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(57) ABSTRACT 
The present invention provides breeding methods and com 
positions to enhance the germplasm of a plant. The methods 
describe the identification and accumulation of transgenes 
and favorable haplotype genomic regions in the germplasm 
of a breeding population of crop plants. 
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METHODS AND COMPOSITIONS TO ENHANCE 
PLANT BREEDING 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/685.584, filed May 27, 2005, the 
entire text of which is specifically incorporated by reference 
herein 

BACKGROUND OF THE INVENTION 

0002) 
0003. The invention relates to the field of plant breeding 
and plant biotechnology, in particular to a transgene inserted 
into genetic linkage with a genomic region of a plant, and to 
the use of the transgene/genomic region to enhance the 
germplasm and to accumulate other favorable genomic 
regions in breeding populations. 
0004 2. Description of Related Art 

1. Field of the Invention 

0005 Breeding has advanced from selection for eco 
nomically important traits in plants and animals based on 
phenotypic records of the individual and its relatives to the 
use of molecular genetics to identify genomic regions that 
contain the valuable genetic traits. Information at the DNA 
level has lead to faster genetic accumulation of valuable 
traits into a germplasm than that achieved based on the 
phenotypic data only. The development of transgenic crops 
has further revolutionized breeding and agricultural crop 
production. The outstanding Success of genetically engi 
neered crops is evident from the fact that the area of 
farmland devoted to transgenic crops has grown from a 
negligible acreage ten years ago to well over half the acreage 
for major crops in agriculturallyimportant countries such as 
USA, Canada, Brazil and Argentina. In addition to the 
development of input traits, plant biotechnology also holds 
great promise for the future development of output traits that 
will directly benefit consumers, like nutritionally superior 
foods, such as the vitamin A enriched rice, unsaturated oils, 
and agricultural products of medical value to name a few. 
The potential for commercial Success of a transgene encod 
ing a new or improved input or output trait is a great 
incentive for development of novel transgenes and their 
deployment through breeding these genes into elite germ 
plasm. 
0006 During the development of transgenic crop plants 
much effort is concentrated on optimization of the insertion 
and expression of the transgene, and then introgressing the 
transgene throughout the breeding population by classical 
breeding methods. The site of insertion of a transgene into 
the host genome has been a concern for at least two reasons; 
(i) the region where it inserted may modulate the level of 
expression of the transgene, and (ii) the insertion of the 
transgene may disrupt the normal function or expression of 
a gene near or where it has been inserted. The selection of 
genomic locations that are beneficial for gene integration 
provides for suitable levels of stable expression of an 
introduced gene, or genes, and generally does not negatively 
affect other agronomic characteristics of the crop plant. 
0007. The genomic region in which the transgene has 
been inserted also provides agronomic phenotypes to the 
crop plant. These phenotypes have their own value in a 
breeding program and these regions should be considered 
when selecting among multiple transgene insertion events. 
Transgene insertion events into genomic regions that are 
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associated with improved performance with respect to an 
agronomic trait or multiple trait index result in an improved 
phenotype in the crop plant and progeny derived from the 
crop plant that contain the transgene and the associated 
improved phenotype. Selecting for the transgenic event 
necessarily results in selecting a segment of the host genome 
that surrounds it, and the improved phenotypic effect. Fur 
ther improvements involve the identification of molecular 
markers for the tracking and maintenance of the genomic 
segment with the associated transgene. This is an area that 
has not been adequately addressed in current plant breeding 
with transgene insertion events. 
0008. There is a need in the art of plant breeding to 
identify genomic regions associated with improved perfor 
mance with respect to an agronomic trait or multiple trait 
index that are linked with a transgene insertion event and 
then select for these transgene-genomic regions for disper 
sion into the breeding population of the crop. The present 
invention provides consideration to estimating the value of 
the genomic region and the transgene event. This value can 
then be used as a criterion for selecting among multiple 
transgenic events. A further benefit is that linkage drag 
around a transgene is minimized and valuable genomic 
regions are selected that contain the transgene for breeding 
into the germplasm of a crop. 

SUMMARY OF THE INVENTION 

0009. The present invention provides a method of breed 
ing with transgenic plants. In one aspect, this method 
comprises providing a database identifying a value of an 
agronomic trait for at least two distinct haplotypes of the 
genome for a set of germplasm. The method further com 
prises transforming a parent plant with recombinant DNA to 
produce at least two transgenic events wherein the recom 
binant DNA is inserted into linkage with the at least two 
distinct haplotypes of the genome of the parent plant. The 
database may then be referenced to estimate the value of the 
agronomic trait for the events linked to the distinct haplo 
types, and transgenic event having a higher referenced 
breeding value may then be selected for breeding into a 
germplasm. 

0010. The present invention provides a method for 
improving plant germplasm by accumulation of one or more 
haplotypes in a germplasm. The method comprises inserting 
a transgene into a genome of a first plant, and then deter 
mining a map location of the transgene in the genome. The 
map location may be correlated to a linked haplotype, 
wherein the transgene and the haplotype comprise a T-type 
genomic region. The first plant may then be crossed with a 
second plant. The second plant may contain at least one 
T-type genomic region or haplotype that is different from the 
first plant T-type genomic region. At least one progeny plant 
may then be selected, the progeny plant having detectable 
expression of the transgene or its phenotype and comprising 
in its genome the T-type genomic region of the first plant and 
at least one T-type genomic or haplotype of the second plant. 
The progeny plant may be used in activities related to 
germplasm improvement, which can be selected from use of 
the plant for making breeding crosses, further testing of the 
plant, advancement of the plant through self fertilization, use 
of the plant or parts thereof for transformation, use of the 
plant or parts thereof for mutagenesis, and use of the plant 
or parts thereof for TILLING, or any combination of these. 
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0011. The present invention includes a method for breed 
ing of a crop plant, in particular a soybean or corn plant with 
enhanced agronomic and transgenic traits comprising a 
preferred T-type genomic region. A transgene of the T-type 
genomic region is further defined as conferring a preferred 
property like herbicide tolerance, disease resistance, insect 
or pest resistance, altered fatty acid, protein or carbohydrate 
metabolism, increased grain yield, increased oil, increased 
nutritional content, increased growth rates, enhanced stress 
tolerance, or altered morphological characteristics, or any 
combination of these. 

0012. The present invention provides a novel method for 
mapping at least one genomic region of insertion of a 
transgene. This method involves indirect mapping and does 
not require the establishment of a de novo population 
segregating for a transgene. The method comprises first 
identifying at least a first polymorphism between the parent 
lines of a mapping population in the corresponding genomic 
region adjacent to a transgenic insertion event in a trans 
formed plant or line, then assaying the progeny plants of the 
mapping population for the polymorphism. Linkage analysis 
may be performed to determine a map position of the 
polymorphism and thereby a map location of the transgenic 
insertion event. The map location in the mapping population 
may then be correlated to a haplotype of the transformed 
plant and its progeny. 

DESCRIPTION OF ILLUSTRATIVE 
EMEBODIMENTS 

0013 The definitions and methods provided define the 
present invention and guide those of ordinary skill in the art 
in the practice of the present invention. Unless otherwise 
noted, terms are to be understood according to conventional 
usage by those of ordinary skill in the relevant art. Defini 
tions of common terms in molecular biology may also be 
found in Rieger et al. (1991); and Lewin (1994). The 
nomenclature for DNA bases as set forth at 37 CFRS 1.822 
is used. 

0014. As used herein, the term “corn” means Zea mays or 
maize and includes all plant varieties that can be bred with 
corn, including wild maize species. 
0015. As used herein, the term “soybean” means Glycine 
max and includes all plant varieties that can be bred with 
Soybean, including wild soybean species. 
0016. As used herein, the term “comprising means 
“including but not limited to”. 
0017. A transgenic “event is produced by transformation 
of a plant cell with heterologous DNA, i.e., a nucleic acid 
construct that includes a transgene of interest, regeneration 
of a population of plants resulting from the insertion of the 
transgene into the genome of the plant, and selection of a 
particular plant characterized by insertion into a particular 
genome location. The term “event” refers to the original 
transformant and progeny of the transformant that include 
the heterologous DNA. The term “event also refers to 
progeny produced by a sexual outcross between the trans 
formant and another variety that include the heterologous 
DNA 

0018. The present invention overcomes the deficiencies 
of the current transgene breeding methods by describing a 
T-type genomic region, defined as a transgene and a linked 
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haplotype genomic region, through which the genetically 
linked transgene and haplotype are selected and then intro 
gressed into germplasm through breeding. The selection of 
the T-type genomic region is based on the estimation of a 
T-value that the T-type genomic region provides to the 
germplasm of the crop plant. The basis of the valuation 
distinguishes and selects improved T-type genomic regions 
for use in a breeding method, and selects and advances 
plants comprising the improved T-type genomic regions. 
The genomic locations for gene integration are favorable 
based on providing suitable levels of stable expression of an 
introduced gene, or genes, and for identifying transgene 
associations with favorable haplotype regions that also pro 
vide beneficial agronomic characteristics to the germplasm. 
By considering the beneficial aspects of both the transgene 
and the genomic region to which it is genetically linked, 
additional value can be built into a transgenic event and its 
use for developing Superior germplasm. In an unexpected 
outcome from extensive experience in breeding with trans 
genic plants, the inventors have realized that additional 
consideration should be given to the genomic region that is 
linked to the transgene insertion. As a transgene is diffused 
by breeding methods into plant germplasm a portion of the 
genetic region linked to the transgene is also diffused. By 
giving consideration to the genetic region linked to a trans 
gene it is possible to implement biotechnological and breed 
ing strategies to increase the overall value of the transgene 
and the genetic region to which it is linked to enhance 
germplasm improvement and minimize the risk of advance 
ment of less favorable genetic regions, often referred to as 
linkage drag. 
0019 For example, in one aspect of the present invention, 
T-type genomic regions of new glyphosate tolerant soybean 
events have been identified that comprise a glyphosate 
tolerance transgene with Suitable levels of expression in 
linkage with a haplotype. The highest yielding T-type was 
identified as event 19788 (also referred to as MON89788) 
and provided for the replacement of the T-type genomic 
region of event 40-3-2 with a haplotype in the same genomic 
region with improved yield as determined in a side-by-side 
comparison. This finding will have significant impact on 
enhancing the germplasm of glyphosate tolerant soybean. A 
significant portion of recent soybean breeding has utilized 
lines containing the Roundup Ready(R) trait found in event 
40-3-2 (Padgette et al., 1995), with possibly as much as 
80-95% of the soybean germplasm offered for sale in the 
United States currently containing this transgenic event. In 
order to continue to enhance Soybean germplasm, it is 
desirable to be able to identify glyphosate tolerant events 
that also have favorable haplotype genomic regions and 
replace the 40-3-2 T-type genomic region in the germplasm, 
therefore providing elite agronomic traits of the parental line 
to the progeny. 
0020. In another aspect of the present invention, T-type 
genomic regions of insect tolerant soybean events are iden 
tified that comprise an insect resistance transgene with 
Suitable levels of expression in linkage with a haplotype. 
The event GM 19459 was selected from a population of 
transgenic Soybean events. These events contain a transgene 
inserted into the Soybean genome that expresses a protein 
toxic to Lepidopteran insect pests of soybean. The various 
haplotype genomic regions have been mapped to assist in 
the selection of an event with the most favorable T-type 
genomic region. 
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0021. In another aspect of the present invention, T-type 
genomic regions of insect tolerant corn events are identified 
that comprise an insect resistance transgene with Suitable 
levels of expression in linkage with a haplotype. The insect 
tolerant corn event is selected from a population of trans 
genic corn events. These events contain a transgene inserted 
into the corn genome that expresses a protein toxic to 
Lepidopteran insect pests of corn. The various haplotype 
genomic regions are mapped to assist in the selection of an 
event with the most favorable T-type genomic region. 
0022. Any transgene inserted into the genome of a crop 
plant that can be mapped to a genomic location can then be 
compared to a haplotype marker developed in that location 
to determine if the location comprises a haplotype with an 
enhanced breeding value. 
0023. In one embodiment, the current invention provides 
genetic markers and methods for the identification and 
breeding of T-type genomic regions in Soybean. The inven 
tion therefore allows for the first time the creation of 
Soybean plants that combine the value of a transgene and an 
agronomically elite, or favorable haplotype. Favorable hap 
lotypes are at least identified as those that have been 
inherited more frequently than expected in a plant popula 
tion. Using the methods of the present invention, loci 
comprising a T-type genomic region may be introduced into 
potentially any desired soybean plant. Molecular markers 
are provided that when used in a marker assisted breeding 
program provide a means to identify and maintain the 
association of the favorable haplotype and the transgene to 
provide the valuable T-type genomic region. The present 
invention provides examples of transgenes that provide 
herbicide and insect resistant phenotypes to the Soybean 
plants, other transgenes that provide stress tolerance, disease 
tolerance, enhanced protein, oil, amino acid or other feed 
quality, nutrition or processing traits are also contemplated 
as aspects of the present invention and germplasm compris 
ing these T-types would be crossed to provide a stacked trait 
product with preferred T-type genomic regions. 

0024. In another embodiment, the current invention pro 
vides genetic markers and methods for the identification and 
breeding of T-type genomic regions in corn. The invention 
therefore allows for the first time the creation of corn plants 
that combine the value of a transgene and an agronomically 
elite, or favorable haplotype. Using the methods of the 
present invention, loci comprising a T-type genomic region 
may be introduced into potentially any desired corn plant. 
Molecular markers are provided that when used in a marker 
assisted breeding program provide a means to identify and 
maintain the association of the favorable haplotype and the 
transgene to provide the valuable T-type genomic region. 
The present invention provides examples of transgenes that 
provide an insect resistant phenotype to the corn plant, other 
transgenes that provide stress tolerance, herbicide tolerance, 
enhanced protein, oil, amino acid or other feed quality, 
nutrition or processing traits are also contemplated as 
aspects of the present invention and germplasm comprising 
these T-type would be crossed to provide a stacked trait 
product with preferred T-type genomic regions. 
T-type Genomic Region and the Concept of T-type Value 
0025 AT-type genomic region is a novel genetic com 
position comprising at least one transgene, with Suitable 
levels of expression, in genetic linkage with a haplotype. In 
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a preferred embodiment the linkage of a transgene with a 
haplotype should have no observable deleterious effect on 
the functional integrity of the haplotype due to the local 
insertion of the transgene. Additionally a haplotype of a 
T-type genomic region could be functionally enhanced as a 
result of the integration into genetic linkage of a transgene. 
The T-type genomic region composition has the benefit of 
the transgene and the haplotype with which it is linked. The 
T-type genomic region is the genetic composition through 
which a transgene is diffused into germplasm by breeding. 
0026. In a preferred embodiment of the present invention, 
a haplotype of a T-type genomic region comprises at least 
two biallelic markers approximately 10 cM apart, or at least 
one pluriallelic locus within 5 cM of the transgene and with 
high polymorphic information content. Changes in a haplo 
type, brought about by recombination for example, may 
result in the modification of a haplotype so that it only 
comprises a portion of the original (parental) haplotype 
physically linked to the transgene. Any such change in a 
haplotype would be included in our definition of what 
constitutes a T-type genomic region so long as the functional 
integrity of the T-type genomic region is unchanged or 
improved. The linkage of the transgene to the haplotype or 
functional portion thereof that provides the desirable phe 
notype is preferably within about 5 cM, or within about 2 
cM, or within about 1 cM of the haplotype region. The 
functional integrity of a haplotype is considered to be 
unchanged if its value is not negative with respect to yield, 
or is not positive with respect to maturity, or is null with 
respect to maturity, or amongst the best 50 percent with 
respect to an agronomic trait or a multiple trait index when 
compared to any other haplotype at the same chromosome 
segment in a set of germplasm (breeding germplasm, breed 
ing population, collection of elite inbred lines, population of 
random mating individuals, biparental cross), or amongst the 
best 50 percent with respect to an agronomic trait or a 
multiple trait index when compared to any other haplotype 
across the entire genome in a set of germplasm, or the 
haplotype being present with a frequency of 50 percent or 
more in a breeding population or a set of germplasm can be 
taken as evidence of its high value, or any combination of 
these. 

0027. The benefit or value of the plant comprising in its 
genome a T-type genomic region is estimated by a T-value, 
which depends on the value of the transgene trait and the 
value of the haplotype to which the transgene is linked. The 
value of a transgene of a T-type genomic region can be 
estimated from the value of the trait that the transgene 
encodes. This value depends on the transgene trait (for 
example, including but not limited to: herbicide tolerance, 
insect resistance, disease resistance, improved nutrition, 
enhanced yield, improved processing trait, or stress toler 
ance) and could be estimated from increased crop plant 
output, or decrease in inputs required for crop cultivation, or 
any combination of these. The transgene trait also has value 
as a selectable or scorable marker. This has value in breeding 
applications to one skilled in the art because the ability to 
select or score for the transgene trait results in the simulta 
neous selection of the linked haplotype. For example in the 
case of a cross made with a plant comprising a T-type, 
wherein the transgene encodes a herbicide tolerance, spray 
ing the progeny of that cross with the herbicide would have 
a high probability of selecting for the transgene and the 
tightly linked parental or recombinant haplotype. DNA 
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markers that are developed to define the haplotype can be 
used to confirm the integrity of the T-type in the progeny of 
the cross. 

0028. A transgene comprising a recombinant construct 
may further comprise a selectable marker or scorable 
marker. The nucleic acid sequence serving as the selectable 
or scorable marker functions to produce a phenotype in cells 
which facilitates their identification relative to cells not 
containing the marker. 
0029. Examples of selectable markers include, but are not 
limited to, a neo or mptII gene (Potrykus et al., 1991), which 
codes for kanamycin resistance and can be selected for using 
kanamycin, G418, etc.; a bar gene which codes forbialaphos 
resistance; glyphosate resistant EPSP synthase, glyphosate 
resistant mutant EPSP synthase (Hinchee et al., 1988) which 
encodes glyphosate resistance, glyphosate inactivating 
enzymes; a nitrilase gene which confers resistance to bro 
moxynil (Stalker et al., 1988); a mutant acetolactate syn 
thase gene (ALS) which confers imidazolinone or Sulpho 
nylurea resistance (European Patent Application No. 
0.154204); and a methotrexate resistant DHFR gene (Thillet 
et al., 1988). 
0030. Other exemplary scorable markers include: a 
B-glucuronidase or uidA gene (GUS), which encodes an 
enzyme for which various chromogenic Substrates are 
known (Jefferson, 1987; Jefferson et al., 1987); an R-locus 
gene, which encodes a product that regulates the production 
of anthocyanin pigments (red color) in plant tissues (Del 
laporta et al., 1988); a 3-lactamase gene (Sutcliffe et al., 
1978), which encodes an enzyme for which various chro 
mogenic Substrates are known (e.g., PADAC, a chromogenic 
cephalosporin); a luciferase gene (Ow et al., 1986); a xylE 
gene (Zukowsky et al., 1983) which encodes a catechol 
dioxygenase that can convert chromogenic catechols; an 
B-amylase gene (Ikatu el al., 1990); a tyrosinase gene (Katz 
et al., 1983), which encodes an enzyme capable of oxidizing 
tyrosine to DOPA and dopaquinone (which in turn con 
denses to melanin); and an P-galactosidase, which will turn 
a chromogenic B-galactose Substrate. 
0031. Included within the terms “selectable or scorable 
markers' are also genes that encode a secretable marker 
whose secretion can be detected as a means of identifying or 
selecting for transformed cells. Examples include markers 
that encode a secretable antigen that can be identified by 
antibody interaction, or even secretable enzymes which can 
be detected catalytically. Selectable secreted marker proteins 
fall into a number of classes, including small, diffusible 
proteins which are detectable, (e.g., by ELISA), small active 
enzymes which are detectable in extracellular Solution (e.g., 
B-amylase, B-lactamase, phosphinothricin transferase), or 
proteins which are inserted or trapped in the cell wall (such 
as proteins which include a leader sequence such as that 
found in the expression unit of extension or tobacco PR-S). 
Other possible selectable marker genes will be apparent to 
those of skill in the art. 

0032. A marker is preferably GUS. green fluorescent 
protein (GFP), neomycin phosphotransferase II (nptII), 
luciferase (LUX), an antibiotic resistance gene coding 
sequence, or an herbicide resistance gene coding sequence. 
The selectable agent can be an antibiotic, for example 
including but not limited to, kanamycin, hygromycin, or a 
herbicide, for example including but not limited to, glypho 
sate, glufosinate, 2,4-D, and dicamba. 
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0033. The T-type genomic region has a value in marker 
assisted selection and marker-assisted breeding applications. 
Selection for a transgene and a favorable haplotype in the 
case where they comprise a T-type genomic region requires 
only one marker, whereas at least two markers would be 
required if the transgene and favorable haplotype are 
unlinked. This potential value would increase as more T-type 
genomic regions are accumulated or stacked together in a 
germplasm. 

0034. The T-value can be changed or modified by chang 
ing expression of the transgene, wherein a change is brought 
about at the level of transgene expression, or in the timing 
of transgene expression, or in the localization of transgene 
expression, or any combination of these. It is anticipated by 
this invention that the change in T-value brought by a change 
in any of the components of transgene expression could be 
effected through cis-acting (local) or trans-acting (can act at 
a distance not simply on the DNA molecule in which they 
occur) factors, or a combination of these. 
0035). Additionally, the T-value can be changed or modi 
fied by changing the haplotype with which the transgene is 
tightly linked. A preferred embodiment of the present inven 
tion is the improvement of the T-value by selecting or 
directing the transgene of an existing T-type genomic into 
tight linkage with a different recipient haplotype, wherein 
the different haplotype is associated with additional value 
and improved with respect to an agronomic trait or a 
multiple trait index over the existing T-type haplotype as 
determined in a side-by-side or head-to-head comparison. A 
change in the haplotype could also be brought about by 
generating or selecting for at least one recombinant T-type 
haplotype that is improved with respect to an agronomic trait 
or a multiple trait index over the existing T-type haplotype 
as determined in a replicated side-by-side or head-to-head 
comparison. 

0036) Another preferred embodiment of the present 
invention is to build additional value into a new or novel 
transgene event by selecting or directing the transgene into 
linkage with a recipient haplotype that has a breeding value 
that is not negative with respect to yield, or is not positive 
with respect to maturity, or is null with respect to maturity, 
or amongst the best 50 percent with respect to an agronomic 
trait or a multiple trait index when compared to any other 
haplotype at the same chromosome segment in a set of 
germplasm, or amongst the best 50 percent with respect to 
an agronomic trait or a multiple trait index when compared 
to any other haplotype across the entire genome in a set of 
germplasm, or alleles conferring agronomic fitness to a crop 
plant or the haplotype being present with a frequency of 50 
percent or more in a breeding population or a set of 
germplasm can be taken as evidence of its high value, or any 
combination of these. 

0037 Another embodiment of the present invention is a 
selection of a plant or line for transformation with at least a 
first transgene, wherein the selection of the plant or line is 
based on it comprising in its genome a high proportion of 
recipient haplotypes that have a breeding value that is not 
negative with respect to yield, or is not positive with respect 
to maturity, or is null with respect to maturity, or amongst 
the best 50 percent with respect to an agronomic trait or a 
multiple trait index when compared to any other haplotype 
at the same chromosome segment in a set of germplasm, or 
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amongst the best 50 percent with respect to an agronomic 
trait or a multiple trait index when compared to any other 
haplotype across the entire genome in a set of germplasm, or 
alleles conferring agronomic fitness to a crop plant or the 
haplotype being present with a frequency of 50 percent or 
more in a breeding population or a set of germplasm can be 
taken as evidence of its high value, or any combination of 
these. 

0038. This invention anticipates an accumulating or 
stacking of T-type genomic regions into plants or lines by 
addition of transgenes by transformation, or by crossing 
parent plants or lines containing different T-type genomic 
regions, or any combination of these. The value of the 
accumulated or stacked T-type genomic regions can be 
estimated by a composite T-value, which depends on a 
combination of the value of the transgene traits and the value 
of the haplotype(s) to which the transgenes are linked. The 
present invention further anticipates that the composite 
T-value can be improved by modifying the components of 
expression of one or each of the Stacked transgenes. Addi 
tionally, the present invention anticipates that additional 
value can be built into the composite T-value by selection of 
at least one recipient haplotype with a favorable breeding 
value to which one or any of the transgenes are linked, or by 
selection of plants or lines for stacking transgenes by 
transformation or by breeding or by any combination of 
these. 

0.039 Transgenic crops for which a method of the present 
invention can be applied include, but are not limited to 
herbicide tolerant crops, for example, Roundup Ready(R) 
Cotton 1445 and 88913; Roundup Ready(R) corn GA21, 
nk603, MON802, MON809: Roundup Ready(R) Sugar beet 
GTSB77 and H7-1; Roundup Ready(R) Canola RT73 and 
GT200; oilseed rape ZSR500, Roundup Ready(R) Soybean 
40-3-2, MON89788-containing soybean, Roundup Ready(R) 
Bentgrass ASR368, HCN10, HCN28 and HCN92 canola, 
MS1 and RF1 canola, OXY-235 canola, PHY14, PHY35 
and PHY36 canola, RM3-3, RM3-4 and RM3-6 chicory, 
A2704-12, A2704-21, A5547-35, A5547-127 soybean, 
GU262 soybean, W62 and W98 soybean, 19-51A cotton, 
31807 and 31808 cotton, BXN cotton, FP967 flax, 
LLRICEO6 and LLRICE62 rice, MONT1800 wheat, 676 
and 678 and 680 corn, B16 corn, Bt11 corn, CBH-351 corn, 
DAS-06275-8 corn, DBT418 corn, MS3 and MS6 corn, T 14 
and T25 corn, H177 corn, and TC1507 corn. Herbicides for 
which transgenic plant tolerance has been demonstrated and 
the method of the present invention can be applied, include 
but are not limited to:glyphosate, glufosinate, Sulfonylureas, 
imidazolinones, bromoxynil, dalapon, dicamba, 2,4-D, 
cycloheZanedione, protoporphyrinogen oxidase inhibitors, 
and isoxaflutole herbicides. Polynucleotide molecules 
encoding proteins involved in herbicide tolerance are known 
in the art, and include, but are not limited to a polynucleotide 
molecule encoding 5-enolpyruvylshikimate-3-phosphate 
synthase (EPSPS) described in U.S. Pat. No. 5,627,061, U.S. 
Pat. No. 5,633,435, U.S. Pat. No. 6,040,497 and in U.S. Pat. 
No. 5,094,945 for glyphosate tolerance, all of which are 
hereby incorporated by reference; polynucleotides encoding 
a glyphosate oxidoreductase, glyphosate-N-acetyl trans 
ferase, or glyphosate decarboxylase (GOX, U.S. Pat. No. 
5,463,175; GAT, US Patent publications 20030083480 and 
2005.0246798; glyphosate decarboxylase, US Patent publi 
cations 20060021093; 20060021094; 20040177399, herein 
incorporated by reference in their entirety); a polynucleotide 
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molecule encoding bromoxynil nitrilase (Bxn) described in 
U.S. Pat. No. 4,810,648 for bromoxynil tolerance, which is 
hereby incorporated by reference; a polynucleotide mol 
ecule encoding phytoene desaturase (crtI) described in 
Misawa et al. (1993) and Misawa et al. (1994) for norflu 
razon tolerance; a polynucleotide molecule encoding aceto 
hydroxyacid synthase (AHAS, aka ALS) described in 
Sathasiivan et al. (1990) for tolerance to sulfonylurea her 
bicides; and the bar gene described in DeBlock, et al. (1987) 
for glufosinate and bialaphos tolerance; resistant hydrox 
yphenyl pyruvate dehydrogenase (HPPD, U.S. Pat. No. 
6,768,044). A promoter of a transgene of the present inven 
tion can express genes that encode for phosphinothricin 
acetyltransferase, glyphosate resistant EPSPS, aminoglyco 
side phosphotransferase, hydroxyphenyl pyruvate dehydro 
genase, hygromycin phosphotransferase, neomycin phos 
photransferase, dalapon dehalogenase, bromoxynil resistant 
nitrilase, dicamba mono-oxygenase, anthranilate synthase, 
glyphosate oxidoreductase, glyphosate-N-acetyl transferase, 
or glyphosate decarboxylase. 

0040 Transgenic crops for which the method of the 
present invention can be applied include, but are not limited 
to, insect resistant crops, for example, cotton events, such as 
MON15985, 281-24-236, 3006-210-23, MON531, 
MON757, MON1076, and COT102; or corn events, such as 
MIR604, BT176, BT11, CBH-351, DAS-06275-8, DBT418, 
MON801.00, MON810, MON863, TC1507, MIR 152V, 
3210M, and 3243M. Insect resistant transgenic crops can 
provide tolerance to insect pest feeding damage and have 
been shown to be effective against certain Lepidopterans, 
and Coleopterans plant pests, and other transgenic crops that 
may also provide resistance to plant pests such as, certain 
members of Hemiptera, Homoptera, Heteroptera, Ortho 
ptera, Thysanoptera, and plant parasitic nematodes. Disease 
resistant transgenic crops, for example, virus resistant 
papaya 55-1763-1, and virus resistant squash CZW-3 and 
ZW20. Malesterility transgenic crops, for example, PHY14, 
PHY35 and PHY36 canola and corn events 676, 678, 680, 
MS3 and MS6. Additional transgenic crop plants may also 
provide resistance to fungal and bacterial organisms that 
cause plant disease. 

0041. The present invention contemplates the above 
listed transgenic crops and germplasm comprising the T-type 
genomic regions for use in breeding and Stacking of T-type 
genomic regions, or haplotypes identified by an indirect 
mapping method, or any combination of these to increase 
T-type value or to enhance overall germplasm quality as 
described in the methods of the present invention. 
0042. Haplotypes A“haplotype' is a segment of DNA in 
the genome of an organism that is assumed to be identical by 
descent for different individuals when the knowledge of 
identity by state at one or more loci is the same in the 
different individuals, and that the regional amount of linkage 
disequilibrium in the vicinity of that segment on the physical 
or genetic map is high. A haplotype can be tracked through 
populations and its statistical association with a given trait 
can be analyzed. Thus, a haplotype association study allows 
one to define the frequency and the type of the ancestral 
carrier haplotype. An “association study is a genetic experi 
ment where one tests the level of departure from randomness 
between the segregation of alleles at one or more marker loci 
and the value of individual phenotype for one or more traits. 
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Association studies can be done on quantitative or categori 
cal traits, accounting or not for population structure and/or 
stratification. 

0043. A haplotype analysis is important in that it 
increases the statistical power of an analysis involving 
individual biallelic markers. In a first stage of a haplotype 
frequency analysis, the frequency of the possible haplotypes 
based on various combinations of the identified biallelic 
markers of the invention is determined. The haplotype 
frequency is then compared for distinct populations and 
mapping population. Generally, as a result of prior germ 
plasm improvement, the greater the haplotype frequency in 
a population of set of germplasm the greater its value has 
been to the germplasm, described as the alleles associated 
with agronomic fitness of a crop plant (U.S. Pat. No. 
5,437,697, herein incorporated by reference in its entirety). 
A favorable haplotype can be selected based on its frequency 
in a set of germplasm, generally a frequency of 50 percent 
or more would indicate that the haplotype has value in the 
germplasm. A haplotype that occurs at a high frequency 
would be favorable for targeting with a transgene or selec 
tion of a T-type wherein the haplotype has a high frequency 
in the germplasm would be considered favorable. A haplo 
type occurring at any frequency in the germplasm can be 
correlated to a trait and the haplotype can be given a value 
based on a single trait or a combination of traits. A favorable 
haplotype will provide one or more favorable traits to a 
germplasm. In general, any method known in the art to test 
whether a trait and a genotype show a statistically significant 
correlation may be used. Methods for determining the sta 
tistical significance of a correlation between a phenotype 
and a genotype, in this case a haplotype, may be determined 
by any statistical test known in the art and with any accepted 
threshold of statistical significance being required. The 
application of particular methods and thresholds of signifi 
cance are well with in the skill of the ordinary practitioner 
of the art. 

0044) In plant breeding populations, linkage disequilib 
rium (LD), which is the level of departure from random 
association between two or more loci in a population, often 
persists over large chromosomal segments. Although it is 
possible for one to be concerned with the individual effect of 
each gene in the segment, for a practical plant breeding 
purpose, what generally matters is what is the average 
impact the region has for the trait(s) of interest(s) when 
present in a line, hybrid or variety. The amount of pair-wise 
LD (using the r statistics) was plotted against the distance 
in centiMorgans (cM, one hundredth of a Morgan, on 
average one recombination per meiosis, recombination is the 
result of the reciprocal exchange of chromatid segment 
between homologous chromosome paired at meiosis, and it 
is usually observed through the association of alleles at 
linked loci from different grandparents in the progeny) 
between the markers for a reference germplasm set, for 
example, a set of 791 soybean elite US lines and 1211 SNP 
loci with a rare allele frequency greater than 5 percent. A 200 
data points moving average curve was an indicator of the 
presence of LD even for loci 10 cM apart. Thus when 
predicting average effect of chromosome segments, one 
should consider segments a few centiMorgans long, and this 
is the acception given to a haplotype region, that is a 
chromosome segment a few centiMorgans long that persists 
over multiple generations of breeding and that is carried by 
one or more breeding lines. This segment can be identified 
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with multiple linked marker loci it contains, and the com 
mon haplotype identity at these loci in two lines gives a high 
degree of confidence of the identity by descent of the entire 
Subjacent chromosome segment carried by these lines. 

0045 One should specify what the favorable haplotypes 
are and what their frequency in the germplasm is. Thus, one 
would obtain or generate a molecular marker Survey of the 
germplasm under consideration for breeding and/or propa 
gation of a transformation event. This marker Survey will 
generate a fingerprint of each line. These markers are 
assumed to have their approximate genomic map position 
known. To simplify downstream analyses, quality assurance 
and missing data estimations steps may need to be imple 
mented at this stage to produce a complete and accurate data 
matrix (marker genotype by line). Error detections and 
missing data estimations may require the use of parent 
offspring tests, LD between marker loci, interval mapping, 
re-genotyping, etc. 

0046 Markers are then grouped based on their proximity. 
This grouping may be arbitrary (e.g. 'start from one end of 
the chromosome and include all markers that are within 10 
cM of the first marker included in the segment, before 
starting the next segment') or based on Some statistical 
analysis (e.g. "define segment breakpoints based on LD 
patterns between adjacent loci'). 

0047. When a large set of lines is considered, and mul 
tiple lines have the same allele at a marker locus, it is needed 
to ascertain whether identity by state (IBS) at the marker 
locus is a good predictor of identity by descent (IBD) at the 
chromosomal region Surrounding the marker locus. “Identity 
by descent’ (IBD) characterizes two loci/segment of DNA 
that are carried by two or more individuals and are all 
derived from the same ancestor. “Identity by state’ (IBS) 
characterizes two loci/segments of DNA that are carried by 
two or more individuals and have the same alleles at the 
observable loci. A good indication that a number of marker 
loci in a segment are enough to characterize IBD for the 
segment is that they can predict the allele present at other 
marker loci within the segment. 
0048. To estimate the frequency of a haplotype, the base 
reference germplasm has to be defined (collection of elite 
inbred lines, population of random mating individuals, etc.) 
and a representative sample (or the all population) has to be 
genotyped. The haplotype frequency can then be determined 
by simple counting if considering a set of inbred individuals. 
Estimation methods that employ computing techniques like 
the Expectation/Maximization algorithm will be needed if 
individuals genotyped are heterozygous at more the one loci 
in the segment and linkage phase is unknown (EXcoflier and 
Slatkin, 1995). Preferably, a method based on an expecta 
tion-maximization (EM) algorithm (Dempster et al. 1977) 
leading to maximum-likelihood estimates of haplotype fre 
quencies under the assumption of Hardy-Weinberg propor 
tions (random mating) is used (Excoffer and Slatkin, 1995). 
With the haplotype estimates, and the identity of each 
chromosome segment for each candidate host line, it is 
further possible to rank lines according to their probability 
of giving rise to events located in high value haplotypes. 
Several probability distributions of an event to be located in 
a chromosome segment could be used, according to the 
degree of knowledge acquired on the physical size of each 
segment and the random or pattern-following mode of 
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insertion of a transgene in the genome. Alternative 
approaches can be employed to perform association studies: 
genome-wide association studies, candidate region associa 
tion studies and candidate gene association studies. The 
biallelic markers of the present invention may be incorpo 
rated in any map of genetic markers of a plant genome in 
order to perform genome-wide association studies. 

0049. The present invention comprises methods to detect 
an association between a haplotype and a favorable property 
or a multiple trait index. A multiple trait index (MTI) is a 
numerical entity that is calculated through the combination 
of single trait values in a formula. Most often calculated as 
a linear combination of traits or normalized derivations of 
traits, it can also be the result of more Sophisticated calcu 
lations (for example, use of ratios between traits). This MTI 
can then be used in genetic analysis as if it where a trait. A 
favorable haplotype provides a favorable property to a 
parent plant and to the progeny of the parent when selected 
by a marker means or phenotypic means. The method of the 
present invention provides for selection of favorable haplo 
types and the accumulation of favorable haplotypes in a 
breeding population, for example one or more of the hap 
lotypes identified in the present invention. A particular 
embodiment of the present invention, a transgene is associ 
ated with a favorable haplotype to create a T-type that is 
accumulated with other favorable haplotypes to enhance a 
germplasm. 

Accumulation of T-type Genomic Regions and Favorable 
Haplotypes 

0050 Another embodiment of this invention is a method 
for enhancing accumulation of one or more haplotypes in a 
germplasm. The transformation of a plant cell with a trans 
gene means that the transgene DNA has been inserted into 
a genomic DNA region of the plant. Genomic regions 
defined as haplotype regions include genetic information 
and provide phenotypic traits to the plant. Variations in the 
genetic information result in variation of the phenotypic trait 
and the value of the phenotype can be measured. The genetic 
mapping of the haplotype regions and genetic mapping of a 
transgene insertion event allows for a determination of 
linkage of a transgene insertion with a haplotype. Any 
transgene that has a DNA sequence that is novel in the 
genome of a transformed plant can in itself serve as a genetic 
marker of the transgene and the genomic region in which it 
has inserted. For example, in the present invention, a trans 
gene that was inserted into the genome of a soybean plant 
provides for the expression of a glyphosate resistant 
5-enolpyruvylshikimate-3-phosphate synthase that has a 
DNA coding sequence comprised within SEQ ID NO:28 
disclosed in U.S. Pat. No. 6,660,911 and SEQ ID NO:9 
disclosed in U.S. Pat. No. 5,633,435, both herein incorpo 
rated by reference, from which a DNA primer or probe 
molecule can be selected to function as a genetic marker for 
the transgene in the genome. 

0051. Additionally, a transgene may provide a means to 
select for plants that have the insert and the linked haplotype 
region. Selection may be due to tolerance to an applied 
phytotoxic chemical such as a herbicide or antibiotic. Selec 
tion may be due to detection of a product of a transgene, for 
example, an mRNA or protein product. Selection may be 
conducted by detection of the transgene DNA inserted into 
the genome of the plant. A transgene may also provide a 
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phenotypic selection means, such as, a morphological phe 
notype that is easily to observe, this could be a seed color, 
seed germination characteristic, seedling growth character 
istic, leaf appearance, plant architecture, plant height, and 
flower and fruit morphology, or selection based on an 
agronomic phenotype, Such as, yield, herbicide tolerance, 
disease tolerance, insect tolerance, enhance feed quality, 
drought tolerance, cold tolerance, or any other agronomic 
trait provided by a transgene. 

0052. During the development of improved crop plants 
by insertion of transgenic genes often hundreds of plants are 
produced with different transgene insertion locations. These 
insertion events occur throughout the genome of the plant 
and are incorporated into tight linkage with many different 
haplotype regions. The present invention provides for the 
screening of transgenic events that have a transgene inser 
tion into tight linkage with favorable haplotype regions and 
selection of these events for use in a breeding program to 
enhance the accumulation of favorable haplotype regions. 
The method includes: a) inserting a transgene into a genome 
of a plant cell and regenerating the plant cell into an intact 
transformed plant using plant transformation and regenera 
tion methods previously described and known in the art of 
plant biotechnology; and b) determining a map location of 
the transgene in the genome of the transformed plant using 
DNA markers of the transgene and linked genomic regions; 
and c) correlating the map location to a tightly linked 
haplotype, wherein the transgene and the haplotype com 
prises a T-type genomic region in the transformed plant; and 
d) crossing the transformed plant with a second plant that 
may also be transformed to contain at least one T-type 
genomic region that is different from the first transformed 
plant T-type genomic region or the second plant may contain 
a favorable haplotype region identified by genetic markers 
that is different from the first transformed plant; and e) 
selecting at least one progeny plant by detecting expression 
of the transgene of the first plant or selecting by the presence 
of a marker associated with the transgene, wherein the 
progeny plant comprises in its genome at least a portion of 
the T-type genomic region of the first plant and at least one 
T-type genomic region or favorable haplotype of the second 
plant; and f) using the progeny plant in activities related to 
germplasm improvement the activities selected from the 
group consisting of using the plant for making breeding 
crosses, further testing of the plant, advancement of the plant 
through self fertilization, use of the plant or parts thereof for 
transformation, use of the plant or parts thereof for mutagen 
esis, and use of the plant or parts thereof for TILLING (e.g. 
McCallum et al., 2000). 

0053. Using this method, the present invention contem 
plates that preferred T-type genomic regions are selected 
from a large population of T-type genomic regions, and the 
preferred T-type genomic regions have an enhanced T-value 
in the germplasm of a crop plant. Additionally, the preferred 
T-type genomic region can be used in the described breeding 
method to accumulate other beneficial T-type genomic 
regions and favorable haplotype regions and maintain these 
in a breeding population to enhance the overall germplasm 
of the crop plant. Crop plants considered for use in the 
method include but are not limited to, corn, soybean, cotton, 
wheat, rice, canola, oilseed rape, Sugar beet, Sorghum, 
millet, alfalfa, vegetable crops, forest trees, and fruit crops. 



US 2006/0282911 A1 

Genome Mapping of a T-type Genomic Region 
0054 Another embodiment of this invention is a method 
for indirect mapping at least one T-type genomic region. 
Mapping of the T-type genomic region in the genome of a 
plant provides for selection of favorable haplotype regions 
that comprise the T-type genomic region. The present inven 
tion provides a method for mapping of the transgene inser 
tion event and its association with a genomic region and 
location on a genome map of a plant. The method may 
include the following steps: 

0055 (a) Obtaining the DNA sequence of the genome 
flanking the transgene insertion event; 

0056 (b) Comparing the DNA sequence chromato 
gram to eliminate paralogous sequences when two or 
more sequences of high homology are obtained; 

0057 (c) Searching for the DNA sequence in a 
sequence database to verify whether the insertion event 
has interrupted an endogenous gene; 

0058 (d) Designing one or a plurality of pairs of DNA 
primer molecules on either or both the 5' and 3' 
genomic regions flanking the transgene insertion. 
When multiple pairs of primers are designed, it can be 
done in Such a way as to obtain overlapping PCR 
products from each genomic flanking region to ensure 
Substantial coverage of the associated genomic DNA; 

0059 (e) Using the parent lines of a mapping popula 
tion(s) as template for PCR; 

0060 (f) Sequencing the PCR products obtained from 
these primerS/line combinations; 

0061 (g) Identifying SNPs, or other polymorphic fea 
ture such as indels or SSRs, between the parents of at 
least one of the mapping populations; 

0062 (h) Repeating steps (d) through (g) on additional 
flanking sequence, sliding away from the site of inser 
tion in the 5' and 3' directions, until polymorphic sites 
are found, or to obtain additional ones; 

0063 (i) Designing an assay to score the progeny 
plants of the mapping population(s): 

0064 () Perform a linkage analysis to ascertain the 
map position of these polymorphism and consequently 
of the location of the event; 

0065 (k) Correlate map position with the location of a 
haplotype region. 

0.066 The genome flanking the transgene insertion event 
can comprise a DNA segment of from a few hundred to tens 
of thousands of nucleotide base pairs or a sufficient length to 
identify a polymorphism. The genomic flanking region can 
be from the 5' or 3' end of the transgene insert location 
extending into the genome from the insert site. The “poly 
merase chain reaction’ (PCR) is a process of in vitro 
geometrical amplification of a target DNA segment through 
the use of a heat-resistant DNA polymerase and cyclic 
variation of temperature to allow for repetitive denaturing, 
primer annealing and amplification or template DNA. 
“Paralogous sequences” are two sequences of DNA with a 
high degree of similarity but belong to different loci on the 
genome. A "mapping population' is a set of individuals 
where alleles at marker loci and possibly at one or a plurality 
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of Quantitative Trait Loci (QTL) are segregating, in a way 
that presence of linkage disequilibrium can be taken of 
evidence as proximity on the chromosome and there is a 
positive correlations between proximity and disequilibrium. 
The mapping population is the same plant species or a plant 
species demonstrating synteny or colinearity. These popu 
lations can be used to estimate the relative positions of 
marker loci among themselves or between these and QTLS. 
Generally mapping populations are segregating populations. 
The method can be applied to any crop species, particular 
important crop species are, for example, corn, soybean, 
cotton, wheat, rice, canola, oilseed rape, Sugar beet, Sor 
ghum, millet, alfalfa, vegetable crops, forest trees, and fruit 
crops. There are maps available to one skilled in the art for 
one or more of these crops, by way of example, genetic maps 
are referenced for maize (Lee et al., 2002), soybean (Ferreira 
et al., 2000), cotton (Lacape et al., 2003), and canola 
(Cheung et al., 1997). De novo mapping populations can 
also be generated for any crop of interest and a genetic map 
crated that is useful in the present invention to map the 
haplotype regions in which a transgene has inserted. 

0067. Identification of cloned genomic DNA regions for 
example, those contained in a Bac library can be probed with 
DNA markers developed to identify the haplotype linked 
with a transgenic insertion. Additional DNA markers can be 
developed by sequencing the Bac clones and inspecting for 
polymorphisms in the sequence. Genes of interest can be 
isolated from the Bac clones that can be used as transgenes 
to improve the performance of the same crop species or 
different crop species. 

Recombinant Vectors and Transgenes 

0068 Means for preparing recombinant vectors are well 
known in the art. Methods for making recombinant vectors 
particularly Suited to plant transformation include, without 
limitation, those described in U.S. Pat. Nos. 4,971,908, 
4.940,835, 4,769,061 and 4,757,011. These type of vectors 
have also been reviewed (Rodriguez et al., 1988; Glicket al., 
1993). 
0069. Typical vectors useful for expression of nucleic 
acids in higher plants are well known in the art and include 
vectors derived from the tumor-inducing (Ti) plasmid of 
Agrobacterium tumefaciens (Rogers et al., 1987). Other 
recombinant vectors useful for plant transformation, includ 
ing the pCaMVCN transfer control vector, have also been 
described (Fromm et al., 1985). Many crops species have 
been transformed to contain one or more transgenes of 
agronomic importance that in themselves provides a favor 
able property to the plant. One example is a transgene that 
confers herbicide tolerance to the crop plant. Transgenes that 
encode herbicide tolerance proteins that have been trans 
formed and expressed in plants include, for example, a 
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) pro 
tein conferring glyphosate resistance and proteins conferring 
resistance to others herbicides, such as glufosinate or bro 
moxynil (Comai et al., 1985; Gordon-Kamm et al., 1990; 
Stalker et al., 1988: Eichholtz et al., 1987; Shah et al., 1986: 
Charest et al., 1990). Further examples include the expres 
sion of enzymes Such as dihydrofolate reductase and aceto 
lactate synthase, mutant ALS and AHAS enzymes that 
confer resistance to imidazalinone or a Sulfonylurea herbi 
cides (Lee et al., 1988 and Miki et al., 1990), a phosphino 
thricin-acetyl-transferase conferring phosphinothricin resis 
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tance (European application No. 0 242 246), proteins 
conferring resistance to phenoxy proprionic acids and 
cycloshexones, such as Sethoxydim and haloxyfop (Marshall 
et al., 1992); and proteins conferring resistance to triazine 
(psbA and gS+genes) and benzonitrile (nitrilase encoding 
gene, Przibila et al. (1991). 
0070 A plant of the present invention may also comprise 
a transgene that confers resistance to insect, pest, viral, or 
bacterial attack. For example, a transgene conferring resis 
tance to a pest, such as soybean cyst nematode was 
described in PCT Application WO96/30517 and PCT Appli 
cation WO93/19181. Jones et al. (1994) describe cloning of 
the tomato Cf-9 gene for resistance to Cladosporium full 
vum); Martin et al. (1993) describe a tomato Pto gene for 
resistance to Pseudomonas Syringae pv. and Mindrinos et al. 
(1994) describe an Arabidopsis RSP2 gene for resistance to 
Pseudomonas Syringae. Bacillus thuringiensis endotoxins 
may also be used for insect resistance, for example, Geiser 
et al. (1986). 
0071. The expression of viral coat proteins as transgenes 
in transformed plant cells is known to impart resistance to 
viral infection and/or disease development affected by the 
virus from which the coat protein gene is derived, as well as 
by related viruses (Beachy et al., 1990). 
0072 Transgenes may also be used conferring increased 
nutritional value or another value-added trait. One example 
is modified fatty acid metabolism, for example, by trans 
forming a plant with an antisense gene of stearoyl-ACP 
desaturase to increase Stearic acid content of the plant, 
(Knutzon et al., 1992). A sense desaturase gene may also be 
introduced to alter fatty acid content. Phytate content may be 
modified by introduction of a phytase-encoding gene to 
enhance breakdown of phytate, adding more free phosphate 
to the transformed plant. Modified carbohydrate composi 
tion may also be affected, for example, by transforming 
plants with a gene coding for an enzyme that alters the 
branching pattern of starch (Shiroza et al., 1988, nucleotide 
sequence of Streptococcus mutants fructosyltransferase 
gene); Steinmetz et al. (1985) (nucleotide sequence of 
Bacillus subtilis levansucrase gene); Pen et al. (1992), 
production of transgenic plants that express Bacillus licheni 
fonnis C.-amylase); Elliot et al. (1993), nucleotide sequences 
of tomato invertase genes); Søgaard et al. (1993), site 
directed mutagenesis of barley C.-amylase gene; and Fisher 
et al. (1993), maize endosperm starch branching enzyme II. 
0.073 Transgenes may also be used to alter protein 
metabolism. For example, U.S. Pat. No. 5,545,545 describes 
lysine-insensitive maize dihydrodipicolinic acid synthase 
(DHPS), which is substantially resistant to concentrations of 
L-lysine which otherwise inhibit the activity of native 
DHPS. Similarly, EP 0640141 describes sequences encoding 
lysine-insensitive aspartokinase (AK) capable of causing a 
higher than normal production of threonine, as well as a 
Subfragment encoding antisense lysine ketoglutarate reduc 
tase for increasing lysine. 
0074. A transgene may be employed that alters plant 
carbohydrate metabolism. For example, fructokinase genes 
are known for use in metabolic engineering of fructokinase 
gene expression in transgenic plants and their fruit (U.S. Pat. 
No. 6,031,154). Further examples of transgenes that may be 
used are genes that alter grain yield. For example, U.S. Pat. 
No. 6,486.383 describes modification of starch content in 
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plants with Subunit proteins of adenosine diphosphoglucose 
pyrophosphorylase (“ADPG PPase'). In EP0797673, trans 
genic plants are discussed in which the introduction and 
expression of particular DNA molecules results in the for 
mation of easily mobilized phosphate pools outside the 
vacuole and an enhanced biomass production and/or altered 
flowering behavior. Still further known are genes for altering 
plant maturity. U.S. Pat. No. 6,774.284 describes DNA 
encoding a plant lipase and methods of use thereof for 
controlling senescence in plants. U.S. Pat. No. 6,140,085 
provides FCA genes for altering flowering characteristics, 
particularly timing of flowering. U.S. Pat. No. 5,637,785 
discusses genetically modified plants having modulated 
flower development Such as having early floral meristem 
development and comprising a structural gene encoding the 
LEAFY protein in its genome. 
0075 Genes for altering plant morphological character 
istics are also known and may be used in accordance with 
the invention. U.S. Pat. No. 6,184,440 discusses genetically 
engineered plants which display altered structure or mor 
phology as a result of expressing a cell wall modulation 
transgene. Examples of cell wall modulation transgenes 
include a cellulose binding domain, a cellulose binding 
protein, or a cell wall modifying protein or enzyme Such as 
endoxyloglucan transferase, Xyloglucan endo-transglycosy 
lase, an expansin, cellulose synthase, or a novel isolated 
endo-1,4-3-glucanase. 
0076 A transgene that provides a favorable property can 
be associated with plant morphology, physiology, growth 
and development, yield, nutritional enhancement, disease or 
pest resistance, or environmental or chemical tolerance. A 
transgene that provides a beneficial agronomic trait to crop 
plants may be, for example, include but is not limited to the 
following examples of genetic elements comprising herbi 
cide resistance (U.S. Pat. No. 5,633,435 and U.S. Pat. No. 
5,463,175), increased yield (U.S. Pat. No. 5,716,837), insect 
control (U.S. Pat. No. 6,063,597; U.S. Pat. No. 6,063,756; 
U.S. Pat. No. 6,093,695; U.S. Pat. No. 5,942,664; and U.S. 
Pat. No. 6,110.464), fungal disease resistance (U.S. Pat. No. 
5,516,671; U.S. Pat. No. 5,773,696; U.S. Pat. No. 6,121,436; 
U.S. Pat. No. 6,316,407, and U.S. Pat. No. 6,506,962), virus 
resistance (U.S. Pat. No. 5,304.730 and U.S. Pat. No. 
6,013,864), nematode resistance (U.S. Pat. No. 6.228,992), 
bacterial disease resistance (U.S. Pat. No. 5,516,671), starch 
production (U.S. Pat. No. 5,750,876 and U.S. Pat. No. 
6,476.295), modified oils production (U.S. Pat. No. 6,444, 
876), high oil production (U.S. Pat. No. 5,608,149 and U.S. 
Pat. No. 6,476,295), modified fatty acid content (U.S. Pat. 
No. 6,537,750), high protein production (U.S. Pat. No. 
6,380.466), fruit ripening (U.S. Pat. No. 5,512.466), 
enhanced animal and human nutrition (U.S. Pat. No. 5,985, 
605 and U.S. Pat. No. 6,171,640), biopolymers (U.S. Pat. 
No. 5,958,745 and U.S. Patent Publication 
US20030028917), environmental stress resistance (U.S. Pat. 
No. 6,072,103), pharmaceutical peptides (U.S. Pat. No. 
6,080,560), improved processing traits (U.S. Pat. No. 6,476, 
295), improved digestibility (U.S. Pat. No. 6,531,648) low 
raffinose (U.S. Pat. No. 6,166.292), industrial enzyme pro 
duction (U.S. Pat. No. 5,543,576), improved flavor (U.S. 
Pat. No. 6,011, 199), nitrogen fixation (U.S. Pat. No. 5.229, 
114), hybrid seed production (U.S. Pat. No. 5.689,041), and 
biofuel production (U.S. Pat. No. 5,998,700), the genetic 
elements, methods, and transgenes described in the patents 
listed above are hereby incorporated by reference. 
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0.077 Alternatively, a transcribable polynucleotide mol 
ecule can effect the above mentioned plant characteristic or 
phenotype by encoding a RNA molecule that causes the 
targeted inhibition of expression of an endogenous gene, for 
example via antisense, inhibitory RNA (RNAi), or coSup 
pression-mediated mechanisms. The RNA could also be a 
catalytic RNA molecule (i.e., a ribozyme) engineered to 
cleave a desired endogenous mRNA product. Certain RNA 
molecules can also be expressed in plant cells that inhibit 
targets in organisms other than plants, for example, insects 
that feed on the plant cells and ingest the inhibitory RNA, or 
nematodes that feed on plant cells and ingest the inhibitory 
RNA. Thus, any transcribable polynucleotide molecule that 
encodes a transcribed RNA molecule that affects a pheno 
type or morphology change of interest may be useful for the 
practice of the present invention. 
Breeding and Markers 
0078 Breeding techniques take advantage of a plants 
method of pollination. There are two general methods of 
pollination: self-pollination, which occurs if pollen from one 
flower is transferred to the same or another flower of the 
same plant, and cross-pollination, which occurs if pollen 
comes to it from a flower on a different plant. Plants that 
have been self-pollinated and selected for type over many 
generations become homozygous at almost all gene loci and 
produce a uniform population of true breeding progeny, 
homozygous plants. 
0079. In development of suitable varieties, pedigree 
breeding may be used. The pedigree breeding method for 
specific traits involves crossing two genotypes. Each geno 
type can have one or more desirable characteristics lacking 
in the other; or, each genotype can complement the other. If 
the two original parental genotypes do not provide all of the 
desired characteristics, other genotypes can be included in 
the breeding population. Superior plants that are the prod 
ucts of these crosses are selfed and are again advanced in 
each Successive generation. Each Succeeding generation 
becomes more homogeneous as a result of self-pollination 
and selection. Typically, this method of breeding involves 
five or more generations of selfing and selection: S->S. 
S->S: S->S. Sa->Ss, etc. A selfed generation (S) may be 
considered to be a type offilial generation (F) and may be 
named F as such. After at least five generations, the inbred 
plant is considered genetically pure. 
0080 Each breeding program should include a periodic, 
objective evaluation of the efficiency of the breeding pro 
cedure. Evaluation criteria vary depending on the goal and 
objectives. Promising advanced breeding lines are thor 
oughly tested and compared to appropriate standards in 
environments representative of the commercial target area(s) 
for generally three or more years. Identification of individu 
als that are genetically Superior because genotypic value can 
be masked by confounding plant traits or environmental 
factors. One method of identifying a Superior plant is to 
observe its performance relative to other experimental plants 
and to one or more widely grown standard varieties. Single 
observations can be inconclusive, while replicated observa 
tions provide a better estimate of genetic worth. 
0081 Mass and recurrent selections can be used to 
improve populations of either self-or cross-pollinating 
crops. A genetically variable population of heterozygous 
individuals is either identified or created by intercrossing 
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several different parents. The best plants are selected based 
on individual Superiority, outstanding progeny, or excellent 
combining ability. The selected plants are intercrossed to 
produce a new population in which further cycles of selec 
tion are continued. Descriptions of other breeding methods 
that are commonly used for different traits and crops can be 
found in one of several reference books (Allard, 1960; 
Simmonds, 1979: Sneep and Hendriksen, 1979: Fehr, 1987: 
Fehr, 1987). 
0082 The effectiveness of selecting for genotypes with 
enhanced traits of interest (for example, a favorable property 
Such as yield of a harvested plant product, for example yield 
of a grain, seed, fruit, fiber, forage; or an agronomic trait, for 
example, pest resistance Such as disease resistance, insect 
resistance, nematode resistance, or improved growth rate, 
and stress tolerance; or an improved processed product of 
the plant, for example, fatty acid profile, amino acid profile, 
nutritional content, fiber quality) in a breeding program will 
depend upon: 1) the extent to which the variability in the 
traits of interest of individual plants in a population is the 
result of genetic factors and is thus transmitted to the 
progenies of the selected genotypes; and 2) how much the 
variability in the traits of interest among the plants is due to 
the environment in which the different genotypes are grow 
ing. The inheritance of traits ranges from control by one 
major gene whose expression is not influenced by the 
environment (i.e., qualitative characters) to control by many 
genes whose effects are greatly influenced by the environ 
ment (i.e., quantitative characters). Breeding for quantitative 
traits such as yield is further characterized by the fact that: 
1) the differences resulting from the effect of each gene are 
small, making it difficult or impossible to identify them 
individually; 2) the number of genes contributing to a 
character is large, so that distinct segregation ratios are 
seldom, if ever, obtained; and 3) the effects of the genes may 
be expressed in different ways based on environmental 
variation. Therefore, the accurate identification of transgres 
sive segregates or Superior genotypes with the traits of 
interest is extremely difficult and its success is dependent on 
the plant breeder's ability to minimize the environmental 
variation affecting the expression of the quantitative char 
acter in the population. 
0083. The likelihood of identifying a transgressive seg 
regant is greatly reduced as the number of traits combined 
into one genotype is increased. Consequently, all the breeder 
can generally hope for is to obtain a favorable assortment of 
genes for the first complex character combined with a 
favorable assortment of genes for the second character into 
one genotype in addition to a selected gene. 
0084 Introgression of a particular genomic region in a set 
of genomic regions that contain a transgene, or transgenes 
into a plant germplasm is defined as the result of the process 
of backcross conversion. A plant germplasm into which a 
novel DNA sequence has been introgressed may be referred 
to as a backcross converted genotype, line, inbred, or hybrid. 
Additionally, an introgression of a particular genomic region 
or transgene may be conducted by a forward breeding 
process. Similarly a plant genotype lacking the desired DNA 
sequence may be referred to as an unconverted genotype, 
line, inbred, or hybrid. During breeding, the genetic markers 
linked to a T-type genomic region may be used to assist in 
breeding for the purpose of producing soybean plants with 
increased yield and a transgenic trait. Backcrossing and 
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marker-assisted selection, or forward breeding and marker 
assisted selection in particular can be used with the present 
invention to introduce the T-type genomic region into any 
variety by conversion of that variety. 
0085. In another embodiment of this invention marker 
sequences are provided that are genetically linked and can 
be used to follow the selection of the soybean or corn 
haplotypes. Genomic libraries from multiple corn or Soy 
bean lines are made by isolating genomic DNA from dif 
ferent corn or soybean lines by Plant DNAZol Reagent' 
from Life Technologies now Invitrogen (Invitrogen Life 
Technologies, Carlsbad, Calif.). Genomic DNA are digested 
with Pst 1 endonuclease restriction enzyme, size-fraction 
ated over 1 percent agarose gel and ligated in plasmid vector 
for sequencing by Standard molecular biology techniques as 
described in Sambrook et al. These libraries are sequenced 
by standard procedures on ABI Prism R377 DNA Sequencer 
using commercially available reagents (Applied Biosys 
tems, Foster City, Calif.). All sequences are assembles to 
identify non-redundant sequences by Pangea Clustering and 
Alignment Tools that is available from DoubleTwist Inc., 
Oakland, Calif. Sequence from multiple corn or soybean 
lines are assembled into loci having one or more polymor 
phisms, such as SNPs and/or Indels. Candidate polymor 
phisms are qualified by the following parameters: 

0086 (a) The minimum length of a contig or singleton 
for a consensus alignment is 200 bases. 

0.087 (b) The percentage identity of observed bases in 
a region of 15 bases on each side of a candidate SNP 
is at least 75 percent. 

0088 (c) The minimum Phred quality in each contig at 
a polymorphism site is 35. 

0089 (d) The minimum Phred quality in a region of 15 
bases on each side of the polymorphism site is 20. 

0090 Read data from automated sequencers varies sig 
nificantly in quality due to the nature of nucleotides in a 
polynucleotide molecule and number of other reasons 
(Ewing et al., 1998). Many algorithms were developed to 
address the issue of accurate base pair calling (Giddings et 
al., 1993; Berno, 1996; Lawrence and Solovyev, 1994). The 
most widely used algorithm calculates the quality of the 
sequence as "q in equation q=X-10xlog 10(p), where p is 
the estimated error probability of that base call (Ewing and 
Green, 1998). Thus a base call having a probability of 
1/1000 of being incorrect in a particular sequence is 
assigned a quality score of 30. Quality Scores are also 
referred as “Phred Scores. 

Selection of Plants using Marker-Assisted Selection 
0.091 Aprimary motivation for development of molecu 
lar markers in crop species is the potential for increased 
efficiency in plant breeding through marker-assisted selec 
tion (MAS). Genetic marker alleles (an “allele' is an alter 
native sequence at a locus) are used to identify plants that 
contain a desired genotype at multiple loci, and that are 
expected to transfer the desired genotype, along with a 
desired phenotype to their progeny. Genetic marker alleles 
can be used to identify plants that contain desired genotype 
at one marker locus, several loci, or a haplotype, and that 
would be expected to transfer the desired genotype, along 
with a desired phenotype to their progeny. 
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0092 Marker-assisted selection comprises the mapping 
of phenotypic traits and relies on the ability to detect genetic 
differences between individuals. A “genetic map' is the 
representation of the relative position of characterized loci 
(DNA markers or any other locus for which allele can be 
identified) along the chromosomes. The measure of distance 
is relative to the frequency of crossovers event between 
sister chromatids at meiosis. The genetic differences, or 
“genetic markers' are then correlated with phenotypic varia 
tions using statistical methods. In a preferred case, a single 
gene encoding a protein responsible for a phenotypic trait is 
detectable directly by a mutation which results in the varia 
tion in phenotype. More commonly, multiple genetic loci 
each contribute to the observed phenotype. 
0093. The presence and/or absence of a particular genetic 
marker allele in the genome of a plant exhibiting a favorable 
phenotypic trait is made by any method listed above using 
markers, for example, DNA markers are Restriction Frag 
ment Length Polymorphisms (RFLP), Amplified Fragment 
Length Polymorphisms (AFLP), Simple Sequence Repeats 
(SSR). Single Nucleotide Polymorphisms (SNP). Insertion/ 
Deletion Polymorphisms (Indels), Variable Number Tandem 
Repeats (VNTR), and Random Amplified Polymorphic 
DNA (RAPD), and others known to those skilled in the art. 
If the nucleic acids from the plant are positive for a desired 
genetic marker, the plant can be selfed to create a true 
breeding line with the same genotype, or it can be crossed 
with a plant with the same marker or with other desired 
characteristics to create a sexually crossed hybrid genera 
tion. Methods of marker-assisted selection (MAS) using a 
variety of genetic markers are provided. Plants selected by 
MAS using the methods are provided. 
0094 Marker-assisted introgression involves the transfer 
of a chromosome region defined by one or more markers 
from one germplasm to a second germplasm. The initial step 
in that process is the localization of the genomic region or 
transgene by gene mapping, which is the process of deter 
mining the position of a gene or genomic region relative to 
other genes and genetic markers through linkage analysis. 
The basic principle for linkage mapping is that the closer 
together two genes are on a chromosome, then the more 
likely they are to be inherited together. Briefly, a cross is 
generally made between two genetically compatible but 
divergent parents relative to traits under study. Genetic 
markers can then be used to follow the segregation of traits 
under study in the progeny from the cross, often a backcross 
(BCI), F, or recombinant inbred population. 
0095 The selection of a suitable recurrent parent is an 
important step for a successful backcrossing procedure. The 
goal of a backcross protocol is to alter or Substitute a trait or 
characteristic in the original inbred. To accomplish this, one 
or more loci of the recurrent inbred is modified or substituted 
with the desired gene from the nonrecurrent (donor) parent, 
while retaining essentially all of the rest of the desired 
genetic, and therefore the desired physiological and mor 
phological, constitution of the original inbred. The choice of 
the particular donor parent will depend on the purpose of the 
backcross. The exact backcrossing protocol will depend on 
the characteristic or trait being altered to determine an 
appropriate testing protocol. It may be necessary to intro 
duce a test of the progeny to determine if the desired 
characteristic has been Successfully transferred. In the case 
of the present invention, one may test the progeny lines 
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generated during the backcrossing program as well as using 
the marker system described herein to select lines based 
upon markers rather than visual traits, the markers are 
indicative of the preferred T-type genomic region or a 
genomic region comprising a favorable haplotype. 
Transformed Plants and Plant Cells 

0096. As used herein, the term “transformed’ refers to a 
cell, tissue, organ, or organism into which has been intro 
duced a foreign polynucleotide molecule. Such as a con 
struct. The introduced polynucleotide molecule may be 
integrated into the genomic DNA of the recipient cell, tissue, 
organ, or organism Such that the introduced polynucleotide 
molecule is inherited by Subsequent progeny. A “transgenic’ 
or “transformed cell or organism also includes progeny of 
the cell or organism and progeny produced from a breeding 
program employing such a transgenic plant as a parent in a 
cross and exhibiting an altered phenotype resulting from the 
presence of a foreign polynucleotide molecule. A plant 
transformation construct containing a polynucleotide mol 
ecule of the present invention may be introduced into plants 
by any plant transformation method. Methods and materials 
for transforming plants by introducing a plant expression 
construct into a plant genome in the practice of this inven 
tion can include any of the well-known and demonstrated 
methods including electroporation as illustrated in U.S. Pat. 
No. 5,384.253; microprojectile bombardment as illustrated 
in U.S. Pat. No. 5,015,580; U.S. Pat. No. 5,550,318; U.S. 
Pat. No. 5,538,880; U.S. Pat. No. 6,160,208; U.S. Pat. No. 
6,399,861; and U.S. Pat. No. 6,403,865; Agrobacterium 
mediated transformation as illustrated in U.S. Pat. No. 
5,824,877; U.S. Pat. No. 5,591,616; U.S. Pat. No. 5,981,840: 
and U.S. Pat. No. 6,384.301; and protoplast transformation 
as illustrated in U.S. Pat. No. 5,508,184, all of which are 
hereby incorporated by reference. 

0097 Methods for specifically transforming dicots are 
well known to those skilled in the art. Transformation and 
plant regeneration using these methods have been described 
for a number of crops including, but not limited to, cotton 
(Gossypium hirsutum), soybean (Glycine max), peanut (Ara 
chis hypogaea), alfalfa (Medicago sativa), and members of 
the genus Brassica. 

0.098 Methods for transforming monocots are well 
known to those skilled in the art. Transformation and plant 
regeneration using these methods have been described for a 
number of crops including, but not limited to, barley (Hor 
deum vulgarae); maize (Zea mays); oats (Avena sativa); 
orchard grass (Dactylis glomerata); rice (Oryza sativa, 
including indica and japonica varieties); Sorghum (Sorghum 
bicolor); Sugar cane (Saccharum sp); tall fescue (Festuca 
arundinacea); turfgrass species (e.g. species: Agrostis 
stolonifera, Poa pratensis, Stenotaphrum secundatum); and 
wheat (Triticum aestivum). It is apparent to those of skill in 
the art that a number of transformation methodologies can 
be used and modified for production of stable transgenic 
plants from any number of target crops of interest. Methods 
for introducing a transgene are well known in the art and 
include biological and physical, plant transformation proto 
cols. See, for example, Miki et al. (1993). Once a transgene 
is introduced into a variety it may readily be transferred by 
crossing. By using backcrossing, essentially all of the 
desired morphological and physiological characteristics of a 
variety are recovered in addition to the locus transferred into 
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the variety via the backcrossing technique. Backcrossing 
and forward breeding methods can be used with the present 
invention to improve or introduce a characteristic into a 
plant (Poehlman and Sleper, 1995: Fehr, 1987a, b: Sprague 
and Dudley, 1988). 
Site-Specific Integration of Transgenes 

0099. A number of site-specific recombination-mediated 
methods have been developed for incorporating transgene 
into plant genomes, as well as for deleting unwanted genetic 
elements from plant and animal cells. For example, the 
cre-lox recombination system of bacteriophage P1, 
described by Abremski et al. (1983); Sternberg et al. (1981) 
and others, has been used to promote recombination in a 
variety of cell types. The cre-lox system utilizes the cre 
recombinase isolated from bacteriophage P1 in conjunction 
with the DNA sequences (termed lox sites) it recognizes. 
This recombination system has been effective for achieving 
recombination in plant cells (U.S. Pat. No. 5,658,772), 
animal cells (U.S. Pat. No. 4,959,317 and U.S. Pat. No. 
5,801,030), and in viral vectors (Hardy et al., 1997). Tar 
geting and control of insertion or removal of transgene 
sequences in a plant genome can be achieved by the use of 
molecular recombination method (U.S. Pat. No. 6,573.425). 
An introduced polynucleotide molecule comprising a heter 
ologous recombination site incorporated into a haplotype 
region is within the scope of the prevent invention. 
0100 Wahl et al. (U.S. Pat. No. 5,654,182) used the 
site-specific FLP recombinase system of Saccharomyces 
cerevisiae to delete DNA sequences in eukaryotic cells. The 
deletions were designed to accomplish either inactivation of 
a gene or activation of a gene by bringing desired DNA 
fragments into association with one another. Activity of the 
FLP recombinase in plants has been demonstrated (Lyzniket 
al, 1996: Luo et al., 2000). 
0101. Others have used transposons, or mobile genetic 
elements that transpose when a transposase gene is present 
in the same genome, to separate target genes from ancillary 
sequences. Yoder el al. (U.S. Pat. No. 5,482,852 and U.S. 
Pat. No. 5,792,924, both of which are incorporated herein by 
reference) used constructs containing the sequence of the 
transposase enzyme and the transposase recognition 
sequences to provide a method for genetically altering plants 
that contain a desired gene free of vector and/or marker 
sequences. Other methods that use DNA sequence directed 
bacteriophage recombinase or transposases to target specific 
regions are described in US 20020132350 and EP 1308516 
(both of which are incorporated herein by reference). Zinc 
finger endonucleases can be specifically designed to recog 
nize a DNA sequence and can target specific DNA sequences 
in a genome to create a recombination site useful for the 
insertion of a transgene (Wright et al., 2005: U.S. Pat. No. 
7,030,215; US 20050208489; US 20050064.474, herein 
incorporated by reference in their entirety), for example, 
targeted to a haplotype comprising the DNA sequences 
listed in the sequence listing of the present invention and 
contained in the genome of a corn or soybean plant is 
contemplated by the inventors. 
0102) A transgene that contains additional recombination 
sites when it is a component of a preferred T-type genomic 
region provides an opportunity to add additional transgenes 
to the T-type genomic region, thereby increasing the value of 
the region in a germplasm. The present invention contem 



US 2006/0282911 A1 

plates that the T-type genomic region is also a site for 
specific recombination activities to remove or add new 
genetic material to the genomic region. 

0103) The following examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention. 

EXAMPLE 1. 

Identification of Haplotypes 

0104. This example illustrates identifying soybean hap 
lotypes useful in databases for practicing the methods of this 
invention. The chromosomes of soybean were divided into 
haplotypes by following the hereditability of a large set of 
makers. Allelic forms of the haplotypes were identified for 
a set of 4 haplotypes which are listed in Table 1. With 
reference to Table 1, a haplotype mapped to a genomic 
location is identified by reference, for example C8W6H5 
refers to chromosome 8, window 6 in that chromosome and 
haplotype 5 in that window (genomic region); SEQ ID 
provides reference to the sequence listing and the marker ID 
number is an arbitrary identifying name for a DNA amplicon 
associated with the a marker locus; START POS refers to 
the start position of the marker in the DNA amplicon; HAP 
allele refers to the nucleotide of an SNP/Indel marker at the 
Start position where * indicates a deletion of an Indel: “other 
marker states' identifies another nucleotide allele of markers 
in the window. 

TABLE 1. 

Summary information of marker loci used to characterize 
four soybean haplotypes associated with the glyphosate 

tolerant soybean events, including the sequence identification 
(SEQ ID and marker ID number) and the position of the 

polymorphism (START POS) being used to characterize alleles 
HAPALLELE) in these sequences. 

Other 
START HAP marker 

Haplotype SEQ ID POS ALLELE States 

C8W6HS 1 962360 277 : G 
2 1324623 785 A. T 
3 1271.382 239 A. G 

C16W8H43 4 1271.562 351 A. G 
5 894632 193 G C 
6 928.368 32O A. G 
7 1267 271 563 C A. 
8 1271.614 126 A. G 
9 1271496 359 T G 

C18W3H8 10 1271924 603 G A. 
11 1267375 741 T C 
12 860401 372 G C 

C19W3H6 13 1271355 283 T C 
14 1271476 S46 A. C 
15 82S651 294 T C 
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EXAMPLE 2 

Preparation of a Database with Agronomic Traits 
and Haplotypes 

0105. This example illustrates the preparation of a data 
base useful in a method of this invention. With reference to 
Table 2 the database comprises computed values of agro 
nomic traits, for example, yield, maturity, plant height, and 
lodging, for the specific allelic soybean haplotypes and the 
haplotype frequency in a set of breeding lines. Other traits 
can be measured, for example, yield of a grain, seed, fruit, 
fiber, forage, oil; or an agronomic trait, for example, pest 
resistance such as disease resistance, insect resistance, 
nematode resistance, or improved growth rate, and stress 
tolerance; or an improved processed product of the plant, for 
example, fatty acid profile, amino acid profile, nutritional 
content, fiber quality and a database compiled for the values 
of each haplotype for these other traits. The agronomic trait 
values of these haplotypes represent the predicted popula 
tion change in mean value for the trait listed if the haplotype 
was fixed in the germplasm, everything else staying the 
same. The values for yield' are in bushels of soybeans per 
acre. The values for “maturity are in days (maturity of a 
soybean line is the relative flowering time of that line 
compared to a set of standard checks of defined maturity). 
The values for “plant height” are in inches of height mea 
sured from the soil surface to the tip of the uppermost plant 
tissue at maturity. The values of "lodging are a percent of 
plants compared to a set of standard checks (lodging is a 
phenomenon in which the main stem of crop plants has 
moved from the vertical by a large angle, sometimes to the 
point of the plants being laying on the ground). 

0106 The breeding values for each of the haplotypes are 
used to select the haplotype that in combination with a 
transgene will be the most beneficial for the improvement of 
the germplasm of the crop. The breeding value is a combi 
nation of measured traits and the estimation of how these 
traits will affect germplasm improvement. The Soybean 
haplotypes associated with the transgenic events for glypho 
sate tolerance were measured and the results shown in Table 
2. The Haplotype C8W6H5 would be a favorable haplotype 
for its effect on yield, and haplotype C 18W3H8 would be 
a favorable haplotype for its very high frequency in the 
germplasm (94 percent), indicating that little variability is 
present in the target Soy germplasm for this chromosome 
segment, making the diffusion process of a transgenic event 
in it neutral. Haplotype C19W3H6 is generally neutral with 
respect to yield. 

TABLE 2 

The calculated breeding values of four haplotypes described 
for yield, maturity, plant height, and lodging. The frequency 
of the haplotype in the soybean germplasm was estimated 

from a sample of 365 soybean lines. 

Frequency 
Yield Plant in a 

(Bushels Maturity height Lodging breeding 
Haplotype acre) (Days) (inches) (%) population 

C8W6HS 1689 O.989 -O.195 -0.027 21% 
C16W8H43 -0.447 -0.211 -0.514 -0.101 42% 
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TABLE 2-continued 

The calculated breeding values of four haplotypes described 
for yield, maturity, plant height, and lodging. The frequency 
of the haplotype in the Soybean germplasm was estimated 

from a sample of 365 Soybean lines. 

Frequency 
Yield Plant in a 

(Bushells Maturity height Lodging breeding 
Haplotype acre) (Days) (inches) (%) population 

C18W3H8 O.OOO O.OOO O.OOO O.OOO 94% 
C19W3H6 -O.O71 O.232 -0.495 O.OO1 S8% 

0107 The haplotype regions were determined for each of 
the four new glyphosate tolerant soybean events. 17194 is 
linked to haplotype C16W8H43, 17426 is linked to haplo 
type C18W3H8, 19703 is linked to haplotype C19W3H6, 
and 19788 is linked to haplotype C8W6H5. The relative 
effect of these haplotypes was measured as illustrated in 
Table 2. This represents the predicted population change in 
mean value for the trait listed if the haplotype was fixed in 
the germplasm, everything else staying the same. The T-type 
of 19788 and the associated C8W6H5 haplotype is the most 
favorable of the four T-types that were measured. This result 
demonstrates that it is important in a process to improve crop 
performance through transgenic methods that both trans 
genic events and the linked haplotype regions are evaluated 
to continue to enhance crop productivity. 
0108. The new glyphosate tolerant events were compared 
in replicated field trials to a backcross conversion of 40-3-2 
into A3244 germplasm. This was demonstrated in replicated 
field trials including yield data collected from seventeen 
locations in the United States. The A3244 (U.S. Pat. No. 
5,659,114, ATCC number 97549) is an elite soybean germ 
plasm from Asgrow (Monsanto, St Louis, Mo.) that was 
used as the parent line for transformation to generate the new 
glyphosate tolerant soybean events 17194, 17426, 19703, 
and 19788. The results of the yield study showed that 40-3-2 
A3244 backcross yielded an average of 60.7 bu/acre, 19788 
an average of 65.6 bu?acre, 19703 an average of 65.7 
bu/acre, 17426 an average of 65.3 bu/acre, and 17194 an 
average of 65.8 bu/acre. The four new lines have an approxi 
mate yield advantage of 5 bu?acre over the same genotype 
with the introgressed 40-3-2 T-type genomic region. When 
the haplotype of each is considered then the most favorable 
event is 19788. 

0109 These analyses demonstrate the value of determin 
ing the T-type for each transgenic event that is being 
developed as a commercial product. Failure to consider the 
agronomic effects of the haplotype region in which the 
transgene has introgressed can result in the introduction of 
a low performing event into the germplasm of a crop. 

EXAMPLE 3 

Use of Breeding Values 
0110. The haplotype regions and breeding values of each 
were determined for four haplotype regions in which an 
insect tolerance gene was inserted into the genome of a 
soybean plant. The relative breeding value for each haplo 
type regions is shown in Table 3, the definitions of the 
measurements are the same as described in Example 2. The 
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table is a database for determining the haplotype and its 
breeding value in which an insect tolerance gene was 
inserted (a T-type). A transgenic event comprising the T-type 
is selected using the database information. A particular 
event, GM 19459, contains the T-type of the insect toler 
ance gene associated with C6W4H1 haplotype that is a 
favorable haplotype for maturity. 

TABLE 3 

The calculated breeding values for yield, maturity, plant 
height, and lodging of four haplotypes for the insect tolerant 

soybean events. The frequency of the haplotype in the germplasm 
was estimated from 2589 soybean lines. 

Yield Plant 
(Bushels Maturity height Lodging Haplotype 

Haplotype acre) (Days) (inches) (%) frequency 

C1W1H2 0.075 O.244 0.057 O.018 16% 
C1W2H1 O.16O O.314 O.069 O.O22 67% 
C14W7H2 O.130 O.648 -0.101 -O.O69 62% 
C6W4H1 -0.156 -0.111 O.O70 29% 

0.111 Allelic forms of the haplotypes were identified for 
a set of 4 haplotypes associated with transgenic insect 
resistant soybeans as listed in Table 4. With reference to 
Table 4, a haplotype mapped to a genomic location is 
identified by reference, for example C1 W1H2 refers to 
chromosome 1, window 1 in that chromosome and haplo 
type 2 in that window (genomic region); SEQ ID provides 
reference to the sequence listing and the marker ID number 
is an arbitrary identifying name for a DNA amplicon asso 
ciated with the a marker locus; START POS refers to the 
start position of the marker in the DNA amplicon; HAP 
allele refers to the nucleotide of an SNP/Indel marker at the 
Start position where * indicates a deletion of an Indel: “other 
marker states' identifies another nucleotide allele of markers 
in the window: "NA’ indicated another marker allele is not 
present. 

TABLE 4 

Summary information of marker loci used to characterize four soybean 
haplotypes associated with the insect tolerant soybean events, including 
the sequence identification (SEQ ID and marker ID number) and the 

position of the polymorphism (START POS) being used to characterize 
alleles (HAP ALLELE) in these sequences. 

Other 
START HAP marker 

Haplotype SEQ ID POS ALLELE States 

C1W1H2 16 NSOO92678 O C T 
17 NSOO926.17 0.4 A. G 
18 NSO1O1549 1.4 A. G 
19 NSO127917 1.4 C A. 
20 NSO)12OOO3 1.8 A. T 
21 NSO 118494 3 C T 
22 NSO 1241.58 3 A. G 

C1W2H1 23 NSO 101025 11.3 C T 
24 NSO10.1038 11.3 A. C 
2S NSO127234 11.3 T G 
26 NSO1291.73 11.3 T A. 
27 NSOO97228 16.2 C NA 

C14W7H2 28 NSOO96079 68.5 T C 
C6W4H1 29 NSO125775 30.3 G C 

30 NSO 130788 30.3 T C 
31 NSOO93984 32.9 C T 
32 NSOO96925 32.9 A. : 
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EXAMPLE 4 

Application to Corn Breeding 

0112 This example illustrates the haplotype regions and 
breeding values that were determined for four haplotype 
regions in which an insect tolerance gene was inserted into 
the genome of a corn plant (LH172). The relative breeding 
value for each haplotype regions is shown in Tabel 5, the 
definitions of the measurements are the same as described in 
Example 2. The table is a database for determining the 
haplotype and its breeding value in which an insect tolerance 
gene was inserted (a T-type). A transgenic event comprising 
the T-type is selected using the database information. A 
particular event contains the T-type of the insect tolerance 
gene associated with the C1 W36H2 haplotype. 

TABLE 5 

Calculated breeding value for yield of four haplotypes for 
insect tolerant corn events. The frequency of the haplotype 

in the germplasm was estinated from 6335 corn lines. 

Haplotype Yield (Bushelsacre) Haplotype frequency 

C1W 19E14 O.168 9.2% 
C1W3OH4 -0.781 3.3% 
C1W36H2 O.OO8 18% 
C8W4HS 0.377 15% 

0113 Allelic forms of the haplotypes were identified for 
a set of 4 haplotypes for the transgenic insect resistant corn 
as listed in Table 6. With reference to Table 6, a haplotype 
mapped to a genomic location is identified by reference, for 
example C1 W 19H14 refers to chromosome 1, window 19 in 
that chromosome and haplotype 14 in that window (genomic 
region); SEQ ID provides reference to the sequence listing 
and the marker ID number is an arbitrary identifying name 
for a DNA amplicon associated with the a marker locus; 
START POS refers to the start position of the marker in the 
DNA amplicon; HAP allele refers to the nucleotide of an 
SNP/Indel marker at the Start position where * indicates a 
deletion of an Indel; “other marker states' identifies another 
nucleotide allele of markers in the window. 

TABLE 6 

Summary information of marker loci used to characterize 
four corn haplotypes associated with the insect tolerant corn 

events, including the sequence id (SEQ ID and marker ID number) 
and the position of the polymorphism (START POS) being used to 

characterize alleles (HAP ALLELE) in these sequences. 

Other 
START HAP marker 

Haplotype SEQ ID POS ALLELE States 

C1W 19E14 33 NCOOS3983 109.4 T C 
34 NCO113263 10.1 A. G 
35 NCOOO8901 10.8 T C 
36 NCO1432S4 10.9 A. G 
37 NCOO3O198 11 A. G 
38 NCOO80733 11 T G 
39 NCO104.474 11 C T 
40 NCOO33728 13.3 C A. 
41 NCOO295.06 13.6 C G 

C1W3OH4 42 NCOO395O2 95.5 G A. 
43 NCO111626 96.4 T C 
44 NCOOO8982 98.4 A. G 
45 NCOO40427 99.4 G T 
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TABLE 6-continued 

Summary information of marker loci used to characterize 
four corn haplotypes associated with the insect tolerant corn 

events, including the sequence id (SEQ ID and marker ID number) 
and the position of the polymorphism (START POS) being used to 

characterize alleles (HAP ALLELE) in these sequences. 

Other 
START HAP marker 

Haplotype SEQ ID POS ALLELE States 

46 NCOO33427 1998 G T 
47 NCO148362 200 G A. 

C1W36H2 48 NCO146570 237 T G 
49 NCOOO8996 238.1 A. T 
SO NCOO13490 240.7 T C 

C8W4HS S1 NCO 111628 57.3 A. G 
52 NCOO2672O 58.7 A. C 
53 NCOO37392 60 C T 
S4 NCOO27485 60.1 C T 

EXAMPLE 5 

Indirect Mapping of a T-type Genomic Region 
0114 DNA markers are identified in the genomic region 
flanking a transgene insert to provide a means to identify the 
genomic location of the transgene by comparison of the 
DNA markers to a mapping population. DNA markers can 
be developed to any transgenic event by isolation of the 
genomic region, sequencing of the region, isolation of the 
same region in a mapping population of the crop plant, and 
determining the location relative to markers known in the 
mapping population. The association of the transgene with 
mapped phenotypes, quantitative trait loci comprising a 
haplotype genomic region can be determined. 
0115 For example, for MON89788 a DNA primer pair 
was selected from a DNA sequence that extends into the 
genome 5' to the transgene insertion site (SEQID NO:55 and 
56) and into the 3' genomic region relative to the transgene 
insertion site (SEQ ID NO:57-58). A DNA amplification 
method was used to produce DNA products that comprise a 
portion of the soybean genome from the 5' and 3' regions of 
the transgene insertion site. These DNA products were 
sequenced. The same primer pairs were used to amplify 
DNA from seven soybean lines (507354, Minsoy, Noir, HS1, 
PIC, 88788, A3244) that are parents of four mapping popu 
lations. A single nucleotide polymorphism (SNP) was iden 
tified at position 119 (SNP119, SEQID NO:59) from the 3' 
flanking sequences when comparing sequences across dif 
ferent lines. Table 7 shows the allelic composition at this 
position on eight lines tested. 

TABLE 7 

Polymorphism at flanking sequences in different 
Soybean lines comprising MON89788. 

5' Flanking 3' Flanking 

Position 2809 119 
507354 
Minsoy 
Noir 
HS1 
PIC 
88788 
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TABLE 7-continued 

Polymorphism at flanking sequences in different 
Soybean lines comprising MON89788. 

5' Flanking 3' Flanking 

A3244 T 
507355 A. T 

0116 A Taqman(R) (PE Applied Biosystems, Foster City, 
Calif.) end point assay was developed from SNP119 in 
accordance to instructions provided by the manufacturer. 
Primer and probe sequences are given in Table 8. To map the 
SNP119 polymophism, an F2 population, derived from a 
cross between HSlxPI407305 (PIC), consisting of 140 indi 
viduals, was used. Map position of SNP119 was determined 
by placing the allelic scores against the existing allelic data 
set using MapMaker (Lincoln and Lander, 1990). SNP119 
was found on linkage group D1 a+Q (Song, Q. J., et al., 
2004). Thus, MON89788 was indirectly mapped to this 
same position. 

TABLE 8 

Primer and probe molecules for Tagman assay 
for mapping haplotype 

Forward Primer 
SEO ID NO: 60 

19788 3E-119F 

Reverse Primer 
SEQ ID NO : 61 

WIC Probe 19788 3E-119W2 CCATGGTATCATAGGCA 
SEQ ID NO: 62 

Fam Probe 19788 3E-119M2 CCATGGTATCGTAGGCA 
SEQ ID NO: 63 

0117. A deposit of Monsanto Technology LLC, soybean 
seed comprising event MON89788 disclosed above and 
recited in the claims, has been made under the Budapest 
Treaty with the American Type Culture Collection (ATCC), 
10801 University Boulevard, Manassas, Va. 20110. The 
ATCC accession number is PTA-6708 deposited on May 11, 
2005. The deposit will be maintained in the depository for a 
period of 30 years, or 5 years after the last request, or for the 
effective life of the patent, whichever is longer, and will be 
replaced as necessary during that period. DNA molecules of 
the present invention can be isolated from the genome of the 
deposited material and the sequence corrected if necessary, 
additional DNA molecules for use as probes or primers for 
the haplotype regions disclosed herein can be isolated from 
the deposited material. 
0118 All publications, patents and patent applications are 
herein incorporated by reference to the same extent as if 
each individual publication or patent application was spe 
cifically and individually indicated to be incorporated by 
reference. 

0119) All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 

16 
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apparent to those of skill in the art that variations may be 
applied to the methods and in the steps or in the sequence of 
steps of the method described herein without departing from 
the concept, spirit and scope of the invention. More specifi 
cally, it will be apparent that certain agents which are both 
chemically and physiologically related may be substituted 
for the agents described herein while the same or similar 
results would be achieved. All such similar substitutes and 
modifications apparent to those skilled in the art are deemed 
to be within the spirit, scope and concept of the invention as 
defined by the appended claims. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 63 

<210> SEQ ID NO 1 
&2 11s LENGTH 664 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 1 

attcagaagg citgttaaaac 

aacagataaa agcctagttt 

tgcato catc atggtocc ct 

aatcattcct td.cccttcaa 

tataaaagta toacaaggct 

caaacatagt tittgggagta 

acttittaaac cotcccactg 

totatotaat aataataata 

ttittatgata tatttattga 

ttittggacta gct gagagtg 

gaaaatgata atcatattitt 

aaat 

<210> SEQ ID NO 2 
&2 11s LENGTH 1156 
&212> TYPE DNA 

cc cctoraggit 

gtott goatg 

actaatacca 

cittitt catala 

tactittitt.ca 

accalaa.catt 

gaaatcc.gaa 

aaagtaaatg 

cittittatagt 

tittatattga 

aggatattgg 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 2 

aaag.ccaatc agatgctact 

gagt caagaa togctatacct 

caattctotg atattagcca 

atacaattga acacaatcag 

toccagtctt ggattaccca 

tagataaaaa tataattica 

catgcaaacc tdatttacgc 

citataattat aattitt titat 

taaaaggitat agatcaaaca 

gcagtgacta cagtatcc cc 

titccttgcca aataacaagt 

catagt gacc tittctotcitc 

aagttaacag cagttittctt 

aacattggca aatgtaagag 

attaaagata aactittgc.ca 

gaac agtgct gtcagataag 

gagtaaaatc 

gctgctoagt 

calaccaccita 

cagaaaaata 

caatggtoaa 

aaaattatta 

aagttittaga 

catttccata 

aag aggttcc 

tgttgaatticc 

taaaggatat 

tggaatactg 

tgggg Cagta 

caatcaaggit 

acatctgttt 

ttgcagaatg 

caccaccact 

cacttacatg 

tittatctitca 

ttgttcttaat 

aaactggata 

accotaaact 

cacatcc tala 

atttittatat 

gattagt atc 

caatacatag 

ttaagaataa 

agaaaaaatg 

catttgaaga 

tagaaatgca 

agatttcaag 

catgagttca 

caagaaatga 

cagatctorag 

caataatcca 

tittcaatagt 

agtttgacta 

cattctagoa 

acaactatot 

tgcagatgat 

gatgttgagg 

ttgggcaatt 

atgtcagtac 

aaacaag aca 

cacctitt cat 

actatto.ccc. 

taaatgtttg 

totaggtaaa 

gattittaatt 

gatgactitat 

tgatacttaa 

tactittaaaa. 

aaattalaatt 

aataaaaagt 

tgaactalaga 

aaagcaatag 

aac catagat 

aatgttctga 

aac agct gta 

aggaalacaca 

ccagtttatt 

gcaaaactat 

aagct gatga 

atttgaaatt 

gctgatticag 

acagtttaaa 

acggitttcct 

agctttgagt 

gggatgactg 

tottt totta 

acaagacaat 

tittittitt tot 

cct citcc.cala 

gattaaagtic 

attitt actict 

toaaa.catat 

tatatttgca 

titatgagttg 

atcat atcta 

ttaagaataa 

tittattgaaa 

gcaatgacaa 

tatagtacac 

caaagtaatg 

accala accitt 

aataacaact 

aaaaaaaac 

atttaaaatc 

acgacactaa 

agccatcatt 

taggactgtc. 

tittgacactt 

ttaaacaatc. 

ttgggacago 

tggitatcggg 

agcaatggat 

tittgggitatic 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

664 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

Dec. 14, 2006 
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totattgggg caaacticaag acgtagtgag atttgggatc taatagt caa gaaatgtgag 1020 

agaaaattgt caaaatgaaa acaaaaatat citttcttitcg gggaagggtg actittgatta 1080 

agtcagtcct aaactcgatc cctaaaattt ttittctttitt toaaggctcc aaagaatgttg 1140 

gtggataggit aggtoga 115 6 

<210> SEQ ID NO 3 
&2 11s LENGTH 657 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 3 

atagttcact aggtttgtac toatgccata atatgccaat citttcacago attcatttcc 60 

tgacataatg tttittagcac cittagtgcga ttittaatact gaaatatgca taaaagatgg 120 

tatcgaaatgaaagaagaaa aaaaatccaa taccalagtat gaag.cgg cat gctitt.ccaat 18O 

titccagttitt tttcttgatg gcaggcttitt totaaatato aactgtc.cca tottctgttgt 240 

ataaactato ttctoccaca totatgtgatt ttittgacatc. tcc catggitt toacagoaga 3OO 

tittcctattt gctgcttctt gttctotttg atatotacta caaatgtctg tittgcagggit 360 

gctggaaatgagtaaacaaa ataatcggca aaaggtacac gaaaattaaa cagattgcta 420 

to atgaattt catattataa atacttgatt tagggtgtt tatgaagtag gaatago: aaa 480 

gag aggttca gcaaag caat gaatatgtta gCtcatgaag CitcCaatcac aatcCttcgc 540 

aaacacattt gatggcaa.ca ttgttgatttg ggattattag togtacaaag tdatagittat 600 

aatcacaaag aattaatgta gaactgcagg tact tagga ggtocgg gtt cqaccc.g 657 

<210> SEQ ID NO 4 
&2 11s LENGTH 659 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 4 

atttggg.cgg cctacactitt tittgaaaatt aaaatatact tttgttgtag c taattitcc.gt 60 

tittgcatgtg totgtgtgtg taatggagag agagatagag agaaagagtt agtttggttc 120 

citagtggcac togalaattact accaaatcto caaaagtagc tatggagitta tittaggatgt 18O 

citaatgagtt gagtttatgg tottatttat atgtggaaat aatgattitat taatccagag 240 

cagatgagtt aaaagtttct citagagaatg gtagtttcta aatgaataaa taggatagaa 3OO 

totctago ac toaaagaatgaaagaatgtt to catttitat tat caccitga gccaattitca 360 

gatatotcga ttatttccitc ttaatatocc atggcaa.cat tcattgcgtt aag coaacat 420 

tittaaatgaa agitatctgtg atctocaagt citttgatatt catttgttcta titccaaattit 480 

tggttccaac tdgctitcgaa agctttgatc citcctccctg. citttcagoat gattitccitca 540 

citcttcttga acttitccata citgaggaagt citgag acaca atggtaaaac tat catggitt 600 

atggaatcca toaaacaaac atc attattt totattaa.gc. tctgaattgt agaaataca 659 

<210 SEQ ID NO 5 
&2 11s LENGTH 372 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 5 
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cattcatcag aagtgctcaa agcattta at titcagtgcca aag cactgca acttittcago 60 

totag acaaaa caaacttgct agctitccttg gta actotgg aggatttgat agacittgaaa 120 

acctitcto aa cagattcttg agcacatctg. c.gtacctaaa aag caaacaa accacaa.cac 18O 

aatttaaa.ca aacaaaaaat coataagcto agagtaatga aatgattaat agg catggac 240 

caatgtc.t.cg aaatcaaagg toatatoata accaaatgct gattgcattg talaggtaaaa 3OO 

ccatcaccaa atctatacat aattggatat aaacaaggitt taaaactaaa gttgcagaca 360 

cattagcago ac 372 

<210> SEQ ID NO 6 
<211& LENGTH: 1448 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 6 

aacagaactc tatggcc.gca agacaagata gaccaaagag galagg acco g g catattaaa 60 

agcagtgaca aagtaggaaa attgcactica tttacgatca accolaggttc ttgtagatct 120 

agagtactag talaggttcto taatcactta togct cittaa tottgaatag coagaagtga 18O 

taaaatcaaa toaaataa.cc cccitaggg to ggcctagtga ciggggtttitt go tag catgc 240 

acaaagttctt agattgtaat cittgttgagt cattgtacac caaataaata aataaataaa 3OO 

attaaaatta atgtaaaata togataaatgc aagtggaatt tatttcCaac taattitatgc 360 

togttctoaa cataaaaaat caagagattt gttgttgcata actictittctt aag coatata 420 

to atgactict tacctgctta gctgtc.gcaa aattcagtag cqctt cacat tdatcaa.gca 480 

tggcttitttc cctagotgat acaacagdaa cittcagacat taaactatto atgcc citcca 540 

ccitatto.cag acacacacac aaaaaaaaaa aatggtotca gccittaaggc tittagggatt 600 

taccattgaa toaaaaagga aaatcattag gaagaaaaaa catacagtta gtagaagaaa 660 

aaaagtttga tactaaatgt gtaggcctag aaaatagoaa atgctagtgt gatattgttga 720 

gtoa aaccag tagaactcct aaaaaagtaa cacacco cqt gacagoaaag ggcagatago 78O 

agatcc catt gcttgcatgg catcaiacago taatagata gcatoctitca aatgttcaat 840 

atctgcct ga aaaagtgtaa acacagtaat gatgttagtg totcitttgca C go atcgaac 9 OO 

caaaagaa.ca gaalaccacca tacatacctt toccc citcca gttagaggaa gacgaag agt 96.O 

acttgcctico aagtc.ttcta cago.ccc.gga taagg catca atatgat cac tittcaagtac O20 

agcc cagtica toaagg tagg ccatctgttgt cattaattgt aaaaggacta caatttaaaa O8O 

aagtatcaaa aaaaagttga atcatttalaa taagaaaatg gtttcatata toactitgtaa 14 O 

toatat coac cattaataat atgagttatgaataccatgt tatgacagac tag cataaac 200 

aattaaacat aacttittcaa tatgcagg gc caacatcttig citgagtatat tittccitcatt 260 

tataaactitc acaataaata totctagtta aattaccalaa aatgaaaatc gggaaaaaaa 320 

aaaaagaaag aaagaaaaag taattgtaat gitatcatcaa caataatato go acatagaa 38O 

tgataaat at titcaggcaag agagaagitat tacttgatca ttcaaaatag aattcagott 4 40 

cagotcaa 4 48 

<210 SEQ ID NO 7 
&2 11s LENGTH 922 
&212> TYPE DNA 
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<213> ORGANISM: Glycine max 

<400 SEQUENCE: 7 

agtttgctag gaagtgggtg ccattctgca agaaattittc tatagaacct agagcaccag 60 

agatgtactt cagtgagaaa attgattacc toaaggacaa gotgcago.cc acctttgtta 120 

aggatcgt.cg agctatogaag gtctgitatica tat citat cag act agtactt galacacatgg 18O 

gagtttaaaa gttagtttaa agcttattoa gtgttaattg ggtgtttgac agaga gaata 240 

tgaagagttt aaggittagga totaatgcact totggcaaaa gotcaga agg titcct caagg 3OO 

aggatggatt atgcaggatg g g acaccatg gcc toggaaat aatactalagg atcatcc togg 360 

tatgattoaia gtotttcttg gtcacagtgg aggtoatgat actgaaggaa acgagct tcc 420 

togtottgtt tatgtttc.cc gagagaaaag goctoggattc caa.caccaca agaaagctgg 480 

tgctatgaat gctittggtag atttittittga gcagtttittg ttgttccitat gatgtccatt 540 

caccitttata toagacacaa titccttgaca cittccaatta ttgctgtgat ttgcagattc 600 

gggtttcc.gc tigtgct caca aatgctocitt to atgctgaa cittggattgt gat cattatg 660 

totaataa.cag caaggctgct c gagaggcca totgctttitt aatgg accoc caaactggga 720 

agaaggtotg citatgtccaa titt cotcaaa gatttgatgg cattgatagg catgatcgtt 78O 

atgctaatag aaa.cacggitt ttctttgatg taagt cactg caagaaacac agcatcago a 840 

tag catggcc titttctittga agcatttgac tatttitttitt togtagtgta agctaatact 9 OO 

aactatttct tcttctttgt ct 922 

<210 SEQ ID NO 8 
&2 11s LENGTH 730 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 8 

toccitatt at to actogaagit aatgaataag togttgaaga aagttgggca totcattatg 60 

tdaaaatgct tctgacittct gagggtoaaa agtttacacc tottttctat tittcgtaaaa 120 

titcctgagga acatttittct tctgacatgt aaagttgaaat tittatagotc attgctgitac 18O 

tgcc gtttaa tatctgacaa to attgaagt taattaaact atctoataaa agttgttggit 240 

gatgaatgtc. toggaggtota agc.gcaaaat ttgcgaccag ttaatgaatg tottatcaac 3OO 

gaaaatacgt gtactactaa totalaccaa.ca tatgtggctt aaacaatcct agtttgc.ca.g 360 

tagtataaat gctggggitta cattatcagt agatgtttitt attagagaac Caggtoatga 420 

tottcagttgaatattgcca caagtatgac atgtgttatg cittgttttitt coatcagaat 480 

agagtagtgg aaaaaaatgc taatctgttga caaatttagg ttgttgtaagt tdaagtagtt 540 

gcatggaatg cgcttcatca to atccttgt gtcagtttct aattittcaat gttattittgg 600 

cgtaaacagg ttgaggaata tag cottcgg acgcatctoa to Cagatcaa goaaataagt 660 

alaccaatcto ggaaattcaa acacgcatga ccctgacct g cittctacgct aacaagaagt 720 

cittittgcago 730 

<210 SEQ ID NO 9 
&2 11s LENGTH 717 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 
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<400 SEQUENCE: 9 

tottatttga tittctocaat gatatgcata tagtggtgtt taaccatgtt tottgacatt 60 

tatttgttgtt citatttgatt atgtgactg.c tocagaatag agtatttatg caatatottg 120 

gtaatggaaa citaacaaagt ggaattaatt aactcattgg agc cattcat tatgattgtt 18O 

totttcaaat tigtotattga gttcaatcat ttgttgctitc tattgattitt atttaatatt 240 

ttagtaggca to atcggtoc aggggctgta gaaatatagt gaaggatttgaaagt ctittg 3OO 

acacattcaa tacttggttg cattatgaat atgttgaaga caaattatag aagataaatc 360 

taaggagcaa ttittatatat caacaagcag caagg gaata tottc galaca gatggtgggc 420 

acataggttt gagctgtca toagctta at to atttgagg atgacccata ttitta accqt 480 

caaaag caaa acatagaata aaaggaat at tattotgtt togcattttgt ttgggg tact 540 

ggctagacita gatacgttitt cotggtocaa toggaaac citt toggat.cgttg gttgatttga 600 

agittagtaat atgctgaagg aggaagctac aagagaagtt togcattt cac gat catttitt 660 

cctitatgtat aggttgttitt citattgttta citcacatttt cagotgcagg catgcaa 717 

<210> SEQ ID NO 10 
&2 11s LENGTH 807 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400> SEQUENCE: 10 

tgcataatca accaactgat atgacattitt citgtggaatg gacagaaccg ttattatcat 60 

gatgttaatc agtagatcat ttgccatctg gct tccagat gttaatctot tagtagaatt 120 

tittcattgcc tag tattgag aataaaacag atttgag act talaggttctg. tatgcaatac 18O 

aatgaattgt ttattagcat tdtctactitc ttgatactga tiggttgtcat tacagtaata 240 

tgtcgaaatc tataataact aataatcact taagcaacaa gttaaattct gtttittggta 3OO 

ttttgtcatg ggtgtctitta atgcaagttt atatotttga tigcttttittg gttittattitt 360 

tacaaaatag tagatgaagt to attaagat gtttittccitt attgattgttgaaatggaatg 420 

catgataata tittggtgttctgtctacctd. tcctgaatta gaccagtcag tittaattctg 480 

ttgctcitctd tattittattt tactcitcaat citttgtgagt tttitcggttc acttgagttg 540 

tactgtc.tct agaaggtoct attactitt at tdgtoaagaa aaatatagaa goatattaat 600 

ccaaccttgt gatttgttgttg cattacactc atacacattt tatgttcata tag to atcto 660 

aatctaatta gttgttctat gcaaactttgttgtggaatt gaact gottc ctdct gtgca 720 

tittaacttgc cittgcttact gttctoctitc tatgttgttcto aggttagaaa ttctittgaat 78O 

gctdag cott goatccataa taatctg 807 

<210> SEQ ID NO 11 
&2 11s LENGTH 839 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 11 

caaacttgca tocctgcaga citatatggca cc.gc.cccitat agtgc.ccctt coaac gatta 60 

ccitagaattit aatttgatct tctgaaggta gatgaataaa taaataaacg tdtgaaaata 120 

aaac agtaag tacatgccag tacgtaataa totgaac tag tttgtataca toga atttagg 18O 
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to caatgctg caaaag acct agittagacitt galacataaa aggatatatt taaatgactic 240 

to aagattaa citaaataata cacagacaaa toagataatt aaactgcacg gcc actalagg 3OO 

gatcagdata totgaaagtc. tcagaga.gca gacatgtc.gc tagttatata taaatcaagc 360 

tgattittatt atctatatgg gaatcaaata caagcttaat tctottttgc tagcttcaat 420 

ttggatacac ataatticcaa cct coaccaa ttgataacaa atact agtaa totacacatg 480 

citattgttgcc ccc.gggtagc tita actottgaaaaacacat totcgtggca totcittgacg 540 

cacaccct cq taattic galag caacaagagg aggataaatc agagaactgg titt caccc.ca 600 

atcagtactt totccacaac ttgaagaagc acaag cacca cccattatct tatcggtaat 660 

catttcctcc ccatagaaga acticcaacga cccacctaat aacctittgag aataatcatt 720 

agcagaalacc attitcc ccaa citgtagtggit agtgaaacto citttgtc.citt gcaccaactic 78O 

agcacggtac to attgctct gaccaaactg tacttggttg ttgcc-aatag agttcatgc 839 

<210> SEQ ID NO 12 
&2 11s LENGTH 751. 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 12 

aaac actogc titcggattta toactitgitaa gtagagtttg citaactaaaa togctttgtca 60 

citctittattt to aggttttgttctgatato caaaatcctd gctatttga ttgcc attca 120 

aattgtaata agticta catc. tcaag.cgtct ttgttitttgt gttcc gactic caa.cagtaga 18O 

agaaatggtg tttittggtag acc actttgt gtgaaccoct citggcaggag aaaccitagtt 240 

gg to cagott tittattotct g gagacitagt gct tatgacg togct gottt agaatctoct 3OO 

toccgtgttg cagaagaaaa agttggtgtg citgcttctoa atctaggagg accagaga.ca 360 

ttgagtgacg tdcaacctitt totgtttaat citttittgcag atcctgitatgttagtttgta 420 

tttgttgcttt ttctactgtt gatttittctt tttcctgttt atgtaaattic cattago att 480 

agtacatgtt catatgattt gtatgctaat gtgtttcttg tattgacata ggatato att 540 

cgtottccaa ggttgtttcg gtttctocag cqaccattgg caaaattgat ttctgtactt 600 

cgggcticcita aatccaagga aggg tatgct gctattggtg gtggctotcc tttacgaaaa 660 

attacagatg accaggtoga gtttalaattt tittggtttitc ccattatctg. citttgttggag 720 

cittittatctt totgcaacat gaatctttitt t 751. 

<210> SEQ ID NO 13 
&2 11s LENGTH 663 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 13 

aatatgaaga agtacctgct ttaccattca acttagtgac totalagtatt caatact aga 60 

gccaagttca cittittctatt tagctacata citaggggggg ttctottggit aaaaagaaac 120 

tatctatact tatatgttat g gaattacat gactittcatg atacaaatca catgaatato 18O 

aatagttgca agtagttctt taatgattta tatttcttag galacatgact totgcataac 240 

ttctittgagg toaatccacg gcttagagta attctgg gaa ccc.gtttgca to attgtaaa 3OO 

cagg catttc acacttitcga atgcatcaaa tdaag caaca tttittittata attgg cattc 360 
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aatgtc. catt toggatggttt gaactgataa ccatttggat ggtttittaca attggcatct 420 

gtgtc.ttcag gaagggg act to agcaggac agctitcc titt gcagatgatg gag aggttitt 480 

agatggaata attact.cgaa gocggggtga ggittagacgt gtttgcagtic caaaggtgat 540 

gaaatccact coaaaccitat cocaagagtt aacaagtcca aggct cacag ataaagtata 600 

cagoccitcgg ataagc catc. tca gaggaaa toaaag.ccct c gaggtgttg g gagaggatc 660 

att 663 

<210> SEQ ID NO 14 
&2 11s LENGTH 713 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 14 

cittaagttctgaaaacaattt gtctacttgt acataatctt tatcatggac aaagtatcaa 60 

gaacagaaaa tattittatat attgttctact cittgcctcat tcttacacat citttattitta 120 

tittattttgt ttcaagttat ttgttattga aaaagataaa agtgttaact gttitttittaa 18O 

taatattota atttaaataa attcaaacct atatttgagc tictttittitta atgaggataa 240 

tittaatattt tittatgttat aacttgttgta attaatattt ttittgagaga acticagoaaa 3OO 

aaataaataa atttittgaga gaaaaataat atttitttitta aagaagtgtg tattattitta 360 

aaaaataaat aatatgagat ggaggcaa.ca totgattitta acaatgacitt gta acatcta 420 

taag citcaaa atttittgaaa aatgaactgg cqtaggataa aattaaacta cct ggataaa 480 

gcaaaggttc titcc.ca attg gttatttaaa goaatcttct ttgtataatg gataccataa 540 

cittcaatcto ttaactacca to atttgatt gaag.cgatcg atcto acaaa gatgttccitt 600 

tdaatattot taaactcaag tacaattittc cctoaaggac coactatgtc. tatattocat 660 

tggattacat agtaaaag.ca aaccaataat ttctotacct ttagctgcat titt 713 

<210 SEQ ID NO 15 
&2 11s LENGTH 534 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 15 

cittgcatgcc togcaggagac tittgagaaag cacactitcag ttgtttaccc gatataggag 60 

agatacaagt taaagggitta atggtaagta citt tactittctgtttagtat citatgcatcc 120 

ttittatgaat ttctgcacca atgagtttitt gctcaagtta citgcacattc. tcc taggtga 18O 

ag.cgaaaatc atgcttctac tacct gcctg attcgttccc tatacagtat gctttcc ctg 240 

caatcagagg alacatggttt citt catgtgg aagtgaag.ca tittaaag.cgt ttgcgcattc 3OO 

cgtgtccacc toggtgatgca gctgttctitt caaaacataa goactitaaag acctgcaatg 360 

gtgaggataa gocaaaatgc aac agtgagg aaaataaaat ggaagggttc caa.ccc.cgtt 420 

catgttittgc agaagag cat gaaac tacta atcatgtttcaaagaagct g aacaaaaaga 480 

gaatttctaa taaaaccac acgcagaatg aagcc actog aatgc.ca.gala agat 534 
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<210> SEQ ID NO 16 
&2 11s LENGTH 433 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 16 

ttgccaatgc agctgctggc titgagtgcag ccatggcago toagcttgttg togg accoct g 60 

ttgatgtcgt gagccagagg citgatggttcaaggtgtttg to attcggga aatcc talagg 120 

cittcagotct tcggtacatc aacgggattg atgccittcag gaagatcttg agcagtgatg 18O 

gtottagggg cittgtatagg g gttittggga tat caattitt gaccitatgcc cctitcaaatg 240 

cagtttggtg g gottcat at totgttgcac aaaggatggit ttggggtgga gttggg tact 3OO 

acttgtgcaa gogaaatgat agtgcact ga agcctgatac aaag actgtg atggcagttc 360 

agg gag to ag togcagoagtg gotggtggca totctgctitt gatcaccatg ccactggata 420 

ccatcaagac aag 433 

<210 SEQ ID NO 17 
&2 11s LENGTH 554 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 17 

aaaaaaaagg acaatcatta alacac gitatc taaaatgcat titcatcaaaa toaaaaatta 60 

tgcaatactgaaaatc catg cqtgttataa aggcaaacaa aatgaacttig gaga.gcaatg 120 

caacaaagta citttittacag toaatgttgca citttaaaaaa tagtatattt catacttaca 18O 

taaaagagct gaatgagtgc aagacgtacg aaagaataaa atttcaaagt gccaccitaag 240 

to acagagtt tatgagaaac aaactgtgag citttggtoag gtaat atcca ccacaatgca 3OO 

gggatgacaa cc.gagtttag gac gaatata citgcacaaaa atttaaaaga tigttgaaatc 360 

attaaacacg tagattittag attcatgatt tottcaggac aatcaatcca toggatgacaa 420 

aaatatgtac aatcag attc ctitcgagtca ttatgtcaaa agtatacata atccaattitc 480 

tittgccacaa aattitcattc actgtgttga aataaattga agctagtttc acttctoctit 540 

citgcaggtog actt 554 

<210> SEQ ID NO 18 
&2 11s LENGTH 810 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 18 

tgagtttaat catgitatctt citttittcaat gcttittggitt ggacattaaa gocatatttg 60 

tittggattitt gtgccatata citatcaatcc aattittatta agaactaaga cctactagtt 120 

tittcaaacaa gqtcagdaat actcaaaaat aaattgccaa gttgg accot gtagttttgt 18O 

aaatgitatcc caacaattat aattaaaaag tagttgtact gtataat atc tag caaattic 240 

aaaattictaa agt caattitt ttactgtcta atccaaatgg acgctaagat act agacitat 3OO 

tgatactcac agaacattat citgtagittaa catgaaaaat gtagtttgttg gttittgatgc 360 

titccttittitt attittattta agtgacittag tttgtagatt ttactittgca g g gagacitat 420 

catgttgaca gtgaattittg togtacggac agtgtacago togaaaggatc tdagattact 480 
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gctgaactta agtatctott aaacttgttg acattgttgtt gocacttitt c gaagaagcc.c 540 

tittcc cittgt ttittagaaga aactogctac agtgaagaaa acgttcticct tcgagaa.gc.c 600 

aaag caggag taagttcttgt ttgaattitta ggaaaaaatg ataataattic aatat citgta 660 

citgttgttgac taagttcattg atagittatta acacacattc. tcttittgagg aag gatggaa 720 

ggctgaaag.c acaagagatg ttgttittatt tag actogata aaatatggga taaaaaattg 78O 

atgatagatg ccttctttitt gcttcactitt 810 

<210 SEQ ID NO 19 
<211& LENGTH 1222 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 19 

aggtgcagot gcc ctitttgt acticacattgaatcggaaat to Cagacitca cqatgcaatc 60 

gacgaagatg gtgaagaaaa toggagtgat acgcc cactg. atacgc.catt agg tattggc 120 

cgtgtttcto atcggittaat coaa.gc.ccct gcaa.catggit toggagacaat ttcaa.cattg 18O 

totagagactic to aggttcac gitattoggag acacttggga aatggccaat toggggatttg 240 

gc gtttgg catcagotttct tctaaag.cgg caggtaatga caacgagtag attittggttc 3OO 

tittattgttg ccctgatttg aag caact ga aaatgcc.gga aagctgttgtc. gtttitttitat 360 

citatctgtaa citttggacac atttalagtag taagtagaat atagaatcag tatttagtgt 420 

ggaa.gc.cagg to catattitt to aggtagaa citata attga totgaaatgg tagttgcaac 480 

citgcacttaa totgcaacto acataattica cctaaaggat tocco gtcac togacattgat 540 

gaatgaaaga gagagaaata tagagaaagt aaaatggaca atggtoatgg aagttatgcg 600 

agittaggtga actttittcat gtgtaaataa aattgttgat gattaaatgg ttggaag acc 660 

aatttaatgc tittccatcto aataaaaaaa attatggtog ttaaagaaat aatcc cacat 720 

ttggaga.gca gttata attt at attaactc ttaagtgttc cittacatgtg ataggat.ctt 78O 

tttittcatgg gtgttgttitt tattittgctt tittaag cctt citcaiacatca cag cagtggit 840 

ttgg gatcat gacittgcaat atttgaactt cittttgttac ttgttaatca to atcactitt 9 OO 

gaagttgaca tattagatta ttcttggatt titatgattta catgatatga tittctgttta 96.O 

tactittctag gagagtaata toggctaaggt agcttagaaa toagacitatt citctacaaaa 1020 

tgaatcctca caagattgtt cacatgacct gtgctactitt atatatttga ttittgattta 1080 

aatcatatat taag catttt ttaaggtaga toagtttcat gacatcctgg actacttaat 1140 

ttcttcatct cagotcaa.ca taaatagatg agaagttgct citgtaatatt gottttgtgc 1200 

cagtttaatt tattoatatt aa 1222 

<210> SEQ ID NO 20 
&2 11s LENGTH 682 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 20 

gcaacaaatg gatgtacaca gtc.cgagc.cc to cataattg gag caaattig catattocaa 60 

cc cittaatga gaatacagaa atcaaaactt gataaataaa atactitcaaa tittgcc.caca 120 

ttggttgcta atagot attg cagagtatac acaattatto cagtaataca aacttgcata 18O 
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ttaccacaga acticittaatc ataccaac at taaaatagtc. tctgtagcca ggctttgagg 240 

gcacaagaaa gtgcaacaaa tagttgaaaa aac actotat gttgtggttc actaatctot 3OO 

tatgaaacag gttatgtaga aaggcttcag ttgtcaccita cita acatcag titcaccittac 360 

acttgtaatc gtagctacat cittgctitc.cg gaaacaaag.c tatgtaticta atcactaata 420 

atgacatcaa agtatgaagt aagatatacc tttitcttcag agg tact citt gacgaaacac 480 

aggaatgcct citgagaactg agagccactg. galaccggttc gcaagttcago aacgcaaggg 540 

cattcaaggg citttctgagt catttcctico acagacitgaa aaatccaaaa titt.ccaattg 600 

ttitt cattcg ttcaacct gc caagttgaaa goaaaagatc aaa.gcaattic aattcaaacc 660 

tdagtgttct gattitccata tt 682 

<210> SEQ ID NO 21 
&2 11s LENGTH 681 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 21 

actgaaac at tcgaaattcc ttacataatt tattottatt aaaaataaca gitaatcttitt 60 

gacittgaatt got acagaag tacaattatt gttgaggct tittattt cac goataccaca 120 

atgaaacaca tttcaattitt tottacccct ggittaattta atgtaccgaa tittatacatc 18O 

aaag agaaga taacttitcga agtaaaaatg attatcc taa acaccgitat g ataaagtgta 240 

taagattgtt caccattact taggitttittg gaaatgtcaa accittagcac tatggtaagt 3OO 

ttgttgccitt gta acttgga ggtoatgggit toaaatcctg caaac agcct citccittaggit 360 

agga acctica togcattggac toccatttitt gttgctttgg totgagcata gatactgctg 420 

aattctittga gatgcc actt citcacttatc ccatttittaa cittgcaatct taactitatgc 480 

ttgtaactac gttcctgaag goctagaaat ggtgggataa goatttatgt gttgtttctt 540 

gatggatgtt ttgcag acct tcatgctggg toggat cacat gtcactggac aatgaaa.ca.g 600 

gattggat.cc accagg cata agagittaggc ctdtctotgg acttgtagct gctgattact 660 

ttgctdcagg togactictag a 681 

<210> SEQ ID NO 22 
&2 11s LENGTH 10O2 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 22 

tgag agctitc cattcagaac tactatoaag tactgacagt tagcttcaat actitcattta 60 

taataaacag aataatc.gct taaatgaaat tdgtttagtt to attcacat taattitcagg 120 

cacagtgctt tagatgtaat caatticaggg agctgagaaa gaaattic cac aaaccotcag 18O 

attittaaaag titgaac atcc toagcttgct gcatcaatta acagtaaaaa agaaaggaaa 240 

tgagaaaaaa tagatttaa gattittatag caattitcatg tdagatatta gag cagatat 3OO 

gag agttgta actctgaaat ttcaactcac tatccaattt tottccacag tattatcatt 360 

gacticcatgt aggttattaa citgagttcag citgaatcc to tcagttggat ttgagaatga 420 

ataatgatgttgatatttat gtttittatgttccaaaaggc caccitttggg caaagggaat 480 

acaaacaatt acaatgaaac aagtaattat atacagaaaa citgagaaaag aaaaaaatca 540 
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acaaatacct gotttctoca totgaaaatg agcaacticag ggcagggagt toagatgata 600 

actgcttagc atgatctitta galaccagagc gacataaatc. cacaccagaa cittgact gag 660 

ataactctga gtgattctgt gcatgaaagt aaattaaata ttaa.gctgaa tittaggaaat 720 

aacgtaatta ctittatcagg aag gaggaag gagaaag caa aag catggat aaaaaggaac 78O 

ttctgctitat gttgctittgg acacaattta taaattttgt aatatgttta gatgttaaag 840 

citgaactaac ttcaaaaa.ca gaatgagact caa.catttag cacactittca agcaaaaatt 9 OO 

gttcatgaaa atatoatcag titcatcactt ttgaagittaa toaaatgttg cct gottact 96.O 

ggtaatattt taccaatact atcagdacaa gtagtttitat co 10O2 

<210> SEQ ID NO 23 
&2 11s LENGTH 785 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 23 

cgactitcgta gcc togcagoa agcaaaggcc caacticcgto: Cagggacggit coagtacggit 60 

ccaagatgat caagctcacc actatgcaca tttctittc.gc citcccaaacc tdaacttgct 120 

gcaacagttt taaaagaata ttaatattaa tattaatatt aaagtttcct acagtaagtt 18O 

attatttaga ataaacataa aaaaaattta tatgaatatt tatttittaat aaataaatag 240 

tattoataaa aatgctaaaa toaa.gcaagt aattittccta caattittaaa atttgcaaga 3OO 

aaattacata caaatttalaa atccacaaga aagataaact gtgtattitta aattic ctgaa 360 

aaattaaata caaatttaaa titc.cgaagga aaattactag caaatttaaa ttctaccaga 420 

aaattatttg caattcaccg aaaaattact tdcaaataaa ttatctgttga aatttctago 480 

agattattitt agtaaaactt tatttataga cacaccactt tittatgtaaa acattttgcc 540 

gcagaaattg ttgtatttgttctagaaaaa ttagcaagaa attittctato agitttcaaaa 600 

ttittcaaaaa attaattatc tactalaggta ttatttagga accoaagtat tdgaaattca 660 

caggtaatta gtaataagaa aaattictata agatato gta aaaatataga toacaataaa 720 

gcaagataaa cqtacgggga aaaaaaaatg taaaagg gala totatottcg tataalactaa 78O 

cgitat 785 

<210> SEQ ID NO 24 
&2 11s LENGTH 805 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 24 

tattaggtoa gcc attatga caa.catcgga tatattogac aatactalagg aactcatcaa 60 

ggacattgct gatgattaca aaccagoc to tcc tittagcc ttgggatctg. gttcatgtcaa 120 

cc.ccaacaaa goccttgacc citggacittgt ttacgatgta ggagttcaag attatgtcaa 18O 

tottctotgt gcaatgagct coacticaaca gaacatctoa atcatcacta gatcgtotac 240 

taataattgc ticcaatccitt cottggatct caactaccot totttcattg gtttcttcag 3OO 

tagcaatggit tottctaatgaatcaagggit agcttgggca tttcagagaa cagtgaccala 360 

tgttggggag aaacaaacaa totattotgc taacgttaca cccatcaaag ggtttaatgt 420 

tagtgttgtt coaa.gcaagt togtottcaa gqagaagaac gagaagctaa gttataagtt 480 
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aaggatagaa gotccaatgg togaaggott toggt atctg acttggacgg acatgaagca 540 

tgcggtgagg agcc.ctattg togg to accaa totagg caccc toaaattcaa titt coatata 600 

gatcaattitt gtgatggata aatgtttittc atatgtttga agittaaaaat atatattaat 660 

agaggaaatg titcgtacatgaatgattatc atttctgata ataataataa tttitttittgg 720 

aaaagttitta acaccaattt taattitttitt tttcttatca cqcacaccaa ttittaattgt 78O 

tacgtact ga aataatacgt tagtt 805 

<210> SEQ ID NO 25 
<211& LENGTH 1222 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 25 

tagatctgca citcgtgaatgata acattgttgaattalagg attittgatgc titgatgcttg 60 

atgcttgact atgagagaga atact attga aaattgaagt gaatact tag aagaagttca 120 

tggc cittgga atggaatgat catgtgaacc to attacctg. cc.gacittggc actgcatata 18O 

tggatctaat tcaagttccitt titcatcctcc taaatgcctg. tcc cittctitc tittagttctg 240 

atccitcaact tatccacatt agctttctitt ttctagtatt tacaaggatt gctaaaatta 3OO 

attittatttg taataataaa aatgtttatt attgttgttct ataattatta ataaatacaa 360 

ttacitcgttt tagtgtacat atttcttatt totatatacc ctittaatata ttaattattt 420 

tottcataaa ccttcaag at gtaactgttc taattitttitt citaaaaaaac tattatcaat 480 

actittctitta attgtttccc titttittaaaa taaagataga agcatgaagt gitotic attitt 540 

caattattta aataaacaat actittagtta gacacaagtt cqaactataa gtttcccata 600 

attittgctcc attatatoct acaatttittg tdaaatatat atattottac aagataatat 660 

tacgcacaac titttcatcaa aatgttacaa acaactcgag cattttagga catttitttitt 720 

caagtaaatc ccaggc.cgaa taatcatcaa cctatottac attcaccc.cc aacataaaaa 78O 

citaacggggg aagatatota ttgttagt cit gtacatttgt tagtgcctga totct citc.gc 840 

ctacacagtc gcttgttctt ttaaaaaaaa ccagttagtc accgtttatt ggtottctoc 9 OO 

ttgcctgcaa acaagtttgc cittgttgtcag aattaag cat tactatagag aag cataatt 96.O 

ttcttaaata agattactica ccaaatatag ttgattittaa aggaaatcga attgatgaac 1020 

ccttaaatct cagotccc.ga titatgcttgt ttctattttgtttctdaata gcactggaac 1080 

tattgctagt ttctocqg to agaaagtttg ccactttact taccttittca tagg tacacag 1140 

caggtggggc aagcttcaat ggaggcaagt tittctatttg cataaatcto tdattcttct 1200 

gcaa.gctgct caagatctgg aa 1222 

<210> SEQ ID NO 26 
&2 11s LENGTH 1177 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 26 

agtattttitt aaagtacagt gagaaaatgt aaaataaata aataaataaa taaattatct 60 

tagctato at attattgc.cg ataaaaaaaa atgtc.ttggc tatcaaagct cittaaagctt 120 

accatttagt acggatccitt cogtggcatc tittatacgcc catttacatg catctatggit 18O 
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actittcagat gcgitatictaa aaaaaaaatt accoaagtta agtatgtata tatgctttga 240 

ataataatca gagacaacta aagaagctgg tittctitt cat aaaaaaaaaa gaagctggitt 3OO 

totgttgttt ttctagittat g g gtttittgg gatttaaata aagaactcat ttittaag cat 360 

gtgataggat ggatatgcca citattittcaa catcagagaa goatattata tttittatatt 420 

ctaaaggatt attittaatac tattatatgt attgtattta aattattitat aataaaaatc 480 

ttaccaagaa aattgaaaga tataaacgtgaaacticgcaa aagaalacatt atagaaataa 540 

ttggatttgg gtaaatgata tattaattat attattaata ataatgggac atacgtagct 600 

ggg catggaa got cattatc accgcagttc. tcc cattctt citatctgatc gg.cccatact 660 

ttctgttt at ttagataaaa ataaataaaa aattgaagat ataca acctic aaactitcaca 720 

accoaaatcc titatttag at tdatgattaa aacaaaattig catacaatac cqtaatatto 78O 

tgttgaagtg catcgatgaa titc gttcatg to agagt cat aaaaattgtc. gacittctgtc 840 

tgaaggatgg tactatocca aacct gtatg tatatgaagg taaaattaaa catat catat 9 OO 

tgtcgtatat atagtatgttg aag acaagaa atggcaagtt ttaatgcatt cottcatcca 96.O 

gtttctaatt taaggactica tatttittatc. tcaatacatc agattittaaa atgcacacat 1020 

to gagattta aaccatctga tottcaccita acggtgtcga totatgaatc catgaagaaa 1080 

aaattgacitt acatggtgaa gattittgctt cottttatac cagogalacag taattgcatt 1140 

gcc.cccatgt citgagaga aa gocacaatgt agaggct 1177 

<210 SEQ ID NO 27 
&2 11s LENGTH 685 

&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 27 

agtttgcatg cct gcago.ca agctotcgtg gatttggtgg togttgttcgg gtaaatttitt 60 

cataattitta tattaaattic titatgtttct tdatgtgttt to caccaaat tcaccitatitt 120 

tggg cataac agacacccac cattgcctgt toctoctitc tdtgaaagttc agctgctitta 18O 

cagotgatgc cqtgggctgt totagotctg. tcaaact cat ggcct cittaa aaaaaacata 240 

ccc.cagtgtc. ataaggctct tcactato.cg aaagtatggg agagggtoat totatgtagc 3OO 

cittgtc.cittg citgatgcaag gaggttgctt Cogaattcaa accolatgacc aactggittag 360 

gcacaactitt actgttatto Caggacitc.gc cct citagcca aaatgacctt aacaaaaaat 420 

agtc.tctago taaatgaatt gtgtcaatgg tottattitta aaggittaaac aaatgtgitat 480 

agtc. catcag agacaaaaga gtttacacac taaaactgat agcataaatt gttcacaggct 540 

gctatt atgg atatacaagt tottc.cccat ggttittctta catgcggtgg g gatggaatt 600 

gtaaagctgg tacggctgga aaataacttg cittggccato gaattgagtt atgat acttic 660 

tgagatcc tt toggttgatg acaaa 685 
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<210> SEQ ID NO 28 
&2 11s LENGTH 1343 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 28 

cittgcatgcc toc agaaaat tataaaattic ataaaacgct tctacagaaa attcaaaaag 60 

attgatttgc tatatatoct atacacttgg acattittagt cqaaaccitct atggatagag 120 

actittaagga cacaat atta toaaaaat at tdagotcaaa tattataaaa tottaaaaaa 18O 

caatgcatct caatatttitt ttgaaaggtg tacttittaac atgtttatga attgtactitt 240 

cittggctaat gagtgttt to cotggittaat gttatggatt gtactttgta ggtgtactga 3OO 

tatatttittt ttcattaaat actaatgttg attattoaat tittagaacag tdtacgcata 360 

gtatatgact gttattgata agg tatttgttatcgataag gtgcagttaa tataagcaga 420 

gaaagaaact aaaaggittaa citacatgatt aag cittaagt gatgaaatgg ataatcc citt 480 

aaaagttcatc catgatttgt atatttggtg ctittgcaaaa acaatcattt aagttcgtot 540 

tdaaaatcta gtaacagatt acttaaccat tcttittagat cactacaaat atagtatttg 600 

tttittittaga aggaaaaaat tdggtotgtg gcatcttaat ttttgttgatc acatttittgg 660 

ttctagtgat actaacttct tagttcttac aatgitatgta tatttitttct ttttacaaat 720 

gtoactictitc. tcagotggat tdatggtttgaaaactcittt cott cataatg tdaac aggtg 78O 

gctoccitata atacatttta citc.ccaattg gaaaag cata togaatgaagt toggaattgtg 840 

cc cacagtta accgatggga tigagc citcta gcattgggca togttgatcc ccatgatto a 9 OO 

titat citcatc cagoaggtgt citctgatgtt Caagctgagt citgctacac g g g togg accot 96.O 

gatcagttca citgattttgt gg tatgaatg tittctittaac attgacittgt aaggaaagta 1020 

aaatagtgga tatatgtgtg cacacatgtg tatgcgc.cag tagatggitat citttalacatt 1080 

catatatgct ttittct citgt citg tattgtt gtcatgcaga titccaaact g gtttggagga 1140 

gagtcc acto gggctacaaa aggcaa.ccca ttcacgttac Cagatgccta tatggitatct 1200 

cago ataaaa atgtatgtgt gg tattaatt gatttgtata ttaattaacg attggatttic 1260 

caaatcttitt ggtgatcaaa ttittcaaaaa actittattitt aag.cgaaata tattittaact 1320 

acaatgaaat tigitatcttct tct 1343 

<210 SEQ ID NO 29 
&2 11s LENGTH 1062 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 29 

aacttgttgat tcttaatago cittctoacgc tittttgttgt caaaggittaa ttgatgcago 60 

tittccatata gcagataag.c actatataat tacgitatttcaaactacaca ttagtaatta 120 

tgtcaggact tittgattatt totgttggto: aaatttagaa tatgg tacta agittaatcta 18O 

tagtaaatta aactaaccot titttgagatt agatataact citctacttitt ttittaatatt 240 

acattgacat cottatacag titatatatat atatatatat atatttaaaa taattaagga 3OO 

agatttatat gtataaaggt gtcaatgtaa actatatatt tittaaatata acaaaaaaga 360 

atagtgtagg g gtatataat aagaaaaagg taacgggtaa atttgatgaa atttcaaggg 420 
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gttaatataa tittaatggca ttcaactggg aaa.gcaatga gggatgatat tdattggtoc 480 

gttgttggct tctaatgtgt coaaagatgt gttacggaaa attgagcacc aaaagtaccc 540 

atagtggttt agagaagtta citgaaaatga aag catgtgg to cactctgt ttgatcgatc 600 

to catttctt taaagaattg aatcaaactc tattattaac atactittctg gttccagaat 660 

gaatagatat alactag actt gttittatctg acaacaaata ttatto.catt togataaggac 720 

gaaactitatgttcaaattct actttgttag ttaatgtaag aattittattg atagacgatt 78O 

tgaatgtatt tagtacgaa ttttittgaat tdagacticaa attaaaatat gtcta acctg 840 

atcagtgaat tattgagatc taatttacct atatatttitt ttataaaaaa agaattattt 9 OO 

tatctaaacc titttgaaaaa ttaactactt atacatactt tttcaacaac tactcctacc 96.O 

ttagtattot gacctagg gc ggctdaattt toctitttittt atttatcagt atgacatatt 1020 

aacaaacticg gctgcaggac atgcaaggct gg.cggtaaag ga 1062 

<210 SEQ ID NO 30 
&2 11s LENGTH 1095 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 30 

aaaagttagt agaattitcgc cittaggtggit ttgggaatgc atgaagaaga cctaaagaag 60 

ccitcgataag aagagcagat catatggagg gcaatctatt to cittgtatic totgtattgt 120 

atagagaggit gcagtattoa act cactcitc. tcaagttagt agttggcata citgttgtcagt 18O 

ttgtaaagtt agittattgac agttgtcata actaactaac tatttccitaa citatctaact 240 

tdataactict ataaatagag tattgtaact caggattcat taaccitccat aatattittct 3OO 

cattccattt atcttcttitc titttctocitt tttctatoat citaaacagag titctaatgttg 360 

atct attagt tittctatt at ggitatictaga gcttggtgag atcttcaat g g cit gcigaa.ca 420 

gcaccacatt cotttcc.gct tcttctttitt cocaatticca tatcacataa acttgatgat 480 

tdaagcttitc ttctatgtcg tdaacaattt gag cotgcta toaaaccaca caaacttaac 540 

gattic gttgc taatcc toag attcc actitc gatttct citc tdaagaagat caagaagttg 600 

gacgtgaaaa to cagottac gaag catggg aaaag caaga totaggtgtta ttagcctgac 660 

acaaatcaag goacttgctg atgct cittgc titcagtagga agcc.ctataa to attcaaga 720 

gcacattgat tdaattgttg aaggtott to tccagattat cacco gataa to gagataat 78O 

ttagagtaag tittgaaac cq titccaatcac goaagttaaa goactitcttic tagct catga 840 

gtottgttctgaataacttica acgattaatt acact catgc acaacacaga gc gaattic.gc 9 OO 

attcctaaaa ttacactittg ccaaaaaagt caagttctda atcggatcct gaaagtttitt 96.O 

totggitttitc gcggtggttctg.cgtgcggit agctataata ggggtgg cag cagoggcggit 1020 

agtggtggcc attgtcacac togtgcaggt caatttgcct attitccaat g c caagtctgc 1080 

tittaaatttg gtcat 1095 

<210> SEQ ID NO 31 
&2 11s LENGTH 508 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 31 
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ttgctcaiaca tacaaaacct accacgcatt gttaatttgc aacttaatct titcgittatto 60 

tatcttgtag goc catcc at gtttgtccaa gaatgccitcg accgctt.cct taatggccala 120 

gtttgg cact aactgttgatg gatcaagggg titc.ccgtgtg attgggtoga atttacccac 18O 

citgtttalaga agttgaatta ttgcacactg actitcattga agtggaaag.c attcaacaga 240 

galaggtgaaa catgcaaatc aggttacctt citgaagatgc ticaagaatca citgct citct c 3OO 

atatgtaagt coacttggag to attacagg atcatggaaa atgtcgagtg taattctaca 360 

gcacaaataa totggcacct gtag acto aa caaga caatt totgtaatta ataagatggit 420 

aattitcCagg gcaccact ga aaaaagattt gatgaatata gaattaacaa aacaa.gc.cat 480 

gtacacacct cagtaggtgt gtcagott 508 

<210> SEQ ID NO 32 
&2 11s LENGTH 580 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 32 

gc gtgcct gc aggtaaaaat titatgctatt aac gaagaag atgttaatgg caggtacgtt 60 

tgttattoag acatatoatg caaaatataa cittgcttagc agctt cacag aaccolaatag 120 

ggcatgaata atatttcc.gt tta actdgtt accittaccag cagacgcaaa aaaccitcatg 18O 

ttagaccaca accalacacat gtggccagaa totaataag.ca tagtaattitt actaacagag 240 

aaaatttitta accatgttca gtgtggcaaa tatatgctta togggg tacag taaataatga 3OO 

taactatoct accaaagttt catgcattgg gggaggataa atgaagg gala ttgtttgaga 360 

ttattittaag gagatacaaa taagagatct citagttaa.ca taacaaaatc. cittcaattaa 420 

tgag cattta cittitttittga gctcitccact tcggagtatt ttgtaagcta aattactitta 480 

tacactittct ggtgcttgtc. aaaattgaat tittaa.cattt attagaagag cagaaattta 540 

taaaaacatg tdatatttgt titttittatta aatccttitat 58O 

<210 SEQ ID NO 33 
&2 11s LENGTH 815 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 33 

agcc.ccct ga aac attgagc tattaaaaat tagaaaacga cacacct tca gatactittct 60 

gattictaaat citaaatatga aacct cittgg to cittacittg caagtaaaag citacatatta 120 

tacaagta at ttgatgacaa toagctatoc agt cago atg gaaatgtcaa aaccitatctg 18O 

tgagaaaata toaggaga.cc tag cattagg attcttttgt tittatttitt c tactgattga 240 

attcatgcat gacittaccta gtgcaatcta gatgaaaagg totaacattt tocco atctt 3OO 

aattaa.gc.ct gctaca attc acaactgggg agatagaaac toaaactato goagagg cat 360 

aagtgtgitat tagagt caat coatctacaa taaaagtat gctatatto a tagg tattgg 420 

catttcaatt aatcagacaa acagtagitta citgcacgata aaacaactga acatcaactt 480 

totago attt to citgagata ggaccc.ccgc agg gtacata ttacaagaca ggatatgaag 540 

gatggagtag catago atta ttctagoata attat attaa catalacatga ttagg to agg 600 

toatactcat coggaagttg tdtttcgtca ccatagtaac tittgg cagoa aaacaaacta 660 
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gacagaacta agtagtgaaa aagaag caca gatc.gcagag agcagttcac atattt tact 720 

actaccaagt agcaagaacc atgtttcatc accaccotac citttggtagc aaaacaatct 78O 

acatagaact aattattagt ataaaagaag titgaa 815 

<210> SEQ ID NO 34 
&2 11s LENGTH 763 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 34 

tgtaagttat citacttattt gttcc ctatt ttcatttatt tatttaaagt tdagattitat 60 

ccaaagtatt gttagtgitaa tatttitttct tctg.ccacat taggitttittg tdaatgcacg 120 

gott catgtc. tcaggagggg citcttggggg togtogcato gtagaag act cottcaag.cgt. 18O 

tgcaggttcc atattittaaa citttctittga tigatcacatt tttgtagitat tcttitttitta 240 

cgtaaaacaa ttctgtggta ttcaatagoa aattatacac ttcttacaag toaacatata 3OO 

gattitcacta totcagtttc tittggaggitt actagoagaa aagtaattta gaaatgatta 360 

atatattitta citgaggttct caacgttgttg tttittcggitt gctggtaaat tigctdatttg 420 

citgctatagt to attagtaa atatagoagt atttatotca ttactggitta cittgtaatgc 480 

aaac citttitt cattgaagta catgttctgt aaaatac tag alacatgg to a gtactitt cag 540 

cattggtoac taacttittat gttittatgcg agtaataata tittctatttc catgtttatc 600 

tact tagttt coatgc catg cc.gc.ctttitc agtattggac actgctgct g gagtttggtg 660 

tgataccalaa toagtagitta caacticcaag gacagga agg tatagtgcag atgcago agg 720 

tggtgatgct tctgtagagc titacacgg.cg gtgcagg cac goa 763 

<210 SEQ ID NO 35 
&2 11s LENGTH 750 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 35 

tgaggcaatc agtgct actt tagctgctgt aaaggctagg caagttaacg gtgagatgga 60 

gcattcacct gacagggaac aatctocaga tigctgcacca agtgccaagc aaaattcaag 120 

ccittataaaa ccagatcc to citctitatgaa caattcaa.ca ccaccacct g g g gttcggitt 18O 

gcaccataga gcagtgagtt gaaaaaatag titcattttgc tigcttgttgt ttaaatttag 240 

ttattotatt cittatttaga cattcagtct gtttaactta gaagttcatca catttacatg 3OO 

aaaaatgcto ttatttgttt to atgccagt tacatattitt goc cittgtag gttgttgg tag 360 

cago agaaac toggaggtocc ttaggtggca togttagaca gct citcgatt gaccagtttg 420 

agaatgaagg tagaaggg to atttatggca cccct gagaa togcaactg.cg goaaggaaat 480 

tgctggat.cg acaaatgtct attaatagog tocccaaaaa gotaatctac atttittctac 540 

tattgtaaga ttactgacaa aag caacaca toctagaaaa citgaaagagt tattatcata 600 

atggcttctg. citaaaaaaac aag cacttica tatgatgaca ttittctotaa gatgtag att 660 

totatattga tttgttataa ttataatctg tdgcc caata attcaggitaa ttgcttctot 720 

gctgaaacct c gtggttgga gcc.ccctgtg 750 
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<400 

SEQ ID NO 36 
LENGTH 607 
TYPE DNA 

ORGANISM: Zea mays 

SEQUENCE: 36 

cagt cactac totgcttittg actggaactt 

atggtag cag gocatctogt gcc atggc.ca 

gtggaagitat gaataccaat agcagoataa 

cgagaacaga taaag.ca.gaa aactgatgat 

agatgttact cattttaaaa ccatgcc.cac 

tgaatcacag aagaaatttg atgatacatt 

taga.ccc.cat caaggttgag cagaga.gcaa. 

aacaagataa goacatgaaa acaatctoag 

aatgagaaga agticcittaca ttgcc cagtg 

aggggtgtct g g g to catag caaagtatgg 

catgitac 

<400 

SEQ ID NO 37 
LENGTH 607 
TYPE DNA 

ORGANISM: Zea mays 

SEQUENCE: 37 

cagt cactac totgcttittg actggaactt 

atggtag cag gocatctogt gcc atggc.ca 

gtggaagitat gaataccaat agcagoataa 

cgagaacaga taaag.ca.gaa aactgatgat 

agatgttact cattttaaaa ccatgcc.cac 

tgaatcacag aagaaatttg atgatacatt 

taga.ccc.cat caaggttgag cagaga.gcaa. 

aacaagataa goacatgaaa acaatctoag 

aatgagaaga agticcittaca ttgcc cagtg 

aggggtgtct g g g to catag caaagtatgg 

catgitac 

<400 

SEQ ID NO 38 
LENGTH 1025 
TYPE DNA 

ORGANISM: Zea mays 

SEQUENCE: 38 

citctagagga toccc.ctggt ggttgagagg 

cagtag attg ggctggggag citgaaccolaa 

atgaaggggit togalagcagac totaalacctg 

cagatattoc agcago atca cittgaaggtg 

cgggggaact togaaaagctt gcaat acttg 

gtgtcgtott 

tdaatattoct 

actgaagttg 

atatato cag 

ttggctgatg 

ggittaagata 

galacago acc 

to agacgcac 

catcc catgt 

taccagacca 

gtgtcgtott 

tdaatattoct 

actgaagttg 

atatato cag 

ttggctgatg 

ggittaagata 

galacago acc 

to agacgcac 

catcc catgt 

taccagacca 

tactaccago 

aaaggttgtt 

gtgcagtgga 

caactg.cggit 

atgacac agg 

36 
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atgga catca 

tggctgaagg 

tgcaatgcat 

attatatgcc 

actica tattit 

tgcttatacc 

agttgttaca 

accagat cat 

ttggcaaagg 

acaataacaa. 

atgga catca 

tggctgaagg 

tgcaatgcat 

attatatgcc 

actica tattit 

tgcttatacc 

agttgttaca 

accagat cat 

ttggcaaagg 

acaataacaa. 

aagtgacgat 

to cagagctic 

agtactagat 

gaaagtaggc 

tgaaataaaa 

ued 

gagaagaatg 

aagtatcaaa 

atgcttgttg 

agtattottc 

to catcaatt 

tgtggcaata 

agatacctaa 

ccatgaaaaa 

cagatgaaat 

citgaalaccala 

gagaagaatg 

aagtatcaaa 

atgcttgttg 

agtattottc 

to catcaatt 

tgtggcaata 

agatacctaa 

ccatgaaaaa 

cagatgaaat 

citgaalaccala 

gtact gaggc 

ggaaatgtaa 

ggtgcagc.ca 

gtagatgtgg 

agttc.cgatg 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

60 

120 

18O 

240 
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acaaggcc.ga gtgtaatacc citcggttt 1588 

<210 SEQ ID NO 49 
&2 11s LENGTH 784 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 49 

aacataattt catgtact.gt togtacagag attatctitta gagagaatag talagtactac 60 

cittcgttctt gaatatttat catctgctag tittaattitta aactaaaacg tdataaataa 120 

aaaaaacgaa gagggitatct tctatottgt aataccalacc acgtgaagac citt cacticca 18O 

cggttgttitt gcctttittag attatattaa aactittgccc atacaaaaca gtttcttagg 240 

gaaattitcca gatttatcto actc.gcaatt accaactggc catcgittatt ttittagaacg 3OO 

atatottgca atcttctaag citg actotgt aaatcttcac gtagccatct cotaaaaatg 360 

aggctotagt ttittatattt catggcttca actgaacaat cacggtocto gtttitttitta 420 

aaaaaaatga gaaaagtgtg totttaaagt aacctatago cacac catct agtatgccala 480 

aaaaatggtg gatttittcat td.gc.cgacac cqtag acct g c to cittaagt aaatatatot 540 

ggitttggggit taattagaag tatgccactc caaatttaaa gagittataaa gtagtttatt 600 

titcaitotcgc ticaatgacat caaaatgaat tacct atcta attittataaa aac agggtga 660 

caagtatgta attaatctitt tttittcttag citaggitttag tdatcttagt coatctaatc 720 

aaatgatatt toccitctitcc aaaaaaaacg citttctagoa citatccatct titccaataga 78O 

tgtc 784 

<210 SEQ ID NO 50 
&2 11s LENGTH 802 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 50 

tgctg.cgtcg togtgttgtt acgatcgtcc tttittitttitt gaaaattitat tdaaggc.ccg. 60 

tgcttcttct tctottctitc titttccttct coactgttitt cotc.gcatgc tacatgacag 120 

totcitctotc. tcgittaactc tattggtgtt cittattattt gatcc.ggatg caagtaatac 18O 

tatacaaaca ggaatcggga atgcacgcto coaatttittg acgcc to cat gcatgtagtg 240 

gcggagttcc gtaaaattaa cqtcc.gagat gtactattot atcttittgat tttittttittc 3OO 

gtgttittatt taaaaataaa cagoggatga taalatattta ataacggaga gta acattta 360 

aaacaatcca gttaaactat gacaagtagg gaaagtggat tagatatto g g gaacaatta 420 

cittacaatag aggagaatca cqagcacatg gcagoagaca gtcaa.cactic agg acacaac 480 

gttcgcc.gct caggtggc.cg ttgttcattg gccaaggagg cactctgcac togcc tatga 540 

ataacaaaaa aagataatca agttgaga aa gttatatago ttggaagaag atgtaatgac 600 

aggggtggat ttggg.cggtg gCatggcgcc agcc.ccc.gcg C gC gaCactg. Citatagggtc. 660 

gCagggaggc tiggaggcgga tdgtggaggc cqatgcCaga Citggcggtgg toggatgCCCC 720 

gagt caagcc cqc coc gacc gcc toggagg gttgctd gtt tottcct cat td.ccgaattic 78O 

cc.cggaagcc cittaaggctt tt 802 
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&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 53 

atattoaaaa gogaaacgaa gatggcttgt ttattagttc agttgccitct agctoaaatc 60 

tgtgggctitt aattatggat gctgg cactg gotttacatc. tcaagtatac gaactittcta 120 

attactittct tcacaaggta agcaatcaat totgttgact tcaaagatct gta agggtoc 18O 

titcc ccttitt ttcttcttaa tataatgata titcagotcto citgcttattt gag agaaaaa 240 

aaccittcaaa gatatgtaag g gttctitcct citttgtaata gggtotttac cctitccttitt 3OO 

cittcttctta atataatgat acacaattitc. tcctgctitat tcg agaaaaa aattgag aga 360 

aaaaaccttcaaaaatttac tagttctttgt titatgattgt acgc.caacac titcactgatt 420 

atacatcc to aatgatgtct cattgtcatt cqcatgcttg tactgttgtta ggaatggata 480 

atggaacagt gggagaga aa tttctatato actgcactgg citgggg.cgaa taatggaagc 540 

totttggtga titatgtcaag aggtaattaa totaaatgtt tagcttgat gcttagacitg 600 

Cagg catgca 610 

<210> SEQ ID NO 54 
&2 11s LENGTH 883 
&212> TYPE DNA 

<213> ORGANISM: Zea mays 

<400 SEQUENCE: 54 

atttgaatag gatacatatgaaaaaagaga aattaaaggc citgtttggitt Cactaccto a 60 

gttgccacaa tittgcctaac ttittctgcct gaggittagtt attcaattic g aacgactaac 120 

cittaggcaaa gtgtgg caca tittagccaca aaccaaacag gocctaagtg tittgcto agc 18O 

caaacatcgt gitatcagott gaaatccalaa atatgtttgg caaaacatag cacatttatc 240 

aagaaatcat agaaggcaaa atgcaatatgctaatggaaa aggct cacag gtgacitacga 3OO 

tatctotcaa caggatatac aatgcttgag atggagttcg ccatacticag aaatttgttt 360 

gacatgtgtc attittata at tittattittag aagctaggat tdagacittca actggagtag 420 

atcaagttcaa tacataaaca gitattotttc atactaagaa atato acctt gtaag attcc 480 

tdaag cct gt cottgtattt ttcaaccaac agctcitttac toaatgccag atctotttcc 540 

actactg.cct citgtctdaaa citattaagag acaag agaac acattacitct atctattoaia 600 

aacaattic ct gtaatcaagt gataatataa citatalaccala citaaa.catca toaaaaaatt 660 

gcagtgcaat acctgaataa caatgtgagg atacaatgtt totcc tttac ggattggtogg 720 

atcaag agtg ataacaacaa atgtatgagg attgtttgac togcaaaggto: aaccatgcaa. 78O 

tgagtttagt tacatgtcac aatgtaatac tatgtacaat aataaag cac aagccitcaac 840 

catatgatac Caaggaacag aaaccttittg gcaaaaagga aag 883 

<210 SEQ ID NO 55 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 55 

tgcttgctitt gacct acac aaaa 24 
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<210 SEQ ID NO 56 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 56 

aaaag.cccala aaggaagagt ggag 

<210 SEQ ID NO 57 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 57 

gc gatgacct totatogggit agac 

<210 SEQ ID NO 58 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 58 

ccatg.ccctg attcattcat cata 

<210 SEQ ID NO 59 
&2 11s LENGTH 1249 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 59 

cagactictag tdactaccac 

acto cittagc tittgggagcc 

gctgcc tatg ataccatggc 

ccatgccitta cog atcctct 

gaaaggtgtg atggtotcct 

gaccaa.cata ggattataat 

toctitcacat aag cataaca 

ggacgcto ct atcatgcctg 

catgcgatga ccttgtatgg 

calaccacaca taaagag cag 

taagtcaaat gitatcataca 

gtgataag.ca agaaaag cat 

tagtactato coaaacacta 

gctggccaga gtttcc.gc.ct 

cctactittgc titcacticagt 

cgc.catagaa gatagtacc 

taag atccct tcgaactcct 

totgagtgat tdgtoatagt 

catcaccaga toccaaatct 

catcc.gatgc cccagtttitc 

cittcactic to 

aaattatc.cc. 

tactitccc.gt 

gaagtgtc.tt 

CCgatggC gC 

taatacalacc 

citcct accoc 

ccaagagttc 

ggtag acaga 

gc gcacaa.ca 

cittatgctaa 

cgattgctac 

gcagtgctaa 

totcc toccala 

citaatticitca 

cagaaaaaag 

citatggttgg 

attgggtgag 

toccatatac 

gcaagatgac 

citcaag catt 

ttacgttcto 

tagttctitta 

tgcattagct 

actitcticata 

cctcgtocct 

tott tott to 

titc.ccalatitt 

totactittca 

gaaaatccitc 

aacaacaatg 

tag atccacc 

tacgtcgatg 

toactitcott 

tittc.gagatc 

gtatggctitc 

tgctaactga 

agatgcgatg 

cittgttgaag 

tacttctaga 
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tdag cctott 

gacittcaacc 

tottt cottt 

to attgaaac 

gggta accita 

ataaaaggga 

cactgtggga 

gccitcgtoct 

tgattgaaga 

gtagtgctot 

atcgggctitt 

aactcgtota 

aatgatgcc.c 

gg tattoccc 

ttgacaactic 

cittocticcita 

aagtc.cccala 

gottcaacga 

gactgacgtt 

ttcttgagtt 

cc.ccgcticag 

atatgtgata 

cc.gctittatt 

citcacgc gat 

attgttcttac 

catttggaaa 

accalactaat 

titcctgagca 

cgtgggatac 

tottgcatct 

ccttgctatg 

cattcgaaaa 

actictocittg 

citacccitatt 

citgctattot 

toggg catcc 

aagtgaagca 

acactitctat 

gag citcgatc 

cgacacgata 

24 

24 

24 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

1020 

1080 

1140 

1200 
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gaacctttitc ttaaaagaca gtgcttgttct gacco catct catcag act 

<210 SEQ ID NO 60 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 60 

cgttctogac ttcaaccata totga 

<210> SEQ ID NO 61 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 61 

gCatggaata aag.cggaaag gaaag 

<210> SEQ ID NO 62 
&2 11s LENGTH 17 
&212> TYPE DNA 

<213> ORGANISM: Glycine max 

<400 SEQUENCE: 62 

ccatggitatc ataggca 

<210 SEQ ID NO 63 
&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Glycine max 

<400 SEQUENCE: 63 

ccatggitatc gtaggca 

What is claimed is: 
1. A method of breeding a transgenic plant comprising the 

steps of 
(a) providing a database identifying a value of at least one 

agronomic trait for at least two distinct haplotypes of 
the genome for a set of germplasm; 

(b) transforming a parent plant with a recombinant DNA 
to produce at least two transgenic events, wherein the 
recombinant DNA is inserted into linkage with the at 
least two distinct haplotypes of the genome of said 
parent plant; 

(c) referencing the database for the value of said agro 
nomic trait for the events linked to the distinct haplo 
types; and 

(d) selecting a plant for breeding, said plant comprising 
the transgenic event having a higher referenced value 
haplotype. 

2. The method of claim 1, wherein the recombinant DNA 
is selected from the group consisting of DNA encoding a 
selectable marker, DNA encoding a scorable marker, a DNA 
recombination site, DNA encoding a protein providing an 
agronomic enhancement, and DNA for gene Suppression. 

3. The method of claim 1, wherein said at least one 
agronomic trait is yield or a multiple trait index. 

1249 

25 

25 

17 

17 

4. The method of claim 1 wherein said transgenic event 
selected for breeding has the recombinant DNA linked to a 
haplotype wherein the haplotype is selected from the group 
consisting of not negative with respect to yield, not positive 
with respect to maturity, null with respect to maturity, 
amongst the favorable 50 percent with respect to an agro 
nomic trait or a multiple trait index when compared to any 
other haplotype at the same chromosome segment, amongst 
the favorable 50 percent with respect to an agronomic trait 
or a multiple trait index when compared to any other 
haplotype across the entire genome. 

5. The method of claim 1, wherein a progeny plant of the 
plant selected for breeding is selected by marker-assisted 
selection. 

6. The method of claim 1, wherein a progeny plant of the 
plant selected for breeding is selected by detection of 
expression of the transgene or expression of the transgene 
agronomic trait. 

7. The method of claim 1, wherein the plant is a crop plant 
selected from the group consisting of a forage crop, oilseed 
crop, grain crop, fruit crop, vegetable crop, fiber crop, spice 
crop, nut crop, turf crop, Sugar crop, beverage crop, and 
forest crop. 

8. The method of claim 7, wherein the oilseed crop is 
selected from the group consisting of soybean, canola, oil 
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seed rape, oil palm, Sunflower, olive, corn, cottonseed, 
peanut, flaxseed, safflower, and coconut. 

9. The method of claim 8, wherein the soybean has in its 
genome at least one genetic marker that is genetically linked 
to a haplotype selected from the group consisting of 
C8W6H5, C18W3H8, C19W3H6, C16W8H43, C1 W1H2, 
C1 W2H1, C14W7H2, and C6W4H1; and said haplotype 
further comprises a linked transgene. 

10. The method of claim 9, wherein the genetic marker is 
a DNA marker selected from the group consisting of SEQID 
NO: 1-32. 

11. The method of claim 6, further comprising the step of 
crossing the progeny plant with a third soybean plant to 
produce additional progeny plants. 

12. The method of claim 7, wherein said grain crop is corn 
and has in its genome at least one genetic marker that is 
genetically linked to a haplotype selected from the group 
consisting of C1 W 19H14, C1W30H4, C1 W36H2 and 
C8W4H5; and said haplotype further comprises a linked 
transgene. 

13. The method of claim 12, wherein said genetic marker 
is a DNA marker selected from the group consisting of SEQ 
ID NO: 33-54. 

14. The method of claim 1, wherein the recombinant DNA 
and the haplotype are linked at a genetic distance of 0 to 
within about 10 cM. 

15. The method of claim 1, wherein the recombinant DNA 
and the haplotype are linked at a distance of 0 to within 
about 5 cM. 

16. The method of claim 4, wherein a haplotype allele is 
associated with agronomic fitness or occurs at a frequency of 
50 percent or more in a breeding population or a set of 
germplasm. 

17. The method of claim 2, wherein the agronomic 
enhancement is selected from the group consisting of her 
bicide tolerance, disease resistance, insect or pest resistance, 
altered fatty acid, protein or carbohydrate metabolism, 
increased grain yield, increased oil, altered plant maturity, 
enhanced stress tolerance, and altered morphological char 
acteristics. 

18. The method of claim 17, wherein the herbicide 
tolerance is selected from the group consisting of glypho 
sate, glufosinate, Sulfonylureas, imidazolinones, bromoxy 
nil, dalapon, dicamba, 2,4-D, cycloheZanedione, protopor 
phyrinogen oxidase inhibitors, and isoxaflutole tolerance. 

19. The method of claim 6, wherein the progeny plant 
contains at least a portion of the haplotype of the plant 
selected for breeding wherein the portion is selected from 
the group consisting of at least 10 cM, at least 5 cM, and at 
least 1 cM. 

20. The method of claim 19, wherein using the progeny 
plant in activities related to germplasm improvement the 
activities selected from the group consisting of using the 
plant for making breeding crosses, further testing of the 
plant, advancement of the plant through self fertilization, use 
of the plant or parts thereof for transformation, use of the 
plant or parts thereof for mutagenesis, and use of the plant 
or parts thereof for TILLING. 

21. A method for inserting a transgene into a plant 
haplotype comprising: 

(a) incorporating into genetic linkage with a haplotype, a 
target site comprising at least a first recombination site; 
and 
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(b) introducing into a plant cell a transgene expression 
cassette comprising at least a first recombination site, 
wherein the first recombination site of the expression 
cassette flanks a polynucleotide comprising a transgene 
of interest; and 

(c) providing a recombinase that recognizes and imple 
ments recombination of the expression cassette at the 
first recombination site thereby creating a preferred 
T-type genomic region, wherein the preferred T-type 
genomic region has an estimated T-type value, 

wherein preferred means selected for a haplotype that 
previously did not contain a transgene or is preferred 
over a haplotype that previously contained a transgene 
wherein the haplotype is selected from the group con 
sisting of not negative with respect to yield, is not 
positive with respect to maturity, null with respect to 
maturity, amongst the best 50 percent with respect to an 
agronomic trait or a multiple trait index when com 
pared to any other haplotype at the same chromosome 
segment, amongst the best 50 percent with respect to an 
agronomic trait or a multiple trait index when com 
pared to any other haplotype across the entire genome. 

22. The method of claim 21, wherein the recombination 
site is selected from the group consisting of FRT, mutant 
FRT, LOX, mutant LOX sites, and Zinc finger nuclease 
modified site. 

23. The method of claim 21, wherein a haplotype allele is 
associated with agronomic fitness or occurs at a frequency of 
50 percent or more in a breeding population or a set of 
germplasm. 

24. The method of claim 21, wherein the recombinase is 
cre or flp. 

25. A method for mapping at least one T-Type transgene 
event comprising: 

(a) identifying from the flanking sequence Surrounding at 
least a first transgenic event in a transformed plant or 
line at least a first polymorphism between the parent 
lines of a mapping population, wherein the transformed 
plant or line may be different from the parent lines of 
the mapping population; and 

(b) assaying the progeny plants of the mapping population 
for the polymorphism, 

(c) performing a linkage analysis to determine a map 
position of the polymorphism and thereby a map loca 
tion of the transgenic event; and 

(d) correlating the map location to a haplotype of the 
transformed plant. 

26. A method for enhancing accumulation of one or more 
T-type genomic regions in a germplasm comprising: 

(a) inserting a transgene into a genome of a first plant; and 
(b) determining a map location of the transgene in the 

genome; and 
(c) correlating the map location to a haplotype, wherein 

the transgene and the haplotype comprises a T-type 
genomic region; and 

(d) crossing the first plant with a second plant that 
contains at least one T-type genomic region or haplo 
type that is different from the first plant T-type genomic 
region; 
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(e) selecting at least one progeny plant by detecting 
expression of the transgene of the first plant, wherein 
the progeny plant comprises in its genome at least a 
portion of the T-type genomic region of the first plant 
and at least one T-type genomic region or haplotype of 
the second plant; 

(f) using the progeny plant in activities related to germ 
plasm improvement the activities selected from the 
group consisting of using the plant for making breeding 
crosses, further testing of the plant, advancement of the 
plant through self fertilization, use of the plant or parts 
thereof for transformation, use of the plant or parts 
thereof for mutagenesis, and use of the plant or parts 
thereof for TILLING. 

27. A crop plant comprising a preferred T-type genomic 
region, wherein a transgene of the T-type genomic region is 
further defined as conferring a trait selected from the group 
consisting of herbicide tolerance, disease resistance, insect 
or pest resistance, altered fatty acid, protein or carbohydrate 
metabolism, increased grain yield, increased oil, altered 
plant maturity, enhanced stress tolerance, and altered mor 
phological characteristics; and the haplotype of the T-type 
genomic region is selected from the group consisting of not 
negative with respect to yield, is not positive with respect to 
maturity, null with respect to maturity, amongst the best 50 
percent with respect to an agronomic trait or a multiple trait 
index when compared to any other haplotype at the same 
chromosome segment, amongst the best 50 percent with 
respect to an agronomic trait or a multiple trait index when 
compared to any other haplotype across the entire genome. 

28. The method of claim 27, wherein a haplotype has a 
high value if it is present with a frequency of 50 percent or 
more in a breeding population or a set of germplasm. 

29. The crop plant of claim 27, wherein the preferred 
T-type genomic region comprises a transgene and a haplo 
type that are genetically linked within a distance of 0 to 
about 10 cM. 

30. The crop plant of claim 27, wherein the preferred 
T-type genomic region comprises a transgene and a haplo 
type that are genetically linked within a distance of 0 to 
about 5 cM. 

31. The crop plant of claim 27, wherein said crop plant is 
a transgenic herbicide tolerant soybean plant and wherein 
the transgene is genetically linked to a haplotype identified 
as C8W6H5. 
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32. The soybean plant of claim 31, wherein the genetic 
marker is selected from the group consisting of SEQID NO: 
1, 2, 3 and 59. 

33. The crop plant of claim 27, wherein said crop plant is 
a transgenic insect tolerant soybean plant and wherein the 
transgene is genetically linked to a haplotype identified as 
C6W4H1. 

34. The soybean plant of claim 33, wherein the genetic 
marker is selected from the group consisting of: SEQ ID 
NO: 29-32. 

35. The crop plant of claim 27, wherein said crop plant is 
a transgenic insect tolerant corn plant and wherein the 
transgene is genetically linked to a haplotype identified as 
C1 W36H2. 

36. The corn plant of claim 35, wherein the genetic 
marker is selected from the group consisting of: SEQ ID 
NO: 48-50. 

37. A method for enhancing accumulation of one or more 
haplotypes in a germplasm comprising: 

(a) determining a map location of a transgene in the 
genome; and 

(b) correlating the map location to a haplotype, wherein 
the transgene and the haplotype comprises a T-type 
genomic region; and 

(c) crossing the first plant with a second plant that 
contains at least one T-type genomic region or haplo 
type that is different from the first plant T-type genomic 
region; 

(d) selecting at least one progeny plant by detecting 
expression of the transgene of the first plant, wherein 
the progeny plant comprises in its genome at least a 
portion of the T-type genomic region of the first plant 
and at least one T-type genomic region or haplotype of 
the second plant; 

(e) using the progeny plant in activities related to germ 
plasm improvement the activities selected from the 
group consisting of using the plant for making breeding 
crosses, further testing of the plant, advancement of the 
plant through self fertilization, use of the plant or parts 
thereof for transformation, use of the plant or parts 
thereof for mutagenesis, and use of the plant or parts 
thereof for TILLING. 
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