and wheat protoplast expression.

15001322\v-1

CA 3004033 2018-05-04

99




Table 51. Average GUS and RLuc values for corn and wheat protoplast cells.

Corn Wheat
Intron 3’
end
nucleotides
immed. GUS GUS
following 3° / /
splice site Average | Average | RLu Ave. Ave. RLu
EXP sequence AG GUS RLuc c GUS RLuc c
EXP- 17381.7
Cl.Ubqgl1:1:10 GTC 140343.0 | 93870.75 | 1.50 | 40906.25 5 2.35
EXP- 143106.2 17898.7
CLUbql:1:18 GTG 5 60565.25 | 2.36 | 56709.00 5 3.17
EXP- 136326.8 17352.5
CLUbql:1:19 GCG 3 88589.75 | 1.54 | 43211.00 0 2.49
EXP- 138110.8 | 1047514 17953.7
CL.Ubql:1:20 GAC 3 2 1.32 ] 31711.50 5 1.77
EXP- 137906.7 17772.8
Cl.Ubq1:1:21 ACC 5 72519.50 | 1.90 | 54164.17 3 3.05
EXP- 137306.8 14476.7
CLUbgi:1:22 GGG 3 92643.42 | 1.48 | 55198.25 5 3.81
EXP- 144085.5 13911.5
Cl.Ubq1:1:23 GGT 0 64351.25 } 2.24 | 43008.83 0 3.09
EXP- 142061.5 15041.0
Cl.Ubql:1:24 CGT 0 65884.00 | 2.16 | 51210.50 0 3.40
EXP- 140353.0 15348.2
Cl.Ubql:1:25 TGT 0 61249.50 | 2.29 | 49577.75 5 3.23
Constitutive 17716.5
EXP-Os.Actl:1:9 Control 37665.25 | 65835.50 | 0.57 | 10830.25 0 0.61
EXP-CaMV.35S-
enh+Ta.Lhcb1+O | Constitutive 14877.5
s.Actl:1:1 Control 49833.75 | 41268.75 | 1.21 | 15598.83 0 1.05

[0188] The GUS/RLuc values for each Coix lacryma-jobi ubiquitin EXP sequence from Table
46 above were used to normalize the expression relative to the two constitutive controls EXP-
Os.Act1:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO:
163) and are presented in Table 52 below.
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Table 52. Normalized expression values of the Coix lacryma-jobi ubiquitin EXP sequences
relative to EXP-Os.Actl:1:9 (SEQ ID NO: 179) and EXP-CaMV.35S-
enh+Ta.Lhcb1+0s.Actl:1:1 (SEQ ID NO: 163).

Corn Wheat
GUS/RLuc
Normalized GUS/RLuc GUS/Rluc
Intron 3’ end with Normalized with GUS/Rluc Normalized with
nucleotides respect to respect to EXP- Normalized respect to EXP-
immediately EXP- CaMV.35S- with respect CaMV.358-
following 3" | Os.Actl:1: | enh+Ta.Lhcbl+ to EXP- enh+Ta.Lhcbl+
EXP sequence splice site AG 9 Os.Actl:1:1 Os.Actl:1:9 Os.Actl:1:1

EXP-CLUbql:1:10 GTC 2.61 1.24 3.85 2.24
EXP-Cl.Ubqgl:1:18 GTG 4.13 1.96 5.18 3.02
EXP-C1.Ubql:1:19 GCG 2.69 1.27 4.07 2.38
EXP-C1.Ubql:1:20 GAC 2.30 1.09 2.89 1.68
EXP-Cl.Ubql:1:21 ACC 3.32 1.57 4.99 291
EXP-Cl.Ubqgl:1:22 GGG 2.59 1.23 6.24 3.64
EXP-Cl.Ubq1:1:23 GGT 3.91 1.85 5.06 2.95
EXP-Ci.Ubql:1:24 CGT 3.77 1.79 5.57 3.25
EXP-CLUbgl:1:25 TGT 4.01 1.90 5.28 3.08

Constitutive
EXP-Os.Actl:1:9 Control 1.00 0.47 1.00 0.58
EXP-CaMV.358-
enh+Ta.Lhcb1+0s.A Constitutive
ctl:1:1 Control 2.11 1.00 1.72 1.00

[0189] As is shown in Table 52 above, each of the Coix lacryma-jobi ubiquitin EXP sequences
provided expression that was greater than either constitutive control in both corn and wheat.
Expression in corn protoplasts was relatively similar for all of the Coix ubiquitin EXP sequences.
Expression in wheat was a little more variable. The use of different 3" end nucleotides following
the intron/exon splice junction sequence, 5'-AG-3" did not appear to dramatically affect
expression of GUS with the exception of GUS driven by EXP-C1.Ubq1:1:20 (SEQ ID NO: 102).
EXP-CL.Ubql:1:20 comprises the 3° end nucleotide sequences, 5'-GAC-3" following the
intron/exon splice junction 5'-AG-3" sequence and caused expression to drop slightly relative to
the other Coix ubiquitin EXP sequences. Assessment of the resulting spliced messenger RNA
showed that approximately 10% of the mRNA expressed using EXP-CL.Ubq1:1:20 (SEQ ID NO:
102) to drive GUS expression was improperly spliced. The mRNA resulting from GUS
expression using the other Coix ubiquitin EXP sequences appeared to process properly. This

experiment provides evidence that any of the 3° end nucleotides for any of the intron variants
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presented in Table 2 of Example 1 with the exception of the 3’ end sequence 5'-GAC-3" which is
found associated only with the intron element, I-C1.Ubql-1:1:9 (SEQ ID NO: 103) should be
suitable for use in transgene expression cassettes without significant loss of activity and

processing.

Example 16: Enhancers Derived from the Regulatory Elements.

[0190] Enhancers are derived from the promoter elements provided herein, such as those
presented as SEQ ID NOS: 2, 6, 9, 11, 13, 15, 17, 19, 23, 26, 28, 30, 32, 34, 38, 40, 42, 46, 50,
56, 60, 64, 66, 70, 74, 76, 78, 80, 84, 86, 88, 91, 96 and 135. The enhancer element may be
comprised of one or more cis regulatory elements that, when operably linked 5" or 3" to a
promoter element, or operably linked 5” or 3" to additional enhancer elements that are operably
linked to a promoter, can enhance or modulate expression of a transgene, or provide expression
of a transgene in a specific cell type or plant organ or at a particular time point in development or
circadian rhythm. Enhancers are made by removing the TATA box or functionally similar
elements and any downstream sequence from the promoters that allow transcription to be
initiated from the promoters provided herein as described above, including fragments thereof, in
which the TATA box or functionally similar elements and sequence downstream of the TATA
box are removed. The enhancer element, E-Cl.Ubql-1:1:1 (SEQ ID NO: 89) which is derived
from the promoter element, P-CLUbql-1:1:1 is provided herein to demonstrate enhancers
derived from a promoter element.

[0191] Enhancer elements may be derived from the promoter elements provided herein and
cloned using methods known in the art to be operably linked 5 or 3" to a promoter element, or
operably linked 5" or 3" to additional enhancer elements that are operably linked to a promoter.
Alternatively, enhancer elements are cloned, using methods known in the art, to be operably
linked to one or more copies of the enhancer element which are operably linked 5" or 3" to a
promoter element, or operably linked 5" or 3 to additional enhancer elements that are operably
linked to a promoter. Enhancer elements can also be cloned to be operably linked 5" or 3" to a
promoter element derived from a different genus organism, or operably linked 5" or 3" to
additional enhancer elements derived from other genus organisms or the same genus organism
that are operably linked to a promoter derived from either the same or different genus organism,
resulting in a chimeric regulatory element. A GUS expression plant transformation vector is

constructed using methods known in the art similar to the constructs described in the previous
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examples in which the resulting plant expression vectors contain a right border region from A.
tumefaciens, a first transgene cassette to test the regulatory or a chimeric regulatory element
comprised of, a regulatory or chimeric regulatory element, operably linked to an intron derived
from the HSP70 heat shock protein of Z. mays (I-Zm.DnaK-1:1:1 SEQ ID NO: 144) or any of
the introns presented herein or any other intron, operably linked to a coding sequence for B-
glucuronidase (GUS) that either possesses a processable intron (GUS-2, SEQ ID NO: 160) or no
intron (GUS-1, SEQ ID NO: 159), operably linked to the Nopaline synthase 3" UTR from A.
tumefaciens (T-AGRtu.nos-1:1:13, SEQ ID NO: 161) or the 3" UTR from the rice lipid transfer
protein gene (T-Os.LTP-1:1:1, SEQ ID NO: 175); a second transgene selection cassette used for
selection of transformed plant cells that confers resistance to the herbicide glyphosate (driven by
the rice Actin 1 promoter), or alternatively, the antibiotic kanamycin (driven by the rice Actin 1
promoter) and a left border region from 4. tumefaciens. The resulting plasmids are used to
transform corn plants or other genus plants by the methods described above or by other
Agrobacterium-mediated or particle bombardment methods known in the art. Alternatively,
protoplast cells derived from corn or other genus plants are transformed using methods known in
the art to perform transient assays

[0192] GUS expression driven by the regulatory element comprising one or more enhancers is
evaluated in stable or transient plant assays to determine the effects of the enhancer element on
expression of a transgene. Modifications to one or more enhancer elements or duplication of one
or more enhancer elements is performed based upon empirical experimentation and the resulting
gene expression regulation that is observed using each regulatory element composition. Altering
the relative positions of one or more enhancers in the resulting regulatory or chimeric regulatory
element may affect the transcriptional activity or specificity of the regulatory or chimeric

regulatory element and is determined empirically to identify the best enhancers for the desired

transgene expression profile within the corn plant or other genus plant.

Example 17: Analysis of Intron Enhancement of GUS Activity Using Plant Derived
Protoplasts.

[0193] An intron is selected based upon experimentation and comparison with an intronless
expression vector control to empirically select an intron and configuration within the vector T-
DNA element arrangement for optimal expression of a transgene. For example, in the expression

of an herbicide resistance gene, such as CP4 which confers tolerance to glyphosate, it is desirable
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to have transgene expression within the reproductive tissues as well as the vegetative tissues, to
prevent the loss of yield when applying the herbicide. An intron in this instance would be
selected upon its ability when operably linked to a constitutive promoter, to enhance expression
of the herbicide resistance conferring transgene, particularly within the reproductive cells and
tissues of the transgenic plant and thus providing both vegetative and reproductive tolerance to
the transgenic plant, when sprayed with the herbicide. In most ubiquitin genes, the 5" UTR is
comprised of a leader, which has an intron sequence embedded within it. The expression
elements derived from such genes are therefore assayed using the entire 5" UTR comprising the
promoter, leader, and intron. To achieve different expression profiles or to modulate the level of
transgene expression, the intron from such an expression element may be removed or substituted
with a heterologous intron.

[0194] Introns presented herein as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52, 54, 58, 62, 68, 72,
82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129, 131, 138, 140, 142, 144,
146, 148, 150, 152, 154, 156, 158 and 182 are identified using genomic DNA contigs in
comparison to expressed sequence tag clusters or cDNA contigs to identify exon and intron
sequences within the genomic DNA. In addition, 5" UTR or leader sequences are also used to
define the intron/exon splice junction of one or more introns under conditions when the gene
sequence encodes a leader sequence that is interrupted by one or more introns. Introns are
cloned using methods known in the art into a plant transformation vector to be operably linked 3°
to a transcriptional regulatory element and leader fragment and operably linked 5° to either a
second leader fragment or to coding sequences, for instance as depicted in the two transgene
cassettes presented in FIG. 1.

[0195] Thus, for instance, a first possible transgene cassette (Transgene Cassette Configuration 1
in FIG. 8) is comprised of a promoter or chimeric promoter element [A], operably linked 5" to a
leader element [B], operably linked 5" to a test intron element [C], operably linked to a coding
region [D], which is operably linked to a 3" UTR element [E]. Alternatively, a second possible
transgene cassette (Transgene Cassette Configuration 2 in FIG. 8) is comprised of a promoter or
chimeric promoter element [F], operably linked 5° to a first leader element or first leader element
fragment [G], operably linked 5" to a test intron element [H], operably linked 5 to a second
leader element or first leader element second fragment [I), operably linked to a coding region [J],

which is operably linked to a 3" UTR element [K]. Further, a third possible transgene cassette
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(Transgene Cassette Configuration 3 in FIG. 8) is comprised of a promoter or chimeric promoter
element [L], operably linked 5 to a leader element [M], operably linked 5° to a first fragment of
the coding sequence element [N], operably linked 5’ to an intron element [O] element, operably
linked 5° to a second fragment of the coding sequence element [P], which is operably linked to a
3" UTR element [Q]. Transgene Cassette Configuration 3 is designed to allow splicing of the
intron in such a manner as to produce a complete open reading frame without a frame shift
between the first and second fragment of the coding sequence.

[0196] The first 6 nucleotides on the 5" end and the last 6 nucleotides on the 3" end of the introns
presented as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103,
105, 107, 109, 111, 113, 118, 120, 122, 127, 129, 131, 138, 140, 142, 144, 146, 148, 150, 152,
154, 156, 158 and 182 represent nucleotides before and after the intron/exon splice junction,
respectively. These short 6 nucleotide sequences, for example, can be modified by having
additional sequence appended (i.e. native or artificial) to facilitate cloning of the intron into a
plant transformation vector, so long as the first and second nucleotides from the 5" end (GT) and
the fourth and fifth nucleotide from the 3" end (AG) of SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52,
54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129, 131,
138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158 and 182 are preserved, thus preserving the
intron/exon splice junction of the intron. As discussed above, it may be preferable to avoid using
the nucleotide sequence AT or the nucleotide A just prior to the 5° end of the splice site (GT) and
the nucleotide G or the nucleotide sequence TG, respectively just after 3’ end of the splice site
(AG) to eliminate the potential of unwanted start codons from being formed during processing of
the messenger RNA into the final transcript. The sequence around the 5" or 3° end splice
junction sites of the intron can thus be modified.

[0197] The introns are assayed for an enhancement effect through the ability to enhance
expression in transient assay or stable plant assay. For transient assay of intron enhancement, a
base plant vector is constructed using methods known in the art. The intron is cloned into a base
plant vector which comprises an expression cassette comprised of a constitutive promoter such
as the Cauliflower mosaic virus promoter, P-CaMV.35S-enh-1:1:9 (SEQ ID NO: 176), operably
linked 5" to a leader element, L-CaMV.358-1:1:15 (SEQ ID NO: 177), operably linked 5" to a
test intron element (e.g. one of SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52, 54, 58, 62, 68, 72, 82,
92,94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129, 131, 138, 140, 142, 144, 146,
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148,150, 152, 154, 156, 158 and 182), operably linked to a coding sequence for B-glucuronidase
(GUS) that either possesses a processable intron (GUS-2, SEQ ID NO: 160) or no intron (GUS-
1, SEQ ID NO: 159), operably linked to the Nopaline synthase 3" UTR from 4. rumefaciens (T-
AGRtu.nos-1:1:13, SEQ ID NO: 161). Protoplast cells derived from corn or other genus plant
tissue are transformed with the base plant vector and luciferase control vectors as described
previously in Example 2 above and assayed for activity. To compare the relative ability of the
intron to enhance expression, GUS values are expressed as a ratio of GUS to luciferase activity
and compared with those levels imparted by a construct comprising the constitutive promoter
operably linked to a known intron standard such as that as the intron derived from the HSP70
heat shock protein of Zea mays, I-Zm.DnaK-1:1:1 (SEQ ID NO: 178) as well as a construct
comprising the constitutive promoter but without an intron operably linked to the promoter.

[0198] For stable plant assay of the introns presented as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48,
52, 54, 58, 62, 68, 72, 82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129,
131, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158 and 182, a GUS expression plant
transformation vector is constructed similar to the constructs described in the previous examples
in which the resulting plant expression vectors contains a right border region from A
tumefaciens, a first transgene cassette to test the intron comprised of a constitutive promoter such
as the Cauliflower mosaic virus promoter, P-CaMV.35S-enh-1:1:9 (SEQ ID NO: 176), operably
linked 5° to a leader element, L-CaMV.35S-1:1:15 (SEQ ID NO: 177), operably linked 5" to a
test intron element provided herein, operably linked to a coding sequence for B-glucuronidase
(GUS) that either possesses a processable intron (GUS-2, SEQ ID NO: 160) or no intron (GUS-
1, SEQ ID NO: 158), operably linked to the Nopaline synthase 3" UTR from A. tumefaciens (T-
AGRtu.nos-1:1:13, SEQ ID NO: 161); a second transgene selection cassette used for selection of
transformed plant cells that confers resistance to glyphosate (driven by the rice Actin 1
promoter), or alternatively, the antibiotic kanamycin (driven by the rice Actin 1 promoter) and a
left border region from A. tumefaciens. The resulting plasmids are used to transform corn plants
or other genus plants by the methods described above or by Agrobacterium-mediated methods
known in the art. Single-copy or low copy number transformants are selected for comparison to
single-copy or low copy number transformed plants, transformed with a plant transformation
vector identical to the test vector but without the test intron to determine if the test intron

provides an intron mediated enhancement effect.
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[0199] Any of the introns presented as SEQ ID NOS: 4, 7, 21, 24, 36, 44, 48, 52, 54, 58, 62, 68,
72, 82, 92, 94, 101, 103, 105, 107, 109, 111, 113, 118, 120, 122, 127, 129, 131, 138, 140, 142,
144, 146, 148, 150, 152, 154, 156, 158 and 182 can be modified in a number of ways, éuch as
deleting fragments within the intron sequence, which may reduce expression or duplication of
fragments with the intron that may enhance expression. In addition, sequences within the intron
that may affect the specificity of expression to either particular cells types or tissues and organs
can be duplicated or altered or deleted to affect expression and patterns of expression of the
transgene. In addition, the introns provided herein can be modified to remove any potential start
codons (ATG) that may cause unintentional transcripts from being expressed from improperly
spliced introns as different, longer or truncated proteins. Once the intron has been empirically
tested, or it has been altered based upon experimentation, the intron is used to enhance
expression of a transgene in stably transformed plants that can be of any genus monocot or dicot
plant, so long as the intron provides enhancement of the transgene. The intron can also be used
to enhance expression in other organisms, such as algae, fungi or animal cells, so long as the

intron provides enhancement or attenuation or specificity of expression of the transgene to which
it is operably linked.

* ok ok ok ok ok ok

[0200] Having illustrated and described the principles of the present invention, it should be

apparent to persons skilled in the art that the invention can be modified in arrangement and detail

without departing from such principles.
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The embodiments of the present invention for which an exclusive property or privilege is claimed

are defined as follows:

1. A DNA molecule comprising a DNA sequence selected from the group consisting of:

a) a sequence with at least 95 percent sequence identity to the full length of SEQ ID
NO: 66 or 157, and having promoter activity;

b)  asequence comprising SEQ ID NO: 66 or 157; and

c) a fragment comprising at least 150 contiguous nucleotides of SEQ ID NO: 66 or
157, wherein the fragment has the promoter activity of SEQ ID NO: 66 or 157;

wherein said sequence is operably linked to a heterologous transcribable polynucleotide

molecule.

2. The DNA molecule of claim 1, wherein said sequence has at least 96 percent sequence
identity to the full length of SEQ ID NO: 66 or 157.

3. The DNA molecule of claim 1, wherein said sequence has at least 97 percent sequence
identity to the full length of SEQ ID NO: 66 or 157.

4. The DNA molecule of claim 1, wherein the DNA sequence comprises promoter activity.

3. The DNA molecule of any one of claims 1 to 4, wherein the heterologous transcribable

polynucleotide molecule comprises a gene of agronomic interest.

6. The DNA molecule of claim 5, wherein the gene of agronomic interest confers herbicide

tolerance in plants.

7. The DNA molecule of claim 5, wherein the gene of agronomic interest confers pest

resistance in plants,
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8. A transgenic plant cell comprising a heterologous DNA molecule comprising a sequence

selected from the group consisting of:

a) a sequence with at least 95 percent sequence identity to the full length of SEQ ID
NO: 66 or 157, and having promoter activity;

b) a sequence comprising SEQ ID NO: 66 or 157; and

c) a fragment comprising at least 150 contiguous nucleotides of SEQ ID NO: 66 or
157, wherein the fragment has the promoter activity of SEQ ID NO: 66 or 157,

wherein said sequence is operably linked to a heterologous transcribable polynucleotide

molecule.

9. The transgenic plant cell of claim 8, wherein said transgenic plant cell is a

monocotyledonous plant cell.

10. The transgenic plant cell of claim 8, wherein said transgenic plant cell is a dicotyledonous
plant cell.

11. A transgenic plant cell comprising the DNA molecule of claim 1.

12. A progeny plant cell of a transgenic plant having the transgenic plant cell of claim 11,

wherein the progeny plant cell comprises said DNA molecule.

13. A transgenic seed cell comprising the DNA molecule of claim 1.

14. Use of a transgenic plant having the transgenic plant cell according to claim 11 to produce
commodity product.

15. The use of claim 14, wherein the commodity product is protein concentrate, protein isolate,

grain, starch, seeds, meal, flour, biomass, or seed oil.
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16. A non-viable commodity product comprising the DNA molecule of claim 1, wherein the
commodity product is protein concentrate, protein isolate, starch, meal, flour, biomass, or seed

oil.

17. A method of expressing a transcribable polynucleotide molecule comprising:

a) introducing the DNA molecule of claim 1 into a plant cell to produce a transgenic
plant cell;
b) regenerating a transgenic plant from the transgenic plant cell; and
c) cultivating plant, wherein the transcribable polynucleotide is expressed.
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GGGCACAAGGCCTCCTAGCTATTTCCATARATCGGATTTTGTAAGAACAARAAAGAGGAC

TTCAAGCCGICAAGGCACTTCTATGCAACCACAGTCAACTTGAATGCCGCTTGAGTGCCT

TCTCAAGTTTTTTTTTCTTGCAAAAATCATTTCTTTT TTTTAAAAARAGTATAATTTGGA

TCTCAAGTTTITTTTITTCTTGCARAAATCATTTCTTTTTTTTAARAAAAGTATAATTTGGA
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TCGTGCAARATTTCTCTCTAGGTGTGTGTGTGACTGTGTGAGTAACAATTTCTCTAGTTGT
TCGTGCAAATTTCTCTCTAGGTGTGTGTGTGACTGTGTGAGTAACAATTTCTCTAGTTGT
——————————————————————————————————————————————————— TCTAGTTGT

TCGTGCARATTTCICTCTAGGTGTGTGTGT GACTGTGTGAGTAACAATTTCTCTAGTTGT

GCGCGACTGCTGCTTACTTTGGAGATTACAATATCTT TCTAAAATGCTTCGATTACTTAT
GCGCGACTGCTGCTTACTTTGGAGATTACAATATCTTTCTARAATGCTTCGATTACTTAT
GCGCGACTGCTGCTTACTTTGGAGATTACAATATCTTTCTAAAATGCTTCGATTACTTAT

GCGCGACTGCTGCTTACTTTGGAGATTACAATATCTTTCTAAAATGCTTCGATTACTTAT

TTATAAACCGTCTCTAAGGCCAATTGCTCAAGATTCATTCAACAATTGAAACGTCTCACA
TTATAAACCGTCTCTAAGGCCAATTGCTCAAGATTCATTCAACAATTGAAACGTCTCACA
TTATAAACCGTCTCTAAGGCCAATTGCTCAAGATTCATTCAACAATTGAAACGTCTCACA

TTATAAACCGTCTCTAAGGCCAATTGCTCAARGATTCATTCAACAATTGAAACGTCTCACA

TGATTAAATCATATAAAGTTTCTAAGTCTIGTTTGACAAGATTTTITTAGATTTTCATCT

TGATTARATCATATAAAGTTTCTAAGTCTIGTTTGACAAGATTTTTITTAGATTTTCATCT
TGATTAAATCATATAAAGTTTCTAAGTCTTGTTTGACAAGATTTTTTITAGATTTTCATCT

TGATTAAATCATATAAAGTTTCTAAGTCTTGTTTGACAAGATTTTTTTAGATTTTCATCT

ARATTGGATGAAACTATCAAACACTAATTTTAAAAAATATAAGAGAAGCTCCGGAGATAA
AAATTGGATGAAACTATCAAACACTAATTTTAAAAAATATAAGAGAAGCTCCGGAGATAA
AAATTGGATGAAACTATCAARCACTAATTTTAAAAAATATARGAGAAGCTCCGGAGATAA

AAATTGGATGAAACTATCAAACACTAATTTTAAAAAATATAAGAGAAGCTCCGGAGATAR

AAGGTCGTCTATGTTATTATAAGAGTAAAGTCGTCTATTCTCTTCGTCCCAACATATATA

AAGGTCGTCTATGTTATTATAAGAGTARAGTCGTCTATTCTCTTCGTCCCAACATATATA
ARGGTCGTCTATGTTATTATAAGAGTAAAGTCGTCTATTCTCTTCGTCCCAACATATATA

AAGGTCGTCTATGTTATTATAAGAGTAAAGTCGTCTATTCTCTTCGTCCCAACATATATA
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ATTCTAAGCATGAATTGCTITTCTTTTTGGACAAAAGGAGCATGCCACAACACAAGAATGA
————————————————————————————————————————————————— CACAAGAATGA
ATTCTAAGCATGAATTGCTTTCTTTTITGGACAAARAGGAGCATGCCACAACACAAGAATGA
ATTCTAAGCATGAATTGCTTTCTTTTTGGACAARAGGAGCATGCCACAACACAAGAATGA

ATTCTAAGCATGAATTGCTTTCTTTTTGGACAAAAGGAGCATGCCACAACACAAGAATGA

TGTCACCGTCATGCTTGGATCCTTTTATGGTAAAGCTTCACCTTCTATAATCTAACAATA
TGTCACCGTCATGCTTGGATCCTTTTATGGTAAAGCTTCACCTTCTATAATCTAACRATA
TGITCACCGTCATGCTTGGATCCTITTATGGTAAAGCTTCACCTTCTATAATCTAACAATA
TGICACCGTCATGCTTGGATCCTTTTATGGTAAAGCTTCACCTTCTATAATCTAACAATA

TGTCACCGTCATGCTTGGATCCTTTTATGGTAAAGCTTCACCTTCTATAATCTAACAATA

GAGAAATCAGGGAAAAATCATGTTITTGGTTGTTTTTATTTCTAACCTCCACAATAACTTT
GAGAAATCAGGGAAAAATCATGTTTTGGTTGTTTTTATTTCTAACCTCCACAATAACTTT
GAGAAATCAGGGAAAAATCATGTTTTGGTTGTTTTTATTTCTAACCTCCACAATAACTTT
GAGAAATCAGGGAAAAATCATGTITTTGGTTGTTTTTATTTCTAACCTCCACAATAACTTT

GAGAAATCAGGGARAAATCATGTTTTGGTTGTTTTTATTTCTAACCTCCACAATAACTTT

GGTTTACCATTTITITIGTTTGATTTTAGTTTTAGAGAAGCGTTTATAACAGGACCTARAAT
GGTTTACCATTITTTIGTTTGATTTTAGTTTTAGAGAAGCGTTTATAACAGGACCTAAAAT
GGTTTACCATTTTTTGITTGATTTTAGTTT TAGAGAAGCGTTTATAACAGGACCTAAAAT
GGTTTACCATTTTTTGTTTGATITTAGTITTTAGAGAAGCGTTTATAACAGGACCTARAAT

GGTTTACCATTTTTIGTTTGATTTTAGTTTTAGAGAAGCGT TTATAACAGGACCTAAAAT

CTITTTTCAGTACACAGTACAACGCAGACGCTCATACACGCACGCACACTCACCTCTATG
CTTTTTTCAGTACACAGTACAACGCAGACGCTCATACACGCACGCACACTCACCTCTATG
CTTTTTTCAGTACACAGTACAACGCAGACGCTCATACACGCACGCACACTCACCTCTATG
CTTTTTTCAGTACACAGTACAACGCAGACGCTCATACACGCACGCACACTCACCTCTATG

CTTTTTTCAGTACACAGTACAACGCAGACGCTCATACACGCACGCACACTCACCTCTATG

AACACACGTAAGAAAACCCTACACCTTGAGCACCTTCGAAGGACTGAGCCGGTAAATATA
AACACACGTAAGAARACCCTACACCTTGAGCACCTTCGAAGGACTGAGCCGGTARATATA
AACACACGTAAGAAAACCCTACACCTTGAGCACCTTCGAAGGACTGAGCCGGTARATATA
AACACACGTAAGAARACCCTACACCTTGAGCACCTTCGAAGGACTGAGCCGGTARATATA

AARCACACGTAAGAAAACCCTACACCTTGAGCACCTTCGAAGGACTGAGCCGGTAAATATA
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GAGATTCTCGAAGTCACTATTAGCGCCTCGTTGTCAACGGGAATGTCGCTTACCACTTAA
GAGATTCTCGAAGTCACTATTAGCGCCTCGTTGTCAACGGGAATGTCGCTTACCACTTAA
GAGATTCTCGAAGTCACTATTAGCGCCTCGTTGTCAACGGGAATGTCGCTTACCACTTAA
GAGATTCTCGAAGTCACTATTAGCGCCTCGTTGTCAACGGGAATGTCGCTTACCACTTAA
———————————————————————————————— GTCAACGGGAATGTCGCTTACCACTTAA

GAGATTCTCGAAGTCACTATTAGCGCCTCGTTGTCAACGGGAATGTCGCTTACCACTTAA

AGCATAACGCCGAGAAATCCCGTAATAAATCCAGTAAAATACGAGCACCCGTGCCAAGTT
AGCATAACGCCGAGAAATCCCGTAATAAATCCAGTAAAATACGAGCACCCGTGCCAAGTT
AGCATAACGCCGAGAAATCCCGTAATARATCCAGTAAAATACGAGCACCCGTGCCAAGTT
AGCATAACGCCGAGAAATCCCGTAATAAATCCAGTAAAATACGAGCACCCGTGCCAAGTT
AGCATAACGCCGAGAAATCCCGTAATAAATCCAGTAAAATACGAGCACCCGTGCCAAGTT

AGCATAACGCCGAGAAATCCCGTAATAAATCCAGTAARATACGAGCACCCGTGCCAAGTT

GAATATTTGAACCCGAGTGGGTAGATTCCACCGCAAAGGACCTAACCAGATCATTTCGCA
GAATATTTGAACCCGAGTGGGTAGATTCCACCGCAAAGGACCTAACCAGATCATTTCGCA
GAATATTTGAACCCGAGTGGGTAGATTCCACCGCAAAGGACCTAACCAGATCATTTCGCA
GAATATTTGAACCCGAGTGGGTAGATTCCACCGCAAAGGACCTAACCAGATCATTTCGCA
GAATATTTGAACCCGAGTIGGGTAGATTCCACCGCAARAGGACCTAACCAGATCATTTCGCA

GAATATTTGAACCCGAGTGGGTAGATTCCACCGCAAAGGACCTAACCAGATCATTTCGCA

AACAGGAACTAAAATCGGTAGAGAGCCCAGACAAAAGCCTTTCCTAAGAGCCACTCCAGT
AACAGGAACTAAAATCGGTAGAGAGCCCAGACAAAAGCCTTTCCTAAGAGCCACTCCAGT
AACAGGAACTAAAATCGGTAGAGAGCCCAGACAARAGCCTTTCCTAAGAGCCACTCCAGT
AACAGGAACTAAAATCGGTAGAGAGCCCAGACAAAAGCCTTTCCTAAGAGCCACTCCAGT
AACAGGAACTAAAATCGGTAGAGAGCCCAGACAAAAGCCTTTCCTAAGAGCCACTCCAGT

AACAGGAACTAAAATCGGTAGAGAGCCCAGACARAAGCCTTICCTAAGAGCCACTCCAGT

GGAAGCCCCTACTTTAGGTATARAATGCAATACTAGTGGGGCTCCTAAATAAACTTCTAT
GGAAGCCCCTACTTTAGGTATAARATGCAATACTAGTGGGGCTCCTAAATAAACTTCTAT
GGAAGCCCCTIACTITAGGTATAAAATGCAATACTAGTGGGGCTCCTAAATAAACTTCTAT
GGAAGCCCCTACTTTAGGTATAAAATGCAARTACTAGTGGGGCTCCTAAATARACTTCTAT
GGAAGCCCCTACTTTAGGTATAARATGCAATACTAGTGGGGCTCCTAAATAAACTTCTAT

GGAAGCCCCTACTTTAGGTATAAAATGCAATACTAGTGGGGCTCCTAAATAAACTTCTAT

TTTTCATGGCCTTCTAAAATTCACTCCCARACCCCTAGCTATAGAAGTCTCTTATCCATC
TTTTCATGGCCTTCTAAARATTCACTCCCAAACCCCTAGCTATAGAAGTCTCTTATCCATC
TTTTCATGGCCTTCTAAAATTCACTCCCAAACCCCTAGCTATAGAAGTCTCTTATCCATC
TTTTCATGGCCTTCTAAAATTCACTCCCAAACCCCTAGCTATAGAAGTCTCTTATCCATC
TTTTCATGGCCTTCTAAAATTCACTCCCAAACCCCTAGCTATAGAAGTCTCTTATCCATC
————————————————————— CACTCCCAAACCCCTAGCTATAGAAGTCTCTTATCCATC
TTTTCATGGCCTTCTAAAATTCACTCCCAAACCCCTAGCTATAGAAGTCTCTTATCCATC

***************************************
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CTCTAAATAAAAATGGGAGTCTATTITTATTTCACCAGAGTTGATCGTAAATTTAGTCTCT
CTCTARATAARRATGGGAGTCTATTTTATTTCACCAGAGTTGATCGTAAATTTAGTCTCT
CTCTARATAAAAATGGGAGTCTATTTTATTTCACCAGAGTTGATCGTARATTTAGTCTCT
CICTAAATARAAATGGGAGTCTATTTTATTTCACCAGAGTTGATCGTAAATTTAGICTCT
CTCTAAATAAAAATGGGAGTCTATTTTATTTCACCAGAGTTGATCGTAAATTTAGTCTCT
CTCTAARATAAAAATGGGAGTCTATTTTIATTTCACCAGAGTTGATCGTAAATTTAGTICTCT
CTCTAAATAAAAATGGGAGTCTATTTIATTTCACCAGAGTTGATCGTAAATTTAGTICTCT

Ihkhhhkkkhkdhhhhhhhhhhhhkhhdhhhkkhhkhkhhhhhkhhhhkkhkkhxhkhhhhdhdhokkhdk ok

CARATTTTATAAGTTGAGGGTAGAGGATGACTGGAGT TGCTCTAARCGGACCTATCTTCA
CARATTTTATAAGTTGAGGGTAGAGGATGACTGGAGTTGCTCTAAACGGACCTATCTTCA
CAAATTTTATAAGTTGAGGGTAGAGGATGACTGGAGTTGCTCTAAACGGACCTATCTTCA
CARATTTTATAAGTTGAGGGTAGAGGATGACTGGAGTTGCTCTAAACGGACCTATCTTCA
CARATTTTATAAGTTGAGGGTAGAGGATGACTGGAGTTGCTCTARACGGACCTATCTTCA
CARATTTTATAAGTTGAGGGTAGAGGATGACTGGAGTTGCTCTAAACGGACCTATCTTCA
CAAATTTTATAAGTTGAGGGTAGAGGATGACTGGAGTTGCTCTAAACGGACCTATCTTCA

*****‘k******************************************************

AGTGACCTCAGTGAGCCCGTTTAACGGCGTCGACAAGTTTAATCTAACGGACACCAACCA
AGTGACCTCAGTGAGCCCGTTTAACGGCGTCGACAAGTTTAATCTAACGGACACCAACCA
AGTGACCTCAGTGAGCCCGTTTAACGGCGTCGACAAGTTTAATCTAACGGACACCAACCA
AGTGACCTCAGTGAGCCCGTTTAACGGCGTCGACAAGTTTAATCTAACGGACACCAACCA
AGTGACCTCAGTGAGCCCGTTTAACGGCGTCGACAAGTTTAATCTARCGGACACCAACCA
AGTGACCTCAGTGAGCCCGTTTAACGGCGTCGACAAGTTTAATCTAACGGACACCAACCA
AGTGACCTCAGTGAGCCCGTTTAACGGCGTCGACAAGTTTAATCTAACGGACACCAACCA

LEA R E RS R SR EE R R R R R R R R I ey ey R PRy

GAGAAGAGAACCACCGCCAGCGCCGAGCCAAGCGACGTTGACATCTTGGCGCGGCACGGE
GAGAAGAGAACCACCGCCAGCGCCGAGCCAAGCGACGTTGACATCTTGGCGCGGCACGGE
GAGAAGAGAACCACCGCCAGCGCCGAGCCAAGCGACGTTGACATCTIGGCGCGGCACGGE
GAGAAGAGAACCACCGCCAGCGCCGAGCCRAAGCGACGTTGACATCTTGGCGCGGCACGGE
GAGAAGAGAACCACCGCCAGCGCCGAGCCAAGCGACGTTGACATCTTGGCGCGGCACGGE
GAGAAGAGAACCACCGCCAGCGCCGAGCCAAGCGACGTTGACATCT TGGCGCGGCACGERT
GAGAAGAGAACCACCGCCAGCGCCGAGCCAAGCGACGTTGACATCTTGGCGCGGCACGGE

************************************************************

ATCTCCCTGGCGTCIGGCCCCCTCTCGAGACTTCCGCTCCACCTCCCACCGGTGGCGGTT
ATCTCCCTGGCGTCTGGCCCCCTCTCGAGACTTCCGCTCCACCTCCCACCGGTGGCGGTT
ATCTCCCTGGCGTCTGGCCCCCTCTCGAGACTTCCGCTCCACCTCCCACCGGTGGCGGTT
ATCTCCCTGGCGTCTGGCCCCCTCTCGAGACTTCCGCTCCACCTCCCACCGGTGGCGGTT
ATCTCCCTGGCGTCTGGCCCCCTCTCGAGACTTCCGCTCCACCTCCCACCGGTGGCGGTT
ATCTCCCTGGCGTCTGGCCCCCTCTCGAGACT TCCGCTCCACCTCCCACCGGTGGCGGTT

ATCTCCCTIGGCGTCTGGCCCCCTCTCGAGACTTCCGCTCCACCTCCCACCGGTGGCGGTT
Fokdkkokd ok k ok kk ko de ok kkkhkkkhkkkkhkh kb dek ko ko dde ko khk ok & kokk ook ok ok ok
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TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAAACCGTGACGGGCACCGGCAGCACG
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAAACCGTGACGGGCACCGGCAGCACG
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAAACCGTGACGGGCACCGGCAGCACG
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAAACCGTGACGGGCACCGGCAGCACG
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAAACCGTGACGGGCACCGGCAGCACG
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAAACCGTGACGGGCACCGGCAGCACG
TCCAAGTCCGTTCCGCCTCCTCTCACACGGCACGAAACCGTGACGGGCACCGGCAGCACG

******-k*****************************************************

GGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCTCCCGCCGCTATARATAGE
GGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCTCCCGCCGCTATAAATAGC
GGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCTCCCGCCGCTATAAATAGC
GGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCTCCCGCCGCTATAAATAGE
GGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCTCCCGCCGCTATARATAGC
GGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCTCCCGCCGCTATAAATAGE
GGGGGATTCCTTTCCCACCGCTCCTTCCCTITCCCTTCCTCTCCCGCCGCTATAAATAGE

************************************************************

CAGCCCCATCCCCAGCTTICTTTC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTTCTTTC
CAGCCCCATCCCCAGCTTCTTTC

KhhhdhhhhkhkAhhhkhhkhxhhdhkdk

FIG. 1h
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———————— GTATAAGAGCAAGTGTATTGTCACGTGATATTTATGTTGAGATGAAGAAGAG
TGACATATGTATAAGAGCAAGTGTATTGTCACGTGATATTTATGTTGAGATGAAGAAGAG

AAAATAAACAGCCTGCAAATTTATAGCGAGTGATAGATGGGCACAAGGCTTCCTATTICT
AAAATAAACAGCCTGCARATTTATAGCGAGTGATAGATGGGCACAAGGCTTCCTATTICT

TABRATCAGACTTTGTAAGAACAAAAAAAGGACTTATAAGAGAATGGGATAAACCATATAT
TAAATCAGACTTTGTAAGAARCAABRARAAGGACTTATAAGAGAATGGGATARACCATATAT

CAATGGTGTAGTATGTTAGTATGCATTAAGATCTGACTATTATATGAGTGAGTTGTTAAA
CAATGGTGTAGTATGTTAGTATGCATTAAGATCTGACTATTATATGAGTGAGTTGTTAAA

TTCATTTTAGGTGACATGGCCCGGTTAAATTATTAGCCATACCCTAACAGCTCTAAAAAA
TTCATTTTAGGTGACATGGCCCGGTTAAATTATTAGCCATACCCTAACAGCTCTAAAARA

FIG. 2b
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GATATATTCGTTGAGGCACTTTTATGCAACCACATAGTCAACTTGAATGCCGCTTGAGTG
GATATATTCGTTGAGGCACTTTTATGCAACCACATAGTCAACTTGAATGCCGCTTGAGTG

CGTTCTCAAGTTTTTTTTCTTGCAAATTACGCTTTTTTAAGAAAGTATAATTTGGATCGT
CGTTCTCAAGTTITTTTTICTTGCAAATTACGCTTTTTTAAGAAAGTATAATTTGGATCGT

GCGATTITTTTTTCTCTAGGTGTGCGTGACTGTGTGAGTAACAATTTTGGATCTCAGRAAG
GCGATTTTTTITCTCTAGGTGTGCGTGACTGTGTGAGTAACAATTTTGGATCTCAGARAAG

GTAATAAAAGAATAATACTGCTGCCTACTTTGAGGATTACAATATCTTITCTCTAAAATGT
GTAATAAAAGAATAATACTGCTGCCTACTTIGAGGATTACAATATCTTITCTCTARAATGT

TTTGGTTTGTTATTTAAACCGTCTTTAAGGCCAATTGCTCAAGATTCATTCAACAATTGA
TTTGGTTTGTTATTTAAACCGTCTTTAAGGCCAATTGCTCAAGATTCATTCAACAATTGA

AACGTCTCACATGATTAAATCATATAAGGTTGCTAAGGTCTTGTTTGACAAGGTTTTTTT
AACGTCTCACATGATTAAATCATATAAGGTTGCTAAGGTCTTGITTGACAAGGTTTTTTT

FIG. 2c
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TGIGGAAATTTCATCTARATTTTTGAGTGAAACTATCAAATACTAATTTARAARAAGGCAA
TGIGGAAATTTCATCTARATTTTTGAGTGAAACTATCAARATACTAATTTAAAAARAGGCAA

ATTTTGCTGGAGGACACTGCAGAAACGTGTAATTGGCCGGCACAAACCGCCAAACGGAGA
ATTTTGCTGGAGGACACTGCAGARACGTGTAATTGGCCGGCACAAACCGCCAAACGGAGA

ATTTGCCCAGTACCATTATAAATTCATGATAAATTCATGGTTGTTTGCCAGTGGGGCTAG
ATTTGCCCAGTACCATTATAAATTCATGATAAATTCATGGTTGTTTGCCAGTGGGGCTAG

GGTTCCTCGCGTATGGTGCGGAATGTGGTTTGGT TCGACCAACTCGAACTCAATCCGATC
GGTTCCTCGCGTATGGTGCGGAATGIGGTTTGGTTCGACCARCTCGAACTCAATCCGATC

CAARAGGGGCATCAATAGTCATTTTAGAAAGTTTCTCTCTCCCGAGCAGTGGAAATGATTA
CARAGGGGCATCAATAGTCATTTTAGAAAGTTTCTCICTCCCGAGCAGTGGARATGATTA

TTCTATTTGGCGCGATGTCCACCGGCAAACAACCACGAATTTGTAATGGTACTAGGCAAA
TTCTATTTGGCGCGATGTCCACCGGCAARACAACCACGAATTTGTAATGGTACTAGGCAAA
—————————————————— CCACCGGCAAACAACCACGAATTTGTAATGGTACTAGGCAAA
TTCTATTTGGCGCGATGTCCACCGGCAAACAACCACGAATTTGTAATGGTACTAGGCAAA

FIG. 2d
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TTCTCCGTTTGGCGGTGTGTIGCCGGCCAATTACACGTTTTTGCGGTGTCCTCCGACAAAA
TTCTCCGTTTGGCGGTGTGTGCCGGCCAATTACACGTTTTTIGCGGTGTCCTCCGACRAAA
TTCTCCGTTTGGCGGTGTGTGCCGGCCAARTTACACGTTTTTGCGGTGTCCTCCGACARAA
TTCTCCGTTTGGCGGTGTGTGCCGGCCAATTACACGTTTTTGCGGTGTCCTCCGACAAAA

TTTGCCTTTTAARAACAATTTTATAAGAGAAGCTCCGGAGATAAAAGGCCGTCAATGTITA
TTTGCCTTTTAAAAACAATTTTATAAGAGAAGCTCCGGAGATAAAAGGCCGTCAATGTTA
TTTGCCTTTTAARAACAATTTTATAAGAGAAGCTCCGGAGATAAAAGGCCGTCAATGTTA
TTTGCCTTTTAARAAACAATTTTATAAGAGAAGCTCCGGAGATAAAAGGCCGTCAATGTTA

CAAGAGTGAAGTCGTCTACTCCCTCCATCCCAAAARATGTAATTCTAAGTATGAGTTGTA
CAAGAGTGAAGTCGTCTACTCCCTCCATCCCAAAAAATGTAATTCTAAGTATGAGTTGTA
CAAGAGTGAAGTCGTCTACTCCCTCCATCCCAAARAATGTAATTCTAAGTATGAGTTIGTA
CAAGAGTGAAGTCGTCTACTCCCTCCATCCCAAARAATGTAATTCTAAGTATGAGTIGTA

TTATTATTTTTGGACAAAAGGAGTATACCACAAGAATGATATCATCGTCATGCTTAGATC
TTATTATTTTIGGACAAAAGGAGTATACCACAAGAATGATATCATCGTCATGCTTAGATC
TTATTATTTTTGGACAAAAGGAGTATACCACAAGRATGATATCATCGTCATGCTTAGATC
TTATTATTTTTGGACAAAAGGAGTATACCACAAGAATGATATCATCGTCATGCTTAGATC
—————————————————————————— ACCACAAGAATGATATCATCGTCATGCTTAGATC

CTTTTTAGTAAAGCTTGAGCTTCTCTAAAAGTAGAGAAATTAGAARRARATCACGTTITTT
CTTTITTAGTAARAGCTTGAGCTTCTCTAAAAGTAGAGAAATTAGAAAAAAATCACGTTTTT
CTTTTTAGTAAAGCTTGAGCTTCTCTAARAGTAGAGAAATTAGAAAAAAATCACGTTTITT
CTTTTTAGTAAAGCTTGAGCTITCTCTAAAAGTAGAGAAATTAGAAARAAATCACGTTITTT
CTTTTTAGTAAAGCTTGAGCTTCTCTAAAAGTAGAGAAATTAGAAAAAAATCACGTTTITT

GTGGTCTTGATTTCTAGCCTCCACAAAATCTTITGGTTTITACATTITTITITGTITTIGATITIGG
GIGGTCTTGATTITCTAGCCTCCACARAATCTTTIGGTTTTACATTTTITGTTTGATTTTIGG
GTGGTCTTGATTITCTAGCCTCCACAARAATCTTIGGTTTTACATTTTTTGTTTGATTTTIGG
GTGGTCTTGATTTCTAGCCTCCACAARAATCTTTGGTTTTACATTITTTTGTITGATITIGG
GTGGTCTTGATTTCTAGCCTCCACAAAATCTTTGGTTTTACATTTITIGTTTGATTTIGG

FIG. 2¢
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TTTCAGAAGTCCTTATTTATATGTGCTAGTTTGGCAGCACTTAAAATCGTTAGAGAGAGC
TTTCAGAAGTCCTTATTTATATGTGCTAGT TTGGCAGCACTTAAAATCGTTAGAGAGAGC
TTTCAGAAGTCCITATTTATATGTGCTAGTTTGGCAGCACTTAAAATCGTTAGAGAGAGC
TTTCAGBAAGTCCTTATTTATATGTGCTAGTTTGGCAGCACTTAARATCGTTAGAGAGAGC
TTTCAGAAGTCCTTATTTATATGTGCTAGTTTGGCAGCACTTAAAATCGITAGAGAGAGC

CTAAACAAAAGCCTTTTCAAAACGACCTTGAGCCAGATTGGTTGATGGCCARAATTTGAT
CTAAACAAAAGCCTTTTCAAAACGACCTTGAGCCAGATTGGTTGATGGCCAARATTTIGAT
CTAAACAAAAGCCTTTTCAAAACGACCTTGAGCCAGATTGGTTGATGGCCAAAATTTGAT
CTAAACAAAAGCCTTTTCAAAACGACCTTGAGCCAGATTGGTTGATGGCCAAAATTTGAT
CTAAACARAAGCCTTTTCAAAACGACCTTGAGCCAGATTGGTTGATGGCCAAAATTTGAT

TGTCAAARACTTAGGCAAGCCAAGATTTTAGCAGCTATTTGGTTTGGTACCAAAATTTGCC
TGTCAAARCTTAGGCAAGCCAAGATTTTAGCAGCTATITGGTTTGGTACCAAAATTTGCC
TGTCAAAACTTAGGCAAGCCAAGATTTTAGCAGCTATTTGGTTTGGTACCAARATTITGCC
TGTCARAACTTAGGCAAGCCAAGATTTTAGCAGCTATTTGGT TTGGTACCAAAATTITGCC
TGTCAAAACTTAGGCAAGCCAAGATTTTAGCAGCTATTTGGTTTGGTACCARAATTTGCC
——————————— AGGCAAGCCAAGATTTTAGCAGCTATTTGGTTTGGTACCAAAATTTGCC

hhkdhkhkkhhhhkhdkhkrhkhhkrhhbrhrrhhhhrhhrhdhhhdrrhdkdhkhx

AATGATCTGTTCTITTGCCTTTTCAACCGGTTTATCAGCCGTACTTCAGCTTATTICICTC
AATGATCIGTTICTITTGCCTTTTCAACCGGTTTATCAGCCGTACTTCAGCTTATTICTCTC
AATGATCIGTTCTTTTGCCTTTICAACCGGTTTATCAGCCGTACTTCAGCTTATTCICTC
AATGATCTGTTICTTTTGCCTTTTCAACCGGTTTATCAGCCGTACTTCAGCTTATTCTCTC
AATGATCTGTTCTTTTGCCTTTTCAACCGGTTTATCAGCCGTACTTCAGCTTATICTCIC
AATGATCTGTTCTTTTGCCTTTTCAACCGGTTTATCAGCCGTACTTCAGCTTATTICTCTC

hhkhkhkhkkhhkdhhhdkhddhhkdhdehhhbrhhhdrkhkhhhkdhhdrhddhhdordhkdhhhhkhhkrdhkdd

TCACAGAACACTATTGAATCAGCCGARAAGCCACCGCAGARCAGGACCAGTATCTICACAA
TCACAGARCACTATTGAATCAGCCGAAAAGCCACCGCAGAACAGGACCAGTATCTCACAA
TCACAGAACACTATTGAATCAGCCGAAAAGCCACCGCAGAACAGGACCAGTATCTICACAA
TCACAGAACACTATTGAATCAGCCGARAAGCCACCGCAGAACAGGACCAGTATCTICACAA
TCACAGARACACTATTGAATCAGCCGAARRAGCCACCGCAGAACAGGACCAGTATCTCACAA
TCACAGAACACTATTGAATCAGCCGAAAAGCCACCGCAGAACAGGACCAGTATCICACAA

Khkdkhkhkhkdhhkhkhhhkhhkhhhhkhkhhhhhkrhhhkhhkhdbhhkrkrhrrdhhkkdhdhdhrhkddhddhdkdh

ATGGCATGCCAAATATACTCACCGTCAGTGAGCCCGTTTAACGGCGTCGACAAGICTAAC
ATGGCATGCCARATATACTCACCGTCAGTGAGCCCGTTTAACGGCGTCGACAAGTICTAAC
ATGGCATGCCARATATACTCACCGTCAGTGAGCCCGTTTAACGGCGTCGACAAGICTAAC
ATGGCATGCCARATATACTCACCGTCAGTGAGCCCGTTTAACGGCGTCGACAAGTCTAAC
ATGGCATGCCAAATATACTCACCGTCAGTGAGCCCGTTTAACGGCGTCGACAAGTCTAAC
ATGGCATGCCARATATACTCACCGTCAGTGAGCCCGTTTAACGGCGTCGACAAGTICTAAC

khhhkhhhhkhhhhhhkrhkhhhhhrkhhdhkhhkrrhkhkhkhhhddbhhhdhdhhhhhdhhrdhkhbkdri

FIG. 2f
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GGCCACCAACCAGCGAACCACCAGCGTCARGCTAGCCAAGCGAAGCAGACGGCCGAGACG
GGCCACCAACCAGCGAACCACCAGCGTCAAGCTAGCCAAGCGAAGCAGACGGCCGAGALG
GGCCACCAACCAGCGAACCACCAGCGTCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACG
GGCCACCAACCAGCGAACCACCAGCGTCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACG
GGCCACCAACCAGCGAACCACCAGCGTCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACG
GGCCACCAACCAGCGAACCACCAGCGTCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACG

hkkkhkhkkhkhkkhkhkhkkhhkhhkkhkkhhhhdkhhhhhdhhkhhkhkhkhkkhddhhhrkhhrhhhrk

TTGACACCTTGGCGCGGGCATCTCTCTGGCCCCCTCTCGAGAGTTCCGCTCCACCTCCAC
TTGACACCTTGGCGCGGGCATCTCTCTGGCCCCCTCTCGAGAGTTCCGCTCCACCTCCAC
TTGACACCTTGGCGCGGGCATCTCTCTGGCCCCCTCTCGAGAGTTCCGCTCCACCTCCAL
TTGACACCTTGGCGCGGGCATCTCTCTGGCCCCCTCTCGAGAGTTCCGCTCCACCTCCAC
TTGACACCTTGGCGCGGGCATCTCTCTGGCCCCCTCTCGAGAGTTCCGCTCCACCTCCAC
TTGACACCTTGGCGCGGGCATCTCTCTGGCCCCCTCTCGAGAGTTCCGCTCCACCTCCAC

Kk hk kA kR kI kI Ik Ak ko kT hhhkhhhkrkkhhkhkhkkkdkhhdhkhhhhhhdhhkdhhddk

TGGTGGCGGTTTCCAAGTICCGTTCCGCCTCCTGCTCCTCCTCACACGGCACGAAACCGTC
TGGTGGCGGTTTCCAAGTCCGTTCCGCCTCCTGCTCCTCCTCACACGGCACGAAACCGTC
TGGTGGCGGTTTCCAAGTCCGTTCCGCCTCCTGCTCCTCCTCACACGGCACGARACCGTC
TGGTGGCGGTTTCCAAGTCCGTTCCGCCTCCTGCTCCTCCTCACACGGCACGAAACCGTC
TGGTGGCGGTTTCCAAGTCCGTTCCGCCTCCTGCTCCTCCTCACACGGCACGAAACCGTC
TGGTGGCGGTTTCCAAGTCCGTTCCGCCTCCTGCTCCTCCTCACACGGCACGAAACCGTC

Ak kA krhkhhkkdkdhkhhdhhhokdbhhdhkhhkhdhhhkhkhrhkrhkhhrhdkhdddhdhdkrk

ACGGCACCGGCAGCACGGGGGATTCCTTTCCCACCGCTCCTTCCCTITTCCCTTCCTCGCC
ACGGCACCGGCAGCACGGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCGCC
ACGGCACCGGCAGCACGGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCGCC
ACGGCACCGGCAGCACGGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCGCC
ACGGCACCGGCAGCACGGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCGCC
ACGGCACCGGCAGCACGGGGGATTCCTTTCCCACCGCTCCTTCCCTTTCCCTTCCTCGCC

dhkhkkhkkhkhkhhkhkdhkhkrhhhkhhhkkhkrdbhhhhrhhhhkrhkhkhkhkhkkkkhhhkrhrrkhkhkdrhkrrhkhkrk

CGCCGTTTTAAATAGCCAGCCCCATCCCCAGCTICTCTCCCC
CGCCGTTTTAAATAGCCAGCCCCATCCCCAGCTTCTCTCCCC
CGCCGTITTTAAATAGCCAGCCCCATCCCCAGCTTICTCTCCCC
CGCCGTTITTAAATAGCCAGCCCCATCCCCAGCTTICTCTCCCC
CGCCGTTTTAAATAGCCAGCCCCATCCCCAGCTTCTCTICCCC
CGCCGTTTTAAATAGCCAGCCCCATCCCCAGCTTCTCTCCCC

hhkhkhhhkhdkhkkhkdhkhkrkrhhhdkdhkhkhkdrhkhhrhhkrthrhrkkkrrii

FIG. 29
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P-Sv.Ubgl-1:1:2 = s e
P-Sv.Ubgl-1:1:1 ACTGCCGCGACACGCCTCACTGGCGGGAGGGCTCCGAGCGCTCTCTCCCCGGCGGCCGGL
P-Sv.Ubgl-1:1:3 = @ ———— e e
P-5v.Ubgl-1:1:2 = s e
P-Sv.Ubqgl-1:1:1 GGAGCAGCGATCTGGATTGGAGAGAATAGAGGAAAGAGAGGGARAAGGAGAGAGATAGCG
P-5v.Ubgl-1:1:3 =  —c—mmmmrm e e
P-Sv.Ubgl—-1:1:2 =  —cemmeemr e e e
P-Sv.Ubgl-1:1:1 CAAAGAGCTGAARAGATAAGGTTGTGCGGGCTGTGGTGATTAGAGGACCACTAATCCCTIC
P-Sv.Ubgl-1:1:3 @ e e e
P-Sv.Ubgl-1:1:2 =  —emmmm e e
P-Sv.Ubgl-1:1:1 CATCTCCTAATGACGCGGTGCCCARAGACCAGTGCCGCGGCACACCAGCGTCTAAGTGAAC
P-5Sv.UbQl~1:1:3 @ e e e e e e
P-Sv.Ubgl=-1:1:2 =  =re——rme e e e e e
P-Sv.Ubgl-1:1:1 TTCCGCTAARCCTTCCGGTCATTGCGCCTGARAGATGTCATGTGGCGAGGCCCCCCTCTCA
P-Sv.Ubgl~1:1:3 = @ ———mmmmm e
P-Sv.Ubgl-1:1:2 = e e
P-Sv.Ubgl-1:1:1 GTAGATTGCCAACTGCCTACCGTGCCACTCTTCCATGCATGATTGCTCCCGTCTATCCCG
P-Sv.Ubgl-1:1:3 = =~ e
P-Sv.Ubql-1:1:2 = commmrm e e e
P-Sv.Ubql-1:1:1 TTTCTCACARCAGATAGACAACAGTAAGCATCACTAAAGCAAGCATGTGTAGAACCTTAA
P-Sv.Ubgl-1:1:3 @ s e e
P-Sv.Ubgl-1:1:2 = e GCCGTTTTTGAAGTATCCAGGA
P-Sv.Ubgl-1:1:1 AAAAAGGCTTATACTACCAGTATACTATCAACCAGCATGCCGTTTTTGAAGTATCCAGGA
P-5v.Ubgl-1:1:3 = e e e e e e
P-Sv.Ubql-1:1:2 TTAGAAGCTTCTACTGCGCTTTTATATTATAGCTGTGGACCTGTGGTAACCTTTCTCTTT
P-Sv.Ubgl-1:1:1 TTAGAAGCTTCTACTGCGCTTTTATATTATAGCTGTGGACCTGTGGTAACCTTITCTICTTT
P-Sv.Ubgl-1:1:3 @ oo
P-Sv.Ubqgl-1:1:2 TGGCGCTTGCTTAATCTCGGCCGTGCTGGTCCATGCTTAGGCACTAGGCAGAGATAGAGC
P-Sv.Ubgl-1:1:1 TGGCGCTTGCTTAATCTCGGCCGTGCTGGTCCATGCTTAGGCACTAGGCAGAGATAGAGC
P-Sv.UbQl=1:1:3 e
P-Sv.Ubgl-1:1:2 CGGGGGTGAATGGGGCTAAAGCTCAGCTGCTCGAGGGGCCGTGGGCTGGTTTCCACTAGC
P-Sv.Ubgl-1:1:1 CGGGGGTGARTGGGGCTAAAGCTCAGCTGCTCGAGGGGCCGTGGGCTGGTTTCCACTAGC
P-Sv.Ubgl-1:1:3 @ oo
P-Sv.Ubql-1:1:2 CTACAGCTGTGCCACGTGCGGCCGCGCAAGCCGAAGCAAGCACGCTGAGCCGTTGGACAG
P-Sv.Ubgl-1:1:1 CTACAGCTGTGCCACGTGCGGCCGCGCAAGCCGAAGCAAGCACGCTGAGCCGTTGGACAG
P-8v.Ubgl-1:1:3 @ oo
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CTTGTCATAATGCCATTACGTGGATTACAGGTAACTGGCCCTGTAACTACTCGTTCGGCC
CTTGTCATAATGCCATTACGTGGATTACAGGTAACTGGCCCTGTARCTACTCGTTCGGCC

ATCATCAAACGACGACGTCCGCTAGGCGACGACACGGGTAATGCACGCAGCCACCCAGGC
ATCATCAAACGACGACGTCCGCTAGGCGACGACACGGGTAATGCACGCAGCCACCCAGGC
———————————————————————————————— CACGGGTAATGCACGCAGCCACCCAGGC

khkhkkhkhhhkhhkhkhkhkhkhkhkhhkdhhkhdhi

GCGCGCGCTAGCGGAGCACGGTICAGGTGACACGGGCGTCGTGACGCTTCCGAGTTGAAGG
GCGCGCGCTAGCGGAGCACGGTCAGGTGACACGGGCGTCGTGACGCTTCCGAGTTGAAGG
GCGCGCGCTAGCGGAGCACGGTCAGGTGACACGGGCGTCGTGACGCTTCCGAGTTGAAGG

hhkdekhkhkhhkkhhkkhkhkhkhkdkhkhkhhkhkhkhhkhhkdhdhhhdhhhkhhkhdhhhdbhkbhhddhhhxk

GGTTAACGCCAGAAACAGTGTTTGGCCAGGGTATGAACATAACAAAAAATATTCACACGA
GGTTAACGCCAGAAACAGTGTTTGGCCAGGGTATGAACATAACAAAAAATATTCACACGA
GGTTAACGCCAGAAACAGTGTTTGGCCAGGGTATGAACATAACAAAAAATATTCACACGA

AR R E RS RS R R RS R S R R R R RS TR

AAGAATGGAAGTATGGAGCTGCTACTGTGTAARATGCCAAGCAGGARACTCACGCCCGCTA
AAGAATGGAAGTATGGAGCTGCTACTGTGTAAATGCCAAGCAGGAAACTCACGCCCGCTA
AAGAATGGAAGTATGGAGCTGCTACTGTGTAAATGCCAAGCAGGAAACTCACGCCCGCTA

hhkhdhdkdhhkdhhhhhhhhkdhhkkhdhkhkhkhhkhkhhhhkkhkhhhhhkkhkhhkhkhkhhhkhhkdhhkhkhkhkkx

ACATCCAACGGCCAACAGCTCGACGTGCCGGTCAGCAGAGACATCGGAACACTGGTGATT
ACATCCAACGGCCAACAGCTCGACGTGCCGGTCAGCAGAGACATCGGAACACTGGTGATT
ACATCCAACGGCCAACAGCTCGACGTGCCGGTCAGCAGAGACATCGGAACACTGGTGATT

kkhkhkhkhhkkhhhkhhkhkhkhhkhkhhkhhrhhkrrrhkhdhhhdhhdhhkhhhkhrrhkrrkrkrhhkhkrhkhdhn

GGTGGAGCCGGCAGTATGCGCCCCAGCACGGCCGAGGTGGTGGTGGCCCGTGGCCCTGCT
GGTGGAGCCGGCAGTATGCGCCCCAGCACGGCCGAGGTGGTGGTGGCCCGTGGCCCTGLT
GGTGGAGCCGGCAGTATGCGCCCCAGCACGGCCGAGGTGGTGGTGGCCCGTGGCCCTGLT

kI hhhhkrhhh kAKX IAARKA kA I hhkhhkhhkhkhhhhhkhhhbhhkrkhhhhdrhdhhdhrhikhdrk

GTCTGCGCGGCTCGGGACAACTTGAAACTGGGCCACCGCCTCGTCGCAACTCGCAACCLG
GTCTGCGCGGCTCGGGACAACTTGARACTGGGCCACCGCCTCGTCGCAACTCGCAACCCG
GTCTGCGCGGCTCGGGACAACTTGAAACTGGGCCACCGCCTCGTCGCAACTCGCAACCCG

AhkhkhkhhhhkhkhkkhhhkdrkAddkkhhhhhhhhhhhkhhkdhhhhkbhbhkhrhhhhd bk hhrd

TTGGCGGAAGAAAGGAATGGCTCGTAGGGGCCCGGGTAGAATCCAAGAATGTTGCGCTGG
TTGGCGGAAGAAAGGAATGGCTCGTAGGGGCCCGGGTAGAATCCAAGRATGTTGCGCTGG
TTGGCGGAAGAAAGGAATGGCTCGTAGGGGCCCGGGTAGAATCCAAGAATGTTGCGCTGG

hhkhkdkkhhdhhhhhkdhhhhhkrdhhhhhhkhhhhhhhhhdrhhkrhhdhhkhhrhhhkdhkhdxdk

GCTTCGATTCACATAACATGGGCCTGAAGCTCTAAAACGACGGCCCGGTCACCGGGCGAT
GCTTCGATTCACATAACATGGGCCTGAAGCTCTAAAACGACGGCCCGGTCACCGGGCGAT
GCTTCGATTCACATAACATGGGCCTGAAGCTCTAAARACGACGGCCCGGTCACCGGGCGAT

Fhdkhdkhkhhkkkkkhhkhkhdhhhdkrhkhkrhhhhk kA A XAk hhhhdhhhhkkhkhkkhhhhdkkxkx

FI1G. 3b
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GGAAAGAGACCGGATCCTCCTCGTGAATTCTGGAAGGCCACACGAGAGCGACCCACCACC
GGAAAGAGACCGGATCCTCCTCGTGAATTCTGGAAGGCCACACGAGAGCGACCCACCACC
GGAAAGAGACCGGATCCTCCTTGTGAATTCTGGAAGGCCACACGAGAGCGACCCACCACE

hhkhkkkhkkdkhhhkhkhhkhhhhdhh Khrrhkhhhr Ak hF kAR AR AR kA kAo khkr A khkhkkk**

GACGCGGAGGAGTCGTGCGTGGTCCAACACGGCCGGCGGGCTGGGCTGCGACCTTAACCA
GACGCGGAGGAGTCGTGCGTGGTCCAACACGGCCGGCGGGCTGGGCTGCGACCTTAACCA
GACGCGGAGGAGTCGTGCGTGGTCCAACACGGCCGGCGGGCTGGGCTGCGACCTTAACCA

Ik khhhkhkhkhkkhkhhkkhkdhhh kR hkk bk hkkrkkhh bk Ak krkhkhhkhkhkhhhkkkhkkddkdkkk

GCAAGGCACGCCACGACCCGCCTCGCCCTCGAGGCATAAATACCCTCCCATCC
GCAAGGCACGCCACGACCCGCCTCGCCCTCGAGGCATARATACCCTCCCATCC
GCAAGGCACGCCACGACCCGCCTCGCCCTCGAGGCATARATACCCTCCCATCC

Fhhkhkk kR hkhk ko k kA ARk kA ko kh kA ko hkkh kR Ak kkhk kA A A hhhkkhkkk k&

FIG. 3c
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GTCGTGCCCCTCTCTAGAGATAAAGAGCATTGCATGTCTAAAGTATAAAAARATTACCACA
GTCGTGCCCCTCTCTAGAGATAAAGAGCATIGCATGTCTAAAGTATAAAAAATTACCACA
GTCGTGCCCCTCTCTAGAGATAATGAGCATTGCATGTCTAAGTTATARAAAAATTACCACA
GTCGTGCCCCTCTCTAGAGATARAGAGCATTGCATGTCTAAGTTATAAAAAATTACCACA

khkdkhkhhkdkhkkhhkdk kAR hhAhhdkh khkdkhkrdkdhkhhhdkhdhdkhk khkkhkkhkhkdkkhkkdkkhkik

TA--TTTITTIGTCACACT-~-TATTTGAAGIGTAGTTTATCTATCTCTATACATATATITT
TA--TTTTTTTGTCACACT--TATTTGAAGIGTAGTTTATCTATCTICTATACATATATTT
TATTTTTTTTIGTCACACTTGTGTTTGAAGTGCAGTTTATCTATCTCTATACATATATTT
TA-TTTTITTTIGTCACACT--TGTTTGAAGTGCAGTTTATCTATCTTTATACATATATTT

* * *hkkkkkdhhkkhkhkkk * hhkhkkkhkhkk khkdhrhkhhkFhkhhkhkht dhhkkirhkhkhhrhrhkx

AAACTTCACTCTACAAATAATATAGTCTATAATACTARAATAATATTAGTGTTTTAGAGG
AAACTTCACTCTACAAATAATATAGTCTATAATACTAAAATAATATTAGTGTTTTAGAGG
AAACTTCACTATATGAATAATATAGTCTATAGTATTAAAATAATATCAATGTTTTAGATG
AAACTTTACTCTACGAATAATATAATCTATAGTACTACAATAATATCAGTGTTTTAGAGA

Fhkkdkdk kkk K%k khkkhkhkkdkhkdhk hhkhkkhkhk *k kk Ahkdkhhdkkxdhk *k Arkkwhhkkk

ATCATATARATAAACTGCTAGACATGGTCTAAAGGATAATTGAATATTTTGACAR—————
ATCATATAAATAAACTGCTAGACATGGTCTAAAGGATAATTGAATATTTTGACAA————-
ATTATATAACTGAACTGCTAGACATGGTCTAAAGGACAACCGAGTATTTTGACAACATGA
ATCATATAAATGAACAGTTAGACATGGTCTAAAGGACAATTGAGTATTTTGACAACAGGA

Fh hkkhkhkk k hkkk Kk KhkhkkhkkkhhhhkAhkhhhkh kA *k khkhhkkhkhkkkkk

-TCTACAGTTTTATCTTTTTAGTGTGCATGTGATCTCTCTGTITTITTTTTGCAAATAGCTT
-TCTACAGTTTTATCTTTTTAGTGTGCATGTGATCTCTCTGTTITTTTTTGCAAATAGCTT
CTCTACAGTTTTATCTTTTTAGTGTGCATGTGTTCTTT-—-TTACTTTTGCAAATAGCTT
CICTACAGTTITATCTTTTITAGTGTGCATGTGTITCTCCTT-TTTTTITTGCAAATAGCTT

Fhhkdhkhkhkhkhhhkhhhdhkhkhodhkhkhhkkhrhkkdd *k¥ * % *hkdkkkhkhkhhhkkkhkk

GACCTATATAATACTTCATCCATTTTATTAGTACATCCATTTAGGATTTAGGGTTGATGG
GACCTATATAATACTTCATCCATTTTATTAGTACATCCATTITAGGATITAGGGTTGATGG
CACCTATATAATACTTCATICCATTTTATTAGTACATCCATTT———— =~~~ om e e
CACCTATATAATACTTCATCCATTTTATTAGTACATCCATTTAGGGTTTAGGGTTAATGG

KhhkhkrhhkFhkhhhd Ak hkA R kAR T A RA XA hhhkhdhkkdoddhk

TTTCTATAGACTAA--TTTTTAGTACATCCATTTTATICT-TTTTAGTCTCTAAATTTTT
TTTCTATAGACTAA--TTTTTAGTACATCCATTTTATTCT-TTTTAGTCTCTAAATTTTT
————————— ACTAAA-TTTTTAGTACATCTATTTTATTCTATTTTAGCCTCTAARA-TTAA
TTTTTATAGACTAATTTTTTTAGTACATCTATTTITATTCTATTTTAGCCTCTAAA-TTAA

* k kK ok ThKKKKAKIHKAKAK *AkKkFAhXkAk*hk *khkAhhkx *dkhkhhxdkx k%

TAAAACTAAAACTCTATTTTAG-TTTTTTATTTAATAATTTAGATATARAATGAAATAAR
TAAAACTAAAACTCTATTTTAG-TTTTTTATTTAATAATTTAGATATAAAATGAAATAAR
GAAAACTTAAACTCTATTTTAG-TTTTTTATTTAATAATTTAGATATAAAATAGAATAAA
GAAAACTAAAACTCTATITTAGTTTTTTTATTTAATAATTTAGATATAAAATAGAATAAA

Khhhdhkh hkkhkhhhhkhhkkhdhd Ihhkhhhrhhkdhhhhkhkrhdkhrdxhkrhkd *kkkkk

FIG. 4a
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ATAAATTGACTACAAATAAAACAAATACCCTITAAGAAA-TAAARAAACTAAGCAAACAT
ATAAATTGACTACAAATAAAACAAATACCCTITTAAGAAA~-TAAAAARAACTAAGCARACAT
ATAAAGTGACTAAAAAATAACTAAATACCTTTITAAGAAA-TAAAAAAACTAAGGAACCAT
ATAAAGTGACTAAAAATTAAACAAATACCCTTTAAGAAATTAARAARACTAAGGAAACAT

kkkkk khkkhkkkk kkKk * % dhkhkhkrkhkhk hhkkhhkhhkhkd hhkkdkhhkhkkhkkdkkr *k *hkk

TTTTCTTGTTTCGAGTAGATAATGACAGGCTGTTCAACGCCGTCGACGAGTCTAACGGAC
TTTTCTTGTTTCGAGTAGATAATGACAGGCTGTTCAACGCCGTCGACGAGTCTAACGGAC
TITTCTTGTTCCGAGTAGATAATGACAGCCTGTTCAACGCCGTCGACGAGTCTAACGGAC
TTTTCTTGTTTCGAGTAGATAATGCCAGCCTGTTAAACGCCGTCGACGAGTCTAACGGAC

Fhkhkkhkhkrdkhkh hhkkkhhkrrhkhkhkdk *rh *hkhdhkk Khkhhhrhhhhrhrhhrrkhicdhdhhk

ACCAACCAGCGAACCAGCAGCGTCGCGTCGGGCCAAGCGAAGCAGACGGCACGGCATCTC
ACCAACCAGCGAACCAGCAGCGTCGCGTCGGGCCAAGCGARGCAGACGGCACGGCATCTC
ACCAACCAGCGAACCAGCAGCGTCGCGTCGGGCCAAGCGAAGCAGACGGCACGGCATCTC
ACCAACCAGCGAACCAGCAGCGTCGCGTCGGGCCAAGCGAAGCAGACGGCACGGCATCTIC

KhkkhhkkrhhkRkkhhkkdhhhkhhkhhhkhhhhhhhkhkhkhkrhkkkhhhrdhhrdhokrhdrkhddkhk

TGTAGCTGCCTCTGGACCCCTCTCGAGAGTTCCGCTCCACCGTTGGACTTGCTCCGCTGT
TGTAGCTGCCTCTGGACCCCTCTCGAGAGTTCCGCTCCACCGTTGGACTIGCTCCGCTGT
TGTAGCTGCCTCTGGACCCCTCTCGAGAGTTCCGCTCCACCGTTGGACTTIGCTCCGCTGT
TGTCGCTGCCTCTGGACCCCTCTCGAGAGTTCCGCTCCACCGTTGGACTTIGCTCCGCTGT

kkk Khkkkhkkkhkhkhkkkhkhhkhhhkhhhdhkhhkhhkhhhkhkhrhhkrkhhhkhkrokdhrrdhhrhx

CGGCATCCAGAAATTGCGTGGCGGAGCGGCAGACGTGAGGCGGCACGGCAGGCGGCCTCT
CGGCATCCAGARATTGCGTGGCGGAGCGGCAGACGTGAGGCGGCACGGCAGGCGGCCTCT
CGGCATCCAGAAATTGCGTGGCGGAGCGGCAGACGTGAGCCGGCACGGCAGGCGG————~
CGGCATCCAGAAATTGCGTGGCGGAGCGGCAGACGTGAGCCGGCACGGCAGGCGGCCTCC

hhkdkhkhhkhkhkhkhkhkhhhdhdhhkhhhhkhkkxhhhrhkhkdkhhhhhkhhhk hkhkdhhkkrkhkhkhx

TCCTCCTCTCACGGCACCGGCAGCTACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTTIC
TCCTCCTCTCACGGCACCGGCAGCTACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTTIC
-CCTCCTCTCACGGCACCGGCAGCTACGGGGGATTCCTTTCCCACCGCTCCTICGCTTTIC
TCCTCCTCTCACGGCACCGGCAGCTACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTTC

hhkhdhkkkhkhhkhdhhhkhkhhhdhbdhhbhhkhkhbhhhhkhhhkhrrhkdbhhhhkdbhhdhhdhkhkhkd
CCTTCCTCGCCCGCCGTAATAAATAGACACCCCCTCCACACCCTCTTTCCCCAACCTCGT
CCTTCCTCGCCCGCCGTAATARATAGACACCCCCTCCACACCCTICTTTCCCCAACCTICGT
CCTTCCTCGCCCGCCGTAATAAATAG--ACCCCCTCCACACCCTCTTTCCCCAACCTCGT
CCTTCCTCGCCCGCCGTAATAAATAGACACCCCCTCCACACCTTCTTTCCCCAACCTICGT

dkhkhkhkhkkhkhkhkkkhkhhkkkhkhkhkdkkkhhr FhhkhkkhkRAAkkEkARk* dhhkrkrhhkkdhkhkrkkdkk

GTTCGTTCGGAGCGCACACACACGCAACCAGATCTCCCCCAAATCCAGCCGTCGGCACCT
GTTCGTITCGGAGCGCACACACACGCAACCAGATCTCCCCCAAATCCAGCCGTCGGCACCT
GTTCGTTCGGAGCGCGCACACACACAACCAGATCTCCCCCARATCCACCCGTCGGCACCT
GTIT-GTITCGGAGCGCACACACACACAACCAGATCTCCCCCARATCCACCCGTCGGCACCT

hhkhk hhkhkhkkhhhhhkd FAKKAFAK khhdhkhkhkhkdhhhkhhkhhdhbohhhh *hkddrhkhhkrrk

FIG. 4b
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CCGCTTCAAGGTACGCCGCTCATCCTCCCCCCCCCCCTCTCTCTACCTTCTCTAGATCGG
CCGCTTCAAGGTACGCCGCTCATCCTCCCCCCCCCCCTCTCTCTACCTTCTCTAGATCGG
CCGCTTCAAGGTACGCCGCTCATCCTCCTCCCCCCCCTCTCTCTACCTTCTCTAGATCGG
CCGCTTCAAGGTACGCCGCTCATCCTCCCCCCCCC--~CTCTCTACCTTCTCTAGATCGG

khkkhkhkrhkhkhrhkhkhkhhkhhhdohkhhdhdt *hkkkd hhkhkhkhkkhkhhkhkhkrhkkdkdhhrkkhs

CGATCCGGTCCATGGTTAGGGCCCGGTAGTTICTACTTCTGTTCATGTTTGTGTTAGAGCA
CGATCCGGTCCATGGTTAGGGCCCGGTAGTTCTACTTCTGTTCATGITTGIGTTAGAGCA
CGTTTCGGTCCATGGT TAGGGCCCGGTAGTTCTACTTCTGTTCATGTTTGTGTTAGATC-
CGTTCCGGTCCATGGTTAGGGCCCGGTAGTTCTACTTCTGTTCATGTTTGTGTTAGATC-

X%k k Khkkkhkkhhkkkkhkhkhadbhkkdhhhhhhkhhhhxhkhkhkdhkhkhhkhrkrhdhdhhhrd *

AACATGTTCATGTT———————=======—=———————— CATGTTTGTGAT-~~=~——--—~
AACATGTTCATGTT———————mmmmmmmmm e CATGTTTGTGAT———m====m=
-~CGTGTTTGTGTTAGATCCGTGCTGCTAGATTTCGTACACGGATGCGACCTGTACATCA
--CGTGTTTGTGTTAGATCCGTGCTGCTAGCGTTCGTACACGGATGCGACCTGTACGTCA

d kkkk  kkokok *k ok kk Kk
GATGTGGICTGGTTG-—-——--~ GGCGGTCGTTCTAGATCGGAG-—-~TAGGATACTGTTT
GATGTGGTCTGGTIG-———-—— GGCGGTCGTTCTAGATCGGAG--~-TAGGATACTGTTT

GACATGTTCTGATTGCTAACTTGCCAGTGTTTCTCTTTGGGGAATCCTGGGA-—-TGGCT
GACACGTTCTGATTGCTAACTTGCCAGTIGTTTCTCTTTGGGGAATCCTGGGA---TGGCT

* % X kkkk kKK * ok kk  kkkk * Kk * kkk *k K
CAAGCT--——————~ ACCTGGTGGATTT--——- ATTAATTTTGTATCTGTATGT-———-——
CAAGCT--~—————— ACCTGGTGGATTT-———~ ATTAATTTTGTATCTGTATIGT ———~~~

CTAGCCGTTCCGCAGACGGGATCGATTTCATGAATTTTTTTTGTTTCGTTGCATAGGGTT
CTAGCCGTTCCGCAGACGGGATCGATTTCATG-ATTTTTTITTGTTTCGTTGCATAGGGTT

* ok * % * ok kkdkkok * kK kokkkokdh  kk * *

~~GTGTGCCATACATCTTCATAGTTACGAGTTTAAGATGATGGATGGAAATATCGATCTA
-—-GTGTGCCATACATCTTCATAGTTACGAGTTTAAGATGATGGATGGAAATATCGATCTA
TGGTTTGCCCTTTICCTITAT-———————— TTCAATAT--————-———— ATGCC————~~
TGGTTTGCCCTTTITCCITTAT————~—~~~ TTCAATAT-—————————~ ATGCC—-—-—-

**k Fhkkk * *khkk kK *k kkx KKk * * *

GGATAGGTATACATGTTGATGCGGGT--TTTACTGATGCATATACAGAGATGCTTITTTTT
GGATAGGTATACATGTTGATGCGGGT--TTTACTGATGCATATACAGAGATGCTTITTITTIT
—————— GTGCACTTGTTTGT-CGGGTCATCTTITTCATG-~-~—~~~———————===TTTTTIT
—————— GTGCACTTIGTTTGT-CGGGTCATCTTTTCATGC——~—~~—~~-—-———=TTTTIT

* % * Kk ek kk *  kkkkk * ok *  kokk khkk*k*k

CTCGCTTGGTTGTGATGATATGGTCTGGTTGGGCGGTCGTTCTAGATCGGAGTAGAATAC
CTCGCTTGGTTGTGATGATATGGTCTGGTTGGGCGGTICGTTCTAGATCGGAGTAGAATAC
TTGGCTTGGTIGTGATGATGTGGTCTGGTTGGGCGGTCGTTCTAGATCGGAGTAGAATAC
ITGTCTITGGTTGTGATGATGTGGTCTGGTTGGGCGGTICGTTCTAGATCGGAGAAGAATIC

* Ahkkhkhkhkhkhhhhkhdhhh dhkkhdhhhhhkdhhhkdhhbdhhhhrdrhhrhhkhdd *dkkkd *

FIG. 4c
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TGTTTCAAACTACCTGGTGGATTTATTAAAGGATAAAGGGTCGTTCTAGATCGGAGTAGA
TGTTTCAAACTACCTGGTGGATTTATTAAAGGATARAGGGTCGTTCTAGATCGGAGTAGA
TGTTTCAAACTACCTGGTGGATTTATTAA——— - === = mmmmmm oo
TGTTTCAAACTACCTGGTGGATTTATTAR ~—mm === mm mm o e e

Ik hkhkhkhkrhkhhkdhhkhdhkhhdhkhdhhhhik

ATACTGTTTCAAACTACCTGGTGGATTTATTAAAGGATCTGTATGTATGTGCC-TACATC
ATACTGTTTCAAACTACCTGGTGGATTTATTAAAGGATCTGTATGTATGTGCC-TACATC
————————————————————————————————— AGGATCTGTATGTATGTGCCATACATC
—————————————————————————————— TTTTGGATCTGTATGTGTGTGCCATACATA

kkhhkkhhhkhkhkk Khkkkhkk Fdhkhkkk

TTCATAGTITACGAGTTTAAGATGATGGATGGAAATATCGATCTAGGATAGGTATACATGT
TTCATAGTTACGAGTTTAAGATGATGGATGGAAATATCGATCTAGGATAGGTATACATGT
TTCATAGTTACGAGTTTAAGATGATGGATGGAAATATCGATCTAGGATAGGTATACATGT
TTCATAGTTACGAATTGAAGATGATGGATGGAAATATCGATCTAGGATAGGTATACATGT

kdkdkkhkkhkkhhkdhhkdk *hk hhkkhkhkhkhhkbdhhhrrhhkhkhhkhhkhohkkkhhkkdhkhhddhhkhx

TGATGCGGGTTTTACTGATGCATATACAGAGATGCTTTTT-TTCGCTTGGTTGTGATGAT
TGATGCGGGTTTTACTGATGCATATACAGAGATGCTTTTT-TTCGCTTGGTTGTGATGAT
TGATGCGGGTTTTACTGATGCATATACAGAGATGCTTTTTTTTCGCTTGGTTGTGATGAT
TGATGCGGGTTTTACTGATGCATATACAGAGATGCTTTTTGTTCGCTTGGTTGTGATGAT

khkhkhkhkhhkhhhkkkhkhkkrAXkhkArhrhhkrrkrxhk kAR AKX X *AXAhkhkxhrdkhA kA xkxddhr

GTIGGTCTGGTTGGGCGG~—~—=~—~— TCGTTCTAGATCGGAGTAGAATACTGTTTCAAACT
GIGGTCTGGTTGGGCGG-———~——— TCGTTCTAGATCGGAGTAGAATACTGTTTCARACT
GIGGTCTIGGTCGGGCGG——~~————~ TCGTTCTAGATCGGAGTAGAATACTGTTTCAAACT

GTGGTCTGGTITGGGCGGTCGTTCATTCGTTCTAGATCGGAGTAGAATACTGTTITCAAACT

khkkhkkhkkhkhkk hhkhkkkk khkkkhkkhhdhdhhhkkhhhkkrhhkdbhdhhhkdkhdkddhk

ACCTGGTGGATTTATTAATTITIGTATCTTTATGTGTGTGCCATACATCTTCATAGTTACG
ACCTGGTGGATTTATTAATTTTIGTATCTTTATGTGTGTGCCATACATCTTCATAGTTACG
ACCTGGTGGATTTATTAATTTTGGATCTGTATGTGTGT--CATACATCTTCATAGTTACG
ACCTGGTIGTATITATTAATTTTGGAACTGTATGTIGTGTGTCATACATCTTCATAGTTACG

dhhkkhkkkhkh khkhkxhkhkhkhkhkhkhkhkk * *kkx *hkxkkhkxhx Kkhkdhkkkhkhhkkhkhkkhxdk

AGTTTAAGATGATGGATGGAAATATTGATCTAGGATAGGTATACATGTTGATGTGGGTTT
AGTTTAAGATGATGGATGGAAATATTGATCTAGGATAGGTATACATGTTGATGTGGGTTT
AGTTTAA~--GATCGATGGAAATATCGATCTAGGATAGGTATACATGITGATGTIGGGTTT
AGTTTAA---GATGGATGGAAATATCGATCTAGGATAGGTATACATGTTGATGTGGGTTT

* deok kok ok dkk Kkkkhkkhkhbkkdhk hkkhkhkhkhkdkhkrhkhrrhkhhhkkhhdkdhkdhhkhhhhkdkk

TACTGATGCATATACATGATGGCATATGCGGCATCTATTCATATGCTCTAACCTTGAGTA
TACTGATGCATATACATGATGGCATATGCGGCATCTATTCATATGCTCTAACCTTGAGTA
TACTGATGCATATAC-~--ATGGCATATGCAGCATCTATTCATATGCTCTAACCITGAGTA
TACTGATGCATATACATGATGGCATATGCAGCATCTATTCATATGCTCTAACCTTGAGTA

dokodokokok ok dkk ok ok ook ok Kk dehkdkkhkddkhkhkhkk khhkhkhkhkhdhhhrhhhkhrhkhkrhhhkhhkdhtk

FIG. 4d
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EXP-Zm.UbqMl:1:2 CCTATCTATTATAATARACAAGTATGTTTTATAATTATT TTGATCTTGATATACTTGGAT
EXP-Zm.UbgM1:1:5 CCTATCTATTATAATAAACAAGTATGTTTTATAATTATTTTGATCTTGATATACTTGGAT
EXP-Zm.UbgM1l:1:1 CCTATCTATTATAATAAACAAGTATGT TTTATAATTATTTTGATC TTGATATACTTGGAT
EXP-Zm.UbgMl:1:4 CCTATCTATTATAATAAACAAGTATGTTTTATAATTATTTTGATCTTGATATACTTGGAT

AR AR ERE R RS RS L R L R S S gy T
EXP-Zm.UbgM1:1:2 GATGGCATATGCAGCAGCTATATGTGGA-TTTTTTAGCCCTGCCTTCATACGCTATTTAT
EXP-Zm.UbgM1:1:5 GATGGCATATGCAGCAGCTATATGTGGA-TTTTTTAGCCCTGCCTTCATACGCTATTTAT
EXP-Zm.UbgMl:1:1 GATGGCATATGCAGCAGCTATATGTGGATTTTTTTAGCCCTGCCTTCATACGCTATTTAT
EXP-Zm.UbgM1:1:4 GATGGCATATGCAGCAGCTATATGTGGATTITITTAGCCCTGCCTTCATACGCTATTTAT

Khkhkhkhrkdhhhhkdhkhhhkhhkkhkkdkrkard hAhkkdkhkdkhhhhkhkdhhkrkhkhkkhhdhhkrhhdd
EXP-Zm.UbgM1:1:2 TTGCTTGGTACTGTTTCTTTTGTCCGATGCTCACCCTGTTGTTGGGTGATACTTCTGCAG
EXP~Zm.UbgM1:1:5 TTGCTTGGTACTGTTTCTTTTGTCCGATGCTCACCCTGTTGTTTGGTGATACTTCTGCAG
EXP-Zm.UbgM1:1:1 TTGCTTGGTACTGTTTCTTTTGT—CGATGCTCACCCTGTTGTTTGGTGATACTTCTGCAG
EXP-Zm.UbgM1:1:4 TTGCTTGGTACTGTTTCTTTTGT—CGATGCTCACCCTGTTGTTTGGTGATACTTCTGCAG

Fhkdhkkhkhkhhkdhhkhkhkhrdhkhr hhkhkkhkhkhkhdhkhhkhhhkhhd Fkkddhhhkdkdhdksk

FIG. 4e
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CATTARAAGTCATTATGTGCATGCGTCGTAACTAACATGGATATGTTGCTGCACTATCTC

———-CACTAGCTGCGCATGATAAAGCCACAAGCCAAAATTAATTATTATGGGTGAGAATA
CTCGCACTAGCTGCGCATGATAAAGCCACAAGCCAAAATTAATTATTATGGGTGAGAATA

********************************************************

ARTACGTACCAGCACCGGCCATAGAAARAGTACATTATTARAGGTCTAATTTGGARACAG
AATACGTACCAGCACCGGCCATAGAARAAGTACATTATTAAAGGTCTAAT TTGGAAACAG

************************************************************

TCTGAAARCGACGTGCGCTGCAGAGGTAAATGTAATTTTCGGCACTAAAACCATTATCAA
TCTGAARACGACGTGCGCTGCAGAGGTAAATGTAATTTTCGGCACTAAAACCATTATCAA

************************************************************

CTAATTCATTCAATAACAGTTATTTAGAAAATGTATAGCTCGCTCTAAAAARACAGTTTA
CTAATTCATTCAATAACAGTTATTTAGAAAATGTATAGCTCGCTCTAAAAAAACAGTTTA

************************************************************

GAAAAACAGTCAAAATAATTCGACCAACAAACAGTTAATAAGGTTCATTAAATATATAAT
GAAAAACAGTCAAAATAATTCGACCAACAAACAGTTAATAAGGTTCATTAAATATATAAT

************************************************************

GCACGGTGCTATTTGATCTTTTAAAGGAAAAAGAGGAATAGTCGTGGGCGCCAGGCGGGA
GCACGGTGCTATTTGATCTTTTARAGGAAAAAGAGGAATAGTCGTGGGCGCCAGGCGGGA

************************************************************

ATTGGGGCGCGGGAGTCTGCCGGACGACGCGTTCCGTCCGAACGGCCGGACCCGACGAGS
ATTGGGGCGCGGGAGTCTGCCGGACGACGCGTTCCGTCCGAACGGCCGGACCCGACGAGS

************************************************************

CCCCCCCGCCGCCCCACGTCGCAGAACCGTCCGTGGGTGGTAATCTGGCCGGGTACACCA
CCCCCCCGCCGCCCCACGTCGCAGARCCGTCCGTGGGTGGTAATCTGGCCGGGTACACCA

************************************************************

GCCGTCCCCTTGGGCGGCCTCACAGCACTGGGCTCACACGTGAGTTTTGTTCTGGGCTTC
GCCGTCCCCTTGGGCGGCCTCACAGCACTGGGCTCACACGTGAGTTTTGTTCTGGGCTTC

********i***************************************************

GGATCGCACCATATGGGCCTCGGCATCAGAAAGACGGGGCCCGTCTGGGATAGAAGAGAC
GGATCGCACCATATGGGCCTCGGCATCAGAAAGACGGGGCCCGTCTGGGATAGAAGAGAC

************************************************************

FIG. 5a
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AGGAACCTCCTCGIGGATTCCAGAAGCCAGCCACGAGCGACCACCGACGCGGAGGATACT
AGGAACCTCCTCGTGGATTCCAGAAGCCAGCCACGAGCGACCACCGACGCGGAGGATACT

hhkkhhkhhkhhkhkhkhkhhkkhhhkhkhhhkhkhkkhhkhhkhhkhhkhhrhkhhdhhkhhkhkhkhdhhhohhhhhk

CGTCGTCCARGTCCAACACGGCGGGCGGGCGGGCGGACGCGTGGGCTGGGCTAARCTGCCT
CGTCGTICCAAGTCCAACACGGCGGGCGGGCGGGCGGACGCGTGGGCTGGGCTARCTGCCT

hkkkhhhkhkdhhhkahkhkhhhkkkhdkhkhhkkrkhhhdkhdhdrhhhrhhkhdhhrkdrkhkhdhkhrdk

AACCTTAACCTCCAAGGCACGCCAAGGCCCGCTTCTCCCACCCGACATAAATATCCCCCC
AACCTTAACCTCCAAGGCACGCCAAGGCCCGCTTCTCCCACCCGACATARATATCCCCCC

dhkkdehhkhkhhhkkhkhkdhkhdkkhrhhhhhhkhkhhdkrhhkdhhkkrhhkrdkbhdkkrkdhhhkhkhhkdik

ATCCAGGCAAGGCGC
ATCCAGGCAAGGCGC

*hkhkkkkkkhkhkhkkhkk

FIG. 5b
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ACTGCCGCGACACGCCTCACTGGCGGGAGGGCTCCGAGCGCTCTCTCCCCGGCGGCCGGL

AAAAAGGCTTATACTACCAGTATACTATCAACCAGCATGCCGTTTTTGAAGTATCCAGGA
—————————————————————————————————————— GCCGTTTTTGAAGTATCCAGGA

TTAGAAGCTTCTACTGCGCTTTTATATTATAGCTGTGGACCCGTGGTAACCTTTCICTIT

TTAGAAGCTTCTACTGCGCTTTTATATTATAGCTGTGGACCTGTGGTAACCTTTCTICTTIT
TTAGAAGCTTCTACTGCGCTTTTATATTATAGCTGTGGACCTGTGGTAACCTTTCTCTTT

TGGCGCTTGCTTAATCTCGGCCGTGCTGGTCCATGCTTAGGCACTAGGCAGAGATAGAGC

TGGCGCTTGCTTAATCTCGGCCGTGCTGGTCCATGCTTAGGCACTAGGCAGAGATAGAGC
TGGCGCTTGCTTAATCTCGGCCGTGCTGGTCCATGCTTAGGCACTAGGCAGAGATAGAGC

FIG. 6a
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CGGGGGTGAATGGGGCTARAGCTCAGCTGCTCGAGGGGCCGTGGGCTGGTTTICCACTAGC
CGGGGGTGAATGGGGCTARAGCTCAGCTGCTCGAGGGGCCGTGGGCTGGTTTCCACTAGC
CGGGGGTGAATGGGGCTAAAGCTCAGCTGCTCGAGGGGCCGTGGGCTGGTTTCCACTAGC

CTACAGCTGTGCCACGTGCGGCCGCGCAAGCCGAAGCAAGCACGCTGAGCCGTTGGACAG
CTACAGCTGTGCCACGTGCGGCCGCGCARAGCCGAAGCAAGCACGCTGAGCCGTTGGACAG
CTACAGCTGTGCCACGTGCGGCCGCGCARGCCGAAGCAAGCACGCTGAGCCGTTGGACAG

CTTGTCATAATGCCATTACGTGGATTACACGTAACTGGCCCTGTAACTACTCGTTCGGCC
CTTGTICATAATGCCATTACGTGGATTACACGTAACTGGCCCTGTAACTACTCGTTCGGCC
CTTGTCATAATGCCATTACGTGGATTACACGTAACTGGCCCTGTAACTACTCGTTCGGCC

ATCATCAAACGACGACGTCCGCTAGGCGACGACACGGGTAATGCACGCAGCCACCCAGGC
———————————————————————————————— CACGGGTAATGCACGCAGCCACCCAGGC
ATCATCAAACGACGACGTCCGCTAGGCGACGACACGGGTAATGCACGCAGCCACCCAGGE
ATCATCAAACGACGACGTCCGCTAGGCGACGACACGGGTAATGCACGCAGCCACCCAGGC

dok ko ok dekkok gk ok ok ok ko ok ok ok Kok ok ok ko ke

GCGCGCGCTAGCGGAGCACGGTCAGGTGACACGGGCGTCGTGACGCTTCCGAGTTGAAGG
GCGCGCGCTAGCGGAGCACGGTCAGGTGACACGGGCGTCGTGACGCTTCCGAGTTGAAGG
GCGCGCGCTAGCGGAGCACGGTCAGGTGACACGGGCGTCGTGACGCTTICCGAGTTGAAGG
GCGCGCGCTAGCGGAGCACGGTCAGGTGACACGGGCGTCGTGACGCTTCCGAGTTGAAGG

hkdkdhhrAkARRAhAhkhkhkhhhkhkdhhhkhkhkhhhdhhhrhhhrhhhdhkhhhkddrkrhhkhkrdhk

GGITAACGCCAGAAACAGTGTITTGGCCAGGGTATGAACATAACARAARATATTCACACGA
GGTTAACGCCAGAAACAGTGTTTGGCCAGGGTATGAACATAACAAAAAATATTCACACGA
GGTTAACGCCAGAAACAGTGITTGGCCAGGGTATGAACATAACAARAAATATTCACACGA
GGTTAACGCCAGAAACAGTGITTGGCCAGGGTATGAACATAACRAAAAATATTCACACGA

hhkhkhkhdhdkdhhkhkrkhkhkAhkhrhhkhrhhkkhkrkhkkdhhkkdhhhhdrrhkrkhkrhkhkhhrh b xhkddkhk

AAGAATGGAAGTATGGAGCTGCTACTGTGTARATGCCAAGCAGGAAACTCACGCCCGCTA
AAGAATGGAAGTATGGAGCTGCTACTGTGTARATGCCAAGCAGGAAACTCACGCCCGCTA
AAGAATGGAAGTATGGAGCTGCTACTGTGTAAATGCCAAGCAGGAARACTCACGCCCGCTA
AAGAATGGAAGTATGGAGCTGCTACTGTGTAAATGCCAAGCAGGAAACTCACGCCCGCTA

dhhhkkkhhkAhkhkhkhhkhkhkkhkhhhkkhhhhkhhhkkhhhrdhhhkhkkhdrhohhdhhhhhkhkkdkdkrhk

ACATCCAACGGCCAACAGCTCGACGTGCCGGTCAGCAGAGCATCGGAACACTGGTGATIG
ACATCCAACGGCCAACAGCTCGACGTGCCGGTCAGCAGAGCATCGGAACACTGGTGATIG
ACATCCAACGGCCAACAGCTCGACGTGCCGGTCAGCAGAGCATCGGAACACTGGTGATTG
ACATCCAACGGCCAACAGCTCGACGTGCCGGTCAGCAGAGCATCGGAACACTGGTGATTG

KA K IR AR AR AR KRR T AT AR AR A E KA RN A A AR A T I ARk kb A Ak hk Ak khhdhkhk

GTGGAGCCGGCAGTATGCGCCCCAGCACGGCCGAGGTGGTGGTGGCCCGTGGCCCTIGCTG
GTGGAGCCGGCAGTATGCGCCCCAGCACGGCCGAGGTIGGTGGTGGCCCGTGGCCCTGCTG
GTGGAGCCGGCAGTATGCGCCCCAGCACGGCCGAGGTGGTGGTGGCCCGTGGCCCIGLTG
GTGGAGCCGGCAGTATGCGCCCCAGCACGGCCGAGGTGGTGGTGGCCCGTGGCCCTGCTG

Thhhhkhkhdrhhkkh Ak hdkrhkkhhhhkrdhhkdhhrhkrhkhhrkrrkrdhkkrhkhkbr A kA rhhhkhkkhh

FIG. 6b
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TCTGCGCGGCTCGGGACAACTTGAAACTGGGCCACCGCCTCGTCGCARCTCGCAACCCGT
TCTGCGCGGCTCGGGACAACTTGAAACTGGGCCACCGCCTCGTCGCAACTCGCAACCCGT
TCTGCGCGGCTCGGGACAACTTGARACTGGGCCACCGCCTCGTCGCAACTCGCAACCCGT
TCTGCGCGGCTCGGGACAACTTGARACTGGGCCACCGCCTCGTCGCAACTCGCAACCCGT

hhkhkhkhhkhkhhkhhhhhhhkhhrhkhhkhhhhkhkhhhkrbhkhkhhkhhkrhkhkhhkhrrhdkhhkdrhkhhkhhkrk

TGGCGGAAGARAGGAATGGCTCGTAGGGGCCCGGGTAGAATCGAAGAATGTTGCGCTGGG
TGGCGGAAGARAGGAATGGCTCGTAGGGGCCCGGGTAGAATCGAAGAATGTTGCGCTGGE
TGGCGGAAGARAGGAATGGCTCGTAGGGGCCCGGGTAGRATCGAAGAATGTTGCGCTGGG
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CTTCGATTCACATAACATGGGCCTGAAGCTCTAAAACGACGGCCCGGTCGCCGCGCGATG
CTTCGATTCACATAACATGGGCCTGAAGCTCTAAAACGACGGCCCGGTCGCCGCGCGATG
CTTCGATTCACATAACATGGGCCTGAAGCTCTAARACGACGGCCCGGTCGCCGCGCGATG
CTTCGATTCACATAACATGGGCCTGAAGCTCTAAAACGACGGCCCGGTCGCCGCGCGATG
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GAAAGAGACCGGATCCTCCTCGTIGAATTCTGGAARGGCCACACGAGAGCGACCCACCACCG
GARAGAGACCGGATCCTICCTCGTGAATTCTGGAAGGCCACACGAGAGCGACCCACCACCG
GARAGAGACCGGATCCTCCTCGTGAATTCTGGARGGCCACACGAGAGCGACCCACCACCG
GAAAGAGACCGGATCCTCCTCGTGAATTCTGGARGGCCACACGAGAGCGACCCACCACCG
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ACGCGGAGGAGTCGTGCGTGGTCCAACACGGCCGGCGGGCTGGGCTGCGACCTTAACCAG
ACGCGGAGGAGTCGTGCGTGGTCCAACACGGCCGGCGGGCTGGGCTGCGACCTTAACCAG
ACGCGGAGGAGTCGTGCGTGGTCCARCACGGCCGGCGGGCTGGGCTGCGACCTTAACCAG
ACGCGGAGGAGTCGTGCGTGGTCCAACACGGCCGGCGGGCTGGGCTGCGACCTTAACCAG
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CAAGGCACGCCACGACCCGCCCCGCCCTCGAGGCATAAATACCCTCCCATCC
CAAGGCACGCCACGACCCGCCCCGCCCTCGAGGCATAAATACCCTCCCATCC
CAAGGCACGCCACGACCCGCCCCGCCCTCGAGGCATAAATACCCTCCCATCC
CAAGGCACGCCACGACCCGCCCCGCCCTCGAGGCATAAATACCCTCCCATCC
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AGCAGACTCGCATTATCGATGGAGCTCTACCAAACTGGCCCTAGGCATTAACCTACCATG
AGCAGACTCGCATTATCGATGGAGCTCTACCAAACTGGCCCTAGGCATTAACCTACCATG

GATCACATCGTAAAAAAAAAACCCTACCATGGATCCTATCTGTTTTCTTITTIGCCCTGAA
GATCACATCGTAAAAAAAAARACCCTACCATGGATCCTATCTGTTITCTTITTTGCCCTGAA

AGAGTGAAGTCATCATCATATTITACCATGGCGCGCGTAGGAGCGCTTCGTCGAAGACCCA
AGAGTGAAGTCATCATCATATTTACCATGGCGCGCGTAGGAGCGCTTCGTCGAAGACCCA

TAGGGGGGCGGTACTCGCACCGTGGTTGTITCCTGTTATGTAATATCGGATGGGGGAGCA
TAGGGGGGCGGTACTCGCACCGTGGTTGTTTCCTGITATGTAATATCGGATGGGGGAGCA

GTCGGCTAGGTTGGTCCCATCGGTACTGGTCGTCCCCTAGTGCGCTAGATGCGCGATGTT
GTCGGCTAGGTTGGTCCCATCGGTACTGGTCGTCCCCTAGTGCGCTAGATGCGCGATGTT

TGTCCTCAARRACTCTTTTCTTCTTAATAACAATCATACGCARATTTTTTGCGTIATTCGA
TGTCCTCAAAAACTCTITTTCTTCTTAATAACAATCATACGCAAATTTTTTGCGTATICGA

GAAAAAAAGAAGATTCTATCTGTTTTTITTTTTGARATGGCTCCAATTTATAGGAGGAGCC
GAAAAAARAGAAGATTCTATCIGITTTITITTITIGAAATGGCTCCAATTTATAGGAGGAGCC

CGITTAACGGCGTCGACAAATCTAACGGACACCAACCAGCGAATGAGCGAACCCACCAGC
CGTTTAACGGCGTCGACAAATCTAACGGACACCAACCAGCGAATGAGCGAACCCACCAGC
———————————————— CAAATCTAACGGACACCAACCAGCGAATGAGCGAACCCACCAGC
CGTTTAACGGCGTCGACAAATCTAACGGACACCAACCAGCGAATGAGCGAACCCACCAGC

FIG. 7a
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GCCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACGCTGACACCCTTGCCTTGGCGCGGCA
GCCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACGCTGACACCCTTIGCCTTGGCGCGGCA
GCCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACGCTGACACCCTTGCCTTGGCGCGGCA
GCCAAGCTAGCCAAGCGAAGCAGACGGCCGAGACGCTGACACCCTTGCCTTGGCGCGGCA

TCTCCGTCGCTGGCTCGCTGGCTCTGGCCCCTTCGCGAGAGTTCCGGTCCACCTCCACCT
TCTCCGTCGCTGGCTCGCTGGCTCTGGCCCCTTCGCGAGAGTTCCGGTCCACCTCCACCT
TCTCCGTICGCTGGCTCGCTGGCTCTGGCCCCTTCGCGAGAGTTCCGGTCCACCTCCACCT
TCTCCGTCGCTGGCTCGCTGGCTCTGGCCCCTTCGCGAGAGTTCCGGTCCACCTCCACCT

GTGTCGGTTTCCAACTCCGTTCCGCCITCGCGTGGGACTTGTTCCGTTCATCCGTTGGCG
GTGTCGGTTTCCAACTCCGTTCCGCCTTCGCGTGGGACTTGTTCCGTTCATCCGTTGGCG
GTGTCGGTTTCCAACTCCGTTCCGCCTTCGCGTGGGACTTGTTCCGTTCATCCGTTGGLG
GIGTICGGTTTCCAACTCCGITCCGCCTTCGCGTGGGACTTGTTCCGTTCATCCGTTGGCG

GCATCCGGAAATTGCGTGGCGTAGAGCACGGGGCCCTCCTCTCACACGGCACGGAACCGT
GCATCCGGAAATTGCGTGGCGTAGAGCACGGGGCCCTCCTCTCACACGGCACGGAACCGT
GCATCCGGAAATTGCGTGGCGTAGAGCACGGGGCCCTCCTCTCACACGGCACGGAACCGT
GCATCCGGARATTGCGTGGCGTAGAGCACGGGGCCCTCCTCTCACACGGCACGGAACCGT

CACGAGCTCACGGCACCGGCAGCACGGCGGGGATTCCTTCCCCACCACCGCTCCTTCCCT
CACGAGCTCACGGCACCGGCAGCACGGCGGGGATTCCTTCCCCACCACCGCTCCTTCCCT
CACGAGCTCACGGCACCGGCAGCACGGCGGGGATTCCTTCCCCACCACCGCTCCTTCCCT
CACGAGCTCACGGCACCGGCAGCACGGCGGGGATTCCTTCCCCACCACCGCTCCTTCCCT

TTCCCTTCCTCGCCCGCT —mm e m e
TTCCCTTCCTCGCCCGCCATCATARATAGCCACCCCTCCCAGCTTCCTTCGCCACAT
TTCCCTTCCTCGCCCGCCATCATAAATAGCCACCCCTCCCAGCTTCCTTCGCCACAT
TTCCCTTCCTCGCCCGCCATCATAAATAGCCACCCCTCCCAGCTTCCTTCGCCACAT
---CCTTCCTCGCCCGCCATCATARATAGCCACCCCTCCCAGCTTCCTTCGCCACAT

hhkkhkdkhhhhxhkhkkk

FIG. 7b
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