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GENETIC REGIONS & GENES ASSOCIATED WITH INCREASED YIELD IN
PLANTS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to Application No. 62/728,121, filed September 7,

2018, the contents of which are incorporated by reference herein.

STATEMENT REGARDING ELECTRONIC SUBMISSION OF A SEQUENCE

LISTING

A Sequence Listing in ASCII text format, submitted under 37 C.F.R. §1.821, entitled

“81647_ST25”, 69 kilobytes is attached and filed herewith and is incorporated herein by

reference.

FIELD OF THE INVENTION

The present invention relates to compositions and methods for introducing into a plant

alleles, genes and/or chromosomal intervals that confer in said plant the traits of increased

drought tolerance and/or increased yield under water stressed conditions and/or increased

yield in the absence of water stress.

BACKGROUND

Drought is one of the major limitations to maize production worldwide. Around 15%

of the world’s maize crop is lost every year due to drought. Periods of drought stress can

occur at any time during the growing season. Maize is particularly sensitive to drought stress

in the period just before and during flowering. When drought stress occurs during this critical

period, a significant decrease in grain yield can result.

Identifying genes that enhance the drought tolerance of crops could lead to more

efficient crop production practices by allowing for the identification, selection and production

of crop plants with increased drought tolerance.

As such, a goal of plant breeding is to combine, in a single plant, various desirable

traits. For field crops such as corn, soybean, etc. these traits can include greater yield and

better agronomic quality. However, genetic loci that influence yield and agronomic quality

are not always known, and even if known, their contributions to such traits are frequently

unclear. Thus, new loci that can positively influence such desirable traits need to be identified

and/or the abilities of known loci to do so need to be discovered.



Once discovered, these desirable loci can be selected for as part of a breeding

program in order to generate plants that carry desirable traits. An exemplary embodiment of a

method for generating such plants includes the transfer by introgression of nucleic acid

sequences from plants that have desirable genetic information into plants that do not by

crossing the plants using traditional breeding techniques. Further, one may use newly

invented genome editing capabilities to edit a plant genome to comprise desirable genes or

genetic allelic forms.

Desirable loci can be introduced into commercially available plant varieties using

marker-assisted selection (MAS), marker-assisted breeding (MAB), transgenic expression of

gene(s) and/or through recent gene editing technologies such as, for example CRISPR,

TALEN, etc.

What are needed, then, are new methods and compositions for introducing into a plant

a gene or genomic region that may result in drought tolerant crops and/or crops that have

increased yield in both well-watered and water stressed conditions.

SUMMARY OF THE INVENTION

This summary lists several embodiments of the presently disclosed subject matter, and

in many cases lists variations and permutations of these embodiments. This summary is

merely exemplary of the numerous and varied embodiments. Mention of one or more

representative features of a given embodiment is likewise exemplary. Such an embodiment

can typically exist with or without the feature(s) mentioned; likewise, those features can be

applied to other embodiments of the presently disclosed subject matter, whether listed in this

summary or not. To avoid excessive repetition, this summary does not list or suggest all

possible combinations of such features.

Compositions and methods for identifying, selecting and/or producing plants with

increased yield under drought conditions are provided. As described herein, a genomic

regions (interchangeably - “chromosome intervals”) may comprise, consist essentially of or

consist of gene(s), a single allele or a combination of alleles at one or more genetic loci

associated with increased drought tolerance and/or increased yield.

All disclosed maize chromosome positions herein correspond with the maize “B73

reference genome version 2”. The “B73 reference genome, version 2” and “B73 reference

genome, version 4” are publically available physical and genetic frameworks of the maize

B73 genome. They are the result of a sequencing effort utilizing a minimal tiling path of



approximately 19,000 mapped BAC clones, and focusing on producing high-quality sequence

coverage of all identifiable gene-containing regions of the maize genome. These regions were

ordered, oriented, and along with all of the intergenic sequences, anchored to the extant

physical and genetic maps of the maize genome. They can be accessed using a genome

browser, the Maize Genome Browser that is publicly available on the internet that facilitates

user interaction with sequence and map data at the Maize Genetic and Genomics Database,

maizeGDB.org, Portwood JL II et al. MaizeGDB 2018: the maize multi-genome genetics and

genomics database. Nucleic Acids Res. 2018.

The present invention has identified twelve causative chromosome interval, QTL,

genes and/and alleles (collectively herein ‘loci’) within the maize genome that are highly

associated with increased drought tolerance (e.g. increased bushels of corn per acre under

drought conditions) and with increased yield (e.g. increased bushels of corn per acre under

normal or well-watered conditions), these twelve loci collectively referred to herein as (‘yield

alleles’ or ‘yield QTL” interchangeably). Specifically, the invention discloses the following

twelve yield QTL including:

(1) QTL 1 (herein, (‘QTL 1’)) located on maize chromosome 1 corresponding to GRMZM

2G040030 and comprising an A allele at position 280976157;

(2) QTL 2 (herein, (‘QTL 2’)) located on maize chromosome 1 corresponding to

GRMZM2G040030 and comprising a G allele at position 280976564;

(3) QTL 3 (herein, (‘QTL 3’)) located on maize chromosome 1 corresponding to

GRMZM2G843914 and comprising a C allele at position 281072679;

(4) QTL 4 (herein, (‘QTL 4’)) located on maize chromosome 2 corresponding to

GRMZM2G1 60994 and comprising an A allele at position 44262624;

(5) QTL 5 (herein, (‘QTL 5’)) located on maize chromosome 9 corresponding to

GRMZMG020721 and comprising a C allele at position 134300637;

(6) QTL 6 (herein, (‘QTL 6’)) located on maize chromosome 9 corresponding to

GRMZMG080501 and comprising an A allele at position 135348128;

(7) QTL 7 (herein, (‘QTL 7’)) located on maize chromosome 9 corresponding to

GRMZM2G080501 and comprising an G allele at position 135348898;

(8) QTL 8 (herein, (‘QTL 8’)) located on maize chromosome 9 corresponding to

GRMZM2G049322 and comprising an C allele at position 138889589;

(9) QTL 9 (herein, (‘QTL 9’)) located on maize chromosome 9 corresponding to

GRMZM2G049322 and comprising an C allele at position 138889629;



(10) QTL 10 (herein, (‘QTL 10’)) located on maize chromosome 9 corresponding to

GRMZM2G049322 and comprising an G allele at position 138889963;

(11) QTL 11 (herein, (‘QTL 11’)) located on maize chromosome 9 corresponding to

GRMZM2G049322 and comprising an G allele at position 138890220; and

(12) QTL 12 (herein, (‘QTL 12’)) located on maize chromosome 5 corresponding to

GRMZM2G108716 and comprising a G allele at position 2795884.

Not to be limited by theory, it is believed that each of these yield alleles fall within a

gene(s) that are causative for the given phenotype of drought tolerance and/or increased yield.

It is well known in the art that markers within the causative gene and all closely associated

markers may be used in marker assisted breeding to select for, identify and assist in

producing plants having the trait associated with the given marker (e.g. in this case, increased

drought tolerance and/or yield, See Table 1 demonstrating list of probable causative genes,

alleles and examples of closely associated markers that may be used to identify or produce

maize lines having increased drought tolerance). Accordingly, in one aspect of the invention

is disclosed a method of selecting or identifying a maize line or germplasm having increased

drought tolerance and or yield wherein the method comprises the steps of; (a) isolating a

nucleic acid from a maize plant part; (b) detecting in the nucleic acid of (a) a molecular

marker that is associated with drought tolerance and/or increased yield wherein the molecular

marker is closely associated with any one of “Yield QTL 1-12” wherein closely associated

means the marker is within 50cM, 40cM, 30cM, 20cM, l5cM, lOcM, 9cM, 8cM, 7cM, 6cM,

5cM, 4cM, 3cM, 2cM, lcM or 0.5cM of the said Yield QTL; and (c) selecting or identifying

a maize plant on the basis of the presence of said marker in (b). In some embodiments the

marker of (b) can be used to produce maize plants having increased drought tolerance and or

increased yield by selecting a maize plant according to the method described in steps (a)-(c)

above and further comprise the steps of (d) crossing the plant of (c) with a second maize

plant not comprising the marker identified in (b); and (d) producing a progeny plant

comprising in its genome the marker of (b) wherein said progeny plant has increased drought

tolerance and/or yield as compared to a control plant.

In some embodiments of the present invention, a method of identifying and/or

selecting a drought tolerant maize plant, germplasm or part thereof is provided, the method

comprising: detecting, in said maize plant or part thereof, at least one allele of a marker locus

that is associated with drought tolerance in maize, wherein said one or more marker locus is

located within a chromosomal interval within 50cM, 40cM, 30cM, 20cM, l5cM, lOcM, 9cM,

8cM, 7cM, 6cM, 5cM, 4cM, 3cM, 2cM, lcM or 0.5cM of the said Yield QTL.



In some embodiments, methods of producing a drought tolerant maize plant are

provided. Such methods can comprise detecting, in a maize germplasm or plant, the presence

of a marker associated with increased drought tolerance (e.g. a marker within any

chromosomal interval or combination thereof comprising at least one QTL 1-12 as herein

defined) and producing a progeny plant from said maize germplasm or plant wherein said

progeny plant comprises said marker associated with increased drought tolerance and said

progeny plant further demonstrates increased drought tolerance as compared to a control

plant not comprising said marker. The invention also provides seed produced from said

progeny plant.

In some embodiments, Yield QTL 1 comprises an A at position 500 of SEQ ID

NO:l, QTL 2 comprises a G at position 500 of SEQ ID NO:2, QTL 3 comprises a C at

position 501 of SEQ ID NOG, QTL 4 comprises an A at position 501 of SEQ ID NO:4, QTL

5 comprises a C at position 502 of SEQ ID NOG, QTL 6 comprises an A at position 501 of

SEQ ID NO:6, QTL 7 comprises a G at position 501 of SEQ ID NO:7, QTL 8 comprises a C

at position 501 of SEQ ID NOG, QTL 9 comprises an A at position 501 of SEQ ID NO:9,

QTL 10 comprises a G at position 501 of SEQ ID NO: 10, QTL 11 comprises a G at position

500 of SEQ ID NO: 11, and QTL 12 comprises a C at position 448 of SEQ ID NO: 12.

In some embodiments, Maize plants comprising Yield QTL 1 can be identified with

molecular assay SM6492, Yield QTL 2 can be identified with molecular assay SM6487,

Yield QTL 3 can be identified with molecular assay SM5343, Yield QTL 4 can be identified

with molecular assay SM5347, Yield QTL 5 can be identified with molecular assay SM6647,

Yield QTL 6 can be identified with molecular assay SM6652, Yield QTL 7 can be identified

with molecular assay SM6646, Yield QTL 8 can be identified with molecular assay SM5575,

Yield QTL 9 can be identified with molecular assay SM5572, Yield QTL 10 can be identified

with molecular assay SM5570, Yield QTL 11 can be identified with molecular assay

SM5584, and Yield QTL 12 can be identified with molecular assay SM6552



In some embodiments, the presence of a marker associated with increased drought

tolerance is detected using a marker probe. In some such embodiments, the presence of a

marker associated with increased drought tolerance is detected in an amplification product

from a nucleic acid sample isolated from a maize plant or germplasm. In some embodiments,

the marker comprises a haplotype, and a plurality of probes are used to detect the alleles that

make up the haplotype. In some such embodiments, the alleles that make up the haplotype are

detected in a plurality of amplification products from a nucleic acid sample isolated from a

maize plant or germplasm.

In some embodiments, methods of selecting a drought tolerant maize plant or

germplasm are provided. Such methods can comprise crossing a first maize plant or

germplasm with a second maize plant or germplasm, wherein the first maize plant or

germplasm comprises a marker associated with increased drought tolerance, and selecting a

progeny plant or germplasm that possesses the marker (e.g. a marker located 50cM, 20cM,

lOcM, 5cM, 2cM or lcM from any one of QTL 1-12, that have been demonstrated to

associate with increased drought tolerance and/or yield.

In some embodiments, methods of introgressing an allele associated with increased

drought tolerance into a maize plant or germplasm are provided. Such methods can comprise

crossing a first maize plant or germplasm comprising an allele associated with increased

drought tolerance (e.g. any allele as identified in QTL 1-12 or closely associated alleles

thereof) with a second maize plant or germplasm that lacks said allele and repeatedly

backcrossing progeny plants comprising said allele with the second maize plant or germplasm

to produce a drought tolerant maize plant or germplasm comprising the allele associated with

increased drought tolerance. Progeny comprising the allele associated with increased drought

tolerance can be identified by detecting, in their genomes, the presence of a marker associated

with said allele; for example a marker located within a chromosomal interval (e.g. any of

QTLs 1-12 or a portion thereof or within 50cM, 20cM, lOcM or less from QTLs 1-12 or any

combination thereof.

Plants and/or germplasms identified, produced or selected by any of the methods of

the invention are also provided, as are any progeny or seeds derived from a plant or

germplasm identified, produced or selected by these methods.

Non-naturally occurring maize plants and/or germplasms having introgressed (e.g.

through plant breeding, transgenic expression or genome editing) into its genome any one of



yield alleles 1-12 associated with increased drought tolerance are also provided. In some

embodiments the non-naturally occurring maize plant and/or germplasm is a progeny plant of

a maize plant that has been selected for breeding purposes on the basis of the presence of a

marker that associates with increased drought tolerance and/or increased yield under well

watered conditions and wherein said marker is located within a chromosomal interval that

corresponds to any one or more of chromosome interval 1, 2, 3, 4, 5, 6, 7 or portions thereof.

In other embodiments, a non-naturally occurring plant is created by editing within a plant’s

genome an allelic change corresponding to any one of yield alleles 1-12 wherein the allelic

change results in a plant having increased drought and/or increase yield as compared to a

control plant. In another embodiment, a plant having increased drought tolerance and/or

increased yield can be created by modulating the expression of any one of: hey. It is

contemplated that one could modulate said expression via modification of native com

regulatory elements (e.g. native promoter upstream from respective gene)

Methods of employing markers associated with increased drought tolerance are also

provided. Such markers can comprise a nucleotide sequence at least 85%, 90%, 95%, or 99%

identical to any of QTLs 1-12 or the reverse complement thereof, or an informative or

functional fragment thereof.

Compositions comprising a primer pair capable of amplifying a nucleic acid sample

isolated from a maize plant or germplasm to generate a marker associated with increased

drought tolerance are also provided. In one embodiment the amplifying of the primer pair

produces an amplicon diagnostic for the presence of any one of QTL 1-12.

A marker associated with increased drought tolerance can comprise, consist

essentially of, and/or consist of a single allele or a combination of alleles at one or more

genetic loci (e.g. a genetic loci comprising any one of QTLs 1-12 as defined herein).

In another embodiment, the genes, chromosomal intervals, markers and genetic loci of

the invention may be combined with the markers described in U.S. Patent Applications 2011-

0191892 and/or PCT/US2016/066543, herein both incorporated in their entirety by reference.

In another embodiment, the presently disclosed subject matter discloses a method to

produce a plant having increased drought tolerance as compared to a control plant, the

method comprising the steps of a) in a plant cell or in vitro, editing a plant’ s genome (i.e.

through CRISPR or TALEN) to comprise a molecular marker (e.g. SNP) associated with

increased drought tolerance wherein the molecular marker is any marker as described in yield

QTLs 1-12 and further wherein the plant genome did not have said molecular marker

previously; b) producing a plant or plant callus from the plant cell of a). In particular the



editing comprises any one of yield QTL 1-12 or closely associated alleles thereof.

In some embodiments, “increased water optimization” confers increased or stabilized

yield in a water stressed environment as compared to a control plant. Maize plants having

enhance water optimization may be selected, identified or produced using any of QTLs 1-12.

In some embodiments, the hybrid with increased water optimization can be planted at a

higher crop density. In some embodiments, the hybrid with increased water optimization

confers no yield drag when under favorable moisture levels. In yet another embodiment the

plants comprising any of QTLs 1-12 confer any one of increased drought tolerance or

increased yield as compared to a control plant wherein yield is increased bushels of com per

acre or further increased yield (i.e. increased bushels per acre) under non-drought or well-

watered conditions.

The presently disclosed subject matter also provides in some embodiments hybrid Zea

mays plants produced by the presently disclosed methods, or a cell, tissue culture, seed, or

part thereof.

The presently disclosed subject matter also provides in some embodiments inbred Zea

mays plants produced by backcrossing and/or selfing and/or producing double haploids from

the hybrid Zea mays plants disclosed herein, or a cell, tissue culture, seed, or part thereof.

The presently disclosed subject matter also provides in some embodiments hybrid or

inbred Zea mays plants that have been modified to include a transgene. In some

embodiments, the transgene encodes a gene product that provides resistance to a herbicide

selected from among glyphosate, Sulfonylurea, imidazolinione, dicamba, glufisinate,

phenoxy proprionic acid, cycloshexome, traizine, benzonitrile, and broxynil. For example,

any hybrid or inbred Zea mays plant having comprised in its genome a transgene encoding

any one of glyphosate, Sulfonylurea, imidazolinione, dicamba, glufisinate, phenoxy

proprionic acid, cycloshexome, traizine, benzonitrile, and broxynil resistance transgene and

further wherein said plant has introgressed into its genome any one of SEQ ID Nos 1-12.

The presently disclosed subject matter also provides in some embodiments Zea mays

plants produced by introgressing an allele of interest of a locus associated with increased

drought tolerance into a Zea mays germplasm. In some embodiments, the introgressing

comprises (a) selecting a Zea mays plant that comprises an allele of interest of a locus

associated with increased drought tolerance (i.e. any of QTL 1-12:); and (b) introgressing the

allele of interest into Zea mays germplasm that lacks the allele.



In another embodiment, the invention provides maize germplasm that has been

enriched with any one of QTLs 1-12, wherein enrichment comprises the steps of identifying

or selecting lines having the said QTL or yield alleles and crossing these lines with lines not

having said intervals or portions thereof and backcrossing to create inbred lines with said

intervals or yield alleles then employing said inbred lines into a plant breeding system to

create a commercial maize population enriched for said interval or yield alleles thereof (e.g. a

commercial hybrid maize population having greater than 30%, 40% or over 50% of its

hybrids enriched with said interval or yield alleles as compared to a 5 year historical pedigree

of said hybrid maize population having <30% enrichment of said interval or yield alleles.

In further embodiments, a method of identifying and/or selecting a maize plant or

plant part having increased yield under non-drought conditions, increased yield stability

under drought conditions, and/or increased drought tolerance, comprising: detecting, in a

maize plant or plant part, an allele of at least one marker locus that is associated with

increased yield under non-drought conditions, increased yield stability under drought

conditions, and/or increased drought tolerance in a plant, wherein said at least one marker is

selected from the group or a marker located within 50cM, 40cM, 30cM, 20cM, l5cM, lOcM,

9cM, 8cM, 7cM, 6cM, 5cM, 4cM, 3cM, 2cM, lcM or 0.5cM of the following causative

alleles:

Chromosome 1 comprising an A allele at position 280976157;

Chromosome 1 comprising a G allele at position 280976564;

Chromosome 1 comprising a C allele at position 281072679;

Chromosome 2 comprising an A allele at position 44262624;

Chromosome 9 comprising a C allele at position 134300637;

Chromosome 9 comprising an A allele at position 135348128;

Chromosome 9 comprising a G allele at position 135348898;

Chromosome 9 comprising a C allele at position 138889589;

Chromosome 9 comprising a C allele at position 138889629;

Chromosome 9 comprising a G allele at position 138889963;

Chromosome 9 comprising an G allele at position 138890220; and

Chromosome 5 comprising a G allele at position 2795884; or any combination

thereof.

In another embodiment, the invention provides methods of introducing into a plant

genome a gene that confers increased drought tolerance or increased yield in said plant. It is

contemplated that genes may be introduced via conventional plant breeding methods,



transgenic expression, mutation such as by Ethyl methanesulfonate (ESM), or through gene

editing such as TALEN, CRISPR, meganuclease, or etc. In some embodiments, not to be

limited by theory, a nucleotide sequence comprising any one or more of the gene models

listed in Table 1 below may be introduced into a plant’s genome to create plants having

increased yield and/or increased drought tolerance as compared to a control plant.

Table 1: Summary of putative gene models causative for increased drought tolerance and/or

increased yield in plants:



In another aspect of the invention transgenic plants having increased tolerance to

drought and/or increased yield may be produced by operably linking any one of the genes in

Table 1 or homologs/orthologs thereof to a plant promoter and expressing said gene in plant.

For example, it is contemplated that said genes may be expressed either by constitutive or by

tissue specific/preferred expression. Not to be limited by example, but it is contemplated that



one could target expression to, for example, the corn ear, the shank, reproductive tissue, fruit,

seed, or other plant parts to produce transgenic plants having increased yield and/or drought

tolerance.

In certain embodiments, alleles of the invention may be employed for either stiff stalk

or non-stiff stalk maize.

These and other aspects of the invention are set forth in more detail in the description

of the invention below.

BRIEF DESCRIPTION OF THE SEQUENCES

The instant disclosure includes a plurality of nucleotide and/or amino acid sequences.

Throughout the disclosure and the accompanying sequence listing, the WIPO Standard ST.25

(1998; hereinafter the “ST.25 Standard”) is employed to identify nucleotides. This nucleotide

identification standard is summarized below:

Nucleotide Naming Conventions in WIPO Standard ST.25

Symbol Meaning Symbol Meaning_

a a k g or t/u

c c s g or e

g g w a or t/u

t t b g or c or t/u

u u d a or g or t/u

r g or a h a or c or t/u

v t/u or c v a or g or c

m a or c n a or g or c or t/u,

unknown, other,

or absent

Additionally, whether specifically noted or not, for each recitation of “n” in the

Sequence Listing, it is understood that any individual “n” (including some or all n ’s in a

sequence of consecutive n’s) can represent a, c, g, t/u, unknown, or other, or can be absent.

Thus, unless specifically defined to the contrary in the Sequence Listing, an “n” can in some

embodiments represent no nucleotide.



SEQ ID NO: 1 SM6492 is a subsequence of QTL 1 located on maize chromosome 1

corresponding to GRMZM 2G040030 and comprising an A allele at position 280976157

SEQ ID NO: 2 SM6487 is a subsequence of QTL 2 located on maize chromosome 1

corresponding to GRMZM2G040030 and comprising a G allele at position 280976564

SEQ ID NO: 3 SM5343 is a subsequence of QTL 3 located on maize chromosome 1

corresponding to GRMZM2G843914 and comprising a C allele at position 281072679

SEQ ID NO: 4 SM5347 is a subsequence of QTL 4 located on maize chromosome 2

corresponding to GRMZM2G 160994 and comprising an A allele at position 44262624

SEQ ID NO: 5 SM6647 is a subsequence of QTL 5 located on maize chromosome 9

corresponding to GRMZMG020721 and comprising a C allele at position 134300637

SEQ ID NO: 6 SM6652 is a subsequence of QTL 6 located on maize chromosome 9

corresponding to GRMZMG080501 and comprising an A allele at position 135348128

SEQ ID NO: 7 SM6646 is a subsequence of QTL 7 located on maize chromosome 9

corresponding to GRMZM2G080501 and comprising an G allele at position 135348898

SEQ ID NO: 8 SM5575 is a subsequence of QTL 8 located on maize chromosome 9

corresponding to GRMZM2G049322 and comprising an C allele at position 138889589

SEQ ID NO: 9 SM5572 is a subsequence of QTL 9 located on maize chromosome 9

corresponding to GRMZM2G049322 and comprising an C allele at position 138889629

SEQ ID NO: 10 SM5570 is a subsequence of QTL 10 located on maize chromosome 9

corresponding to GRMZM2G049322 and comprising an G allele at position 138889963

SEQ ID NO: 11 SM5584 is a subsequence of QTL 11 located on maize chromosome 9

corresponding to GRMZM2G049322 and comprising an G allele at position 138890220



SEQ ID NO: 12 SM6552 is a subsequence of QTL 12 located on maize chromosome 5

corresponding to GRMZM2G108716 and comprising a G allele at position 2795884

SEQ ID NO: 13 GRMZM2G040030 CDS Cold-regulated 413 plasma membrane protein 2.

Upregulation of this gene is associated with drought tolerance and/or increased yield

SEQ ID NO: 14 GRMZM5G843914 CDS Electron transporter. Down-regulation of this gene

is associated with drought tolerance and/or increased yield

SEQ ID NO: 15 GRMZM2G1 994 CDS Pentatricopeptide repeat-containing protein

mitochondrial. Down-regulation of this gene is associated with drought tolerance and/or

increased yield

SEQ ID NO: 16 GRMZM2G020721 CDS Protein REDUCED WALL ACETYLATION 2.

Upregulation of this gene is associated with drought tolerance and/or increased yield

SEQ ID NO: 17 GRMZM2G080501 CDS Thiaminase3, potential Gene involved in

preventing damage to vitamin Bl and conserving breakdown products. Upregulation of this

gene is associated with drought tolerance and/or increased yield

SEQ ID NO: 18 GRMZMG049322 CDS Phosphatidylinositol N-

acetyglucosaminly transferase subunit P-related. Down-regulation of this gene is associated

with drought tolerance and/or increased yield

SEQ ID NO: 19 GRMZM2G108716 CDS IWS1/SPN1 -transcription factor 2 ; Transcription

factor IIS protein, potential gene involved in NUE. Upregulation of this gene is associated

with drought tolerance and/or increased yield

SEQ ID NO: 20 GRMZM2G040030 Protein Cold-regulated 413 plasma membrane protein

2. Upregulation of this gene is associated with drought tolerance and/or increased yield

SEQ ID NO: 2 1 GRMZM5G843914 Protein Electron transporter. Down-regulation of this

gene is associated with drought tolerance and/or increased yield



SEQ ID NO: 22 GRMZM2G160994 Protein Pentatricopeptide repeat-containing protein

mitochondrial. Down-regulation of this gene is associated with drought tolerance and/or

increased yield

SEQ ID NO: 23 GRMZM2G020721 Protein REDUCED WALL ACETYLATION 2.

Upregulation of this gene is associated with drought tolerance and/or increased yield

SEQ ID NO: 24 GRMZM2G080501 Protein Thiaminase3, potential Gene involved in

preventing damage to vitamin Bl and conserving breakdown products. Upregulation of this

gene is associated with drought tolerance and/or increased yield

SEQ ID NO: 25 GRMZMG049322 Protein Phosphatidylinositol N-

acetyglucosaminlytransferase subunit P-related. Down-regulation of this gene is associated

with drought tolerance and/or increased yield

SEQ ID NO: 26 GRMZM2G108716 Protein IWSl/SPNl-transcription factor 2 ;
Transcription factor IIS protein, potential gene involved in NUE. Upregulation of this gene is
associated with drought tolerance and/or increased yield

SEQ ID NO: 27 Assay SM6492 Probe 1

SEQ ID NO: 28 Assay SM6492 Primerl

SEQ ID NO: 29 Assay SM6492 Probe2

SEQ ID NO: 30 Assay SM6492 Primer2

SEQ ID NO: 3 1 Assay SM6487 Probe 1

SEQ ID NO: 32 Assay SM6487 Primerl

SEQ ID NO: 33 Assay SM6487 Probe2

SEQ ID NO: 34 Assay SM6487 Primer2

SEQ ID NO: 35 Assay SM5343 Probe 1

SEQ ID NO: 36 Assay SM5343 Primerl

SEQ ID NO: 37 Assay SM5343 Probe2

SEQ ID NO: 38 Assay SM5343 Primer2

SEQ ID NO: 39 Assay SM5347 Probe 1

SEQ ID NO: 40 Assay SM5347 Primerl

SEQ ID NO: 4 1 Assay SM5347 Probe2

SEQ ID NO: 42 Assay SM5347 Primer2



SEQ ID NO: 43 Assay SM6647 Probe 1

SEQ ID NO: 44 Assay SM6647 Primerl

SEQ ID NO: 45 Assay SM6647 Probe2

SEQ ID NO: 46 Assay SM6647 Primer2

SEQ ID NO: 47 Assay SM6652 Primerl

SEQ ID NO: 48 Assay SM6652 Probe 1

SEQ ID NO: 49 Assay SM6652 Probe2

SEQ ID NO: 50 Assay SM6652 Primer2

SEQ ID NO: 5 1 Assay SM6646 Primerl

SEQ ID NO: 52 Assay SM6646 Probe 1

SEQ ID NO: 53 Assay SM6646 Probe2

SEQ ID NO: 54 Assay SM6646 Primer2

SEQ ID NO: 55 Assay SM5575 Primerl

SEQ ID NO: 56 Assay SM5575 Probe 1

SEQ ID NO: 57 Assay SM5575 Primer2

SEQ ID NO: 58 Assay SM5575 Probe2

SEQ ID NO: 59 Assay SM5572 Probe 1

SEQ ID NO: 60 Assay SM5572 Primerl

SEQ ID NO: 6 1 Assay SM5572 Probe2

SEQ ID NO: 62 Assay SM5572 Primer2

SEQ ID NO: 63 Assay SM5570 Primerl

SEQ ID NO: 64 Assay SM5570 Probe 1

SEQ ID NO: 65 Assay SM5570 Primer2

SEQ ID NO: 66 Assay SM5570 Probe2

SEQ ID NO: 67 Assay SM5584 Probe 1

SEQ ID NO: 68 Assay SM5584 Primerl

SEQ ID NO: 69 Assay SM5584 Probe2

SEQ ID NO: 70 Assay SM5584 Primer2

SEQ ID NO: 7 1 Assay SM6552 Primerl

SEQ ID NO: 72 Assay SM6552 Probe 1

SEQ ID NO: 73 Assay SM6552 Probe2

SEQ ID NO: 74 Assay SM6552 Primer2



DETAILED DESCRIPTION

This description is not intended to be a detailed catalog of all the different ways in

which the invention may be implemented, or all the features that may be added to the instant

invention. For example, features illustrated with respect to one embodiment may be

incorporated into other embodiments, and features illustrated with respect to a particular

embodiment may be deleted from that embodiment. Thus, the invention contemplates that in

some embodiments of the invention, any feature or combination of features set forth herein

can be excluded or omitted. In addition, numerous variations and additions to the various

embodiments suggested herein will be apparent to those skilled in the art in light of the

instant disclosure, which do not depart from the instant invention. Hence, the following

descriptions are intended to illustrate some particular embodiments of the invention, and not

to exhaustively specify all permutations, combinations and variations thereof.

Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. The terminology used in the description of the invention herein is for the purpose of

describing particular embodiments only and is not intended to be limiting of the invention.

All publications, patent applications, patents and other references cited herein are

incorporated by reference in their entireties for the teachings relevant to the sentence and/or

paragraph in which the reference is presented. References to techniques employed herein are

intended to refer to the techniques as commonly understood in the art, including variations on

those techniques or substitutions of equivalent techniques that would be apparent to one of

skill in the art.

Unless the context indicates otherwise, it is specifically intended that the various

features of the invention described herein can be used in any combination. Moreover, the

present invention also contemplates that in some embodiments of the invention, any feature

or combination of features set forth herein can be excluded or omitted. To illustrate, if the

specification states that a composition comprises components A, B and C, it is specifically

intended that any of A, B or C, or a combination thereof, can be omitted and disclaimed

singularly or in any combination.

The presently disclosed subject matter provides compositions and methods for

identifying, selecting, and/or producing maize plants with increased drought tolerance (also

referred to herein as water optimization), as well as maize plants identified, selected and/or



produced by a method of this invention. In addition, the presently disclosed subject matter

provides maize plants and/or germplasms having within their genomes one or more markers

associated with increased drought tolerance.

To assess the value of chromosomal intervals, loci, genes or markers under drought

stress, diverse germplasm was screened in controlled field-experiments comprising a full

irrigation control treatment and a limited irrigation treatment. A goal of the full irrigation

treatment was to ensure that water did not limit the productivity of the crop. In contrast, a

goal of the limited irrigation treatment was to ensure that water became the major limiting

constraint to grain yield. Main effects (e.g., treatment and genotype) and interactions (e.g.,

genotype x treatment) could be determined when the two treatments were applied adjacent to

one another in the field. Moreover, drought related phenotypes could be quantified for each

genotype in the panel thereby allowing for marker trait associations to be conducted.

In practice, the method for the limited irrigation treatment can vary widely depending

upon the germplasm being screened, the soil type, climatic conditions at the site, pre-season

water supply, and in-season water supply, to name just a few. Initially, a site is identified

where in-season precipitation is low (to minimize the chance of unintended water application)

and is suitable for cropping. In addition, determining the timing of the stress can be

important, such that a target is defined to ensure that year-to-year, or location-to-location,

screening consistency is in place. An understanding of the treatment intensity, or in some

cases the yield loss desired from the limited irrigation treatment, can also be considered.

Selection of a treatment intensity that is too light can fail to reveal genotypic variation.

Selection of a treatment intensity that is too heavy can create large experimental error. Once

the timing of stress is identified and treatment intensity is described, irrigation can be

managed in a manner that is consistent with these targets.

I. Definitions

While the following terms are believed to be well understood by one of ordinary skill

in the art, the following definitions are set forth to facilitate explanation of the presently

disclosed subject matter.

All technical and scientific terms used herein, unless otherwise defined below, are

intended to have the same meaning as commonly understood by one of ordinary skill in the

art. References to techniques employed herein are intended to refer to the techniques as

commonly understood in the art, including variations on those techniques or substitutions of

equivalent techniques that would be apparent to one of skill in the art. While the following



terms are believed to be well understood by one of ordinary skill in the art, the following

definitions are set forth to facilitate explanation of the presently disclosed subject matter.

As used in the description of the invention and the appended claims, the singular

forms "a," "an" and "the" are intended to include the plural forms as well, unless the context

clearly indicates otherwise.

As used herein, "and/or" refers to and encompasses any and all possible combinations

of one or more of the associated listed items, as well as the lack of combinations when

interpreted in the alternative ("or").

Unless otherwise indicated, all numbers expressing quantities of ingredients, reaction

conditions, and so forth used in the specification and claims are to be understood as being

modified in all instances by the term "about". The term “about”, as used herein when

referring to a measurable value such as an amount of mass, weight, time, volume,

concentration or percentage is meant to encompass variations of in some embodiments ±20%,

in some embodiments ±10%, in some embodiments ±5%, in some embodiments ±1%, in

some embodiments ±0.5%, and in some embodiments ±0.1 % from the specified amount, as

such variations are appropriate to perform the disclosed methods. Accordingly, unless

indicated to the contrary, the numerical parameters set forth in this specification and attached

claims are approximations that can vary depending upon the desired properties sought to be

obtained by the presently disclosed subject matter.

As used herein, phrases such as "between X and Y" and "between about X and Y"

should be interpreted to include X and Y. As used herein, phrases such as "between about X

and Y" mean "between about X and about Y" and phrases such as "from about X to Y" mean

"from about X to about Y."

The terms “comprise,” “comprises” and “comprising” as used herein, specify the

presence of the stated features, integers, steps, operations, elements, and/or components, but

do not preclude the presence or addition of one or more other features, integers, steps,

operations, elements, components, and/or groups thereof.

As used herein, the transitional phrase “consisting essentially of’ means that the scope

of a claim is to be interpreted to encompass the specified materials or steps recited in the

claim and those that do not materially affect the basic and novel characteristic(s) of the

claimed invention. Thus, the term “consisting essentially of’ when used in a claim of this

invention is not intended to be interpreted to be equivalent to “comprising.”

As used herein, the term “allele” refers to one of two or more different nucleotides or

nucleotide sequences that occur at a specific chromosome locus.



As used herein, the term “anthesis silk interval” (ASI) refers to the difference between

when a plant starts shedding pollen (anthesis) and when it begins producing silk (female).

Data are collected on a per plot basis. In some embodiments, this interval is expressed in

days.

A “locus” is a position on a chromosome where a gene or marker or allele is located.

In some embodiments, a locus may encompass one or more nucleotides.

As used herein, the terms “desired allele,” “target allele”, “causative allele” and/or

“allele of interest” are used interchangeably to refer to an allele associated with a desired

trait.

As used herein, the phrase "associated with" refers to a recognizable and/or assayable

relationship between two entities. For example, the phrase "associated with a water

optimization trait" refers to a trait, locus, gene, allele, marker, phenotype, etc., or the

expression thereof, the presence or absence of which can influence an extent, degree, and/or

rate at which a plant or a part of interest thereof that has the water optimization trait grows.

As such, a marker is “associated with” a trait when it is linked to it and when the presence of

the marker is an indicator of whether and/or to what extent the desired trait or trait form will

occur in a plant/germplasm comprising the marker. Similarly, a marker is “associated with”

an allele when it is linked to it and when the presence of the marker is an indicator of whether

the allele is present in a plant/germplasm comprising the marker. For example, “a marker

associated with increased drought tolerance” refers to a marker whose presence or absence

can be used to predict whether and/or to what extent a plant will display a drought tolerant

phenotype.

As used herein, the terms “backcross” and “backcrossing” refer to the process

whereby a progeny plant is crossed back to one of its parents one or more times (e.g., 1, 2, 3,

4, 5, 6, 7, 8, 9, 10, or more.). In a backcrossing scheme, the “donor” parent refers to the

parental plant with the desired gene or locus to be introgressed. The “recipient” parent (used

one or more times) or “recurrent” parent (used two or more times) refers to the parental plant

into which the gene or locus is being introgressed. For example, see Ragot, M. et al. Marker-

assisted Backcrossing: A Practical Example, in TECHNIQUES ET UTILISATIONS DES

MARQUEURS MOLECULAIRES LES COLLOQUES, Vol. 72, pp. 45-56 (1995); and Openshaw et

a , Marker-assisted Selection in Backcross Breeding, in PROCEEDINGS OF THE SYMPOSIUM

“ANALYSIS OF MOLECULAR MARKER DATA,” pp. 41-43 (1994). The initial cross gives rise to

the Fl generation. The term “BC1” refers to the second use of the recurrent parent, “BC2”

refers to the third use of the recurrent parent, and so on. In some embodiments, the number



of backcrosses can be about 1 to about 10 (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10). In some

embodiments, the number of backcrosses is about 7.

As used herein, the terms “cross” or “crossed” refer to the fusion of gametes via

pollination to produce progeny (e.g., cells, seeds or plants). The term encompasses both

sexual crosses (the pollination of one plant by another) and selfing (self-pollination, e.g.,

when the pollen and ovule are from the same plant). The term “crossing” refers to the act of

fusing gametes via pollination to produce progeny.

As used herein, the terms “cultivar” and “variety” refer to a group of similar plants

that by structural or genetic features and/or performance can be distinguished from other

varieties within the same species.

As used herein, the terms “elite” and/or “elite line” refer to any line that is

substantially homozygous and has resulted from breeding and selection for desirable

agronomic performance.

As used herein, the terms “exotic,” “exotic line” and “exotic germplasm” refer to any

plant, line or germplasm that is not elite. In general, exotic plants/germplasms are not

derived from any known elite plant or germplasm, but rather are selected to introduce one or

more desired genetic elements into a breeding program (e.g., to introduce novel alleles into a

breeding program).

As used herein, the term "chromosome" is used in its art-recognized meaning of the

self-replicating genetic structure in the cellular nucleus containing the cellular DNA and

bearing in its nucleotide sequence the linear array of genes. The Zea mays chromosome

numbers disclosed herein refer to those as set forth in Perin et a , 2002, which relates to a

reference nomenclature system adopted by L'institut National da la Recherche Agronomique

(INRA; Paris, France).

As used herein, the phrase "consensus sequence" refers to a sequence of DNA built to

identify nucleotide differences (e.g., SNP and Indel polymorphisms) in alleles at a locus. A

consensus sequence can be either strand of DNA at the locus and states the nucleotide(s) at

one or more positions (e.g., at one or more SNPs and/or at one or more Indels) in the locus. In

some embodiments, a consensus sequence is used to design oligonucleotides and probes for

detecting polymorphisms in the locus.

A “genetic map” is a description of genetic linkage relationships among loci on one or

more chromosomes within a given species, generally depicted in a diagrammatic or tabular

form. For each genetic map, distances between loci are measured by the recombination

frequencies between them. Recombination between loci can be detected using a variety of



markers. A genetic map is a product of the mapping population, types of markers used, and

the polymorphic potential of each marker between different populations. The order and

genetic distances between loci can differ from one genetic map to another.

As used herein, the term “genotype” refers to the genetic constitution of an individual

(or group of individuals) at one or more genetic loci, as contrasted with the observable and/or

detectable and/or manifested trait (the phenotype). Genotype is defined by the allele(s) of

one or more known loci that the individual has inherited from its parents. The term genotype

can be used to refer to an individual's genetic constitution at a single locus, at multiple loci, or

more generally, the term genotype can be used to refer to an individual's genetic make up for

all the genes in its genome. Genotypes can be indirectly characterized, e.g., using markers

and/or directly characterized by, e.g., nucleic acid sequencing.

As used herein, the term “germplasm” refers to genetic material of or from an

individual (e.g., a plant), a group of individuals (e.g., a plant line, variety or family), or a

clone derived from a line, variety, species, or culture. The germplasm can be part of an

organism or cell, or can be separate from the organism or cell. In general, germplasm

provides genetic material with a specific genetic makeup that provides a foundation for some

or all of the hereditary qualities of an organism or cell culture. As used herein, germplasm

includes cells, seed or tissues from which new plants may be grown, as well as plant parts

that can be cultured into a whole plant (e.g., leaves, stems, buds, roots, pollen, cells, etc.). In

some embodiments, germplasm includes but is not limited to tissue culture.

A “haplotype” is the genotype of an individual at a plurality of genetic loci, i.e., a

combination of alleles. Typically, the genetic loci that define a haplotype are physically and

genetically linked, i.e., on the same chromosome segment. The term “haplotype” can refer to

polymorphisms at a particular locus, such as a single marker locus, or polymorphisms at

multiple loci along a chromosomal segment.

As used herein, the term “heterozygous” refers to a genetic status wherein different

alleles reside at corresponding loci on homologous chromosomes.

As used herein, the term “homozygous” refers to a genetic status wherein identical

alleles reside at corresponding loci on homologous chromosomes.

As used herein, the term “hybrid" in the context of plant breeding refers to a plant that

is the offspring of genetically dissimilar parents produced by crossing plants of different lines

or breeds or species, including but not limited to a cross between two inbred lines.

As used herein, the term “inbred” refers to a substantially homozygous plant or

variety. The term may refer to a plant or plant variety that is substantially homozygous



throughout the entire genome or that is substantially homozygous with respect to a portion of

the genome that is of particular interest.

As used herein, the terms “introgression,” “introgressing” and “introgressed” refer to

both the natural and artificial transmission of a desired allele or combination of desired alleles

of a genetic locus or genetic loci from one genetic background to another. For example, a

desired allele at a specified locus can be transmitted to at least one progeny via a sexual cross

between two parents of the same species, where at least one of the parents has the desired

allele in its genome. Alternatively, for example, transmission of an allele can occur by

recombination between two donor genomes, e.g., in a fused protoplast, where at least one of

the donor protoplasts has the desired allele in its genome. The desired allele may be a

selected allele of a marker, a QTL, a transgene, or the like. Offspring comprising the desired

allele can be backcrossed one or more times (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more times) to

a line having a desired genetic background, selecting for the desired allele, with the result

being that the desired allele becomes fixed in the desired genetic background. For example, a

marker associated with drought tolerance (e.g. any markers shown in Tables 1-7) may be

introgressed from a donor into a recurrent parent that is drought susceptible. The resulting

offspring could then be backcrossed one or more times and selected until the progeny

comprises the genetic marker(s) associated with drought tolerance in the recurrent parent

background.

As used herein, the term "linkage" refers to a phenomenon wherein alleles on the

same chromosome tend to be transmitted together more often than expected by chance if their

transmission were independent. Thus, two alleles on the same chromosome are said to be

"linked" when they segregate from each other in the next generation in some embodiments

less than 50% of the time, in some embodiments less than 25% of the time, in some

embodiments less than 20% of the time, in some embodiments less than 15% of the time, in

some embodiments less than 10% of the time, in some embodiments less than 9% of the time,

in some embodiments less than 8% of the time, in some embodiments less than 7% of the

time, in some embodiments less than 6% of the time, in some embodiments less than 5% of

the time, in some embodiments less than 4% of the time, in some embodiments less than 3%

of the time, in some embodiments less than 2% of the time, and in some embodiments less

than 1 % of the time.

As such, "linkage" typically implies and can also refer to physical proximity on a

chromosome. Thus, two loci are linked if they are within in some embodiments 20

centiMorgans (cM), in some embodiments 15 cM, in some embodiments 12 cM, in some



embodiments 10 cM, in some embodiments 9 cM, in some embodiments 8 cM, in some

embodiments 7 cM, in some embodiments 6 cM, in some embodiments 5 cM, in some

embodiments 4 cM, in some embodiments 3 cM, in some embodiments 2 cM, and in some

embodiments 1 cM of each other. Similarly, a yield locus (e.g. yield alleles 1-12) of the

presently disclosed subject matter is linked to a marker (e.g., any of QTL 1-12) within 20, 15,

12, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 cM of the marker. Thus, a marker linked to any one of yield

alleles 1-12 may be utilized to select, identify or produce maize plants having increased

tolerance to drought and/or increased yield.

In some embodiments of the presently disclosed subject matter, it is advantageous to

define a bracketed range of linkage, for example, from about 10 cM and about 20 cM, from

about 10 cM and about 30 cM, or from about 10 cM and about 40 cM. The more closely a

marker is linked to a second locus (e.g. yield alleles 1-12), the better an indicator for the

second locus that marker becomes. Thus, “closely linked” loci or markers such as a marker

locus and a second locus display an inter-locus recombination frequency of about 10%, 9%,

8%, 7%, 6%, 5%, 4%, 3%, or 2% or less. In some embodiments, the relevant loci display a

recombination frequency of about 1% or less, e.g., about 0.75%, 0.5%, 0.25% or less. Two

loci that are localized to the same chromosome, and at such a distance that recombination

between the two loci occurs at a frequency of less than about 10% (e.g., about 9%, 8%, 7%,

6%, 5%, 4%, 3%, 2%, 1%, 0.75%, 0.5%, or 0.25%, or less) can also be said to be “proximal

to” each other. Since one cM is the distance between two markers that show a 1%

recombination frequency, any marker is closely linked (genetically and physically) to any

other marker that is in close proximity, e.g., at or less than about 10 cM distant. Two closely

linked markers on the same chromosome can be positioned about 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.75,

0.5 or 0.25 cM or less from each other. A centimorgan (“cM”) or a genetic map unit (m.u.) is

a unit of measure of recombination frequency and is defined as the distance between genes

for which one product of meiosis in 100 is recombinant. One cM is equal to a 1% chance that

a marker at one genetic locus will be separated from a marker at a second locus due to

crossing over in a single generation. Thus, a recombinant frequency (RF) of 1% is equivalent

to 1 m.u.

As used herein, the phrase “linkage group" refers to all of the genes or genetic traits

that are located on the same chromosome. Within the linkage group, those loci that are close

enough together can exhibit linkage in genetic crosses. Since the probability of crossover

increases with the physical distance between loci on a chromosome, loci for which the

locations are far removed from each other within a linkage group might not exhibit any



detectable linkage in direct genetic tests. The term "linkage group" is mostly used to refer to

genetic loci that exhibit linked behavior in genetic systems where chromosomal assignments

have not yet been made. Thus, the term "linkage group" is synonymous with the physical

entity of a chromosome, although one of ordinary skill in the art will understand that a

linkage group can also be defined as corresponding to a region of (i.e., less than the entirety)

of a given chromosome or for example any of QTLs 1-12 as defined herein).

As used herein, the term “linkage disequilibrium” refers to a non-random segregation

of genetic loci or traits (or both). In either case, linkage disequilibrium implies that the

relevant loci are within sufficient physical proximity along a length of a chromosome so that

they segregate together with greater than random (i.e., non-random) frequency (in the case of

co-segregating traits, the loci that underlie the traits are in sufficient proximity to each other).

Markers that show linkage disequilibrium are considered linked. Linked loci co-segregate

more than 50% of the time, e.g., from about 51% to about 100% of the time. In other words,

two markers that co-segregate have a recombination frequency of less than 50% (and, by

definition, are separated by less than 50 cM on the same chromosome). As used herein,

linkage can be between two markers, or alternatively between a marker and a phenotype. A

marker locus can be “associated with” (linked to) a trait, e.g., drought tolerance. The degree

of linkage of a genetic marker to a phenotypic trait is measured, e.g., as a statistical

probability of co-segregation of that marker with the phenotype.

Linkage disequilibrium is most commonly assessed using the measure r2, which is

calculated using the formula described by Hill and Robertson, Theor. Appl. Genet. 38:226

(1968). When r2=l, complete linkage disequilibrium exists between the two marker loci,

meaning that the markers have not been separated by recombination and have the same allele

frequency. Values for r2 above 1/3 indicate sufficiently strong linkage disequilibrium to be

useful for mapping. Ardlie et al., Nature Reviews Genetics 3:299 (2002). Hence, alleles are in

linkage disequilibrium when r2 values between pairwise marker loci are greater than or equal

to about 0.33, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1.0.

As used herein, the term “linkage equilibrium” describes a situation where two

markers independently segregate, i.e., sort among progeny randomly. Markers that show

linkage equilibrium are considered unlinked (whether or not they lie on the same

chromosome).

As used herein, the terms “marker”, “genetic marker” “nucleic acid marker”, and

‘molecular marker” are used interchangeably to refer to an identifiable position on a

chromosome the inheritance of which can be monitored and/or a reagent that is used in



methods for visualizing differences in nucleic acid sequences present at such identifiable

positions on chromosomes. Thus, in some embodiments a marker comprises a known or

detectable nucleic acid sequence. Examples of markers include, but are not limited to genetic

markers, protein composition, peptide levels, protein levels, oil composition, oil levels,

carbohydrate composition, carbohydrate levels, fatty acid composition, fatty acid levels,

amino acid composition, amino acid levels, biopolymers, starch composition, starch levels,

fermentable starch, fermentation yield, fermentation efficiency (e.g., captured as digestibility

at 24, 48, and/or 72 hours), energy yield, secondary compounds, metabolites, morphological

characteristics, and agronomic characteristics. As such, a marker can comprise a nucleotide

sequence that has been associated with an allele or alleles of interest and that is indicative of

the presence or absence of the allele or alleles of interest in a cell or organism and/or to a

reagent that is used to visualize differences in the nucleotide sequence at such an identifiable

position or positions. A marker can be, but is not limited to, an allele, a gene, a haplotype, a

restriction fragment length polymorphism (RFLP), a simple sequence repeat (SSR), random

amplified polymorphic DNA (RAPD), cleaved amplified polymorphic sequences (CAPS)

(Rafalski and Tingey, Trends in Genetics 9:275 (1993)), an amplified fragment length

polymorphism (AFLP) (Vos et a , Nucleic Acids Res. 23:4407 (1995)), a single nucleotide

polymorphism (SNP) (Brookes, Gene 234:177 (1993)), a sequence-characterized amplified

region (SCAR) (Paran and Michelmore, Theor. Appl. Genet. 85:985 (1993)), a sequence-

tagged site (STS) (Onozaki et ak, Euphytica 138:255 (2004)), a single- stranded conformation

polymorphism (SSCP) (Orita et ak, Proc. Natl. Acad. Sci. USA 86:2766 (1989)), an inter

simple sequence repeat (ISSR) (Blair et ak, Theor. Appl. Genet. 98:780 (1999)), an inter-

retrotransposon amplified polymorphism (IRAP), a retrotransposon- microsatellite amplified

polymorphism (REMAP) (Kalendar et ak, Theor. Appl. Genet. 98:704 (1999)) or an RNA

cleavage product (such as a Lynx tag). A marker can be present in genomic or expressed

nucleic acids (e.g., ESTs). The term marker can also refer to nucleic acids used as probes or

primers (e.g., primer pairs) for use in amplifying, hybridizing to and/or detecting nucleic acid

molecules according to methods well known in the art. A large number of maize molecular

markers are known in the art, and are published or available from various sources, such as the

Maize GDB internet resource and the Arizona Genomics Institute internet resource ran by the

University of Arizona.

In some embodiments, a marker corresponds to an amplification product generated by

amplifying a Zea mays nucleic acid with one or more oligonucleotides, for example, by the

polymerase chain reaction (PCR). As used herein, the phrase "corresponds to an



amplification product" in the context of a marker refers to a marker that has a nucleotide

sequence that is the same (allowing for mutations introduced by the amplification reaction

itself and/or naturally occurring and/or artificial alleleic differences) as an amplification

product that is generated by amplifying Zea mays genomic DNA with a particular set of

oligonucleotides. In some embodiments, the amplifying is by PCR, and the oligonucleotides

are PCR primers that are designed to hybridize to opposite strands of the Zea mays genomic

DNA in order to amplify a Zea mays genomic DNA sequence present between the sequences

to which the PCR primers hybridize in the Zea mays genomic DNA. The amplified fragment

that results from one or more rounds of amplification using such an arrangement of primers is

a double stranded nucleic acid, one strand of which has a nucleotide sequence that comprises,

in 5 ’ to 3' order, the sequence of one of the primers, the sequence of the Zea mays genomic

DNA located between the primers, and the reverse-complement of the second primer.

Typically, the "forward" primer is assigned to be the primer that has the same sequence as a

subsequence of the (arbitrarily assigned) "top" strand of a double-stranded nucleic acid to be

amplified, such that the "top" strand of the amplified fragment includes a nucleotide sequence

that is, in 5 ’ to 3' direction, equal to the sequence of the forward primer - the sequence located

between the forward and reverse primers of the top strand of the genomic fragment - the

reverse-complement of the reverse primer. Accordingly, a marker that "corresponds to" an

amplified fragment is a marker that has the same sequence of one of the strands of the

amplified fragment.

Markers corresponding to genetic polymorphisms between members of a population

can be detected by methods well-established in the art. These include, e.g., nucleic acid

sequencing, hybridization methods, amplification methods (e.g., PCR-based sequence

specific amplification methods), detection of restriction fragment length polymorphisms

(RFLP), detection of isozyme markers, detection of polynucleotide polymorphisms by allele

specific hybridization (ASH), detection of amplified variable sequences of the plant genome,

detection of self-sustained sequence replication, detection of simple sequence repeats (SSRs),

detection of single nucleotide polymorphisms (SNPs), and/or detection of amplified fragment

length polymorphisms (AFLPs). Well established methods are also known for the detection

of expressed sequence tags (ESTs) and SSR markers derived from EST sequences and

randomly amplified polymorphic DNA (RAPD).

As used herein, the phrase "marker assay" refers to a method for detecting a

polymorphism at a particular locus using a particular method such as but not limited to

measurement of at least one phenotype (such as seed color, oil content, or a visually



detectable trait); nucleic acid-based assays including, but not limited to restriction fragment

length polymorphism (RFLP), single base extension, electrophoresis, sequence alignment,

allelic specific oligonucleotide hybridization (ASO), random amplified polymorphic DNA

(RAPD), microarray-based technologies, TAQMAN® Assays, ILLUMINA®

GOLDENGATE® Assay analysis, nucleic acid sequencing technologies; peptide and/or

polypeptide analyses; or any other technique that can be employed to detect a polymorphism

in an organism at a locus of interest. Accordingly, in some embodiments of this invention, a

marker is detected by amplifying a Zea mays nucleic acid with two oligonucleotide primers

by, for example, an amplification reaction such as the polymerase chain reaction (PCR).

A “marker allele,” also described as an “allele of a marker locus,” can refer to one of

a plurality of polymorphic nucleotide sequences found at a marker locus in a population that

is polymorphic for the marker locus.

“Marker-assisted selection” (MAS) is a process by which phenotypes are selected

based on marker genotypes. Marker assisted selection includes the use of marker genotypes

for identifying plants for inclusion in and/or removal from a breeding program or planting.

“Marker-assisted counter-selection” is a process by which marker genotypes are used

to identify plants that will not be selected, allowing them to be removed from a breeding

program or planting. Thus maize plant breeding programs may use any of the information

listed in herein (e.g. a marker closely associated with any of QTLs 1-12 or any marker

associated with the genes depicted in any one of SEQ ID Nos 13-19) to make marker-assisted

counter- selection to eliminate maize lines or germplasm that do not have increased drought

tolerance.

As used herein, the terms “marker locus” and “marker loci” refer to a specific

chromosome location or locations in the genome of an organism where a specific marker or

markers can be found. A marker locus can be used to track the presence of a second linked

locus, e.g., a linked locus that encodes or contributes to expression of a phenotypic trait. For

example, a marker locus can be used to monitor segregation of alleles at a locus, such as a

QTL or single gene, that are genetically or physically linked to the marker locus.

As used herein, the term “probe" refers to a single-stranded oligonucleotide sequence

that will form a hydrogen-bonded duplex with a complementary sequence in a target nucleic

acid sequence analyte or its cDNA derivative. Thus, a “marker probe” and “probe” refers to

a nucleotide sequence or nucleic acid molecule that can be used to detect the presence of one

or more particular alleles within a marker locus (e.g., a nucleic acid probe that is

complementary to all of or a portion of the marker or marker locus, through nucleic acid



hybridization). Marker probes comprising about 8, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100

or more contiguous nucleotides may be used for nucleic acid hybridization. Alternatively, in

some aspects, a marker probe refers to a probe of any type that is able to distinguish (i.e.,

genotype) the particular allele that is present at a marker locus.

As used herein, the term “molecular marker” may be used to refer to a genetic marker,

as defined above, or an encoded product thereof (e.g., a protein) used as a point of reference

when identifying a linked locus. A molecular marker can be derived from genomic

nucleotide sequences or from expressed nucleotide sequences (e.g., from a spliced RNA, a

cDNA, etc.). The term also refers to nucleotide sequences complementary to or flanking the

marker sequences, such as nucleotide sequences used as probes and/or primers capable of

amplifying the marker sequence. Nucleotide sequences are “complementary” when they

specifically hybridize in solution, e.g., according to Watson-Crick base pairing rules. Some

of the markers described herein can also be referred to as hybridization markers when located

on an indel region. This is because the insertion region is, by definition, a polymorphism vis-

a-vis a plant without the insertion. Thus, the marker need only indicate whether the indel

region is present or absent. Any suitable marker detection technology may be used to

identify such a hybridization marker, e.g., technology for SNP detection.

As used herein, the term “primer" refers to an oligonucleotide which is capable of

annealing to a nucleic acid target and serving as a point of initiation of DNA synthesis when

placed under conditions in which synthesis of a primer extension product is induced (e.g., in

the presence of nucleotides and an agent for polymerization such as DNA polymerase and at

a suitable temperature and pH). A primer (in some embodiments an extension primer and in

some embodiments an amplification primer) is in some embodiments single stranded for

maximum efficiency in extension and/or amplification. In some embodiments, the primer is

an oligodeoxyribonucleotide. A primer is typically sufficiently long to prime the synthesis of

extension and/or amplification products in the presence of the agent for polymerization. The

minimum length of the primer can depend on many factors, including, but not limited to

temperature and composition (A/T vs. G/C content) of the primer. In the context of

amplification primers, these are typically provided as a pair of bi-directional primers

consisting of one forward and one reverse primer or provided as a pair of forward primers as

commonly used in the art of DNA amplification such as in PCR amplification. As such, it

will be understood that the term "primer," as used herein, can refer to more than one primer,

particularly in the case where there is some ambiguity in the information regarding the

terminal sequence(s) of the target region to be amplified. Hence, a "primer" can include a



collection of primer oligonucleotides containing sequences representing the possible

variations in the sequence or includes nucleotides which allow a typical base pairing.

Primers can be prepared by any suitable method. Methods for preparing

oligonucleotides of specific sequence are known in the art, and include, for example, cloning

and restriction of appropriate sequences and direct chemical synthesis. Chemical synthesis

methods can include, for example, the phospho di- or tri-ester method, the

diethylphosphoramidate method and the solid support method disclosed in U.S. Patent No.

4,458,066. Primers can be labeled, if desired, by incorporating detectable moieties by for

instance spectroscopic, fluorescence, photochemical, biochemical, immunochemical, or

chemical moieties.

The PCR method is well described in handbooks and known to the skilled person.

After amplification by PCR, target polynucleotides can be detected by hybridization with a

probe polynucleotide, which forms a stable hybrid with the target sequence under stringent to

moderately stringent hybridization and wash conditions. If it is expected that the probes are

essentially completely complementary ( .
<?

. , about 99% or greater) to the target sequence,

stringent conditions can be used. If some mismatching is expected, for example if variant

strains are expected with the result that the probe will not be completely complementary, the

stringency of hybridization can be reduced. In some embodiments, conditions are chosen to

rule out non-specific/adventitious binding. Conditions that affect hybridization, and that

select against non-specific binding are known in the art, and are described in, for example,

Sambrook & Russell (2001). Molecular Cloning: A Laboratory Manual, Third Edition,

Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, United States of

America. Generally, lower salt concentration and higher temperature hybridization and/or

washes increase the stringency of hybridization conditions.

Different nucleotide sequences or polypeptide sequences having homology are

referred to herein as “homologues.” The term homologue includes homologous sequences

from the same and other species and orthologous sequences from the same and other species.

“Homology” refers to the level of similarity between two or more nucleotide sequences

and/or amino acid sequences in terms of percent of positional identity (i.e., sequence

similarity or identity). Homology also refers to the concept of similar functional properties

among different nucleic acids, amino acids, and/or proteins.

As used herein, the phrase “nucleotide sequence homology" refers to the presence of

homology between two polynucleotides. Polynucleotides have "homologous" sequences if

the sequence of nucleotides in the two sequences is the same when aligned for maximum



correspondence. The "percentage of sequence homology" for polynucleotides, such as 50, 55,

60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99 or 100 percent sequence homology, can be

determined by comparing two optimally aligned sequences over a comparison window (e.g.,

about 20-200 contiguous nucleotides), wherein the portion of the polynucleotide sequence in

the comparison window can include additions or deletions (i. e. , gaps) as compared to a

reference sequence for optimal alignment of the two sequences. Optimal alignment of

sequences for comparison can be conducted by computerized implementations of known

algorithms, or by visual inspection. Readily available sequence comparison and multiple

sequence alignment algorithms are, respectively, the Basic Local Alignment Search Tool

(BLAST; Altschul et al. (1990) J Mol Biol 215:403-10; Altschul et al. (1997) Nucleic Acids

Res 25:3389-3402) and ClustalX (Chenna et al. (2003) Nucleic Acids Res 31:3497-3500)

programs, both available on the Internet. Other suitable programs include, but are not limited

to, GAP, BestFit, PlotSimilarity, and FASTA, which are part of the Accelrys GCG Package

available from Accelrys Software, Inc. of San Diego, California, United States of America.

As used herein “sequence identity” refers to the extent to which two optimally aligned

polynucleotide or polypeptide sequences are invariant throughout a window of alignment of

components, e.g., nucleotides or amino acids. “Identity” can be readily calculated by known

methods including, but not limited to, those described in: Computational Molecular Biology

(Lesk, A. M., ed.) Oxford University Press, New York (1988); Biocomputing: Informatics

and Genome Projects (Smith, D. W., ed.) Academic Press, New York (1993); Computer

Analysis of Sequence Data, Part I (Griffin, A. M., and Griffin, H. G., eds.) Humana Press,

New Jersey (1994); Sequence Analysis in Molecular Biology (von Heinje, G., ed.) Academic

Press (1987); and Sequence Analysis Primer (Gribskov, M. and Devereux, J., eds.) Stockton

Press, New York (1991).

As used herein, the term “substantially identical” or “corresponding to” means that

two nucleotide sequences have at least about 50%, 60%, 70%, 75%, 80%, 85%, 90% or 95%

sequence identity. In some embodiments, two nucleotide sequences can have at least about

75%, 80%, 85%, 90%, 95%, or 100% sequence identity, and any range or value therein. In

representative embodiments, two nucleotide sequences can have at least about 95%, 96%,

97%, 98%, 99% or 100% sequence identity, and any range or value therein.

An “identity fraction” for aligned segments of a test sequence and a reference

sequence is the number of identical components which are shared by the two aligned

sequences divided by the total number of components in the reference sequence segment, i. e.,

the entire reference sequence or a smaller defined part of the reference sequence. Percent



sequence identity is represented as the identity fraction multiplied by 100. As used herein,

the term “percent sequence identity” or “percent identity” refers to the percentage of identical

nucleotides in a linear polynucleotide sequence of a reference (“query”) polynucleotide

molecule (or its complementary strand) as compared to a test (“subject”) polynucleotide

molecule (or its complementary strand) when the two sequences are optimally aligned (with

appropriate nucleotide insertions, deletions, or gaps totaling less than 20 percent of the

reference sequence over the window of comparison). In some embodiments, “percent

identity” can refer to the percentage of identical amino acids in an amino acid sequence.

Optimal alignment of sequences for aligning a comparison window is well known to

those skilled in the art and may be conducted by tools such as the local homology algorithm

of Smith and Waterman, the homology alignment algorithm of Needleman and Wunsch, the

search for similarity method of Pearson and Lipman, and optionally by computerized

implementations of these algorithms such as GAP, BESTFIT, FASTA, and TFASTA

available as part of the GCG® Wisconsin Package® (Accelrys Inc., Burlington, Mass.). The

comparison of one or more polynucleotide sequences may be to a full-length polynucleotide

sequence or a portion thereof, or to a longer polynucleotide sequence. For purposes of this

invention “percent identity” may also be determined using BLASTX version 2.0 for

translated nucleotide sequences and BLASTN version 2.0 for polynucleotide sequences.

The percent of sequence identity can be determined using the “Best Fit” or “Gap”

program of the Sequence Analysis Software Package™ (Version 10; Genetics Computer

Group, Inc., Madison, Wis.). “Gap” utilizes the algorithm of Needleman and Wunsch

(Needleman and Wunsch, J Mol. Biol. 48:443-453, 1970) to find the alignment of two

sequences that maximizes the number of matches and minimizes the number of gaps.

“BestFit” performs an optimal alignment of the best segment of similarity between two

sequences and inserts gaps to maximize the number of matches using the local homology

algorithm of Smith and Waterman (Smith and Waterman, Adv. Appl. Math., 2:482-489, 1981,

Smith et al., Nucleic Acids Res. 11:2205-2220, 1983).

Useful methods for determining sequence identity are also disclosed in Guide to Huge

Computers (Martin J. Bishop, ed., Academic Press, San Diego (1994)), and Carillo et al.

(.Applied Math 48:1073(1988)). More particularly, preferred computer programs for

determining sequence identity include but are not limited to the Basic Local Alignment

Search Tool (BLAST) programs, which are publicly available from National Center

Biotechnology Information (NCBI) at the National Library of Medicine, National Institute of

Health, Bethesda, Md. 20894; see BLAST Manual, Altschul et al, NCBI, NLM, NIH;



(Altschul et al., J. Mol. Biol. 215:403-410 (1990)); version 2.0 or higher of BLAST programs

allows the introduction of gaps (deletions and insertions) into alignments; for peptide

sequence, BLASTX can be used to determine sequence identity; and for polynucleotide

sequence, BLASTN can be used to determine sequence identity.

A “heterotic group” comprises a set of genotypes that perform well when crossed with

genotypes from a different heterotic group. Hallauer et al., Com breeding, in CORN AND

CORN IMPROVEMENT p. 463-564 (1998). Inbred lines are classified into heterotic groups,

and are further subdivided into families within a heterotic group, based on several criteria

such as pedigree, molecular marker-based associations, and performance in hybrid

combinations. Smith et al., Theor. Appl. Gen. 80:833 (1990).

As used herein, the terms “phenotype,” “phenotypic trait” or “trait” refer to one or

more traits of an organism. The phenotype can be observable to the naked eye, or by any

other means of evaluation known in the art, e.g., microscopy, biochemical analysis, and/or an

electromechanical assay. In some cases, a phenotype is directly controlled by a single gene

or genetic locus, i.e., a “single gene trait.” In other cases, a phenotype is the result of several

genes.

As used herein, the terms “drought tolerance” and “drought tolerant” refer to a plant’ s

ability to endure and/or thrive under drought stress or water deficit conditions. When used in

reference to germplasm, the terms refer to the ability of a plant that arises from that

germplasm to endure and/or thrive under drought conditions. In general, a plant or

germplasm is labeled as “drought tolerant” if it displays “increased drought tolerance.”

As used herein, the term “increased drought tolerance” refers to an improvement,

enhancement, or increase in one or more water optimization phenotypes as compared to one

or more control plants (e.g., one or both of the parents, or a plant lacking a marker associated

with increased drought tolerance). Exemplary drought tolerant phenotypes include, but are

not limited to, grain yield at standard moisture percentage (YGSMN), grain moisture at

harvest (GMSTP), grain weight per plot (GWTPN), percent yield recovery (PYREC), yield

reduction (YRED), anthesis silk interval (ASI) and percent barren (PB). Thus, a plant that

demonstrates higher YGSMN than one or both of its parents when each is grown under

drought stress conditions displays increased drought tolerance and can be labeled as “drought

tolerant.”

The phrase “abiotic stress” as used herein refers to any adverse effect on metabolism,

growth, reproduction and/or viability of a plant by abiotic factors (i.e. water availability, heat,

cold, etc.). Accordingly, abiotic stress can be induced by suboptimal environmental growth



conditions such as, for example, salinity, water deprivation, water deficit, drought, flooding,

freezing, low or high temperature (e.g., chilling or excessive heat), toxic chemical pollution,

heavy metal toxicity, anaerobiosis, nutrient deficiency, nutrient excess, atmospheric pollution

or UV irradiation.

The phrase “abiotic stress tolerance” as used herein refers to the ability of a plant to

endure an abiotic stress better than a control plant.

As used herein "water deficit" or “drought” means a period when water available to a

plant is not replenished at the rate at which it is consumed by the plant. A long period of

water deficit is colloquially called drought. Lack of rain or irrigation may not produce

immediate water stress if there is an available reservoir of ground water to support the growth

rate of plants. Plants grown in soil with ample groundwater can survive days without rain or

irrigation without adverse effects on yield. Plants grown in dry soil are likely to suffer

adverse effects with minimal periods of water deficit. Severe water deficit stress can cause

wilt and plant death; moderate drought can reduce yield, stunt growth or retard development.

Plants can recover from some periods of water deficit stress without significantly affecting

yield. However, water deficit at the time of pollination can lower or reduce yield. Thus, a

useful period in the life cycle of com, for example, for observing response or tolerance to

water deficit is the late vegetative stage of growth before tassel emergence or the transition to

reproductive development. Tolerance to water deficit/drought is determined by comparison

to control plants. For instance, plants of this invention can produce a higher yield than

control plants when exposed to water deficit. In the laboratory and in field trials drought can

be simulated by giving plants of this invention and control plants less water than is given to

sufficiently-watered control plants and measuring differences in traits.

As used herein, the phrase “water optimization” refers to any measure of a plant, its

parts, or its structure that can be measured and/or quantified in order to assess an extent of or

a rate of plant growth and development under different conditions of water availability. As

such, a “water optimization trait” is any trait that can be shown to influence yield in a plant

under different sets of growth conditions related to water availability. Exemplary measures of

water optimization are grain yield at standard moisture percentage (YGSMN), grain moisture

at harvest (GMSTP), grain weight per plot (GWTPN), and percent yield recovery (PYREC).

Water Use Efficiency (WUE) is a parameter frequently used to estimate the tradeoff

between water consumption and C02 uptake/growth (Kramer, 1983, Water Relations of

Plants, Academic Press p. 405). WUE has been defined and measured in multiple ways. One

approach is to calculate the ratio of whole plant dry weight, to the weight of water consumed



by the plant throughout its life (Chu et al., 1992, Oecologia 89:580). Another variation is to

use a shorter time interval when biomass accumulation and water use are measured (Mian et

al., 1998, Crop Sci. 38:390). Another approach is to utilize measurements from restricted

parts of the plant, for example, measuring only aerial growth and water use (Nienhuis et al

1994 Amer J Bot 81:943). WUE also has been defined as the ratio of C02 uptake to water

vapor loss from a leaf or portion of a leaf, often measured over a very short time period (e.g.

seconds/minutes) (Kramer, 1983, p. 406). The ratio of 13C/ 12C fixed in plant tissue, and

measured with an isotope ratio mass-spectrometer, also has been used to estimate WUE in

plants using C-3 photosynthesis (Martin et al., 1999, Crop Sci. 1775). As used herein, the

term “water use efficiency” refers to the amount of organic matter produced by a plant

divided by the amount of water used by the plant in producing it, i.e. the dry weight of a plant

in relation to the plant's water use. As used herein, the term “dry weight” refers to everything

in the plant other than water, and includes, for example, carbohydrates, proteins, oils, and

mineral nutrients.

As used herein, the term "gene" refers to a hereditary unit including a sequence of

DNA that occupies a specific location on a chromosome and that contains the genetic

instruction for a particular characteristic or trait in an organism.

The term “chromosome interval” designates a contiguous linear span of genomic

DNA that resides in planta on a single chromosome. The term also designates any and all

genomic intervals defined by any of the markers set forth in this invention. The genetic

elements located on a single chromosome interval are physically linked and the size of a

chromosome interval is not particularly limited. In some aspects, the genetic elements located

within a single chromosome interval are physically linked, typically with a distance of, for

example, less than or equal to 20 Mb, or alternatively, less than or equal to 10 Mb. An

interval described by the terminal markers that define the endpoints of the interval will

include the terminal markers and any marker localizing within that chromosome domain,

whether those markers are currently known or unknown. Although it is anticipated that one

skilled in the art may describe additional polymorphic sites at marker loci in and around the

markers identified herein, any marker within the chromosome intervals described herein that

are associated with drought tolerance fall within the scope of this claimed invention. The

boundaries of chromosome intervals comprise markers that will be linked to the gene, genes,

or loci providing the trait of interest, i.e. any marker that lies within a given interval,

including the terminal markers that define the boundaries of the interval, can be used as a

marker for drought tolerance. The intervals described herein encompass marker clusters that



co-segregate with drought tolerance water optimization. The clustering of markers occurs in

relatively small domains on the chromosomes, indicating the presence of a genetic locus

controlling the trait of interest in those chromosome regions. The interval encompasses

markers that map within the interval as well as the markers that define the terminal.

“Quantitative trait loci” or a “quantitative trait locus” (QTL) is a genetic domain that

effects a phenotype that can be described in quantitative terms and can be assigned a

“phenotypic value” which corresponds to a quantitative value for the phenotypic trait. A QTL

can act through a single gene mechanism or by a polygenic mechanism. The boundaries of

chromosome intervals are drawn to encompass markers that will be linked to one or more

QTL. In other words, the chromosome interval is drawn such that any marker that lies within

that interval (including the terminal markers that define the boundaries of the interval) can be

used as markers for drought tolerance. Each interval comprises at least one QTL, and

furthermore, may indeed comprise more than one QTL. Close proximity of multiple QTL in

the same interval may obfuscate the correlation of a particular marker with a particular QTL,

as one marker may demonstrate linkage to more than one QTL. Conversely, e.g., if two

markers in close proximity show co-segregation with the desired phenotypic trait, it is

sometimes unclear if each of those markers identifying the same QTL or two different QTL.

Regardless, knowledge of how many QTL are in a particular interval is not necessary to make

or practice the invention.

As used herein, the phrase “ILLUMINA® GOLDENGATE® Assay” refers to a high

throughput genotyping assay sold by Illumina Inc. of San Diego, California, United States of

America that can generate SNP-specific PCR products. This assay is described in detail at the

website of Illumina Inc. and in Fan et a , 2006.

As used herein, the phrase "immediately adjacent", when used to describe a nucleic

acid molecule that hybridizes to DNA containing a polymorphism, refers to a nucleic acid

that hybridizes to a DNA sequence that directly abuts the polymorphic nucleotide base

position. For example, a nucleic acid molecule that can be used in a single base extension

assay is "immediately adjacent" to the polymorphism.

As used herein, the term “improved”, and grammatical variants thereof, refers to a

plant or a part, progeny, or tissue culture thereof, that as a consequence of having (or lacking)

a particular water optimization associated allele (such as, but not limited to those water

optimization associated alleles disclosed herein) is characterized by a higher or lower content

of a water optimization associated trait, depending on whether the higher or lower content is

desired for a particular purpose.



As used herein, the term “INDEL” (also spelled “indel”) refers to an insertion or

deletion in a pair of nucleotide sequences, wherein a first sequence can be referred to as

having an insertion relative to a second sequence or the second sequence can be referred to as

having a deletion relative to the first sequence.

As used herein, the term “informative fragment” refers to a nucleotide sequence

comprising a fragment of a larger nucleotide sequence, wherein the fragment allows for the

identification of one or more alleles within the larger nucleotide sequence.

As used herein, the phrase "interrogation position" refers to a physical position on a

solid support that can be queried to obtain genotyping data for one or more predetermined

genomic polymorphisms.

As used herein, the term “polymorphism” refers to a variation in the nucleotide

sequence at a locus, where said variation is too common to be due merely to a spontaneous

mutation. A polymorphism must have a frequency of at least about 1% in a population. A

polymorphism can be a single nucleotide polymorphism (SNP), or an insertion/deletion

polymorphism, also referred to herein as an “indel.” Additionally, the variation can be in a

transcriptional profile or a methylation pattern. The polymorphic site or sites of a nucleotide

sequence can be determined by comparing the nucleotide sequences at one or more loci in

two or more germplasm entries.

As used herein, the phrase "recombination" refers to an exchange of DNA fragments

between two DNA molecules or chromatids of paired chromosomes (a "crossover") over in a

region of similar or identical nucleotide sequences. A "recombination event" is herein

understood to refer to a meiotic crossover.

As used herein, the term “plant” can refer to a whole plant, any part thereof, or a cell

or tissue culture derived from a plant. Thus, the term “plant” can refer to a whole plant, a

plant part or a plant organ (e.g., leaves, stems, roots, etc.), a plant tissue, a seed and/or a plant

cell. A plant cell is a cell of a plant, taken from a plant, or derived through culture from a cell

taken from a plant.

As used herein, the term “maize” refers to a plant of the Zea mays L. ssp. mays and is

also known as “corn.”

As used herein, the term “maize plant” includes whole maize plants, maize plant cells,

maize plant protoplast, maize plant cell or maize tissue cultures from which maize plants can

be regenerated, maize plant calli, and maize plant cells that are intact in maize plants or parts

of maize plants, such as maize seeds, maize cobs, maize flowers, maize cotyledons, maize

leaves, maize stems, maize buds, maize roots, maize root tips, and the like.



As used herein, the phrase “native trait” refers to any existing monogenic or

oligogenic trait in a certain crop’s germplasm. When identified through molecular marker(s),

the information obtained can be used for the improvement of germplasm through marker

assisted breeding of the water optimization associated traits disclosed herein.

A “non-naturally occurring variety of maize” is any variety of maize that does not

naturally exist in nature. A “non-naturally occurring variety of maize” can be produced by

any method known in the art, including, but not limited to, transforming a maize plant or

germplasm, transfecting a maize plant or germplasm and crossing a naturally occurring

variety of maize with a non-naturally occurring variety of maize, through genome editing

(e.g. CRISPR or TALEN), or through creating breeding stacks of desired alleles not present

in nature. In some embodiments, a “non-naturally occurring variety of maize” can comprise

one of more heterologous nucleotide sequences. In some embodiments, a “non-naturally

occurring variety of maize” can comprise one or more non-naturally occurring copies of a

naturally occurring nucleotide sequence (i.e., extraneous copies of a gene that naturally

occurs in maize, such as, for Example any of the genes depicted in SEQ ID Nos: 13-19).

The “non-Stiff Stalk” heterotic group represents a major heterotic group in the

northern U.S. and Canadian com growing regions. It can also be referred to as the

“Lancaster” or “Lancaster Sure Crop” heterotic group.

The “Stiff Stalk” heterotic group represents a major heterotic group in the northern

U.S. and Canadian com growing regions. It can also be referred to as the “Iowa Stiff Stalk

Synthetic” or “BSSS” heterotic group.

As used herein, the term “percent barren” (PB) refers to the percentage of plants in a

given area (e.g., plot) with no grain. It is typically expressed in terms of the percentage of

plants per plot and can be calculated as:

number of plants in the plot with no grain

x 100

total number of plants in the plot

As used herein, the term “percent yield recovery” (PYREC) refers to the effect an

allele and/or combination of alleles has on the yield of a plant grown under drought stress

conditions as compared to that of a plant that is genetically identical except insofar as it lacks

the allele and/or combination of alleles. PYREC is calculated as:



yield under full irrigation (w/ allele(s) of interest) -

yield under drought conditions (w/ allele(s) of interest)

1 - x 100

yield under full irrigation (w/out allele(s) of interest) -

yield under drought conditions (w/out allele(s) of interest)

By way of example and not limitation, if a control plant yields 200 bushels under full

irrigation conditions, but yields only 100 bushels under drought stress conditions, then its

percentage yield loss would be calculated at 50%. If an otherwise genetically identical hybrid

that contains the allele(s) of interest yields 125 bushels under drought stress conditions and

200 bushels under full irrigation conditions, then the percentage yield loss would be

calculated as 37.5% and the PYREC would be calculated as 25% [l.00-(200-l25)/(200-

100)χ100)].

As used herein, the phrase “Grain Yield - Well Watered” refers to yield from an area

that obtained enough irrigation to prevent plants from being water stressed during their

growth cycle. In some embodiments, this trait is expressed in bushels per acre.

As used herein, the phrase “Yield Reduction - Hybrid” refers to a calculated trait

obtained from a hybrid yield trial grown under stress and non-stress conditions. For a given

hybrid, it equals:

non-stress yield - yield under stress X 100.

non-stressed yield

In some embodiments, this trait is expressed as percent bushels per acre.

As used herein, the phrase “Yield Reduction - Inbred” refers to a calculated trait

obtained from an inbred yield trial grown under stress and non-stress conditions. For a given

inbred, it equals:

non-stress yield - yield under stress X 100.

non-stressed yield

In some embodiments, this trait is expressed as percent bushels per acre.

As used herein, the phrase “Anthesis Silk Interval” (ASI) refers to the difference (in

some embodiments, expressed in days) between when a plant starts shedding pollen



(anthesis) and it starts producing silk (female). Data are collected on a per plot basis for

anthesis and silking and the difference is calculated.

As used herein, the phrase “Percent Barren” refers to a percentage of plants in a given

area (plot) with no grain. It is typically expressed in terms of % plants per plot and can be

calculated as:

Number of plant with no grain in a plot X 100.

Total number of plants in the plot

As used herein, the terms “nucleotide sequence,” “polynucleotide,” “nucleic acid

sequence,” “nucleic acid molecule” and “nucleic acid fragment” refer to a polymer of RNA

or DNA that is single- or double- stranded, optionally containing synthetic, non-natural and/or

altered nucleotide bases. A “nucleotide” is a monomeric unit from which DNA or RNA

polymers are constructed and consists of a purine or pyrimidine base, a pentose, and a

phosphoric acid group. Nucleotides (usually found in their 5'-monophosphate form) are

referred to by their single letter designation as follows: “A” for adenylate or deoxyadenylate

(for RNA or DNA, respectively), “C” for cytidylate or deoxycytidylate, “G” for guanylate or

deoxyguanylate, “U” for uridylate, “T” for deoxythymidylate, “R” for purines (A or G), “Y”

for pyrimidines (C or T), “K” for G or T, “H” for A or C or T, “I” for inosine, and “N” for

any nucleotide.

As used herein, the term "plant part" includes but is not limited to embryos, pollen,

seeds, leaves, flowers (including but not limited to anthers, ovules and the like), fruit, stems

or branches, roots, root tips, cells including cells that are intact in plants and/or parts of

plants, protoplasts, plant cell tissue cultures, plant calli, plant clumps, and the like. Thus, a

plant part includes soybean tissue culture from which soybean plants can be regenerated.

Further, as used herein, "plant cell" refers to a structural and physiological unit of the plant,

which comprises a cell wall and also may refer to a protoplast. A plant cell of the present

invention can be in the form of an isolated single cell or can be a cultured cell or can be a part

of a higher-organized unit such as, for example, a plant tissue or a plant organ.

As used herein, the term “population” refers to a genetically heterogeneous collection

of plants sharing a common genetic derivation.

As used herein, the terms “progeny,” “progeny plant,” and/or “offspring” refer to a

plant generated from a vegetative or sexual reproduction from one or more parent plants. A

progeny plant may be obtained by cloning or selfing a single parent plant, or by crossing two



parental plants and includes selfings as well as the Fl or F2 or still further generations. An

Fl is a first-generation offspring produced from parents at least one of which is used for the

first time as donor of a trait, while offspring of second generation (F2) or subsequent

generations (F3, F4, and the like) are specimens produced from selfings or crossings of Fls,

F2s and the like. An Fl can thus be (and in some embodiments is) a hybrid resulting from a

cross between two true breeding parents (the phrase “true-breeding” refers to an individual

that is homozygous for one or more traits), while an F2 can be an offspring resulting from

self-pollination of the Fl hybrids.

As used herein, the term “reference sequence” refers to a defined nucleotide sequence

used as a basis for nucleotide sequence comparison (e.g., Chromosome 1 or Chromosome 3

of Zea mays cultivar B73). The reference sequence for a marker, for example, can be

obtained by genotyping a number of lines at the locus or loci of interest, aligning the

nucleotide sequences in a sequence alignment program, and then obtaining the consensus

sequence of the alignment. Hence, a reference sequence identifies the polymorphisms in

alleles at a locus. A reference sequence may not be a copy of an actual nucleic acid sequence

from any particular organism; however, it is useful for designing primers and probes for

actual polymorphisms in the locus or loci.

As used herein, the term "isolated" refers to a nucleotide sequence (e.g., a genetic

marker) that is free of sequences that normally flank one or both sides of the nucleotide

sequence in a plant genome. As such, the phrase “isolated and purified genetic marker

associated with a water optimization trait in Zea mays” can be, for example, a recombinant

DNA molecule, provided one of the nucleic acid sequences normally found flanking that

recombinant DNA molecule in a naturally-occurring genome is removed or absent. Thus,

isolated nucleic acids include, without limitation, a recombinant DNA that exists as a

separate molecule (including, but not limited to genomic DNA fragments produced by PCR

or restriction endonuclease treatment) with no flanking sequences present, as well as a

recombinant DNA that is incorporated into a vector, an autonomously replicating plasmid, or

into the genomic DNA of a plant as part of a hybrid or fusion nucleic acid molecule.

As used herein, the phrase “TAQMAN® Assay” refers to real-time sequence

detection using PCR based on the TAQMAN® Assay sold by Applied Biosystems, Inc. of

Foster City, California, United States of America. For an identified marker, a TAQMAN®

Assay can be developed for application in a breeding program.



As used herein, the term “tester" refers to a line used in a testcross with one or more

other lines wherein the tester and the line(s) tested are genetically dissimilar. A tester can be

an isogenic line to the crossed line.

As used herein, the term “trait” refers to a phenotype of interest, a gene that

contributes to a phenotype of interest, as well as a nucleic acid sequence associated with a

gene that contributes to a phenotype of interest. For example, a “water optimization trait”

refers to a water optimization phenotype as well as a gene that contributes to a water

optimization phenotype and a nucleic acid sequence (e.g., an SNP or other marker) that is

associated with a water optimization phenotype.

As used herein, the term "transgene" refers to a nucleic acid molecule introduced into

an organism or its ancestors by some form of artificial transfer technique. The artificial

transfer technique thus creates a “transgenic organism” or a “transgenic cell”. It is understood

that the artificial transfer technique can occur in an ancestor organism (or a cell therein and/or

that can develop into the ancestor organism) and yet any progeny individual that has the

artificially transferred nucleic acid molecule or a fragment thereof is still considered

transgenic even if one or more natural and/or assisted breeding result in the artificially

transferred nucleic acid molecule being present in the progeny individual.

An “unfavorable allele” of a marker is a marker allele that segregates with the

unfavorable plant phenotype, therefore providing the benefit of identifying plants that can be

removed from a breeding program or planting.

As used herein, the term “water optimization” refers to any measure of a plant, its

parts, or its structure that can be measured and/or quantitated in order to assess an extent of or

a rate of plant growth and development under conditions of sufficient water availability as

compared to conditions of suboptimal water availability (e.g., drought). As such, a “water

optimization trait” is any trait that can be shown to influence yield in a plant under different

sets of growth conditions related to water availability.

Similarly, “water optimization” can be considered a “phenotype”, which as used

herein refers to a detectable, observable, and/or measurable characteristic of a cell or

organism. In some embodiments, a phenotype is based at least in part on the genetic make-up

of the cell or the organism (referred to herein as the cell or the organism’s “genotype”).

Exemplary water optimization phenotypes are grain yield at standard moisture percentage

(YGSMN), grain moisture at harvest (GMSTP), grain weight per plot (GWTPN), and percent

yield recovery (PYREC). It is noted that as used herein, the term “phenotype” takes into

account how the environment (e.g., environmental conditions) might affect water



optimization such that the water optimization effect is real and reproducible. As used herein,

the term “yield reduction” (YD) refers to the degree to which yield is reduced in plants grown

under stress conditions. YD is calculated as:

yield under non-stress conditions -

yield under stress conditions

x 100

yield under non-stress conditions

Genetic loci correlating with particular phenotypes, such as drought tolerance, can be

mapped in an organism's genome. By identifying a marker or cluster of markers that co

segregate with a trait of interest, the breeder is able to rapidly select a desired phenotype by

selecting for the proper marker (a process called marker-assisted selection, or MAS). Such

markers may also be used by breeders to design genotypes in silico and to practice whole

genome selection.

The present invention provides chromosome intervals, QTL, Loci and genes

associated with improved drought tolerance in plants (e.g. maize) and/or improved/increased

yield in a plant (e.g. maize). Detection of these markers and/or other linked markers can be

used to identify, select and/or produce maize plants having increased drought tolerance

and/or to eliminate maize plants from breeding programs or from planting that do not have

increased drought tolerance.



TABLE 2 Yield QTLs

Molecular markers are used for the visualization of differences in nucleic acid

sequences. This visualization can be due to DNA-DNA hybridization techniques after

digestion with a restriction enzyme (e.g., an RFLP) and/or due to techniques using the

polymerase chain reaction (e.g., SNP, STS, SSR/microsatellites, AFLP, and the like). In

some embodiments, all differences between two parental genotypes segregate in a mapping

population based on the cross of these parental genotypes. The segregation of the different

markers can be compared and recombination frequencies can be calculated. Methods for

mapping markers in plants are disclosed in, for example, Glick & Thompson (1993) Methods

in Plant Molecular Biology and Biotechnology, CRC Press, Boca Raton, Florida, United

States of America; Zietkiewicz et al. (1994) Genomics 20:176-183.



The present invention further provides that the detecting of a molecular marker can

comprise the use of a nucleic acid probe having a nucleotide base sequence that is

substantially complementary to a nucleic acid sequence defining the molecular marker and

which nucleic acid probe specifically hybridizes under stringent conditions with a nucleic

acid sequence defining the molecular marker. A suitable nucleic acid probe can for instance

be a single strand of the amplification product corresponding to the marker. In some

embodiments, the detecting of a marker is designed to determine whether a particular allele

of an SNP is present or absent in a particular plant.

Additionally, the methods of this invention include detecting an amplified DNA

fragment associated with the presence of a particular allele of a SNP. In some embodiments,

the amplified fragment associated with a particular allele of a SNP has a predicted length or

nucleic acid sequence, and detecting an amplified DNA fragment having the predicted length

or the predicted nucleic acid sequence is performed such that the amplified DNA fragment

has a length that corresponds (plus or minus a few bases; e.g., a length of one, two or three

bases more or less) to the expected length based on a similar reaction with the same primers

with the DNA from the plant in which the marker was first detected or the nucleic acid

sequence that corresponds (e.g., a homology of at least about 80%, 90%, 95%, 96%, 97%,

98%, 99% or more) to the expected sequence based on the sequence of the marker associated

with that SNP in the plant in which the marker was first detected.

The detecting of an amplified DNA fragment having the predicted length or the

predicted nucleic acid sequence can be performed by any of a number or techniques,

including, but not limited to, standard gel-electrophoresis techniques or by using automated

DNA sequencers. Such methods of detecting an amplified DNA fragment are not described

here in detail as they are well known to those of ordinary skill in the art.

II. Molecular Markers, Water Optimization Associated Loci, and Compositions for

Assaying Nucleic Acid Sequences

Molecular markers are used for the visualization of differences in nucleic acid

sequences. This visualization can be due to DNA-DNA hybridization techniques after

digestion with a restriction enzyme (e.g., an RFLP) and/or due to techniques using the

polymerase chain reaction (e.g., STS, SSR/microsatellites, AFLP, and the like.). In some

embodiments, all differences between two parental genotypes segregate in a mapping

population based on the cross of these parental genotypes. The segregation of the different

markers can be compared and recombination frequencies can be calculated. Methods for



mapping markers in plants are disclosed in, for example, Glick & Thompson, 1993;

Zietkiewicz et a , 1994. The recombination frequencies of molecular markers on different

chromosomes are generally 50%. Between molecular markers located on the same

chromosome, the recombination frequency generally depends on the distance between the

markers. A low recombination frequency typically corresponds to a small genetic distance

between markers on a chromosome. Comparing all recombination frequencies results in the

most logical order of the molecular markers on the chromosomes. This most logical order can

be depicted in a linkage map (Paterson, 1996). A group of adjacent or contiguous markers on

the linkage map that is associated with increased water optimization can provide the position

of an MTL associated with increased water optimization. Genetic loci correlating with

particular phenotypes, such as drought tolerance, can be mapped in an organism's genome.

By identifying a marker or cluster of markers that co-segregate with a trait of interest, the

breeder is able to rapidly select a desired phenotype by selecting for the proper marker (a

process called marker-assisted selection, or MAS). Such markers can also be used by

breeders to design genotypes in silico and to practice whole genome selection.

The presently disclosed subject matter provides in some embodiments markers

associated with increased drought tolerance/water optimization (e.g. markers closely

associated with QTLs 1-12 and/or the any one of the genes as depicted in SEQ ID Nos: 13-

19). Detection of these markers and/or other linked markers can be used to identify, select

and/or produce drought tolerant plants and/or to eliminate plants that are not drought tolerant

from breeding programs or planting.



TABLE 3 Molecular Markers for Yield

In some embodiments, a DNA sequence within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, or

25 cM of a marker of the presently disclosed subject matter displays a genetic recombination

frequency of less than about 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or

1% with the marker of the presently disclosed subject matter. In some embodiments, the

germplasm is a Zea mays line or variety.

DNA fragments associated with the presence of a water optimization associated trait,

alleles, and/or haplotypes are also provided. In some embodiments, the DNA fragments

associated with the presence of a water optimization associated trait have a predicted length

and/or nucleic acid sequence, and detecting a DNA fragment having the predicted length

and/or the predicted nucleic acid sequence is performed such that the amplified DNA

fragment has a length that corresponds (plus or minus a few bases; e.g., a length of one, two

or three bases more or less) to the predicted length. In some embodiments, a DNA fragment

is an amplified fragment and the amplified fragment has a predicted length and/or nucleic

acid sequence as does an amplified fragment produced by a similar reaction with the same



primers with the DNA from the plant in which the marker was first detected or the nucleic

acid sequence that corresponds (i.e., as a nucleotide sequence identity of more than 80%,

81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99%) to the expected sequence as based on the sequence of the marker

associated with that water optimization associated trait in the plant in which the marker was

first detected. Upon a review of the instant disclosure, one of ordinary skill in the art would

appreciate that markers that are absent in plants while they were present in at least one parent

plant (so-called trans-markers), can also be useful in assays for detecting a desired trait in an

progeny plant, although testing for the absence of a marker to detect the presence of a

specific trait is not optimal. The detecting of an amplified DNA fragment having the

predicted length or the predicted nucleic acid sequence can be performed by any of a number

of techniques, including but not limited to standard gel electrophoresis techniques and/or by

using automated DNA sequencers. The methods are not described here in detail as they are

well known to the skilled person.

The primer (in some embodiments an extension primer and in some embodiments an

amplification primer) is in some embodiments single stranded for maximum efficiency in

extension and/or amplification. In some embodiments, the primer is an

oligodeoxyribonucleotide. A primer is typically sufficiently long to prime the synthesis of

extension and/or amplification products in the presence of the agent for polymerization. The

minimum lengths of the primers can depend on many factors, including but not limited to

temperature and composition (A/T vs. G/C content) of the primer.

In the context of an amplification primer, these are typically provided as one or more

sets of bidirectional primers that include one or more forward and one or more reverse

primers as commonly used in the art of DNA amplification such as in PCR amplification, As

such, it will be understood that the term "primer", as used herein, can refer to more than one

primer, particularly in the case where there is some ambiguity in the information regarding

the terminal sequence(s) of the target region to be amplified. Hence, a "primer" can include a

collection of primer oligonucleotides containing sequences representing the possible

variations in the sequence or includes nucleotides which allow a typical base pairing. Primers

can be prepared by any suitable method. Methods for preparing oligonucleotides of specific

sequence are known in the art, and include, for example, cloning, and restriction of

appropriate sequences and direct chemical synthesis. Chemical synthesis methods can

include, for example, the phospho di- or tri-ester method, the diethylphosphoramidate method

and the solid support method disclosed in U.S. Patent No. 4,458,068.



Primers can be labeled, if desired, by incorporating detectable moieties by for instance

spectroscopic, fluorescence, photochemical, biochemical, immunochemical, or chemical

moieties.

Template-dependent extension of an oligonucleotide primer is catalyzed by a

polymerizing agent in the presence of adequate amounts of the four deoxyribonucleotides

triphosphates (dATP, dGTP, dCTP and dTTP; i.e., dNTPs) or analogues, in a reaction

medium that comprises appropriate salts, metal cations, and a pH buffering system. Suitable

polymerizing agents are enzymes known to catalyze primer- and template-dependent DNA

synthesis. Known DNA polymerases include, for example, E. coli DNA polymerase or its

Klenow fragment, T4 DNA polymerase, and Taq DNA polymerase, as well as various

modified versions thereof. The reaction conditions for catalyzing DNA synthesis with these

DNA polymerases are known in the art. The products of the synthesis are duplex molecules

consisting of the template strands and the primer extension strands, which include the target

sequence. These products, in turn, can serve as template for another round of replication. In

the second round of replication, the primer extension strand of the first cycle is annealed with

its complementary primer; synthesis yields a "short" product which is bound on both the 5'-

and the 3'-ends by primer sequences or their complements. Repeated cycles of denaturation,

primer annealing, and extension can result in the exponential accumulation of the target

region defined by the primers. Sufficient cycles are run to achieve the desired amount of

polynucleotide containing the target region of nucleic acid. The desired amount can vary, and

is determined by the function which the product polynucleotide is to serve.

The PCR method is well described in handbooks and known to the skilled person.

After amplification by PCR, the target polynucleotides can be detected by hybridization with

a probe polynucleotide which forms a stable hybrid with that of the target sequence under

stringent to moderately stringent hybridization and wash conditions. If it is expected that the

probes will be essentially completely complementary (i.e., about 99% or greater) to the target

sequence, stringent conditions can be used. If some mismatching is expected, for example if

variant strains are expected with the result that the probe will not be completely

complementary, the stringency of hybridization can be reduced. In some embodiments,

conditions are chosen to rule out non-specific/adventitious binding. Conditions that affect

hybridization, and that select against non-specific binding are known in the art, and are

described in, for example, Sambrook & Russell, 2001. Generally, lower salt concentration

and higher temperature increase the stringency of hybridization conditions.



In order to detect the presence of two water optimization associated alleles on a single

chromosome in a plant, chromosome painting methods can also be used. In such methods at

least a first water optimization associated allele and at least a second water optimization

associated allele can be detected in the same chromosome by in situ hybridization or in situ

PCR techniques. More conveniently, the fact that two water optimization associated alleles

are present on a single chromosome can be confirmed by determining that they are in

coupling phase: i.e., that the traits show reduced segregation when compared to genes

residing on separate chromosomes.

The water optimization associated alleles identified herein are located on a number of

different chromosomes or linkage groups and their locations can be characterized by a

number of otherwise arbitrary markers. In the present investigations, single nucleotide

polymorphisms (SNPs), were used, although restriction fragment length polymorphism

(RFLP) markers, amplified fragment length polymorphism (AFLP) markers, microsatellite

markers (e.g., SSRs), insertion mutation markers, sequence-characterized amplified region

(SCAR) markers, cleaved amplified polymorphic sequence (CAPS) markers, isozyme

markers, microarray-based technologies, TAQMAN® Assays, ILLUMINA®

GOLDENGATE® Assay analysis, nucleic acid sequencing technologies, or combinations of

these markers might also have been used, and indeed can be used.

In general, providing complete sequence information for a water optimization

associated allele and/or haplotype is unnecessary, as the way in which the water optimization

associated allele and/or haplotype is first detected - through an observed correlation between

the presence of one or more single nucleotide polymorphisms and the presence of a particular

phenotypic trait - allows one to trace among a population of progeny plants those plants that

have the genetic potential for exhibiting a particular phenotypic trait. By providing a non

limiting list of markers, the presently disclosed subject matter thus provides for the effective

use of the presently disclosed water optimization associated alleles and/or haplotypes in

breeding programs. In some embodiments, a marker is specific for a particular line of

descent. Thus, a specific trait can be associated with a particular marker.

The markers as disclosed herein not only indicate the location of the water

optimization associated allele, they also correlate with the presence of the specific phenotypic

trait in a plant. It is noted that single nucleotide polymorphisms that indicate where a water

optimization associated allele is present in the genome is non-limiting. In general, the

location of a water optimization associated allele is indicated by a set of single nucleotide

polymorphisms that exhibit statistical correlation to the phenotypic trait. Once a marker is



found outside a single nucleotide polymorphism (i.e., one that has a LOD-score below a

certain threshold, indicating that the marker is so remote that recombination in the region

between that marker and the water optimization associated allele occurs so frequently that the

presence of the marker does not correlate in a statistically significant manner to the presence

of the phenotype), the boundaries of the water optimization associated allele can be

considered set. Thus, it is also possible to indicate the location of the water optimization

associated allele by other markers located within that specified region. It is further noted that

a single nucleotide polymorphism can also be used to indicate the presence of the water

optimization associated allele (and thus of the phenotype) in an individual plant, which in

some embodiments means that it can be used in marker-assisted selection (MAS) procedures.

In principle, the number of potentially useful markers can be very large. Any marker

that is linked to a water optimization associated allele (e.g., falling within the physically

boundaries of the genomic region spanned by the markers having established LOD scores

above a certain threshold thereby indicating that no or very little recombination between the

marker and the water optimization associated allele occurs in crosses, as well as any marker

in linkage disequilibrium to the water optimization associated allele, as well as markers that

represent the actual causal mutations within the water optimization associated allele) can be

used in the presently disclosed methods and compositions, and are within the scope of the

presently disclosed subject matter. This means that the markers identified in the application

as associated with the water optimization associated allele are non-limiting examples of

markers suitable for use in the presently disclosed methods and compositions. Moreover,

when a water optimization associated allele, or the specific trait-conferring part thereof, is

introgressed into another genetic background (i.e., into the genome of another maize or

another plant species), then some markers might no longer be found in the progeny although

the trait is present therein, indicating that such markers are outside the genomic region that

represents the specific trait-conferring part of the water optimization associated allele in the

original parent line only and that the new genetic background has a different genomic

organization. Such markers of which the absence indicates the successful introduction of the

genetic element in the progeny are called "trans markers" and can be equally suitable with

respect to the presently disclosed subject matter.

Upon the identification of a water optimization associated allele and/or haplotype, the

water optimization associated allele and/or haplotype effect (e.g., the trait) can for instance be

confirmed by assessing trait in progeny segregating for the water optimization associated

alleles and/or haplotypes under investigation. The assessment of the trait can suitably be



performed by using phenotypic assessment as known in the art for water optimization traits.

For example, (field) trials under natural and/or irrigated conditions can be conducted to assess

the traits of hybrid and/or inbred maize.

The markers provided by the presently disclosed subject matter can be used for

detecting the presence of one or more water optimization trait alleles and/or haplotypes at loci

of the presently disclosed subject matter in a suspected water optimization trait introgressed

maize plant, and can therefore be used in methods involving marker-assisted breeding and

selection of such water optimization trait bearing maize plants. In some embodiments,

detecting the presence of a water optimization associated allele and/or haplotype of the

presently disclosed subject matter is performed with at least one of the markers for a water

optimization associated allele and/or haplotype as defined herein. The presently disclosed

subject matter therefore relates in another aspect to a method for detecting the presence of a

water optimization associated allele and/or haplotype for at least one of the presently

disclosed water optimization traits, comprising detecting the presence of a nucleic acid

sequence of the water optimization associated allele and/or haplotype in a trait bearing maize

plant, which presence can be detected by the use of the disclosed markers.

In some embodiments, the detecting comprises determining the nucleotide sequence

of a Zea mays nucleic acid associated with a water optimization associated trait, allele and/or

haplotype. The nucleotide sequence of a water optimization associated allele and/or

haplotype of the presently disclosed subject matter can for instance be resolved by

determining the nucleotide sequence of one or more markers associated with the water

optimization associated allele and/or haplotype and designing internal primers for the marker

sequences that can then be used to further determine the sequence of the water optimization

associated allele and/or haplotype outside of the marker sequences.

For example, the nucleotide sequence of the SNP markers disclosed herein can be

obtained by isolating the markers from the electrophoresis gel used in the determination of

the presence of the markers in the genome of a subject plant, and determining the nucleotide

sequence of the markers by, for example, dideoxy chain termination sequencing methods,

which are well known in the art. In some embodiments of such methods for detecting the

presence of a water optimization associated allele and/or haplotype in a trait bearing maize

plant, the method can also comprise providing a oligonucleotide or polynucleotide capable of

hybridizing under stringent hybridization conditions to a nucleic acid sequence of a marker

linked to the water optimization associated allele and/or haplotype, in some embodiments

selected from the markers disclosed herein, contacting the oligonucleotide or polynucleotide



with digested genomic nucleic acid of a trait bearing maize plant, and determining the

presence of specific hybridization of the oligonucleotide or polynucleotide to the digested

genomic nucleic acid. In some embodiments, the method is performed on a nucleic acid

sample obtained from the trait-bearing maize plant, although in situ hybridization methods

can also be employed. Alternatively, one of ordinary skill in the art can, once the nucleotide

sequence of the water optimization associated allele and/or haplotype has been determined,

design specific hybridization probes or oligonucleotides capable of hybridizing under

stringent hybridization conditions to the nucleic acid sequence of the water optimization

associated allele and/or haplotype and can use such hybridization probes in methods for

detecting the presence of a water optimization associated allele and/or haplotype disclosed

herein in a trait bearing maize plant.

Particular nucleotides that are present at particular locations in the markers and

nucleic acids disclosed herein can be determined using standard molecular biology

techniques including, but not limited to amplification of genomic DNA from plants and

subsequent sequencing. Additionally, oligonucleotide primers can be designed that would be

expected to specifically hybridize to particular sequences (e.g. any sequence in proximity of

the causative genes listed in Table 1) that include the polymorphisms disclosed herein

In some embodiments, the marker can comprise, consist essentially of, or consist of

the reverse complement of any of the aforementioned markers. In some embodiments, one or

more of the alleles that make up a marker haplotype is present as described above, whilst one

or more of the other alleles that make up the marker haplotype is present as the reverse

complement of the allele(s) described above. In some embodiments, each of the alleles that

make up a marker haplotype is present as the reverse complement of the allele(s) described

above.

In some embodiments, the marker can comprise, consist essentially of, or consist of

an informative fragment of any of the aforementioned markers, the reverse complement of

any of the aforementioned markers, or an informative fragment of the reverse complement of

any of the aforementioned markers. In some embodiments, one or more of the

alleles/sequences that make up a marker haplotype is present as described above, whilst one

or more of the other alleles/sequences that make up the marker haplotype is present as the

reverse complement of the alleles/sequences described above. In some embodiments, one or

more of the alleles/sequences that make up a marker haplotype is present as described above,

whilst one or more of the other alleles/sequences that make up the marker haplotype is

present as an informative fragment of the alleles/sequences described above. In some



embodiments, one or more of the alleles/sequences that make up a marker haplotype is

present as described above, whilst one or more of the other alleles/sequences that make up the

marker haplotype is present as an informative fragment of the reverse complement of the

alleles/sequences described above. In some embodiments, each of the alleles/sequences that

make up a marker haplotype is present as an informative fragment of the alleles/sequences

described above, the reverse complement of the alleles/sequences described above, or an

informative fragment of the reverse complement of the alleles/sequences described above.

In some embodiments, the marker can comprise, consist essentially of, or consist of

any marker linked to the aforementioned markers. That is, any allele and/or haplotype that is

in linkage disequilibrium with any of the aforementioned markers can also be used to

identify, select and/or produce a maize plant with increased drought tolerance. Linked

markers can be determined, for example, by using resources available on the MaizeGDB

website.

Compositions comprising a primer pair capable of amplifying a nucleic acid sample

isolated from a maize plant or germplasm to generate a marker associated with increased

drought tolerance are also provided. In some embodiments, the marker comprises a

nucleotide sequence as set forth herein, the reverse complement thereof, or an informative

fragment thereof. In some embodiments, the marker comprises a nucleotide sequence that is

at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% 97%, 99% or 100%

identical to a nucleotide sequence set forth herein, the reverse complement thereof, or an

informative fragment thereof. One of ordinary skill in the art will understand how to select

alternative primer pairs according to methods well known in the art.

The identification of plants with different alleles and/or haplotypes of interest can

provide starting materials for combining alleles and/or haplotypes in progeny plants via

breeding strategies designed to “stack” the alleles and/or haplotypes. As used herein, the term

“stacking”, and grammatical variants thereof, refers to the intentional accumulation by

breeding (including but not limited to crossing two plants, selfing a single plant, and/or

creating a double haploid from a single plant) of favorable water optimization haplotypes in

plants such that a plant’ s genome has at least one additional favorable water optimization

haplotype than its immediate progenitor(s). Stacking includes in some embodiments

conveying one or more water optimization traits, alleles, and/or haplotypes into a progeny

maize plant such that the progeny maize plant includes higher number of water optimization

traits, alleles, and/or haplotypes than does either parent from which it was derived. By way

of example and not limitation, if Parent 1 has haplotypes A, B, and C, and Parent 2 has



haplotypes D, E, and F, “stacking” refers to the production of a plant that has any of A, B,

and C, with any combination of D, E, and F. Particularly, “stacking” refers in some

embodiments to producing a plant that has A, B, and C as well as one or more of D, E, and F,

or producing a plant that has D, E, and F as well as one or more of A, B, and C. In some

embodiments, “stacking” refers to the production of a plant from a bi-parental cross that

contains all water optimization associated haplotypes possessed by either parent.

III. Methods for Introgressing Alleles of Interest and for Identifying Plants Comprising

the Same

Markers can be used in a variety of plant breeding applications. See e.g., Staub et a ,

Hortscience 31: 729 (1996); Tanksley, Plant Molecular Biology Reporter 1: 3 (1983). One of

the main areas of interest is to increase the efficiency of backcrossing and introgressing genes

using marker-assisted selection (MAS). In general, MAS takes advantage of genetic markers

that have been identified as having a significant likelihood of co-segregation with a desired

trait. Such markers are presumed to be in/near the gene(s) that give rise to the desired

phenotype, and their presence indicates that the plant will possess the desired trait. Plants

which possess the marker are expected to transfer the desired phenotype to their progeny.

A marker that demonstrates linkage with a locus affecting a desired phenotypic trait

provides a useful tool for the selection of the trait in a plant population. This is particularly

true where the phenotype is hard to assay or occurs at a late stage in plant development. Since

DNA marker assays are less laborious and take up less physical space than field phenotyping,

much larger populations can be assayed, increasing the chances of finding a recombinant with

the target segment from the donor line moved to the recipient line. The closer the linkage, the

more useful the marker, as recombination is less likely to occur between the marker and the

gene causing or imparting the trait. Having flanking markers decreases the chances that false

positive selection will occur. The ideal situation is to have a marker in the gene itself, so that

recombination cannot occur between the marker and the gene. Such a marker is called a

“perfect marker.”

When a gene is introgressed by MAS, it is not only the gene that is introduced but

also the flanking regions. Gepts, Crop Sci 42:1780 (2002). This is referred to as "linkage

drag." In the case where the donor plant is highly unrelated to the recipient plant, these

flanking regions carry additional genes that can code for agronomically undesirable traits.

This "linkage drag" can also result in reduced yield or other negative agronomic

characteristics even after multiple cycles of backcrossing into the elite maize line. This is also



sometimes referred to as "yield drag." The size of the flanking region can be decreased by

additional backcrossing, although this is not always successful, as breeders do not have

control over the size of the region or the recombination breakpoints. Young et a , Genetics

120:579 (1998). In classical breeding, it is usually only by chance that recombinations which

contribute to a reduction in the size of the donor segment are selected. Tanksley et ak,

Biotechnology 7 : 257 (1989). Even after 20 backcrosses, one can expect to find a sizeable

piece of the donor chromosome still linked to the gene being selected. With markers,

however, it is possible to select those rare individuals that have experienced recombination

near the gene of interest. In 150 backcross plants, there is a 95% chance that at least one plant

will have experienced a crossover within 1 cM of the gene, based on a single meiosis map

distance. Markers allow for unequivocal identification of those individuals. With one

additional backcross of 300 plants, there would be a 95% chance of a crossover within 1 cM

single meiosis map distance of the other side of the gene, generating a segment around the

target gene of less than 2 cM based on a single meiosis map distance. This can be

accomplished in two generations with markers, while it would have required on average 100

generations without markers. See Tanksley et ak, supra. When the exact location of a gene is

known, flanking markers surrounding the gene can be utilized to select for recombinations in

different population sizes. For example, in smaller population sizes, recombinations can be

expected further away from the gene, so more distal flanking markers would be required to

detect the recombination.

The availability of integrated linkage maps of the maize genome containing

increasing densities of public maize markers has facilitated maize genetic mapping and MAS.

See, e.g. the IBM2 Neighbors maps, which are available online on the MaizeGDB website.

Of all the molecular marker types, SNPs are the most abundant and have the potential

to provide the highest genetic map resolution. Bhattramakki et ak, Plant Molec. Biol. 48:539

(2002). SNPs can be assayed in a so-called “ultra-high-throughput” fashion because they do

not require large amounts of nucleic acid and automation of the assay is straight-forward.

SNPs also have the benefit of being relatively low-cost systems. These three factors together

make SNPs highly attractive for use in MAS. Several methods are available for SNP

genotyping, including but not limited to, hybridization, primer extension, oligonucleotide

ligation, nuclease cleavage, minisequencing and coded spheres. Such methods have been

reviewed in various publications: Gut, Hum. Mutat. 17:475 (2001); Shi, Clin. Chem. 47:164

(2001); Kwok, Pharmacogenomics 1:95 (2000); Bhattramakki and Rafalski, Discovery and

application of single nucleotide polymorphism markers in plants, in PLANT GENOTYPING:



THE DNA FINGERPRINTING OF PLANTS, CABI Publishing, Wallingford (2001). A wide

range of commercially available technologies utilize these and other methods to interrogate

SNPs, including Masscode™ (Qiagen, Germantown, MD), Invader® (Hologic, Madison,

WI), Snapshot® (Applied Biosystems, Foster City, CA), Taqman® (Applied Biosystems,

Foster City, CA) and Beadarrays™ (Illumina, San Diego, CA).

A number of SNPs together within a sequence, or across linked sequences, can be

used to describe a haplotype for any particular genotype. Ching et al., BMC Genet. 3:19

(2002); Gupta et al., (2001), Rafalski, Plant Sci. 162:329 (2002b). Haplotypes can be more

informative than single SNPs and can be more descriptive of any particular genotype. For

example, a single SNP can be allele “T” for a specific drought tolerant line or variety, but the

allele “T” might also occur in the maize breeding population being utilized for recurrent

parents. In this case, a combination of alleles at linked SNPs can be more informative. Once a

unique haplotype has been assigned to a donor chromosomal region, that haplotype can be

used in that population or any subset thereof to determine whether an individual has a

particular gene. The use of automated high throughput marker detection platforms known to

those of ordinary skill in the art makes this process highly efficient and effective.

The markers of the presently disclosed subject matter can be used in marker-assisted

selection protocols to identify and/or select progeny with increased drought tolerance. Such

methods can comprise, consist essentially of, or consist of crossing a first maize plant or

germplasm with a second maize plant or germplasm, wherein the first maize plant or

germplasm comprises a marker associated with increased drought tolerance, and selecting a

progeny plant that possesses the marker. Either of the first and second maize plants, or both,

can be of a non-naturally occurring variety of maize.

Methods for identifying a drought tolerant maize plant or germplasm can comprise

detecting the presence of a marker associated with increased drought tolerance. The marker

can be detected in any sample taken from the plant or germplasm, including, but not limited

to, the whole plant or germplasm, a portion of said plant or germplasm (e.g., a cell from said

plant or germplasm) or a nucleotide sequence from said plant or germplasm. The maize plant

can be of a non-naturally occurring variety of maize. In some embodiments, the genome of

the maize plant or germplasm is at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 97%, 99% or 100% identical to that of an elite variety of maize.

Methods for introgressing an allele associated with increased drought tolerance into a

maize plant or germplasm can comprise crossing a first maize plant or germplasm comprising

said allele (the donor) with a second maize plant or germplasm that lacks said allele (the



recurrent parent) and repeatedly backcrossing progeny comprising said allele with the

recurrent parent. Progeny comprising said allele can be identified by detecting, in their

genomes, the presence of a marker associated with increased drought tolerance. Either the

donor or the recurrent parent, or both, can be of a non-naturally occurring variety of maize.

In some embodiments, the presently disclosed subject matter relates to the use of

polymorphisms (including but not limited to SNPs) or trait-conferring parts for producing a

trait carrying maize plant by introducing a nucleic acid sequence comprising a trait-associated

allele and/or haplotype of the polymorphism into a recipient plant.

A donor plant, with the nucleic acid sequence that comprises a water optimization

trait allele and/or haplotype can be transferred to the recipient plant lacking the allele and/or

the haplotype. The nucleic acid sequence can be transferred by crossing a water optimization

trait carrying donor plant with a non-trait carrying recipient plant (e.g., by introgression), by

transformation, by protoplast transformation or fusion, by a doubled haploid technique, by

embryo rescue, or by any other nucleic acid transfer system. Then, if desired, progeny plants

comprising one or more of the presently disclosed water optimization trait alleles and/or

haplotypes can be selected. A nucleic acid sequence comprising a water optimization trait

allele and/or haplotype can be isolated from the donor plant using methods known in the art,

and the isolated nucleic acid sequence can transform the recipient plant by transgenic

methods. This can occur with a vector, in a gamete, or other suitable transfer element, such as

a ballistic particle coated with the nucleic acid sequence.

Plant transformation generally involves the construction of an expression vector that

will function in plant cells and includes nucleic acid sequence that comprises an allele and/or

haplotype associated with the water optimization trait, which vector can comprise a water

optimization trait-conferring gene. This gene usually is controlled or operatively linked to

one or more regulatory element, such as a promoter. The expression vector can contain one or

more such operably linked gene/regulatory element combinations, provided that at least one

of the genes contained in the combinations encodes water optimization trait. The vector(s)

can be in the form of a plasmid, and can be used, alone or in combination with other

plasmids, to provide transgenic plants that are better water optimization plants, using

transformation methods known in the art, such as the Agrobacterium transformation system.

In some embodiments of the invention genes comprised in the chromosomal intervals herein

may be transgenically expressed in plants to produce plants with increased drought tolerance;

further, not to be limited by theory the gene models displayed in Table 9 may be

transgenically expressed in plants to produce increased drought tolerant plants.



Transformed cells often contain a selectable marker to allow transformation

identification. The selectable marker is typically adapted to be recovered by negative

selection (by inhibiting the growth of cells that do not contain the selectable marker gene), or

by positive selection (by screening for the product encoded by the selectable marker gene).

Many commonly used selectable marker genes for plant transformation are known in the art,

and include, for example, genes that code for enzymes that metabolically detoxify a selective

chemical agent that can be an antibiotic or a herbicide, or genes that encode an altered target

which is insensitive to the inhibitor. Several positive selection methods are known in the art,

such as mannose selection. Alternatively, marker-less transformation can be used to obtain

plants without the aforementioned marker genes, the techniques for which are also known in

the art.

Water Optimization Genes

Multiple positive associations have identified the following genes as being associated

with increased yield under drought: GRMZM2G040030, GRMZM5G843914,

GRMZM2G 160994, GRMZM2G020721, GRMZM2G080501, GRMZM2G049322, and/or

GRMZM2G108716 herein “water optimization genes” (SEQ ID Nos: 13-19 respectfully).

“Linker” refers to a polynucleotide that comprises the connecting sequence between

two other polynucleotides. The linker may be at least 1, 3, 5, 8, 10, 15, 20, 30, 50, 100, 200,

500, 1000, or 2000 polynucleotides in length. A linker may be synthetic, such that its

sequence is not found in nature, or it may naturally occur, such as an intron.

"Exon" refers to a section of DNA which carries the coding sequence for a protein or

part of it. Exons are separated by intervening, non-coding sequences (introns).

“Transit peptides” generally refer to peptide molecules that when linked to a protein

of interest directs the protein to a particular tissue, cell, subcellular location, or cell organelle.

Examples include, but are not limited to, chloroplast transit peptides, nuclear targeting

signals, and vacuolar signals. To ensure localization to the plastids it is conceivable to use,

but not limited to, the signal peptides of the ribulose bisphosphate carboxylase small subunit

(Wolter et al. 1988, PNAS 85: 846-850; Nawrath et al 1994, PNAS 91: 12760-12764), of

the NADP malate dehydrogenase (Galiardo et al. 1995, Planta 197: 324-332), of the

glutathione reductase (Creissen et al. 1995, Plant J 8 : 167-175) or of the R l protein Lorberth

et al. (1998, Nature Biotechnology 16: 473-477).

The term "transformation" as used herein refers to the transfer of a nucleic acid

fragment into the genome of a host cell, resulting in genetically stable inheritance. In some

particular embodiments, the introduction into a plant, plant part and/or plant cell is via



bacterial-mediated transformation, particle bombardment transformation, calcium-phosphate-

mediated transformation, cyclodextrin-mediated transformation, electroporation, liposome-

mediated transformation, nanoparticle-mediated transformation, polymer-mediated

transformation, virus-mediated nucleic acid delivery, whisker-mediated nucleic acid delivery,

microinjection, sonication, infiltration, polyethylene glycol-mediated transformation,

protoplast transformation, or any other electrical, chemical, physical and/or biological

mechanism that results in the introduction of nucleic acid into the plant, plant part and/or cell

thereof, or a combination thereof.

Procedures for transforming plants are well known and routine in the art and are

described throughout the literature. Non-limiting examples of methods for transformation of

plants include transformation via bacterial-mediated nucleic acid delivery (e.g., via bacteria

from the genus Agrobacterium), viral-mediated nucleic acid delivery, silicon carbide or

nucleic acid whisker-mediated nucleic acid delivery, liposome mediated nucleic acid

delivery, microinjection, microparticle bombardment, calcium-phosphate-mediated

transformation, cyclodextrin-mediated transformation, electroporation, nanoparticle-mediated

transformation,, sonication, infiltration, PEG-mediated nucleic acid uptake, as well as any

other electrical, chemical, physical (mechanical) and/or biological mechanism that results in

the introduction of nucleic acid into the plant cell, including any combination thereof.

General guides to various plant transformation methods known in the art include Miki et al.

("Procedures for Introducing Foreign DNA into Plants" in Methods in Plant Molecular

Biology and Biotechnology, Glick, B. R. and Thompson, J. E., Eds. (CRC Press, Inc., Boca

Raton, 1993), pages 67-88) and Rakowoczy-Trojanowska (2002, Cell Mol Biol Lett 7:849-

858 (2002)).

Thus, in some particular embodiments, the introducing into a plant, plant part and/or

plant cell is via bacterial-mediated transformation, particle bombardment transformation,

calcium-phosphate-mediated transformation, cyclodextrin-mediated transformation,

electroporation, liposome-mediated transformation, nanoparticle-mediated transformation,

polymer-mediated transformation, virus-mediated nucleic acid delivery, whisker-mediated

nucleic acid delivery, microinjection, sonication, infiltration, polyethyleneglycol-mediated

transformation, any other electrical, chemical, physical and/or biological mechanism that

results in the introduction of nucleic acid into the plant, plant part and/or cell thereof, or a

combination thereof.

Agrobacterium-mediated transformation is a commonly used method for transforming

plants because of its high efficiency of transformation and because of its broad utility with



many different species. Agrobacterium- mediated transformation typically involves transfer

of the binary vector carrying the foreign DNA of interest to an appropriate Agrobacterium

strain that may depend on the complement of vir genes carried by the host Agrobacterium

strain either on a co-resident Ti plasmid or chromosomally (Uknes et al 1993, Plant Cell

5 :159-169). The transfer of the recombinant binary vector to Agrobacterium can be

accomplished by a tri-parental mating procedure using Escherichia coli carrying the

recombinant binary vector, a helper E. coli strain that carries a plasmid that is able to

mobilize the recombinant binary vector to the target Agrobacterium strain. Alternatively, the

recombinant binary vector can be transferred to Agrobacterium by nucleic acid

transformation (Hofgen and Willmitzer 1988, Nucleic Acids Res 16:9877).

Transformation of a plant by recombinant Agrobacterium usually involves co

cultivation of the Agrobacterium with explants from the plant and follows methods well

known in the art. Transformed tissue is typically regenerated on selection medium carrying

an antibiotic or herbicide resistance marker between the binary plasmid T-DNA borders.

Another method for transforming plants, plant parts and plant cells involves

propelling inert or biologically active particles at plant tissues and cells. See, e.g., US Patent

Nos. 4,945,050; 5,036,006 and 5,100,792. Generally, this method involves propelling inert

or biologically active particles at the plant cells under conditions effective to penetrate the

outer surface of the cell and afford incorporation within the interior thereof. When inert

particles are utilized, the vector can be introduced into the cell by coating the particles with

the vector containing the nucleic acid of interest. Alternatively, a cell or cells can be

surrounded by the vector so that the vector is carried into the cell by the wake of the particle.

Biologically active particles (e.g., dried yeast cells, dried bacterium or a bacteriophage, each

containing one or more nucleic acids sought to be introduced) also can be propelled into plant

tissue.

Thus, in particular embodiments of the present invention, a plant cell can be

transformed by any method known in the art and as described herein and intact plants can be

regenerated from these transformed cells using any of a variety of known techniques. Plant

regeneration from plant cells, plant tissue culture and/or cultured protoplasts is described, for

example, in Evans et al. (Handbook of Plant Cell Cultures, Vol. 1, MacMilan Publishing Co.

New York (1983)); and Vasil I. R. (ed.) (Cell Culture and Somatic Cell Genetics of Plants,

Acad. Press, Orlando, Vol. I (1984), and Vol. II (1986)). Methods of selecting for

transformed transgenic plants, plant cells and/or plant tissue culture are routine in the art and

can be employed in the methods of the invention provided herein.



By "stably introducing" or "stably introduced" in the context of a polynucleotide

introduced into a cell is intended the introduced polynucleotide is stably incorporated into the

genome of the cell, and thus the cell is stably transformed with the polynucleotide.

"Stable transformation" or "stably transformed" as used herein means that a nucleic

acid is introduced into a cell and integrates into the genome of the cell. As such, the

integrated nucleic acid is capable of being inherited by the progeny thereof, more

particularly, by the progeny of multiple successive generations. "Genome" as used herein

also includes the nuclear and the plastid genome, and therefore includes integration of the

nucleic acid into, for example, the chloroplast genome. Stable transformation as used herein

can also refer to a transgene that is maintained extra-chromosomally, for example, as a mini

chromosome.

Stable transformation of a cell can be detected by, for example, a Southern blot

hybridization assay of genomic DNA of the cell with nucleic acid sequences which

specifically hybridize with a nucleotide sequence of a transgene introduced into an organism

(e.g., a plant). Stable transformation of a cell can be detected by, for example, a Northern

blot hybridization assay of RNA of the cell with nucleic acid sequences which specifically

hybridize with a nucleotide sequence of a transgene introduced into a plant or other organism.

Stable transformation of a cell can also be detected by, e.g., a polymerase chain reaction

(PCR) or other amplification reactions as are well known in the art, employing specific

primer sequences that hybridize with target sequence(s) of a transgene, resulting in

amplification of the transgene sequence, which can be detected according to standard

methods Transformation can also be detected by direct sequencing and/or hybridization

protocols well known in the art.

The “transformation and regeneration process” refers to the process of stably

introducing a transgene into a plant cell and regenerating a plant from the transgenic plant

cell. As used herein, transformation and regeneration includes the selection process, whereby

a transgene comprises a selectable marker and the transformed cell has incorporated and

expressed the transgene, such that the transformed cell will survive and developmentally

flourish in the presence of the selection agent. “Regeneration” refers to growing a whole

plant from a plant cell, a group of plant cells, or a plant piece such as from a protoplast,

callus, or tissue part.



A “selectable marker” or “selectable marker gene” refers to a gene whose expression

in a plant cell gives the cell a selective advantage. “Positive selection” refers to a

transformed cell acquiring the ability to metabolize a substrate that it previously could not use

or could not use efficiently, typically by being transformed with and expressing a positive

selectable marker gene. This transformed cell thereby grows out of the mass of

nontransformed tissue. Positive selection can be of many types from inactive forms of plant

growth regulators that are then converted to active forms by the transferred enzyme to

alternative carbohydrate sources that are not utilized efficiently by the nontransformed cells,

for example mannose, which then become available upon transformation with an enzyme, for

example phosphomannose isomerase, that allows them to be metabolized. Nontransformed

cells either grow slowly in comparison to transformed cells or not at all. Other types of

selection may be due to the cells transformed with the selectable marker gene gaining the

ability to grow in presence of a negative selection agent, such as an antibiotic or an herbicide,

compared to the ability to grow of non-transformed cells. A selective advantage possessed

by a transformed cell may also be due to the loss of a previously possessed gene in what is

called “negative selection”. In this, a compound is added that is toxic only to cells that did not

lose a specific gene (a negative selectable marker gene) present in the parent cell (typically a

transgene).

Examples of selectable markers include, but are not limited to, genes that provide

resistance or tolerance to antibiotics such as kanamycin (Dekeyser et al. 1989, Plant Phys 90:

217-23), spectinomycin (Svab and Maliga 1993, Plant Mol Biol 14: 197-205), streptomycin

(Maliga et al. 1988, Mol Gen Genet 214: 456-459), hygromycin B (Waldron et al. 1985,

Plant Mol Biol 5 : 103-108), bleomycin (Hille et al. 1986, Plant Mol Biol 7 : 171-176),

sulphonamides (Guerineau et al. 1990, Plant Mol Biol 15: 127-136), streptothricin (Jelenska

et al. 2000, Plant Cell Rep 19: 298-303) , or chloramphenicol (De Block et al. 1984, EMBO

J 3 : 1681-1689). Other selectable markers include genes that provide resistance or tolerance

to herbicides, such as the S4 and/or Hra mutations of acetolactate synthase (ALS) that confer

resistance to herbicides including sulfonylureas, imidazolinones, triazolopyrimidines, and

pyrimidinyl thiobenzoates; 5-enol-pyrovyl-shikimate-3-phosphate-synthase (EPSPS) genes,

including but not limited to those described in U.S. Patent. Nos. 4,940,935,5,188,642,

5,633,435, 6,566,587, 7,674,598 (as well as all related applications) and the glyphosate N-

acetyltransferase (GAT) which confers resistance to glyphosate (Castle et al. 2004, Science

304:1151-1154, and U.S. Patent Application Publication Nos. 20070004912, 20050246798,



and 20050060767); BAR which confers resistance to glufosinate (see e.g., U.S. Patent Nos.

5,561,236); aryloxy alkanoate dioxygenase or AAD-l, AAD-12, or AAD-13 which confer

resistance to 2,4-D; genes such as Pseudomonas HPPD which confer HPPD resistance;

Sprotophorphyrinogen oxidase (PPO) mutants and variants, which confer resistance to

peroxidizing herbicides including fomesafen, acifluorfen-sodium, oxyfluorfen, lactofen,

fluthiacet-methyl, saflufenacil, flumioxazin, flumiclorac-pentyl, carfentrazone-ethyl,

sulfentrazone,); and genes conferring resistance to dicamba, such as dicamba monoxygenase

(Herman et al. 2005, J Biol Chem 280: 24759-24767 and U.S. Patent No. 7,812,224 and

related applications and patents). Other examples of selectable markers can be found in

Sundar and Sakthivel (2008, J Plant Physiology 165: 1698-1716), herein incorporated by

reference.

Other selection systems include using drugs, metabolite analogs, metabolic

intermediates, and enzymes for positive selection or conditional positive selection of

transgenic plants. Examples include, but are not limited to, a gene encoding

phosphomannose isomerase (PMI) where mannose is the selection agent, or a gene encoding

xylose isomerase where D-xylose is the selection agent (Haldrup et al. 1998, Plant Mol Biol

37: 287-96). Finally, other selection systems may use hormone-free medium as the selection

agent. One non-limiting example the maize homeobox gene knJ whose ectopic expression

results in a 3-fold increase in transformation efficiency (Luo et al. 2006, Plant Cell Rep 25:

403-409). Examples of various selectable markers and genes encoding them are disclosed in

Miki and McHugh (J Biotechnol, 2004, 107: 193-232; incorporated by reference).

In some embodiments of the invention, the selectable marker may be plant derived.

An example of a selectable marker which can be plant derived includes, but is not limited to,

5-enolpyruvylshikimate-3-phosphate synthase (EPSPS). The enzyme 5-

enolpymvylshikimate- 3-phosphate synthase (EPSPS) catalyzes an essential step in the

shikimate pathway common to aromatic amino acid biosynthesis in plants. The herbicide

glyphosate inhibits EPSPS, thereby killing the plant. Transgenic glyphosate-tolerant plants

can be created by the introduction of a modified EPSPS transgene which is not affected by

glyphosate (for example, US Patent 6,040,497; incorporated by reference). Other examples

of a modified plant EPSPS which can be used as a selectable marker in the presence of

glyphosate includes a P106L mutant of rice EPSPS (Zhou et al 2006, Plant Physiol 140: 184-

195) and a P106S mutation in goosegrass EPSPS (Baerson et al 2002, Plant Physiol 129:

1265-1275). Other sources of EPSPS which are not plant derived and can be used to confer

glyphosate tolerance include but are not limited to an EPSPS P101S mutant from Salmonella



typhimurium (Comai et al 1985, Nature 317: 741-744) and a mutated version of CP4 EPSPS

from Agrobacterium sp. Strain CP4 (Funke et al 2006, PNAS 103: 13010-13015). Although

the plant EPSPS gene is nuclear, the mature enzyme is localized in the chloroplast (Mousdale

and Coggins 1985, Planta 163:241-249). EPSPS is synthesized as a preprotein containing a

transit peptide, and the precursor is then transported into the chloroplast stroma and

proteolytically processed to yield the mature enzyme (della-Cioppa et al. 1986, PNAS 83:

6873-6877). Therefore, to create a transgenic plant which has tolerance to glyphosate, a

suitably mutated version of EPSPS which correctly translocates to the chloroplast could be

introduced. Such a transgenic plant then has a native, genomic EPSPS gene as well as the

mutated EPSPS transgene. Glyphosate could then be used as a selection agent during the

transformation and regeneration process, whereby only those plants or plant tissue that are

successfully transformed with the mutated EPSPS transgene survive.

As used herein, the terms "promoter" and "promoter sequence" refer to nucleic acid

sequences involved in the regulation of transcription initiation. A "plant promoter" is a

promoter capable of initiating transcription in plant cells. Exemplary plant promoters include,

but are not limited to, those that are obtained from plants, from plant viruses and from

bacteria that comprise genes expressed in plant cells such Agrobacterium or Rhizobium. A

"tissue-specific promoter" is a promoter that preferentially initiates transcription in a certain

tissue (or combination of tissues). A "stress-inducible promoter" is a promoter that

preferentially initiates transcription under certain environmental conditions (or combination

of environmental conditions). A "developmental stage-specific promoter" is a promoter that

preferentially initiates transcription during certain developmental stages (or combination of

developmental stages). In some embodiments, one skilled in the art could use genome

editing tools (e.g. CRISPR) to modulate natural maize promoters to up-regulate or down-

regulate “water optimization genes”.

As used herein, the term "regulatory sequences" refers to nucleotide sequences

located upstream (5' non-coding sequences), within or downstream (3' non-coding sequences)

of a coding sequence, which influence the transcription, RNA processing or stability, or

translation of the associated coding sequence. Regulatory sequences include, but are not

limited to, promoters, enhancers, exons, introns, translation leader sequences, termination

signals, and polyadenylation signal sequences. Regulatory sequences include natural and

synthetic sequences as well as sequences that can be a combination of synthetic and natural

sequences. An "enhancer" is a nucleotide sequence that can stimulate promoter activity and

can be an innate element of the promoter or a heterologous element inserted to enhance the



level or tissue specificity of a promoter. The coding sequence can be present on either strand

of a double-stranded DNA molecule, and is capable of functioning even when placed either

upstream or downstream from the promoter.

Some embodiments include modulating the expression, either through direct gene or

protein modification and/or via modification of native regulatory elements, of any one of:

GRMZM2G040030, GRMZM5G843914, GRMZM2G160994, GRMZM2G020721,

GRMZM2G080501, GRMZM2G049322, and/or GRMZM2G108716., to create plants having

increased drought tolerance and/or yield.

In some embodiments, a method of selecting a first maize plant or germplasm that displays

either increased yield under drought or increased yield under non-drought conditions, the

method comprising: isolating nucleic acids from the first maize plant or germplasm; detecting

in the first maize plant or germplasm at least one allele of a quantitative trait locus that is

associated with increased yield under drought, wherein said allele is located within 50cM,

20cM, lOcM, 5cM or lcM from any one of yield QTL 1-12; and selecting said first maize

plant or germplasm, or selecting a progeny of said first maize plant or germplasm,

comprising at least one allele associated with increased yield under drought. In some

embodiments, QTLs 1-12 comprise the following causative alleles:

Chromosome 1 comprising an A allele at position 280976157;

Chromosome 1 comprising a G allele at position 280976564;

Chromosome 1 comprising a C allele at position 281072679;

Chromosome 2 comprising an A allele at position 44262624;

Chromosome 9 comprising a C allele at position 134300637;

Chromosome 9 comprising an A allele at position 135348128;

Chromosome 9 comprising a G allele at position 135348898;

Chromosome 9 comprising a C allele at position 138889589;

Chromosome 9 comprising a C allele at position 138889629;

Chromosome 9 comprising a G allele at position 138889963;

Chromosome 9 comprising an G allele at position 138890220; and

Chromosome 5 comprising a G allele at position 2795884.

In some embodiments, Yield QTL 1 comprises an A at position 500 of SEQ ID NO:l,

QTL 2 comprises a G at position 500 of SEQ ID NO:2, QTL 3 comprises a C at position 501

of SEQ ID NO:3, QTL 4 comprises an A at position 501 of SEQ ID NO:4, QTL 5 comprises

a C at position 502 of SEQ ID NO:5, QTL 6 comprises an A at position 501 of SEQ ID



NO:6, QTL 7 comprises a G at position 501 of SEQ ID NO:7, QTL 8 comprises a C at

position 501 of SEQ ID NO:8, QTL 9 comprises an A at position 501 of SEQ ID NO:9, QTL

10 comprises a G at position 501 of SEQ ID NO: 10, QTL 11 comprises a G at position 500 of

SEQ ID NO: 11, and QTL 12 comprises a C at position 448 of SEQ ID NO: 12.

In some embodiments, Maize plants comprising Yield QTL 1 can be identified with

molecular assay SM6492, Yield QTL 2 can be identified with molecular assay SM6487,

Yield QTL 3 can be identified with molecular assay SM5343, Yield QTL 4 can be identified

with molecular assay SM5347, Yield QTL 5 can be identified with molecular assay SM6647,

Yield QTL 6 can be identified with molecular assay SM6652, Yield QTL 7 can be identified

with molecular assay SM6646, Yield QTL 8 can be identified with molecular assay SM5575,

Yield QTL 9 can be identified with molecular assay SM5572, Yield QTL 10 can be identified

with molecular assay SM5570, Yield QTL 11 can be identified with molecular assay

SM5584, and Yield QTL 12 can be identified with molecular assay SM6552

In some embodiments of the invention, a plant having introduced into its genome a

water optimization gene, wherein the said water optimization gene comprises 80%, 85%,

90%, 92%, 94%, 96%, 98%, or 100% sequence identity to any one of SEQ ID Nos: 13-19.

In some embodiments, said plant has increased yield as compared to a control plant.

In some embodiments, increased yield is yield under water deficit conditions.

In some embodiments a parental line of said plant was selected by or identified by a

nucleotide probe or primer that annealed to any one of SEQ ID NOs: 1-12 or a closely

associated marker, and said parental line conferred increased yield as compared to a plant not

comprising SEQ ID NOs: 1-12.

In some embodiments said gene is introduced by heterologous expression.

In some embodiments said gene is introduced by gene editing.

In some embodiments said gene is introduced by breeding or trait introgression.

In some embodiments the nucleic acid sequence comprises any one of SEQ ID NOs:

1-12.

In some embodiments increased yield is yield under water deficit conditions.

In some embodiments said plant is maize.

In some embodiments said plant is an elite maize line or a hybrid.



In some embodiments said gene is a nucleotide sequence having 90-100% sequence

homology with any one of SEQ ID NOs: 1-12.

In some embodiments said plant also comprises at least one Haplotypes A-M.

In some embodiments said plant also comprises at least one marker selected from the

group comprised of markers SM2973, SM2980, SM2982, SM2984, SM2987, SM2991,

SM2995, and SM2996.

In some embodiments a plant cell, germplasm, pollen, seed or plant part from the

plant of any one of the previous embodiments is provided.

In some embodiments a genotyped plant, plant cell, germplasm, pollen, seed or plant

part selected or identified based on the detection of any one of SEQ ID NOs: 1-12 or QTLs 1-

12 is provided.

In some embodiments of the invention, the plant, plant cell, germplasm, pollen, seed

or plant part is genotyped by isolating DNA from said plant, plant cell, germplasm, pollen,

seed or plant part and DNA is genotyped using either PCR or nucleotide probes that adhere to

any one of SEQ ID NOs 1-12 or QTLs 1-12.

Haplotypes A, B, C, D, E, F, G, H, I, J, K, and M are described in US patent number

8,822,755 which is incorporated by reference. Markers SM2973, SM2980, SM2982,

SM2984, SM2987, SM2991, SM2995, SM2996 are described in patent application

WO2017 106274 which is incorporated by reference.

Thus, the presently disclosed subject matter provides in some embodiments inbred

Zea mays plants comprising one or more alleles associated with increased yield, increased

yield under drought, or a desired water optimization trait.

EXAMPLES

The following Examples provide illustrative embodiments. In light of the present

disclosure and the general level of skill in the art, those of skill will appreciate that the

following Examples are intended to be exemplary only and that numerous changes,

modifications, and alterations can be employed without departing from the scope of the

presently disclosed subject matter.

To assess the value of alleles under drought stress, diverse germplasm was screened in

controlled field-experiments comprising a full irrigation control treatment and a limited

irrigation treatment. The goal of the full irrigation treatment is to ensure water does not limit

the productivity of the crop. In contrast, the goal of the limited irrigation treatment is to

ensure that water becomes the major limiting constraint to grain yield. Main effects (e.g.,



treatment and genotype) and interactions (e.g., genotype x treatment) can be determined

when the two treatments are applied adjacent to one another in the field. Moreover, drought

related phenotypes can be quantified for each genotype in the panel thereby allowing for

marker-trait associations to be conducted.

In practice, the method for the limited irrigation treatment can vary widely depending

upon the germplasm being screened, the soil type, climatic conditions at the site, pre-season

water supply, and in-season water supply, to name just a few. Initially, a site is identified

where in-season precipitation is low (to minimize the chance of unintended water application)

and is suitable for cropping. In addition, determining the timing of the stress can be

important, such that a target is defined to ensure that year-to-year, or location-to-location,

screening consistency is in place. An understanding of the treatment intensity, or in some

cases the yield loss desired from the limited irrigation treatment, can also be considered.

Selection of a treatment intensity that is too light can fail to reveal genotypic variation.

Selection of a treatment intensity that is too heavy can create large experimental error. Once

the timing of stress is identified and treatment intensity is described, irrigation can be

managed in a manner that is consistent with these targets.

General methods for assessing and assessing drought tolerance can be found in

Salekdeh et a , 2009 and in U.S. Patent Nos. 6,635,803; 7,314,757; 7,332,651; and

7,432,416.

Example 1 Panels

This set of markers leverages three panels of materials. The first is a Linkage

Disequilibrium, LD, panel. It is comprised of 210 stiff stalk (SS) and 294 non-stiff stalk

(NSS) materials primarily from North America. The second panel is a mid-maturity North

American Family Based Association Mapping, FBAM, panel. It is comprised of 72 bi-

parental populations using 47 parents. Parents for each cross are from the same heterotic

group. The NSS heterotic group is made up of 47 populations from 24 parents with 1198 DH

progeny. The SS heterotic group is made up of 25 populations from 23 parents with 713 DH

progeny. The third panel is a late maturity North American and European FBAM panel

(NEFBAM). It is comprised of 104 bi-parental populations using 53 parents. The NSS

heterotic group is made up of 50 populations from 19 parents with 865 DH progeny. The SS

heterotic group is made up of 54 populations from 34 parents with 864 DH progeny.



One marker was originally identified using the LD panel information that was originally used

to identify Artesian 2. It was missed initially because of incorrect genotypic information for

the marker. The remaining markers were identified using the FBAM panel. The LD and

NEFBAM panels were used to validate results found in the FBAM panel.

Example 2 Genotypic data

Initial data for the FBAM and NEFBAM panels was generated using a reduced representation

sequencing method that preferentially sequences gene rich regions. Global read depth was

approximately lx, however, gene rich regions were close to lOx while other regions were

close to Ox. Genotypes for the LD panel were generated via transcriptome sequencing with

low read depth. Markers with more than 20% missing calls across the panel parents were

removed from analysis. Those with less than 20% missing calls were imputed based the

CINPUTE++ algorithm and then projected from parents to DH progeny using a common set

of chip based markers. After the initial testing, assays were generated for the highest

confidence markers. The FBAM and NEFBAM parents were then re-genotyped using the

assays. Progeny genotypes were once again projected using the new parent genotypes and re

analyzed using the corresponding phenotypic information in order to validate the original

results.

Example 3 Phenotypic data

Yield under limited water conditions was measured at the plot level and converted to

bushels/acre. Two types of environments were used in the analysis: managed and target

stress. Managed stress locations were in regions that received very little annual rainfall.

Irrigation was severely reduced approximately two weeks before flowering and continued at a

reduced level until approximately two weeks after flowering. Target stress locations were in

target market regions which historically underwent season long drought stress. Control plots

under full irrigation were used to evaluate the level of stress in terms of yield reduction at

both types of locations. DH progeny were tested as inbreds using only the FBAM panel. DH

progeny were crossed to common testers and tested as hybrids for all three panels. The LD



panel used a single tester per heterotic group, while both the FBAM and NEFBAM panels

used two testers per heterotic group.

Example 4 Models

In order to assess the best method to identify marker trait associations, multiple models were

used to analyze the data:

1) Yield = µ + Population + Marker + Population*Marker + ε, where ε is a random

effect and all other terms are fixed effects

2) Yield = µ + Population + Marker + Population*Marker + ε, where Population,

Population*Marker and ε are random effects and all other terms are fixed effects

3) Yield = µ + Kinship + Marker + ε, where Kinship and ε are random effects and all

other terms are fixed effects

4) Yield = µ + Kinship + Marker + location + ε, where Kinship and ε are random effects

and all other terms are fixed effects

5) Yield = µ + Kinship + Marker + location + tester + ε, where Kinship and ε are

random effects and all other terms are fixed effects

In all cases m represents the overall mean and e represents error with a N(0,l)

distribution.

FBAM analyses were run using all of the models. LD panel analyses only used model 3.

NEFBAM analyses were ran using only model 5. All analyses were run for each heterotic

group and environment type (managed or target stress) separately.

Example 5 MTA Results

MTAs were initially identified based on results from a subset of the LD panel markers using

transcriptome based genotypes and all of the FBAM panel markers using reduced

representation sequencing based genotypes. MTAs identified are found in TABLE 2.

Markers were prioritized based on results from these analysis. Assays were generated based



on the top priority markers and used to re-genotype the parents. Examples of assays are

found in TABLE 3. Once re-genotyped, the parents were used to project genotype

information to progeny again using the chip-based genotypes as anchors. Analyses using the

assay-based genotypes were completed using models 3-5 for the FBAM and NEFBAM

panels. Twelve marker trait associations (MTAs) were selected after validation with a -

log(P-value) > 2 for multiple location/tester combinations and multiple panels within the

same heterotic group. Additionally, favorable alleles for these MTAs did not display

significant adverse effects across any tests for the specific heterotic group. These represent

the highest confidence markers based on the collected results.

Example 6: Introgression of Yield QTLs Using Molecular Markers

QTLs associated with yield are introgressed into corn plants by methods known to those

skilled in the art of plant breeding. A plant breeder uses molecu r markers to monitor the

introgression of yield QTLs by identifying plants with the yield QTL and selecting lines

carrying the favorable allele for one or more of said molecular markers.



THAT WHICH IS CLAIMED:
1. A method of selecting a first maize plant or germplasm that displays either increased

yield under drought or increased yield under non-drought conditions, the method
comprising:

a) isolating nucleic acids from the first maize plant or germplasm;
b) detecting in the first maize plant or germplasm at least one allele of a quantitative

trait locus that is associated with increased yield under drought, wherein said allele is
located within 50cM, 20cM, lOcM, 5cM or lcM from any one of yield QTL 1-12; and

c) selecting said first maize plant or germplasm, or selecting a progeny of said first
maize plant or germplasm, comprising at least one allele associated with increased
yield under drought.

2.The method of claim 1, wherein said quantitative trait locus comprises a water
optimization gene comprising any of SEQ ID Nos 13-19.

3.The method of claim 1, further comprising crossing said selected first maize plant or
germplasm with a second maize plant or germplasm, and wherein the introgressed
maize plant or germplasm displays increased yield under drought.

4.The method of claim 1, wherein the at least one allele is detected using a composition
comprising a detectable label

5.A method introgressing a water optimization locus comprising:
a) isolating a nucleic acid from a first population of maize plants;
b) detecting in said nucleic acid the presence of at least one allele of a quantitative trait

locus that is associated with increased yield under drought, wherein said allele is

located within 50cM, 20cM, lOcM, 5cM or lcM from any one of yield QTL 1-12;

c) selecting one or more plants with the water optimization locus from the first
population of maize plants; and

d) producing offspring from the one or more plants with the water optimization locus,
wherein the offspring exhibit improved water optimization compared to the first
population.

6. A maize plant produced by the method of claim 5.

7.The method of claim 5, wherein the genetic marker detected comprises any one of
SEQ ID Nos: 1-12.



8.The method of claim 5, wherein the maize plant belongs to the non-stiff stalk heterotic
group.

9. The method of claim 5, wherein said marker is associated with the presence of a water
optimization gene comprising any one of SEQ ID Nos 13-19 and/or a gene encoding a
protein comprising SEQ ID Nos: 20-26.

10. The method of claim 5, wherein the maize plant belongs to the non-stiff stalk
heterotic group.

11. The method of claim 5, wherein the maize plant is a hybrid maize plant and/or an
elite maize plant.

12. A plant having introduced into its genome a “water optimization gene” and or “yield
allele”, wherein the said water optimization gene comprises a nucleotide sequence
encoding at least one polypeptide comprising SEQ ID NO: 20-26 and the yield allele
is any one as depicted in SEQ ID Nos: 1-12.

13. The plant of claim 12, wherein said plant has increased yield as compared to a
control plant.

14. The plant of claim 13, wherein increased yield is yield under water deficit
conditions.

15. The plant of claims 1-14, wherein a parental line of said plant was selected by or
identified by a nucleotide probe or primer that annealed to any one of SEQ ID NOs:
1-12 and said parental line conferred increased yield as compared to a plant not
comprising SEQ ID NOs: 1-12.

16. The plant of claim 12, wherein said gene is introduced by heterologous expression.

17. The plant of claims 12, wherein said gene is introduced by gene editing.

18. The plant of claims 12 wherein said gene is introduced by breeding or trait
introgression.

19. The plant of claims 12-18, wherein said plant is maize.

20. The plant of claim 19, wherein said plant is an elite maize line or a hybrid.
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